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1. Introduction

This is the AstroData User’s Manual. AstroData is a DRAGONS package.
The current chapter covers basic concepts
like what is the astrodata package and how to install it (together with the
other DRAGONS’ packages). Chapter 2
explains with more details what is AstroData and how the data is represented
using it. Chapter 3 describes input and output operations and
how multi-extension (MEF) FITS files are represented. Chapter 4
provides information regarding the TagSet class, its usage and a few advanced
topics. In Chapter 5 you will find information about the FITS
headers and how to access/modify the metadata. The last two chapters,
Chapter 6 and Chapter 7 cover more details about
how to read, manipulate and write pixel data and tables, respectively.

If you are looking for a quick reference, please, have a look on the
AstroData Cheat Sheet [https://astrodata-cheat-sheet.readthedocs.io/].


1.1. Reference Documents



	DRAGONS Documentation [https://dragons.readthedocs.io/]


	AstroData Cheat Sheet [https://astrodata-cheat-sheet.readthedocs.io/]


	Recipe System Users Manual [http://dragons-recipe-system-users-manual.readthedocs.io/en/latest/]


	Recipe System Programmers Manual [http://dragons-recipe-system-programmers-manual.readthedocs.io/en/latest/]









1.2. What is astrodata?

astrodata is a package that wraps together tools to represent internally
astronomical datasets stored on disks and to properly parse their metadata
using the AstroData and the TagSet classes. astrodata provides uniform
interfaces for working on datasets from different
instruments. Once a dataset has been opened with astrodata, the object
“knowns about itself”. Information like instrument, observation mode, and how
to access headers, is readily available through the uniform interface. All
the details are coded inside the class associated with the instrument, that
class then provides the interface. The appropriate class is selected
automatically when the file is opened and inspected by astrodata.

Currently astrodata implements a representation for Multi-Extension FITS (MEF)
files. (Other representations can be implemented.)



1.3. Installing Astrodata

The astrodata package has a few dependencies, astropy [http://docs.astropy.org/en/stable/], numpy [https://numpy.org/doc/stable/reference/index.html#module-numpy] and others.
The best way to get everything you need is to install Anaconda [https://www.anaconda.com/], and the
DRAGONS stack from the AstroConda channel.

astrodata itself is part of DRAGONS. It is available from the
repository, as tar file, or as a conda package. The bare astrodata package
does not do much by itself, it needs a companion instrument definitions
package. For Gemini, this is gemini_instruments, also included in
DRAGONS.


1.3.1. Installing Anaconda and the DRAGONS stack

This is required whether you are installing DRAGONS from the
repository, the tar file or the conda package.


	
	Install Anaconda.

	Go to https://www.anaconda.com/download/ and install the latest 64-bit
Anaconda.







	
	Open a bash session.

	Anaconda requires bash. If you are not familiar with bash, note that the
shell configuration files are named .bash_profile and .bashrc.
During the installation, a PATH setting has been added to your
.bash_profile or .bashrc to add the Anaconda bin directory to
the PATH.







	
	Activate Anaconda.

	Normal Python 3 installation puts the software in ~/anaconda3/.:

$ conda init











	
	Set up conda channels.

	Configure the conda package manager to look in the AstroConda channel
hosted by STScI, and in the GEMINI Conda Channel. This is a one-time step.
It affects current and future Anaconda installations belonging to the same
user on the same machine.:

$ conda config --add channels http://ssb.stsci.edu/astroconda
$ conda config --add channels http://astroconda.gemini.edu/public











	
	Create an environment.

	To keep things clean, Anaconda offers virtual environments.  Each project
can use its own environment.  For example, if you do not want to modify
the software packages needed for previous project, just create a new
environment for the new project.

Here we set up an environment where the DRAGONS dependencies can
be installed without affecting the rest of the system when not using that
virtual environement.  The new virtual environment here is named
dragons.  The software has been tested with Python 3.7 hence we
recommend that you use this specific version of Python with DRAGONS.

$ conda create -n dragons python=3.7 dragons stsci











	
	Activate your new virtual environment.

	$ conda activate dragons











	
	Configure DRAGONS.

	These configurations are not stricktly required when using only astrodata.
It however likely that if you are using astrodata you will be using
DRAGONS too at some point.  So let’s configure it to have it ready to go.

DRAGONS requires a configuration file located in ~/.geminidr/.  The
rsys.cfg file contains basic configuration for DRAGONS local calibration
manager used by reduce.

$ cd ~
$ mkdir .geminidr
$ cd .geminidr
$ touch rsys.cfg





Open rsys.cfg with your favorite editor and add these lines:

[calibs]
standalone = True
database_dir = ~/.geminidr/





Next time you start a DRAGONS project, set the database_dir to a path
of your liking, this is where the local calibration database will be written.

Then configure buffers for ds9:

$ cd ~/
$ cp $CONDA_PREFIX/lib/python3.7/site-packages/gempy/numdisplay/imtoolrc ~/.imtoolrc
$ vi .bash_profile (or use your favority editor)
     Add this line to the .bash_profile:
        export IMTOOLRC=~/.imtoolrc















1.3.2. Update an existing DRAGONS installation

To check for newer version:

$ conda search dragons

The * will show which version is installed if multiple packages are available.





To update to the newest version:

$ conda update dragons







1.3.3. Smoke test the Astrodata installation

From the configured bash shell:

$ type python
python is hashed (<home_path>/anaconda3/envs/dragons/python)

Make sure that python is indeed pointing to the Anaconda environment you
have just set up.





$ python
>>> import astrodata
>>> import gemini_instruments

Expected result: Just a python prompt and no error messages.







1.3.4. Source code availability

The source code is available on Github:


https://github.com/GeminiDRSoftware/DRAGONS







1.4. Try it yourself

Try it yourself

Download the data package if you wish to follow along and run the
examples presented in this manual.  It is available at:


http://www.gemini.edu/sciops/data/software/datapkgs/ad_usermanual_datapkg-v1.tar




Unpack it:

$ cd <somewhere_convenient>
$ tar xvf ad_usermanual_datapkg-v1.tar
$ bunzip2 ad_usermanual/playdata/*.bz2





Then

$ cd ad_usermanual/playground
$ python







1.5. Astrodata Support

Astrodata is developed and supported by staff at the Gemini Observatory.
Questions about the reduction of Gemini data should be directed to the
Gemini Helpdesk system at https://www.gemini.edu/sciops/helpdesk/
The github issue tracker can be used to report software bugs in DRAGONS.





          

      

      

    

  

    
      
          
            
  
2. The AstroData Object

The AstroData object is an internal representation of a file on disk.
As of this version, only a FITS layer has been written, but AstroData itself
is not limited to FITS.

The internal structure of the AstroData object makes uses of
astropy.nddata.NDData [https://docs.astropy.org/en/stable/api/astropy.nddata.NDData.html#astropy.nddata.NDData], astropy.table [https://docs.astropy.org/en/stable/table/index.html#module-astropy.table], and
astropy.io.fits.Header [https://docs.astropy.org/en/stable/io/fits/api/headers.html#astropy.io.fits.Header], the latter simply because it is a
convenient ordered dictionary.

Try it yourself

Download the data package (Try it yourself) if you wish to follow along and run the
examples.  Then

$ cd <path>/ad_usermanual/playground
$ python






2.1. Global vs Extension-specific

At the very top level, the structure is divided in two types of information.
In the first category, there is the information that applies to the data
globally, for example the information that would be stored in a FITS Primary
Header Unit, a table from a catalog that matches the RA and DEC of the field,
etc.  In the second category, there is the information specific to individual
science pixel extensions, for example the gain of the amplifier, the data
themselves, the error on those data, etc.

Let us look at an example.  The info() method shows
the content of the AstroData object and its organization, from the user’s
perspective.:

>>> import astrodata
>>> import gemini_instruments

>>> ad = astrodata.open('../playdata/N20170609S0154_varAdded.fits')
>>> ad.info()
Filename: N20170609S0154_varAdded.fits
Tags: ACQUISITION GEMINI GMOS IMAGE NORTH OVERSCAN_SUBTRACTED OVERSCAN_TRIMMED
    PREPARED SIDEREAL

Pixels Extensions
Index  Content                  Type              Dimensions     Format
[ 0]   science                  NDAstroData       (2112, 256)    float32
          .variance             ndarray           (2112, 256)    float32
          .mask                 ndarray           (2112, 256)    uint16
          .OBJCAT               Table             (6, 43)        n/a
          .OBJMASK              ndarray           (2112, 256)    uint8
[ 1]   science                  NDAstroData       (2112, 256)    float32
          .variance             ndarray           (2112, 256)    float32
          .mask                 ndarray           (2112, 256)    uint16
          .OBJCAT               Table             (8, 43)        n/a
          .OBJMASK              ndarray           (2112, 256)    uint8
[ 2]   science                  NDAstroData       (2112, 256)    float32
          .variance             ndarray           (2112, 256)    float32
          .mask                 ndarray           (2112, 256)    uint16
          .OBJCAT               Table             (7, 43)        n/a
          .OBJMASK              ndarray           (2112, 256)    uint8
[ 3]   science                  NDAstroData       (2112, 256)    float32
          .variance             ndarray           (2112, 256)    float32
          .mask                 ndarray           (2112, 256)    uint16
          .OBJCAT               Table             (5, 43)        n/a
          .OBJMASK              ndarray           (2112, 256)    uint8

Other Extensions
               Type        Dimensions
.REFCAT        Table       (245, 16)





The “Pixel Extensions” contain the pixel data.  Each extension is represented
individually in a list (0-indexed like all Python lists).  The science pixel
data, its associated metadata (extension header), and any other pixel or table
extensions directly associated with that science pixel data are stored in
a NDAstroData object which is a subclass of astropy NDData [https://docs.astropy.org/en/stable/api/astropy.nddata.NDData.html#astropy.nddata.NDData]. We will
return to this structure later. An AstroData extension is accessed like
any list: ad[0]. To access the science pixels, one uses ad[0].data; for
the object mask of the first extension, ad[0].OBJMASK.

In the example above, the “Other Extensions” at the bottom of the
info() display contains a REFCAT table which in
this case is a list of stars from a catalog that overlaps the field of view of
covered by the pixel data. The “Other Extensions” are global extensions. They
are not attached to any pixel extension in particular. To access a global
extension one simply uses the name of that extension: ad.REFCAT.



2.2. Organization of the Global Information

All the global information is stored in attributes of the AstroData object.
The global headers, or Primary Header Unit (PHU), is stored in the phu
attribute as an astropy.io.fits.Header [https://docs.astropy.org/en/stable/io/fits/api/headers.html#astropy.io.fits.Header].

Any global tables, like REFCAT above, are stored in the private attribute
_tables as a Python dictionary with the name (eg. “REFCAT”) as the key.
All tables are stored as astropy.table.Table [https://docs.astropy.org/en/stable/api/astropy.table.Table.html#astropy.table.Table]. Access to those table
is done using the key directly as if it were a normal attributed, eg.
ad.REFCAT. Header information for the table, if read in from a FITS table,
is stored in the meta attribute of the astropy.table.Table [https://docs.astropy.org/en/stable/api/astropy.table.Table.html#astropy.table.Table], eg.
ad.REFCAT.meta['header']. It is for information only, it is not used.



2.3. Organization of the Extension-specific Information

The pixel data are stored in the AstroData attribute nddata as a list
of NDAstroData object. The NDAstroData object is a subclass of astropy
NDData [https://docs.astropy.org/en/stable/api/astropy.nddata.NDData.html#astropy.nddata.NDData] and it is fully compatible with any function expecting an NDData [https://docs.astropy.org/en/stable/api/astropy.nddata.NDData.html#astropy.nddata.NDData] as
input.  The pixel extensions are accessible through slicing, eg. ad[0] or
even ad[0:2]. A slice of an AstroData object is an AstroData object, and
all the global attributes are kept. For example:

>>> ad[0].info()
Filename: N20170609S0154_varAdded.fits
Tags: ACQUISITION GEMINI GMOS IMAGE NORTH OVERSCAN_SUBTRACTED OVERSCAN_TRIMMED
    PREPARED SIDEREAL

Pixels Extensions
Index  Content                  Type              Dimensions     Format
[ 0]   science                  NDAstroData       (2112, 256)    float32
          .variance             ndarray           (2112, 256)    float32
          .mask                 ndarray           (2112, 256)    uint16
          .OBJCAT               Table             (6, 43)        n/a
          .OBJMASK              ndarray           (2112, 256)    uint8

Other Extensions
               Type        Dimensions
.REFCAT        Table       (245, 16)





Note how REFCAT is still present.

The science data is accessed as ad[0].data, the variance as ad[0].variance,
and the data quality plane as ad[0].mask.   Those familiar with astropy
NDData [https://docs.astropy.org/en/stable/api/astropy.nddata.NDData.html#astropy.nddata.NDData] will recognize the structure “data, error, mask”, and will notice
some differences. First AstroData uses the variance for the error plane, not
the standard deviation. Another differences will be evident only when one looks
at the content of the mask. NDData [https://docs.astropy.org/en/stable/api/astropy.nddata.NDData.html#astropy.nddata.NDData] masks contain booleans, AstroData masks
are uint16 bit mask that contains information about the type of bad pixels
rather than just flagging them a bad or not. Since 0 is equivalent to
False (good pixel), the AstroData mask is fully compatible with the
NDData [https://docs.astropy.org/en/stable/api/astropy.nddata.NDData.html#astropy.nddata.NDData] mask.

Header information for the extension is stored in the NDAstroData meta
attribute.  All table and pixel extensions directly associated with the
science extension are also stored in the meta attribute.

Technically, an extension header is located in ad.nddata[0].meta['header'].
However, for obviously needed convenience, the normal way to access that header
is ad[0].hdr.

Tables and pixel arrays associated with a science extension are
stored in ad.nddata[0].meta['other'] as a dictionary keyed on the array
name, eg. OBJCAT, OBJMASK.   As it is for global tables, astropy tables
are used for extension tables.  The extension tables and extra pixel arrays are
accesses, like the global tables, by using the table name rather than the long
format, for example ad[0].OBJCAT and ad[0].OBJMASK.

When reading FITS Table, the header information is stored in the
meta['header'] of the table, eg. ad[0].OBJCAT.meta['header'].  That
information is not used, it is simply a place to store what was read from disk.

The header of a pixel extension directly associate with the science extension
should match that of the science extension.  Therefore such headers are not
stored in AstroData. For example, the header of ad[0].OBJMASK is the
same as that of the science, ad[0].hdr.



2.4. A Note on Memory Usage

When an file is opened, the headers are loaded into memory, but the pixels
are not. The pixel data are loaded into memory only when they are first
needed. This is not real “memory mapping”, more of a delayed loading. This
is useful when someone is only interested in the metadata, especially when
the files are very large.





          

      

      

    

  

    
      
          
            
  
3. Input and Output Operations and Extension Manipulation - MEF

AstroData is not intended to be Multi-Extension FITS (MEF) centric. The core
is independent of the file format. At Gemini, our data model uses MEF.
Therefore we have implemented a FITS handler that maps a MEF to the
internal AstroData representation. A different handler can be implemented
for a different file format.

In this chapter, we present examples that will help the reader understand how
to access the information stored in a MEF with the AstroData object and
understand that mapping.

Try it yourself

Download the data package (Try it yourself) if you wish to follow along and run the
examples.  Then

$ cd <path>/ad_usermanual/playground
$ python






3.1. Imports

Before doing anything, you need to import AstroData and the Gemini instrument
configuration package gemini_instruments.

>>> import astrodata
>>> import gemini_instruments







3.2. Open and access existing dataset


3.2.1. Read in the dataset

The file on disk is loaded into the AstroData class associated with the
instrument the data is from. This association is done automatically based on
header content.

>>> ad = astrodata.open('../playdata/N20170609S0154.fits')
>>> type(ad)
<class 'gemini_instruments.gmos.adclass.AstroDataGmos'>





From now on, ad knows it is GMOS data.  It knows how to access its headers
and when using the Recipe System (recipe_system [https://dragons.readthedocs.io/projects/recipe-system-prog-manual/en/v3.0.0/api/recipe_system.html#module-recipe_system]), it will trigger the
selection of the GMOS primitives and recipes.

The original path and filename are stored in the object. If you were to write
the AstroData object to disk without specifying anything, those path and
filename would be used.

>>> ad.path
'../playdata/N20170609S0154.fits'
>>> ad.filename
'N20170609S0154.fits'







3.2.2. Accessing the content of a MEF file

Accessing pixel data, headers, tables will be covered in details in following
chapters.  Here we just introduce the basic content interface.

For details on the AstroData structure, please refer to the
previous chapter.

AstroData uses NDData [https://docs.astropy.org/en/stable/api/astropy.nddata.NDData.html#astropy.nddata.NDData] as the core of its structure. Each FITS extension
becomes a NDAstroData object, subclassed from NDData [https://docs.astropy.org/en/stable/api/astropy.nddata.NDData.html#astropy.nddata.NDData], and is added to
a list.


3.2.2.1. Pixel data

To access pixel data, the list index and the .data attribute are used. That
returns a numpy.ndarray [https://numpy.org/doc/stable/reference/generated/numpy.ndarray.html#numpy.ndarray]. The list of NDAstroData is zero-indexed.
Extension number 1 in a MEF is index 0 in an |AstroData| object.

>>> ad = astrodata.open('../playdata/N20170609S0154_varAdded.fits')
>>> data = ad[0].data
>>> type(data)
<type 'numpy.ndarray'>
>>> data.shape
(2112, 256)





Remember that in a ndarray [https://numpy.org/doc/stable/reference/generated/numpy.ndarray.html#numpy.ndarray] the y-axis is the first number.

The variance and data quality planes, the VAR and DQ planes in Gemini MEF
files, are represented by the .variance and .mask attributes,
respectively. They are not their own “extension”, they don’t have their
own index in the list, unlike in a MEF. They are attached to the pixel data,
packaged together by the NDAstroData object. They are represented as
numpy.ndarray [https://numpy.org/doc/stable/reference/generated/numpy.ndarray.html#numpy.ndarray] just like the pixel data

>>> var = ad[0].variance
>>> dq = ad[0].mask







3.2.2.2. Tables

Tables in the MEF file will also be loaded into the AstroData object. If a table
is associated with a specific science extension through the EXTVER header, that
table will be packaged within the same AstroData extension as the pixel data.
The AstroData “extension” is the NDAstroData object plus any table or other pixel
array. If the table is not associated with a specific extension and applies
globally, it will be added to the AstroData object as a global addition. No
indexing will be required to access it.  In the example below, one OBJCAT is
associated with each extension, while the REFCAT has a global scope

>>> ad.info()
Filename: ../playdata/N20170609S0154_varAdded.fits
Tags: ACQUISITION GEMINI GMOS IMAGE NORTH OVERSCAN_SUBTRACTED OVERSCAN_TRIMMED
    PREPARED SIDEREAL

Pixels Extensions
Index  Content                  Type              Dimensions     Format
[ 0]   science                  NDAstroData       (2112, 256)    float32
          .variance             ndarray           (2112, 256)    float32
          .mask                 ndarray           (2112, 256)    uint16
          .OBJCAT               Table             (6, 43)        n/a
          .OBJMASK              ndarray           (2112, 256)    uint8
[ 1]   science                  NDAstroData       (2112, 256)    float32
          .variance             ndarray           (2112, 256)    float32
          .mask                 ndarray           (2112, 256)    uint16
          .OBJCAT               Table             (8, 43)        n/a
          .OBJMASK              ndarray           (2112, 256)    uint8
[ 2]   science                  NDAstroData       (2112, 256)    float32
          .variance             ndarray           (2112, 256)    float32
          .mask                 ndarray           (2112, 256)    uint16
          .OBJCAT               Table             (7, 43)        n/a
          .OBJMASK              ndarray           (2112, 256)    uint8
[ 3]   science                  NDAstroData       (2112, 256)    float32
          .variance             ndarray           (2112, 256)    float32
          .mask                 ndarray           (2112, 256)    uint16
          .OBJCAT               Table             (5, 43)        n/a
          .OBJMASK              ndarray           (2112, 256)    uint8

Other Extensions
               Type        Dimensions
.REFCAT        Table       (245, 16)





The tables are stored internally as astropy.table.Table [https://docs.astropy.org/en/stable/api/astropy.table.Table.html#astropy.table.Table] objects.

>>> ad[0].OBJCAT
<Table length=6>
NUMBER X_IMAGE Y_IMAGE ... REF_MAG_ERR PROFILE_FWHM PROFILE_EE50
int32  float32 float32 ...   float32     float32      float32
------ ------- ------- ... ----------- ------------ ------------
     1 283.461 55.4393 ...     0.16895       -999.0       -999.0
...
>>> type(ad[0].OBJCAT)
<class 'astropy.table.table.Table'>

>>> refcat = ad.REFCAT
>>> type(refcat)
<class 'astropy.table.table.Table'>







3.2.2.3. Headers

Headers are stored in the NDAstroData .meta attribute as astropy.io.fits.Header [https://docs.astropy.org/en/stable/io/fits/api/headers.html#astropy.io.fits.Header] objects,
which is a form of Python ordered dictionaries. Headers associated with extensions
are stored with the corresponding NDAstroData object. The MEF Primary Header
Unit (PHU) is stored “globally” in the AstroData object. Note that when slicing an AstroData object,
for example copying over just the first extension, the PHU will follow. The
slice of an AstroData object is an AstroData object.
Headers can be accessed directly, or for some predefined concepts, the use of
Descriptors is preferred. See the chapters on headers for details.

Using Descriptors:

>>> ad = astrodata.open('../playdata/N20170609S0154.fits')
>>> ad.filter_name()
'open1-6&g_G0301'
>>> ad.filter_name(pretty=True)
'g'





Using direct header access:

>>> ad.phu['FILTER1']
'open1-6'
>>> ad.phu['FILTER2']
'g_G0301'





Accessing the extension headers:

>>> ad.hdr['CCDSEC']
['[1:512,1:4224]', '[513:1024,1:4224]', '[1025:1536,1:4224]', '[1537:2048,1:4224]']
>>> ad[0].hdr['CCDSEC']
'[1:512,1:4224]'

With descriptors:
>>> ad.array_section(pretty=True)
['[1:512,1:4224]', '[513:1024,1:4224]', '[1025:1536,1:4224]', '[1537:2048,1:4224]']









3.3. Modify Existing MEF Files

Before you start modify the structure of an AstroData object, you should be
familiar with it. Please make sure that you have read the previous chapter
on the structure of the AstroData object.


3.3.1. Appending an extension

In this section, we take an extension from one AstroData object and append it
to another. Because we are mapping a FITS file, the EXTVER keyword gets
automatically updated to the next available value to ensure that when the
AstroData object is written back to disk as MEF, it will be coherent.

Here is an example appending a whole AstroData extension, with pixel data,
variance, mask and tables.

>>> ad = astrodata.open('../playdata/N20170609S0154.fits')
>>> advar = astrodata.open('../playdata/N20170609S0154_varAdded.fits')

>>> ad.info()
Filename: ../playdata/N20170609S0154.fits
Tags: ACQUISITION GEMINI GMOS IMAGE NORTH RAW SIDEREAL UNPREPARED
Pixels Extensions
Index  Content                  Type              Dimensions     Format
[ 0]   science                  NDAstroData       (2112, 288)    uint16
[ 1]   science                  NDAstroData       (2112, 288)    uint16
[ 2]   science                  NDAstroData       (2112, 288)    uint16
[ 3]   science                  NDAstroData       (2112, 288)    uint16

>>> ad.append(advar[3])
>>> ad.info()
Filename: ../playdata/N20170609S0154.fits
Tags: ACQUISITION GEMINI GMOS IMAGE NORTH RAW SIDEREAL UNPREPARED
Pixels Extensions
Index  Content                  Type              Dimensions     Format
[ 0]   science                  NDAstroData       (2112, 288)    uint16
[ 1]   science                  NDAstroData       (2112, 288)    uint16
[ 2]   science                  NDAstroData       (2112, 288)    uint16
[ 3]   science                  NDAstroData       (2112, 288)    uint16
[ 4]   science                  NDAstroData       (2112, 256)    float32
          .variance             ndarray           (2112, 256)    float32
          .mask                 ndarray           (2112, 256)    int16
          .OBJCAT               Table             (5, 43)        n/a
          .OBJMASK              ndarray           (2112, 256)    uint8

>>> ad[4].hdr['EXTVER']
5
>>> advar[3].hdr['EXTVER']
4





As you can see above, the fourth extension of advar, along with everything
it contains was appended at the end of the first AstroData object. Also, note
that the EXTVER of the extension in advar was 4, but once appended
to ad, it had to be changed to the next available integer, 5, numbers 1 to
4 being already used by ad’s own extensions.

In this next example, we are appending only the pixel data, leaving behind the other
associated data. One can attach the headers too, like we do here.

>>> ad = astrodata.open('../playdata/N20170609S0154.fits')
>>> advar = astrodata.open('../playdata/N20170609S0154_varAdded.fits')

>>> ad.append(advar[3].data, header=advar[3].hdr)
>>> ad.info()
Filename: ../playdata/N20170609S0154.fits
Tags: ACQUISITION GEMINI GMOS IMAGE NORTH RAW SIDEREAL UNPREPARED
Pixels Extensions
Index  Content                  Type              Dimensions     Format
[ 0]   science                  NDAstroData       (2112, 288)    uint16
[ 1]   science                  NDAstroData       (2112, 288)    uint16
[ 2]   science                  NDAstroData       (2112, 288)    uint16
[ 3]   science                  NDAstroData       (2112, 288)    uint16
[ 4]   science                  NDAstroData       (2112, 256)    float32





Notice how a new extension was created but variance, mask, the OBJCAT
table and OBJMASK image were not copied over. Only the science pixel data was
copied over.

Please note, there is no implementation for the “insertion” of an extension.



3.3.2. Removing an extension or part of one

Removing an extension or a part of an extension is straightforward. The
Python command del() is used on the item to remove. Below are a few
examples, but first let us load a file

>>> ad = astrodata.open('../playdata/N20170609S0154_varAdded.fits')
>>> ad.info()





As you go through these examples, check the new structure with ad.info()
after every removal to see how the structure has changed.

Deleting a whole AstroData extension, the fourth one

>>> del ad[3]





Deleting only the variance array from the second extension

>>> ad[1].variance = None





Deleting a table associated with the first extension

>>> del ad[0].OBJCAT





Deleting a global table, not attached to a specific extension

>>> del ad.REFCAT








3.4. Writing back to disk

The AstroDataFits layer takes care of converting
the AstroData object back to a MEF file on disk. When writing to disk,
one should be aware of the path and filename information associated
with the AstroData object.

>>> ad = astrodata.open('../playdata/N20170609S0154.fits')
>>> ad.path
'../playdata/N20170609S0154.fits'
>>> ad.filename
'N20170609S0154.fits'






3.4.1. Writing to a new file

There are various ways to define the destination for the new FITS file.
The most common and natural way is

>>> ad.write('new154.fits')

>>> ad.write('new154.fits', overwrite=True)





This will write a FITS file named ‘new154.fits’ in the current directory.
With overwrite=True, it will overwrite the file if it already exists.
A path can be prepended to the filename if the current directory is not
the destination.
Note that ad.filename and ad.path have not changed, we have just
written to the new file, the AstroData object is in no way associated
with that new file.

>>> ad.path
'../playdata/N20170609S0154.fits'
>>> ad.filename
'N20170609S0154.fits'





If you want to create that association, the ad.filename and ad.path
needs to be modified first.  For example:

>>> ad.filename = 'new154.fits'
>>> ad.write(overwrite=True)

>>> ad.path
'../playdata/new154.fits'
>>> ad.filename
'new154.fits'





Changing ad.filename also changes the filename in the ad.path. The
sequence above will write ‘new154.fits’ not in the current directory but
rather to the directory that is specified in ad.path.

WARNING: ad.write() has an argument named filename.  Setting filename
in the call to ad.write(), as in ad.write(filename='new154.fits') will NOT
modify ad.filename or ad.path.  The two “filenames”, one a method argument
the other a class attribute have no association to each other.



3.4.2. Updating an existing file on disk

Updating an existing file on disk requires explicitly allowing overwrite.

If you have not written ‘new154.fits’ to disk yet (from previous section)

>>> ad = astrodata.open('../playdata/N20170609S0154.fits')
>>> ad.write('new154.fits', overwrite=True)





Now let’s open ‘new154.fits’, and write to it

>>> adnew = astrodata.open('new154.fits')
>>> adnew.write(overwrite=True)








3.5. Create New MEF Files

A new MEF file can be created from an existing, maybe modified, file or it
can be created from scratch.  We discuss both cases here.


3.5.1. Create New Copy of MEF Files

To create a new copy of a MEF file, modified or not, the user has already
been given most of the tools in the sections above.  Yet, let’s throw a
couple examples for completeness.


3.5.1.1. Basic example

As seen above, a MEF file can be opened with astrodata, the AstroData
object can be modified (or not), and then written back to disk under a
new name.

>>> ad = astrodata.open('../playdata/N20170609S0154.fits')
... optional modifications here ...
>>> ad.write('newcopy.fits')







3.5.1.2. Needing true copies in memory

Sometimes it is a true copy in memory that is needed.  This is not specific
to MEF.  In Python, doing something like adnew = ad does not create a
new copy of the AstrodData object; it just gives it a new name.  If you
modify adnew you will be modify ad too.  They point to the same block
of memory.

To create a true independent copy, the deepcopy utility needs to be used.

>>> from copy import deepcopy
>>> ad = astrodata.open('../playdata/N20170609S0154.fits')
>>> adcopy = deepcopy(ad)





Be careful using deepcopy, you memory could balloon really fast.  Use it
only when truly needed.




3.5.2. Create New MEF Files from Scratch

Before one creates a new MEF file on disk, one has to create the AstroData
object that will be eventually written to disk.  The AstroData object
created also needs to know that it will have to be written using the MEF
format. This is fortunately handled fairly transparently by astrodata.

The key to associating the FITS data provider to the AstroData object
is simply to create the AstroData object from astropy.io.fits [https://docs.astropy.org/en/stable/io/fits/index.html#module-astropy.io.fits] header
objects. Those will be recognized by astrodata as FITS and the
constructor for FITS will be used. The user does not need to do anything
else special. Here is how it is done.


3.5.2.1. Create a MEF with basic header and data array set to zeros

>>> import numpy as np
>>> from astropy.io import fits

>>> phu = fits.PrimaryHDU()

>>> pixel_data = np.zeros((100,100))

>>> hdu = fits.ImageHDU()
>>> hdu.data = pixel_data

>>> ad = astrodata.create(phu)
>>> ad.append(hdu, name='SCI')

or another way to do the last two blocs:
>>> hdu = fits.ImageHDU(data=pixel_data, name='SCI')
>>> ad = astrodata.create(phu, [hdu])





Then it is just a matter of calling ad.write('somename.fits') on that
new Astrodata object.



3.5.2.2. Represent a table as a FITS binary table in an AstroData object

One first needs to create a table, either an astropy.table.Table [https://docs.astropy.org/en/stable/api/astropy.table.Table.html#astropy.table.Table]
or a BinTableHDU [https://docs.astropy.org/en/stable/io/fits/api/tables.html#astropy.io.fits.BinTableHDU]. See the astropy [http://docs.astropy.org/en/stable/] documentation
on tables and this manual’s section dedicated to tables for
more information.

In the first example, we assume that my_astropy_table is
a Table [https://docs.astropy.org/en/stable/api/astropy.table.Table.html#astropy.table.Table] ready to be attached to an AstroData
object.  (Warning: we have not created my_astropy_table therefore the
example below will not run, though this is how it would be done.)

>>> phu = fits.PrimaryHDU()
>>> ad = astrodata.create(phu)

>>> astrodata.add_header_to_table(my_astropy_table)
>>> ad.append(my_astropy_table, name='SMAUG')





In the second example, we start with a FITS BinTableHDU [https://docs.astropy.org/en/stable/io/fits/api/tables.html#astropy.io.fits.BinTableHDU]
and attach it to a new AstroData object. (Again, we have not created
my_fits_table so the example will not run.)

>>> phu = fits.PrimaryHDU()
>>> ad = astrodata.create(phu)
>>> ad.append(my_fits_table, name='DROGON')





As before, once the AstroData object is constructed, the ad.write()
method can be used to write it to disk as a MEF file.







          

      

      

    

  

    
      
          
            
  
4. Astrodata Tags


4.1. What are the Astrodata Tags?

The Astrodata Tags identify the data represented in the AstroData object.
When a file on disk is opened with astrodata, the headers are inspected to
identify which specific AstroData class needs to be loaded,
AstroDataGmos,
AstroDataNiri, etc. Based on the class the data is
associated with, a list of “tags” will be defined. The tags will tell whether the
file is a flatfield or a dark, if it is a raw dataset, or if it has been processed by the
recipe system, if it is imaging or spectroscopy. The tags will tell the
users and the system what that data is and also give some information about
the processing status.

As a side note, the tags are used by DRAGONS Recipe System to match recipes
and primitives to the data.



4.2. Using the Astrodata Tags

Try it yourself

Download the data package (Try it yourself) if you wish to follow along and run the
examples.  Then

$ cd <path>/ad_usermanual/playground
$ python





Before doing anything, you need to import astrodata and the Gemini instrument
configuration package (gemini_instruments).

>>> import astrodata
>>> import gemini_instruments





Let us open a Gemini dataset and see what tags we get:

>>> ad = astrodata.open('../playdata/N20170609S0154.fits')
>>> ad.tags
{'RAW', 'GMOS', 'GEMINI', 'NORTH', 'SIDEREAL', 'UNPREPARED', 'IMAGE', 'ACQUISITION'}





The file we loaded is raw, GMOS North data. It is a 2D image and it is an
acquisition image, not a science observation. The “UNPREPARED” tag indicates
that the file has never been touched by the Recipe System which runs a
“prepare” primitive as the first step of each recipe.

Let’s try another

>>> ad = astrodata.open('../playdata/N20170521S0925_forStack.fits')
>>> ad.tags
{'GMOS', 'GEMINI', 'NORTH', 'SIDEREAL', 'OVERSCAN_TRIMMED', 'IMAGE',
'OVERSCAN_SUBTRACTED', 'PREPARED'}





This file is a science GMOS North image.  It has been processed by the
Recipe System.  The overscan level has been subtracted and the section has
been trimmed away.  The tags do NOT include all the processing steps. Rather,
at least from the time being, it focuses on steps that matter when associating
calibrations.

The tags can be used when coding.  For example:

>>> if 'GMOS' in ad.tags:
...   print('I am GMOS')
... else:
...   print('I am these instead:', ad.tags)
...





And:

>>> if {'IMAGE', 'GMOS'}.issubset(ad.tags):
...   print('I am a GMOS Image.')
...







4.3. Using typewalk

In DRAGONS, there is a convenience tool that will list the Astrodata tags
for all the FITS file in a directory.

To try it, from the shell, not Python, go to the “playdata” directory and
run typewalk

% cd <path>/ad_usermanual/playdata
% typewalk

directory:  /data/workspace/ad_usermanual/playdata
 N20170521S0925_forStack.fits ...... (GEMINI) (GMOS) (IMAGE) (NORTH) (OVERSCAN_SUBTRACTED) (OVERSCAN_TRIMMED) (PREPARED) (SIDEREAL)
 N20170521S0926_forStack.fits ...... (GEMINI) (GMOS) (IMAGE) (NORTH) (OVERSCAN_SUBTRACTED) (OVERSCAN_TRIMMED) (PREPARED) (PROCESSED) (PROCESSED_SCIENCE) (SIDEREAL)
 N20170609S0154.fits ............... (ACQUISITION) (GEMINI) (GMOS) (IMAGE) (NORTH) (RAW) (SIDEREAL) (UNPREPARED)
 N20170609S0154_varAdded.fits ...... (ACQUISITION) (GEMINI) (GMOS) (IMAGE) (NORTH) (OVERSCAN_SUBTRACTED) (OVERSCAN_TRIMMED) (PREPARED) (SIDEREAL)
 estgsS20080220S0078.fits .......... (GEMINI) (GMOS) (LONGSLIT) (LS) (PREPARED) (PROCESSED) (PROCESSED_SCIENCE) (SIDEREAL) (SOUTH) (SPECT)
 gmosifu_cube.fits ................. (GEMINI) (GMOS) (IFU) (NORTH) (ONESLIT_RED) (PREPARED) (PROCESSED) (PROCESSED_SCIENCE) (SIDEREAL) (SPECT)
 new154.fits ....................... (ACQUISITION) (GEMINI) (GMOS) (IMAGE) (NORTH) (RAW) (SIDEREAL) (UNPREPARED)
Done DataSpider.typewalk(..)





typewalk can be used to select specific data based on tags, and even create
lists

% typewalk --tags RAW
directory:  /data/workspace/ad_usermanual/playdata
 N20170609S0154.fits ............... (ACQUISITION) (GEMINI) (GMOS) (IMAGE) (NORTH) (RAW) (SIDEREAL) (UNPREPARED)
 new154.fits ....................... (ACQUISITION) (GEMINI) (GMOS) (IMAGE) (NORTH) (RAW) (SIDEREAL) (UNPREPARED)
Done DataSpider.typewalk(..)





% typewalk --tags RAW -o rawfiles.lis
% cat rawfiles.lis
# Auto-generated by typewalk, vv2.0 (beta)
# Written: Tue Mar  6 13:06:06 2018
# Qualifying types: RAW
# Qualifying logic: AND
# -----------------------
/Users/klabrie/data/tutorials/ad_usermanual/playdata/N20170609S0154.fits
/Users/klabrie/data/tutorials/ad_usermanual/playdata/new154.fits







4.4. Creating New Astrodata Tags [Advanced Topic]

For proper and complete instructions on how to create Astrodata Tags and
the AstroData class that hosts the tags, the reader is invited to refer to the
Astrodata Programmer Manual. Here we provide a simple introduction that
might help some readers better understand Astrodata Tags, or serve as a
quick reference for those who have written Astrodata Tags in the past but need
a little refresher.

The Astrodata Tags are defined in an AstroData class.  The AstroData
class specific to an instrument is located in a separate package, not in
astrodata. For example, for Gemini instruments, all the various AstroData
classes are contained in the gemini_instruments package.

An Astrodata Tag is a function within the instrument’s AstroData class.
The tag function is distinguished from normal functions by applying the
astro_data_tag() decorator to it.
The tag function returns a astrodata.TagSet.

For example:

class AstroDataGmos(AstroDataGemini):
    ...
    @astro_data_tag
    def _tag_arc(self):
        if self.phu.get('OBSTYPE) == 'ARC':
            return TagSet(['ARC', 'CAL'])





The tag function looks at the headers and if the keyword “OBSTYPE” is set
to “ARC”, the tags “ARC” and “CAL” (for calibration) will be assigned to the
AstroData object.

A whole suite of such tag functions is needed to fully characterize all
types of data an instrument can produce.

Tags are about what the dataset is, not it’s flavor.  The Astrodata
“descriptors” (see the section on Metadata and Headers) will describe the flavor.
For example, tags will say that the data is an image, but the descriptor
will say whether is B-band or R-band.   Tags are used for recipe and
primitive selection.  A way to understand the difference between a tag and
a descriptor is in terms of the recipe that will be selected: A GMOS image
will use the same recipe whether it’s a B-band or R-band image. However,
a GMOS longslit spectrum will need a very different recipe.  A bias is
reduced differently from a science image, there should be tag differentiating
a bias from a science image.  (There is for GMOS.)

For more information on adding to Astrodata, see the Astrodata Programmer
Manual.





          

      

      

    

  

    
      
          
            
  
5. Metadata and Headers

Try it yourself

Download the data package (Try it yourself) if you wish to follow along and run the
examples.  Then

$ cd <path>/ad_usermanual/playground
$ python





You need to import Astrodata and the Gemini instrument configuration package.

>>> import astrodata
>>> import gemini_instruments






5.1. Astrodata Descriptors

We show in this chapter how to use the Astrodata Descriptors.  But first
let’s explain what they are.

Astrodata Descriptors provide a “header-to-concept” mapping that allows the
user to access header information from a unique interface, regardless of
which instrument the dataset is from.  Like for the Astrodata Tags, the
mapping is coded in a configuration package separate from core Astrodata.
For Gemini instruments, that package is named gemini_instruments.

For example, if the user is interested to know the effective filter used
for an observation, normally one needs to know which specific keyword or
set of keywords to look at for that instrument.  However, once the concept
of “filter” is coded as a Descriptor, the user only needs to call the
filter_name() descriptor to retrieve the information.

The Descriptors are closely associated with the Astrodata Tags.  In fact,
they are implemented in the same AstroData class as the tags.  Once
the specific AstroData class is selected (upon opening the file), all
the tags and descriptors for that class are defined.  For example, all the
descriptor functions of GMOS data, ie. the functions that map a descriptor
concept to the actual header content, are defined in the AstroDataGmos
class.

This is all completely transparent to the user.  One simply opens the data
file and all the descriptors are ready to be used.


Note

Of course if the Descriptors have not be implemented for that specific
data, they will not work.  They should all be defined for Gemini data.
For other sources, the headers can be accessed directly, one keyword at
a time.  This type of access is discussed below.  This is also useful
when the information needed is not associated with one of the standard
descriptors.



To get the list of descriptors available for an AstroData object:

>>> ad = astrodata.open('../playdata/N20170609S0154.fits')
>>> ad.descriptors
('airmass', 'amp_read_area', 'ao_seeing', ...
  ...)





Most Descriptor names are readily understood, but one can get a short
description of what the Descriptor refers to by calling the Python help
function.  For example:

>>> help(ad.airmass)
>>> help(ad.filter_name)





The full list of standard descriptors is available in the Appendix
List of Gemini Standard Descriptors.



5.2. Accessing Metadata


5.2.1. Accessing Metadata with Descriptors

Whenever possible the Descriptors should be used to get information from
headers.  This allows for maximum re-usability of the code as it will then
work on any datasets with an AstroData class.

Here are a few examples using Descriptors:

>>> ad = astrodata.open('../playdata/N20170609S0154.fits')

>>> #--- print a value
>>> print('The airmass is : ', ad.airmass())

>>> #--- use a value to control the flow
>>> if ad.exposure_time() < 240.:
...     print('This is a short exposure.')
... else:
...     print('This is a long exposure.')
...

>>> #--- multiply all extensions by their respective gain
>>> for ext, gain in zip(ad, ad.gain()):
...     ext *= gain
...

>>> #--- do arithmetics
>>> fwhm_pixel = 3.5
>>> fwhm_arcsec = fwhm_pixel * ad.pixel_scale()





The return values for Descriptors depend on the nature of the information
being requested and the number of extensions in the AstroData object.
When the value has words, it will be string, if it is a number
it will be a float or an integer.
The dataset used in this section has 4 extensions.  When the descriptor
value can be different for each extension, the descriptor will return a
Python list.

>>> ad.airmass()
1.089
>>> ad.gain()
[2.03, 1.97, 1.96, 2.01]
>>> ad.filter_name()
'open1-6&g_G0301'





Some descriptors accept arguments.  For example:

>>> ad.filter_name(pretty=True)
'g'





A full list of standard descriptors is available in the Appendix
List of Gemini Standard Descriptors.



5.2.2. Accessing Metadata Directly

Not all header content is mapped to Descriptors, nor should it.  Direct access
is available for header content falling outside the scope of the descriptors.

One important thing to keep in mind is that the PHU (Primary Header Unit) and
the extension headers are accessed slightly differently.  The attribute
phu needs to used for the PHU, and hdr for the extension headers.

Here are some examples of direct header access:

>>> ad = astrodata.open('../playdata/N20170609S0154.fits')

>>> #--- Get keyword value from teh PHU
>>> ad.phu['AOFOLD']
'park-pos.'

>>> #--- Get keyword value from a specific extension
>>> ad[0].hdr['CRPIX1']
511.862999160781

>>> #--- Get keyword value from all the extension in one call.
>>> ad.hdr['CRPIX1']
[511.862999160781, 287.862999160781, -0.137000839218696, -224.137000839219]







5.2.3. Whole Headers

Entire headers can be retrieved as fits Header objects:

>>> ad = astrodata.open('../playdata/N20170609S0154.fits')
>>> type(ad.phu)
<class 'astropy.io.fits.header.Header'>
>>> type(ad[0].hdr)
<class 'astropy.io.fits.header.Header'>





In interactive mode, it is possible to print the headers on the screen as
follow

>>> ad.phu
SIMPLE  =                    T / file does conform to FITS standard
BITPIX  =                   16 / number of bits per data pixel
NAXIS   =                    0 / number of data axes
....

>>> ad[0].hdr
XTENSION= 'IMAGE   '           / IMAGE extension
BITPIX  =                   16 / number of bits per data pixel
NAXIS   =                    2 / number of data axes
....








5.3. Updating, Adding and Deleting Metadata

Header cards can be updated, added to, or deleted from the headers.  The PHU
and the extensions headers are again accessed in a mostly identical way
with phu and hdr, respectively.

>>> ad = astrodata.open('../playdata/N20170609S0154.fits')





Add and update a keyword, without and with comment:

>>> ad.phu['NEWKEY'] = 50.
>>> ad.phu['NEWKEY'] = (30., 'Updated PHU keyword')

>>> ad[0].hdr['NEWKEY'] = 50.
>>> ad[0].hdr['NEWKEY'] = (30., 'Updated extension keyword')





Delete a keyword:

>>> del ad.phu['NEWKEY']
>>> del ad[0].hdr['NEWKEY']







5.4. World Co-ordinate System attribute

The wcs of an extension’s nddata attribute (eg. ad[0].nddata.wcs;
see Pixel Data) may contain an instance of astropy.wcs.WCS (a standard
FITS WCS object) or gwcs.wcs.WCS (a “Generalized WCS” or gWCS [https://gwcs.readthedocs.io] object). These both define a transformation
between array indices and some other co-ordinate system such as “World”
co-ordinates (see APE 14 [https://github.com/astropy/astropy-APEs/blob/master/APE14.rst]). GWCS allows
multiple, almost arbitrary co-ordinate mappings from different calibration
steps (eg. CCD mosaicking, distortion correction & wavelength calibration) to
be combined in a single, reversible transformation chain — but this
information cannot all be represented as a FITS standard WCS. If a gWCS object
is defined here, it gets stored as a table extension named ‘WCS’ when the
AstroData instance is saved to a file (with the same EXTVER as the
corresponding ‘SCI’ array). This is independent of any WCS information already
stored in the FITS headers. The representation in the table is produced using
ASDF [https://asdf.readthedocs.io], with one line of text per row. Likewise,
when the file is re-opened, the gWCS object gets recreated in wcs from the
table.

In future, it is intended that the wcs attribute will get populated from
standard FITS headers where there is no overriding ‘WCS’ table extension and
will get saved to standard FITS headers when its type is astropy.wcs.WCS.
Also, where a gWCS object is used, a discrete sampling of the World co-ordinate
values will be stored as part of the FITS WCS, following Greisen et al. (2006) [http://adsabs.harvard.edu/abs/2006A%26A...446..747G], S6 (in addition to the
definitive ‘WCS’ table), allowing standard FITS readers to report accurate
World co-ordinates for each pixel.



5.5. Adding Descriptors [Advanced Topic]

For proper and complete instructions on how to create Astrodata Descriptors,
the reader is invited to refer to the Astrodata Programmer Manual.  Here we
provide a simple introduction that might help some readers better understand
Astrodata Descriptors, or serve as a quick reference for those who have
written Astrodata Descriptor in the past but need a little refresher.

The Astrodata Descriptors are defined in an AstroData class.  The
AstroData class specific to an instrument is located in a separate
package, not in astrodata.  For example, for Gemini instruments, all the
various AstroData classes are contained in the gemini_instruments
package.

An Astrodata Descriptor is a function within the instrument’s AstroData
class.  The descriptor function is distinguished from normal functions by
applying the @astro_data_descriptor decorator to it.  The descriptor
function returns the value(s) using a Python type, int, float,
string, list; it depends on the value being returned.  There is no
special “descriptor” type.

Here is an example of code defining a descriptor:

class AstroDataGmos(AstroDataGemini):
    ...
    @astro_data_descriptor
    def detector_x_bin(self):
        def _get_xbin(b):
            try:
                return int(b.split()[0])
            except (AttributeError, ValueError):
                return None

        binning = self.hdr.get('CCDSUM')
        if self.is_single:
            return _get_xbin(binning)
        else:
            xbin_list = [_get_xbin(b) for b in binning]
            # Check list is single-valued
            return xbin_list[0] if xbin_list == xbin_list[::-1] else None





This descriptor returns the X-axis binning as a integer when called on a
single extension, or an object with only one extension, for example after the
GMOS CCDs have been mosaiced.   If there are more than one extensions, it
will return a Python list or an integer if the binning is the same for all
the extensions.

Gemini has defined a standard list of descriptors that should be defined
one way or another for each instrument to ensure the re-usability of our
algorithms.  That list is provided in the Appendix List of Gemini Standard Descriptors.

For more information on adding to Astrodata, see the Astrodata Programmer
Manual.





          

      

      

    

  

    
      
          
            
  
6. Pixel Data

Try it yourself

Download the data package (Try it yourself) if you wish to follow along and run the
examples.  Then

$ cd <path>/ad_usermanual/playground
$ python





Then import core astrodata and the Gemini astrodata configurations.

>>> import astrodata
>>> import gemini_instruments






6.1. Operate on Pixel Data

The pixel data are stored in the AstroData object as a list of
NDAstroData objects.  The NDAstroData is a subclass of Astropy’s
NDData class which combines in one “package” the pixel values, the
variance, and the data quality plane or mask (as well as associated meta-data).
The data can be retrieved as a standard NumPy ndarray.

In the sections below, we will present several typical examples of data
manipulation.  But first let’s start with a quick example on how to access
the pixel data.

>>> ad = astrodata.open('../playdata/N20170609S0154.fits')

>>> the_data = ad[1].data
>>> type(the_data)
<class 'numpy.ndarray'>

>>> # Loop through the extensions
>>> for ext in ad:
...     the_data = ext.data
...     print(the_data.sum())
...





In this example, we first access the pixels for the second extensions.
Remember that in Python, list are zero-indexed, hence we access the second
extension as ad[1].   The .data attribute contains a numpy ndarray.
In the for-loop, for each extension, we get the data and use the numpy
.sum() method to sum the pixel values.   Anything that can be done
with a ndarray can be done on AstroData pixel data.



6.2. Arithmetic on AstroData Objects

AstroData objects support basic in-place arithmetics with these methods:







	addition

	.add()



	subtraction

	.subtract()



	multiplication

	.multiply()



	division

	.divide()






Normal, not in-place, arithmetics is also possible using the standard
operators, +, -, *, and /.

The big advantage of using AstroData to do arithmetics is that the
variance and mask, if present, will be propagated through to the output
AstroData object.  We will explore the variance propagation in the next
section and mask usage later in this chapter.


6.2.1. Simple operations

Here are a few examples of arithmetics on AstroData objects.:

>>> ad = astrodata.open('../playdata/N20170521S0925_forStack.fits')

>>> # Addition
>>> ad.add(50.)
>>> ad = ad + 50.
>>> ad += 50.

>>> # Subtraction
>>> ad.subtract(50.)
>>> ad = ad - 50.
>>> ad -= 50.

>>> # Multiplication (Using a descriptor)
>>> ad.multiply(ad.exposure_time())
>>> ad = ad * ad.exposure_time()
>>> ad *= ad.exposure_time()

>>> # Division (Using a descriptor)
>>> ad.divide(ad.exposure_time())
>>> ad = ad / ad.exposure_time()
>>> ad /= ad.exposure_time()





When the syntax adout = adin + 1 is used, the output variable is a copy
of the original.  In the examples above we reassign the result back onto the
original.  The two other forms, ad.add() and ad += are in-place
operations.

When a descriptor returns a list because the value changes for each
extension, a for-loop is needed:

>>> for (ext, gain) in zip(ad, ad.gain()):
...     ext.multiply(gain)
...





If you want to do the above but on a new object, leaving the original unchanged,
use deepcopy first.

>>> from copy import deepcopy
>>> adcopy = deepcopy(ad)
>>> for (ext, gain) in zip(adcopy, adcopy.gain()):
...     ext.multiply(gain)
...







6.2.2. Operator Precedence

The AstroData arithmetics methods can be stringed together but beware that
there is no operator precedence when that is done.  For arithmetics that
involve more than one operation, it is probably safer to use the normal
Python operator syntax.  Here is a little example to illustrate the difference.

>>> ad.add(5).multiply(10).subtract(5)

>>> # means:  ad = ((ad + 5) * 10) - 5
>>> # NOT: ad = ad + (5 * 10) - 5





This is because the methods modify the object in-place, one operation after
the other from left to right.  This also means that the original is modified.

This example applies the expected operator precedence:

>>> ad = ad + ad * 3 - 40.
>>> # means: ad = ad + (ad * 3) - 40.





If you need a copy, leaving the original untouched, which is sometimes useful
you can use deepcopy or just use the normal operator and assign to a new
variable.:

>>> adnew = ad + ad * 3 - 40.








6.3. Variance

When doing arithmetic on an AstroData object, if a variance is present
it will be propagated appropriately to the output no matter which syntax
you use (the methods or the Python operators).


6.3.1. Adding a Variance Plane

In this example, we will add the poisson noise to an AstroData dataset.
The data is still in ADU, therefore the poisson noise as variance is
signal / gain.   We want to set the variance for each of the pixel
extensions.

>>> ad = astrodata.open('../playdata/N20170609S0154.fits')

>>> for (extension, gain) in zip(ad, ad.gain()):
...    extension.variance = extension.data / gain
...





Check ad.info(), you will see a variance plane for each of the four
extensions.



6.3.2. Automatic Variance Propagation

As mentioned before, if present, the variance plane will be propagated to the
resulting AstroData object when doing arithmetics.  The variance
calculation assumes that the data are not correlated.

Let’s look into an example.

#     output = x * x
# var_output = var * x^2 + var * x^2
>>> ad = astrodata.open('../playdata/N20170609S0154_varAdded.fits')

>>> ad[1].data[50,50]
56.160931
>>> ad[1].variance[50,50]
96.356529
>>> adout = ad * ad
>>> adout[1].data[50,50]
3154.05
>>> adout[1].variance[50,50]
607826.62








6.4. Data Quality Plane

The NDData mask stores the data quality plane.  The simplest form is a
True/False array of the same size at the pixel array.  In Astrodata we favor
a bit array that allows for additional information about why the pixel is being
masked.   For example at Gemini here is our bit mapping for bad pixels.







	Meaning

	Value





	Bad pixel

	1



	Non Linear

	2



	Saturated

	4



	Cosmic Ray

	8



	No Data

	16



	Overlap

	32



	Unilluminated

	64






(These definitions are located in geminidr.gemini.lookups.DQ_definitions.)

So a pixel marked 10 in the mask, would be a “non-linear” “cosmic ray”.  The
AstroData mask are propagated with bitwise-OR operation.  For example, let
say that we are stacking frames. A pixel is set as bad (value 1)
in one frame, saturated in another (value 4), and fine in all the other
the frames (value 0).  The mask of the resulting stack will be assigned
a value of 5 for that pixel.

These bitmasks will work like any other numpy True/False mask.  There is a
usage example below using the mask.

The mask can be accessed as follow:

>>> ad = astrodata.open('../playdata/N20170609S0154_varAdded.fits')
>>> ad.info()

>>> ad[2].mask







6.5. Display

Since the data is stored in the AstroData object as a numpy ndarray
any tool that works on ndarray can be used.  To display to DS9 there
is the imexam package.  The numdisplay package is still available for
now but it is no longer supported by STScI.  We will show
how to use imexam to display and read the cursor position.  Read the
documentation on that tool to learn more about what else it has
to offer.


6.5.1. Displaying with imexam

Here is an example how to display pixel data to DS9 with imexam.

>>> import imexam
>>> ad = astrodata.open('../playdata/N20170521S0925_forStack.fits')

# Connect to the DS9 window (should already be opened.)
>>> ds9 = imexam.connect(imexam.list_active_ds9())

>>> ds9.view(ad[0].data)

# To scale "a la IRAF"
>>> ds9.view(ad[0].data)
>>> ds9.scale('zscale')

# To set the mininum and maximum scale values
>>> ds9.view(ad[0].data)
>>> ds9.scale('limits 0 2000')







6.5.2. Retrieving cursor position with imexam

The function readcursor() can be used to retrieve cursor
position in pixel coordinates.  Note that it will not respond to
mouse clicks, only keyboard entries are acknowledged.

When invoked, readcursor() will stop the flow of the program and wait
for the user to put the cursor on top of the image and type a key.  A
tuple with three values will be returned:  the x and
y coordinates in 0-based system, and the value of the key the user
hit.

>>> import imexam
>>> ad = astrodata.open('../playdata/N20170521S0925_forStack.fits')

# Connect to the DS9 window (should already be opened.)
# and display
>>> ds9 = imexam.connect(list(imexam.list_active_ds9())[0])
>>> ds9.view(ad[0].data)
>>> ds9.scale('zscale')


>>> cursor_coo = ds9.readcursor()
>>> print(cursor_coo)

# To extract only the x,y coordinates
>>> (xcoo, ycoo) = cursor_coo[:2]
>>> print(xcoo, ycoo)

# If you are also interested in the keystroke
>>> keystroke = cursor_coo[2]
>>> print('You pressed this key: %s' % keystroke)








6.6. Useful tools from the NumPy, SciPy, and Astropy Packages

Like for the Display section, this section is not really specific to
Astrodata but is rather a quick show-and-tell of a few things that can
be done on the pixels with the big scientific packages NumPy, SciPy,
and Astropy.

Those three packages are very large and rich.  They have their own
extensive documentation and it is highly recommend for the users to learn about what
they have to offer.  It might save you from re-inventing the wheel.

The pixels, the variance, and the mask are stored as NumPy ndarray’s.
Let us go through some basic examples, just to get a feel for how the
data in an AstroData object can be manipulated.


6.6.1. ndarray

The data are contained in NumPy ndarray objects.  Any tools that works
on an ndarray can be used with Astrodata.

>>> ad = astrodata.open('../playdata/N20170609S0154.fits')

>>> data = ad[0].data

>>> # Shape of the array.  (equivalent to NAXIS2, NAXIS1)
>>> data.shape
(2112, 288)

>>> # Value of a pixel at "IRAF" or DS9 coordinates (100, 50)
>>> data[49,99]
455

>>> # Data type
>>> data.dtype
dtype('uint16')





The two most important thing to remember for users coming from the IRAF
world or the Fortran world are that the array has the y-axis in the first
index, the x-axis in the second, and that the array indices are zero-indexed,
not one-indexed.  The examples above illustrate those two critical
differences.

It is sometimes useful to know the data type of the values stored in the
array.  Here, the file is a raw dataset, fresh off the telescope.  No
operations has been done on the pixels yet.  The data type of Gemini raw
datasets is always “Unsigned integer (0 to 65535)”, uint16.


Warning

Beware that doing arithmetic on uint16 can lead to unexpected
results.  This is a NumPy behavior.  If the result of an operation
is higher than the range allowed by uint16, the output value will
be “wrong”.  The data type will not be modified to accommodate the large
value.  A workaround, and a safety net, is to multiply the array by
1.0 to force the conversion to a float64.

>>> a = np.array([65535], dtype='uint16')
>>> a + a
array([65534], dtype=uint16)
>>> 1.0*a + a
array([ 131070.])









6.6.2. Simple Numpy Statistics

A lot of functions and methods are available in NumPy to probe the array,
too many to cover here, but here are a couple examples.

>>> import numpy as np

>>> ad = astrodata.open('../playdata/N20170609S0154.fits')
>>> data = ad[0].data

>>> data.mean()
>>> np.average(data)
>>> np.median(data)





Note how mean() is called differently from the other two. mean()
is a ndarray method, the others are numpy functions. The implementation
details are clearly well beyond the scope of this manual, but when looking
for the tool you need, keep in mind that there are two sets of functions to
look into. Duplications like .mean() and np.average() can happen,
but they are not the norm. The readers are strongly encouraged to refer to
the numpy documentation to find the tool they need.



6.6.3. Clipped Statistics

It is common in astronomy to apply clipping to the statistics, a clipped
average, for example.   The NumPy ma module can be used to create masks
of the values to reject.  In the examples below, we calculated the clipped
average of the first pixel extension with a rejection threshold set to
+/- 3 times the standard deviation.

Before Astropy, it was possible to do something like that with only
NumPy tools, like in this example:

>>> import numpy as np

>>> ad = astrodata.open('../playdata/N20170609S0154.fits')
>>> data = ad[0].data

>>> stddev = data.std()
>>> mean = data.mean()

>>> clipped_mean = np.ma.masked_outside(data, mean-3*stddev, mean+3*stddev).mean()





There is no iteration in that example.  It is a straight one-time clipping.

For something more robust, there is an Astropy function that can help, in
particular by adding an iterative process to the calculation.  Here is
how it is done:

>>> import numpy as np
>>> from astropy.stats import sigma_clip

>>> ad = astrodata.open('../playdata/N20170609S0154.fits')
>>> data = ad[0].data

>>> clipped_mean = np.ma.mean(sigma_clip(data, sigma=3))







6.6.4. Filters with SciPy

Another common operation is the filtering of an image, for example convolving
with a gaussian filter.  The SciPy module ndimage.filters offers
several functions for image processing.  See the SciPy documentation for
more information.

The example below applies a gaussian filter to the pixel array.

>>> from scipy.ndimage import filters
>>> import imexam

>>> ad = astrodata.open('../playdata/N20170521S0925_forStack.fits')
>>> data = ad[0].data

>>> # We need to prepare an array of the same size and shape and
>>> # the data array.  The result will be put in there.
>>> convolved_data = np.zeros(data.size).reshape(data.shape)

>>> # We now apply the convolution filter.
>>> sigma = 10.
>>> filters.gaussian_filter(data, sigma, output=convolved_data)

>>> # Let's visually compare the convolved image with the original
>>> ds9 = imexam.connect(list(imexam.list_active_ds9())[0])
>>> ds9.view(data)
>>> ds9.scale('zscale')
>>> ds9.frame(2)
>>> ds9.view(convolved_data)
>>> ds9.scale('zscale')
>>> ds9.blink()
>>> # when you are convinced it's been convolved, stop the blinking.
>>> ds9.blink(blink=False)





Note that there is an Astropy way to do this convolution, with tools in
astropy.convolution package.  Beware that for this particular kernel
we have found that the Astropy convolve function is extremely slow
compared to the SciPy solution.
This is because the SciPy function is optimized for a Gaussian convolution
while the generic convolve function in Astropy can take in any kernel.
Being able to take in any kernel is a very powerful feature, but the cost
is time.  The lesson here is do your research, and find the best tool for
your needs.



6.6.5. Many other tools

There many, many other tools available out there.  Here are the links to the
three big projects we have featured in this section.


	NumPy: www.numpy.org [http://www.numpy.org]


	SciPy: www.scipy.org [http://www.scipy.org]


	Astropy:  www.astropy.org [http://www.astropy.org]







6.7. Using the Astrodata Data Quality Plane

Let us look at an example where the use of the Astrodata mask is
necessary to get correct statistics.  A GMOS imaging frame has large sections
of unilluminated pixels; the edges are not illuminated and there are two
bands between the three CCDs that represent the physical gap between the
CCDs.  Let us have a look at the pixels to have a better sense of the
data:

>>> ad = astrodata.open('../playdata/N20170521S0925_forStack.fits')
>>> import imexam
>>> ds9 = imexam.connect(list(imexam.list_active_ds9())[0])

>>> ds9.view(ad[0].data)
>>> ds9.scale('zscale')





See how the right and left portions of the frame are not exposed to the sky,
and the 45 degree angle cuts of the four corners.  The chip gaps too.
If we wanted to do statistics on the whole frames, we certainly would not want
to include those unilluminated areas.  We would want to mask them out.

Let us have a look at the mask associated with that image:

>>> ds9.view(ad[0].mask)
>>> ds9.scale('zscale')





The bad sections are all white (pixel value > 0).  There are even some
illuminated pixels that have been marked as bad for a reason or another.

Let us use that mask to reject the pixels with no or bad information and
do calculations only on the good pixels.  For the sake of simplicity we will
just do an average.  This is just illustrative.  We show various ways to
accomplish the task; choose the one that best suits your need or that you
find most readable.

>>> import numpy as np

>>> # For clarity...
>>> data = ad[0].data
>>> mask = ad[0].mask

>>> # Reject all flagged pixels and calculate the mean
>>> np.mean(data[mask == 0])
>>> np.ma.masked_array(data, mask).mean()

>>> # Reject only the pixels flagged "no_data" (bit 16)
>>> np.mean(data[(mask & 16) == 0])
>>> np.ma.masked_array(data, mask & 16).mean()
>>> np.ma.masked_where(mask & 16, data).mean()





The “long” form with np.ma.masked_* is useful if you are planning to do
more than one operation on the masked array.  For example:

>>> clean_data = np.ma.masked_array(data, mask)
>>> clean_data.mean()
>>> np.ma.median(clean_data)
>>> clean_data.max()







6.8. Manipulate Data Sections

So far we have shown examples using the entire data array.  It is possible
to work on sections of that array.  If you are already familiar with
Python, you probably already know how to do most if not all of what is in
this section.  For readers new to Python, and especially those coming
from IRAF, there are a few things that are worth explaining.

When indexing a NumPy ndarray, the left most number refers to the
highest dimension’s axis.  For example, in a 2D array, the IRAF section
are in (x-axis, y-axis) format, while in Python they are in
(y-axis, x-axis) format.  Also important to remember is that the ndarray
is 0-indexed, rather than 1-indexed like in Fortran or IRAF.

Putting it all together, a pixel position (x,y) = (50,75) in IRAF or from
the cursor on a DS9 frame, is accessed in Python as data[74,49].
Similarly, the IRAF section [10:20, 30:40] translate in Python to
[9:20, 29:40].  Also remember that when slicing in Python, the upper limit
of the slice is not included in the slice.  This is why here we request
20 and 40 rather 19 and 39.

Let’s put it in action.


6.8.1. Basic Statistics on Section

In this example, we do simple statistics on a section of the image.

>>> import numpy as np

>>> ad = astrodata.open('../playdata/N20170521S0925_forStack.fits')
>>> data = ad[0].data

>>> # Get statistics for a 25x25 pixel-wide box centered on pixel
>>> # (50,75)  (DS9 frame coordinate)
>>> xc = 49
>>> yc = 74
>>> buffer = 25
>>> (xlow, xhigh) = (xc - buffer//2, xc + buffer//2 + 1)
>>> (ylow, yhigh) = (yc - buffer//2, yc + buffer//2 + 1)
>>> # The section is [62:87, 37:62]
>>> stamp = data[ylow:yhigh, xlow:xhigh]
>>> mean = stamp.mean()
>>> median = np.median(stamp)
>>> stddev = stamp.std()
>>> minimum = stamp.min()
>>> maximum = stamp.max()

>>> print(' Mean   Median  Stddev  Min   Max\n \
... %.2f  %.2f   %.2f    %.2f  %.2f' % \
... (mean, median, stddev, minimum, maximum))





Have you noticed that the median is calculated with a function rather
than a method?  This is simply because the ndarray object does not
have a method to calculate the median.



6.8.2. Example - Overscan Subtraction with Trimming

Several concepts from previous sections and chapters are used in this
example.  The Descriptors are used to retrieve the overscan section and
the data section information from the headers.  Statistics are done on the
NumPy ndarray representing the pixel data.  Astrodata arithmetics is
used to subtract the overscan level.  Finally, the overscan section is
trimmed off and the modified AstroData object is written to a new file
on disk.

To make the example more complete, and to show that when the pixel data
array is trimmed, the variance (and mask) arrays are also trimmed, let us
add a variance plane to our raw data frame.

>>> ad = astrodata.open('../playdata/N20170609S0154.fits')

>>> for (extension, gain) in zip(ad, ad.gain()):
...    extension.variance = extension.data / gain
...

>>> # Here is how the data structure looks like before the trimming.
>>> ad.info()
Filename: ../playdata/N20170609S0154.fits
Tags: ACQUISITION GEMINI GMOS IMAGE NORTH RAW SIDEREAL UNPREPARED

Pixels Extensions
Index  Content                  Type              Dimensions     Format
[ 0]   science                  NDAstroData       (2112, 288)    uint16
          .variance             ndarray           (2112, 288)    float64
[ 1]   science                  NDAstroData       (2112, 288)    uint16
          .variance             ndarray           (2112, 288)    float64
[ 2]   science                  NDAstroData       (2112, 288)    uint16
          .variance             ndarray           (2112, 288)    float64
[ 3]   science                  NDAstroData       (2112, 288)    uint16
          .variance             ndarray           (2112, 288)    float64

>>> # Let's operate on the first extension.
>>>
>>> # The section descriptors return the section in a Python format
>>> # ready to use, 0-indexed.
>>> oversec = ad[0].overscan_section()
>>> datasec = ad[0].data_section()

>>> # Measure the overscan level
>>> mean_overscan = ad[0].data[oversec.y1: oversec.y2, oversec.x1: oversec.x2].mean()

>>> # Subtract the overscan level.  The variance will be propagated.
>>> ad[0].subtract(mean_overscan)

>>> # Trim the data to remove the overscan section and keep only
>>> # the data section.
>>> #
>>> # Here we work on the NDAstroData object to have the variance
>>> # trimmed automatically to the same size as the science array.
>>> # To reassign the cropped NDAstroData, we use the reset() method.
>>> ad[0].reset(ad[0].nddata[datasec.y1:datasec.y2, datasec.x1:datasec.x2])

>>> # Now look at the dimensions of the first extension, science
>>> # and variance.  That extension is smaller than the others.
>>> ad.info()
Filename: ../playdata/N20170609S0154.fits
Tags: ACQUISITION GEMINI GMOS IMAGE NORTH RAW SIDEREAL UNPREPARED

Pixels Extensions
Index  Content                  Type              Dimensions     Format
[ 0]   science                  NDAstroData       (2112, 256)    float64
          .variance             ndarray           (2112, 256)    float64
[ 1]   science                  NDAstroData       (2112, 288)    uint16
          .variance             ndarray           (2112, 288)    float64
[ 2]   science                  NDAstroData       (2112, 288)    uint16
          .variance             ndarray           (2112, 288)    float64
[ 3]   science                  NDAstroData       (2112, 288)    uint16
          .variance             ndarray           (2112, 288)    float64

>>> # We can write this to a new file
>>> ad.write('partly_overscan_corrected.fits')





A new feature presented in this example is the ability to work on the
NDAstroData object directly.  This is particularly useful when cropping
the science pixel array as one will want the variance and the mask arrays
cropped exactly the same way.  Taking a section of the NDAstroData
object (ad[0].nddata[y1:y2, x1:x2]), instead of just the .data array,
does all that for us.

To reassign the cropped NDAstroData to the extension one uses the
.reset() method as shown in the example.

Of course to do the overscan correction correctly and completely, one would
loop over all four extensions.  But that’s the only difference.




6.9. Data Cubes

Reduced Integral Field Unit (IFU) data is commonly represented as a cube,
a three-dimensional array.  The data component of an AstroData
object extension can be such a cube, and it can be manipulated and explored
with NumPy, AstroPy, SciPy, imexam, like we did already in this section
with 2D arrays.  We can use matplotlib to plot the 1D spectra represented
in the third dimension.

In Gemini IFU cubes, the first axis is the X-axis, the second, the Y-axis,
and the wavelength is in the third axis.  Remember that in a ndarray
that order is reversed (wlen, y, x).

In the example below we “collapse” the cube along the wavelenth axis to
create a “white light” image and display it.  Then we plot a 1D spectrum
from a given (x,y) position.

>>> import imexam
>>> import matplotlib.pyplot as plt

>>> ds9 = imexam.connect(list(imexam.list_active_ds9())[0])

>>> adcube = astrodata.open('../playdata/gmosifu_cube.fits')
>>> adcube.info()

>>> # Sum along the wavelength axis to create a "white light" image
>>> summed_image = adcube[0].data.sum(axis=0)
>>> ds9.view(summed_image)
>>> ds9.scale('minmax')

>>> # Plot a 1-D spectrum from the spatial position (14,25).
>>> plt.plot(adcube[0].data[:,24,13])
>>> plt.show()   # might be needed, depends on matplotlibrc interactive setting





Now that is nice but it would be nicer if we could plot the x-axis in units
of Angstroms instead of pixels.  We use the AstroData’s WCS handler, which is
based on gwcs.wcs.WCS to get the necessary information.  A particularity
of gwcs.wcs.WCS is that it refers to the axes in the “natural” way,
(x, y, wlen) contrary to Python’s (wlen, y, x). It truly requires you to pay
attention.

>>> import matplotlib.pyplot as plt

>>> adcube = astrodata.open('../playdata/gmosifu_cube.fits')

# We get the wavelength axis in Angstroms at the position we want to
# extract, x=13, y=24.
# The wcs call returns a3-element list, the third element ([2]) contains
# contains the wavelength values for each pixel along the wavelength axis.

>>> length_wlen_axis = adcube[0].shape[0]   # (wlen, y, x)
>>> wavelengths = adcube[0].wcs(13, 24, range(length_wlen_axis))[2] # (x, y, wlen)

# We get the intensity along that axis
>>> intensity = adcube[0].data[:, 24, 13]   # (wlen, y, x)

# We plot
plt.clf()
plt.plot(wavelengths, intensity)
plt.show()







6.10. Plot Data

The main plotting package in Python is matplotlib.  We have used it in the
previous section on data cubes to plot a spectrum.  There is also relatively
new project called imexam which provides astronomy-specific tools for the
exploration and measurement of data.  We have also used that package above to
display images to DS9.

In this section we absolutely do not aim at covering all the features of
either package but rather to give a few examples that can get the readers
started in their exploration of the data and of the visualization packages.

Refer to the projects web pages for full documentation.


	Matplotlib: https://matplotlib.org [https://matplotlib.org/]


	imexam: https://github.com/spacetelescope/imexam





6.10.1. Matplotlib

With Matplotlib you have full control on your plot.  You do have to do a bit
for work to get it perfect though.  However it can produce publication
quality plots.  Here we just scratch the surface of Matplotlib.

>>> import numpy as np
>>> import matplotlib.pyplot as plt
>>> from astropy import wcs

>>> ad_image = astrodata.open('../playdata/N20170521S0925_forStack.fits')
>>> ad_spectrum = astrodata.open('../playdata/estgsS20080220S0078.fits')

>>> # Line plot from image.  Row #1044 (y-coordinate)
>>> line_index = 1043
>>> line = ad_image[0].data[line_index, :]
>>> plt.clf()
>>> plt.plot(line)
>>> plt.show()

>>> # Column plot from image, averaging across 11 pixels around colum #327
>>> col_index = 326
>>> width = 5
>>> xlow = col_index - width
>>> xhigh = col_index + width + 1
>>> thick_column = ad_image[0].data[:, xlow:xhigh]
>>> plt.clf()
>>> plt.plot(thick_column.mean(axis=1))  # mean along the width.
>>> plt.show()
>>> plt.ylim(0, 50)     # Set the y-axis range
>>> plt.plot(thick_column.mean(axis=1))
>>> plt.show()

>>> # Contour plot for a section of an image.
>>> center = (1646, 2355)
>>> width = 15
>>> xrange = (center[1]-width//2, center[1] + width//2 + 1)
>>> yrange = (center[0]-width//2, center[0] + width//2 + 1)
>>> blob = ad_image[0].data[yrange[0]:yrange[1], xrange[0]:xrange[1]]
>>> plt.clf()
>>> plt.imshow(blob, cmap='gray', origin='lower')
>>> plt.contour(blob)
>>> plt.show()

>>> # Spectrum in pixels
>>> plt.clf()
>>> plt.plot(ad_spectrum[0].data)
>>> plt.show()

>>> # Spectrum in Angstroms
>>> spec_wcs = wcs.WCS(ad_spectrum[0].hdr)
>>> pixcoords = np.array(range(ad_spectrum[0].data.shape[0]))
>>> wlen = spec_wcs.wcs_pix2world(pixcoords, 0)[0]
>>> plt.clf()
>>> plt.plot(wlen, ad_spectrum[0].data)
>>> plt.show()







6.10.2. imexam

For those who have used IRAF, imexam is a well-known tool.  The Python
imexam reproduces many of its IRAF predecesor, the interactive mode of
course, but it also offers programmatic tools.  One can even control DS9
from Python.  As for Matplotlib, here we really just scratch the surface of
what imexam has to offer.

 >>> import imexam
 >>> from imexam.imexamine import Imexamine

 >>> ad_image = astrodata.open('../playdata/N20170521S0925_forStack.fits')

 # Display the image
 >>> ds9 = imexam.connect(list(imexam.list_active_ds9())[0])
 >>> ds9.view(ad_image[0].data)
 >>> ds9.scale('zscale')

 # Run in interactive mode.  Try the various commands.
>>> ds9.imexam()

 # Use the programmatic interface
 # First initialize an Imexamine object.
 >>> plot = Imexamine()

 # Line plot from image.  Row #1044 (y-coordinate)
 >>> line_index = 1043
 >>> plot.plot_line(0, line_index, ad_image[0].data)

 # Column plot from image, averaging across 11 pixels around colum #327
 # There is no setting for this, so we have to do something similar
 # to what we did with matplotlib.
 >>> col_index = 326
 >>> width = 5
 >>> xlow = col_index - width
 >>> xhigh = col_index + width + 1
 >>> thick_column = ad_image[0].data[:, xlow:xhigh]
 >>> mean_column = thick_column.mean(axis=1)
 >>> plot.plot_column(0, 0, np.expand_dims(mean_column, 1))

 >>> # Contour plot for a section of an image.
 >>> center = (1646, 2355)  # in python coordinates
 >>> width = 15
 >>> plot.contour_pars['ncolumns'][0] = width
 >>> plot.contour_pars['nlines'][0] = width
 >>> plot.contour(center[1], center[0], ad_image[0].data)










          

      

      

    

  

    
      
          
            
  
7. Table Data

Try it yourself

Download the data package (Try it yourself) if you wish to follow along and run the
examples.  Then

$ cd <path>/ad_usermanual/playground
$ python





Then import core astrodata and the Gemini astrodata configurations.

>>> import astrodata
>>> import gemini_instruments






7.1. Tables and Astrodata

Tables are stored as astropy.table Table class.   FITS tables too
are represented in Astrodata as Table and FITS headers are stored in
the NDAstroData .meta attribute.  Most table access should be done
through the Table interface.   The best reference on Table is the
Astropy documentation itself.  In this chapter we covers some common
examples to get the reader started.

The astropy.table documentation can be found at: http://docs.astropy.org/en/stable/table/index.html



7.2. Operate on a Table

Let us open a file with tables.  Some tables are associated with specific
extensions, and there is one table that is global to the AstroData object.

>>> ad = astrodata.open('../playdata/N20170609S0154_varAdded.fits')
>>> ad.info()





To access the global table named REFCAT:

>>> ad.REFCAT





To access the OBJCAT table in the first extension

>>> ad[0].OBJCAT






7.2.1. Column and Row Operations

Columns are named.  Those names are used to access the data as columns.
Rows are not names and are simply represented as a sequential list.


7.2.1.1. Read columns and rows

To get the names of the columns present in the table:

>>> ad.REFCAT.colnames
['Id', 'Cat_Id', 'RAJ2000', 'DEJ2000', 'umag', 'umag_err', 'gmag',
'gmag_err', 'rmag', 'rmag_err', 'imag', 'imag_err', 'zmag', 'zmag_err',
'filtermag', 'filtermag_err']





Then it is easy to request the values for specific columns:

>>> ad.REFCAT['zmag']
>>> ad.REFCAT['zmag', 'zmag_err']





To get the content of a specific row, row 10 in this case:

>>> ad.REFCAT[9]





To get the content of a specific row(s) from a specific column(s):

>>> ad.REFCAT['zmag'][4]
>>> ad.REFCAT['zmag'][4:10]
>>> ad.REFCAT['zmag', 'zmag_err'][4:10]







7.2.1.2. Change values

Assigning new values works in a similar way.  When working on multiple elements
it is important to feed a list that matches in size with the number of elements
to replace.

>>> ad.REFCAT['imag'][4] = 20.999
>>> ad.REFCAT['imag'][4:10] = [5, 6, 7, 8, 9, 10]

>>> overwrite_col = [0] * len(ad.REFCAT)  # a list of zeros, size = nb of rows
>>> ad.REFCAT['imag_err'] = overwrite_col







7.2.1.3. Add a row

To append a row, there is the add_row() method.  The length of the row
should match the number of columns:

>>> new_row = [0] * len(ad.REFCAT.colnames)
>>> new_row[1] = ''   # Cat_Id column is of "str" type.
>>> ad.REFCAT.add_row(new_row)







7.2.1.4. Add a column

Adding a new column can be more involved.  If you need full control, please
see the AstroPy Table documentation.  For a quick addition, which might be
sufficient for your use case, we simply use the “dictionary” technique.  Please
note that when adding a column, it is important to ensure that all the
elements are of the same type.  Also, if you are planning to use that table
in IRAF/PyRAF, we recommend not using 64-bit types.

>>> import numpy as np

>>> new_column = [0] * len(ad.REFCAT)
>>> # Ensure that the type is int32, otherwise it will default to int64
>>> # which generally not necessary.  Also, IRAF 32-bit does not like it.
>>> new_column = np.array(new_column).astype(np.int32)
>>> ad.REFCAT['my_column'] = new_column





If you are going to write that table back to disk as a FITS Bintable, then
some additional headers need to be set.  Astrodata will take care of that
under the hood when the write method is invoked.

>>> ad.write('myfile_with_modified_table.fits')








7.2.2. Selection and Rejection Operations

Normally, one does not know exactly where the information needed is located
in a table.  Rather some sort of selection needs to be done.  This can also
be combined with various calculations.  We show two such examples here.


7.2.2.1. Select a table element from criterion

>>> # Get the magnitude of a star selected by ID number
>>> ad.REFCAT['zmag'][ad.REFCAT['Cat_Id'] == '1237662500002005475']

>>> # Get the ID and magnitude of all the stars brighter than zmag 18.
>>> ad.REFCAT['Cat_Id', 'zmag'][ad.REFCAT['zmag'] < 18.]







7.2.2.2. Rejection and selection before statistics

>>> t = ad.REFCAT   # to save typing

>>> # The table has "NaN" values.  ("Not a number")  We need to ignore them.
>>> t['zmag'].mean()
nan
>>> # applying rejection of NaN values:
>>> t['zmag'][np.where(~np.isnan(t['zmag']))].mean()
20.377306








7.2.3. Accessing FITS table headers directly

If for some reason you need to access the FITS table headers directly, here
is how to do it.  It is very unlikely that you will need this.

To see the FITS headers:

>>> ad.REFCAT.meta['header']
>>> ad[0].OBJCAT.meta['header']





To retrieve a specific FITS table header:

>>> ad.REFCAT.meta['header']['TTYPE3']
'RAJ2000'
>>> ad[0].OBJCAT.meta['header']['TTYPE3']
'Y_IMAGE'





To retrieve all the keyword names matching a selection:

>>> keynames = [key for key in ad.REFCAT.meta['header'] if key.startswith('TTYPE')]








7.3. Create a Table

To create a table that can be added to an AstroData object and eventually
written to disk as a FITS file, the first step is to create an Astropy
Table.

Let us first add our data to NumPy arrays, one array per column:

>>> import numpy as np

>>> snr_id = np.array(['S001', 'S002', 'S003'])
>>> feii = np.array([780., 78., 179.])
>>> pabeta = np.array([740., 307., 220.])
>>> ratio = pabeta / feii





Then build the table from that data:

>>> from astropy.table import Table

>>> my_astropy_table = Table([snr_id, feii, pabeta, ratio],
...                          names=('SNR_ID', 'FeII', 'PaBeta', 'ratio'))





Now we append this Astropy Table to a new AstroData object.

>>> # Since we are going to write a FITS, we build the AstroData object
>>> # from FITS objects.
>>> from astropy.io import fits

>>> phu = fits.PrimaryHDU()
>>> ad = astrodata.create(phu)
>>> ad.append(my_astropy_table, name='MYTABLE')
>>> ad.info()
>>> ad.MYTABLE

>>> ad.write('new_table.fits')









          

      

      

    

  

    
      
          
            
  
List of Gemini Standard Descriptors

To run and re-use Gemini primitives and functions this list of Standard
Descriptors must be defined for input data.  This also applies to data
that is to be served by the Gemini Observatory Archive (GOA).

For any AstroData objects, to get the list of the descriptors that are
defined use the astrodata.descriptor_list() function:

>>> import astrodata
>>> import gemini_instruments
>>> ad = astrodata.open('../playdata/N20170609S0154.fits')

>>> astrodata.descriptor_list(ad)





To get the values:

>>> ad.airmass()

>>> for descriptor in astrodata.descriptor_list(ad):
...     print(descriptor, getattr(ad, descriptor)())
...





Note that not all of the descriptors below are defined for all of the
instruments.  For example, shuffle_pixels is defined only for GMOS data
since only GMOS offers a Nod & Shuffle mode.








	Descriptor

	Short Definition

	Python type



	
	
	ad[0].desc()



	ad.desc()





	airmass

	Airmass of the observation.

	float



	amp_read_area

	Combination of amplifier name and 1-indexed section relative
to the detector.

	str



	list of str



	ao_seeing

	Estimate of the natural seeing as calculated from the
adaptive optics systems.

	float



	array_name

	Name assigned to the array generated by a given amplifier,
one array per amplifier.

	str



	list of str



	array_section

	Section covered by the array(s), in 0-indexed pixels, relative
to the detector frame (e.g. position of multiple amps read
within a CCD). Uses namedtuple “Section” defined in
gemini_instruments.common.

	Section



	list of Section



	azimuth

	Pointing position in azimuth, in degrees.

	float



	calibration_key

	Key used in the database that the getProcessed* primitives
use to store previous calibration association information.

	str



	camera

	Name of the camera.

	str



	cass_rotator_pa

	Position angle of the Cassegrain rotator, in degrees.

	float



	central_wavelength

	Central wavelength, in meters.

	float



	coadds

	Number of co-adds.

	int



	data_label

	Gemini data label.

	str



	data_section

	Section where the sky-exposed data falls, in 0-indexed pixels.
Uses namedtuple “Section” defined in
gemini_instruments.common

	Section



	list of Section



	dec

	Declination of the center of the field, in degrees.

	float



	decker

	Name of the decker.

	str



	detector_name

	Name assigned to the detector.

	str



	detector_roi_setting

	Human readable Region of Interest (ROI) setting

	str



	detector_rois_requested

	Section defining the Regions of Interest, in 0-indexed pixels.
Uses namedtuple “Section” defined in
gemini_instruments.common.

	list of Section



	detector_section

	Section covered by the detector(s), in 0-indexed pixels,
relative to the whole mosaic of detectors.
Uses namedtuple “Section” defined in
gemini_instruments.common.

	list



	list of Section



	detector_x_bin

	X-axis binning.

	int



	detector_x_offset

	Telescope offset along the detector X-axis, in pixels.

	float



	detector_y_bin

	Y-axis binning.

	int



	detector_y_offset

	Telescope offset along the detector Y-axis, in pixels.

	float



	disperser

	Name of the disperser.

	str



	dispersion

	Value for the dispersion, in meters per pixel.

	float



	list of float



	dispersion_axis

	Dispersion axis.

	int



	list of int



	effective_wavelength

	Wavelength representing the bandpass or the spectrum coverage.

	float



	elevation

	Pointing position in elevation, in degrees.

	float



	exposure_time

	Exposure time, in seconds.

	float



	filter_name

	Name of the filter combination.

	str



	focal_plane_mask

	Name of the mask in the focal plane.

	str



	gain

	Gain in electrons per ADU

	float



	list of float



	gain_setting

	Human readable gain setting (eg. low, high)

	str



	gcal_lamp

	Returns the name of the GCAL lamp being used, or “Off” if no
lamp is in used.

	str



	group_id

	Gemini observation group ID that identifies compatible data.

	str



	instrument

	Name of the instrument

	str



	is_ao

	Whether or not the adaptive optics system was used.

	bool



	is_coadds_summed

	Whether co-adds are summed or averaged.

	bool



	local_time

	Local time.

	datetime



	lyot_stop

	Name of the lyot stop.

	str



	mdf_row_id

	Mask Definition File row ID of a cut MOS or XD spectrum.

	int ??



	nod_count

	Number of nods to A and B positions.

	tuple of int



	nod_offsets

	Nod offsets to A and B positions, in arcseconds

	tuple of float



	nominal_atmospheric_extinction

	Nomimal atmospheric extinction, from model.

	float



	nominal_photometric_zeropoint

	Nominal photometric zeropoint.

	float



	list of float



	non_linear_level

	Lower boundary of the non-linear regime.

	float



	list of int



	object

	Name of the target (as entered by the user).

	str



	observation_class

	Gemini class name for the observation
(eg. ‘science’, ‘acq’, ‘dayCal’).

	str



	observation_epoch

	Observation epoch.

	float



	observation_id

	Gemini observation ID.

	str



	observation_type

	Gemini observation type  (eg. ‘OBJECT’, ‘FLAT’, ‘ARC’).

	str



	overscan_section

	Section where the overscan data falls, in 0-indexed pixels.
Uses namedtuple “Section” defined in
gemini_instruments.common.

	Section



	list of Section



	pixel_scale

	Pixel scale in arcsec per pixel.

	float



	program_id

	Gemini program ID.

	str



	pupil_mask

	Name of the pupil mask.

	str  ??



	qa_state

	Gemini quality assessment state    (eg. pass, usable, fail).

	str



	ra

	Right ascension, in degrees.

	float



	raw_bg

	Gemini sky background band.

	int  ??



	raw_cc

	Gemini cloud coverage band.

	int



	raw_iq

	Gemini image quality band.

	int



	raw_wv

	Gemini water vapor band.

	int ??



	read_mode

	Gemini name for combination for gain setting and read setting.

	str



	read_noise

	Read noise in electrons.

	float



	list of float



	read_speed_setting

	human readable read mode setting (eg. slow, fast).

	str



	requested_bg

	PI requested Gemini sky background band.

	int



	requested_cc

	PI requested Gemini cloud coverage band.

	int



	requested_iq

	PI requested Gemini image quality band.

	int



	requested_wv

	PI requested Gemini water vapor band.

	int



	saturation_level

	Saturation level.

	int



	list of int



	shuffle_pixels

	Charge shuffle, in pixels.  (nod and shuffle mode)

	int



	slit

	Name of the slit.

	str



	target_dec

	Declination of the target, in degrees.

	float



	target_ra

	Right Ascension of the target, in degrees.

	float



	telescope

	Name of the telescope.

	str



	telescope_x_offset

	Offset along the telescope’s x-axis.

	float



	telescope_y_offset

	Offset along the telescope’s y-axis.

	float



	ut_date

	UT date of the observation.

	datetime.date



	ut_datetime

	UT date and time of the observation.

	datetime



	ut_time

	UT time of the observation.

	datetime.time



	wavefront_sensor

	Wavefront sensor used for the observation.

	str



	wavelength_band

	Band associated with the filter or the central wavelength.

	str



	wcs_dec

	Declination of the center of field from the WCS keywords.
In degrees.

	float



	wcs_ra

	Right Ascension of the center of field from the WCS keywords.
In degrees.

	float



	well_depth_setting

	Human readable well depth setting (eg. shallow, deep)

	str
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astrodata package

This package add another abstraction layer to astronomical data by parsing
the information contained in the headers as attributes. To do so,
one must subclass astrodata.AstroData and add parse methods
accordingly to the TagSet received.


	
class astrodata.AstroData(provider)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Base class for the AstroData software package. It provides an interface to manipulate
astronomical data sets.


	Parameters

	provider (DataProvider) – The data that will be manipulated through the AstroData instance.






	
add(oper)

	Implements the augmented arithmetic assignment +=.


	Parameters

	oper (number or object [https://docs.python.org/3/library/functions.html#object]) – The operand to be added to this instance. The accepted types
depend on the DataProvider.



	Returns

	



	Return type

	self










	
append(extension, name=None, *args, **kw)[source]

	Adds a new top-level extension to the provider. Please, read the the concrete
DataProvider documentation that is being used to know the exact behavior and
additional accepted arguments.


	Parameters

	
	extension (array, Table, or other) – The contents for the new extension. Usually the underlying DataProvider
will understand how to deal with regular NumPy arrays and with AstroData
Table instances, but it may also accept other types.


	name (string, optional) – A DataProvider will usually require a name for extensions. If the name
cannot be derived from the metadata associated to extension, you will
have to provider one.


	args (optional) – The DataProvider may accept additional arguments. Please, refer to its
documentation.


	kw (optional) – The DataProvider may accept additional arguments. Please, refer to its
documentation.






	Returns

	
	The instance that has been added internally (potentially *not the same that*


	was passed as *extension)*








	Raises

	
	TypeError [https://docs.python.org/3/library/exceptions.html#TypeError] – Will be raised if the DataProvider doesn’t know how to deal with the
data that has been passed.


	ValueError [https://docs.python.org/3/library/exceptions.html#ValueError] – Raised if the extension is of a proper type, but its value is illegal
somehow.













	
descriptors

	Returns a sequence of names for the methods that have been
decorated as descriptors.


	Returns

	



	Return type

	A tuple of str










	
divide(oper)

	Implements the augmented arithmetic assignment /=.


	Parameters

	oper (number or other) – The operand to be divided to this instance. The accepted types
depend on the DataProvider.



	Returns

	



	Return type

	self










	
info()[source]

	Prints out information about the contents of this instance. Implemented
by the derived classes.






	
load(source)[source]

	Class method that returns an instance of this same class, properly initialized
with a DataProvider that can deal with the object passed as source

This method is abstract and has to be implemented by derived classes.






	
multiply(oper)

	Implements the augmented arithmetic assignment *=.


	Parameters

	oper (number or object [https://docs.python.org/3/library/functions.html#object]) – The operand to be multiplied to this instance. The accepted types
depend on the DataProvider.



	Returns

	



	Return type

	self










	
operate(operator, *args, **kwargs)[source]

	Applies a function to the main data array on each extension, replacing
the data with the result. The data will be passed as the first argument
to the function.

It will be applied to the mask and variance of each extension, too, if
they exist.

This is a convenience method, which is equivalent to:

for ext in ad:
    ad.ext.data = operator(ad.ext.data, *args, **kwargs)
    ad.ext.mask = operator(ad.ext.mask, *args, **kwargs) if ad.ext.mask is not None else None
    ad.ext.variance = operator(ad.ext.variance, *args, **kwargs) if ad.ext.variance is not None else None





with the additional advantage that it will work on single slices, too.


	Parameters

	
	operator (function, or bound method) – A function that takes an array (and, maybe, other arguments)
and returns an array


	args (optional) – Additional arguments to be passed positionally to the operator


	kwargs (optional) – Additional arguments to be passed by name to the operator








Examples

>>> import numpy as np
>>> ad.operate(np.squeeze)  # doctest: +SKIP










	
reset(data, mask=-23, variance=-23, check=True)[source]

	Sets the .data, and optionally .mask and .variance attributes of a
single-extension AstroData slice. This function will optionally
check whether these attributes have the same shape.


	Parameters

	
	data (ndarray) – The array to assign to the .data attribute (“SCI”)


	mask (ndarray, optional) – The array to assign to the .mask attribute (“DQ”)


	variance (ndarray, optional) – The array to assign to the .variance attribute (“VAR”)


	check (bool [https://docs.python.org/3/library/functions.html#bool]) – If set, then the function will check that the mask and variance
arrays have the same shape as the data array






	Raises

	
	TypeError [https://docs.python.org/3/library/exceptions.html#TypeError] – if an attempt is made to set the .mask or .variance attributes
with something other than an array


	ValueError [https://docs.python.org/3/library/exceptions.html#ValueError] – if the .mask or .variance attributes don’t have the same shape as
.data, OR if this is called on an AD instance that isn’t a single
extension slice













	
subtract(oper)

	Implements the augmented arithmetic assignment -=.


	Parameters

	oper (number or object [https://docs.python.org/3/library/functions.html#object]) – The operand to be subtracted to this instance. The accepted types
depend on the DataProvider.



	Returns

	



	Return type

	self










	
tags

	A set of strings that represent the tags defining this instance










	
exception astrodata.AstroDataError[source]

	Bases: Exception [https://docs.python.org/3/library/exceptions.html#Exception]






	
class astrodata.TagSet(add=None, remove=None, blocked_by=None, blocks=None, if_present=None)[source]

	Bases: astrodata.core.TagSet

Named tuple that is used by tag methods to return which actions should be
performed on a tag set. All the attributes are optional, and any
combination of them can be used, allowing to create complex tag structures.
Read the documentation on the tag-generating algorithm if you want to
better understand the interactions.

The simplest TagSet, though, tends to just add tags to the global set.

It can be initialized by position, like any other tuple (the order of the
arguments is the one in which the attributes are listed below). It can
also be initialized by name.


	
add

	Tags to be added to the global set


	Type

	set of str, or None [https://docs.python.org/3/library/constants.html#None]










	
remove

	Tags to be removed from the global set


	Type

	set of str, or None [https://docs.python.org/3/library/constants.html#None]










	
blocked_by

	Tags that will prevent this TagSet from being applied


	Type

	set of str, or None [https://docs.python.org/3/library/constants.html#None]










	
blocks

	Other TagSets containing these won’t be applied


	Type

	set of str, or None [https://docs.python.org/3/library/constants.html#None]










	
if_present

	This TagSet will be applied only all of these tags are present


	Type

	set of str, or None [https://docs.python.org/3/library/constants.html#None]









Examples

>>> TagSet()
TagSet(add=set(), remove=set(), blocked_by=set(), blocks=set(), if_present=set())
>>> TagSet({'BIAS', 'CAL'})
TagSet(add={'BIAS', 'CAL'}, remove=set(), blocked_by=set(), blocks=set(), if_present=set())
>>> TagSet(remove={'BIAS', 'CAL'})
TagSet(add=set(), remove={'BIAS', 'CAL'}, blocked_by=set(), blocks=set(), if_present=set())










	
class astrodata.NDAstroData(data, uncertainty=None, mask=None, wcs=None, meta=None, unit=None, copy=False, window=None)[source]

	Bases: astropy.nddata.mixins.ndarithmetic.NDArithmeticMixin, astropy.nddata.mixins.ndslicing.NDSlicingMixin, astropy.nddata.nddata.NDData

Implements NDData with all Mixins, plus some AstroData specifics.

This class implements an NDData-like container that supports reading
and writing as implemented in the astropy.io.registry and also slicing
(indexing) and simple arithmetics (add, subtract, divide and multiply).

A very important difference between NDAstroData and NDData is that
the former attempts to load all its data lazily. There are also some
important differences in the interface (eg. .data lets you reset its
contents after initialization).

Documentation is provided where our class differs.


See also

NDData, NDArithmeticMixin, NDSlicingMixin



Examples

The mixins allow operation that are not possible with NDData or
NDDataBase, i.e. simple arithmetics:

>>> from astropy.nddata import StdDevUncertainty
>>> import numpy as np
>>> data = np.ones((3,3), dtype=np.float)
>>> ndd1 = NDAstroData(data, uncertainty=StdDevUncertainty(data))
>>> ndd2 = NDAstroData(data, uncertainty=StdDevUncertainty(data))
>>> ndd3 = ndd1.add(ndd2)
>>> ndd3.data
array([[2., 2., 2.],
    [2., 2., 2.],
    [2., 2., 2.]])
>>> ndd3.uncertainty.array
array([[1.41421356, 1.41421356, 1.41421356],
    [1.41421356, 1.41421356, 1.41421356],
    [1.41421356, 1.41421356, 1.41421356]])





see NDArithmeticMixin for a complete list of all supported arithmetic
operations.

But also slicing (indexing) is possible:

>>> ndd4 = ndd3[1,:]
>>> ndd4.data
array([2., 2., 2.])
>>> ndd4.uncertainty.array
array([1.41421356, 1.41421356, 1.41421356])





See NDSlicingMixin for a description how slicing works (which
attributes) are sliced.


	
T

	




	
data

	An array representing the raw data stored in this instance.
It implements a setter.






	
mask

	Mask for the dataset, if any.

Masks should follow the numpy convention that valid data points are
marked by False and invalid ones with True.


	Type

	any type










	
set_section(section, input)[source]

	Sets only a section of the data. This method is meant to prevent
fragmentation in the Python heap, by reusing the internal structures
instead of replacing them with new ones.


	Parameters

	
	section (slice) – The area that will be replaced


	input (NDData-like instance) – This object needs to implement at least data, uncertainty,
and mask. Their entire contents will replace the data in the
area defined by section.








Examples

>>> sec = NDData(np.zeros((100,100)))  # doctest: +SKIP
>>> ad[0].nddata.set_section((slice(None,100),slice(None,100)), sec)  # doctest: +SKIP










	
shape

	




	
transpose()[source]

	




	
uncertainty

	Uncertainty in the dataset, if any.

Should have an attribute uncertainty_type that defines what kind of
uncertainty is stored, such as 'std' for standard deviation or
'var' for variance. A metaclass defining such an interface is
~astropy.nddata.NDUncertainty but isn’t mandatory.


	Type

	any type










	
variance

	A convenience property to access the contents of uncertainty,
squared (as the uncertainty data is stored as standard deviation).






	
wcs

	A world coordinate system (WCS) for the dataset, if any.


	Type

	any type










	
window

	Interface to access a section of the data, using lazy access whenever possible.


	Returns

	
	An instance of NDWindowing, which provides __getitem__, to allow the use


	of square brackets when specifying the window. Ultimately, an


	NDWindowingAstrodata instance is returned










Examples

>>> ad[0].nddata.window[100:200, 100:200]  # doctest: +SKIP
<NDWindowingAstrodata .....>














	
astrodata.astro_data_descriptor(fn)[source]

	Decorator that will mark a class method as an AstroData descriptor.
Useful to produce list of descriptors, for example.

If used in combination with other decorators, this one must be the
one on the top (ie. the last one applying). It doesn’t modify the
method in any other way.


	Parameters

	fn (method) – The method to be decorated



	Returns

	



	Return type

	The tagged method (not a wrapper)










	
astrodata.astro_data_tag(fn)[source]

	Decorator that marks methods of an AstroData derived class as part of the
tag-producing system.

It wraps the method around a function that will ensure a consistent return
value: the wrapped method can return any sequence of sequences of strings,
and they will be converted to a TagSet. If the wrapped method
returns None, it will be turned into an empty TagSet.


	Parameters

	fn (method) – The method to be decorated



	Returns

	



	Return type

	A wrapper function










	
astrodata.keyword

	alias of astrodata.fits.KeywordCallableWrapper






	
astrodata.version(short=False, tag='')[source]

	Returns DRAGONS’s version based on the api,
feature and bug numbers.


	Returns

	str



	Return type

	formatted version










Submodules



astrodata.core module


	
class astrodata.core.AstroData(provider)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Base class for the AstroData software package. It provides an interface to manipulate
astronomical data sets.


	Parameters

	provider (DataProvider) – The data that will be manipulated through the AstroData instance.






	
add(oper)

	Implements the augmented arithmetic assignment +=.


	Parameters

	oper (number or object [https://docs.python.org/3/library/functions.html#object]) – The operand to be added to this instance. The accepted types
depend on the DataProvider.



	Returns

	



	Return type

	self










	
append(extension, name=None, *args, **kw)[source]

	Adds a new top-level extension to the provider. Please, read the the concrete
DataProvider documentation that is being used to know the exact behavior and
additional accepted arguments.


	Parameters

	
	extension (array, Table, or other) – The contents for the new extension. Usually the underlying DataProvider
will understand how to deal with regular NumPy arrays and with AstroData
Table instances, but it may also accept other types.


	name (string, optional) – A DataProvider will usually require a name for extensions. If the name
cannot be derived from the metadata associated to extension, you will
have to provider one.


	args (optional) – The DataProvider may accept additional arguments. Please, refer to its
documentation.


	kw (optional) – The DataProvider may accept additional arguments. Please, refer to its
documentation.






	Returns

	
	The instance that has been added internally (potentially *not the same that*


	was passed as *extension)*








	Raises

	
	TypeError [https://docs.python.org/3/library/exceptions.html#TypeError] – Will be raised if the DataProvider doesn’t know how to deal with the
data that has been passed.


	ValueError [https://docs.python.org/3/library/exceptions.html#ValueError] – Raised if the extension is of a proper type, but its value is illegal
somehow.













	
descriptors

	Returns a sequence of names for the methods that have been
decorated as descriptors.


	Returns

	



	Return type

	A tuple of str










	
divide(oper)

	Implements the augmented arithmetic assignment /=.


	Parameters

	oper (number or other) – The operand to be divided to this instance. The accepted types
depend on the DataProvider.



	Returns

	



	Return type

	self










	
info()[source]

	Prints out information about the contents of this instance. Implemented
by the derived classes.






	
load(source)[source]

	Class method that returns an instance of this same class, properly initialized
with a DataProvider that can deal with the object passed as source

This method is abstract and has to be implemented by derived classes.






	
multiply(oper)

	Implements the augmented arithmetic assignment *=.


	Parameters

	oper (number or object [https://docs.python.org/3/library/functions.html#object]) – The operand to be multiplied to this instance. The accepted types
depend on the DataProvider.



	Returns

	



	Return type

	self










	
operate(operator, *args, **kwargs)[source]

	Applies a function to the main data array on each extension, replacing
the data with the result. The data will be passed as the first argument
to the function.

It will be applied to the mask and variance of each extension, too, if
they exist.

This is a convenience method, which is equivalent to:

for ext in ad:
    ad.ext.data = operator(ad.ext.data, *args, **kwargs)
    ad.ext.mask = operator(ad.ext.mask, *args, **kwargs) if ad.ext.mask is not None else None
    ad.ext.variance = operator(ad.ext.variance, *args, **kwargs) if ad.ext.variance is not None else None





with the additional advantage that it will work on single slices, too.


	Parameters

	
	operator (function, or bound method) – A function that takes an array (and, maybe, other arguments)
and returns an array


	args (optional) – Additional arguments to be passed positionally to the operator


	kwargs (optional) – Additional arguments to be passed by name to the operator








Examples

>>> import numpy as np
>>> ad.operate(np.squeeze)  # doctest: +SKIP










	
reset(data, mask=-23, variance=-23, check=True)[source]

	Sets the .data, and optionally .mask and .variance attributes of a
single-extension AstroData slice. This function will optionally
check whether these attributes have the same shape.


	Parameters

	
	data (ndarray) – The array to assign to the .data attribute (“SCI”)


	mask (ndarray, optional) – The array to assign to the .mask attribute (“DQ”)


	variance (ndarray, optional) – The array to assign to the .variance attribute (“VAR”)


	check (bool [https://docs.python.org/3/library/functions.html#bool]) – If set, then the function will check that the mask and variance
arrays have the same shape as the data array






	Raises

	
	TypeError [https://docs.python.org/3/library/exceptions.html#TypeError] – if an attempt is made to set the .mask or .variance attributes
with something other than an array


	ValueError [https://docs.python.org/3/library/exceptions.html#ValueError] – if the .mask or .variance attributes don’t have the same shape as
.data, OR if this is called on an AD instance that isn’t a single
extension slice













	
subtract(oper)

	Implements the augmented arithmetic assignment -=.


	Parameters

	oper (number or object [https://docs.python.org/3/library/functions.html#object]) – The operand to be subtracted to this instance. The accepted types
depend on the DataProvider.



	Returns

	



	Return type

	self










	
tags

	A set of strings that represent the tags defining this instance










	
exception astrodata.core.AstroDataError[source]

	Bases: Exception [https://docs.python.org/3/library/exceptions.html#Exception]






	
class astrodata.core.DataProvider[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Abstract class describing the minimal interface that DataProvider
derivative classes need to implement.


	
append(ext, name=None)[source]

	Adds a new component to the provider. Objects appended to a single slice will
actually be made hierarchically dependent of the science object represented by
that slice. If appended to the provider as a whole, the new member will be
independent (eg. global table, new science object).


	Parameters

	
	ext (array, NDData, Table, etc) – The component to be added. The exact accepted types depend on the class
implementing this interface. Implementations specific to certain data formats
may accept specialized types (eg. a FITS provider will accept an ImageHDU
and extract the array out of it)


	name (str [https://docs.python.org/3/library/stdtypes.html#str], optional) – A name that may be used to access the new object, as an attribute of the
provider. The name is typically ignored for top-level (global) objects,
and required for the others.

It can consist in a combination of numbers and letters, with the restriction
that the letters have to be all capital, and the first character cannot be
a number (“[A-Z][A-Z0-9]*”).








	Returns

	
	The same object, or a new one, if it was necessary to convert it to a more


	suitable format for internal use.








	Raises

	
	TypeError [https://docs.python.org/3/library/exceptions.html#TypeError] – If adding the object in an invalid situation (eg. name is None when
adding to a single slice)


	ValueError [https://docs.python.org/3/library/exceptions.html#ValueError] – If adding an object that is not acceptable













	
data

	A list of the the arrays (or single array, if this is a single slice) corresponding
to the science data attached to each extension, in loading/appending order.






	
exposed

	A collection of strings with the names of objects that can be accessed directly
by name as attributes of this instance, and that are not part of its standard
interface (ie. data objects that have been added dynamically).

Examples

>>> ad[0].exposed  # doctest: +SKIP
set(['OBJMASK', 'OBJCAT'])










	
is_settable(attribute)[source]

	Predicate that can be used to figure out if certain attribute of the
DataProvider is meant to be modified by an external object.

This is used mostly by AstroData, which acts as a proxy exposing
attributes of its assigned provider, to decide if it should set a value
on the provider or on itself.


	Parameters

	attribute (str [https://docs.python.org/3/library/stdtypes.html#str]) – 



	Returns

	



	Return type

	A boolean










	
is_single

	If this data provider represents a single slice out of a whole dataset,
return True. Otherwise, return False.


	Returns

	



	Return type

	A boolean










	
is_sliced

	If this data provider instance represents the whole dataset, return
False. If it represents a slice out of the whole, return True.


	Returns

	



	Return type

	A boolean










	
mask

	A list of the mask arrays (or a single array, if this is a single slice) attached to the
science data, for each extension, in loading/appending order.

For objects that miss a mask, None will be provided instead.






	
uncertainty

	A list of the uncertainty objects (or a single object, if this is a single slice)
attached to the science data, for each extension, in loading/appending order.

The objects are instances of AstroPy’s NDUncertainty, or None where no information
is available.


See also


	variance

	The actual array supporting the uncertainty object












	
variance

	A list of the variance arrays (or a single array, if this is a single slice) attached to
the science data, for each extension, in loading/appending order.

For objects that miss uncertainty information, None will be provided instead.


See also


	uncertainty

	The NDUncertainty object used under the hood to propagate uncertainty when





operating












	
class astrodata.core.TagSet(add=None, remove=None, blocked_by=None, blocks=None, if_present=None)[source]

	Bases: astrodata.core.TagSet

Named tuple that is used by tag methods to return which actions should be
performed on a tag set. All the attributes are optional, and any
combination of them can be used, allowing to create complex tag structures.
Read the documentation on the tag-generating algorithm if you want to
better understand the interactions.

The simplest TagSet, though, tends to just add tags to the global set.

It can be initialized by position, like any other tuple (the order of the
arguments is the one in which the attributes are listed below). It can
also be initialized by name.


	
add

	Tags to be added to the global set


	Type

	set of str, or None [https://docs.python.org/3/library/constants.html#None]










	
remove

	Tags to be removed from the global set


	Type

	set of str, or None [https://docs.python.org/3/library/constants.html#None]










	
blocked_by

	Tags that will prevent this TagSet from being applied


	Type

	set of str, or None [https://docs.python.org/3/library/constants.html#None]










	
blocks

	Other TagSets containing these won’t be applied


	Type

	set of str, or None [https://docs.python.org/3/library/constants.html#None]










	
if_present

	This TagSet will be applied only all of these tags are present


	Type

	set of str, or None [https://docs.python.org/3/library/constants.html#None]









Examples

>>> TagSet()
TagSet(add=set(), remove=set(), blocked_by=set(), blocks=set(), if_present=set())
>>> TagSet({'BIAS', 'CAL'})
TagSet(add={'BIAS', 'CAL'}, remove=set(), blocked_by=set(), blocks=set(), if_present=set())
>>> TagSet(remove={'BIAS', 'CAL'})
TagSet(add=set(), remove={'BIAS', 'CAL'}, blocked_by=set(), blocks=set(), if_present=set())










	
astrodata.core.astro_data_descriptor(fn)[source]

	Decorator that will mark a class method as an AstroData descriptor.
Useful to produce list of descriptors, for example.

If used in combination with other decorators, this one must be the
one on the top (ie. the last one applying). It doesn’t modify the
method in any other way.


	Parameters

	fn (method) – The method to be decorated



	Returns

	



	Return type

	The tagged method (not a wrapper)










	
astrodata.core.astro_data_tag(fn)[source]

	Decorator that marks methods of an AstroData derived class as part of the
tag-producing system.

It wraps the method around a function that will ensure a consistent return
value: the wrapped method can return any sequence of sequences of strings,
and they will be converted to a TagSet. If the wrapped method
returns None, it will be turned into an empty TagSet.


	Parameters

	fn (method) – The method to be decorated



	Returns

	



	Return type

	A wrapper function










	
astrodata.core.returns_list(fn)[source]

	Decorator to ensure that descriptors that should return a list (of one
value per extension) only returns single values when operating on
single slices; and vice versa.

This is a common case, and you can use the decorator to simplify the
logic of your descriptors.


	Parameters

	fn (method) – The method to be decorated



	Returns

	



	Return type

	A function











astrodata.factory module


	
class astrodata.factory.AstroDataFactory[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
addClass(cls)[source]

	Add a new class to the AstroDataFactory registry. It will be used when
instantiating an AstroData class for a FITS file.






	
createFromScratch(phu, extensions=None)[source]

	Creates an AstroData object from a collection of objects.


	Parameters

	
	phu (fits.PrimaryHDU or fits.Header or dict [https://docs.python.org/3/library/stdtypes.html#dict] or list [https://docs.python.org/3/library/stdtypes.html#list]) – FITS primary HDU or header, or something that can be used to create
a fits.Header (a dict, a list of “cards”).


	extensions (list of HDUs) – List of HDU objects.













	
getAstroData(source)[source]

	Takes either a string (with the path to a file) or an HDUList as input,
and tries to return an AstroData instance.

It will raise exceptions if the file is not found, or if there is no
match for the HDUList, among the registered AstroData classes.

Returns an instantiated object, or raises AstroDataError if it was
not possible to find a match










	
astrodata.factory.fits_opener(source)[source]

	





astrodata.fits module


	
class astrodata.fits.AstroDataFits(provider)[source]

	Bases: astrodata.core.AstroData


	
extver(ver)[source]

	Get an extension using its EXTVER instead of the positional index
in this object.


	Parameters

	ver (int [https://docs.python.org/3/library/functions.html#int]) – The EXTVER for the desired extension



	Returns

	



	Return type

	A sliced object containing the desired extension



	Raises

	IndexError [https://docs.python.org/3/library/exceptions.html#IndexError] – If the provided EXTVER doesn’t exist










	
hdr

	




	
info()[source]

	Prints out information about the contents of this instance. Implemented
by the derived classes.






	
instrument()[source]

	Returns the name of the instrument making the observation


	Returns

	instrument name



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
classmethod load(source)[source]

	Implementation of the abstract method load.

It takes an HDUList and returns a fully instantiated AstroData instance.






	
object()[source]

	Returns the name of the object being observed


	Returns

	object name



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
phu

	




	
telescope()[source]

	Returns the name of the telescope


	Returns

	name of the telescope



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
update_filename(prefix=None, suffix=None, strip=False)[source]

	This method updates the “filename” attribute of the AstroData object.
A prefix and/or suffix can be specified. If strip=True, these will
replace the existing prefix/suffix; if strip=False, they will simply
be prepended/appended.

The current filename is broken down into its existing prefix, root,
and suffix using the ORIGNAME phu keyword, if it exists and is
contained within the current filename. Otherwise, the filename is
split at the last underscore and the part before is assigned as the
root and the underscore and part after the suffix. No prefix is
assigned.

Note that, if strip=True, a prefix or suffix will only be stripped
if ‘’ is specified.


	Parameters

	
	prefix (str/None) – new prefix (None => leave alone)


	suffix (str/None) – new suffix (None => leave alone)


	strip (bool [https://docs.python.org/3/library/functions.html#bool]) – Strip existing prefixes and suffixes if new ones are given?













	
write(filename=None, overwrite=False)[source]

	








	
exception astrodata.fits.AstroDataFitsDeprecationWarning[source]

	Bases: DeprecationWarning [https://docs.python.org/3/library/exceptions.html#DeprecationWarning]






	
class astrodata.fits.FitsHeaderCollection(headers)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

This class provides group access to a list of PyFITS Header-like objects.
It exposes a number of methods (set, get, etc.) that operate over all
the headers at the same time.

It can also be iterated.


	
get(key, default=None)[source]

	




	
get_comment(key)[source]

	




	
remove(key)[source]

	




	
set(key, value=None, comment=None)[source]

	




	
set_comment(key, comment)[source]

	








	
class astrodata.fits.FitsLazyLoadable(obj)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
data

	




	
dtype

	Need to to some overriding of astropy.io.fits since it doesn’t
know about BITPIX=8






	
header

	




	
shape

	








	
class astrodata.fits.FitsLoader(cls=<class 'astrodata.fits.FitsProvider'>)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
load(source, extname_parser=None)[source]

	Takes either a string (with the path to a file) or an HDUList as input, and
tries to return a populated FitsProvider (or descendant) instance.

It will raise exceptions if the file is not found, or if there is no match
for the HDUList, among the registered AstroData classes.










	
class astrodata.fits.FitsProvider[source]

	Bases: astrodata.core.DataProvider


	
append(ext, name=None, header=None, reset_ver=True, add_to=None)[source]

	Adds a new component to the provider. Objects appended to a single slice will
actually be made hierarchically dependent of the science object represented by
that slice. If appended to the provider as a whole, the new member will be
independent (eg. global table, new science object).


	Parameters

	
	ext (array, NDData, Table, etc) – The component to be added. The exact accepted types depend on the class
implementing this interface. Implementations specific to certain data formats
may accept specialized types (eg. a FITS provider will accept an ImageHDU
and extract the array out of it)


	name (str [https://docs.python.org/3/library/stdtypes.html#str], optional) – A name that may be used to access the new object, as an attribute of the
provider. The name is typically ignored for top-level (global) objects,
and required for the others.

It can consist in a combination of numbers and letters, with the restriction
that the letters have to be all capital, and the first character cannot be
a number (“[A-Z][A-Z0-9]*”).








	Returns

	
	The same object, or a new one, if it was necessary to convert it to a more


	suitable format for internal use.








	Raises

	
	TypeError [https://docs.python.org/3/library/exceptions.html#TypeError] – If adding the object in an invalid situation (eg. name is None when
adding to a single slice)


	ValueError [https://docs.python.org/3/library/exceptions.html#ValueError] – If adding an object that is not acceptable













	
crop(x1, y1, x2, y2)[source]

	




	
data

	A list of the the arrays (or single array, if this is a single slice) corresponding
to the science data attached to each extension, in loading/appending order.






	
default_extension = 'SCI'

	




	
exposed

	A collection of strings with the names of objects that can be accessed directly
by name as attributes of this instance, and that are not part of its standard
interface (ie. data objects that have been added dynamically).

Examples

>>> ad[0].exposed  # doctest: +SKIP
set(['OBJMASK', 'OBJCAT'])










	
extver_map()[source]

	Provide a mapping between the FITS EXTVER of an extension and the index
that will be used to access it within this object.


	Returns

	A dictionary `{EXTVER



	Return type

	index, ..}`



	Raises

	ValueError [https://docs.python.org/3/library/exceptions.html#ValueError] – If used against a single slice. It is of no use in that situation.










	
filename

	




	
hdr()[source]

	




	
header

	




	
info(tags, indices=None)[source]

	




	
is_settable(attr)[source]

	Predicate that can be used to figure out if certain attribute of the
DataProvider is meant to be modified by an external object.

This is used mostly by AstroData, which acts as a proxy exposing
attributes of its assigned provider, to decide if it should set a value
on the provider or on itself.


	Parameters

	attribute (str [https://docs.python.org/3/library/stdtypes.html#str]) – 



	Returns

	



	Return type

	A boolean










	
mask

	A list of the mask arrays (or a single array, if this is a single slice) attached to the
science data, for each extension, in loading/appending order.

For objects that miss a mask, None will be provided instead.






	
nddata

	




	
orig_filename

	




	
path

	




	
phu()[source]

	




	
set_phu(phu)[source]

	




	
shape

	




	
table()[source]

	




	
tables

	




	
to_hdulist()[source]

	




	
uncertainty

	A list of the uncertainty objects (or a single object, if this is a single slice)
attached to the science data, for each extension, in loading/appending order.

The objects are instances of AstroPy’s NDUncertainty, or None where no information
is available.


See also


	variance

	The actual array supporting the uncertainty object












	
variance

	A list of the variance arrays (or a single array, if this is a single slice) attached to
the science data, for each extension, in loading/appending order.

For objects that miss uncertainty information, None will be provided instead.


See also


	uncertainty

	The NDUncertainty object used under the hood to propagate uncertainty when





operating












	
class astrodata.fits.FitsProviderProxy(provider, mapping, single)[source]

	Bases: astrodata.core.DataProvider


	
append(ext, name)[source]

	Adds a new component to the provider. Objects appended to a single slice will
actually be made hierarchically dependent of the science object represented by
that slice. If appended to the provider as a whole, the new member will be
independent (eg. global table, new science object).


	Parameters

	
	ext (array, NDData, Table, etc) – The component to be added. The exact accepted types depend on the class
implementing this interface. Implementations specific to certain data formats
may accept specialized types (eg. a FITS provider will accept an ImageHDU
and extract the array out of it)


	name (str [https://docs.python.org/3/library/stdtypes.html#str], optional) – A name that may be used to access the new object, as an attribute of the
provider. The name is typically ignored for top-level (global) objects,
and required for the others.

It can consist in a combination of numbers and letters, with the restriction
that the letters have to be all capital, and the first character cannot be
a number (“[A-Z][A-Z0-9]*”).








	Returns

	
	The same object, or a new one, if it was necessary to convert it to a more


	suitable format for internal use.








	Raises

	
	TypeError [https://docs.python.org/3/library/exceptions.html#TypeError] – If adding the object in an invalid situation (eg. name is None when
adding to a single slice)


	ValueError [https://docs.python.org/3/library/exceptions.html#ValueError] – If adding an object that is not acceptable













	
crop(x1, y1, x2, y2)[source]

	




	
data

	A list of the the arrays (or single array, if this is a single slice) corresponding
to the science data attached to each extension, in loading/appending order.






	
exposed

	A collection of strings with the names of objects that can be accessed directly
by name as attributes of this instance, and that are not part of its standard
interface (ie. data objects that have been added dynamically).

Examples

>>> ad[0].exposed  # doctest: +SKIP
set(['OBJMASK', 'OBJCAT'])










	
extver_map()[source]

	Provide a mapping between the FITS EXTVER of an extension and the index
that will be used to access it within this object.


	Returns

	A dictionary `{EXTVER



	Return type

	index, ..}`



	Raises

	ValueError [https://docs.python.org/3/library/exceptions.html#ValueError] – If used against a single slice. It is of no use in that situation.










	
hdr()[source]

	




	
header

	




	
info(tags)[source]

	




	
is_settable(attr)[source]

	Predicate that can be used to figure out if certain attribute of the
DataProvider is meant to be modified by an external object.

This is used mostly by AstroData, which acts as a proxy exposing
attributes of its assigned provider, to decide if it should set a value
on the provider or on itself.


	Parameters

	attribute (str [https://docs.python.org/3/library/stdtypes.html#str]) – 



	Returns

	



	Return type

	A boolean










	
is_single

	If this data provider represents a single slice out of a whole dataset,
return True. Otherwise, return False.


	Returns

	



	Return type

	A boolean










	
is_sliced

	If this data provider instance represents the whole dataset, return
False. If it represents a slice out of the whole, return True.


	Returns

	



	Return type

	A boolean










	
mask

	A list of the mask arrays (or a single array, if this is a single slice) attached to the
science data, for each extension, in loading/appending order.

For objects that miss a mask, None will be provided instead.






	
nddata

	




	
shape

	




	
uncertainty

	A list of the uncertainty objects (or a single object, if this is a single slice)
attached to the science data, for each extension, in loading/appending order.

The objects are instances of AstroPy’s NDUncertainty, or None where no information
is available.


See also


	variance

	The actual array supporting the uncertainty object












	
variance

	A list of the variance arrays (or a single array, if this is a single slice) attached to
the science data, for each extension, in loading/appending order.

For objects that miss uncertainty information, None will be provided instead.


See also


	uncertainty

	The NDUncertainty object used under the hood to propagate uncertainty when





operating








	
wcs

	








	
class astrodata.fits.KeywordCallableWrapper(keyword, default=<object object>, on_ext=False, coerce_with=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]






	
astrodata.fits.add_header_to_table(table)[source]

	




	
astrodata.fits.asdftablehdu_to_wcs(hdu)[source]

	Recreate a gWCS object from its serialization in a FITS table extension.

Returns None (issuing a warning) if the extension cannot be parsed, so
the rest of the file can still be read.






	
astrodata.fits.card_filter(cards, include=None, exclude=None)[source]

	




	
astrodata.fits.deprecated(reason)[source]

	




	
astrodata.fits.fits_ext_comp_key(ext)[source]

	Returns a pair (integer, string) that will be used to sort extensions






	
astrodata.fits.header_for_table(table)[source]

	




	
astrodata.fits.new_imagehdu(data, header, name=None)[source]

	




	
astrodata.fits.normalize_indices(slc, nitems)[source]

	




	
astrodata.fits.table_to_bintablehdu(table, extname=None)[source]

	Convert an astropy Table object to a BinTableHDU before writing to disk.


	Parameters

	
	table (astropy.table.Table instance) – the table to be converted to a BinTableHDU


	extname (str [https://docs.python.org/3/library/stdtypes.html#str]) – name to go in the EXTNAME field of the FITS header






	Returns

	



	Return type

	BinTableHDU










	
astrodata.fits.update_header(headera, headerb)[source]

	




	
astrodata.fits.wcs_to_asdftablehdu(wcs, extver=None)[source]

	Serialize a gWCS object as a FITS TableHDU (ASCII) extension.

The ASCII table is actually a mini ASDF file. The constituent AstroPy
models must have associated ASDF “tags” that specify how to serialize them.

In the event that serialization as pure ASCII fails (this should not
happen), a binary table representation will be used as a fallback.






	
astrodata.fits.windowedOp(func, sequence, kernel, shape=None, dtype=None, with_uncertainty=False, with_mask=False, **kwargs)[source]

	Apply function on a NDData obbjects, splitting the data in chunks to
limit memory usage.


	Parameters

	
	func (callable) – The function to apply.


	sequence (list of NDData) – List of NDData objects.


	kernel (tuple of int) – Shape of the blocks.


	shape (tuple of int) – Shape of inputs. Defaults to sequence[0].shape.


	dtype (str [https://docs.python.org/3/library/stdtypes.html#str] or dtype) – Type of the output array. Defaults to sequence[0].dtype.


	with_uncertainty (bool [https://docs.python.org/3/library/functions.html#bool]) – Compute uncertainty?


	with_mask (bool [https://docs.python.org/3/library/functions.html#bool]) – Compute mask?


	**kwargs – Additional args are passed to func.














astrodata.nddata module

This module implements a derivative class based on NDData with some Mixins,
implementing windowing and on-the-fly data scaling.


	
class astrodata.nddata.NDAstroData(data, uncertainty=None, mask=None, wcs=None, meta=None, unit=None, copy=False, window=None)[source]

	Bases: astropy.nddata.mixins.ndarithmetic.NDArithmeticMixin, astropy.nddata.mixins.ndslicing.NDSlicingMixin, astropy.nddata.nddata.NDData

Implements NDData with all Mixins, plus some AstroData specifics.

This class implements an NDData-like container that supports reading
and writing as implemented in the astropy.io.registry and also slicing
(indexing) and simple arithmetics (add, subtract, divide and multiply).

A very important difference between NDAstroData and NDData is that
the former attempts to load all its data lazily. There are also some
important differences in the interface (eg. .data lets you reset its
contents after initialization).

Documentation is provided where our class differs.


See also

NDData, NDArithmeticMixin, NDSlicingMixin



Examples

The mixins allow operation that are not possible with NDData or
NDDataBase, i.e. simple arithmetics:

>>> from astropy.nddata import StdDevUncertainty
>>> import numpy as np
>>> data = np.ones((3,3), dtype=np.float)
>>> ndd1 = NDAstroData(data, uncertainty=StdDevUncertainty(data))
>>> ndd2 = NDAstroData(data, uncertainty=StdDevUncertainty(data))
>>> ndd3 = ndd1.add(ndd2)
>>> ndd3.data
array([[2., 2., 2.],
    [2., 2., 2.],
    [2., 2., 2.]])
>>> ndd3.uncertainty.array
array([[1.41421356, 1.41421356, 1.41421356],
    [1.41421356, 1.41421356, 1.41421356],
    [1.41421356, 1.41421356, 1.41421356]])





see NDArithmeticMixin for a complete list of all supported arithmetic
operations.

But also slicing (indexing) is possible:

>>> ndd4 = ndd3[1,:]
>>> ndd4.data
array([2., 2., 2.])
>>> ndd4.uncertainty.array
array([1.41421356, 1.41421356, 1.41421356])





See NDSlicingMixin for a description how slicing works (which
attributes) are sliced.


	
T

	




	
data

	An array representing the raw data stored in this instance.
It implements a setter.






	
mask

	Mask for the dataset, if any.

Masks should follow the numpy convention that valid data points are
marked by False and invalid ones with True.


	Type

	any type










	
set_section(section, input)[source]

	Sets only a section of the data. This method is meant to prevent
fragmentation in the Python heap, by reusing the internal structures
instead of replacing them with new ones.


	Parameters

	
	section (slice) – The area that will be replaced


	input (NDData-like instance) – This object needs to implement at least data, uncertainty,
and mask. Their entire contents will replace the data in the
area defined by section.








Examples

>>> sec = NDData(np.zeros((100,100)))  # doctest: +SKIP
>>> ad[0].nddata.set_section((slice(None,100),slice(None,100)), sec)  # doctest: +SKIP










	
shape

	




	
transpose()[source]

	




	
uncertainty

	Uncertainty in the dataset, if any.

Should have an attribute uncertainty_type that defines what kind of
uncertainty is stored, such as 'std' for standard deviation or
'var' for variance. A metaclass defining such an interface is
~astropy.nddata.NDUncertainty but isn’t mandatory.


	Type

	any type










	
variance

	A convenience property to access the contents of uncertainty,
squared (as the uncertainty data is stored as standard deviation).






	
wcs

	A world coordinate system (WCS) for the dataset, if any.


	Type

	any type










	
window

	Interface to access a section of the data, using lazy access whenever possible.


	Returns

	
	An instance of NDWindowing, which provides __getitem__, to allow the use


	of square brackets when specifying the window. Ultimately, an


	NDWindowingAstrodata instance is returned










Examples

>>> ad[0].nddata.window[100:200, 100:200]  # doctest: +SKIP
<NDWindowingAstrodata .....>















astrodata.provenance module


	
astrodata.provenance.add_provenance(ad, filename, md5, primitive, timestamp=None)[source]

	Add the given Provenance entry to the full set of provenance records on this object.

Provenance is not added if the incoming md5 is None or ‘’.  These indicate source data
for the provenance that are not on disk, so not useful as provenance.


	Parameters

	value (Provenance to add) – 



	Returns

	



	Return type

	none










	
astrodata.provenance.add_provenance_history(ad, timestamp_start, timestamp_stop, primitive, args)[source]

	Add the given ProvenanceHistory entry to the full set of history records on this object.


	Parameters

	
	ad (AstroData to add history record to) – 


	timestamp_start (datetime of the start of this operation) – 


	timestamp_stop (datetime of the end of this operation) – 


	primitive (str name of the primitive performed) – 


	args (str arguments used for the primitive call) – 






	Returns

	



	Return type

	none










	
astrodata.provenance.clone_provenance(provenance_data, ad)[source]

	For a single input’s provenance, copy it into the output
AstroData object as appropriate.

This takes a dictionary with a source filename, md5 and both it’s
original provenance and provenance_history information.  It duplicates
the provenance data into the outgoing AstroData ad object.


	Parameters

	
	provenance_data (pointer to the AstroData table with the provenance) – information.
Note this may be the output AstroData as well, so we need to handle that.


	ad (outgoing AstroData object to add provenance data to) – 






	Returns

	



	Return type

	none










	
astrodata.provenance.clone_provenance_history(provenance_history_data, ad)[source]

	For a single input’s provenance history, copy it into the output
AstroData object as appropriate.

This takes a dictionary with a source filename, md5 and both it’s
original provenance and provenance_history information.  It duplicates
the provenance data into the outgoing AstroData ad object.


	Parameters

	
	provenance_history_data (pointer to the AstroData table with the history information.) – Note this may be the output AstroData as well, so we need to handle that.


	ad (outgoing AstroData object to add provenance history data to) – 






	Returns

	



	Return type

	none










	
astrodata.provenance.find_provenance_history_column_indices(ad)[source]

	




	
astrodata.provenance.provenance_summary(ad, provenance=True, provenance_history=True)[source]

	Generate a pretty text display of the provenance information for an ~astrodata.core.AstroData.

This pulls the provenance and history information from a ~astrodata.core.AstroData object
and formats it for readability.  The primitive arguments in the history are wrapped across
multiple lines to keep the overall width manageable.


	Parameters

	
	ad (AstroData) – Input data to read provenance from


	provenance (bool [https://docs.python.org/3/library/functions.html#bool]) – True to show provenance


	provenance_history (bool [https://docs.python.org/3/library/functions.html#bool]) – True to show the provenance history with associated parameters and timestamps






	Returns

	



	Return type

	str representation of the provenance











astrodata.testing module

Fixtures to be used in tests in DRAGONS


	
astrodata.testing.assert_most_close(actual, desired, max_miss, rtol=1e-07, atol=0, equal_nan=True, verbose=True)[source]

	Raises an AssertionError if the number of elements in two objects that are
not equal up to desired tolerance is greater than expected.


See also

assert_allclose() [https://numpy.org/doc/stable/reference/generated/numpy.testing.assert_allclose.html#numpy.testing.assert_allclose]




	Parameters

	
	actual (array_like) – Array obtained.


	desired (array_like) – Array desired.


	max_miss (iny) – Maximum number of mismatched elements.


	rtol (float [https://docs.python.org/3/library/functions.html#float], optional) – Relative tolerance.


	atol (float [https://docs.python.org/3/library/functions.html#float], optional) – Absolute tolerance.


	equal_nan (bool [https://docs.python.org/3/library/functions.html#bool], optional.) – If True, NaNs will compare equal.


	verbose (bool [https://docs.python.org/3/library/functions.html#bool], optional) – If True, the conflicting values are appended to the error message.






	Raises

	AssertionError [https://docs.python.org/3/library/exceptions.html#AssertionError] – If actual and desired are not equal up to specified precision.










	
astrodata.testing.assert_most_equal(actual, desired, max_miss, verbose=True)[source]

	Raises an AssertionError if more than n elements in two objects are not
equal. For more information, check numpy.testing.assert_equal() [https://numpy.org/doc/stable/reference/generated/numpy.testing.assert_equal.html#numpy.testing.assert_equal].


	Parameters

	
	actual (array_like) – The object to check.


	desired (array_like) – The expected object.


	max_miss (int [https://docs.python.org/3/library/functions.html#int]) – Maximum number of mismatched elements.


	verbose (bool [https://docs.python.org/3/library/functions.html#bool], optional) – If True, the conflicting values are appended to the error message.






	Raises

	AssertionError [https://docs.python.org/3/library/exceptions.html#AssertionError] – If actual and desired are not equal.










	
astrodata.testing.assert_same_class(ad, ad_ref)[source]

	Compare if two AstroData (or any subclass) have the
same class.


	Parameters

	
	ad (astrodata.AstroData or any subclass) – AstroData object to be checked.


	ad_ref (astrodata.AstroData or any subclass) – AstroData object used as reference













	
astrodata.testing.astrofaker()[source]

	Wrapper fixture that prevents undesired behaviour when using astrofaker.






	
astrodata.testing.change_working_dir(path_to_outputs)[source]

	Factory that returns the output path as a context manager object, allowing
easy access to the path to where the processed data should be stored.


	Parameters

	path_to_outputs (pytest.fixture) – Fixture containing the root path to the output files.



	Returns

	Enable easy change to temporary folder when reducing data.



	Return type

	contextmanager










	
astrodata.testing.compare_models(model1, model2, rtol=1e-07, atol=0.0, check_inverse=True)[source]

	Check that any two models are the same, within some tolerance on parameters
(using the same defaults as numpy.assert_allclose()).

This is constructed like a test, rather than returning True/False, in order
to provide more useful information as to how the models differ when a test
fails (and with more concise syntax).

If check_inverse is True (the default), only first-level inverses are
compared, to avoid unending recursion, since the inverse of an inverse
should be the supplied input model, if defined. The types of any inverses
(and their inverses in turn) are required to match whether or not their
parameters etc. are compared.

This function might not completely guarantee that model1 & model2 are
identical for some models whose evaluation depends on class-specific
parameters controlling how the array of model parameters is interpreted
(eg. the orders in SIP?), but it does cover our common use of compound
models involving orthonormal polynomials etc.






	
astrodata.testing.download_from_archive(filename, sub_path='raw_files', env_var='DRAGONS_TEST')[source]

	Download file from the archive and store it in the local cache.


	Parameters

	
	filename (str [https://docs.python.org/3/library/stdtypes.html#str]) – The filename, e.g. N20160524S0119.fits


	sub_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – By default the file is stored at the root of the cache directory, but
using path allows to specify a sub-directory.


	env_var (str [https://docs.python.org/3/library/stdtypes.html#str]) – Environment variable containing the path to the cache directory.






	Returns

	Name of the cached file with the path added to it.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
astrodata.testing.get_active_git_branch()[source]

	Returns the name of the active GIT branch to be used in Continuous
Integration tasks and organize input/reference files.

Note: This works currently only if the remote name is “origin”, though it
would be easy to adapt for other cases if needed.


	Returns

	str or None – the branch name could not be retrieved.



	Return type

	Name of the input active git branch. It returns None if










	
astrodata.testing.get_associated_calibrations(filename, nbias=5)[source]

	Queries Gemini Observatory Archive for associated calibrations to reduce the
data that will be used for testing.
:param filename: Input file name
:type filename: str






	
astrodata.testing.path_to_inputs(request, env_var='DRAGONS_TEST')[source]

	PyTest fixture that returns the path to where the input files for a given
test module live.


	Parameters

	
	request (fixture) – PyTest’s built-in fixture with information about the test itself.


	env_var (str [https://docs.python.org/3/library/stdtypes.html#str]) – Environment variable that contains the root path to the input data.






	Returns

	Path to the input files.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
astrodata.testing.path_to_outputs(request, tmp_path_factory)[source]

	PyTest fixture that creates a temporary folder to save tests outputs. You can
set the base directory by passing the --basetemp=mydir/ argument to the
PyTest call (See [Pytest - Temporary Directories and Files][1]).

[1]: https://docs.pytest.org/en/stable/tmpdir.html#temporary-directories-and-files


	Returns

	Path to the output data.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]



	Raises

	IOError [https://docs.python.org/3/library/exceptions.html#IOError] – If output path does not exits.










	
astrodata.testing.path_to_refs(request, env_var='DRAGONS_TEST')[source]

	PyTest fixture that returns the path to where the reference files for a
given test module live.


	Parameters

	
	request (fixture) – PyTest’s built-in fixture with information about the test itself.


	env_var (str [https://docs.python.org/3/library/stdtypes.html#str]) – Environment variable that contains the root path to the input data.






	Returns

	Path to the reference files.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]











astrodata.wcs module


	
class astrodata.wcs.AffineMatrices(matrix, offset)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
matrix

	Alias for field number 0






	
offset

	Alias for field number 1










	
class astrodata.wcs.FrameMapping(cls, description)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
cls

	Alias for field number 0






	
description

	Alias for field number 1










	
astrodata.wcs.calculate_affine_matrices(func, shape)[source]

	Compute the matrix and offset necessary of an affine transform that
represents the supplied function. This is done by computing the
linear matrix along all axes extending from the centre of the region,
and then calculating the offset such that the transformation is
accurate at the centre of the region. The matrix and offset are returned
in the standard python order (i.e., y-first for 2D).


	Parameters

	
	func (callable) – function that maps input->output coordinates


	shape (sequence) – shape to use for fiducial points






	Returns

	AffineMatrices(array, array)



	Return type

	affine matrix and offset










	
astrodata.wcs.fitswcs_image(header)[source]

	Make a complete transform from CRPIX-shifted pixels to
sky coordinates from FITS WCS keywords. A Mapping is inserted
at the beginning, which may be removed later


	Parameters

	header (astropy.io.fits.Header [https://docs.astropy.org/en/stable/io/fits/api/headers.html#astropy.io.fits.Header] or dict [https://docs.python.org/3/library/stdtypes.html#dict]) – FITS Header or dict with basic FITS WCS keywords.










	
astrodata.wcs.fitswcs_linear(header)[source]

	Create WCS linear transforms for any axes not associated with
celestial coordinates. We require that each world axis aligns
precisely with only a single pixel axis.


	Parameters

	header (astropy.io.fits.Header [https://docs.astropy.org/en/stable/io/fits/api/headers.html#astropy.io.fits.Header] or dict [https://docs.python.org/3/library/stdtypes.html#dict]) – FITS Header or dict with basic FITS WCS keywords.










	
astrodata.wcs.fitswcs_to_gwcs(hdr)[source]

	Create and return a gWCS object from a FITS header. If it can’t
construct one, it should quietly return None.






	
astrodata.wcs.get_axes(header)[source]

	Matches input with spectral and sky coordinate axes.


	Parameters

	header (astropy.io.fits.Header [https://docs.astropy.org/en/stable/io/fits/api/headers.html#astropy.io.fits.Header] or dict [https://docs.python.org/3/library/stdtypes.html#dict]) – FITS Header (or dict) with basic WCS information.



	Returns

	sky_inmap, spectral_inmap, unknown – indices in the output representing sky and spectral coordinates.



	Return type

	lists










	
astrodata.wcs.gwcs_to_fits(ndd, hdr=None)[source]

	Convert a gWCS object to a collection of FITS WCS keyword/value pairs,
if possible. If the FITS WCS is only approximate, this should be indicated
with a dict entry {‘FITS-WCS’: ‘APPROXIMATE’}. If there is no suitable
FITS representation, then a ValueError or NotImplementedError can be
raised.


	Parameters

	
	ndd (NDData) – The NDData whose wcs attribute we want converted


	hdr (fits.Header) – A Header object that may contain some useful keywords






	Returns

	dict



	Return type

	values to insert into the FITS header to express this WCS










	
astrodata.wcs.make_fitswcs_transform(header)[source]

	Create a basic FITS WCS transform.
It does not include distortions.


	Parameters

	header (astropy.io.fits.Header [https://docs.astropy.org/en/stable/io/fits/api/headers.html#astropy.io.fits.Header] or dict [https://docs.python.org/3/library/stdtypes.html#dict]) – FITS Header (or dict) with basic WCS information










	
astrodata.wcs.model_is_affine(model)[source]

	”
Test a Model for affinity. This is currently done by checking the
name of its class (or the class names of all its submodels)

TODO: Is this the right thing to do? We could compute the affine
matrices assuming affinity, and then check that a number of random
points behave as expected. Is that better?






	
astrodata.wcs.read_wcs_from_header(header)[source]

	Extract basic FITS WCS keywords from a FITS Header.


	Parameters

	header (astropy.io.fits.Header [https://docs.astropy.org/en/stable/io/fits/api/headers.html#astropy.io.fits.Header]) – FITS Header with WCS information.



	Returns

	wcs_info – A dictionary with WCS keywords.



	Return type

	dict [https://docs.python.org/3/library/stdtypes.html#dict]
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	gemini_instruments.cirpass package
	Submodules

	gemini_instruments.cirpass.adclass module





	gemini_instruments.f2 package
	Subpackages
	gemini_instruments.f2.tests package
	Submodules

	gemini_instruments.f2.tests.test_f2 module









	Submodules

	gemini_instruments.f2.adclass module

	gemini_instruments.f2.lookup module





	gemini_instruments.flamingos package
	Submodules

	gemini_instruments.flamingos.adclass module





	gemini_instruments.gemini package
	Subpackages
	gemini_instruments.gemini.tests package
	Submodules

	gemini_instruments.gemini.tests.test_descriptors module









	Submodules

	gemini_instruments.gemini.adclass module

	gemini_instruments.gemini.lookup module





	gemini_instruments.gmos package
	Subpackages
	gemini_instruments.gmos.tests package
	Submodules

	gemini_instruments.gmos.tests.test_gmos module









	Submodules

	gemini_instruments.gmos.adclass module

	gemini_instruments.gmos.lookup module

	gemini_instruments.gmos.pixel_functions module





	gemini_instruments.gnirs package
	Subpackages
	gemini_instruments.gnirs.tests package
	Submodules

	gemini_instruments.gnirs.tests.test_gnirs module









	Submodules

	gemini_instruments.gnirs.adclass module

	gemini_instruments.gnirs.lookup module





	gemini_instruments.gpi package
	Submodules

	gemini_instruments.gpi.adclass module





	gemini_instruments.graces package
	Subpackages
	gemini_instruments.graces.tests package
	Submodules

	gemini_instruments.graces.tests.test_graces module









	Submodules

	gemini_instruments.graces.adclass module





	gemini_instruments.gsaoi package
	Submodules

	gemini_instruments.gsaoi.adclass module

	gemini_instruments.gsaoi.lookup module





	gemini_instruments.hokupaa_quirc package
	Submodules

	gemini_instruments.hokupaa_quirc.adclass module





	gemini_instruments.hrwfs package
	Submodules

	gemini_instruments.hrwfs.adclass module





	gemini_instruments.igrins package
	Submodules

	gemini_instruments.igrins.adclass module





	gemini_instruments.michelle package
	Submodules

	gemini_instruments.michelle.adclass module





	gemini_instruments.nici package
	Submodules

	gemini_instruments.nici.adclass module





	gemini_instruments.nifs package
	Subpackages
	gemini_instruments.nifs.tests package
	Submodules

	gemini_instruments.nifs.tests.test_nifs module









	Submodules

	gemini_instruments.nifs.adclass module

	gemini_instruments.nifs.lookup module





	gemini_instruments.niri package
	Subpackages
	gemini_instruments.niri.tests package
	Submodules

	gemini_instruments.niri.tests.test_niri module









	Submodules

	gemini_instruments.niri.adclass module

	gemini_instruments.niri.lookup module





	gemini_instruments.oscir package
	Submodules

	gemini_instruments.oscir.adclass module





	gemini_instruments.phoenix package
	Submodules

	gemini_instruments.phoenix.adclass module





	gemini_instruments.skycam package
	Submodules

	gemini_instruments.skycam.adclass module





	gemini_instruments.texes package
	Submodules

	gemini_instruments.texes.adclass module





	gemini_instruments.trecs package
	Submodules

	gemini_instruments.trecs.adclass module











Submodules



gemini_instruments.common module

Structures and functions that can be shared across instrument code.

When should you add something here? Here’s some criteria: the code
that belongs in here is not generally useful outside of
gemini_instruments, and:



	more than one instrument share the code to override a method
that provides default behaviour, meaning that there’s no
common ancestor where you can put this; or,


	it doesn’t make sense to put the code in a method, as it
doesn’t rely on internal knowledge of a class.








	
class gemini_instruments.common.Section(x1, x2, y1, y2)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
x1

	Alias for field number 0






	
x2

	Alias for field number 1






	
y1

	Alias for field number 2






	
y2

	Alias for field number 3











gemini_instruments.gmu module


	
gemini_instruments.gmu.convert_units(input_units, input_value, output_units)[source]

	
	Parameters

	
	input_units (string) – the units of the value specified by input_value.
Possible values are ‘meters’, ‘micrometers’,
‘nanometers’ and ‘angstroms’.


	input_value (float [https://docs.python.org/3/library/functions.html#float]) – the input value to be converted from the
input_units to the output_units


	output_units (string) – the units of the returned value. Possible values
are ‘meters’, ‘micrometers’, ‘nanometers’ and
‘angstroms’.






	Return type

	float [https://docs.python.org/3/library/functions.html#float]



	Returns

	the converted value of input_value from input_units to
output_units










	
gemini_instruments.gmu.detsec_to_pixels(ad, detx, dety)[source]

	




	
gemini_instruments.gmu.isBlank(bstring)[source]

	




	
gemini_instruments.gmu.parse_percentile(string)[source]

	




	
gemini_instruments.gmu.removeComponentID(instr)[source]

	Remove a component ID from a filter name
:param instr: the filter name
:type instr: string
:rtype: string
:return: the filter name with the component ID removed, or None if the input is not a valid string






	
gemini_instruments.gmu.sectionStrToIntList(section)[source]

	Convert the input section in the form ‘[x1:x2,y1:y2]’ to a tuple in the
form (x1 - 1, x2, y1 - 1, y2), where x1, x2, y1 and y2 are
integers. The values in the output tuple are converted to use 0-based and
non-inclusive indexing, making it compatible with numpy.


	Parameters

	section (str [https://docs.python.org/3/library/stdtypes.html#str]) – The section (in the form [x1:x2,y1:y2]) to be converted to a tuple.



	Returns

	tuple – non-inclusive in the form (x1 - 1, x2, y1 - 1, y2).



	Return type

	the converted section as a tuple that uses 0-based and










	
gemini_instruments.gmu.toicrs(frame, ra, dec, equinox=2000.0, ut_datetime=None)[source]

	







          

      

      

    

  

    
      
          
            
  
gemini_instruments.bhros package


	
class gemini_instruments.bhros.AstroDataBhros(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
central_wavelength(asMicrometers=False, asNanometers=False, asAngstroms=False)[source]

	Returns the central wavelength in meters or the specified units


	Parameters

	
	asMicrometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in microns


	asNanometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in nanometers


	asAngstroms (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in Angstroms






	Returns

	The central wavelength setting



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
dec()[source]

	Returns the Declination of the center of field in degrees.  Since a
fiber is used it coincides with the position of the target. For code
re-used, use target_dec() if you really want the position of the target
rather than the center of the field.


	Returns

	right ascension in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
disperser(stripID=False, pretty=False)[source]

	Returns the name of the disperser. This is always ‘bHROS’


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – Does nothing


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Does nothing






	Returns

	The name of the disperser



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
ra()[source]

	Returns the Right Ascension of the center of field in degrees.
Since a fiber is used it coincides with the position of the target.
For code re-used, use target_ra() if you really want the position of
the target rather than the center of the field.


	Returns

	right ascension in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]














Submodules



gemini_instruments.bhros.adclass module


	
class gemini_instruments.bhros.adclass.AstroDataBhros(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
central_wavelength(asMicrometers=False, asNanometers=False, asAngstroms=False)[source]

	Returns the central wavelength in meters or the specified units


	Parameters

	
	asMicrometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in microns


	asNanometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in nanometers


	asAngstroms (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in Angstroms






	Returns

	The central wavelength setting



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
dec()[source]

	Returns the Declination of the center of field in degrees.  Since a
fiber is used it coincides with the position of the target. For code
re-used, use target_dec() if you really want the position of the target
rather than the center of the field.


	Returns

	right ascension in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
disperser(stripID=False, pretty=False)[source]

	Returns the name of the disperser. This is always ‘bHROS’


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – Does nothing


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Does nothing






	Returns

	The name of the disperser



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
ra()[source]

	Returns the Right Ascension of the center of field in degrees.
Since a fiber is used it coincides with the position of the target.
For code re-used, use target_ra() if you really want the position of
the target rather than the center of the field.


	Returns

	right ascension in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]

















          

      

      

    

  

    
      
          
            
  
gemini_instruments.cirpass package


	
class gemini_instruments.cirpass.AstroDataCirpass(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
dec()[source]

	Returns the name of the


	Returns

	declination



	Return type

	<str>










	
ra()[source]

	Returns the name of the


	Returns

	right ascension



	Return type

	<str>










	
target_dec()[source]

	Returns the Declination of the target in degrees. Optionally, the
telescope offsets can be applied.  The proper motion can also be
applied if requested.  Finally, the RA can be converted to ICRS
coordinates.


	Parameters

	
	offset (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies the telescope offsets.


	pm (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies proper motion parameters.


	icrs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, convert the Declination to the ICRS coordinate system.






	Returns

	Declination of the target in degrees.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
target_ra()[source]

	Returns the Right Ascension of the target in degrees. Optionally, the
telescope offsets can be applied.  The proper motion can also be
applied if requested.  Finally, the RA can be converted to ICRS
coordinates.


	Parameters

	
	offset (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies the telescope offsets.


	pm (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies proper motion parameters.


	icrs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, convert the RA to the ICRS coordinate system.






	Returns

	Right Ascension of the target in degrees.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]














Submodules



gemini_instruments.cirpass.adclass module


	
class gemini_instruments.cirpass.adclass.AstroDataCirpass(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
dec()[source]

	Returns the name of the


	Returns

	declination



	Return type

	<str>










	
ra()[source]

	Returns the name of the


	Returns

	right ascension



	Return type

	<str>










	
target_dec()[source]

	Returns the Declination of the target in degrees. Optionally, the
telescope offsets can be applied.  The proper motion can also be
applied if requested.  Finally, the RA can be converted to ICRS
coordinates.


	Parameters

	
	offset (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies the telescope offsets.


	pm (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies proper motion parameters.


	icrs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, convert the Declination to the ICRS coordinate system.






	Returns

	Declination of the target in degrees.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
target_ra()[source]

	Returns the Right Ascension of the target in degrees. Optionally, the
telescope offsets can be applied.  The proper motion can also be
applied if requested.  Finally, the RA can be converted to ICRS
coordinates.


	Parameters

	
	offset (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies the telescope offsets.


	pm (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies proper motion parameters.


	icrs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, convert the RA to the ICRS coordinate system.






	Returns

	Right Ascension of the target in degrees.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]

















          

      

      

    

  

    
      
          
            
  
gemini_instruments.f2 package


	
class gemini_instruments.f2.AstroDataF2(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
array_section(pretty=False)[source]

	Returns the rectangular section that includes the pixels that would be
exposed to light.  If pretty is False, a tuple of 0-based coordinates
is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
value is returned without parsing as a string.  In this format, the
coordinates are generally 1-based.

One tuple or string is return per extension/array, in a list. If the
method is called on a single slice, the section is returned as a tuple
or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Location of the pixels exposed to light using Python slice values.


	string or list of strings – Location of the pixels exposed to light using an IRAF section
format (1-based).















	
central_wavelength(asMicrometers=False, asNanometers=False, asAngstroms=False)[source]

	Returns the central wavelength in meters or the specified units


	Parameters

	
	asMicrometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in microns


	asNanometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in nanometers


	asAngstroms (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in Angstroms






	Returns

	The central wavelength setting



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
data_section(pretty=False)[source]

	Returns the rectangular section that includes the pixels that would be
exposed to light.  If pretty is False, a tuple of 0-based coordinates
is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
value is returned without parsing as a string.  In this format, the
coordinates are generally 1-based.

One tuple or string is return per extension/array, in a list. If the
method is called on a single slice, the section is returned as a tuple
or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Location of the pixels exposed to light using Python slice values.


	string or list of strings – Location of the pixels exposed to light using an IRAF section
format (1-based).















	
detector_section(pretty=False)[source]

	Returns the section covered by the detector relative to the whole
mosaic of detectors.  If pretty is False, a tuple of 0-based coordinates
is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
value is returned without parsing as a string.  In this format, the
coordinates are generally 1-based.

One tuple or string is return per extension/array, in a list. If the
method is called on a single slice, the section is returned as a tuple
or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Position of the detector using Python slice values.


	string or list of strings – Position of the detector using an IRAF section format (1-based).















	
detector_x_offset()[source]

	Returns the offset from the reference position in pixels along
the positive x-direction of the detector


	Returns

	The offset in pixels



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
detector_y_offset()[source]

	Returns the offset from the reference position in pixels along
the positive y-direction of the detector


	Returns

	The offset in pixels



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
dispersion(asMicrometers=False, asNanometers=False, asAngstroms=False)[source]

	Returns the dispersion in meters per pixel as a list (one value per
extension) or a float if used on a single-extension slice. It is
possible to control the units of wavelength using the input arguments.


	Parameters

	
	asMicrometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in microns


	asNanometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in nanometers


	asAngstroms (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in Angstroms






	Returns

	The dispersion(s)



	Return type

	list/float










	
dispersion_axis()[source]

	Returns the axis along which the light is dispersed.


	Returns

	Dispersion axis.



	Return type

	(list of) int [https://docs.python.org/3/library/functions.html#int] (2)










	
filter_name(stripID=False, pretty=False)[source]

	Returns the name of the filter(s) used.  The component ID can be
removed with either ‘stripID’ or ‘pretty’.  If a combination of filters
is used, the filter names will be join into a unique string with ‘&’ as
separator.  If ‘pretty’ is True, filter positions such as ‘Open’,
‘Dark’, ‘blank’, and others are removed leaving only the relevant
filters in the string.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the filter.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Parses the combination of filters to return a single string value
wi the “effective” filter.






	Returns

	The name of the filter combination with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
gain()[source]

	Returns the gain used for the observation.  This is read from a
lookup table using the read_mode and the well_depth.


	Returns

	Gain used for the observation



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
group_id()[source]

	Returns a string representing a group of data that are compatible
with each other.  This is used when stacking, for example.  Each
instrument and mode of observation will have its own rules. F2’s
is quite a mouthful.


	Returns

	A group ID for compatible data.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
nominal_photometric_zeropoint()[source]

	Returns the nominal zeropoints (i.e., the magnitude corresponding to
a pixel value of 1) for the extensions in an AD object.


	Returns

	zeropoint values, one per SCI extension



	Return type

	list/float










	
non_linear_level()[source]

	Returns the level at which the data become non-linear, in ADU.


	Returns

	Value at which the data become non-linear



	Return type

	list/int










	
nonlinearity_coeffs()[source]

	




	
observation_type()[source]

	Returns the observation type (OBJECT, DARK, BIAS, etc.)


	Returns

	Observation type



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
pixel_scale()[source]

	Returns the image scale in arcseconds per pixel


	Returns

	pixel scale



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
read_mode()[source]

	Returns the read mode (i.e., the number of non-destructive read pairs)


	Returns

	readout mode



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
read_noise()[source]

	Returns the read noise in electrons.


	Returns

	read noise



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
saturation_level()[source]

	Returns the saturation level (in ADU)


	Returns

	saturation level



	Return type

	int/float










	
telescope_x_offset()[source]

	Returns the x offset from origin of this image


	Returns

	x offset



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
telescope_y_offset()[source]

	Returns the y offset from origin of this image


	Returns

	y offset



	Return type

	float [https://docs.python.org/3/library/functions.html#float]














Subpackages



	gemini_instruments.f2.tests package
	Submodules

	gemini_instruments.f2.tests.test_f2 module











Submodules



gemini_instruments.f2.adclass module


	
class gemini_instruments.f2.adclass.AstroDataF2(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
array_section(pretty=False)[source]

	Returns the rectangular section that includes the pixels that would be
exposed to light.  If pretty is False, a tuple of 0-based coordinates
is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
value is returned without parsing as a string.  In this format, the
coordinates are generally 1-based.

One tuple or string is return per extension/array, in a list. If the
method is called on a single slice, the section is returned as a tuple
or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Location of the pixels exposed to light using Python slice values.


	string or list of strings – Location of the pixels exposed to light using an IRAF section
format (1-based).















	
central_wavelength(asMicrometers=False, asNanometers=False, asAngstroms=False)[source]

	Returns the central wavelength in meters or the specified units


	Parameters

	
	asMicrometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in microns


	asNanometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in nanometers


	asAngstroms (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in Angstroms






	Returns

	The central wavelength setting



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
data_section(pretty=False)[source]

	Returns the rectangular section that includes the pixels that would be
exposed to light.  If pretty is False, a tuple of 0-based coordinates
is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
value is returned without parsing as a string.  In this format, the
coordinates are generally 1-based.

One tuple or string is return per extension/array, in a list. If the
method is called on a single slice, the section is returned as a tuple
or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Location of the pixels exposed to light using Python slice values.


	string or list of strings – Location of the pixels exposed to light using an IRAF section
format (1-based).















	
detector_section(pretty=False)[source]

	Returns the section covered by the detector relative to the whole
mosaic of detectors.  If pretty is False, a tuple of 0-based coordinates
is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
value is returned without parsing as a string.  In this format, the
coordinates are generally 1-based.

One tuple or string is return per extension/array, in a list. If the
method is called on a single slice, the section is returned as a tuple
or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Position of the detector using Python slice values.


	string or list of strings – Position of the detector using an IRAF section format (1-based).















	
detector_x_offset()[source]

	Returns the offset from the reference position in pixels along
the positive x-direction of the detector


	Returns

	The offset in pixels



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
detector_y_offset()[source]

	Returns the offset from the reference position in pixels along
the positive y-direction of the detector


	Returns

	The offset in pixels



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
dispersion(asMicrometers=False, asNanometers=False, asAngstroms=False)[source]

	Returns the dispersion in meters per pixel as a list (one value per
extension) or a float if used on a single-extension slice. It is
possible to control the units of wavelength using the input arguments.


	Parameters

	
	asMicrometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in microns


	asNanometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in nanometers


	asAngstroms (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in Angstroms






	Returns

	The dispersion(s)



	Return type

	list/float










	
dispersion_axis()[source]

	Returns the axis along which the light is dispersed.


	Returns

	Dispersion axis.



	Return type

	(list of) int [https://docs.python.org/3/library/functions.html#int] (2)










	
filter_name(stripID=False, pretty=False)[source]

	Returns the name of the filter(s) used.  The component ID can be
removed with either ‘stripID’ or ‘pretty’.  If a combination of filters
is used, the filter names will be join into a unique string with ‘&’ as
separator.  If ‘pretty’ is True, filter positions such as ‘Open’,
‘Dark’, ‘blank’, and others are removed leaving only the relevant
filters in the string.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the filter.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Parses the combination of filters to return a single string value
wi the “effective” filter.






	Returns

	The name of the filter combination with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
gain()[source]

	Returns the gain used for the observation.  This is read from a
lookup table using the read_mode and the well_depth.


	Returns

	Gain used for the observation



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
group_id()[source]

	Returns a string representing a group of data that are compatible
with each other.  This is used when stacking, for example.  Each
instrument and mode of observation will have its own rules. F2’s
is quite a mouthful.


	Returns

	A group ID for compatible data.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
nominal_photometric_zeropoint()[source]

	Returns the nominal zeropoints (i.e., the magnitude corresponding to
a pixel value of 1) for the extensions in an AD object.


	Returns

	zeropoint values, one per SCI extension



	Return type

	list/float










	
non_linear_level()[source]

	Returns the level at which the data become non-linear, in ADU.


	Returns

	Value at which the data become non-linear



	Return type

	list/int










	
nonlinearity_coeffs()[source]

	




	
observation_type()[source]

	Returns the observation type (OBJECT, DARK, BIAS, etc.)


	Returns

	Observation type



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
pixel_scale()[source]

	Returns the image scale in arcseconds per pixel


	Returns

	pixel scale



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
read_mode()[source]

	Returns the read mode (i.e., the number of non-destructive read pairs)


	Returns

	readout mode



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
read_noise()[source]

	Returns the read noise in electrons.


	Returns

	read noise



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
saturation_level()[source]

	Returns the saturation level (in ADU)


	Returns

	saturation level



	Return type

	int/float










	
telescope_x_offset()[source]

	Returns the x offset from origin of this image


	Returns

	x offset



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
telescope_y_offset()[source]

	Returns the y offset from origin of this image


	Returns

	y offset



	Return type

	float [https://docs.python.org/3/library/functions.html#float]















gemini_instruments.f2.lookup module


	
class gemini_instruments.f2.lookup.ArrayProperties(readnoise, gain, welldepth, linlimit, nonlinlimit, coeffs)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
coeffs

	Alias for field number 5






	
gain

	Alias for field number 1






	
linlimit

	Alias for field number 3






	
nonlinlimit

	Alias for field number 4






	
readnoise

	Alias for field number 0






	
welldepth

	Alias for field number 2













          

      

      

    

  

    
      
          
            
  
gemini_instruments.f2.tests package


Submodules



gemini_instruments.f2.tests.test_f2 module


	
gemini_instruments.f2.tests.test_f2.ad(request)[source]

	




	
gemini_instruments.f2.tests.test_f2.test_can_return_ad_length(ad)[source]

	




	
gemini_instruments.f2.tests.test_f2.test_can_return_instrument(ad)[source]

	




	
gemini_instruments.f2.tests.test_f2.test_descriptor_matches_type(descriptor, expected_type, ad)[source]

	




	
gemini_instruments.f2.tests.test_f2.test_extension_data_shape(ad)[source]

	




	
gemini_instruments.f2.tests.test_f2.test_is_right_instance(ad)[source]

	




	
gemini_instruments.f2.tests.test_f2.test_is_right_type(ad)[source]

	




	
gemini_instruments.f2.tests.test_f2.test_read_a_keyword_from_hdr(ad)[source]

	




	
gemini_instruments.f2.tests.test_f2.test_read_a_keyword_from_phu(ad)[source]

	




	
gemini_instruments.f2.tests.test_f2.test_slice_range(ad)[source]

	




	
gemini_instruments.f2.tests.test_f2.test_tags(ad)[source]

	







          

      

      

    

  

    
      
          
            
  
gemini_instruments.flamingos package


	
class gemini_instruments.flamingos.AstroDataFlamingos(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
central_wavelength(asMicrometers=False, asNanometers=False, asAngstroms=False)[source]

	Returns the central wavelength in meters or the specified units


	Parameters

	
	asMicrometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in microns


	asNanometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in nanometers


	asAngstroms (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in Angstroms






	Returns

	The central wavelength setting



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
dec()[source]

	Returns the Declination of the center of field in degrees.  Since a
fiber is used it coincides with the position of the target. For code
re-used, use target_dec() if you really want the position of the target
rather than the center of the field.


	Returns

	declination in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
detector()[source]

	




	
disperser(stripID=False, pretty=False)[source]

	Returns the name of the disperser.


	Parameters

	
	stripID (<bool>) – Does nothing.


	pretty (<bool>) – Also does nothing.






	Returns

	Name of the disperser.



	Return type

	<str>










	
exposure_time()[source]

	Returns the exposure time in seconds.


	Returns

	Exposure time.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
filter_name(stripID=False, pretty=False)[source]

	Returns the name of the filter(s) used.  The component ID can be
removed with either ‘stripID’ or ‘pretty’.  If a combination of filters
is used, the filter names will be join into a unique string with ‘&’ as
separator.  If ‘pretty’ is True, filter positions such as ‘Open’,
‘Dark’, ‘blank’, and others are removed leaving only the relevant
filters in the string.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the filter.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID.  Pretty here does not do anything more.






	Returns

	The name of the filter combination with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
ra()[source]

	Returns the Right Ascension of the center of field in degrees.  Since a
fiber is used it coincides with the position of the target. For code
re-used, use target_ra() if you really want the position of the target
rather than the center of the field.


	Returns

	right ascension in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]














Submodules



gemini_instruments.flamingos.adclass module


	
class gemini_instruments.flamingos.adclass.AstroDataFlamingos(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
central_wavelength(asMicrometers=False, asNanometers=False, asAngstroms=False)[source]

	Returns the central wavelength in meters or the specified units


	Parameters

	
	asMicrometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in microns


	asNanometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in nanometers


	asAngstroms (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in Angstroms






	Returns

	The central wavelength setting



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
dec()[source]

	Returns the Declination of the center of field in degrees.  Since a
fiber is used it coincides with the position of the target. For code
re-used, use target_dec() if you really want the position of the target
rather than the center of the field.


	Returns

	declination in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
detector()[source]

	




	
disperser(stripID=False, pretty=False)[source]

	Returns the name of the disperser.


	Parameters

	
	stripID (<bool>) – Does nothing.


	pretty (<bool>) – Also does nothing.






	Returns

	Name of the disperser.



	Return type

	<str>










	
exposure_time()[source]

	Returns the exposure time in seconds.


	Returns

	Exposure time.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
filter_name(stripID=False, pretty=False)[source]

	Returns the name of the filter(s) used.  The component ID can be
removed with either ‘stripID’ or ‘pretty’.  If a combination of filters
is used, the filter names will be join into a unique string with ‘&’ as
separator.  If ‘pretty’ is True, filter positions such as ‘Open’,
‘Dark’, ‘blank’, and others are removed leaving only the relevant
filters in the string.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the filter.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID.  Pretty here does not do anything more.






	Returns

	The name of the filter combination with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
ra()[source]

	Returns the Right Ascension of the center of field in degrees.  Since a
fiber is used it coincides with the position of the target. For code
re-used, use target_ra() if you really want the position of the target
rather than the center of the field.


	Returns

	right ascension in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]

















          

      

      

    

  

    
      
          
            
  
gemini_instruments.gemini package


	
class gemini_instruments.gemini.AstroDataGemini(provider)[source]

	Bases: astrodata.fits.AstroDataFits


	
airmass()[source]

	Returns the airmass of the observation.


	Returns

	Airmass value.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
amp_read_area(pretty=False)[source]

	Returns the readout area of each amplifier, as a 0-based tuple or
1-based string


	Returns

	the amp readout areas



	Return type

	list/(tuple [https://docs.python.org/3/library/stdtypes.html#tuple] or string)










	
ao_seeing()[source]

	Returns an estimate of the natural seeing as calculated from the
adaptive optics systems.


	Returns

	AO estimate of the natural seeing



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
array_name()[source]

	Returns the name of each array


	Returns

	the array names



	Return type

	list of str/str










	
array_section(pretty=False)[source]

	Returns the section covered by the array(s) relative to the detector
frame.  For example, this can be the position of multiple amps read
within a CCD.  If pretty is False, a tuple of 0-based coordinates
is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
value is returned without parsing as a string.  In this format, the
coordinates are generally 1-based.

One tuple or string is return per extension/array, in a list. If the
method is called on a single slice, the section is returned as a tuple
or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Position of extension(s) using Python slice values


	str/list of str – Position of extension(s) using an IRAF section format (1-based)















	
azimuth()[source]

	Returns the azimuth of the telescope, in degrees


	Returns

	azimuth



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
calibration_key()[source]

	Returns an object to be used as a key in the Calibrations dict.
Multiple ADs can share a key but there can be only one of each type
of calibration for each key. data_label() is the default.
“_stack” is removed to avoid making a new request for a stacked
frame, which will need the same calibration as the original.


	Returns

	identifier



	Return type

	string










	
camera(stripID=False, pretty=False)[source]

	Returns the name of the camera.  The component ID can be removed
with either ‘stripID’ or ‘pretty’ set to True.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the camera.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID.  Pretty here does not do anything more.






	Returns

	The name of the camera with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
cass_rotator_pa()[source]

	Returns the position angle of the Cassegrain rotator, in degrees.


	Returns

	Position angle of the Cassegrain rotator.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
central_wavelength(asMicrometers=False, asNanometers=False, asAngstroms=False)[source]

	Returns the central wavelength in meters or the specified units


	Parameters

	
	asMicrometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in microns


	asNanometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in nanometers


	asAngstroms (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in Angstroms






	Returns

	The central wavelength setting



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
coadds()[source]

	Returns the number of co-adds used for the observation.


	Returns

	Number of co-adds.



	Return type

	int [https://docs.python.org/3/library/functions.html#int]










	
data_label()[source]

	Returns the data label of an observation.


	Returns

	the observation’s data label



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
data_section(pretty=False)[source]

	Returns the rectangular section that includes the pixels that would be
exposed to light.  If pretty is False, a tuple of 0-based coordinates
is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
value is returned without parsing as a string.  In this format, the
coordinates are generally 1-based.

One tuple or string is return per extension/array, in a list. If the
method is called on a single slice, the section is returned as a tuple
or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Location of the pixels exposed to light using Python slice values.


	string or list of strings – Location of the pixels exposed to light using an IRAF section
format (1-based).















	
dec()[source]

	Returns the Declination of the center of the field, in degrees.


	Returns

	declination in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
decker(stripID=False, pretty=False)[source]

	Returns the name of the decker.  The component ID can be removed
with either ‘stripID’ or ‘pretty’ set to True.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the decker.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID.  Pretty here does not do anything more.






	Returns

	The name of the decker with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
detector_name(pretty=False)[source]

	Returns the name of the detector


	Returns

	the detector name



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
detector_roi_setting()[source]

	Returns the ROI setting. Most instruments don’t allow this to be
changed, so at the Gemini level it just returns ‘Fixed’


	Returns

	Name of the ROI setting used, ie, “Fixed”



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
detector_rois_requested()[source]

	Returns the ROIs requested. Since most instruments don’t have
selectable ROIs, it returns None at the Gemini level


	Returns

	None



	Return type

	NoneType










	
detector_section(pretty=False)[source]

	Returns the section covered by the detector relative to the whole
mosaic of detectors.  If pretty is False, a tuple of 0-based coordinates
is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
value is returned without parsing as a string.  In this format, the
coordinates are generally 1-based.

One tuple or string is return per extension/array, in a list. If the
method is called on a single slice, the section is returned as a tuple
or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Position of the detector using Python slice values.


	string or list of strings – Position of the detector using an IRAF section format (1-based).















	
detector_x_bin()[source]

	Returns the detector binning in the x-direction


	Returns

	The detector binning



	Return type

	int [https://docs.python.org/3/library/functions.html#int]










	
detector_x_offset()[source]

	Returns the offset from the reference position in pixels along
the positive x-direction of the detector


	Returns

	The offset in pixels



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
detector_y_bin()[source]

	Returns the detector binning in the y-direction


	Returns

	The detector binning



	Return type

	int [https://docs.python.org/3/library/functions.html#int]










	
detector_y_offset()[source]

	Returns the offset from the reference position in pixels along
the positive y-direction of the detector


	Returns

	The offset in pixels



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
disperser(stripID=False, pretty=False)[source]

	Returns the name of the disperser.  The “disperser” is a combination of
all the dispersing elements along the light path.

The component ID can be removed with either ‘stripID’ or ‘pretty’ set
to True.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the disperser.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID.  Pretty here does not do anything more.






	Returns

	The name of the disperser with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
dispersion(asMicrometers=False, asNanometers=False, asAngstroms=False)[source]

	Returns the dispersion in meters per pixel as a list (one value per
extension) or a float if used on a single-extension slice.  It is
possible to control the units of wavelength using the input arguments.


	Parameters

	
	asMicrometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in microns


	asNanometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in nanometers


	asAngstroms (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in Angstroms






	Returns

	The dispersion(s)



	Return type

	list/float










	
dispersion_axis()[source]

	Returns the axis along which the light is dispersed.


	Returns

	Dispersion axis.



	Return type

	int [https://docs.python.org/3/library/functions.html#int]










	
effective_wavelength(output_units=None)[source]

	Returns the wavelength representing the bandpass or the spectrum.
For imaging data this normally is the wavelength at the center of
the bandpass as defined by the filter used.  For spectra, this is
the central wavelength.  The returned value is in meters.

This descriptor makes uses of a lookup table to associate filters
with their effective_wavelength.


	Returns

	Wavelength representing the bandpass or the spectrum coverage.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
elevation()[source]

	Returns the elevation of the telescope, in degrees


	Returns

	elevation



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
exposure_time()[source]

	Returns the exposure time in seconds.


	Returns

	Exposure time.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
filter_name(stripID=False, pretty=False)[source]

	Returns the name of the filter(s) used.  The component ID can be
removed with either ‘stripID’ or ‘pretty’.  If a combination of filters
is used, the filter names will be join into a unique string with ‘&’ as
separator.  If ‘pretty’ is True, filter positions such as ‘Open’,
‘Dark’, ‘blank’, and others are removed leaving only the relevant
filters in the string.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the filter.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID.  Pretty here does not do anything more.






	Returns

	The name of the filter combination with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
focal_plane_mask(stripID=False, pretty=False)[source]

	Returns the name of the focal plane mask.  The component ID can be
removed with either ‘stripID’ or ‘pretty’ set to True.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the focal plane mask.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID.  Pretty here does not do anything more.






	Returns

	The name of the focal plane mask with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
gain()[source]

	Returns the gain (electrons/ADU) for each extension


	Returns

	Gains used for the observation



	Return type

	list of floats/float










	
gain_setting()[source]

	Returns the gain setting for this observation (e.g., ‘high’, ‘low’)


	Returns

	the gain setting



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
gcal_lamp()[source]

	Returns the name of the GCAL lamp being used, or “Off” if no lamp is
in used.  This applies to flats and arc observations when a lamp is
used.  For other types observation, None is returned.


	Returns

	Name of the GCAL lamp being used, or “Off” if not in use.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
group_id()[source]

	Returns a string representing a group of data that are compatible
with each other.  This is used when stacking, for example.  Each
instrument and mode of observation will have its own rules.

At the Gemini class level, the default is to group by the Gemini
observation ID.


	Returns

	A group ID for compatible data.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
instrument(generic=False)[source]

	Returns the name of the instrument making the observation


	Parameters

	generic (boolean) – If set, don’t specify the specific instrument if there are clones
(but that is handled by the instrument-level descriptors)



	Returns

	instrument name



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
is_ao()[source]

	Tells whether or not the data was taken with adaptive optics.


	Returns

	True if the data is AO, False otherwise.



	Return type

	bool [https://docs.python.org/3/library/functions.html#bool]










	
is_coadds_summed()[source]

	Tells whether or not the co-adds have been summed.  If not, they
have been averaged.

At the Gemini level, this descriptor is hardcoded to True as it is
the default at the observatory.


	Returns

	True if the data has been summed.  False if it has been averaged.



	Return type

	bool [https://docs.python.org/3/library/functions.html#bool]










	
is_in_adu()[source]

	Tells whether the data are in ADU (likely to be superseded by use of
NDData’s unit attribute)


	Returns

	True if the data are in ADU



	Return type

	bool [https://docs.python.org/3/library/functions.html#bool]










	
local_time()[source]

	Returns the local time stored at the time of the observation.


	Returns

	Local time of the observation.



	Return type

	datetime.datetime.time()










	
lyot_stop(stripID=False, pretty=False)[source]

	Returns the Lyot stop used for the observation


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID.






	Returns

	Lyot stop used for the observation



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
mdf_row_id()[source]

	Returns row ID from the MDF (Mask Definition File) table associated
with the spectrum.  Applies to “cut” MOS or X-dispersed data.


	Returns

	Row of the MDF associated with the extension.



	Return type

	int [https://docs.python.org/3/library/functions.html#int]










	
nominal_atmospheric_extinction()[source]

	Returns the nominal atmospheric extinction at observation airmass
and bandpass.


	Returns

	Nominal atmospheric extinction from model.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
nominal_photometric_zeropoint()[source]

	Returns the nominal photometric zeropoint (i.e., magnitude
corresponding to 1 pixel count) for each extension


	Returns

	Photometric zeropoint



	Return type

	float/list of floats










	
non_linear_level()[source]

	Returns the level at which the data become non-linear, in ADU.
This is expected to be overridden by the individual instruments,
so at the Gemini level it returns the values of the NONLINEA keywords
(or None)


	Returns

	non-linearity level level in ADU



	Return type

	int/list










	
observation_class()[source]

	Returns the class of an observation, e.g., ‘science’, ‘acq’, ‘dayCal’.


	Returns

	the observation class



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
observation_epoch()[source]

	Returns the observation’s epoch.


	Returns

	the observation’s epoch



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
observation_id()[source]

	Returns the ID of an observation.


	Returns

	the observation ID



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
observation_type()[source]

	Returns the type of an observation, e.g., ‘OBJECT’, ‘FLAT’, ‘ARC’.


	Returns

	the observation type



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
overscan_section(pretty=False)[source]

	Returns the section covered by the overscan regions relative to the
detector frame. If pretty is False, a tuple of 0-based coordinates
is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
value is returned without parsing as a string.  In this format, the
coordinates are generally 1-based.

One tuple or string is return per extension/array.  If more than one
array, the tuples/strings are return in a list.  Otherwise, the
section is returned as a tuple or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Position of extension(s) using Python slice values


	str/list of str – Position of extension(s) using an IRAF section format (1-based)















	
pixel_scale()[source]

	Returns the image scale in arcseconds per pixel, as an average over
the extensions


	Returns

	the pixel scale



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
program_id()[source]

	Returns the ID of the program the observation was taken for


	Returns

	the program ID



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
pupil_mask(stripID=False, pretty=False)[source]

	Returns the name of the focal plane mask.  The component ID can be
removed with either ‘stripID’ or ‘pretty’ set to True.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the focal plane mask.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID.  Pretty here does not do anything more.






	Returns

	The name of the focal plane mask with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
qa_state()[source]

	Returns the Gemini quality assessment flags.


	Returns

	Gemini quality assessment flags.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
ra()[source]

	Returns the Right Ascension of the center of the field, in degrees.


	Returns

	right ascension in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
raw_bg()[source]

	Returns the BG percentile band of the observation.  BG refers to the
sky/background brightness.


	Returns

	BG percentile band of the observation.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
raw_cc()[source]

	Returns the CC percentile band of the observation.  CC refers to the
cloud coverage.


	Returns

	CC percentile band of the observation.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
raw_iq()[source]

	Returns the IQ percentile band of the observation.  IQ refers to the
image quality or seeing.


	Returns

	IQ percentile band of the observation.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
raw_wv()[source]

	Returns the WV percentile band of the observation.  WV refers to the
water vapor.


	Returns

	WV percentile band of the observation.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
read_mode()[source]

	Returns the readout mode used for the observation


	Returns

	the read mode used



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
read_noise()[source]

	Returns the read noise in electrons for each extension. A list is
returned unless called on a single-extension slice, when a float


	Returns

	the read noise



	Return type

	float/list of floats










	
read_speed_setting()[source]

	Returns the read speed setting for the observation


	Returns

	the read speed setting



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
requested_bg()[source]

	Returns the BG percentile band requested by the PI.  BG refers to the
sky/background brightness.


	Returns

	BG percentile band requested by the PI.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
requested_cc()[source]

	Returns the CC percentile band requested by the PI.  CC refers to the
cloud coverage.


	Returns

	CC percentile band requested by the PI.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
requested_iq()[source]

	Returns the IQ percentile band requested by the PI.  IQ refers to the
image quality or seeing.


	Returns

	IQ percentile band requested by the PI.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
requested_wv()[source]

	Returns the WV percentile band requested by the PI.  WV refers to the
water vapor.


	Returns

	WV percentile band requested by the PI.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
saturation_level()[source]

	Returns the saturation level of the data, in ADU. This is expected
to be overridden by the individual instruments, so at the Gemini
level it returns the values of the SATLEVEL keywords (or None)


	Returns

	saturation level in ADU



	Return type

	list/float










	
slit()[source]

	Returns the name of the entrance slit used for the observation


	Returns

	the slit name



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
target_dec(offset=False, pm=True, icrs=False)[source]

	Returns the Declination of the target in degrees. Optionally, the
telescope offsets can be applied.  The proper motion can also be
applied if requested.  Finally, the RA can be converted to ICRS
coordinates.


	Parameters

	
	offset (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies the telescope offsets.


	pm (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies proper motion parameters.


	icrs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, convert the Declination to the ICRS coordinate system.






	Returns

	Declination of the target in degrees.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
target_ra(offset=False, pm=True, icrs=False)[source]

	Returns the Right Ascension of the target in degrees. Optionally, the
telescope offsets can be applied.  The proper motion can also be
applied if requested.  Finally, the RA can be converted to ICRS
coordinates.


	Parameters

	
	offset (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies the telescope offsets.


	pm (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies proper motion parameters.


	icrs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, convert the RA to the ICRS coordinate system.






	Returns

	Right Ascension of the target in degrees.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
telescope_x_offset()[source]

	Returns the telescope offset along the telescope x-axis, in arcseconds.


	Returns

	the telescope offset along the telescope x-axis (arcseconds)



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
telescope_y_offset()[source]

	Returns the telescope offset along the telescope y-axis, in arcseconds.


	Returns

	the telescope offset along the telescope y-axis (arcseconds)



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
ut_date()[source]

	Returns the UT date of the observation as a datetime object.


	Returns

	UT date.



	Return type

	datetime.datetime [https://docs.python.org/3/library/datetime.html#datetime.datetime]










	
ut_datetime(strict=False, dateonly=False, timeonly=False)[source]

	Returns the UT date and/or time of the observation as a datetime
or date or time object.


	Parameters

	
	strict (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, only information in the header can be used


	dateonly (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, return a date object with just the date


	timeonly (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, return a time object with just the time






	Returns

	UT date and/or time



	Return type

	datetime.datetime / datetime.date / datetime.time










	
ut_time()[source]

	Returns the UT time of the observation as a datetime object.


	Returns

	UT time.



	Return type

	datetime.datetime [https://docs.python.org/3/library/datetime.html#datetime.datetime]










	
wavefront_sensor()[source]

	Returns the name of the wavefront sensor used for the observation.
If more than one is being used, the names will be joined with ‘&’.


	Returns

	Name of the wavefront sensor.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
wavelength_band()[source]

	Returns the name of the bandpass of the observation.  This is just
to broadly know what type of data one is working with, eg. K band,
H band, B band, etc.


	Returns

	Name of the bandpass.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
wcs_dec()[source]

	Returns the Declination of the center of the field based on the
WCS rather than the DEC header keyword.


	Returns

	declination in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
wcs_ra()[source]

	Returns the Right Ascension of the center of the field based on the
WCS rather than the RA header keyword.


	Returns

	right ascension in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
well_depth_setting()[source]

	Returns a string describing the well-depth setting of the instrument


	Returns

	the well-depth setting



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]














	
gemini_instruments.gemini.addInstrumentFilterWavelengths(instrument, wl)[source]

	




Subpackages



	gemini_instruments.gemini.tests package
	Submodules

	gemini_instruments.gemini.tests.test_descriptors module











Submodules



gemini_instruments.gemini.adclass module


	
class gemini_instruments.gemini.adclass.AstroDataGemini(provider)[source]

	Bases: astrodata.fits.AstroDataFits


	
airmass()[source]

	Returns the airmass of the observation.


	Returns

	Airmass value.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
amp_read_area(pretty=False)[source]

	Returns the readout area of each amplifier, as a 0-based tuple or
1-based string


	Returns

	the amp readout areas



	Return type

	list/(tuple [https://docs.python.org/3/library/stdtypes.html#tuple] or string)










	
ao_seeing()[source]

	Returns an estimate of the natural seeing as calculated from the
adaptive optics systems.


	Returns

	AO estimate of the natural seeing



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
array_name()[source]

	Returns the name of each array


	Returns

	the array names



	Return type

	list of str/str










	
array_section(pretty=False)[source]

	Returns the section covered by the array(s) relative to the detector
frame.  For example, this can be the position of multiple amps read
within a CCD.  If pretty is False, a tuple of 0-based coordinates
is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
value is returned without parsing as a string.  In this format, the
coordinates are generally 1-based.

One tuple or string is return per extension/array, in a list. If the
method is called on a single slice, the section is returned as a tuple
or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Position of extension(s) using Python slice values


	str/list of str – Position of extension(s) using an IRAF section format (1-based)















	
azimuth()[source]

	Returns the azimuth of the telescope, in degrees


	Returns

	azimuth



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
calibration_key()[source]

	Returns an object to be used as a key in the Calibrations dict.
Multiple ADs can share a key but there can be only one of each type
of calibration for each key. data_label() is the default.
“_stack” is removed to avoid making a new request for a stacked
frame, which will need the same calibration as the original.


	Returns

	identifier



	Return type

	string










	
camera(stripID=False, pretty=False)[source]

	Returns the name of the camera.  The component ID can be removed
with either ‘stripID’ or ‘pretty’ set to True.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the camera.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID.  Pretty here does not do anything more.






	Returns

	The name of the camera with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
cass_rotator_pa()[source]

	Returns the position angle of the Cassegrain rotator, in degrees.


	Returns

	Position angle of the Cassegrain rotator.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
central_wavelength(asMicrometers=False, asNanometers=False, asAngstroms=False)[source]

	Returns the central wavelength in meters or the specified units


	Parameters

	
	asMicrometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in microns


	asNanometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in nanometers


	asAngstroms (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in Angstroms






	Returns

	The central wavelength setting



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
coadds()[source]

	Returns the number of co-adds used for the observation.


	Returns

	Number of co-adds.



	Return type

	int [https://docs.python.org/3/library/functions.html#int]










	
data_label()[source]

	Returns the data label of an observation.


	Returns

	the observation’s data label



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
data_section(pretty=False)[source]

	Returns the rectangular section that includes the pixels that would be
exposed to light.  If pretty is False, a tuple of 0-based coordinates
is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
value is returned without parsing as a string.  In this format, the
coordinates are generally 1-based.

One tuple or string is return per extension/array, in a list. If the
method is called on a single slice, the section is returned as a tuple
or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Location of the pixels exposed to light using Python slice values.


	string or list of strings – Location of the pixels exposed to light using an IRAF section
format (1-based).















	
dec()[source]

	Returns the Declination of the center of the field, in degrees.


	Returns

	declination in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
decker(stripID=False, pretty=False)[source]

	Returns the name of the decker.  The component ID can be removed
with either ‘stripID’ or ‘pretty’ set to True.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the decker.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID.  Pretty here does not do anything more.






	Returns

	The name of the decker with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
detector_name(pretty=False)[source]

	Returns the name of the detector


	Returns

	the detector name



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
detector_roi_setting()[source]

	Returns the ROI setting. Most instruments don’t allow this to be
changed, so at the Gemini level it just returns ‘Fixed’


	Returns

	Name of the ROI setting used, ie, “Fixed”



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
detector_rois_requested()[source]

	Returns the ROIs requested. Since most instruments don’t have
selectable ROIs, it returns None at the Gemini level


	Returns

	None



	Return type

	NoneType










	
detector_section(pretty=False)[source]

	Returns the section covered by the detector relative to the whole
mosaic of detectors.  If pretty is False, a tuple of 0-based coordinates
is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
value is returned without parsing as a string.  In this format, the
coordinates are generally 1-based.

One tuple or string is return per extension/array, in a list. If the
method is called on a single slice, the section is returned as a tuple
or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Position of the detector using Python slice values.


	string or list of strings – Position of the detector using an IRAF section format (1-based).















	
detector_x_bin()[source]

	Returns the detector binning in the x-direction


	Returns

	The detector binning



	Return type

	int [https://docs.python.org/3/library/functions.html#int]










	
detector_x_offset()[source]

	Returns the offset from the reference position in pixels along
the positive x-direction of the detector


	Returns

	The offset in pixels



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
detector_y_bin()[source]

	Returns the detector binning in the y-direction


	Returns

	The detector binning



	Return type

	int [https://docs.python.org/3/library/functions.html#int]










	
detector_y_offset()[source]

	Returns the offset from the reference position in pixels along
the positive y-direction of the detector


	Returns

	The offset in pixels



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
disperser(stripID=False, pretty=False)[source]

	Returns the name of the disperser.  The “disperser” is a combination of
all the dispersing elements along the light path.

The component ID can be removed with either ‘stripID’ or ‘pretty’ set
to True.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the disperser.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID.  Pretty here does not do anything more.






	Returns

	The name of the disperser with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
dispersion(asMicrometers=False, asNanometers=False, asAngstroms=False)[source]

	Returns the dispersion in meters per pixel as a list (one value per
extension) or a float if used on a single-extension slice.  It is
possible to control the units of wavelength using the input arguments.


	Parameters

	
	asMicrometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in microns


	asNanometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in nanometers


	asAngstroms (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in Angstroms






	Returns

	The dispersion(s)



	Return type

	list/float










	
dispersion_axis()[source]

	Returns the axis along which the light is dispersed.


	Returns

	Dispersion axis.



	Return type

	int [https://docs.python.org/3/library/functions.html#int]










	
effective_wavelength(output_units=None)[source]

	Returns the wavelength representing the bandpass or the spectrum.
For imaging data this normally is the wavelength at the center of
the bandpass as defined by the filter used.  For spectra, this is
the central wavelength.  The returned value is in meters.

This descriptor makes uses of a lookup table to associate filters
with their effective_wavelength.


	Returns

	Wavelength representing the bandpass or the spectrum coverage.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
elevation()[source]

	Returns the elevation of the telescope, in degrees


	Returns

	elevation



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
exposure_time()[source]

	Returns the exposure time in seconds.


	Returns

	Exposure time.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
filter_name(stripID=False, pretty=False)[source]

	Returns the name of the filter(s) used.  The component ID can be
removed with either ‘stripID’ or ‘pretty’.  If a combination of filters
is used, the filter names will be join into a unique string with ‘&’ as
separator.  If ‘pretty’ is True, filter positions such as ‘Open’,
‘Dark’, ‘blank’, and others are removed leaving only the relevant
filters in the string.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the filter.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID.  Pretty here does not do anything more.






	Returns

	The name of the filter combination with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
focal_plane_mask(stripID=False, pretty=False)[source]

	Returns the name of the focal plane mask.  The component ID can be
removed with either ‘stripID’ or ‘pretty’ set to True.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the focal plane mask.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID.  Pretty here does not do anything more.






	Returns

	The name of the focal plane mask with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
gain()[source]

	Returns the gain (electrons/ADU) for each extension


	Returns

	Gains used for the observation



	Return type

	list of floats/float










	
gain_setting()[source]

	Returns the gain setting for this observation (e.g., ‘high’, ‘low’)


	Returns

	the gain setting



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
gcal_lamp()[source]

	Returns the name of the GCAL lamp being used, or “Off” if no lamp is
in used.  This applies to flats and arc observations when a lamp is
used.  For other types observation, None is returned.


	Returns

	Name of the GCAL lamp being used, or “Off” if not in use.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
group_id()[source]

	Returns a string representing a group of data that are compatible
with each other.  This is used when stacking, for example.  Each
instrument and mode of observation will have its own rules.

At the Gemini class level, the default is to group by the Gemini
observation ID.


	Returns

	A group ID for compatible data.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
instrument(generic=False)[source]

	Returns the name of the instrument making the observation


	Parameters

	generic (boolean) – If set, don’t specify the specific instrument if there are clones
(but that is handled by the instrument-level descriptors)



	Returns

	instrument name



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
is_ao()[source]

	Tells whether or not the data was taken with adaptive optics.


	Returns

	True if the data is AO, False otherwise.



	Return type

	bool [https://docs.python.org/3/library/functions.html#bool]










	
is_coadds_summed()[source]

	Tells whether or not the co-adds have been summed.  If not, they
have been averaged.

At the Gemini level, this descriptor is hardcoded to True as it is
the default at the observatory.


	Returns

	True if the data has been summed.  False if it has been averaged.



	Return type

	bool [https://docs.python.org/3/library/functions.html#bool]










	
is_in_adu()[source]

	Tells whether the data are in ADU (likely to be superseded by use of
NDData’s unit attribute)


	Returns

	True if the data are in ADU



	Return type

	bool [https://docs.python.org/3/library/functions.html#bool]










	
local_time()[source]

	Returns the local time stored at the time of the observation.


	Returns

	Local time of the observation.



	Return type

	datetime.datetime.time()










	
lyot_stop(stripID=False, pretty=False)[source]

	Returns the Lyot stop used for the observation


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID.






	Returns

	Lyot stop used for the observation



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
mdf_row_id()[source]

	Returns row ID from the MDF (Mask Definition File) table associated
with the spectrum.  Applies to “cut” MOS or X-dispersed data.


	Returns

	Row of the MDF associated with the extension.



	Return type

	int [https://docs.python.org/3/library/functions.html#int]










	
nominal_atmospheric_extinction()[source]

	Returns the nominal atmospheric extinction at observation airmass
and bandpass.


	Returns

	Nominal atmospheric extinction from model.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
nominal_photometric_zeropoint()[source]

	Returns the nominal photometric zeropoint (i.e., magnitude
corresponding to 1 pixel count) for each extension


	Returns

	Photometric zeropoint



	Return type

	float/list of floats










	
non_linear_level()[source]

	Returns the level at which the data become non-linear, in ADU.
This is expected to be overridden by the individual instruments,
so at the Gemini level it returns the values of the NONLINEA keywords
(or None)


	Returns

	non-linearity level level in ADU



	Return type

	int/list










	
observation_class()[source]

	Returns the class of an observation, e.g., ‘science’, ‘acq’, ‘dayCal’.


	Returns

	the observation class



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
observation_epoch()[source]

	Returns the observation’s epoch.


	Returns

	the observation’s epoch



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
observation_id()[source]

	Returns the ID of an observation.


	Returns

	the observation ID



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
observation_type()[source]

	Returns the type of an observation, e.g., ‘OBJECT’, ‘FLAT’, ‘ARC’.


	Returns

	the observation type



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
overscan_section(pretty=False)[source]

	Returns the section covered by the overscan regions relative to the
detector frame. If pretty is False, a tuple of 0-based coordinates
is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
value is returned without parsing as a string.  In this format, the
coordinates are generally 1-based.

One tuple or string is return per extension/array.  If more than one
array, the tuples/strings are return in a list.  Otherwise, the
section is returned as a tuple or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Position of extension(s) using Python slice values


	str/list of str – Position of extension(s) using an IRAF section format (1-based)















	
pixel_scale()[source]

	Returns the image scale in arcseconds per pixel, as an average over
the extensions


	Returns

	the pixel scale



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
program_id()[source]

	Returns the ID of the program the observation was taken for


	Returns

	the program ID



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
pupil_mask(stripID=False, pretty=False)[source]

	Returns the name of the focal plane mask.  The component ID can be
removed with either ‘stripID’ or ‘pretty’ set to True.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the focal plane mask.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID.  Pretty here does not do anything more.






	Returns

	The name of the focal plane mask with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
qa_state()[source]

	Returns the Gemini quality assessment flags.


	Returns

	Gemini quality assessment flags.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
ra()[source]

	Returns the Right Ascension of the center of the field, in degrees.


	Returns

	right ascension in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
raw_bg()[source]

	Returns the BG percentile band of the observation.  BG refers to the
sky/background brightness.


	Returns

	BG percentile band of the observation.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
raw_cc()[source]

	Returns the CC percentile band of the observation.  CC refers to the
cloud coverage.


	Returns

	CC percentile band of the observation.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
raw_iq()[source]

	Returns the IQ percentile band of the observation.  IQ refers to the
image quality or seeing.


	Returns

	IQ percentile band of the observation.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
raw_wv()[source]

	Returns the WV percentile band of the observation.  WV refers to the
water vapor.


	Returns

	WV percentile band of the observation.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
read_mode()[source]

	Returns the readout mode used for the observation


	Returns

	the read mode used



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
read_noise()[source]

	Returns the read noise in electrons for each extension. A list is
returned unless called on a single-extension slice, when a float


	Returns

	the read noise



	Return type

	float/list of floats










	
read_speed_setting()[source]

	Returns the read speed setting for the observation


	Returns

	the read speed setting



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
requested_bg()[source]

	Returns the BG percentile band requested by the PI.  BG refers to the
sky/background brightness.


	Returns

	BG percentile band requested by the PI.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
requested_cc()[source]

	Returns the CC percentile band requested by the PI.  CC refers to the
cloud coverage.


	Returns

	CC percentile band requested by the PI.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
requested_iq()[source]

	Returns the IQ percentile band requested by the PI.  IQ refers to the
image quality or seeing.


	Returns

	IQ percentile band requested by the PI.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
requested_wv()[source]

	Returns the WV percentile band requested by the PI.  WV refers to the
water vapor.


	Returns

	WV percentile band requested by the PI.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
saturation_level()[source]

	Returns the saturation level of the data, in ADU. This is expected
to be overridden by the individual instruments, so at the Gemini
level it returns the values of the SATLEVEL keywords (or None)


	Returns

	saturation level in ADU



	Return type

	list/float










	
slit()[source]

	Returns the name of the entrance slit used for the observation


	Returns

	the slit name



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
target_dec(offset=False, pm=True, icrs=False)[source]

	Returns the Declination of the target in degrees. Optionally, the
telescope offsets can be applied.  The proper motion can also be
applied if requested.  Finally, the RA can be converted to ICRS
coordinates.


	Parameters

	
	offset (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies the telescope offsets.


	pm (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies proper motion parameters.


	icrs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, convert the Declination to the ICRS coordinate system.






	Returns

	Declination of the target in degrees.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
target_ra(offset=False, pm=True, icrs=False)[source]

	Returns the Right Ascension of the target in degrees. Optionally, the
telescope offsets can be applied.  The proper motion can also be
applied if requested.  Finally, the RA can be converted to ICRS
coordinates.


	Parameters

	
	offset (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies the telescope offsets.


	pm (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies proper motion parameters.


	icrs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, convert the RA to the ICRS coordinate system.






	Returns

	Right Ascension of the target in degrees.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
telescope_x_offset()[source]

	Returns the telescope offset along the telescope x-axis, in arcseconds.


	Returns

	the telescope offset along the telescope x-axis (arcseconds)



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
telescope_y_offset()[source]

	Returns the telescope offset along the telescope y-axis, in arcseconds.


	Returns

	the telescope offset along the telescope y-axis (arcseconds)



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
ut_date()[source]

	Returns the UT date of the observation as a datetime object.


	Returns

	UT date.



	Return type

	datetime.datetime [https://docs.python.org/3/library/datetime.html#datetime.datetime]










	
ut_datetime(strict=False, dateonly=False, timeonly=False)[source]

	Returns the UT date and/or time of the observation as a datetime
or date or time object.


	Parameters

	
	strict (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, only information in the header can be used


	dateonly (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, return a date object with just the date


	timeonly (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, return a time object with just the time






	Returns

	UT date and/or time



	Return type

	datetime.datetime / datetime.date / datetime.time










	
ut_time()[source]

	Returns the UT time of the observation as a datetime object.


	Returns

	UT time.



	Return type

	datetime.datetime [https://docs.python.org/3/library/datetime.html#datetime.datetime]










	
wavefront_sensor()[source]

	Returns the name of the wavefront sensor used for the observation.
If more than one is being used, the names will be joined with ‘&’.


	Returns

	Name of the wavefront sensor.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
wavelength_band()[source]

	Returns the name of the bandpass of the observation.  This is just
to broadly know what type of data one is working with, eg. K band,
H band, B band, etc.


	Returns

	Name of the bandpass.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
wcs_dec()[source]

	Returns the Declination of the center of the field based on the
WCS rather than the DEC header keyword.


	Returns

	declination in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
wcs_ra()[source]

	Returns the Right Ascension of the center of the field based on the
WCS rather than the RA header keyword.


	Returns

	right ascension in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
well_depth_setting()[source]

	Returns a string describing the well-depth setting of the instrument


	Returns

	the well-depth setting



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]















gemini_instruments.gemini.lookup module





          

      

      

    

  

    
      
          
            
  
gemini_instruments.gemini.tests package


Submodules



gemini_instruments.gemini.tests.test_descriptors module


	
gemini_instruments.gemini.tests.test_descriptors.ad(request)[source]

	




	
gemini_instruments.gemini.tests.test_descriptors.test_descriptor_matches_type(ad)[source]

	







          

      

      

    

  

    
      
          
            
  
gemini_instruments.gmos package


	
class gemini_instruments.gmos.AstroDataGmos(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
amp_read_area()[source]

	Returns a list of amplifier read areas, one per extension, made by
combining the amplifier name and detector section. Or returns a
string if called on a single-extension slice.


	Returns

	read_area of each extension



	Return type

	list/str










	
array_name()[source]

	Returns a list of the names of the arrays of the extensions, or
a string if called on a single-extension slice


	Returns

	names of the arrays



	Return type

	list/str










	
central_wavelength(asMicrometers=False, asNanometers=False, asAngstroms=False)[source]

	Returns the central wavelength in meters or specified units


	Parameters

	
	asMicrometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in microns


	asNanometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in nanometers


	asAngstroms (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in Angstroms






	Returns

	The central wavelength setting



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
detector_name(pretty=False)[source]

	Returns the name(s) of the detector(s), from the PHU DETID keyword.
Calling with pretty=True will provide a single descriptive string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return a single descriptive string



	Returns

	detector name



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
detector_roi_setting()[source]

	Looks at the first ROI and returns a descriptive string describing it
These are more or less the options in the OT


	Returns

	Name of the ROI setting used or
“Custom” if the ROI doesn’t match
“Undefined” if there’s no ROI in the header



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
detector_rois_requested()[source]

	Returns a list of ROIs, as tuples in a 1-based inclusive (IRAF-like)
format (x1, x2, y1, y2), in physical (unbinned) pixels.


	Returns

	



	Return type

	list of tuples, one per ROI










	
detector_x_bin()[source]

	Returns the detector binning in the x-direction


	Returns

	The detector binning



	Return type

	int [https://docs.python.org/3/library/functions.html#int]










	
detector_x_offset()[source]

	Returns the offset from the reference position in pixels along
the positive x-direction of the detector


	Returns

	The offset in pixels



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
detector_y_bin()[source]

	Returns the detector binning in the y-direction


	Returns

	The detector binning



	Return type

	int [https://docs.python.org/3/library/functions.html#int]










	
detector_y_offset()[source]

	Returns the offset from the reference position in pixels along
the positive y-direction of the detector


	Returns

	The offset in pixels



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
disperser(stripID=False, pretty=False)[source]

	Returns the name of the disperser used for the observation.  In GMOS,
the disperser is a grating.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the disperser.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool], also removed the trailing '+') – If True,






	Returns

	name of the grating



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
dispersion(asMicrometers=False, asNanometers=False, asAngstroms=False)[source]

	Returns the dispersion in meters per binned pixel as a list (one value per
extension) or a float if used on a single-extension slice.  It is
possible to control the units of wavelength using the input arguments.


	Parameters

	
	asMicrometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in microns


	asNanometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in nanometers


	asAngstroms (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in Angstroms






	Returns

	The dispersion(s)



	Return type

	list/float










	
dispersion_axis()[source]

	Returns the axis along which the light is dispersed.


	Returns

	Dispersion axis.



	Return type

	(list of) int [https://docs.python.org/3/library/functions.html#int] (1)










	
exposure_time()[source]

	Returns the exposure time in seconds.


	Returns

	Exposure time.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
focal_plane_mask(stripID=False, pretty=False)[source]

	Returns the name of the focal plane mask.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – Doesn’t actually do anything.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID






	Returns

	The name of the focal plane mask



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
gain()[source]

	Returns the gain (electrons/ADU) for each extension


	Returns

	Gains used for the observation



	Return type

	list/float










	
gain_setting()[source]

	Returns the gain settings of the observation.


	Returns

	Gain setting



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
group_id()[source]

	Returns a string representing a group of data that are compatible
with each other.  This is used when stacking, for example.  Each
instrument and mode of observation will have its own rules.

GMOS uses the detector binning, amp_read_area, gain_setting, and
read_speed_setting. Flats and twilights have the pretty version of
the filter name included. Science data have the pretty filter name
and observation_id as well. And spectroscopic data have the grating.
Got all that?


	Returns

	A group ID for compatible data.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
instrument(generic=False)[source]

	Returns the name of the instrument making the observation


	Parameters

	generic (boolean) – If set, don’t specify the specific instrument if there are clones
(e.g., return “GMOS” rather than “GMOS-N” or “GMOS-S”)



	Returns

	instrument name



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
nod_count()[source]

	Returns a tuple with the number of integrations made in each
of the nod-and-shuffle positions


	Returns

	number of integrations in the A and B positions



	Return type

	tuple [https://docs.python.org/3/library/stdtypes.html#tuple]










	
nod_offsets()[source]

	Returns a tuple with the offsets from the default telescope position
of the A and B nod-and-shuffle positions (in arcseconds)


	Returns

	offsets in arcseconds



	Return type

	tuple [https://docs.python.org/3/library/stdtypes.html#tuple]










	
nominal_photometric_zeropoint()[source]

	Returns the nominal zeropoints (i.e., the magnitude corresponding to
a pixel value of 1) for the extensions in an AD object.
Zeropoints in table are for electrons, so subtract 2.5*lg(gain)
if the data are in ADU


	Returns

	zeropoint values, one per SCI extension



	Return type

	float/list










	
non_linear_level()[source]

	Returns the level at which the data become non-linear, in ADU.
For GMOS, this is just the saturation level.


	Returns

	Value(s) at which the data become non-linear



	Return type

	int/list










	
overscan_section(pretty=False)[source]

	Returns the overscan (or bias) section.  If pretty is False, a
tuple of 0-based coordinates is returned with format (x1, x2, y1, y2).
If pretty is True, a keyword value is returned without parsing as a
string.  In this format, the coordinates are generally 1-based.

One tuple or string is return per extension/array.  If more than one
array, the tuples/strings are return in a list.  Otherwise, the
section is returned as a tuple or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Position of the overscan section using Python slice values.


	string or list of strings – Position of the overscan section using an IRAF section
format (1-based).















	
pixel_scale()[source]

	Returns the image scale in arcsec per pixel, accounting for binning


	Returns

	pixel scale



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
read_mode()[source]

	Returns a string describing the readout mode, which sets the
gain and readout speed


	Returns

	read mode used



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
read_noise()[source]

	Returns the read noise in electrons. Returns a list if multiple
extensions, or a float on a single-extension slice.


	Returns

	read noise



	Return type

	float/list










	
read_speed_setting()[source]

	Returns the setting for the readout speed (slow or fast)


	Returns

	the setting for the readout speed



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
saturation_level()[source]

	Returns the saturation level (in ADU)


	Returns

	saturation level



	Return type

	int/list










	
shuffle_pixels()[source]

	Returns the number of rows that the charge has been shuffled, in
nod-and-shuffle data


	Returns

	The number of rows by which the charge is shuffled



	Return type

	int [https://docs.python.org/3/library/functions.html#int]










	
wcs_dec()[source]

	Returns the Declination of the center of the field based on the
WCS rather than the DEC keyword. This just uses the CRVAL2 keyword.


	Returns

	declination in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
wcs_ra()[source]

	Returns the Right Ascension of the center of the field based on the
WCS rather than the RA keyword. This just uses the CRVAL1 keyword.


	Returns

	right ascension in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]














Subpackages



	gemini_instruments.gmos.tests package
	Submodules

	gemini_instruments.gmos.tests.test_gmos module











Submodules



gemini_instruments.gmos.adclass module


	
class gemini_instruments.gmos.adclass.AstroDataGmos(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
amp_read_area()[source]

	Returns a list of amplifier read areas, one per extension, made by
combining the amplifier name and detector section. Or returns a
string if called on a single-extension slice.


	Returns

	read_area of each extension



	Return type

	list/str










	
array_name()[source]

	Returns a list of the names of the arrays of the extensions, or
a string if called on a single-extension slice


	Returns

	names of the arrays



	Return type

	list/str










	
central_wavelength(asMicrometers=False, asNanometers=False, asAngstroms=False)[source]

	Returns the central wavelength in meters or specified units


	Parameters

	
	asMicrometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in microns


	asNanometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in nanometers


	asAngstroms (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in Angstroms






	Returns

	The central wavelength setting



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
detector_name(pretty=False)[source]

	Returns the name(s) of the detector(s), from the PHU DETID keyword.
Calling with pretty=True will provide a single descriptive string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return a single descriptive string



	Returns

	detector name



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
detector_roi_setting()[source]

	Looks at the first ROI and returns a descriptive string describing it
These are more or less the options in the OT


	Returns

	Name of the ROI setting used or
“Custom” if the ROI doesn’t match
“Undefined” if there’s no ROI in the header



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
detector_rois_requested()[source]

	Returns a list of ROIs, as tuples in a 1-based inclusive (IRAF-like)
format (x1, x2, y1, y2), in physical (unbinned) pixels.


	Returns

	



	Return type

	list of tuples, one per ROI










	
detector_x_bin()[source]

	Returns the detector binning in the x-direction


	Returns

	The detector binning



	Return type

	int [https://docs.python.org/3/library/functions.html#int]










	
detector_x_offset()[source]

	Returns the offset from the reference position in pixels along
the positive x-direction of the detector


	Returns

	The offset in pixels



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
detector_y_bin()[source]

	Returns the detector binning in the y-direction


	Returns

	The detector binning



	Return type

	int [https://docs.python.org/3/library/functions.html#int]










	
detector_y_offset()[source]

	Returns the offset from the reference position in pixels along
the positive y-direction of the detector


	Returns

	The offset in pixels



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
disperser(stripID=False, pretty=False)[source]

	Returns the name of the disperser used for the observation.  In GMOS,
the disperser is a grating.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the disperser.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool], also removed the trailing '+') – If True,






	Returns

	name of the grating



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
dispersion(asMicrometers=False, asNanometers=False, asAngstroms=False)[source]

	Returns the dispersion in meters per binned pixel as a list (one value per
extension) or a float if used on a single-extension slice.  It is
possible to control the units of wavelength using the input arguments.


	Parameters

	
	asMicrometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in microns


	asNanometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in nanometers


	asAngstroms (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in Angstroms






	Returns

	The dispersion(s)



	Return type

	list/float










	
dispersion_axis()[source]

	Returns the axis along which the light is dispersed.


	Returns

	Dispersion axis.



	Return type

	(list of) int [https://docs.python.org/3/library/functions.html#int] (1)










	
exposure_time()[source]

	Returns the exposure time in seconds.


	Returns

	Exposure time.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
focal_plane_mask(stripID=False, pretty=False)[source]

	Returns the name of the focal plane mask.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – Doesn’t actually do anything.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID






	Returns

	The name of the focal plane mask



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
gain()[source]

	Returns the gain (electrons/ADU) for each extension


	Returns

	Gains used for the observation



	Return type

	list/float










	
gain_setting()[source]

	Returns the gain settings of the observation.


	Returns

	Gain setting



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
group_id()[source]

	Returns a string representing a group of data that are compatible
with each other.  This is used when stacking, for example.  Each
instrument and mode of observation will have its own rules.

GMOS uses the detector binning, amp_read_area, gain_setting, and
read_speed_setting. Flats and twilights have the pretty version of
the filter name included. Science data have the pretty filter name
and observation_id as well. And spectroscopic data have the grating.
Got all that?


	Returns

	A group ID for compatible data.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
instrument(generic=False)[source]

	Returns the name of the instrument making the observation


	Parameters

	generic (boolean) – If set, don’t specify the specific instrument if there are clones
(e.g., return “GMOS” rather than “GMOS-N” or “GMOS-S”)



	Returns

	instrument name



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
nod_count()[source]

	Returns a tuple with the number of integrations made in each
of the nod-and-shuffle positions


	Returns

	number of integrations in the A and B positions



	Return type

	tuple [https://docs.python.org/3/library/stdtypes.html#tuple]










	
nod_offsets()[source]

	Returns a tuple with the offsets from the default telescope position
of the A and B nod-and-shuffle positions (in arcseconds)


	Returns

	offsets in arcseconds



	Return type

	tuple [https://docs.python.org/3/library/stdtypes.html#tuple]










	
nominal_photometric_zeropoint()[source]

	Returns the nominal zeropoints (i.e., the magnitude corresponding to
a pixel value of 1) for the extensions in an AD object.
Zeropoints in table are for electrons, so subtract 2.5*lg(gain)
if the data are in ADU


	Returns

	zeropoint values, one per SCI extension



	Return type

	float/list










	
non_linear_level()[source]

	Returns the level at which the data become non-linear, in ADU.
For GMOS, this is just the saturation level.


	Returns

	Value(s) at which the data become non-linear



	Return type

	int/list










	
overscan_section(pretty=False)[source]

	Returns the overscan (or bias) section.  If pretty is False, a
tuple of 0-based coordinates is returned with format (x1, x2, y1, y2).
If pretty is True, a keyword value is returned without parsing as a
string.  In this format, the coordinates are generally 1-based.

One tuple or string is return per extension/array.  If more than one
array, the tuples/strings are return in a list.  Otherwise, the
section is returned as a tuple or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Position of the overscan section using Python slice values.


	string or list of strings – Position of the overscan section using an IRAF section
format (1-based).















	
pixel_scale()[source]

	Returns the image scale in arcsec per pixel, accounting for binning


	Returns

	pixel scale



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
read_mode()[source]

	Returns a string describing the readout mode, which sets the
gain and readout speed


	Returns

	read mode used



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
read_noise()[source]

	Returns the read noise in electrons. Returns a list if multiple
extensions, or a float on a single-extension slice.


	Returns

	read noise



	Return type

	float/list










	
read_speed_setting()[source]

	Returns the setting for the readout speed (slow or fast)


	Returns

	the setting for the readout speed



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
saturation_level()[source]

	Returns the saturation level (in ADU)


	Returns

	saturation level



	Return type

	int/list










	
shuffle_pixels()[source]

	Returns the number of rows that the charge has been shuffled, in
nod-and-shuffle data


	Returns

	The number of rows by which the charge is shuffled



	Return type

	int [https://docs.python.org/3/library/functions.html#int]










	
wcs_dec()[source]

	Returns the Declination of the center of the field based on the
WCS rather than the DEC keyword. This just uses the CRVAL2 keyword.


	Returns

	declination in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
wcs_ra()[source]

	Returns the Right Ascension of the center of the field based on the
WCS rather than the RA keyword. This just uses the CRVAL1 keyword.


	Returns

	right ascension in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]















gemini_instruments.gmos.lookup module



gemini_instruments.gmos.pixel_functions module


	
gemini_instruments.gmos.pixel_functions.get_bias_level(adinput=None, estimate=True)[source]

	







          

      

      

    

  

    
      
          
            
  
gemini_instruments.gmos.tests package


Submodules



gemini_instruments.gmos.tests.test_gmos module


	
gemini_instruments.gmos.tests.test_gmos.ad(request)[source]

	




	
gemini_instruments.gmos.tests.test_gmos.test_can_return_ad_length(ad)[source]

	




	
gemini_instruments.gmos.tests.test_gmos.test_can_return_instrument(ad)[source]

	




	
gemini_instruments.gmos.tests.test_gmos.test_descriptor_matches_type(ad, descriptor, expected_type)[source]

	




	
gemini_instruments.gmos.tests.test_gmos.test_is_right_instance(ad)[source]

	







          

      

      

    

  

    
      
          
            
  
gemini_instruments.gnirs package


	
class gemini_instruments.gnirs.AstroDataGnirs(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
array_section(pretty=False)[source]

	Returns the section covered by the array(s) relative to the detector
frame.  For example, this can be the position of multiple amps read
within a CCD.  If pretty is False, a tuple of 0-based coordinates
is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
value is returned without parsing as a string.  In this format, the
coordinates are generally 1-based.

One tuple or string is return per extension/array, in a list. If the
method is called on a single slice, the section is returned as a tuple
or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Position of extension(s) using Python slice values


	string or list of strings – Position of extension(s) using an IRAF section format (1-based)















	
data_section(pretty=False)[source]

	Returns the rectangular section that includes the pixels that would be
exposed to light.  If pretty is False, a tuple of 0-based coordinates
is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
value is returned without parsing as a string.  In this format, the
coordinates are generally 1-based.

One tuple or string is return per extension/array, in a list. If the
method is called on a single slice, the section is returned as a tuple
or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Location of the pixels exposed to light using Python slice values.


	string or list of strings – Location of the pixels exposed to light using an IRAF section
format (1-based).















	
dec()[source]

	Returns the Declination of the center of the field in degrees.
Uses the Dec derived from the WCS, unless it is wildly different from
the target Dec stored in the headers (with telescope offset and in
ICRS).  When that’s the case the target Dec is used.


	Returns

	Declination of the center of the field in degrees.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
detector_section(pretty=False)[source]

	Returns the section covered by the detector relative to the whole
mosaic of detectors.  If pretty is False, a tuple of 0-based coordinates
is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
value is returned without parsing as a string.  In this format, the
coordinates are generally 1-based.

One tuple or string is return per extension/array, in a list. If the
method is called on a single slice, the section is returned as a tuple
or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Position of the detector using Python slice values.


	string or list of strings – Position of the detector using an IRAF section format (1-based).















	
detector_x_offset()[source]

	Returns the offset from the reference position in pixels along
the positive x-direction of the detector


	Returns

	The offset in pixels



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
detector_y_offset()[source]

	Returns the offset from the reference position in pixels along
the positive y-direction of the detector


	Returns

	The offset in pixels



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
disperser(stripID=False, pretty=False)[source]

	Returns the name of the disperser group as the name of the grating
and of the prims joined with ‘&’, unless the acquisition mirror is
in the beam, then returns the string “MIRROR”. The component ID can
be removed with either ‘stripID’ or ‘pretty’ set to True.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the disperser.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID.  Pretty here does not do anything more.






	Returns

	The disperser group, as grism&prism, with or without the
component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
focal_plane_mask(stripID=False, pretty=False)[source]

	Returns the name of the focal plane mask group as the slit and the
decker joined with ‘&’, or as a shorter (pretty) version.
The component ID can be removed with either ‘stripID’ or ‘pretty’
set to True.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the focal plane mask.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component IDs and returns a short string
representing broadly the setting.






	Returns

	The name of the focal plane mask with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
gain()[source]

	Returns the gain used for the observation.  This is read from a
lookup table using the read_mode and the well_depth.


	Returns

	Gain used for the observation.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
group_id()[source]

	Returns a string representing a group of data that are compatible
with each other.  This is used when stacking, for example.  Each
instrument, mode of observation, and data type will have its own rules.


	Returns

	A group ID for compatible data.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
nominal_photometric_zeropoint()[source]

	Returns the nominal photometric zeropoint for the observation.
This value is obtained from a lookup table based on gain, the
camera used, and the filter used.


	Returns

	The nominal photometric zeropoint as a magnitude.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
non_linear_level()[source]

	Returns the level at which the array becomes non-linear.  The
return units are ADUs.  A lookup table is used and the value
is based on read_mode, well_depth_setting, and saturation_level.


	Returns

	Level in ADU at which the non-linear regime starts.



	Return type

	int/list










	
pixel_scale()[source]

	Returns the pixel scale in arc seconds. GNIRS pixel scale is determined
soley by the camera used, long or short, regardless of color band
(red|blue).

GNIRS instrument page,


https://www.gemini.edu/sciops/instruments/gnirs/spectroscopy




Short camera (0.15”/pix) – lookup.pixel_scale_shrt
Long  camera (0.05”/pix) – lookup.pixel_scale_long


	Returns

	Pixel scale in arcsec



	Return type

	<float>,



	Raises

	ValueError [https://docs.python.org/3/library/exceptions.html#ValueError] – If ‘camera’ is neither short nor long, it is unrecognized.










	
ra()[source]

	Returns the Right Ascension of the center of the field in degrees.
Uses the RA derived from the WCS, unless it is wildly different from
the target RA stored in the headers (with telescope offset and in
ICRS).  When that’s the case the target RA is used.


	Returns

	Right Ascension of the target in degrees.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
read_mode()[source]

	Returns the read mode for the observation.  Uses a lookup table
indexed on the number of non-destructive read pairs (LNRS) and
the number of digital averages (NDAVGS)


	Returns

	Read mode for the observation.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
read_noise()[source]

	Returns the detector read noise, in electrons.
A lookup table indexed on read_mode and well_depth_setting is
used to retrieve the read noise.


	Returns

	Detector read noise in electrons.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
saturation_level()[source]

	Returns the saturation level or the observation, in ADUs.
A lookup table indexed on read_mode and well_depth_setting is used
to retrieve the saturation level.


	Returns

	Saturation level in ADUs.



	Return type

	int/list










	
slit(stripID=False, pretty=False)[source]

	Returns the name of the slit mask.  The component ID can be removed
with either ‘stripID’ or ‘pretty’ set to True.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the slit.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID.  Pretty here does not do anything more.






	Returns

	The name of the slit with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
well_depth_setting()[source]

	Returns the well depth setting used for the observation.
For GNIRS, this is either ‘Shallow’ or ‘Deep’.


	Returns

	Well depth setting.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]














Subpackages



	gemini_instruments.gnirs.tests package
	Submodules

	gemini_instruments.gnirs.tests.test_gnirs module











Submodules



gemini_instruments.gnirs.adclass module


	
class gemini_instruments.gnirs.adclass.AstroDataGnirs(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
array_section(pretty=False)[source]

	Returns the section covered by the array(s) relative to the detector
frame.  For example, this can be the position of multiple amps read
within a CCD.  If pretty is False, a tuple of 0-based coordinates
is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
value is returned without parsing as a string.  In this format, the
coordinates are generally 1-based.

One tuple or string is return per extension/array, in a list. If the
method is called on a single slice, the section is returned as a tuple
or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Position of extension(s) using Python slice values


	string or list of strings – Position of extension(s) using an IRAF section format (1-based)















	
data_section(pretty=False)[source]

	Returns the rectangular section that includes the pixels that would be
exposed to light.  If pretty is False, a tuple of 0-based coordinates
is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
value is returned without parsing as a string.  In this format, the
coordinates are generally 1-based.

One tuple or string is return per extension/array, in a list. If the
method is called on a single slice, the section is returned as a tuple
or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Location of the pixels exposed to light using Python slice values.


	string or list of strings – Location of the pixels exposed to light using an IRAF section
format (1-based).















	
dec()[source]

	Returns the Declination of the center of the field in degrees.
Uses the Dec derived from the WCS, unless it is wildly different from
the target Dec stored in the headers (with telescope offset and in
ICRS).  When that’s the case the target Dec is used.


	Returns

	Declination of the center of the field in degrees.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
detector_section(pretty=False)[source]

	Returns the section covered by the detector relative to the whole
mosaic of detectors.  If pretty is False, a tuple of 0-based coordinates
is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
value is returned without parsing as a string.  In this format, the
coordinates are generally 1-based.

One tuple or string is return per extension/array, in a list. If the
method is called on a single slice, the section is returned as a tuple
or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Position of the detector using Python slice values.


	string or list of strings – Position of the detector using an IRAF section format (1-based).















	
detector_x_offset()[source]

	Returns the offset from the reference position in pixels along
the positive x-direction of the detector


	Returns

	The offset in pixels



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
detector_y_offset()[source]

	Returns the offset from the reference position in pixels along
the positive y-direction of the detector


	Returns

	The offset in pixels



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
disperser(stripID=False, pretty=False)[source]

	Returns the name of the disperser group as the name of the grating
and of the prims joined with ‘&’, unless the acquisition mirror is
in the beam, then returns the string “MIRROR”. The component ID can
be removed with either ‘stripID’ or ‘pretty’ set to True.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the disperser.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID.  Pretty here does not do anything more.






	Returns

	The disperser group, as grism&prism, with or without the
component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
focal_plane_mask(stripID=False, pretty=False)[source]

	Returns the name of the focal plane mask group as the slit and the
decker joined with ‘&’, or as a shorter (pretty) version.
The component ID can be removed with either ‘stripID’ or ‘pretty’
set to True.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the focal plane mask.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component IDs and returns a short string
representing broadly the setting.






	Returns

	The name of the focal plane mask with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
gain()[source]

	Returns the gain used for the observation.  This is read from a
lookup table using the read_mode and the well_depth.


	Returns

	Gain used for the observation.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
group_id()[source]

	Returns a string representing a group of data that are compatible
with each other.  This is used when stacking, for example.  Each
instrument, mode of observation, and data type will have its own rules.


	Returns

	A group ID for compatible data.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
nominal_photometric_zeropoint()[source]

	Returns the nominal photometric zeropoint for the observation.
This value is obtained from a lookup table based on gain, the
camera used, and the filter used.


	Returns

	The nominal photometric zeropoint as a magnitude.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
non_linear_level()[source]

	Returns the level at which the array becomes non-linear.  The
return units are ADUs.  A lookup table is used and the value
is based on read_mode, well_depth_setting, and saturation_level.


	Returns

	Level in ADU at which the non-linear regime starts.



	Return type

	int/list










	
pixel_scale()[source]

	Returns the pixel scale in arc seconds. GNIRS pixel scale is determined
soley by the camera used, long or short, regardless of color band
(red|blue).

GNIRS instrument page,


https://www.gemini.edu/sciops/instruments/gnirs/spectroscopy




Short camera (0.15”/pix) – lookup.pixel_scale_shrt
Long  camera (0.05”/pix) – lookup.pixel_scale_long


	Returns

	Pixel scale in arcsec



	Return type

	<float>,



	Raises

	ValueError [https://docs.python.org/3/library/exceptions.html#ValueError] – If ‘camera’ is neither short nor long, it is unrecognized.










	
ra()[source]

	Returns the Right Ascension of the center of the field in degrees.
Uses the RA derived from the WCS, unless it is wildly different from
the target RA stored in the headers (with telescope offset and in
ICRS).  When that’s the case the target RA is used.


	Returns

	Right Ascension of the target in degrees.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
read_mode()[source]

	Returns the read mode for the observation.  Uses a lookup table
indexed on the number of non-destructive read pairs (LNRS) and
the number of digital averages (NDAVGS)


	Returns

	Read mode for the observation.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
read_noise()[source]

	Returns the detector read noise, in electrons.
A lookup table indexed on read_mode and well_depth_setting is
used to retrieve the read noise.


	Returns

	Detector read noise in electrons.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
saturation_level()[source]

	Returns the saturation level or the observation, in ADUs.
A lookup table indexed on read_mode and well_depth_setting is used
to retrieve the saturation level.


	Returns

	Saturation level in ADUs.



	Return type

	int/list










	
slit(stripID=False, pretty=False)[source]

	Returns the name of the slit mask.  The component ID can be removed
with either ‘stripID’ or ‘pretty’ set to True.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the slit.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID.  Pretty here does not do anything more.






	Returns

	The name of the slit with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
well_depth_setting()[source]

	Returns the well depth setting used for the observation.
For GNIRS, this is either ‘Shallow’ or ‘Deep’.


	Returns

	Well depth setting.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]















gemini_instruments.gnirs.lookup module


	
class gemini_instruments.gnirs.lookup.Config(mdf, offsetsection, pixscale, mode)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
mdf

	Alias for field number 0






	
mode

	Alias for field number 3






	
offsetsection

	Alias for field number 1






	
pixscale

	Alias for field number 2










	
gemini_instruments.gnirs.lookup.DetectorConfig

	alias of gemini_instruments.gnirs.lookup.Config









          

      

      

    

  

    
      
          
            
  
gemini_instruments.gnirs.tests package


Submodules



gemini_instruments.gnirs.tests.test_gnirs module


	
gemini_instruments.gnirs.tests.test_gnirs.ad(request)[source]

	Fixture that will download a file from specified as a test parameter,
open it as an AstroData object and return it.


	Parameters

	request (fixture) – Pytest built-in fixture containing information about the parent test.



	Returns

	Raw file downloaded from the archive and cached locally.



	Return type

	AstroData










	
gemini_instruments.gnirs.tests.test_gnirs.test_can_return_ad_length(ad)[source]

	




	
gemini_instruments.gnirs.tests.test_gnirs.test_can_return_instrument(ad)[source]

	




	
gemini_instruments.gnirs.tests.test_gnirs.test_descriptor_matches_type(ad, descriptor, expected_type)[source]

	




	
gemini_instruments.gnirs.tests.test_gnirs.test_extension_data_shape(ad)[source]

	




	
gemini_instruments.gnirs.tests.test_gnirs.test_is_right_instance(ad)[source]

	




	
gemini_instruments.gnirs.tests.test_gnirs.test_is_right_type(ad)[source]

	




	
gemini_instruments.gnirs.tests.test_gnirs.test_ra_and_dec_always_returns_float(ad, monkeypatch)[source]

	Tests that the get the RA/DEC coordinates using descriptors.


	Parameters

	ad (fixture) – Custom fixture that downloads and opens the input file.










	
gemini_instruments.gnirs.tests.test_gnirs.test_ra_and_dec_wcs_fallback(ad, monkeypatch)[source]

	Tests that the get the RA/DEC coordinates using descriptors when the WCS coordinate mapping fails


	Parameters

	ad (fixture) – Custom fixture that downloads and opens the input file.










	
gemini_instruments.gnirs.tests.test_gnirs.test_read_a_keyword_from_hdr(ad)[source]

	




	
gemini_instruments.gnirs.tests.test_gnirs.test_slice_range(ad)[source]

	




	
gemini_instruments.gnirs.tests.test_gnirs.test_tags(ad, tag)[source]

	







          

      

      

    

  

    
      
          
            
  
gemini_instruments.gpi package


	
class gemini_instruments.gpi.AstroDataGpi(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
dec()[source]

	Returns the Declination of the center of the field in degrees.
It coincides with the position of the target, so that is used since
the WCS in GPI data is completely bogus. For code re-used, use
target_dec() if you really want the position of the target rather
than the center of the field.


	Returns

	declination in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
exposure_time()[source]

	Returns the exposure time in seconds.


	Returns

	Exposure time.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
filter_name(stripID=False, pretty=False)[source]

	Returns the name of the filter(s) used.  The component ID can be
removed with either ‘stripID’ or ‘pretty’. If ‘pretty’ is True,
‘IFSFILT’ is stripped from the start of the name.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the filter.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Strips the component ID and IFSFILT_ prefix.






	Returns

	The name of the filter combination with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
classmethod load(source)[source]

	Implementation of the abstract method load.

It takes an HDUList and returns a fully instantiated AstroData instance.






	
ra()[source]

	Returns the Right Ascension of the center of the field in degrees.
It coincides with the position of the target, so that is used since
the WCS in GPI data is completely bogus. For code re-used, use
target_ra() if you really want the position of the target rather
than the center of the field.


	Returns

	right ascension in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]














Submodules



gemini_instruments.gpi.adclass module


	
class gemini_instruments.gpi.adclass.AstroDataGpi(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
dec()[source]

	Returns the Declination of the center of the field in degrees.
It coincides with the position of the target, so that is used since
the WCS in GPI data is completely bogus. For code re-used, use
target_dec() if you really want the position of the target rather
than the center of the field.


	Returns

	declination in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
exposure_time()[source]

	Returns the exposure time in seconds.


	Returns

	Exposure time.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
filter_name(stripID=False, pretty=False)[source]

	Returns the name of the filter(s) used.  The component ID can be
removed with either ‘stripID’ or ‘pretty’. If ‘pretty’ is True,
‘IFSFILT’ is stripped from the start of the name.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the filter.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Strips the component ID and IFSFILT_ prefix.






	Returns

	The name of the filter combination with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
classmethod load(source)[source]

	Implementation of the abstract method load.

It takes an HDUList and returns a fully instantiated AstroData instance.






	
ra()[source]

	Returns the Right Ascension of the center of the field in degrees.
It coincides with the position of the target, so that is used since
the WCS in GPI data is completely bogus. For code re-used, use
target_ra() if you really want the position of the target rather
than the center of the field.


	Returns

	right ascension in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]

















          

      

      

    

  

    
      
          
            
  
gemini_instruments.graces package


	
class gemini_instruments.graces.AstroDataGraces(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
central_wavelength(asMicrometers=False, asNanometers=False, asAngstroms=False)[source]

	Returns the central wavelength in meters or the specified units


	Parameters

	
	asMicrometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in microns


	asNanometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in nanometers


	asAngstroms (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in Angstroms






	Returns

	The central wavelength setting



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
dec()[source]

	Returns the Declination of the center of field in degrees.  Since a
fiber is used it coincides with the position of the target. For code
re-used, use target_dec() if you really want the position of the target
rather than the center of the field.


	Returns

	declination in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
detector()[source]

	




	
disperser(stripID=False, pretty=False)[source]

	Returns the name of the disperser.  For GRACES, this is always
“GRACES”.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – Does nothing.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Also does nothing.






	Returns

	The name of the disperser, “GRACES”.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
ra()[source]

	Returns the Right Ascension of the center of field in degrees.  Since a
fiber is used it coincides with the position of the target. For code
re-used, use target_ra() if you really want the position of the target
rather than the center of the field.


	Returns

	right ascension in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]














Subpackages



	gemini_instruments.graces.tests package
	Submodules

	gemini_instruments.graces.tests.test_graces module











Submodules



gemini_instruments.graces.adclass module


	
class gemini_instruments.graces.adclass.AstroDataGraces(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
central_wavelength(asMicrometers=False, asNanometers=False, asAngstroms=False)[source]

	Returns the central wavelength in meters or the specified units


	Parameters

	
	asMicrometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in microns


	asNanometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in nanometers


	asAngstroms (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in Angstroms






	Returns

	The central wavelength setting



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
dec()[source]

	Returns the Declination of the center of field in degrees.  Since a
fiber is used it coincides with the position of the target. For code
re-used, use target_dec() if you really want the position of the target
rather than the center of the field.


	Returns

	declination in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
detector()[source]

	




	
disperser(stripID=False, pretty=False)[source]

	Returns the name of the disperser.  For GRACES, this is always
“GRACES”.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – Does nothing.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Also does nothing.






	Returns

	The name of the disperser, “GRACES”.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
ra()[source]

	Returns the Right Ascension of the center of field in degrees.  Since a
fiber is used it coincides with the position of the target. For code
re-used, use target_ra() if you really want the position of the target
rather than the center of the field.


	Returns

	right ascension in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]

















          

      

      

    

  

    
      
          
            
  
gemini_instruments.graces.tests package


Submodules



gemini_instruments.graces.tests.test_graces module


	
gemini_instruments.graces.tests.test_graces.ad()[source]

	




	
gemini_instruments.graces.tests.test_graces.test_can_return_ad_length(ad)[source]

	




	
gemini_instruments.graces.tests.test_graces.test_can_return_instrument(ad)[source]

	




	
gemini_instruments.graces.tests.test_graces.test_extension_data_shape(ad)[source]

	




	
gemini_instruments.graces.tests.test_graces.test_is_right_instance(ad)[source]

	




	
gemini_instruments.graces.tests.test_graces.test_is_right_type(ad)[source]

	




	
gemini_instruments.graces.tests.test_graces.test_read_a_keyword_from_hdr(ad)[source]

	




	
gemini_instruments.graces.tests.test_graces.test_slice_range(ad)[source]

	




	
gemini_instruments.graces.tests.test_graces.test_tags(ad)[source]

	







          

      

      

    

  

    
      
          
            
  
gemini_instruments.gsaoi package


	
class gemini_instruments.gsaoi.AstroDataGsaoi(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
array_name()[source]

	Returns a list of the array names of each extension


	Returns

	names of the arrays



	Return type

	list/str










	
central_wavelength(asMicrometers=False, asNanometers=False, asAngstroms=False)[source]

	Returns the central wavelength in meters or the specified units


	Parameters

	
	asMicrometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in microns


	asNanometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in nanometers


	asAngstroms (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in Angstroms






	Returns

	The central wavelength setting



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
gain()[source]

	Returns the gain (electrons/ADU) of the extensions


	Returns

	gain (e/ADU)



	Return type

	list/float










	
group_id()[source]

	Returns a string representing a group of data that are compatible
with each other.  This is used when stacking, for example.  Each
instrument and mode of observation will have its own rules.


	Returns

	A group ID for compatible data



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
is_coadds_summed()[source]

	Tells whether or not the co-adds have been summed.  If not, they
have been averaged. GSAOI averages them.


	Returns

	True if the data has been summed.  False if it has been averaged.



	Return type

	bool [https://docs.python.org/3/library/functions.html#bool]










	
nominal_photometric_zeropoint()[source]

	Returns the nominal zeropoints (i.e., the magnitude corresponding to
a pixel value of 1) for the extensions in an AD object.
Zeropoints in table are for electrons, so subtract 2.5*lg(gain)
if the data are in ADU


	Returns

	zeropoint values, one per SCI extension



	Return type

	float/list










	
non_linear_level()[source]

	Returns the level at which the data become non-linear, in ADU.


	Returns

	Value at which the data become non-linear



	Return type

	int/list










	
nonlinearity_coeffs()[source]

	For each extension, return a tuple (a0,a1,a2) of coefficients such
that the linearized counts are a0 + a1*c _ a2*c^2 for raw counts c


	Returns

	coefficients



	Return type

	tuple/list










	
read_noise()[source]

	Returns the read noise of each extension in electrons, as a float or
a list of floats


	Returns

	read noise in electrons



	Return type

	float/list










	
read_speed_setting()[source]

	Returns a string describing the read speed setting, as used in the OT


	Returns

	read speed setting



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
saturation_level()[source]

	Returns the saturation level in ADU for each extension, as a list
or a single value


	Returns

	saturation level in ADU



	Return type

	int/list










	
wcs_dec()[source]

	Returns the Declination of the center of the field based on the
WCS rather than the DEC keyword. This just uses the CRVAL2 keyword.


	Returns

	declination in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
wcs_ra()[source]

	Returns the Right Ascension of the center of the field based on the
WCS rather than the RA keyword. This just uses the CRVAL1 keyword.


	Returns

	right ascension in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]














Submodules



gemini_instruments.gsaoi.adclass module


	
class gemini_instruments.gsaoi.adclass.AstroDataGsaoi(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
array_name()[source]

	Returns a list of the array names of each extension


	Returns

	names of the arrays



	Return type

	list/str










	
central_wavelength(asMicrometers=False, asNanometers=False, asAngstroms=False)[source]

	Returns the central wavelength in meters or the specified units


	Parameters

	
	asMicrometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in microns


	asNanometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in nanometers


	asAngstroms (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in Angstroms






	Returns

	The central wavelength setting



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
gain()[source]

	Returns the gain (electrons/ADU) of the extensions


	Returns

	gain (e/ADU)



	Return type

	list/float










	
group_id()[source]

	Returns a string representing a group of data that are compatible
with each other.  This is used when stacking, for example.  Each
instrument and mode of observation will have its own rules.


	Returns

	A group ID for compatible data



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
is_coadds_summed()[source]

	Tells whether or not the co-adds have been summed.  If not, they
have been averaged. GSAOI averages them.


	Returns

	True if the data has been summed.  False if it has been averaged.



	Return type

	bool [https://docs.python.org/3/library/functions.html#bool]










	
nominal_photometric_zeropoint()[source]

	Returns the nominal zeropoints (i.e., the magnitude corresponding to
a pixel value of 1) for the extensions in an AD object.
Zeropoints in table are for electrons, so subtract 2.5*lg(gain)
if the data are in ADU


	Returns

	zeropoint values, one per SCI extension



	Return type

	float/list










	
non_linear_level()[source]

	Returns the level at which the data become non-linear, in ADU.


	Returns

	Value at which the data become non-linear



	Return type

	int/list










	
nonlinearity_coeffs()[source]

	For each extension, return a tuple (a0,a1,a2) of coefficients such
that the linearized counts are a0 + a1*c _ a2*c^2 for raw counts c


	Returns

	coefficients



	Return type

	tuple/list










	
read_noise()[source]

	Returns the read noise of each extension in electrons, as a float or
a list of floats


	Returns

	read noise in electrons



	Return type

	float/list










	
read_speed_setting()[source]

	Returns a string describing the read speed setting, as used in the OT


	Returns

	read speed setting



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
saturation_level()[source]

	Returns the saturation level in ADU for each extension, as a list
or a single value


	Returns

	saturation level in ADU



	Return type

	int/list










	
wcs_dec()[source]

	Returns the Declination of the center of the field based on the
WCS rather than the DEC keyword. This just uses the CRVAL2 keyword.


	Returns

	declination in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
wcs_ra()[source]

	Returns the Right Ascension of the center of the field based on the
WCS rather than the RA keyword. This just uses the CRVAL1 keyword.


	Returns

	right ascension in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]















gemini_instruments.gsaoi.lookup module


	
class gemini_instruments.gsaoi.lookup.ArrayProperties(readnoise, gain, welldepth, linlimit, coeffs, nonlinlimit)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
coeffs

	Alias for field number 4






	
gain

	Alias for field number 1






	
linlimit

	Alias for field number 3






	
nonlinlimit

	Alias for field number 5






	
readnoise

	Alias for field number 0






	
welldepth

	Alias for field number 2













          

      

      

    

  

    
      
          
            
  
gemini_instruments.hokupaa_quirc package


	
class gemini_instruments.hokupaa_quirc.AstroDataHokupaaQUIRC(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
airmass()[source]

	Returns the airmass of the observation.


	Returns

	Airmass value.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
dec()[source]

	Returns the name of the


	Returns

	declination



	Return type

	<str>










	
detector_name(pretty=False)[source]

	Returns the name of the detector. For HOKUPAA+QUIRC, this is always
‘QUIRC’


	Returns

	Detector name



	Return type

	<str>










	
filter_name(pretty=False)[source]

	This descriptor is used to display ‘WaveBand’ in the archive.


	Parameters

	pretty (<bool>) – This keyword parameter is present for API purposes.
It has no effect for this descriptor.



	Returns

	wavelength band substituting for filter_name(pretty=True)



	Return type

	<str>










	
instrument(generic=False)[source]

	Returns the name of the instrument making the observation


	Parameters

	generic (<bool>) – Request the generic instrument name, if applicable.



	Returns

	instrument name



	Return type

	<str>










	
observation_type()[source]

	Returns ‘type’ the observation.


	Returns

	observation type.



	Return type

	<str>










	
ra()[source]

	Returns the name of the


	Returns

	right ascension



	Return type

	<str>










	
target_dec()[source]

	Returns the Declination of the target in degrees. Optionally, the
telescope offsets can be applied.  The proper motion can also be
applied if requested.  Finally, the RA can be converted to ICRS
coordinates.


	Parameters

	
	offset (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies the telescope offsets.


	pm (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies proper motion parameters.


	icrs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, convert the Declination to the ICRS coordinate system.






	Returns

	Declination of the target in degrees.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
target_ra()[source]

	Returns the Right Ascension of the target in degrees. Optionally, the
telescope offsets can be applied.  The proper motion can also be
applied if requested.  Finally, the RA can be converted to ICRS
coordinates.


	Parameters

	
	offset (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies the telescope offsets.


	pm (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies proper motion parameters.


	icrs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, convert the RA to the ICRS coordinate system.






	Returns

	Right Ascension of the target in degrees.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
wavelength_band()[source]

	Returns the name of the bandpass of the observation.


	Returns

	Name of the bandpass.



	Return type

	<str>














Submodules



gemini_instruments.hokupaa_quirc.adclass module


	
class gemini_instruments.hokupaa_quirc.adclass.AstroDataHokupaaQUIRC(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
airmass()[source]

	Returns the airmass of the observation.


	Returns

	Airmass value.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
dec()[source]

	Returns the name of the


	Returns

	declination



	Return type

	<str>










	
detector_name(pretty=False)[source]

	Returns the name of the detector. For HOKUPAA+QUIRC, this is always
‘QUIRC’


	Returns

	Detector name



	Return type

	<str>










	
filter_name(pretty=False)[source]

	This descriptor is used to display ‘WaveBand’ in the archive.


	Parameters

	pretty (<bool>) – This keyword parameter is present for API purposes.
It has no effect for this descriptor.



	Returns

	wavelength band substituting for filter_name(pretty=True)



	Return type

	<str>










	
instrument(generic=False)[source]

	Returns the name of the instrument making the observation


	Parameters

	generic (<bool>) – Request the generic instrument name, if applicable.



	Returns

	instrument name



	Return type

	<str>










	
observation_type()[source]

	Returns ‘type’ the observation.


	Returns

	observation type.



	Return type

	<str>










	
ra()[source]

	Returns the name of the


	Returns

	right ascension



	Return type

	<str>










	
target_dec()[source]

	Returns the Declination of the target in degrees. Optionally, the
telescope offsets can be applied.  The proper motion can also be
applied if requested.  Finally, the RA can be converted to ICRS
coordinates.


	Parameters

	
	offset (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies the telescope offsets.


	pm (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies proper motion parameters.


	icrs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, convert the Declination to the ICRS coordinate system.






	Returns

	Declination of the target in degrees.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
target_ra()[source]

	Returns the Right Ascension of the target in degrees. Optionally, the
telescope offsets can be applied.  The proper motion can also be
applied if requested.  Finally, the RA can be converted to ICRS
coordinates.


	Parameters

	
	offset (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies the telescope offsets.


	pm (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies proper motion parameters.


	icrs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, convert the RA to the ICRS coordinate system.






	Returns

	Right Ascension of the target in degrees.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
wavelength_band()[source]

	Returns the name of the bandpass of the observation.


	Returns

	Name of the bandpass.



	Return type

	<str>

















          

      

      

    

  

    
      
          
            
  
gemini_instruments.hrwfs package


	
class gemini_instruments.hrwfs.AstroDataHrwfs(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
dec()[source]

	Returns the name of the


	Returns

	declination



	Return type

	<str>










	
ra()[source]

	Returns the name of the


	Returns

	right ascension



	Return type

	<str>










	
target_dec()[source]

	Returns the Declination of the target in degrees. Optionally, the
telescope offsets can be applied.  The proper motion can also be
applied if requested.  Finally, the RA can be converted to ICRS
coordinates.


	Parameters

	
	offset (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies the telescope offsets.


	pm (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies proper motion parameters.


	icrs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, convert the Declination to the ICRS coordinate system.






	Returns

	Declination of the target in degrees.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
target_ra()[source]

	Returns the Right Ascension of the target in degrees. Optionally, the
telescope offsets can be applied.  The proper motion can also be
applied if requested.  Finally, the RA can be converted to ICRS
coordinates.


	Parameters

	
	offset (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies the telescope offsets.


	pm (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies proper motion parameters.


	icrs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, convert the RA to the ICRS coordinate system.






	Returns

	Right Ascension of the target in degrees.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]














Submodules



gemini_instruments.hrwfs.adclass module


	
class gemini_instruments.hrwfs.adclass.AstroDataHrwfs(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
dec()[source]

	Returns the name of the


	Returns

	declination



	Return type

	<str>










	
ra()[source]

	Returns the name of the


	Returns

	right ascension



	Return type

	<str>










	
target_dec()[source]

	Returns the Declination of the target in degrees. Optionally, the
telescope offsets can be applied.  The proper motion can also be
applied if requested.  Finally, the RA can be converted to ICRS
coordinates.


	Parameters

	
	offset (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies the telescope offsets.


	pm (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies proper motion parameters.


	icrs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, convert the Declination to the ICRS coordinate system.






	Returns

	Declination of the target in degrees.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
target_ra()[source]

	Returns the Right Ascension of the target in degrees. Optionally, the
telescope offsets can be applied.  The proper motion can also be
applied if requested.  Finally, the RA can be converted to ICRS
coordinates.


	Parameters

	
	offset (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies the telescope offsets.


	pm (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies proper motion parameters.


	icrs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, convert the RA to the ICRS coordinate system.






	Returns

	Right Ascension of the target in degrees.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]

















          

      

      

    

  

    
      
          
            
  
gemini_instruments.igrins package


	
class gemini_instruments.igrins.AstroDataIgrins(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
airmass()[source]

	Returns the airmass of the observation.


	Returns

	Airmass value.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
dec()[source]

	Returns the declination of observation.


	Returns

	decd – Declination



	Return type

	<str>










	
detector_name(pretty=False)[source]

	Returns the name of the detector


	Returns

	Detector name



	Return type

	<str>










	
filter_name(pretty=False)[source]

	IGRINS has no filters or filter names. But this descriptor is
used to display ‘WaveBand’ in the archive. So, IGRINS data
needs to “fake it.” wavelength_band() returns a string exactly
equal to a call on filter_name(pretty=True).


	Parameters

	pretty (<bool>) – This keyword parameter is present for API purposes.
It has no effect for this descriptor.



	Returns

	wavelength band substituting for filter_name(pretty=True)



	Return type

	<str>










	
instrument(generic=False)[source]

	Returns the name of the instrument making the observation


	Parameters

	generic (<bool>) – Request the generic instrument name, if applicable.



	Returns

	instrument name



	Return type

	<str>










	
observation_class()[source]

	Returns ‘class’ the observation; one of,


‘science’, ‘acq’, ‘projCal’, ‘dayCal’, ‘partnerCal’, ‘acqCal’




An ‘acq’ is defined by BAND == ‘S’, where ‘S’ indicates a slit image.


	Returns

	oclass – One of the above enumerated names for observation class.



	Return type

	<str>










	
observation_type()[source]

	Returns ‘type’ the observation. For IGRINS, this will be one of,


‘OBJECT’, ‘DARK’, ‘FLAT’, ‘ARC’





	Returns

	otype – Observation type.



	Return type

	<str>










	
ra()[source]

	Returns the RA of the observation.


	Returns

	rad – Right Ascension



	Return type

	<str>










	
target_dec()[source]

	Returns the Declination of the target in degrees. Optionally, the
telescope offsets can be applied.  The proper motion can also be
applied if requested.  Finally, the RA can be converted to ICRS
coordinates.


	Parameters

	
	offset (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies the telescope offsets.


	pm (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies proper motion parameters.


	icrs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, convert the Declination to the ICRS coordinate system.






	Returns

	Declination of the target in degrees.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
target_ra()[source]

	Returns the Right Ascension of the target in degrees. Optionally, the
telescope offsets can be applied.  The proper motion can also be
applied if requested.  Finally, the RA can be converted to ICRS
coordinates.


	Parameters

	
	offset (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies the telescope offsets.


	pm (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies proper motion parameters.


	icrs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, convert the RA to the ICRS coordinate system.






	Returns

	Right Ascension of the target in degrees.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
wavelength_band()[source]

	Returns the name of the bandpass of the observation.


	Returns

	Name of the bandpass.



	Return type

	<str>














Submodules



gemini_instruments.igrins.adclass module


	
class gemini_instruments.igrins.adclass.AstroDataIgrins(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
airmass()[source]

	Returns the airmass of the observation.


	Returns

	Airmass value.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
dec()[source]

	Returns the declination of observation.


	Returns

	decd – Declination



	Return type

	<str>










	
detector_name(pretty=False)[source]

	Returns the name of the detector


	Returns

	Detector name



	Return type

	<str>










	
filter_name(pretty=False)[source]

	IGRINS has no filters or filter names. But this descriptor is
used to display ‘WaveBand’ in the archive. So, IGRINS data
needs to “fake it.” wavelength_band() returns a string exactly
equal to a call on filter_name(pretty=True).


	Parameters

	pretty (<bool>) – This keyword parameter is present for API purposes.
It has no effect for this descriptor.



	Returns

	wavelength band substituting for filter_name(pretty=True)



	Return type

	<str>










	
instrument(generic=False)[source]

	Returns the name of the instrument making the observation


	Parameters

	generic (<bool>) – Request the generic instrument name, if applicable.



	Returns

	instrument name



	Return type

	<str>










	
observation_class()[source]

	Returns ‘class’ the observation; one of,


‘science’, ‘acq’, ‘projCal’, ‘dayCal’, ‘partnerCal’, ‘acqCal’




An ‘acq’ is defined by BAND == ‘S’, where ‘S’ indicates a slit image.


	Returns

	oclass – One of the above enumerated names for observation class.



	Return type

	<str>










	
observation_type()[source]

	Returns ‘type’ the observation. For IGRINS, this will be one of,


‘OBJECT’, ‘DARK’, ‘FLAT’, ‘ARC’





	Returns

	otype – Observation type.



	Return type

	<str>










	
ra()[source]

	Returns the RA of the observation.


	Returns

	rad – Right Ascension



	Return type

	<str>










	
target_dec()[source]

	Returns the Declination of the target in degrees. Optionally, the
telescope offsets can be applied.  The proper motion can also be
applied if requested.  Finally, the RA can be converted to ICRS
coordinates.


	Parameters

	
	offset (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies the telescope offsets.


	pm (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies proper motion parameters.


	icrs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, convert the Declination to the ICRS coordinate system.






	Returns

	Declination of the target in degrees.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
target_ra()[source]

	Returns the Right Ascension of the target in degrees. Optionally, the
telescope offsets can be applied.  The proper motion can also be
applied if requested.  Finally, the RA can be converted to ICRS
coordinates.


	Parameters

	
	offset (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies the telescope offsets.


	pm (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, applies proper motion parameters.


	icrs (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, convert the RA to the ICRS coordinate system.






	Returns

	Right Ascension of the target in degrees.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
wavelength_band()[source]

	Returns the name of the bandpass of the observation.


	Returns

	Name of the bandpass.



	Return type

	<str>

















          

      

      

    

  

    
      
          
            
  
gemini_instruments.michelle package


	
class gemini_instruments.michelle.AstroDataMichelle(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
exposure_time()[source]

	Returns the exposure time in seconds.


	Returns

	Exposure time.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
filter_name(stripID=False, pretty=False)[source]

	Returns the name of the filter(s) used. Since MICHELLE was not originally
a Gemini instrument, its filters don’t have componentIDs and so pretty
and stripID do nothing.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – Does nothing


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Does nothing






	Returns

	The name of the filter



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
pixel_scale()[source]

	Returns the image scale in arcseconds per pixel, one value per
extension unless called on a single-extension slice. For Michelle,
this comes from the PIXELSIZ PHU keyword


	Returns

	the pixel scale



	Return type

	float/list of floats














Submodules



gemini_instruments.michelle.adclass module


	
class gemini_instruments.michelle.adclass.AstroDataMichelle(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
exposure_time()[source]

	Returns the exposure time in seconds.


	Returns

	Exposure time.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
filter_name(stripID=False, pretty=False)[source]

	Returns the name of the filter(s) used. Since MICHELLE was not originally
a Gemini instrument, its filters don’t have componentIDs and so pretty
and stripID do nothing.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – Does nothing


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Does nothing






	Returns

	The name of the filter



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
pixel_scale()[source]

	Returns the image scale in arcseconds per pixel, one value per
extension unless called on a single-extension slice. For Michelle,
this comes from the PIXELSIZ PHU keyword


	Returns

	the pixel scale



	Return type

	float/list of floats

















          

      

      

    

  

    
      
          
            
  
gemini_instruments.nici package


	
class gemini_instruments.nici.AstroDataNici(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
exposure_time()[source]

	Returns the exposure time in seconds.


	Returns

	exposure time for each extension



	Return type

	float/list of floats










	
filter_name(stripID=False, pretty=False)[source]

	Returns the name of the filter(s) used.  The component ID can be
removed with either ‘stripID’ or ‘pretty’.  If a combination of filters
is used, the filter names will be join into a unique string with ‘&’ as
separator.  If ‘pretty’ is True, filter positions such as ‘Open’,
‘Dark’, ‘blank’, and others are removed leaving only the relevant
filters in the string.

NICI has filter names in the extension HDUs, so this can return a list


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the filter.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID.  Pretty here does not do anything more.






	Returns

	The name of the filter combination with or without the component ID.



	Return type

	str/list of str










	
pixel_scale()[source]

	Returns the image scale in arcseconds per pixel


	Returns

	the pixel scale



	Return type

	float [https://docs.python.org/3/library/functions.html#float]














Submodules



gemini_instruments.nici.adclass module


	
class gemini_instruments.nici.adclass.AstroDataNici(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
exposure_time()[source]

	Returns the exposure time in seconds.


	Returns

	exposure time for each extension



	Return type

	float/list of floats










	
filter_name(stripID=False, pretty=False)[source]

	Returns the name of the filter(s) used.  The component ID can be
removed with either ‘stripID’ or ‘pretty’.  If a combination of filters
is used, the filter names will be join into a unique string with ‘&’ as
separator.  If ‘pretty’ is True, filter positions such as ‘Open’,
‘Dark’, ‘blank’, and others are removed leaving only the relevant
filters in the string.

NICI has filter names in the extension HDUs, so this can return a list


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the filter.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID.  Pretty here does not do anything more.






	Returns

	The name of the filter combination with or without the component ID.



	Return type

	str/list of str










	
pixel_scale()[source]

	Returns the image scale in arcseconds per pixel


	Returns

	the pixel scale



	Return type

	float [https://docs.python.org/3/library/functions.html#float]

















          

      

      

    

  

    
      
          
            
  
gemini_instruments.nifs package


	
class gemini_instruments.nifs.AstroDataNifs(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
filter_name(stripID=False, pretty=False)[source]

	Returns the name of the filter(s) used.  The component ID can be
removed with either ‘stripID’ or ‘pretty’.  If ‘pretty’ is True,
filter positions such as ‘Open’, ‘Dark’, ‘blank’, and others are
removed leaving only the relevant filters in the string.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the filter.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID.  Pretty here does not do anything more.






	Returns

	The name of the filter with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
gain()[source]

	Returns the gain used for the observation.  A lookup table is
uses to compare the bias value in the headers to the bias values
associate with the various gain settings.


	Returns

	Gain used for the observation.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
gcal_lamp()[source]

	Returns the name of the GCAL lamp being used, or “Off” if no lamp is
in used.  This applies to flats and arc observations when a lamp is
used.  For other types observation, None is returned.

This overrides the gemini level descriptor, as NIFS has more lamp names
than are accommodated by that descriptor function.


	Returns

	lamps – Name of the GCAL lamp, or “Off”



	Return type

	<str>










	
non_linear_level()[source]

	Returns the level at which the array becomes non-linear.  The
return units are ADUs.  A lookup table is used.  Whether the data
has been corrected for non-linearity or not is taken into account.
A list is returned unless called on a single-extension slice.


	Returns

	Level in ADU at which the non-linear regime starts.



	Return type

	int/list










	
pixel_scale()[source]

	Returns the pixel scale in arc seconds.  A lookup table indexed on
focal_plane_mask, disperser, and filter_name is used.


	Returns

	Pixel scale in arcsec.



	Return type

	lfloat










	
read_mode()[source]

	Returns the read mode for the observation.  The read mode is directly
associated with the LNRS header keyword value.


	Returns

	Read mode for the observation.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
read_noise()[source]

	Returns the detector read noise, in electrons.
A lookup table is used.  The read noise depends on the gain setting
and is affected by the number of coadds and non-destructive pairs.
A list is returned unless called on a single-extension slice.


	Returns

	Detector read noise in electrons.



	Return type

	list/float










	
saturation_level()[source]

	Returns the saturation level for the observation, in ADUs
A lookup table is used to get the full well value based on the
gain. A list is returned unless called on a single-extension slice.


	Returns

	Saturation level in ADUs.



	Return type

	int/list














Subpackages



	gemini_instruments.nifs.tests package
	Submodules

	gemini_instruments.nifs.tests.test_nifs module











Submodules



gemini_instruments.nifs.adclass module


	
class gemini_instruments.nifs.adclass.AstroDataNifs(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
filter_name(stripID=False, pretty=False)[source]

	Returns the name of the filter(s) used.  The component ID can be
removed with either ‘stripID’ or ‘pretty’.  If ‘pretty’ is True,
filter positions such as ‘Open’, ‘Dark’, ‘blank’, and others are
removed leaving only the relevant filters in the string.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the filter.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID.  Pretty here does not do anything more.






	Returns

	The name of the filter with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
gain()[source]

	Returns the gain used for the observation.  A lookup table is
uses to compare the bias value in the headers to the bias values
associate with the various gain settings.


	Returns

	Gain used for the observation.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
gcal_lamp()[source]

	Returns the name of the GCAL lamp being used, or “Off” if no lamp is
in used.  This applies to flats and arc observations when a lamp is
used.  For other types observation, None is returned.

This overrides the gemini level descriptor, as NIFS has more lamp names
than are accommodated by that descriptor function.


	Returns

	lamps – Name of the GCAL lamp, or “Off”



	Return type

	<str>










	
non_linear_level()[source]

	Returns the level at which the array becomes non-linear.  The
return units are ADUs.  A lookup table is used.  Whether the data
has been corrected for non-linearity or not is taken into account.
A list is returned unless called on a single-extension slice.


	Returns

	Level in ADU at which the non-linear regime starts.



	Return type

	int/list










	
pixel_scale()[source]

	Returns the pixel scale in arc seconds.  A lookup table indexed on
focal_plane_mask, disperser, and filter_name is used.


	Returns

	Pixel scale in arcsec.



	Return type

	lfloat










	
read_mode()[source]

	Returns the read mode for the observation.  The read mode is directly
associated with the LNRS header keyword value.


	Returns

	Read mode for the observation.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
read_noise()[source]

	Returns the detector read noise, in electrons.
A lookup table is used.  The read noise depends on the gain setting
and is affected by the number of coadds and non-destructive pairs.
A list is returned unless called on a single-extension slice.


	Returns

	Detector read noise in electrons.



	Return type

	list/float










	
saturation_level()[source]

	Returns the saturation level for the observation, in ADUs
A lookup table is used to get the full well value based on the
gain. A list is returned unless called on a single-extension slice.


	Returns

	Saturation level in ADUs.



	Return type

	int/list















gemini_instruments.nifs.lookup module


	
class gemini_instruments.nifs.lookup.Config(mdf, offsetsection, pixscale, mode)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
mdf

	Alias for field number 0






	
mode

	Alias for field number 3






	
offsetsection

	Alias for field number 1






	
pixscale

	Alias for field number 2










	
class gemini_instruments.nifs.lookup.Constants(readnoise, gain, well, linearlimit, coeff1, coeff2, coeff3, nonlinearlimit)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
coeff1

	Alias for field number 4






	
coeff2

	Alias for field number 5






	
coeff3

	Alias for field number 6






	
gain

	Alias for field number 1






	
linearlimit

	Alias for field number 3






	
nonlinearlimit

	Alias for field number 7






	
readnoise

	Alias for field number 0






	
well

	Alias for field number 2













          

      

      

    

  

    
      
          
            
  
gemini_instruments.nifs.tests package


Submodules



gemini_instruments.nifs.tests.test_nifs module


	
gemini_instruments.nifs.tests.test_nifs.ad(request)[source]

	




	
gemini_instruments.nifs.tests.test_nifs.test_can_return_ad_length(ad)[source]

	




	
gemini_instruments.nifs.tests.test_nifs.test_can_return_instrument(ad)[source]

	




	
gemini_instruments.nifs.tests.test_nifs.test_extension_data_shape(ad)[source]

	




	
gemini_instruments.nifs.tests.test_nifs.test_is_right_instance(ad)[source]

	




	
gemini_instruments.nifs.tests.test_nifs.test_read_a_keyword_from_hdr(ad)[source]

	




	
gemini_instruments.nifs.tests.test_nifs.test_slice_range(ad)[source]

	




	
gemini_instruments.nifs.tests.test_nifs.test_tags(ad)[source]

	







          

      

      

    

  

    
      
          
            
  
gemini_instruments.niri package


	
class gemini_instruments.niri.AstroDataNiri(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
array_section(pretty=False)[source]

	Returns the section covered by the array(s) relative to the detector
frame.  For example, this can be the position of multiple amps read
within a CCD.  If pretty is False, a tuple of 0-based coordinates
is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
value is returned without parsing as a string.  In this format, the
coordinates are generally 1-based.

One tuple or string is return per extension/array, in a list. If the
method is called on a single slice, the section is returned as a tuple
or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Position of extension(s) using Python slice values


	str/list of str – Position of extension(s) using an IRAF section format (1-based)















	
central_wavelength(asMicrometers=False, asNanometers=False, asAngstroms=False)[source]

	Returns the central wavelength in meters or the specified units


	Parameters

	
	asMicrometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in microns


	asNanometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in nanometers


	asAngstroms (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in Angstroms






	Returns

	The central wavelength setting



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
data_section(pretty=False)[source]

	Returns the rectangular section that includes the pixels that would be
exposed to light.  If pretty is False, a tuple of 0-based coordinates
is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
value is returned without parsing as a string.  In this format, the
coordinates are generally 1-based.

One tuple or string is return per extension/array, in a list. If the
method is called on a single slice, the section is returned as a tuple
or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Location of the pixels exposed to light using Python slice values.


	string or list of strings – Location of the pixels exposed to light using an IRAF section
format (1-based).















	
detector_roi_setting()[source]

	Returns the ROI setting. Most instruments don’t allow this to be
changed, so at the Gemini level it just returns ‘Fixed’


	Returns

	Name of the ROI setting used, ie, “Fixed”



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
detector_section(pretty=False)[source]

	Returns the section covered by the detector relative to the whole
mosaic of detectors.  If pretty is False, a tuple of 0-based coordinates
is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
value is returned without parsing as a string.  In this format, the
coordinates are generally 1-based.

One tuple or string is return per extension/array, in a list. If the
method is called on a single slice, the section is returned as a tuple
or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Position of the detector using Python slice values.


	string or list of strings – Position of the detector using an IRAF section format (1-based).















	
detector_x_offset()[source]

	Returns the offset from the reference position in pixels along
the positive x-direction of the detector


	Returns

	The offset in pixels



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
detector_y_offset()[source]

	Returns the offset from the reference position in pixels along
the positive y-direction of the detector


	Returns

	The offset in pixels



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
disperser(stripID=False, pretty=False)[source]

	Returns the name of the disperser.  The component ID can be removed
with either ‘stripID’ or ‘pretty’ set to True.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the disperser.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Does nothing. Exists for compatibility.






	Returns

	The name of the disperser with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
filter_name(stripID=False, pretty=False)[source]

	Returns the name of the filter(s) used. If a combination of filters
is used, the filter names will be join into a unique string with ‘&’ as
separator. The component IDs can be removed from the filter names.
Alternatively, a single descriptive filter name can be returned,
based on a lookup table.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID(s) and returns only the name(s)
of the filter(s).


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Returns a single filter name






	Returns

	The name of the filter combination with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
gain()[source]

	Returns the gain (electrons/ADU) for each extension


	Returns

	gain



	Return type

	float/list










	
group_id()[source]

	Returns a string representing a group of data that are compatible
with each other.  This is used when stacking, for example.  Each
instrument, mode of observation, and data type will have its own rules.


	Returns

	A group ID for compatible data.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
nominal_photometric_zeropoint()[source]

	Returns the nominal photometric zeropoint (i.e., magnitude
corresponding to 1 pixel count) for each extension


	Returns

	Photometric zeropoint



	Return type

	float/list of floats










	
non_linear_level()[source]

	Returns the ADU level at which the data become non-linear. A list is
returned with a value for each extension (i.e., one value for NIRI)
unless called on a single-extension slice.


	Returns

	non-linearity level in ADU



	Return type

	int/list










	
nonlinearity_coeffs()[source]

	Returns a namedtuple containing the necessary information to perform
a nonlinearity correction.


	Returns

	nonlinearity info (max counts, exptime correction, gamma, eta)



	Return type

	namedtuple/list










	
pupil_mask(stripID=False, pretty=False)[source]

	Returns the name of the pupil mask used for the observation


	Returns

	the pupil mask



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
read_mode()[source]

	Returns the readout mode used for the observation. This has one of 3
settings, depending on the number of reads and averages. If these
numbers do not conform to a standard setting, ‘Invalid’ is returned


	Returns

	the read mode used



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
read_noise()[source]

	Returns the read noise in electrons, as a list unless called on
a single-extension slice.


	Returns

	read noise



	Return type

	float/list










	
saturation_level()[source]

	Returns the saturation level of the data, in ADU.


	Returns

	saturation level in ADU



	Return type

	int/list










	
well_depth_setting()[source]

	Returns a string describing the well-depth setting of the instrument.
NIRI has ‘Shallow’ and ‘Deep’ options. ‘Invalid’ is returned if the
bias voltage doesn’t match either setting.


	Returns

	the well-depth setting



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]














Subpackages



	gemini_instruments.niri.tests package
	Submodules

	gemini_instruments.niri.tests.test_niri module











Submodules



gemini_instruments.niri.adclass module


	
class gemini_instruments.niri.adclass.AstroDataNiri(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
array_section(pretty=False)[source]

	Returns the section covered by the array(s) relative to the detector
frame.  For example, this can be the position of multiple amps read
within a CCD.  If pretty is False, a tuple of 0-based coordinates
is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
value is returned without parsing as a string.  In this format, the
coordinates are generally 1-based.

One tuple or string is return per extension/array, in a list. If the
method is called on a single slice, the section is returned as a tuple
or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Position of extension(s) using Python slice values


	str/list of str – Position of extension(s) using an IRAF section format (1-based)















	
central_wavelength(asMicrometers=False, asNanometers=False, asAngstroms=False)[source]

	Returns the central wavelength in meters or the specified units


	Parameters

	
	asMicrometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in microns


	asNanometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in nanometers


	asAngstroms (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in Angstroms






	Returns

	The central wavelength setting



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
data_section(pretty=False)[source]

	Returns the rectangular section that includes the pixels that would be
exposed to light.  If pretty is False, a tuple of 0-based coordinates
is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
value is returned without parsing as a string.  In this format, the
coordinates are generally 1-based.

One tuple or string is return per extension/array, in a list. If the
method is called on a single slice, the section is returned as a tuple
or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Location of the pixels exposed to light using Python slice values.


	string or list of strings – Location of the pixels exposed to light using an IRAF section
format (1-based).















	
detector_roi_setting()[source]

	Returns the ROI setting. Most instruments don’t allow this to be
changed, so at the Gemini level it just returns ‘Fixed’


	Returns

	Name of the ROI setting used, ie, “Fixed”



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
detector_section(pretty=False)[source]

	Returns the section covered by the detector relative to the whole
mosaic of detectors.  If pretty is False, a tuple of 0-based coordinates
is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
value is returned without parsing as a string.  In this format, the
coordinates are generally 1-based.

One tuple or string is return per extension/array, in a list. If the
method is called on a single slice, the section is returned as a tuple
or a string.


	Parameters

	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the formatted string found in the header.



	Returns

	
	tuple of integers or list of tuples – Position of the detector using Python slice values.


	string or list of strings – Position of the detector using an IRAF section format (1-based).















	
detector_x_offset()[source]

	Returns the offset from the reference position in pixels along
the positive x-direction of the detector


	Returns

	The offset in pixels



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
detector_y_offset()[source]

	Returns the offset from the reference position in pixels along
the positive y-direction of the detector


	Returns

	The offset in pixels



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
disperser(stripID=False, pretty=False)[source]

	Returns the name of the disperser.  The component ID can be removed
with either ‘stripID’ or ‘pretty’ set to True.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the disperser.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Does nothing. Exists for compatibility.






	Returns

	The name of the disperser with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
filter_name(stripID=False, pretty=False)[source]

	Returns the name of the filter(s) used. If a combination of filters
is used, the filter names will be join into a unique string with ‘&’ as
separator. The component IDs can be removed from the filter names.
Alternatively, a single descriptive filter name can be returned,
based on a lookup table.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID(s) and returns only the name(s)
of the filter(s).


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Returns a single filter name






	Returns

	The name of the filter combination with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
gain()[source]

	Returns the gain (electrons/ADU) for each extension


	Returns

	gain



	Return type

	float/list










	
group_id()[source]

	Returns a string representing a group of data that are compatible
with each other.  This is used when stacking, for example.  Each
instrument, mode of observation, and data type will have its own rules.


	Returns

	A group ID for compatible data.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
nominal_photometric_zeropoint()[source]

	Returns the nominal photometric zeropoint (i.e., magnitude
corresponding to 1 pixel count) for each extension


	Returns

	Photometric zeropoint



	Return type

	float/list of floats










	
non_linear_level()[source]

	Returns the ADU level at which the data become non-linear. A list is
returned with a value for each extension (i.e., one value for NIRI)
unless called on a single-extension slice.


	Returns

	non-linearity level in ADU



	Return type

	int/list










	
nonlinearity_coeffs()[source]

	Returns a namedtuple containing the necessary information to perform
a nonlinearity correction.


	Returns

	nonlinearity info (max counts, exptime correction, gamma, eta)



	Return type

	namedtuple/list










	
pupil_mask(stripID=False, pretty=False)[source]

	Returns the name of the pupil mask used for the observation


	Returns

	the pupil mask



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
read_mode()[source]

	Returns the readout mode used for the observation. This has one of 3
settings, depending on the number of reads and averages. If these
numbers do not conform to a standard setting, ‘Invalid’ is returned


	Returns

	the read mode used



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
read_noise()[source]

	Returns the read noise in electrons, as a list unless called on
a single-extension slice.


	Returns

	read noise



	Return type

	float/list










	
saturation_level()[source]

	Returns the saturation level of the data, in ADU.


	Returns

	saturation level in ADU



	Return type

	int/list










	
well_depth_setting()[source]

	Returns a string describing the well-depth setting of the instrument.
NIRI has ‘Shallow’ and ‘Deep’ options. ‘Invalid’ is returned if the
bias voltage doesn’t match either setting.


	Returns

	the well-depth setting



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]















gemini_instruments.niri.lookup module


	
class gemini_instruments.niri.lookup.NonLinCoeffs(max_counts, time_delta, gamma, eta)

	Bases: tuple [https://docs.python.org/3/library/stdtypes.html#tuple]


	
eta

	Alias for field number 3






	
gamma

	Alias for field number 2






	
max_counts

	Alias for field number 0






	
time_delta

	Alias for field number 1













          

      

      

    

  

    
      
          
            
  
gemini_instruments.niri.tests package


Submodules



gemini_instruments.niri.tests.test_niri module


	
gemini_instruments.niri.tests.test_niri.ad()[source]

	




	
gemini_instruments.niri.tests.test_niri.test_can_return_ad_length(ad)[source]

	




	
gemini_instruments.niri.tests.test_niri.test_can_return_instrument(ad)[source]

	




	
gemini_instruments.niri.tests.test_niri.test_extension_data_shape(ad)[source]

	




	
gemini_instruments.niri.tests.test_niri.test_is_right_instance(ad)[source]

	




	
gemini_instruments.niri.tests.test_niri.test_is_right_type(ad)[source]

	




	
gemini_instruments.niri.tests.test_niri.test_read_a_keyword_from_hdr(ad)[source]

	




	
gemini_instruments.niri.tests.test_niri.test_slice_range(ad)[source]

	




	
gemini_instruments.niri.tests.test_niri.test_tags(ad)[source]

	







          

      

      

    

  

    
      
          
            
  
gemini_instruments.oscir package


	
class gemini_instruments.oscir.AstroDataOscir(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
airmass()[source]

	Returns the airmass of the observation.


	Returns

	Airmass value.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
dec()[source]

	Returns the Declination of the center of the field, in degrees.


	Returns

	declination in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
exposure_time()[source]

	Returns the exposure time in seconds.


	Returns

	Exposure time.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
ra()[source]

	Returns the Right Ascension of the center of the field, in degrees.


	Returns

	right ascension in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]














Submodules



gemini_instruments.oscir.adclass module


	
class gemini_instruments.oscir.adclass.AstroDataOscir(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
airmass()[source]

	Returns the airmass of the observation.


	Returns

	Airmass value.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
dec()[source]

	Returns the Declination of the center of the field, in degrees.


	Returns

	declination in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
exposure_time()[source]

	Returns the exposure time in seconds.


	Returns

	Exposure time.



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
ra()[source]

	Returns the Right Ascension of the center of the field, in degrees.


	Returns

	right ascension in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]

















          

      

      

    

  

    
      
          
            
  
gemini_instruments.phoenix package


	
class gemini_instruments.phoenix.AstroDataPhoenix(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
dec()[source]

	Returns the Declination of the center of the field, in degrees.


	Returns

	declination in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
filter_name(stripID=False, pretty=False)[source]

	Returns the name of the filter(s) used.  The component ID can be
removed with either ‘stripID’ or ‘pretty’.  If a combination of filters
is used, the filter names will be join into a unique string with ‘&’ as
separator.  If ‘pretty’ is True, filter positions such as ‘Open’,
‘Dark’, ‘blank’, and others are removed leaving only the relevant
filters in the string.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the filter.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID.  Pretty here does not do anything more.






	Returns

	The name of the filter combination with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
ra()[source]

	Returns the Right Ascension of the center of the field, in degrees.


	Returns

	right ascension in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
ut_datetime(strict=False, dateonly=False, timeonly=False)[source]

	Returns the UT date and/or time of the observation as a datetime
or date or time object.


	Parameters

	
	strict (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, only information in the header can be used


	dateonly (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, return a date object with just the date


	timeonly (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, return a time object with just the time






	Returns

	UT date and/or time



	Return type

	datetime.datetime / datetime.date / datetime.time














Submodules



gemini_instruments.phoenix.adclass module


	
class gemini_instruments.phoenix.adclass.AstroDataPhoenix(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
dec()[source]

	Returns the Declination of the center of the field, in degrees.


	Returns

	declination in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
filter_name(stripID=False, pretty=False)[source]

	Returns the name of the filter(s) used.  The component ID can be
removed with either ‘stripID’ or ‘pretty’.  If a combination of filters
is used, the filter names will be join into a unique string with ‘&’ as
separator.  If ‘pretty’ is True, filter positions such as ‘Open’,
‘Dark’, ‘blank’, and others are removed leaving only the relevant
filters in the string.


	Parameters

	
	stripID (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, removes the component ID and returns only the name of
the filter.


	pretty (bool [https://docs.python.org/3/library/functions.html#bool]) – Same as for stripID.  Pretty here does not do anything more.






	Returns

	The name of the filter combination with or without the component ID.



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
ra()[source]

	Returns the Right Ascension of the center of the field, in degrees.


	Returns

	right ascension in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
ut_datetime(strict=False, dateonly=False, timeonly=False)[source]

	Returns the UT date and/or time of the observation as a datetime
or date or time object.


	Parameters

	
	strict (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, only information in the header can be used


	dateonly (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, return a date object with just the date


	timeonly (bool [https://docs.python.org/3/library/functions.html#bool]) – if True, return a time object with just the time






	Returns

	UT date and/or time



	Return type

	datetime.datetime / datetime.date / datetime.time

















          

      

      

    

  

    
      
          
            
  
gemini_instruments.skycam package


	
class gemini_instruments.skycam.AstroDataSkyCam(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
instrument()[source]

	Returns the name of the instrument making the observation


	Parameters

	generic (boolean) – If set, don’t specify the specific instrument if there are clones
(but that is handled by the instrument-level descriptors)



	Returns

	instrument name



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
object()[source]

	Returns the name of the object being observed


	Returns

	object name



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]














Submodules



gemini_instruments.skycam.adclass module


	
class gemini_instruments.skycam.adclass.AstroDataSkyCam(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
instrument()[source]

	Returns the name of the instrument making the observation


	Parameters

	generic (boolean) – If set, don’t specify the specific instrument if there are clones
(but that is handled by the instrument-level descriptors)



	Returns

	instrument name



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
object()[source]

	Returns the name of the object being observed


	Returns

	object name



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]

















          

      

      

    

  

    
      
          
            
  
gemini_instruments.texes package


	
class gemini_instruments.texes.AstroDataTexes(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
dec()[source]

	Returns the Declination of the center of the field, in degrees.


	Returns

	declination in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
exposure_time()[source]

	
	Returns

	exposure_time – Exposure time.



	Return type

	<float>










	
classmethod load(source)[source]

	Implementation of the abstract method load.

It takes an HDUList and returns a fully instantiated AstroData instance.






	
observation_type()[source]

	Returns the type of an observation, e.g., ‘OBJECT’, ‘FLAT’, ‘ARC’.


	Returns

	the observation type



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
ra()[source]

	Returns the Right Ascension of the center of the field, in degrees.


	Returns

	right ascension in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]














Submodules



gemini_instruments.texes.adclass module


	
class gemini_instruments.texes.adclass.AstroDataTexes(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
dec()[source]

	Returns the Declination of the center of the field, in degrees.


	Returns

	declination in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
exposure_time()[source]

	
	Returns

	exposure_time – Exposure time.



	Return type

	<float>










	
classmethod load(source)[source]

	Implementation of the abstract method load.

It takes an HDUList and returns a fully instantiated AstroData instance.






	
observation_type()[source]

	Returns the type of an observation, e.g., ‘OBJECT’, ‘FLAT’, ‘ARC’.


	Returns

	the observation type



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
ra()[source]

	Returns the Right Ascension of the center of the field, in degrees.


	Returns

	right ascension in degrees



	Return type

	float [https://docs.python.org/3/library/functions.html#float]

















          

      

      

    

  

    
      
          
            
  
gemini_instruments.trecs package


	
class gemini_instruments.trecs.AstroDataTrecs(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
central_wavelength(asMicrometers=False, asNanometers=False, asAngstroms=False)[source]

	Returns the central wavelength in meters or specified units


	Parameters

	
	asMicrometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in microns


	asNanometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in nanometers


	asAngstroms (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in Angstroms






	Returns

	The central wavelength setting



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
detector_x_offset()[source]

	Returns the offset from the reference position in pixels along
the positive x-direction of the detector


	Returns

	The offset in pixels



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
detector_y_offset()[source]

	Returns the offset from the reference position in pixels along
the positive y-direction of the detector


	Returns

	The offset in pixels



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
dispersion(asMicrometers=False, asNanometers=False, asAngstroms=False)[source]

	Returns the dispersion in meters per pixel as a list (one value per
extension) or a float if used on a single-extension slice.  It is
possible to control the units of wavelength using the input arguments.


	Parameters

	
	asMicrometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in microns


	asNanometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in nanometers


	asAngstroms (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in Angstroms






	Returns

	The dispersion(s)



	Return type

	list/float










	
gain()[source]

	Returns the gain (electrons/ADU) for each extension


	Returns

	Gains used for the observation



	Return type

	list of floats/float










	
pixel_scale()[source]

	Returns the image scale in arcseconds per pixel


	Returns

	the pixel scale



	Return type

	float [https://docs.python.org/3/library/functions.html#float]














Submodules



gemini_instruments.trecs.adclass module


	
class gemini_instruments.trecs.adclass.AstroDataTrecs(provider)[source]

	Bases: gemini_instruments.gemini.adclass.AstroDataGemini


	
central_wavelength(asMicrometers=False, asNanometers=False, asAngstroms=False)[source]

	Returns the central wavelength in meters or specified units


	Parameters

	
	asMicrometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in microns


	asNanometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in nanometers


	asAngstroms (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in Angstroms






	Returns

	The central wavelength setting



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
detector_x_offset()[source]

	Returns the offset from the reference position in pixels along
the positive x-direction of the detector


	Returns

	The offset in pixels



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
detector_y_offset()[source]

	Returns the offset from the reference position in pixels along
the positive y-direction of the detector


	Returns

	The offset in pixels



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
dispersion(asMicrometers=False, asNanometers=False, asAngstroms=False)[source]

	Returns the dispersion in meters per pixel as a list (one value per
extension) or a float if used on a single-extension slice.  It is
possible to control the units of wavelength using the input arguments.


	Parameters

	
	asMicrometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in microns


	asNanometers (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in nanometers


	asAngstroms (bool [https://docs.python.org/3/library/functions.html#bool]) – If True, return the wavelength in Angstroms






	Returns

	The dispersion(s)



	Return type

	list/float










	
gain()[source]

	Returns the gain (electrons/ADU) for each extension


	Returns

	Gains used for the observation



	Return type

	list of floats/float










	
pixel_scale()[source]

	Returns the image scale in arcseconds per pixel


	Returns

	the pixel scale



	Return type

	float [https://docs.python.org/3/library/functions.html#float]
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  Source code for abc

# Copyright 2007 Google, Inc. All Rights Reserved.
# Licensed to PSF under a Contributor Agreement.

"""Abstract Base Classes (ABCs) according to PEP 3119."""


def abstractmethod(funcobj):
    """A decorator indicating abstract methods.

    Requires that the metaclass is ABCMeta or derived from it.  A
    class that has a metaclass derived from ABCMeta cannot be
    instantiated unless all of its abstract methods are overridden.
    The abstract methods can be called using any of the normal
    'super' call mechanisms.

    Usage:

        class C(metaclass=ABCMeta):
            @abstractmethod
            def my_abstract_method(self, ...):
                ...
    """
    funcobj.__isabstractmethod__ = True
    return funcobj


class abstractclassmethod(classmethod):
    """A decorator indicating abstract classmethods.

    Similar to abstractmethod.

    Usage:

        class C(metaclass=ABCMeta):
            @abstractclassmethod
            def my_abstract_classmethod(cls, ...):
                ...

    'abstractclassmethod' is deprecated. Use 'classmethod' with
    'abstractmethod' instead.
    """

    __isabstractmethod__ = True

    def __init__(self, callable):
        callable.__isabstractmethod__ = True
        super().__init__(callable)


class abstractstaticmethod(staticmethod):
    """A decorator indicating abstract staticmethods.

    Similar to abstractmethod.

    Usage:

        class C(metaclass=ABCMeta):
            @abstractstaticmethod
            def my_abstract_staticmethod(...):
                ...

    'abstractstaticmethod' is deprecated. Use 'staticmethod' with
    'abstractmethod' instead.
    """

    __isabstractmethod__ = True

    def __init__(self, callable):
        callable.__isabstractmethod__ = True
        super().__init__(callable)


class abstractproperty(property):
    """A decorator indicating abstract properties.

    Requires that the metaclass is ABCMeta or derived from it.  A
    class that has a metaclass derived from ABCMeta cannot be
    instantiated unless all of its abstract properties are overridden.
    The abstract properties can be called using any of the normal
    'super' call mechanisms.

    Usage:

        class C(metaclass=ABCMeta):
            @abstractproperty
            def my_abstract_property(self):
                ...

    This defines a read-only property; you can also define a read-write
    abstract property using the 'long' form of property declaration:

        class C(metaclass=ABCMeta):
            def getx(self): ...
            def setx(self, value): ...
            x = abstractproperty(getx, setx)

    'abstractproperty' is deprecated. Use 'property' with 'abstractmethod'
    instead.
    """

    __isabstractmethod__ = True


try:
    from _abc import (get_cache_token, _abc_init, _abc_register,
                      _abc_instancecheck, _abc_subclasscheck, _get_dump,
                      _reset_registry, _reset_caches)
except ImportError:
    from _py_abc import ABCMeta, get_cache_token
    ABCMeta.__module__ = 'abc'
else:
    class ABCMeta(type):
        """Metaclass for defining Abstract Base Classes (ABCs).

        Use this metaclass to create an ABC.  An ABC can be subclassed
        directly, and then acts as a mix-in class.  You can also register
        unrelated concrete classes (even built-in classes) and unrelated
        ABCs as 'virtual subclasses' -- these and their descendants will
        be considered subclasses of the registering ABC by the built-in
        issubclass() function, but the registering ABC won't show up in
        their MRO (Method Resolution Order) nor will method
        implementations defined by the registering ABC be callable (not
        even via super()).
        """
        def __new__(mcls, name, bases, namespace, **kwargs):
            cls = super().__new__(mcls, name, bases, namespace, **kwargs)
            _abc_init(cls)
            return cls

        def register(cls, subclass):
            """Register a virtual subclass of an ABC.

            Returns the subclass, to allow usage as a class decorator.
            """
            return _abc_register(cls, subclass)

        def __instancecheck__(cls, instance):
            """Override for isinstance(instance, cls)."""
            return _abc_instancecheck(cls, instance)

        def __subclasscheck__(cls, subclass):
            """Override for issubclass(subclass, cls)."""
            return _abc_subclasscheck(cls, subclass)

        def _dump_registry(cls, file=None):
            """Debug helper to print the ABC registry."""
            print(f"Class: {cls.__module__}.{cls.__qualname__}", file=file)
            print(f"Inv. counter: {get_cache_token()}", file=file)
            (_abc_registry, _abc_cache, _abc_negative_cache,
             _abc_negative_cache_version) = _get_dump(cls)
            print(f"_abc_registry: {_abc_registry!r}", file=file)
            print(f"_abc_cache: {_abc_cache!r}", file=file)
            print(f"_abc_negative_cache: {_abc_negative_cache!r}", file=file)
            print(f"_abc_negative_cache_version: {_abc_negative_cache_version!r}",
                  file=file)

        def _abc_registry_clear(cls):
            """Clear the registry (for debugging or testing)."""
            _reset_registry(cls)

        def _abc_caches_clear(cls):
            """Clear the caches (for debugging or testing)."""
            _reset_caches(cls)


class ABC(metaclass=ABCMeta):
    """Helper class that provides a standard way to create an ABC using
    inheritance.
    """
    __slots__ = ()




          

      

      

    

  

    
      
          
            
  All modules for which code is available

	abc

	astrodata._version

	astrodata.core

	astrodata.factory

	astrodata.fits

	astrodata.nddata

	astrodata.provenance

	astrodata.testing

	astrodata.wcs

	gemini_instruments.bhros.adclass

	gemini_instruments.cirpass.adclass

	gemini_instruments.common

	gemini_instruments.f2.adclass

	gemini_instruments.f2.lookup

	gemini_instruments.f2.tests.test_f2

	gemini_instruments.flamingos.adclass

	gemini_instruments.gemini

	gemini_instruments.gemini.adclass

	gemini_instruments.gemini.tests.test_descriptors


	gemini_instruments.gmos.adclass

	gemini_instruments.gmos.pixel_functions

	gemini_instruments.gmos.tests.test_gmos

	gemini_instruments.gmu

	gemini_instruments.gnirs.adclass

	gemini_instruments.gnirs.lookup

	gemini_instruments.gnirs.tests.test_gnirs

	gemini_instruments.gpi.adclass

	gemini_instruments.graces.adclass

	gemini_instruments.graces.tests.test_graces

	gemini_instruments.gsaoi.adclass

	gemini_instruments.gsaoi.lookup

	gemini_instruments.hokupaa_quirc.adclass

	gemini_instruments.hrwfs.adclass

	gemini_instruments.igrins.adclass

	gemini_instruments.michelle.adclass

	gemini_instruments.nici.adclass

	gemini_instruments.nifs.adclass

	gemini_instruments.nifs.lookup

	gemini_instruments.nifs.tests.test_nifs

	gemini_instruments.niri.adclass

	gemini_instruments.niri.lookup

	gemini_instruments.niri.tests.test_niri

	gemini_instruments.oscir.adclass

	gemini_instruments.phoenix.adclass

	gemini_instruments.skycam.adclass

	gemini_instruments.texes.adclass

	gemini_instruments.trecs.adclass




          

      

      

    

  

    
      
          
            
  Source code for astrodata._version

#!/usr/bin/env python
"""
Holds the DRAGONS version to be propagated throught all the DRAGONS package
and to be used in the documentation.
"""

# --- Setup Version Here ---
API = 3
FEATURE = 0
BUG = 0
TAG = ''


[docs]def version(short=False, tag=TAG):
    """
    Returns DRAGONS's version based on the api,
    feature and bug numbers.

    Returns
    -------
    str : formatted version
    """

    if short:
        _version = "{:d}.{:d}".format(API, FEATURE)

    else:
        _tag = '_{:s}'.format(tag) if tag else ''
        _version = "{:d}.{:d}.{:d}".format(API, FEATURE, BUG) + _tag

    return _version





          

      

      

    

  

    
      
          
            
  Source code for astrodata.core

import inspect
from abc import ABCMeta, abstractmethod, abstractproperty
from collections import namedtuple
from copy import deepcopy
from functools import wraps


[docs]class TagSet(namedtuple('TagSet', 'add remove blocked_by blocks if_present')):
    """
    TagSet(add=None, remove=None, blocked_by=None, blocks=None, if_present=None)

    Named tuple that is used by tag methods to return which actions should be
    performed on a tag set. All the attributes are optional, and any
    combination of them can be used, allowing to create complex tag structures.
    Read the documentation on the tag-generating algorithm if you want to
    better understand the interactions.

    The simplest TagSet, though, tends to just add tags to the global set.

    It can be initialized by position, like any other tuple (the order of the
    arguments is the one in which the attributes are listed below). It can
    also be initialized by name.

    Attributes
    ----------
    add : set of str, or None
        Tags to be added to the global set
    remove : set of str, or None
        Tags to be removed from the global set
    blocked_by : set of str, or None
        Tags that will prevent this TagSet from being applied
    blocks : set of str, or None
        Other TagSets containing these won't be applied
    if_present : set of str, or None
        This TagSet will be applied only *all* of these tags are present

    Examples
    ---------
    >>> TagSet()
    TagSet(add=set(), remove=set(), blocked_by=set(), blocks=set(), if_present=set())
    >>> TagSet({'BIAS', 'CAL'})
    TagSet(add={'BIAS', 'CAL'}, remove=set(), blocked_by=set(), blocks=set(), if_present=set())
    >>> TagSet(remove={'BIAS', 'CAL'})
    TagSet(add=set(), remove={'BIAS', 'CAL'}, blocked_by=set(), blocks=set(), if_present=set())

    """
    def __new__(cls, add=None, remove=None, blocked_by=None, blocks=None, if_present=None):
        return super().__new__(cls, add or set(),
                               remove or set(),
                               blocked_by or set(),
                               blocks or set(),
                               if_present or set())



[docs]def astro_data_descriptor(fn):
    """
    Decorator that will mark a class method as an AstroData descriptor.
    Useful to produce list of descriptors, for example.

    If used in combination with other decorators, this one *must* be the
    one on the top (ie. the last one applying). It doesn't modify the
    method in any other way.

    Args
    -----
    fn : method
        The method to be decorated

    Returns
    --------
    The tagged method (not a wrapper)
    """
    fn.descriptor_method = True
    return fn



[docs]def returns_list(fn):
    """
    Decorator to ensure that descriptors that should return a list (of one
    value per extension) only returns single values when operating on
    single slices; and vice versa.

    This is a common case, and you can use the decorator to simplify the
    logic of your descriptors.

    Args
    -----
    fn : method
        The method to be decorated

    Returns
    --------
    A function
    """
    @wraps(fn)
    def wrapper(self, *args, **kwargs):
        ret = fn(self, *args, **kwargs)
        if self.is_single:
            if isinstance(ret, list):
                # TODO: log a warning if the list is >1 element
                if len(ret) > 1:
                    pass
                return ret[0]
            else:
                return ret
        else:
            if isinstance(ret, list):
                if len(ret) == len(self):
                    return ret
                else:
                    raise IndexError("Incompatible numbers of extensions and elements in {}".format(fn.__name__))
            else:
                return [ret] * len(self)
    return wrapper



[docs]def astro_data_tag(fn):
    """
    Decorator that marks methods of an `AstroData` derived class as part of the
    tag-producing system.

    It wraps the method around a function that will ensure a consistent return
    value: the wrapped method can return any sequence of sequences of strings,
    and they will be converted to a TagSet. If the wrapped method
    returns None, it will be turned into an empty TagSet.

    Args
    -----
    fn : method
        The method to be decorated

    Returns
    --------
    A wrapper function
    """
    @wraps(fn)
    def wrapper(self):
        try:
            ret = fn(self)
            if ret is not None:
                if not isinstance(ret, TagSet):
                    raise TypeError("Tag function {} didn't return a TagSet".format(fn.__name__))

                return TagSet(*tuple(set(s) for s in ret))
        except KeyError:
            pass

        # Return empty TagSet for the "doesn't apply" case
        return TagSet()

    wrapper.tag_method = True
    return wrapper



[docs]class AstroDataError(Exception):
    pass



[docs]class DataProvider(metaclass=ABCMeta):
    """
    Abstract class describing the minimal interface that `DataProvider`
    derivative classes need to implement.
    """

    @property
    def is_sliced(self):
        """
        If this data provider instance represents the whole dataset, return
        False. If it represents a slice out of the whole, return True.

        Returns
        --------
        A boolean
        """
        return False

    @property
    def is_single(self):
        """
        If this data provider represents a single slice out of a whole dataset,
        return True. Otherwise, return False.

        Returns
        --------
        A boolean
        """
        return False

[docs]    @abstractmethod
    def is_settable(self, attribute):
        """
        Predicate that can be used to figure out if certain attribute of the
        `DataProvider` is meant to be modified by an external object.

        This is used mostly by `AstroData`, which acts as a proxy exposing
        attributes of its assigned provider, to decide if it should set a value
        on the provider or on itself.

        Args
        -----
        attribute : str

        Returns
        --------
        A boolean
        """


[docs]    @abstractmethod
    def append(self, ext, name=None):
        """
        Adds a new component to the provider. Objects appended to a single slice will
        actually be made hierarchically dependent of the science object represented by
        that slice. If appended to the provider as a whole, the new member will be
        independent (eg. global table, new science object).

        Args
        -----
        ext : array, `NDData`, `Table`, etc
            The component to be added. The exact accepted types depend on the class
            implementing this interface. Implementations specific to certain data formats
            may accept specialized types (eg. a FITS provider will accept an `ImageHDU`
            and extract the array out of it)

        name : str, optional
            A name that may be used to access the new object, as an attribute of the
            provider. The name is typically ignored for top-level (global) objects,
            and required for the others.

            It can consist in a combination of numbers and letters, with the restriction
            that the letters have to be all capital, and the first character cannot be
            a number ("[A-Z][A-Z0-9]*").

        Returns
        --------
        The same object, or a new one, if it was necessary to convert it to a more
        suitable format for internal use.

        Raises
        -------
        TypeError
            If adding the object in an invalid situation (eg. `name` is `None` when
            adding to a single slice)

        ValueError
            If adding an object that is not acceptable
        """


    @abstractmethod
    def __getitem__(self, slice):
        """
        Returns a sliced view of the provider. It supports the standard Python indexing
        syntax, including negative indices.

        Args
        -----
        slice : int, `slice`
            An integer or an instance of a Python standard `slice` object

        Raises
        -------
        TypeError
            If trying to slice an object when it doesn't make sense (eg. slicing a single
            slice)

        ValueError
            If `slice` does not belong to one of the recognized types

        IndexError
            If an index is out of range

        """

    @abstractmethod
    def __len__(self):
        """
        "Length" of the object. This method will typically return the number of science
        objects contained by this provider, but this may change depending on the
        implementation.

        Returns
        --------
        An integer
        """

    @abstractmethod
    def __iadd__(self, oper):
        """
        This method should attempt to do an in-place (modifying self) addition of each
        internal science object and the oper.

        Args
        -----
        oper : object
            An operand to add to the internal science objects. The actual accepted type
            depends on the implementation

        Returns
        --------
        Generally, it should return `self`. The implementations may decide to return
        something else instead.
        """

    @abstractmethod
    def __isub__(self, oper):
        """
        This method should attempt to do an in-place (modifying self) subtraction of each
        internal science object and the oper.

        Args
        -----
        oper : object
            An operand to subtract from the internal science objects. The actual accepted type
            depends on the implementation

        Returns
        --------
        Generally, it should return `self`. The implementations may decide to return
        something else instead.
        """

    @abstractmethod
    def __imul__(self, oper):
        """
        This method should attempt to do an in-place (modifying self) multiplication of each
        internal science object and the oper.

        Args
        -----
        oper : object
            An operand to multiply the internal science objects by. The actual accepted type
            depends on the implementation

        Returns
        --------
        Generally, it should return `self`. The implementations may decide to return
        something else instead.
        """

    @abstractmethod
    def __itruediv__(self, oper):
        """
        This method should attempt to do an in-place (modifying self) division of each
        internal science object and the oper.

        Args
        -----
        oper : object
            An operand to divide the internal science objects by. The actual accepted type
            depends on the implementation

        Returns
        --------
        Generally, it should return `self`. The implementations may decide to return
        something else instead.
        """

    @property
    def exposed(self):
        """
        A collection of strings with the names of objects that can be accessed directly
        by name as attributes of this instance, and that are not part of its standard
        interface (ie. data objects that have been added dynamically).

        Examples
        ---------
        >>> ad[0].exposed  # doctest: +SKIP
        set(['OBJMASK', 'OBJCAT'])

        """
        return ()

    @abstractproperty
    def data(self):
        """
        A list of the the arrays (or single array, if this is a single slice) corresponding
        to the science data attached to each extension, in loading/appending order.
        """

    @abstractproperty
    def uncertainty(self):
        """
        A list of the uncertainty objects (or a single object, if this is a single slice)
        attached to the science data, for each extension, in loading/appending order.

        The objects are instances of AstroPy's `NDUncertainty`, or `None` where no information
        is available.

        See also
        ---------
        variance: The actual array supporting the uncertainty object
        """

    @abstractproperty
    def mask(self):
        """
        A list of the mask arrays (or a single array, if this is a single slice) attached to the
        science data, for each extension, in loading/appending order.

        For objects that miss a mask, `None` will be provided instead.
        """

    @abstractproperty
    def variance(self):
        """
        A list of the variance arrays (or a single array, if this is a single slice) attached to
        the science data, for each extension, in loading/appending order.

        For objects that miss uncertainty information, `None` will be provided instead.

        See also
        ---------
        uncertainty: The `NDUncertainty` object used under the hood to propagate uncertainty when
        operating with the data
        """



# NOTE: This is not being used at all. Maybe it would be better to remove it altogether for the time
#       being, and reimplement it if it's ever needed
#
# def simple_descriptor_mapping(**kw):
#     def decorator(cls):
#         for descriptor, descriptor_def in kw.items():
#             setattr(cls, descriptor, property(descriptor_def))
#         return cls
#     return decorator


[docs]class AstroData:
    """
    AstroData(provider)

    Base class for the AstroData software package. It provides an interface to manipulate
    astronomical data sets.

    Parameters
    -----------
    provider : DataProvider
        The data that will be manipulated through the `AstroData` instance.
    """

    # Simply a value that nobody is going to try to set an NDData attribute to
    _IGNORE = -23

    def __init__(self, provider):
        if not isinstance(provider, DataProvider):
            raise ValueError("AstroData is initialized with a DataProvider object. You may want to use ad.open('...') instead")
        self._dataprov = provider
        self._processing_tags = False

    def __deepcopy__(self, memo):
        """
        Returns a new instance of this class, initialized with a deep copy of the associted `DataProvider`

        Args
        -----
        memo : dict
            See the documentation on `deepcopy` for an explanation on how this works

        Returns
        --------
        A deep copy of this instance
        """
        # Force the data provider to load data, if needed
        len(self._dataprov)
        dp = deepcopy(self._dataprov, memo)
        ad = self.__class__(dp)
        return ad

    def __process_tags(self):
        """
        Determines the tag set for the current instance

        Returns
        --------
        A set of strings
        """
        # This prevents infinite recursion
        if self._processing_tags:
            return set()
        self._processing_tags = True
        try:
            results = []
            # Calling inspect.getmembers on `self` would trigger all the properties (tags,
            # phu, hdr, etc.), and that's undesirable. To prevent that, we'll inspect the
            # *class*. But that returns us unbound methods. We use `method.__get__(self)` to
            # get a bound version.
            #
            # It's a bit of a roundabout way to get to what we want, but it's better than
            # the option...
            for mname, method in inspect.getmembers(self.__class__, lambda x: hasattr(x, 'tag_method')):
                ts = method.__get__(self)()
                plus, minus, blocked_by, blocks, if_present = ts
                if plus or minus or blocks:
                    results.append(ts)

            # Sort by the length of substractions... those that substract from others go first
            results = sorted(results, key=lambda x: len(x.remove) + len(x.blocks), reverse=True)
            # Sort by length of blocked_by... those that are never disabled go first
            results = sorted(results, key=lambda x: len(x.blocked_by))
            # Sort by length of if_present... those that need other tags to be present go last
            results = sorted(results, key=lambda x: len(x.if_present))

            tags = set()
            removals = set()
            blocked = set()
            for plus, minus, blocked_by, blocks, is_present in results:
                if is_present:
                    # If this TagSet requires other tags to be present, make sure that all of
                    # them are. Otherwise, skip...
                    if len(tags & is_present) != len(is_present):
                        continue
                allowed = (len(tags & blocked_by) + len(plus & blocked)) == 0
                if allowed:
                    # This set is not being blocked by others...
                    removals.update(minus)
                    tags.update(plus - removals)
                    blocked.update(blocks)
        finally:
            self._processing_tags = False

        return tags

    @property
    def tags(self):
        """
        A set of strings that represent the tags defining this instance
        """
        return self.__process_tags()

    @property
    def descriptors(self):
        """
        Returns a sequence of names for the methods that have been
        decorated as descriptors.

        Returns
        --------
        A tuple of str
        """
        members = inspect.getmembers(self.__class__,
                                     lambda x: hasattr(x, 'descriptor_method'))
        return tuple(mname for (mname, method) in members)

    def __iter__(self):
        for single in self._dataprov:
            yield self.__class__(single)

    def __getitem__(self, slicing):
        """
        Returns a sliced view of the instance. It supports the standard Python indexing
        syntax.

        Args
        -----
        slice : int, `slice`
            An integer or an instance of a Python standard `slice` object

        Raises
        -------
        TypeError
            If trying to slice an object when it doesn't make sense (eg. slicing a single
            slice)

        ValueError
            If `slice` does not belong to one of the recognized types

        IndexError
            If an index is out of range

        """
        return self.__class__(self._dataprov[slicing])

    def __delitem__(self, idx):
        """
        Called to implement deletion of `self[idx]`.  Supports standard Python syntax
        (including negative indices).

        Args
        -----
        idx : integer
            This index represents the order of the element that you want to remove.

        Raises
        -------
        IndexError
            If `idx` is out of range
        """
        del self._dataprov[idx]

    def __getattr__(self, attribute):
        """
        Called when an attribute lookup has not found the attribute in the usual places
        (not an instance attribute, and not in the class tree for `self`).

        This is implemented to provide access to objects exposed by the `DataProvider`

        Args
        -----
        attribute : string
            The attribute's name

        Raises
        -------
        AttributeError
            If the attribute could not be found/computed.
        """
        try:
            return getattr(self._dataprov, attribute)
        except AttributeError:
            raise AttributeError("{!r} object has no attribute {!r}"
                                 .format(self.__class__.__name__, attribute))

    def __setattr__(self, attribute, value):
        """
        Called when an attribute assignment is attempted, instead of the normal mechanism.
        This method will check first with the `DataProvider`: if the DP says it will contain
        this attribute, or that it will accept it for setting, then the value will be stored
        at the DP level. Otherwise, the regular attribute assignment mechanisme takes over
        and the value will be store as an instance attribute of `self`.

        Args
        -----
        attribute : string
            The attribute's name

        value : object
            The value to be assigned to the attribute

        Returns
        --------
        If the value is passed to the `DataProvider`, and it is not of an acceptable type,
        a `ValueError` (or other exception) may be rised. Please, check the appropriate
        documentation for this.
        """
        if attribute != '_dataprov' and '_dataprov' in self.__dict__:
            if self._dataprov.is_settable(attribute):
                setattr(self._dataprov, attribute, value)
                return
        super().__setattr__(attribute, value)

    def __delattr__(self, attribute):
        """
        Implements attribute removal. If `self` represents a single slice, the
        """
        try:
            try:
                self._dataprov.__delattr__(attribute)
            except (ValueError, AttributeError):
                super().__delattr__(attribute)
        except AttributeError:
            if self._dataprov.is_sliced:
                raise AttributeError("{!r} sliced object has no attribute {!r}"
                                     .format(self.__class__.__name__, attribute))
            else:
                raise

    def __contains__(self, attribute):
        """
        Implements the ability to use the `in` operator with an `AstroData` object.
        It will look up the specified attribute name within the exposed members of
        the internal `DataProvider` object. Refer to the concrete `DataProvider`
        implementation's documentation to know what members are exposed.

        Args
        -----
        attribute : string
            An attribute name

        Returns
        --------
        A boolean
        """
        return attribute in self._dataprov.exposed

    def __len__(self):
        """
        Number of independent extensions stored by the `DataProvider`

        Returns
        --------
        A non-negative integer.
        """
        return len(self._dataprov)

[docs]    @abstractmethod
    def info(self):
        """
        Prints out information about the contents of this instance. Implemented
        by the derived classes.
        """


    def __add__(self, oper):
        """
        Implements the binary arithmetic operation `+` with `AstroData` as
        the left operand.

        Args
        -----
        oper : number or object
            The operand to be added to this instance. The accepted types
            depend on the `DataProvider`.

        Returns
        --------
        A new `AstroData` instance
        """
        copy = deepcopy(self)
        copy += oper
        return copy

    def __sub__(self, oper):
        """
        Implements the binary arithmetic operation `-` with `AstroData` as
        the left operand.

        Args
        -----
        oper : number or object
            The operand to be subtracted to this instance. The accepted types
            depend on the `DataProvider`.

        Returns
        --------
        A new `AstroData` instance
        """
        copy = deepcopy(self)
        copy -= oper
        return copy

    def __mul__(self, oper):
        """
        Implements the binary arithmetic operation `*` with `AstroData` as
        the left operand.

        Args
        -----
        oper : number or object
            The operand to be multiplied to this instance. The accepted types
            depend on the `DataProvider`.

        Returns
        --------
        A new `AstroData` instance
        """
        copy = deepcopy(self)
        copy *= oper
        return copy

    def __truediv__(self, oper):
        """
        Implements the binary arithmetic operation `/` with `AstroData` as
        the left operand.

        Args
        -----
        oper : number or object
            The operand to be divided to this instance. The accepted types
            depend on the `DataProvider`.

        Returns
        --------
        A new `AstroData` instance
        """
        copy = deepcopy(self)
        copy /= oper
        return copy

    def __iadd__(self, oper):
        """
        Implements the augmented arithmetic assignment `+=`.

        Args
        -----
        oper : number or object
            The operand to be added to this instance. The accepted types
            depend on the `DataProvider`.

        Returns
        --------
        `self`
        """
        self._dataprov += oper
        return self

    def __isub__(self, oper):
        """
        Implements the augmented arithmetic assignment `-=`.

        Args
        -----
        oper : number or object
            The operand to be subtracted to this instance. The accepted types
            depend on the `DataProvider`.

        Returns
        --------
        `self`
        """
        self._dataprov -= oper
        return self

    def __imul__(self, oper):
        """
        Implements the augmented arithmetic assignment `*=`.

        Args
        -----
        oper : number or object
            The operand to be multiplied to this instance. The accepted types
            depend on the `DataProvider`.

        Returns
        --------
        `self`
        """
        self._dataprov *= oper
        return self

    def __itruediv__(self, oper):
        """
        Implements the augmented arithmetic assignment `/=`.

        Args
        -----
        oper : number or other
            The operand to be divided to this instance. The accepted types
            depend on the `DataProvider`.

        Returns
        --------
        `self`
        """
        self._dataprov /= oper
        return self

    add = __iadd__
    subtract = __isub__
    multiply = __imul__
    divide = __itruediv__

    __radd__ = __add__
    __rmul__ = __mul__

    def __rsub__(self, oper):
        copy = (deepcopy(self) - oper) * -1
        return copy

    def __rtruediv__(self, oper):
        copy = deepcopy(self)
        copy._dataprov.__rtruediv__(oper)
        return copy

    # This method needs to be implemented as classmethod
[docs]    @abstractmethod
    def load(cls, source):
        """
        Class method that returns an instance of this same class, properly initialized
        with a DataProvider that can deal with the object passed as `source`

        This method is abstract and has to be implemented by derived classes.
        """


[docs]    def append(self, extension, name=None, *args, **kw):
        """
        Adds a new top-level extension to the provider. Please, read the the concrete
        `DataProvider` documentation that is being used to know the exact behavior and
        additional accepted arguments.

        Args
        -----
        extension : array, Table, or other
            The contents for the new extension. Usually the underlying `DataProvider`
            will understand how to deal with regular NumPy arrays and with AstroData
            `Table` instances, but it may also accept other types.

        name : string, optional
            A `DataProvider` will usually require a name for extensions. If the name
            cannot be derived from the metadata associated to `extension`, you will
            have to provider one.

        args : optional
            The DataProvider may accept additional arguments. Please, refer to its
            documentation.

        kw : optional
            The DataProvider may accept additional arguments. Please, refer to its
            documentation.

        Returns
        --------
        The instance that has been added internally (potentially *not* the same that
        was passed as *extension*)

        Raises
        -------
        TypeError
            Will be raised if the `DataProvider` doesn't know how to deal with the
            data that has been passed.

        ValueError
            Raised if the extension is of a proper type, but its value is illegal
            somehow.
        """
        return self._dataprov.append(extension, name=name, *args, **kw)


[docs]    def operate(self, operator, *args, **kwargs):
        """
        Applies a function to the main data array on each extension, replacing
        the data with the result. The data will be passed as the first argument
        to the function.

        It will be applied to the mask and variance of each extension, too, if
        they exist.

        This is a convenience method, which is equivalent to::

            for ext in ad:
                ad.ext.data = operator(ad.ext.data, *args, **kwargs)
                ad.ext.mask = operator(ad.ext.mask, *args, **kwargs) if ad.ext.mask is not None else None
                ad.ext.variance = operator(ad.ext.variance, *args, **kwargs) if ad.ext.variance is not None else None

        with the additional advantage that it will work on single slices, too.

        Args
        -----
        operator : function, or bound method
            A function that takes an array (and, maybe, other arguments)
            and returns an array

        args : optional
            Additional arguments to be passed positionally to the `operator`

        kwargs : optional
            Additional arguments to be passed by name to the `operator`

        Examples
        ---------
        >>> import numpy as np
        >>> ad.operate(np.squeeze)  # doctest: +SKIP

        """
        # Ensure we can iterate, even on a single slice
        for ext in [self] if self.is_single else self:
            ext.data = operator(ext.data, *args, **kwargs)
            if ext.mask is not None:
                ext.mask = operator(ext.mask, *args, **kwargs)
            if ext.variance is not None:
                ext.variance = operator(ext.variance, *args, **kwargs)


[docs]    def reset(self, data, mask=_IGNORE, variance=_IGNORE, check=True):
        """
        Sets the .data, and optionally .mask and .variance attributes of a
        single-extension AstroData slice. This function will optionally
        check whether these attributes have the same shape.

        Parameters
        ----------
        data : ndarray
            The array to assign to the .data attribute ("SCI")

        mask : ndarray, optional
            The array to assign to the .mask attribute ("DQ")

        variance: ndarray, optional
            The array to assign to the .variance attribute ("VAR")

        check: bool
            If set, then the function will check that the mask and variance
            arrays have the same shape as the data array

        Raises
        -------
        TypeError
            if an attempt is made to set the .mask or .variance attributes
            with something other than an array

        ValueError
            if the .mask or .variance attributes don't have the same shape as
            .data, OR if this is called on an AD instance that isn't a single
            extension slice
        """
        if not self.is_single:
            raise ValueError("Trying to reset a non-sliced AstroData object")

        # In case data is an NDData object
        try:
            self.data = data.data
        except AttributeError:
            self.data = data
        # Set mask, with checking if required
        try:
            if mask.shape != self.data.shape and check:
                raise ValueError("Mask shape incompatible with data shape")
        except AttributeError:
            if mask is None:
                self.mask = mask
            elif mask == self._IGNORE:
                if hasattr(data, 'mask'):
                    self.mask = data.mask
            else:
                raise TypeError("Attempt to set mask inappropriately")
        else:
            self.mask = mask
        # Set variance, with checking if required
        try:
            if variance.shape != self.data.shape and check:
                raise ValueError("Variance shape incompatible with data shape")
        except AttributeError:
            if variance is None:
                self.uncertainty = None
            elif variance == self._IGNORE:
                if hasattr(data, 'uncertainty'):
                    self.uncertainty = data.uncertainty
            else:
                raise TypeError("Attempt to set variance inappropriately")
        else:
            self.variance = variance

        if hasattr(data, 'wcs'):
            self.wcs = data.wcs






          

      

      

    

  

    
      
          
            
  Source code for astrodata.factory

import logging
import os
from copy import deepcopy

from astropy.io import fits

from .core import AstroDataError

LOGGER = logging.getLogger('AstroData Factory')


[docs]def fits_opener(source):
    return fits.open(source, memmap=True)



[docs]class AstroDataFactory:

    _file_openers = (
        fits_opener,
    )

    def __init__(self):
        self._registry = set()

    @staticmethod
    def _openFile(source):
        """
        Internal static method that takes a `source`, assuming that it is a
        string pointing to a file to be opened.

        If this is the case, it will try to open the file and return an
        instance of the appropriate native class to be able to manipulate it
        (eg. ``HDUList``).

        If `source` is not a string, it will be returned verbatim, assuming
        that it represents an already opened file.

        """
        if isinstance(source, str):
            stats = os.stat(source)
            if stats.st_size == 0:
                LOGGER.warning("File {} is zero size".format(source))

            # try vs all handlers
            for func in AstroDataFactory._file_openers:
                try:
                    return func(source)
                except Exception:
                    # Just ignore the error. Assume that it is a not supported
                    # format and go for the next opener
                    pass
            raise AstroDataError("No access, or not supported format for: {}"
                                 .format(source))
        else:
            return source

[docs]    def addClass(self, cls):
        """
        Add a new class to the AstroDataFactory registry. It will be used when
        instantiating an AstroData class for a FITS file.
        """
        if not hasattr(cls, '_matches_data'):
            raise AttributeError("Class '{}' has no '_matches_data' method"
                                 .format(cls.__name__))
        self._registry.add(cls)


[docs]    def getAstroData(self, source):
        """
        Takes either a string (with the path to a file) or an HDUList as input,
        and tries to return an AstroData instance.

        It will raise exceptions if the file is not found, or if there is no
        match for the HDUList, among the registered AstroData classes.

        Returns an instantiated object, or raises AstroDataError if it was
        not possible to find a match

        """
        opened = self._openFile(source)
        candidates = []
        for adclass in self._registry:
            try:
                if adclass._matches_data(opened):
                    candidates.append(adclass)
            except Exception:  # Some problem opening this
                pass

        # For every candidate in the list, remove the ones that are base classes
        # for other candidates. That way we keep only the more specific ones.
        final_candidates = []
        for cnd in candidates:
            if any(cnd in x.mro() for x in candidates if x != cnd):
                continue
            final_candidates.append(cnd)

        if len(final_candidates) > 1:
            raise AstroDataError("More than one class is candidate for this dataset")
        elif not final_candidates:
            raise AstroDataError("No class matches this dataset")

        return final_candidates[0].load(source)


[docs]    def createFromScratch(self, phu, extensions=None):
        """Creates an AstroData object from a collection of objects.

        Parameters
        ----------
        phu : fits.PrimaryHDU or fits.Header or dict or list
            FITS primary HDU or header, or something that can be used to create
            a fits.Header (a dict, a list of "cards").
        extensions : list of HDUs
            List of HDU objects.

        """
        lst = fits.HDUList()
        if phu is not None:
            if isinstance(phu, fits.PrimaryHDU):
                lst.append(deepcopy(phu))
            elif isinstance(phu, fits.Header):
                lst.append(fits.PrimaryHDU(header=deepcopy(phu)))
            elif isinstance(phu, (dict, list, tuple)):
                p = fits.PrimaryHDU()
                p.header.update(phu)
                lst.append(p)
            else:
                raise ValueError("phu must be a PrimaryHDU or a valid header object")

        # TODO: Verify the contents of extensions...
        if extensions is not None:
            for ext in extensions:
                lst.append(ext)

        return self.getAstroData(lst)






          

      

      

    

  

    
      
          
            
  Source code for astrodata.fits

import gc
import inspect
import logging
import os
import re
import traceback
import warnings
from collections import OrderedDict
from copy import deepcopy
from functools import partial, wraps
from io import BytesIO

from itertools import zip_longest, product as cart_product

from .core import AstroData, DataProvider, astro_data_descriptor
from .nddata import NDAstroData as NDDataObject, ADVarianceUncertainty
from . import wcs as adwcs

import astropy
from astropy.io import fits
from astropy.io.fits import HDUList, DELAYED
from astropy.io.fits import PrimaryHDU, ImageHDU, BinTableHDU, TableHDU
from astropy.io.fits import Column, FITS_rec
from astropy.io.fits.hdu.table import _TableBaseHDU
from astropy import units as u
# NDDataRef is still not in the stable astropy, but this should be the one
# we use in the future...
# from astropy.nddata import NDData, NDDataRef as NDDataObject
from astropy.nddata import NDData
from astropy.table import Table
import numpy as np

from gwcs.wcs import WCS as gWCS
from gwcs import coordinate_frames as cf

INTEGER_TYPES = (int, np.integer)
NO_DEFAULT = object()
LOGGER = logging.getLogger(__name__)


[docs]class AstroDataFitsDeprecationWarning(DeprecationWarning):
    pass



warnings.simplefilter("always", AstroDataFitsDeprecationWarning)


[docs]def deprecated(reason):
    def decorator_wrapper(fn):
        @wraps(fn)
        def wrapper(*args, **kw):
            current_source = '|'.join(traceback.format_stack(inspect.currentframe()))
            if current_source not in wrapper.seen:
                wrapper.seen.add(current_source)
                warnings.warn(reason, AstroDataFitsDeprecationWarning)
            return fn(*args, **kw)
        wrapper.seen = set()
        return wrapper
    return decorator_wrapper



[docs]class KeywordCallableWrapper:
    def __init__(self, keyword, default=NO_DEFAULT, on_ext=False, coerce_with=None):
        self.kw = keyword
        self.on_ext = on_ext
        self.default = default
        self.coercion_fn = coerce_with if coerce_with is not None else (lambda x: x)

    def __call__(self, adobj):
        def wrapper():
            manip = adobj.phu if not self.on_ext else adobj.hdr
            if self.default is NO_DEFAULT:
                ret = getattr(manip, self.kw)
            else:
                ret = manip.get(self.kw, self.default)
            return self.coercion_fn(ret)
        return wrapper



[docs]class FitsHeaderCollection:
    """
    FitsHeaderCollection(headers)

    This class provides group access to a list of PyFITS Header-like objects.
    It exposes a number of methods (`set`, `get`, etc.) that operate over all
    the headers at the same time.

    It can also be iterated.
    """
    def __init__(self, headers):
        self.__headers = list(headers)

    def _insert(self, idx, header):
        self.__headers.insert(idx, header)

    def __iter__(self):
        yield from self.__headers

#    @property
#    def keywords(self):
#        if self._on_ext:
#            return self._ret_ext([set(h.keys()) for h in self.__headers])
#        else:
#            return set(self.__headers[0].keys())
#
#    def show(self):
#        if self._on_ext:
#            for n, header in enumerate(self.__headers):
#                print("==== Header #{} ====".format(n))
#                print(repr(header))
#        else:
#            print(repr(self.__headers[0]))

    def __setitem__(self, key, value):
        if isinstance(value, tuple):
            self.set(key, value=value[0], comment=value[1])
        else:
            self.set(key, value=value)

[docs]    def set(self, key, value=None, comment=None):
        for header in self.__headers:
            header.set(key, value=value, comment=comment)


    def __getitem__(self, key):
        raised = False
        missing_at = []
        ret = []
        for n, header in enumerate(self.__headers):
            try:
                ret.append(header[key])
            except KeyError:
                missing_at.append(n)
                ret.append(None)
                raised = True
        if raised:
            error = KeyError("The keyword couldn't be found at headers: {}"
                             .format(tuple(missing_at)))
            error.missing_at = missing_at
            error.values = ret
            raise error
        return ret

[docs]    def get(self, key, default=None):
        try:
            return self[key]
        except KeyError as err:
            vals = err.values
            for n in err.missing_at:
                vals[n] = default
            return vals


    def __delitem__(self, key):
        self.remove(key)

[docs]    def remove(self, key):
        deleted = 0
        for header in self.__headers:
            try:
                del header[key]
                deleted = deleted + 1
            except KeyError:
                pass
        if not deleted:
            raise KeyError("'{}' is not on any of the extensions".format(key))


[docs]    def get_comment(self, key):
        return [header.comments[key] for header in self.__headers]


[docs]    def set_comment(self, key, comment):
        def _inner_set_comment(header):
            if key not in header:
                raise KeyError("Keyword {!r} not available".format(key))

            header.set(key, comment=comment)

        for n, header in enumerate(self.__headers):
            try:
                _inner_set_comment(header)
            except KeyError as err:
                raise KeyError(err.args[0] + " at header {}".format(n))


    def __contains__(self, key):
        return any(tuple(key in h for h in self.__headers))



[docs]def new_imagehdu(data, header, name=None):
    # Assigning data in a delayed way, won't reset BZERO/BSCALE in the header,
    # for some reason. Need to investigated. Maybe astropy.io.fits bug. Figure
    # out WHY were we delaying in the first place.
    #    i = ImageHDU(data=DELAYED, header=header.copy(), name=name)
    #    i.data = data
    return ImageHDU(data=data, header=header.copy(), name=name)



[docs]def table_to_bintablehdu(table, extname=None):
    """
    Convert an astropy Table object to a BinTableHDU before writing to disk.

    Parameters
    ----------
    table: astropy.table.Table instance
        the table to be converted to a BinTableHDU
    extname: str
        name to go in the EXTNAME field of the FITS header

    Returns
    -------
    BinTableHDU
    """
    add_header_to_table(table)
    array = table.as_array()
    header = table.meta['header'].copy()
    if extname:
        header['EXTNAME'] = (extname, 'added by AstroData')
    coldefs = []
    for n, name in enumerate(array.dtype.names, 1):
        coldefs.append(Column(
            name   = header.get('TTYPE{}'.format(n)),
            format = header.get('TFORM{}'.format(n)),
            unit   = header.get('TUNIT{}'.format(n)),
            null   = header.get('TNULL{}'.format(n)),
            bscale = header.get('TSCAL{}'.format(n)),
            bzero  = header.get('TZERO{}'.format(n)),
            disp   = header.get('TDISP{}'.format(n)),
            start  = header.get('TBCOL{}'.format(n)),
            dim    = header.get('TDIM{}'.format(n)),
            array  = array[name]
        ))

    return BinTableHDU(data=FITS_rec.from_columns(coldefs), header=header)



header_type_map = {
    'bool': 'L',
    'int8': 'B',
    'int16': 'I',
    'int32': 'J',
    'int64': 'K',
    'uint8': 'B',
    'uint16': 'I',
    'uint32': 'J',
    'uint64': 'K',
    'float32': 'E',
    'float64': 'D',
    'complex64': 'C',
    'complex128': 'M'
}


[docs]def header_for_table(table):
    columns = []
    for col in table.itercols():
        descr = {'name': col.name}
        typekind = col.dtype.kind
        typename = col.dtype.name
        if typekind in {'S', 'U'}: # Array of strings
            strlen = col.dtype.itemsize // col.dtype.alignment
            descr['format'] = '{}A'.format(strlen)
            descr['disp'] = 'A{}'.format(strlen)
        elif typekind == 'O': # Variable length array
            raise TypeError("Variable length arrays like in column '{}' are not supported".format(col.name))
        else:
            try:
                typedesc = header_type_map[typename]
            except KeyError:
                raise TypeError("I don't know how to treat type {!r} for column {}".format(col.dtype, col.name))
            repeat = ''
            data = col.data
            shape = data.shape
            if len(shape) > 1:
                repeat = data.size // shape[0]
                if len(shape) > 2:
                    descr['dim'] = shape[1:]
            if typedesc == 'L' and len(shape) > 1:
                # Bit array
                descr['format'] = '{}X'.format(repeat)
            else:
                descr['format'] = '{}{}'.format(repeat, typedesc)
            if col.unit is not None:
                descr['unit'] = str(col.unit)

        columns.append(fits.Column(array=col.data, **descr))

    fits_header = fits.BinTableHDU.from_columns(columns).header
    if 'header' in table.meta:
        fits_header = update_header(table.meta['header'], fits_header)
    return fits_header



[docs]def add_header_to_table(table):
    header = header_for_table(table)
    table.meta['header'] = header
    return header



[docs]def card_filter(cards, include=None, exclude=None):
    for card in cards:
        if include is not None and card[0] not in include:
            continue
        elif exclude is not None and card[0] in exclude:
            continue
        yield card



[docs]def update_header(headera, headerb):
    cardsa = tuple(tuple(cr) for cr in headera.cards)
    cardsb = tuple(tuple(cr) for cr in headerb.cards)

    if cardsa == cardsb:
        return headera

    # Ok, headerb differs somehow. Let's try to bring the changes to
    # headera
    # Updated keywords that should be unique
    difference = set(cardsb) - set(cardsa)
    headera.update(card_filter(difference, exclude={'HISTORY', 'COMMENT', ''}))
    # Check the HISTORY and COMMENT cards, just in case
    for key in ('HISTORY', 'COMMENT'):
        fltcardsa = card_filter(cardsa, include={key})
        fltcardsb = card_filter(cardsb, include={key})
        # assume we start with two headers that are mostly the same and
        # that will have added comments/history at the end (in headerb)
        for (ca, cb) in zip_longest(fltcardsa, fltcardsb):
            if ca is None:
                headera.update((cb,))

    return headera


[docs]def normalize_indices(slc, nitems):
    multiple = True
    if isinstance(slc, slice):
        start, stop, step = slc.indices(nitems)
        indices = list(range(start, stop, step))
    elif isinstance(slc, INTEGER_TYPES) or (isinstance(slc, tuple) and all(isinstance(i, INTEGER_TYPES) for i in slc)):
        if isinstance(slc, INTEGER_TYPES):
            slc = (int(slc),)   # slc's type m
            multiple = False
        else:
            multiple = True
        # Normalize negative indices...
        indices = [(x if x >= 0 else nitems + x) for x in slc]
    else:
        raise ValueError("Invalid index: {}".format(slc))

    if any(i >= nitems for i in indices):
        raise IndexError("Index out of range")

    return indices, multiple



[docs]class FitsProviderProxy(DataProvider):

    # TODO: CAVEAT. Not all methods are intercepted. Some, like "info", may not
    # make sense for slices. If a method of interest is identified, we need to
    # implement it properly, or make it raise an exception if not valid.

    def __init__(self, provider, mapping, single):
        # We're overloading __setattr__. This is safer than setting the
        # attributes the normal way.
        self.__dict__.update({
            '_provider': provider,
            '_mapping': tuple(mapping),
            '_sliced': True,
            '_single': single
            })

    @property
    def is_sliced(self):
        return True

    @property
    def is_single(self):
        return self._single

    def __deepcopy__(self, memo):
        return self._provider._clone(mapping=self._mapping)

[docs]    def is_settable(self, attr):
        if attr in {'path', 'filename'}:
            return False

        return self._provider.is_settable(attr)


    def __len__(self):
        return len(self._mapping)

    def _mapped_nddata(self, idx=None):
        if idx is None:
            return [self._provider._nddata[idx] for idx in self._mapping]
        else:
            return self._provider._nddata[self._mapping[idx]]

    def __getattr__(self, attribute):
        if not attribute.startswith('_'):
            try:
                # Check first if this is something we can get from the main object
                # But only if it's not an internal attribute
                try:
                    return self._provider._getattr_impl(attribute, self._mapped_nddata())
                except AttributeError:
                    # Not a special attribute. Check the regular interface
                    return getattr(self._provider, attribute)
            except AttributeError:
                pass
        # Not found in the real Provider. Ok, if we're working with single
        # slices, let's look some things up in the ND object
        if self.is_single:
            if attribute.isupper():
                try:
                    return self._mapped_nddata(0).meta['other'][attribute]
                except KeyError:
                    # Not found. Will raise an exception...
                    pass
        raise AttributeError("{} not found in this object".format(attribute))

    def __setattr__(self, attribute, value):
        def _my_attribute(attr):
            return attr in self.__dict__ or attr in self.__class__.__dict__

        # This method is meant to let the user set certain attributes of the NDData
        # objects. First we check if the attribute belongs to this object's dictionary.
        # Otherwise, see if we can pass it down.

        if not _my_attribute(attribute) and self._provider.is_settable(attribute):
            if attribute.isupper():
                if not self.is_single:
                    raise TypeError("This attribute can only be assigned to a single-slice object")
                target = self._mapped_nddata(0)
                self._provider.append(value, name=attribute, add_to=target)
                return
            elif attribute in {'path', 'filename'}:
                # FIXME: never reached because path/filename are not settable
                raise AttributeError("Can't set path or filename on a sliced object")
            else:
                setattr(self._provider, attribute, value)

        super().__setattr__(attribute, value)

    def __delattr__(self, attribute):
        if not attribute.isupper():
            raise ValueError("Can't delete non-capitalized attributes from slices")
        if not self.is_single:
            raise TypeError("Can't delete attributes on non-single slices")
        other, otherh = self.nddata.meta['other'], self.nddata.meta['other_header']
        if attribute in other:
            del other[attribute]
            if attribute in otherh:
                del otherh[attribute]
        else:
            raise AttributeError("'{}' does not exist in this extension".format(attribute))

    @property
    def exposed(self):
        return self._provider._exposed.copy() | set(self._mapped_nddata(0).meta['other'])

    def __iter__(self):
        if self._single:
            yield self
        else:
            for n in self._mapping:
                yield self._provider._slice((n,), multi=False)

    def __getitem__(self, slc):
        if self.is_single:
            raise TypeError("Can't slice a single slice!")

        indices, multiple = normalize_indices(slc, nitems=len(self))
        mapped_indices = tuple(self._mapping[idx] for idx in indices)
        return self._provider._slice(mapped_indices, multi=multiple)

    def __delitem__(self, idx):
        raise TypeError("Can't remove items from a sliced object")

    def __iadd__(self, operand):
        self._provider._standard_nddata_op(NDDataObject.add, operand, self._mapping)
        return self

    def __isub__(self, operand):
        self._provider._standard_nddata_op(NDDataObject.subtract, operand, self._mapping)
        return self

    def __imul__(self, operand):
        self._provider._standard_nddata_op(NDDataObject.multiply, operand, self._mapping)
        return self

    def __itruediv__(self, operand):
        self._provider._standard_nddata_op(NDDataObject.divide, operand, self._mapping)
        return self

    def __rtruediv__(self, operand):
        self._provider._oper(self._provider._rdiv, operand, self._mapping)
        return self

    @property
    @deprecated("Access to headers through this property is deprecated and will be removed in the future. "
                "Use '.hdr' instead.")
    def header(self):
        return self._provider._get_raw_headers(with_phu=True, indices=self._mapping)

    @property
    def data(self):
        if self.is_single:
            return self._mapped_nddata(0).data
        else:
            return [nd.data for nd in self._mapped_nddata()]

    @data.setter
    def data(self, value):
        if not self.is_single:
            raise ValueError("Trying to assign to an AstroData object that is not a single slice")

        ext = self._mapped_nddata(0)
        # Setting the ._data in the NDData is a bit kludgy, but we're all grown adults
        # and know what we're doing, isn't it?
        if hasattr(value, 'shape'):
            ext._data = value
        else:
            raise AttributeError("Trying to assign data to be something with no shape")

    @property
    def uncertainty(self):
        if self.is_single:
            return self._mapped_nddata(0).uncertainty
        else:
            return [nd.uncertainty for nd in self._mapped_nddata()]

    @uncertainty.setter
    def uncertainty(self, value):
        if not self.is_single:
            raise ValueError("Trying to assign to an AstroData object that is not a single slice")
        self._mapped_nddata(0).uncertainty = value

    @property
    def mask(self):
        if self.is_single:
            return self._mapped_nddata(0).mask
        else:
            return [nd.mask for nd in self._mapped_nddata()]

    @mask.setter
    def mask(self, value):
        if not self.is_single:
            raise ValueError("Trying to assign to an AstroData object that is not a single slice")
        self._mapped_nddata(0).mask = value

    @property
    def variance(self):
        if self.is_single:
            return self._mapped_nddata(0).variance
        else:
            return [nd.variance for nd in self._mapped_nddata()]

    @variance.setter
    def variance(self, value):
        if not self.is_single:
            raise ValueError("Trying to assign to an AstroData object that is not a single slice")
        nd = self._mapped_nddata(0)
        if value is None:
            nd.uncertainty = None
        else:
            nd.uncertainty = ADVarianceUncertainty(value)

    @property
    def nddata(self):
        if not self.is_single:
            return self._mapped_nddata()
        else:
            return self._mapped_nddata(0)

    @property
    def shape(self):
        if not self.is_single:
            return [nd.shape for nd in self._mapped_nddata()]
        else:
            return self._mapped_nddata(0).shape

    @property
    def wcs(self):
        if self.is_single:
            return self._mapped_nddata(0).wcs
        raise ValueError("Cannot return WCS for an AstroData object that is not a single slice")

    @wcs.setter
    def wcs(self, value):
        if not self.is_single:
            raise ValueError("Trying to assign to an AstroData object that is not a single slice")
        self._mapped_nddata(0).wcs = value

[docs]    def hdr(self):
        headers = self._provider._get_raw_headers(indices=self._mapping)

        return headers[0] if self.is_single else FitsHeaderCollection(headers)


    def _crop_nd(self, nd, x1, y1, x2, y2):
        # needed because __getattr__ breaks finding private methods in the
        # parent class...
        self._provider._crop_nd(nd, x1, y1, x2, y2)

    def _crop_impl(self, x1, y1, x2, y2, nds=None):
        # needed because __getattr__ breaks finding private methods in the
        # parent class...
        self._provider._crop_impl(x1, y1, x2, y2, nds=nds)

[docs]    def crop(self, x1, y1, x2, y2):
        self._crop_impl(x1, y1, x2, y2, self._mapped_nddata())


[docs]    def append(self, ext, name):
        if not self.is_single:
            # TODO: We could rethink this one, but leave it like that at the moment
            raise TypeError("Can't append objects to non-single slices")
        elif name is None:
            raise TypeError("Can't append objects to a slice without an extension name")

        target = self._mapped_nddata(0)
        return self._provider.append(ext, name=name, add_to=target)


[docs]    def extver_map(self):
        """
        Provide a mapping between the FITS EXTVER of an extension and the index
        that will be used to access it within this object.

        Returns
        -------
        A dictionary `{EXTVER:index, ...}`

        Raises
        ------
        ValueError
            If used against a single slice. It is of no use in that situation.
        """
        if self.is_single:
            raise ValueError("Trying to get a mapping out of a single slice")

        return self._provider._extver_impl(self._mapped_nddata())


[docs]    def info(self, tags):
        self._provider.info(tags, indices=self._mapping)




[docs]class FitsProvider(DataProvider):

    default_extension = 'SCI'

    def __init__(self):
        # We're overloading __setattr__. This is safer than setting the
        # attributes the normal way.
        self.__dict__.update({
            '_sliced': False,
            '_single': False,
            '_phu': None,
            '_nddata': [],
            '_path': None,
            '_orig_filename': None,
            '_tables': {},
            '_exposed': set(),
            '_resetting': False,
            '_fixed_settable': {
                'data',
                'uncertainty',
                'mask',
                'variance',
                'wcs',
                'path',
                'filename'
                }
            })

    def __deepcopy__(self, memo):
        nfp = FitsProvider()
        to_copy = ('_sliced', '_phu', '_single', '_nddata',
                   '_path', '_orig_filename', '_tables', '_exposed',
                   '_resetting')
        for attr in to_copy:
            nfp.__dict__[attr] = deepcopy(self.__dict__[attr])

        # Top-level tables
        for key in set(self.__dict__) - set(nfp.__dict__):
            nfp.__dict__[key] = nfp.__dict__['_tables'][key]

        return nfp

    def _clone(self, mapping=None):
        if mapping is None:
            mapping = range(len(self))

        dp = FitsProvider()
        dp._phu = deepcopy(self._phu)
        for n in mapping:
            dp.append(deepcopy(self._nddata[n]))
        for t in self._tables.values():
            dp.append(deepcopy(t))

        return dp

[docs]    def is_settable(self, attr):
        return attr in self._fixed_settable or attr.isupper()


    def _getattr_impl(self, attribute, nds):
        # Exposed objects are part of the normal object interface. We may have
        # just lazy-loaded them, and that's why we get here...
        if attribute in self._exposed:
            return getattr(self, attribute)

        # Check if it's an aliased object
        for nd in nds:
            if nd.meta.get('name') == attribute:
                return nd

        raise AttributeError("Not found")

    def __getattr__(self, attribute):
        try:
            return self._getattr_impl(attribute, self._nddata)
        except AttributeError:
            raise AttributeError("{} not found in this object, or available only for sliced data".format(attribute))

    def __setattr__(self, attribute, value):
        def _my_attribute(attr):
            return attr in self.__dict__ or attr in self.__class__.__dict__

        # This method is meant to let the user set certain attributes of the NDData
        # objects.
        #
        # self._resetting shortcircuits the method when populating the object. In that
        # situation, we don't want to interfere. Of course, we need to check first
        # if self._resetting is there, because otherwise we enter a loop..
        # CJS 20200131: if the attribute is "exposed" then we should set it via the
        # append method I think (it's a Table or something)
        if ('_resetting' in self.__dict__ and not self._resetting and
                (not _my_attribute(attribute) or attribute in self._exposed)):
            if attribute.isupper():
                self.append(value, name=attribute, add_to=None)
                return

        # Fallback
        super().__setattr__(attribute, value)

    def __delattr__(self, attribute):
        # TODO: So far we're only deleting tables by name.
        #       Figure out what to do with aliases
        if not attribute.isupper():
            raise ValueError("Can't delete non-capitalized attributes")
        try:
            del self._tables[attribute]
            del self.__dict__[attribute]
        except KeyError:
            raise AttributeError("'{}' is not a global table for this instance".format(attribute))

    def _oper(self, operator, operand, indices=None):
        if indices is None:
            indices = tuple(range(len(self._nddata)))
        if isinstance(operand, AstroData):
            if len(operand) != len(indices):
                raise ValueError("Operands are not the same size")
            for n in indices:
                try:
                    self._set_nddata(n, operator(self._nddata[n],
                                                (operand.nddata if operand.is_single else operand.nddata[n])))
                except TypeError:
                    # This may happen if operand is a sliced, single AstroData object
                    self._set_nddata(n, operator(self._nddata[n], operand.nddata))
            op_table = operand.table()
            ltab, rtab = set(self._tables), set(op_table)
            for tab in (rtab - ltab):
                # Fix for release/3.0.x - revert to _tables in master with the Simon refactor
                self.append(op_table[tab], name=tab, add_to=None)
                # self._tables[tab] = op_table[tab]
        else:
            for n in indices:
                self._set_nddata(n, operator(self._nddata[n], operand))

    def _standard_nddata_op(self, fn, operand, indices=None):
        return self._oper(partial(fn, handle_mask=np.bitwise_or, handle_meta='first_found'),
                          operand, indices)

    def __iadd__(self, operand):
        self._standard_nddata_op(NDDataObject.add, operand)
        return self

    def __isub__(self, operand):
        self._standard_nddata_op(NDDataObject.subtract, operand)
        return self

    def __imul__(self, operand):
        self._standard_nddata_op(NDDataObject.multiply, operand)
        return self

    def __itruediv__(self, operand):
        self._standard_nddata_op(NDDataObject.divide, operand)
        return self

    def __rtruediv__(self, operand):
        self._oper(self._rdiv, operand)
        return self

    def _rdiv(self, ndd, operand):
        # Divide method works with the operand first
        return NDDataObject.divide(operand, ndd)

[docs]    def set_phu(self, phu):
        self._phu = phu


[docs]    def info(self, tags, indices=None):
        print("Filename: {}".format(self.path if self.path else "Unknown"))
        # This is fixed. We don't support opening for update
        # print("Mode: readonly")

        tags = sorted(tags, reverse=True)
        tag_line = "Tags: "
        while tags:
            new_tag = tags.pop() + ' '
            if len(tag_line + new_tag) > 80:
                print(tag_line)
                tag_line = "    " + new_tag
            else:
                tag_line = tag_line + new_tag
        print(tag_line)

        # Let's try to be generic. Could it be that some file contains only tables?
        if indices is None:
            indices = tuple(range(len(self._nddata)))
        if indices:
            main_fmt = "{:6} {:24} {:17} {:14} {}"
            other_fmt = "          .{:20} {:17} {:14} {}"
            print("\nPixels Extensions")
            print(main_fmt.format("Index", "Content", "Type", "Dimensions", "Format"))
            for pi in self._pixel_info(indices):
                main_obj = pi['main']
                print(main_fmt.format(pi['idx'], main_obj['content'][:24], main_obj['type'][:17],
                                                 main_obj['dim'], main_obj['data_type']))
                for other in pi['other']:
                    print(other_fmt.format(other['attr'][:20], other['type'][:17], other['dim'],
                                           other['data_type']))

        additional_ext = list(self._other_info())
        if additional_ext:
            print("\nOther Extensions")
            print("               Type        Dimensions")
            for (attr, type_, dim) in additional_ext:
                print(".{:13} {:11} {}".format(attr[:13], type_[:11], dim))


    def _pixel_info(self, indices):
        for idx, obj in ((n, self._nddata[k]) for (n, k) in enumerate(indices)):
            other_objects = []
            uncer = obj.uncertainty
            fixed = (('variance', None if uncer is None else uncer), ('mask', obj.mask))
            for name, other in fixed + tuple(sorted(obj.meta['other'].items())):
                if other is not None:
                    if isinstance(other, Table):
                        other_objects.append(dict(
                            attr=name, type='Table',
                            dim=str((len(other), len(other.columns))),
                            data_type='n/a'
                        ))
                    else:
                        dim = ''
                        if hasattr(other, 'dtype'):
                            dt = other.dtype.name
                            dim = str(other.shape)
                        elif hasattr(other, 'data'):
                            dt = other.data.dtype.name
                            dim = str(other.data.shape)
                        elif hasattr(other, 'array'):
                            dt = other.array.dtype.name
                            dim = str(other.array.shape)
                        else:
                            dt = 'unknown'
                        other_objects.append(dict(
                            attr=name, type=type(other).__name__,
                            dim=dim, data_type = dt
                        ))

            yield dict(
                    idx = '[{:2}]'.format(idx),
                    main = dict(
                        content = 'science',
                        type = type(obj).__name__,
                        dim = '({})'.format(', '.join(str(s) for s in obj.data.shape)),
                        data_type = obj.data.dtype.name
                    ),
                    other = other_objects
            )

    def _other_info(self):
        # NOTE: This covers tables, only. Study other cases before implementing a more general solution
        if self._tables:
            for name, table in sorted(self._tables.items()):
                if type(table) is list:
                    # This is not a free floating table
                    continue
                yield (name, 'Table', (len(table), len(table.columns)))

    @property
    def exposed(self):
        return self._exposed.copy()

    def _slice(self, indices, multi=True):
        return FitsProviderProxy(self, indices, single=not multi)

    def __iter__(self):
        for n in range(len(self)):
            yield self._slice((n,), multi=False)

    def __getitem__(self, slc):
        nitems = len(self._nddata)
        indices, multiple = normalize_indices(slc, nitems=nitems)
        return self._slice(indices, multi=multiple)

    def __delitem__(self, idx):
        del self._nddata[idx]

    def __len__(self):
        return len(self._nddata)

    # NOTE: This one does not make reference to self at all. May as well
    #       move it out
    def _process_table(self, table, name=None, header=None):
        if isinstance(table, BinTableHDU):
            obj = Table(table.data, meta={'header': header or table.header})
            for i, col in enumerate(obj.columns, start=1):
                try:
                    obj[col].unit = u.Unit(obj.meta['header']['TUNIT{}'.format(i)])
                except (KeyError, TypeError, ValueError):
                    pass
        elif isinstance(table, Table):
            obj = Table(table)
            if header is not None:
                obj.meta['header'] = deepcopy(header)
            elif 'header' not in obj.meta:
                obj.meta['header'] = header_for_table(obj)
        else:
            raise ValueError("{} is not a recognized table type".format(table.__class__))

        if name is not None:
            obj.meta['header']['EXTNAME'] = name

        return obj

    def _get_max_ver(self):
        try:
            return max(_nd.meta['ver'] for _nd in self._nddata) + 1
        except ValueError:
            # This seems to be the first extension!
            return 1

    def _reset_ver(self, nd):
        ver = self._get_max_ver()
        nd.meta['header']['EXTVER'] = ver
        nd.meta['ver'] = ver

        try:
            oheaders = nd.meta['other_header']
            for extname, ext in nd.meta['other'].items():
                try:
                    oheaders[extname]['EXTVER'] = ver
                except KeyError:
                    pass
                try:
                    # The object may keep the header on its own structure
                    ext.meta['header']['EXTVER'] = ver
                except AttributeError:
                    pass
        except KeyError:
            pass

        return ver

    def _process_pixel_plane(self, pixim, name=None, top_level=False,
                             reset_ver=True, custom_header=None):
        if not isinstance(pixim, NDDataObject):
            # Assume that we get an ImageHDU or something that can be
            # turned into one
            if isinstance(pixim, ImageHDU):
                nd = NDDataObject(pixim.data, meta={'header': pixim.header})
            elif custom_header is not None:
                nd = NDDataObject(pixim, meta={'header': custom_header})
            else:
                nd = NDDataObject(pixim, meta={'header': {}})
        else:
            nd = pixim
            if custom_header is not None:
                nd.meta['header'] = custom_header

        header = nd.meta['header']
        currname = header.get('EXTNAME')
        ver = header.get('EXTVER', -1)

        # TODO: Review the logic. This one seems bogus
        if name and (currname is None):
            header['EXTNAME'] = (name if name is not None
                                 else FitsProvider.default_extension)

        if top_level:
            if 'other' not in nd.meta:
                nd.meta['other'] = OrderedDict()
                nd.meta['other_header'] = {}

            if reset_ver or ver == -1:
                self._reset_ver(nd)
            else:
                nd.meta['ver'] = ver

        return nd

    @property
    def path(self):
        return self._path

    @path.setter
    def path(self, value):
        if self._path is None and value is not None:
            self._orig_filename = os.path.basename(value)
        self._path = value

    @property
    def filename(self):
        if self.path is not None:
            return os.path.basename(self.path)

    @filename.setter
    def filename(self, value):
        if os.path.isabs(value):
            raise ValueError("Cannot set the filename to an absolute path!")
        elif self.path is None:
            self.path = os.path.abspath(value)
        else:
            dirname = os.path.dirname(self.path)
            self.path = os.path.join(dirname, value)

    @property
    def orig_filename(self):
        return self._orig_filename

    def _ext_header(self, obj):
        if isinstance(obj, int):
            # Assume that 'obj' is an index
            obj = self.nddata[obj]
        return obj.meta['header']

    def _get_raw_headers(self, with_phu=False, indices=None):
        if indices is None:
            indices = range(len(self.nddata))
        extensions = [self._ext_header(self.nddata[n]) for n in indices]

        if with_phu:
            return [self._phu] + extensions

        return extensions

    @property
    @deprecated("Access to headers through this property is deprecated and will be removed in the future")
    def header(self):
        return self._get_raw_headers(with_phu=True)

    @property
    def nddata(self):
        return self._nddata

[docs]    def phu(self):
        return self._phu


[docs]    def hdr(self):
        if not self.nddata:
            return None
        return FitsHeaderCollection(self._get_raw_headers())


[docs]    def to_hdulist(self):

        hlst = HDUList()
        hlst.append(PrimaryHDU(header=self.phu(), data=DELAYED))

        for ext in self._nddata:
            meta = ext.meta
            header, ver = meta['header'], meta['ver']
            wcs = ext.wcs
            if isinstance(wcs, gWCS):
                # We don't have access to the AD tags so see if it's an image
                # Catch ValueError as any sort of failure
                try:
                    wcs_dict = adwcs.gwcs_to_fits(ext, self._phu)
                except (ValueError, NotImplementedError) as e:
                    LOGGER.warning(e)
                else:
                    # Must delete keywords if image WCS has been downscaled
                    # from a higher number of dimensions
                    for i in range(1, 5):
                        for kw in (f'CDELT{i}', f'CRVAL{i}', f'CUNIT{i}', f'CTYPE{i}'):
                            if kw in header:
                                del header[kw]
                        for j in range(1, 5):
                            for kw in (f'CD{i}_{j}', f'PC{i}_{j}', f'CRPIX{j}'):
                                if kw in header:
                                    del header[kw]
                    header.update(wcs_dict)
                    # Use "in" here as the dict entry may be (value, comment)
                    if 'APPROXIMATE' not in wcs_dict.get('FITS-WCS', ''):
                        wcs = None  # There's no need to create a WCS extension

            hlst.append(new_imagehdu(ext.data, header, 'SCI'))
            if ext.uncertainty is not None:
                hlst.append(new_imagehdu(ext.uncertainty.array, header, 'VAR'))
            if ext.mask is not None:
                hlst.append(new_imagehdu(ext.mask, header, 'DQ'))

            if isinstance(wcs, gWCS):
                hlst.append(wcs_to_asdftablehdu(ext.wcs, extver=ver))

            for name, other in meta.get('other', {}).items():
                if isinstance(other, Table):
                    hlst.append(table_to_bintablehdu(other))
                elif isinstance(other, np.ndarray):
                    hlst.append(new_imagehdu(other, meta['other_header'].get(name, meta['header']), name=name))
                elif isinstance(other, NDDataObject):
                    hlst.append(new_imagehdu(other.data, meta['header']))
                else:
                    raise ValueError("I don't know how to write back an object of type {}".format(type(other)))

        if self._tables is not None:
            for name, table in sorted(self._tables.items()):
                hlst.append(table_to_bintablehdu(table, extname=name))

        return hlst


[docs]    def table(self):
        return self._tables.copy()


    @property
    def tables(self):
        return set(self._tables.keys())

    @property
    def shape(self):
        return [nd.shape for nd in self._nddata]

    @property
    def data(self):
        return [nd.data for nd in self._nddata]

    @data.setter
    def data(self, value):
        raise ValueError("Trying to assign to a non-sliced AstroData object")

    @property
    def uncertainty(self):
        return [nd.uncertainty for nd in self._nddata]

    @uncertainty.setter
    def uncertainty(self, value):
        raise ValueError("Trying to assign to a non-sliced AstroData object")

    @property
    def mask(self):
        return [nd.mask for nd in self._nddata]

    @mask.setter
    def mask(self, value):
        raise ValueError("Trying to assign to a non-sliced AstroData object")

    @property
    def variance(self):
        def variance_for(nd):
            if nd.uncertainty is not None:
                return nd.uncertainty.array

        return [variance_for(nd) for nd in self._nddata]

    @variance.setter
    def variance(self, value):
        raise ValueError("Trying to assign to a non-sliced AstroData object")

    def _crop_nd(self, nd, x1, y1, x2, y2):
        nd.data = nd.data[y1:y2+1, x1:x2+1]
        if nd.uncertainty is not None:
            nd.uncertainty = nd.uncertainty[y1:y2+1, x1:x2+1]
        if nd.mask is not None:
            nd.mask = nd.mask[y1:y2+1, x1:x2+1]

    def _crop_impl(self, x1, y1, x2, y2, nds=None):
        if nds is None:
            nds = self.nddata
        # TODO: Consider cropping of objects in the meta section
        for nd in nds:
            orig_shape = nd.data.shape
            self._crop_nd(nd, x1, y1, x2, y2)
            for o in nd.meta['other'].values():
                try:
                    if o.shape == orig_shape:
                        self._crop_nd(o, x1, y1, x2, y2)
                except AttributeError:
                    # No 'shape' attribute in the object. It's probably
                    # not array-like
                    pass

[docs]    def crop(self, x1, y1, x2, y2):
        self._crop_impl(x1, y1, x2, y2)


    def _add_to_other(self, add_to, name, data, header=None):
        meta = add_to.meta
        meta['other'][name] = data
        if header:
            header['EXTVER'] = meta.get('ver', -1)
            meta['other_header'][name] = header

    def _append_array(self, data, name=None, header=None, add_to=None):
        def_ext = FitsProvider.default_extension
        if add_to is None:
            # Top level extension

            # Special cases for Gemini
            if name is None:
                name = def_ext

            if name in {'DQ', 'VAR'}:
                raise ValueError("'{}' need to be associated to a '{}' one"
                                 .format(name, def_ext))
            else:
                # FIXME: the logic here is broken since name is
                # always set to somehing above with def_ext
                if name is not None:
                    hname = name
                elif header is not None:
                    hname = header.get('EXTNAME', def_ext)
                else:
                    hname = def_ext

                hdu = ImageHDU(data, header=header)
                hdu.header['EXTNAME'] = hname
                ret = self._append_imagehdu(hdu, name=hname, header=None, add_to=None)
        else:
            # Attaching to another extension
            if header is not None and name in {'DQ', 'VAR'}:
                LOGGER.warning("The header is ignored for '{}' extensions".format(name))
            if name is None:
                raise ValueError("Can't append pixel planes to other objects without a name")
            elif name is def_ext:
                raise ValueError("Can't attach '{}' arrays to other objects".format(def_ext))
            elif name == 'DQ':
                add_to.mask = data
                ret = data
            elif name == 'VAR':
                std_un = ADVarianceUncertainty(data)
                std_un.parent_nddata = add_to
                add_to.uncertainty = std_un
                ret = std_un
            else:
                self._add_to_other(add_to, name, data, header=header)
                ret = data

        return ret

    def _append_imagehdu(self, hdu, name, header, add_to, reset_ver=True):
        if name in {'DQ', 'VAR'} or add_to is not None:
            return self._append_array(hdu.data, name=name, add_to=add_to)
        else:
            nd = self._process_pixel_plane(hdu, name=name, top_level=True,
                                           reset_ver=reset_ver,
                                           custom_header=header)
            return self._append_nddata(nd, name, add_to=None)

    def _append_raw_nddata(self, raw_nddata, name, header, add_to, reset_ver=True):
        # We want to make sure that the instance we add is whatever we specify as
        # `NDDataObject`, instead of the random one that the user may pass
        top_level = add_to is None
        if not isinstance(raw_nddata, NDDataObject):
            raw_nddata = NDDataObject(raw_nddata)
        processed_nddata = self._process_pixel_plane(raw_nddata, top_level=top_level,
                                                     custom_header=header, reset_ver=reset_ver)
        return self._append_nddata(processed_nddata, name=name, add_to=add_to)

    def _append_nddata(self, new_nddata, name, add_to, reset_ver=True):
        # NOTE: This method is only used by others that have constructed NDData
        # according to our internal format. We don't accept new headers at this
        # point, and that's why it's missing from the signature.  'name' is
        # ignored. It's there just to comply with the _append_XXX signature.
        def_ext = FitsProvider.default_extension
        if add_to is not None:
            raise TypeError("You can only append NDData derived instances at the top level")

        hd = new_nddata.meta['header']
        hname = hd.get('EXTNAME', def_ext)
        if hname == def_ext:
            if reset_ver:
                self._reset_ver(new_nddata)
            self._nddata.append(new_nddata)
        else:
            raise ValueError("Arbitrary image extensions can only be added "
                             "in association to a '{}'".format(def_ext))

        return new_nddata

    def _set_nddata(self, n, new_nddata):
        self._nddata[n] = new_nddata

    def _append_table(self, new_table, name, header, add_to, reset_ver=True):
        tb = self._process_table(new_table, name, header)
        hname = tb.meta['header'].get('EXTNAME') if name is None else name
        #if hname is None:
        #    raise ValueError("Can't attach a table without a name!")
        if add_to is None:
            if hname is None:
                table_num = 1
                while 'TABLE{}'.format(table_num) in self._tables:
                    table_num += 1
                hname = 'TABLE{}'.format(table_num)
            # Don't use setattr, which is overloaded and may case problems
            self.__dict__[hname] = tb
            self._tables[hname] = tb
            self._exposed.add(hname)
        else:
            if hname is None:
                table_num = 1
                while getattr(add_to, 'TABLE{}'.format(table_num), None):
                    table_num += 1
                hname = 'TABLE{}'.format(table_num)
            setattr(add_to, hname, tb)
            self._add_to_other(add_to, hname, tb, tb.meta['header'])
            add_to.meta['other'][hname] = tb
        return tb

    def _append_astrodata(self, ad, name, header, add_to, reset_ver=True):
        if not ad.is_single:
            raise ValueError("Cannot append AstroData instances that are not single slices")
        elif add_to is not None:
            raise ValueError("Cannot append an AstroData slice to another slice")

        new_nddata = deepcopy(ad.nddata)
        if header is not None:
            new_nddata.meta['header'] = deepcopy(header)

        return self._append_nddata(new_nddata, name=None, add_to=None, reset_ver=True)

[docs]    def append(self, ext, name=None, header=None, reset_ver=True, add_to=None):
        # NOTE: Most probably, if we want to copy the input argument, we
        #       should do it here...
        if isinstance(ext, PrimaryHDU):
            raise ValueError("Only one Primary HDU allowed. "
                             "Use set_phu if you really need to set one")

        dispatcher = (
            (NDData, self._append_raw_nddata),
            ((Table, _TableBaseHDU), self._append_table),
            (ImageHDU, self._append_imagehdu),
            (AstroData, self._append_astrodata),
        )

        for bases, method in dispatcher:
            if isinstance(ext, bases):
                return method(ext, name=name, header=header, add_to=add_to, reset_ver=reset_ver)
        else:
            # Assume that this is an array for a pixel plane
            return self._append_array(ext, name=name, header=header, add_to=add_to)


    def _extver_impl(self, nds=None):
        if nds is None:
            nds = self.nddata
        return {nd._meta['ver']: n for (n, nd) in enumerate(nds)}

[docs]    def extver_map(self):
        """
        Provide a mapping between the FITS EXTVER of an extension and the index
        that will be used to access it within this object.

        Returns
        -------
        A dictionary `{EXTVER:index, ...}`

        Raises
        ------
        ValueError
            If used against a single slice. It is of no use in that situation.
        """
        return self._extver_impl()



[docs]def fits_ext_comp_key(ext):
    """
    Returns a pair (integer, string) that will be used to sort extensions
    """
    if isinstance(ext, PrimaryHDU):
        # This will guarantee that the primary HDU goes first
        ret = (-1, "")
    else:
        header = ext.header
        ver = header.get('EXTVER')

        # When two extensions share version number, we'll use their names
        # to sort them out. Choose a suitable key so that:
        #
        #  - SCI extensions come first
        #  - unnamed extensions come last
        #
        # We'll resort to add 'z' in front of the usual name to force
        # SCI to be the "smallest"
        name = header.get('EXTNAME') # Make sure that the name is a string
        if name is None:
            name = "zzzz"
        elif name != FitsProvider.default_extension:
            name = "z" + name

        if ver in (-1, None):
            # In practice, this number should be larger than any
            # EXTVER found in real life HDUs, pushing unnumbered
            # HDUs to the end
            ret = (2**32-1, name)
        else:
            # For the general case, just return version and name, to let them
            # be sorted naturally
            ret = (ver, name)

    return ret



[docs]class FitsLazyLoadable:

    def __init__(self, obj):
        self._obj = obj
        self.lazy = True

    def _create_result(self, shape):
        return np.empty(shape, dtype=self.dtype)

    def _scale(self, data):
        bscale = self._obj._orig_bscale
        bzero = self._obj._orig_bzero
        if bscale == 1 and bzero == 0:
            return data
        return (bscale * data + bzero).astype(self.dtype)

    def __getitem__(self, sl):
        # TODO: We may want (read: should) create an empty result array before scaling
        return self._scale(self._obj.section[sl])

    @property
    def header(self):
        return self._obj.header

    @property
    def data(self):
        res = self._create_result(self.shape)
        res[:] = self._scale(self._obj.data)
        return res

    @property
    def shape(self):
        return self._obj.shape

    @property
    def dtype(self):
        """
        Need to to some overriding of astropy.io.fits since it doesn't
        know about BITPIX=8
        """
        bitpix = self._obj._orig_bitpix
        if self._obj._orig_bscale == 1 and self._obj._orig_bzero == 0:
            dtype = fits.BITPIX2DTYPE[bitpix]
        else:
            # this method from astropy will return the dtype if the data
            # needs to be converted to unsigned int or scaled to float
            dtype = self._obj._dtype_for_bitpix()

        if dtype is None:
            if bitpix < 0:
                dtype = np.dtype('float{}'.format(abs(bitpix)))
        if (self._obj.header['EXTNAME'] == 'DQ' or self._obj._uint and
                self._obj._orig_bscale == 1 and bitpix == 8):
            dtype = np.uint16
        return dtype



[docs]class FitsLoader:

    def __init__(self, cls=FitsProvider):
        self._cls = cls

    @staticmethod
    def _prepare_hdulist(hdulist, default_extension='SCI', extname_parser=None):
        new_list = []
        highest_ver = 0
        recognized = set()

        if len(hdulist) > 1 or (len(hdulist) == 1 and hdulist[0].data is None):
            # MEF file
            for n, unit in enumerate(hdulist):
                if extname_parser:
                    extname_parser(unit)
                ev = unit.header.get('EXTVER')
                eh = unit.header.get('EXTNAME')
                if ev not in (-1, None) and eh is not None:
                    highest_ver = max(highest_ver, unit.header['EXTVER'])
                elif not isinstance(unit, PrimaryHDU):
                    continue

                new_list.append(unit)
                recognized.add(unit)

            for unit in hdulist:
                if unit in recognized:
                    continue
                elif isinstance(unit, ImageHDU):
                    highest_ver += 1
                    if 'EXTNAME' not in unit.header:
                        unit.header['EXTNAME'] = (default_extension, 'Added by AstroData')
                    if unit.header.get('EXTVER') in (-1, None):
                        unit.header['EXTVER'] = (highest_ver, 'Added by AstroData')

                new_list.append(unit)
                recognized.add(unit)
        else:
            # Uh-oh, a single image FITS file
            new_list.append(PrimaryHDU(header=hdulist[0].header))
            image = ImageHDU(header=hdulist[0].header, data=hdulist[0].data)
            # Fudge due to apparent issues with assigning ImageHDU from data
            image._orig_bscale = hdulist[0]._orig_bscale
            image._orig_bzero = hdulist[0]._orig_bzero

            for keyw in ('SIMPLE', 'EXTEND'):
                if keyw in image.header:
                    del image.header[keyw]
            image.header['EXTNAME'] = (default_extension, 'Added by AstroData')
            image.header['EXTVER'] = (1, 'Added by AstroData')
            new_list.append(image)

        return HDUList(sorted(new_list, key=fits_ext_comp_key))

[docs]    def load(self, source, extname_parser=None):
        """
        Takes either a string (with the path to a file) or an HDUList as input, and
        tries to return a populated FitsProvider (or descendant) instance.

        It will raise exceptions if the file is not found, or if there is no match
        for the HDUList, among the registered AstroData classes.
        """

        provider = self._cls()

        if isinstance(source, str):
            hdulist = fits.open(source, memmap=True,
                                do_not_scale_image_data=True, mode='readonly')
            provider.path = source
        else:
            hdulist = source
            try:
                provider.path = source[0].header.get('ORIGNAME')
            except AttributeError:
                provider.path = None

        def_ext = self._cls.default_extension
        _file = hdulist._file
        hdulist = self._prepare_hdulist(hdulist, default_extension=def_ext,
                                        extname_parser=extname_parser)
        if _file is not None:
            hdulist._file = _file

        # Initialize the object containers to a bare minimum
        if 'ORIGNAME' not in hdulist[0].header and provider.orig_filename is not None:
            hdulist[0].header.set('ORIGNAME', provider.orig_filename,
                                  'Original filename prior to processing')
        provider.set_phu(hdulist[0].header)

        seen = {hdulist[0]}

        skip_names = {def_ext, 'REFCAT', 'MDF'}

        def associated_extensions(ver):
            for unit in hdulist:
                header = unit.header
                if header.get('EXTVER') == ver and header['EXTNAME'] not in skip_names:
                    yield unit

        sci_units = [x for x in hdulist[1:] if x.header.get('EXTNAME') == def_ext]

        for idx, unit in enumerate(sci_units):
            seen.add(unit)
            ver = unit.header.get('EXTVER', -1)
            parts = {'data': unit, 'uncertainty': None, 'mask': None, 'wcs': None, 'other': []}

            for extra_unit in associated_extensions(ver):
                seen.add(extra_unit)
                name = extra_unit.header.get('EXTNAME')
                if name == 'DQ':
                    parts['mask'] = extra_unit
                elif name == 'VAR':
                    parts['uncertainty'] = extra_unit
                elif name == 'WCS':
                    parts['wcs'] = extra_unit
                else:
                    parts['other'].append(extra_unit)

            if hdulist._file is not None and hdulist._file.memmap:
                nd = NDDataObject(
                        data = FitsLazyLoadable(parts['data']),
                        uncertainty = None if parts['uncertainty'] is None else FitsLazyLoadable(parts['uncertainty']),
                        mask = None if parts['mask'] is None else FitsLazyLoadable(parts['mask']),
                        wcs = None if parts['wcs'] is None else asdftablehdu_to_wcs(parts['wcs'])
                        )
                if nd.wcs is None:
                    try:
                        nd.wcs = adwcs.fitswcs_to_gwcs(nd.meta['header'])
                        # In case WCS info is in the PHU
                        if nd.wcs is None:
                            nd.wcs = adwcs.fitswcs_to_gwcs(hdulist[0].header)
                    except TypeError as e:
                        raise e
                provider.append(nd, name=def_ext, reset_ver=False)
            else:
                nd = provider.append(parts['data'], name=def_ext, reset_ver=False)
                for item_name in ('mask', 'uncertainty'):
                    item = parts[item_name]
                    if item is not None:
                        provider.append(item, name=item.header['EXTNAME'], add_to=nd)
                if isinstance(nd, NDData):
                    if parts['wcs'] is not None:
                        nd.wcs = asdftablehdu_to_wcs(parts['wcs'])
                    else:
                        try:
                            nd.wcs = adwcs.fitswcs_to_gwcs(nd.meta['header'])
                        except TypeError:
                            pass

            for other in parts['other']:
                provider.append(other, name=other.header['EXTNAME'], add_to=nd)

        for other in hdulist:
            if other in seen:
                continue
            name = other.header.get('EXTNAME')
            try:
                added = provider.append(other, name=name, reset_ver=False)
            except ValueError as e:
                print(str(e)+". Discarding "+name)

        return provider




[docs]def windowedOp(func, sequence, kernel, shape=None, dtype=None,
               with_uncertainty=False, with_mask=False, **kwargs):
    """Apply function on a NDData obbjects, splitting the data in chunks to
    limit memory usage.

    Parameters
    ----------
    func : callable
        The function to apply.
    sequence : list of NDData
        List of NDData objects.
    kernel : tuple of int
        Shape of the blocks.
    shape : tuple of int
        Shape of inputs. Defaults to ``sequence[0].shape``.
    dtype : str or dtype
        Type of the output array. Defaults to ``sequence[0].dtype``.
    with_uncertainty : bool
        Compute uncertainty?
    with_mask : bool
        Compute mask?
    **kwargs
        Additional args are passed to ``func``.

    """

    def generate_boxes(shape, kernel):
        if len(shape) != len(kernel):
            raise AssertionError("Incompatible shape ({}) and kernel ({})"
                                 .format(shape, kernel))
        ticks = [[(x, x+step) for x in range(0, axis, step)]
                 for axis, step in zip(shape, kernel)]
        return list(cart_product(*ticks))

    if shape is None:
        if len({x.shape for x in sequence}) > 1:
            raise ValueError("Can't calculate final shape: sequence elements "
                             "disagree on shape, and none was provided")
        shape = sequence[0].shape

    if dtype is None:
        dtype = sequence[0].window[:1, :1].data.dtype

    result = NDDataObject(
        np.empty(shape, dtype=dtype),
        uncertainty=(ADVarianceUncertainty(np.zeros(shape, dtype=dtype))
                     if with_uncertainty else None),
        mask=(np.empty(shape, dtype=np.uint16) if with_mask else None),
        meta=sequence[0].meta, wcs=sequence[0].wcs
    )
    # Delete other extensions because we don't know what to do with them
    result.meta['other'] = OrderedDict()
    result.meta['other_header'] = {}

    # The Astropy logger's "INFO" messages aren't warnings, so have to fudge
    log_level = astropy.logger.conf.log_level
    astropy.log.setLevel(astropy.logger.WARNING)

    boxes = generate_boxes(shape, kernel)

    try:
        for coords in boxes:
            section = tuple([slice(start, end) for (start, end) in coords])
            out = func([element.window[section] for element in sequence],
                       **kwargs)
            result.set_section(section, out)

            # propagate additional attributes
            if out.meta.get('other'):
                for k, v in out.meta['other'].items():
                    if len(boxes) > 1:
                        result.meta['other'][k, coords] = v
                    else:
                        result.meta['other'][k] = v

            gc.collect()
    finally:
        astropy.log.setLevel(log_level)  # and reset

    # Now if the input arrays where splitted in chunks, we need to gather
    # the data arrays for the additional attributes.
    other = result.meta['other']
    if other:
        if len(boxes) > 1:
            for (name, coords), obj in list(other.items()):
                if not isinstance(obj, NDData):
                    raise ValueError('only NDData objects are handled here')
                if name not in other:
                    other[name] = NDDataObject(np.empty(shape,
                                                        dtype=obj.data.dtype))
                section = tuple([slice(start, end) for (start, end) in coords])
                other[name].set_section(section, obj)
                del other[name, coords]

        for name in other:
            # To set the name of our object we need to save it as an ndarray,
            # otherwise for a NDData one AstroData would use the name of the
            # AstroData object.
            other[name] = other[name].data
            result.meta['other_header'][name] = fits.Header({'EXTNAME': name})

    return result



[docs]class AstroDataFits(AstroData):
    # Derived classes may provide their own __keyword_dict. Being a private
    # variable, each class will preserve its own, and there's no risk of
    # overriding the whole thing
    __keyword_dict = {
        'instrument': 'INSTRUME',
        'object': 'OBJECT',
        'telescope': 'TELESCOP',
        'ut_date': 'DATE-OBS'
    }

[docs]    @classmethod
    def load(cls, source):
        """
        Implementation of the abstract method `load`.

        It takes an `HDUList` and returns a fully instantiated `AstroData` instance.
        """

        return cls(FitsLoader(FitsProvider).load(source))


    def _keyword_for(self, name):
        """
        Returns the FITS keyword name associated to ``name``.

        Parameters
        ----------
        name : str
            The common "key" name for which we want to know the associated
            FITS keyword

        Returns
        -------
        str
            The desired keyword name

        Raises
        ------
        AttributeError
            If there is no keyword for the specified ``name``
        """

        for cls in self.__class__.mro():
            mangled_dict_name = '_{}__keyword_dict'.format(cls.__name__)
            try:
                return getattr(self, mangled_dict_name)[name]
            except (AttributeError, KeyError) as e:
                pass
        else:
            raise AttributeError("No match for '{}'".format(name))

    @staticmethod
    def _matches_data(dataprov):
        # This one is trivial. As long as we get a FITS file...
        return True

    @property
    def phu(self):
        return self._dataprov.phu()

    @property
    def hdr(self):
        return self._dataprov.hdr()

[docs]    def info(self):
        self._dataprov.info(self.tags)


[docs]    def write(self, filename=None, overwrite=False):
        if filename is None:
            if self.path is None:
                raise ValueError("A filename needs to be specified")
            filename = self.path

        hdulist = self._dataprov.to_hdulist()
        hdulist.writeto(filename, overwrite=overwrite)


[docs]    def update_filename(self, prefix=None, suffix=None, strip=False):
        """
        This method updates the "filename" attribute of the AstroData object.
        A prefix and/or suffix can be specified. If strip=True, these will
        replace the existing prefix/suffix; if strip=False, they will simply
        be prepended/appended.

        The current filename is broken down into its existing prefix, root,
        and suffix using the ORIGNAME phu keyword, if it exists and is
        contained within the current filename. Otherwise, the filename is
        split at the last underscore and the part before is assigned as the
        root and the underscore and part after the suffix. No prefix is
        assigned.

        Note that, if strip=True, a prefix or suffix will only be stripped
        if '' is specified.

        Parameters
        ----------
        prefix: str/None
            new prefix (None => leave alone)
        suffix: str/None
            new suffix (None => leave alone)
        strip: bool
            Strip existing prefixes and suffixes if new ones are given?
        """
        if self.filename is None:
            if 'ORIGNAME' in self.phu:
                self.filename = self.phu['ORIGNAME']
            else:
                raise ValueError("A filename needs to be set before it "
                                 "can be updated")

        # Set the ORIGNAME keyword if it's not there
        if 'ORIGNAME' not in self.phu:
            self.phu.set('ORIGNAME', self.orig_filename,
                         'Original filename prior to processing')

        if strip:
            root, filetype = os.path.splitext(self.phu['ORIGNAME'])
            filename, filetype = os.path.splitext(self.filename)
            m = re.match('(.*){}(.*)'.format(re.escape(root)), filename)
            # Do not strip a prefix/suffix unless a new one is provided
            if m:
                if prefix is None:
                    prefix = m.groups()[0]
                existing_suffix = m.groups()[1]
            else:
                try:
                    root, existing_suffix = filename.rsplit("_", 1)
                    existing_suffix = "_" + existing_suffix
                except ValueError:
                    root, existing_suffix = filename, ''
            if suffix is None:
                suffix = existing_suffix
        else:
            root, filetype = os.path.splitext(self.filename)

        # Cope with prefix or suffix as None
        self.filename = (prefix or '') + root + (suffix or '') + filetype


[docs]    @astro_data_descriptor
    def instrument(self):
        """
        Returns the name of the instrument making the observation

        Returns
        -------
        str
            instrument name
        """
        return self.phu.get(self._keyword_for('instrument'))


[docs]    @astro_data_descriptor
    def object(self):
        """
        Returns the name of the object being observed

        Returns
        -------
        str
            object name
        """
        return self.phu.get(self._keyword_for('object'))


[docs]    @astro_data_descriptor
    def telescope(self):
        """
        Returns the name of the telescope

        Returns
        -------
        str
            name of the telescope
        """
        return self.phu.get(self._keyword_for('telescope'))


[docs]    def extver(self, ver):
        """
        Get an extension using its EXTVER instead of the positional index
        in this object.

        Parameters
        ----------
        ver : int
            The EXTVER for the desired extension

        Returns
        -------
        A sliced object containing the desired extension

        Raises
        ------
        IndexError
            If the provided EXTVER doesn't exist
        """
        try:
            if isinstance(ver, int):
                return self[self._dataprov.extver_map()[ver]]
            else:
                raise ValueError("{} is not an integer EXTVER".format(ver))
        except KeyError as e:
            raise IndexError("EXTVER {} not found".format(e.args[0]))



# ---------------------------------------------------------------------------
# gWCS <-> FITS WCS helper functions go here
# ---------------------------------------------------------------------------
# Could parametrize some naming conventions in the following two functions if
# done elsewhere for hard-coded names like 'SCI' in future, but they only have
# to be self-consistent with one another anyway.

[docs]def wcs_to_asdftablehdu(wcs, extver=None):
    """
    Serialize a gWCS object as a FITS TableHDU (ASCII) extension.

    The ASCII table is actually a mini ASDF file. The constituent AstroPy
    models must have associated ASDF "tags" that specify how to serialize them.

    In the event that serialization as pure ASCII fails (this should not
    happen), a binary table representation will be used as a fallback.
    """

    import asdf
    import jsonschema

    # Create a small ASDF file in memory containing the WCS object
    # representation because there's no public API for generating only the
    # relevant YAML subsection and an ASDF file handles the "tags" properly.
    try:
        af = asdf.AsdfFile({"wcs" : wcs})
    except jsonschema.exceptions.ValidationError:
        # (The original traceback also gets printed here)
        raise TypeError("Cannot serialize model(s) for 'WCS' extension {}"\
                        .format(extver or ''))

    # ASDF can only dump YAML to a binary file object, so do that and read
    # the contents back from it for storage in a FITS extension:
    with BytesIO() as fd:
        with af:
            # Generate the YAML, dumping any binary arrays as text:
            af.write_to(fd, all_array_storage='inline')
        fd.seek(0)
        wcsbuf = fd.read()

    # Convert the bytes to readable lines of text for storage (falling back to
    # saving as binary in the unexpected event that this is not possible):
    try:
        wcsbuf = wcsbuf.decode('ascii').splitlines()
    except UnicodeDecodeError:
        # This should not happen, but if the ASDF contains binary data in
        # spite of the 'inline' option above, we have to dump the bytes to
        # a non-human-readable binary table rather than an ASCII one:
        LOGGER.warning("Could not convert WCS {} ASDF to ASCII; saving table "
                       "as binary".format(extver or ''))
        hduclass = BinTableHDU
        fmt = 'B'
        wcsbuf = np.frombuffer(wcsbuf, dtype=np.uint8)
    else:
        hduclass = TableHDU
        fmt = 'A{0}'.format(max(len(line) for line in wcsbuf))

    # Construct the FITS table extension:
    col = Column(name='gWCS', format=fmt, array=wcsbuf,
                 ascii= hduclass is TableHDU)
    hdu = hduclass.from_columns([col], name='WCS', ver=extver)

    return hdu


[docs]def asdftablehdu_to_wcs(hdu):
    """
    Recreate a gWCS object from its serialization in a FITS table extension.

    Returns None (issuing a warning) if the extension cannot be parsed, so
    the rest of the file can still be read.
    """

    import asdf

    ver = hdu.header.get('EXTVER', -1)

    if isinstance(hdu, (TableHDU, BinTableHDU)):
        try:
            colarr = hdu.data['gWCS']
        except KeyError:
            LOGGER.warning("Ignoring 'WCS' extension {} with no 'gWCS' table "
                           "column".format(ver))
            return

        # If this table column contains text strings as expected, join the rows
        # as separate lines of a string buffer and encode the resulting YAML as
        # bytes that ASDF can parse. If AstroData has produced another format,
        # it will be a binary dump due to the unexpected presence of non-ASCII
        # data, in which case we just extract unmodified bytes from the table.
        if colarr.dtype.kind in ('U', 'S'):
            sep = os.linesep
            # Just in case io.fits ever produces 'S' on Py 3 (not the default):
            # join lines as str & avoid a TypeError with unicode linesep; could
            # also use astype('U') but it assumes an encoding implicitly.
            if colarr.dtype.kind == 'S' and not isinstance(sep, bytes):
                colarr = np.char.decode(np.char.rstrip(colarr),
                                        encoding='ascii')
            wcsbuf = sep.join(colarr).encode('ascii')
        else:
            wcsbuf = colarr.tobytes()

        # Convert the stored text to a Bytes file object that ASDF can open:
        with BytesIO(wcsbuf) as fd:

            # Try to extract a 'wcs' entry from the YAML:
            try:
                af = asdf.open(fd)
            except:
                LOGGER.warning("Ignoring 'WCS' extension {}: failed to parse "
                               "ASDF.\nError was as follows:\n{}"\
                               .format(ver, traceback.format_exc()))
                return
            else:
                with af:
                    try:
                        wcs = af.tree['wcs']
                    except KeyError:
                        LOGGER.warning("Ignoring 'WCS' extension {}: missing "
                                       "'wcs' dict entry.".format(ver))
                        return

    else:
        LOGGER.warning("Ignoring non-FITS-table 'WCS' extension {}"\
                       .format(ver))
        return

    return wcs





          

      

      

    

  

    
      
          
            
  Source code for astrodata.nddata

"""
This module implements a derivative class based on NDData with some Mixins,
implementing windowing and on-the-fly data scaling.
"""


import warnings
from copy import deepcopy
from functools import reduce

from astropy.nddata import (NDData, NDSlicingMixin, NDArithmeticMixin,
                            VarianceUncertainty)
from astropy.io.fits import ImageHDU
from astropy.modeling import models, Model

import numpy as np

from astropy.wcs import WCS
from gwcs.wcs import WCS as gWCS

INTEGER_TYPES = (int, np.integer)

__all__ = ['NDAstroData']


class ADVarianceUncertainty(VarianceUncertainty):
    """
    Subclass VarianceUncertainty to check for negative values.
    """
    @VarianceUncertainty.array.setter
    def array(self, value):
        if value is not None and np.any(value < 0):
            warnings.warn("Negative variance values found. Setting to zero.",
                          RuntimeWarning)
            value = np.where(value >= 0., value, 0.)
        VarianceUncertainty.array.fset(self, value)


class FakeArray:

    def __init__(self, very_faked):
        self.data = very_faked
        self.shape = (100, 100)  # Won't matter. This is just to fool NDData
        self.dtype = np.float32  # Same here

    def __getitem__(self, index):
        # FAKE NEWS!
        return None

    def __array__(self):
        return self.data


class NDWindowing:

    def __init__(self, target):
        self._target = target

    def __getitem__(self, slice):
        return NDWindowingAstroData(self._target, window=slice)


class NDWindowingAstroData(NDArithmeticMixin, NDSlicingMixin, NDData):
    """
    Allows "windowed" access to some properties of an ``NDAstroData`` instance.
    In particular, ``data``, ``uncertainty``, ``variance``, and ``mask`` return
    clipped data.
    """
    def __init__(self, target, window):
        self._target = target
        self._window = window

    @property
    def unit(self):
        return self._target.unit

    @property
    def wcs(self):
        return self._target._slice_wcs(self._window)

    @property
    def data(self):
        return self._target._get_simple('_data', section=self._window)

    @property
    def uncertainty(self):
        return self._target._get_uncertainty(section=self._window)

    @property
    def variance(self):
        if self.uncertainty is not None:
            return self.uncertainty.array

    @property
    def mask(self):
        return self._target._get_simple('_mask', section=self._window)


def is_lazy(item):
    return isinstance(item, ImageHDU) or (hasattr(item, 'lazy') and item.lazy)


[docs]class NDAstroData(NDArithmeticMixin, NDSlicingMixin, NDData):
    """
    Implements ``NDData`` with all Mixins, plus some ``AstroData`` specifics.

    This class implements an ``NDData``-like container that supports reading
    and writing as implemented in the ``astropy.io.registry`` and also slicing
    (indexing) and simple arithmetics (add, subtract, divide and multiply).

    A very important difference between ``NDAstroData`` and ``NDData`` is that
    the former attempts to load all its data lazily. There are also some
    important differences in the interface (eg. ``.data`` lets you reset its
    contents after initialization).

    Documentation is provided where our class differs.

    See also
    --------
    NDData
    NDArithmeticMixin
    NDSlicingMixin

    Examples
    --------

    The mixins allow operation that are not possible with ``NDData`` or
    ``NDDataBase``, i.e. simple arithmetics::

        >>> from astropy.nddata import StdDevUncertainty
        >>> import numpy as np
        >>> data = np.ones((3,3), dtype=np.float)
        >>> ndd1 = NDAstroData(data, uncertainty=StdDevUncertainty(data))
        >>> ndd2 = NDAstroData(data, uncertainty=StdDevUncertainty(data))
        >>> ndd3 = ndd1.add(ndd2)
        >>> ndd3.data
        array([[2., 2., 2.],
            [2., 2., 2.],
            [2., 2., 2.]])
        >>> ndd3.uncertainty.array
        array([[1.41421356, 1.41421356, 1.41421356],
            [1.41421356, 1.41421356, 1.41421356],
            [1.41421356, 1.41421356, 1.41421356]])

    see ``NDArithmeticMixin`` for a complete list of all supported arithmetic
    operations.

    But also slicing (indexing) is possible::

        >>> ndd4 = ndd3[1,:]
        >>> ndd4.data
        array([2., 2., 2.])
        >>> ndd4.uncertainty.array
        array([1.41421356, 1.41421356, 1.41421356])

    See ``NDSlicingMixin`` for a description how slicing works (which
    attributes) are sliced.

    """
    def __init__(self, data, uncertainty=None, mask=None, wcs=None,
                 meta=None, unit=None, copy=False, window=None):
        super().__init__(FakeArray(data) if is_lazy(data) else data,
                         None if is_lazy(uncertainty) else uncertainty,
                         mask, wcs, meta, unit, copy)

        if is_lazy(data):
            self.data = data
        if is_lazy(uncertainty):
            self.uncertainty = uncertainty

    def __deepcopy__(self, memo):
        new = self.__class__(self._data if is_lazy(self._data) else deepcopy(self.data, memo),
                             self._uncertainty if is_lazy(self._uncertainty) else None,
                             self._mask if is_lazy(self._mask) else deepcopy(self.mask, memo),
                             deepcopy(self.wcs, memo), None, self.unit)
        new.meta = deepcopy(self.meta, memo)
        # Needed to avoid recursion because of uncertainty's weakref to self
        if not is_lazy(self._uncertainty):
            new.variance = deepcopy(self.variance)
        return new

    def _arithmetic(self, operation, operand,
                    propagate_uncertainties=True, handle_mask=np.bitwise_or,
                    handle_meta=None, uncertainty_correlation=0,
                    compare_wcs='first_found', **kwds):
        """
        Override the NDData method so that "bitwise_or" becomes the default
        operation to combine masks, rather than "logical_or"
        """
        return super()._arithmetic(
            operation, operand, propagate_uncertainties=propagate_uncertainties,
            handle_mask=handle_mask, handle_meta=handle_meta,
            uncertainty_correlation=uncertainty_correlation,
            compare_wcs=compare_wcs, **kwds)

    def _slice_wcs(self, slices):
        """
        gWCS doesn't appear to conform to the APE 14 interface for WCS
        implementations, and doesn't react to slicing properly. We override
        NDSlicing's method to do what we want.
        """
        if not isinstance(self.wcs, gWCS):
            return self.wcs

        # Sanitize the slices, catching some errors early
        if not isinstance(slices, (tuple, list)):
            slices = (slices,)
        slices = list(slices)
        ndim = len(self.shape)
        if len(slices) > ndim:
            raise ValueError(f"Too many dimensions specified in slice {slices}")

        if Ellipsis in slices:
            if slices.count(Ellipsis) > 1:
                raise IndexError("Only one ellipsis can be specified in a slice")
            ell_index = slices.index(Ellipsis)
            slices[ell_index:ell_index+1] = [slice(None)] * (ndim - len(slices) + 1)
        slices.extend([slice(None)] * (ndim-len(slices)))

        mods = []
        mapped_axes = []
        for i, (slice_, length) in enumerate(zip(slices[::-1], self.shape)):
            model = []
            if isinstance(slice_, slice):
                if slice_.step and slice_.step > 1:
                    raise IndexError("Cannot slice with a step")
                if slice_.start:
                    start = length + slice_.start if slice_.start < 1 else slice_.start
                    if start > 0:
                        model.append(models.Shift(start))
                mapped_axes.append(max(mapped_axes)+1 if mapped_axes else 0)
            elif isinstance(slice_, INTEGER_TYPES):
                model.append(models.Const1D(slice_))
                mapped_axes.append(-1)
            else:
                raise IndexError("Slice not an integer or range")
            if model:
                mods.append(reduce(Model.__or__, model))
            else:
                # If the previous model was an Identity, we can hang this
                # one onto that without needing to append a new Identity
                if i > 0 and isinstance(mods[-1], models.Identity):
                    mods[-1] = models.Identity(mods[-1].n_inputs + 1)
                else:
                    mods.append(models.Identity(1))

        slicing_model = reduce(Model.__and__, mods)
        if mapped_axes != list(np.arange(ndim)):
            mapped_axes = [max(x, 0) for x in mapped_axes]
            slicing_model = models.Mapping(mapped_axes) | slicing_model

        if isinstance(slicing_model, models.Identity) and slicing_model.n_inputs == ndim:
            return self.wcs  # Unchanged!
        new_wcs = deepcopy(self.wcs)
        new_wcs.insert_transform(new_wcs.input_frame, slicing_model, after=True)
        return new_wcs

    @property
    def window(self):
        """
        Interface to access a section of the data, using lazy access whenever possible.

        Returns
        --------
        An instance of ``NDWindowing``, which provides ``__getitem__``, to allow the use
        of square brackets when specifying the window. Ultimately, an
        ``NDWindowingAstrodata`` instance is returned

        Examples
        ---------

        >>> ad[0].nddata.window[100:200, 100:200]  # doctest: +SKIP
        <NDWindowingAstrodata .....>

        """
        return NDWindowing(self)

    @property
    def shape(self):
        return self._data.shape

    def _get_uncertainty(self, section=None):
        """Return the ADVarianceUncertainty object, or a slice of it."""
        if self._uncertainty is not None:
            if is_lazy(self._uncertainty):
                if section is None:
                    self.uncertainty = ADVarianceUncertainty(self._uncertainty.data)
                    return self.uncertainty
                else:
                    return ADVarianceUncertainty(self._uncertainty[section])
            elif section is not None:
                return self._uncertainty[section]
            else:
                return self._uncertainty

    def _get_simple(self, target, section=None):
        source = getattr(self, target)
        if source is not None:
            if is_lazy(source):
                if section is None:
                    ret = np.empty(source.shape, dtype=source.dtype)
                    ret[:] = source.data
                    setattr(self, target, ret)
                else:
                    ret = source[section]
                return ret
            elif section is not None:
                return np.array(source, copy=False)[section]
            else:
                return np.array(source, copy=False)

    @property
    def data(self):
        """
        An array representing the raw data stored in this instance.
        It implements a setter.
        """
        return self._get_simple('_data')

    @data.setter
    def data(self, value):
        if value is None:
            raise ValueError("Cannot have None as the data value for an NDData object")

        if is_lazy(value):
            self.meta['header'] = value.header
        self._data = value

    @property
    def uncertainty(self):
        return self._get_uncertainty()

    @uncertainty.setter
    def uncertainty(self, value):
        if value is not None and not is_lazy(value):
            if value._parent_nddata is not None:
                value = value.__class__(value, copy=False)
            value.parent_nddata = self
        self._uncertainty = value

    @property
    def mask(self):
        return self._get_simple('_mask')

    @mask.setter
    def mask(self, value):
        self._mask = value

    @property
    def variance(self):
        """
        A convenience property to access the contents of ``uncertainty``,
        squared (as the uncertainty data is stored as standard deviation).
        """
        arr = self._get_uncertainty()
        if arr is not None:
            return arr.array

    @variance.setter
    def variance(self, value):
        self.uncertainty = (ADVarianceUncertainty(value) if value is not None
                            else None)

[docs]    def set_section(self, section, input):
        """
        Sets only a section of the data. This method is meant to prevent
        fragmentation in the Python heap, by reusing the internal structures
        instead of replacing them with new ones.

        Args
        -----
        section : ``slice``
            The area that will be replaced
        input : ``NDData``-like instance
            This object needs to implement at least ``data``, ``uncertainty``,
            and ``mask``. Their entire contents will replace the data in the
            area defined by ``section``.

        Examples
        ---------

        >>> sec = NDData(np.zeros((100,100)))  # doctest: +SKIP
        >>> ad[0].nddata.set_section((slice(None,100),slice(None,100)), sec)  # doctest: +SKIP

        """
        self.data[section] = input.data
        if self.uncertainty is not None:
            self.uncertainty.array[section] = input.uncertainty.array
        if self.mask is not None:
            self.mask[section] = input.mask


    def __repr__(self):
        if is_lazy(self._data):
            return self.__class__.__name__ + '(Memmapped)'
        else:
            return super().__repr__()

    @property
    def T(self):
        return self.transpose()

[docs]    def transpose(self):
        unc = self.uncertainty
        return self.__class__(
            self.data.T,
            uncertainty=None if unc is None else unc.__class__(unc.array.T),
            mask=None if self.mask is None else self.mask.T, copy=False
        )


    @property
    def wcs(self):
        return super().wcs

    @wcs.setter
    def wcs(self, value):
        if value is not None and not isinstance(value, (WCS, gWCS)):
            raise TypeError("wcs value must be None or a WCS object")
        self._wcs = value





          

      

      

    

  

    
      
          
            
  Source code for astrodata.provenance

import json

from astropy.table import Table
from datetime import datetime


PROVENANCE_DATE_FORMAT = "%Y-%m-%d %H:%M:%S.%f"


[docs]def add_provenance(ad, filename, md5, primitive, timestamp=None):
    """
    Add the given `Provenance` entry to the full set of provenance records on this object.

    Provenance is not added if the incoming md5 is None or ''.  These indicate source data
    for the provenance that are not on disk, so not useful as provenance.

    Args
    -----
    value : `Provenance` to add

    Returns
    --------
    none
    """
    if md5 is None or md5 == '':
        # not a real input, we can ignore this one
        return

    if timestamp is None:
        timestamp = datetime.now().strftime(PROVENANCE_DATE_FORMAT)

    if hasattr(ad, 'PROVENANCE'):
        existing_provenance = ad.PROVENANCE
        for row in existing_provenance:
            if row[1] == filename and \
                    row[2] == md5 and \
                    row[3] == primitive:
                # nothing needed, we already have it
                return

    if not hasattr(ad, 'PROVENANCE'):
        timestamp_data = [timestamp]
        filename_data = [filename]
        md5_data = [md5]
        provenance_added_by_data = [primitive]
        ad.PROVENANCE = Table([timestamp_data, filename_data, md5_data, provenance_added_by_data],
                              names=('timestamp', 'filename', 'md5', 'provenance_added_by'),
                              dtype=('S28', 'S128', 'S128', 'S128'))
    else:
        provenance = ad.PROVENANCE
        provenance.add_row((timestamp, filename, md5, primitive))



[docs]def add_provenance_history(ad, timestamp_start, timestamp_stop, primitive, args):
    """
    Add the given ProvenanceHistory entry to the full set of history records on this object.

    Args
    -----
    ad : `AstroData` to add history record to
    timestamp_start : `datetime` of the start of this operation
    timestamp_stop : `datetime` of the end of this operation
    primitive : `str` name of the primitive performed
    args : `str` arguments used for the primitive call

    Returns
    --------
    none
    """
    # I modified these indices, so making this method adaptive to existing histories
    # with the old ordering.  This also makes modifying the order in future easier
    primitive_col_idx, args_col_idx, timestamp_start_col_idx, timestamp_stop_col_idx = \
        find_provenance_history_column_indices(ad)

    if hasattr(ad, 'PROVHISTORY') and None not in (primitive_col_idx, args_col_idx,
                                                   timestamp_stop_col_idx, timestamp_start_col_idx):
        for row in ad.PROVHISTORY:
            if timestamp_start == row[timestamp_start_col_idx] and \
                    timestamp_stop == row[timestamp_stop_col_idx] and \
                    primitive == row[primitive_col_idx] and \
                    args == row[args_col_idx]:
                # already in the history, skip
                return

    colsize = len(args)+1
    if hasattr(ad, 'PROVHISTORY'):
        colsize = max(colsize, (max(len(ph[args_col_idx]) for ph in ad.PROVHISTORY) + 1) \
            if args_col_idx is not None else 16)

        timestamp_start_arr = [ph[timestamp_start_col_idx] if timestamp_start_col_idx is not None else ''
                               for ph in ad.PROVHISTORY]
        timestamp_stop_arr = [ph[timestamp_stop_col_idx] if timestamp_stop_col_idx is not None else ''
                              for ph in ad.PROVHISTORY]
        primitive_arr = [ph[primitive_col_idx] if primitive_col_idx is not None else ''
                         for ph in ad.PROVHISTORY]
        args_arr = [ph[args_col_idx] if args_col_idx is not None else ''
                    for ph in ad.PROVHISTORY]
    else:
        timestamp_start_arr = []
        timestamp_stop_arr = []
        primitive_arr = []
        args_arr = []

    timestamp_start_arr.append(timestamp_start)
    timestamp_stop_arr.append(timestamp_stop)
    primitive_arr.append(primitive)
    args_arr.append(args)

    dtype = ("S128", "S%d" % colsize, "S28", "S28")
    ad.PROVHISTORY = Table([primitive_arr, args_arr, timestamp_start_arr, timestamp_stop_arr],
                           names=('primitive', 'args', 'timestamp_start', 'timestamp_stop'),
                           dtype=dtype)



[docs]def clone_provenance(provenance_data, ad):
    """
    For a single input's provenance, copy it into the output
    `AstroData` object as appropriate.

    This takes a dictionary with a source filename, md5 and both it's
    original provenance and provenance_history information.  It duplicates
    the provenance data into the outgoing `AstroData` ad object.

    Args
    -----
    provenance_data : pointer to the `AstroData` table with the provenance
        information.
        *Note* this may be the output `AstroData` as well, so we need to handle that.
    ad : outgoing `AstroData` object to add provenance data to

    Returns
    --------
    none

    """
    pd = [(prov[1], prov[2], prov[3], prov[0]) for prov in provenance_data]
    for p in pd:
        add_provenance(ad, p[0], p[1], p[2], timestamp=p[3])



[docs]def clone_provenance_history(provenance_history_data, ad):
    """
    For a single input's provenance history, copy it into the output
    `AstroData` object as appropriate.

    This takes a dictionary with a source filename, md5 and both it's
    original provenance and provenance_history information.  It duplicates
    the provenance data into the outgoing `AstroData` ad object.

    Args
    -----
    provenance_history_data : pointer to the `AstroData` table with the history information.
        *Note* this may be the output `AstroData` as well, so we need to handle that.
    ad : outgoing `AstroData` object to add provenance history data to

    Returns
    --------
    none
    """
    primitive_col_idx, args_col_idx, timestamp_start_col_idx, timestamp_stop_col_idx = \
        find_provenance_history_column_indices(ad)
    phd = [(prov_hist[timestamp_start_col_idx], prov_hist[timestamp_stop_col_idx],
            prov_hist[primitive_col_idx], prov_hist[args_col_idx])
           for prov_hist in provenance_history_data]
    for ph in phd:
        add_provenance_history(ad, ph[0], ph[1], ph[2], ph[3])



[docs]def find_provenance_history_column_indices(ad):
    if hasattr(ad, 'PROVHISTORY'):
        primitive_col_idx = None
        args_col_idx = None
        timestamp_start_col_idx = None
        timestamp_stop_col_idx = None
        for idx, colname in enumerate(ad.PROVHISTORY.colnames):
            if colname == 'primitive':
                primitive_col_idx = idx
            elif colname == 'args':
                args_col_idx = idx
            elif colname == 'timestamp_start':
                timestamp_start_col_idx = idx
            elif colname == 'timestamp_stop':
                timestamp_stop_col_idx = idx
    else:
        # defaults
        primitive_col_idx = 0
        args_col_idx = 1
        timestamp_start_col_idx = 2
        timestamp_stop_col_idx = 3

    return primitive_col_idx, args_col_idx, timestamp_start_col_idx, timestamp_stop_col_idx



[docs]def provenance_summary(ad, provenance=True, provenance_history=True):
    """
    Generate a pretty text display of the provenance information for an `~astrodata.core.AstroData`.

    This pulls the provenance and history information from a `~astrodata.core.AstroData` object
    and formats it for readability.  The primitive arguments in the history are wrapped across
    multiple lines to keep the overall width manageable.

    Parameters
    ----------
    ad : :class:`~astrodata.core.AstroData`
        Input data to read provenance from
    provenance : bool
        True to show provenance
    provenance_history : bool
        True to show the provenance history with associated parameters and timestamps

    Returns
    -------
        str representation of the provenance
    """
    retval = ""
    if provenance:
        if hasattr(ad, 'PROVENANCE'):
            retval = f"Provenance\n----------\n{ad.PROVENANCE}\n"
        else:
            retval = "No Provenance found\n"
    if provenance_history:
        if provenance:
            retval += "\n"  # extra blank line between
        if hasattr(ad, 'PROVHISTORY'):
            retval += "Provenance History\n------------------\n"
            primitive_col_idx, args_col_idx, timestamp_start_col_idx, timestamp_stop_col_idx = \
                find_provenance_history_column_indices(ad)

            primitive_col_size = 8
            timestamp_start_col_size = 28
            timestamp_stop_col_size = 28
            args_col_size = 16

            # infer args size by finding the max for the folded json values
            for row in ad.PROVHISTORY:
                argsstr = row[args_col_idx]
                args = json.loads(argsstr)
                argspp = json.dumps(args, indent=4)
                for line in argspp.split('\n'):
                    args_col_size = max(args_col_size, len(line))
                primitive_col_size = max(primitive_col_size, len(row[primitive_col_idx]))

            # Titles
            retval += f'{"Primitive":<{primitive_col_size}} {"Args":<{args_col_size}} ' + \
                      f'{"Start":<{timestamp_start_col_size}} {"Stop"}\n'
            # now the lines
            retval += f'{"":{"-"}<{primitive_col_size}} {"":{"-"}<{args_col_size}} ' + \
                      f'{"":{"-"}<{timestamp_start_col_size}} {"":{"-"}<{timestamp_stop_col_size}}\n'

            # Rows, looping over args lines
            for row in ad.PROVHISTORY:
                primitive = row[primitive_col_idx]
                args = row[args_col_idx]
                start = row[timestamp_start_col_idx]
                stop = row[timestamp_stop_col_idx]
                first = True
                try:
                    parseargs = json.loads(args)
                    args = json.dumps(parseargs, indent=4)
                except:
                    pass  # ok, just use whatever non-json was in there
                for argrow in args.split('\n'):
                    if first:
                        retval += f'{primitive:<{primitive_col_size}} {argrow:<{args_col_size}} ' + \
                                  f'{start:<{timestamp_start_col_size}} {stop}\n'
                    else:
                        retval += f'{"":<{primitive_col_size}} {argrow}\n'
                    # prep for additional arg rows without duplicating the other values
                    first = False
        else:
            retval += "No Provenance History found.\n"
    return retval





          

      

      

    

  

    
      
          
            
  Source code for astrodata.testing

"""
Fixtures to be used in tests in DRAGONS
"""

import os
import re
import shutil
import subprocess
import urllib
import xml.etree.ElementTree as et
from contextlib import contextmanager

import pytest
from astropy.utils.data import download_file

URL = 'https://archive.gemini.edu/file/'


[docs]@pytest.fixture(scope="session")
def astrofaker():
    """
    Wrapper fixture that prevents undesired behaviour when using astrofaker.
    """
    return pytest.importorskip("astrofaker")



[docs]def assert_most_close(actual, desired, max_miss, rtol=1e-7, atol=0,
                      equal_nan=True, verbose=True):
    """
    Raises an AssertionError if the number of elements in two objects that are
    not equal up to desired tolerance is greater than expected.

    See Also
    --------
    :func:`~numpy.testing.assert_allclose`

    Parameters
    ----------
    actual : array_like
        Array obtained.
    desired : array_like
        Array desired.
    max_miss : iny
        Maximum number of mismatched elements.
    rtol : float, optional
        Relative tolerance.
    atol : float, optional
        Absolute tolerance.
    equal_nan : bool, optional.
        If True, NaNs will compare equal.
    verbose : bool, optional
        If True, the conflicting values are appended to the error message.
    Raises
    ------
    AssertionError
        If actual and desired are not equal up to specified precision.
    """
    from numpy.testing import assert_allclose

    try:
        assert_allclose(actual, desired, atol=atol, equal_nan=equal_nan,
                        err_msg='', rtol=rtol, verbose=verbose)

    except AssertionError as e:
        n_miss = e.args[0].split('\n')[3].split(':')[-1].split('(')[0].split('/')[0]
        n_miss = int(n_miss.strip())

        if n_miss > max_miss:
            error_message = (
                "%g mismatching elements are more than the " % n_miss +
                "expected %g." % max_miss +
                '\n'.join(e.args[0].split('\n')[3:]))

            raise AssertionError(error_message)



[docs]def assert_most_equal(actual, desired, max_miss, verbose=True):
    """
    Raises an AssertionError if more than `n` elements in two objects are not
    equal. For more information, check :func:`numpy.testing.assert_equal`.

    Parameters
    ----------
    actual : array_like
        The object to check.
    desired : array_like
        The expected object.
    max_miss : int
        Maximum number of mismatched elements.
    verbose : bool, optional
        If True, the conflicting values are appended to the error message.

    Raises
    ------
    AssertionError
        If actual and desired are not equal.
    """
    from numpy.testing import assert_equal

    try:
        assert_equal(actual, desired, err_msg='', verbose=verbose)
    except AssertionError as e:

        n_miss = e.args[0].split('\n')[3].split(':')[-1].split('(')[0].split('/')[0]
        n_miss = int(n_miss.strip())

        if n_miss > max_miss:
            error_message = (
                "%g mismatching elements are more than the " % n_miss +
                "expected %g." % max_miss +
                '\n'.join(e.args[0].split('\n')[3:]))

            raise AssertionError(error_message)



[docs]def assert_same_class(ad, ad_ref):
    """
    Compare if two :class:`~astrodata.AstroData` (or any subclass) have the
    same class.

    Parameters
    ----------
        ad : :class:`astrodata.AstroData` or any subclass
            AstroData object to be checked.
        ad_ref : :class:`astrodata.AstroData` or any subclass
            AstroData object used as reference
    """
    from astrodata import AstroData

    assert isinstance(ad, AstroData)
    assert isinstance(ad_ref, AstroData)
    assert isinstance(ad, type(ad_ref))



[docs]def compare_models(model1, model2, rtol=1e-7, atol=0., check_inverse=True):
    """
    Check that any two models are the same, within some tolerance on parameters
    (using the same defaults as numpy.assert_allclose()).

    This is constructed like a test, rather than returning True/False, in order
    to provide more useful information as to how the models differ when a test
    fails (and with more concise syntax).

    If `check_inverse` is True (the default), only first-level inverses are
    compared, to avoid unending recursion, since the inverse of an inverse
    should be the supplied input model, if defined. The types of any inverses
    (and their inverses in turn) are required to match whether or not their
    parameters etc. are compared.

    This function might not completely guarantee that model1 & model2 are
    identical for some models whose evaluation depends on class-specific
    parameters controlling how the array of model `parameters` is interpreted
    (eg. the orders in SIP?), but it does cover our common use of compound
    models involving orthonormal polynomials etc.
    """

    from astropy.modeling import Model
    from numpy.testing import assert_allclose

    if not (isinstance(model1, Model) and isinstance(model2, Model)):
        raise TypeError('Inputs must be Model instances')

    if model1 is model2:
        return

    # Require each model to be composed of same number of constituent models:
    assert model1.n_submodels == model2.n_submodels

    # Treat everything like an iterable compound model:
    if model1.n_submodels == 1:
        model1 = [model1]
        model2 = [model2]

    # Compare the constituent model definitions:
    for m1, m2 in zip(model1, model2):
        assert type(m1) == type(m2)
        assert len(m1.parameters) == len(m2.parameters)
        # NB. For 1D models the degrees match if the numbers of parameters do
        if hasattr(m1, 'x_degree'):
            assert m1.x_degree == m2.x_degree
        if hasattr(m1, 'y_degree'):
            assert m1.y_degree == m2.y_degree
        if hasattr(m1, 'domain'):
            assert m1.domain == m2.domain
        if hasattr(m1, 'x_domain'):
            assert m1.x_domain == m2.x_domain
        if hasattr(m1, 'y_domain'):
            assert m1.y_domain == m2.y_domain

    # Compare the model parameters (coefficients):
    assert_allclose(model1.parameters, model2.parameters, rtol=rtol, atol=atol)

    # Now check for any inverse models and require them both to have the same
    # type or be undefined:
    try:
        inverse1 = model1.inverse
    except NotImplementedError:
        inverse1 = None
    try:
        inverse2 = model2.inverse
    except NotImplementedError:
        inverse2 = None

    assert type(inverse1) == type(inverse2)

    # Compare inverses only if they exist and are not the forward model itself:
    if inverse1 is None or (inverse1 is model1 and inverse2 is model2):
        check_inverse = False

    # Recurse over the inverse models (but not their inverses in turn):
    if check_inverse:
        compare_models(inverse1, inverse2, rtol=rtol, atol=atol,
                       check_inverse=False)



[docs]@pytest.fixture(scope='module')
def change_working_dir(path_to_outputs):
    """
    Factory that returns the output path as a context manager object, allowing
    easy access to the path to where the processed data should be stored.

    Parameters
    ----------
    path_to_outputs : pytest.fixture
        Fixture containing the root path to the output files.

    Returns
    -------
    contextmanager
        Enable easy change to temporary folder when reducing data.
    """
    path = os.path.join(path_to_outputs, "outputs")
    os.makedirs(path, exist_ok=True)
    print(f"Using working dir:\n  {path}")

    @contextmanager
    def _change_working_dir(sub_path=""):
        """
        Changed the current working directory temporarily easily using the
        `with` statement.

        Parameters
        ----------
        sub_path : str
            Sub-path inside the directory where we are working.
        """
        oldpwd = os.getcwd()
        os.chdir(path)

        if sub_path:
            os.makedirs(sub_path, exist_ok=True)
            os.chdir(sub_path)

        try:
            yield
        finally:
            os.chdir(oldpwd)

    return _change_working_dir



[docs]def download_from_archive(filename, sub_path='raw_files', env_var='DRAGONS_TEST'):
    """Download file from the archive and store it in the local cache.

    Parameters
    ----------
    filename : str
        The filename, e.g. N20160524S0119.fits
    sub_path : str
        By default the file is stored at the root of the cache directory, but
        using ``path`` allows to specify a sub-directory.
    env_var: str
        Environment variable containing the path to the cache directory.

    Returns
    -------
    str
        Name of the cached file with the path added to it.
    """
    # Find cache path and make sure it exists
    root_cache_path = os.getenv(env_var)

    if root_cache_path is None:
        raise ValueError('Environment variable not set: {:s}'.format(env_var))

    root_cache_path = os.path.expanduser(root_cache_path)

    if sub_path is not None:
        cache_path = os.path.join(root_cache_path, sub_path)

    if not os.path.exists(cache_path):
        os.makedirs(cache_path)

    # Now check if the local file exists and download if not
    local_path = os.path.join(cache_path, filename)
    if not os.path.exists(local_path):
        tmp_path = download_file(URL + filename, cache=False)
        shutil.move(tmp_path, local_path)

        # `download_file` ignores Access Control List - fixing it
        os.chmod(local_path, 0o664)

    return local_path



[docs]def get_associated_calibrations(filename, nbias=5):
    """
    Queries Gemini Observatory Archive for associated calibrations to reduce the
    data that will be used for testing.
    Parameters
    ----------
    filename : str
        Input file name
    """
    pd = pytest.importorskip("pandas", minversion='1.0.0')
    url = "https://archive.gemini.edu/calmgr/{}".format(filename)

    tree = et.parse(urllib.request.urlopen(url))
    root = tree.getroot()
    prefix = root.tag[:root.tag.rfind('}') + 1]

    def iter_nodes(node):
        cal_type = node.find(prefix + 'caltype').text
        cal_filename = node.find(prefix + 'filename').text
        return cal_filename, cal_type

    cals = pd.DataFrame(
        [iter_nodes(node) for node in tree.iter(prefix + 'calibration')],
        columns=['filename', 'caltype'])

    cals = cals.sort_values(by='filename')
    cals = cals[~cals.caltype.str.contains('processed_')]
    cals = cals[~cals.caltype.str.contains('specphot')]
    cals = cals.drop(cals[cals.caltype.str.contains('bias')][nbias:].index)

    return cals



[docs]def get_active_git_branch():
    """
    Returns the name of the active GIT branch to be used in Continuous
    Integration tasks and organize input/reference files.

    Note: This works currently only if the remote name is "origin", though it
    would be easy to adapt for other cases if needed.

    Returns
    -------
    str or None : Name of the input active git branch. It returns None if
        the branch name could not be retrieved.

    """
    try:
        out = subprocess.check_output(
            ['git', 'log', '-n', '1', '--pretty=%d', 'HEAD']
        ).decode('utf8')
        branch_name = re.search(r'\(HEAD.*, (.*)\)', out).groups()[0]
        branch_name = branch_name.replace("origin/", "")
    except subprocess.CalledProcessError as e:
        print("\nCould not retrieve active git branch. Make sure that the\n"
              "following path is a valid Git repository: {}\n"
              .format(os.getcwd()))
    else:
        print(f"\nRetrieved active branch name:  {branch_name:s}")
        return branch_name



[docs]@pytest.fixture(scope='module')
def path_to_inputs(request, env_var='DRAGONS_TEST'):
    """
    PyTest fixture that returns the path to where the input files for a given
    test module live.

    Parameters
    ----------
    request : fixture
        PyTest's built-in fixture with information about the test itself.

    env_var : str
        Environment variable that contains the root path to the input data.

    Returns
    -------
    str:
        Path to the input files.
    """
    path_to_test_data = os.getenv(env_var)

    if path_to_test_data is None:
        pytest.skip('Environment variable not set: $DRAGONS_TEST')

    path_to_test_data = os.path.expanduser(path_to_test_data).strip()

    module_path = request.module.__name__.split('.') + ["inputs"]
    module_path = [item for item in module_path if item not in "tests"]
    path = os.path.join(path_to_test_data, *module_path)

    if not os.path.exists(path):
        raise FileNotFoundError(
            " Could not find path to input data:\n    {:s}".format(path))

    if not os.access(path, os.R_OK):
        pytest.fail('\n  Path to input test data exists but is not accessible: '
                    '\n    {:s}'.format(path))

    branch_name = get_active_git_branch()

    if branch_name:
        branch_name = branch_name.replace("/", "_")
        path_with_branch = path.replace("/inputs", f"/inputs_{branch_name}")
        path = path_with_branch if os.path.exists(path_with_branch) else path

    print(f"Using the following path to the inputs:\n  {path}\n")
    return path



[docs]@pytest.fixture(scope='module')
def path_to_refs(request, env_var='DRAGONS_TEST'):
    """
    PyTest fixture that returns the path to where the reference files for a
    given test module live.

    Parameters
    ----------
    request : fixture
        PyTest's built-in fixture with information about the test itself.

    env_var : str
        Environment variable that contains the root path to the input data.

    Returns
    -------
    str:
        Path to the reference files.
    """
    path_to_test_data = os.getenv(env_var)

    if path_to_test_data is None:
        pytest.skip('Environment variable not set: $DRAGONS_TEST')

    path_to_test_data = os.path.expanduser(path_to_test_data).strip()

    module_path = request.module.__name__.split('.') + ["refs"]
    module_path = [item for item in module_path if item not in "tests"]
    path = os.path.join(path_to_test_data, *module_path)

    if not os.path.exists(path):
        pytest.fail('\n Path to reference test data does not exist: '
                    '\n   {:s}'.format(path))

    if not os.access(path, os.R_OK):
        pytest.fail('\n Path to reference test data exists but is not accessible: '
                    '\n    {:s}'.format(path))

    branch_name = get_active_git_branch()

    if branch_name:
        branch_name = branch_name.replace("/", "_")
        path_with_branch = path.replace("/refs", f"/refs_{branch_name}")
        path = path_with_branch if os.path.exists(path_with_branch) else path

    print(f"Using the following path to the refs:\n  {path}\n")
    return path



[docs]@pytest.fixture(scope='module')
def path_to_outputs(request, tmp_path_factory):
    """
    PyTest fixture that creates a temporary folder to save tests outputs. You can
    set the base directory by passing the ``--basetemp=mydir/`` argument to the
    PyTest call (See [Pytest - Temporary Directories and Files][1]).

    [1]: https://docs.pytest.org/en/stable/tmpdir.html#temporary-directories-and-files

    Returns
    -------
    str
        Path to the output data.

    Raises
    ------
    IOError
        If output path does not exits.
    """
    module_path = request.module.__name__.split('.')
    module_path = [item for item in module_path if item not in "tests"]
    path = os.path.join(str(tmp_path_factory.getbasetemp()), *module_path)
    os.makedirs(path, exist_ok=True)

    return path





          

      

      

    

  

    
      
          
            
  Source code for astrodata.wcs

import re
import functools
from collections import namedtuple

import numpy as np
from astropy import coordinates as coord
from astropy import units as u
from astropy.modeling import core, models, projections
from astropy.io import fits
from gwcs import coordinate_frames as cf
from gwcs import utils as gwutils
from gwcs.utils import sky_pairs, specsystems
from gwcs.wcs import WCS as gWCS

AffineMatrices = namedtuple("AffineMatrices", "matrix offset")

FrameMapping = namedtuple("FrameMapping", "cls description")

# Type of CoordinateFrame to construct for a FITS keyword and
# readable name so user knows what's going on
frame_mapping = {'WAVE': FrameMapping(cf.SpectralFrame, "Wavelength in vacuo"),
                 'AWAV': FrameMapping(cf.SpectralFrame, "Wavelength in air")}

#-----------------------------------------------------------------------------
# FITS-WCS -> gWCS
#-----------------------------------------------------------------------------


[docs]def fitswcs_to_gwcs(hdr):
    """
    Create and return a gWCS object from a FITS header. If it can't
    construct one, it should quietly return None.
    """
    # coordinate names for CelestialFrame
    coordinate_outputs = {'alpha_C', 'delta_C'}

    # transform = gw.make_fitswcs_transform(hdr)
    try:
        transform = make_fitswcs_transform(hdr)
    except Exception as e:
        return None
    outputs = transform.outputs
    wcs_info = read_wcs_from_header(hdr)

    naxes = transform.n_inputs
    axes_names = ('x', 'y', 'z', 'u', 'v', 'w')[:naxes]
    in_frame = cf.CoordinateFrame(naxes=naxes, axes_type=['SPATIAL'] * naxes,
                                  axes_order=tuple(range(naxes)), name="pixels",
                                  axes_names=axes_names, unit=[u.pix] * naxes)

    out_frames = []
    for i, output in enumerate(outputs):
        unit_name = wcs_info["CUNIT"][i]
        try:
            unit = u.Unit(unit_name)
        except TypeError:
            unit = None
        try:
            frame_type = output[:4].upper()
            frame_info = frame_mapping[frame_type]
        except KeyError:
            if output in coordinate_outputs:
                continue
            frame = cf.CoordinateFrame(naxes=1, axes_type=("SPATIAL",),
                                       axes_order=(i,), unit=unit,
                                       axes_names=(output,), name=output)
        else:
            frame = frame_info.cls(axes_order=(i,), unit=unit,
                                   axes_names=(frame_type,),
                                   name=frame_info.description)

        out_frames.append(frame)

    if coordinate_outputs.issubset(outputs):
        frame_name = wcs_info["RADESYS"]  # FK5, etc.
        try:
            ref_frame = getattr(coord, frame_name)()
            axes_names = None
            # TODO? Work out how to stuff EQUINOX and OBS-TIME into the frame
        except (AttributeError, TypeError):
            ref_frame = None
            axes_names = ('lon', 'lat')
        axes_order = (outputs.index('alpha_C'), outputs.index('delta_C'))

        # Call it 'world' if there are no other axes, otherwise 'sky'
        name = 'SKY' if len(outputs) > 2 else 'world'
        cel_frame = cf.CelestialFrame(reference_frame=ref_frame, name=name,
                                      axes_names=axes_names, axes_order=axes_order)
        out_frames.append(cel_frame)

    out_frame = (out_frames[0] if len(out_frames) == 1
                 else cf.CompositeFrame(out_frames, name='world'))
    return gWCS([(in_frame, transform),
                 (out_frame, None)])



# -----------------------------------------------------------------------------
# gWCS -> FITS-WCS
# -----------------------------------------------------------------------------

[docs]def gwcs_to_fits(ndd, hdr=None):
    """
    Convert a gWCS object to a collection of FITS WCS keyword/value pairs,
    if possible. If the FITS WCS is only approximate, this should be indicated
    with a dict entry {'FITS-WCS': 'APPROXIMATE'}. If there is no suitable
    FITS representation, then a ValueError or NotImplementedError can be
    raised.

    Parameters
    ----------
    ndd: NDData
        The NDData whose wcs attribute we want converted
    hdr: fits.Header
        A Header object that may contain some useful keywords

    Returns
    -------
    dict: values to insert into the FITS header to express this WCS
    """
    if hdr is None:
        hdr = {}

    wcs = ndd.wcs
    transform = wcs.forward_transform
    world_axes = list(wcs.output_frame.axes_names)
    nworld_axes = len(world_axes)
    wcs_dict = {'WCSAXES': nworld_axes,
                'WCSDIM': nworld_axes}
    wcs_dict.update({f'CD{i+1}_{j+1}': 0. for j in range(nworld_axes)
                     for i in range(nworld_axes)})
    pix_center = [0.5 * (length - 1) for length in ndd.shape[::-1]]
    wcs_center = transform(*pix_center)

    # Find and process the sky projection first
    if {'lon', 'lat'}.issubset(world_axes):
        if isinstance(wcs.output_frame, cf.CelestialFrame):
            cel_frame = wcs.output_frame
        elif isinstance(wcs.output_frame, cf.CompositeFrame):
            for frame in wcs.output_frame.frames:
                if isinstance(frame, cf.CelestialFrame):
                    cel_frame = frame

        # TODO: Non-ecliptic coordinate frames
        cel_ref_frame = cel_frame.reference_frame
        if not isinstance(cel_ref_frame, coord.builtin_frames.BaseRADecFrame):
            raise NotImplementedError("Cannot write non-ecliptic frames yet")
        wcs_dict['RADESYS'] = cel_ref_frame.name.upper()

        for m in transform:
            if isinstance(m, models.RotateNative2Celestial):
                nat2cel = m
            if isinstance(m, models.Pix2SkyProjection):
                m.name = 'pix2sky'
                # Determine which sort of projection this is
                for projcode in projections.projcodes:
                    if isinstance(m, getattr(models, f'Pix2Sky_{projcode}')):
                        break
                else:
                    raise ValueError("Unknown projection class: {}".
                                     format(m.__class__.__name__))

        lon_axis = world_axes.index('lon')
        lat_axis = world_axes.index('lat')
        world_axes[lon_axis] = f'RA---{projcode}'
        world_axes[lat_axis] = f'DEC--{projcode}'
        wcs_dict[f'CRVAL{lon_axis+1}'] = nat2cel.lon.value
        wcs_dict[f'CRVAL{lat_axis+1}'] = nat2cel.lat.value

        # Remove projection parts so we can calculate the CD matrix
        if projcode:
            nat2cel.name = 'nat2cel'
            transform = transform.replace_submodel('pix2sky', models.Identity(2))
            transform = transform.replace_submodel('nat2cel', models.Identity(2))

    # Deal with other axes
    # TODO: AD should refactor to allow the descriptor to be used here
    for i, axis_type in enumerate(wcs.output_frame.axes_type, start=1):
        if f'CRVAL{i}' in wcs_dict:
            continue
        if axis_type == "SPECTRAL":
            wcs_dict[f'CRVAL{i}'] = hdr.get('CENTWAVE', wcs_center[i-1] if nworld_axes > 1 else wcs_center)
            wcs_dict[f'CTYPE{i}'] = wcs.output_frame.axes_names[i-1]  # AWAV/WAVE
        else:  # Just something
            wcs_dict[f'CRVAL{i}'] = 0

    # Flag if we can't construct a perfect CD matrix
    if not model_is_affine(transform):
        wcs_dict['FITS-WCS'] = ('APPROXIMATE', 'FITS WCS is approximate')

    affine = calculate_affine_matrices(transform, ndd.shape)
    # Convert to x-first order
    affine_matrix = affine.matrix[::-1, ::-1]
    # Require an inverse to write out
    if np.linalg.det(affine_matrix) == 0:
        affine_matrix[-1, -1] = 1.
    wcs_dict.update({f'CD{i+1}_{j+1}': affine_matrix[i, j]
                     for j, _ in enumerate(world_axes)
                     for i, _ in enumerate(world_axes)})
    # Don't overwrite CTYPEi keywords we've already created
    wcs_dict.update({f'CTYPE{i}': axis.upper()[:8]
                     for i, axis in enumerate(world_axes, start=1)
                     if f'CTYPE{i}' not in wcs_dict})

    crval = [wcs_dict[f'CRVAL{i+1}'] for i, _ in enumerate(world_axes)]
    crpix = np.array(wcs.backward_transform(*crval)) + 1
    if nworld_axes == 1:
        wcs_dict['CRPIX1'] = crpix
    else:
        # Comply with FITS standard, must define CRPIXj for "extra" axes
        wcs_dict.update({f'CRPIX{j}': cpix for j, cpix in enumerate(np.concatenate([crpix, [0] * (nworld_axes-len(ndd.shape))]), start=1)})
    for i, unit in enumerate(wcs.output_frame.unit, start=1):
        try:
            wcs_dict[f'CUNIT{i}'] = unit.name
        except AttributeError:
            pass

    return wcs_dict


# -----------------------------------------------------------------------------
# Helper functions
# -----------------------------------------------------------------------------

[docs]def model_is_affine(model):
    """"
    Test a Model for affinity. This is currently done by checking the
    name of its class (or the class names of all its submodels)

    TODO: Is this the right thing to do? We could compute the affine
    matrices *assuming* affinity, and then check that a number of random
    points behave as expected. Is that better?
    """
    if isinstance(model, dict):  # handle fix_inputs()
        return True
    try:
        return np.logical_and.reduce([model_is_affine(m)
                                      for m in model])
    except TypeError:
        # TODO: Delete "Const" one fix_inputs() broadcastingis fixed
        return model.__class__.__name__[:5] in ('Affin', 'Rotat', 'Scale',
                                                'Shift', 'Ident', 'Mappi',
                                                'Const')


[docs]def calculate_affine_matrices(func, shape):
    """
    Compute the matrix and offset necessary of an affine transform that
    represents the supplied function. This is done by computing the
    linear matrix along all axes extending from the centre of the region,
    and then calculating the offset such that the transformation is
    accurate at the centre of the region. The matrix and offset are returned
    in the standard python order (i.e., y-first for 2D).

    Parameters
    ----------
    func: callable
        function that maps input->output coordinates
    shape: sequence
        shape to use for fiducial points

    Returns
    -------
        AffineMatrices(array, array): affine matrix and offset
    """
    indim = len(shape)
    try:
        ndim = len(func(*shape))  # handle increase in number of axes
    except TypeError:
        ndim = 1
    halfsize = [0.5 * length for length in shape] + [1.] * (ndim - indim)
    points = np.array([halfsize] * (2 * ndim + 1)).T
    points[:, 1:ndim + 1] += np.eye(ndim) * points[:, 0]
    points[:, ndim + 1:] -= np.eye(ndim) * points[:, 0]
    if ndim > 1:
        transformed = np.array(list(zip(*list(func(*point[:indim])
                                              for point in points.T)))).T
    else:
        transformed = np.array([func(*points)]).T
    matrix = np.array([[0.5 * (transformed[j + 1, i] - transformed[ndim + j + 1, i]) / halfsize[j]
                        for j in range(ndim)] for i in range(ndim)])
    offset = transformed[0] - np.dot(matrix, halfsize)
    return AffineMatrices(matrix[::-1, ::-1], offset[::-1])



# -------------------------------------------------------------------------
# This stuff will hopefully all go into gwcs.utils
# -------------------------------------------------------------------------
[docs]def read_wcs_from_header(header):
    """
    Extract basic FITS WCS keywords from a FITS Header.

    Parameters
    ----------
    header : astropy.io.fits.Header
        FITS Header with WCS information.

    Returns
    -------
    wcs_info : dict
        A dictionary with WCS keywords.
    """
    wcs_info = {}

    try:
        wcs_info['WCSAXES'] = header['WCSAXES']
    except KeyError:
        p = re.compile(r'ctype[\d]*', re.IGNORECASE)
        ctypes = header['CTYPE*']
        keys = list(ctypes.keys())
        for key in keys[::-1]:
            if p.split(key)[-1] != "":
                keys.remove(key)
        wcs_info['WCSAXES'] = len(keys)
    wcsaxes = wcs_info['WCSAXES']
    # if not present call get_csystem
    wcs_info['RADESYS'] = header.get('RADESYS', header.get('RADECSYS', 'FK5'))
    wcs_info['VAFACTOR'] = header.get('VAFACTOR', 1)
    # NAXIS=0 if we're reading from a PHU
    wcs_info['NAXIS'] = header.get('NAXIS') or max(int(k[5:]) for k in header['CRPIX*'].keys())
    # date keyword?
    # wcs_info['DATEOBS'] = header.get('DATE-OBS', 'DATEOBS')
    wcs_info['EQUINOX'] = header.get("EQUINOX", None)
    wcs_info['EPOCH'] = header.get("EPOCH", None)
    wcs_info['DATEOBS'] = header.get("MJD-OBS", header.get("DATE-OBS", None))

    ctype = []
    cunit = []
    crpix = []
    crval = []
    cdelt = []
    for i in range(1, wcsaxes + 1):
        ctype.append(header['CTYPE{0}'.format(i)])
        cunit.append(header.get('CUNIT{0}'.format(i), None))
        crpix.append(header.get('CRPIX{0}'.format(i), 0.0))
        crval.append(header.get('CRVAL{0}'.format(i), 0.0))
        cdelt.append(header.get('CDELT{0}'.format(i), 1.0))

    has_cd = len(header['CD?_?']) > 0
    cd = np.zeros((wcsaxes, wcsaxes))
    for i in range(1, wcsaxes + 1):
        for j in range(1, wcsaxes + 1):
            if has_cd:
                cd[i - 1, j - 1] = header.get('CD{0}_{1}'.format(i, j), 0)
            else:
                cd[i - 1, j - 1] = cdelt[i - 1] * header.get('PC{0}_{1}'.format(i, j),
                                                             1 if i == j else 0)
    wcs_info['CTYPE'] = ctype
    wcs_info['CUNIT'] = cunit
    wcs_info['CRPIX'] = crpix
    wcs_info['CRVAL'] = crval
    wcs_info['CD'] = cd
    return wcs_info


[docs]def get_axes(header):
    """
    Matches input with spectral and sky coordinate axes.

    Parameters
    ----------
    header : astropy.io.fits.Header or dict
        FITS Header (or dict) with basic WCS information.

    Returns
    -------
    sky_inmap, spectral_inmap, unknown : lists
        indices in the output representing sky and spectral coordinates.

    """
    if isinstance(header, fits.Header):
        wcs_info = read_wcs_from_header(header)
    elif isinstance(header, dict):
        wcs_info = header
    else:
        raise TypeError("Expected a FITS Header or a dict.")

    # Split each CTYPE value at "-" and take the first part.
    # This should represent the coordinate system.
    ctype = [ax.split('-')[0].upper() for ax in wcs_info['CTYPE']]
    sky_inmap = []
    spec_inmap = []
    unknown = []
    skysystems = np.array(list(sky_pairs.values())).flatten()
    for ind, ax in enumerate(ctype):
        if ax in specsystems:
            spec_inmap.append(ind)
        elif ax in skysystems:
            sky_inmap.append(ind)
        else:
            unknown.append(ind)

    if len(sky_inmap) == 1:
        unknown.append(sky_inmap.pop())

    if sky_inmap:
        _is_skysys_consistent(ctype, sky_inmap)

    return sky_inmap, spec_inmap, unknown



def _is_skysys_consistent(ctype, sky_inmap):
    """ Determine if the sky axes in CTYPE match to form a standard celestial system."""
    if len(sky_inmap) != 2:
        raise ValueError("{} sky coordinate axes found. "
                         "There must be exactly 2".format(len(sky_inmap)))

    for item in sky_pairs.values():
        if ctype[sky_inmap[0]] == item[0]:
            if ctype[sky_inmap[1]] != item[1]:
                raise ValueError(
                    "Inconsistent ctype for sky coordinates {0} and {1}".format(*ctype))
            break
        elif ctype[sky_inmap[1]] == item[0]:
            if ctype[sky_inmap[0]] != item[1]:
                raise ValueError(
                    "Inconsistent ctype for sky coordinates {0} and {1}".format(*ctype))
            sky_inmap.reverse()
            break

def _get_contributing_axes(wcs_info, world_axes):
    """
    Returns a tuple indicating which axes in the pixel frame make a
    contribution to an axis or axes in the output frame.

    Parameters
    ----------
    wcs_info : dict
        dict of WCS information
    world_axes : int/iterable of ints
        axes in the world coordinate system

    Returns
    -------
    axes: list
        axes whose pixel coordinates affect the output axis/axes
    """
    cd = wcs_info['CD']
    try:
        return sorted(set(np.nonzero(cd[tuple(world_axes), :wcs_info['NAXIS']])[1]))
    except TypeError:  # world_axes is an int
        return sorted(np.nonzero(cd[world_axes, :wcs_info['NAXIS']])[0])
    #return sorted(set(j for j in range(wcs_info['NAXIS'])
    #                    for i in world_axes if cd[i, j] != 0))

[docs]def make_fitswcs_transform(header):
    """
    Create a basic FITS WCS transform.
    It does not include distortions.

    Parameters
    ----------
    header : astropy.io.fits.Header or dict
        FITS Header (or dict) with basic WCS information

    """
    if isinstance(header, fits.Header):
        wcs_info = read_wcs_from_header(header)
    elif isinstance(header, dict):
        wcs_info = header
    else:
        raise TypeError("Expected a FITS Header or a dict.")

    # If a pixel axis maps directly to an output axis, we want to have that
    # model completely self-contained, so don't put all the CRPIXj shifts
    # in a single CompoundModel at the beginning
    transforms = []

    # The tricky stuff!
    sky_model = fitswcs_image(wcs_info)
    linear_models = fitswcs_linear(wcs_info)
    all_models = linear_models
    if sky_model:
        all_models.append(sky_model)

    # Now arrange the models so the inputs and outputs are in the right places
    all_models.sort(key=lambda m: m.meta['output_axes'][0])
    input_axes = [ax for m in all_models for ax in m.meta['input_axes']]
    output_axes = [ax for m in all_models for ax in m.meta['output_axes']]
    if input_axes != list(range(len(input_axes))):
        input_mapping = models.Mapping(input_axes)
        transforms.append(input_mapping)

    transforms.append(functools.reduce(core._model_oper('&'), all_models))

    if output_axes != list(range(len(output_axes))):
        output_mapping = models.Mapping(output_axes)
        transforms.append(output_mapping)

    return functools.reduce(core._model_oper('|'), transforms)


[docs]def fitswcs_image(header):
    """
    Make a complete transform from CRPIX-shifted pixels to
    sky coordinates from FITS WCS keywords. A Mapping is inserted
    at the beginning, which may be removed later

    Parameters
    ----------
    header : astropy.io.fits.Header or dict
        FITS Header or dict with basic FITS WCS keywords.

    """
    if isinstance(header, fits.Header):
        wcs_info = read_wcs_from_header(header)
    elif isinstance(header, dict):
        wcs_info = header
    else:
        raise TypeError("Expected a FITS Header or a dict.")

    crpix = wcs_info['CRPIX']
    cd = wcs_info['CD']
    # get the part of the PC matrix corresponding to the imaging axes
    sky_axes, spec_axes, unknown = get_axes(wcs_info)
    if not sky_axes:
        return
        #if len(unknown) == 2:
        #    sky_axes = unknown
        #else:  # No sky here
        #    return
    pixel_axes = _get_contributing_axes(wcs_info, sky_axes)
    if len(pixel_axes) > 2:
        raise ValueError("More than 2 pixel axes contribute to the sky coordinates")

    translation_models = [models.Shift(-(crpix[i] - 1), name='crpix' + str(i + 1))
                          for i in pixel_axes]
    translation = functools.reduce(lambda x, y: x & y, translation_models)
    transforms = [translation]

    # If only one axis is contributing to the sky (e.g., slit spectrum)
    # then it must be that there's an extra axis in the CD matrix, so we
    # create a "ghost" orthogonal axis here so an inverse can be defined
    # Modify the CD matrix in case we have to use a backup Matrix Model later
    if len(pixel_axes) == 1:
        cd[sky_axes[0], -1] = -cd[sky_axes[1], pixel_axes[0]]
        cd[sky_axes[1], -1] = cd[sky_axes[0], pixel_axes[0]]
        sky_cd = cd[np.ix_(sky_axes, pixel_axes + [-1])]
        affine = models.AffineTransformation2D(matrix=sky_cd, name='cd_matrix')
        # TODO: replace when PR#10362 is in astropy
        #rotation = models.fix_inputs(affine, {'y': 0})
        rotation = models.Mapping((0, 0)) | models.Identity(1) & models.Const1D(0) | affine
        rotation.inverse = affine.inverse | models.Mapping((0,), n_inputs=2)
    else:
        sky_cd = cd[np.ix_(sky_axes, pixel_axes)]
        rotation = models.AffineTransformation2D(matrix=sky_cd, name='cd_matrix')
    transforms.append(rotation)

    projection = gwutils.fitswcs_nonlinear(wcs_info)
    if projection:
        transforms.append(projection)

    sky_model = functools.reduce(lambda x, y: x | y, transforms)
    sky_model.name = 'SKY'
    sky_model.meta.update({'input_axes': pixel_axes,
                           'output_axes': sky_axes})
    return sky_model


[docs]def fitswcs_linear(header):
    """
    Create WCS linear transforms for any axes not associated with
    celestial coordinates. We require that each world axis aligns
    precisely with only a single pixel axis.

    Parameters
    ----------
    header : astropy.io.fits.Header or dict
        FITS Header or dict with basic FITS WCS keywords.

    """
    # We *always* want the wavelength solution model to be called "WAVE"
    # even if the CTYPE keyword is "AWAV"
    model_name_mapping = {"AWAV": "WAVE"}

    if isinstance(header, fits.Header):
        wcs_info = read_wcs_from_header(header)
    elif isinstance(header, dict):
        wcs_info = header
    else:
        raise TypeError("Expected a FITS Header or a dict.")

    cd = wcs_info['CD']
    crpix = wcs_info['CRPIX']
    crval = wcs_info['CRVAL']
    # get the part of the CD matrix corresponding to the imaging axes
    sky_axes, spec_axes, unknown = get_axes(wcs_info)
    #if not sky_axes and len(unknown) == 2:
    #    unknown = []

    linear_models = []
    for ax in spec_axes + unknown:
        pixel_axes = _get_contributing_axes(wcs_info, ax)
        if len(pixel_axes) == 1:
            pixel_axis = pixel_axes[0]
            linear_model = (models.Shift(1 - crpix[pixel_axis],
                                            name='crpix' + str(pixel_axis + 1)) |
                            models.Scale(cd[ax, pixel_axis]) |
                            models.Shift(crval[ax]))
            ctype = wcs_info['CTYPE'][ax][:4].upper()
            linear_model.name = model_name_mapping.get(ctype, ctype)
            linear_model.outputs = (wcs_info['CTYPE'][ax],)
            linear_model.meta.update({'input_axes': pixel_axes,
                                      'output_axes': [ax]})
            linear_models.append(linear_model)
        else:
            raise ValueError(f"Axis {ax} depends on more than one input axis")

    return linear_models





          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.common

"""
Structures and functions that can be shared across instrument code.

When should you add something here? Here's some criteria: the code
that belongs in here is not generally useful outside of
gemini_instruments, and:

    - more than one instrument share the code to override a method
      that provides *default* behaviour, meaning that there's no
      common ancestor where you can put this; or,
    - it doesn't make sense to put the code in a method, as it
      doesn't rely on internal knowledge of a class.
"""

__all__ = ['Section']

from collections import namedtuple

from .gmu import sectionStrToIntList

Section = namedtuple('Section', 'x1 x2 y1 y2')

def build_group_id(ad, desc_list, prettify=(), force_list=(), additional=None):
    """
    Builds a Group ID from information found in the descriptors. It takes a number
    of descriptor names, invokes and then concatenates their result (converted to string)
    to from a group ID.  Additional parameters can be passed to modify the result.

    Parameters
    ----------
    ad: AstroData
              An instance of `AstroData` derivative that the descriptors will be

    desc_list: list of str
              A list of descriptor names (order matters) which will be used to
              build the Group ID

    prettify: sequence/set of str
              Names of descriptors that need to be invoked with `pretty=True`

    force_list: sequence/set of str
              The descriptors named in this list will have their results coerced
              into a list, if they returned something else.

    additional: str
              Additional information that will be added verbatim at the end of
              the Group ID

    Returns
    -------
    A string with the group id
    """
    desc_object_string_list = []
    for descriptor in desc_list:
        desc_method = getattr(ad, descriptor)
        if descriptor in prettify or 'section' in descriptor:
            desc_object = desc_method(pretty=True)
        else:
            desc_object = desc_method()

        # Ensure we get a list, even if only looking at one extension
        if (descriptor in force_list and
                not isinstance(desc_object, list)):
            desc_object = [desc_object]

        # Convert descriptor to a string and store
        desc_object_string_list.append(str(desc_object))

    # Add in any none descriptor related information
    if additional is not None:
        desc_object_string_list.append(additional)

    # Create and return the final group_id string
    return '_'.join(desc_object_string_list)

def section_to_tuple(section):
    """
    Takes a string describing a section in the raw format found on
    headers ("[x1:x2,y1:y2]"), and returns a `Section` named tuple
    with the values as integers.

    Parameters
    ----------
    section: str
             The section (in the form [x1:x2,y1:y2]) to be converted to a tuple

    Returns
    -------
    An instance of `Section`
    """
    return Section(*sectionStrToIntList(section))

def build_ir_section(ad, pretty=False):
    """
    1st gen Gemini IR instruments don't have handy BIASSEC/DATASEC/etc keywords.
    This function creates section info out of other keywords.

    Code common to NIRI and GNIRS.

    Parameters
    ----------
    ad: AstroData
        The object that we want to extract the section from
    pretty: bool
        if True, return a string rather than a Section

    Returns
    -------
    A list of `Section` instances.
    """
    # This is identical to the GNIRS code
    try:
        hirows = ad.hdr['HIROW']
        lowrows = ad.hdr['LOWROW']
        hicols = ad.hdr['HICOL']
        lowcols = ad.hdr['LOWCOL']
    except KeyError:
        return None

    # NOTE: Rows are X and cols are Y? These Romans are crazy
    def format_section(x1,x2,y1,y2, pretty):
        return "[{:d}:{:d},{:d}:{:d}]".format(x1+1, x2+1, y1+1,
            y2+1) if pretty else Section(x1, x2+1, y1, y2+1)

    if ad.is_single:
        xs = hirows - lowrows + 1
        ys = hicols - lowcols + 1
        return format_section(512 - xs // 2, 512 + xs // 2 - 1,
                              512 - ys // 2, 512 + ys // 2 - 1, pretty)
    else:
        xsize = [x2 - x1 + 1 for x1, x2 in zip(lowrows, hirows)]
        ysize = [y2 - y1 + 1 for y1, y2 in zip(lowcols, hicols)]
        return [format_section(512 - xs // 2, 512 + xs // 2 - 1,
                               512 - ys // 2, 512 + ys // 2 - 1, pretty)
                for xs, ys in zip(xsize, ysize)]




          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.gemini

__all__ = ['AstroDataGemini', 'addInstrumentFilterWavelengths']

from astrodata import factory
from .adclass import AstroDataGemini
from .lookup import filter_wavelengths

[docs]def addInstrumentFilterWavelengths(instrument, wl):
    update_dict = {
            (instrument, fltname): value
            for (fltname, value)
            in wl.items()
    }
    filter_wavelengths.update(update_dict)


factory.addClass(AstroDataGemini)




          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.gmu

# This module should be removed when we have a working gempy for new astrodata

import math
import re
from astropy import coordinates, units

# The unitDict dictionary defines the factors for the function
# convert_units
unitDict = {
    'meters': 0,
    'micrometers': -6,
    'nanometers': -9,
    'angstroms': -10,
}

[docs]def isBlank(bstring):
    return not (bstring and bstring.strip())


[docs]def removeComponentID(instr):
    """
    Remove a component ID from a filter name
    :param instr: the filter name
    :type instr: string
    :rtype: string
    :return: the filter name with the component ID removed, or `None` if the input is not a valid string
    """
    try:
        m = re.match(r"(?P<filt>.*?)_G(.*?)", instr)
    except TypeError:
        return None

    if not m:
        # There was no "_G" in the input string. Return the input string
        ret_str = str(instr)
    else:
        ret_str = str(m.group("filt"))
    return ret_str



[docs]def sectionStrToIntList(section):
    """
    Convert the input section in the form '[x1:x2,y1:y2]' to a tuple in the
    form (x1 - 1, x2, y1 - 1, y2), where x1, x2, y1 and y2 are
    integers. The values in the output tuple are converted to use 0-based and
    non-inclusive indexing, making it compatible with numpy.

    Parameters
    ----------
    section : str
        The section (in the form [x1:x2,y1:y2]) to be converted to a tuple.

    Returns
    -------
    tuple : the converted section as a tuple that uses 0-based and
        non-inclusive in the form (x1 - 1, x2, y1 - 1, y2).
    """
    # Strip the square brackets from the input section and then create a
    # list in the form ['x1:x2','y1:y2']
    xylist = section.strip('[]').split(',')

    # Create variables containing the single x1, x2, y1 and y2 values
    x1 = int(xylist[0].split(':')[0]) - 1
    x2 = int(xylist[0].split(':')[1])
    y1 = int(xylist[1].split(':')[0]) - 1
    y2 = int(xylist[1].split(':')[1])

    # Return the tuple in the form (x1 - 1, x2, y1 - 1, y2)
    return x1, x2, y1, y2



[docs]def parse_percentile(string):
    # Given the type of string that ought to be present in the site condition
    # headers, this function returns the integer percentile number
    #
    # Is it 'Any' - ie 100th percentile?
    if (string == "Any"):
        return 100

    # Is it a xx-percentile string?
    try:
        m = re.match(r"^(\d\d)-percentile$", string)
    except TypeError:
        return None

    if m:
        return int(m.group(1))

    # We didn't recognise it
    return None



[docs]def convert_units(input_units, input_value, output_units):
    """
    :param input_units: the units of the value specified by input_value.
                        Possible values are 'meters', 'micrometers',
                        'nanometers' and 'angstroms'.
    :type input_units: string
    :param input_value: the input value to be converted from the
                        input_units to the output_units
    :type input_value: float
    :param output_units: the units of the returned value. Possible values
                         are 'meters', 'micrometers', 'nanometers' and
                         'angstroms'.
    :type output_units: string
    :rtype: float
    :return: the converted value of input_value from input_units to
             output_units
    """
    # Determine the factor required to convert the input_value from the
    # input_units to the output_units
    power = unitDict[input_units] - unitDict[output_units]
    factor = math.pow(10, power)

    # Return the converted output value
    if input_value is not None:
        return input_value * factor


[docs]def toicrs(frame, ra, dec, equinox=2000.0, ut_datetime=None):
    # Utility function. Converts and RA and Dec in the specified reference frame
    # and equinox at ut_datetime into ICRS. This is used by the ra and dec descriptors.

    # Assume equinox is julian calendar
    equinox = 'J{}'.format(equinox)

    # astropy doesn't understand APPT coordinates. However, it does understand
    # CIRS coordinates, and we can convert from APPT to CIRS by adding the
    # equation of origins to the RA. We can get that using ERFA.
    # To proceed with this, we first let astopy construct the CIRS frame, so
    # that we can extract the obstime object from that to pass to erfa.
    appt_frame = (frame == 'APPT')
    if frame == 'APPT':
        frame = 'cirs'
    if frame == 'FK5':
        frame = 'fk5'

    # Try this with the passed frame but, if it doesn't work, convert to "cirs"
    # If that doesn't work, then raise an error
    try:
        coords = coordinates.SkyCoord(ra=ra*units.degree, dec=dec*units.degree,
                                      frame=frame, equinox=equinox,
                                      obstime=ut_datetime)
    except ValueError:
        frame = 'cirs'
        coords = coordinates.SkyCoord(ra=ra*units.degree, dec=dec*units.degree,
                                      frame=frame, equinox=equinox,
                                      obstime=ut_datetime)

    if appt_frame:
        # Call ERFA.apci13 to get the Equation of Origin (EO).
        # We just discard the astrom context return
        try:
            # With astropy 4.2 erfa becomes a dependency and lives in an
            # independent Python package: https://github.com/liberfa/pyerfa
            import erfa
        except ImportError:
            from astropy import _erfa as erfa

        astrom, eo = erfa.apci13(coords.obstime.jd1, coords.obstime.jd2)
        # eo comes back as a single element array in radians
        eo = float(eo)
        eo = eo * units.radian
        # re-create the coords frame object with the corrected ra
        coords = coordinates.SkyCoord(ra=coords.ra+eo, dec=coords.dec,
                                      frame=coords.frame.name,
                                      equinox=coords.equinox,
                                      obstime=coords.obstime)

    # Now we can just convert to ICRS...
    icrs = coords.icrs

    # And return values in degrees
    return (icrs.ra.degree, icrs.dec.degree)


[docs]def detsec_to_pixels(ad, detx, dety):
    # Utility function to convert a location in "detector section pixels" to
    # an image extension and real pixels on that extension.
    xbin, ybin = ad.detector_x_bin(), ad.detector_y_bin()
    for i, detsec in enumerate(ad.detector_section()):
        if (detx < detsec.x1 or detx >= detsec.x2 or dety < detsec.y1 or
            dety >= detsec.y2):
            continue
        datasec = ad.data_section()[i]
        return (i, datasec.x1 + (detx - detsec.x1) // xbin,
                   datasec.y1 + (dety - detsec.y1) // ybin)
    return None


### END temporary functions




          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.bhros.adclass

from astrodata import astro_data_tag, astro_data_descriptor, returns_list, TagSet
from ..gemini import AstroDataGemini
from .. import gmu

[docs]class AstroDataBhros(AstroDataGemini):

    __keyword_dict = dict(array_section = 'CCDSEC',
                          central_wavelength = 'WAVELENG',
                          overscan_section = 'BIASSEC')

    @staticmethod
    def _matches_data(source):
        return source[0].header.get('INSTRUME', '').upper() == 'BHROS'

    @astro_data_tag
    def _tag_instrument(self):
        return TagSet({'BHROS', 'SPECT'}, ())

[docs]    @astro_data_descriptor
    def central_wavelength(self, asMicrometers=False, asNanometers=False,
                           asAngstroms=False):
        """
        Returns the central wavelength in meters or the specified units

        Parameters
        ----------
        asMicrometers : bool
            If True, return the wavelength in microns
        asNanometers : bool
            If True, return the wavelength in nanometers
        asAngstroms : bool
            If True, return the wavelength in Angstroms

        Returns
        -------
        float
            The central wavelength setting
        """
        unit_arg_list = [asMicrometers, asNanometers, asAngstroms]
        if unit_arg_list.count(True) == 1:
            # Just one of the unit arguments was set to True. Return the
            # central wavelength in these units
            if asMicrometers:
                output_units = "micrometers"
            if asNanometers:
                output_units = "nanometers"
            if asAngstroms:
                output_units = "angstroms"
        else:
            # Either none of the unit arguments were set to True or more than
            # one of the unit arguments was set to True. In either case,
            # return the central wavelength in the default units of meters.
            output_units = "meters"

        # The central_wavelength keyword is in Angstroms
        keyword = self._keyword_for('central_wavelength')
        wave_in_angstroms = self.phu.get(keyword, -1)
        if wave_in_angstroms < 0:
            return None
        return gmu.convert_units('angstroms', wave_in_angstroms,
                                 output_units)


[docs]    @astro_data_descriptor
    def dec(self):
        """
        Returns the Declination of the center of field in degrees.  Since a
        fiber is used it coincides with the position of the target. For code
        re-used, use target_dec() if you really want the position of the target
        rather than the center of the field.

        Returns
        -------
        float
            right ascension in degrees
        """
        # using the target_dec descriptor since the WCS is not sky coords
        return self.target_dec(offset=True, icrs=True)


[docs]    @astro_data_descriptor
    def disperser(self, stripID=False, pretty=False):
        """
        Returns the name of the disperser. This is always 'bHROS'

        Parameters
        ----------
        stripID : bool
            Does nothing
        pretty : bool
            Does nothing

        Returns
        -------
        str
            The name of the disperser
        """
        return 'bHROS'


[docs]    @astro_data_descriptor
    def ra(self):
        """
        Returns the Right Ascension of the center of field in degrees.
        Since a fiber is used it coincides with the position of the target.
        For code re-used, use target_ra() if you really want the position of
        the target rather than the center of the field.

        Returns
        -------
        float
            right ascension in degrees
        """
        # using the target_ra descriptor since the WCS is not sky coords
        return self.target_ra(offset=True, icrs=True)






          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.cirpass.adclass

#
#                                                            Gemini Observatory
#
#                                                                        Dragons
#                                                             gemini_instruments
#                                                             cirpass.adclass.py
# ------------------------------------------------------------------------------

from astrodata import astro_data_tag
from astrodata import astro_data_descriptor
from astrodata import returns_list
from astrodata import TagSet

from ..gemini import AstroDataGemini

# ------------------------------------------------------------------------------
[docs]class AstroDataCirpass(AstroDataGemini):
    __keyword_dict = dict(
        ra = 'TEL_RA',
        dec = 'TEC_DEC',
    )
    @staticmethod
    def _matches_data(source):
        return source[0].header.get('INSTRUME', '') == 'CIRPASS'

    @astro_data_tag
    def _tag_instrument(self):
        return TagSet(['CIRPASS'])

    @astro_data_tag
    def _tag_image(self):
        return TagSet(['IMAGE'])

    @astro_data_tag
    def _tag_dark(self):
        if 'dark' in self.phu.get('OBSTYPE', '').lower():
            return TagSet(['DARK', 'CAL'], blocks=['IMAGE'])

    @astro_data_tag
    def _tag_flat(self):
        if 'flat' in self.phu.get('OBSTYPE', '').lower():
            return TagSet(['FLAT', 'CAL'])

    @astro_data_tag
    def _tag_bias(self):
        if 'bias' in self.phu.get('OBSTYPE', '').lower():
            return TagSet(['BIAS', 'CAL'], blocks=['IMAGE'])

[docs]    @astro_data_descriptor
    def ra(self):
        """
        Returns the name of the 

        Returns
        -------
        <str>:
            right ascension

        """
        return self.target_ra()


[docs]    @astro_data_descriptor
    def dec(self):
        """
        Returns the name of the 

        Returns
        -------
        <str>:
            declination

        """
        return self.target_dec()


[docs]    @astro_data_descriptor
    def target_ra(self):
        return self.phu.get(self._keyword_for('ra'))


[docs]    @astro_data_descriptor
    def target_dec(self):
        return self.phu.get(self._keyword_for('dec'))






          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.f2.adclass

import re
import math

from astrodata import astro_data_tag, TagSet, astro_data_descriptor, returns_list
from ..gemini import AstroDataGemini
from .lookup import array_properties, nominal_zeropoints

from ..common import section_to_tuple, build_group_id
from .. import gmu


[docs]class AstroDataF2(AstroDataGemini):
    __keyword_dict = dict(camera='LYOT',
                          central_wavelength='GRWLEN',
                          disperser='GRISM',
                          dispersion='DISPERSI',
                          focal_plane_mask='MOSPOS',
                          lyot_stop='LYOT',
                          )

    @staticmethod
    def _matches_data(source):
        return source[0].header.get('INSTRUME', '').upper() in ('F2', 'FLAM')

    @astro_data_tag
    def _tag_instrument(self):
        return TagSet(['F2'])

    @astro_data_tag
    def _tag_dark(self):
        ot = self.phu.get('OBSTYPE')
        dkflt = False
        for f in (self.phu.get('FILTER1', ''), self.phu.get('FILTER2', '')):
            if re.match('DK.?', f):
                dkflt = True
                break

        if dkflt or ot == 'DARK':
            return TagSet(['DARK', 'CAL'], blocks=['IMAGE', 'SPECT'])

    @astro_data_tag
    def _tag_image(self):
        if self.phu.get('GRISM') == 'Open' or self.phu.get('GRISMPOS') == 'Open':
            return TagSet(['IMAGE'])

    # Do not tag this as astro_data_tag. It's a helper function
    def _tag_is_spect(self):
        grism = self.phu.get('GRISM', '')
        grpos = self.phu.get('GRISMPOS', '')

        for pattern in ("JH.?", "HK.?", "R3K.?"):
            if re.match(pattern, grism) or re.match(pattern, grpos):
                return True

        return False

    @astro_data_tag
    def _tag_is_ls(self):
        if not self._tag_is_spect():
            return

        decker = self.phu.get('DECKER') == 'Long_slit' or self.phu.get('DCKERPOS') == 'Long_slit'

        if decker or re.match(".?pix-slit", self.phu.get('MOSPOS', '')):
            return TagSet(['LS', 'SPECT'])

    @astro_data_tag
    def _tag_is_mos(self):
        if not self._tag_is_spect():
            return

        decker = self.phu.get('DECKER') == 'mos' or self.phu.get('DCKERPOS') == 'mos'

        if decker or re.match("mos.?", self.phu.get('MOSPOS', '')):
            return TagSet(['MOS', 'SPECT'])

    @astro_data_tag
    def _tag_arc(self):
        if self.phu.get('OBSTYPE') == 'ARC':
            return TagSet(['ARC', 'CAL'])

    @astro_data_tag
    def _tag_flat(self):
        if self.phu.get('OBSTYPE') == 'FLAT':
            return TagSet(['FLAT', 'CAL'])

    @astro_data_tag
    def _tag_twilight(self):
        if self.phu.get('OBJECT', '').upper() == 'TWILIGHT':
            rej = {'FLAT'} if self.phu.get('GRISM') != 'Open' else set()
            return TagSet(['TWILIGHT', 'CAL'], blocks=rej)

    @astro_data_tag
    def _tag_disperser(self):
        disp = self.phu.get('DISPERSR', '')
        if disp.startswith('DISP_WOLLASTON'):
            return TagSet(['POL'])
        elif disp.startswith('DISP_PRISM'):
            return TagSet(['SPECT', 'IFU'])

[docs]    @returns_list
    @astro_data_descriptor
    def array_section(self, pretty=False):
        """
        Returns the rectangular section that includes the pixels that would be
        exposed to light.  If pretty is False, a tuple of 0-based coordinates
        is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
        value is returned without parsing as a string.  In this format, the
        coordinates are generally 1-based.

        One tuple or string is return per extension/array, in a list. If the
        method is called on a single slice, the section is returned as a tuple
        or a string.

        Parameters
        ----------
        pretty : bool
         If True, return the formatted string found in the header.

        Returns
        -------
        tuple of integers or list of tuples
            Location of the pixels exposed to light using Python slice values.

        string or list of strings
            Location of the pixels exposed to light using an IRAF section
            format (1-based).
        """
        value_filter = (str if pretty else section_to_tuple)
        # TODO: discover reason why this is hardcoded, rather than from keyword
        return value_filter('[1:2048,1:2048]')


    # TODO: sort out the unit-handling here
[docs]    @astro_data_descriptor
    def central_wavelength(self, asMicrometers=False, asNanometers=False,
                           asAngstroms=False):
        """
        Returns the central wavelength in meters or the specified units

        Parameters
        ----------
        asMicrometers : bool
            If True, return the wavelength in microns
        asNanometers : bool
            If True, return the wavelength in nanometers
        asAngstroms : bool
            If True, return the wavelength in Angstroms

        Returns
        -------
        float
            The central wavelength setting

        """
        unit_arg_list = [asMicrometers, asNanometers, asAngstroms]
        if unit_arg_list.count(True) == 1:
            # Just one of the unit arguments was set to True. Return the
            # central wavelength in these units
            if asMicrometers:
                output_units = "micrometers"
            if asNanometers:
                output_units = "nanometers"
            if asAngstroms:
                output_units = "angstroms"
        else:
            # Either none of the unit arguments were set to True or more than
            # one of the unit arguments was set to True. In either case,
            # return the central wavelength in the default units of meters.
            output_units = "meters"

        central_wavelength = float(self.phu['GRWLEN'])
        if self.phu['FILTER1'] == 'K-long-G0812':
            central_wavelength = 2.2

        if central_wavelength < 0.0:
            return None
        else:
            return gmu.convert_units('micrometers', central_wavelength,
                                     output_units)


[docs]    @astro_data_descriptor
    def data_section(self, pretty=False):
        """
        Returns the rectangular section that includes the pixels that would be
        exposed to light.  If pretty is False, a tuple of 0-based coordinates
        is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
        value is returned without parsing as a string.  In this format, the
        coordinates are generally 1-based.

        One tuple or string is return per extension/array, in a list. If the
        method is called on a single slice, the section is returned as a tuple
        or a string.

        Parameters
        ----------
        pretty : bool
         If True, return the formatted string found in the header.

        Returns
        -------
        tuple of integers or list of tuples
            Location of the pixels exposed to light using Python slice values.

        string or list of strings
            Location of the pixels exposed to light using an IRAF section
            format (1-based).

        """
        return self.array_section(pretty=pretty)


[docs]    @astro_data_descriptor
    def detector_section(self, pretty=False):
        """
        Returns the section covered by the detector relative to the whole
        mosaic of detectors.  If pretty is False, a tuple of 0-based coordinates
        is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
        value is returned without parsing as a string.  In this format, the
        coordinates are generally 1-based.

        One tuple or string is return per extension/array, in a list. If the
        method is called on a single slice, the section is returned as a tuple
        or a string.

        Parameters
        ----------
        pretty : bool
         If True, return the formatted string found in the header.

        Returns
        -------
        tuple of integers or list of tuples
            Position of the detector using Python slice values.

        string or list of strings
            Position of the detector using an IRAF section format (1-based).

        """
        return self.array_section(pretty=pretty)


[docs]    @returns_list
    @astro_data_descriptor
    def dispersion_axis(self):
        """
        Returns the axis along which the light is dispersed.

        Returns
        -------
        (list of) int (2)
            Dispersion axis.
        """
        return 2


[docs]    @astro_data_descriptor
    def detector_x_offset(self):
        """
        Returns the offset from the reference position in pixels along
        the positive x-direction of the detector

        Returns
        -------
        float
            The offset in pixels
        """
        try:
            return -self.phu.get('QOFFSET') / self.pixel_scale()
        except TypeError:  # either is None
            return None


[docs]    @astro_data_descriptor
    def detector_y_offset(self):
        """
        Returns the offset from the reference position in pixels along
        the positive y-direction of the detector

        Returns
        -------
        float
            The offset in pixels
        """
        try:
            offset = -self.phu.get('POFFSET') / self.pixel_scale()
        except TypeError:  # either is None
            return None
        # Bottom port flip
        return -offset if self.phu.get('INPORT') == 1 else offset


[docs]    @astro_data_descriptor
    def dispersion(self, asMicrometers=False, asNanometers=False, asAngstroms=False):
        """
        Returns the dispersion in meters per pixel as a list (one value per
        extension) or a float if used on a single-extension slice. It is
        possible to control the units of wavelength using the input arguments.

        Parameters
        ----------
        asMicrometers : bool
            If True, return the wavelength in microns
        asNanometers : bool
            If True, return the wavelength in nanometers
        asAngstroms : bool
            If True, return the wavelength in Angstroms

        Returns
        -------
        list/float
            The dispersion(s)
        """
        # F2 header keyword value is in Angstroms, not meters
        dispersion = super().dispersion(
            asMicrometers=asMicrometers,
            asNanometers=asNanometers,
            asAngstroms=asAngstroms)

        # Convert dispersion from Angstroms to Meters
        if isinstance(dispersion, list):
            dispersion = [disp * 1e-10 for disp in dispersion]
        elif isinstance(dispersion, (int, float)):
            dispersion = dispersion * 1e-10
        else:
            dispersion = None

        return dispersion


[docs]    @astro_data_descriptor
    def filter_name(self, stripID=False, pretty=False):
        """
        Returns the name of the filter(s) used.  The component ID can be
        removed with either 'stripID' or 'pretty'.  If a combination of filters
        is used, the filter names will be join into a unique string with '&' as
        separator.  If 'pretty' is True, filter positions such as 'Open',
        'Dark', 'blank', and others are removed leaving only the relevant
        filters in the string.

        Parameters
        ----------
        stripID : bool
            If True, removes the component ID and returns only the name of
            the filter.
        pretty : bool
            Parses the combination of filters to return a single string value
            wi the "effective" filter.

        Returns
        -------
        str
            The name of the filter combination with or without the component ID.

        """
        try:
            filter1 = self.phu['FILTER1']
            filter2 = self.phu['FILTER2']
        except KeyError:
            try:
                # Old (pre-20100301) keyword names
                filter1 = self.phu['FILT1POS']
                filter2 = self.phu['FILT2POS']
            except KeyError:
                return None

        if stripID or pretty:
            filter1 = gmu.removeComponentID(filter1)
            filter2 = gmu.removeComponentID(filter2)

        filter = [filter1, filter2]
        if pretty:
            # Remove filters with the name 'open'
            if 'open' in filter2 or 'Open' in filter2:
                del filter[1]
            if 'open' in filter1 or 'Open' in filter1:
                del filter[0]

            if ('Block' in filter1 or 'Block' in filter2 or 'Dark' in filter1
                    or 'Dark' in filter2):
                filter = ['blank']
            if 'DK' in filter1 or 'DK' in filter2:
                filter = ['dark']

            if len(filter) == 0:
                filter = ['open']

        # Return &-concatenated names if we still have two filter names
        return '&'.join(filter[:2])


[docs]    @returns_list
    @astro_data_descriptor
    def gain(self):
        """
        Returns the gain used for the observation.  This is read from a
        lookup table using the read_mode and the well_depth.

        Returns
        -------
        float
            Gain used for the observation

        """
        lnrs = self.phu.get('LNRS')
        gain = getattr(array_properties.get(self.read_mode()), 'gain', None)
        # F2 adds the reads (in ADU), so the electron-to-ADU conversion
        # needs to be divided by the number of reads
        return gain / lnrs if gain and lnrs else None


[docs]    @astro_data_descriptor
    def group_id(self):
        """
        Returns a string representing a group of data that are compatible
        with each other.  This is used when stacking, for example.  Each
        instrument and mode of observation will have its own rules. F2's
        is quite a mouthful.

        Returns
        -------
        str
            A group ID for compatible data.
        """
        # essentially a copy of the NIRI group_id descriptor,
        # adapted for F2.
        tags = self.tags

        # Descriptors required for each frame type
        dark_id = ["exposure_time", "coadds"]
        flat_id = ["filter_name", "camera", "exposure_time", "observation_id"]
        flat_twilight_id = ["filter_name", "camera"]
        science_id = ["observation_id", "filter_name", "camera", "exposure_time"]
        ## !!! KL: added exposure_time to science_id for QAP.  The sky subtraction
        ## !!! seems unable to deal with difference exposure time circa Sep 2015.
        ## !!! The on-target dither sky-sub falls over completely.
        ## !!! Also, we do not have a fully tested scale by exposure routine.

        # This is used for imaging flats and twilights to distinguish between
        # the two types
        additional_item = None

        # Update the list of descriptors to be used depending on image type
        ## This requires updating to cover all spectral types
        ## Possible updates to the classification system will make this usable
        ## at the Gemini level
        if "DARK" in tags:
            id_descriptor_list = dark_id
        elif 'IMAGE' in tags and 'FLAT' in tags:
            id_descriptor_list = flat_id
            additional_item = "F2_IMAGE_FLAT"
        elif 'IMAGE' in tags and 'TWILIGHT' in tags:
            id_descriptor_list = flat_twilight_id
            additional_item = "F2_IMAGE_TWILIGHT"
        else:
            id_descriptor_list = science_id

        # Add in all of the common descriptors required
        id_descriptor_list.extend(["read_mode", "detector_section"])
        if "SPECT" in tags:
            id_descriptor_list.extend(["disperser", "focal_plane_mask"])

        return build_group_id(self, id_descriptor_list,
                              prettify=["filter_name", "disperser", "focal_plane_mask"],
                              additional=additional_item)


    # @astro_data_descriptor
    # def instrument(self):
    #     """
    #     Returns the name of the instrument, coping with the fact that early
    #     data apparently had the keyword INSTRUME='Flam'

    #     Returns
    #     -------
    #     str
    #         The name of the instrument, namely 'F2'
    #     """
    #     return 'F2'

[docs]    @returns_list
    @astro_data_descriptor
    def nominal_photometric_zeropoint(self):
        """
        Returns the nominal zeropoints (i.e., the magnitude corresponding to
        a pixel value of 1) for the extensions in an AD object.

        Returns
        -------
        list/float
            zeropoint values, one per SCI extension
        """
        gain = self.gain()
        filter_name = self.filter_name(pretty=True)
        camera = self.camera(pretty=True)
        zpt = nominal_zeropoints.get((filter_name, camera))
        in_adu = self.is_in_adu()

        # Zeropoints in table are for electrons, so subtract 2.5*log10(gain)
        # if the data are in ADU
        if self.is_single:
            try:
                return zpt - (2.5 * math.log10(gain) if in_adu else 0)
            except TypeError:
                return None
        else:
            return [(zpt - (2.5 * math.log10(g) if in_adu else 0) if zpt and g
                     else None) for g in gain]


[docs]    @returns_list
    @astro_data_descriptor
    def nonlinearity_coeffs(self):
        return getattr(array_properties.get(self.read_mode()), 'coeffs', None)


[docs]    @returns_list
    @astro_data_descriptor
    def non_linear_level(self):
        """
        Returns the level at which the data become non-linear, in ADU.

        Returns
        -------
        list/int
            Value at which the data become non-linear
        """
        # Element [3] gives the fraction of the saturation level at which
        # the data become non-linear
        fraction = getattr(array_properties.get(self.read_mode()),
                           'linlimit', None)
        sat_level = self.saturation_level()
        # Saturation level might be an element or a list
        if self.is_single:
            try:
                return int(fraction * sat_level)
            except TypeError:
                return None
        else:
            return [int(fraction * s) if fraction and s else None
                    for s in sat_level]


    # TODO: is 'F2_DARK' still a tag?
[docs]    @astro_data_descriptor
    def observation_type(self):
        """
        Returns the observation type (OBJECT, DARK, BIAS, etc.)

        Returns
        -------
        str
            Observation type
        """
        return 'DARK' if 'F2_DARK' in self.tags else self.phu.get('OBSTYPE')


[docs]    @astro_data_descriptor
    def pixel_scale(self):
        """
        Returns the image scale in arcseconds per pixel

        Returns
        -------
        float
            pixel scale
        """
        # Try to use the Gemini-level helper method
        return self._get_wcs_pixel_scale() or self.phu.get('PIXSCALE')


[docs]    @astro_data_descriptor
    def read_mode(self):
        """
        Returns the read mode (i.e., the number of non-destructive read pairs)

        Returns
        -------
        str
            readout mode
        """
        lnrs = self.phu.get('LNRS')
        return None if lnrs is None else str(lnrs)


[docs]    @returns_list
    @astro_data_descriptor
    def read_noise(self):
        """
        Returns the read noise in electrons.

        Returns
        -------
        float
            read noise
        """
        # Element [0] gives the read noise
        return getattr(array_properties.get(self.read_mode(), None),
                       'readnoise', None)


[docs]    @returns_list
    @astro_data_descriptor
    def saturation_level(self):
        """
        Returns the saturation level (in ADU)

        Returns
        -------
        int/float
            saturation level
        """
        well_depth = getattr(array_properties.get(self.read_mode(), None),
                             'welldepth', None)
        gain = self.gain()
        if self.is_single:
            try:
                return int(well_depth / gain)
            except TypeError:
                return None
        else:
            saturation_adu = [int(well_depth / g) if well_depth and g else None
                              for g in gain]
        return saturation_adu


    # TODO: document why these are reversed
    # Ruben Diaz thinks it has to do with the fact that the F2 long slit,
    # and the N-S direction in imaging at PA0, are along the X detector axis.
    # So if they wanted to keep the XOFFSET motion still referring to the
    # motion you see in the detector, then it will be perpendicular respect
    # to the designation in other instruments for which the slit is along the
    # detector Y axis.  (March 2018)
[docs]    @astro_data_descriptor
    def telescope_x_offset(self):
        """
        Returns the x offset from origin of this image

        Returns
        -------
        float
            x offset
        """
        try:
            return -self.phu['YOFFSET']
        except KeyError:
            return None


[docs]    @astro_data_descriptor
    def telescope_y_offset(self):
        """
        Returns the y offset from origin of this image

        Returns
        -------
        float
            y offset
        """
        try:
            return -self.phu['XOFFSET']
        except KeyError:
            return None


    def _get_wcs_coords(self):
        """
        Returns the RA and dec of the middle of the data array

        Returns
        -------
        dict
            {'lon': right ascension, 'lat': declination}
        """
        wcs = self.wcs if self.is_single else self[0].wcs
        if wcs is None:
            return None

        # (x, y) Cass rotator centre (according to Andy Stephens from gacq)
        result = wcs(1034, 1054)
        ra, dec = float(result[0]), float(result[1])

        if 'NON_SIDEREAL' in self.tags:
            ra, dec = gmu.toicrs('APPT', ra, dec, ut_datetime=self.ut_datetime())

        return {'lon': ra, 'lat': dec}





          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.f2.lookup

from collections import namedtuple
ArrayProperties = namedtuple("ArrayProperties",
                             "readnoise gain welldepth linlimit nonlinlimit coeffs")

filter_wavelengths = {
    'Jlow'  : 1.1220,
    'JH'    : 1.3900,
    'H'     : 1.6310,
    'HK'    : 1.8710,
    'K-blue': 2.0600,
    'Ks'    : 2.1570,
    'K-red' : 2.3100,
    'Klong' : 2.2000,
}

array_properties = {
    # Taken from f2$data/f2array.fits
    # Dictionary key is the number of non-destructive read pairs
    # Dictionary values are in the following order:
    # readnoise, gain, well, linearlimit, coeff1, coeff2, coeff3,
    # nonlinearlimit
    #    1:(7.215, 5.20, 250000, 0.80, 1.0, 0.0, 0.0, 0.80),
    # Linear limit: F2 is linear within 0.5% over 4-22 kADU,
    # 22 kADU = 97680e-
    # Non-linear limit: Saturation starts at ~35 kADU,
    # 35 kADU = 155400e-
    # readnoise and well are in units of electrons
    '1': ArrayProperties(11.7, 4.44, 155400, 0.6286, 1.0, (1.0, 0.0, 0.0)),
    '4': ArrayProperties(6.0, 4.44, 155400, 0.6286, 1.0, (1.0, 0.0, 0.0)),
    '8': ArrayProperties(5.0, 4.44, 155400, 0.6286, 1.0, (1.0, 0.0, 0.0))
    }

nominal_zeropoints = {
    # Table of F2 nominal zeropoint magnitudes by filter.
    # Updated 07.27.2015

    # From Ruben Diaz:
    # The zero points for the photometric MKO system were obtained using 88
    # independent data points from standard stars observations made during
    # the three commissioning runs of May through July 2013. The software
    # package THELI (Schirmer 2013) was used.
    # Y = 25.12 - 0.01*k + 0.50*(Y-J) +/- 0.03
    # J = 25.21 - 0.02*k + 0.87*(J-H) +/- 0.05
    # H = 25.42 - 0.01*k + 0.73*(J-H) +/- 0.05
    # Ks= 24.64 - 0.05*k - 0.27*(H-Ks) +/- 0.06
    # (where k is the extinction coefficient.)
    # Updated values from 2014 standards will be available soon.
    # Note: Mischa confirmed k is the airmass
    # Values used assume airmass of 1, and (Y-J), (J-H), (J-H), (H-Ks) = 0
    # EJD
    # Leaving a camera field in the lookup key, in the future when the use of
    # F2 with MCAO (GeMS) is commissioned, the nominal zero points from the
    # f/16 mode and the f/33 mode are expected to differ.

    # NOTE NOTE NOTE
    # The numbers above are for 1 ADU/s not 1 electron/s, so we need to
    # add 2.5*log_10(gain) = 2.5*log_10(4.44) = 1.62 to each of them.

    # (BAND, CAMERA): Nominal zeropoint for airmass=1
    ('Y', 'f/16'): 25.11+1.62,
    ('J', 'f/16'): 25.19+1.62,
    ('H', 'f/16'): 25.41+1.62,
    ('Ks', 'f/16'): 24.59+1.62,

}




          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.f2.tests.test_f2

#!/usr/bin/env python
import pytest

import astrodata
import astrodata.testing
import gemini_instruments

test_files = [
    "S20131121S0094.fits",
    "S20131126S1111.fits",
    "S20131126S1112.fits",
    "S20131126S1113.fits",
    "S20160112S0080.fits",
    "S20170103S0032.fits",
]

F2_DESCRIPTORS_TYPES = [
    ('detector_x_offset', float),
    ('detector_y_offset', float),
    ('nonlinearity_coeffs', list),
    ('pixel_scale', float),
]


[docs]@pytest.fixture(scope='module', params=test_files)
def ad(request):
    filename = request.param
    file_path = astrodata.testing.download_from_archive(filename)
    return astrodata.open(file_path)



[docs]@pytest.mark.dragons_remote_data
@pytest.mark.xfail(reason="AstroFaker changes the AstroData factory")
def test_is_right_type(ad):
    assert type(ad) == gemini_instruments.f2.adclass.AstroDataF2



[docs]@pytest.mark.dragons_remote_data
def test_is_right_instance(ad):
    assert isinstance(ad, gemini_instruments.f2.adclass.AstroDataF2)



[docs]@pytest.mark.dragons_remote_data
def test_extension_data_shape(ad):
    data = ad[0].data
    assert data.shape == (1, 2048, 2048)



[docs]@pytest.mark.dragons_remote_data
def test_tags(ad):
    tags = ad.tags
    expected_tags = {'F2', 'SOUTH', 'GEMINI'}
    assert expected_tags.issubset(tags)



[docs]@pytest.mark.dragons_remote_data
def test_can_return_instrument(ad):
    assert ad.phu['INSTRUME'] == 'F2'
    assert ad.instrument() == ad.phu['INSTRUME']



[docs]@pytest.mark.dragons_remote_data
def test_can_return_ad_length(ad):
    assert len(ad) == 1



[docs]@pytest.mark.dragons_remote_data
def test_slice_range(ad):
    metadata = ('SCI', 2), ('SCI', 3)
    slc = ad[1:]
    assert len(slc) == 0

    for ext, md in zip(slc, metadata):
        assert (ext.hdr['EXTNAME'], ext.hdr['EXTVER']) == md



[docs]@pytest.mark.dragons_remote_data
def test_read_a_keyword_from_phu(ad):
    assert ad.phu['INSTRUME'].strip() == 'F2'



[docs]@pytest.mark.dragons_remote_data
def test_read_a_keyword_from_hdr(ad):
    try:
        assert ad.hdr['CCDNAME'] == 'F2'
    except KeyError:
        # KeyError only accepted if it's because headers out of range
        assert len(ad) == 1



[docs]@pytest.mark.dragons_remote_data
@pytest.mark.parametrize("descriptor,expected_type", F2_DESCRIPTORS_TYPES)
def test_descriptor_matches_type(descriptor, expected_type, ad):
    value = getattr(ad, descriptor)()
    assert isinstance(value, expected_type) or value is None, \
        "Assertion failed for file: {}".format(ad)



if __name__ == "__main__":
    pytest.main()




          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.flamingos.adclass

from astrodata import astro_data_tag, astro_data_descriptor, returns_list, TagSet
from ..gemini import AstroDataGemini
from .. import gmu

[docs]class AstroDataFlamingos(AstroDataGemini):

    __keyword_dict = dict(detector = 'DETECTOR',
                          filter_name = 'FILTER',
                          disperser = 'GRISM',
                          exposure_time = 'EXP_TIME',
                          )

    @staticmethod
    def _matches_data(source):
        return source[0].header.get('INSTRUME', '').upper() == 'FLAMINGOS'

    @astro_data_tag
    def _tag_instrument(self):
        return TagSet(['FLAMINGOS'])

    @astro_data_tag
    def _tag_spect(self):
        if self.phu.get('BIAS') == 1.0:
            return TagSet(['IMAGE'])
        else:
            return TagSet(['SPECT'])

    @astro_data_tag
    def _tag_flat(self):
        if 'flat' in self.phu.get('OBJECT', '').lower():
            return TagSet(['FLAT', 'CAL'])

    @astro_data_tag
    def _tag_twilight(self):
        if 'twilight' in self.phu.get('OBJECT', '').lower():
            return TagSet(['TWILIGHT', 'CAL'])    

    @astro_data_tag
    def _tag_dark(self):
        if 'dark' in self.phu.get('OBJECT', '').lower():
            return TagSet(['DARK', 'CAL'])

[docs]    @astro_data_descriptor
    def central_wavelength(self, asMicrometers=False, asNanometers=False,
                           asAngstroms=False):
        """
        Returns the central wavelength in meters or the specified units

        Parameters
        ----------
        asMicrometers : bool
            If True, return the wavelength in microns
        asNanometers : bool
            If True, return the wavelength in nanometers
        asAngstroms : bool
            If True, return the wavelength in Angstroms

        Returns
        -------
        float
            The central wavelength setting

        """
        unit_arg_list = [asMicrometers, asNanometers, asAngstroms]
        if unit_arg_list.count(True) == 1:
            # Just one of the unit arguments was set to True. Return the
            # central wavelength in these units
            if asMicrometers:
                output_units = "micrometers"
            if asNanometers:
                output_units = "nanometers"
            if asAngstroms:
                output_units = "angstroms"
        else:
            # Either none of the unit arguments were set to True or more than
            # one of the unit arguments was set to True. In either case,
            # return the central wavelength in the default units of meters.
            output_units = "meters"

        return gmu.convert_units('micrometers', 1.5, output_units)


[docs]    @astro_data_descriptor
    def dec(self):
        """
        Returns the Declination of the center of field in degrees.  Since a
        fiber is used it coincides with the position of the target. For code
        re-used, use target_dec() if you really want the position of the target
        rather than the center of the field.

        Returns
        -------
        float
            declination in degrees
        """
        return self.target_dec()


[docs]    @astro_data_descriptor
    def detector(self):
        return self.phu.get(self._keyword_for('detector'))


[docs]    @astro_data_descriptor
    def disperser(self, stripID=False, pretty=False):
        """
        Returns the name of the disperser.

        Parameters
        ----------
        stripID : <bool>
            Does nothing.

        pretty : <bool>
            Also does nothing.

        Returns
        -------
        <str>:
            Name of the disperser.

        """
        dispr = self.phu.get(self._keyword_for('disperser'))
        if 'open' not in dispr and 'dark' not in dispr:
            return dispr
        else:
            return None
        return


[docs]    @astro_data_descriptor
    def exposure_time(self):
        """
        Returns the exposure time in seconds.

        Returns
        -------
        float
            Exposure time.
        """
        return self.phu.get(self._keyword_for('exposure_time'), None)


[docs]    @astro_data_descriptor
    def filter_name(self, stripID=False, pretty=False):
        return self.phu.get(self._keyword_for('filter_name'))    


[docs]    @astro_data_descriptor
    def ra(self):
        """
        Returns the Right Ascension of the center of field in degrees.  Since a
        fiber is used it coincides with the position of the target. For code
        re-used, use target_ra() if you really want the position of the target
        rather than the center of the field.

        Returns
        -------
        float
            right ascension in degrees
        """
        return self.target_ra()






          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.gemini.adclass

#
#                                                            Gemini Observatory
#
#                                                                        Dragons
#                                                             gemini_instruments
#                                                              gemini.adclass.py
# ------------------------------------------------------------------------------
import re
import math
import datetime
import dateutil.parser

import numpy as np

from astrodata import AstroDataFits
from astrodata import astro_data_tag
from astrodata import astro_data_descriptor
from astrodata import TagSet

from .lookup import wavelength_band, nominal_extinction, filter_wavelengths
from ..common import section_to_tuple

# NOTE: Temporary functions for test. gempy imports astrodata and
#       won't work with this implementation
from .. import gmu

# ------------------------------------------------------------------------------
# TODO: Some of these should go to AstroDataFITS
gemini_keyword_names = dict(
    airmass = 'AIRMASS',
    amp_read_area = 'AMPROA',
    ao_fold = 'AOFOLD',
    ao_seeing = 'AOSEEING',
    aperture_number = 'APERTURE',
    array_name = 'ARRAYNAM',
    array_section = 'ARRAYSEC',
    azimuth = 'AZIMUTH',
    bias_image = 'BIASIM',
    bunit = 'BUNIT',
    camera = 'CAMERA',
    cass_rotator_pa = 'CRPA',
    cd11 = 'CD1_1',
    cd12 = 'CD1_2',
    cd21 = 'CD2_1',
    cd22 = 'CD2_2',
    central_wavelength = 'CWAVE',
    coadds = 'COADDS',
    dark_image = 'DARKIM',
    data_label = 'DATALAB',
    data_section = 'DATASEC',
    dec = 'DEC',
    decker = 'DECKER',
    detector_name = 'DETNAME',
    detector_roi_setting = 'DROISET',
    detector_rois_requested = 'DROIREQ',
    detector_section = 'DETSEC',
    detector_x_bin = 'XBIN',
    detector_y_bin = 'YBIN',
    disperser = 'DISPERSR',
    dispersion = 'WDELTA',
    dispersion_axis = 'DISPAXIS',
    elevation = 'ELEVATIO',
    exposure_time = 'EXPTIME',
    filter_name = 'FILTER1',
    focal_plane_mask = 'FPMASK',
    gain = 'GAIN',
    gain_setting = 'GAINSET',
    gems = 'GWFS1CFG',
    grating = 'GRATING',
    grating_order = 'GRODER',
    group_id = 'GROUPID',
    local_time = 'LT',
    lyot_stop = 'LYOTSTOP',
    mdf_row_id = 'MDFROW',
    naxis1 = 'NAXIS1',
    naxis2 = 'NAXIS2',
    nominal_atmospheric_extinction = 'NOMATMOS',
    nominal_photometric_zeropoint = 'NOMPHOTZ',
    non_linear_level = 'NONLINEA',
    observation_epoch = 'OBSEPOCH',
    observation_mode = 'OBSMODE',
    oiwfs = 'OIWFS_ST',
    overscan_section = 'OVERSEC',
    pixel_scale = 'PIXSCALE',
    prism = 'PRISM',
    pupil_mask = 'PUPILMSK',
    pwfs1 = 'PWFS1_ST',
    pwfs2 = 'PWFS2_ST',
    qa_state = 'QASTATE',
    r_zero_val = 'RZEROVAL',
    ra = 'RA',
    raw_central_wavelength = 'CWAVE',
    raw_gemini_qa = 'RAWGEMQA',
    raw_pi_requirements_met = 'RAWPIREQ',
    read_mode = 'READMODE',
    read_noise = 'RDNOISE',
    read_speed_setting = 'RDSPDSET',
    saturation_level = 'SATLEVEL',
    slit = 'SLIT',
    ut_datetime = 'DATETIME',
    ut_time = 'UT',
    wavefront_sensor = 'WFS',
    wavelength = 'WAVELENG',
    wavelength_band = 'WAVEBAND',
    well_depth_setting = 'WELDEPTH',
    telescope_x_offset = 'XOFFSET',
    telescope_y_offset = 'YOFFSET',
)

# ------------------------------------------------------------------------------
[docs]class AstroDataGemini(AstroDataFits):
    __keyword_dict = gemini_keyword_names

    @staticmethod
    def _matches_data(source):
        obs = source[0].header.get('OBSERVAT', '').upper()
        tel = source[0].header.get('TELESCOP', '').upper()

        isGemini = (obs in ('GEMINI-NORTH', 'GEMINI-SOUTH')
                    or tel in ('GEMINI-NORTH', 'GEMINI-SOUTH'))
        return isGemini

    @astro_data_tag
    def _type_observatory(self):
        return TagSet(['GEMINI'])

    @astro_data_tag
    def _type_acquisition(self):
        if self.phu['OBSCLASS'] in ('acq', 'acqCal'):
            return TagSet(['ACQUISITION'])

    @astro_data_tag
    def _type_az(self):
        if self.phu.get('FRAME') == 'AZEL_TOPO':
            try:
                if self.airmass() == 1.0:
                    return TagSet(['AZEL_TARGET', 'AT_ZENITH'])
            except ValueError:
                pass
            return TagSet(['AZEL_TARGET'])

    @astro_data_tag
    def _type_fringe(self):
        if set (self.phu.keys()) & {'GIFRINGE', 'PROCFRNG'}:
            return TagSet(['FRINGE', 'CAL'])

    # GCALFLAT and the LAMPON/LAMPOFF are kept separated because the
    # PROCESSED status will cancel the tags for lamp status, but the
    # GCALFLAT is still needed
    @astro_data_tag
    def _type_gcalflat(self):
        if self.phu.get('GCALLAMP') in ('IRhigh', 'QH'):
            return TagSet(['GCALFLAT', 'FLAT', 'CAL'])

    @astro_data_tag
    def _type_gcal_lamp(self):
        if self.phu.get('GCALLAMP') in ('IRhigh', 'QH'):
            shut = self.phu.get('GCALSHUT')
            if shut == 'OPEN':
                return TagSet(['GCAL_IR_ON', 'LAMPON'], blocked_by=['PROCESSED'])
            elif shut == 'CLOSED':
                return TagSet(['GCAL_IR_OFF', 'LAMPOFF'], blocked_by=['PROCESSED'])
        elif self.phu.get('GCALLAMP') == 'No Value' and \
             self.phu.get('GCALSHUT') == 'CLOSED':
            return TagSet(['GCAL_IR_OFF', 'LAMPOFF'], blocked_by=['PROCESSED'])

    @astro_data_tag
    def _type_site(self):
        site = self.phu.get('OBSERVAT', '').upper()

        if site == 'GEMINI-NORTH':
            return TagSet(['NORTH'])
        elif site == 'GEMINI-SOUTH':
            return TagSet(['SOUTH'])

    @astro_data_tag
    def _type_mode(self):
        mode = self.phu.get(self._keyword_for('observation_mode'), '').upper()

        if mode:
            tags = [mode]
            if mode != 'IMAGE':
                # assume SPECT
                tags.append('SPECT')
            return TagSet(tags)

    @astro_data_tag
    def _type_nodandchop(self):
        if self.phu.get('DATATYPE') == "marked-nodandchop":
            return TagSet(['NODCHOP'])

    @astro_data_tag
    def _type_sidereal(self):
        frames = {self.phu.get('TRKFRAME'), self.phu.get('FRAME')}
        valid_frames = {'FK5', 'APPT'}

        # Check if the intersection of both sets is non-empty...
        if frames & valid_frames:
            try:
                dectrack, ratrack = float(self.phu['DECTRACK']), float(self.phu['RATRACK'])
                if dectrack == 0 and ratrack == 0:
                    return TagSet(['SIDEREAL'])
            except (ValueError, TypeError, KeyError):
                pass
            return TagSet(['NON_SIDEREAL'])

    @astro_data_tag
    def _type_bad_pixel_mask(self):
        if 'BPMASK' in self.phu:
            return TagSet(['BPM'], blocks=['IMAGE', 'SPECT', 'FLAT', 'PREPARED',
                                          'GCALFLAT', 'CAL', 'LAMPON',
                                          'GCAL_IR_ON', 'GCAL_IR_OFF', 'DARK',
                                           'NON_SIDEREAL', 'AZEL_TARGET'])

    @astro_data_tag
    def _status_raw(self):
        if 'GEM-TLM' not in self.phu:
            return TagSet(['RAW'])

    @astro_data_tag
    def _status_prepared(self):
        if any(('PREPAR' in kw) for kw in self.phu):
            return TagSet(['PREPARED'])
        else:
            return TagSet(['UNPREPARED'])

    @astro_data_tag
    def _status_overscan(self):
        found = []
        for pattern, tag in (('TRIMOVER', 'OVERSCAN_TRIMMED'), ('SUBOVER', 'OVERSCAN_SUBTRACTED')):
            if any((pattern in kw) for kw in self.phu):
                found.append(tag)
        if found:
            return TagSet(found)

    @astro_data_tag
    def _status_processed_cals(self):
        kwords = {'PROCARC', 'GBIAS', 'PROCBIAS', 'PROCDARK',
                      'GIFLAT', 'PROCFLAT', 'GIFRINGE', 'PROCFRNG', 'PROCSTND', 'PROCILLM'}

        if set(self.phu.keys()) & kwords:
            return TagSet(['PROCESSED'])

    @astro_data_tag
    def _status_processed_science(self):
        kwords = {'GMOSAIC', 'PROCSCI'}

        if self.phu['OBSTYPE'] == 'OBJECT' and set(self.phu.keys()) & kwords:
            return TagSet(['PROCESSED_SCIENCE', 'PROCESSED'], blocks=['RAW'])

    @astro_data_tag
    def _type_extracted(self):
        if 'EXTRACT' in self.phu:
            return TagSet(['EXTRACTED'])

    def _parse_section(self, keyword, pretty):
        try:
            value_filter = (str if pretty else section_to_tuple)
            process_fn = lambda x: (None if x is None else value_filter(x))
            # Dummy keyword FULLFRAME returns shape of full data array
            if keyword == 'FULLFRAME':
                try:
                    sections = '[1:{1},1:{0}]'.format(*self.data.shape)
                except AttributeError:
                    sections = ['[1:{1},1:{0}]'.format(*ext.shape)
                                for ext in self.data]
            else:
                sections = self.hdr.get(keyword)
            if self.is_single:
                return process_fn(sections)
            else:
                return [process_fn(raw) for raw in sections]
        except (KeyError, TypeError):
            return None

    def _may_remove_component(self, keyword, stripID, pretty):
        val = self.phu.get(keyword)
        if val and (stripID or pretty):
            return gmu.removeComponentID(val)
        return val

[docs]    @astro_data_descriptor
    def airmass(self):
        """
        Returns the airmass of the observation.

        Returns
        -------
        float
            Airmass value.
        """
        am = self.phu.get(self._keyword_for('airmass'), -1)
        if isinstance(am, str) and gmu.isBlank(am):
            return None
        return am if am >= 1 else None


[docs]    @astro_data_descriptor
    def ao_seeing(self):
        """
        Returns an estimate of the natural seeing as calculated from the
        adaptive optics systems.

        Returns
        -------
        float
            AO estimate of the natural seeing

        """
        try:
            return self.phu[self._keyword_for('ao_seeing')]
        except KeyError:
            try:
                # If r_zero_val (Fried's parameter) is present,
                # a seeing estimate can be calculated (NOTE: Jo Thomas-Osip
                # is providing a reference for this calculation. Until then,
                # EJD checked using
                # http://www.ctio.noao.edu/~atokovin/tutorial/part1/turb.html )

                # Seeing at 0.5 micron
                rzv = self.phu[self._keyword_for('r_zero_val')]
                return (206265. * 0.98 * 0.5e-6) / (rzv * 0.01)
            except KeyError:
                return None


[docs]    @astro_data_descriptor
    def amp_read_area(self, pretty=False):
        """
        Returns the readout area of each amplifier, as a 0-based tuple or
        1-based string

        Returns
        -------
        list/(tuple or string)
            the amp readout areas
        """
        return self._parse_section(self._keyword_for('amp_read_area'), pretty)


[docs]    @astro_data_descriptor
    def array_name(self):
        """
        Returns the name of each array

        Returns
        -------
        list of str/str
            the array names
        """
        return self.hdr.get(self._keyword_for('array_name'))


    # TODO: Clean up the array_section output interface. Trac #821
[docs]    @astro_data_descriptor
    def array_section(self, pretty=False):
        """
        Returns the section covered by the array(s) relative to the detector
        frame.  For example, this can be the position of multiple amps read
        within a CCD.  If pretty is False, a tuple of 0-based coordinates
        is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
        value is returned without parsing as a string.  In this format, the
        coordinates are generally 1-based.

        One tuple or string is return per extension/array, in a list. If the
        method is called on a single slice, the section is returned as a tuple
        or a string.

        Parameters
        ----------
        pretty : bool
            If True, return the formatted string found in the header.

        Returns
        -------
        tuple of integers or list of tuples
            Position of extension(s) using Python slice values

        str/list of str
            Position of extension(s) using an IRAF section format (1-based)
        """
        return self._parse_section(self._keyword_for('array_section'), pretty)


[docs]    @astro_data_descriptor
    def azimuth(self):
        """
        Returns the azimuth of the telescope, in degrees

        Returns
        -------
        float
            azimuth

        """
        return self.phu.get(self._keyword_for('azimuth'))


[docs]    @astro_data_descriptor
    def calibration_key(self):
        """
        Returns an object to be used as a key in the Calibrations dict.
        Multiple ADs can share a key but there can be only one of each type
        of calibration for each key. data_label() is the default.
        "_stack" is removed to avoid making a new request for a stacked
        frame, which will need the same calibration as the original.

        Returns
        -------
        string
            identifier

        """
        calk = self.data_label()
        try:
            return calk.replace('_stack', '')
        except AttributeError:
            return calk


[docs]    @astro_data_descriptor
    def camera(self, stripID=False, pretty=False):
        """
        Returns the name of the camera.  The component ID can be removed
        with either 'stripID' or 'pretty' set to True.

        Parameters
        ----------
        stripID : bool
            If True, removes the component ID and returns only the name of
            the camera.
        pretty : bool
            Same as for stripID.  Pretty here does not do anything more.

        Returns
        -------
        str
            The name of the camera with or without the component ID.

        """
        return self._may_remove_component(self._keyword_for('camera'),
                                          stripID, pretty)


[docs]    @astro_data_descriptor
    def cass_rotator_pa(self):
        """
        Returns the position angle of the Cassegrain rotator, in degrees.

        Returns
        -------
        float
            Position angle of the Cassegrain rotator.

        """
        crpa = self.phu.get(self._keyword_for('cass_rotator_pa'), 400)
        return crpa if abs(crpa) <= 360 else None


[docs]    @astro_data_descriptor
    def central_wavelength(self, asMicrometers=False, asNanometers=False,
                           asAngstroms=False):
        """
        Returns the central wavelength in meters or the specified units

        Parameters
        ----------
        asMicrometers : bool
            If True, return the wavelength in microns
        asNanometers : bool
            If True, return the wavelength in nanometers
        asAngstroms : bool
            If True, return the wavelength in Angstroms

        Returns
        -------
        float
            The central wavelength setting
        """
        unit_arg_list = [asMicrometers, asNanometers, asAngstroms]
        if unit_arg_list.count(True) == 1:
            # Just one of the unit arguments was set to True. Return the
            # central wavelength in these units
            if asMicrometers:
                output_units = "micrometers"
            if asNanometers:
                output_units = "nanometers"
            if asAngstroms:
                output_units = "angstroms"
        else:
            # Either none of the unit arguments were set to True or more than
            # one of the unit arguments was set to True. In either case,
            # return the central wavelength in the default units of meters.
            output_units = "meters"

        # We assume that the central_wavelength keyword is in microns
        keyword = self._keyword_for('central_wavelength')
        wave_in_microns = self.phu.get(keyword, -1)
        if wave_in_microns < 0:
            return None
        return gmu.convert_units('micrometers', wave_in_microns,
                             output_units)


[docs]    @astro_data_descriptor
    def coadds(self):
        """
        Returns the number of co-adds used for the observation.

        Returns
        -------
        int
            Number of co-adds.

        """
        return int(self.phu.get(self._keyword_for('coadds'), 1))


[docs]    @astro_data_descriptor
    def data_label(self):
        """
        Returns the data label of an observation.

        Returns
        -------
        str
            the observation's data label
        """
        return self.phu.get('DATALAB')


[docs]    @astro_data_descriptor
    def data_section(self, pretty=False):
        """
        Returns the rectangular section that includes the pixels that would be
        exposed to light.  If pretty is False, a tuple of 0-based coordinates
        is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
        value is returned without parsing as a string.  In this format, the
        coordinates are generally 1-based.

        One tuple or string is return per extension/array, in a list. If the
        method is called on a single slice, the section is returned as a tuple
        or a string.

        Parameters
        ----------
        pretty : bool
         If True, return the formatted string found in the header.

        Returns
        -------
        tuple of integers or list of tuples
            Location of the pixels exposed to light using Python slice values.

        string or list of strings
            Location of the pixels exposed to light using an IRAF section
            format (1-based).
        """
        return self._parse_section(self._keyword_for('data_section'), pretty)


[docs]    @astro_data_descriptor
    def dec(self):
        """
        Returns the Declination of the center of the field, in degrees.

        Returns
        -------
        float
            declination in degrees
        """
        dec = self.wcs_dec()
        if dec is None:
            dec = self.phu.get('DEC', None)
        return dec


[docs]    @astro_data_descriptor
    def decker(self, stripID=False, pretty=False):
        """
        Returns the name of the decker.  The component ID can be removed
        with either 'stripID' or 'pretty' set to True.

        Parameters
        ----------
        stripID : bool
            If True, removes the component ID and returns only the name of
            the decker.
        pretty : bool
            Same as for stripID.  Pretty here does not do anything more.

        Returns
        -------
        str
            The name of the decker with or without the component ID.
        """
        return self._may_remove_component(self._keyword_for('decker'),
                                          stripID, pretty)


[docs]    @astro_data_descriptor
    def detector_name(self, pretty=False):
        """
        Returns the name of the detector

        Returns
        -------
        str
            the detector name
        """
        return self.phu.get(self._keyword_for('detector_name'))


[docs]    @astro_data_descriptor
    def detector_roi_setting(self):
        """
        Returns the ROI setting. Most instruments don't allow this to be
        changed, so at the Gemini level it just returns 'Fixed'

        Returns
        -------
        str
            Name of the ROI setting used, ie, "Fixed"
        """
        return 'Fixed'


[docs]    @astro_data_descriptor
    def detector_rois_requested(self):
        """
        Returns the ROIs requested. Since most instruments don't have
        selectable ROIs, it returns None at the Gemini level

        Returns
        -------
        NoneType
            None
        """
        return None


[docs]    @astro_data_descriptor
    def detector_section(self, pretty=False):
        """
        Returns the section covered by the detector relative to the whole
        mosaic of detectors.  If pretty is False, a tuple of 0-based coordinates
        is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
        value is returned without parsing as a string.  In this format, the
        coordinates are generally 1-based.

        One tuple or string is return per extension/array, in a list. If the
        method is called on a single slice, the section is returned as a tuple
        or a string.

        Parameters
        ----------
        pretty : bool
         If True, return the formatted string found in the header.

        Returns
        -------
        tuple of integers or list of tuples
            Position of the detector using Python slice values.

        string or list of strings
            Position of the detector using an IRAF section format (1-based).
        """
        return self._parse_section(self._keyword_for('detector_section'), pretty)


[docs]    @astro_data_descriptor
    def detector_x_bin(self):
        """
        Returns the detector binning in the x-direction

        Returns
        -------
        int
            The detector binning
        """
        return self.phu.get(self._keyword_for('detector_x_bin'), 1)


[docs]    @astro_data_descriptor
    def detector_y_bin(self):
        """
        Returns the detector binning in the y-direction

        Returns
        -------
        int
            The detector binning
        """
        return self.phu.get(self._keyword_for('detector_y_bin'), 1)


[docs]    @astro_data_descriptor
    def detector_x_offset(self):
        """
        Returns the offset from the reference position in pixels along
        the positive x-direction of the detector

        Returns
        -------
        float
            The offset in pixels
        """
        try:
            offset = self.phu.get('POFFSET') / self.pixel_scale()
        except TypeError:  # either is None
            return None
        # Flipped if on bottom port
        return -offset if self.phu.get('INPORT')==1 else offset


[docs]    @astro_data_descriptor
    def detector_y_offset(self):
        """
        Returns the offset from the reference position in pixels along
        the positive y-direction of the detector

        Returns
        -------
        float
            The offset in pixels
        """
        try:
            return self.phu.get('QOFFSET') / self.pixel_scale()
        except TypeError:  # either is None
            return None


[docs]    @astro_data_descriptor
    def disperser(self, stripID=False, pretty=False):
        """
        Returns the name of the disperser.  The "disperser" is a combination of
        all the dispersing elements along the light path.

        The component ID can be removed with either 'stripID' or 'pretty' set
        to True.

        Parameters
        ----------
        stripID : bool
            If True, removes the component ID and returns only the name of
            the disperser.
        pretty : bool
            Same as for stripID.  Pretty here does not do anything more.

        Returns
        -------
        str
            The name of the disperser with or without the component ID.

        """
        return self._may_remove_component(self._keyword_for('disperser'),
                                          stripID, pretty)


[docs]    @astro_data_descriptor
    def dispersion(self, asMicrometers=False, asNanometers=False, asAngstroms=False):
        """
        Returns the dispersion in meters per pixel as a list (one value per
        extension) or a float if used on a single-extension slice.  It is
        possible to control the units of wavelength using the input arguments.

        Parameters
        ----------
        asMicrometers : bool
            If True, return the wavelength in microns
        asNanometers : bool
            If True, return the wavelength in nanometers
        asAngstroms : bool
            If True, return the wavelength in Angstroms

        Returns
        -------
        list/float
            The dispersion(s)
        """
        if self._keyword_for('dispersion') in self.hdr:
            dispersion = self.hdr[self._keyword_for('dispersion')]

        elif self._keyword_for('dispersion') in self.phu:
            dispersion = self.phu[self._keyword_for('dispersion')]

        else:
            dispersion = None

        unit_arg_list = [asMicrometers, asNanometers, asAngstroms]
        if unit_arg_list.count(True) == 1:
            # Just one of the unit arguments was set to True. Return the
            # central wavelength in these units
            if asMicrometers:
                output_units = "micrometers"
            if asNanometers:
                output_units = "nanometers"
            if asAngstroms:
                output_units = "angstroms"
        else:
            # Either none of the unit arguments were set to True or more than
            # one of the unit arguments was set to True. In either case,
            # return the central wavelength in the default units of meters.
            output_units = "meters"

        if dispersion is not None:

            dispersion = gmu.convert_units('meters', dispersion, output_units)

            if not self.is_single:
                dispersion = [dispersion] * len(self)

        return dispersion


[docs]    @astro_data_descriptor
    def dispersion_axis(self):
        """
        Returns the axis along which the light is dispersed.

        Returns
        -------
        int
            Dispersion axis.
        """
        if 'PREPARED' not in self.tags:
            return None

        val = self.hdr.get(self._keyword_for('dispersion_axis'))

        def int_or_none(x):
            # cast to an int, but preserve None
            return None if x is None else int(x)

        try:
            # assume we have a list, but handle scalars below
            return [int_or_none(x) for x in val]
        except TypeError:
            # scalar
            return int_or_none(val)


[docs]    @astro_data_descriptor
    def effective_wavelength(self, output_units=None):
        """
        Returns the wavelength representing the bandpass or the spectrum.
        For imaging data this normally is the wavelength at the center of
        the bandpass as defined by the filter used.  For spectra, this is
        the central wavelength.  The returned value is in meters.

        This descriptor makes uses of a lookup table to associate filters
        with their effective_wavelength.

        Returns
        -------
        float
            Wavelength representing the bandpass or the spectrum coverage.
        """
        if not output_units in ('micrometers', 'nanometers', 'angstroms'):
            output_units = 'meters'
        wave_in_microns = None
        tags = self.tags
        if 'IMAGE' in tags:
            filter_name = self.filter_name(pretty=True)
            for inst in ('*', self.instrument(generic=True)):
                try:
                    wave_in_microns = filter_wavelengths[inst, filter_name]
                except KeyError:
                    pass
        elif 'SPECT' in tags:
            wave_in_microns = self.central_wavelength(asMicrometers=True)
        return gmu.convert_units('micrometers', wave_in_microns, output_units)


[docs]    @astro_data_descriptor
    def elevation(self):
        """
        Returns the elevation of the telescope, in degrees

        Returns
        -------
        float
            elevation
        """
        return self.phu.get(self._keyword_for('elevation'))


[docs]    @astro_data_descriptor
    def exposure_time(self):
        """
        Returns the exposure time in seconds.

        Returns
        -------
        float
            Exposure time.
        """
        exposure_time = self.phu.get(self._keyword_for('exposure_time'), -1)
        if exposure_time < 0:
            return None

        if 'PREPARED' not in self.tags and self.is_coadds_summed():
            return exposure_time * self.coadds()
        else:
            return exposure_time


[docs]    @astro_data_descriptor
    def filter_name(self, stripID=False, pretty=False):
        """
        Returns the name of the filter(s) used.  The component ID can be
        removed with either 'stripID' or 'pretty'.  If a combination of filters
        is used, the filter names will be join into a unique string with '&' as
        separator.  If 'pretty' is True, filter positions such as 'Open',
        'Dark', 'blank', and others are removed leaving only the relevant
        filters in the string.

        Parameters
        ----------
        stripID : bool
            If True, removes the component ID and returns only the name of
            the filter.
        pretty : bool
            Same as for stripID.  Pretty here does not do anything more.

        Returns
        -------
        str
            The name of the filter combination with or without the component ID.
        """
        f1 = self._may_remove_component('FILTER1', stripID, pretty)
        f2 = self._may_remove_component('FILTER2', stripID, pretty)
        if f1 is None or f2 is None:
            return None

        if pretty:
            filter_comps = []
            for fn in (f1, f2):
                # Not interested in clear or neutral density filters
                if not ("open" in fn.lower() or "Clear" in fn or
                            fn.lower().startswith('nd')):
                    filter_comps.append(fn)
            if not filter_comps:
                filter_comps.append("open")
            cals = (("Block", "blank"), ("Dark", "blank"), ("DK", "dark"))
            for cal, fn in cals:
                if cal in f1 or cal in f2:
                    filter_comps.append(fn)
        else:
            filter_comps = [f1, f2]

        return "&".join(filter_comps[:2])


[docs]    @astro_data_descriptor
    def focal_plane_mask(self, stripID=False, pretty=False):
        """
        Returns the name of the focal plane mask.  The component ID can be
        removed with either 'stripID' or 'pretty' set to True.

        Parameters
        ----------
        stripID : bool
            If True, removes the component ID and returns only the name of
            the focal plane mask.
        pretty : bool
            Same as for stripID.  Pretty here does not do anything more.

        Returns
        -------
        str
            The name of the focal plane mask with or without the component ID.
        """
        return self._may_remove_component(self._keyword_for('focal_plane_mask'),
                                   stripID, pretty)


[docs]    @astro_data_descriptor
    def gain(self):
        """
        Returns the gain (electrons/ADU) for each extension

        Returns
        -------
        list of floats/float
            Gains used for the observation
        """
        return self.hdr.get(self._keyword_for('gain'))


[docs]    @astro_data_descriptor
    def gain_setting(self):
        """
        Returns the gain setting for this observation (e.g., 'high', 'low')

        Returns
        -------
        str
            the gain setting
        """
        return self.phu.get(self._keyword_for('gain_setting'))


[docs]    @astro_data_descriptor
    def gcal_lamp(self):
        """
        Returns the name of the GCAL lamp being used, or "Off" if no lamp is
        in used.  This applies to flats and arc observations when a lamp is
        used.  For other types observation, None is returned.

        Returns
        -------
        str
            Name of the GCAL lamp being used, or "Off" if not in use.
        """
        try:
            lamps, shut = self.phu['GCALLAMP'], self.phu['GCALSHUT']
            if (shut.upper() == 'CLOSED' and lamps.upper() in
                ('IRHIGH', 'IRLOW')) or lamps.upper() in ('', 'NO VALUE'):
                return 'Off'
            return lamps
        except KeyError:
            return None


[docs]    @astro_data_descriptor
    def group_id(self):
        """
        Returns a string representing a group of data that are compatible
        with each other.  This is used when stacking, for example.  Each
        instrument and mode of observation will have its own rules.

        At the Gemini class level, the default is to group by the Gemini
        observation ID.

        Returns
        -------
        str
            A group ID for compatible data.
        """
        return self.observation_id()


[docs]    @astro_data_descriptor
    def instrument(self, generic=False):
        """
        Returns the name of the instrument making the observation

        Parameters
        ----------
        generic: boolean
            If set, don't specify the specific instrument if there are clones
            (but that is handled by the instrument-level descriptors)

        Returns
        -------
        str
            instrument name
        """
        return self.phu.get(self._keyword_for('instrument'))


[docs]    @astro_data_descriptor
    def is_ao(self):
        """
        Tells whether or not the data was taken with adaptive optics.

        Returns
        -------
        bool
            True if the data is AO, False otherwise.
        """
        # If the keyword's not there, assume the mirror is out
        return self.phu.get(self._keyword_for('ao_fold'), 'OUT') == 'IN'


[docs]    @astro_data_descriptor
    def is_coadds_summed(self):
        """
        Tells whether or not the co-adds have been summed.  If not, they
        have been averaged.

        At the Gemini level, this descriptor is hardcoded to True as it is
        the default at the observatory.

        Returns
        -------
        bool
            True if the data has been summed.  False if it has been averaged.
        """
        return True


[docs]    @astro_data_descriptor
    def is_in_adu(self):
        """
        Tells whether the data are in ADU (likely to be superseded by use of
        NDData's unit attribute)

        Returns
        -------
        bool
            True if the data are in ADU
        """
        units = self.hdr.get('BUNIT', 'ADU')
        if self.is_single:
            return units.upper() == 'ADU'
        units = {u.upper() for u in units}
        if len(units) > 1:
            raise ValueError("Not all extensions appear to have the same units")
        return units.pop() == 'ADU'


[docs]    @astro_data_descriptor
    def local_time(self):
        """
        Returns the local time stored at the time of the observation.

        Returns
        -------
        datetime.datetime.time()
            Local time of the observation.
        """
        try:
            local_time = self.phu[self._keyword_for('local_time')]
            return dateutil.parser.parse(local_time).time()
        except (ValueError, TypeError, KeyError):
            return None


[docs]    @astro_data_descriptor
    def lyot_stop(self, stripID=False, pretty=False):
        """
        Returns the Lyot stop used for the observation

        Parameters
        ----------
        stripID : bool
            If True, removes the component ID.
        pretty : bool
            Same as for stripID.

        Returns
        -------
        str
            Lyot stop used for the observation
        """
        return self._may_remove_component(self._keyword_for('lyot_stop'),
                                          stripID, pretty)


[docs]    @astro_data_descriptor
    def mdf_row_id(self):
        """
        Returns row ID from the MDF (Mask Definition File) table associated
        with the spectrum.  Applies to "cut" MOS or X-dispersed data.

        Returns
        -------
        int
            Row of the MDF associated with the extension.
        """
        tags = self.tags
        if 'IMAGE' in tags or 'PREPARED' not in tags:
            return None
        return self.hdr.get(self._keyword_for('mdf_row_id'))


[docs]    @astro_data_descriptor
    def nominal_atmospheric_extinction(self):
        """
        Returns the nominal atmospheric extinction at observation airmass
        and bandpass.

        Returns
        -------
        float
            Nominal atmospheric extinction from model.
        """
        nom_ext_idx = (self.telescope(), self.filter_name(pretty=True))
        coeff = nominal_extinction.get(nom_ext_idx, 0.0)
        am = self.airmass()
        return coeff * (self.airmass() - 1.0) if am else None


[docs]    @astro_data_descriptor
    def nominal_photometric_zeropoint(self):
        """
        Returns the nominal photometric zeropoint (i.e., magnitude
        corresponding to 1 pixel count) for each extension

        Returns
        -------
        float/list of floats
            Photometric zeropoint
        """
        return self.hdr.get(self._keyword_for('nominal_photometric_zeropoint'))


[docs]    @astro_data_descriptor
    def non_linear_level(self):
        """
        Returns the level at which the data become non-linear, in ADU.
        This is expected to be overridden by the individual instruments,
        so at the Gemini level it returns the values of the NONLINEA keywords
        (or None)

        Returns
        -------
        int/list
            non-linearity level level in ADU
        """
        return self.hdr.get(self._keyword_for('non_linear_level'))


[docs]    @astro_data_descriptor
    def observation_class(self):
        """
        Returns the class of an observation, e.g., 'science', 'acq', 'dayCal'.

        Returns
        -------
        str
            the observation class
        """
        return self.phu.get('OBSCLASS')


[docs]    @astro_data_descriptor
    def observation_id(self):
        """
        Returns the ID of an observation.

        Returns
        -------
        str
            the observation ID
        """
        return self.phu.get('OBSID')


[docs]    @astro_data_descriptor
    def observation_epoch(self):
        """
        Returns the observation's epoch.

        Returns
        -------
        str
            the observation's epoch
        """
        return self.phu.get(self._keyword_for('observation_epoch'))


[docs]    @astro_data_descriptor
    def observation_type(self):
        """
        Returns the type of an observation, e.g., 'OBJECT', 'FLAT', 'ARC'.

        Returns
        -------
        str
            the observation type
        """
        return self.phu.get('OBSTYPE')


[docs]    @astro_data_descriptor
    def overscan_section(self, pretty=False):
        """
        Returns the section covered by the overscan regions relative to the
        detector frame. If pretty is False, a tuple of 0-based coordinates
        is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
        value is returned without parsing as a string.  In this format, the
        coordinates are generally 1-based.

        One tuple or string is return per extension/array.  If more than one
        array, the tuples/strings are return in a list.  Otherwise, the
        section is returned as a tuple or a string.

        Parameters
        ----------
        pretty : bool
            If True, return the formatted string found in the header.

        Returns
        -------
        tuple of integers or list of tuples
            Position of extension(s) using Python slice values

        str/list of str
            Position of extension(s) using an IRAF section format (1-based)
        """
        return self._parse_section(self._keyword_for('overscan_section'), pretty)


[docs]    @astro_data_descriptor
    def pixel_scale(self):
        """
        Returns the image scale in arcseconds per pixel, as an average over
        the extensions

        Returns
        -------
        float
            the pixel scale
        """
        return self._get_wcs_pixel_scale(mean=True)


[docs]    @astro_data_descriptor
    def program_id(self):
        """
        Returns the ID of the program the observation was taken for

        Returns
        -------
        str
            the program ID
        """
        return self.phu.get('GEMPRGID')


[docs]    @astro_data_descriptor
    def pupil_mask(self, stripID=False, pretty=False):
        """
        Returns the name of the focal plane mask.  The component ID can be
        removed with either 'stripID' or 'pretty' set to True.

        Parameters
        ----------
        stripID : bool
            If True, removes the component ID and returns only the name of
            the focal plane mask.
        pretty : bool
            Same as for stripID.  Pretty here does not do anything more.

        Returns
        -------
        str
            The name of the focal plane mask with or without the component ID.
        """
        return self._may_remove_component(self._keyword_for('pupil_mask'),
                                   stripID, pretty)


[docs]    @astro_data_descriptor
    def qa_state(self):
        """
        Returns the Gemini quality assessment flags.

        Returns
        -------
        str
            Gemini quality assessment flags.
        """
        rawpireq = self.phu.get(self._keyword_for('raw_pi_requirements_met'),
                                'UNKNOWN')
        rawgemqa = self.phu.get(self._keyword_for('raw_gemini_qa'), 'UNKNOWN')
        pair = rawpireq.upper(), rawgemqa.upper()

        # Calculate the derived QA state
        ret_qa_state = "{}:{}".format(rawpireq, rawgemqa)
        if 'UNKNOWN' in pair:
            ret_qa_state = "Undefined"
        elif pair == ('YES', 'USABLE'):
            ret_qa_state = "Pass"
        elif pair == ('NO', 'USABLE'):
            ret_qa_state = "Usable"
        elif rawgemqa.upper() == "BAD":
            ret_qa_state = "Fail"
        elif 'CHECK' in pair:
            ret_qa_state = "CHECK"
        return ret_qa_state


[docs]    @astro_data_descriptor
    def ra(self):
        """
        Returns the Right Ascension of the center of the field, in degrees.

        Returns
        -------
        float
            right ascension in degrees
        """
        ra = self.wcs_ra()
        if ra is None:
            ra = self.phu.get('RA', None)
        return ra


[docs]    @astro_data_descriptor
    def raw_bg(self):
        """
        Returns the BG percentile band of the observation.  BG refers to the
        sky/background brightness.

        Returns
        -------
        str
            BG percentile band of the observation.
        """
        return self._raw_to_percentile('raw_bg', self.phu.get('RAWBG'))


[docs]    @astro_data_descriptor
    def raw_cc(self):
        """
        Returns the CC percentile band of the observation.  CC refers to the
        cloud coverage.

        Returns
        -------
        str
            CC percentile band of the observation.
        """
        return self._raw_to_percentile('raw_cc', self.phu.get('RAWCC'))


[docs]    @astro_data_descriptor
    def raw_iq(self):
        """
        Returns the IQ percentile band of the observation.  IQ refers to the
        image quality or seeing.

        Returns
        -------
        str
            IQ percentile band of the observation.
        """
        return self._raw_to_percentile('raw_iq', self.phu.get('RAWIQ'))


[docs]    @astro_data_descriptor
    def raw_wv(self):
        """
        Returns the WV percentile band of the observation.  WV refers to the
        water vapor.

        Returns
        -------
        str
            WV percentile band of the observation.
        """
        return self._raw_to_percentile('raw_wv', self.phu.get('RAWWV'))


[docs]    @astro_data_descriptor
    def read_mode(self):
        """
        Returns the readout mode used for the observation

        Returns
        -------
        str
            the read mode used
        """
        return self.phu.get(self._keyword_for('read_mode'))


[docs]    @astro_data_descriptor
    def read_noise(self):
        """
        Returns the read noise in electrons for each extension. A list is
        returned unless called on a single-extension slice, when a float

        Returns
        -------
        float/list of floats
            the read noise
        """
        return self.hdr.get(self._keyword_for('read_noise'))


[docs]    @astro_data_descriptor
    def read_speed_setting(self):
        """
        Returns the read speed setting for the observation

        Returns
        -------
        str
            the read speed setting
        """
        return self.phu.get(self._keyword_for('read_speed_setting'))


[docs]    @astro_data_descriptor
    def requested_bg(self):
        """
        Returns the BG percentile band requested by the PI.  BG refers to the
        sky/background brightness.

        Returns
        -------
        str
            BG percentile band requested by the PI.
        """
        return self._raw_to_percentile('requested_bg', self.phu.get('REQBG'))


[docs]    @astro_data_descriptor
    def requested_cc(self):
        """
        Returns the CC percentile band requested by the PI.  CC refers to the
        cloud coverage.

        Returns
        -------
        str
            CC percentile band requested by the PI.
        """
        return self._raw_to_percentile('requested_cc', self.phu.get('REQCC'))


[docs]    @astro_data_descriptor
    def requested_iq(self):
        """
        Returns the IQ percentile band requested by the PI.  IQ refers to the
        image quality or seeing.

        Returns
        -------
        str
            IQ percentile band requested by the PI.
        """
        return self._raw_to_percentile('requested_iq', self.phu.get('REQIQ'))


[docs]    @astro_data_descriptor
    def requested_wv(self):
        """
        Returns the WV percentile band requested by the PI.  WV refers to the
        water vapor.

        Returns
        -------
        str
            WV percentile band requested by the PI.
        """
        return self._raw_to_percentile('requested_wv', self.phu.get('REQWV'))


[docs]    @astro_data_descriptor
    def saturation_level(self):
        """
        Returns the saturation level of the data, in ADU. This is expected
        to be overridden by the individual instruments, so at the Gemini
        level it returns the values of the SATLEVEL keywords (or None)

        Returns
        -------
        list/float
            saturation level in ADU
        """
        return self.hdr.get(self._keyword_for('saturation_level'))


[docs]    @astro_data_descriptor
    def slit(self):
        """
        Returns the name of the entrance slit used for the observation

        Returns
        -------
        str
            the slit name
        """
        return self.phu.get(self._keyword_for('slit'))


[docs]    @astro_data_descriptor
    def target_ra(self, offset=False, pm=True, icrs=False):
        """
        Returns the Right Ascension of the target in degrees. Optionally, the
        telescope offsets can be applied.  The proper motion can also be
        applied if requested.  Finally, the RA can be converted to ICRS
        coordinates.

        Parameters
        ----------
        offset : bool
            If True, applies the telescope offsets.
        pm : bool
            If True, applies proper motion parameters.
        icrs : bool
            If True, convert the RA to the ICRS coordinate system.

        Returns
        -------
        float
            Right Ascension of the target in degrees.
        """

        try:
            ra = self.phu['RA']
        except KeyError:
            return None

        if isinstance(ra, str) and gmu.isBlank(ra):
            return None

        raoffset = self.phu.get('RAOFFSET', 0)
        targ_raoffset = self.phu.get('RATRGOFF', 0)
        pmra = self.phu.get('PMRA', 0)
        epoch = self.phu.get('EPOCH', 2000.0)
        frame = self.phu.get('FRAME', 'FK5')

        if offset:
            raoffset /= 3600.0
            targ_raoffset /= 3600.0
            raoffset += targ_raoffset
            raoffset /= math.cos(math.radians(self.target_dec(offset=True)))
            ra += raoffset

        if pm and pmra != 0:
            dt = self.ut_datetime()
            year = dt.year
            startyear = datetime.datetime(year, 1, 1, 0, 0, 0)
            # Handle leap year properly
            nextyear = datetime.datetime(year+1, 1, 1, 0, 0, 0)
            thisyear = nextyear - startyear
            sofar = dt - startyear
            fraction = sofar.total_seconds() / thisyear.total_seconds()
            obsepoch = year + fraction
            years = obsepoch - epoch
            pmra *= years
            pmra *= 15.0*math.cos(math.radians(self.target_dec(offset=True)))
            pmra /= 3600.0
            ra += pmra

        if icrs:
            ra, dec = gmu.toicrs(frame,
                    self.target_ra(offset=offset, pm=pm, icrs=False),
                    self.target_dec(offset=offset, pm=pm, icrs=False),
                    equinox=2000.0,
                    ut_datetime=self.ut_datetime()
                )

        return ra


[docs]    @astro_data_descriptor
    def target_dec(self, offset=False, pm=True, icrs=False):
        """
        Returns the Declination of the target in degrees. Optionally, the
        telescope offsets can be applied.  The proper motion can also be
        applied if requested.  Finally, the RA can be converted to ICRS
        coordinates.

        Parameters
        ----------
        offset : bool
            If True, applies the telescope offsets.
        pm : bool
            If True, applies proper motion parameters.
        icrs : bool
            If True, convert the Declination to the ICRS coordinate system.

        Returns
        -------
        float
            Declination of the target in degrees.
        """
        try:
            dec = self.phu['DEC']
        except KeyError:
            return None

        if isinstance(dec, str) and gmu.isBlank(dec):
            return None

        decoffset = self.phu.get('DECOFFSE', 0)
        targ_decoffset = self.phu.get('DECTRGOF', 0)
        pmdec = self.phu.get('PMDEC', 0)
        epoch = self.phu.get('EPOCH', 2000.0)
        frame = self.phu.get('FRAME', 'FK5')

        if offset:
            decoffset /= 3600.0
            targ_decoffset /= 3600.0
            dec += decoffset + targ_decoffset

        if pm and pmdec != 0:
            dt = self.ut_datetime()
            year = dt.year
            startyear = datetime.datetime(year, 1, 1, 0, 0, 0)
            # Handle leap year properly
            nextyear = datetime.datetime(year+1, 1, 1, 0, 0, 0)
            thisyear = nextyear - startyear
            sofar = dt - startyear
            fraction = sofar.total_seconds() / thisyear.total_seconds()
            obsepoch = year + fraction
            years = obsepoch - epoch
            pmdec *= years
            pmdec /= 3600.0
            dec += pmdec

        if icrs:
            ra, dec = gmu.toicrs(frame,
                    self.target_ra(offset=offset, pm=pm, icrs=False),
                    self.target_dec(offset=offset, pm=pm, icrs=False),
                    equinox=2000.0,
                    ut_datetime = self.ut_datetime()
                )

        return dec


[docs]    @astro_data_descriptor
    def telescope_x_offset(self):
        """
        Returns the telescope offset along the telescope x-axis, in arcseconds.

        Returns
        -------
        float
            the telescope offset along the telescope x-axis (arcseconds)
        """
        return self.phu.get(self._keyword_for('telescope_x_offset'))


[docs]    @astro_data_descriptor
    def telescope_y_offset(self):
        """
        Returns the telescope offset along the telescope y-axis, in arcseconds.

        Returns
        -------
        float
            the telescope offset along the telescope y-axis (arcseconds)
        """
        return self.phu.get(self._keyword_for('telescope_y_offset'))


[docs]    @astro_data_descriptor
    def ut_date(self):
        """
        Returns the UT date of the observation as a datetime object.

        Returns
        -------
        datetime.datetime
            UT date.
        """
        try:
            return self.ut_datetime(strict=True, dateonly=True)
        except AttributeError:
            return None


[docs]    @astro_data_descriptor
    def ut_datetime(self, strict=False, dateonly=False, timeonly=False):
        """
        Returns the UT date and/or time of the observation as a datetime
        or date or time object.

        Parameters
        ----------
        strict: bool
            if True, only information in the header can be used
        dateonly: bool
            if True, return a date object with just the date
        timeonly: bool
            if True, return a time object with just the time

        Returns
        -------
        datetime.datetime / datetime.date / datetime.time
            UT date and/or time
        """
        # Loop through possible header keywords to get the date (time may come
        # as a bonus with DATE-OBS)
        for kw in ['DATE-OBS', self._keyword_for('ut_date'), 'DATE', 'UTDATE']:
            utdate_hdr = self.phu.get(kw, '').strip()

            # Is this a full date+time string?
            if re.match(r"(\d\d\d\d-[01]\d-[0123]\d)(T)"
                        r"([012]\d:[012345]\d:\d\d.*\d*)", utdate_hdr):
                ut_datetime = dateutil.parser.parse(utdate_hdr)
                if dateonly:
                    return ut_datetime.date()
                elif timeonly:
                    return ut_datetime.time()
                return ut_datetime

            # Did we just get a date?
            if re.match(r"\d\d\d\d-[01]\d-[0123]\d", utdate_hdr):
                break

            # Did we get a horrible early NIRI date: DD/MM/YY[Y]?
            match = re.match(r"([0123]\d)/([01]\d)/(\d\d+)", utdate_hdr)
            if match:
                y = 1900 + int(match.group(3))
                utdate_hdr = '{}-{}-{}'.format(y, match.group(2),
                                               match.group(1))
                break
            else:
                # Set any non-matching string to null
                utdate_hdr = ''

        # If we're here, utdate_hdr is either a date or empty
        # If we only need a date and we've got one, exit
        if dateonly and utdate_hdr:
            return dateutil.parser.parse('{} 00:00:00'.format(utdate_hdr)).date()

        # Now look for a time; again, several possible keywords
        for kw in [self._keyword_for('ut_time'), 'UT', 'TIME-OBS',
                   'STARTUT', 'UTSTART']:
            uttime_hdr = self.phu.get(kw, '').strip()
            if re.match(r"^([012]?\d)(:)([012345]?\d)(:)(\d\d?\.?\d*)$",
                        uttime_hdr):
                break
            else:
                uttime_hdr = ''

        # Now we've either got a time or a null string
        # If we only need a time and we've got one, exit
        if timeonly and uttime_hdr:
            return dateutil.parser.parse('2000-01-01 {}'.format(uttime_hdr)).time()

        # If we've got a date and a time, marry them and send them on honeymoon
        if utdate_hdr and uttime_hdr:
            return dateutil.parser.parse('{}T{}'.format(utdate_hdr,
                                                        uttime_hdr))

        # This is non-compliant data, maybe engineering or something
        # Try MJD_OBS
        mjd = self.phu.get('MJD-OBS', 0)
        if mjd > 1:
            mjdzero = datetime.datetime(1858, 11, 17, 0, 0, 0, 0, None)
            ut_datetime = mjdzero + datetime.timedelta(mjd)
            if dateonly:
                return ut_datetime.date()
            elif timeonly:
                return ut_datetime.time()
            else:
                return ut_datetime

        # Try OBSSTART
        obsstart = self.phu.get('OBSSTART')
        if obsstart:
            ut_datetime = dateutil.parser.parse(obsstart.strip()).replace(tzinfo=None)
            if dateonly:
                return ut_datetime.date()
            elif timeonly:
                return ut_datetime.time()
            else:
                return ut_datetime

        # Now we're getting desperate. Give up if strict=True
        if strict:
            return None

        # If we're missing a date, try to get it from the FRMNAME keyword or
        # the filename (.filename strips the path)
        if not utdate_hdr:
            values = self.hdr.get('FRMNAME', '') + [self.filename]
            for string in values:
                try:
                    year = string[1:5]
                    month = string[5:7]
                    day = string[7:9]
                    y = int(year)
                    m = int(month)
                    d = int(day)
                    if (y>1999 and m<13 and d<32):
                        utdate_hdr = '{}-{}-{}'.format(year, month, day)
                except (KeyError, ValueError, IndexError):
                    pass

        # If we're missing a time, set it to midnight
        if not uttime_hdr:
            uttime_hdr = '00:00:00'

        # Return something if we can fulfil the request
        if dateonly and utdate_hdr:
            return dateutil.parser.parse('{} 00:00:00'.format(utdate_hdr)).date()

        if timeonly and uttime_hdr:
            return dateutil.parser.parse('2000-01-01 {}'.format(uttime_hdr)).time()

        if utdate_hdr and uttime_hdr:
            return dateutil.parser.parse('{}T{}'.format(utdate_hdr, uttime_hdr))

        # Give up
        return None


[docs]    @astro_data_descriptor
    def ut_time(self):
        """
        Returns the UT time of the observation as a datetime object.

        Returns
        -------
        datetime.datetime
            UT time.

        """
        try:
            return self.ut_datetime(strict=True, timeonly=True)
        except AttributeError:
            return None


[docs]    @astro_data_descriptor
    def wavefront_sensor(self):
        """
        Returns the name of the wavefront sensor used for the observation.
        If more than one is being used, the names will be joined with '&'.

        Returns
        -------
        str
            Name of the wavefront sensor.
        """
        candidates = (
            ('AOWFS', self.phu.get("AOWFS_ST")),
            ('OIWFS', self.phu.get("OIWFS_ST")),
            ('PWFS1', self.phu.get("PWFS1_ST")),
            ('PWFS2', self.phu.get("PWFS2_ST")),
        )

        wavefront_sensors = [name for (name, value) in candidates
                             if value == 'guiding']
        if self.phu.get('GWFS1CFG') is not None:
            wavefront_sensors.append('GEMS')

        return '&'.join(sorted(wavefront_sensors)) if wavefront_sensors else None


[docs]    @astro_data_descriptor
    def wavelength_band(self):
        """
        Returns the name of the bandpass of the observation.  This is just
        to broadly know what type of data one is working with, eg. K band,
        H band, B band, etc.

        Returns
        -------
        str
            Name of the bandpass.

        """
        ctrl_wave = self.effective_wavelength(output_units='micrometers')
        if ctrl_wave is None:
            return None

        def wavelength_diff(pair):
            _, l = pair
            return abs(l - ctrl_wave)
        band = min(wavelength_band.items(), key=wavelength_diff)[0]
        return band


    # TODO: Move RA/dec stuff to AstroDataFITS?
[docs]    @astro_data_descriptor
    def wcs_ra(self):
        """
        Returns the Right Ascension of the center of the field based on the
        WCS rather than the RA header keyword.

        Returns
        -------
        float
            right ascension in degrees
        """
        # Return None if the WCS isn't sky coordinates
        try:
            return self._get_wcs_coords()['lon']
        except (KeyError, TypeError):
            return None


[docs]    @astro_data_descriptor
    def wcs_dec(self):
        """
        Returns the Declination of the center of the field based on the
        WCS rather than the DEC header keyword.

        Returns
        -------
        float
            declination in degrees
        """
        # Return None if the WCS isn't sky coordinates
        try:
            return self._get_wcs_coords()['lat']
        except (KeyError, TypeError):
            return None


[docs]    @astro_data_descriptor
    def well_depth_setting(self):
        """
        Returns a string describing the well-depth setting of the instrument

        Returns
        -------
        str
            the well-depth setting
        """
        return self.phu.get(self._keyword_for('well_depth_setting'))


    def _get_wcs_coords(self):
        """
        Returns the RA and dec of the location around which the celestial
        sphere is being projected (CRVALi in a FITS representation)

        Returns
        -------
        dict
            {'lon': right ascension, 'lat': declination} plus other coords
        """
        wcs = self.wcs if self.is_single else self[0].wcs
        if wcs is None:
            return None

        coords = {name: None for name in wcs.output_frame.axes_names}
        for m in wcs.forward_transform:
            try:
                coords['lon'] = m.lon.value
                coords['lat'] = m.lat.value
            except AttributeError:
                pass

        # TODO: This isn't in old Gemini descriptors. Should it be?
        #if 'NON_SIDEREAL' in self.tags:
        #    ra, dec = gmu.toicrs('APPT', ra, dec, ut_datetime=self.ut_datetime())
        return coords

    # TODO: Move to AstroDataFITS? And deal with PCi_j/CDELTi keywords?
    def _get_wcs_pixel_scale(self, mean=True):
        """
        Returns a list of pixel scales (in arcseconds), derived from the
        CD matrices of the image extensions

        Parameters
        ----------
        mean: bool
            if set, return a single value across all extensions

        Returns
        -------
        list of floats/float
            List of pixel scales, one per extension
        """
        if self.is_single:
            try:
                return 3600 * np.sqrt(abs(np.linalg.det(self.wcs.forward_transform['cd_matrix'].matrix)))
            except (IndexError, AttributeError):
                return None

        pixel_scale_list = []
        for ext in self:
            try:
                pixel_scale_list.append(3600 * np.sqrt(abs(np.linalg.det(ext.wcs.forward_transform['cd_matrix'].matrix))))
            except (IndexError, AttributeError):
                if not mean:
                    pixel_scale_list.append(None)
        if mean:
            if pixel_scale_list:
                return np.mean(pixel_scale_list)
            return None
        return pixel_scale_list

    def _grating(self):
        """
        Returns the grating used for the observation

        Returns
        -------
        str
            Grating used for the observation
        """
        return self.phu.get(self._keyword_for('grating'))

    def _grating_order(self):
        """
        Returns the grating order for the observation

        Returns
        -------
        int
            Grating order for the observation if it is spectra, else None
        """
        if 'SPECT' in self.tags:
            try:
                grating_order = self.phu.get(self._keyword_for('grating_order'))
                if grating_order is not None:
                    return int(grating_order)
            except:
                pass
        # If it isn't SPECT, or has no grating order, this is not relevant and we return None
        return None

    def _prism(self):
        """
        Returns the name of the prism used for the observation

        Returns
        -------
        str
            the prism
        """
        return self.phu.get(self._keyword_for('prism'))


    def _raw_to_percentile(self, descriptor, raw_value):
        """
        Parses the Gemini constraint bands, and returns the percentile
        part as an integer.

        Parameters
        ----------
        descriptor : str
            The name of the descriptor calling this function.  For error
            reporting purposes. [Not used since we want to return None]
        raw_value : str
            The sky constraint band.  (eg. 'IQ50')

        Returns
        -------
        int
            Percentile part of the Gemini constraint band.
        """
        val = gmu.parse_percentile(raw_value)
        return val





          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.gemini.tests.test_descriptors

#!/usr/bin/env python

import datetime
import pytest
import astrodata
import astrodata.testing
import gemini_instruments

DESCRIPTORS_TYPES = [
    ('airmass', float),
    ('amp_read_area', list),
    ('ao_seeing', float),
    ('array_name', list),
    ('array_section', list),
    ('azimuth', float),
    ('calibration_key', str),
    ('camera', str),
    ('cass_rotator_pa', float),
    ('central_wavelength', float),
    ('coadds', int),
    ('data_label', str),
    ('data_section', list),
    ('dec', float),
    ('decker', str),
    ('detector_name', str),
    ('detector_roi_setting', str),
    ('detector_rois_requested', list),
    ('detector_section', list),
    ('detector_x_bin', int),
    ('detector_y_bin', int),
    ('disperser', str),
    ('dispersion', list),
    ('dispersion_axis', list),
    ('effective_wavelength', float),
    ('elevation', float),
    ('exposure_time', float),
    ('filter_name', str),
    ('focal_plane_mask', str),
    ('gain', list),
    ('gain_setting', str),
    ('gcal_lamp', str),
    ('group_id', str),
    ('instrument', str),
    ('is_ao', bool),
    ('is_coadds_summed', bool),
    ('is_in_adu', bool),
    ('local_time', datetime.time),
    ('lyot_stop', str),
    ('mdf_row_id', list),  # TODO: mdf_row_id returns list, but string expected??
    ('nominal_atmospheric_extinction', float),
    ('nominal_photometric_zeropoint', list),
    ('non_linear_level', list),
    ('object', str),
    ('observation_class', str),
    ('observation_epoch', float),
    ('observation_id', str),
    ('observation_type', str),
    ('overscan_section', list),
    ('program_id', str),
    ('pupil_mask', str),
    ('qa_state', str),
    ('ra', float),
    ('raw_bg', int),
    ('raw_cc', int),
    ('raw_iq', int),
    ('raw_wv', int),
    ('read_mode', str),
    ('read_noise', list),
    ('read_speed_setting', str),
    ('requested_bg', int),
    ('requested_cc', int),
    ('requested_iq', int),
    ('requested_wv', int),
    ('saturation_level', list),
    ('slit', str),
    ('target_dec', float),
    ('target_ra', float),
    ('telescope', str),
    ('telescope_x_offset', float),
    ('telescope_y_offset', float),
    ('ut_date', datetime.date),
    ('ut_datetime', datetime.datetime),
    ('ut_time', datetime.time),
    ('wavefront_sensor', str),
    ('wavelength_band', str),
    ('wcs_dec', float),
    ('wcs_ra', float),
    ('well_depth_setting', str),
]

test_files = [
    "gS20190219S0207_bias.fits",
    "N20190216S0092.fits",
    "S20180211S0294.fits",
    "N20190112S0005.fits",
    "N20190219S0072.fits",
    "S20190203S0320.fits",
    "N20190214S0058.fits",
    "N20190221S0001.fits",
    "S20190214S0576.fits",
    "N20190216S0039.fits",
    "N20190221S0032.fits",
    "S20190217S0211.fits",
    "N20190216S0060.fits",
    "S20160905S0003.fits",
    "S20190221S0251.fits",
]


[docs]@pytest.fixture(scope='module')
def ad(request):
    filename = request.param
    path = astrodata.testing.download_from_archive(filename)
    return astrodata.open(path)

    

[docs]@pytest.mark.dragons_remote_data
@pytest.mark.parametrize("ad", test_files, indirect=True)
def test_descriptor_matches_type(ad):
    for descriptor, expected_type in DESCRIPTORS_TYPES:
        value = getattr(ad, descriptor)()
        assert isinstance(value, expected_type) or value is None, \
            "Assertion failed for file: {}".format(ad.filename)



if __name__ == "__main__":
    pytest.main()




          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.gmos.adclass

import math
import numpy as np
import re
from datetime import date

from astrodata import astro_data_tag, astro_data_descriptor, returns_list, TagSet
from .pixel_functions import get_bias_level
from . import lookup
from .. import gmu
from ..common import Section
from ..gemini import AstroDataGemini


[docs]class AstroDataGmos(AstroDataGemini):
    __keyword_dict = dict(array_name='AMPNAME',
                          array_section='CCDSEC',
                          camera='INSTRUME',
                          overscan_section='BIASSEC',
                          )

    @staticmethod
    def _matches_data(source):
        return source[0].header.get('INSTRUME', '').upper() in ('GMOS-N', 'GMOS-S')

    @astro_data_tag
    def _tag_instrument(self):
        # tags = ['GMOS', self.instrument().upper().replace('-', '_')]
        return TagSet(['GMOS'])

    @astro_data_tag
    def _tag_dark(self):
        if self.phu.get('OBSTYPE') == 'DARK':
            return TagSet(['DARK'], blocks=['IMAGE', 'SPECT'])

    @astro_data_tag
    def _tag_arc(self):
        if self.phu.get('OBSTYPE') == 'ARC':
            return TagSet(['ARC', 'CAL'])

    def _tag_is_bias(self):
        if self.phu.get('OBSTYPE') == 'BIAS':
            return True
        else:
            return False

    @astro_data_tag
    def _tag_bias(self):
        if self._tag_is_bias():
            return TagSet(['BIAS', 'CAL'], blocks=['IMAGE', 'SPECT'])

    @astro_data_tag
    def _tag_flat(self):
        if self.phu.get('OBSTYPE') == 'FLAT':
            if self.phu.get('GRATING') == 'MIRROR':
                f1, f2 = self.phu.get('FILTER1'), self.phu.get('FILTER2')
                # This kind of filter prevents imaging to be classified as FLAT
                if any(('Hartmann' in f) for f in (f1, f2)):
                    return
            return TagSet(['GCALFLAT', 'FLAT', 'CAL'])

    @astro_data_tag
    def _tag_twilight(self):
        if self.phu.get('OBJECT', '').upper() == 'TWILIGHT':
            # Twilight flats are of OBSTYPE == OBJECT, meaning that the generic
            # FLAT tag won't be triggered. Add it explicitly
            return TagSet(['TWILIGHT', 'CAL',
                           'SLITILLUM' if self._tag_is_spect() else 'FLAT'])

    @astro_data_tag
    def _tag_domeflat(self):
        if self.phu.get('OBJECT', '').upper() == 'DOMEFLAT':
            return TagSet(['DOMEFLAT', 'CAL', 'FLAT'])

    @astro_data_tag
    def _tag_standard(self):
        obj = self.phu.get('OBJECT', '').lower().replace(' ', '')
        if obj in lookup.standard_star_names:
            return TagSet(['STANDARD', 'CAL'])

    @astro_data_tag
    def _tag_processed_standard(self):
        if 'SENSFUNC' in self.phu:
            return TagSet(['PROCESSED', 'STANDARD', 'CAL'], blocks=['RAW'])

    def _tag_is_spect(self):
        pairs = (
            ('MASKTYP', 0),
            ('MASKNAME', 'None'),
            ('GRATING', 'MIRROR')
        )

        matches = (self.phu.get(kw) == value for (kw, value) in pairs)
        if any(matches):
            return False
        return True

    @astro_data_tag
    def _tag_ifu(self):
        # if not self._tag_is_spect():
        #    return

        if self._tag_is_bias():
            return

        mapping = {
            'IFU-B': 'ONESLIT_BLUE',
            'IFU-B-NS': 'ONESLIT_BLUE',
            'b': 'ONESLIT_BLUE',
            'IFU-R': 'ONESLIT_RED',
            'IFU-R-NS': 'ONESLIT_RED',
            'r': 'ONESLIT_RED',
            'IFU-2': 'TWOSLIT',
            'IFU-NS-2': 'TWOSLIT',
            's': 'TWOSLIT'
        }

        names = {key for key in mapping.keys() if key.startswith('IFU')}

        mskt, mskn = self.phu.get('MASKTYP'), self.phu.get('MASKNAME')
        if mskt == -1 and (mskn in names or re.match('g[ns]ifu_slit[rbs]_mdf', mskn)):
            if mskn not in names:
                mskn = re.match('g.ifu_slit(.)_mdf', mskn).groups()[0]

            return TagSet(['IFU', mapping[mskn]])

    @astro_data_tag
    def _tag_mask(self):
        spg = self.phu.get
        if spg('GRATING') == 'MIRROR' and spg('MASKTYP') != 0:
            return TagSet(['MASK'])

    @astro_data_tag
    def _tag_image_or_spect(self):
        if self.phu.get('GRATING') == 'MIRROR':
            return TagSet(['IMAGE'])
        else:
            return TagSet(['SPECT'])

    @astro_data_tag
    def _tag_ls(self):
        # if not self._tag_is_spect():
        #    return

        if self._tag_is_bias():
            return

        if self.phu.get('MASKTYP') == 1 and self.phu.get('MASKNAME', '').endswith('arcsec'):
            return TagSet(['LS'])

    @astro_data_tag
    def _tag_mos(self):
        # if not self._tag_is_spect():
        #    return

        if self._tag_is_bias():
            return

        mskt = self.phu.get('MASKTYP')
        mskn = self.phu.get('MASKNAME', '')
        if mskt == 1 and not (mskn.startswith('IFU') or mskn.startswith('focus') or mskn.endswith('arcsec')):
            return TagSet(['MOS'])

    @astro_data_tag
    def _tag_nodandshuffle(self):
        if 'NODPIX' in self.phu:
            return TagSet(['NODANDSHUFFLE'])

[docs]    @astro_data_descriptor
    def amp_read_area(self):
        """
        Returns a list of amplifier read areas, one per extension, made by
        combining the amplifier name and detector section. Or returns a
        string if called on a single-extension slice.

        Returns
        -------
        list/str
            read_area of each extension
        """
        ampname = self.array_name()
        detsec = self.detector_section(pretty=True)
        # Combine the amp name(s) and detector section(s)
        if self.is_single:
            return "'{}':{}".format(ampname,
                                    detsec) if ampname and detsec else None
        else:
            return ["'{}':{}".format(a, d) if a and d else None
                    for a, d in zip(ampname, detsec)]


[docs]    @astro_data_descriptor
    def array_name(self):
        """
        Returns a list of the names of the arrays of the extensions, or
        a string if called on a single-extension slice

        Returns
        -------
        list/str
            names of the arrays
        """
        return self.hdr.get('AMPNAME')


[docs]    @astro_data_descriptor
    def central_wavelength(self, asMicrometers=False, asNanometers=False, asAngstroms=False):
        """
        Returns the central wavelength in meters or specified units

        Parameters
        ----------
        asMicrometers : bool
            If True, return the wavelength in microns
        asNanometers : bool
            If True, return the wavelength in nanometers
        asAngstroms : bool
            If True, return the wavelength in Angstroms

        Returns
        -------
        float
            The central wavelength setting
        """
        unit_arg_list = [asMicrometers, asNanometers, asAngstroms]
        if unit_arg_list.count(True) == 1:
            # Just one of the unit arguments was set to True. Return the
            # central wavelength in these units
            if asMicrometers:
                output_units = "micrometers"
            if asNanometers:
                output_units = "nanometers"
            if asAngstroms:
                output_units = "angstroms"
        else:
            # Either none of the unit arguments were set to True or more than
            # one of the unit arguments was set to True. In either case,
            # return the central wavelength in the default units of meters.
            output_units = "meters"
        # Keywords should be the same, but CENTWAVE was only added post-2007
        try:
            central_wavelength = self.phu['CENTWAVE']
        except KeyError:
            central_wavelength = self.phu.get('GRWLEN', -1)

        if central_wavelength <= 0.0:
            return None
        else:
            return gmu.convert_units('nanometers', central_wavelength,
                                     output_units)


[docs]    @astro_data_descriptor
    def detector_name(self, pretty=False):
        """
        Returns the name(s) of the detector(s), from the PHU DETID keyword.
        Calling with pretty=True will provide a single descriptive string.

        Parameters
        ----------
        pretty : bool
            If True, return a single descriptive string

        Returns
        -------
        str
            detector name
        """
        if pretty:
            pretty_detname_dict = {
                "SDSU II CCD": "EEV",
                "SDSU II e2v DD CCD42-90": "e2vDD",
                "S10892": "Hamamatsu-S",
                "S10892-N": "Hamamatsu-N"
            }
            return pretty_detname_dict.get(self.phu.get('DETTYPE'))
        else:
            return self.phu.get('DETID')


[docs]    @astro_data_descriptor
    def detector_rois_requested(self):
        """
        Returns a list of ROIs, as tuples in a 1-based inclusive (IRAF-like)
        format (x1, x2, y1, y2), in physical (unbinned) pixels.

        Returns
        -------
            list of tuples, one per ROI
        """
        roi_list = []
        for roi in range(1, 10):
            x1 = self.phu.get('DETRO{}X'.format(roi))
            xs = self.phu.get('DETRO{}XS'.format(roi))
            y1 = self.phu.get('DETRO{}Y'.format(roi))
            ys = self.phu.get('DETRO{}YS'.format(roi))
            if x1 and xs and y1 and ys:
                xs *= self.detector_x_bin()
                ys *= self.detector_y_bin()
                roi_section = Section(x1=x1 - 1, x2=x1 + xs - 1,
                                      y1=y1 - 1, y2=y1 + ys - 1)
                roi_list.append(roi_section)
            else:
                break
        return roi_list


[docs]    @astro_data_descriptor
    def detector_roi_setting(self):
        """
        Looks at the first ROI and returns a descriptive string describing it
        These are more or less the options in the OT

        Returns
        -------
        str
            Name of the ROI setting used or
            "Custom" if the ROI doesn't match
            "Undefined" if there's no ROI in the header
        """
        roi_dict = lookup.gmosRoiSettings
        rois = self.detector_rois_requested()
        if rois:
            roi_setting = 'Custom'
            for s in roi_dict:
                roi_tuple = (rois[0].y1, rois[0].y2, rois[0].x1, rois[0].x2)
                if roi_tuple in roi_dict[s]:
                    roi_setting = s
        else:
            roi_setting = 'Undefined'
        return roi_setting


[docs]    @astro_data_descriptor
    def detector_x_bin(self):
        """
        Returns the detector binning in the x-direction

        Returns
        -------
        int
            The detector binning
        """

        def _get_xbin(b):
            try:
                return int(b.split()[0])
            except (AttributeError, ValueError):
                return None

        binning = self.hdr.get('CCDSUM')
        if self.is_single:
            return _get_xbin(binning)
        else:
            xbin_list = [_get_xbin(b) for b in binning]
            # Check list is single-valued
            return xbin_list[0] if xbin_list == xbin_list[::-1] else None


[docs]    @astro_data_descriptor
    def detector_y_bin(self):
        """
        Returns the detector binning in the y-direction

        Returns
        -------
        int
            The detector binning
        """

        def _get_ybin(b):
            try:
                return int(b.split()[1])
            except (AttributeError, ValueError, IndexError):
                return None

        binning = self.hdr.get('CCDSUM')
        if self.is_single:
            return _get_ybin(binning)
        else:
            ybin_list = [_get_ybin(b) for b in binning]
            # Check list is single-valued
            return ybin_list[0] if ybin_list == ybin_list[::-1] else None


[docs]    @astro_data_descriptor
    def detector_x_offset(self):
        """
        Returns the offset from the reference position in pixels along
        the positive x-direction of the detector

        Returns
        -------
        float
            The offset in pixels
        """
        try:
            offset = self.phu.get('POFFSET') / self.pixel_scale()
        except TypeError:  # either is None
            return None
        # Flipped for GMOS-N if on bottom port
        return -offset if (self.phu.get('INPORT') == 1 and
                           self.instrument() == 'GMOS-N') else offset


[docs]    @astro_data_descriptor
    def detector_y_offset(self):
        """
        Returns the offset from the reference position in pixels along
        the positive y-direction of the detector

        Returns
        -------
        float
            The offset in pixels
        """
        try:
            offset = self.phu.get('QOFFSET') / self.pixel_scale()
        except TypeError:  # either is None
            return None
        # Flipped for GMOS-S if on bottom port
        return -offset if (self.phu.get('INPORT') == 1 and
                           self.instrument() == 'GMOS-S') else offset


[docs]    @astro_data_descriptor
    def disperser(self, stripID=False, pretty=False):
        """
        Returns the name of the disperser used for the observation.  In GMOS,
        the disperser is a grating.

        Parameters
        ----------
        stripID : bool
            If True, removes the component ID and returns only the name of
            the disperser.
        pretty : bool, also removed the trailing '+'
            If True,
        Returns
        -------
        str
            name of the grating
        """
        stripID |= pretty
        disperser = self.phu.get('GRATING')
        if stripID:
            disperser = gmu.removeComponentID(disperser)
            if pretty:
                try:
                    disperser = disperser.strip('+')
                except AttributeError:
                    pass

        return disperser


[docs]    @astro_data_descriptor
    def dispersion(self, asMicrometers=False, asNanometers=False, asAngstroms=False):
        """
        Returns the dispersion in meters per binned pixel as a list (one value per
        extension) or a float if used on a single-extension slice.  It is
        possible to control the units of wavelength using the input arguments.

        Parameters
        ----------
        asMicrometers : bool
            If True, return the wavelength in microns
        asNanometers : bool
            If True, return the wavelength in nanometers
        asAngstroms : bool
            If True, return the wavelength in Angstroms

        Returns
        -------
        list/float
            The dispersion(s)
        """
        unit_arg_list = [asMicrometers, asNanometers, asAngstroms]

        if unit_arg_list.count(True) == 1:
            # Just one of the unit arguments was set to True. Return the
            # central wavelength in these units
            if asMicrometers:
                output_units = "micrometers"
            if asNanometers:
                output_units = "nanometers"
            if asAngstroms:
                output_units = "angstroms"
        else:
            # Either none of the unit arguments were set to True or more than
            # one of the unit arguments was set to True. In either case,
            # return the central wavelength in the default units of meters.
            output_units = "meters"

        # This was breaking before
        try:
            grule = float(self.disperser(pretty=True)[1:])
        except ValueError:
            grule = None

        # Temporary setup. Assume wavelength calibration creates a
        # WDELTA keyword
        if self._keyword_for('dispersion') in self.hdr:
            dispersion = self.hdr[self._keyword_for('dispersion')]

        # Straight from gsappwave; linear interpolation does OK
        elif grule is not None:
            cenwave = self.central_wavelength()  # meters
            greq = 1000 * cenwave * grule

            gtilt = np.deg2rad(
                np.interp(
                    greq,
                    lookup.gratingeq[::-1],
                    np.arange(len(lookup.gratingeq), 0, -1)
                )
            )

            dispersion = - (81 * math.sin(gtilt + 0.87266) * self.pixel_scale() *
                            self.detector_x_bin() / self.detector_y_bin() * cenwave) / (206265. * greq)

        else:
            dispersion = None

        if dispersion is not None:
            grating_order = self.phu.get('GRORDER', 1)
            dispersion = gmu.convert_units('meters', dispersion / grating_order,
                                           output_units)

            if not self.is_single:
                dispersion = [dispersion] * len(self)

        return dispersion


[docs]    @returns_list
    @astro_data_descriptor
    def dispersion_axis(self):
        """
        Returns the axis along which the light is dispersed.

        Returns
        -------
        (list of) int (1)
            Dispersion axis.
       """
        return 1


[docs]    @astro_data_descriptor
    def exposure_time(self):
        """
        Returns the exposure time in seconds.

        Returns
        -------
        float
            Exposure time.

        """
        exp_time = self.phu.get(self._keyword_for('exposure_time'), -1)
        return None if exp_time < 0 or exp_time > 10000 else exp_time


[docs]    @astro_data_descriptor
    def focal_plane_mask(self, stripID=False, pretty=False):
        """
        Returns the name of the focal plane mask.

        Parameters
        ----------
        stripID : bool
            Doesn't actually do anything.
        pretty : bool
            Same as for stripID

        Returns
        -------
        str
            The name of the focal plane mask
        """
        mask = self.phu.get('MASKNAME')
        return 'Imaging' if mask == 'None' else mask


[docs]    @returns_list
    @astro_data_descriptor
    def gain(self):
        """
        Returns the gain (electrons/ADU) for each extension

        Returns
        -------
        list/float
            Gains used for the observation

        """
        # If the file has been prepared, we trust the header keywords
        if 'PREPARED' in self.tags:
            return self.hdr.get(self._keyword_for('gain'))

        # Get the correct dict of gain values
        ut_date = self.ut_date()
        if ut_date is None:
            return None  # converted to list by decorator if needed

        if ut_date >= date(2017, 2, 24):
            gain_dict = lookup.gmosampsGain
        elif ut_date >= date(2015, 8, 26):
            gain_dict = lookup.gmosampsGainBefore20170224
        elif ut_date >= date(2006, 8, 31):
            gain_dict = lookup.gmosampsGainBefore20150826
        else:
            gain_dict = lookup.gmosampsGainBefore20060831

        read_speed_setting = self.read_speed_setting()
        gain_setting = self.gain_setting()
        # This may be a list
        ampname = self.array_name()

        # Return appropriate object
        if self.is_single:
            return gain_dict.get((read_speed_setting, gain_setting, ampname))
        else:
            return [gain_dict.get((read_speed_setting, gain_setting, a))
                    for a in ampname]


[docs]    @astro_data_descriptor
    def gain_setting(self):
        """
        Returns the gain settings of the observation.

        Returns
        -------
        str
            Gain setting
        """

        def _get_setting(g):
            if g is None:
                return None
            else:
                return 'low' if g < 3.0 else 'high'

        # This seems to rely on obtaining the original GAIN header keyword
        gain_settings = None
        if 'PREPARED' not in self.tags:
            # Use the (incorrect) GAIN header keywords to determine the setting
            gain = self.hdr.get('GAIN')
        else:
            # For prepared data, we use the value of the gain_setting keyword
            try:
                gain_settings = self.hdr[self._keyword_for('gain_setting')]
            except KeyError:
                # This code deals with data that haven't been processed with
                # gemini_python (no GAINSET keyword), but have a PREPARED tag
                try:
                    gain = self.hdr['GAINORIG']
                    # If GAINORIG is 1 in all the extensions, then the original
                    # gain is actually in GAINMULT(!?)
                    if gain == 1 or gain == [1] * len(self):
                        gain = self.hdr['GAINMULT']
                except KeyError:
                    # Use the gain() descriptor as a last resort
                    gain = self.gain()

        # Convert gain to gain_settings if we only got the gain
        if gain_settings is None:
            if self.is_single:
                gain_settings = _get_setting(gain)
            else:
                gain_settings = [_get_setting(g) for g in gain]

        # If multiple extensions, only allow one gain setting to be discrepant
        if isinstance(gain_settings, list):
            for item in gain_settings:
                if gain_settings.count(item) >= len(self) - 1:
                    return item
            return None
        else:
            return gain_settings


[docs]    @astro_data_descriptor
    def group_id(self):
        """
        Returns a string representing a group of data that are compatible
        with each other.  This is used when stacking, for example.  Each
        instrument and mode of observation will have its own rules.

        GMOS uses the detector binning, amp_read_area, gain_setting, and
        read_speed_setting. Flats and twilights have the pretty version of
        the filter name included. Science data have the pretty filter name
        and observation_id as well. And spectroscopic data have the grating.
        Got all that?

        Returns
        -------
        str
            A group ID for compatible data.
        """
        tags = self.tags

        # Things needed for all observations
        unique_id_descriptor_list_all = ['detector_x_bin', 'detector_y_bin',
                                         'read_mode', 'amp_read_area']
        if 'SPECT' in tags:
            unique_id_descriptor_list_all.append('disperser')

        # List to format descriptor calls using 'pretty=True' parameter
        call_pretty_version_list = ['filter_name', 'disperser']

        # Force this to be a list
        force_list = ['amp_read_area']

        if 'BIAS' in tags:
            id_descriptor_list = []
        elif 'DARK' in tags:
            id_descriptor_list = ['exposure_time']
        elif 'IMAGE' in tags and ('FLAT' in tags or 'TWILIGHT' in tags):
            id_descriptor_list = ['filter_name']
        elif 'SPECT' in tags and ('FLAT' in tags or 'SLITILLUM' in tags
                or 'ARC' in tags):
            id_descriptor_list = ['filter_name', 'central_wavelength']
        elif 'SPECT' in tags and 'STANDARD' in tags:
            id_descriptor_list = ['observation_id', 'filter_name',
                                  'central_wavelength']
        else:  # SPECT science
            id_descriptor_list = ['observation_id', 'filter_name']

        # Add in all of the common descriptors required
        id_descriptor_list.extend(unique_id_descriptor_list_all)

        # Form the group_id
        descriptor_object_string_list = []
        for descriptor in id_descriptor_list:
            kw = {}
            if descriptor in call_pretty_version_list:
                kw['pretty'] = True
            descriptor_object = getattr(self, descriptor)(**kw)

            # Ensure we get a list, even if only looking at one extension
            if (descriptor in force_list and
                    not isinstance(descriptor_object, list)):
                descriptor_object = [descriptor_object]

            # Convert descriptor to a string and store
            descriptor_object_string_list.append(str(descriptor_object))

        # Create and return the final group_id string
        return '_'.join(descriptor_object_string_list)


[docs]    @astro_data_descriptor
    def instrument(self, generic=False):
        """
        Returns the name of the instrument making the observation

        Parameters
        ----------
        generic: boolean
            If set, don't specify the specific instrument if there are clones
            (e.g., return "GMOS" rather than "GMOS-N" or "GMOS-S")

        Returns
        -------
        str
            instrument name
        """
        return 'GMOS' if generic else self.phu.get('INSTRUME')


[docs]    @astro_data_descriptor
    def nod_count(self):
        """
        Returns a tuple with the number of integrations made in each
        of the nod-and-shuffle positions

        Returns
        -------
        tuple
            number of integrations in the A and B positions
        """
        try:
            return (int(self.phu['ANODCNT']), int(self.phu['BNODCNT']))
        except KeyError:
            return None


[docs]    @astro_data_descriptor
    def nod_offsets(self):
        """
        Returns a tuple with the offsets from the default telescope position
        of the A and B nod-and-shuffle positions (in arcseconds)

        Returns
        -------
        tuple
            offsets in arcseconds
        """
        # Cope with two possible situations
        try:
            ayoff = self.phu['NODAYOFF']
            byoff = self.phu['NODBYOFF']
        except KeyError:
            ayoff = 0.0
            try:
                byoff = self.phu['NODYOFF']
            except KeyError:
                return None
        return (ayoff, byoff)


[docs]    @astro_data_descriptor
    def shuffle_pixels(self):
        """
        Returns the number of rows that the charge has been shuffled, in
        nod-and-shuffle data

        Returns
        -------
        int
            The number of rows by which the charge is shuffled
        """
        return self.phu.get('NODPIX') if 'NODANDSHUFFLE' in self.tags else None


[docs]    @astro_data_descriptor
    def nominal_photometric_zeropoint(self):
        """
        Returns the nominal zeropoints (i.e., the magnitude corresponding to
        a pixel value of 1) for the extensions in an AD object.
        Zeropoints in table are for electrons, so subtract 2.5*lg(gain)
        if the data are in ADU

        Returns
        -------
        float/list
            zeropoint values, one per SCI extension
        """

        def _zpt(ccd, filt, gain, in_adu):
            zpt = lookup.nominal_zeropoints.get((ccd, filt))
            try:
                return zpt - (2.5 * math.log10(gain) if in_adu else 0)
            except TypeError:
                return None

        gain = self.gain()
        filter_name = self.filter_name(pretty=True)
        ccd_name = self.hdr.get('CCDNAME')
        in_adu = self.is_in_adu()

        if self.is_single:
            return _zpt(ccd_name, filter_name, gain, in_adu)
        else:
            return [_zpt(c, filter_name, g, in_adu)
                    for c, g in zip(ccd_name, gain)]


[docs]    @returns_list
    @astro_data_descriptor
    def non_linear_level(self):
        """
        Returns the level at which the data become non-linear, in ADU.
        For GMOS, this is just the saturation level.

        Returns
        -------
        int/list
            Value(s) at which the data become non-linear
        """
        return self.saturation_level()


[docs]    @astro_data_descriptor
    def overscan_section(self, pretty=False):
        """
        Returns the overscan (or bias) section.  If pretty is False, a
        tuple of 0-based coordinates is returned with format (x1, x2, y1, y2).
        If pretty is True, a keyword value is returned without parsing as a
        string.  In this format, the coordinates are generally 1-based.

        One tuple or string is return per extension/array.  If more than one
        array, the tuples/strings are return in a list.  Otherwise, the
        section is returned as a tuple or a string.

        Parameters
        ----------
        pretty : bool
         If True, return the formatted string found in the header.

        Returns
        -------
        tuple of integers or list of tuples
            Position of the overscan section using Python slice values.

        string or list of strings
            Position of the overscan section using an IRAF section
            format (1-based).
        """
        return self._parse_section('BIASSEC', pretty)


[docs]    @astro_data_descriptor
    def pixel_scale(self):
        """
        Returns the image scale in arcsec per pixel, accounting for binning

        Returns
        -------
        float
            pixel scale
        """
        pixscale_dict = lookup.gmosPixelScales

        # Pixel scale dict is keyed by instrument ('GMOS-N' or 'GMOS-S')
        # and detector type
        pixscale_key = (self.instrument(), self.phu.get('DETTYPE'))
        try:
            raw_pixel_scale = pixscale_dict[pixscale_key]
        except KeyError:
            return None
        return raw_pixel_scale * self.detector_y_bin()


[docs]    @astro_data_descriptor
    def read_mode(self):
        """
        Returns a string describing the readout mode, which sets the
        gain and readout speed

        Returns
        -------
        str
            read mode used
        """
        # Get the right mapping (detector-dependent)
        det_key = 'Hamamatsu' if \
            self.detector_name(pretty=True).startswith('Hamamatsu') \
            else 'default'
        mode_dict = lookup.read_mode_map.get(det_key)
        mode_key = (self.gain_setting(), self.read_speed_setting())
        return mode_dict.get(mode_key)


[docs]    @returns_list
    @astro_data_descriptor
    def read_noise(self):
        """
        Returns the read noise in electrons. Returns a list if multiple
        extensions, or a float on a single-extension slice.

        Returns
        -------
        float/list
            read noise
        """
        if 'PREPARED' in self.tags:
            return self.hdr.get(self._keyword_for('read_noise'))
        else:
            # Get the correct dict of read noise values
            ut_date = self.ut_date()
            if ut_date is None:
                return None  # converted to list by decorator if needed

            if ut_date > date(2017, 2, 24):
                rn_dict = lookup.gmosampsRdnoise
            elif ut_date >= date(2015, 8, 26):
                rn_dict = lookup.gmosampsRdnoiseBefore20170224
            elif ut_date >= date(2006, 8, 31):
                rn_dict = lookup.gmosampsRdnoiseBefore20150826
            else:
                rn_dict = lookup.gmosampsRdnoiseBefore20060831

        read_speed_setting = self.read_speed_setting()
        gain_setting = self.gain_setting()
        # This may be a list
        ampname = self.array_name()

        # Return appropriate object
        # Return appropriate object
        if self.is_single:
            return rn_dict.get((read_speed_setting, gain_setting, ampname))
        else:
            return [rn_dict.get((read_speed_setting, gain_setting, a))
                    for a in ampname]


[docs]    @astro_data_descriptor
    def read_speed_setting(self):
        """
        Returns the setting for the readout speed (slow or fast)

        Returns
        -------
        str
            the setting for the readout speed
        """
        try:
            ampinteg = self.phu['AMPINTEG']
        except KeyError:
            return None
        detector = self.detector_name(pretty=True)
        if detector.startswith('Hamamatsu'):
            return 'slow' if ampinteg > 8000 else 'fast'
        else:
            return 'slow' if ampinteg > 2000 else 'fast'


[docs]    @astro_data_descriptor
    def saturation_level(self):
        """
        Returns the saturation level (in ADU)

        Returns
        -------
        int/list
            saturation level
        """

        def _well_depth(detector, amp, bin, gain, in_adu):
            try:
                return lookup.gmosThresholds[detector][amp] * bin / (
                    1 if in_adu else gain)
            except KeyError:
                return None

        # We need to know whether the data have been bias-subtracted
        # First, look for keywords in PHU
        bias_subtracted = \
            self.phu.get(self._keyword_for('bias_image')) is not None or \
            self.phu.get(self._keyword_for('dark_image')) is not None

        # OVERSCAN keyword also means data have been bias-subtracted
        overscan_levels = self.hdr.get('OVERSCAN')

        detname = self.detector_name(pretty=True)
        detector = self.phu['DETECTOR']  # the only way to distinguish GMOS-S Ham pre/post video board work.
        xbin = self.detector_x_bin()
        ybin = self.detector_y_bin()
        bin_factor = xbin * ybin
        ampname = self.array_name()
        gain = self.gain()
        in_adu = self.is_in_adu()

        # Get estimated bias levels from LUT
        bias_levels = get_bias_level(self, estimate=False)
        if bias_levels is None:
            bias_levels = 0.0 if self.is_single else [0.0] * len(self)
        else:
            if not self.is_single:
                bias_levels = [b if b is not None else 0 for b in bias_levels]

        adc_limit = 65535
        # Get the limit that could be processed without hitting the ADC limit
        # Subtracted bias level if data are bias-subtracted, and
        # multiply by gain if data are in electron/electrons
        if self.is_single:
            bias_subtracted |= overscan_levels is not None
            processed_limit = (adc_limit - (bias_levels if bias_subtracted
                                            else 0)) * (1 if in_adu else gain)
        else:
            bias_subtracted = [bias_subtracted or o is not None
                               for o in overscan_levels]
            processed_limit = [(adc_limit - (blev if bsub else 0))
                               * (1 if in_adu else g)
                               for blev, bsub, g in
                               zip(bias_levels, bias_subtracted, gain)]

        # For old EEV data, or heavily-binned data, we're ADC-limited
        if detname == 'EEV' or bin_factor > 2:
            return processed_limit
        else:
            # Otherwise, we're limited by the electron well depths
            if self.is_single:
                saturation = _well_depth(detector, ampname, bin_factor, gain, in_adu)
                if saturation is None:
                    saturation = processed_limit
                else:
                    saturation += bias_levels if not bias_subtracted else 0
                    if saturation > processed_limit:
                        saturation = processed_limit
            else:
                well_limit = [_well_depth(detector, a, bin_factor, g, in_adu)
                              for a, g in zip(ampname, gain)]
                saturation = [None if w is None else
                              min(w + blev if not bsub else 0, p)
                              for w, p, blev, bsub in zip(well_limit,
                                                          processed_limit, bias_levels, bias_subtracted)]
        return saturation


[docs]    @astro_data_descriptor
    def wcs_ra(self):
        """
        Returns the Right Ascension of the center of the field based on the
        WCS rather than the RA keyword. This just uses the CRVAL1 keyword.

        Returns
        -------
        float
            right ascension in degrees
        """
        # Try the first (only if sliced) extension, then the PHU
        try:
            h = self[0].hdr
            crval = h['CRVAL1']
            ctype = h['CTYPE1']
        except (KeyError, IndexError):
            crval = self.phu.get('CRVAL1')
            ctype = self.phu.get('CTYPE1')
        return crval if ctype == 'RA---TAN' else None


[docs]    @astro_data_descriptor
    def wcs_dec(self):
        """
        Returns the Declination of the center of the field based on the
        WCS rather than the DEC keyword. This just uses the CRVAL2 keyword.

        Returns
        -------
        float
            declination in degrees
        """
        # Try the first (only if sliced) extension, then the PHU
        try:
            h = self[0].hdr
            crval = h['CRVAL2']
            ctype = h['CTYPE2']
        except (KeyError, IndexError):
            crval = self.phu.get('CRVAL2')
            ctype = self.phu.get('CTYPE2')
        return crval if ctype == 'DEC--TAN' else None






          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.gmos.pixel_functions

#
#                                                                  gemini_python
#
#                                                                   gempy.gemini
#                                                    pixel_functions.py
# ------------------------------------------------------------------------------
# $Id$
# ------------------------------------------------------------------------------
# The gemini_data_calculations module contains functions that calculate values
# from Gemini data, only get_bias_level() needs to be called

import numpy as np
from datetime import date
from gemini_instruments.gmos import lookup
# ------------------------------------------------------------------------------
[docs]def get_bias_level(adinput=None, estimate=True):
    # Temporarily only do this for GMOS data. It would be better if we could do
    # checks on oberving band / type (e.g., OPTICAL / IR) and have this
    # function call an appropriate function. This is in place due to the call
    # to the function from the primitives_qa module - MS 2014-05-14 see
    # Trac #683
    __ALLOWED_TYPES__ = ["GMOS"]
    if not set(__ALLOWED_TYPES__).issubset(adinput.tags):
        msg = "{}.{} only works for {} data".format(__name__,
                                                       "get_bias_level",
                                                       __ALLOWED_TYPES__)
        raise NotImplementedError(msg)
    elif estimate:
        bias_level = _get_bias_level_estimate(adinput=adinput)
    else:
        bias_level = _get_bias_level(adinput=adinput)
    return bias_level


def _get_bias_level(adinput=None):
    """
    Determine the bias level value from the science extensions of the input
    AstroData object. The bias level is equal to the median of the overscan
    region. A float or list of floats is returned, depdending on whether the
    input is a single-extension slice.

    Parameters
    ----------
    adinput: AstroDataGmos
        The thing we want to know the bias level of

    Returns
    -------
    float/list
        the bias level(s)
    """
    # Get the overscan section value using the appropriate descriptor
    overscans = adinput.overscan_section()
    if not isinstance(overscans, list):
        overscans = [overscans]

    bias_level = []

    # Only measure if *all* extensions return an overscan section
    if all(ov is not None for ov in overscans):
        # The type of CCD determines the number of contaminated columns in the
        # overscan region. Get the pretty detector name value using the
        # appropriate descriptor.
        detector_name = adinput.detector_name(pretty=True)
        if detector_name == "EEV":
            nbiascontam = 4
        elif detector_name == "e2vDD":
            nbiascontam = 5
        elif detector_name.startswith("Hamamatsu"):
            nbiascontam = 4
        else:
            nbiascontam = 4

        # adinput is always iterable (even if _single); make sure overscans is
        for ext, overscan_section in zip(adinput, overscans):
            # Turn tuple into list to make mutable
            osec = list(overscan_section)
            # Don't include columns at edges
            if osec[0] == 0:
                # Overscan region is on the left
                osec[1] -= nbiascontam
                osec[0] += 1
            else:
                # Overscan region is on the right
                osec[0] += nbiascontam
                osec[1] -= 1

            # Extract overscan data. In numpy arrays, y indices come first.
            overscan_data = ext.data[osec[2]:osec[3], osec[0]:osec[1]]
            bias_level.append(np.median(overscan_data))

        # Turn single-element list into a value if sent a single-extension slice
        if adinput._single:
            bias_level = bias_level[0]
    else:
        bias_level = _get_bias_level_estimate(adinput=adinput)

    return bias_level

def _get_bias_level_estimate(adinput=None):
    """
    Determine an estiamte of the bias level value from GMOS data.

    Parameters
    ----------
    adinput: AstroDataGmos
        Image/slice we want to determine the bias level of

    Returns
    -------
    float/list
        Estimate of the bias level
    """
    # We use OVERSCAN if it exists, otherwise use RAWBIAS if it exists,
    # otherwise use the LUT value. To avoid slow slicing later, get the LUT
    # values now, even if we're not going to need them
    ut_date = adinput.ut_date()
    if ut_date >= date(2017, 2, 24):
        bias_dict = lookup.gmosampsBias
    elif ut_date >= date(2015, 8, 26):
        bias_dict = lookup.gmosampsBiasBefore20170224
    elif ut_date >= date(2006, 8, 31):
        bias_dict = lookup.gmosampsBiasBefore20150826
    else:
        bias_dict = lookup.gmosampsBiasBefore20060831

    read_speed_setting = adinput.read_speed_setting()
    gain_setting = adinput.gain_setting()
    # This may be a list
    ampname = adinput.array_name()

    # Create appropriate object (list/value) of LUT bias level(s)
    if isinstance(ampname, list):
        lut_bias = [bias_dict.get((read_speed_setting, gain_setting, a))
                for a in ampname]
    else:
        lut_bias = bias_dict.get((read_speed_setting, gain_setting, ampname))

    # Get the overscan value and the raw bias level from the extension headers
    overscan_values = adinput.hdr.get('OVERSCAN')
    raw_bias_levels = adinput.hdr.get('RAWBIAS')

    try:
        bias_level = [o if o is not None else
                      r if r is not None else b
                      for o,r,b in zip(overscan_values, raw_bias_levels,
                                       lut_bias)]
    except TypeError:
        bias_level = overscan_values if overscan_values is not None else \
            raw_bias_levels if raw_bias_levels is not None else \
            lut_bias

    return bias_level




          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.gmos.tests.test_gmos

import pytest
import astrodata
import astrodata.testing
import gemini_instruments

GMOS_DESCRIPTORS_TYPES = [
    ('detector_x_offset', float),
    ('detector_y_offset', float),
    ('nod_count', tuple),
    ('nod_offsets', tuple),
    ('pixel_scale', float),
    ('shuffle_pixels', int),
]

test_files = [
    "N20110826S0336.fits",
    "N20150624S0106.fits",
    "N20160524S0119.fits",
    "N20170529S0168.fits",
]


[docs]@pytest.fixture(params=test_files)
def ad(request):
    filename = request.param
    path = astrodata.testing.download_from_archive(filename)
    return astrodata.open(path)



[docs]@pytest.mark.dragons_remote_data
def test_is_right_instance(ad):
    assert isinstance(ad, gemini_instruments.gmos.adclass.AstroDataGmos)



[docs]@pytest.mark.dragons_remote_data
def test_can_return_instrument(ad):
    assert ad.phu['INSTRUME'] in ['GMOS-N', 'GMOS-S']
    assert ad.instrument() == ad.phu['INSTRUME']



[docs]@pytest.mark.dragons_remote_data
def test_can_return_ad_length(ad):
    assert len(ad)



[docs]@pytest.mark.parametrize("descriptor,expected_type", GMOS_DESCRIPTORS_TYPES)
@pytest.mark.dragons_remote_data
def test_descriptor_matches_type(ad, descriptor, expected_type):
    value = getattr(ad, descriptor)()
    assert isinstance(value, expected_type) or value is None, \
        "Assertion failed for file: {}".format(ad.filename)



if __name__ == '__main__':

    pytest.main()




          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.gnirs.adclass

import math
import re

from astrodata import astro_data_tag, astro_data_descriptor, TagSet, returns_list

from ..gemini import AstroDataGemini
from ..common import build_group_id

from .lookup import detector_properties, nominal_zeropoints, read_modes
from .lookup import pixel_scale_shrt, pixel_scale_long

# NOTE: Temporary functions for test. gempy imports astrodata and
#       won't work with this implementation
from .. import gmu

[docs]class AstroDataGnirs(AstroDataGemini):

    __keyword_dict = dict(central_wavelength='GRATWAVE',)

    @staticmethod
    def _matches_data(source):
        return source[0].header.get('INSTRUME', '').upper() == 'GNIRS'

    @astro_data_tag
    def _tag_instrument(self):
        return TagSet(['GNIRS'])

    @astro_data_tag
    def _type_dark(self):
        if self.phu.get('OBSTYPE') == 'DARK':
            return TagSet(['DARK', 'CAL'], blocks=['IMAGE', 'SPECT'])

    @astro_data_tag
    def _type_arc(self):
        if self.phu.get('OBSTYPE') == 'ARC':
            return TagSet(['ARC', 'CAL'])

    @astro_data_tag
    def _type_image(self):
        if self.phu.get('ACQMIR') == 'In':
            return TagSet(['IMAGE'])

    @astro_data_tag
    def _type_mask(self):
        if 'Acq' not in self.phu.get('SLIT', ''):
            return TagSet(['MASK'], if_present=['ACQUISITION'])

    @astro_data_tag
    def _type_spect(self):
        if self.phu.get('ACQMIR') == 'Out':
            tags = {'SPECT'}
            slit = self.phu.get('SLIT', '').lower()
            grat = self.phu.get('GRATING', '')
            prism = self.phu.get('PRISM', '')
            if slit == 'ifu':
                tags.add('IFU')
            elif ('arcsec' in slit or 'pin' in slit) and 'mm' in grat:
                if 'MIR' in prism:
                    tags.add('LS')
                elif 'XD' in prism:
                    tags.add('XD')
            return TagSet(tags)

    @astro_data_tag
    def _type_flats(self):
        if self.phu.get('OBSTYPE') == 'FLAT':
            if 'Pinholes' in self.phu.get('SLIT', ''):
                return TagSet(['PINHOLE', 'CAL'], remove=['GCALFLAT'])

            return TagSet(['FLAT', 'CAL'])

[docs]    @astro_data_descriptor
    def array_section(self, pretty=False):
        """
        Returns the section covered by the array(s) relative to the detector
        frame.  For example, this can be the position of multiple amps read
        within a CCD.  If pretty is False, a tuple of 0-based coordinates
        is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
        value is returned without parsing as a string.  In this format, the
        coordinates are generally 1-based.

        One tuple or string is return per extension/array, in a list. If the
        method is called on a single slice, the section is returned as a tuple
        or a string.

        Parameters
        ----------
        pretty : bool
            If True, return the formatted string found in the header.

        Returns
        -------
        tuple of integers or list of tuples
            Position of extension(s) using Python slice values

        string or list of strings
            Position of extension(s) using an IRAF section format (1-based)
        """
        return self._parse_section('FULLFRAME', pretty)


[docs]    @returns_list
    @astro_data_descriptor
    def data_section(self, pretty=False):
        """
        Returns the rectangular section that includes the pixels that would be
        exposed to light.  If pretty is False, a tuple of 0-based coordinates
        is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
        value is returned without parsing as a string.  In this format, the
        coordinates are generally 1-based.

        One tuple or string is return per extension/array, in a list. If the
        method is called on a single slice, the section is returned as a tuple
        or a string.

        Parameters
        ----------
        pretty : bool
         If True, return the formatted string found in the header.

        Returns
        -------
        tuple of integers or list of tuples
            Location of the pixels exposed to light using Python slice values.

        string or list of strings
            Location of the pixels exposed to light using an IRAF section
            format (1-based).
        """
        return self._parse_section('FULLFRAME', pretty)


[docs]    @astro_data_descriptor
    def detector_section(self, pretty=False):
        """
        Returns the section covered by the detector relative to the whole
        mosaic of detectors.  If pretty is False, a tuple of 0-based coordinates
        is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
        value is returned without parsing as a string.  In this format, the
        coordinates are generally 1-based.

        One tuple or string is return per extension/array, in a list. If the
        method is called on a single slice, the section is returned as a tuple
        or a string.

        Parameters
        ----------
        pretty : bool
         If True, return the formatted string found in the header.

        Returns
        -------
        tuple of integers or list of tuples
            Position of the detector using Python slice values.

        string or list of strings
            Position of the detector using an IRAF section format (1-based).
        """
        return self.array_section(pretty=pretty)


[docs]    @astro_data_descriptor
    def detector_x_offset(self):
        """
        Returns the offset from the reference position in pixels along
        the positive x-direction of the detector

        Returns
        -------
        float
            The offset in pixels
        """
        try:
            offset = self.phu.get('QOFFSET') / self.pixel_scale()
        except TypeError:  # either is None
            return None
        # Flipped if on bottom port unless AO is operating
        return -offset if (self.phu.get('INPORT') == 1 and
                           not self.is_ao()) else offset

[docs]    @astro_data_descriptor
    def detector_y_offset(self):
        """
        Returns the offset from the reference position in pixels along
        the positive y-direction of the detector

        Returns
        -------
        float
            The offset in pixels
        """
        try:
            return -self.phu.get('POFFSET') / self.pixel_scale()
        except TypeError:  # either is None
            return None


[docs]    @astro_data_descriptor
    def disperser(self, stripID=False, pretty=False):
        """
        Returns the name of the disperser group as the name of the grating
        and of the prims joined with '&', unless the acquisition mirror is
        in the beam, then returns the string "MIRROR". The component ID can
        be removed with either 'stripID' or 'pretty' set to True.

        Parameters
        ----------
        stripID : bool
            If True, removes the component ID and returns only the name of
            the disperser.
        pretty : bool
            Same as for stripID.  Pretty here does not do anything more.

        Returns
        -------
        str
            The disperser group, as grism&prism, with or without the
            component ID.
        """
        if self.phu.get('ACQMIR') == 'In':
            return 'MIRROR'

        grating = self._grating(stripID=stripID, pretty=pretty)
        prism = self._prism(stripID=stripID, pretty=pretty)
        if prism.startswith('MIR'):
            return grating

        return "{}&{}".format(grating, prism)


[docs]    @astro_data_descriptor
    def focal_plane_mask(self, stripID=False, pretty=False):
        """
        Returns the name of the focal plane mask group as the slit and the
        decker joined with '&', or as a shorter (pretty) version.
        The component ID can be removed with either 'stripID' or 'pretty'
        set to True.

        Parameters
        ----------
        stripID : bool
            If True, removes the component ID and returns only the name of
            the focal plane mask.
        pretty : bool
            If True, removes the component IDs and returns a short string
            representing broadly the setting.

        Returns
        -------
        str
            The name of the focal plane mask with or without the component ID.
        """
        try:
            slit = self.slit(stripID=stripID,
                             pretty=pretty).replace('Acquisition', 'Acq')
            decker = self.decker(stripID=stripID,
                                 pretty=pretty).replace('Acquisition', 'Acq')
        except AttributeError:  # either slit or decker is None
            return None

        # Default fpm value
        fpm = "{}&{}".format(slit, decker)
        if pretty:
            if "Long" in decker:
                fpm = slit
            elif "XD" in decker:
                fpm = "{}XD".format(slit)
            elif "IFU" in slit and "IFU" in decker:
                fpm = "IFU"
            elif "Acq" in slit and "Acq" in decker:
                fpm = "Acq"
        return fpm


[docs]    @returns_list
    @astro_data_descriptor
    def gain(self):
        """
        Returns the gain used for the observation.  This is read from a
        lookup table using the read_mode and the well_depth.

        Returns
        -------
        float
            Gain used for the observation.
        """
        read_mode = self.read_mode()
        well_depth = self.well_depth_setting()

        return getattr(detector_properties.get((read_mode, well_depth)),
                       'gain', None)


[docs]    @astro_data_descriptor
    def group_id(self):
        """
        Returns a string representing a group of data that are compatible
        with each other.  This is used when stacking, for example.  Each
        instrument, mode of observation, and data type will have its own rules.

        Returns
        -------
        str
            A group ID for compatible data.
        """
        tags = self.tags
        if 'DARK' in tags:
            desc_list = ['read_mode', 'exposure_time', 'coadds']
        else:
            # The descriptor list is the same for flats and science frames
            desc_list = ['observation_id', 'filter_name', 'camera', 'read_mode']

        desc_list.extend(['well_depth_setting', 'detector_section',
                          'disperser', 'focal_plane_mask'])

        if 'IMAGE' in tags and 'FLAT' in tags:
            additional_item = 'GNIRS_IMAGE_FLAT'
        else:
            additional_item = None

        return build_group_id(self, desc_list, prettify=('filter_name',
                              'disperser', 'focal_plane_mask'),
                              additional=additional_item)


[docs]    @astro_data_descriptor
    def nominal_photometric_zeropoint(self):
        """
        Returns the nominal photometric zeropoint for the observation.
        This value is obtained from a lookup table based on gain, the
        camera used, and the filter used.

        Returns
        -------
        float
            The nominal photometric zeropoint as a magnitude.
        """
        gain = self.gain()
        camera = self.camera()
        filter_name = self.filter_name(pretty=True)
        in_adu = self.is_in_adu()
        zpt = nominal_zeropoints.get((camera, filter_name))

        # Zeropoints in table are for electrons, so subtract 2.5*log10(gain)
        # if the data are in ADU
        if self.is_single:
            try:
                return zpt - (2.5 * math.log10(gain) if in_adu else 0)
            except TypeError:
                return None
        else:
            return [zpt - (2.5 * math.log10(g) if in_adu else 0) if zpt and g
                    else None for g in gain]


[docs]    @astro_data_descriptor
    def non_linear_level(self):
        """
        Returns the level at which the array becomes non-linear.  The
        return units are ADUs.  A lookup table is used and the value
        is based on read_mode, well_depth_setting, and saturation_level.

        Returns
        -------
        int/list
            Level in ADU at which the non-linear regime starts.

        """
        read_mode = self.read_mode()
        well_depth = self.well_depth_setting()

        limit = getattr(detector_properties.get((read_mode, well_depth)),
                        'linearlimit', None)
        sat_level = self.saturation_level()

        if self.is_single:
            try:
                return int(limit * sat_level)
            except TypeError:
                return None
        else:
            return [int(limit * s) if limit and s else None
                    for s in sat_level]


[docs]    @astro_data_descriptor
    def pixel_scale(self):
        """
        Returns the pixel scale in arc seconds. GNIRS pixel scale is determined
        soley by the camera used, long or short, regardless of color band
        (red|blue).

        GNIRS instrument page,

            https://www.gemini.edu/sciops/instruments/gnirs/spectroscopy

        Short camera (0.15"/pix) -- lookup.pixel_scale_shrt
        Long  camera (0.05"/pix) -- lookup.pixel_scale_long


        Returns
        -------
        <float>, 
            Pixel scale in arcsec

        Raises
        ------
        ValueError
            If 'camera' is neither short nor long, it is unrecognized.

        """
        try:
            camera = self.camera().lower()
        except AttributeError:
            return None

        if 'short' in camera:
            return pixel_scale_shrt
        elif 'long' in camera:
            return pixel_scale_long
        else:
            raise ValueError("Unrecognized GNIRS camera, {}".format(camera))



[docs]    @astro_data_descriptor
    def ra(self):
        """
        Returns the Right Ascension of the center of the field in degrees.
        Uses the RA derived from the WCS, unless it is wildly different from
        the target RA stored in the headers (with telescope offset and in
        ICRS).  When that's the case the target RA is used.

        Returns
        -------
        float
            Right Ascension of the target in degrees.
        """
        # In general, the GNIRS WCS is the way to go. But sometimes the DC
        # has a bit of a senior moment and the WCS is miles off (presumably
        # still has values from the previous observation or something.
        # Who knows.  So we do a sanity check on it and use the target values
        # if it's messed up

        wcs_ra = self.wcs_ra()
        if wcs_ra is None:
            return self.phu.get('RA', None)
        try:
            tgt_ra = self.target_ra(offset=True, icrs=True)
        except:  # Return WCS value if we can't get our sanity check
            return wcs_ra
        delta = abs(wcs_ra - tgt_ra)

        # wraparound?
        if delta > 180:
            delta = abs(delta - 360)
        delta = delta * 3600 # to arcsecs

        # And account for cos(dec) factor
        delta /= math.cos(math.radians(self.dec()))

        # If more than 1000" arcsec different, WCS is probably bad
        return (tgt_ra if delta > 1000 else wcs_ra)


[docs]    @astro_data_descriptor
    def dec(self):
        """
        Returns the Declination of the center of the field in degrees.
        Uses the Dec derived from the WCS, unless it is wildly different from
        the target Dec stored in the headers (with telescope offset and in
        ICRS).  When that's the case the target Dec is used.

        Returns
        -------
        float
            Declination of the center of the field in degrees.

        """
        # In general, the GNIRS WCS is the way to go. But sometimes the DC
        # has a bit of a senior moment and the WCS is miles off (presumably
        # still has values from the previous observation or something.
        # Who knows.  So we do a sanity check on it and use the target values
        # if it's messed up

        wcs_dec = self.wcs_dec()
        if wcs_dec is None:
            return self.phu.get('DEC', None)
        try:
            tgt_dec = self.target_dec(offset=True, icrs=True)
        except:  # Return WCS value if we can't get our sanity check
            return wcs_dec
        delta = abs(wcs_dec - tgt_dec)

        # wraparound?
        if delta > 180:
            delta = abs(delta - 360)
        delta = delta * 3600 # to arcsecs

        # If more than 1000" arcsec different, WCS is probably bad
        return (tgt_dec if delta > 1000 else wcs_dec)


[docs]    @astro_data_descriptor
    def read_mode(self):
        """
        Returns the read mode for the observation.  Uses a lookup table
        indexed on the number of non-destructive read pairs (LNRS) and
        the number of digital averages (NDAVGS)

        Returns
        -------
        str
            Read mode for the observation.
        """
        return read_modes.get((self.phu.get('LNRS'), self.phu.get('NDAVGS')),
                              "Unknown")


[docs]    @returns_list
    @astro_data_descriptor
    def read_noise(self):
        """
        Returns the detector read noise, in electrons.
        A lookup table indexed on read_mode and well_depth_setting is
        used to retrieve the read noise.

        Returns
        -------
        float
            Detector read noise in electrons.

        """
        # Determine the read mode and well depth from their descriptors
        read_mode = self.read_mode()
        well_depth = self.well_depth_setting()
        coadds = self.coadds()

        read_noise = getattr(detector_properties.get((read_mode, well_depth)),
                             'readnoise', None)
        try:
            return read_noise * math.sqrt(coadds)
        except TypeError:
            return None


[docs]    @astro_data_descriptor
    def saturation_level(self):
        """
        Returns the saturation level or the observation, in ADUs.
        A lookup table indexed on read_mode and well_depth_setting is used
        to retrieve the saturation level.

        Returns
        -------
        int/list
            Saturation level in ADUs.
        """
        gain = self.gain()
        coadds = self.coadds()
        read_mode = self.read_mode()
        well_depth = self.well_depth_setting()
        well = getattr(detector_properties.get((read_mode, well_depth)),
                       'well', None)

        if self.is_single:
            try:
                return int(well * coadds / gain)
            except TypeError:
                return None
        else:
            return [int(well * coadds / g) if well and g else None
                    for g in gain]



[docs]    @astro_data_descriptor
    def slit(self, stripID=False, pretty=False):
        """
        Returns the name of the slit mask.  The component ID can be removed
        with either 'stripID' or 'pretty' set to True.

        Parameters
        ----------
        stripID : bool
            If True, removes the component ID and returns only the name of
            the slit.
        pretty : bool
            Same as for stripID.  Pretty here does not do anything more.

        Returns
        -------
        str
            The name of the slit with or without the component ID.
        """
        try:
            slit = self.phu['SLIT'].replace(' ', '')
        except KeyError:
            return None
        return gmu.removeComponentID(slit) if stripID or pretty else slit


[docs]    @astro_data_descriptor
    def well_depth_setting(self):
        """
        Returns the well depth setting used for the observation.
        For GNIRS, this is either 'Shallow' or 'Deep'.

        Returns
        -------
        str
            Well depth setting.

        """
        try:
            biasvolt = self.phu['DETBIAS']
        except KeyError:
            return None

        if abs(0.3 - abs(biasvolt)) < 0.1:
            return "Shallow"
        elif abs(0.6 - abs(biasvolt)) < 0.1:
            return "Deep"
        else:
            return "Unknown"


    # --------------------------------------
    # Private methods
    def _grating(self, stripID=False, pretty=False):
        """
        Returns the name of the grating used for the observation.
        The component ID can be removed with either 'stripID' or 'pretty'
        set to True.

        Parameters
        ----------
        stripID : bool
            If True, removes the component ID and returns only the name of
            the disperser.
        pretty : bool
            Same as for stripID.  Pretty here does not do anything more.

        Returns
        -------
        str
            The name of the grating with or without the component ID.
        """
        grating = self.phu.get('GRATING')
        try:
            match = re.match(r"([\d/m]+)[A-Z]*(_G)(\d+)", grating)
            ret_grating = "{}{}{}".format(*match.groups())
        except (TypeError, AttributeError):
            ret_grating = grating

        if stripID or pretty:
            return gmu.removeComponentID(ret_grating)
        return ret_grating


    def _prism(self, stripID=False, pretty=False):
        """
        Returns the name of the prism.  The component ID can be removed
        with either 'stripID' or 'pretty' set to True.

        Parameters
        ----------
        stripID : bool
            If True, removes the component ID and returns only the name of
            the prism.
        pretty : bool
            Same as for stripID.  Pretty here does not do anything more.

        Returns
        -------
        str
            The name of the prism with or without the component ID.
        """
        prism = self.phu.get('PRISM')
        try:
            match = re.match(r"[LBSR]*\+*([A-Z]*_G\d+)", prism)
            ret_prism = match.group(1)
        except (TypeError, AttributeError):  # prism=None, no match
            return None

        if stripID or pretty:
            ret_prism = gmu.removeComponentID(ret_prism)
        return ret_prism





          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.gnirs.lookup

from collections import namedtuple

# Data structures used by this module

DetectorConfig = namedtuple("Config", "readnoise gain well linearlimit nonlinearlimit")
Config = namedtuple("Config", "mdf offsetsection pixscale mode")

detector_properties = {
    # Taken from http://www.gemini.edu/sciops/instruments/gnirs/imaging/detector-properties-and-read-modes
    # Dictionary key is the read mode and well depth setting
    # Dictionary values are in the following order:
    # readnoise, gain, well, linearlimit, nonlinearlimit
    # readnoise and well are in units of electrons
    ('Very Bright Objects', 'Shallow'): DetectorConfig(155., 13.5, 90000., 0.714286, 1.0),
    ('Bright Objects', 'Shallow'): DetectorConfig(30., 13.5, 90000., 0.714286, 1.0),
    ('Faint Objects', 'Shallow'): DetectorConfig(10., 13.5, 90000., 0.714286, 1.0),
    ('Very Faint Objects', 'Shallow'): DetectorConfig(7., 13.5, 90000., 0.714286, 1.0),
    ('Very Bright Objects', 'Deep'): DetectorConfig(155., 13.5, 180000., 0.714286, 1.0),
    ('Bright Objects', 'Deep'): DetectorConfig(30., 13.5, 180000., 0.714286, 1.0),
    ('Faint Objects', 'Deep'): DetectorConfig(10., 13.5, 180000., 0.714286, 1.0),
    ('Very Faint Objects', 'Deep'): DetectorConfig(7., 13.5, 180000., 0.714286, 1.0),
    }

nominal_zeropoints = {
    # There are none defined...
}

# pixel scales for GNIRS Short and Long cameras
pixel_scale_shrt = 0.15
pixel_scale_long = 0.05

config_dict = {
    # Dictionary keys are in the following order:
    # prism, decker, grating, camera
    # Used every combination of prism, grating and camera available in
    #   gnirs$data/nsappwave.fits r1.43, EH, February 1, 2013
    # Dictionary values are in the following order:
    # mdf, offsetsection, pixscale, mode

    # ShortBlue_G5513 [GS, decommissioned June 2005], 32/mm
    ( "MIR_G5511" , "SC_Long" , "32/mm_G5506" , "ShortBlue_G5513" ): Config("gnirs$data/gnirs-ls-short-32-mdf.fits", "[850:1024,*]", pixel_scale_shrt, "LS"),
    ( "MIR_G5511" , "SC_XD/IFU" , "32/mm_G5506" , "ShortBlue_G5513" ): Config("gnirs$data/gnirs-ifu-short-32-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),
    ( "MIR_G5511" , "SC_XD" , "32/mm_G5506" , "ShortBlue_G5513" ): Config("gnirs$data/gnirs-ifu-short-32-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),
    ( "MIR_G5511" , "IFU" , "32/mm_G5506" , "ShortBlue_G5513" ): Config("gnirs$data/gnirs-ifu-short-32-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),
    ( "MIR_G5511" , "** ENG 49450 **" , "32/mm_G5506" , "ShortBlue_G5513" ): Config("gnirs$data/gnirs-ifu-short-32-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),

    ( "SXD_G5509" , "SC_XD/IFU" , "32/mm_G5506" , "ShortBlue_G5513" ): Config("gnirs$data/gnirs-xd-short-32-mdf.fits", "[1:190,*]", pixel_scale_shrt, "XD"),
    ( "SXD_G5509" , "SC_XD" , "32/mm_G5506" , "ShortBlue_G5513" ): Config("gnirs$data/gnirs-xd-short-32-mdf.fits", "[1:190,*]", pixel_scale_shrt, "XD"),
    ( "SXD_G5509" , "IFU" , "32/mm_G5506" , "ShortBlue_G5513" ): Config("gnirs$data/gnirs-xd-short-32-mdf.fits", "[1:190,*]", pixel_scale_shrt, "XD"),

    # ShortBlue_G5513 [GS, decommissioned June 2005], 111/mm
    ( "MIR_G5511" , "SC_Long" , "111/mm_G5505" , "ShortBlue_G5513" ): Config("gnirs$data/gnirs-ls-short-111-mdf.fits", "[850:1024,*]", pixel_scale_shrt, "LS"),
    ( "MIR_G5511" , "SC_XD/IFU" , "111/mm_G5505" , "ShortBlue_G5513" ): Config("gnirs$data/gnirs-ifu-short-111-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),
    ( "MIR_G5511" , "SC_XD" , "111/mm_G5505" , "ShortBlue_G5513" ): Config("gnirs$data/gnirs-ifu-short-111-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),
    ( "MIR_G5511" , "IFU" , "111/mm_G5505" , "ShortBlue_G5513" ): Config("gnirs$data/gnirs-ifu-short-111-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),

    ( "SXD_G5509" , "SC_XD/IFU" , "111/mm_G5505" , "ShortBlue_G5513" ): Config("gnirs$data/gnirs-xd-short-111-mdf.fits", "[1:190,*]", pixel_scale_shrt, "XD"),
    ( "SXD_G5509" , "SC_XD" , "111/mm_G5505" , "ShortBlue_G5513" ): Config("gnirs$data/gnirs-xd-short-111-mdf.fits", "[1:190,*]", pixel_scale_shrt, "XD"),
    ( "SXD_G5509" , "IFU" , "111/mm_G5505" , "ShortBlue_G5513" ): Config("gnirs$data/gnirs-xd-short-111-mdf.fits", "[1:190,*]", pixel_scale_shrt, "XD"),

    # ShortBlue_G5521 [GS, installed June 2005], 32/mm
    ( "MIR_G5511" , "SC_Long" , "32/mm_G5506" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-ls-short-32-mdf.fits", "[850:1024,*]", pixel_scale_shrt, "LS"),
    ( "MIR_G5511" , "SC_XD/IFU" , "32/mm_G5506" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-ifu-short-32-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),
    ( "MIR_G5511" , "SC_XD" , "32/mm_G5506" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-ifu-short-32-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),
    ( "MIR_G5511" , "IFU" , "32/mm_G5506" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-ifu-short-32-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),
    ( "MIR_G5511" , "** ENG 49450 **" , "32/mm_G5506" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-ifu-short-32-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),

    ( "SXD_G5509" , "SC_XD/IFU" , "32/mm_G5506" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-xd-short-32-mdf.fits", "[1:190,*]", pixel_scale_shrt, "XD"),
    ( "SXD_G5509" , "SC_XD" , "32/mm_G5506" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-xd-short-32-mdf.fits", "[1:190,*]", pixel_scale_shrt, "XD"),
    ( "SXD_G5509" , "IFU" , "32/mm_G5506" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-xd-short-32-mdf.fits", "[1:190,*]", pixel_scale_shrt, "XD"),

    # ShortBlue_G5521 [GS, installed June 2005], 32/mmSB
    ( "MIR_G5511" , "SC_Long" , "32/mmSB_G5506" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-ls-short-32-mdf.fits", "[850:1024,*]", pixel_scale_shrt, "LS"),
    ( "MIR_G5511" , "SC_XD/IFU" , "32/mmSB_G5506" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-ifu-short-32-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),
    ( "MIR_G5511" , "SC_XD" , "32/mmSB_G5506" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-ifu-short-32-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),
    ( "MIR_G5511" , "IFU" , "32/mmSB_G5506" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-ifu-short-32-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),

    ( "SXD_G5509" , "SC_XD/IFU" , "32/mmSB_G5506" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-xd-short-32-mdf.fits", "[1:190,*]", pixel_scale_shrt, "XD"),
    ( "SXD_G5509" , "SC_XD" , "32/mmSB_G5506" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-xd-short-32-mdf.fits", "[1:190,*]", pixel_scale_shrt, "XD"),
    ( "SXD_G5509" , "IFU" , "32/mmSB_G5506" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-xd-short-32-mdf.fits", "[1:190,*]", pixel_scale_shrt, "XD"),

    # ShortBlue_G5521 [GS, installed June 2005], 111/mm
    ( "MIR_G5511" , "SC_Long" , "111/mm_G5505" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-ls-short-111-mdf.fits", "[850:1024,*]", pixel_scale_shrt, "LS"),
    ( "MIR_G5511" , "SC_XD/IFU" , "111/mm_G5505" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-ifu-short-111-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),
    ( "MIR_G5511" , "SC_XD" , "111/mm_G5505" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-ifu-short-111-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),
    ( "MIR_G5511" , "IFU" , "111/mm_G5505" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-ifu-short-111-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),

    ( "SXD_G5509" , "SC_XD/IFU" , "111/mm_G5505" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-xd-short-111-mdf.fits", "[1:190,*]", pixel_scale_shrt, "XD"),
    ( "SXD_G5509" , "SC_XD" , "111/mm_G5505" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-xd-short-111-mdf.fits", "[1:190,*]", pixel_scale_shrt, "XD"),
    ( "SXD_G5509" , "IFU" , "111/mm_G5505" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-xd-short-111-mdf.fits", "[1:190,*]", pixel_scale_shrt, "XD"),

    # ShortBlue_G5521 [GS, installed June 2005], 111/mmSB
    ( "MIR_G5511" , "SC_Long" , "111/mmSB_G5505" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-ls-short-111-mdf.fits", "[850:1024,*]", pixel_scale_shrt, "LS"),
    ( "MIR_G5511" , "SC_XD/IFU" , "111/mmSB_G5505" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-ifu-short-111-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),
    ( "MIR_G5511" , "SC_XD" , "111/mmSB_G5505" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-ifu-short-111-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),
    ( "MIR_G5511" , "IFU" , "111/mmSB_G5505" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-ifu-short-111-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),

    ( "SXD_G5509" , "SC_XD/IFU" , "111/mmSB_G5505" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-xd-short-111-mdf.fits", "[1:190,*]", pixel_scale_shrt, "XD"),
    ( "SXD_G5509" , "SC_XD" , "111/mmSB_G5505" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-xd-short-111-mdf.fits", "[1:190,*]", pixel_scale_shrt, "XD"),
    ( "SXD_G5509" , "IFU" , "111/mmSB_G5505" , "ShortBlue_G5521" ): Config("gnirs$data/gnirs-xd-short-111-mdf.fits", "[1:190,*]", pixel_scale_shrt, "XD"),

    # ShortBlue_G5538 [GN, currently in storage, replaced with G5540], 32/mmSB
    ( "MIR_G5537" , "SC_Long" , "32/mmSB_G5533" , "ShortBlue_G5538" ): Config("gnirs$data/gnirsn-ls-short-32-mdf.fits", "[850:1024,*]", pixel_scale_shrt, "LS"),

    ( "SB+SXD_G5536" , "SCXD_G5531" , "32/mmSB_G5533" , "ShortBlue_G5538" ): Config("gnirs$data/gnirsn-sxd-short-32-mdf.fits", "[1:190,*]", pixel_scale_shrt, "XD"),

    # ShortBlue_G5538 [GN, currently in storage, replaced with G5540], 111/mmSB
    ( "MIR_G5537" , "SC_Long" , "111/mmSB_G5534" , "ShortBlue_G5538" ): Config("gnirs$data/gnirsn-ls-short-111-mdf.fits", "[850:1024,*]", pixel_scale_shrt, "LS"),

    ( "SB+SXD_G5536" , "SCXD_G5531" , "111/mmSB_G5534" , "ShortBlue_G5538" ): Config("gnirs$data/gnirsn-sxd-short-111-mdf.fits", "[1:190,*]", pixel_scale_shrt, "XD"),

    # ShortBlue_G5540 [GN, installed October 2012], 32/mmSB
    ( "MIR_G5537" , "SC_Long" , "32/mmSB_G5533" , "ShortBlue_G5540" ): Config("gnirs$data/gnirsn-ls-short-32-mdf.fits", "[850:1024,*]", pixel_scale_shrt, "LS"),

    ( "SB+SXD_G5536" , "SCXD_G5531" , "32/mmSB_G5533" , "ShortBlue_G5540" ): Config("gnirs$data/gnirsn-sxd-short-32-mdf.fits", "[1:190,*]", pixel_scale_shrt, "XD"),

    # ShortBlue_G5540 [GN, installed October 2012], 111/mmSB
    ( "MIR_G5537" , "SC_Long" , "111/mmSB_G5534" , "ShortBlue_G5540" ): Config("gnirs$data/gnirsn-ls-short-111-mdf.fits", "[850:1024,*]", pixel_scale_shrt, "LS"),

    ( "SB+SXD_G5536" , "SCXD_G5531" , "111/mmSB_G5534" , "ShortBlue_G5540" ): Config("gnirs$data/gnirsn-sxd-short-111-mdf.fits", "[1:190,*]", pixel_scale_shrt, "XD"),

    # LongBlue_G5515, 10/mmLB
    ( "MIR_G5511" , "LC_Long" , "10/mmLB_G5507" , "LongBlue_G5515" ): Config("gnirs$data/gnirsn-ls-long-10-mdf.fits", "[1:30,*]", pixel_scale_long, "LS"),

    ( "LXD_G5508" , "LC_XD" , "10/mmLB_G5507" , "LongBlue_G5515" ): Config("gnirs$data/gnirsn-lxd-long-10-mdf.fits", "[1:190,*]", pixel_scale_long, "XD"),

    ( "SXD_G5509" , "LC_XD" , "10/mmLB_G5507" , "LongBlue_G5515" ): Config("gnirs$data/gnirsn-sxd-long-10-mdf.fits", "[1:190,*]", pixel_scale_long, "XD"),

    # LongBlue_G5515, 32/mmLB
    ( "MIR_G5511" , "LC_Long" , "32/mmLB_G5506" , "LongBlue_G5515" ): Config("gnirs$data/gnirsn-ls-long-32-mdf.fits", "[1:30,*]", pixel_scale_long, "LS"),

    ( "LXD_G5508" , "LC_XD" , "32/mmLB_G5506" , "LongBlue_G5515" ): Config("gnirs$data/gnirsn-lxd-long-32-mdf.fits", "[1:190,*]", pixel_scale_long, "XD"),

    ( "SXD_G5509" , "LC_XD" , "32/mmLB_G5506" , "LongBlue_G5515" ): Config("gnirs$data/gnirsn-sxd-long-32-mdf.fits", "[1:190,*]", pixel_scale_long, "XD"),

    # LongBlue_G5515, 111/mmLB
    ( "MIR_G5511" , "LC_Long" , "111/mmLB_G5505" , "LongBlue_G5515" ): Config("gnirs$data/gnirsn-ls-long-111-mdf.fits", "[1:30,*]", pixel_scale_long, "LS"),

    # LongBlue_G5542 [GN, installed October 2009], 10/mmLB
    ( "MIR_G5537" , "LC_Long" , "10/mmLB_G5532" , "LongBlue_G5542" ): Config("gnirs$data/gnirsn-ls-long-10-mdf.fits", "[1:30,*]", pixel_scale_long, "LS"),

    ( "LB+LXD_G5535" , "LCXD_G5531" , "10/mmLBLX_G5532" , "LongBlue_G5542" ): Config("gnirs$data/gnirsn-lxd-long-10-mdf.fits", "[1:190,*]", pixel_scale_long, "XD"),

    ( "LB+SXD_G5536" , "LCXD_G5531" , "10/mmLBSX_G5532" , "LongBlue_G5542" ): Config("gnirs$data/gnirsn-sxd-long-10-mdf.fits", "[1:190,*]", pixel_scale_long, "XD"),

    # LongBlue_G5542 [GN, installed October 2009], 32/mmLB
    ( "MIR_G5537" , "LC_Long" , "32/mmLB_G5533" , "LongBlue_G5542" ): Config("gnirs$data/gnirsn-ls-long-32-mdf.fits", "[1:30,*]", pixel_scale_long, "LS"),

    ( "LB+LXD_G5535" , "LCXD_G5531" , "32/mmLB_G5533" , "LongBlue_G5542" ): Config("gnirs$data/gnirsn-lxd-long-32-mdf.fits", "[1:190,*]", pixel_scale_long, "XD"),

    ( "LB+SXD_G5536" , "LCXD_G5531" , "32/mmLB_G5533" , "LongBlue_G5542" ): Config("gnirs$data/gnirsn-sxd-long-32-mdf.fits", "[1:190,*]", pixel_scale_long, "XD"),

    # LongBlue_G5542 [GN, installed October 2009], 111/mmLB
    ( "MIR_G5537" , "LC_Long" , "111/mmLB_G5534" , "LongBlue_G5542" ): Config("gnirs$data/gnirsn-ls-long-111-mdf.fits", "[1:30,*]", pixel_scale_long, "LS"),

    # ShortRed_G5514 [GS, decommissioned June 2005], 111/mm
    ( "MIR_G5511" , "SC_Long" , "111/mm_G5505" , "ShortRed_G5514" ): Config("gnirs$data/gnirs-ls-short-111-mdf.fits", "[850:1024,*]", pixel_scale_shrt, "LS"),
    ( "MIR_G5511" , "SC_XD/IFU" , "111/mm_G5505" , "ShortRed_G5514" ): Config("gnirs$data/gnirs-ifu-short-111-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),
    ( "MIR_G5511" , "SC_XD" , "111/mm_G5505" , "ShortRed_G5514" ): Config("gnirs$data/gnirs-ifu-short-111-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),
    ( "MIR_G5511" , "IFU" , "111/mm_G5505" , "ShortRed_G5514" ): Config("gnirs$data/gnirs-ifu-short-111-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),

    # ShortRed_G5522 [GS, installed June 2005], 32/mmSR
    ( "MIR_G5511" , "SC_Long" , "32/mmSR_G5506" , "ShortRed_G5522" ): Config("gnirs$data/gnirs-ls-short-32-mdf.fits", "[850:1024,*]", pixel_scale_shrt, "LS"),
    ( "MIR_G5511" , "SC_XD/IFU" , "32/mmSR_G5506" , "ShortRed_G5522" ): Config("gnirs$data/gnirs-ifu-short-32-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),
    ( "MIR_G5511" , "SC_XD" , "32/mmSR_G5506" , "ShortRed_G5522" ): Config("gnirs$data/gnirs-ifu-short-32-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),
    ( "MIR_G5511" , "IFU" , "32/mmSR_G5506" , "ShortRed_G5522" ): Config("gnirs$data/gnirs-ifu-short-32-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),

    # ShortRed_G5522 [GS, installed June 2005]. 111/mm
    ( "MIR_G5511" , "SC_Long" , "111/mm_G5505" , "ShortRed_G5522" ): Config("gnirs$data/gnirs-ls-short-111-mdf.fits", "[850:1024,*]", pixel_scale_shrt, "LS"),
    ( "MIR_G5511" , "SC_XD/IFU" , "111/mm_G5505" , "ShortRed_G5522" ): Config("gnirs$data/gnirs-ifu-short-111-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),
    ( "MIR_G5511" , "SC_XD" , "111/mm_G5505" , "ShortRed_G5522" ): Config("gnirs$data/gnirs-ifu-short-111-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),
    ( "MIR_G5511" , "IFU" , "111/mm_G5505" , "ShortRed_G5522" ): Config("gnirs$data/gnirs-ifu-short-111-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),

    # ShortRed_G5522 [GS, installed June 2005]. 111/mmSR
    ( "MIR_G5511" , "SC_Long" , "111/mmSR_G5505" , "ShortRed_G5522" ): Config("gnirs$data/gnirs-ls-short-111-mdf.fits", "[850:1024,*]", pixel_scale_shrt, "LS"),
    ( "MIR_G5511" , "SC_XD/IFU" , "111/mmSR_G5505" , "ShortRed_G5522" ): Config("gnirs$data/gnirs-ifu-short-111-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),
    ( "MIR_G5511" , "SC_XD" , "111/mmSR_G5505" , "ShortRed_G5522" ): Config("gnirs$data/gnirs-ifu-short-111-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),
    ( "MIR_G5511" , "IFU" , "111/mmSR_G5505" , "ShortRed_G5522" ): Config("gnirs$data/gnirs-ifu-short-111-mdf2.fits", "[900:1024,*]", pixel_scale_shrt, "IFU"),

    # ShortRed_G5539 [GN, currently in storage], 32/mmSR
    ( "MIR_G5537" , "SC_Long", "32/mmSR_G5533", "ShortRed_G5539"): Config("gnirs$data/gnirsn-ls-short-32-mdf.fits", "[850:1024,*]", pixel_scale_shrt, "LS"),

    # ShortRed_G5539 [GN, currently in storage], 111/mmSR
    ( "MIR_G5537" , "SC_Long", "111/mmSR_G5534", "ShortRed_G5539"): Config("gnirs$data/gnirsn-ls-short-111-mdf.fits", "[850:1024,*]", pixel_scale_shrt, "LS"),

    # LongRed_G5516, 10/mmLR
    ( "MIR_G5511" , "LC_Long" , "10/mmLR_G5507" , "LongRed_G5516"): Config("gnirs$data/gnirsn-ls-long-10-mdf.fits", "[1:30,*]", pixel_scale_long, "LS"),

    # LongRed_G5516, 32/mmLR
    ( "MIR_G5511" , "LC_Long" , "32/mmLR_G5506" , "LongRed_G5516" ): Config("gnirs$data/gnirs-ls-long-32-mdf.fits", "[1:30,*]", pixel_scale_long, "LS"),

    # LongRed_G5516. 111/mmLR
    ( "MIR_G5511" , "LC_Long" , "111/mmLR_G5505" , "LongRed_G5516" ): Config("gnirs$data/gnirs-ls-long-111-mdf.fits", "[1:30,*]", pixel_scale_long, "LS"),

    # LongRed_G5543 [GN, installed October 2009], 10/mmLR
    ( "MIR_G5537" , "LC_Long" , "10/mmLR_G5532" , "LongRed_G5543"): Config("gnirs$data/gnirsn-ls-long-10-mdf.fits", "[1:30,*]", pixel_scale_long, "LS"),

    # LongRed_G5543 [GN, installed October 2009], 32/mmLR
    ( "MIR_G5537" , "LC_Long" , "32/mmLR_G5533" , "LongRed_G5543" ): Config("gnirs$data/gnirsn-ls-long-32-mdf.fits", "[1:30,*]", pixel_scale_long, "LS"),

    # LongRed_G5543 [GN, installed October 2009], 111/mmLR
    ( "MIR_G5537" , "LC_Long" , "111/mmLR_G5534" , "LongRed_G5543" ): Config("gnirs$data/gnirsn-ls-long-111-mdf.fits", "[1:30,*]", pixel_scale_long, "LS"),
}

# Key is (LNRS, NDAVGS)
read_modes = {
    (32, 16): "Very Faint Objects",
    (16, 16): "Faint Objects",
    ( 1, 16): "Bright Objects",
    ( 1,  1): "Very Bright Objects"
}

filter_wavelengths = {
    'YPHOT'       : 1.0300,
    'X'           : 1.1000,
    'X_(order_6)' : 1.1000,
    'JPHOT'       : 1.2500,
    'J_(order_5)' : 1.2700,
    'H'           : 1.6300,
    'H_(order_4)' : 1.6300,
    'H2'          : 2.1250,
    'K_(order_3)' : 2.1950,
    'KPHOT'       : 2.2200,
    'PAH'         : 3.2950,
    'L'           : 3.5000,
    'L_(order_2)' : 3.5000,
    'M'           : 5.1000,
    'M_(order_1)' : 5.1000,
}




          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.gnirs.tests.test_gnirs

import pytest

import astrodata
import astrodata.testing
import gemini_instruments

test_files = [
    "N20190206S0279.fits",
    "N20190214S0058.fits",
    "N20190216S0060.fits",
    "N20190216S0092.fits",
    "N20190221S0032.fits",
]


GNIRS_DESCRIPTORS_TYPES = [
    ('detector_x_offset', float),
    ('detector_y_offset', float),
    ('pixel_scale', float),
]


[docs]@pytest.fixture(params=test_files)
def ad(request):
    """
    Fixture that will download a file from specified as a test parameter,
    open it as an AstroData object and return it.

    Parameters
    ----------
    request : fixture
        Pytest built-in fixture containing information about the parent test.

    Returns
    -------
    AstroData
        Raw file downloaded from the archive and cached locally.
    """
    filename = request.param
    path = astrodata.testing.download_from_archive(filename)
    return astrodata.open(path)



[docs]@pytest.mark.xfail(reason="AstroFaker changes the AstroData factory")
@pytest.mark.dragons_remote_data
def test_is_right_type(ad):
    assert type(ad) == gemini_instruments.gnirs.adclass.AstroDataGnirs



[docs]@pytest.mark.dragons_remote_data
def test_is_right_instance(ad):
    # YES, this *can* be different from test_is_right_type. Metaclasses!
    assert isinstance(ad, gemini_instruments.gnirs.adclass.AstroDataGnirs)



[docs]@pytest.mark.dragons_remote_data
def test_extension_data_shape(ad):
    data = ad[0].data
    assert data.shape == (1022, 1024)



expected_tags = {'RAW', 'GEMINI', 'NORTH', 'GNIRS', 'UNPREPARED', }


[docs]@pytest.mark.parametrize("tag", expected_tags)
@pytest.mark.dragons_remote_data
def test_tags(ad, tag):
    assert tag in ad.tags



[docs]@pytest.mark.dragons_remote_data
def test_can_return_instrument(ad):
    assert ad.phu['INSTRUME'] == 'GNIRS'
    assert ad.instrument() == ad.phu['INSTRUME']



[docs]@pytest.mark.dragons_remote_data
def test_can_return_ad_length(ad):
    assert len(ad) == 1



[docs]@pytest.mark.dragons_remote_data
def test_slice_range(ad):
    metadata = ('SCI', 2), ('SCI', 3)
    slc = ad[1:]

    assert len(slc) == 0

    for ext, md in zip(slc, metadata):
        assert (ext.hdr['EXTNAME'], ext.hdr['EXTVER']) == md



# def test_read_a_keyword_from_phu(path_to_inputs):
#
#     ad = astrodata.open(os.path.join(path_to_inputs, filename))
#     assert ad.phu['DETECTOR'] == 'GNIRS'

[docs]@pytest.mark.dragons_remote_data
def test_read_a_keyword_from_hdr(ad):
    try:
        assert ad.hdr['CCDNAME'] == ['EEV 9273-16-03', 'EEV 9273-20-04', 'EEV 9273-20-03']
    except KeyError:
        # KeyError only accepted if it's because headers out of range
        assert len(ad) == 1


    # with pytest.raises(AssertionError):
    #     ad.phu.DETECTOR = 'FooBar'
    #     ad.phu.ARBTRARY = 'BarBaz'
    #     assert ad.phu.DETECTOR == 'FooBar'
    #     assert ad.phu.ARBTRARY == 'BarBaz'
    #     assert ad.phu['DETECTOR'] == 'FooBar'


[docs]@pytest.mark.dragons_remote_data
@pytest.mark.parametrize("descriptor,expected_type", GNIRS_DESCRIPTORS_TYPES)
def test_descriptor_matches_type(ad, descriptor, expected_type):
    value = getattr(ad, descriptor)()
    assert isinstance(value, expected_type) or value is None, \
        "Assertion failed for file: {}".format(ad.filename)



[docs]@pytest.mark.dragons_remote_data
@pytest.mark.parametrize("ad", ["N20190101S0102.fits"], indirect=True)
def test_ra_and_dec_always_returns_float(ad, monkeypatch):
    """
    Tests that the get the RA/DEC coordinates using descriptors.

    Parameters
    ----------
    ad : fixture
        Custom fixture that downloads and opens the input file.
    """
    if isinstance(ad.wcs_ra(), float) or ad.wcs_ra() is None:
        assert isinstance(ad.ra(), float)

    if isinstance(ad.wcs_dec(), float) or ad.wcs_dec() is None:
        assert isinstance(ad.dec(), float)



[docs]@pytest.mark.dragons_remote_data
@pytest.mark.parametrize("ad", ["N20190101S0102.fits"], indirect=True)
def test_ra_and_dec_wcs_fallback(ad, monkeypatch):
    """
    Tests that the get the RA/DEC coordinates using descriptors when the WCS coordinate mapping fails

    Parameters
    ----------
    ad : fixture
        Custom fixture that downloads and opens the input file.
    """
    def _fake_wcs_call():
        return None

    monkeypatch.setattr(ad, 'wcs_ra', _fake_wcs_call)
    monkeypatch.setattr(ad, 'wcs_dec', _fake_wcs_call)
    assert(ad.ra() == ad.phu.get('RA', None))
    assert(ad.dec() == ad.phu.get('DEC', None))



if __name__ == "__main__":
    pytest.main()




          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.gpi.adclass

import re

from astrodata import astro_data_tag, astro_data_descriptor, returns_list, TagSet
from astrodata.fits import FitsLoader, FitsProvider
from ..gemini import AstroDataGemini
from .. import gmu

[docs]class AstroDataGpi(AstroDataGemini):

    __keyword_dict = dict(array_section = 'DATASEC',
                          detector_section = 'DATASEC',
                          exposure_time = 'ITIME',
                          filter = 'IFSFILT',
                          focal_plane_mask = 'OCCULTER',
                          pupil_mask = 'APODIZER')

[docs]    @classmethod
    def load(cls, source):
        def gpi_parser(hdu):
            if hdu.header.get('EXTNAME') == 'DQ' and hdu.header.get('EXTVER') == 3:
                hdu.header['EXTNAME'] = ('SCI', 'BPM renamed by AstroData')
                hdu.header['EXTVER'] = (int(2), 'BPM renamed by AstroData')

        return cls(FitsLoader(FitsProvider).load(source, extname_parser=gpi_parser))



    @staticmethod
    def _matches_data(source):
        return source[0].header.get('INSTRUME', '').upper() == 'GPI'

    @astro_data_tag
    def _tag_instrument(self):
        return TagSet({'GPI'}, ())

    @astro_data_tag
    def _tag_disperser(self):
        disp = self.phu.get('DISPERSR', '')
        if disp.startswith('DISP_WOLLASTON'):
            return TagSet({'POL'}, ())
        elif disp.startswith('DISP_PRISM'):
            return TagSet({'SPECT', 'IFU'}, ())

[docs]    @astro_data_descriptor
    def dec(self):
        """
        Returns the Declination of the center of the field in degrees.
        It coincides with the position of the target, so that is used since
        the WCS in GPI data is completely bogus. For code re-used, use
        target_dec() if you really want the position of the target rather
        than the center of the field.

        Returns
        -------
        float
            declination in degrees
        """
        return self.target_dec(offset=True, icrs=True)


[docs]    @astro_data_descriptor
    def exposure_time(self):
        """
        Returns the exposure time in seconds.

        Returns
        -------
        float
            Exposure time.
        """
        # The ITIME keyword is in the extension HDUs!
        exposure_time = self.hdr.get('ITIME', -1)[0]
        if exposure_time < 0:
            return None

        if 'PREPARED' in self.tags:
            return exposure_time
        else:
            return exposure_time * self.coadds()


[docs]    @astro_data_descriptor
    def filter_name(self, stripID=False, pretty=False):
        """
        Returns the name of the filter(s) used.  The component ID can be
        removed with either 'stripID' or 'pretty'. If 'pretty' is True,
        'IFSFILT' is stripped from the start of the name.

        Parameters
        ----------
        stripID : bool
            If True, removes the component ID and returns only the name of
            the filter.
        pretty : bool
            Strips the component ID and ``IFSFILT_`` prefix.

        Returns
        -------
        str
            The name of the filter combination with or without the component ID.
        """
        filter_name = self._may_remove_component('IFSFILT', stripID, pretty)
        if pretty:
            filter_name = filter_name.replace('IFSFILT_', '')
        return filter_name


[docs]    @astro_data_descriptor
    def ra(self):
        """
        Returns the Right Ascension of the center of the field in degrees.
        It coincides with the position of the target, so that is used since
        the WCS in GPI data is completely bogus. For code re-used, use
        target_ra() if you really want the position of the target rather
        than the center of the field.

        Returns
        -------
        float
            right ascension in degrees
        """
        return self.target_ra(offset=True, icrs=True)






          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.graces.adclass

from astrodata import astro_data_tag, astro_data_descriptor, returns_list, TagSet
from ..gemini import AstroDataGemini
from .. import gmu

[docs]class AstroDataGraces(AstroDataGemini):

    __keyword_dict = dict(detector = 'DETECTOR',
                          )

    @staticmethod
    def _matches_data(source):
        return source[0].header.get('INSTRUME', '').upper() == 'GRACES'

    @astro_data_tag
    def _tag_instrument(self):
        return TagSet(['GRACES'])

    @astro_data_tag
    def _tag_spect(self):
        return TagSet(['SPECT'])

    @astro_data_tag
    def _tag_arc(self):
        if self.phu.get('OBSTYPE') == 'ARC':
            return TagSet(['ARC', 'CAL'])

    @astro_data_tag
    def _tag_flat(self):
        if self.phu.get('OBSTYPE') == 'FLAT':
            return TagSet(['FLAT', 'CAL'])

    @astro_data_tag
    def _tag_bias(self):
        if self.phu.get('OBSTYPE') == 'BIAS':
            return TagSet(['BIAS', 'CAL'])

[docs]    @astro_data_descriptor
    def central_wavelength(self, asMicrometers=False, asNanometers=False,
                           asAngstroms=False):
        """
        Returns the central wavelength in meters or the specified units

        Parameters
        ----------
        asMicrometers : bool
            If True, return the wavelength in microns
        asNanometers : bool
            If True, return the wavelength in nanometers
        asAngstroms : bool
            If True, return the wavelength in Angstroms

        Returns
        -------
        float
            The central wavelength setting

        """
        unit_arg_list = [asMicrometers, asNanometers, asAngstroms]
        if unit_arg_list.count(True) == 1:
            # Just one of the unit arguments was set to True. Return the
            # central wavelength in these units
            if asMicrometers:
                output_units = "micrometers"
            if asNanometers:
                output_units = "nanometers"
            if asAngstroms:
                output_units = "angstroms"
        else:
            # Either none of the unit arguments were set to True or more than
            # one of the unit arguments was set to True. In either case,
            # return the central wavelength in the default units of meters.
            output_units = "meters"

        return gmu.convert_units('micrometers', 0.7, output_units)


[docs]    @astro_data_descriptor
    def dec(self):
        """
        Returns the Declination of the center of field in degrees.  Since a
        fiber is used it coincides with the position of the target. For code
        re-used, use target_dec() if you really want the position of the target
        rather than the center of the field.

        Returns
        -------
        float
            declination in degrees
        """
        return self.target_dec()


[docs]    @astro_data_descriptor
    def detector(self):
        return self.phu.get(self._keyword_for('detector'))


[docs]    @astro_data_descriptor
    def disperser(self, stripID=False, pretty=False):
        """
        Returns the name of the disperser.  For GRACES, this is always
        "GRACES".

        Parameters
        ----------
        stripID : bool
            Does nothing.
        pretty : bool
            Also does nothing.

        Returns
        -------
        str
            The name of the disperser, "GRACES".

        """
        return 'GRACES'


[docs]    @astro_data_descriptor
    def ra(self):
        """
        Returns the Right Ascension of the center of field in degrees.  Since a
        fiber is used it coincides with the position of the target. For code
        re-used, use target_ra() if you really want the position of the target
        rather than the center of the field.

        Returns
        -------
        float
            right ascension in degrees
        """
        return self.target_ra()






          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.graces.tests.test_graces

import pytest

import astrodata
import astrodata.testing
import gemini_instruments

filename = 'N20190116G0054i.fits'


[docs]@pytest.fixture
def ad():
    path = astrodata.testing.download_from_archive(filename)
    return astrodata.open(path)



[docs]@pytest.mark.xfail(reason="AstroFaker changes the AstroData factory")
@pytest.mark.dragons_remote_data
def test_is_right_type(ad):
    assert type(ad) == gemini_instruments.graces.adclass.AstroDataGraces



[docs]@pytest.mark.dragons_remote_data
def test_is_right_instance(ad):
    # YES, this *can* be different from test_is_right_type. Metaclasses!
    assert isinstance(ad, gemini_instruments.graces.adclass.AstroDataGraces)



[docs]@pytest.mark.dragons_remote_data
def test_extension_data_shape(ad):
    data = ad[0].data
    assert data.shape == (28, 190747)



[docs]@pytest.mark.dragons_remote_data
def test_tags(ad):
    tags = ad.tags
    expected = {'UNPREPARED', 'RAW', 'SPECT', 'GEMINI', 'GRACES'}
    assert expected.issubset(tags)



[docs]@pytest.mark.dragons_remote_data
def test_can_return_instrument(ad):
    assert ad.phu['INSTRUME'] == 'GRACES'
    assert ad.instrument() == ad.phu['INSTRUME']



[docs]@pytest.mark.dragons_remote_data
def test_can_return_ad_length(ad):
    assert len(ad) == 1



[docs]@pytest.mark.dragons_remote_data
def test_slice_range(ad):
    metadata = ('SCI', 2), ('SCI', 3)
    slc = ad[1:]

    assert len(slc) == 0

    for ext, md in zip(slc, metadata):
        assert (ext.hdr['EXTNAME'], ext.hdr['EXTVER']) == md



[docs]@pytest.mark.dragons_remote_data
def test_read_a_keyword_from_hdr(ad):
    try:
        assert ad.hdr['CCDNAME'] == 'GRACES'
    except KeyError:
        # KeyError only accepted if it's because headers out of range
        assert len(ad) == 1





          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.gsaoi.adclass

import math

from astrodata import astro_data_tag, TagSet, astro_data_descriptor, returns_list
from ..gemini import AstroDataGemini
from .. import gmu
from ..common import build_group_id
from . import lookup

[docs]class AstroDataGsaoi(AstroDataGemini):
    __keyword_dict = dict(array_section='CCDSEC',
                          camera='DETECTOR',
                          central_wavelength='WAVELENG',
                          detector_name='DETECTOR',
                          )

    @staticmethod
    def _matches_data(source):
        return source[0].header.get('INSTRUME', '').upper() == 'GSAOI'

    @astro_data_tag
    def _tag_instrument(self):
        return TagSet(['GSAOI'])

    @astro_data_tag
    def _tag_dark(self):
        if self.phu.get('OBSTYPE') == 'DARK':
            return TagSet(['DARK', 'CAL'], blocks=['IMAGE'])

    @astro_data_tag
    def _tag_image(self):
        tags = ['IMAGE']
        if self.phu.get('OBSTYPE') == 'FLAT':
            tags.extend(['FLAT', 'CAL'])
        if 'DOMEFLAT' in self.phu.get('OBJECT', '').upper():
            tags.extend(['DOMEFLAT', 'FLAT', 'CAL'])
        elif 'TWILIGHT' in self.phu.get('OBJECT', '').upper():
            tags.extend(['TWILIGHT', 'FLAT', 'CAL'])

        return TagSet(tags)

    # Kept separate from _tag_image, because some conditions defined
    # at a higher level conflict with this
    @astro_data_tag
    def _type_gcal_lamp(self):
        obj = self.phu.get('OBJECT', '').upper()
        if obj == 'DOMEFLAT':
            return TagSet(['LAMPON'])
        elif obj == 'DOMEFLAT OFF':
            return TagSet(['LAMPOFF'])

[docs]    @returns_list
    @astro_data_descriptor
    def array_name(self):
        """
        Returns a list of the array names of each extension

        Returns
        -------
        list/str
            names of the arrays
        """
        try:
            return self.hdr['ARRAYID']
        except KeyError:
            # Data have been mosaicked, so return the detector name
            # (as a single-element list if necessary)
            return self.phu.get('DETECTOR')


[docs]    @astro_data_descriptor
    def central_wavelength(self, asMicrometers=False, asNanometers=False,
                           asAngstroms=False):
        """
        Returns the central wavelength in meters or the specified units

        Parameters
        ----------
        asMicrometers : bool
            If True, return the wavelength in microns
        asNanometers : bool
            If True, return the wavelength in nanometers
        asAngstroms : bool
            If True, return the wavelength in Angstroms

        Returns
        -------
        float
            The central wavelength setting

        """
        unit_arg_list = [asMicrometers, asNanometers, asAngstroms]
        if unit_arg_list.count(True) == 1:
            # Just one of the unit arguments was set to True. Return the
            # central wavelength in these units
            if asMicrometers:
                output_units = "micrometers"
            if asNanometers:
                output_units = "nanometers"
            if asAngstroms:
                output_units = "angstroms"
        else:
            # Either none of the unit arguments were set to True or more than
            # one of the unit arguments was set to True. In either case,
            # return the central wavelength in the default units of meters.
            output_units = "meters"

        central_wavelength = self.phu.get('WAVELENG', -1)
        if central_wavelength < 0.0:
            return None
        else:
            return gmu.convert_units('angstroms', central_wavelength,
                                     output_units)


[docs]    @returns_list
    @astro_data_descriptor
    def gain(self):
        """
        Returns the gain (electrons/ADU) of the extensions

        Returns
        -------
        list/float
            gain (e/ADU)
        """
        return self._look_up_arr_property('gain')


[docs]    @astro_data_descriptor
    def group_id(self):
        """
        Returns a string representing a group of data that are compatible
        with each other.  This is used when stacking, for example.  Each
        instrument and mode of observation will have its own rules.

        Returns
        -------
        str
            A group ID for compatible data
        """
        # Additional descriptors required for each frame type
        # Note: dark_id and flat_twilight are not in common use.
        #       Those are therefore place holder with initial guess
        #
        #       For flat_id, "on" and "off" domeflats are not taken
        #       with the same obsID, so that association cannot be
        #       made.  The only other sensible characteristic would
        #       be to require a timeframe check, eg. within X hours.
        #
        #       The UT date and local date change in the middle of the
        #       night.  Can't reliably use that.  Thought for a while
        #       using the either the fake UT or equivalently the date
        #       string in the file would work, but found at least one
        #       case where the flat sequence is taken across the 2pm
        #       filename change.
        #
        #       Because the group_id is a static string, I can't use
        #       if-tricks or or-tricks.  The only thing that doesn't
        #       change is the program ID.  That's a bit procedural though
        #       but that's the only thing left.
        #
        #dark_id = ["exposure_time", "coadds"]
        flat_id = ["filter_name", "exposure_time", "program_id"]
        #flat_twilight_id = ["filter_name"]
        science_id = ["observation_id", "filter_name", "exposure_time"]

        # Associate rules with data type
        # Note: add darks and twilight if necessary later.
        if 'FLAT' in self.tags:
            id_descriptor_list = flat_id
        else:
            id_descriptor_list = science_id

        # Add in all the common descriptors required
        id_descriptor_list.extend(["read_mode", "detector_section"])

        return build_group_id(self, id_descriptor_list, prettify=('filter_name'))


[docs]    @astro_data_descriptor
    def is_coadds_summed(self):
        """
        Tells whether or not the co-adds have been summed.  If not, they
        have been averaged. GSAOI averages them.

        Returns
        -------
        bool
            True if the data has been summed.  False if it has been averaged.

        """
        return False


[docs]    @astro_data_descriptor
    def nominal_photometric_zeropoint(self):
        """
        Returns the nominal zeropoints (i.e., the magnitude corresponding to
        a pixel value of 1) for the extensions in an AD object.
        Zeropoints in table are for electrons, so subtract 2.5*lg(gain)
        if the data are in ADU

        Returns
        -------
        float/list
            zeropoint values, one per SCI extension
        """
        def _zpt(array, filt, gain, in_adu):
            zpt = lookup.nominal_zeropoints.get((filt, array))
            try:
                return zpt - (2.5 * math.log10(gain) if in_adu else 0)
            except TypeError:
                return None

        gain = self.gain()
        filter_name = self.filter_name(pretty=True)
        array_name = self.array_name()
        in_adu = self.is_in_adu()

        if self.is_single:
            return _zpt(array_name, filter_name, gain, in_adu)
        else:
            return [_zpt(a, filter_name, g, in_adu)
                    for a, g in zip(array_name, gain)]


[docs]    @astro_data_descriptor
    def nonlinearity_coeffs(self):
        """
        For each extension, return a tuple (a0,a1,a2) of coefficients such
        that the linearized counts are a0 + a1*c _ a2*c^2 for raw counts c

        Returns
        -------
        tuple/list
            coefficients
        """
        return self._look_up_arr_property('coeffs')


[docs]    @astro_data_descriptor
    def non_linear_level(self):
        """
        Returns the level at which the data become non-linear, in ADU.

        Returns
        -------
        int/list
            Value at which the data become non-linear
        """
        # Column 3 gives the fraction of the saturation level at which
        # the data become non-linear
        fraction = self._look_up_arr_property('linlimit')
        sat_level = self.saturation_level()

        if self.is_single:
            try:
                return fraction * sat_level
            except TypeError:
                return None
        else:
            return [f * s if f and s else None
                    for f, s in zip(fraction, sat_level)]


[docs]    @astro_data_descriptor
    def read_noise(self):
        """
        Returns the read noise of each extension in electrons, as a float or
        a list of floats

        Returns
        -------
        float/list
            read noise in electrons
        """
        # Column 0 has the read noise (for 1 coadd)
        raw_read_noise = self._look_up_arr_property('readnoise')
        coadd_factor = math.sqrt(self.coadds())
        if self.is_single:
            try:
                return round(raw_read_noise / coadd_factor, 2)
            except TypeError:
                return None
        else:
            return [round(r / coadd_factor, 2) if r else None
                    for r in raw_read_noise]


[docs]    @astro_data_descriptor
    def read_speed_setting(self):
        """
        Returns a string describing the read speed setting, as used in the OT

        Returns
        -------
        str
            read speed setting
        """
        # The number of non-destructive reads is the key in the dict
        return lookup.read_modes.get(self.phu.get('LNRS'), 'Unknown')


[docs]    @astro_data_descriptor
    def saturation_level(self):
        """
        Returns the saturation level in ADU for each extension, as a list
        or a single value

        Returns
        -------
        int/list
            saturation level in ADU
        """
        return self._look_up_arr_property('welldepth')


[docs]    @astro_data_descriptor
    def wcs_ra(self):
        """
        Returns the Right Ascension of the center of the field based on the
        WCS rather than the RA keyword. This just uses the CRVAL1 keyword.

        Returns
        -------
        float
            right ascension in degrees
        """
        # Try the first (only if sliced) extension, then the PHU
        try:
            h = self[0].hdr
            crval = h['CRVAL1']
            ctype = h['CTYPE1']
        except KeyError:
            crval = self.phu.get('CRVAL1')
            ctype = self.phu.get('CTYPE1')
        return crval if ctype == 'RA---TAN' else None


[docs]    @astro_data_descriptor
    def wcs_dec(self):
        """
        Returns the Declination of the center of the field based on the
        WCS rather than the DEC keyword. This just uses the CRVAL2 keyword.

        Returns
        -------
        float
            declination in degrees
        """
        # Try the first (only if sliced) extension, then the PHU
        try:
            h = self[0].hdr
            crval = h['CRVAL2']
            ctype = h['CTYPE2']
        except KeyError:
            crval = self.phu.get('CRVAL2')
            ctype = self.phu.get('CTYPE2')

        return crval if ctype == 'DEC--TAN' else None


    def _look_up_arr_property(self, attr):
        """
        Helper function to extract information from the array_properties dict
        Will return a list or a value, depending on the object it's called on

        Returns
        -------
        list/float
            the required data
        """
        read_speed = self.read_speed_setting()
        array_names = self.array_name()

        if isinstance(array_names, list):
            return [getattr(lookup.array_properties.get((read_speed, a)),
                            attr, None) for a in array_names]
        else:
            return getattr(lookup.array_properties.get((read_speed,
                                            array_names)), attr, None)





          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.gsaoi.lookup

from collections import namedtuple

ArrayProperties = namedtuple("ArrayProperties", "readnoise gain welldepth "
                             "linlimit coeffs nonlinlimit")

filter_wavelengths = {
    'Z'        : 1.0150,
    'HeI1083'  : 1.0830,
    'PaG'      : 1.0940,
    'Jcont'    : 1.2070,
    'PaB'      : 1.2820,
    'Hcont'    : 1.5700,
    'CH4short' : 1.5800,
    'CH4long'  : 1.6900,
    'H2O'      : 2.0000,
    'HeI-2p2s' : 2.0580,
    'Kcntshrt' : 2.0930,
    'Kprime'   : 2.1200,
    'H2(1-0)'  : 2.1220,
    'Kshort'   : 2.1500,
    'H2(2-1)'  : 2.2480,
    'BrG'      : 2.1660,
    'Kcntlong' : 2.2700,
    'CO2360'   : 2.3600,
}

array_properties = {
    # Taken from http://www.gemini.edu/sciops/instruments/gsaoi/instrument-description/detector-characteristics
    # Dictionary key is the read mode and array section
    # Dictionary values are in the following order:
    # readnoise, gain, well, linearlimit, coeff1, coeff2, coeff3, nonlinearlimit
    # read noise is in units of electrons, well is in units of ADU

    # Well depth from email from Rodrigo Carrasco, 20150824:
    # Detector well depth. GSAOI detector is formed by 4 2kx2k arrays.
    # Each array have different saturation levels and well depth. The
    # lowest saturation level is for array 2. The following table give
    # to you values:
    #
    # Array      Saturation  Gain   Well Depth (e-)      Well Depth (e-)
    #              (ADU)           (no non-Lin. corr)   (after non lin. corr. - 2%)
    # --------------------------------------------------------------------------------------------
    # 1 (-074)     52400        2.434     100426                123826
    # 2 (-064)     50250        2.010     74266                 98060
    # 3 (-071)     53760        2.411     104528                127073
    # 4 (-061)     52300        2.644     110624                132962
    #
    # As you can see, the lowest well depth is in array. I suggest to use
    # this value (after non-linearity correction is applied (98000 e-) for
    # all arrays.
    #
    # You have to correct for non-linearity the detectors before you can
    # measure any thing, specially any photometry. When we reduce GSAOI
    # images, we apply the correction for non-linearity first. This is done
    # with the task "gaprepare" inside the GSAOI package. This task also
    # remove the first and last 4 pixels (columns and rows) from each array.
    # These pixels are not illuminated. Then we sky correct and flat field
    # the data. Finally, each array is multiply by the own gain to have all
    # 4 arrays at same level in electrons.
    #
    # What I suggest is to assume one value for the 4 arrays after gain
    # multiplication of 100000 electrons for the well depth (conservative,
    # but should be ok). Note that this well depth is based on Array 2 and
    # is at the 2% from 96% before saturation, after correction for
    # non-linearity.

    ('Bright Objects', 'H2RG-032-074'): ArrayProperties(26.53, 2.434, 52400, 0.73, (0.9947237, 7.400241E-7, 2.539787E-11), 0.97),
    ('Bright Objects', 'H2RG-032-064'): ArrayProperties(19.10, 2.010, 50250, 0.64, (0.9944842, 6.748257E-7, 3.679960E-11), 0.97),
    ('Bright Objects', 'H2RG-032-071'): ArrayProperties(27.24, 2.411, 53700, 0.76, (0.9947278, 7.067051E-7, 2.177223E-11), 0.98),
    ('Bright Objects', 'H2RG-032-061'): ArrayProperties(32.26, 2.644, 52300, 0.75, (0.9958842, 5.670857E-7, 2.718377E-11), 0.96),
    ('Faint Objects', 'H2RG-032-074'): ArrayProperties(13.63, 2.434, 52400, 0.73, (0.9947237, 7.400241E-7, 2.539787E-11), 0.97),
    ('Faint Objects', 'H2RG-032-064'): ArrayProperties(9.85, 2.010, 50250, 0.64, (0.9944842, 6.748257E-7, 3.679960E-11), 0.97),
    ('Faint Objects', 'H2RG-032-071'): ArrayProperties(14.22, 2.411, 53700, 0.76, (0.9947278, 7.067051E-7, 2.177223E-11), 0.98),
    ('Faint Objects', 'H2RG-032-061'): ArrayProperties(16.78, 2.644, 52300, 0.75, (0.9958842, 5.670857E-7, 2.718377E-11), 0.96),
    ('Very Faint Objects', 'H2RG-032-074'): ArrayProperties(10.22, 2.434, 52400, 0.73, (0.9947237, 7.400241E-7, 2.539787E-11), 0.97),
    ('Very Faint Objects', 'H2RG-032-064'): ArrayProperties(7.44, 2.010, 50250, 0.64, (0.9944842, 6.748257E-7, 3.679960E-11), 0.97),
    ('Very Faint Objects', 'H2RG-032-071'): ArrayProperties(10.61, 2.411, 53700, 0.76, (0.9947278, 7.067051E-7, 2.177223E-11), 0.98),
    ('Very Faint Objects', 'H2RG-032-061'): ArrayProperties(12.79, 2.644, 52300, 0.75, (0.9958842, 5.670857E-7, 2.718377E-11), 0.96),
    }

nominal_zeropoints = {
    # Table of GSAOI nominal zeropoint magnitude by camera and filter.
    # Updated 2015.08.24 with info from Rodrigo Carrasco
    # The zero points are:
    # J:   25.48+K(1-airmass) - used Flux in ADU - K=0.092
    # H:  25.77-J(1-airmass) - used Flux in ADU - K=0.031
    # Ks: 25.17-K(1-airmass) - used Flux in ADU - K=0.068
    # The extinction coefficients K are from CTIO.
    # For QAP, the airmass is assumed to be 1.

    # NOTE NOTE NOTE
    # The numbers are for 1 ADU/s not 1 electron/s, so we need to
    # add 2.5*log_10(gain) to each of them.
    # The gain is in the GSAOIArrayDict lookup table, should this
    # lookup directly reference the other rather than having the
    # same info twice?
    # Sector 1: gain = 2.434, 2.5*log_10(gain) = 0.966
    # Sector 2: gain = 2.010, 2.5*log_10(gain) = 0.758
    # Sector 3: gain = 2.411, 2.5*log_10(gain) = 0.955
    # Sector 4: gain = 2.644, 2.5*log_10(gain) = 1.056

    # Note: Z-band numbers come from S Leggett's paper,
    # http://iopscience.iop.org/article/10.1088/0004-637X/799/1/37/meta
    # "We derived identical zeropoints, within the uncertainties, for both
    # bright and faint read modes and for each of the four detectors. The
    # zeropoints were measured to be 26.71 at GSAOI-Z (equivalent to MKO-Y)
    # and 26.40 at J, where zeropoint is defined as the magnitude of an
    # object that produces one count (or data number) per second."


    # (FILTER, Array sector) : Nominal zeropoint for airmass=1
    #    ('Z', 'H2RG-032-074'): 27.68,   # 26.71 + 2.5*log10(2.434)
    #    ('Z', 'H2RG-032-064'): 27.47,   # 26.71 + 2.5*log10(2.010)
    #    ('Z', 'H2RG-032-071'): 27.67,   # 26.71 + 2.5*log10(2.411)
    #    ('Z', 'H2RG-032-061'): 27.77,   # 26.71 + 2.5*log10(2.644)
    #    ('J', 'H2RG-032-074'): 25.58,   # 24.61 + 2.5*log10(2.434)
    #    ('J', 'H2RG-032-064'): 20.07,   # 19.31 + 2.5*log10(2.010)
    #    ('J', 'H2RG-032-071'): 25.31,   # 24.35 + 2.5*log10(2.411)
    #    ('J', 'H2RG-032-061'): 27.96,   # 26.90 + 2.5*log10(2.644)
    #    ('H', 'H2RG-032-074'): 25.86,   # 24.89 + 2.5*log10(2.434)
    #    ('H', 'H2RG-032-064'): 20.29,   # 19.53 + 2.5*log10(2.010)
    #    ('H', 'H2RG-032-071'): 25.58,   # 24.62 + 2.5*log10(2.411)
    #    ('H', 'H2RG-032-061'): 28.26,   # 27.20 + 2.5*log10(2.644)
    #    ('Ks', 'H2RG-032-074'): 25.28,  # 24.31 + 2.5*log10(2.434)
    #    ('Ks', 'H2RG-032-064'): 19.84,  # 19.08 + 2.5*log10(2.010)
    #    ('Ks', 'H2RG-032-071'): 25.01,  # 24.05 + 2.5*log10(2.411)
    #    ('Ks', 'H2RG-032-061'): 27.63,  # 26.57 + 2.5*log10(2.644)

    # J, H, Ks values in electrons, provided from Rodrigo 2016.02.05.
    # Here are the zero points derived from data take 2013 Feb 19UT.
    # The errors of the zero points are quite large (in average 0.2
    # mag). Only two stars at different airmasses were observed that
    # night. You can use these zero points as starting point for the QAP.
    # I didn't fit the colour term because these stars are not suitable
    # to do that. Need a secondary start which we never observed. The
    # Extinction coefficient was fixed to the average values from 2MASS.
    # The difference between these values and the values given in the
    # GSAOI web page is the way the instrumental magnitude was calculated.
    # m_lambda  = - 2.5 log F_lambda where the flux is in electrons.
    #
    # Array 1:
    #ZP(J) = 26.857(0.188) - 0.092 * Xj
    #ZP(H) = 26.796(0.230) - 0.031 * Xh
    #ZP(Ks) = 26.201(0.251) - 0.065 * Xk
    #
    # Array 2:
    #ZP(J) = 26.891(0.160) - 0.092 * Xj
    #ZP(H) = 26.931(0.159) - 0.031 * Xh
    #ZP(Ks) = 26.287(0.198) - 0.065 * Xk
    #
    # Array 3:
    #ZP(J) = 26.774(0.211) - 0.092 * Xj
    #ZP(H) = 26.821(0.226) - 0.031 * Xh
    #ZP(Ks) = 26.154(0.218) - 0.065 * Xk
    #
    # Array 4:
    #ZP(J) = 26.727(0.235) - 0.092 * Xj
    #ZP(H) = 26.796(0.230) - 0.031 * Xh
    #ZP(Ks) = 26.192(0.268) - 0.065 * Xk
    #
    # The Z-band values are taken from S Leggett's paper
    # http://iopscience.iop.org/article/10.1088/0004-637X/799/1/37/meta
    # "We derived identical zeropoints, within the uncertainties, for both
    # bright and faint read modes and for each of the four detectors. The
    # zeropoints were measured to be 26.71 at GSAOI-Z (equivalent to MKO-Y)
    # and 26.40 at J, where zeropoint is defined as the magnitude of an
    # object that produces one count (or data number) per second."
    # By comparison of J-band with Rodrigo's values, we believe Z-band to
    # be in units of electrons as well.

    # The K' and K transforms from Ks are taken from the NIRI color
    # transforms at
    # http://www.gemini.edu/sciops/instruments/near-ir-resources/nir-photometric-standard-stars/niri-filter-color-transformation
    # Kshort = K + 0.002 + 0.026(J-K)
    # Kprime = K + 0.22(H-K)

    ('Z', 'H2RG-032-074'): 26.71,
    ('Z', 'H2RG-032-064'): 26.71,
    ('Z', 'H2RG-032-071'): 26.71,
    ('Z', 'H2RG-032-061'): 26.71,

    ('J', 'H2RG-032-074'): 26.857,
    ('J', 'H2RG-032-064'): 26.891,
    ('J', 'H2RG-032-071'): 26.774,
    ('J', 'H2RG-032-061'): 26.727,

    ('H', 'H2RG-032-074'): 26.796,
    ('H', 'H2RG-032-064'): 26.931,
    ('H', 'H2RG-032-071'): 26.821,
    ('H', 'H2RG-032-061'): 26.796,

    ('Kshort', 'H2RG-032-074'): 26.201,
    ('Kshort', 'H2RG-032-064'): 26.287,
    ('Kshort', 'H2RG-032-071'): 26.154,
    ('Kshort', 'H2RG-032-061'): 26.192,

    ('K', 'H2RG-032-074'): 26.199,
    ('K', 'H2RG-032-064'): 26.285,
    ('K', 'H2RG-032-071'): 26.152,
    ('K', 'H2RG-032-061'): 26.190,

    ('Kprime', 'H2RG-032-074'): 26.419,
    ('Kprime', 'H2RG-032-064'): 26.505,
    ('Kprime', 'H2RG-032-071'): 26.372,
    ('Kprime', 'H2RG-032-061'): 26.410,
}

read_modes = { 2 : 'Bright Objects',
               8 : 'Faint Objects',
              16 : 'Very Faint Objects' }




          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.hokupaa_quirc.adclass

#
#                                                            Gemini Observatory
#
#                                                                        Dragons
#                                                             gemini_instruments
#                                                       hokupaa_QUIRC.adclass.py
# ------------------------------------------------------------------------------

from astrodata import astro_data_tag
from astrodata import astro_data_descriptor
from astrodata import returns_list
from astrodata import TagSet

from ..gemini import AstroDataGemini

# ------------------------------------------------------------------------------
[docs]class AstroDataHokupaaQUIRC(AstroDataGemini):
    __keyword_dict = dict(
        airmass = 'AMEND',
        wavelength_band = 'FILTER',
        observation_type = 'IMAGETYP',
    )

    @staticmethod
    def _matches_data(source):
        return source[0].header.get('INSTRUME', '') == 'Hokupaa+QUIRC'

    @astro_data_tag
    def _tag_instrument(self):
        return TagSet(['HOKUPAAQUIRC'])

    @astro_data_tag
    def _tag_image(self):
        return TagSet(['IMAGE'])

    @astro_data_tag
    def _tag_dark(self):
        if 'dark' in self.phu.get('OBJECT', '').lower():
            return TagSet(['DARK'], blocks=['IMAGE', 'SPECT'])

    @astro_data_tag
    def _tag_flat(self):
        if 'flat' in self.phu.get('OBJECT', '').lower():
            return TagSet(['FLAT', 'CAL'])

[docs]    @astro_data_descriptor
    def airmass(self):
        return self.phu.get(self._keyword_for('airmass'))


[docs]    @astro_data_descriptor
    def detector_name(self, pretty=False):
        """
        Returns the name of the detector. For HOKUPAA+QUIRC, this is always
        'QUIRC'

        Returns
        -------
        <str>:
            Detector name

        """
        return 'QUIRC'


[docs]    @astro_data_descriptor
    def filter_name(self, pretty=False):
        """
        This descriptor is used to display 'WaveBand' in the archive.

        Parameters
        ----------
        pretty: <bool>
            This keyword parameter is present for API purposes.
            It has no effect for this descriptor.

        Returns
        -------
        <str>:
             wavelength band substituting for filter_name(pretty=True)
        """
        return self.wavelength_band()


[docs]    @astro_data_descriptor
    def instrument(self, generic=False):
        """
        Returns the name of the instrument making the observation

        Parameters
        ----------
        generic: <bool>
            Request the generic instrument name, if applicable.

        Returns
        -------
        <str>: 
            instrument name

        """
        return self.phu.get(self._keyword_for('instrument'))



[docs]    @astro_data_descriptor
    def observation_type(self):
        """
        Returns 'type' the observation.

        Returns
        -------
        <str>: 
            observation type.

        """
        return self.phu.get(self._keyword_for('observation_type'))


[docs]    @astro_data_descriptor
    def ra(self):
        """
        Returns the name of the 

        Returns
        -------
        <str>:
            right ascension

        """
        return self.phu.get(self._keyword_for('ra'))


[docs]    @astro_data_descriptor
    def dec(self):
        """
        Returns the name of the 

        Returns
        -------
        <str>:
            declination

        """
        return self.phu.get(self._keyword_for('dec'))


[docs]    @astro_data_descriptor
    def wavelength_band(self):
        """
        Returns the name of the bandpass of the observation.

        Returns
        -------
        <str>:
            Name of the bandpass.

        """
        return self.phu.get(self._keyword_for('wavelength_band'))


[docs]    @astro_data_descriptor
    def target_ra(self):
        return self.wcs_ra()


[docs]    @astro_data_descriptor
    def target_dec(self):
        return self.wcs_dec()






          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.hrwfs.adclass

#
#                                                            Gemini Observatory
#
#                                                                        Dragons
#                                                             gemini_instruments
#                                                               hrwfs.adclass.py
# ------------------------------------------------------------------------------

from astrodata import astro_data_tag
from astrodata import astro_data_descriptor
from astrodata import returns_list
from astrodata import TagSet

from ..gemini import AstroDataGemini

# ------------------------------------------------------------------------------
[docs]class AstroDataHrwfs(AstroDataGemini):
    __keyword_dict = dict(
        target_ra = 'CRVAL1',
        target_dec = 'CRVAL2',
        )
    @staticmethod
    def _matches_data(source):
        return source[0].header.get('INSTRUME', '') == 'hrwfs'

    @astro_data_tag
    def _tag_instrument(self):
        return TagSet(['HRWFS'])

    @astro_data_tag
    def _tag_image(self):
        return TagSet(['IMAGE'])

    @astro_data_tag
    def _tag_dark(self):
        if 'dark' in self.phu.get('OBSTYPE', '').lower():
            return TagSet(['DARK', 'CAL'], blocks=['IMAGE'])

    @astro_data_tag
    def _tag_flat(self):
        if 'flat' in self.phu.get('OBSTYPE', '').lower():
            return TagSet(['FLAT', 'CAL'])

    @astro_data_tag
    def _tag_bias(self):
        if 'bias' in self.phu.get('OBSTYPE', '').lower():
            return TagSet(['BIAS', 'CAL'], blocks=['IMAGE'])

[docs]    @astro_data_descriptor
    def ra(self):
        """
        Returns the name of the 

        Returns
        -------
        <str>:
            right ascension

        """
        return self.target_ra()


[docs]    @astro_data_descriptor
    def dec(self):
        """
        Returns the name of the 

        Returns
        -------
        <str>:
            declination

        """
        return self.target_dec()


[docs]    @astro_data_descriptor
    def target_ra(self):
        return self.phu.get(self._keyword_for('target_ra'))


[docs]    @astro_data_descriptor
    def target_dec(self):
        return self.phu.get(self._keyword_for('target_dec'))






          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.igrins.adclass

#
#                                                            Gemini Observatory
#
#                                                                        Dragons
#                                                             gemini_instruments
#                                                              igrins.adclass.py
# ------------------------------------------------------------------------------

from astrodata import astro_data_tag
from astrodata import astro_data_descriptor
from astrodata import returns_list
from astrodata import TagSet

from ..gemini import AstroDataGemini
#from .. import gmu
# ------------------------------------------------------------------------------
[docs]class AstroDataIgrins(AstroDataGemini):
    __keyword_dict = dict(
        airmass = 'AMSTART',
        wavelength_band = 'BAND',
        detector_name = 'DETECTOR',
        observation_class = 'OBJTYPE',
        observation_type = 'OBJTYPE',
        ra = 'OBJRA',
        dec = 'OBJDEC',
        slit_x_center = 'SLIT_CX',
        slit_y_center = 'SLIT_CY',
        slit_width = 'SLIT_WID',
        slit_length = 'SLIT_LEN',
        slit_angle = 'SLIT_ANG'
    )

    @staticmethod
    def _matches_data(source):
        grins = source[0].header.get('INSTRUME', '').upper() == 'IGRINS'
        if not grins:
            grins = source[1].header.get('INSTRUME', '').upper() == 'IGRINS'
        return grins

    @astro_data_tag
    def _tag_instrument(self):
        return TagSet(['IGRINS'])

    @astro_data_tag
    def _tag_image(self):
        if self.phu.get('BAND') == 'S' or self[0].hdr.get('BAND') == 'S':
            return TagSet(['IMAGE', 'ACQUISITION'])

    # @astro_data_tag
    # def _tag_spect(self):
    #     if self.phu.get('BAND') in ['K', 'H']:
    #         return TagSet(['SPECT'])

    @astro_data_tag
    def _tag_dark(self):
        if self.phu.get('OBJTYPE') == 'DARK' or self[0].hdr.get('OBJTYPE') == 'DARK':
            return TagSet(['DARK'], blocks=['IMAGE', 'SPECT'])

    @astro_data_tag
    def _tag_arc(self):
        if self.phu.get('OBJTYPE') == 'ARC' or self[0].hdr.get('OBJTYPE') == 'ARC':
            return TagSet(['ARC', 'CAL'])

    @astro_data_tag
    def _tag_flat(self):
        if self.phu.get('OBJTYPE') == 'FLAT' or self[0].hdr.get('OBJTYPE') == 'FLAT':
            return TagSet(['FLAT', 'CAL'])

    @astro_data_tag
    def _tag_standard(self):
        if self.phu.get('OBJTYPE') == 'STD' or self[0].hdr.get('OBJTYPE') == 'STD':
            return TagSet(['STANDARD', 'CAL'])

    @astro_data_tag
    def _tag_science(self):
        if self.phu.get('OBJTYPE') == 'TAR' or self[0].hdr.get('OBJTYPE') == 'TAR':
            return TagSet(['SCIENCE'])

[docs]    @astro_data_descriptor
    def airmass(self):
        aim = self.phu.get(self._keyword_for('airmass'))
        if not aim:
            aim = self[0].hdr.get(self._keyword_for('airmass'))
        return aim


[docs]    @astro_data_descriptor
    def detector_name(self, pretty=False):
        """
        Returns the name of the detector

        Returns
        -------
        <str>:
            Detector name

        """
        detnam = self.phu.get(self._keyword_for('detector_name'))
        if not detnam:
            detnam = self[0].hdr.get(self._keyword_for('detector_name'))
        return detnam


[docs]    @astro_data_descriptor
    def filter_name(self, pretty=False):
        """
        IGRINS has no filters or filter names. But this descriptor is
        used to display 'WaveBand' in the archive. So, IGRINS data
        needs to "fake it." wavelength_band() returns a string exactly
        equal to a call on filter_name(pretty=True).

        Parameters
        ----------
        pretty: <bool>
            This keyword parameter is present for API purposes.
            It has no effect for this descriptor.

        Returns
        -------
        <str>:
             wavelength band substituting for filter_name(pretty=True)

        """
        return self.wavelength_band()


[docs]    @astro_data_descriptor
    def instrument(self, generic=False):
        """
        Returns the name of the instrument making the observation

        Parameters
        ----------
        generic: <bool>
            Request the generic instrument name, if applicable.

        Returns
        -------
        <str>: 
            instrument name

        """
        inst = self.phu.get(self._keyword_for('instrument'))
        if not inst:
            inst = self[0].hdr.get(self._keyword_for('instrument'))

        return inst


[docs]    @astro_data_descriptor
    def observation_class(self):
        """
        Returns 'class' the observation; one of,

            'science', 'acq', 'projCal', 'dayCal', 'partnerCal', 'acqCal'

        An 'acq' is defined by BAND == 'S', where 'S' indicates a slit image.

        Returns
        -------
        oclass: <str>
            One of the above enumerated names for observation class.

        """
        oclass = None

        otype = self.phu.get(self._keyword_for('observation_class'))
        if not otype:
            otype = self[0].hdr.get(self._keyword_for('observation_class'))

        if 'S' in self.wavelength_band():
            oclass = 'acq'

        if 'STD' in otype:
            oclass = 'partnerCal'
        elif 'TAR' in otype:
            oclass = 'science'

        return oclass


[docs]    @astro_data_descriptor
    def observation_type(self):
        """
        Returns 'type' the observation. For IGRINS, this will be one of,

            'OBJECT', 'DARK', 'FLAT', 'ARC'

        Returns
        -------
        otype: <str>
            Observation type.

        """
        otype = self.phu.get(self._keyword_for('observation_type'))
        if not otype:
            otype = self[0].hdr.get(self._keyword_for('observation_type'))

        if otype in ['STD', 'TAR']:
            otype = 'OBJECT'

        return otype


[docs]    @astro_data_descriptor
    def ra(self):
        """
        Returns the RA of the observation.

        Returns
        -------
        rad: <str>
            Right Ascension

        """
        rad = self.phu.get(self._keyword_for('ra'))
        if not rad:
            rad = self[0].hdr.get(self._keyword_for('ra'))
        return rad


[docs]    @astro_data_descriptor
    def dec(self):
        """
        Returns the declination of observation.

        Returns
        -------
        decd: <str>
            Declination

        """
        decd = self.phu.get(self._keyword_for('dec'))
        if not decd:
            decd = self[0].hdr.get(self._keyword_for('dec'))
        return decd


[docs]    @astro_data_descriptor
    def wavelength_band(self):
        """
        Returns the name of the bandpass of the observation.

        Returns
        -------
        <str>:
            Name of the bandpass.

        """
        waveb = self.phu.get(self._keyword_for('wavelength_band'))
        if not waveb:
            waveb = self[0].hdr.get(self._keyword_for('wavelength_band'))
        return waveb


    #@astro_data_descriptor
    def _slit_x_center(self):
        """
        Returns Center x position of slit in the SVC image

        Returns
        -------
        <int>: 
            center x position in pixels

        """
        return self.phu.get(self._keyword_for('slit_x_center'))

    #@astro_data_descriptor
    def _slit_y_center(self):
        """
        Returns Center y position of slit in the SVC image

        Returns
        -------
        <int>: 
            center y position in pixels

        """
        return self.phu.get(self._keyword_for('slit_y_center'))

    #@astro_data_descriptor
    def _slit_width(self):
        """
        Returns slit width in the SVC image

        Returns
        -------
        <int>: 
            slit width in pixels

        """
        return self.phu.get(self._keyword_for('slit_width'))

    #@astro_data_descriptor
    def _slit_length(self):
        """
        Returns slit length in the SVC image

        Returns
        -------
        <int>: 
            slit length in pixels

        """
        return self.phu.get(self._keyword_for('slit_length'))

    #@astro_data_descriptor
    def _slit_angle(self):
        """
        Returns slit length in the SVC image

        Returns
        -------
        <int>: 
            slit length in pixels

        """
        return self.phu.get(self._keyword_for('slit_angle'))      

[docs]    @astro_data_descriptor
    def target_ra(self):
        return self.wcs_ra()


[docs]    @astro_data_descriptor
    def target_dec(self):
        return self.wcs_dec()






          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.michelle.adclass

from astrodata import astro_data_tag, astro_data_descriptor, returns_list, TagSet
from ..gemini import AstroDataGemini

[docs]class AstroDataMichelle(AstroDataGemini):

    __keyword_dict = dict(central_wavelength = 'GRATPOS',
                          coadds = 'NUMEXPOS',
                          disperser = 'GRATNAME',
                          dispersion = 'GRATDISP',
                          exposure_time = 'EXPOSURE',
                          filter_name = 'FILTER',
                          focal_plane_mask = 'SLITNAME',
                          read_mode = 'MODE')

    @staticmethod
    def _matches_data(source):
        return source[0].header.get('INSTRUME', '').upper() == 'MICHELLE'

    @astro_data_tag
    def _tag_instrument(self):
        return TagSet({'MICHELLE'}, ())

    @astro_data_tag
    def _tag_mode(self):
        camera = self.phu.get('CAMERA')
        if camera == 'imaging':
            return TagSet({'IMAGE'}, ())
        elif camera == 'spectroscopy':
            return TagSet({'SPECT', 'LS'}, ())

[docs]    @astro_data_descriptor
    def exposure_time(self):
        """
        Returns the exposure time in seconds.

        Returns
        -------
        float
            Exposure time.
        """
        exposure_time = self.phu.get(self._keyword_for('exposure_time'), -1)
        num_ext = self.phu.get('NUMEXT', 1)
        if exposure_time < 0:
            return None
        return exposure_time * num_ext * self.coadds()


[docs]    @astro_data_descriptor
    def filter_name(self, stripID=False, pretty=False):
        """
        Returns the name of the filter(s) used. Since MICHELLE was not originally
        a Gemini instrument, its filters don't have componentIDs and so pretty
        and stripID do nothing.

        Parameters
        ----------
        stripID : bool
            Does nothing
        pretty : bool
            Does nothing

        Returns
        -------
        str
            The name of the filter
        """
        filter_name = self.phu.get('FILTER')
        return 'blank' if filter_name == 'NBlock' else filter_name


[docs]    @returns_list
    @astro_data_descriptor
    def pixel_scale(self):
        """
        Returns the image scale in arcseconds per pixel, one value per
        extension unless called on a single-extension slice. For Michelle,
        this comes from the PIXELSIZ PHU keyword

        Returns
        -------
        float/list of floats
            the pixel scale
        """
        return self.phu.get('PIXELSIZ')






          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.nici.adclass

from astrodata import astro_data_tag, astro_data_descriptor, returns_list, TagSet
from ..gemini import AstroDataGemini
from .. import gmu

[docs]class AstroDataNici(AstroDataGemini):
    @staticmethod
    def _matches_data(source):
        return source[0].header.get('INSTRUME', '').upper() == 'NICI'

    @astro_data_tag
    def _tag_instrument(self):
        return TagSet({'NICI', 'IMAGE'}, ())

    @astro_data_tag
    def _tag_dark(self):
        if self.phu.get('OBSTYPE') == 'DARK':
            return TagSet({'DARK', 'CAL'}, ())

    @astro_data_tag
    def _tag_flat(self):
        # NOTE: This will be set also for old type DARK frames... What should we do?
        if self.phu.get('OBSTYPE') == 'FLAT':
            return TagSet({'FLAT', 'CAL'}, {'SDI', 'ASDI'})

    @astro_data_tag
    def _tag_dichroic(self):
        dich = self.phu.get('DICHROIC', '')
        if 'Mirror' in dich:
            return TagSet({'ADI_B'}, ())
        elif 'Open' in dich:
            return TagSet({'ADI_R'}, ())
        elif '50/50' in dich:
            crmode = self.phu.get('CRMODE')
            if crmode == 'FOLLOW':
                return TagSet({'SDI'}, ())
            elif crmode == 'FIXED':
                return TagSet({'ASDI'}, ())

[docs]    @astro_data_descriptor
    def exposure_time(self):
        """
        Returns the exposure time in seconds.

        Returns
        -------
        float/list of floats
            exposure time for each extension
        """
        try:
            exptime_r = self.phu['ITIME_R'] * self.phu['NCOADD_R']
        except KeyError:
            exptime_r = None
        try:
            exptime_b = self.phu['ITIME_B'] * self.phu['NCOADD_B']
        except KeyError:
            exptime_b = None

        # Use the filter header keywords to determine which exptime to use
        # Assume it's a red exposure if FILTER_B is not defined
        filt_b = self.hdr.get('FILTER_B')
        try:
            return [exptime_r if f is None else exptime_b for f in filt_b]
        except TypeError:
            return exptime_r if filt_b is None else exptime_b


[docs]    @astro_data_descriptor
    def filter_name(self, stripID=False, pretty=False):
        """
        Returns the name of the filter(s) used.  The component ID can be
        removed with either 'stripID' or 'pretty'.  If a combination of filters
        is used, the filter names will be join into a unique string with '&' as
        separator.  If 'pretty' is True, filter positions such as 'Open',
        'Dark', 'blank', and others are removed leaving only the relevant
        filters in the string.

        NICI has filter names in the extension HDUs, so this can return a list

        Parameters
        ----------
        stripID : bool
            If True, removes the component ID and returns only the name of
            the filter.
        pretty : bool
            Same as for stripID.  Pretty here does not do anything more.

        Returns
        -------
        str/list of str
            The name of the filter combination with or without the component ID.
        """
        filt_r = self.hdr.get('FILTER_R')
        filt_b = self.hdr.get('FILTER_B')

        # This assumes that precisely one of FILTER_R or FILTER_B is defined
        # in each HDU
        try:
            filters = [r if b is None else b for r,b in zip(filt_r, filt_b)]
            return "+".join([gmu.removeComponentID(f) if pretty or stripID else
                        f for f in filters])
        except TypeError:
            filter = filt_r if filt_b is None else filt_b
            return gmu.removeComponentID(filter) if pretty or stripID else filter


[docs]    @astro_data_descriptor
    def pixel_scale(self):
        """
        Returns the image scale in arcseconds per pixel

        Returns
        -------
        float
            the pixel scale
        """
        return 0.018






          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.nifs.adclass

import math

from astrodata import astro_data_tag, astro_data_descriptor, returns_list, TagSet
from ..gemini import AstroDataGemini
from .lookup import constants_by_bias, config_dict, lnrs_mode_map

# NOTE: Temporary functions for test. gempy imports astrodata and
#       won't work with this implementation
from .. import gmu

[docs]class AstroDataNifs(AstroDataGemini):

    __keyword_dict = dict(array_section = 'DATASEC',
                          camera = 'INSTRUME',
                          central_wavelength = 'GRATWAVE',
                          detector_section = 'DATASEC',
                          disperser = 'GRATING',
                          focal_plane_mask = 'APERTURE',
                          observation_epoch = 'EPOCH')
    @staticmethod
    def _matches_data(source):
        return source[0].header.get('INSTRUME', '').upper() == 'NIFS'

    @astro_data_tag
    def _tag_instrument(self):
        return TagSet(['NIFS'])

    @astro_data_tag
    def _tag_dark(self):
        if self.phu.get('OBSTYPE') == 'DARK':
            return TagSet(['DARK', 'CAL'], blocks=['IMAGE', 'SPECT'])

    @astro_data_tag
    def _tag_image(self):
        if self.phu.get('FLIP') == 'In':
            return TagSet(['IMAGE'])

    @astro_data_tag
    def _tag_arc(self):
        if self.phu.get('OBSTYPE') == 'ARC':
            return TagSet(['ARC', 'CAL'])

    @astro_data_tag
    def _tag_ronchi(self):
        req = self.phu.get('OBSTYPE'), self.phu.get('APERTURE')
        if req == ('FLAT', 'Ronchi_Screen_G5615'):
            return TagSet(['RONCHI', 'CAL'])

    @astro_data_tag
    def _tag_spect(self):
        if self.phu.get('FLIP') == 'Out':
            return TagSet(['SPECT', 'IFU'])

[docs]    @astro_data_descriptor
    def filter_name(self, stripID=False, pretty=False):
        """
        Returns the name of the filter(s) used.  The component ID can be
        removed with either 'stripID' or 'pretty'.  If 'pretty' is True,
        filter positions such as 'Open', 'Dark', 'blank', and others are
        removed leaving only the relevant filters in the string.

        Parameters
        ----------
        stripID : bool
            If True, removes the component ID and returns only the name of
            the filter.
        pretty : bool
            Same as for stripID.  Pretty here does not do anything more.

        Returns
        -------
        str
            The name of the filter with or without the component ID.

        """
        filt = self.phu.get('FILTER')
        if stripID or pretty:
            filt = gmu.removeComponentID(filt)
        return 'blank' if filt == 'Blocked' else filt


    def _from_biaspwr(self, constant_name):
        bias_volt = self.phu.get('BIASPWR')

        for bias, constants in constants_by_bias.items():
            if abs(bias - bias_volt) < 0.1:
                return getattr(constants, constant_name, None)

        raise KeyError("The bias value for this image doesn't match any on the lookup table")

[docs]    @returns_list
    @astro_data_descriptor
    def gain(self):
        """
        Returns the gain used for the observation.  A lookup table is
        uses to compare the bias value in the headers to the bias values
        associate with the various gain settings.

        Returns
        -------
        float
            Gain used for the observation.

        """
        return self._from_biaspwr("gain")


[docs]    @astro_data_descriptor
    def gcal_lamp(self):
        """
        Returns the name of the GCAL lamp being used, or "Off" if no lamp is
        in used.  This applies to flats and arc observations when a lamp is
        used.  For other types observation, None is returned.

        This overrides the gemini level descriptor, as NIFS has more lamp names
        than are accommodated by that descriptor function.

        Returns
        -------
        lamps: <str>
            Name of the GCAL lamp, or "Off"

        """
        lamps, shut = self.phu.get('GCALLAMP'), self.phu.get('GCALSHUT')
        if lamps is None:
            return None
        
        if shut and "CLOSED" in shut.upper():
            return 'Off'
        elif lamps and "OPEN" in shut.upper():
            return lamps


[docs]    @astro_data_descriptor
    def non_linear_level(self):
        """
        Returns the level at which the array becomes non-linear.  The
        return units are ADUs.  A lookup table is used.  Whether the data
        has been corrected for non-linearity or not is taken into account.
        A list is returned unless called on a single-extension slice.

        Returns
        -------
        int/list
            Level in ADU at which the non-linear regime starts.
        """
        saturation_level = self.saturation_level()
        corrected = 'NONLINCR' in self.phu

        linear_limit = self._from_biaspwr("linearlimit" if corrected
                                          else "nonlinearlimit")
        if self.is_single:
            try:
                return int(saturation_level * linear_limit)
            except TypeError:
                return None
        else:
            return [int(linear_limit * s) if linear_limit and s else None
                    for s in saturation_level]


[docs]    @astro_data_descriptor
    def pixel_scale(self):
        """
        Returns the pixel scale in arc seconds.  A lookup table indexed on
        focal_plane_mask, disperser, and filter_name is used.

        Returns
        -------
        lfloat
            Pixel scale in arcsec.
        """
        fpm = self.focal_plane_mask()
        disp = self.disperser()
        filt = self.filter_name()
        return getattr(config_dict.get((fpm, disp, filt)), 'pixscale', None)


[docs]    @astro_data_descriptor
    def read_mode(self):
        """
        Returns the read mode for the observation.  The read mode is directly
        associated with the LNRS header keyword value.

        Returns
        -------
        str
            Read mode for the observation.
        """
        # NOTE: The original read_mode descriptor obtains the bias voltage
        #       value, but then it does NOTHING with it. I'll just skip it.
        return lnrs_mode_map.get(self.phu.get('LNRS'), 'Unknown')


[docs]    @returns_list
    @astro_data_descriptor
    def read_noise(self):
        """
        Returns the detector read noise, in electrons.
        A lookup table is used.  The read noise depends on the gain setting
        and is affected by the number of coadds and non-destructive pairs.
        A list is returned unless called on a single-extension slice.

        Returns
        -------
        list/float
            Detector read noise in electrons.

        """
        rn = self._from_biaspwr("readnoise")
        try:
            return float(rn * math.sqrt(self.coadds()) / math.sqrt(self.phu.get('LNRS')))
        except TypeError:
            return None


[docs]    @returns_list
    @astro_data_descriptor
    def saturation_level(self):
        """
        Returns the saturation level for the observation, in ADUs
        A lookup table is used to get the full well value based on the
        gain. A list is returned unless called on a single-extension slice.

        Returns
        -------
        int/list
            Saturation level in ADUs.

        """
        try:
            return int(self._from_biaspwr("well") * self.coadds())
        except TypeError:
            return None






          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.nifs.lookup

from collections import namedtuple

# Data structures used by this module

Constants = namedtuple("Constants", "readnoise gain well linearlimit coeff1 coeff2 coeff3 nonlinearlimit")
Config = namedtuple("Config", "mdf offsetsection pixscale mode")

# Taken from nifs$data/nifsarray.fits
# Dictionary key is the bias
# Dictionary values are in the following order:
# readnoise, gain, well, linearlimit, coeff1, coeff2, coeff3,
# nonlinearlimit

# The index is bias value
constants_by_bias = {
    3. : Constants(readnoise=6.3, gain=2.4, well=50000., linearlimit=0.9, nonlinearlimit=0.9,
                   coeff1=1.017475, coeff2=0.244937, coeff3=1.019483)
}

common_config = Config(mdf="nifs$data/nifs-mdf.fits" , offsetsection="[900:1024,*]" ,
                       pixscale=0.043 , mode="IFU")

config_dict = {
    # Dictionary keys are in the following order:
    # fpmask, grating, filter
    ( "3.0_Mask_G5610" , "Mirror_G5601" , "HK_G0603" ) : common_config,
    ( "Ronchi_Screen_G5615" , "Mirror_G5601" , "HK_G0603" ) : common_config,
    ( "0.1_Hole_G5611" , "Mirror_G5601" , "HK_G0603" ) : common_config,
    ( "0.2_Hole_G5612" , "Mirror_G5601" , "HK_G0603" ) : common_config,
    ( "0.2_Hole_Array_G5613" , "Mirror_G5601" , "HK_G0603" ) : common_config,
    ( "0.2_Slit_G5614" , "Mirror_G5601" , "HK_G0603" ) : common_config,
    ( "0.1_Occ_Disc_G5616" , "Mirror_G5601" , "HK_G0603" ) : common_config,
    ( "0.2_Occ_Disc_G5617" , "Mirror_G5601" , "HK_G0603" ) : common_config,
    ( "0.5_Occ_Disc_G5618" , "Mirror_G5601" , "HK_G0603" ) : common_config,
    ( "KG3_ND_Filter_G5619" , "Mirror_G5601" , "HK_G0603" ) : common_config,
    ( "KG5_ND_Filter_G5620" , "Mirror_G5601" , "HK_G0603" ) : common_config,
    ( "Blocked_G5621" , "Mirror_G5601" , "HK_G0603" ) : common_config,
    ( "3.0_Mask_G5610" , "H_G5604" , "HK_G0603" ) : common_config,
    ( "Ronchi_Screen_G5615" , "H_G5604" , "HK_G0603" ) : common_config,
    ( "0.1_Hole_G5611" , "H_G5604" , "HK_G0603" ) : common_config,
    ( "0.2_Hole_G5612" , "H_G5604" , "HK_G0603" ) : common_config,
    ( "0.2_Hole_Array_G5613" , "H_G5604" , "HK_G0603" ) : common_config,
    ( "0.2_Slit_G5614" , "H_G5604" , "HK_G0603" ) : common_config,
    ( "0.1_Occ_Disc_G5616" , "H_G5604" , "HK_G0603" ) : common_config,
    ( "0.2_Occ_Disc_G5617" , "H_G5604" , "HK_G0603" ) : common_config,
    ( "0.5_Occ_Disc_G5618" , "H_G5604" , "HK_G0603" ) : common_config,
    ( "KG3_ND_Filter_G5619" , "H_G5604" , "HK_G0603" ) : common_config,
    ( "KG5_ND_Filter_G5620" , "H_G5604" , "HK_G0603" ) : common_config,
    ( "Blocked_G5621" , "H_G5604" , "HK_G0603" ) : common_config,
    ( "3.0_Mask_G5610" , "K_G5605" , "HK_G0603" ) : common_config,
    ( "Ronchi_Screen_G5615" , "K_G5605" , "HK_G0603" ) : common_config,
    ( "0.1_Hole_G5611" , "K_G5605" , "HK_G0603" ) : common_config,
    ( "0.2_Hole_G5612" , "K_G5605" , "HK_G0603" ) : common_config,
    ( "0.2_Hole_Array_G5613" , "K_G5605" , "HK_G0603" ) : common_config,
    ( "0.2_Slit_G5614" , "K_G5605" , "HK_G0603" ) : common_config,
    ( "0.1_Occ_Disc_G5616" , "K_G5605" , "HK_G0603" ) : common_config,
    ( "0.2_Occ_Disc_G5617" , "K_G5605" , "HK_G0603" ) : common_config,
    ( "0.5_Occ_Disc_G5618" , "K_G5605" , "HK_G0603" ) : common_config,
    ( "KG3_ND_Filter_G5619" , "K_G5605" , "HK_G0603" ) : common_config,
    ( "KG5_ND_Filter_G5620" , "K_G5605" , "HK_G0603" ) : common_config,
    ( "Blocked_G5621" , "K_G5605" , "HK_G0603" ) : common_config,
    ( "3.0_Mask_G5610" , "K_Short_G5606" , "HK_G0603" ) : common_config,
    ( "Ronchi_Screen_G5615" , "K_Short_G5606" , "HK_G0603" ) : common_config,
    ( "0.1_Hole_G5611" , "K_Short_G5606" , "HK_G0603" ) : common_config,
    ( "0.2_Hole_G5612" , "K_Short_G5606" , "HK_G0603" ) : common_config,
    ( "0.2_Hole_Array_G5613" , "K_Short_G5606" , "HK_G0603" ) : common_config,
    ( "0.2_Slit_G5614" , "K_Short_G5606" , "HK_G0603" ) : common_config,
    ( "0.1_Occ_Disc_G5616" , "K_Short_G5606" , "HK_G0603" ) : common_config,
    ( "0.2_Occ_Disc_G5617" , "K_Short_G5606" , "HK_G0603" ) : common_config,
    ( "0.5_Occ_Disc_G5618" , "K_Short_G5606" , "HK_G0603" ) : common_config,
    ( "KG3_ND_Filter_G5619" , "K_Short_G5606" , "HK_G0603" ) : common_config,
    ( "KG5_ND_Filter_G5620" , "K_Short_G5606" , "HK_G0603" ) : common_config,
    ( "Blocked_G5621" , "K_Short_G5606" , "HK_G0603" ) : common_config,
    ( "3.0_Mask_G5610" , "K_Long_G5607" , "HK_G0603" ) : common_config,
    ( "Ronchi_Screen_G5615" , "K_Long_G5607" , "HK_G0603" ) : common_config,
    ( "0.1_Hole_G5611" , "K_Long_G5607" , "HK_G0603" ) : common_config,
    ( "0.2_Hole_G5612" , "K_Long_G5607" , "HK_G0603" ) : common_config,
    ( "0.2_Hole_Array_G5613" , "K_Long_G5607" , "HK_G0603" ) : common_config,
    ( "0.2_Slit_G5614" , "K_Long_G5607" , "HK_G0603" ) : common_config,
    ( "0.1_Occ_Disc_G5616" , "K_Long_G5607" , "HK_G0603" ) : common_config,
    ( "0.2_Occ_Disc_G5617" , "K_Long_G5607" , "HK_G0603" ) : common_config,
    ( "0.5_Occ_Disc_G5618" , "K_Long_G5607" , "HK_G0603" ) : common_config,
    ( "KG3_ND_Filter_G5619" , "K_Long_G5607" , "HK_G0603" ) : common_config,
    ( "KG5_ND_Filter_G5620" , "K_Long_G5607" , "HK_G0603" ) : common_config,
    ( "Blocked_G5621" , "K_Long_G5607" , "HK_G0603" ) : common_config,
    ( "3.0_Mask_G5610" , "Mirror_G5601" , "HK+WireGrid_G0604" ) : common_config,
    ( "Ronchi_Screen_G5615" , "Mirror_G5601" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.1_Hole_G5611" , "Mirror_G5601" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.2_Hole_G5612" , "Mirror_G5601" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.2_Hole_Array_G5613" , "Mirror_G5601" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.2_Slit_G5614" , "Mirror_G5601" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.1_Occ_Disc_G5616" , "Mirror_G5601" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.2_Occ_Disc_G5617" , "Mirror_G5601" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.5_Occ_Disc_G5618" , "Mirror_G5601" , "HK+WireGrid_G0604" ) : common_config,
    ( "KG3_ND_Filter_G5619" , "Mirror_G5601" , "HK+WireGrid_G0604" ) : common_config,
    ( "KG5_ND_Filter_G5620" , "Mirror_G5601" , "HK+WireGrid_G0604" ) : common_config,
    ( "Blocked_G5621" , "Mirror_G5601" , "HK+WireGrid_G0604" ) : common_config,
    ( "3.0_Mask_G5610" , "K_G5605" , "HK+WireGrid_G0604" ) : common_config,
    ( "Ronchi_Screen_G5615" , "K_G5605" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.1_Hole_G5611" , "K_G5605" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.2_Hole_G5612" , "K_G5605" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.2_Hole_Array_G5613" , "K_G5605" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.2_Slit_G5614" , "K_G5605" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.1_Occ_Disc_G5616" , "K_G5605" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.2_Occ_Disc_G5617" , "K_G5605" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.5_Occ_Disc_G5618" , "K_G5605" , "HK+WireGrid_G0604" ) : common_config,
    ( "KG3_ND_Filter_G5619" , "K_G5605" , "HK+WireGrid_G0604" ) : common_config,
    ( "KG5_ND_Filter_G5620" , "K_G5605" , "HK+WireGrid_G0604" ) : common_config,
    ( "Blocked_G5621" , "K_G5605" , "HK+WireGrid_G0604" ) : common_config,
    ( "3.0_Mask_G5610" , "K_Short_G5606" , "HK+WireGrid_G0604" ) : common_config,
    ( "Ronchi_Screen_G5615" , "K_Short_G5606" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.1_Hole_G5611" , "K_Short_G5606" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.2_Hole_G5612" , "K_Short_G5606" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.2_Hole_Array_G5613" , "K_Short_G5606" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.2_Slit_G5614" , "K_Short_G5606" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.1_Occ_Disc_G5616" , "K_Short_G5606" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.2_Occ_Disc_G5617" , "K_Short_G5606" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.5_Occ_Disc_G5618" , "K_Short_G5606" , "HK+WireGrid_G0604" ) : common_config,
    ( "KG3_ND_Filter_G5619" , "K_Short_G5606" , "HK+WireGrid_G0604" ) : common_config,
    ( "KG5_ND_Filter_G5620" , "K_Short_G5606" , "HK+WireGrid_G0604" ) : common_config,
    ( "Blocked_G5621" , "K_Short_G5606" , "HK+WireGrid_G0604" ) : common_config,
    ( "3.0_Mask_G5610" , "K_Long_G5607" , "HK+WireGrid_G0604" ) : common_config,
    ( "Ronchi_Screen_G5615" , "K_Long_G5607" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.1_Hole_G5611" , "K_Long_G5607" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.2_Hole_G5612" , "K_Long_G5607" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.2_Hole_Array_G5613" , "K_Long_G5607" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.2_Slit_G5614" , "K_Long_G5607" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.1_Occ_Disc_G5616" , "K_Long_G5607" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.2_Occ_Disc_G5617" , "K_Long_G5607" , "HK+WireGrid_G0604" ) : common_config,
    ( "0.5_Occ_Disc_G5618" , "K_Long_G5607" , "HK+WireGrid_G0604" ) : common_config,
    ( "KG3_ND_Filter_G5619" , "K_Long_G5607" , "HK+WireGrid_G0604" ) : common_config,
    ( "KG5_ND_Filter_G5620" , "K_Long_G5607" , "HK+WireGrid_G0604" ) : common_config,
    ( "Blocked_G5621" , "K_Long_G5607" , "HK+WireGrid_G0604" ) : common_config,
    ( "3.0_Mask_G5610" , "Mirror_G5601" , "JH_G0602" ) : common_config,
    ( "Ronchi_Screen_G5615" , "Mirror_G5601" , "JH_G0602" ) : common_config,
    ( "0.1_Hole_G5611" , "Mirror_G5601" , "JH_G0602" ) : common_config,
    ( "0.2_Hole_G5612" , "Mirror_G5601" , "JH_G0602" ) : common_config,
    ( "0.2_Hole_Array_G5613" , "Mirror_G5601" , "JH_G0602" ) : common_config,
    ( "0.2_Slit_G5614" , "Mirror_G5601" , "JH_G0602" ) : common_config,
    ( "0.1_Occ_Disc_G5616" , "Mirror_G5601" , "JH_G0602" ) : common_config,
    ( "0.2_Occ_Disc_G5617" , "Mirror_G5601" , "JH_G0602" ) : common_config,
    ( "0.5_Occ_Disc_G5618" , "Mirror_G5601" , "JH_G0602" ) : common_config,
    ( "KG3_ND_Filter_G5619" , "Mirror_G5601" , "JH_G0602" ) : common_config,
    ( "KG5_ND_Filter_G5620" , "Mirror_G5601" , "JH_G0602" ) : common_config,
    ( "Blocked_G5621" , "Mirror_G5601" , "JH_G0602" ) : common_config,
    ( "3.0_Mask_G5610" , "J_G5603" , "JH_G0602" ) : common_config,
    ( "Ronchi_Screen_G5615" , "J_G5603" , "JH_G0602" ) : common_config,
    ( "0.1_Hole_G5611" , "J_G5603" , "JH_G0602" ) : common_config,
    ( "0.2_Hole_G5612" , "J_G5603" , "JH_G0602" ) : common_config,
    ( "0.2_Hole_Array_G5613" , "J_G5603" , "JH_G0602" ) : common_config,
    ( "0.2_Slit_G5614" , "J_G5603" , "JH_G0602" ) : common_config,
    ( "0.1_Occ_Disc_G5616" , "J_G5603" , "JH_G0602" ) : common_config,
    ( "0.2_Occ_Disc_G5617" , "J_G5603" , "JH_G0602" ) : common_config,
    ( "0.5_Occ_Disc_G5618" , "J_G5603" , "JH_G0602" ) : common_config,
    ( "KG3_ND_Filter_G5619" , "J_G5603" , "JH_G0602" ) : common_config,
    ( "KG5_ND_Filter_G5620" , "J_G5603" , "JH_G0602" ) : common_config,
    ( "Blocked_G5621" , "J_G5603" , "JH_G0602" ) : common_config,
    ( "3.0_Mask_G5610" , "H_G5604" , "JH_G0602" ) : common_config,
    ( "Ronchi_Screen_G5615" , "H_G5604" , "JH_G0602" ) : common_config,
    ( "0.1_Hole_G5611" , "H_G5604" , "JH_G0602" ) : common_config,
    ( "0.2_Hole_G5612" , "H_G5604" , "JH_G0602" ) : common_config,
    ( "0.2_Hole_Array_G5613" , "H_G5604" , "JH_G0602" ) : common_config,
    ( "0.2_Slit_G5614" , "H_G5604" , "JH_G0602" ) : common_config,
    ( "0.1_Occ_Disc_G5616" , "H_G5604" , "JH_G0602" ) : common_config,
    ( "0.2_Occ_Disc_G5617" , "H_G5604" , "JH_G0602" ) : common_config,
    ( "0.5_Occ_Disc_G5618" , "H_G5604" , "JH_G0602" ) : common_config,
    ( "KG3_ND_Filter_G5619" , "H_G5604" , "JH_G0602" ) : common_config,
    ( "KG5_ND_Filter_G5620" , "H_G5604" , "JH_G0602" ) : common_config,
    ( "Blocked_G5621" , "H_G5604" , "JH_G0602" ) : common_config,
    ( "3.0_Mask_G5610" , "Mirror_G5601" , "ZJ_G0601" ) : common_config,
    ( "Ronchi_Screen_G5615" , "Mirror_G5601" , "ZJ_G0601" ) : common_config,
    ( "0.1_Hole_G5611" , "Mirror_G5601" , "ZJ_G0601" ) : common_config,
    ( "0.2_Hole_G5612" , "Mirror_G5601" , "ZJ_G0601" ) : common_config,
    ( "0.2_Hole_Array_G5613" , "Mirror_G5601" , "ZJ_G0601" ) : common_config,
    ( "0.2_Slit_G5614" , "Mirror_G5601" , "ZJ_G0601" ) : common_config,
    ( "0.1_Occ_Disc_G5616" , "Mirror_G5601" , "ZJ_G0601" ) : common_config,
    ( "0.2_Occ_Disc_G5617" , "Mirror_G5601" , "ZJ_G0601" ) : common_config,
    ( "0.5_Occ_Disc_G5618" , "Mirror_G5601" , "ZJ_G0601" ) : common_config,
    ( "KG3_ND_Filter_G5619" , "Mirror_G5601" , "ZJ_G0601" ) : common_config,
    ( "KG5_ND_Filter_G5620" , "Mirror_G5601" , "ZJ_G0601" ) : common_config,
    ( "Blocked_G5621" , "Mirror_G5601" , "ZJ_G0601" ) : common_config,
    ( "3.0_Mask_G5610" , "J_G5603" , "ZJ_G0601" ) : common_config,
    ( "Ronchi_Screen_G5615" , "J_G5603" , "ZJ_G0601" ) : common_config,
    ( "0.1_Hole_G5611" , "J_G5603" , "ZJ_G0601" ) : common_config,
    ( "0.2_Hole_G5612" , "J_G5603" , "ZJ_G0601" ) : common_config,
    ( "0.2_Hole_Array_G5613" , "J_G5603" , "ZJ_G0601" ) : common_config,
    ( "0.2_Slit_G5614" , "J_G5603" , "ZJ_G0601" ) : common_config,
    ( "0.1_Occ_Disc_G5616" , "J_G5603" , "ZJ_G0601" ) : common_config,
    ( "0.2_Occ_Disc_G5617" , "J_G5603" , "ZJ_G0601" ) : common_config,
    ( "0.5_Occ_Disc_G5618" , "J_G5603" , "ZJ_G0601" ) : common_config,
    ( "KG3_ND_Filter_G5619" , "J_G5603" , "ZJ_G0601" ) : common_config,
    ( "KG5_ND_Filter_G5620" , "J_G5603" , "ZJ_G0601" ) : common_config,
    ( "Blocked_G5621" , "J_G5603" , "ZJ_G0601" ) : common_config,
    ( "3.0_Mask_G5610" , "Z_G5602" , "ZJ_G0601" ) : common_config,
    ( "Ronchi_Screen_G5615" , "Z_G5602" , "ZJ_G0601" ) : common_config,
    ( "0.1_Hole_G5611" , "Z_G5602" , "ZJ_G0601" ) : common_config,
    ( "0.2_Hole_G5612" , "Z_G5602" , "ZJ_G0601" ) : common_config,
    ( "0.2_Hole_Array_G5613" , "Z_G5602" , "ZJ_G0601" ) : common_config,
    ( "0.2_Slit_G5614" , "Z_G5602" , "ZJ_G0601" ) : common_config,
    ( "0.1_Occ_Disc_G5616" , "Z_G5602" , "ZJ_G0601" ) : common_config,
    ( "0.2_Occ_Disc_G5617" , "Z_G5602" , "ZJ_G0601" ) : common_config,
    ( "0.5_Occ_Disc_G5618" , "Z_G5602" , "ZJ_G0601" ) : common_config,
    ( "KG3_ND_Filter_G5619" , "Z_G5602" , "ZJ_G0601" ) : common_config,
    ( "KG5_ND_Filter_G5620" , "Z_G5602" , "ZJ_G0601" ) : common_config,
    ( "Blocked_G5621" , "Z_G5602" , "ZJ_G0601" ) : common_config
}

lnrs_mode_map = {
    1: "Bright Object",
    4: "Medium Object",
    16: "Faint Object"
}




          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.nifs.tests.test_nifs

import pytest

import astrodata
import astrodata.testing
import gemini_instruments

test_files = [
    'N20160727S0077.fits',
]


[docs]@pytest.fixture(params=test_files)
def ad(request):
    filename = request.param
    path = astrodata.testing.download_from_archive(filename)
    return astrodata.open(path)



[docs]@pytest.mark.dragons_remote_data
def test_is_right_instance(ad):
    # YES, this *can* be different from test_is_right_type. Metaclasses!
    assert isinstance(ad, gemini_instruments.nifs.adclass.AstroDataNifs)



[docs]@pytest.mark.dragons_remote_data
def test_extension_data_shape(ad):
    data = ad[0].data
    assert data.shape == (2048, 2048)



[docs]@pytest.mark.dragons_remote_data
def test_tags(ad):
    tags = ad.tags
    expected = {'DARK', 'RAW', 'AT_ZENITH', 'NORTH', 'AZEL_TARGET',
                'CAL', 'UNPREPARED', 'NIFS', 'GEMINI', 'NON_SIDEREAL'}
    assert expected.issubset(tags)



[docs]@pytest.mark.dragons_remote_data
def test_can_return_instrument(ad):
    assert ad.phu['INSTRUME'] == 'NIFS'
    assert ad.instrument() == ad.phu['INSTRUME']



[docs]@pytest.mark.dragons_remote_data
def test_can_return_ad_length(ad):
    assert len(ad) == 1



[docs]@pytest.mark.dragons_remote_data
def test_slice_range(ad):
    metadata = ('SCI', 2), ('SCI', 3)
    slc = ad[1:]
    assert len(slc) == 0
    for ext, md in zip(slc, metadata):
        assert (ext.hdr['EXTNAME'], ext.hdr['EXTVER']) == md



[docs]@pytest.mark.dragons_remote_data
def test_read_a_keyword_from_hdr(ad):
    try:
        assert ad.hdr['CCDNAME'] == 'NIFS'
    except KeyError:
        # KeyError only accepted if it's because headers out of range
        assert len(ad) == 1





          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.niri.adclass

from astrodata import astro_data_tag, TagSet, astro_data_descriptor, returns_list
from ..gemini import AstroDataGemini
import math

from . import lookup
from .. import gmu
from ..common import build_ir_section, build_group_id

[docs]class AstroDataNiri(AstroDataGemini):

    # NIRI has no specific keyword overrides

    @staticmethod
    def _matches_data(source):
        return source[0].header.get('INSTRUME', '').upper() == 'NIRI'

    @astro_data_tag
    def _tag_instrument(self):
        return TagSet(['NIRI'])

    @astro_data_tag
    def _tag_dark(self):
        if self.phu.get('OBSTYPE') == 'DARK':
            return TagSet(['DARK', 'CAL'], blocks=['SPECT', 'IMAGE'])

    @astro_data_tag
    def _tag_arc(self):
        if self.phu.get('OBSTYPE') == 'ARC':
            return TagSet(['ARC'])

    @astro_data_tag
    def _tag_flat(self):
        if self.phu.get('OBSTYPE') == 'FLAT':
            return TagSet(['CAL', 'FLAT'])

    @astro_data_tag
    def _tag_image(self):
        if 'grism' not in self.phu.get('FILTER3', ''):
            tags = ['IMAGE']
            if self.phu.get('OBJECT', '').upper() == 'TWILIGHT':
                tags.extend(['CAL', 'FLAT', 'TWILIGHT'])

            return TagSet(tags)

    @astro_data_tag
    def _tag_spect(self):
        if 'grism' in self.phu.get('FILTER3', ''):
            return TagSet(['SPECT', 'LS'])

[docs]    @astro_data_descriptor
    def array_section(self, pretty=False):
        """
        Returns the section covered by the array(s) relative to the detector
        frame.  For example, this can be the position of multiple amps read
        within a CCD.  If pretty is False, a tuple of 0-based coordinates
        is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
        value is returned without parsing as a string.  In this format, the
        coordinates are generally 1-based.

        One tuple or string is return per extension/array, in a list. If the
        method is called on a single slice, the section is returned as a tuple
        or a string.

        Parameters
        ----------
        pretty : bool
            If True, return the formatted string found in the header.

        Returns
        -------
        tuple of integers or list of tuples
            Position of extension(s) using Python slice values

        str/list of str
            Position of extension(s) using an IRAF section format (1-based)
        """
        return build_ir_section(self, pretty)


[docs]    @astro_data_descriptor
    def central_wavelength(self, asMicrometers=False, asNanometers=False,
                           asAngstroms=False):
        """
        Returns the central wavelength in meters or the specified units

        Parameters
        ----------
        asMicrometers : bool
            If True, return the wavelength in microns
        asNanometers : bool
            If True, return the wavelength in nanometers
        asAngstroms : bool
            If True, return the wavelength in Angstroms

        Returns
        -------
        float
            The central wavelength setting
        """
        unit_arg_list = [asMicrometers, asNanometers, asAngstroms]
        if unit_arg_list.count(True) == 1:
            # Just one of the unit arguments was set to True. Return the
            # central wavelength in these units
            if asMicrometers:
                output_units = "micrometers"
            if asNanometers:
                output_units = "nanometers"
            if asAngstroms:
                output_units = "angstroms"
        else:
            # Either none of the unit arguments were set to True or more than
            # one of the unit arguments was set to True. In either case,
            # return the central wavelength in the default units of meters.
            output_units = "meters"

        # Use the lookup dict, keyed on focal_plane_mask and grism
        wave_in_angstroms = lookup.spec_wavelengths.get((self.focal_plane_mask(),
                                                   self.disperser(stripID=True)))
        return gmu.convert_units('angstroms', wave_in_angstroms,
                             output_units)


[docs]    @astro_data_descriptor
    def data_section(self, pretty=False):
        """
        Returns the rectangular section that includes the pixels that would be
        exposed to light.  If pretty is False, a tuple of 0-based coordinates
        is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
        value is returned without parsing as a string.  In this format, the
        coordinates are generally 1-based.

        One tuple or string is return per extension/array, in a list. If the
        method is called on a single slice, the section is returned as a tuple
        or a string.

        Parameters
        ----------
        pretty : bool
         If True, return the formatted string found in the header.

        Returns
        -------
        tuple of integers or list of tuples
            Location of the pixels exposed to light using Python slice values.

        string or list of strings
            Location of the pixels exposed to light using an IRAF section
            format (1-based).
        """
        # All NIRI pixels are data
        return self._parse_section('FULLFRAME', pretty)


[docs]    @astro_data_descriptor
    def detector_roi_setting(self):
        """
        Returns the ROI setting. Most instruments don't allow this to be
        changed, so at the Gemini level it just returns 'Fixed'

        Returns
        -------
        str
            Name of the ROI setting used, ie, "Fixed"
        """
        data_section = self.data_section()
        # If we have a list, check they're all the same and take one element
        if isinstance(data_section, list):
            assert data_section == data_section[::-1], \
                "Multiple extensions with different data_sections"
            data_section = data_section[0]
        elif data_section is None:
            return None

        x1, x2, y1, y2 = data_section
        # Check for a sensibly-sized square
        if x1==0 and y1==0 and x2==y2 and x2 % 256==0:
            roi_setting = 'Full Frame' if x2==1024 else 'Central{}'.format(x2)
        else:
            roi_setting = 'Custom'
        return roi_setting


[docs]    @astro_data_descriptor
    def detector_section(self, pretty=False):
        """
        Returns the section covered by the detector relative to the whole
        mosaic of detectors.  If pretty is False, a tuple of 0-based coordinates
        is returned with format (x1, x2, y1, y2).  If pretty is True, a keyword
        value is returned without parsing as a string.  In this format, the
        coordinates are generally 1-based.

        One tuple or string is return per extension/array, in a list. If the
        method is called on a single slice, the section is returned as a tuple
        or a string.

        Parameters
        ----------
        pretty : bool
         If True, return the formatted string found in the header.

        Returns
        -------
        tuple of integers or list of tuples
            Position of the detector using Python slice values.

        string or list of strings
            Position of the detector using an IRAF section format (1-based).
        """
        return self.array_section(pretty=pretty)


[docs]    @astro_data_descriptor
    def detector_x_offset(self):
        """
        Returns the offset from the reference position in pixels along
        the positive x-direction of the detector

        Returns
        -------
        float
            The offset in pixels
        """
        try:
            offset = self.phu.get('POFFSET') / self.pixel_scale()
        except TypeError:  # either is None
            return None
        # Flipped if on bottom port unless AO is operating
        return -offset if (self.phu.get('INPORT')==1 and
                           not self.is_ao()) else offset

[docs]    @astro_data_descriptor
    def detector_y_offset(self):
        """
        Returns the offset from the reference position in pixels along
        the positive y-direction of the detector

        Returns
        -------
        float
            The offset in pixels
        """
        try:
            return -self.phu.get('QOFFSET') / self.pixel_scale()
        except TypeError:  # either is None
            return None


[docs]    @astro_data_descriptor
    def disperser(self, stripID=False, pretty=False):
        """
        Returns the name of the disperser.  The component ID can be removed
        with either 'stripID' or 'pretty' set to True.

        Parameters
        ----------
        stripID : bool
            If True, removes the component ID and returns only the name of
            the disperser.
        pretty : bool
            Does nothing. Exists for compatibility.

        Returns
        -------
        str
            The name of the disperser with or without the component ID.
        """
        stripID |= pretty
        try:
            filter3 = self.phu['FILTER3']
        except KeyError:
            return None
        if 'grism' in filter3:
            return gmu.removeComponentID(filter3) if stripID else filter3
        else:
            return 'MIRROR'


[docs]    @astro_data_descriptor
    def filter_name(self, stripID=False, pretty=False):
        #TODO: Complete rewrite here so serious testing required
        """
        Returns the name of the filter(s) used. If a combination of filters
        is used, the filter names will be join into a unique string with '&' as
        separator. The component IDs can be removed from the filter names.
        Alternatively, a single descriptive filter name can be returned,
        based on a lookup table.

        Parameters
        ----------
        stripID : bool
            If True, removes the component ID(s) and returns only the name(s)
            of the filter(s).
        pretty : bool
            Returns a single filter name

        Returns
        -------
        str
            The name of the filter combination with or without the component ID.
        """
        raw_filters = [self._may_remove_component('FILTER{}'.format(i),
                                        stripID, pretty) for i in [1,2,3]]
        # eliminate any open/grism/pupil from the list
        filters = [f for f in raw_filters if f is not None and
                   not any(x in f.lower() for x in ['open', 'grism', 'pupil'])]
        filters.sort()

        if 'blank' in filters:
            return 'blank'
        if not filters:
            return 'open'

        if pretty:
            try:
                return lookup.filter_name_mapping[tuple(filters) if len(filters)>1
                                               else filters[0]]
            except KeyError:
                pass
        return '&'.join(filters)


[docs]    @returns_list
    @astro_data_descriptor
    def gain(self):
        """
        Returns the gain (electrons/ADU) for each extension

        Returns
        -------
        float/list
            gain
        """
        return lookup.array_properties.get('gain')


[docs]    @astro_data_descriptor
    def group_id(self):
        """
        Returns a string representing a group of data that are compatible
        with each other.  This is used when stacking, for example.  Each
        instrument, mode of observation, and data type will have its own rules.

        Returns
        -------
        str
            A group ID for compatible data.
        """
        tags = self.tags
        if 'DARK' in tags:
            desc_list = ['exposure_time', 'coadds']
        else:
            desc_list = ['observation_id', 'filter_name', 'camera']

        desc_list.extend(['read_mode', 'well_depth_setting',
                          'detector_section'])
        if 'SPECT' in tags:
            desc_list.extend(['disperser', 'focal_plane_mask'])

        if 'IMAGE' in tags and 'FLAT' in tags:
            additional_item = 'NIRI_IMAGE_TWILIGHT' if 'TWILIGHT' in tags \
                else 'NIRI_IMAGE_FLAT'
        else:
            additional_item = None

        return build_group_id(self, desc_list, prettify=['filter_name',
                              'disperser', 'focal_plane_mask'],
                              additional=additional_item)


[docs]    @astro_data_descriptor
    def nominal_photometric_zeropoint(self):
        """
        Returns the nominal photometric zeropoint (i.e., magnitude
        corresponding to 1 pixel count) for each extension

        Returns
        -------
        float/list of floats
            Photometric zeropoint
        """
        gain = self.gain()
        filter_name = self.filter_name(pretty=True)
        camera = self.camera()
        in_adu = self.is_in_adu()
        zpt = lookup.nominal_zeropoints.get((filter_name, camera))

        # Zeropoints in table are for electrons, so subtract 2.5*log10(gain)
        # if the data are in ADU
        if self.is_single:
            try:
                return zpt - (2.5 * math.log10(gain) if in_adu else 0)
            except TypeError:
                return None
        else:
            return [zpt - (2.5 * math.log10(g) if in_adu else 0) if zpt and g
                    else None for g in gain]


[docs]    @astro_data_descriptor
    def nonlinearity_coeffs(self):
        """
        Returns a namedtuple containing the necessary information to perform
        a nonlinearity correction.

        Returns
        -------
        namedtuple/list
            nonlinearity info (max counts, exptime correction, gamma, eta)
        """
        read_mode = self.read_mode()
        well_depth = self.well_depth_setting()
        naxis2 = self.hdr.get('NAXIS2')
        if self.is_single:
            return lookup.nonlin_coeffs.get((read_mode, naxis2, well_depth))
        else:
            return [lookup.nonlin_coeffs.get((read_mode, size, well_depth))
                    for size in naxis2]


[docs]    @astro_data_descriptor
    def non_linear_level(self):
        """
        Returns the ADU level at which the data become non-linear. A list is
        returned with a value for each extension (i.e., one value for NIRI)
        unless called on a single-extension slice.

        Returns
        -------
        int/list
            non-linearity level in ADU
        """
        sat_level = self.saturation_level()
        linear_limit = lookup.array_properties['linearlimit']
        if isinstance(sat_level, list):
            return [(int(linear_limit * s) if s else None) for s in sat_level]
        else:
            return int(linear_limit * sat_level) if sat_level else None


[docs]    @astro_data_descriptor
    def pupil_mask(self, stripID=False, pretty=False):
        """
        Returns the name of the pupil mask used for the observation

        Returns
        -------
        str
            the pupil mask
        """
        try:
            filter3 = self.phu['FILTER3']
        except KeyError:
            return None
        if filter3.startswith('pup'):
             return gmu.removeComponentID(filter3) if pretty or stripID \
                else filter3
        else:
            return 'MIRROR'


[docs]    @astro_data_descriptor
    def read_mode(self):
        """
        Returns the readout mode used for the observation. This has one of 3
        settings, depending on the number of reads and averages. If these
        numbers do not conform to a standard setting, 'Invalid' is returned

        Returns
        -------
        str
            the read mode used
        """
        setting = (self.phu.get('LNRS'), self.phu.get('NDAVGS'))
        if setting == (16,16):
            return 'Low Background'
        elif setting == (1,16):
            return 'Medium Background'
        elif setting == (1,1):
            return 'High Background'
        else:
            return 'Unknown'


[docs]    @returns_list
    @astro_data_descriptor
    def read_noise(self):
        """
        Returns the read noise in electrons, as a list unless called on
        a single-extension slice.

        Returns
        -------
        float/list
            read noise
        """
        read_mode = self.read_mode()
        if read_mode == 'Low Background':
            key = 'lowreadnoise'
        elif read_mode == 'High Background':
            key = 'readnoise'
        else:
            key = 'medreadnoise'
        try:
            read_noise = lookup.array_properties[key]
        except KeyError:
            return None
        # Because coadds are summed, read noise increases by sqrt(COADDS)
        return read_noise * math.sqrt(self.coadds())


[docs]    @astro_data_descriptor
    def saturation_level(self):
        """
        Returns the saturation level of the data, in ADU.

        Returns
        -------
        int/list
            saturation level in ADU
        """
        coadds = self.coadds()
        gain = self.gain()
        well = lookup.array_properties.get(self.well_depth_setting().lower()+'well')
        if self.is_single:
            try:
                return int(well * coadds / gain)
            except TypeError:
                return None
        else:
            return [int(well * coadds / g) if g and well else None for g in gain]


[docs]    @astro_data_descriptor
    def well_depth_setting(self):
        """
        Returns a string describing the well-depth setting of the instrument.
        NIRI has 'Shallow' and 'Deep' options. 'Invalid' is returned if the
        bias voltage doesn't match either setting.

        Returns
        -------
        str
            the well-depth setting
        """
        try:
            biasvolt = self.phu['A_VDDUC'] - self.phu['A_VDET']
            if abs(biasvolt - lookup.array_properties['shallowbias']) < 0.05:
                return 'Shallow'
            elif abs(biasvolt - lookup.array_properties['deepbias']) < 0.05:
                return 'Deep'
        except KeyError:
            pass
        return 'Unknown'






          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.niri.lookup

from collections import namedtuple

# Data structures used by this module

NonLinCoeffs = namedtuple("NonLinCoeffs", "max_counts time_delta gamma eta")

filter_wavelengths = {
    'Jcon(1065)'   : 1.0650,
    'HeI'          : 1.0830,
    'Pa(gamma)'    : 1.0940,
    'Jcon(112)'    : 1.1220,
    'Jcon(121)'    : 1.2070,
    'Pa(beta)'     : 1.2820,
    'H-con(157)'   : 1.5700,
    'CH4(short)'   : 1.5800,
    'H'            : 1.6500,
    'CH4(long)'    : 1.6900,
    'H2Oice(2045)' : 2.0450,
    'HeI(2p2s)'    : 2.0590,
    'Kcon(209)'    : 2.0975,
    'K(prime)'     : 2.1200,
    'H2 1-0 S1'    : 2.1239,
    'K(short)'     : 2.1500,
    'H2 2-1 S1'    : 2.2465,
    'Br(gamma)'    : 2.1686,
    'Kcon(227)'    : 2.2718,
    'CH4ice(2275)' : 2.2750,
    'CO 2-0 (bh)'  : 2.2890,
    'H2Oice'       : 3.0500,
    'hydrocarb'    : 3.2950,
    'L(prime)'     : 3.7800,
    'Br(alpha)Con' : 3.9900,
    'Br(alpha)'    : 4.0520,
    'M(prime)'     : 4.6800,
    }

array_properties = {
    # Database for nprepare.cl
    # Date: 2004 July 6
    # Author: Joe Jensen, Gemini Observatory
    # The long 6-pix and 4-pix centered slits are currently installed
    #
    # Array characteristics
    "readnoise"  : 70,          # electrons (1 read pair, 1 digital av.)
    "medreadnoise" : 35.,       # electrons (1 read pair, 16 dig av.)
    "lowreadnoise" : 12.3,      # electrons (16 read pairs, 16 dig av.)
    "gain"         : 12.3,      # electrons/ADU
    "shallowwell"  : 200000.,   # electrons full-well
    "deepwell"     : 280000.,   # electrons full-well
    "shallowbias"  : -0.6,      # detector bias (V)
    "deepbias"     : -0.87,     # detector bias (V)
    "linearlimit"  : 0.7,       # non-linear regime (fraction of saturation)
}

nonlin_coeffs = {
    # In the following form for NIRI data:
    #("read_mode", naxis2, "well_depth_setting"):
    #    (maximum counts, exposure time correction, gamma, eta)
    ("Low Background", 1024, "Shallow"):
        NonLinCoeffs(12000, 1.2662732, 7.3877618e-06, 1.940645271e-10),
    ("Medium Background", 1024, "Shallow"):
        NonLinCoeffs(12000, 0.09442515154, 3.428783846e-06, 4.808353308e-10),
    ("Medium Background", 256, "Shallow"):
        NonLinCoeffs(12000, 0.01029262589, 6.815415667e-06, 2.125210479e-10),
    ("High Background", 1024, "Shallow"):
        NonLinCoeffs(12000, 0.009697324059, 3.040036696e-06, 4.640788333e-10),
    ("High Background", 1024, "Deep"):
        NonLinCoeffs(21000, 0.007680816203, 3.581914163e-06, 1.820403678e-10),
    }

spec_sections = {
    #
    # Camera+FPmask        SPECSEC1           SPECSEC2          SPECSEC3
    #
    "f6f6-2pix_G5211"   :   (  "[1:1024,276:700]" ,  "none", "none" ),
    "f6f6-4pix_G5212"   :   (  "[1:1024,1:1024]"  ,  "none", "none" ),
    "f6f6-6pix_G5213"   :   (  "[1:1024,1:1024]"  ,  "none", "none" ),
    "f6f6-2pixBl_G5214" :   (  "[1:1024,276:700]" ,  "none", "none" ),
    "f6f6-4pixBl_G5215" :   (  "[1:1024,276:700]" ,  "none", "none" ),
    "f6f6-6pixBl_G5216" :   (  "[1:1024,276:700]" ,  "none", "none" ),
    "f6f6-4pix_G5222"   :   (  "[1:1024,276:700]" ,  "none", "none" ),
    "f6f6-6pix_G5223"   :   (  "[1:1024,276:700]" ,  "none", "none" )
}

# Refactored by CJS 2016-10-14
# Note that the components of the key have to be alphabetized
filter_name_mapping = {
    ('PK50', 'Y') :             'Y',
    ('J') :                     'J',
    ('H') :                     'H',
    ('Kprime') :                'K(prime)',
    ('K') :                     'K',
    ('Lprime') :                'L(prime)',
    ('Mprime') :                'M(prime)',
    ('Jcon(121)', 'PK50') :     'Jcon(121)',
    ('Hcon(157)', 'PK50') :     'H-con(157)',
    ('CH4short', 'PK50') :      'CH4(short)',
    ('CH4long', 'PK50') :       'CH4(long)',
    ('FeII', 'PK50') :          'FeII',
    ('HeI(2p2s)', 'Kprime') :   'HeI(2p2s)',
    ('H2Oice204') :             'H2Oice(2045)',
    ('kcon(209)') :             'Kcon(209)',
    ('kcon(227)') :             'Kcon(227)',
    ('H2v=1-0S1', 'K') :        'H2 1-0 S1',
    ('Brgamma') :               'Br(gamma)',
    ('CH4ice227') :             'CH4ice(2275)',
    ('Jsort') :                 'J order sort',
    ('Hsort', 'PK50') :         'H order sort',
    ('Ksort') :                 'K order sort',
    ('Lsort') :                 'L order sort',
    ('Msort') :                 'M order sort',
    ('Jcon1065', 'PK50') :      'Jcon(1065)',
    ('Jcon(112)', 'PK50') :     'Jcon(112)',
    ('Kshort') :                'K(short)',
    ('H2v=2-1S1') :             'H2 2-1 S1',
    ('PK50', 'Pabeta') :        'Pa(beta)',
    ('PaGamma') :               'Pa(gamma)',
    ('HeI') :                   'HeI',
    ('Bra') :                   'Br(alpha)',
    ('H2Oice') :                'H2O ice',
    ('hydrocarb') :             'hydrocarb',
    ('Bracont') :               'Br(alpha)Con',
    ('COv=2-0bh') :             'CO 2-0 (bh)',
}

nominal_zeropoints = {
    # Table of NIRI Nominal Zeropoint magnitudes
    # By Camera and Filter ID.
    # From Photometric zero points in "sciops.instruments
    #   .PerformanceMonitoring.DataProducts.NIRI"

    # NOTE NOTE NOTE
    # The numbers on that web page are for 1 ADU/s not 1 electron/s, so we need to
    # add 2.5*log_10(gain) = 2.5*log_10(12.3) = 2.72 to each of them.

    # BAND  CAMERA: Zeropoint (average)
    ('Y',  'f6'):  22.99+2.72,
    ('J',  'f6'):  23.97+2.72,
    ('J',  'f32'): 23.33+2.72,
    ('H',  'f6'):  24.05+2.72,
    ('H',  'f32'): 23.62+2.72,
    ('K',  'f6'):  23.43+2.72,
    ('K',  'f32'): 22.99+2.72,
    ('K(short)',  'f6'):  23.40+2.72,
    ('K(short)',  'f32'): 22.95+2.72,
    ('K(prime)',  'f6'):  23.68+2.72,
    ('K(prime)',  'f32'): 23.60+2.72,
}

# Adapted from old AD_Config/IR/appwave.py. Since NIRI is the only instrument
# to use this, removed all extraneous columns
spec_wavelengths = {
    ('f6-2pix_G5211',   'Jgrism') : 12330.0,
    ('f6-4pix_G5212',   'Jgrism') : 12330.0,
    ('f6-4pix_G5222',   'Jgrism') : 12330.0,
    ('f6-6pix_G5213',   'Jgrism') : 12330.0,
    ('f6-6pix_G5223',   'Jgrism') : 12330.0,
    ('f6-2pixBl_G5214', 'Jgrism') : 11840.0,
    ('f6-4pixBl_G5215', 'Jgrism') : 11840.0,
    ('f6-6pixBl_G5216', 'Jgrism') : 11840.0,
    ('f6-2pix_G5211',   'Hgrism') : 16950.0,
    ('f6-4pix_G5212',   'Hgrism') : 16950.0,
    ('f6-4pix_G5222',   'Hgrism') : 16950.0,
    ('f6-6pix_G5213',   'Hgrism') : 16950.0,
    ('f6-6pix_G5223',   'Hgrism') : 16950.0,
    ('f6-2pixBl_G5214', 'Hgrism') : 16250.0,
    ('f6-4pixBl_G5215', 'Hgrism') : 16250.0,
    ('f6-6pixBl_G5216', 'Hgrism') : 16250.0,
    ('f6-2pix_G5211',   'Kgrism') : 22630.0,
    ('f6-4pix_G5212',   'Kgrism') : 22630.0,
    ('f6-4pix_G5222',   'Kgrism') : 22630.0,
    ('f6-6pix_G5213',   'Kgrism') : 22630.0,
    ('f6-6pix_G5223',   'Kgrism') : 22630.0,
    ('f6-2pixBl_G5214', 'Kgrism') : 21670.0,
    ('f6-4pixBl_G5215', 'Kgrism') : 21670.0,
    ('f6-6pixBl_G5216', 'Kgrism') : 21670.0,
    ('f6-2pix_G5211',   'Lgrism') : 35740.0,
    ('f6-4pix_G5212',   'Lgrism') : 35740.0,
    ('f6-4pix_G5222',   'Lgrism') : 35740.0,
    ('f6-6pix_G5213',   'Lgrism') : 35740.0,
    ('f6-6pix_G5223',   'Lgrism') : 35740.0,
    ('f6-2pixBl_G5214', 'Lgrism') : 34350.0,
    ('f6-4pixBl_G5215', 'Lgrism') : 34350.0,
    ('f6-6pixBl_G5216', 'Lgrism') : 34350.0,
    ('f6-2pix_G5211',   'Mgrism') : 51400.0,
    ('f6-4pix_G5212',   'Mgrism') : 51400.0,
    ('f6-4pix_G5222',   'Mgrism') : 51400.0,
    ('f6-6pix_G5213',   'Mgrism') : 51400.0,
    ('f6-6pix_G5223',   'Mgrism') : 51400.0,
    ('f6-2pixBl_G5214', 'Mgrism') : 49400.0,
    ('f6-4pixBl_G5215', 'Mgrism') : 49400.0,
    ('f6-6pixBl_G5216', 'Mgrism') : 49400.0,
    ('f32-6pix_G5229',  'Jgrism') : 12030.0,
    ('f32-9pix_G5230',  'Jgrism') : 12030.0,
    ('f32-6pix_G5229',  'Hgrism') : 16412.0,
    ('f32-9pix_G5230',  'Hgrism') : 16412.0,
    ('f32-6pix_G5229',  'Hgrism') : 16412.0,
    ('f32-9pix_G5230',  'Hgrism') : 16412.0,
    ('f32-6pix_G5229',  'Kgrism') : 21840.0,
    ('f32-6pix_G5229',  'Kgrism') : 21840.0,
    ('f32-9pix_G5230',  'Kgrism') : 21840.0,
    ('f32-6pix_G5229',  'Kgrism') : 21840.0,
    ('f32-9pix_G5230',  'Kgrism') : 21840.0,
}




          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.niri.tests.test_niri


import pytest

import astrodata
import astrodata.testing
import gemini_instruments

filename = 'N20190120S0287.fits'


[docs]@pytest.fixture()
def ad():
    path = astrodata.testing.download_from_archive(filename)
    return astrodata.open(path)



[docs]@pytest.mark.xfail(reason="AstroFaker changes the AstroData factory")
@pytest.mark.dragons_remote_data
def test_is_right_type(ad):
    assert type(ad) == gemini_instruments.niri.adclass.AstroDataNiri



[docs]@pytest.mark.dragons_remote_data
def test_is_right_instance(ad):
    # YES, this *can* be different from test_is_right_type. Metaclasses!
    assert isinstance(ad, gemini_instruments.niri.adclass.AstroDataNiri)



[docs]@pytest.mark.dragons_remote_data
def test_extension_data_shape(ad):
    assert ad[0].data.shape == (1024, 1024)



[docs]@pytest.mark.dragons_remote_data
def test_tags(ad):
    tags = ad.tags
    expected = {'RAW', 'GEMINI', 'NORTH', 'SIDEREAL', 'UNPREPARED',
                'IMAGE', 'NIRI'}
    assert expected.issubset(tags)



[docs]@pytest.mark.dragons_remote_data
def test_can_return_instrument(ad):
    assert ad.phu['INSTRUME'] == 'NIRI'
    assert ad.instrument() == ad.phu['INSTRUME']



[docs]@pytest.mark.dragons_remote_data
def test_can_return_ad_length(ad):
    assert len(ad) == 1



[docs]@pytest.mark.dragons_remote_data
def test_slice_range(ad):
    metadata = ('SCI', 2), ('SCI', 3)
    slc = ad[1:]
    assert len(slc) == 0
    for ext, md in zip(slc, metadata):
        assert (ext.hdr['EXTNAME'], ext.hdr['EXTVER']) == md



[docs]@pytest.mark.dragons_remote_data
def test_read_a_keyword_from_hdr(ad):
    try:
        assert ad.hdr['CCDNAME'] == 'NIRI'
    except KeyError:
        # KeyError only accepted if it's because headers out of range
        assert len(ad) == 1





          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.oscir.adclass

from astrodata import astro_data_tag
from astrodata import astro_data_descriptor
from astrodata import TagSet

from ..gemini import AstroDataGemini
from .. import gmu

[docs]class AstroDataOscir(AstroDataGemini):

    @staticmethod
    def _matches_data(source):
        return source[0].header.get('INSTRUME', '').upper() == 'OSCIR'

    @astro_data_tag
    def _tag_instrument(self):
        return TagSet(['OSCIR'])

[docs]    @astro_data_descriptor
    def airmass(self):
        return float(self.phu.get('AIRMASS1'))


[docs]    @astro_data_descriptor
    def exposure_time(self):
        return float(self.phu.get('EXPTIME'))


[docs]    @astro_data_descriptor
    def dec(self):
        """
        Returns the Declination of the center of the field, in degrees.

        Returns
        -------
        float
            declination in degrees
        """
        return self.phu.get('DEC')


[docs]    @astro_data_descriptor
    def ra(self):
        """
        Returns the Right Ascension of the center of the field, in degrees.

        Returns
        -------
        float
            right ascension in degrees
        """
        return self.phu.get('RA')






          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.phoenix.adclass

#
#                                                            Gemini Observatory
#
#                                                                        Dragons
#                                                             gemini_instruments
#                                                             phoenix.adclass.py
# ------------------------------------------------------------------------------
import re
import datetime
import dateutil

from astropy import units as u
from astropy.coordinates import Angle

from astrodata import astro_data_tag, astro_data_descriptor, returns_list, TagSet
from ..gemini import AstroDataGemini

from .. import gmu

# ------------------------------------------------------------------------------
[docs]class AstroDataPhoenix(AstroDataGemini):

    __keyword_dict = dict(focal_plane_mask = 'SLIT_POS')

    @staticmethod
    def _matches_data(source):
        return source[0].header.get('INSTRUME', '').upper() == 'PHOENIX'

    @astro_data_tag
    def _tag_instrument(self):
        return TagSet(['PHOENIX'])

    @astro_data_tag
    def _tag_image(self):
        if "image" in self.phu.get('VIEW_POS', '').lower():
            return TagSet(['IMAGE'])

    @astro_data_tag
    def _tag_spect(self):
        if "open" in self.phu.get('VIEW_POS', '').lower():
            return TagSet(['SPECT'])

    @astro_data_tag
    def _tag_dark(self):
        if "dark" in self.phu.get('VIEW_POS', '').lower():
            return TagSet(['DARK', 'CAL'], blocks=['IMAGE'])

    @astro_data_tag
    def _tag_flat(self):
        if "flat" in self.phu.get('OBJECT', '').lower():
            return TagSet(['FLAT', 'CAL'])

    @astro_data_tag
    def _tag_acquisition(self):
        if "acq" in self.phu.get('OBJECT', '').lower():
            return TagSet(['ACQUISITION'])

[docs]    @astro_data_descriptor
    def dec(self):
        """
        Returns the Declination of the center of the field, in degrees.

        Returns
        -------
        float
            declination in degrees
        """
        return Angle(self.phu.get('DEC', 0), unit=u.degree).degree


[docs]    @astro_data_descriptor
    def filter_name(self, stripID=False, pretty=False):
        """
        Returns the name of the filter(s) used.  The component ID can be
        removed with either 'stripID' or 'pretty'.  If a combination of filters
        is used, the filter names will be join into a unique string with '&' as
        separator.  If 'pretty' is True, filter positions such as 'Open',
        'Dark', 'blank', and others are removed leaving only the relevant
        filters in the string.

        Parameters
        ----------
        stripID : bool
            If True, removes the component ID and returns only the name of
            the filter.
        pretty : bool
            Same as for stripID.  Pretty here does not do anything more.

        Returns
        -------
        str
            The name of the filter combination with or without the component ID.
        """
        return self._may_remove_component('FILT_POS', stripID, pretty)


[docs]    @astro_data_descriptor
    def ra(self):
        """
        Returns the Right Ascension of the center of the field, in degrees.

        Returns
        -------
        float
            right ascension in degrees
        """
        return Angle(self.phu.get('RA', 0), unit=u.hour).degree


[docs]    @astro_data_descriptor
    def ut_datetime(self, strict=False, dateonly=False, timeonly=False):
        utd = super().ut_datetime(strict=strict,
                                  dateonly=dateonly,
                                  timeonly=timeonly)
        if utd is None:
            utime = self[0].hdr.get('UT')
            udate = self[0].hdr.get('UTDATE')
        else:
            return utd

        if not utime and not udate:
            return None

        if utime and udate:
            dt_utime = dateutil.parser.parse(utime).time()
            dt_udate = dateutil.parser.parse(udate).date()

        if dateonly:
            return dt_udate
        elif timeonly:
            return dt_utime
        else:
            return datetime.datetime.combine(dt_udate, dt_utime)






          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.skycam.adclass

#
#                                                             Gemini Observatory
#
#                                                                        Dragons
#                                                             gemini_instruments
#                                                              skycam.adclass.py
# ------------------------------------------------------------------------------
import datetime
import dateutil.parser

from astrodata import astro_data_tag
from astrodata import astro_data_descriptor
from astrodata import returns_list
from astrodata import TagSet

from astrodata.fits import FitsLoader
from astrodata.fits import FitsProvider

from ..gemini import AstroDataGemini

# ------------------------------------------------------------------------------
[docs]class AstroDataSkyCam(AstroDataGemini):

    @staticmethod
    def _matches_data(source):
        # remove "s because they added them, but this will also work if the fix it
        match = source[0].header.get('TELESCOP', '').strip('"') == 'GS_ALLSKYCAMERA'
        return match

    @astro_data_tag
    def _tag_instrument(self):
        return TagSet(['GS_ALLSKYCAMERA'])

    @astro_data_tag
    def _tag_site(self):
        return TagSet(['SOUTH'])

[docs]    @astro_data_descriptor
    def instrument(self):
        return self.phu['TELESCOP'].strip('"')


[docs]    @astro_data_descriptor
    def object(self):
        return 'ZENITH'






          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.texes.adclass

#
#                                                             Gemini Observatory
#
#                                                                        Dragons
#                                                             gemini_instruments
#                                                               texes.adclass.py
# ------------------------------------------------------------------------------
from astrodata import astro_data_tag
from astrodata import astro_data_descriptor
from astrodata import returns_list
from astrodata import TagSet

from astrodata.fits import FitsLoader
from astrodata.fits import FitsProvider

from ..gemini import AstroDataGemini

# ------------------------------------------------------------------------------
[docs]class AstroDataTexes(AstroDataGemini):
    __keyword_dict = dict(
        ra = 'RA',
        dec = 'DEC',
        target_ra = 'TARGRA',
        target_dec = 'TARGDEC',
        exposure_time = 'OBSTIME',
        observation_type = 'OBSTYPE',
        )

[docs]    @classmethod
    def load(cls, source):
        def texes_parser(hdu):
            xnam, xver = hdu.header.get('EXTNAME'), hdu.header.get('EXTVER')
            if 'RAWFRAME' in [xnam] and xver:
                hdu.header.set('EXTNAME0', xnam,
                               'EXTNAME Orig (AstroData)',before='EXTNAME')
                hdu.header.set('EXTNAME', 'SCI', 'Renamed by AstroData')
            elif 'SCAN-FRAME' in [xnam] and xver:
                hdu.header.set('EXTNAME0', xnam,
                               'EXTNAME Orig (AstroData)',before='EXTNAME')
                hdu.header.set('EXTNAME', 'SCI', 'Renamed by AstroData')
            elif xnam and not xver:
                hdu.header.set('EXTVER', 1, 'Versioned by AstroData',
                               after='EXTNAME')

        return cls(FitsLoader(FitsProvider).load(source, extname_parser=texes_parser))


    @staticmethod
    def _matches_data(source):
        return source[0].header.get('INSTRUME', '') == 'TEXES'

    @astro_data_tag
    def _tag_instrument(self):
        return TagSet(['TEXES'])

    @astro_data_tag
    def _tag_image(self):
        return TagSet(['SPECT'])

    @astro_data_tag
    def _tag_dark(self):
        if 'dark' in self.phu.get('OBSTYPE').lower():
            return TagSet(['DARK', 'CAL'], blocks=['SPECT'])

    @astro_data_tag
    def _tag_flat(self):
        if 'flat' in self.phu.get('OBSTYPE').lower():
            return TagSet(['FLAT', 'CAL'])

    @astro_data_tag
    def _tag_bias(self):
        if 'bias' in self.phu.get('OBSTYPE').lower():
            return TagSet(['BIAS', 'CAL'], blocks=['SPECT'])

[docs]    @astro_data_descriptor
    def exposure_time(self):
        """
        Returns
        -------
        exposure_time: <float>
            Exposure time.

        """
        return self.phu.get(self._keyword_for('exposure_time'))


[docs]    @astro_data_descriptor
    def observation_type(self):
        return self.phu.get('OBSTYPE').upper()

    
[docs]    @astro_data_descriptor
    def ra(self):
        return self.phu.get(self._keyword_for('ra'))


[docs]    @astro_data_descriptor
    def dec(self):
        return self.phu.get(self._keyword_for('dec'))



    




          

      

      

    

  

    
      
          
            
  Source code for gemini_instruments.trecs.adclass

from astrodata import astro_data_tag, astro_data_descriptor, returns_list, TagSet
from ..gemini import AstroDataGemini
from .. import gmu

[docs]class AstroDataTrecs(AstroDataGemini):

    __keyword_dict = dict(camera = 'OBSMODE',
                          disperser = 'GRATING',
                          exposure_time = 'OBJTIME',
                          focal_plane_mask = 'SLIT',
                          pupil_mask = 'PUPILIMA')

    @staticmethod
    def _matches_data(source):
        return source[0].header.get('INSTRUME', '').upper() == 'TRECS'

    @astro_data_tag
    def _tag_instrument(self):
        return TagSet(['TRECS'])

    # override gemini-level "type_mode" because OBSMODE is used for something
    # else in TReCS.
    @astro_data_tag
    def _type_mode(self):
        if 'MIRROR' in self.phu.get('GRATING', '').upper():
            return TagSet(['IMAGE'])
        else:
            return TagSet(['SPECT'])

[docs]    @astro_data_descriptor
    def central_wavelength(self, asMicrometers=False, asNanometers=False,
                           asAngstroms=False):
        """
        Returns the central wavelength in meters or specified units

        Parameters
        ----------
        asMicrometers : bool
            If True, return the wavelength in microns
        asNanometers : bool
            If True, return the wavelength in nanometers
        asAngstroms : bool
            If True, return the wavelength in Angstroms

        Returns
        -------
        float
            The central wavelength setting
        """
        unit_arg_list = [asMicrometers, asNanometers, asAngstroms]
        if unit_arg_list.count(True) == 1:
            # Just one of the unit arguments was set to True. Return the
            # central wavelength in these units
            if asMicrometers:
                output_units = "micrometers"
            if asNanometers:
                output_units = "nanometers"
            if asAngstroms:
                output_units = "angstroms"
        else:
            # Either none of the unit arguments were set to True or more than
            # one of the unit arguments was set to True. In either case,
            # return the central wavelength in the default units of meters.
            output_units = "meters"

        disperser = self.disperser()
        if disperser is None:
            return None
        if disperser == 'LowRes-10':
            wave_in_microns = 10.5
        elif disperser == 'LowRes-20':
            wave_in_microns = 20.0
        elif disperser.startswith('HighRes-10'):
            wave_in_microns = self.phu.get('HRCENWL')
        else:
            return None
        return gmu.convert_units('micrometers', wave_in_microns, output_units)


[docs]    @astro_data_descriptor
    def detector_x_offset(self):
        """
        Returns the offset from the reference position in pixels along
        the positive x-direction of the detector

        Returns
        -------
        float
            The offset in pixels
        """
        try:
            return self.phu.get('POFFSET') / self.pixel_scale()
        except TypeError:  # either is None
            return None


[docs]    @astro_data_descriptor
    def detector_y_offset(self):
        """
        Returns the offset from the reference position in pixels along
        the positive y-direction of the detector

        Returns
        -------
        float
            The offset in pixels
        """
        try:
            return -self.phu.get('QOFFSET') / self.pixel_scale()
        except TypeError:  # either is None
            return None


[docs]    @astro_data_descriptor
    def dispersion(self, asMicrometers=False, asNanometers=False,
                   asAngstroms=False):
        """
        Returns the dispersion in meters per pixel as a list (one value per
        extension) or a float if used on a single-extension slice.  It is
        possible to control the units of wavelength using the input arguments.

        Parameters
        ----------
        asMicrometers : bool
            If True, return the wavelength in microns
        asNanometers : bool
            If True, return the wavelength in nanometers
        asAngstroms : bool
            If True, return the wavelength in Angstroms

        Returns
        -------
        list/float
            The dispersion(s)
        """
        # Look for the relevant, which we assume is in meters per pixel
        unit_arg_list = [asMicrometers, asNanometers, asAngstroms]
        if unit_arg_list.count(True) == 1:
            # Just one of the unit arguments was set to True. Return the
            # central wavelength in these units
            if asMicrometers:
                output_units = "micrometers"
            if asNanometers:
                output_units = "nanometers"
            if asAngstroms:
                output_units = "angstroms"
        else:
            # Either none of the unit arguments were set to True or more than
            # one of the unit arguments was set to True. In either case,
            # return the central wavelength in the default units of meters.
            output_units = "meters"

        disperser = self.disperser()
        if disperser == 'LowRes-10':
            dispersion = 0.022
        elif disperser == 'LowRes-20':
            dispersion = 0.033
        elif disperser.startswith('HighRes-10'):
            dispersion = 0.0019
        else:
            dispersion = None
        return gmu.convert_units('microns', dispersion, output_units)


[docs]    @returns_list
    @astro_data_descriptor
    def gain(self):
        """
        Returns the gain (electrons/ADU) for each extension

        Returns
        -------
        list of floats/float
            Gains used for the observation
        """
        bias_level = self.phu.get('BIASLEVL', '')
        if bias_level == '2':
            return 214.0
        elif bias_level == '1':
            return 718.0


[docs]    @astro_data_descriptor
    def pixel_scale(self):
        """
        Returns the image scale in arcseconds per pixel

        Returns
        -------
        float
            the pixel scale
        """
        return 0.089
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