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Refstis: Superdarks and Superbiases for STIS

Refstis is a collection of tasks and pipeline processes to create the superdark
and superbias reference files for the Space Telescope Imaging Spectrograph (STIS)
on board the Hubble Space Telescope (HST).

[image: alternate text]

Note

These routines, and particularly the pipeline, are designed to regularly create
and deliver the reference files that are applied in the MAST archive.  As such,
everything is geared particularly to the needs of the STIS instrument team at
STScI.
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Installation Instructions


Warning

This package has a lingering dependency on an IRAF task that is accessed
through PyRAF.  IRAF/PyRAF can be obtained through
Astroconda [http://astroconda.readthedocs.io/en/latest/].  Though many
tasks will work without IRAF installed, some will fail under certain
circumstances.  This depencency will be removed in a future release as
resources permit.




Install via Anaconda


Note

If you do not have Anaconda, please follow the instructions here [https://www.continuum.io/downloads] to install it, or scroll down for
manual installation of refstis.



After you have anaconda setup, then you can install refstis by
specifying the channel in your install command:

$ conda install --channel justincely refstis





If you do not yet have IRAF or PyRAF installed, you can install them via the
STScI supplied AstroConda channel. [http://astroconda.readthedocs.io/]




Install from source

Refstis can also be installed manually using the source code:

$ git clone https://github.com/spacetelescope/refstis.git
$ cd refstis
$ python setup.py install
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Usage


Command-line

Many individual tasks have been pulled out into individual modules which
are copied into your path when the package install is run. This allows
a particular procedure to be run on a collection of data without going
through the entire pipeline, and without the limitations that it imposes
(darks/biases from specific proposals, specifically split months/weeks, etc).


Basejoint

Basejoint is a confusingly named script that actually creates a baseline bias
file for use in creating baseline dark files.

$ basejoint *.fits outname.fits








Refbias

Refbias is the preferred way to create the weekly bias file.  In some cases,
weekbias may be run instead.

$ refbias *.fits outname.fits








Weekbias

If the number of datasets is fewer than a set threshold the weekbias procedure is
run instead of the refbias.  A main difference between the two is that weekbias
uses the baseline bias in some of the calculations.

$ weekbias *.fits outname.fits basebias.fits








Basedark

The basedark task is designed to create a monthly baseline dark.  This is a
combination of all darks for a month that will be used as input when creating
a weekly dark by the weekdark task.

$ basedark *raw.fits outname.fits basebias.fits








Weekdark

The weekdark uses ~a week’s worth of data, along with the monthly dark produced
by basedark, to create a dark appriate to a particular week’s worth of data.:

$ weekdark *raw.fits outname.fits basedark.fits basebias.fits










The Pipeline

The pipeline can be run from any directory, with input/output directories
determined from the config file outlined in the section below.  Simply
executing the pipeline command from the terminal will kick everything off:

$ refstis_pipeline





This will perform all the necessary pipeline steps to create the full suite
of superdarks and superbiases, includng;


	Checking for all the STIS anneal datasets and determining anneal months.

	Retrieving new raw dark and bias observations for each month.

	Reducing the raw datasets and combining into weekly and bi-weekly reference files.

	Prepping the reference files for delivery into CRDS.

	Running the data against a test-suite and verifing no errors are produced.



After all steps have been completed for a given anneal month, the pipeline will
send you an email with the delivery form.  This should be forwarded to
redcat@stsci.edu once any final checks on the data are perfomed.


The configure file

The pipeline functionality of the refstis package needs to know some things
about you and where to put stuff.  This is accomplished by parsing a config
file that is assumed to live at ~/refstis_config.yaml.

The necessary contents of the file are shown below, though the content is
dummy and will need to be configured for you specifically.

#  Directories to read/write
products_directory : '/Users/myself/refstis/data/'
retrieve_directory : '/Users/myself/refstis/requested/'
delivery_directory : '/Users/myself/refstis/to_deliver/'


# config for querying MAST for data
mast_server : 'server@name.stsci.edu'
mast_database : 'db_name'
mast_account : 'username'
mast_password : 'Pa$$w3rD'
dads_host : 'dads_host.stsci.edu'

# config for retrieving from MAST
archive : 'archive.stsci.edu'
archive_user : 'myself'
email : 'myself@stsci.edu'
ftp_user : 'myself'
host : 'host.domain.com'

# Proposals to use for darks/biases
dark_proposals:
 - 12000
 - 13001
 - 14243

bias_propsoals:
 - 12001
 - 13005
 - 14244













          

      

      

    


    
         Copyright 2016, Justin Ely.
      Created using Sphinx 1.3.5.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	refstis 0.6.1 documentation 
 
      

    


    
      
          
            
  
Api



	Weekdark

	Basedark

	Weekbias

	Refbias

	Basejoint

	Pipeline

	Functions

	Delivery

	pop_db

	retrieval









          

      

      

    


    
         Copyright 2016, Justin Ely.
      Created using Sphinx 1.3.5.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	refstis 0.6.1 documentation 

          	Api 
 
      

    


    
      
          
            
  
Weekdark

Functions to create weekly superdarks for the STIS instrument.


	
refstis.weekdark.create_superdark(crj_filename, basedark)[source]

	Create a superdark from the crj and basedark

Create the science portion of the forthcoming reference dark by adding the
‘only baseline dark current’ image to the ‘only hot pixels’ image.


Note

input file will be updated in-place.







	Parameters:	
	crj_filename (str) – filename of the cosmic-ray rejected file

	basedark (str) – basedark name














	
refstis.weekdark.make_weekdark(input_list, refdark_name, thebasedark, thebiasfile=None)[source]

	Create a weekly dark reference file


	
	If not already done, run basic2d with blevcorr, biascorr, and dqicorr

	set to perform







	Apply temperature correction to the data



	split all raw images into their imsets



	join imsets together into a single file



	combine and cr-reject



	normalize to e/s by dividing by (exptime/gain)



	do hot pixel things





# Update ERR extension of new superdark by assigning the ERR values of the
# basedark except for the new hot pixels that are updated from the weekly
# superdark, for which the error extension of the weekly superdark is taken.





	Parameters:	
	input_list (list) – list of input STIS dark files

	refdark_name (str) – output name of the reference dark file

	thebasedark (str) – Monthly basedark

	thebiasfile (str, bool, optional) – biasfile to use for calibration
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Basedark

Functions to create a BaseDark for the STIS instrument


	If not already done, perform bias subtraction

	If after switch to side-2 electronics, perform temperature scaling

	Join all imsets from input list into single file

	combine and cr-reject

	normalize to e/s by dividing by (exptime/gain)

	update DQ array with hot pixel information




Note


	Side 1 operations ended on May 16, 2001.

	Side 2 operations started on July 10, 2001.

	The dark correction will only be applied to datasets after July 1, 2001 (MJD 52091.0).






	
refstis.basedark.find_hotpix(filename)[source]

	Find hotpixels and update DQ array

Pixels hotter that median + 5*sigma will be updated to have a
DQ value of 16.


Note

The input file will be updated in-place.







	Parameters:	filename (str) – filename of the input biasfile










	
refstis.basedark.make_basedark(input_list, refdark_name='basedark.fits', bias_file=None)[source]

	Make a monthly baseline dark from the input list.





	Parameters:	
	input_list (list) – list of input dark files

	refdark_name (str) – name of the output reference file

	bias_file (str) – bias file to be used in calibration














	
refstis.basedark.update_sci(filename)[source]

	Create the science extension of the baseline dark


Note

The input file will be updated in-place.







	Parameters:	filename (str) – name of the file to be updated
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Weekbias

Functions to create a weekly bias for the STIS instrument.


	
refstis.weekbias.make_weekbias(input_list, refbias_name, basebias)[source]

	Make ‘weekly’ bias from list of input bias files


	join imsets from each datset together into one large file

	combine and cosmic ray screen joined imset

	find hot colums

	add hot colums in to basebias sci data as output science data

	update error, dq, and headers




Note

For the SCI extensions, the baseline bias rate is taken from the aptly named
basebias because anything that is “hot” is assumed to be potentially
transient and is thus taken from the weekly biases.

Update ERR extension of new superbias by assigning the ERR values of the
baseline superbias except for the new hot pixels that are updated from
the weekly superbias, for which the error extension of the weekly
superbias is taken. Put the result in temporary ERR image.







	Parameters:	
	input_list (list) – list of STIS bias files

	refbias_name (str) – filename of the output reference file

	basebias (str) – filename of the monthly basebias
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Refbias

Procedure to create a suberbias using the ‘refbias’ method.

Basic premise for making a refbias.


	join imsets from each datset together into one large file

	combine, cosmic ray screen, and normalize to number of imsets

	set header keywords

	clean up intermediate files




	
refstis.refbias.flag_hot_pixels(refbias_name)[source]

	Flag hotpixels in the DQ array

Pixels more than (mean + 3*sigma) away from a median smoothed image
are flagged as DQ=16 in the DQ array.


Note

The input file is updated in-place.




Note

The IRAF version of this pipeline specified a 2x15 pixel median filter
to calculate the smoothed imaged, but the IRAF task documentation says that
even sizes are increased by 1 for the computation.  A 3x5 pixel filter is
used directly here.







	Parameters:	refbias_name (str) – name of the reference file to flag










	
refstis.refbias.make_refbias(input_list, refbias_name='refbias.fits')[source]

	Create a refbias FITS file





	Parameters:	
	input_list (list) – list of input bias files

	refbias_name (str) – name of the output bias reference file
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Basejoint

Procedure to make a monthyl bias for the STIS CCD.

Python translation of a python translation
of an original IRAF cl script to create superbias
reference file from a list of bias frames.

The input image (with multiple extensions) is overscan-subtracted and
cosmic-ray-rejected using the CALSTIS algorithms within STSDAS. The
cosmic-ray-rejected image is divided by the number of imsets present
in the input image (since ocrreject adds up the individual imsets).
After that, the superbias is median filtered using a window of 15 x 1
pixels. The median-filtered is subtracted from the superbias to produce a
“residual” image containing hot columns and such. This “residual” image
is averaged along rows and replicated back to the original image size, so
that hot columns clearly show up. After that, the image values in
hot columns and pixels of the original superbias image (defined as those
pixels having values greater than (mean + 5 sigma of Poisson noise) are
replaced by those in the median-filtered bias image.
Plots are made of the row- and column-averaged superbias, with plotting
scales appropriate to the gain and binning settings of the superbias.


	
refstis.basejoint.average_biases(bias_list)[source]

	Create a weighted sum of the individual input files.

First make sure all individual input files have been ocrrejected.





	Parameters:	bias_list (list) – list of the input biases


	Returns:	
	mean_file (str) –
name of the averaged filename

	totalweight (float) –
sum of the NCOMBINE header keywords from the data














	
refstis.basejoint.calibrate(input_file)[source]

	calibrate input file






	
refstis.basejoint.make_basebias(input_list, refbias_name='basebias.fits')[source]

	Make the basebias for an anneal month

1- Calbrate each bias in the list
2- Average together the biases
3- Replace pixels and colums with median values
4- Set header keywords





	Parameters:	
	input_list (list) – list of input bias files.

	refbias_name (str) – name of the output reference file.














	
refstis.basejoint.replace_hot_cols(mean_bias, median_image, residual_image, yfrac=1)[source]

	Replace hot columns in the mean_bias as identified from the
residual image with values from the bias_median

‘hot’ is 3* sigma

mean_bias will be updated in place






	
refstis.basejoint.replace_hot_pix(mean_bias, median_image)[source]

	Replace image values in residual single hot pixels

defined as those having
values greater than (mean + 5 sigma of Poisson noise) by those in
median-filtered bias image. This represents the science extension of the
final output reference superbias.

mean_bias will be updated in place.





	Parameters:	
	mean_bias (str) – name of the mean bias bias

	median_image (np.ndarray) – 2d median image of the bias
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Pipeline

Create STIS Superdarks and Superbiases for the CCD detector.


	
refstis.pipeline.clean_directory(root_path)[source]

	Cleans directory of any fits files that do not end in _raw.fits


Warning

This WILL remove ANY files that do not match *_raw.fits.  This includes
any plots, txt files, other fits files, anything.








	
refstis.pipeline.collect_new(observations_to_get, settings)[source]

	Function to find and retrieve new datasets for given proposal.






	
refstis.pipeline.grab_between(file_list, mjd_start, mjd_end)[source]

	Select files between given start/end times





	Parameters:	
	file_list (list) – files on which to filter

	mjd_start (float) – earliest time

	mjd_end (float) – latest time






	Yields:	filenames with mjd_start < TEXPSTRT < mjd_end












	
refstis.pipeline.make_pipeline_reffiles(root_folder, last_basedark=None, last_basebias=None)[source]

	Make reference files like the refstis pipeline

1.  Separate dark and bias datasets into week folders
2.






	
refstis.pipeline.pull_info(foldername)[source]

	Pull proposal and week number from folder name

A valid proposal is a string of 5 numbers from 0-9
A valid week is a string of ‘wk’ + 2 numbers ranging from 0-9.
A valid biweek is the string ‘biwk’ + 2 numbers from 0-9.





	Parameters:	foldername – string, name of folder to search in


	Returns:	
	proposal –
string, proposal number as string

	week –
string, week of the anneal (wk01, etc)














	
refstis.pipeline.pull_out_subfolders(root_folder)[source]

	Walk through input folder and use regular expressions to return lists of
the folders for each gain and for each week





	Parameters:	root_folder – string, the folder to walk through


	Returns:	
	gain_folders –
list, containing folders for each gain

	week_folders –
list, containing folders for each week














	
refstis.pipeline.run(config_file='config.yaml')[source]

	Run the reference file pipeline






	
refstis.pipeline.separate_period(base_dir)[source]

	Separate observations in the base dir into needed folders.





	Parameters:	str (base_dir,) – directory containing darks and biases to be split.










	
refstis.pipeline.split_files(all_files)[source]

	Split file list into two smaller lists for iraf tasks

Each list will have a selection from both early and late in time.





	Parameters:	all_files (list) – full list of files


	Returns:	super_list –
list of lists containing the split list of all files


	Return type:	list
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Functions


	
refstis.functions.RemoveIfThere(item)[source]

	Remove a file only if it already exists





	Parameters:	item (str) – file to be removed





Examples

>>> RemoveIfThere('/path/to/file.txt')










	
refstis.functions.apply_dark_correction(filename, expstart)[source]

	Perform temperature scaling to input dark file

All science extensions in the input filename will be scaled to the reference
temperatue of 18.0 c.





	Parameters:	
	filename (str) – full path to input FITS file

	expstart (str) – start time in MJD of the dataset














	
refstis.functions.bd_calstis(joinedfile, thebiasfile=None)[source]

	Run CalSTIS on the joined file

Header keywords will be set for ocrreject to work correctly and not
flag regions outside the original aperture:
APERTURE –> 50CCD
APER_FOV –> ‘50x50’
DARKCORR –> ‘OMIT’
FLATCORR –> ‘OMIT’





	Parameters:	
	joinedfile (str) – join of multiple input darks

	thebiasfile (str, bool) – the biasfile to be subtracted by basic2d














	
refstis.functions.bd_crreject(joinedfile)[source]

	Check if cosmic-ray rejection has been performed on input file

if cosmic-ray rejection has already been done on the input bias image,
skip all calstis-related calibration steps






	
refstis.functions.bias_subtract_data(filename, biasfile)[source]

	Perform bias subtraction on input dataset

basic2d from calstis will be run on the input dataset with the
steps DQICORR, BLEVCORR, and BIASCORR set to perform.





	Parameters:	
	filename (str) – full path to input FITS file

	biasfile (str) – full path to the bias FITS file to be subtracted






	Returns:	filename –
full_path to the bias subtracted file




	Return type:	str












	
refstis.functions.count_imsets(file_list)[source]

	Count the total number of imsets in a file list.

The total number of imsets is counted by dividing the total number
of extensions (NEXTEND) by 3 (SCI, ERR, DQ).





	Parameters:	file_list (list) – list of all files to be counted


	Returns:	total –
number of imsets


	Return type:	ine










	
refstis.functions.divide_anneal_month(data_begin, data_end, database_path, N_period)[source]

	This function divides an anneal month into anneal weeks and returns
tuples of the start and end dates of the anneal weeks






	
refstis.functions.figure_days_in_period(N_periods, N_days, add_remainder=False)[source]

	Spreads out the extra days among the periods.

Notes

Extra days will be added to the periods beginning with the first, until there
are no more, so the lengths may not be perfectly even but will not differ by more
than a day.





	Parameters:	
	N_periods (int) – total number of periods to be split into

	N_days (float, int) – total number of days to be divided






	Returns:	periods –
list of days/period: e.g. [8,8,8,7]




	Return type:	list







Examples

>>> figure_days_in_period(4, 28)
[7, 7, 7, 7]





>>> figure_days_in_period(4, 29)
[8, 7, 7, 7]





>>> figure_days_in_period(3, 21)
[7, 7, 7]










	
refstis.functions.figure_number_of_periods(number_of_days, mode)[source]

	Determines the number of periods (‘weeks’) that the anneal
‘month’ should be split into.

Takes the number of days in the period and the mode (‘WK’ or ‘BIWK’)
and returns the total number of periods.





	Parameters:	
	number_of_days (int) – total number of days in the ‘month’

	mode (str) – wk or biwk






	Returns:	number_of_periods –
the total number of periods to split the month into




	Return type:	int












	
refstis.functions.get_anneal_month_dates(data_begin, data_end, database_path)[source]

	This function uses the anneal database to get the dates of the anneal

This is written under the assumption that data_begin and data_end fall
in the same anneal period

data_begin and data_end are the start and end dates of the data and should
be in mjd






	
refstis.functions.get_keyword(file_list, keyword, ext=0)[source]

	return the value from a header keyword over a list of files

if the value is not consistent accross the input files, an assertion error
will be raised






	
refstis.functions.make_path_safe(filename)[source]

	Make a full path to file safe for use in FITS headers.

For full paths that are less than 67 characters, the filename is simply
returned.  When the full path is equal to or greater than 67, then the path
is inserted into the environment as ‘refdir’ and the filename is returned as
‘refdir$filename’.  This will prevent the filename from being split accross
multiple FITS keywords, and is a convention understood by many
tasks/pipelines.





	Parameters:	filename (str) – Full path + name to the file.


	Returns:	filename –
Safe filename that can fit in a single FITS keyword.


	Return type:	str





Examples

>>> make_path_safe('/short/path/reference_file.fits')
/short/path/reference_file.fits





>>> make_path_safe('/really/really/really/really/really/really/really/really/reference_file.fits')
refdir$reference_file.fits










	
refstis.functions.make_residual(mean_bias, kern=(3, 15))[source]

	Create residual image

Median filter the median with a 15 x 3 box and subtract from the mean
to produce the residual image.






	
refstis.functions.msjoin(imset_list, out_name='joined_out.fits')[source]

	Replicate msjoin functionality in pure python






	
refstis.functions.normalize_crj(filename)[source]

	Normalize the input filename by exptim/gain and flush hdu






	
refstis.functions.refaver(reffiles, combined_name)[source]

	Average two reference files together using msarith.


Warning

This task requires IRAF/PyRAF to be installed.







	Parameters:	
	reffiles (list) – List of reference files to be averaged together

	combined_name (str) – Output name of the combined file














	
refstis.functions.send_email(subject=None, message=None, from_addr=None, to_addr=None)[source]

	Send am email via SMTP server.
This will not prompt for login if you are alread on the internal network.






	
refstis.functions.update_header_from_input(filename, input_list)[source]

	Updates header of output file using keywords from the input data

If a header keyword is not consistent in this step, an error will be
raised
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Delivery

Functions necessary to check the reference files before delivery
to CDBS


	
refstis.delivery.plot_obset(folder)[source]

	Check collapsed columns and rows against last month for irregularities






	
refstis.delivery.regress(folder)[source]

	Run *drk and *bia files in folder through CalSTIS to check
for errors in processing






	
refstis.delivery.set_descrip(folder)[source]

	Make sure the descriptions are useful.  Should be removed when using
the new version of the pipeline.
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pop_db

Script to populate database with STIS anneal month start and end times.

This is used by the STIS darks and bias reference file pipeline to determine
the start and end of each anneal period, and to retrieve the appropriate dark
and bias files.


	
refstis.pop_db.get_directories()[source]

	Loop over the anneal monitor directory and return list of directories
containing anneal observations





	Returns:	list, containing directory paths


	Return type:	directories










	
refstis.pop_db.grab_anneal_mjds()[source]

	Loop over anneal directories and return a list of tuples containing
useful mjd info to be populated into anneal database





	Returns:	list, full of tupes containing information for database


	Return type:	anneal_info










	
refstis.pop_db.main()[source]

	Main function to retrieve anneal info and populate database






	
refstis.pop_db.pop_database(anneal_info)[source]

	Populate anneal database with information gained pulled from anneal
monitor observations





	Parameters:	anneal_info – list, list of tuples to be populated into db


	Returns:	


	Return type:	None
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retrieval


	
refstis.retrieval.build_xml_request(datasets, settings)[source]

	Build the XML request for the given datasets





	Parameters:	datasets (list) – A list of rootnames to download from MAST.


	Returns:	xml_request –
The XML request string.


	Return type:	string










	
refstis.retrieval.everything_retrieved(tracking_id)[source]

	Check request status page to see if retreival is done.





	Parameters:	tracking_id (string) – A submission ID string.


	Returns:	
	done (bool) –
Boolean specifying is data is retrieved or not.

	killed (bool) –
Boolean specifying is request was killed.














	
refstis.retrieval.submit_xml_request(xml_request, settings)[source]

	Submit the XML request to the MAST archive.





	Parameters:	xml_request (string) – The request XML string.


	Returns:	submission_results –
The XML request submission results.


	Return type:	httplib object













          

      

      

    


    
         Copyright 2016, Justin Ely.
      Created using Sphinx 1.3.5.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	refstis 0.6.1 documentation 
 
      

    


    
      
          
            

   Python Module Index


   
   r
   


   
     			

     		
       r	

     
       	[image: -]
       	
       refstis	
       

     
       	
       	
       refstis.basedark	
       

     
       	
       	
       refstis.basejoint	
       

     
       	
       	
       refstis.delivery	
       

     
       	
       	
       refstis.functions	
       

     
       	
       	
       refstis.pipeline	
       

     
       	
       	
       refstis.pop_db	
       

     
       	
       	
       refstis.refbias	
       

     
       	
       	
       refstis.retrieval	
       

     
       	
       	
       refstis.weekbias	
       

     
       	
       	
       refstis.weekdark	
       

   



          

      

      

    


    
         Copyright 2016, Justin Ely.
      Created using Sphinx 1.3.5.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	refstis 0.6.1 documentation 
 
      

    


    
      
          
            

Index



 A
 | B
 | C
 | D
 | E
 | F
 | G
 | M
 | N
 | P
 | R
 | S
 | U
 


A


  	
      
  	apply_dark_correction() (in module refstis.functions)
  


  

  	
      
  	average_biases() (in module refstis.basejoint)
  


  





B


  	
      
  	bd_calstis() (in module refstis.functions)
  


      
  	bd_crreject() (in module refstis.functions)
  


  

  	
      
  	bias_subtract_data() (in module refstis.functions)
  


      
  	build_xml_request() (in module refstis.retrieval)
  


  





C


  	
      
  	calibrate() (in module refstis.basejoint)
  


      
  	clean_directory() (in module refstis.pipeline)
  


      
  	collect_new() (in module refstis.pipeline)
  


  

  	
      
  	count_imsets() (in module refstis.functions)
  


      
  	create_superdark() (in module refstis.weekdark)
  


  





D


  	
      
  	divide_anneal_month() (in module refstis.functions)
  


  





E


  	
      
  	everything_retrieved() (in module refstis.retrieval)
  


  





F


  	
      
  	figure_days_in_period() (in module refstis.functions)
  


      
  	figure_number_of_periods() (in module refstis.functions)
  


  

  	
      
  	find_hotpix() (in module refstis.basedark)
  


      
  	flag_hot_pixels() (in module refstis.refbias)
  


  





G


  	
      
  	get_anneal_month_dates() (in module refstis.functions)
  


      
  	get_directories() (in module refstis.pop_db)
  


      
  	get_keyword() (in module refstis.functions)
  


  

  	
      
  	grab_anneal_mjds() (in module refstis.pop_db)
  


      
  	grab_between() (in module refstis.pipeline)
  


  





M


  	
      
  	main() (in module refstis.pop_db)
  


      
  	make_basebias() (in module refstis.basejoint)
  


      
  	make_basedark() (in module refstis.basedark)
  


      
  	make_path_safe() (in module refstis.functions)
  


      
  	make_pipeline_reffiles() (in module refstis.pipeline)
  


  

  	
      
  	make_refbias() (in module refstis.refbias)
  


      
  	make_residual() (in module refstis.functions)
  


      
  	make_weekbias() (in module refstis.weekbias)
  


      
  	make_weekdark() (in module refstis.weekdark)
  


      
  	msjoin() (in module refstis.functions)
  


  





N


  	
      
  	normalize_crj() (in module refstis.functions)
  


  





P


  	
      
  	plot_obset() (in module refstis.delivery)
  


      
  	pop_database() (in module refstis.pop_db)
  


  

  	
      
  	pull_info() (in module refstis.pipeline)
  


      
  	pull_out_subfolders() (in module refstis.pipeline)
  


  





R


  	
      
  	refaver() (in module refstis.functions)
  


      
  	refstis.basedark (module)
  


      
  	refstis.basejoint (module)
  


      
  	refstis.delivery (module)
  


      
  	refstis.functions (module)
  


      
  	refstis.pipeline (module)
  


      
  	refstis.pop_db (module)
  


      
  	refstis.refbias (module)
  


  

  	
      
  	refstis.retrieval (module)
  


      
  	refstis.weekbias (module)
  


      
  	refstis.weekdark (module)
  


      
  	regress() (in module refstis.delivery)
  


      
  	RemoveIfThere() (in module refstis.functions)
  


      
  	replace_hot_cols() (in module refstis.basejoint)
  


      
  	replace_hot_pix() (in module refstis.basejoint)
  


      
  	run() (in module refstis.pipeline)
  


  





S


  	
      
  	send_email() (in module refstis.functions)
  


      
  	separate_period() (in module refstis.pipeline)
  


      
  	set_descrip() (in module refstis.delivery)
  


  

  	
      
  	split_files() (in module refstis.pipeline)
  


      
  	submit_xml_request() (in module refstis.retrieval)
  


  





U


  	
      
  	update_header_from_input() (in module refstis.functions)
  


  

  	
      
  	update_sci() (in module refstis.basedark)
  


  







          

      

      

    


    
         Copyright 2016, Justin Ely.
      Created using Sphinx 1.3.5.
    

  _modules/refstis/retrieval.html


    
      Navigation


      
        		
          index


        		
          modules |


        		refstis 0.6.1 documentation »


          		Module code »

 
      


    


    
      
          
            
  Source code for refstis.retrieval

import os
try:
    from urllib.request import urlopen
    from urllib.parse import urlparse, urlencode
    from http.client import HTTPSConnection
except ImportError:
    from urlparse import urlparse
    from urllib import urlopen, urlencode
    from httplib import HTTPSConnection
import string

from .SignStsciRequest import SignStsciRequest

REQUEST_TEMPLATE = string.Template('\
<?xml version=\"1.0\"?> \n \
<!DOCTYPE distributionRequest SYSTEM \"http://dmswww.stsci.edu/dtd/sso/distribution.dtd\"> \n \
  <distributionRequest> \n \
    <head> \n \
      <requester userId = \"$archive_user\" email = \"$email\" source = "starview"/> \n \
      <delivery> \n \
        <ftp hostName = \"$ftp_host\" loginName = \"$ftp_user\" directory = \"$ftp_dir\" secure = \"true\" /> \n \
      </delivery> \n \
      <process compression = \"none\"/> \n \
    </head> \n \
    <body> \n \
      <include> \n \
        <select> \n \
          $suffix\n \
        </select> \n \
        $datasets \n \
      </include> \n \
    </body> \n \
  </distributionRequest> \n' )

# ------------------------------------------------------------------------------

[docs]def everything_retrieved(tracking_id):
    '''Check request status page to see if retreival is done.

    Parameters
    ----------
    tracking_id : string
        A submission ID string.

    Returns
    -------
    done : bool
        Boolean specifying is data is retrieved or not.
    killed : bool
        Boolean specifying is request was killed.
    '''

    done = False
    killed = False
    status_url = "http://archive.stsci.edu/cgi-bin/reqstat?reqnum=={0}".format(tracking_id)
    for line in urlopen(status_url).readlines():

        if isinstance(line, bytes):
            line = line.decode()

        if "State" in line:
            if "COMPLETE" in line:
                done = True
            elif "KILLED" in line:
                killed = True
    return done, killed


# ------------------------------------------------------------------------------

[docs]def build_xml_request(datasets, settings):
    """Build the XML request for the given datasets

    Parameters
    ----------
    datasets : list
        A list of rootnames to download from MAST.

    Returns
    -------
    xml_request : string
        The XML request string.
    """

    # The list of datasets must be one string
    datasets = ''.join(['<rootname>{0}</rootname>\n'.format(rootname) for rootname in datasets])

    request_string = REQUEST_TEMPLATE.safe_substitute(
                                            archive_user=settings['archive_user'],
                                            email=settings['email'],
                                            ftp_host=settings['host'],
                                            ftp_dir=settings['retrieve_directory'],
                                            ftp_user=settings['ftp_user'],
                                            datasets=datasets,
                                            suffix="<suffix name=\"RAW\" />")

    xml_request = string.Template(request_string)
    xml_request = xml_request.template

    return xml_request


#-------------------------------------------------------------------------------

[docs]def submit_xml_request(xml_request, settings):
    """Submit the XML request to the MAST archive.

    Parameters
    ----------
    xml_request : string
        The request XML string.

    Returns
    -------
    submission_results : httplib object
        The XML request submission results.
    """

    user = os.environ.get("USER")
    home = os.environ.get("HOME")

    signer = SignStsciRequest()
    request_xml_str = signer.signRequest('{0}/.ssh/privkey.pem'.format(home), xml_request)
    params = urlencode({'dadshost': settings['dads_host'],
                        'dadsport': 4703,
                        'mission':'HST',
                        'request': request_xml_str})
    headers = {"Accept": "text/html", "User-Agent":"{0}PythonScript".format(user)}
    req = HTTPSConnection(settings['archive'])
    req.request("POST", "/cgi-bin/dads.cgi", params, headers)
    response = req.getresponse().read()
    req.close()

    return response


#-------------------------------------------------------------------------------
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"""
Script to populate database with STIS anneal month start and end times.

This is used by the STIS darks and bias reference file pipeline to determine
the start and end of each anneal period, and to retrieve the appropriate dark
and bias files.

"""

import sqlite3
from astropy.io import fits as pyfits
import os
import glob

anneal_dir = '/grp/hst/stis/calibration/monitors/ccd/anneals/'

#-------------------------------------------------------------------------------

[docs]def get_directories():
    """ Loop over the anneal monitor directory and return list of directories
    containing anneal observations

    returns
    -------
    directories
        list, containing directory paths

    """

    directories = []
    for year in range(2011, 2020):   #change back to 1996 to create older darks
        for month in ('01', '02', '03', '04', '05', '06',
                      '07', '08', '09', '10', '11', '12'):
            for last in ('/', 'a/', 'b/'):
                path = anneal_dir + str(year) + '_' + month + last
                if os.path.exists(path) and path != anneal_dir+'2010_01/':
                    crj_list = glob.glob(path + '?????????_crj.fits')
                    crj_list.sort()
                    if len(crj_list) == 2:
                        print(path)
                        directories.append( path )
    return directories


#-------------------------------------------------------------------------------

[docs]def grab_anneal_mjds():
    """  Loop over anneal directories and return a list of tuples containing
    useful mjd info to be populated into anneal database

    returns
    -------
    anneal_info
        list, full of tupes containing information for database

    """

    print('Getting anneal information')
    anneal_info = []
    for directory in get_directories():
        anneal_obs = glob.glob( os.path.join(directory, '?????????_crj.fits') )
        anneal_obs.sort()
        if len(anneal_obs) != 2:
            print('Error in ', directory)
            continue

        proposid = pyfits.getval( anneal_obs[0], 'PROPOSID', ext=0 )
        visit_number = int(pyfits.getval(anneal_obs[1], 'OBSET_ID')) - 1
        anneal_start = pyfits.getval(anneal_obs[0], 'TEXPSTRT', ext=0)
        anneal_end = pyfits.getval(anneal_obs[1], 'TEXPSTRT', ext=0)

        anneal_info.append( (proposid, visit_number, anneal_start, anneal_end) )

    return anneal_info


#-------------------------------------------------------------------------------

[docs]def pop_database(anneal_info):
    """  Populate anneal database with information gained pulled from anneal
    monitor observations

    parameters
    ----------
    anneal_info
        list, list of tuples to be populated into db

    returns
    -------
    None

    """

    print('Populating Anneal database')
    db = sqlite3.connect("anneal_info.db")
    c = db.cursor()
    table = 'anneals'
    try:
        c.execute("""CREATE TABLE %s (id integer PRIMARY KEY, proposid integer, visit real, start real, end real)""" % (table))
    except sqlite3.OperationalError:
        c.execute("""DROP TABLE %s""" % (table))
        c.execute("""CREATE TABLE %s (id integer PRIMARY KEY, proposid integer, visit real, start real, end real)""" % (table))

    for i, line in enumerate(anneal_info):
        proposid = line[0]
        visit_number = line[1]
        start = line[2]
        end = line[3]
        c.execute("""INSERT INTO %s VALUES (?,?,?,?,?)""" %
                  (table), (i+1, proposid, visit_number, start, end))
    db.commit()
    c.execute("""SELECT * FROM %s """ % (table))
    print('Database Populated')
    print('------------------')
    for row in c:
        print(row)


#-------------------------------------------------------------------------------

[docs]def main():
    """ Main function to retrieve anneal info and populate database """
    anneal_stats = grab_anneal_mjds()
    pop_database(anneal_stats)


#-------------------------------------------------------------------------------





          

      

      

    


    
        © Copyright 2016, Justin Ely.
      Created using Sphinx 1.3.5.
    

  

_static/plus.png





_static/STIS_logo.png





_static/comment-close.png





_modules/refstis/basejoint.html


    
      Navigation


      
        		
          index


        		
          modules |


        		refstis 0.6.1 documentation »


          		Module code »

 
      


    


    
      
          
            
  Source code for refstis.basejoint

"""Procedure to make a monthyl bias for the STIS CCD.

Python translation of a python translation
of an original IRAF cl script to create superbias
reference file from a list of bias frames.

The input image (with multiple extensions) is overscan-subtracted and
cosmic-ray-rejected using the CALSTIS algorithms within STSDAS. The
cosmic-ray-rejected image is divided by the number of imsets present
in the input image (since ocrreject adds up the individual imsets).
After that, the superbias is median filtered using a window of 15 x 1
pixels. The median-filtered is subtracted from the superbias to produce a
"residual" image containing hot columns and such. This "residual" image
is averaged along rows and replicated back to the original image size, so
that hot columns clearly show up. After that, the image values in
hot columns and pixels of the original superbias image (defined as those
pixels having values greater than (mean + 5 sigma of Poisson noise) are
replaced by those in the median-filtered bias image.
Plots are made of the row- and column-averaged superbias, with plotting
scales appropriate to the gain and binning settings of the superbias.


"""

from astropy.io import fits
from astropy.stats import sigma_clipped_stats
import numpy as np
import os
import shutil
import sys
import stistools

from . import functions

#-------------------------------------------------------------------------------

[docs]def average_biases(bias_list):
    """Create a weighted sum of the individual input files.

    First make sure all individual input files have been ocrrejected.

    Parameters
    ----------
    bias_list : list
        list of the input biases

    Returns
    -------
    mean_file : str
        name of the averaged filename
    totalweight : float
        sum of the NCOMBINE header keywords from the data

    """

    assert len(bias_list), 'Bias list is empty'

    file_path, file_name = os.path.split(bias_list[0])
    mean_file = os.path.join(file_path, 'mean.fits')

    for iteration, item in enumerate(bias_list):
        with fits.open(item) as hdu:
            hdr0 = hdu[0].header
            hdr1 = hdu[1].header
            nimset = hdr0['nextend'] // 3
            ncombine = hdr1['ncombine']

            #-- If input files have more than one imset or
            #-- have not been cr-rejected, exit
            if (nimset > 1) | (ncombine <= 1):
                print('Input files have to be single imset files and have been CR-rejected')
                print('NIMSET: %d  NCOMBINE: %d' % (nimset, ncombine))
                sys.exit(3)

            #Otherwise, add image to running sum
            if (iteration == 0):
                sum_arr = hdu[1].data
                err_arr = (hdu[2].data) ** 2
                dq_arr = hdu[3].data
                totalweight = ncombine
                totaltime = hdr0['texptime']
            else:
                sum_arr += hdu[1].data
                err_arr += (hdu[2].data) ** 2
                dq_arr |= hdu[3].data
                totalweight += ncombine
                totaltime += hdr0['texptime']

    # Then divide by the sum of the weighting factors.
    mean_arr = sum_arr / float(totalweight)
    mean_err_arr = np.sqrt(err_arr / (totalweight ** 2))
    #Update exptime and number of orbits

    hdr0['texptime'] = totaltime
    hdr1['ncombine'] = totalweight
    hdr1['exptime'] = totaltime

    out_hdu0 = fits.PrimaryHDU(header=hdr0)
    out_hdu1 = fits.ImageHDU(mean_arr, header=hdr1)
    out_hdu2 = fits.ImageHDU(mean_err_arr, header=hdu[2].header)
    out_hdu3 = fits.ImageHDU(dq_arr, header=hdu[3].header)

    hdulist = fits.HDUList([out_hdu0, out_hdu1, out_hdu2, out_hdu3])
    hdulist.writeto(mean_file, output_verify='exception')

    return mean_file, totalweight


#-------------------------------------------------------------------------------

[docs]def calibrate(input_file):
    """ calibrate input file

    """

    if not 'oref' in os.environ:
        os.environ['oref'] = '/grp/hst/cdbs/oref/'

    print('Calibrating %s' % (input_file))
    output_blev = input_file.replace('.fits', '_blev.fits')
    functions.RemoveIfThere(output_blev)
    output_crj = input_file.replace('.fits', '_crj.fits')
    functions.RemoveIfThere(output_crj)

    with fits.open(input_file, mode='update') as hdu:
        nimset = hdu[0].header['nextend'] / 3
        nrptexp = hdu[0].header['nrptexp']
        crcorr = hdu[0].header['crcorr']
        blevcorr = hdu[0].header['blevcorr']

        if (nimset <= 1 and crcorr != "COMPLETE"):
            print("Sorry, your input image seems to have only 1 imset, but it isn't cr-rejected.")
            print("This task can only handle 'raw' or 'flt images with the NEXTEND keyword equal to 3*N (N > 1).")
            print("Bye now... better luck next time!")
            return None

        if (crcorr != "COMPLETE"):

            if (nrptexp != nimset):
                hdu[0].header['NRPTEXP'] = nimset
                hdu[0].header['CRSPLIT'] = 1

            hdu[0].header['CRCORR'] = 'PERFORM'
            hdu[0].header['APERTURE'] = '50CCD'
            hdu[0].header['APER_FOV'] = '50x50'

            if (blevcorr != 'COMPLETE'):
                #print('Performing BLEVCORR')
                hdu[0].header['BLEVCORR'] = 'PERFORM'
                stistools.basic2d.basic2d(input=input_file,
                                          output=output_blev,
                                          outblev='',
                                          dqicorr='perform',
                                          atodcorr='omit',
                                          blevcorr='perform',
                                          doppcorr='omit',
                                          lorscorr='omit',
                                          glincorr='omit',
                                          lflgcorr='omit',
                                          biascorr='omit',
                                          darkcorr='omit',
                                          flatcorr='omit',
                                          shadcorr='omit',
                                          photcorr='omit',
                                          statflag=False,
                                          verbose=False,
                                          trailer="/dev/null")
            else:
                #print('Blevcorr alread Performed')
                shutil.copy(input_file, output_blev)

            #print('Performing OCRREJECT')
            stistools.ocrreject.ocrreject(input=output_blev,
                                          output=output_crj,
                                          verbose=False,
                                          trailer="/dev/null")

        elif (crcorr == "COMPLETE"):
            print("CR rejection already done")
            os.rename(input_file, output_crj)

    fits.setval(output_crj, 'FILENAME', value=os.path.split(output_crj)[-1])

    os.remove(output_blev)

    return output_crj


#-------------------------------------------------------------------------------

[docs]def replace_hot_cols(mean_bias, median_image, residual_image, yfrac=1):
    """ Replace hot columns in the mean_bias as identified from the
    residual image with values from the bias_median

    'hot' is 3* sigma

    mean_bias will be updated in place

    """

    print('Replacing hot column')
    residual_columns_2d = functions.make_resicols_image(residual_image,
                                                        yfrac=yfrac)

    resi_cols_mean, resi_cols_median, resi_cols_std = sigma_clipped_stats(residual_columns_2d[0], sigma=3, iters=40)

    print('thresh mean,sigma = {} {}'.format(resi_cols_mean, resi_cols_std))
    replval = resi_cols_mean + 3.0 * resi_cols_std
    index = np.where(residual_columns_2d >= replval)

    with fits.open(mean_bias, mode='update') as hdu:
        hdu[('sci', 1)].data[index] = median_image[index]


#-------------------------------------------------------------------------------

[docs]def replace_hot_pix(mean_bias, median_image):
    """ Replace image values in residual single hot pixels

    defined as those having
    values greater than (mean + 5 sigma of Poisson noise) by those in
    median-filtered bias image. This represents the science extension of the
    final output reference superbias.

    mean_bias will be updated in place.

    Parameters
    ----------
    mean_bias : str
        name of the mean bias bias
    median_image : np.ndarray
        2d median image of the bias

    """

    print('Replacing hot pixels')
    residual_image = fits.getdata(mean_bias, ext=('sci', 1)) - median_image
    resi_mean, resi_median, resi_std = sigma_clipped_stats(residual_image,
                                                           sigma=5,
                                                           iters=40)

    fivesig = resi_mean + (5.0 * resi_std)
    print("  hot is > {}".format(fivesig))
    index = np.where(residual_image >= fivesig)

    with fits.open(mean_bias, mode='update') as hdu:
        hdu[('sci', 1)].data[index] = median_image[index]


#-------------------------------------------------------------------------------

[docs]def make_basebias(input_list, refbias_name='basebias.fits'):
    """ Make the basebias for an anneal month


    1- Calbrate each bias in the list
    2- Average together the biases
    3- Replace pixels and colums with median values
    4- Set header keywords

    Parameters
    ----------
    input_list : list
        list of input bias files.
    refbias_name : str
        name of the output reference file.

    """

    print('#-------------------------------#')
    print('#        Running basejoint      #')
    print('#-------------------------------#')
    print('Output to %s' % refbias_name)

    print('Processing individual files')
    crj_list = [calibrate(item) for item in input_list]
    crj_list = [item for item in crj_list if item != None]

    mean_bias, totalweight = average_biases(crj_list)

    print('Replacing hot columns and pixels by median-smoothed values')
    residual_image, median_image = functions.make_residual(mean_bias)

    replace_hot_cols(mean_bias, median_image, residual_image)
    #-- then again, but only using the lower 20% of rows
    replace_hot_cols(mean_bias, median_image, residual_image, yfrac=.2)

    replace_hot_pix(mean_bias, median_image)

    shutil.copy(mean_bias, refbias_name)

    functions.update_header_from_input(refbias_name, input_list)
    fits.setval(refbias_name, 'NCOMBINE', value=totalweight, ext=1)
    fits.setval(refbias_name, 'TASKNAME', ext=0, value='BASEJOIN')

    print('Cleaning up...')
    functions.RemoveIfThere(mean_bias)
    for item in crj_list:
        functions.RemoveIfThere(item)

    print('basejoint done for {}'.format(refbias_name))


#-------------------------------------------------------------------------------
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  Source code for refstis.refbias

"""Procedure to create a suberbias using the 'refbias' method.

Basic premise for making a refbias.

1. join imsets from each datset together into one large file
2. combine, cosmic ray screen, and normalize to number of imsets
3. set header keywords
4. clean up intermediate files

"""

from astropy.io import fits
from astropy.stats import sigma_clipped_stats
import numpy as np
from scipy.signal import medfilt
import shutil

from . import functions

#-------------------------------------------------------------------------------

[docs]def flag_hot_pixels(refbias_name):
    """Flag hotpixels in the DQ array

    Pixels more than (mean + 3*sigma) away from a median smoothed image
    are flagged as DQ=16 in the DQ array.

    .. note:: The input file is updated in-place.

    .. note::
      The IRAF version of this pipeline specified a 2x15 pixel median filter
      to calculate the smoothed imaged, but the IRAF task documentation says that
      even sizes are increased by 1 for the computation.  A 3x5 pixel filter is
      used directly here.

    Parameters
    ----------
    refbias_name : str
        name of the reference file to flag

    """

    with fits.open(refbias_name, mode='update') as refbias_hdu:
        smooth_bias = medfilt(refbias_hdu[('sci', 1)].data, (3, 15))

        smooth_bias_mean, smooth_bias_med, smooth_bias_std = sigma_clipped_stats(smooth_bias, sigma=3, iters=30)
        bias_mean, bias_median, bias_std = sigma_clipped_stats(refbias_hdu[('sci', 1)].data, sigma=3, iters=30)


        smooth_bias += (bias_mean - smooth_bias_mean)

        bias_residual = refbias_hdu[('sci', 1)].data - smooth_bias

        resid_mean, resid_median, resid_std = sigma_clipped_stats(bias_residual,
                                                               sigma=3,
                                                               iters=30)
        r_five_sigma = resid_mean + 5.0 * resid_std

        print('Updating DQ values of hot pixels above a level of ', r_five_sigma)
        refbias_hdu[('dq', 1)].data = np.where(bias_residual > r_five_sigma,
                                               16,
                                               refbias_hdu[('dq', 1)].data)


#-------------------------------------------------------------------------------

[docs]def make_refbias(input_list, refbias_name='refbias.fits'):
    """Create a refbias FITS file

    Parameters
    ----------
    input_list : list
        list of input bias files
    refbias_name : str
        name of the output bias reference file

    """

    print('#-------------------------------#')
    print('#        Running refbias        #')
    print('#-------------------------------#')
    print('Making refbias %s' % (refbias_name))
    joined_out = refbias_name.replace('.fits', '_joined.fits')

    print('Joining images to %s' % joined_out)
    functions.msjoin(input_list, joined_out)

    print('Checking for cosmic ray rejection')
    crj_filename = functions.crreject(joined_out)

    shutil.copy(crj_filename, refbias_name)
    flag_hot_pixels(refbias_name)
    functions.update_header_from_input(refbias_name, input_list)
    fits.setval(refbias_name, 'TASKNAME', ext=0, value='refbias')

    print('Cleaning up...')
    functions.RemoveIfThere(crj_filename)
    functions.RemoveIfThere(joined_out)

    print('refbias done for {}'.format(refbias_name))


#-------------------------------------------------------------------------------
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  Source code for refstis.functions

from astropy.io import fits as pyfits
from astropy.stats import sigma_clipped_stats
import numpy as np
import os
import shutil
from scipy.signal import medfilt
from scipy.ndimage.filters import median_filter
from astropy.time import Time
import math
import sqlite3
import datetime

from stistools.calstis import calstis
from stistools.ocrreject import ocrreject
from stistools.basic2d import basic2d
#--------------------------------------------------------------------------------

[docs]def send_email(subject=None, message=None, from_addr=None, to_addr=None):
    '''
    Send am email via SMTP server.
    This will not prompt for login if you are alread on the internal network.
    '''
    import os
    import getpass
    import smtplib
    from email.mime.text import MIMEText
    from email.mime.multipart import MIMEMultipart

    users_email=getpass.getuser()+'@stsci.edu'

    if not subject:
        subject='Message from %s'%(__file__)
    if not message:
        message='You forgot to put a message into me'
    if not from_addr:
        from_addr=users_email
    if not to_addr:
        to_addr=users_email

    svr_addr='smtp.stsci.edu'
    msg = MIMEMultipart()
    msg['Subject']=subject
    msg['From']=from_addr
    msg['To']=to_addr
    msg.attach(MIMEText(message))
    s = smtplib.SMTP(svr_addr)
    s.sendmail(from_addr, to_addr, msg.as_string())
    s.quit()
    print('\nEmail sent to %s \n' %(from_addr))


#---------------------------------------------------------------------------

def mjd_to_greg(mjd):
   #This comes from http://www.usno.navy.mil/USNO/astronomical-applications/astronomical-information-center/julian-date-form
   JD = mjd + 2400000.5
   JD = int(JD)
   L= JD+68569
   N= 4*L/146097
   L= L-(146097*N+3)/4
   I= 4000*(L+1)/1461001
   L= L-1461*I/4+31
   J= 80*L/2447
   K= L-2447*J/80
   L= J/11
   J= J+2-12*L
   I= 100*(N-49)+I+L
   Year = I
   Month = J
   Day = K
   month_to_day = {'0': 0,'1':31, '2':59, '3':90, '4':120, '5':151, '6':181, '7':212, '8':243, '9':273, '10':304, '11':334, '12':365}
   tot_day = (month_to_day[str(int(Month)-1)] + Day)
   day_in_year = 365.0
   if (Month >= 2) & (Year%4 == 0): #for leap year
      tot_day = tot_day + 1.0
      day_in_year = 365.0 + 1.0
   frac_day = tot_day / day_in_year
   fractional_year = Year + frac_day
   return (Year, Month, Day, fractional_year)

#------------------------------------------------------------------------

[docs]def update_header_from_input(filename, input_list):
    """ Updates header of output file using keywords from the input data

    If a header keyword is not consistent in this step, an error will be
    raised

    """
    targname = get_keyword(input_list, 'TARGNAME', 0)
    if targname == 'BIAS':
        filetype = 'CCD BIAS IMAGE'
    elif targname == 'DARK':
        filetype = 'DARK IMAGE'
    else:
        raise ValueError('targname %s not understood' % str(targname))

    gain = get_keyword(input_list, 'CCDGAIN', 0)
    if gain == 1:
        frequency = 'Weekly'
        N_period = 4
    elif gain == 4:
        frequency = 'Bi-Weekly'
        N_period = 2
    else:
        raise ValueError( 'Frequency %s not understood' % str(frequency))

    nimsets = count_imsets(input_list)

    proposals = list(set([pyfits.getval(item, 'PROPOSID') for item in input_list]))
    prop_titles = list(set([pyfits.getval(item, 'PROPTTL1') for item in input_list]))

    data_start_pedigree, data_end_pedigree, data_start_mjd, data_end_mjd = get_start_and_endtimes(input_list)
    #anneal_weeks = divide_anneal_month(data_start_mjd, data_end_mjd, '/grp/hst/stis/calibration/anneals/', N_period)
    #useafter = 'value'
    #for begin, end in anneal_weeks:
    #    if (begin < data_start_mjd) and (end > data_end_mjd):
    #        begin_time = Time(begin, format = 'mjd', scale = 'utc').iso  #anneal week start
    #        useafter = datetime.datetime.strptime(begin_time.split('.')[0], '%Y-%m-%d %H:%M:%S').strftime('%b %d %Y %X')

    month, day, time, year = Time(data_start_mjd, format='mjd').datetime.ctime().split()[1:]
    useafter = '{:s} {:02d} {:s} {:s}'.format(month, int(day), year, time)

    hdu_out = pyfits.HDUList(pyfits.PrimaryHDU())
    hdu_out[0].header['FILENAME'] = os.path.split(filename)[1]
    hdu_out[0].header['NEXTEND'] = 3
    hdu_out[0].header['TELESCOP'] = 'HST'
    hdu_out[0].header['INSTRUME'] = 'STIS'
    hdu_out[0].header['DETECTOR'] = ('CCD', 'detector in use: CCD')

    if targname == 'BIAS':
        hdu_out[0].header['CCDAMP'] = get_keyword(input_list, 'CCDAMP', 0)
        hdu_out[0].header['CCDGAIN'] = gain
        hdu_out[0].header['CCDOFFST'] = get_keyword(input_list, 'CCDOFFST', 0)
    elif targname == 'DARK':
        hdu_out[0].header['CCDAMP'] = 'ANY'
        hdu_out[0].header['CCDGAIN'] = -1
        hdu_out[0].header['CCDOFFST'] = -1
    else:
        raise ValueError('{} for targname not understood'.format(targname))

    hdu_out[0].header['OPT_ELEM'] = 'ANY'
    hdu_out[0].header['APERTURE'] = 'ANY'
    hdu_out[0].header['OBSTYPE'] = 'ANY'
    hdu_out[0].header['BINAXIS1'] = get_keyword(input_list, 'BINAXIS1', 0)
    hdu_out[0].header['BINAXIS2'] = get_keyword(input_list, 'BINAXIS2', 0)
    hdu_out[0].header['FILETYPE'] = filetype
    hdu_out[0].header['PEDIGREE'] = 'INFLIGHT %s %s' % (data_start_pedigree, data_end_pedigree)
    hdu_out[0].header['USEAFTER'] = useafter
    hdu_out[0].header['DESCRIP'] = "%s gain=%d %s for STIS CCD data taken after %s" % (frequency, gain, targname.lower(), useafter[:11])
    while len(hdu_out[0].header['DESCRIP']) < 67:
        hdu_out[0].header['DESCRIP'] = hdu_out[0].header['DESCRIP'] + '-'
    if len(hdu_out[0].header['DESCRIP']) > 67:
        raise ValueError('DESCRIP is too long! {}'.format(hdu_out[0].header['DESCRIP']))

    hdu_out[0].header.add_comment('Reference file created by %s' % __name__ )

    hdu_out[0].header.add_history('Super{} image, combination of {} input {} frames taken in'.format(targname.lower(),
                                                                                                     nimsets,
                                                                                                     targname.lower()))
    hdu_out[0].header.add_history('CCDGAIN={}, BINAXIS1={}, BINAXIS2={} mode.'.format(hdu_out[0].header['CCDGAIN'],
                                                                                      hdu_out[0].header['BINAXIS1'],
                                                                                      hdu_out[0].header['BINAXIS2']))

    hdu_out[0].header.add_history('All input frames were from Proposal(s) {}:'.format('/'.join(map(str, proposals))))
    for item in prop_titles:
        hdu_out[0].header.add_history(item)

    hdu_out[0].header.add_history('The following input files were used:')
    for item in input_list:
        hdu_out[0].header.add_history(os.path.split(item)[1])
    hdu_out[0].header.add_history('')

    if targname == 'BIAS':
        hdu_out[0].header.add_history('The data were split into sub-lists of less than 30 ')
        hdu_out[0].header.add_history('imsets each. The pyraf script "refbias" was run on the')
        hdu_out[0].header.add_history('individual sub-lists and then averaged using the script')
        hdu_out[0].header.add_history('"refaver". The "refbias" procedure works as follows.')
        hdu_out[0].header.add_history('After joining the files together into a multi-imset')
        hdu_out[0].header.add_history('file, overscan subtraction is performed for every')
        hdu_out[0].header.add_history('individual bias frame. The bias frames in the multi-')
        hdu_out[0].header.add_history('imset file are then combined using ocrreject, which')
        hdu_out[0].header.add_history('performs a three-step iterative cosmic-ray rejection')
        hdu_out[0].header.add_history('with rejection thresholds of 5, 4, and 3 sigma,')
        hdu_out[0].header.add_history('respectively.')
        hdu_out[0].header.add_history('')
        hdu_out[0].header.add_history('After cosmic ray rejection, the combined bias was')
        hdu_out[0].header.add_history('divided by the number of frames combined (ocrreject')
        hdu_out[0].header.add_history('adds images instead of averaging them), using the ')
        hdu_out[0].header.add_history('stsdas.toolbox.imgtools.mstools.msarith routine.')
        hdu_out[0].header.add_history('Subsequently, hot pixels (and columns) were identified ')
        hdu_out[0].header.add_history('as follows. A median-filtered version of the averaged ')
        hdu_out[0].header.add_history('bias is created (kernel = 15 x 3 pixels) and')
        hdu_out[0].header.add_history('subtracted from the averaged bias, leaving a')
        hdu_out[0].header.add_history('"residual" image containing hot pixels and columns.')
        hdu_out[0].header.add_history('The pixels hotter than 5 sigma of the effective RMS')
        hdu_out[0].header.add_history('noise in the residual bias image are then identified,')
        hdu_out[0].header.add_history('and flagged as such in the Data Quality (DQ)')
        hdu_out[0].header.add_history('extension of the output reference bias file.')

    elif targname == 'DARK':
        hdu_out[0].header['REF_TEMP'] = 18
        hdu_out[0].header['DRK_VS_T'] = 0.07

        hdu_out[0].header.add_history('This superdark image is a combination of 2 images.')
        hdu_out[0].header.add_history('The first is a "baseline dark" image which is a  ')
        hdu_out[0].header.add_history('(typically) monthly average of (cosmic-ray-rejected)')
        hdu_out[0].header.add_history('dark files. The second image is made locally within the')
        hdu_out[0].header.add_history('"weekdark" script.')
        hdu_out[0].header.add_history('These gain {} darks are first'.format(hdu_out[0].header['CCDGAIN']))
        hdu_out[0].header.add_history('corrected for temperature (C) using the factor')
        hdu_out[0].header.add_history('1.0 / (1.0 + DRK_V_TMP * (OCCDHTAV - S2_REF_TEMP)) and then ')
        hdu_out[0].header.add_history('combined together (cosmic rays are rejected in the')
        hdu_out[0].header.add_history('combination) using calstis,')
        hdu_out[0].header.add_history('and normalized to a dark time of 1 second. After that,')
        hdu_out[0].header.add_history('hot pixels in that normalized dark are updated into the ')
        hdu_out[0].header.add_history('baseline dark. These hot pixels have a value higher than ')
        hdu_out[0].header.add_history('(baseline dark current + 5 sigma of the new dark).')
        hdu_out[0].header.add_history('The pixels hotter than 0.1 electron/sec in this dark')
        hdu_out[0].header.add_history('are being assigned a DQ value of 16.')
        hdu_out[0].header.add_history('Previously hot pixels that have fully annealed out ')
        hdu_out[0].header.add_history('between the observing dates of the baseline and the')
        hdu_out[0].header.add_history('new dark are being assigned a value equal to that in')
        hdu_out[0].header.add_history('a median-filtered (kernel = 5x5 pixels) version of')
        hdu_out[0].header.add_history('the baseline dark.')

    with pyfits.open(filename) as ref:
        hdu_out.append(pyfits.ImageHDU(data=ref[1].data))
        hdu_out[1].header['EXTNAME'] = 'SCI'
        hdu_out[1].header['EXTVER'] = 1
        hdu_out[1].header['PCOUNT'] = 0
        hdu_out[1].header['GROUNT'] = 1

        hdu_out.append(pyfits.ImageHDU(data=ref[2].data))
        hdu_out[2].header['EXTNAME'] = 'ERR'
        hdu_out[2].header['EXTVER'] = 1
        hdu_out[2].header['PCOUNT'] = 0
        hdu_out[2].header['GROUNT'] = 1

        hdu_out.append(pyfits.ImageHDU(data=ref[3].data))
        hdu_out[3].header['EXTNAME'] = 'DQ'
        hdu_out[3].header['EXTVER'] = 1
        hdu_out[3].header['PCOUNT'] = 0
        hdu_out[3].header['GROUNT'] = 1

    hdu_out.writeto(filename, clobber=True, output_verify='exception')


#------------------------------------------------------------------------

def get_start_and_endtimes(input_list):
    times = []
    for ifile in input_list:
        times.append(pyfits.getval(ifile, 'texpstrt', 0))
        times.append(pyfits.getval(ifile, 'texpend', 0))
    times.sort()
    start_mjd = times[0]
    end_mjd = times[-1]
    times = Time(times, format = 'mjd', scale = 'utc', out_subfmt = 'date').iso

    start_list = times[0].split('-')
    end_list = times[-1].split('-')

    #return strings in format mm/dd/yyyy
    start_str = '%s/%s/%s' %( start_list[2], start_list[1], start_list[0])
    end_str = '%s/%s/%s' %(end_list[2], end_list[1], end_list[0])
    return start_str, end_str, start_mjd, end_mjd

#------------------------------------------------------------------------

def make_resicols_image(residual_image, yfrac=1):
    print("Making residual column image")

    ystart = 0
    yend = min(1024, int(np.floor(yfrac * residual_image.shape[0] + .5)))

    residual_columns = np.mean(residual_image[ystart:yend], axis=0)
    print(ystart, '-->', yend)
    residual_columns_image = residual_columns * np.ones(residual_image.shape[1])[:, np.newaxis]

    return residual_columns_image

#------------------------------------------------------------------------

[docs]def make_residual(mean_bias, kern=(3, 15)):
    """Create residual image

    Median filter the median with a 15 x 3 box and subtract from the mean
    to produce the residual image.


    """
    mean_hdu = pyfits.open(mean_bias)
    mean_image = mean_hdu[('sci', 1)].data

    median_image = median_filter(mean_image, kern)

    medi_mean = sigma_clipped_stats(median_image, sigma=3, iters=40)[0]
    mean_mean = sigma_clipped_stats(mean_image, sigma=3, iters=40)[0]
    diffmean = mean_mean - medi_mean

    median_image += diffmean
    residual_image = mean_image - median_image

    return residual_image, median_image


#------------------------------------------------------------------------

[docs]def normalize_crj(filename):
    """ Normalize the input filename by exptim/gain and flush hdu

    """

    with pyfits.open(filename, mode='update') as hdu:
        exptime = hdu[0].header['TEXPTIME']
        gain = hdu[0].header['ATODGAIN']

        norm_factor = float(exptime)/gain
        print('Normalizing by ', norm_factor)
        hdu[('sci', 1)].data /= norm_factor
        hdu[('err', 1)].data /= abs(norm_factor)

        hdu[0].header['TEXPTIME'] = 1


#------------------------------------------------------------------------

[docs]def msjoin(imset_list, out_name='joined_out.fits'):
    """ Replicate msjoin functionality in pure python

    """

    hdu = pyfits.open( imset_list[0] )

    ext_count = 0
    n_offset = (len( hdu[1:] ) // 3) + 1
    for dataset in imset_list[1:]:
        add_hdu = pyfits.open( dataset )
        for extension in add_hdu[1:]:
            extension.header['EXTVER'] = (ext_count // 3) + n_offset
            hdu.append( extension )
            ext_count += 1

    hdu[0].header['NEXTEND'] = len( hdu ) - 1
    hdu.writeto(out_name, output_verify='exception', clobber=True)

    if not os.path.exists(out_name):
        raise IOError('Error in refstis:functions:msjoin() -- output file not written!')


#------------------------------------------------------------------------

def crreject(input_file, workdir=None):
    if not 'oref' in os.environ:
        os.environ['oref'] = '/grp/hst/cdbs/oref/'

    path, name = os.path.split(input_file)
    name, ext = os.path.splitext(name)
    trailerfile = os.path.join(path, name+'_crreject_log.txt')

    output_blev = input_file.replace('.fits','_blev.fits')
    output_crj = input_file.replace('.fits','_crj.fits')

    with pyfits.open(input_file) as hdu:
        nimset = hdu[0].header['nextend'] / 3
        nrptexp = hdu[0].header['nrptexp']
        crcorr = hdu[0].header['crcorr']
        blevcorr = hdu[0].header['blevcorr']

    if (nimset <= 1 and crcorr != "COMPLETE"):
        print("Sorry, your input image seems to have only 1 imset, but it isn't cr-rejected.")
        print("This task can only handle 'raw' or 'flt images with the NEXTEND keyword equal to 3*N (N > 1).")
        print("Bye now... better luck next time!")
        raise ValueError('nimset <=1 and CRCORR not complete')

    if (crcorr != "COMPLETE"):
        if (nrptexp != nimset):
            pyfits.setval(input_file,'NRPTEXP',value=nimset)
            pyfits.setval(input_file,'CRSPLIT',value=1)

        pyfits.setval(input_file, 'CRCORR', value='PERFORM')
        #pyfits.setval(input_file, 'DQICORR', value='PERFORM')
        pyfits.setval(input_file, 'APERTURE', value='50CCD')
        pyfits.setval(input_file, 'APER_FOV', value='50x50')
        if (blevcorr != 'COMPLETE') :
            print('Performing BLEVCORR')
            pyfits.setval(input_file, 'BLEVCORR', value='PERFORM')
            status = basic2d(input_file,
                             output_blev,
                             outblev='',
                             dqicorr='perform',
                             blevcorr='perform',
                             doppcorr='omit',
                             lorscorr='omit',
                             glincorr='omit',
                             lflgcorr='omit',
                             biascorr='omit',
                             darkcorr='omit',
                             flatcorr='omit',
                             photcorr='omit',
                             statflag=False,
                             verbose=False,
                             trailer=trailerfile)
            if status != 0:
                try:
                    print()
                    with open(trailerfile) as tr:
                        for line in tr.readlines():
                            print('    {}'.format(line.strip()))
                finally:
                    raise Exception('BASIC2D failed to properly reduce {}'.format(input_file))
        else:
            print('Blevcorr already Performed')
            shutil.copy(input_file,output_blev)

        print('Performing OCRREJECT')
        status = ocrreject(input=output_blev,
                           output=output_crj,
                           verbose=False,
                           trailer=trailerfile)
        if status != 0:
            try:
                print()
                with open(trailerfile) as tr:
                    for line in tr.readlines():
                        print('    {}'.format(line.strip()))
            finally:
                raise Exception('OCRREJECT failed to properly reduce {}'.format(output_blev))

    elif (crcorr == "COMPLETE"):
        print("CR rejection already done")
        os.rename(input_file, output_crj)

    pyfits.setval(output_crj, 'FILENAME', value=output_crj)

    with pyfits.open(output_crj) as hdu:
        gain = hdu[0].header['atodgain']
        ccdgain = hdu[0].header['ccdgain']
        xsize = hdu[1].header['naxis1']
        ysize = hdu[1].header['naxis2']
        xbin = hdu[0].header['binaxis1']
        ybin = hdu[0].header['binaxis2']

        try:
            ncombine = hdu[0].header['ncombine']
        except:
            ncombine = hdu[1].header['ncombine']

    print(('Number of combined imsets is '+str(ncombine)+' while number of imsets is '+str(nimset ) ))
    print(('Dividing cosmic-ray-rejected image by '+str(ncombine)+'...'))
    out_div = output_crj.replace('.fits','_div.fits')

    ###this used to be a call to MSARITH, is anything else needed?
    ###modifying the error too (done), etc?
    hdu = pyfits.open(output_crj)
    hdu[('sci', 1)].data /= ncombine
    hdu[('err', 1)].data /= ncombine
    hdu.writeto(out_div, output_verify='exception', clobber=True)

    os.remove(output_blev)
    os.remove(output_crj)

    return out_div

#------------------------------------------------------------------------

[docs]def count_imsets(file_list):
    """Count the total number of imsets in a file list.

    The total number of imsets is counted by dividing the total number
    of extensions (NEXTEND) by 3 (SCI, ERR, DQ).

    Parameters
    ----------
    file_list : list
        list of all files to be counted

    Returns
    -------
    total : ine
        number of imsets

    """

    if not isinstance(file_list, list):
        file_list = [file_list]

    total = 0
    for item in file_list:
        total += pyfits.getval(item,'NEXTEND',ext=0) / 3

    return total


#------------------------------------------------------------------------

[docs]def get_keyword(file_list,keyword,ext=0):
    """ return the value from a header keyword over a list of files

    if the value is not consistent accross the input files, an assertion error
    will be raised

    """

    kw_set = set([pyfits.getval(item,keyword,ext=ext) for item in file_list])
    assert len(kw_set) == 1,' multiple values found for kw: % s'% (keyword)

    return list(kw_set)[0]


#------------------------------------------------------------------------
[docs]def get_anneal_month_dates(data_begin, data_end, database_path):
    '''
    This function uses the anneal database to get the dates of the anneal

    This is written under the assumption that data_begin and data_end fall
    in the same anneal period

    data_begin and data_end are the start and end dates of the data and should
    be in mjd
    '''
    assert data_begin > 50000, 'data_begin should be in mjd'
    assert data_end > 50000, 'data_end should be in mjd'

    db = sqlite3.connect(os.path.join(database_path, 'anneal_info.db'))
    c = db.cursor()
    c.execute("""SELECT DISTINCT start, end FROM anneals""")
    rows = [row for row in c]
    anneal_start_date = np.array([row[0] for row in rows])
    anneal_end_date = np.array([row[1] for row in rows])

    start_indx = np.where(data_begin - anneal_end_date > 0)
    anneal_period_start_indx = start_indx[0][-1] #want to start an anneal month at the end of the anneal
    end_indx = np.where(anneal_start_date - data_end > 0)
    anneal_period_end_indx = end_indx[0][0] #want to end an anneal month at the start of the anneal

    anneal_month_start = Time(anneal_end_date[anneal_period_start_indx], format = 'mjd', scale = 'utc')
    anneal_month_end = Time(anneal_start_date[anneal_period_end_indx], format = 'mjd', scale = 'utc')
    assert anneal_period_end_indx - anneal_period_start_indx == 1, \
        'data cannot cross anneals, data date range [%f - %f], anneal month [%f - %f]' %(data_begin, data_end, anneal_month_start.val, anneal_month_end.val)
    return anneal_month_start, anneal_month_end


#------------------------------------------------------------------------

[docs]def divide_anneal_month(data_begin, data_end, database_path, N_period):
    '''
    This function divides an anneal month into anneal weeks and returns
    tuples of the start and end dates of the anneal weeks
    '''

    anneal_month_start, anneal_month_end = get_anneal_month_dates(data_begin, data_end, database_path)
    total_num_days = anneal_month_end.val - anneal_month_start.val #these are in mjd so you get # of days
    base_num_days = math.floor(total_num_days / N_period)
    #For remaining days, add 1 to each week until all days are gone
    remaining_days = math.floor(total_num_days - base_num_days*N_period)
    remaining_time = total_num_days - base_num_days*N_period - remaining_days
    num_days_per_period = np.array([base_num_days for i in range(N_period)])
    num_days_per_period[-1] = num_days_per_period[-1] + remaining_time
    for i, day in enumerate(range(int(remaining_days))):
        num_days_per_period[i] += 1
    anneal_weeks = []
    wk_end = anneal_month_start.val
    for period in num_days_per_period:
        wk_start = wk_end
        wk_end = wk_start + period
        anneal_weeks.append((wk_start, wk_end))
    return anneal_weeks


#------------------------------------------------------------------------

[docs]def figure_number_of_periods(number_of_days, mode) :
    """ Determines the number of periods ('weeks') that the anneal
    'month' should be split into.

    Takes the number of days in the period and the mode ('WK' or 'BIWK')
    and returns the total number of periods.

    Parameters
    ----------
    number_of_days : int
        total number of days in the 'month'
    mode : str
        wk or biwk

    Returns
    -------
    number_of_periods : int
        the total number of periods to split the month into

    """

    #print "periods(", number_of_days,", ",mode,") called ..."
    nm = 'periods'
    msg  = "called w/ (number_of_days="+str(number_of_days)
    msg += ", mode="+mode+") "

    # set upper limits for period lengths
    MIN_DAYS_IN_WK = 6
    MAX_DAYS_IN_WK = 9
    MIN_DAYS_IN_BIWK = 11
    MAX_DAYS_IN_BIWK = 22

    DELTA_WK   =  9
    DELTA_BIWK = 18
    PERIOD_NUMBER_START = 1
    # Boundary condition catcher
    number_of_periods = -1

    # WK mode
    if mode == "WK":
        for n in range(2, number_of_days) :
            if  number_of_days < 12 :
                if (number_of_days >  MAX_DAYS_IN_WK or
                    number_of_days <  MIN_DAYS_IN_WK) :
                    # raises an ERROR
                    number_of_periods = -1
                    break
                else :
                    number_of_periods = PERIOD_NUMBER_START
                    break

            elif number_of_days <= DELTA_WK * n :
                number_of_periods = PERIOD_NUMBER_START + ( n - 1 )
                # For easier comparison to periods.py
                if number_of_days > 72 :
                    msg = "length of anneal month = " +str(number_of_days)+ "; For real? "

                    # Do we really need to set this to 0?  What's wrong with a bigger number?
                    msg  = "I give it "+str(number_of_periods)+" (WKs). "
                    msg += "Is this bad? "
                    msg += "Code would usually give such a large difference "
                    msg += "number_of_periods = 0, but why?  "

                break

    # BIWK mode
    elif mode == 'BIWK':
        for n in range(2, number_of_days) :
            if number_of_days < MAX_DAYS_IN_BIWK :
                # raises an ERROR if < MIN_DAYS_IN_BIWK1
                if number_of_days < MIN_DAYS_IN_BIWK : number_of_periods = -1
                else : number_of_periods = PERIOD_NUMBER_START
                break

            elif number_of_days <= DELTA_BIWK * n :
                number_of_periods = PERIOD_NUMBER_START + ( n - 1 )
                # For easier comparison to periods.py
                if number_of_days > 72 :
                    msg = "length of anneal month = " +str(number_of_days)+ "; For real? "
                    print(("E", msg, nm))
                    # Do we really need to set this to 0?  What's wrong with a bigger number?
                    msg  = "I give it "+str(number_of_periods)+" (BIWKs). "
                    msg += "Is this bad? "
                    msg += "Code would usually give such a large difference "
                    msg += "number_of_periods = 0, but why?  "
                    print(("W", msg, nm))
                break
    else:
        sys.exit('what mode did you put in?')

    # return value
    #print "return number_of_periods =",  number_of_periods
    return number_of_periods


#------------------------------------------------------------------------

[docs]def figure_days_in_period(N_periods, N_days, add_remainder=False):
    """Spreads out the extra days among the periods.

    Notes
    -----
    Extra days will be added to the periods beginning with the first, until there
    are no more, so the lengths may not be perfectly even but will not differ by more
    than a day.

    Parameters
    ----------
    N_periods : int
        total number of periods to be split into
    N_days : float, int
        total number of days to be divided

    Returns
    -------
    periods : list
        list of days/period: e.g. [8,8,8,7]

    Examples
    --------
    >>> figure_days_in_period(4, 28)
    [7, 7, 7, 7]

    >>> figure_days_in_period(4, 29)
    [8, 7, 7, 7]

    >>> figure_days_in_period(3, 21)
    [7, 7, 7]

    """

    remainder = N_days - int(N_days)
    N_days = int(N_days)

    base_length = N_days // N_periods
    N_extra_days = N_days - N_periods * base_length

    period_lengths = [base_length for item in range(N_periods)]

    for i in range(N_extra_days):
        index = i % N_periods
        period_lengths[index] += 1

    assert (sum(period_lengths)) == N_days, 'ERROR: extra days not spread around correctly'

    if add_remainder:
        period_lenghts[-1] += remainder

    return period_lengths


#------------------------------------------------------------------------

def translate_date_string(input_string):
    month_dict = {'Jan': 1,
                  'Feb': 2,
                  'Mar': 3,
                  'Apr': 4,
                  'May': 5,
                  'Jun': 6,
                  'Jul': 7,
                  'Aug': 8,
                  'Sep': 9,
                  'Oct': 10,
                  'Nov': 11,
                  'Dec': 12}


    date_list = input_string.split()
    time_list = date_list[3].split(':')

    month = month_dict[date_list[0]]
    day = int(date_list[1])
    year = int(date_list[2])

    hour = int(time_list[0])
    minute = int(time_list[1])
    second = int(time_list[2])

    #if time_list[3].endswith('PM'):
    #    hour += 12

    a = (14-month)/12
    y = year + 4800 - a
    m = month + 12*a - 3

    JDN = day + (153 * m + 2)//5 + 365*y + y//4 - y//100 + y//400 - 32045
    JD = JDN + (hour - 12)/24.0 + minute/1440.0 + second/86400.0
    MJD = JD - 2400000.5
    return MJD

#------------------------------------------------------------------------

[docs]def bd_crreject(joinedfile):
    """ Check if cosmic-ray rejection has been performed on input file

    if cosmic-ray rejection has already been done on the input bias image,
    skip all calstis-related calibration steps


    """

    print(joinedfile)

    fd = pyfits.open(joinedfile)
    nimset   = fd[0].header['nextend'] / 3
    nrptexp  = fd[0].header['nrptexp']
    crcorr   = fd[0].header['crcorr']
    crdone = 0

    if (crcorr == "COMPLETE") :
        crdone = 1
        print('OK, CR rejection already done')
        os.rename(joinedfile, joinedfile.replace('_joined', '_crj') )
    else:
        print(('crcorr found = ' + crcorr))

    if (nimset <= 1 and not crdone):
        print("Sorry, your input image seems to have only 1 imset, but it isn't cr-rejected.")
        print("This task can only handle 'raw' or 'flt images with the NEXTEND keyword equal to 3*N (N > 1).")
        print("Bye now... better luck next time!")
        raise ValueError( 'Something bad happened' )

    if not crdone:
        print('FYI: CR rejection not already done')
        print(('Keyword NRPTEXP = ' + str(nrptexp) + ' while nr. of imsets = ' + str(nimset)))
        if (nrptexp != nimset):
            pyfits.setval( joinedfile,'NRPTEXP',value=nimset)
            pyfits.setval( joinedfile,'CRSPLIT',value=1)

            print(('>>>> Updated keyword NRPTEXP to '+str(nimset) ))
            print('    (and set keyword CRSPLIT to 1)' )
            print(('     in ' + joinedfile ))

    return crdone


#------------------------------------------------------------------------

[docs]def bd_calstis(joinedfile, thebiasfile=None):
    """ Run CalSTIS on the joined file

    Header keywords will be set for ocrreject to work correctly and not
    flag regions outside the original aperture:
    APERTURE --> 50CCD
    APER_FOV --> '50x50'
    DARKCORR --> 'OMIT'
    FLATCORR --> 'OMIT'

    Parameters
    ----------
    joinedfile : str
        join of multiple input darks
    thebiasfile : str, bool
        the biasfile to be subtracted by basic2d

    """

    with pyfits.open(joinedfile, 'update') as hdu:
        hdu[0].header['CRCORR'] = 'PERFORM'
        hdu[0].header['APERTURE'] = '50CCD'
        hdu[0].header['APER_FOV'] = '50x50'
        hdu[0].header['DARKCORR'] = 'OMIT'
        hdu[0].header['FLATCORR'] = 'OMIT'

        if thebiasfile:
            hdu[0].header['BIASFILE'] = thebiasfile

    crj_file = joinedfile.replace('.fits', '_crj.fits')

    path, name = os.path.split(joinedfile)
    name, ext = os.path.splitext(name)
    trailerfile = os.path.join(path, name+'_bd_calstis_log.txt')

    if os.path.exists(crj_file):
        print('Deleting old file: %s' % crj_file)
        os.remove(crj_file)

    if os.path.exists(trailerfile):
        print('Deleting old file: %s' % trailerfile)
        os.remove(trailerfile)

    print('Running CalSTIS on %s' % joinedfile)
    print('to create: %s' % crj_file)
    status = calstis(joinedfile,
                     wavecal="",
                     outroot="",
                     savetmp=False,
                     verbose=False,
                     trailer=trailerfile)
    if status != 0:
        try:
            print()
            with open(trailerfile) as tr:
                for line in tr.readlines():
                    print('    {}'.format(line.strip()))
        finally:
            raise Exception('CalSTIS failed to properly reduce {}'.format(joinedfile))

    pyfits.setval(crj_file, 'FILENAME', value=os.path.split(crj_file)[1])


#------------------------------------------------------------------------

[docs]def RemoveIfThere(item):
    """Remove a file only if it already exists

    Parameters
    ----------
    item : str
        file to be removed

    Examples
    --------
    >>> RemoveIfThere('/path/to/file.txt')

    """

    if os.path.exists(item):
        os.remove(item)


#------------------------------------------------------------------------

[docs]def refaver(reffiles, combined_name):
    """Average two reference files together using msarith.

    .. warning:: This task requires IRAF/PyRAF to be installed.

    Parameters
    ----------
    reffiles : list
        List of reference files to be averaged together
    combined_name : str
        Output name of the combined file

    """
    from pyraf import iraf
    from iraf import stsdas
    from iraf import mstools

    print('#-----------------------#')
    print('combining datasets')
    print(reffiles)
    print('into')
    print(combined_name)
    print('#-----------------------#')

    all_paths = {os.path.split(item)[0] for item in reffiles}
    assert len(all_paths) == 1, "More than one path found"

    initial_dir = os.getcwd()
    os.chdir(list(all_paths)[0])
    iraf.chdir(list(all_paths)[0])

    all_subfiles = []
    for subfile in reffiles:
        subfile = os.path.split(subfile)[-1]
        outfile = subfile.replace('.fits', '_aver.fits')
        print("Running msarith / 2 on {}".format(subfile))
        iraf.msarith(subfile, '/', 2, outfile, verbose=1)
        all_subfiles.append(outfile)

    assert len(all_subfiles) == 2, 'Length of subfiles doesnt equal 2: {}'.format(all_subfiles)

    if not combined_name.endswith('.fits'):
        combined_name = combined_name + '.fits'

    #-- remove path from output name
    combined_name = os.path.split(combined_name)[-1]

    iraf.msarith(all_subfiles[0], '+', all_subfiles[1], combined_name, verbose=1)

    for filename in all_subfiles:
        os.remove(filename)

    #-- move back to beginning location
    os.chdir(initial_dir)
    iraf.chdir(initial_dir)


#------------------------------------------------------------------------

[docs]def apply_dark_correction(filename, expstart):
    """Perform temperature scaling to input dark file

    All science extensions in the input filename will be scaled to the reference
    temperatue of 18.0 c.

    Parameters
    ----------
    filename : str
        full path to input FITS file
    expstart : str
        start time in MJD of the dataset

    """

    dark_v_temp = 0.07
    s2ref_temp = 18.0
    with pyfits.open(filename, mode = 'update') as ofile:
        if 'tempcorr' not in ofile[0].header:
            nextend = ofile[0].header['nextend']

            for ext in np.arange(1, nextend, 3):
                occdhtav = ofile[ext].header['OCCDHTAV']
                factor = 1.0 / (1.0 + dark_v_temp * (float(occdhtav) - s2ref_temp))
                ofile[ext].data = ofile[ext].data * factor
                print('{}, ext {}: Scaling data by '.format(filename, ext), factor, ' for temperature: ', occdhtav)
                ofile[ext+1].data = np.sqrt((ofile[ext+1].data)**2 * (factor**2)) #Modify the error array
                ofile[ext].header.add_history('File scaled for Side-2 temperature uncertainty by data * (1.0 + %f * (%f - %f)) following description is STIS TIR 2004-01' %(dark_v_temp, occdhtav, s2ref_temp))

            ofile[0].header['tempcorr'] = 'COMPLETE'
        else:
            print('TEMPCORR = %s, no temperature correction applied to %s' %(ofile[0].header['tempcorr'], filename))


#-------------------------------------------------------------------------------

[docs]def bias_subtract_data(filename, biasfile):
    """Perform bias subtraction on input dataset

    basic2d from calstis will be run on the input dataset with the
    steps DQICORR, BLEVCORR, and BIASCORR set to perform.

    Parameters
    ----------
    filename : str
        full path to input FITS file
    biasfile : str
        full path to the bias FITS file to be subtracted

    Returns
    -------
    filename : str
        full_path to the bias subtracted file

    """

    with pyfits.open(filename) as hdu:
        if (hdu[0].header['BLEVCORR'] == 'COMPLETE') or (hdu[0].header['BIASCORR'] == 'COMPLETE'):
            print("BIAS correction already done for {}".format(filename))
            return filename

    if os.path.exists(filename.replace('raw', 'flc')):
        os.remove(filename.replace('raw', 'flc'))
    elif os.path.exists(filename.replace('raw', 'flt')):
        os.remove(filename.replace('raw', 'flt'))

    path, name = os.path.split(filename)
    name, ext = os.path.splitext(name)
    trailerfile = os.path.join(path, name + '_bias_subtract_log.txt')

    biasfile = make_path_safe(biasfile)

    pyfits.setval(filename, 'BIASFILE', ext=0, value=biasfile)
    status = basic2d(filename,
                     dqicorr='perform',
                     blevcorr='perform',
                     biascorr='perform',
                     doppcorr='omit',
                     lorscorr='omit',
                     glincorr='omit',
                     lflgcorr='omit',
                     darkcorr='omit',
                     flatcorr='omit',
                     photcorr='omit',
                     verbose=False,
                     trailer=trailerfile)
    if status != 0:
        try:
            print()
            with open(trailerfile) as tr:
                for line in tr.readlines():
                    print('    {}'.format(line.strip()))
        finally:
            raise Exception('BASIC2D failed to properly reduce {}'.format(filename))

    filename = filename.replace('raw', 'flt')

    return filename


#-------------------------------------------------------------------------------

[docs]def make_path_safe(filename):
    """Make a full path to file safe for use in FITS headers.

    For full paths that are less than 67 characters, the filename is simply
    returned.  When the full path is equal to or greater than 67, then the path
    is inserted into the environment as 'refdir' and the filename is returned as
    'refdir$filename'.  This will prevent the filename from being split accross
    multiple FITS keywords, and is a convention understood by many
    tasks/pipelines.

    Parameters
    ----------
    filename : str
        Full path + name to the file.

    Returns
    -------
    filename : str
        Safe filename that can fit in a single FITS keyword.

    Examples
    --------
    >>> make_path_safe('/short/path/reference_file.fits')
    /short/path/reference_file.fits

    >>> make_path_safe('/really/really/really/really/really/really/really/really/reference_file.fits')
    refdir$reference_file.fits

    """
    if len(filename) < 67:
        return filename

    path, filename = os.path.split(filename)
    #-- Calstis wants the '/' at the end
    if not path.endswith('/'):
        path += '/'

    os.environ['refdir'] = path

    filename = 'refdir$'+filename

    return filename


#-------------------------------------------------------------------------------
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  Source code for refstis.delivery

#!/usr/bin/env python

'''
Functions necessary to check the reference files before delivery
to CDBS

'''

from astropy.io import fits as pyfits
import matplotlib.pyplot as plt
import numpy as np
import os
import glob
import shutil
import sys
from datetime import date

from crds import certify
import stistools
from stistools.calstis import calstis

from .functions import send_email

#----------------------------------------------------------------

[docs]def plot_obset(folder):
    '''
    Check collapsed columns and rows against last month for irregularities
    '''

    plt.ioff()

    print('#----------#')
    print('Making Plots')
    print('#----------#')
    bias = []
    biwk = []
    dark = []
    for filename in glob.glob(os.path.join(folder, '*.fits')):
        name = os.path.split(filename)[-1]
        if 'bias' in name and '_wk' in name:
            bias.append(filename)
        if 'bias' in name and '_biwk' in name:
            biwk.append(filename)
        if 'dark' in name and '_wk' in name:
            dark.append(filename)

    plt.rcParams['figure.subplot.hspace'] = .35
    plt.figure(figsize=(14, 20))
    plt.suptitle('Bias: collapsed rows, colums, and means')
    for i, ifile in enumerate(bias):
        print(ifile)
        data = pyfits.getdata(ifile, 1)
        plt.subplot(4, 1, 1)
        plt.plot( np.sum(data, axis=0), label=ifile)
        plt.xlim(0, 1024)
        plt.ylim(500, 3000)
        plt.xlabel('X pixels')
        plt.ylabel('Counts')
        plt.subplot(4, 1, 2)
        plt.plot( np.sum(data, axis=1), label=ifile)
        plt.xlim(0, 1024)
        plt.ylim(500, 3000)
        plt.xlabel('Y pixels')
        plt.ylabel('Counts')
        plt.subplot(4, 1, 3)
        plt.plot(i + 1, data.mean(), markersize=10, marker='d', label=ifile)
        plt.xlim(0, 9)
        plt.xlabel('Dataset')
        plt.ylabel('Mean')
        plt.subplot(4, 1, 4)
        plt.plot(i + 1, data.std(), markersize=10, marker='d', label=ifile)
        plt.xlim(0, 9)
        plt.xlabel('Dataset')
        plt.ylabel('Std')
    plt.savefig(os.path.join(folder, 'biases.pdf'))
    plt.close()

    plt.figure(figsize=(14, 20))
    plt.suptitle('Dark: collapsed rows, colums, and means')
    for i, ifile in enumerate(dark):
        print(ifile)
        data = pyfits.getdata(ifile, 1)
        plt.subplot(4, 1, 1)
        plt.plot( np.sum(data, axis=0), label=ifile)
        plt.xlim(0, 1024)
        plt.ylim(0, 200)
        plt.xlabel('X pixels')
        plt.ylabel('Counts')
        plt.subplot(4, 1, 2)
        plt.plot( np.sum(data, axis=1), label=ifile)
        plt.xlim(0, 1024)
        plt.ylim(0, 200)
        plt.xlabel('Y pixels')
        plt.ylabel('Counts')
        plt.subplot(4, 1, 3)
        plt.plot(i + 1, data.mean(), markersize=10, marker='d', label=ifile)
        plt.xlim(0, 9)
        plt.xlabel('Dataset')
        plt.ylabel('Mean')
        plt.subplot(4, 1, 4)
        plt.plot(i + 1, data.std(), markersize=10, marker='d', label=ifile)
        plt.xlim(0, 9)
        plt.xlabel('Dataset')
        plt.ylabel('Std')
    plt.savefig(os.path.join(folder, 'darks.pdf'))
    plt.close()

    plt.figure(figsize=(14, 20))
    plt.suptitle('BiWeek bias: collapsed rows, colums, and means')
    for i, ifile in enumerate(biwk):
        print(ifile)
        data = pyfits.getdata(ifile, 1)
        plt.subplot(4, 1, 1)
        plt.plot( np.sum(data, axis=0), label=ifile)
        plt.xlim(0, 1024)
        plt.ylim(2000, 6000)
        plt.xlabel('X pixels')
        plt.ylabel('Counts')
        plt.subplot(4, 1, 2)
        plt.plot( np.sum(data, axis=1), label=ifile)
        plt.xlim(0, 1024)
        plt.ylim(1000, 5000)
        plt.xlabel('Y pixels')
        plt.ylabel('Counts')
        plt.subplot(4, 1, 3)
        plt.plot(i + 1, data.mean(), markersize=10, marker='d', label=ifile)
        plt.xlim(0, 5)
        plt.xlabel('Dataset')
        plt.ylabel('Mean')
        plt.subplot(4, 1, 4)
        plt.plot(i + 1, data.std(), markersize=10, marker='d', label=ifile)
        plt.xlim(0, 5)
        plt.xlabel('Dataset')
        plt.ylabel('Std')
    plt.savefig(os.path.join(folder, 'biweeks.pdf'))
    plt.close()


#----------------------------------------------------------------

[docs]def set_descrip(folder):
    """ Make sure the descriptions are useful.  Should be removed when using
        the new version of the pipeline.
    """
    print('Making headers pretty')
    print('WARNING: Make sure to take this out when using the new refstis')

    for item in glob.glob(os.path.join(folder, '*.fits')):
        hdu = pyfits.open(item)

        gain = hdu[0].header['CCDGAIN']
        useafter = hdu[0].header['USEAFTER'][:9]

        if '_drk' in item:
            descrip = 'Weekly Dark for STIS CCD data taken after %s'% useafter
        elif '_bia' in item and hdu[0].header['CCDGAIN'] == 1:
            descrip = 'Weekly Gain=%d Bias for STIS CCD data taken after %s' % (gain, useafter)
        elif '_bia' in item and hdu[0].header['CCDGAIN'] == 4:
                descrip = 'Bi-Weekly Gain=%d Bias for STIS CCD data taken after %s' % (gain, useafter)

        while len(descrip) < 67:
            descrip += '-'

        hdu[0].header['DESCRIP'] = descrip
        hdu.writeto(item, clobber=True)


#----------------------------------------------------------------

[docs]def regress(folder):
    """ Run *drk and *bia files in folder through CalSTIS to check
    for errors in processing

    """

    start_dir = os.getcwd()

    print('#------------------#')
    print('Running regression for')
    print(folder)
    print('#------------------#')

    monitor_dir = '/grp/hst/stis/darks_biases'
    test_suite = os.path.join(monitor_dir, 'test_suite')
    test_dark = os.path.join(monitor_dir, 'test_dark')

    print((glob.glob(os.path.join(folder, '*bia.fits'))))
    reference_files = glob.glob(os.path.join(folder, '*bia.fits')) + \
                    glob.glob(os.path.join(folder, '*drk.fits'))
    print(reference_files)
    assert len(reference_files) >= 1, 'No reference files in folder'

    print('Copying files and removing old files')
    for testing_dir in [test_suite, test_dark]:
        for oldfile in glob.glob(os.path.join(testing_dir, '*_drk.fits')) + \
                glob.glob(os.path.join(testing_dir, '*_bia.fits')):
            print(('removing', oldfile))
            os.remove(os.path.join(testing_dir, oldfile))

        for newfile in reference_files:
            print(('moving', newfile, '-->', testing_dir))
            shutil.copy(newfile, testing_dir)


    #######################################
    # Run checks in the test_suite folder #
    #######################################


    os.chdir(test_suite)
    print((os.getcwd()))

    bias_biwk_refs = glob.glob('*bias*_bi*.fits')
    bias_biwk_refs.sort()
    biasrefs = glob.glob('*bias*_wk*.fits')
    biasrefs.sort()
    darkrefs = glob.glob('*dark*.fits')
    darkrefs.sort()

    raws = glob.glob('*raw.fits')

    print('Setting IMPHTTAB in datasets')

    for dark, bias in zip(darkrefs, biasrefs):
        remove_products()

        print('#-------------------------------------------#')
        print(('Running CalSTIS with %s %s ' % (dark, bias)))
        print('#-------------------------------------------#')

        for rawfile in raws:
            if os.path.exists( rawfile.replace('raw.fits', 'wav.fits') ):
                wavefile = rawfile.replace('raw.fits', 'wav.fits')
            else:
                wavefile = ''

            pyfits.setval(rawfile, 'DARKFILE', value=dark, ext=0)
            pyfits.setval(rawfile, 'BIASFILE', value=bias, ext=0)
            pyfits.setval(rawfile, 'IMPHTTAB', value='oref$x9r1607mo_imp.fits', ext=0)
            if wavefile:
                pyfits.setval(wavefile, 'DARKFILE', value=dark, ext=0)
                pyfits.setval(wavefile, 'BIASFILE', value=bias, ext=0)
                pyfits.setval(wavefile, 'IMPHTTAB', value='oref$x9r1607mo_imp.fits', ext=0)

            status = calstis(rawfile, wavecal=wavefile)

            if status: sys.exit('Calstis Error detected for %s' % (dark[5:9]))

    ######################################
    # Run checks in the test_dark folder #
    ######################################

    os.chdir(test_dark)
    print((os.getcwd()))

    raws = glob.glob('*raw.fits')

    print('Setting IMPHTTAB in datasets')
    for item in raws:
        pyfits.setval(item, 'IMPHTTAB', value='oref$x9r1607mo_imp.fits', ext=0)

    for bias in bias_biwk_refs:

        remove_products()

        print('#------------------------------------------#')
        print(('Running CalSTIS with %s' % (bias)))
        print('#------------------------------------------#')

        for rawfile in raws:

            pyfits.setval(rawfile, 'BIASFILE', value=bias, ext=0)
            pyfits.setval(rawfile, 'DARKFILE', value=darkrefs[0], ext=0)

            status = calstis(input=rawfile)

            if status: sys.exit('Calstis Error detected for %s' % (dark[5:9]))


    os.chdir(start_dir)


#----------------------------------------------------------------


def send_forms(folder):

    start_dir = os.getcwd()
    os.chdir(folder)

    today_obj = date.today()
    today = str(today_obj.month) + '/' + \
        str(today_obj.day) + '/' + str(today_obj.year)
    message = '1-Name of deliverer: Justin Ely\n'
    message += ' (other e-mail addresses) debes@stsci.edu,\n'
    message += '\n'
    message += ' 2-Date of delivery: ' + today + '\n'
    message += '\n'
    message += ' 3-Instrument: STIS\n'
    message += '\n'
    message += ' 4-Type of file (bias,pht,etc.): bia, drk\n'
    message += '\n'
    message += ' 5-Has HISTORY section in header [0] been updated to describe in detail\n'
    message += '   why it is being delivered and how the file was created? (yes/no): yes\n'
    message += '\n'
    message += ' 6-USEAFTER, PEDIGREE, DESCRIP, and COMMENT have been checked? yes\n'
    message += '\n'
    message += ' 6a-Was the DESCRIP keyword updated with a summary of why the file was updated or created? \n'
    message += '   (yes/no) yes\n'
    message += '\n'
    message += ' 6b-If the reference files are replacing previous versions, do the new USEAFTER dates \n'
    message += '    exactly match the old ones? N/A\n'
    message += '\n'
    message += ' 7-CDBS Verification complete? (fitsverify,certify,etc.): yes\n'
    message += '\n'
    message += ' 8-Should these files be ingested in the OPUS, DADS and CDBS databases? yes\n'
    message += '   (if not indicate it clearly which ones):\n'
    message += '\n'
    message += ' 8a-If files are synphot files, should they be delivered to ETC? N/A\n'
    message += '\n'
    message += ' 9-Files run through CALXXX or SYNPHOT in the IRAF version of STSDAS and the IRAF* \n'
    message += '   version used by the Archive pipeline? (yes/no): yes \n'
    message += '   List the versions used:  calstis v {} \n'.format(stistools.calstis.__version__ )
    message += '\n'
    message += ' 10-Does it replace an old reference file? (yes/no): no\n'
    message += '\n'
    message += ' 10a-If yes, which one? \n'
    message += '     (If the file being replaced is bad, and should not be used with any data, please\n'
    message += '      indicate this here.)\n'
    message += '\n'
    message += ' 11- What is the level of change of the file? (e.g. compared to old file it\n'
    message += '     could be: SEVERE, MODERATE, TRIVIAL, 1\%, 5\% etc.): SEVERE\n'
    message += '\n'
    message += ' 11a-If files are tables, please indicate exactly which rows have changed. Show output \n'
    message += '     of compare_table.pro. N/A\n'
    message += '\n'
    message += ' 12-Please indicate which modes (e.g. all the STIS, FUVMAMA, E140L modes) are affected by\n'
    message += '     the changes in the file.  All CCD modes are affected \n'
    message += '\n'
    message += ' 13-Description of how the files were "tested" for correctness: Used calstis v {} \n'.format(stistools.calstis.__version__ )
    message += ' to reduce a test suite of CCD data and reduced a test suite of dark images as if \n'
    message += ' they were science images. The reduced darks were significantly lower in median and \n'
    message += ' mean values. The CCD images were reduced to either flt, crj, x1d, x2d, sx1, and sx2 \n'
    message += ' as appropriate. \n'
    message += '\n'
    message += ' 14-Additional Considerations: Some of the useafter dates DO NOT match the first date \n'
    message += ' in the pedigree. This is fine as the pipeline that creates the superdarks and \n'
    message += ' superbiases pulls the dates and times from the anneal proposal.\n'
    message += '\n'
    message += ' 15-Reason for delivery: New weekly biases and darks were created for the new anneal \n'
    message += ' month and need to be delivered for GO observations. \n'
    message += '\n '

    for search_string in ('*drk.fits', 'bias_wk*.fits', 'bias_bi*.fits'):
        file_list = glob.glob(search_string)
        file_list.sort()
        USEAFTER = []
        for item in file_list:
            USEAFTER.append(pyfits.getval(item, 'USEAFTER')[:11])
        for i, name in enumerate(file_list):
            if name != file_list[-1]:
                add_str = name + ' is for dates ' + \
                    USEAFTER[i] + ' to ' + USEAFTER[i + 1] + ' \n '
            else:
                add_str = name + ' is for dates after ' + USEAFTER[i] + '\n '
            message += add_str

    message += '\n\n 16-Disk location and name of files:\n'
    message += os.getcwd() + '\n'
    os.system('ls -la *.fits > tmp.txt')
    tmp = open('tmp.txt', 'r')
    lines = tmp.readlines()
    for line in lines:
        message += line
    os.remove('tmp.txt')

    delivery_form = open('deliveryform.txt', 'w')
    delivery_form.write(message)

    send_email(subject='STIS Darks and Bias Delivery Form', message=message)

    os.chdir(start_dir)

#----------------------------------------------------------------

def remove_products():
    ext_list = ['*_crj*', '*_flt*', '*_sx1*', '*_sx2*', '*_x1d*', '*_x2d*', '*_tmp*']
    for ext in ext_list:
        file_list = glob.glob(ext)
        if file_list != []:
            print(('removing {} files'.format( ext )))
            for file in file_list:
                os.remove(file)

#----------------------------------------------------------------

def move(source, destination):
    if not os.path.exists(destination):
        os.mkdir(destination)

    for root, dirs, files in os.walk(source):
        for filename in files:
            if not filename.endswith('.fits'):
                continue

            full_path = os.path.join(root, filename)

            if 'biases/4-1x1/' in full_path and 'weekbias_' in filename:
                full_destination = os.path.join(destination, filename)
            elif 'biases/1-1x1/' in full_path and 'weekbias_' in filename and not 'grp' in filename:
                full_destination = os.path.join(destination, filename)
            elif 'darks' in full_path and 'weekdark_' in filename:
                full_destination = os.path.join(destination, filename)
            else:
                continue

            print(full_path, '-->', full_destination)
            if os.path.exists(full_destination):
                os.remove(full_destination)
            shutil.copy(full_path, full_destination)


#----------------------------------------------------------------

def run_crds_checks(folder):
    datasets = ' '.join(glob.glob(os.path.join(folder, '*.fits')))
    errors = certify.CertifyScript("crds.certify {}".format(datasets))()

    assert not errors, "{} error found running crds checks.".format(errors)

#----------------------------------------------------------------

def check_all(folder, delivery_dir):
    move(folder, delivery_dir)
    send_forms(delivery_dir)
    regress(delivery_dir)
    plot_obset(delivery_dir)
    run_crds_checks(delivery_dir)

    print('#-------------------------------------------#')
    print('Darks and Bias Monitor complete.  ')
    print('Please run certify and fitsverify')
    print('Please send delievery form to cdbs@stsci.edu.')
    print('#-------------------------------------------#')

#----------------------------------------------------------------
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  Source code for refstis.pipeline

"""Create STIS Superdarks and Superbiases for the CCD detector.

"""

import sqlite3
import glob
import os
import sys
from astropy.io import fits
import argparse
import textwrap
import time
import shutil
import re
import numpy as np
import yaml
import getpass

from .delivery import check_all
from .functions import figure_number_of_periods, translate_date_string, mjd_to_greg
from .retrieval import submit_xml_request, build_xml_request, everything_retrieved
from . import pop_db
from . import basedark
from . import weekdark
from . import refbias
from . import weekbias
from . import basejoint
from . import functions

#-------------------------------------------------------------------------------

def get_new_periods(products_directory, settings):
    print('#-------------------#')
    print('Reading from database')
    print('#-------------------#\n')
    db = sqlite3.connect( "anneal_info.db" )
    c = db.cursor()
    table = 'anneals'

    c.execute("""SELECT * FROM %s """ % (table))

    all_info = [row for row in c]

    table_id_all = [row[0] for row in all_info]
    proposal_id_all = [row[1] for row in all_info]
    visit_id_all = [int(row[2]) for row in all_info]
    anneal_start_all = [row[3] for row in all_info]
    anneal_end_all = [row[4] for row in all_info]

    dirs_to_process = []

    for i in range(len(table_id_all))[::-1]:
        if i == len(table_id_all) - 1: continue
        ref_begin = anneal_end_all[i]
        ref_end = anneal_start_all[i + 1]
        #-- defined from proposal of the next anneal
        proposal = proposal_id_all[i + 1]

        visit = visit_id_all[i + 1]
        year, month, day, dec_year = mjd_to_greg(ref_begin)
        end_year, end_month, end_day, dec_year = mjd_to_greg(ref_end)

        if visit < 10:
            visit = '0' + str(visit)
        else:
            visit = str(visit)

        print('#--------------------------------#')
        print('Searching for new observations for')
        print('Period: %d_%d_%s'%(year, proposal, visit))
        print('MJD %5.5f %5.5f'%(ref_begin, ref_end))
        print(month, day, year, ' to ', end_month, end_day, end_year)
        print('#--------------------------------#')

        products_folder = os.path.join(products_directory,
                                       '%d_%s' % (proposal, visit))

        #-- maybe put this somewhere else?
        #-- to only process datasets if new data has been retrieved?
        dirs_to_process.append(products_folder)

        if not os.path.exists(products_folder):
            os.makedirs(products_folder)

        already_retrieved = []
        for root, dirs, files in os.walk(products_folder):
            for filename in files:
                if filename.endswith('_raw.fits'):
                    already_retrieved.append(filename[:9])

        new_obs = get_new_obs('DARK', ref_begin, ref_end, settings) + \
                  get_new_obs('BIAS', ref_begin, ref_end, settings)

        obs_to_get = [obs for obs in new_obs if not obs in already_retrieved]

        if not len(obs_to_get):
            print('No new obs to get, skipping this period\n\n')
            continue
        else:
            print('Found new observations for this period')
            print(obs_to_get, '\n\n')

        response = collect_new(obs_to_get, settings)
        move_obs(obs_to_get, products_folder, settings['retrieve_directory'])
        separate_obs(products_folder, ref_begin, ref_end)

    return dirs_to_process

#-------------------------------------------------------------------------------

[docs]def split_files(all_files):
    """Split file list into two smaller lists for iraf tasks

    Each list will have a selection from both early and late in time.

    Parameters
    ----------
    all_files : list
        full list of files

    Returns
    -------
    super_list : list
        list of lists containing the split list of all files

    """

    all_info = [(fits.getval(filename,'EXPSTART', 1), filename)
                for filename in all_files]
    all_info.sort()
    all_files = [line[1] for line in all_info]

    super_list = [all_files[0::2],
                  all_files[1::2]]

    return super_list


#-------------------------------------------------------------------------------

[docs]def pull_out_subfolders(root_folder):
    """ Walk through input folder and use regular expressions to return lists of
    the folders for each gain and for each week

    Parameters
    ----------
    root_folder
        string, the folder to walk through

    Returns
    -------
    gain_folders
        list, containing folders for each gain
    week_folders
        list, containing folders for each week

    """

    gain_folders = []
    week_folders = []
    for root, dirs, files in os.walk(root_folder):
        tail = os.path.split(root)[-1]

        if 'wk' in tail:
            week_folders.append(root)

        # ex: 1-1x1 or 4-1x1
        if re.search('([0-4]-[0-4]x[0-4])', tail):
            gain_folders.append(root)

    return gain_folders, week_folders


#-------------------------------------------------------------------------------

[docs]def grab_between(file_list, mjd_start, mjd_end):
    """Select files between given start/end times

    Parameters
    ----------
    file_list : list
        files on which to filter
    mjd_start : float
        earliest time
    mjd_end : float
        latest time

    Yields
    ------
        filenames with mjd_start < TEXPSTRT < mjd_end
    """

    for filename in file_list:
        with pyfits.open(filename) as hdu:
            data_start = hdu[0].header['TEXPSTRT']
            data_end = hdu[0].header['TEXPEND']

        if mjd_start < data_start < mjd_end:
            yield filename


#-------------------------------------------------------------------------------

[docs]def pull_info(foldername):
    """ Pull proposal and week number from folder name

    A valid proposal is a string of 5 numbers from 0-9
    A valid week is a string of 'wk' + 2 numbers ranging from 0-9.
    A valid biweek is the string 'biwk' + 2 numbers from 0-9.

    Parameters
    ----------
    foldername
        string, name of folder to search in

    Returns
    -------
    proposal
        string, proposal number as string
    week
        string, week of the anneal (wk01, etc)

    """

    try:
        proposal, visit = re.findall('([0-9]{5})_([0-9]{2})', foldername)[0]
    except:
        proposal, visit = '', ''

    try:
        week = re.findall('([bi]*wk0[0-9])', foldername)[0]
    except:
        week = ''

    return proposal, week, visit


#-------------------------------------------------------------------------------

def get_anneal_month(proposal_id, anneal_id):

    db = sqlite3.connect( "anneal_info.db" )
    c = db.cursor()
    table = 'anneals'


    c.execute("""SELECT id,start FROM {} WHERE proposid={} AND visit={}""".format(table,
                                                                                  proposal_id,
                                                                                  anneal_id))

    all_info = [row for row in c]
    if len(all_info) > 1:
        raise ValueError("Too many values returned: {}".format(all_info))
    pri_key, anneal_end = all_info[0]



    c.execute("""SELECT end FROM {} WHERE id={}""".format(table, pri_key - 1))

    all_info = [row for row in c]
    if len(all_info) > 1:
        raise ValueError("Too many values returned: {}".format(all_info))
    anneal_start = all_info[0][0]

    return anneal_start, anneal_end

#-------------------------------------------------------------------------------

[docs]def make_pipeline_reffiles(root_folder, last_basedark=None, last_basebias=None):
    """Make reference files like the refstis pipeline

    1.  Separate dark and bias datasets into week folders
    2.

    """

    if not 'oref' in os.environ:
        raise ValueError("oref hasn't been defined in the environment")

    bias_threshold = {(1, 1, 1) : 98,
                      (1, 1, 2) : 25,
                      (1, 2, 1) : 25,
                      (1, 2, 2) : 7,
                      (1, 4, 1) : 7,
                      (1, 4, 2) : 4,
                      (4, 1, 1) : 1}

    print('#-----------------------------#')
    print('#  Making all ref files for   #')
    print(root_folder)
    print('#-----------------------------#')

    if not os.path.exists(root_folder):
        raise IOError('Root folder does not exist')

    # separate raw files in folder into periods
    separate_period(root_folder)

    print('###################')
    print(' make the basebias ')
    print('###################')
    raw_files = []
    for root, dirs, files in os.walk(os.path.join(root_folder, 'biases')):
        if not '1-1x1' in root:
            continue

        for filename in files:
            if filename.startswith('o') and filename.endswith('_raw.fits'):
                raw_files.append(os.path.join(root, filename))

    basebias_name = os.path.join(root_folder, 'basebias.fits')
    if os.path.exists(basebias_name):
        print('{} already exists, skipping')
    else:
        basejoint.make_basebias(raw_files, basebias_name)

    print('#######################')
    print(' make the weekly biases')
    print('#######################')
    #-- Find the premade folders if they exist
    gain_folders, week_folders = pull_out_subfolders(root_folder)

    #-- use last basefiles if supplied
    basebias_name = last_basebias or basebias_name

    bias_folders = [item for item in week_folders if '/biases/' in item]
    print(bias_folders)

    for folder in sorted(bias_folders):
        print('Processing {}'.format(folder))

        proposal, wk, visit = pull_info(folder)

        raw_files = glob.glob(os.path.join(folder, '*raw.fits'))
        n_imsets = functions.count_imsets(raw_files)

        gain = functions.get_keyword(raw_files, 'CCDGAIN', 0)
        xbin = functions.get_keyword(raw_files, 'BINAXIS1', 0)
        ybin = functions.get_keyword(raw_files, 'BINAXIS2', 0)

        weekbias_name = os.path.join(folder,
                                     'weekbias_%s_%s_%s_bia.fits'%(proposal, visit, wk))
        if os.path.exists(weekbias_name):
            print('{} already exists, skipping')
            continue

        #make weekbias if too few imsets
        if n_imsets < bias_threshold[(gain, xbin, ybin)]:
            weekbias.make_weekbias(raw_files, weekbias_name, basebias_name)
        else:
            if n_imsets > 120:
                super_list = split_files(raw_files)
                all_subnames = []
                for i, sub_list in enumerate(super_list):
                    subname = weekbias_name.replace('.fits', '_grp0'+str(i+1)+'.fits')
                    print('Making sub-file for datasets')
                    print(sub_list)
                    refbias.make_refbias(sub_list, subname)
                    all_subnames.append(subname)
                functions.refaver(all_subnames, weekbias_name)
            else:
                refbias.make_refbias(raw_files, weekbias_name)


    print('#######################')
    print(' make the weekly darks ')
    print('#######################')
    all_flt_darks = []
    dark_folders = [item for item in week_folders if '/darks/' in item]
    print(dark_folders)
    for folder in sorted(dark_folders):
        print('Prepping {}'.format(folder))

        proposal, wk, visit = pull_info(folder)

        weekbias_name = os.path.join(root_folder,
                                     'biases/1-1x1',
                                     wk,
                                     'weekbias_%s_%s_%s_bia.fits'%(proposal, visit, wk))

        raw_files = glob.glob(os.path.join(folder, '*raw.fits'))
        for item in raw_files:
            print("bias subtracting")
            flt_name = functions.bias_subtract_data(item, weekbias_name)
            all_flt_darks.append(flt_name)


    for folder in sorted(dark_folders):
        print('Processing {}'.format(folder))
        raw_files = glob.glob(os.path.join(folder, '*flt.fits'))
        n_imsets = functions.count_imsets(raw_files)

        gain = functions.get_keyword(raw_files, 'CCDGAIN', 0)
        xbin = functions.get_keyword(raw_files, 'BINAXIS1', 0)
        ybin = functions.get_keyword(raw_files, 'BINAXIS2', 0)

        proposal, wk, visit = pull_info(folder)
        weekdark_name = os.path.join(folder,
                                     'weekdark_%s_%s_%s_drk.fits'%(proposal, visit, wk))
        if os.path.exists(weekdark_name):
            print('{} already exists, skipping')
            continue


        #-- create a base-dark for everyweek
        weekbias_name = os.path.join(root_folder,
                                     'biases/1-1x1',
                                     wk,
                                     'weekbias_%s_%s_%s_bia.fits'%(proposal, visit, wk))
        basedark_name = os.path.join(folder, 'basedark_%s_%s_%s.fits'%(proposal, visit, wk))

        if not os.path.exists(basedark_name):
            basedark.make_basedark(all_flt_darks, basedark_name, weekbias_name)

        basedark_name = last_basedark or basedark_name
        weekdark.make_weekdark(raw_files,
                               weekdark_name,
                               basedark_name,
                               weekbias_name)


#-------------------------------------------------------------------------------

[docs]def clean_directory(root_path):
    """ Cleans directory of any fits files that do not end in _raw.fits

    .. warning::

      This WILL remove ANY files that do not match \*_raw.fits.  This includes
      any plots, txt files, other fits files, anything.

    """

    for root, dirs, files in os.walk(root_path):
        for filename in files:
            if not filename.endswith('_raw.fits'):
                print('Removing: ', filename)
                os.remove(os.path.join( root, filename))


#-------------------------------------------------------------------------------

def reset(folder):
    for root, dirs, files in os.walk(folder):
        for filename in files:
            if '_raw.fits' in filename:
                full = os.path.join(root, filename)
                if not os.path.exists(os.path.join(folder, filename)):
                    shutil.move(full, folder)

    os.system('rm -fR {}'.format(os.path.join(folder, 'darks')))
    os.system('rm -fR {}'.format(os.path.join(folder, 'biases')))
    for item in glob.glob('{}/basedark.fits'.format(folder)):
        os.remove(item)

    for item in glob.glob('{}/basedark_?????_*.fits'.format(folder)):
        os.remove(item)

    for item in glob.glob('{}/basebias.fits'.format(folder)):
        os.remove(item)

    for item in glob.glob('{}/*_flt.fits'.format(folder)):
        os.remove(item)

    for item in glob.glob('{}/*_crj.fits'.format(folder)):
        os.remove(item)

    for item in glob.glob('{}/*_blev.fits'.format(folder)):
        os.remove(item)

    for item in glob.glob('{}/weekdark*.fits'.format(folder)):
        os.remove(item)

    for item in glob.glob('{}/weekbias*.fits'.format(folder)):
        os.remove(item)

    for item in glob.glob('{}/*.txt'.format(folder)):
        os.remove(item)

#-------------------------------------------------------------------------------

def get_new_obs(file_type, start, end, settings):

    if file_type == 'DARK':
        proposal_list = settings['dark_proposals']
        MIN_EXPTIME = 1000
        MAX_EXPTIME = 1200
    elif file_type == 'BIAS':
        proposal_list = settings['bias_proposals']
        MIN_EXPTIME = -1
        MAX_EXPTIME = 100
    else:
        print('file type not recognized: ', file_type)

    # Gather configuration settings
    mast_server = settings['mast_server']
    mast_database = settings['mast_database']
    mast_account = settings['mast_account']
    mast_password = settings['mast_password']

    # Connect to server
    connection = "tsql -S {0} -D '{1}' -U '{2}' -P '{3}' -t '|'".format(mast_server, mast_database, mast_account, mast_password)
    transmit, receive = os.popen2(connection)

    OR_part = "".join(["science.sci_pep_id = %d OR "%(proposal) for proposal in proposal_list])[:-3]
    data_query = """SELECT science.sci_start_time,science.sci_data_set_name
                           FROM science INNER JOIN stis_ref_data
                                ON science.sci_data_set_name = stis_ref_data.ssr_data_set_name
                            WHERE ( {} ) AND
                                  stis_ref_data.ssr_ccdamp = 'D' AND
                                  science.sci_targname = '{}' AND
                                  science.sci_actual_duration BETWEEN {} AND {}
                                  \ngo\n""".format(OR_part, file_type, MIN_EXPTIME, MAX_EXPTIME)

    # Perform query and capture results
    transmit.write(data_query)
    transmit.close()
    mast_results = receive.readlines()
    receive.close()

    # Prune mast_results of unwanted information
    mast_results = mast_results[7:-2]
    mast_start_times = [item.strip().split('|')[0] for item in mast_results]
    mast_rootnames = [item.lower().strip().split('|')[1] for item in mast_results]

    obs_names = np.array(mast_rootnames)
    start_times_MJD = np.array(list(map(translate_date_string, mast_start_times)))
    index = np.where((start_times_MJD > start) & (start_times_MJD < end))[0]

    if not len(index):
        print("WARNING: didn't find any datasets, skipping")
        return []

    assert start_times_MJD[index].min() > start, 'Data has mjd before period start'
    assert start_times_MJD[index].max() < end, 'Data has mjd after period end'

    datasets_to_retrieve = obs_names[index]

    return list(datasets_to_retrieve)

#-----------------------------------------------------------------------

[docs]def collect_new(observations_to_get, settings):
    '''
    Function to find and retrieve new datasets for given proposal.
    '''

    xml = build_xml_request(observations_to_get, settings)
    response = submit_xml_request(xml, settings)

    username = getpass.getuser()
    tracking_id = re.search("("+username+"[0-9]{5})", response).group()

    if not 'SUCCESS' in response:
        return False

    done = False
    killed = False

    while not done:
        print("waiting for files to be delivered")
        time.sleep(60)
        done, killed = everything_retrieved(tracking_id)

        if killed:
            return False

    return True


#-----------------------------------------------------------------------

[docs]def separate_period(base_dir):
    """Separate observations in the base dir into needed folders.

    Parameters
    ----------
    base_dir, str
        directory containing darks and biases to be split.

    """


    print('Separating', base_dir)
    all_files = glob.glob(os.path.join(base_dir, 'o*_raw.fits'))
    if not len(all_files):
        print("nothing to move")
        return

    mjd_times = np.array([fits.getval(item, 'EXPSTART', ext=1)
                          for item in all_files])
    month_begin = mjd_times.min()
    month_end = mjd_times.max()
    print('All data goes from', month_begin, ' to ',  month_end)

    select_gain = {'WK' : 1,
                   'BIWK' : 4}

    for file_type, mode in zip(['BIAS', 'DARK', 'BIAS'],
                               ['WK', 'WK', 'BIWK']):

        gain = select_gain[mode]

        obs_list = []
        for item in all_files:
            with fits.open(item) as hdu:
                if (hdu[0].header['TARGNAME'] == file_type) and (hdu[0].header['CCDGAIN'] == gain):
                    obs_list.append(item)

        if not len(obs_list):
            print('{} No obs to move.  Skipping'.format(mode))
            continue
        else:
            print(file_type,  mode, len(obs_list), 'files to move, ', 'gain = ', gain)

        N_days = int(month_end - month_begin)
        N_periods = figure_number_of_periods(N_days, mode)
        week_lengths = functions.figure_days_in_period(N_periods, N_days)

        #--Add remainder to end
        week_lengths[-1] += (month_end - month_begin) - N_days

        #-- Translate to MJD
        anneal_weeks = []
        start = month_begin
        end = start + week_lengths[0]
        anneal_weeks.append((start, end))
        for item in week_lengths[1:]:
            start = end
            end += item
            anneal_weeks.append((start, end))

        print()
        print(file_type, mode, 'will be broken up into %d periods as follows:'%(N_periods))
        print('\tWeek start, Week end')
        for a_week in anneal_weeks:
            print('\t', a_week)
        print()

        for period in range(N_periods):
            begin, end = anneal_weeks[period]
            # weeks from 1-4, not 0-3
            week = str(period + 1)
            while len(week) < 2:
                week = '0' + week

            output_path = base_dir
            if file_type == 'BIAS':
                output_path = os.path.join(output_path,
                                           'biases/%d-1x1/%s%s/'%(gain,
                                                                  mode.lower(),
                                                                  week))
            elif file_type == 'DARK':
                output_path = os.path.join(output_path,
                                           'darks/%s%s/'%(mode.lower(), week))
            else:
                print('File Type not recognized')

            print(output_path)
            if not os.path.exists(output_path):
                os.makedirs(output_path)

            print('week goes from: ', begin, end)
            obs_to_move = [item for item in obs_list if
                           (begin <= fits.getval(item, 'EXPSTART', ext=1) <= end)]

            if not len(obs_to_move):
                raise ValueError('error, empty list to move')

            for item in obs_to_move:
                print('Moving ', item,  ' to:', output_path)
                shutil.move(item,  output_path)
                if not 'IMPHTTAB' in fits.getheader(os.path.join(output_path,
                                                                 item.split('/')[-1]), 0):
                    ###Dynamic at some point
                    fits.setval(os.path.join(output_path, item.split('/')[-1]),
                                'IMPHTTAB',
                                ext=0,
                                value='oref$x9r1607mo_imp.fits')

                obs_list.remove(item)
                all_files.remove(item)


#-----------------------------------------------------------------------


def separate_obs(base_dir, month_begin, month_end):
    print('Separating', base_dir)
    print()
    print('Period runs from', month_begin, ' to ',  month_end)

    all_files = glob.glob(os.path.join(base_dir, '*raw.fits'))

    mjd_times = np.array([fits.getval(item, 'EXPSTART', ext=1)
                          for item in all_files])
    print('All data goes from', mjd_times.min(), ' to ',  mjd_times.max())

    select_gain = {'WK' : 1,
                   'BIWK' : 4}

    for file_type, mode in zip(['BIAS', 'DARK', 'BIAS'],
                               ['WK', 'WK', 'BIWK']):

        gain = select_gain[mode]

        obs_list = []
        for item in all_files:
            with fits.open(item) as hdu:
                if (hdu[0].header['TARGNAME'] == file_type) and (hdu[0].header['CCDGAIN'] == gain):
                    obs_list.append(item)

        if not len(obs_list):
            print('%s No obs to move.  Skipping'%(mode))
            continue

        print(file_type,  mode, len(obs_list), 'files to move, ', 'gain = ', gain)

        N_days = int(round(month_end - month_begin))
        N_periods = figure_number_of_periods(N_days, mode)
        week_lengths = functions.figure_days_in_period(N_periods, N_days)

        anneal_weeks = [(month_begin + item - week_lengths[0], month_begin + item) for item in np.cumsum(week_lengths)]

        print()
        print(file_type, mode, 'will be broken up into %d periods as follows:'%(N_periods))
        print('\tWeek start, Week end')
        for a_week in anneal_weeks:
            print('\t', a_week)
        print()

        for period in range(N_periods):
            begin, end = anneal_weeks[period]
            # weeks from 1-4, not 0-3
            week = str(period + 1)
            while len(week) < 2:
                week = '0'+week

            output_path = base_dir
            if file_type == 'BIAS':
                output_path = os.path.join(output_path,
                                           'biases/%d-1x1/%s%s/'%(gain,
                                                                  mode.lower(),
                                                                  week))
            elif file_type == 'DARK':
                output_path = os.path.join(output_path,
                                           'darks/%s%s/'%(mode.lower(), week))
            else:
                print('File Type not recognized')

            print(output_path)
            if not os.path.exists(output_path):
                os.makedirs(output_path)

            print('week goes from: ', begin, end)
            obs_to_move = [item for item in obs_list if
                            ((fits.getval(item, 'EXPSTART', ext=1) >= begin) and
                             (fits.getval(item, 'EXPSTART', ext=1) < end))]

            if not len(obs_to_move):
                print('error, empty list to move')

            for item in obs_to_move:
                print('Moving ', item,  ' to:', output_path)
                shutil.move(item,  output_path)
                if not 'IMPHTTAB' in fits.getheader(os.path.join(output_path,
                                                                 item.split('/')[-1]), 0):
                    ###Dynamic at some point
                    fits.setval(os.path.join(output_path, item.split('/')[-1]),
                                'IMPHTTAB',
                                ext=0,
                                value='oref$x9r1607mo_imp.fits')
                obs_list.remove(item)
                all_files.remove(item)

#-----------------------------------------------------------------------

def move_obs(new_obs, base_output_dir, retrieve_directory):
    assert len(new_obs) > 0, 'Empty list of new observations to move.'

    if not os.path.exists(base_output_dir):
        os.makedirs(base_output_dir)

    list_to_move = [os.path.join(retrieve_directory, item.lower()+'_raw.fits') for item in new_obs]

    for item in list_to_move:
        print('Moving ', item,  ' to:', base_output_dir)
        shutil.move( item, base_output_dir )

    list_to_remove = glob.glob(os.path.join(retrieve_directory, '*.fits'))
    for item in list_to_remove:
        os.remove(item)

#-------------------------------------------------------------------------------

def parse_args():
    parser = argparse.ArgumentParser(formatter_class=argparse.RawDescriptionHelpFormatter,
                                     epilog=textwrap.dedent('''\
Description
------------------------------------
  Automated script for producing
  dark and bias reference files for
  STIS CCD data.

Locations
------------------------------------
  Product directory = EMPTY

Procedure
------------------------------------
1: pass

2: pass

------------------------------------
''' ) )

    parser.add_argument("-r",
                        "--redo_all",
                        action='store_true',
                        dest="redo_all",
                        default=False,
                        help="Re-run analysis on all past anneal months.")
    parser.add_argument("-c",
                        "--no_collect",
                        action='store_false',
                        dest="collect_new",
                        default=True,
                        help="Turn off data collection function.")
    parser.add_argument("-p",
                        "--plots_only",
                        action='store_true',
                        dest="plots_only",
                        default=False,
                        help="Only remake plots and update the website.")
    parser.add_argument("-u",
                        "--user_information",
                        action='store',
                        dest="user_information",
                        default=None,
                        help="info string needed to request data")

    return parser.parse_args()

#-----------------------------------------------------------------------

[docs]def run(config_file='config.yaml'):
    """Run the reference file pipeline """

    args = parse_args()

    #-- start pipeline configuration
    if not os.path.exists(config_file):
        raise IOError("Can't open configure file: {}".format(config_file))

    with open(config_file, 'r') as f:
        data = yaml.load(f)

    for location in [data['products_directory'], data['retrieve_directory'], data['delivery_directory']]:
        if not os.path.isdir(location):
            os.makedirs(location)

    if not 'oref' in os.environ:
        if not 'oref' in data:
            raise KeyError("oref environment must be set to run the pipeline.")
        else:
            os.environ['oref'] = data['oref']

    pop_db.main()

    all_folders = get_new_periods(data['products_directory'], data)

    for folder in all_folders:
        make_pipeline_reffiles(folder)
        tail = folder.rstrip(os.sep).split(os.sep)[-1]
        destination = os.path.join(data['delivery_directory'], tail)
        check_all(folder, destination)


#-----------------------------------------------------------------------
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  Source code for refstis.basedark

"""Functions to create a BaseDark for the STIS instrument

#. If not already done, perform bias subtraction
#. If after switch to side-2 electronics, perform temperature scaling
#. Join all imsets from input list into single file
#. combine and cr-reject
#. normalize to e/s by dividing by (exptime/gain)
#. update DQ array with hot pixel information

.. note::

  * Side 1 operations ended on May 16, 2001.
  * Side 2 operations started on July 10, 2001.
  * The dark correction will only be applied to datasets after July 1, 2001 (MJD 52091.0).
"""



from astropy.io import fits
from astropy.stats import sigma_clipped_stats
import numpy as np
from scipy.ndimage.filters import median_filter
import shutil

from . import functions

#-------------------------------------------------------------------------------

[docs]def update_sci(filename):
    """Create the science extension of the baseline dark

    .. note:: The input file will be updated in-place.

    Parameters
    ----------
    filename: str
        name of the file to be updated

    """

    with fits.open(filename, mode='update') as hdu:
        im_mean, im_median, im_std = sigma_clipped_stats(hdu[('sci', 1)].data,
                                                         sigma=5,
                                                         iters=50)
        fivesig = im_mean + 5.0 * im_std
        only_hotpix = np.where(hdu[('sci', 1)].data >= fivesig,
                               hdu[('sci', 1)].data - im_mean,
                               0)


        #-- I don't see this being used
        med_im = median_filter(hdu[('sci', 1)].data, (3, 3))
        only_baseline = np.where(hdu[('sci', 1)].data >= fivesig,
                                 med_im,
                                 hdu[('sci', 1)].data)


        hdu[('dq', 1)].data = np.where(only_hotpix >= .1,
                                       16,
                                       hdu[('dq', 1)].data)


#-------------------------------------------------------------------------------

[docs]def find_hotpix(filename):
    """Find hotpixels and update DQ array

    Pixels hotter that median + 5*sigma will be updated to have a
    DQ value of 16.

    .. note:: The input file will be updated in-place.

    Parameters
    ----------
    
    filename: str
        filename of the input biasfile

    """

    with fits.open(filename, mode='update') as hdu:
        im_mean, im_median, im_std = sigma_clipped_stats(hdu[('sci', 1)].data,
                                                         sigma=3,
                                                         iters=40)

        five_sigma = im_median + 5 * im_std
        index = np.where((hdu[('SCI', 1)].data > five_sigma) &
                         (hdu[('SCI', 1)].data > im_mean + 0.1))

        hdu[('DQ', 1)].data[index] = 16


#-------------------------------------------------------------------------------

[docs]def make_basedark(input_list, refdark_name='basedark.fits', bias_file=None):
    """Make a monthly baseline dark from the input list.

    Parameters
    ----------
    input_list: list
        list of input dark files

    refdark_name: str
        name of the output reference file

    bias_file: str
        bias file to be used in calibration

    """

    print('#-------------------------------#')
    print('#        Running basedark       #')
    print('#-------------------------------#')
    print('output to: %s' % refdark_name)
    print('with biasfile %s' % bias_file)

    #-- bias subtract data if not already done
    flt_list = [functions.bias_subtract_data(item, bias_file) for item in input_list]

    for filename in flt_list:
        texpstrt = fits.getval(filename, 'texpstrt', 0)
        if texpstrt > 52091.0:
            functions.apply_dark_correction(filename, texpstrt)

    joined_filename = refdark_name.replace('.fits', '_joined.fits')
    crj_filename = joined_filename.replace('.fits', '_crj.fits')

    #if not bias_file:
    #    raise IOError('No biasfile specified, this task needs one to run')

    print('Joining images')
    functions.msjoin(flt_list, joined_filename)

    print('Performing CRREJECT')
    crdone = functions.bd_crreject(joined_filename)
    if not crdone:
        functions.bd_calstis(joined_filename, bias_file)

    functions.normalize_crj(crj_filename)
    shutil.copy(crj_filename, refdark_name)

    update_sci(refdark_name)
    find_hotpix(refdark_name)

    functions.update_header_from_input(refdark_name, input_list)
    fits.setval(refdark_name, 'TASKNAME', ext=0, value='BASEDARK')

    print('Cleaning...')
    functions.RemoveIfThere(crj_filename)
    functions.RemoveIfThere(joined_filename)
    #map(functions.RemoveIfThere, flt_list)

    print('basedark done for {}'.format(refdark_name))


#-------------------------------------------------------------------------------





          

      

      

    


    
        © Copyright 2016, Justin Ely.
      Created using Sphinx 1.3.5.
    

  

_modules/refstis/weekdark.html


    
      Navigation


      
        		
          index


        		
          modules |


        		refstis 0.6.1 documentation »


          		Module code »

 
      


    


    
      
          
            
  Source code for refstis.weekdark

"""Functions to create weekly superdarks for the STIS instrument.

"""

from astropy.io import fits
from astropy.stats import sigma_clipped_stats
import numpy as np
from scipy.signal import medfilt
import shutil

from . import functions

#-------------------------------------------------------------------------------

[docs]def create_superdark(crj_filename, basedark):
    """ Create a superdark from the crj and basedark

    Create the science portion of the forthcoming reference dark by adding the
    'only baseline dark current' image to the 'only hot pixels' image.

    .. note:: input file will be updated in-place.

    Parameters
    ----------
    crj_filename : str
        filename of the cosmic-ray rejected file
    basedark : str
        basedark name

    """

    with fits.open(crj_filename, mode='update') as crj_hdu:

        ## Perform iterative statistics on this normalized superdark
        data_mean, data_median, data_std = sigma_clipped_stats(crj_hdu[('sci', 1)].data,
                                                               sigma=5,
                                                               iters=40)

        p_five_sigma = data_median + (5*data_std)
        print('hot pixels are defined as above: ', p_five_sigma)
        basedark_hdu = fits.open(basedark)

        base_mean, base_median, base_std = sigma_clipped_stats(basedark_hdu[('sci', 1)].data,
                                                            sigma=5,
                                                            iters=40)

        fivesig = base_median + 5.0 * base_std
        zerodark = crj_hdu[('sci', 1)].data - base_median
        only_hotpix = np.where(crj_hdu[('sci', 1)].data >= p_five_sigma,
                               zerodark,
                               0.0)

        basedark_med = medfilt(basedark_hdu[('sci', 1)].data, (5, 5))
        only_dark = np.where(basedark_hdu[('sci', 1)].data >= p_five_sigma,
                             basedark_med,
                             basedark_hdu[('sci', 1)].data)


        crj_hdu[('sci', 1)].data = only_dark + only_hotpix

        #- update DQ extension
        crj_hdu[('dq', 1)].data = np.where(only_hotpix >= p_five_sigma,
                                           16,
                                           crj_hdu[('dq', 1)].data)

        #- Update Error
        crj_hdu[('err', 1)].data = np.where(only_hotpix == 0,
                                            basedark_hdu[('err', 1)].data,
                                            crj_hdu[('err', 1)].data)


#-------------------------------------------------------------------------------

[docs]def make_weekdark(input_list, refdark_name, thebasedark, thebiasfile=None):
    """ Create a weekly dark reference file

    1. If not already done, run basic2d with blevcorr, biascorr, and dqicorr
        set to perform
    2. Apply temperature correction to the data
    3. split all raw images into their imsets
    4. join imsets together into a single file
    5. combine and cr-reject
    6. normalize to e/s by dividing by (exptime/gain)
    7. do hot pixel things

    # Update ERR extension of new superdark by assigning the ERR values of the
    # basedark except for the new hot pixels that are updated from the weekly
    # superdark, for which the error extension of the weekly superdark is taken.

    Parameters
    ----------
    input_list : list
        list of input STIS dark files
    refdark_name : str
        output name of the reference dark file
    thebasedark : str
        Monthly basedark
    thebiasfile : str, bool, optional
        biasfile to use for calibration

    """

    print('#-------------------------------#')
    print('#        Running weekdark       #')
    print('#-------------------------------#')
    if not thebiasfile:
        thebiasfile = fits.getval(input_list[0], 'biasfile', 0)

    print('Making weekdark %s' % (refdark_name))
    print('With : %s' % (thebiasfile))
    print('     : %s' % (thebasedark))

    flt_list = [functions.bias_subtract_data(item, thebiasfile) for item in input_list]

    for filename in flt_list:
        texpstrt = fits.getval(filename, 'texpstrt', 0)
        #Side 1 operations ended on May 16, 2001.
        #Side 2 operations started on July 10, 2001,
        #52091.0 corresponds to July 1, 2001
        if texpstrt > 52091.0:
            functions.apply_dark_correction(filename, texpstrt)

    joined_out = refdark_name.replace('.fits', '_joined.fits')
    print('Joining images to %s' % joined_out)
    functions.msjoin(flt_list, joined_out)

    crdone = functions.bd_crreject(joined_out)
    print("## crdone is ", crdone)
    if not crdone:
        functions.bd_calstis(joined_out, thebiasfile)

    crj_filename = joined_out.replace('.fits', '_crj.fits')
    shutil.copy(crj_filename, refdark_name)
    functions.normalize_crj(refdark_name)

    create_superdark(refdark_name, thebasedark)

    functions.update_header_from_input(refdark_name, input_list)
    fits.setval(refdark_name, 'TASKNAME', ext=0, value='WEEKDARK')

    print('Cleaning up...')
    functions.RemoveIfThere(crj_filename)
    functions.RemoveIfThere(joined_out)
    #map(functions.RemoveIfThere, flt_list)

    print('Weekdark done for {}'.format(refdark_name))


#-------------------------------------------------------------------------------
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  Source code for refstis.weekbias

"""Functions to create a weekly bias for the STIS instrument.

"""

from astropy.io import fits
from astropy.stats import sigma_clipped_stats
import numpy as np
import shutil

from . import functions
from .basejoint import replace_hot_cols

#-------------------------------------------------------------------------------

[docs]def make_weekbias(input_list, refbias_name, basebias):
    """ Make 'weekly' bias from list of input bias files

    1. join imsets from each datset together into one large file
    2. combine and cosmic ray screen joined imset
    3. find hot colums
    4. add hot colums in to basebias sci data as output science data
    5. update error, dq, and headers

    .. note::

      For the SCI extensions, the baseline bias rate is taken from the aptly named
      basebias because anything that is "hot" is assumed to be potentially
      transient and is thus taken from the weekly biases.

      Update ERR extension of new superbias by assigning the ERR values of the
      baseline superbias except for the new hot pixels that are updated from
      the weekly superbias, for which the error extension of the weekly
      superbias is taken. Put the result in temporary ERR image.

    Parameters
    ----------
    input_list : list
        list of STIS bias files
    refbias_name : str
        filename of the output reference file
    basebias : str
        filename of the monthly basebias

    """

    print('#-------------------------------#')
    print('#        Running weekbias       #')
    print('#-------------------------------#')
    print('Output to %s' % (refbias_name))
    print('using {}'.format(basebias))

    joined_out = refbias_name.replace('.fits', '_joined.fits')
    functions.msjoin(input_list, joined_out)

    crj_filename = functions.crreject(joined_out)
    residual_image, median_image = functions.make_residual(crj_filename, (3, 15))

    resi_columns_2d = functions.make_resicols_image(residual_image, yfrac=.25)

    resi_mean, resi_median, resi_std = sigma_clipped_stats(resi_columns_2d[0],
                                                           sigma=3,
                                                           iters=20)
    replval = resi_mean + 5.0 * resi_std
    only_hotcols = np.where(resi_columns_2d >= replval, residual_image, 0)

    with fits.open(crj_filename, mode='update') as hdu:
        #-- update science extension
        baseline_sci = fits.getdata(basebias, ext=('sci', 1))
        hdu[('sci', 1)].data = baseline_sci + only_hotcols

        #-- update DQ extension
        hot_index = np.where(only_hotcols > 0)
        hdu[('dq', 1)].data[hot_index] = 16

        #- update ERR
        baseline_err = fits.getdata(basebias, ext=('err', 1))
        no_hot_index = np.where(only_hotcols == 0)
        hdu[('err', 1)].data[no_hot_index] = baseline_err[no_hot_index]

    shutil.copy(crj_filename, refbias_name)
    functions.update_header_from_input(refbias_name, input_list)
    fits.setval(refbias_name, 'TASKNAME', ext=0, value='WEEKBIAS')

    print('Cleaning up...')
    functions.RemoveIfThere(crj_filename)
    functions.RemoveIfThere(joined_out)

    print('weekbias done for {}'.format(refbias_name))


#-------------------------------------------------------------------------------
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