
The 2010 STScI Calibration Workshop
Space Telescope Science Institute, 2010
Susana Deustua and Cristina Oliveira, eds.

Design Aspects of the JWST Calibration Pipeline Software

R. Jedrzejewski

STScI, Baltimore MD 21218

Abstract. Some considerations relating to the design of the JWST Calibration
pipelines are presented. Much of the code for calibrating the detectors can be shared
among the instruments, and the fact that several observing modes are common to
more than one instrument means that it makes sense to design the pipelines to
calibrate observing modes rather than instruments.

1. Introduction – The HST Calibration Pipelines

One successful aspect of the Hubble Space Telescope mission has been the development of
automatic calibration pipelines. These pipelines apply a sequence of calibration steps to
HST datasets with the purpose of removing the instrumental e!ects that would otherwise
compromise the quantitative interpretation of the data. Each calibration step applies an
algorithm that is designed to reverse the e!ect of a phenomenon that degrades the data;
for example, not every pixel in most area detectors has the same sensitivity, so the flatfield
calibration step corrects for this by multiplying each pixel by a factor (the flatfield) that
has been measured to equalize the sensitivities of each pixel.

The HST calibration pipelines were designed to use reference files to hold the quanti-
tative information to be used for calibration. So, in the example given above, the flatfield
in stored in a flatfield reference file that is identified by a header keyword. There are also
header keywords that state whether a particular calibration step is to be performed or
omitted.

The quality of calibration achieved in the automatic calibration pipeline is su"cient
for a significant fraction of GOs and archival researchers. The existence of these pipelines
means that calibrated data of good and uniform quality is available for every exposure taken
by HST, and researchers can mine these data without having to become an expert on the
intricacies of calibration and data analysis.

Users are not limited to the default calibrations provided by STScI when the data are
retrieved from the HST archive. The HST calibration pipelines are distributed as part of the
STSDAS data analysis software package, and users can run these pipelines themselves. They
can choose which steps to perform and which steps to omit, and if they have calibration
reference files that are superior to the default STScI reference files, they can use them
instead just by changing the value of a header keyword.

2. History of the HST Calibration Pipelines

The first set of calibration pipelines were for the initial instrument set on HST (WFPC,
FOC, FOS, GHRS and HSP). They were all programs written in the IRAF spp (subset pre-
processor) language, reading and writing data in GEIS (Generic Edited Information Set)
format. The use of spp mandated integration with IRAF, while GEIS was a data format
used only for HST images that was also not platform-independent (i.e. you cannot just
copy GEIS files from one platform to another and expect them to work).
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The introduction of STIS and NICMOS in 1997 allowed some of these limitations to
be fixed. Both the STIS and NICMOS pipelines were written in C, although they used
the IRAF image i/o libraries through a layer (called hstio) that provided a consistent C
interface to the applications. They also read and write data in FITS format, which is
generally regarded as the ’universal’ astronomical data format and is platform-independent.
However, there was still a considerable tie to IRAF through the use of the image i/o libraries.

While the calibration pipelines for each instrument incorporated some overall systems
engineering that provided several common design elements, the pipeline programs them-
selves were written completely independently with no sharing of application code. At the
time of the installation of STIS and NICMOS, this was not unreasonable, since the new
C-based pipelines for STIS and NICMOS shared little functionality, and the re-using spp
code from the first-generation instruments was no advantage over writing the code in C,
even if the functionality was very similar.

The Advanced Camera for Surveys (ACS) was installed in 2002, and development of
the ACS calibration pipeline closely followed the STIS imaging pipeline, since the detector
in the High Resolution Channel of ACS was the same type as the CCD detector in STIS. At
this point, the calibration pipelines for each instrument had been following the independent
’stovepipe’ development strategy, and the ACS pipeline was developed in the same way.
In fact, the STIS imaging pipeline was used as a starting point for the ACS calibration
pipeline, with the code morphing to meet the specific needs of ACS.

Similarly, when the calibration pipelines for WFC3 and COS were written, the stovepipe
model was continued. The WFC3 pipeline was developed in C by starting from the ACS
pipeline in the UVIS channel, and from the NICMOS pipeline in the IR channel. The COS
pipeline was developed in Python, and so did not inherit much legacy code from the earlier
spectrographs.

3. HST Pipeline Decisions

Some of the design decisions that went into the HST Pipelines were good.

3.1. Separation of code from data

A conscious e!ort was made to separate things that change often (data obtained from
calibration programs) from those that don’t (algorithms, housekeeping, error chacking).
The data are stored in calibration reference files that are catalogued in the Calibration
Data Base System, and updated as new measurements are obtained. Even some of the
parameters to be used in the calibration pipelines are stored in reference files; for example,
the many parameters used by Multidrizzle in the ACS pipeline are stored in a reference file
that is read at run-time, and the optimum parameters can thus be changed without making
any changes to the code.

3.2. Re-use of code from earlier instruments

Since much of the required functionality for the later pipelines had already been written for
the earlier ones, it made very good sense to re-use as much of that code as was practical.

3.3. Regression test suite and robust error handling

Each delivery of the calibration pipelines to operations was accompanied by regression
testing using a large and varied collection of datasets that exercise most of the pipeline
functionality. In this way it was assured that datasets would be able to pass through the
pipeline without encountering fatal errors, and that data products could be created for all
types of observations.

However, some of the design decisions worked out less well...
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3.4. Code duplication

This is probably the biggest issue. There are whole classes of functionality that involve
duplicated and slightly altered code. For example, the directories in the calacs/acsccd and
the calwf3/wf3ccd directories are strikingly familiar:

calacs/acsccd
acsccd.c
blevdrift.c
blevfit.c
doatod.c
dobias.c
doblev.c
doccd.c
doflash.c
findblev.c
findover.c
getacsflag.c
getccdsw.c
mainccd.c
mainccd.o
mkpkg

calwf3/wf3ccd
blevdrift.c
blevfit.c
doatod.c
dobias.c
doblev.c
doccd.c
doflash.c
findblev.c
findover.c
getccdsw.c
getflags.c
mainccd.c
mainccd.o
mkpkg
wf3ccd.c

These are completely independent files that are maintained separately, yet they fulfil
very similar functions and share much code that is either identical or else di!ers only in
whitespace.

3.5. Stovepipe Design

The code duplication in the previous subsection is largely a result of the stovepipe designs
of the calibration pipelines. The duplication of the ccd calibration steps results from the
compartmentalization of the instrument pipelines: each pipeline is a completely independent
entity whose functionality is all contained within the directory structure of that instrument.
Some of the lower-level library code is shared, but the main algorithmic code is written and
maintained separately for each instrument.

This design was a perfectly natural result of the instruments being added over a long
period of time. Each time a new instrument was added, the new calibration pipeline for that
instrument was written in the most economical way, usually by taking the part of earlier
pipelines that are most similar to the needed functionality and using them as a starting
point for the new pipelines. In this way, the new pipeline could be up and running in a
very short time, but with the disadvantage of a maintenance headache when updating the
common code sections.

3.6. Di!erent Data Product Formats

All HST data products are FITS format, but there the resemblance ends. The data products
of each instrument are slightly di!erent. STIS data is packaged with separate associated
exposures in one file. NICMOS data has associated exposures in separate files. ACS and
WFC3 data are like NICMOS data, except exposures using more than one detector are
packages in one file, whereas contemporaneous NICMOS exposures using more than one
camera are packaged in separate files. WFPC2 data packages all 4 detectors in 1 file, but
they have di!erent orientations on the sky because the readout amplifiers are in di!erent
quadrants.

This heterogeniety can make working with HST data confusing, to say the least.
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4. JWST Pipelines

The JWST pipelines can take advantage of several factors.

4.1. Only One Generation of Instruments

JWST will be located at L2, and was not designed to be serviced. The instrumental
complement at launch will last for the whole mission. So there will be no new instrument
pipelines to add down the road. This means that the calibration pipelines for the science
instruments can benefit from a more integrated approach, involving designing in elements
that are common to several instruments, not keeping each instrument pipeline separate.

4.2. Only Two Types of Detectors

JWST will have 5 instruments capable of producing science data: NIRCAM, NIRSpec,
MIRI, FGS-TFI and FGS-Guider. Of these, NIRCAM, NIRSpec, FGS-TFI and FGS-
Guider will use the same Hawaii-2RG detector types. MIRI will use three of the same
Si:As detectors. So many of the detector calibration steps will be identical algorithmically
for the near-infrared instruments, and also for each of the MIRI detectors.

4.3. Identical Packaging for Science Data

The decision was made to put each individual exposure in its own data file. In JWST lan-
guage, an exposure is a series of one or more integrations, and an integration is a sequence of
consecutive non-destructive readouts of a detector. Some of these readouts may be averaged
on-board the observatory to reduce the readout noise and lower the data volume, at the
expense of increasing the susceptibility to cosmic rays. So unlike HST, the data from each
detector goes in a separate file, even when the detectors are in the same instrument and
were collecting data at the same time. The advantage of this is that each exposure can be
treated identically when detector calibrations are being performed, but there is the disad-
vantage that it is necessary to develop the capability to keep track of which exposure goes
with which when combining data from di!erent detectors, as might occur when exposures
are combined to produce a mosaic.

4.4. Common Science Modes

Even though the JWST science instruments have very di!erent science goals, there is a
significant degree of commonality in the science capabilities. The science modes of each of
the instruments are detailed below:

NIRCam

• Imaging

• Coronagraphy

• Grism Spectroscopy

NIRSpec

• Multi-Object Spectroscopy

• Slit Sectroscopy

• Integral Field Spectroscopy

• Imaging

MIRI

• Imaging
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• Integral Field Spectroscopy

• Slit Spectroscopy

• Coronagraphy

FGS-TFI

• Imaging

• Coronagraphy

• Non-redundant Mask Imaging

This commonality means that a significant amount of code can be shared among the
instruments. Once the detector calibrations have been performed, many of the instrumental
calibrations are purely mode-specific, rather than instrument-specific.

This raises an important question: why not develop the JWST calibration pipelines
by MODE rather than by instrument? The algorithmic code for performing the calibration
steps tends to depend much more on the observing mode rather than on the instrument.
The di!erences between instruments are handled more by the reference files and some of
the control code rather than the algorithmic code, so it makes much more sense to break
up the JWST calibration pipelines by observing mode rather than by instrument.

5. Towards a Di!erent Type of Calibration Pipeline(s)

Looking at all of the calibration steps that will be necessary to calibrate, for example, JWST
NIRCam data, we find that the simplest breakdown is:

• Detector Calibration

• Mode-specific Calibration

The mode-specific calibration can be further decomposed:

• Detector Calibration

• Mode-specific calibration

– Imaging Calibration

– Coronagraphy Calibration

– Spectroscopy Calibration

Doing the same exercise for MIRI and NIRSpec, one would find exactly the same decom-
position:

• Detector Calibration

• Mode-specific Calibration

– Imaging Calibration

– Coronagraphy Calibration

– Spectroscopy Calibration
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Figure 1: Proposed decomposition for the JWST Calibration Pipeline

Since each of the instrument calibrations would look almost exactly the same, it makes
more sense to design the pipeline like this, without reference to the instruments at this high
level. Now the pipeline might look something like what is shown in Figure 1: The detector
calibration (calDetector) can be either a near-IR detector calibration (calNearIRDetector),
or a mid-IR detector calibration (calMidIRDetector). Similarly, the instrument/mode cali-
bration (calInstrument) can be either an imaging calibration (calImaging), a spectroscopic
calibration (calSpectroscopy), or a coronagraphic calibration (calCoronagraphy). The spec-
troscopic calibration may be even further decomposed to either a slit spectroscopy calibra-
tion (calSlitSpectroscopy), a multi-object spectroscopy calibration (calMultiObjectSpec-
troscopy) or an integral-field spectroscopy calibration (calIFUSpectroscopy).

It is important to stress that this simplification will not be at the expense of performing
the best calibration algorithms. It is quite likely that some of the calibration steps can be
performed using identical algorithms on all the instruments. For example, we might expect
that a nonlinearity correction will involve applying a low-order polynomial to the ramp, and
this algorithm will apply to both near-infrared detectors and the mid-infrared detectors in
MIRI. However, other calibration steps will be quite di!erent for each instrument. The
slit spectrscopy calibrations will almost certainly be quite di!erent for MIRI and NIRSpec,
and yet they may share some of the primitive operations so there will still be plenty of
opportunity for code sharing.

6. Summing Up

For a variety of reasons, it makes sense to depart from the practice of coding each of the
JWST instrument calibration pipelines separately, as was done for HST. We can make use
of the fact that there are only two di!erent types of detector on JWST to simplify the
detector calibrations, and use the common science modes in the JWST instruments to craft
pipelines around these modes rather than around the instruments. But the overall driver
is making sure that the BEST algorithm is used in each situation, not the most convenient
one.



362 Jedrzejewski

Acknowledgments. Much of the driver from this came from Massimo Robberto’s
’CalWebb’ concept.


