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Abstract. ORAC-DR, a flexible and extensible data reduction pipeline,
has been successfully used for real-time data reduction from UFTI and
IRCAM (infrared cameras), CGS4 (near-infrared spectrometer), Michelle
(mid-infrared imager and echelle spectrometer), at UKIRT; and SCUBA
(sub-millimeter bolometer array) at JCMT. We have now added the in-
frared imaging spectrometers IRIS2 at the Anglo-Australian Telescope
and UIST at UKIRT to the list of officially supported instruments. We
also present initial integral field unit support for UIST, along with un-
official support for the imager and multi-object spectrograph GMOS at
Gemini. This paper briefly describes features of the pipeline along with
details of adopting ORAC-DR for other instruments on telescopes around
the world.

1. Background on ORAC-DR

ORAC-DR is the data reduction pipeline for the Observatory Reduction and
Acquisition Control project (ORAC!, Wright et al 2001). The ORAC-DR
pipeline design was presented previously by Economou et al (1998) and Jen-
ness & Economou (1999) and makes extensive reuse of existing data reduction
packages (Economou et al 1999). Allan et al (2002) described groundwork for
turning ORAC-DR into a truly generic data reduction pipeline. For the past
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three years it has been used at the United Kingdom Infrared Telescope (UKIRT)
and for SCUBA observations on the James Clerk Maxwell Telescope (JCMT).

2. Reducing the Workload

When developing the ORAC-DR pipeline, we recognized that many of the tasks
performed by instrument-specific pipelines are shared. File handling, calibration
systems, and header translations are tasks that are often duplicated. Also,
the actual data reduction tasks are similar from one instrument to the next.
Repeating the implementation of these tasks by developing a specific pipeline
for each new instrument was considered to be a waste of time and resources, so
we sought a generic solution.

To accomplish this, we created a generic, and yet advanced, object-oriented
ORAC-DR infrastructure which handles file conversions, header translations,
calibration information, and other generic tasks. It also runs on a ‘primitive’-
based system, where one primitive (Perl script) does the work of one astronom-
ically meaningful step. These primitives also do a bare minimum of computing;
processing of bulk data is done by CCDPACK (Draper, Taylor & Allan 2000),
KAPPA (Currie & Berry 2000), and Figaro (Shortridge et al 1999; Shortridge
1993), all supported by Starlink.

3. Necessary Modifications

As ORAC-DR is a data-driven data reduction pipeline, it obtains most of the
information required to reduce data from the data itself. For astronomical
data, this means that FITS headers need to be complete and correct. Simple
instrument-specific Perl modules translate FITS headers into internal headers
that are used by any code relying on headers. These translations are not lim-
ited to changes of name, and may involve combinations of headers. Through
inheritance one instrument can acquire header translations from another, fur-
ther reducing the number of header-translation modifications necessary to use
ORAC-DR with a new instrument.

This same philosophy applies to file formats. As the actual data reduction
calculations are performed by Starlink tasks whose internal data format is the
Extensible N-Dimensional Data Format (NDF, Warren-Smith 2000), ORAC-DR
minimizes the number of conversions from a different format (FITS, for example)
by doing a conversion to NDF when it first sees a data file. Which conversion
ORAC-DR does is instrument-specific, and this is programmed in such a way
that adding a new instrument and new data conversions requires minimal effort.

Inheritance is also used for recipes and primitives. A large collection of
generic recipes and primitives exists. Should an instrument require a new or
modified recipe or primitive then this new code is placed in an instrument-
specific subdirectory. When ORAC-DR, searches for a primitive, it looks in the
instrument-specific directory, then in the instrument-agnostic directory.

Occasionally new observing modes are needed, or instruments with different
capabilities are developed. An example of this is the imaging spectrometer UIST,
which also has an integral field unit. ORAC-DR had no previous IFU support,
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so it was necessary to develop a new set of primitives and recipes to reduce IFU
data.

Modifying ORAC-DR to be used on an instrument similar to currently
supported instruments takes approximately one to two weeks of programming
time. If new observing modes are needed, then this time is increased to one to
four months, depending on the number of recipes needed and the instrument’s
complexity.

4. Implementation of Modifications

4.1. IRIS2

IRIS2? is an infrared imager and spectrograph currently being commissioned for
the 3.9-meter Anglo-Australian Telescope. In addition to wide-field imaging and
long-slit spectroscopy, it also offers multi-object spectroscopy. It writes data in
FITS format, not the NDF that UKIRT instruments use.

In July 2002 ORAC-DR was commissioned for imaging with IRIS2, needing
only two weeks of programming effort to become fully usable. As ORAC-DR
relies on FITS headers to process data, a side-effect of porting it to other in-
struments is an ability to find omissions and deficiencies in header information.
During the commissioning of ORAC-DR it was noticed that an incorrect value
for the array read noise of IRIS2 was being reported. This was traced to a bug
in the data acquisition software and was immediately fixed. Had ORAC-DR not
been running at the AAT at the time, this bug would have been found much
later and after much more effort.

During the commissioning of ORAC-DR, IRIS2 made a deep image of a
section of sky that would later be observed with the Very Large Telescope. As
ORAC-DR was able to calculate a reduced mosaic of the region in real-time, it
was possible to send this mosaic to the principle investigator. He then used this
mosaic to select out high-z galaxy candidates from low-mass stars for follow-up
VLT multi-object spectroscopy a few days later. ORAC-DR was able to save
the principle investigator the time and effort necessary to reduce their data and
did so needing only minimal changes.

4.2. UIST

UIST? is an imaging spectrometer very similar to IRIS2 in capabilities. Adapting
ORAC-DR to work with imaging and spectroscopy modes with UIST was thus
trivial, requiring approximately two weeks of effort to run correctly.

In addition to imaging and spectroscopy modes, UIST has an integral field
unit which allows it to simultaneously obtain spectra at a number of points on a
field. This mode is one that had not been previously supported by ORAC-DR,
so programming effort required to get ORAC-DR properly reducing IFU data
was approximately three months by a programmer with no previous experience
with ORAC-DR.

*http://wuw.aao.gov.au/iris2/iris2.html

%http://www.jach.hawaii.edu/JACpublic/UKIRT/instruments/uist/uist.html
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4.3. GMOS

GMOS*? is a multi-object spectrograph with imaging, long-slit spectroscopy, and
IFU modes. Basic System Verification data were released for imaging and multi-
object spectrograph modes, and imaging data was used for ORAC-DR. The
FITS headers for this SV data are incomplete and raw calibration data are not
available, so ORAC-DR support for GMOS is minimal. However, ORAC-DR
can successfully reduce publicly available GMOS data. The programming time
needed to attain this level of support was eight hours.
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