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Abstract. TROBAR is a 60cm robotic telescope installed at the Observatrio de Aras de los Olmos (OAO), approximately 100km north-west of
Valencia (Spain). It is currently equipped with a 4K × 4K optical camera
covering a FoV of 30 × 30 arcmin2 . We are now implementing a pipeline
for the automatic reduction of its data. In this paper we will present the
main features of the pipeline, with particular care to some of the algorithms
implemented to assess the quality of the produced data and showing their
application to synthetic images.
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1.

Introduction

Galactic Hα emitting objects are tracers of pre and post main-sequence stars as well
as of nebulae, cataclysmic variables, Be stars and other more exotic objects like Luminous Blue Variables (LBV) and Wolf-Rayet stars. IPHAS (Drew et al. 2005; Corradi
et al. 2008; Witham et al. 2008; González-Solares et al. 2008) the most complete
survey of the galactic plane carried out so far, is complete in the magnitude range
r0 = 13 to 20 mag for −5 < |b| < 5 degrees. The classical surveys, mostly based
on objective-prism photographic observations, are complete up to magnitude 9 (see
for example Kohoutek et al. (1999) and Wackerling (1970)). In this context, the main
aim of our project is to carry out a photometric survey covering the existing gap down
to r0 ≈14 mag with observations and data reduction automatically performed with
TROBAR. The automatic operation of the telescope has already been presented in
Stefanon (2010). Here we describe the data reduction pipeline we are developing for
this project.
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A rapid search in the Astrophysics Data System shows around 190 papers concerning data reduction pipelines. This reflects the fact that it is extremely complicated
to implement a general purpose pipeline. Instead, each project or instrument team
develops its own pipeline which can best take into account all the details in the data
produced by the telescope.
Our implementation of the pipeline was guided by two principles: on one side
the pipeline should produce the best possible photometry. To this aim we opted for
performing profile fitting photometry. On the other side, the pipeline should automatically perform a set of quality controls. In particular, the pipeline should at least be
able to intercept the most basic issues may arise during the data reduction.
In the following section, OAO telescopes and instrumentation will be briefly described; in section 3 we describe how the automatic photometry is performed by our
pipeline, while in Sect. 4 we present the set of test we coded into the pipeline in order
to perform a quality control on the pipeline output. The final section will present the
conclusions.

2. OAO Instrumentation
The Observatori Astronomic de Aras de los Olmos (OAO) is a newborn facility located approximately 100 Km north-west of Valencia (Spain), in a region of low lightpollution, at an altitude of 1330 m a.s.l. The Observatory is currently composed of 3
domes plus a guest-house, offering accommodation to 12 persons.
OAO is composed of three domes, each one hosting an instrument, namely T40,
Ojitos and TROBAR.
The T50 telescope is an instrument mainly devoted to education and outreach. It
is hosted in the oldest dome of the Observatory, with classical hemispheric design, 5m
diameter. The instrumentation is composed of a 50-cm f/12 optical tube on Astelco
NTM German equatorial mount. Attached to the focal plane is a Finger Lakes ProLine 16803, with a sensor of 4Kx4K, covering a field of view of approximately 30x30
arcmin2 . A filter wheel accommodates Sloan u,g,r,i,z plus visual RGB. In addition,
a Shylak Lhires III spectrograph offering a resolution of R 17000 can optionally be
mounted.
Ojitos is a project devoted to the observation and study of meteorites. Its configuration is made by two Apogee AltaU16 4Kx4K cameras with Nikon objective, each
allowing full sky coverage.
TROBAR (Telescopi ROBotic de ARas) is the biggest telescope currently installed at the Observatory. It is hosted by a 4m diameter fully automatic dome. Its
main mirror has a diameter of 0.6m, with equivalent f/8 on the focal plane. The opti-
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cal design is a classical Ritchey-Chretien. The optical tube and mount assembly was
build by Telescope Teknik Halfmann; it is an alt-azimultal mount, in Nasmyth configuration; the direct motor drives allow the telescope to slew as fast as 10 degrees
per second. One of the two available foci hosts a Fairchild 4Kx4K optical camera,
covering 30×30 arcmin2 FoV.
The filter wheel has 13 available positions, offering Sloan u,g,r,i,z, a narrow-band
Hα, a medium-band Hα, and RGB filters.
Auxiliary although necessary instrumentation has also been installed at the Observatory. This includes a DAVIS Vantage Pro meteorological station, providing constant information on the current humidity, temperature, wind speed and direction, rain
rate necessary to decide weather the meteo conditions are safe for the observations;
in addition the station also collects data on the solar radiation and UV flux rates.
The Observatory is also continuously monitored by 2 external network-based
cameras accessible via Internet.

3. The pipeline as a data reduction tool
The extraction of meaningful information from the set of images acquired at the telescope is the primary task of any automatic (or non-automatic) data reduction process.
This operation is generally composed by two major tasks. First, the raw images
must be processed in order to remove the bias and for homogenizing the pixel response
(flat-fielding). At this point it is possible to apply the methods to obtain the required
measures, like performing aperture photometry on all the stars of the field.
The design of our pipeline reflects the above steps. In fact it is composed by two
main tasks, called pre-reduction and photometry, respectively. Given the abundance
of well-tested tools for any step involved in a data reduction pipeline, we opted to
minimize the requirements coding new algorithms, while trying to assemble all the
operations into a unique program, written in python. In particular, we used the pyraf
and pyfits python modules which provide a python interface to IRAF and to the cfitsio
fits library respectively, for the pre-reduction operations, while we used direct calls
to SExtractor (Bertin & Arnouts 1996) and Dophot (Schechter et al. 1993) for the
photometry.
The first operation, implemented by a python function, is to group the frames
in a given directory according to their functions according to a set of keywords in
the header of each frame. In particular, the frames are divided according to their
binning and successively categorized into bias, dark, flat and science. Dark frames
are finally grouped based on the exposure time, while flat and science frames are
grouped depending on the photometric filter used for the acquisition.
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Figure 1. The top image shows a section of the synthetic field used for testing the goodness of
PSF photometry with Dophot. The lower left panel shows the residual image of the sema section when photometry is performed on the whole image, while the lower-right picture presents
the residuals after dividing the original frame into 4 quadrants.

Next, master bias, dark and flat frames are created using the imcombine IRAF
task and applied to the required images through the imarith task. Sky flat field
frames may of course be not available for all the nights. In these cases, the pipeline
looks for the corresponding most recent master flat image in a local archive.
Science frames are then passed to the routine in charge of performing the photometry. We used the well-known SExtractor (Bertin & Arnouts 1996) ability for
object finding for building the catalogue of sources. Since we expect our fields to be
densely crowded, we opted for a Point Spread Function (PSF) fitting photometry. The
Dophot program (Schechter et al. 1993) was chosen against the widely used Daophot
because the former being easier scriptable than the latter.
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One problem we needed to circumvent is the varying PSF across the field. Although this is not expected to be a strong degradation on the final image, its effect
at the time of performing the PSF photometry can be important. The pipeline automatically cuts the initial image into four quadrants and performs the photometry on
each quadrant independently, recomposing the catalogue at the end of the process.
This procedure was tested using an artificial image in which the PSF of the stars is an
elongated Gaussian with four different major axis orientation, one per quadrant. The
photometry was first performed on the image as a whole and then on each quadrant
separately. The result of this procedure is shown in Fig.1. The top figure displays a
portion of the synthetic image; the bottom-left image presents the image of the residuals when the photometry was done on the whole image, while the bottom-right image
the same portion this time resulting from the photometry of the single quadrant. It is
clearly visible that the residuals for the second case are much smaller than for the first
case.

4. The pipeline as a quality control tool
Reliability of produced data is equally important to the data itself. And this is even
more critical when the whole set of data is automatically processed, since the automatic process implies a minor degree of interaction with data itself. For this reason
we decided to implement a series of quality checks on the output of the pipeline, with
the aim to detect critical anomalies.

4.1

Calibration frames

The set of calibration frames, i.e. bias, dark and flat fields are, from the quality check
point of view, the pure product of an instrument, so that they can be considered as the
manifestation of its health status.
Whenever the pipeline processes a calibration frame, it archives a set of statistical
properties composed by average of pixel counts, standard deviation and median value
together with environment parameters, namely, the temperature of the CCD, the air
temperature and the relative humidity. Monitoring these values allows to detect any
malfunctioning of the instrument which could affect our data. The pipeline, then,
operates a first control based on the above parameters, raising a flag whenever any
significant deviation from the nominal values is detected.

4.2

Science frames

The controls operated on the scientific frames are twofold.
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Figure 2. In the left panel we plot the distribution of the background levels for the case of a
sky with a gradient; the panel on the right shows the normal distribution of background counts,
as expected from a flat background.

First, the background of each science frame is checked for uniformity. This is accomplished by computing the average value and the standard deviation of the pixels
in a number of boxes randomly and uniformly distributed across the image, avoiding
those regions occupied by the detected objects. Fig.2 shows the histograms of the
distribution of the mean value of the sky background in the whole set of boxes for two
different cases: the left panel corresponds to a background with a gradient, while the
right panel shows the reference case of a uniform background, with a normal distribution of the mean values. The pipeline performs a Gaussian fit to the histogram of
the distribution and a flag is raised if the standard deviation parameter of the Gaussian
results to be incompatible with a reference value within a given number of sigma. The
reference value is recovered from the bias image. In fact, in case of a perfectly flat
sky background, the dispersion of the count values of the regions not contaminated by
any source should be the result of pure thermal noise, whose fingerprint is recorded
by the bias frames.
The second check performed by the pipeline applies to the residuals of the photometry. In this case, the pipeline computes the dispersion of the values in a box
around each object on the residual image. As it can be seen from Fig.1, in case of a
good reconstruction of the luminosity profile of the object, the image of the residuals will exhibit small values (bottom right panel), while in the case of a non-optimal
PSF reconstruction the residuals will be higher. Measuring the average of the pixel
counts around each subtracted object is not a good choice, since higher values can
be canceled out by lower values resulting from an excess in the profile reconstruction
with respect to the true one. The algorithm adopted for this pipeline consists then
in computing the standard deviation of the pixel values in boxes centered on each
measured object. The ideal case would obviously be a residual image made of just
the background. Deviations from this ideal case express the goodness of photometry.
The result of the above procedure is shown in Fig.3. The red diamonds refer to the
standard deviations in the case of a non-optimal subtraction, as that in the lower-left
panel of Fig.1, while the blue points mark the same measurement but for the case of
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Figure 3. The red diamonds mark the standard deviation of the residuals around each star,
sorted according to the recovered apparent magnitude, measured on the bad residuals image
(see lower-left panel of Fig 1). The blue diamonds show the corresponding data for the good
residuals image (lower right panel of Fig.1). The horizontal green line marks the ideal case of
photometry with no residuals.

a photometry showing low residuals, like that in the lower-right panel of the same
figure. The green horizontal line indicates the value in the ideal case of a complete
subtraction of the object light profile from the original image. The pipeline compares
this latter value, obtained from the bias frames, with that measured from the residual
image. If the two values differ by more than a value decided once for all by the user,
then a warning is raised.

5.

Conclusions and future prospects

We presented the pipeline we are developing for the TROBAR telescope dedicated to
the photometry of crowded stellar fields. The pipeline was developed with care to the
validation of the data produced.
After applying the standard procedures for the pre-reduction phase (bias, dark and
flat field correction), the pipeline creates a catalogue of detected objects using SExtractor. This catalogue is ingested into Dophot to obtain the profile fitting photometry
of all the objects.
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The analysis on data quality is performed both on calibration and on science
frames. We presented the results of the implemented algorithms on synthetic data.
PSFEx, the new PSF photometry tool by Astromatic.net, is now producing reliable photometry and is now being considered as a valid replacement for Dophot.
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