stead at the intrinsic planetary emission
in the K and eventually L band.

(e) First Generation Upgrade

In addition, we have received from
Jean-Francois Donati (Observatoire
Midi-Pyrénées) a VLT instrument up-
grade proposal, aimed at turning UVES
into a high-resolution spectro-polarime-
ter. The Consortium also includes the
Landessternwarte Heidelberg, Observa-
toire de Paris, University of St Andrews
and University College London.

lll. Next Steps

Following recommendations at the
last April STC meeting, we are current-

ly contacting the Project Principal
Investigators. The ESO staff responsi-
ble for the four domains are respective-
ly A. Moorwood for the KMOS, G.
Monnet for the Surveyor, S. D’Odorico
for the Fast Shooter (& UVES up-
grade), and N. Hubin for the Planet
Finder. Following current negotiations
with the Consortia, feasibility studies
will start soon, with (partial) financing
from ESO. On a longer scale, the goal
is obviously to get efficient Teams to
conduct these huge endeavors.

On the programmatic side, the inten-
tion is to initiate in the next 8-year peri-
od the development of one second gen-
eration instrument per year, starting in
2003. This is of course a rough guide
only. The actual rate will depend on the

capital and human resources cost of
the selected facilities. It is thus quite ap-
pealing that a number of Consortia in-
tend to raise a significant fraction of the
capital cost for these expensive facili-
ties.

It may be nevertheless worthwhile to
recall that a huge effort still remains to
be invested to complete and put into
operation the remaining first generation
VLT instruments; this is heavily taxing
the present capabilities of both ESO
and its community for “fast” deployment
of these new, exciting, facilities.

In Conclusion, | would like to again
extend our deep thanks to all pro-
ponents for their valuable contribu-
tions.

VLT Quality Control and Trending Services

R. HANUSCHIK, ESO (UVES QC Scientist) and
D. SILVA, ESO (Head Data Flow Operations Group)

Why control quality?

Any observatory worldwide has staff
who permanently look into the perform-
ance of the instruments and check the
quality of the data. ESO’s Very Large
Telescope has the operational model of
a data product facility. This means that
it goes beyond the day-to-day perform-
ance checks and promises to deliver
data of a defined and certified quality.

The Data Flow Operations Group in
Garching (DFO, also frequently called
QC Garching), provides many aspects
of data management and quality control
of the VLT data stream. One of the main
responsibilities is to assess and control
the quality of the calibration data taken,
with the goal to know and control the
performance of the VLT instruments.
Information about the results of this
process is fed back to Paranal Science
Operations and to the ESO User
Community via QC reports and web
pages.

The constant flow of raw data from
the VLT instruments splits into data
streams for the science data and the
calibration data. The calibration data
stream has two separate components:
« calibrations taken to remove instru-

ment signatures from science data
+ calibrations taken for routine daily in-

strument health checks.

The focus of QC Garching is to
process these data and extract Quality
Control information. This process of
course does not replace the on-site ex-
pertise of the Paranal staff. But it goes
beyond the usual quick-look, on-the-
spot checks and provides a permanent
and in-depth knowledge of the instru-
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ment status. With the QC parameters
routinely collected over years, it is pos-
sible to control, predict, and often even
improve, the performance of the instru-
ments.

This article describes the Quality Con-
trol process for the four presently oper-
ational VLT instruments: FORS1+2,
ISAAC and UVES. This process will be
extended and refined for the next suite
of instruments coming soon, VIMOS,
NACO, and FLAMES, and ultimately
expanded to all VLT instruments.

How to control data quality

The term quality control, though often
used, needs some definition. Quality
control, as we understand it, implies the
control of the following:

+ quality of the raw data

+ quality of the products and of the
product creation process

+ performance of the instrument com-
ponent involved.

Quality control does generally not im-
ply aspects like the monitoring of ambi-
ent data (quality of a night), the proper
format of FITS headers, or the tracking
of programme execution. Responsible
for these aspects, being part of Quality
Control in a wider sense, are other
groups, e.g. Paranal Science Opera-
tions, and the User Support Group.

Pipelines. Fundamental in the QC
process is the use of automatic data
processing packages, the pipelines.
Without these, effective quality control
of the huge amount of data produced
by the Observatory would be impossi-
ble. In fact, the primary goal of the data

reduction pipelines is to create calibra-
tion products and support quality con-
trol. Only after this comes the reduction
of science data.

With the large-scale use of data pro-
cessing pipelines, the Quality Control
group has effectively also the function
of assessing and improving the accura-
cy of the pipelines. As a by-product, we
provide documentation about the
pipeline functions from the user’s point
of view.

The usual day-to-day workflow of the
QC scientists has as primary compo-
nents: processing the raw data (calibra-
tion and science) using the instrument
pipeline, performing the quality checks,
and selecting the certified products and
distributing them.

One might say that the use of the
pipeline, once the process has been set
up properly, is mainly number-crunch-
ing, while the quality checks require ex-
pertise.

The QC process. There is a natural
three-floor pyramid in the QC process
(Figure 1):

QC1 parameters

check data product

Figure 1. The QC and trending pyramid.
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+ checking each data product

» measuring and storing a set of QC
parameters per product, and

* looking at the long-term behaviour of
these parameters.

1. Checking each product. The
first, and most fundamental, step in the
QC process is done on each pipeline
product. Is the frame over/under-ex-
posed? Is it different from the frame
taken yesterday? A set of procedures
creates displays and graphical informa-
tion like cross-cuts and histograms.
Frequently there is a comparison to a
reference frame. Without these proce-
dures, the QC scientist would be blind
to data quality. The mere fact that a re-
duction job was executed without a pro-
cessing error indicates nothing about
data quality.

In practice, after some initial phase
when indeed everything is inspected,
one usually decides to switch to a ‘con-
fidence mode’ in which, for example,
only every third night is inspected in
depth, while for the others the trending
plots are consulted. This strategy is
economic in case of very stable instru-
ment performance, and mandatory with
high data rates. Then the ‘human fac-
tor’, namely the possible level of con-
centration, ultimately limits complete
product checks.

Figure 2 shows as an example the
QC plot for the products of a UVES for-
matcheck frame which is a technical
calibration needed by the pipeline to
find the spectral format. With an expe-
rienced eye, just a second is needed to
know from this plot that everything is
fine and under control.

QC checks are also done on Paranal,
directly after frame acquisition. These
on-the-spot inspections are of quick-
look character and apply to both raw
and product data. They are extremely
important to check the actual status
of the instrument, especially for those

instruments like UVES which have
the data transferred to Garching via
airmail.

2. Deriving QC1 parameters. The
next step in the QC process is the ex-
traction of QC parameters. These are
numbers which describe the most rele-
vant properties of the data product in a
condensed form. Since they are in most
cases derived through some data ma-
nipulation (e.g. by the reduction pipe-
line), they are called QC1 parameters.
This distinguishes them from the QCO
parameters which mainly describe site
and ambient properties like seeing,
moon phase etc.

Across the instruments, there are al-
ways QC1 parameters describing the
detector status, i.e. the read noise, the
mean bias level, the rms of gain varia-
tions etc. Other QC1 parameters spe-
cific to spectroscopic modes are resolv-
ing power, dispersion rms, or number of
identified lines. Imaging modes are
controlled by QC1 parameters like ze-
ropoints, lamp efficiency, and image
quality.

3. Trending. The top level in the QC
pyramid is the trending. Trending is a
compilation of QC1 parameters over
time, or a correlation of one QC1 pa-
rameter against another one. Trending
can typically prove that a certain instru-
ment property is stable and working as
specified. It can do much more, howev-
er. For example, trending can discover
the slow degrading of a filter, or aging
effects of the detector electronics.

Outliers. Within the trending proc-
ess, main attention focuses on two ex-
tremes: the outliers, and the average
data points. Information theory says
that outliers transport the highest infor-
mation content. But not all outliers are
relevant for QC purposes. We need to
distinguish whether the outlier comes
from a bad algorithm setup, from a bad
instrument setup, or just from a bad op-
erational setup.

A bad algorithm may, for example,
be a wrong code for rms determination.
Such an outlier would help to improve
the code. A bad instrument setup could
be a stuck filter wheel with the filter vi-
gnetting the light path. A bad opera-
tional setup would be a frame labelled
as a flat, but with the lamp not switched
on. In short, evaluation of the trending
data is non-trivial and requires judge-
ment.

Finding that a certain QC1 value is
stable over months or years may lead
one to relax the acquisition rate of the
corresponding calibration data. This
may be a good idea since we should
avoid over-calibration. But one has to
bear in mind that for proving stability,
one needs a good coverage in time, so
it is a good idea to have calibrations
done more frequently than their typical
variation timescale.

Certification. Once a product file
has been QC checked, and its QC1
parameters have been verified to be
valid entries, the data enter the de-
livery channel, which involves inges-
tion into the master calibration archive,
usage for science reduction and distri-
bution to the end users (if taken in
Service Mode). By definition, the data
are then certified. Rejected data are
deleted.

Components controlled

UVES has been operational since
April 2000 and was the first instrument
with built-in QC procedures as part of
the pipeline. So it was possible to
measure and collect from the beginning
a backbone set of QC1 parameters.
This set has been expanded over the
last two years and is now almost com-
plete. The two-year baseline forms an
asset from which many valuable pieces
of information about long-term behav-
iour can be extracted.
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Trending

With the QC1 parameters stored in a
database they become available for
trending. There is a central QC1 data-
base under development which will
host all QC1 parameters and other re-
lated information such as plots and
trending results.

The QC1 database can be consid-
ered as the central memory about the
status of each VLT instrument. The goal
is to have available all quality informa-
tion from the complete operational his-
tory of the instrument. This also in-
cludes information about interventions
(e.g. mirror recoating) and replace-
ments (optical components, detectors).
Such information is vital for interpre-
tation of trending results. Moreover,
with data collected over years, it be-
comes possible to detect slow degrad-
ing effects. Preventive interventions
and maintenance can be scheduled
properly.

Web pages

As part of the QC process, these re-
sults are published on the web. The
central Quality Control site is
http://www.eso.org/qc/ which has, per
instrument, a link to QC and trending
results.

Under the URLs http://www.eso.org/
qc/<INSTR>/qgc/qc1.html (where IN-
STR is any of UVES, FORS1. FORS2
or ISAAC), one connects to the QC1
database and views trending plots and
ASCII data (Fig. 3). Here one also finds
detailed documentation about the QC1
parameters.

Our goal is to present knowledge, not

UVES QC monitors the following instrument components (http://www.eso.org/qc/

UVES/qc/qc.html):

Component Property

detector bias level, read noise, dark current; fringing

gratings stability of spectral format; resolving power, precision of
dispersion solution

slit slit noise

lamps, filters FF lamp stability, filter throughput

all components efficiency

FORS1/2 have the following QC items (http://www.eso.org/qc/FORS1/qc/qc1.html,
the FORS2 link has replaced “FORS1” by “FORS2”); MOS will be added eventually:

Mode Property
General bias level, read noise, dark current, gain, contamination
Imaging zeropoints, colour terms, image quality
Long-Slit . . .
dispersion, resolution
Spectroscopy

ISAAC has the following QC items (http://www.eso.org/qc/ISAAC/gc/qct.html),
with the long-wavelength arm being added soon:

Mode Property

General

Imaging (short arm) | Zeropoints

dark level, read noise

just information. Take as an example
the trending of the UVES spectral re-
solving power R. We do not just dump
all available numbers per date, but
provide a documentation of the meas-
urement process, a selection of trend-
ing plots, a correlation with slit width
and a comparison to User Manual
values.

Some QC and trending
highlights

Compensation of UVES thermal
drifts. The precision of the UVES spec-
trograph is limited by ambient tempera-
ture changes. A one degree difference
causes an effective shift of the gratings
by up to 1 pixel in cross-dispersion di-




rection (Figure 4). The daily for-
matcheck frames are compared to a
reference frame and used to measure
these shifts. Since the QC1 values
proved a general stability and a linear
slope of the thermal coefficients, a
compensation for such drifts was suc-
cessfully implemented in cross-disper-
sion direction, and the dispersion direc-
tion was corrected.

UVES filter degradation. The moni-
toring of the exposure level of the
UVES flat-field lamps gives control
over the lamp and filter status. The
filter status is especially significant for
the quality of science observations. In
July 2001, the transmission of the
blue CuSO4 filter dropped, which
was discovered in the trending plot
(Figure 5). The replacement of the filter
gave the blue efficiency of UVES a
boost.

FORS1 image quality. Figure 6
combines input data from pipeline-
processed science images from
FORS1. It demonstrates that in most
cases FORS1 image quality is deter-
mined by the seeing and not degraded
by potential errors such as telescope
guiding.

FORS1 zeropoints. Figure 7 shows
the complete history of FORS1 zero-
points in the V band, spanning three
years. Zeropoints measure the effi-
ciency of the overall system instru-
ment plus telescope. There have been
major interventions (see the caption for
details), but perhaps more interest-
ing is the fact that there has been a
general loss of efficiency by about 8%
per year, due to degrading of the mirror
surface.

ISAAC photometric zeropoints.
Figure 8 shows the zeropoints derived
by the ISAAC pipeline over a half-year
period. The sharp rise around MJD-
OBS = 52,200 is due to an intervention
which included a re-alignment. This im-
proved the instrument efficiency by up
to 0.2 mags. The long-term trend is due
to degradation, while the short-term
scatter in most cases is due to fluctua-
tions of the night quality.
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Figure 4. Measured thermally induced drifts of UVES grating #4, without (left), and with (right)
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tion.

Shared QC

It is obvious that Quality Control must
be a shared responsibility between QC
Garching and Paranal Science Opera-
tions. There are always QC issues
which require immediate reaction and
intervention. These can only be proper-
ly handled on site. With the data air-
mailed to Garching (which today is the
transfer mode for UVES, and soon for
all VLT instruments), the typical reac-
tion time on QC issues in Garching is
10 days. This naturally leads to the con-
cept of shared QC which means that
part of the QC tasks are done on
Paranal (in real time, by daytime as-
tronomer), part in Garching (off-line, by
QC scientist).

On-site QC. Basic quality checks on
the calibration data are performed by
the Paranal daytime astronomer. Just
after exposing the raw calibration data
and pipeline-processing them into cali-
bration products, the data are inspect-
ed visually. The on-line pipelines pro-
duce an essential set of QC1 parame-
ters which is fed into a database.
Essential are those QC1 parameters
relating to fundamental instrument
properties which, in case of failure,
would jeopardize the usefulness of the
science data. Such instrument health
parameters are e.g. proper adjustment
of gratings and filters, and proper CCD
setup.
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Figure 5. The transmission of the CuSO4 filter used for reducing scattered light in the blue
arm of UVES dropped significantly in July 2001. This was only discovered in November 2001
when the corresponding trending procedure had been established. An inspection of that filter
verified its poor state: its coating was partly destroyed by humidity. Its replacement in
December 2001 has improved the efficiency considerably, which is clearly visible in the trena-

ing plot.

Off-line QC. The full set of quality
checks is applied in Garching — any-
thing which is not time critical, but re-
quires in-depth analysis, pipeline or
post-pipeline procedures. This applies
also to complex trending analyses re-
quiring extended data sets. Examples
are photometric zeropoints which are
determined from all standard star data
of a night; colour and extinction terms
being derived for a whole semester; ef-
ficiency curves; sky brightness etc.

Feedback loops. The exchange of
quality information between the two
sites with QC activities is especially im-
portant. The main feedback channel
from QC Garching to Paranal are the
web-published trending plots which are
updated daily. These monitor the prop-
er function of all QC-checked compo-
nents. Any anomalies are investigated
in detail and reported directly to
Paranal.

IOT. The group responsible for
studying new results of trending stud-
ies, the development of new QC1 pa-
rameters or algorithms are the Instru-
ment Operating Teams (IOT). As a ver-
tical structure, these have, per instru-
ment, delegates from each team which
is essential for proper operations, i.e.
from Science Operations, User Support
Group, DFO, Pipeline Development,
and Instrumentation. The teams are led
by the Instrument Scientist. It is here
where all the expertise about a VLT in-
strument is focused and where the loop
between QC results and improvement
of instrument performance is closed.

Feedback into calibration plan

An example of successful feedback
of the QC process and the instrument
operations is the improvement of the
Calibration Plan. In principle, calibra-
tion data are taken to remove instru-
mental signature from the science data
(“calibrate the science”). In a more gen-
eral sense, they are taken to know the
instrument status (“calibrate the instru-
ment”). Ideally, one would go for the lat-
ter goal since this provides the broader
knowledge about the instrument while
including the requirement to reduce the
science data.
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Figure 6. Image
quality of FORS1
(width of stellar im-
ages in arcsec)
versus the image
quality measured
by a seeing monitor
(DIMM). Input data
have been collect-
ed from pipeline-
processed FORS1
science images in
filters UBVRI. Cor-
rection factors have

-
- &
[T T T[T

Corrected FORS 1@ (arcsec)
o
o
}\ L 1 L]

UBVRI (N=1765)

e LEY ..—

been applied for
wavelength and air-
mass. Green dots
mark high-resolu-

1 1.5
DIMM Seeing {arcsec)

[4s)

tion collimator data, black stands for standard-resolution. The broken line indicates FORS I1Q
= DIMM. The red line is a fit to the data. FORS1 image quality is on average better than DIMM

seeing above 0".8.

But in practice this is not even possi-
ble for simple instrument modes. For in-
stance, the imaging mode of FORS1
has 5 standard filters with 4 CCD read
modes and 2 different collimators.
Obtaining a complete set of calibration
frames, including twilight flats and stan-
dard stars, is practically not possible
every night. As a more complex instru-
ment, UVES has 12 standard setups,
with roughly 20 different slit widths and
2 CCD modes, and the parameter
space becomes forbiddingly large for
routinely calibrating all settings.

Therefore, calibration data are usual-
ly triggered by the science setups actu-
ally used in the night before. To these

are added the daily health check cali-
brations. On Paranal, an automatic tool
is used which collects this information
into the daytime calibration queue.
Even this strategy still produces a
large calibration overhead both in terms
of exposure time and archive disk
space. So, after some initial epoch
when confidence has been gained that
the calibration plan is complete, one
may start thinking how to optimize the
plan. In the case of UVES, it has been
shown by the trending studies that the
most relevant instrument properties
usually show trending timescales much
longer than a few days. Based on this
experience a three-day memory has
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Figure 7. Three years of FORS1 zeropoints in the V band. Major interventions, causing steps
in the slope, have been mirror recoatings in February 2000 and March 2001, and sudden de-
grading of the main mirror due to rain in February 2001. The move to UT3/Melipal in August

2001 is invisible in this plot.
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been implemented in the calibration
plan, with calibrations for an identical
setup being repeated only every three
days. The only exception is the wave-
length calibration. The health check cali-
brations are executed daily in order to
prove that nothing irregular happens,
e.g. an earthquake which would clearly
break the long-term trending assumption.

Vision

Our QC process is continuously
evolving, to meet the current and future
needs of our main customers: Paranal
Science Operations and the ESO user
community. Here are a few examples.

Although the QC1 parameters com-
puted and controlled by QC Garching
are available via our Web pages, they
are not easily associated with the cali-
bration products available from the
ESO Science Archive. By the end of
this year, we hope to have a new QC1
parameter database within the Archive
domain. Once this database exists, it
should be possible for users to retrieve
the QC1 parameters associated with
the calibration products they are re-
trieving from the Archive. This is partic-
ularly important in the context of Virtual
Observatory development.

The calibration data flowing through
QC Garching contains a rich but large-
ly unexploited reservoir of information
about Cerro Paranal as a site. QC
Garching, in collaboration with other
group within ESO, has started several
projects to process this information and
make it available to our customers. For
example, this year we will publish a
high signal-to-noise, high resolution sky
atlas extracted from many hours of
UVES observations, as well as a study
of optical sky brightness as a function
of lunar phase, lunar distance, time af-
ter twilight, etc, derived from FORS
data. Possible future projects include
the creation of lists of faint, secondary
photometric standards for FORS and
ISAAC, in collaboration with Paranal
Science Operations.

For historical reasons, our QC web
pages (http://www.eso.org/qc) are im-
plemented in a very heterogeneous
way. We are reorganising and revising
these pages to make them more homo-
geneous across instruments, and to
make it easier for our users to find the
information they need.

Of course, our main priority this year
is to establish regular QC operations for
the latest VLT instruments: NACO, VI-
MOS, and FLAMES, as well as extend-
ing our process to the VLT Inter-
ferometer complex. These instruments
introduce many new and complex
modes: optical interferometry, adaptive
optic imaging, high density multi-object
spectroscopy with slits and fibers, and
integral field spectroscopy. The under-
lying, detector based health and well-
ness QC process are essentially exten-



sions of our current process, but the de-
velopment of a higher level QC process
will be more challenging.

Last Words: Other DFO
Services

In this article, we have focused on
our main role: quality control for the
VLT data flow. To close, we briefly out-
line the other services DFO provides to
the ESO user community.

As mentioned above, the VLT QC re-
volves around calibration data. Most
quantitative QC is done using calibra-
tion products, e.g. dispersion solutions
or master flat fields. It is the responsi-
bility of DFO Garching to produce such
calibration products and then re-use
them in a number of ways. Calibration
products are ingested into the ESO
Science Archive; they are included in
the standard data packages produced
for Service Mode users; they are used
within the on-line DFS Pipeline system
on Paranal; and they are used to pro-
duce science data products for Service
Modes users.

Another important DFO service is
processed Service Mode science data.
Science data are only processed when
an appropriate pipeline is available.
Science pipeline data products are de-
livered with the understanding that they
may not be publication quality in all cas-
es. However, these products can be
very useful for making the initial as-
sessment of science data quality and
for providing guidance on how to
process the delivered science data for
a specific application.
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Figure 8. ISAAC photometric zeropoints for Period 68, in photometric bands Js (green
squares), J (red diamonds), H (blue crosses), and K (asterisks). Horizontal axis is Julian Date
of observation (MJD-OBS), vertical axis is zeropoint in magnitudes. Last civil date of obser-

vation on the plot is 2002-04-01.

When a Service Mode run is com-
pleted, DFO creates and delivers a
standard data package to the run
Principal Investigator. This data pack-
age contains all the raw science and
calibration data, pipeline science and
calibration products when available,
and a variety of supporting listings and
reports. Technical support (e.g. media
manufacturing) is provided by the ESO
Science Archive team.

Last but not least, DFO maintains
extensive documentation about what
we do and how we do it, on our QC
Web pages: http://www.eso.org/qc/.
Our detailed descriptions of how sci-

ence and calibration data are proc-
essed using the current generation
pipelines may be particularly interesting
to users.
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Recent NAOS-
CONICA Images

Walking on the Moon: The ability of NAOS
to do wavefront sensing on extended objects
was once again demonstrated by closing the
AO loop on the peak of a sunlit lunar moun-
tain. This image was obtained with CONICA
through a 2.3 micron narrow-band filter and
shows details down to 0.1 arcsec (which cor-
responds to a ground-resolution of 175 me-
tres, quite comparable to the resolution ob-
tained from lunar orbit with the NIR camera
aboard the Clementine spacecraft). The
NACO image covers a region of about
45 x 45 km.

(Picture credit: Eric Gendron and the NAOS
and CONICA consortia.)




