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1 Introduction

1.1 Purpose

The VCAM pipeline is a subsystem of th_T Data Flow SystentDFS). Its target user is ESData Flow
Operations(DFO) in the generation of master calibration data, in the reduction of sciestificsures, and in
the data quality control. It should also serve as a quick look todPémanal Science Operatioff®SO).

This manual is a complete description of the data reduction recipes refleatistatins of the VCAM pipeline
as of 14.01.2011 (version 1.0.+).

1.2 Scope

This document describes the VCAM pipeline used at ESO-Garching a@dH&aganal for the purpose of data
assessment and data quality control.

Updated versions of the present document may be found on [1]. Fargenformation about the current
instrument pipelines status we remind the user of [2]. Quality control informatie at [3].

Additional information on CFITSIO, the Common Pipeline Library (CPL) andDREX can be found respec-
tively at [4], [5], [6]. The Gasgano tool is described in [14]. A degtion of the instrument is in [7]. The
VISTA Data Reduction Library Design document is in [8] and the calibratiam jn [9] while results of Sci-

ence Verifications (SV) are at [?].

1.3 Reference documents

[1]  Vircam Pipeline Users’ Manual VLT-MAN-ESO-?7???
http://www.eso.org/projects/dfs/dfs-shared/web/vit/vit-instrument-pipelines.html
[2]  Current pipeline status
http://www.eso.org/observing/dfo/quality/pipeline-status.html

[3] ESO-Data Flow Operation home page http://www.eso.org/observing/dfo/quality/

[4] CFITSIO home page http://heasarc.nasa.gov/fitsio/fitsio.html

[5] CPL home page http://www.eso.org/cpl

[6] ESOREX home page http://mwww.eso.org/cpl/esorex.html

[7] VISTA home page http://www.vista.ac.uk

[8] VISTA Data Reduction Library Design VIS-SPE-IOA-20000-0010
http://www.eso.org/instruments/ocam/usermanual.html

[9] VISTA Infra Red Camera Calibration Plan VIS-SPE-IOA-20000-0002

1] DFS Pipeline & Quality Control — User Manual VLT-MAN-ESO-19500-961
2] ESO DICB - Data Interface Control Document GEN-SPE-ESO-000®3+-0

3] Common Pipeline Library User Manual VLT-MAN-ESO-19500-2720
4] Gasgano User’s Manual VLT-PRO-ESO-19000-1932
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2 Overview

In collaboration with instrument consortia, the Pipeline Systems Departmed) (#3he Software Develop-
ment Division is implementing data reduction pipelines for the most commonly us&®\/LI instrument
modes. These data reduction pipelines have the following three main psrpose

Data quality control: pipelines are used to produce the quantitative information necessary to niosito-
ment performance.

Master calibration product creation: pipelines are used to produce master calibration prodeats com-
bined bias frames, super-flats, wavelength dispersion solutions).

Science product creation: using pipeline-generated master calibration products, science prodeipteduced
for the supported instrument modesd, combined Vircam jitter stacks; bias-corrected, flat-fielded im-
ages). The accuracy of the science products is limited by the quality of #ilalale master calibration
products and by the algorithmic implementation of the pipelines themselves. Inutartadopted auto-
matic reduction strategies may not be suitable or optimal for all scientific goals.

Instrument pipelines consist of a set of data processing modules thia¢ catied from the command line, from
the automatic data management tools available on Paranal or from Gasgano.

ESO offers two front-end applications for launching pipeline reciggasgand14] and EsoRexboth included

in the pipeline distribution (see AppendP?, page??). These applications can also be downloaded separately
fromhttp://ww. eso. or g/ gasgano andht t p: // ww. eso. or g/ cpl / esorex. ht m . Anillus-
trated introduction to Gasgano is provided in the "Quick Start" Section of thisiah&see pag&?).

The Vircam instrument and the different types of Vircam raw frames arilliary data are described in Sections
??,?7?, and??.

A brief introduction to the usage of the available reduction recipes usinga@Basor EsoRex is presented in
Section??. In section?? we advice the user about known data reduction problems providing atsibpe
solutions.

An overview of the data reduction, what are the input data, and the seitipelved in the calibration cascade
are provided in sectiof?.

More details on what are inputs, products, quality control measureditieganand controlling parameters of
each recipe are given in secti@f.

More detailed descriptions of the data reduction algorithms used by the indiyigpeline recipes can be found
in Section??.

In Appendix?? the installation of the Vircam pipeline recipes is described and in Apperilist of used
abbreviations and acronyms is given.
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3 Vircam Instrument Description

Vircam has been developed by a consortium of Rutherford Appletoorastry, UK Astronomy Technology
Centre (UKATC) and University of Durham. The camera will be installed indI&TA (Visible and Infra Red
Survey Telescope for Astronomy) in Paranal. The instrument has bega available to the community and
started operations in Paranal on Octob#y 2009.

In this chapter a brief description of the Vircam instrument is given. A moregdete documentation can be
found in the Vircam User Manual, downloadable frdmt p: / / ww. eso. or g/ i nstrunent s/ ocam .

3.1 Instrument overview

The primary goal of Vircam at VISTA is to survey both spatially and over titheough monitoring with
good image quality, which is required to enhance sensitivity and resoluticanfexcellent site. 75% of the
VISTA time available to ESO will be available for large scale public surveysla@demaining 25% for smaller
proprietary surveys.

Vircam has sixteen 2048x2048 pixel IR detectors (Raytheon VIRGOdg®.84-2.5 micron) which are not
buttable and are arranged as in the following figure ???? Each camesusxproduces a pawprint consisting
of 16 non-contiguous images of the sky. Vircam has a filter wheel whisBlHitter holders, each one containing
16 filters, one for each IR detector. The instrument will be delivered withet sets (Y, J, H, K) and a further
three sets of cold blanks.

The only observing mode is imaging. A target in the sky is observed ancettaankd in parallel, the required
filter set is placed in the beam. A set of exposures may consist on a nuinigéegrations which usually

are jittered by small offsets to remove bad pixels and to determine sky baidyrdhis set of exposures is
combined in the pipeline to create a single pawprint.

e Pawprint contains 16 non-contiguous images of the sky produced banviwith its 16 non-contigous
chips. The name is from the similarity to the prints made by the padded paw ofraalan

o Jitter pattern is a pattern of exposures at positions each shifted by a smalinaot/(< 30 arcsec) from
the reference point. The non-integral part of the shifts is any fradtimmaber of pixels. Each position
of a jitter pattern can contain a microstep pattern.

e Mesostep is a sequence of exposures designed to completely samptethertace of the detectors in
medium-sized steps, in order to monitor residual systematics in the photometry.

e Microstep pattern is a pattern of exposures at positions each shifted bsy awall movement< 3
arcsec) from the reference position. Unlike a jitter, the non-integralgfdhe shifts are exact fractions
of a pixel, which allows the pixels in the series to be interlaced in an effort te&se resolution. A
microstep pattern can be contained within each position of a jitter pattern.
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Figure 3.1.0: The Focal plane layout for Vircam.
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4 Quick start

This section describes the most immediate usage of the VCAM pipeline recipesa domplete list of the
available recipes, please see Secfi@npage??.

4.1 Anintroduction to Gasgano and EsoRex

Before being able to call pipeline recipes on a set of data, the data myspbeunely classified, and associated
with the appropriate calibrations. ThBata Classification consists of tasks such as: "What kind of data am
I?", e.g, BIAS, "to which group do | belong?'e.g, to a particular Observation Block or templat®ata
Association is the process of selecting appropriate calibration data for the reductiarsef of raw science
frames. Typically, a set of frames can be associated if they share a nafhgreperties, such as instrument and
detector configuration. As all the required information is stored in the FBe®ldrs, data association is based
on a set of keywords (called "association keywords") and is specifiadh type of calibration.

The process of data classification and association is known as datésatgan

An instrument pipeline consists of a set of data processing modules thdtecaalled from different host
applications, either from the command line wiltsorex from the automatic data management tools available
at Paranal, or from the graphical to@asgano.

Gasganois a data management tool that simplifies the data organisation processgoffietomatic data clas-
sification and making the data association easeeri if automatic association of frames is not yet provided
Gasganodetermines the classification of a file by applying an instrument specific rhiée wsers must pro-
vide this information to the recipes when they are executed manually U&sogex from the command line. In
addition, Gasganoallows the user to execute directly the pipeline recipes on a set of selecsed file

4.1.1 Using Gasgano

To get familiar with the Vircam pipeline recipes and their usage, it is advisalegim with Gasgane because
it provides a complete graphic interface for data browsing, classificatidassociation, and offers several other
utilities such as easy access to recipes documentation and preferretsgheta wols.

Gasganocan be started from the system prompt in the following way:
gasgano &

The Gasganomain window will appear. On Figure?, a view on a set of Vircam data is shown as an example.
Gasganocan be pointed to the directories where the data to be handled are locaggthesmavigation panels
accessible via theddd/Remove Filegntry of the File menu (shown on the upper left of the figure).

The data are hierarchically organised as preferred by the user.e&ftbrfile name are shown the classification,
the instrument setup id (which indicates the band), the instrument pre-opiith(imdicates the camera setting),
the template exposure number and the number of exposures in the templdtee aaldie of the DPR.TYPE.
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More information about a single frame can be obtained by clicking on its nareecatiesponding FITS file
header will be displayed on the bottom panel, where specific keywordsecapportunely filtered and searched.
Images and tables may be easily displayed using the viewers specified irpthprigie Preferencesfields.

Frames can be selected from the main window for being processed byghepdpte recipe: on Figure?,
five dark frames are selected and sent to #iream_dark_combineecipe. This will open aGasganorecipe
execution window (see Figuf®?), having all the specified files listed in ithput Framespanel.

Help about the recipe may be obtained from tHelp menu. Before launching the recipe, its configuration may
be opportunely modified on tharameterspanel (on top). The window contents might be saved for later use
by selecting theSave Current Settingentry from the File menu, as shown in figure.

At this point the recipe can be launched by pressingEkecutebutton. Messages from the running recipe will
appear on theLog Messagepanel at bottom, and in case of successful completion the products wilttee lis
on the Output Framespanel, where they can be easily viewed and located back on the Gasganeindow.

Please refer to th&asgano User's Manudl’] for a more complete description of th@asganointerface.

TBD
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Tools Help

Default grouping :*:H collapse, | Find entry: | |'v|| find | o
File [ CLASSIFICATI. | ING FILTAD | M5 FILT NAME _ TPL EXPNO | TPLNEXP |

[ Displaying 71 files Unfiltered.
@ [Ed Maintenance
@ B8 -1 Maintenance

0CAM  Condor

QCAM_IMG_BIASOY 7 _000B fits
QCAM_IMG_BIASO? 7 _0006m.fits
QCAM_IMG_BIASO77 _0007 fits
QCAM_IMG_BLASDY 7 _0007 m.fits
QCAM_IMG_BIASO?7 _000E fits
QCAM_IMG_BIASO? 7 _0003 fits
QCAM_IMG_BIASO? 7 _0010.fits
QCAM_IMGC_BLASOE0_ 0002 fits
QCAM_IMG_BIASOB0_0003 fits
QCAM_IMG_BLASOE0_0004 fits

MO FILTER MO_FILTER 1
MO_FILTER MO_FILTER 1
MO _FILTER MO _FILTER 1
MO _FILTER MO_FILTER 1
MO _FILTER MO _FILTER 1
MO_FILTER MO_FILTER 1
MOYING MOVING 1

1

2

1

L N N R L o i ol i

| Load Filter |C) Filter

BITPL 16

MAK IS 4]

EXTEND T

QRIGIN TEST

DATE 2005-03-18T14:41:10.023
TELESCOP ES0-YLT-U0

JINSTRUME OCAM

OBJECT BlAS

EXPTIME 0.0000

Figure 4.1.1.The Gasgano main window.
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Help

File Selected files Tools

T

Default grouping

:V:|| collapse |

Find entry: |

(~|[ fina | 3

File

[ CLASSIFICATI..] INS.FILT.ID | IN5.FILT.MAME _TPLEXPNO | TPL.NEXP.

® [Ed Maintenance
@ [ -1 Maintenance

=] Displaying 71 files Unfiltered.
0CAM  Condor

OCAM MG _BIASO7 7 L0006 fits

QCAM_IMG_BIASO77 _0006rm.fits
CCAM_IMG_BIASO77_0007 fits

Bl ocam_IMG_BIASO77 0007 mfits
OCAM_IMG_BIASO77 _0008 fi
OCAM_IMG_BIASO77 _0009
OCAM_IMG_BIAS077_0010
Bl ocam_IMG_BIASDS0_0002
OCAM_IMG_EIASO80_0003

Report...

OCAM_IMG_BI

ASOE0_0004) M

|xension [neAver

Blas
BlAS
Bl
BlAS

To Recipe Request fool b

NO_FILTER

MO _FILTER

MO _FILTER.

MO _FILTER

MO _FILTER

MO_FILTER.

MO_FILTER
MO _FILTER,
MO _FILTER
NO_FILTER,
MO_FILTER

e R S

< unknown orig

MO _FILTER
ocam_coldpixels

L] ocam_mflat
Kenaward ocam_miwil

IPLE T ocam_mtwil
BITPIx 16 ocam_nightsky_flat
NAXIS 0 S S

cam_qcheck.
e = ocam_gchec
ORIGIN TEST -
DATE 2005-032-18T14:4 9€
TELESCOP ES0-YLT-Uo i
{INSTRUME OCAM
OBJECT BIAS
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»

EXPTIME

Figure 4.1.2:Selecting files to be processed by an Vircam pipeline recipe.
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File Help

i Current
rParameters
Marme Walue Default Range
ocam.ocam_mhbias. REawExtensionMumber 1 10,32
ocam.ocam_mhbias. Overscantethod 0 Q0.6
ocarm. ocari_mbias. Sigmaclip 2.0 2.0
ocam.ocam_mbias. Eejsigma 5.0 5.0/1.0.10.0 = = e
quest Pool
‘rInput Frames-
Include Filename Classification |
] QCAM_IMG_BIASOF7 0006 fits BlAS Locate Display
lvi QCAM_IMG_BIASOY 7 _0007 fits BlAS | ocate Display
vl QCAM_IMG_BIASOY 7 0008 fits BlAS | ocate Display
rProduct Naming
Product Root Directory: |/diskb/home focam || Browse | NamingScheme:| L

Execute Selecied |

Q{> Execute @ @

rOutput Frames

Filename | Classification [
ocam_HOT _PIXELS_MAP_0000 fits |HOT _PIXELS_MAP | Locate Display
ocam_MASTER_BLAS_0000.fits MASTER_BlAS | Locate Display

rLog Messages-

12:28:52 [ INFO ] Writing ocam_HOT _PIXELS_MAP fits
12:28:52 [ INFO ] Writing ocam_HOT _PIXELS_MAP. paf
12:28:55 [ INFO ] Writing ocam_MASTER_EIAS fits
12:38:55 [ INFO ] Writing ocam_MASTER_EIAS paf
Froduct frames:

fdiskbfhomefacamfocam_HOT _PIXELS _MAFP _0000 fits

fdiskbfhomejfocamfocam_MASTER_BLAS QOO0 fits
Completion status; SUCCESS

Figure 4.1.3The Gasgano recipe execution window.
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4.1.2 Using EsoRex

EsoRexis a command line utility for running pipeline recipes. It may be embedded by irderdata reduction
scripts for the automation of processing tasks. On the other Es@RRexdoesn't offer all the facilities available
with Gasgano and the user must classify and associate the data using the informatiomedniathe FITS
header keywords (see Secti®d® page??). The user should also take care of defining the input set-of-frames
and the appropriate configuration parameters for each recipe run:

The set-of-frames: Each pipeline recipe is run on a set of input FITS data files. When u&isgRex the
filenames must be listed together with their DO cateddryan ASCII file, the set-of-framegSOF), that
is required when launching a recige.

Here is an example of SOF, valid for thércam_dark _combineecipe:

/file path/lchantab.fits CHANNEL TABLE
/file_path/VIRCAM | MG_DARK159 0001.fits DARK
/file_path/VIRCAM | MG_DARK159 0002.fits DARK
/file_path/VIRCAM | MG_DARK159 0003.fits DARK
/file_path/VIRCAM | MG_DARK159 0004.fits DARK
/file_path/VIRCAM | MG_DARK159 0005.fits DARK
/file_path/bpmfits MASTER BPM

It contains for each input frame the full path file name and its DO categog pipeline recipe will
access the listed files when required by the reduction algorithm.

Note that the Vircam pipeline recipes do not verify in any way the correstoéthe classification tags
specified by the user in the SOF. The reason of this lack of control is thatitbam recipes are just
the DRS component of the complete pipeline running on Paranal, where kheftdata classification
and association is carried out by separate applications. Moreovey, Gagganoas an interface to the
pipeline recipes will always ensure a correct classification of all thefdatses, assigning the appropriate
DO category to each one of them (see Secti@mpage??).

A recipe handling an incorrect SOF may stop or display unclear erroragessit best. In the worst cases,
the recipe would apparently run without any problem, producing resultsitiglook reasonable, but are
actually flawed.
EsoRex syntax: The basic syntax to use ESOREX is the following:
esorex [esorex_options] recipe_name [recipe_options] set_&fimes
To get more information on how to customise ESOREX (see also [7]) run thenemd:
esorex --help
To generate a configuration file esorex.rc in the directory $SHOME/.esarethe command:
esorex - -create-config

The indicatedO categoryis a label assigned to any data type after it has been classified, which isstheto identify the frames
listed in theset-of-frames
The set-of-frames corresponds to thrput Framespanel of the Gasganorecipe execution window (see FiguPg, page??).
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A list of all available recipes, each with a one-line description, can be @amtaising the command:
esorex - -recipes
All recipe parameters (aliases) and their default values can be disgdsited command
esorex - -params recipe_name
To get a brief description of each parameter meaning execute the command:
esorex - -help recipe_name
To get more details about the given recipe give the command at the shelbpro
esorex - -man-page recipe_name
Recipe configuration: Each pipeline recipe may be assigned BSoRex configuration file, containing the
default values of the parameters related to that retipee configuration files are normally generated in
the directory $HOVE/ . esor ex , and have the same name as the recipe to which they are related, with

the filename extensionr c. For instance, the recipgircam_dark _combinéehas its EsoRexgenerated
configuration file namedsi r cam _dar k_conbi ne. r c , and is generated with the command:

esorex - -create-config vircam_dark_combine
The definition of one parameter of a recipe may look like this:

# --conb
# Conbi nation nethod: (1,2)
vi rcam vi rcam dar k_conbi ne. conbt ype=1

In this example, the parameteri r cam vi r cam dar k_combi ne. conbt ype is set to the value

1. In the configuration file generated bisoRex one or more comment lines are added containing
information about the possible values of the parameter, and an alias tihdibeaused as a command line
option (- conb ).

The recipes provided by the Vircam pipeline are designed to implementadsstmacro data reduction
steps, each controlled by its own parameters. For this reason and tofgpavameter name clashes we
specify as parameter prefix not only the instrument name but also the nathe step they refer to.
Shorter parameter aliases are made available for use on the command line.

The command

esorex - -create-config recipe_name

generates a default configuration fiecipe_name.rcin the directory$HOME/.esorex.

A recipe configuration file different from the default one can be sptidn the command line:
esorex - -recipe-config=my_alternative_recipe_config

Recipe parameters are provided in sec®8rand their role is described in Secti@f.

More than one configuration file may be maintained for the same recipe butjen torbe used, a con-
figuration file not located unde$HOVE/ . esor ex , or having a name different from the recipe name,
should be explicitly specified when launching a recipe.

3The EsoRexrecipe configuration file corresponds to tRarameterspanel of theGasganorecipe execution window (see Figure
??, page??).
“If a number of recipe parameters are specified on the command lingivérevalues will be used in the created configuration file.
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Recipe execution: A recipe can be run by specifying its name EsoRextogether with the name of a set-of-
frames. For instance, the following command line would be used to run theereitgam_dark_combine
for processing the files specified in the set-of-frames

darkl. sof :
esorex vircam_dark_combine dark1.sof

The recipe parameters can be modifyed either by editing directly the ustégLoation file, or by specify-
ing new parameter values on the command line using the command line optionsl defitieés purpose.
Such command line options should be inserted after the recipe name ang thef@OF name, and they
will supersede the system defaults and/or the configuration file settingggtance, to set the

vircam_dark_combineecipe comb parameter to2, the following should be typed:
esorex vircam_dark_combine --comb=2 dark1.sof

For more information orEsoRex seehtt p: / / ww. eso. or g/ cpl / esorex. htm .

4.2 Example of data reduction using EsoRex

A simple, typical data reduction procedure is described here.

We suggest the user to organize the data per type, observed bandmarhcsetting. Dark frames may be
grouped per detector DIT, frames to compute distortion and frames to couagteietor non linearities may be
organized per observed band. The detector DIT is given by the véltiee d&~ITS keyword DET DIf. The
observed band is indicated by the value of the FITS keyword INS SETUJRHe camera setting is indicated
by the value of INS OPTI1 NAME. In the examples below we suppose thehassdata acquired in band V and
with the 100 mas pre-optic setting, and DIT=600. In the following examppest h_r aw/ indicates the full
path to the source tree directory containing raw data.

Dark Frames: those frames are characterized by DPR.TYPE='"DARK’,

/ pat h_raw VI RCAM | MG_DARK159 0001.fits DARK
/ pat h_raw VI RCAM | MG_DARK159 0002. fits DARK
/ pat h_raw VI RCAM | MG_DARK159 0003. fits DARK

Dome flat field frames: those frames are caracterized by DPR.TYPEFEWMP’

/ pat h_raw VI RCAM | MG_FLAT159 0001.fits DOVE_FLAT
/ pat h_raw VI RCAM | MG _FLAT159 0002.fits DOVE_FLAT
/ pat h_raw VI RCAM | MG_FLAT159 0003.fits DOVE_FLAT

5The procedure usingsasganois conceptually identical.
®We omit here the prefix HERARCH ESO
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5 Instrument Data Description

Vircam data can be separated imgw and productframes. Raw frames are the unprocessed output of the
Vircam instrument observations, while product frames are either thé afghe Vircam pipeline processing
(as reduced frames, master calibration frames, etc.), or are outsqascsthndard stars catalogs, astrometric
catalogs, etc.).

Any raw or product frame can be classified on the basis of a set of deelgnread from its header. Data
classification is typically carried out by the DO or bgasgand7], that apply the same set of classification
rules. The association of a raw frame with calibration data. ( of a science frame with a master bias frame)
can be obtained by matching the values of a different set of headeokdyw

Each kind of raw frame is typically associated to a single Vircam pipeline rgioinehe recipe assigned to the
reduction of that specific frame type. In the pipeline environment this reeiued be launched automatically.

A product frame may be input to more than one Vircam pipeline recipe, butytbeecreated by just one
pipeline recipe (with the same exceptions mentioned above). In the automatiogigavironment a product
data frame alone would not trigger the execution of any recipe.

In the following all raw and product Vircam data frames are listed, togatfitbrthe keywords used for their
classification and correct association. The indic&@€dcategonyis a label assigned to any data type after it has
been classified, which is then used to identify the frames listed iBé&ief Framegsee Sectior??, page??).

The Vircam instrument has only one mode, which is IMAGING. Raw framesggefore are only distinguished
by their observing mode, which can BBRECTandJITTER Their intended use is implicitly defined by the
assigned recipe.

e Linearity:
DO categoryFLAT _LAMP_LI NEARI TY
Processed byi rcam | i nearity_anal yse

Classification keywords: Association keywords: Note:
DPR CATG = CALI B

DPR TYPE = FLAT, LAMP, LI NEARI TY

DPR TECH = | MAGE

I NSTRUME = VI RCAM

DO categoryDARK_LI NEARI TY
Processed byi rcam | i nearity_anal yse

Classification keywords: Association keywords: Note:
DPR CATG = CALI B

DPR TYPE = DARK, LI NEARI TY

DPR TECH = | MAGE

I NSTRUME = VI RCAM

DO category:DARK CHECK
Processed byi rcam | i nearity_anal yse
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Classification keywords: Association keywords: Note:
DPR CATG = CALIB
DPR TYPE = DARK, CHECK
DPR TECH = | MAGE
| NSTRUME = VI RCAM

DO categoryFLAT_LAMP_CHECK

Processed bwi rcam | inearity_anal yse
Classification keywords: Association keywords: Note:
DPR CATG = CALIB
DPR TYPE = FLAT, LAMP, CHECK
DPR TECH = | MAGE
I NSTRUME = VI RCAM

e Dark:

DO category:DARK

Processed byi r cam dar k_comnbi ne
Classification keywords: Association keywords: Note:
DPR CATG = CALIB | NSTRUME = VI RCAM Instrument used
DPR TYPE = DARK
DPR TECH = | MAGE
I NSTRUME = VI RCAM

e Reset:

DO categoryBI AS
Processed byi r cam r eset _conbi ne

Classification keywords: Association keywords:
DPR CATG = CALIB

DPR TYPE = BI AS | NSTRUVE = VI RCAM
DPR TECH = | MAGE

I NSTRUVE = VI RCAM

e Dark Current:

DO category DARK_CURRENT
Processed byi r cam dar kcur r ent

Classification keywords: Association keywords:
DPR CATG = CALI B

DPR TYPE = DARKCURRENT

DPR TECH = | MAGE

I NSTRUVE

VI RCAM

Note:

Instrument used

Note:
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e Detector Noise:

DO category DARK_GAI N
Processed byi r cam det ect or _noi se

Classification keywords: Association keywords:
DPR CATG = CALIB

DPR TYPE = DARK, GAI N

DPR TECH = | MAGE

| NSTRUVE = VI RCAM

DO category:FLAT_LAMP_GAI N
Processed byi r cam det ect or _noi se

Classification keywords: Association keywords:
DPR CATG = CALIB

DPR TYPE = FLAT, LAMP, GAI N

DPR TECH = | MAGE

| NSTRUME = VI RCAM

e Dome Flat Field:

DO categoryFLAT_LAMP
Processed byi r cam done_fl at _conbi ne

Classification keywords: Association keywords:
DPR CATG = CALIB | NSTRUME = VI RCAM
DPR TYPE = FLAT, LAMP INS FILT[1-4] ID
DPR TECH = | MAGE DET DI T

I NSTRUME = VI RCAM DET NDI T

o Twilight flat field:

DO categoryFLAT_TW LI GHT
Processed byi rcam twi | i ght _fl at _conbi ne

Classification keywords: Association keywords:
DPR CATG = CALIB | NSTRUVE = VI RCAM
DPR TYPE = FLAT, TW LI GHT INS FILT[1-4] ID
DPR TECH = | MAGE DET DI T

I NSTRUME = VI RCAM DET NDI T

e Standard Stars:

DO category:STD_FLUX
Processed byi r cam st andar d_process

Classification keywords: Association keywords:
DPR CATG = CALIB | NSTRUVE = VI RCAM
DPR TYPE = STD, FLUX INS FILT[1-4] ID
DPR TECH = | MAGE, JI TTER DET DI T

I NSTRUVE = VI RCAM DET NDI T

Note:

Note:

Note:
Instrument used
Filter unique ID
actual subintegration time
actual subintegration times

Note:
Instrument used
Filter unique ID
actual subintegration time
actual subintegration times

Note:
Instrument used
Filter unique ID
actual subintegration time
actual subintegration times
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e lllumination:

DO category:STD | LLUM NATI ON
Processed byi r cam mesost ep_anal yse

Classification keywords: Association keywords: Note:

DPR CATG = CALIB | NSTRUVE = VI RCAM Instrument used

DPR TYPE = STD, | LLUM NATI ON INS FILT[1-4] ID Filter [1-4] on each beam

DPR TECH = | MAGE, JI TTER DET DI T actual subintegration time
> DNSTROME = VI RCAM actual subintegration times

e Science:DO category:OBJECT
Processed byi rcam jitter_m crostep_process

Classification keywords: Association keywords:
DPR CATG = CALIB | NSTRUVE = VI RCAM
DPR TYPE = OBJECT INS FILT[1-4] ID
DPR TECH = | MAGE, JI TTER DET DI T

I NSTRUME = VI RCAM DET NDI T

DO category:OBJECT_EXTENDED
Processed byi rcam jitter_m crostep_process

Classification keywords: Association keywords:
DPR CATG = CALIB | NSTRUVE = VI RCAM
DPR TYPE = OBJECT, EXTENDED INS FILT[1-4] ID
DPR TECH = | MAGE, JI TTER DET DI'T

| NSTRUME = VI RCAM DET NDI' T

Note:
Instrument used
Filter [1-4] on each beam
actual subintegration time
actual subintegration times

Note:
Instrument used
Filter [1-4] on each beam
actual subintegration time
actual subintegration times
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6 Static Calibration Data

In the following, all static calibration frames used in the VCAM pipeline are lisiegkether with the keywords
used for their correct association. The indica®RIOD.CATGs a label assigned to any product data type, which
is then used to identify the calibration frames listed in$®& of Framegsee Sectior??, page??).

6.1 Photometric calibration table

DO categoryPHOT _TABLE

This is a table used to define the transformation from instrumental to standgritaues.

Name Type Description
filter char The name of the filter
extinction | float The extinction coefficient for airmass of unity for the given filter
of fset float A pedestal value to be added to the instrumental magnitude
columns | char | The standard magnitude columns from the matched standards cataloguestmibe u
coleq char The colour equation coefficients

6.2 Channel table

DO categoryCHANNEL _TABLE INI'T

Each VIRCAM detector is split into 16 different data channels, each withaits electronics. This means that
some reduction tasks will rely on knowing the location and readout timing infismé&r each data channel.
The location and linearity information will be provided by thadchannel table®§. The information will be
stored in a multi-extension FITS file with each extension being a FITS binaly (abe for each detector).
Each of the tables will contain the columns listed in below (although perhapn tias order). The extension
name should match the extension names for the input images. It is worth renmegniere that there is no
zeroth order coefficient, so the number of coefficient columns is the sathe @olynomial order. Two types of
channel tables will be employed as shown in Table 5-1 and Table 5-3.igeratich requests a table of type
CHANNEL_TABLE_INIT will only make use of the positional information fordalthannels. Any information
about the linearity and the readout parameters will be ignored. If a MASTEHANNEL_TABLE is requested,
then the recipe will need the linearity information. All channel table files must lreeach extension an estimate
of the saturation level in ADUs in the keyword ESO DET SATURATION.
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Name Type | Units | Description
channum | int Number of the data channel
ixmin int pixels | Lower left X coordinate
ixmax int pixels | Upper right left X coordinate
wymin int pixels | Lower left Y coordinate
iymax int pixels | Upper right left Y coordinate
derpizl int pixels | First pixel on readout, X coordinate
derpiz2 int pixels | First pixel on readout, Y coordinate
dedlq int Partial derivative, fast readout axis, X axi
dedlq int Partial derivative, fast readout axis, Y axi
ded2q int Partial derivative, slow readout axis, X ax
ded24 int Partial derivative, slow readout axis, Y ax
lin10000 | double Non-linearity at a level of 10000 ADU
1in10000.rr | double Error of the above
norder int Order of the polynomial fit
coef fi double First coefficient of the fit, always 1
coef fn double n-th coefficient of the fit, n=norder

2]

is
is
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7 Data Reduction

7.1 VCAM pipeline recipes

The current VCAM pipeline is based on a set of 12 stand-alone recipelvéd in the data reduction cascade:

vircam_reset_combineprovides stability information on the pedestal and pixel to pixel variation.
vircam_dark_combine calculates the variation in the reset anomaly structure and scale.
vircam_dark_current calculates the accumulated counts from the thermal noise.
vircam_dome_flat_combinemonitors instrument performance, image structure and confidence maps.
vircam_detector_noisemeasures the readout noise and gain of each chip.
vircam_linearity_analysedetermines the linearity curve of each detector.

vircam_twilight_flat_combine removes pixel-to-pixel gain variations and the instrumental vignetting profile.
It also provides a global gain correction.

vircam_mesotep_analyséor standard stars field data reduction and the determination of
vircam_persistence_analyseemoves image persistence from images.
vircam_crosstalk_analyseemove the cross-talk if eventual alterations happen to the electrical emerd.
vircam_jitter_microstep_analyseprocesses a sequence of science data.

vircam_standard_procesgrocesses a sequence of photometric standard data.
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8 Pipeline Recipes Interface

In this Section a detailed description of the FORS pipeline recipes interfage®ig with a complete specifi-
cation of the recipes usage, their input, output, and configuration pan@mete

8.1 vircam_reset_combine

This recipe combines a sequence of reset frames to form a mean frats®. dbmpares to a library reset frame
to provide information on the stability of the pedestal and reset structure.

8.1.1 Input files

BIAS: requiredlist of reset frames
REFERENCE_BIAS: optionallibrary mean reset frame
MASTER_CHANNEL_TABLE: optionalchannel table
CHANNEL_TABLE_INIT: optionalchannel table
MASTER_BPM: optionallibrary bad pixel map
MASTER_CONF: optionallibrary confidence map
8.1.2 Output files

MASTER_BIAS: new master reset frame
DIFFIMG_BIAS: difference image
DIFFIMG_STATS_BIAS: reset difference image statistics table

8.1.3 Configuration parameters

The configuration parameters setting determines the wayirtteem_reset_combinecipe will process the input
frames.

--combtype:Determines the type of combination that is done to form the output map. Can taksloinéng
values:
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1. The output pixels are medians of the input pixels.

1. The output pixels are means of the input pixels.

--scaletype:Determines how the input data are scaled or offset before they are aaani@an take the follow-
ing values:

0. No scaling or biasing.
1. All input frames are biased additively to bring their backgrounds to a commrezhan level.
2. Allinput frames are biased multiplicatively to bring their backgrounds to a commedian level.

3. All input frames are scaled to a uniform exposure time and then additivehgated to bring their
backgrounds to a common median level.

--xrej: If set, then an extra rejection cycle will be run.

--thresh: The rejection threshold in numbers of background sigmas.

--ncells: If a difference image statistics table is being done, then this is the number oircedflsch to divide
each readout channel. The value must be a power of 2, up to 64.

8.1.4 Quality control parameters

Currently the following QC parameters, used by PSO and DPD, are evdlatihe vircam_reset_combine
recipe.

QC RESETMED: Reset median leveUnits. ADU
QC RESETRMS: Reset standard deviatiodnits: ADU
QC RESETDIFF_MED: Reset difference image median levehits: ADU

QC RESETDIFF_RMS: Reset difference image standard deviatidnits. ADU

8.2 vircam_dark _combine

This recipe combines a series of dark frames taken with a particular integaatibexposure time combination.
It compares with a similarly observed master dark frame and calculates tia¢ioraiin the reset anomaly
structure and scale.
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8.2.1 Input files

DARK: requiredlist of dark frames

REFERENCE_DARK: optionallibrary mean dark frame
MASTER_BPM: optionallibrary bad pixel mask
MASTER_CONF: optionallibrary confidence map
MASTER_CHANNEL_TABLE: optionalchannel table
CHANNEL_TABLE_INIT: optionalchannel table

8.2.2 Output files

MASTER_DARK: new master dark frame

DIFFIMG_DARK: dark frame difference image
DIFFIMG_STATS_DARK: dark difference image statistics table

8.2.3 Configuration parameters

The configuration parameters setting determines the wayirteem_dark_combineecipe will process the input
frames.

--combtype:Determines the type of combination that is done to form the output map. Can takaldinéng
values:

1. The output pixels are medians of the input pixels.
1. The output pixels are means of the input pixels.

--scaletype:Determines how the input data are scaled or offset before they are cauni@an take the follow-
ing values:

0. No scaling or biasing.
1. Allinput frames are biased additively to bring their backgrounds to a commeatian level.
2. All input frames are biased multiplicatively to bring their backgrounds to a commedian level.
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3. All input frames are scaled to a uniform exposure time and then additivehgated to bring their
backgrounds to a common median level.

--xrej: If set, then an extra rejection cycle will be run.
--thresh: The rejection threshold in numbers of background sigmas.

--ncells: If a difference image statistics table is being done, then this is the number oincedtsch to divide
each readout channel. The value must be a power of 2, up to 64.

8.2.4 Quality control parameters

Currently the following QC parameters, used by PSO and DPD, are ewdlogtine vircam_dark_combine
recipe.

QC DARKMED: Dark median levelUnits: ADU

QC DARKRMS: Dark standard deviatiotJnits: ADU

QC DARKDIFF_MED: Reset difference image median levghits. ADU

QC DARKDIFF_RMS: Reset difference image standard deviatidnits. ADU
QC PARTICLE_RATE: Particle rate.

QC STRIPERMS: Stripe standard deviation.

QC NHOTPIX: Number of hot pixels.

QC HOTFRAC:

QC RON12:

8.3 vircam_dark_current

This recipes calculates the dark current of a detector using a seriegloéxbosures with varying exposure
times.

8.3.1 Input files

DARK_DARKCURRENT: requiredseries of dark exposures at a variety of different exposure times.
MASTER_BPM: optionallibrary bad pixel mask

MASTER_CONF: optionallibrary confidence map
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8.3.2 Output files

MASTER_DARK_CURRENT: Dark current map

8.3.3 Configuration parameters

The configuration parameters setting determines the wayitteem_dark_currentecipe will process the input
frames.

--thresh: The threshold in units of background sigma above or below the local méaaan Vehis defines whether
a data point in the fit is bad or not.

8.3.4 Quality control parameters

Currently the following QC parameters, used by PSO and DPD, are ewdlbogtthe vircam_dark _current
recipe.

QC DARKCURRENT: Value of the dark currentJnits. ADU

8.4 vircam_dome_flat_combine

This recipe combines a series of dome flat images to create a mean dome ftanplres with a similarly
observed master dome flat frame.

8.4.1 Input files

FLAT_LAMP: requiredlist of dome flat exposures all taken with the same exposure parameters.
MASTER_DARK: requiredmaster dark frame of the same exposure parameters as above.
REFERENCE_DOME_FLAT: optionalmaster mean dome flat.

MASTER_CHANNEL_TABLE: optionalchannel table

CHANNEL_TABLE_INIT: optionalchannel table

MASTER_BPM: optionallibrary bad pixel mask

MASTER_CONF: optionallibrary confidence map
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8.4.2 Output files

MASTER_DOME_FLAT: New master dome flat

RATIOIMG_DOME_FLAT: Ratio image

RATIOIMG_STATS DOME_FLAT: Ratio image statistics table

8.4.3 Configuration parameters

The configuration parameters setting determines the wayirteem_dome_flat_combimecipe will process the
input frames.

--Ithr: Any input flat with a mean value of less than this will be excluded as beingrardesed.

--hthr: Any input flat with a mean value of more than this will be excluded as beingegpesed.

--combtype:Determines the type of combination that is done to form the output map. Can taksldheng
values:

1. The output pixels are medians of the input pixels.
1. The output pixels are means of the input pixels.

--scaletype:Determines how the input data are scaled or offset before they are cauni@an take the follow-
ing values:

0. No scaling or biasing.
1. All input frames are biased additively to bring their backgrounds to a commrezhan level.
2. All input frames are biased multiplicatively to bring their backgrounds to a commedian level.

3. All input frames are scaled to a uniform exposure time and then additivetgated to bring their
backgrounds to a common median level.

--xrej. If set, then an extra rejection cycle will be run.

--thresh: The rejection threshold in numbers of background sigmas.

--ncells: If a difference image statistics table is being done, then this is the number oincedtsch to divide
each readout channel. The value must be a power of 2, up to 64.
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8.4.4 Quality control parameters

Currently the following QC parameters, used by PSO and DPD, are evé@ilmatiee viccam_dome_flat_combine
recipe.

QC FLATRMS:

QC FLATRATIO_MED:
QC FLATRATIO_RMS:
QC FLATMIN:

QC FLATMAX:

QC FLATAVG:

QC FLAGRNG:

8.5 vircam_detector_noise

This recipe measures the detector readout noise and gain.

8.5.1 Input files

FLAT _LAMP_GAIN: requiredtwo dome flat frames taken with the same exposure parameters.
DARK_GAIN: requiredtwo dome flat frames taken with the same exposure parameters as the dome flats.
MASTER_BPM: optionallibrary bad pixel mask

MASTER_CONF: optionallibrary confidence map

8.5.2 Output files

MASTER_READGAIN_TABLE: Read noise and gain estimates for each extension written to a detector noise
table.

8.5.3 Configuration parameters

The configuration parameters setting determines the wayirtaem_detector_noisecipe will process the input
frames.

--thresh: The threshold in units of background sigma above or below the local méaa Vihis is used during
the statistical analyses of the input images and difference images.
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8.5.4 Quality control parameters

Currently the following QC parameters, used by PSO and DPD, are ewdiloatihe vircam_detector_noise
recipe.

QC READNOISE:
QC CONAD:

QC COUNTS:
QC LAMPFLUX:

8.6 vircam_linearity _analyse

This recipe creates the detector channel linearity curves and bad pigel ma

8.6.1 Input files

FLAT _LAMP_LINEARITY: requireda series of dome flat exposures taken under constant illumination with
varying integration times.

CHANNEL_TABLE_INIT: requiredchannel table

DARK_LINEARITY: requireda list of raw dark frames containing a series of dark exposures with the sa
exposure parameters for each of the input dome flat exposures.

FLAT_LAMP_CHECK: optionala series of dome flat exposures taken at a constant exposure timerand do
in between the linearity sequence exposures. These are used to mdftitortde dome lamps.

DARK_CHECK: optionala series of raw dark frames taken with the same exposure parametersasttor
dome flats.

8.6.2 Output files

MASTER_CHANNEL_TABLE: Output channel table with new linearity information.
MASTER_BPM: Output bad pixel mask.
LINEARITY_SEQ_DIAG: Output diagnostic curves for the linearity sequence.

LINEARITY_CHECK_DIAG: Output diagnostic curves for monitor sequence.
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8.6.3 Configuration parameters

The configuration parameters setting determines the wayitt@m_linearity _analyseecipe will process the
input frames.
--nord: The order of the polynomial to be fit to the linearity curve of each channel.

--Ithr: The lower threshold in the ratio maps to define a pixel as bad. Units are igtoacid sigma of the ratio
map.

--hthr: The upper threshold in the ratio maps to define a pixel as bad. Units arekgrband sigma of the
ratio map.

--maxbpmfr: The bad pixel mask computation may not need to use all of the input flat frarhesparameter
defines the size of the subset to use.

8.6.4 Quality control parameters

Currently the following QC parameters, used by PSO and DPD, are evélnatbe vircam_linearity_analyse
recipe.

QC LINEARITY:

QC LINERROR:

QC SCREEN_TOTAL:
QC SCREEN_STEP:
QC BAD_PIXEL_STAT:
QC BAD_PIXEL_NUM:

8.7 vircam_twilight_flat_combine

This recipe combines a series of twilight flat images to create a mean twilightflandial confidence map.
Compare with a similarly observed master twilight flat frame.

8.7.1 Input files
FLAT _TWILIGHT: requiredlist of twilight flat exposures all taken with the same exposure parameters.
MASTER_DARK: requiredmaster dark frame of the same exposure parameters as above

REFERENCE_TWILIGHT _FLAT: master mean twilight flat
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MASTER_CHANNEL_TABLE: optionalchannel table
CHANNEL_TABLE_INIT: optionalchannel table
MASTER_BPM: optionallibrary bad pixel mask

MASTER_CONF: optionallibrary confidence map

8.7.2 Output files

MASTER_TWILIGHT _FLAT: master twilight flat
RATIOIMG_TWILIGHT _FLAT: ratio image
RATIOIMG_STATS_TWILIGHT_FLAT: ratio image statistics table

MASTER_CONF: new master confidence map

8.7.3 Configuration parameters

The configuration parameters setting determines the wayitbem_twilight_flat_combineecipe will process
the input frames.

--Ithr: Any input flat with a mean value of less than this will be excluded as beingrardesed.

--hthr: Any input flat with a mean value of more than this will be excluded as beingegpesed.

--combtype:Determines the type of combination that is done to form the output map. Can taksldheng
values:

1. The output pixels are medians of the input pixels.
1. The output pixels are means of the input pixels.

--scaletype:Determines how the input data are scaled or offset before they are aaani@an take the follow-
ing values:

0. No scaling or biasing.
1. All input frames are biased additively to bring their backgrounds to a comreatian level.
2. All input frames are biased multiplicatively to bring their backgrounds to a commedian level.

3. All input frames are scaled to a uniform exposure time and then additiveigated to bring their
backgrounds to a common median level.
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--xrej: If set, then an extra rejection cycle will be run.
--thresh: The rejection threshold in numbers of background sigmas.

--ncells: If a difference image statistics table is being done, then this is the number oircefisch to divide
each readout channel. The value must be a power of 2, up to 64.

8.7.4 Quality control parameters

Currently the following QC parameters, used by PSO and DPD, are evélyatiee vircam_twilight_flat_combine
recipe.

QC FLATRMS:
QC FLATRATIO_MED:
QC FLATRATIO_RMS:
QC FLATMIN:
QC FLATMAX:
QC FLATAVG:
QC FLATRNG:

8.8 vircam_mesostep_analyse

This recipe creates a map of illumination corrections using a mesostep seguienstandard stars.

8.8.1 Input files

STD_ILLUMINATION: requireda series of exposures of a sparse secondary standard field thiatdras
offset in a regular raster

MASTER_DARK: requiredlibrary master dark frame for the given exposure and integration time
MASTER_TWILIGHT_FLAT: library master flat field for the given passband
MASTER_BPM: optionallibrary bad pixel mask

MASTER_CONF: optionallibrary confidence map
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MASTER_CHANNEL_TABLE: optionalchannel table
PHOTCAL_TAB: requiredphotometric calibration table

MASTER_2MASS CATALOGUE: requiredmaster 2MASS index

8.8.2 Output files

ILLCOR_TAB_MES: illumination correction table

8.8.3 Configuration parameters

The configuration parameters setting determines the wayittem_mesostep_analysecipe will process the
input frames.

--ipix: The minimum size of an object in pixels in order for that object not to be censitispurious.

--tthr: The detection threshold measured in units of the mean background noise.

--icrowd: If set, then the function will attempt to de-blend merged objects.

--rcore: The core radius in pixels for the default profile fit.

--nb: The size in pixels of the grid squares used for background estimation.

--destripe: If this is set, then the input images will be de-striped. Not recommended foeisrtagt are likely
to contain very large extended objects.

--skycor: If this is set, then the input images are stacked with rejection to form a meagrbacki map. This
is normalised to zero median and subtracted off the input images. This iscootmeended for images
that are likely to contain extended sources.

--nord: The order of the polynomial surface to be fit.

8.8.4 Quality control parameters

Currently the following QC parameters, used by PSO and DPD, are evéilnathe vircam_mesostep_analyse
recipe.

QC ILLUMCOR_RMS:

8.9 vircam_jitter_microstep_process

This science recipe processes a sequence of target data that mdnebavmth jittered and microstepped.
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8.9.1 Input files

OBJECT or OBJECT_EXTENDED: requiredA jittered and/or microstepped sequence of exposures of a
target region.

SKY_OFFSET: optionaloptional offset sky exposures

MASTER_DARK: requiredlibrary mean dark frame for the given exposure and integration time.
MASTER_TWILIGHT_FLAT: library master flat field for the given passband

MASTER_BPM: optionallibrary bad pixel mask

MASTER_CONF: optionallibrary confidence map

MASTER_SKY: optionaloptional master sky background frame

MASTER_CHANNEL_TABLE: optionalchannel table

MASTER_READGAIN_TABLE: readnoise/gain table

PHOTCAL_TAB: photometric calibration table

MASTER_2MASS_CATALOGUE: requiredmaster 2MASS index

8.9.2 Output files

SIMPLE_IMAGE_SCI. Single exposure images that are corrected for linearity, dark curratfield, stripes
and sky. A full WCS will appear in the header.

SIMPLE_IMAGE_SKY: As above for any offset sky exposures that are included in the inpait @aese will
not have been processed past the point of background subtrantiomeace will not have a calibrated
WCS in the header.

INTERLEAVED IMAGE_SCI: Interleaved super-frame images from the above if microstepping has been
done as part of the observing sequence.

JITTERED_IMAGE_SCI: Stacked jitter images from the super-frames. Full WCS and photometric zero
point will appear in the FITS header.
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MEAN_OFFSET_SKY: Mean sky frame if a set of offset sky exposures have been included.

CONFIDENCE_MAP_INTER_SCIl and CONFIDENCE_MAP_SCI: Associated confidence maps for each
of the above output images.

OBJECT_CATALOGUE_SCI: Object catalogue in the form of a FITS table if the savecat parameter bas be
set.

8.9.3 Configuration parameters

The configuration parameters setting determines the wayitt&@m_jitter_microstep_processcipe will pro-
cess the input frames.

--ipix: The minimum size of an object in pixels in order for that object not to be censibispurious.

--thr: The detection threshold measured in units of the mean background noise.

--icrowd: If set, then the function will attempt to de-blend merged objects.

--rcore: The core radius in pixels for the default profile fit.

--nb: The size in pixels of the grid squares used for background estimation.

--destripe: If this is set, then the input images will be de-striped. Not recommended foresrtagt are likely
to contain very large extended objects.

--skycor: If this is set, then the input images are stacked with rejection to form a meagrbacki map. This
is normalised to zero median and subtracted off the input images. This iscootimended for images
that are likely to contain extended sources.

--savecat: If set, then the catalogue generated during the astrometric and photomktriatan will be saved.

--savesimple:lf set then the simple images will be saved on output. Otherwise they will be thaavay after
they are stacked.

8.9.4 Quality control parameters

Currently the following QC parameters, used by PSO and DPD, are evdilwatiee vircam_jitter_microstep_process
recipe.

QC SATURATION:

QC MEAN_SKY:

QC SKY_NOISE:

QC NOISE_OBJ:
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QC IMAGE_SIZE:
QC APERTURE_CORR:
QC ELLIPTICITY:
QC MAGZPT:

QC MAGZERR:

QC MAGNZPT:

QC MAGNCUT:

QC LIMITING_MAG:
QC WCS_DCRVALL:
QC WCS_DCRVAL2:
QC WCS_DTHETA:
QC WCS_SCALE:
QC WCS_SHEAR:
QC WCS_RMS:

8.10 vircam_standard_process

This science recipe processes a sequence of photometric standatlladatey have been both jittered and
microstepped.

8.10.1 Input files

STD_FLUX: requireda jittered and/or microstepped sequence of exposures of a target region
MASTER_DARK: requiredlibrary mean dark frame for the given exposure and integration time.
MASTER_TWILIGHT _FLAT: library master flat field for the given passband

MASTER_BPM: optionallibrary bad pixel mask

MASTER_CONF: optionallibrary confidence map

MASTER_CHANNEL_TABLE: optionalchannel table
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MASTER_READGAIN_TABLE: readnoise/gain table
PHOTCAL_TAB: photometric calibration table
MASTER_2MASS CATALOGUE: requiredmaster 2MASS index

MASTER_REFERENCE_CATALOGUE: requiredmaster standard star index

8.10.2 Output files

SIMPLE_IMAGE_STD: Single exposure images that are corrected for linearity, dark curratfiefd, stripes
and sky. A full WCS will appear in the header.

ILLCOR_TAB_SKY: illumination correction table

INTERLEAVED_IMAGE_STD: Interleaved super-frame images from the above if microstepping has been
done as part of the observing sequence.

JITTERED_IMAGE_STD: Stacked jitter images from the super-frames. Full WCS and photometric zero
point will appear in the FITS header.

CONFIDENCE_MAP_INTER_STD and CONFIDENCE_MAP_STD: Associated confidence maps for each
of the above output images.

OBJECT_CATALOGUE_STD: Object catalogue in the form of a FITS table if the savecat parameter has
been set.

8.10.3 Configuration parameters

The configuration parameters setting determines the wayitb&@m_jitter_microstep_processcipe will pro-
cess the input frames.

--ipix: The minimum size of an object in pixels in order for that object not to be censitispurious.

--thr: The detection threshold measured in units of the mean background noise.

--icrowd: If set, then the function will attempt to de-blend merged objects.

--rcore: The core radius in pixels for the default profile fit.

--nb: The size in pixels of the grid squares used for background estimation.
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--destripe: If this is set, then the input images will be de-striped. Not recommended foresrthgt are likely
to contain very large extended objects.

--skycor: If this is set, then the input images are stacked with rejection to form a meagrbackl map. This
is normalised to zero median and subtracted off the input images. This iscootmeended for images
that are likely to contain extended sources.

--savecat: If set, then the catalogue generated during the astrometric and photomigriatizan will be saved.

--savesimple:If set then the simple images will be saved on output. Otherwise they will be thaavay after
they are stacked.

8.10.4 Quality control parameters

Currently the following QC parameters, used by PSO and DPD, are ewdlatiee vircam_jitter_microstep_process
recipe.

QC SATURATION:

QC MEAN_SKY:

QC SKY_NOISE:

QC NOISE_OBJ:

QC IMAGE_SIZE:

QC APERTURE_CORR:
QC ELLIPTICITY:

QC MAGZPT:

QC MAGZERR:

QC MAGNZPT:

QC MAGNCUT:

QC LIMITING_MAG:
QC ILLUMCOR_RMS:
QC WCS_DCRVALIL:
QC WCS_DCRVAL2:
QC WCS_DTHETA:

QC WCS_SCALE:
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QC WCS_SHEAR:
QC WCS_RMS:

QC ZPT_2MASS:
QC ZPT_STDS:

QC ZPT_STDS_CAT:
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9 Algorithms

9.1 Reset Correction

As with most electronic detectors infrared detectors are given a pedéssdevel by the driving electronics.
As such the first step in any reduction of such data is to remove that bia®IRGAM this will be done in the
DAS. This removes the need for explicit bias removal in the pipeline.

9.2 Non Linearity

The Calibration Plan [AD3] lays out the necessity and the methodology fitarating and correcting for the
expected non-linearity in the response of the detector system to incidiztioa.

9.2.1 Correcting for non linearity

In default CDS reset-read-read (RRR) mode, downstream of the dgizssdion system (DAS) the output that
we see is
Al' =1, — I} = f(I2) — f(I1)

wherel] andI) denote the non-linear first (i.e. the reset-frame) and second readspestively and; and/

the desired linear quantities. The non-linear functfdh) maps the distortion of the desired linear ounts to the
non-linear systend’. If we define the inverse transforgil’) that maps measured couritdo linearized counts

I as the inverse operatg() = () then

I'=g(I')andly = g(I1)I2 = g(I3)

If 1] and I}, were directly available this is a one-to-one mapping and can be done dfficéen accurately
using Look Up Tables (LUT). This is the conventional way of implementing threection prior to other image
manipulation operations. However,lif and ), are not separately available and all we have to work from is the
differenceAI’ then a simple LUT transformation is not possible.

For example, taking the simplest case where the illumination level across teodéizs not changed during the
course of the RRR and no on-board co-addition is happening then, cigdemgiven onlyAI and knowledge
of the timing of the RRR operations we can dediicand /s by using the effective integration time for each to
estimate their scaling to the measured differeAdesuch that,

I = kAT andl, = (1 + k)AT

Unfortunately, the ratié will not be constant for the non-linear quantiti§sand), forcing us to adopt a scheme
along the following lines.

GivenAI’ and defining the non-linear operatf(f) as a polynomial with coefficients,, (typically up to quartic)
we have
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AI'=3 am(I5" = 17") =3 am[(1+ k)" AI™ — K" AI™]

The quantity we wanf\[ is buried in the non-linearity of the RHS and we have to solve an equation like this
for every pixel. This is possible, and relatively simple to program using sungelike a Gauss-Seidel iterative
scheme, but is more inefficient than a direct mapping.

If we wanted to use a completely general LUT approach we would req@elaJT for all possible values of
I; andIs i.e. 65k x 65k in size, or 4.3 x 2 Gbytes. Most likely we would need a diffecerrection for each
3AlJchannelal making a total of 256 x 8.6 Gbytes = 2.2 Thytes of LUT for the VIRCAM! Ofucse if the
range of values of k is limited via exposure time quantisation this decreaseazdtaf the total

number of LUTSs required considerably for the constant illumination cagewbuld be an ugly and possibly
impractical solution.

Practical considerations (e.g. data volume), suggest two alternatitessltor nonlinearity correction: either
correct the individual frames directly in the DAS by measuring and dowdihgathe appropriate LUTSs, or
polynomial coefficients, to the DAS; or use a non-linear inversion on thetteorrected frames as outlined
here. This methodology is not generally applicable, e.g. to multi-NDR/grafiitnt) readouts, but is directly
applicable to co-added (or co-averaged) frames of the same expioseseassuming constant illumination over
the series.

For reset-corrected data, the non-linear inversion is competitive with caroplerations on LUTs and much
simpler to implement. It also has the added advantage of removing all aspeictsrain-linearity correction
from the DAS. The main disadvantages are the method is restricted to CDS R&R amal if the illumination
level is rapidly varying (e.g. twilight) the effective scale factors ki may &edlio compute accurately - although
for all realistic practical situations the knock-on effect is likely to be negliggib

9.2.2 Measuring non linearity

If all that is available are reset-corrected data from say a time seriesy# flats, it is still feasible to compute
the non-linearity coefficients directly. Given a series of measuremeritd I/ and using the previous notation
and polynomial model

ALl =3 an(I3 = 1I1") = Y am AL [(1+ k)™ — K]

wherek; are the exposure ratios under the constant illumination. In geddiak st; where ti is the exposure
time of theith reset-corrected frame in the series arnid a fixed (for the series) unknown scale factor. khe
are computable from a knowledge of the exposure times and the reseiverdeadt; and AI/ are measured
quantities leaving the polynomial coefficientg and the scaling to be determined. Thus the model is defined

by

A=) am(I5 = I7") = Y ams™ " [(1+ ki)™ — k"]

and can be readily solved by standard linear least-squares methodshssfotjowing sleight-of-hand. Since
the scalings and hence the polynomial solutiar, are coupled, by simply (and logically) requiring in the final
solutiona; = 1, computation ok can be completely avoided.
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Rewriting the previous equation in the following form makes this more apparent

All = Z (ams™)t (1 + k)™ — k"] = met;n[(l + ki)™ — K

where nowb,,, are the coefficients to be solved for. The final step is to note that

A, = by /8™ = by, /BT

since by definitionz; = 1.

One final simplification can be made when it is realised that the readout timearestt time for the VIRCAM
detectors are the same. This means that the valkgietonstant for all the pixels in a given image and is given
by:

k‘i:’l"/ti

wherer is the readout/reset time. Substituting this into equation 2.7 above and reorgahisterms, we can
show that this reduces to a simple power series fit:

AL} = cnmt]”

The relationship between the coefficient vecioendb is defined by an intermediate mati so that:

c= Mb
An example ofM for a 4th order fit is:
1 2r 3r2 473
0 1 3r 6r?
0 0 1 d4r
0 0 O 1

This can be solved using a straight forward Gaussian elimination algoritdrthanvalues ob,,, and theru,,
can be recovered.

9.3 Gain Correction

In the case of a single detector camera the mean flat field image is normalisealte afvl. This ensures that
when the flat field correction is done the average counts in the output image same as in the input. For
multi-detector instruments, we normalise the mean flat field image for each dddgctor
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2 )

n

V:

where(I), is a robust estimate of the average flux in the combined flat field image fahttetector. Normalis-
ing in this way ensures that when doing flat field correction we also incléaetar that removes the differences
in mean gain of each detector.

9.4 Measurement of Read Noise and Gain

The read noise and gain can be measured using two dome flat frames of siamiaration and two similarly
observed (in terms of exposure and integration times) dark frames. Fothendifference of the two flat
frames gives a variance for the difference framfse Doing the same for the two dark frames yietds If the
background means of the flat and dark frames arg;, m r» andmg;, mgo the local gain in electrons per ADU
is:

e = ((mg1 +myp2) — (Mma1 + mcn))/(ff]% — o)

and the readout noise in electrons is
Oro = EO'd\/§

9.5 Dark correction, flat fielding and sky correction

If the fringe spatial pattern is stable and if flat fields can be generated wvittinging present, it is possible

to decouple sky correction and fringe correction and apply a defringiathod similar to the one we have
developed for optical imaging [RD 11]. This involves creating a series sten&ringe frames which are scaled
by a suitable factor for each object frame. The scale factors are atifostainimise the fringe pattern in the
processed frame.

Standard NIR processing recipes often subtract sky first and thefefth We can see why this can be advan-
tageous compared with dark-correcting, flat-fielding and sky-corgbtiynconsidering the following encapsu-
lation of the problem

D(x,y) = ff(x,y)[S(z,y) + F(x,y) + O(z,y) + T(x,y) + dc(x, y)]

where D(z,y) is observedf f(x,y) is the flat-field function,S(z,y) is the sky illumination,F(x,y) is the
fringe contribution,O(z, y) is the object contributior]’(z, y) is the thermal contributionjc(z, y) is the dark
current, and without loss of generality we have excluded any explicielgagth and time-dependence for
clarity. Stacking a series of dithered object frames with rejection prodartestimate of the terms

N
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therefore,

EE
obviating the need for dark-correcting and fringe removal as bothraepdata gathering requirements and

as separate data processing steps; and minimising the effect of systendatamedom errors in the flat-field
function by removing the largest potential error terms.

In the event that the dark correction stage fails to remove the reset ancomafetely, the residual background
variation is analogous to the problem of dealing with short-term variations/istskcture and can be dealt with
using the methodology above.

The caveats here of course are that this method may well remove partg@febtended objects, large area
nebulosity, and large low surface brightness objects and so on, uniiégble offset skies are used in the
sky frame construction. Unfortunately this then opens the door for sgatthtemporal variability of the sky
background, leaving residual patterns.

The optimal strategy to use depends on the stability of the flat-fields, and the dimstants for sky fringe
pattern variations, and will be dealt with by assessing these charactedstiog commissioning and then
invoking suitable processing recipes.

The alternative is to treat the dark correctiéfiz, y), flat field f f(z,y), and fringe patterd#'(z,y), as accu-
rately known master library frames, in which case data processing invahsg the following variant of the
problem

D(Jf,y) = ff(x,y)[S(x,y) + kF(.I,y) + O(.T,y) + T(‘Tay)] + dc(a:,y)

wherek is a scale factor to be determined by the fringe-removing algorithm. In thisagasging the master
frames leads to

D'(z,y) = S(x,y) + O(x,y) + T(z,y)

reducing the problem to one of detecting astronomical objects on an additvdy spatially varying, back-
ground. This could be the method of choice for analysing large scaleastical surface brightness variations.

In the main science recipe it will be possible to define some input frames t® aBieffset sky53\§ images
for the science images. This is useful in the instance that the science isbgeletrge extended source where
a standard Adshift and combine with rejectioA& algorithm would fail to remove flux arising from science
objects in the maps to be used in background correction.

9.6 Stripe removal

Data from the VIRCAM detectors show a low level medium frequency strggtem. The stripes are perpen-
dicular to the readout direction and are the same for all channels in a defBotopattern also is repeated on
each of the 4 detectors in a line on the focal plane. This means that they aandelled out by calculating
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the median of each row (ignoring any bad or object pixels) to form a onerdiimeal stripe profile. The stripe
profile can be averaged over the 4 detectors is normalised to zero medianerBures that once the stripes
are subtracted the median background level with remain the same. Eaclnpbi@tnormalised stripe profile

is used to correct the relevant row in the input data. Although there is thisétd redundancy in the pattern
over the detectors in a line, it woA8t be possible to use this in the summit pipeline as this will be designed to
deal with only a single image at time. The RMS of the stripe pattern should be quale(s 2 counts). Ifitis
significantly higher than this, it is likely the pattern is being affected by thegmias of a large extended object.

In this case a large scale median filter is applied to the profile to smooth out geyslzale variations that have
arisen because of such an object.

9.7 Astrometric Calibration

From the optical design studies of VISTA we know that, to a good approximattie astrometric distortion
shows negligible variation with wavelength and is well described by a radiaiyrsetric polynomial distortion
model of the form

Ttrue = ]’Cl'f’ + k3T3 + k5'l"5 + ...

wherers,... is an idealised angular distance from the optical axis,the measured distance, andis the scale
at the centre of the field, usually quoted in arcsec/mm. VISTA will have a aefietd scale, i.e.k; value
of roughly 17.09 arcsec/mm. It has been determined that the valkg isfin fact significant in the case of
VIRCAM. Rearranging the preceding equation to a more convenient fives

k k
Torwe = 7' (1 + k—gra + k—gr'4) = Kyr' + K3 + kg™
1 1

wherer’ is the measured distance from the optical axis in arcsec using theale and<; = 1 . If we convert
all units to radians the coefficierif; is conveniently scaled (in units of radians/radian3) and has a theoretical

value of around 42 for VISTA. Measured values place this nearer twit¥no dependence on wavelength.
Analysis of world coordinate results also show a valueAgra 10300.

Although this type of distortion generally presents no problem for acceediteration of individual pointings,

it can lead to various complications when stacking data taken at various luxatig. dither sequences. This is
caused by the differential non-linear distortions across individuattietebeing comparable to, or larger than,
the pixel size of the detector. In these cases stacking involves resammdimgt@rpolation of some form. While
these are inevitable in combining pointings to form contiguous tiled regions,niagybe avoided at earlier
stages, such as stacking individual detector dither sequences, tiyhslintdting dither offsets and thereby both
simplify and speed up the data processing.

The effective scale due to the radial distortion is given by
dripge/dr’ =1+ 3K + 5K5r'

which describes the local change in relative pixel scale as a functi@uiaf distance. For example, for VISTA
at 0.8 degree radius, the differential distortion term is about 2.5in thescemtresponds to a 10.25 arcsec shift at
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the outer corners of the arrays. For the outer detectors a large frattiois distortion occurs across individual
detectors.

In anticipation of this problem, we will implement a range of interpolation schena¢stfer a trade off between
maintaining independent pixel noise and resolution degradation.

For further information see the report at

http://www.ast.cam.ac.uk/vdfs/docs/reports/astrom/.

9.8 World Coordinate System

We intend, at least initially, to characterise the WCS using the ZPN projectibrv]rRind [RD 8], i.e. ARC +
polynomial distortion, using a 3rd order parameterisation (equation 2.22)cdefficients for this are encoded
in the FITS header using the keywords PV2_1, PV2_3 and PV2_5.eTdresequivalent to the values &f; ,
K3 , K5 in equation 2-26.

9.9 Effect of Scale Change in Photometry

In addition to astrometric effects the change in scale as a function of rddwbas photometric implications.
The aim of conventional flat fielding is to create a flat background bgnabsing out perceived variations from
(assumed) uniformly illuminated frames. If the sky area per pixel changestltlis is reflected in a systematic
error in the derived photometry.

However, since it much simpler to deal witA@flatdAi backgrounds, this problem is either usually ignored
or corrected during later processing stages, together with other systgrhatametry effects. The effect is

simplest to envisage by considering what happens to the area of an suamusky when projected onto the

detector focal plane. The sky annulus2afsds becomerr’'dr’ on the detector, which using a lower order
approximation leads to a relative area of

(14 K3r)(1 4 3K3r'"?) ~ (1 + 4K3r"?)

or in other words roughly 4 x the linear scale distortion.

However, since other more unpredictable factors, such as scatterednlijlalso play a significant role, it is
simpler procedurally to bundle all the effects together and correct alltbmetric systematics in one opera-
tion. The VDFS calibration plan [AD3] describes a procedure for a@hgethis as an illumination correction.

9.10 Bad Pixel Masks

A bad pixel mask is simply an image that is used to track the location of cosmetuislefea detector. This is
done by creating a data array of zeros for all locations where thereasdmxel and non-zero values where
the pixel is know to be bad for whatever reason. We can define the loaaftioad pixels by taking a series
of dome flat field exposures with a range of flux values. We then combinkeatlark corrected exposures to
form a single master flat. Each input frame can be divided by the master filahiand normalised to a median
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of unity. Any pixel which is above or below an input threshold value (in sigoaa be marked as bad for that
image. If a pixel is bad for more than a certain percentage of the input imidgesit is defined as a bad pixel.

9.11 Confidence Maps

We define a confidence map; as a normalised i.e(cm>j = 1 inverse variance weight map denoting the
3AlJconfidenceAl associated with the flux value in each pixeobf framei. This has the advantage that the
map is always finite and can also be used to encode for hot, bad or dedsl pix assigning zero confidence.
Furthermore, after image stacking the confidence map also encode<tttareffelative exposure time for each

pixel, thereby preserving all the relevant intra-pixel information fottfar optimal weighting.

The initial confidence map for each frame is derived from regular aisabfgshe master calibration flat-field

and dark frames and is unique for each filter/detector combination due tath®lisation. As such it also

encodes individual pixel sensitivities and also allows, for example, tigsheegions to be correctly weighted
when combining frames. To use the confidence maps for weighted co-addfititames then simply requires

an overall estimate of the average noise properties of the frame. Thisadityrbe derived from the measured
sky noise, in the Poisson noise- limited case, or from a combination of this akddlvn system characteristics
(e.g. gain and readout noise).

All processed frames (stacked individual detectors, tiled mosaicedn®diave an associated derived confi-
dence map which is propagated through the processing chain in the follaveinger.

Defining the signa#; in framei with respect to some reference signal leygl ass; = f;s,.r, wheref; denotes
the relative throughput (which in photometric conditions wouldbbeexposure time), the optimum weight to
use for combining the jth pixel of (suitably aligned) frames in order to maximiseitireal:-to-noise of sky-
limited objects is defined by

2
7 = fracy_wimi;) wigwi; = ci fif 0]

whereo? is the average noise variance in framer;; is the flux in pixelj on theith frame andfc; is the
combined output flux. The effective exposure time is that,of.

The output confidence map, is therefore given by |
2
¢ = fracy ciifioi™> cijft]o}

Special cases of this occur whégn= 1, e.g. equal length exposures in stable photometric conditions, or the
more general Poisson noise limited case, wfign? = 1, and the special variant of this whgn= 1. These
cases are given below, prior to renormalisation.

/o )2
=2 cij/o;

2
T Y efi
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9.12 Catalogue Generation

In order to provide quality control, and astrometric and photometric calibratfonmation, it is necessary to
generate detected object (i.e. stars, galaxies) catalogues for eagtlirearge. The catalogue generation software
(e.g. [RD 12], [RD 9]) will make direct use of the confidence maps fgectbdetection and parameterisation,
and will produce the requisite information via the use of standard objectiges's. For completeness we give
here a brief description of how this will be accomplished by use of the follpwtaps:

estimate the local sky background over the field and track any variaticaeguate resolution to eventually
remove them;

detect objects/blends of objects and keep a list of pixels belonging to &awhfor further analysis;

parameterise the detected objects, i.e. perform astrometry, photometrgraadsrt of shape analysis.

9.12.1 Background analysis and object detection

The possibly-varying sky background is estimated automatically, prior t@igtection, using a combination
of robust iteratively-clipped estimators.

Any variation in sky level over the frame will be dealt with by forming a coprsampled background map
grid. Within each background grid pixel, typically equal to 64 x 64 image pixalisteratively k-sigma clipped
median value of "sky” will be computed based on the histogram of flux vaki#gsn the grid pixel zone. A
robust estimate of sigma can be computed using the Median of the Absolutdi@e{@AD) from the median
(e.g. [RD 13]). This will then be further processed to form the framédpaozind map (e.g. [RD 9]).

After removing the, possibly, varying background component, a similarstastimate of the average sky level
and sky noise per pixel can be made. This forms part of the quality cantrasures and also helps to robustly
determine the detection threshold for object analysis.

Individual objects will be detected using a standard matched filter agpri@ag. [RD 12]). Since the only
images difficult to locate are those marginally above the sky noise, assuntistaobnoise is a good approxi-
mation (after factoring in the confidence map information) and the majority oétblegcts will have a shape
dominated by the point spread function (PSF), which thereby definedtdrddiuse.

9.12.2 Image parameterisation
The following image parameters can be computed efficiently and are direetliyasspart of the image quality
control and calibration analysis.

Isophotal Intensity - the integrated flux within the boundary defined by treshiold level; i.e. the Oth object
moment
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Iiso - Z I(xu Yi

For Gaussian images, this is related to the total intensity by the facterl,/I,)( — 1), wherel, is the peak
flux and, the threshold level (all relative to sky).

Position - computed as an intensity-weighted centre of gravity; i.e. 1st moment
xo =Y wil(ziys)/ Y I(wi,yi)

yo = yil(zi,y:)/ > I(xi,yi)

Covariance Matrix - the triad of intensity-weighted 2nd moments is used to estineagedhntricity/ellipticity,
position angle and intensity-weighted size of an image

Oxx = Z (xz - wO)zl(xbyz)/Z[(xlvyl)
Oy = D (xi — x0)(yi — yo) I (wi,y:)/ Y I (i, i)

Oyy = Z (yi — yo)QI(mz‘;yz‘)/ZI(l’uyi)

The simplest way to derive the ellipse parameters from the 2nd moments is tte ¢l to an elliptical
Gaussian function having the same 2nd moments. It is then straightforwdrovids.g. [RD 14]) that the scale
size,\/o,,, Is given byo,, = 0., + oy,; the eccentricity,

\/(Um —oyy)? + 4U%y

Orr

ecc =
and the position anglé, is defined by

tCLTL(QO) = QU:py/(Uyy - O-MU)

The ellipticity, e, which is simpler to interpret for estimating potential image distortions (e.qg. trajiismgglated
to the eccentricity by

e=1- \/(1—600)/(1+ecc)

Areal Profile - a variant on the radial profile, which measures the draa onage at various intensity levels.
Unlike a radial profile, which needs a prior estimate of the image centre,eéhaémofile provides a single pass
estimate of the profile
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ArealProfile — T 4+ p1, T + p2, T + p3, ... T + pm

wherep;; j = 1, ...m are intensity levels relative to the threshdld,usually spaced logarithmically to give even
sampling.

The peak height],, , is a useful related addition to the areal profile information and is defined as

I, = max[I(xi, yi)),

or alternatively measured by extrapolation from the areal profile if the inmgaturated. The areal profile
provides a direct method to estimate the seeing of objects in an image by enabliagetiage area of stellar
images (point sources) at half the peak heigHt), to be estimated. The seeing, or FWHM, is then given by

FWHM = 2./{A)/x.

Finally a series of aperture fluxes are required for object morphollogjassification (see below).

Aperture flux is defined as the integrated flux within some radiothe object centre

Iop(r) = Zli — Nuasky

Where boundary pixels are weighted pro-rata (soft-edged aperaterpetry). A series of these is used to
define the curve-of-growth,,(r) — v — r, for each object.

9.12.3 Morphological classification

The object detection software will produce a series of backgroungated flux measures for each object in
a set of aXIJsoft-edgedE\i apertures of radius/2,7/v/2,r,v/2r,2r......12r, wherer is typically fixed as the
median seeing for the site+telescope+camera. The average curveadhdor stellar images is used to define
automatically an aperture correction for each aperture used and atss floe basis for object morphological
classification (required for isolating stellar images for seeing and trailiniitgjaantrol).

The curve-of-growth of the flux for each object is compared with thaved from the (self-defining) locus of
stellar objects, and combined with information on the eII|pt|C|ty of each object, tergenthe classification
statistic. This statistic is designed to preserve information onAtiésaarpnes&l of the object profile and is
re- normalised, as a function of magnitude, to produce the equivalent§f@ 1) measure, i.e. a normalised
Gaussian of zero-mean and unit variance. Objects lying within3o are generally flagged as stellar images,
those belowdos (i.e. sharper) as noise-like, and those abibve3s as non-stellar.

A by-product of the curve-of-growth analysis is the estimate of the geeRSF aperture correction for each
detector.

9.13 Photometric Zeropoint

For the purposes of quality control (e.g. sky transparency and syséeformance) a primary photometric
zeropoint will be determined for each observation by direct comparisamststumental magnitudes with the
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magnitudes of 2MASS stars. An alternative cross-check on the photoroelification will be applied retro-
spectively given a complete night of observations including regularsaxes in VISTA photometric standard
fields.

The internal gain-correction, applied at the flat-fielding stage, shoultkd the detectors on a common
zeropoint system (at least to first order i.e. ignoring colour equatioatians between the detectors), and
given a stable instrumental setup, the apparent variation of zeropomtditectly measures the change in
aAlJextinctiondAi without the need to rely solely on extensive standard field coveragesaamge in airmass.
Therefore for any given observation of a star in a particular passban

mcal _ minst +ZP— IQ(X 1= mstd + Cestd —|—€)

where Z P is the zeropoint in that passband (i.e. the magnitude at airmass unity whih Jjisount/second

at the detector)° is the calibrated instrumental magnitude’* is the measured instrumental magnitude
(—2.5log10[counts/sec]), x is the extinction coefficientX is the airmass of the observatiar;'? is the colour
term to convert to the instrumental system, arislan error term. This assumes that the second-order extinction
term and colour-dependency ofare both negligible. By robustly averaging the zeropoints for all the matching
stars on the frame an overall zeropoint for the observation can be etitain

Typically, the zeropoint of the instrument + telescope system should be stabughout the night. Long-term
decreases in the sensitivity of the instrument, and hence a decréaBingpuld be caused by for example the
accumulation of dust on the primary mirror.

On photometric nights the extinction coefficient 12 should be constant ingessband. The extinction 12 can
be monitored through each night either by assuming the true instrumentaba@ronly varies slowly as a

function of time (and using the individual 2MASS calibrations to monitor it) or bkimgmeasurements over
a range of airmass.

9.14 Illumination Correction

The two methods of determination of illumination correction differ in that the fiestcdbed below requires
either a rich standard star field or a series of fields with known photomeiryhé second can be used before
such information is available.

9.14.1 Standard star fields

Errors in the large scale structure of the illumination of the flat fields usedriatige removal can cause position
dependent systematic errors in photometry. This can be a result of iayacattered light profile between
twilight (nominally when the flat field exposures would have been made) arthtle when the observation was
done. We can map this out by first dividing an observation of a rich phdtanstandard field into cells or by
dividing a series of calibrator fields from, for example, 2MASS into cells.d&ah cell we define a median zero
point of all the stars in that cell:
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(It is safe to ignore the extinction term for this exercise.) The illumination ctime is then defined for each
cell as:

ic; = (2p) — 2pj

where(zp) is the median value ofp; over all the cells. This is defined such that a star injthecell is calibrated
by:

mel = iy ZP (X — 1) — i

9.14.2 Mesostep analysis

We assume that the spatial sensitivity of each detector can be approxinyateddbynomial surface, i.e. a
magnitude offset as a function 6f, y) measured from the centre of the detector, e.qg.

ZP(x,y) = Zahkwhyk

For example, in quadratic form, at positiohand;:

ZP(zi,yi) = ago + ar0z; + a0ly; + agx? + a117'y’ + agey?

ZP(xj,y;) = ao + a0 + a0ly; + agx? + an1a’y’ + agy’

The difference in sensitivity/zeropoint between two positibaadj is then:

AZP (i, 25, yi,y5) = aro(zi — 25) + ao1 (yi — y5) + a0(x] — 27) + av1(ziys — 25v5) + ao2 (Y7 — y5)

If we make two observations of the same star at offset positiansy;) and;j(x;,y;), we sample this function
such that the difference in magnitude measuredisis;; then:

In the simplest case, observing the same star in a number of different placdd allow one to measure the
Am;; as afunction ofz;, y;) and(z;, y;). One could then fit a polynomial using least-squares and solve for the
ank. The multiple observations of multiple stars in a grid across the array enswamsolve for the polynomial
coefficients accurately.
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A Installation

This chapter gives generic instructions on how to obtain, build and instaDtimegaCAM pipeline. Even if this
chapter is kept up-to-date as much as possible, it may not be fully applicadlearticular release. This might
especially happen for patch releases. One is therefore advised thedadtallation instructions delivered with
the OmegaCAM pipeline distribution. These release-specific instructionbed@ound in the file README
located in the top-level directory of the unpacked OmegaCAM pipeline sduee. The supported platforms
are listed in Sectiof??. It is recommended reading through Sectik®before starting the installation.

A bundled version of the OmegaCAM pipeline with all the required tools andstallar script is available from
http://ww. eso. or g/ pi pel i nes/ , for users who are not familiar with the installation of software
packages.

A.1 Supported platforms

The utilisation of the GNU build tools should allow to build and install the OmegaCAMIpip on a variety of
UNIX platforms, but it has only been verified on the VLT target platforms:

e Linux (glibc 2.1 or later),

using the GNU C compiler (version 3.2 or newer).

A.2 Building the OmegaCAM pipeline

This section shows how to obtain, build and install the OmegaCAM pipeline fremffitial source distribution.

A.2.1 Requirements

To compile and install the OmegaCAM pipeline one needs:

e the GNU C compiler (version 3.2 or later),

e the GNU gzi p data compression program,

e aversion of thet ar file-archiving program, and,
o the GNU rmake utility.

An installation of the Common Pipeline library (CPL) must also be available on #tersy Currently the CPL
version 2.0 or newer is required. The CPL distribution can be obtained frbt p: / / www. eso. or g/ cpl .

Please note that CPL itself depends on an existing cfitsio installation. The sbitsices are available from the
CPL download page or directly from the cfitsio homepagptatp: / / heasar c. nasa. gov/fitsio/fitsio. htm
. In conjunction with CPL 4.0 cfitsio 2.5.10 must be used.
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In order to run the OmegaCAM pipeline recipes a front-end application isralgoired. Currently there
are two such applications available, a command-line tool caliethRexand the Java based data file orga-
nizer, Gasgano, which provides an intuitive graphical user interface. At least oneearhtimust be installed.
The EsoRexand Gasgano packages are available &it t p: / / www. eso. or g/ cpl / esorex. ht M and
http://ww. eso. or g/ gasgano respectively.

For installation instructions of any of the additional packages mentioneddyglftase refer to the documentation
of these packages.

A.2.2 Downloading the OmegaCAM pipeline source distribution
From the ESO ftp serverft p: // ft p. eso. or g/ pub/ cpl / ocam, the latest release of the OmegaCAM
pipeline distribution is available.

The OmegaCAM pipeline sources are distributed as a gzipped tar aramvedlikeocam X. Y. Z. tar. gz
, Where Xand Y are the major and minor release numbers, ahihdicates the patch level (which might be
missing if no patch has been released).

A.2.3 Compiling and installing the OmegaCAM pipeline

It is recommended to read through this section before starting with the installation

The OmegaCAM pipeline distribution kit 1.0 contains:

ocam-manual-1.0.pdf The OmegaCAM pipeline manual
cpl-4.1.0.tar.gz CPL211

esorex-3.7.0.tar.gz esorex 3.5.1
gasgano-2.2.3-Linux.tar.gz GASGANO 2.2.3 for Linux
gasgano-2.2.3-SunOS.tar.gz GASGANO 2.2.3 for SunOS
ocam-0.5.0.tar.gz OmegaCAM pipeline 0.1.3
ocam-calib-0.1.3.tar.gz OmegaCAM calibration files 0.1.3

Here is a description of the installation procedure:

1. First, if an appropriate version of CPL (c.f. secti®® does not already exist on the system, compile
and install the CPL libraries and their dependencies. For detailed instrsiciohow to install the CPL
libraries please refer to the CPL documentation.

2. Unpack the OmegaCAM pipeline sources in a choosen directory using
$ zcat -d ocamX. Y.Z. tar.gz | tar -xf -

at the system prompt. This will create a directory calleclam X. Y. Z containing the source tree.



ESO VCAM Pipeline User Manual | !SSue: Issue 1.

Date: Date 2011-01-14
Page: 59 of ??

3. Runthe automatic installation scripet up which is located in the top-level directory of the OmegaCAM

pipeline source tree.

If the CPL has not been installed into one of the system’s standard dires;tthvéeconfiguration script
must be told where the dependent libraries can be found. This is donefioynd the environment
variablesCPLDI R.

For example, if the CPL has been installed iriteomrewher e , (and therefore the CPL header files are
located in/ sonmrewher e/ i ncl ude and the libraries are i somrewher e/ | i b) , the path assigned
to the variable CPLDI R must be / somewher e , i.e,, the root directory of the CPL installation. The
same is true for the environment variable corresponding to dfits.

The set up script takes one argument which is the location where the OmegaCAM pipélgdsbe
installed in your system. All its components will be located in the directory tretedaat this path.

The following example assumes that the variaBIeLDI Ris properly set or the CPL has been installed
into one of the system’s standard directories. This should keep the folleswagple commands as
simple as possible.

Please note also that the usage of the default installation prefixes in thelexstgov is just for demon-
stration purposes. Any directory for which one has write access casdat although it imot recom-
mendedto use the distribution’s source directory as the installation’s target digector

The simplest way to set up the package is to run the following command at tieensgsompt from the
source-tree’s top-level directory:

./ setup /usr/local/pipeline

This script will install the OmegaCAM pipeline and all other necessary extgmograms and configu-
ration files under the path given in the command line. It will createusr /| ocal / pi pel i ne/ bi n
,and a/usr/ | ocal /pi pelinel/config directories containing the executables and configuration
files for these programs.

After the installation has been completed the source tree is no longer neetiedrabe removed.

A.3 Configuring the pipeline recipe front-end applications

In this section an outline is given how to set up the recipe front-eBdeRexand Gasganoso that the just
installed OmegaCAM pipeline recipes can be executed by these applications.

For detailed instructions on how to configure the two currently availablg-gnd applications,EsoRexand
Gasgang, please refer to their documentation, availablénat p: / / www. eso. or g/ cpl / esorex. ht m
and htt p: // ww. eso. or g/ gasgano respectively.

In the following it is assumed that the OmegaCAM pipeline was installed as deddnilsectior??, i.e., that the
OmegaCAM recipes have been copied intesr / | ocal / pi pel i ne/1i b/ ocant pl ugi ns/ ocam X. Y. Z
(X, Y and Z indicate the version number of the recipes).
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A.3.1 Setting up the EsoRex command-line tool

The general syntax for th&soRexXront-end is the following:
esorex [esorex_options] recipe_name [recipe_options] set_of franes

In order to execute a recipgsoRexnust be told where the recipes can be found. This location can be passed
to the tool using its command line option- r eci pe- di r followed by the complete path to the recipes. In
this scenario the command to be executed at the shell’'s prompt will look like:

$ esorex --recipe-dir \
> [usr/local/pipeline/lib/ocam plugins/ocam X Y. Z

However, the path to the recipe location(s) can also be set inBbeRexconfiguration file. If an EsoRex
configuration file does not already exist, it can be created by executngpthmand

$ esorex --create-config --recipe-dir \
> [usr/local /pipeline/lib/ocani plugi ns/ocam X. Y. Z

In addition to just creating the configuration file in its standard locaB$iOVE/ . esor ex/ esor ex. r ¢ the
path to the recipes is also added by this command. This way for updating tfiguration, can be repeated
whenever a new version of the recipes is installed. It will replace the palie tieecipes in theEsoRexconfigu-
ration file.

If EsoRexas already been used for running recipes from other instrumentsttioghe OmegaCAM recipes

must be appended to the existing configuration file. To do this edit the coatfigiufile SHOVE/ . esor ex/ esorex. rc
. Go to the entry starting wittesor ex. cal | er. reci pe-di r . Thisis a colon separated list of directories
searched byEsoRexor recipes. To add the OmegaCAM recipes just append the OmegaCAdé iastallation
directory, separated by a colon (:), to the end of this list.

To verify the updated configuration execute the following command at tHésgrempt:
esorex --recipes

This should display a list of the available recipes on the terminal screen.

At the EsoRexhomepage,http://ww. eso. or g/ cpl / esorex. ht nl , a detailed description of the
application can be found.

A.3.2 Setting up Gasgano

The OmegaCAM recipe set can be incorporated iBasgants configuration using thePreferenceslialog
from the File menu. Select the tab labeleRecipe Configuratiomnd press theAdd Recipebutton. A file
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selection dialog pops up where the recipes to add can be selected. Tttosdhas to be confirmed and
Gasganamust be restarted to activate the new recipe configuration. Now the rexipesamlessly integrated

into the application and the files to process can be passed to the recipesitagiimgdrop (for details please
have a look into theGasgandJser Manual [11]).
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B Abbreviations and acronyms

ANSI
ASCII
CalibDB
CFITSIO
CPL
DFO
DFS
DRS
ESO
ESOREX
FITS
FOV
FPN
GUI
OB
PSO
QC
RON
SOF
SDD
uT
VLT

American National Standards Institute
American Standard Code for Information Interchange

Calibration Database

FITS IO Library

Common Pipeline Library

Data Flow Operations department
Data Flow System

Data Reduction System
European Southern Observatory
ESO-Recipe Execution tool
Flexible Image Transport System
Field Of View

Fixed Patter Noise

Graphical User Interface
Observation Block

Paranal Science Operations
Quality Control

Read Out Noise

Set Of Frames

Software Development Division
Unit Telescope
Very Large Telescope
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C Troubleshooting Guide



