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ABSTRACT

This ISR describeSALNI CA, the single-imge reduction portion o€CALNI C, which pro-
duces individual calitated imaes. V& include a briefeminder of the NICMOS oper
tional modes and data formats, then a description of the algorithmic st€& M CA,
and then theefeence files used WGALNI CA.

1. Introduction

In this ISR we describe the step<OALNI CA, the portion of the NICMOS pipeline which
reduces and calibrates single images. The outgDAloNI CA is an image that has had all
instrumental signatures rerexd and in which the photometric headewords hae been
populated. NICMOS data file formats and contents used in the pipeline are described in a
general vay in ISR NICMOS-002. Thewerall structure and funcionality of the CALNIC
pipeline, which will comprise of tvparts (CALNICA, described here, and CALNICB,
described in a forthcoming ISR), is described in ISR NICMOS-008.

The remainder of this ISR brieflywiews the arious NICMOS operational modes and the
data thg produce, the NICMOS data file contents, @Ad. NI CA design issues. It also
describes the indidual algorithmic steps i@ALNI CA and the calibration reference files
and tables used by the algorithms.

2. NICMOS Operational Modes

NICMOS operates in four modesCE&UM, MULTIACCUM, RAMP and
BRIGHTOBJECT

In ACCUM mode, a singlexposure is taén. The array is initially read out (non-destruc-
tively) some number of timews defined by the obsezy and for each ped the mean of the
resulting \alues is calculated on-board. The array themgmtes, for a time chosen by the
obserer from a pre-defined menu. Finaltile array is aajn read out non-destrueily n



times and thewerage calculated on-board. Thefeliénce between initial and finadlues is the
signal which will be recged on the ground. This is the simplest observing mode.

MULTIACCUM mode allavs only a single initial and final read. Wever, a numben of inter-
mediate non-destruge reads are made during the course of Xpesure. The temporal spacing
of the readouts may be linear ordoghmic, and is freely selectable by the obeeiw this mode,
the initial read (knavn hereafter as the zeroth readja subtracted on-board from the subse-
guent reads, so this will lato be done on the ground. The total number of rafeisthe zeroth
read may be up to 25 (and it should be noted that the nunaledined by the obsegvis the num-
berafterthe zeroth read). Note that the final read will contain the signal froemtire exposure
time, notjust the interal between the last and the penultimate reads. The result of eacimef the
reads will be recged on the ground.

RAMP mode ma&s multiple non-destrug® reads during the course of a singlpasure much

like MULTIACCUM, hut only a single image is sent to the ground. The results of each suecessi
read are used to iteradly calculate a mean count-rate and an associatéhee for each pét.

A variety of on-board processing can be emptbto detect or rectify thefetts of saturation or
Cosmic Ray hits. The data sent to the ground comprises a single image, plus an uncertainty and
the number of alid samples for each pk For each piel the science data image contains the

mean number of counts per ramp graion period.

BRIGHTOBJECT mode pmdes a means to obserebjects which ordinarily auld saturate the
arrays in less than the minimumwedlable exposure time (which is of order 0.2 seconds). In this
mode each ingidual pixel is successely reset, intgrated for a time defined by the obssrand
read out. Since each quadrant contains 16,38igpithe total elapsed time to éa&n image in
this mode is 16,384 times thep®sure time for each @k The result is a single image justlik
that produced in BCUM mode.

3. NICMOS Data File Contents

The data from an indidual NICMOS &posure (where MULIACCUM obserations are consid-
ered a singlex@osure) is contained in a single FITS file. The data foxposeire consists of &
arrays, each stored as a separate imggasion in the FITS file. The Bvdata arrays represent

the science (SCI) image from theA;Rn error (ERR) array containing statistical uncertainties (in
units of 10) of the science data, an array of bit-encoded data quality (DQ) flags representing
known status or problem conditions of the science data, an array containing the number of data
samples (SAMP) that were used to calculate each science imageptkan array containing the
effective intggration time (TIME) for each science imagegdix

This set of fie arrays is repeated within the file for each readout of aWAJLCUM exposure.
However, the order of the images is such that the result of the longegtatits time occurs first
in the file (.e. the order is in the opposite sense from whicly tire obtained).

In RAMP mode, as the data from successntegrations are\geraged to calculate the count rate,



so the wariance of the rate for each pixs calculated. The data sent to the ground includes the
count rate and also thisnrance. The ariance as calculated on-board will be read into the error
array in the Generic Coarsion stage on the ground, and musinéually be coverted to a stan-
dard deiation for consistencwith data from other modes. It should be noted that dhiance
calculated in RAMP mode will not\ahys be consistent with the manner in which uncertainties
are calculated on the ground in other modesirstance, in the case where the number of RAMP
integrations in anxgosure is rather small, thanance calculated in this manner may notveeli

a good estimate of the statistical uncertainty of the data. In theuficold CALNI CA we will
simply propagte the on-boardaviance as our uncertainty in RAMP modet in future lilds
further consideration will be gén to the possibility of making the uncertainties consistent with
those which we calculate in other modes.

4, CALNICA Design Goals

All processing steps @ALNI CA will treat the fie data arrays associated with apa@sure as a
single entity Furthermore, each step thdeats the science image will projzdg and update, as
necessarythe errordata qualitynumber of samples, and igtation time arrays.

In order to easilydcilitate the common treatment of theefidata arrays within grstep of the

pipeline, the format of all input and output data files - including most calibration reference images
- will be identical. The commonality of input and output science data file formats alss &dio

partial processing and the reinsertion of partially processed data into the pipelinestabpan In

other words, the pipeline will be fully ‘re-entrant’.

MULTIACCUM exposures will generate a singlewdata file containing bf-1) extensions,
wheren is the number of readouts requested by the obsé&kihen this is processed by

CALNI CA, there will be tw output files. The first will consist of a set ohb{) extensions, each

of which may hae had some processing, and can be considered as an intermediate file. The sec-
ond will contain just 5x@ensions, lilke the output from all other modes, and will represent the
result after the final anth read. An gception will be the case where thakE Data Flag’ is lav-
ered during a MULIACCUM exposure. This may indicate, foxample, that the spacecraft has
lost its lock on guide stars and is no longer pointing at the desiged. thr this case NICMOS

will continue to tak data, asxperience with other instruments haswhdhat useful data may

still be acquired when a TDKeeption occurs. The data will all still be processed and written to
the intermediate file. Heever, the final output file will be the result of thep@sure only up to the
time of the last readolbiefore the TDF &ception occurred.

Processing control will be pvaed by a set of “switches” consisting aykvords in the science

data file headeifwo keywords associated with each processing step will by used to 1) determine
whether or not a gen step is to be performed, and 2) record whether or not a step has already
been performed. This means tk&_NI CA will be avare of what processing has already been
done to a gfen set of data, and so will be able to issaenmgs if the user is requesting the same
processing step to be done more than once (whichdaoften, It not alvays, be undesirable).



The CALNI CA code will consist of a series of reusable modules, one for each significant step as
defined in Algorithmic Steps iIrCALNI CA” on page4 (e.g. flat-field correction, photometric cal-
ibration, data 1/0...). The code will be written in ANSI C, which will alline code to be portable

to a number of di€rent programming emronments (e.g. IRAHDL, MIDAS, Figaro...), as well

as rendering it more easily maintainable. Infrastructure, to tie the modules of the code together in
a pipeline, will be written for the IRAF gmonment, so thaCALNI CA will run as part of the

STSDAS package as with all the other HST instruments.aicipate that the NICMOS Instru-

ment Definition Bam (IDT) will probably write an equalent IDL infrastructure, so that the same
code will run as a pipeline in IDL. 8\are deeloping all the C code modules in collaboration with

the IDT, so that although the pipelines will be run fronfetént ermironments by STScl and the

IDT, both groups should be using identical algorithms and code. 1/O to and from the pipeline code
is being minimised, and restricted as &s possible to the gnaning and end of run time, in order

to maximise the ease of portability of the code téed#int enmironments.

5. Algorithmic Stepsin CALNI CA

Figurel shavs the flav of CALNI CA processing stepsalblelgives a summary list of the steps,
the name of the “switch”dgword that controls each step, and the referencedyedrd (if ary)
associated with each step. Each step is described in more detail belo

DATA1/O

Pipeline processing @usly must avays commence by reading in the data file. This step will
also entail tests of thaldity of the data. Some error conditions encountered here, such as if the
data are found to all be gegtive (which would imply an error condition in the Sl) will cause the
pipeline to terminate. Others will generataming messages or prompt specific non-standard
behaiour. If CALNI CA determines upon reading in a data file thavargscience data&nsion
consists entirely of zeroes, appropriatrmngs will be issued, and no calibrated output gener-
ated. So, for MULIACCUM obsenrations,n extensions of each type (science data, e,
samples and time) will be written into the calibrated output file, and thexiestston encoun-

tered in the output file will be the result of the Maslid readout.

BIASCORR

NICMOS uses 16-bit Analog-to-Digital Cearters (ADCs), which caer the analog signal gen-
erated by the detectors into signed 16-bitgats. Because the numbers are signed, a zero signal
will not generate a zero number in the output from the instrumeinitysiead will generate a tg
negative numberJust hav large this number is can be adjusted from the ground, although it is not
accessible to GOs. This number is the ADC zerel]®r bias, which must be renex before ap
processing is done. This rewad is carried out in the BIASCORR step, which is essential unless
the image s talen in MULTIACCUM mode and the zeroth-read subtraction (ZOFFCORR) is
carried out, in which case BIASCORR is not necessary - applyingwagrnwill not be harmful



Figure 1: Pipeline Processing lALNI CA
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PHOTTAB Photometric Calibration PHOTCORR
Cosmic Ra y Identification CRIDCALC
IMA
BACKTAB Predict Bac kground BACKCALC
SPT User Warnings WARNCALC
CAL




though.

No reference files are used by this step. Tdleevof the ADC zero el is determined from the
“ADCZERQO” header kyword.

ZOFFCORR

A NICMOS image is formed by taking the féifence of tw non-destructe detector readouts.
The first read occurs immediately after resetting eaddl pixhe detectofThis records the start-
ing value of each pid and defines the gimning of an intgration. The second non-destrueti
read occurs after the desired gri@ion time has elapsed and marks the end ofxppesere. The
difference between the final and initial reads results in the science image.

As mentioned before, in all instrument observing modes@ MULTIACCUM, the subtraction

of the two reads is performed on-board. In MOACCUM mode the zeroth read is returned

along with all subsequent readouts and the subtraction must be performed in the ground system
pipeline. The pipeline will subtract the zeroth read image from all readouts, including itself. The
self-subtracted zeroth read image will be pr@ped throughout the remaining processing steps,

and included in the output products, so that a complete history of error estimates and DQ flags is
presered.

No reference files are used by this step.

MASKCORR

Flag \alues from the static bad pixmask file are added to the DQ image. This uses the MASK-
FILE reference file, which contains a flag array forkndoad pixls. There will be one
MASKEFILE per detectqrcontaining the bad pek mask in the DQ image of the file.

NOISCALC

Statistical errors will be computed in order to initially populate the error image. The &ues v

will be computed from a noise model based onkadge of the detector characteristics. The

noise model will be a simple treatment of photon counting statistics and detector readout noise,
ie.

o= Joﬁd/ nreact+ countsCadcgain adcgain

whereo,q is the read noise in units of electronsgadis the number of initial/final readouts,
countsis the signal (in units of DN), aratlicgainis the electron-to-DN caersion actor

This calculation is not needed for RAMP mode data becaumsgsmee image computed on-board
is recorded in the vaerror image by the OPUS generic eersion process. In this case the
NOISCALC step simply computes the square-root of theeraior image so that thaxwance al-
ues become standardviiions.



This step will use the NOISFILE reference file, which will be an image containing the read noise
(pixel-by-pixel) for a gven detectorThere will be tvo NOISFILESs per detectoone for each read
rate. Data quality (DQ) flags set in the NOISFILE will be pr@ed into the science data.

Table 1. CALNI CA Calibration Switches and Reference Files

Switch

Keyword Processing Performed File Keyword Reference File Contents
BIASCORR Subtract ADC bias (zero)vel N/A N/A
ZOFFCORR  Subtract M-ACCUM zero read N/A N/A
MASKCORR Mask bad pirls MASKFILE bad pbiel flag image
NOISCALC Compute statistical errors NOISFILE read-noise image
NLINCORR Linearity correction NLINFILE linearity coeficients image
DARKCORR Dark subtraction DARKFILE dark current images
FLATCORR Flat field correction FLATFILE flat field image
UNITCORR Corvert to countrates N/A N/A
PHOTCORR Photometric calibration PHOTTAB photometric parameters table
CRIDCALC Identify cosmic ray hits N/A N/A
BACKCALC Predict background BACKTAB background model parameters
WARNCALC User varnings N/A N/A

NLINCORR

The linearization correction step corrects thegraged counts in the science image for non-linear
response of the detectors. The correction is represented using a piece-wise continuous function for
each piel, where each of the three pieces has a quadratic fornfidogferror matrix alues are

used to estimate the uncertainty of the correcteel patues. I6r a quadratic linearity correction

of the form

;o 2
C =a+a,[C+a;[C

the error estimate is

0° = £+ C kyy+ C gy + 2[(C [y, + C7 5+ C [k,y)

whereC is the uncorrected science glixalue,C’ is the correctedalue,a,, is thenth polynomial
coeficient, ance,,,is then by mterm of the error matrix. This uncertainty is proggl (in
guadrature) with the input erroatue for each pid. Pixel values that are alie the saturation

limit will be flagged with the saturation DCale.

This step uses the NLINFILE reference file, which consists of a set of images containing function



coeficients at each pel location and does not, therefore, conform to the standard NICMOS data
file format. The codicients will be stored as a set of image arrays, using one image fer coef
cient. For a three-piece quadratic function, the NLINFILE will contain a total of nindicieeit
images. Threeariance and three catiance arrays are needed for each function piece. yielding a
total of eighteen error arrays in the NLINFILE. One data quality array will be used for each func-
tion piece in order to arn of poor quality fits for anpixel. Three arrays will also be used to store
the function crosseer (or “node”) alues. Wo of these node arrays will contain the crosseal-

ues from the first to the second, and the second to the third function pieces, while the third array
will contain the saturationalue for each ped. This gves a grand total of thirty-three image

arrays in the NLINFILE (nine cofi€ients, eighteen errors, three data quadityd three node

arrays). There will be one NLINFILE per detector

DARKCORR

The detector dark current will be rewaal by subtracting a dark current reference image appropri-
ate for the eposure time of the science data. This step will be skipped for BREEBJdTnode
obsenations because thery short posure times result in insignificant dark current.

A simple scaling of a single dark reference image to matchxghesare time of the science data
is, unfortunatelynot possible due to the non-linear bebaof the dark current as a function of
time. Therefore a library of dark current images will be maintainedrow a range of “typical”
exposure times and obseng will be encouraged to obtain obsgions at thesexposure times as
much as possible. When thepesure time of a science image matches that of one of the library
darks, then a simple subtraction of the reference image will be performed. When the science
image gposure time does not matchyaof those in the reference libragy suitable dark current
image will be constructed in the pipeline by interpolation of the reference images. The type of
interpolation that will be necessary has not yet been determimedijlbmost probably eentu-

ally be a spline due to the highly non-linear batwar of the dark current. heever, the initial
release oCALNI CA will use linear interpolation, and the form of the interpolation will be altered
in subsequent releases as we rexbetter information about the befaur of the dark current

from the IDT In the case of obseaations with intgrations longer than the longest library dark, a
simple linear gtrapolation of the temporal behaur of the dark current will be adopted. The
IDT’s current understanding of the detectors suggests that for logratida times this should

be entirely adequate.

There will be one reference file ARKFILE) per detectgrwhich will contain the entire set of
dark images (atarious &posure times) for that detectdihe pipeline will determine whether or
not a dark imagexgsts that matches the science imaggosure time and, if not, will interpolate
amongst the images to form an appropriate dark image.

FLATCORR
In this step the science data are correcteddoations in @in between pigls by multiplying by



an (inverse) flat field reference image. This step will be skipped for adigmmg using a grism
because the flat field corrections amv@&ength dependent. This step uses theTHIRE refer-
ence file, which contains the flat field image foraegidetector and filter (or polarizer)
combination. There will be one FIOAILE per detector/filter combination.

UNITCORR

The cowersion from rav counts to count rates will be performed byiding the science image
data by thexgosure time. No reference file is needeat. RAMP mode thex@osure time will be
the time per ramp inggation, rather than the totatosure.

PHOTCORR

This step preides photometric calibration information by populating the photomeyrwaérds
PHOTFLAM, PHOTZPT, PHOTPLAM, and PHOBW with values appropriate to the camera
and filter combination used for the obssion. The photometry parameters will be read from the
PHOTTAB reference file, which will be a FITS binary table containing the parameters for all
obsenation modes.

CRIDCALC

This step will identify and flag pets suspected to bef@dted by cosmic ray hits. The algorithm is
not yet defined for single @CUM/BRIGHTOBJECT/RAMP) images,ut for MULTIACCUM
data CRs can be recognised by seekirggelahanges in count rate between suceessiages (as
is done on-board in RAMP mode). Such an algorithm is being implemented in the saitdodl b
CALNI CA.

For single-image modes, identification of a cosmic ray hit will only result in setting the cosmic
ray DQ flag alue for that pigl in the output calibrated (“cal”) image. The science (SCI) image
pixel values willnot be modified. In MULIACCUM mode, identification of a cosmic ray hit will
similarly result in the setting of a DQ flag in the appropriate group of the intermediate (“ima”)
output file, lut no science image pkvalues will be modified in the intermediate file. In the pro-
cess of creating the final calibrated (“cal”) image for MUACCUM mode, hwever, only good
(unflagged) piels will be used. The samples (SAMP) andgri¢ion time (TIME) arrays in the
MULTIACCUM calibrated (“cal”) file will reflect the actual number of samples, and their total
integration times, used to compute the SCI image and the DQ image in the “cal” file will also
reflect the &ct that only good dataas used.

BACKCALC

This step will compute a predicted background (slkis thermal) signal \el for the obsermtion

based on models of the zodiacal scattered light and the telescope thermal background. The results
will be stored in headereygwords. This step will use theMCKTAB reference file, which will be

a FITS binary table containing model background parameters.



USER WARNINGS

In this step arious (TBD) engineeringdgword values will be gamined and warning messages to
the obsergr will be generated if there areyandications that the science data may be compro-
mised due to unusual instrumental characteristics ovimhauch as unusuakeursions in some
engineering parameters during the course of an odis@ny. No reference files will be used.

STATISTICS

Statistics of the SCI image data will be computed fo€CALLNI CA output files. The quantities
computed will be the mean, standargidg8on, minimum, and maximum of the good (unflagged)
pixels in the whole image, as well as each quadrant. The complted will be stored as SCI
image headerdywords.
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