SPACE INSTRUMENT SCIENCE REPORT

COPE CAL-003
SCIENCE
INSTTTUTE

TITLE: The Space Telescope Calibration Data Base (Pre-launch Effort)
AUTHOR: Ralph Bohlin DATE: April 1983
ABSTRACT
Issued prior to ISR catalog. See document.
DISTRIBUTION:
158 All members
C5C
SDAS
SOGS

IDT



THE SPACE TELESCOPE
CALIBRATION DATA BASE

(PRE-LAUNCH EFFORT)

RALPH BOHLIN

April 1983 - Original Issue
May 1983 - 1lst Revision

June 1983 - 2nd Revision



s ge 9SS
Oz.'-...........-..-..UOI:JOQETG a*;qamoga-
61......‘..'-..............'.....ptai;qets
GI................(aSInd paj;ed) A311e2Ui1
GI.'....'...-....'....'..‘..-..IEUBTS xJeq
BI-.--.--...-on.osptoqqsaqu JOQQUIN!JQS!G

'S
‘v
't
*c
‘1

BI....I......II....Cl.l....l...-......'DII..‘-

LI-..--.--.--..ooo---o...-.qqsxq pa:aq:eos
L[""""‘"""'""'31136m112106013°ads
L-[...Il...-l.....l....l.'i.l...aIEoS aqet&
91""""'""""""""'SGZIS alnqzadv
91""""'"""""'511513E5U39 aqntosqv
SI.-..--ao-oo-.-o-o-o---osateas qqsuaIaAeM
SI.--..--o-.c-o.t.--n.-oc ----- 1.91915 qet&
SI""""""""(aSInd PaJIEd) K3taeauyl
71""""'""""""""""Ieusls “qu
vt-cocoo-co-.--o.sptoqqsazqm queu!mEJDS!q

0T
"a
‘8
‘L
‘9
'S
‘v
‘t
A
1

v-[l....l.-.'-....l.l...ll..‘-l!..ll...'..c..I.

EI..-.o-oo---...-oo-o-o-oioti'OKJQQMIJEIOd
ct.'l.o-oooouooo-olou.o-.coms‘;:a ahrqsa.[qo
.-.o-.o.-o.-no.ooo&doosolqoads Q;IS BUOT

A
..........-.....-...UOIQJOQS¥G H_Jq_amoas '.L'.'

11

II'II..‘..-..'II.I..-..-.......a'[eas aq‘e'[d

'[I..l....l.'l..l'.'...KqIA';q'!suas aqntosqv

'['[-..I.....I ..-.....- Isuo‘;ss‘;msue]& Ja:‘[;a

07" **(°d *D 10303330 aa13eTaYd) SPI2Td 3IBTL

OII..I..-.....-........-.I.(JLI) A:'gleau!q
l..‘...‘.'..'.I...--.I..'...Ieub'!S HJEG

01°’
OI-....II.........I..l...l'l...‘...l.l..-..l..

{u;qus

6""""'""""""u°131°45¥0 Q;JQONOGS
8..-.‘.........-...-Jaqamo]a;laquI Jaqsaox
B""""""""""'EQIAE:]SUGS aqntosqv
8....‘..........-.....SUOISSINSUEJL Ja:'[';&
9.-..-.o-oo--o..-o-.o-o.-.o-saz;s aanladV
B-oo-oou-loq-oo-o-(astnd paJIEd) Kq;:eaU¥T
9--..--00-.0-00-01--.-o.-oco--.teu6¥s xzea
8

‘0t
°6
‘8

9
‘S
v
‘'t
A
1

L
‘9
'S
‘v
't
A
1

...l........lll..ll.ll.-l.lII.Qll..l..l.'l.'.

L""°suo;qeo;;;oads Teuoiaound 913ITIUITOS
‘....'.....‘.....-..-'.SBEIJ Aq;{eno eqea
........-..............uoIqoaIIOD e:ea Ls
-.oo-..---.-sleqs pzepueqs orlqamoqoqa J‘S
.--..-t..-c.-l-.....-laseq qup aoua]a;aa

"L
*9
S
i
"t
1

SYH

S04

*d

*d

“_—-\V:q

204

SDd

--o.c-.o-..-...o-tn-nusquamnlqsul '[-[v suomv uom‘uoo

....-......-.........-......SLNHWEaInoag GE'IIVIHG

S

S

S

€

z-...-...-l.Cl..l.u..aseq eqep uo":‘e:q?‘[eo
[A

[4

T

l-..-t.....-.l..It...l.......-.-.o-.o..-.l.l..a&o:s

SINILNOD 40 JITEVL

b4

*II

°I

IS



6.
7.
8.
9.

Wavelength scales.......................20
Absolute Sensitivity....................21
Aperture Sizes..........................21
Plate Scale.............................21

10. Echelle Blaze (Ripple)..................2L
11. Scattered Light.........................22

F. HSP ..
1.
2.
3.
4‘
5.
6.
7.
8.

G. WFPC ..
: 1.

2.

3.

4.

5.

6.

7.

8.

..I.l-...I.....-...Il'--..-...-..l..‘.--"23

Discriminator Thresholds................23
Dark Signal.............................23
Linearity (paired pulse)................23
Analog to Digital CONVErSion..cesaessses24
Aperture Sizes..........................24
Filter Transmissions....................25
Absolute Sensitivity....................25
Polarimetry.............................25

c..l....-..-..l-.lt..-.'ll...cl.-..-l...lozs

General Purpose SOftWALCesevovassnasansslb
Dark Signal.............................26
Flat Field..............................27
Filter Transmissions....................27
Absolute Sensitivity....................27
Plate Scale and Geometz?c Distortion....28
Objective Grating...{ﬁﬁ.Gl..............28
Polarimetry.............................28

III. SUMMARY...-tl.-..-t..-.....-t..-..-.l'-..--.'--29

A. Assumptions on Software Development..............29

1-
2.

New code-.Il...lt..-....l........l...c.lzg
Use of EXiSting Code....-..o-..-...-0..-29

B- Cost TOtalS--.-.-.---.-...--.-.co-.---oo---.--..-30
30

1.
2.
3.
4.
5'
6.
7.
8.

Common COStS.ceecsncsscssccenvecncanrorcs

FGS Costs...............................31
FOC Costs...............................31
FOS Costs...............................31
HRS COsts...............................32
BSP Costs..............,................32
WFPC cOsts..............................32
Cost Summation..........................33

c. DiSCUSSion-.--.--.-.-oc.-o.-...o---o.---o-oo-.-..33



.gueal jusudoraasd U3 pue S38TIURLTIOS JuaunI3IsSUI AYF Y3ITM uofi1oeIIIUT
purnuIIUOod ybnoayl 2aT0ad 03 pa3ioadxs aq ued 813y poie3s sjuswaiynbai
ayl °S9INPaY0Cs pue S3S0D aTqeUOSEdT UTUITA suop qof @2y3 336 03 310333

Tewzo3d 343l ujbaq o3 pue sia31enb jueaslax dU3 o3 3104dns 3Jo T13Ad1
ayy 30 ST1E3I?P ay3 23edTunUWOd 03 S} juduns0p SITY 3O asodind aylL

*mo1aq soTqel 3yl utl pat3itauapt
se sanpou piepuels aul jo wioj @yl utl gygs wox3j paunsse ST 3104dns
19yl aingd +ast3aadxa jusuabeurw 35€q e3ep pue quawdoTaadp 21eMIJOS o3
uot3ippe ut 1gg1 oYy pue S,1dI *U3 wo13j papa’au S§ 370ddns 21qeIIPTSUOD
13Tnpayos STyl I3 03 13pio ul syooda younel aYy3l ui yata
1e2p ©3 paiedaid aq pInoOYs 10 1S 843 3eyly suwall K3taotrid ybiy 8yl
3o 1esodoad 3n2 45113 palie3iap Ino se papieba1 aq plnous 3SIT payoelle
ayl °-sSjusdwainsesu ay3 ajew o3 pIsn sanbtuyoa®l pue suoT3eIqITed

ay3y 30 sat31aotad fuypaebaa apeu a9 03 poadau sjuswabpn{ antea Auen

suoi3zeiado 30
zeak 35113 243 I933°® paatjaep 3q O3 2a®y Kew ‘suoildouny peaids jutod se
yons ‘uopjewiojutl injasn A1aA 33Ul STYl 3% pauueTd 29 T1TA 1e13U9SSd

pawdap SaT3TATIOE uofaeaqyied 9Isoud KTuo ‘3no 38113 ® SV +X3utelasd
yaits pauueTd @q ued IeUM ueyy Iabiel yonuw St ejep 2311193eS
{eoTwouoiI3se puraeaqiied ul 310332 pauueidun ay3 qey} umoys sey
aouatiadxa eyl 3IoO3 ay3y o3t1dsep ‘pai1o3I3P aq TTIT™ 3190339 uoT3ivaqITed

Loushuriuod [I® ‘PAUt3dP 11om pue arqe3idoeI’ uetd ay3l ajyeuw o3 1apio

uy ‘sie3s paepueis 1S ay3 303 SuUOTINGTIISIP xn{3 Teolwouorlse 343l

3O uOoT3IVPTTOO 3UI se yons ‘ai1ay papnioul o9 TTIA 110339 21093TpUT 3Ud
Jo T1I¥ suoyzisod Tasnoiied pue Iaqunu 3aplo uodn puadap Yyoiys ' SYH
103 Saieos yybuagoaes 3yl St atdwexa uy ‘B3ep 51313uo1dS LS 391 FEEL
X1In3 ©3 papaa’au ST 343 3usuniisul ue o7 bututexzad siaqunu 30

728 10 1aqunu Xue :9q ybtuw uor3eIqlIied ®© Jo uoT3ITUTIeP putyiom ¥

-(eob ajerpawiaul ingesn aInq 30133 TP ©® St 2I1eM13JOS
sygs-uou wo13j s¥ds 30 uoT3OUTISIP ¥Y3I PU® aiem3jos Yy wolj yoiessal
aysy 3o uotjezedas 3UL «quawdo12A9p aiem3ijos aTqeIapIsuod 03 pa1dnod

yoieasal saatoaul 130339 9Ud egatytiorid BurlIas 103 pue S20In0SaI
pax1nbai1 3yl furziuebio 103 Tn3zasn 21e STeIO0 pajeurisa aul * paununs
ai1p sajewilse Tenplatpul asay3y pue ‘paTreldp aze sauawdatnbal 3L

*a12y papnioul 3ie eaep IYbI13 azi1eue ©3 Kpeai agq 03 papa’u
jusudoiaasp 21@M3JOS pue yoieasal 3yl 1osTy "younel 3I® aseq e3lep 243
uj aq prnoys ®B3Iep qeT wo13j paaliop aq ued eyl siajaueaed uotieIqITeEd

asoyx ‘snylL *papniox? S1 youne] 1933e pautelqo suot1ieiqiied

jo sisAteue ten3aoe a3yl Inqg tpa3soo ST B3IEP qyb1T3 YITm TE3P

03 Aprox aq O3 Kiessaoau uo;qe:eda:d ayl ‘e3lep 20Ua10Ss 943l pue3saapun

03 Aiessadau giazaueied ayly 30 uojaeaausb 3yl pue ejep uo13ie1qITed

Kiojeioqel 30 sysfh1eue 243 sepnTOUT YoSTys +3310339 uotr3eIqIIeEd youneT|
-21d 1S =ayx 30 apn3jubew 11R1380 3Y3I ajewilsa 03 St 1eob ano

g4da00s ‘1

.



I1. DETAILED REQUIREMENTS

The organization is by instrument, plus a general section. For
every instrument, each calibration function is ljisted and described.
Following each of these items, there is a breakdown of -the work
estimates by research time and by reguired software. goftware needed
to perform the research is not separately fdentified, but software
needed to generate specific entries in the calibration data base is
listed. The breakdown of the software is by: 1) Those spAS modules
that are explicitly listed in SO-03, in which case only the reference
to the appropriate section of S0-03 is cited. 2) Those modules that
are implicit in s0-03, in which case a brief elaboration of our needs
are stated in addition to the referenced section. The purpose is to
be certain of the details of the SDAS support, but we have costed no
effort here beyond that of aiding SDAS personnel to correctly address
the preoblem. 3) The software not previously planned as part of SDAS
in which case we have attempted to estimate the total effort required.

A. Common Among All Instruments

1. Calibration pata Base

One general requirement is the software to manage the Calibration
pata Base ({(CDB) jtself. The contents of the data base will be
primarily alphanumeric with brief descriptive information about the
particular calibration parameter, cross references to relevant
publications, and complete definitions of the expected

uncertainties. The actual numerical values of the calibration should
be in a separate data set which is only referenced in the CDB, in
order to avoid updating two separate data sets every time a
calibration is changed. An automatic record of previous calibrations
and their applicable dates should be kept every time a calibration is
updated. A special print program that would allow any GO to list any
current (or past) calibration or subsets by jnstrument is needed.
This print program should recognize the data set name for the
numerical calibration values and list the calibration values
themselves along with the alphanumeric information.

gince this concept of an ST calibration data base is intimately
connected to the data base required by the SOGS software, considerable
effort will be needed to coordinate the development of the data bhase
with TRW.

The publications that document the calibration parameters are
egsential in communicating to the astronomical community the processes
by which the calibrations are obtained as well as estimates of their
accuracy. Since the prime responsibility for calibration falls on the
ST ScI only after launch, a minimal effort for prelaunch documentation
and publication {s listed below. Much more work will be required
after launch.
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(2) Pt-Ne-Cr spectrum,
for use with FOS data.
{3) Pt-Ne spectrum, h
gratings.

Wavelength tables
jdentifications, and a flag
to be used in determining

{gh dispersi

will be stored with wavel

the dispersio

jow to medium disperions, in the visible

on for use with the HRS echelle
engths, references,

for which gratings this line is
n constants.

indicating

Work Details Lines of Code M-YR

Tdentitication of unblended candidate lines -- .

Collection of wavelength data - .15

Software to enter line library into

the data base 200 .2

Entry of data into data base - .05

Software to read the line library SDAS

Software to print contents of the line

library 100 1l
30 .6

b. ASTRONOMICAL DATA (STANDARD OBJECTS) - standard stars are needed

to absolutely calibrate
line objects are needed
spectroscopic modes.
instruments will also n
calibration sources for
calibration using astron
Astrometric standard fie
to calibrate geometric d
standard object librarie

(1)
(2)
(3)
(4)
(5)
(6)
(7)

e

near infrared (8000
visual photometry O
ground based spectr
uv spectrophotometr
polarimetric standa
selected emission 1
standard astrometri

Work Details
Evaluation ©
objects (from instrument
‘gelection of candidate s
to be suitable for as ma
modes as possible.
Evaluation of available
and unpublished) for can
object list.
software to en
into the data

ter standa
base (at 1

Collection of reference data

pata entry

The polarimetric ca

f criteria for standard

all of the instruments.
for external wavelength standards for all
pabilities of the various
ed to be calibrated. since no on-board
these modes are available, in flight
omical sources will be regquired.

1ds are needed to define plate scales and
jstortions. At the jaunch the following

s will be needed.

Standard emission

-12000 A) standard star photometry
f standard stars

ophotometry of standard stars

y of standard stars

rds
{ne standards (preferably diffuse objects)
c fields
Lines of Code M-YR
al requirements) - .1
tandard objects
ny instrumental
—— ol
data (literature
didate standard -
.1
rd object data
east 3 modules) 600 .6
- 03
- 015
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solution that would be acceptable for every SI. In addition to
telemetry dropouts, other examples of data that should be flagged are
bad detector elements, saturated data, reseaux, and cosmic ray hits.
The detailed definition of these flags are a natural consequence of
the examination of SI data for calibration purposes. i

To the best of our knowledge, only FOC and BRS have proposed
solutions to this problem. The HRS has a 16 bit "epsilon" array (ref.
ST Scl SOGS comments to SE-06-1, Pp. 48), which has a value for every
data point in a spectrum. FOC suggests similar solution with only 4
bits of data quality indicator per image pixel, in order to minimize
the total bits in the data products.

As a compromise between flexibility and total data storage, the
plan is for an B bit data quality indicator for each sample obtained
from each of the 5 instruments. The main Impact on data volume 1s for
WFPC, where the 8 bits will add 50% to the existing storage of the 16
bit image arrays.

Since only 8 conditions of data quality can be flagged as
independently present or not present with 8 bits, the approach will
not be to flag each condition. Instead, a hierarchical ordering will
Be established, such that if two data gquality problems arise for the
same pixel, then the flag with the higher numerical value will be
chosen as the more severe error condition. For example, if a
telemetry dropout (flag = 180), occured on a pixel that is normally
bad (flag = 200), the final output flag in the quality array would be
200, The proposed flag values are spaced within the 0 to 255
possibilities so that newly arising conditions can be given an
appropriate severity ranking after the initial set i{s chosen. The
severity level of 100 might be construed as our judgement of where the
data is worth publishing below 100 and generally not valid above. 100.

The following table of actual codes for anomalous conditions
should be regarded as an example, or starting point for the detailed
calibration work.

Flag value Error Condition

250 General catchall for totally unusable data not otherwise
- specified.

200 Permanently bad detector element or gross noise problem.

190 Location on data array that is completely vignetted.

180 Telemetry dropout.

170 Reseau mark location.,

160 FOS and BRS case where the sampling of the data point is

less than one-half of the expected integration time,
such as for bad diodes or the ends of a spectrum, where
the overscanning is insufficient.

150 Full saturation at the maximum limiting count rate.

140 Saturation of count rate such that the error bar is
greater than 20%.

130 Probable overflow in counting electronics.

120 Cosmic Ray hit.
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B. FGS

1. Dark Signal

Thermionic emission and particle radiation will cause a dark
count background that is probably a function of geomagnetic
coordinates (B,L). This dark count will need to be measured in orbit
with the sky shuttered off the PMT's, since the sky may be a
significant signal. Hopefully, the background dark will always be
insignificant compared to the sky signal., 1In this case, no actual
dark calibration is needed, however, the difficulty of determining the
sky background routinely may make the use of the FGS for photometry of
faint stars impossible.

Work Details Lines of Code M-Yr
Observing plan for study of dark counts - .05
Special reduction software 50 .05

2. TLinearity (paired pulse)

This is similar to the FOS, HRS, and HSP problem.

Work Details Lines of Code M-Yr
Observing Plan -— .05
Special Software 50 .05

3. Aperture Sizes

This is similar to item 5 of the HSP.

Wwork Details tines of Code M-Yr
0

Software and data entry 50 .05

4., PFilter Transmissions

See WFPC, item 4 with no added software.

5. Absolute Sensitivity

See HSP item 7.

Work Details Lines of Code M-Yr
Special Reduction Module 50 .05

6. Koester Iinterferometer

The transfer characteristics, polarization dependence, the
extended source response, and the orientation need to be determined.
The level of effort and details are TBD.

Wwork Details
TBD
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C. FOC

To obtain a minimum estimate of the software required to
calibrate the FoC, the assumption has been made, for this gsection that
new code will be required. IpT software, of unknown content, will be
available to the Institute. gsee Section III for details.

1. Dark Signal

The FOC in flight will detect background counts due to a variety
of sources, including thermionic emission from the various
photocathodes in the intensifier chain, particle radiation, and
persistent phosphorescence of the phosphors of the intensifier
following overexposure Or passage through the SAA. The calibration
effort will be to prepare to analyze all of the flight background data
and to define lookup tables to accurately subtract any diffuse
components of the background that can be parameterized as functions of

the geomagnetic coordinates (B,L).

Work Details Lines of Code M-YR
Speclalized software 200 )

2, Linearity (ITF)

The FOC response to incident flux levels becomes non-linear at
high incident fiux rates due to saturation of the camera
electronics. The functional form of this non-linearity varies from
pixel to pixel. This means that a full intensity transfer function
must be created for each pixel independently. This is done by
assembling a suite of flatfield images taken with the on-board
calibration lamp at known ratios of intensity or exposure time. The
interpolation of the intensity levels of the ITF may be from 2
polynomial fit with 5 coefficient values per pixel.

Photometric standard Stars will be used to confirm linearity in
the visual.

work Details Lines of Code M-YR
Main Module To00 .1

3. -Flat Fields (Relative petector Q. E.)

The relative response of pixels in different parts of the field
of view to monochromatic radiation of known and uniform intensity must
be removed from the data if any relative or absolute photometric
studies are to be made with the FOC. The general shape and fine
structure of a flat field are both functions of wavelength. Cosmic

ray spikes will be removed from the flat fields.

Work petails Lines of Code M-YR
Main Module T00 .1

10
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FOC

identify these reseaux, and compute the transformation necessary to
remove the distortion from the science data. At present whether this
calibration will be done as part of SOGS or as part of the launch
epoch calibration effort is uncertain.

8. Long Slit Spectroscopy

In the £/48 mode the FOC has an optional long slit spectrographic
capability. A total of 3 gratings may be used with the slit to
provide data in 4 orders in the visual and ultraviolet.

a., ITF: The long slit spectrograph will be used in the 512x1024 zoom
pixel mode and will require a specialized intensity transfer
function. It has been determined in laboratory measurement that
the intensity transfer function is independent of wavelength, so
that the on-board LED's can be used to determine this ITF, as is
the case for a normal intensity transfer function. WNo additional
software is needed to generate this special ITF.

b. Special Wavelength Dependent Flatfield: The pixel-to-pixel
sensitivity of the FOC detectors is a function of wavelength. Any
spectroscopic observations made with this instrument will have the
detector wavelength sensitivity convolved with the flatfield
response. The approach taken to solve this problem and provide
the necessary calibration data is TBD.

Wwork Details 1ines of Code M-YR
Research --,1
Special Flatfield Software TBD TBD

c. Dispersion Calibration: The dispersion of the long slit
spectrograph will have to be determined or at least verified in
flight. The FOC has no onboard line emission source for
wavelength calibration, so some research is needed to identify
suitable astronomical calibration sources.

Work Details Lines of Code M-YR
Main Module 50 .05
Interactive Line Identification 30 .03

d. Absolute Sensitivity: The absolute sensitivity of the £/48 with
the long slit spectrograph will be determined in flight from
observations of ST standard stars.

Work Details Lines of Code M=-YR
Main Module 50 .05
Computation TBD

e. Scattered Light Properties: The scattered light characteristics
of the FOC will be most accurately determined during laboratory

calibration.
Work Details Lines of Code M-YR
Main Module & Data Entry TS .05

12
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D. FOS

The IDT is providing no software independently of the ST Scl
calibration effort. As a result, generation of the software is being
fully costed as part of the effort required to assemble the launch
epoch calibration data base

1. Discriminator Thresholds

The FOS has commandable lower jevel discriminator thresholds,
which can be set to exclude noise while retaining the scientific
data. Optimum levels must be determined both in laboratory and in
flight calibration. Some of the lower level modules for this
calibration can be shared with HRS and HSP.

Wwork Details Lines of Code M-YR
Specialized software:
FOS discriminator thresholds 100 « 1

main module - I/0 and set
up for each diode.
Use HSP lower level modules for each diode.

2. Dark Signal

Since the most gscientifically interesting astronomical targets
are often the faintest, instrumentation is usually pushed to the
limits of its capabilities early in the operational program. The FOS,
like the other instruments on board ST will suffer from two sources of
background, or dark count. The first is instrumental, and is
primarily due to thermionic emission in the digicon photocathode. The
second source is environmental, and is a result of particle
radiation, for the FOS, the background dark count can be measured
with high statistical accuracy in approximately 2% of the observing
time. This measurement should be made routinely, thus eliminating the
need to produce background lookup tables as a function of geomagnetic
longitude and 1atitude. The calibration work will entail studies of
where on the detector photocathode to make the background measurement,
and determining the scaling from the standard background position to
each of the aperture positions. Several background measurements at
each aperture position will be averaged together in order to measure
the fine structure of the background with high statistical accuracye.
There will be separate dark calibrations with and without the
activation of the burst noise rejection mode.

work Details Lines of Code M-YR
Filter and average pultiple background
measurements 50 .05

Compute scale factors for relative
response of standard background ,
and aperture positions. 100 .10

14
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Thus, the work required is to find an appropriate set of lines
and to define preliminary wgtarting” dispersion constants. Next, the
preliminary dispersion constants can be used to predict approximate
locations for each line in the library. A centroiding module provides
a precise location to 2a fraction of a gsample. pispersion constants
and errors then result from a least sgquares regression analysis of the
line positions VS. wavelengths. Perhaps, the procedure would need to
be jiterated in order to discriminate against the occassional noise
blip that' can throw off the automatic centroiding procedure. In lieu
of trend analysis, the initial choice of default dispersion constants
for a given observation might be an average of several sets of
constants from independent spectra.

Work Details rines of Code M-¥YR
Main program to read data and access line
libraries 50 .05

Line centroiding - S0-03 9.3.11.2. -
Least square polynomial fitting S50-03 9.3.7.

program to average a set of dispersion - so-03 6.1.5
constants and determine a scatter 6.1.17
about the mean.

6. Absolute Sensitivity

1n order to do spectrophotometry with the FOS, it is necessary to
xnow the absolute gsensitivity for all modes as a function of
wavelength. This will be determined by observing standard stars with
well known flux distributions. Comparison of the standard spectrum
with the FOS spectrum will lead to generation of the sensitivity curve
as a function of wavelength for each grating and the prism.

Work Details Lines_of Code M-YR
Specialized software
main module 70 .07
compute inverse
sensitivity curve 70 .07

7. Aperture Sizes

The dimensions and areas of the various apertures available to
the user of the FOS must be known for accurate sky gubtraction and
interpretation of diffuse source data. These measurements will be
made during laboratory calibration.

Work Details Lines of Code M-¥YR
Spec1alized software to enter aperture
dimensions and areas into data base 50 .05
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HRS

The HRS team has developed an extensive set of analysis routines

in the language of IDL. Those 1ines of code estimates flagged with a
4" pelow indicate that IDL code exists for this function. The level
of effort to convert IDL into FORTRAN has been costed at the reduced
rate of 15 lines of executable code per day.

l.

piscriminator Thresholds

This calibration will determine the optimum lower level

discriminator threshold settings for each diode. This process makes
use of general curve fitting routines as well as interactive graphics.

Work Details tines of Code M-YR
Specialized software:
Threshold calibration 340+ .11
1/0 keyword entry 50 .05

2.

park Signal

in flight, the HRS will detect background counts from a

combination of jnstrumental sources (such as thermionic emission from
the photocathode) and environmental sources (such as particle

radiation). These Ssources of noise will pbe detected in the absence of
light entering the instrument and will also be present in all spectra.

Q.

The special diodes: The HRS has 12 special djodes which are
intended for use as monitors of background levels, gcattered
1ight, and particle radiation. In particular, 2 diodes (one is
inoperative) are gold plated and should respond only to particles
with energies greater than those of typical photoelectrons. The
sensitivity of the operating particle diode with respect to the
other diodes in the array must be known SO that this diode -can be
used as a particle monitor. Likewise, the response of the other
special diodes with respect to the diodes in the linear array must
be known.

work petails Lines of Code M-YR

e e

Special dilode - main module 50 .05

pependence of geomagnetic coordinates: particle fluxes are known
to depend strongly on geomagnetic longitude and latitude. At the
altitude of gT's orbit, the spacecraft pass near the South
Atlantic Anomaly on many orbits. Since the HRS may be able to
operate during these periods of enhanced particle flux, it is
necessary to know, both for data reduction and observation
planning purposes, the count rates due to particles that can be
expected. This calibration will consist of assembling the
particlé count rates into a 100k up table sorted by geomagnetic
coordinates. HBRS cannot always measure the dark background in the
same way as Fos, because starlight or scattered starlight may be
always present everywhere on the photocathode in the echelle mode.
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1/0 keyword entry 50 .05
gpatial
5. Geometric Distortion

a. Vertical Deflection: This calibration determines the relation
between the digicon y-deflections perpendicular to the dispersion
and the actual position on the photocathode. since the y-

deflection is basically an analog voltage applied to magnetic
deflection coils some non-linearity, i.e. geometric distortion, is
expected. Data must be partially reduced using the paired pulse

and diode response corrections before this calibration can be

made.

Work Details Lines of Code M-YR
Mapping function - lines 260+ .09
Find edges of photocathode

in digicon deflections 76+ .03
Paired Pulse Correction sg-06 10.2.1.1.1.1
Diode Response Correction SE-06 10.2.1.1.1.2
1/0 keyword entry 50 .05

b. Horizontal peflection: This calibration determines the relation
between digicon x-deflection and photocathode sample (horizontal
component of the geometric distortion). Data must be partially

reduced using the paired pulse and diode response corrections
before this calibration can be made.

wWwork Details Lines of Code M-YR
Mapping function-samples 336+ .11
Find edges of the 112+ .04
photocathode (horizontal)

Paired Pulse Correction SE-06 10.2.1.1.1.1
Diode Response Correction SE-06 10.2.1.1.1.2
1/0 keyword entry 50 .05

6. Wavelength scales

This calibration will determine the relation between digicon
sample number and wavelength using spectra of the on-board Pt-Ne
calibration lamp. This involves reading the line library. converting
the- wavelengths greater than 2000 A to vacuum values, and using either
previous values of the dispersion constants, Or interactive graphics
to identify those 1ines in the library for regression analysis. The
gross spectrum must be extracted from the raw data. Regression
analysis is used to compute the new dispersion constants. This
software is usable for both the single grating and echelle modes of
the BHRS. This software may also be used for the FOS and special
spectrographic modes of the cameras, but this is still TBD and has not
been allowed for in this estimate.
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Work Details : Lines of Code M YR
Ripple determination TBD (est 300) est. .3
Reduction of data SE-06 1

1/0 keyword entry 50 .05

11. Scattered Light

The best measurements of the scattered l1ight characteristics of
the HRS in the direction of the gspectra can be made during laboratory
calibration. This data will not be used in the RSDP, but will be

needed in the interpretation of the scientific data on cool objects.

Work Details Lines of Code M-¥YR
Main module involving
primarily data entry 50 .05
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4. Analog to Digital Conversion

since the HSP data can he either digital or analog for each mode,
the conversion from current to true counts must be measured in order
to avoid a second complete set of calibrations for the analog mode.
Will this be X dependent because of multiple p-e ? Two separate
settings effect the analog output:

a. High Voltage Setting on the Tubes: The tube high voltage can be
set using an 8 bit level command, but the precise voltage on a
tube {(H) is measured by a digital voltmeter and telemetered down
in the engineering data. This measurement of the actual H
eliminates questions of aging and temperature effects and will be
assumed available for use in the RSDP. The number of
photoelectron events (true counts), C, je related to the tube
gain, g,

by C = i/(ge) , where i is the actual

tube output current and e is the charge per electron. The gain g
is linearly related to H, the current is linearly related to a
voltage V, across a resistor, and e is a constant. Combining all
constants into one A value, -

C = A Vy/H

The calibration A consists of measuring both C and V for a
particular mode and for each tube. Checks can be mage at
different count rates and B settings, although H would not
normally be changed except for the brightest sources.

b. Current to Voltage Converter (cvC):The CVC is a microammeter which
converts the tube current output i to V with 5 separate ranges.
The caljbration consists of determining the 4 voltages relative to
the S5th reference level Vg, for the same input source and for each
tube. Tests need to be conducted for temperature effects on this

calibration.

Work Detalils Lines of Code M-YR
Analog to pigital Study

and Software 150 .15
cvC study and software 150 .15

5., Aperture Sizes

in order to do accurate photometry, including correct subtraction
of the sky background, the areas of each of the apertures must be
measured. This will be done on the ground.

Work Details Lines of Code - M-YR
Main Module and data entry B0 .05
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G. WFPC

1, General Purpose Software

coftware modules which are used in more than one calibration but
are specific to the WFPC and are not currently included in the SDAS
design are 1isted below. Software which is believed to be under
development by the IDT has been indicated by a + and has been costed
for translation at 15 lines of code per man-day.

pue to the presence of hot pixels in the calibration data which
must be preserved, the ordinary SDAS blemish removal software will not
be suitable for use in cosmic ray removal from the WFPC data.
Instead, a new module will be developed which will work by examining
corresponding pixels in a set of WFPC exposures of equal time on the
same target. The distribution of signals at each location will show a
distribution that differs from statistical expectations, if any cosnmic
ray hits are present. The bright cosmic ray portion of the
distribution can then be ignored in computing the average signal for
each pixel. This technique will be especially useful for long
exposures on faint objects and for producing an average flat field for
use in the RSDP. Note that the WFPC team has software in their system
to do this sort of a task.

Work Details Lines of Code M-YR
Cosmic ray removal + 100 .1

2. Dark Signal

The CCD's used in the WFPC are subject to a variety of noise
sources which will provide a background to any astronomical
observation and must be removed in the early stages of reduction of
WFPC data.

a. Zero Frame: A Zero frame is a measurement of the detector read
out noise and any dark counts recorded during the 13 second
readout. The average of this noise level must be subtracted from
all data, after any cosmic ray hits have been removed.

b. Bias Frame: A bias frame contains the detector read out noise but
with the addition of a short exposure using the on-board
calibration lamp to ensure 300 electrons in each well (pixel}.
This is done to avoid trapping of astronomical data in the
transfer gate which would result in a non-linear response to
incident flux at low light levels. Cosmic ray hits must be
removed from the average of this level before it can be used in
data reduction. Either this frame or a zero frame {(depending on
ghe operational mode of the WFPC) must be removed from all WFPC

ata. .
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6. Plate gcale and GeometriT Distortion

An accurate plate scale is needed to interpret WFPC results and
for use in aiding target acquisition for other instruments. The main
WFPC—assisted-target-acquisition mode is expected to be blind offsets
from bright to faint targets within a WFPC frame. The other
instruments would center gquickly on the bright star and do the blind
offset, as measured from the WFPC image. The highest accuracy
required is about 0701 to center a target in the smallest (FOS)

hole. Therefore, this calibration {s not intended toO be of the
ultimate accuracy that would be useful for purposes of astrometry.
The WFPC 1DT has provided software that should be helpful in using a
standard ST astrometry field to deduce the geometric distortion and
plate scale.

Work Details . Lines of Code M-YR
Study problem - .1
Implement IDT software 400 .12

7. Objective Grating

The WFPC has an objective gratings mounted on the goFa. As for
the FOC objective grating, the calibration tasks are special flat
fields, wavelengths scales, and absolute calibration. Again, the filat
field is the big problem, if the pixel-to-pixel variation is a strong
function of wavelength. The solution is TBD, and the main effort will
be in coordinating the development of reduction algorithms with the
ipT. The calibration of the objective grating is not a RSDP

function. SDAS software is required for analysis following the

standard pipeline reduction to a flat field at a TBD wavelength.

wWork Details Lines of Code M-YR
Develope pian and goftware for Flat Fielad 1500 .45

8. Polarimetry

The WFPC has polarizing elements with 3 orientations which can be
used in conjunction with the other filtexs to do filter photo-
polarimetry. Reduction will be jdentical to a normal image up through
absolute gsensitivity calibration. At that point it will be necessary
to extract the data of interest from the relevant 3 images and compute
the Stokes vectors both for the object of interest and for unpolarized
targets. The algorithm for this reduction has not yet been selected.

wWork Details Lines of Code M-yr
understand details and write software 1500 .45
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a. All existing code being brought into SDAS to suppert calibration
is being costed at 15 lines of code per day regardless of the
language oOr level of documentation of the incoming code.

b. FOC: The IDT has generated approximately 5000 lines of executable
FORTRAN-77 to support calibration. The contents of these lines of
code is not known at present. It is estimated that approximately

2000 lines of code represent a minimal calibration software set
for FOC.

c. HRS: The IDT bhas generated approximately 2000 (with all 1/0)
lines of IDL to support their calibration effort. The number of
lines of FORTRAN code running under SDAS corresponding to a line

of IDL code is currently unknown but estimated to range from 2-4
1ines of code. For comparison, the conversion factor for FORTRAN
without the capabilities of SDAS is anywhere between 4 and 8.
Costing in this effort has assumed 4 lines of FORTRAN per line of
IDL code.

B. Cost Totals

Wherever reasonable, an effort has been made to share modules
(i.e. wavelength calibration, discriminator thresholds, and linearity
corrections) for similar instruments. This summary is incomplete in
that the requirements for several of the calibrations have not been
jdentified at the present time.

The lines of code and manpower estimates below represent the
results of a cursory evaluation of the requirements. In general, the
estimates assume that the instruments will behave ideally. Should
instrument behavior differ significantly from the ideal, as is likely
to be the case (note that several such deviations have already been
noted by the IDTs, but have note been costed here since the solution
to the deviations from jdeal behavior has not been determined),
additional software development and effort will be required. In
general, information on how far this estimate falls short will not be
available until laboratory calibration has been completed for all of
the science instrument, and the results have been fully analyzed. USE
THE NUMBERS IN THIS SUMMARY WITH EXTREME CAUTION. THEY ARE A LOWER
BOUND ON THE EFFORT NEEDED TO CALIBRATE THE ST IN ORDER TO DO USEFUL
SCIENCE.

1. Common Costs

Work Details Lines of Code M-YR
Calibration Data Base 750 1,75
read Lab SI Data 200 .3
reference Data Base 300 2.2
standard Stars -= .6
pata Collection - 1.0
pata Quality Flags 400 .55
scientific Functional specifications - 1.93
Common Total 2250 3.33
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5. HRS Costs

Work Details
Discriminator Thresholds
Dark Signal
Linearity .
Flatfield Spa traf
Geometric’ Distortion
Wavelength Scales
Absolute Sensitivity
Aperture Sizes

Plate Scale

Echelle Ripple
gcattered Light

HRS Total

6. HSP Costs

work Details
pDiscriminator Thresholds
park Signal

Linearity

Analog to pigital Conver
Aperture Sizes

Absolute Sensitivity
Polarimetry

7. WFPC Costs

Work Detalls

General Purpose software
park Signal

Flat Field

Filter Transmission
Absolute Sensitivity
Plate Scale & Geome
Objective Grating
Polarimetry

8. Cost summation

HSP Total

ané"q”

pistortion

WFPC Total

Lines of Code M-YR
390 .16
100 - .20
960 .38
834 .37
600 .44
100 .1

50 .05
50 .05
350 .35
50 .05

3484 2.15

Lines of Code M-YR
100 .10

50 .10
150 .15
300 .30

50 .05

50 .05
150 .15
850 .90

Lines of Code M-YR
100 .1
150 .18
100 .13
400 .12

1500 .45

1500 .45

3750 1 .43
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