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1.0 INTRODUCTION

1.1 Scope and Method

This report doouments the resulte of the final FOS instiu-
ment-level ocalibration conducted prior to delivery for integra-
tion into the HST, Measurements were obtained both in ambient
and under orbital-simulated (thermal/vacuum) conditions. The
purposes of the teets can. be summarized wunder two main
oategories:

1. Verify proper operation of the FOB to meet its CEI
Specifications prior to delivery for integration
into HST; and ,

2. Obtain calibration data needed for proper scien-
tific planning, and use as a data base for trend
analysis. Any trends already apparent from com-
paring instrument-leval test to prior subsystem- .
level tests arg explicitly discussed in this
report. ‘

Descriptions of the teet arrangements necessary io under-

stand ihe results are included here; detailed test procedures are
not reproduced in thie report, but are available in extensive
detail, ' Similarly, here we desoribe the test results. The raw
data exists on magnetic tape, and a few thousand pages are
available in hardcopy for the truly curious.

Finally, this report highlighte CEI ocompliance, daeviations,

and anomaliss. Where performance i1s lese than specified, the

impacts are discussed, In some areas, analysis is stlll under




way; where significant uncertainties still exist In the test

analyees, they are explicitly stated in thila report.

1.2 Timeline Summary

The instrument-level tests dJdescribed in this report were
conducted at MMDA during Summer 1064, prior to the FOS Pre-Ship
Review (PSR} held on September 18, 1984. This raport primarily
reflegts detailed analysis of the test results avallable in
quick-look form at that tina.‘ A few axceptions exist, where
further dats has been obtained to follow up on problems or
unocertainties identified at the PSR. Much wWork has been done,
and substantial improvements made, in the area of filtar-grating
wheal (FGW) repeatabllity: vegent results are included in this
report, Also, further target aoguisition test results are
presented in the appropriate chapter. Finally, any indications
of ohanges in instrument performance as late as March 1986 are
noted, even Iif the data may be only partially complete, Thus,
the FOS performance described herein is, as bhest we know, com-
plete to March. 1985, although it muet be emphasized that the
latest ocomplated set of test data dates to Summer 1985,

After these data ware obtained, the red detector was
replaced by a epare (in December 1885). No system-level data are
yet available, Based on deteotor measurements for the original
and spare red assemblies, we discuss anticipated performance

changes for the POS in Sactions 2.1 and 2,2.




2.0 EXECUTIVE SUMMARY

2.1 uajgf Results

The primary purposes of performing the calibration tests =

discussed in this document were threefold. First, we wished to:}g”

discover deficiencies in the F0S and correct them; the reuults'of&

this purpose are discussed in this section belqw.'isacopd}Vwa;,,'f‘

wanted to characterize the performance of the FOS to daterniné;'f.-‘

how closely it achieves {ts performance spacifications; aaotion"

2.2 addresses this issuva. Pinally, we obtained calibration data,

-aome of which can only be obtained in laboratory maasuramenta_" L

(such as polarimetry retardation angles), and most of which form_f.’il

a baseline to compare aqainet future ' ground-based and on-orblt

calibrations.

Theee tests uncovered deficiencies, _aome of which werq:

major. The most wignificant instrument deficiency found was the-

steady deterioration in performance in the original red :quhﬁ-;;]?'

detector. As a result, it was replaced late in 1985 with'a_sﬁafqﬂ“

flight detector nearly, but not quite, as good as the origihél,“‘

- had been before its deterioration. The expected performance frnﬁ:g“':'

this new detector is briefly mentioned in Section 2. 2. A second .

- major deficlasncy discovered by these taats was tht 1nadequatunf*

repeatability of the filter-grating wheel mechanism qompared to"

the needs of the planned FOS target acquisition proceduréé.' Thtéf:":

problem could not be completely eliminated, but was cubstantially fx

aneliorated through modifying the mechanism etapper-mator[ﬂul;

sequences, by installing 4nternal LED illumination BouUrces ton_‘f.'x

-3-




use during target acguisition, and By modifying the flight soft-
ware to allow use of the LED sources to ocompensate for image
movenments due to the filter-grating wheel,

Happily, the calibration results principally showsd that the
FO8 will meet most of its design performance requirements., The
data obtained were sufficient to derive first-order databsses for
the 8TSel ocalibration files and ¢to allow reasonably realistic
planning of GTQ (and GO0) scientific programe using the P08, Fol-
lowing the repairs described in the paragraph above, the FOS has
been calibrated to be a sclentifically useful instrument meeting

nearly all the performance requirements discussed in Section 2.2,

2.2 OQEI Compliance
The ¥08 scientific performance requirements are called out
in a portion of the Contract End YXtem {CEI) Specifications Docu-
ment, summarized in Tables 2.2-1 and 2,2-2 and Figures 2.2-1 and
2.2-2, These requirements are verified (or not) by the calibra-
tions described in this docuneng and are further discussed below,
. Items A through D ~ Instrument Geomatrv: Thease requirements
were measured at the component leavel and assured by the geometry
of the FOS design. The calibration results are in all cases con-
sietent with the ,geometrical specifications, ?ut by themself do
not directly verify these requirements,.
Jtem E - Spectral Resolving Power; The results given in
Section 5.0 verify complete compliance with these specifications,
Item F - Inetrument Profile: The results presented in Sec~

tion 6.5.2 verify only that the required performanca is at leaast

-




TABLE 2.2-1

INSTRUMENT PERFORMANCE REQUIREMENTS

A. Detectors

The instrument shall contain two independently operable Blz-j“

channel digicon detectors with associated electronics.

B. Inage Format

Each detector diode array shall be a linear arrav'of 5I§
elements on 80 Hm nominal centers., Each array element shall have’
& geometric height of 200 + i0 um and a geometric width ‘of

40 + 2 Um.

"~ C. Image Scale

The spectrograph optics shall reimage the entrance ﬁpertuﬁéz'

focal plane such that the image scale at either-datector,is-x- .

eguivalent,

140 + 10 Um/arcsecond when illuminated by the OTA or its optical -

D. PFields of View

There shall be 12 apertures with dimensions cor:aaponding'fo-:“':

fields of view from 0.1 arcsec to 4.3 arcaec in scalae. The size,

configuration and relative locations of the apertures are defined

in Table 2.2-2, Apertures not selected for a given dﬁaervatxon“;“-i‘
ehall not allow stray light contamination, One aperture pesition . -
shall be opague. A failsafe position shall be provided with 0,5.

arcsec and 4.3 arceec sguara apertures,

E. Spectr vi Powayr

When observing a point source, the instrumental profile fﬁinﬂQ-a
apectral width at one-half peak rasponse, divided into the aource - -

wavelength at the center of each spectral subrange, shall be -
1000 + 500, =0 for the high resolution modes, -and 'shall be

200 + B0 for the low resolution modes.

F. Instrument Profile

When . observing a point source, the instrument profiiéff
(defined as the datector response to a monochromatic source froin

within a solid angular distribution simulating the OTA focal '

ratio, central obacuration, and astigmatism) for every rqaolution,-”
mode and spectral range, when normalized to peak response = 1,0 -..
. shall 1ie on or balow the curve depicted in Figures 2,2-) and:

2.2-2 for every detector diode.




a.

Spgetral Ranges

The FO8 optical geometry shall permit observations with a
spectral resolving power of 1000, as defined above, over a wave-
length range from 114 to 900 nm. The optical geometry shall
permit observations with a epactral resolving power of 200, as
defined above, over the range from 114 to 800 nm. The optical
gecmatry shall permit speotropolarimetric observations over a
wavelength range from 120 to 320 nm, and a non-dispersive train
for direct imaging from 114 to 900 nm. Order blooking filters
shall be included that provide transmission linear with wave-
length and constant within +/-1% over the range 319 nm to 800 nm
within the clear aperture.

H. fie [~

For both the resolution = 1200 and 200 modes ase described
above, FO8 efficiency shall: exceed 1.0 parcent over the antire
range from 120 nm to 700 nm; exceed 2,0 percent from 120 to
200 nm; exoeed 7.0 percent from 200 to 400 nm; and shall have a
peak efficiency exceeding 10.0 percent. .

I. Instrument Noise

The FOS background noise from all sources during 1nrligh§
operating oonditions outside the SAA shall not exceed 2 x 10~
counts/sec/diode at -10°C photocathode temperature.

J, In-glight Calibratien

The F08 shall have on-board spectrai calibration sources to
allow determination of any astronomical source apparent wave-
length to a relative accuracy of 20 percent of the apectral

resolution at that wavelength, and it shall have a flag-field
source, -

K.  Exposure Intervals

The FO8 shall be capable of exposure times of 8 milliseconds
minimum duration, shall be oapable of meating performance re-
quirements with minimum intervais of 18 milliseconds batween
axposures and shall be capable of maximum continucus axposure
rates up to thirty three 812-channel exposures/second.

L. Instrument Stability and Repeatability

The FOS radiometric response (total counts per photon for a
nonochromatio input to the instrument) derived from repeated
neasurements shall be constant within the following limits for as
percent of the operating diodes.

1) The reeponse shall be stable to within 1.0 percant
over periods wup to 4 hours with the opto-mechani-
cal configuration held constant,

-6&
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2)  The response shall repeat within 3.0 percent for -
opto-mechanical reconfigurations (returning to

starting configurations) during a 4-hour observing -
period, -

9) After achieving thermal equilibrium, response
: shall repeat within 8.0 percent for measurements . .
made up to 24 hours apart (with the opto-mechani-
cal configuration returned to that of the first-
measurement, with the instrument recalibrated with - -
the internal wavelength calibration system and
with the target recentered with the 8Ty, - .

M. Pulge Saturation Error Corraction

For input count rates randomly distributed in tine up to 165-;= e
counts/sec/diode, the measured rate shall be correctable to the : .-
true input rate to a precision better than 4.0 percent. For .

input rates (also random in time) betwesn 1 and 10 -eounte/sec/

diode, the memsured rate shall be correctabls te the true input

rate’ to an accuraey better than 1.0 parcent.

N. System Switching Time

The time required for the FOS to eswitch from operation with -

one detector to operation with the other detector shall not

excead 5 mnminutes for the target acguisition aperture - and aoaliif{

minutee for the A-4 apartura.

0. Acaulgition

When provided with an input image of a point light'sourca-;--”
with position stability better than 0,01 arcsec, the FOS shall be '
able to locate ite centroid to within 40.08 arcsec for use in- . %

target acgquisition,

P. The photocathode operating temperature shall be maintained f'ff
between -329C and -8°C for the cold and hot interface sink tem- . °

perature extremes defined in ST-ICD-02, Axial SI to OTA/98M.
Q. Polarimeter Optics - .

The FOS shall ba equipped with a polarizer module which -
shall modulate the light irradiance on the detesctor in a way .~ -
related to the state of polarization of the incident light. -In " =~ -
particular, the modulation of the irradiance shall excaeed seventy . -
percent (70%) for 100% linear)y polarized input light of any - - -
poesition angle for wavelengths from 121.6 to 300 nm. _The- .
polarizery module shall have a transmissjon of unpolarized light .-
exceeding 0.1 at 121.6 nm when both output beams are summed. The -
polarizer module shall have a setting so that both FOS beams are "
¢lear simultaneously. In the event of fallure of the polari- -
- meter, it shall be possible to remove it from the light paths - . -

permanently,
-7 -




R, Derived Limiting Magnitude {Informations I-1:) ly - Not
an_Additional Regquirement)

From the FOS efficiency and noise performance stated in
3.3.1.¥ and 3.2,1.1, and aseuming an OTA collecting area of 4.8 x
10° om“ with 63% OTA throughput, the P08 will achieve S/R » 7 per
diode at 400 nm in the 3/A2 = 1200 mode for a 3-hour integration

of an wunreddened AOV stellar flux distribution of magnitude
vV = 23, -

8. Mechenis ngated Moment

The mechanisms' uncompensated momentum shall be controlled
to minimize jJitter of the stellar image.

- -




TABLE 2.2-2
APERTURES AND RELATIVE POSITIONS

SIZE (WxL)* ' '
GROUP NO. (ARC SEC) NUMBER SHAPE PURPOSE

B 1 0.5 Single Round Sclance- |
Polarizatfon

2 0.3 Single Round Science- IR
: Potarizatton -~ -

3 1.0 Single Round Science~ L
. Polar{ization .

4 . Blank -- - Background

A 1 4,3 Single Square Acquisition

2 0.5 Paired Square Sci ence-Beam
: Switching

3 0.25 . Paired Square Science-Beam
Switching

4 0.10 Paired Square Science-Beam . =~ . -
Switching

c 1 1.0 Paired Square s'c_ience-Bqa'mA =
Switching -

2 0.26 x 2.0 Single Rectangular Science-.
Nebular

3 2.0 Single Square Séiénce_-ui de
Occul ter S
(0.3 arcsec bar) '

4 0.7x2.0 Single Rectangular Scieipce-‘ o
. ' Narrow Occulter
. (0.3 arcsec bar).

LE LTy o - -

"W(width) fn-dispersion
 L{1ength) cross-dispersion
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nearly met. The near-field and far-field requirements are fully
mat, but the mid-field (2 to 20 diaodes off line-source) reguire-
ment may not be met by as much as a factor of two in the permit-
ted scattered light. The oalibratipn results provide only upper
limite to actual FOS scattered iight pertormancse, &0 the results
do not prove the full epecifiocation is not met, merely they fal)
to prove conclusively that the mid-field performance is met,
Fortunately, the worst-case profiles derived in Section 6.5.2
aseure good scientific utility for the epectrograph with perfor-
mance adegquate to carry out the 1ntendad'obaarvational programs,

Item G - Spectral Ranges: The results of Section 5.1 vorlfy
that these requirements have been met, Note, however, that as
discuased ﬁelow, the red Eesponse makes most ohservations in-
feaalble for wavelengths much longward to 800 nanometers.

item H - Efficiency: Measurement of the instrument absclute
photometric efficiency, desoribed in Seotion 6.2, was by far the
most difficult of the calibrations performed. The initial re-
sults indicated olearly that the specifications were not being
met and discovered deterioration in the red flight detector which
led to its being replaced. Although instrument-level calibyra-
tions have not been performad after the detector replacement, the
results of Beotion 6,2 can be mcaled f£rom the results of the
deteotor efficiencies obtained for each of the flight detectors.
Within the measurement uncertainties, often as large as 28%, the
FOS with the original detectors, met the regquirement of 1%
éffioiencv from 120 to 700 nm, With the replacemsnt red detec-
tor, the upper end of this range is in doubt, and the limit of 1%

-2




 throughput may 1lie &8 low as 660 nm. Further system-level ' -

measurements are planned, but in view of the difficulty 31p f.‘ L

cbtaining absolute accuracies better than around 20%,.th§f,*aéflt:a

threshold of 1% efficiency may remain uncertain in the ranqa.ﬁﬁbf"

to 700 nm. The requirement that efficiency exceed 2% tigm iéo'iéjt-"
200 nm is substantially verified, although the _accuraéy Qrﬂfﬁé‘
meagurements below 130 nm is not excellent. The #emﬁinihg'rgéjg':"
quirements are not met; the efficlency in the resolution = IQOOJQJH'?
mode between 20 and 400 nm is 6% to 6%, rather than the bpedifiédfﬁfﬁwz
7%, and the peak resclution = 1200 efficlency is near 7%, npt 1oxhﬂx

‘&8 specified. Similarly, the mode rusolution = 200 etticiencinsﬁ3f}“”

fall to meet specifications, with the actua)l efficliencay runningff:}}ff

from 4% to 9% in the 200 to 400 nm range, and the peak etticiency
reaching nsarly 9% {(almoet the specified 10%) around 350 nm. _
Although the"inatrument does not completely achieve the npéci:tpq,g'

efficiencies, it does come close to them.throughout'tha enfifé.;”'

spectral range, and so will be able to achieve substantiallv arr v

its science objectives, but at the cost of scmewhat (20% to 40*, R

greater observing times being required,

-_ § Ly T EEEE

Item I - Instrument Noise: The results given in qaction'ﬁ,B:”':

and the detector measurements on the replacement red deteafor'lrrcf

verify that the FOS completely meets these raquirnmnnts with aomau”

margin to spare.

Item J -~ In-Flight Calibration: From the resulta 1n ‘séc::‘---'.',-'--"j

tions 5.0 and 7.0,

length calibration is fully verified.

-13-
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Item K - Exposure Intervals: This ocapability was fully
| verified during the calibration tests {(among others) . undertaken
to obtain the results given in Sections 3.3,2 and 3.3.3.

Item L - Instrument Stability and Rapeatability: The re-
sults of Sections 6.0 and 7.0 indicate that, following the modi-
fications to dimprove the filter-grating wheel performance and to
compensate for ite effects, the regquirements in Item L can ganar-
ally he met. One exception, disoussed in Section 7.1, is that
the performance ocannot generally be met when using the smallest
aporture within about 4 hours following a HOLD te OPERATE trangi~
tion or within about 30 minutes (cf. Xtem N below) following
switching detectors on the F0S, These deficiencies are notaed in
the FOS Users' Notebook preﬁared by the B8TScl, and the 4-hour
constraint has baeen incorporated into the ¥08 Operations Limita-
tions Deocument.

Item M ~ Pulee Saturation Error Correction: The resulte ob-
tained in Seotion 8.4 allow theqe corrections to be made to the
specifled acouracies,

Item N - System Switohing Time; The results shown in Sec-
tion 7;1 verify that this requirement is met. Note that the
longer warmup ‘time for the 0.1 arcsecond aparture is shown to be
necessary and represents a oonstraint on the uss of the FO3.

Item O - Aaqui&ition: Initially, the results of Section 7.2
proved that this requirement could not be met. Howaver, with the
modifications made to improve the filter-grating whaeesl parfor-
mance, to add the LEDs, and to modify the target acquisition
algorithme, i1t is enticipated that this requirement can be met.




Further testing is underway to substantiate this, however. . (As3afxlj:ii”
legalistic matter, even the unimproved instrument might ﬁgﬁe bqéﬁ'xjff"?..
able to have met this requirement, but not din any maiter.whicth;lix
would be of practical efficiency for on-orbit cbservations, The ' "
obsarver woul& have spent nearly all the preclous HST £1ﬁe tf?tﬁqiﬁ;';
to acquire the target rather than obtaining spectra.) f
Item R - Darived Limiting Magnitude: Although’tﬁ;a‘aﬁaqiflff
cation is given for informational purpases only (it ie sihply:_v‘
derivable from other specifications), it is of interest to note
that the FOS should exceed a signal—to-noiée ratio of at ;eaét_eggf‘ )
in each pixel at resolution around 1200 when obéerviﬁg a'uaqn#f‘”%F:
tude 23 unreddened A0 pointlike source. ‘ ' - N
Item S - Mechanism Uncompensated Momentum: The calibrafiqnsf ;?F‘
‘discussed in thie report d4id not address this itam. (Howa#er,‘

the FOS tlltor-gratiny wheel was redesigned in order to meétuthis

requirement, )

-18-




+3.0 FOS DESIGN AND FUNCTION

3.1 Dasoription of Instrument

The Faint Object Spectrograph (FOS) is a dual optical chan-
nel gpeotrograph in a near Wadsworth configuration, operating
With two independent 8512 element linear array pulse-counting
digicons. The FO8 is designed to achieve high eignal-to-noise
ratios on very faint astrophysical sources at moderate to Jow
speotral wesolving powers, Thus, a premium has been placed on
high throughput at ultraviolet and visible wavelengths, on high
detector quantun effioiencies, and en lower internal noise in ite
design, Emphasis héa also been given to providing high espatial
resolution eo that the FOS can isolate fine angular gstructure in
& variety of gource geometries. Thie has led to the proviaion of
twelvae solactable entrance apertures of various gizes and shapes,
and to packaging of the optical train so that these apertures are
located aa'olosely as possible to the telescope's optiocal axis to
ninimize optidal aberrations. High photomstric acouracy has been
provided by the detactors which are linear over a wide dynamio
range, by the design of precision mechanisms for repeatabllity
and by stable struétures wWith very tight tolerances. Finally,
the ¥0S has bheen dgeigned for sclentifie versatility by including
provisions for ultraviolet apéctropolarimatrin measuraments, and
for high time resolution (10 Rme) spectroscopic observations of
rapidly varying scurces, o '

The FO8 will function as an element of the Space Telescope

system, and as such, it is dependent upon the 8T for environmen-

-16~




tal protection, structural support, electrical power, data.

nanagement, and communications. The FOS optical system lg

specifically designed to accept the light b-am provided by the:9'*'

8T Optical Telescope Assembly {OTA) a8 acquirud using 8T "

Guidance and S8tabllization. The functional . design of the Fos‘..z.
(1llustrated in Figure 3.1- -1) 18 notable for its siuplicltv and'fru .
compact geometry. The observer may select, by orientatipq of thﬂ-;lifT'
spacecratt, either of two independent optical channels, each ot"
which focuses nearly satigmatic spectral images on the ﬁhoto—f.

cathodes of photon-counting Digicon detectors. These ‘optica; T

channels differ only in the wavelength sensitivity of their
reaspective detectors. . l '

A 1ight beam from the OTA enters the FOS through an- entranee}”"

port (see PFigure 3.1-2). fThe entrance port provides a liqht-

tight door to close the syatem when it is not in uea. At thé

focal plane of the £/24 ST input beam 4s an aperture whealﬂ,':

containing two sets of 12 apertures (see Table . 1-1) from which_..fin

& required aperture can be selected to use in each of two opticai'lﬁf7

paths. Each optical beam may be passed through a polarization I?'

analyzer, or this device may be rotated out of the baam. The."

polarization analyzer consiste of a magneoium tluoride wave-i""\“

plate, which is rotated in steps of 22.8 degrees,
fluoride Wollaston prism.

The deflection mirror, a "roof" prism, then rarlecte thq"

and a magnesium .

beam 22 degrees upward towards the gratings detactora.- Thisfl,;‘ a

simple design feature has the important effect of nllawinq the .- h

apertures to be placed within 61 mm of the taleaoopo optioal”'

-17=
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TABLE 3.1-1
PRIMARY ENTRANCE APERTURES

Siza* Canter-to-Center Spacial
Nunber ghape fercsec) Separation (arceec) Purpose
8ingle Round 0.5 dia N/A Polarimatyy
S8ingle Round 0.3 dia N/A Polarimetry
8ingle Round 1.0 dia N/A Polarimetry
Blank N/A N/A N/A Light Shield
Single Square 4.8 N/A Target Acqguisition
Pair Square 0.5 3.0 Object anxi Sky
Pair Square 0.26 8,0 Object and Sky
Pair Square 0.1 8.0 Object and Sky
Pair Square - 1.0 3.0 Object and Sky
8ingle Rectangular 0.26 x 2.0 N/A Ettended Objects
8ingle Square 2.0 N/A Surrounding Nebulosity
Single Rectangular** 0.7 x 2.0 N/A suwrrounding Nebulosity

Palr  square 0.5 & 4.8 4.4 Target Acquisition
and Spectroscopy

*For rectangular apertures, first dimension 4is along disperaion,. second
perpendicuiar to dispersion. :

¥*{ith ocoulter bar which is 0.3 arceec wide in cross-dlepersion direction.
=220




axis, physically close to a corner of the inetrument, tQ'ﬁihimIiﬁT;! 1'u |
astigmatism, while also allowing the bulkier components of thé:“%:;{ﬂ;'
spectrograph to be compactly packaged. The reflected beam then " . -

passes through an order-sorting filter, if requsrad, in thelﬁ o

filter-grating wheel. It 4s then collimated by an off-axin“

paraboloidal mirror and then dispersed and focused by tha_ =

eelected slement of the filter-grating wheel onto the detector

photocathodes, The dispersing elements on the tlltar—gvatlng

wheel allow FOS to operate at either of two reaolutipha,'hodaf&féxa_I
(R = 3/A) = 1230 + 185) or lower (R = 188 + 165). For'-modegat;_“

resolution observations, the dispersing elements ar§ éqnbdﬁd;“v:fj
gratings which focus first-order apectra onto the detector ﬁhotbf?'*'?"
- cathodes. In this mode, the wavelength range 11850 i to aaod-%iiéﬁ;:iili 3
divided into eix overlapping intervals {see Table 8.1-2), covérddti;;m7:‘;
'by 8ix suitably blazed gratings with ruling frequencios ranging.:i?

from 168 to 954 lines/mm. Resolution elements vary in w1dth trom}f}':_;
1.1 A in the far ultraviolet to 6.0 A at red wavolengtho. ‘At 1ow;gi::f
dispersion, concave gratings, with ruling fraquencies of 14; andf5677mi 3
40 lines/mm, are usad for wavelength intervals 1180 A to 2200 A I

and 4000 A to 8000 i. respectively, giving correaponninq‘fresbiuQ R

tion elements of 6.9 A and 25 A. At intermediate wévalanqths,

2600 A to 7000 A,

The ndg?f

linear dispersion of this element results in resolution varying . - -

[ ] L
from 7.4 A in the ultraviolet to 3850 i in the red,. In

for the reduced spactral resolution,

-21-

low dispersion spectra are obtained with the. . -
* ~ Y
-‘'combination of a double-pass, small-angle sapphire prism and a =

. concave mirror, mounted in the filter-grating wheel,

return .- -,

the low dispérsion ﬁrisﬁ“f;xx,"n




TABLE 3.1-2
WAVELENGTH COVERAGE OF FOS

Element Resolution Dispersers Wavelength (nm)

at Central Min Max

Wavelangth

(R =A/aN)
Grating H13 1200 110 164
Grating H19 1200 153 228
Grating H27 1200 221 129
Grating HAD 1200 319 474
Crating HS7 1200 459 663
Crating H78 1200 ‘ 626 931
Grating L16 200 110 220
Priem 100 250% 700%%
Grating 160 200 400 800
Mirror 1 110 200

Blocking Filtara

Element Wavelengths (nm) Minimum Transmission

T = 1% T = 90% Wavelength at Min.
(nm) Mode Wavelength
FH27 = fused silica »165 «.200 221 93X
FRA0 = WG 305 290 340 319 87%
FH57 = GGIT5 G34 338 425 459 91z
FH78 = OG 530 ‘510 8§50 626 9l
FLED =

CE3I75 Gi4 335 425 400 852

*Rasolution is about 400 at 250 nm
*Rapolution is about 25 at 700 rm
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provides excellent throughput and image 'qualitf, amphésiz@ng'

spectrophotometry of the very faintest sources to béjdbeerbbd '_:A
wWith the FOS. Wavelength calibration is provided by_tWo:on bo#fd f;¥1;
PtCrNe lamps (Figure 3.1-3), The twe Digicon defector'aéqéhf f$;?f"
blies, designated "red" and "hlue", Aiffer only in ;héir ‘phoegé'¥;2 ;
cathode and face-plate materials (Pigure 3.1-4), '?ﬁq '"biueﬁil;iwﬂ
detector has a bialkali photocathode (Naksb), which ‘is‘p§§f' g
sensitive at blue and ultraviolet wavelangths, deposited bp; d:f  ¥f
magnesium fluoride window. The photocathode of the “red“‘ﬂatecfnfEJim
tor, trialkall Naksb(Cs) deposited on tfused eilica) lprovideé ﬁﬁ-ffini
. axtension of sensitivity to tﬁe red, at the expense ot highéﬁxjﬂﬁ"

thermionic noise at ambient temperatures. To. reduce- bacquound:"'_ .
to the extremely low valuas (< 0,002 counts/e/diode) required tor'f' .
'the FOS sclentific programs, both photocathodes are cooladjmx“

(Figure 3.1-5) to the temperature range -109C to -28°C. The . ..

Digicon detector assemblies operate by focusing photoalactronaf..¥

emitted by the photocathode, and acclerated through a potential';%:';'

difference 22.5 KeV, onto a linear array of 512 silicon-diodas ﬁ{tif
(see Plgures 3-1-§ and 3,1~7). Pocusing 1is nccomplished with a:ﬂfifi
SmCo permanent magnat assenmbly, carefully shaped to’ prov&def N
extremely uniform fields. The electron beam can be defloctedfzi:‘J
perallel or perpendicular to the diodo array, so that images - trom'ﬁ 3

any part of the cathode may be centered on the 11near a:ray,';?;ff
‘This facilitates comparison of sky background and eource ihaqesf'w-  -
and is required for polarimetric observations, The size of 'aéh::f“*
diode, 40 microns by 200 micrens, is the optimun 'fo' ginimiﬁ@f »
dark nolse, while still being large enough to prevent a signifi- . ..
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Flight Tube Quantum Efficlency

100
10 m

| N
N
ok, | amA s-20

3

0.1

0.01 ramed L L
. 100 300 500 700 900

Weavelength, nm

L 'fll”_-l"i'gurq 3.1-4. Detector Quantum Efficiencies (Quantum efficien~
e s : ' cies of the two FOS flight detectors. Both pro-
duce under 0.002 counts/diode/sec noise at =10°C.
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cant loss of signal at the diode ends. The chﬁrgef:p“igé}f_l.
generated in each diode 16 amplified and counted by one of - 51?LT{:3:7
independent electronic chains. The electrohics ampzify ?thé:t:i,.
charge generated on each diode and process the data for trans{‘f-a.m

tiasion to the 81 Command and Data Handling (C&DH) system. .The"

electronics also provide operations control of all FOS éubefatéﬁs ;gfg

(see Block Diagram Figure 3.1-8). FOS Power supplies conditionvf" g

88M power and provide required low voltage to the other alac~;f1F3 f

tronics and high voltage to the detectors and calibration lamps

@6 needed. The optics and detectors are mounted on an bptiogl'f,7ﬂ3

bench structure which maintains extremely fine’ 'dlmensidﬁql;”'

- - o TUos - - P

stability. In order to maintain dimensional atability'.undeﬁf S

varying thermal conditions, the bench structure is ma&e:of""l
graphite epoxy tubes and invar Joints. The bench is cbnnectéd to

the FOS shell structure using a nonredundant support which pééh”

vente structural loads in the interfacing structure from inducing\! 

stress deformations into the optical bench. The optical elemente' i
are moved into very pracise positions 1n the optioal path byfﬂw‘_
mechaniems which are mounted on an optical baench ¢ﬂigure'a,1-9)‘nl

The grating wheel is stepper-motor driven and uses a apring-

loaded cam follower and machined detents. The others use encodldnn S

stepper motors to achieve accurate poaitidnél repeatability.  All .-

mechanisme have fall-safe or redundant devices which will avoid--‘f

Gebilitating single-point failures.

To obtain the required detector dark count, the photocathodeﬁ:

of the datectora must be cooled.

“cooled by heat pipes connected from the photocathode and oharqe'”‘:.

-29.-

The detectors are passively;u




WRIBETq MOOTg TeSTIOBTd SOd -g-1-f oInbIg

indsdl
ASZ
(CaNVIE)
. X1ddng J0MINGD
| ) TYRAUINL
vava 211 _.
WILNIAOI , N S od @9 | gy | SN  Taayvie)
sa% 015 3 oy e Lora [xdans [x1dans] M0N0 cuzayalsuatIng
W3l ymd | 21001 | 1300 | No13931430] yoLOR nd
" XiddNS ¥IMOd IVEINID J ] w
1
VALNGMOD ,
HI®D s m
X  “wvivezNas | ,
"YU N 81 T 505830084 QBN 2304 LN W3S .ﬁ._l— . peer
AYU A, XS0 oces <804 1Su2isIoaN
NCH X3l [uami]13vaivd 2ie vz} smanon al Auans
< N j . )
ASSY SOINOBLOFTI el T E] TETR Y]
| sy somoun | _||_ |

.9 11 h\— . 29

TFOULNOD n-—‘ SNINIL gﬂﬁ-g Sdny Sany dnent
lllllllllllllllllll NOBIO
¥3ddne  , vy i

viva
NS ¥0S8320Md TYNDIS BOTVRY ASSY ¥0.03130




 6-1°€ FINOTA

QN3 d amd
18Od IONVIING

U LAY
N BONVALNE -




anplifiers to two dedicatéd radlators, one for the photocathodes
and one for the charge amplifiers. Also, precise thaermal control
is required for dimensional stability of the optical bench, The
thermal control aystem oconsists of sensors, contral circultry,
heaters, heat pipes, radiators, thermal isolators and insulation.
The optics compartment temperature is maintained by six heaters
powared by ailther alectionica etring. The system §s» controllad
by selective use of heaters, radiators, and ineulation (Figure
3.1-10).,

Eloctrical and mechanical Ground Support Equipment (GSE) are
ueed to operate, manipulate, handle, and store the FOS (Figures
$:.1-11 and 3.1-12),

The structural ano'losu:"e of the FO08 (Figure 8.1-13) is made
of aluminum honeycomb akin and stringer construction. The deadi-
cated radilators transfer internally generated heat to the S3M aft
shroud heat sinks. Externally, there are alsoc hand holds for use
by the astronaut and attachment points for ground handling.
Guide ralls provide orientation for installation into and removal
from the focal plane struoture. Electrical connectors which ean
be mated and demated in-orbit are also provided., A vent with
fllter allows for pressure equalization during ground transporta-
tion, ascent and re-antry. An lon gauge permits evaluation of
on-board pressure,

The P08 is designed to fit in axial ST Positions Two or Four
and is asaiynad: te Position Two. A three-point attachment
latching mechanism holds the instrument in place and provides

registration of the FOS apertures where the f/24 beam of the OTA

-3
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comes to a focus.

In summary, Figure 3.1~1 illuetrates the FOS oﬁaréllidaaiq#f“”
concept and identifies the major assemblies of the 1nst£umeqt'f-

summarized in Table 3.1-3, PFigurs 3.1-14 defines the FOS/ST = - -

‘interfaces,

8.2 get-Up Pavameters
3.2.1 High Voltage and Tri ocus

3.2,1.1 Dlgicon Focus Condition - The digicon 'géhsbff:q

is a magnetically focused image tube with optimum electromagnetic ~ "

focus when
B = kv '

where B 1s the focus magnetic field
V is the tube voltage
k is a conetant

The main focus magnetic field is generated by a-péfmaﬁehtf‘:ﬁ;a
magnet focus assembly (PMFA). In addition, a solgnoid}ia ﬁéqndﬁf}F}”
interior to the PMFA, By utilizing thie trim fophs_t&éld.fthﬁiffJx'
digicon tube remains in electromagnetic focus from:fhe mﬁxiﬁﬁﬁ”!i_
© allowable 24 kilovolts down to approximately 18 kilovolts. Thi§   
option was deenmed prudent in the unlikely event of l-hlqh_fbitaggii;;.
discharge; the voltage could then be reduced down to 18 kilov&ita :f¢ 

to eliminate the discharge,

9.2.1.2 VFocus Calibration - Using the spectral ca;i;'l
bration, the tube focus condition is determined by finding the . ' -
Dinimum spectral line width as a function of high voltage. Note .~ =

that the unblended spactral line chosen to establish high voltage™

-37=




1.

2,

4,

TABLE 3.1-3

IDENTIFICATION OF MAJOR COMPONENTS/ASSEMBLIES

Ageemblies

Detector
Assanbly

Optlcal Bench
Asseinbly

Electronice

Shelf Assembly

SI Enclosure
Asgembly

ID 9611E/AD 0267Q

Subase des

Deflection/Trip Focus Colls
Parmansent Magnet Focus Assy
Digiecon

Charge Amplifier

Optical Bench Structure
Aperture Entrance
Polarizer
Filter/Grating Wheal
Optieca/Optical Mounts

Banch Shelf/Maltilayer
Insuletion {MLI)

EMC/EMI Filter

High Voltage Power Supply

Remote Interface Unite
(RIUs)/Expander Unit (EU)

Expander Unit (BU)

Oentral Power Supplles

Analog Signal Processors

Front/Aft Bulkheads

Longerons '

Thermal Radistors/Heat
.Pipes/MLI

Shear Panels

Optical Bench Attachment
- Fittings

talibration Optice

=38~

Key Components

Colls/Drivers
Magnets/Reflector Rings
Headers

Diode Array

Seals

Faceplate

Hybrids

Stepper Motors
Encoders/Detents
Pin Puller
Heaters

External Attach Fittings
Entrance Port Machanism
Heat Pipes/Interfaces

Thermal Control Clrculis




'+ s®0e3ISIUT S04 < “pL-L'E SIMbri

e

s

030K
xaddaxg

ﬂ.n leq 3ar

291009
TieIqETe]

3208

100K
© Y xaddag

am3xady
Taoowazug

T0XITH
Surzexy

.muwuo‘uuuu.mﬁ

—_—

LEuTssaocoxy

DiAuaog

-

a3ddaag mu >Iven
»

agearos yITy

faoueazny

D=

-39~




focus must be near the shortest wavelength aoccessible by the
tube, i.e,, about 120 nm for the blue tube and around 200 nm for
the red tube. At the shorter wavelengths, the digicon photoelec-
trons are emitted from the photocathede with relatively high
anergies and electromagnetic focus requirements are far more
severe than at the longer wavelengths, |

3.2.1.8 Foous Resulte - For zero trim focus current
Figures 3.2:1~1 through 3.2.1-3 show the red side focus charac-
teristic, epectrum, and foous line, respectively. Similarly for
Zoyro trim fooum, Figures 3.2,.1-4 and 8,2,.1-5 show the blue side
focus characteristic and focus line, respectively. Foous is ex-
caellent at essentially the FOS specification of 1 diode full
width half maximum for zerostrim focus, For Zzero trim focus, the
red and blue foous vqltages are 21.5 and 23.2 kilovolts,

$.2.2 Disopimination Levels

8,2,2.1 Digecriminators =~ Rach digican elactronics
channel has & eeparate disoriminator circuit. The discriminator
allows the low noise counting of single photon events, Channel
pulees which are above the discriminator threshold (photon
avents) are passed onto the counter circult; whersas channel
pulses helow the threshold (elettronic noise) are rejested. The
threshold is set by a digital to analog converter for each chan-
nel. The threshold level is variable digitally over a range from
0 to 288. Optimum setting of the discriminator oocure when all
electronic noise is rejected and most phdton events are counted.
on average, this eatting is about 180, although each channel is
set independently by the technigue described next.
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3.2.2,2 Discriminator Settings - To determine the die-
eriminator settings, the digicon is operated at 12 kilovelts ang
the discriminators are sequentially inoremented teo maximum
output, - In this manner, an integral pulse height distribution is
generated for each diode channel. The goal is to set each dis-
criminator at the center of the 12 kilovolt photopeak. |

The integral distribution is characterized by & nonlineaxr
distridbution at low discriminator settings, a relatively flat
mid-level region, and a decreasing nonlinear tail region at high
settings. The tail region is the photopeak region, The canter
of the photopeak discriminator position ie given by the discrimi~
nator setting which'qives one half the count of the flat region.

A value of 12 kllovoits i®s ochosen ms the setting for the
discriminators to be greater than 8 FWHM above the background
nolse level for low noise digicon operation. For most channels
FWHM £ 4 kilovelts, 'The very few ohannels where PWHM > 4 kilo-
volts can be (and arms) individually disabled,

9.2,2.9 Discrimipator Calibration - Standard discrimi-
nator settings ave automatically loaded from firmware into
disoriminator registers at instrument turn-on, These settings
wore determined by the procedure desoribed above, It i antici-
pated that these settings will be used without major modification
for all future data acquisition,

Duxing ¥0S oalibrﬁtion. we confirmed proper discriminator
eettinges by two teohniques: (1) 1000~sscond heckground runs; and
(2) POS DAC nofse test. For specific results from ths back-
ground test, refer to Seotion 6.5 of this Report., In general,

—d G-




thermionic emission and not electronic hoise as should be the gf?i-
case for proper discriminator level settinqs. However durinq‘. .
the background test, several channels were found to be noisy andn]Wff

will have to be repaired or otherwiae disabled by softwareﬁ:-3"

commands ,

DAC nolse test calibretion results are lhown 1n Figureqfr
3.2.2-1 and 3.2,2.2 for the red and blue aide, reapactively. ‘In,;--”
this test, the discriminator threshold is stepped from 0 to 254iil._
80 that the integral distribution for each channel 19 generated.‘Qn:n:
The test is run without light. Anomolous channels are 1ndicated,$iv‘?

and for the most part are previoualy 1dant1fiad bad channela."g‘*

3.3 S8pecial Function Validation
9.3.1 Hysteresis Mitigation

8.3.1.1 Image Hysteresis - Digicon image -gcﬁuisition’--"v";'_'
is achieved by stepping current through deflection coils located =

" on the sides of the image tube. Parmeable matefials;locatg@W*

external to this region in

introduce counter macgnetic fields to the image deflection iiéldéﬂf'“
for large deflection esteps. This counter nagnetic field'dgpanag'_l
on the previous deflection history. Without a "deperm" broc@-f’:f?J

dure., the digicon image position origin would depend -on thg!fﬁ -

previous stepping pattern,

3.3.1.2 "Deperm" Procedure - At the beginning 'of-anf:';T'
acquisition during initialization of the setup parameters, theﬂf—.f

deperm procedure is or is net implemented, depanding on the atate:ﬁ;i

-47-
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of a set bit in the software. The deperm procedure is basically

a 100-step spiral from the maximum x and y deflection step to the

center of the format, In this way, the residual external mag-

netic fields are removed and an acquisition always begins at the

same physical position in the image format,

8.8.1.3 Hysteresis Avoidance Calibration - To test the

hysteresis avoldance techniques, the following stepping pattern

is implemented:

1,

3,

+2000 DAC value (+126 diodes) in the x-direction,
then deperm procedure back to origin.

+2000 DAC value in the x-direction, then baock +to
origin.

-2000 DAC value (~128 diodes} in the x-direction,
then deperm procedure back to origin.

~2000 DAC value in the x-direotion, then back to
origin,

Figures 3.3.1-1 and 3.3.,1~2 are overlays of the positions of

the origin foxr the four separate measurements for each detector

as indicated by a chromium line of the internal calibration lamp
with the H40 grating.

The shift of approximately 1/2 diode (or 25 microns) right

and left of the deperm center 4is a measure of the maximum

hyeteresis effect: thus, when the canter is established at turn

on by the deperm procedura, the hysteresis shift for & deflaction

ia only “0.8% of the daflection. This is quite acceptable for

the etandard stepping pattern.
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Although this feature is used routinely in most FoS data -
acquieitions, including those torming the database for the cali-‘Q- T

brations discugsed in this report, it was lndepandantly tested*-'"'”

using an external pulsed lamp. Proper operation was observed 1n i.

all the

Essentially, thie is not so much a calibration as meraly a pass/f”

reset/retry modes of opavation at several thresholds;l'-"7

fail test of the POS firmware, The unsurprisinq result was thaf AR

" the firmware operated properly during this test Juat as it hadxﬂﬁ5~”

for the preceding several years.

3.3.3 Time Reeolved Modes

The pulsed external lamp was also wused to verify theh'{ e

capability of

internal memory, and to find the maxinum rate for whiohjauchv?"‘

internal additions can be performed. The

Pulses was varied, and data

phase-binning performance. Because the lamp timing was external

the POS to add time-phased periodic signals in 1te "

frequency n:}lampiJif

taken for many cycles to determine:i”a‘;

to the ¥08, no absolute phase verification tests could bu-‘:3”

performed,

but several periodicities were tested for operationa S

with noise burat rejection enabled and dieablad, with and withoutff;f.

the RETRY
brncieion addition. The results

. based on firmware, execution timing neaeurements.

exposure rates faster than about 30 per second (accumulation'plubrﬁ

- readout times exceeding about 20 milliseconds) raquire caution,ff“

option, and with both oinqle—pracision and doubla-'fﬁﬁff
agread with what was expectndu:" )

In uenaral‘;fgihf

and even for single-precision add and RETRY disabled Q“POSurg R

rates cannot exceed about 80 per second (expoaura plus readout-["

times around 1§ millisaconds) when all 512 diodes are usqq. w.)ﬁfmfﬁ
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did not test use of fewer than B12 dlodes, although shorter
exposure intervals at higher acoumulation rates can be obtained
with fewer ochunnels, Perhaps more importantly, we could not
varify the absolute phaaing capability, since we lacked any way
to phase look the external lamp to the FOS firmware. Verifica-
tion of absolute phase~binning must await on-orbit of pulsars
whose absolute phases at the time of the observation are well
measured, presumably a calibration that will be undertaken in

conjunction with the need to use this rather exotic FOS obeerving
pode,
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4.0 TARGET ACOUISITION

Acquiring an extremely faint object with a one;dimansibna1f ?' 
detector in a viewing field of maximum size 4,3 square and than'ff37'
centering the object in an aperture as small as 0. 17 15 ™ non-‘ﬂ.
trivisl task. To quantify the Qifficulty, if we require.s 98%° .
pProbability (£20) for Placing a setar _1n an apér;ura witﬁ-ﬁ-}:ft
diameter A%, the sum of the pointing errors and'rélativa pdei*“”' AR
tional errors must be less than d%/4. Because FOS obeervationaw;;“:
will typically be made with a 0.57" aperture, and occaeionally" .
with 0.25% and 0.1% apertures, the positional tolqranceg -arg?; I
quite otringent. With the additional criterion that the -Is\:-a_r--::-.'llll
must be centered well enough to avoid vignetting, tﬁe poﬁitionalll:flh

' tolerance becomes evan tighter,

The generic ways to do FOS target acquisition are deqcrihdd‘ffif
in Section 4.1.

4.1 Description of Modes . SR

Acquisition using FOS-provided firmware and eoftware are_f;l'
described in Bections 4.1.1 through 4.1.4. Blind acquieition is Lf;;}
discussed in Section 4.1.5 and WF/PO-assisted acquisition in{};if
Section 4.1.8,

4.1.1 YOS Inaging -

When using the FOS to make a target acquisition 1mage. theirfrq
_4.3" X 4.7 aperture and the camera mirrvor are aeiected for thg f.
appropriate detactor (red or blue), The FOS is then ‘commanded tO-tJ -

"map" the apesrture by taking a seguence of x—atepped‘integrgtionsﬁ"
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(nominal x-eteps = 4) at different y-deflectione. Normally, the
6141 square image of the aperture wlll be mapped with 12,84
steps in the y-direction, The sequential target acquisition
integrations will be down linked through a TDRSS satellite and
sent to the Observer Support System at the STSocI., There, the
integrations are "stacked" and displayed as a "picture." Because
_the diodes 4in the Digicon detectors are 200W high (1.47), all
stellar images will be 1.4" long in the y-direction. There
exists the option of sharpening the resolution in the x~-divection
by multiplying the picture by a psuedo-inverse x-~restoration
matrix (nominally 48 x B1), The y-elongation can be removed by
multiplying the picturve by a pmeudo-inverse y~restoration matrix
(nominally 48 x 63}, The oBaerver then marks the desired ohject
with a cursor and its measured centroild is used to generate the
offset commands which should center the target in a praesaelected
Fos'aperture. These commands are uplinked to the HST which then
repoints. After (or during) the move, the FOS is reconfigured to
the desired setup and the observation begine aftar the S8M
gowputer sends the appropriate flag to the NSSO-1 computer.

Note that to- use the imaging mode for target acquisition,
the observer must be at the STScl, and it must be possible to
schedule the TDR8S contact in order to get the data down and the
offset commands back to the H8T, This 1s also the least effic-
ient target acquisition mode, because tha entirs apartura must be
mapped,

4,2.,2 NSSO-1 Binary Search

In prinociple, the binary search should give the fastest

=hG6~




target acquiaition. The binary seaarch program bagina ﬁv mapping

the 4.3? x‘4.a? aperture with three y-scans. The mean sky levelffj'j'

ie calculated at each y-step, and all peaks more than no

(nom-; L S

inally n = 3) above the mean eky lnvel and within the oount%;'

window are noted. The program next uses a binary. search pattarnb'“'”"

to deflect the image of the designated nth brightoet paak ontnf'3 ‘

the edge of the diode array. The derived Digicon x ‘and v-;maoq if'f‘

coardinates are then converted to scaled microns and transformed

into the av,, AV, offset which will center the object in the. "_.f .

4.3“ X 4.5? aparture.

The processor includes an extraction of aAv,, A"a from the .

command saquence. This sz, AVgy will be

the sum of the oftsetrf'

required to select a particular sclance apertire, and the ofteetu“'”ﬁ'”

required to move to a faint target if the paak—up wau on a bright;;]‘~*

refereance star. This AV,, AV, will be acidad to théA\fé.A'Vé'._"'_.

derived from the binary search.

If the program fails to find a target, one of three evgntéU£ :u'

will occur:

1. If there is no scheduled 0SS contact and ne pra;}
planned branch, the program will either stop the
FOS data acquisition until the allocated time ex-
pires, or command a 4.3" move and try again.
2. I1f there is a secheduled 088 contact, the ﬁréqram
will inform 0SS that target acquisition failed
--and-wait--for-the-obeerver to make & decision; |

3. If there is a preplanned branch, it will ‘be
aXecuted, - '
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4.1.8 F Target Acquisitien

The firmware target acquisition will work best for isclated
objacts, It will measure very accurate positions, and probably
will take longer than the more flexible NS8C-1 binary search.
The firmware looke for an object within a spacified count window,
1f the firmware finde more than one object within the windoew, it
gives up in confusion; thie is after all, a firmware program, and
is not meant to do pattern recognition. If the firmware does not
£ind any objects in the window, an FOS processor in the NSSC-1
will respectively ralse and Jlower the upper and lower windows,
and command a ratryz

The firmware maps the FoO8 4.8" X 4.3“ target aoguisition
aperture with m y-steps, ﬁaing x=-gstepping and overscan at each
Yy-step, The nominal wvalues for x-steps and overscan will be
respeotively 4 and 8, Although the target acquisition apsrture
inages onto 12 diodes (the scale is 140 microns-arceec™! and each
diode is HON X 2000), the firmware will process the data fyvom 20
dlodes, Consequently, the nominal dimensions of the target
acquisition data array will be m X (24 X 4) = m x 96. There are
12K words of FOS microprocessor RAM which can be ueed for target
aoquisition, which allowa ‘eommanding up to 120 y-steps, where
each step of the 200K-tall dicdes is BH (0.036%), ‘'the firmware
can be commanded to take any combination of y-steps, x~steps
(e.gg., 1/8 stepn), and overscan as long as the data will £it into
the 12K bytes of memory.

The firmware processeor includes an option to filter the data

array before looking for peaks (atars) 4n the "picture." The
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default x-filtering filters the data arrav row-bv-row with a. 5':ig :
point isoscales friangla. The default y-filtering filters the‘:f:f:
data column-by-column with & 7 point pisca—wiee -parabollchf}};w
smoothing function. Graphically, the tunction looka lika a sawf:Juiﬁ
tooth composed of an upright and an inverted 190909195 triangle‘f;;!;?
The x-filter width should be odd with 2n - 1 pointa, and the‘:'fsr
y-filter width should be odd with 4n - 1 points. Zero values atgialf 
the end points are not counted. The filter widths are spacifiedliﬁﬁfﬂ
by two serial magnitude commands YXFILWID and YYPILWID. . "
The objective of the y-filtering is to mark the.edge‘df‘tﬁﬂff';"
diode with a feature which can be accurately centered. I:‘§#§ ffg::
' diodes have a sharp response function at the vfedééa{-;thé,ffﬁl;
- reeponse to stepping the y-edge acroes a star wlli'bé a aﬁaﬁvfﬁigt
function in the data. The convelution of the filter with a utep‘;?f'
function gives a pilece-wise parabola, Conaequently,':gh twoﬁﬁffﬁ*
edges of a diode will be marked with parabolas, poaltive at onaT;fxnh
_end and negative at the other end, ‘ . : o
The low pass filtering in x and vy will reducqffhe aﬁplit#ﬂéikxﬁi;
of the peaks. The firmware processor hae bean wri£tan such;tﬁdtf:x
the data 1is renormalized after filtering: in order'to ﬁrééarvé:ikﬁ;ﬂ
'1ntensity. Becauae of this care must be used when specifyiny the':ul-

data window in whieh the peak (star) is to be found..

When the "fix bit" is set, the firmwarae correcta tor deaﬂ'fffi

diodea and frames which were rejected bacause a burst—noiaa-'ﬂ?ﬂ

rejection preset count was excéeded.— "Fixing the data edgnifz-vg

cantly increases the processing time.
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If it ls wanted to wuplink filter functions which are aif-
ferent than those already deascribed, YFILL and XPFILL are aaf in
order to seuppress automatic filling of the filter function
tables, If the double buffer bit 1s set, the 12K of memory will
be partitioned end the filtered data will be written into the
second half of the memory, If the double buffer bit is not set,
the filtered data will be written over the unfiltered data.
Either filtered or unfiltered data van be read to the NSSO-1.

Note that the y-position is that of the upper edge, center,
oY lower edge, according to how the target aoquisition is apeci-
fied. If using an edge, the Y-BASE value returned to the N8SC-1
1s in "Base units," and is the value which would drive the inage
to the upper edge of the dibde (or center, or lower edge, as the
case may be). Appropriate offsets muet be applied to the -
poslition in the N5SSC-1.

The processor lookes line by line for peake in the data array
which fall within a commandable window. When a peak is found
within the window, two paiamatare; HSKIRT and YSKIRT, are used to
seo 1f the peak is a relative maximum., This is acnomﬁlished by
looking at neighboring peaks out +to the digtance specified by
XS8KIRT and YSKIRT, If these parameters have their default values
6! 1, the 8 nearest pointse ave examined. If & paak 15 in the
window and is a relative maxiﬁum. the processor computes its x
and y centroid by fitting an isoseceles triangle to the peak's
X-position and two nearest x-neighbors, and anothey triangl; to

the y~position and two nearest y-neighbors.
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At the first occurrence of a peak in the window, the proces~

80r increments the diagnostic “COUNT" to one.

la found,

peak is part ot the same stellar image or a new star. For until—

If'a. sacond-péék‘}ﬁ s

the processor uses twe parameters to dacide if the new fof‘

tered data, the parameters are XPCLOSE ° and YPGLOSEf‘ with

respsctive default values of 32 (one diode width) and 266 (one KA

diods height).

If the new peak 4 within XPCLOSE and YPCLOSE of the last.

peak, count is incremented and the new X and y centroids are-]w

averaged wilth the previous wvalues. 1If the data has beenbxik'ﬁ

filtered, the parametere are XPCLOSE and YPCLOSE, with raspectiveﬂ'x

default values of 32 and 64. If the new peak ie not part °f'theﬁ"““"

previous image, the processor sets the 'crowded tteld“'bit ﬁndj}fTJ

quits. In this case, the x and y positions of the new peak are

not averaged into the previous x and Y positions.

4.1.4 08 Peak-Up/Poak-Down

When executing a Peak-up/Peak-down target ‘unisition,l thg N

NSSC-1 computer sets parameters or flags which cauee the a8M anm—gi&*”f

puter to command the HST to step through a praloaded spatialf?ﬂy'n

- pattern of dwell scans. After the SSM has conmanded a small mova‘:-
and the HST has settled, the $8M sets global event flag #2. rhe;-'

N8SC-1 processor picks up this flag and 1n1tiatos an ros 1ntagra—

tion.

The completed scan is summed over a specified numbar of.-

diocdes and the sun is saved. The processor records and.upﬁatesffu””

the starting time of the integration vhich gives eithhﬁ'the max;-ﬂ.

K|

mum number of counts (etar centered in aperture) or ihe_miﬁimﬁm o

_nhumber of counts (star centered on occulting bar), After the,KsTj‘.l.:m
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has stepped through the scan pattern, the NSSo-1 computer returne
the time of the maximum or minimum sum to the SMM enginsering
computer. The 8SM then repoints the HST to the position which

gave the maximum or minimum sum.

4.1.,56 FOS Blind Acguisition

Blind aoguisition is & blind pointing based on the agsunp-
tion that the position of the objact is acourately known relative
to the guide stars used by HST during the observation. Beocause
of the previcusly atated stringent eccuracy' ragquirements, we
expecat blind aoquisition to be used only for revisits to targets
whose centered positions are already accurately kpnown relative to
the gulde stars. & related use og this mode, blind offset
pointing, will be often used for ascquiring a faint target near g
bright star when their separation has been Accurately maasured.

4.1.6 WF/PO-Asgisted FOS Target Acquisition

Some fielde such as the centers of globular clusters or
active galaxies may be too complex foy an ¥O8 target acquisition.
In such cases, thera are at least two ways to use WF/PC pictures
for FOS target acquisition. The firet way is to take a WFC or PC
pioture and then measure the x,y position of the target in the
pioture relative to an isolated star. The X,y coordinates can
then be converted to Aa, A6. Subsequently, an offset +o the
target can be made after an FOS target acquisition on the bright
star, .

When the HST repoints from the offset star to the target,
the PASs must also move within the Pas fields of view, If one of

éhe guide etars happens to be too close to the adge of the PES
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case the offeet could not be made. Ae a rule of thumb, thef

smallsr the distance between the offset star and the target, the . .

more likely it is that two suitable guide stars can be found,

Because the accuracy of the derived rélative poe’iti‘ons Aa,

4at, is not strongly dependent on the accuracy of the HST guide””

star pesitions, the firgt procedure does not require that.the roq

observations be made with the same guide stars. Consequently, -
there are fewer restrictions on when the observations must bﬂvj::‘
made (in order to find suitable guide etars) and the time -

interval between the WF/PC observations and the ros observation”"

than if the second methed is chosen.

4.2 Current Status

Testing of the FOS target acquisition modes has been an ; ‘
arducus task due to several factors: target acquisition to the ::'“
accuracy required is inherently difficult: the filtgffﬂrgfingf‘qt-
wheel non-repeatability forced us to modify the original pﬁh&e%h_ f

dures by adding internal target acquisition LEDs and euitably -

updated software in the N33C-1

tests could not be done due +to the unavallabilicy of the “aﬂdeuj"”“

hardware external to the FOS. It was impossible ta generata-

»

realistic star field simulations of the subarcsecond quality_f ﬂ-f
- Which will be provided by the HST, so the tests used external
lamps projected through the FOS entrance apertures t§ simﬂldfe'

stars: more complex images which simulated multiple stellar. -

FOV, the offaset might move the star outside the Fas FOV, in which T

i and certain target chuiaitidnHVP




images were generated by dispersing line sources onto the
‘detactors.

The capability of the FOS to image regions of the photo-
cathode (the target aoquisition mode described in Section 4.1.1)
has been amply verified 4n numerous y-maps. The software to
diablav the data, generate offsets, and uplink slew ocommands is
completely external to the FOS and thus no tests of this mode are
diecussed in this document. Similarly, the modes desoribed in
Seotion 4.1.6 (blind acquisiticon) and BSection 4.1.6 (WF/PC~
assisted acquisition) are not amenable ¢to FOE instrument-level
teats, Orude teste and computer simulations of the peak-up/peak-
down acguisition mode (Section 4.1.4) have been made; however, in
this mode, the "1ntelligané§" of the acguisition lies in the HST
computers, since the FOS simply provides the data which the 8SM
uses to correlate with the desired spatial position from its slaw
pattern. |

Section 4.2.1 discusees the teat results of the internal Fo8
tipmware. which performe the target acquisition described in
Section 4.1.3, The tests of the recently changad binary search
target acquisition, desoribed in Section 4.1.2, are discussed in
some detall in BSection 4;5.2. -Finally. Section 4.2.3 describes
the use of onboard LEDs for target acquisition and plans for
teste within the next few months on the recently inetalled LEDS
whioh will be used to support target acguisition for the binary

search and firmware modes.




4.2,1 PFirmware Acquisition Tests

4.2.1.1 Test Deseription _ o

The FOS firmware target acquisition was tested June 24, 1954-]3: i

8t Martin Marietta during the ambient calibration. The‘géatélffxi”
were made with the UV 8TOS and Argon lamp on the blua'side“uainé:V‘f

aperture B2(0.a" circular). We ran four manual Y-maps with 1/4f1'
K-step, varying Y-base, Y-range, and the Y-step size from one map;riﬁ
to the next. The first Y-map was uged to locate the X and. Y :i:

positions of the aperture B2. The data from the next threa aper-;Wﬂ"'L

ture maps were used by the firmware to locate the apertura.

4.2.1.2 Test Results

1. Position of the aperture B2, . based on hand reduc-

tions during the test,

Y-Base = =532

Y-Range & 30

Y-Step = 68 (16)/atep)

X Center = 236,95 = -610 DACs relative to the

center diode #266,

¥ Center = Step #18.4 = -272 DACs balow‘cen—
ter. '

2. Firmware Positions of B2.
Test Y-8tep Upper Rdge Lower Edge : .,';°jf
No. ¥-B Y¥Y-R Y-8 Bize X cent. Y cent. X cent. Y cant, oo
2 =532 10 8 8 ~610 -374 -811  -167
3 =448 8 16 16 =809 =373
4 -BOO 16 16 32 -§09 -372 -610 - =166

The scale conversion between DAC units and microus on thef

photocathode is not known to better than one or two percent.'.It-“f-

wWa assume 1 DAC unit = 1J, the upper edge gives n maximum erroi-“ﬁh

. of 2}l relative to the center of the 2004 tall diodes} tor step

elzes as large as 320. The lower edge gives errora of su and EH..'

If we use a sequence of tests such as this to detine the DAO tOfJi?jf'
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miorons conversion, the Y-centering may be even more accurata
than 2 or 3 microns,

The microprocessor brocessing time for 16 lines of data and
filtering is about 48 seconds,

4,.2.1,8 Tast Sumpary
FOS firmware target acquisition can £ind the X poeition of a

"star" to ~ 1 mioron aﬁd the Y-position to an accuracy of atr
least 3 microns,

4.2.2 Binary-Search Tonte

4.2.2.1 February 1985 Test

For the NSSC-~1 binary search target aocquisition tests of
Pebruary 1988, a star field was simulated by using & platinum
lamp, the double 0.1% apgréure, and the A190H grating, By pro-
cessing diodes 270 through 286, this configuration resulted in a
pseudo~star field containing eix point sources. These sourcas
are made up of the lines at 1907.493, 1011.702, and 1916,083 L
which are imaged once ip each aparture, Using the N88C-1, the
test then attempted to find one of theaq sources and put it on
the edge of the diode array.

For the binary search teat, three of the parametere varied,
YNBRT, NMAX, and NMIN. Bach setting of parametars was tested
wWith three different starting values of YBASE., 0f the 16 cases
run, five failed due to incorrect YBASES and an additional four
fajiled beuaﬁse there were not enough y eteps to put the target on
the edge. These problems have been corrected; YBASE apparently
needed a longer wait time when initially eset in a binary search

Bequence, and the meximum number of Y steps has bean inoreased
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from five to eight. One additional case was run with NMAX and .
NMIN set to exclude all sources in the field. This case failed - -

in the correct way, that 1s, the correct value of YGIVUP w 10'wg5.3Q~.*"

raturned.

The binary search centering accuracy in the y direétion_is,g_'“x.v
function of the maximum count rate and the response of the @4665 ?{ :'
edge to a point source. We do a linear fit to the data to gh§“5¥;;“
that the slope at half of the peak signal is 3% of;the'rgqungé,f-iVTii
Using this value. achleving y centering to 1 micron accurééy wifhfﬁn};g

+ 30 certainty requires that the sum of the counts par y step fﬁj""

excead 5000,

The target acquisition teat showed that in general the soft-

ware logic was correct and working. To rectify the problem withVn

YBASEs, changes have been made in the target acquisition procep_jﬁjf
dure (proc) and to rectify the problem with y steps, chaﬁgda-havd‘;ff””
been made in the f£light software. The proposed target acquléﬁdx{“"'

tion test of August 1985 will check that these chandea'have:béaﬁ'ﬁfgf,”

correctly implemented.

Table 4.2.2.1-1 summarizes the target ncquisation,feet.

4.2.2.2 August 19856 Tests

The binary search target acquisition tests at Lopkheéd}'

Miseliles and Space Company were run under the new tliqht1sqf?rﬂg{fVl_
ware, version 3.6. Several Important ohanqes had beehlnadeJiﬁv:Jiﬁ:.
the 3.6 software, as well as a number of smaller, mqre'gethiaailnH5Tf :
. changes: (1) the meximum number of binary search ateps le "‘5"';;"'"5
eight rather than five; (2) finding more than four-ssurceé:4h Pné_”"

Y strip in the new veraion causes an exit and an error meﬁeﬂue-gq }'”” .
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'I.'ABI'.E 4. 2. 2 . 1"1
Target Acqulsltion Test: Februury, 1985

Case  YNBRT NMAX “ NMIN . - YBABE Result

bt 1 2000 200 86 successful

2 1 2000 200 ? wrong YBASE

8 1 2000 200 10 needed more y steps

d 2 2000 200 a6 needed more y steps

5 2 2000 200 62 successful

6 2 2000 200 T  wrong 'YBASE

7 8 2000 45 86 - needed more y steps

8 3 - 2000 45 62 succeasful

0 8 2000 45 62 successful

10 4 2000 45 T wrong YBASE

11 4 2000 45 62 successful

12 4 2000 45 10 successful

13 3 50 10 ? wrong YBASE

14 s 50 10 ? wrong YBASE

156 8 50 10 10 successful

16 1 40,000 30,000 . 44 successful
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be written rather than causing an abort; and (3) an 1ntagqr‘OVQrf‘ ;"ft
flow (counts in excess of 21% - 1) 1a flagged 'byi setting. the

counters to the maximum value rather than simply letting thé-l_Va

counters reset to zero,

As with the target acquisition tests of Febfuary. 1986, a. o
star field was simulated by using a platinum lamp in the Q.dﬁh;,'
aperture with the G190H grating. This was done nﬁ the blue side - ‘
because the red tube had baan removed for replacement. B& 9504 1Jiif
cessing diodes 214 through 238, this configuration reaultedvin‘éijfff

peseudo-star field with three stars which are made up of the'linesif;l

at 1907.493, 1911.702, and 1916.083 i. The NSSO—l rOo8 Binarv

Search Flight Software test searched for a epacifiad source and

measured its Y position bv deflecting it on the Y. edge of. the g .
diode array. A fine map in both X and Y was done bqfora and_:fb“

after the test in order to have an independent néasﬁrd-bf:thé“'"”

correct pogition. Thase Maps are shown in Figurea 4.z 2. 2-1

through 4.2.2.2-3, Twanty-one test cauees ware run using various

settings of the binary search parameters and testing various ;VTH

- alternative branches,

The test cases were run three times, with a high fail rata R

the firet twe times due to a timing problem with the turn on of

the calibration lamp. The final run of the twenty-one test caaes,j‘_'*
was done with the lamp left on through each test caee, and this o

Tun was completely successful. The results of the final run of ffﬂ‘&

August 20, 1985 are summarized in Tables ¢4.2.2,2=1. and 4.2 2 2 2

and diecussed in more detail balow. Tha tirat rourtaen caaes

are completely described in Table 4.2.2.2=3, with the Y%BASE “’f
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Pigure 4,2.2.2~1, Simulated 473 star field using platinmm lanp through
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Figure 4.2.2.1-2, Profile of Y scan before and after target acquisition ORI
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Figure 4,2,2,1-3, Profile of Y scan befare and after target acquisition
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TABLE 4,2.2.2~1

Parameters for Binary Rearch T4 Teatz: LAJSC, Augus:, 1985

Case YBASE YTOLER YSTAT YNMaX YNMIN YNBRT.©yppB - il

1 -1121 3 200 2000 . g4 1.
2 -993 - 3 200 2000 64 ‘1
3 -1200 3 200 2000 64 1

2000 64 1

o>
L]
bt
o
[#])
(=]
L

2000 64 1
2000 84 1l

8 -1020 2000 64 1

NN N e N N e

0
0
0
7 -1140 6 0 2000 8¢ 1
' 0
0 -1170 0 2000 64 1
10 ~1080 3 200 2000 64 2
11 -1070 3 200 2000 64
12 -1235 3 200 2000 64

13 -1110 3 200 2000 84
4 -1040 3 200 2000 a4

w w
RN N N

15 -1180 3 200 000 g4 3.

[ N

16 -1102 - 3 200 60000 50000 1"
17 -910 3 200 2000 100 . 1l ~ 2
18 -1358 3 200 2000 3 1

3

10 -1102 3 200 2000 - 1997 1 PU
20 -920 3 200 2000 1997 1
21 -1102 . .

Notes: The numbers are quoted in decimal but inserted in Procs in octal.
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TABLE 402.202-2

Results of Binary Search TA Tests: LMSC, August, 1985

Case YGIVUP BSSteps YFXCTR YFYCTR Result

1 0 5 113318 .185.625 Succeeded

2 0 § 114.084 -185.625 Succeeded

3 0 5 113.719 -185.844 Succeeded

4 0 7 113313 -183.281 Sueceeded

5 0 8 112,531 -185,623 Succeeded

6 0 7 113.313 -184.083 Succeeded

7 0 6 112.938 -184.844 _ Sueceeded

8 0 6 14.094 184,844 Succeeded

9 0 8 113.313 -183.281 Sueceeded
10 0 4 -32.875 -184.844 Succeedad

11 0 4 -80.031 ~177.031 Succeeded
12 ¢ 4 -20.281 -180.938 Succeeded
13 0 4 -177.28) -183.;81 Succeeded

14 0 5 “175.710  -184.844 Succeeded
15 ¢ 4 ~176.908 -187.964 Succeeded
16 10 - . - Failed correctly
17 0 5 NA -183.28] Succeeded
1§ L3 . - - Failed correctly
19 0 - - - Raster scan enabled
20 . - . - - Pre-planned branch
21 - - - -

Pegk-up

Notes: YGIVUP is set upon completion of B® TA. 0 means the source was successfuihy
Placed on the edge of the aperiure. 5 meass tkat more \han 4 $tar

strip. 9 means that AP 32 ran out of moves for s raster scan without finding the targe:
and 10 means that nothing was found.
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TABLE 4.2,2.2-3

Summary of Test Cases

Case |

YNTARG

ON ARRAY

CYNMAX

NO

YES

NO

YES
ON EDGE

6670

Results:

YFXCTR=113.313

YFYCTR=-185.625

AY=1.80

Case ?

Y-BASE

YNTARG

ON ARRAY

YNMAN

Ap Map

-172
-128
-84
-300
-236
-204
=220

=212

3626
4341

3449

YES
YES
NO
YES
ON EDGE

6576

Results:

YFXCTR=114.004

AX=0.28

YFYCTR=-185.623

A\'=i.8() .:

Note: X and Y postions are given in units of microns at the photocathode;
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TABLE 4.2,2.2-3 CONT'D
Case 3 Y.BASE YNTARG ON ARRAY YNMAX
Ap Map -379 8728
635
-123
BS .281 6434 YES
-187 1266 NO
219 4250 YES
® ' -203 2506 N0
-211 3330 OXN EDGE

Resuliss  YFXCTR=113.719 AN=0.66 YFYCTR=-185.844 AY=2.01

Case 4 Y-BASE YNTARG ON ARRAY YNMAX
Ap Map -279
' -535 ‘ | 8500

-23

BS -151 188 NO
-213 3820

--'." ~183 1055 :

-199 2202 XO
~207 2851 NO
-211 3403 YES
-209 3237 ON EDGE

Resultss - YFNCTR=113.313 AN=1.06 YFYCTR=-163.281 AY=.0.:

T A B i ey ey rrr—— o — = &R ¢

(4]
1 o
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TABLE 4.2.2,2-3 CONT'D

Case 5 Y-BASE YNTARG ON ARRAY . \'.\'Z\I.-\}C

Ap Map -209 7038 -

BS -101 57 NO
-197 1952 'NO
-213 3627 YES
-203 2803 NO
-209 3182 NO
-211 3287 NO
=212 3575 _ ON EDGE

Results: YFXCTR=112.531 AX=1.84 YFYCTR=-185.625 AY=1:80 - . . '

Case 6 V-BASE " YNTARG ON ARRAY ~ yNAMAY.

Ap Map -428 . 8710

BS -300 6834 YES
-236 5810 YES
-204 2676 hYo)
-220 4274 YES
-212 3572 YES
-208 3125 . XD
-210 33_497_ ON EDGE

- - - i . R - . . X - . . o . . - X B . 3 -

Results:  VPNCTR=13313  AN=106  YFYCTR=-184.063  AY=0.23




TABLE 4.2.2,2~3 CONT'D

Case 7 Y-BASE YNTARG ON ARRAY YNMAX
Ap Map -319 8617
575
-63
BS ©.191 1548 NO
-285 8344 YES
223 4674 YES
o . 207 2068 NO
-213 3025 | YES
-211 © 3410 ON EDGE

Results: YFXCTR=1)2.938 .AX=144 YPFYCTR=-184.844 AY=1.01

Case 8 Y-BASE YNTARG ON ARRAY YNMAN
Ap Map -190
-48% | 6905
57 |
BS -327 6698 YES
. =263 6769 YES
23y 5376 YES
215 3844 YES
-207 3127 NO

211 3373 NO EDGE

Results: YFXCTR=114.004 AX:=0.28 YFYCTR=-1%4.544 AY=1.0j




TABLE 4.2,2.2-3 CONT'D

R A i T,

ON ARRAY

YNNIAX

-209

4459
233
1468
2847
3675

3242

YES
N0
NO
NO
" YES
" ONEDGE

8681

Results:

YFXCTR=113.313

-AX=1.08

YFYCTR=-183.281 AY=.0.55

Case 10

Y-BASE

YNTARG

ON ARRAY

" YNMAX

Ap Map

-211

NO

NO

YES
ON EDGE

722

Results:

YFXCTR=-32.375

AX=-0.13

YFYCTR=-184.844




TABLE 4‘!202.2"'3 CONT'D

Case 11 Y-BASE YNTARG ON ARRAY YNMAXN
Ap Map -249 ' . 857

-505° |

T

BS -121 34 _ NO

-185 177 NO

217 116 YES

. -201 289 ON EDGE

i Results:  YFXCTR=-20.031 AXS-2.47 \'FYCTR=-17'{.031 AY=+6.80

Case 12 Y-BASE YNTARG ON ARRAY YNMAX

Ap Map 414 , 727
-670
.138
BS -286 Y YES
.222 528 YES
-190 216 NO
@ .206 380 ON EDGE

Results:  YFNCTR=.20.281 AX=.12.92 YFYCTR=.180.938 AY=.2.50




TABLE 4.2.2,2-3 CONT'D

Case 13 Y-BASE YNTARG ON ARRAY

CYNMAX

Ap Map . -289

BS -161 35 NO
-223 429 YES
-193 161 NO
-200 320 " ON EDGE |

643

Results: YFXCTR=-177.281 AX=-0.72 \'FYC'.I‘R=-183.281-

Case 14 . Y-BASE YNTARG ON ARRAY

YNMAX -

Ap Map -219

BS -81 24 NO
-15% 13 NO
=187 118 NO
-203 251 XD
211 3;-':4 ON EDGE

161

Results: YFXCTR=-1735.719 AX=-2.28 YFYCTR=-184.844

av=tor L
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Qalues of each Y strip, the total counts in the scurce {YNMAX),
the total counts 4in the source at any binary etep (YNTARG), the
final result 4in microns at the phiotocathode (YFXCTR and YFYCTR),
and difference between that and the value we calculate by hand
from the fine maps in X and ¥ (AX and AY),

We tested the binary search algorithms by changing the set-
tings of Y~BASE, the settings of the tolerances for putting an
object on the edge of tha diede array, and the settings for
YNBRT. Binary search succeeded for all values of Y-BASE, includ-
ing Y-BASE such that the star started on the edge between two Y
strips (case b). Aithough some of the tolerances for putting the
star on the edge were more stringent than others, there was no
signifticant difference in tﬂa accuracy achieved, Cases 1 through
9, 4 through 6, and 7 through ¢ had different tolsrance settings,
yet there is little indication that the most stringent setting
(cases 4 through 6) resulted in a higher accuracy. However, as
socon as a dimmer star is used as the acquisition object, as with
YNBRT of 2 or 3 in cases 10 through 15, the agouracy goas down
appreciably,

We also tested the option to have a raster scan and a pre-
planned branch by causing the binary search to fail. Both
optlons worked as expected.

As can be seen in Table 4.2.2.2-2, the changea to flight
software have been made ogorrectly. The number of binary search
steps exceeds & in most cases and in at least one case gaees up to
the maximum value of 8, Also, case 18 was set with a very broad

window for finding peaks, eo that too many peaks would be found
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in any Y strip. This case resulted in a YGIVUP value of &, ing4;”r
cating that more than 4 peaks had been found. Tha mopa §§§hni6allﬁ“E 
changes to the flight software were verified to have been médevilli
correctly, with the exception of integer overflow, which atill“ S
remains to be tested. | . :
In summary, the tests of binary Beérch t“’GEt'ﬂcquiéifionT Q'iL
with version 3.6 of the flight software, done at Lnéc'in Auguét*:fﬁb
of 1988, were completely successful. They verified not on1y tha£2¥ :
the changas to the flight software had been mada:correptly.‘buff;;:a
also that target acquisitien worked in the ﬁay thattwha‘ﬁygginqlut_{vf
1y envisioned and all the options were operating éorbeétlyLi_Thei{{];

bright targets were acquired within + 2§ in X and Y. Odnaidarlhgiiﬁ”'"

that the dimension of the smallest FOS aperture (0. 1) ia 14u 1n A

the image plane, this is a very acceptable accuracy.

4.2.3 Use of onboard LEDs=

Because of the non-repeatability otx the filter—grating?l;:"
wheel, most target acquisitions will be carried out 1n a two-etep‘
procass; first the target will be acquired with whatevar software:f;iﬂ
is most appropriate, and then the aperture will be acqguired withavil-
. the same software by turning on the LED, meanwhile Ieaving tbeﬂ3:-
camera mirror in placae, ‘ S

Thie process will be emulated for TA teste in the following ‘.
way. A paired aperture will be {lluminated bv-thu ;En,wifh‘the{xi )
camera mirror in place. Target acquieition will bb.déne qn tﬁqlf-
lower of the pair using either binary search or firmware. The 
result of -that acquieition is labeled in tha-acheﬁ@tic'baldw as

SLEW 1. Then a single aperture will be rotated in, and an acqui- . -
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SCHEMATIC - Emulation of Target Aoquisition Test

Step 1: The paired aperture Is llluminated by the LED, with the camera mirror in place.
A target acquisition is performed using the lower aquare aperture as the target. The result
Is a slew request to put the target into the supposed center of the large aperture (SLEW
1)

o ——
1
1
|
L

Step 2: The circular aperture ls llluminated by the LED with the camera mirror still
in place. An aperture acquisition la puforﬁed. The result is & alew request to put the
supposed center of the large aperture onto the real center of the large aperture (SLEW 2).




The summation of SLEW 1 and SLEW 2 is D, the distance between the two'gpertunes. L i
SLEW1+ SLEW2 =D

This mimics & real target acquisition, where SLEW 1 Plus SLEW 2 is the distance from . .-

the target to the science Aperture.




sition of the aperture will be done, again using either binary
search or firmware. Since this 1s an aperture acquislition, the
result is a slew from the known position of the mperture to the
believed position of the aperture, labeled SLEW 2 in the
schematic. This allows a eimple check of the two etep target
acquieition, since SLEW 1 plus SLEW 2 is tﬁe distance between the
tWwo apertures, This is also i1llustrated in the schematic.

With the insertion of the LEDs into the FOS, calibration was
done to detormine the illumination level and uniformity ovar the

4.3 square aperture,

The net result is that the large aperture is illuminated in
@ non-uniform way on both the red and the .blue side. It is
therefore very important to test the accuracy of the apercure

acquisition for all science apertures.

This can be done by parforming target acquisition on the
lower 0.19 aperture, !ullpu@d by aperture acquisitions using the
eircular 0.3%, 0,57, and 1.0% apertures, respectively, Then the
target acquisition ocan be done an the 0. 3" ciroular apnrtur.,
followed by aperture acquisitions in the lower square 0, 25"
0.5“. and 1,0% apertures, respectively. In order to evaluate thes
agcuracy of our results, aperture maps should be done before thas
firet target acquisition and the first aperture acquisition. The
entire sequence is summarized in Table 4.2,3-1.

This saquence (1 aperture map, 1 target acquisition, 1 aper-
ture map, 3 aperture acquisitions, 1 target acquisition, and 3

aperture acquisitions) will be carried out with both the binary
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Target Acquisition Test Sequence

Aperture

" Result

Function

1. Aperture Map
2. Target Acq

3. Aperture Map
4. Aperture Acq
S. Aperture Acq
6. Aperture Acq
7. Target Acq

8. Aperture Acq
9. Aperture Acq
10. Aperture Acq

lower paired 01
lower paired 071
circular 073
¢ireular 073
circular 0”5
circular 170
circular 03
lower paired 0725
lower paired 05

lower paired 170

Map of 0”1
SLEW 1 ‘
Mapof O3
SLEW2
'SLEW 2
SLEW 2
SLEW 1
SLEW 2
SLEW 2°
SLEW 2

Note: This sequence must be done with both bina.?v search and fl
of acquisition must be tested on both the red an

the above sequence four times,

rmware. The two inethodls_v -
the blue sides. This means performing -

) TR
A




search algerithm and with the firmware. This muat be done for

koth the red and the blue sides, so that the entire seguenca must

he done four times.

When the preoceding tests are oompletéd. a simple test of the
acouracy of binary search TA will also be done. Thie can be run
with the LED illuminating the loweyr paired 0,18 npaiture anad
uaiﬁg a eeries of decreasing integration times, so that the total
counte in the peak decrease from 3000, to 1500, 780, 326 and 112.
This test will give wus experience with binary search accuracy
that will be invaluable in planning target aoguieitions.
These tests were planned for February 1986 at LMSC.




6.0 SPECTRAL CALIBRATIQN

8.1 Scale and Dispersion

Two internal Pt-Cr-Ne vacuum data aets obtained using thgi
A4 (0.1 arceec) lower aperture were available for ﬁavelengﬁh“"
calibrations. Third order pPolynomials were fit to all_bratiggé:ligl
eGPt LEE onh the blue side and L1s on the red side which had too . '

few unblended reference lines to properly constrain a‘cubic'fit~

Figure 6.1-«1 is an example of an FOS spectrum used fay thin" 1;
analysis. Figure 5.1-2 sghows systematic residuals tor a Jinearx-l‘
‘21t and motivates the use of cubic fits, The coefficients of theélﬂ .
polynomial fit for all gratinge and the priem are l1sted in Table'i*fn
5.1~1 for the blue Digicon and in Table §.1-2 for tha red 1'
Pigicon. Table &.1-3 1ists the wavelength range and avaragef, ,
dispersion for each disperser, The RMS Beattar of the - residuala ;i?!
for the high dispersion gratings ranges from .023 pixels to ,0511;{]1
pixels on the blue side and from .023 pixels to .041 pixels on - i
the red side (Tables 8.1-1 and B5.1-2: Figure 5.1-3), The thfa’-‘

scatter for grating L16 is about .067 pixels for both sides and'“":

for L6S it is ,36 pixels on the blue sida (lineay tit) and oza

on the red side (cubie £it). The prism was fit by a fourth order

expansion in 1/x with a RMS residual of .2 pixels (see F;guragliff |
§.1-4 and 8.1-5). For gratings H27 and H40, thers is'a nyetem-ﬁ.;jxi
atic residual in the fite for the blue detector, Eifth order -
polynomials only reduced the RMs error trom .oaa pixel to ,0a% ;
pixel for H27 and from .047 pixel to ,086 pixel tor 840.. ALg

scatter diagram depicting the residuale from H27 and Heo on theA57""
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TABLE 5.1-1
RED TUBE DISPERSION COEFFICIENTS

16 JULY 84
GRATING A B C D SIGMA (px)
Hi9 2322.813  -1,45718  6,58578E-8  4.43430E-0 .032
H27  38202.711 -2.07717  7.26695E-B  1.0757GE-8 .028
H40  4802.383 -3,04342  5.40444E-8  1.01843E-8 .023
H57 B840.174  -4.42780 1.04720B-5  2,18783E-8 .030
H78  ©250.337 ~5.79787 -2.36782E-5 8.16800E-8 ,023
L15 2473.402  -8.05873 0.0 0.0 ,087
L85 8004 ,827 -25,1023 1.05742E-3  -1,52250E~6 018
17 JULY 84
Hig 2322,212 ~1,45708  2.30500E-8 1,10397E-8 041
H27  8202.243  -2.07011 1.058702E-8  7.87617E-9 029
H40  4802.257 -3.04868  1.51817E-5  6.74702E-0 022
H57°  6848.810  -4.48086  1.8700BE-& 1.26008E-8 . 032
H78  ©261.217  -5.79513 -3.58708E-6 ©.10218E-8 .023
L16 2471.840 -6,96511 0.0 0.0 . 087
L66  8805.502 © -25.1598 8.08459E-4  -1.18688E-8 .022
PRISM 13 JULY 84
X A0 Al A2 A3 A4
497.634 1151.56 -1.81268E+5 -2.67778E+8 ~3.04583B+7 -2.25002E+8
PRISM 19 JULY 84

407.158 1169.08 ~1,29537E+5 ~2.B0048E+8 ~3.70814E+7 ~2.056205E+8

M= A+ B 4+ (P 4+ D(ex)
Ap= A0 +_ Al 4 A2 A2
j (PX=X) (Px~x) ' (Px=-x¥y (Px- %4

-9~




GRATING
H13
Hleo
H27
H40
H57
L15
L85

H13
Hl9
H27
H40
H57
L1§
L65

X
-9.49161

-12.3487

TABLE 5.1=2

BLUE TUBE DISPERSION COEFFICIENTS

13 JULY 84 o .
A B c D  SIGMA(px): -
1080. 385 .99852 4.86984E-5 -7.18150E-8 .023: ' .
1575.280 1.47058 3.43885E-5 -7.56204E-8 .038
2226.658 2.10005 3.82150E-5 -9.35269E-8 ' .038
3244.323 3.07813 5.53993E-5 -1.88085E-7 047 -
4583,301 4.47959 5.72694E-5§ ~1.78970E-7 ,048
-838,888 5.32080 3.93095E-3 ~3.12077E-8: -,089 - -
-4268, 843 27.4908 0.0 ' 0.0 © .88
16 JULY 84 , S
1090.334 1.00116 3.31200E-5 -6.58020E-8 ,026 -
1575.883 1.47087 3.3719CE-5 -7.58713E-8 082 . -
2227.258 2.10037 3.29078E~5 ~8.947338~8 ,042.
3248.346 3.07326 6.82611E~5 ~1.86276E-7  .084° : . .
4588,035 4.47360 1.00810E-4 ~2.68604E-7. - ,048 - ¥
~954.876 6.16589 2,02297E-3 ~1.88022E-6 - ,081 - . -
-4251.534 27.4830 0.0 0.0 . _ .86
PRISM 13 JULY 84 , A
A0 Al A2 A3 . ..
967.797 1.93746B+5 -7.33518E+8 3.88520E+8 -8.07318F+0 -
PRISM 19 JULY 84
971.288 1.92643E+5

-6.86636E+8 3.77518E+8 45.5267éz4bg*7
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TABLE 5,1=3

WAVELENGTH COVERAGE OF FOS DISPERSERS AND AVERAGE .
DISPERSIONS WITH MAXIMUM DEVIATIONS FROM THE MEAN

RED TUBE N
GRATING LOW (ﬁQ HIGH(R) DISP(&/px) MAX DEV (%)

H1g 1573 2323 -1.4527 . .385 -
H27 2225 3203 =2.,0707 O .442
H40 3237 4802 © ~3.0387 411 .
H57 4571 8849 -4.4170 .370
H78 6274 9259 -5.7882 o .B11
L1s 16800° (ra12¢} 2473 -8 .0587 0.0
L6s 3850 (masa) g904d -265,0509 699
PRI : 1850°% (Pa 1321 5500 (e 43s) .

BLUE TUBE
H13 1150" (f) 1808 1.0027 "1.18 -
H1¢ 1575 2332 1.4880 1.48
H27 2227 3308 2.0942 1.40
H40 3244 L4827 8.0885 " 1.38
H57 4583 - 6885° 4.4638 1.88
L1s 1150 (n3) 2523¢ 6.5023 2.43 .
L8b 3850 (reas) gglort 27.4808 © 0.0 .
PRI 1850%(m13) 5500 (mas) o

All wavelengths are for the extreme pixel values of 0 and
516 except as noted. :

aMgF2 cutoff is at 11508,

bThe red tube's quartz window begins to attenuate strongly

below 1750X. Sea the absolute bPhotometric calibration cu:vés.‘”

for the amount of atteanuation.,

®Second order overlaps first order longward of 23008,

dSecond crder overlaps first order lqngwérd.of 79002.

eSapphire cutoff is 16502, but because of the 1arge'diaperaion

of the prism at the shortest wavelengths, the effective cut-

off is longward of 1650 (see the absolute photomeggic,cali- D

bration).

fp1ue tube attenuates strongly above 55008,

_94_
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