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ACK
AP
ARS

BAT
BRO

cveC
C&DH
DAC
DAS
DCA
DCF
DEA
DMS
DUM
ELG
ET
FOV
GO
GSFC
HSP
HTR
HY
ICD
IDT
IST

Kbps
LMSC
MHz

MOGS
msec
nm
NSSC-1

00S

HSP-Related Acronyms

Acknowledge Command Processor in NSSC-1
App l i ca t ion  Processor
Area Scan
Byte Argument Table
Bright Object Protection Processor in NSSC-}
Current to Voltage Converter
Control and Data Handling (Subsystem)
Dig i t a l - t o -Ana log  Converter
De f lec t i on  Amp l i f i e r  Subsystem
Detector Contro l  Assembly
Data Capture Fac i l i t y

Detector E lec t ron ics  Assembly
Data Memory Set

Dump Memory

Engineering Log Generator Processor in NSSC~1
Engineer ing Telemetry

Fie ld  Of View

General Observer
Goddard Space F l i gh t  Center

High Speed Photometer
Heater Control  Processor in NSSC-1
High Vol tage
In te r face  Control  Document

Image Dissector  Tube
Instrument Science Team
For memory, 210 (1024);  otherwise,  10°
K i l ob i t s  per second

Lockheed M iss i l es  and Space Company, Incorporated
10° Hz
Mission Operations Ground System
Mi l l i second
Nanometer (10° meters or 10 angstroms)
NASA Standard Spacecraft Computer, Model 1
Opt ica l  Detector Subsystem
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0SS
OTA
PAD
PASS
PCDS
PDCR
PDL
PIT
PMT
POCC
PODPS
PORTS
PROM
Qso
RAM
RIU
Sci
SCP
SDAS
SOF
SHP
SI
SLIB
SOGS
SPS
SPSS
SSC
SSM
SSP
ST
STOCC
STSOP
TAY
TBD

TBT

Observation Support System
Opt ica l  Telescope Assembly
Pulse Amplitude Discr iminator
POCC App l i ca t ion  Software Support
Power Converter and D i s t r i bu t i on  Subsystem
Pre l iminary  Document Change Request
Program Design Language
Processor In ter face Table
Pho tomu l t ip l i e r  Tube
Payload Operations Control  Center
Post-Observation Data Processing System
Pre l iminary  Operations Requirements and Test Support
Programmable Read-Only Memory
Quas i -S te l la r  Object
Random Access Memory (read/write)
Remote Interface Unit
Science Ins t i tu te  (Johns Hopkins)
Single Color Photometry
Science Data Analysis Software
Science Data Formatter
Standard Header Packet

‘Science Instrument
SOGS (TRW) Library document ident i f ie r
Science Operations Ground System
Signal Processing Subsystem
Science Planning and Scheduling System
Science Support Center
Support  Systems Module

Star/Sky Photometry
Edwin P. Hubble Space Telescope
ST Operations Control  Center
ST Science and Operations Pro jec t
Target Acqu is i t i on  and Ve r i f i ca t i on  (Processor in NSSC-1)
To be determined
Telemetry Byte Table
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™
uoL
usec
UTC
uy

V Xxx

Y. XXX

YAP
X'ab'

Telemetry
Unique Data Log
Microsecond
Universal  Time Coordinated
U l t r av i o l e t
Conventional f i r s t  letter for HSP parameters
Abbreviated LMSC ET Measurement ID
Coined Measurement ID (for Science Data)
Ver i f i ca t i on  and Acceptance Program
Hexadecimal (base 16) value for "ab"
Material needing determination/confirmation
Bit number n (1 most s ign i f icant)
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1.0 INTRODUCTION

1.1 PURPOSE AND ORGANIZATION OF HSP NOTEBOOK
The purpose of th is  High Speed Photometer (HSP) Notebook is to provide a
compi lat ion from var ious sources of factual in format ion on cer ta in  aspects of
the HSP necessary for design work on the Edwin P. Hubble Space Telescope (ST)
Science Operations Ground System (S0GS). The contract for development of
SO0GS is managed by GSFC, and is  performed by TRW. One of the main tasks of
SOGS is  the r ece ip t ,  d i sp lay ,  manipu la t ion,  and ca l i b ra t i on  of the HSP data
(as wel l  as the o ther  i ns t r umen ts  on the ST). To pe r fo rm th i s  t ask ,  a
thorough understanding is necessary of the var ious formats in which data s
rece ived,  where c r i t i ca l  processing parameters are in both the science and
engineering data streams, and what a lgor i thms are to be app l ied  to ca l i b ra te
the science data for each instrument con f igu ra t i on .

The intended audience for th is HSP Notebook is the TRW SOGS designers,  rather
than a general co l l ec t i on  of d iverse groups with equal ly  d iverse in fo rmat ion
des i res .  Because of i t s  intended audience, there are numerous HSP-related
topics that are not included in this Notebook. Section 8 (References) has a
l i s t  of c i t a t i ons  for some source documents on HSP that are in the TRW SOGS
L ib ra r y .  Such documents have been assigned se r i a l  accession numbers (SLIB
numbers) meaningful only to those with access to the TRW L ib ra ry ,  so Sect ion
8 p rov ides  i n fo rma t i on  on o r i g i na to r ,  da te ,  and t i t l e  to i den t i f y  the
mater ia l  more completely.

The organizat ion of th is  HSP Notebook is the same as that for the other four
ST ins t ruments .  After t h i s  in t roductory  ma te r i a l ,  the va r i ous  types of HSP
modes are def ined in Sect ion 2 (s ince  they are of major s i gn i f i cance  to the
SOGS design e f f o r t ) .  Sections 3 and 4 cover the HSP Science Telemetry and
HSP Engineering Telemetry r espec t i ve l y .  Algorithms for HSP Ca l i b ra t i on ,  HSP
Data Qua l i t y /U t i l i t y ,  and HSP Target Acqu is i t i on  are in Sections 5 to 7
respec t i ve ly  (these relate to what is in Sect ion 10 of the SO0GS SE-06-1
speci f icat ion, SLIB 799). Section 8 has References.
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1.2 SUMMARY OF HSP NOTEBOOK UPDATES FOR THIS REISSUE
The changes in this reissue of the HSP Notebook (SLIB 864 was the or ig ina l
issue) are those necessary to re f l ec t  the ava i l ab i l i t y  of considerably more
informat ion on the ins t rument 's  performance. This i n f o rma t i on ..was obtained
from IDT documents, a mid-June 1983 GSFC HSP Operations meeting, review of
sample HSP tape da ta ,  and the thorough IDT responses to the ques t i ons
resu l t i ng  from the tape rev iew.  Since new HSP in format ion has been d i s t r i b -
uted w i t h i n  the SOGS pro ject  as i t  has been obtained, there should be no
surpr ises in the changes that are incorporated in th is  issue,  which i nc lude :

1. Addition of numerous instrument details, including the conven-
t ion for numbering the f ive  HSP sensors. In add i t i on  to IDT-
generated data, some of these changes were obtained from the
ST Science Inst i tute 's HSP description in SLIB 1006b (see
Section 1.5).

2. The Standard Header Packet locations (from LMSC's SLIB 936) of
the HSP engineering telemetry (see Section 4).

3. Re f lec t i on  of the HSP convention that the Unique Data Log
(contrary to most other ST instruments) is sent before the
Standard Header Packet on the downl ink, as spec i f ied  by GSFC
(see SLIB L58).

4. Changes in the downlink telemetry minor-frame assignments to
agree with a new issue of LMSC's DM-02 (SLIB 1089).

A s i gn i f i can t  area of uncer ta in ty  for the HSP centers around the l oca t i on  of
parameters in the HSP Unique Data Log. This re issue of the HSP Notebook
re f lec ts  the same loca t i ons  as in the previous issue,  although th is  may not
be what wi l l  be seen in f l i gh t  (see Section 3 .2 .2) .  Two addit ional areas
where (in common with most other ST instruments) uncertainties exist in the
material covered in th is  document are the detailed format of the up l inked
area of the Standard Header Packet ( a l t e rna t i ve  sources are c i ted in Sect ion
3.2.1) and the f l i gh t  values to be used for the packet format code (see
Section 3.2.4) .

The upda t i ng  e f f o r t  for  t h i s  HSP Notebook w i l l  be a con t i nuous  process
throughout the dura t ion  of the SOGS pro ject .  This re issue,  however, is the
f i r s t  HSP Notebook change that has been generated since the Revision-2 change
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pages (dated 27 February 1983) to the SLIB 864 issue. New information other-
wise has been distributed among the TRW SOGS designers by means of SOGS
memos. Pa r t i cu l a r l y  for those holders of the HSP Notebook outs ide of TRW,
therefore, rel iance on this HSP Notebook to re f lec t  the "latest available"
(anyplace) set of HSP data continues to be inappropriate.
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1.3 INVESTIGATION DEFINITION TEAM
The P r i nc i pa l  Inves t iga to r  for the HSP experiment i s :

Robert C. Bless, Un i ve rs i t y  of Wisconsin, Madison, WI
Co- Invest igators  are:

Arthur D, Code, Un i ve rs i t y  of Wisconsin, Madison, WI
J. E. E l l i o t ,  Massachusetts Ins t i tu te  of Technology, Cambridge, MA
E. L. Robinson, Un ive rs i t y  of Texas, Aus t in ,  TX
G. Wayne van C i t te rs ,  J r . ,  National Science Foundation, Washington, DC
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1.4 SCIENTIFIC OBJECTIVES
The f o l l ow ing  in format ion  was obtained from SLIB 317:

The HSP w i l l  be a sc i en t i f i ca l l y  ve rsa t i l e  inst rument ,  designed
to prov ide p rec i se ,  t ime-resolved photometric observations of
r ap id l y  vary ing sources over time scales as short as 16 usec.
Observations in th is  domain are d i f f i cu l t  or impossible to obtain
from the ground because of the e f fec t  of transmission through the
atmosphere. The HSP w i l l  prov ide u l t r av i o l e t  photometry of f a i n t
objects unobservable with previous space instruments and photo-
metry at v i s i b l e  wavelengths with higher p rec is ion  and to fa in te r
magnitudes than is poss ib le  from the ground. The HSP w i l l  carry
out exp loratory  u l t r av i o l e t  po la r imet ry .  I t  w i l l  also provide an
important serv ice to other ST instruments by t rans fer r ing  the
absolute f lux ca l i b ra t i ons  and photometr ic systems of b r i gh t
stars to stars su f f i c i en t l y  f a i n t  to be accessible to those in -
struments. As a minimum, the HSP w i l l  be capable of p rov id ing
data in the fo l l ow ing  areas:

1. Determinat ion of proper t ies of cataclysmic va r iab les ,  X-ray
burs te rs ,  X-ray b i na r i es ,  gas streams, and accret ion disks in
compact binary systems;

2. Searches for op t i ca l  counterparts to radio pulsars;

3. Measurement of time scales of the fastest  va r i ab i l i t y  of Sey-
fert nuc le i ,  BL Lac objects and quasi-stel lar objects (QSOs)
to determine t he i r  cha rac te r i s t i c  dimensions;

4. Accurate br ightness measurements of the zodiacal l i gh t  and
d i f f use  ga lac t i c  l i gh t ;

5. Determination of the wavelength and time dependence of
po la r i za t i on  in compact b i na r i es ,  white dwarfs, nebulae,
i n t e r s te l l a r  dus t ,  QSOs, ac t i ve  ga lac t i c  nuc le i ,  e t c . ;

6. Establ ishment of f a i n t  s t e l l a r  ca l i b ra t i on  standards,
magnitude system t ransformat ions,  and t ransfers  between
prev ious ly  establ ished photometric sequences and ST targets ;
and

7. Measurement of the diameter of stars and solar system
ob jec t s ,  and determinat ion of the p ro f i l e  of the phys ica l
parameters of p lanetary atmospheres with height  using
accurate,  high-speed observat ions of s t e l l a r  occu l ta t ions  by
p lane ts ,  the i r  sa te l l i t es ,  minor p lane ts ,  and the Moon.
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1.5 PRINCIPLES OF OPERATION
See SLIB 458 for information on the p r i nc i p l es  of operat ion of the complete
HSP i ns t rumen t  ( i nc l ud ing  i t s  mechanica l  l ayou t  and a f unc t i ona l  b lock
diagram). The mater ia l  given below emphasizes those HSP aspects that are of
pa r t i cu la r  s ign i f i cance  for understanding the nature of i t s  science data, and
has been generated using the sources l i s t ed  in Section 8.1.

The HSP is  mechanically the s implest  of the SIs on the ST. A major purpose

of the HSP is to make fast  in tegra t ions  of the l i gh t  level  of stars (down to

10 usec). This time interval is not ava i l ab le  on the ground due to the
ef fects of the atmosphere. One app l i ca t i on  of the short intervals is to
observe what the l i gh t  curve looks l i ke  during occu l ta t i ons .  The inst rument

has an extremely f l ex i b l e  des ign,  a l l ow ing  i t  to react  to th ings af ter they

are discovered. I t  has no moving parts and re l i es  en t i r e l y  on the f ine

po in t i ng  of the spacecraf t  to d i rec t  the l i gh t  from a target  onto one of i t s

combinations of spectral  f i l t e r s  and entrance aper tures.

No ca l i b ra t i on  lamps are in the HSP: i t s  f i na l  rad iometr ic  ca l i b ra t i on  w i l l

be estab l ished by observing stars with known spectra l  energy d i s t r i bu t i ons .

The HSP has two test lamps (both con t ro l l ed  by the same pair of re lays  in

series) whose sole purpose is to do an "aliveness tes t " :  i t  is possible that
these lamps w i l l  not be used af ter  launch.

The HSP has four  i ndependen t ,  magne t i ca l l y  f ocused  and de f l ec ted  image

d issector  tubes ( IDTs) ,  each mounted behind a p la te that holds an assortment

of f i l t e r s  and entrance aper tures.  The IDTs resemble pho tomu l t i p l i e r  tubes

in operat ion ,  except they can be made to respond only to photoelectrons

coming from the small region of the photocathode on which l i gh t  is focused.

Two of the IDTs have CsTe photocathodes on MgF, faceplates and are sens i t i ve

from about 120 to 300 nm; the other two have b i a l ka l i  cathodes on quartz

faceplates and are sens i t i ve  from about 180 to 700 nm. The photocathode of

the IDT is l og i ca l l y  subdivided in to several areas, each of which can be

sampled by con t ro l l i ng  the IDT's hor izon ta l  and ve r t i ca l  de f l ec t i on  c i r cu i t r y

tha t  is  d r i ven  by twe l ve -b i t  d i g i t a l - t o -ana log  conve r te r s  (DACs). The

instrument is also equipped with a s ide- look ing  pho tomul t ip l ie r  tube (PMT)
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having a GaAs photocathode. Three of the IDTs (the two CsTe ones and a
b ia l ka l i  tube) are used for photometry. The other b i a l ka l i  IDT is used for
po lar imet ry ,  and the pho tomu l t i p l i e r  along with the b i a l ka l i  photometry IDT
are used for occu l ta t i on  observat ions.  Each IDT takes 16 watts of bus power.
I t  is  poss ib le  for a l l  f i ve  detectors to be on at one t ime, al though no
cred ib le  observat ion scheme has been mentioned that would requ i re  this.

Detectors are numbered clockwise (when facing in the same d i rec t ion  as the
path of incoming l i gh t  to the ins t rument ) ,  with detector  #1 being the
forward-facing b ia l ka l i - ca thode  IDT used for po lar imetry .  The other
bialkali-cathode IDT is #3 (used for photometry), and the two CsTe photo-
cathode detectors are #2 and #4. The PMT is referred to as detector #5.

For photometry, l i gh t  from the ST enters the HSP through one of three holes
in i t s  forward bulkhead, and after passing through a f i l t e r  and aperture is
brought to a focus on the d issec tor  photocathode by a re lay  m i r ro r .  The
f i l ter /aper ture “mechanism” is mounted behind each forward bulkhead entrance
hole. Each plate contains 13 f i l t e r s  mounted in two rows (see SLIB 810 for
the i r  general cha rac te r i s t i c s ) .  For each f i l t e r  p late there is an aperture
plate conta in ing apertures arranged in two rows that are pos i t ioned d i r ec t l y
behind the corresponding rows of f i l t e r s .  Nine of the f i l t e r s  are associated
with four aper tures:  two with diameters of 1 arc second and two with diam-
e te r s  of 0.4 arc seconds. Three more are assoc ia ted  only w i th  three
apertures (because of space l im i ta t i ons ) ,  and the las t  f i l t e r ,  of double
width,  has f ive associated aper tures,  i nc l ud ing  one of 10 arc second diameter
for object acquisi t ion. This gives a grand total of 50 apertures and (with
no moving parts) 27 d i f fe rent  f i l ter /aper ture combinations.

Apertures in a given row are 7.5 arc seconds apart  so genera l ly  one aperture
should be suitably loca ted  for a background measurement through the same
f i l t e r .  The focal plane is at the ex ter io r  aperture l oca t i on  ( ra ther  than at
the f i l t e r s ) .  The f i l t e r /aper tu re  combination to be used for an observation
is establ ished by spec i fy ing  which aperture is to be used. Notat ion conven-
t i ons  for  these ape r tu res ,  however ,  have not  ye t  (see SLIB 1122) been
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def ined.  The ST po in t i ng  is  not changed; the d issector  is  simply commanded

to co l l ec t  photoelectrons from the po in t  on the photocathode corresponding to
the selected aper ture.

To make occu l ta t ion  observat ions,  l i gh t  from the target ob jec t  passes through

a f i l t e r  ( in  th is  case clear glass) and on through a 1 arc second aperture

after which i t  strikes a beam sp l i t t e r  at 45° to the inc iden t  beam. The
mirror re f lec ts  red l i gh t  to the photomul t ip l ie r  via a red glass f i l t e r  and a

Fabry lens.  The beam sp l i t t e r  also passes a spectral  band in the blue on to

a re lay  mirror  and then to a b i a l ka l i  photometry IDT (detector  #3). Occul-

ta t ion observations can therefore be made at about 820 nm and 320 nm simul-

taneously. Single bandpass occultation observations can also be made with
any of the f i l t e r /aper tu re  combinations ava i l ab le .

For po la r imet r i c  observat ions,  detector #1 (one of the b i a l ka l i  ones) is

used. Light passes through a f i l ter /aperture assembly d i rec t l y  to the IDT
(without using a relay m i r ro r ) .  The f i l t e r  assembly contains only four near
UV f i l t e r s  across which are four s t r i ps  of po la r i z i ng  mater ia l  each having

i t s  po la r i z i ng  axis 45° from i t s  ne ighbor 's .  The aperture p late contains one

arc second ape r tu res  only (two for  each f i l t e r - po la r i ze r  comb ina t i on ) .

L inea r  po la r i za t i on  is  measured by obse rv i ng  th rough  each of the four

po la r i ze r s  in succession.

In the IDT, the resu l t i ng  photoelectrons from the d issec tor  cathode are

magne t i ca l l y  focussed and de f l ec ted  in  the f o rwa rd  sec t i on  so tha t  the

photocurrent  is  d i rec ted  through an interior aperture with a size of 180

microns. This corresponds to 1 arc second on the sky for detectors  #2, #3,

and #4 (the ones using a re lay m i r r o r ) ,  and 0.65 arc second for detector #1.

The deflection-step leas t  increment is  about 4.5 microns. This selected

aperture connects the forward sec t ion  of the detector with the 12-stage

pho tomu l t i p l i e r  sec t i on .  A s tar  image is  expected to be about 0.3 arc

seconds. These numbers imply that the ten arc-second aperture can be covered

adequately by a scan using a rectangular gr id  with a maximum of 400 points

(the f i gu re  used for HSP Target Acqu is i t i on  and Ve r i f i ca t i on ,  TAV). After

the d r i f t  area, the mu l t i p l i e r  sect ion  is entered. The e l ec t r i ca l  output of
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th is  sect ion  is  fed through a p reamp l i f i e r  (vo l tage gain of about 7) that has
both a current and a pulse output .  This completes the HSP Opt ica l  Detector
Subsystem (0DS).

The signal  next goes to the Detector E lec t ron ics  Assembly (DEA) that  houses a
Signal Processing Subsystem (SPS) and a Def lec t ion  Amp l i f i e r  Subsystem (DAS).
The DAS is  not connected for the PMT, but for l og i s t i c s  reasons is in i t s
DEA. The SPS has a Pulse Amplitude Discriminator (PAD) and a Current to
Vo l tage  Conve r te r  (CVC). The PAD, a f t e r  a gain of 36 dB, uses a pulse
detector “having an e i gh t -b i t  threshold leve l  ( tha t  is spec i f i ed  for the
observat ion) .  The threshold al lows the s igna l - to -no ise  ra t i o  to be opt imized
for any high vol tage se t t i ng  (the high vol tage power suppl ies for the IDTs
have an e i gh t -b i t  command to specify their negative DC voltage). The gain of
the tubes is a strong func t ion  of the vo l tage .  Under normal cond i t i ons ,  they
w i l l  be operated with a gain of 10**6.  The voltage can be lowered to in-
crease the dynamic range that can be accommodated, or increased to increase
the tube's gain.

The pulse output  is fed to the Detector Con t ro l l e r ,  where i t  is counted to
form the d i g i t a l  (photon count) output of the HSP., The CVC is used to
process the cur rent  output  of the 00S. I t  has a cur rent - to-vo l tage amp l i f i e r
(w i th  four se t t i ngs  for gain) fo l lowed by a vol tage amp l i f i e r  (gains of 1.0
and 10.0). The gain settings are specified for the observation. The output
of the voltage amp l i f i e r  provides an analog telemetry measurement used to
monitor for overcurrent .  I t  is also fed to an ana log - t o -d i g i t a l  converter in
the Detector Con t ro l l e r  that generates 12 b i t s  of ou tpu t ,  forming (when
sampled) the analog ou tpu t  of the HSP. B r i gh t  ob jec ts  are su i t ab le  cand id -
ates for analog observat ions,  avoid ing the inherent  problem of the digital
observations with the i r  response dead-time under high count r a tes .  The
programming capab i l i t y  for the power suppl ies can be used to extend the
dynamic range of the detectors in the analog mode.

A11 detectors can be operated in e i the r  a pulse-count ing or cur rent  mode (or

bo th) .  In the pulse-count ing mode, data can be taken in i n t eg ra t i on  times as
short as about 10 usec, commandable in about 1 usec i n te r va l s  to longer
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t imes. Delays between successive in teg ra t ions  can be as short  as a few
microseconds, or zero (since the detectors each have two count chains).
Pulses separated by about 50 nsec or more can be separately detected so that
count rates of up to 2 x 10° pulses/second can be accommodated with a dead-
time correct ion of no more than 1%. For a broad-band f i l t e r ,  th is  corres-
ponds roughly to a 10th magnitude star. In the analog mode the CYC measures
detector current  outputs over a range of 1 nanoamp to 10 microamp fu l l  scale.
The analog format can be used to observe stars as f a i n t  as about 12th mag-
ni tude or as b r i gh t  as Oth magnitude. I t  is  l i ke l y  to be used for stars
brighter than about 10th magnitude.

The shortest observat ion times range from 4 msec in the 1 nA range to 0.4

msec in the. 10 uA range. The minimum time requ i red  for the IDT beam to be
deflected from one loca t ion  to another is about one msec. I f  both star and

sky data are required at integration times shorter than this f igure, two
a l te rna t i ves  are ava i l ab le :  take the background observations before and after

the high speed data run, or use two d issec tors  to co l l ec t  data simultane-
ous ly ,  with integration times for each detector as short as 14 usec (only
s l i gh t l y  slower than the shortest 10 usec integration time poss ib le  when only

one detector is co l lect ing data).

The f ive  i den t i ca l  Detector Con t ro l l e r s  perform those funct ions that r e l a te
to a spec i f i c  detector, i . e . ,  they rece ive a sequence of parameters and

ins t ruc t i ons  from the System Con t ro l l e r  necessary for an observat ion and

science data co l l ec t i on ,  and do data co l l ec t i on ,  detector con t ro l  ( for  the

de f lec t i on  amp l i f i e r s ,  the power supply,  and the threshold for digital and

gain for analog measurements), and inter facing with the System Control ler.
Detector parameters are stored in e igh t  one-byte l a t ches ,  and a 1.024 MHz

clock signal suppl ies a signal to the ADC and synchronizes sampling start  and

stop control  s igna ls  to the two pulse counters.

There are two System Con t ro l l e rs  (dual standby redundant),  only one of which

w i l l  be powered at any given time. Each consis ts  of an Intel 8080 micro-
processor, memory, and var ious I /0  po r t s .  D i rec t  memory access is provided.

to allow rap id data t ransfer through the science and engineering data por ts ,
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and for acqu i s i t i on  of science data from the Detector Con t ro l l e rs  and rap id
storage in memory. The HSP System Con t ro l l e r  performs those funct ions that
are not spec i f i c  to any one detector or i t s  associated e l ec t ron i cs ,  but
ra the r  are essen t i a l  to ove ra l l  HSP ope ra t i on .  I t  is  r espons ib l e  for
commands, the se r i a l  engineering telemetry,  t im ing ,  detector operations,
science data control ( co l l ec t i on ,  t ransfer ,  and s torage) ,  and test .  Assoc-
fated with i t  is a Bus Director (to which al l  f ive Detector Controllers
interface).

The Bus Director has 8 pages of memory (having 256 e i gh t -b i t  bytes each), and
can ca r r y  out a sequence of i ns t r uc t i ons  i ndependen t l y  from the m ic ro -
processor main program. Bus D i rec tor  programs are expanded by the HSP micro-
processor from data in PROM and command tab les ,  and then loaded in to  the Bus
Director  program store memory. The microprocessor can access any given page
of the Bus Di rector  as par t  of i t s  address space. The Bus D i rec to r  is a
simple computer, having up to 255 i ns t ruc t i ons  that contain 4 b i t s  for the
operat ion code and 4 b i t s  for the argument. By up l i nk ing  programs using the
HSP Store Byte command, specia l  app l i ca t ions  can be done. For example, in
the normal "byte" mode the minimum count interval  is 13-14 usec; by uplinking
a special  28-byte Bus-Director program, th is  can be reduced to about 10 usec.
These programs could also be used to cause the generation of special  observa-
tion sequences (such as two detectors obtaining data truly "simultaneously"),
and to produce observat ion data formats d i f f e ren t  from those described in
this document. Before these specia l  Bus D i rec tor  programs are used, adequate
attent ion should be paid to the ground processing requirements that they may
impose.

The HSP microprocessor has a block of 6K bytes of PROM used for firmware
program storage,  4K bytes for system RAM, 16K bytes of RAM for science data
buf fe rs ,  and 4K bytes of RAM for spares.  The PROM f i rmware has a background
process that interprets modes and commands, and a foreground process that
handles regu la r  repeated tasks such as updating the software c lock ,  sending
telemetry, and reading commands from the hardware command queue. The 24K
bytes of RAM are d i v i ded  i n to  4K b locks of phys ica l  memory, l abe led  b locks A
through F. These physical  blocks may be mapped such that any physical  block
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may be in any of six address l oca t i ons .  This mapping normal ly is invoked

during i n i t i a l i za t i on ,  but can also be done by commands. System RAM has the

Data Line Table, a 16-byte array containing the starting addresses of the

science data l ine buffer storage areas. |

System RAM also has the Byte Argument Table (BAT) that contains the current

values of the arguments of the 160 items re l a t i ng  to HSP se r i a l  commands and

ser ia l  te lemetry.  The BAT is i n i t i a l i zed  to the set of values given in SLIB

958. When a command is  received by the HSP, i t s  argument is  placed in the

BAT. The actual  ac t ions  taken by the instrument are determined by the values

stored in the BAT. There is also a Telemetry Byte Table (TBT) from which the
data for the telemetry is sent (a software counter is set to the beginning of

the table each time a major frame sync pulse is rece ived) .  This TBT contains

the same items as the BAT. When a command a l t e r i ng  an item in the f i r s t  hal f

( f i r s t  80 items) of the BAT is  rece ived,  the en t i re  f i r s t  hal f  is  copied to

the TBT. When a detector con t ro l l e r  parameter (these are stored in the

second hal f  of the BAT) is rece ived,  the System Controller w r i t es  a l l  the

parameters for both the requested detector and the sky detector  from the BAT

to the detector con t ro l l e r ( s ) ,  and then reads from them in to  the TBT. I f  the

values in the BAT (commanded) and TBT (read) disagree, the VTERROR flag is
set. This f lag w i l l  become set during the reset  sequence i f  one or more of

the Detector Con t ro l l e r s  is not powered. E i ther  a reset or a parameter for

that Detector Con t ro l l e r  must be sent after i t  has been powered for i t s

la tches to be correct .

Science data normally is  buf fered in the microprocessor RAM, but can be pro-

vided from the Bus D i rec to r  RAM as a backup capab i l i t y .  A maximum of 16 K 8-

b i t  bytes is ava i l ab le  for data bu f f e r i ng .  Data is co l l ec ted  and buf fered

one l ine at a time, and since the normal (but not the only) length of an HSP

data l i ne  is  960 16 -b i t  words (1920 by tes ) ,  t h i s  means 8 l i nes  can be

accommodated. During a data co l l ec t i on ,  the buf fers  are f i l l ed  and emptied

in sequence, and then used over. The science data then i n te r f aces  with the

Remote Interface Unit (RIU) of the SI C&DH (Control and Data Handling),
including the Science Data Formatter (SDF). From the SDF, the data can then

be fed to the NSSC-1 SI C&DH computer ,  to the down l i nk ,  or to the tape

recorder.
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® The NSSC-1 has f i ve  HSP app l i ca t i on  processors:

1. TAV, Target Acqu is i t i on  and Ve r i f i ca t i on ,  is  NSSC-1 processor
#41, I t  is used for Mode I I  (on-board) target acquis i t ion.
Four steps are requ i red :

a) Maneuver the ST to point i t  so the target image fa l l s
within a " f ind ing"  HSP aperture;

b) Use the Area Scan HSP Operation Instrument Mode to scan
the aperture,  p rov id ing  a rough image of i t  as science
data (which is then transferred to the NSSC-1);

c) Process the scan data to ident i fy  possible target objects.
Only those ob jec ts  whose total  f lux  count l i es  in a preset
range are considered, and one of three se lec t ion  modes can
be used to choose the target: b r i gh tes t ,  faintest, and

‘on ly  ob jec t ;  and

d) Compute an of fset  vector used to command the ST to do a
small slew to place the target in the desired observing
ape r tu re .  The o f f se t  is  the sum of the f i nd ing - t o -
observing aperture vector and the target  vector .

’ ® Several TAV parameters are included in the HSP-Unique Data
v -  Log (UDL).

2. HTR, Heater Con t ro l ,  is  NSSC-1 processor #42. The HSP does
not have any thermostats on the i r  heaters,  so th is processor
is used to maintain HSP temperatures with pred ic tab le  o rb i t
average power usage. Heat causes thermal d i s t o r t i on  in the
HSP, but to a f i r s t  order the r e l a t i ve  displacements between
aper tures are independent of temperature.  The HTR processor
i s  ac t i va ted  once each minute ,  and every 30 ac t i va t i ons  a new

| thermal cycle is i n i t i a l i zed  and the amount of energy used by
| each of the 9 HSP heaters for this cycle is reset to 0. The
i energy used is computed by [E * *2 ] /R ,  using the constant

| heater res is tance ,  a vol tage of 28 vo l ts  for the ODS heaters,
and the measured vo l t age  for the six i n te r f ace  hea te rs  d r i ven
from the power bus. Once switched on, the heater remains on
un t i l  the cumulative amount of energy exceeds a requested
amount, un t i l  the corresponding temperature exceeds a high
1 im i t  value,  or un t i l  the heater switch table i nd ica tes  the
heater should be o f f .  There is also a warmup mode l as t i ng  20
cycles (10 hours), for which the amount of energy needed for
each successive cycle is stored in a special  a r ray .  Heater
swi tch ing can be i nh ib i t ed  dur ing sens i t i ve  observat ions. A
number of the heater parameters are included in the UDL.

3. ELG, Engineering Log Generator, is NSSC-1 processor #43.
This p rocessor  e f f ec t s  the t r ansm iss ion  of the UDL. I t
gathers the log data, se lec ts  the appropr ia te  formats for the
SDF, and outputs the UDL.
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ACK, Acknowledge Command, is  NSSC-1 processor #44, Every
command that changes the mode of the HSP is acknowledged. In
response to the mode change command, the HSP sends an ack-
nowledgement to the SI C&DH as a byte of special  engineering
data (using a separate po r t ) ,  which th is  processor moni tors
every 0.5 seconds, se t t ing  a f lag i nd i ca t i ng  that the HSP is
ready. The HSP sends a nul l  code un t i l  the command can be
acknowledged, at which time e i ther  a pos i t i ve  or negat ive
acknowledgment code is sent.

BRO, Br igh t  Object Pro tec t ion ,  is NSSC~1 processor #45, I t
inc ludes log ic  to monitor the SSM PIT for f lags i nd i ca t i ng
p rox im i t y  of the sun or moon, as wel l  as a mon i t o r  for
excessive detector cur rent  in each of the 5 de tec tors .  I f
any tube cur rent  is excessive, the whole instrument is placed
in a "safe" condition. The BRO processor is scheduled for
ac t i va t i on  every 10 seconds.

See SLIB 225, SLIB 233, and SLIB 435 for more de ta i l s  on the NSSC-1 HSP on-

board software.
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2.0 HSP MODES OF OPERATION

There are three kinds of HSP "modes" that need to be distinguished:

1. Instrument Modes (where control by the HSP e lec t ron i cs  causes
4) I reraices in the measured data due to data-gather ing d i f f -
erences);

2. Science Data Modes (sett ings of Instrument Mode and/or the
optics parameters cause d i f ferent  e f fec ts ) ;  and

3. Ground Software Modes (d i f f e rences  in ground processing that
can be a function of the Instrument Mode and/or Science Data
Mode).

These modes are treated in separate sect ions below. Throughout th is  docu-
ment, b i t  1 is the most s ign i f i cant  (or sign) and bi t  8 or b i t  16 is the
l eas t  s i gn i f i can t  ( for  8 -b i t  words and 16 -b i t  words respec t i ve l y ) .  This
convention (emphasized in some places by p lac ing  a colon before the b i t
number, as in SLIB 1089) is the same as that used in the other SO0GS Ins t ru-
ment Notebooks, as well as in SLIB 340. According to SLIB 797, however, "HSP
bi ts  are numbered 0 (LSB) to 15 (MSB). We do not care how anyone else
numbers them, but the burden of t r ans la t i ng  a l l  documents produced by the HSP

team w i l l  always f a l l  to the pa r t i es  with con f l i c t i ng  schemes."

The notation "Vxxx" means the LMSC engineering telemetry abbreviated meas-
urement i den t i f i e r  (see Section 4), and "V.xxx"  re fers  to telemetry that
lacks an LMSC i den t i f i e r .  Tables 4.2-5 and 4.2-6 l i s t  a l l  the HSP telemetry
in sequence by the i den t i f i e r  value and by mnemonic, respec t i ve l y .  According
to SLIB 797, "A11 HSP telemetry names and commands have the unique p re f i x
'V ' , "  and therefore this is reflected in the mnemonics employed (including

- those in the science te lemetry)  in th is  document.

2.1 HSP INSTRUMENT MODES
Informat ion on the HSP Instrument Modes f a l l s  in to  two categor ies :  that
de f i n i ng  the HSP operat ing mode and that de f i n i ng  the length and format of
the science data words.
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2.1.1 HSP Operation Instrument Mode
The HSP Operation Instrument Mode has nine al lowed values. I t  is  con t ro l l ed
by command VMODE (V200) and telemetered in measurement VTMODE (V500). Execu-
t ion of a new YMODE command by the HSP firmware takes place only when the HSP
is  in the IDLE operat ing mode. I f  th is  mode is not IDLE when the new YMODE
command is  rece ived,  then execut ion of the VYMODE command is  deferred un t i l
the firmware completes the previous mode, thus enter ing the IDLE mode. The
var ious YTMODE measurement values are:

IDLE, HSP is awai t ing the next YMODE command;
SCP, Single Color Photometry, for science -data;
SSP, Star/Sky Photometry, for science data;
ARS, Area Scan, for  sc ience  da ta ;
TIM, Reset clock using VCLKSET word (V507), for support;
DMS, Data Memory Set using VDMSBYT (V573), for test;
DUM, Dump memory, for t es t ;
MAP, Reconfigure RAM using VCFGMAP word (V569), for support; and
BDT, Bus D i rec tor  RAM tes t ,  for test.O
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V500 values of 1 (SCP), 2 (SSP), 3 (ARS), and 6 (DUM) cause sc ien t i f i c  data
to be sent, as detai led in Section 3.3. The V500 value of 4 (TIM) is dis-
cussed in Section 3.1.1, and the value of 5 (DMS) and 7 (MAP) in Section
3.1.4. The value of 8 (BDT) tests the Bus Director RAM and sends an ack-
nowledgment in V567 (VACKBYT) t e l l i ng  which pages (see SLIB 958) are usable.
The test reads and wr i tes  a l te rna te bit pat terns of X'55' and X'2A' in to  Bus
Director  RAM pages.

In HSP test tapes that have been seen, the instrument was in the IDLE mode
when the output was produced, and therefore the VTMODE/V500 value in the UDL
was 0. Hence the UDL value can not??? necessarily be used to determine the
HSP con f igu ra t ion  when the accompanying science data was gathered. The value
in VACKBYT/V567 (see #2 of Section 3 .1 .4 ) ,  however, did re f lec t  the HSP
Operation Instrument Mode used to obtain the data, but whether th is  quant i ty
can be re l i ed  upon has not been confirmed???

2.1.2 HSP Data Format Instrument Mode
The HSP Data Format Instrument Mode has five d i f fe ren t  values to define the
length and format of the "HSP words" that are to be t ransmi t ted  in the
science telemetry.  I t  is con t ro l l ed  by command VOFMT, V20l1l, and telemetered
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in measurement VDATAFMT (V501). As discussed in Section 3.1, a typical (but
not constrained) way of operat ing the HSP is to d iv ide  the science data in to
l i nes  of 960 16 -b i t  words (or a total  of 15360 b i t s ) .  I f  th is is  done, then
e f f i c i en t  use of the downlink can be accomplished, and a l l  f i ve  HSP formats
w i l l  have an integral number of HSP words in these 960 16 -b i t  words, as
ref lected in the de f i n i t i on  of the var ious YOFMT values:

1 BYTE, provide the d i g i t a l  counts in e i gh t -b i t  bytes.  For a
downlink of 960 16 -b i t  words per l i ne ,  1920 BYTE-format HSP
words would be sent.

‘2 WORD, provide the d i g i t a l  counts as a pair  of e i gh t -b i t  bytes
(a total of 16 bi ts each). For a downlink of 960 16-b i t
words per l i ne ,  960 WORD-format HSP words would be sent.

3 LWRD, provide the digital counts as a t r i p l e t  of e i gh t -b i t
bytes (a total of 24 bits each). For a downlink of 960 16-
b i t  words per l i ne ,  640 LWRD-format HSP words would be sent.

4 ALOG, provide the resu l t s  as an analog (photocurrent)
measurement in a pair  of e i gh t -b i t  bytes with the 12 -b i t
resu l t  r ight  j us t i f i ed  (top 4 bits of the 16 bits are zero).
For a downlink of 960 16 -b i t  words per l i ne ,  960 ALOG-format
HSP words would be sent.

7 ALL, provide both the analog and digital count data in a
tota l  of f ive e i gh t -b i t  bytes.  The f i r s t  two bytes of each

group of 5 have the analog measurement (12 b i t s ,  r i gh t  jus-
t i f i ed )  as for ALOG; the remaining three have a t r i p l e t  of
e igh t -b i t  bytes as for LWRD. For a downlink of 960 16 -b i t
words per l i ne ,  348 ALL-format HSP words would be sent.

Any Data Format Instrument Mode can be used with any of the three science
data Operation Instrument Modes.

The i nd i v i dua l  bytes in the science words are reversed. This means that the
fo l l ow ing  sequence of data is provided for the def ined VYDFMT values:

1 BYTE has two samples per science data word.

a) In the f i r s t  data word, bi ts :9-16 have count samplen, and
b i t s  :1-8 have sample n+l; and

b) In the second data word, bi ts :9-16 have sample n+2, and
bits :1-8 have sample n+3; etc.
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2 WORD has one sample per science data word.

a) In the f i r s t  data word, bi ts :9-16 have the high-order byte
of count sample n,  and b i t s  :1-8 have the low-order byte of
sample n;  and

b) In the second data word, bi ts :9-16 have the high-order
byte of sample n+l ,  and b i t s  :1-8 have the low-order byte of
sample n+l; e tc .

3 LWRD has two samples per three science data words.

a) In the f i r s t  data word, b i t s :9-16 have the high-order byte
of count sample n,  and bi ts :1-8 have the middle-order byte of
sample n;

b) In the second data word, b i t s  :9-16 have the low-order byte
of samplen,  and b i t s  :1-8 have the high-order byte of sample
n+l;

¢) In the th i rd  data word, b i t s  :9-16 have the middle-order
byte of sample n+l, and bi ts :1-8 have the low-order byte of
sample n+l; and ”

d) In the fourth data word, bi ts :9-16 have the high-order
byte of sample n+2; etc.

4 ALOG has 12 -b i t  samples of the CVC outpu t ,  one sample per
science data word.

a) In the f i r s t  data word, b i t s  :9-16 have the high order 4
b i t s  ( r i gh t  j us t i f i ed ,  lead ing zeros so b i t s  :9-12 are 0) of
count sample n,  and b i ts  :1-8 have the low-order 8 b i t s  of
sample n;  and

b) In the second data word, bi ts :9-16 have the high-order 4
b i t s  ( r i gh t  j us t i f i ed ,  lead ing  zeros) of sample n+l ,  and b i t s
:1-8 have the low-order 8 b i ts  of count sample n+l; etc.

7 ALL has 24 b i t s  of pulse count  data and 12 b i t s  of CVC
(analog) output, two samples per f ive science data words.

a) In the f i r s t  data word, b i t s  :9-16 have the h igh-order  4
bits ( r i gh t  j us t i f i ed ,  leading zeros) of analog count sample
n,  and b i t s  :1-8 have the low-order 8 b i t s  of analog samplen;

b) In the second data word, bi ts :9-16 have the high-order
byte of pulse sample n,  and b i ts  :1-8 have the middle-order
byte of pulse samplen;

c) In the third data word, bi ts :9-16 have the low-order byte
of pulse sample n,  and b i ts  :1-8 have the high-order 4 b i t s
( r i gh t  j us t i f i ed ,  leading zeros) of analog sample n+l;
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® d) In the fourth data word, b i t s  :9-16 have. the low-order 8
b i t s  of analog sample n+l ,  and b i t s  :1-8 have the high-order
byte of pulse sample n+I;

e) In the f i f th  data word, bi ts :9-16 have the middle-order
byte of pulse sample n+l ,  and b i t s  :1-8 have the low-order
byte of pulse sample n+i; and

f) In the sixth data word, bi ts :9-16 have have the high-order
4 bi ts ( r i gh t  j us t i f i ed )  of analog sample n+2, and bi ts :1-8
have the low-order 8 bits of analog sample n+Z; etc.
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2.2 HSP SCIENCE DATA MODES

The HSP has four Sc ience  Data Modes:

‘1 Star Single-Color  Time Ser ies ,

2 Star/Sky Single-Color  Time Ser ies ,

3 Mult i-Color Photometry or Polarimetry, and

4 Acquisit ion or Aperture Mapping.

2.2.1 Star Single-Color Time Series Science Data Mode
This Science Data Mode is expected to be the most frequently used HSP mode.
Two subdiv is ions have been de f ined,  a "slow" ( t yp i ca l  time reso lu t i on  of one
second) and a " fast"  ( typ ica l  time resolut ion of 16 usec). The time resolu-
t ion refers  to the length of time dur ing which data is gathered to form a

single HSP word ( in the format defined by the Data Format Instrument Mode).
The s i ng le - co lo r  time se r i es  imp l i es  tha t  ( a f t e r  acqu i s i t i on  has been

completed) the detector control  parameters remain constant ,  and the detector
remains or ien ted to the given ob jec t .  The Operation Instrument Mode in th is

case is SCP. In SLIB 344, i t  was inc luded with 2 .2 .2 ,  but to meet one of the
ob jec t ions  in SLIB 797 i t  is i den t i f i ed  as a separate one in th is  document.
A typical  run length for "slow" would be three hours and for " fast "  would be
1000 seconds.

2.2.2 Star/Sky Single-Color Time Series Science Data Mode
This Sc ience  Data Mode i s  s im i l a r  to 2 .2 .1 ,  excep t  tha t  the Ope ra t i on
Instrument Mode is  SSP. In SLIB 344, i t  was inc luded with 2 .2 .1 ,  but to meet
one of the ob jec t ions  in SLIB 797 i t  is  i den t i f i ed  as a separate one in th is
document.

2.2.3 Mu l t i -Co lo r  Photometryor Po lar imet ry  Science Data Mode
This Science Data Mode makes use of several aper ture / f i l te r  combinations to
observe the same ob jec t .  Typ i ca l l y  a tota l  of four colors might be observed,
using 10 seconds per color with a small spacecraf t  maneuver to pos i t i on
another aperture between them. Because of the maneuver, the data would come
down in separate (short) frames, each of which would look l ike one of those
in Section 2 .2 .1  or 2 .2 .2 .  Because of the aperture change, the measurement
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att r ibutes (such as integrat ion time) can be d i f ferent .  The HSP Instrument
Modes for this Science Data Mode can be the same as discussed in Sect ion
2 .2 .1 .  A typ ica l  run length would be three hours.

2.2.4 Acqu is i t i on  or Aperture Mapping Science Data Mode
This Science Data Mode requ i res  the Operation Instrument Mode to be set to
ARS (for area scan), and can have any of the word formats defined by the Data
Format Instrument Mode. For the typ ica l  acqu i s i t i on  app l i ca t i on ,  an area of
[10 x 10] arc seconds is sampled, to provide up to 400 po in ts  ( for  a s ing le
in tegra t ion  per spa t i a l  po in t ) .  Add i t iona l  data points would be obtained i f
more than one integration per po in t  were spec i f i ed .  Another app l i ca t i on
would be to obtain a fu l l  IDT map (180 x 180 p ixe ls ) .  In both cases, inte-
gra t i on  times are su f f i c i en t l y  long that the 4 Kbps downlink would prove
sat is factory.
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2.3 HSP GROUND SOFTWARE MODES

There are two HSP Ground Software Modes:

1 Target Acqu is i t i on  and

2 Photometry.

Their se lec t ion  is based on user input  to the ground system.

2 .3 .1  Target Acqu is i t i on  Ground Software Mode
For the Target Acqu is i t i on  Ground Software Mode, the Operation Instrument

Mode must be set to ARS ( for  area scan), and the Science Data Mode must be

Acqu is i t i on  or Aperture Mapping (see Sect ion 2 .2 .4 ) .  See Sect ion 7 for the

algor i thms to be used.

2.3.2 Photometry Ground Software Mode

The Photometry Ground Software Mode w i l l  be the most commonly used HSP Ground

Software Mode. See Sect ion 2 .2 .1  for c r i t e r i a  i den t i f y i ng  data proper for

use in th is  Ground Software Mode, and Sections 5 and 6 for the a lgor i thms to

be used.
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WF/PC-Related Acronyms

0 me ter)Angstrom (1071
Analog to D ig i t a l  Converter
Charge-Coupled Device

Cont ract  End Item
Control and Data Handling (Subsystem)
Data Capture Fac i l i t y
D ig i t a l  Number
Engineering Telemetry
E lec t ron
Fine Guidance Sensor
Fa in t -Ob jec t  Observation

F ie ld  Of View
General Observer

Goddard Space F l i gh t  Center
In te r face  Control  Document
Inves t i ga t i on  De f i n i t i on  Team
Instrument  Science Team

210 (1024);  o therwise,  10
Kelsal l  spot (lamp)
For memory, 3

Lockheed M iss i l es  and Space Company, Incorporated
10° Hz
Mission Operations Ground System
Mi l l i second
Apparent v isua l  magnitude
Neutral  Densi ty
Nanome ter (1077 meters or 10 angstroms)
NASA Standard Spacecraft  Computer, Model 1
Observation Support System
Opt ica l  Telescope Assembly
POCC App l i ca t ion  Software Support
Plane ta ry  Camera

Pre l iminary  Document Change Request
Program Design Language

Payload Operations Control  Center
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PODPS
PORTS
PROM
RAM

RIU
RM
RTI
SAA

Scl
SDAS

SOF
SHP
SI
SLIB
SOFA
SOGS
SPSS
SSC
SSM

ST

STOCC
STSOP
SWG
TBD
TEC

usec
UTC
uy

WXXxX
W. XXX

WFC
WFPC
WF/PC

Post-Observation Data Processing System
Pre l im inary  Operations Requirements and Test Support
Programmable Read-Only Memory
Random Access Memory .(read/write)
Remote In te r face  Uni t
Remote Module
Real time in te r rup t
South A t l an t i c  Anomaly
Science Ins t i t u te  (Johns Hopkins)
Science Data Analys is  Software
Science Data Formatter
Standard Header Packet
Science Instrument
SOGS (TRW) Library document iden t i f ie r
Selectable Opt i ca l  F i l t e r  Assembly
Sc ience  Ope ra t i ons  Ground System

Science Planning and Scheduling System
Science Support Center
Support Systems Module
Edwin P, Hubble Space Telescope
ST Operations Control  Center
ST Science and Operations P ro jec t
Science Working Group
To be determined
Thermoelectr ic Cooler
Telemetry
Microsecond
Universal  Time Coordinated
U l t r av i o l e t
Conventional f i r s t  le t ter  for WF/PC parameters
Abbreviated LMSC ET Measurement ID
Coined Measurement ID ( for  spare data)
Wide F ie ld  Camera
See WF/PC

* Wide F ie ld  and Planetary Camera
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X'ab*
2DP
2DPP
2DS
17?

Hexadecimal (base 16) value for "ab"
Two-Dimensional Photometry
Two-Dimensional Photopolar imetry
Two-Dimensional Spectrophotometry
Material needing determination/confirmation
Bit number n (1 most s ign i f icant )
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1.0 INTRODUCTION

1.1 PURPOSE AND ORGANIZATION OF WF/PC NOTEBOOK
The purpose of this Wide Field and Planetary Camera (WF/PC) Notebook is to
provide a comp i l a t i on  from var ious sources of fac tua l  in fo rmat ion  on ce r t a i n
aspects of the WF/PC necessary for design work on the Edwin P. Hubble Space
Telescope (ST) Science Operations Ground System (SO0GS). The contract for
development of SOGS is managed by GSFC, and is  performed by TRW. One of the
main tasks of SOGS is  the r ece ip t ,  d i sp lay ,  manipu la t ion,  and ca l i b ra t i on  of
the WF/PC data (as well as the other instruments on the ST). To perform this
task,  a thorough understanding is  necessary of the various formats in which
data is  r ece i ved ,  where c r i t i ca l  p rocess ing  parameters  are in both the
science and engineer ing data streams, and what a lgor i thms are to be app l ied
to ca l i b ra te  the science data for each inst rument  con f i gu ra t i on .

The intended audience for this WF/PC Notebook is the TRW SOGS designers,
ra ther  than a general co l l ec t i on  of d iverse  groups with equa l l y  d iverse
i n fo rmat ion  des i r es .  Because of i t s  in tended audience, there are numerous
WF/PC-related topics that are not included in this Notebook. Section 8
(References) has a l i s t  of c i t a t i ons  for some source documents on WF/PC that
are in the TRW SOGS L ib ra r y .  Such documents have been ‘ass igned se r i a l
accession numbers (SLIB numbers) meaningful only to those with access to the
TRW L ib ra r y ,  so Sect ion 8 provides in fo rmat ion  on o r i g i na to r ,  date,  and t i t l e
to i den t i f y  the mate r ia l  more completely.

The organization of this WF/PC Notebook is the same as that for the other
four ST instruments.  After th is in t roductory  ma te r i a l ,  the var ious types of
WF/PC modes are def ined in Section 2 (s ince they are of major s i gn i f i cance  to
the SOGS design e f f o r t ) .  Sections 3 and 4 cover the WF/PC Science Telemetry
and WF/PC Engineering Telemetry r espec t i ve l y .  Algori thms for WF/PC Ca l i b ra -  |

t i on ,  WF/PC Data Qua l i t y /U t i l i t y ,  and WF/PC Target Acqu is i t i on  are in
Sections 5 to 7 respec t i ve l y  (these re la te  to what is in Sect ion 10 of the
SOGS SE-06-1 speci f icat ion,  SLIB 799). Section 8 has References.
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1.2 SUMMARY OF WF/PC NOTEBOOK UPDATES FOR THIS REISSUE
The changes in this reissue of the WF/PC Notebook (SLIB 854 was the o r ig ina l
issue) are those necessary to r e f l ec t  a co l l ec t i on  of minor de ta i l s  concern-

ing the i ns t r umen t ' s  pe r fo rmance .  There shou ld  be no su rp r i ses  in the

changes that are incorporated in th is  issue,  which i nc lude :

1, Some telemetry i den t i f i e r  changes to agree with a new issue of
LMSC's DM-02 (SLIB 1089). The most extensive of these re f lec t
the assignments of separate i den t i f i e r s  to d i f fe ren t  groups of
memory-dump words (see Section 4).

2. The Standard Header Packet loca t ions  (from LMSC's SLIB 936) of
the WF/PC engineering telemetry (see Section 4).

3. Some augmentations of the instrument description obtained from
the ST Science I ns t i t u t e ' s  WF/PC description in SLIB 1006b
(see Section 1.5),

Two areas where ( in common wi th most other ST instruments) uncertaint ies

ex i s t  in the mater ia l  covered in th is  document are the de ta i l ed  format of the

upl inked area of the Standard Header Packet ( a l t e rna t i ve  sources are c i ted  in

Sect ion 3 .2 .1)  and the f l i gh t  values to be used for the packet format code
(see Section 3 .2 .4) .

The updating e f fo r t  for th is  WF/PC Notebook w i l l  be a continuous process
throughout the dura t ion  of the SOGS p ro jec t .  This re i ssue ,  however, is the
f i r s t  WF/PC Notebook change that has been generated since the SLIB 854 issue

(dated 9 December 1982). New in fo rmat ion  otherwise has been d i s t r i bu ted
among the TRW SOGS designers by means of SOGS memos. Pa r t i cu l a r l y  for those
holders of the WF/PC Notebook outs ide of TRW, there fore ,  r e l i ance  on th is
WF/PC Notebook to r e f l ec t  the " l a t es t  available" (anyplace) set of WF/PC data
continues to be inappropriate.
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1.3 INVESTIGATION DEFINITION TEAM
The P r i nc i pa l  I nves t i ga to r  for the WF/PC experiment i s :

James A. Westphal, California Inst i tute of Technology, Pasadena, CA
Co-Invest igators  are:

Wi l l iam A. Baum, Lowell Observatory, F lags ta f f ,  AZ
Arthur D. Code, Un i ve rs i t y  of Wisconsin, Madison, WI
Douglas G. Cu r r i e ,  Un i ve rs i t y  of Maryland, College Park, MD
G. Edward Danielson, Ca l i f o rn i a  I ns t i t u t e  of Technology, Pasadena, CA
James E. Gunn, P r i nce ton  Un i ve rs i t y ,  P r i nce ton ,  NJ
Thomas F. Ke l sa l l ,  GSFC, Greenbel t ,  MD
Jerome A. K r i s t i an ,  Mt. Wilson and Las Campanas Observator ies,  Pasadena, CA
C. Roger Lynds, K i t t  Peak Nat iona l  Observatory,  Tucson, AZ |

P. Kenneth Seidelmann,  U. S. Naval Observa to ry ,  Washington, DC
Bradford A. Smith, Un i ve rs i t y  of Arizona, Tucson, AZ
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@® 1.4 SCIENTIFIC OBJECTIVES
The fo l l ow ing  in fo rmat ion  was obtained from SLIB 197, SLIB 319, and SLIB L32:

The WF/PC w i l l  be a ve rsa t i l e ,  broadband imaging inst rument
designed:

1. To prov ide high angular r eso lu t i on ,  photomet r ica l ly  and
geometr ica l ly  accurate ,  mul t iband observat ions of s tars and
extended sources over the widest f i e l d  of view poss ib le  on
the ST with current  de tec to rs ;  and

2. To prov ide very high angular r eso lu t i on  images of deep-space
objects as well as photomet r i ca l l y  and geometr ica l ly
accurate,  mul t iband synopt ic  images of solar system objects.

I t  w i l l  address a broad va r ie t y  of problems at an angular r eso lu -
t ion unavai lab le from the ground, over a wavelength range impos-
s ib le  to achieve except in space, and i t  w i l l  reach fa in tness
leve ls  exceeding those achieved by the l a rges t  ground-based te le -

| scopes. As a minimum, the WF/PC wi l l  be capable of providing
data of the requ i s i t e  qua l i t y  for the proposed i nves t i ga t i ons  in
the f o l l ow ing  areas:

1. Determination of the cosmic distance scale over distances
‘@ la rge r  by a factor of seven than is poss ib le  from the ground;
4

2. Tests of world models and cosmic evo lu t i on ;

3. Comparative evo lu t ionary  s tud ies of d i s t an t  and loca l
ga lax ies ;

4, S te l l a r  populat ion s tud ies  to very f a i n t  l eve l s ;

5. High reso lu t i on  measurement of l uminos i t y  p ro f i l e s  of
ga lac t i c  nuc le i ;

6. Measurement of f lux d i s t r i bu t i ons  of stars and compact
sources;

7. Dynamical s tud ies  of proto-s tars  and supernova remnants;

8. Determination of cloud motions and composition of p lanetary
atmospheres, the dynamical f i gu res  of p lane ts ,  cartography of
as te ro ids  and sa te l l i t es ,  and the s t ructure of comets; and

9. Astrometr ic  search for ex t ra -so la r  system planets.

See SLIB 810 for more de ta i l s .
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1.5 PRINCIPLES OF OPERATION
See SLIB 399 for in fo rmat ion  on the p r i nc i p l es  of operat ion of the complete
WF/PC instrument ( i nc l ud ing  i t s  mechanical l ayou t  and a func t i ona l  block
diagram). The mate r ia l  given below emphasizes those WF/PC aspects that are
of pa r t i cu l a r  s ign i f i cance  for understanding the nature of i t s  science data,
and has been generated using the sources l i s t ed  in Sect ion 8.1.

The WF/PC occupies the only ST rad ia l  bay a l l oca ted  to sc i en t i f i c  instruments
(the other three rad ia l  bay l oca t i ons  are used for the f ine-guidance sen-
so rs ) ,  and therefore w i l l  rece ive  the h ighest  qua l i t y  images. I t  has the
widest spect ra l  response (from 115 to 1100 nm) of the SIs, is  expected to
generate more than 90% of the ST science b i t s ,  and is also expected to be in
use 75% of the time any SI is  opera t ing .  In an operat ional  sense, the WF/PC
is a simple ins t rument ,  and does not have autonomous interaction with the
spacecra f t .  

|

The WF/PC has two cameras, only one of which can operate at a t ime. The Wide
Field Camera (WFC), at f /12 .9 ,  has a square f i e ld  of view (FOV) of about 158
arc seconds (2.63 arc minutes) on a side, the l a rges t  f i e l d  of the SIs. Each
of the WFC detector p ixe ls  subtends an angle of 0.1 arc second. The WFC
scale was chosen to match the p ixe l  size to the telescope blur c i r c l e  in
order to maximize the s igna l - to -no ise  ra t i o  for small and po in t  sources, and
to provide a wide f ie ld.  With exposures of a few thousand seconds, the WFC
l im i t i ng  magnitude w i l l  be 100 times f a i n te r  than the 200-inch telescope
photographic l im i t ,  and i t  w i l l  be poss ib l e .to see s im i l a r  ob jec ts  ten times
fa r t he r  away w i th  the same reso lu t i on  and pho tome t r i c  accu racy .  The
Planetary Camera (PC), at f /30 ,  has a FOV of about 68 arc seconds on a side,
and a p ixe l  subtends 0.043 arc second. This scale was chosen to opt imize the
sampling for h igh - reso lu t i on  s tudies of extended ob jec ts  such as p lanets and
ga lax ies .  The PC f i e l d  s ize is  such tha t  any of the p l ane t s  i nc l ud ing
Jup i te r  and Saturn w i l l  be imaged in a s ing le  exposure. The reso lu t ion  of
detail on Jup i t e r  w i l l  approach that in Voyager f lyby images about 5 days
from the point of closest encounter (a resolut ion of about 400 ki lometers).
The FOV of the four detectors in each camera is overlapped s l i gh t l y  to al low
the four segments of each p i c tu re  to be reassembled on the ground.
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4 | The input  l i gh t  from the ob jec t  is de f lec ted  in to  the WF/PC by a near-45°
p ick-o f f  mirror extending into the central port ion of the OTA's beam, and
then passes through an aper ture .  There is an op t i ca l l y  afocal aper ture cover
to block the entrance to the WF/PC op t i ca l  bench assembly from contaminants
on the ground, dur ing launch,  and dur ing the ear ly  par t  of the mission. The
window cover moves clear of the aperture upon command, and w i l l  nominal ly
remain clear throughout the operat ional  l i f e  of the WF/PC. Since the afocal
cover is  MgF and hence UV t ransparent ,  the WF/PC can be operated with the
aperture cover in p lace.  The l i gh t  next passes through a two-bladed shut te r
tha t  con t ro l s  the exposure t ime,  and then t h rough  one or more spec t ra l
elements on a set of f i l t e r  wheels. The shut ter  is  dr iven by rotary sole-
noids,  and exposure times for subsequent processing are assumed to be those
commanded. For the four shor tes t  exposure t imes, the shut ter  d i r ec t i on  (A to
Bo r  B to A) must be monitored to determine the actual  exposure l eng th ,  but
according to SLIB L63 th is  is expected to be an SDAS ac t i v i t y .  I f  engineer-
ing data i nd i ca tes  that FGS loss of f ine lock occurred,  the actual  exposure
time must be determined, but add i t i ona l  de ta i l s  are TBD (see SLIB 1045 and
SLIB L63).

The so leno ids  (a backup mode to con t ro l  the shu t t e r  i s  a lso ava i l ab le )
nominal ly operate to power open the f i r s t  blade and power close the second
blade upon command. Shading is  monitored by determining the f l i gh t  time of
each blade. WF/PC exposure times from 0.11 to 10° seconds can be set,  with
128 values (s to red  in an array in the WF/PC microprocessor memory) poss ib le
over th is range. The commands are arranged in a roughly  logar i thmic  fash ion ,
with the minimum dictated by the f l i gh t  time of the shut ter  blade and the
e lec t r i ca l  cons t ra i n t  pe rm i t t i ng  only one blade ac t i va t i on  a t  a t ime .  When
the shutter is  c losed,  the back side of a blade can be i l l um ina ted  by a set
of "cal ibrat ion"  lamps giving a f l a t - f i e l d  i l luminat ion.  These tungsten
f i l ament  lamps are not su i t ab le  for absolute ca l i b ra t i on ,  but ins tead can be
used for short- term moni tor ing of the WF/PC f l a t  f i e l d  ca l i b ra t i on  s tab i l i t y .

The Selectable Optical F i l t e r  Assembly (SOFA) has 12 f i l t e r  wheels in a
pa ra l l e l  stack. Each wheel has four f i l t e r s  and one clear cu tou t ,  and the
fu l l  ensemble has 48 f i l t e r s  (a total  that inc ludes three gra t ings  and three
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po la r i ze r s ) .  Each wheel is separately commandable, so any combination of
op t i ca l  elements in separate wheels is poss ib le .  Al l  12 wheels could have
f i l t e r s  placed in the op t i ca l  path (except  for focus problems), a l though in
normal operat ion (see SLIB 1045) only two f i l t e r s  w i l l  be used. There are
137 f i l t e r  combinations that have been i den t i f i ed  as being des i rab le .  In
response to a s ing le  command, two wheels (maximum) can be rotated to the
clear posit ion ("home"), and then the desired f i l t e r  is selected. I f  two or
more f i l t e r s  are des i red ,  separate commands must be sent for each f i l t e r .  I f
a d i f f e ren t  f i l t e r  in the p resen t  wheel i s  des i r ed ,  the wheel can be
commanded to move d i r ec t l y  to the new pos i t i on  (w i t hou t  going via the home
posi t ion) .  I t  is estimated that the f i l t e r s  wi l l  be changed every other
observat ion.

After passing through the SOFA, the l i gh t  beam s t r i kes  a shal low f igu red
re f l ec t i ng  pyramid ( fou r -s ided )  m i r ro r .  This pyramid separates the OTA image
in to  four quadrants (a four -par t  op t i ca l  mosaic).  These op t i ca l  bundles are
then re-imaged by four sets of re lay op t i cs  onto four separate Charge Coupled
Device (CCD) detectors. Each frame of the fou r -pa r t  mosaic over laps  ad ja-
cent frames by 512° p i xe l s .  The cho ice  of camera is  governed by the
rotational posi t ion (a separation of 45°) of the pyramid. Movement of the
pyramid to change cameras is expected to occur less than once a day. The
associated CCDs requ i re  several hours to cool down (only one set of four can
be cooled at one time). The thermal time constant for the WF/PC opt ical
bench is about two days. The pyramid can also be moved forward and rearward
(by + 0.016 inch in steps of about 0.001 inch) for focusing purposes, an
ac t i v i t y  expected only during i n i t i a l  o rb i t a l  operations.

~The pyramid has a series of 10 micron (a micron is 107° meter) “pinholes”
along i t s  facet i n t e r sec t i ons ,  where the r e f l ec t i ve  coat ing has been removed.
When the pyramid is back-1it  by the "K spot" (or "pyramid") lamp, these
points are seen as a s t r i ng  of a r t i f i c i a l  s tars (Ke l sa l l  spots) in each CCD.
In the camera for which the pyramid is set,  they run along the two borders of
each CCD; in the o the r ,  they would run across a CCD at a 45° angle.  Since
these dots w i l l  be in and out of the focal p lane, they can be used as a focus
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check in add i t i on  to a l l ow ing  the adjacent  frames to be a l igned  for f u l l -
f i e l d  mosaics from the four CCDs. The pyramid also has a neu t ra l  dens i ty
(ND) spot (1.38 arc seconds in diameter) with a suppression ra t io  of about
1000. A b r i gh t  star can be placed on the spot so i t s  magnitude is at tenuated
(w i thou t  d i s t u rb i ng  the qua l i t y  of the data), permi t t i ng  su f f i c i en t l y  long
exposure times to br ing out the fainter background star f i e l d .  The ND spot
is very br ight  (and wi l l  saturate many columns of pixels)  when the K spot
lamp is on.

The CCD detectors are 800 x 800 pixel devices that are cooled by thermo-
e lec t r i c  coolers (TECs) to suppress the i r  dark cur ren t .  The TEC can cool to
-102°C (the lowest regu la ted temperature).  For s t ab i l i t y  and repea tab i l i t y ,
i t  is an t i c i pa ted  that the -102°C value w i l l  be used most of the time. The
WF/PC has a thermal radiator (part of the instrument) to dissipate the TEC
heat. This rad ia to r  is  mounted on the side of the ST that w i l l  normally be
kept away from the sun. The  CCDs are m ic roe lec t ron ic  s i l i con  chips that
convert  a pattern of i nc i den t  l i gh t  in to e l ec t r i ca l  s i gna l s ,  and are squares
measur ing about 0.6 inch on a side (each p i xe l  has a size of about 15
microns).  After an exposure is completed, the integrated charge on each CCD
is sampled and fed through a preampl i fer  and a double-sampling processor.
A11 four CCDs in a given camera are then fed through a mu l t i p lexe r  to a 12-
bi t  analog to digital converter (ADC), scaled for 7.5 + 1.0 electrons/data
number (e /DN). The DN is def ined to be the numerical intensity value at an
ind i v i dua l  p i xe l .  The data word for each p ixe l  is increased to 16 b i t s  by
the i nse r t i on  of four lead ing zeros. The complete CCD readout thus gives an
800 x 800 p ixe l  image of 640,000 words. The reading of each CCD is under
externa l  l i ne - t r i gge r  commands: i t  takes a minimum of about 53 seconds to
read the four CCDs of a given camera.

An alternative readout scheme is to perform 2x2 p ixe l  summations d i r ec t l y  on
the CCD chip during readout, a process referred to as "2x2 sum" or "area
integration” (in contrast to " f u l l "  or "standard" resolut ion where each pixel
is .read i nd i v i dua l l y ) .  Although th is reduces op t i ca l  r eso lu t i on ,  i t  in-
creases signal de tec t i v i t y  because the on-chip p ixe l  summing is v i r t ua l l y
noise less.  Regardless of the readout scheme, the image data is expanded by
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adding anc i l l a r y  engineer ing data and a CCD/line number to the s tar t  of each
l i ne ,  g iv ing  a l i ne  length of 802 16 -b i t  words for the standard reso lu t i on
and 402 16 -b i t  words for area i n teg ra t i on .  Each quadrant is read out as a
complete frame of e i t he r  800 or 400 l i nes  (of 802 or 402 words respec t i ve l y ) .
I f  more than one CCD (such as the complete FOV that needs four readouts) is
requ i red ,  each quadrant is sent as a separate frame.

As this science data is  read out, i t  is buffered under control of the WF/PC
microprocessor. This device con t ro l s  the gat ing of s igna ls  to the Remote
In ter face Uni t  (RIU) of the SI C&H (Contro l  and Data Handl ing) ,  i nc l ud ing
the Science Data Formatter (SDF). From the SDF, the data is fed to the
downlink or the tape recorder .

During South A t l an t i c  Anomaly (SAA) passage, the charged pa r t i c l e  background
w i l l  be too high to carry out science exposures. Consequently, a l l  exposures
must be ended, and read out,  before SAA ent ry .  The readout is  essen t i a l
because an exposed p i c tu re  in the CCDs w i l l  cont inue to accumulate pa r t i c l e
"h i t s "  with the shutter c losed. While in the SAA, the CCDs should be in
Autoerase mode to minimize charge accumulation.

The WF/PC microprocessor (a single RCA COSMAC 1802) acts as a buffer between
the SI C&DH NSSC-1 computer and the WF/PC, and also con t ro l s  those f unc t i ons
that are common to a l l  CCD detectors, such as f i l t e r  se lec t ion  and pyramid
pos i t i on .  I t  receives commands via a log ic  i n te r face  un i t  from the SI C&DH,
decodes them, and generates s igna ls  to cont ro l  the se lec t ion  of filters,
operation of the shutter,  operation of the cal ibrat ion and pyramid lamps, and
pos i t i on  of the pyramid. I t  also i n i t i a t es  the read-out  sequence in the
selected CCDs. Add i t iona l  funct ions are to cont ro l  the WF/PC engineer ing
telemetry f unc t i on ,  output  engineering data through the RIU, and output  WF/PC
heal th and status in format ion  through the RIU. The WF/PC data system a rch i -
tecture has 48 output  channels and 32 input  channels.

The microprocessor 's firmware cons is ts  of PROMs organized in pa i r s ,  where
each pair p rov ides  256 e i gh t -b i t  bytes. While hardware to support  64 PROMs
(8K bytes) is avai lable, the addressing for only the 46 (23 * 256 = 5888
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bytes or 5.75K) being used has been implemented (readout of the other cel ls
gives zero) .  The PROM conta ins an execut ive and app l i ca t i on  processors. I t
incorporates t ransfers  at about 32 selected breakpoints in to RAM scratch-pad
addresses. In the event of PROM f a i l u re ,  or to modify the ef fect  of what is
contained in the PROM software,  code can be up l inked to the RAM area that
func t iona l ly  replaces what is in port ions of the PROM.

The WF/PC microprocessor has a real time in terrupt  (RTI) loop that is entered
every 10 msec (a per iod der ived from the 6.144 MHz SSM clock inpu t  by a
countdown chain) to do foreground processing. The loop can be connected to
up to four ex terna l  programs that have been upl inked into scratch-pad RAM,
This RAM cons is ts  of 4K 8 -b i t  bytes,  2K of which is used for science data
storage and an engineering data buf fer ,  and the remaining 2K of which is
scratch pad for breakpoint  processing or interrupt processing. D isc re te
commands control which hal f  of the RAM is  to be used for scratch pad. An
i n te rna l  tes t  of the scratch-pad RAM is  performed as a background tes t ,  wi th
errors reported on the downlink. This is in addit ion to the dump of RAM (and
PROM) that occurs in the engineer ing te lemet ry ,  as well as the PROM checksum
that is performed each engineer ing- te lemetry major frame (once per m inu te ) .
RAM normally is loaded from PROM during microprocessor i n i t i a l i za t i on .

The WF/PC processes requ i red  to make an exposure are d iv ided  in to  f ive cycles
(sometimes called "s ta tes" ) :  Infrequent, Prepare, Expose, Readout, and Wait.
A single "expose command” wi l l  schedule al l  or any combination of these
cyc les .  The f i r s t  of these cycles scheduled w i l l  begin execution dur ing the
f i r s t  RTI of the engineering telemetry major frame fo l l ow ing  the rece ip t  of
the expose command from the queue, with each of the fo l l ow ing  scheduled
cycles beginning the i r  execution on the f i r s t  RTI of the major frame f o l l ow -
ing the completion of the previous cyc le .  The In f requent  and Prepare cycles
wil l  always complete their processing inside of one major frame (one minute),
while the Expose and Readout cycles may take more than one such frame.

The I n f r equen t  cyc le  is  used to ad jus t  the WF/PC pyramid focus ,  open or c lose
the aper ture sea l ,  and contro l  the TEC cold j unc t i on  temperature. I t  always
loads the TEC cont ro l  reg is te r  f i r s t .  During the next 11 RTIs i t  moves the
focus motor i f  that opt ion is se lec ted;  dur ing the next 46.96 seconds i t

CH.1
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opens or closes the aperture cover i f  spec i f i ed  by the command. This time
per iod is su f f i c i en t  to dr ive the aperture seal firmly aga ins t  i t s  stops.
Each of these three processes is assigned i t s  own s lo t  in the major frame
in te r va l ,  so a given ac t i v i t y  ( i f  selected) always occurs at the same RTI.

The Prepare cyc le  is  used to se lec t  the proper  camera and pos i t i on  the
fi lters. During the f i r s t  6.24 seconds of the major frame, i t  rotates the
pyramid ( i f  this option is selected). I f  the option to clear the f i l t e r s  is
selected, the lowest-numbered uncleared filter wheel is  located and c leared

(start ing 9.91 seconds in to  the frame, and no more than 15.54 seconds w i l l  be
devoted to th is  f i r s t  se lected f i l t e r ) .  I f  more than one wheel is  in the

.uncleared pos i t i on ,  the next higher numbered uncleared wheel is  selected and
the next time s lo t  ( s t a r t i ng  25.46 seconds into the frame, and l as t i ng  no
more than 14.72 seconds) is  used to c l ea r  that wheel. I f  the opt ion to set a
f i l t e r  is se lec ted ,  the chosen f i l t e r  w i l l  s tar t  moving at 44.6 seconds in to
the frame and stop (for the maximum of 4 posit ions) 11.71 seconds l a te r .  Due
to th is time pa r t i t i on i ng  of the three ac t i v i t i e s ,  any combination of them
can be scheduled to be executed in a s ing le  major frame.

The Expose cycle uses the f i r s t  16.4 seconds of the f i r s t  major frame to
erase the CCDs ( i f  that opt ion is se lec ted) .  As much of the remaining major
frame (or frames) is used to e f fect  the exposure as was spec i f i ed .  I f  an
exposure ( shu t te r  operat ion)  is  not spec i f i ed ,  the ca l i b ra t i on  lamp spec i f i -
ca t ion  is checked, and the lamps energized i f  necessary. The Ke l sa l l  spot
lamp is turned on i f  spec i f i ed  ( regardless of the exposure b i t ) .  Both sets
of lamps are turned of f  a maximum of 80 seconds a f te r  they were energized
(regardless of the time code specif ied). To determine which of the two
shut ters  should be moved, the i r  current  state is examined. I f  both are
opened or closed before the s tar t  of the exposure, th is  is an error cond i t i on
that is reported on the downl ink,  and no shut ter  ac t ion  is i n i t i a t ed .

Fol lowing the Expose cyc le ,  the WF/PC may e i the r  enter the Readout cyc le ,
remain in the Expose cycle for mu l t i p l e  exposures at the same wavelength, or
enter the Prepare cycle to r epos i t i on  the f i l t e r s  for mu l t i p l e  wavelength
i n teg ra t i ons .  I f  the Readout cycle is entered,  the CCDs are read ( in f u l l
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r eso lu t i on  or 2x2 area i n teg ra t i on  modeas determined by the command). The
Wait cycle is entered au tomat ica l l y  at inst rument  power on and at completion
of a Readout cyc le .  I t  continues un t i l  r ece ip t  of the next va l i d  command
(s ta r t ing  one of the other cycles). During the Wait cycle, the WF/PC micro-
processor records se r ia l  commands as they are received,  decodes commands and
sets up the cont ro l  sequencer, and op t i ona l l y  performs an automatic con t inu -
ous erasure of the CCDs.

Co l l ec t i on  of eng inee r i ng  data for t e l eme t r y  and p rocess ing  of s t o red
commands are the only NSSC-1 software func t ions  used by the WF/PC. Storage
of r e l a t i ve  time command sequences is the only use of the 6144 words of NSSC-
1 memory assigned to the WF/PC. At some future time, WF/PC-unique applica-
t ion processors could be developed and input  to the NSSC-1 e i t he r  p r io r  to
launch or on o rb i t ,  as requ i red .
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@ 2.0 WF/PC MODES OF OPERATION

‘There are three kinds of WF/PC "modes" that need to be distinguished:

1. The Instrument Mode (where control by the WF/PC electronics
causes d i f f e rences  in the measured data due to data-gather ing
dif ferences);  |

2. The Science Data Modes ( se t t i ngs  of the opt ics  parameters
cause d i f fe ren t  e f fec ts ) ;  and

3. The Ground Software Mode.

These modes are treated in separate sect ions below. Throughout th is  docu-
ment, b i t  1 is the most s i gn i f i can t  (or sign) and b i t  8 or b i t  16 is the |

l eas t  s i gn i f i can t  ( for  8 -b i t  and 16 -b i t  words respec t i ve l y ) .  This convention

(emphasized in some places by p lac ing  a colon before the b i t  number, as in
SLIB 1089) is the same as that used in the other SO0GS Instrument Notebooks,
and d i f f e r s  from that in some WF/PC information. The notation "Wxxx" means
the LMSC engineer ing telemetry abbreviated measurement i den t i f i e r  (see

gy Section 4), and "W.xxx" refers to telemetry spare words/bits that lack an
~ LMSC i den t i f i e r .  Tables 4.2-6 and 4.2-7 l i s t  the WF/PC telemetry in sequence

by the i den t i f i e r  value and by mnemonic, r espec t i ve l y .

2.1 WF/PC INSTRUMENT MODE
The only change in WF/PC science formats on o rb i t  occurs when the 2x2 area
i n teg ra t i on  mode of CCD readout  (vs. the standard reso lu t i on ,  see Sect ion
1.5) is  commanded. This is  p rov ided  in  t e l eme t r y  measurement WRDUTPT2

(W099), and is control led by the Prepare/Readout Exposure command. Bit :2 is
1 i f  in the 2x2 area i n teg ra t i on  mode, and is 0 i f  in the f u l l  r eso lu t i on
(standard) mode. I f  the b i t  is 1, then a science data frame cons is ts  of 402
l é -b i t  words in each of 400 l i nes ;  i f  the b i t  is 0, the frame cons is ts  of 802
16 -b i t  words in each of 800 l i nes .  Control  of the camera and the CCDs to be
read out is also done by this command (see Section 3 .1 .3) .

The WF/PC has two readout  modes, namely f u l l  r eso lu t i on  of one to four CCDs
and area in teg ra t ion  of one to four CCDs.
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2.2 WF/PC SCIENCE DATA MODES
In a fundamental way, the WF/PC has a s ing le  science mode: i t  acts as a
photometr ic ,  area imager. By choice of elements from the SOFA that are
included in the l i gh t  beam, however, three d i s t i nc t  photometric modes are
perm i t ted :

1 F i l t e r  Photometry (using wide or narrow band f i l t e r s ) ;

2 Photopolarimetry (using a polarizer plus a 0.25-0.80 micron
f i l t e r ) ;  and

3 Spec trophotome try (using a transmission grating plus a
b locke r ) .

These are treated in separate sect ions below.

2 .2 .1  F i l t e r  Photometry Sc ience Data Mode
This WF/PC Science Data Mode, also referred to as Two-Dimensional Photometry
(2DP), i nvo l ves  the Prepare,  Expose,  and Readout cyc les  descr ibed in  Sec t ion
1.5. The time i n te rva l  is three minutes plus the exposure time (rounded to
the next la rger  minute) .  This Science Data Mode w i l l  be used to measure the
in tensi ty  of the target (usually with a f i l t e r  to allow only certain wave-
length photons to be co l l ec ted  by the CCD). Often several exposures through
d i f f e ren t  f i l t e r s  w i l l  be taken du r i ng  one ST po in t i ng .  |

2.2.2 Photopolar imetry Science Data Mode
This WF/PC Science Data Mode is also referred to as Two-Dimensional Photo-
polar imetry  (2DPP). I t  invo lves the cycles l i s t ed  in Section 2 .2 .1 .  By use
of l i nea r  po la r i ze r s ,  measurement of target po la r i za t i on  p roper t ies  can be
obtained: th is  is a powerful way to understand the physical  processes in such
sources. In genera l ,  three separate exposures are requ i red ( through three
po la r i ze r / f i l t e r  combinations) for each measurement.

2.2.3 Spectrophotometry Science Data Mode
This WF/PC Science Data Mode is also referred to as Two-Dimensional Spectro-
photometry (2DS). I t  too invo lves the cycles l i s t ed  in Section 2 .2 .1 .  The
WF/PC ca r r i es  three transmission gra t ings  that generate p i c t u res  in which
each point-source image is spread out in to a short  spectrum on the CCD.
These point  sources each have a zero-order image along with a spectrum in the
f i r s t  and second order on nearby pixels.
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2.2.4 Other WF/PC Science Data Acquisition Capabilities
There are several other WF/PC science data acqu i s i t i on  capab i l i t i e s  desc r ibed
in SLIB 523 that are b r i e f l y  summarized below:

1. Faint-Object Observation (F00) is used when fa int  objects
(implying long exposure times) are observed. Special efforts
must be made to remove the t ime- in tegrated ef fects  of charged
pa r t i c l e  (cosmic rays and high-energy protons and neutrons)
impacts. The planned procedure is to fo l low whichever of
2 .2 .1 -2 .2 .3  is  des i red for a long exposure time, and then
repeat for a short  exposure,

2. The ND spot (see Sect ion 1.5) can be used with e i the r  camera
and any Science Data Mode (as well as FOO) to suppress a
se lec ted  image. This may requ i re  f ine  t un ing  of the ST
po in t i ng .

3. Mu l t i p l e  images or scan w i l l  requ i re  the OTA to step and
s top ,  or scan con t i nuous l y .  I t  w i l l  be used to observe
b r i gh t  standards and as an aid for detecting shor t -per iod
variables. One appl icat ion would be to observe a "standard"
star with the star in d i f fe ren t  areas of the FOV (a typical
number on the ground is 9). Only one readout of the CCDs
would be taken. This procedure can be used to achieve higher
Stat ist ical  accuracy and reduce the volume of data on the
downl ink.

4. A readout of less than 4 CCDs can be done by command (the
CCDs are always read in increas ing numerical order ,  but some
can be sk ipped),  as an aid in suppressing superfluous data.
From the observer 's  v iewpoin t ,  each CCD readout is an
independent en t i t y .  The Kelsal l  spots (see Section 1.5) can
be used to help with the merging. One reason to merge the
four images createdby the pyramid sp l i t t i ng  is for pub l i c
re l a t i ons  purposes ( there is normal ly no science j us t i f i c -
ation to do so). Because of edge ef fects produced by the
pyramid re f l ec t i ons  and d i f f r ac t i ons ,  there w i l l  be a reg ion
of about 5 p i xe l s  in the ne ighbo rhoodof  the corresponding
pyramid edge that  w i l l  not con ta in  good science data.

5. Flattening for WF/PC data means the removal of the p ixel -by-
pixel var iat ion in the op t ica l /e lec t r i ca l  sens i t i v i t y  of the
instrument. To obtain data for th is ,  a " f l a t  f i e l d "  ( an
exposure of a spa t i a l l y  uni form source) obtained through the
telescope and f i l t e r  needs to be observed. Real f l a t  f i e l ds
are always taken with ex te rna l  l i gh t  sources (such as the
sun l i t  Earth). The WF/PC internal  l i gh t  sources that i l l u -
minate the CCDs can be used to mon i t o r  the s tab i l i ty  of the
f l a t  f ie lds (less the telescope). This in te rna l  capabi l i ty
uses a l i gh t  source that cannot be guaranteed to be s tab le ,
and therefore does not provide absolute data on the sensi-
t i v i t y  of the CCDs and the performance of the WF/PC i n te rna l
op t i cs .
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6. Dark frames are long exposures that are taken without opening
the shutter. They are used to detect CCD counts (the dark
cur ren t )  caused by thermal generat ion (due to the bulk prop-
e r t i es  of s i l i con ) ,  as well as the rate of charged pa r t i c l e
impacts. At the normal CCD operat ing temperature, the dark
cur ren t  magnitude is  about 0.01 e lec t rons /second/p ixe l .
Typica l  dark-count exposures w i l l  be many hundreds of
seconds.

7. Zeroing for WF/PC means the removal of the p ixe l -by -p ixe l
value of the instrument bias leve l .  Zero frames (also cal led
erase frames and bias frames) are readouts of the CCDs
without an exposure (so the dark current i s  negl ig ib le) .
They are taken by eras ing  the CCD and reading i t  out immed-
j a te l y .  These frames are used to detec t  a purposeful bias
bu i l t  in to  the system to ensure that the ADC input  is above
zero, and hence to determine the pedestal for a zero signal
(these frames, of course, should not be automatically zeroed
in the data reduction process).

8. Kelsal l  spots (see also #4) can be imposed on any type of
frame to f ind focus sh i f t s ,  r e l a t i ve  motions between CCDs,
and to aid in reg is t ra t ion of four frames (one per CCD) as a
ce les t i a l  scene. Normally, however, a separate frame for

/ them w i l l  be taken because of the e f f ec t  of the ND spot (w i th
a the K spot lamp energized, CCD saturation can be caused).

For instrument heal th reasons, the f o l l ow ing  ac t ions  can also be taken:

1. Close the aper ture  window i f  there is  evidence of ou t s i de
contaminat ion.

2. Flush CCD windows of contaminants by e l eva t i ng  the tempera-
ture of the detector  packages. )

3. Turn on heaters to unfreeze a heat pipe.

2.3 WF/PC GROUND SOFTWARE MODE

There is  only one WF/PC Ground Software Mode: the Photometry Ground Sof tware

Mode. See Sec t i ons  5 and 6 for the a l go r i t hms  to be used in t h i s  mode

(contrary to some other SIs, there are no algorithms specified for WF/PC
Target Acquisit ion, see Section 7).
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BASD
CVT
C&DH
DAC
DCF
DCP
DEB
ET
ETR
FOS
FOV
GC/0ST
GO
GSFC
HRS
HVPS
ICD
I0T
IST
IUE
K
LMSC
LVPS

-MEB
MHZ

MOGS
msec
nm
NSSC-1
oCT
0SS
0ST
OTA
PASS
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HRS-Related Acronyms

Ball Aerospace Systems D i v i s i on  (HRS prime contractor)
Current Value Table
Control and Data Handling (Subsystem)
Dig i ta l - to -Ana log  Converter
Data Capture Fac i l i t y
Delayed Command Processor
Detector E lec t ron ic  Box
Engineering Telemetry
Engineering Trailer ( in science data)
Fain t  Object Spectrograph
F ie ld  Of View

Ground Control/Observational Sequence Table
General Observer

Goddard Space F l i gh t  Center
High Resolut ion Spectrograph
High Yoltage Power Supply
Inter face Control  Document
Inves t i ga t i on  De f i n i t i on  Team
Instrument Science Team
Internat ional U l t rav io le t  Explorer
For memory, 210 (1024); otherwise, 10°
Lockheed M iss i l es  and Space Company, Incorporated
Low Voltage Power Supply
Main Electronics Box
10° Hz
Mission Operations Ground System
Mi l l i second
Nanometer (10~) meters or 10 angstroms)
NASA Standard Spacecraft  Computer, Model 1
Observation Control Table
Observation Support System
Observation Sequence Table

~ Opt ica l  Telescope Assembly
POCC App l i ca t i on  Software Support



ZXXX

Z.XXX

Pre l im inary  Document Change Request

Program Design Language
Pulse Height  Analys is
3 .14159. . .
Processor Inter face Table
Payload Operations Control  Center
Post-Observation Data Processing System
Prel iminary Operations Requirements and Test Support
Remote Interface Unit
South A t l an t i c  Anomaly

Small Angle Maneuver
Science Ins t i tu te  (Johns Hopkins)
Science Data Analys is  Software
Science Data Formatter

Standard Header Packet
Science Instrument
SOGS (TRW) Library document ident i f ie r
Science Operations Ground System
Science Planning and Scheduling System
Sc ience  Suppor t  Center

Support Systems Module
Edwin P. Hubble Space Telescope
ST Operations Control  Center
ST Science and Operations Pro jec t
To be determined
Telemetry
Unique Data Log
Microsecond

Universal  Time Coordinated
U l t r av i o l e t
Volts |

Hexadecimal (base 16) value for "ab"
Conventional f i r s t  le t ter  for HRS parameters
Abbreviated LMSC ET Measurement ID
Coined Measurement ID (for Science Data)
Mater ia l  needing determinat ion/conf i rmat ion

“«y]=
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1.0 INTRODUCTION

1.1 PURPOSE AND ORGANIZATION OF HRS NOTEBOOK
The purpose of this High Resolution Spectrograph (HRS) Notebook is to provide
a compi la t ion from var ious sources of factual informat ion on cer ta in  aspects
of the HRS necessary for design work on the Edwin P. Hubble Space Telescope
(ST) Science Operations Ground System (SOGS). The contract for development
of SOGS is  managed by GSFC, and is  performed by TRN. One of the main tasks
of SOGS is  the rece ip t ,  d i sp lay ,  manipu la t ion ,  and ca l i b ra t i on  of the HRS
data (as well as the other instruments on the ST). To perform th is  task,  a
thorough understanding is  necessary of the var ious formats in which data is
rece ived,  where c r i t i ca l  processing parameters are in both the science and
engineering data streams, and what a lgor i thms are to be app l ied  to ca l i b ra te
the science data for each inst rument  con f igu ra t ion .

The intended audience for th is  HRS Notebook is  the TRW SOGS designers,  rather
than a general co l l ec t i on  of d iverse groups with equa l ly  d iverse in format ion
des i res .  Because of i t s  intended audience, there are numerous HRS-related
topics that are not included in th is Notebook. Section 8 (References) has a

. l i s t  of c i t a t i ons  for some source documents on HRS that are in the TRW SOGS
Library .  Such documents have been assigned ser ia l  accession numbers (SLIB
numbers) meaningful only to those with access to the TRW L ib ra ry ,  so Sect ion

8 p rov ides  i n fo rma t i on  on o r i g i na to r ,  da te ,  and t i t l e  to i den t i f y  the
mater ia l  more completely.

The organ izat ion of th is  HRS Notebook is  the same as that for the other four
ST instruments.  After th is  introductory ma te r i a l ,  the var ious types of HRS
modes are def ined in Sect ion 2 (s ince they are of major s i gn i f i cance  to the
SOGS design e f f o r t ) .  Sections 3 and 4 cover the HRS Science Telemetry and
HRS Eng ineer ing  Telemetry r espec t i ve l y .  A lgor i thms for HRS Ca l i b ra t i on ,  HRS
Data Qua l i t y /U t i l i t y ,  and HRS Target Acqu is i t i on  are in Sections 5 to 7
respect ive ly  (these relate to what is in Sect ion 10 of the S0GS SE-06-1
spec i f i ca t i on ,  SLIB 799). Sect ion 8 has References.
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1.2 SUMMARY OF HRS NOTEBOOK UPDATES FOR THIS REISSUE
The changes in this reissue of the HRS Notebook (SLIB 853 was the or ig ina l
issue) are those necessary to re f lec t  the ava i l ab i l i t y  of add i t i ona l  informa-
t ion on the ins t rument ' s  performance. This informat ion was obtained from IDT
documents, review of sample HRS tape data, and the IDT responses to the
questions resu l t i ng  from the tape rev iew.  Since new HRS informat ion has been
d is t r ibuted w i t h i n  the SOGS project as i t  has been obta ined,  there should be
no su rp r i ses  in  the changes tha t  are i nco rpo ra ted  in  t h i s  i s sue ,  which
inc lude :

1. Incorporat ion of a number of instrument de ta i l s .  In add i t ion
to IDT-generated data, some of these changes were obtained
from the ST Science I ns t i t u t e ' s  HRS desc r ip t i on  in SLIB 1006b
(see Section 1.5).

2. Data i n i t i a l l y  discovered from review of HRS tape data, in-
cluding reversal of the Standard Header Packet/HRS-Unique Data
Log sequence at the end of the data i f  a target acqu i s i t i on
error was encountered and reversal  of the detector i den t i f i -
cat ion b i t s  in the Engineering Trailer.

3. Some telemetry i den t i f i e r  changes to agree with a new issue of
LMSC's DM-02 (SLIB 1089).

Two areas where ( in  common with most other ST instruments) uncertainties
ex i s t  in the mater ia l  covered in th is  document are the de ta i l ed  format of the
upl inked area of the Standard Header Packet (a l te rna t i ve  sources are c i ted  in
Sect ion 3 .2 .1 )  and the f l i gh t  values to be used for the packet format code
(see Section 3 .2 .4 ) .

The upda t i ng  e f f o r t  for  t h i s  HRS Notebook w i l l  be a con t i nuous  p rocess
throughout the durat ion of the SOGS pro jec t .  This re i ssue ,  however, is the
f i r s t  HRS Notebook change that has been generated since the Rev is ion-1  change
pages (dated 6 January 1983) to the SLIB 853 issue. New information other-
wise has been distributed among the TRW SOGS designers by means of SO0GS
memos. Par t i cu la r l y  for those holders of the HRS Notebook outs ide of TRW,
therefore, rel iance on this HRS Notebook to ref lect  the "latest avai lable"
(anyplace) set of HRS data continues to be inappropr ia te .
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1.3 INVESTIGATION DEFINITION TEAM
The P r i nc i pa l  Inves t iga to r  for the HRS experiment i s :

John C. Brandt ,  GSFC, Greenbelt ,  MD
Co- Invest igators  are:

E. A. Beaver, Un ivers i t y  of Ca l i f o rn i a ,  San Diego, CA
A. Boggess, GSFC, Greenbelt ,  MD
Sara R. Heap, GSFC, Greenbel t ,  MD
John B. Hutchings,  Dominion Astrophysical  Observatory, V ic to r ia ,  Canada
M. A. Jura,  Un ive rs i t y  of Ca l i f o rn i a ,  Los Angeles, CA
J. L. L i nsky ,  Un ive rs i t y  of Colorado, Boulder,  CO
Stephen P. Maran, GSFC, Greenbelt ,  MD
Bla i r  D. Savage, Un i ve rs i t y  of Wisconsin, Madison, WI
A. M. Smith, GSFC, Greenbelt ,  MD
L. M. Trafton, Un ivers i ty  of Texas, Aus t i n ,  TX
Ray J. Weymann, Un ivers i t y  of Arizona, Tucson, AZ
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The f o l l ow ing  in format ion was obtained from SLIB 117 and SLIB 810:

ND-1003A
1/7/84

The HRS is being developed for ultraviolet astronomy with the
Space Telescope. I t  w i l l  p rov ide a spectral reso lu t ion  of about
100,000 over a nominal wavelength range of 110-320 nm, together
with a spa t ia l  reso lu t ion  of about 0.25 arc seconds. Once a
hermetic seal is  opened in o rb i t ,  only two moving par ts ,  a grat-
ing carrousel and a shutter,  are required for regular  operat ion
of the HRS. On-board ca l i b ra t i on  should y i e l d  accurate re la t i ve
(1% design goal) and absolute (4% goal) spectrophotometry.

The sc i en t i f i c  ob jec t i ves  tha t  d r i ve  the HRS des ign  i nc l ude
spec i f i c  research goals in the areas of :  the i n te r s te l l a r  medium
in our own Galaxy and neighboring ga lax ies ;  steady, ep i sod i c ,  and
erup t i ve  mass loss from a var ie ty  of s ing le  and binary s ta rs ;  the
evolution of the outer atmospheres of stars; the abundances of
the chemical elements and the i r  r e l a t i on  to stellar evo lu t i on ;
the phys i ca l  p rope r t i es  of quasars  and the b r i gh t  nuc le i  of
Seyfer t  ga lax ies ;  and the atmospheres of comets, planets,
sa te l l i t es  in the solar system.

and

In the area of i n t e r s te l l a r  medium s tud ies ,  the HRS reso lu t ion  is
adequate (1) to obtain improved estimates of the column densit ies
of i n t e r s te l l a r  atomic and molecular species,  pa r t i cu la r l y  those
for which the s t rongest  spectral  component is h ighly  saturated;
(2) to detect  the weak absorpt ion l i nes  of many species that are
well below the detect ion threshold of the Copernicus spacecraf t ;
(3) to measure d i rect ly  the Doppler broadening of i n t e r s te l l a r
l i nes  and hence perhaps measure k i ne t i c  tempera tures  in  the
in te rc loud  medium; (4) to reso lve  i n t e r s te l l a r  from c i r cumste l la r
absorptions in the spectra of nearby late-type stars; (5) to
determine the rotat ional  exc i t a t i on  temperature for i n te r s te l l a r
molecules such as carbon monoxide; and (6) to iso late absorption
features corresponding to phys i ca l l y  d i s t i nc t  reg ions w i t h i n
i n te r s te l l a r  clouds and at the boundaries of H I I  reg ions .

At a spectral  r eso lu t i on  of 20,000, the HRS w i l l  be capable of
record ing u l t r av i o l e t  spectra of objects about 1000 times fa in te r
than those observed with the IUE. Again choosing interstellar
medium science for purposes of i l l u s t r a t i on ,  th is  means that
i nves t i ga t i ons  of the fo l l ow ing  types w i l l  be p rac t i ca l :  s tud ies
of very local  gas in the d i rec t ion  of nearby white dwarfs and
emiss ion- l ine  s ta rs ;  s tud ies  of very dense i n te r s te l l a r  clouds to
e luc ida te  molecule formation and the se lec t i ve  dep le t ion  of heavy
elements; s tud ies  of the composition and d i s t r i bu t i on  of the
i n te r s te l l a r  gas in adjacent  sp i r a l  arms and the ga lac t i c  halo;
and study of i n t e rga lac t i c  gas in the d i r ec t i ons  of b r i gh t  galaxy
cores and quasars. A de ta i l ed  i nves t i ga t i on  of the i n t e r s te l l a r
media in the Magellanic Clouds wi l l  be feasible and could provide
basic in format ion  on composit ional d i f fe rences  between these
nearby ga lax ies  and the Mi lky Way.

See SLIB 810 for more details. 
| |
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1.5 PRINCIPLES OF OPERATION |

See SLIB 521 for in format ion on the p r i nc i p l es  of operat ion of the complete
HRS inst rument  ( i nc l ud ing  i t s  mechanical l ayou t  and a f unc t i ona l  block
diagram). The mater ia l  given below emphasizes those HRS aspects that are of
par t icu lar  s i gn i f i cance  for understanding the nature of i t s  science data,  and
has been generated using the sources l i s t ed  in Sect ion 8.1.

After an entrance port ,  the l i gh t  beam from the OTA passes through one of two
square entrance apertures (of dimension 0.25 arc second and 2.0 arc second).
A motor is  used to close the l a rge -s l i t  shutter, with a spr ing provided to
return the shutter to the f a i l - sa fe  (open) pos i t i on  at loss of motor power.
There is no shutter on the small s l i t .  Aperture se lec t i on  is accomplished by
o r i en t i ng  the ST to place the image of the target in the des i red aper ture .
Within the HRS, the l i gh t  is re f lected by a co l l ima to r to  a carrousel that
houses f i ve  f i r s t - o rde r  (medium and low reso lu t i on )  p lane g ra t i ngs ,  an
eche l le  (high r eso lu t i on ) ,  and an acqu i s i t i on  mirror used for r e l ay i ng  undis-
persed images of the entrance aperture to a detector for target acqu i s i t i on .
The HRS is  s im i l a r  to the Fa in t  Object  Spectrograph (FOS) on the ST, since
both instruments have essen t i a l l y  the same kind of detectors. The main
d i f ference between the two instruments is their  spectral reso lu t i on  and
wavelength coverage; The de ta i l ed  format of their  s c i en t i f i c  data, however,
is  considerably d i f fe ren t .  |

To use the f i rst-order g ra t ings ,  the carrousel i s  commanded to rotate to
br ing them in to  the proper pos i t i on .  Two of the f i ve ,  both having wave-
l eng ths  rang ing  from 105 to 170 nm, have nomina l  r eso lu t i ons  of 20,000
(grating "G-1") and 2,000 (grat ing "G-5"), and are used with HRS Digicon
detector 1 (having a CsI/LiF photocathode/window, iden t i f i ed  as "“solar-
b l i nd " ) .  The other three, al l  with a nominal spectral resolut ion of 20,000,
are used with HRS Digicon detector  2 (having a CsTe/MgF, photocathode/
window). For these, grat ing "G-2" has a range of 115-210 nm, "G-3" covers
160-230 nm, and "G-4" covers 220-320 nm.
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To image a se lected spectral  i n t e r va l ,  the rotat ion of the carrousel  must be
commanded to a p rev ious ly  tabulated angle.  The carrousel is free to rotate

cont inuously in e i t he r  d i rec t ion  and w i l l  slew to a new pos i t i on  in less than

23 seconds for a f u l l  180° ro ta t ion .  The motor is dr iven by a 16 -b i t  d i g i t a l

pos i t i on  command that is  compared to the encoder pos i t i on  s i gna l .  When i t
nears nu l l ,  the encoder is switched to an analog mode that permits pos i t i on

control to better than 1.5 arc seconds (see SLIB 234 for more de ta i l s ) .  The
command angular reso lu t ion  is  [2 pi /22%] or about 19.78 arc seconds, de f i n i ng

the minimum carrousel substep s ize.  This corresponds to about ten p i xe l s  at
the Digicon.

The eche l le  p rov ides  a nominal reso lu t ion  of100,000,  I t  too is  rotated in to

the appropriate posi t ion, and depending on the carrousel angle, the echelle
relays the dispersed beam to HRS Digicon detector 1 (14 orders are imaged on
the detector photocathode) or HRS Digicon detector 2 (12 orders are imaged

simul taneously). Se lec t ion  of the spec i f i c  order to be measured by the

Digicon is  done by magnet ica l ly  de f lec t ing  that order in the cross-d ispers ion

("Y" axis) d i rec t ion .  The “E-A" range (for detector 1) is 105-170 nm, and
the "E-B" range (detector 2) is 170-320 nm.

Photoelectrons are accelerated across a nom ina l22.5 + 2.5 KV po ten t i a l ,  and

then reach a set of 512 diodes used for detect ion purposes. This vo l tage is
adjustable between 1 and 25 KV, and must ( in t rans i t i on ing  from Hold to
Operate) be brought up by the execut ion of about 200 commands per detector ,  a
process taking about 6 minutes. The response of a s ing le  diode to such a
photoelectron is 5600 electron-hole pairs.  The diodes are numbered 1-512
from l e f t  to r i gh t  ( inc reas ing  X axis d i r ec t i on ) .  Of these d iodes,  500 form
a l i nea r  array a l igned  pa ra l l e l  to the spectrum order,  and serve to record
the spectrum or interorder spectrum. These diodes are numbered 7-506 and are
spaced 50 microns (a micron is  1076 meter) apart  along the HRS's X axis.
They are 40 microns wide, and have a he ight  (dimension perpendicular to the
dispersion) of 400 microns. Their height corresponds to 2 arc seconds at the
ST focal p lane, and is twice the diode height  in the FOS to permi t  accurate
measurement of the eche l l e  orders in the presence of d i s t o r t i ons .  When the
mirror  is used, e ight  diodes (a width of 400 microns) must be sampled to span
the large (2 arc seconds) aperture in the X d i rec t ion .



HRS ND-1003A
SOGS | ; 1/7/84

The other 12 Dig icon diodes serve spec ia l  purposes. Four corner background
diodes (numbered 1 and 2 on the l e f t  side and 511 and 512 on the r i gh t )  are
mounted with their long axis (1000 microns) pa ra l le l  to the X axis; they are
100 microns tal l .  These diodes may be used to evaluate scattered l i gh t
during spectral data acquis i t ion.  Focus (also referred to as “ca l ib ra t ion" )
diodes on each side of the l i nea r  array can be used to generate a f i e l d  map
of the large aperture or check the qua l i t y  of the Digicon focus. The ones on
the l e f t  are numbered 4-6. Diode 4, however, is  not wired to an amp l i f i e r
channel (to prevent a wire cross-over to the header) and therefore can never
be used. Diode 5 is  the upper l e f t  diode and diode 6 is  the lower left,
whi le diode 507 is  the r i gh t  upper and 508 the r i gh t  lower. These upper and
lower focus diodes are in the form of a square that is 25 microns (0.25 arc
seconds projected size) on a s ide,  meaning that the large aperture can be
mapped in a [400/25 =] 16 x 16 group of measurements. Although diode 509 is
wired and i t s  data appears in the science stream, i t  is  current ly not being
used by the acqu i s i t i on  software. I f  the other four ava i l ab le  focus diodes
are los t  due to f a i l u res  after launch,  however, the HRS f l i gh t  software could
be modi f ied  to use diode 509 for acqu i s i t i on .

The remaining two diodes (numbered 3 and 510) are called "radiat ion" diodes.
They are covered with gold f o i l ,  are 1040 microns wide by 140 microns high

(pos i t ioned  on the cen te r l i ne  at each end of the a r ray ) ,  and do not respond
to signal e lec t rons  but w i l l  respond to high energy pa r t i c l es  (cosmic rays ) .
The output of the diode on the r i gh t  (diode 510) is  added to an accumulator
each time a l i ne  of science data is read, and the resu l t  put in the engineer-
ing telemetry. The data from the other rad ia t ion  diode is  also accumulated
on-board, but is  not made ava i l ab le  to the engineering telemetry.

The e lect rons from the Dig icon photocathode are focused by a magnetic f i e l d
provided by a rare-earth permanent magnet assembly. Electromagnetic de f lec -
t ion co i l s  are provided to al low the desi red por t ion  of the photocathode to
be imaged on the a r ray .  These co i l s  are used to se lec t  o rde rs  in  the
echellogram, for substepping dur ing accumulation mode, to sample in terorder
or other off-spectrum background, and for scanning the f i e l d  of view dur ing
target acqu i s i t i on .  The de f lec t ion  co i l s  for the X (d iode-array)  axis and Y
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axis are both dr iven by 12 -b i t  d ig i ta l - to-analog converters (DACs). The
least increment (a def lect ion step) for the DACs corresponds to 6.25 microns,
or [1 /8]  of the diode spacing (50 microns) for the l inear array in the X
d i rec t ion  and [ 1 /64 ]  of thei r  he ight  in the Y d i r ec t i on .  For the focus
diodes, a def lect ion step corresponds to [1 /4 ]  of the 25-micron diode size in
both the X and Y d i rec t i ons .

The HRS is  provided with two redundant platinum-neon ho l low cathode wave-
length  ca l i b ra t i on  lamps, each fu rn ished with a dedicated entrance slit.
F la t  f i e l d  ca l i b ra t i on  lamps are also provided. These are redundant low-
pressure xenon lamps em i t t i ng  p r imar i l y  in a resonance l i ne  at  147 nm. They
are used as internal standards for d iode-to-diode response ca l i b ra t i on  and
photocathode mapping, and as l i gh t  sources for the operat ion of l oca t i ng  the
photocathode mask edges. Before l aunch ,  the i r rad iance  of each xenon lamp
wil l  be adjusted to produce about 7000 counts/second/diode due to i ts  i l l um i -
nat ion of the detector photocathode. One f l a t  f i e l d  lamp is  dedicated to
each detector, but the two ca l i b ra t i on  lamps can be used with e i ther  detec-
to r .  Pe r iod i c  ca l i b ra t i on  of the HRS on standard stars is  requ i red  to
support spectrophotometric observat ions.

The outputs from the diodes in each Dig icon are fed to p reamp l i f i e rs  and then
to a Detector Electronic Box (DEB). The DEB, in turn, is connected to a Main
Elec t ron ics  Box (MEB). Both the DEB and MEB are conf igured as dual opera-
t i ona l l y  independent un i t s ,  with separate sets of e l ec t ron i cs  dedicated to
each detector (only one DEB should be on at any t ime, but,  power permitt ing,
both MEBs w i l l  normally be on at a l l  times the HRS is ope ra t i ng ) .  When the
HRS transit ions from Hold to Operate, one or two o rb i t s  are requi red for
stabi l izat ion of the electronics (since the opt ica l  bench temperature is
maintained at 21 + 4°C in a l l  modes, i t  should not cause de lays ) .

The MEB interfaces with the Remote Interface Uni t  (RIU) of the SI C&DH (Con-
trol and Data Handling), including the Science Data Formatter (SDF). A
science data l i ne  is output from the instrument at the completion of an in -
tegra t ion ,  and when the SDF is ready to accept i t .  The data can be sent on
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the downlink d i rec t l y  ( "d i rec t "  mode) or to a 524-word buffer in the scratch
pad memory por t ion of the NSSC-1 SI C&DH onboard computer for subsequent
processing ("accumulation” mode).

In the DEB, the s ignal  from each diode is  shaped in a semi-Gaussian pulse
amp l i f i e r  ( the shap ing  time cons tan t  is  1 usec) and then app l i ed  to a
threshold detector.  Each diode path has a separate low- leve l  d i sc r im ina to r
with 8 b i t s  of commandable d i sc r im ina t i on :  the output of the DAC is recon-
verted to d i g i t a l  form and telemetered as the path 's  " t h resho ld " .  The
storage registers for ‘the thresholds receive power from a "keep-alive" power
supply that remains on even when the inst rument  power is o f f .  The threshold
for diode 4 (the unwired one) is set to 255 so that i ts  output data wi l l
always be zero. The outputs from each diode are then counted (after rate
l im i t i ng  using a dead time es tab l i shed by 16 per iods of a 2.048 MHz osc i l l a -
tor) in individual hardware accumulators.

The outputs from each diode are also formed into an analog sum, which is

compared with a commanded th resho ld .  I f  the analog-sum resu l t  is above the
threshold, an "anti-coincidence" c i r cu i t  i nh ib i t s  a l l  512 diode accumulators
for about 8 usec. This is  done to avoid spurious resu l t s  i f  r ad ia t i on has

impinged on the detector faceplate with su f f i c ien t  energyto cause f luores-
cence. The number of times the ant i -co inc idence c i r cu i t  was ac t i va ted  dur ing
the integrat ion is included in the output from the instrument (and used in a
data-quality check).

For a given set of magnetic de f l ec t i ons ,  the segment of the photocathode
detected by the 512 diodes can resu l t  in the generat ion of a " l i ne "  (a lso
referred to as a "frame") of data. Each l ine of science data output from the
HRS instrument consists of 524 16-b i t  words (512 accumulator counts, 9 words
of "Engineering T ra i l e r "  data, and 3 words of zero f i l l  that are loaded by
the NSSC-1 computer i f  the data is processed there) each data-gathering
in te r va l .  The diode-path accumulator counts are buffered and sent from the
DEB to the MEB, where an on-the-f ly adder sums them (the r esu l t  of the sum is
used in a data~quality check).
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The HRS inst rument  is  designed to gather data at rates up to 20 times per

second (50 msec in te rva l s ) ,  and this in te rva l  can be changed by command in
50-msec steps up to 12.75 seconds. For computer loading reasons, the minimum

data gather ing i n te r va l  for data processed in the NSSC-1 i s  200 msec (the 50
msec per iod can be used only for the d i r ec t  downl ink,  when the HRS software

in the NSSC-1 {is bypassed and constant Dig icon magnetic de f l ec t i ons  are
used). The duration of an observation in the d i rec t  downlink mode, due to
the high data ra te ,  is  limited by the ava i l ab le  capaci ty of the ST tape
recorder ,  or by the ava i l ab i l i t y  of a rea l - t ime l i nk  to the ground. I f  the

inst rument  output  is provided in the d i r ec t  downlink mode, the diode sequence
is scrambled ( for  f a i l u re  i so l a t i on  reasons) ,  and hence must be unscrambled
using a table that is independent of the D ig icon .  I f  the data is processed
in the NSSC-1, however, then the diode in fo rmat ion  appears in the proper
diode-number order (which in turn re f lec ts  an increas ing wavelength with
diode number, so lower diode numbers correspond to shorter wavelengths).

Changes in the magnetic de f l ec t i ons  from one l ine  to the next are ca l led  HRS

"substeps". For example, successive l ines could alternate in the Y d i rect ion
between a pa r t i cu l a r  spect ra l  order and the in terorder  as a means of p rov id -
ing in format ion requ i red  for background removal. Other substep purposes are
to compensate for the gaps between diodes,  to obtain the f u l l  HRS spect ra l
r eso lu t i on ,  and .to smooth out the p i xe l - t o -p i xe l  response, Background and
spec t ra l  obse rva t i on  data may have d i f f e ren t  numbers of subs teps ,  and
t yp i ca l l y  only science data is substepped. Substep commands are stored in
the HRS Observation Control Table (OCT), which contains the control param-
eters for an observat ion.  The OCT can hold up to six "substep o f f se t "  pa i rs
(X and Y axes) that are app l ied  from a given " i n i t i a l  de f l ec t i on "  pa i r .  A
"substep pattern" consists of the data gathered using deflections specif ied
by one of the i n i t i a l  de f l ec t i on  pai rs  alone, then as augmented by the sub-
step o f f se t  pa i rs  (each repeated as spec i f i ed  in a repeat code). The Y
de f l ec t i ons  for substepped pa t t e rns  of the b ins to be i n t e r l eaved  are
expected (w i t h i n  a small to lerance) to be the same.



HRS | ND-1003A
SOGS . | 1/7/84

In add i t i on  to these app l i ca t i ons  of the de f l ec t i on  capab i l i t y ,  Dig icon
de f l ec t i ons  can also be used to compensate for the Doppler sh i f t  caused by
changes in the ve loc i t y  of the spacecraf t  with respect  to the ta rge t .  The
cor rec t ions  cons i s t  of pe r i od i c  (once a minute) sh i f t s  of the substep pat tern
along the d ispers ion  d i r ec t i on  to compensate for the change in the wavelength
of a photon in the observer 's  frame due to the changing vector of the ST's
orbital mot ion.  This cor rect ion,  which is  needed only for the HRS high
spectra l  r eso lu t i on  (100,000) opera t ion ,  a l lows the coaddi t ion programs to
continue to add counts corresponding to a spec i f i c  rest-frame wavelength in to
the same storage bin dur ing a time exposure.

By se lec t i ng  other i n i t i a l  de f l ec t i on  pa i rs  (up to 5 can be accommodated in
the OCT), changes in the X-axis def lect ion can be specified that amount to
integral diode widths. For array storage reasons in the HRS memory, as well
as to minimize the amount of science data that must be discarded, i n i t i a l
de f l ec t i ons  2-5 are l im i t ed  in the X d i r ec t i on  to a maximum of 15 diodes from
in i t i a l  de f l ec t i on  1, must sh i f t  the spectrum an in teg ra l  number of diodes,
and sh i f t  the spectrum in the d i r ec t i on  of increas ing diode number (toward
the r i gh t ,  meaning that a pa r t i cu l a r  diode sees decreasing wavelengths).
This capab i l i t y  can be used to avoid p ixe l  dropouts due to bad or noisy
diodes, as well as to average the diode output  to smooth performance non-
un i f o rm i t i es .  The same substep pattern is app l i ed  for a l l  i n i t i a l  de f l ec t i on
pa i r s .  Increas ing X-de f lec t ions  can be thought of as moving the diode array
in the d i r ec t i on  of increas ing  X-de f lec t ion  across a s ta t ionary  image. What
ac tua l l y  occurs is that the diode array remains s tat ionary whi le the image
moves in the d i r ec t i on  of decreasing X -de f l ec t i on .  Hence with increas ing X-
de f l ec t i on ,  the image is seen by lower-numbered diodes.

The NSSC-1 computer has memory for up to seven 524-word “"substep bins" (for
the i n i t i a l  de f l ec t i on  pair and for each of the up to six substep o f f se t
pa i r s ) .  Al l  data a r i s i ng  from the up to f ive  i n i t i a l  de f l ec t i on  pa i rs  are
"co-added" into bin 1; al l  from deflections composed of i n i t i a l  deflections
p lus  the f i r s t  substep o f f se t  pa i r  are co-added in to  bin 2; e tc .  I f  more
than one i n i t i a l  de f l ec t i on  pair was spec i f i ed ,  th is  imp l ies  that the spec-
t r a l  l i ne  of i n t e res t  to the observer  was sequen t i a l l y  de f l ec ted  to be
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observed by up to f i ve  other diodes in the ar ray.  In th is  case, a l l  data
obtained from a par t icu lar  point on the spectrum is "comb-added" into the
same reg i s te r  of the substep storage b in .  For example, i f  an i n i t i a l  de f l ec -
t ion value X-axis d i f fe rence of 16 (2 diodes) was spec i f i ed ,  the data from
diode 100 for one de f l ec t i on  and diode 102 for the second is comb-added in
the same memory ce l l .  This technique means that the downlink information
must be considered the output of various "channels" rather than the special
case of "d iodes"  that  would apply i f  there were only one i n i t i a l  de f l ec t i on
pa i r .

The HRS software in the NSSC-1 is d i v i ded  in to  seven processors, several of
which in turn have a number ofmodules included in them (see SLIB 284). The
seven processors, in order of decreasing p r i o r i t y  (urgency for r unn ing ) ,  are:

1. DMPSCI, NSSC-1 processor #40, used to coordinate w i t h  the
f l i gh t  execut ive in the dumping of a l l  substep bins in use.

2. DATACQ, NSSC-1 p rocesso r  #38, used to accep t  a l i ne  of
science data from the ins t rument ,  check i t s  qua l i t y ,  and ca l l
for i t s  unscrambling and s torage.

3. CRITCD, NSSC-1 processor #34, used to retrieve and store for
science data downlinking ten c r i t i ca l  temperature values
needed for ca l i b ra t i on .

4. MAIN, NSSC-1 processor #36, used for ove ra l l  HRS observat ion
con t ro l .

5. VERIFY, NSSC-1 processor #37, used to ve r i f y  the r ece ip t  of
commands sent to the HRS i ns t rumen t  or ( f o r  spacec ra f t
po in t i ng )  to the spacec ra f t .  The carrousel/SSM interlock,
whereby the HRS f l i gh t  software informs the SSM of imminent
carrousel  mot ion,  can be enabled or d isabled by se t t i ng  a 1
or 0 (respectively) into the memory cell called CSSMIL.

6. SAFING, NSSC-1 processor #39, used to monitor c r i t i ca l  engin-
eer ing data from the HRS instrument and request issue of the
HRS saf ing  sequence when necessary.

7. DOPLER, NSSC-1 processor #33, used to update the Doppler-
sh i f t  cor rec t ion .

According to SLIB 1006b, three more p rocessorsare l i ke l y  to be added. One
of them would suspend and resume observat ions for SAA entrance and ex i t ;  the
second would turn down high vol tages before a b r i gh t  Earth occu l t a t i on ;  and
the t h i r d  would conduct the high vol tage turn-on sequence.
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To coordinate HRS i n teg ra t i on  with the 25 msec SI C&DH Delayed Command Pro-
cessor (DCP) clock, an "event parade" is required, since at any one moment
during a science data acquisi t ion observation the following series of events
may be occur r ing :

1. Data is dumped from the inst rument  accumulators to i t s  output
reg i s te r s ,  new de f l ec t i ons  are transferred from the ho ld ing
registers to the de f lec t ion  reg i s te rs ,  and data is  sh i f ted
from the output reg is te rs  to the SDF and thence to a buffer
in the NSSC-1;

2. Data from the inst rument  is input  to the HRS f l i gh t  software,
checked for qua l i t y ,  and co-added in to  the proper substep
bin ;  and

3. De f l ec t i on  commands are issued by the DCP and the de f l ec t i ons
moved in to the HRS de f l ec t i on  ho ld ing registers.

According to SLIB L39, however, th is  design may be changed to go to a two-
step event parade.

For moni tor ing the event parade, six pa ra l l e l  four-element queues are used in
the NSSC-1 HRS so f twa re .  Cu r ren t  i tems are taken from the head of the
queues, and new items placed at the i r  t a i l s .  The event parade i t se l f  con-
tains three elements, but a four th element is inc luded for added v i s i b i l i t y
and ease of processing. The six items a re :  ho r i zon ta l  and ve r t i ca l  de f l ec -
t i ons ,  des t i na t i on  substep bin number, repeat  count (how many times the
de f l ec t i ons  have been re - i ssued  because of bad data qua l i t y ) ,  number of
diodes to sh i f t  for comb-addit ion, and the Doppler sh i f t  co r rec t i on .  See
SLIB 284 and SLIB 285 for more de ta i l s  on the NSSC-1 HRS on-board sof tware.
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2.0 HRS MODES OF OPERATION

There are three kinds of HRS "modes" that need to be distinguished:

1. Instrument Modes, |

2. Science Data Modes, and

3. Ground Software Modes.

These modes are treated in separate sect ions below. Throughout th is  docu-
ment, b i t  1 is the most s i gn i f i can t  (or sign) b i t  and b i t  8 or b i t  16 is the
least s ign i f i can t  (for 8 -b i t  words and 16-b i t  words respect ively).  The nota-
t ion "Zxxx" means the LMSC engineering telemetry abbreviated measurement
i den t i f i e r  (see Sect ion 4) ,  and "Z.xxx"  re fe rs  to telemetry that lacks an

LMSC i den t i f i e r .  Tables 4 .2-7  and 4 .2 -8  1 i s t  a l l  the HRS te l eme t r y  in
sequence by the i den t i f i e r  value and by mnemonic, r espec t i ve l y .  Engineering
telemetry mnemonics used in th is  document are, i f  ava i l ab le ,  those in SLIB
1089 (without a "Z" f i r s t  character for consistency with IDT pract ice) .

2.1 HRS INSTRUMENT MODES

Informat ion on the HRS Instrument Modes can be d i v i ded  in to  four ca tegor ies :

1 Downlink Source,

2 Targe t  Sea rch ,

3 Target Locate,  and

4 Detector Source.

These are treated in separate sect ions below.

2.1.1 Downlink Source Instrument Mode
The science data Downlink Source Instrument Mode can be set to e i t he r  the HRS
instrument i t se l f  (the d i r ec t  downlink mode of operat ion) or the NSSC-1
computer (the accumulation mode of operation). This is specified by a bi t  in
the OCT, and ref lected in measurement Z.120 (INFOa, see Section 3.1 for a
discussion of the OCT). A 0 for th is  b i t  means that the downlink data is
obtained from the NSSC-1 computer and a 1 means that i t  is obtained d i r ec t l y
from the HRS i ns t rumen t .  I f  the b i t  is  1, then the order  of the diode
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information in the 524-word set of science data is "scrambled" (see Table
3.3-1 for the mapping that must be used to conver t  the downlink i n fo rma t ion
in to  the proper order for subsequent process ing) .  Measurement Z.252

(ZBINIDZ) can also be used to es tab l i sh  that the data is d i rec t l y  from the
inst rument  ( i t  normally has f i e l d  map data or the substep bin number in range
1-7, but is zero for data d i rec t l y  from the instrument).

2.1.2 Target Search Instrument Mode
The Target Search Instrument Mode is  def ined in the OCT, and re f lec ted  in
measurements Z.153 (MODESb) and Z664 (TSMODE). The mode spec i f i es  the nature
of phase 3 ( t a rge t  search,  see Sec t i on  2 .2 .1 )  ac t i v i t i e s  requ i red  for the HRS

Target Acqu is i t i on  Science Data Mode. In th is phase, star-presence checks
and/or f i e l d  maps of the f i e l d  of view are in terspersed with SSM slews in a
outward-growing sp i r a l  pa t tern .  The i nd i v i dua l  se t t i ngs  for th is  Instrument
Mode are:

1 Spiral dwell scan unt i l  star present ( f lux checked at each
dwe l l ) ,

2 Same as 1 w i th  f ocus -d iode  f i e l d  map cons t ruc ted  at  each
dwe l l ,  and |

3 Ful l  sp i r a l  scan (no f lux check) wi th focus diode f i e l d  map
constructed at each dwe l l .

2.1.3 Target  Locate Ins t rument  Mode
The Target Locate Instrument Mode is also def ined in the OCT, and re f l ec ted
in measurements Z.152 (MODESa) and Z665 (TLMODE). The mode specifies the
nature of phase 4 (target locate) ac t i v i t i e s  required for the HRS Target
Acqu is i t i on  Science Data Mode. In th is  phase, a map can be made of the f i e l d
of v iew,  and the t a rge t  cen te red  in  the l a rge  ape r tu re  to an accuracy
su f f i c i en t  to place the target  in the small aper ture with one nominal slew,
i f  des i red .  The i nd i v i dua l  se t t i ngs  for th is  Instrument Mode are:

1 Image nul l  balance only ,

2 Focus diode f i e l d  map on ly ,  and

3 Focus diode f i e l d  map, fo l lowed by image nu l l  balance.
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2.1.4 Detector Source Instrument Mode
The Detector Source Instrument Mode is l i kew i se  def ined in the OCT, and
re f lec ted  in measurement Z.100 (CONOF, whose b i t  10 is  1 for de tec tor  1, with
CsI photocathode; b i t  9 is 1 for detec tor  2, with CsTe photocathode).
Measurement Z656 (DEB2) is 1 i f  detector 2 is on and 2657 (DEB1l) is 1 i f
detector 1 is  on. Per SLIB 713a, the source is also contained in measure-

ments Z501 (SYSON1l, 1 i f  data from detector  1) and Z502 (SYSON2, 1 i f  data
from detector 2). To determine unambiguously which detector was used (see

SLIB T24) to gather the science data, however, the values in Z.212 and Z.213
of the Engineering Tra i le r  (see Section 3.2.3.3) can be used.
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2.2 HRS SCIENCE DATA MODES

The HRS has three major Science Data Modes:

1 Target Acquisition,

2 Spectroscopy (high, medium, and low resolut ion) ,  and

3 Pulse Height Analysis (PHA).

These are treated in separate sections below.

2.2 .1  Target Acqu is i t i on  Science Data Mode |

A target acqu i s i t i on  observat ion normal ly cons is ts  of searching for a target
star presence in the f ie ld  of view of the instrument (generating f ie ld  maps
i f  requested).  These searches are in terspersed with HRS-requested SSM slews

in an outward growing sp i r a l  pat tern un t i l  the target  star is detected,  and
center ing the star in the large or small HRSaper ture .  A b l i nd  o f f se t  to a
nearby dimmer star may also be inc luded i f  requested, i nc lud ing  a post -o f fse t
peakup on the dimmer s ta r .

Target  acqu i s i t i on  has been de f i ned  as having four submodes (A l ,  A2, Nl ,  and

N2), depending on the opt ical  configuration and the Digicon that is used.
They are desc r i bed  in  SLIB 219 (wh ich  was reproduced in SLIB 521).  Ta rge t

acqu i s i t i on  is normally accomplished under cont ro l  of autonomous HRS f l i gh t
sof tware,  and has e ight  phases (a l l  except the f i r s t  and las t  can be op t i on -
a l l y  execu ted ,  cons t ra i ned  to be in ascending numer ica l  o rde r ) .  In add i t i on ,
a wai t -a f ter  for ground i n te rac t i on  and cont inuat ion  can op t i ona l l y  be speci-
f ied for a l l  but the f i r s t  and las t  phases. The i nd i v i dua l  phases are:

1, I n i t i a l i za t i on ,  which is now (per SLIB L39) an empty phase.

2. De f l ec t i on  ca l i b ra t i on ,  when the o f fsets  of the image of one
of the spectra l  ca l i b ra t i on  lamps from i t s  nominal pos i t i on
on the diode array are computed. This phase is expected to
be used with each ta rget  acqu i s i t i on ,

3. Target search, when star-presence checks and/or f i e l d  maps
can be interspersed with SSM slews in an outward growing
spiral pattern (see Section 2.1.2 for the Instrument Mode
applying to this phase).
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4, Target l oca t i on ,  when a map can be made of the f i e l d  of view,
and the target centered in the large aperture su f f i c i en t l y
accura te ly  to place the target in the small aperture with one
nominal slew, i f  desired (see Section 2.1.3 for the Ins t ru -
ment Mode applying to this phase).

5. Peakup, when the target is  centered in the small aper ture.

6. Of fse t ,  when a slew is  made to another l oca t i on  near the
ob jec t  p rev ious ly  acquired.

7. Post -o f fse t  peakup, when the of fset  target is centered in the
small aperture.

8. Flux measurement, when a f lux measurement is taken through
whichever aper ture contains the target ,  for telemetry as
measurement Z.193 (FLUXM).

Measurement Z649 (ACQIND) is 1 i f  in the Target Acquisit ion Science Data Mode
(and 0 i f  in one of the other Science Data Modes). Measurement Z651 (TPHAS1)
i s  0 e i the r  i f  not in Target Acqu is i t i on  or i f  in i t s  shor t -dura t ion i n i t i a l -
i za t i on  phase. A nonzero value means that i t  has [phase - 1] of the cur ren t
Target Acqu is i t i on  phase: a 5 would mean the HRS software is in o f f se t  (phase
6), for example. For i den t i f y i ng  the science data, measurement Z.001 (DIND)
is 2 i f  the Standard Header Packet (SHP, see Section 3.2.1) is being dumped
at the s tar t  of a target acqu i s i t i on  observat ion ( i t  is 3 for the SHP at the
end of any observation). Measurement Z.251 (ZCOADDZ) is > 0 for science
observat ions,  and is  -2 for a target  acqu i s i t i on  focus diode f i e l d  map.

2.2.2 Spectroscopy Science Data Mode
A science data observat ion normally means the acqu i s i t i on  of one spec t ra l
l i ne  of i n t e res t  from the target  s ta r .  More than one l i ne  of i n t e res t  to the
observer may be obtained in one observat ion i f  they are close enough together
to f a l l  on the 500 data diodes of the diode array s imul taneously .  Spectros-
copy has been de f ined  as having seven d i spe rs i ve  submodes, f i ve  of which
re la te  to the f ive  f i r s t -o rder  g ra t i ngs  (G-1 through G-4 with a r eso lu t i on  of
20,000 and G-5 with 2,000) and the other two of which re late to using a
Digicon with the eche l l e  (E-A and E-B, both with 100,000). See Sect ion 1.5
for the cha rac te r i s t i c s  of the g ra t i ngs .  The submodes are described in SLIB
219 (which was reproduced in SLIB 521). E i ther  of the two HRS entrance aper-
tures can be used in any d ispers ive  submode.
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Measurement Z649 (ACQIND) is 0 i f  in the Spectroscopy (or PHA) Science Data
Mode. For i den t i f y i ng  the science data, measurement Z.001 (DIND) is  1 i f  the
SHP is being dumped at the s ta r t  of a Spectroscopy observat ion ( i t  is 3 for
the SHP at the end of any observation), and measurement Z.251 (ZCOADDZ) is >
0 for such observat ions.

2.2.3 PHA Science Data Mode
Pulse Height Analysis (PHA) of the two HRS detectors  requ i res  28,800 commands

per de tec to r .  PHA is requ i red  to detect  changes in sens i t i v i t y  of the
detector diodes and the amp l i f i e r s ,  and to determine the proper threshold
se t t i ngs  for each of the 512 diode paths per detector  to maintain the 1%
re la t i ve  photometr ic accuracy of the HRS. PHAs are expected to be conducted
poss ib ly  once a month or l ess ,  depending on the d r i f t s  in sens i t i v i t y  caused
by the space environment. They can be accomplished using NSSC-1 delayed
command processor r e l a t i ve  time sequences (5200 words of delayed command
memory, see SLIB 764), or by an on-board f l i gh t  processor r equ i r i ng  200 words
of dedicated memory. The on-board processor method can be used only i f
su f f i c i en t  memory resources are ava i l ab le  af ter  launch. The PHA processor
would send three commands to the HRS detector  every 25 msec for 2.4 sec (288
commands), integrate data for one second, and then dump the data via the
d i r ec t  downlink mode for each of the 100 steps in the PHA, thus requ i r i ng
about 340 seconds per detector .

According to SLIB T24, there is no way to i den t i f y  PHA data from the science
telemetry, since i t  has the usual format of SHPs, UDLs, and science data.
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2.3 HRS GROUND SOFTWARE MODES
There are two HRS Ground Software Modes:

1 Target Acqu is i t i on  and

2 Spec t roscopy .

Their selection is based on user input to the ground system.

2.3 .1  Target Acqu i s i t i on  Ground Software Mode
See Sect ion 2 .2 .1  for c r i t e r i a  i den t i f y i ng  data proper for use in th is  Ground
Software Mode, and Sect ion 7 for the a lgor i thms to be used.

2.3.2 Spectroscopy Ground Software Mode
See Section 2.2.2 for c r i t e r i a  i den t i f y i ng  data proper for use in th is  Ground
Software Mode, and Sections 5 and 6 for the algorithms to be used.
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Government Furnished Equipment
General Qbserver
Goddard Space Flight Center
High Resolut ion Spectrograph
High Voltage Power Supply
Interface Control Document
Inves t iga t ion  De f i n i t i on  Team
Inst ruct ion Engineering Bi t
Instrument Science Team ]

For memory, 29 (1024); otherwise, 10°
L ight  Emit t ing Diode
Lockheed M iss i l es  and Space Company, Incorporated
Mechanism
108 HZ
Mission Operations Ground System
Mi l l i second oo.
Nanome tar (1072 meters or 10 angstroms)
NASA Standard Spacecraf t  Computer, Model 1
Observation Support System
Opt ica l  Telescope Assembly
POCC App l i ca t i on  Software Support
Prel iminary Document Change Request
Program Design Language
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PIT
POCC
PODPS
PORTS
PROM
RAM

RIV

ROM
RPI

Sci
SOAS
SOF
SHR
SI
SLIB
SMC
S0GS
SPSS
SSC
SSM
ST

STOCC
STSQP
TBO
™
UCSD

usec
UTC
uy
X'ab'

Yxxx

YXxXX

Y.XXX

Y XXX
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Processor Interface Table ) 
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Payload Operations Control Center
Post-Observation Data Processing System
Pre l im ina ry  Operat ions Requirements and Test Support
Programmable Read-Only Memory
Random Access Memory ( read/wr i te)
Remote Interface Unit
Read-Only Memory
Relay Pos i t i on  Indicator
Science Inst i tute (Johns Hopkins)
Science Data Analysis Software
Science Data Formatter
Standard Header Packet
Science Instrument
SO0GS (TRW) Library document ident i f ie r
Serial Magnitude Command
Science Operations Ground System
Science Planning and Scheduling System
Science Support Center
Support Systems Module
Edwin P. Hubble Space Telescope |
ST Operat ions Control  Center
ST Science and Operations Pro ject
To be determined |
Telemetry
Univers i ty  of Ca l i f o rn i a ,  San Diego
Microsecond
Universal Time Coordinated |
U l t r av i o l e t
Hexadecimal (base 16) value for "ab"
Conventional f i rs t  letter for FOS parameters
Abbreviated LMSC ET Measurement ID
Abbreviated LMSC Command ID
Coined Measurement ID

Coined Command ID
Material needing determination/confirmation
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1.0. INTRODUCTION

1.1 PURPOSE AND ORGANIZATION OF FOS NOTEBOOK
The purpose of this Faint  Object Spectrograph (FOS) Notebook is to provide a
compilation from various sources of factual information on certain aspects of
the FOS necessary for design work on the Edwin P. Hubble Space Telescope (ST)
Science Operations Ground System (SOGS). The contract for development of
SOGS i s  managed by GSFC, and {is performed by TRW. One of the main tasks of
SOGS is  the receipt, d i sp lay ,  manipulat ion,  and ca l i b ra t i on  of the FOS data
(as wel l  as the o the r  instruments on the ST). To per fo rm th i s  task, a
thorough understanding i s  necessary of the various formats in which data is
received, where critical processing parameters are in  both the science and
engineering data streams, and what algorithms are to be appl ied to calibrate
the science data for each instrument configuration.

The intended audience for this FOS Notebook is the TRW SOGS designers, rather
than a general collection of diverse groups with equal ly  diverse information
desires, Because of  i t s  intended audience, there are numerous F3JS-related
topics that are not included in this Notebook. Section 8 (References) has a
1 is t  of citations for some source documents on FOS that are in the TRW SOGS
Library.  Such documents have been assigned ser ia l  accession numbers (SLIB
numbers) meaningful only to those with access to the TRW L ib ra ry ,  so Sect ion
8 p rov ides  i n fo rma t i on  on o r i g i na to r ,  da te ,  and t i t l e  to i den t i f y  the
material more completely.

The organizat ion of this FOS Notebook is the same as that for the other four
ST instruments. After th is  int roductory material, the var ious  types of FOS
modes are def ined in Sect ion 2 (s ince they are of major s i gn i f i cance  to the
SQGS design e f f o r t ) .  Sections 3 and 4 cover the FOS Science Telemetry and
FOS Engineering Telemetry respec t i ve ly .  Algorithms for FOS Ca l i b ra t i on ,  FOS
Data Qual i ty/ut i l i ty,  and FOS Target  Acqu i s i t i on  are in Sec t i ons  5S to 7
respectively (these relate to what is in Section 10 of the SO0GS SE-06-l
spec i f i ca t ion ,  SLIB 799) .  Section 8 has References.
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1.2 SUMMARY OF FOS NOTEBOOK UPDATES FOR THIS REISSUE
The changes in this reissue of the FOS Notebook (SLIB 865 was the or ig ina l
i ssue)  are those necessary to reflect the ava i l ab i l i t y  of cons ide rab l y  more

information on the instrument's performance. This information was obtained
from a mid-June 1983 GSFC FOS Operations meeting, review of sample FOS tape
data, IDT written responses to some of the questions resul t ing from the tape
rev iew,  and a valuable meeting held at  UCSD with FOS IDT personnel on 24
January 1984. Since new FOS information has been distributed within the SQGS
project as i t  has been obtained, there should be no surprises in  the changes
that are incorporated in this issue, which inc lude:

1. Addition of numerous jnstrument details. In add i t ion  to IDT-
provided data, some of these changes were obtained from the ST
science Institute's FOS description in SLIB 1006b (see Section
1 .5  [ J

2. The Standard Header Packet locat ions  (from LMSC's SLIB 936) of
the FOS engineering talemetry (see Section 4).

3. The I0T-provided contents of the FOS-unique area of the Stand-
ard Header Packet (see Section 3.2 .1) .

4. Some telemetry identifier changes to agree with a new issue of
LMSC's OM=-02 (SLIB 1089).

5 .  Addit ion of material i n i t i a l l y  discovered from review of FOS
tape data (see SLIB 1106), including the frequent cases in
which the downlink packet size d i f f e r s  from the o r i g i na l  data-
gathering l og i ca l  group ing,  the fac t  that some c ruc ia l  down-
l i nk  instrument time information is in two's complement form,
and the fac t  that some instrument mechanism pos i t i ons  are
talemetered in one's complementad Gray code. 

|

Two areas where (in common with most other ST instruments) uncertainties
ex is t  in the material covered in this document are the detailed format of the
upl inked area of the Standard Header Packet (alternative sources are citad in
Section 3.2.1) and the flight values to be used for the packet format code

(see Section 3.2.4 for the assigned ranges).

The upda t i ng  e f f o r t for the FOS Notebook w i l l  be a con t inuous  process
throughout the duration of the SOGS project .  This re issue,  however, is the
f i r s t  FOS Notebook change that has been generated since the SLIB 865 issue
(dated 31 December 1982). New information otherwise has been distributed
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among the TRW SO0GS designers by means of SOGS memos. Particularly for those
holders of the FOS Notebook outside of TRW, therefore, re l i ance  on this FOS
Notebook to r e f l ec t  the “ l a t as t  ava i lab le "  (anyplace) set of FOS data
continues to be inappropriate. 

|
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1.3 INVESTIGATION OEFINITION TEAM
The P r i nc ipa l  Investigator for the FOS experiment is :

Richard J. Harms, University of California, San Diego, CA.
~~ Co=Investigators are: 

|

Roger Angel, University of Arizona, Tucson, AZ;
Frank Bartko, Martin Marietta Corporation, Denver, CO;
Edward Beaver, University of California, San Diego, CA;
Ralph Bohlin, ST Science Institute, Baltimore, MD;
Margaret Burbidge, University of California, San Diego, CA;
Arthur Davidsen, Johns Hopkins University, Baltimore, MO;
Holland Ford, ST Science Institute, Baltimore, MD; and
Bruce Margon, University of Washington, Seattle, WA.
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1.4 SCIENTIFIC OBJECTIVES
The fo l low ing  information was obtained from SLIB 118 and SLIB 810:

The FOS is being designed and bu i l t  for use with the Space Telescope
to provide digitized spectra of f a i n t  astronomical objects over the
wavelength range from 115 to 850 mm at  r eso l v i ng  powers o f  about
1200 and 200. A variety of concave gratings and prisms is employed
to form nearly stigmatic spectra on either of two 0 ig icon photon

~ counting detectors that are opt imized for two d i f ferent  but over-
lapping spectral ranges.

The FOS w i l l  address major scientific questions associated with
quasars; active galaxies;  normal, distant, and local group ga lax ies;
a wide class of objects within our own and neighboring galaxies;  and
objects w i th in  our solar system. All of these studies w i l l  be
conducted within the contaxt of understanding the o r i g i n ,  structure,
composition, and evolut ion of our universe.

Fain t  objects that w i l l  be studied inc lude:  1) quasars; 2) nebulos-
i ty around or near quasars; 3) nuc le i  and other ac t i ve  areas in act-
five ga lax i es ;  4) objects in normal ga lax ies  outside the Local Group,
including small-scale structure in their central regions; 5) objects
in ga lax ies  in the Local Group; and f i na l l y ,  6) objects in our
galaxy.  The UY coverage and spa t ia l  resolution w i l l  also be used
for so lar  system studies such as, e .g . ,  obtaining UV spectra of
comets, and combining on-going h i gh -spa t i a l - r eso lu t i on  s tud ies of
planets and sa te l l i t es  with those of planetary explorat ion missions.

The l i s t  of scientific programs that the FOS w i l l  be able to under-
take is very la rge ;  only a b r i e f  ou t l i ne  is given here, F i r s t ,
quasars and galaxies with ac t i ve  (explosive) nuclei  ra ise some of
the most exc i t i ng  quest ions in both astrophysics and cosmology as
well as in cosmogony or the problem of the o r ig in  of ga lax ies .
Spectra in the far UV, as well as spectra at a l l  wavelengths in
fa in t  nebulosity around quasars, spectroscopy at 0 .1  arc sec scale
in  ac t ive  ga lax ies  and spectropolarimetry with the FOS should lead
to an understanding of just  what is happening in these ob jects  where
there are enormous outpourings of non-thermal energy from very small
volumes. One question to be addressed is whether massive black
holes ex is t  in the centers of these galaxies and in quasars.

Study of s ta rs ,  g l obu la r  c l us te r s ,  supernovae, p lane ta ry  nebulae and
other objects in external galaxies w i l l  be aimed toward obtaining a
more accurate distance scale in the universe (the Hubble sca le ) ,
toward determining the rate of decelerat ion of the expanding
universe and, hence, what kind of universe we l i ve  in ,  and toward
obtaining information on the evo lu t ion of ga lax ies,  both chemical
and structural. In our own galaxy,  the FOS capab i l i t y  for spectro-
polarimetry and ten m i l l i second  t ime-reso lved spectrophotometry w i l l
be part icularly important for e l uc i da t i ng  the p roper t ies  of inter-
s te l l a r  dus t ,  the ex t rao rd ina ry  wh i te  dwar fs  w i th  very s t rong
magnetic f i e l ds ,  and the rap id l y  vary ing,  h igh ly  evolved stars,
X-ray b i na r i es ,  and pu l sa rs .
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1.5 PRINCIPLES OF OPERATION
See SLIB 411 for information on the p r i nc i p l es  of operat ion of the complete
FOS instrument ( i nc l ud ing  i t s  mechanical l ayou t  and a func t iona l  block
diagram). The mater ia l  given below emphasizes those FOS aspects that are of
par t icu lar  s ign i f icance for understanding the nature of { t s  science data, and
has been generated using the sources l i s ted  in Section 8.1.

L igh t  enters the FOS through a pair of entrance ports. In their closed
posi t ion (a fa i l -safe  provis ion is ava i lab le  to force the ports open), the
ports r e f l ec t 1ight from ei ther of two internal neon-fi1lled spectral ca l i b ra -
t ion lamps used for FOSwavelength ca l i b ra t i on .  The l i gh t  from the object of
interest  then passes through one of two independent opt ica l  channels, each of
which focuses nea r l y  s t i gma t i c  spec t ra l  images on the photocathodes of
photon-counting Digicon detectors. Select ion of the desi red opt ica l  channel
is accomplished by po in t ing  the telescope. These channels d i f fer  only in the
wavelength sens i t i v i t y  of their respective detectors. The Digicom output is
then processed by a set of e l ec t ron i cs  (which is d i f f e ren t  for the two
channels), and the resulting scientific data can then be sent on the down-
l i nk .  The FOS is s imi lar to the High Resolution Spectrograph (HRS) on the
ST, since both instruments have essen t ia l l y  the same «ind of detectors. The
main difference between the two instruments is the i r  spectral  reso lu t i on  and
wavelength coverage. The de ta i led  format of their  s c i en t i f i c  data, however,

i s  considerably d i f ferent .  Only one FOS detector and set of e lec t ron ics  w i l l
be operat ional at a time, depending on the desired bandwidth and the detector
range.

Five minutes  are required to swi tch between detactors ,  and the i r  high vo l t age  |

sett les in about one minute. Such changes (to obtain the desired wavelength
coverage) are expected to occur about 10-20% of the time. The overa l l  in=-
strument warmup time is constrained by i t s  mechanical elements. Ouring the
f i r s t  few hours of operat ion,  as the e lec t ron i cs  heat the e lec t ron i cs  she l f ,
the enclosure w i l l  deform s l i gh t l y  sh i f t i ng the cross-dispersion pos i t i on  of

the optical bench. Ouring this transition, use of the 0.1 arcsec aperture
should be restricted to r e l a t i ve l y  short (3 hour) observations to avoid loss
of lock on the target during data acqu is i t i on .
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The FOS aperture wheel i s  placed at the ST focal surface. This wheel con-
tains 11 (plus a blank for a l i gh t  sh ie ld)  sets of s i ng le or paired apertures
(ranging in size from 0.1 to 4.3 arc seconds as projected on the sky). As a
fa i l - sa fe  p rov i s ion ,  an "arm" command followed by a " f i r e "  puts a pair of
fa i l -safe entrance apertures in the l i gh t  path. The 4.3 arc-second aperture
is  used for target acqu i s i t i on ,  whi le the smaller ones ( inc lud ing  two with an
occul ting capabil i ty) w i l l  al low d iverse observations to be conducted ef f i -
cient ly. .  The indiv idual  aperture offsets are f a i r l y  close to zero (a cali-
bration table w i l l  be ava i l ab le ) .  The apertures for the two detectors,
however, have a larger  (constant) offset, so i f  the 0Digicons are switched a
small ST maneuver must be carried out.

After pass ing  th rough the aper ture wheel ,  the l i gh t  passes through the
po la r i za t i on  ana l yze r .  This dev ice  a l l ows  pos i t i on ing  of  any of th ree

elements into either optical path: a clear aperture, a thin-waveplate plus
Wollaston prism assembly, or a thi ck-waveplate plus Wollaston prism assembly.
One waveplate is permanently located in front of each Wollaston. Only a
s ing le  motor is required to rotate the waveplates and to move e i ther  of the
Wollaston/waveplate pairs from one entrance port  to the other or out of the
way. A drum contains the two Wollaston/waveplata pa i r s .  The Wollastons are
permanently fixed to the drum, but the waveplates are mounted in rotatable
cy l inders  ins ide  the drum. The waveplate cy l i nde rs  have a l6- tooth gear on
the outside that meshes with a 17-tooth f ixed center gear ins ide the drum.
One revolution of the drum rotates the Wollastons by 360° and the waveplates
by (17/16 * 360° =] 382.5°, so each drum rotation increments the pos i t ion

“angle of the waveplate fast axis by a net 22.5° (and 16 rotations return the
mechanism to its starting con f igu ra t ion ) .  Any of 48 pos i t ions  (the three
elements for any of the 16 rotations) can be commanded. A f a i l - sa fe  p rov i s -
ion causes the assembly to be rotated out of the l i gh t  paths.

The: 1ight next passes (after a grazing incidence mirror) through an order-
sorting filter (or a blank hole) in the FOS Filtar/Grating Wheel Assembly
(FGWA). The l igh t  is collimated by an of f -ax is  paraboloidal mirror and
reflected back to an element on the FWGA, which in turn both focuses and
d ispe rses  (excep t  f o r  one imaging pos i t i on )  the beam onto one of the
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detectors. The FGWA has tan positions (only f ive of which have filters). I t
has six high-resolution (1200) gra t ings ,  two low-reso lu t ion  (200) g ra t i ngs ,  a
low-resolution (100) prism, and a camera mirror .  The FO0S's h igh- reso lu t ion
grat ings reso lve ,  for example, 0.2 nm at  a wavelength of 240 nm. Changing
grat ings w i l l  be a f a i r l y  common FOS activity (estimated to be done for about
hal f  the observati ons). For interactive observations, the observer might
want to Took at an object with the prism and then study an interesting area
in more detail with a higher-resolut ion element. Movement of the FGWA does
not cause a spacecraft attitude perturbation. The fa i l - sa fe  prov is ion  for
the FGWA is  a redundant stepper motor to operate the mechanism i f  the primary
motor f a i l s .

There are two independent detector assemblies, one for each optical channel.
Each assembly consists of a Digicon tube, deflection co i l s ,  a permanent
magnet focus assembly, magnetic sh ie ld ing ,  mounting and alignment structure,
heat pipes,  temperature sensors, hybrid preamplifiers, and connectors. The
two D ig i con  assembl ies d i f f e r  only in  t he i r  photocathode and f acep la te
material, The red (a lso referred to as side "A" for "amber", and having a
trialkali Digicon) detector covers the range of 180-350 nm, while the blue
detactor (side "B", having a b ia lka l i  Digicon) covers 115-500 nm. There is
one LED f l a t - f i e l d  lamp for each Digicon (the LED i r rad ia tes  its corres-
ponding photocathode directly without intervening op t i ca l  elements).

Each i nc i den t  photon (w i t h  a probabi l i ty of about 30%) produces about 5000
. electrons in the Dig icon.  These electrons are accelerated through 2a poten-

t ia l  of about 22.5 KY, and then reach a l i nea r  array of 512 s i l i con  diodes
arranged along the “X" axis of the instrument (FOS axis terminology, although
related by a transformation to the ST axes as shown in SLIB 706). These
diodes are spaced 50 microns apart  along the X ax is ,  and have a size of 40 x
200 microns (a micronis  107° metar) .  The wavelength associated with diodes
is in  monotonic order by diode number, in accordance with the fo l l ow ing
rules (see SLIB L66):

l .  Side A with the prism has shorter wavelengths at lower diode
~ numbers;

2. Side A with elements other than the prism has shorter wave-
lengths at higher diode numbers; and
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3. Side B {is the opposite of side A (prism gives shorter wave—
lengths at higher diode numbers, other elements give shorter
wavelengths at lower diode numbers).

The FOS diode numbering convention (see SLIB T30) numbers them from 0 to S i l .
When using the lower-resolution elements, the spectrum does not cover a l l  512
diodes, and commands are ava i lab le  to select the diode outputs that are pro-
cessed and downlinked. The charge pulse generated in each diode is amplified
and counted by one of 512 independent electronic channels, beginning with the
hybrid preamplifier physically colocated with each Dig icon.  The s ignal  is
next passed through several feet of cable to the FOS Analog Signal Procassor.

The electrons from the Digicon photocathode are focused by a magnetic f i e l d ,
and also can be magnet ica l ly  de f l ec ted  in the instrument's X axis (the
direction of the dispersion) and perpendicular to i t  (the Y ax i s ) .  The
movement in the Y axis is  needed because frequently there are two images on
the photocathode (such as a star image and a background sky image), and i t  is
necessary to examine both of them with the diode array. The X and Y axis
magnetic deflection co i l s  are both driven by 12-bit digital-to-analog con-
vertars (DACS).

The design of the FOS control parameters recognizes that observer-specif ied
deflection parameters must be ava i lab le  that give -wel l -def ined observation
effects. These observer quantities are spec i f ied  in terms of “nominal”
instrument performance ( independent of the potential effects of ,  for example,
component aging and temperature). To allow this interface to exist ,  nominals
are defined based on the or ig inal  FOS specification values of 32 DAC least

increments per diode for deflections in the X di rect ion (to span the diode
width of 50 microns) and 256 DAC Teast increments per diode (to span the
diode height of 200 microns) in the Y direction. These f igures imply that
the maximum nominal Y-axis deflection range in microns is half of the X-axis
range. The actual scaling constants (the physical hardware's number of
increments for these deflections) can be managed on a " faci l i ty" basis, and
the observer in most cases should not be concerned about the values ac tua l l y
used during his/her observation. For example, the value of the f l i gh t  X
scal ing constant (see SLIB 1106) probably w i l l  be about 24 DAC increments/
diode~-width, but the design-baseline figure of 32 can nevertheless be used to
specify the observer 's FOS X-axis deflection parameters,
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In the FOS Analog Signal Processor, the s ignal  i s  shaped to a two-microsecond
width, Each channel has a separate " low-level" discriminator with 8 bits of
commandable discr iminat ion: the sett ing value is in the DOTBL ( "D iscr iminator
DAC/Disabled Diode Table") array ava i lab le  in the FOS-Unique Data Log (see
Section 3). Some variations are expected dur ing f l i gh t ,  particularly as the
system "ages " .  This table, therefore, is  the appropriate operational source
for the status of the FOS diodes. There is no hardware "upper leve l ”  d is-  |

criminator. The low-level discriminator in  each channel is followed by a
rate limiter (which uses 10 cycles of the 1.024 MHz spacecraft clock) to

provide a single-value count output. Without such a dev ice,  the same output
could result for a low pulse-rate input  (where the counts would be precise)
and a very high input  (where due to “pulse p i l eup ”  several pulses would be
interpreted as one). For 100,000 puises/sec inpu t ,  the device would give
50,000 output, and i t  provides monotonical ly decreasing outputs for inputs
below that l eve l .

The output of the rate limiter (again for each channel) is  fed to a 16 -b i t
hardware accumulator. This accumulator can operate in both the count mode
and the timer mode (count is the dominant mode). In the count mode, the
accumulator counts the incoming pulses from the rate limiter for an interval
controlled by a command; in the timer mode, i t  counts the 1.024 MHz space-
craft c lock,  stopping when the f i r s t  pul se is  received. The accumulator, i n
turn, is fed to a buffer register (one for each channel) where i t  can be read
out while the next sample is  being acquired. Each channel (through to the
buffer) is  independent ly replicated. For f a i l u re  i so l a t i on  reasons (might
tolarata 10 "scattered" channels not working, but not as r ead i l y  10 consecu-
t ive ones), hardware assignments such as pin and c i r cu i t  partitions are
“scrambled”; a "descramble PROM" is used to restore the data to the or ig ina l
channel sequence for the FOS microprocessor. [tt therafore is unnecessary for
the ground software (contrary to the HRS) to compensate for this hardware
“scrambling”. The downlink data, however, must be rearranged in a monotonic
wavelength sequence: th is process is referred to as “ reorder ing”  or “unscram-
bling" (see Section 3.2.3.2).  

|
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The: output of the FOS Analog Signal Processor i s  fed by two wires ( for  even
and. odd channels) to the FOS Central Electronics Assembly (CEA), where the
FOS microprocessor and associated electronics are located. As mentioned
prev ious ly ,  there are two sats of FOS electronics ( i nc lud ing  microprocessor
systems), but only one can be operat ing at a given time. The CEA, in turn,
interfaces with the Remote Interface Unit (RIU) of the SI C&DH (Control and
Data Handling), inc luding the Science Data Formatter (SOF).

The FOS microprocessor, a Texas Instrument SBP 9900A, is a para l le l  le«bi t
monolithicCPU with integrated injection logic and 3 MHz operation (switch-
able to 1.5 MHMz) capabil i ty. I t  has a byte-organized 16-b i t  memory which
"typical ly" uses word operations. The address space is d i v i ded  as follows
("X" means hexadecimal and the f inal  character of "tt" reflects words rather
than bytes):

X'0000' to X'SFFE' 12K 16-b i t  words (24K bytes) of read-only memory

X'6000' to X'7FFE' Memory-mapped I /0 (SOF, accumulators, etc); and

X'8000' to X'FFFE' 16K 16 -b i t  words (32K bytes) of random access
\ memory (RAM).

The ROM includes an executive, 10 appl icat ion programs, and some tables of
nominal values required for operat ion of FOS detectors. These tables can be
copied into RAM at i n i t i a l i za t i on .  One table has 512 16 -b i t  values for the
DOTBL a r ray  (channel  enab le /d i sab le  f l ag  andd i sc r im ina to r  DAC va lue ) ;

another has Mechanism Control 8locks for each of the four mechanisms (a total
of 96 16-b i t  words, see Section 3 .1 .4 ) .  The two CEA ROMs (side "A" and side
"B") are unique with respect to these de fau l t  table values. The operat ing
system (the FOS microprocessor is programmed in polyFORTH) occupies about
5200 bytes of the 21000 ROM bytes current ly  assigned.

The FOS RAM consis ts  of e ight  physical pages of 4K bytes (or 2X words, K =
1024) each, which are relocatable. The l og i ca l  assigned pos i t i on  of any 4K
RAM address space is automatically established during each instrument power
on and reset, or can be spec i f ied by a ser ia l  magnitude command preceding
power-on. Four 16-b i t  words of the FOS-Unique Data Log reflect this "RAM

hand —— a ome  a rm  ed  LE LE  i
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map®. I f  a defective physical  page is encountered, i t  w i l l  be mapped to the
X'Fxxx' address area, so that the st i l l - functioning RAM pages wi l l  remain in
contiguous locations starting with X'8000'.

The f i rs t  2 log ica l  RAM pages (addresses X'8S000 to X'9FFE', or 8K bytes) are
assigned to System Var iables and Tables, with the l as t  965 words of this area
used for the FOS-Unique Data Log. The remaining 24K bytes of RAM, starting
at  by te  address X'A000' (o r  10 * 16° = 4096044),  are used s t r i c t l y  for
temporary s torage of sc ience  da ta .  The maximum poss ib l e  l eng th  of the
science information (excluding the Science Header which comes from the FQS~
Unique Data Log area) is 6 pages or 12K 16-b i t  words (12,288, 4 words). The
actual number of words that are meaningful, however, and the method for thei r
interpretation, are under control of the FOS microprocessor (using input
commands to set the required parameters). The microprocassor stores science
data and the Reject Array (which is ‘stored immediately fo l low ing  the las t
science data) according. to observation (data acquisit ion) parameters; i t
transmits that data as requested by the values of dump-control parameters set
by a separate command. There is no connection between these two (except by
convention).

The FOS microprocessor is an interrupt-driven system (wi th  about 10 priority-
ranked interrupt leve ls) ,  so precise answers to timing questions (other than
those directly associated with gathering the o r i g i na l  observation data) do
not ex i s t .  For example, i f  the FOS is doing data acqu i s i t i on ,  and the time
interval for the accumulators to be open exp i res,  an interrupt is generated
to read them out. Since this readout takes longer than 10 msec, i t  cannot be
done while science data is being read out of the FOS data memory (since the

- SDF interface has a 10 msec t imeout) .  The FOS must therefore s top data
gathering wh i l e  i t  {s feed ing science data to the downlink (or the tape

recorder), a cyc l i c  process invo lv ing  the sett ing of a 16 -b i t  word into an
output registar, sensing (via an interrupt that is less urgent than that for
accumulator readout) that the word has been taken, and loading a new word.
The elapsed time for this process to be completed depends on other activity
(such as telemetry interrupts) that may also be taking place.
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To understand the va r i ab i l i t y  of the mechanism response times, the FOS micro-
processor's firmware architecture needs to be recognized. There are five
"background tasks"  tha t  are executed in a r ound - rob in  f ash ion  when an
interrupt is  not being serv iced.  Thesa tasks each suspend themselves by a
polyFORTH "pause" command tha t  a l l ows  the next  background task in  the
sequence to receive CPU time. These background tasks are:

1. The “operator” task that handles the ser ia l  magnitude YKEY
command. This command can be used in a. manner c lose ly  ana l -
ogous to the FORTH reserved word KEY ("Get a single character
from the keyboard and push i t  on the stack").

2. The "terminal interface" task that uses an RS-232 interface.
This interface should not be ac t ive  after launch, although
l i ne  terminations are being investigated to avoid spurious
rubout characters that have been observed in testing.

3. The "data monitoring” task that is used to start target ac-
qu i s i t i on  processing, c lear  the science data memory (when the
proper flags are se t ) ,  monitor for a data acqu is i t i on  l im i t ,
and s im i l a r  activities. 

| 

:

4. The "housekeeping" task that computes the ROM checksum, does
an abbreviated check of the CPU instruction set ,  increments a
speed-check parameter, and services the ser ia l  command
watchdog timer (used to confirm that the command l ink  with the
NSSC-1 is operat iona l ) .

5. The "mechanism control” task.

The results of the f i rs t  three housekeeping-task act ions are contained in
three 16 -b i t  words in the engineering telemetry:

1. Parameter YERRCHK has the ROM checksum resu l t  (wh ich can be
compared against  the expected va lue) .

2. Parameter YSELFCHK reflects the results of the check of the
CPU instruction set. I f  the expected resu l t  is obtained, an
"OK" ( in ASCII) is set into the parameter; otherwise, the in-
correct r esu l t  of some ar i thmet ic  manipulations is stored in
the word. 

| 
|

J. Parametar YARITHCK has the value of the speed check parameter.
This quanti ty is reset to zero every 0.5 second. The maximum
value observed in a sample set of FOS data was 192.

The elapsed time required to set the FOS mechanisms is detarmined by log ic  in
the mechanism control background task. Th is  task includes a provision to
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delay for one msec of CPU time before doing its polyFORTH “pause”. The mech~-
anism t iming {is def ined (as descr ibed in  Sect ion 3 .1 .4 )  by the number of
these delays, which are imposed between successive stapper motor phases. The
corresponding elapsed time depends on the amount of other FOS mi croprocessor
ac t iv i ty  that is taking p lace.  Test cases have been run ( fo r  a given en-
vironment of microprocessor operation) showing that a delay counter sett ing
of 3 gives about 25 msec; a setting of 23 corresponds to about 100 msec; and
a setting of 47 yields 200 msec.

The NSSC-1 has seven FOS processors:

l .  Autonomous Safing Processor (YFASAF, processor #25). This
processor completes and emulates the internal FOS safe stata,
so that the FOS is put in a safe mode while preserving the
microprocessor contents.

2. In i t ia l izat ion Processor (YFINIT, processor #26). This pro-
cessor -brings one side of the FOS experiment to a state of
readiness for the acceptance of operat ional  parameters.

3. Turn Qff Processor (YFOFF, processor #27). This orocessor
controls planned FOS turn o f f s ,  l eav ing  the FOS with both
sides off.

4,  Mode 2 Target Acqu is i t ion  Processor (YFMOD2, processor #28).
This processor performs a s ing le  centering operat ion for each
pe r i od  when execu t i on  is  enab led ,  I t  uses YTARXCTR and
YTARYCTR (see Section 3.1.5) to determine what should be fed
to the SSM for movement, and also causes the NSSC-1 Standard
Header Packet to be output.

5. Housekeeping Processor (YFHKPG, processor #30). This pro-
cassor processes FOS engineering outputs for monitoring FOS
health and safety,  inc lud ing YOVRLITE from the engineering
stream.

6 .  Science Data Storage Procassor (YFSDST, processor #31), This
processor provides the services required to transfer science
data from the FOS into the NSSC-l.

7. Science Data Processor (YFSDPR, processor #32). This p rocess-
or ope ra tes  in  con junc t i on  w i t h  YFSDST for  p rocess ing  to
accomplish both peakup and NSSC-1 con t ro l l ed  Mode 2 target
acqu i s i t i on .

See SLIB 763 for more information on these NSSC-l1 processors.



FOS © N - ND-1004A

 - 15=

For- FOS targeting, the NSSC-1 does a binary search, trying various Y-axis
deflections and seeing the effect on the data (as i t  tries to put the ob jec t
at the "edge" of the diode a r ray ) .  The FOS operates in response to NSSC-l
commands to set the observation control parameters. Targeting is typical ly
done with the A-l aperture (4.3 arc seconds) and with the FGWA's CAM (mirror)
element. Since the FOS/NSSC-1 science data interface must exist  for NSSC-L
targeting, packet format codes (see Section 3.2.4) have been assigned to
cover the poss ib i l i t y  of down l ink ingFOS science data from the NSSC-l. This
capability, however, i s  un l i ke l y  to be employed; the FOS microprocessor could
provide through the NSSC-1 the same information that i t  normally sends on the
downlink d i rec t l y .  

|
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2.0 FOS MODES QFQPERATION

There are three kinds of FOS "modes" that need to be d is t ingu ished:

1. Instrument Modes (where control by the FOS electronics causes
differences in the measured data due to data-gathering
differences);

2. Science Data Modes (settings of Instrument Mode and/or the
optics parameters cause different effects); and

3. Ground Software Modes (differences in ground processing that
can ve a function of the Instrument Mode and/or Science Data
Mode).

These modes are treated in separate sections below. Throughout this docu-
ment, b i t  1 is the most s i gn i f i can t  (or sign) and b i t  8 or b i t  16 is  the
leas t  significant ( for  8 -b i t  and 16 -b i t  words respec t i ve l y ) .  The notation
"Yxxx* means the LMSC engineering telemetry abbreviated measurement iden-
tifier (see Section 4) ,  and "Y.xxx" refers to telemetry that lacks an LMSC
identifier. A subscript of "cc" with such ident i f ie rs  means a command ID
ra the r  than ameasurement[D. Tables 4 .2-7  and 4 .2 -8  l i s t  a l l  the FOS
commands and telemetry in sequence by the i den t i f i e r  and by mnemonic,
respect ive ly .

2.1 FOS INSTRUMENT MOOES
The FOS Instrument Mode is defined by engineering telemetry word YACQSYNC/
Y535 (see Section 4). This word is loadedby command YACQMOOE/Y043. ("Select
Data Acqu is i t i on  Mode"). The f i r s t  six b i ts  of the e i gh t -b i t  word are
assigned to the fo l low ing  (the others are spare):

1 YYSYNCS/Y.20S, Synchronous Start;

YYTIMTG/Y.206, Time-Tag;

YYREJRE/Y.207, Reject/-Retry;

YYTARGA/Y.208, Target Acquisition;

YYOBLSN/Y.209, Double/-Single Precision Adder; and
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YYAUTPO/Y.210, Automatic Po la r i ze r  Sequence.
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2.1 .1  Synchronous Start Instrument Mode
[ f  this YYSYNCS/Y.205 b i t  is zero, data acqu is i t i on  (the f i rs t  time the FQS
Analog Signal Processor's accumulators are turned on to measure outputs from
the rate limiters in each channel) starts roughly two seconds after the Begin
Data Acquisition command i s  recognized. The time delay is determined by the
(somewhat va r i ab le )  execution time taken by the FOS microprocessor to com=
plete in i t ia l i za t ion.

[ f  the b i t  is one, then a "synchronous start” is  performed. This capabi l i ty
would be expected to be used in conjunct ion with the Time-Resolved Ground
Software Mode, but has no impact on the reduction software. After the FOS
microprocessor completes its i n i t i a l i za t i on ,  i t  drops into a loop to wa i t  for
a specified minor frame, and so many osc i l l a t o r  counts (the l eas t  increment
on the command is 7.8125 usec) after that minor frame begins. At this point,
i t  begins the sampling of the rate limiters in each channel.

The FOS microprocessor initialization (what i t  does when a Begin Data Acquis-
{ t ion command is  actad upon) is set by command YINIT/Y041., and reflected in
measurement YINTMODE/YS47. Only the f i r s t  f ive bits are assigned:

I YYRSMNI/Y.213 is "Resume (no i n i t i a l i za t i on ) " .  The b i t  is set
to cause the FOS microprocessor to "carry on where were." I t
might be used, for example, after have sent command YENDAC/YS57, (“End data acquisition at end of pattern”) .

2 YYINHSLT/Y.214 is “ I nh ib i t  s l i ca  table f i l l " .  The FOS micro-
processor software has what corresponds to a set of transfer
vectors that can control what is done at the start of each
s l i ce  (see Section 3 .1 .1 .5 ) .  The de fau l t  value (same for a l l
vectors) is set from ROM i f  the b i t  is 0; i f  the b i t  is 1, thesetting from ROM is bypassed (meaning that the vectors could
be loaded by command).

3 YYINHYDF/Y.215 is “ I nh ib i t  Y-def lect ion table f i l l “ ,  The FOS
microprocessor normally computes the DAC Y (and X) 12 -b i t
deflection values (based on the observer-speci f ied control
parameters and the DAC scal ing) as part of its observation
i n i t i a l i za t i on .  A value of 0 for this b i t  means that these
computed values for the Y axis should be loaded in the Y-
deflection table for use during the observation; i f  the b i t  is
1, th is load ing is bypassed, thus a l low ing  ground-commanded
values to be used instead.

1/28/84
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4 YYINHXDF/Y.216 is " I nh ib i t  X-deflection table f i 11 " .  See
d iscuss ion  with b i t  3, app ly ing  s im i l a r l y  to the X ax i s .

S YYINDFHY/Y.217 is  "Do deflection hysteresis pattern at begin-
ning of data acqu i s i t i on ” .  This pattern current ly is  expected
to be required only at the beginning of each data acqu i s i t i on .
I t  is in the form of a "big square sp i r a l "  that  is used for
degaussing. Without i t ,  hysteresis effects of the order of a
diode width have been seen, Exercise of this opt ion does not
have a s i gn i f i can t  impact on the time l i ne .  I f  i t  should be
necessary to do the pattern before each deflection, the YKEY
command (see Section 1.5) could be used to up l ink the FOS
firmware augmentation.

2.1.2 Time-Tag Instrument Mode
I f  this YYTIMTG/Y.206 b i t  is zero, the accumulators in the FOS Analog Signal
Processor count the output pulses from the rate 1imfters in each channel. I f
the b i t  is  one, the accumulators instead count pulses from the 1.024 MHZ
spacecraft ascil lator between “start” and when the f i r s t  output pulse from
the rate limiter is  received. This way of operat ing the instrument is  sim-
i l a r  to some other current X-ray instrumentation. The b i t  must be one for
the Time-Tagged Ground Software Mode, and zero for the others. ]

2.1.3 Reject/-Retry Instrument Made
This YYREJRE/Y.207 b i t  con t ro ls  what is to be done i f  a noise burst  is
received (above the noise 1 im i t  value in measurement YNOISELM/YS544), The b i t
does not control the performance of the re ject ion log ic  itself. I f  YNOISELM
is zero, the adder is  disabled entirely (and therefore the computation of the
ove r l i gh t  sum discussed in Sect ion 2 .1 .5 ) ;  a value of X'FFFF' makes the re-
jection Timi t  unattainable, al lowing the adder to still func t ion .  I f  the b i t
is 1 when Begin Data Acqu is i t i on  is actad upon, the FOS microprocessor a l l e -
cates RAM capacity for a Reject  Array immediately f o l l ow ing  the las t  science
data. The b i t  being 1 means that i f  a data sample above the noise l im i t  is
rejected, FOS should not attempt to retry the measurement. The b i t  should be
1 for the Time-Resolved, Rapid Readout, and Time-Tagged Ground Software
Modes. The Reject  Array is  downlinked only i f  so commanded (down l ink ing ,
however, is expected to be the normal operat ing procedure).
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I f  the b i t  is 0 and a noise burst i s  received, FOS repeats the measurement
with the same value of the beam deflection parameters. The impact of this i s
that the measurement time tags can s l ip  beyond the expected periods {such as.
“once/minute” for readouts).

2.1 .4  Target Acquis i t ion Instrument Mode
The YYTARGA/Y.208 b i t  must be 1 for the Target Acquisition Ground Software
Mode, and zero for a l l  the others. The FOS microprocessor stops a t  the end
of a set of measurements and puts the newly computad coordinates of the
target in the engineering telemetry stream. The NSSC-l Mode 2 Target Acqui-
sition processor (YFMOD2, see Section 1.5) uses these coordinates to, generate
a ST movement request to the SSM,

I f  the NSSC-1is doing the targeting (see Section 1.5),  this b i t  is not set.
In contrast to the NSSC-1's approach of " l ook ing  at data and deciding what to
do next,” the FOS microprocessor has the approach of "taking datain a gulp
and then figuring out from the data where the center i s . ”  YTAQIP/YS75 is
used to inform the data monitor ing background task that the targeting compu-~
tations must occur. See Section 3 .1 .5  for the commands and parameters that
are associated with FOS targeting.

2.1.5 Double/-Single Prec is ion Adder Instrument Mode
The YYDBLSN/Y.209 b i t  controls the nature of the addi t ion of the S12-diode
output for YOVRLITE/YS13. For a dim object with an integration time between
samples of ( fo r  example) 20 msec, a s ingle precision addi t ion (b i t  set to 0)
would be enough (the average output from each of the 29 diodes less than 28);
i f  the integration time were 10 seconds, however, then a double-precision
addition (b i t  set to 1) to form the S12-diode sum might have to be done. The
disadvantage of doing a double prec is ion add i t ion  is that add i t iona l  CPU time
is needed, so the sum {s under control of th is Instrument Mode b i t .  The b i t
has no effect on the processing needed for the other information on the
downlink. The addition can be disabled ( i f  i t  is necessary to save CPU time)
by setting YNOISELM/YS44 to zero; the adder (and hence computation) is also
disabled while FOS science dumps are being performed.
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Regardless of how the diode sum is generated, i t  is added as a 32 -b i t  quan-
tity into YOVRLITE/YS13, which therefore has units of “diode counts”. The
YOVRLITE quantity is reset once a minute jus t  after being sampled for inser -
tion in the telemetry. This sampling (as is true for a l l  other multi-byte
quantities that are c leared as they are read for telemetry) is  set up such
that the ent i re quantity is read and stored in a temporary buffer (whi le

c lea r i ng  the quan t i t y )  at the time of the f i r s t  byte to occur in the
telemetry stream. Hence the entire value as read out in telemetry has an
effective sampling time corresponding to the time of the f i rs t  byte. The set
of quantities: that are zeroed when they are read, in addition to YOQVRLITE,
includes the f o l l ow ing :

1. The words in minor frame 117 and 118 (“DAC" error bits and the
bits for YACTMERR, YMECHTOC, and YDATACTL):

2. The target acqu i s i t i on  resu l t s  con ta i ned  in YTARXCTR andYTARYCTR (see Section 3.1.5);
3. The serial magnitude error reporting quantities (f lags in

YSMCERRS and the command in YLASTCMD, see Section 3.1);
4, Bits 6 (YYSAFLKA/Y.202) and 7 (YYSAFTSL/Y.203) in YSAFING; and

S. YREJECTS (see Section 3 .1 .1 .1 ) .

The YOVRLITE value is  used by the YFHKPG NSSC-1 processor (and can be on the
ground) to monitor for excessive light intensity striking the instrument in
one of the dispersion modes ( i t  is comparatively ine f fec t ive  i f  the mi r ror  is
used, since only about f ive diodes are i l luminated then). Viewing the b r i gh t
earth with the FOS is  not al lowable ( i f  the mirror were used, a hole could be
burned in the cathode); objects with a magnitude of m, = § (or brighter) are
otherwise of concern for the instrument.

2.1.86 Automatic Po la r i ze r  Sequence Instrument Mode
The YYAUTPO/Y.210 b i t  i s  used to spec i f y ,  i f  1, that  the po la r i ze r  should be

. stepped dur ing ’  the course of the observat ion.  This can be used to cause the
po la r i ze r  at each s l i ce  to move to the next in a series of waveplate angles
(the FOS microprocessor waits unt i l  the po la r i ze r  has reached the new pos-
i t i on  before taking measurements). Because of data memory capacity con-
straints, this wi l l  probably be used only with a subset of the instrument's
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total number of diodes (such as to examine a br igh t  l i ne ) ;  the YYINHSLT/Y.214
b i t  (see Section 2.1.1)  is used to i nh ib i t  the de fau l t  loading of the s l i ce
table (which is instead f i l l ed  with commands to do the mechanism movement).
The po lar izer ,  of course, can be used even i f  th is FOS Instrument Mode b i t  is
set to 0 ,  so the b i t  cannot be used to establish that the Spectropolarimetry
Ground Software Mode is required.
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2.2  FOS SCIENCE DATA MODES oo

The FOS has four Science Data Modes. They are:

1 Imag ing ,

2 Spectrophotometric,

3 Time-Resolved Spectrophotometric, and

4 Spectropolar imetr ic .

These classes of science data-taking modes were taken from SLIB 213. An
equiva lentview of the FOS operat ing modes cou lduse the six Ground Software
Modes (see Section 2.3) defined as such in SLIB 598 but discussed from the
observer 's viewpoint in SLIB 810. The sequence of presentation in this
Section (as suggested in SLIB L664) pa ra l l e l s  Sections 2 .3 .1 -2 .3 .4  respec-
t i ve l y .  As explained in Section 2 .2 .3 ,  the Ground Software Modes in Sections
2.3.5 and 2.3.6 are a l ternat ives to Section 2 .3 .3 .

2 .2 .1  Imaging Science Data Mode
The FOS FGWA has a pos i t ion with a camera mirror, designed to form a non-
dispersed target image on the photocathode. Although the basic purpose of
this Science Data Mode is for target acquisit ion (see Section 2.3.1),  i t  is
conceivable that sc ien t i f i c  requirements might ar ise that require data- tak ing
in this Mode.

2.2.2 Spectrophotometric Science Data Mode
I t  is anticipated that about 90% of the FOS observations wi l l  be made in this
Science Data Mode (see Section 2.3.2). The observer selects a Oigicon sensor
and one or more g ra t i ng  se t t i ngs  to p rov ide  the des i r ed  reso lu t i on  and
wavelength coverage for spectroscopy. The data may later be interpreted
photometrically via comparison of the observed count ratas with separate
external  observat ions of standard s ta rs .  Typ ica l  exposure times range from
about one minute to many hours per selected conf igura t ion .  The FOS ins t ru-
ment allows a minimum exposure time of about 125 usec (and no maximum
ex i s t s ) .  Spectra are read out of the FOS microprocessor about every 60
seconds. The f requen t  readouts  r esu l t  in neg l i g i b l e  loss of obse rv i ng
efficiency and protect against catastrophic losses of data.
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2.2.3 Time-Resolved Spectrophotometric Science Data Mode
This Science Data Mode is a superset of the Spectrophotometric Mode, with the
di f ference that the science requirements dictate rap id  and phase-c¢oherent
data acqu i s i t i on .  Several opera t ions  op t ions  are ava i l ab le  in th is  Science
Data Mode. The FOS microprocessor memory may be used to store a number of
synchronously phased and co-added spectra (see Section 2 .3 .3 ) .  In a var ia-
t ion of this Mode, when the 1 MHz telemetry downlink (or the on-board tape
recorder) is available, there wi l l  occasionally be a requirement to transmit
each i nd i v idua l  S512-dfode spectrum (w i thou t  substepping) as qu ick ly  as i t  i s
read out, without co-addition (see Section 2.3.5).  Programs that involve
observat ionsof r ap id l y  vary ing objects of unknown cor unstable per iods  are an
example of candidatas for this data-taking Mode. F i na l l y ,  the Time=-Tag
Instrument Mode (see Section 2.3.8) permits one add i t iona l  fas t - t im ing  Mode,
“here the channel accumulators are used to store the number of clock pulses
alapsed between an enable pulse and the a r r i va l  of the f i r s t  count in that
dicde. I t  is also poss ib le  that an observer may occasional ly require time-
resolved spectropolarimetry, i . e .  a combination of the Spectropolarimetric
and Time-Resolved Spectrophotometric Science Data Modes.

2 .2 .4  Spec t ropo la r ime t r i c  Science Data Mode
This Science Data Mode is a l so a superset of the Spectrophotometr ic Mode. In
addition to the sensor, grating, and f i l t e r  configuration, the observer also
spec i f ies  one of a pair of waveplates and a sequence of po la r i zer  stepping
motions, This can be done using the Automatic Po lar izer  Sequence Instrument
Mode (see Section 2.1.6) ,  but this is notnecessary. See Section 2.3.4.
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2.3 FOS GROUND SOFTWARE MODES
There are six FOS Ground Software Modes (see SLI3 598):

Target Acqu is i t i on ,

Spectroscopy,

T ime-Resolved,

1

2

3

4 Spectropolar imetry,

5 Rapid-Readout, and

6 Time-Tagged.

I t  is possible to determine i f  the FOS science data should be processed using
the Target Acqu is i t ion  Ground Software Mode (the only case in which YYTARGA/
Y.208 is  1) or the Time-Tagged Ground Software Mode (the only case in which
YYTIMTG/Y.206 is 1). I f  one of the other four Ground Softwars Modes (which
must have both these b i ts  equal to zero) {is necessary, however, the choice
(see SLIB T30) cannot be reliably determined from the downlink information
(instead, the selection {s  based on user i npu t ) .  As mentioned in Section
2 .2 ,  these could also be considered as FOS operat ing modes. The order in
which the modes are l i s t ed  is  that used by the [DT in SLIB8 598 and SLIB 810.

2.3.1 Target Acquisition Ground Software Mode
For the Target  Acqu i s i t i on  Ground Software Mode, the Instrument Mode (see
Section 2.1.1) must have YYTIMTG/Y.206 equal to QO and YYTARGA/Y.208 equal to
l .  An FOS target acqu i s i t i on  p ic ture  w i l l  be constructed from a sequence of
X-stepped and Y-stepped scans taken in the Imaging Science Data Mode (a l so
referred to as the "d i rec t  imaging" mode) with an aperture of size 4.3 arc
seconds. See Sect ions 5 and 7 for re ferences to the processing required.

Faint red targets w i l l  usua l ly  be acquired and observed on side A, while
fa i n t  u l t r av i o l e t  targets imbedded in d i f fuse  red sources w i l l  usua l ly  pe
acqu i red and observed with the b i a l ka l i  (s ide 8) D ig i con .  Acqu i s i t i on  on one
side and observation on both sides (to get the necessary wavelength range)

~ wi l l  becommon. In unusual cases, acqu is i t i on  on one side and observation
only on the other w i l l  be done,
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2.3 .2  Spectroscopy Ground Software Mode
For the Spectroscopy Ground Software Mode, the Instrument Mode must have both
the YYTIMTG/Y.206 and YYTARGA/Y.208 b i ts  equal to QO. This w i l l  probably be
the most commonly used Ground So f twa re  Mode. See Sec t i ons  5 and 6 fo r
references to the processing required.

2.3.3 Time-Resolved Ground Software Made
For the Time-Resolved Ground Software Mode, the Instrument Mode must have
both the YYTIMTG/Y.206 and YYTARGA/Y.208 b i ts  equal to 0 and the YYREJRE/

Y.207  b i t  equal to 1. This Ground So f tware  Mode w i l l  be used to s tudy
objects w i th  known pe r i od i c i t y  in about the 50 msec to 100 second range,  and
is expectad to generate data comprising 5-10% of a l l  FOS observat ions (a
t yp i ca l  obse rva t i on  might  l as t  60 m inu tes ) .  Spect ra  are fo lded  i n to  a
predetermined number of time bins (or s l i ces )  corresponding to phase, with
four to ten samples per f u l l  period being typical. Interruptions of data
acquisi t ion to read out each frame of data are set by commands to last  an
in tagral  number of periods, so that each frame of an observation has the same
correspondence between phase and s l i ce .  The YYSYNCS/Y.205 b i t  w i l l  be set i f
the prec ise  phase of the data i s  important  to the observer ( i f  i t  i s  not set,

_ this absolute phase is not impor tant ) .  Ground processing is the same regard-
less of this b i t .  See Sections 5 and § for references to the processing
required.

2.3.4 Spectropolarimetry Ground Software Mode
For the Spectropolarimetry Ground Software Mode, the Inst rument  Mode must
have both the YYTIMTG/Y.206 and YYTARGA/Y.208 b i ts  equal to 0, There w i l l
usua l l y  be 64 spectra taken in a s i ng le  po la r i za t i on  obse rva t i on  (32 s te l l a r
spectra and 32 background spectra) .  Half of each group wi l l  have been taken
with the Digicon deflected to [X1, Yl] and the other half with i t  deflected
to [(X2, Y2]. The usual conf igurat ion w i l l  have [X1 = X2], but (Yl # v2]. I t
is not necessary to have the YYAUTPO/Y.210 b i t  set for this Ground Software
Mode. See Sect ions 5 and § for references to the processing requ i red .
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2.3.5 Rapid-Readout Ground Software Mode
For the Rapid-Readout Ground Software Mode, the Instrument Mode must have
both the YYTIMTG/Y.206 and YYTARGA/Y.208 bits equal to 0 and the YYREJRE/
Y.207 b i t  equal to 1. There are certain astronomical targets where rap id
time va r i ab i l i t y  is suspected, but the precise period of var jab i l i t y  is
unknown, or aper iod ic  rapid var iabi l i ty  is expected. The Time-Resolved
Ground Software Mode 1s unsuitable since the bin folding period (the period
of the signal) must be set in advance. Instead, normal FOS data taking is
used, but the spectra are read out at very frequent intervals, rather than
the approximately 60-second intagration times anticipatad for normal FOS
data- tak ing.  The shortest in tegrat ion time is estimated to be 20 msec. The
rapid-readout capab i l i t y  requires the 1 MHz downlink (or use of the on-board
tape recorder ) .  This Ground Software Mode i s  expected to generate data
comprising 2-5% of al l  FOS observations (a typical observation might last  60
minutas), but a disproportionately large data volume. See Sections 5 and6
for references to the processing required. | 

|

2.3.6 Time-Tagged Ground Software Mode
For the Time-Tagged Ground Software Mode, the Instrument Mode must have the
YYTIMTG/Y.206 and YYREJRE/Y.207 bits equal to 1, and the YYTARGA/Y.208 b i t
equal to 0. This wi l l  probably be the least  used Ground Software Mode, but
wi l l  a l low study of the most rap id  va r i ab i l i t y  poss ib l e  using the FOS.
Per iod ic  or aper iodic  va r i ab i l i t y  on timescales in the range of about 10 usec
to 50 msec are wel l -sui ted to study in this Ground Software Mode, which is
expectad to generate data comprising 2-5% of FOS observing t ime,  a l t houghfar
more than th is  percentage of FOS data. A typical observat ion might l as t  60
minutes. See Sect ions S and 6 for re ferences to the processing requ i red .
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3.0 FOS SCIENCE TELEMETRY

3.1 FOS SCIENCE TELEMETRY OVERVIEW
As stated in SLIB 598:

FOS data arrives in log ica l  units denotad as "frames" at a command-
able frequency t yp i ca l l y  about once per minute.  Qne or more frames

constitute an observat ion, which w i l l  have been pre-defined to
correspond to a sc i en t i f i ca l l y  l og i ca l  un i t  of data.

~ The def in i t ion of an "observation", therefore, is s igni f icant  for understand-
ing how the FOS science data is to be processed. An observation consists of
the following:

a) The NSSC-1 (SI C&DH computer) Standard Header Packet. The
t ransm iss ion  of the Standard Header Packet is commanded
through the NSSC-1. According to SLIB T23, the YFHKPG NSSC-1
processor can request the SHP every N (a commandable param-
eter in the NSSC-l software) major frames when the CEA i nd i -
cates that i t  is acqu i r ing data. The YFSDPR NSSC-1 processor
fssues an SHP for each map that is taken, and Mode 2 Target
Acqu is i t ion  also outputs SHPs. In any event, however,an SHP
wi l l  beou tpu t a t  the s tar t of each observat ion.

b) The FOS-Unique Data Log ( f rom the FOS mic rop rocessor ) .  P r i o r
to the transmission of th is log, the science telemetry format
is changed to reflect 965 data words per l ine  and one l i ne
per telemetry frame (see Section 3.2.4 for de f i n i t i ons  of
these terms). According to SLIB T23, the UDL may be dumped
more f requent ly than once per observa t ion .

¢) One or more f rames of sc i ence  i n fo rma t i on  ( f rom the FOS
mic rop rocesso r ) ,  each of which can con ta i n  a Science Header,
a Science Data Array,  and a Re jec t  Array.  Only the Science
Data Ar ray  must De p resen t  in  the data p rocessed  in a l l
Ground Software Modes. P r i o r  to the start of t ransmission of
the science in fo rmat ion ,  the science telemetry format is
changed to ref lect  the science information's number of words/
l ine and number of l ines / f rame.

There are t yp i ca l l y  many frames of science in fo rmat ion  in an FOS observa t ion ,
usua l l y  spaced ( fo r  telemetry transmission) at  one to f ive-minute centers.
As mentioned in Sec t ion  1 .5 ,  there is  no connect ion  between the observa t ion
(data acqu i s i t i on )  parameters and the downlink control parametars (except
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what may happen to exist i f  conventions are fo l lowed).  Further details on
the transmission characteristics are provided below:

1. Command YSCIDMP/Y002_. (see Section 3 .1 .2 .1 )  can be used to
speci fy  the memory dump start address, the number of words/
l i ne ,  and the number of l ines / f rame.  These quant i t ies  are
al l  in the engineering telemetry.

2. The SDF and the FOS microprocessor must be compatible in
their expectations of the number of words/line and l ines/
frame for the telemetry to func t ion .

3. The maximum number of data words/ l ine (see Section 3.2.4) is
965. For some observations (although this is not requ i red ) ,
a convention may be used that keeps an association between
the SDF (and hence FOS microprocessor) " l i ne "  and how the
observer thinks of a " l i ne " .  I f  this convention happens to
be used, a t yp ica l  FOS l ine size could be 521 words, cor res-
ponding to S512 channels {( i .e.,  al l  the diodes being used) and
an OVRSCN (see Section 3.1.1.3) value of 10.

4. The total number of words per frame can potential ly be up to
the full 12X words (address X'AQ0Q' to X'FFFE') al located in
the FOS RAM to science information (see Section 3 .2 .3 ) .  An |

integral number of l i nes  must be sent in a frame, however,
and a l l  l ines  in a frame must have the same number of words.

5. In some FOS app l i ca t ions ,  i t  may be necessary to reduce the
l ine  size to gain speed (would send fewer channels to the
g round ) .  Another techn ique to gain speed would be to
el iminate the Science Header, F i na l l y ,  the most e f f i c i en t
use of the talemetry format requ i res a l ine length of [30 +61 * n] words (n an integer in the [0-15] range, 15 giving
965 words).

6. Because of the characteristics of the FOS/SOF intarface (see
Section 1 .5 ) ,  the FOS must stop data gather ing while i t  is
feeding information to the downlink (or tape reco rde r ) .

Control of the FOS instrument can be accomplished by "command sequences” (sae
SLIB 763 for examples) that are comprised of i nd iv idua l  commands. There are
three types of FOS-unique commands:

1. Discreta Relay Commands are used to control FOS inpu t  power to
the various power suppl ies.  They are also used to cont ro l
¢ r i t i ca l  f a i l sa fe  ha rdware ,  the i n t e rna l  common bus ,  and
science data por t  c ross -s t r app ing .

2. D i sc re te  Logic Commands are used to r ese t  the FQS m ic ro -
- p rocesso r ;  s ta r t ,  end, and abor t  data acqu i s i t i on ;  r ese t

intarnal error f l ags ;  and select  the FGWA motor.
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3. Serial Magnitude Commands are used to i n i t i a l i ze  hardware
parameters, control mechanisms, set up and cont ro l  science
data acqu i s i t i on  and readout,  and perform d iagnos t i cs .

The commands in the f i r s t  two types are l i s t ed  in Table 3.1-l1 ( in the order
they are presented in SLIB 753, but using the notation of SLIB 1088 that
omits the RIU des ignat ion) ,  while the Ser ia l  Magnitude Commands ( in the order
shown graph ica l l y  in SLIB 753, and described in SLIB 683) are l i s t ed  in Table
3.1-2 .  These tables also give the sect ion in th is document where the command
is discussed. The f i rs t  seven commands in Table 3.1-2 are “Type 3 commands”
(having a four-bit command code and a 12-b i t  data f i e l d ) ;  a l l  others are
“Type 4 commands", which have a four-bi t  command code, four-b i t  modi f ier
f i e l d ,  and e i gh t -b i t  data f i e l d .

Bits Y.219-Y.221 in the the command error f lag word (YSMCERRS/Y649) d i s t i n -
gquish between Type 3 and Type4 commands. Bi ts Y.223-Y.226 of this word have
reference in the i r  de f i n i t i ons  to " i l l ega l  path" .  I f  any of these b i ts  are
set, a malfunct ion of the FOS microprocessor is indicated.  There is no com-
b ina t ion  of normal commands that should cause the ind icated path to be taken,
since the command parameters are checked before the branching based on them
is  taken. YSMCERRS and the associated command in YLASTCMD/YS43 are zeroed
after  being sampled for telemetry (see the l i s t  in Sect ion 2 .1 .5 ) .

‘For the purposes of th is  document, the FOS commands (except  for most of the
Disc re te  Relay ones,  s ince  t he i r  f unc t i ons  are se l f - ev i den t )  have been
d iv ided into the fo l lowing catagories:

Loop Control  Commands,

Qther Oownlink Control Commands,

Digicon Commands,

Mechanism Commands,

Target ing Commands, and

A
 

nV
 

A
W

N

Miscellaneous Commands.

These commands, with their associated telemetry, are covered {in Sect ions
3.1 .1-3 .1 .6  respect ive ly .  Section 3.1.7 l i s t s  the major FOS f lags and i nd i -
cators required for processing.

FOS oo  | oo  | ND-1004A



FOS.
SQGS

Cmd 10D

1505
1507
Y515
1501
Y503¢
Y5117
1579
1581
Y517
1519
Y521;
Y523
1525
v527,
Y529,
1531
Y533¢
Y535C
Y537;
Y5392
YS5413
1543
1569¢
Y585
1583
Y547¢
1877

575 .

YS61,
¥563.
Y567°<
Y625,
1627;

YS71,
1573:
1545
Y549°¢
Y351,
¥353.
YS55 0 |

1557
1559,

Mnemonic

YSAFAP
YSAFED
YSAFPL
YARMAP
YARMED
YARMPL
YBUSS1
YBUSSZ
YHVOFF
YHVON
YQSQFF
YQSON
YLSOFF
YHTON
YSOFB4
YSOFB2
YSDFB3
YSOFBL
YSOFA4
YSDFA2
YSOFA3
YSOFAL
YLSON
YCALSB
YCALSA
YHTOFF
YCALOF

YCALON

YBLAPR
~ YBLENT

YBLPOL
YST3YL
YST3Y2

YCMTRA
YCMTRSB
YRESET
YRIZBW
Y3MHZ
Y1:5MZ
YABACQ
YENDAC
YBEGAC

‘Safe Aperture command.

Blow Aperture command.

Abort  Data Acqu i s i t i on  command.

ND=-1004A
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Table 3 .1 -1  FOS Discrete Commands.

Role

Discrete Relay Commands

See Section 3 .1 .4 .2
Safe Entrance Por t  command. See Sec t ion  3 .1 .4 .1
Safe Po la r i ze r  command. See Sect ion 3 .1 .4 .3
Arm Aperture command. See Sect ion 3 .1 .4 .2
Arm Entrance Port  command. See Sec t ion  3 .1 .4 .1
Arm Polar izer command. See Sect ion 3 .1 .4 .3

- A=Qn, B=Qff S1 command.
A-Qn, B~QffS2 command.
High Yol tage Supply Off command.

- High Voltage Supply On command.
Quie t  Supply Off command.
Quiet  Supply On command.
Logic Supply Off command.
Heater On command.
SOF B4 port  to side se lec t  command.
SOF B2 port to side se lect  command.
SOF B3 port to side se lec t  command.
SOF Bl por t to side se lec t  command.
SDF A4 port to side se lec t  command.
SOF A2 port to side se lec t  command.
SOF A3 port to side se lec t  command.
SOF Al port  to side se lec t  command.
Logic Supply On command.
Select Ca l ib ra t ion  Lamp 8 command.
Se lec t  Ca l i b ra t i on  Lamp A command.
Heater Off command.
Spectra]  Ca l i b ra t i on  Lamp Off command.

1.6.4
Jpeciral  Ca l i b ra t i on  Lamp On command.

See Section 3 .1 .6 .4
See Sect ion  3 .1 .6 .4

See Sec t ion

See Sec t i on

) See Section 3.1.4.2
Slow Entrance Port  command. See Sec t ion  3 .1 .4 .1
Blow Po la r i ze r  command. See Sec t ion  3 .1 .4 .3
RIUA SBY1 command.
RIUA SBY2 command.

D i sc re te  Logic Commands

Se lec t  Motor A command. See Sec t i on  3 .1 .4 .4
Select Motor 8 command. See Section 3 .1 .4 .4
Reset Microprocessor command. See Sec t ion  3
Reset [z8/Watchdog command. See Section 3.1.
Se lec t  3.0 MHz Clock command.
Se lec t  1.5 MHz Clock command.

1
8.

See Sect ion 3.1.
See Sect ion 3.1.

See Sec t i on  3
See Sec t ion  3.1

See Sec t ion  3
End Data Acqu i s i t i on  command.

C)
5

2 .3
3

Begin DataAcqu i s i t i on  command. 23
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Cmd ID

1024.
1025,
Y026¢

Yoa7,
Y028,,

029,

Y030,

Y000
Y002
Y004¢
Y006<

Y008
YO10
Y012
Y0l4.
1016
1018
1022;
Y023

1059,

Y031,
Y032;

YQ33
Y038

O
O

Y034
Y035°
Y038,

037,

Mnemonic

YX=-0EFL
YY-DEFL
YX-BASE

YY-BASE

YX-P ITCH

YY-P ITCH

YHVDAC

YRAMADOR
YSCIOMP
YTARACQ
YDISCADOR

YLIVETYM
YDEADTYM
YCHNLEN
YREJLIM
YACQLIM
YSTRWRD
YMECHCAL
YSYNC

YSCIADOR

YDISC
YREFDAC

YFOCUS
YFFCAL

YENTRNC
YAPER
YPLZR

YFILTER

Set X-def lec t ion amp l i f i e r  DAC.
Set Y-def lec t ion  amp l i f i e r  DAC.
Base value for X def lect ion computations.
3 .1 .3

Base value fo r Y deflection computations.
3.1.3

ND-1004A
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Table 3,1-2 FOS Serial  Magnitude Commands

Role

Type 3 Commands

See Sect ion  3.1 .3
See Sect ion 3 .1 .3

See Sect ion

See Sect ion

Scaled X-def lec t ion DAC value for one diode width in X.
See Sect ion 3 .1 .3
Scaled Y-def lect ion DAC value for one diode width in Y.
See Sect ion  3 .1 .3
Set high vol tage power supply DAC.

Load RAM storage address.
Set dump parametars.
Set target acqu i s i t i on  parameters.

See Sect ion 3 .1 .3

Data Commands

See Sect ion  3 .1 .6 .3
See Section 3.1.2.1 |

See Section 3.1.5
Load d isc r im ina to r  at address or set a l l  values. See
Sect ion 3 .1 .6 .2
Set accumulator open ( l i ve )  time.
Set accumulator closed (dead) time.
Enab le / i nh ib i t  channel(s).
Set noise re jec t ion  l im i t .
Set data acqu i s i t i on  l im i t .
Store next commands as data.
Set feedback code for mechanism.

See Sect ion  3 .1 .1 .1
See Sect ion 3 .1 .1 .1

See Sect ion 3 .1 .6 .2
See Sect ion  3 .1 .1 .1

See Sec t i on  3 .1 .2 .3
See Sect ion 3 .1 .6 .3

See Sec t i on  3 .1 .4
Set delay for s ta r t i ng  synchronous acqu i s i t i on .  See
Section 3 .1 .6 .1
Jet  f i r s t  RAM address for sc ience data.

Set d i sc r im ina to r  DAC tab le  va lue .
ne  conmon d i sc r im ina to r  re ference DAC.

Set focus tr im DAC.
Set LED f l a t - f i e l d  lamp on or o f f .

Set entrance por t  open or c losed.
Set ent rance aperture to pos i t i on ,
j e t  po la r i ze r  mechanism to pos i t i on .

i [ J

Set FGWA to pos i t i on ,

See Sec t i on

DAC Commands

See Sec t ion  3 .1 .6 .2
See Sec t i on

See Sec t i on  3 .1 .3
See Sect ion 3 .1 .6 .4

Mechanism Commands

See Section 3 .1 .4 .1
See Sec t ion  3 .1 .4 .2

See Sec t ion

See Sec t ion  3 .1 .4 .4



Y039,

Y04Q
Y04l.
1042:
1043

Y066,,
1045
1046
1047¢
Y043
Y049
Y050¢

Y0S51
| Y068¢

1053;

YQs4.

Y0s2
Y044
Y0S5

Yasa,
YQS57
YQ70
Ya71
¥083
Y084.

085,
Y086

NO-1004A
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Table 3.1-2 FOS Serial Magnitude Commands (cont)
Mnemonic

YMCHREG

YMCHSTEP

YX-STEP

YX-0LY
YINIT
Y1STCHNL
YINTS

YY-RNGE
YOUT-CLR
YTAMQO
YY-STEP
YY-OLY
YACQMOODE
YCHNLS

YOVYRSCAN
YSLICES
YCLEARS

YPTRNOUT

YRAM=-MAP
YSTOPOMP
YMEMCHK

YKPALYED

YSDERASE
YSCIACT
YKEY
YDOCHK
YEFILL

YPAUSE
YRANDOM

‘Set number of memory c l ea rs /acqu i s i t i on .

Ro le

Jet mechanism register  to dr ive s i gna l .  See Section

Step mechanism. See Sect ion 3 .1 .4

Software Parameter Commands

je ect number o f X def lect ion steps. See Section
1 .1 .

Spare,
Seti n i t i a l i za t i on  mode. See Section 3 .1 .6 .1
Set f i rst  channel to be processed. See Section 3.1.2.2
Set number of sub- in tagra t ions  per X -s tap .  See Sect ion
3 .1 .1 .1
Set range for Y de f l ec t i on .
Set readouts/memory c lea r .  See Section 3 .1 .1 .7
Set target acqu is i t i on  mode. See Section 3.1.5
Set number of Y def lec t ion  steps, See Section 3 .1 .1 .4
Spare.
Set data acqu is i t i on  mode. See Section 3 .1 .6 .1
Set number of channels to be processed. See Section
3 .1 .2 .2
Set number of diodes overscan.
Set number of memory s l i ces .

See Sec t i on  3 .1 .1 .4

See Sec t ion  3 .1 .1 .3
See Sec t ion  3 .1 .1 .5

See Sect ion
3 .1 .1 .8  

|

Set number of patterns/readout., See Section 3 .1 .1 .6

Diagnost ic  Commands

Map physical to l og i ca l  RAM page. See Section 3 .1 .6 .5
Stop sc ience dump. See Sect ion 3 .1 .2 .3
F111 science memory with tast pattern,
3 .1 .6 .3
cnable/disable autonomous go ing  safe.
3 .1 .6 .5
Clear sc ience memory l oca t i ons .  See Sec t i on  3 .1 .5 .3
Control  science data dump. See Sec t ion  3 .1 .2 .3
? rov ide  FORTH KEY capab i l i t y .  See Sec t i on  3 .1 .6 .5
Sample a l l  d i sc r im ina to r  DACs. See Sec t ion  3 .1 .5 .1
Jample a l l  ser ia l  d i g i t a l  te lemetry.  See Section

LJ J 1

Set / reset  pause acgu is i t i on  b i t .  ‘See Section 3 .1 .2 .3
Fi11 science memory with pseudo-random sequence. See
Sect ion  3 .1 .6 .3

See Sec t ion

See Sec t ion
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3 .1 .1  Loop Control Commands
The FOS microprocessor has a set of control parameters used for its loop
control.  These parametersare commanded (rather than having the FOS micro-
processor adapt ive ly  determine them), and a l l  of them are in the engineer ing
telemetry (and hence the Science Header and FOS-Unique Data Log) described in
Section 4, In the sequence from the inner-most to outer-most loop, and using
the notation of a figure in SLIB 753, these quantit ies are:

1 Number of Intagrations (INTS),
Numberof X-Steps per Oiode (XSTEPS),
Numberof X-0iodes (QVRSCN), |

Number of Y-Staps (YSTEPS),
Number of S l i ces  (SLICES),
Number of Patterns/Readout,
Number of Readouts/Memory Clear,  and

8 Number of Memory C lears /Acqu is i t ion .

~N
 

O
V 

in
 

W
N

In p r i nc i p l e ,  the starting channel and number of channels sampled could be
considered as loop "0" (see Section 3.1.2.2) .  To the end of this l i s t  could
also be added (conceptua l l y ,  since of course i t  is not an exp l i c i t  parameter)
the quant i ty "Number of Acquisit ions/Space Telescope L i f e t ime" .  Once the FOS
microprocessor f a l l s  out of the "3" loop, aside from set t ing  b i t  YNDAIP/YS71
i t  takes no further act ion pending another "Begin Data Acquis i t ion"  (command
YBEGAC/YS59,.) that i n i t i a t es  the whole process again. Since these loop con-
trol parameters are so s i gn i f i can t  to FOS ope ra t i on ,  they are discussed in:
deta i l  below.

3 .1 .1 .1  Number of In tagrat ions (INTS) _
INTS, the number of i n t eg ra t i ons ,  con t ro l s  the number of oped t ime/c losa time
pairs of FOS Analog Signal Processor samples of the output from the rate
l im i t e r  that are done. I[t is commanded by YINTS/Y043, and telemetared in
YINTEG/Y546. A zero value means that 256 of these sub-integrations should be
performed for each XSTePS (see Section 3.1.1.2) value.

The accumulator "open time" (interval during which accumulator counting is
enabled) is specified by command YLIVETYM/Y008, in units of 7.8125 usec (8
pe r i ods  of the 1.024 MHz spacec ra f t  osc i l l a t o r ) .  Al though the command
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specifies this time d i rect ly ,  the telemetered value in YLIVEHI/YS85 and
YLIVELO/Y586 is (due to the nature of the hardware) in two's complement form.
To convert the downlink value to the "true" time in microseconds, the 16-b i t
value can be converted to decimal, subtracted from 216 (65536), and then
mul t i p l i ed  by 7.81285.

The time intarval is controlled by the spacecraft clock (and a high-urgency
interrupt) rather than being dependent on FOS microprocessor background
computing delay times (see Section 1 .5) .  The minimum reasonable accumulator
open time is about 3 msec (since a telemetry sync interrupt can take a couple
of mi l l iseconds to se rv i ce ) .  In special cases, the telemetry could be d is-
ab led ,  thus reducing the minimum to the about 800 clock t i cks  (781.25 usec)
that are needed to service the interrupt. Since 16 bits are a l l oca ted ,  a
maximum of 512 msec can be set for the time during which the accumulators are
te count the FQS rate limiter outputs, 

| |

Similarly, the accumulator "close time" ( interval  during which accumulator
counting is disabled) is  spec i f ied  by command YDEADTYM/YOLO0, in the same
units (7.8125 usec). The telemetered value in YDEADHI/YS87 and YDEADLO/
Y588) again is in two's complement form. The accumulators are inhibited
every timer cycle to allow for data readout. Other uses of the capability
inc lude whi le the magnetic deflection system is moving the beam to a new
position or i f ,  for some other reason, a "garbage" output would otherwise be
expectad. To al low for the FOS microprocessor computations, the sum of the
accumulator l i ve  and dead times must be above a value that depends on the
instrument mode (30 msec is  a good ru le of thumb). [ f  the accumulated count
per integration is large, then the Oouble/-Single Precision Adder Instrument
Mode b i t  must be se t  to 1 (see Section 2 .1 .5 ) .

A major app l i ca t i on  of INTS is to minimize the amount of data los t  due to
transients, since the FOS hardware can respond to re lay g l i t ches  and could
reasonably be expectad in S512 msec to take cosmic ray " h i t s " .  I f ,  ra ther

‘than a s ingle 512-msec intarval, had 10 intervals of about 51 msec, then
ed i t ing  in the FOS microprocessor could detect inputs above a burst  noise
reject ion l im i t  (command YREJLIM/YOL4 , telemetered in YNQISZLM/YS44) and
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reject them, For a fa in t  object with an interval of 25-50 msec, the l im i t
probably w i l l  be set to 2, since the overwhelming probabi l i ty is  a count of
zero. A zero value for YREJLIM disables the adder ent i re ly  (and therefore
the computation of the overl ight sum, see Section 2.1.5),  while a value of -1
(X'FFFF') makes the reject ion l im i t  unattainable (a l lowing the adder to s t i l l
function). Rejection is of  the complete sample from al l  channels for that
particular interval: this is accompanied either by a “retry” or by an update
of the Reject Array (the latter would be chosen i f  the time phasing of the
measurements was critical). [If YYREJRE/Y.207 i s  1, the Reject Array {is up-
dated. The count of the number of rejects (cleared each time the value fis
sampled, see SLIB T30) is given in 16-bit measurement YREJECTS/Y652, which is
incrementad regardless of whether the Reject Array is being used. There is
no l imi t  in the FOS microprocessor software on the number of times a given
measurement can be retried.

3.1.1.2 Number of X-Steps per Diode (XSTEPS)
The 12-b i t  FOS Digicon X-axis DAC deflection control has a nominal sca l ing
(see Section 1.5) of 32 leas t  increments per X-axis diode width. The param-
eter XSTEPS (command YX-STEP/Y039,, telemetered in YXSTEPS/Y524) spec i f i es
the number of steps to be done over a s ing le d iode ' s  width. For example,
[XSTEPS = 4] would cause a measurement "at" the diode, then at [diode+0.25],
[diode+0.50], and [diode+Q0.75]. Steps go in the +X direct ion. Expected
values for XSTEPS are 1, 2, 4, 8, and 16 (wi th  4 the typical  va lue) .  There
is no restriction that the quantity be a power of 2, however, A setting of
32 for XSTEPS is considered unreasonable, 16 gets to noise, 3 is ove rk i l l ,  4
is about r igh t ,  and 2 is coarse.

For speed reasons, the FOS microprocessor for a given scan of the diode-path
buffer registers increments its RAM channel counters at successive addresses.
This means that, for a given XSTEPS-controlled of fset  (such as for [d iode
+0.50] ) ,  a l l  the channel readouts are grouped together. For subsequent
processing, however, i t  is necessary to arrange the information in meaningful
wavelength order, so that the readouts must progress [element], [element
+0.25], [element+(0.50], and [element+0.75], fo l lowed by the next element's
result  for the four XSTEPS-controlled offsets. This reordering (or unscram-
bling) process is covered in Section 3.2.3.2.



FOS | oo  
» ND-1004A

SOGS | Co | 1 /28 /84
-36- 

|

3.1.1.3 Number ofX-Diodes (QVRSCN)
XSTEPS controls the fractional diode X-axis step log ic .  OQVRSCN (command
YOVRSCAN/YQS1,, telemetered in YOVRSCAN/YS30) controls the number of integral
X-axis diodes over which the X-axis deflection process is continued. For
example, i f  [XSTEPS = 4] and [OYRSCN = 3],  then a total of 12 successive X-
axis measurements, each spaced (after the f i r s t )  by 0.25 d iode,  would be
taken. In the FOS microprocessor, the memory ce l l  boosted from diode #3's
output for the f i r s t  of these 12 measurements would be boosted from d iode
#4's output for the fifth measurement, and from diode #5's output for the

ninth, since ( fo r  perfect deflection hardware performance) these samples
reflect a T igh t  stimulus of identical wavelength. I t is  th is  process that
causes the FOS RAM cells to contain "element" information (in contrast to
"channel" data that they would have in the special case of [OYRSCN = 1] ) .
See Section 3 .2 .3 .2  for the arrangement of the resu l t i ng  words in FOS memory.

Having [OVRSCN > 1] causes a filtering on the output of the var ious diodes,
as well as permitting compensation for a f a i l ed  channel (that otherwise would
produce a "gap" in the spectrim data). A commanded value of Q is interpreted
to be 256, but  hardware l im i t s  mean ing fu l  use to va lues  from 1 to 128.
Although a value of 64 has been run, a more typical value is 10. Oue to the
QVRSCN parameter, the data at e i ther  end of the sampled group of channels
must De compensated to recognize (even i f  the Re jec t  Array is not i nvo lved)
that fewer samples are collected for them.

3 .1 .1 .4  Number of Y-Steps (YSTEPS)
The QVRSCN parameter is the las t  of the group of parameters con t ro l l i ng  the
FOS microprocessor's looping for the X ax is .  YSTEPS (command YY-STEP/Y047 _,
talemetered in YYSTE?S/Y528) 1s used to contro l  the de f lec t ion  in the Y
d i rec t i on  (perpend icu la r  to the X-axis d ispersion d i r ec t i on ) .  A t yp i ca l
value is 2, allowing one value to be for the object and the other to re f l ec t
a sky background. A commanded value of Q is interpreted to be 25%.

\

In the FOS design, the X and Y axes were kept as symmetrical as poss ib le .
Deflections for both start at a "base" value (YXBASE and YYSASE in Section
3 .1 .3 ) ,  and in both there is  the concept of a “deflection range" and the
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“number of steps in that range.” The deflection range for X is defined to be
one diode width,  whereas for Y i t  is determined by a command. The number of
steps for X is given by XSTEPS (see Section 3 .1 .1 .2 ) ,  and fo r Y i t  is YSTEPS.
Since for X the steps are counted inc lud ing  the f i r s t  point  ([XSTEPS = 2]
provides a measurement "at" the diode and at [diode + 0.5], with subsequent
offsets controlled by OVRSCN as described in Section 3.1.1.3) ,  a s imi lar
procedure is fo l lowed for the Y axis. 

|

The YY-RNGE/YO66, command (telemetered in YRANGE/YS5S) selects the range over
which the Y de f l ec t i on  is to occur: for N YSTEPS, the bottom [ (N -1 ) /N ]
fraction of the f u l l  area w i l l  be covered. Hence in the frequently useful
case where need only two d i f fe ren t  Y de f l ec t i ons ,  YYBASE gives the f i r s t
value, and [YRANGE/2] gives the of fset  for the second. This means that
YRANGE must be set to twice the second Y va lue 's  desired of fset  from YYBASE.
The scaling of YY-RNGE .is such that a parameter value of 128 corresponds to
the fu l l  nominal deflection capabi l i ty ,  implying (since the DAC is 12 bi ts)
that must scale the information by 27, Successive nominal increments are
of fset  (always in the +Y d i r ec t i on )  by:

| (YRANGE* 32)/YSTEPS.
As discussed i n  Section 1.5, the observer can set the FOS de f lec t ion  param-
eters based on the design-nominal de f lec t ion  sca l ing ;  the actual values
loaded into the DACs are scaled by the FOS microprocessor (using YXPITCH and
YYPITCH discussed in Section 3.1.3) .

3.1 .1 .5  Number of Si ices (SLICES)
SLICES (command YSLICES/YQ063., telemetered in YMSLICES/YS76) is the f inal FOS
microprocessor cont ro l  parametar impacting the choice of RAM storage cells.
I t  is used to causa a repe t i t i on  ( in a d i f f e ren t  area of the memory) of the
XSTEPS~QVRSCN=-YSTEPS co l l ec t i on  of data. One app l i ca t i on  of the parameter is
to segment the data for subsequent processing in the Time-Resolved Ground
Software Mode to permit study of objects with known pe r i od i c i t y  (each " s l i ce "
corresponds to a predicted phase). Another use of SLICES is  in conjunct ion
with the Automatic Po lar izer  Sequence Instrument Mode (see Section 2 .1 .3 ) .  A
commanded value of 0 is  interpreted to be 256. I f  a value above 1 is needed,
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typical settings are 4-8, with maximum expected value of 20. Alternatively,
a large value of SLICES could be used with a small value for the number of
channels to analyze aper iod ic  or unknown-period time va r i ab i l i t y .

3 .1 .1 .6  Number of Patterns/Readout |

The col lect ion of data over the selected number of elements (including the
effect of OVYRSCN), for each XSTEP, for each YSTEP, and then for each SLICE
const i tu tes a group of FOS RAM data that is referred to as a "pa t te rn " .  I t s
physical  s ign i f i cance ,  however, is merely a set of contiguous FOS micro-
processor RAM ce l l s .  Patterns/readout (command YPTRNOUT/Y0S4., telemetared
in  YPTRNS/YS77) determines how many co l l ec t i on  pattern sequences ( fo r  each
XSTEP, for each YSTEP, and then for each SLICE, each sequence incrementing
the same FOS microprocessor RAM ce l ls  at the corresponding point )  occur
before a “frame” of science information is telemetered. A commanded value of
Q is interpreted as 256. A typ ica l  set t ing would be to cause a readout about
once per minute. Comparatively frequent readouts are des i rab le to ensure
against loss of data (due to data transmission problems), as well as to help
permit compensation for possib le radiat ion- induced t rans ients  in the FOS RAM
(manual checks could reveal where an excessive d i scon t i nu i t y  occurred).  I f
the Re jec t  Array 1s not used, the actual  t ransmiss ion per iod  of the in forma-
t ion can be va r i ab le ,  depending on the number of re t r i es  that are t r iggered
by the burst noise re ject ion l im i t  commanded by YREJLIM/YO14, (see Section
3 .1 .1 .1 ) .

3 .1 .1 .7  Number of Readouts/Memory Clear 
|

Readouts/memory clear (command YOUT-CLR/Y045., telemetered in YREADCYC/YS48)
is usad to determine how oftan the RAM ce l l s  re f l ec t i ng  the counts accumu-
lated for each element are reset.  0oing the readouts without memory c lea rs
means that a subsequent readout  would have su f f i c i en t  data to do the p rocess -
ing .  I f ,  for example, do a readout  every 5 minutes, the readout  after 60
minu tes ,  i f  success fu l ,  would r e f l ec t  a l l  the data measurement r esu l t s
gathered for that hour. For high input ratas or long sampling in terva ls ,
however, i t  is necessary to reset the RAM science information (wi th a nominal
starting address of X'AQQ0Q') ce l l s  to zero pe r i od i ca l l y  so that the analysis
w i l l  not be complicated by overflow of the L6 -b i t  RAM word (see also command
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| YACQLIN/YOLS, in Section 3 .1 .2 .3 ) .  I f ,  for instance, there is a 5 hour
observation, the specification might be to reset the memory every hour. This
means that the ana lys is  activity eventually would have to retrieve the f i na l
frame w i t h i n  each hour for p rocess ing ,  combin ing the counts w i th  the
corresponding ones in the other four hours. Clear ing occurs after the las t
readout in the sequence. A commanded value of 0 would r esu l t  in i nde f i n i t e l y
long observations (cont inuing unt i l  otherwise stopped). I f  the time phasing
of the measurements is crit ical, this quantity should have a value of 1,

.s{nce the phasing cannot be guaranteed across the readout interval.

3.1.1.8 Numberof Memory Clears/Acquisition 
|

Memory c lears /acquis i  t ion (command YCLEARS/YO0S53., teleme tered in YREADCYL/
YS48) is the f ina l  criterion determining when an "observation" {is completed
(with memory clears every hour, i t  would be set to 5 i f  the des i red length of
the complete observation was 5 hours) .  As wi th the other times, the values
are “nominal” i f  the Reject Array is not used, because of the possibility of
retries, A commanded value of 0 would resu l t  in indefinitely long observ-
at ions (con t inu ing  until otherwise stopped).

3.1.2 Qther Downlink Control Commands
As mentioned p rev ious l y ,  the FOS science information is bas i ca l l y  a dump of
an area of the FOS microprocessor memory. In add i t i on  to the loop control
quantities discussad in Section 3 .1 .1 ,  commands in the fol lowing categories
also control the output:

1 Oump Parameter Command,

2 Channel Se lec t i on  Commands, and

3 Acquisition/Oump Commands.

These are discussed in the fo l lowing sections.

3.1.2.1 Oump Parameter Command
Command YSCIOMP/Y0Q02, can be used to speci fy the memory dump start address,
the number of words per l i ne ,  and the number of l i nes  per frame. Oepending
on a command parameter, only the las t  two, or only the l as t ,  quantity can
also be sat by the same basic command. These quant i t ies  are telemetered in
YMDMPADR/YS5Q0, YWRDOSLIN/YS51, and YLINSFRM/YS52 respect ive ly .
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As discussed in Section 3 .2 .3 ,  the memory dump start address t yp i ca l l y  w i l l
be set to cause transmission of one line (YWRDSLIN) of Science Header data
before the Science Data itself, although this constraint is not enforced by
the on-board software,

The number of words/ l ine {is a maximum of 965 (a l im i t  imposed by other ST
systems, see Section 3 .2 .4 ) ,  but for some observations probably w i l l  be set
to:

M = CHNLS + QYRSCN ~- 1,
where CHNLS is the number of channels to be processed (see Sect ion 3 .1 .2 .2 )
and QVRSCN {is the overscan parameter (see Section 3 .1 .1 .3 ) .  For typical

va lues  of [CHNLS = 512] and [OVRSCN = 10], therefore,  (M = 521]. There is no
cons t ra in t  on the operat ion of the FQS that requ i res  this convention to be
observed, since the downlinking process is fundamentally a dump of a part  of
the FOS microprocessor's memory, and therefore need have no simple re la t ion -
ship to the deflection sequence when the data was gathered.

The number of lines/frame that are required can be detarmined from:
N = SHL + #SL + #STL,

where SHL is the number of l ines for the Science Header ( s l ,  see Section
3.2.3) ,  #SL is the number of Science Lines, and #STL is the number of Science
Tra i l e r  L ines,  The value for #SL is determined from:

#SL = XSTEPS * YSTEPS * SLICES,
where XSTEPS, YSTEPS, and SLICES are discussed in Sections 3 .1 .1 .2 ,  3 .1 .1 .4 ,
and 3 .1 .1 .5  respec t i ve ly .  Note that the parameters in Sections 3 .1 . l . 6 -
3 .1 .1 .8  do not impact the format of the output. F i na l l y ,  the value for #STL
is determined from:

#STL = [(WRA + M = 1) /M] ,  
|

where WRA is the number of words in the Reject Array ( i f  i t  is needed, see
Section 3 .2 .3 .3 ) ,  a truncated d i v i s i on  is used, and M is the number of words/
l ine computed above. WRA is given by: 

|

WRA = XSTEPS * OVRSCN * YSTEPS * SLICES,
where the parameters have already been cited.
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3 .1 .2 .2  Channel Se lec t ion  Commands
The f i r s t  channe l  in the de tec to r  a r ray  to be p rocessed  is  se lec ted  by
command YLSTCHNL/Y042. (telemetered in YLISTCHNL/YS31). The f i rs t  physical
channel is numbered #0, and the actual channel to be used is given by two
times the data f i e l d  ( in both the command and the telemetry). Hence before
being used in computations, the value must be mu l t i p l i ed  by 2.

CHNLS, the number of channels in the detector array to be processed, i s
speci f ied by command YCHNLS/Y0SQ, (talemetared in YNUMCHNL/YS32). The actual
number of channels to be used is given by two times the data f i e l d  ( in both
the command and the telemetry), except that a value of 0 means al l  512 chan-
nels .  Before being used in computations, these compensations must be made.

3 .1 .2 .3  Acquisition/Oump Commands
There are several  commands provided to control data acqu is i t i on  and dumping.
They include: 

| 

|

1. YBEGAC/YS59_, used to Begin Data Acqu i s i t i on ,  When i t  is
rece ived,  fe lemetry b i t  YYBEGNDA/Y.227 is  set 1 (the b i t  i s
zeroed when i t  is read out as part of minor frame 118, see
Section 2 .1 .9 ) .

2. YENDAC/YS57 ., used to End Data Acqu i s i t i on  (at the end of the
next patterh). When i t  is  rece ived,  telemetry b i t  YYENODA/
¥Y.228 is set 1 (the b i t  is zeroed when i t  is read out ) ,

3. YABACQ/YS55_., used to Abort Data Acqu is i t i on  immediately.
When i t  is rece ived ,  telemetry b i t  YYABRTDA/Y.229 is set 1
(the b i t  is zeroed when i t  is read out).

4. YPAUSE/Y08S., used to Pause Data Acqu is i t ion  (wi thout  d is turb-
ing the dati acqu is i t i on  counters). The same command is used
to resume data acqu is i t i on .  When a pause is in progress,
telemetry b i t  YPIP/YS73 is set 1.

5S. YACQLIM/YOl6_., used to set the data acqu i s i t i on  l im i t  ( i f  any
datum exceeds this peak l im i t ,  acqu i s i t i on  is ended at the
next readout  oppo r tun i t y ) .  A l though th i s  could give the FOS a
capab i l i t y  s im i l a r  to the “exposure metar" method of operat ing
the HRS, i t  is not planned for use. The high-order byte of
the value is telemetared in YDATALIM/YS49 ( there  is no down-
l i n k  mon i t o r i ng  ava i l ab le  of the value of the low by te ) .

6. YSTOPOMP/Y044 , used to stop a science dump immediately and
d isab le  furthér automatic science dumps. Telemetry b i t  YSDIP/
YS84 { s  set i f  a science dump is in progress.
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7. YSCIACT/YQ70., used to act ivatean immediate science data dump
and d isab le  or enable automatic science data dumps. Telemetry

b i t  YSOIP/YS84 is set i f  a science dump is in progress.

3.1.3 Digicon Commands
There are e igh t  commands provided to control  the var ious  D ig i con  DACs, as
well as to provide data-base values for the FOS microprocessor to be used for
i ts DAC-related computations. All except YFOCUS are “Type 3" commands in
Table 3 .1-2 ,  meaning that they have a 12-Di t  data f i e l d .  These commands are:

i .  YX-DEFL/Y024 sats the X-deflection amplifier DAC to the 12-
b i t  command va lue .  A f te r  l oad ing ,  the DAC is  read and
YXDACERR/YS58 set i f  an error is found. The DAC readback is
in YXDAC/YS53. Both the command and the readback have the
actual hardware sett ing (they are not impacted by YXPITCH).

2. S im i l a r l y ,  YY-DEFL/Y025_ sets the Y-def lect ion amp l i f i e r  DAC
(YYDACERR/YS59 is set if an error is found on readback). The
DAC readback is in YYDAC/YS2l.

J. YX-BASE/Y026_. sets the base def lec t ion  value for X de f lec t ion
table comput t ions to the 12 -b i t  command value, The quant i ty
is telemetered in YXBASE/YS23. The value is scaled using the
nominal 32 DAC increments/diode width (see Section 1 .5 ) .  Neg-
ative values are expressed in two's complement form (sign
extension occurs for the YXBASE telemetry value).

4, S im i l a r l y ,  YY-BASE/Y027. sets the base de f l ec t i on  value for Y
deflection table compu a t i ons  (see Section 3 .1 .1 .4 ) .  This
quanti ty {is telemetered in YYBASE/YS27. The value is scaled
using the nominal 256 DAC increments/diode height (see Section
1.5) .  Negative values are expressed in two's complement form
(sign extansion occurs for the YYBASE telemetry value).

S. YX-PITCH/Y028 . uses the 12-b i t  command value to set the scaled
X-def lec t ion fac value which when added to the current  deflec¢-
t ion w i l l  produce one diode width de f lec t i on  in the X d i r ec -
t ion .  I t  is telemetered in YXPITCH/YS22. The least  s i gn i f -
icant b i t  of this quantity corresponds to [1/64] of a DAC
increment. For example, a value of X'0600' (decimal 1536)
means that [1536/64 =] 24 DAC increments are requi red to
de f l ec t  the beam by one diode w id th .  This quan t i t y  is  used to
sca le  the o the r  X -ax i s  con t ro l  pa ramete rs  so they can be
provided assuming the nominal 32 DAC increments/width (a
YXPITCH value of X '0800' ) .

§. S im i l a r l y ,  YY-PITCA/Y029_ sets the value for the Y axis (tale~-
metered in YYPITCH/YS526) necessary to produce one d iode 's
height de f l ec t i on .  The least  s i gn i f i can t  d i t  of this quant i ty
corresponds to [ 1 /8 ]  of a OAC increment. For example, a value
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of X'0800' (decimal 2048) means that [2048/8 =] 256 Y-axis in -
crements are required to span the diode's height. This quan-
t i ty is used to scale the other Y-axis control parameters so
they can be provided assuming the nominal 256 DAC increments/

7. YHVYDAC/YQ30_. sets the high voltage power supply DAC to the
r ight-most  70 bits of the command value. After load ing,  the .
DAC is read and YHVDACER/YS61 set i f  an error is found. The
readback is in YHVDACRB/YS20. The instrument gain is a weak
function of the high voltage (which ranges 18-25 KY). The
voltage value is expectad to be changed only ra re ly  (such as
to compensate for component aging effects).

3. YFQCUS/YQ33. sets the focus trim DAC to the command value.
After load ing,  the DAC is read and YFDACERR/YS56Q set i f  an
error is found. The readback is in YFOCUSRB/YS19.

YXDAC/YS53 and YYDAC/YS21 can be used to monitor the deflection voltages
during the observat ion. Since the DAC has 12 b i t s ,  only the bottom 12 b i t s
of these words are set. Negative values are expressed in two's complement
form, meaning that i f  the 12-b i t  value corresponds to decimal 2048 or more,
the "true" value is obtained by subtracting 4096. See SLIB 1106 for values
from a sample FOS tape.



Fos LL   ND-1004A
S0GS Co 

| 1/28/84-.- |

3.1.4 Mechanism Commands
There are four FOS mechanisms that can be controlled by commands:

Entrance Port  Mechanism,

Entrance Aperture Mechanism,

“W
w

 
nN

Polarizer Mechanism, and

4 Filter/Grating Wheel Mechanism,

Two FOS mechanisms cannot be moved at  the same time. I f  the second one is
commanded before the f i rs t  is done, the instrument ignores the sacond com-
mand. Hence {it is necessary to allow su f f i c i en t  time between the commands so
they are al l  acted upon. In addition to commands dedicated to each of these
mechanisms (see below), there are also commands that can be used with any of
the mechanisms (selectad by a command f i e l d  with values of 1, 2, 3, and §
respectively for the mechanisms listed above). These general mechanism
cormands include:

l .  YMECHCAL/Y022 provides the value of a mechanical calibration
index and another parameter as the new feedback code for the
mechanism position spec i f ied  by the index.

2. YMCHREG/Y087. loads the mechanism register with the spec i f ied
data f i e l d  Ta four-b i t  f ie ld  g iv ing the motor phase dr ive
s ignals  for the four-phase motor, with 1 being on and 0 being
o f f ) .

3. YMCHSTEP/Y0S56 steps the indicated mechanism in e i t he r  the
clockwise ("forward") or counter-clockwise d i rec t ion  by 2**n
steps (n is 4 bits, and i f  a value of 15 is spec i f i ed ,  the
mechanism motion is stopped).

The YOMECH/Y.005, command (which f i l l ed  the science data memory area starting
a t  X'A00Q' with mechanism encoder values by moving the indicated mechanism
forward or backward) has been deleted from the system because i t  locked out
other se r ia l  magnitude commands. This command (whose effects could be pro-
vided via the YKEY command i f  necessary) was used to see i f  the mechanism is
"s t ick ing" .
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Each mechanism has a Mechanism Control Block that is included in the param- |

eters wi th the UDL (see Section 3 .2 .2 ) .  The layout of each of these blocks
i s  as follows:

1. Word 1 is the current re la t i ve  step pos i t i on .  I t  i s  set to 0
when the FOS microprocessor is reset and incremented or decre-
mented with each step from then. The value determines which
phases of the stepper motor are act ive  ( i t  is an index into
the mechanism motor phase table, modulo the number of table
entries). Since the t iming of its c lea r ing  with respect to
the current motor phase {is not unique, spec i f i c  values are not
necessarily repeated for a given physical  pos i t i on  of the
mechanism.

2. Word 2 is the address of a table in memory g iv ing the stapper
motor phase table (the phase sequence of the stepper motor).
This table typically has four entries (and probably w i l l  be
the same for a l l  mechanisms). I t  could be changed i f  motor
torque requirements, for example, made i t  necessary.

3. Word 3 has the number of times that the mechanism background
task (see Section 1.5) should be entered, do a delay loop that
nominally occupies a m i l l i second ,  and then hand over control
to the next  background task in  the round - rob in  sequence.
After completion of the required number of delays, the stapper
motor phase {is changed. For large values,  one test showed
that the real-time delay is  about four times the value in this
word. The i n - f l i gh t  times that elapse between any pair  of
motor steps is heavi ly dependent on the interrupt ac t i v i t y
for  example, serv ic ing  a telemetry sync intarrupt requires 2
msec).

4, Word 4 i s  the time-out count ,  gene ra l l y  set to four more ( f o r
the end point) than the total number of steps in a completa
cyc le.  When this setting procedure is used, the values are 36
for the entrance por t ,  16004 for the aper ture,  6724 for the
po la r i ze r ,  and 364 for the FGWA. The mechanism t ime-out code
is telemetered in YMECHTOC/YS66 ( reset  when i t  is read, see
Section 2 .1 .5 ) .  The three b i ts  in YMECHTOC are set to 1 for
the entrance port ,  2 for the aper ture ,  3 for the po la r i ze r ,
and 5 for the FGWA (this intarnal numbering system is reflect-
ed in a number of places in the FOS hardware). A value for
the three bits of 0 means that there is no problem.

S. Word 5 {s the dead band for the aperture and po lar izer  mech-
anisms ( i t  must be sat zero for the entrance port and FGWA).

Each hexadecimal d i g i t  of this 16 -b i t  quantity is treated
separately, and represents the negative and pos i t i ve  allowed
deviations for the high and low encoders respectively. For
example, an aperture value of X'0l1l12' would mean [ -0 ,  +1] for |the high encoder and [ -1 ,  +2] for the low encoder (see Section |
3 .1 .4 .2 ) ,
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8 .  Word 6 is the number of encoder map entries (starting with
word 7) .  Values are 2 for the en t rance  po r t ,  12 for  the
aperture, 48 for the po la r i ze r ,  and 10 for the FGWA, meaning
that their total control-block sizes are 8, 18, 54, and 16
respect ively,  f o r a grand total of 96 words (see Table 3 .2 -2 ) .

7.  Word 7 is the f i rs t  encoder map entry (the total number of
entries is specified in word 6).

8. Word 8 (and subsequent words i f  needed) complete the encoder
map.

Information on each of the individual mechanisms is provided in the following
sections.

3 .1 .4 .1  Entrance Port Mechanism
An entrance port assembly is  provided at the po in t  where l i gh t  enters the FQS
from the OTA. The assembly allows l i gh t  to enter through both or neither
opening in the bulkhead, The c i rcu la r  entrance ports are 0.290 + 0.010
inches in diameter. The close direction is “forward” (the sense of. the
command is "go backwards until open") for the general mechanism commands.
The entrance port is capable of 20,000 cycles (open and close is one cycle)
du r i ng  a f i ve - yea r  on -o rb i t  1 i f e .  In the c losed pos i t i on ,  a m i r r o r  i s
introduced to d i rec t  l i gh t  from the wavelength ca l i b ra t i on  system to the
entrance apertures. As a fa i l -sa fe  p rov is ion ,  a burn-wire pin pu l l e r  opens
the shutter,

Command YENTRNC/Y034 is used to set the entrance port open or closed (de-
pending on the argument in the data f i e l d ) .  The pos i t i on  is ind ica ted in the
telemetry Dy YDOOR/YS5Q3, with values of 01, for open and 10, for closed. The
00, value means "between". Words 7 and 8 of the Entrance Port Mechanism Con-
trol 8lock have X'4Q' for open and X'8Q' for closed respectively, correspond-
ing to the YDOOR/YS503 bits shifted l e f t  6 places. For the f a i l - sa fe  pro-
v i s i on ,  command YARMED/YS03, is used to arm the pin pu l l e r ,  YSAFED/YSQ7, to
safe i t ,  and YBLENT/YS63, to blow the pin pu l l e r ,  The armed/safe status is
telemetered (1 means armed) in YENTFRPI/Y124.

-»
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The entrance port has a 90° stepper motor with a 10:1 reduct ion (meaning that
i t  takes 9° /s tep) .  A total movement of 288° is  requi red to open or close the
port, meaning [288/9 =] 32 motor steps. Contrary to the po la r i ze r  and aper-
ture mechanisms (which use p in  encoders that can give spurious readings i f
their mechanisms are run "too f as t " ) ,  the entrance port can be run at i t s
advertised speed, which is a nominal 6.4 seconds for opening or closing (32
steps at  200 msec/step). On a sample tape (see SLIB 1106), word 3 of the
Entrance Port Mechanism Control Block was set to 47 (which corresponds to
about 200 msec, see Section 1.5) .  A time a l locat ion  of 10 seconds is  con=
sidered (see SLIB T30) a good nominal upper l im i t ,  and 30 seconds is probably
an absoluta maximum,

3 .1 .4 .2  Entrance Aperture Mechanism
Two arrays of primary apertures are located around a wheel such that in each
selectable wheel position the same aperture conf igurat ion l i es  in  both the
"A" (red) and "8" (blue) paths. The l i gh t  path is selected by pointing the
ST. The apertures are grouped to minimize the distance between the most
frequently used apertures. The mechanism is capable of 30,000 aperture
repositioning operations (averaging 90° each) during the five-year on-orbi t
l i f e .  Each aperture cons is ts  of a s ing le  hole or a pai r  of holes,  with each
hole being either round, square, or rectangular. Table 3.1-3 l i s t s  the FOS
apertures that are ava i l ab le .  A burn-wire pin pu l l e r  allows torsion springs
to rotata the aperture wheel out of the l i gh t  paths,  and causes a pair  of
f a i l - sa fe  apertures to be placed in the paths.  

|

Command YAPER/YQ3S, is used to set the entrance aperture to the pos i t i on  ( l -
12) spec i f ied ,  and also indicates whether the direction is forward (def ined
as towards the bottom of the l i s t  in Table 3 .1-3 ,  such as from B-1 to 8-2) or
backward. The decimal command values for the ind iv idua l  aperture [Ds to
command them in the forward d i rec t ion  are given in the "Fwd Cmd" column of
Table 3 .1 -3 ,  For the f a i l - sa fe  p rov i s i on ,  command YARMAP/Y501 is used to
arm the pin pu l l e r ,  YSAFAP/YSQS. to safe i t ,  and YBLAPR/YS61. to blow the pin
pul ler ,  The armed/safe status is telemetered (1 means armed) in YAPRFRPI/
Y1a3.



FOS NO-1004A
SOGS 

| 1/28/84«48=

Table 3.1-3 FOS Apertures

Fwd Hex Hex
ID Cmd T/M Map Description
B-1 1 4C £2 D016 S ing le ,  round, 0.5 arc second. Used in po la r imet ry .

B=2 2 6D 63 E3E8 S ing le ,  round, 0.3 arc second. Used in po la r imet ry .

B=3 3 62 18 E9BA S ing le ,  round, 1.0 arc second. Used in polarimetry.

B=4 4 67 35 EF8C Blank. Used as l i gh t  sh ie ld  (and for dark count
measurement). 

|

A-1l § F6 0A OEAé S ing le ,  square, 4.3 arc second. Usad in target
acqu i s i t i on .

A=2 6 El B83 1477 Pair, square, 0.5 arc second, 3.0 arc second
separation (d is tance between pair centers) .  Used
with object and sky.

A=-3 7 ES 90 1lA4A Pa i r ,  square, 0.25 arc second, 3.0 arc second
separat ion. Used with object and sky.

A-4 8 CF £9 201B Pa i r ,  square, 0.1 arc second, 3.0 arc second
separat ion. Used with ob ject  and sky.

¢c-1 9 OF D0  3F35 Pair, square, 1.0 arc second, 3.0 arc second
separat ion. Used with ob ject  and sky.

C-2 10 98 FB 4507 S ing le ,  rec tangular ,  0.25 x 2.0 arc second ( i n -
dispersion and cross-dispersion respec t i ve l y ) ,
Used wi th  extended ob jec t s .

C-3 11 91 4A 4809 S ing le ,  square, 2.0 arc second, wi th 0.3 arc second
~~ wide occu l t e r  bar in c ross -d i spe rs i on  d i r ec t i on .

Used with f a i n t  sources surrounding b r i gh t  ob jec t s .

C-4¢ 12 86 01 S1AB Sing le ,  rectangular ,  0.7 x 2.0 arc sacond ( in -
dispersion and cross-dispersion respec t i ve l y ) ,  with
0.3 arc sacond wide occu l t e r  bar in cross-
d ispers ion  d i r ec t i on .  Used with f a i n t  sources
sur round ing  d r i gh t  ob jec t s .  

|

FS=l ==  ———— ——— Single (Fa i l - sa fe  aper tu re ) ,  square, 0.5 arc
second, 4.4 arc second separat ion from FS-2. Used
wi th  target  acqu i s i t i on  and spec t roscopy .

FS=2 ==  wee  w—-  Single (Fa i l - sa fe  aper tu re) ,  square, 4.3 arc
second, 4.4 arc second separat ion from FS- l .  Used
with target acqu i s i t i on  and spectroscopy.
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Two eight-bi t  pin contact encoders ( g i v i nga one's complement Gray code out-
put) are used to monitor the pos i t i on  of the aperture wheel. These are te le-
metered in measurement YAPERPOS/YSQ05. The telemetered values corresponding
to individual aperture IDs are given in the "Hex T/M" column of Table 3.1-3
(obtained from SLIB L535). I f  the fa i l -sa fe  mechanism provision is activated,
the encoders remain connected and hence could read the same value as they did
when the mechanism was in the op t ica l  path.

Since non-zero dead bands are a l lowed for the aperture (word 5 of the Aper-
ture Mechanism Control Block), the downlink values need to be convertad to
the "binary" form given in the control b lock 's  encoder map (the map values
corresponding to the "Hex T/M" column are quotad in the "Hex Map" column of
Table 3 .1 -3 ) .  This conversion involves taking the one's complement of the
downlink value, and then convert ing each byte (since the encoders are inde-
pendent) separately from Gray to b inary .  For example, aperture 8-1 has a
nominal downlinkad value of X'4CE2'. The conversion to the encoder map value

can be done asfo l lows:

1. Take the one's complement of the telemetered value (replace
ones with zeros and conversely, subtract from X 'FFFF ' ,or the

equ iva len t ) ,  meaning that X'4CE2' becomes X'B831D'.

2. Convert the f i r s t  two hexadecimal digi ts of the resu l t  from
Gray to b i na ry  as shown below. The "Working" row is the
"Resul t"  row sh i f ted  r i gh t  one place; the Result row is the
sum (w i thou t  car r ies )  of the o r i g i na l  value and the Working
row (the exclus ive OR, or equ iva len t ) :

X'B3’ = 1011 Q01l
Working = 110 1110
Result = 1101 1101 = X'0D'

3. Repeat the process for the other two d i g i t s  of the result:

X'1D’ z= 0001 1101
Working = 000 1011
Result  = 0001 0110 = X ' l6 '

4, The f inal resul t  is X'0016', the encoder map entry in Table
3.1-3 for aperture 8-1.

Since the encoder pins drag, the encoder value can j i t te r  (as well as exh ib i t
a hysteresis- type e f fec t ) .  Consequently, a non-zero deadband for the low-
encoder output (word § of the mechanism control  b lock)  is  p rov ided.  A change
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of a motor step (which gives several encoder increments) corresponds to about
0.1 d iode,  so is not  s i gn i f i can t  for most observat ions.  In add i t i on ,  the
high encoder at each desired aperture pos i t i on  i s  not necessar i ly  near the
middle of its range, so i t  could change value "near" the point  where the
desired aperture is located. Pos i t ion ambigui t ies that in p r i nc i p l e  could
result from th is  situation, however, have not yet been observed.

To establish the Aperture Mechanism Control Block encoder map values, a test
was run using the capab i l i t i es  of the former YOMECH command (see Section
3.1.4)  to examine the encoder behavior near the desired aperture pos i t i ons .
This test, for example, found for position B-4 a encoder output corresponding
to a map value of X'FO8C'. This location, however, was closa to the high
encoder's transition from X'EF'.  Hence the map value for B8-4 in Table 3.1-3
is X'EF8C', but the dead band in word S§ of the Aperture Mechanism Control
Block (see SLIB 1106) is set to X'0112' (a l low ing  -0 and +1 count dev ia t ion
in the high encode r ) .  The FOS mic roprocessor  w i l l  t he re fo re  recogn i ze
X'FO8C' as a "match" for the B-4 encoder position. All these values, of
course, are after convert the raw encoder output that is on the downlink
(take one's complement and convert each byte from Gray to b i na ry ) .

The aperture dr ive takes 16000 steps for a complete r evo lu t i on .  The origi-
na l l y  spec i f i ed  speed was 7.4 msec/stap for the motor, and since apertures
are less than 180° apart (8000 steps), this gives a f igure of  (7.4 * 8 =]
59.2 seconds (p robab l y  where the 70-second f igure  in SLIB 706 came f rom) ,  I f
the motor is run at this speed, however, the encoder pin readings because of
"oin bounce" would not give 2 va l id  r esu l t .  A better f i gu re ,  a l lowing ade-
quate encoder readings, is 25 msec/step, g iv ing  about 200 seconds for 130°
(probably where the five-minute: f i gu re  in SLI3 T23 came f rom).  The 2in
bounce problem does not phys i ca l l y  damage the hardware, so one FOS aper ture
pos i t i on ing  procedure could be to step the wheel r ap id l y  by a spec i f i ed
numberof steps (using a low value for the dwell time in control block word
3), and then increase the dwell time and command the aperture to a spec i f i c
opening (the mode in which the FOS microprocessor uses the ancoder outputs).
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As had been determined from a least-squares f i t ,  each aperture posi t ion i s
displaced from {ts neighbor by 382 motor steps (since the ful l  180° has 21
slots, this is in good agreement with a theoretical value of (8000/21 =]
380.95 steps). At 25 msec/step, this separati  on could be covered in about
9.55 seconds. The physical layout  of the aperture wheel, however, has ( fo r

example) apertures [B8-1, B-~2, 8-3, and B-4] for side "A", followed by [B8-1,
8-2, B-3, and B-4] for side "B® before reach the [A-1, A-2, A-3, and A-4] for
side "A", Hence i f  start with B-1 on side "A" and step the wheel by [4 *
382] steps, wi l l  get a i1leqal side "A" locat ion.

3.1.4.3 Polarizer Mechanism |

The FOS has a po la r i ze r  assembly with two sets of po lar izer  elements designed
for di f ferent but overlapping spectral ranges. Each set of po lar izer  e le-
ments consists of a rotatable waveplate followed by a dedicated Wollaston
prism. Either set of polarizer elements can be placad in either the "A"
(red) or "8" (blue) l i gh t  path, and either or both l i gh t  paths can also be
lef t  c lear.  Each waveplate is rotatable with respect to {ts Wollaston prism
in increments of 22.5°. The f a i l - sa fe  prov is ion  is a burn-wire pin pu l l e r
allowing tors ion springs to rotate the po la r i ze r  out of the l i gh t  paths. The
mechanism is  capable of rotating through one 22.5° increment of the waveplate
10° times during the five-year on-orb i t  l i f e .  I t  is also capable of operat-
ing up to one-third of the time for up to e ight  hours.

Command YPLZR/Y036, is used to set the po la r i ze r  mechanism to the position
(1-48) spec i f ied ,  moving e i ther  forward (d i rec t i on  of increasing pos i t i on
number) or backward. Each of the two po la r i ze rs  have 15 pos i t i ons ,  as does
the “ c l ea r ”  pos i t i on .  The decimal command value is the same as the pos i t i on
number quotad in Table 3 .1-4,  Po la r i zer  "A" i s  th icker  than Po lar izer  "8" ,
and "Polarizer C" means "clear" (on both sides). The drum (see Section 1.5)
is driven by a 90° permanent magnet stapper motor. The po la r i ze r  has 6720
motor steps for a complete " revo lu t ion" .  [n  these 5720 steps, the ocutar un i t
moves 16 revolutions (so 420 steps are required to move the drum one revo lu -
tion). Ouring these 420 steps, the inner un i t  moves ( r e l a t i ve l y )  by 22.5°
(such as from polarizer pos i t i on  AO3 to AO04). The sett ing quoted in SLIB

(1106 for the Po lar izer  Mechanism Control Block word 5 corresponds to a real
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Pos ID  For Side A (Hex)

1 Col B7 Cb
02 AQ1 77 82
03 BO1 09 OF
04 C02 87 B6
QS AQ2 77 712
06 B02 09 FF
Q7 Ca3 B87 A6
08 . AQ3 77 62
Q9 B03 Q9 EF
10 C04 87 96
11 A04 77 52
12 804 Q9 DF
13 CoS 87 86
14 AQS 77 42
15 8QS 09 CF
16 C06 B7 76
17  AO6 77 32
18 806 09 BF
19 co7 87 66
20 AQ7 77 22
21 807 09 AF
22 cos B87 56
23 AQ8 77 12
24 808 Q9 oF
25 Co9 B87 46
26  A09 77 02
27 BQ9 09 8F
28 C10 B87 36
29 AlQ 77 F2
30 810 09 7F
31 C l l  B7 26
32 A l l  77 E2
33 B l l  Q9 6F
34 C12 87 16
35 Al2 77 D2
36 812 09 5F
37 C13 87 06

— — 3 M3  77 C2
39 813 09 4fF
40 Cl4 87 F§
41 Alé 77 82
42 814 Q9 3F
43 Cls 37 ES
44 AlS 77 A2
45 B15 09 2F
46 Clé 87 06
47 Al6 77 92
48 816 Q9 LF

Table 3 .1 -4  FOS Po la r i ze r  Informat ion

Encoder Map Encoder Map
For Side 8 (Hex)

B87
65
F7
87
65
F7
87
65
F7
B7
65
F7
B7
65
£7
87
65
£7
87
65
£7
87
65
F7
87
65
£7
3
65
F7
87
65
£7
B7
65
£7
87

—§5
£7
B87
65
F7
87
65£7
B7
65
F7

ol
6C
FA
B6
5C
EA
A6
aC
DA
96
3C
CA
86
2C
BA
76
1C
AA
66
QC
9A
56
FC
8A
46
&C
7A
36
OC
6A
26
CC
SA
16
8C
4A
06
AC
3A
Fé
aC
2A
£6
8C
1A
06
7C
OA
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time of about 30 msec/step, meaning that about 12.5 seconds would be used for
this 22.5° movement. The Automatic Po la r izer  Sequence Instrument Mode can be
used. to move the polarizer to successive posi t ions and take data in individ=-
ual slices (see Section 2.1.6).

Two e ight -b i t  pin encoders provide a unique output for each posi t ion of the
po lar izer .  One revolution of the drum rotatas encoder A 5 times and encoder
B 5.0625 times ( in 16 cycles, A rotates 80 times and 8 81 t imes ) .  Encoder A
is  talemetered in YPLRZPOS HI/YSO7a, and is also (see SLIB L66) referred to
as the "slow" or “relative pos i t ions”  encoder. I t  changes by [ (5 * 2%) 74201,
or about 3.04762, bits per motor step. Encoder B is telemetered in YPLRZPOS
LO/YS07b, and is also referred to as the " fast"  or "waveplate angle" encoder.
I t  changes by [ (5 .0625 * 28) /4201, or about 3.08571, bits per motor stap.
Both encoders increase with a CCW rotation of the drum (as viewed from inside
the FOS in direction of the entrance ports).

The Polarizer Mechanism Control Block default encoder map values (which can
be updated during flight) corresponding to the individual positions are given
in hexadecimal in Table 3 .1-4.  To convert the downlink information to the
form given in Table 3 .1-4 ,  i t  is necessary to take the one's complement of
the downlink in format ion ( in YPLRZPQS/YSQ7) and then convert each byte
separately from Gray to binary (the process is the same as required for the
aperture position information, see Section 3 .1 .4 .2 ) .  The Po la r i ze r  Mechanism
Control Block deadband (see SLIB 1106) was set to X ' l112'  on a sample tape,
meaning the high encoder (after conversion to binary) had a tolerance of + 1
count and the low encoder a tolerance of [ -1  +2] counts. [If the fa i l - sa fe
mechanism prov is ion  is activated, there is no d i s t i nc t i ve  encoder value that
appears on the downlink (the encoders remain connected), 

|

The FOS only has one set of po la r i ze r  encoders, but the readouts from them
are d i f fe rent  for the two sides. This {is accommodated by having d i f fe rent
Polar izer  Mechanism Control Blocks for the red (side A) and blue (s ide 8)
ROMs in their respective CEAs. For example, i f  position 2 is commanded for
side A and then the FOS is switched to side 8, the X'77 82' encoder map value
wi l l  indicate that the polar izer is at pos i t i on  2 on side A, and side 83 may
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be blocked. The IDT has pointed out (see SLIB L64) that dowering down the
FOS whi le the polarizer i s  moving between standard pos i t i ons  w i l l  cause con-
fusion as to what command should be sent next and thus should be avoided. In
the l as t  two columns of Table 3 .1 -4 ,  the f i r s t  two hexadecimal digits are for
YPLRZPOS HI (encoder A) and the other two are for YPLRZPOS LO (encoder 8).

For the fail-safe provision, command YARMPL/YS11, i s  used to arm the po la r -
fzer pin pu l le r ,  YSAFPL/YS1S. to safe i t ,  and YBLPOL/YS67. to blow the pin

pul ler ,  The armed/safe status is telemetered (1 means armed) in YPOLFRPI/
Y130.

3 .1 .4 .4  Filter/Grating Wheel Mechanism
The filter/grating wheel is  a rotatable wheel p rov id ing  the support structure
for the filter and d ispers ion optics. I t  allows transmission of the l i gh t
bundle through the appropriate filter or blank hole. After striking a co l l i -
mating mir ror ,  the l i gh t  is reflectad back to one of the d ispers ion elements
or the camera mirror on the wheel, and then to one of the detectors. The
wheel has ten equally spaced positions. Each position places a set of opti-
cal elements in each of the two l i gh t  paths. The mechanism is capable of
54,000 reposit ionings of 90° each during the f ive-year on-orb i t  l i f e .  Accu-
rate pos i t i on ing  is determined by a spring-loaded bal l  bearing cam detent.
The FGWA has a 90° stepper motor with a 90:1 reduct ion gear, so each step
corresponds to 1°. With a step delay setting corresponding to 100 msec (see
SLIB 1106),  th is  means that the wheel can move 180° in about 18 seconds-
( t he re  are no encoder p in -bounce  p rob lems ) .  A redundan t  s tepper  motor
operates the mechanism i f  the primary motor fails.

There are 6 h igh- reso lu t ion  gratings, two low-resolution gra t ings ,  a prism,
and a mirror mounted on the FGWA. Table 3.1-5 gives their characteristics
(the resolution is measured at the central wavelength), in the saquence given
ifn SLIB 810. Five order b locking filters are used (the other f ive elements
have a blank hole) to attenuate grat ing orders higher than the f i r s t  to the
greatest practical extent consistent with high transmittance of the desired
first order (they are not used for the shortest wavelengths where the Digicon
faceplates block higher-order l i gh t ) .  oo
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Table 3.1-5 FOS FGWA Elements

Resolu- Wavelength Side A Side 8
Number Type ID tion Filter (nm) cmd Encod Cmd Encod

-001 Grating H13 1200 ==  110-164 9 A 4 8
-002 Grat ing H19 1200 === 153-228 7 7 2 9
-003 Grat ing H27 1200 FH27 221-329 6 E l C
-004 Grat ing H40 1200 FH4Q 319-474 10 6 5 3

=Q005 Grat ing HS57 1200 FHS? 459-683 8 5 3 0D
-Q06 Grat ing H78 1200 FH78 626-931 4 8 9 A

-003 Grating L155 200 === 115-230 l Cc 8 E

Prism PRI 100 === 250-700 3 D 8 5

-004 Grat ing L65 200 FL6S 400-800 2 9 7 7

5 3 10. 6Mirror CAM RE 110-900

Command YFILTER/Y037, is used to speci fy the FGWA position desired ( in the
range 1-10) .  Oue to the mechanical layout  of the FGWA, the element in the
blue (s ide B) path i s  d isplaced S positions from the one for the red (s ide A)
path: for example, command (and pos i t i on )  "1" puts element L15 in the red
path; command “6" puts i t  in the blue path. Command YCMTRA/YS71, is used to
se lec t  motor "A" and command YCMTRB/YS573. to se lec t  motor "8". The selected
motor is indicatad by measurement YCMTRST/Y10l (a O means B and a 1 means A).

The position of the wheel is  read by a LED/phototransistor array and a coded
cy l i nde r .  The four bits of the FGWA pos i t i on  are in telemetry measurement
YFGWAPQS/YS506, and is given ( in hexadecimal) in the "Encod(er]" columns of
Table 3.1-5.

3.1.5 Targeting Commands
The FOS microprocessor has a capab i l i t y  (see Section 2.1.4)  to do on-board
targeting, using commands YTARACQ/Y004 (which sets target acqu i s i t i on  param-
eters) and YTAMODE/Y046 . .  Their r o l es ,  as well as the resu l t i ng  downlink
quan t i t i es ,  are summarized below:

1. YTARACQ/Y004 , i f  N ( in the command) is 2, provides the upper
and lower tafget acqu i s i t i on  l im i t s ;  i f  N is 1, only the lower
window l im i t  is provided. The 16 -b i t  upper l im i t  is tele-
metered in YTAMAX/Y650 and the lower l im i t  in YTAMIN/Y6SL.
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Both are in units of counts for a single data word. These
© values define the thresholds for processing the results of theFOS. scan. 

|

2. YTAMODE/Y046. specifies the target acqu is i t i on  mode, and is
| taleme tered Sn YTAMODE/YS15. This parameter controls the

nature of the FOS targeting computations that are carr ied out,
[ f  i t  is zero, the results are not to be loaded;  i f  # 0, then
a peak value is found in X (changes, except perhaps to f i l t e r
points, are not anticipated in this area).  A value of 1 means
locate using the top of the diode array; of 2 means use the
bottom; and of 3 means f ind the peak in Y (simi l iar to what
done in X).  |

3. The 16-b i t  measurement YTARXCTR/YS10 has the high-order 4 bits
g iv ing  information about the star f i e l d  encountered. B8it l i s
set | i f  the target acquisition process was valid (this b i t  is
expected to be reassigned). B8it 2 is set 1 to mean “crowded
f i e l d " ,  s i gn i f y i ng  that a second relative maximum (between

YTAMAX and YTAMIN) was detected that was too far from the
f i rs t  (the computations are abandoned). B8it 3 is  set 1 to
mean “br ight  object(s)"”, signifying that at least one data
word with a value above YTAMAX was found. B i t  4 is  i n i t i a l -
ized to 1, meaning " fa in t  f i e l d " .  I t  is reset 0 i f  a data
word above YTAMIN is found.

[ f  the target acqu is i t ion  process was va l i d ,  the 12 low-order
bits represent the value to which one would set YXBASE (see
Section 3.1.3) to center the chosan image on the “center"
diode (present ly  defaults to diode #256). This set t ing is
computed based on the nominal 32 DAC increments/diode width.

4, The 16 -b i t  measurement YTARYCTR/YS1l has the high-order 4 bits
equal to the number of computation results that are included
in the average target center reported (wi th an upper l im i t  of
15). I f  a second (or subsequent) r e l a t i ve  maximum is found
within a tolerances of the current estimate (as well as between
YTAMIN and YTAMAX), th is value is merged with the current
estimate and the countar is incremented. [ f  the value is
outside the tolerances, b i t  2 of YTARXCTR is  set instead.

1f the target acqu i s i t i on  process was va l i d ,  the 12 low-order
bits represent the value to which one would set YYBASE (see
Section 3.1.3) to center the target image on the row of diodes
in the Y d i rec t i on .  This set t ing is computed based on the
nominal 256 DAC increments/diode he ight .

Information is not put in  the downlink registers un t i l  after the computations
‘are complete. YTARXCTR and YTARYCTR are zeroed (see Section 2.1.5) after
being put on the downlink. The NSSC-l uses these words to determine { f  the
resul ts are of suf f ic ient  va l id i ty ;  i f  so, the spacecraft is moved to cause

t he  required centering to take place. 
|
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3.1.6  Miscel laneous Commands:
In addition to the commands discussed above, there are several other commands
that are also s i gn i f i can t  for operat ion of the FOS. These inc lude :

1 Observat ion In i t ia l i za t ion  Commands,

Channel Control Commands,

FOS Microprocessor Memory Commands,

L igh t  Source Commands, and

nw
 

p
w

n

Internal FOS Microprocessor Commands.

These commands are described in the fol lowi  ng sections.

3 .1 .6 .1  (QObservation I n i t i a l i za t i on  Commands
The observation initialization commands would be expected to  be sent ( i f
necessary) before the actual observation is begun. These commands are:

1. YSYNC/Y023, is used to speci fy the time when the observation
should start i f  YYSYNCS/Y.205 (see Section 2.1.1) is  set. A
16-b i t  parameter spec i f ies  the f ine delay ( in units of 7.812%
usec) ,  and another parameter gives the starting minor frame
(in range 0-119). Note that this start time is not included
on the downlink. In addit ion, the FOS use of the "take dataflag" in the PIT has (according to SLIB T23) not yet been
de te rm ined ,  but may impact  t h i s  t ime. The YPAUSE/YQS8S
command (see Sec t i on  3 .1 .2 .3 )  can be used to suspend and
subsaquently resume an observat ion, so an NSSC-l1 processor
migh t  look at  the PIT f l ag  and dene ra te  the p rope r  FQS
commands i f  des i r ed .

2. YINIT/Y041_ is used to speci fy the i n i t i a l i za t i on  to be per-
formed by “the Start Data Acqu is i t ion  command (YBEGAC/YS59.).
Only the f i r s t  f ive bits are assigned, and the quant i ty  "is
telemetarad in YINTMODE/YS47 (see Section 2.1.1 for a descr ip-
tion of the b i t s ) .

J. YACQMQOE/Y049 , is used to se lect  the data acqu is i t i on  mode.
Only the f i r s t  six b i t s  are assigned, and the quan t i t y  is
telemetered in YACQSYNC/YS35 (see Section 2.1 for a desc r ip -
t ion of the b i ts) .

4, YOOCHK/Y083. is used to read, rewr i t e ,  and check al l  the d i s -
cr im ina to r  DACs and store the r esu l t  in the ODTBL array at

X'9AF8'. This array is included in the FOS-Unique Data Log
(see Section 3 .2 .2 ) .  This command can take up 0 2 seconds to
perform, and any commands received in that intarval w i l l  be
ignored. The FOS microprocessor f i r s t  checks for an error in
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readback, using al l  e ight  b i t s .  I f  any d i f ference ex is ts ,  b i t
YDDACERR/YS63 is set ( i t  is reset when sampled for te lemet ry ) .In add i t i on ,  the most s i gn i f i can t  seven b i ts  of the readback
value are set in b i t s  2-8 of the array (otherwise,  those b i t s
are set 0 ) .

YEFILL/Y084 _ is used to sample a l l  the ser ia l  d i g i t a l  te le -
metry (SI word 8) quantities and place the i r  values in the
engineering subcom tab le .  This tab le is  included in the FOS-
Unique Data Log (see Section 3 .2 .2 ) .

Channe l  Control Commands
There are four commands that can be used to control the performance
individual channels. They are: 

|

l .

2.

3.1 .6 .3

YOISCADR/Y006 _, used e i ther  to load the d i sc r im ina to r  address
( for  a later "command) or to set a l l  d isc r im ina tor  values to
the low 8 b i t s  of the command. As discussed in Sect ion 1.85,the d isc r im ina to r  is used to establ ish the threshold below
which the diode output is suppressed.

YCHNLEN/YQOl2., used to enable a channel, i nh i b i t a channel, or
inhib i t /enabTe a l l  channels.

YDISC/Y031l., used to load the d iscr iminator  DAC table (at  theaddress i n i t i a l i zed  by YDISCADR/YO06_) with the data f i e l d .After loading the tab le ,  the d iscr imfnator  address is incre=
mented by one.

YREFDAC/Y032,., used to load the common d iscr iminator  referenceDAC with the data f i e l d .  After load ing,  the DAC is read backand YDRDACER/YS62 set 1 i f  an error is found.

FOS Microprocessor Memory Commands

of the

There are f ive commands that can be used to set ce l l s  of the FOS micropro-
cessor memory. They are:

Ll. YRAMAOOR/Y0Q00 _., used to spec i f y  a 16 -b i t  RAM storage address.
The address i5 te lemetared in YRAMADOR/YS4S5., The i n i t i a l i za -
t ion  value for th is  word is  X'AQQQ'.

YSTRWRD/Y018_., used to specify that the fo l lowing N ( in the
command) words should be stored as data. The s ta r t ing  address
spec i f ied  by YRAMADOR/YS45 {is incremented by 2 after each
word. 

|

YMEMCHK/Y0SS., used to f i l l  memory (beginning at the start of
the science data area) with a spec i f ied  test pattern.
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4, YSDERASE/YOQS7 _, used to set  a l l  memory l oca t i ons  from X'A00Q'
to X'FFFE' to zero.

5. YRANDQOM/YQ86 c?  used to f i l l  the science data memory array
(starting at X'A00Q') with a pseudo-random sequence (whose
parametersare speci f ied as part  of the command).

3.1.6.4 Light Source Commands oo  |

There are two internal l igh t  sources associated with the FOS: a cal ibrat ion
source and a LED f l a t - f i e l d  source. They are con t ro l led  as described below:

1. Command YCALON/YS75. is used to turn on the spectral ca l ibra-
t ion lamp and YCALOF/Y577 to turn i t  o f f .  [ts status is in
telemetry measurement YCALRP1/Y102 (0 means on and 1 means
o f f ) .  Calibration lamp "A" is selected by YCALSA/YS83. and
"B" by YCALSB/YS85.. The lamp se lec t ion  is talemetared in
YCALSELR/Y133 (a 0 Ts 8B and a 1 is A).

2. Command YFFCAL/Y038_. is used to set the LED f l a t - f i e l d  lamp on
or off (there is only one LED per Dig icon) .  Telemetry meas-
urement YFFCPWR/YS80 is 1 i f  the lamp power is on. |

Mea surement YCOACERR/YS78 ‘has an ident i f icat ion in SLIB 1089 of “Calibration
DAC readback e r ro r . ”  The notation "DAC" is somewhat of a misnomer for th i s
b i t ,  but ar ises due to the design of the FOS microprocessor interfaces. A
common set of code is used to load the "real" DACs, as well as the three-bit
registar associated with this b i t .  That register has the two power control
bits for the descrambling PROMs, as well as the b i t  used to control the
ca l i b ra t i on  f lat-f ield lamp. Any time the b i t  con t ro l l i ng  the f l a t - f i e l d
lamp is updated, the two bits for the PROMs are reasserted; i f  a readback of
the r esu l t i ng  three b i t s  d i sag rees  w i th  what was spec i f i ed ,  then b i t
YCDACERR/YS78 is set.

3 .1 .6 .5  In te rna l  FOS Microprocassor  Commands
The commands given in this sect ion are associated with the operation of the
FOS mic rop rocesso r .  They are:

1. YSCIADDR/Y0S9_, is used to speci fy the f i r s t  RAM address for
sc ience data Srocess ing .  Except for f a i l u re  or reprogramming
s i t ua t i ons ,  this address is expected to be X'AQ00'. Changes
to this quanti ty (note that i t  is not on the downlink) should
be careful ly  coordinated with the ground processing that must
be accomplished.
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2. YRAM=MAP/Y0S52_. maps the physical RAM page specified in the
command to thie address range spec i f ied by the l og i ca l  page.
zach page has a capacity of 2k 16 -b i t  words. The map in -
formation is in RAMMAP/Y.402 of the FOS-Unique Data Log.

3. YKPALYED/YOQS8 enables/disables autonomous going safe, I t
controls the value of YYSAFED/Y.204. I f  YYSAFED is 1, then i f
YYSAFLKA/Y.202 or YYSAFTSL/Y.203 are found set then a "safe"
transition is initiated. VYYSAFLKA is  set by the housekeeping
background task (see Sec t ion  1.5) i f  lose the keep -a l i ve
Serial Magnitude Command. This b i t  ( in common with YYSAFTSL
that is set i f  lose telemetry sync) may indicate va l id  auto
sa f i ng  cond i t i ons  even i f  auto safe mode t r ans i t i ons  are
disabled (YYSAFED/Y.204 is zero).

4, YXKEY/Y071. is normally used to provide a FORTH KEY capabil ity
(see the Sperator background task description in Sect ion 1 .5 ) .
I[f its data f i e l d  is an ASCII "ACK" (X ' 06 ' ) ,  however, the
operator task c lears a keep-al ive counter that is incremented
each major frame by the housakeeping background task. The
NSSC~1 normally sends YXEY with a data f i e ld  of X'06' once a
minute; i f  the counter gets above a threshold (typically 2),
then YYSAFLKA/Y.202 i s  set.

5.  YRESET/YS45_. causes a computer reset to take p lace.  I[f a
reset is commanded, telemetry b i t  YYRSETMP/Y.230 is set 1 (the
bi t  {s zeroed when i t  is read out as part of minor frame 118),

6. YRIEBW/YS49. causes the Instruction Engineering Bit (set when
the microprocessor attempts to fetch an instruction from a
non-resident RAM memory space) to be reset  to 0. The watchdog
timer error Di t  is  also reset ,  These bits are talemetered in
YINSENG/Y104 and YWTCHDOG/Y103 respec t i ve l y .

7. Y3MHZ/Y551. is used to select the 3.0 MHz clock rate (the
normal operation mode) for the microprocessor. I f  this rate
is selected, telemetry b i t  YCLKMON/Y134 is OQ.

8. YL:5MZ/Y553_. 1s used to select  the 1.5 MHz clock rate (the
“slow mode] for the microprocessor, [ f  this rate is se lec t -
ed, telemetry b i t  YCLKMON/Y134 is 1.

3.1.7 Major FOS Flags and Ind i ca to rs
Table 3.1-6 summarizes the major FOS f lags and i nd i ca to rs  used in the FOS
equat ions of SLIB 799 (see Sections 5 -7 ) ,  together wi th their talemetry
notations. The “Equation” column gives the notation in SLIB 799 (or SLIB
598) for the quantity; the "Byte" column indicates (as in SLI3 799) the byte

number in the "header data l i s t "  (o r ig in  of Q at the start of the engineering
telemetry material, 16-D i t  word 902 of the FOS-Unique Data Log in Section
3 .2 .2 ) .
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Table 3.1-6 Major FOS Flags and Indicators

Byte
1

8

9-10

11-12

48-49

50

57

59
rd

60

é l

62

63
63

65
66

67

110

111

Mnemonic

YYPATH

YFGWAPQS

YAPERPQS

YPLRZPOS

YXBASE

YXSTEPS

YYSTEPS

YMSLICES

YOVRSCAN

Y1STCHNL

YNUMCHNL

YLIVEHI
YLIVELQ

YOEADHI
YDEADOLO

YACQSYNC

YINTEG

YPTRNS

NREAD

- Role

Bit  is 0 for red and 1 for blue.

FGWA encoder pos i t i on .

Aperture pos i t i on .  ODownlinked value in
one's complement Gray code.

Polar izer  pos i t i on .  DOownlinked value
in one's complement Gray code.

X base.

X step.

Y step.

Number of memory s l i ces .

Qverscan.

F i rs t  channel to beprocessed. Mu l t i -
ply telemetry value by 2 to obtain true
number. 

|

Number of channels to be processed.
Mu l t i p l y  telemetry value by 2 to ob ta i n
true number ( i f  value is  0, use 512).

Accumulator open time (un i t s  of 7.8125
usec in two's complement).

Accumulator close time (un i t s  of 7.8125
usec in two's complement).

Acqu is i t i on  mode.

Number of integrat ions/X-step.

Number of pat terns  per readout .

Readou t  number .
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3.2 FOS SCIENCE TELEMETRY MODE-INDEPENDENT INFORMATION
For FOS, the science telemetry information is bas i ca l l y  the same regardless
of the Instrument Mode (the arrangement of information in the FOS micro-
processor RAM memory causes the detailed layou t  of the Science Data Array to
vary, but this is  only an ind i rec t  consequence of the Science Data Mode and
Instrument Mode). As discussed in Section 3.1, the set of data comprising a
FOS observation consists of:  

|

l .  One or more NS3C-1 Standard Header Packets; |

2. One or more FOS-Unique Data Logs; and

J. One or more frames of science information, each of which can
consist of a Science Header, a Science Data Array, and a
Reject Array.

These topics are covered in Sections 3 .2 .1 -3 .2 .3 .  The science talemetry
protocel that requires div is ion of the science information into “Packets”,
each of which in turn is divided into "Segments", is covered in Section
3.2.4.  All words in this discussion are 16 bits long (bits numbered from 1,
the most s ign i f i cant ,  to 16), and are pos i t i ve  numbers. 

| |

3 .2 .1  FQS-Related Quantities i n  Standard Header Packet
By ST convention, the NSSC-1 computer genera l l y  sends a Standard Header
Packet (SHP) to mark the beginning of an observat ion. For FOS, several SHPs
may be sent during the course of a given observat ion. The 965 data words
(see Section 3.2.4 for the anci l lary data that consumes another 59 words) in

" th is  SHP have the fo l low ing  d i v i s i ons :

Words Assignment

1 In l s  1-8,  the SI ident i f icat ion ( fo r  FOS, a value of
X '0C ' ) .

In b i ts  9-16, the observation number. This number is the
same as in the science data's anc i l l a r y  word 11 ( t h i s
anc i l l a r y  word is zero for the SHP), I t  is incrementad
with each observation that {is taken, and is one of the
parameters that must be spec i f i ed  when con f i gu r i ng  the
CU/SDF for data readout. There is no need for this number
to be Jn any way related to the data in words 801-805 of

e SHP.

2-130 ‘Assigned to other functions.
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Words | Assignment
131-259 FOS Current Yalue Table (total of 129 words).

260-800 Assigned to other functions.

801-802 Forward linked value of FOS. Program Number (per SLIB L38),
~~ total of 32 bi ts .

803-804.0 Forward linked value of FOS Observation Set Number (per.
SLIB L38) in word 803 and bi ts 1-8 of word 804, total of
24 bits.

304.5-805 Forward l i nked  value of FOS Observation Number (per SLIB
L38) in b i t s  9-16 of word 804 and in word 805, total of 24
bits. This word should not be confused wi th  what i s  in
b i t s  9-16 of data word 1 in the SHP.

806-820 Assigned to other functions.

821-830 UTC time correlation constants (per SLIB L38).

878-899 FOS Unique Data (total of 22 words).

900-965 Assigned to other functions.

Words 801-805 and 821-830 are in a 60-word SHP area (encompassing data words
796-855) that are assigned to “forward l ink  data", There are several di f fer-
ent proposals concerning what should be in this area, i nc lud ing  SLIB L38
(“Proposal A" in SLIB 936), a second version defined as “Proposal 8" in SLIB
936, and a third version described in SLIB L68. Which one w i l l  be used in
flight is T80.

The information in the FOS Current Yalue Table reflects the last-sampled
vers ions of some Engineering Telemetry (see Section 4) values. For FOS data
procassing purposas, a l l  the necessary data is ava i lab le  elsewhere, such as
in the FOS-Unique Data Log. For FOS, only words 131-188 of the Current Yalue
Table are occupied (words 169-259 are spares that are set 0), These words

are used for the FOS analog and b i leve l  telemetry (see Tables 4.2-1 and
- 4 .2=2) .  

|
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The 22 words assigned to the FOS-Unique data in the SHP are described in
Table 3 .2 -1  (which uses data obta ined from SLIB L66).  Despi te  the s im i l a r
notation, these words should not be confused with the FOS-Unique DJata Log
described in Section 3 .2 .2 .  These SHP words are assigned to the storage of
in format ion from the NSSC-l1 processors that suppor t  FOS. The 22 words can
have f i ve  poss ib l e  sets of in format ion ,  as def ined by YYSHUID/Y.001 (which is
always in the f i r s t  word of the 22). Depending on YYSHUID, the total number
of words used ranges f rom4 to 19, with the unused words re ta i n i ng  previous
values (rather than being zeroed or otherwise f i l l ed ) .

The dif ferent values that are establ ished for YYSHUID, and the source of data
and resu l t ing  occupied words, are summarized below:

l .  A value for YYSHUID of 1 means data is from the NSSC-l1 YFHKPG FOS
Housekeeping Processor (processor #25, see Section 1.5). Only words
878-881 are used.

2. A value of 2 means data is from the NSSC-1 YFMOD2 FOS Mode 2 Target
Acquisition Processor (#28). Words 878-890 are used.

J. A value of 3 means data {is from the NSSC-1 YFSOPR FQS Science Data
Processor (#31), module YFBSCl (b inary search 1). Words 878-893 are
used.

4. A value of 4 means data is from the NSSC-1 YFSDPR Processor,  module
YFBSC2 (b inary  search 2). Words 878-896 are used (words 893-896 are
not valid unless [YEDGE = 1]) .

S. A value of 5 means data is from the NSSC-1 YFSDPR Processor,  module
YFPKUP (search for maximum or minimum counts). Words 878-885 are
used.
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878
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384

SHP Wd Meas ID

Y.001

Y600

Y.002

Y.003

Y.001

Y.004

Y624

¥Y622

¥.007
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Table 3 .2-1 FOS-Unique Data in SHP

| Contents

YYSHUID = 1

YYSHUID, Identif ier for FOS-Unique SHP data. See text.

YSTBUF,. Number of FOS status buffer entries. Measured
since last time the counter reset.

YYNXTSB, Next ava i lab le  message pos i t i on  in status buffer.
Per SLIB L66, i s  word #3 of SI C&0H Engineering; per SLIB
T30, has SLIB 1089 measurement [D M10J213A.

YYSBST, FOS s i ng le -b i t  status items. Per SLIB L66, is  word
#111 of SI C&DH Engineering; per SLIB T30, has SLIB 1089
measurement [Ds M12X4248-M12X4318. This is AN (see Section
4.3) format word 250/37, having SI2 (FOS) information.
Using SLIB 204 def in i t ions (related to SLIB 1089), b i t  :1
means time code update not sent (no window); b i t  :2 means
not authorized to use selected science data buffer; b i t s  :3
and :4 are spare; b i t  :5 means l ine  length from SDF d is-
agrees with app l i ca t ion  program request; b i t  :6 means no
app l ica t ion  program request between science data l i nes ;  b i t
:7 means a science data request to the NSSC-1, but no
storage ava i l ab le ;  and b i t  :8 means science data transfer
cancel led.

YYSHUID = 2

YYSHUID, Ident i f ie r  for FOS-Unique SHP data. See text.

YMAP, Map number. Has the map number for the next set of
data processed.

YM2MAP, Maximum maps. Ground-settable maximum number of
maps permitted.

YTACMP, Mode 2 Target acqu is i t i on  completion fndicator. A
1 means completa.

YGIVYUP, Mode 2 target acqu is i t i on  error i nd i ca to r ,

YFM2CF, Count rate window change for next data set.  A 4
means lower level of counting rata lowered;a 5 means upper
level  of counting rate ra i sed .

YYNMINOR, Minor frame number. Per SLIB L66, is  "18M
standard quant i ty ,  number of minor frame #24, 84 of fset
from MJF time".
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885

886

887

388

889

| 890

878

879

880

381

882

383

384

885

Meas ID

Y.008

Y.00Q9

Y.010

Y.010

Y.01]

Y.01l

Y.001

Y621

Y.012

Y.013

Y.0l4

Y.015

Y.016

Y.017

“Array not zeroed out.
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Table 3 .2 -1  FOS-Unique Data in SHP (cont)

Contents

YFXCTR, X-offset to center. Is in scaled m ic rons ,  range +
19200. Least increment is [ 1 /32 ]  micron.

YFYCTR, Y-offset to center . Is in scaled microns, range +
19200. =Least increment is [ 1 /32 ]  micron.

~ YYFYCTR2 HI, V2 component of ST slew request HI.

YYFYCTR2LO, V2 component of ST slew request LO.

YYFVTCR3 HI, V3 component of ST slew request HI.

YYFVTCR3 LO, Y3 component of ST slew request LO.

YYSHUID = 3

YYSHUID, Ident i f ie r  for FOS-Unique SHP data. See text.

YFRCTR, Count frames for part 1 of YFSOPR processor.

YPKCT1, Objects found in f i e l d .  I t  is  the total  for a l l
frames since the frame counter  was set to 1. I t  is the
number of objects in the current data set, as determined by
the peak f inder  module.

YYCHPK1, F i rs t  channel where peak found.
where qua l i f y i ng  peak found.
Array not zeroed out.

Channel number
Maximum is four ,  can be less.

Channel number
Maximum is four, can be less.

YYCHPK2, Second channel where peak found.
where qua l i f y i ng  peak found.

YYCHPK3, Th i rd  channel where peak found.
where qua l i f y i ng  peak found.
Array not zeroed out.

Channel number
Maximum is four ,  can be l ess .

Channel number
Maximum is four,  can be less.

YYCAPX4, Fourth channel where peak found.
where qua l i f y i ng  peak found.
Array not zeroed out.

YPP INV, Preplanned branch s ta tus .  Gives the request
status,  A l means FOS w i l l  wait for ground-invoked
command; a 2 ( i n i t i a l i za t i on  value) means no preplanned
branch ava i lab le  (from SLIB L66, “to get one, set YPPB=1"),.
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886

887

888

889

890

891

892

893

878

879
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881

Meas ID

Y.018

Y.019

Y.020

Y.022

Y.023

Y.025

Y.026

Y.012

Y.013

‘and 7:30.
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Table 3.2-1 FOS-Unique Data in SHP (cont)

Contents
YRSINY, Raster scan request  s ta tus .  Has value of 1 when
search in progress. A value of 2 means a l low a four arc
second search ( i f  noth ing found, and no branch ava i l ab le ,
does a "Maltase cross search") .  This search pattern starts
at  center ,  then 9 :00,  3:00,  12:00,  6:00, 10:30,  1:30,  4 :30 ,

I f  i t  f a i l s ,  YGIVUP/Y622 is set.  F i na l l y ,  a
value of 3 or more means va t  the four arc second search is
not a l lowed.

YBASKP, Y base for current data. Y base used by FOS to
acquire current data. Has a range o f  + 256 about a
(nominal) zero value, and is 11 b i ts  plus sign ( r i gh t
j us t i f i ed  with sign extended).

YNBCTR, Brightness rank.
chosen for b ina ry  search.

Gives rank (range 1-12) of object

Y08SJ, Peak matr ix  number. Gives locat ion  in' 12-element
array of peaks, 4x3 par t  of map.

YB8SM, Channel number of peak. Gives channel number for the
diodes sampled (# diode number) of peak chosen for binary
search.

YNMAX, Number of counts in peak.
mean sky.

Va lueis  intagrated above

YNMEAN, Counts in mean sky.

YYARI1, Sky va r i ance .

YYSHUID = 4

YYSHUID, I den t i f i e r  for FOS-Unique SHP data. See text .

YGPCTR, Previous value of binary search step coun ta r ,
Yalue ranges 1-6.

YPKCT1, Ob jec ts  found in f i e l d ,  [ t  is the to ta l  for a l l
frames since the frame counter was set t o l .  [It is  the
number of ob jects  in the current data set, as detarmined by
the peak f inder  module.

YYCHPK1, F i r s t  channel where peak found. Channel number
where qua l i f y i ng  peak found. Maximum is four,  can be less,
Array not zeroed out. 
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Table 3.2-1 FOS-Unique Data in SHP (cont)

SHP Wd Meas ID Contents

882  Y.014 YYCHPK2, Second channel where peak found. Channel number
where qua l i f y i ng  peak found. Maximum is four,  can be less.
Array not zeroed out.

383 Y.015 YYCHPK3, Third channel where peak found. Channel number
where qua l i f y i ng  peak found. Maximum is four ,  can be less. |

Array not zeroed out.

884 Y.016 YYCHPK4, Fourth channel where peak found. Channel number
where qua l i f y i ng  peak found. Maximum is four, can be less.
Array not zeroed out. 

| {

885 Y.01l7 YPP INV, Preplanned branch s ta tus .  Gives the request
status.  A 1 means FOS w i l l  wai t  for ground-invoked '
command; a 2 ( i n i t i a l i za t i an  value) means no preplanned
branch available (from SLIB L66, “to get one, set YPPB=l").

886 Y.018 YRSINY, Raster scan request s tatus.  Has value of 1 when
search in progress. A value of 2 means allow a four arc |

second search ( i f  nothing found, and no branch ava i l ab le ,
does a "Maltese cross search”) .  This search pattern starts
at  center ,  then 9:00, 3:00,  12:00,  6:00,  10:30,  1:30,  4:30,
and 7:30. [If i t  f a i l s ,  YGIVUP/Y622is  set. F i na l l y ,  a
value of 3 or more means that the four arc second search is
not al lowed.
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887 Y.019 YBASKP, Y base for current data. Y base used by FOS to
acquire current data. Has a range of + 256 about a
(nominal) zero value, and is l l  bits plus sign ( r igh t
j us t i f i ed  with sign extended).

888 Y620 YFM2FL, Action ind ica tor  for YFM2PR module. A value of 2
means Y base is going to increase for the next frame; a
va lueof 3 means i t  is going to decrease.
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889 Y.027 YEDGE, Result  of edge test .  A value of 1 means target is
| on edge (b inary  search successful ) ;  a value of 2 means

target on diode array;  and a value of J means target  of f
diode array.  Values in words 893-896 not va l id  unless
(YEDGE = 1].

890 Y.028 YNTARG, Countsin target channels. Gives number of counts
in channels where target is or should be, in tegrated above
mean sky .-

891 Y.024 YNMEAN, Counts in mean sky.
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892 Y.02S YYARI1, Sky variances.
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Y.031

Y.031

| ~ ND-1004A
| 1/28/84

=69~

Table: 3.2-1 FOS-Unique Data in SHP (con t )

Contents

YYFVYCTR2, V2 component of ST slew request.  ‘Scal ing is  TBD.

YYFVTCR3, ¥3 component of STs lew  request.

YFXCTR, X-offsetto center. Is in scaled microns, range+
19200. Least increment is [1/32] micron.
YFYCTR, Y-offset to center.  Is in scaled microns,  range+
19200. Least increment is [1/32] micron.

YYSHUID = 5

YYSHUID, [den t i f i e r  for FOS-Unique SHP data. See text .

YFOWCT, Owell counter for FPKUP. Ranges from 1 to YDWELS,
dependent on dwell  scan set up for SSM.

YACSAV HI, H i s to r i c  counts HI. Gives l a rges t  orl eas t
counts from dwell so far. I n i t i a l i zed  to 0 tosearch for
maximum and to the largest  la rgest  NSSC-1 intager ta search
for minimum.

YACSAY LQ, H i s to r i c  counts LO. See YACSAV HI.

YFUTT HI, Saved dwell time HI.
to YACSAY.

Time of day corresponding

YFUTT LO, Saved dwell time LO. See YFUTT HI.

YACACC HI,  Number of counts in t h i s  dwel l  HI,

YACACC LO, Number of counts in th is  dwell LO.

Scaling is TBD.
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3.2.2 FQS-Unique Data LogContents 
|

There are 965 data words in the FQS-Unique Data Log. These words are stored
in the FOS microprocessor RAM in the area immediately preceding address
X'A000', which as explained in Section 1.5 is the beginning of the Science
Data Array storage area. The data in the FQS-Unique Data Log is shown in
Table 3 .2-2 .

Table 3 .2 -2  FOS~-Unique Data Log

Nords Assignment

1-225 YSPR/Y.400, Spare (total of 225 16 -b i t  words, starting
at address X '9876 ' ) .  Since these words l i e  in the upper
part  of the RAM area allocated to System Tab les ,  some of
them may contain such information as FORTH (the language
for the FOS microprocessor) d i c t i ona ry  data. There is
no need to prov ide a data reduc t ion /ana lys is  capab i l i t y
for these words, but i t  should be rea l i zed  that  they
wi l l  not necessar i ly be zero.

226-233 YYEPMC/Y.409, Entrance Port Mechanism Control Block (see
Section 3.1.4.1).

234-251 YYAPMC/Y.410, Aperture Mechanism Control Block (see
Section 3 .1 .4 .2 ) .

252-305 YYPLMC/Y.411l, Po lar izer  Mechanism Control B8lock (see
Section 3 .1 .4 .3 ) .

306-321 YYFGKC/Y..412, FGWA Mechanism Control Block (see Section
3 .1 .4 .4

322-833 DOTBL/Y.401, Oiscr iminator DAC/Disabled Diode Table,
total of S12 16-bit words, starting at address X'9AF3'.
Contains d i sc r im ina to r  and channel enable information
fo r  each channe l ,  B i t  l i s  1 to i nh ib i t  use of the
channel and is 0 to enable i t .  Bi ts 2-8 are the seven
most s i gn i f i can t  bits of the readback from the DAC used
to set the low- level  d iscr iminator  in the FOS Analog
S igna l  P rocesso r  for  tha t  channe l  i f  an e r ro r  was
encountered (see Section 3 .1 .6 .1 ) .  Bits 9-16 have the
eight  Bits reflecting the desired se t t i ng  of the DAC.
This array can be set by command YODCHK/Y083...

834-837 RAMMAP/Y.402, RAM map (total of 4 16 -b i t  words starting
| at address X'9EF8') .  Has the l og i ca l  mapping for each

of the 8 physical pages of RAM memory (8 b i ts  each).
The information provided is the l og i ca l  page number for
each physical page ( in range 0-7) .  Note that only the
three Teast s i gn i f i can t  b i ts  of each byte are ac tua l l y
use
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Table 3.2-2 FOS-Unique Data Log (cont)
Words 

| Assignment

838-901 ASCIIHD/Y.403, ASCII header (total of 64 16 -b i t  words
starting at address X'9F00’'). Used for observer
comments. According to SLIB L72, the area is present ly
used by Digital Equipment Corporat ion Ground Support
Equipment (no immediate plans for f l i gh t  use have been
made, although such use is not precluded). On an FOS
test tape (see SLIB 1106), the va luesfor the p la in- text
character sequence "ABCD", for example, would have
appeared in sequen t i a l  16 -b i t  words as X '4241 '  and
X '4443 ' ,  namely w i th  the bytes in each 16 -b i t  word
"reversed". Thereis no exp l i c i t  i n i t i a l i za t i on  of the
cells (X'FFFF' was observed on the test tape). 

|

902-961 Total of 60 13 -b i t  words s ta r t i ng  at X'9F30'., They
contain an image of the serial d i g i t a l  data (SI word 8)
in  eng inee r i ng  t e l eme t r y  for each minor frame (see
Section 4). Each l6 -b i t  word has two consecutive eight-
b i t  minor frame readouts. Word number is given Dy:

WN = 902 + (S I / 2 ] ,
~ where SI {is the SI subframe number (range 0 -119 ) .  I f  SI

is  even, then bits 1-8 have the data; otherwise, b i ts
9-16 have i t .  The value of WN (w i t h a ".5" to ind ica te
bi ts  9-16) is shown in the tables of Section 4.2 in the
"UDL" column. New values are loaded into this area as
they are placed in the engineering te lemetry.  Command
YEFILL/Y084_. can be used to f i l l  a l l  these words from.
their curreht values, rather  than wa i t ing  for the 60-
second major frame time (see Sect ion 4) to e lapse.  This
command probab ly  w i l l  be issued before the FOS-Unique
Data Log is telemetared at the s tar t  of the observat ion.

962.0 MIF/Y.404, minor frame number, in b i ts  1-8 of word 962
(address X'9FF8') .

962.5 MAF/Y.405, major frame number, in b i t s  9-16 of word 962
(address X'9FF9') .  Th is  number is counted since the
l a s t  FOS rese t .

963 NREAD/Y.406, r eadou t  number ( 16 -b i t  word at address
X'9FFA'). This quant i ty  is used in the processing of
the data resu l t s  (Section 10 .2 .2 .1 .1 .1  of SLIB 799), and
is a count of the actual  number of readouts that have
taken p lace du r i ng  the cur rent  obse rva t i on .  The number
returned is the [count  - 1].  When telemetared as part
of the FOS-Unique Data Log at the start  of the observa-
t i on ,  therefore,  the value is not meaningful (probably a

res idua l  value re la ted  to the previous observat ion).
| Typical value at startup is X'7A78' (“subframe" 122 and
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Table 3 .2-2 FOS-Unique Data Log (cont)

Words Assignment

964 NMEMCLR/Y.407, memory c lear number ( 16 -b i t  word at
address X'9FFC')., This quan t i t y  is a count of the
number of memory c lears  that have taken place dur ing the
current observation. The number returned is the [count
- 1]. When talemetered as part of the FOS-Unique Data
Log at  the s ta r t  of the obse rva t i on ,  t he re fo re ,  the
value is not meaningful (probably a res idua l  value
related to the previous observation). Typical value at .
startup is X'7C70' ("subframe" 124 and 125).

965 YSPR/Y.408, spare (16-bit word at X'9FFE').  Typical
| value i s  X'7EFF' ("subframe"” 126 and 255).

3.2.3 FQS Science Data Contents
For FOS, the material telemetered in each frame of science information is
merely a dump of a set of RAM (or ROM, i f  so specified) cal ls from the FOS
microprocessor, as dfscussed in Section 3.1. The FOS science downlink may
also include several SHPs and UDLs for a given observation. Commands are
used to control the log ica l  partitioning of the RAM in the FOS microprocess-
or. The values actually used are ava i lab le  in the engineering telemetry (and
hence in the FOS-Unique Data Log and the Science Header), thus a l lowing the
information to be interpretad. Since the red and blue 0 ig icon devices are
processed by separate FOS hardware, measurement YYPATH/Y.201 (OQ for the "A"
or amber/red channel and 1 for the "B" or blue channe l )can be used to
detarmine the source of the data. As discussed in Section 1.5, there is no
connection between the observation (data acquisit ion) and downlink dump
parameters except that which might be established by conventions.

The number of words/line is given in measurement YWROSLIN/YS51l, the number of
l i nes /  frame in YLINSFRM/YS52, and the starting memory dump byte address in
YMDMPADR/YS5Q. The Instrument Mode is def ined by YACQSYNC/YS35 ( i nd i v i dua l
bits are in Y.205 through Y.210, see Section 2 .1) .  With these quan t i t i es ,  i t
is  possible to determine the major features of the science frame:

1. In general ,  the. memory dump address w i l l  be set to cause
transmission of one l i ne ' s  worth (YWRDSLIN) of Science Yeader
data before the Science Data i t se l f .  This means that:

YMDMPADR = X'A00Q' - 2 * YWROSLIN,
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~ where the factor of 2 is  because YWRDSLIN is in units of l6 -
b i t  words, not bytes. I f  this r e l a t i onsh ip  is true, then a
Science Header appears at the start of each science frame.
The constant X'A00Q' is the start of the Science Data Array.
Although this constant can be updated by a command, such an
update (see #1 of Section 3 .1 .6 .5 )  should be done only after
careful coordinat ion with the ground processing.

2. I f  YMDMPADR = X'AQC00', this means that there is no Science
Header. 

|

3 ,  I f  YYREJRE/Y.207 (the Reject/-Retry b i t )  is 1, this means
that there 1s a Reject Array needed for processing of the
data .  The Re jec t  Array {is s to red  immediate ly  a f te r  the
Science Data Array in the FOS memory. As  noted in Section
2.1.3, however, its transmission is not controlled by this

3 .2 .3 .1  Science Header
The information in the Science Header for the science frame, i f  i t  is trans-
mitted, is the same as the latter portion of the FOS-Unique Data Log (w i t h ,

| however, updates to reflect the changing data values as the material is
telemetered). By FOS convention, there is one l ine (YWRDSLIN words) of the
Science Header transmitted, so the last YWRDSLIN words of the FOS-Unique Data
Log appear as the Science Header. For example, i f  [YWRDSLIN = 521], th is
means that the l as t  521 words (or words 445-965) of the Log are sant. More
importantly, {if [YWRDSLIN > 63], a complete image of the Serial Digital
engineering telemetry data w i l l  be ava i lab le  in the Science Header. Caution
must be exercised, however, in using the data in the Science Header to con-
trol processing, for reasons explained in Section 4.1.

3.2.3.2 Science Data Array °

Commands are provided to the FOS microprocessor to control the sampling of
the dicde-path registers and the arrangement of data in its RAM memory from
where i t  {is subsequently telemetered. These commands, with their command
mnemonic, data base ID, engineering telemetry s l o t ,  and ro le  are summarized
in Table 3 .2-3.  

|
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Table 3.2-3 FOS Commands wi th Data Format Impact

Command Eng'g ™ Command Role
YINTS/ YINTEG/ Set number of integrations per X-Step. See
043 ,  Y5446 Sect ion 3 .1 .1 .1 .

YISTCHNL/  YLSTCHNL/ Load f i rs t  channel to be processed. See
Y042, Ys31 Section 3 .1 .2 .2 .

YCHNLS/ YNUMCHNL/ Set number of channels processed. SeeY030 1532 Section 3 .1 .2 .2 .

YX-STEP/  YXSTEPS/ Load number of X-Staps. See Section 3 .1 .1 .2 .Y039, Y524

YOVRSCAN/ YOYRSCAN/ Set channel overscan number. See Section
YOS1, YS30 3 .1 .1 .3 .

YY-STEP/ YYSTEPS/ Load number of Y-Steps. See Section 3 .1 .1 .4 .047 ,  YS28 
|

YSLICES/ YMSLICES/ Set number of memory s l ices.  See Section
oes. Y576 3 .1 .1 .5 .  

|

As previously discussed, the FOS microprocessor memory has a dedicated area
of memory for science information, and i t  is from th is area of memory that
the Science Data Array is telemetered. Consecutive ce l l s  in the memory are
loaded with successive channel outputs, starting with the Y1STCHNL channel
and ending wi th:

OMEG = YLSTCHNL+ YCHNLS + YOVRSCAN - 2
(sum of true f i r s t  channel ,  [true number of channels - 1 ] ,  and [overscan
number - 1]) .  This gives a total of: 

|

M = YCHNLS + YOQVRSCAN - 1
data values for the inner-most loop of the sampling process. For some FOS

observations (see Section 3 .1 .2 .1) ,  this could be the Tine length (YWRDSLIN/
YS51), although this constraint is not imposed Dy the instrument. Cells in
the "middle" of the science array are normally incremented by the output of
YOVRSCAN diodes. For example, word 107 (count ing from Q) for [YOVRSCAN = §]
would be incremented by the output of d iode  103 (count ing from 0), then diode
104, then 108, then 106, and f i na l l y  107 as success ive ly  l a rge r  o f fsets
( con t ro l l ed  by YOVRSCAN) are used. S im i l a r l y ,  word 4 would be incremented by
diodes 0, 1, 2, 3, and 4 in that order, Word 0 is incremented (by diode 9)
only at the " f i na l "  of fset.  See SLIB 1106 for examples.
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I f  [YX~-STEP > 1], the nextM wordsin the FOS microprocessor RAM ref lect  an X
offset (done by the magnetic focusing hardware) so as to allow the diodes to
sense spectrographic information f o r a s l i gh t l y  of fset  group of wavelengths.
For example, i f  (YX-STEP = 2] and (M = 10], and using Fortran indexing, then
the FOS microprocessor RAM ce l l s  would have to be sampled in the sequence:

1,11, 2,12, 3,13, 4,14,  5,15, 6,16, 7,17, 8,18, 9,19, 10,20
in order to present the data in a monotonic wavelength sequence. As men-
t ioned in Sect ion 1.5,  the re l a t i onsh ip  between diode number and wavelength
is dif ferent for the two detactors and also depends on the opt ica l  elementin
use. S im i l a r l y ,  i f  [YX=-STEP = 4], then points would have to be read as:

oo  l , 11 ,21 ,31 ,  2,12,22,32, 3,13,23,33, . . .  |

where again the grouping indicates that, for example, points [1,11,21,31] are
all read from the same diode, but with d i f ferent  magnetic deflection values.
Since the talemetry is  of successive RAM ce l l s ,  however, th is  unshuffling
must be done as part of the ground processing.

After reading the data for the channels a total of YX-STEP times, the FOS
instrument can deflect the beam in the Y axis direction (perpendicular to the
diode array) and generate exact ly  the same information. Continuing the
example, i f  [YY-STEP = 3] then the RAM would have words 1-40 for the f i r s t
co l l ec t i on  ( in te r leaved as described above), words 41-80 for the second, and
words 381-120 fo r  the t h i r d  Y -ax i s  s tep .  Words 1, 11, 21, 31, 41, S51,
6 l , . . . 111  would a l l  contain informat ion from the YLSTCHNL diode.

F ina l l y ,  to gather  data for some Ground Sof tware  Modes (such as Time-
Resolved), the completa sat of measurements must be repeated several times,
as controlled by the YSLICES command. For [YSLICES = 4], but otherwise the
above scenario, words 1-120 would have the f i rs t  s l ice,  121-240 the second,
241-360 the th i rd ,  and 361-480 the fourth s l i ce .  [ In this s i t ua t i on ,  the
to ta l  size of the FOS "pa t te rn"  would r e f l ec t  a Science Data Array l eng th  of
480 words.
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Using the command (and engineering telemetry) values previously presented,
the Science Data Array in the FOS microprocessor can also be visualized as
having elements

31,5.k,1
where:

i varies from YISTCHNL to [YLSTCHNL + YCHNLS + YOVRSCAN - 2],
j varies from 0 to (YX-STEP - 1],
k varies from Q to [YY-STEP - 1], and
1 varies from 0 to (YSLICES - 1].

Using the values prev iously  presentad, and having [YISTCHNL = 0] ,  the f i r s t
element would be 50,0,0 ,0  and the las t  39,3,2,3° for a total  of [ lO*4*3*4=]
480 words.

3 .2 .3 .3  Reject Array
I f  the YYREJRE/Y.207 (see Section 2.1.3) b i t  is 1, then the Reject Array is
used to count the number of rejected measurements (the output from al l  512
channels {is ignored, rather than being used to update the FOS microprocessor
RAM). As discussed in Section 2 .1 .3 ,  the actual use of the re jec t ion log ic
is  con t ro l l ed  by the threshold value. The process for using the Reject Array
is given in Section 10 .2 .2 .1 .1 .1  of SLIB 799. The array has the general
form: 

|

Rj  mk ,  1
where:

j varies from 0 to [YX-STEP -1 ] ,
m varies from 0 to [YOVRSCAN - 1],
k varies from QO to [YY-STEP - 1], and

varies from QO to [YSLICES - 11].
The only parameter d i f f e ren t  from the normal science data is "m". Contrary
to the Sc iance  Data A r ray ,  no rea r rangemen t  p r i o r  to subsequent  use is
necessary.

va
d

The Re jec t  Array is stored in the FOS microprocessor immediately af ter  the
Science Data Array. There is no constraint imposed that i t  be telemetared
starting with a separata downlink packet. All packets must have the same
number of words: those after the end of the Reject Array are not meaningful
for the current observation, and should be ignored.
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3.2.4 Arrangementof Science Data into Packets |

The FOS science data ,  in common with theo the r ST inst ruments,  is d i v i ded  for

te lemet ry  i n t e r f ace  purposes i n to  " l i nes "  and " f r ames " .  A " l i ne "  is  a
maximum of 965 16-bi t  words of science data, and a "frame" is a col lect ion of
one or more " l i nes " . - A set of one or more "frames" constitutes an “"observa-
t ion".  The number of words in a l ine ,  and the number of l ines in a frame,
must be consistent between the SDF and the o r i g i na t i ng  SI. The complete
interface i nvo l vesa six-signal protocol .

For transmission purposes, a l ine of data is accommodated in a “packet”,
which in turn {is d i v i ded  i n to  f rom 1 to 16 "segments" (each of which has 64

16-bit  words). In the f i rs t  segment (by ST convention, "segment 0"), 50 data
words are ava i lab le  to the user, with the other 14 occupied by anc i l l a r y
in format ion;  in the other segments, 61 data words are ava i lab le  to the user.
Since each segment of a packet must conta in  exact ly  64 words, words of f i l l

may be required to complete the las t  segment in the packet. These words are
all set to X'5569'. For subsequent processing, i t  would be expected that the
data words would be extracted from the i nd i v idua l  segments. The data loca-
tions quoted i n  th is  document, therefore, assume that the transmission-
protocol anc i l l a r y  words have been removed and the data words compacted.

The informat ion in the anc i l l a r y  (non-data) words is  defined in SLIB 204 and
SLIB L65, andsummarized in Table 3.2-4.  Fol lowing the convention of SLIB
204, segments are numbered 0-15 and words 0-63, Words 0-2 are ref lected in
all segments, while words 3-13 are only in the f i r s t  segment (segment 0). As
alsewhere in this document, b i ts  are numbered 1-16 (1 is most s i gn i f i can t ) .

Table 3.2-4 Packet Anc i l l a r y  Data

Word S ign i f i cance

0 Top 16 bits of sync pattern, X'0588'.

1 Bottom 8 bits of sync pattern, X'2E' ,  in b i ts  1-8 of the
word ,  |

Segment number of this segment (range 0-15) in b i ts  9-16 of
the word.
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Table 3.2-4 Packet Anci l lary Data (cont)
Word Significance

2 Packet count (a running 16 -b i t  count of the number of non-f i l l e r  packets output by the SI C&DH).

3 Source ID in b i ts  1-8 of the word. For FOS, value is X'OC'.When the SHP {is sent, the value in th is  byte is  0.

Mission ID in bits 9-16 of the word. Value is X '3A' .
4 Coded packet length in bits 1-8 of the word (units of seg-

ments). VYalues are X'30'(lL segment), X ' 40 ' ( 2 ) ,  X ' 48 ' ( 3 ) ,X's50'(4),  X's54'(S), x ' s8 ' ( s ) ,  X ' sC ' (7 ) ,  x ' s0 ' ( 8 ) ,  X ' 62 ' ( 9 ) ,
X'64 '  ( 10 ) ,  Xx ' 66 ' ( 1 l ) ,  Xx '68 ' (12) ,  X 'BA ' (13 ) ,  X ' sC ' (14 ) ,  X'sE'(15), X'70'(16). For the SHP and the FOS Unique Data Log, 16segments are required. The number of segments requi red for
science data depends on the spec i f ied  number of words (seeSection 3.1.2.1).

Secondary header length in bits 9-16 of the word (number of
g8-bit bytes in words 6-13 of segment 0). Value is decimal16, or X'10'.

8 Packet format code in b i t s  1-8 of the word. For the SHP, avalue of X'AA' {is used, and for NSSC-1 Execu t i ve  S ta tus
Buffer dumps, a value of X '88 ' .  The FOS UDL has values (from
SLIB L64 and SLIB L587) in the range X'l0' to X ' lF ' ,  The FOSscience data ( d i r ec t l y  from the instrument) has values in the
range X'6Q0' to X '7F ' ;  i f  the data comes through the NSSC-l,the format code has values of X'80' to X '9F ' .  F i na l l y ,  mem=ory dumps have values in the range X'Dl' to X'OF' (excluding
X '00 ' ) .

See SLIB L67 for the s ign i f icance of other values; the ones
to be used during flight (w i th in  the above ranges) are TBD.
Source ID par i ty  in b i t s  9-16 of the word. For FOS, value is
X'A7' .  When the SHP is sent, the value is 0.

8 Frame start count (a running l 6 -b i t  counter of the number of
Frame Start s ignals received from the SI that is the source
of the data in the packet) .  The count is kept in the SDFhardware, and when the SOF is r ese t ,  th is counter is a l so .
reset,  When the SHP is sent (or i f  FOS data is sent via the
NSSC-1), the value in this word w i l l  be 0, For data sentfrom the instrument itself (UDL, science, and dump data),
this word can be non-zero ( i t  is incremented in conjunct ion
with the transmission of each UDL as well as for each frameof science/dump data) .
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Table 3.2-4 Packet Anc i l l a ry  Data (cont)

Word S ign i f i cance

7 Line count. For multi- l ine formats, the number of the l ine
of science data contained in the packet,  starting at 0. I[t
is  always zero for the SHP and UDL. For science and dump
data, i t  ranges from QO to one less than the packets/frame
contained in anci l lary data word 12 (hence i t  1s always zero
for single=1ine formats).

8 The most s i gn i f i can t  16 bits of time code value, the space-
| craft time of transmission of the Line Start signal or start

of the DMA transfer that produced the data for the packet .
Words 8 and 9 together correspond to the NSSC-1 held space-
craft clock with a l eas t  increment of 125.000 msec. The
entire 42 bits (including word 10) represent the SDF clock
with a Teast increment of 125/1.024 usec (122.0703125 usec).

9 The next most s i gn i f i can t  16 bits of time code value (see
word 3).

10 The least  s i gn i f i can t  10 b i ts  of time code value ( l e f t
justified). See word 8. B8its 11-16 are 0.

11 Observation number. Bits 1-8 of this word are zero. For the
FOS UDL and science data, b i t s  9-16 have the value that i s
also contained in bits 9-16 of data word 1 of the SHPs (see
Section 3.2.1)  that are associated with the observation. In
the SHP, t h i s  complete word is  0.

12 Number of packets per frame. This is the number of packets
that the SI C&DH outputs as a r esu l t  of the invocat ion of
this format. I t  is 1 for the Standard Header Packet and FOS-
Unique Data Log. The value for FQS sc ience data i s  down-
l i nked in YLINSFRM/YS552 (see Section 3 .1 .2 .1 ) .  Since the
l ine count in anc i l l a r y  data word 7 starts at 0, th is  word 12
value is one greater than the f i na l  ( l as t  packet in frame)
value in word 7.

13 Number of data words per packet. Has number of data words
(as opposed to anc i l l a r y  or f i l l  words) in each packet of the
frame of which this packet is a par t .  The maximum value is
965 (X'3CS'), the value for the Standard Header Packet and
the FOS-Unique Data Log. The value for FOS science data is
downlinked in YWRDSLIN/YS551 (see Section 3.1.2.1).
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4.0 FOS ENGINEERING TELEMETRY

4.1 FOS ENGINEERING TELEMETRY OVERVIEW
The FOS engineering telemetry consists of four types of data:

1. Analog data (such as temperatures and voltages),

2. B i l eve l  data (contact  c losures) ,

J. Serial d i g i t a l  data (from the FOS microprocassor), and

4. D ig i t a l  data from the FOS NSSC-1 processors.

A11 ST Engineering Telemetry measurements have an associated eight-character
LMSC (SLIB 1089) measurement ident i f ier,  as well as an abbreviated (but s t i l l
unique) four-character identif ier. The fu l l  eight-character identif ier is
d iv ided into f ive f i e l ds :

1. F i e l d 1,  the f i r s t  charactar, i den t i f i e s  the major ST element.
A "YY" is assigned to the FOS.

2. F ie ld  2, characters 2-3, identify the component code. For
FOS, the reserved codes are:

01 MEC
02 CEA
03 CPS
Q4 Signal Processor
0s HYPS
06 PSA (not used)
07 PS8 (not used)
08 CLPS
09 RIU A
10 RIU 8
11 General FOS.

3. F i e l d  3, character 4, is  a letter code for the measurement
parameter. For FOS, values of C ( cu r ren t ) ,  H ( pos i t i on ) ,  J
(logic status/computar address), Q (counters/quantity), T
( tamperature), V (vo l tage) ,  W ( t ime ) ,  X (b i l eve l /mu l t i l e ve l ) ,
and Z (spare) are used.

4, F ie ld  4, characters 5-7, uniquely i den t i f i e s  each measurement
wi th i n  the ca tego ry  i den t i f i ed  by F ie l d  1. For FOS, the
numbers are further d iv ided:

101-134 8 i l eve l
301-338 Analog
500-589 Ser ia l  D ig i t a l  Data
600-648 Data from NSSC-l Processors ( in word 9)
649-652 Ser ia l  D ig i t a l  Data.
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For- the purposes of this document, the numbering system in
th is  f i e l d  has been extended to  i nc l ude  those parameters that
are not otherwise ident i f ied .  To avoid ambiguity (while s t i l l
permit t ing useful presentat ion in numerical o rde r ) ,  these
extensions have been made as f rac t ions ,  using the fo l l ow ing
assignments:

.001-.031 FOS-Unique data in SHP (see Section 3.2.1)

.201-.230 DOivisions in word 8 (words already assigned)

.400-.412 Quantities in FOS-Unique Data Log (Section 3.2. 2)

.648 - Spares in word 9.

[ t  should be notad that commands are also {identif ied with
similar notations:

0ao0 -087. Ser ia l  magnitude commands
501.-627, D iscre te  commands.

5. F ie ld  5, charactar 8, is an ind icator  of ground processing
required. Values for FOS are:

A Analog (where have ca l i b ra t i on  curve) or conversion to
| numerical value;
8 B i l eve ls  ( s i ng le  b i t s ) :  each of the two states .can

have  an equ iva len t  Engl ish statement (8 characters
maximum); and

3} Mu l t i - l eve l  data having a maximum of up to 32 discrete
output states (otherwise as for 8).

So le ly  for presentation purposes in th is document, a lower-
case a lphabet ica l  suf f ix  (a, b, ¢ ,  e tc . )  has been added to
Fie ld  § to d i s t i ngu ish  successive parts of the Serial  D ig i t a l
Data r equ i r i ng  more than e i gh t  b i t s  to te lemete r  ("a" is
appended to the most s i gn i f i can t  part ,  "b" to the next most,
etc).

The abbreviated measurement i den t i f i e r  uses F ie lds  1 and 4.

As mentioned in Section 3.2.3.1, users of the engineering telemetry informa-
t ion must be aware of the sampling done i n te rna l l y  by the FOS microprocessor
for control  purposes, as well as that done by the microprocessor for output
of the Se r i a l  D ig i t a l  Data. The FOS command ph i losophy is based on an "Arm
and F i re"  tachnique, whereby the necessary commands to sat up the parameters
are carr ied out (such as those used for FOS microprocessor loop con t ro l ) .  A
"F i re "  command (or ,  more p rec i se l y ,  Begin Data Acqu i s i t i on ,  YBEGAC/YS59, ) is
used to start the actual activity. There is a command to abort the data
acqu is i t i on  immediately (YABACQ/YSS5.), or to end data acqu is i t i on  at the and
of the pattern (YENDAC/YSS7.). See Section 3.1.2.3.
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At the start of data acqu i s i t i on ,  the FOS microprocassor ( in an activity that
takes a total of a couple of seconds) samples many of the commanded para-

‘me te rs  (such as the INTS, XSTEPS, and OVRSCN con t ro l s  for the X-ax is
activity) from their talemetered ce l ls  and puts them into other ce l l s  for use
throughout the observat ion.  The telemetered ce l l s ,  however, w i l l  re f lec t  any
subsequent command ac t iv i t y  (a primary purpose of telemetering them, of
course, is for command ver i f icat ion) .  The commands whose data is sampled in
this fashion are called “Software Parameter Commands” in Table J .1 -2 .  For
data r educ t i on  pu rposes ,  i t  would be moreconse rva t i ve  to sample these
parameters from the FOS-Unique Data Log information. 

|

Some commands, however (such as YREJLIM/Y0l4., the one control l ing the burst
noise level  for rejecting an integration value from the diodes' accumulators)
are in the "Data Commands" category in Table 3.1-2, meaning that they can be
updatad “on the fly" and w i l l  have an effect. Although these commands do not
impact the partitioning of the RAM memory, they can impact the processing.
One example is  YLIVETIM/Y008, and YOEADTYM/YOL0,, the commands used to
control the diode-path accumulator sampling interval:  these ca l l s  are
spec i f ied  in SLIB 598 for alternative use in reducing time-tagged data. The
"Data" catagory commands, therefore, should be obtained from the Science
Header i f  possible. I t  is expected (see SLIB 814) that the observer wi l l
take care not to change parameters or issue data commands during an acquis-
i t i on ,  since such changes can resu l t  in meaningless data.

The memory area preceding the X'AQOO' address (the nominal address where the
Science Data Array starts) has the image of the Se r i a l  Digi tal  Data. I [nd i -
v idua l  bytes in this area are loaded at the same time that  they are oreasented
to the telemetry, meaning the 120 bytes comprising this data ( for  “normal”
telemetry, see Section 4.3) take a minute to get refreshed. 3ecause of th is
delay,  command YEFILL/Y1Q4. w i l l  probably be used to sample a l l  120 values
and place them in this area of memory. An expected command sequence, there-
fore,  would be to abor t  the prev ious acqu i s i t i on  ac t i v i t y ,  p rov ide  the YEFILL
command, and then generate the NSSC-l Standard Header Packet and the F0S-
Unique Data Log information.
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The sequence of FOS engineering telemetry flow through the ST systems is
shown in Figure 2 of SLI3 1089.
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4.2 ENGINEERING TELEMETRY OUTPUT FROM FOS
The FOS Engineering Telemetry is described in this section from the v iewpoint
of the FOS instrument (and, therefore, documentation). The actual structure
of the engineering telemetry stream (major frames, minor frames, subcommuta-
tion, and related mattars) is discussed in Section 4.3.

- Four kinds of telemetry are provided: Analog, B i l eve l ,  Ser ia l  Digi ta l ,  and
Digital from FOS NSSC-l processors. The tables on the following pages pro-
vide a summary of the telemetry assignments arranged in different sequences
and formats for ease of reference (they are derived from the same basic set
of data). The fo l low ing  information is suppl ied:

1. Table 4.2-1 l is ts  the FOS Analog Telemetry sequenced by ab-
breviated ™ identifier. The "“SHP" column gives the SHP
(Current Value Table area, see Section 3.2.1)  loca t ion  where
the value is stored, with the ".5" meaning that i t  is in the
low 8 bits of the word.

2. Table 4.2-2 1ists the FOS Bi level  Telemetry sequenced by ab-
breviated TM ident i f ier .  The SHP column has the same s i gn i f -
icance as for Table 4.2-1.

3. Table 4 .2-3  l i s t s  the FOS Analog and B i l eve l  Te lemetry
sequenced by plug and pin connection (for checking against
other interface documentation).

4. Table 4.2-4 lists the FOS Serial  Digital Telemetry sequenced
- by abbreviated ™ identi f ier. The FOS-Unique Log word loca-

tion (“UDL" column) i s  determined as described in Section
3 .2 .2 .

5S. Table 4.2-5 provides the same information as in Table 4.2-4,
but sequenced by location.

8. Table 4,2-6 lists the FOS NSSC-l Procassor Digital Talemetry
sequencad by their identifier (equiva lent  £0 sequencing by
l oca t ion) .  See Sect ion 1.5 for NSSC-l processor identi f ica-
t ions .  The "SHP" column refers to the word loca t ion  in the
Standard Header Packet. The subscripts in this column re-
flact the conditions under which the quant i ty  appears (the
value of YYSHUID/Y.Q0l, see Section 3.2.1) .

7. Table 4,2-7 l ists a l l  the FOS commands and talemetry se-
quenced by their abbreviated command (wi th subscr ip t  "c¢") or
T™ i den t i f i e r .  The "SHP" column is the same as for Table
4 .26  (no subscr ipt  means the quantity does not depend on
YYSHUID/Y.Q01), and the "UDL" column gives the location in
the FOS-Unique Data Log.
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8. Table 4.2-8 provides the same information as i n  Table 4 .2-7 ,
but sequenced by mnemonic. I t  should be noted that  the sortsequenceis not an ASCII one (numbers are after le t ters ,  for
example).

In these tab les ,  the notat ion a /b : c -d  in the WD/SF column impl ies  that the
quantity is  in  FOS output engineering telemetry word #a (range 0-9) ,  subframe
slot b (range O to [ length -1 ] ) ,  and bi ts ¢-d ( b i t 1 is most s i gn i f i can tand
b i t 8 is leas t  s i gn i f i can t ) .  See Section 4.3 for addi t ional  information on
the engineering telemetry. 

|
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6/1
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SHP
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146.5
147.5
148.5
149.5
150.5
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153.5
154.5
155.5
156.5
157.5
158.5
159.5
160.5
183.5
131.5
137.5
133.8.
134.5
135.5
136.5
132.5
161.5
162.5
138.5
164.5
165.5
166.5
143.5
167.5
168.5
144.5
140.5
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Table 4.2-1 FOS Analog Telemetry by ID

Sign i f i cance

Y108TMP, Op t i ca l  Sench Temperature Loca t ion  1.
Y208TMP, Qpt ical  Bench Temperature Locat ion 2.
Y30BTMP, Op t i ca l  Bench Temperature Locat ion  3.
Y408TMP, Op t i ca l  Bench Temperature Loca t ion  4.
YPCATMP, Photocathode A Temperature.
YPAMATMP, Pre-Amp Assembly A Temperature. |

YPMFATMP, Permanent Magnet Focus Assembly A Temperature.
Y10ATMP, Optics Area Temperature Locat ion 1.
Y20ATMP, Qp t i cs  Area Temperature Loca t i on  2.
YSIGPTMP, Signal Procassor Temperature.
YCEATMP, Central E lec t ron ics  Temperature.
YOOORTMP, Entrance Door Mechanism Temperature.
YAPERTMP, Aperture Mechanism Temperature.
YPOLRTMP, Po la r i ze r  Mechanism Temperature,
YFGMATMP, F i l t e r /G ra t i ng  Wheel Motor A Temperature,
YHYTMP, High Yol tage Supply Temperature,
YCPSTMP, Centra l  Power Supply Temperature,
YHYVLT, High Vol tage Supply Vo l t age .
YCALVLT, Ca l ib ra t ion  Lamp Supply Voltage.
YXDEFCUR, X=-Deflection Coil Dr iver  Current.
YYDEFCUR, Y-Deflect ion Coil Oriver Current.
YTRMFCUR, Trim Focus Coi l  Or iver  Current ,
YOSCRYLT, Discr iminator  Reference Voltage.
YHVCUR, High Vo l tage Supply Cur ren t .
YARIUTMP, RIU=-A Temperature.
YBRIUTMP, RIU=8 Temperature.
YCLSCUR, Ca l ib ra t ion  Lamp Supply Current.
YFGMBTMP, F i l t e r /G ra t i ngWheel Motor 8 Temperature,
YPCBTMP, Photocathode B Temperature,
YPAMBTMP, Pre-Amp Assembly B Temperature. |

YSYQPSY, Plus 8 Vo l t  Qu ie t  Power Supply Vo l t age .
YPMFBTMP, Permanent Magnet Focus Assembly 8 Temperature.
YXYOFTMP, X Y De f l ec t i on  Focus OAC Temperature.
YSYLPSY, Plus 5S Volt Logic Power Supply Voltage.
YANASPAR, Analog Spare.
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TM ID WD/SF

¥Y101 3/1:8

¥Y102 4/1:6

Y103 3/1:3

Y104 3 /1 :4

Y105 3/1:1

Y106 3 /1 :5

Y107 3/1:6

Y1l7 4/1:§

Yi18 1/1:8

Y119 4/1:3

Y120 4/1:4

Y121 4/1:7

Y122 4/1:8

Y123 1/1:5

Y124 1/1:6

¥Y12s 1/1:1
Y126 1/1:2
¥Y127 1/1:3
Y128 1/1:4
Y130 1/1:7

Y131 4/1 :1-2

Y133 3/1:7

Y134 3/1:2

SHP
141.5

142.5

141.5

141.5

141.5

141.5

141.5

142.5

139.5

142.5

142.5

142.5

142.5

139.5

139.5

139.5
139.5

139.5
139.5

142.5

141.5

141.5

.YQSRPI, Quiet Supply Relay Pos i t i on .

ND-1004A
1/28/84
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Table 4.2-2 FOS B i l eve l  Telemetry by ID

S ign i f i cance

YCMTRST, Carrousel Motor Status.  AQ is  Band a 1 i s  A.
See Sect ion  3 .1 .4 .4
YCALRPI, Ca l i b ra t i on  Lamp Supply RPL.
i s  o f f .  See Sect ion 3 .1 .6 .4
YWTCHDOG, Watchdog Timer Status.
error. See Sect ion 3 .1 .6 .5
YINSENG, Instruct ion Eng ineer ing8it Status.
and 1 is error, See Sect ion 3 .1 .6 .5  

|

YRESETST, Reset Status.  A Q is reset and a 1 is  not
reset
YODSCRAM, Descramblie PROM Power Status 0dd.
and 1 is on
YEDSCRAM, Descramble PROM Power Status Even.
and 1 is on
YHYRPI, High Yoltage Relay Pos i t i on .
and 1 is HVOF (off)
YHTRRPI, Heater Contro l  Relay Pos i t i on ,
(on) and1 is HTOF (o f f )

AQ i sonand  1

AQ is  OK and 1 i s

AO is OK

AO is  off

AQ is off

AQ is HVON (on)

AQ is HTON

AO is +QPS (on)and 1 is -QPS (o f f )  
| 

|

YLSRPI, Logic Supply Relay Status.
1 is =LPS (of f )
YIBUSRPI, Common Bus Relay #1 Status,
0ff l  and a 1 1s A On/B 0Offl
Y2BUSRPI, Common Bus Relay #2 Sta tus .
Off2 and a 1 is A On/B Qff2
YAPRFRPI, Aperture Fa i l sa fe  Arm/Safe S ta tus .
and 1 is  Safe. See Sec t ion  3 .1 .4 .2
YENTFRPI, Entrance Door Fa i l sa fe  Arm/Safe Status.  AO
i s  Arm and 1 is  Safe, See Sec t ion  3 .1 .4 .1
YLSOFPRT, SD CEA A K1-K6 S ta tus .  AQ is  AB and 1 is  AA
Y2SDFPRT, SO CEA A K7-X11 S ta tus .  A QO i s  AB and 1 is  AA
Y3SOFPRT, SD CEA B K1-K6 S ta tus .  A QO is BB and 1 is  BA
Y4SDFPRT, SO CEA B K7-K1l S ta tus .  A QO is  BB and 1 is  BA
YPOLFRPI, Po la r i ze r  Fa i l sa fe  Arm/Safe Status.  A 0 is
Arm and 1 is  Safe. See Sec t i on  3 .1 .4 .3
YRIUS2, RIU Standby S ta tus .  B i t  1 is for RIU A and b i t
2 for RIU B. A OQ means ST3Y1 and a2 1 means STBY2
YCALSELR, Ca l i b ra t i on  Lamp Se lec t  RPI. A 0 is  B and a l
i s  A. See Sec t i on  3 .1 .6 .4
YCLKMON, Mic roprocessor  Clock Mon i t o r .
1 is  1.5 MHz, See Sect ion 3 .1 .6 .5

AO is HPS (on) and

AQ is B On/A

AQ is B On/A

AQ is Arm

AQ is 3 MHz and
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A i r i ng

P2-20
p2-21
p2-22
p2-23
p2-24
p2-34
p2-35
p2-36
p2-37
p2-38
p2-39
P2-40
p2-41
P5-34
P§=35
P5-36
P§=37
P§~38
P5-39
25-40
PS=41
P6-11-12
P6-13
P6-14
P6=15
P6-16
P6-17
06-18
P6-31
P6-32
P6=13
P6-34
P§=35
P6-36
P6=37
P6-38
P6-51
P6-52
P6-53
P6-54
96-55
P6=56
P6=50
96-61
P6-62
P§=63
PE=64
P6=65
PE=66

ND-1004A
1/28/84
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Table 4.2-3 FOS Analog/8i level  Telemetry by Plug-Pin

Mnemonic

YHVVLT
YHYCUR
YOSCRVLT
Y8VQPSV
YANASPAR
YFGMATMP
Y40B8TMP
Y108TMP
YFGMBTMP
YPAMATHP
YPAMBTMP
YPMFBTMP
YXYDFTMP
YARIUTMP
YBRIUTMP
YCPSTMP
Y208TMP
YSIGPTMP
YHYTMP
YPCATMP
YPCBTMP
YRIUSZ
YQSRPI
YLSRPI
YHVRPI
YCALRPI
Y1BUSRPI
Y2BUSRPI
Y1SOFPRT
Y2SOFPRT
Y3SOFPRT
Y4SOFPRT
YAPRFRPI
YENTFRPI
YPOLFRPI
YHTRRPI
YXDEFCUR
YTRMFCUR
YYDEFCUR
YCALYLT
YCLSCUR
YSVYLPSY
YPMFATMP
Y10ATMP
Y20ATMP
Y308TMP
YCZATHP
YOOORTMP

~ YAPERTMP

™ ID

Y319
Y325
Y324
¥332
Y338
Y315
Y304
Y301
Y329
¥306

Y331
Y333
Y334
Y325
Y327
Y318
Y302
Y310
Y316
Y305
Y330
Y131
Y119
Y120
Y117
Y102
Y121
1122
Y125
Y126
Y127
Y128
Y123
1124
Y130
Y118
Y321
Y323
Y322
Y320
Y328
Y337
Y307
Y308
Y309
Y303
Y3ll
Y312
Y313

S ign i f i cance

High Vo l tage  Supply Vo l t age
High Yoltage Supply Current
Discr iminator Reference Voltage
Plus 8 Yolt Quiet Power Supply Voltage
Analog Spare
F i l t e r /Gra t i ng  Wheel Motor A Temperature
Opt i ca l  Bench Temperature Loca t ion  4
Opt ica l  Bench Temperature Loca t ion  1
F i l t a r /G ra t i ng  Wheel Motor B Temperature
Pre-Amp Assembly A Temperature
Pre-Amp Assembly B8 Temperature
Permanent Magnet Focus Assembly 8 Temperature
X Y De f l ec t i on  Focus DAC Temperature
RIU-A Temperature
RIU=-B8 Temperature
Centra l  Power Supply Temperature
Opt ical  Bench Temperature Locat ion 2
Signal Processor Temperature
High Voltage Supply Temperature
PhotocathodeA Temperature
Photocathode B Temperature
RIU Standby Status
Quiet  Supply Relay Pos i t i on
Logic Supply Relay Sta tus
High Voltage Relay Pos i t i on
Ca l ib ra t ion  Lamp Supply RPI
Common Bus Relay #1 Sta tus
Common Bus Relay #2 Sta tus
SO CEA A K1-K6 S ta tus
SO C2A A X7-K1l S ta tus
SD CEA 8 K1-K6 Status
SO CEA B8 X7-K11 S ta tus
Aperture Fa i l sa fe  Arm/Safe Status
Entrance Door Fa i l sa fe  Arm/Safe Status
Polar izer  Fa j l sa fe  Arm/Safe Status
Heater Con t ro l  Relay Pos i t i on
X=-Deflection Coi l  D r i ve r  Cu r ren t
Trim Focus Coi l  O r i ve r  Cur ren t
Y -De t l ec t i on  Coi l  D r i ve r  Cur ren t
Ca l i b ra t i on  Lamp Supply Yol tage
Ca l i b ra t i on  Lamp Supply Cur ren t
Plus 5 Yol t  Logic Power Supply Yo l tage
Permanent Magnet Focus Assembly A Temperature
Opt ics  Area Temperature Loca t i on  1
Optics Area Temperature Location 2
Opt i ca l  Bench Temperature Loca t i on  3
Centra l  Z l ec t ron i cs  Temperature |

Entrance Door Mechanism Temperature
Aperture Mechanism Temperature
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Table 4.2-3 FOS Analog/Bilevel Telemetry by Plug-Pin (cont)
Wiring Mnemonic ™ ID Significance

P6=67 YPOLRTMP Y3l4 Po la r i ze r  Mechanism Temperature
P6-70 YRESETST Y105 Reset Status
P6-71 YCLKMON Y134 Microprocessor Clock Monitor
P6-72 YWTCHDOG Y103 Watchdog Timer Status
P6-73 YINSENG Y104 Ins t ruc t ion  Engineering Bit  Status
P6-74 YODSCRAM Y106 Descramble PROM Power Status Qdd
P6=75% YEDSCRAM Y1Q7 Descramble PROM Power Status Even
P6-78 YCALSELR ¥133 Ca l i b ra t i on  Lamp Select  RPI
Pe=~77 YCMTRST Y101 Carrousel Motor Status



FOS
SOS.

™ 0
¥.201

Y.202

Y.203

Y.204

Y.208

Y.206

Y.207

Y.208

Y.209

¥.210

Y.211
Y.212
Y.213

Y.214

Y.215

Y.216

Y.217

Y.218
Y.219

Y.220

Y.221

Y.222
Y.223
Y.224

Y.225

¥,226
¥.227

WD/ SF

8/1:8

8/26:6

8/26:7

8/26:8

8/67:1

8/67:2

8/67:3

8/67:4

8/67:5

8/67:6

8/67:7
8/67:8
8/112:1

8/112:2

8/112:3

8/112:4

8/112:5

8/112:6-8
38/95:1

8/98:2

8/95:3

8/98:
8/98:
8/95:

8/95: ~
4

 
[a

 J
ET

 
I

8/95:8

8 /118 :5

ND-1004A
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Table 4.2-4 FOS Serial D ig i t a l  Data by ID

uoL
902.5

915

915

915

935.5

935.5

935.5

935.5

935.5

935.5

935.5
935.5
958

958

958

388

958

958
949.5

949.5

949.5
949.5
949.5

949.5

949.5

961

mode,

S ign i f i cance

YYPATH, Path i den t i f i ca t i on .  A Q is  "A" (amber or
red) and 1 is "B" ( b l ue ) .  See Section 3.2.3
YYSAFLKA, Auto safe due to loss of keep-al ive SMC.
See Section 3 .1 .6 .5
YYSAFTSL, Auto safe due to loss of taleme try sync.
See Section 3 .1 .6 .5
JYSAFED, Auto saf ing enabled/disabled.

YYSYNCS, Synchronous start instrument mode. See
Section 2.1.1 

|

See Section

YYTIMTG, Time-Tag instrument mode. See Section
2.1.2
YYREJRE, Reject/-Retry instrument mode. See Section
2.1.3
YYTARGA, Target acqu i s i t i on  instrument mode. See
Section 2.1.4
YYDBLSN, Oouble/~-Single prec is ion adder instrument
mode. See Section 2.1.5
YYAUTPQ, Automatic po la r i ze r  sequence instrument

See Section 2.1.6 .
YYSPR, Spare b i t .
YYSPR, Spare b i t .
YYRSMNI, Resume (no i n i t i a l i za t i on ) .  See Section
2 .1 .1
FYINASLT, I nh ib i t  s l i ce  table f i l l .  See Sect ion
2.1
YYINHYOF, I nh ib i t  Y-def lec t ion tab le  f i l l ,  See Sec-
t ion 2.1.1
YYINHXDF, I nh ib i t  X -de f lec t ion  tab le  f i l l .  See Sec~-
t ion 2.1.1
YYINOFHY, Do def lec t ion nys teres is  pattern at begin-
ning of data acqu i s i t i on .  See Section 2.1.1
YYSPR, Spare b i t s .
fYILTICC, I11egal Type=-3 command code.

YYILT4CC,
3.1
YYILT4MO,
t i on  3.1
YYOCMOF, Data ccmmand over f low,
YYOCMIP, Data command i l l ega l  path. See Section 3.1
YYSSCIP, Synchronous start command i l l ega l  path.
See Section 3,1
YYTAWCIP, Target acqu is i t i on  window command i l l ega l
path. See Section 3.1
YYSDCIP, Science dump command i l l ega l  path.  See
Section 3.1 

|

YYBEGNDA, Begin data acqu is i t i on  command f l ag .  A l
means begin. See Section 3 .1 .2 .3

See Section

[11egal Type-4 command cade. ‘See Sect ion

I11egal Type-4 command mod i f i e r .  See Sec-



SOGS'

2

Y.228°

Y.229

Y.230

Y500

Yso01
Y502

YS02

Y8Q3
YSQ3
YSQ3
¥5Q3
Y504
¥Y504
YS04
Y504
YSQS

YS0S

Y50S

YS0S

YS0S

Y50S

YS0S

YS05

YSQ6

YS06

Y506

Y506

YSQ7

© Y507

WD/SF

8/118:6

8/118:7

8/118:8

8/0

8/1
8/2

8/3

8/8 :7 -8
8/38:7-8
8/68 :7-8
8/98:7-8
8/8:5
8 /38 :5
8/68:5
8/98:5
8/9

8/10

8/39

8/40

8/69

8/70

3/99

3/100

8 /8 :1 -4

38/38:1-4

8/68:1-4

8/98:1-4

8/11

8/12

: i .  1/28/84
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Table 4.2-4 FOS Serial Dig i ta l  Data by ID (cont)

uoL Significance

961 YYENDDA, End data acqu is i t i on  command f l ag .  A l
means end. See Section 3 .1 .2 .3

961 YYABRTDA, Abort data acqu is i t i on  command f lag.  A l
means abort. See Section 3 .1 .2 .3

961 YYRSETMP, Resat microprocessor command f lag. A l
means reset, See Section 3 .1 .6 .5

902 YENGSYNC, MP ser ia l  engr data packet sync. VYalue i s
X'AS' | 

|

902.5 YFIRMVER, Firmware version number. Has Y.201 
|

903 YERRLIK AL, Firmware check character HI. See Sec-

903.5 YERRCHK LO, Firmware check character LO. See Sec-
t ion 1.5

906 YDOOR, Entrance door pos i t i on .  See Section 3 .1 .4 .
921 YDOOR, Entrance door pos i t i on .  See Section 3.1.4
936 YOOOR, Entrance door pos i t i on .  See Section 3 .1 .4
951 YOQOR, Entrance door pos i t i on .  See Sect ion 3 .1 .4
906 YFGWASTR, FGWA encoder strobe b i t .
921 YFGWASTR, FGWA encoder strobe b i t .
936 YFGWASTR, FGWA encoder strobe b i t .
951 YFGWASTR, FGWA encoder strobe b i t .
906.5 YAPERPOS HI, Aperture pos i t i on  HI. See Section

907 ' YAPERPOS LO, Aperture pos i t i on  LO. See Section
3 .1 .4 .2

921.5 YAPERPOS HI, Aperture pos i t i on  HI. See Section
3 .1 .4 .2  i

922 TAPERPOS LO, Aperture pos i t ion LO. See Section
3 .1 .4 .2

936.5 YAPERPQS HI, Aperture pos i t ion  HI. See Section
3 .1 .4 .2

937 YAPERPQS LO, Aperture pos i t ion  LO. See Section
3 .1 .4 .2  

|

951.5 TAPERPOS HI, Aperture pos i t ion  HI. See Section
3 .1 .  °

952 YAPERPOS LO, Aperture pos i t ion  LO. See Section
3 .1 .4 .2

906 YFGWAPOS, F i l t a r /G ra t i ng  Wheel Assembly pos i t i on .
See Sect ion  3 .1 .4 .4

921 YFGWAPQS, F i l t e r /G ra t i ng  Wheel Assembly pos i t i on .
See Sect ion 3 .1 .4 .4

936 YFGWAPQS, F i l t e r /G ra t i ng  Wheel Assembly pos i t i on ,
See Sec t ion  3 .1 .4 .4

9s1 YFGWAPQS, F i l t e r /Gra t i ng  Wheel Assembly pos i t i on .
| See Sect ion  3 .1 .4 .4

907.5 IPLRZPOS HI, Po la r izer  pos i t ion  HI. See Sect ion
1 .4 .3  |

908 YPLRZPOS LO, Polarizer position LO. See Section
3.1.4.3

ND=-1004A
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Table 4.2-4 FOS Ser{al D ig i t a l  Data by ID (cont)

TM ID WD/SF uoL Signi f icance

YSQ7 8/41 922.5 YPLRZPOS HI, Polarizer posit ion HI. See Section
3.1.4.3

YSQ7 8/42 923 YPLRZPOS LO, Polarizer pos i t ion LO. See Section
3 .1 .4 .3  

|YSQ7 8/71 937.5 YPLRZPQS HI, Polarizer posit ion HI. See Section

YSQ7 8/72 938 ~~ YPLRZPOS LO, Polarizer posi t ion LO. See Section
| 3 .1 .4 .3  

|

YS07 8/101 952.5 YPLRZPOS HI, Polarizer posit ion HI. See Section
3.1.4.3

YSQ7 8/102 983 YPLRZPOS LO, Polarizer posit ion LO. See Section

YS08 8/8:6 906 YFGWASP, FGWA spare.
Ys08 8/38:6 921 YFGWASP, FGWA spare,
¥YS08 83/68:6 936 YFGWASP, FGWA spare.
YS08 8/98:6 951 YFGWASP, FGWA spare.
¥Y5Q9 8/15 909.5 YMECHSPR, Mechanism spares. Typical  value X'OF'

( subframe)
YSQ9 8/45 924.5 YMECHSPR, Mechanism spares. Typical value X'2D'

(subframe) 
|YSQ9 8/75 939.5 YMECHSPR, Mechanism spares. Typical value X'48°

( subframe)
YSQ9 8/105 954.5 YMECHSPR, Mechanism spares. Typical value X'69'

( subframe)
YS10 8/16 910 ITARKCTR HI, Target Acq X-centar HI. See Section

3.1.
YS10 8/17 910.5 YTARXCTR LO, Target Acq X-center LO. See Section

3.1.5
YS10 8/76 940 ITARXCTR HI, Target Acq X center HI. See Section

3 .1 .
Ysio0 8/77 940.5 YTARXCTR LO, Target Acq X center LO. See Section

3 .1 .5

YS11 8/18 911 YTARYCTR HI, Target Acg Y-center HI. See Section
3 .1 .5

YS1l 8/19 911.5 YTARYCTR LO, Target Acq Y-canter LO. See Section
| 

3 .1 .5
YS1l1 8/78 941 YTARYCTR HI, Target Acq Y center HI. See Section

3 .1 .5  
|

Ysi l  8/79 941.5 YTARYCTR LO, Target Acq Y canter LO. See Section
3 .1 .5

Ys13 8/22 913 YOVRLITE Bl, Ove r l i gh t  sum MS byte. Total of 32
bits (see Section 2.1.3) |¥YS13 8/23 913.5 YOYRLITE B82, Overlight sum NMS byte. Total of 32
b i ts  (see Section 2.1.5)

YS13 8/24 914 YOVRLITE B83, Ove r l i gh t  sum NLS byte.  Total of 32
bits (see Section 2 .1 .5 )

YS13 8/25 914.5 YOYRLITE 84, Qver l igh t  sum LS byte. Total of 32 ®
bits (see Section 2.1.5) 

| -wh
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Y514

YS1S
YS16

Y516

YS517

YS17

YS518
YS19

YS20

Y520

Ys21
Y521
Y522

Y522

Ys23
¥S23
Y524

Y526

YS26

Y827
YS527
Y528

¥530

YS3l

YS32

YS35
YS36

YS36

¥837

/SF

8/26

8/27
8/28

3/29

3/30

8/31

8/32
8/33

8/34:7-8

8/38

8/36
8/37
8/46

8/47.

8/48
8/49
8/50

8/53

8/54

8/55
8/56
8/57

8/60

8/61

8/62

8/67
8/82

8/83

3/84

we
915

915.5
916

916.5

917

917.5

918
918.5

919

919.5

920
920.5
925

925.5

926
926.5
927

928.5

929

929.5
930
930.5

932
932.5

933

935.5
943

943 .5

944

ND-1004A
1/28/84.
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Table 4.2-4 FOS Serfal O ig i ta l  Data by ID(con t )

S ign i f i cance

YSAFING, Auto safe mode t rans i t i on ,  Has Y.202-Y204
(bi ts 1-5 unused). Bits 6-7 zeroed when sampled
YTAMODE, Target acqu is i t i on  mode. See Section 3.1.5
YARITHCK HI, Ar i thmetic self-check (speed) resu l ts
HI. See Sect ion 1.5
YARITHCK LO, Arithmetic self-check (speed) results
LO. See Sect ion 1.5
YSELFCHK HI,  Processor self-check resu l ts  HI. See
Section 1.5
YSELFCHK LO, Processor sel f -check resu l ts  LO. See
Section 1.5
YOREFDAC, D iscr iminator  reference DAC.
JFICUSRE, Focus t r im co i l  DAC readback.

YHYDACRB HI,  High vo l tage DAC readback HI.
tion 3 .1 .3
YHVODACRS LO, High vol tage DAC readback LO.
t ion  3 .1 .3  |

YYDAC HI, Y DAC readback HI. See Sect ion 3.1.3
YYDAC LO, Y DACreadback LO. See Section 3 .1 .3
YXPITCH HI, X deflection p i tch between diodes HI.
See Sect ion 3 .1 .3
YXPITCH LO, X de f l ec t i on  p i t ch  between diodes LO.
See Sect ion  3 .1 .3
YXBASE HI, X def lec t ion  base HI.
YXBASE LO, X de f l ec t i on  base LQ.
IXITEPSS X def lec t ion  sub-steps.

YYPITCH HI, Y def lect ion pitch be tween diodes HI.
See Sect ion  3 .1 .3
YYPITCH LO, Y de f lec t ion  oi teh between d iodes LO.
See Section 3 .1 .3
YYBASE HI, Y de f lec t ion  base HI.
YYBASE LO, Y de f lec t ion  base LO.

See Section

See Sec-

See Sec-

See Sect ion 3 .1
See Sect ion 3 .1 .
See Sect ion

See Sect ion  3
See Sect ion 3

YYSTEPS, Y de f l ec t i on  sub steps. See Sect ion

YOVRSCAN, X de f l ec t i on  overscan. See Sec t ion
3 .1 .1 .3

YISTCHNL, F i r s t  channel to be processed. See Sec-
t ion 3 .1 .2 .2  

|

YNUMCHNL, Number of channels to be processed. See
Section 3 .1 .2 .2
YACQSYNC, Acqu i s i t i on  mode. Has Y.205-Y.212
YFWSTAT1 HI, Firmware status group 1 HI. Typ i ca l l y
ASCII ( i n te rp re ta t ion  depends on usa)
YEWSTATL LO, Firmware status group 1 LO.
ASCII ( i n te rp re ta t ion  depends on use)
YFWASTAT2 HI, Firmware status group 2 HI.
ASCII ( in terpreta t ion depends on use)

Typ i ca l l y

Typ ica l l y



FOS
S0GS

™ID
YS37

1538

Y538

YS39

Y539

Y540

Y540

Y541

Y541

Y542

Y543

Y543

Y544

Y544

Y545

Y545

1546

YS47
YS48

 Y549

YSS0

YS50

YS51
YSS1
YS52

¥552

WO/SF
8/85

8/86

8/87

3/88

3/89

3/90

8/91

8/92

3/93

3/94

8/96

8/97

8/106

3/107

3/108

8/109

3/110

8/112
8/113

3/114

8/115

8/116

8/4
3/5
3/6

8/7

we
944.5

945

945.5

946

946.5

947

947.5

948

948.5

949

950

950.5

955

955.5

956

956.5

957

388
958.5

9839

959.5
960

904
904.5
905

905.5

ND-1004A
1/28/84~94~

Table 4.2-4 FOS Serial D ig i ta l  Data by ID (cont)

S ign i f i cance

YFWSTAT2 LO, Firmware status group 2 LO. Typ i ca l l y
ASCII ( interpretat ion depends on use)
YFWSTAT3 HI, Firmware status group 3 HI, Typ i ca l l y
ASCII ( interpretat ion depends on use)
YFWSTAT3 LO, Firmware status group 3 LO. Typ ica l l y
ASCII ( interpretat ion depends on use)
YFWSTAT4 HI, Firmware status group 4 H I .  Typ i ca l l y
ASCII ( in terpreta t ion depends on use)
YFWSTAT4LO, Firmware status group 4 LO. Typ i ca l l y
ASCII ( intarpretat ion depends an use)
YFWSTATS HI, Firmware status group 5 HI. Typ i ca l l y
ASCII ( interpretat ion depends on use)
YFWSTATSLO, Firmware status group 5 LO. Typ i ca l l y
ASCII ( in te rp re ta t ion  depends on use)
YFWSTATS Hl, Firmware status group 6 HI. Tyn i ca l l y
ASCII ( i n te rp re ta t ion  depends on use)
YFWSTATS LO, Firmware status group 6 LO. Typ i ca l l y
ASCII! ( in te rpre ta t ion  depends on use)
YMCLEARS, Memory c lears/data acqu i s i t i on .  See Sec-
tion 3.1.1.8 |
TASTSD HI, Last command at SMC error HI. See Sec-

on 3.1
YLASTCMD LO, Last command at SMC error LO.
tion 3.1
YNOISELM HI, Burst noise re ject ion l im i t  HI. See
Section 3 .1 .1 .1
YNQISELM LQ, Burst noise re ject ion l im i t  LO. See
Sect ion 3 .1 .1 .1

See Sec~

YRAMADOR HI, RAM address pointer HI. See Section
3 .1 .6 .3
TRAMADOR LO, RAM address pointer  LO. See Section
3 .1 .6 .  

h

YINTEG, Number of intagrations/X-step. See Section
3 .1 .1 .1

Has Y.213-Y.218
See Sec t i on

YINTMOOE, I n i t i a l i za t i on  mode.
YREAOCYC, Readouts/memory c lear ,
3 .1 .1 .7

YDATALIM, High byte of acqu i s i t i on  l im i t .
t ion 3.1.2.3
YMDMPADR HI, Memory dump address HI.
3 .1 .2 .1  Co

YMOMPAOR LO, Memory dump address LO.
3 .1 .2 .1

YWROSULIN HI, Words per l i ne  HI.
YWRDSLIN LQ, Words per Tine LQ.
YLINSFRM HI, Lines per frame HI.

See Sec-

See Section

See Section

See Section 3 .1 .2 .1
See Sec t ion  3 .1 .2 .1
See Sect ion

3 .1 .2 .1
YLINSFRM LO, Lines per frame LO. See Sect ion
3.1.2.1



FOS
SO0GS

3

YS53
Y533
Y553
YS53
¥853
Y583
Y553
YS53
YS55
YS56

YS58

YS59

Y560

YSé1l

Y562

YS63

YS64

YS66

Y567
YS71

YS72
YS73

YS574

YS7S

YS76

YS77
Y578

YS79

~Ys80

Ysal

WO/SF

8/13
8/14
8/43
8/44
8/73
8/74
8/103
8/104
8/52
8/117:1

8/117:4

8/117:6

8/117:2

8/117:7

8/117:8

8/117:3

8/118:1

8/118:2-4

8/118:5-8
8/119:1

8/119:2
8/119:3

8/119:4

3/119:5

8/59

3/111
8/117:5

8/34:1=2

8/34:4

8/34:3

uo
908.5
909
923.5
924.
938.5
939
953.5
954
928
960.5

960.5

960.5

960.5

960.5

960.5

960.5

961

961

961
961.5

961.5
961.5

961.5

961.5

931.5

957.5
960.5

919

919

919

NO=-1004A
| 1/28/84

~98~

Table 4.2-4 FOS Ser{al D ig i t a l  Data by ID (cont)

Sign i f i cance

YXDAC H I , X DACreadback HI.  See Sect ion 3 .1 .3
YXDAC LO, X DAC readback LO. See Sect ion 3 .1 .3
YXDAC HI, X DAC readback HI. See Section 3.1.3
YXDAC LO, X DAC readback LO. See Sec t ion  3 .1 .3
YXDAC HI, X DAC readback HI. See Section 3.1.3
YXDAC LO, X DAC readback LO. See Sect ion 3 .1 .3
YXDAC HI,  X DAC readback H I .  See Sect ion 3 .1 .3
YXDAC LO, X DAC readback LO. See Sect ion 3 .1 .3
YRANGE, Y range. See Section 3 .1 .1 .4
YSPRBIT1, Spare b i t .  A l l  b i t s  in  word zeroed when
sampled
YXDACERR, X DAC readback error f l ag .  A 0 is OK and
a 1 is error. See Sect ion 3.1.3
YYOACERR, Y DAC readback error f lag .  A 0 is OK and
a l  is  error,  See Sect ion 3 .1 .3
YFDACERR, Focus DAC readback error f lag. A 0 is OK
and a 1 is error, See Section 3.1.3
YHYDACER, HY DAC readback error f l ag .  A Q is OK and
a l  is error. See Section 3.1.3
YORDACER, D iscr iminator  reference DAC readback error
flag. A 0 is  OK and a 1 is  error. See Section
3 .1 .6 .2
YOOACERR, Discr iminator  DAC readback error f l ag .  A
0 is OK and a 1 is error. See Section 3 .1 .6 .1
YACTMERR, Accumulator timer set error. A 0 is OK
and a 1 is error
YMECHTQC, Mechanism t ime-out code.
3.1.4
YOATACTL, Data control  commands. Has Y.227-Y.230
YNDAIP, Data acqu is i t i on  not in progress. A 1 means
not in progress.  See Sect ion 3 .1 .1
YRIP, Rest ing in peace,
YPIP, Pause in progress. A 1 means pause in
progress. See Sect ion 3 .1 .2 .3
YCPIP, CEA p lo t  in progress.
progress
YTAQIP, Target acqu is i t i on  in progress. A 1 means
acqu is i t i on  in progress. See Section 2.1.4
YMSLICES, Number of memory s l i ces .
3 .1 .1 .5
YPTRNS, Pat te rns  per readout.  See Sect ion  3 .1 .1 .6
YCDACEZRR, Ca l i b ra t i on  DAC readback error f l ag .  A OQ
is  OK and a 1 is error ,  See Sect ion 3 .1 .6 .4
YOPRMPWR, Descrambie PROM power s ta tus .  A 0Q is
o f f ,  01 is even, 10 is odd, and 11 is both
YFFCPWR, F la t  f i e l d  cal lamp power. A zero is  o f f
and a 1 is on, See Section 3 .1 .6 .4
YHVYSPAR, Spare D i t .

See Sect ion

A 1 means p lo t  in

See Sec t ion



~ FOS
$065

=.

YS82

YS83

Y584

YSs8s

YS86

YS87

YS88

Y589
Y649

Y650

Y650

Y651

Y651

Y652

Y652

WD/SF

8/119:6

8/119:7

8/119:8

8/63

8/64
8/65

8/66

8/34:5-6
8/95

8/20

8/21

3/80

8/81

8/51

8/58

uoL
961.5

ND~-1004A
oT  1/28/84
-96-

Table 4.2-4 FOS Serial D ig i ta l  Data by ID (cont)

Signi f icance

YMMIP, Mechanism motion in progress. A l means
motion in progress

- YAMCIP, Auto memory clear in progress. A 1 means961.5

961.5

1933.5

934

934.5

935

919
949.5

912

912.5

942

942.5

927.5

931

clear to be done ( interfaca with data monitoring
background task)
YSOIP, Science dump in progress. A l means dump in
progress. See Section 3 .1 .2 .3
YLIVEHI, Accumulator open time high byte. See Sec-
t ion 3.1.1.1
YLIVELD, Accumulator open time low byte. See Sec-
t ion 3 .1 .1 .1
YOEADRI, Accumulator close time high byta. See Sec-
t ion 3. 1. 1.1
YOEAOLQ, Accumulator close time Tow byte. See Sec-
t ion 3. 1. 1 .1
YSPARE, Spare,
YSMCERRS, Ser ia l  magnitude command error report
f lags.  Has Y.219-Y.226. Word zeroed when sampled
TTIMAX HI, Upper Target/Acq Window HI. ' See Section

YTAMAX LO, Upper Target/Acq Window. LO. ‘See Section
3.1.5
TTAMIN HI, Lower Target/Acq Window HI. See Section
3.1.
TTAMIN LO, Lower Target/Acq Window LO. See Sect ion
3.1.
YREJECTS HI, Number of adder rejects HI.  See Sec-
t ion 3 .1 .1 .1
YREJECTS LO, Number of adder rejects LO. See Sec¢-
tion 3 .1 .1 .1



FOS.
SOGS

WO/SF

8/0

8/1
8/1:8

8/2

8/3

8/4
8/5
8/6

8/7

8 /8 :1 -4

'8 /8 :5
8/8:6
8/8:7-8
8/9
8/10

8/11

8/12

8/13
8/14
8/15

8/16

8/17

8 /18

8/19

8/20

8/21

8/22

8/23

ut
902

902.5
902.5

303

903.5

904

905

905.5

906

306
906
306
906.5

907

907.5

908

908.5
909

910

910.5

911

911.5

912

912.5

913

913.5

™ ID

YS00

Ysal
Y.201

¥Y502

YS02

YSS1
YS51
YS52

Y552

YS06

YSQ4
YS08
YSQ3
YSQS

Y50S

YSQ7

YSQ7

YS53
Y553
Y509

YS10

YS10

YS1l

YS1l

Y650

Y650

YS13

YS13

ND-10044
Co 1/28/84

-97~ 
|

Table 4.2-5 FOS Serial 0 ig i ta l  Data by Location

Significance

Yeap,  MP serial engr data packet sync. Value is
X'AS' 

|

YFIRMVER, Firmware version number. -Has Y.201
YYPATH, Pathiden t i f i ca t ion .  A 0 is  "A" (amberor
red) and 1 is “B" ( b l ue ) .  See Section 3.2.3
TERRCHK HI, Firmware check character HI. See Sec-

on 1.5
YERRCHK LO, Firmware check character LQ.
tion 1.5 

|

YWRDSLIN HI, Words per l i ne  HI. See Section 3 .1 .2 .1
YWRDSLIN LO, Words per l i ne  LO. See Section 3 .1 .2 .1
JLINSP HI,  Lines per frame HI .  See Sect ion
1 .2 .1

YLINSFRM LO, L i nes per frame LO.
3 .1 .2 .1  

|

YFGWAPQS, F i l te r /Gra t ing  Wheel Assembly pos i t ion.
See Sec t ion  3 .1 .4 .4
YFGWASTR, FGWA encoder strobe b i t .
YFGWASP, FGWA spare.
YOQOR, Entrance door pos i t ion .  See Section 3 .1 .4 .1

See Sec~

See Sect ion

YAPERPOS HI, Aperture pos i t i on  HI. See Section

daiteds LO, Aperture pos i t ion  LO. See Section |

(PLRZPGS HL, Po la r i ze r  pos i t ion  HI. See Section

Lizios Lo, Po lar izer  pos i t i on  LO. See Sect ion

See Sect ion  3 .1 .3
See Sect ion 3 .1 .3

Typical value X'OQF'

YXDAC HI, X DAC readback HI.
YXDAC LO, X DAC readback LO.
YMECHSPR, Mechanism spares.
(subframe)
YTARXCTR HI, Target Acq X-canter HI.
3 .1 .5

YTARXCTR LO, Target Acq X-center LO. See Section
3.1.5
ITARICTR HI, Target Acq Y-center HI. See Section

YTARYCTR LO, Target Acq Y-canter LO. See Section
3.1.5
YTAMAX HI, Upper Target/Acq Window HI.
3.1.5
YTAMAX LO, Upper Target/Acq Window LO.
3.1.5 

|

YOVRLITE B81, Over l igh t  sum MS byte.
bi ts (see Section 2.1.5)
YOVRLITE B82, Qver l igh t  sum NMS byte.
bi ts (see Section 2.1.5)

See Sect ion

See Section

See Section

Total of 32

Total of 32



FOS
SQGS

WO/SF

8/24

8/25

8/26

8/26:6

8/26:7

8/26:8

8/27
8/28

8/29

8/30

8/31

8/32
8/33

8/34: 1-2

8/34:3
8/34:4

8/34:5-6
8 /34 :7 -8

8/35

8/36
8/37
8/38:

8/38:

1-4

8/38:6
8/38:
8/39

8/40

8/41

8/42

7-8

ND-1004A
oo  1/28/84

Table 4.2-5 FOS Serial D ig i ta l  Data by Location (cont)

uoL
914

914.5

91s

915

315

915

915.5
916

916.5

917

917.5

918
918.5

919

919
919

919
919

919.5

920
920.5
921

921
921
921
921.5

922

922.5

923

T™ ID

¥YS13

YS13

YS1l4

¥.202

Y.203

Y.204

YS15
Y516

YS516

YS17

YS17

Y5138
¥YS19

YS79

YS81
YS80

Y589
YS20

YS20

Y521
Y521
YS06

YSQ04
Y5Q08
YSQ3
Y505

YSQ0S

YSQ7

YSQ7

Signi f icance

YOYRLITE B83, Qve r l i gh t  sum NLS byta, Total of 32
b i t s  (see Section 2.1.5)

YOVRLITE B4, Qver l i gh t  sum LS byte. Tota l  of 32
bi ts (see Section 2.1.5)

- YSAFING, Auto safe mode t rans i t i on .  Has Y.202-Y204
(bi ts 1-5 unused). Bits 6-7 zeroed when sampled
YYSAFLKA, Auto safe due to loss of keep-a l i ve  SMC.
See Section 3 .1 .6 .5  .
YYSAFTSL, Auto safe due to loss of telemetry sync.
See Section 3 .1 .6 .5
YYSAFED, Auto safing enabled/disabled. See Section
3 .1 .6 .5
YTAMODE, Target acqu i s i t i on  mode. See Section 3.1.5
YARITHCX HI, Ar i thmet ic.  sel f-check (speed) resu l t s
HI.  See Sect ion 1.5
YARITHCKX LO, Ar i tmet ic  sel f -check (speed) resu l t s
LO. See Sect ion 1.5
YSELFCHK HI, Processor sel f -check resu l t s  HI, See
Section 1.5
YSELFCHK LO, Processor self-check resu l ts  L0. See
Section 1.5
YOREFDAC, D iscr iminator  reference DAC.
fFOCUSRS, Focus trim coi l  DAC readback. See Sect ion

YOPRMPWR, Descramble PROM power status.  A QQ is
off, 01 is even, 10 is odd, and 11 is both
YHYSPAR, Spare b i t .
YFPCPWR, F la t  f i e l d  cal lamp power. A zero is  o f f
and a 1 is on, See Sect ion 3 .1 .6 .4
YSPARE, Spare.
YHYDACRB HI, High vol tage DAC readbackHI. See Sec-
t ion 3.1.3
YHVOACRB LQ, High vo l tage DAC readback LO. See Sec-
t ion 3.1.3
YYOAC HI, Y DAC readback HI. See Sect ion 3.1.3
YYDAC LO, Y DAC readback LO. See Sec t i on  3 .1 .3
YFGWAPQS, F i l t e r /G ra t i ng  Wheel Assembly position.
See Section 3 .1 .4 .4
YFGWASTR, FGWA encoder strobe b i t .
YFGNASP, FGWA spare.
YOQOR, Entrance door pos i t i on ,  See Sec t ion  3 .1 .4 .1
TAPERPOS HI, Aperture pos i t i on  HI. See Sec t ion

YAPERPQS LO, Aperture pos i t i on  LO. See Section
3 .1 .4 .2
YPLRZPOS HI, Polarizer posit ion HI. See Section

YPLRZPOS LO, Polarizer position LO. See Section J3 .1 .4 .3  
h



Fos,

WO/SF

8/43

8/45

8/46

8/47

8/48
8/49
8/50

8/51

8/52
8/53

8/54

8/55

a/$7
8/58

8/59

8/60

8/61

8/62

8/63

8/64

8/65

8/66

8/67
8/67:1

8 /67 :2

8/67:3

ND-1004A
| 1/28/84 -99-

Table 4.2-5 FOS Serial D ig i ta l  Data by Location (cont)

ue
923.5
924
924.5

925

925.5

926
926.5
927

927.5

928
928.5

929

929.5
930
930.5

931

931.5

932

932.5

933

933.5

934

934.5

935

935.5
935.5

935.5

935 .5

™ ID

YS83
YS53
Y509

Y522

YS522

Ysa3
¥523
YS524

Y652

YS55
YS526

Y526

Y527
YS27
YS28

Y652

YS76

YS30

YS31

¥532

Y585

YS86

YS87

YS88
YS3S
Y.205
Y.206

Y.207

Signif icance

YXDAC H I ,  X DAC readback HI. See Sect ion 3.1.3
YXDAC LO, X DAC readback LO. See Sect ion 3 .1 .3
YMECHSPR, Mechanism spares. Typical value X'2D‘
( subframe)
YXPITCH HI, X def lect ion pi tch between diodes HI.
See Section 3 .1 .3  

|

YXPITCH LO, X deflect ion pitch between diodes LO.
See Sect ion 3 .1 .3
YXBASE HI, X deflection base HI. See Section 3.1.3
YXBASE LO, X def lect ion base LO. See Section 3.1.3
JESTEPS. X deflect ion sub-steps. SeeSection
3 .1 .1 .
YREJECTS HI, Number of adder rejects HI.
t ion 3 .1 .1 .1
YRANGE, Y range.  See Section 3 .1 .1 .4
YYPITCH RI, Y def lect ion p i tch  between diodes HI .
See Sect ion 3 .1 .3
YYPITCH LO, Y def lect ion p i tch between diodes LO.
See Section 3 .1 .3
YYBASE HI ,  Y deflection base HI. See Section 3 .1 .3
YYBASE LO, Y def lect ion base LO. See Section 3.1.3
TYSTEPS, Y deflection sub steps. See Sect ion

YREJECTS LO, Number of adder rejects LO.
t ion 3 .1 .1 .1
YMSLICES, Number of memory s l i ces .  See Section
3 .1 .1 .5
joTRIeaN X def lect ion overscan. See Sect ion

YISTCHNL, F i rs t  channel to be processed.
t ion 3 .1 .2 .2
YNUMCHNL, Number of channels to beprocessed. See
Section 3 .1 .2 .2
YLIVEHI, Accumulator open time high byte. See Sec~-
t ion 3 .1 .1 .1
YLIVELO, Accumulator open time low byte.
t ion 3 .1 .1 .1
YOEADHI, Accumulator close time high byte.
t ion 3 .1 .1 .1
YOEADLO, Accumulator close time low byta.  See Sec-
t ion 3 .1 .1 .1
YACQSYNC, Acquis i t ion mode. Has Y.205-Y.212
YYSYNCS, Synchronous start instrument mode, See
Section 2.1.1 

|

YYTIMTG, Time-Tag instrument mode. See Section
2.1.2
YYREJRE, Reject/-Retry instrument mode.
1

See Sec-

See Sec~

See Sec-

See Sec-

See Sec-

See Sect ion



8/67:4

8 /67 :5

8/67:6

8/67:7
8/67:8
8 /68 :1 -4

8 /68 :5
8/68:6
8/68:7-8
8/69

8/70

8/71

8/72

8/73
3/74
8/75

8/76

8/77

8/78

8/79

3/80

8/81

8/82

3/33

3/34

8/85

8/86

3/87

-ND=1004A
1/28/84

Table 4.2-5 FOS Serial D ig i ta l  Data by Location (cont)

we
935.5

935.5

935.5
935.5
936

936
936
936
936.5

937

937.5

938

938.5
939
939.5

940

940.5

341

941.5

942

942.5

943

943.5

944

944.5

945

945.5

™ ID

Y.208

Y.209

¥.210

Y.211
Y.212
Y506

Y504
YS08
¥S03
YSQS

YS0S

YSQ7

YSQ7

YS53
Y553
¥509

¥S10

Y510

YSll

YS1l

Y651

Y651

Y536

YS36

Y537

YS37

¥538

YS38

Sign i f i cance

YYTARGA, Target acqu i s i t i on  instrument mode. See
Section 2.1.4
YYDBLSN, Double/-Single prec is ion adder instrument
mode. See Section 2.1.5 |

YYAUTPGQ, Automatic po lar izer  sequence instrument
mode. See Section 2.1.6
YYSPR, Spare b i t .
YYSPR, Spare b i t .
YFGWAPOS, F i l te r /Grat ing Wheel Assembly posi t ion.
See Section 3 .1 .4 .4
YFGWASTR, FGWA encoder strobe b i t .
YFGWASP, FGWA spare.
YOOOR, Entrance door pos i t i on ,  See Section 3 .1 .4 .1
YAPERPOS HI, Aperture pos i t i on  HI. See Section
3 .1 .4 .2
TAPERPOS LO, Aperture pos i t i on  LO.

TPLRZPAS HI, Po la r izer  pos i t i on  HI.
1 .4 .3

YPLRZPOS LO, Polar izer  pos i t i on  LO.
3 .1 .4 .3
YXDAC HI, X DAC readback HI.
YXDAC LO, X DAC readback LQ.
YMECHSPR, Mechanism spares.

See Section

See Section

See Section

See Section 3.1.3
See Section 3.1.3

Typical value X'48'
( subframe)
YTARXCTR HI, Target Acq X center HI, See Section
3.1.5
JTIRICTR LO, Target Acq X center LO. See Sect ion

YTARYCTR HI, Target Acq Y center HI. See Section
3.1.5
YTARYCTR LO, Target Acq Y center LO. See Section
3 .1 .5

TAMIN HI, Lower Target/Acq Window HI. See Section
3.1
YTAMIN LQ, Lower Target/Acg Window LO. See Section
3.1.5
YFWSTAT1 HI, Firmware status group 1 HI. Typ ica l l y
ASCII ( i n ta rp re ta t i on  depends on use)
YFWSTAT1 LO, Firmware status group 1 LO. Typ i ca l l y
ASCII ( interpretat ion depends on use)
YFWSTAT2 HI, Firmware status group 2 HI.  Typ i ca l l y
ASCII ( i n te rp re ta t ion  depends on use)
YFWSTATZ LO, Firmware status group 2 LO. Typ i ca l l y
ASCII ( i n te rp re ta t ion  depends on use)
YFWSTAT3 HI,  Firmware s ta tus  group 3 HI.  Typ i ca l l y
ASCII ( in te rpre ta t ion  depends on use)
YFWSTAT3 LO, Firmware status group 3 LO. Typ ica l l y
ASCII ( interpretat ion dependson use)
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- FOS+
SOEs.

WO/SF
3/88

8/89

8/90

8/91
8/92

3/93

8/94

8/95

8/95 :1

8/95:2

8 /95 :3

8/95:4
8/95:5
8/95:8

3 /95 :7

8/95:8

8/96

8/97

- 8/98:1-4

8/98:5
3/98:6
8/98:7-8
8/99

8/100

8 /101

8/102

8/103
8/104
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Table 4.2-5 FOS Serial D ig i ta l  Data by Location (cont)

ue
946

947

947.5

948

948.5

949

949.5

949.5

949.5

949.5
949.5
949.5

949.5

949.5

950

950.5

951

951
951
961
951.8

982

952.5

983

953.5
954

T™ ID

YS39

YS39

Y540

YS40

YS41

YS41

YS42

Y549

Y.219

¥.220
Y.221

Y.222
Y.223
Y.224

Y.225

Y.226

YS43

Y543

YSQ6

YS5Q4
YSQ8
YS03
YS0S

YSQS

YSQ7

YSQ7

YS53
YS53

Sign i f i cance

YFWSTAT4 HI, Firmware status group 4 HI .  Typ i ca l l y
ASCII ( interpretat ion depends on use)
YFWSTAT4 LO, Firmware status group 4LO.  Typ ica l l y
ASCII ( in terpretat ion depends on use)
YFWSTATS HI, Firmware status group 5 HI. Typical ly
ASCII ( in te rp re ta t ion  depends on use)
YFWSTATS LO, Firmware status group S LO. Typical ly
ASCII ( interpretat ion depends on use)
YFWSTATE HI, Firmware status group 6 HI. Typ ica l ly
ASCII ( in terpre ta t ion depends on use)
YFWSTATS LO, Firmware status group 6 LO. Typ ica l l y
ASCII ( in terpre ta t ion depends on use)
YMCLEARS, Memory c lears/data acqu i s i t i on .  See Sec-
t ion 3 .1 .1 .8
YSMCERRS, Ser ia l  magnitude command error report
f lags.  Has Y.219-Y.226. Word zeroed when sampled
A alhaat [11ega l  Type~3 command code. See Sect ion

yy Jl Tace, [11egal Type-4 command code. See Section

YYILT4MO, I l l ega l  Type-4 command modif ier. See Sec-
tion 3.1
YYOCMOF, Data command overf low.
YYOCMI?, Data command i l l ega l  path. See Section 3.1
YYSSCIP, Synchronous start command i l l ega l  path.
See Section 3.1
YYTAWCIP, Target acqu is i t i on  window command i l l ega l
path,  See Sect ion 3.1
YYSDCIP, Science dump command i l l ega l  path.  See
Sect ion 3.1
YLASTCMD HI, Last command at SMC error d l .  See Sec-
t ion 3.1 |

TASTE LO, Last command at SMC error LO. See Sec-
on 3.1

YFGWAPQS, F i l t e r /G ra t i ng  Wheel Assembly pos i t i on ,
See Sec t ion  3 .1 .4 .4
YFGWASTR, FGWA encoder strobe b i t .
YFGWASP, FGWA spare,
YOQOR, &Zntrance door pos i t i on .  See Sec t ion  3 .1 .4 .1
TAREPOS HI, Aperture pos i t i on  HI. See Sect ion

YAPERPQS LO, Aperture pos i t i on  LO. See Section
3 .1 .4 .2
YPLRZPOS HI, Po lar izer  pos i t ion  HI. See Section
3 .1 .4 .3  | |

IPLRZPOS LO, Po lar izer  pos i t ion  LO. See Section

YXDAC HI, X DAC readback HI .  See Sect ion 3 .1 .3
YXDAC LO, X DAC readback LO. See Section 3.1.3
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8/108

| 3/106

8/107

3/108

8/109

8/110

8/111
8/112
8/112:1

8/112:2

8/112:3

8/112:4

3/112:5

8/112:6-8
3/113

8/114

8/115

8/116

8/117:1

8/117:2

8/117:3

8/117:4

8/117:5

8/117:8

8/117:7

 8 /117 :8
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Table 4.2-5 FOS Serial Digital Data by Location (cont)

uoL
954.5

985

955.5

956

986.5

957

987.5
988
958

988

948

988

958

953

959

959.5

960

960.5

9640.5

960.5

960.5

960.5

960.5

960.5

960.5

T™ ID

YS09

YS44

YS44

YS45

Y545

Y546

YS77
YS47
Y.213

Y.214

Y.215

Y.216

Y.217

Y.218
Y548
YS49

YS50

YS5Q

YNOISELM HI,

S ign i f i cance

YMECHSPR, Mechanism spares.
( subframe)

Typical value X'69'

Burst noise re ject ion l im i t  HI .  See
Section 3 .1 .1 .1
YNOISZLM LO, Burst no ise reject ion l im i t  LO. See
Sect ion 3 .1 .1 .1
YRAMADOR HI, RAM address pointer HI. See Section
3 .1 .6 .3
YRAMADDR LO, RAM address pointer LO. See Section
3 .1 .6 .3
YINTEG, Number of integrat ions/X-step.  See Sect ion
3 .1 .1 .1

See Sect ion 3 .1 .1 .6
Has Y.213-Y.218

YPTRNS, Patterns per readout.
YINTMQDE, [ n i t i a l i za t i on  mode.
YYRSMNI, Resume (no i n i t i a l i za t i on ) .  See Section
2.1 .1
YYINHSLT, I nh ib i t  s l i ce  table f i l l ,  See Sect ion
2.1.1
YYINHYDF, I nh ib i t  Y-def lec t ion tab le  f i 11 .  See Sec-
t ion 2 .1 .1  

|

YYINHXDF, I nh ib i t  X-def lect ion tab le f i l l .  See Sec-
t ion 2.1.1
YYINOFHY, Do def lect ion hysteresis pattern at begin-
ning of data acquis i t ion.  See Section 2.1.1
YYSPR, Spare b i t s .
YREADCYC, Readouts/memory c lea r .
3 .1 .1 .7

See Sect ion

YDATALIM, High byte of acqu i s i t i on  l im i t .  See Sec-
t ion 3 .1 .2 .3
YMOMPADR HI, Memory dump address HI. See Section
3 .1 .2 .1
YMOMPADR LO, Memory dump address LO. See Sec t ion
3 .1 .2 .1
YSPRBIT1, Spare b i t .  Al l  b i t s  in word zeroed when
sampled
YFODACERR, Focus DAC readback error f l ag .  AQ is  OK
and a 1 is er ror ,  See Sec t ion  3 .1 .3  y

YOOACERR, Discr iminator  DAC readback error f lag .  A
Q is OK and a 1 {is error.  See Section 3 .1 .6 .1
YXDACZRR, X OAC readbacx error f l ag .  A Q is  OK and
a l  is error .  See Section 3.1.3
YCDACERR, Ca l ib ra t ion  DAC readback error f lag .  AO
is OK and a 1 is error.  See Section 3 .1 .5 .4
YYDACERR, Y DAC readback error f lag .  A Q is OK and
a1  is error.  See Section 3.1.3
YHYDACER, HY DAC readback error f l ag .
a l  is error. See Section 3.1.3
YORDACER, D iscr iminator  reference DAC readback error
f lag.  AQ i s  OK and a 1 is error. See Section
3 .1 .6 .2

AQ is OK and
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8/118:5
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8/119:7
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- Table 4.2-5 FOS Serial D ig i t a l  Data by Location (cont)

ut
961

961

961
961

961
961
961

961.5

961.5
961.5

961.5

961.5

961.5

961.5

961.5

‘TM ID

Y564

Y566

YS67
Y.227

Y.228

Y.229

Y.230

Y571

Y§72
YS73

YS74

YS75

YS82

Y583

Y584

progress.

Signi f icance

YACTMERR, Accumulator timer set error. A 0 is  OK
and a 1 is error 

|

YMECHTOC, Mechanism time-out code. See Section
3.1.4
YDATACTL, Data control  commands. Has Y.227-Y.230
YYBEGNDA, Begin data acqu is i t i on  command f lag .  A l
means begin. See Section 3 .1 .2 .3
YYENDDA, End data acqu is i t i on  command f lag. A l
means end. See Section 3 .1 .2 .3
YYABRTDA, Abort data acquisition command f lag. A l
means abort. See Section 3 .1 .2 .3
YYRSETMP, Reset microprocessor command f lag .  A 1
means reset .  See Sect ion 3 .1 .6 .5
YNDAIP, Dataacqu i s i t i on  not in progress.  A 1 means
not in progress. See Section 3 .1 .1
YRIP, Res t ing  in peace.
YPIP, Pause in progress. A 1 means pause in

See Section 3.1.2.3
YCPIP, CEA p l o t in progress.
progress
YTAQIP, Target acqu is i t i on  in progress, A 1 means
acqu is i t i on  in progress. See Section 2.1.4
YMMIP, Mechanism motion in progress. A 1 means
motion in progress
YAMCIP, Auto memory c lear in progress. A 1 means
clear to be done ( in te r face  with data moni tor ing
background task)
YSDIP, Science dump in progress.
progress. See Section 3 .1 .2 .3

A 1 means p lo t  in

A 1 means dump in
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Y6Q0

Y6Ql1

Y602

| Y603

Y604

Y605
Y606
Y607

Y608

 Y609

Y610
Y§11
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Y614

Y§15

Y618

Y619

¥620

¥621
¥622
Y623
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9/0

9/1
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9/3

9/4

9/5
9/6
9/7

9/8

9/9

9/10
9/11
9/12
9/13
9/14

9/15

9/16

. 9/17

9/18

9/13

9/20

9/21
9/22 -
9/23
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Table 4.2-6 FOS NSSC-1 Processor Telemetry by ID

Signi f icance 
|

YSTBUF, Number of FOS status buffer entr ies. Measured879,

888,

8794
882,

since las t  time the counter reset
YONOFF, FOS on/off indicator.  Is 1 i f  FOS successfully
turned off via YFOFF; otherwise 2
YFINST, Status of INIT processor. Is 1 i f  YFINIT
executing, 2 i f  terminated on error, 4 i f  termination
normal
YFSDST, Science data storage status. Is  1 i f  YFSDST
executing, 2 i f  terminated on error, 4 i f  termination
norma
YFPRST, Scienca data processing status. Is 1 i f  YFSDPR
execut ing,  2 i f  terminatad on error, 4 { f  termination
normal ,
YSPRGQ, Spare 0.
YLINCT, Line number w i t h in  a frame.
YFHKST, Housekeeping status. Is 1 i f  YFHPKG execut ing,
2 i f  termina ted on error,  4 i f  d isabled by another
procassor
YFASST, Autonomous safe status. Is 1 {if YFASAF
executing, 2 i f  terminated abnormally, 4 i f  termination
normal
YFTOST, Turn off status, [s 1 i f  YFOFF executing, 2 {if
terminated abnorma l l y ,4 i f  terminat ion normal
YFL81, Data items 1-8. FOS l im i t  check f lags Bl
YFL169, Data {tems 9-16. FOS l im i t  check flags BZ
YFL241, Data items 17-24, FOS l im i t  check f lags 83
YFL322, Data items 25-32. FOS l im i t  check f lags B84
YOISCT, Counts main frame d isc re te  log er rors .  Countar
for consecutive major frames in which d isc re ta  command
log error indicatad
YSMECT, Counts main frame magni tude command errors.
Counter for consecutive major frames in which a ser ia l
magni tude command error reported
YKEEP, Counts main frame keep a l ive  f a i l u res .  Counter
of consecut ive major frames in which FOS se r ia l  ED f a i l s
Keep-alive fast
YFLGCT, Counts main frame l im i t  check f a i l u res .  Countar
for consecutive major frames in which same FOS l im i t
check f a i l ed
YSFFLG, Autonomous safe f lag .  Is 1 i f  YFASAF has been
invoked by app l i ca t i on  processor ,  2 i f  not invoked
YTOFLG, Turn off f lag .  [Is 1 i f  YFOFF has been invoked
by app l i ca t i on  processor ,  2 i f  not i nvoked
YFM2FL, Act ion ind ica to r  for YFM2PR module.
3.2.1
YFRCTR, Count frames for part  1 of YFSOPR processor .YGIYUP, Mode 2 target acqu is i t i on  error ind ica to r .
YGPCTR, Count frames for part 2 of YFSDPR. processor.

See Sect ion
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Y625

Y626
Y627
Y628
Y629
Y630
Y631
Y632
Y633
Y634
Y635
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Y639

Y640
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Y642

Y643

Y844

Y645

Y646

Y647

Y.648
Y.648
Y.648
Y.648
Y.648

9/24
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9/26
9/27
9/28
9/29
9/30
9/31
9/32
9/33
9/34
9/35
9/36
9/37
9/38

9/39:

9/40

9/41

9/42

9/43

9/44

9/45

9/46

9/47
9/48
9/49
9/50
9/51
9/52
9/83
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Table 4.2-6 FOS NSSC-l Processor Telemetryby ID (cont)
WD/SF S ign i f i cance

YTACMP, Mode 2 Target acqu i s i t i on  completion ind ica to r .
A 1 means complete
YFM2ST, Mode 2 target acqu i s i t i on  processor status. Is
1 i f  YFMOD2 execut ing, 2 i f  terminated abnormally, 4 i f
termination normal
YSPR1, Spare 1.
YSPR2, Spare 2. |
YFPKST, Peak-up target acqu is i t i on  processor status.
YFPUCT, Counter of frames/dwell during FPKUP.
YFOWCT, Owell c oun te r for FPKUP. See Section 3 .2 .1
YOV81l, 8 LSBs accumulated YOVRLITE.
YOV169, Next 8 LSBs accumulated YOVRLITE.
YOV241l, Next 8 LSBs accumulated YQVRLITE.
YOV322, 8 MSBs accumulated YOYRLITE.
YSPR3, Spare 3.
YSPR4, Spare 4,
YSPRS, Spare 5.
YFSCTR, Numberof tests by FHKPG where fa i l -sa fe  armed.
Counter i nd i ca t i ng  number of tasts since YFHKPG was
in i t i a l i zed .  where fa i l - sa fe  RPI was armed 

|

YERCTR, Consecutive major frames with error check error.
Counter i nd i ca t i ng  consecutive major frames in which an
error check error is ind ica ted
YFWCTR, Consecutive major frames with firmware vers ion
error. Counter i nd i ca t i ng  consecutive major frames in
which a firmware ve rs i on  error is  i nd i ca ted
YMFCCT, Counter of major frame f a i l - sa fe  RPI test.
Major frame counter used for f a i l - sa fe  RPI tes t
YMFECT, Counter of major frame output for data log.
Major frame counter tasted for output  of SHPsS
YSAFCR, Consecut ive major frames gone safe autonomously.
Number of consecut ive major frames in which FQS
i nd i ca tad  i t  has gone safe autonomously
YOVCTR, Countar of f a i l ed  YOVRLITE sum tasts.  Number of
consecutive major frames in which FOS ove r l i gh t  sum test
has f a i l ed
YSCCTR, Counter of f a i l ed  sel f -check tes ts .  Number of
consecut ive major frames in which the FOS has f a i l ed  the
sel f-check test
YSPCTR, Counter of speed check errors.  Counter
i nd i ca t i ng  consecutive major frames in which a speed
check error is indicated
YSPR6, Spare 6.
YSPR7, Spare 7,
YSPR8 81, Spare.
YSPR8 B82, Spare,
YSPR8 B3, Spare.
YSPR8 34, Spare.
YSPR8 B85, Spare.
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Table 4.2-6 FOS NSSC-1 Processor Telemetry by ID

WO/SF SHP Signi f icance

9/54 YSPR8 BS, Spare.
9/55 YSPR8 87, Spare.
9/56 YSPR8 B8, Spare.
9/57 YSPR8 B89, Spare.
9/58 YSPR8 810, Spare,
9/59 YSPRE8 B l l ,  Spare.

(cont)

NO-1004A
1/28/34
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Table 4.2=7 All FOS Conmandsand Telemtry by ID

WO/SF [10 Significance

8718 [dent] fier for FOS-Unique SP data, See
Section 3.2.1

880, Next available message position in status
buffer. See Section 3.2.1

81, FOS single=bit status itams. See Section
| 3.2.1

879. Map number, See Section 3.2.1
Maximum maps. See Section 3.2.1

Minor frame number. See Section 3.2.1895, X-offset to cantar. See Section 3.2.1
06, Y-offset to center, See Section 3.2.1

83, ¥2 campenen tof ST slew request. See Section
3.2.1

&87 ¥2 camponen tof ST slew request HI.
gael ¥2 component of ST slew request LO.
a4, ¥3 componen tof ST slew request, See Section

- 3.2.1
889. V3 componentof ST slew request HI..

| ¥3 componen tof ST slew request LO.
80, Objects found in field. See Section 3.2.1

81, 81, First channel where peak found, See Sectiae
3.2.1

882, 882, Second channel wherepeak found, See Section
| 3.2.1

83, a3, Third channel where peak fond, See Sectim
3.2.1

84, 24, Fourth channel. where peak found, See Section
3.2.1

Eo  8s, Preplanned branch status. See Section 3.2.1386, Raster scan request status, See Sectin 3.2.17,  ET, Y base for qrrent ata, See Section 3.2.1
Brightress rank. See Section 3.2.1
Peak m i x  number, See Sectin 3.2.1
Channel numberof peak. See Sectim 3.2.1
Number of counts in peak. See Section 3.2.1

4 Counts in maan sky.
1 Sky varianca.

Previous value of Dimary search step countar.,
See Section 3.2.1
Result of adge test. See Section 3.2.1
Cants in arget clanmels. See Sectim 3.2.1
Historic counts HI. See Sectim 3.2.1
Hista~ic counts 0 .  See Section 3.2.1
Saved dwell time HI. See Section 3.2.1
Saved dell time LO. See Sectim 3.2.1
Number of counts in tris dwell HI.
Nunber of counts in this dwell LQ.

R
AS

W
w

aa
a

1oo 3
FN

N
D

AF
AN

AA
SE



Table 4.2-7 All AUS Camends and Telemetry by ID ( cont)
ID Mnemonic WO/SF um SP Sigmificanca

Y.201 YYPATH 8/1:8 902.5 Path identification. A 0 is "A" (amber a
red) and 1 is "B" (blue). See Section 3.2.3Y.202 YYSAFLKA  8/26:6 915 Auto safe due to loss of keep-alive MC, See
Section 3.1.6.5Y. 23 YYSAFTSL  8/26:7 91s Auto safe due 0 Toss of telemetry sync. See
Section 3.1.8.5

Y.208  YYSAFED 8/26:8 91s Auto safing emabled/disabled. See Section
Y.205  YYSYNCS 8/67:1 938.5 Syncironous start instrument mode. See Sec

tion 2.1.1Y. 26 YWTIMIG  8/67:2 935.5 Time-Tag instrument mode. See Section 2.1.2Y.2007 YYREJRE 8/67:3 938.5 Reject) : Retry instrument mode. See Section
o le

Y.2B  YYTARGA 3/67:4 938.5 Target acquisition instrument mode. See Sec
tion 2.1.4

¥Y.29  YYDRLSN 8/67:5 935.5 Double/-Single precision adder instrument
mode, See Section 2.1.5Y.2Z10  YYAUTPO 8/67:6 938.5 Automatic polarizer sequence instrument mode.
See Section 2.1.6

Y.211  YYSR 8/67:7 938.5 Spare bit,
Y.2Z22 YYSR 8/67:8 935.5 Spare bit.
Y.213  YYRIWI 8/112:1 958 Resume (no imitialization). See Section 2.1.1Y.24  YWINHSLT 8/112:2 958 Intibit slice @able fill. See Section 2.1.1Y.21S YYDHYDF  8/112:3 958 Inhibit Y-deflection table fill. See Section
Y.2A6 YYINDDF 8/112:4 988 Inhibit {deflection table fill. See Section

| 2.1.1
Y.27 YYINORHY  8/112:8 958 Do deflection hysteresis pattern at beginning

of data acquisition. See Section 2.1.1¥Y.218 YYSR 8/112:6-8 958 Spare bits.
Y.219 YYILIC  8/95:1 349.5 [Tegal Type=3 comand code. See Sectiam 3.1¥Y.20  YYILTACC  8/95:2 949.5 [Tegal Type=4 carmand code. See Section 3.1Y.21 YYILTAMD  8/95:3 949.5 [Tegal Type—4 comand modi fier, See Section

3.1
Y.22 YYOOOF 8/95:4 349.5 Data comand overflow.
Y.223  YYOCAIP 8/95:5 949.5 Data comand illegal path. See Section 3.1Y.24  YYSSCIP  8/95:6 949.5 Syncronous> start comand illegal path, See

| tion
Y.25 YYTALCIP 8/95:7 949.5 Target acquisition window command i1leqal

path. See Section 3.1Y.26  YYSOCIP 8/95:8 949.5 Science dump command illeqal path, See Sec
| tion 3.1
- Y.27 YYEEGDA  8/118:5 %1 Begin data acquisition comand flag. Al

means begin. See Section 3.1.2.3Y.23 YYENIDA 8/118:6 961 End data acquisition command flag. A 1 means
ed. See Section 3.1.2.3¥Y.29 YARRTDA  8/118:7 %61 Abort data acquisition comand flag. Al
means abort, See Section 3.1.2.3



Table 4.2=7 All FOS Commands and Telemetry by ID (cont)

ID Memomic W/SE WL SP Significance
Y.Z0 YYRSETW  8/118:8 961 | Reset microprocessor comand flag. A 1 means

| reset. See Section 3.1.6.5
Y. 400 YSPR / 1 Spare (225 words). See Section 3.2.2
Y.401L OOTEL / 2 Discriminate DAC/Disabled Diode Table (512

words), See Section 3.2.2
Y.402 RAMAP / 84  RAM map (4 wards). See Section 3.2.2
Y.403 ASCIIHD / a8  ASCII header (64 wards). See Sectim 3.2.2
Y.404 MIF / 962 Minor frame number (8 bits). See Section

. - 3.2.2
Y.405 MAF / 962.5 jor  frame number (8 bits). See Section

Y.406 NREAD / 963 Readout number (16 bits). See Section 3.2.2
Y.407 \NVEMIOR / 964 enry clear number (16 bits). See Section

Y.408 YR / 965 Spare word.
Y.409  YYEPMC / 26 Entrance Part Mechanisn Control Slock (8

wards). See Section 3.2.2
Y.410 YYAPMC / 24  Aperture Mectanisn Control Block (18 wards).

| 
oo See Sectien 3.2.2

Y4ll YwUC / x2 Polarizer Mechanism Control Block (54 wards).
See Section 3.2.2

Y4l2 YYFGC / 306 FGA Mechanism Control Block (16 words). See
Section 3.2.2

Y.548 YSPR8 B l  9/49 Spare.
Y.548 YPRB BR 9/90 Spare.
Y.48 YSPRB EB 9/51 Spare,
Y.648 YSPRB B4  9/%2 Spare.
Y.548 YPRB SE 9/3 Spare,
Y648 YPRB EE 94  Spare.
Y.6A8 YSPRB 87 9/55 Spare,
Y.048 YSPRB 8B 9/5 Spare,
YH8 YPRB B® 9/57 Spare,
Y.548  YSPR8 BIO 9/58 Spare.
Y.548 YSPRS Bll 9/59 Spare,
YOO,  YRAMACDR / Load RAM storage address. See Section 3.1.6.3
YO02. YSCIDWP / Set dump parameters. See Section 3.1.2.1Yoo, TRAD / Set @arget acquisition parameters. See

Section 3.1.5
006,  YDISCADR / Load discriminator at address ar set all

values, See Section 3.1.6.2
YO8 WIVEEM  / set scaumilater open (live) time, See Section

Y010, YOEADTYM / Set accumulator closed (dead) time. See
Sectian 3.1.1.1

Y012, YCHNLEN / Emble/ infribit channel(s). See Section
«1.8.2

Y0l4, YREJLIM / s t  oise rejection limit, See Section

| YOl5.  YACQLIM / Set dam acquisition limit, See Section



RS

Mnemonic

YSTRWRD

YMECHCAL

SNC

YX-0EFL

YY-CEFL

YX=BASE

TY-BASE

YX-PITCH

YY-PITCH

YAPER

YFILTER

YX=STE?

YX-0LY
YINIT
YISTGINL

YOUT-QLR

YTAMDO

YY=-STEP

NO=1008A
1/2/34

Table 4.2-7 All FOS Cammands and Telemetry by ID (cont)

WO/SF Significance

Sure ext commands as daa, See Section

Set feedbackcode for mechanism, See Section
3.1.4
Set delay for starting synchronous acquisi-
tion, See Section 3.1.6.1
set X~deflection amplifier DAC. See Section

wy feflectlan amplifier DAC. See Section

Base value for X deflection computations. See
Section 3.1.3
Base value for Y deflection computations. See
Section 3.1.3
Scaled X-deflection DAC value far one diode
width in X. See Section 3.1.3
Scaled Y-deflection DAC value for one diode
width in Y. See Section 3.1.3
Set ltigh volta ly DAC. SeeAS PK power S l  |

Set disa-iminator OAC table value, See
Section 3.1.6.2
Set common disa-iminator reference DAC. See
Section 3.1.6.2
Set focus trim DAC. See Section 3.1.3
= nance part open a closed. See Section

Set entrance aperture to position. See
Section 3.1.4.2
Set polarizer mechanism ® position. See
Section 3.1.4.3 oo
Set FGA ® position. See Section 3.1.4.4
Set LED flat-field Tamp on a off. See
Section 3.1.6.4
Select number of X deflection seps. See
Section 3.1.1.2

Set initialization mode, See Section 3.1.5.1
Set first chanel © [eo procassed. See
Section 3.1.2.2
Set number of sub~integrations per X-stap,
See Section 3.1.1.1
Stop science dum. See Section 3.1.2.3
Set readouts/memaxy clear. See Section
3.1.1.7
s t  Breet acquisition mode. See Section

Set number of Y deflection steps. See Section
3.1.1.4
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Table 4.2=7 All ROS Camands and Telemetry by ID (cont)

Mnemoric  WO/SF ww SP Significance

YY-OLY / Spare.
YACQDE / Set data acquisition mode. See Section

3.1.6.1YCHNLS / Set number of clannels to be procassed. See
| Section 3.1.2.2

YOORSCNN  / 32% furber of diodes overscan. See Sectim

YRAM-MP  /  Mp physical to logical RAM page. See Section

YAEARS  / Set number of memory clears/acquisition. See
Section 3.1.1.8

YPTRROUT  / Set number of patterns/readout. See Section
| 3.1.1.6

YMEMCHK / Fi11 science memory with test pattem. See
Section 3.1.6.3

YMCHSTEP  / Step mectanisn, See Section 3.1.4

YPAVED / Erable/disable autonamous going safe. See
Section 3.1.6.5 

|

YSCIAOR  / Set first RAM address for science data. See
Section 3.1.6.5

W-RNGE  / Set range for Y deflection. See Section
3.1.1.4

YSLICES / JT uber: of memory slices. See Section

YSCIACT / Control science data dump. See Section
3.1.2.3

YKEY / Provide FORTH KEY capability. See Section
3.1.6.5

YOOCHK / pee  all disco-iminator DACs. See Section

YEFILL / Sample all serial digial telemetry. See
Section 3.1.6.1

YPAUSE / Jet/reset pause acquisition bit, See Section

YRANOOM / Fi11 science memory with 
|

sequenca, See Section 3.1.8.3
YMCHREG Set mchanisn register to drive sigmil. See

Section 3.1.4
YCMIRST 3/1:8 141.5 Carrousel Motor Status. AQ isBandal is

A. See Section 3.1.4.4
YCALRPI 4/1:6 142.5 Calitration Lamp Supply RPI. AQ isonand 1

is off. See Section 3.1.6.4 
|

YWICIDOG  3/1:3 141.5 Watchdog Timer Status. AQ i sX  and 1 is
| 

| -aror. See Sectin 3.1.6.5
YINSENG 3/1:4 141.5 Instruction Engineering 3it  Status, AQ is XK



Mnemonic

YHYRRL

YHTRRPL

YQSRP

NSRPT

Y1BUSRPT

Y2BUSRP|

YAPRFRP1

| YENTFRPI

Y3SDFPRT
Y4SDFPRT
YPOLFRP

TRIS

Y10BTWP
Y208TP
Y0BTWP
Y40BTMP

YPAMATP
PMFATP
Y10ATMP
Y20ATP
YSIT
YCZATVP
YOOORTMP
YAPERTVP

3/1:1

3/1:5

3/1:6

4/1:5
1/1:8

4/1:3

4/1:4

4/1:7

4/1:8

1:5

1:8

1/1:1
1/1:2
1/1:3
1/1:4
1:7

4/1:1-2

3/1:7

3/1:2

7/0
7/1
71/2
7/3
7/4
7/5
7/6
17
7/8
7/9
7/10
7/1
7/12
7/13

SP

141.5

141.5

141.5

142.5

139.5

142.5

142.5

142.5

142.5

139.5

19.5

139.5
139.5
139 .5

139.5
139.5

142.5

h
e vi

ND-1004A
/a/24

Table 4.2<7 All FOS Commands and Telemetry by ID (cont)

W/SF Significance

Reset Status, AQ is reset anda 1 is not
reset
DescramblePROM Power Status Odd. A Q is off
and 1 is on
Cescranble PROM Power Status Even, A Q is off
and 1 is on
High Voltage Relay Position. A Q is HYON (on)
and. 1 is HVOF (off)
Heater Control Relay Position. AQ is HIN
(on) and1 is HTOF (off)
Quiet Supply Relay Position. -A 0 is +PS (on)
and 1 is QPS (off) 

|

Logic Supply Relay Status. A J is #2PS (on)
and 1 is LPS (off)
Camon Bus Relay #1 Status. A Q is 8 On/A
Offl and a 1 is A On/B Offl
Cammon 3us Relay #2 Status. A 0 is B On/A
Off2 and a 1 1s A Cn/B OfF2 

|

Aperture Failsafe Am/Safe Status. AQ is Am
and 1 is Safe, See Section 3.1.4.2 |

Entrance Doar Failsafe Arm/Safe Status, AQ
is Am and 1 is Safe. See Section 3.1.4.1
SD CEA A 1-46 Status, AQ i sABand1 is AA
SO CEA AK/-K11l Status. AQ isABandl i s AA
SD CEA B (0X6 Status. AQ is BBand1 is BA
SD CEA 8 X7=X11 Status. AQ is 88 and SH
Polarizer Failsafe Arm/Safe Status. A
Am and 1 is Safe. See Section33.1.4.3
RIU Standby Status. Bit 1 is for RIU A and
b i t 2 far RIUB. AO means STBYl and a 1
means ST8Y2
Calibration Lamp Select RPI. AQ isBandal
is A. See Section 3.1.5.4
Micromrocessar Clock Monitor, AQ is 3 MHz
and 1 is 1.5 MHz. See Section 3.1.8.5
Optical 2ench Temperature Location 1.
Optical Sench Tameratire Location 2.
Optical Sench Temperature Location 3.
Optical Zench Temperature Location 4.
Photocathode A Temperature.
Pre=4mp Assambiy A Tamperatre.
Permanent Magnet Focus Assembly A Temperature.
Optics Area Tamerature Location 1.
Optics Area Tamerature Location2.
Sigml Processor Temperature.

Central Zlectronics Temperature,

Aperare Mechanisn Temperature,
Polarizer Hechanisn Tamperatire,
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Table 4.2-7 All FOS Cammands and Telemetry by ID (cont)

Mnemomric  WO/SF

YFGIATP 7/14
YHVTVP 7/15
YCPSTWP 7/18
YHWLT 0/0
YCALYLT 6/0
YER 2/0
YYOEFKCLR 3/0
YIRMFCIR 4/0
YOSCRVLT 5/0
YHYCLR 1/0
YARIUT® 7/16
YERIUT® 7/17
YCLSGCR 0/1
YFBTVP 7/19
YPCETWP 7/20
YPAMBTVP 7/24
YSVQPSV 5/1
YPMEEBTIP 7/22
XYOFTW 7/3
YSVLPSV 6/1
YRASPRR 2/1
YENGSYNC 8/0

YFIRMVER 8/1
YARMAP /
YERRGK HI 8/2
YERRGHK LO 8/3
YOOOR 8/8:7-8
YOOOR 8/38:7-8
YOOOR 8/68:7-8
YOOOR 8/98:7-8YARMED /
YFHASTR  8/8:S
YFGASTR  8/38:5
YFGASTR  3/68:5
YPGASTR  8/98:5
YAPERPOS HI 8/9
YAPERPQS LO 8/10
YAPERPOS HI 8/39
YAPERPOS LO 8/40
YAPERPOS HI 8/69
YAPERPOS LO 8/70
YAPERPQS HI 3/99
YAPERPOS LO 8/100
YSAFAP /
YFGRAPOS | 8/8:1+¢

on

88
 8

R
N

ER
tn

YE
N

ES
AA

R
N

R
 8

8 
i

SP

ta
n

h
ln

 
in

. Firmware check character LO.

Aperture position LO.

Significance

Filter/Grating Wheel Motor A Tamperatire.
High Yol tage Supply Temperature.
Central Power Supply Temperature.
High Voltage Supply Voltage.
Calibration Lamp Supply Yoltage.
X-Deflection Coil Driver Current.
Y-Deflection Coil Driver Current,
Trim Focus Coil Oriver Current.
Discriminator Referenca Voltage.
High Yol tage Supply Curent.
RIU-A Temperature.
RIU=-8 Tamperatire.
Calibration Lamp Supply Current,
Filter/Grating Wheel Motor B Tamperature.
Photocathode 8 Temperature.
Pre=Amp Assambly B Tamperature.
Plus 8 Yoit Quiet Power Supply Yoltage.
Permanent Magnet Focus Assembly 8 Temperature,
X Y Ceflection Focus DAC Temperature.
Plus 5 Yolt Logic Power Supply Yol tage.
Ama log Spare.
R l  engr data packet sync. Value is

Firmare version number. Has Y.201
Arm Apertre command. See Section 3.1.4.2
Firmare check character HI. See Section

See Section
Entrance door position. See Section 3.1.4.
Entrance doar position, See Section 3.1.4.
Entrance door position. Se2 Section 3.1.4
Entrance door position. See Section 3.1.4.
am Enranca Port comand, See Section

FWA encoder strobe bit.
FGHA encoder strobe bit,
FA encoder strobe bit.
SGA encoder strobe bit.
Aperture position HI. See Secti
Aperture position LO.
Aperture position HI.
Apertire position LO.
Aperture position HI.
Aperture position LO.
Aperture position AI.

1.5
1.53
LJ

38
88

49

be
 b

o 
fs

 b
s

= [

[J

Li )
e

L
R

R
A

R
E

R
R

E

See Sect

0 
W

E 
1

JK
E

K
E

EE
E

38
98

23
88

8
[9

%
]

L
e

 
®

Safe Apertre comand. See Sect!
Fi1ter/Grating Wheel Assambly positi
Section 3.1.4.4

od
.

3



Table 4.2-7 All FOS Camands and Telemetry by ID (comt)

ID Memonic W/SF uw SP Significance

92

915.5

YS06 YFGAAPOS  8/38:14 Filter/Grating Wheel Assambly position. See
Section 3.1.4.4

YS06 YFGIAPOS 8/68:14 935 Filter/Grating Wheel Assambly position. See
Section 3.1.4.4

YS06 YFGPQS 8/M:14 951 Filter/Grating Wheel Assembly position. See
Section 3.1.4.4

YS07 YPLRZPQS HI 8/11 907.5 Polarizer position HI. See Section 3.1.4.3
YSO7 YPLRZPOS WO 8/12 908 Polarizer position LO. See Section 3.1.4.3
YSQ7 YPLRZPOS HI 8/41 92.5 Polarizer position HI. See Section 3.1.4.3
YSQ7 YPLRZPOS LO 8/42 [A] Polarizer position LO. See Section 3.1.4.3
YS07 YPLRZPGS HI 8/71 937.5 Polarizer position HI. See Section 3.1.4.3
YSO7 YPLRZPOS LO 8/72 938 Polarizer position LO. See Section 3.1.4.3
YSQ7 YPLRZPOS HI 8/101 952.5 Polarizer position HI. See Section 3.1.4.3
YSQ7 YPLRZPOS WO 8/102 9583 Polarizer position LO. See Section 3.1.4.3
YS07,  YSAFED / Safe Entrance Part command, See Section

YS08 YFRHASP 8/3:6 906 FGWA spare,
S08 YFGHASP 8/38:6 sa FWA spare.
YSO8 YFGASP 8/68:6 936 FIA spare,
YS08 YFGASP 8/98:6 951 FGA spare.
YS09 YECHSPR. 8/15 909.5 fectanisn spares. Typical value X'OF'

YS09 YWECISPR 8/45 924.5 Mechanisn spares, Typical value X'2D'
(subframe)YSO9 YMECHSPR 8/75 939.5 Mechanism spares. Typical value X'48'°
(subframe)

YSO9 YWECASPR 8/105 954.5 Mechamisn spares. Typical value X'&'
(subframe)

YS10 YTARXCTR HI 8/16 910 Target Acq X-center HI. See Section 3.1.5
YS10 YTARXCTR WO 8/17 910.5 Target Acq X-center (0, See Section 3.1.5
Ys10 YTARGCTR HI 8/76 940 Target Acq X centar HI. See Section 3.1.5
S10 YTARXCTR WO 8/77 940.5 Target Acq X canter (0. See Sectian 3.1.5
YS1l YTARYCTR HI 8/18 Jul Target Acq Y-centa HI. See Section 3.1.5
YS  YTARYCTR LO 8/19 Ju.s5 Target Acq Y-canter LO. See Section 3.1.5
YSil YTARYCIR HI 8/78 941 Ta rge tAcg Y center HI. See Section 3.1.5
S11  YTARYCTR LO 8/79 41.5 Target Acq Y canter LO. See Section 3.1.5YSIl. YARWL / Arm Polarizer command. See Section 3.1.4.3
YS13 YOVRLITE 81 8/2 913 Overlight sum MS byte. To®l of 2 bits (see

| Section 2.1.5)
YSi3 YORLITE R 8/3 913.5 Ovarlight sum MMS byte. Total of 2 bits (see

Section 2.1.5) 
|

Y813 YOVRLITE 83 8/24 914 Overlight sum MS byte. Total of 2 bits (see
Section 2.1.5)

YSi3 YOVRLITE 24 8/25 914.5 Overlight sm LS byte. Tol  of R bits (see
Section 2.1.5)

YS14  YSAFING 8/26 91s Auto safe mde transition. Has Y.202-Y204
(bits 1-5 unused), Bits 6=7 zerced when

| sampled
 Y818 YTAMODE 3/7 Target acquisition mde. See Section 3.1.5
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Table 4.2-7 All FOS Camands and Telematry by ID (cont)

Mnemonic. WO/SF

YSAFPL /
YARTTHCX HI 8/28

YARTTHXX LO 8/29

YSELFOHK HI 8/0

YELFOK 0 8/11

YHYOFF /
YOREFDAC 8/R
YROOUSRB 8/33
YHVON /
YHVDACRB HI 8/34:7-8

YHVOACRS LO 8/35

YYDAC HI 8/36
YWDAC LO 8/37
YQSOFF /
PITCH HI 8/46

PITCH LO 8/47

YXBASE HI 8/48
YXBASE LO 8/49
YQSON /
STEPS 8/50
YLSOFF /
YWPITCH HI 8/53

PITCH LO 8/54

YYSASE HI 8/55
BASE LO 8/56
YHTON /
WSTEPS 8/57
YSOF84 /
YOWRSCAN 8/60
YISTGIN. 8/61

YSOFRR2 /
NMC. 8/62

YSOFE3 /
YACSSINC 8/67
YSOFEL /

23

916

916.5

97
917.5

918

Significance

Safe Polarizer command, See Section 3.1.4.3
Arittmatic self-check (speed) results HI. See
Section 1.5
Arithmetic self-check (speed) results LO. See
Section 1.5 

|

Process self-check results HI. See Section
«3 

| |

Process seif-check results LO. See Section
Ll.
High Voltage Supply Off command.
Disc~mimtor reference DAC.
focus: t im coil DAC readhack. See Section

High Yoitage Supply On comand.
Tigh voltage OAC readback HI. See Section
3.1. 

|

High voltage OAC readback LO. See Section
3.1.3
Y OAC readback HI. See Section 3.1.3
Y OAC readback LO. See Section 3.1.3
Quiet Supply Off command.
X deflection pitch between diodes HI. See
Section 3.1.3
X deflection pitch between diodes LO. See
Section 3.1.3
X deflection base HI. See Section 3.1.3
X deflection base LO. See Section 3.1.3
Quiet Supply On catmand.
X deflection sub-steps. See Section 3.1.1.2
Logic Supply Off command.
Y deflection pitch. between diodes HI. See
Section 3.1.3
Y deflection pitch between dicdes LO. See
Section 3.1.3
Y deflection base HI. See Section 3.1.3
Y deflection base LO. See Section 3.1.3

Y deflection sb steps. See Section 3.1.1.4
SOF 34 part 0 side select comand.
X deflection cverscan., See Section 3.1.1.3
First channel to be processed. See Section
3.1.2.2
SOF 2 part W side select comand.
Number of channels to be processed. See Sec
tion 3.1.2.2
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‘Table 4.2-7 All AS Cammands and Telemetry by ID (cont)

Moamonic  WO/SF

YFWSTATL HI 8/82

YFWSTATL LO 8/83
YFWSTAT2 HI 8/84

YFWSTAT2 LD 8/85

YSOFA4 /
YFWSTAT3 HI 8/86

YRWSTAT3 LO 8/87
YFWSTAT4 HI 8/38

YFWSTATS LO 8/89

YSDFA2 /
YFWSTATS HI 8/90

YFWSTATS LO 8/91
YFWSTATS HI 8/92

YFWSTATS LO 8/93

YSOFAS
YMCLEARS

/
8/94

YLASTCD HI 8/96
YLASTCD LO 8/97
YSOFAL
YNDISELM HI 8/106

/

YWOISEIM LO 8/107

YRAMADOR HI 8/108
YRAMADIR LO 8/109
YRESET

YINTEG

YINTMODE
YHTOFF
YREADCYC
YOATALIM

YRIEEW

/

8/110

y t

8/113
3/114

/

86
 &

 #
 8

8 
8

2,
943

944.5

945.5

946.5

8 
8 

8
t n

35

® N
n

. un
y

i i
 

i
o tn

Sigmificance
Firmare status group 1 HI. Typically ASCII
(interpretation depends on use)
Firmware status group 1 LO. Typically ASCII
(interpretation derends on use)
Firmare status group 2 HI. Typically ASCII
(interpretation depends on use)
Firmaare satus group 2 LO. Typically ASCII
(interpretation depends on use)
SOF M port to side select command.
Firmware status group 3 HI. Typi@lly ASCII
(interpretation depends on use)
Firmvare status group 3 WO. Typically ASCII
(interpretation depends cn use)
Firmare status group 4 HI. Typically ASCII
(interpretation depends on use)
Firmvare status group 4 LO. Typically ASCII
(interpretation depends on use)
SOF A2 part to side select comand.
Firmare status group 5 HI. Typically ASCII
(intarpretation depends on usa)
Firmvare status grow 5 LO. Lyrically ASCII
(interpretation depends on use)
Firmvare status group 6 HI. Typically ASCII
(interpretation depends on use)
Firmare status group 6 WO. Typically ASCII
(interpretation depends on use) |

SOF A3 part 0 side select command.
Renary" JSlears/an acquisition, -See Section

o le  LJ

Last comand at SIC error HI. See Section3.1
Last comand at SC error LO. See Section3.1
SOF Al par t 0 side select command.
Burst mise rejection limit HI. See Section
3.1.1.1
rs t  wise reJection limit 0 .  See Section
3.1.1.1
RAM address nointer HI. See Section 3.1.6.3
AM address pointer LO, See Section 3.1.5.3

Number of integrations/X-step. See Section
3.1.1.1
Imitialization mde. Has Y 213-Y,218
Heater Off command.
Readouts/manay clear, See Section 3.1.1.7
tion y=  of acquisition limit, See Section

Reset 1£3/Wa tehdog comand, See Section
3.1.6.5
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Table 4.2=7 All ROS Camands and Telemetry by ID (cont)

Mpemonic  WD/SF

YMOMPALR HI 8/1185
YMDMPADR LO 8/116
YWROSLIN HI 8/4
YWROSLIN LO 8/5
YIMZ /

YLINSFRM HI 8/6
YLINSFRM LO 8/7
YO CHI 8/13
YOAC LO 8/14
OAC HI 8/43
YOAC LO 8/4
YXDAC HI 8/73
YOAC LO 8/74
YXOAC HI  8/1Q3
YOAC LO 8/14Y1:9MZ /
YRANGE 8/52YABACR /
YSPRBIT1I 8&/17:1

YENDAC /

YXDACERR  8/117:4

YYDACERR  8/117:6

YEEGAC /

YFOACERR 8/u7:2

YHYOACER 8/117:7

YELAPR /
YORDACER  8/117:8

| YODACSRR  8/117:3

YRANT /

YACMERR  8/118:1

WECHTOC  8/118:2-4
~ YOATACTL  8/118:5-8

YR POL /
YLSON /

5 
8 

88
88

2
8

s 
IP

J )TE
R

R
E

. 
°

w
n 

w
n

960.5

960.5

960.5

960.5

%1

91
%1

2 Significance

Manory dup address HI. See Section 3.1.2.1
Memory dump address 0 .  See Section 3.1.2.1
Words per line HI. See Section 3.1.2.
Words per line 0 .  See Section 3.1.2.1Te  3.0 Mz Clock command. See Section:
o1.6.5

Lines per frame HI. See Section 3.1.2.1
Lines per frame LO. See Section 3.1.2.1
X OAC readback HI. See Sectiom 3.1.3
X OAC readback LO. See Section 3.1.3
X DAC readback HI. See Section 3.1.3
X OAC readback LO. See Section 3.1.3
X DAC readback HI. See Section 3.1.3
X OAC readback LO. See Section 3.1.3
X DAC readback HI. See Section 3.1.3
X DAC readbackLO. See Section 3.1.3
i r e 5 MHz Clock comand. See Section

Y range, See Section 3.1.1.4
port (a2 Acquisition comand, See Section

Spare bit. All bits in ward zeroed when
sam ied
End Data Acquisition comand. See Section
3.1.2.3
X DAC readbackerr  flag. AQ isXKamd a l
is aro, See Sectin 3.1.3
Y DAC readbackera flag, AQ i sK  anda l
is aror, See Section 3.1.3
gegin na  Acquisition canmnd. See Section

Focus OAC readbackera flag. AQ is CK and
a l  is ero, See Section 3.1.3
HY OAC readbackerror flag. AQ i sK ad a l
is era. See Section 3.1.3
Slow Aperture comand, See Section 3.1.4.2
Disgrimimatar reference CAC readback amor
flag. AQ is and a 1 is aro. See Sec-
tion 3.1.6.2
Discriminator DAC readback error flag. A OQ is
XKand a l  is aro. See Section 3.1.6.1
Siow Envirance Part comand, See Section

Accunulator timer set aro. AQ isXK ad  a
l i s  ro r
Mechanisn time-out code. See Section 3.1.4
lata contol commands. Has Y.227-Y.Z30
Blow Polarizer cammand. See Section 3.1.4.3
Logic Supply On comand.



nemonic

YLIVEHI

YOEAOHI

YSPARE

Table 4.2-7

WD/SF

8/119:1

/
8/119:2
8/119:3

/
8/119:4

8/119:5
/

8/9
3/11
/

8/117:5

8/34:1-2

/
8/4:4

YH:3

8/119:6

8/19:7

8/119:3

8/63

3/64

3/65

3/68

9/0

ND-1004A
1/28/84

All FOS Commands and Telemetry by ID (cont)

Lr.
961.5

%1.5
%L.5

961.5

961.5

931.5

919

919

919

961.5

961.5

%61.5

933.5

934

919

Significance

Data acquisition mot in progress. A 1 means
not in progress. See Section 3.1.1 |

Select Motor A comand. See Section 3.1.4.4
Resting in peaca.
Pausein progress. A 1 means pause in
progress. See Section 3.1.2.3
Select Motor B command, See Section 3.1.4.4
CEA plot in progress. A 1 means plot in |

progress 
| 

|

Target acquisition in progress. A 1 means
acquisition in progress. See Section 2.1.4
Spectral Calibration Lamp On comand. See
Section 3.1.6.4
Number of manory slices. See Section 3.1.1.5
Patterns per readout. See Section 3.1.1.6
Spectral Calibration Lamp Off comand. See
Section 3.1.5.4
Calibration DAC reacdback error flag. AQ is
XK and a l  is earor. See Section 3.1.6.4
Descamb lePROM power status, A 0 is of f , Q1
is even, 10 is odd, and 11 is both
A-On, B=0ff S1 canmmand.
Flat field a l  lamp power. A zero is off and
a l i son .  See Section 3.1.6.4
Spare bit,
A=On, 8-0ff S2 command.
Mechanisn motion in progress. A 1 means
motion in progress
Auto memary clear in progress. A 1 maans
clear to be done (interface with data monitor
ing background task)
Select CalibrationLamp A command, See
Section 3.1.5.4
Sc iencedump in progress. A 1 meansdump in
progress, See Section 3.1.2.3
AGRI 2 open Tine igh byt. See Section

Select Calibration Lamp 3 command, See
Section 3.1.6.4
Aca r  cpen time low Dyta, See Section

recu t  close time High byte. See Section
1.1.1

Accumulate close time low byte. See Section
3.1.1.1
Spare,
Number of FOS status buffer entries. ‘eased
since last time $e counter resat



Y810

Y612

Yol4

Y816

617

Ye13

Table 4.2=7 All FOS Commands and Telemetry by ID (cont)

Mpemomic  WO/SF wm SP Significance

YOOFF 9/1 FOS en/off indicator. Is 1 i f  FOS success-
| fully turned off via YROFF; otherwise 2

YFINST 9/2 Status of INIT processor. Is 1 i f  YFINIT
executing,2 i f  tamimted on aro , 4 i f

| "termination normal
YFSOST 9/3 oo Science data storage status. I s1 i f  YFSOST

| | executing, 2 i f  tamimtedan aver, 4.i f
termination normal

YFPRST 9/4 Science data procassing status. I s l  i f
YFSOPR executing, 2 i f  te rminatedan ror, 4
i f  mination ]

Y$R0 95 Spare 0.
YLINCT 9/6 Line number within a frame. |

YFHKST 9/7 Housekeeping status, Is 1 i f  YFHPKG
executing, 2 i f  tamimtad on era, 4 i f
disabled by another procassorYFASST 9/8 Autonomous safe status, [s 1 i f  YFASAF

| executing, 2 i f  terminated abnormally, 4 i f
termimtion normal

YFTOST 9/9 Tun off status, Is 1 i f  YROFF executing, 2
i f  Eerminated abnormally, 4 i f  termination -
normal

YFL81 9/10 Data items 1-8. FOS limit check flags 81
YFL169 9/11 Data items 9-16. FOS limit check flags 82
YFL261 9/12 Data {tems 17-24, FOS limit check flags £3
R322 9/13 Data items 25-32. FOS limit check flags 84
YOISCT 9/14 Counts min frame discrete log errors.

Counter for consecutive maja frames in wirich
discrete command log error indicated

YS¥ECT 9/18 . Counts min frame magnitude command errors,
Counter for consecutive mjor frames in witich
a serial magnitude comand era reportedYKEEP 9/16 Camts min frame keep alive failures.
Counter of consecutive major frames in witich

| FOS serial ED fails keep-alive test
YRLECT 9/17 Counts min frame limit check failures. |

Counter for consecutive m jor frames in which
same FOS l imit check failed

YSFFLG 9/18 Autonomous safe flag. Is 1 i f  YFASAF has heen
| invoked by application processor, 2 i f  not- invoked

YTORLG 9/19 Turn off flag. [Is | i f  YFOFF mas been invoked
by application processor, 2 i f  not invoked

YR. 9/20 888, Action indicator for YFMZPR module. See
Section 3.2.1

YFRCIR 9/2 379. Count frames for part 1 of YFSOPR procassar.ee  9/2 82 Mode 2 mrget acquisition amor indicat.
Y®CR 9/3 | Count frames fa  part 2 of YFSOPR processor.



§ 
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oN 0

Y640

Y641

Y642

Yed3

Y646

«120=

Table 4.2-7 All FOS Commands and Telemetry by ID (cont)
Memonic W/SF 0 WL SP Sigmificance

YTACWP 9/24 a1, Mode 2 Target acquisition camletion
indicator. A 1 means complete

YRM2ST 9/28 Mode 2 target acquisition processor status.
Is 1 i f  YPMOD2 executing, 2 i f  termimted
abnormally, 4 i f  termination normal

YSTBY1 / 
| RIVA SBY1 cammand.

YSPR1 9/26 | Spare 1.
YSPR2 vz  | Spare 2.
YST8Y2 / _ RIVA SBY2 carmand. 

|YFPKST 9/8 Peak-up target acquisition processar status.
YFPCT 9/29 Comer of frames/dwell during FKP,
YFOWCT 9/30 879 Dwell counter for FPKWP, See Section 3.2.1
YOV81 9/31 8 LS3s accumulated YOVRLITE.
YQV169 9/3 Next 8 LSBs accumulated YOVRLITE.
YOV241 9/33 Next 8 LSBs accumulated YOVRLITE.
YQV322 9/34 8 MSBs accumulated YOQVRLITE.
YSPRS 9/35 Spare 3.
YSPR4 9/36 Spare 4,
YSPRS 9/37 Spare S,
YFSCIR 3/38 Number of tests by FHKPG where fail-safe-

armed, Counter indicating mumber of tests
since YFHKPG was initialized whee fajl-safe
PI  vas armed

YERCTR 9/39 Consecutive m jor frames with error check
error. Counter indicating consacutive maja
frames in which an aro check error is
indicated

YFWCTR 9/40 | Consacutive mjor frames with firmare version
aro. Counter indicating consecutive major
frames in which a fimare version aro is

| indicated
YMFCCT 9/41 Canter of mjor frame fail-safe RPI test.

Major frame counter used for fail-safe RPI
ost

YMFECT 9/42 Counter of major frame cutout for data log.
Major frame counter testad for au tpu tof SPs

YSAFR . 9/83 ~ Consecutive mjae frames gone safe autcno-
mously. Number of consecutive major frames in
witich FOS indicated i t  has gone safe
autonamous lyYOVCTR 9/44 Counter of failed YOVRLITE sum tests. Number
of consecutive m jo  frames in wirich FOS

| overlight sum test mas failedYSCCTR 9/45 Counter of failed self-check tests. Number of
consecutive mio frames in witich the RIS has

| | failed the seif-check ‘est
YSPCTR 9/46 . Counter of speed check arars. Countar indi-

cating consecutive mjor frames in witich a
speed check aro  is indicated
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Table 4.2-7 All FOS Commands and Telemetry by ID (cont)

YSPRG 9/47
YSPR7 9/48
YSWCERRS 8/95

YTAMAX HI 8/20
YTAMAX LO 8/2

 YTAMIN HI 8/80
YTAMIN LO 8/81

YREJECTS HI 8/51

YREJECTS LO 8/58

[2.3

949.5

912
912.5

942.5
927.5

Significance.

Spare 6, 
|

Spare 7.
Serial magnitude command error report flags.
Has Y.219-Y.226. Ward zerced when sampled
Upper Target/Acq Window HI. See Section 3.1.5
Upper Target/Acq Window LO. See Section 3.1.5
Lower Target/Acg Window HI. See Section 3.1.5
Lover Target/Acq Window LO. See Section 3.1.5
Nuoer: A adder rejects HI. See Section

3.1.1.1



Mnamorric

ASCIIHD

YABACQ

YACACC HI
YACACC LO
YACQLIM

YACQMODE
YACQSYNC
YACSAY HI
YACSAV LO
YACTMERR

YAMCIP

YAUSPARYAPRR
YAPERPCS HI
YAPERPQS HI
YAPERPQS HI
YAPERPQS HI
YAPERPOS WO
YAPERPQS 0
YAPERPOS LO
YAPERPOS LO
YAPERTMP
YAPRFRP1

YARITHCX HI

YARITHCX LO

YARIUTW
YARMAP
YARMED

©

Y326
YSOL
YsmR©

WD/SF

Q
2

21

8/9
8/39
3/68
8/99
8/10
8/40
8/70
8/10
7/12
1/1:5

8/23

8/9

7/16
/
/

~
5

 
=

140.5

 )
 

®
 

®
w

n 
y

n
88

88
88

88
&

3

916.5

161.5

-i22-

Table 4.2-8 All FOS Commands and Telemetry by Mnemomic

n 3P Significance

ASCII header (64 words). See Section 3.2.2
Discriminator DAC/Disabled Diode Table (512
wards). See Sectin 3.2.2
ajar frame number (8 bits). See Section

Miner frame number (8 bits). See Section
3.2.2
Memory clear number (16 bits). See Section
3.2.2
Readout number (16 bits). See Section 3.2.2
RAM map (4 words). See Section 3.2.2
dort ama Acquisition command. See Section

Nurber of counts in this dwell HI.
Number of counts in this. dwell LO.
Fran  acquisition limit, See Section

= am acquisition mode, See Section
1.6.1

Acquisition mode. Has Y.205-Y.212
Historic counts HI. See Sectim 3.2.1
Historic counts LO. See Section 3.2.1
Accuulatar timer set aro. AQ is X anda
1 is error
Auto memory clear in progress. A 1 means
clear to be done (interface with data monitor
ing background task)
Amlog Spare.
Set entrance aperture to position. See
Section 3.1.4.2
Aperture position HI. See Section 3.1.4.2
Aperture position HI. See Section 3.1.4.2
Aperture position HI, See Section 3.1.4.2
Apertare position HI. See Section 3.1.4.2
Aperture position LO. See Section 3.1.4.2
Apertre position LJ. See Section 3.1.4.2

 Apertaze position LO. See Section 3.1.4.2
Aperture position LO. See Section 3.1.4.2
Aperare Mechanisn Tamperatire.
Aperture Fajlsafe Arm/Safe S@atus. AQ is Arm
and 1 is Safe. See Section 3.1.4.2
Aritmetic seif-check (speed) results HI. See
Section 1.5
Arithmetic self-check(speed) results 0 .  See
Section 1.5
RIU=A Temperature.
Arm Aperture comand. See Section 3.1.4.2
Arm Entrance Port command. See Section
3.1.4.1



Mnemonic

YARMPL
YBASKP
YEEGAC

YELENT

YELPAL

YBUSS2
YCALOF

YCALRPT

YCALVLT

YCEATW

YOATALIM

1/28/24
-123-

Table 4.2-8 All RUS Cammands and Telemetry by Mnemonic (cont)
WO/SFE

~
~

.  
tT

E
a

~ af

4/1:6

3/1:7

6/0
8/117:5

7/10

3/1:2

o/1

3/1:8

8/119:4

7/18
8/118:5-8
8/114

8/117:3

OL SP Significance

Arm Polarizer comand, See Section 3.1.4.3
8874 8&7, Y base for curent data. See Section 3.2.1

162.5

142.5

141.5

137.5
960.5

155.5

141.5

138.5

141.5

%l.5

163.5
961
959

960.5.

. Begin Data Acquisition comand. See Section
3.1.2.3
Blow Aper-tire command, See Section 3.1.4.2
Slow Entrance Port command. See Section
3.1.4.1 

|

Slow Polarizer command. See Section 3.1.4.3
RIU-8 Temperatire.

Channel number of peak. See Section 3.2.1
A-On, B=O0ff S1 command.
A~On, B~0ff S2 cammand. |

Spectral Calibration Lamp Off comand. See
Section 3.1.6.4
Spectral Calibration Lamp On command. See
Section 3.1.6.4
Calibration Lamp Supply RPI. AQ isonand l
is off. Sea Section 3.1.6.4
Select Calibration Lamp A command. See
Section 3.1.6.4
Select Calibration Lamp 8 command. See
Section 3.1.6.4
Calibration Lamp Select RPI. AQ isBama l
is A, See Section 3.1.6.4
Calibration Lamp Supply Voltage.
Calibration DAC readback error flag. AQ is
Kad a l  is ero, See Section 3.1.6.4
Central Electronics Tamperatire.
Emble tniribit channel(s). See Section

Set number of channels © be processed, See
Secticn 3.1.2.2
Set nunber of manory clears/acquisition. See
Section 3.1.1.3
Mfroprocessar Clock Momitor, AQ is 3 M2
and 1 is 1.5 MHz. See Section 3.1.5.5
Calibration Lamp Supply Current,
Select Motor A command, See Section 3.
Select Motor 8 command. See Section 3.1.4.
Carrousel] Motor Status. AQ isBandali
A. See Section 3.1.4.4
CEA plot in progress. A 1 means plot in
progress
Central Power Supply Temperature.
Data control commands. Has Y.227-Y.230
ign oye of acquisition limit. See Section

Discriminator OAC readback error flag. A Q i s
XK and a 1 is error. See Section 3.1.6.1

1.4.4
1.4.4

S



YOISCT

YERRCK HI
YERRGHKLO

Table 4.2-8 All FOS Cammands and Telemetry by Mnemomic (cont)

BD
Yos3_
YS87

YR

Y6O8

WD/SF

/

8/65

8/68

/

/n

9/14

8/8:7-8
8/38:7-8
8/68:7-8
8/98:7-8
7/1
8/34:1-2

8/117:8

8/2

3/1:6

8/0

1/1:8

9/39

8/2
3/3
9/8

DL

934.5

=X
}

5

SP

136.5
89

141%

Significanca

Joie all disa-imirata DACs. See Sectim
o le  Jd

Accumulator close time high byte. See Section
3.1.1.1
Accumulatr close time Tow byte. See Section
3.1.1.1
Set accumulator closed (dead) time. See
Section 3.1.1.1
Set discriminator DAC table value, See
Section 3.1.6.2

Load discriminator at address or set all
values, See Sectim 3.1.6.2
Counts min frame disgete log arars.
Counter for consecutive mjor frames in wirich
discrete commend log error indicated
Entrance door position. See Section 3.1.4.1
Entrance doar position. See Section 3.1.4.1
Entrance door position. See Section 3.1.4.1
Entrance doar position. See Section 3.1.4.1
Entrance Ooor Mechanisn Temperature,
Descramble PROM power status. A 00 is off, OL
is even, 10 is odd, and 11 is both
Discriminator reference DAC readback error
flag. AO isX and a l  is err. See Sec
tion 3.1.6.2
Discrimimto reference DAC.
Discriminator Reference Vol tage.
Result of edge test. See Section 3.2.1
Descramble PROM Power Status Sven, AQ is off
and 1 is on
Sample all serial digial telanetry., See
Section 3.1.6.1
end we  Acquisition command, See Section

MW serial engr data packet sync. Value is
X‘AS"
Entrance Door Failsafe Am/Safe Status. A OQ
is  Am and | is Safe. See Section 3.1.4.1
JT entrance port open a closed. See Section

Consecutive m jor frames with arror check
ara, Counter indicating consecutive major
frames in witich an erro check arr  is
indicated
Firmware check character HI. See Section 1.5
Firmware check character LO. See Section 1.5

Autonomous safe status, Is 1 iT YFASAF
executing, 2 i f  ermimted abnormally, 4 i f
termination normal

J



NO=1004A
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Table 4.2-8 All FOS Commands and Telemetry by Mnemonic (cont)

D

YSOL1
Y817

YO1l
Y612
¥613
Y¥610
Y.006

WO/SF

8/117:2

9/30
/

8/34

7/14
7/19
8/8:1-4

8/38:1-4

8/68:1-4

8/98:1-4

8/8:6
8/38:6
8/68:6
8/98:6
8/8:5
8/38:5
8/68:5
8/98:5
9/7
p

9/2

8/1
9/17

9/1
9/12
9/13
9/10
/

9/20

9/28

/
8/3

2}
960.5

919

SU
NR

G
EN

E 
8B

 8
 8

 &

SP Significance

Focus OAC readbackerror flag. A OQ is OK and
a l  is aro. See Section 3.1.3
Dwell counter for FKP, See Section 3.2.1
Set LED flat-field lamp on oa off, See
Section 3.1.6.4
Flat field cal lamp power. A zero is off and
a l i som. ,  See Sectim 3.1.6.4
Fil1ter/Grating Wheal Motor A Tarperature.
Fi1ter/Grating Wheel Motor 8 Temperatire.
Filter/Grating Wheel Assambly position.
Section 3.1.4.4
Filter/Grating Wheel Assembly position.
Section 3.1.4.4
Filter/Grating Wheel Assarbly position.
Sectin 3.1.4.4
Fi1ter/Grating Wheel Assambly position.
Sectian 3.1.4.4

£
£

5 
£

Housekeeping status, Is 1 i f  YFHPKG
executing, 2 i f  terminated on error, 4 i f
disabled by another processor
Set FWA to position. See Section 3.1.4.4
Status of INIT processar, Is 1 i f  YFINIT
executing, 2 i f  terminated on error, 4 i f
ermimtion nomal
Firmvare version number. Has Y.201
Counts min frame limit check failures.
Canter for consecutive m jor frames in which
same OS limit check failed
Data tems 9-16, FOS limit check flags R
Darr items 17-24. ROS limit check flags $3
Data itams 25-32. FOS limit check flags 34
fata items 1-8. FOS limit check flags 81
Count rate window change for next data set.
See Section 3.2.1
Action indicator for YFMZPR module. See
Section 3.2.1
Mode 2 target acquisition processor smatus.
Is 1 i f  YFMO02 executing, 2 i f  terminated
abnormally, 4 i f  rmimtion normal
Set focus t im OAC. See Section 3.1.3
Focus trim coil OAC readback. See Section
3.1.3



PUTT HI
YFUTT LO

YFWSTATL HI

YRSTATL 0

YPWSTATZ HI

YRWSTAT2 LO

YFWSTATS HI

YRWSTATS WO

YPSTATA HI

YFWSTATS LD

YFWSTATS HI

YRSTATS LO

YFWSTATG HI

YFWSTATS LO

YFXCIR
YFYCIR
YGIVIP

1/28/84
-126-

Table 4.2-8 All RS Cammands and Telemetry by Mnemomic (cont)

ID
put in

Y63
Yes

BR
E

WD/SF

9/28
9/4

9/29
9/24
9/38

9/3

9/9

/
9/40

8/82

8/83

8/84

8/86

3/87

8/88

a/m
8/90

8/91

3/92

8/93

92

woSP

BE

943.5

94.5

945 .5

946.5

947

947.5

948.5

k=82  4

Significance

Peak-up target acquisition processor status.
Science data processing status. I s l  i f
YFSOPR executing, 2 i f  temimatedon aro, 4
i f  emimtion normal
Counter of frames/dwell during FPKLP.
Count frames for part 1 of YFSOPR procassar.
Number of tests by FHKPG where fail-safe
amed, Counter indicating number of tests
since YFHKPG was initialized where fail-safe
P l  was armed
Science data storage status. [Is 1 i f  YFXOST
executing, 2 i f  terminated on error, 4 i f
termiration normal
Tun off status. [s 1 i f  YFOFF executing, 2
i f  ermimted abnormally, 4 i f  termination
normal
Saved dwell time HI. See Section 3.2.1
Saved dwell time LO. See Section 3.2.1
Consecutive major frames with firmsare version
ara. Canter indicating consecutive major
frames in which a firmare version eror is
indicated
Firmvare status group 1 HI. Typically ASCII
(interpretation depends on use)
Firmare status growp 1 LO. Typically ASCIT
(interpretation depends on use)
Firmare status group 2 HI. Typically ASCII
(interpretation depends on use)
Firmvare status group 2 LO. Typically ASCII
(interpretation depends on use)
Firmare satus group 3 HI. Typically ASCII
(intaroretation depends on use)
Fimeare status group 3 LO. Typically ASCII
(interpretation depends on use)
Firmvare status grow 4 HI. Typically ASCII
(interoretation depends on use)
Firmvare s@tus grow 4 0 .  Typically ASCII
(interpretation depends on use)
Firmvare satus grow 5 HI. Typically ASCII
(interpretation depends on use)
Firmvare satus grow 5 WO. Typically ASCII
(interpretation depends om use)
Firmare status growp 6 HI. Typically ASCII
(interpretation depends on use)
Firmare satus grow 6 LO. Typically ASCII
(interpretation depends on use)

35, X=-offsat to cantar, See Section 3.2.1
Y-offset to cantar, See Section 3.2.1
Mode 2 @arget acquisition eror indicator.



YINIT

YINTMODE
YINTS

YKPALYED

YLASTQWHI
YLASTCOWO

YLINSFRMHI
YLINSFRM0
YLIVEHI

YLIVELD

LIVETYM

-iz7- UB/34

Table 4.2-8 All FOS Cammands and Telemetry by Mnemonic (cont)

ID

Y.026

YS19
yuz©
Ys81

Y319
YOAL,
Y104

YS47
Y043

Y616

Y0S8

Y843
YoA3
Y605
YS82
YS82
YS8S

WO/SF
/

9/3
/
/
1/1:8 |

1/0
/

8/117:7

8/34:7-8

8/35

4/1:8

8/34:3
7/15
0/0
/
3/1:4

8/110

8/112

9/16

8/96
8/97
9/6
8/6

8/83

3/64

UL

960.5

919.5

182.5.

Bi
 4

o w
n

¢ 
H

ig
 

88

SHP

879,

139.5

132.5

160.5
131.5

141.5

Significance.

Previcus value of bimary ssarch step countar,
See Section 3.2.1
Count frames for part 2 of YFSDPR processor.
Heater Off carmmand.
Heater On command. 

|

Heater Control Relay Position. A Q is HTON
(on) and 1 is HTOF (off)
High Voltage Supply Curent.
Set high voltage power supply DAC. See
Section 3.1.3
HY DAC readbackerror flag. AQ i s and a l
is eror. See Section 3.1.3
High voltage DAC readback HI. See Section

High voltage DAC readback LO. See Section
3.1.3
High Voltage Supply Off command.
High Voltage Supply On command.
High Voltage Relay Position. A Q is HVON (on)
and 1 is HVOF (off)
Spare bit.
High Yol tage Supply Temperature.
High Yoltage Supply Voltage.
Set imitialization mde. See Section 3.1.6.1
Instruction Engineering Sit Status. AQ is XK
and 1 is error. See Section 3.1.6.5
Number of integrations/X-step. See Section
3.1.1.1
Initialization mode, Has Y.213-Y.218
Set number of sub-integqrations per X-step.
See Section 3.1.1.1
Counts min frame keep alive failures.
Counter of consecutive m jor frames in witich
FOS serial ED fails keep-alive test
Provide FORTH KEY capability. See Section
3.1.6.5 |

Emable/disable autonomous going safe. See
Section 3.1.6.5
Last command at SAC error HI. See Section 3.1
Last command at SMC error LO. See Section 3.1
Line number within a frame.
Lines per frame HI. See Section 3.1.2.1
Lines per frame LO. See Section 3.1.2.1
Accumulator cpen time migh byte. See Section
3.1.1.1
Aon lata open time Tow byte. See Section
J.1.1

Se acumilatr cpen (1ive) time, See Section
1.1.1



WIP

YMSLICSS
YM24AP
YNECTR
YNDAIP

YNMAX
NVEAN
YNOISELM HI

YNOISEIM LO

YNTARG
YNUMCINL

YoBsSJ
YODSCRAM

\O~1004A
UaB/s

Table 4.2-8 All FOS Commands and Telemetry by Mnemonic (cont)

ID

525,
569.Y120

Y641

§ 
$5

5 R
d 

R
B

Y.028
YS

Y.Q2L
Y106

WO/SF

/
/
41:4

/3

/
8/94

8/115
8/116

8/15 .

8/45

8/108

8/118:2-4

9/41

9/42

8/119:6

8/59

8/119:1

8/106

8/107

8/62

3/1:8

0

989.5

909.5

924.5

939.5

954.5

961

961.5

931.5

961.5

985

985.5

93

SHP

142.5

81,

H
E

A :
R

:

89,1415

Significanca

Logic Supply Off cammand.
Logic Supply On command.
Logic Supply Relay Status. A Q is HPS (on)
and 1 is PS (off)
Map number, See Section 3.2.1
Set mechanism register to drive signal, See
Section 3.1.4
Step mechanisn, See Section 3.1.4
Manary claars/data acquisition. See Section
3.1.1.8
Memory dump address HI. See Section 3.1.2.1
Manory dump address LO. See Section 3.1.2.1
jet feedback code for mechanism. See Section

Mechanism spares. Typical value X'CF
( subframe)
Mechanism spares. Typical value X'2D'
( subframe)
Mechanism spares. Typical value X'48'
(subframe) |

Mechanism spares. Typical value X'&’
(subframe) |

Mechanisn time-out code. See Section 3.1.4
Fi11 science mamory with test pattern. See
Section 3.1.6.3
Canter of mjor frame fail-safe RPI test,
Major frame count used for fail-safe RPI
ast
Counter of mjor frame autput for ata log.
a jo  frame counter tested for ou tpu tof SHPS
Mechanisn motion in progress. A | means
motion in progress
Number of memory slices. See Section 3.1.1.5
Maximum maps. See Section 3.2.1
Brightness rank. See Section 3.2.1
Data acquisition mot in progress. A 1means
not in progress. See Section 3.1.1
Number of counts in peak. See Section 3.2.1
Counts in mean sky.
ars  noise rejection limit HI. See Section
d.1.1

Burst noise rejection limit LO. See Section
3.1.1.1

- Counts in target channels. See Section 3.2.1
Number of camels to be processed. See Sec-
tion 3.1.2.2
Peak mMuU~ix number. See Section 3.2.1
Desc ramb lePROM Power Status Odd. A Q is  off
and1 is on

a
y

’)
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YONOFF

YOUT-CLR

YOVRLITE81

YOVRLITE2

YOVRLITE®3

YOVRLITE24

YOV169
YOV24l1

YOval
YPAMATP
YPAVBTP
YPAUSE

YPCANP

PIP

YPKCT1
YPLRZPCS HI
YPLRZPQS HI
YPLRZPQS HI
YPLRZPCS HI
YPLRZPCS WO
YPLRZPOS WO
YPLRZPOS UO

YPLRZPOSWO

YPMFATMP
YPMFETMP
YPOLFRP1
PART
YPPINV

ND=-104A
L/a/8

Table 4.28 AT1 FOS Camends and Telemetry by Mnemonic (cant)

D
YéoL

YO45,
Ye.

sd

YsSi3

YS13

WO/SF

9/1

/

9/a4

8/2
Vrs)

8/28

8/25

8/60

y r
9/33
9/34
9/31
7/8
7/4

7/4
7/20
8/119:3

8/11
8/41

8/101
3/12
3/42
8/72
8/102

7/6
1/2
1:7

7/13

SE
RB

 B
EE

S

£2. SP

914

914.5

& = w
n

L
in

th
 tn

B 8
B

ab
(8

1 
O

y
O

n 
0

pb

Significance

FOS on/off indicator. Is 1 i f  FOS success-
fully tuned off via YFOFF; otherwise 2
Set readcuts/memory clear, See Section
J.1.7

Counter of failed YOVRLITE sun tests. Number
of consecutive major frames in wivich FOS
overlight sun test has failed
Overlight aun MS byte. Total of 32 bits (see:
Section 2.1.5)
Overlight sum MMS byte. Total of 32 bits (see
Section 2.1.5)
Overlight sum NLS byte. Total of 32 bits (see
Section 2.1.5)
Overiight sum LS byte, Total of 32 bits (see
Section 2.1.5) :

X deflection overscan, See Section 3.1.1.3
Tr  fuer of diodes overscan. See Section

Next 8 LSBs accumulated YOVRLITE.
Next 8 LSBs accumulated YOVRLITE.
8 MS8s accumulated YOVRLITE.
8 LSBs accunulated YOVRLITE.
Pre-imp Assembly A Tawperature,
Pre~-ATp Assanbly 8 Temperature.

~ Set/reset pause acquisition bit. See Section
3.1.2.3
Photocathode A Tamperatire,
Photocathode 8 Temperature.
Pause in progress. A 1 means pause in
progress. See Section 3.1.2.3
Objects found in field. See Section 32.1
Polarizer position HI. See Section 3.1.
Polarizer position HI. See Section 3.1.
Polarizer position HI. See Section 3.1.
Polarizer position HI. See Section 3.1.
Polarizer position LO. See Section 3.1.
Polarizer position L0. See Section 3.1.
Polarizer position LO. See Section 3.1.
Polarizer position LO. See Sectim 3.1.
Set polarizer mechanism to position, See
Section 3.1.4.3
Permanent Magnet Focus Assembly A Temperatse,
Permanent Magnet Focus Assambly 8 Temperature.
Polarizer Failsafe Armv/Safe Status. AQ is
Armand 1 is Safe. See Section 3.1.4.3
Polarizer Mechanisn Tamerature.

R
R

 
A 

N
S

L
L

L
b

L
b

L
b

b
L

W
L

85, Preplanned tranch status. See Section 3.2.1
set e r  of patterns/readout. See Section
3 .  o l e  

|



Mnemonic

YQSOFF

YQSRPI

YRAMADORHI

YRIEEW

YRIUS

YRSINV

«130-
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Table 4.2-8 All RIS Commands and Telemetry by Mnemonic (cont)

B
YS77
YS
ys23°

32
8

WD/SF

8/111
/
/
4/1:3

/
8/108
8/109
/

/

8/52
8/113
/

8/51

8/8

/

/

3/1:1

8/119:2
4/1:1=2

9/43

3/25

9/45

DL

957.5

986.5

988.5

931

91.5

915

SP

142.5

141.5

142.5

886 886,

Significance

Patterns per readout. See Section 3.1.1.8
Quiet Supply Off command.
Quiet Supply On comand.
Quiet Supply Relay Position.
and 1 is -QPS (off)
Load RAM storage address.
RAM address pointer HI.
RAM address pointer LO.
Map physical to logical RAM page.
3.1.6.5
F111 science mamory with
sequenca., See Section 3.1.6.3
Y range. See Section 3.1.1.4

AQ is «PS (on)

See Section 3.1.6.3
See Section 3.1.6.3
See Section 3.1.6.3

See Section

Readouts/memary clear, See Section 3.1.1.7
Set common discriminator reference DAC, See
Section 3.1.6.2
Number of adder rejectsHl. See Section

Number of adder rejects LO. See Section
3.1.1.1 

|

JF rose rejection limit. See Section

Reset Microprocessar camand. See Section
3.1.6.5
Resat Status. AQ is reset and a 1 is not
reset

Resting in peaca.
RIU Standby Status, Bit 1 is for ATU A and
bit 2 for RIU-B. A Q means STEYl and a 1
means STBY2
aster scan request status. See Section 3.2.1
Safe Aperture command. See Section 3.1.4.2
Consecutive m jor frames gone safe autono-
mously. Number of consecutive major frames in
witich FOS indicated i t  ms gone safe
autonamously
=H entrance Port command. See Section
J.4.1

Auto safe mode wransition., Has Y.202-Y24
(bits 1-5 unusad). Bits 6~7 zerced when
sampled
Safe Polarizer comand. See Section 3.1.4.3
Caumter of failed self-check tests. Number of
consecutive mjo r  frames in which the FJS mas
failed the self-check mst
Control science data dump. See Section



«}3]~

Table 4.2-8 All FOS Camands and Telemetry by “Mnemonic (cont)

Mnemonic. ID W/SF om SP Significance

YSCIADDR YOs3. / Set first RAM address for science data. See
Section 3.1.6.5

YSCIDW YO02,, / Set dump parameters. See Section 3.1.2.1
YSOERASE YOS7, / Clear sFience memory locations. See Section

YSOFAL Y543. / SOF Al port to side select comand,
YSOFA2 YS39, / SOF A2 part to side select command.
YSDFA3 Year: / SOF A3 port to side select camand,
YSOFA4 Ys37°  / SDFAd po r tto side select command,YSOFBL YS35: / SOF Bl port to side select command.
YSOFB2 YSaL / SOF 2 port 0 side select comand.
YSOFE3 YS33° / SOF 83 port to side select command.
YSOFB4 YS.  / SOF 88 port to side select command.
YSOIP Ys84~ 8/119:8 961.5 Science dump in progress. A 1 means dump in

| progress. See Section 3.1.2.3
YSELFGHK HI YS17 8/30 917 rocessar self-check results HI. See Section

YSELFOK 0 YS17 8/31 917.5 Processor self-check results LO, See Section
no  1 .  .

YSFFLG Y618 9/18 Astonanous safe flag. [s 1 if  YFASAF has been
invoked by application processor, 2 i f  mot
invoked

SIGPTP Yio 7/9 | 14.5 Signal Procassar Tamperatire,
YSLICES YOS8, / set fumbero f  memy slices, See Section

YSMCERRS Yed9 8/95 949.5 Serial magnitude comand erro repart flags.
Has Y.219-Y.26. ‘Word zerced when sampled

YSECT Y615 9/15 Camts min frame magnitude command errors.
Counter for consecutive mjor frames in which
a serial magnitude camand error reported

YSPARE = YSB9 8/34:5-6 919 Spa re .YSPCTR Y646 9/46 Counter of speed check errors. Counter indi-
cating consecutive mjo frames in which a
speed check error is indicated

YSPR Y.40 / 1 Spare (22S wards). See Section 3.2.2
YSPR Y4B / 965 Spare ward.
YSPREIT ¥YSs%6  8/117:1 960.5 Spare bit. All bits in word zeroed when

Samp
YSPRO Yes 9/5 Spare 0,
YSPR1 626 9/26 Spare 1,
YSPR2 6 9/7 Spare 2.
YSPR3 Yes 9/38 Spare 3,
YSPR4 ¥636 9/36 Spare 4,
YSPRS Ye37 9/37 Spare §,
YSPRE Yed7 9/47 Spare 6.
YSPR7 Yed8 9/48 Spare 7,
YSPR8 BL Y.548 9/49
YSPR8 BI0  Y.518 9/8
YSPR8 B11 Y.648 9/59 H

E



Mramonic

YTARXCTR HI
YTARXCTR HI

YTARICTR LO
YTARXCTR LO
YTARYCTR HI
YTARYCTR HI
YTARYCR LO
YTARYCIR LO
YTOFLG

YYARI1
YWROSLIN HI
YWROSLIN LO

YXBASE HI
YXBASE WO

ND=-1004A
va/s
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Table 4.28 All FOS Commands and Telemetry by Mhemonric (cont)
|B

&
 

[J
] 

[

BE
R

BE
R

S
F

E
E

I;

Y62%

Y651
Y651

YS7S

81d

YS10
YS1L
S11
£0
h l
Y619

Y.025
YS51

plac

Y8&3
YSZ3

WD/SF

9/50
9/51
9/52
9/3
9/54
9/55
9/56
9/57
9/0

/
/
/
/

/

9/24

8/20
8/4
8/80
yal

8/27
3/119:5

8/16
8/76
8/17

8/18

8/19

9/19

4/0

8/4
3/5
3/1:3

8/48
3/49

LY

910

910.5
940.5
911
941
911.5
941.5

4
904.5

926
926.5

SP

879,

138.5
83, 32,

141.5
‘Words per line LO. See Section

Significance

H
EE

LE
Number of RIS status buffer entries. Measured
since last time the counter reset
RIVA SBY1 command.
RIVA SBY2 command.
Stop science dump. See Section 3.1.2.3
Store next comandsas data. See Section
3.1.6.3
Set delay far starting synchronous acquisi-
tion. See Section 3.1.6.1
Mode 2 Target acquisition campletion
indicator. A | means completa
Upper Target/Acg Window HI. See Section 3.1.5
Upper Target/Acq Window LO. See Section 3.1.5
Lower Target/Acg Window HI. See Section 3.1.5
Lower Target/Acq Window LO. See Section 3.1.5
e t farget acquisition mde. See Section

Target acquisition mode. See Section 3.1.5
Target acquisition in progress. A 1 means
acquisition in progress. See Section 2.1.4
Set target acquisition parameters, See
Section 3.1.5
Target Acq X-center HI. See Section
Target Acg X center HI. See Section
Target Acg X-center LO.
Target Acg { center LO. See Section
Target Acq Y-centar HI. on
Target Acq Y center HI. See Section 3.

on
an

 }
— s

Target Acq Y-center LO.
Target Acq Y center LO. See Secti
Tun off flag. Is 1 i f  YFOFF has seen i
by application precessar, 2 i f  not invoked
Trim Focus Coil Oriver Curent,
Sky variance.* ards per line HI. See Section
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3.1.2.1
3.1.2.1

Watchdog Timer Stus. AQ i sK  and 1
ara. See Section 3.1.5.5
X deflection bass HI. See Section 3.1.

3
1.3

X deflection base LQ. See Section 3.1.3

is



7
Mnamomric

YXDAC HI
YXDAC HI
YXDAC HI
YXDAC HI
YX0AC LO
YXDACLO
YXOAC0
YXDACLO

YXPITCH HI

YXPITG WO

YXSTEPS

YX-8ASE

YX-PITCH

YX-STEP

YYAERTOA

YYAPMC

YYAUTPO

YYBASE HI
YYBAS WO

YYGHPK2

Ww»

YYGPXK4

YYOAC HI
YYDAC LO

1/28/54.

Table 4.28 All FOS Commands and Telemetry by Mnemonic (cont)

YSZ?
Y.227

Y.013

v.014
Y.015

Y.016

WO/SF

8/117:4

8/13
8/43

Bai

8/118:7

8/67:8

8/5

8/118:§

he

8/117:6

3/36
3/37

12.3
960.5

908 .5

92.5
938.5
953.5

HB
 F

ad
a

§ 
8

9%61

935.5

929.5

961

960.5

90
920.5

HP

188.5

Significance

X DAC readbackerror flag. AOisK  anda l
is error. See Section 3.1.3
X DAC readback HI. See Section 3.1.3
X DAC readback HI. See Section 3.1.3

-X DAC readback HI. See Section 3.1.3
X DAC readback HI. See Section 3.1.3
X DAC readback LO. See Section 3.1.3
X DAC readback LO. See Section 3.1.3
X DAC readback LO. See Section 3.1.3
X OAC readback LO. See Section 3.1.3
X-Deflection Coil Driver Curent.
X deflection pitch between diodes HI. See
Sectin 3.1.3
X deflection pitch between diodes LO. See
Section 3.1.3
X deflection sub-steps. See Section 3.1.1.2
X Y Deflection Focus DAC Temperature.

' Base value for X deflection camutations. See
Section 3.1.3
Set X-deflection amplifier DAC. See Section
3.1.3
Spare. 

|Scaled X-defiection OAC value for one diode
width in X, See Sectien 3.1.3
Select nutber of X deflection steps. See
Section 3.1.1.2
Abert data acquisition comand flag. A l
means abort, See Section 3.1.2.3
Aperture Mechanism Control Slock (18 wards).
See Section 3.2.2
Autoratic polarizer sequence instrument mode.
See Section 2.1.6
Y deflection base HI. See Section 3.1.3
Y deflection base 0 .  See Section 3.1.3
Begin data acquisition comand flag. A l
means begin, See Section 3.1.2.3

881, 814 First camel where peak found. See Section
2,  B82, Second creme! where peak found. See Section

3.2.1
83, 3&3, Third camel where peak found. See Section

3.2.1
84, 84, Fourth channe] where peak found. See Sectin

3.2.1
Y DAC readback error flag.
is aror. See Section 3.1.3
Y OAC readback HI. See Section 3.1.3

AQijsXXandal



YYFYCTR2HI
YFYCTRZLO
YYFVTGS

 YYFVTCRS HI

YYILT3C
YYILT4CC
YILLTa0

YYINDFHY

YYINHSLT
YYINDDF

YYINHYOF

YYNMINOR
YYNXTSB

YYPATH

YYPTTGHHI

YPC 0

PLC

 Uzm/e4
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Table 4.2-8 All FOS Commands and Telemetry by Mnemonic (cont)

Y.411

Y.207

Y.20

Y.23
Y.204

WO/SF

8/67:5

8/95:5
8/95:4
3/0
8/118:6

/

8/95:1
8/95:2
8/95:3

8/112:5

8/12:2
8/112:4

8/112:3

8/1:8

3/3

8/54

8/67:3

8/118:8 -

‘8/112:1
8/26:8

wos
935.5

949.5
949.5

124.5
961

25

306

89, |505
949.5
949.5

958

983

9&8

3.5

938.5

935.5

961

915

Significance

Double/-Single precision adder instrument
mode. See Section 2.1.5
Data comand illegal path. See Section 3.1
Data comand overflow.
Y-Oeflection Coil Driver Curent.
End data acquisition command flag. A 1 means
end. See Sectim 3.1.2.3
Entrance Part Mechanism Control Slock (8
wards). See Section 3.2.2
FA Mechamisn Control Slock (16 words). See
Section 3.2.2
¥2 component of ST slew request. See Section
3.2.1
¥2 component of ST slew request HI.
¥2 camanent of ST slew request LO.
V3 camponentof ST slew request, See Sectim
3.2.1
¥3 componentof ST slew requestHI.
V3 component of ST slew request LO.
ITleqal Type=3 command code. See Section 3.1
[Mem] Typed command code. See Section 3.1
Heal Type=4 comand modi fier, See Section

Do deflection hysteresis pattern at begiming
of data acquisition. See Section 2.1.1
Inhibit slice fable fill, See Section 2.1.1
Inhibit X-deflection @ble fill. See Section
2.1.1 

|

Inkibit Y-deflecticn @ble fill. See Section
2.1.1
Minar frame nutber. See Section 3.2.1
Next available message position in status
buffer, See Section 3.2.1
Path identification. AQ is "A" (amber a
red) and | is "8B" (blue). See Section 3.2.3
Y deflection pitch between dicdes HI. See
Section 3.1.3
Y deflection pitch between dicdes LJ. See
Section 3.1.3
Polarizer Mechanism Control Block (54 words).
See Section 3.2.2
Reject/<Rety instrument mode, See Section
2.1.3
Reset microprocessor comand flag. A 1 means
reset. See Section 3.1.6.5
Resume (mo initialization). . See Section 2.1.1
t n  safing ermbled/ disabled. See Section



YY-OLY
YY-PTTCH

Y-RNGE

YY-SIEP

Y1BUSRPI

YI0ATP
Y108TP
YLSOFPRT
YISTGINL

1:54
Y28USRPT
Y20ATP
Y208T
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Table 4.28 All FOS Cammands and Telemetry by Miemonic (cont)
ID

Y.22

Y.283

Y.003

Y.26

Y309
YAR

he
 E

E
 

he
 

C
O

WO/ SF

8/26:6

8/26:7

/

8/95:8

/

8/67:7
8/678
8/112:6-8
8/95:6

8/57
8/67:1

8/67:4

8/95:7

8/67:2

WoL

915

91S.

935.5
935.5
988
949.5

938.5

938.5

349.5

935.5

SHP

142.5

146.5

Sigmificance

Auto safe due ® loss of keep-alive SMC. See
Section 3.1.6.5
Auto safe due 0 loss of Rlametry sync, See
Section 3.1.6.5
FOS single=bit status items. See Section
3.2.1
Science dump command i1leqal path. See Sec
tion 3.1
Ident] fier for RIS~Unique SHP data, See
Section 3.2.1
Spare bit,
Spare bit.
Spare bits.
Synchronous start comand illegal path, See
Section 3.1 ‘
Y deflection sub steps. See Section 3.1.1.4
Synchronous start instrument mode, See Sec~
tion 2.1.1
Target acquisition instrument mode, See Sec~
tion 2.1.4 

|

Target acquisition window command illegal
path. See Section 3.1
Time=Tag instrument mode. See Section 2.1.2
Base value for Y deflection computations. See
Section 3.1.3
3 Y-deflection amplifier DAC. See Section
1.3

Spare,
Scaled Y-deflection DAC value for ane diode
width in Y, See Section 3.1.3
set range far Y deflection. See Section

Set number of Y deflection steps. See Section
3.1.1.4
Common Bus Relay #1 Status. A 0 is B On/A
Offl and a | is A On/8 Off] 

|

Optics Area Temperature Location 1.
Optical Bench Temperature Location l .
SO CGA AXE  Status, AQ i jsABand1 is AA
Firs grame] to be processed. See Section

Set first camel to be processed. See
Section 3.1.2.2
Select 1.5 "Hz Clock command. See Section
3.1.6.5
Camon Bus Relay #2 Status. A OQ is B On/A
Off2 and a 1 is A On/8 Off2
Qotics Area Tamperatue Location 2.
Optical Bench Temperature Location 2.
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Table 4.2-8 All FOS Camands and Telemetry by Mnemonic (cont)

ID

Y126

WO/SF

1/1:2
/

7/2
1/1:3
7/3
/1:4
6/1
3/1

SHP

139.5

147.5
139.5
148.5
139.5144.5
143.5

Significance

SO CEA A K7-K11 Status. AQ is ABamd1 is AA
Jeject 3.0 Wz Clock command, See Section

Optical Sench Temperature Location 3.
PD CEA B K1-K6 Status, AO is 3B and 1 is BA
Optical Bench Temperature Location 4.
SO CEA BK7=K1l Status. AQ is SBand1 is 8A
Plus 5 Volt Logic Power Supply Yoltage,
Plus 8 Volt Quiet Power Supply Voltage,

A
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4.3 LMSC'S ORGANIZATION OF FOS TELEMETRY
Section 4.2 provided the data for the engineering telemetry as presentad by
the FOS instrument, This section treats the data as i t  is ac tua l l y  sent on
the downlink. To understand the downlink material, i t  is f i r s t  necessary to
establish the general features of the engineering telemetry (see the LMSC
information in SLIB 1089 for more details).

Although there are several different basic telemetry formats available on the
ST, the engineering telemetry format reflected in  this section is :

Format AN: 4 KBPS Programmable Format.
According to SLIB 1089, "The purpose of this format is  to prov ide telemetry
data during normal day-to-day ope ra t i ons . "  The fact  that i t  is  "Programm-
able" means (again from SLIB 1089) "The structure or data content can be
changed in flight by ground commands. Such changes wi l l  require careful
planning,  coordination, and ST program approval . ”

The following definitions apply to engineering talemetry:

l .  A major frame is the period in which a l l  data in the format is
sampled at least  once (bar r ing  a few exceptions that do not
apply to FOS). The major frame for Format AN requi res 120
minor frames.

2. A minor frame is the per iod from the start of one telemetry
sync word to the next. The minor frame length for Format AN
is 250 e i gh t -b i t  words.

3. A subframe is a group or l i s t  of measurements that are sampled
sequent ia l l y ,  one per minor frame, un t i l  each measurement in
the group has been sampled once. The l i s t  is then repeatead.
Each subframe is assigned to a spec i f i c  minor frame l oca t i on ,
and as a r esu l t  the measurements in the subframe w i l l  appear
in that word l oca t i on ,  one after another ,  in a f ixed sequenca.
[ f  the subframe length is 2, for example, this means that
every other minor frame w i l l  contain another sample of the
data and i t  w i l l  be sampled 60 times in the Format AN major
rame).

Since Format AN has 250 e i gh t -b i t  words (o r  2000 bits) per minor frame, and
since its rate is 4 KBPS, this means that i t  takes ([2000/(4 =* 10%) = ]  0.5
second to send a minor frame, and [120 * 0.5 =] 60 seconds to send a major
frame. 

|
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Of the 250 e igh t -b i t  words in the Format AN minor frame, the complete SI CA&DH
is a l loca ted  64, Qf these §4, ten are a l located to each of the 5 SIs and the
remain ing to the SI C&DH i t se l f .  The 10 FOS words, wi th the SI word numbers
(0-9) used in Section 4.2, the C&DH (0-63) telemetry word number, the
corresponding minor frame word number (1-250) ,  the subframe leng th ,  and the
assignments are given in the fo l lowing tab le :

SI # C&0H Minor Frame Subframe Length Assignment

0 18 80 2 Y319, Y328

1 19 83 2 Y32S, b i l eve l s

2 21 88 2 Y321, Y338 (spare)
3 22 92 2 ¥322, b i leve ls

4 24 100 2 Y323, b i leve ls

5 25 103 2 324, Y332

§ 27 111 2 Y320, Y337
7 28 112 24 Y301-Y316 etc (temperatures)

8 30 120 120 Ser ia l  D ig i t a l  Telemetry

9 47 192 60 Y600-Y648

Table 4.3-1 shows the LMSC telemetry in format ion (using the same data as in
Section 4.2) arranged by LMSC abbreviated ID (the same saquence as in SLIB
1089). The information d i f f e rs  from Section 4.2 in that subframe numbers
begin w i th  one, not zero,  and the minor frame word numbers r e f l ec t  the
assignment in the Format AN telemetry,

I t  should be realized that the "o f f i c i a l "  source of information on telemetry
data eventual ly  must be the ST project data base rather than the matar ia l  on
the f o l l ow ing  pages.



FOS
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Full ID

Y11X1018
Y08X1028
¥02X1038
¥Y02X1048
Y02X1058
Y04X1068
Y04X1078
Y03X1178
¥Y03X1188
Y03X1198
Y03X1208
Y03X1218
Y03X1228
Y03X1238
Y03X1248
¥YQ02X1258
Y02X1268
Y02X1278
¥02X1288
Y03X1308
Y09X1310
Y08X1338
¥02X1348
Y11T301A
Y11T302A
Y11T303A
Y11T304A
Y11T305A
Y11T306A
Y11T307A

Y11T308A
Y11T309A
Y04T310A
Y02T311A
YOlT312A
YO1T313A
YO1T314A
YOLT315A
YOST316A
YO3T318A
YOSY319A
YO8Y320A
YO3C321A
Y03C322A
YQ3C323A
YQ3Y324A
YOSC32SA
YO9T326A
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Table 4 .3 -1  FOS Engineer ing Telemetry |

Location Sign i f icance

92/2:8 Carrousel Motor Status
100/2:6 Ca l i b ra t i on  Lamp Supply RPI
92/2:3 Watchdog Timer Status
92/2:4 Instruct ion Engineering Bit Status
92/2:1 Reset Status
92/2:9% Descramble PROM Power Status 0dd
92/2:6 Descramble PROM Power Status Even
100/2:5 High Voltage Relay Position
83/2:8 Heater Control Relay Pos i t i on
100/2:3 Quiet Supply Relay Pos i t i on
100/2:4 Logic Supply Relay Status
100/2:7 Common Bus Relay #1 Status
100/2:8 Common Bus Relay #2 Status
83/2:5 Aperture Fa i l sa fe  Arm/Safe Status |

83/2:6 Entrance Door Fa i l sa fe  Arm/Safe Status
83 /2 :1  SO CEA A K1-K6 Status
83 /2 :2  SO CEA A K7-K1l Status
83 /2 :3  SO CEA B K1-K6 Status
83/2:4 SD CEA B K7-K1l Status
83/2:7 Po la r izer  Fa i l sa fe  Arm/Safe Status
100/2:1-2 RIU Standby Status
92/2:7 Ca l ib ra t ion  Lamp Select  RPI
92/2:2 Microprocessor Clack Monitor
112/1 Optical Bench Temperature Location 1

© 112/2 Optical Bench Temperature Location 2
112/3 Opt ical  Bench Temperature Location 3
1127/4 Opt ica l  Bench Temperature Location 4
112/5 Photocathode A Temperature
112/6 Pre-Amp Assembly A Temperature
112/7 Permanent Magnet Focus Assembly A Tempera-

ture
112/8 Optics Area Temperature Location 1
112/9 Optics Area Temperature Location 2
112/10 Signal Processor Temperature
112/11 Central E lec t ron ics  Temperature
112/12 Entrance Door Mechanism Temperature
112/13 Aper ture Mechanism Temperature
112/14 Po la r izer  Mechanism Temperature
112/15 Fi l ter/Grat ing Wheel Motor A Temperature
112/16 High Voltage Supply Temperature
112/19 Cantral Power Supply Temperature.
80/1 High Yol tage Supply Yol tage
111/1 Ca l ib ra t ion  Lamp Supply Voltage
88/1 X-Def lect ion Coil Oriver Current
92/1 Y-Def lect ion Coil Oriver Current
100/1 Trim Focus Coil Dr iver  Current
103/1 Discriminator Reference Voltage
83/1 High Voltage Supply Current
112/17 RIU-A Temperature

.

ND-1004A
1/28/84

Mnemonic

YCMTRST
YCALRPI

YWTCHDOG
YINSENG

YRESETST
YODSCRAM
YEDSCRAM

YHVRPI
YHTRRPI
YQSRPI
YLSRPI

Y1BUSRPI
Y2BUSRPI
YAPRFRP
YENTFRPI

"Y1SOFPRT
Y2SOFPRT
Y3SOFPRT
Y4SDFPRT

- YPOLFRPI
YRIUS2

YCALSELR
YCLKMON
Y10B8TMP
Y208TMP
Y308TMP
Y40BTMP
YPCATMP

YPAMATMP

. YPMFATMP
Y10ATMP
Y20ATMP

YSIGPTMP
YCEATMP

YOQORTMP
YAPERTMP
YPOLRTMP

~ YFGMATMP
YHYTMP

YCPSTMP
YHYYLT

YCALYLT
YXDEFCUR
YYDEFCUR
YTRMFCUR
YOSCRYLT

YHYCUR
YARIUTMP



FOS
SOGS

Full ID

Y10T327A
YO8C328A
YO1T329A
Y11T330A
Y11T331A
YO3V332A
YL1T333A

Y03T334A
YO3Y337A
Y11Z338A
Y02JS5Q0A
Y02Q501A
¥Y02J502Aa
Y02J502Ab
¥Y02X5Q030
Y02X5030
Y02X5030
Y02X5030
¥02X5048

 ¥02X5048
Y02X5048
¥02X5048
YO2HS505Aa
YO2HSOSAD
YQ2H5Q5Aa
YO2H505AD
YQ2HS0S5Aa
YO2HS0SADL
Y02H505Aa
YO2HS05AD
YQ2H4506A
YO2HS06A
YO2HS5Q6A
YO2HS5086A
YO24507Aa
YQ2HS5Q7Ab

~ YOQHS5Q7Aa
YO2H5Q7Ab
YQ2H5Q7Aa
YO2HSQ7Ab
Y02H507Aa
YO2HSQ7AD
YQ0225088
¥Y02Z5088
¥Y02Z50838
Y02Z5088
Y02Z509A
Y02Z509A
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Table 4.3-1 FOS Engineering Telemetry (cont)

Locat ion

112/18
80/2
112/20
112/21
112/22
103/2
112/23

112/24
111/2
88/2
120/1
120/2
120/3
120/4
120/9:7-8
120/39:7-8
120/69:7-8
120/99:7-8
120 /9 :5
120 /39 :5
120/69:5
120 /99 :5
120/10
120/11
120/40
120/41
120/70
120/71
120/100
120/101
120 /9 :1 -4
120/39:1-4
120 /69 :1 -4
120 /99 :1 -4
120/12
120/13
120/42
120/43
120/72
120/73
120/102
120/103
120/9:6
120/39:6
120 /69 :8
120 /99 :6

- 120/16
120/46

Signi f icance

RIU-8 Temperature
Ca l i b ra t i on  Lamp Supply.Current
Fi11ter/Grating Wheel Motor B Temperature
Photocathode 8 Tempera ture
Pre-Amp Assembly B Temperature
Plus 8 Yo l t  Quiet Power Supply Vol tage
Permanent Magnet Focus Assembly B Tempera-
ture
X Y Def lect ion Focus DAC Temperature
Plus § Yol t  Logic Power Supply Vol tage

. Analog Spare .
MP ser ia l  engr data packet sync
Firmware version number
Firmware check character HI
Firmware check character  LO
Entrance door pos i t i on
entrance door pos i t i on
entrance door pos i t i on
Entrance door pos i t i on
FGWA encoder strobe b i t
FGWA encoder strobe b i t
FGWA encoder strobe b i t
FGWA encoder strobe b i t

NO-1004A
1/28/84

Mnemonic

YBRIUTMP
YCLSCUR

YFGMBTMP
YPCBTMP

YPAMBTMP
YSVQPSV

YPMFBTMP
YXYDFTMP
YSVYLPSY

YANASPAR
YENGSYNC
YFIRMVER

YERRCHK HI
YERRCHK LO

YDOOR
YDOOR
YDOOR
YDOOR

YFGWASTR
YFGWASTR
YFGWASTR
YFGWASTR

Aper ture
Aperture
Aper ture
Aperture
Aperture
Aperture
Aperture
Aperture
F i l t e r /G ra t i ng  Wheel Assembly pos i t i on
Fi l tar/Grat ing Xheel Assembly posit ion
F i l t e r /G ra t i ng  Wheel Assembly pos i t i on
F i l t e r /Gra t ing  Wheel Assembly pos i t i on
Po la r i ze r
Polar izer
Polar izer
Po la r i ze r
Po la r i ze r
Po la r i ze r
Polar izer
Po la r i ze r

pos i t ion
pos i t i on
pos i t i on
pos i t i on
pos i t i on
pos i t i on
pos i t i on
pos i t i on

pos i t i on
pos i t i on
pas i t i on
pos i t i on
pos i t i on
pos i t i on
pos i t i on
pos i t i on

FGWA spare
FGWA spare
FGWA spare
FGWA spare
Mechanism spares
Mechanism spares

HI
LO
HI
LO
HI
Lo
HI
LO

HI
LO
fil
LO
HI
LO
dl
Lo

YAPERPQS
YAPERPOQS
YAPERPQS
YAPERPQS
YAPERPQS
YAPERPOS
YAPERPQS
YAPERPOS

HI
La
HI
LO
HI
LO
HI
LO

YFGWAPQS
YFGWAPOS

'YFGWAPQS
YFGWAPQS

YPLRZPOS
YPLRZPQS
YPLRZPQS
YPLRZPQS
YPLRZPOS
YPLRZPQS
YPLRZPOS
YPLRZPOS

HI
LO
HI
LO
HI
LQ
41
LO

YFGWASP
YFGWASP
YFGWASP
YFGWASP

YMECHSPR
YMECHSPR

&



FOS
| S06S

Full ID
Y02ZS509A
Y02Z509A
YO2H510Aa
YO2H510ADb
YO2H510Aa
YO2H510Ab
Y02H511Aa
YO2HS511Ab
Y02HS11lAa
YO2H511Ab
Y02Q513Aa
Y02Q513Ab
Y02Q513A¢
Y02Q513Ad
Y02J514A
Y02J515A
Y02J516Aa
Y02J516Ab
Y02J517Aa
YQ2J517Ab
YQ2JS18A
Y02J519A
Y02Y520Aa
YO02YS520Ab
Y02J521Aa
Y02J521Ab
Y02H522Aa
YQ2H522AD
YO2HS523Aa
YO2HS23Ab
Y02Q524A
YQ2H526Aa
YO2H526Ab
YO2HS27Aa
YQ2HS27Ab
Y02Q528A
YQ2H530A
YQ02J531A
Y02Q532A
YO2WS35A
Y02J536Aa
Y02J536Ab
¥Y02J5374Aa
Y02J537Ab
Y02J538Aa
Y02J538Ab
Y02J539Aa
Y02J539Ab

Table 4.3-1 FOS Engineering Telemetry (cont)

120/76
120/106
120/17
120/18
120/77
120/78
120/19
120/20
120/79
120/80
120/23
120/24
120/2S
120/26
120/27
120/28
120/29
120/30
120/31
120/32
120/33.
120/34
120/35
120/36
120/37
120/38
120/47
120/48
120/49
120/50
120/51
120/54
120/55
120/56
120/57
120/58
120/61
120/62
120/63
120/68
120/83
120/84
120/85
120/86
120/87
120/88
120/89
120/90

Location

+78
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S ign i f i cance

Mechanism spares
Mechanism spares
Target Acq X-centerHI
Target Acg X-center LO
Target Acq X centar HI
Target Acq X center LO

. Target Acq Y-center HI
Target Acq Y-center LO
Target Acq Y center HI
Target Acq Y center LO
Ove r l i gh tsum MS byte
Over l i gh t  sum NMS byte
Over l i gh t  sum NLS byte
Qver l i gh t sum LS byte
Auto safe mode t rans i t ion
Target acqu is i t i on  mode
Ar i thmet ic  self-check (speed) resu l ts  HI
Ari thmetic self-check (speed) resul ts  LO
Processor <el f-check resu l t s  HI
Processor se l f -check resu l t s  LO
Discr iminator  reference DAC
Focus tr im coi l  DAC readback
High voltage DAC readback HI
High vol tage DAC readback LO

6 
€ 

4 
€ 

<€
 

X
X

 
2K

 
XX

 
XX

 H
K 

<
<

DAC readback HI
DAC readback LO
def lec t ion p i t ch  between diodes HI
def lect ion p i tch  between diodes LO
def lec t ion  base HI
de f lec t ion  basa LO
def lec t ion
def lect ion p i tch  between d iodesHI
def lect ion p i tch  between diodes LO
de f lec t i on  base HI 

|

de f l ec t i on  base LO
deflection
def lec t ion overscan

sub-steps

sub staps

F i r s t  channel to be procassed
Number of channels to be processed
Acqu i s i t i on  mode
Firmware
Firmware
Firmware
Firmware
Firmware
Firmware
Firmware
Firmware

status group
status group
status group
status group
status group
status group
status group
status group H

W
W

N
 

F
F

ps
 is

—
e

_ND-1004A
1/28/84

Mnemonic
YMECHSPR
YMECHSPR

YTARXCTR HI
YTARXCTR LO
YTARXCTR HI
YTARXCTR LO
YTARYCTR HI
YTARYCTR LO
YTARYCTR HI
YTARYCTR LO
YOYRLITE 81
YOYRLITE B82
YOVRLITE 83
YOYRLITE B84

YSAFING
YTAMODE

YARITHCX HI
YARITHCK LO
YSELFCHK HI
YSELFCHK LO

YOREFDAC
YFOCUSRS

YHYDACRB HI
YHYDACRS LO

YYDAC HI
YYDAC LO

YXPITCH HI
YXPITCH LO

YXBASE HI
YXBASE LO

YXSTEPS
YYPITCH HI
YYPITCH LO

YYBASE H I
YYBASE LO
~ YYSTEPS
YOVRSCAN
Y1STCHNL
YNUMCHNL
YACQSYNC

YFWSTATL HI
YFWSTATL LO
YFWSTAT2 HI
YFWSTAT2 LO
YFWSTAT3 HI
YFWSTAT3 LO
YFWSTAT4 HI
YFWSTAT4 LO



FOS
SOGS

Full ID

Y02J540Aa
Y02J540Ab
Y02J541Aa
Y02J541Ab
Y02Q542A
Y02J543Aa
Y02J543AD
Y02J544Aa
Y02J544Ab
Y02J545Aa
¥Y02J545Ab
Y02Q546A
Y02J547A
Y02Q548A
Y02J549A
Y02J550Aa
¥Y02J550Ab
Y02Q551Aa
YJ32Q551Ab
¥02Q552Aa
Y02Q552Ab
Y02J553Aa
Y02J553Ab
Y02J553Aa
¥Y02J553AD
Y02J553Aa
Y02JE553Ab
Y02J553Aa
Y02J553Ab
Y02J555A
Y0225568
Y02XS588
Y02X5598
¥Y02X5608
Y¥02X5618
¥Y02X5628

. Y02X5638
¥Y02X5648
Y02X5660
Y02X5670
Y02X5713
Y02X5728
Y02X5738
Y02X57438
¥Y02XS5758
Y02Q576A
¥02Q577A

- YQ2X5788
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Table 4.3-1 FOS Engineering Telemetry (cont)
Locat ion

120/91
120/92
120/93
120/94
120/95
120/97
120/98
120/107
120/108
120/109
120/110
120/111
120/113
120/114
120/115
120/116
120/117
120/5
120/6
120/7
120/8
120/14
120/15
120/44
120/45
120/74
120/78
120/104
120/105
120/53
120 /118 :1
120/118:4
120 /118 :6
120/118 :2
120/118:7
120/118:8

120/118:3
120/119:1
120/119:2-4
120/119:5-8
120/120:1
120/120:2
120/120:3
120/120:4

120 /120 :5
120/60
120/112
120/118:5

Sign i f i cance

ND-1004A
1/28/84

Mnemonic

Firmware status group 5 HI
Firmware status group 5 LO
Firmware status group 6 HI
Firmware status group 6 LO
Memory c lears/data acqu i s i t i on
Last command at SMC error HI
Last command at SMC error LO
Burst noise re ject ion l im i t  HI
Burst noise re ject ion l im i t  LO

YFWSTATS HI
YFWSTATS LO
YFWSTATS HI
YFWSTATS LO

YMCLEARS
YLASTCMD HI
YLASTCMD LO
YNOISELM HI
YNOISELM LO

Ca l i b ra t i on  DAC readback error f lag

RAM address pointer  HI YRAMADDR HI
RAM address po in te r LO YRAMAOOR LO
Number of in tegrat ions/X-s tep YINTEG
In i t i a l i za t i on  mode YINTMOOEReadouts/memory clear YREADCYC
High byte of acqu is i t i on  l im i t  YDATALIM
Memory dump address HI 4YMOMPADR HI
Memory dump address LQ YMDMPADR LO
Words per l ine HI YWRDSLIN HI
Words per l ine LO YWRDSLIN LO
Lines per frame HI YLINSFRM HI
Lines per frame LO YLINSFRM LO
X DAC readback HI YXDAC HI
X DAC readback LO YXDAC LO
X DAC readback HI YXDAC HI
X DAC readback LO YXDAC LO
X DAC readback HI YXDAC HI
X DAC readback LO YXDAC LO
X DAC readback HI YXDAC HI
X DAC readback LO YXDAC LO
Y range YRANGE
Spare b i t  YSPRBIT1X OACreadback error f l ag  YXDACZRR
Y DAC readback error f lag YYDACERR
Focus DAC readback error f lag YFDACEZRR
HY DAC readback error f lag YHYDACER
Disc r im ina to r  reference DAC readback error
f lag YDRDACSER
Discr iminator  DAC readback error f lag YODDACERR
Accumulator timer set error 

| YACTMERR
Mechanism time-out code YMECATOC
Data control commands YDATACTL
Data acqu i s i t i on  not in  progress. YNDAIP
Resting in peace YRI?
Pause in progress YPIP
CZA p lo t  in progress YCPIP
Target acqu i s i t i on  in progress YTAQIP
Number of memory s l ices  YMSLICES
Pattarns per readout . YPTRNS

YCOACERR

4



FOS
S0GS

Full ID

Y02X5790
Y02X5308
Y02Z5818
Y02X5828
Y02X5838
Y02X5848
YO2WS85A
YO2W586A
YO2WS87A
YO2WSS8A
Y02Z589A
Y11Q600A
Y11X601D
Y11J602D
Y11J6030
Y11J6040
Y11Z505A
Y11Q606A
Y11J6070
Y11J6080
Y11J6090
Y11J610A
Y11J611A
Y11J612A
Y11J613A
Y11Q614A
Y11Q615A
Y11Q616A
Y11Q617A
Y11J6180
Y11J6190
Y11J6200
Y11Q621A
Y11J6220
Y110623A
Y11J6240

Y11J625D
Y11Z525A
Y112627A
Y11J6280
Y11Q629A
Y11Q630A
Y11Q6314A
Y11Q6324A
Y11Q633A
Y11Q634A

Y11Z635A
Y112536A
Y11Z637A

Table 4.3-1 FOS Engineering Telemetry (cont)

Location
120/35:1=2
120/35 :4
120/35:3
120/120:6
120/120:7
120/120:8
120/64
120/65
120/66
120/67
120/35:5-6
192/1
192/2
192/3
192/4
192/5
192/6
192/7
192/8
192/9
192/10
192/11
192/12
192/13
192/14
192/15
192/16
192/17
192/18
192/19
192/20
192/21
192/22
192/23
192/24
192/25
192/26
192/27
192/28
192/29
192/30
192/31
192/32
192/33
192/34
192/35
192/36
192/37
192/38
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S ign i f i cance

Descramble PROM power status
Flat f i e l d  cal lamp power
Spare b i t
Mechanism motion inprogress
Auto memory clear in progress
Science dump in  progress
Accumulator open time high byte
Accumulator open time low byte
Accumulator close time high byte
Accumulator close time low byte
Spare
Number of FOS status buffer ent r ies
FOS on/off  ind ica tor
Status of INIT processor
Science data storage status
Science data processing status
Spare Q
Line number w i t h i n  a frame
Housekeeping status
Autonomous safe status
Turn of f  status
Data items 1-8
Data {tems 9-16
Data items 17-24
Data i tems 25-32
Counts main frame d iscre te  log errors
Counts main frame magnitude command errors
Counts main frame keep a l i ve  f a i l u res
Counts main frame l im i t  check f a i l u res
Autonomous safe f lag
Turn of f  f lag

. Act ion i nd i ca to r  for YFM2PR nodule
Count frames for par t  1 of YFSOPR processor
Mode 2 target acqu i s i t i on  error ind ica to r
Count frames for par t  2 of YFSDPR processor

NO-10044
1/28/84

Mnemonic

YDPRMPWR
YFFCPWR
YHVSPAR

YMMIP
YAMCIP
YSDIP

YLIVEHI
YLIVELO
YDEAOHI
YDEADLO
YSPARE
YSTBUF
YONOFF
{FINST
YFSOST
YFPRST
YSPRO

YLINCT
YFHKST
YFASST
YFTOST
YFL81

YFL169
YFL241
YFL322
YDISCT
YSMECT
YKEEP

YFLGCT
YSFFLG
YTOFLG
YFM2FL
YFRCTR
YGIVUP
YGPCTR

Mode 2 Target acqu is i t i on  completion ind ica tor  YTACMP
Mode 2 target  acqu is i t i on  processor status
Spare 1
Spare 2
Peak-up target  acqu i s i t i on  processor s ta tus
Counter of f rames/dwel l  dur ing FPKUP
Owell counter for FPXUP
8 LSBs accumulated YOVRLITE
Next 8 LS8s accumulated YOVRLITE
Next 8 LSBs accumulated YOYRLITE

8 MSB8s accumulatad YOYRLITE
Spare 3
Spare 4
Spare 5

YEM2ST
YSPR1
YSPR2

YFPKST
YEPUCT
YFOWCT
Yovsal

YOV189
YOV241
YQv322
YSPR3
YSPR4
YSPRS



FOS
SOGS

Full ID

Y11Q638A
¥Y11J6390

¥11J64Q0

Y11Q641A
Y11Q642A
Y11Q643A

Y11Q644A
Y11Q645A
Y11Q0646A
Y11Z647A
Y11Z648A
Y11J649A
Y11Q650Aa
Y11Q650Ab
Y11Q651Aa
¥Y11Q651Ab
¥Y11Q652Aa
Y11Q652Ab
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| Table 4.3-1 FOS Engineering Telemetry (cont)

Locat ion

192/39
192/40

192/41

192/42
192/43
192/44

192/45
192/46
192/47
192/48
192/49
120/96
120/21
120/22
120/81
120/82
120/52
120/59

S ign i f i cance

Number of tests by FHKPG where f a i l - sa fe  a
Consecutive major frames with error check
error 

|

Consecutive major frames with firmware ver
error
Counter of major frame fa i l -sa fe  RPI test
Counter of major frame output for data log
Consecutive major frames gone safe autono-
mously =
Counter of f a i l ed  YOYRLITE sum tests
Counter of f a i l ed  sel f -check tests
Counter of speed check errors
Spare 6
Spare 7
SMC error report  flags
Upper Target/Acqg Window HI
Upper Target/Acg Window LO
Lower Target/Acq Window HI
Lower Target/Acq Window LO
Number of adder rejects HI
Number of adder rejects LO

ND-1004A
1/28/84

Mnemonic

rmed YFSCTR

YERCTR
sion

YFWCTR
YMFCCT
YMFECT

YSAFCR
YOVCTR
YSCCTR
YSPCTR
YSPRS
YSPR7

YSMCERRS
YTAMAX HI
YTAMAX LO
YTAMIN HI
YTAMIN LO

YREJECTS HI
YREJECTS LO

>
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5.0 FOS CALIBRATION ALGORITHMS

The FOS Ca l ib ra t ion  Algorithms are d iv ided in to  a set used in a l l  FOS Ground
Software modes (Sections 5 .1-5 .3)  and those used in the Spectroscopy, Time-
Resolved, Spectropolarimetry, Rapid-Readout, and Time=-Tagged Ground Software
Modes (Sections 5.4-5.8 respectively). Only those in Sections 5.1-5.3 are
used in the Target Acquisit ion Ground Software Mode (see SLIB 799 Section
10 .2 .2 .2 .1 ) .  The following sect ions are arranged in the same sequence as
SLIB 799 Sect ion 10 .2 .2 .  Also i nc l uded  is  the FOS data reformatt ing
specified in SLIB 799 Section 10 .1 .3 .

5.1 FOS DATA REFORMATTING
See SLIB 799 Section 10 .1 .3 .

5.2 STANDARD CASE REDUCTIONS, CONVERT RAW COUNTS TO COUNT RATES
See SLIB 799 Section 10 .2 .2 .1 .1 .1 .

5.3 STANDARD CASEREDUCTIONS, REORDER SCIENCE DATA
See SLIB 799 Sect ion 10 .2 .2 .1 .1 .2 .

5.4 SPECTROSCOPY MOOE REDUCTIONS
See SLIB 799 Sect ion  10 .2 .2 .1 .2 .

5.8 TIME-RESOLYED MODE REDUCTIONS
See SLIB 799 Sect ion  10 .2 .2 .1 .3 .

5.6 SPECTROPOLARIMETRY MOOE REDUCTIONS
See SLIB 799 Section 10.2.2.1.4.

S.7 RAPID=-READOUT MODE REDUCTIONS
See SLIB 799 Sec t ion  10.2.2.1.S5.

5.8 TIME-TAGGEZD MOOE REDUCTIONS
See SLIB 799 Section 10 .2 .2 .1 .6 .
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6.0 FOS DATAQUALITY/UTILITY ALGORITHMS

The FOS Data Qual i ty /Ut i l i t y  Algorithms are used in the Spectrographic Ground
Software Modes (al l  except Target Acquisit ion). The following sections are
arranged in the same sequence as SLIB 799 Section 10 .3 .2 .

6.1 SYNCHRONOUS STACKING QF DATA
See SLIB 799 Section 10 .3 .2 .1 .

6.2 ESTIMATION OF LINE INTENSITIES AND EQUIVALENT WIDTHS
See SLIB 799 Section 10.3.2.2.

6.3 OISPLAY OF HISTOGRAMS OF SELECTED POINTS OF THE SPECTRA
See SLIB 799 Section 10.3.2.3 (use standard SOGS image utility).

6.4 DETERMINATION OF LINE CENTERS
See SLIB 799 Section 10 .3 .2 .4 .

6.5 WAVELENGTH CALIBRATION ROUTINE
See SLIB 799 Section 10 .3 .2 .5 .
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7.0 FOS TARGET ACQUISITION ALGORITHMS

The FOS Target Acqu is i t ion  Algorithms are used so le ly  in the Target Acquis-
i t i on  Ground Software Mode. The fo l low ing  sect ions are arranged in the same
sequence as in SLIB 799 Section 10 .4 .2 .

7.1 PICTURE CONSTRUCTION INPUT SCANS
See SLIB 799 Section 10 .4 .2 .1 .1 .

7.2 PICTURE CONSTRUCTION UNRESTORED PICTURES
See SLIB 799 Section 10.4.2.1.2. 

|

7.3 PICTURE CONSTRUCTION RESTORED PICTURES
See SLIB 799 Section 10.4.2.1.3.

7.4 PICTURE CONSTRUCTION GENERALIZED PICTURE CONSTRUCTION
See SLIB 799 Section 10 .4 .2 .1 .4 .

7.5 CENTROIDING QBSERYER INTERACTIVE

See SLIB 799 Sect ion 10 .4 .2 .2 .1 .

7.6 CENTROIDING GROTH ALGORITHM

See SLIB 799 Sect ion 10 .4 .2 .2 .2 .

7.7 IMAGE CORRELATION
See SLIB 799 Sect ion  10 .4 .2 .3 .

7.8 CROSS~-CORRELATION OF COMPLEX IMAGE
See SLIB 799 Section 10.4.2.3.1.
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8.0 REFERENCES

This section has three divisions: the f i r s t  gives a summary of the s i gn i f i -
cant sources used for ea r l i e r  sections of this document; the second gives
sources for other topics not covered in this document; and the th i rd  provides
information on some SO0GS Library documents (SLIB IDs) having in format ionon
Fas.

8.1 MAJOR NOTEBOOK SOURCES
FOS data in Section 1 was taken from SLIB L64, SLIB L&6, SLIB L69, SLIB-L72,
SLIB T23, SLIB T30, SLIB 118, SLIB 706, SLIB 739, SLIB 763, SLIB 767, SLIB
810, SLIB 814, SLIB 1006b, and SLIB 1106. SOGS Notebook plans are based on
S0GS-300-82-273 (dated 30 July 1982). 

|

Data in Section 2 was taken from SLIB LO2, SLIB L64, SLIB L72, SLI3 T25, SLIB
T30, SLIB 598, SLIB 706, SLIB 767, SLIB 810, SLIB 814, and SLIB 1006b.

Data in Section 3 was taken from SLIB L37, SLIB L38, SLIB LS55, SLIB L64, SLIB
L65, SLIB Le66, SLIB L&7, SLIB L72, SLIB T23, SLIB T25, SLIB T30, SLI3 204,
SLIB 289, SLI8 598, SLIB 683, SLIB 706, SLIB 739, SLIB 753, SLB 763, SLB
767, SLIB 810, SLI8 814, SLIB 936, SLIB 1088, SLIB 1089, and SLIS8 1106.

Data in Section 4 was taken from SLIB Lé6, SLIB L72, SLIB T30, SLIB 598, SLIB
683, SLIB 739, SLI8 753, SLIB 763, SLIB 767, SLIB 814, SLIB 936, SLIS 1088,

-and SLIB 1089.

Data in Sections 5-7 was taken from SLIB 799 and SLIB 3814.
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The following l i s ts  some of the FOS-related subjects omitted from this Note-
book. The SLIB references are suggested as a start ing point  for future study
of the topics ind icated:

Topic
Algorithm Discussion

Analysis Softwars

Commands

FOS Hardware Requirements

FOS Microprocessor Memory

FOSOverview

FOS Tape Analysis

Mission Operations Requirements

NSSC-1 FOS Processor Design

Operational Considerations for FOS

Operations Concept Analysis

Prototype Software

Scenarios using FOS

SHP Contents

SI CADH Performance Spec i f i ca t ion

SI Overview

SI-to=-SI C&0H ICD, FOS Appendix

SLIB References

SLIB 411

SLIB 411

SLIB 683, SLIB 1088

SLIB 706

SLIB 739

SLIB 810

SLIB 1106

SLIB 932

SLIB 763

SLIB 411

SLI8 732

SLIB 411

SLIB 731

SLIB 936

SLIB 530

SLIB 110, SLIB 595

SLIB 753
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8.3 SLIB REFERENCES
Given on the fo l low ing  pages are iden t i f i ca t ions  of the SLIB documents ci ted
in th is document, as well as a select ion of other TRW SOGS L ibrary FOS-unique
documents. They are in the following formats:

Table 8 .3 -1  is a l i s t  in order by SLIB number;

Table 8.3-2 is the same l i s t ,  but arranged by descending date (most
recent document f i r s t ) ;  and

r ds  8.3-3 is  the same l i s t ,  but arranged in a lphabet ica l  order by
t l e .

The cutoff date for the TRW SO0GS Library material in this issue was the
logged accessions for the week ending 27 January 1984.
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L02
LO04
L19
L20
L25
L26

L27

L38
L55
L64
L65
L66

L67
L568

L6%
L72

T14

T23
T25

T30
028

046

101
103
104
110
118

213
214

215

216
218

220
224

259
262

326
343

820316
820308
820406
820322
820528
8104xx

820412
821101
821028
830623
330928
831206
831206

821130
831109
831115
840117

820429

830623
830623

340126
8003xx

8003 xx

79x%XXX
80xxxXx
79xXXXX
7IXXXX
79%xXXX
310807
790330
800522

790718

800320
800714

800722
770708
800Sxx
790825

811221
8112148
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Table 8 .3 -1  FOS References by SLIB Number

FOS Data Reduction Requirements, from U.Washington.
FOS Constraints and Res t r i c t i ons ,  from UCSD.
Prel iminary FOS Requirements for SO0GS, from UCSD.
FOS Requirements for SOGS Support, from UCLA (Ford) .
L i s t  of FOS Algorithms for S0GS, from UCSD.
Reducing Scanner Data (program documentation), from UCLA
(Grandi).
Polar imetry Ca l ib ra t ion  Requirements for FOS, from U.Arizona.
DCF Observation Number, from Doxsey (ST Scl).
SHP Uplink Data Transfer,  from Doxsey (ST Scl ) .
FOS Mechanism Informat ion,  from UCSD (S t re i n ) .
Review of TRW ST SI Notebook, from UCSD (Randal l ) .
SI C&DH Questions, November 22, 1983, from [8M (Campbell).
3063 Concerns with FOS Test Tape and Other Mat ters ,  from UCSD
Baity).

ST Packet Format Code Assignments, from 0AQ0 (Wilbur).
Def i n i t i on  of SHP Ground Up l ink  Format, from J. Hennessy.
Naming of the Space Telescope, from MSFC.
Pre l im ina ry  Answers to TRW Quest ions  Raised by FQS Data Tape,
from UCSD (Hier) .
Minutes of SOGS-FOS-DOTL-STSOP Telecon of 29 Apr i l  '82 on FOS
Algorithms (AI T81 and T82), from SQGS.
Notes from GSFC/ST Scl Meetings 14-16 June 1983, from SOGS.
Resu l t s  of FOS Quest ion D iscuss ion  at  GSFC on 16 June 1983,
from SOGS.
Answers to Quest ions on FOS Data, from SOGS.
OM=-04, Ground Test Software for FOS (S/W Mgt Plan and Require-
ments), from UCSD. 

|

OM=-Q3, SI Ground Test Software Requirements Document for fQS,
from UCSD.
Testing of ST 512-channel Qigicon, from SPIE.
State of Art ST Digicon Performance Data, from SPIE.
ST Digicon, from SPIE.
ST Sc ien t i f i c  Ins t ruments ,  from SPIE.
FOS for the ST, from SPIE.
SI & CADH Command and Data L i s t s ,  from [BM.
SI Operat ions and Data Mgt Requirements for FOS, from UCSD.
OM=-04C, Prel iminary Ground Test Software Design (PDL) Document,
from UCSD.
OM=04, P re l im ina ry  Ground Test Sof tware Requirements for UCSD
FOS, from UCso.
DM=-05C, Software Design Document for FOS for ST, from UCSD.
Systems Desc r i p t i on  of Fa in t  Ob jec t  Spect rograph,  Rev. A, from
Martin.
DRM Inputs for FOS, from UCSD.
UC/MMC FOS Proposal for the ST, from UCSD.
FOS C r i t i ca l  Design Review, from Mar t in .
Prime Equipment De ta i l  Spec, P t .  2, Performance Des ign ,  and
Yer i f i ca t i on  Requirements for FOS, from Mar t i n .
FOS Ground Test Software Data Sase, from ,
FOSOperations (Meeting Handout), from UCLA (H. Ford).
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356
397
411
439
453

529
530

560
561
563
595
598
630
633

634

6560
683
706

731

732
733
739

753
763

767
769
799

. 810
314
865
332

936
10060
1088
1089

1106

8202xx
820303
820305
800401
82XXXX

820504
820325

820524
820524
7901xx
8207 xx
8206xx
790411
8009xx

7909xx

820715
820804
810825

820830

820830
820823
8208xx

820920
8208xx

820807
820715
821029

8208xx
821104
821231
8301xx

830307
330506

830425-
830425

831012
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Table 8.3-1 FOSReferences by SLIB Number (cont)

FOS Bimonthly Review, from UCSD.
FOS SI Data Base (p r i n tou t ) ,  from UCSD.
ST FOS Requirements Notebook, from SOGS.
OM-01, SI Command and Data L i s t s  for FOS, from Mar t i n .
Performance of Spect ropolar imeter  for ST FOS, from A l len  &
Angel.
0SS Scenario FOS, from CTA.
Performance Spec for the SI C&DH Subsystem of the ST, from
GSFC.
A Brief Descr ip t ion of the FOS Eng'g TM, from ORI.
Format and Content of FOS Science Data Qutput ,  from ORI.
Operations and Data Management Plan for FOS, from UCSD.
The ST, from Sc ien t i f i c  American.
FOS Data Requirements for SQGS, from UCSD.
FOS System Performance Summary, from Mar t i n .
FOS S12-Channel Digicon Detector Performance Data, Paper
#290-28, from UCSD.
OM=05, P re l im ina ry  FQS NSSC-1 SW Requirements Document for FQS,
Sec t i on  B, from UCSD.
FOS Science Data Modes and Formats, from UCSD.
FOS Ser ia l  Magnitude Command Defini t ions, from UCSD.
FOS Prime Equipment Deta i l  Spec, Pt. 2: Performance, Design,
and Ver i f i ca t i on  Requirements, from UCSD.
SOGS Simulation Requirements Based on Operational Scenarios,
from CTA.
ST SQGS Operat ions Concept Ana lys i s ,  from CTA.
FOS Qua l i t y  U t i l i t y  A lgo r i t hms ,  from UCLA.
SI/NSSC-1 Memory to SATS In te r face  Requirements Document (Pre-
l im ina ry ) ,  from GSFC.
FOS Unique Appendix to SI/SI C&0H ICD, Rev. C, from UCSD.
OM=-05, F l i gh t  Software for FOS, Section C, Pt. I I ,  SW Design
(POL) Document Rev. £, from UCSD.
Notes on FOS B r i e f i ng  by G. Schmidt (SOGNOR-12), from SOGS.
FOS Science Data Modes and Formats,  from UCSD.
SE-06-1 SOGS Design Manual Requirements Section (updated
through °0CR-015, plus PDCR-020), from SOGS. =

The ST Observatory (10 papers), from Scl.
UCSD Comments on FOS SOGS Notebook, from ucso.
FOS SOGS Notebook, from SQGS.
SM0-1000, ST Miss ion Operat ions Func t i ona l  Requirements, Rev,
8, from LMSC.
Standard Header Packe t  De f i n i t i on  Document, Rev. A, from LMSC.
S0-07, F ina l  Sc ience Opera t ions  Concept ,  Par t  2, from SCI.
OM-Q1, ST Command L i s t  (LMSC 4171349F), from LMSC.
OM=-02, ST Instrumentat ion Program and Component L i s t  (LMSC
41718506), from LMSC. .
pays  of Parts of FOS 20-22 March 1983 SI Data Tape, from
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730
L72

L65
L66

L639
L68
1106

L64
LSS
T23
T25

1006b
1088
1089

936
932

865
L67
814
L37
799

L38
753
731

732
733
767
683
739

783

810
6560
769
595
598
L25
560
561
529
T1l4

840126
840117

831206
831206

831115
831109
831012

830928
830623
830623
830623

830506
830425
830425

830307
8301xx

821231
821130
821104
821101
821029

821028
820920
820830

820830
820823
820807
820804
8208xx

8208xx

8208xx
820715
820715
8207 xx
8206 xx
820528
820524
820524
820504

820429
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Table 8.3-2 FOS References by Descending Date

Answers to Questions on FOS Data, from SOGS.
Pre l im ina ry  Answers to TRW Questions Raised by FOS Data Tape,
from UCSD (H ie r ) .
SI C&DH Questions, November 22, 1983, from IBM (Campbell).
3% concerns wi th  FOS Test Tape and Qther Mat ters,  from UCSD

Ba i t y ) .
Naming of the Space Telescope, from MSFC.
Def i n i t i on  of SHP Ground Upl ink Format, from J .  Hennessy.
Ana lysis of Parts of FOS 20-22 March 1983 SI Data Tape, from

Review of TRW ST SI Notebook, from UCSD (Randal l ) .
FOS Mechanism Informat ion,  from UCSD (S t re i n ) .
Notes from GSFC/ST ScI Meetings 14-16 June 1583, from SOGS.
Results of FOS Question Discussion at GSFC on 16 June 1983,
from SOGS.
S0-Q7, F ina l  Science Opera t ions  Concept ,  Par t  2, from SCI.
OM=Ql, ST Command L i s t  (LMSC 4171849F), from LMSC.
DM=-02, ST Instrumentat ion Program and Component L i s t  (LMSC
41718506), from LMSC.
Standard Header Packet De f i n i t i on  Document, Rev. A, from LMSC.
SM0-1000, ST Miss ion Operat ions Funct ional  Requirements, Rev,
8, from LMSC.
FOS SOGS Notebook, from SOGS.
ST Packet Format Code Assignments, from 0AC(W i l bu r ) .
UCSD Comments on FOS SOGS Notebook,  from UCSD.
OCF Observation Number, from Doxsey (ST Scl) .
SE-06-1 SOGS Design Manual Requirements Section (updated
through PDCR-015, plus POCR-020), from SOGS.
SHP Uplink Data Transfer ,  from Ooxsey (ST Scl) .
FOS Unique Appendix to SI/SI C&DH ICD, Rev. C, from UCSD.
SOGS S imu la t i on  Requirements Based on Opera t i ona l  Scena r i os ,
from CTA.
ST SOGS Operat ions Concept Ana l ys i s ,  from CTA.
FOS Qua l i t y  U t i l i t y  A lgo r i t hms ,  from UCLA.
Notes on FOS Briefing by G. Schmidt (SOGNOR-12), from SOGS.
FOS Se r i a l  Magnitude Command De f i n i t i ons ,  from UCSD.
SI/NSSC-1 Memory to SATS In ter face Requirements Document (Pre-
l iminary),  from GSFC.
OM-Q5, F l i gh t  Software for FQS, Section C, Pt. I I ,
(POL) Document Rev, E, from Ucso.
The ST Observatory (10 papers), from Scl.
FOS Science Data Modes and Formats,  from UCSD.
FOS Science Data Modes and Formats,  from UCSD.
The ST, from Sc ien t i f i c  American.
FOS Data Requirements for SO0GS, from UCSD.
L i s t  of FOS Algor i thms for SOGS, from UCSD.
A Br ief  Descr ipt ion of the FOS Eng'g ™, from ORI.
Format and Content  of FOS Science Data Qutput ,  from ORI.
0SS Scenario FOS, from CTA.
Minutes of SO0GS-FOS-DOTL=-STSOP Telecon of 29 Apr i l  '82 on FOS
Algorithms (AI T81 and T82), from SQOGS.

SW Design
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L27
L1S
530

L20
LQ2
LC4

411
397
356
453

326
343
706

204
L26

833

220
218

214

253
439
216
028

046

103
334

215

262

530
213
583
101
104
110
118
224

820412
820406
820325

820322
820316
820308
820305
820303
8202xx
82XXXX

811221
811216
810825

810807
8104xx

8009xx

800722
800714

800522

8005xx
800401
800320
8003xx

3003xx

80xxxx
7909xx

790718

790525

79C411
790330
7901xx
79xxXX
7IXX%XX
T9xxXXX
79XXXX.

. 770708
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Table 8.3-2 FOS References byDescending Date (cont)

Polar imetry Ca l ib ra t ion  Requirements for FOS, from U.Arizona.
Prel iminary FOS Requirements for SQGS, from UCSD.
Pr  ormance Spec for the SI C&DH Subsystem of the ST, from
GSFC.
FOS Requirements for SO0GS Support, from UCLA (Ford) .
FOS Data Reduction Requirements, from U.Washington.
FOS Cons t ra in ts  and Res t r i c t i ons ,  from UCSD.
ST FOS Requirements Notebook, from SOGS.
FQS SI Data Base (p r i n tou t ) ,  from UCSD.
FOS Bimonthly Review, from UCSD.
her formance of Spectropolarimetar for ST FOS, from Al len &
Angel,
FOS Ground Test Software Data Base, from .
FOS Operations (Meeting Handout), from UCLA (H. Ford).
FOS Prime Equipment De ta i l  Spec, Pt .  2: Performance, Des ign ,
and Ve r i f i ca t i on  Requirements,  from UCSD.
SI & C&DH Command and Data L i s t s ,  from IBM, :

Reducing Scanner Data (program documenta t ion) ,from UCLA
(Grandi) .
FOS 512-Channel Digicon Detactor Performance Data, Paper
#290-28, from UCSD.
ORM Inpu ts  for FOS, from UCSD.
Systems Descr ip t ion  of Fa in t  Qbject  Spectrograph, Rev. A, from
Martin.
DM=04C, Pre l iminary Ground Test Software Design (POL) Document,
from UCSD.
FOS C r i t i ca l  Design Review, from Mar t in ,
OM=Q1, SI Command and Data L i s t s  for FOS, from Mar t i n .
OM-05C, Software Design Document for FQS for ST, from UCSD.
OM=-04, Ground Test Software for FOS (S/W Mgt Plan and Require-
ments), from UCSD.
OM=-03, SI Ground Test Software Requirements Document for FOS,
from UCSD.
State of Art ST Digicon Performance Data, from SPIE.
OM=0S, P re l im ina ry  FOS NSSC-1 SW Requirements Document for FOS, =
Sec t i on  8, from UCSD.
OM-04, Pre l im inary  Ground Test Sof tware Requirements for UCSD
FOS, from UCSD.
Prime Squinment De ta i l  Spec, Pt.  2, Performance Des ign,  and
Ye r i f i ca t i on  Requirements for FOS, from Mar t i n .
FOS System Performance Summary, from Martin,
ST Qpera t ions  and Data Mgt Requirements for FOS, from UCSD.
Operations and lata Management ?2lan for FOS, from UCSD.
Testing of ST 512-channel D ig i con ,  from SPIE.
ST Digicon, from SPIZ.
ST Sc ien t i f i c  [ns t ruments ,from SPIE.
FAQS for the ST, from SPIE.
UC/MMC FOS Proposal for the ST, from UCSD.
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1106

130
560
L37
L68
439
1088

1089

046

214

028

215

216
763

834

220
561
356
LO4
259
L02
598
118
326
LS5
343
706

733
L20
6560
769
683
397
865
630
783
633

L25
T14

L69

831012

340126
820524
821101
831109
800401
830425
830425

8003xx

800522

8003xx

790718

800320
8208xx

7909xx

800722
820524
8202xx
820308
8005xx
820316
8206xx
79XXXX
811221
830623
811216
310825

820823
320322
820715
820715
320804
820303
821231
790411
820920
8009xx

820528
820429

831115
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Table 8 .3-3  FOS References by T i t le

Ala l ys i s  of Parts of FOS 20-22 March 1983 SI Data Tape, from

Answers to Questions on FOS Data, from SOGS.
A Br ie f  Descr ipt ion of the FOS Eng'g TM, from ORI.
DCF Qbservation Number, from Doxsey (ST Sci) .
Def i n i t i on  of SHP Ground Upl ink Format, from J. Hennessy.
OM-Ql, SI Command and Data L i s t s  for FOS, from Mar t i n .
OM-01, ST Command L i s t  (LMSC 4171849F), from LMSC.
OM-02, ST Instrumentat ion  Program and Component L i s t  (LMSC
41718506), from LMSC.
OM=-03, SI Ground Test Software Requirements Document for FQS,
from UCSD.
OM=04C, P re l im ina ry  Ground Test Software Design (POL) Document,
from UCSD. |

OM-04, Ground Test Software for FOS (S/W Mgt Plan and Require-
ments), from UCSD.
OM-04, P re l im ina ry  Ground Test Software Requirements for UCSD
FOS, from UCSD.
OM-0SC, Software Design Document for FOS for ST, from UCSD.
OM=-05, F l i gh t  Software for FOS, Section C, Pt. I I ,  SW Design
(POL) Document Rev. E, from UCSD.
OM=QS, Prel iminary FOS NSSC-1 SW Requirements Document for FOS,
Sect ion  8, from UCSD.
DRM Inpu ts  for FOS, from UCSD.
Format and Content of FOS Science Data Qutput ,  from ORI,
FOS Bimonthly Review, from UCSD.
FOS Const ra in ts  and Res t r i c t i ons ,  from UCSD.
FOS Cr i t i ca l  Design Review, from Mar t i n .
FOS Data Reduction Requirements, from U.Washington.
FOS Data Requirements for S0GS, from UCSD.
FOS for the ST, from SPIE.
FOS Ground Test Software Data Base, from .
FOS Mechanism Informat ion,  from UCSD (S t re i n ) .
FOS Operations (Meeting Handout), from UCLA (H. Ford).
FOS Prime ztquipment De ta i l  Spec, Pt.  2: Performance, Design,
and Ve r i f i ca t i on  Requirements, from UCSD.
FOS Qua l i t y  U t i l i t y  A lgo r i t hms ,  from UCLA.
FOS Requirements for SOGS Support, from UCLA (Ford) .
FOS Science Data Modes and Formats, from UCSD.
0S  Science Data Modes and Formats, from UCSD.
FOS Se r i a l  Magnitude Command De f i n i t i ons ,  from UCSD.
FOS SI Data Base (p r i n tou t ) ,  from UCSD.
FOS SOGS Notebook, from SOGS.
FOS System Performance Summary, from Mar t i n .
FOS Unique Appendix to SI/SI C&DH ICD, Rev. C, from UCSD.
FOS 512-Channel Digicon Detector performance Data, Paper
#290-28, from UCSD.
L is t  of FOS Algorithms for SOGS, from UCSD.
Minutas of SOGS-FOS-DQOTL-STSOP Telecon of 29 Apr i l  '82 on FOS
Algorithms (AI T81 and T32), from SOGS.
Naming of the Space Telescope, from MSFC.
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T23
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563
529
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L27
L72

L19
262

L26

T25

L64
799

L38
L6S
213
204
739

932

L6¢

731

10060
936
103
104
411.
L&7
110
732
218

101
595
310
814
224

830623
820807
7901xx
820504
82XXXX

820325

820412
840117

820406
790525

8104xx

830623

830928
821029

821028
831206
790330
810807
8208xx

8301xx

831206

320830
830506
830307
80xxxX
79xXXX
320308
821130
79%xxXxX
320830
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Table 8.3-3 FOS References by T i t l e  (cont)

Notes from GSFC/ST ScI Meetings 14-16 June 1983, from SOGS.
Notas on FOS B r ie f i ng  by G. Schmidt (SOGNOR-12), from SOGS.
Operat ions and Data Management Plan for FOS, from UCSD.
0SS Scenario FOS, from CTA.
Performance of Spectropolar imetar for ST FOS, from A l len  &
Angel.
Performance Spec for the SI C&DH Subsystem of the ST, from
GSFC.
Polar imet ry  Ca l i b ra t i on  Requirements for FOS, from U.Arizona.
Pre l im ina ry  Answers to TRW Quest ions Raised by FOS Data Tape,
from UCSD (H ie r ) .
Pre l im ina ry  FOS Requirements for S0GS, from UCSD.
Prime Equipment Deta i l  Spec, Pt. 2, Performance Design, and
Yer i f i ca t i on  Requirements for FOS, from Mar t i n .
Reducing Scanner Data (program documentation), from UCLA
(Grandi).
Results of FOS Question Discussion at GSFC on 16 June 1983,
from SOGS.
Review of TRW ST SI Notebook, from UCSD (Randal l ) .
SE-Q06~-1 SOGS Design Manual Requirements Section (updated
through POCR-015, plus POCR-020), from SOGS.
SHP Uplink Data Transfer ,  from Doxsey (ST Sc l ) .
SI C&DH Questions, November 22, 1983, from [BM (Campbell).
SI Operations and Data Mgt Requirements for FOS, from UCSD.
SI & C&DH Command and Data L i s t s ,  from [3M.
SI/NSSC-1 Memory to SATS In ter face Requirements Oocument (Pre-
l im ina ry ) ,  from GSFC.
SM0-1000, ST Miss ion Qperations Funct iona l  Requirements, Rev.
8, from LMSC.
Pos po ncerns » w i th  FOS Test Tape and Other Ma t te r s ,  from UCSD

aj ty
SOGS S imu la t ion  Requirements Based on Opera t iona l  Scenarios,
from CTA.
S0-Q07, F ina l  Science Opera t ions  Concept ,  Par t  2, from SCI.
Standard Header Packet De f i n i t i on  Document, Rev. A, from LMSC.
Stata of Art ST Digicon Performance Data, from SPIE.
ST DJigicon, from SPIE.
ST FOS Requirements Notebook, from S0GS.
ST Packet Format Code Assignments, from QAQ (Wi lbu r ) .
ST Sc ien t i f i c  Instruments, from SPIE.
ST SOGS Opera t ions  Concept Ana l ys i s ,  from CTA.
Systems Desc r i p t i on  of Fa in t  Ob jec t  Spect rograph,  Rev. A, from

Mar t i n .
Tes t i ng  of ST S12-channel Digicon,  from P IL ,
The ST, from Sc ien t i f i c  American.
The. ST Observatory (10 pape rs ) ,  from Sc l .
UCSD Comments on FJS SOGS Notebook, from UCSD.

UC/MMC FOS Proposal for the ST, from Ucso.
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ADC
BAe
CAM
CEHT
CEM
CEU
CIAR
CM
CPS
cu
C&DH

~ DCF
DHU

DICU
EBA
EBS
EHT
ESA
ESTEC
ET
FITS
FOC
FOV
FPLA

GO
GRT
GSFC
HP
HRA
ICD
IDT
IEHT
ILS
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FOC-Related Acronyms

Analog to D ig i t a l  Converter
B r i t i sh  Aerospace
Coronographic Apodizer Mechanism
Camera E lec t r ica l  High Tension (Unit)
Camera E lec t ron ics  Module
Camera Electronics Unit
Command Interrupt  App l i ca t ion  Routine
Camera Module
Camera Power Supply
Ca l i b ra t i on  Uni t
Control and Data Handling (Subsystem)
Data Capture Fac i l i t y
Detector Head Unit (#1 £/48, #2 £/96)
Data Handling Interface and Control Uni t
E lec t ron ics  Bay Assembly

Electron Bombarded Si l icon
E lec t r i ca l  High Tension
European Space Agency

European Space Research and Technology Centre
Engineering Telemetry
F lex i b l e  Image Transport  System
Fain t  Object  Camera
F ie ld  Of View
F ie ld  Programmable Logic Array
F i l t e r  Wheel Mechanism
General Observer
Ground Related Time
Goddard Space F l i gh t  Center
High Power (Command)
High Resolut ion Apodizer
Interface Control Document
Inves t i ga t i on  De f i n i t i on  Team
I n tens i f i e r  E lec t r ica l  High Tension (Unit)
Interrupteur a Lame Souple (switch having a f l ex ib le  metal s t r ip )
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IST

KY
KY
LED
LMSC
LP

Mbs
MDE
MHZ
ML

MOGS
msec
NG
nm

NOG
NSSC-1
08C
OBDH
OBE
0G
ORW
08S
OTA
0/0
PASS
PCU
PDA
PDCR
POL
PMA
POCC
PODPS
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Instrument Science Team
For memory, 210 (1024); otherwise, 10°
Ki lovo l ts
K i l ovo l t s
Light Emitt ing Diode
Lockheed M iss i l es  and Space Company, Incorporated

Low Power (Command)
Mi l l iamperes
Megabits per second .

Mechanism Drive Electronics
10% Hz
Memory Load Command

Mil l imeter
Mission Operations Ground System
Mi1lisecond
Generated by NSSC-1
Nanome ter (1072 meters or 10 angstroms)
Generated by NSSC-1 and 0BC
NASA Standard Spacecraft  Computer, Model 1
On-Board Computer ( in FOC)
On-Board Data Handling
Opt ica l  Bench Enclosure
Generated by OBC
OBC Request Word

Observation Support System
Opt i ca l  Telescope Assembly
On/0ff Command
POCC App l i ca t i on  Software Support
Power Condi t ion ing Unit
Photon Detector Assembly
Pre l iminary  Document Change Request
Program Design Language
Permanent Magnet Assembly
Payload Operations Control  Center
Post-Observation Data Processing System
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PORTS
PRL
PRU
PSS
QCM
RAL
RAM
RFM
RIU
RMU
ROM
RTCS
RTU
Scl
SDAS
SDF
SDS
SHM
SHP
SI
SLIB
SMM
SO0GS
SPSS
SSC
SSM
ST
STOCC
STR
STSOP
TBD
TCE
™
TRIM
ubL
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Pre l im inary  Operations Requirements and Test Support
Pattern Recogni t ion Logic
Pattern Recognit ion Unit
Payload Saf ing Sequence
Quartz Crystal  Moni tor
Rutherford Appleton Laboratory
Random Access Memory (read/write)
Refocusing Mechanism
Remote In ter face Unit
Rad ia t ion  Mon i to r ing  Uni t
Read-Only Memory
Re la t i ve  Time Command Sequence
Remote Terminal Unit
Science Ins t i tu te  (Johns Hopkins)
Science Data Analys is  Software
Science Data Formatter
Science Data Store
Shutter Mechanism
Standard Header Packet
Science Instrument
SOGS (TRW) Library document ident i f ie r
Spectrographic Mi r ror  Mechanism
Science Operations Ground System
Science Planning and Scheduling System
Science Support Center
Support Systems Module
Edwin P. Hubble Space Telescope
ST Operations Control  Center
Science Tape Recorder
ST Science and Operations Project  |

To be determined
Thermal Control E lec t ron ics
Telemetry
Time Resolut ion Imaging Mode
Unique Data Log

- v i i -
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usec
ute
VICAR
YPU
WF/PC

XXXX
Xo XXX

X'ab'
m
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Microsecond
Universa l  Time Coordinated
Video Image Communication and Retrieval (for image processing)
Yideo Processing Uni t
Wide F ie ld  and Planetary Camera
Conventional f i r s t  let ter for FOC parameters
Abbreviated LMSC ET Measurement ID
Coined Measurement ID

Hexadecimal (base 16) value for "ab"
Material needing determination/confirmation

-V i i i -
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1.0 INTRODUCTION

1.1 PURPOSE AND ORGANIZATION OF FOC NOTEBOOK
The purpose of th is  Fa in t  Object Camera (FOC) Notebook is to prov ide a
compi la t ion from var ious sources of factual  in fo rmat ion  on ce r t a i n  aspects of
the FOC necessary for design work on the Edwin P. Hubble Space Telescope (ST)
Science Operations Ground System (S0GS). The contract  for development of
SOGS is  managed by GSFC, and is  performed by TRW. One of the main tasks of
SOGS is  the r ece ip t ,  d i sp lay ,  manipu la t ion,  and ca l i b ra t i on  of the FOC data

(as well as the other instruments on the ST). To perform th is  task,  a
thorough understanding is necessary of the var ious formats in which data is
rece ived,  where c r i t i ca l  processing parameters are in both the science and

engineering data streams, and what a lgor i thms are to be app l ied  to ca l i b ra te
the science data for each instrument con f i gu ra t i on .

The intended audience for th is  FOC Notebook is  the TRW SOGS designers,  ra ther
than a general co l l ec t i on  of d iverse groups with equa l l y  d iverse in fo rmat ion
des i res .  Because of i t s  intended audience, there are numerous FOC-related
top ics that are not inc luded in th is  Notebook. Sect ion 8 (References) has a
l i s t  of c i t a t i ons  for some source documents on FOC that are in the TRW SOGS
L ib ra r y .  Such documents have been assigned se r i a l  accession numbers (SLIB
numbers) meaningful only to those with access to the TRW L ib ra r y ,  so Sect ion
8 p rov ides  i n fo rma t i on  on o r i g i na to r ,  da te ,  and t i t l e  to i den t i f y  the
mater ia l  more completely.

The organizat ion of th is  FOC Notebook is the same as that for the other four
ST inst ruments .  After th is  in t roductory  ma te r i a l ,  the var ious types of FOC
modes are def ined in Sect ion 2 (s ince they are of major s ign i f i cance  to the
SOGS design e f f o r t ) .  Sections 3 and 4 cover the FOC Science Telemetry and
FOC Engineering Telemetry r espec t i ve l y .  Algori thms for FOC Ca l i b ra t i on ,  FOC
Data Qua l i t y /U t i l i t y ,  and FOC Target Acqu is i t i on  are in Sections 5 to 7

" respec t i ve l y  (these relate to what is in Sect ion 10 of the SOGS SE-06-1
specif icat ion, SLIB 799). Section 8 has References.
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1.2 SUMMARY OF FOC NOTEBOOK UPDATES FOR THIS REISSUE |

The changes in th is re issue of the FOC Notebook (SLIB 931 was the o r i g i na l
issue) are those necessary to r e f l ec t  a co l l ec t i on of minor de ta i l s  concern-
ing the i ns t r umen t ' s  per fo rmance.  There shou ld  be no su rp r i ses  in the

changes that are incorporated in th is issue,  which inc lude :

1. Deletion of most non-administrative references to "SO0GS" to
avoid the imp l i ca t i on  that th is  document def ines the char-
ac te r i s t i cs  of the SOGS software.

2. Some telemetry i den t i f i e r  changes to agree with a new issue of
LMSC's DM=-02 (SLIB 1089).

3. Some augmentations of the inst rument  desc r ip t i on  obtained from
the ST Science I ns t i t u t e ' s  FOC description in SLIB 1006b (see
Section 1.5).

4, Add i t iona l  de ta i l s  concerning some of the downlink parameters
obtained from new FOC IDT publ icat ions.

5. A table g i v ing  the LMSC DM-02 engineer ing telemetry IDs and
the corresponding values in an FOC IDT document (SLIB 1035).

6. The FOC command summary in Section 3.1.7 of the previous issue
has been de le ted  (because of the extensive changes made in the
new LMSC DM-01 document, SLIB 1088).

Two areas where ( in  common wi th most other ST instruments) unce r ta i n t i es

ex i s t in  the mate r ia l  covered in th is  document are the de ta i l ed  format of the
upl inked area of the Standard Header Packet ( a l t e rna t i ve  sources are c i ted  in

Section 3.2.1) and the f l i gh t  values to be used for the packet format code
(see Section 3 .2 .4 ) .

The upda t i ng  e f f o r t  for  t h i s  FOC Notebook w i l l  be a con t i nuous  p rocess
throughout the durat ion of the SOGS pro jec t .  This reissue, however, is the
f i r s t  FOC Notebook change that has been generated since the SLIB 931 issue
(dated 24 February 1983). New in format ion  otherwise has been d i s t r i bu ted
among the TRW SOGS designers by means of SOGS memos. Pa r t i cu l a r l y  for those
holders of the FOC Notebook outs ide of TRW, therefore,  r e l i ance  on th is  FOC
Notebook to r e f l ec t  the " l a t es t  ava i l ab le "  (anyplace) set of FOC data
continues to be inappropr ia te .
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1.3 INSTRUMENT SCIENCE TEAM
The Chairman of the FOC Ins t rumen t  Sc ience Team i s :

H. C. van de Hu l s t ,  Sterrewacht,  Leiden.
Other members are:

F. Macchetto (Project Sc ien t i s t ) ,  ST Science Ins t i tu te ,  Baltimore, MD
R. A lb rech t ,  ST Science I ns t i t u t e ,  Ba l t imore ,  MD
C. Ba rb ie r i ,  I s t i t u t o  di Astronomia, Padova
A. Boksenberg, Un i ve rs i t y  Co l lege,  London
P. Crane, European Southern Observatory,  Munchen
J. M. Deharveng, Laborato i re  d'Astronomie Spa t i a l e ,  Ma rse i l l e
M. J. Disney,  Un i ve rs i t y  Col lege,  Card i f f
T. M. Kamperman, Sterrekundig I ns t i t uu t ,  U t rech t
I .  R. King, Un i ve rs i t y  of Ca l i f o rn i a ,  Berkeley
C. D. Mackay, I ns t i t u t e  of Astronomy, Cambridge
G. Weige l t ,  Physikal isches I ns t i t u t ,  Erlangen-Nurnberg
R. N. Wi l son ,  European Southern Observatory ,  Munchen.

Huw D. Hopkins (ESTEC at Noordwijk) is  the ESA Operations Coordinator ,  Robin
J. Lau rance  (a l so  a t  Noo rdw i j k )  i s  the FOC P ro jec t  Manager ,  and M iche l
Verdant is the ESA representa t ive  at GSFC. J. Chris Blades and Frank Paresce.
are ESA ST Science I ns t i t u t e  representa t i ves .
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1.4 SCIENTIFIC OBJECTIVES
The f o l l ow ing  in fo rmat ion  was obtained from SLIB 482 and SLIB 297:

The FOC sc ien t i f i c  ob jec t i ves  inc lude  the fo l l ow ing  observat ions
and measurements:

1. Physics of minor p l ane t s ;

2. Search for a planet around Barnard's Star;

3. Search for massive black holes in g lobu la r  clusters;

4, I on i za t i on  structure of shock waves in the i n t e r s te l l a r
medium;

5. H igh -spa t i a l - r eso lu t i on  s tud ies of Herbig Haro objects;

6. Spectrography of ac t i ve  nuc le i  of galaxies;

7. Coma cluster distance moduli;

8. Search for and study of op t i ca l  emission associated with the
rad io  lobes of double rad io galaxies;

9. Ve loc i t y  d i spe rs ion  and mass dens i t i es  in the cen t ra l  reg ions
of normal and compact e l l i p t i ca l  ga lax ies ;

10. Objective prism surveys of high latitude X-ray sources; and
11. S te l l a r  content  of g lobu la r  clusters.

Typical  spec i f i c  s c i en t i f i c  ob jec t i ves  of the FOC are:

a) Observations of RR Lyrae s ta rs ,  cepheids, b r i gh t  supergiants,
g lobu lar  c l us te r s ,  and g ian t  HII regjons as distance i nd i ca -
tors out to expansion ve loc i t i es  > 10 km/sec;

b) Resolution of spectroscopic and astrometric binaries to
es tab l i sh  fundamental s t e l l a r  masses;

¢) De ta i l ed  s tud ies of shock f ron ts ,  condensing gas c louds,  and
the re l a t i onsh ip  of young stars to the gas around them in
reg ions of star format ion;

d) Optical iden t i f i ca t ion  of fa in t  X-ray sources; and

e) Search for d i rect  evidence of quasars or BL Lac objects in the
ext raord inary  b r i gh t  nuc le i  of f a i n t  galaxies.
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1.5 PRINCIPLES OF OPERATION 
|

See SLIB 414 for in fo rmat ion  on the p r i nc i p l es  of operat ion of the complete
FOC i ns t rumen t  ( i nc l ud ing  i t s  mechanica l  l ayou t  and a f unc t i ona l  b l ock
diagram). The ma te r i a l  given below emphasizes those FOC aspects that are of
pa r t i cu la r  s i gn i f i cance  for understanding the nature of i t s  science data,  and
has been generated using the sources l i s t ed  in Sect ion 8.1.

The FOC is the SI supplied by the European Space Agency (ESA) for the ST.
The ins t rument  cons i s t s  of two main elements: the Photon Detector Assembly
(PDA) for which Br i t ish Aerospace (BAe) is responsible, and the Camera Module
(CM) that is the r espons ib i l i t y  of the FOC cont ractor  (Dornier  System GmbH in
Fr iedr ichshafen,  with Matra-Espace in Toulouse as co -con t rac to r ) .  The l a t t e r
con t rac t  covers the ove ra l l  FOC system design,  ve r i f i ca t i on ,  and ca l i b ra t i on .
ESA also is con t r i bu t i ng  the solar arrays for the ST. In return for the i r
con t r i bu t i ons ,  ESA has been a l l oca ted  a minimum of 15% of the observing time.
The primary purpose of the FOC is to exp lo i t  the f u l l  op t i ca l  power of the
ST. I t  w i l l  detect  the f a i n tes t  ob jec ts  v i s i b l e  wi th the telescope and w i l l
r eco rd  images havimg the f i nes t  angu la r  r eso lu t i on  a t t a i nab le  w i th  the
op t i ca l  system from 115 nm to the v i s i b l e .  Rather than being redundant  wi th
the Wide Field and Planetary Camera (WF/PC), the FOC is complementary to that
dev i ce :  for  example, the FOC has a h igher  spa t i a l  r eso lu t i on ,  but the WF/PC
has a la rger  f i e l d  of view. The two cameras are designed to be su f f i c i en t l y
s im i l a r  in func t ion  to ensure that an operable camera of some kind w i l l  be
among the i n i t i a l  ST operat ional  ins t ruments,  even i f  a camera were to f a i l
in o rb i t .

The FOC contains two complete and independent cameras, each with i t s  own
op t i ca l  path and detector system. Only one op t i ca l  re lay can be operat iona l
at one time; switchover may requ i re  24 hours for f u l l  thermal s t ab i l i za t i on .
The basel ine mode of FOC operat ion is at f /96 ,  in which i t s  25-micron® (a
micron is 107° meter, and the dimension is referred to the input  surface of
the detector) pixels subtend 0.022 arc seconds on the sky. In this mode, the
f ie ld  of view (FOV) of the FOC is l im i ted  (for fu l l  resolution) to about 11.2
Xx 11.2 arc seconds by the size of i t s  data s to re .  The FOC design inc ludes a
second independent camera (expected to be used less often) operat ing at f/48
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that doubles these subtended angles,  at the cost of angular resolution.
Several d i f f e ren t  p ixe l  scan formats can be spec i f i ed  by the observer to
achieve other coverages. The useful  photocathode area is 25.6 x 25.6 square
m i l l ime te r ,  corresponding to 1024 x 1024 normal-s ize pixels.

Se lec t ion of the opt ica l  train (and hence focal r a t i o )  to be used for the
input  l i gh t  from the object  is accomplished by maneuvering the ST so as to
place the ob jec t  in the correct  entrance aperture.  Beyond the aperture for
each op t i ca l  t r a i n ,  the beam passes through a Shutter  Mechanism (SHM, which
also has a mir ror  to al low use of the Ca l i b ra t i on  Un i t ) ,  and then is re layed
by several m i r ro rs  and focused onto a de tec to r ' s  f i r s t  stage photocathode.
The SHM is  normally con t ro l l ed  by a torquer,  but can also be con t ro l l ed  by an
electromagnet to move i t  out of the op t i ca l  path. The electromagnet is
in tended to be a backup method of ope ra t i on ,  so probably would only be used
in f a i l u re  recovery s i t ua t i ons .  I t  is not an error cond i t ion  to have both
shut ters  open, al though for stray l i gh t  reasons i t  may be better to avoid
this con f i gu ra t i on .  |

In the f/96 t ra in ,  four f i l t e r  wheels, each with 12 posit ions ( including a
c lear  one) ,  are p rov ided  for  se l ec tab le  bandpass,  neu t ra l  dens i t y ,  and
po la r i z i ng  f i l t e r s ,  as well as ob jec t i ve  pr isms. The f i l t e r  wheels are
con t ro l l ed  by the F i l t e r  Wheel Mechanism (FWM), and take about a minute to
make a complete revolut ion. In the f/48 t ra in ,  only two wheels, each with 8
pos i t i ons  ( i nc l ud ing  a clear one), are provided. Each f i l t e r  wheel takes 48
cycles to complete a f u l l  c i r c l e ,  meaning the f/48 wheel has 6 cycles between
pos i t i ons  and the f/96 wheel has 4 cyc les .  A user command can move the wheel
one cycle at  a t ime,  but af ter i n i t i a l i za t i on  the normal method of movement
wi l l  be by a macro command that spec i f i es  the pos i t i on  value. The wheel
posit ion is monitored by ILS (a French acronym for "Interrupteur a Lame
Souple,” crudely translated as "switch [having a] f l ex ib le  metal s t r i p " )
sensors that give a zero output between the va l i d  wheel pos i t i ons .  No backup
wheel movement capab i l i t y  is ava i l ab le .
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To compensate for op t i ca l  path changes due to f i l t e r  se lec t i on  and FOC
i n t e rna l  i ns tab i l i t y ,  a Refocusing Mechanism (RFM) is provided in each

"op t i ca l  path that  moves one of the m i r ro r s .  The RFM normally moves over a
range of + 8 mm, tak ing  about 96 seconds to move over th is  complete range.
Focus changes are in un i ts  of cycles of 0.083 mm, where each phys ica l  cycle
requires four e lec t r i ca l  steps of the associated motor.

The f/96 opt ical  path is provided with a coronographic and high resolut ion
facil ity. This capab i l i t y  w i l l  be used to observe f a i n t  ob jects  or extended

structure near b r i gh t  sources. I t  cons is ts  of two f ixed opaque f i nge rs ,  0.4

and 0.8 arc seconds wide (on the sky), located in the ST focal plane c l oseto
the corners of the FOV. These masks are used by imaging in the corners of

the FOV, There is also an apodizer mask ( t ha t  e l im inates  scat tered l i gh t )
mounted on a small removable Cassegrain telescope that can be inse r ted  in to

the re layed ex i t  pup i l .  This equipment func t ions  to block b r i gh t  source
photons d i f f rac ted  by the ST secondary mi r ro r  and support s t ruc ture ,  as well

as to magnify the prime focal ra t io  by a factor of three (to f/288, so pixels
subtend about 0.0075 arc second, the nominal ST po in t i ng  s t ab i l i t y ) .  I t  is
called the High Resolution Apodizer (HRA), and is moved by the Coronographic
Apodizer Mechanism (CAM). The CAM is normally control led by a torquer, but
the HRA can also be moved.out of the path by an electromagnet (as a backup).
Since the mechanisms are independent, i t  is poss ib le  to use e i t he r  one of the
f i nge rs  at f/96 or the 0.8 arc-second f i nger  mask with the f/288 Cassegrain.
The f/288 image is formed in the [512 x 512] "upper l e f t "  part of the [1024 x
1024] area of the tube.

The f/48 op t i ca l  path has a spectrographic f ac i l i t y .  This makes use of a
f ixed s l i t  (0.1 x 20 arc seconds on the sky) that is adjacent to the f/48
aperture used for  f i e l d  imaging. The FOC Spectrographic M i r ro r  Mechanism
(SMM) i nse r t s  a convex m i r ro r  i n t o  the beam, d i ve r t i ng  i t  to a f i xed
spher ical  g ra t i ng  before i t  reaches the f/48 detector .  In common with the
SHM and CAM, the SMM is normally con t ro l l ed  by a torquer ,  but can be moved
out of the path by an electromagnet. The des i red image order (among nominal
values of 360-540 nm, 180-270 nm, and 120-180 nm for orders 1-3 respectively)
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can be se lected by order -sor t ing  f i l t e r s  con t ro l l ed  by the FWM, and pos i t i on -
ing of the ST is  used to place the target  ob jec t  on the s l i t .  F i l t e r s  are
also provided to al low several orders to be observed -at the same time (a
useful  capab i l i t y  i f  an element 's  emission l i nes  having widely separated
wavelengths are of interest) .  The spectrographic d ispers ion occurs in the
d i rec t i on  of the frame scan. Depending on the ob jec t  pos i t i on  and time of
the year,  i t  may take several months before an observat ion at  a pa r t i cu l a r
pos i t i on  angle is f eas ib l e  ( the ro l l  angle of the ST is  constra ined by the
requi red o r i en ta t i on  of the solar arrays to sun l i gh t ) .

The two FOC detectors  are photon-counting devices of i den t i ca l  design. Each
cons is ts  of a three-stage image i n tens i f i e r  that is op t i ca l l y  coupled by a
re lay lens system to an e lec t ron  bombarded s i l i con  (EBS) l ow - l i gh t  t e l ev i s i on
camera tube. The in tens i f ier  has a total gain of about [1 .3 x 10°], and
employs a tr im co i l  ( in  conjunct ion with a Permanent Magnet Assembly, or PMA)
for focusing of i t s  e lec t ron  beams. L igh t  gain is  achieved by conver t ing
input  photons in to  photoelectrons in a photocathode, acce le ra t ing  the photo-
e lec t rons  in an e l ec t r i c  f i e l d ,  and reconver t ing  the photoelectrons in to
photons in a phosphor screen (which is op t i ca l l y  coupled to the input  photo-
cathode of the next stage). .

The FOC detectors are character ized by ‘high photocathode quantum e f f i c i enc ies
(referred to as "Detective Ef f ic iency”)  in the blue and u l t r av i o l e t ,  as well
as low background dark current. In ope ra t i on ,  the EBS tube de tec t s  a
phosphorescent burst  at the output of the i n t ens i f i e r  (corresponding to an
individual photoevent on the f i rs t -s tage photocathode). The tube's storage
target is scanned in a raster  format,  the cent ra l  pos i t i on  of the burst  is
measured by the Pattern Recogni t ion Uni t  (PRU) of the PDA's Video Processing
Unit  (VPU), and a memory ce l l  in the Science Data Store (SDS) associated with
that  p i xe l  i s  incremented by 1. The image in  the SDS g radua l l y  bu i l ds  up
during exposures (which may l as t  several hours ) ,  and can be read in a non-
dest ruct ive way at any intermediate time. Al l  s c i en t i f i c  data produced by
the PDA is fed to the SDS ( there is no rea l - t ime  recovery of s c i en t i f i c  data
via telemetry dur ing normal opera t ion ) .
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The speed of the EBS tube and the VPU l im i t s  the l i nea r  range of pulse count-
ing to about 0.6 counts/pixel/second in the fu l l  [512 x 512] format. This
rate r esu l t s  in non - l i nea r i t y  at the s ing le  p ixe l  level  of better than 10%,
cor rec tab le  to a photometr ic accuracy of about 1%. The on-board Ca l i b ra t i on
Unit  and a set of reseau marks w i l l  al low i n - f l i gh t  ca l i b ra t i on  of photomet-
r i c  response and of geometric d i s t o r t i on  at the s ingle p ixe l  l eve l ,  The
reseau marks are in the form of a [17 x 17] gr id,  each [75 x 75] microns ([3
x 3] normal p i xe l s ) ,  etched onto the surface of the f i r s t  photocathode of
each detector .  These reseau marks are only used with f l a t - f i e l d  ca l i b ra t i on
images (shu t te rs  c losed) ,  since they cannot normal ly be detected in ce les t i a l
images.

Higher rates of up to 3 counts/p ixe l /second can be corrected with decreasing
accuracy. B r igh te r  ob jec ts  can be observed by using at tenuators ( in the f/96
opt ical  path) or by reducing the f ie ld  format so that a given pixel can be
sampled more frequently. In the [64 x 64] pixel format at fu l l  resolut ion,
the 10% photometric accuracy l im i t  is about 190 counts/pixel/second. One
app l i ca t i on  of th is  higher data rate would be for the Time Resolut ion Imaging
Mode (TRIM) to search for opt ical  counterparts to radio pulsars or variable
X-ray sources. This app l i ca t i on  would use exposure times much shor ter  than
100 seconds. All the necessary TRIM hardware is implemented and has been
tested, while the software needed to make i t  avai lable to the user may be
added l a te r ,  depending in part  on the i n t e res t  shown by astronomers in the
capab i l i t y .

Although each detector has a format of [1024 x 1024] p i xe l s ,  the SDS can hold
only 218 (or 256K) 16 -b i t  data words (the equ iva len t  of an area of [512 «x
512] p i xe l s ) .  The observer has several con t ro l s  for using th is  storage
capaci ty  e f f ec t i ve l y :

1. The starting pixel can be specif ied with a least increment
corresponding to 0.25 p ixe l  both ho r i zon ta l l y  and ve r t i ca l l y .
Some telemetry mon i to r ing ,  however, provides i t  with a leas t
increment of 32 pixels.

2. The number of p i xe ls  per l ine can be spec i f i ed  to be 512, 256,
128, or 64.

3. The number of l i nes  per frame can be spec i f i ed  to be 1024,
512, 256, 128, or 64.
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4, The number of b i t s  per word can be spec i f i ed  to be 16 or 8.

5. By using the "one-dimensional zoom" capab i l i t y ,  the size of a
p ixe l  in the l i ne -scan  d i r ec t i on  can be increased from 25
microns to 50 microns (g iv ing a pixel size of 50 x 25 microns

and a total l ine size of 512 p i xe ls ) .  The size in the frame-
scan d i r ec t i on  is f i xed at 25 microns.

By FOC convent ion, however, not a l l  the poss ib le  formats are expected to be
employed. Ins tead ,  only the f o l l ow ing  six formats (a l l  of which make use of
the fu l l  SDS memory) are defined in FOC specif icat ions: |

1. Square ( " f u l l " )  scan, 512 p ixe ls / l i ne  x 512 lines/frame (16
b i t s ) ;

2. Square scan, 256 pixels x 256 l ines (16 b i t s ) ;

3. Square scan, 128 p i xe l s  Xx 128 l i nes  (16 b i t s ) ;

4. Square scan, 64 pixels x 64 l ines (16 b i t s ) ;

5. Rectangular scan, 256 pixels x 1024 l ines (16 b i t s ) ;  and

6. Rectangular scan, 512 pixels x 1024 l ines (8 bits).

In a l l  cases, the f u l l  256K 16 -b i t  words (4 x 220 b i t s )  of ac t ive  SDS memory
are sent on the downl ink.  For formats 2, 3, and 4 (which do not completely
fi11 the SDS), several versions (cal led "subimages") of the exposure are
accumulated because the SDS stores data assuming a 512 x 512 scan format.
The resu l t i ng  subimages are not i den t i ca l  cop ies ,  but have s ta t i s t i ca l
va r i a t i ons .  I f  8 b i t s / p i xe l  are used, the data is in te r leaved in the memory,
and hence has to be decommutated and rearranged to gain a normal image l i ne
representa t ion .  Note that 8 -b i t  words are requ i red  for format 6 because of
the memory capac i t y .

Although these six formats are the only ones included in the inst rument
spec i f i ca t i on ,  other formats can also be produced by the inst rument .  The
camera, for example, w i l l  scan 64 p i xe l s / l i ne  and 1024 l ines / f rame i f  so
commanded. Pre-launch ca l i b ra t i on  in fo rmat ion ,  however, is only expected to
be obtained for a few "observat ion formats" (def ined to be not only the
number of p i xe l s / l i ne  and l i nes / f r ame ,  but also the s ta r t i ng  po int  for these
samples). These include a centered [512 x 512] and a centered [256 pixels x
1024 l i nes ] .  S ince,  contrary to most other  ST i ns t rumen ts ,  the FOC sensors



®

FOC | ND-1005A
SOGS | 

| L 12 /30 /83

are not d i sc re te  elements, i t  is un l i ke l y  that subsets of a complete [1024 «x
1024] set of ca l i b ra t i on  in fo rmat ion  could be successfu l ly  employed to
process i nd i v i dua l  images obtained from po r t i ons  of this ove ra l l  f i e l d .  One
application of the FOC's capabi l i ty  to have various "observation formats" is
for on-board target acqu i s i t i on ;  for s c i en t i f i c  observat ions,  however, i t  has
been speculated that 90% of them wi l l  use [512 x 512] centered; 98% of them
wi l l  have a s ta r t ing  p ixe l  that re f lec ts  the moni tor ing quan t i za t ion  of 32
pixels.

The CM inc ludes structure,  op t i c s ,  mechanisms, e l ec t ron i cs ,  and the On-Board
Data Handling (OBDH) System. The OBDH is an assembly of components that
i n te r face  with a l l  subsystems of the FOC for operat ional  con t ro l ,  moni tor ing,
and gather ing of science and engineering data. Included in the OBDH are the
Remote Terminal Uni t  (RTU) and the Data Handl ing In te r face and Contro l  Uni t
(DICU) to provide data l i nks  between the SI C&DH and the CM/PDA, the FOC On-
Board Computer (0BC) for in te rpre ta t ion  of macro commands and generat ion of
command sequences to contro l  the FOC modes, and the SDS to process and store
the image data gathered dur ing an exposure. The DICU is the cent ra l  par t  of

the FOC 0BDH, and can be operated in D i rec t  Access (no data exchange between

OBC and DICU is  poss ib le)  or Normal Access (no d i rect  data exchange between

the RTU and the RIU via the DICU is poss ib l e ) .  Other support e l ec t ron i cs
inc lude the CM Power Condi t ion ing Unit  (PCU), the Thermal Contro l  E lec t ron i cs
(TCE), and the Mechanism Dr ive E lec t ron i cs  (MDE). Al l  CM e l ec t ron i cs  (except
the OBC) are redundant. The backup to the OBC is the NSSC-1 SI C&DH on-board
computer (with the DICU operated in Direct Access).

The PDA cons i s t s  of two independent  detector chains se rv i ng  the two op t i ca l

paths of the FOC. I t  converts the foca l -p lane image of the FOC in to  e l ec t r i -

cal signals for further processing. By FOC convention, references to "xxx1"
are to the f/48 op t i ca l - pa th  hardware and to "xxx2" are to the f /96 hardware.
Switching between detectors can be done qu i ck l y ,  but thermal s tab i l izat ion
can take as long as 24 hours. To meet the image s tab i l i t y  requirements,  the
i n t e rna l  sur faces  of the l oad -ca r r y i ng  s t ruc ture  that  enclose the FOC op t i ca l

bench are ac t i ve l y  thermal ly  con t ro l l ed  with a s t ab i l i t y  of bet ter  than 0.5°

C. Temperatures should not d r i f t  s i gn i f i can t l y  dur ing an exposure, nor

should there be a temperature grad ien t  ins ide  the op t i ca l  bench.
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" The PDA can be subdivided into a pair of Detector Head Units (DHU-1 for the
f /48 path and DHU-2 for the f/96 path,  each with an image “ " I n tens i f i e r
Section" and a TV "Camera Section") and the fol lowing major electronic un i ts :

1, A s ing le  Power Cond i t ion ing  Uni t  (PCU) that prov ides a l l
voltages required by the PDA and the Calibrat ion Unit (CU).
The CM also has a PCU.

2. Two Camera E lec t ron i c  Uni ts  (CEUs) that provide the necessary
dr ives  and operat ing potent ia ls  to the camera tubes, as well
as the current  for the focus and al ignment co i l s ,  de f lec t ion
coi l  scan waveforms, and t r imco i l .

3. Two Yideo Processing Units (VPUs) that contain most of the PDA
e lec t ron i cs .  Each VPU implements the ex te rna l l y  commanded
operat iona l  modes of the detectors,  and has the PRU for cen-

- troiding of photon events and re jec t ion of fa lse events,  a
Histogram Test Un i t ,  and e lec t ron i cs  for i n te r fac ing  with
other FOC subsystems.

4. Two In tens i f i e r  E lec t r i ca l  High Tension (IEHT) boxes that
p rov ide  nomina l  12 KY and 36 KY for  the DHU In tens i f i e r
Sect ions.

5. Two Camera E lec t r ica l  High Tension (CEHT) boxes that provide a
nominal -12 KY for the imaging par t  of the EBS camera tube in
the DHU Camera Sect ion .

There is no cross-s t rapp ing between the two redundant DHU chains at any
intermediate point or at the PDA/CM interface.

The video s ignal  from the TV camera p reampl i f i e r  is  received by the VPU
analog processing b lock.  This s ignal  is  a l i ne -by - l i ne  scan of an image
conta in ing a number of photon events as well as noise and jon events.  Some
10-25% of the photon events can be expected to be part ia l ly  overlapping at
the upper l im i t  of the PDA i n tens i t y  range, but for the vast major i ty  of the
time non-overlapping events w i l l  be rece ived.  I t  should be recognized that
nop ic ture content  is contained in a s ing le  frame of the TV scan (a l l  that is
registered is a number of events randomly d is t r ibuted in the frame). The
picture information is  only detected by count ing the a r r i va l  rate of the
photons at each p ixe l  l oca t i on ,  and th is  count ing is  done by the SDS.
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As an event is scanned by several l i nes  of the TV ras te r ,  an approximately
gaussian-shaped pulse is produced in the video l i ne .  The pulse increases in
both height (or amplitude) and width (or extent) on successive l ines un t i l
the maximum is crossed, and then decreases again. The VPU analog processing
block produces two s i gna l s :  a Peak Signal and an Extent S igna l .  The Peak
Signal is a digital transition that corresponds (w i t h i n  certain l im i t s )  to
the i ns tan t  of maximum amp l i t ude  of the v ideo s i gna l :  t h i s  de f i nes  the
loca t i on  of the center of photons in the l i ne  scan d i r ec t i on .  The hardware
uses a zero-cross ing detector: since these devices are sens i t i ve  to high
frequency no ise,  an arming level  c i r cu i t  (set  by a f ou r -b i t  arming threshold
command) is incorporated.  This arming leve l  vo l tage must be exceeded before
a zero crossing (and hence the peak of an event) may be detected.  The Extent
Signal is a digital state that corresponds to the times for which the video
signal amplitude exceeds a preset th resho ld :  i t  is used to detect  the end of
an event ( in the frame-scan d i r ec t i on )  and also to def ine the ho r i zon ta l
extent of events.  A f ou r -b i t  extent  threshold command is  used to set the
amplitude gate.

The VPU d i g i t a l  processing block operates on these Peak and Extent  Signals in
such a way that the two-dimensional digital pat terns  they represent  are

turned in to  a b i t  stream represent ing the cent ro ids  (centers in two dimen-
sions) of va l i d  photon events .  Events from one to e ight  p i xe l s  in diameter
can be de tec ted  in  a l l  s i ng le  pa t t e rns  and most two -even t  ove r l app ing
patterns. With in the range of events that  can be detec ted,  the accepted
sizes are programmed into a Field Programmable Logic Array (FPLA). The
Pat tern Recogni t ion Logic (PRL) analyses the event ve r t i ca l  and ho r i zon ta l
extents to d i s t i ngu i sh  the type of pat tern present ,  which is then e i the r
accepted or rejected according to the photon acceptance c r i t e r i a .  A wide
range of event sizes and over lapping cond i t ions  can be recognized and the i r
centers determined. See SLIB 802 for the de ta i l s  of the mechanization.

The video signal  processed by the PRU w i l l  be delayed with respect  to the
o r i g i na l  camera s i gna l s  due to seve ra l  components ( i nc l ud ing  cable and
amp l i f i e r s ) .  I f  no act ion were taken to co r rec t  for this " loop de lay " ,  the
p i c tu re  would be shifted to the r i gh t  with the l e f t  edge being black and the
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corresponding image l os t  from the r i gh t  edge. To compensate for t h i s ,  the

log ic  is  run several p i xe l s  behind the l ine  scan. The delay can be ad justed

on the ground in the range of 4-8 p i xe l s ,  and a fur ther adjustment of -1 to

+2 p i xe l s  is  p rov idedby a two-b i t  loop delay command (g i v i ng  a total  con t ro l

of from 3 to 10 pixels).

In add i t i on  to the normal pattern recogn i t ion  mode for the PRU, the PDA has

two other capab i l i t i e s  that are implemented in separate FPLAs. One is  Zoom,

in which the size of events is  e f fec t i ve ly  halved in the hor i zon ta l  d i r ec -

t ion. Selection of Zoom also impacts the CEU (gain switching in the def lec-
t ion co i l  dr ive c i r cu i t s ) .  The other is Histogram, whose FPLA examines the

hor izon ta l  and ve r t i ca l  event ex tent  in fo rmat ion  to give a coded output that

def ines the event category present  ( i f  any). This gives a separate coded

word for over lapping events whereas in the other two FPLAs events of the same

size are c l ass i f i ed  the same regardless of the total  size of the over lapping

events in which they are ‘contained. Switching between these modes imposes

the only requirement for power swi tch ing w i t h i n  the VPU. The re lay to be

operated is selected by a memory load command and la tched by app l i ca t i on  of

an on/off command.

The PDA also has a Histogram Test Unit  with a Histogram/Ratemeter capab i l i t y .

When th is  un i t  is runn ing ,  no data is sent to the SDS; ins tead ,  the PDA's

output  is in the engineering telemetry (ET). For the Histogram op t i on ,  the
PDA counts the number of times a pa r t i cu l a r  event category is observed (the

ou tpu t  of the H i s tog ram FPLA) in  a spec i f i ed  t ime i n te r va l .  Th is  data

together with a code for the event category is telemetered to ground, and the
un i t  steps through a l l  48 event categor ies.  The non-zero length of time over
which the event count data is co l l ec ted  can be var ied from 3-1023 PDA scan
frames (each 30 msec), and the cycle through the event types is r epe t i t i ve .
By moni tor ing the count data over a number of cyc les ,  a histogram can be
bu i l t  up. Analysis of the count histogram of event categor ies w i l l  enable

the se t t i ngs  of var ious PDA parameters (such as high vo l tages,  focus cu r ren t ,
and thresholds) to be determined to achieve a sharp e lec t r ica l  focusing of
the de tec to r .  There is not yet enough experience to es tab l i sh  how the PDA
e lec t r i ca l  parameters d r i f t  with time ( cu r ren t l y ,  i t  is an t i c i pa ted  that they
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wi l l  be ve r i f i ed  at the beginning of major observation periods). For the
Ratemeter op t i on ,  one of 16 event types,  each corresponding to a va l i d  photon
detec t ion ,  can be selected, and counts co l lec ted  over the spec i f ied  time
i n t e r va l .  Since i nsu f f i c i en t  power is  ava i l ab le  to operate the Histogram

Test Unit  at the same time as the main VPU, a change-over re lay is used to
minimize components.

The Ca l i b ra t i on  Unit  conta ins seven L igh t  Emi t t i ng  Diodes (LEDs): two red,

two ye l l ow ,  two green, and one blue. The LED that is  selected for operat ion

can be set to 256 i n tens i t y  l eve ls  ( i nc l ud ing  the near-minimum de fau l t
i n t ens i t y ) .  The l i gh t  from the CU is sent to each DHU by using the m i r ro rs

mounted on the back of the CM shu t t e r s ,  both of which must be closed p r i o r  to

use of the CU (the fac t  that both shut te rs  are closed can be used to conclude

that the image is a f l a t - f i e l d  one). The CU is capable of i l luminat ing
simul taneously both ca l i b ra t i on  m i r ro r s .  I t  w i l l  be used to monitor the

p i xe l - t o -p i xe l  va r i a t i ons  of the FOC throughput,  the i n t ens i t y  t ransfer

f unc t i on ,  and the spect ra l  response. Absolute ca l i b ra t i on  of the FOC w i l l  be

provided by pe r i od i c  observat ions of standard star f i e l ds .

There is also a Radiat ion Moni tor ing Uni t  (RMU) associated with the CU: data

from th is  device requ i res  complex o f f - l i ne  long- term processing and must be
routed to ESTEC for eventual  ana l ys i s .  I t  measures the tota l  r ad ia t i on  f l ux

received by i t s  sensing element when in the exposure mode (as i t  is when the
PDA-PCU is on). I t  is in the read mode when the CU is on. The CU e lec t ron -
ics also houses two Quartz Crystal Monitors (QCMs) used for contamination
moni tor ing .  The choice of which one is energized is determined by a b i t  in
the memory load command word.

The CM's SDS has the capaci ty to accept an image of [512 p i xe l s  x 512 l i nes ]

(16 -b i t  word mode) or [512 p i xe l s  x 1024 l i nes ]  ( 8 -b i t  mode) to be scanned
and recorded a t  any one time. The cycle time of the data store accepts a
camera scan ra te  of 10M p i xe l s / second  ( t h i s  ra te  is  ma in ta i nedfor a l l
fo rmats) .  The PDA generates an increment command for every p ixe l  scanned in
which a photon event has been detected.  The increment commands of four
sequential  p i xe l s  are grouped together and t ransmi t ted in pa ra l l e l .  For



Foc ND-1005A
S0GS t e  12/30/83

~normal opera t ion ,  i t  is expected that averaged over one l ine  scan of 512
p i xe l s  there w i l l  be less than one incrementation per six p i xe l s ;  averaged
over one scan of a fu l l  frame of 256K (512 * 512) pixels there is expected to
be less than one incrementation per ten p i xe l s .  Readout of 256K p i xe l s
occurs in less than 30 msec; of 4K (64 * 64) p i xe l s  in less than 520 usec.

There are two sets of SDS electronics (SDS-1 and SDS-2), with unit 1.
dedicated to the f/48 opt ica l  path and unit  2 to the f/96 path. The SDS
memory is phys i ca l l y  d i v ided  in to  22 modules of 16K 16 -b i t  data words each
(ho ld ing  32 words from each of 512 l i nes ) ,  but only 16 modules are ac t ive  at

any given time. These 16 modules are accessed in sequence to reduce the
requirements on memory cycle time. Each SDS word has 22 b i t s ,  with the extra
6 bits being used for "s ing le -b i t "  error cor rec t ion  and " two-bi t "  error
detection. Inc luded in the engineer ing telemetry are b i t s  set for each
log ica l  module i f  an error of one of these types occurs (as well as a count
of the unrecoverable e r ro r s ) .  I f  more than 6 SDS memory modules f a i l ,  the
memory can s t i l l  be operated in a reduced data mode. In th is  case, zeros
wi l l  appear in the downl ink for those modules that  are not ava i l ab le .  Data

loss occurs from the "right-hand" side, so if only 15 modules are up, would
get for the [512 x 512] format words 0-479 for each of the 512 PDA lines.

The SDS can be operated in e i the r  the normal imaging mode or the SDS dump
mode, so i t  is necessary to interrupt the p ixe l  increment commands from the
PDA to read out the SDS memory to the down l i nk .  For long exposures ,  r eadou ts

wi l l  be taken about every 20-30 minutes (the concern prev ious ly  expressed
about magnetic e f fec ts  requ i r i ng  a readout every f ive minutes no longer is
app l i cab le ) .  Each readout  has a dump of the 256K 16 -b i t  words of SDS memory,
and hence con ta i ns  4M data b i t s  (M = 220) | Readout of sc ience  data i s
normally done under contro l  of the NSSC-1, which con t ro ls  the gat ing of
signals to the Remote Interface Unit (RIU) of the SI C&DH (Control and Data
Handl ing) ,  i nc l ud ing  the Science Data Formatter (SDF). From the SDF, the
data is fed to the downlink or the tape recorder .  For target acqu i s i t i on ,
however, the science data is dumped to the NSSC-1 (which uses the in fo rmat ion
in a [64 pixels x 60 l ines ]  image to calculate the location of the "point "
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with the maximum count number). On-board target  acqu i s i t i on  data looks l i ke
other data, and i s  read in the [128 x 128] format. The NSSC-1 uses the
middle 64 pixels of each 128 in PDA l ines 32-91 (see SLIB 1062 for de ta i l s ) .

The operat ion of the FOC i s  normal ly con t ro l l ed  by macro commands that are
sent from the ground to the SSM and then to the Stored Command Processor of
the NSSC-1. Decoding of the commands is done by the NSSC-1 and/or the FOC
OBC. These macro commands inc lude sets of parameters (see Sect ion 3.1) to
spec i fy  the de ta i l ed  execut ion of a spec i f i c  FOC task, and most have absolute

time tags.  With the a id of these macrocommands, the i n f l i gh t  so f twa re
operates l i ke  table-contro l led software. Onboard ac t i v i t i e s  are performed

s t r i c t l y  according to the scheduled time sequences, which must take the:

normal execu t i on  time of the assoc ia ted  task i n to  cons ide ra t i on .  The

advantage of th is  concept is the clear r e l a t i onsh ip  between the preplanned
macrocommands from the ground and the i r  execut ion onboard. The macro com-
mands are spaced in time so that no in te r fe rence between them is an t i c i pa ted .
User commands can also be sent d i rec t l y  to the FOC hardware, but these are
not expected to be used except dur ing i n i t i a l i za t i on  and in contingency
situations.

By using the DICU capab i l i t y ,  the FOC can be operated in e i t he r  "Normal
Access” or "Direct  Access". Normal Access is defined as that access where
the i n f l i gh t  software of the FOC OBC mainly con t ro l s  the func t ion  of the FOC;
D i rec t  Access is  def ined as that access where the FOC OBC is switched of f

( poss ib l y  due to f a i l u re  or power reasons)  and the FOC-unique so f twa re
running in the NSSC-1 exc lus i ve l y  con t ro l s  the FOC. Thus the NSSC-1 provides
redundancy in the event that the 0BC fa i l s  (ROM er ro rs  or i nsu f f i c i en t  "good"
RAM b locks ) .  The FOC's onboard computer (OBC) has 2K 16 -b i t  words of
i n te rna l  ROM (opera t ing  system and i n te r rup t  hand le r ) ,  8K words of i n t e rna l
RAM, and 8K words of ex te rna l l y  packaged ROM ( for  app l i ca t i on  processors).
The 0BC RAM is d i v i ded  in to  e ight  1K memory blocks that are re l oca tab le :  6K
is requ i red  for va r i ab les ,  tables, scratch pad, and science data s torage,
while 2K is  spare. Each time the FOC is i n i t i a l i zed ,  the operat ing system
does a se l f - t es t  of each 1K b lock ,  and only the good blocks are used. The
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f u l l  18K of OBC memory can be dumped via the science l i nk ,  and four consecu-
t ive  words can be selected for dumping as par t  of the engineering te lemetry.
A checksum of the ROM can be i n i t i a t ed  by a macro command, and a b i t  is  set
in the engineering telemetry to re f lec t  the resu l ts .

In Normal Access, the NSSC-1 is respons ib le  fo r :  thermal cont ro l ,  moni tor ing
RIU data, engineer ing data transmission, power swi tch ing ,  computer access
swi tch ing ,  in te r fac ing  with the 0BC, FOC-Unique Data Log generat ion,  science
data handl ing,  and target acqu i s i t i on .  In D i rec t  Access, i t  also must assume
respons ib i l t y  fo r :  exposure con t ro l ,  mon i to r ing  RTU data, mechanism se t t ing ,
SDS mode se lec t i on ,  PDA mode se lec t i on ,  PDA e lec t r i ca l  parameter assignment,
ca l i b ra t i on  source se t t i ng ,  and SDS module se lec t i on ,  

|

The NSSC-1 has seven FOC processors (de f ined  as software components handled
by the task management funct ion of the NSSC-1 system sof tware) .  In order of
decreasing (less urgent) p r io r i t y ,  they are:

1. Special  Engineering Data Snap Act ion that sends requests to
the NSSC-1 system software to sample engineering data.

2. Engineering Data Processor RTU (XFPMEDT), responsible for the
generation of the last 240 ET (out of 300) words, the FOC-
Unique Data Log, se rv i c i ng  of dump requests ,  and handl ing the
temperature f lag log ic  for the high-voltage suppl ies (which
should not be turned on unless their  temperature is  above
-10°C) .  This is NSSC-1 processor #10. 

|

3. Thermal Control Processor (XFPTCTR), activated every 15
seconds to ca l cu la te  (based on ground-supplied parameters) the
power to be d iss ipa ted  by the heater mats in the OBE and EHT
boxes. Four -b i t  output  commands to 13 i nd i v i dua l  heaters are
generated for the TCE. These commands are referred to as
"D-Values", and set a voltage value from which (E"/R) the
corresponding power can be computed (see SLIB 792). There are
two control ranges of the TCE (narrow and broad), with the
broad range normally used only dur ing non-operat ional f l i gh t
modes ( i t  is needed due to the long time constant of the
opi tca l  bench). This is NSSC-1 processor #11,

4. Engineering Data Processor RIU (XFPMEDI), responsib le for the
generation of the f i r s t  60 (out of 300) ET words in the output
stream. This is  NSSC-1 processor #12.
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FOC Internal  Safing Processor (XFPMSAF), responsible for
moni to r ing  FOC temperatures to detect hazardous s i t ua t i ons .
This is  NSSC-1 processor #13, which runs every 15 seconds.
The saf ing sequence that is invoked is determined by the
opt ica l  t ra in  in use.

Macro Command Processor (XFPHMAC), responsible for determining
where a macro command shou ld  be execu ted  and ca l l i ng  the
appropriate rout ine.  This is NSSC-1 processor #14.

Target Acqu i s i t i on  Processor (XFPQTAP), which determines the
pos i t i on  of a target object  and requests a slew of the ST.
This is  NSSC-1 processor #9.

processors.
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2. FOC MODES OF OPERATION

There are three kinds of FOC "modes" that need to be distinguished:

1. Instrument Modes, where control  by the FOC e lec t ron i cs  causes
d i f fe rences  in the measured data due to data gather ing d i f fe r -
ences;

2. Science Data Modes, where se t t ings  of the opt ics  or e l ec t ron i c
parameters cause d i f fe rent  e f fec ts ;  and

3. Ground Software Modes (d i f f e rences  in ground processing that
can be a function of the Instrument Mode and/or Science Data
Mode).

These modes are t r ea ted  in separa te  sec t i ons  be low.  Th roughou t  t h i s

document, b i t  1 is the most s ign i f i cant  (or sign) and bi t  8 or b i t  16 is the

l eas t  s i gn i f i can t  ( fo r  8 -b i t  words and 16 -b i t  words respectively).  The

no ta t ion  "Xxxx" (xxx a set of three d i g i t s )  means the LMSC engineer ing

telemetry abbreviated measurement i den t i f i e r  (see Section 4), and "X.xxx"
re fers  to telemetry that lacks an LMSC i den t i f i e r .  Tables 4.2-7 and 4.2-8

l i s t  a l l  the FOC te l eme t r y  in  sequence by the i den t i f i e r  va lue  and by

mnemonic, r espec t i ve l y .  )

Mnemonics quoted in th is  document are ( i f  app l icab le)  genera l ly  those in

LMSC's SLIB 1089, as are the measurement i den t i f i e r s .  Mnemonics for

telemetry having the "X.xxx" form of i den t i f i e r  also have their f i r s t  two
characters set to "XX", and were coined for referencing convenience purposes
in th is  document (they are not o f f i c i a l  FOC no ta t i ons ) .  A number of the FOC

quan t i t i es  were given d i f f e ren t  measurement i den t i f i e r s  in SLIB 1035. Table

4.3-2  g ives the FOC telemetry in  the format of SLIB 1035, and Table 4 .3 -3

gives a cross-reference table re la t ing  LMSC (SLIB 1089) and FOC (SLIB 1035)
i den t i f i e r s .  For consistency with the other SOGS Notebooks, however, LMSC

iden t i f i e r s  are used elsewhere in th is  Notebook.

2.1 FOC INSTRUMENT MODES
In FOC documentation, the term "mode" is often used to refer to the power
supply con f igu ra t ion  (such as hold; low vo l tage ;  and high vol tage opera-

t i ona l ,  data co l l ec t ,  and data ready ) .  Although th is  approach i s  appropr ia te

from an operational viewpoint, these "modes" do not control the form of the
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i n fo rmat ion  provided on the science downl ink.  As discussed in Sect ion 1.5,
the data on the science downlink r esu l t s  from a dump of the 256K 16 -b i t  words
of the SDS memory: th is  dump is always made from the f i r s t  word in the memory
to the las t  word. The o r i g i na l  storage of in fo rmat ion  in th is  memory can be
spec i f i ed  by the observer using several parameters that are in both the
Engineering Telemetry (ET) stream and in the FOC-Unique Data Log.

The quan t i t i es  con t ro l l i ng  the format of SDS data storage are:

1 Pixels/Line; |

2 Lines/Frame; and

3 B i ts /P ixe l .

These are treated in separate sect ions below.

2.1.1 Pixels/Line Instrument Mode
There are four poss ib i l i t i e s  for the number of p i xe l s  (data storage elements
of 16 or 8 b i ts)  per l ine .  Their coded values, and the associated true
number, in the macro command (see Section 3.1.3) are:

A value of 0 means 512 p i xe l s / l i ne ;

A value of 1 means 256 p i xe l s / l i ne ;

~ A value of 2 means 128 p i xe l s / l i ne ;  and

A value of 3 means 64 p i xe l s / l i ne .

To obtain the value of th is inst rument  mode, i t  is f i r s t  necessary to estab-
l ish which opt ical  path (f/48 or f/96) is being used. There are several
quan t i t i es  that could be used for th is  purpose. For example, the measurement
considered most sa t is fac tory  by the IDT (see SLIB T20) is  the AC converter
current ,  which is measurement XCONV1AC/X346 for f/48 and XCONV2AC/X347 for
f /96. Using these currents, i f  the f/48 value is above a data base thresh-
old,  i t  can be concluded that the f/48 detector  is  being used, and the f /96
in format ion can be ignored.  I f  the f/48 measurement is below the th resho ld ,
but the f/96 measurement is above a d i f f e ren t  threshold,  then i t  can be
concluded that the f/96 detector  i s  being used. I f  ne i ther  measurement is
above the thresho ld ,  there is i nsu f f i c i en t  in format ion to determine the
op t i ca l  path from these AC currents.
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I f  the f /48 op t i ca l  path is being used, the value of the p i xe l s / l i ne  (coded
as shown above) is  in X48PXPLN/X544 (the r esu l t  from the VPU); i f  the f/96
opt ical  path is being used, the VPU value is in X96PXPLN/X628. The value
from the NSSC-1 (the resu l t  of the echo of command ML VP-01 to the VPU) is in
XCCVPPXL/X642 ( l i kew i se  coded as shown above).

The command to the CEU is XCCCUPXL/X636, with a inverted signif icance: values
of 0-3 are for 64, 128, 256, and 512 pixels/1ine respectively. The CEU value
is also ref lected in XCUIPPLN/X395 for the CEU-1 (f /48) path and XCU2PPLN/
X468 for the CEU-2 (f /96) path. These CEU values are "analog step func-
t i ons " ,  having d iscrete values (in the approximate range of 0-255) depending
on which of the four al lowed values are being processed.

2.1.2 Lines/Frame Instrument Mode
There are f ive poss ib i l i t i e s  for the number of l i nes  per frame, where the

number of data storage elements in a l ine is defined in 2.1.1 and a "frame"
is  a complete scan of the EBS tube target area of interest. Their coded
values, and the associated true number, are:

A value of 0 means 512 l ines/frame;

A value of 1 means 256 l ines/frame;

A value of 2 means 128 lines/frame;

A value of 3 means 64 l ines/frame; and

A value of 4 means 1024 lines/frame.

I f  the f /48 op t i ca l  path is  being used (see Sec t ion  2 .1 .1 ) ,  the value of the

VPU's Tines/frame is in X48LNPFR/XS542; i f  the f/96 path is being used, the
value is in X96LNPFR/X626. The value from the NSSC-1 (the resu l t  of the echo
of command ML VP-0l1 to the VPU) is also on the downlink (in XCCVPLNF/X640).

2.1.3 Bi ts/Pixel  Instrument Mode
Contrary to the previous two FOC Ins t rument  Mode spec i f i ca t i ons ,  the cont ro l

of the B i t s /P i xe l  Instrument Mode l i es  not with the PDA hardware but with the

SDS i t se l f .  The two poss ib le  values are 16 b i t s / p i xe l  (expected to be the

one normally used) and 8 b i t s / p i xe l .  Determination of the value from the
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examine the appropr ia te  b i t  in SDSn Address Regis ter  B:

1 .

I f  the P i xe l s /L i ne  Instrument Mode re f l ec ts  a value of 512 p i xe l s / l i ne  and

the Lines/Frame Instrument Mode re f lec ts  1024 1lines/frame,

Pixel Instrument Mode should re f l ec t  8 b i t s / p i xe l .
complete image does not f i t  in the 256K words (512K bytes) of the SDS memory.

One way (see SLIB T20) of determining which SDS electronics is
energized i s  from the housekeeping vo l tages .  For example, i f
the SDS-1 voltage (XSDS1VLT/X332) is above a data base thresh-
old, the SDS-1 parameters can be used (and SDS-2 can be ig-
nored); otherwise, i f  the SDS-2 voltage (XSDS2VLT/X333) is
above a d i f f e ren t  data base th resho ld ,  the SDS-2 parameters
can be used. Note that the SDS-1 e lec t ron i cs  are associated
with the f /48 op t i ca l  path and the SDS-2 e l ec t ron i cs  with the
f/96 op t i ca l  pa th .  I f  ne i the r  vol tage is above i t s  respect ive
th resho ld ,  there is i nsu f f i c i en t  in fo rmat ion  to determine the
ac t i ve  SDS e lec t ron i cs  from these voltages.

I f  SDS-1 is cont ro l l ing,  use XSDIMODE/X100; i f  SDS-2 is con-
t r o l l i ng ,  use XSD2MODE/X180. The selected b i t  is 0 for 16
b i t s /p i xe l  and 1 for 8 b i t s / p i xe l .

[ f  i t  does no t ,

then the B i t s /
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2.2 FOC SCIENCE DATA MODES
The FOC (in common with the WF/PC) fundamentally has a single science data
mode: i t  acts as a photometr ic ,  area imager. By choice of the l ight -beam

elements and SDS con t ro l s ,  however, three d i s t i nc t  photometric modes can be
def ined:

1 D i rec t  Imaging;

2 Spectroscopy; and

3 Time Resolut ion Imaging.

These modes are treated in separate sect ions below.

2.2.1 D i rec t  Imaging Science Data Mode

The D i rec t  Imaging Science Data Mode can be used with the f/48 and f/96

op t i ca l  paths. Both paths have the opt ion of i nse r t i ng  f i l t e r s  ( four  wheels

in the f/96 path, and two in the f/48 path) into the l i gh t  beam. In addi-
t ion,  the f/96 path has the opt ion (by su i t ab le  ST po in t i ng )  of using corono-

graphic masks, as well as imaging at f/288 by using the HRA that is inser ted

in the path by the CAM (see Section 1.5).

2.2 .2  Spectroscopy Science Data Mode

The Spectroscopy Science Data Mode can only be employed with the f/48 op t i ca l

path. I t  t yp i ca l l y  would be used with the FOC Lines/Frame Instrument Mode

spec i fy ing  1024 1lines/frame (the frame d i rec t i on  is  that of the spectrum
d ispers ion ) .  The P i xe l s /L i ne  Instrument Mode t yp i ca l l y  is e i t he r  256 or 512,

e i the r  with or w i t hou t  the one-dimensional zoom (see Section 1.5) p rov i s i on .
To enable th is  mode, the SMM is used to i nse r t  a re lay  mi r ro r  in to the beam

(see Sect ion 1 .5 ) .  Es tab l i sh ing  the l oca t i on  of the SMM from the telemetry
requ i res  a two-step process: i t  is f i r s t  necessary to determine which set of
mechanism e lec t ron i cs  (MDE-1 or MDE-2) is energized, and then. examine the
appropr iate b i t  in MDEn T™ word 3:

1. One way (see SLIB T20) of determining which set of MDE elec-
t r on i cs  is energized is from the housekeeping vo l tages.  For
example, i f  the MDE-1 vol tage (XMDE1VLT/X330) is above a data
base threshold (about 5 te lemetry counts,  where one count is
0.02 vo l t s ) ,  then the MDE-1 e lec t ron i cs  are being used, and
the MDE-2 outputs can be ignored.  Otherwise, i f  the MDE-2
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vo l t age  (XMDE2VLT/X331) is above a d i f f e ren t  data base thresh-
old,  the MDE-2 e l ec t ron i cs  are being used. I f  ne i t he r  vo l tage
is above i t s  respect ive  th resho ld ,  there is i nsu f f i c i en t  in-
format ion to determine the ac t i ve  MDE e lec t ron i cs  from these
vol tages.

2. I f  MDE-1 is  on, XMDE1SMM/X528 can be used to determine the SMM
posi t ion;  i f  MDE-2 is on, XMDE2SMM/X612 can be used. Each of
these measurements has two b i t s :  a value of 10, means the SMM
is out-of-beam (b i t  XXDE1SMO/X.320 or XXDE2SMO[X.420 = 1) and
a value of 01, ( b i t  XXDEISMI/X.321 or XXDE2SMI/X.421 = 1)
means i t  i s  i f --beam. The b i t s  cou ld  both be 0 ( f o r  one
telemetry sample) whi le the mechanism is moving; i f  they both
are 1, th is  is an error cond i t i on .

Since i t  only takes about 125 msec to move the SMM " f l i p - f l op "  mechanism, the
telemetry sample of the "busy" b i t  (XM1TQRAC/X705 for MDE-1 and XM2TQRAC/X715
for MDE~2) probably w i l l  miss the b r i e f  se t t i ng  of the b i t  ( for  normal
opera t ion ) .

2.2.3 Time Resolut ion Imaging Science Data Mode
The Time Resolut ion Imaging Science Data Mode ( re fe r red  to by the acronym
"TRIM") causes the SDS to be divided into 16 separate blocks of 16K (16-b i t )
words each. Successive photon events determined by the PDA only impact one
of these blocks ( r a the r  than causing add i t i ona l  subimages to be formed as
discussed in Sect ion 3 .3 ) .  The selected block is sequenced cyc l i ca l l y  at a
predetermined frequency to examine the behavior of a r egu la r l y  va r i ab le
as t ronom ica l  object, and the pe r i od  of the cyc le  is  set to t ha t  of the
observed ob jec t .  TRIM operat ion is expec ted to be done only for FOC P i xe l s /
Line and Lines/Frame Instrument Mode settings of [128 x 128] or [64 x 64]
(for the la t te r  case, would get 4 subimages), and in the 16-b i t  Bi ts /Pixel
Instrument Mode. I f  SDS-1 is contro l l ing (see Section 2.1.3) ,  TRIM enable is
spec i f i ed  by XSDITRIM/X092 being 1; i f  SDS-2 is con t ro l l i ng ,  then i t  is
spec i f i ed  by XSD2TRIM/X172 being 1. Changes from one block to the next are
accomplished by ex te rna l l y  loading the 4 most s i gn i f i can t  b i t s  of the l i ne
address in SDS Address Register A (see Sect ion 3 .3 .1 ) .  As discussed in
Sect ion 1.5,  a l l  the necessary hardware for TRIM is provided for the FOC and
has been tested;  the NSSC-1 software may be added at a la te r  date.
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2.3 FOC GROUND SOFTWARE MODES
There are two FOC Ground Software Modes:

1 Photometry; and

2 Spectrographic.

Their se lec t i on  is based on user inpu t  to the ground system.

2 .3 .1  Photometry Ground Software Mode

For the Photometry Ground Software Mode, the FOC Science Data Mode must be

D i rec t  Imaging or Time Resolut ion Imaging (see Sections 2 .2 .1  and 2 .2 .3 ) .  I f

TRIM i s  used,  the images from the i nd i v i dua l  SDS memory b l ocks  must be

processed ind iv idua l l y .  See Sect ion 5 for references to the processing

requ i red .

2.3.2 Spectrographic Ground Software Mode |

For the Spectrographic Ground Software Mode, the FOC Spectroscopy Science

Data Mode must be active (see Section 2 .2 .2) .  See Section 6 for references
to the processing requ i red .





LC -

;

v LE  : . a .  L - Rl .

’ FE t o  ” ] B 

- “ on

- = T =,  - a .  “ [A  . fi t t  .

o r  i} - ‘ [ , i .

* IN a _ | . \ =

-. . -  . . : Cor J
M " . ‘ = - Ll 0

! I ! . _ al. '

on ; - = . :
. Loan  .. - . 1

T ie .  aol . 1 .

. i ' v J i R_— wo i

i ' . 4 ' . ' N EE  " Fo
| . . ! Sor. . Cl [ I  I e  i .

' f ' PE , . ne  i 1 4

- 1 . CR  * . - - f i .
» oT A ' ) n . Te  v ,  ' .

4 M - oT  . ' n . a ¥

Vv . E J t  : H ! . . N ’ So  [ h N. \ - uv
- ' Lv 0 [! r y

. [) :

~o . .  77+  Raymond M. Sonei ra  and John N. Bahcall ' .  CeIE  . Raymond M.  Sonecira and  John  N. Bahca l l  ©. =~ SPE

I , -
- Ll " [3 r- PE - A ' .

: : - , - : ' [- ! . R ! . -
J = ! ee ,  = . \ 

: - .  4 f

f va  4 we | . a
“ h l  ' . _ . ' . . + aa

: . “ ' ot IB

: : ' - of  i r  1 N iS E T

A L Z _ _ - . . ' .
ta co  . fi . 1 * - i f

} - . . IL , = . - - N. 1 oecE  : hd  ] CL - I co  ;

Tor ) I BE - EA  co  ’ Ce ‘pi Ce  . . - - oa ,  LE i . . i _
L r  - = , Yo  ' I

- : . BS ca  - .
ro. " h * h 4 fi . 3 ' .

. 1. A - . . - :

. ’ FE fi vos ‘. “ a  . B " r . a .  " - “

EE CONTRACT NAS8-32902 ~~ | BE EE

y c t  . . ) . , h a .

A = - ! , i , . . ,C t  ) . . - EE : |

lH - . . Lo  . =. + ' - N '

js : 1 ! ’ ’ xe - B 
i HE .

| . 4 .  - 1

a - LS . - a . * ® -
. > a » - “ _ , i . } ' a

' : ' . = r  -
! . ' ' + : 

h Te l

RE . - , [ ! ' , [ I  .
o t  KE , . B . + ' .

4 . H Pa  \ N . ; : a
, | . : H ' ' [3 A

LY ' . - - va  - '

* a * ! La  ' . -
- uw! | LoL ' f r

Pa  LEE " B i r e  ha t  -. ; Lo  . } . A e . - } ) N F I  i ,
a ,

) . a - , ' ’ n h ' N '

' 1 - - _ ) ‘ ' ’ "

R . ’ - - _ - " R [}

o l  4 \ = - A "

) PEE , [ o l  L L l  - SE  . , o r  ,
LT  kl * ' we M .
hE  Bs ' - ' - ' - h ' .

! , . t e  on ; \ > .

i e  o t t  : oT  i

' : ™ iN  wt  : :- : [ . : . , " : '

hal - v ‘ ' w 0 * " 1 —

+ v : | = ' NH f i  * ~ :- R - ' . A | B

+ ' - . 1 ' '

LJ * - 0‘ . L 4" afi o r  [ 0  Ya t  ta a i

n - 
A - ow  . i

L .  ~ - . . Hl | .
. . 5 - -

. 'on \ A . R .

- . ' 0

na  v Le  1 IM 7
. ' a

. . , -
\ - i ' '

. “a . J

. oF  hs
i ’  O 

. 0

. PEE  | Pe
0 . LE .

. . . - ’ A~ \ A . ;

! “ . ' oY h

, \ .

N p= = 1

. R . , , : B -
- ' ' 1 " ' oa  -

- * - + -, .
. - ' ; . f » '  t  - 

3
: - i \ . , .

} a : - 5 a
T

: ‘ [ o l  A t y
[PR I g t -

“ ~- w - -
, ; Fe  oo .. . [ I  »

£ HE " 7 Te  . r ha . i
AR 1 - ' *

! > . - . . - -

K - Th . ' ! “ - : i - ' | a :

Ne . F I  ce i .  ~

wt  . = fl . . . -

~ ~ © 0 0 ! ’

IE  EE B ' , vod  : ' : ' . - .
- ‘ . . ' i " i  - [ CL ”~ ! . + . .
H : L t y  : ER)  . — - * -



NASA Contractor Report 3374

Guide Star Probabilities

Raymond M. Soneira and John N.  Bahcall

Institute for Advanced Study

Princeton, New Jersey

Prepared for
Marshall Space Flight Center
under Contract NAS8-32902

\
National Aeronautics
and Space Administration

Scientific and Technical
Information Branch

1981



INTRODUCTION

We have ca lcu la ted the probabi l i t ies  for  f inding a su i tab le

pai r  o f  Guide Stars  (GS) in  the Fine Guidance System (FGS) of

the Space Te lescope  us ing  the Weis t rop north ga lac t i c  po le

s ta r  ca ta log  (Weis t rop  1972 )  and c l ass i ca l  data on br ight  s tar

counts (see espec ia l l y  Seares e t  al. 1925 and Bahcal l  and

Sone i ra  1980 ) .  Many o f  the cons idera t ions  and techniques

d i scussed  here are relevant for  other space astronomy m iss i ons .

The data are d i scussed  fu l l y  i n  Appendix A o f  th is  report

(which i s  a sec t ion  o f  a paper by  Bahcal l  and Sone i ra  1981  on

the d is t r ibu t ion  o f  br ight  s t a r s ) .  The ava i lab le  observat iona l

data are rather l imi ted but  are i n  good agreement wi th each

o ther .  The def in i t ion of  our task in  th is report i s  con-

ta ined in  Appendix B.

The most important conclusion from th is  report i s  that

the acquis i t ion probabi l i ty  for guide s ta rs  can be great ly

increased i f  the FGS w i l l  a l low the second member of  a guide

star  pa i r  to  be appreciably fa in ter  than the primary (b r igh t )

guide star.

a) GS Se lec t ion  Requirements

The requirements for  GS se lec t i on  that we have used a re :

1 .  Each FGS detector  sees  an area o f  sky { = 69 .2  square

arcmin.  The geometry for the 3 detectors  i s  shown in  f igure |

1 (wh ich  i s  taken from Groth 1978 ) .  ) |

2.  The sens i t i v i t y  o f  the GS detector  may be modeled as a N t  Tos

constant  between 4660 ® to  7000 x ,  and ze ro  ou ts ide  th i s

range.  (Th is  co lor  sens i t iv i ty  of  the GS detector  i s  s im i la r
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to  the Visual  band,  but has a factor of  2.7 greater energy

throughput and 2 .8  g rea ter  photon throughput for  the co lo r  d i s -

t r ibut ion of  s tars  br ighter than V = 14 .0 ;  see Bahcal l  and

Soneira 1981 ,  § I I I .  For V = 15,  the energy and photon

throughputs are 2 .7  and 2 .9 ,  r espec t i ve l y . )

3. The magnitude range from the primary and secondary guide

s tars  (1  = 1 ,2 )  i s  9 im ,  < m, , where 14 < m,  < 15 and

(m,, - m, ) could i n  some des igns be as large as 2 magni tudes.

4. Stars  c loser  than 6 = 1 .0  arcmin to  a guide s tar  must

have a magnitude separat ion greater  than Am = 0 .5  mag.

5. A pai r  o f  guide stars must be separated by a t  least

64 = 13 .5  arcmin.

b) Analytic Calculat ion

An analytic s tat is t ica l  treatment o f  the select ion c r i t e r i a :

i s  usefu l  for gaining an understanding of  the GS probabilities..

(Calcu lat ions us ing Monte Car lo  methods are more accurate and,

in  some ways,  more convenient . )

The probabil i ty P = P (2 ,b ,m)  of  f ind ing a t  least  one -

sui table GS pair  in  the direct ion (%2,b) with apparent magni-

tudes brighter than m = m ,  =m, i s  given to  high accuracy by :

3P(L ,b ,m)  = Py 2,+ (2Q + Lp ,  (1 - Py) ’ (1)

wi th :

l - RL  6 (2)



oo_ oq  v SEN &

(A  a )  Ze  Q (4)P. = ’i

aAm ie  :B =1  + (10 - 1) 5 + assuming , (5)

N= c10%® , oo and C constants , (6)

N= NH: - ye )  : 
| (7)

Y=3  (10%Am - 10 -04m)  Ce . (8)

NN = Ns ,  b,m) i s  the number o f  stars per so l id  angle brighter

than magnitude m satisfying requirement 3 above;

N i s  N atter the appl icat ion of  requirement 4;

? 1s the so l id  angle seen by one FGS detector ,  ( = 69.2

square arcmin,  requirement 1 ) ;

6 i s  the minimum angular distance of  any star to  a GS with a

magnitude di f ference less  than Am (6 ,  = 1 .0  arcmin, require-

ment 4 ) ;

fa  = "02 i s  the area enclosed by 6, ( f g  = 3 .1  square a r cm in ) ;

Am is  the minimum magnitude di f ference allowed for a star

c loser  than 0 to  a GS. (Am = 0.5 mag, requirement 4 ) ;

© i s  the minimum angular separation for a pair  o f  GSs

( 6  = 13 .5  arcmin, requirement 5 ) ;



Q, = Q, ( 8 )  i s  the (ensemble average) probability that a single

pair o f  GSs, each star having a randomly chosen position

within i ts  GS f i e l d ,  are separated by an angular distance >0

Q for ad jacent  detector f ie lds i s  given by the fol lowing expression:

90° -A6  R ,  >

dé d r  | r .xr.£(6,xr,,r .)drIN p UT2 | .  Taf2rterperrien
Q, = 1 (9)1 90°=A6  R ,  R ,  ’ |

do | d r  | r . r . d r
2 172771

AG Ry R ,

+ J aes th am

f =  2180000200, 0<£<1  , (10)

- 1  r+rs-62¢ = cos T I  , (11)
172

where:  R,  = 10 .22 ,  R,  = 14 .09 , A6 = 2 .873° .  Ry» R, and

A6 def ine the non-vignetted detector a rea .  A numerical

integrat ion g ives Qq = 0 .735 .  For non-adjacent  GS f i e l ds ,

Q = 1 .0 ;

a¢ i s  the logarithmic (base 10) s lope o f  the star counts near

m. (a = 0 .32 from the Weistrop da ta ) ;

B i s  the correct ion factor  expressing the probabi l i ty that

a GS i s  re jec ted  due to  proximity o f  another s tar  l ess  than

Og and Am away [B = 1 .020 ] ;

Py i s  the probabi l i ty of  f inding a t  least  one GS in  one FGS

f ie ld  sa t is fy ing  requirement 4;

P. i s  the Po isson  probabi l i ty d is t r ibut ion;



The above formulae are approximate for the fol lowing

reasons :

1 .  They assume that s tars are randomly distr ibuted and therefore

ignore s tar  c luster ing. (Our resu l ts  suggest  that th is

assumption introduces a ~ 1% overest imate in  P):;

2. N i s  assumed to  be exact ly an exponential. (Th is  i s  a lso

an excel lent  approximation introducing a negl igble e r ro r ) :

3.  Correction factors due to  f ini te boundaries are ignored in

the calculat ion of  8 and vy. (This i s  a lso  an excel lent ap-

prox imat ion. )

Formulae (1) - ( l l )  were used to calculate the probability
o f  acqui r ing a GS pa i r  i n  the memorandum in  Appendix B ,

which descr ibes our de f in i t ion  of  the t ask .

From the Weistrop (1972 ,  1980) da ta ,  the surface densi ty

of  stars with 9.0 fm  < 14 .0  i s  71.5 stars per square deg ree .

The mean number o f  s ta rs  per  detector  i s  1 .37 .  Then Py = 0 .74

and Q = 0.954 so that P 0.41 + 0.41 = 0 .82 .

Note that although the s ingle pair form fac tor ,

Qy ®= 0 .75 ,  the actual form factor Q = 0.95 because there

are many possible combinations of GS pairs when there is

more than one GS per f i e ld .

The 0./ Am constraint has only a minor e f fec t  on P.

For m ,  = 14 .0  mag,

P ~ 0.84 1 - 0 .020  (45 )o?| . (12)

For wm, > 14 ,  the influence o f  6 and Am on P decreases monotonical-

l y  with increasing m_.



The above va lue for P i s  ca lcu la ted for  the Weist rop f i e l d

centered a t  2 = 65 .5%,  b = 85 .5 °  (SA 57 ) .  A t  m=  14 mag,  the

s ta r  dens i ty  i s  expected to  be at  a minimum s l igh t l y  away from

the Ga lac t i c  po le  i n  the d i rec t ion  o f  the ga lac t i c  an t i -

cen te r  2 = 180° ,  b = 80° .  (Th is  i s  based  on the ga lac t i c

model of  Bahcal l  and Soneira 1980 ;  there i s  no d i rect  data

presently avai lable to  confirm this po in t . )  The minimum i s

not expected to  be a t  the pole because of  the ga lact ic  spheroidal

bulge contribution to  the star counts.  For & = 180° ,  b < 80°

the increasing star density from the disk overcomes the decrease

from the spheroid. Figure 2 i s  an isodensity contour p lot  of

the integrated star  counts to  m,

from the Bahcall  and Soneira model (assuming a Sandage obscura-

= 14 mag f o r b > 20° calculated

t ion mode l ,  see paper I ) .  (For m, > 14 the counts increase l ike
~0.32m10 , with only a s l ight  dependence o f  the slope on latitude

and longi tude.)  The model predicts that the integrated star

density to  m=  14 in  the direct ion £ = 180° ,  b = 80° i s  33%

smaller than in  the direct ion £ = 65 .5 ° ,  b = 85 .5 ° .  (For

m, = 15,  the value i s  43%) . This  reduces the mean number o f

stars per detector to  1 .32  and P = 0 .80 .  Near m., = 14,

P = 0 .5 (1+0 .45n ) ,  where n i s  the mean number o f  s tars  per  de tec tor .

This approximation is  accurate to  a few percent for n between

1.0  and 1 .8  corresponding to  the magnitude interval " 2.5 (om 13

13.65 < m < 14 .35 ,  N = enaCmeln®)
~ 0,c) Monte Car lo  Calculat ion = B

The GS probabi l i t ies have a lso  been calculated using a

Monte Car lo s imulat ion.  The stars in  each FGS f ie ld  were d i s -
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tributed randomly; the number o f  stars in  each f i e ld  was chosen

from a Po isson distr ibut ion with a speci f ied mean number of

s tars  per f i e l d  and magnitudes were assigned randomly according

to  a distr ibut ion function that resu l ts  in  a number-magnitude

relat ion that increases as 10™". The stars were then processed

through an algori thm that implements the GS select ion requirements

(sec t ion A ,  above ) .  This procedure simulates an ST point ing.

In  order to  accumulate good s ta t is t ics  on the distr ibution of

GS pa i r s ,  the procedure was repeated several  thousand times.

The resul ts  o f  this method agree with the analyt ic calculat ion

to  within the stat is t ica l  uncerta int ies.  Because the resu l ts

are almost identical to  the analysis on the real Weistrop da ta ,

we defer d iscussion to the next sect ion.

d) GS Select ion with the Weistrop Data

The Weistrop survey area i s  ~ 700 times larger than the

area o f  one FGS f ie ld  and since there are 984 stars brighter

than m., = 14 in  the ca ta log ,  there i s  a suf f ic ient  data base

for accurately determining GS s ta t is t i cs  empir ical ly near the

pole (assuming,  o f  course ,  the Weistrop f ie ld  i s  representa-

t ive o f  the star densi ty a t  i ts  ga lact ic  latitude and longi-

tude) .

The only s ign i f icant  di f ference between the resul ts for

the Monte Car lo  calculat ion (§ c) and the Weistrop data i s

the GS re jec t ion  due to  the proximity of  another s t a r :

for the random case a t  V = 14 "  i t  i s  2% and,  for the Weistrop

data i t  i s  3%. The larger re jec t ion  factor in  the Weistrop

data i s  due to  star c lus ter ing .  The Weistrop catalog presum-
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| ~1  =of 3 (2Q,+1)n ,  and Po (21) l -e

ably ident i f ies a l l  s tars  that are separated by more than the

seeing d i sk ,  < 2 a rcsec  (Weistrop 1980 ) ;  hence only very compact

binar ies (which may be a problem for the FGS) are missed.

(The anticorrelation length for the measured stel lar posit ions
i s  ~ 6 a r csec .  The absolute posi t ions of  the stars are accurate

t o  ~ 1 arcmin,  Weistrop 1980 . )

We present in  Table 1 ,  GS probal l i t ies for the following

combinations of  (my ,m,) ( 14 ,14 ) ,  ( 14 ,14 .5 ) ,  ( 14 ,15 ) ,  ( 14 .5 ,14 .5 ) ,

( 14 .5 ,  15 .0 ) ,  ( 15 .0 ,  15 .0 ) ,  and ( 13 ,15 ) .  For each o f  these

pairs o f  magnitudes we l i s t  n ,  = N im) ,  the mean number o f

stars per detec tor ,  and several GS probabil i ty d is t r ibut ions:

Pym)  and Pym)  are the probabi l i t ies for f inding n primary or

secondary stars per FGS detector before application of  any

select ion const ra in ts ;  Pgs (mn) i s  the probabil i ty for finding

n sui table secondary guide stars for a primary guide s tar ;

and Py (n) i s  the probabil ity for f inding n suitable guide
star pa i rs  per ST po in t ing .

For the "s tandard"  case of  m1 2
the probabil i ty of  f inding a t  least  one suitable GS pair i s

0.80 ,  and P, (>2)  = 0 .55 .  (This latter value i s  important for
considering backup GS pairs i f  c lose binaries are a p rob lem. )

For ( 14 ,14 .5 ) ,  Po(21) = 0 .91  and Py (210) = 0 .35 .  Hence a l -
lowing the secondary GSs to  be 1 /2  mag dimmer than the pr i -

maries br ings about a dramatic increase in  the probability o f
acquiring a suitable GS pair. For ( 14 ,15 ) ,  Po (21) = 0.97

and Po (21) = 0.87 for ( 13 ,15 ) .  Note that for N ,  >> N ,

Pe fol lows c lose ly  the Poisson distribution for a mean density

10



For N ,  >> N .  the number distr ibut ion of  GS pa i r s ,

Por can be s igni f icant ly  reduced i f  any of  the primary Guide

Stars i s  a c lose  binary system.  The probabi l i ty of  f inding

n candidate primary GSs i n  the three FGS f ie lds  taken to-

gether i s  then the s ta t i s t i c  o f  most pract ica l  in terest

because we are v i r tua l ly  guaranteed o f  f ind ing a secondary

GS for  each candidate primary GS s ince  N ,  >> N , .  Th is

stat is t ic  (a Po isson  d is t r ibut ion for  a mean densi ty  o f  3n, )

i s  presented in  Table 2 for each o f  the l imit ing magnitudes

considered in  this paper.

As in  sect ion b ) ,  the "worst case"  probabil i t ies need to

‘be corrected from the direct ion £ = 65 .5 ° ,  b = 85 .5 °  t o  the

density minimum a t  £ = 180° ,  b = 80° .  For the "standard"

case o f  m,  =m,  = 14,  Po (21) i s  then 0 .79 .

Approximate estimates for  the GS probabi l i t ies for

direct ions other than the galact ic pole can be obtained from

figure 2 by matching the surface densi t ies N sor a given

direct ion (&,b)  as c lose ly  as poss ib le  to  the entries in  Table 1.

For Ns  100 stars per deg? ,  coresponding to  m, = 14 .5729  a t

the galact ic po le ,  the probability o f  acquiring a suitable

pair of Guide Stars is  > 95%, suff iciently high to be of l i t t le

concern. Appropriate Guide Stars wi l l  nearly always be available

(P , (21 )  2 0.95) for  a l l  galact ic lat i tudes and longitudes below
mb ~ 40° i f  m, =m,  > 141 2 ( see  Figure 2 and Table 1 ) .

e) Conclusion

The probabil i ty for acquir ing a suitable pair  o f  Guide

Stars in  the direction of  minimum star densi ty (2 = 180° ,

11



b = 80°) is  estimated in  th is  report to  be 0.79 when both Guide

Stars  are required t o  be br ighter than m,  = 14™, somewhat l ess

than the des ign speci f icat ion of  0 .85 .  (The acquisi t ion proba-

b i l i ty  wi l l  be further reduced i f  there are a s igni f icant  number

of  c lose  binar ies with angular separation < 2 a r csec . )  I n

order to  meet the des ign speci f icat ion with the same br ightness

l imit for  both the primary and secondary Guide S ta r s ,  one would

require m, =m,  = 14 .25  Visual  magnitudes.

I f ,  however, the secondary Guide Star i s  allowed to  be

dimmer than the primary, then there can be a s igni f icant  improve-

ment in  the acquis i t ion probabi l i ty.  For m, = 14 .0 "  and

m, = 14 .57 ,  the Guide Star acquis i t ion probabil i ty i s  0 .90 .

I f  we use the/maximum allowed brightness ditterence between

the primary and secondary Guide S ta r s ,  2 mag
r n  ————

n i tudes ,  then

the primary star need only be brighter than 13 th  magnitude

(V isua l )  in  order to  meet the des ign speci f icat ion in  the

direction o f  the density minimum near the galactic po le .

12
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m, = 14 .0
n ,  = 1 .37
NH, = 11 .5

n Py P,

0 0 .254  0 .254
1 0 .348  0 .348
2 0 .238  0 .238
3 0 .109  0 .109
4 0 .037  0 .037

5 0 .010  0 .010
6 0 .002  0 .002
.

8
9

10
11
12

13

14
15

16

17
18

>19

0 .113
0 .236
0 .262
0 .196
0 .111
0 .052
0 .020
0 .007
0 .002
0 .001

1

1

TABLE 1 .

4 .0  m,  = 14 .0
«37 n ,  = 1 .37
71.5  MN, = 71 .5

Py np ,  P ,

0 .195  0 0 .254  0 .151
0 .115  1 0 .348  0 .286
0 .139  2 0 .238  0 .270
0 .090  3 0 .109  0 .170
0 .092  4 0 .037  0 .080
0 .057  5 0 .010  0 .030
0 .062  6 0 .002  0 .010
0 .043  7 0 .003
0.039 8 0 .001
0 .029  9
0 .027  10
0 .018  11
0 .018  | 12
0 .013  | 13
0 .012  14
0 .011  15
0 .007  16
0 .006  17
0.006  18
0.023 | >19

* See page l0  for de f i n i t i ons .

= Il

0 .052

0 .137
0 .212

0 .211
0 .173

0 .110

0 .058
0 .029

0 .011
0 .004

0 .001

0 .001

14.5
1.89

98 .3

0 .086
0 .057
0 .081
0 .073
0 .079
0 .060

0 .065
0 .047
0 .057
0 .050
0 .041
0 .035
0 .040
0.032
0 .026
0 .018
0 .020
0 .015

0.015
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Guide Star  Probabi l i ty Distr ibut ions *
= 14 .0
= 1 .37
, = 71 .5

Pi P2
0 .254  0 .077
0 .348  0 .198
0 .238  0 .253
0 .109  0 .216
0 .037  0 .138

0 .010  0 .071
0 .002  0 .030

0 .011
0 .004
0 .001

3 il



1)

= fd
po|

O
W

 
0

0
J 

O
n 

U
1

 
&»

 
W

wW
 N

N
 

+ 
©

 
bo

lv fo
d 

fd
 

fd
 

fd
 

fe
d 

fe
d 

pe
d 

fd
 

fd
 

fe
d

W
OW

 0
 

N
N

 
O

N
 U

T 
bd

 
W

w
 N

O
= 14 .5

= 1 .89
= 98 .3

1 Pa
0 .151  0 .151
0 .286  0 .286

0 .270  0 .270

0 .170  0 .170
0 .080  0 .080

0 .030  0 .030

0 .010  0 .010
0 .003  0 .003

0 .001  0 .001

TABLE 1 .

m, = 14 .5

n ,  = 1 .89
N,  = 98 .3

P Po

0 .051  0 .080
0 .137  0 .052

0 .207  0 .073

0 .210  0 .071
0 .174  0 .073

0 .113  0 .052
0 .061  0 .064
0 .030  0 .046
0 .012  0 .058
0 .004  0 .046
0 .002  0 .046
0 .001  0 .032

0 .042

0 .032
0 .029
0 .025
0 .023

0 .016
0 .017
0 .125

* See page10 for  definitions.

m, = 14 .5

n ,  = 1 .89

MN,= 98 .3

no Py P3

0 0 .151  0 .077

l1 0 .286  0 .198

2 0 .270  0 .253

3 0 .170  0 .216

4 0 .080  0 .138

5 0 .030  0 .071

6 0 .010  0 .030

7 0 .003  0 .011

8 0 .001  0 .004

9 0 .001

10

11

12

13

14

15

16

17

18

>19

3 I 1

2
5.0
.56
133

0 .026
0 .018
0 .041

0 .039

0 .052

0 .036
0 .054

0 .040

0 .052

0 .046

0 .048

0 .041

0 .042

0 .032

0 .035

0 .035

0 .026

0 .029

0 .025

0 .286

Guide Star  Probabi l i ty Dis t r ibut ions*  (Cont inued)

m,  = 15 .0

n ,  = 2 .56

N= 133

0 0 .077
1 0 .198
2 0 .253

3 0 .216
4 0 .138
5 0 .071
6 0 .030
7 0 .011
8 0 .004
9 0 .001

10
11
12
13
14
15
16
17
18

>19

Py

0 .077
0 .198

0 .253

0 .216

0 .138

0 .071

0 .030

0 .011

0 .004

0 .001

Pe
0.017
0.067
0.132
0.177
0.183
0 .161
0.114
0 .075
0 .041
0.019
0.009
0.004
0.002
0 .001

0 .023

0 .014

0 .033

0 .031
0 .041
0.033
0.042
0.038
0.045
0.033
0.042
0.033
0 .041
0.030
0.038
0.034
0.029
0.034
0.027
0.360
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TABLE 1. Guide Star Probabi l i ty Distr ibut ions* (Concluded)

my = 13 m, = 15

n ,  0 .684  n, = 2 .56

3 ~d ~ nN - 0) -

0 .505  0 .077  0 .019  0 .131
0 .345  0 .198  0 .065  0 .046
0 .118  0 .253  0 .140  0 .076
0 .027  0 .216  0 .187  0 .078

0 .138  0 .181  0 .086
0 .001  0 .071  0 .154  0 .059

0 .030  0 .110  0 .062

0 .011  0 .071  0 .055
0 .004  0 .039  0 .051

0 .001  0 .020  0 .050
oO LJ Q

o
lo U

n
10 0 .010  0 .039
11 0 .003  0 .036
12 0 .001  0 .036

13 0 .001  0 .025

14 0 .024
15 0 .021
16 0 .024
17 0 .015

18 0 .013

>19 0 .077

* See page 10 f o r  de f i n i t i ons .
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10

11

12

13

14

15

16

17

18

>19

Dec tec to r s .

0 .128

0 .264

0.270

0.185

0.095

0.039

0.013

0.004

0 .001

13.0
0.684

m

n1

0.053

0.155

0.228

0.224

0.165

0.097

0.047

0.020

0.007

0.002

0 .001

13.5
0.980 I .

0.016

0.067

0.139

0.190

0.195

0.160

0.110

0.064

0.033

0.015

0.006

0.002

0 .001

17

14.0
1 .37 n

0.003

0.020

0.055

0.105

0.148

0.168

0.159

0.129

0 .091

0.058

0.033

0.017

0.008

0.003

0 .001

0 .001

14.5
1.89

m
Oo

n

Number Dis t r ibut ion o f  Primary Guide Stars  For A l l  Three

0.000

0.004

0.014

0.035

0.067

0.103

0.132

0.144

0.139

0.118

0 .091

0.063

0 .041

0.024

0.013

0.007

0.003

0 .001

0 .001

15.0
2.56
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APPENDIX A

I I .  BRIGHT-STAR DENSITY

A. The Best  Available Data

The principal source of  data that we used for the bright

(<16M29) s tar  dens i t ies  in  paper I was Seares e t  al.  ( 1925 ) ,

who l i s t  s tar  counts in  the d i rect ion o f  the north Galac t ic

pole for magnitudes in  the range 4 2m,  < 18.  The or ig inal

data from some of the star catalogs used by Seares e t  al. had

large systematic errors (up to  2 magni tudes) that Seares and

h is  col laborators tr ied t o  remove. However,  a sca le  error

i n  the "corrected" magnitudes was discovered by Stebbins,

Whitford and Johnson (1950 ) .  The corrections of Stebbins

e t  al. were applied in  paper I ,  but i t  was conceivable that

some systematic errors remained.

Modern counts of  bright star dens i t ies  have been rare.

In  paper I ,  the br ightest recent star counts considered were

those o f  Brown (1979 ) .  Brown measured integrated star counts

in  several f ie lds near the north Galact ic  pole in the magni-

tude range 17 < m  < 20 .5 .  (The counts of  Tyson and Jarvis

(1979)  extend to  13D
h

magnitude; however, s te l lar  images

brighter than 17% magnitude were saturated and hence required

an indirect magnitude measurement.)

In  this paper we consider additionally star counts from
ht h  to  16 "  magnitude obtained from the data of  Weistrop (1972 ,9

1980) that was kindly made available to  us in  the form of

|
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the or ig ina l  computer tape and pr intout .  The Weistrop catalog

comes from a f i e l d  o f  area 13 .5  square deg rees ,  centered on

SA57 in  the di rect ion of  the north Galac t ic  po le .  There are

2989 s tars  in  her catalog brighter than V = 16 (244 brighter

than V = 12 ) .  The catalog extends to  V = 20, but  magnitude

uncertaint ies appear to  increase s ign i f icant ly  dimward o f

thlé6 magnitude (Faber e t  al.  1976 ;  Weistrop 1980 ;  King 1980 ) .

According to  Weistrop (1980 ) ,  the magnitude errors for

V < 16 are 0 .12 "  (one standard dev ia t i on ) .  A comparison by

Faber e t  al .  1976 of  the Weis t rop photographic magn i tudes,

Vir

V < 16 g ives  Vy  - Veg  = = 0 .02  = 0 .09 .  (Sys temat ic  errors

resu l t ing  from minor d i f fe rences between the photographic and

to  photoelect r ic  magn i tudes,  Vopr fo r  23 s tars  wi th

photoelectr ic  pass bands are o f  concern here only when es t i -

mating B-V co lo r s ,  see be low . )  King (1980) has compared h is

own photographic photometry to  that o f  Weis t rop.  H is  resu l ts

for  16 s tars with V < 16 i s  V i  Ve  = + 0 .01  + 0 .09 .  These

est imates a l l  y ie ld  a magnitude uncertainty ~ # 0 .1 " .  The

zero  point  and magnitude sca le  appear to  be we l l  es tab l ished

for V < 16.

F igure 1 d isp lays a compilat ion of  a l l  the avai lable

d i f fe rent ia l  star dens i t ies  (number of  s tars per magnitude

per square degree) in  the d i rec t ion  o f  the north Ga lac t i c

pole (see paper I ) .  The so l id  curve i s  the densi ty  predicted

by our standard Galaxy model o f  paper I ,  including a separate

contr ibut ion from g iants  ( see  be low) .  I n  Table 1 we l i s t

the to ta l  integrated star counts ( s t a r s  br ighter than the
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spec i f ied magnitudes l imit)  for the Weistrop da ta ,  the Seares

e t  a l .  data as reduced to  the V isua l  band in  paper I ,  the

calcu lated dens i t ies  from our standard Galaxy model (see

below) , and the dens i t ies  tabulated in  A l len (1973 ) .

B. A l l en ' s  Recommended Dens i t ies

The star dens i t ies  l i s ted  in  A l len (1963 ,  1973) are

typical ly  more than 40% larger than the dens i t ies  l i s ted  above

and in  paper I for  m > 13. A l l en ' s  resu l ts  have been used

as the bas is  for  consider ing the performance of  the Guide

Star System for the Space Telescope ( see ,  e.g. , Groth 1978 ) .

Because of  the importance of  the Guide Star  System for the |

ent i re Space Telescope Observatory, i t  i s  necessary to  examine

the or ig in  o f  the d iscrepancies between A l l en ' s  numbers and

the other r esu l t s  given i n  Tab le  1 .  (A l len  1973  notes that |

h is  star  dens i t ies  are 25% larger than the Landolt-Bornstein

Tables [Sche f f l e r  and E l sasse r  1965 ] ,  h is  reference number 6,

although the same sources were used . )  The sources l i s ted

by Al len are Seares e t  al.  ( 1925 ) ,  Seares and Joyner (1928 ) ,

and van Rhi jn  ( 1929 ) .  The Seares and Joyner paper examines

star counts fo r  b < 70° ,  and thus i s  not  re levant  fo r  the

present d i scuss ion .  The van Rh i jn  paper combines star count

data o f  Seares  e t  al.  and the Harvard-Durchusterung survey.

A comparison of the Seares e t  al .  and van Rhi jn  counts

i n  the internat ional photographic band with corresponding

counts l i s ted  in  A l len (1973 ) ,  shows that A l len  must  have

re-reduced the data introducing small  changes,  ~10%, (genera l ly )

upward in  the br ight star densities.
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Counts in  the Visual band are desired for many purposes.

I n  order to  transform the photographic band counts into the

Visual band,Bahcal l  and Soneira (1980) used the color equation

in  Seares e t  al. Allen used the following ( incorrect) con-

version from m tom :
Pg A | 

|

( ,  total  number o f  s tars brighter than m,  from b=0° t o  909 |

Nim)  = N in  3 X
P corresponding number for m

1%")
(1)

This conversion i s  more incorrect a t  higher galact ic lat i tudes,

since most o f  the br ight stars are counted near the plane o f

the d isk  and s te l lar  type ( i . e . ,  co lor)  changes systematically

with Galact ic la t i tude.

| ~ The net discrepancy is  unexpectedly large (>40%) between,

on the one hand ,  ei ther the modern star counts in  V (Weistrop

1972,  1980) or the older Seares e t  al. (1925) data as reduced

i n  paper I ,  and,  on the other hand, the star densi t ies tabulated

by Allen (1973 ) .  In  order to  i l lustrate where in  the analysis

o f  Al len the errors appear to  have or iginated, we divide the

transformation into several s t eps .  For spec i f i c i ty ,  we

h magnitudeconsider the star density in  the Visual band at  14%

for  which Al len c i tes  102 stars deg 2 .  Part o f  the error appears

to  resul t  from the different manner i n  which Al len combined each

of the three (tabulated) quantities needed in  equation 2 from

his two sources.  I f  we apply A l l en ' s  transformation (equation 1)

t o  jus t  the Seares e t  al .  data a lone,  we obtain 94 stars deg” 2 .

(Van Rh i jn  tabulates only 2 o f  the 3 quant i t ies ,  so i t  i s  not

van Rh i j n ' s  da ta . )  I f  the band transformation i s  calculated

|
| possible to  perform the Allen transformation solely with
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us ing the correct color equation described in  Seares et  a l . ,  |

the densi ty  further decreases to  82 stars deg 2.  F ina l l y ,  |

i f  the magnitude corrections of Stebbins,  Whitford, and

Johnson (1950)  are appl ied to  the Seares e t  al .  data (as in

h Visua lpaper I ) ,  we obtain 71 stars deg™? brighter than 14%

magnitude in  the direct ion of  the north Galact ic  po le .

Weistrop counted 73.5  stars deg” ?; the Bahcal l -Soneira

Galaxy model predicts 70.4  stars deg”? brighter than V = 14.

Hence ,  i t  appears that A l l en ' s  resu l t  can be accounted for

by  3 systematic e r ro rs ,  each o f  order 10%, that add " for tu i tous ly"

i n  the same d i rec t ion.

C. Theoret ical  Model

I n  ca lcu la t ing  the star  counts fo r  the br ight  apparent

magnitudes considered here using the Bahcal l -Soneira Galaxy

mode l ,  i t  i s  necessary to  separate the contribution o f  the

stars on the giant branch from the more common main sequence

stars which completely dominate the counts a t  faint magnitudes

(see § I I a  o f  paper I for  a detai led d iscuss ion o f  this po in t ) .

The giants were not included separately in  paper I .

The di f ferent ial  star counts for the giants peak at
thll1™" mag, where they contribute about 20% to  the total counts;

by 13 th mag their contribution has fa l len to 3%. We take the

f ract ion o f  s t a r s ,  f ,  on the main sequence i n  the plane o f

the d i sk  t o  be

(2)
oo  X exp [ 0 .00015  (+8 )  3-5], M< 3 .7  ,

f =

1 ,  M>  3 .7  ,
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| which accurately f i t s  the data of  Sandage (1957 ) ,  Schmidt

(1959) and McCuskey (1966 ) .  A sca le  height of  250 pc i s

| adopted for  the giants (see paper I ) .
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TABLE 1 .  TOTAL INTEGRATED STAR DENSITIES

PER SQUARE DEGREE

v 9 10 11 12 13 14 15 16

Weistrop 1.9 3.7 7.6 18 37 74 135 224

Seares et al.” 1 .2  3 .3  8.0 18 36 71 134 216

Bahca l l -Sone i ra  1 .5  3 .5  7 .7  16 34 70 138 254
Model

Al len 1.4 3.6 9 .1  21 49 102 186 347

8 Reduced to  the V isua l  band i n  paper I .  .
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FIGURE CAPTIONS

Di f fe ren t ia l  s ta r  dens i t i es  B74 per magnitude per

square degree for the Ga lac t ic  po le .  The so l i d

curve i s  the dens i ty  predicted by the standard

Galaxy model of  paper I assuming no obscurat ion

at  the po le  and inc lud ing a separate contr ibut ion

f rom g ian t s  ( see  § I I  c ) .  Data  from Seares  e t  a l .

(1925) as reduced to  the Visual-band in  paper I

are p lot ted as f i l l ed -c i r c l es ,  data from Weis t rop

( 1972 ,  1980) are p lo t ted as f i l led- t r iang les,  data

f rom Brown (1979 )  corrected to  the po le  ( see  paper  I )

are p lo t ted as f i l l ed -squares ,  data from Kron (1978)

are p lo t ted as open t r i ang les ,  da ta  from Tyson and

Jarvis (1979) are plotted as open c i r c l es ,  and

data from Peterson e t  a l .  (1979) as open squa res .

For  convers ions between magnitude sys tems ,  see

paper I (and  § I I I ) .



"b
ra

g
T

_A ( s t a r s  mag !  deg~2 )_  .
" — oO

Q Q > Nn poo  WH OL  a NN HOD
I H l  HRB ERRLL—

-1
b

=1
9

nL  | 0 \D O-
] P41 f o i r a t i  l L  1 i i l i l l  1 11  1 i i t l d  1 td 1h  L t  1 i i d  |



SCHOOL OF NATURAL SCIENCES

-B l -

APPENDIX B

THE INSTITUTE FOR ADVANCED STUDY
PRINCETON, NEW JERSEY 08540

Telephone-609-924-4400

February 13,  1980

MEMORANDUM

To: C. R. O 'De l l  and W. Jeffreys

From: John N. Bahcall and Raymond Soneira

Sub jec t :  Guide-star  probabilities.

We are undertaking to  supply more accurate est imates for
the probabi l i t ies of  f inding guide stars in  the FGS. The pur-
pose  of  th is  prel iminary note i s  to  inform you of  the scope of
our act iv i ty  and to  present  some general  numbers.  We a lso  wish
to  indicate our summary of  the problem so that you can correct
any misunderstandings we may have before we complete a lo t  o f
numerical work.

Def in i t ion  o f  the Problem

l .  Each FGS detector has an area of  69.2  arcmin squared.
2.  The magnitude l imit i s  present ly spec i f ied  as 9<m_<X

where X i s  in  the range 14 to  14 .5 .  (The lower l imi t ,  m_=9,
w i l l  not be important numerical ly for our pu rposes . )

- 3.  The separation of  the two required guide stars must exceed
13 .5  arcmin.

4.  For nearby stars within 1 arcmin of  a guide s ta r ,  the
separat ion in  magnitude must be a t  least  0.5M, For a guide
star  of  magnitude X,_ the exclusion appl ies to  magnitude
X = 0.5%,

5 .  The sensi t iv i ty  o f  the detector may be modeled as constant
between 4660 & to  7000 2 ,  and zero outside this range .  The
detector real ly  requires a f ixed number of  photons per square
centimeter per second in  this band.

Scope of  Our Activity

A. Probab i l i t i es .  We w i l l  calculate probabi l i t ies for a con-
venient gr id in  lat i tude and longitude of  f inding two guide
stars in  the FGS within the l imit ing magnitude range of  2
(above)  for X = 14 .0  to  14 .5 ,  in  s teps o f  0 .1 .  For these
ca lcu la t ions ,  we sha l l  use the model s tar  dens i t ies  in  our
Paper I ' .  We w i l l  ca lcu la te the correct ions to  these proba-

t f
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b i l i t i e s  due to  cons t ra in ts  (3) and (4) above.  We w i l l
make s imi lar  ca l cu la t i ons  fo r  m_.

B. Co lor  Co r rec t i on .  The de tec tor  sens i t i v i t y  i s  not  that
o f  any s tandard ast ronomica l  band .  S ta rs  o f  the same
v i sua l  magni tude w i l l  have d i f f e ren t  photon f luxes  i n
th i s  band .  We w i l l  normal ize  our r esu l t s  to  an A0 V s ta r ,
assuming i t  has the l im i t ing  v i sua l  magnitude X o f  consra in t
2 above .  Then we w i l l  reeva luate  the photon f luxes  fo r  a l l
s ta rs  c l ose  to  magni tude X us ing  the i r  known in t r ins ic
spect ra  and our es t imate o f  the re la t ive  probab i l i t ies  o f
s tars  of d i f fe ren t  types from Paper I .  This  w i l l  lead to
rev ised  co lo r -cor rec ted  est imates o f  the probabi l i t ies  o f
f ind ing guide s tars  i n  the FGS.

C. S ta r  Clumping. The bright star N-point  cor re la t ion func-
t ion 1s not  known,  but  i t  may no t  be accurate t o  assume ,
as in  a l l  prev ious ca lcu la t ions we have seen ,  that br ight
s tars  are Po isson  distr ibuted on the sky.  We w i l l  measure
the departures from a Po i sson  d is t r ibu t ion  us ing the s tar
data for  13 .5  square degrees  near  SAS57 by D r .  D. We is t rop?
We w i l l  cor rec t  a l l  the above probabi l i t ies for  the e f fec t
o f  s tar  c lumping,  i f  appreciable.

In i t i a l  Resu l t s

We have completed an in i t ia l  set  of calculat ions for part A
above. We f ind the fo l lowing.

a. The minimum star dens i ty  i s  s l igh t ly  d isp laced from the
po le .  I t  actua l ly  occurs a t  £4 = 180° , b = 80° .

b.  At the minimum, we find from Paper I :
N (m  £ 14 .0)  = 65 per square degree.

Subsequent to the wr i t ing of Paper I ,  we have verified
our overa l l  normal izat ion (o r ig ina l l y  based on Seares  e t  al.?®
and reca l ib ra ted  in  1950 us ing  photoelect r ic  standards by
Stebbins e t  a l . " )  for the star  dens i t ies  by independent
comparisons with data  of  D. Weistrop and I .  King’ fo r  SA57
( l a t i t ude  86° ) .  Our resu l t s  agree wi th  thei rs  to  an ac-
curacy o f  about 10 percen t  i n  the range m,  = 14 to  15 .

c .  The probabi l i t ies  g iven in  the DRM and by" Ed Groth in  h is
recent  report are  based on A l l en ' s  Astrophysical  Quan t i t i es®
Al len uses  an ad hoc and incorrect  convers ion from mg  to  m, ,

LC.  total  number of  s ta rs  brighter than m,, from b=0° to  90°
N(zm ) = vem) corresponding number f o r  m )

This  conversion i s  more incorrect the c loser  one approaches
the Galact ic poles (where Guide star probabi l i t ies are mainly
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of interest)  since most of the bright stars are counted
near the plane of  the d isk and ste l lar  type ( i . e . ,  co lor )
changes systematical ly with Galact ic  lat i tude.  Comparable
er rors ,  for tui tously a l l  i n  the same d i rec t ion ,  ar ise from
a magnitude error (uncorrected for by Al len)  in  the Seares
e t  a l .  counts and by A l l en ' s  cur ious reanalysis o f  the
primary star count da ta .  A t  the po le ,  Al len gives

N(m_) = 102 per degree squared ,
o r  a factor o f  1 .6  more than our estimate o f  66 .5  a t  the
po le .
Two other numbers o f  interest (at the minimum) a re :

N,(m, < 14.5)  = 93.5 per square degree and
N (m  <15 .0 )  = 132 per square degree.

Cri ter ion 3 above reduces the probabil i ty o f  f inding
Guide stars by about four percent in  ad jacent  detectors
(ze ro  otherwise) and cr i ter ion 4 makes a further reduction
o f  about two percent near the po les (3 percent a t  lower
l a t i t udes ) .  The net  reduction of  the overal l  probabil i ty
near the Galact ic  po les from these cr i ter ia i s  about three
percer t .
The probabi l i ty o f  successfu l  Guide star acquisi t ion a t
the pole i s  ( ignoring color correct ions,  star clumping
and c l ose  b i na r i es ) ,

0 .75  a t  m=  14 .0

0 .90  a t  m=  14 .5

0 .95  a t  m = 15 .0  .

At  2 = 0° ,  b = 20° ,  m,  = 14 .0 ,  the corresponding probability
i s  0 .995 .

Bahcal l ,  J .N . ,  and Sone i ra ,  R .M .  1980 ,  "The Universe a t  Faint
Magnitudes: I .  Models for the Galaxy and the Predicted Star
Coun ts , "  Ap . J .  (Supp lement ) ,  i n  p ress .  (Paper I ) .

Weis t rop,  D. 1972 ,  A . J . ,  77, 366.
_ . 1980, private communication.
Seares ,  F .H . ,  van Rh i j n ,  P . J . ,  Joyner, MC.,  and Richmond, M .L .

1925 ,  Ap . J . ,  62, 320.
Stebb ins ,  J . ,  Whi t ford,  A .E . ,  and Johnson,  H .L .  1950 ,  Ap . J . ,

112 ,  469.
K ing ,  I .  1980 ,  pr ivate communication.
A l l en ,  C.W. 1973 ,  Astrophysical Quant i t ies,  The Athlone Press

(Universi ty of  London) ,  3rd ed i t ion.  Also see l s t  and 2nd
edi t ions,  1955 and 1963 ,  respect ively.
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Po  THE INSTITUTE FOR ADVANCED STUDY
| PRINCETON,NEW JERSEY 08540

Telephonc-609-924-4400

SCHOOL OF NATURAL SCIENCES February 13, 1980

MEMORANDUM

To: C. R. O 'De l l  and W. Jef f reys

From: John N. Bahcal l  and Raymond Soneira

Sub jec t :  Guide-star probabi l i t ies .

We are undertaking to  supply more accurate est imates fo r
the probabi l i t ies of  f inding guide stars in  the FGS. The pur-
pose of  th is  prel iminary note i s  to  inform you of  the scope of
our act iv i ty  and to  present  some genera l  numbers. We a lso  wish
t o  ind icate our summary o f  the problem so that you can correct
any misunderstandings we may have before we complete a lo t  o f
numer ical  work .

Def in i t ion o f  the Problem

l .  Each FGS de tec to r  has  an area o f  69 .2  arcmin squared.
2. The magnitude l imit  i s  present ly speci f ied as 9<m_<X

where X i s  i n  the range 14 t o  14 .5 .  (The lower l imi t ,  m_=9 ,
wi l l  not be important numerically for  our purposes.) v

3. The separat ion of  the two required guide stars must exceed
13 .5  arcmin.

4. For nearby s tars  within 1 arcmin o f  a guide s ta r ,  the
separat ion in  magnitude must be a t  least  0.5m. For a guide
star of  magnitude X, the exclusion appl ies to  magnitude
X + 0.5%.

5.  The sens i t i v i t y  o f  the detector  may be modeled as constant
between 4660 & to  7000 &, and zero  outs ide this range.  The
detector rea l ly  requires a fixed number of photons per square
centimeter per second in  this band.

Scope o f  Our Activity

A. Probabi l i t ies.  We wi l l  calculate probabi l i t ies for  a con-
venient grid i n  lat i tude and longitude of f inding two guide
stars in  the FGS within the l imit ing magnitude range of  2
(above)  for X = 14 .0  to  14 .5 ,  in  s teps of  0 .1 .  For these

s ca lcu la t ions .  we sha l l  use the model star  dens i t ies  in  our
¢ Paper I ! .  We w i l l  ca lcu la te  the correct ions t o  these proba-
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b i l i t i es  due to  cons t ra in ts  (3) and (4) above.  We w i l l
make s imi lar  ca l cu la t i ons  fo r  .

B. Co lor  Cor rec t ion .  The detector  sensi t iv i ty  i s  not  that
of  any s tandard  ast ronomica l  band .  Stars  o f  the same
v isua l  magni tude w i l l  have d i f fe ren t  photon f luxes  in
th is  band .  We w i l l  normal ize our resu l ts  to  an AQ V s ta r ,

| assuming i t  has the l imi t ing v i sua l  magnitude X of  consra in t
2 above .  Then we w i l l  reeva luate  the photon f l uxes  for  a l l
s ta rs  c l ose  to  magni tude X us ing  the i r  known in t r i ns i c
spectra and our es t imate  of the re la t ive  probabi l i t ies  of
s ta rs  of  d i f fe ren t  types from Paper I .  Th is  w i l l  lead to
revised co lor -cor rec ted est imates o f  the p robab i l i t ies  o f

| f inding guide s tars  in  the FGS.
| C. Star Clumping.  The br ight  star N-point  corre lat ion func-
| t ion 1s not  known,  but  i t  may not  be accurate t o  assume ,

as i n  a l l  prev ious ca l cu la t i ons  we have seen ,  that br ight
s ta rs  are Po i sson  d is t r ibuted on the sky .  We w i l l  measure
the depar tures from a Po i sson  d is t r ibu t ion  us ing  the s ta r ,
data for  13 .5  square degrees  near SA57 by D r .  D. We is t rop?
We w i l l  co r rec t  a l l  the above probabi l i t ies  for the e f f ec t
of star  c lumping,  i f  apprec iab le .

I n i t i a l  Resu l t s

We have completed an ini t ia l  se t  of  ca lcu la t ions  for  part  A
above. We f ind  the fo l low ing .

a. The minimum star  dens i ty  i s  s l igh t ly  d isp laced from the
po le .  I t  actual ly  occurs  a t  £2 = 180° ,  b = 80° .

b .  A t  the minimum, we f ind from Pape r I :

N(m_ < 14 .0 )  = 65 per square degree .
Subsequent t o  the wr i t ing o f  Paper I ,  we have ve r i f i ed
our overal l  normal izat ion (o r i g ina l l y  based on Seares  e t  a l . ’
and reca l ib ra ted  in  1950 us ing  photoelectr ic s tandards by
Stebb ins  e t  a l . " )  fo r  the s ta r  dens i t i es  by independent
compar isons with da ta  o f  D. Weis t rop and I .  King” f o r  SA57
( la t i t ude  86° ) .  Our resu l t s  agree wi th the i rs  t o  an ac -
curacy o f  about 10 percent  in  the range m, = 14 to  15.

c .  The p robab i l i t i es  g iven in  the DRM and by Ed Groth i n  h i s
recent  report are based on A l l en ' s  Astrophysical  Quant i t ies®
Allen uses  an ad hoc and incor rec t  convers ion f rom Mey to  m, ,
i . e . , total  number of s tars  brighter than m_ from b=0° to  90°vN(<m_)  = N (zm)  

icorresponding number f o r  Bog
This conversion i s  more incorrect  the c loser  one approaches
the Ga lac t i c  po les  (where Guide star  p robab i l i t i es  a re  mainly
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of i n te res t )  s ince  most of  the br ight  s ta rs  are counted
near the p lane of the d isk  and s te l l a r  type ( i . e . ,  co l o r )
changes sys temat i ca l l y  wi th  Ga lac t i c  l a t i t ude .  Comparable
er ro rs ,  for tu i tous ly  a l l  in  the same d i r ec t i on ,  a r ise  from
a magni tude er ro r  (unco r rec ted  fo r  by  A l l en )  i n  the Seares
et  a l .  counts and by A l l en ' s  cur ious  reana lys is  of  the
primary s tar  count  da ta .  At the po le ,  A l len  gives

N(m_) = 102 per degree squared ,
or  a fac to r  o f  1 .6  more than our est imate o f  66 .5  a t  the
po le .
Two other numbers o f  i n te res t  ( a t  the minimum) a re :

N,  (m  < 14 .5 )  = 93 .5  per  square degree and

N, (m  <£ 15 .0 )  = 132 per square degree .
Cr i ter ion 3 above reduces the probabi l i ty of  f ind ing
Guide s ta rs  by about four  percent i n  ad jacen t  de tec to rs
( ze ro  otherwise)  and c r i te r ion  4 makes a fur ther reduct ion
of about two percent near the po les  (3 percent  a t  lower
l a t i t udes ) .  The net  reduct ion of  the overa l l  probabi l i ty
near the Ga lac t ic  po les  from these cr i ter ia  i s  about three
percer t .  |

The probabi l i ty of  success fu l  Guide star acqu is i t ion  a t
the po le  i s  ( i gno r ing  co lo r  co r rec t i ons ,  s tar  c lumping
and c l ose  b i na r i es ) ,

0 .75  a t  m = 14 .0

0 .90  a t  m ,  14 .5

0 .95  a t  m 15 .0  .

At  2 = 0 ° ,  b = 20° ,  m,  = 14 .0 ,  the corresponding probabi l i ty
i s  0 .995 .

Bahca l l ,  J .N . ,  and Sone i ra ,  R.M. 1980 ,  "The Universe a t  Faint
Magn i tudes :  I .  Mode ls  fo r  the Galaxy and the Pred ic ted  Star
Coun ts , "  Ap . J .  (Supp lemen t ) ,  i n  p ress .  (Paper  I ) .

We is t rop ,  D.  1972 ,  A . J . ,  77 ,  366 .
. 1980 ,  pr ivate communication. |

Seares ,  F .H . ,  van Rh i j n ,  P . J . ,  Joyner ,  MC. ,  and Richmond, M .L .
1925 ,  Ap . J . ,  62 ,  320 .  |

Stebb ins ,  J . ,  Wh i t fo rd ,  A .E . ,  and Johnson ,  H .L .  1950 ,  Ap . J . ,
112 ,  469 .

> K ing ,  I .  1980, private communicat ion.
© A l l en ,  C.W. 1973 ,  Ast rophys ica l  Quan t i t i es ,  The Athlone Press

(Univers i ty  of  London ) ,  3rd ed i t i on .  Also see l s t  and 2nd
ed i t ions ,  1955 and 1963,  respect ive ly .
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ABSTRACT

Probabil i t ies are calculated for acquiring suitable Guide

Stars (GS) with the Fine Guidance System (FGS) of  the Space

Te lescope .  The constra ints  o f  the FGS are reviewed. The

avai lable data on bright star densi t ies are summarized and a

previous error in  the l i terature i s  corrected. Separate analyt ic

and Monte Carlo ca lcu lat ions of  the probabi l i t ies are descr ibed.

A simulation of  Space Telescope pointing i s  carr ied out

us ing the Weistrop catalog of  bright s ta rs .  Suf f ic ient  infor-

mation is  presented so that the probabi l i t ies of  acquis i t ion

can be estimated as a funct ion of  posi t ion in  the sky .  The

importance i s  emphasized of  having an appreciable di f ference

between the (b r igh t )  primary GS l imit ing magnitude and the

( fa in te r )  secondary GS l imiting magni tude.



INTRODUCTION

We have ca lcu lated the probabil i tes for f inding a suitable

pair  of  Guide Stars (GS) in  the Fine Guidance System (FGS) of

the Space Telescope us ing the Weistrop north ga lact ic  po le

star catalog (Weist rop 1972) and c l ass i ca l  data on br ight star

counts (see  espec ia l l y  Seares e t  al .  1925 and Bahcal l  and

Soneira 1980 ) .  The data are d iscussed fu l ly  in  Appendix A

of this report (which i s  a preliminary draft  o f  a sect ion of

a paper by Bahcal l  and Soneira 1981 on the distribution of

bright s t a r s ) .  The available observational data are rather

l imited but are in  good agreement with each other.

a) GS Select ion Requirements

The requirements for  GS se lec t ion  that we have used a re :

l .  Each FGS detector sees an area of  sky fi = 69. 2 square

arcmin. The geometry for  the 3 detectors i s  shown in f igure

1 (which i s  taken from Groth 1978 ) .

2. The sensi t iv i ty of  the GS detector may be modeled as a

constant between 4660 2 to  7000 R, and zero outside this

range.  (Th is  color  sensit iv i ty of  the GS detector i s  similar

to  the Visual  band,  but has a fac tor  of  2.7 greater throughput

for the color  distr ibut ion of s tars br ighter than V = 14 .0 . )

3. The magnitude range from the primary and secondary guide

stars ( i  = 1 ,2 )  i s  9 2m,  <m, ,  where 14 < m, < 15 and1
(m, - m, ) could in  some designs be as large as 2 magnitudes.

4 .  Stars c loser  than Oc = 1 .0  arcmin t o  a guide star  must

have a magnitude separation greater than Am = 0 .5  mag.
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5. A pair of  guide stars must be separated by a t  least

6 = 13 .5  arcmin. |

b) Analytic Ca lcu la t ion

An analyt ic s ta t i s t i ca l  treatment o f  the se lec t ion  c r i te r ia

i s  use fu l  for  gain ing an understanding o f  the GS p robab i l i t i es .

(Ca lcu la t ions  us ing  Monte Car lo  methods are more accurate and ,

i n  some ways ,  more conven ien t . )

The probabil i ty P = P(%,b,m) of finding at least  one

suitable GS pair  in  the direct ion (2 ,b )  with apparent magni-

tudes brighter than m = m,  =m,  i s  given to  high accuracy by :

| 3 .  2P(2 ,b ,m)  = Py + (20  + 1 )P ;  (1  - P , )  , (1 )

wi th :

p. = 1 1 - , (2)
1 B | | a

0=1 -  J J P.P . (1 -q , i d  (3)
i=1 3=1  13° 71

' ) ' 
|

P, = (A AN @ (4)
1 11!

aAm Re ooB=1+  (107 - 1) a assuming , (5)

N= c10%™ , o and C constants , (6)

N aH) ,  (7)



Yy = L (10%om _ 107ebm) _e (8)

 —-

N = Nz  ,b,m) i s  the number of stars per sol id angle br ightex

than magnitude m sat is fy ing requirement 3 above;
’ . 

:N i s  NN after the appl icat ion of  requirement 4;

$2 i s  the so l id  angle seen by one FGS de tec to r , (Q = 69 .2

square arcmin, requirement 1 ) ;

i s  the minimum angular d istance o f  any star to  a GS with a

magnitude di f ference less  than Am (6 ,  = 1 .0  arcmin, require-

ment 4 ) ;

= 02  i s  the area enclosed by 6g (Rg = 3 .1  square a r cm in ) ;

i s  the minimum magnitude d i f ference allowed for a star

c loser  than 0c to  a GS. (Am = 0 .5  mag,  requirement 4 ) ;

i s  the minimum angular separat ion for  a pair of  GSs

(6  = 13 .5  arcmin, requirement 5 ) ;

= Q, ( 6 )  i s  the (ensemble average) probabil i ty that a s ingle

pair of GSs, each star having a randomly chosen posit ion

within i ts  GS f i e l d ,  are separated by  an angular d is tance >6 -

for ad jacent  detector f ie lds  i s  given by the following expression:
90° -A0  R, 2

dae  dr, | | r , r , f ( 6 , r , , r , ) d r ,
AB R R

Q, = i t  : (9)1 90° -A6 R R, d

de | dr r,.r.drAB R 2 R 17271

_ 180° -A6 -¢ -6
£ = =—<g5-256 0< f<1  , (10)



, (11)

where:  R;  = 10.22, R,  = 14 .09 ,  46 = 2.873%. R, ,  R, and
A® def ine the man-vignetted detector  a rea .  A numerical
integration gives Q, = 0 .735 .  For non-ad jacent  GS f i e l ds ,
Q = 1 .0 ;  

|

a i s  the logarithmic (base 10) s lope of  the star counts near

m. (a = 0 .32  from the Weistrop da ta ) ;

- B i s  the correction factor expressing the probability t ha t

a GS i s  re jec ted  due to  proximity o f  another s tar  l ess  than

6g and Am away [8B = 1 .020 ] ;

P;  i s  the p robab i l i t y of  finding a t  least ome GS in  one FGS
| f ie ld sat is fy ing requirement 4;

P. i s  the Po isson  probabi l i ty d is t r ibut ion;

tN
]~~ .  —-.The above formulae are approximate for  the following

reasons :

1 .  They assume that s tars  are randomly d is t r ibuted and therefore

.. ignore star clustering. (Our -preliminary results suggest that
th is  assumption int roduces a ~ 1% overestimate i n  P ) ;

2. N i s  assumed to  be exact ly an exponent ial .  (Th i s  i s  a lso

..an excellent approximation introducing a negl igble e r ro r ) ;  BE =

3. Correct ion factors due to  f in i te boundaries are i nored in

the calculat ion of 8 and y .  (Th is  i s  a lso  an excel lent ap-

proximat ion.)  
| - » EEE

Formulae (1) - ( l l )  were used to  calculate the probability
of acquiring a GS pair  in  the memorandum in  Appendix A.

- »



® | From the Weistrop da ta ,  the sur face densi ty o f  stars

with 9.0 <m,  < 14 .0  i s  71.5  stars per square degree.  The

mean number of  stars per detector i s  1 .37 .  Then Py = 0.74

and Q = 0 .954  so that P = 0 .41  + 0 .41  0 .82 .

Note that al though the s i ng le  pa i r  form fac to r ,

Q * 0 .75 ,  the actual form fac tor  Q * 0.95 bécause there

are many poss ib le  combinations of  GS pairs when there i s

more than one GS per f i e l d .

—- The 6 /  Am: constraint  has only a minor e f fec t  on P .

For m ,  = 14 .0  mag,

P ~ 0 .84  - 0 .020  ({)o?] = ( 12 )

For m > 14,  the inf luence of  6c and Ar: on P decreases monotonical-

ly  with increasing m .  : 
| - =

The above value for  P i s  calculated “or a f ie ld  centered

at  & = 65 .5 ° ,  b=  85 .5 ° .  At  m=  14 mag, the star densi ty i s

..-.. _expectedto  be a t  a m in imumin  the direction=of the galaetic . =

anticenter £4 = 180° ,  b = 80° .  (This  i s  based on the galact ic

model of  Bahcal l  and Soneira 1980 ;  t he re i s  no d i rect  data

presently available to  confirm this point.) The min imumis

not expected to  be a t  the pole because of  the ga lact ic  spheroidal

bulge contribution t o  the star coun ts .  For  ££ = 180° ,  b < 80°

_the increasing star density from.the d isk ove rcomes.the decrease -

from the spheroid. Figure 2 i s  an isodensi ty contour p lo t  of

the integrated star counts to  m, = 14 mag for b > 20° calculated

no |
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from the Bahcall and Soneira model (assuming a Sandage obscura-

t ion model,  see paper I ) .  (For m_ > 14 the .counts increase like

100 -32m with only a s l ight  dependence o f  the s lope on latitude

and long i tude . )  The model predicts that the integrated star

density t o  m ,  = 14 i n  the d i rect ion & = 180° ,  b = 80° i s  33%

smaller than in  the direct ion & = 65 .5 ° ,  b = 85 .5 ° ,  (For

m,  = 15,  the value i s  43%).  This reduces the mean number o f

stars per  detector  t o  1 .32  and P = 0 .80 .  Near m ,  = 14 ,

P = 0 .5 (1+0 .45n )  , where n is  the mean number o f  stars per  detector .

This approximation . is accurate to  a few percent for n between

1 .0  and 1 .8  corresponding t o  the magnitude interval

13.65 <m < 14 .35 .  |

c) Monte Car lo Calculat ion

The GS probabi l i t ies have a lso been calculated us ing a

Monte Carlo s imulat ion.  The stars in  each FGS f ie ld were d i s -

t r ibuted randomly;  the number o f  s tars  i n  each f i e l d  was chosen

f rom a Po isson d is t r ibut ion with a spec i f ied  mean number of.

stars per f i e ld  and magnitudes were ass igned randomly according

. to  a distr ibut ion funct ion that resul ts  in  a number-magnitude

relat ion that increases as 10™™. The stars were then processed

through an algorithm that implements the GS select ion requirements

(sec t ion  A ,  above ) .  Th is  procedure simulates an ST point ing.

In  o rde r to  accumulate good s ta t is t ics  on the distr ibut ion o f

- GS pa i rs ,  the procedure was repeated several  thousand t imes.

The resu l ts  of  this method agree with the analytic calculat ion

t o  within the s ta t i s t i ca l  uncer ta in t ies .  Because the resu l ts

are a lmost  ident ica l  t o  the analys is  on the rea l  Weist rop da ta ,

we defer d iscuss ion to  the next sect ion.
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a )  GS Select ion with the Weistrop Data

‘The Weistrop survey area i s  ~ 700 times larger than the

area o f  one FGS f ie ld  and s ince there are 984 stars brighter

than m,  = 14 i n  the ca ta log ,  there i s  a suf f ic ient  data base

for accurately. determining GS s ta t is t ics  empir ical ly near the

pole (assuming,  o f  course ,  the Weistrop f ie ld  i s  representa-

tive o f  the star density a t  i ts  galact ic  latitude and longi-

tude) . 
| |

The only signi f icant d i f ference between the resul ts  for

the Monte Car lo ‘alculation (§ ¢c) and the Weistrop data is
the GS reject ion due to  the proximity o f  another s t a r :

for  the random case  a t  V = 14 "  i t  i s  2% and,  for  the Weistrop

data i t i s  3%. The larger re ject ion factor in  the Weistrop

data i s  due to  star c lus ter ing .  The Weistrop catalog presum-

ably ident i f ies a l l  s tars  that are separated by more than the

seeing d i sk ,  < 2 a rsec  (Weis t rop 1980 ) ;  hence only very compact

binaries (which may be a problem for the FGS) are m issed .

(The anticorrelat ion length for the measured ste l lar  posit ions

i s  ~ 6 a rcsec .  The absolute posi t ions of  the stars are accurate.

to  ~ 1 arcmin, Weistrop 1980 . )

We present in  Table 1 ,  GS probabi l i t ies for the fol lowing

combinations o f  (my ,m,)  : (14 .14 ) ,  ( 14 ,14 .5 ) ,  ( 14 ,15 ) ,  ( 14 .5 ,14 .5 ) ,

( 14 .5 ,  15 .0 ) ,  ( 15 .0 ,  15 .0 ) ,  and ( 13 ,15 ) .  For each o f  these

pairs of  magnitudes we l is t  n ,  = N im)  2 ,  the mean number of

stars per detector ,  and several GS probabil i ty distr ibutions:

P,(n) and P,(n) are the probabi l i t ies for f inding n primary or



secondary stars per FGS detector before application of  any

| selection const ra in ts ;  Pg (n) i s  the probabi l i ty for  f inding

n suitable secondary guide stars for a primary guide s ta r ;

and Pom) i s  the probabil i ty for f inding n suitable guide

star pairs per ST point ing.

For the "s tandard"  case o f  m; =m, = 14, Po ( 21 ) ,  i . e . ,

the probabil i ty o f  f inding a t  least  one suitable GS pair is

0 .80 ,  and Po (>2) = 0 .55 .  (This latter value i s  important for

consider ing backup GS pai rs  i f  c l ose  b inar ies  are a p rob lem. )

For ( 14 ,14 .5 ) ,  Po (21) =0 .91  and Po (210) = 0 .35 .  Hence a l -

lowing the secondary GSs to  be 1/2 mag dimmer than the pr i-

. maries br ings about a dramatic increase in  the probabi l i ty o f

acquiring a sui table GS pa i r .  For ( 14 ,15 ) ,  Pp (21 )  = 0 .97

and Po (21) = 0.87 for ( 13 ,15 ) .  (Note that for  N ,  >> A

Pg fol lows c losely  the Poisson distr ibut ion for a mean density
-3n 1 ,

As i n  sect ion b ) ,  the "wors t  case "  probabi l i t ies need t o

2 “ 1of 5 (20 ,+1 )n ,  and Po (21) l -e

be corrected from the di rect ion 2 = 65 .5 ° ,  b 85 .5 °  to the

density minimum at  £& = 180° ,  b = 80° .  For the "standard"

case of m; =m,  = 14, Py (21) i s  then 0.79.

Approximate est imates for  the GS probabi l i t ies for

direct ions other than the ga lac t i c  po le  can be obtained from

f igure 2 by matching the surface densi t ies N sor a given

direct ion (2 ,b )  as c lose ly  as poss ib le  to  the entries in  Table 1 .

For Ns  100 s tars  per deg? ,  coresponding to  m,, > 14 .539  a t

the galact ic po le ,  the probabil i ty of  acquir ing a suitable

pair of  Guide Stars i s  > 95%, suf f ic ient ly high to  be of  l i t t le

concern. Appropriate Guide Stars w i l l  nearly always be available

= NR a es  i t s  t i i e  pa  AAR ih abi l  achat RI  ST RTT EER TE Te  EE



2 AT Tammy LD TE ess  Le  Lp T f  RE TR Tle a le  des  0 i LL  ek aie TS o r ht SE apts RTE TRL pe  ee  LT  TTT  Ue  Tye  T l .. SE . IE  Lon  . - am EEC - : .
. . PEC RTP)  FE)  .

o 
RB (P ,  (21) > 0 .95 )  for  a l l  galact ic lat i tudes and longitudes below

b ~ (40° i f  m,  =m, > 14™ (see Figure 2 and Table 1 ) .

eo) Conclusion |

The probabil i ty for acquir ing a suitable pair o f  Guide

Stars in  the direct ion of minimum star density (£2 = 180° ,

b = 80°) i s  estimated in  this report to  be 0.79 when both Guide

Stars are required to  be b r igh te r - than m_= 147,  somewhat lessv
than the des ign speci f icat ion of  0 .85 .  (The acquis i t ion proba-

bi l i ty w i l l  be further reduced i f  there are a s ign i f i cant  number

of  c lose binaries with angular separation < 1 a r csec . )  In
order to  meet the design spec i f icat ion with the same brightness

l imit for  both the primary and secondary Guide S ta r s ,  one would

require m, = m, = 14.25 Visual  magnitudes.

@ : I f ,  however,  the secondary Guide Star i s  al lowed to  be

dimmer than the primary, then there can be a s igni f icant improve-

ment i n  the acqu is i t ion  probab i l i t y .  For  m,  = 14 .0™ and
m, = 14 .57 ,  the Guide Star  acqu is i t ion  probabi l i ty  i s  0 .90 .

I f  we use the maximum al lowed br ightness d i f fe rence between

the primary and secondary Guide S ta r s ,  2 magni tudes,  then

the primary star need only be brighter than 13 th magnitude

(Visual)  in  order to  meet the des ign speci f icat ion in  the

direct ion o f  the density minimum near the galact ic po le .
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TABLE 1.  Guide Star Probabi l i ty Distr ibut ions* (Concluded)
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APPENDIX A

I I .  BRIGHT-STAR DENSITY

a) The Best  Avai lab le Data

The principal source o f  data that we used for the bright

star densi t ies in  paper I was Seares e t  al.  ( 1925 ) ,  which

l is ts star counts in  the direct ion of  the Galact ic po le  for

magnitudes in  the range 4 <m v S 18 .  The or iginal data from

some o f  the star  ca ta logs used by Seares e t  al .  had large sys -

tematic errors (up to  2 magnitudes) that Seares and his

col laborators t r ied to  remove. However, a sca le  error i n

the magnitudes was discovered by Stebbins,  Whitford and

Johnson (1950 ) .  The correct ions of  Stebbins e t  al. we re.

app l ied in  paper I ,  but  i t  was conceivable that some systematic

errors remained. 
|

Modern counts of  br ight  star dens i t ies  have been rare.

I n  paper I ,  the br ightest  recent  star counts considered were

those of  Brown (1979 ) .  Brown measured integrated star counts

in  several f ie lds  near the Galact ic pole in  the magnitude range

17 =m,  < 20 .5 .  (The counts o f  Tyson and Jarvis (1979 )  extend

to  13th  magni tude;  however, s te l lar  images br ighter than 17 th

magnitude were saturated and hence required an indirect mag-

" nitude measurement . )

In  th is paper we consider  addit ional ly star counts from oth

t h  magnitude obtained from the data o f  Weistrop (1972 )  that was

kindly made avai lable to  us in  the form of the or ig inal  computer

tape and pr intout .  The Weistrop cata log comes from a f ie ld

o f  area 13 .3  square degrees ,  centered in  SA57 in  the direct ion

o f  the Ga lac t ic  po le .  There are 2989 s tars  i n  her  ca ta log

Oo
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brighter than V = 16 .  The catalog extends to  V = 20, but

magnitude uncertainties appear to  increase signi f icant ly dim-
hward of  16° magnitude (Faber e t  al. 1976;  Weistrop 1980;

King 1980 ) .

According to  Weistrop (1980 ) ,  the magnitude errors for

V < 16 are 0 .12 "  (one standard dev ia t i on ) .  A comparison by

W

for 23 stars with V < 16 g ives :

Faber e t  al.  1976 o f  the Weistrop magnitudes, V.. , to  photo-

electr ic  magnitudes, Veg !

<v >=-0 .02  + 0 .09 .  King (1980)  has compared h is  ownw ~ VeE

photometry to  that o f  Weistrop. His resu l ts  for 16 stars

with V < 16 i s  Ve, - Vg> =+0 .01  + 0 .09 .  These estimates

a l l  y ie ld  a magnitude uncertainty ~ 20 .1 " ,  The Zero point’

and magnitude sca le  appear t o  be we l l  es tab l ished for  V < 16 .

Figure 1 d i sp lays  a compi lat ion o f  a l l  the avai lable

‘ d i f f e ren t i a l  star dens i t ies  (number of  s tars per magnitude

per square degree) i n  the direct ion of  the Galact ic pole

(see paper I ) .  The so l id  curve i s  the densi ty predicted by

our standard Galaxy model of  paper I ,  including a separate

contribution from giants (see be low) .  In  Table 1 we l i s t  the

total integrated star counts ( s t a r s  brighter than the spec i f ied

' magnitudes l imi t )  for  the Weistrop da ta ,  the Seares et al.
data as reduced to  the Visual band in  paper I ,  the calculated

densi t ies from our standard Galaxy model (see be low) ,  and the

densi t ies tabulated i n  Allen (1973 ) .  
|

In  calculat ing the star counts for the bright apparent

magnitudes considered here us ing  the Bahcal l -Sonei ra Galaxy

model ,  i t  i s  necessary to  separate the contr ibut ion of  the

stars on the g iant  branch from the more common main sequence s tars

a



which completely dominate the counts a t  faint magnitudes

| ( see  § I I a  o f  paper I for  a deta i led d iscuss ion  o f  this po in t )  .

The giants were not  included separately in  paper I .  |

The d i f ferent ia l  s tar  counts for the giants peak a t
th11 mag, where they contribute about 20% to  the tota l  counts ;

hby 13% mag their contr ibution has fa l len to  3%. We take the

f ract ion o f  s t a r s ,  £ ,  on the ma in .  sequence to  be

0.44 x exp |0.00015(M+8)3°3], Mm < 3.7 ,
1 ,  M2> 3.7 ,

which accurately f i t s  the data  o f  Sandage (1957 ) ,  Schmidt

(1959) and McCuskey ( 1966 ) .  A scale height of  250pc i s

adopted for  the g iants  ( see  paper I ) .

b) A l l en ' s  Recommended Dens i t i es

The star dens i t ies  l is ted in  Al len (1963 ,  1973) are

typical ly more than 40% larger than the dens i t ies  l is ted above

and i n  paper I fo r  m > 13 .  A l l en ' s  resu l ts  have been used as

the bas i s  for  cons ider ing the performance o f  the Guide Star

System for  the Space Telescope (see ,  e .g . ,  Groth 1978 ) .

Because of the importance of  the Guide Star System for  the

‘ en t i r e  Space Te lescope Observatory,  i t  i s  necessary  t o  examine

the or igin of the d iscrepancies between A l l en ' s  numbers and the
other resu l t s  given i n  Tab le  1 .  (A l len  1973 notes that h is

star densi t ies  are 25% larger than the Landolt-Bornstein Tables

[Sche f f le r  and E l sasse r  1965 ] ,  h is re ference number 6,  although

the same sources were used . )  The sources l is ted by Al len are

———



Seares et  a l .  ( 1925 ) ,  Seares and Joyner ( 1928 ) ,  and van Rhi jn

(1929). The Seares and Joyner paper examines star  counts for

b < 70° ,  and thus i s  not relevant for the present d i scuss ion .

The van Rhi jn paper combines star count data of Seares e t  al.

and the Harvard-Durchusterung survey.

a comparison of the Seares e t  al. and van Rhi jn  counts

i n  the international photographic band with with corresponding

counts l is ted in  Al len (1973 ) ,  shows that Al len must have

re~reduced the data introducing small changes, ~10%, (general ly)  upward -

i n  the bright star densities. 
|

Counts in  the Visual band are desired for many purposes.

I n  order to  t ransform the photographic band counts into the

Visual band Bahcal l  and Soneira (1980)  used the color equation

i n  Seares e t  al. Al len used the fol lowing ( incorrect)  conversion

f rom og  to  m,  :

total  number o f  s ta rs  br ighter than m,, from b=0°  to  90°SN i<m, ) =e  Nism, ) XxVv g corresponding number for  My

| 

(2)

. This conversion i s  more incorrect  a t  higher galact ic  ‘ la t i tudes,

since most o f  the br ight stars are counted near the plane of

. t he  d isk  and s te l l a r  type ( i . e . ,  co lo r )  changes systematical ly

with Galact ic  lat i tude.

The ‘ ne t  d iscrepancy i s  unexpectedly large (>40%) between,

on the one hand ,  e i ther  the modern star  counts i n  V (Weistrop

1972 ,  1980) or the older Seares e t  al.  (1925) data as reduced in

paper I ,  and,  on the other hand,  the star dens i t ies  tabulated

by Al len (1973 ) .  In  order to  i l lustrate where in  the analys is

of  Al len the errors appear to  have or ig inated,  we divide the



transformation into several s teps.  For spec i f ic i ty ,  we
| | b

consider the star dens i ty  in the Visual  band a t  14% magnitude

for which Allen c i tes  102 stars deg 2.  Part of  the error appears

to  result  from the d i f ferent  manner in  which Allen combined each

of  the three ( tabulated)  quanti t ies needed in  equation 2 from

his two sou rces ! .  I f  we apply A l l en ' s  transformation (equation 2)

to  j us t  the Seares e t  al.  data a lone ,  we obtain 94 stars deg™2.

(Van Rhi jn  tabulates only 2 of  the 3 quant i t ies ,  so i t  i s  not

poss ib le  t o  perform the Al len transformation so le ly  with h i s  da ta . )

I f  the band transformation i s  calcual ted using the correct co lor

equation descr ibed i n  Seares et a l . ,  the density further ‘dec reases

t o  82 s ta rs  deg”  2. F i na l l y ,  i f  the magnitude correct ions o f

Stebbins,  Whi t fo rd ,  and Johnson (1950 )  are appl ied to  the

Seares e t  a l .  data (as i n  paper I ) ,  we obtain 71 s tars  deg?

brighter than 14%0 Visual  magnitude in  the direct ion of  the

- Galact ic  po le .  Weistrop counted 73 s ta rs  deg ? ;  the Bahca l l -

Soneira Galaxy model p red ic ts  70 .4  s ta rs  deg br ighter than

V = 14.  Hence ,  i t  appears that A l l en ' s  resu l t  can be accounted

. for by 3 systematic e r ro r s ,  each of  order 10%, that add

"for tu i tously"  in  the same d i rec t ion .

1 See Table 2.
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SE al aA  Cen t

TABLE 1 .  TOTAL INTERATED STAR DENSITIES

| PER SQUARE DEGREE

vo  9 10 11 12 13 14 15 16

Weistrop 1 .9  3.7  7 .6  18 37 74 135 224

Seares et al.® 1 .2  3 .3  8 .0  18 36 71 134 216

Bahcal l -Soneira :: 1.5 3.5 7.7 16 34 70 138 254
Model IRA  |

Allen : 1.4  3.6 9 .1  21 49 102 186  347

a Reduced to  the Visual  band in  paper I .

| coupe )ro  A LT  T IT  AT r n  ae SBrp  SYR $2 7 -



~ TABLE 2 .  STAR DENSITY DATA

Log A, ( 90 ° )  1og[eH,  (0°-90°) 1og A ( 00 -900 )

" Al len Seares e t  al. van Rh i jn  Al len Seares e t  a l .  van Rhijn A l len Seares e t  al.

10 0.27 0 .257  10 .25  0.62 0 .604  0.64 0 .91  0 .895

11 0 .66  0 .636  0.63 1 .05  1 .020  1 .07  1 .34  1 .324

12 1 .03  0 .995  1 .01  1 .46  1 .425  1 .49  1 .76  1 .740

13 1 .39  1 .331  1 .38  1 .87  1 .818  1 .90  2 .17 . 2 .141

14 1 .71  1 .646  1 .70  2.26 2 .196  2 .30  2.56 2 .525

15 1.97 1 .940  1 .98  2.62 2 .559  2.68 2.94 2 .891

16  2 .24 2 .211  2.26 2.98 2 .905  3.04 3 .29  3 .235
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CAPTION FOR FIGURE 1

Dif ferent ia l  s tar  dens i t i es  o f  per  magnitude per square de-

gree for the Galact ic  po le .  The so l id  curvé i s  the density

predicted by the standard Galaxy model o f  paper I assuming

no obscuration a t  the pole and including a separate contri-

bution from g iants  (see t ex t ) .  Data from Seares e t  a l .  (1925)

as reduced to  the Visual-band i n  paper I are plotted as

f i l led-circles, data  from Weistrop (1972) are plotted as

filled-triangles, data from Brown (1979) corrected to  the pole

( see  paper I )  are p lot ted is fi l led-squares, da ta  from

Kron (1978) are plot ted as open t r iang les ,  data from Tyson

and Jarvis (1979) are p lo t ted as open c i r c l es ,  and data

from Peterson e t  al. ( 1979 )  as squares.  For magnitude system

convers ions ,  see paper I .
{
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OUTLINE

4. SUMMARY OF DATA ON BRIGHT STARS

>. CHARACTERISTICS OF THE FINE GUIDANCI
SYSTEM(FGS)

@ ANALYT IC  CALCULATION

4. MONTE CARLO SIMULATION

5. GUIDE STAR ACQUISITION WITH THE
WEISTROP CATALOG

6 .  NUMERICAL RESULTS

§ OTHER CALCULATIONS Cr

Enclosure 9



DATAON BRIGHT STARS
9 =mys16

. WEISTROP CATALOGE :
2989 STARS/13.3 02 in SA57

Amy ~ 0.A™ (FABER ET.AL, KING).

 SEARES ET  AL. (1925)
(~10% - 103)  |

STEBBINS,  WHITFORD, and JOHNSON
( 1950 )  CORRECTION |

. GALAXY MODEL (PAPER I )

+. ALLEN -1973 )
COLOR EQUATION X
STEBBINS,  ET. AL. CORRECTION X
COMBINED DIFFERENT SOURCES X

_



Table  { . To ta l  I n te ra ted  Star Densities
Per  Square Degree

my 9 10 HM 12  13 14 15 46

‘Weistrop 1 .9  3.7 7.6 18 37 741435 224“

Seares  et al.9 4 .2  3.3 8.0 18 36 Ne 4134 216

Mode l  4 .5  3.56 7.7 16  34 70 138 254

Allen 1.4 3.6 9.4 21 49 102186 347

a Reduced to the Visual band in paper 1



' B -

i .
2 ‘GUIDE STARS

GUIDE STAR SELECTION

CHARACTERISTICS

3 DETECTORS : £ = 69 .2  SQ. ARC MIN.

2.  COLOR SENSIT IV ITY

3.

4,

UNITY BETWEEN 4660  AA - 7000  A
ZERO OUTSIDE

MAGNITUDE RANGE
OS<my<mj ,44<m;< i5  .

( 7 ) ]  mo - m| < 2M (7)

MINIMUM ACCIDENTAL SEPARATION: Be

Bo < § ARC MIN==>Am 2 0 .5 "

. M IN INUM SEPARATION OF GUIDE
STARS: 43.5 ARC MIN.

2 DETECTORS



FINE GUIDANCE SYSTEM
FOCAL PLANE ARRANGEMENT
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ANALTIC CALCULATION

ASSUMPTIONS ; m - mo

NO COLOR CORRECTION [~10-22100%)]

° POISSON STATISTICS. Co

N (n) = c {jo 7m

INCLUDES: EXACT GEOMETRY

FIN ITE Oe

~ MINIMUM SEPARATION
(2 DETECTORS)



MONTE CARLO SIMULATION

EXACT MOCK = UP

but

(PROGRAM DOES NOT YET INCLUDE

. CORRELATION FUNCTIONS)



GUIDE - STAR ACQUISITION

WITH THE WEISTROP

CATALOG
® AREA 7x i0 *2  Q ras

AGREES WITH : ANALYTIC
CALCULATION AND MONTE

CARLO SIMULATION (EXCEPT
REJECTION RATE GREATER :

~ 1%)
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PROBABIL ITES

I STAR DENSITIES N (m,%,b ) :
CONTOUR MAP: F IGURE 2
PAPER I . TABLE B2

2. TABLE 1 :  (mj, mp)=(14,i4),(14,14.5),(14,15),(14.5,
SR (15.0,15.0), ( 13 ,15 )

ni, Py (n), Pp ( 0 )

® | Pp (n). <=

5. Examples© oo

m, - mo= 14: Pp (21)=0.80, Po(22) = 0.55

my = mp - 14.25 : Pp (21) = 0.85

my =14,mp=14.5 : Pp (24)=0.94, F, (240)=0.3

my =13 ,mp=15 :  Pp (21 )=0 .87



QUESTIONS ;

PHOTON COUNTING. OR ENERGY

‘COUNTING 7

INCLUDED WIDER BAND —WIDTH 7



CONCLUSIONS

'@® NO SEVERE (NEW) PROBLEMS

MAGNITUDE DIFFERENCE BETWEEN

PRIMARY AND ‘SECONDARY

GUIDE STARS COULD BE VERY
IMPORTANT.
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* See pages 7 and 8 for de f i n i t i ons .

TABLE 1.  Guide Star  Probabi l i ty Dist r ibut ions* (Cont inued)

my, = 14 .5  m, = 14.5  m, = 14 .5  m, = 15 .0  m, = 15 .0  m, = 15 .0
n, = 1.89 n ,  = 1 .89 ny = 1 .89 n ,  = 2.56 n ,  = 2.56 n ,  = 2.56
ya  = 98.3  N,  = 98 .3  , = 98 .3  N,  = 133 MN,= 133 MN, = 133

n P P, Pg Py n Py P,  Pe Ph np ,  P, Pg TP ,

0 0 .151  0 .151  0 .051  0 .080  0 0 .151  0 .077  0 .019  0 .026  0 0 .077  0 .077  0 .017  0 .023
1 0 .286  0 .286.  0 .137  0 .052  1 0 .286  0 .198  0 .077  0 .018  1 0 .198  0 .198  0 .067  0 .014
2 0 .270  0 .270  1 .207  0 .073  2 0 .270  0 .253  0 .144  0 .041  2 0.253 0 .253  0 .132  0 .033
3 0 .170  0 .170  0 .210  0 .071  3 0 .170  0 .216  0 .183  0 .039  3 0 .216  0 .216  0 .177  0 .031
4 0 .080  0 .080  0 .174  0 .073  4 0 .080  0 .138  0 .175  0 .052  4 0 .138  0 .138  0 .183  0 .041
5 0 .030  0 .030  0 .113  0 .052  5 0 .030  0 .071  0 .149  0 .036  5 0 .071  0 .071  0 .161  0 .033
6 0 .010  0 .010  0 .061  0 .064  6 0 .010  0 .030  0 .108  0 .054  6 0 .030  0 .030  0 .114  0 .042
7 0 .003  0 .003  0 .030  0 .046  7 0 .003  0 .011  0 .070  0 .040  7 0 .011  0 .011  0 .075  0 .038

8 0 .001  0 .001  0 .012  0 .058  | ~8 0 .001  0 .004  0 .040  0 .052  8 0 .004  0 .004  0 .041  0 .045
9 0 .004  0 .046  9 0 .001  0 .020  0 .046  9 0 .001  0 .001  0 .019  0 .033

10 0 .002  0 .046  10 0 .009  0 .048  10 0 .009  0 .042
11 0 .001  0 .032  11 0 .004  0 .041  11 0 .004  0 .033
12 0 .042  12 0 .002  0 .042  12 0 .002  0 .041
13 0 .032  13 0 .032  13 0 .001  0 .030
14 0 .029  14 0 .035  14 0 .038
15 0 .025 | . 15 0 .035  15 0 .034
16 0 .023  16 0 .026  16 0 .029
17 0 .016  17 0 .029  17 0 .034
18 0 .017  18 0 .025  18 0 .027

>19 0 .125  | >19 0 .286  | >19 0 .360



TABLE 1. Guide Star  Probabi l i ty Dis t r ibut ions*  (Concluded)

* See pages 7 and 8 for definitions.

m, = 13 m, = 15
n ,  = 0 .684  n ,  = 2 .56
MN = 35.6 N,  = 133

np ,  P, Pq Po

0 0 .505  0.077 0.019 0 .131
1 0 .345  0 .198  0 .065  0 .046
2 0 .118  0 .253  0 .140  0 .076
3 0 .027  0 .216  0 .187 .  0 .078
4 0 .005  0 .138  0 .181  0 .086
5 0 .001  0 .071  0 .154  0 .059
6 0 .030  0 .110  0 .062

~ 7 0 .011  0 .071  0 .055
8 0 .004  0 .039  0 .051
9 0 .001  0 .020  0 .050

10 0 .010  0 .039
11 0 .003  0 .036
12 0 .001  0 .036
13 0 .001  0 .025

© 14 0 .024
15 0 .021
16 0.024
17 0 .015
18 0 .013

>19 0 .077
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APPENDIX A

I I .  BRIGHT~STAR DENSITY

a)  The Best  Avai lable Data

The principal source o f  da ta  that we used for the bright

star dens i t i es in  paper I was Seares e t  al. (1925) ,  which

l i s t s  s tar  counts in  the direct ion of  the Galact ic pole for

magnitudes in  the range 4 <m v < 18. The or ig inal  data f rom

some of the star catalogs used by Seares et  al. had large sys-

tematic errors (up to 2 magnitudes) that Seares and his

col laborators tr ied to  remove. However,  a sca le  error i n

the magnitudes was discovered by Stebbins,  Whitford and

Johnson (1950) - The corrections of Stebbins et  al. were

appl ied i n  paper I ,  bu t i t  was conceivable that some systematic

errors remained.

Modern counts of bright s tar  dens i t ies  have been ra re .

I n  paper I ,  the br ightest  recent  star  counts considered were

those of  Brown (1979 ) .  Brown measured integrated star counts

in  several f i e lds  near the Galact ic  pole in  the magnitude range

17 fm ,  x 20 .5 .  (The counts of  Tyson and Jarvis (1979) extend

to  13 th  magni tude;  however, s te l lar  images brighter than 17 th

magnitude were saturated and hence required an indirect mag-

ni tude measurement . )  |

I n  th is  paper we consider addit ional ly star counts from oth  t o

t h  fagni tude obtained from the data o f  Weistrop (1972)  that was:

kindly made avai lable to  us in  the form of  the or ig ina l  computer

tape and printout. The Weistrop cata log comes from a f ie ld

of area 13.3 square degrees ,  centered in  SA57 in  the direction

o f  the Ga lac t i c  po le .  There are 2989 s ta rs  in  her ca ta log



brighter than V = 16. The cata log extends to V = 20, but

magnitude uncerta int ies appear to  increase signi f icant ly dim-

ward of 16 th magnitude (Faber e t  al .  1976 ;  Weistrop 1980;

King 1980 ) .  | 
|

According to  Weistrop (1980 ) ,  the magnitude errors for

V < 16 are 0 .12 "  (one standard dev ia t i on ) .  A comparison by

Faber e t  al .  1976 of  the Weistrop magni tudes,  Vie ,» to  photo~-

electr ic magnitudes, V.., for  23 s tars  with V < 16 givesPE

Vy = Vpp? = -0 .02  + 0 .09 .  King (1980) has compared his own

photometry to  that o f  Weist rop.  H is  results for 16 stars

with V < 16 i s  V i  - V i  =+  0 .01  # 0 .09 .  These estimates

al l  y ie ld  a magnitude uncertainty =~ £0 .17 .  The zero point

and magnitude scale appear to  be we l l  establ ished for V <16 .

Figure 1 d isp lays a compilation o f  a l l  the avai lable

dif ferent ial  star densi t ies (number of stars per magnitude

per square degree) in  the direct ion of the Galactic pole

( see  paper I ) .  The so l id  curve i s  the dens i ty  predicted by

our standard Galaxy model o f  paper I ,  including a separate

contr ibution from giants (see below) . In  Table 1 we l i s t  the

total integrated star counts ( s ta r s  br ighter than the speci f ied

magnitudes l imit)  for  the Weistrop da ta ,  the Seares e t  a l .

data  as reduced to  the V isua l  band in  paper I ,  the calculated

dens i t ies  from our standard Galaxy model (see be low) ,  and the

dens i t ies  tabulated in  A l len (1973 ) .

I n  ca l cu la t i ng  the s ta r  counts  for  the bright apparent

magnitudes cons idered here us ing  the Bahcal l -Soneira Galaxy

mode l ,  i t  i s  necessary  to  separate  the contr ibut ion o f  the

stars on the giant branch from the more common main sequence stars



which completely dominate the counts a t  fa int  magnitudes

( see  § I I a  o f  paper I for  a de ta i led  discusS§ion of th is po in t ) .

The  g ian ts  were not  inc luded separate ly  i n  paper I .

The d i f fe ren t ia l  star counts for the giants peak a t

th  mag, where they contribute about 20% to  the total counts;

h
11

by 13% mag their contribution has fa l len to  3%. We take the

fract ion of  stars, £, on the main sequence to  be

0 .44 x exp [0.00015 (u+8) 3-5], M<3.7 ,
f = (1)

1 ,  M>  3.7 ,

which accurately f i ts  the data of Sandage (1957) ,  Schmidt

(1959) and McCuskey (1966 ) .  A sca le  height of  250pc i s

adopted for the giants (see paper I ) .

b) A l l en ' s  Recommended Densit ies

The star dens i t ies  l is ted in  Al len (1963 ,  1973) are

typical ly more than 40% larger than the densi t ies l isted above

and in  paper I for m > 13. A l l en ' s  resu l ts  have been used as

the bas i s  for consider ing the performance of the Guide Star

System for the Space Telescope ( see ,  e .g . ,  Groth 1978 ) .

Because of  the importance of  the Guide Star System for the

entire Space Telescope Observatory, i t  i s  necessary to  examine

the or ig in  of  the d iscrepancies between A l l en ' s  numbers and the

o the r  resu l ts  given in  Table 1.  (Al len 1973 notes that h is

star  dens i t ies  are 25% larger than the Landolt-Bornstein Tables

[Sche f f l e r  and E l sasse r  1965 ) ,  his reference number 6, although

the same sources were used. )  The sources l isted by .A l len  are



Seares e t  al. ( 1925 ) ,  Seares and Joyner ( 1928 ) ,  and van Rhi jn

( 1929 ) .  The Seares and Joyner paper examines s tar  counts for

b < 70° ,  and thus i s  not  re levant  for the present  d i scuss ion .

The van Rhi jn  paper combines star  count data o f  Seares e t  al .

and the Harvard-Durchusterung survey.

A comparison of the Seares e t  al. and van Rhi jn counts

i n  the international photographic band with with corresponding

counts l is ted in  Al len (1973 ) ,  shows that Al len must  have

. re - reduced the data introducing small changes, ~10%, (generally) upwa:

i n  the bright star densities.

Counts in  the Visual  band are desired for many purposes.

In  order to  transform the photographic band counts into the

Visual  band Bahcal l  and Soneira (1980) used the co lo r  equation

in  Seares e t  al.  Allen used the following ( incorrect )  conversion

£ 1 J Irom og to  m,

total number o f  s tars  br ighter thanm_ from b=0° to  9

Nim)  =eMsm,) — v
e —v  Mog  corresponding number for  Msg

(2)
/ -

This conversion is  more incorrect at higher galact ic  la t i tudes,

s ince most o f  the br ight s ta rs  are counted near the plane of

the d i sk  and s te l la r  type ( i . e . ,  co lo r )  changes systematical ly

with Galact ic  lat i tude.

The net  discrepancy i s  unexpectedly large (>40%) between, -

on the one hand,  e i ther  the modern star  counts i n  V (Weis t rop

1972,  1980) or the o lder  Seares e t  a l .  (1925) data as reduced in

paper I ,  and,  on the other hand ,  the star dens i t ies  tabulated

by Al len (1973 ) .  In  order to  i l lustrate where in  the analysis

of Al len the errors appear to have or ig inated,  we divide the



L transformation into several  s t eps .  For speci f ic i ty ,  we

consider the star densi ty  in  the Visual  band at 14h magnitude

for which Al len c i t es  102 s tars  deg 2. Part  of  the error appears

to resul t  from the d i f ferent  manner in  which Al len combined each

of the three ( tabu la ted)  quant i t ies needed in  equation 2 from

his two sou rces ’ .  I f  we apply A l l en ' s  transformation (equation 2)

to  j us t  the Seares e t  al. data a l one ,  we obtain 94 stars deg™?.

(Van Rh i jn  tabulates only 2 of  the 3 quant i t ies ,  so i t  i s  not

poss ib le  to  perform the Al len transformation solely with his da ta . )

I f  the band transformation i s  calcual ted us ing the correct color

equation described in Seares e t  a l . ,  the density further decreases

to  82 s tars  deg” .  F ina l l y ,  i f  the magnitude correct ions o f  |

® Stebbins,  Whit ford, and Johnson ( 1950 )  are appl ied to the

Seares e t  al.  data (as in  paper I ) ,  we obtain 71 stars deg”?

hbrighter than 14° V isual  magnitude in  the d i rect ion of the

Galact ic  po le .  Weistrop counted 73 s tars  deg ?;  the Bahcall-

Soneira Galaxy model predicts 70.4 s tars  deg? brighter than

v = 14 .  Hence ,  i t  appears that A l l en ' s  resu l t  can be accounted

for by 3 systematic e r ro rs ,  each of  order 10%, that add

" for tu i tous ly"  in  the same d i rec t ion .

1 See Table 2.
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Weistrop

Seares e t  a l .®

Bahcal l -Soneira
Model

Allen

a

TOTAL INTERATED STAR DENSITIES

PER SQUARE DEGREE

1.4

10

3.6

11

9.1

12

18

18

16

21

Reduced to the Visual band in  paper I .

13

37

36

34

49

14

74

71

70

102

15

135

134

138

186

16

224

216

254

347



10
11

12

13

14

15

16

1og[, (90°)
Seares et  al.

-

0.257

0.636

0.995

1 .331

1 .646

1 .940

2 .211

van Rh i jn

0.25

0.63

1 .01

1.38

1 .30

1.98

2.26

TABLE 2.

A l len

0 .62

1 .05

1 .46

1.87

2.26

2.62

2.98

STAR DENSITY DATA

log A,  (0°-90°)]

Seares  e t  a l .

0 .604

1.020

1 .425

1 .818

2.196

2 .559

2 .905

van Rhi jn

0.64

1 .07

1 .49

1 .90

2.30

2.68

3.04

log , (0°-900)]

A l l en

0 .91

1 .34

1 .76

2.17

2.56

2.94

3.29

Seares et  al.

0.895

1.324

1 .740

2 .141

2.525

2 .891

3.235



CAPTION FOR FIGURE 1

Di f f e ren t i a l  s ta r  dens i t i es  5 per magni tude per square de-

gree for  the Ga lac t i c  po le .  The so l i d  curve i s  the dens i ty

predicted by the standard Galaxy model of  paper I assuming

no obscurat ion a t  the po le  and inc lud ing a separate contr i -

bution from giants (see t ex t ) .  Data from Seares e t  al. (1925)

as reduced to  the Visual-band in  paper I are plotted as

f i l l ed -c i r c les ,  data from Weistrop (1972) are plot ted as

f i l l ed - t r i ang les ,  data from Brown (1979)  corrected to  the pole

( see  paper I )  are p lot ted i s  f i l l ed -sguares ,  data from

Kron (1978) are plot ted as open t r iang les ,  data from Tyson

and Jarvis (1979 )  are plotted as open c i r c l es ,  and data

from Peterson e t  al.  (1979) as squares.  For magnitude system

convers ions ,  see paper I .
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