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SECTION 13.1 INTRODUCTION

The pu rpose  o f  t h i s  documen t  i s  t o  summmar i ze  the  ope ra t i on  o f
the fine guidance sensors (FGSs), their  use in a t t i tude in i t ia l i -
zat ion and the a lgor i thms to be used for  a t t i tude determinat ion
wi th  FGS da ta .  The p r ima ry  f unc t i on  o f  the t h ree  FGSs i s  to
ope ra te  i n  con junc t i on  w i t h  t he  suppo r t  sys tem modu le  (SSM)
pointing control  system (PCS) to provide on board fine pointing
con t ro l  and s tab i l i za t ion .  Two FGSs are act ive ly  used ;  one FGS
is  a s t andby .  The seconda ry  f unc t i on  i s  the  ope ra t i on  o f  t he
standby FGS in  the as t romet ry  mode.

The intent  o f  th is document  i s  to provide a suf f ic ient ly  de ta i led
design character is t ics  def in i t ion of the FGS to support implemen-
tat ion of PASS requirements re lated to the FGS.

13-2



SECTION 13.2 GENERAL OPERATION

The FGS provides guide s ta r  pos i t iona l  informat ion in  i t s  to ta l

f i e l d  of view (TFOV) by two methods: 1) a coarse measurement
accu ra te  to *0.1 a r c - second ,  roo t  mean square ( rms) ,  at 0.025
second  update i n te r va l s  pe r  ax i s  (Re fe rence  1,  Sec t .  4 .2 .2 )  and
2) a f ine measurement .  A l t hough  the  f i ne  measu remen t  accu racy

required is  omi t ted  in  Reference 1, Sec t ion  4.2.3, i t  1s assumed
to  be on the o rder  o f  0.0028 a rc -seconds ,  rms,  which is  the er ror
a l l oca ted  to the FGS fo r  image s tab i l i t y  (Re fe rence  1, Sec t .
5.1)  The TFOV of an FGS is  one-quar te r  of the outer  4 arc-
minute annulus of the opt ica l  telescope assembly (OTA) f ie ld of
view (FOV) (F ig .13-1 ) .  The unv igne t t ed  FOV covers 72.2 square
arc-minutes.  The TFOV is  scanned by the instantaneous f ie ld  of
v iew ( IFOV) ,  wh i ch  i s  a 3.14-by=-3.14 a r c - second -squa re  ret icle.
Two s ta r  se lec to r s  pos i t i on  the IFOV, prov ide coarse measurements
from the i r  readouts and reor ient  the incoming l ight beam so that
the emergent  l ight beam fa l ls  on an in te r fe romet r i c  dev ice  ca l led
the  koes te r s  p r i sm .  Pho tome t r i c  measu remen ts  o f  t he  beams
emergent from the koesters pr ism provide the fine measurements of
d isp lacements  f rom the nul l  pos i t ion.  F ig.  13 -2  shows a diagram
of the FGS opt ica l  system.

13.2.1 STAR SELECTORZ oPevad i  avy

The two s ta r  se lec tors  position the IFOV, orient the l ight from
the IFOV onto the base of  the Koes te r s  p r i sms ,  and p rov ide  a
method  o f  de te rm in ing  the  s ta r  obse rva t i on  vec to r .  F i g .13 -3
i l l us t ra tes  the ac t i on  o f  the two star  se lec to r s  in  ob jec t  space.
Each s tar  se lec tor  de f lec ts  the incoming l ight beam by 7.1 arc-
minutes in  ob jec t  space. The magni f icat ion of the FGS is 57.275.
The de f l ec t i on  is  6.777 degrees in  FGS pup i l  space. (Ob jec t
space  i s  de f i ned  by the  p ro j ec t i on  on t he  ce les t i a l  sphe re .
Pupi l  space 1s co l l ima ted  space at  which an image o f  the entrance
pupil is located.)  The d i rect ion of the def lect ion is determined
by the amount of rotat ion of the s ta r  se lec to r .  An ob jec t  in  the
IFOV l i es  on a c i r c l e  o f  r ad ius  7.1 a r c -m inu tes  cen te red  on t he
image ,  I g  ( c i r c l e  B in  F ie .  13 -3 . )  The f i r s t  s t a r  se l ec to r
images  the  IFOV on to  Ig . l i e s  on a c i r c l e  o f  r ad ius  7.1 a r c -
minutes ( c i r c l e  A in  v2. 2 3) from the OTA op t i ca l  axis. I g  i s
imaged  by the  second  s ta r  se lec to r  on to  t he  OTA op t i ca l  axis.
The pos i t ion  of the ob jec t  in  the IFOV om c i r c le  B and i t s  image,
I , ,  on c i r c l e  A are def ined by the s ta r  se lec to r  ro ta t ions  é5 and
Bae 4 and 8g a re  pos i t i ve  ro ta t i ons  abou t  the +T1 ax i s  %rom
the +T2 axis (see F ig .  13 -3 ) .  The pos i t ion  of the IFOV is  there-
fore descr ibed by the values ( &, #8) or can be conver ted i n to
sphe r i ca l  po la r  coo rd ina tes  (R,¢#) centered about the op t i ca l
ax is .

Conve rs i on  of angu la r  d i sp lacemen ts  in  ob jec t  space to angular
d isp lacements  in  FGS pupil space requires correct ion not only for
magni f icat ion,  or  p la te  sca le ,  as ment ioned above,  but a lso  for
op t i ca l  f ie ld  angle d i s to r t i on .  Op t i ca l  f i e ld  angle d i s to r t i on
i s  caused  bo th  by t he  des ign  con f i gu ra t i on  o f  the  op t i c s  and by
manu fac tu r i ng  e r ro r s .  FGS des ign  d i s t o r t i on  i s  desc r i bed  in

13-3
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Appendix Sect ion 13 .4 .1 .

Af ter  te lescope opt ica l  wavefront errors are minimized in  orbit,
i t  w i l l  be necessa ry  to conduc t  ca l i b ra t i on  ope ra t i ons  to
es tab l i sh  op t i ca l  f i e l d  ang le  d i s t o r t i on  correct ions and p late
scale values required for angle conversions between ob jec t  space
and FGS pup i l  space .  These  ca l i b ra t i on  ope ra t i ons  and t he i r
ground sof tware requirements are descr ibed in  Appendix Sec t ions
13 .4 .3  and 13 .4 .4 .

13 .2 .2  KOESTERS PRISM Operatiof,

A re f i nemen t  o f  t he  pos i t i ona l  i n f o rma t i on  f r om the  two  s ta r
se lec to r s  i s  ach ieved by the  s i gna l  f r om a koes te r s  p r i sm .  The
s igna l  f rom a koes te r s  p r i sm  i s  a measure  of the t i l t  of  the
i nc i den t  wave f ron t  f rom the nu l l  pos i t i on  in  one d i r ec t i on
pa ra l l e l  to  the  base  o f  the  p r i sm .  Two p r i sms  a re  used  to
measure the o f f se t  in  orthogonal d i rec t i ons .

A beam sp l i t t e r  p roduces  two  sepa ra te  beams f r om the  bean
emergent  from the s tar  se lec to rs .  Each beam i s  d i rec ted  toward a
koes ters  pr ism.  The two koes ters  p r i sms  are ro ta ted so that  they
are  o r t hogona l  to  each  o the r .  F i g .13 -4  i s  a schema t i c  o f  t he
beam sp l i t te r  and the two koesters  pr isms.  Fig. 13-5 i l lust rates
the operat ion o f  a koes te rs  pr ism in te r fe rometer .

The koes te r s  pr ism con ta ins  a 50/50 beam sp l i t t e r  along i t s .
centra l  in ter face.  A wavefront  inc ident  on the base o f  the pr ism
is  r e f l ec ted  i n te rna l l y  by one s i de  o f  t he  p r i sm .  At t he  beam
sp l i t t e r ,  a por t ion  o f  the beam i s  t r ansmi t t ed ;  the remainder i s
re f l ec ted .  At the beam sp l i t t e r  su r face ,  there is  a quar ter  wave
phase retardat ion of the t ransmi t ted beams. The pr imed l e t te rs
represent the t ransmi t ted wavefront and the double-pr imed le t te rs
t he  r e f l ec ted  wave f ron t .  At nu l l  (no wave f ron t  t i l t ) ,  t he
t r ansm i t t ed  wave f ron t  exh ib i t s  equa l  r e ta rda t i on  in  bo th  ex i t
f aces .  Thus ,  bo th  ex i t  f aces  w i l l  have  un i f o rm  and equa l
in tensi ty .

When a A/4 t i l t  i s  p resen t ,  as shown in  Part b of F ig .13-5,  a' i s
advanced by A /8 ,  and c" i s  r e ta rded  by 4 /8 .  Thus, cons t ruc t i ve
in ter ference w i l l  occur at the upper edge of the lef t -hand face.
The lef t -hand face w i l l  have a gradual increase in  in tens i ty  from
the bo t t om to the top.  At the r i gh t -hand  face ,  c¢' wi l l  be
r e ta rded  by A /8 ,  and a" w i l l  be advanced by A /8 .  Thus,
des t ruc t i ve  i n te r f e rence  w i l l  occu r  at the upper edge of the
r i gh t -hand  f ace .  The r i gh t -hand  face  w i l l  have a g radua l
decrease  in  in tensi ty  f rom the bo t t om to the top. Thus, w i t h  the
t i l t  as shown  i n  F i g .  3 -5 ,  t he  t o ta l  i n t eg ra ted  i l l um ina t i on  o f
t he  l e f t - hand  face  w i l l  be g rea te r  than  on t he  r i gh t -hand  face.
(Note: Al l  angles in the Fig. 13-5 are in PGS pupil space.) The
in tens i ty  o f  the to ta l  in tegrated i l luminat ion from one s ide  o f
the inter ferometer is measured by a photomult ipl ier tube (PMT).
Let  A be the intensi ty f rom PMT A; B be the in tens i ty  f rom PMT B.
The d i f f e rence  A - B measures  the ave rage  phase d i f f e rence
between the two port ions of the incident beam. I t  i s  an indirect

13-7
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measure  of  the ang le  of  i n c i dence .  The sum A + B equa l s  the
t o t a l  energy f lux ( less  abso rp t i ve  and sca t t e r i ng  l osses )
i n c i den t  on the  koes te r s  p r i sm  and i s  used  to  no rma l i ze  the

d i f f e rence  signal. Thus ,  t he  measu re  o f  t he  po in t i ng  e r ro r  i n

the " i " t h  d i rect ion is

(A+ B) - kg

where k i s  a constant that compensates for  the PMT dark current.

Fig. 13-6 is  a plot of the signal,  S , as a function of pointing
er ror  for inc ident  rad ia t ion for  t h ree  b l ackbody  d is t r ibu t ions .
The f unc t i on  i s  an t i s ymmet r i c  abou t  t he  nu l l .  The t r ans fe r
f unc t i on  i s  r equ i red  to  be l i nea r  w i t h i n +5 per  cen t  (Re f .  1,
Sect. 4.2.1). The no rma l i zed  and l i nea r i zed  f ine e r ro r  s igna l
(point ing error)  i s  determined from the transfer funct ion by the
re la t ion

8

where © = pointing error in the i th d i rect ion ( i  = x,y) and
kos k , ,  L$ = cal ibrat ion constants .

13 .2 .3  FINE GUIDANCE ELECTRONICS Parad o f
A functional b lock diagram o f  the FGE, showing the interrelat ion-

ships of the var ious sec t ions ,  i s  shown in  Fig.  13-7. The func-
t i on  o f  the uni t  i s  to  rece ive  command s igna ls ,  estab l ish config-
urat ion and generate cont ro l  s ignals for  the FGS Assembly and the
Servo Un i t .  The FGE processes data generated by the FGS Assembly
and the Servo Unit  and makes i t  avai lab le a t  the data ou tpu t .

The major unit power and configuration control  is performed in
the command relay sec t ion  which provides four basic functions.

Se lec t ion  o f  one o f  the two redundant power bus in ter faces
Power in-rush cont ro l
Selec t ion  of one of two DIMs
Power supply on/off controlC

C
 O

0
0

0

The FGE's four modes of ope ra t i on  are S ta r t  Up, Shut Down, SSM
Con t ro l ,  and Search & Track .
13.2.3.1] mpPES
13 .2 .3 .1¢ |  START UP MODE

A f low diagram is  shown in  Fig. 13-8. While in  the configuration
sequence,  the FGE accep ts  the commands that se lec t  Power Bus 1 or
2 and DIM 1 or 2.

13.2.3.8.2SHUT DOWN MODE

A f low diagram is  shown in  F ig .13-9 .  This mode w i l l  consist of
responses to a Shut Down Command, a High Voltage (HV) Off Command

15-11
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MONITORS | oo  

| |

| gre a a 
! 

5

- | SIGNAL PROCESSING

55 SERVO FILTER WIEEL [INTERFEROMETER] THRCALCU.
FOR UNIT TEST

TEST ONLY POINTS

55 SERVO A | [S3 SERVO 8 A i]£eL | L__ |

! | INTERFACE INTERFACE INTERFACE FRET

» 0 i39  n l aL 3 as on  m l

J18

SS
 S

ER
VO

 U
N

IT
 P

O
W

ER

I.

SSA SSA ssp  ss J Cw _ as
TO §S SERVO UNIT TO FGS ASSEMALY gb

Figure  13-7 FGE Funct iona l  Block Diagram



Configuration Sequence:

’d
 1

, 
, 

‘.

E
LE

N
 

J
o

o

. - .  { Power Supply Disabled ~
i F t  Resistor Unshunted | 

CEILS
{ Power Bus Select  (Prior knowledge o f  which bus d8/will be
J sv i .  getive 1s assumed) SPR in

2 | DIMSelect
In-Rush Resis tor  Shunted

[ Power Turn-On Sequence:

Power Supply Enable
]

UNIT INITIALIZATION,START OF TD=1
TINE DELAY, 220 msec +20 msec

|
BAS TD-1 no

I o  RED out (Note 1) |
h¢-+

INTER SSM UNIT READY 70 ACCEPT COMMANDS®
CONTROL MODE [=™

“ EXTER SSM CONTROL MODE

|
mmm | SET SEM CONTROL MODE STATUS BIT |

|
L =nam™  |[ r es

TES

SA ZIRO RATE OO

marae | rE  TE
oR om Tae  33

Note 1: The s ta r t  o f  t ime de lay ,  TD-1 sha l l  be
measured from the s ta r t  of  power tu rn-on .
The s ta r t  of power turn-on is def ined as the
leading edge of the HLD Command pu lse  appl ied
to  enable i t s  power supp l y .

Figure 13 -8  s tar t  Up Mode, Flow Diagram

13-13
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1
CONTINUE IN PRESENT

OPERATING MODE

HUT DO
CMD

RECEIVED
?

NO

SEND TORQUE DISABLE

COMMAND TO SERVO UNIT

RESET STATUS BITS

COMMANDS
TO DISABLE

POWER SUPPLY
R CEIVED

YES

DEACTIVATE UNIT

POWER SUPPLY DISABLED

Figure 13-9 Shut Down Mode, Flow Diagram
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and a Power Supply Disable Command. The Shut Down Command and HV
Off Command can be received in  e i ther  o rder .

13.2.3.3,3SSM CONTROL MODE

Upon entering the SSM Control  Mode, the SSM Control Mode Status
bit  shall  be se t ;  a l l  o ther  s ta tus  b i t s  shal l  be reset .  The f lag
b i t s  shal l  not  be a f fected.  The FGE enters  the SSM Contro l  Mode
fo l lowing s tar t  up and remains in  this mode i f  no Search & Track
On Command is  rece ived ;  the FGE a l so  enters  the SSM Cont ro l  Mode
f rom the  Sea rch  & T rack  Mode wheneve r  a Sea rch  & T rack  O f f
Command is  rece ived .

The FGE's major func t ion  in the SSM Con t ro l  Mode is  to receive,
format and transmit  signals between the DIU and the FGS Assembly
and Servo Un i t .

I n  t he  SSM Con t ro l  Mode ,  t he  SSM sends  to  the  FGS cond i t i on ing
commands for the s ta r  magnitude window (upper and lower  l im i t s ) ,
search radius l im i t ,  f ine e r ro r  averaging t ime ,  f i l t e r  pos i t ion ,
and requ i red  on con t ro l  b i t s .  The SSM then o r i en t s  the ST to
p lace  the  gu ide  s ta r  i n  t he  p rope r  l oca t i on  in  the  FOV o f  t he
FGS. Then the SSM sends s ta r  se lec to r  rate commands to pos i t ion
the  s ta r  se lec to r s  a t  t he  s t a r t  o f  t he  sea rch  pos i t i on  ( sea rch
cen te r . )  A f t e r  pos i t i on ing  the  s ta r  se lec to r ,  the  SSM sends  a
Search Track On command.

13 .2 .3 .4 ,4  SEARCH & TRACK MODE

The FGE w i l l  en te r  the Sea rch  & T rack  Mode upon rece ip t  of  the
Search & Track On Command. The Search and Track is  divided into
the following operat ions:  | |

a) Search Flow Diagram, Fig. 13-10
b) Coarse Track Flow Diagram, Fig. 13-11
c) Resume Search Flow Diagram, Fig. 13-12
d) Fine Lock Flow Diagram, Fig. 13-13
e) Stop Flow Diagram, Fig. 13-14
f )  LOS Scan Flow Diagram, F ig .  13-15

ave meter  yg . . °*A tab le  o f  assoc ia ted  w i t h  the compu ta t i ona l
requi rements is  shown in  Table 13 -1 .

F igu res  13 -16a  th rough  13 -16 f  i l l u s t r a te  the act ion of the FGS
through search ,  coarse track and f ine lock modes.

13 .2 .3 .4 .4 ,[| SEARCH

Dur ing  Sea rch ,  the  FGE compu tes  ra te  commands  f o r  t he  A and B
Servos causing them to generate a spiral  scan pattern. The rate
commands continue to be issued for this purpose, unt i l

1)  The scan parameter ,  , exceeds the commanded search radius

l imit J) ov

13 -15
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COnPUTE r k

IND SED PCE CONPURD
SSH BATEQDS TO SERVD E

aC ee  ee l  JE  pec  I r ee

Fag.
dans

AESET ALL STATUS + MLAS
BITS|

f SET SEARCH MODE STATUS SIT |

FETCR: SEARCH RADIUS LIN OD
VINDOW LIN (1 ,   L , )  OO

A [ ]

| 0 (ST ) .  Ln (ze) |
1

Ro (ST), ©... (ST)> cm J cm
1441]

| Win: ein  "Ea (see tame 13-0)
J.

SET Rpg (STL) = 1
bepy (STV - ern

| runs: a rs  Kyi Py (LAST) Oop (SRE TABLE J9°})

STAR /RESESENCE(SP)TEST rou
(rm m3 .  3,7 1)

a in  .gE ]  | stan PREsenct |

- | COMPUTEI = m in  I

SET py = py (ST)
| kn . p t  |

| l f  Se |

COMMUTE Rp, Op

"e ( ra mm )3, 5,502) |

|
o_ (EXT)9 (NEXT), 1+ 9dlp  A B13.3.5

TEST FOR DISABLING OF PCE L
-pp COMPUTED RATE ODS

(PER PARA. 1S

I l  HB |
—.. . 0’ J

o rs

-

Rg ]
Lb doe

COMPUTE: PGE RATE 7| ->  (PER PARA. o f .

SIND SUMED FCT COMPUTED
§ SSM BATE QYDS TO SERVO r d

UNIT (88 PARA;3, 3 , /

13-16
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|
SET COARSE TRACK
MODE STATUS BIT

|
FIRTTIALYZE:

t
sek.’ (SEE TABLE 43-1)

a l  «0

A(N)=s0, for a l l  RB
vhare Wu l , 2 ,3 ,00000 .80

SUM A=&le

1
SET Ne l

NSP « O

|
SET Bo  Ky +N  3

COMMUTE R, [ JS
(PER PARA.

COMPUTE ©, (NEXT) 0,(NEXT)
= (PER PARA.)D, 3.5.3,

|
pg  FCE BATE CMOS
(ver PARA}D, 3 ,0 , ) -  3

SEND SUMMED FGE COMPUTED
& SSM PATE ODS TO SERVO
UNIT (PER PARA. 0 3,  BB. | 7)

yyLoorae Trani Iddut 15] ole

I o  [ _~  DIFF AxN > 10 x

| -— == o | - I *OIFFA
, 1, = I  - DIFFA

YES

wo | 1_=1  +o tF rax x
1, = 1 + DIFFAhd h 4

NN > 3

YES
r ,  - 3 - DIFF A
I 1 + DIFF A¥»

| T
SET: oe "

$a rm
- E Roe 9p RESET STAR. 

PRESENCE
(PER ath ( e l  a )  PResTCE

L 9,(NEXT). ©_ (NEXT) :

[ om  ols  Ee | i

| CALCULATE .
. ge  "x , I y  e -. [comrure: YCE RATE OBS ee  xv (rer PARA. , 3 , J N r  SUM A SUM A

e Ds ’ te, = Kydx c ,  = K ;8

SEND SUMMED FCL COMPUTED (SEE TARLE 3-4)& SSN BATE QDS TO SERVO / 1UNIT (PER PARA
| Set 0 =» gy

g0°
"TESTTO EXIT T

-> “ren FicuRe fray1) COMPUTE R , @

oO ! =» | ( r e r  PARAL,3% 2
WAIT  TOR ARRIVAL L
OF LEADING EDGE OF NEXT Fen * %p40 HZ CLOCK PULSE <a  fs

ET =’ o l
|

OMPUTE Rk. A,  
1

- p

COMPUTE I ( t )  (PER PARA.J3.3.5.3)-> eer AMA. 07,3.8 IY |
T ET ere  * oP i

CTR * 9
TEST FOR STAR PRESENCE |

STAR POSITION COORDINATE 1 to  R
STAR POSITION COORDINATE 2 TO @

( s r )  eer mama. 378 2 | v  i

DIFF A = I ( t )  = A(N)

1
STORE A(N) = I ( t )

-
CALCULATE

A® SUM A «DIFF A <2

L
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Sulieeneny

STORE X(o) & ¥(o0)
(PER PARA 23.3, %./

STORE 2z_ STORE 2,

(PER PARA / 3 ,3 .8 . / )  / (PER PARA /3 2 8, 0)

_ NO = 31 | NO
LJ

YES YES

COMPUTE X(o) COMPUTE y(o)

(PER PARA 18.3.8: (PER PARA 13. 3.5.2) |

&
TORAGE LOCATIO

FILLED
2

NO

YES
COMPUTE DRIFT ERROR J
(PER PARA 3 32 .9

RESET
& 2 DATA VALID

13 .3 .8  2 FIAG

STORE X(o) & Y(o) J
(PER PARA /2 .9 .8 :1] &
[ 3 . 3 .8 .2  )

| SET DATA VALID FLAG |

SET Rapp (ST2) = Roop

0.7r (ST )  = 8.qp

SET |

TRANSFER SET 5 = K,

HELD FLAG =k
(SEC TABLE

} = Ke

(SEE TABLE ° |
EXIT

[ r em COARSE 1KACK

COMPUTE R_, 6 . ”  MODE

(PER PARA 3.3.5. 3) vd
RESET TRANSFER

COMPUTE ©A (NEXT), 95 (NEXT) HELD AND DATA
% VALID FLAGS

(PER PARAJ3,3.5.3.)

i RESET

TEST FOR DISABLING OF FGE COM- STATUS BITS

PUTED RATE CMDS J g
| ER PARA. /3.3.),) >|

COMPUTE: FGE RATE CMDS
(PER PARA. /2, 3.0.0!  + LOS SCAN

i f  EE  ————  ————

SEND SUMMED FGE COMPUTED & SSM
RATE CMDS TO SERVO UNIT

(PER PARA. |

g 12  1



COMMUTE L( t )
—~| ommup ié  |

RESET ALL STATUS AND lB
maT 37s  TEST FOR STAR PAZSDNCE (SP) I d

COMPUTE I(t) ->, (PRR PAA 43.3.2.1)

"Ca,  gsm | pLos [4 :

T | asd SP = 1 Yes B

SET dems =fora(ST 1) - ~~  1

-> (PER PARAS, F.3D OA (ST) = 0, (BNC) PRESDNCE

SET og (RESUNE) = nam | 0a(ST) = 8y (ENC) mac art

Og(RESIME) = Og (LAST) To  —]
r y  YX

COMPUTE Repp (ST). Ocrg(ST)
SET 20(BLANK) » -a8 (BLANK) = o => (PER PARA LJ. 3.7.)

(SEE TABLE 3-1) A

L SET SIASCH RADIUS SET Bopy » Repg(ST) ,

| ser szancu moor status srr| LIMIT EXCEXD FLAG BIT ery © Scrp(SD)
1 

1 

)

SET p =» Kg
COMPUTE Rp, Op 4 9 .  |

5 > (rz2 PAM 13. 3 ,52) OTA,—
LAST) >pe (RESUMEola HH No r i  l e  COMPUTE 8, (NEXT), 8g (NEXT) COPUTE Ry, Op

) -»> (rer a rs  3.53) hd  (rex PAN3.3.3—

conuTE: FOEr e  aos conpuTE J
- (PER PARA. 13 .3 .  J.  / ) - p  0) (NEXT), Oy (NEXT)

(PER PARA /3.3.2.3)

SIND Stve@D FCT —— & SSH
S{LAST)> RATE ODS 0 SERVO INIT 7 TEST FOR DISABLING OF PFGE

(RESUME ) 40 (BLANK) 
COMPUTED RATE CMDS

os of (PER PARA. /3, 34:  ) > | (ren rama,12.3:4: Fa
8 (LAST)<

Og (RESUNE) ; 49 (BLANK) COMPUTE:= RATE Os ‘
-» (PER PARA. 2 :  3 .7 .1 )

SEND SUMED _—
-® [ssn mATE CMDS TO SERVO o te  vd

(PER PARA. | 3.  D . / .

* SEL PARACRAVI™SvBubuini0R DESCRIPTION =
OF INEQUALITY.

[ RESET STATUS BITS |

TR SE =

- 
W
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.  

A
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S IM Con t re  Mmpde
wiva  IF  me le

START FINE BAROR AVG PERIOD
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4
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Yes wane)
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TEST YOR DISABLING OF FOE CONPUTED
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/3

—Faw

©
| SWIRR FINE LOCK |

| SET FIER LOCK MDOE STATUS BIT |

| N(STEP) « B(SN0) = 0 |
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SET &y TO LOCK ©
a la

1s
#y SET TO LOCK hit]

?

0
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A
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SEND S19eED = COMPUTED & SSN
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“o t)

3 5Task ely

tS SET T0 LOCK, By (AVG)
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VEEN 4y 1S SET 10 LOCK, Ry (AVG)
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TOR by, (SEE FIGURE BO 3 -195

TRACK OFF OB
vip

-



©
ENTER STOP MODE

RESET DATA VALID FLAG BIT

|
SET STOP FLAG BIT

=

SET: 6 ,  (NEXT) = 2 ,  (ENC)
8g (NEXT) = 3g (EXC) |

TEST FOR DISABLING OF FGE
COMPUTED RATE CMDS 7

L_(PER PARA. (Zee  f o f )

COMPUTE: FGE RATE CMDS P

(PER PARA. . / 2 . 3 . / . / . 2 )  | 7

i
SEND SUMMED FGE COMPUTED

AND SSM RATE CMDS TO SERVO 7 '

3 . / 3 : 3 . , / . . . )  :

SEARCH &
TRACK OFF

COMMAND
RECEIVED

2

eX1T

MANE

GO TO
A

FIG />6

Figure 13-14 stop Mode, Flow Diagram
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t ENTER LOB SCAN NODE | ‘ ~
| SET LOS SCAS MODE STATUSBIT |

SEND S\POED PCE COMPUTED & SSM RATEODS TO SERVO UNIT vd| > (mem.  35, 3 . /

on  COMPUTE: 0,(MEXT), Oy (NEXT) Md | Ng amg 1 |

COMPUTE X, Oy NUTATIONLOOP-
Ng AB  JSS  t=AMD CoNMKINGSET:AX m oR ||  SEY :AX w -Ey!ISET:4X » O SET: 4X = 0 

: | ET  8 .0 .00  | \ __ /
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I EXL - ] =J 

_[0 EE FEE FE
LINEAR SCAN 

SET: 4 » ky  SET: AS =» Ky 881 :0 = kg
Loo? 

FOR CCV TURNAROUND FOR CV TURN-AROUND eK
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(SER TABLE / ) - /  (SER TABLE #2 !  (SER TABLE U - /

» 0g(XT)

COMPUTE — VA
)SET » K ne. 151  [ sez 6 «x5 | ser amr Tadd =

| SET: 04 (HEXT)=0 (FLESONT) +20, (LOS) | 
| 13 ,SET: hewn Ppl SET: Rory «= Rpbd  iJ  | 

LJCOMPUTE: TCE RATE, OOS
| - Ema  

Te  ea + [ o l a  i d

SEND SUMED TCE COMPUTED & SSM 
pg SALARYMATE OOS TO SERVO UNIT v

Ny - rm am. 73.3, 4 e r oTKn — Ta —
| 

Pum « vi t

| Re — set S iR  « 8, (XT) |
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TEST MR DISALIKC of  JUL CORYTID|- . |] L J  ’ 3 « y
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®
TABLE 13-1 Ce

TABLE OF PARAMETERS

£C
-¢

1

(XJ) ,

LO (K , ) y  (KJ )g  LSB UP LINK
PARAMETER APPLIED IN IT IAL  VALUE FIXED VALUE WEIGHT MODIFIER

NAME 10 (1.SB UNITS) (LSS UNITS) (ENG. UNITS/LSB) (Sce Note 1) MODE PURPOSE

K Retr é 1000 1000 0 .001  a rc -min  SW 1-7 Scarch Sets inner  sp i r a l  r ad ius  at s t a r t  of search.
A PS(LAST)

Ky p 566 566 0 .001  a r c -m in  Sow 1-0 Coarse Track |Establishes pos i t i on  for  s t a r t  of F ine  Lock.

Ke 131 ,068  N/A 1 .236 arc-sec None Coarse Track |Fstablishes pos i t i on  for  s t a r t  of F ine  Lock.

Ky Ax, Ay 113 113 80 x 1078 a rc -s in  SOW 3-1 F ine Lock Es tab l i shes  s i ze  of l i nea r  scan s teps .

Kg Ap (BLANK) 16,1384 16,384 0.001 arc-min SDW 3-6 Resume Establishes rad ia l  distance of blanking
Search segment.

Ke AB(BLANK) 32,768 32,768 1.276 arc-sec SOW 3-7 Resume Establishes angular distance of blanking
Search segment .

Kg Pp -1,%46 -1 ,546  SOW 2-0 Search & Es tab l i shes  Coarse Track r ad ius  of nu ta t i on .
: 

1.0S Scan

Ky [| 0 N/A 1.236 arc-sec None Search, Coaruc {Es tab l i shes  pos i t i on  for s tar t  of each
Trek §& 10S Coarse Track nutatfion cyc le.
Scan

X, a 218 N/A None Coarse Track [Affects gain of pos i t i on  error computation
du r i ng  [ I r s t  nu ta t i on  cyc le .

K, 1 .1  20 20 0.001 a rc -w in  shu 2-1 Coarse Track [Sets Coarse Track galn ( i . e . ,  scale fac to r
y for star pos. e r ro r s ,  f and ty)

K,. ae 26,214 N/A 1 .236 a rc -sec  None Coarse Track JFatablishes alize of s teps  du r i ng  nu ta t i on
cycles.

Ky Ax, Ay 1 ,248 1,248 SOW 3-4 1.0S Scan Es tab l i shes  s i ze  of l i nea r  scan s teps .

NOTE 1: The Up l i nk  Mod i f i e r s ,  ( x ) ,  are de f i ned  In  Paragraph | . and Tab le .
-9 3 -3



V
A

Y
!

(x,)
PARAMETER

NAME

Kn

APPLIED
T0

0

of

Ay

t_
E

> o
l.

Ir  (ava) ,
| r ,  (ave)|

TABLE 13 -1

TABLE OF PARAMETERS (Continued)

( x )
(Ky LAF ISB ue fill

IN IT IAL  VALUE F IXED VALUE ’ WEIGHT MODIF IER

(LSB UNITS) (LSB UNITS) (ENG UNITS /1 .S8 )  }(See Note 1 )  MODE

250 250 0 .001  a r c -m in  SOW 3-5 10S Scan

262,144 N/A 1.236 arc-sec None 10S Scan

0 N/A 1.236 arc-sec None 10S Scan

786,432 N/A 1.236 arc-sec None LOS Scan

524,288 N/A 1.236 arc-sec None 10S Scan

65,536 N/A 1.236 arc-sec’  None 1.0S Scan

300 N/A 0 .001  arc min None 1.0S Scan

$2429 N/A 1 .236 arc-sec | None 108 Scan

424) N/A 0.001 a rc -m in  None Coarse
Track

391,216 N/A 1.236 arc-sec None Coarse
Track

39 9 256 x 107° SOM 2-2 Coarse
arc-min)2 Track

sec

128 128 80 x 1078 SPW 3-2 F ine  lock
arc main

NOTE: The Up l i nk  Modif iers, (KX J y ’  are def ined In Paragraph /® -  4-9. and Table ' "  2 .

PURPOSE

Sets spacing of LOS Scan l ines ( i . e .  es tab l ish
cen te r  and rad ius  of tu rn -a round) .

Es tab l i shes  cen te r  fo r  turn-around for ho r i -
zon ta l  scan l i nes .

Es tab l i shes  cen te r  fo r  turn-around for  ve r t i -
ca l  ocan l i nes  and cen te r  fo r  co rne r i ng .

Es tab l i shes  ang le  for s t a r t  of nu ta t ion  for
turn-around (ho r i zon ta l  scan l i nes  on l y ) .

Es tab l i shes  ang le  fo r  s t a r t  of  nu ta t i on  for
turn-around ( ve r t i ca l  scan l ines only)
and fo r  co rne r i ng .

En tab l i shes  s i ze  of nu ta t i on  steps fo r  tu rn-
around

Es tab l i shes  cen te r  of co rner ing  and rad ius
of nu ta t ion  for corner ing.

Establishes size of nuta t ion steps for
corner ing.

Establ ishes pos i t i on  for s tar t  of LOS scan.

Establ ishes pos i t i on  for a ta r :  of LOS Scan.

Sets Coarse Track comp le t i on  cond i t i on .

Sets the F ine Lock de tec t i on  threshold (1 .e . ,
AX and AY set to l ock )



¢
c-

tl

( x , )

PARAMETER
NANE

ox**oy

K i xk i y

xy

KexrKiy

NOTES:

ATPLIED
10

<A4D>
Arpt

y

N(Step)

Ps

TD

TD

( x , ) ,

INITIAL VALUE
(LSB UNITS)

236

160

2756

152

205

384

(Xp
FIXED VALUE
(LSB UNITS)

. On

256

98

2756

152

205

384

T8D

TBD

Pr

@®

TABLE 13 -1

LSB
WELHT

(ERG UNITS/LSD)

s rc -m in

80 x» 1078
arc-min

1 PMT Count

1 Step

|

-4

THD

™™D

The Uplink Modifiers (Ka) ,  are defined in Paragraph / 3 ->9
Wherever an eng incer ing  un i t  has not been assigned to an LSB we igh t ,  the parameter value g lven {a dimeastonlcas and the valueof the LSB weight ind ica tes  b inary point pos i t i on ,

( x )a"u
UP LINK
MODIFIER

(See Nate 1)

Shu's 4-3)
& 4-5

Shw's 1-0
$ 1-2

ShuW'e 1-1
6 1-3

SU's  4-4
6 4-6

Sov 3-3)

SON 1-4

SOW 1-5

SOW 1-6

SOW 4-7

sh  2 - )

sw  5-6

Sou 5-7

and Table 14 -2 .

TABLE OF PARAMETERS (Con t ' d )

MODE

Fine Lock & SSM
Contro l  (SP =})

Fine Lock & SSH
Con t ro l  (SP =})

F ine  Lock & SSH
Control  (SP =}1)

Fine  Lock & SSM
Control (SP =})

Pine Lock

Search

Search

Search

Search

Search,  Coarse
T rk ,  10S Scan
F ine  lock
( bY  = 0 )

T8D

TD

PURPOSE

L is ted fo :  processing of In te r -
feromcter signal.

Same ss Ahove

Same as Ahove

Same ae Abuve
3

Sete Vimit for number eran etepa.
I f  exceeded unit  enters stop mode.

Used as t o rque - l im i t ed  coc f f i c l en t
in scon per iod equation for Pye

Used ss photometry- l imited coef-
f i c i en t  in scan period equation
for P,’

Sets bas i c  r ad ia l  r a te  component i n
equat lon for Ap.

Sets adap t i ve  r ad ia l  r a te  component
in  equation for AD.

Seta p ropo r t i ona l  ga le  in  PID func -
Lion for pou l t i on  to rate conversion,

X i s  a spare parameter

K,2 ia  a spare parameter
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PARAMETER APPLIED
NAME 10

13 Py

oT) Ty

Kis O

16 6,00
X20

ka 3

22 Cc,

%23 %

2s Cs

2s Cs

30 Pe

“1 Fy

Ky2 TBD

| NOTES:

( x , ) ,  (XK)

INITIAL VALUE
(LSB UNITS)

256 256

102 102

64 64

"3096 3096

0 96

0 96

) 8192

0 1024

o 8192

0 1024

64 64

s112 4112

T8D TBD
(See Note 4)

FIXED VALUER
(1.58 UNITS)

TABLE 13 -1

TABLE OF PARAMETERS (Con t inued)

LS®
WEIGHT

(ENG UNITS/LSB)

2-4

2 !

9”!

0.3 arc-sec/eec

0.618
agrc-sec

arc-sec

9-23

.

PR

-23

-2 )

-4

.S arc-sec/eec

T80D

(Kady

UP LINK
MODIFIER

(See Note 1)

Shu
2-4

Sow
© 2-3

sw
2-6

SOW
2-7

SOW
5-0

Sow
5-1

sw
5-2

sow
5-3

sou
5-4

SW
5-5

Sw
4-0

Siw
4-1

SIM
4-2

HODE

¥lne Lock
(hv =1)
Fine Lock
(Y=  } )

F ine lock
(Dy = 1)

A l )  Sea rch  &
Track Modes

Search  Loaree
Trk LOS Scan

Search Coarse
Trk LOS Scan

Search Coarse
Trk 1.0S Scan

Search Coarse
Trk LOS Scan

Search Coarse
Trk 10S Scan

Search  Coarse
Trk 10S Scan

Made
T rans i t i ons

A l l  Search &
Track Nodes

1. The Uplink Modif iers, ( , ) , ,  are defined tn Paragraph!3: $7.7. and Table +>
2. Wherever an engineering uni t  has not heen assigned to an SB Weight, the parameter value given 1s dimensionless and the value

of the LSB welght given ind ica tes  binary point  pos i t ion .
| LETS P must be equal to (X3 Vp per Paragraph  ' “ p 5° .  ..

h. (X42), must he equal to (32 )  ps per Paragraph 133.9 .2 .  2

_ PURPOSE

Sets proport ional  gain in PID funct ion
for pos i t i on  to rate conversion.

Seto i n teg ra l  gain in PID funct ion for
pos i t i on  to rate conversion.

Sete d i f f e ren t i a l  gain in PID function
for pcsfit ion to rate conversion.

Sete maximum acce le ra t i on  of 8 ,  and

Used in Vector Resolver Equations

Used in  Vector  Resolver Equat ions

Used in  Vector  Resolver Equat ions

Used in Vector Resolver Equations

Used in Vector Resolver Equations

Used in Vector Resolver Equations

Sets pevport ional  gain fn PID funct ion
for pos i t i on  to rate conversion

Sets l im i t  for in tegrator  in K, ( r i p )

X32 is a spare parameter
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2) The star count, I ( t ) ,  falls within the commanded upper and
lower window limits, I L and 19% .

I f  cond i t i on  1 occu rs ,  t he  FGS en te r s  the  S top  Mode. (F i g .  13

14 ) .  I f  condi t ion 2 occurs ,  the s tar  presence flag i s  se t .  The
A and B SS Servo encoder  pos i t i ons ,  corresponding to the instant

that the in - l im i t  cond i t ion  is  de tec ted ,  are stored. The s tored
encode r  pos i t i ons  are then used to de te rm ine  the va lues  of  the
nex t  scan cen te r ,  Ro r r (ST )  and 6¢ r r (ST ) ,  and the next  SS Servo
encoder post ions,  ©4 (NEXT) and ©g(NEXT). Rate commands are then
compu ted ,  us i ng  &4 (NEXT) and ©g (NEXT), and sent to the Servo
Un i t .  The FGE w i l l  be ab le  to  en te r  the  Coa rse  T rack  Mode once
the d isabl ing condi t ions have been met and the FGE computed rate
commands have been zeroed.

13. 2:3dF. 2
o COARSE "TRACK

Re fe r  to F ig .  13-11 in  con junc t i on  w i t h  the f o l l ow ing  Coarse
Track Mode explanation. Upon entering the Coarse Track Mode, the
Coarse  T rack  Mode S ta tus  b i t ,  ava i l ab le  a t  t he  SDW Da ta  Ou tpu t
po r t s ,  sha l l  be se t .  The f i r s t  40 Hz c l ock  pu l se  appea r i ng  the
in i t ia l iza t ion sequence shal l  be used to synchornize the s tar t  o f
the f i rs t  nu ta t ion  cyc le .  S ince one nuta t ion cyc le  w i l l  cons is t
of 40 clock periods, the duration of each nutation cycle wi l l  be
1 second.  Each o f  the c l ock  per iods  in  a nu ta t ion  cyc le  w i l l  be
assigned a number ,  N, i n  sequence  f r om one t o  f o r t y .  A s to rage
locat ion,  A(N), w i l l  be assigned to each clock per iod in  the nu-
t a t i on  cyc le .  Each l oca t i on  w i l l  s t o re  the most r ecen t  s ta r
count data, I ( t ) ,  as i nd i ca ted  in  Fig.  13-11. At the s ta r t  of
coa rse  t r ack  t hese  s to rage  l oca t i ons  w i l l  be i n i t i a l i zed  as
defined in  F ig .  13-11.

o START OF FIRST CLOCK PERIOD IN FIRST NUTATION CYCLE

The s ta r t  o f  t he  f i r s t  nu ta t i on  cyc le  a f t e r  en t r y  i n t o  Coa rse
Track ,  w i l l  be synch ron i zed  to the f i r s t  c l ock  pu l se  appear ing
af ter  the in i t ia l izat ion sequence i s  comp le ted .  &4 (NEXT) and ég
(NEXT) posi t ions w i l l  be computed and rate commands w i l l  be sub-
sequent ly sent  to  the A and B SS servos .

o END OF FIRST CLOCK PERIOD IN FIRST NUTATION CYCLE

The a r r i va l  of  the l ead ing  edge of the ve ry  next  c l ock  pu l se
fo l lowing the above snychronizing pu l se ,  w i l l  mark the end of
the f i r s t  c lock  per iod  in  the nuta t ion cyc le .  I t  i s  a lso  the end
of  a PMT coun t  i n t eg ra t i on  pe r i od .  The fou r  PMT coun ts ,
t he re fo re ,  are t o ta l i zed  to p rov ide  the f i r s t  I ( t )  i n t ens i t y
count in  the nutat ion cycle.  Next,  a Star Presence tes t  is  per-
formed. I f  SP =1,  i nd i ca t i ng  that  I ( t )  is  w i t h i n  the upper and
lower  commanded l im i t s ,  the Number of Star Presences (NSP)
coun te r  w i l l  be i nc remen ted  f rom zero to one. O the rw i se  the
counter remains unchanged.

A d i f f e rence  va lue ,  D IFFA,  i s  t hen  compu ted .  S ince  I ( t )  was
obtained from the f i rst  c lock period in  the f i rst  nutat ion cycle,
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the A(N) l oca t i on  w i l l  be A(1) and equal to the i n i t i a l i zed
value. (Throughout the f i rst  nutation cycle al l  A(N) terms in the
DIFFA ca lcu la t ion w i l l  be the in i t ia l ized va lue . )  Af ter  DIFFA is
ca l cu la ted ,  the I ( t )  value w i l l  r ep lace  the i n i t i a l i zed  A(1).
The Sum A term is  next computed.

0 POSTION ERROR CALCULATION

The next  four inequali ty tes ts  w i l l  result in  the calculat ion of
the I x  and I y  values depending upon the number of  c l ock  per iods
tha t  have  e l apsed  i n  the  nu ta t i on  cyc le .  Fo r  N=1 , I ,  and I

are s imply  the inversion of the DIFFA value since I ,  and Iy were
i n i t i a l i zed  to zero .  Nex t ,  the c lock  per iod counter ,  N, w i l l  be
i nc remen ted  to  two  i n  an t i c i pa t i on  o f  comp le t i on  o f  t he  nex t
c l ock  pe r i od .  The ac tua l  s t a r  pos i t i on  e r ro rs ,  Exed  £y  , are
then computed.  From these e r ro rs ,  a new cen te r  o f  nuta t ion,  Regn
and #erp , i s  computed and the s ta r  pos i t i on  coo rd ina tes  1 and 2
are set equal to these updated va lues.

0 FOR N <40

As the nuta t ion  cycle cont inues,  the generat ion of  each new se t

of §, (NEXT) and 8g (NEXT) va lues  w i l l  occur  at  the 40 Hz ra te .
The arrival of the leading edge of each c lock  pulse w i l l  in i t ia te
ano the r  s t a r  p resence  t es t ,  new s ta r  pos i t i on  e r ro r s  w i l l  be
computed, and the best es t ima te  star  pos i t ion coordinates w i l l  be
updated. The NSP counter  w i l l  be incremented af ter each c lock
pu lse  i f  a s ta r  presence cond i t ion  (SP = 1) was de tec ted .  As the
nu ta t i on  p roceeds  and N con t i nues  to  i nc remen t  by one f o r  each
clock per iod,  each in i t ia l ized A(N) value wi l l  be replaced with
an I ( t )  value. By the t ime the 40th c lock  per iod is  reached,  a l l
t he  A(N) i n i t i a l i zed  va lues  w i l l  have  been  rep laced  by I ( t )
va lues .

0 WHEN N = 40

When N = 40 i s  de tec ted  (see f low d iagram, Fig.  13-11) ,  a tes t
of  the NSP counter  i s  made. I f  the s to red  count i s  not  above the
spec i f i ed  l im i t ,  t r ans i t i on  to  the  STop Mode w i l l  be made.
O the rw i se ,  t he  NSP coun te r  w i l l  be r ese t  to  ze ro  and the  N
counter w i l l  be rese t  to one in  ant ic ipat ion of the comple t ion of
the f i rs t  c lock pe r i od  in  the nex t  nu ta t i on  cyc le .  A lso the "a"
va lue ,  in i t i a l i zed  to Kg f o r  the f i rs t  nu ta t ion  cyc le  only,  w i l l
be zeroed. At the 40th c lock pe r i od ,  the term "SUM-a” would be
zero  i f  the e f fec t  o f  the DIFFA te rm were to be exc luded.  Thus,
the in i t ia l iz ing funct ion of "a" wi l l  no longer be needed once
the f i r s t  nu ta t i on  cyc le  i s  comp le ted .  Th roughou t  the second
nutat ion cycle and al l  subsequent ones, the DIFFA value wi l l  be
the difference between the present I ( t )  value and the I ( t )  value
stored in the A(N) location. This A(N) locat ion w i l l  be indexed
to  the same c lock  per iod in  the present nutat ion cycle except  i t
wil l  hold the I ( t )  value obtained ome nutation cycle ear l ier .
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a

lo) FOR N > 40

The nutation cycles and the associated events wi l l  keep repeating
as desc r i bed  above .  The number  o f  nu ta t i on  cyc les  t ha t  mus t
elapse before the f i rst  DRIFT ERROR computat ion is  performed and
the subsequent frequency of these computat ions is  defined in  Fig.
13-11.

EXIT FROM COARSE TRACK

The FGE w i l l  be ready to ex i t  the Coarse Track Mode i f  the Data
Va l i d  F lag  i s  se t  ( i . e . ,  the  compu ted  D r i f t  E r ro r  i s  <= Ky), I f
t he  LOS Scan and Ho ld  commands  a re  o f f ,  t he  nex t  se rvo  encode r
pos i t i ons ,  64 (NEXT) and 8g (NEXT), w i l l  be ca l cu la ted  based on a
vec to r  wh i ch  has been  re fe renced  to  t he  bes t  es t ima te  s ta r
pos i t i on .

Rate commands wi l l  be computed using 8 (NEXT) and dg (NEXT) and
sent to the Servo Un i t .

The FGE w i l l  enter  the  F ine  Lock  Mode a f t e r  the  d i sab l i ng
condit ions have been met and the FGE computed rate commands have
been zeroed.

I f  the LOS Scan command i s  on, the unit w i l l  enter  the LOS Scan
Mode a f te r  s im i la r  computat ions and zeroing o f  the FGE computed
r a te  commands have been accomp l i shed .  I n  add i t i on ,  the bes t
est imate  star  posi t ion is stored as Rere (ST2) and 8¢ r r (ST2 )  fo r
subsequent return from the LOS Scan Mode back into Coarse Track.

[ 4 , 3  i

0 RESUME SEARCH MODE

The FGE shall ,fesume search from ei ther  the Coarse Track, es Fine
Lock Modes, Tpon° P2eTipt  o f  a Resume Search On command is  shown
i n  F i g .  13 -12 .  The s to red  sp i r a l  cen te r  parameters ,  R , , p (ST1 )
and &erR (ST1),  and the las t  s to red  spiral  radius and angle

s (LAST) and &¢(LAST), w i l l  be fetched. These parameters wi l l
then be used  as t he  beg inn ing  po in t  f o r  t he  r esump t i on  o f  t he
spiral  scan. Once the spiral scan resumes, the a lgor i thm for  the
spr ial  generat ion w i l l  be s imi lar  to that for the or iginal Search
Mode (F ig .  13-10) except that  a s tar  b lank ing  f unc t i on  w i l l  be
emp loyed .  The b l ank ing  f unc t i on  i s  ac t i ve  a t  the  beg inn ing  o f
the search resumpt ion.  A blanking segment  o f  arc  i i s  es tab l i shed
so as to prevent a re -acqu is i t ion  o f  an unwanted s ta r  f o l l ow ing
resump t i on  o f  sea rch .  The b l ank ing  segmen t  i s  f i xed  by the
s to red  cons tan t s ,  dp  (BLANK)  f o r  r ad ia l  d i s t ance  and

¢A BLANK) for  angular d is tance.  The 4 # (BLANK) shal l  be processed
so t ha t  the  angu la r  d i s t ance  o f  the  b l ank ing  segmen t  w i l l  be
equal to twice 4 (BLANK). Thegs (RESUME) angle shall always be
cen te red  w i t h i n  t h i s  angu la r  d i s t ance  o f  t he  b l ank ing  segmen t .
The b lank ing  f unc t i on  bypasses  the Star  Presence Test whenever
the scanning po in t ,  def ined by 4 and Ps  + i s  w i th in  the blank-
ing segment .
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0 FINE LOCK MODE

® Re fe r r i ng  to F ig .  13 -13 ,  the LE ,  sha l l  send a mode s ta tus  b i t
v i a  the SDW data  ou tpu t s  to i nd i ca te  ope ra t i on  in  the F ine  Lock
Mode. The counter, N (STEP) = N (STEP) + 1, to ta l izes the number
of averaging periods and wi l l  be in i t ia l ized by sett ing N (STEP)
= 0, The incrementa l  t e rms ,  J X and 4 Y, are used to es tab l ish

the s tep  s i ze  in  an t i c ipa t i on  o f  the s ta r t  o f  the l inear  scan in
the 225 degree  d i r ec t i on .  Ox and A are de te rm ined  by a
common uplinkable va lue ,  Kp  . The averaging o f  the normal ized
f i ne  e r ro r  s i gna l s ,  R , (AVG) and Ry (AVG),  w i l l  be ca l cu la ted
f o l l ow ing  rece ip t  o f  t he  l ead ing  edge o f  t ha t  40 Hz c l ock  pu l se
t ha t  marks the end of the commanded ave rag ing  pe r i od .  For the
spec ia l  case where the Fine Er ro r  Averaging Time Command b i t s  are
a l l  ze roes  ( i . e . ,  T(AVG) = 000) ,  t h i s  ave rag ing  pe r i od  i s  the 40
Hz c l ock  pe r i od .  The ave raged  no rma l i zed  F ine  E r ro r  Signals,
Ry(AVG) and Ry(AVG) wi l l  then be simply the normalized fine error
s igna l s ,  Ry  and R y wh i ch  a re  ca l cua ted  a t  the  end o f  each
c lock  cyc le .

The computed R x(Ave) and Ry (AVS) magnitudes wi l l  be compared to
threshold l imi ts  fo l lowing the end of the f i rs t  averaging period.
Th i s  w i l l  occu r  s i nce  bo th  Ax and A were  se t  to
constant values a t  the s ta r t  o f  the Fine Lock Mode. I f  ne i ther
l im i t s  are exceeded ,  the unit w i l l  be ready to  s ta r t  a 225 degree
l i nea r  scan. the next ca l cu la ted  pos i t i ons  64 (NEXT) and

Op (NEXT),  w i l l  be used to de r i ve  the A and B FGE compu ted  ra te
commands for producing this scan. Unless an ex i t  i s  made out of

@® the Fine Lock Mode, the next positions #é4 (NEXT) and &g (NEXT),
. w i l l  a lways be updated a f t e r  each averag ing per iod  (which is

a f t e r  each c lock pe r i od  i f  the Averaging Time Command = 000).
Each updated pos i t ion  i s  based on the present  encoder  positions,

4 (PRESENT) and #g (PRESENT), and the computed
i n c remen ta l  s t eps ,  Ady and 4&dg . The s ta r t  o f  ano the r
normal ized FES averaging per iod w i l l  always be synchronous w i th
the  40 Hz c l ock  pu l ses .  I f  t he  Ave rag ing  T ime  Command b i t s  a re
a l l  ze roes ,  the averaging t ime  w i l l  s ta r t  w i t h  the t ra i l ing edge
of the same clock pulse whose leading edge marked the end of the
previous averaging per iod.  A non-zero Averaging Time Command
r equ i res  t ha t  the A and B FGE-computed ra te  commands are bo th
zeroed before the s ta r t  o f  another averaging per iod.  The start
o f  averaging w i l l  s t i l l  be coinc ident  w i th  the trai l ing edge o f
the 40 Hz c lock  pu l se .

The f i ne  l ock  sequence  o f  even t s  desc r i bed  above  now repea ts
i t se l f  i f  nei ther  K, (WG) nor Ry(ave)  exceeds the speci f ied limits.
Fol lowing the end of each averaging per iod ,  the N(STEP) counter
is  incremented and new XK, (AVG) and RK (AVG) values are com-
puted. The values of f y  and A are as p rev ious ly  de f i ned
f o r  ca l cu la t i ngd®,  (NEXT) and A ¢g (NEXT). Thus the 225 degree
l inear scan cont inues unt i l  one o f  four events occu r :

1) The magnitude of the X-axis average normalized FES, K 5 (A 7-3)
exceeds the speci f ied limit.
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2) The magnitude of the Y-axis average normalized FES, Ry  (AVS),
exceeds the specif ied l imi t .

3) The counter, N(STEP) exceeds a specif ied l imi t .

4) The counter ,  N(SPO) equals a speci f ied value ( i . e . ,  star
presence is l os t ) .

I f  even t  3 o r  4 occu rs ,  t he  un i t  ex i t s  the  F ine  Lock  Mode and
enters the Stop Mode.

I f  Rx (AVG) i s  the f i r s t  to exceed  i t s  l im i t ,  Ay  i s  se t  to
R x (AVG) while by  continues to be set to a constant value.

The nex t  ca l cu la ted  positions, 64 (NEXT) and Ep  (NEXT), w i l l
now change the scan f rom the 225 degree  to a nom ina l  270 degree
d i rec t ion .  The SS Servos w i l l  maintain the scan in  th is  l a t t e r
d i r ec t i on  wh i le  s imul taneously  remaining locked on the Rx (AVG)
s igna l .  I f  Ry (AVG) is  the f i r s t  to exceed i t s  l im i t ,  dy is
then set  to Ry (AVG) and Ax rema ins  set to a cons tan t .  The
scan changes to a nominal  180 degree d i rec t ion  but s imultaneously
remains locked to the £ (AVG) s igna l .  Assuming that e i t he r A
has been set  to Rx (AVG), or ay to Ry (AVG) (but  not  both) .
then the sequence o f  events w i l l  repeat as previously descr ibed
except  that the d i rec t i on  of  scan has been changed. The new scan
d i rec t i on  continues unt i l  one o f  the fol lowing events occur :

1) Both Rx (AVG) and Ry (AVG) exceed their specif ied limits.

2) The counter, N(STEP), exceeds the l imi t .

3) The counter N(SPO) equals a speci f ied value.

I f  both Ry (AVG) and Ry (AVG) have exceeded thei r  l im i t s ,  both
A x and Ay are set to Ry (AVG) and Ry (AVG), respectively,

and the Fine Locking Process  is  comple te .  the Data Va l id  Flag i s
t hen  se t  and the  A and B SS Se rvo  w i l l  l o ck  on to  bo th  axes .  The
bes t  es t ima te  s ta r  pos i t ion  in  th is locked condi t ion w i l l  be re-
presented by the A and B Star  Se lec to r  Posi t ions instead o f  the
S ta r  Pos i t i on  Coo rd ina tes  used  in  t he  Coa rse  T rack  Mode.  The
Star  Pos i t ion  Coordinates w i l l  not  have any significance in  the
Fine Lock Mode.

With the locking process complete thed £4 and 4 &gvalues w i l l  be
a f unc t i on  od Ky (AVG) and Ky (AVG) only.  I f  the Averaging
T ime  Command i s  non -ze ro ,  the  s t a r t  o f  t he  nex t  f i ne  e r ro r
averaging per iod  cannot begin unt i l  the A and B FGE computed ra te
commands  have  been  ze roed .  I f  t he  Ave rag ing  T ime Command i s
ze ro ,  the averaging per iod shal l  s ta r t  w i th  the t rai l ing edge o f
t he  same c l ock  pu l se  whose  l ead ing  edge marked  the  end o f  t he
previous averaging per iod.  The unit remains in  this locked con-
di t ion unti l  one of two events occu r :

1) A Search and Track Off Command is  rece ived.
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2) The counter N(SP0) equals a specified value.
13.2, 344,95

« STOP MODE

The un i t  w i l l  ex i t  t he  Sea rch ,  Resume  Sea rch ,  Coa rse  T rack  o r
F ine  Lock  modes  and en te r  t he  S top  Mode i f  e i t he r  one o f  t he
fol lowing condit ions occu rs :

a) The Commanded Search Radius L imi t  is  exceeded during Search
or  Resume Search modes.

b) The S ta r  Presence de tec t ion  tes t  performed in  e i ther  Coarse
Track or Fine Lock indicates loss  o f  s t a r .

c) The scan s tep(N(STEP) in  Fig.  13 -13 )  l im i t  is  exceeded during
Fine Lock .

A f low diagram of the Stop Mode is  shown i n  Fig.  13-14.  As soon
as cond i t i ons  to  s t op  have  been  met  as de f i ned  above ,  t he

84 (ENC) and &g  (ENC) encode r  pos i t i ons  sha l l  be s t o red  and
used as the next encoder pos t i i ons ,  &4 (NEXT) and Zz (NEXT),
r espec t i ve l y .  The un i t  w i l l  then pe r f o rm  the ra te  command
disabl ing t es t ,  der ive  the next  FGE computed rate commands (which
could be zero depending on the outcome of the disabling tes t )  and
send the summed rate commands to the Servo Uni t .  This sequence
of events shal l  be repeated unti l  a Search and Track Off command
is  rece i ved .

13, 2 :3 :  | ,  + .
& LOS SCAN MODE

The unit  shal l  en ter  the LOS Scan Mode from the Coarse Track Mode
on ly .  The f o l l ow ing  cond i t i ons  are r equ i red  in  o rde r  fo r  t h i s
mode change to occur (see Coarse Track flow diagram, F ig .13-11) :

1) The Data Val id Flag must be set.

2) The LOS Scan Command must be on.

I f  these cond i t i ons  are p resen t ,  the A and B SS Servo w i l l  be
posi t ioned for the star t  of the LOS Scan.

Re fe r  to F i g .  13-15 in  con junc t i on  w i t h  the f o l l ow ing  LOS Scan
Mode desc r i p t i on .  Upon en te r i ng  t h i s  mode, the LOS Scan Mode
s ta tus  b i t ,  avai lable a t  the SDW Data Output  por ts ,  shal l  be set .
This s ta tus  b i t  i s  rese t  when the LOS Scan Mode is  exited.

The LOS Scan p roduces  an o r t hogona l  g r i d  pa t t e rn  cons i s t i ng  of
equa l l y  spaced ve r t i ca l  and ho r i zon ta l  scan l i nes .  (This scan
pattern is  produced external ly by an op t i ca l  system when appro-
p r i a te  rate commands are sent to the A and B SS Servos.) The
scan  pa t t e rn  i s  shown as an i nse r t  i n  F i g .  135-15. The pa t t e rn
cons i s t s  of  13 ve r t i ca l  and ho r i zon ta l  scan l i nes .  A l l  180
deg ree  changes  i n  d i r ec t i on  f r om one scan  l i ne  to  ano the r  a re
s im i l a r  and are re fe r red  to as " tu rn -a rounds” .  The t r ans i t i on
f rom the l as t  ve r t i ca l  l i ne  (#13) to the f i r s t  ho r i zon ta l  l i ne
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(#1) i s  r e fe r red  to as the 270 degree  " co rne r i ng "  maneuver.
Except for the two scan l ines associated w i th  the cornering, the
length of a l l  other scan lines wi l l  be determined by the constant
assigned to Ay for ver t ica l  scans ( o r A X for horizontal scans)
and s i x t y  samp le  pe r i ods  o f  t he  40 Hz c l ock .  Tha t  i s ,  when
Np = 60 the  r epe t i t i ve  l i nea r  scan  l oop  i s  ex i t ed .  Ve r t i ca l
l i ne  #13 (N42 = 13 and L INE = VERT) r equ i res  add i t i ona l  l eng th
to account for  the 270 degree cornering. Accord ingly ,  the l inear
scan l oop  f o r  t h i s  l i ne  w i l l  be ex i t ed  when 63 sample  pe r i ods
(Np = 63 and LINE = VERT) have been tetal ized. S imi lar ly ,  the
f i rs t  ho r i zen ta l  scan l ine requires add i t iena l  length. This i s
accomplished by initializing the sample period ceunter at #p= - Z%
upon  ex i t i ng  the  co rne r i ng  nu ta t i on - l eop .  No rma l l y ,  Np  i s
i n i t i a l i zed  a t  1 for the s ta r t  of al l  e the r  l inear scan l i nes .

The number o f  ve r t i ca l  and herizental l ines are totalized by the
Ng counter. The algorithm for the l inear scan l ine generater
must t aken  in te  acceun t  the d i r ec t i on  of scan.  Th is  i s  accon-
pl ished by sensing whether  the number assigned to  each scan l ine
i s  ald or even .  When Ng i s  even ,  pes i t i ve  4y and Ay  con-
s tan t s  a re  se lec ted  for t he  ve r t i ca l  and heoerizental scan  l i nes
be fo re  the  l i nea r  scan  1060p i s  en te red .  A s im i l a r  pe la r i t y
selection is  made in  the turn-argund algerithm. Fer al l  counter-
cleckwise tu rn -a rpunds ,  a positive 49  i s  se lec ted .  This
se lect ion is  based en determining whether  an odd or even numbered
scan l ine follows the turn-areund.

The a lger i thm fer turn-around and cernering w i l l  be s imi lar  te
t ha t  used  in  the  Coarse T rack  nutat ion,  F i g .  15 -11 .  The cen te r
o f  nutation fer e i ther  turn-areund o r  cernering wi l l  be the las t
Ro,7g and #argx cemputed be fore  the nutatisn loop is  entered.
The nutation algeri thm i s  generated by se t t i ng  2 equal t o  a con-
s tan t  and chang ing  VJ by the quan t i t y  24  at the s t a r t  of
each sample peried. New values o f  &4  (NEXT) and &s  (NEXT) are
then calculated for each sample perisd based on the incrementing
p va lue.  The nutation 1690p is  ex i t ed  when #s = 8 for the
777 radian turn-around and when 44  = 15 for  the 3/2 7 radian

cornering.

Following completidn of the 13th horizontal l ine (N ¢ = 13 and
LINE ¥ VERT), the LOS Scan pattern w i l l  have arr ived back at  the
s ta r t i ng  pe in t .  The nex t  sequence  o f  even t s  w i l l  p repa re  the
un i t  for  ex i t i ng  the  LOS Scan Mode. The s to red  Resp (ST2) and

r r r  (ST2) parameters  represented the las t  bes t  es t ima te  s ta r
position in  Cearse Track. These values willl be fe tched and vec -
torially added te  # and J cons tan t s .  &¢ (NEXT) and

(NEXT) pos i t i ens  w i l l  then be cemputed. Once the FGE cen-
puted rate commands have been zeroed, the unit w i l l  autematically
transfer back te  the Cearse Track Mede.
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13 .2 .3 .2  COMMANDS AND DATA

13 .2 .3 .2 .1  COMMAND INPUTS

Commands are grouped into one o f  the fol lowing ca tegor ies :

a) High Level Discrete (HLD) Commands
b) DIU Digital  Commands & Data Control  Signals
c) DMU Digi ta l  Commands

DIU DIGITAL COMMANDS& DATA CONTROL SIGNALS

The d ig i ta l  commmand and da ta  cont ro l  in ter face refers to a c lass
of  s ignals  input to a DIM f rom a DIU. These contain the fo l low-
ing command and data handling types.

a) Serial  digi tal  word (SDW)
b) SDW command enable
c) SDW command gated clock
d) Low level d iscretes (LLD)
e) SDW data enable _
f )  SDW data gated clock

SDW COMMANDS, COMMAND ENABLES AND COMMAND GATED CLOCKS

To i npu t  a SDW i n te  the FGE th rough  e i t he r  SDW CMD Po r t  1 or 2,
th ree d i f fe ren t  command types are used :

a) SDW Command - a 16 b i t  b i - leve l  ser ia l  word
b) SDW Command Enable - an enabling pulse that brackets the

t ransmission of  the SDW command.
c) SDW Command gated clock

Por t s  1 and 2 sha l l  each have the capab i l i t y  to hand le  16 SDW
command words ,  and are l i s ted  as SDW CMD Por t  1 and SDW CMD Por t
2 in  Tables 13-2 and 13 -3 .  The signal names in  each SDW command
numbered l oca t ion  f o r  Por ts  1 and 2 are l i s t ed  in  Tab les  13-2  and
13 -3 .  The LSB we igh t i ngs  a re  g i ven  in  Tab le  13 -4 .  The f o rma t
f o r  each SDW i s  a l so  shown i n  Tab les  13 -2  and 13 -3 .  B i t s  1
t h rough  4 in  each SDW command i s  des igna ted  the add ress  field.
I t  def ines a unique dest inat ion in the Signal Processing Elec-
t ron ics  Sec t i on  for each SDW command word in  the par t icu lar  po r t .
The LSB we igh t i ngs  o f  each  command ,  wh i ch  may cons i s t  o f  more
than one SDW command word, is  def ined in  Table 13-4. During any
25 m i l l i second sync pe r i od ,  SDW commands  w i l l be sen t  t h rough
e i t he r  SDW Command Port  1 or  2,  but not  bo th .

o PORT 1 SDW CMD RATE

SDW CMD NOS. 1 - 4: Each of these commands wi l l  be issued at
a maximum rate of one per 40 Hz sync interval .

SDW CMD NOS. 5 = 16: A maximum of 16 of these commands w i l l
be issued in  any 25 mi l l isecond per iod.
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1
TABLE 13-2

SDW COMMAND PORT 1

SDW - Add ress  | Format
CMD S igna l  Name F ie l d  I ns t ruc t i on

NO. | | tf 2] 3]a] s|e6| 7 ef o ro ]  uz] a ]  na] as) 1s

1 | SSM 'A’ Rate Command (MSB) & Sign él Al 1 4] SIGN] MSB i 6 é é d é ¢ é é

2 | SSM 'A'  Rate Command (1.SB) INJEK IR "LSh | |  =
3 | SSM 'B'  Rate Command (MSB) & Sign g| 4] 1) 8) SIGN MS | d1 | 3 | 6] 0 | 0} o
4 | SSH ' # '  Rate Command (LSE)  I IR IR  LSB

5 | Star  Magnitude Window (UpperLim)Iy| 6] 1] od] ¢] Mss é ¢é ¢ é ¢ é ¢ d
~ (MSB) | :

6 | Star  Magni tude Window (UpperLim)Iy| @| 1] d] 1 LSB
(LSB)

7 | Star  Magnitude Window (Lower Lim) I ,  dl 1] 11d  MSB é é é é é é é d
(MSB)  "T

8 | S tar  Magni tude Window (Lower Lim) Ip] dj 1 j 1 ]1  LSB
(LSB) 

|

9 | Search Radius Lim 1 |9 ]d ]d ]MSB LSs] ¢ é d é dé

10 | As t ro  F i l t e r  Pos, and Fine Error  1 j éd jé ]1 ]MSB LSB MSB 1.SB
Avg. Time AVG. TIME dl ol 6] | | ¢ | AsTRO FILTER

POSITION

I T  on  Cont ro l  B i t s  11é j1 ]4d  | * Str Hap 0, 'g rq,  é é @ ] é

VoSu| [Gath ® wf  SHUT
12 | OFF Cont ro l  Bi ts  1 ]  1 } ]1  LT|¢ CK Tg ' .  Av |oek] of of ¢ DOWNLA
13 | Spare Word Pos i t ion  LjL1]jd|d] @ |o é) 4] ¢ é é ¢ é é é ¢ \

14 | Spare Word Pos i t ion  Lj1jé]1] & [0] 4] 8] ¢ pl ¢ 9 é 9 p| ¢

1 15 | Spare Word Pos i t i on  11118]  & |¢ df od] ¢ ¢é ¢é é ¢ é é dé

16 | Spare Word Pos i t ion Lj1jLjL} ¢& |o 4] 8} ¢ ¢ dé ¢é ¢ dé f dé

* Resume Sea rch

NOTE: Spare B i t  Pos i t i on  w i l l  be zero (#4) f i i l ed ,
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SDH COMMAND PORT 2

. Format

SD etotd I ns t ruc t i on
CMD I — : : : . : :

No. ‘Signal Name t 2 ] s fa f s | e ] r ] a ]o f r o ]na f ra  rafafas]re
| Uplink Modi f iers  1-0 thru 1-7 g léd |d ]d ]  See Table 13-3)

2 Up l ink  Mod i f i e r s  2-0 thru 2-7 d léd jo | !  See Table 13-3p

3 Upl ink  Modifiers 3-0 thru 3-7 # |o |1 ] | 0 ]  See Table 131.3C
4 Upl ink Modi f iers  4-0 thru 4-7 d {AJL |L ]  See Table 13-3p

3 Upl ink  Mod i f i e r s  5-0 thru 5-7 g i l ] o  ¢ |  See Table 13-3g

6 Test Modi f iers 6-0 thru 6-7 p l L ] |A ] | 1  Not Applicable ~ Test by en  on  |

7 Spare Word Pos i t ion  p l L |L  iP} o|0|0]|d]|a) | d]| d]|d] dd }  d

y 8 | spare  Word Pos i t i on  p l r j r | r )o |o |o |o |o ] | o |o ] | o ] | a ] | d ]d ]d
y 9 Spare Word Pos i t i on  Lio|o|ofo|o]o|o] |s ] |o|e] |s ] |e] |e] |n]oe

| "A 10 Spare Word Pos i t ion  L i p |o j L l j p | p j o |d ] j d  | | |  B]|0] o]|0]|

11  Spare Word Posi t ion Li|diL]|dlidlplolln] 0) 0d] 01 ]  0 0] 0

12 Spare Word Pos i t i on  110 ]1  I 1 f o |o |p | j o | p  | 0 ]  0 ]0 ]  0] 0B )

13 .  | Spare Word Pos i t i on  1{rlo]|ololololelol o le  ole]  o l e ]oe

14 Spare Word Pos i t ion  SACI  C IAL  d le  0 |] 0) 8] 0] 0) 0

15 Spare Word Pos i t i on  t{r|r)oflo]loliolole |e ]  alel alc]  oe
16 Spare  Word Pos i t i on  L i L }  1 }  PDloididlid]l ol 0] 610]  01 61 0

NOTE: Spare B i t  Pos i t i ons  w i l l  be zero (@#) f i l l ed ,



SDW
CMO
NO.

1-0

1-2

1-3

1-4

X-AXIS

X-AXIS

Y-AXIS

Y-AXIS

SEARCH

SEARCH

SEARCH

SEARCH

SIGNAL NAME

K1X INTERFEROMETER COEFFICIENT

Kix INTERFEROMETER COEFFICIENT

Kiy  INTERFEROMETER COEFFICIENT

Kiy INTERFEROMETER COEFFICIENT

TORQUE LIMITED COEF. Koe

PHOTOMETRY LIMITED COEF. Ky7

BASIC RADIAL RATE Kog

INNER SPIRAL RADIUS K,
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= 
= 

S
s 

= 
= 

= 
= 

= 
|e

ADDRESS
SDW

y
?

FIELD

N
o

S
S

 
S

$ 
8 

8 
8

s 
vv

 
sv

 
=

(F
S

S
S

 
8 

8 
8 

8 
©

§v
u 

u
s

SS
 

8 
8 

S
S

 
ss

 
w

u 
e

S
 

w
is

13-24

FORMAT INSTRUCTION

UPLINK
ADDRESS

FIELD

617] 81 9 10 | 11

@ | @|SIGN|MSB

¢ | 1]s1cNiMsB

1 | B|SIGNIMSB

= 
= 

= 
SS

 (
W

N

1 | 1 }S IGN|MSB

@1SIGN |MSB

lL {SIGN |[MSB

@| SIGN [MSB

[] fd 1|S1GN |MSB

UPLINK PARAMETER VALUE

12 113 114115 116
LSB

LSB

LSB

LSB

LSB

LSB

LSB

LSB
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TABLE 13-38
UPLINK MODIFIERS

FORMAT INSTRUCTION
ou

SHW SHW UPLINK
CMD SIGNAL NAME ADDRESS [| ADDRESS UPLINK PARAMETER VALUE
NO. FIELD FIELD

1l213alslel71 8 {9 lof11f12113)14]15] 16

2-0 | COARSE TRACK NUTATION RADIUS K. d l o l o | 1§0 |0 ] | 0  |sion|MSB LSB

2-1 | COARSE TRACK GAIN K P iao  |140]0|1 ]|SIGN|MSB LSB

2-2 | COARSE TRACK COMPLETION CONDITION K, l od  |101d [1] |SIGN|MSB 1.SB

2-3 Be POSITION TO RATE CONV. Kio ddd  |1LUO]|1]|1 |SIGN|MSB LSB

2-4 Pe POSITION TO RATE CONV. K, G11  11l1]A|0 |SIGN|MSB LSB

2-5 | Tg POSITION TO RATE CONV. Kis p l a i d  lilt |@d]1|SIGN|MSB LSB

2-6 Dg POSITION TO RATE CONV. Ke  d l oa lo j 1 i l 1 ] 1 ]0  ]|SICN|MSB .SB

2-7 | ACCELERATION LIMITER K d l a l e16 TRL}1 ]1  ]SIGN|{MSB LLSB
[ROUSE vant
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1

SDW
CMO
NO.

3-1

3-2

3-4

3-5

3-6

SIGNAL NAME

FINE LOCK IN IT IAL  OFFSET Ka

FINE LOCK STEP SIZE Kp

FINE LOCK DETECTION THRESHOLD K,

FINE LOCK STEP LIMIT Kos

LOS STEP SIZE Ky

LOS SCAN SPACING Ky

RESUME SEARCH RADIAL BLANK Ke

RESUME SEARCH TANGENTIAL BLANK Kg

®
TABLE 13-3¢€.

UPLINK MODIFIERS

SDW UPLINK
ADDRESS | ADDRESS

F1ELD FIELD

1213  ]4f5(6]7

d la l i l eo l o l o l e

P lo jL |d l d |d ]1

g la l r i oa jo l j r { d

p la | r L |d ]o  1 ]

p io l 1 |0 )1 ] | 0 ] | 0

dg lo f1 ]og1 )0 ]1

g la j r1 |o f1 r ] |1 ]¢d

d lad j1 |o1 ]1 ]1

FORMAT INSTRUCTION

8

S1CN

SIGN

SIGN

SIGN

S1GN

SIGN

SIGN

SIGN

UPLINK PARAMETER VALUE

9 10 111 {12 f13 [14

ms| |
MSB

MSB

MSB

MSB

MSB

MSB

MSB

11  M tn  a —

15 16

LSB

LSB

LSB

LSB

LSB

LSB

LSB

LSB

vi
l
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1

SDW
CMO
NO.

4-0

4-1

SDW
\ ADDRESS

SIGNAL NAME FIELD
1121314

Pp POSITION TO RATE CONV Kio g i f ]

PID INTEGRATOR LIMIT Kay g 1d11

SPARE PARAMETER, Kas d l o l 1

X-AXIS Kox INTERFEROMETER COEFFICTENT|(@ [0 | 1

X-AXIS K, x INTERFEROMETER CORRECTION [0 |9 | 1

Y-AXIS Koy INTERFEROMETER COEFFICIENT|@ [0 | 1

Y-AXIS K,y INTERFEROMETER CORRECTION |@ [8 |1

SEARCH ADAPTIVE RADIAL RATE K 101109

TABLE
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y
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13 -38
UPLINK MODIFIERS

UPLINK
ADDRESS

FIELD

51(6 (7

g ia

~~
 J

 
~ 

S
E

~
~

~
§

—
~¥

J

FORMAT INSTRUCTION

UPLINK PARAMETER VALUE

8 |9

STGN |MSB

SIGN [MSB

STGN [MSB

STGN |MSB

SIGN |MSB

SICN |MSB

SIGN JMSB

SIGN MSB

10 11 12 | 13 14 | 15] 16

LSB

I.SB

LSB

LSB

LSB

LSB

LSB

1.SB
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TABLE . /3-3E
UPLINK MODIFIERS

. FORMAT INSTRUCTION

SDW UPLINK
ADDRESS [|ADDRESS UPLINK PARAMETER VALUE

SDW FIELD FIELDCMO SIGNAL NAME
NO. 112|3145:6]|7]| 8 9 |10 J11 12113  1]14 115] 16

5-0 c ,  STAR SELECTOR COOR. CONV. Koo | p l i | l p l o l l p l o l p |S ICN |MSB LSB

5-1 C, + c,  - C, STAR SELECTOR COOR. d1 ] |P |OA |N |N ]1  |SIGN|MSB 1.SB

CONV. K,,
5-2 c ,  STAR SELECTOR COOR. CONV. Ky, i 100  iid |1]|0 |SIGN|MSB LSB

“ 5-3 | C;  STAR SELECTOR COOR. CONV. K , ,  p l i l od ld  lle 111  |sien|MsSB LSB

> 5-4 | C, STAR SELECTOR COOR. CONV. K , ,  @|1 |0 |O | | 1 |0 ] | 0  |SIGN|MSB LSB

5-5 C, STAR SELECTOR COOR. CONV. Kye @ 110 {Ol  10 ]|1 |SIGN|MSB .SB

5-6 | SPARE PARAMETER Kp  g l 111a  101 |1]|@ |SIGN|MSB LSB

5-7 | SPARE PARAMETER K , ,  | lo lo ll1 |1 |1 [sten|mse LSB



TABLE [3-4

LSB WEIGHTING OF SDW COMMAND SIGNALS

Signal  Descr ip t ion
ee

SSM 'A' Rate Command

SSM 'B' Rate Command

Star  Magni tude Window (Upper  Lim) I

S ta r  Magnitude Window (Lower Lim) I

Search Rad ius  Limit

Fine Error  Avg. Time

Upl ink Mod i f i e rs

(3-18

LSB Weight

0.5 a rc -sec /sec

0.5 a rc -sec /sec

1 PMT Count

1 PMT Bount

1 .024  arc-min

Coded as per  Table 16

1338.9. [+4
See Paragraph . i



SDW CMD NOS. 1 - 16: These commands w i l l  be sent in  any mixed
combination that is  is  conformance with the above requirements .

o PORT 2 SDW CMD RATE

The maximum number of  SDW commands issued in  any 25 mi l l i second
sync pe r i od  w i l l  be 1 and w i l l  occur  w i t h i n  17 m i l l i seconds
col lowing the leading edge of the 40 Hz sync pulse.  I f  more than
one Po r t  2 SDW Command i s  i s sued  w i t h i n  the 17 m i l l i second
interval def ined above ,  the las t  SDW Command to arrive shall  be
processed  by the FGE; the previous SDW Commands rece ived wi th in
the same interval shal l  be ignored .

DMU DIGITAL COMMANDS

The DMU D ig i t a l  Commands i nc l ude  Low Level  D i sc re tes  (LLD) and
Continuous C lock .

LOW LEVEL DISCRETE COMMANDS

The low leve l  d i sc re te  commands from the DMU include the 40 Hz
Sync s i gna l  and the  M ino r  F rame  Sync s i gna l .  The re  i s  no
co r re l a t i on  between the ac t i ve  DMU (A or B) and the ac t i ve  DIU
Sect ion (A or B).

13 .2 .3 .2 .2 .  DATA INPUTS

The FGE wi l l  receive the following signals from the FGS Assembly:

Signal Desc r ip t i on  Type

Fi l ter  Wheel Posi t ion* Paral le l  d ig i ta l  word
X-axis PMT #1 Pulses Discrete pulses
X-axis PMT #2 Pulses Discrete pulses
Y-axis PMT #1 Pulses Discrete pulses
Y-axis PMT #2 Pulses Discrete pulses

¥This signal w i l l  cons is t  o f  a 3 -b i t  para l le l  natural binary word
indicat ive of the opt ica l  f i l te r  wheel position.

The FGEwi l l  r ece i ve  the  f o l l ow ing  da ta  s i gna l s  f r om the  Se rvo
Un i t :

Signal Descr ipt ion Type

Encoder  A Pos i t i on  Para l le l  d ig i ta l  word
Encoder B Pos i t ion  Paral le l  d ig i ta l  word
Compensated Error A Analog
Compensated Error  B Analog

ENCODER A & ENCODER B POSITION

This signal w i l l  cons is t  of a 21 -b i t  paral lel  natural binary word
indicat ive of shaft angle pos i t ion from O to 360 degrees. A zero
degree angle is  represented by al l  logical  zeroes  in  the 21 -b i t
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word. The LSB weighting is  equivalent to 0.618 arc second.

Signal type - paral le l  d ig i ta l  wo rd ,  s ingle ended

Update rate - 6.63 KHz rate with al l  b i ts  updated simultaneously

13 .2 .3 .2 .3  DATA OUTPUTS

SDW Port 1 Output data w i l l  be retr ieved from the act ive DIM in
16 -b i t  by tes ;  data from Ports  2 and 3 w i l l  be retr ieved from the
act ive  DIM in  8 -b i t  by tes .

The re  a re  3 D IMs  as shown  in  F i g .  13 -7 .  DIMs 1 and 2 a re
redundant and sha l l  p rov ide  the in ter face buffering for  a l l  DIU
low  l eve l  d i g i t a l  ( d i sc re te  and SDW) commands  and SDW da ta
outputs.  Only one of the redundant DIMs shal l  be powered at any
t ime.  DIM 3 sha l l  prov ide the buffering and signal condit ioning
for the non-redundant analog data  to the D IUs .

13 .2 .5 .2 .4  COMMAND PROCESSING

The primary funct ion o f  the command process ing sec t ion ,  see Fig.
13 -37 ,  i s  to r ou te  commands rece i ved  f rom the DIMs to p rope r
des t i na t i ons  i n  the  S igna l  P rocess ing  and Operating Mode Logic
Sec t i ons .  LLD commands  a re  d i s t r i bu ted  w i t hou t  f u r t he r
p rocess ing ,  wh i l e  commands or ig inat ing a t  SDW CMD Ports 1 and 2
undergo ser ia l - to -para l le l  conversion pr io r  to d ist r ibut ion.  The
des t i na t i on  add ress  f o r  each o f  t he  Po r t  1 SDW command  i s
conta ined in  the address f i e l d ,  b i t  pos i t i ons  1 - 4. S ince  Por t
1 command informat ion is contained in  b i t  pos i t ion  5 - 16, only
these b i t s  need to be routed to the des t ina t ion .  SDW CMD Por t  2
also uses b i t  pos i t ions 1 - 4 as the address f ie ld ,  incorporates
a sub-addressing scheme using b i t  pos i t ions 5 - 7 and posi t ions
8 - 16 contain the command information.

13 .2 .%.2 .5  DATA PROCESSING

The Data Processing Sect ion, (Fig.  13-38),  is  divided into analog
data handling and SDW data  handl ing.

The LSB weight ing of  SDW Data Signals i s  shown in  Table 13 -5 .
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TABLE 13-5

LSB WEIGHTING OF SDW DATA SIGNALS

Signa l  Desc r i p t i on

Br eee eeeeee
———

X-Axis Fine Count (PMT A and PMT B)

* Y-Axis Fine Count (PMT A and PMT B)

X-Axis Fine Error (Normal ized) and Sign

Y-Axis Fine Error (Normal ized) and Sign

X-Axis Avg. Magni tude (A + B)

Y-Axis Avg. Magnitude (A + B )

A S ta r  Se lec to r  Pos i t i on

B Sta r  Se lec to r  Pos i t i on

Sta r  Pos i t i on  Coord ina te  1

roSta r  Pos i t i on  Coo rd ina te

A S ta r  Se lec to r  Avg. Pos i t i on

B Sta r  Se lec to r  Avg. Pos i t i on

. X=Axis Avg. Fine Error (Normal ized)
and Sign

Y-Axis Avg. Fine Error (Normal ized)
and Sign

X S ta r  Pos i t i on  Dr i f t

Y S ta r  Pos i t i on  Dr i f t

) 3-33

LSB Weight

1 PMT Count

1 PMT Count

80 x 10 ”  arc-min

80 x 107° arc-min

1 PMT Count

1 PMT Count

0 .618  a rc -sec

0 .618  a r c - sec

0 .001  arc-min

0.618 arc-sec

0.077  a rc -sec

0.077  a rc -sec

-6
80 x 10 arc-min

+ =b |80 x 10 arc-min

0 .016  arc-min/sec

0.016 arc-min/sec



COMMAND TABLES & TELEMETRY TABLES « TBD

. (These tables wil l be completed once DM=0l1l, ST Command

l i s t ,  and DM=02, ST IP&CL, have been basel ined.)

SH
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13.2.4 Fé&s Of t ra t i sn
"NARRATIVE FLOW DIAGRAM

f e .

STOCC sends operation commands to  SSM, giving type of  operation, identification,

address and characteristics as required of guide stars or astrometry target,
time to commence operation, etc.

FGS receives stored program commands for power turn-on sequence, through the

commands to enable the FGE power supply.

| * Po |3= 48

FGE initializes its logic (see™Note 1).. After 220 millisecond time delay, FGE
i s  ready to accept commands, enters SSM Control Mode with servo unit torque
enabled, and sets SSM Control Mode Status b i t .

Y
| PGE receives uplink modifier stored program commands i f  required

FGS receives conditioning commands: IA

Star Magnitude Window (Upper Limit)
Star Magnitude Window (Lower Limit)
Search Radius Limit
Filter Pogsition/Fine Error Averaging Time
ON Control Bits for Half Rate, Hold, Test Source and LOS Scan,
as required

(Initial conditioning of the FGS is  now complete for the coming operation. The
SSM orients the ST to place the target star in  the proper location in  the f ield
of view of the FGS).

SSM sends Star Selector Rate commands to position star selectors at  start of
search positions.

(Next Rage)



{
® = sends High Voltage ON command and, 60 seconds later, Search Track ON

command.

Y
FGS enters Search Mode, resets status b i t s ,  sets Search

Mode Status b i t ,  and conducts spiral search

©
¥ 3

I f  FGS detects a star, sets Star I f  FGS fails to detect a star

Presence Flat b i t ,  positions servos before reaching Search Radius

for start of Coarse Track, resets Limit,  sets Search Radius Limit

Search Mode Status b i t ,  sets Coarse Exceed Flag and Stop Flag,  and

Track Mode Status b i t ,  and enters enters Stop Mode until receipt

Coarse Track Mode of Search Track OFF command from

| 

| 

SSM

Y
Re-enters SSM Control Mode, resets
status b i t s ,  and sets SSM Control
Mode Status b i t .  FGS is ready for
new operation commands from SSM or

0 oo  | power-down by STOCC.

Y
In  Coarse Track Mode, FGS conducts circular scan (nutation) around star ,

continuing to test for star presence and attempting to center the scan about the

star. When the FGS-computed drift error stabilizes within established criteria,
FGS sets Data Valid Flag and tests for exit from Coarse Track Mode. SSM

computes gyro drift rates from star position coordinate data supplied by FGS,

and biases gyros to  minimize dr i f t .  With LOS Scan OFF, i f  SSM had sent HOLD ON

command prior to the Data Valid Flag being se t ,  FGS sets Transfer Held Flag

(after Data Valid Flag is  se t ) ,  remains in  Coarse Track Mode until HOLD OFF or

LOS Scan ON is  commanded, or until star presence is  lost.

|
\

I f  both LOS Scan OFF and HOLD OFF I f  LOS Scan ON command status

status exists, FGS drives its star exists, FGE positions its star

selectors to a location offset in  selectors for the start of LOS

: a known direction from FGE calculated Scan, resets Transfer Held and
~ star position, resets Transfer Held Data Valid Flags, resets status

and Data Valid Flags, resets status | bi ts ,  and enters LOS Scan Mode

bi ts ,  and enters Fine Lcck Mode

y (Next Page) oT



I f  star presence is  lost  during coarse
tracking, FGS resets Star Presence Flag
bi t  and Data Valid Flag b i t ,  sets Stop
Flag b i t ,  and enters Stop Mode unti l
receipt of Search Track OFF command
from SSM

Y

|

In  Fine Lock Mode, scts Fine Lock Mode Status b i t ,  conducts a stepped scan
search in  the calculated direction of the star ,  tests for star presence and
tests fine error magnitudes for readiness to lock.

I f  star remains present and readiness
for lock occurs witnin a prescribed
number of scan s teps ,  locks SS servo
to the fine error signals and sets
Data Valid Flag. Scierce observations
are performed while FGS operates in
Fine Lock Mode. (For solar system
object  tracking requiring rate-feed-
forward operation, SSM will send Star
Selector Rate commands to be summed
vith FGE internally computed rate
commands) Continues tracking star in
Fine Lock Mode until Search Track OFF

1f scan steps exceed a prescribed
number before readiness to lock

=p OCCUrS, Sets Scan Steps Limit
Exceed Flag b i t  and enters Stop
Mode

I f  star does not remain present
in  the period before readiness
for lock occurs, resets Star

> Presence Flag b i t  and enters
command is  received from SSM, or until
star presence is  lost .

1f star presence is  lost after
fine lock has occurred, FGS
resets Star Presence Flag and
Data Valid Flag bits and enters
Stop Mode

BRL

Stop Mode

Y Y
Sets Stop Flag b i t ,  stops servo
motion, and disables SS rate
commands

SSM sends Search Track OFF Command

|
(Next Page)
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FGS re-enters SSM Control Mode, resets status b i t s ,  and sets SSM Comzrol Mode

Status b i t .  I f  Data Valid Flag was set during Fine Lock Mode, FGS continues

to test for star presence, and Star Presence Flag remains set until the star

is  no longer present. Data Valid Flag remains set until ST drif ts or is  drivem

out of the fine lock orientation. FGS is  ready for new operation commands from

SSM or power=down by STOCC

(Exit from Coarse Track Mode
to LOS Scan Mode)

Enters LOS Scan Mode, sets LOS Szan Mode Status b i t ,  and conducts LOS Scan.

Star Presence Flag bi t  remains se t .  FGS transmits telemetry data on PMT counts

and star selector positions to provide a map at  STOCC of the s ize ,  shape and

intensity of the target image. At the end of the LOS Scan pattern, FGS

positions star selec%ors to the location to resume coarse tracking nutation

around the star at  the center of the LOS Scan pattern, resets status b i t s ,

enters Coarse Track Mode and sets Coarse Track Mode Status b i t .

SHUT DOWN MODE

In  any FGS operating mode, when SSM sends a Shut Down command FGS disables

servo unit torque, resets status b i ts  and enters Shut Down Mode

For FGS to exit Shut Down Mode, STOCC must send commands to disable the FGE
power supply

15-58
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RESTME SEARCH MODE

Search command from the SSM to  ignore the star being tracked and search forWhile in  Coarse Track Mode or Fine Lock Mode, the FGS will respond to a Resume |

another star

FGS resets al l  status and flag bits and sets Search Mode Status b i t .  Resumes

a spiral search about the original center location but continuing from the |

location of the star being tracked. Star presence is  not tested in  the

vicinity of the star being tracked when Resume Search was commanded.

PD D
(Star Detected) (Star Not Detected)

® DEFAULT CONDITION
a

\-
 -

~~

In  any operating mode the FGS wil l  respond to a Default command from the SSM by

exiting the present operating mode

FGS enters Default Condition, resets status b i t s ,  sets Default ON Status b i t ,

drives the star selector servos to a position outside the FGS field of view to

protect the PMT's, and remains latched in  Default Condition:
In  order to unlatch the FGS from the Default Condition, SSM simultaneously |

sends Search Track Off Command (Logic 1) and Default Command Reset (Logic 0)

|
FGS re-enters SSM Control Mode, resets status bits, and sets SSM Control Mode

Status b i t .  FGS is ready for new operation commands from SSM or shut down by

STOCC

" .
——
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' Note 1:

The FGE automatically initializes i t s  input command latch c i rcu i ts  and output

data circuits during the 220 millisecond time delay following power supply

enable to the following command and b i t  s ta tes :

Input Command Latch Circuits

Search Track OFF
High Voltage OFF
Not Shut Down
Not Resume Search
Half Rate OFF

Input Command Word Latch Circuits

Fine Error Averaging Time
Search Radius Limit
Star Magnitude Window (Lower Limit)
Star Magnitude Window (Upper Limit)
Star Selector A & B Rate Commands
Filter Wheel Position

Output. Data Circuits

All  Mode Status bits
All Flag b i t s

Hold OFF
Test Source OFF
LOS Scan OFF
Default OFF

Initialized Value
(Decimal Equivalent
of Binary Word)

0
31

100
65,535

0
0

Logic State

0
0

Engineering
Units

0.025 sec
31 .744  arc  sec
100 PMT Counts
65,535 PMT Counts
0 arc sec/sec
No Op

All parameters subject to modification by uplink modifier commands are
initialized to Initial Values (X , ) ,  given in Table /3-/ ,

,
= leT-— - e r

After initialization, al l  of the above circuits wil l remain in  these initial
states until commanded to another state by appropriate input command stimuli,
except for the SSM Contrcl Mode Status b i t  which is  automatically set  to
Logic 1 at  the end of the 220 millisecond time delay.
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13.3 FLOW DIAGRAM REFERENCE/EQUATION LIST

13 .3 ,1 . .  A & B STAR SELECTOR (SS) RATE CMDS IN SEARCH AND TRACK MODE

SS A and B Rate Commands sent to the Servo Unit in  the Search and Track mode

shall be the sum of the processed SSM rate commands : 
eon  L l .

and the FGE computed rate commands, e : .  SO 
——-

The summed SS A and B rate commands sent to the Servo Unit shall be prevented

from overf lowing. That i s ,  the magnitude of the rate commands shall be

clamped to 23-1)  LSB units for  any rate summation that would resul t  in  an

overflow of  th is  command.

"13 .3 .1 .1  FGE COMPUTED RATE MAGNITUDE COMMAND IN SEARCH AND TRACK MODE

The FGE computed rate magnitude command shal l  be a funct ion of the pointing

error, £, and the parameter, K, .  The command is defined as fo l lows:

E = |K, €,| , for A SS Servo

f o r  B SS Servo

whe re ,  4 A (nex t )  A (enc)  ]

€, = 2 (nex t )  = 93 (enc)
B

c ( nex t )  = next  des i r ed  encoder  A pos i t i on ,  de f i ned  in
A

f igures 13-8  thru 13 -15 ,

2 (next )  = next des i red  encoder B pos i t i on ,  de f i ned  in

f igures 13-8  thru 13-15.

a (enc) = encoder A pos i t i on ,

“x (enc) = encoder  B pos i t i on ,

Ky = 3 gain term cons i s t i ng  of a p ropo r t i ona l i t y  cons tan t ,  an

in tegra t ion  term and a de r i va t i ve  term,  The

PID coe f f i c i en t s  of these  terms sha l l  be as f o l l ows :

For a l l  Search & Track Modes,  Except  F ine Lock ,  where

~ Disab l ing  Of FGE Computed Nate Cmds Not Requ i red :

P=  P_ = Kip

I=20

D=20
I3-f
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Pe ,  ( t q )

— Dlg ,  ( t y  =e, (c - 1 ) ]  p i

This Ky b lock  diagram is the same for

Ego excep t  that  A i s  r ep laced  bv B.

®ID B lock  D iagram
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For a l l  Search & Track Modes,  Except F ine Lock ,  where

Disabling Of =CZ Commuted Nate Cmds Is  Requi red:

P=  P, = Kio

I =0

For Fine Lock Mode (DV=1) For Fine Lock Mode (DV=Q)

D = Dr = Kis D=20

13 -3  ge  K parameters  are de f ined in  Tab le  13«1  and Paragraph

Add i t i ona l  requ i remen ts  r e l a ted  to the A or B SS Servo ra te  magn i tude commands

sha l l  be as f o l l ows :

a. Accelerat ion l imit  - the FGE computed rate command changes between

the 40 Hz clock pulses shall be l imited in the unit to Kg  a parameter

defined in Paragraph 13-3 . ,9  & Tabk#135], This limitation applies to either -

increasing or decreasing changes in the rate command.

b.  Word l eng th  - 15 b i t s .

c. Disabl ing of FGE Computed Rate Commands ( fo r  nulling) - A tes t  for

disabl ing of the rate commands is required in  the various operat ing modes of

the unit (as defined in the f low diagrams) whenever nul l ing of the po int ing

error is required.  When the tes t  for  disabl ing of the ra te  commands is

speci f ied,  the following shall app ly :

The TCE computed ra te  commands shal l  be s imul taneouslv

zeroed ( i . e . ,  a l l  r a te  command b i t s  se t  t o  l og i ca l  "0")  when

the po in t ing  e r ro r  magni tudes a re :

- | ’ 'l eg f<3 1SB's and |e | <3  LSB's

| 363
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The acceleration limit requirement shal l  s t i l l

apply to the above.  That i s ,  the d isab l ing of  the ra te  commands wi l l  be

delayed unt i l  the accelerat ion limit is  no longer exceeded and the point ing

error magnitudes are less than the above defined va lues.

The FGE-computed ra te  commands shall  be kept d isabled unti l  a new set of 6, (¥IxT)

and 85 (NEXT) values have been computed or a Search and Track Off command has

been rece ived.

d. D i sab l i ng  of  FGE Computed Rate Commands ( f o r  Search and Track O f f )

Whenever a Search & Track Of f  command has been received, the FGE

computed rate commands shall be d isab led.  These commands will be enabled

again when the Search and Track mode is re-entered and a new set of 8, (next)

and Og (next )  values have been ca lcu lated.

e. Rese t t i ng  of  PID Term

Following transit ion from coarse Track to Fine Lock, the

following shal l  apply:

1. The contr ibut ion of  the der ivat ive te rm fo r  the calculat ion of

the f i r s t  set  o f  A and B ra te  commands shal l  be ze ro .  There-

a f t e r ,  the derivative term contr ibut ion shall be as defined in

the PID B lock Diagram, ~

f .  Rate Command Overflow

The FGE computed rate commands shall be prevented from overflowing.

That i s ,  the magnitude o f  the rate commands shall be clampled to (2%? - 1)

LSB units for any rate computations that would result in an overflow of this

command.

13 .3 .1 .2  : PGE-COMPUTED RATE SIGN COMMAND

The rate sign command d = .  for the FGE computed

rate commands shall be defined as fol lows:

Rate Sign Cmd. = Logical  '0 '  for  pos i t ive values a t  Accelerat ion Limiter

@® ou tpu t s  = ~—=~-- oe

~ Rate Sign Cmd .= Logical ' l '  for negative values a t  accelerat ion Limiter
outpu t ,  =

|
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13 .3 .2  TNTIRASTIROMETER SIGNAL PROCZSSING ZLZTTRIL ICE
L 

[J ¢ =

The following functions shall be performed using the pulse trains at  the

X-axis PMT #1 and #2 inputs, and the Y-axis PMT #1 and #2 inputs: integra-

tion, computation and DIM data transfer. The functions shall be performed

concurrently and independently for  each PMT pulse input.

iN - - Pa  ee  
a -

£3 .3 .2 .1  INTERFEROMETER PMT PULSE INTEGRATION

~ Integration sha l l  be defined as counting of  pulses for a fixed time interval.

PMT #1 and PMT #2 pulses for each axis shal l  be counted simultaneously but

independently for a fixed time interval of 25 ms. The time interval shal l

be estab l ished by the period of the 40 Hz sync s igna l .  Counting sha l l  be

performed to 16 b i t s  of prec is ion.  The leading edge of the 40 Hz sync

pulse shal l  cause the to ta l ized counts in  each counter to be frozen. The

. contents o f  each counter sha l l  be stored and the counters rese t  to  zero

during the pu lse duration time of the sync pu lse .  The trai l ing edge of the

sync pulse shal l  init iate a new counting (integration) period. The stored

contents of the counters shal l  be referred to simply as A and B (correspond-

ing to PMT #1 and PMT #2 respect ive ly ) .

The content of  the counters shal l  be monitored during integration. When the

contents reach the maximum capacity of the counter,  the contents shal l  be

frozen for the remainder of the integration per iod,  after which i t  is  stored

as descr ibed above.

13.3.2.2 INTERFEROMETER DATA COMPUTATION

The following arithmetic computations shall be performed using the values

A and B for  the X and Y axes at the end of each 25 ms in tegrat ion pe r i od .

These computat ions are required only during the Fine Lock Mode and in  the

SSM Control  Mode when the Star Presence Flag i s  se t .  In addi t ion,  the

< A+  R>  16 averane value shal l  be computed during the coarse track mode.

a. the d i f ference A - B

b. the sum A +B

¢ .  the average value <A + B> for  16 consecutive values (A + B)

d. The cor rec ted average value (<A + B> = K,)

~e. the quot ient  Q = (A - B) / (<A + B> = K,)

f .  the funct ion R = K,  + K ,  Q ( l  + K,Q%)
-

The values fo r  the terms K,» Ks  Ky and K ,  for  each axis are obta ined f rom

the remote DIU C=.  : and shal l  be s to red  fo r  use in

these computa t ions .  The terms K Kas and K, wi l l  be unsigned in tegers :  the
1° 4

term Ks  wil l be a signed integer.
13 -5



13 .3 .2 .2  INTERFEROMETER DATA COMPUTATION ( con t ' d )

The computation of <A + B> shall be done as fo l lows.  In i t ia l ly ,  16 consecu-

t ive values of  A + B shal l  be accumulated as soon as they are computed a t  the

end of each 25 ms integration per iod .  The 16 values shal l  be added and the

resultant sum divided by 16 to obta in  the average value <A + B>. Thereafter,

a running average shall be maintained. The running average sha l l  be dome as

fo l lows.  At the end of each 25 ms integrat ion per iod ,  a new value of A + B

shal l  be added to the l i s t  of 16 previous values and the o l des t  value sha l l

be de le ted  so that  16 entr ies remain on the l i s t .  An average shal l  be com- |

puted again.  Thus, the value of <A + B> is  updated a t  the end of each in te-

gration per iod.  The value <A + B> shal l  be computed in 16 b i t  precision.

Computation of  the funct ion R shall  be performed a t  the end of  each 25 ms

integrat ion period and shall be completed before the leading edge of the SDW

Data Enable DES pulse occu rse  Ce The value of  R shal l

be computed to  8 b i t s  of  p rec i s ion  p lus  the s ign b i t .  The value R shal l  be

re fe r red  to as the Normalized Fine Error S igna l .  The X & Y ax is  va lues w i l l

be referred to as Ry and Ry respectively.

13 .3 .2 , . 3  NORMALIZED FINE ERROR SIGNAL (R) AVERAGING

Averaging of  the X and Y Axis normalized Fine Error  s igna ls  sha l l  be performed

during the Fine Lock Mode - and i n  t he  SSM

Contro l  Mode when the Star Presence Flag is  se t .  Although the data wil l  not be
meaningful, the Se l le r  is  not res t r ic ted from computing th is  average value in
other operat ing .modes. AE ; -

/
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13 .3 .3 .1  xX AND Y-AXIS TRANSFORMATION EQUATION

The following equations def ine the computations required to transform a

: rectangular coordinate incremental change, &X and AY, to a polar coordinate

incremental change, 26, and 464:

21
(ax cos [2x x 2"21 4 65] + AY Sin [27 x 2 “7 x 65.)

= 0.0657 —
p=  00  Sin [27 x 2 21 (8; - 6 , ) ]

- -21 |

(AX COS [2x x 27%! x 8,7 + AY S in  [21 x 2 xe , ] )

= -0 .0657 2

“s s in  [2x x 27%! (8; - @,)]

These equations are used during di f ferent  operating modes of the unit as

defined below.

13 ,3 .3 .2  TRANSFORMATION COMPUTATIONS DURING LOS SCAN

The equat ions of Pa rag raph l3 .3 .3 .1  shall be used fo r  the coord ina te  t rans-

formation computat ions during the LOS Scan mode. These equat ions shal l  |

® incorporate the parameters def ined below.

13 ,3 .3 .2 .1  PARAMETER DEFINITIONS FOR LOS SCAN MODE |

a. 3 ,  DEFINITION: € ,  (PRESENT) expressed in  d i g i t a l  format per |

Figure 13 -  15 .

b. a DEFINITION: 65 (PRESENT) expressed in  d ig i ta l  format per

Figure 13 -15 ,

 —
 

m
i 

—
 

> 
—

 
-

c. §, RANGE: 0° <9 ,  < 135°

f .  AX and AY: +Km (see Table l3-dnd Figl3-15.)

g. £2, and 484 REQUIREMENT:

| 

Word leng th :  13 bits, including the sign bit.

( | LSB we ight ing :  0.618 arc-seconds

Frac t i ons :  The computed resu l t s  sha l l  be in  whole numbers.

Rounded of f  of f rac t ions  shal l  be u t i l i zed .
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13 .3 .3 .2 .2  SCALE CORRECTED TRANSFORMATION VALUES

The sca le  co r rec t ion  f ac to r  has a l ready  been inc luded  i n  the t rans fo rma t ion

equat ion  of Pa rag rap l l 3 .3 .3 .1  f o r  use in  the LOS Scan mode. Thus ,  the

fol lowing values shal l  be u t i l i zed  in th is  mode in accordance w i th  F ig  13 -15 .
L 4

Ae = AQ

A [=  = [=]
AS (LOS) A%3

13 .3 .3 .2 . , 3  SCALE CORRECTED TRANSFORMATION VALUES

The sca le  co r rec t ion  f ac to r  has a l ready been inc luded i n  the t ransformat ion
equat ion of Paragraph l3 .3 .3 .2  for  use in the Fine Lock mode.
fo l lowing values shal l  be u t i l i :

Thus, the

13 .3 .4  SPIRAL SCAN CALCULATOR
cnsmmdiin

The Scan Calculator  creates the Vec to r  ( 2s  ¢ . )  by increasing the magnitudes

of Pq and @ with the respect ive values of Ap and A@. During a sp i ra l  scan

Pg and @ are incremented by Ap and A@, respec t ive ly .

Both AQ and AD are calculated as separate funct ions of the required period

(p . ) -  Pg: in  turn,  i s  the largest  of three va lues :

a. ,» the per iod  ca lcu la ted as a func t ion  of t o rque  l im i t s
Pr

b. Pyro the per iod ca lcu lated as a funct ion of photometry l im i ts

c. 1000 m i l l i seconds ,  the de fau l t  pe r i od  be low which P i s  l im i t ed .

A f low diagram of the scan a lgor i thm for  ca lcu la t ing  Sq and 2,  i s  shown in

Figure 13 -17 .

@
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PE vu AL JPOP \d ® ar P r (7o rgue - -L,m i ted fer id)

L / | fr = Koo | 24 (le37) 128 ani tS
prsarvevaraft eT  FL

F5llas1)=17 bit word wiis8 velve
r e  J .  o0 /  a r c  m inu te ,

mo WZ fr 216 6 :4  wa rd  w i t h  LSB velve

2% 2. 00 /  sec .
oe Koc | Koz= ee Table ;3-

SET: p ,  =p,
T

SET: p ,  2

SET: pg = 1000 (LSB UNITS)

20

25%27 158 un i ts

1 sword w/L38 valve
— 4p 215  b i t  werd wf

PR sevdi-tln APN v4 | }  d36  grec See .

— ; Ps 2 14 5 °  word w/i38 vel ie

o reo  ( am ae b% 1. 2ol  sec ,

L «p AIRY
Og = Pg (LAST) + 8 p TAL  2 .  ~ Kpg

| Ps
SEY og (LAST) = 0g

o (LAST) = o

F IG .  13-19  Spiral Scan Algorithm, Flow Diagram

AP 75 ,4  Ward w l i sB  salse oF

0 .00 ]  a re nm .n,

Kos, Ko§ see  Tab le  3 -)
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13 .3 .5 .1  VECTOR {R..(ST), @ pp (ST)]

13 .3 .5  VECTOR RESOLVER CALCULATOR

The Vector Resolver Calculator converts stored star se lector  encoder angles,

{ e ,e, (ST), 0 (ST) bs to  spherical polar coordinates defined by a vector of arc
atts (R BS at an angle (0.n,)- The Vector Resolver also calculates a vectorCTR CTR
(R0? 80)? from the vector addition o f  (Romp Cy  + (p, 0).

The Vector  Resolver performs an inverse calculat ion to  y ie ld a new (e,, 8 ) ,

defined as 8,  (NEXT) and 8,  (NEXT). The inputs for  th is  ca lcu la t ion are the

values R, and 8,  as defined above. The 8, (NEXT) and 8, (NEXT) are used to gen-

erate star selector  rate commands in  the SS Servo Rate Command Electronics,

So

Romp (ST) =cos! [c,C5 = CC,  cos { [8 , (ST)  - 8,(ST)]  = (C, + C, - C) ) ] ]

1 C, - C, cos Re,LST)
Bopp (ST) = 0,(ST) = C; + cos C, s in  R..oCre

— —

(cos! is  always positive in  both equations). Co -

13, 3.5 .  | Rpg (57), Bppp (SV Desai t i

Romp (ST) is a 20 b i t  magnitude word with an LSB weight of 0 .001 arc-minute.

o r  (ST) is  a 20 b i t  magnitude word with an LSB weight of 0.618 arc-seconds.

13 .3 .5 . / .%  8 , ( sT ) ,  6 , (ST )  DEFINITION

¢ , ( sT )  i g  a 20 b i t  magnitude word with an LSB weight  of 0 .618  a r c - seconds .

€5(ST) is  a 20 b i t  magnitude word wi th an LSB weight of 0.618 arc-seconds.

85 (ST) > e , ( sT )  at  a l l  times.

| 3-70
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13.3..5.1.3 VALUES OF PARAMETERS

Parameter values used in  th is  equat ion shal l  be as f o l l ows :

C= Ky

Cc. + C- - CC, = XK

= 1 aC s i n  ©. + K, ,

C. = cos 75 + K

C, = s i n  cq + Kos

C. = cos 6. + K . .
3

8 = 6 ,  = 406 .655  arc-minutes

See Paragraph i3.3.y ~ and Tab le  /34 f o r  de f in i t i on  of the K parameters .

are 20 b i t  numbers .
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13.3 ,5 .2  VECTOR (R.,8,

® The defining equations are:
- N ] 

| 

| 

| 

Cs  -

P

_, [Sin (®crr - @) sinc

- - Im/2 - cos am

°p CTR I sin Ry

13 .3 .5 .2 .1  DEFINITION (Ry ° )

Same as Repr (ST) and ¢crr¢ST)» recnec t i ve l y

See paragraph 13 .3 .5 .1 .1 .

13 .3 .5 .2 .2  DEFINITION (ce, 9) .

Def i n i ng  equa t ions  a re :

Pg = 0 (LAST) + Ap arc-minutes

9g = @ (LAST) + A@ arc-seconds

°c &Al® ga 17 b i t  word w/LSB value of 0 .001  arc minute.

@® 0 i s  ‘a 20 b i t  magni tude word w i t h  an LSB weight of 1 .236  arc-seconds

/3=2/
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13 .3 .5 .3  9, (NEXT) AND 8, (NEXT)

The defining equations are:  - -
1 Cs -C_, cos R

0 ,  NEXT) = C+ 9 = cos C, s in R)

| J

0- 1  C. = cos R

8, (NEXT) = (Cg + c, - C,) + 8, (NEXT) + COS

1373.5.3,1 DEFINITION OF 8, (NEXT), 8;(NEXT)

Same as 8, (ST) and 8, (ST), respectively.

See  paragraph 13 .3 .5 .  1 .2 ,  |

13 .3 .5 .3 .2  VALUES OF PARAMETERS

Parameter values used i n  t h i s  equat ion  sha l l  be as g iven in  Paragraph  13 .3 .5 .1 .3

13 .3 .6  I ( t )  COMPUTATION

At the end of each PMT pulse integration period -

an I ( t )  value shal l be computed,

1 ( t )  = (A + B ) ,  + (A + Bly

The values of A + B for both x and y axes are avai lable from the interferometer

computations i n  Paragraphs 13 .3 .2 ,  13 .3 .2 .1  and 13 .3 .2 .2 .

The values (A + B ) ,  and (A + B)y are s ta t i s t i ca l  i n  nature and w i l l  vary

randomly from sample to sample, The maximum value of I ( t )  will be 65,535.

This shal l  be described as a 16 b i t  binary unsigned in teger ,  The minimum

value of I ( t )  i s  12. I ( t )  may assume any integer value between these l im i ts ,

13-72
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13 .3 .7 .1  STAR PRESENCE DETECTION IN SEARCH

a,
d from Paragraph 13 .3 6 shal l  be compared to the commanded I and I

At the end of  each 40 Hz sample interval,  the computed I ( t )  value,

obtaine

l imits as fo l lows:

0 I ,  < I ( t )  < I y

b, I f  I ( t )  fa l ls  within the above l imits,  set SP = "1 " ,  I f  outside,

set SP = 'O",

c. Once SP is set to "1" during Search, i t  shal l  remain in this state

pending the outcome of subsequent s ta r  presence tes ts  in  Coarse Track and

Fine Lock,

13 .3 .7 .2 -  STAR PRESENCE DETECTION IN COARSE TRACK

a, At the end of each 40 Hz sample interval ,  the computed I ( t )  value

sha l l be compared to the commanded I and Igy l imi ts  as f o l l ows :

b. I f  I ( t )  fa l l s  within the above l imi ts,  SP remains in  the "1"
s ta te ,  I f  outs ide,  set  SP = "0", I f  the SP = "1" condi t ion occurs a f te r
each s ta r  presence tes t  i n  Fig.  13 -1 ]  a counter is  incremented, I f  the

to ta l i zed  counts in  th is  counter at the end of each course t rack  nuta t ion

cyc le  does not exceed a speci f ied l imi t  given in  Fig 13 -1 ] transition to
the Stop Mode shal l  be made.

13.3,7.3 STAR PRESENCE DETECTION IN FINE LOCK

a) At the end of each 40 Hz sample interval, the computed I ( t )  value

shal l  be compared to the commanded L and L l imits as f o l l ows :

I < I ( t )  < L

b) I f  I ( t )  fa l ls  within the limits, set SP = "1 " .  I f  outside, set

SP = "0".  I f  the SP = "0" condit ion occurs for the number of sample inter-

vals (c lock cyc les )  defined in  F i g l 3 -13 .  transit ion to the Stop Mode

shal l  be made,

| 323
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13.3.8 COARSE TRACK DRIFT COMPUTATIONS

13 .3 .8 .1  x COMPUTATION

The computation of X(o) shall be as fo l lows:

16
X (0) =2  I z

n=1 x

where z i s  defined in  Fig. 13 -11 ,

In i t ia l ly ,  16 values of z ,  shall be sampled and stored in conformance with

Fig 13 -11 .  Thereafter, as each new value of z is sampled per F ig j3. ] ] ,

1t  shal l  be added to the l i s t  of 16 previously  sampled va lues.  The o ldes t

value shall be deleted so that the 16 most recently sampled Zz, values

always remain in s to rage .  The summation required in  the above equation is

the sum of these 2z values held in s to rage .  A new value of X(0) shall be

calculated a f t e r  every second Zz, value is  sampled as per F ig 13 -11 .

Each new X(0) value is  to be s tored as shown in  Fig]13-1]1., A tota l  of 8

storage locat ions shal l  be prov ided.  The locat ion containing the most  re-

cent value shall be designated X(1) and the locat ion with the o ldest  value

as X (8 ) .  A f te r  the 8 storage locat ions have been f i l l ed ,  the s tor ing of  each

X(0) value into the X(1) locat ion shal l  cause the o ldes t  value in  the X(8) -

locat ion to be de le ted .  The X(8) locat ion shal l  then be replaced wi th the

next  o ldes t  value from the X(7)  l oca t ion ,  the X(7)  w i th  the X(6)  va lue,  and

so f o r t h .

NOTE: The LSB of  X is  defined in  Table 13 -4 .

13.3.8.2 Y COMPUTATION

The Y computation and storage shal l  be def ined in Pa rag raph13 .3 .8 .1  except
replace Zz, and X wi th 2 ,  and Y, respectively.

13 .3 .8 .3  DRIFT ERROR COMPUTATION

The Dr i f t  Error  Computat ion shal l  be computed as fo l lows:

Drift  Error = [X(0) = %(8)1° + [Y(0) - ( 81 °

Since X(8) and Y(8) are l os t  when X(0) and Y (0) are s tored in  the s tack ,  the

Dri f t  Error must be calculated before the s tack  is  updated .

| 3 gp



13.3.9 | PARAMETER VALUE CALCULATOR

13 .3 .9 .1  PARAMETERS ADJUSTABLE BY AN UPLINK MODIFIER -

For those parameters (K, ) adjustable ‘v ia  an Uplink Modifier, the following - ; +4  t e

defini t ions apply:

K, = the operational value, selected  By  the unit as defined below."

SE (K1 = the init ial value, a constant res id ing in  the amit. ~~ 7 .  ~~  o t

— (Kg  = the xed  value, a constant residing in  the unit . . .  J r  ne

ha? e t em.  (KRE = the Up Link Modifier, an SDW Command werd. oc —— |

2r-digpun ®

Table 13-1 indicates. which PATATETerS can be adjustedby  an UpLiniC Moddfiler.
o -

em y t  S SWB,  Co ] +

The wadme of K_ shallbe  selected i n _accordafice withresigns 18 - 3 .9 .1 .2  |

® © and13 0 9.1.  3cto : be eitheri a TT  a

or K_= x). x ®)y | 

= |
| 

ESS ne | t ay

. . The XK value is  the value used i n  the f low diagrams: - r - r -  CL 
“= |

PY on  -— ee  Te  
|

13 .3 .9 .1 .2  - (R , ) ;  VALUE

The (RD value is  the initial operating value. (RK): wil l  be equal to

(KR) for SDW CMD No. is  1-0 through 4-2. (Ky) :  wi l l  be equal t o  zero for

SDW Cmd No. 4-3 through 5-7.

(RK): shal l  be the value used for  K,_ following Unit  In i t ia l izat ion but p r io r

to i t s  modification by an Uplink Modi f ier .

13-28"
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I f  no Uplink Modifier i s  received by the unit, the operational value,  K_,

shall continue to be equal to the initial value, (Ks  The values: for

(K , ) ;  are given in  Table 13 -1 .

' 13 .3 .9 .1 .3  . . -  (Kg x (Ky PRODUCT a .

@

The prevailing value—of K, shall be replaced by the produee~(K,) x (Key

within 25 milliseconds after the last arrival of (Key : SRE

wn “Sab

— - Aw .
. 

.

a

- = ’ ~ 
. LT  t e

‘ 

h r

«. a l  = . - oom -nd - - t i n  wR mo  EP PE
« wiglpleanyo

Each Upldok.Modifier shall bededicated .to affect only one S——

( e .  8 yg  can only affect K ).
ky CX

The values fos. (Roly and (Ry  arestyen in Table 13- 1.

13 .3 .9 .1 .4 -  (Ky), FORMAT AND CHARACTERISTICS —~
. a .  NO ee  eo

Each (K,), value is obtained from_an SDW command werd via SOF.Command Pore 2] E

The formatfor  each (Ry  shall be as defined in Table 13 -3 .

Ea t  
oo  h ry  J a -

(Ky  shall be assigned the following chafateristice: ) 
-

(RDy Magnitude: 8 b i ts  to ta l ,  5 b i t  binary fraction

MSB = 4
ga  a f  ad  - - -

(K 21  Sign: Logic ' l '  = negative value

Logic '0 '  = positive value

: . _,3l 31(R , ) ,  range: 32 SK)  y + 735

13 .3 .9 .2  - * PARAMETERS NOT ADJUSTABLE BY AN UPLINK MODIFIER
-

Whenever a parameter, K , ,  is  not ad justab le by an Upl ink Modif ier as indicated

- in  Table 13-1the following shall app ly :

K, = (KD I

The value for K_ is simply an unalterable constant  equal to  (Ky  Values for

(K D1 are given in Table 13 -1 .

‘Gomme
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OPTICAL TECHNOLOGY DIVISION

At tachmen t  1
Vd

\ SPACE TELESCOPE PROGRAM

MEMORANDUM

80-D&D-1455
13 May 1980

TO: Distribution

FROM: Ken Selger

SUBJECT: FGS CATALOG DESIGN OPTICAL DISTORTION

REF: 1 .  PR-264 ,  "Star Selector Analysis o f  Fine GuidanceSystem (SE-03 ) " ,  March, 1979 .
2 .  PR-403, "Star Selector Coordinate Conversion",March 1980.
3. ST-SE-873, "Information for SSM Flight Software",December 10,  1979 .

Star coordinates in  the FGS system are specified by the
encoder shaft angles 8A and 8B. Star coordinates in  the space
telescope are given in  Polar coordinates, a radial angle and
an azimuthal angle. The conversion from one set o f  coordinates
to  the other requires two transformations. The first converts
a s tar 's  object space coordinates to  image space coordinates.
The second uses the image space coordinates to  convert to  |

encoder shaft angle coordinates 0A and eB. The latter trans-
formation is  given byVollaro in  Reference 1 and derived by
Tsiang in  Reference 2.  This memorandum addresses the former
transformation.

The values given in  Table 1 would enable the user to
convert star angles in  object space to  image space for the
catalog optical design. A catalog optical design is one using
the catalog values for the indices o f  the glass elements. For

® the FGS design this represents the theoretical design. Actual
glass indices have not been included nor have manufacturing
errors been considered. Manufacturing errors have been described
in  general terms by two lé-term polynominal in  Reference 3.- 3-72



pop. 13.4.4

In  a perfect telescope the object space radial ’angles
can be converted to  image space angles by simply multiplying
those angles by a constant cal led the magnif ication. In  a
real optical system, however, the magnification changes with
field angle. The variation can be mathematically described
through the use of  an odd power series expansion. The form
of  this equation is  as follows:

(Image Space).= (Object Space) X (Magnification) +
(Object Space) X (a coefficient) + (Object Space) > x
(second coefficient) + . . . .

‘Table 1 gives the coefficients that were determined
- for the Space Telescope's catalog design . * *

The coefficients were determined by least-squares
fitting polynominals of  varying order to a set of measured
object space and image space angles, The angles were determined
through the use o f  the optical design program MEXP. Object -
space angles were inputted into the program, the program then
calculated the output angles in  image space. Double precision
mathematicswas used throughout, however, only eight significant
digits are printed. This limitation produces a round-off
error o f  approximately .0002 arc seconds.

The magnfication used for the calculations is  the
pa rax ia l  magn i f i ca t i on  as r epo r ted  by  the  op t i ca l  des ign  program

MEXP. The numer i ca l  va lue  o f  the magn i f i ca t i on  i s  equa l  t o

$7.24571S. In  the four cases considered this number was held
constant. Atotal of  40 measured points were used. Eighty-one
points in  al l  were used by including the mirror image points
a t  negative field angles and a center point at  0.

¢ az imu tha l  ang les  a re  t he  same i n  ob jec t  space  and image  space
and t he re  i s  no ax imutha l  des ign  d i s t o r t i on .

#211  ang les  exp ressed  i n  deg rees  un less  o the rw i se  spec i f i ed .
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Table 1 below gives the maximum error determined using
0,  1 ,  2 o r  3 coefficients. The errors are given in  object
space angles.  One approach that was not tr ied would be to
allow the magnification to  change. The magnification would
st i l l  be a constant for any part icular polynomial but would
be a dif ferent constant for different polynomials. This
procedure should have the effect of  reducing the residuals from
those given in  Table 1.  \

Distribution:
J .  Patterson
8S. Palasciano
R. Smith
R. Casas
V. Doherty
J .  Cunniff
P. Spangenberg
A. Goldberg
E. Tsiang
8.  Anhouse
H. Burg
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* ERROR IS

TABLE 1

MAXIMUM DISTORTION VS. § OF TERMS IN THE POLYNOMIAL PIT

- MAG 3RD STH 1TH MAX ERROR ARC SEC OB. 8P.

57.249715 - - I 6.0929

57,249715 -7.56747062 - - 0.0827

$7.249715 -8.04468604 | 10.4795606 - 0.0003

57.249715 -8.0507687 | 10.7689968| ~-3.336329 0.0002 *

LIMITED BY INPUT DATA USED FOR FIT I .E .  NOISY DATA.
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Ap  1343

OTA SYSTEMS

’ 27 JULY 1982

OTA ORBITAL VERIFICATION AND MISSION OPERATIONS SOFTWARE
REQUIREMENTS DESCRIPTION FOR OTA OPTICAL

FIELD ANGLE DISTORTION CALIBRATIONS

I .  Software Package Group Name - OTA OFF-LINE OPERATIONS

II. Software Package Name - OTA OPTICAL FIELD ANGLE DISTORTION CALIBRATIONS

II1. INTRODUCTION
The detailed requirements for OTA Optical Field Angle Distortion

Calibrations to satisfy the need for astrometric measurements to an

accuracy of 20.002 arc seconds rms, and to satisfy the ST Astrometry Tesn

that the calibration procedures will provide the most accurate calibration

results, Bove not yet been fully established. Dr. Paul Hemenway, of the

Astrometry Team and the University of Texas at  Austin, has been most

helpful in  explaining some of the possible alternative provisions which

may appear in  the final requirements of the Astrometry Tesm, and in

providing technical guidance and suggestions to Perkin-Elmer in  the

preparation of this description.

OTA Optical Field Angle Distortion calibration results have two uses,

_and the accuracy requirements differ greatly between the two. The greater

accuracy is  required to support ST astrometry measurements, and the

Astrometry Team will conduct its own data processing to develop calibration

corrections for those measurements. The other use is to provide corrected

pointing commands for the FGS's for guide star acquisition and vehicle

pointing to support science observations. The software to  support this
po

application is  described herein and is  expected to be a great deal simpler

12 BL
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than that to be developed by the Astrometry Team. However, the ST orbital

operations required to provide data are expected to be the same for both

purposes, so a single set of orbital calibration operations wil l probably

be used for both.

Thereader should keep in  mind that this description of software

requirements is  preliminary in  nature and is  subject to significant change

as the calibration requirements and procedures are developed and as the

algorithms to be programmed are developed over the next year or so. I t  is

provided at  this time for use by the PASS contractor in  planning its |

software development effort and in  preliminary estimates of software size.

Calibration Objective

The objective of the OTA Optical Field Angle Distortion Calibration

is, for each FCS field of view, to map the differences, as a function of -

PGS field position, between a perfect projection of points in  object space

onto a spherical surface in  OTA image space (using the design value of plate

scale), and the location of those points in  image space indicated by the

FGS star selector encoder readings and distorted by the OTA and FGS optics.

This is  to be done to an accuracy consistent with the measurament of the

relative angular positions of three or more objects within the FGS field of

viev to an accuracy of £0.002 arc seconds rms. A secondary objective is  to

verify FGS photometric precision.

Calibration Method

Each FGS will be calibrated independently, while the other two FGS's

are locked onto guide stars to control the OTA/ST line of sight. The

following discussions are written for FGS 3 calibration—FGS 1 and 2

12-83
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calibrations will be performed in the same way as FGS 3.

1.

2.

FCS 3 wil l be pointed to a star field in  which there are at  least 25

(TBD-See Note below) stars of n=  9 to 13 within its field of view with

roughly uniform distribution. While the OTA line of sight is held fixed,

PGS 3 will be commanded to acquire each of the 25 stars in  succession and

to collect position data on each for 51.2 (TBD) seconds vhile in  Fine |

Lock Mode. One or mores of the 25 star positions may be measured a

second time for confirmation of stability of measurements during this

period of observations.

NOTE: The number of stars and the munber of positions of the FGS field

of view to be used for astrometry calibration purposes will be analyzed

by the Astrometry Team. Likewise, Perkin-Elmer wil l be analyzing the

mmbers from the viewpoint of optimizing the calibration process for the

less stringent requirements imposed by guide star and astrometry target

acquisition and by Scientific Instrument pointing. Since the orbital

calibration operations should probably be common to the two purposes,

and since i t  may be desirable to use the PASS calibration software for a

quick look at  astrometry calibration data collection results, the PASS

software may be based on the same numbers of stars and field of view

positions as the astrometry calibration software. The mmbers of stars

and field of view positions ultimately selected may vary significantly

from those used in this initial description of requirements. The

product of the mmber of stars and number of  field of view positions wil l

be subject to much less variation than each of its components.

The OTA line of sight will be repositioned in yav so that the stars a t

the center of the PGS 3 field of viev in Step 1 move radially outward

approximately 0.9 (TED) arc minutes (object space) from their Step 1

| 3 $e
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positions, and the position measurements described in  Step 1 wil l be

repeated for those asmbers of the 25 stars which are still within the

FGS 3 field of view.

3. The OTA line of sight wil l be repositioned in  pitch relative to i ts

Step 1 position so that the stars at  the center of the FGS 3 field of

viev in  Step 1 move tangentially clockwise approximately 0.9 (TBD) arc

aimites (object space) from their Step 1 positions, and the position

measurements described in  Step 1 wil l be repeated for those members of

the 25 stars vhich are still within the FCS 3 field of view.

&. The OTA line of sight wil l be repositioned equally in  pitch and yaw

relative to its Step 1 position so that the stars at  the center of the

FGS 3 field of viev in  Step 1 move radially outward and tangentially

counter=-clockvise approximately 0.9 (TBD) arc minutes (object space) from

their Step 1 positions, and the position measurements described in  -

Step 1 wil l be repegted for those members of the 25 stars vhich are

still within the FGS 3 field of view.

5. The OTA line of sight will be repositioned equally in pitch and yaw

relative to its Step 1 position so that the stars at  the center of the

PGS 3 field of view in  Step 1 move radially outward and tangentially

clockwise approximately 0.9 (TBD) arc minutes (object space) from their

Step 1 positions, and the position measurements described in  Step 1 wil l

be repeated for those members of the 25 stars which are still within the

PCS 3 field of view.

Figure 1 shows the five positions of the PGS field of viev relative to the

25-star field as described in  Steps 1-5 above. The numbers in  the outer

corners of the field of view positions represent the applicable Step numbers.

The "+" marks are intended to represent stars, and their distribution is

probably such more uniform than will be the case in the actual calibration.
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PCS Pield of View Positions Relative to 25-Star Field.Figure 1.
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VI. Software Package Objectives

VIII.

To perfora the data processing and computations to determine the

detailed form of, and values of the constants in, two polynomial equations

required to define the corrections vhich must be applied to image space

position measurements derived from FGS star selector position readings to

compensate for OTA and FGS optical field angle distortions. A secondary
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R

objective is  to perform the data processing to confirm OTA photometric

precision.
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Software Output uirements

P
R

s

Output requirements are summarized below, and described in  further

detail in  Section IX below in the descriptions of software functional

requirements.
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1. Printer Outputs - results of intermediate calculation steps and of -

final calibration results.

2. X=Y Plotter and Graphic Display Outputs = display of field of view of

the FGS being calibrated showing reference star locations and identities

in  their calibration Step 1 position, and with the Step 2-5 positions of

the FGS overlaid on the Step 1 position similar to the sketch in Figure

1. The graphic routines should be capable of vector residual plots.

Data Inputs

1. The number designations and names of current OTA telemetry measurements

to be monitored and analyzed are given in Section IX below in the

descriptions of software functional requirements. Sample rates for each

measurement in  the 32 kbps telemetry format to be used for astrometry
» ”

operations are given in  Perkin-Elmer Specification SG 679-1087B General
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Specification for OTA Instrumentation Program Component List (DM-02)

of 11-17-81.

2. Data required from the engineering data base will include the OTA and

SSM telemetry calibration data to convert binary counts into engineering

units, telemetry format data to permit decommutation of telemetry data

streams to acquire specified measurements, SDW command definitions to

convert binary counts into engineering units, and the "Initial Values"

of PGS Uplink Modifier parameters used by the FGE in  the absence of

Uplink Modifier Commands.

3. Results of prior data processing which will be required to support

these requirements include the following:

a. Astrometry headers giving the identity of each of the reference

stars and guide stars used in  the FGS Optical Field Angle

Distortion Calibrations, together with the time period, predicted

Star Selector Position measurements and SDW command values

applicable to FGS operation for each astrometric observation

or guide star tracking.

b.  Post-facto ST orbit, to provide accurate ST position in  orbit

(definitive orbit) versus UTC, and velocity aberration corrections.

c¢. Accurate ephemeris of Earth.

IX. Software Functional Requirements

I n  this preliminary description o f  software requirements, a description

of the data processing and computations required to support the Optical

Field Angle Distortion Calibrations is  substituted in  place of flow diagrams

and algorithms.
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(Telemetry Msasurement designations are for FGS 3).

l .

2.

3.

4.

Se

Por each of the five positions of the FGS FOV relative to the

star field, record the A and B Star Selector Average Position

measurements (FO3H649M-654M) for each of the star observations.

(See Note a t  the end of Section IX). For each measurement,

calculate the UIC time for the mid-point of the averaging time

period using the Vehicle Time word in each telemetry minor

frame and SSM-supplied timing information for the applicable

telemetry format. Print out the object identity, average

position and mid-point time for each of the observations.

For each of the star observations in  Step 1 above, calculate the

average position of the guiding FGS star selectors by averaging

the A and B Star Selector Position measurements (FO3B609M-614M)

over the observation time period. Print out the results with the

data from Step 1 above.

Convert al l A and B star selector average position sets into image

space spherical polar coordinates & and LA  relative to the

FGS T i  coordinate system, assuming zero aligment error between the

FGS and the OTA optical axes. (See Figure 2 for T i  and Si  coordinate

system descriptions.)

Correct each of the calculated average position sets ®, ,  and 8 )

for orbital aberration computed from definitive orbit data.

Conduct a statistically rigorous mathematical process to establish

the best f i t  of the values for the constants in  the following

equations to accurately corract star selector average position

data collected in the calibration operations to maasures angular

separations of the stars in  object space:

132 67-
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Where:

: [4
nd Lin R ip  i p  TDi <p 7 as  Ra

=10-

= F (R ,  8 . )  = D. ,  ( 14D) .

A 1 A A 3 Aa  A

+Dis Ry + Diu Rip 8: DisRi3 + DuiR 6.
2 Az  AY  A3  A 2A?

+ AT Ap é . ,  +Dse AP + D ie  R is  8. ,+D. .R2 e . ,

A Aa  A 7
oh

c(8.,  R..) = Di  +1  + Dac) a ,

Ae  2 IA  A 3 Aa  A

+ i  i p  +Diir6ip R ip*  Ap  6 . ,  + Lin B:, R ip

+ D i  av 6 . ,  R i ,  + Dx ¥ E . ,  + Dias E.,  Rp  + I CO Re

A B3 a3  A7+ Diag 6 :  R3  + Dias B ip  r l l “r

f e  = radial component of image space spherical polar

coordinates relative to the FGS Ti coordinate system,

calculated from A and B star selector average position of

a star, assuming zero optical field angle distortion and

zero aligment error between the FGS and OTA optical

axes, and corrected for orbital aberration.
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l =

A
Sip
polar coordinates relative to the FGS Ti  coordinate

= azimuthal component of image space spherical

system, calculated from A and B star selector average

position of a star, assuming zero optical field angle

distortion and zero aligmment error between the FGS and

OTA optical axes, and corrected for orbital aberration.

Rep
coordinates relative to the FGS Si coordinate system,

e radial component of object space spherical polar

after correction of R , P for optical field angle

distortion and magnification.

0p

polar coordinates relative to the PGS Si coordinate -
= azimuthal component of object space spherical

system, after correction of Le  for optical field angle

distortion and magnification.

The known facts are (1) the values of % ,  and 8 derived from star

selector position data for sach star position observation, (2) that the

angular separations in object space between each pair of reference stars

remain constant throughout the calibration data collection period, and

(3) that the two equations above wil l accurately correct for field

angle distortions and alignment errors in  the optical system vhen the

best set of constants is  chosen.

The unknowns are the best values for the Di(n) coefficients and

the values for XR, and ©1p 1p for each of the star position observations.

7’
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6. To evaluate the photometric precision of each FGS individually, for

each star whose position is measured by that FGS, calculate the mean

value, standard deviation and axiom deviation from the mean value

of al l  photometric measurements made of the star. A photometric

measurenent for the purpose is  defined as the average value during the

period of measurement of i ts A and B star selector average positions

of the sun of the X and Y Fine Count (PMTA) and (PMT B) telemetry

h
E

 
P

L
L

 
N

S
] 

+

mseasurenents (FO3Q60IM through 608M). Also calculate the standard

c
p

.

deviations and maximum deviations as percentages of the mean values.

LT
 

FT
T

E

Group stars according to visual magnitude values, and calculate standard

deviations and aaximm deviations as a percentage of mean values for

each group.

Note: On the Use o f  Star Selector Average Position Data.

For each position observation of a reference star in  the field of view

of the FGS being calibrated, in  addition to providing raw A and B Star

Selector Position measurements 40 times per second in  telemetry, the

FGE automatically averages the positions of the A and B Star Selectors

over a 31.2 second, or shorter, period following the time that fine lock

tracking operation is  achieved. For both A and B Star Selectors, i t

averages the star selector positions for 32 of the integration periods

(fine error averaging times) of the fine lock tracking operation. With

the fine error averaging time commanded to be 1.6 seconds, the 32 samples

require 51.3 seconds to accumulate, plus another 0.2 second maximum

to transait via telemetry (32 kbps format). Each of these measurements

should represent relative positions of the observed bodies to an accuracy

of 20.001 (TBD) arc seconds in  object space, assuming the design value

for plate scale and neglecting optical field angle distortion.
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This method of measuring the positions of reference stars is

presently planned to be used for determining optical field angle

distortion calibration corrections in  the MOGS for use in  correcting

FCS pointing commands for acquiring guide stars and astrometry targets.

More accurate optical field angle distortion calibration results are

required for the purpose of  processing operational astrometry measure-

ments in order to measure relative positions to an accuracy of 20.002

arc seconds rms. Such accuracy is  required for astrometry, and i t  is

understood that the Astrometry Tean wil l perform its own processing of

optical field angle distortion calibration data, using raw rather than

FGE-averaged data, in  order to achieve the required astrometry calibration

accuracies. Therefore, i t  is  assumed that the MOGS software requirements

are based on the use of FGE-averaged position measurements. The actual

use of this technique in  the final software depends upon continued _

favorable results of error analyses as the procedures and algorithms

are developed during the next year.
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OTA SYSTEMS
ENGINEERING

OTA ORBITAL VERIFICATION AND MISSION OPERATIONS
SOFTWARE REQUIREMENTS DESCRIPTION

FOR PLATE SCALE CALIBRATIONS

Software Package Group Name - OTA OFF-LINE OPERATIONS

Software Package Name - PLATE SCALE CALIBRATIONS

INTRODUCTION

The detailed requirements for Plate Scale Calibrations to sat isfy the

need for astrometric measurements to  an accuracy of  0 .002  arc seconds rms,

and to sat isfy the ST Astrometry Team that the calibration procedures will

provide the most  accurate cal ibrat ion resu l ts ,  have not  ye t  been ful ly

establ ished. Dr. Paul Hemenway, of the Astrometry Team and the University

of Texas a t  Aust in ,  has been most  helpful  i n  explaining some of  the poss ib le

al ternat ive provisions which may appear in  the f inal requirements of  the

Astrometry Team, and in  providing technical guidance and suggestions to

Perkin-Elmer in  the preparation of this descr ipt ion.

Pla te  scale cal ibrat ion resu l ts  have two uses ,  and the accuracy

requirements d i f fe r  great ly  between the two.  The greater  accuracy i s

required to support ST astrometry measurements,  and the Astrometry Team wil l

conduct i t s  own data processing to develop cal ibrat ion corrections for  those

measurements. The other use is  to provide corrected point ing commands for

the FGS's for  guide s tar  acquis i t ion and vehicle pointing to support science

observations. The software to support this appl icat ion is  described herein

and i s  expected to be a g rea t  deal s impler than that to  be developed by the

Astrometry Team. However, the ST o rb i ta l  operat ions required to provide

data a re  the same for both purposes,  so a single se t  of  cal ibration operat ions

should be used for  bo th .
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I I I .  (Continued)

The reader should keep in  mind that this descript ion of software

requirements is  preliminary in  nature and is  subject  to significant change

as the calibration requirements and procedures are developed and as the

algorithms to be programmed are developed over the next year or so. I t  is

provided at  this time for use by the PASS contractor in  planning i ts  |

software development ef for t  and in  preliminary estimates of software s i ze .

IV.  Calibration Objective

The objective of the Plate Scale Calibration is  to measure the OTA

effective focal length and plate scale for each FGS f ield of view, to an

accuracy consistent with the measurement of the relative angular posit ions

of three or more ob jec ts  within the FGS f ield of view to an accuracy of

20.002 arc seconds rms. A FGS Optical Field Angle Distort ion Calibration

must be performed before or in  conjunction with the Plate Scale Calibration

to provide the data for  correcting p la te  scale measurements for  the e f fec ts

of f ield angle distor t ions.

V. Cal ibrat ion Method

Each FGS will be calibrated independently by making repet i t ive posi t ion

measurements over a one day to several day period of an asteroid with well

known ephemeris while the ST is  pointed a t a fixed point  and with a f ixed

rol l  angle relative to the celest ia l  sphere.  The or ientat ion of the ST

will be chosen so that the astero id wil l move from one outer corner of the

FGS f ie ld  of view to the other ,  which represents approximately 19 arc

minutes of relative angular movement, as shown in  Figure 1.

The method for  calculat ing the ef fect ive focal  length and plate scale

wil l  be to  measure, i n  essence, the l inear distance traversed across the
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OCS 1.8 ARC SUN
SECOND FOV | 

SIDE
(TYPICAL-3 PLACES) INTERFEROMETRIC

FGS 3.0 ARC SEC
FIELD

53 ]
VIGNETTED AREAS,

NOT USABLE

+V2

FGS TOTAL
FIELD

(3 PLACES)

Desired track of  as te ro i d ,
approximately 19 arc minutes
in  length,  across focal  plane
during P la te  Scale  Cal ibrat ion
per iod.

Figure 1.  Asteroid Track in  OTA Focal Plane
During Plate Scale Cal ibrat ion
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V. (Continued) FGS f ield a t  the OTA focal plane by the as te ro i d ' s  image

during the time that the asteroid traverses a known angular displacement

relative to the ST. Effective focal length and plate scale wil l be

calculated by the following equations:

EFL = y (mm, linear displacement in  the image plane)
tan 0 (arc seconds,  angular displacement in  ob jec t  space)

© (arc seconds)
Plate Scale = y (mm)

The required characteristics of the asteroid used for each FGS calibration

will be as follows:

l .  I t s  image in  the FGS wil l be an unresolved d isk .

2 .  I t s  ephermeris shal l  be well known to provide predictions of i ts

angular posit ion changes in  the FGS f ie ld  of view to an accuracy of

20 .0005  (TBD) arc seconds rms per 20 arc  minutes. ]

3. I t s  brightness shall be between m=  15 (TBD) and m=  10 ( the br ighter
asteroids within this range are p re fer red) .

4. I t s  apparent motion shall be within the "Quasi-Stat ic" range, i . e . ,

less than 0.020 arc seconds per second.

5. 1ts apparent motion shall be great  enough to move across 19 arc

minutes within -several days .

6.  I t s  location relative to  Earth and Sun a t  the t ime of  the cal ibration

shall permit orientation of the ST during the observations so that

sun angle restr ic t ions are not v io la ted.  (See Figure 2) .

7. I t s  relat ive orb i ta l  path at the time of the calibration shall pass

through a star f ie ld  wi th many (on the order of  10 to  20) reference

stars sui table for  astrometric measurement in  the same FGS f ie ld  of

view as the as tero id ,  and with several potential guide s tars in  each

of the f ie lds of view of the other two FGS's.

13%



CONFIGURATION
#2 CONFIGURATION

#1

Astero id

Figure 2. Relative Orbi tal  Orientations for
Plate Scale Calibrations
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There are somewhat over 2000 named and numbered astero ids.  Almost

all known asteroids sat isfy characteristics 4 and 5 above. A few hundred

known asteroids are small enough and bright enough to sat isfy characteris-

t ics 1 and 3. Perhaps only 20 asteroids have been observed well enough

to date to satisfy characteristic 2. However, orbits of al l  known

asteroids are known well enough to determine their satisfaction of

characteristics 6 and 7 once the date of calibration has been set within a

month. For any asteroids which wil l  sa t is fy  a l l  required characterist ics

except ephemeris accuracy, a modest ground based observation campaign can

provide data to satisfy that characteristic.

The probable need fo r  such a ground based observation campaign can be

visualized from the following discussion. The probability that one or

two of the 20 asteroids which presently sat is fy  the f i rs t  f ive characterist ics

l isted above wil l also sat is fy the sixth and seventh character ist ics at  the

particular time a calibration operation is  desired is  small because of the

operational restr ict ions regarding sun angle.  This can be seen in  Figure 2,

which is  a sketch showing two possible configurations of relat ive posit ions

among sun, ST and asteroid for  conducting p late scale cal ibrat ions. Most

asteroid orbits l ie reasonably close to the plane of the ec l i p t i c ,  so, for

simplicity of figures and d iscussion,  the configurations in  Figure 2 and the

following discussion assume coplanar i ty.  For actual  cal ibrat ion planning,

of  course,  the astero id o rb i t  incl inat ions must  be t aken into account.

To signi f icant ly decrease the probable need to violate the operational

sun angle restr ic t ions, and the degree of such violat ions, a modest ground

based observational campaign seems- tobe a-very attractive solut ion when

and i f  required. However, even wi th  tha t  potent ia l  so lu t ion ,  some res t r ic t ions

may s t i l l  be encountered at  some desired times of  calibration.
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Configuration 1 i s  applicable to  that required for  p late scale

calibrations for FGS 1 and FGS 3. For these, the vehicle V1-V3 plane must

be parallel to the asteroid orbit plane in  order to achieve the required

motion of the asteroid image across the FGS f ie lds.  For calibration with

FGS 2, the vehicle V1-V2 plane must be parallel to the asteroid orbit  plane,

and so Configuration 2 appl ies.  |

In  Configuration 1, an asteroid can be observed through about 70 percent

of i ts o rb i t ,  so the probabil i ty o f  having a t  least one asteroid which

satisfies al l  requirements at  any time should be quite h igh.  Violation

of the 50 degree minimum pointing angle to the sun does not appear to-be a

feasible means of increasing asteroid availability because the increased

stray light in  the OTA, while i t  may not  impede bright asteroid observations,

would impede the making of accurate astrometric measurements on reference

stars during the cal ibrat ion p rocess .  -

In  Configuration 2, an asteroid can be observed only through about 17

percent of  its orb i t  because of  the requirement to keep the sun within

30 degrees of the V1-V3 plane. At any particular t ime, the probabil i ty of

having a suitable member of the 20 asteroids available for  this case is

low, particularly when the requirements of both characterist ics 6 and 7 are

considered. Without adding to the population of suitable asteroids through

addit ional ground based observations, i t  wil l  probably be necessary to

violate the 30 degree restr ict ion occasionally. This can probably be done

for  short per iods of  time and/or by minimizing ST power consumption during

this period without serious impact on electrical power management. Another

possible part ial  solut ion may be that  some asteroids with orbi ts  incl ined

as much as 30 degrees from the ec l ip t ic  plane may be found to be sui table

for  the cal ibration with FGS 2, with less deviation required from the 30

degree rest r ic t ion.
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Given the availability o f  a suitable asteroid for the period of

the calibration operation, the calibration procedure wil l  be as fo l lows:

1. Acquire guide stars with the two guiding FGS's. Posit ion the guide

stars at  star selector posit ions in  the two FGS's so that the long

axis (through the outer corners) of the f ield of view of the FGS to

be calibrated is  parallel to the orbi t  plane of the astero id,  and the

asteroid is  30 arc seconds (TBD) from one end o f  the long axis of  the

f ie ld ,  from which i ts  relative motion wil l cause i t  to traverse to

the other end.

NOTE: This, and al l  subsequent observations for  the duration of this

calibration operation fo r  this FGS, wil l  be performed with the Pointing

Control Subsystem controlling vehicle orientation to hold the four

star se lector  posi t ion angles i n  the two guiding FGS's approximately

centered on these same readings. This wi l l  insure that the OTA opt ica l

axis wil l be pointed very c lose to the same posit ion on the celest ia l

sphere for  each observation.

2. Acquire the asteroid with the third FGS. After Fine Lock Mode has

been achieved, co l lec t  posi t ion data for  one minute (TBD).

3. Immediately sh i f t  the third FGS to acquire the f i r s t  of 10 to 20 (TBD)

reference s ta rs .  Each re ference s ta r  shall be suf f ic ient ly  d is tant

from Earth that the parallax e r ro r in  measuring i t s  posi t ion wi l l  -be

negl igible for  the durat ion of the calibration per iod ( i . e . ,  annual

parallax less than 20.0045 arc second) ,  or else correct ions should be

made for  known paral lact ic sh i f t s .  Col lect  posit ion data- fo r  one

minute (TBD) of Fine Lock Mode operation. |

4.  Repeat Step 3 above fo r  the remainder of the reference s ta rs .
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S. Repeat Step 2 above with the asteroid.  This completes one of 3 to 5

(TBD) sets of observations of the asteroid and reference stars for

this calibration of one FGS.

Repeat Steps 1 through 5 above fo r  the f i rs t  FGS. This can probably

be done using the same asteroid,  provided that suitable reference and

guide stars exist a t  the slightly modified OTA pointing d i rect ion.

Repeat Steps 1 through 5 above for the second FGS. This may require

a different asteroid to minimize reductions in  solar array power output .

When relative motion of the asteroid has caused i t s  image to traverse

one-quarter to-one-half (TBD)of the distance along the FGE f ield

major axis,  conduct the second set of observations of the asteroid and

reference s tars  for  each FGS, by repeating Steps 1 through 7 above.

At appropriate t imes, conduct the third, fourth and f i f th  (TBD) sets of

observations by repeating Steps 1 through 7 above each time. =

NOTE: The time required for the asteroid to traverse the 19 arc minutes

across each FGS f ie ld wil l vary among FGS's i f  di f ferent astero ids are

used. Therefore, timing between observation sets may vary among FGS's.

Software Package Objectives

To perform the data processing and computations to determine the

effective focal length of the OTA in  each FGS f ie ld  of view from the

telemetry data collected during the Plate Scale Calibration operat ions,

using the results of the FGS Optical F ie ld Angle Distor t ion Calibrations to

correct  s tar  se lector  pos i t ion measurements.

Software Output Requirements

Output requirements are summarized below, and described in  further

deta i l  in  Sect ion IX below in  the descr ipt ions of software functional

requirements.
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1. Printer Outputs - results of intermediate calculation steps

and of final calibration results.

2. X-Y Plotter Outputs - display of  f ie ld of  view of  the FGS being

calibrated showing reference star locations and identi t ies,

asteroid observed positions and appropriate calculation results.

VI I I .  Data Inputs

1. The number designations and names of current OTA telemetry measurements

to be monitored and analyzed are given in  Sect ion IX below in  the ’

descriptions of software functional requirements. Sample rates for  each

measurement in  the 32 kbps telemetry formats to be used for astrometry

operations are given in  Perkin-Elmer Specif icat ion SG 679-1087B General

Speci f icat ion for OTA Instrumentation Program Component L is t  (DM-02) of  |

11-17-81 .

The number designations, names and sample rates of non-OTA telemetry

measurements are TBD.

Data required from the engineering data base wil l include the OTA and

SSM telemetry calibration data to convert binary counts into engineering

uni ts ,  telemetry format data to permit decommutation of telemetry data

streams to acquire specif ied measurements, SDW command def ini t ions to

convert binary counts inte engineering un i ts ,  and the '"Initial Values"

of FGS Uplink Modifier parameters used by the FGE in  the absence of

Uplink Modifier Commands.

Results of prior data processing which wil l be . requ i red_to_  support these

requirements include the following:

a.  FGS Opt ica l  Field Angle D is tor t ion  Calibrat ion resu l ts  giving fo r

each FGS the errors in  Star Selector  Pos i t ion telemetry measurements

i n  defining FGS l ine o f  s ight  in  ob jec t  space caused by opt ical  f ie ld

angle distortion.

12 =/0%
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(Continued)

b.

f .

Astrometry headers giving the identity of each of the asteroids,

reference stars and guide stars used in  the Plate Scale Calibrations,

together with the time period, predicted Star Selector Posit ion

measurements and SDW command values applicable to  FGS operation for

each astrometric observation or guide star tracking. |

The actual commands transmitted to the OTA from the SSM affect ing

FGS search and track operations and the precise times of their

transmission to  the OTA.

Accurate asteroid ephemeris based on fu l l  solar system integration

plus ground based support.

Post- facto ST orb i t ,  to provide accurate ST position in  orbit

versus UTC (def in i t ion orbit).

Accurate ephemeris of Earth.  -

IX .  Software Functional Requirements

In  this preliminary descr ipt ion of  software requirements, a descr ipt ion

of the da ta  processing and computations required to support the P la te  Sca le

Calibrations is  subst i tuted in  place of f low diagrams and algor i thms.

A, For each posit ion observation of an astero id or reference star  in  the

f ie ld  of view of the FGS being cal ibrated, in  addit ion to- providing raw

A and B Star Selector Posi t ion measurements 40 times per second in

telemetry, the FGE automatically averages the positions of t he A and B

Star Selectors over a 51.2 second period (see note below) following -the

time that f ine lock tracking operation is  achieved. For bo th A and B

Star Se lec tors ,  i t  averages the s tar  se lector  posit ions for 32 of the

integration periods ( f ine error averaging t imes) of the fine lock

/2=/0&
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(Continued) tracking operation. With the fine error averaging time

commanded to be 1.6 seconds, the 32 samples require 51.3 seconds to

accumulate, plus another 0.2 second maximum to transmit via telemetry

(32 kbps fo rmat ) .  When each of these measurements has been corrected

fo r  combined opt ical  alignment, p late scale and f ie ld angle distort ion

errors, the results should represent relative posit ions o f  the observed

bodies to an accuracy of 20.002 arc seconds, assuming the design value

for plate sca le .

This method of measuring the positions of asteroids and reference

stars is  presently planned to be used for determining plate scale

calibration corrections in  the MOGS for use in  correcting FGS pointing

commands for acquiring guide stars and astrometry targets .  More

accurate plate scale calibration data are required for  the purpose of

processing operational astrometry measurements in  order to  measure

relative posit ions to an accuracy of *0 .002  arc seconds rms. Such

accuracy is  required fo r  astrometry,  and i t  1s understood that the

Astrometry Team wil l  perform i ts  own processing of  p la te sca le

calibration data, using raw rather than FGE-averaged da ta ,  in  order to

achieve the required astrometry ca l ibrat ion accurac ies .  Therefore ,  i t

i s  assumed that the MOGS software need not dupl icate the Astrometry Team

software capab i l i t y , . and the following MOGS sof tware requirements are

based on the use of FGE-averaged posit ion measurements. The actual use

of this technique in  the f inal software depends upon continued favorable

resul ts  of error analyses as the procedures and algorithms are developed

during the next year .

NOTE: The 51.2 second averaging period is the calculated time required

to  achieve astrometric measurement accuracies of  0 .002  arc  seconds rms

13-144



for the dimmest astrometry targets (m, = 17), so that averaging period

has been assumed initially herein for al l  astrometric measurements.

For bright asteroids and stars i t  may prove to be sufficient to use

shorter averaging per iods, such as 25.6 seconds or 12.8 seconds.

Description of  Requirements

(Telemetry Measurement designations are for FGS 1) .

l .  For each quasi-static observation posit ion of the asteroid,  record

3.

the A and B Star Selector Average Posit ion measurements (FOlHO49M-

054M) for  each o f  the reference stars and for  the two observations

of the asteroid posit ion. For each measurement, calculate the UTC

time for the mid-point of the averaging time period using the

Vehicle Time word in  each telemetry minor frame and SSM-supplied

timing information for the applicable telemetry format.  Print out

the ob ject  ident i ty ,  average posit ion and mid-point time for  each

of the observations.

For each of the asteroid and reference star observations in  Step 1

above, calculate the average position of the guiding FGS s tar

selectors by averaging the A and B Star Selector Posit ion measure-

ments (FOl1HOO9M-01l4M) over the observation t ime per iod .  Print out

the results with the data from Step 1 above.

Convert al l  A and B star selector  average posit ion sets  into focal

plane polar coordinates Ryo and €ip)  relat ive to the OTA optical

axis .

Calculate corrected average posit ions Rand  8;  ) for  each o f  the

measurements in  Steps 1 and 2 above by-applying corrections fo r

combined alignment, plate scale and opt ica l  f ie ld angle distortion

AYP 1314,4

— a —

derived from the OTA calibration for  FGS Opt ica l  Field Angle Distor t ion,

and for orbital aberration computed from definit ive orbit  data.
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IX. B. 5.  Convert corrected average positions ® ,  and 9;  from focal

plane polar coordinates to focal plane rectil inear (gnomonic)

coordinates X,  and 9,  (hereinafter referred to as x and vy).

The following description, for one FGS,

is  based on performing four (4) observa-

. t i on  sets of the posit ions of ten (10)

asteroid posit ion observations per se t ) .

As mentioned in  Section V, the numbers

i
)

J
i
I

reference stars and the asteroid (two

|

I
|

of  reference stars and observation sets !
|

!

6.  Using the f i rs t  observation se t  o f  the ten (10)  reference stars as

an arbitrary "standard", calculate the displacements of the latter

three observation sets relative to the "standard" by a stat ist ical ly

rigorous method, for the purpose of accurately referencing each of

the eight (8) asteroid posit ion measurements to the same "standard"

background frame.

7. From the 8 observations o f  asteroid pos i t ion,  calculate the asteroid

positions in  x and y coordinates relative to the ''standard"”

background frame.

8. Using a stat ist ical ly rigorous method,  ca lcu la te- the x and-y- - — —

components of asteroid velocity relative to the "standard"

background frame from the 8 sets  of x and y data calculated in

Step 7 and using the times o f  observations calculated i n  Step  1.

9. Using asteroid ephemeris data ,  and assuming the design value of

p la te  sca le ,  calculate expected values o f  the x and y components of

asteroid velocity.

EME 4



IX.

11.

12.

bpp.13,4.4
-15-

Compare ephemeris predictions versus observed values of asteroid

velocity and calculate the plate scale correction and the OTA

effective focal length.

Print out appropriate results of intermediate steps as well as the

results of plate scale and effective focal length calculations.

Present an x-y plot ter  display of the f ield of view of the FGS

being calibrated showing the reference s ta r  locations and identities,

asteroid observed positions and times of observation, and appropriate

results of position calculations.
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OTA ORBITAL VERIFICATION AND MISSION OPERATIONS
SOFTWARE REQUIREMENTS DESCRIPTION FOR

PGS/SI ALIGNMENT CALIBRATIONS

I .  Software Package Group Name - OTA OFF-LINE OPERATIONS

II. Software Package Name ~- FGS/SI ALIGNMENT CALIBRATIORS

III. INTRODUCTION
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This description of requirements for software to support the FGS/SI

Aligmment Calibrations after ST deployment in  orbit is  based on the current

plan for conducting the calibrations and processing the data. This descrip-

tion is provided for use by the PASS contractor in  planning its software

development effort and in  preliminary estimates of software size. The -

reader should keep in mind that this description of software requirements

i s  preliminary in  nature and is  subject to significant change as the

calibration plans and procedures, and the algorithms to be programmed, are

deve lopedover the next year or so.

IV. Calibration Objective

The objective of the FGS/SI Aligmment Calibration is to  measure the

alignnent of each FGS and SI to the optical V1, V2, V3 coordinate system

to  permit accurate calculation of guide star pointing angles for efficient

acquisition of science targets in  the centers of SI apertures.

V. Calibration Msthod
ad

The calibration will consist of two sets of steps: (1) the determination

13-110
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of the orientation of the optical V1, V2, V3 axes relative to  the three

. PGS on-axis lines of sight, and (2) the measurement of the angular position

of each SI aperture relative to the V1, V2, V3 axes.

The definition of the V1, V2, V3 axes is  given in  the SSM to OTA

ICD=01C in Section 3.3.5.5 as follows:

“The (on-axis*) line of sight of each FGS is defided as the

projection of interferometer error nulls into object space for

star selector settings of ©, = 0° and 6 ,  = 180°. The OTA V1 axis

is  the line of sight equidistant from the 3 FGS (on-axis*) lines

of sight. The V3 axis is  the line perpend icu la rto  Vl in  the
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plane containing ths V1 axis and the line of sight of FGS 2,

with i ts star selection settings at e, - © « 90°. The V2

axis is  the cross product of V3 and V1."

*"on-axis" i s  added to the ICD definition for added clarity.

When ©, = 0° and 6, = 180°, the FCS line of sight is  nominally aligned

parallel to the OTA optical axis (and is, therefore, outside the FGS field

of view). When ©, = ©, = 90°, the FGS line of sight is  nominally displaced

146.2 arc minutes (object space) from the OTA optical axis and is  on the

l ine from the OTA optical axis which bisects the FGS field of view.

The alignment calibration will be conducted after the Optical Field

Angle Distortion and Plate Scale Calibrations, so that star selector position

data can be corrected for the effects of distortion and plate scale to

calculate FGS line of sight positions in object space.

For the first part of the calibration procedure, which is  that of

determining the orientation of the optical V1, V2, V3 axes relative to the

three FGS lines of sight, the OTA will be pointed toward a star field in

13=1/[
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vhich there are several (about five) stars in each FGS field of view whose

relative positions (among the fifteen stars) are known with high astrometric

accuracy (astrometric standard stars). Then, with two FGS's controlling

vehicle pointing direction, the third FGS will be used to make astrometric

position measurements of the five (TBD) astrometric standard stars in  i ts

field of view. The process will then be rspeated so that each of the other

two FGS's will also make astrometric position measurements of the five (TBD)

astrometric standard stars in its own field of view. /

After these data are used to  calculate the orientation of the V1, V2,

V3 axes relative to the FCS star selector readings, a suitable SI target

and pair of guide stars will be used to perform line of sight raster or dwell

scan maneuvers for each SI to determine the angular orientation of its field

of viev ralative to the V1, V2, V3 axes.

Software Package Objectives

To perform the data processing and computations to determine the

orientation of the V1, V2, V3 axes relative to the three FGS lines of sight,

and to determine orientations of the fields of view of the five Scientific

~ Instruments relative to the V1, V2, V3 axes.

Software Output Requirements

Software outputs shall be in  the form of printer displays of the results

of intermediate calculation steps and final calibration results. They.are

described in  further detail in  Section IX below in  the descriptions of software

functional requirements.
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VIII. Data Isputs

l .

2.

3.

The number designations and names of current OTA telemetry measurements

to be monitored and analyzed are given in  Section IX below in  the

descriptions of software functional requirements. Sample rates for each

measurement in  the 32 kbps telemetry formats to be used for astrometry
operations are given in  Perkin-Elmer Specification SG 679-1087B General

Specification for OTA Instrumentation Program Component List (DM-02).

Data required from the engineering data base will include the OTA and

SSM telemetry calibration data to convert binary counts into engineering

units, telemetry format data to permit decommutation of telemetry data

streams to acquire specified measurements, SDW command definitions to

convert binary counts into engineering units, and the "Initial Values"

of PGS Uplink Modifier parameters used by the PFGE in  the absence of

Uplink Modifier Commands.

Results of prior data processing which wil l be required to support

these requirements include the following:

a. Astrometry headers giving the identity of each of the reference

stars and guide stars used in  the FGS/SI Alignment Calibrations,

together with the time period, predicted Star Selector Position

seasurenents and SDW command values applicable to FGS operation

for each astrometric observation or guide star tracking.

b.  Optical Field Angle Distortion Calibration results giving, i n
effect, for each FGS the errors in  Star Selector Position

telemetry measurements in  defining PGS line of sight in  object

space caused by optical field angle distortion.

c. Plate Scale Calibration results giving for each FGS the relationship

between object space and image space angles.

13-f 43
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IX. Software Functional Requirements

-~
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Results of analysis of SI scanning maneuver data giving the

orientation of each SI field of view as a function of star

selector positions of the two guiding FGS's. (This is

assumed to  be provided by Science Operations Ground System).

Post-facto ST orbit, to provide accurate ST position in  oribt |

(definitive orbit) versus UTC, and velocity alierration corrections.

Accurate ephemeris of Earth. |
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In this preliminary description of software requirements, 8 description

of the data processing and computations required to support the FGS/SI

Alignment Calibrations is  substituted in  place of flow diagrams and algorithms.

(Telemetry Measurement designations are for FGS 3).

1. For each FGS, record the A and B Star Selector Average Position

measurements (PO3B649M-654M) for eachof the astrometric standard star
o r .  FR I  2

a TEP  -

cbservations.|, For each measurement, calculate the UTC time for the

aid-point of the averaging time period using the Vehicle Time word in

each telemetry minor frame and SSM-supplied timing information for the 2

applicable telemetry format.) Print out the object identity, average

position aid-point for each of the obsarvations.

2. For each of ‘the star observations in  Step 1 above, calculate the

average position of the guiding FGS star selectors by sveraging the

A and B Star Selector Position measurements (FO3H609M=-614M) over the

observation time period. Print out the results with the data from

Step 1 above.

@ 3. Convert all A and B star selector average position sets into image

space polar coordinates ® ,  and LA  relative to the FGS Ti coordinate

systen. (See Pigure 1).

i t
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Correct each of the calculated average position sets & ,  and CAS

for optical field angle distortion and plate scale, and for orbital

aberration computed from definitive orbit data, to  provide corrected

spherical polar coordinate data in  object space relative to the FGS Si

coordinate system. (¥GS optical axis is  the Sl axis). |

Conduct a statistically rigorous sathematical process to compare the .

angular displacements measured between each star pair whose positions

vere observed simultaneously (between each astrometric standard star

and each guide star) against the known astrometric separations for

those stars, and, from the apparent errors in  the measured values,

to  calculate the mean position of each of the FGS "on-axis lines of

sight” relative to the V1 (mid-point), V2, V3 axas. (The orientation of

each FGS line of sight must be- determined to a one sigma accuracy of

£0.002 (TBD) arc second). Co

Using the results of prior data processing giving orientations of the

SI apertures as a function of star selector positions of the two guiding

PGS's (Section VIII. 3. d . ) ,  and the known angular separations among

guide stars and SI targets, calculate the orientation of each SI aperture

relative to the V1, V2, V3 axes.
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OTA Systems

OTA ORBITAL VERIFICATION AND MISSION Engineering
OPERATIONS SOFTWARE REQUIREMENTS DESCRIPTIONS

FGS INTERFEROMETER TRANSFER FUNCTION ANALYSIS

SOFTWARE PACKAGE GROUP NAME -- OTA OFF-LINE OPERATIONS

SOFTWARE PACKAGE NAME - FGS INTERFEROMETER TRANSFER FUNCTION ANALYSIS

INTRODUCTION .

This description of requirements for ground system software to conduct
on-orbit measurements of the FGS interferometer transfer functions is provided
for use by the PASS contractor in planning its software development effort and
for preliminary estimates of software size. The reader should keep in mind
that this description of software requirements is preliminary in nature and 1s
subject to significant change when the algorithms to be programmed are develop-
ed at a future date. |

Iv. MEASUREMENT OBJECTIVE
- m—

The objective of this software package is to measure the transfer
functions* of the FGS interferometers on orbit. The reasons for making these
measurements are as follows:

eo To.ascertain whether any changes took place as a result of handling,
launch, and injection.

eo To detect any changes in the quantum efficiency of the photomulti-
pliers. (Degradation of the performance of a single photomultiplier
would result in an asymetrical transfer function).

® To determine whether there are any effects attributable to target
color temperature.

*A typical transfer function (from ICD-01) is shown in Figure 1. The equations
which convert PMT counts to the normalized/linearized Fine Error Signal (R) are
shown in Figure 2. A complete description of the required processing is in the
FGS Design Specification, SD 679-1006.

12147

&

- 
ot

 e
T

 
A

T
 

Ji
R

, 
hy

 
y

e
 

. 
"»

 
- 

. 
.

fb
 

-2
L



Fy Y
/Y

@

“necion—1*
(LINEAR)

FULL
SCALE
6.0208

(3
a)

PI
N

E 
ER

R
O

R
 S

IG
N

AL
 R

9 .  one  q

N
O

R
M

A
LI

ZE
D

 A
N

D
 L

IN
E

A
R

!

hve-d

TYPICAL

C
Y

REFERENCE REGION

TRANSFER FUNCTION

FIGURE1+ -

0.000 0.000 0.030 /

RELATIVE POINTING ERROR @, (#52)

p

NOTE: LUNTS ARE AN ODO-SYMMETRIC

TYPICAL TRANSFER FUNCTION

FUNCTION AROUND ZERO
Ri -0 )e  Rk (eo)

. AERA TRUCE B l  Sil CE



fo)

FIGURE 2.

- = COUNT

v
COMPUTE °

A-8
MALE! Talia

Qs |

COMPUTE R
p r ene  52  (1X ,  a l )  arRoR’

Ke Ks Xs
8

> COUNT

NOTE: Uplink Coefficients KyoKy oKgs |

Ky per 1CD-01.

FGS FINE ERROR SIGNAL OUTPUTS

)2 / 7

w
 

T
o

y 
IR

 
C

R
T

C
 

Th
. -

w

J
o

e
 A

d



Y. MEASUREMENT METHOD
A. Operating Mode

The operating mode for these measurements wi l l  be a quasi-astrometric
mode. Bright guide stars wil l  be acquired by two FGS's in the normal
manner. I .E . ,  the FGS's wi l l  be slewed to the nominal guide star loca-
tions, enter the spiral search mode, acquire their stars, enter the
coarse track mode, update the gyro drift rates, and f inal ly enter the

‘fine lock mode, so that the ST {is held "stationary".* Next, the third
BGS (which is the one whose transfer function is to be measured) w i l l
be slewed to a relatively bright star. I t  too, wil l  go through the
search, coarse track, and fine lock modes. The above operation will

be  monitored at the STOCC. The PASS software w i l l  u t i l i ze  the downlinked
star selector positions to generate commands for uplink to continue the
following scenario. The third FGS is then commanded to the SSM Control
Mode (Search/Track OFF). Next a set of commands wi l l  be sent to the star
selector servos, causing the star image to be positioned in the "corner"

of the first quadrant of theinterferometer f ie ld.  From this posit ion,
the star image will be commanded to traverse the interferometer f ield
diagonally from the "corner" of the first quadrant to the “corner”
of the third quadrant. While this is occurring, the star selector

shaft encoders wi l l  be read periodically and synchronously with the out-
puts o f  a l l  four photomultipliers. These data w i l l  be downlinked where

the transfer functions in two directions wi l l  be calculated and plotted.
The process will be repeated for each FGS in turn.

B. Detailed Parameters

1. Color effects will be evaluated through the selection of| target
stars as well as through the use of filters.

2. I t  is  desirable to perform the star transit as rapidly as possible,

s0 as to minimize the effect of relative motion. Bright target
stars must therefore be used to maintain an adequate signal to
noise ratio. The required star magnitude is Mv=9.0.

*In the following discussion, i t  is assumed that the Target Star will be held
fixed in the FOV of the third FGS. Relative motion must be eliminated by cor-
rections to the ST LOS from the time of third FGS lock to the conclusion of the
“traverse” described below. J3-p20
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VI.

VII.

caa r  en

3. The scan rate w i l l  be 0.001 J2= 0.0014 arc sec per 25 msec inte-

gration period. In addit ion to measuring the transfer function

in the "control” region, the range must be adequate to check for

spurious zero crossings in the large error region. (The software
should include the capability of scanning the range +1.5 J2=+2.12
arc seconds).

4. During this test, the 32 kilobit/sec telemetry mode must be
used in order to obtain the raw data. (PMT counts and Star Selector

Positions) at a 40 sample per second rate.

SOFTWARE PACKAGE OBJECTIVES

¢ Generate the necessary commands to effect the star transits described

above plus a l l  ancillary star selector motions.

e Compute the transfer functions.

eo Analyze the results.

SOFTWARE OUTPUT REQUIREMENTS

Software output requirements are:

1. Printer outputs
eo Star magnitude selected
eo Star color temperature selected
® Filter used i f  any
eo Star Selector Encoder Outputs

e Star Location in FGS f ie ld

e Outputs of al l  four PMT's. (Fine Counts)
eo Tables of values for both X and Y transfer functions.

2. X-Y Plotter Outputs

eo Plots of both transfer functions
eo PMT response Curves

13 =/Z/
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VIII DATA INPUTS

1. Data required from the engineering data base w i l l  include the OTA

and SSM telemetry calibration data to convert PCM counts into

engineering uni ts ,  telemetry format data to permit docommutation of

telemetry data streams to acquire specified measurements, SDW com-

mand definitions to convert binary counts into engineering units,
and the “ In i t ia l  Values" of FGS Uplink Modifier parameters used by

the FGS in the absence of Uplink Modifier Commands.

2. Results of prior data processing which w i l l  be required to support |

these requirements include the following:

a. All six FGS interferometer transfer functions as measured prior

to launch.

b. All twelve photomultiplier response curves as measured prior to

launch.

c. Measured spectral transmission curves for al l  filters on a l l

FGS units. -

d. Astrometry headers giving the identify of each of the reference

stars and guide stars to be used in the FGS Interferometer Trans-

fer Function Analysis, together with the time period, pre-

dicted Star Selector Position measurements and SDW command

values appl icable to FGS operation.

e. The actual commands transmitted to the OTA from the SSM affect-

ing FGS search and track operations and the precise times of

their transmission to the OTA.

f .  Accurate ephemeris of Earth. . .

~g. Results of Plate Scale and Optical Field Angle Distortion

Calibration.

IX. SOFTWARE FUNCTIONAL REQUIREMENTS

A. GENERAL
Most of the software for accomplishing the operations described in

this section wi l l  be required for operation in other modes as well.

The major effort here w i l l  be the ca l l i ng  up of appropriate programs

and commands at. the proper time. The following description is a

) 2 RR |
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preliminary attempt to describe the required operations for each

FGS and to put them in order. Telemetry measurement numbers shown
below are those applicable to FGS 1.

B. Description of  Requirements

1. Acquisition

The operations of slew, search, coarse track, and fine lock
through which the two FGS's not being calibrated must pass are

standard procedures used in al l  observational modes. Likewise,

the acquisition of a star by the FGS under test is  a standard

procedure which is used in the astrometry mode. t

2. Traverse

The traverse of the star image from the corner of the first
quadrant to the corner of the third quadrant exercises all four
PMT's and provides information for obtaining the transfer func-
tions in two directions. The traverse is achieved by commanding

the FGS to the SSM Control Mode (Search/Track-off) and then
controlling star selector position by appropriate star selector
rate commands.

The traverse commands consist of a set of rate commands designed
to produce a scan of 45 degree slope. The scan rate is planned
to be approximately .0014 arc sec per 25 msec interval. The
position data to be recorded are the telemetered star selector

encoder readings (FO1Q00SM through FO1Q014M) as a function of

time at 40 samples per sec (sps). . .

3. Photomultipliers

The outputs of the four PMT's (Fine Counts - FO1Q00IM through

FO1Q008M) must be telemetered and recorded at 40 sps. These

data must be time tagged to the star selector position readings.

£/
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4. Star Location
The location of the star whose image will be traversed as a func-

tion of FGS f ield position shall be determined and recorded
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during Fine Lock Mode.

Telemetry

Telemetry mode is 32 kilobits/sec.

‘Computations

a. All numerical values to be converted to engineering units..
b. Both interferometer transfer functions are to be calculated,

utilizing the star selector position data and the photo-
multiplier output data as inputs.

c. Transfer functions for different (extreme) color temperatures

shall be compared.

d. The negative half of all transfer functions shall be compared
with the positive half. (This is  to check for quantum efficiency
changes in the photdmultipliers).

e. Except where indicated, al l  results shall be given in ST

rd

Plots

The following curves shall be plotted.
¢ All FGS interferometer transfer functions. The abscissa shall

be in milli-arc seconds off axis and the ordinate shall be the
normalized, linearized Fine Error Signal computed from PMT
counts, (As shown in Figure 2). The meaning of plus and minus
in both coordinates shall be unambiguously labeled.
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III.

IV.

14 May 1982
OTA SYSTEMS

App 13 ,47  | 
ENGINEERING

OTA ORBITAL VERIFICATION AND MISSION OPERATIONS
SOFTWARE REQUIREMENTS DESCRIPTION

FOR FGS BEHAVIOR MONITORING AND ANALYSIS

Software Package Group Name - OTA ON-LINE OPERATIONS

Software Package Name - FGS Behavior

- Software Package Ob jec t i ves :

To provide capability for  near-real-time monitoring and analysis of each

FGS to detect  anomalous behavior in  acquiring stars within i ts commanded |

search radius and in  providing accurate and stable star selector pos i t ion,

tracking error and star magnitude data to the PCS during i t s  various modes

of operat ion fo r  science observations and subsystem cal ibrat ions. Included

will be provisions fo r  monitoring and analyzing data relating to the

following types of operat ions:  |

A. Star  Search and Acquisi t ion

B. Operation During Fine Lock Pointing Operations

l .  Sta t ic  pointing operations

2. Moving ob jec t  sc ience observations

3. S ta t ic  astrometry observations

4. Moving ob jec t  astrometry observations

C. Line-of-Sight (LOS) Scan operat ions

Sof tware Output Requirements

Outpu t  requirements are  descr ibed in  Sec t ion  V I  below in  the descr ip t ions

of FGS operat ional  funct ions to be monitored and analyzed.  The permissible

time delay from the avai labi l i ty of the telemetry data at  the STOCC unt i l

1D=12 5"
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IV. (Continued) presentation of the printer outputs to Perkin-Elmer/OTA

representatives shall be a maximum of two (TBD) minutes, and ten (TBD)

minutes for  X-Y plotter and analog recorder outputs.

Each o f  the output records shall be referred to  Vehicle Time such that

the Vehicle Time of each data item can be easi ly and quickly determined,

and Vehicle Time shall be referred to  UTC.

The output requirements are summarized as fol lows:
= «a=  - ema -—

l .  Printer Outputs -

a.

b.

Results of l imit check failures.

Telemetry measurement values a t  speci f ied events o r  for

speci f ied event-dependent time per iods.

Current values of SDW commands to the FGS.

Results of off- l ine computer calculations in  tabular -

form and narrative form.

Lists of events and time of occurrence in  tabular

form and narrative form.

Tables of values of telemetry measurements with time

as may be requested from time to t ime for  troubleshooting

purposes.
SO Ww Bm sw  se me  wes

2. X-Y P lo t ter  Outputs - Tracks of the center of the FGS instantaneous

f ie ld  of view (IFOV) in  pupi l  space during Search,  Coarse Track, LOS

Scan and Fine Lock Modes of operat ion.
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IV.  (Continued)

3 . 8-Channel Analog Recorder Output - Analog strip charts of eight

telemetry measurements and up to eight event signals, for specif ied

event-dependent or  time-dependent per iods,  in  combinations as

specif ied herein and as may be requested from time to time for

troubleshooting purposes.

V. Data Inputs

1 . The number designations and names of current OTA telemetry measure-

ments to be monitored and analyzed are given in  Section VI  below in

the descriptions of software functional requirements. Sample rates

for each measurement in  the 4 kbps and 32 kbps telemetry formats to

be used for  FGS operations are given in  Perkin-Elmer Specif icat ion

SG 679-0187B General Specif icat ion for  OTA Instrumentation Program

Component L is t  (DM-02) of 11-17-81. ]

The number designat ions, names and sample rates of non-0TA telemetry

measurements are TBD.

Data required from the engineering data base wil l include the OTA

and SSM telemetry cal ibration data to  convert binary counts into

engineering units,  telemetry format data to  permit decommutation of

telemetry data  streams to  acqui re  spec i f ied  measurements, SDW

comnand definit ions to convert binary counts into engineering uni ts ,

and the " In i t ia l  Values" o f  FGS Uplink Modif ier parameters used by

the FGE in  the absence of Uplink Modif ier Commands.

Results of pr ior  data processing which wil l be required to support

these requi rements include the actual  commands transmitted to  the



V.

VI .

4. (Continued) OTA from the SSM affect ing the FGS operations being

analyzed, and the precise time of their transmission to  the OTA,

with the exception of the SSM-calculated A and B Star Selector Rate

commands. For these commands, for  each SSM-generated maneuver of

the star selectors,  information on the polarity and the time of

transmission of  the f i rs t  and last command to each s tar  selector  wil l

suff ice.

Software Functional Requirements

In  this preliminary descript ion of software requirements, a description

of the FGS operational functions to be monitored and analyzed is

subst i tuted in  place of a flow diagram and algorithms. The following

descript ions are written fo r  a s ingle FGS - Number 1. List ings fo r  FGS 2

and FGS 3 wil l be identical except fo r  command and telemetry designators.

A. Functional Requirements Appl icable to  Al l  Sof tware Modules

1. Limit check DC/DC Converter Voltage (FOlV070A). I f  i t  fai ls the

l imit check, pr int out al l  available samples of both DC/DC

Converter Voltage and the bus vol tage for  the SSM power bus to

which the FGS is  connected for  a three (TBD) minute per iod,  but

not  to  exceed 12 (TBD) samples ,  s tar t ing with the sample comme

preced ing.the time at which the limit check.fai lure occurred.

2. Print out the current value of each Uplink Modif ier parameter

commanded to  be d i f ferent  than i t s  FGE in i t ia l izat ion value,  i n

engineering un i ts .  _

3. Print out the init ial s ta tes of each of the FGS s ta tus  and f lag

b i t s ,  and the Vehicle Time at  which the Data Valid Flag was most

recently set i f  i t s  init ial s t a te  i s  'ON".
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V I . A. (Continued)

4. Print out the t imes, and identify the events, each time a status

b i t  o r  f lag b i t  changes s ta te  and each t ime a command is  trans-

mi t ted to  the FGS (except for  A and B Star  Selector  Rate

Commands init iated by the PCS), in  the order of occurrence.

Calculate and print out once every 10 (TBD) minutes the average

temperature of the temperature sensors within the FGS radial bay

module, the temperature of the FGE box, and the temperature

readings of any other individual temperature sensors considered

to  be cr i t ical  for  proper FGS operation.

I f  the FGS transfers to the Stop or Shut Down Mode, check that

the s tar  selector  servos are properly s topped.

1f the FGS transfers to  the Default Condi t ion,  check that the

star  se lector  servos are properly driven to their defaul t

pos i t i ons .

S ta r  Search  and Acquis i t ion Behavior

1 . ST Operations Producingthe Software Inputs

This routine may be employed each time an FGS is  commanded to

search fo r  and track a star in  the br ightness range bm to 17m.

I t  wil l  include the SSM Control Mode operat ions preceding the

Search Track ON command. I t  wil l  apply both to acquis i t ions in  -- ° °

which the FGS i s  commanded to "Hold ON" in  Coarse Track Mode, and

to those in  which i t  i s commanded to proceed into Fime Lock Mode.

See Sect ion VI .  A. above fo r  functional requirements common to

a l l  sof tware modules.

Funct iona l  Requirements f o r  SSM Contro l  Mode Operat ion

Limit check t ime from FGE Enable Cont ro l  command to  SSM Contro l

Status b i t  (FO1JO32B).



| VI. B. 3. (Continued)

® | b.  I f  a f i l ter posit ion change is  commanded, limit check Astro

Filter Posit ion (FOl1HO37D). Print out Astro Fil ter Posit ion

at  the end of SSM Control Mode.

c. Print out the current values of the following SDW commands

at  the end of SSM Control Mode: Star Magnitude Window

(Upper L imi t ) ;  and (Lower L im i t ) ;  Search Radius Limit;

Fine Error Averaging Time.

| d. For each maneuver of either or both of the star selector

| servos, print out the initial and final values of A Star

Selector Posit ion (FOl1HOO9M-011M) and B Star Selector

Posi t ion (FOlHO12M-014M). Calculate and print out FGS LOS

posi t ion in polar coordinates (from the OTA optical axis)

@ at the init ial and final pos i t ions.  Calculate and print out

9 maximum and average star  se lec tor  servo rates and maximum

accelerations and decelerat ions during the movement. I f  both

s ta r  se lec tors  are accelerated simultaneously, calculate and

print out  the maximum torque imparted to  the ST while

accelerating and decelerat ing.

e.  Limit check the calculated A and B s ta r  se lec to r servo rates .___

(should be zero) j us t  pr ior  to Search Track ON command. __ : _

f .  Limit check time period between FGE HV ON and Search Track

ON commands (should be 60 * 1 second) .

4.  Funct ional  Requirements fo r  Search Mode Operat ion

a.  Limit check t ime from Search Track ON command to  SSM Control

Status b i t  going low and Search Status b i t  (FO1J029B) going

[ J
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® VI. B. 4. a. (Continued) high. Print out the time of execution of Search

Track ON command.

b.  Monitor Star Presence Flag (F0lJO23B) and Search Radius Limit

Exceed Flag (FO01J022B) and print out the time of occurrence

and identity of whichever occurs first.

c.  On an X-Y p lo t te r ,  display a track of the FGS instantaneous

field of view (IFOV) center in  pupil space during the spiral

search scan. Display time markers along the track. Present

scales along the edges of the p lo t  representing f ie ld posit ion

in  pupil space. Flag al l  occurrences of the IFOV entering

the vignetted areas at  the edges of the FGS FOV or the OCS FOV

area. At the end of the spiral scan, mark and identify the

location at which the Star Presence Flag or Search Radius

Limit Exceed Flag was se t ,  and continue displaying the track

while the s ta r  de tec to r  servos are driven to  the start ing

locat ion for  coarse tracking or are s topped. ”

d. From A and B Star Selector Posit ion and time data,  -calculate

and limit check radial r a te ,  and limit check tota l  time t o

reach Star Presence Flag or Search Radius Limit Exceed Flag

against values calculated from a theoret ical  model using the

same sets of Uplink Modifier parameter values as those set.

in  the FGE. Ce em ee  I

e. Monitor X and Y Fine Count (PMT A) and (PMT B) (FO1QOO0IM thru

008M) and perform the fol lowing limit check to determine

whether the FGS i s  detect ing Star  Presence (SP) properly:
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VI. B. 4.  e. (Continued)

I f  L < I ( t )  < L;, then SP = 1

1f  outs ide,  then SP = 0

I ( t )  = (A+  Bg  + (A + Bly = Summation of al l  4 PMT fine counts

L = Star Magnitude Window (Lower Limit) command

L = Star Magnitude Window (Upper Limit) command

{Note :  PMT fine counts are sampled 40 times per second in
32 kbps telemetry formats,  but  only once per second in  the

4 kbps format. Star presence test ing i s  performed 40 times

per second in  the FGE in  Search Mode.)

When a s tar  is  de tec ted ,  check that the commanded Search

Radius Limit has not been exceeded, Search and Coarse Track

Sta tus  b i t s  are proper ly rese t  and se t ,  the spiral  scan i s

terminated and the s tar  se lector  servos are properly

posi t ioned for  s tar t ing coarse tracking.

I f  a star  is  not de tec ted in  Search Mode, check that the

Search Radius Limit Exceed Flag and Stop Flag are set and

the star  se lec tor  servos are s topped a t  the commanded Search

Radius Limit.

5. Functional Requirements for  Coarse Track Mode Operation

Print out  the t ime a t  which Coarse Track Sta tus  b i t  (FO01J030B)

i s  se t  and pr int the s ta tus  of  Hold and LOS Scan Commands a t

the same t ime.  Limit check the time duration from Star

Presence Flag going high to Coarse Track Status b i t  going

high.



VI .  B. 5. (Continued)

b. Continue to display the track of the center of the IFOV on

the X-Y plotter during coarse tracking, superimposing the

track over that p lot ted during Search Mode. Identify the

locations at  which significant events occur .  Flag al l

occurrences of the IFOV entering the vignetted areas at  the

edges of the FGS FOV or the OCS FOV area. I f  HOLD ON and LOS

Scan OFF command status exists,  discontinue the X-Y p lo t  five

seconds after the Transfer Held Flag is  set and restart  the

X-Y plot when the Star Presence Flag, Data Valid Flag and/or

Transfer Held Flag is/are r ese t .  Terminate the X-Y plot i f

the Stop Flag or Default ON Status b i t  is  set or i f  a Shut

* Down command is  sent to  the FGS.

Using Star Posi t ion Coordinate 1 (FOl1HO55M-057M) and Star

Pos i t ion  Coordinate 2 (FO1BO58M-060M) da ta ,  ca lcu late and

print out s tar  pos i t ion d r i f t  ra te once each TBD cyc les of

coarse track nutation as long as Coarse Track Mode continues.

Limit check and print out star posi t ion drift rate at  the

t ime(s)  the Data Valid Flag is  se t .  Print out any apparent

discrepancies between FGE X-DOT S ta r  Position Dr i f t  (FOLHO61D)

and Y-DOT S ta r  Posit ion Drift (Fo1HO620) ‘and those calculated
— 4 r r  ew  = + w=
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in  the ground computer.

d. Monitor X and Y Fine Counts and limit check I t )  as described

i n  Paragraph V I .  B. 4.  e .  above. Dupl icate the FGE tes t  logic

fo r  reset t ing the Sta r  Presence Flag B i t  and print out any

apparent discrepancies between FGE and ground computer resu l ts .

IER IE  EE RE ro l A ens ge



@ B. 5 .  (Continued)

e. Check that the coarse tracking nutation rate and radius of

nutation are correct as determined from Uplink Modifier

parameters and Star Selector Posit ion data.

f .  When conditions (command s ta tus ,  Data Valid, Star Presence)

permit entry into Fine Lock Mode, check that status and flag

b i t s  change s tates properly and that the s tar  selector servos

are properly posit ioned for  start ing Fine Lock star acquis i t ion.

g. While operating with a 32 kbps telemetry format, for a period

of 10 (TBD) seconds following the initiation of Coarse Track

Mode, duplicate the FGE computation of X(A +B )  Average

Magnitude (FO1Q17M-18M) and Y(A + B) Average Magnitude

(FO1Q19M-20M) and print out any apparent discrepancies between

FGE and ground computer resu l ts .

6.  Funct ional Requirements fo r  Fine Lock Mode Operat ion

a. Limit check the time durat ion between the occurrence of the

logic s ta te  permitting transition from the coarse tracking

nutat ion,  and the Fine Lock S ta tus  b i t  (FO1JO31lB) going h igh .

b. Continue to display the track of the center of the IFOV center

on the X-Y p lo t te r  during Fine Lock Mode operat ion,  superimposing

the track over those p lo t ted  during Search and Coarse Track Modes.

Identify the locat ions at which.s igni f icant  events occu r .  Flag

al l  occurrences of the IFOV entering the v ignet ted areas at

the edges o f  the FGS FOV or  the OCS FOV a rea .  Terminate the

X-Y p lo t  i f  the Stop Flag or Defaul t  ON Sta tus  b i t  is  set or

i f  a Shut Down command is  sent to the FGS. Terminate the X-Y

p lo t  when the Data Valid Flag has been set and remains set for

a t  l eas t  TBD seconds .



VI. B. 6. (Continued)

y c .  Monitor X and Y Fine Counts and l imit check I ( t )  as descr ibed

in  Paragraph VI. B. 4. e. above. Duplicate the FGE test

logic for  resett ing the Star Presence Flag b i t  and print out

any apparent discrepancies between FGE and ground computer

resul ts.

d. During the Fine Lock star acquisit ion process,  from the s tar t

of Fine Lock Mode to the time the Data Valid Flag is  se t ,  and

for TBD seconds thereafter, display the IFOV center on the

X-Y p lo t te r ,  using a smaller scale factor  than the prior p l o t ,

to show the stepped scan in  X and Y directions toward the

calculated star posi t ion.  I f  the Data Valid Flag does not

become se t ,  terminate the p l o t  two seconds a f te r  the Scan

| 

Steps Limit Exceed Flag (F01J026B) or the Stop Flag is  set.

e.  During the Fine Lock s tar  acqu is i t ion  process and fo r  TBD

seconds a f te r  the Data Val id Flag or Stop Flag is  se t ,  |

display the following telemetry s ignals on  the 8-channel

analog recorder ,  and sign and f lag b i ts  on event markers

between analog channels:

(1) X Fine Count (PMT A) + (PMT B) (FO1QO01M-004M)-.--. . _  _ .   --

(2) Y Fine Count (PMT A ) + (PMT B) (F01Q005M-008M) LLL Tm

(3) X (A + B) Average Magnitude (FOlQO17M-018M) . . .  . -_ .   —. - -

(4 )  Y (A + B) Average Magnitude (FO1Q019M-020M) -- ---

(5) X Average Fine Error Normalized (FO1HO044M-045M)

(6) X Average Fine Error Normalized Sign (F01J043B)

(7) Y Average Fine Error Normalized (FO1HO047M-048M)

B | 
(8) Y Average Fine Error Normalized Sign (FO1JO46B)

yy  ee t  To  Ln recs . a
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e. (Continued)

(9) A Star Selector Posit ion (Reduced Scale) (FOlHOO9M-011M)

(10) B Star Selector  Posit ion (Reduced Scale) (FO1HO12M-014M)

(11) Star Presence Flag (F01J023B)

(12) Data Val id Flag (FO01JO24B)

(13) Scan Steps Limit Exceed Flag (F01J026B)

(14)  Stop Flag (FO1J021B)

In  parallel with the analog recording, print out the value in

engineering units of each of the measurements being recorded a t

the start  of Fine Lock Mode, each time one of the flag b i ts  being

recorded changes s ta te ,  and a t  the end of the recording. Also

print out the chart scale calibration for  the reduced scale

record ings.

f .  I f  the Scan Steps Limit Exceed Flag is  se t ,  calculate dr i f t  rate

of the opt ica l  axis from SSM at t i tude and rate sensor da ta .

Operation During Fine Lock Pointing Operations a

ST Operat ions Producing the Software Inputs

This routine appl ies to operations of the FGS in  i ts Fine Lock Mode,

af ter the Data Val id Flag has been set  signifying the accomplishment

of f ine lock. This appl ies to tracking both stars whose posit ions in

the s tar  f ie ld  a re  not  moving (stat ic ob jec t s )  and a lso  s tars  o r  other

objects  whose posit ions are moving at  rates suf f ic ient  to require

control led movement of  the ST VI axis during sc ience and astrometry

observations. Therefore, i t  applies to Fine Lock Mode operations

both with and wi thout rate-feed-forward commands t ransmit ted to  the

star  se lector  servos from the SSM Pointing Control Subsystem (PCS).
-—

. — a ——

The ST operat ions involving this type of FGS operat ion include

science and astrometry observations of both s ta t ic  and moving



g
e

VI. Cc. 1.

-13-

(Continued) targets, and some OTA calibration operations.

See Section VI .  A. above for  functional requirements commonto

all  software modules.

Functional Requirements fo r  Fine Lock Pointing Operations

a. Print out the current values of the following SDW commands:

Star Magnitude Window (Upper Limit) ;  and (Lower L imi t ) ;  and

Fine Error Averaging Time, in  engineering uni ts .

b .  Monitor X and Y Fine Count (PMT A) and (PMT B) (FO1Q001M thru

008M) and limit check I ( t )  as described in  Paragraph IV.  D. 2. e.

above to determine whether i t  remains between commanded upper

and lower limits of s tar  magnitude. Duplicate the FGE test

logic for  resett ing the Star  Presence Flag b i t  and print out

any apparent discrepancies between FGE and ground computer

resul ts .

c. For FGS s ta t i c  pointing operations with a 32 kbps telemetry

format and in  which the PCS is  not  expected to send rate-feed-

forward commands (A & B Star  Selector Rate commands intended

to help the FGS remain locked on to moving targets ,  or to

B Star Selector Posit ion (FO1HOO9M-014M)and check that

movements occur only in  the intervals between Fine Error PUR
o_o

Averaging Per iods,  and not during Fine Error Averaging Per iods.

Check that the movements which occur between Fine Error

Averaging Periods are of appropriate magnitude and polari ty

for  the values of X and Y Average Normalized Fine Error

(FO1MO44M, 045M, 047M, 048M and FO01JO043B, 046B) reported a f te r

each Fine Error Averaging Per iod.  (With the planned telemetry



VI.  C. 3. c.  (Continued) sampling rate of 5 samples per second fo r  X and

Y Average Normalized Fine Error, this check wil l not be

feasible for Fine Error Averaging Time commands of less than

0.2 seconds) .

d .  For moving target science o r  astrometry observations, and

for  FGS Fine Lock tracking during ST maneuvers, in  which the

PCS is  expected to send rate-feed-forward commands to the FGS,

monitor A and B Star Selector Posit ion and check that star

selector movements occurring during Fine Error Averaging

Periods are of the appropriate magnitude and polarity for  the

movement of the ST LOS. Check that the movements which occur

between Fine Error Averaging Periods are of appropriate

magnitude and polarity for  the values of X and Y Average

Normalized Fine Error reported after each Fine Error Averaging

Per iod.  (The parenthetical note a t  the end of Paragraph VI .  C.

3. c. above applies here a l so ) .  |

e. On an X-Y p lo t ter ,  fo r  selected time per iods,  display a track

of the center of the FGS instantaneous f ie ld of view (IFOV) in

pupil space,  with a reduced scale to permit d isplay of the

small movements involved. Display time markers along the

t rack. Present scales along the edges of the plot representing .__..

f ield posi t ion in  pupil space.  Flag al l  occurrences of the

IFOV entering the vignetted areas a t  the edges of the FGS FOV

or the OCS FOV area .
- pm ma -— - e  - - _  a=  - an  am de  mr we  =

f .  For selected time per iods,  d isplay the following telemetry

signals on the 8-channel analog recorder,  and s ign,  s ta tus  and

@ flag b i ts  on event markers between analog channels:

. a ,  
SL ee oT .  wha t  Ny, V i te  LSE  AYER”

¢ . 
. ) - RE  ” ey

[ ERISP  wo TELS
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C_ 3. f .  (Continued)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

| 9 )

(10)

| | 

(11)

(12)

® | 

(13)

(14)

X Fine Count (PMT A) +(PMT B) (FO1Q001M-004M)

Y Fine Count (PMT A) +(PMT B) (FO01QOO05M-008M)

X Average Fine Error Normalized (FO1BO044M-045M)

X Average Fine Error Normalized Sign (FO1JO43B)

Y Average Fine Error Normalized (FOlHO47M-048M)

Y Average Fine Error Normalized Sign (F01J046B)

A Star Selector  Posi t ion (Reduced Scale) (FOlHOO9M-011M)

B Star Selector Position (Reduced Scale) (FOlHO12M-014M)

A Star Selector Compensated Error Signal (FO01V071A)

B Star  Se lector  Compensated Error Signal (FO1lV072A)

Star Presence Flag (FO1J023B)

Data Val id Flag (FO01J024B)

Stop Flag (FO01J021B).

Fine Lock Sta tus  B i t  (FO1JO031B)

In  parallel with the analog recording, print out the value in

engineering units of each of the measurements being recorded

at both the s tar t  and completion of the recording per iod.

D. FGS Behavior During LOS Scan Operat ions

l .  ST Operat ions Producing the Sof tware Inputs L l  
a

This rout ine appl ies to operat ions of the FGS in  i t s  LOS Scan Mode,

which is  used for a coarse determination of the best  focus pos i t ion .

of  the OTA secondary mirror i n  boots t rap opera t ions.  This rout ine - - -

i s  used only to monitor FGS behavior-separate sof tware to be

provided by Perkin-Elmer wil l  be used to process the s ta r  magni tude

data for  determining best  focus pos i t ion .
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-16-

(Continued)

The FGS operational period covered is  from the time the Data

Valid Flag is  set in  Coarse Track Mode, when LOS Scan ON has

been previously commanded, until LOS Scan Mode operation has

been completed and the Coarse Track Status b i t  has again been set.

See Sect ion VI .  A. above for  functional requirements common to

al l  software modules.

Functional Requirements for  LOS Scan Operations

Ce.

Print out the current value of the Filter Position command

(FO1KO11S) and limit check the Astro Fi l ter Posit ion measure-

ment (FOlBO37D) against it.

Check that the A and B star selectors are properly posit ioned

at the end of Coarse Track Mode to commence the LOS scan

pattern.

Limit check the time period between sett ing of Data Valid

Flag and set t ing  of LOS Scan Status bit.

Check that the rate of scan and the dimensions of the LOS

Scan pattern are correct as determined from star  selector

posi t ion data and current values of Uplink Modif ier parameters.

Limit check the time durat ion of the LOS Scan operation.

At the end of the LOS scan pat tern,  check that the A and B

star  se lec tors  are properly posi t ioned to resume Coarse Track

nutat ion about the same calculated star  posi t ion as at the

s ta r t  of LOS Scan.

On an X-Y p lo t te r ,  display a track of the center of the FGS

instantaneous f ie ld of view (IFOV) in  pupi l  space during the

period from Data Valid Flag set t ing through the LOS Scan Mode.


