B R T VR B A e b i SR U R ETIT ¢ R 7y S T g T T e T

STt 2

//Mf?-/ Cr? /7«05;7‘,,2
- SV§-102E86

“iede gvailable under NASA sponsorship

b the Interest of ear.y and wide dis- _ : - 5% @ Q £
semination of Earth Kesources Survey t %3 L é kJ &
- Program informstion and without hability .

for any use made thereos,” '

LANDSAT-D
FLIGHT SEGMENT
@E@Eﬁé@aﬂ@ﬁ%g MANUAL

L

APPENDIX B
- OBC SOFTWARE GPERATBGNS

o e ———— - ',\-—N\r—-f‘) AR

S —— : ~ \
(E83- r(ﬁgé) LANDSAT D FLIGHT SEGHENT . N83 27290 "\"1
OPERATIONS MANUAL., . APPENDIX B: OBC ) o

. SQFTWABL OPERATIONS (General Electrlgs-c;. i4B clas | “:7
(501 P HC' A22/MF AO01 63743 0938__3 .

R W - - s 3

Sy i

SPACE SonEN‘S OI/ISIOH

CONTRACT NO.
NAS 5-25300




'

SVS-10266

. | | appendte. Bl
ORIGINAL PAGE S 31.December 1987

LANDSAT~D
FLIGHT SEGMENT
OPERATIONS MANUAL

APPENDIX B

OBC SOFTWARE OPERATIONS

Prepared for ‘
GODDARD SPACE FLIGHT CENTER
Greenbelt, Maryland 20771

Under
Contract No. NAS 5-25300

by

GENERAL ELECTRIC SPACE SYSTEMS DIVISION
Valley Forge Space Center
P.0. Box 8555
Philadelphia, Pennsylvania 19101

LSD=WPC~263 -

- .- - .- B R P e e e i . RN S erasms o oo ORI

PRI o7



ORIGINAL PAGE IS
OF POOR QUALITY

ool

PREPARED BY:

R. Talipsky, Sydte Hgineez

APPROVED BY: - 7( [Z(///

T. Aepli, Manager*
Landsat-D Systems Engineering

APPROVED BY: 7~ 4 PR

J—

DATE: “~—_-

D. Plante, Manager
Landsat-D Ground Segment

APPROVED BYQ/ Oéﬁ s @ 1 O/Q//L‘

W. Wolfe, Manager

Landsat-D Flight Segment Engineering

APPROVED BY: g Qgﬁc\ﬁu \

S. Capodici, Manager '
Landsat-D Program

' O o -/
ISSUED BY: e v 2N 30 0D A
Ve Va 7 .
/ .
s

— wme————— . L T e LI TN O U NPROD PR

SVS-10266
Appendix B
31 December 1981

DATE /2;//5!5/

DATE: IZ//s’/Sf/
7 7

3]

DATE: DC" T

PATE: Do 3/, /957

LSD-WPC=-263

i

VIEL)

s S VS o

SaLice

Py TG W)

L




[

Section

B.l

B.2

SVS-10266
Appendix B
31 December 1981
TABLE OF CONTENTS

Page
Introduction ) B.1-1
Purpose ' B.2-1
Software Processor Description B.3-1
B.3.1 Flight Executive (FLTEXEC) B.3-1
B.3.1.1 Flight Executive (FLTEXEC)
Descrigtion ’ -
B.3.1.2 Flight Executive (FLTEXEC) Operation
B.3.1.3 Flight Executive (FLTEXEC) Software
Constraints
B.3.1.4 Flight Executive (FLTEXEC) Systenm
Tables
B.3.2 Gyro Data (GYROD) B.3-13
B.3.2.1 Gyro Data (GYROD) Processor
Description
B.3.2.2 Gyro Data (GYROD) Processor
Operations
B.3.2.3 Gyro Data (GYROD) Software
Constraints
B.3.2.4 Gyro Data (GYROD) Systea Tables
B.3.2.5 Gyro Data {GYROD) Telemetry
B.3.2.6 Gyro Data (GYROD) Flow Charts
B.3.3 Separation Detection (SDTECT) , B.3-19
B.3.3.1 Sapazation Detection (SNTECT)
Processor Descr!ption
B.3.3.2 Separation Detection (SDTECT)
Processor Operation
B.3.3.3 Separation Detection (SDTECT)
Software Constraints
B.3.3.4 Separation Detection (SDTECT)
System Tables
B.3.3.5 Separation Detection (SDTECT)
Telemetry )
B.3.3.6 Separation Detection (SDTECT)
Flow Charts
B.3.4 Solar Array Deployment (SOLARD) B.3-21

B.3.4.1 Solar Array Deployment (SOLARD)
Procegsor Description :

B.3.4.2 Solar Array Deployment (SOLARD)
Processor Operation

LSD-WPC-263

ii

. . . . Sy e ’A,;’ﬂ
PO BN S 0 Vit e WS e dat st et S e el Mt AL STt i SRR L

RS

o

-

P




Section

B.3.5

B.3.6

B.3.7

SVS-10266

- Appendix B
31 December 1981

TABLE OF CONTENTS

Page
B.3.4.3 Solar Array Deployment (SOLARD)
' Software Constraints
B.3.4.4 Solar Array Deployment (SOLARD)
System Tables
B.3.4.5 Solar Array Deployment (SOLARD)
Telemetry
B.3.4.6 Solar Array Deployment (SOLARD)
Flow Charts
GPS Data Acquisition (TDA) - B.3-37
B.3.5.1 GPS Data Acquisition (TDA)
Processor Description
B.3.5.2 GPS Data Acquisition (7iDA)
Processor Opevation
B.3.5.3 GPS Data Acquisition (TDA)
Software Coustraints
B.3.5.4 GPS Data Acquisition (IDA)
System Tables
B.3.5.5 GPS Data Acquisition (TDA)
Telemetry
B.3.5.6 GPS Data Acquisition (IDA)
Flow Charts
GPS FS Ephemeris Coefficient Update (GCUP) B.3-47
B.3.6.1 GPS FS Ephemeris Coefficient Update
(GCUP) Processor Description
B.3.6.2 GPS FS Ephemeris Coefficient Update
(GCUP) Processor Operation
B.3.6.3 GPS FS Ephemeris Coefficient Update
(GCUP) Software Constraints
B.3.6.4 GPS FS Ephemeris Coefficient Update
(GCUP) System Tables
B.3.6.5 GPS FS Ephemeris Coefficient Update
(GCUP) Telemetry _
B.3.6.6 GPS FS Ephemeris Coefficient Update
(GCUP) Flow Charts .
Spacecraft Control Processor (SCP) B.3-68
B.3.7.1. Spacecraft Control Processor (SCP)
Processor Description
B.3.7.2 Spacecraft Control Processor (SCP)
. Processor Operation
B.3.7.3 Spacecraft Control Processor (SCP)
Software Constraints
B.3.7.4 Spacecraft Control Processor (SCP)
System Tables
LSD-WPC~263

iii




Section

B.3.8

B.3 '9

" B.3.10

TABLE OF CONTENTS

B'3 .7 .5
8.3 .7 .6’

Ephemeris
B.3.8.1

B.5.8.2
B.3.8.3
n.3.8.4

B.3.8.5

B.3.8.6

SVS-10266
Appendix B
31 December 1981

Page

Spacecraft Control Processor (SCP)

Telemetry

Spacecraft Control Processor (SCP)
Flow Charts

Computation (EPHEM) . B.3-85
Ephemeris Computation (EPBEM)
Processor Dascription

Ephemeris Computation (EPHEM)
Processor Operation -
Ephemeris Computation (EPHEM)
Software Constraints:

Ephemeris Computation (EPHEM)

System Tables

Ephemeris Computation (EPHEM)
Telemetry

Ephemeris Computation (EPHEM)

Flow Charts '

Uplinked FS Ephemeris Coefficient Update (UCUP) B.3~109

B.3.9.1 Uplinked GS Ephemeris Coefficient
Update (UCUP) Processor -
Descriprion

B.3.9.2 Uplinked GS Ephemeris Coefficient

"Update (UCUP) Processor
Operation

B.3.9.3 Uplinked GS Ephemeris Coefficient
Update (UCUP) Software
Constraints

B.3.9.4 Uplinked GS Ephemeris Coefficient
Update (UCUP) System Table

B.3.9.5 Uplinked GS Ephemeris Coefficient
Update (UCUP) Telemetry

B.3.9.6 Uplinked GS Ephemeris Coefficient
Update (UCUP) Flow Charts

TDRS Ephemeris Coefficient Update (TCUP) B.3-120

B.3.10.1 TDRS Ephemeris Coefficlent Update
(TCUP) Processor Description

B.3.10.2 TDRS Ephemeris Coefficiert Update
(TCUP) Processor Operation

B.3.10.3 TDRS Evhemeris Coefficient Update
(TCUP)\Software Constraints

B.3.10.4 TDRS Ephemeris Coefficient Update

(TCUP) System Table

LSD-WPC-263

iv

—




- e

[

Section

B.3.11

B.3.12

B.3.13

B.3.14

e LAy STy i o4 v ot e 2

SVs-10266
Appendix B
31 December 1981
TABLE OF CONTENTS .

Page
B.3.10.5 TODRS Ephemeris Ccefficient Update -
(TCUP) Telemetry
B.3.10.6 TIDRS Ephemeris Coefficient Update
(TCUP) Flow Charts
TDRS Antenna Pointing Module (APCM) B.3-124
B.3.11.1 TDRS Antenna Pointing Module (APCM)
: Processor Description ,
B.3.11.2 TDRS Antenna Pointing Module (APCM)
Processor Operation . -
B.3.11.3 TDRS Antenna Polnting Module (APCM)
Software Constraints
B.3.11.4 TDRS Antenna Pointing Module (APCM)
- System Table
B.3.11.5 TDRS Antenna Pointing Module (APCM)
Telemetry
B.3.11.6 TDRS Antenna Fointing Module (APCM)
Flow Charts
Attitude Control (ACS) ' B.3-169
B.3.12.1 Attitude Control (ACS) Processort
Description
B.3.12.2 Attitude Control (ACS) Processor
. Operation
B.3.12.3 Attitude Control (ACS) Software
Constraints
B.3.12.4 Attitude Control (ACS) System
Table

B.3.12.5 Attitude Control (ACS) Telemetry
B.3.12.6 Attitude Control (ACS) Flow Charts
GMT Update/Correction (GMICOR) B.3-293
B.3.13.1 GMT Update/Correction (GMTCOR)
Processor Description
B.3.13.2 GMT Update/Correction (GMTCOR)
Processor Operation
B.3.13.4 GMT Update/Correction (GMTCOR)
Software Constraints
B.3.13.4 GMT Update/Correction (GMTICOR)
. System Table
B.3.13.5 GMT Update/Correction (GMTCOR)
Telemetry
B.3.13.6 GMT Update/Correction (GMTCOR)
Flow Charts
Fail Check (FAIL CK) , ~B.3-304

LSD-WPC-263

R TR erres |

S} Dnlu i il

LSS




SVS-10266
Appendix B

31 December 1981

TABLE OF CONTENTS

Section

B.3.15 Absolute
B.3.15.1

B.3.15.2
B.3.15.3
. B.3.15.4
B.3.15.5

B.3.15.6

B.3.16 Relative

B.3.16.1
Bo3_o1602
B.3.16.3

B.3.16.4

B.3.16.5°

B.3.16.6

Fail Check (FAIL CK) Processor
Description
Fail Check (FAIL CX) Processor
Operation
Faill Check (FAIL CK) Software
Constraints .
Fail Check (FAIL CK) System
Table
Fail Check (FAIL CK) Telemetry
Fail Check (FAIL CK) Flow
Charts
Time Command Processor (ATCP)
Absolute Time Command Processor
(ATCP) Processor Description
Absolute Time Coummand Processor
(ATCP) Processor Operation
Absolute Time Command Processor
(ATCP) Software Constraints
Absolute Time Command Processor
(ATCP) System Table
Absolute Time Command Processor
(ATCPY Telemetry
Absolute Time Coumand Processor
(ATCP) Flow Charts
Time Command Processor (RICP)
Relative Time Command Processor
(RTCP) Processor Description
Relative Time Command Processor
(RTCP) Processor Operation
Relative Time Command Processor
(RTICP) Software Constraints
Relative Time Command Processor
(RTCP) System Table :
Relativ: Time Command Processor
(RTC?) Telemetry
Relsiive Time Command Procecsor
(RTCP) Flow Charts

B.3.17 Update Filter (UFLTR)

B.3.17.1

tpdar-- ¥ilter (UFLTR) Processor
Description

B.3.17.2 Update Filter (UFLTR) Prncessor

Ozeration

vi

Page .

3.3-308

B.3-333

LSD~WPC-263

, L . s s DY
o i e e et vtas A A «A&m.’.&.‘uqm&-{&i‘d




Section

B.3.18

B.3.19

B.3.20

Epe—, e e e = et e e e % 1 Do AEAL Se e CaveonA s eeae A ves et

SVS-1026€
Aypendix B

31 Decemuer 1981
TABLE OF CONTENTS

Pase
.B.3.17.3 - Update Filter (UFLTR) Software
Constraints .
B.3.17.4 VUpdate Filter (UFLTR) System
Table

B.3.17.5 Update Filter (UFLTR) Telemetry
B.3.17.6 Update Filter (UFLTR) Flow Charcs
Telemetry Monitor/Response Frocessor (TMRP) B.3-38%6
B.3.18.1 Telemetry Monitor/Response (TIMRP)
Processor Description -
B.3.18.2 Telemetry Monitor/Response (TMRP)
Processor Operation
B.3.18.3 Telemetry Monitor/Response (TMRP)
. Software Constraints
B.3.18.4 Telemetry Monitor/Response (TMRP)
System Table
B.3.18.5 Telemetry Monitor/Response (TMRP)
Telemetry .
B.3.18.6 Telemetry Monitor/Response (TMRP)
Flow Charts
Solar Ephemeris Computation (SEPHEM) B.3-413
B.3.19.1 Solar Ephemeris Computation (SEPHEM)
Processor Description
B.3.19.2 Solar Ephemeris Computation (SEPHEM)
Processor Operation
B.3.19.3 Solar Ephemeris Computation (SEPHEM)
Software Canstraints
B.3.19.4 Solar Ephemeris Computation (SEPHEM)
System Table
B.3.19.5 Solar Ephemeris Computation (SEPHEM)
Telemetry
B.3.19.6 Solar Ephemeris Computation (SEPHEM)
Flow Charts :
Command Test (CMDTST)

B.3-420

B.3.20.1 Command Test (CMDTST) Processor

Description
B.3.20.2 Command Test (CMDTST) Processor

Operation
B.3.20.3 Coummand Test (CMDTST) Software

Constraints
B.3.20.4 Command Test (CMDTST) System

Table :
1.3.20.5 Command Test (CMDTST) Telemetry s
B.3.20.6 Command Test (CMDTST) Flow Charts :

LSD~WPC-263

vii

e e el Tt B
bRt e de L:ﬂﬁ‘«:\,&z‘mn’-‘l&m

B 51 L I B A S a8 e



TABLE OF CONTENTS

viii

SVS-10266
Appendix B

31 December 1981

Section Page
B.3.21 Memory Check (MEMCK) - B.3.424
B.3.21.1 Memory Check (MEMCK) Processor
Description
B.3.21.2 MNMcidry Check (MEMCK) Processor
Operation - :
B.3.21.3 Memory Check (MEMCK) Software
Constralnts
B.3.21.4 Memory Check {MEMCK) Systeum
Table -
B.3.21.5 Memory Check (MEMCK) Telemetry
B.3.21.6 Memory Check (MEMCK) Flow Charts _
B.3.22 Memory Monitor (MONTOR) B.3-429
. B.3.22.1 Memory Monitor (MONTOR) Processor
Description
B.3.22.2 Memory Moultor (MONTQOR) Processor
. Operation
B.3.22.3 Memory Monitor (MCNTOR) Software
Constraints :
B.3.22.4 Memory Monitor (MONTOR) System
Table
B.3.22.5 Memory Monltor (MONTOR) Telemetry
B.3.22.6 Memory Monitcr (MONTOR) Flow Charts
B.3.23 Solar Array Fallure Detection and Correction B.3-437
(SADFDC) '
B.3.23.1 Solar Array Failure Detection and
Correction (SADFDC) Processor
Description
B.3.23.2 Solar Array Failure Detection and
Correction (SADFDL) Frocesscr
Qperation
B.3.23.3 Solar Array Fallure Detection and
Correction (SADFDC) Software
Constraints
B.3.23.4 Solar Array Failure Detection and
Correction (SADFDC) System
Table
B.3.23.5 Solar Array Failure Detection and
Correction (SADFDC) Telemetry
B.3.23.6 Solar Array Failure Detection and
Correction (SADFDC) Flow Charts
B.3.24 Potentiometer Data (POTDAT) B.3=444
~ B.3.24.1 Potentiometer Data {POTDAT) Prccessor
Description ' '

LSD-{,PC~263

ORI W

LAy,

. ‘..‘J,

PR LA

o,

5

PR
BRI WL,

'
1Ly

.
PR

e e B adeiy

DR PN



SVsS-10266
Appendix B
‘ 31 December 1981
TABLE OF CONTENTS

Section ) Page

B.3.24.2 Potentiometer Data (POTDAT) Processor
' QOperation

B.3.24.3 . Poteatiometer Data (POTDAT) Software
Constraints )

B.3.24.4 Potentiometer Data (POTDAT) System
Table .

B.3.24.5 Potentiometer Data (POTDAT)
Telemetry

B.3.24.6 Potentiometer Data (POIDAT) -
Flow Charts

LSD-WPC-263

ix



o~

Figure

Bt3 -2"1.

B.3.3-1

[

L
Uwuubuuuu
S N N N N U YN
\Om\lo‘\..ﬂbuf\)'—‘

.
.

.
}

™ w
Wb w
VRPREROR
Lnl-\t.‘.aNr-

3
.

i

P WEmEWwm YW
N
WWwWwwWwbwwwiutw

)
- O

.
O\O\O\O\’J\O“OHO\O‘O\C\
= DO NOVSWL

-
.

.

2w W Wwww
.

NN N N N NN
[}

O ~NOVL s WD

.
.

0 to o stew

[ SV
4
N

w w
L W

LIST OF FIGURES

GYROD Flow Chart
SDTECT Flow Chart

SOLARD Flow Chart
SDSCCU Flow Chart
SDARMCIR Flow Chart
SDFRPYRO Flow Chart
SDCONPDU Flow Chart
SDFLOY Flow Chart
SDEIAY Flow Chart

"SDMRUB Flow Cnart

PDUXSTRAP Flow Chart

TDA Top Level Diagram
TACQ Flow Chart

GACOLD, GASYNC Flow Chart
GADAQ Flow Chart
GABUFFER Flow Chart

GCUP Top Level Diagram
GCUP Flow Chart

SUCOLD Flow Chart
GUTEST Flow Chart
GUDAT Flow Chart
GUFCON Flow Chart
GUGDCT Flow chart
GUCOEFF Flow Chart
GUINIT Flow Chart
GUPROCGP Flow Chart

GUECC Flow Chart

SCP & MVUDATA Flow Chart
CMPDSAV & GYCMPFD Flow Chart
PCD Flow Chart

PCDF8 Flow Chart

PCDF32 Flow Chart

FSTIME Flow Chart

DPUDCODE Flow Chart

DPUCONVT Flow Chart

EPHEM Top Level Diagram
EPHEM, ECCCLD Flow Chart

SVS~10266
Appendix B
31 December 1981

Page-

B.3-18

B.3-20

B.3-28

B.3-77

LSD~WPC-263



—

Figure

]

1]

W Wwww W
.

LW W
.

U

»
.

.
ooooo‘ooooooo
Q@ O P

t

4
WK -

CECRCRN
.
Ll w
Lo w

L

]
w

B.3.10-1
B.3.10-2
B.3.10-3
B.3.10-4
B.3.10-5
B.3.10-5

.
.

Wb wwLLLWWLWWLWWWW
]

.
Y

1| [

Vel BN WV R S VIS

HHH!—‘!—‘THQ—‘\-‘HH

'
—
- Q

1-12
1-13
1-14
1-15
1-16

-
.

[ I e el S N TN aell andll o o W N S

[v=o-REo I o -~ o B o - v - B~ oo - A e S I o i e - B o o

|
o NV B S OSR Cy

Wwmww Www
L . -
G L W W W
o s s .
— e e

tl-)l\‘)NIT}NN

)
.
p—

L1ST OF FIGLRES

ECFSBLD Flow Chart
ECFCALC Flow Chart
ECGPBLD Flow Chart
ECGCALC Flow Chact
ECTDBLD Flow Chart
ECYTCALC Flow Chart

UCUP Top Level Diagram
UcCyp, FUCOLD Flow Chart
TUIVT Flow Chart
FUUVT Flow Chart

‘FUCIC Flow Chart

TCUP Top Level Dirgram
TCUP Flow Chart
TUIVT Flow Chart
TUUVT Flow Chart
TUFPS Flcw Chazt
TUCIC Flow Chart

APCM Flow Chart

APINT Flow Chart

FREFLTR Flow Chart

GRSDATA Flow Chart

APRGEST Flcw Chart

VERIFY "low Chart

MODESWI Flow Chart

MODEINT rFlow Chart

PROTRAK Flow Chart

UPDATE (QUEADD, QPNTR) Flow Chart
TAROUND Flow Chart

TRAKERR Flow Chart

BUSERCH Flow Chart

SLEW Flow Chart

AUTOTRK, NEWSTEP Flow Chart
SENCMDS Flaw Chart

ACS _op Level Diagram

0BC ACS Software Diagram

Mode 2 Orientation

Magnetic Field & :quisition Maneuver
Earth Magnetic Field Vector
Landsat~D Target Orilentation

XT

5VS-10266
Appendix B
31 December 1981

Page

B.3-115

=171
.3-.72
L2=190
L3193
L3194
.3-197

o= e ]

X o e.

LSD=-WPC~263



W LW RE AN D I RO IO PR Ow W W m W

fo=]
.

.3.12-35
J.12-37
221238
3.12-39
.3.12-40
«3.12-41
.3.12-42
.3.12-43

t

<= =
L W W
e e e e

b

[FRREERW
t

F N Ry

e - S ET AT X, I\ e A § i S A o me i Aen e a2 v b1 e aa + 1 e emetmmtara s e o

Mode 7 Thruster Hysteresis - -B.
B

SVS-10266

" Appendix B

. 31 December 1981
LIST OF FIGURES

Page

ACS Processor Flow Chart

- ACSTLM Flow Chart

SKEWFD Flow Chart

MIODEFD Flow Chart

ORBADJI Flow Chart

EPOINTI Flow Chart

STELACQI Flow Chart

ESACQI Flow Char*® ' o -
EACOMP1 Flow Chart

EACOMP2 Flow Chart

"EULERC Flow Chart

EULERI Flow Chart .
ATTERR Flow Chert
WHLCOMP Flow Chart
WHIACQ Flow Chart
WHLUNLD Flow Chart
STELCOMP Flow Chart
THRUSTER Flow Chart
NORMFD Flow Chart
ACQFD Flow Chart
GYROFD Flcw Chart
GYROMSFD Flow Chatt
ECIUPD Flow Chart
NORMFDB Flow Chart
NO2MFDC Flow Chart
ACQFDA Flow Chart
ACQFDB Flow Chart
ACQFDC Flow Char<
ACQFDD Flow Chart
ACQFDP Flow Chart
ACQFDU Tlow Chart
ACQFDS Flow Chart
ACQFDLL Flow Chaut
RIUSWTCH Flow Chart
CPNLFD Flow Chart
THRSET rflow Chart

GMICOR Top Level Diagram B.
GMTCOR [Plow Chart B

- GMTDPU Flow Chart

CMTSEND Feow Chart

LSD-WPC-263

X11

?%@m

o
9%

o G 2 e A A YA

PR

W s ap, b Lk

AR i L N



v

et st AR R FA AP RS A T Ty prs e e e e P caias v e e map mamrm— e tam e mn & eas e+

ORIGINAL PACE IS

LRI

OF POOR QUALITY : SVS-10266
) Appendix B - i
31 December 1981 ;
LIST OF FIGURES b
_Figure _ - Page
B.3.14-1 FAILCK Flow Chart ' :
S15-1 ATC? Top Level Flow Chart B.3-314
15-2 . ATCP Detailed Flow Chart
15-3 STAT Flow Chart
.15-4 ESR Flow Chart
15-5 CMDS Flow Chart
15-6 PSUELCO Flow Chart »
15~7 JUMP Flow Chart -
15-8 PGONEXT Flow Chart
15-9 HALT Flow Chart
.15-10 - ‘PREDEF Flow Chart
o15-11 ACTIVRTS Flow Chart
.15-12 SWCPCTL Fiow Chart
.15-13 SWSYSTAB Flow Chart
.15-14 SENDCHMDS tlow Chart :
.15-15 NEXT Flow Chart '
«15-16 " RETURN Flow Chart
215-17 EXITX Flow Chart
.15~-18 SEND Flow Chart
.15-19 RTRN Flow Chart
16~-1 RTCP Top Level Flow Chart B.2-338
16-2 RTICP Detailed Flow Chart
16-3 - RSENDCMD Flow Chart

17-1 Update Filter U/LTR Overview B.3-342
17-2 UFLTR Flow Chart B.3-371
17-3 1"°YNIT Flow Chart
17-4 v °C Flow Chart
17-5 Ur? . Flow Chart
17-6 UFST0C Flow Chart
17-7 UFSTDC Flow Chart
17-8 UFSDCR Flow Chart
17-9 UFSTID Flcw Chart
.17-10 UFSTPF Flow Chart
5.17-11 UFFSDP Flow Chart
1712 UFCAIN Flow Chart
.17-13 UFEPGC Flow Chart
1714 UFCMJD Flow Chart
.3.18-1 TMRP Top Level Flow Chart B.3-406
.18--2 TMON Flow Chart :

LSD-WPC~263

¥YrIT



B.3.19~1
B.3.20~1
B.3.21-1
B.3.22-1
B.3.23-1

3.3 '23‘2
B.3.23-3

LIST OF FIGURES

TINIT Flow Chart
TCNTRL Flow Chart
TVERIFY Flow Chart
TCHECK Flow Chart
TREACT Flow Chart

SEPHEM Flow Chart

CMDTST Flow Chart

MEMCK Flow Chart

MONTOR Flow Chart
SADFUC/DELAY Flow Chart
SADINIT Flow Chart
SADPROC Flow Chart

POTDAT Flow Chart
PTELEM Flow Chart

NIv

ot e s o &
e

r

SV5~10266
Appendix B
31 December 1981

Page

B.3-419
= B.3-423
B.3--428
B.3-436

B.3-441

LSD-WPC~-263



B.3.8-1
B 03 -9-1

B.3.10-1

B.3.14-1
B .3 015-1

B.3.16-1

LIST OF TABLES

Processor Control Table Format

GPS Data Acquisition (TDA)
GPS File 7 Data '

GPS FS Ephemeris Coefficient Update (GCUP)
Timeline to Calculate Last Computer Data Read

Ephemeris Computation (EPREM)

-Uplinked FS Ephemeris Coefficient Update (UCUP)

TDRS Ephemeris Coefficient Update (TCUP)
TDRS Antenna Pointing Module (APCM)

List of ACS Subroutines

ACS Subroutine Nesting

ACQFD Set

NORMD Set

Safehold Routines

Switch Status

GMT Update/Correction (GMTCOR)

Fail Check (FAILCK)

Executive Status Report Bits for ATCP

Executive Status Report Bits for RTCP

Update Filter (UFLTR)

Telemetry Monitor (TMON)

(TCHECK), (THITEMS) Bit Definition
(TMREQCMD) Bit Definition
(TMGRUPS) Bit Definition

(TMITEMS) Bit Definition

Solar Ephemeris Processor (SEPHEM)

XV

8VS-10266
Appendix B
31 December 1981

[==BR v oI v - B o= I v -] w
(%)
1
=
~
[op)

B.3-311

B.3-335

B.3-387
B.3-390

LSD-WPC~263



\«3.‘ -

Table

B.2.20~1

‘ 3-3.22-1

S§VS~-10266
Appendix B

31 December 1981
LIST OF TABLES

Page‘
Command Test (CMDTST) ) F.3-421
Memory Mon{tor (MONTOR) B.3-430

LSD=-WPC-2563

NVl

e Bt i "B

LR e

s



B.1 INTRODUCTION

\_6.1.0ROBYUCTION, !



SVS-10266
Appendix B
31 December 1981

B.l INTRODUCTION

The operation and control of landsat-D is highly dependent on the operation of
the spacecraft On Board Computer (OBC). Landsat-D contains two NASA Standard
Spacecraft Computers (NSSC-1) -and 65536 words of memory. A hardwaré and
interface description of the OBC and memory 18 precvided in Section 6.0 of Volume
I of this manual. Appendix B provides a description of the 0BC software. This
description is based on:

1. SVS-9953 Landsat-D Flight Software Requirements Specification,
Revision ‘A, dated March 1, 1981

2. SVS-10130 TLandsat-D Flight Software Computer Program ~ Design
Specification, data August 1981

3. S-700-56 MMS OBC Flight Executive Technical Description, Revision B,
dated February 1980

The OBC software {is divided into two areas, the Flight Executive and the:

Applications processors. ‘The Flight Executive controls the timing and execution:

of all the OBC software and calls upon the applications processors for specific
gof tware tasks. There are 23 applications processcrs that perform various

spacecraft functions. Both the applications processors and the flight executive.

use one or more of 67 system tables to obtain variables, constants and software
flags. Output from the software for monitoring operation 1s via 49 OBC
Telemetry Reports subcommutated in the spacecraft telemetry.

LSD~WPC-263
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B.2 PURPOSE
The purpose of this appendix is to:

1. Provide an operational description of -the Landsat-D Flight Segment
Suftware.

2. Provide the ‘basis for monitoring and control cf the OBC.

3. Presen: detalled flow diagrams of the software showing System Table .
input and Telemetry output.

4. Provide a means of understanding the interactions of the -Systems
Tables and the various processors in all software modes of operations.

5. Show the origin of telemetry points presented in the OBC telemetry.

In general, this appendix is to provide information about the flight software as
it 4{s used to control the various spacecraft oeprations and {interpret the
operational OBC Telemetry. For detailed Program Design Listing see SVS-10130
Landsat-D Flight Segment Software Computer Program Design Specification.

B.3.0 GENERAL DESCRIPTION

Section B.3.X.X of this appendix is divided into 24 subsections (the X brlow)
each dealing with a particular processor of the software. These are further
divided to provide:

1 Frocessor Function Description
2 ¥Frocessor Operation

3 Software Constraints

4 Processor System Tables

5 Processor Telemetry

6 Proceesor Flow Charts

The System Tables of Sections B.3.X.4 are formatted as follows:

ENTRY Position in Table Offset from Table starting point

NAME Identification as given by software
TLM * Denotes parameter is available in OBC Telemetry
TYPE C = Constant, V = Variable, F = Flag
USING SUBROUTINE Software processor/subroutine that uses parameter

LSD-WPC-263
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B.3.0 GENERAL DESCRIPTION

Section B.3.X.X of this appendix is divided into 24 subsections (the X below)

each dealing with a particular processor of the softwvare. These are further
divided to provide: . .

1 Processor Function Description
2 Processor Operation

3 Software Comnstraints

4 Processor System Tables

5 Procegsor Telemetry

6 Processor Flow Charts

The System Tables of Sections B.3.X.4 are formatted as follows:

ENTRY - Position in Table Offset from Table starting point

NAME "~ Identification es given by software

TLM | \ * Dehotes'parameter is available in OBC Telemetry

TYPE C = Constant, V = Variable, F = Flag

USINs SUBROUTINE Softwaze processor/sﬁbroutine that uvses parameter
LSD~WPC-263
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DESCRIPTION Describes Item; provides other information to describe
parameter

The Telemetry of Sections B.3.X.5 is formatted as follows:
ENTRY NUMBER Location of TLM point in Report Word # = Entry # + 1
NAME . As designated by software

GENERATING SUBROUTINE Processor subroutine which calculates or sets software
telemetry point

DESCRIPTION/COMMENT - Explains telemetry point and provideé other details of
TLM poilnts use and meaning

In the Flow Charts of Section B.3.X.6 a coding is provided to identify System

Table entries and TLM points. This coding which underscores the particular
parameters is as follows:

= =~ = TELEMETRY POINT
eeeewss SYSTEM TABLE ENTRY

= TELEMETRY POINT &
SYSTEM TABLE ENTRY

LSD~WPC~263
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B.3.1 FLIGHT EXECUTIVE (FLTEXEC)

B.3.1.1 Flight Execu~fve (FLTEXEC) Processor Description

The MMS Flight Executive includes :-everal procesgors and other related deckd  in

addition to the Flight Executire Proper. The total system consists of the
following decks:

FLTEXEC

XREQ

UNIQUE

SCMDBUF

STCMDS -
CDHTST

PROCES30RS

COMMON

The loglcal parts of the executive are discussed separately in the subsections
which follow.

B.3.1.1.1 Flight Executive Proper

The MMS Flight Executive consists mainly of interrupt haadlers - one section for
each allowable interrupt. 1In addition, there 1z section BUFFER, whicn contains
various storage areas whose absolute addresses must be known ou the ground;
section PRCTL, whick contains routines fer starting, restarting, and terminating
processors and checking for processors requested for execution; section SUBRTIN,
whizh contains subroutines used by several other decks; and section ERHOR, which
reports any illegal interrupts which may occur. These sections are combired
into a single deck, FLTEXEC, except for the interrupt hu.ndler for interrupts 12
and 8, which forms a separate deck, XREQ. Finally, there 1is a deck UIIQUE,

which contains all the coding which may need to be changed in msking mission-~
unique modification to the system.

The interrupt handlers are the following:

Interrupt O--INIT
Interrupt 5---CLOCK
Interrupt 6-—-TM5YNC
Interrupt 9--REMOTE
Interrupt L1-DUMPEND
Interxupt 12 and 8--%REQ
Intertupt 15--WRERROR
EXIT Interrupt=-=-SVC

In general, sywbols (labels) begin with the initial latter of the section {In
which they are defined. There are a few exceptiouns; the symbols INTRPTn and
”
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CSDEVn (the interrupt areas at the start of the fixed bank and the cycle-steal
areas at the end of the fixed bank) are defined in section BUFFER. Symbols in
section SUBRTN begin with the letter J, and symbols in deck COMMON begin with
the letter Q, except for the Data Reference Table, DATAREF, and the labels
(names of data items) attached to encrfes within 1it. No conventions® are
followed with the 1latter, and no conventions apply to decks SCMUBUF, STCMDS,
CDUTST, and PROCESSORS.

Interrupt 5, CLOCK, the l6-millisecond clock interrupt, is the main driver for
the OBC, It controls and schedules all periodic activities (except telemetry).
Other interrupts occur more or less asynchronouely, and perfcrm thelr functions
without reference to other OBC activities.

In the Flight Executive proper, coastants and storage areas are generally
dcfined at the end of the sectliorn which uses them, and their symbols beglin with
the initial leiter of the section name. Data areas which may need to be changed
in making wmissZon-unique modifications to the system are grouped {nto . deck
UNIQUE, however, and their symobls begin with the letter U.

The data areas for the Flight Executive proper occupy the fixed bank of the OBC,
which {s reserved for this wuse. To implement thi:, all decks of the Flight
Executive (FLTEXEC, XREQ, and UNIQUE) assign an absolute origin to leocation
counter OC. In deck FLTEXEC there are several AORG directives, all in section
BUFTFTR. 1In decks XREQ and UNIOUE the AORG directives immediately follow the
title lines at the start of the deck. If the data areas become too large to fit

in. the fixed bank, the telemetry buffers (in mection BUFFER of deck FLTXEC) «¢in
be moved to unother bank.

Lucation counter 1, under which instructions are assembled, 1s relocatable 1in
all decks. This &llows all the instructions in a complete OBC memory load tc
gccupy a contiguous block of core, with the Flight Executive «t the start, so
that memory checking can be carried out properly.

B.3.1.1.2 Stored Comu nd Buffers

Deck SCMDBUF contains the stored command buffers used by the Absolute and
Relative Time Coumand Processors and by the C&DH Test Processor. In release 4,
the buffers as assembled contaln test data to reduce the need for memory loads.
There are several sets of commands for testing the Absolute Time Command
Processor and some predefined blocks of cowmands and relative time sequences to
be used with them. There is also a set of commands which can be used with the
C&DH Test Processor to send commands continuously at maximum hardware speed. A
number of procs are provided to simplify the job of setting up additional test
data as needed. Details can be found in the program listing.

The stored command buffers are assigned absolute addresses so that they can be
placed on bank boundaries. Only the first AORG needs to be changed to move the

LSD-WPC~263
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buffers to a diffevent bank - all other AORGs are relative to the first (which
sets the origin SCMDBUFl). The sizes of the buffers can be changed by changing
the EQUs which define certain symbols. SCMDLEN controls the length of the main
buffer. giving the aumber of commands (not words) the buffer will hold.
. SPREBUFL gpecifies the number of predefined blocks for vhich space will be
- reserved; the number of words reserved will be 32 times this anumber. The size
of the buffer for relative time sequerces is defined by a simpie RES directive,
foilowing the directive which defines the symbol for the buffer, RTSBUF. 1In
release 4 of the Flight Executive, this RES has been coded to use all of bank 1
which 138 not used for other stored command buffers. If the length of the other
buffers 1s changed, the size of RTSBUF will be automatically adjusted ¢to
correspond. If the stored command buffers & moved to a bank other than bank
1, however, this RES directive wust also be ¢! .;ed. =

B.3.1.1.3 System Processors

Seven system processors are included in the Vifight Executive. The processors
are as follows:

ATCP
RTCP
CUHTST
MEMCK
MONTOR
CMDTST
FATLCK
MEMTST -

ATCP (the Alsclute Time Command Processor) and RTCP (the Relative Time Command
Processor) are combined into a single deck, STCMD¢. These processors together
rrovide the main MMS stored command processing capability. CDHTST {s the C&D
Test Processotr and forms a deck by itself, because it will not be {ncluded 1in
the flight system. The remaining processors are combined into a single deck,
PROCESSORS. MEMCK performs the memory check described in Section B.3.21. MONTOR
monitors up to 20 words of memory and transmits their contents to the ground
through the O0OBC contribution to telemetry as described in Section B.3.22.
CMDTST checks the spacecraft command hardware as described in Section B.3.20.
FAILCX <cends the failure detection signal as described in Sectio=n B.3.1l4.
MEMTST can be used to tust the memory hardwarc for one or more banks by storing
and reading worst case bit patterns in each word.

B.3.1.1.4 Deck Common
Deck COMMON contains the COMION area for conmunication among processors. It
also has the status buffer, parameter tables for processors {(which can be loaded

from the ground aud are included in the COMMON area), and the Data Reference
Table (DATAREF) wused fun gatting data from telecetry or getting computer data.
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The deck also defines the end of the memory area occupied by instructions, which
processor MEZMCK uses in setting up the boundaries of the area it checks. Deck
COMMON must therefore ba the last deck in the loader runm which creates the core
image for the OBC.

B.3.1.2 Flight Executive (FLTEXEC) Processor Operation

See MMS OBC Flight Executive Technical Description S$S-700-56 Rev. B for operation
details. -

B.3.1.3 Flight Executive (FLTEXEC) Software Constraints

See MMS OBC Flight Executive Technical Description §-700~56 Rev. B for software
constraints.

B.3.1.4 Flight Executive (FLTEXEC) System Tables

Table #0 - UCDADDR - List of Addresses for Getting Computer Data.

List of 16 bit address words, one woxd for each 8 bit of computer data wanted by

OBC. Addresses are sent 1in bursts of cycle-steal I/0 (DMA) at intervals -

controlled by Executive Scheduler Table, #2. The following format of address
vords 1s used:

: !

18 16 12,11 10,9 1
!
RIU # Data ‘l
Ty pe Channel # (out of RIU)

O=conditioned analog

l=serial digital

2=active analog

3=bilevel

Table #1 - UCADDRNO <~ Number of Addresses to be Sent for Getting Computer Data

One word entry which specifies the number of addresses to be sent for getting
computer data.

Table #2 - USCHED = Scheduler Table

L3SD-WPC~263
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This table schedules the periodic flight executives activities. It is processed
by the clock interrupt (interrupt #5) which occurs every 16 msecs. On each
interrupt the executive examines the table entry to determine what action should
be taken. After the entry is processed, the table pointer is incremented. When
the end of the table is reached, the pointer returns to the start’ aand "loung
period processing is performed (Table #3). The length of the table is 64
entries, therefore, one cycle through the table 1s 1.024 sec (l.e. 64 =x 16
msec).

Each table entry consists of one 18 bit word with the following format:

18 17 16 1

0 1/0 Specification of Actiom

=0 no action

L15 executive snap action whose number is
given

216 request execution of an application
processor (the number here is the
relative location of the PCT for the
processor)

=] get a burst of computer data

Table #3 - ULPROC - Tab1e of Loag-Period Application Processors
Processors that require -execution periods longer than the 1.024s provided by

table USCHED are scheduled by using the long-period processing table. The
execution intervals must be multiples of the length of table USCHED.

LSD-WPC-263
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Each table entry consists of 4 words: 3
E

. 18 1
Word #1 Counter ?
. 4

18 1

#2 # USCHED.Cycles Before Long-Period Processor Called

18 | _ 1

: I
i
#3 Initial Count

18 ' : 1 :
i

Table #4 - USFAPTBL - Table of Snap Actions ' '

Snap actlions are relatively short processors that are executed within the 16 ams
clock interrupt routine and will delay whatever cther processor is going on. The
normal starting and terminating time of a processor (500 - 550 msec) 1is not
required when using snap actions. The relative location of each snap action in
this table i{s ingerted in Table USCHED, #2. A maximum of 15 snap actions can be
defined and location O must not be used.

Table #5 ~ ULPSNAP =~ Table of Long Perfod SNAP ACTIONS

Long period snap actions are scheduled in the same way as long-period processors
and are controlled by this table. The format of each table entry 1is identical
to that used for long-period processors, ecxcept that the last word of each entry
gives the absolute address of the snap action.

Table #6 - UTRPLOC - Table of Buffer Locations for Reports in the OBC
Contribution to Telemetry

The 0BC can contribute up to a maximum of 26 words to each minor frame of
telemetry. The first word (word 35 of the minor frame) gives the report number,

LSD-WPC-263



= .- e g e e g A TSRS TP P RTSER A aTeTeY

e b v mpm—— o g gy ey o
O et N adhadret e - - B el
P T .

e ke Vo rme v e e e PeAeheean o - L -1 e

et

SVS~10266
Appendix B
31 Decembsr 1981

and the remalning words give the data being reported. The first word iz sent
directly by the frame sync {atertupt, while the remaining words go by msans of a
cycle~-steal operation, {nitifated by the frame sync interrupt. Each proceasor
stores data in a buffer in its own data area. The frame {ntarrupt moves this
data from the processors buffer to the buffer from which {t will be transmitted.
The address of the dats {n the processor®s buffer is contained in this table,
£6. '

Table #7 - UTRPTIDS =~ Table to Control the Cycle of Reports in the OBC
Contribution to Teiemetry ’ : .

This table gives the cycle of reports to be sent out {n the telemetry stream.
Each entry word gives the report # to be sent down in telemeiry word #35-

Table #10 - UPCT - Table of Processor Control Table

The flight execut{ve controls the execution of the processors through the use of
Processor Control Tables (PCT). Each processor has {ts own PCT which is used to
start or restart the proceasor. The order of the PCT"s stored in the 0BC memory

deternines the ID? assigned to each processor.

The format of each PCT consists of 16 words, 18 bits long:
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i=system initialized since last
execution

l=initialize on next new start
l=inhibited from sending commands
l=execution interrupted; restart

next time '

18 17 16 9 8 s 4 3

S

L

1/0 - " COUNTER 1o | 10

110

/0

WORD IN WHICH REQUEST SIT 1S LCCATZD

MASK TO VURN CN REGULEST 817

0 MAX RESTARTS c 0 4] o] o] a

[ <]

0

SAVE ACC

SAVE EA

SAVE X

LSR MASK TO RESTART

PAGE, D.OV. AND C REGISTZRS TC RESTAART

STORAGE LIMITS RECISTER TC RESTART

RESTART ADDFESS

UNASSIGNED

LSR MASK £ 28 NEW START

PAGE, D. CV, AND C REGISTERS FCR NEW START

STORAGE LIMITS REGISTER FOR NEW START

ENTRY ADCRESS FOR NEW START
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Table #11 - Processor Priority Table

- The relative priority of each processor is specified by its locatfon in this

table. The lower the entry number in the table, the higher the priority. Each
processor has a single entry 4in UPPT which gives the location of the PCT .in
Table #10.

Each time a processor is requested during the 16 ms interrupt, its priority is
compared to that of the processor currently executing. If the latter is lower
in priority, it ig cut off and the information needed for restart is stored in
UPCT. After the newly started processor is executed, the previocus processor 1is
resumed as long as there is no higher priority processor waiting to be executed.

Table #12 - DATAREF - Data Reference Table

This table contains a list of data which processors can retrieve by name using
library procs (macros). The table contains one entry for each data item
referenced by any processor:

18 8 1

Address of Data Item

data item may be: l. minor frame telemetry data
2. subcom data
3. data obtained directly by computer

The table must be changed when the addresses of the data items change; i.e. may
change when telemetry format i{s changed.

Table #13 - QMEMCK =~ Parameters for Processor MEMCK

Detalls of this table are in Section B.3.21.

Table #14 ~ QLIMITS = Limits for Memory to be Checked b; MEMCK
Details of this table are fn Section B.3.21.

Table #15 =~ QMONITOR - List of Memory lLocations to be Monitored by Processor
MONTOR

This processor will monitor a maximum of 18 words of memory and report their
contents through the OBC contribution to telemetry, report #40-42. The addresses
of the words to be monitored are listed in this table. See Section B.3.14.
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Table #16 - FAILCMDS - List of Failure Detection Signal Cmds to be Sent by
Processor FAILCK

Processor FAILCK perfodically sends pulse commands (1f QOKSW=0) to several parts
of MMS hardware to prove it is functioning.

Each command must be received at 1.024s +100 ms intervals but there 1is no
requiremant as td> the relative timing of different commands sent to different
parts of the hardware. One command is sent frow this table each time the
processor FAILCK 1s executed. FAILCK must, therefore, be executed several times
durfng the 1.C24s interval in order to send all the commands in the table. At
present the processor sends 3 commands, one to each of the 3 major hardware
modules: Command and Data Handling, Attitude Control System, and Pover. See
Section B.3.l4.

Table #17 - FLCMDEND =~ End of Table Test for Sending Fallure Detection Signals
If the number of commands in Table #15 1s changed in orbit, the 1 word entry {n
Table #17 must be loaded with a value equal to 2 less than twice the number of
cmds. See Section B.3.14,

Table #18 -~ QOXSW - Hardware Failure Switch

This table cousists of 1 entry whose value {3 set to 1 by the processors . CHMDTST
and MEMCK when they find errors and is initialized to O by section INIT in deck

FLTEXEC. When QOKSW=l, processor FAILCK will stop sending the fz{lure detection
signal.

LSD~-WPC-263
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Table #19 - 'QSCMD - Parameter for C&DH Test Processor
Not used after launch

Table {20 - CMDINHL -~ List Used to Selectively Inhibit Sending of Abselute
Timed Cmds

The Absolute Time Command Processor sends commands from the stored command
buffer when the 18 low order bits of the time tag equal the 18 low order bits of
the OBC clock. In the 9 high-order bits of the time tag, bits. 22-25 can be used
to 1inhibit sending a command if certain unpredictable conditions exist at the
time the command is scheduled to be sent. Bits 22-25 of the time tag are wused
as an index to pick up a vord listed in Table #20, If this word=0, then-sending
of the command is inhibited.

Table #21 - TMPARAM =~ Check TLM Input

The flight executive will check telemetry as 1t 1is read in to ensure its
accuracy. Checking is done during the frame sync interrupt and is controlled by
S5 parameters listed in this table.

= 0, check will be skipped

Entry #1 TMWORD » 1-127, word # of telemetry to be checked
#2 TMMASK - mask to be applied to telemetry word
#3 TMVALUE - value which gshould equal the masked word

= 0, erroneous frames won”t be stored
ft4 TMEUB < 0, address of a set of 128 word buffers
where bad frames are to be stored

#5 © TMBUFNO 4 = number of buffers in the set

LSD-WPC-263
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Table #22 - MEMBANKS =~ List of Banks to be Tested

The processor MEMTST can be used to test memory hardware for one or more logical

banks of 4096 words by storing aud reading a set of 72 worst case bit paccerns

in each word. This list of bauks to be tested is found in Table #22.

Table #23 - MEMBANKL -~ Number of Banks in List

1 word entry giving the number of banks to be tested by MEMTST.
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B.3.2 GYRO DATA (GYROD) //

B.3.2.1 Gyro Data (GYROD) Processor Description yd

The Gyro Data Acquisition Module (GYROD) 1s a pricrity level 1 task’ ucheduled
for execution every 64 ms by the flight executive. GYEOD has a processor number
of 1. The input gyro data used by GYROD is contained in the computer data
buffer. The objective is to process the gyro data and output actuator control
commands 1in a minimum time. . This objective 1s achieved by scheduling GYROD on
the Executive Select Table (EST) entry immediately following the acquisition of
computer data. Therefore, the GYROD EST entries are 2, 6, 1C, 14, etc. '

During its 4 msec execution ¢time, GYROD performs functions related to the
acquisition and processing of gyro data. These functions include accessing the
raw gyro data and formatting it for numerical processing; prefiltering the gyro
data to tremove ‘the effects of high frequency vehicle motion; and outputting the

raw gyro data to the Payload Correction Data (¥CD) formatter. The subroutines
that comprise GYROD are:

1. GYROCNTRL GYROD Control Component

2. GYROFMT ~ Gyro Data Formatter

3. GYROFLTR

Gyro Data Prefilter
4. GYROPCD = Gyro Payload Correction Data Processing

B.3.2.2 Gyro Data (GYROD) Processor Operation

B.3.2.2.1 GYROCNTRL

The GYROD control component sequences the processing of the gyro data. It calls
the GYROFMI and GYROFLTR subroutines. GYROD also calls subroutine GYROPCD if
the system table entry GPCDFLG equals 1. This entry value indicates that the
gpacecraft 1s in ACS mode 4 with the Thewmatic Mapper (TM) on. A souftware
flowchart of the overall GYROD processor is shown in Section B.3.2.6,

B.3.2.2.2 GYROFMT

GYROFMT samples the raw gyro data from both channels of each of the 3 zyros
every 64 ms. Each channel generates a 24-bit word. Every word is read into the
OBC in 3 8-bit bytes and reformatted into 2 18-bit words. An example of a

Zé—bit word, obtained from 1 channel of 1 axis, that has been reformatted
appears below: ' :
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bit 18 . 1 10 3 2 1
Sign of most significant 8 middle bits of X gyrp 8
tits of X gyro Channel #1
18 ' 12 11 1

| 8 least signiffcant bits 1 not used
of X gyro -

B.3.2.2.3 GYROFLIR

GYROFLTR detects and compensates for the effects of gyro data word overflow. If
2 conditions are mat, it will also filter the data :o 1temove the effect of
vehicle angular wmotion outside the normal control 1loop bandwidth. These
conditions are: the prefilter must not be disablel by the syster table flag

FLTROFF and, the spacecraft not te in orbit adjust mede 7. Only one of the
redundant data channels of each gvro is filtered.

B.3.2.2.4 GYROPCD

_GYROPCD formats the raw gyro data into tws serial magnitude command buifers,
PCDHZBUF and PCDLZBOF, and then requests the flight executive to issue them to
the PCD formatter. These commands will be issued by the flight executive 10
msec after the GYROD dinterrupt (i.e. EST entries 2,6,10,14,etc.). The data
congists of 3 8-bit words obtained from ecach gyro channel in use. (That 1s a
total of 9 gyro 8-bit words.) Since a serial magnitude command comsists of 16
bits, 5 serial magnitude commands are required. GYROPCD is ~nabled/disabled by
the system trable flag GPCDFLG. The ground sets thr® “iag to 1l in order te
enable GYROPCD only if the ACS is ia mvde 4 with the M ..

B.3.2.3 Gyro Data (GYROD) Software Constraints

1. The gyro prefilter is nperational only when MODE=4 and ICAL=3. The
ground must set the system table word FLTROFF to 1 or O to fndicate
whether or not the prefilter is to be enabled.

2.

The GVRAPCD subroutine is e.acuted only when MODE=4 and the T4 is ON.

The ground must set the system table word GPCDFLG to 1 or 0O to
indicate whether or not thir routine is to be exacuted.

B.3.2.4 Gyro Data (GYROD) System Tebles

GYROD wuses the data items found in system table #24 rallad SYRODPAR. For systen
table load format see DFCB Volume TII CMD.

§ i bt v Y ot A KT

et b B A P

Ve

(PRI

1
-



SVS-10266
-Appendix B
31 December 1981

Entzy Nane TIM Type

Using
Subroutine

Description. .

GYROD Systeu Table #24 - GYRODPAR

o] GPCOYLG

1 FLTROFF F

5 NGL C
6 GPAl c
7 NGSP1 c

9 NGSK1 c

11 NGSK2 c

13 NGSK3 c

15 NGSK4 c

GYROCNTRL

GYROFLIR

GYROFLTR

GYROFLTR

GYROFLTR

GYROFLTR

.GYROFLTR

GYROFLTR

GYROFLTR

Pavload corraction data
processing enable/disable flag.
The raw dvro data is output to
the PCC MUX only {f MODE=4 and
™ is on. -

0 = disahle GYROPCD subroutine
1 = enable GYROPCD subroutine

Gyro Prefilier emable/disable
flag. 2he prefilter is enabled
only when MODE=4 and ICAL=3.

0 = disable prefilter
1 = enable prefilter

Gyro accumulator overflow test
limit; value is 0100000. !

Gyro prefilter coefficlent;
value is 0320000.

Gyrod parameter equal to
(NGS+1); value 1s 0.839E+07.

Gyrod parameter equal to
(NGS+1)/(2%GPBl); value is
0.447E4+08.

(NGS+1)/(2*GPB1**2); value
is 0.477E4+09.

-[NGS/(2*GPB1)}; value is
-0.447E+08

<~ NGS/(2*GPB1*#*2)]; value is
-0.477E4+09.

e

wd

o
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: . Using
Entry Name TIM . Type Subroutine Description
17 NGSKS5 c GYROFLTR 1/(2*GPBl); value 1is 0.533E+01
19 NGSK6 c GYROFLTR 1/(2*GPB1**2); value is
0.569E+02
21 NGSK7 C GYROFLTR GP31*GPBl; value is 0.879E~02
23 NGSK8 c GYROFLTR -NGS; value is -0.839E+07
25 NGTEMP GYROFLTR Gyrod temporary storage
locatiouns
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8.3.2.5 Cyro Data (GYROD) Telemetry Reports O;_‘\’g’-’\f.ftl,_ FAGE 15

, O0R qu
GRYOD can be menitored by OBC TLM Report #1 whose mnemonig)fgLXE%Ol. The report
occurs in TLM minor frames 8, 40, 72 and 104. The telemetered parameters appear
in columns 109-126. Column 35 contains the vaport & (f.e. #1). '

OBC TIM Report ?1 - ACSOlL

- et ‘
© GENERATING ¢ :
ENTRY # : NAME ) SURROUT INE ; DESCRIPTION
6 % DNGX ~ GYROFLTR i (roll) * Raw gyro difference data from
! . i GYROFLTR of the gyro data :
‘ ; ! . acquisition processor GYROD. i
9 f DNGY : GYROFLTR (pitch) ° DNGX, Y, Z is not filtered or
: ' ; compensated for miselignment or :
§ ~ bias errors ' :

12 i DNGZ °  GYROLLTR _ (yaw) . ° The GYROD Processor is called each
064 sec and inputs the contents
of the 6 ITP 24 bit gyvro data
registers and stores the data in
NGX1, NGX2, NGY!, NGY2, NGIT.
DNGX, Y, © are then the difference
between successive readings of
the selected channels: NGXI
or NGXZ, NGY! ov NGYI, NGZ1 or
NGZ2.

(roll) *  Total gyvro angular data input
each 0,04 sec from the TP
(The 3 selected channelys culy?

15 ! NGF GYROFLTR

18 : NCYF ~ CYROFLTR (pitch) * The data is filtered by the 2

; : stage filter of CYROFLTR unless:
| ‘ MODE e« 7, or THURUST = -1, or
MODE = 1, or THRUST = 0; but the
data is not compepsated for mis-
alignment orv blas errors.

2 : NCZE 1 GYROFLUTR (vaw)

' : NG {X,YL,IIF are the product of

; GYROFLTR of the CYROD processor.
‘ ' {(sCP) then {aputs these data to

‘ catenlate the gyre Jdittervence

| data.  (GYDIECD=NC(D PeNG,

l; whotre NC(DYE {s the past veading
l of NC(DE and 1= X, V0L The 80P
is catted each (2% soe and {7

. MODE = 4. The MBS is ealled each
; L5120 sec under these cond {tions

N ! Coantiy Y e g

i i COYOIE (Y fx calealated every

!, : . other caltling of the SCP.

! |

1 i

B.3.2.6 Gyro Data (GYRODY Flow Charts
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B.3.3 SEPARATION DETECTION (SDTECT)

B.3.3.1 Separation Detection (SDTECT) Processor Description

The separation of the spacecraft from the Delta launch vehicle 1is detected by
the routine SDTECT, flowcharted in Section B.3.3.6. The spacecraft is attached
to the Delta by 3 bolts. After launch, the Delta explodes these bolts to free
the spacecrafe. The separation 1y sensed by -2 magnetic switches, A and B:
SDTECT will activate the Gyro Prefilter and Spacecraft Control Processor when
elther switch is found closed. Once separation has been detected (both switches
closed) on 3 consecutive execution cycles, SDTECT will activate the Solar Array
Deploy Procesasor and deactivate itself. It will output this separation time {in
the SOLARD"s TLM report. Prior to deactivation, SDTECT is executed once every
1.024 sec. It has a ptocessor nunber and priority number of 5.

B.3.3.2 Separation Detection (SDTECT) Processor Operation

See Section B.3.3.6 for detailed processor operation.

B.3.3.3 Separation Detection (SDTECT) Software Constraints

None

B.3.3.4 Separstion Detection {SDTECT) System Tablas

None

B.3.3.5 Separation Detection (SDTECT) Telemetry Reports

The time at which spacecraft separation is detected for 3 consecutive times,
SDSEPTME, s output {in SOLARD"s, TLM which has the mneumonic SDPLOYOl. This
telemetry appears in OBC TLM report #36, minor frame #1.

B.3.3.6 Separation Detection (SDTECT) Flow Charts
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B.3.4 SOLAR ARRAY DEPLOYMENT (SOLARD)

B.3.4.1 Solar Array Deployment (SOLARD) Processor Description

SOLARD 13 activated by the Spacecraft Separation Detect Module SDTECT when ({t
detects separation three consecutive times. It 1s then executed once every 5.12

sec before {t 1s deactivated. SOLARD s processor number aud priority are both
3. i

The function of the Solar Array Deploy Module "SOLARD” is to deploy the Solar
Array (SA) panel. SOLARD accomplishes this function by determining which side
of the Spacecraft Condition and Control Unit (SC&CU) is on. Once the on side
has been determined, the appropriate coummands will be sent to tha SC&CU -to arm
the deploy circuitry and pvro bus. Both sets of pyros will be fired. Commands
will then be sent to safe the deploy circuitry and pyro bus. Commands will also
be sent to the Power Distribution Unit (PDU) to configure the PDU and to extend
(deploy) the SA panel. SOLARD will deactivate itself, once {t has deplyed the
parel or when SOLARD {s unable to complete an event in the deployment sequence.

SOLARD {s comprised of the following 9 subroutines:

1. SOLARD = SOLARD Main Routine )

2. SDSCCU  ~ Configure SC&CU , °
3. SDARMCIR - Arm Deploy Circuitry and Pyros

4, SDFRPYRO = Fire Pyros

5. SDCONPDU - Configure the PDU

6. SDEPLOY - Deploy Solar Array .
7. SDELAY - 100 Millisecond Delay
8. SDMRUB - Manipulate PDU Remote Unit Bits

9. PDUXSTRAP

Perform Cross—-Strapping of PDU and RIU

B.3.4.2 Solar Array Deployment (SOLARD) Processor Operation

B.3.4.2.1 SCLARD

Once {t {s activated by SDTECT, SOLARD will be scheduled for execution every
1.024 sec. The flowchart shown in Section B.3.4.6 describes this routine. If
it s requested, processing will commence with the {initialization of the module
and the tecotding of spacecraft separation time (SDSEPTME) in SOLARD s telemetry
report. Othervwise, processing commences with the «calling of the subroutine
assoclated with the current value of SOLARD"s function flag (SDFUNCT). SDFUNCT
will not be altered by the subroutine {f it the subroutine has more processing
to perform. SDFUNCT will be incremented by one {f the subroutine successfully
performs {ts function. SDFUNCT will be set to five bv SDEPLOY irf the SA panel

i3 successfully deploved or by any subroutine which Is unable to perform {ts
function. . '

o e s



SVS-10266
Appendix B

31 December L981

The execution cycle counter (EXCYCNTR) will be decremented by one upon returning
to SOLARD. If EXCYCNTR is greater thar zero, the wmodule will be exited as a
time delay, which 13 a multiple of the module”s execution cycle (1.024 seconds).
No processor will be performed until the delay has timed out (EXCYCNTR=0). If
EXCYCNTR i{s less than or equal to zero, the subroutine associfated with the valua
of SDFUNCT will be executed.

The forementioned sequence of events will continue until SDFUNCT {s equated to

five. At this time, processing will terminate with the recording of the
termination time (SOLARD”s exit time) 1in SOLARD"s telemetry rteport and the
inhibiting of the module from further execution.

B.3.4.2.2 SDSCCU 4 -

SDSCCU, flowcharted {in Section B.3.4.6, determines the configuration of the
SC&CU. It must configure the SCSCU {f {t has not been preconfigured.

Configuring consists of selecting RIU #4A and side A of the SC&CU or selecting
RIU #4B and side B of the SC&CU.

SDSCCU will be execufed a wmaximum of three times. If on the first pass
(execution of SDSCCU) the SC&CU has been configured, SCUSIDEL will be equated to
a value which is indicative of the side of the SCSCU which {s on.' A return to
SOLARD will then be made whereby SDARMCIR will be executed. If the SCSCU i3 not
configured, an attempt to select RIU #4A and SC&CU side A will be made. On the
second pass, {f the SC&CU was not successfully configured, an attempt to select
RIU #4B and side B of the SC&CU will be made. Deployment of the solar array
will be aborted on the third pass {f both attempts at configuring the SCSCU
fafled. 1If efther attempt at configuring the SC&CU proved successful SCUSIDElL
will be equated as previously stated and SUARMCIR executed. Note, once an
attempt to contigure the SC&CU is made, the next executlion of SDSCCU will be
delayed by a minimum of 1.024 seconds.

B.3.4.2.3 SDARMCIR

The function of SDARMCIR {s to aca the deploy circuitry and enabl~ the pyro bus.
SDARMCIR, flowcharted in Sectfion B.3.4.6, accomplishes this by sending s serles
of commands, some of which are separated by a 100 millisecond delay. A maximunm
of two attempts at performing the arming and enabling function, utilizing
different configurations of the SCSCU, will Ye made. If efither atteapt is
successful, SDOFUNCT will be equated to two. A return to SOLARD will be made
wherebyv SDFRPYRO will be executed. If neither attempt proves successful,
SDARMCIR will abort the deployment of the SA. Following each attempt, SDARMCIR
inftlates a 1.024 second delay and returas control to SCLARD.

LSD-WPC-263
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B.3.4.2.4 SDFRPYRO

SDFRPYRO"s function is to fire both sets of pyros, safe the deploy circuitry and

disable the pyro bus. These tasks are accomplished by seanding a series of five

commands to the SC&CU shown 1in Section B.3.4.6. A 3.12 second delay 1is
inittiated between the FIRE SET 1 and FIRE SET 2 commands. The delay is
infitiated by SDFRPYRO but implemented by SOLARD. The other three commands have
100 msec, delays between them. SDFUNCT will be equated to three after sending
the fifth command. A return to SOLARD i{s macde whereby SDCONPDU is executed.

B.3.4.2.5 SDCONPDU

SDCONPDU, flowcharted {n Section B.3.4.6, prepares the PDU to extend the SA.
Sending Set #1 of the PDU commands accomplishes this task. Before sending the
-commands, SOCONPDU must determine which RIU (#6A or #65) is to be used. SDMRUB
is then called and the remote wunit bit 4in all PDU pulse commands set
accordingly. A major frame delay, implemented by SOLARD, is then initiated by
SDCONPDU. Once the delay has timed out, bits in telemetry point TPDUOLWZ -will
.be examined to determine {f the commands are accepted. If they are, SDFUNCT
wili be equated to four. A return to SOLARD is made and SDEPLOY executed.

If the commands are not accepted, the PDU will be reconfigured. Reconfiguring
consists of calling the subroutine PDUXSTRAP which calls the executive %o send
the command to switch elther the PDU side or PDU RIU #6. Ser #1 is again sent

to the PDU. I1f the comrands are accepted, SDFUNCT will be equated to four and
SDEPLOY executed.

The design of subroutines SDCONPDU and SDEPLOY assumes that Set #1 and Set #2 of

the PDU commands do not and will not contain commands which are a function of

the PDU side (PDUSIDE2). Hence, one does not need to know which gside of the PDU
is on {in order to send either set of commands.

B.3.4.2.6 SDEPLOY

SDEZLOY, flowcharted 1in Section B.3.4.6, deploys (extead) the SA and then
terminates ity deployment. Deployment {s accomplished by sending command CMDB
(8) to the PDU and initiating a 20 minute delay. The delay is implemented by
SOLARD. Once the delay {3 over, SDEPLOY terminates the deployment by sending
Set #2 of the PDU pulse commands to the PDU. A bit {n telemetry point TPDUOLWL
is examined to determine the status of the SA. If the SA depioyed, SDFUNCT will

be equated to five. A return to SOLARD will be made whereby wmodule processing
will be termfnated.

LSD-WPC-263
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If the SA did not deploy, the PDU will be reconfigured as described in SDCONPDU.
Control will be passed to SDCONPDU to once again prepare the PDU to extend the
SA. 1f SDCONPDU performs its function successfully, SDEPLOY will be called and
a second atrtempt made to extend the SA. Module processing will be terminated
regardless of the outcome of the second attempt. : :

B.3.4.2.7 SDELAY

SDELAY, flowcharted in Section B.3.4.6, implements 100 millisecond delays which
are requested by SDARMCIR and SDFRPYRO. SDELAY performs this.task by acquiring
the scheduler table pointer CSCHEDP and storing it in SDSCHEDP. The Executive
increments CSCHEDP by one every 16 milliseconds. SDELAY cocntinuously samples
CSCHEDP and compares it to SDSCHEDP. A return to SDARMCIR will be made once the
difference between the two values equals or exceeds six.

B.3.4.2.8 SDMPUB

SDMRUB, flowcharted in Section B.3.4.6, is referenced by SDCONPDU and SDEPLOY.
SDMRUB“s function is to manipulate the remote unit bit in all PDU pulse commands
as specified by an argument. Remote unit bits will be cleared if the argument
equals zero, set {f equal to one or inverted if equal to two. Commands CMDB (1)
thru CMDB (4) will be readily menipulated as they are PDU pulse commands. Set #1
and Set #2 of the PDU pulse commands will be scanned for pulse commands as the
present composition of the sets are known but {3 subject to change. Processing
ends with a return to the calling subroutine.

B.3.4.2.9 PDUXSTRAP

PDUXSTRAP, flowcharted in Section B.3.4.6, is called by the subroutines SDCONPDU
and SDEPLCY to reconfigure the PDU. Reconfiguring consists of sending either
commands CMDB(3) or (4) to switch PDU -sides or commands (1) and (2) and
selecting the other RIU. The other RIU 13 selected by calling SDMRUB to {invert
the remote unit bit in all PDU pulse commands.

B.3.4.3 Solar Array Deployment (SOLARD) Software Constraints

None

B.3.4.4 Solar Array Deplovment (SOLARD) System Tables

The SOLARD processor uses the data items found in system table #69 which is
called SDSYSTAB. For system table load format, see DFCB Vol III CMD.
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Using
Entry  Name Type Subroutine Description
SOLARD System Table #69 - SDSYSTAB

0 MFRMTIME C SDCONPDU A one major frame delay is
implemented by SOLAR™ after
SDCONPDU sends command (5) to
select the SA hinge. Tle
value of MFRMTIME equals the
numbter SOLARD executions irn
1 major frame (i.e. 16).

1 DPDLTIME C SDEPLOY 20 minute delay
(i.e. 236*5) is lmplemented
by SOLARD after SUEPLOY sends
command (8) to the PDU to
deploy the SA.

2 LENSETL c SDMRUB Number of PDU commandc in Set #1;
it {s initialized to 1. 32t #1
consists of CMDB (5).

3 LENSET2 C SDMRUB Numbe:r of ?DU command in set #2;
it is initialized to 3. SET 12
consists of CMDB (9), (1i0) and
(11).

4 SDSYSTAB (o SDMRUB MSH of PDU CMLC3 (5) in. :

SDCONPDU set #1; fts value is 76. :

- - 1

20 SDSYSTAB ~—G-___SDCONPDU ___ LSH-uf PDU CMDB (5) in 3

TT T gset #1; its value is 19. '

i

36 SDSYSTAB C SDMRUB MSH of PDU CMDB (9) in :
: SDEPLOY set #2; its value is 12.
37 SDSYSTAB (o SDMRIB MSH of PDU CMDB (10) in
SDEPLOY set #2; its value is 76.
38 SDSYSTAB C SDMRUB HSﬁ of PDU CMDB (11) 4n
: SDEPLOY set #2; its walue 1s 76.

1L.5D-WPC-263
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Using
Entry Nuame M Type Subroutine Description
52 SDSYSTAB c 'SDEPLOY LSH of PDU CMDB (9) in
set #2; its value is 0200036,
53 SOSYTAR Cc SDEPLOY LSH of PDU CMDB (10) in
‘ get #2; its value 1s 59.
5S4 SNSYSTAB C SDEPLOY LSH of PDU CMDB (1l1) {in -
set #2; {ts value {s 52.
68 DFSTOP F SDEPLOY Stop flag for reconfiguring the
RIU/PDY; value equals O.
. 69 DFSTOP £ SDFPLOY Stop flag for reconfiguring the
RIU/PDU; value equals 1.
70 DFSTOP F SDEPLOY Stop flag for reconfiguring the
’ RIU/PDU; value equals 1.
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B.3.4.5 Solar Array Deploymeﬁt (SOLARD) Telemetry Reports

The SOLARD processor can be monitored by the OBC TLM Report #36 whose mnemonic

is SDEPLOY Ol. This report appears in columns 91-95 and 108-127 of minor ftame
#l. Column 35 cortains the report # (i.e., £36).

Generating :
Entry # Name Subroutine Description/Comment

'OBC TLM Report #36 - SDEPLOY 01 -

o] SDSEPTME  SDTECT Time that separaiion was detected 3
consecutive times
3 SDTEMP SOLARD Solard exit time
6 SCUSIDEL SDSCCU Indicates which side of SC4LCU 1is on
O=A on, 1l=B on
7 PDUSIDE2 PDUXSTRAP Indicates which side of PDU is on
' 0=A on, 1=B on
*3 ARMLOOPL SDARMCIR # unsuccessful attempts to arm deploy
circuitry and pyros
9 PDULOOP2  SDCONPDU # unsuccessful attempts to configure PDU
*10 DEPLOOP3J SDEPLOY ? unsuccessful attempts to deploy solar

array panel

11 PDUXLOOP  PDUXSTRAP # attempts ac configuring the PDU/RIU

® TLM alarm: ARMLOOPL=2
DELOQOP3=2

B.3.4.6 Solar Array Deployment (SOLARD) Flow Charts
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' INITIALIZE THE MODULE

! nECORD SEPARATION
DETECTION TIME IN TWM

ORIGINAL PAGE
OF POCR QUALITY

SOLARD

ARMCYCLE=0
EXCYCNTR=0
SOFUNCT=0
SCUSIDE1=0
SCCULQOOP=0
ARMLOOP1=0
SONXTCMD=0
SDSCHEDF=0
PDUCYCLE=0
POULOOP2=0
PDUSIDE2=0
DEPCYCLE=0
DEFLOOP3=0

!

SOTEMP=

k_____

EXCYCHNTR=
EXCYCNTR-1

|—+&{ RETURN )

0 .
CALL CALL CALL
SDSCCU SDARMCIR SDFRPYRO

CALL
SDCONPOU

CALL
SDEPLOY

RETURN

DISABLE
SOLARD
L
SDTEMP_= | ! RECORD
CLOCKYS | SOLARD'S
EXIT TIME (N
TiM

B.Z

8

- = == TELEMETRY POINT
svesrss SYSTEM TABLE ENTRY

~———— TELEMETRY POINT ¢
SYSTEM TABLE ENTRY

L.

L
3
"‘ .
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DETERMINE WHICH SC+CU SiDE iS SCUSIDE
ON TSCCULD 15 EXTRACTED FROM ) 2-TSCCUIO(7:8
COMPUTER DATA.

! GO TO ARM CEPLOY CIRCUITRY ¢

YES
. SDFUNCT =t pbXROS .

NE'THER SIDE OF SCeCU

1S ON; THEREFORE, SDSCCU
MUST CONFIGURE THE
SCeCU.

0 2
SELECT RIU § ryy 81T 19 IN RIU BIT 19 IN t ABORT SOLAR ARRAY DEFLOY
&‘S:‘%RAND ALL SCiCU ALL SCeCU SDFUNCT =5 :
= MMANDS = OMMAN =1
SPEESL AN | commanos=o COMMANDS
38 FOR
CASE =1. } |
SCECU RIU
SELF on CMDA (1) CMDA (1)
SCECU RIU :
MATEOFF CMDA (2) CMDA (2}
SCECU SIDE
A ONIB OFF CMDA (1) _ CMDA (a) ' SCECU SIDE B ONJA OFF
DELAY 1.02¢ _
EXECUTION EXC,YSCE"‘JR'
CYCLE
SCCULOOP=
SCCULOOP-1

= = = TELEMETRY POINT

esseeee SYSTEM TADLE ENTRY
. RETURN —————— TELEMETRY POINT ¢

SYSTEM TABLE ENTRY
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{TECCUL! EXTRACTED . ICIRCUIT & PYROS ARE ARMED.
rrom comeuten oata. (PSR ) o- TSCCUOI2: D o s | SETDELAY 50 THAT TOTAL TIME
17 817 8 =0, Rt =24 g oN. AL SERCY RIS LET (8-SCUSIORY) <LOCK 18 TO #IRE PYROS 13 20 SEC.
VEBIT 8=, RIU 248 13 ON. ¢ : OF YSCCUIO
T NOT S&T
ICIRCUITRY ANDAOR
ARMCYCLE =1 PYROS NOT ARMED
1CO TG PIRE PYROS
1ENABLE FYRODUS FOR | CMODA ARMLOOPY = SOFUNCT =2 e
EITHER SCACU SIDE A ($CUSIDR1+6) ARMLOOPY ¢ 1
ORB.
! raames comm ey TABORT SCLAR ARAAY
oesLoy
TARM THE MASTER CHDA 9) SDFULCT =8 AETURN
DEPLOY CIRCUITRY
. SET RIU BIY
neamsscosway (4 CALL SDELAY TO THR OTHER
AU 8108
1ARM THE BACKUP - .
MASTER DEPLOY CHDA (1) ‘c“éﬂ;‘“ 1$2LECT OTHER SCACU BIDR
CIRCUITRY ' ’
L
- SU;:U“ CMOA (1} ISCACU RIU SELFON
IARM DEPLOY
SROUITRY $OR C.&LA(18) CMDA (2) |S$CACU RIU MATE OFF
PYROBET 1
_..__r_._. T
%ﬁhv MDA+ | | SCACU SIDE A/B ON
: SCUNIDEYY AND B/A OF 3 ’
|
2 3
tAAM DEPLOY -
- ClRcuITAY FQR | CMDA 118) ARMCYCLE = 1
PYRO ST 2.
IDELAY 10248 EXCYCNTR= | :
1 EXECUTION 138¢C
CYCLE}

IFORCE NEXT FASS
TO YEST DIRCUIT?
PYRO S3TATUS

ARMCYCLE « 2

RETURN 9

= == = YELEMETRY POINT
sesesee SYSTEM TAHBLE ENTRY
TELEMETRY POINT ¢

SYSTEM TABLE ENTRY
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SDFRPYRO

CMDA (11) ! FIRE PYRO SET 1t

7 : .

! OELAY $ SECONDS BETWEEN.
! FIRE PYRO SEY 2 CMDA {(12) EXCYCNTR=S FIRING SET i AND SET 1

H
PYROS.
t

¢ CALL
SDELAY
! SAFE THE MASTER
CIRCUITRY CADA (10}
£ CALL
SDELAY

! SAFE THE B/U
MACTER CIRCUITRY CMDA (13)

I

CALL
SDELAY

i

! DISABLE PYROS ON| C\MDA
SIDE A OR 8 {SCUSIDE7}

1
L 8

SONXTCMD=
SONXTCMD-)

S

YES

' CO TO CONFIGURE _ ’ .
o SOFUNCT=3 A

! NO DELAY . .
REQUIRED EXCYCNTR=0

1

RETURN

Flgure B.3.4%-4. SDFRPYRO Flow Chart
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! TES”

SDCCONPDU

OF PCOR QUALITY

ACC=TPDUO2<S:8>

DETERMINE WHICH RIU 1S TO BE USED
TPDUG2-8:6% 0, #6A (S ON.
TPDUO02<8:8>s 1, 468 IS ON.

!

CALL ! RUB BIT IN ALL POU PULSE
SDMRUSB COMMANDS IS SET.
PDUCYCLEa! .

NO
PDUCYCLE=)

* SEND SET ¢t OF POU COMMANOS
cMoB (5) TO SELECT SA HINGE
EXCYCNTR= v
MFRMTI\\E ' DELAY 1| MAJOR FRAMZ
|

TPDUOIW? TO DETERMINE

IF THE COMMANDS WERE ACCEPTED

BITS IN TELEMETRY POINT

POUCYCLE=2

YES

BITS 863 IN

PODUCYCLE=2 e

¢ COMMANDS NOT

POULOQPY = ACCEPTED, SO

POULOOP? » 1

THE PDU IS
l RECONFIGURED.
+ CO TO DEPLOY SA SDFUNCT 34 POUCYCLE =t
(’“‘* CALL
1] e
W, POUXSTRAP
-~ = TELLMETRY POINT T
( 1
seseree SYSTLM TABLE LNTRY RETURN \/L

TELLMETRY POINT o
SYSTEM TADLL ENTRY

R D
AN AN .
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ORIGINAL PAGE IS
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A {TERMINATE DEPLOYMENT BY SENDING SET 61
NO OF THE PDU PULSE COMMANDS TO THE POU_I.E.,
cMDB(9) CMDB(91(10) § (11). CMDB(3} 1S A COMMAND TQ
TERMINATE DEPLOYMENT
1{COMMAND TO
POU TO EX- . ISABLE O .
R T XA CMDB(8) cMpE(10) {DISABLE DEPLOYMENT
120 MINUTE DEr .
LAY FOR ALL .
PANELS TO EXCYCNTR = cmos(n) 1SAD LOWER HINGE ENABLE
REACH STOP DPDLTIME,
POSITION
' TERMINATE vES 1SA WAS DEPLOYED .. TERMINATE
& VERIFY DE- =1 POUOIWI< 8.8 > a1 o1 SDF PROCESSING
s VERIEY DE DEPCYCLE <8.4>a UNCT = & ocess
NEXT PASS

NO !SA WAS NOT DEPLOYED

DEPLOOE) =
DEPLOOPI ¢ 1

YES

GESTOR
(DEPLOOPY)
=1

SDFUNCT = 5 ‘-———aGE:URN )

{UPLINKED STOP FLAG INDICATES
NO RETRIES

" [ -
| (TRY SET #1 COMMANDS AGAIN T AEORT SOLAR ARRAY DEPLOY

PDUCYCLE 21

b

DEPCYCLE = 0

SOFUNCT = 3
1

CALL ,—-—@ ~ = = TELLMETRY POINT
POUXSTRAP cesesss SYSTEM TAQLE ENTRY
( revurn ) - e

TELEMI TRY POINT ¢
SYSTEW TABLE ENTRY

Figure B.3.4-6 SDPLOY ¥low (Chart
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SDELAY

SDSCHEDP = |!ACQUIRES THE SCHEDULER TABLE POINTER (CSCHEDP)
CSCHEDP AND STORES IT IN SDSCHEDP

ACC = CSCHEDP [IEXECUTIVE INCREMENTS CSCHEDP BY

-SDSCHEDP |1 EVERY 16 MSEC.

VES IPOINTER WRAPPED AROUND TO TOP

ACC=ACC +
{LENGTH OF
SCHEDULE TABLE)

NO

ACC» 6

!A TIME DIFFERENCE OF 100 MSEC HAS OCCURRED

VES BETWEEN THE PAST & PRESENT SCHEDULER TABLE
POINTER.

RETURN

Figure B.3.4-7. SDELAY Flow Chart
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—d

TELEMETRY POINT
SYSTE' TABLE ENTRY

TCLEMETRY POINT ¢
SYSTEM TABLE ENTRY

% o1 |

PP PR L ST S o

o

b s e e

Figure B.3.4-3. SDMRUB Flow Chart



IDETERMINE WHICH SIDE
OF THE PDU IS ON.
0 = PDU SIDE AON
1=PDUSIDE BON

IPDU SIDE A ON/

ORIGINAL PAGE 1S
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‘ PDUXSTRAP )

i Leheat?d
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P

S!DE B OFF OR
SIDE B ON/SIDE A OFF

1,3 4
POUSIDE2 = cCa2 |Aéom
TDPUDA< &> A SDFUNCT =5
cMDB CALL __@ IINVERT THE REMOTE UNIT BIT
(PDUSIDEZ2+3) SDMRUB IN ALL PDU PULSE COMMANDS,
4
CMDB (1) - | !RIU =6 SELFON
:
CMDB (2} |!RIU =8 MATE OFF

4
RETURN

PDUNSTRAP

TELEMETRY POINT
SYSTEM TABLE ENTRY

TELEMETRY POINT ¢
SYSTEM TABLE ENTRY

Flow Chart
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B.3.5 GPS DATA ACQUISITION (TDA)

B.3.5.1 GPS Data Acquisition (TDA) Processor Description

The function of the GPS Data Acquisition Processor is the acquisition and

storage of GPS file 7 data for processing by the GPS Flight Segment Ephemeris
Coefficient Update Processor (GCUP). :

This processor is a foreground processor and is normally executed every 0.128
seconds, or 8 times every cycle of the Flight Executive Schedaler Table. This
is 1+he time of - one GPS minor frame of data at the 8 kbps telemetry rate.
Howev:r, when the telemetry rate is 1 kbps, this processor is executed every
1.024 zeconds. B

The GPS Data Acquisition Processor consists of 4 subroutines and a control
function TACQ. These subroutines are listed in Table B.3.5-1 and are diagracmad
in Figure B.3.5-1.

Tests are performed to determine if the GPS data buffer is free and if GPS file
7 data 1is available. The status of the GPS data buffer is set by a flag
(GALFLAG4) in the GPS Ephemeris Coefficient Updata Prccessor (GCUP). The
availability of GPS file 7 data is checked by unpacking the data ready bit in
the GPS bilevel word (GPSBILVL). If the GPS data thuffer 1is free (checked in
TACQ) and if GPS file 7 data is available (checked in GADAQ), the processor will
store a GPS uwminor frame of data. The form of GPS file 7 is shown in Table
B.3.5-2. ’

1f eicher of these tests is unsatisfied, the current file 7 data set will be
bypassed by execution of the resync prccess.

The GPS Data Acquisition Process.. utilizes no system table and generates no
telemetry reports.

Detailed processor description by subroutine is presented in Section B.3.5.3 and
detailed flow charts presented in Section B.3.5.6.

LSD-WPC-263
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Table B.3.5-1. GPS Data Acquisiticn (TDA) '

GPS Data Acquisition (TDA)

Number: 4
Type: Foreground
Priority: 4
Period: ‘ Nominally 0.128 sec
' Possibly 1.024 sec (1 kbs telemerry rate)
Function: Acquisition and storage of GPS file 7 dam

for utilization by the GCUP processor

Subre: nes:

GACQLD Cold start initialization
GASYNC Resync
GADAQ GPS data acquisition
GABUFFR - Store wminor frame iato buffer
Procs:
PREQ Calculate constant to allow exec data to

be referenced by applications processor
DATABLK Get block of data frow main telemetry

PCTL
(UGCUP,REQ,INIT) Request executive to execute GCUP processor
with initiali:ation

PCTL
(UGCuP,REQ) Request ~xecutlive to execute the GCUP i
processoi ;
i
Svstem Tables: None I
i
Telemetry Reports: None !

Lop-.PU=-263



Table B.3.5-2. GPS File 7 Data

NAVIGATION BEIST ESTIMATE

Bits Cni-s
Syne (EDEEO)Ib 20 SA
FPile ID = 7 4 None
Frame ID = 1 8 Ncne
Checksum 16 Na
TRI(TCG) usec
Time (GIS) sec
X ECEF Pos:itic meter
ECET Position meter
ECEY Posizticao meter

N P Bl o<
(93] T
[ K
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*ef
~
(11}

’.—J
(o]
[¢]
(a4
ct
-3

2 ECET Velocity

 UTC Clock Bias (b).

UTC Clock Bias Rate (D)
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Positioz Variacce
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Clecck Suas 2ate Variaizce
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This is done in subroutine GASYNC.

If the tests are passed, the subroutine GADAQ is executed and the file 7 data

minor frame is stored in buffer. The GPS minor frawe of data consists of 12

words in Mission Format or 5 words in Engineering Format. When 120 data words
have been stored, a request is made for the execution of the GPS FS Ephemeris
Coefficient Update Processor (GCUP). This is accomplished i1in the subroutine
GADAQ, after checking to see if the nuvmber of stored words (GALVOFST) is greater
than or equal to GALVMXWD (number of stored words at which point the buffer is
full). .When GALVOFST D>GALVMXWD, GADAQ requests the Flight Executive to schedule

the execution of GCUP, and resets appropriate flags to prepare for acquisition
of new data.

B.3.5.2 GPS Data Acquisition (TDA) Processor QOperation

The TDA Processor consists of the control function TACQ, and the four
subroutines as previously listed. A detailed description of the control

function and the subroutines is presented in Sections B.3.5.2.1 through
B.3.5.2.5. '

B.3.5.2.1 Control Function TACQ

TACQ is the control function which unpacks the data ready hit of the~GPS bilevel
word and determines 1f the resync process is in effect (GALFLAG4 <> 0). The
resync processor (GASYNC) 1is called whenever errors occur during data
acquisition. Data is ignored until the "data ready"” bit becomes zero, at which
time the resync process terminates (GAGFLAG4=0). For the next execution of TDa
after resync, the input will be the first set of lata for a new file. If no

resync 1is in progress, t.e vroutine GADAQ 1is called to perform the data
acquisition process.

B.3.5.2.2 GACOLD Subroutine

GACOLD is the routine which initializes variables when a "cold start” condition
exists (bit 1 and 2 of the ACCUMULATOR 1s set when the module TDA is called).
~Thése variables are flags and counters, to define buffer ready status,
(GAGFLAG3:, resync status (GALFLAG4), and <cold start flag, and initializes
couaters for data dropout and buffer not free.

B.3.5.2.3 GASYNC Subroutine

GASYNC is the resync processor wnich allews the Telemetry Data Acquisition
Frocessor to ignore any questionable input GPS file 7 data. GASYNC assumes that
the data ready flag contained in the &PS bilevel word is set when data is
available and is reset (zero) when data stops. GASYNC checks the data ready
flag (GALVDRDY) and if it is set (ready), the resync process continues. If data
is not ready, the resync flag is reset and the resync process is discontinued.

LSD-WPC-263
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B.3.5.2.4 GADAQ Subroutine

GADAQ first checks to make sure the data ready flag is set (GALVDRDY <> 0). For
the first GPS file 7 minor frame data, this process checks the GPS input data

word 3 and makes sure the input if file 7 data and the sync words 1 and 2 are’
legal. If either of these checks faill, the resync process is initiated by

setting the flag GALFLAG4. If these checks pass, GADAQ tests the buffer ready
flag (GAGFLAG3). If reset (zero), this flag indicates that the background
program (GCUP) which uses the GPS data, is finished with the buffer and new data
may begin filling the buffer. If GAGFLAG3 is set (non-zero), the previous file
7 data has not been processed by the background program and the current file 7
data will be considered lost and the resync flag will be set. If new data is to
be acquired, the routine GABUFFR will be called to store the GPS file 7 uainor
frame data. If the buffer is not yet filled, control will return to TDA. If
the buffer i{s full, the buffer ready £flag 1s set (GAGFLAG3I=1) and certain
variables are reset for the next GPS file 7 data.

B.3.5.2.5 GABUFFR Subroutine

The routine which stores the data from each minor frame into the buffer
(GAGBGBUF) 1is known as GABUFFR. This routine extiacts the telemetry format from
TMSTAT! of the telemetry data stream. 1If the data is in iission Format, the
first 12 GPS file 7 words are stored into the buffer. Otherwise, the firstc 5
GPS flle 7 words are stored. After the proper number of words are stored, che.
buffer pointer is adjusted for the next set of GPS file 7 daca.

B.3.5.3 GPS Data Acquisition (TDA) Software Constraints

18D

B.3.5.4 GPS Data Acquisition (TDA) Svstem Tables

None

B.3.5.5 GPS Data Acquisition (TDA) Telemetry

Noue

B.3.5.6 GPS Data Acquisition (TDA) Flow Charts

See Figures B.3.5-2 thru B.3.5-5.
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CASYNC7 GADAQ3
GABUFFR‘ \O)E
l PCTL(UGCUL?, PCTL{UGCU?
DATABLK‘ l CREQ, INIT) REQ)
Figure B5.3.5-1. TDA Top Level Diagras
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ORIGIMAL s

TELEMETRY DATA ACQUISITION

IF
ACCUMULA

Ve,
L= TRGT iy
OF POOR Guagry

COLD START TEST

YES CALL

.AND.
3 INITIALIZE ‘GACOLD
<502 VARIABLES
NO
v
Sﬁ#}'?&igni vL) |UNPACK DATA READY
AT BIT; THIS IS BIT 8 IN
OCTAL 200 GPSBILVL
F IN RESYNC MODE?
GALFLAGS YES CALL
® GASYNC
. 1
? 3

CALL
GADAQ

K

RETURN

Figure B.

3.5-2. TACQ Flow Chart
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: ‘ GACOLD ’

§

GALFLAG1 =0 SET 1ST FRAME FLAG

GALFLAG4 =1 SET RESYNC FLAG .

EQGVF7D0 =0 RESET DATA DROPOUT COUNTER
EOGVNFRE =0 RESET BUFFER NOT FREE COUNTER
GALVOFST=0 RESET GPS DATA BUFFER POINTER
GAGFLAG3=0 RESET BUFFER READY FLAG
GALVINIT =1 SET COLD START FLAG

CALL SET UP lNITIALIZATlON FOR
PREG DAT1PROC -
RETURN

GASYNC

IS DATA
READY?

NO

5

DATA READY

RETURN TO
TACQ

YES
DATA NOT READY

GALVOFST =0 RESET GPS DATA BUFFER POINTER
GALFLAG1 =0 SET FIRST DATA FRAME FLAG
GALVDAQ =0 RESET DATA ACQUISITION FLAG
GALFLAG4 =0 RESET RESYNC FLASG

RETURN

FIGURE B.3.5-3 GACOLD,GASYNC Flow Chart
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GPS DATA
ACQUISITION (.
PROCESS

e

PRSI  1

criGINAL FAST U
OF POOR QUALITY

FIRST DATA
FRAME?

. IF
GALFLAG)
=0

?

YES

3

GALFLAGS =1

NO .

tF
DAT1(GPS1) =
GALVSYN1
AND
DATIGPSZ) =
GALVSYN2

PERFORM
DATA
ACQUISITION?

GALVDAQ

-1 IF

DATUGPS3I =

GALVSYN3
?

INCREMENT
BUFFER NOT FiL
COUNTER

CALL EQGVNFRE =

GABUFFER EOGVNFRE + 1

IF
GALFLAG3~
0?

IS BUFFER
FULL?

IF
GALVOFST
>
GALVMXND
?

GAGFLAG3 =1
GALFLAG1 =0
GLAVDAQ =0

GaLvDaQ =1

GALVOFST =0

GALFLAGA =

31 December 1981

FILE?
ACQUIRED

.

SVS-10266
Appendix B

IR S

ARE

THE SYNC
WORDS
LEGAL?

IS THE INPUT

FILE 7 DATAT

GALFLAGY~ 1Y

EQGVFIDO = GALFLAG4A =0

EQGVFIDO + 1

IS THE 15
DATA < GALVDRDY
READY? <>o0
2
NO
L4
1S DATA
STORING IF
IN GALVDAQ =1 YES
PROGRESS? ?
NO
SET RESYNC

INCREMENMNT FILE?7
DHOPOUT COUNTER

YES

CALLPCTL

UGCUP REQINIT

CALLPCTL I
(UGCUP. REQ) REQUEST FLT . EXEC TOD
SCHEDULE EXECUTION
g CF Gcu?
GALVINITC
[ESES———

4

‘ RETURN ’

FIGURE B.3.5-4

GADAQ Flow Chart
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OF PCOR QuaLivy

GABUFFER
TEST FOR

MISSION FORMAT

DAT1 (TMSTAT1)
.AND.
OCTAL 20
<>0

NWDS =
GALVSWD

= a

SET NO OF WORDS (NWDS)
NWDS = GatvizwD | TO 12

CALL

DATABLK (GPS1,
NWDS, GAGBGBUF
(GALVOFST))

7

GALVOFST =
GALVOFST + NWDS

4

RETURN

GET BLOCK OF DATA
FROM MANN TELEMETRY

FIGURE B.3.5-5 GARUFTER TFTlow Chart
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B.3.6 GPS FS EPHEMERLS COEFFLCIENT. UPDATE (GCUP)

B.3.6.1 GPS Eg'Ephemeris Coefficient Update (GCUP) Processor Description

The function of the GPS FS Ephemeris Coefficient Update (GCCUP) processor 1is the
computation of extrapolator coefficients for use ty the Ephemeris Computdtion
(EPHEM) processor for the generation of GPS-based Landsat-D FS position and
velocity. .

This processor is a background processor and is executed nominally once every 6
seconds. The GPS FS Ephemeris Coefficient Update (GCUP) processor is scheduled
by the Flight Executive upon Tequest by the GPS Data Acquisition (TDA)

processor. This occurs when GPS file 7 data is available (120 words stored in
the GPS data buffer). -

The CCUP processor consists of 10 subroutines as delineuted in Table B.3.6-1,

and diagracomed in Figure B.3.6-1. Additionally, the processor has a control
function GCUP.

©, LSD-WPC-263
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P Table B.3.6-1. GPS FS Ephemeris Coefficient Update (GCUP)

Number:
Type:
Priority:
Period:
Function:

Subroutines:

GUCOLD
GUTEST
GUDAT
GUFCON
GUFTF
GUGDCT
GUCOEFF
GUINIT
GUFROCGP
GUECC

Systea Tables:

# Mneumonic Type

63 GPERMIT Constant
64 GMAJOR Variable
65 GMINOR . Variable

Telemetry Reports:

GPS FS Ephemeris Coefficient Updata (GCUP)

None

15

Background

12

6 seconds

Computes z:iutran>lator coefficients for
utilizaticn by EPHEM Processor to generate
LS~-D FS Ephemeris; activated by TDA
Processor '

Cold start initialization

Perform GPS Data Checksum Test

Convert and transform data

Perform GPS Input Data Conversion

Convert GPS Floating to NSSC 1 Fixed Format
Transform GPSP and V from ECEF to EC
Calculate coefficients

Perform GPS Initialization

Process grid point values

Extrapolator coefficients computation

# Words Description
4 GPS Limit Parameters
8 - GPS Coordinate Transformation
Major Parameters
14 GPS Coordinate Transformation

Minor Parameters

i

LSD-WPC-263
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When new GPS file 7 data is available to be processed, the control function,
GCUP, first checks to sgee 1f the processor has to be initialized, and if so,
requests the subroutine GUCOLD, which resets error counters. A checksum test 1is
then performed by the subroutine GUTEST and if satisfied, the subroutine GUDAT

is called which converts the data from GPS to NSSC format (subroutines GUFCoN
and GUFTF). If the data is successfully converted, GUDAT tests position and

€3), and if these checks are satisfied, calls the subroutine GUGDCT. This
subroutine converts the GPS position and velocity vectors frow ECEF coordinates
to Earth Centered Inertial (ECIL) coordinates. If any of the checks referred to
above are not satisfied, the processing is terminated, control is returned to
the Flight Executive, and the complete GPS buffer (GAGBGBUF) is not utilized.

After the data is converted, assuming checks on the
satisfied, the subroutine GUCOEFF 1is called to calculate GPS extrapolator
coefficients. 1f extrapolator cocfficient initialization has to be performed,
the subroutine GUINIT is called to initialize (by GUCOEFF), and then GUPROCGP is
called to process the grid points. This subroutine essentially removes the
oldest grid point data and replaces 1t with a new set of data. The subroutine
GUECC 1is then <called to generate new extrapolator coefficients and a "new
coeflicients ready"” flag is set. This flag 1s checked by -the Epheneris
Computation (EPHEM) processor, and hence, setting GUGFLGUP=2, allows EPHEM te
request new coefficients. Processor control 1is returned to the control function
~C'IP, which in turn returns co...rol at this point to the Flight Executive,

data quality haVve been

The GPS FS Ephemeris Coefficilent Update (GCUP) processor utilizes Flight Segment
Software System Tables #63-65.

B.3.6.2 GPS FS Ephemeris Coefficient Update (GCUP) Processor Operation

This processor ccasists of the control function GCUP and the ten subroutines- as
delineated in Section B.3.6.1l. The control fuanction {s described in the

preceding  section. . Sections B.3.6.2.1 through B.3.6.2.10 describe the
subroutines.

B.3.6.2.1 GUCOLD Subroutine

The GUCOLD Subroutine, cold start initialization, {nitializes or resets

GCUP error counters to zero, and additionally
(GULWTGPP) equal to zero.

various

sets the previous GPS time
The GCUP error counters reset to zero, are:

l. Variance error cor~ter (EOGYARER)
2. Checksum error counter (EQOGVCSEC)

3. Difference error counter (EOGVDERR)

LSD-WpPC~263
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4. EGPS time error counter (EOGVGTER)

5. Shift error counter (EOGVSHER)

After execution of this subroutine processcr control is returned to the GCUP
control functien. ) ’

B.3.6.2.2 GUTEST Subroutine

 GUTEST performs the GPS data checksum test. Every two 8-bit GPS words are
combined to make a 16-bit word and these values are added to the running sum.
The record checksum (words 5 and 6 in GPS file 7) are not added. After the
calculated checksum 1Is formed, this value 1is tested equal to the record
checksum. 1f these 'checksuas are different, an error flag (GULFCSER)"is set,
the running checksum error counter (EOGVCSEC) 1is incremented, and control
returns to the module GCUP.

B.3.6.2.3 GUDAT Subroutine

GDAT 1is the routine which manipulates the input GPS data. The GPS data
conversion routine (GUFCON) is called to coavert the data from floating point to
fixed polnt format and if the conversion is good, the position and velocity
error varlances are checked within limits. If the variances are good, GUDAT
calls the routine GUGDCT to perform the transforuation of position and velocity
from the ECEF to the ECL coordinate system. Any errors will cause the flag
(GULFLGER) to be set and control returned to the GCUP control function.

B.3.6.2.4 GUFCON Subroutire

GUFCON 1is the routine which perforus the GPS file 7 data conversion. GPS time 1s
converted from 48 bits to a triple precision fixed point nuaber. The general
purpose routine (GUFTF) 1is called to convert the double precision 48-bit
floating poiant X/Y/Z position compounents, the 32-bit single precision floating
polat X/Y/Z velocity components, and the 32-bit single precision floating point
position and velocity variances to scaled double precision fixed point values.
If there are any shift erors from GUFTF, the error counter (EOGVSHER) is
increwented by 1 except for variances. In the case of variance shift errors,
the error counter FEOGVARER is incremented by 1.

In the case of either ervor, however, processing is teruninated and control
returns to the GCUP control function.

8.3.6.2.5 CGUFTF Subroutine
GUFTF is the conversion routine which will accept a single or double precision

floatiug point GPS. value and, wmaking use of the scale facror supplied, will
convert this value to a double precision fixed point value.

LSD-WPC-263
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After the ouibuc words have been formed, the exponent and the input scale factor
argument come into play. This input scale factor represents the required number
:f iateger bits.

GUFTF checks to make sure the number of bits to shift is not a negative value.
;..is 1is an error condition which causes the flag GUFLFLGER to be set, terminate
GUFTF processing, increument the shift error counter, and return control to the
GCUP control function.

B.3.6.2.6 GUGDCT Subroutine

GUGDCT transforms the time, position, and velocity data from the GPS coordinate
system (Earth-Centered Earthed-Fixed) to the attitude control coordinate systen
(Earth-Centered Inertial “"true of date"). GUGDCT converts the GPS " time to
spacecraft time and uses this spacecraft tiwe in the calculation for the R.A. of
Grecnwich. The sine and cosine of the R.A. of Greenwich are found wusing the
double precision sine and cosine routines. The transformed position and
velocity components are finally calculated wusing the wuplinked elements of
cocrdinate transformation matrix, which accounts for the components of pole
wander.

B.3.6.2.7 GUCOEFF Subroutine

GUCOEFF checks to see if the initialization is required. If it is, GUINIT is
called to initialize the grid point values and GUPAOCGP is called to process and
update the grid poiat values. 1f inictialization {s complete, GUCOEFF tests the
input time to make sure a new data set is available. The grid point processor
(GUPROCGP) 1is executed and finally the new extrapolator coefficients are
computed in the routine GUECC. )

B.3.6.2.8 GUINIT Subroutine

GUINIT is an initializing routine which is called only on the first pass of the
module GCUP. The primary purpose is to set the initial times which are used in
the grid point processing component GUPROCGP. The initial process flag
(EOGVINIT) 1is set to 2 and the queue buffer pointer for grid values {s set to 1.

B.3.6.2.9 GUPROCGP Subrcutines

The routine GUPROCGP is called whenever valid diata is present. This is the gria
point processor which determines the times and yzrid point values to be used in
order to maintain the range of grid spacing needed to extrapolate the GPS darta
using a modified Hermite 2 point extrapolator polynomial.
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B.3.6.2.10 GUECC Subroutine

GUECC 1initially updates rne 2nd grid point time and then performs the
extrapolator coefficlient computation using a mnodified Hermite 2 point
extrapolator polynomial. The coefficients calculated in this routine are then
used by the Ephemeris Computation Module (EPHEM). The flag GUGFLGUP is set 'to 2
to notify EPHEM that new coefficients are veady.

B.3.6.3 GPS FS Ephemeris Coefficient Update (GCUP) Software Constraints

Execution of the GCUP processor is achieved by request froz the TDA processor
and the setting of the new GPS data ready flag (GAGFLAG3 <> 0) in TDA Processor.
This processor makes wmany checks on data quality. Failure of any of these

checks would negate generation of extrapolator coefficients for the data"set and

would result in loss of the coumplete 120 words in the GPS buffer (GAGBGBUF).

B.3.6.4 GPS FS Ephemeris Coefficient Update (GCUP) Svstem Tatcles

System Table #63, GPERMIT-GPS Limit Parameters, consiscs of 3 parameters
providing 1limits for checks on GPS data qualitv and permissible limit on time
difference for new GPS data set. These parameters arc norximally constant.

System Table #64, GMATOR-GPS Coordinate Transfcrmation Major
consists . of & parameters utilized in the transformation of GPS ephemeris data
from ECEF coordinates to tEarth Centered Inertial coordinates. These parameters,
utilized in the GUGDCT subroutine, are periodically updated.- -

System Table #65, GMINOR-GPS Coordinate Transforamation BHinor
consists of 6 parameters and a table reload flag. The 6
periodically updated, although with varying requirec wupdate f£frequencies, are
utilized in the GUGDCT <cubroutine in the conversion of &PS data froa ECEF
coordinates to ECI coordinates.

paraimeters,

LSD-W2C-263
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Using
Entry Name TLM Type Subroutine . Description

System Table #63 = GPERMIT (Gis Limit Parameters)

0000 = EIGWPVAR C GUDAT Limit on GPS positional error
- i variance .
0001  ELGWIDIF c GUCOEFF Maximum time difference . for new
: GPS data set
0003  ELGWVVAR c GUDAT Limit on GPS velocity error
. ' variance

LSD-wWpPC-263
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. Using
Entry Name TLM  Type Subroutine Description
System Table #64 = GMAJOR (GPS Coordinate Transformation Major Parameters)
0000 EL1GWDH \ CUGDCT Nutation correction to R.A. of
: Greenwich
0002 E1GWDT v GUGDCT Difference between ephemeris
time and universal time
corrected for polar motion
0004 E1GWP . v GUGDCT Angular coordinates of
- instanteous North pole relative
to adaptive North pole
0004 E1GWQ v GUGDCT Angular coordinates of
instantous North pole relative
to adaptive North pole
LSD-wPC-263
B.Z-54
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Entry

Name ~ TLM  Type

Using

Subroutine -

Description

System Table #65 ~ GMINOR (GPS Coordinate Transformation Minor Parameters)

0000

0001

0004

0006

0008

0011

* 0013

* NOTE:

ELGVCW v
ElGWCTo v
EL1GWEEY. \
E1GWRAGO - v
ELGWTRAG v
ELGWWE v
GMINOR+13 F

This entry in the process of being moved to the top of the table

GUECC

GUGDCT

GUGDCT

GUGDCT

GUGDCT

GUGDCT -

GCUP

' Time interval between GPS time

Constant used in GPS coefficient
computation

Constant used in converting from
GPS to spacecraft time

resets

Initial value of Greenwich
Right Ascension

Epoch time for ELGWRAGO
computation

Earth”s mean sidereal rotation
rate

Table reload flag

LSD-WPC-203
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B.3.6.5 GP®S FS Ephemeris Coefficient Update (GCUP) Telemetry

None

B.3.6.6 GPS FS Ephemeris Coefficient Update (GCUP) Flow Charts

See Figures B.3.6-2 thru B.3.6-11.

LSD-WPC-263

[P LS |



QR\G\NI\‘-l
OF.

Pﬁﬁﬁ‘g
pOOR.QUALﬂY

GCupP l

| CUCOLD‘

GUTES'I'2

CUOAT}-—] I CUCOELFF,

I

SVS-10266 -

-Appendix B
31 December 1981

T —

CUPROCGP,J [ CA)ECC3
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3

RESET ERROR FLAG

PERFORM
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TEST .
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Goon? CHECKSUM BAD
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CO.FFICIENTS GUCOEFF
4
RETURN

GCUP Flow Chart

‘R.Z-58

A

% Baiis et P s Vi L, amad E

h

SV5-10266
Appendix B
31 December 1981

I A R N

K

e

v Bu de



GRIGNAL ¥

' COLD START
( GucoLp )lNITIALlZATION

i

EOGVARER =0
EQGVCSEC=0
_EOGVDERR =0
-EOGVGTER =0
EOGVSHER =0
 GULWTGPP =0

RETURN
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pgﬁﬁkb

ALITY

RESET VARIANCE EHROR COUNTER
RESET CHECKSUM ERROR COQUNTER
RESET DIFFERENCE ERROR COUNTER
RESET GPS TIME ERROR COUNTER
RESET SHIFT ERROR COUNTER

" SET PREVIOUS GPS TIME TO 0

Figure B.3.6-3. GUCULD Flow cChart
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PERFORM GPS DATA 'GUTEST
CHECKSUM TEST -

3

GET THE GPS-GENERATED
CHECKSUM

GULVTEMP =(GAGBGBUF(5)°256)

+{GAGBUGBUF}(6).AND.OCTAL37?)

RESET THE CHECKSUM
ERROR FLAG

GULVSUM =0
GULFCSER =0

v

COMPUTE THE
CHECK sUM

FOR (I = 1; {1 < GULVMXCK]);
=142}

GULVSUM = GULVSUM +

SHFTLIGAGBGBUFII), 10} +

SHFTULIGAGBGBUF({I+1), 2}

TEST THE
CHECKSUMS
TO SEE IF
BAD

Figure

I

\F
GULVSUM

<>

YES
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SET CHECKSUM ERROR FLAG
INCREMENT CHECKSUM
ERROR COUNTER

2{GULVTEMP)
?

CHECKSUM BAD

NO; CHECKSUM OK

GULFCSER =1
EOGRVCSEC =
EOQOGVCSEC +1 -

RETURN

B.l,0-9.

GUTEST Flow Chart
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BT E L A S S U T
Ox’-l‘.'.'.‘.‘t."‘.u £ “'
Of POOR QUALITY
COMVERT AND TRANSFORM ¢~
DATA GUDAT
CONVERT DATA FROM ‘CALL
GPS TO NSSC FORMAT GUFCON
RESET BUFFER FLAG | GAGFLAG3~0 CHECK IF POSITILN &
VELOCITY VARIANCE
ERRORS ARE OK PERFOAM
1F * TRANSFORMATIONS
GULWPVAR FROM
1S DATA < EIGWPVAR “CALL ECEF
CONVERSION : > "AND. - GucDCT 10
Goog? Ect

........ T COORDINATES

SET ERROR FLAG
AND INCREMENT

VARIANCE ERROR
} COUNTER

GULFLGER=~1 |
EOGVARER = {
EOGVARER + 1 {

RETURN

— = = TELEMETRY POINTY
ssecess SYSTCHY TABLE ENTRY

= TELEMETRY POINT ¢
SYSTEM TABLE ENTRY

Figure 8.3.6-5. GUDAT Flow Chart
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ORIGHIAL SAAE ju FROM ECEF TO ECt COORDINATES -
slaain i, ST G M) .
CF FOOR GUALITY
' GUGDCT
EIGWCTO =
FEST FOR SAT EIGWCTO + EIGWEEK
ITE RESET GULWTGPP = GULWTGPM.
 ADD MILLISEC IN WEEK
NO AND SAVE TIME FOR NEXT TEST
OGWTDAT =
CONVERT GPS TIME TO SUEWTGPM+
A
SPACECRAFTTIME | ¢ o
COMPUTE RIGHT GULWRAG = EIGWRAGO + EIGWDH

ASCENSION OF GREENWICH + EIGWWE(EOGWTDAT ~ EIGWTRAG

COMPUTE SINE AND COSINE
OF RIGHT ASCENSION UF GREENWICH
USING DSIN & DCQOS PROCS

GENERATE FLIGHT SEGMENT PCSITION

N ECI COORDINATES USING GPS DATA
{GULBGCPV({1}), GULBGCPV(2), GULBGCPV(3))

!

GENERATE FLIGHT SEGMENT VELOCITY
IN ECI COORDINATES USING GPS DATA
(GULBGCPV(4), GULBGCPVI5), & GULBGCPV (6}

RETURN

— = = TELEMETRY POINT
ssveses SYSTEM TABLE ENTRY
—— TELEMETRY POINT ¢

Figure 3.3.6-6. GUFCOW Flow Chart SYSTEM TABLE ENTRY
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o CONVERT GPS P&U VECTORS
GITHIAL PALY 1 FROM ECEF TO ECI COORDINATE

GUGDCT

‘ EIGWCTO= .
Lﬁg ;g?eﬁ,” < > EIGWCTO + EIGWEEK
! GULWTGPP = GULWTGPM
ADD MILLISEC IN WEEK
AND SAVE TIME FOR NEXT TEST
v WIDAT =
COMPUTE GPS TIME TO fgﬁ WTGPMs
SPACECRAFT TIME  eTo
COMPUTE RIGHT GULWRAG = EIGWRAGO + EIGWDH
ASCENSION OF GREENWICH + EIGWWE (EOGWTDAT - EIGWTRAG
- EIGWDT)

\

COMPUTE SINE AND COSINE
OF RIGHT ASCENSION OF GREENWICH
USING DSIN & DCOS

!

GENERATE FLIGHT SEGMENT POSITION
IN ECI COORDINATES USING GPS DATA
(GULEGCPV(1), GULBGCPV(2), GULBGEPV(3))

GENERATE FLIGHT SEGMENT VELOCITY
"IN ECI COORDINATES USING GPS DATA
{GULBGCPVI(4), GULBGCPV(5), & GULBGCPVI6)

RETURN

Figure B.3.6-7. GUGDCT Flow Chart
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DIFF = ABS(EOGWTDAT -
- GUGWGTUZ)

NO — ERROR

DATA SET?

IS THIS NEW

CALL CALL
GUINIT GUPRQCGP
INITIALIZATION PROCESS
PROCESS GRID POINTS
GET TIME DIFFERENCE
CALL CaLL
GUPROCGP “_e"_ GUECC

PROCESS
GRID POINTS

GULFLGER = 1 oo
EQGVGTER = EOGVGTER +1

SET ERROR FLAG

COEFFICIENT
COMPUTATION

INCREMENT BAD TIME ERROR COUNTER

< RETURN )

Figure B.3.6~3.

GUCOEFF Flow Chart
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GUINIT

IF

PERFORM GPS
INITIALIZATION

GULWQTNX =0

EOGWGT1 =
EOGVINIT EOGWTDAT - 120000.
=1 LOGVINIT =2
? GULVPTR =1
FIRST PASS OF
NOE  |NITIALIZATION
NGT DONE SET UP GRID POINT TIME
SET UP TIME OF GPS REF.
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A
RETURN

Figure B.3.6-9. GUINIT Flow Chart .
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ey,

GUPROCGP

REPLACE OLD 1ST GRID POINT DATA

 FOR1=1TOG6INSTEFOF1
GULBQ{l.GULVPTR) = GULBGCPY (1)

~ B!

GULBQ (7,_ GU LVPTF}“{B EOGWTDAT

A4

UPDATE TIME FOR
NEXT GRD POINT | GULWATNX = EQGWTDAT + 120000

tF
GULVPTR = %

/

¥

GULVPTR =2

GULVPTR = 1

-3,

FOR1=1TO3INSTEPSOF 1:
GULBPT1{l} = GULBQU,GULVPTR)
GULBVT1(l) = GULBQ!1+3,3ULVPTR)

EQOGWGT1 +
0600N,

UPDATE TIME ~ [
OF CURRENT EOSWGT? = BQ(7,GUL\
ST 1D POINT 3WG GULBQ(7,GULVPTR)
RESET
INITIALIZATION EOGVINIT =0
FLAG

Figure B.3.6-10. GUPROCGP Flow Chart
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LT TSN TCE

fus -~
MRS
or POOR QUaALTY

< GUECC , EXTRAPOLATOR COEFFICIENT COMPUTATION

[IRPGPTRT ) IRy RE-T:

GUCWCTU2 = EOCWTDAT

UPDATE SECOND GULWGTU = GUGWGTU2-EOGWGTI . . . ,
GRID POINT TIME

, COMPUTE SECOND FOR I =1 TC 3 IN STEPS OF 1: - -
GRID POINT CULBPT 2 = GULBGCPV(I) !
EPHEMERIS GULBVT2 = GUIL.BGCPV (1+3)

FOR 1 =1TO 3 IN STEPS OF 1:
COMPUTE NEW .
EXTRAPOLATOR GUGBGCU{I,5) = (GULWKCH4) (GULBPT2(1})
COEFFICIENTS GUGBGCU(I,4) = 21 GULBPT1(1)-GULBPT2(1) ]
- GULWGTU(CULBVT 1(1)+CULBVT1 (1]
‘ - 2 GUGBGCU(!, 5)

CUCBGCU(1,3) = 3ICULBPT2{1)-GULBPTI(1)]
+GULWGTU[2(GULBVTI(I)
+GULBVT2(1)] ,
+GULGRGCU(!,5) '

CUGBGCU(1,2) = GULWCGTU(GULBVT1(}))

GUGCBCCU(l,1} = GULBPTI(I)
} GUGBCCU(},9) = 4(GUGBGCCU(],5)) (CULWCTUR)
GUGBGCU(1,8) = 3(CUCBGCU(!, 4) ) (GULWGTUR)
GUGBCGCU(1,7) = 2(CUGBGCU(1, 3)) (GULWGCTUR)
CUGBGCU(1,6) = (GUGBGCU(1, 2)) (GULWGTUR}

il
SET THE NEW GUGFLGUP=2
COEFFICIENTS -
READY FLAG FOR
EPHEMERIS
COMPUTATION 3
= == = TELEMETRY POINT
RETURN

veesess SYSTEM TABLE ENTRY

Tee——== TELEMETRY POINT ¢
SYSTEM TABLE ENTRY

Figare B.3.6-1l. GUECC Flow Chart
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B.3.7 SPACECRAFT CONTROL PROUCESSOR (SCV)

B.3.7.1 Spaceccatft Control Processor (SCP) Processor Description

Tha SDTECT processor enables SCP ouce SDTECT detects that vna of the two
gepatation detoction switchas (A or B) {s closed. SCP, whose " processor ¢ and
priority ¢ equal 5, {3 then exccutod svery 250 wmsoc,

SCP {nltiates and controirs the execution of the three subprocessors, APCM, EFHEM
and ACS:

Execut{on Frequoeuncy Processor Z Priority g\
APCM = 250 us b 5
EPHM = 512 wa [ S
ACS - 512 ws (normal) o 8 S
250 as (orbit adjust)

SCP uses computer  diata and the processed gyvro data output by GYROD.  GYROD is
scheduled for oxecuti{on by the Hxocutive Scheduler Table (EST) every o4 as  on
antry slot aumbsus 2, o, 10U, 14, etc. Therefore, SCP {3 scheduled {mmodiately
aftor GYRUOD, on entry slot nuabers 3, 19, 33 and 5S1.

Other SCP functions include the caloulatfon and  rtesotting of  (light sof tware
tiwe, the collection of a common computer data sawple for use by APUM, EPHEM,
and ACS, the formatting and commandad output of payload correction data, and the
collection and formatting of a computed data buttevr for use by the Update
Filter. The i sublcoutines (hat comprive the SCP procezsor are shown below:

ser - SCP Matn Routine

COMPDS AV =~ Computer Data Save Processiag

GYCMPFD = Gyvro Diflorvence Processing

r'eh = Pavload Correction Data Processiag
rebry = PCD 8-bic CMD Forwatting Procceaniag
PebEIL = PCD 32-bit CMD Formatting Proceasiag
FRTTME Flight sSotftware Time Update Processtiug

DEUDCODE - DU Tlme Dividiog Proceasing
DPUCONVT = DU Time Couversion Processing
PFRESET = DPU/FST svachronfsation Proceasting
MUUFDATA = Update Filter Data save Proceusing
LabD=Wid=lod
1, I-aH
it g 8, S S —r.vx,m(:ﬁ;&v LT ey e L ot .

e e
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B.3.7.2 Spacecraft Control Processor (SCP) Processor Operation

B.3.7.2.1 SCP Main Routine

The flowchart shown in Section B.3.7.6 describes the detailed software operation
of SCP. Each time SCP is-executed it calls COMPDSAVE and APCM. The current
minor frame and executive scheduler table slot number determines which of the
other subprocessors and subroutines will be activated during each cycle:

1. If the present operation is in the normal modé (i.es, MODE = & and
ICAL = 3), then the ground must set the system table input PCDFLAG to
0. PCD is then called to format and output PCD data. -

2. I1f the present minor frame number is 3, 35, 67 or 99, SCP loads a bit

pattern into word TREPORTS to indicate that. TLM reports from APCM,

EPHEM and TDRS& are needed and should be formatted and stored into the
TLM buffer.

3. I1f the present executive slot. number is 3 or 35, SCP <calls FSTIME, .

EPHEM and ACS. ACS {s also called if MODE = 7. Afcter ACS is
executed, SCP calls the flight executive to retrieve the primary and

redundant converted resolver pulses from TDRS"s RIU #9A or #9B8 and put -

the data into the computer data. The ground must indicate which RIU
is to be used by setting the system table input RPERIU. SCP will then
call MVUFDATA if the Update Filter (UFLTR) has requested data.

B.3.7.2.2 COMPDSAV/GYCMPFD ,

|
These routines are described by the flowchkart shown 'in Section B.3.7.6.
COMPDSAV 1s called by SCP to save a common sample of computer data in buffer
SCDBUF to be used by the subprocessors EPHEM, ACS and APCM. This 15 necessary
since the computer data stored in UCDBUF is updated every 64 msecs for GYROD.

If ACS is to be called duving the present SCP cycle, then the filtered and.

unfiltered gyro data from GYROD processor is differenced by COMPDSAV and
GYCMPFD, respectively. COMPDSAV computes the difference between the past and
present filtered gyro data for each of the three (3) axis currently in use. The
output data GYDIF is used by ACS. GYCMPFD computes 6 gyro differences from the
raw data formactted by GYROD (i.e. two (2) channels per each of the three (3)
gyros). Its output WGD 1is wused by the subroutine GYROFD (Gyro Failure
Detection). .

If UFLTR requests data, then COMPDSAV will save a subset of the computer data
found in UCDBUF and store it in the UFLTR buffer, UFCDBUF. '

LSD-WPC-263
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B.3.7.2.3 PCD
If the spacecraft 1is in normal operating mode, this routine, flowcharted in

Section B.3.7.6, is executed every 256 msec. It performs one of nine actions
depending on the current minor frame number. It may format data using éither

.the PCDF8 or PCDF32 formatting routine. Or it may request that cowmmands be

added to the low priority executive command stack. These commands will then be
sent to the PCD formatter to output attitude, ephemeris, TM TLM or gyro drift
data in subcom word F2 of the PCD Format.

B.3.7.2.3.1 PCDF8. The PCD 8 bit data formatting routine, flowcharted in
Section B.3.7.6, is used to fcrmat TM data and TLH spare data that has been
stripped out of the realtime TLM format or computer data by The OBC.

Consecutive 8 bit words located in the input buffer are packod into vne 16 bit
command in the output buffer. . : :

B.3.7.2.3.2 PCDF32. The PCD 32 bit formatting routine, flowcharted in Section
B.3.7.6, formats attitude, ephemeris and‘gyro drift data. This routine formats
32 bit double precision words into 2 16 bit commands. The 32 bit words have
been compressed from 36 bit OBC double precision words by dropping the second
sign bit and the three (3) least significant bits.

B.3.7.2.4 FSTIME/DPUDCODE/DPUCONVT/TFRESET

The FSTIME routine, flowcharted in Section B.3.7.6, is called by SCP to update
the Flight Software Time (TF) by 512 msecs, only if the present executive slot
number is 3 or 35. If minor frames O - 7 are in the minor frame buffer,
subroutine DPUDCODE (see Section B.3.7.6) is called to unpack and validare the
DPU time c¢onde words from the subcommutator buffer. Any errors detected are
accumulated in word FSDCDSTS. For example, 1f an error is detected when
decoding the number of hundreds of days, bit 12 of FSDCDSTS (written
FSDCDSTS<1Z:12>) is set to 1. The ground will be notified of any decoding error
by two words, DPUDCERR and FSDPUSTS, found in telemetry report number 1l1.
DPUDCERR 1is the number of DPU decode errors and FSDPUSTSK1:1> = 1 is a flag to
signal a decode error has occurred.

I1f the BCD digits are valid, subroutine DPUCONVT (Section B.3.7.6) is called to
convert the decoded digits into a triple precision word, TDPU, which represents
the total number of msecs. The time of the last computer data read 1is then
calculated in the routine FSTIME by the formula
TDPU = TDPU + 36 + 8192 *(2**=TMRATE)
where
TMRATE = 3 for TLM rate 8kbps

= 0 for TLM rate lkbps

L3SD-WPC-263
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For a 8kbps TLM rate, this equation becomes:

TOPU = TDPU + 36 + 1024

which is {llustrated in the following timeline:

Preseut Slot #:
Last Computer Data Read:———

Minor
Frame # l

R N O

-

[ TR
—
i

(W8]

63 7 15 23 31

Time msec -+4ﬂ——-«—-- R 1024 t
X

[98)
(3]

Figure B.3.7~1. Timeline to Calculate Last Compurer Data Read

- The diffevence, TDELTA, between this DPU time and the present TF time is then
calculated and sent down in the TLM stream. It is thea tested to determine
whether or not it lies within the limits, TMIN and TFOX. If it does, then TF is
adutomatically reset to the DPU time. A counter, TFRESET, and a status bit,

FSDPUSTS<3:3>, are updated to reflect the uction and put in TLM along with the
TF. :

1f TDELTA is greater than the upper limit, TFOX, the ground is notified by
telemetry sfatus word FSDPUSTS<2:2>. The ground must then decide whether or not
to allow the large time difference to be resynched by setting the system table
entry USEDPU to a 1 or 0, respectively.

If TDELTA is less than TMIN, the time difference is insignificant and TF is not
reset to DPU tiuwe.

LSD-WPC-263
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B.3.7.2.5 MVUFDATA

This routine, flowcharted in Section B.3.7.6,, 1is called by SCP if UFLTR
requests data from SCP. SCP contains a list of 24 addresses that corresponds to
the data items located in the buffer for UFLTR (i.e., UFCDBUF). The subroutine
COMPDSAVE moves 16 of these words into UFCDFUB. The remalning words are placed

into the buffer by MVUFDATA. The SCP list of addresses includes the following
24 words: . <

i. Raw star tracker data (12 words) - moved by COMPDSAVE
2. Euler parameters (8) - moved by MVUFDATA

3. Magnetometer Data (3) moved by MVUFDATA

4. Magnetic torquer commands (3) moved by MVUFDATA

5. Angular Rates (3) moved by MVUFDATA

6. Flight Software Time (3) moved by MVUFDATA

7. Orbit Position Data (4) moved by MVUFDATA

8. FSS Data (4) - wmoved by COMPDSAVE

B.3.7.3 Spacecraft Control Processor (SCP) Software Constraints

The ground must set the system table word PCDFLG to O when the PCD subroutine is
to be executed (i.e, when MODE=4 and L[CAL=3).

B.3.7.4 Spacecraft Control Processor (SCP) System Tables

The SCP processor uses the data items found in system table number 25 which {is
called SCPCTLTB. For system table load format, see DFCB Volume ILI CMD.

i
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Entry

Name TLM Type Usiny Subroutine

Description

OBC Svstem Table #25 (SCPCTLTB)

Y

| %)

PCDFLAG F SCP
RPERIU C SCP
USEDYU F FSTIME
THOX C FSTIME
I™MIN . C FeTIME

SCP will format aund

write PCD data {f

MODEe4 and TCAL=]

O=format & write PCD
data

l=don”t process PCD
subroutine

WBCS RIU = nominal
RIVU #9A. This RIU i=
used to obtain the
couverted primary
redundant resolver
pulse data which {=s
to be put in the
computer data.
Switched to RIU #98
{f #9A no loager !
functions properis :

Ground must monitor i
TOHELTA {n QBC TLM j
report #11 and dectde |
if {t will accept the |
large TDELTA :
O=don’t resetr TF

I=large THELTA can

reset TF

Upper bound ou TDELTA
tor unconditional TF

resets

Lowetr bound oa TDELTA
tor unconditi{onal TV

S resets. 10 TDELTA

is below this llwfit
TV {s oot reset.

B.X-73
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B.3.7.5 Spacecraft Control Processor (SCP) Telemetry Reports

The status of the. SCP execution is contained in OBC TLM Report number 1l Qhose
mnemonic is ACS ll. The report occurs in TLM minor frames 30, 62, 94, and 126¢.

The first word (word 0) is output in colvmn 35 and gives the report number. The

remaining words are output in columns 91-95 and 108--127.

A telemetry alarm, FSDPUSTS<1:1> = 1, will occur 1f an error 1s found when
decoding the DPU time.  Another alarm, FSDPUSTS<2:2>=1, will occur if the

difference, TDELTA, of the present TF and the DPU of the most recent computer

data read is greater than the maximum limit, TFOX.

LED-wPC-263
R.3Z-74

o Sadlinaidi

—bas




gt et T
ORIGINAL FAGE 13

OF POOR QUALITY A Appendix B

SVS-10266

31 December 1981

Entry Generating
Number Name Subroutine Description/Coument
OBC TLM Repor: #11 -~ ACS 11
1 TF FSTIME or Flight Software Time - it is. updated
FSRESET every 512 msec when executive slot
number is 3 or 35. It {s reset to
DPU time whern minor frame 7 is in
the minor frame buffer if TDELTA is
within the limits TMIN and TFOX or if
the ground allows the update.
7 TDELTA FSTIME Differerce between TF and DPU time’
13 DPUDCERR FSTIME Counter of the number of DPU decode
: errors . '
14 FSDPUSTS FSTIME or Flight software time computation
FSRESET status word:
FSDPUSTS<1:1> - DPU decode error *
FSDPUSTS<2:2> - Large TDELTA *
FSDPUSTSK3:3> =~ TF reset to TDPU
0 = NO, 1 = YES
15 TFRESET FSRESET Counéer that indicates the number
times that TF has been reset to TDPU
*TLM ALARM

LSD-#WPC-2063

R,3-75

e ATt




SVS-10266
Appendix B
31 December 1981

B.3.7.6 Spacecraft Conirol Processer (SCE) Flow Charts
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SELECT
CASE
MINORFR:9
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(MINOR FRAME 127)
CASE 1
CALL PCDF8 CALL PCDFB
(TMDATA,32) {TLSDATA,16) .
IFORMAT TM DATA IFORMAT TLM SPARES
o
{MINOR FRAME 1)
CASE 2 .
CALL PCOFR2 CALL PCOFI2
(ATTDATA4) (EPHDATA8)
IFORMAT ATTITUDE DATA  IFORMAT EPHEMERIS DATA
{MINOR FRAME 15)
CASE 3
CALL CMDS CALL C14DS -
(ATTCHDS 8) {EPHCMDS.12)
IOUTPUT ATTITUDE DATA  (QUTPUT EPREMERLS DATA |
(MINOR FRAME 33)
CASE 4 [
CALL PCOF32 -
(ATTDATA 4)
{MINOR FRAME 47)
CASES
CALL CMDS CALL CMDS
(ATTCMDS.8) (TMCMDS, 16)
o
(INOR FRAME 65)
CASE 6
CALL PCOF32 CALL PCOF2
(ATTDATA,4) {EPHDATA.6
o e e
(MINOR FRAME 73)
CASE?
. CALL CMDS ALL CMDS
{ATTCMDS 8) (ZPHDATA,12]
{MINOR FRAME 97) ( )
rc—“s-—sld CALL PCDF32 CALL PCDF32
(ATTDATA 4} {DREDATA.3)
IFORMAT DRIFT DATA
(MINOR FRAME 111)
CASE 9
CALL CMDS CALL CMDS CALL CMDS
{ATTCMDS 8) {ORFCNDS,6) {TLSCMOS,18)
IOUTPUT DRIFT DATA IOUTPUT TLM SPARE DATA
ELSE NO
CASE PCO
PROCESSING
REQUIRED

L.SD-WPC-263

Figure B.3.7-3. PCD Flow Chart
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PCDF8

OUTPTR=1 |

{ Do1- :
= DO =1, NITEMS?2 |

| OUTBUF ~ 9:16 > (OUTPTR) = INPUT ~ 1:8~ (1) |

| OUTBUF < 1:8> (CUTPTR) = INPUT < 1:8 > (1+1) |
2 v
| OUTBUF\ 17:18 ~ (OUTPTR) = PCD LINE ADDRESS - 1:2 >
Y

| OUTPTR = OUTPTR +1 |

RETURN

Flpure Bo).7=-4. PCDFS Flow Chart
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PCDF32

é .
| outPTR=1 |
¥

P MU A L TY e S

IINDEX INTO A BUFFER OF -~
18 BIT NSSC-1 WORDS INPPTR = 1_|

> DOI=1NITEMS |

IMSBS OF ITEM | OUTBUF < 1:16 > (QUTPTR) = iNPUT < 3:18 > (INPPTR) |

¢

QUTBUF < 17:12 > (OUTPTR) = PCD LINE ADDRESS < 1:2 >

v

| OUTBUF < 17:18 > (QUTPTR + 1) = PCD LiNE ADDRESS < 1:2> |

v

OUTBUF < 15:16 > (OUTPTR + 1) = INPUT < 1:2 > (INPPTR)
v

ILSBS OF ITEM OUTBUF < 1:14> (OUTPTR + 1) =.INPUT < 4:17 > (INPPTR + 1)

| OUTPTR=0UTPTR+2 |

INPPTR = INPPTR +2

\V

RETURN

Figure 8.3.7-5. PCDF32 Flow Chart
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18CO DIGITS ARE VALID SO CONVERT TO BINARY

ICOMPUTE THE CORAESFONDING Ti*tE OF LAST

FSOPUSTS < 1:18> »0 | ICLEAR ANY PAST INTERANAL STATUS BITS
i -
caLL
DPUDGODE {DECODE BCO TIME
G
FSOCSTS ™\ YES CALL
< 1:18> =02 DPUCONVT
NO L
DPUDCERA = i iiiag
DFUDCERR *+ 1 (2 TMRoaTE) | COMPUTER DATAREAD
FSDPUSTS - |
LSDRUSTS. TDELTA:
ZTf>ed 10T |

ILARGE TIME JUMP
DETECTED, THEREFORE,
FLAG CONDITION ~ -

IN STATUS WORD.

IWILL GROUND ALLOW UPDATE?

RESYNC TO
bpu
IRF RESEY TO TDPU TF = TOPY
TFRESET »
ICOUNTER UPDATED FRRESET* 1

|-

ESQPUSTS < 3:3>

ISTATUS 81T UPDATED

RETURAN

(Crerm )

e A A ke b ARt 2 ot e e a o i

Figure B.3.7-6.

FSTIME Flow Chart
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DPUCONVT

DAYS =
uD + 10°
{TD + 10°HD)

v

SECONDS =

US + 10*(TS + 6°
{UM+ 10°(TM + 6°
(UH + 10°TH))))

.

NTWOSECS =
SECONDS/2

¥

KMS =
SECONDS//2 t//~REMAINDER

!

N16THMS =

FMS + 16°(UMS

+ 10%(TMS + 10*
(HMS + 10*KMS)))

-

TOPU=
MSPERDAY*

DAYS + NTWDSECS*
MSIN2ZSEC +
N16THMS < 3:17>

!

TDPU < 8:17 > (3} = | 'LEAST SIGNIFICANT
N16THMS < 1:8> WORD OF TDPU

RETURN

LSD-WPC-263

Figure B.3.7-8. DPUCONVT Flow Chart
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B.3.8 EPHE&ERIS CCMPUTATION (EPREM)

B.3.8.1 Ephemeris Computation (EPHEM) Processor Description

The Ephemeris Computation (EPHE{) processor determines the Landsat-D Flight
Segment position and velocity and TDRS East and/or West.-position, as desired.
Polynominal interpolation or extrapolation techniques are used to compute the
desired ephemeris at the specified time points. EPHEM determines FS position
and velocity using coefficlents generated in the UCUP processor. These
coefficlents are based on uplinked OBC parareters and/or GPS receiver data. The
data source(s) to be used are specified by the Ground Segment. TDRS East arnd/or
West ephemeris 1s computed utilizing coefficients generated by the TCUP
processor which 1s based on uplinked OBC parameters. The EPHEM processor then
generates OBC Telemetry Reports 13 through 19 which present ephemeris data.
These are discussed in detail in Section B.3.8.5. ’ '

The Ephemeris Computation (EPHEM) processor is a foreground processor called by
the Spacecraft Control Processor (SCP), and is nomfinally executed every 0.512
seconds, or twice every computer major cycle. The SCP calls the EP'"EM processcr
every other time it is executed. EPHEM has a priority of 5.

The EPHEM processor consists of 8 subroutines and a control function, EPHEM.
These subroutines are delineated in Table B.3.8-1 and discussed in detail in
Section B.3.8.2, with detailed flowcharts presented in Section B.3.8.6. Tte
processor 1s diagramed in Figure B.3.8-1. |

LSD-%PC-260
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Table B.3.8-1. Ephemeris Computation (EPHEM)

Number:
Type:
Priority:
Period:
Furnction:

Subroutines:

ECCOLD
ECFSBLD
ECFCALC

ECGPBLD
ECGCALC
ECTDBLD
ECTCALC
ECTELEM

System Tables:

# Mneumonic Type
31 EPERMIT Variable
32 EPARAM Constant

Telemetry Reports:

OBC Reports 13 through 19

5

Foreground

5 .

0.512 second

Determination, at a given point in time, of -
Flight Segment position and velocicy (from
uplinked OBC parameters and/o> GPS data) and
position of both Iracking aad Data Relay_
(TDRS) Satellites scheduled by SCP.

Cold start initialization

Testing and processing uplinked FS coefficients
Computation of position and velocity for

flight segment from uplinked data

Rebuild of GPS extrapolaror coefficients
Computation of GPS FS ephemeris

Testing and processing of TDRS coefficients
Computation of TDRS position components

Format data and output to telemetry

#f Words Descript.on
5 Processing Permitted Flags
13 Ephemeris Parameters

LSD-WPC~263

B.I-864
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B.3.8.2 Ephemeris Computation (EPHE!) Processoc Cperation.

B.3.8.2.1 EPEEM

The EPHEM control function first checks to see 1f the processor has to be
initialized, and if so, calls the subroutine ECCOLD. It then checks whether FS
ephemeris processing from uplinked OBC parumeters, FS ephemeris processing from
GPS .data, and TDRS ephemeris processing from uplinked OBC parameters are
permitted. If processing 1is permitted for the particular ephemeris, two

routines are called by EPHEM. One routine i3 used to vebuild the coefficients
table with new values and the other routine periorms the calculations which

determine the final ephemeris components. The two routines for the uplinked FS-
ephemeris are ECFSBLD and ECFCALC, for GPS FS ephemeris ace ECGPBLD and ECGCALC,

and finally for uplinked TDRS FS ephemerides are ECTDBLD and ECTCALC. If the

check fails for the particular ephemeris, EPHEM ignores ‘the calls to the

routines mentioned above. Thre final process to be performed is to output the

Telemetry data by calliang ECTELEM.

3.3.8.2.2 FECCOLD

ECCOLD sets flags regarding coefficient sources (UCUP, TCYP, and GCUP) and sets
upper grid times to zero for both the Flight Segment and TDRS, and returns to
the control function. -

B.3.8.2.3 ECF3BLD

ECFSBLD checks for new uplinked FS OBC parameters. If spacecraft tice exceeds
the new data start time, ECFSBLD sets the flag FUGFLGUP=2 to tell the background
wodule (UCUP) to move this data to the working area. ECFSBLD also requests the
execution of the background rvocessor UCUP. ECFSBLD replaces old interpolator
coefficients with new from the slow loop module UCUP. In order to perfori this
task, the following two conditions must be met - the software time must exceed
the fit intervale upper time limit and new coefficients must be available (flag.
FUGFLGUP=3). These new coefficlents replace the old coeflicients and th fit
interval is advan~ed by the grid inteval time. VFinally, the new coeffici nts
ready flag (FUGFLGJP) s set to 4 for the slow loop module UCUP.

g.3.8.2.4 ECFCALC

ECFCALC computes the position and velocity components for the uplinked FS
ephemeris. The normalizea time is cumputed and this time, along with the
interpolator cecefficients (old or n=w), are used in the four point Heraite
polynominal interpolation algorithm to obtain the final FS ephemeris components.

LSD-WPC-263
B.3-88
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"B.3.8.2.5 ECGPBLD

ECGPBLD replaces old extrapolator coefficients with new from the background
module GCU?P. This replacement only occurs if the new coefficients ready flag
GUGFLGUP=2. These aew coefficients replace the old coefficients and the fit
intervai is advarced. Finally, the new coefficients ready flag (GUGFLGUP) is
set to 3 for the background module GCUP.

B.3.8.2.6 ECGCALC

ECGCALL computes the position and veloclity comr-uents for the GPS FS ephem-zris.
The norralized time 1is computed and wusea 1long with the extrapolator
coefficients (old or new) to calculate the GPS . ephenmeris components.

B.3.8.2.7 ECTDBLD

ECTDBLD checks for new uplinked TDRS E.C. data. 1If spacecraft tire exceeds the
" new data start time. ECTDBLKD szts the flag TUGFLGUP=2 to tell the background
module (TCUP) to move this data to the working area. ECTDBLD also requests the
execution of the background processor TCUP. ECTDBLD replaces old interpolator
coefficients with new from the slow loop wmodule TCUP. This replacement
procedure is bypassed if the following two conditions are not met - the software
time must exceed the fit interval upper time limit and new coefficients must be
available (flag TUGFLGUP=3). If the above conditions are met, the old
coefficients are replaced by the new and the fit interval 1s advanced by the
grid interval time. Finally, the new coefficients ready flag TUGFLGUF ig¢ set to
4 for the slow loop module TCUP. '

B.3.8.2.8 ECTTCALC

ECTCALC computes the . TDRS position components for TDRS East and TDRS West
ephemerides. If TDRS Egst processing 1s required, the East normalized fit time
is calculated and this time, along with the East interpolator coefficients (old
or new) are used in the four point Hermite polynomial irnternolation algorithm to
obtain the final TDRS position components. The same process 1is followed to
cbtain the TDRS West position components. o '

B.3.8.2.9 ECTELEM

ECTELEM formats the output for the Landsat-D Computer Geuerated Telemetry
raports. There are sever. separate Ephemeris reports which are 1issued during
certain minor frames of the Landsat-D flight software processing cvcle.

Four routines are used for formattiog taese telemetry reports. The first
routine (MOVINIT) will initialize for the loading of a report buffer. MOVSPREC
will wunpack and @ove single oracision fixed point values into 3 OBC telemetry
words. HMOVDPREC will unpack wad move double precision values into 4 OBC
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telemetry words. MOVBYTE will move an 8 blt value to 1 OBC telemetry word. The
PROC “MOVELO™ moves the low order 3 bits of word 2 and the high order ibts of
word 3 of the triple precision time word into the 5th OBC telemetry word after
MOVDPREC has moved the first 2 words. ’

B.3.8.3 Ephemeris Computation (EPHEM) Softwaré Constraints

EPHEM will dc no processing of a particular -ephemeris unless at least one of the
slow loop background modules for the three types of data (uplinked FS, GPS FS,
and uplinked TDRS) has computed one set of coefficients. ’

B.3.8.4 Ephemeris Computation (EPHEM) Svstems Tables

The EPHEM processor uses the data items found in system table number 31 and 32.
Table 31 contains the ephemeris computation parameters (EPARAM) consisting of 13
words. These parameters arc used in setting time biases and grid intervals for
the ephemeris computations. - Table 32 contains the 5 ephemeris processing
permitted flags (EPERMIT) that establish which ephenmeris processing is
permitted. . .

LSD-WPC-263
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Entry

Nane

Type

Using
‘Subroutine

Description

System Table #31 ~ EPARAM (Epehmeris Parameters)

0000

0001

0003
0005
0007
0009

0011

E1GVNGMX

E1GWDTE

E1GWDTW
EIGWIG
E1GWIGR
E1GWTTG -

E1GWTTGR

c

ECGPBLD

ECTCALC

ECTCALC
ECFSBLD
ECFCALC
ECTDBLD

ECTCALC

'Bias for current TDRS East time

Max # of consecutive ephemeris
calculation computation bdefore
GPS data available again

from current FS time

Same as 000l but for TDRS West
Ephemeris grid interval
Reciprocal if E1GWIG

TDRS. ephemeris grid interval

Reciprocal of EIGWTTGE

BR.Z-91
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Using
Entry Name Type Subroutine Description
Systen Table #32 - EPERMIT (Ephemeris Processing Permitted Flags)

0000 E1GVEAST F ECTCALC TDRS East ephemeris processing
permitted? ’

0001 EI1GVFFS F EPHEM Uplinked FS ephemeris _

- processing permitted?

0002 E1GVGFS F EPHEM GFS ephemeris procuring
pexrmitted? .

0003 . EIGVTFS F EPHEM TDRS ephemeris processing.
permitting?

0004 EIGVWF T F ECTCALC TDRS West ephemeris pfocessing
permitted?

LSD-WPC-263
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B.3.8.5 Ephemeris Computation (EPHEM) Telemetry

OBC Telemetry Reports 13~19 present thc ephemeris data and associated ephemeris
parameters. Each telemetry report is 25 words (8 bit) 1long and may contain
single word (18 bit), doudble word (36 bit word, of which 32 bits are used),
triple word (54 bdbit word of which 40 bits are used), or byte (8 bit) data items.
The first 3 reports (TLd reports 13-15) will be output & times per major frame.
The last 4 reports (TLM reports 16-19) will be output once per major frame as
shown below:

Report # ' Minor Frame

(Word 35) Number Name _
13 16,48,80,112 EPHEM O1
14 . 17,49,81,113 EPHEM 02
15 , 18,50,82,114 EPHEM 03
16 ' 58 EPHEM 04
17 59 EPHEM 05
18 60 EPHEM 06
19 61 EPHEM 07

LSD-WPC-263
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Entry Generating
Number Name Subroutine Description/Comment
OBC TLM Report #13
0000 EOGBRF ECFCALC ECI X axis component of FS position
: computed using uplinked data
0004 EOGBRF ESFCALC ECI Y axis component of FS position
computed using uplinked data
0008 EOGBRF ECFCALC ECI Z axis component of FS position
computed using uplinked data :
0012 EOGBVF ECFCALC ECI X axis component of FS velocity
' computed using uplinked data
0016 EOGBVF ECFCALC ECI Y axis component of FS velocity
’ computed using uplinked data
0020 EOGBVF ECFCALC ECI Z axls component of FS velocity
computed using uplinked data
LSD-LPC-263
R.Z~-94 '
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Enrry Generating

Number Name Subroutine Description/Comment

OBC TLM Report #14

0000 EOGBRFG ECGCALC ECI X axis compoﬁent of FS position
computed using GPS data

0004 EOGBRFG ECGCALC ECI Y axis component of FS position
computed using GPS data

0008 EOGBRFG ECGCALC ECI Z axis component of FS position
computed using GPS data

0012 EOGBVEG ECGCALC ECI X axis component of FS velocity
computed using GPS data

0016 EOGBVEG “ECGCALC ECI Y axis component of FS velocity
computed using GPS data

0020 EOGBVFG ECGCALC ECI Z axis component of FS velocity

' computed using GPS data :
LSD-WPC-263
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Entry Generating

Number Name Subroutine Description/Comment

0BC TLM Report #15

0000 EOGVCSEC ECTELEM GPS running consecutive checksum
error count. Initialized to O

0003 EQGVSHER ECTELEM GPS running conversion error counter
Iritialized to Q

Q006 -EOGVARER ECTELEM 2uaning GPS variance error count
Initialized to ©

0009 EOGVGTER ECTELEM o new GPS time running counter

0012 EOGVDERR Undefined GPS running consecutive data

: error count. Initialized to O

0015 EOGVF7D0 ECTELEM Count of GPS data lost because
file 7 data not ready
Initialized to O

|

0018 EOGVNFRE ECTELEM Count of GPS files lost due to
buffer not free
Initialize to O

0021 EOGVLOST ECGPBLD Count of nubmer of times the E.C.

module was executed since last good
GPS

LSD-WPC-263
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Entry . Generafing

Number Name Subroutine Description/Comment

0000 EOGVFALM ECTELEM Residual count exceeded counter for

. ’ FS uplinked data
Initialized to O

0003 EOGVTALM ECTELEM Total TDRS ephemerides fit interval
exceeded counter
Initialized to O

0006 EOGWPU ECFCALC Uplinked FS ephemeris normalized
time

0010 EOGWPG ECGCALC GPS ephemerils normalized time

0014 EOGWPT ECTCALC TDRS ephemerides normalized tinme

LSD-WPC-263
R,Z-97
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Entry Generating

Number Name Subroutine Description/Comment

0BC TLM Report #17

0000 EOGBPTDE ECTCALC ECI X axis component of TDRS-E
position '

0004 EOGBPTDE ECTCALC ECI Y axis component of TDRS-E
position

0008 .EOGBPIDE ECTCALC ECI Z axis component of TDRS-E
position

0012 EOGRPTDW ECTCALC "ECI X axis component of TDRS-W
position

0016 EOGBPTDW ECTCALC ECI Y axis component of TDRS-W
position

0020 EOGBPTDW ECTCALC ECI Z axis component of TDRS-W
position

R.3-98
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Entry - Generating
Number Name Subroutine Description/Comment

-OBC TLM Report #18

0000 EOGWTT3 ECCOLD Upper time limit for uplinked FS
- ephemeris interpolator
Initialized to O

counter

0005 EOGWTT3 ECTDBLD . TDRS interpolator coefficients
ECCOLD upper time limit
Initialized to O
0010 EOGWTTE ECTCALC TDRS East time of current data ‘
.0015 EOGWTTV ECTCALC TDRS West time of current data. s
0020 EOGVNT ECTELM Uplinked FS Ephemeris residual ’
: |
1
|

LSS-WPC-262
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Entry Generating

Number Name Subroutine Description/Cemment

OBC TLM Report #19

0000 EOGWGT1 ECTELEM Tize of current first grid point for
GPS interpolation

0005 EOGWGT2 ECTTELEM Time of most recent GPS data _

’ (GUGHWGTU2 for use in Z.C.)

0010 EOGWTDAT ECTELEM Converted GFS to spacecraft time » "
time

0015 EOGVINIT ECTELEM GPS coefficient update program
initialization indicator (1,2 O)
Initializated to 1

0016 EOGVMXTM Max time without data

ECGPBLD

LSD-WPC-263
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FUGFLGUP =2 | UCUP MOVE NEW DATA .
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REQUEST UCUP EXECUTION
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T
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ARE THE NEW
CORPFICIENTY
READY?
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3
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COQEFFICIENT
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TO NEW INTERVAL
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Figure 3.3.8-3. ECFSBLD Flow Chart
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POSITION AND VELOCITY FROM THE
(ECFCA"‘:) UPLINKED EPHEMERIS PARAMETERS
EOGWPU = (TF - ECLWE2) * EIGWTGR COMPUTE THE NORMALIZED TIME
FOR1=1T03

¢

CCMPUTE THE FS POSITION COMPONENTS I»1TO 3

NORMALIZED TIME AND
é INTERPOLATOR COEFFICIENTS

CALL ARE USED TO COMPUTE THE |

; '] EPHEMERIS COEFFICIENTS.
- POLY (EC '
LY (ECLBUC (i, 1), EOGWP'J, EOGBRF (1}, 7, 3) e T HERMITE
¥ POLYNOMIAL INTERPOLATION

" ALGORITHM POLYNOMINAL
COMPUTE THE FS VELOCITY COMPONENTSI=1T03

¢

CALL
POLY (ECLBUC (1, 9), EOGWPU, EOGBVF (I}, 6, B}

o == == TELEMETRY PQINT
escecse SYSTEM TABLE ENTRY

————— TELEMETRY POINT ¢
SYSTEM TABLE ENTRY

NO

RETURN

Figure B.3.8-4. ECFCALC Flow Chart
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AEPLACE OLD EXTRAPOLATED COEFFICIENTS CF POOR QU'ALITY

WITH NEW CALCULATED FROM THE BACKGROUND
PROCESSOR GCUP

GUGFLGUP
¥ 1

NOQ =1 NQ COEFFICIENTS YET

¢ RETURN

YES  NEW COEFFICIENTS

NO NEW COEFFICIENTS

NEW COEFF .CENTS "2 NO =2
ARE READY ? )
: RESET NO NZW COEFF CONTER] Eoounoy = ECLVNGU = 1 I
- € DECREMENT THE COUNTER
EcLvNGU %-E-'-G-V-“!‘-;f""(- TO MAX VALUE :

§

EQGVLOST =0 EOGVLOST = EOGVLOST + 1

% COMMENT

REPLACE OLD COEFFICIENTS
WITH NEW FROM GCUP

g

ECLVNGU<< 1

NO

AND. |
EPHEMFLG =
&{ FORJ=1TO9
FOR1=1T03 T 1SET FLAG FOR OUTPUT
T . . EOCYMXTM =1 ITeLemeTRY

l

ECLBGC(), J) = GUGBGCU (1, J)

¥

tet+1

J=J+1

g

ADVANCE THE FIT
INTERVAL TIME

EOGWGT2 = GUGWGTU2
ECLWGTR = GUGWGTUR

T

4

[ RESET THE NEW COEFFICIENTS
FLAG FOR BACKGROUND

GUGFLGUP =3

¢

' B.3.8-5. ECGPBLD Flow Chart T T T TELEMETRY cOINT
Figure 3.3.3-5. v plow Lnat cessecs SYSTEM TABLE ENTRY

e TELEMETRY POINT ¢
SYSTEM TABLE ENTRY .
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COMPUTE THE POS & VEL OF THE FS
USING THE GPS DATA
NORMALIZED TIME IS JSED ASWELL

5 THE EXTRAPOLATOR COEFFICIENTS

COMPUTE THE GPS POSITION
COMPONENTS FOR THE F§

COMPUTE THE G”S VELOCITY

COMPONENTS FOR THE FS
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' COMPUTE THE
EOGWPG = ({TF - EOGWGT2) * ECLWGTRI} +1

é : . TIME

FORI1=1TO3

% ’ -

RETURN

~ == TELEMETRY POINT

ec0eeSYSTEM TABLE ENTRY

TELEMETRY POINT ¢
'SYSTEM TABLE ENTRY

Figure B.3.8-6. ECGCALC Flow Chart
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= = TELEMETRY POINT
sescsse SYSTEA TAGLE ENTRY

TELEMETRY POINY ¢
SYSTEM TABLE ENTRY

NOT NEW DATA
BUT NEW COEFFS.

ECLFTNEW YES
.1
- SET UP FOR NEW 1T TIME
ECLWTT2 » EOGWTT) INTERVAL TO USE NEW
COEFFICIENTS
[ EOGWTTI = EOGWTT) » EIGWTTG ]
- = croogey
INITIALIZE LOWER LIMIT e CLATIZ « TUSET

FORJ=3 Y04

LECLBYEC 1,31 = TUGBTECN (1L )y ] ’

!

LECLBYWC 1y, 5} = TUGBTWIN “,J\J

COEFF NOT

TUGFLGUR ¢ | apapy
|

CALL PCTLIUTCUP REQ)

\F
TF LYSTARTT
axNp
NEWOATAT =

YES NEV DATA SET

4

TF > TSTARTT

SET UPPER LIMIT

ECTOBLD
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ANO. YES

NEWDATA =1 TELL BACKGROUND TO USE NEW OATA
AND. DO INITIALIZATION?? SET START OF NEW DATA FLAG

TUGFLGUP « 1

TUGFLGUP =2

ECLFYNEW = 1

N
00 NOT INITIALIZE
EPREMERIS

AEQUEST TCuP EXECUTION

i —
| GALL PETLWTCUP.REQ » mmJ WITH INITIALIZATION

YES UT IS TIME FOR NEW COEFFICIENTS)

NG

YES =Y INEW COEFFICIENTS ARE AVAILABLES

(THIS IS THE START OF NEW DATA

> EOGWTYT3 ~ ECLWTT2 « €ISWTTG

AMARAL

p

FORJI=1TO4

FCRI=1T03

i

ECLBTEC (1)) » TUGRTECN (1))
ECLBTWC 1) = TUGBTWIN Ut

PR

ih

COEFFS

NOT READY TUGFLGUP -4
AESET NEW DATA ECLETNE
FLAG

CALL PCTL WWICUP, REQ]

i

" TUGPLGUP 2 | TELL TCUP HEW UPLINKED DATA
lNO ECLFTMEW = T SEY "STARY OF NEWDATA™” FLAG.
{4

g2 oETURN

Tigure 3.3.8=7. FECTDBLD rlow Chart

B.3-107



SVS-10266
Appendix B
31 December 1981

ORIGINAL PICE (S
OF POOR QUALITY

ECTCALC

EIGVEAST DIRUEZD

....... o>

g STORE THE CURRENT
EQGWTTE = TF + E'GWDTE | gaAST TIME ’

COMPUTE THE NORMALIZED
FIT TIME -

[——————®] FOR | = 1 70 3 [¥—_ COMPUTE THE TDRS
: EAST POS.

7
CALL POLY (ECLBTEC {1, 1), EOGWPT, EOGBPTDE, 3,3

{=f+1

~

STORE THE CURRENT WEST THAE

2

EQGWTTW = TF + EIGWDTW

EQOGWPT = (EOGWTTW - ECLWTT2) ° EIGWTTGR

COMPUTE THE.
NORMALIZED FIT TIME

[

“1 FORI=1703 | COMPUTE THE TDRS WEST POSITION

L

‘ RETURN )

bo)+1
‘J =T OTELCMETRY ROINT
sevceer SYSTEM TAALE ENTRY
TELUMETRY POINT
l SYSTEM TABLE ENTRY

Figure 8.3.5-3. .ECTCALC Flow Chart
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B.3.9 UPLINKED FS EPHEMERIS COEFFICILENT UPDATE (UCUP)

B.3.9.1 Uplinked FS Ephemeris Coefficicent Update (UCUP Procegsor Description

The function of the Uplinked FS Ephemeris Coefficient Update (UCUP) processor is
the processing of uplinked Flight Segment OBC parameters, and computation of
interpolator coefficlents for utilization by the Ephemeris. Computation (EPHEM)
processor. '

UCUP 1s a long period, or background, processor nominally executed every 614.4
seconds. The execution of this processor 1s :requested 'by. the Ephemeris
Computation (EPHEM) processor. When a new set of OBC parameters is uplinked,
the UCUP processor moves the data into a working buffer. These ‘uplinked OBC

parameters, prepared by the Orbit Computatibn Group (0CG), and uplinked.

nominally every 24 hours, consist of Fourier power series coefficients for each
component of Lendsat-D position and velocity, together with position residuals
at a nominal grid point spacing of 10 minutes. The format of the OBC parameter
tape 1s shown in Figure 10-9 and 10-10 of GES-10140, "Landsat-D GS to OCG ICD,
26 March 1981. : :

The‘UCUP processor consists of 5 subroutines’ as delineated in Table B.3.9-1 and
the UCUP control function. This processor subroutine flow is diagrammed in
Figure B.3.9-1. '

When the UCUP processor is called by EPHEM, UCLP first checks to see if tue
processor has to be initialized, and 1f so, requests the subroutine FUCOLD,
which resets the residual exceeded counter to zero. If it is time to wuse new
data, 4indicated by the flag FUFLUP=2 set in EPHEM, UCUP moves the new data to
the working buffer, and initializes the vector table of position and velocit:
components in FUIVT. If FUGFLUP#2, indicating that UCUP is not using new data,
the vector table is updated utilizing the subroutine FUUVT. In either case,

position and velocity components of Landsat-D FS are generated for four grld -

points (4 times values 10 minutes apart nominally) using the wuplinked Fourier
coefficients and the position residuals. This {s accomplished in the subroutine
FUFPS.

The subroutine FUCIC then generates interpolator coefficlents for a four point
Hermite polynorial fit, for utilization by EPHEM in generating Landsat-D FS
ephumeris. UCUP then resets the flag FUGFLGUP=3 indicating that new coefficients
are ready, and returns control to the Flight Executive.

The Uplinked FS Ephemeris Coeftficient Update (UCUP) Processor utilizes Flight
Segment Software System Table #33. This system table, UDATA-FS Ephemeris
Computation -Data, consists of time values to {indicate when new data is to be
used, coefficients of Fourier power series for FS position and velocity
componenrs, and position residuals. Details of this system table are presented
in Secticn B.3.9.4.

This processor generates no telemetry reports.

LSD-WpPC-263
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Table B.3.9-1. Uplinked FS Ephemeris Coefficient Update (UCUP) ’

~ Number:
Type:
Priority:
Period:
Function:

Spbroutinesé

FUCOLD
FUTIT
FUUVT
FUFPS

. FUCIC

System Tables:

; # Mneumonic Type
33 ucue Variable

Telemetry Reports:

17

Background

15

614.4 seconds

Processing of new set of uplinked FS OBC data
and computation of new set of interpolator
coefficients for utilization by the EPHEM
processor for generation of FS position and
velocity. Requested by EPHEM processor. _

Cold start initlialization

Initiation of vector table

Update of vector table

Computation of FS ephemeris using Fourier
power series

Computation of FS interpolator coefficients

# Words

Description
1059 Uplinked FS Ephemeris
Computation Data

None

LSD~WPC-263
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B.3.9.2 Uplinked FS Ephemeris Coefficient Update (UCUP) Processor Operation

The UCUP processor coasi{sts of the UCUP control functfon end subroutines as
indicated {n Section B.J.9.1. The control function i3 described in Section
B.3.9.1. Sections B.3.9.2.1 through B.3.9.2.5 describe the subroutines.

B.3.9.2.1 FUCOLD Subroutine

FUCOLD {s the routiune which initlalizes a counter whean a "cold start"” condi:lod
exists (bit 1 and 2 of the ACCUMULATOR is set when the module UCUP is called).

B.3.9.2.2 FUIVT Subroutine

FUIVT 1is the routine which initifalizes the vector table of fi{t points and
associated position and velocity components. Three fit point times, starting at
the initial time of the uplinked FS ephemeris residuals, are uced to find the
coaponents at the fit point times by calling the Fourier power series routine
FUFPS. The corresponding uplinked residuval values are added to the position
vectors. The next fit point time 1is computed and the residual counter (EZOGVNT)
i3 incremented by 3 for use in the routine FUUVT.

B.3.9.2.3 FUUVT Subroutine

FUUVT updates the vector table for wuplinked FS ephemeris processing. This
routice does cssentially the same processing as the routine FUIVT except only
the most recent grid time is worked on. Initially the vectors are moved to mike
room for the new fit point time. The Fourier power series routine FUFPS |is
called by FUUVT to calculate the values for slot 4 of the vector table. FUUVT
checks that the residual counter does not exceed the maximum allowed residual
count wuplinked from ground and adds the corresponding residual values to the
position components. The residual counter Is Iincremented by 1 for the next
pass. If the maximum residual count {3 exceeded, no residual values arc added
and an error counter (EOGVFALM) is incremented. In elther case, the next fit
point time {3 computed and control ls returned to tne control function (UCUP).

B.3.9.2.4 FUCIC

FUCIC (s the routine which calculates the coefficients for a 4 polnt Hermite
{nterpolator polynomial using the data from the prior components FUIVT and
FULNVT.

B.3.9.2.5 FUFPS

FUFPS evaluates the Fourfer power serfes for a coordinate (position or veloctity
component) at the current fit point tiwme. There are two arguments {1 the
calling sequence o this routine = the location where the result (s to be stored
and the coluan {ndex o) the array of uplinted coefficients for tie Fourisr power

LSD~-WPC~263
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series equation. This array consists of 6 sets (3 position and 3 velocity) of

42 coefficients each. The remaining values used by FUFPS are f£fit point time

dependent and are therefore used from their respective local storage areas.

B.3.9.3 Uplinked FS Ephemeris Coefficient Update (UCUP) Scftware Constraints

Execution of the UCUP procassor occurs when called'by the EPREM processor. This
processor requires periodic uploading of OBC parameters for execution.

B.3.9.4 Uplinked FS Ephemeris Coefficient Update (UCUP) System Tables

LSD-wPC-263
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Entry

Name

TLM

Type

Using

Subroutine

Description

0000

0001

0004

0007
0009
0010
0011
0013
0015-

0518

0519~
1058

NEWDATA

TSTART

TUSE

EIGWTLST

EIGBNTMX

EIGVNT

EIGWWFS

EIGW2ND

EIGBA

EIGBRES

System Table #33 - UDATA (Uplinked FS Ephemeris Computation Data)

ECFSELD

F

ucupe,
ECFSBLD
(EPHEM
processor)

ECFSELD

(EPHEM
processor)

(EPEHM
processor)

FURVT,
UCupP

FUUVT
FUIVT,
FUUvVT

FUUVT,
FUIVT

FUIVT,
FUUWVT

FUFPS

FUIVT,

Uplinkea data reaay flag

Time to initiate transition
to new E.C. data set

Time to utilize new E.C. data
set. in EPHEM

Time of first uplpiked FS.
ephemeris residual

|
Maximun number of valid pos;itioni
regiduals

Uplinked FS ephemeris residual
number

Fundamental frequency

Secondary frequency

Coefficients of Fourier power
series for position of velocity !

FS position residuals at fit
points

B.3-113
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B.3.9.5 Uplinked FS Ephemeris Coefficient Update (UCUP) Telemetry

None

B.3.9.6 Uplinked FS Ephemeris Coefiicient Uplate (UCUP) Flow Charts .

P.3-114
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MOVE | FUIVT
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S

Figura B.3.9-1. UCUP Top Level Diagram
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FUCOLD

TEST FOR COLD START

RESET RZSIDUAL :
eXCeeDED counter| EOCVFALM=0

"RETURN .

CALL
FUCOLD
—

IT S TIME
FUGFLGUPS\ TO USE NEW DATA?
~2 7~ YES

?

& MOVE 10 WORKING BUFFER
NO CALL

MOVE (NEWDATA +7, EIGWTIST, 1052}

4 STORE
EOGVNT = EIGVNT | RESIDUAL
@ , COUNTER

NEWDATA =G RESET NEVY DATA FLAG

2

RESET RESIDUAL
EOGVFALM =0 | o co0R COUNTER

CALL INITIALIZE VECTOR
FUIVT TABLE
o f

call : .
FULVT UPDATE THE VECTOR TABLE

¥

";CEILC COMPUTE INTERPOLATOR COEFFICIENTS

!

o o] FLAG TO EPHEM PROCESSOR THAT THE NEW
SETFUGELG COEFFS. ARE READY.

§

‘ RETURN ) =T ONPLEMETRY POUNTY

eesesre NV NN T ML ONTRY

e

TEILME TRY $OUNT o
SYJVEAE TARLE ENTRY

Flpure 8.3.9-2. UCHY, FUCOLD Flow Chart
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INITIALIZE THE VECTOR TABLE FOR

» UPLIMKED F.S. EFHEM. .

\ ]
[ FULWTS = EIGWTIST | sTome THe 15T FiT POINT TIME
TIME OF 1ST :

UPLINKED £S EPHEM RESIDUAL

1

- DOK =2 TO4 §GO THROUGH FOR 3 FIT POINTS
FUNDAMENTAL FREQUENCY ’

]

FULWS = DSIN (FULWTS ¢ EIGWWFS)

COMPUTE THE SINES AND COSINES

’ I AT FIT POINT TIME USING

$

PRIMARY FREQUENCIES

L FULWC = DCOS (FULWTYS * EIGWWFS] l -

; NOW USING SECONDARY FREQUENCIES

FULWSE = DSIN (FULWTS * EIGWZND)
FULWCE = DCOS (FULWTS * EIGWZND)

USE A FOURIER POWER SERIES TO COMPUTE
< THE POSITION AND VELOCITY COMPONENTS

OO 1~1703 { POSITION FIRST

I CALL FUFPS {(FULBX (1. K), 1

|

ADD THE RESIDUAL YO THE POSITION VECTOR

NOW THE VELOCITY AT THE FIT POINT TIME

[ UPDATE THE FIT POINT TIME

0Ot~ 4706
$
U CALL FUFPS (FULBX (1, K). 1) ]
¥
B FULWTS = FULWTS » EIGWTG
)3
i
[ £IGVNT = EOGVNT +1

] INCREMENT THE RESIDUAL COUNTER

RET'IRN

Figure B.3.9-3. FUIVT Flow Chart
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DOJ=1TO08

!

ke B s AR s ot A Fhbn A 452 s e

FULBX (J, 1} = FULBX (1, 2 ggggz:;’;g:i‘;?::\go
FULBX (J, 2) = FULBX (4, 3)

FULBX (U, 3) = FULBX (4,4} | FITPOINTTIMC. - ‘

T . o

Jelded

!

COMPUTE SINES AND COSINES AT THE

FULWS = DSIN (FULWTS * EIGWWFS) FiT POINT TIME USING THE PRIMARY
FULWC = DCOS (FULWTS * EIGWWFS) FREQUENCY. -
FULWSE = DSIN (FULWTS ® EIGW2ND)

FULWCE = DCOS (FULWTS * EIGW2KD) SECONDARY FREQUENCY.
FORI=1TO3
1ST POS &

CALL ZUFPS (FULBX (1, 8), 1)

1S REDICUAL COUNTER
\1,< MAX #OF RESIDUALS

Eoc<vn N _YES ADD IN THE RESIDUAL
IGVNTMX 3
?

NO . FULBX {1, 4) » FULBX {1, 8} + EIGBRES (1, EOGVNT)

INCREMENT COQUNTER FOR
FOGVFALM = EOGVFALM + { |RESIDUALS EXCEEDED.

T
-l

luis+

NOW VELOCITY;

FOR1+-4706

2

CALL FUFPS (FULBX (I, 4}, |

FULWTS =~ FULWTS « EIGWTG | COMPUTE THE NEXT FIT POIRT TIME

g

EQQVNT « EQGVNT + 1

] ' = == — TELEMETRY POINT
) INCREMENT RESIDUAL COUNTER i sseceee SYSTEM TABLE ENTRY

weeeme— TELEMETRY POINT ¢
RETURN H

SYSTEM TABLE ENTRY
FIGURE B.3.9-4 TFULUVYT Flow Charc:
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COMPUTE INTERPOLATOR
COEFFICIENTS

FOR J=t TO J=3
IN STEPS OF 1-

COMPUTE:
FUGBUCN (J,1) TO

FUGBUCN (J,15)

COMPUTE INTERPOLATOR
COEFFICIENTS :
FOR COMPUTATION

OF FS EPHEMERIS

IN EPHEM

PROCESSOR.,

( RETURN ,

Figure B.3.9-5. FUCIC Flow Chart
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B.3.10 TDRS EPHEMERIS COEFFICLENT UPDATE (TCUP)

B.3.10.1 TDRS Ephemeris Coefficient Update (TCUP) Processor Description

The function of the TDRS Ephemeris C.~fficient Update (TCUP) prccessor is. the
processing of uplinked OBC parsmeters to generate interpolator coefficients’
required for the computation of TDRS-Eas and TDRS-West position by the
Ephemeris  Computation (EPHEM) processor. The TCUP processor computes
interpolater coefficlents for both TDRS~-East sand TDRS-West position. These
coefticlents -are used by the EPHEM processor to generate position of TDRS-East
and/or TDRS-West. :

TCUP is a long perfod, or background, processur nominally executed every 614.4
zeconds. The execution of this processor 1s requested. by the Ephemeris
Computation (EPHEM) processor. When a new set of TDRS OBC paraseters is
uplinked and {t is time to use this niew data, the TCUP processor moves the new
data into a working buffer. These wuplinked data, prepared by the Orbit
Computation ' Group (0CG) and uplinked nominally once every 24 hours, consists of
Fourier power serles coefflclients for each component of position for both TDRS~
East and/or TDRS-West satellites. The OBC parameter tape format {s shown in
Figures 10-11 and 10-12 in GES-10140, “Landsat-D GS to OCG ICD™ March 26, 1981.

The TCUP processor consists of 5 subroutines as delineated in Table B.3.10-1 and
the TCUP control functfon. The processor subroutine flow {s diagrammed 1in
Figure B.3.10-1.

When the TCUP processor {s requested to be executed by the Ephemeris Computation

(EPHEM) processor and TCUP processing initiated, TCUP first checks to see If the
processor has to be -‘initialized, and {f so, requests the subroutine TUCOLD,
which resets the flt time exceeded counter to zero. .If it ts time to wuse new
uplinked data, {ndicated by the flag TUGFLGUP=2 set {n EPHEM, TCUP moves the
data to a working.buffer, resets the new data flag, the time exceeded counter
and {nitializes the vector table of TDRS-Fast and /or West position components
by c¢xecuting the subroutine TUIVT. If TUGFLGUPA2, indicating that TCUP 1{s not
using new data, the vector table 1s updated by executing the subroutine TUUVT.
In either case, position components for TDRS~East and/or West are generated for
four fit point times using the uplinked Fourier coefficients, uplinked {n System
Table #34. Thir {s accomplished by executing subroutine TUFPS.

LSD-WPC-263

L e bt eranim o mms o+ v et e 3 ) S o B 6 m A bt bt Yo e 6 n < = ma e e -



SVS i1 26F

Appendix B
31 December 1981

The subroutine TUCIC then generates interpolator coefficients for a four point
Hermite polynomial fit, for utilization by EPHEM in generating TDRS ephemeris.
TCUP then resets the flag TUGFLGUP=3 indicating that new coefficients are ready,
and returns control to the Flight Executive.

The TDRS Ephemeris Coefficient Update (TCUP) processor utilizes Flight Segment
Software System Table #34. This system table, TDATA-TDRS Ephemeris = Coamputation
Data, consists of time values to {ndicate utilization time for the new data, and
Fourier power series coefficients for TDRS-East and/or West position components.
Details of this system rable are presented i{in Section B.3.10.4.

LSD-WPC-263
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i

TUCOLD‘

|

MOVEZ_

Figure B.3.10-1.

lEAST WEST

TUFPS2

R.Z-122

TUCICS

TULVT

EAST WEST

TUFPS, TUFPS,

TCUP Top Level Diagram
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Table B.3.10-1. TDRS Ephemeris Coefficient Update (TCUP)
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Number:
Type:
Priority:
Period:
Function:

Subroutines:
TUCOLD
TUIVT
TULVT
TUFPS

TUCIC
Systea Tables:
# Mneumonic Type

34 TCuP Variable

Télemetry Reports:

18

Background

16

614.4 seconds ‘
Processing of new set of TDRS ephemeris data
and computation of new set of interpolator
coefficients for utilization by the EPHEM
processor for generation of TDRS East and

West positions. Requested by the EPHE& S

processor.

Cold start initfalization
Initiation of vector table

Update of vector table

Computation of TDRS ephemeris using
Fourier power series

Computation of TDRS interpolator
coefficlents

# Words Description
111 TDRS Z£,hemeris
Computation Data

None

P ——
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B.3.10.2 TDRS Ephemeris Coefficient Update (TCUP) Processor Operation

The TCUP processor consists of the TCUP control function and the 5 subroutines
as delineated in Section B.3.10.1. The control function {is detafled in this
section.

Sections B.3.10.2.1 through B.3.10.2.5 give the detafls of the subroutine
operation.

B.3.10.2.1 TUCOLD Subroutine

TUCOLD {s the routine which inftfalizes a counter when a "cold start™ condition
exists (bit 1 or 2 of the ACCUMULATOR is set when the module TCUP is called).

B.3.10.2.2 TUIVT Subroutine

TUIVT {s the routine which 1initializes. the vector table of fit points and
assoclated position components for East and West ephemerides. Three fit point
times, starting at the initial time of the TDRS ephemeris fit interval, are used
to find the coamponents at the fit point tiwmes by calling the Fourier power
series routine TUFPS. The next fit point time {s also computed for use {n the
routine TUUVT. If this is the very first uplinked data get (cold start), grid
times TT2 and TT3 are stored for use by the module EPHEM.

B.3.10.2.3 TUUVT Subroutine

TULVT updates the vector table for TDRS ephemeris processing. This routine does
essentially the same processing as the routine TUIVT except only the most recent
grid time {3 vorked on. 1Initially the vectors are moved to make room for the
new fit poiat tiwme. This new fit point time i{s TULWTS and the Fourier power
series routine (TUFPS) is called by TUUVT to calculate the values for slot 4 of
the vector table. FUUVT checks that the new fit point time does rot exceed the
last time for the TDRS ephemeris fit {irterval. 1If the last time 1Is exceeded,
the time exceeded counter (EOGVTALM) is incremented. Error or not, the next fit
point time {s computed and control is returned to the control function TCUP.

B.3.10.2.4 TUCIC Subroutine

/

TUCIC 1{s the routine which calculates the coefficients from a %4 point Hermite
interpolator polynomlial using the data from the prior routines TUIVt and TUUVT.

B.3.10.2.5 TUFPS Subroutine
" TUFPS evaluates the Fourler power series for a coordinate (East or West position
component) at the current fit point time. There are three arguments 1in the

calling scquence to TUFPS - the location where the result is to be stored, the
column {ndex of the array of coefficients for the Fourler power series equation,

LSD-WPC-263
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and a direction indicator (1=FEast, 2=West). The coefficients for the Fourier

power series consists of 3 sets of 8 coefficients for East and 3 sets of §

coefficients for West. The remaining values used by TUFPS are ' fit point time
dependent and are therefore useéd from their respective local storage areas.

R.3.10.3 TDRS Ephemeris Coefficient Update (TCUP) Software Constraints

Normaily, a new set of OBC parameters must be uplinked before the end of the
valid time interval for curreant data set. :

B.3.10.4 TDRS Ephemeris Coefficient Update (TCUP) Svstem Tables

LSD-%PC~-263
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Entry Name

TLM

Type

Using
Subroutine

Deséription

System Table #34 — TDATA (TDRS tphemeris Computation Data)
H

0000 NEWDATAT
0001 ‘TSTARTT
0004 TUSET
0007 EIGWTT1
0009 EIGWTTL
0011 EIGWWTE
0013 EIGWWTW
0015- - EIGBBE
0060%*

0061- EIGBBW
0l10**

*%* These are double precision coefficients;

F

v

TCUP,
ECTDBLD

ECTDBLD
(EPHEM
processor)

ECTDBLD
(EPHEM

processor)

TUIVT,
TCUP

TUUVT

TUIVT,

" TUUVT

TUIVT,
TUUVT

TUFPS

TUFPS

Uplinked TDRS data realdy flag

Time to 1nitiaté transition to
new TDRS uplinked data set

ime to use the new TDRS data

Time of first TDRS fit interval

Time of last TDRS fit interval

Fundamental frequency for
TDRS-E fuurier power serircs

Fundamental frequence for
TDRS~W fourier power series

Fourier power seles
coefficient for TDRS-E position

Fourler power series
coefficients for TDRS-W position

24 for E1GBBE and 24 for EIGBBW

B, Z-126
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B.3.10.5 TDRS Ephemeris Coefficient Update (TCUP) Telemetry

The TCUP processor generates no telemetry reports.

B.3.10.6 TDRS Ephemeris Coefficient Update (TCUP) Flow Charts

LSo~wPC-263



INITIALIZATION AND

TORS EPHEMERIS COEFF
TCUP

UPDATE

TEST FOR
COLD START

iF
ACCUMULA
eANDe
3
<>
Q

NO

ORIGINAL Py 18

oE POOR QUF\L‘TT
} 31

CALL
TUCOLD
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MOVE TO WORKING BUFFER

CALL
MOVE (NEWDATAT + 7,
EICWTT1, 104)

?

NEWDATAT=0
EOGVTALM=0

!

CALL TUlvT

]

< ¥
I3 1T TIME TO o
USE NEW TUCﬁ}CUP
DATA?
NO
CALL
TUUVT
t
CALL
TLcIc
TUCFLGUP=3
1
!
( RETURN )
COLD START
INITIALIZATION TUCOLD

EOCVTALM=0

RETURN

.‘_J

UPDATE THE VECTOR
TABLE

COMPUTE INTERPOLATOR
COCFFICIENTS

TELL EPHEMERIS COMPUTATION
NEW COEFYICIENTS ARE READY

RESET FiT TIME
EXCEEDED COUNTER

RESET NEW DATA FLAG
RESET TIME EXCEEDED
COUNTER

INITIALIZE
VECTOR
TAELE

== % TELELMETRY POINT
essener SYSTEM TAHLE ENTRY
== TELEMETRY POINT ¢

SYSTEM TAQLE ENTRY

Figure B8.3.10-2. TCUP Flow Chart

R.Z-128
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TDRS VECTOR TABLE

INTIALIZATION
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- Dﬂ'\c:':k'féi; flLs

oF POOR QUALT

o STORE 1ST
TULWTS = EIGWTTT, FIT POINT
TIME
FOR K=2 THRU & IN
STEPS OF 1:
) . ; COMPUTE SINES £ COSINES
TULWSTE = DSIN{(TULWTS) (EIGWWTE)] O i
TULWSTW = DSIN {(TULWTS) (E1GwwTw)]
TULWCTE = DCOS {(TULWTS) (EIGWWTE)!
TULWCTW = DCOS {(TULWTS) (EIGWWTW);
_ , COMPUTE TDRS POSITION |
FOR 1=1 TO 3 IN STEPS OF 1: O PONENTS Came
CALL TUF®S (TULBTXE(1,K).1,1) FOURIER POWER SERIES
_ FIRST COMPUTING TORS
CALL TUFPS (TULBTXW(I.K),1.1) EAST AND THEN TDRS WEST
COUPONENTS
TULWTS = EICWTT1 + EIGWTTG SET THE NEXT REQUIRED
: e FIT-POINT TIME

RETURN

= = = TELEMETRY POINT
seseses SYSTEN TAQLE ENTRY
= TELEMETRY "“DINT v

SYSTEM TABLE ENTRY

FIGURE 3. 3.10-3 TUIVT Flow Chart
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CUIdENSL Pans s
UPDATE THE VECTOR TULYT ; L PRl 8
TABLE FOR TORS OF POUR CuALITY

Y

FOR J=1 TO 3 IN STEPS OF 1:
TULBTXE (J.1} = TULBTXE (J,2

TULBTXE (3,2) = TULBTXE (J.1) PO ouny e one
TULBTXE (1,31 = TULBTXE (J,3) NEW EIT-POINT
TULBTXN (J,1) = TULBTXW (J,2) TIMES

TULBTXW (4,2) = TULBTXW (J4,3)

TULBTXY (5,3} = TULBTXW (J,9)

TULWSTE = DSINJ(TULWTS) (EICWWTRIF | compuTe SINES AND
TULWSTW = DSIN{(TULWTS) (EIGKWTWI} | COSINES AT THE FIT-

TULWCTE = ocosi(TULWTSHE!GWWT'E){ POINT TIME

TULWCTW = DCOS{(TULWTS) (EICWWTW)

FOR =1 TO 3 IN STEPS OF 1:
CALL TUFPS (TULBTXE(!,8),1,1)
CALL TUFPS (TULBTXW(L,3},5,1)

DOES CURRENT e
SPACECRAFT TULWTS > EOCVTALM = UPCATE
TIME EXCEED - EOGVTALY « 1 ERROR
LAST TIME? N 5 COUNTER
NO
v
TULWTS = TULWTS «
EICWTTC
— = = TELLMETRY POINT l
y seavsee SYSTELNM TABLE ENTRY I
TELEMETRY POINT ¢
RETURN . SYSTEM TABLE ENTRY

FIGURE B.3.10-4 TUUVT Flow Chart
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COMPUTATION OF TDRS
EPHEMERIS USING

POWER SERIES

TUFPS

CHECK FOR YES

EAST
i///////f

NO \
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PART 1 = TULWCTE'(EIGBBE(!X 5)+

.......

PART 1= TULWCTW*(EIGBBWI(IX S) +
TULWTS*EIGBBWIIX 6) -
+ TULWSTW*EIGBOW(1X.8))
PART = 2 TULWSTW*(EIGBBWI(IX,3) +
TULWTS®EIGBBW(IX 4) -
+ TULWSTW*EIGBBW(IX,7))
PART 3 = TULWTS*EIGBBWI(IX,2)
= EIGBBWIIX,1} + PART 1 + PART 2 +
PART 3

RETURN ’

.3.10-5

TUFPS

= T T TELEMETRY POINT
evessee SYSTEM TABLE ENTRY

————— TELEMETRY POINT ¢
SYSTEM TABLE ENTRY'

Flow Chart
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"TUGBTECN (J,4) = 1/2 (TULBTXE (J,2) - TULBTXE

FOR J =1 7O 3 iN STEPS OF 1

TUGBTECN (J,1) = TULBTXE (J,2)

TUGBTECN (J,2) = TULBTXE (J,3)
-1/2 TULBTXE (J,2) )
=1/3 TULBTXE (J,1}+1/2 TULBTXE
(J.4)

TUGBTECN (J,3) = 1/2 (TULBTXE (J,1)+ TULBTXE
(J.3))
- TULBTXE (J,4)

{J,3)) -
+1/6 {TULBTXE (J,4) - TULBTXE
(3.1))

" UTILIZE THE SAME EQUATION FORM AS THOSE USED

TO COMPUTE TDRS EAST COEFFICIENTS EXCEPT USE
APPROPRIATE TORS WEST COEFFICIENTS, l.E.:

TUGBTWCN (J,1) = TULBTXW (J,2) .

RETURN

B.3.10-6 TUCIC Flow Char
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B.3.11 TDRS ANTENNA POINTING MODULE (APCM)

B.3.11.1 TDRS Antenna Pointing Module (APCM) Processor Desctiption

The function of the TDRS Antenna Pointing Module (APCM) processor is to command
the orientation of the TDRS Antenna. This processor provides control capability
for the TDRS Antenna to function in the Autotrack, Program Track, and Slew mode.
Additionally, cthe processor has the capabllity to command and control the TDRS

antenna to function Iin the Backup Search wmode. Finally, the APCM processor.
provides failure detection and correction capability. : '

The APCM processor is a foreground processor executed nominally every 0.256
seconds. Execution Is requested by the Spacecraft Control Processor (SCP), and
the APCM processor has a priority of S. This processor consists of 16
subroutines and a control function APCM as delineated in Table B.3.ll-1.

The TDRS Antenna Pointing Module (APCM) Processor is structured as a series

of nested subroutines. The APCM control function has the capability of calling
nine of the processor subroutines. ’

All other processor subroutines are called by one of these nine.

The APCM processor utilizes System Tables 26 and 27. These system tables
nrovide the capability for uplinking Antenna commands and also TDRS Antenna™
svstem parameters. These parameters include alignments, switching threshholds,
and failure threshhold levels.

Additionally, the TDRS Antenna Pointing Module (APCM) Processor outputs

four telemetrv reports. These reports - OBC Telemetry Reports 20 chrouwyh 23 -
are output four times per major frame.

8. 3-123

.
+ b o rm s ettt o ks ST



Table B.3.1l1-1.

TDRS Antenna Pointing Module (APCM)

SVS-10266
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Number:
Type:
Priority:
Period:

_ Function:

Subroutines:

APINT
PREFLTR
GRSDATA

APRQEST

VERIFY
UPDATE
MODEINT

MODESWI

PROTRAK
TAROUND
TRAKERR
BUSERCH
SLEW
AUTOTRK

MEWSTEP
SENCHDS

Systen Tables:

#  Mneumonic Type # Words Description
26 X QUEUE Variable up to antenna Commands
27 ALTPARM Variable 1L Antenna Parameter

Telemetry Reports:

7

Foreground

5

0.256 seconds

Command the orientation of the TDRS
Antenna, utilizing Program Track, Autotrack,
Backup Search, and Slew oparation.

Antenna pointing initialization

Retrieve and filter ATR data

Retrieve, convert zlmbal angles, and compute
azimuth gain correction factor

Validate and updare antenna pointing request
commands :

Validate antenna pointing request commands
Sets antenna pointing/control flags
Initialize variables required by current
pointing mode

Check to see if time to exit current
pointing mode

Program track error computatiocn

Turnaround maneuver,computacion

Tracking error computation

TDRS backup search

Open loop antenna drive at specified rate
Antenna drive command computation based on
autotrack recelver tracking errors

Antenna step command computation

Step command sending

CBC Reports 20 through 23

L3D-WPC=267
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B.3.11.2 TDRS Antenna Poinciqngodule (APCH) Processor Operaticii

When program control 1s passed to APCM by the 8/C Control Processor (SCP),

the EA register will be saved and APCM will check to see if it has been
instructed to initialize irself. 1If it has, the appropriate variables will

be set to their initial values. Regardless of whether APCM is instructed

to initialize itself or not, program control is then unconditionally transferred
to PREFLTR to process the Autotrack Receiver (ATR) outputs. This consists

of retrieval of the ATR cutputs and filtering of the wmode switching data, »
using a simple digital lag filter. Additionally, compensated tracking errors
are computed. -

The next thing to be done is dependent on whether it is the start of an antenna
pointing control cycle or not. 1If not, program control will be returned to

the Spacecraft Control Processor (SCP) immediately, and no further execution

of the TDRS Antenna Pointing Module (APCM) Processor will oceer. If it is

the start of an antenna pcinting control cycle, the subroutines GRSDATA and
APRGEST will be called sequentially. The measured antenna pointing angles
(Cimbal Resolver outputs) will be converted to degrees in the subroutine
GRSDATA, and the antenna poirfing request commands (if any) will be acted

upon in APRQEST, respectively.

The processor then executes mode dependent processes. The mode dependent
processing is dependent on both the current and past pointing modes. The
. APCM processor, using either MODEINT or MODESWI subroutines, causes the
current antenna pointing mode to be either initialized, exited, or continued,
dependent on whether the current and past pointing modes are different
or the same. Processor operation will then be transferred to either PROTRAK,
AUTOTRK, BUSERCH, or SLEW, as specified by the current porinting mode. These
routines, in association with the respective subroutines and procs, that they
call, will perform, respectively, the program track processing, autotrack
pracessing, backup search mode processing, and slew processing. This mode
dependent processing will then be concluded by implementing the software
gimbal stops when necessary, and sending the antenna drive commands for the
currént control cvcle to the Gimbal Drive Electronics (GDE). These procedures
will be performed by the subroutine SENCMDS.

The TDRS Antenna Pointing Module (APCM) Processor control function then calls

the subroutine APCSFDC. This subroutine performs the failure detection and
correction function. ’

Finally, the APCHM control function checks to determine whether the APCM telemetry
buffer is to be updated. If it is time to update the buffer, control will be
transferred to TLMFMT. 1f it is not time to update the telemetry buffer, the
APCM Processor will be exited and control will be returned to the Spacecraft
Control Processor (5C?).

The following presents a summnary description of the processor subroutines. For
more detail, see the flow charts in Secriovn B.3.11.6.

3.3.11.2.1 aAutotrack Receliver Prefilter (PREFLTR) Operation

The funcoion of the PREFLTR subroutine to prerilcer the ATR outputs. PREFLTR

B, Z-135
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begins by retrieving the selected ATR outputs and converting them from counts

to volts. The results will then be filtered using a simple digital lag filter.
PREFLTR will then compute the compensated tracking error signals (the difference
between the ATR tracking errors and their corresponding calibrated reference
values); and filter them using a quadratic digital lag filter. This 1is done

in the subroutine FLTR2. This subroutine is called by the APCM control function
every execution of the APCY processor (every 256 milliseconds).

B.3.11.2.2 Gimbal Resolver Serial Data (GRSDATA) Subroutine_Operatioh

This subroutine is called by APCM to convert the measured pointing angles to
degrees. GRSDATA begins by extracting the azimuth and elevation data from

the appropriate bits of the selected resolver data, and converting them by
multiplying by the appropriate counts to degrees conversion factor. The subroutine
then converts.the data from TRW coordinates to Landsat-D coordinates and applies
appropriate gain correction factors.

B.3.11.2.3 Antenna Pointing Request Commands (APRQEST) Subroutine Operation

This subroutine and the subroutines it calls (VERIFY and UPDATE) have the
capability to update the antenna pointing control flags and /or the control
data. APRQEST, when called by the APCM control function, will first test
to see if there are any real time antenna polinfing request commands to be
acted upon. If the test is successful, program control passes, in turn, to
VERIFY to validate the requests and to UPDATE to set the appropriate
control flags and/or data as specified by the request commands. If one or
more of the request codes are invalid, this fact will be reported to the
ground through the antenna pointing contribution to telemetry by VERIFY

and none of the requests will be honored. Regardless whether or not the
requests are honored, the real-time request command queue and queue counter
will be reinitialized.

APRQEST will then test, in turn, the stored command queue ‘counter to see if
there are any stored request commands to be acted upon, and the stored
command enable flag to see if stored command processing is allowed. If
both checks are affirmative, program control will be trnasferred to VERIFY
and UPDATE to process the stored roquest commands in a similar fashion to
that done for the real time commands.

B.3.11.2.4 Requesc'Command Varification (VERIFY) Subroutine Operation

This subroutine is called by APROEST to validate the antenna pointing
request commands and their associated operands. If an invalid command
is encountered, the appropriate status bit will be set and the updating
of the control flags/data will he inhibited.

B.3.11.2.5 ‘Antenna Poincing Control Flag/bata Update (UPDATE) Subroutine
Operation

B.Z-1Z6
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This subroutine 1s called by APRQEST to update the antenna ~ointing control
information. UPDATE subroutine simple sets the pointing control flags and/or
data as specified by the contents of QUEADD, unless the queue pointer is
zero. If the queue pointer is zero, control to returued to APRQEST, -

B.3.11.2.6 Mode Initialization (MODEINT) Subroutine Operation

This subroutine is called by the APCM control function when the current and
past pointing modes are different. Thefunction to be performed by the MODEINT
subroutine is controlled by the current pointing mode. I[f the current pointing
mode is set to either backup search or slew, then the variables unique to
either of these respective modes will be initialized. No initialization is
required for either the program track or autot-ack modes except for the

initial initialization. ' .

B.3.11.2.7 Mode Switching (MODESWI) Subroutine Operation

This subroutine is czlled by APCM control function when the current and
past pointing modes are the same. Its function is to check if it is time
to exit the current pointing mode. MODESWI first computes the size of the
mode switching error signals. The next thing to be done is dependent on
the current pointing mode, APMODE.

If APMODE is set to program track and automatic mode switching is enabled,
a check will be made to see if the program track to autotrack mode switching
criteria have been met. APMODE will be set to autc track if it has.

If APMODE is set to backup search, a check will be made to see if the backup
search to autotrack mode switching criteria has been met, and, if it has,
APMODE will be set ro autotrack and automatic mode switching will be .
inhibited. Ir not, MODESWI will then check to see if the maxinum scan range
has been exceeded. APMODE will be set to program track if this is the case.

If APMODE is set to autotrack, MODESWI will check to see if the autotrack
to program track switching criteria has been met. APMODE will be set. to
program track when and if the mode switching criteria are met.

$.3.11.2.8 VProgram Track (PROTRAK) Subroutine Operacion

The Program Track (PROTRAK) subroutine is called bv the APQM control
function when the current mode is set to Program Track. PROTRAR operation:
is controlled by the variable EXTRM. When EXTRN is zero, the Normal
Program Track processing will be performed: that is, tracking :rrors will
be computed using LANDSAT-D and TDRS ephemerides. ‘When EXTRN is not

zevo, the tracking errors will be computed by subtracting the measured
poinnting angles from the desired pointing angles. In either case, the
antenna will be driven at the appropriate race to null the tracking errors.
Adoitiorally, 0 the cabibrate enable switch, CALENA, is other than sero,
the calibrated bias values will be updated.

PR
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B.3.11.2.9 Antenna Turnaround Maneuver (TAROUND) Subroutine Operation

This subroutine is called bv the PROTRAK subroutine when an antenna turnaround
has been commanded. "~ TAROUND first transfers control to ZENITH subroutine- to
compute the zenith angle in the orbital frame. TAROUND then checks to see

if it 1s time to start the turnaround maneuver. If it is time to start the
turnaround maneuver, the tracking errors will be computed by subtracting

the measured pointing angles from the externally commanded pointing angles

and PROTRAK will be signaled that an antenna turnaround is in progress by

the setting of EXTRN to a value of 1. 1If it is not time, the tracking errors
for the continous track mode will be computed (This will be done in the
subroutine TRAKERR).

B.3.11.2.10 Track ing Error Computation (TRAKERR) Subroutine Jperation

This subroutine is called by PROTRAK when an antenna turnaround has not been
commanded and by TAROUND when an antenna turnaround has been commanded.
TCAKERR performs three functions:
(1) computes the errors for the continuous program track mode
(2) corrects the azimuth tracking error for the gecometric gain as;ocxated
with gimbal lock; and
(3) ets up the limits on the computed elevation drive rate.

. ' . . Lo
B.3.11.2.11 Backup Search (BUSERCH) Subroutine Operation

This subroutine is entered when the current pointing mode is set to backup
search. The desired pointing angles are first cemputed. The subroutine

then proceeds to compute the pointing errors in a four step process. First,
the desired pointing angles will be computed. Then, the scan increment angles
will be added to the desired. pointing angles, hird, the tracking errors

will be computed by subtracting the measured pointing angles from the angles
computed in Step two. The azimuth tracking error will then be compensated.
The subroutine then checks to see if the current scan axis limit has been
reached. 1If so, the scan range and scan direction for the other gimbal axis
will be updated.

B.3.11.2.12 Slew Maneuver (SLEV) Subroutine Operaction

The SLEW subroutine has the function fo drive the antenna open loop at the
specitfied rates for the specified amount of cime. This subroutine is
entered when the current pointing mode is set to slew. The drive rates

for che current control cvele will he set to the commanded slew rates. SLEW
then checks to sce 18 the und of the slew mancuver has been reached., If

su, the current pointing mode w

pee

11l b2 set to pregram track.

3.3.00.2,103 0 Aurotrack (AUTUTHR) Sudroutine Operation

The Autctrack (AUTOTRK) subroutine is enterved when the current pointing mode

R.Z-128
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is set to autotrack. AUTOTRK converts the tracking errors from volts to
radians, compensates the azimuth tracking error for the gain associated with
gimbal lock, and sets the limit on the elevation drive rate.

B.3.11.2.14 Antenna Step Commands Computation (NEWSTEP) Subroutine Operation

This subroutine 1is called by either PROTRAK, TAROUND, AUTOTRK, or BUSERCH
subroutines. Its function is to compute the antenna step commands for the

" closed loop control modes, using the tracking errors. This subroutine then
limits these commandsto the maximum steps per control cycle., - This is dependent
on the current pointing mode.

B.3.11.2.15 Send Step Commands to the GDE (SENCMDS) Subroutine Operation

This subroutine is called upon completion of the mode dependent processing.
Its function is to appropriately format the commands and call the executive
to queue the commands. Before doing this, however, this subroutine checks

for step command size change, and limits this. Also, software gimbal

stops are implemented.

B.3.11.2.156 Antenna Pointing Telemetrv Formatter (TLMFMT) subroutine
Operation ) :

This subroutine Jormats the APQM parameters that appear in the telemetryv
reports. See Scction 3.3.11.5 for more dectail.

B.3.11.3 TDRS ﬁgcenna’Pointinq Module {(APCM) Software Constraints

TBD

5.3.11.4  TDRS Anteana Pointing Module (APCHM) Svstem Tables

B.IZ-1ER
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Using .
Entry Name® TLM  Type Subroutine A Description

System Table #26 - ANTIQUE (Antenna Pointing Real Time Commands)

0000 = I%COUNT v APRQEST Nuober of commands to be acted
upon

2001~ I%QUECE v APRQEST Antenna pointing commands. Up

G005 to 8 commands can be uplinked.

Possible commands are listed

here. .

Basic Format of Antenna Commands

Fixed Code Request Code¥* Operand**

O111 11111l YRXXX XXXX

XN ¥ XN N4 X XX ¥x¥¥xyxyxsx

Additional operands

*Request codes are right justified from 1 (000001) to 12 (0O1100)

**Operands for any command may not be required (see commands
#2 & 3), or may require additional operands (see command

#9)

B.=Z-140

S5-UPC-257

33



Additionel operands
(1) Azizauth pointing

e SVsS-10266
-:j,a:‘* !',oiﬂ-:- '3 Appendix B
Ur FOGR CUALITY 31 December 1981
Req. Code Operand Description
1(00001) 0000 Inhibit Change antenna pointing
0001 Program track =ode or inhibit
0010 Backup search
0011l Slew
2(00010) not used Enable advance turnaround
mareuver -
3(0C011) not used Reset antenna pointing
status infe
.4(00100) " 0000 Enable Control stored request
’ 0001 Inhibit command precessing
5(00101) 0000 Enable Concrol automatic mode
0001 Inhibit switching
6(00110) 0000 Enable Control autotrack
0001 Inhibit receliver reference
calibration
7(00111) 0000 East Control TDRS to be used
0001 West
8(01000) 0000 Comput-= Program track pointing
0001 Use uplink angle source '
9(01001) not used Update slew tizer
Addicional operands: Number ¢f counts, where
(1) Yew slew time: each count eguals 0.512
seconds .
{
10(01010) not used Update slew rates ,
’ Addicional operands: i
(.) Azizuth slew race Azizuth slew rate and
elevation slew rate
(2) Zlevation slew rate are both in I75 cumplerment
SL(0101Y) not used Update e=xternal pointing

cozmande
3ics 1=9: Iracrional

S T S Tl s I T U YRR S W P e U VIR LRGN, PR 0 > it e 5303

P L

COPRDI AP R MEVIE DL P TI JCUUONL T SRR 12



SVS-10266
Appendix B

31 December 1981

Req. Code Operand Description

angle . position
{2) Elevaticn peinting Bits 10-18: integer
angle ' position

12(01100) . 0000 Disallow : * Large slew allow/disallow

0001 Allow

Additional Remarks .

Pointing requestbcommands achieved by system table upliﬁk cohsistiné

of entry #0000 and command sequence entry #00C0 indicates number off

i
i

command words. For example, command #ll, Update ext. ptnog commandsi

consists of 3 commands.

Table #27 changes are single buffered; hence any changes in Table #27
should be preceeded . by an inhibit of APM until table is verified.
This is accomplished by Table #26 utilization with Req. Code #1.

I
w
o
f
5]
O
!
o
o
(93]

R.Z-142

L R RN N Y R I e S oy A B T A S G s s o S T b VAW g e S Rt Lty el D e S ARt i~ AT e 2 s “ea

~-.;—"g.u¢,';»z-.‘é

T L Ty X



E]
. i'\'.::'.:.—- §
Aot ! V§~10266
e ate 'y .L\‘ S
oF POGR Nvr e Appendix 3
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3
Using N
Entry Nanme TM Typ:  Subroutiae Description i
Systea Table #27 - ANTPA2M (intenna Zoizting Pazazerzars) g
i
Q000 INITSH c APCY Ground {zftlalizacion :
bits ) i
0001 IZRATR * F APINT. ATR selection index :
0002  IRESLY * F APINT Gizpal resolver daza
source :
0003  FDCGDEE T APCS Elevation GDE, DL and
' DETZCTICN  Azizmuch SDE-FBC :
0004  FDCGDEA 3 4PCS Enabled flag
4 ’ DETZCTICN :
£CoS TASCMD % v TRAZZRR Azizuth tias comzand
' . C )
0006 T4 * v TRACE R Zlevaticn Yias comcand :
-+ 0007 UCHNL 7 APC3:ZC L TWTA zhannel selec:
0008 LaMAl < MODESAT Prorraa :fack to
0009 LAMEL ¢ aursirack ‘switching
Q010 Lamst c thresno lds
0011 CLAMA2 c Auroctracx to
e racx progran
0012 LAME2 . ¢ track swicching s
0013 LAMS2 c thresholids
0014 LaMS3 * c MODESWI 3ackup switch o '
augtotrack switchiag
threshoid
! oo0is EL I < alToTex, Zlevazion hizh race
TRANZEER Li3i: anteana advance
angle .
SOL7  ANTADV * ¢ PROTRAX Turnarouad fnftfarion '
criterion
|
{
- LSD~VPL-251
R.5-143X
-
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Or PCUR QuiLiTyY SVS-10266
’ ’ Appendix B
31 December 1981
- Using
- Entry Naxme TLM Type Subroutine Description
0018  ELBIAS o TAROUND Turnaround completion
0019 ALPHA C PROTRAK criterion
0021 . * C DIRNANB Euler parameters to
0023 EPAE(L) * c correct for antenna
0025 I=1,4 * C aligrment errors -
0027 * C
0028 MAXCNT c APCSFDC “DC paramecters (limits)
0029 TELMIN C APCSFDC
0030  TELMAX c APCSFDC
0031 TAZMINL C APCSEDC
0032 TAZMAX] C APCSFDC
0033 TAXMINZ C APCSFDC
© 0034 TAZMAXZ C APCSFDC
0035 EFPASS C APCSFDC
0036 AFPASS C APCSFDC
|
|
i
|
!
i
i
i
L3D=WPC-243
B.Z-144
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B.3.11.5 TDRS Antenna Pointing Module (APCM) Telemetryv
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Encry Generating
Number Nage Subroutine Descrintion/Comment
0BC TLM Report #20
0000 EANA PREFLTR TR azimuth error signal
- 0001 EANE PREFLTR ATR elevation error ‘signal
0002 ESTS PREFILTER ATR signal strength in volts
0003 EABSC PROTRAK Calibrated air azimuth signal bias
0004 EEBSC PROTRAK Calibrated ATR elevaticn signal blas
0005 -ESSBC PROTRAK Calibrated ATR signal strength bias
0006 THANA GRSDATA TDRS antenna azimuth angle
0008 THANE GRSDATA TDRS elevation angle
o0lo THAZ BUSERCH Desired TDRS antenna azimuth
o1z THEL BUSERCH! Lesiced TDRS antenna elevation
0014 E2PANA PROTRAK, TDRS antenna azimuch tracking
' TRAKERR, TDRS antenna azimuth tracking error
BUSERCH,
AUTOTRK
0016 E2PANE BUSERCH, TDRS auntenpa elevation tracking
AUTRK error
0018 DASCAlN MODEINT, TDRS antenna azimuth scan range
' BUSERCH delta
0019 DESCAl MODETINT, TDRS antenna elevation scan range
BUSERCi delta
0029 ZENARG PROTAAK, Zenith angle
AROUHD - .
' :
U022 JCSLEY HOCEINT, sLisk TDRS antenna slew timer f
!
|
1

PRETI PO

B.Z-144
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SVS-10266
Appendix B
31 December 1981

tncry Generat.ng
Number Naze Subroutine Description/Comment
0BC TL{ Report #21
0000 NASTEP APCM TORS antenna azimuth gicmbal drive
o PROTRAK, step cmd
SLEW,
SENCHDS -
0001 NESTEP APCH, TDRS antenna elevation gimbal drive
PROTRAK, step cmd :
. SLEW
0002 IS MODEINT, Scan axis indicator: = 0, aziuuth
BUSERCH scan = 1, elevation scan
| .
0003 1IAD MODEINT, Azimuth scan direction flag
- BUSERCH
| 0004 1ED MODE INT, Flevation scan direction flag y
i BUSERCH i
|
0005 | ACPHODE APTINT,. TDRS antenna pointing wmode.flag !
UPDATE, *
MODESWI, l
SLEW, ;
APCS l
DETECTION i
0006 EXTRN UPDATE, Index for selecting the gimbai !
; PROTRAK, angles i
g TAROCUND :
| : : i
iOOD? ADVIRN Update, Advaunce antenna turnaround flag R
i PROTRAR ' f
H ‘
, 0003 1NTDRS UPDATE, Index for selecting TDRS East or
; West: = 0, TDHS East = 1, :
i TORS West :
!
f UPDATE ATR reference calibration flap:

0009 CALENA

= (), tnabled = 1, Inhibicted

T b n—

R.2~-147
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31 December 1981
Entry Generating
Humber Name Subroutine Description/Comment
0010 - AUTOSW UPDATE, Automatic mode switching flag: = 0,
' . MODEINT, Enabled = 1, Inhibited
MODESWI o
0011 IERATR APINT Index for ATR receiver select
0012 TRESLV APINT Index for selecting the resolver
outputs: = 0, Use primary = 1, Use
redundant
0014 NRACMD UPDATE Azimuth slew rate cmd
0015 NRECMD UPDATE Elevation slew rate cmd
0016 NSTCMD UPDATE Slew timer
0018 FEANA HODESWI , Filtered azimuth error signal |
PROTRAK : {
0019 FEANE HODESHI, Filtered elevation error signa: v
PROTRAK i
2020 FESTS PREFLTR Filtered strength error signal
' signal
0021 LARGE UPDATE Large slew indicator
U022 GANA Gain compensation constant !
0023 GAME Gain compensation constant
0024 ANTAD PROTRAK Antenna advance angle : o
E
j
i
'

B.Z-14
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Entry Generating i
Humber © Name Subroutine “Description/Comment
OBC TLM Report #22
0000 EPAEL TLYEMT Euler parms to correct for
: antenna alignment errors
ooz EPAE2  TLMEMT Sanme -
0004 #EPAE2 TLMEMT : Sane
0006 EPAES © TLMFMT Same
0008 THACMD UPDATE Ext. commanded azimuth gimbal
angle
0010 THECMD UPDATZE Ext. commanded elevation gimbal
. = angle .
0012 BANA APINT, Limicted azimuch error signal
PROTRAK integral
NEWSTEP ' :
0014 BANE APINT, Limited elevaticn error signal :
: PROTRAK, {ntegral :
NEWSTEP o _ : :
0016 YANA APINT, Limited azimuth error signal double
: PROTRAK, integral
NEWSTEP : ‘ l
{
ouls YALE APINT, Limited elevation error signal {
' PROTRAR, double lnteyral ' i
HENSTED :
i
D024 WHEGA BUSERCH Backup search conversion criteria

LESD=VPC-203

R.T-149
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31 December 1981

e s 4 e

TAROUND,
TRARERR,

AUTOTRK

Entry’ Generating
" Number Name Subroutine Description/Conment
OBC TLit Report #23
0000 ELBIAS TAROUND Turnaround initiation criterion
0001 CLaMAl MODESWI Program track to autotrakck MODE
SWITCHING THRESHOLDS -
0002 LAMEL MODESWI Same
0003 LAMS 1 MODESHI Same
D004 LAMA2 MODESWI Autotrack to program track
SWITCHING THRESHOLDS
0005 LAME2 MODESWI " Same
00ns LAMS2 HODESWI Sane
0007 LAMS3 MODESWI Backup search to autotrack mode
switching threshold '
0008 briax MODESWI, Backup search scan RADIUS
’ ' BUSERCH
0009 DELTA HODEINT, Packup search scan range
BUSERCH increment
oClL0 TABCD TRAKERR Azimuth RESOLVER BIAS CD
0012 TEBCMD TRAKERR Elevation RESOLVER BIAS CD ;
0014 STALIM MODELNT, Max. steps in a control CYCLE ‘
TAROUND,
TRAKERR, :
AUTOTRK i
0015 STELIM DETNT,

Max steps in a contrel cycle

L3D-1PC-253
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Entry Generating
Number Name Subroutine Description/Conment
0016 SCPENA - UPDATE Stored command processing enable
' : flag:- = 0, Enabled = 1,
Disabled
0017 GPA : . Azimuth rate computation constants
00138 GIA Azimuth rate computation constants
0C19 GDA Azimuth rate computaticon constants
0020 GPE Elevation rare computation constants
0021 GlE Elevation rate computation constants.
GDE Elevation rate computaticn constants

0022

LSD-UPC-262

R.Z-19




B.3.11.6 TDRS Antenna Pointing Module (APCM) Flow Charts
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CHECX FOR START OF AN ANTENNA
POINTING CONTROL CONTROL CYCLE

PROCESS THE GIMBAL RESOLVER
SERIAL DATA

PROCESS THE POINTING REQUEST CMDS

ACPMODE-CURRENT POINTI{NG MODE
APPMODE-PAST POINTING MODE

(o8 00
ORIVE AATE

SVS-10266
Appendix B
SAVE THE CONTROL FLAGS. 31 December 1981

PREFILTER THE AUTGTRACK RECEIVER QUTAUTE.

RETURN

CALL MODEINT IRITIALIZE CURRENT

PQINTING $CDE
CHECK YO SEE IF IT 13 TIME
TOQ EXIT CURRENT MODE

QFF MODE
NASTEP =0 lommron

NESTER <0

CALL
AUTOTAR

CALL
SUSERCH

= = == TELEMETRY POINT
ssecssee SYSTEM TABLE ENTRY

TELEMETRY POINT &
SYSTEM TABLE ENTRY

caLL cAL:
PROTRAK SLEV
1
CALL EXECUTE REQUIRED STEP CMD PROCESSING
SENCMDS *
CaLL DO FAILURE CETECTION & CORRECTION
APCSEDC

TIME TO UPOATE THE
TELEMETRY BUFFER

Figure 8

LED=UPC~14)

B, =~

0
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P X

ANTENNA POINTING INITIALIZATION

| CALLED 8Y APCM IF

ACCUMULATOR BITS 10R 2

SET.
TEST FOR FULL INITIALIZATION
SVs-10266
Appendix B
31 December 1981
BANA =0
ANE »
INITIALIZE %;;N;‘ _%
PARAMETERS A YANE = 0
TO ZERO OASTEP » @ )
’
OESTEP =0 ; .
APCMODE = 0 ORIGINAL PAGE iS
APPMODE = 0 OF POOR QUALITY
FAILCNTE=0 OF P QUALITY
EAILCNTA =0
VHICH ANT. TRACKING RECEIVER {ATR} IN USE? -
PRIMARY IN USE
OF1=0 INITIALIZE FOR ATR IN USE
. ViHICH GIMBAL DRIVE ELECTRONICS (GDE} IN USE?
REDUNDANT NO IRESLYV YES  PRIMARY
- m——
0 Y
REDUNDANT DATA] OF2=4 OF2 %0 PRIMARY DATA
RIU 9 APCHI =023 APCHI = 022 RitJ 9
CHANNEL 3 CHNLO = 6000000 CHNLO = 0600000 | CHANNEL 3
1% COUNT « INITIALIZE COUNTER
0777777 TO ALL DNES
} - = = TELEMETRY POINY
sesesse SYSTEM TABLE CNTRY
1% QUEUE( = INITIALIZE QUEUE —— TELEMCTHY POINT ¢
07727777 70 ALL ONES SYSTEM TABLE ENTRY
{t=1707)
TSV =0 RESET INITIALIZATICN FLAG
RETURN
Figure 3.3.11=2. APLNT Flow Chart
B.Z-154
B LSD-1C-24]
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CALLED BY APCM

EVERY EXECUTION PREFLTR

N

ORIGINAL PAGE IS SVS-10266
OF POOR QUAUTY Appendix B

31 December 1981

CONVERT RAW ATR DATA FROM COUNTS
TO VOLTS AND APPLY-ZERO OFFSET.

1=-2TOO0

ESTS({!) = BITS 18 OF ARSTS1(1+OF1)*C2 VOLTS ~ SSZERO (I)

V

FILTER DATA USING SIMPLE
CIGITAL LAG FILTER.

FESTS(1) = FESTS(1)%0.922;
I=-2T00

+ ESTS(1)* 0.0773

COMPUTE THE COMPENSATED TRACKING
ERRORS FOR AZIMUTH

CALL FLTR2 [{EANA, EABSC),

FEPANA, FEIANA] !

CCMPUTE THE COMPENSATED
TRACKING ERRORS FOR ELEVATION

CALL FLTR2 (EANA, EEBSC),

FEPANE, EETANE

RETURN .

Figure B.3.11-3.

— ~ — TELEMETRY POINT
eaesess SYSTEM TABLE ENTRY.

— TELEMETRY POINT ¢
SYSTEM TABLE ENTRY

PREFLTR Flow Chart

o5 LSD=-WPC-253
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CALLED BY APLM

AZIMUTH SECTOR
ARE STORED IN
GRPDB1{OF1)<1: 7>
AND

GRPDB2(OF 2) <2:8>

C20EGS = .022

THANA = MEASURED
AZ ANGLE

THANE = MEASURED
EL ANGLE

TRW —>MANUFACTURER OF WIDEBAND SUBSYSTEM INO

D phed 1S

ORIl PG |
OF POOR QUALITY SVS-10266
Appendix B

31 December 1981

GRSDATA

, CONVERT MEASURED AZ TO DEG

THANA = [BITS(1-7) OF GRPDB1(OF2) ° 256 + BITS (2-8) OF GRPDB2 (OF2)] ® C2DEGS .

é CONVERT MEASURED EL TO DEG.

HANE = [BITS (1-6) OF GRPDB3(OF2) ° 512 + 8§TS (1-8) OF GRPDB4(OF2)] ° C2DEGS

_———

]CONVERT AZ FROM TEW TO LSD COORDINATES

Yes Az >3260°

GRPDB2(OF2i<1:1>»

-

THANA = THANA +160°

AZ <360°

THANA = THANA -200°

<>
CONVERT THE EL FROM TRW TO LSD COORDINATES

4

THANE = THANE - 0005

K

COMPUTE THE AZ GEOMETRIC

DSINEL = SIN (THANE)

== == = TFLEMETRY POINT
soscess SYSTEM TABLE ENTRY

=== TELEMERY POINT ¢
SYSTEM TABLE ENTRY

RETURN

Figure B.3.11-4.

R.I-156

GAIN CORRECTION FACTOR

GRSDATA Flow Thart

LSD-WPC-263



IF REAL TIVIE REQUEST CMD QUEUE
COUNTER (TABLE 26 WORD 1) >0
THEN THERE ARE REAL TIME CMDS

TO BE EXECUTED

REINITIALIZE THE
REAL TIME QUEUE
TO ALL ONES

SVS~-10266
Appendix B
31 Decembar 1981

—

ORIGINAL T f;
OF POOR QUALITY

S

Sava

e/ COUNTER

% COUNT)

=1709

UE() = 777777

REAL TIME REQUEST CMD QUEUE
REAL TIME REQUEST

CrD QUEUE:

CHECK FUR PRESTORED REQUEST CMDS

Q% APCM ™\ O

SCPENA

STORED CMDS
ARE DISABLED -~

=0

STORED CMDS$
YES ARE

ENABLED

CALL VERIFY (C % APCM, Q % APCM)

¥

CALL UDPATE { C% APCM, Q % APCMW)

STORED REQUEST CMD QUEUE
STORED REQUEST CMD QUEUE

& COUNTER

S
3

Q% APCM =0

RETURN

Figure B.3.11=-5,

TELINMETRY POINT
SYSTLM Taplt ENTRY

TLLEMETRY POINT o
SYSTEMW TauLt ENTRY

APRQEST Flow chart

LED-WPC= 20l



QUEADD -~ BUFFER OF CMDS

VERIFY

VALIDATE ANT. POINTING CMDS

QCNTR ~ ¢ OF CMDS

SET SYNTAX ERROR
BIT

SVS-10266
Appendix B
31 December 1981

CHECK FOR INVALID
. QUEADD (INDEX R A
QCNTR = 0 APST/:T<3-!> <(> ) EQUEST CMD i
0377
RETURN BITS 1 =& FIRST OPERAND .
OrERAND = QUEADO(INDEX) <t:a>
REQCODE = QUEADD(INDEX)KS:9> BITS $~9 REQUEST CODE

BRANCH DETERMINED 8Y
REQUEST CQDE

REQCOOE

VERIFY
OPERAND

OPERAND
>

3

ADDITIONAL VERIFY OPERAND
_ OPERAND

INDEX = UEADD(INDEX

INOEX «1 <10:18>

VERIFY
OPERAND

(

VERIFY

. H
OPERAND <t 2

VERIFY 1ST .
OPERAND

'VERIFY IND
UEADD_OPERAND

(INDEX + 2) Y

QUEAD
NDEX + 1)

0377 0377

UNDEFINE
; REQ. CODE
APSTAT L S5:5> INDEX
z =
INDEX » 2

ZERO COUNTER 1u
STOP VERIFY PROCESSING

QCNTR

0

INDEX

INDEX « 1

™ = TELEVMETRY POINT
eoesese SYSTEVM TABLE ENTRY

~—— TELEMETRY POINT ¢
SYSTEM TABLE ENTRY

Figure B.3.11-6.

VERIFY Flow Chart

LSD-

<
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PC-263
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ber 13

: MODESWI TIME TO EXIT CURRENT POINTING MODE, >+ D8SE% i
ORIGINAL PxGZ & -

OF POOR GUALITY

COMPUTE THE SIZE OF THZ ERROR SIGNALS

AZSIZE = (FEANA — EABSC)
EEANA {FILTERED OUTPUTSAZ ANGLE £ §2€ = (FEANE~ EEBSC)

FEANE EABSC }
EL ANGLE & SIGNAL STRENGTH ) ALIBRATED
FesTs | SSSIZE = (FESTS — ESSBC) ' i % A atases

BACKUP SEARCH .
TO AUTOTRACK SWITCHING

SEARCH ACPHMODE = 2
o LIMITS AUTO TRACK
EXCEEDED

MODE SELECT.

1
PROG. TRACK

YES

ACPMODE »
= BACKUP
SEARCH

AUTO MODE
SWITCHING

NOT ENABLED

YES AUYOSW = ¢
ENAS S
NORMAL PGM ¢ Yes WHHIOT
TRACK AUTO MODE"
TIME TO SWITCH SWITCHING

POINT MODE

CMDS (ILCMD, 1, 1)
TURN THE “KSA”
CHECK FOR S;EATURN LINK
TIME TO SWITCH
DE;/ :
POINTING MODE YVES | ACPMODE = 1
PROG TRACK : )
$SSIZE
> LAMSY
AND
AZSiZE
L. LAMAY
AND ELSIZE
AELSIZE > LAME2
>LAMET —
' y
ACPMODE = 1
PROG TRACK
ACPMODE - 4
AUTO TRACK MODE . y . N .
) © ] we'= = TELEMETRY POINT
RETURN ' . esecase SYSTEM TABLE ENTRY
——— TELEMETRY POINT ¢
SYSTEM TABLE ENTRY

Figure 8.3.11-7. MODESWI Flow Clart .
' _ LSD~ivPc~263
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Appendix B
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ORIGINAL pres o i}
OF Pocr QSEZ;T[\%

| appvoDE = acemonE |

AZ COMPUTED
DRIVE RATE LIMIT prOoGRAM

TRACK 1 4 AUTOTRACK
ASTPLIM = 80 = < ACPMODE > & ASTPLIM =80
BACKUP -? ‘
SEARC SLEW
INITIALIZE THE SCAN RAMP
FOR BOTH AXES
DESCAN = DELTA
DASCAN =0 INITIALIZE THE
INITIALIZE THE SCAN ngz“TL';‘”ER
DIRECTION INDICATORS 9
. NCSLEW = HSTCMD
ISX =1 NSHATE = NRACMD
€O =1 NSRATE = NRECMD
1AD =1
SET UP LIMITS v
ON THE - .
T s ASTPLIM = 4
ORI ESTPLIM = 4

— == = TELEMETRY POINT
ecescoe SYSTEM TABLE ENTRY

TELEMETRY POINT ¢
SYSTEM TABLE ENTRY

Figure B.3.11-8. MODEINT Flow Chart

B.3-160
. LSD~WPC-263
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ORIGINEL F

OF FOOR QUALITT

PROTRAK CHECK FOR TIME TO UPDATE THE

CALIBRATION REFERENCE SIGNALS

THE CAL!BRATED BIASES
EABSC = EANA ARE UPOATED BY SETTING
LCS VECTOR = VECTOR ALCNG THE LINE OF SiGNT 'EEBSC » EANE THE BIAS » TO THE CUA.
FROM LSO TO TORS ESSBC = ESTS RENT OUTPUT OF THE
_= == SIMPLE DIGITAL LOG
T FILTER.

EXTRN = FLAG TO USE CALCULATED TARGET
OR THE UPLINKED TARGET TABLE,

0 (USE CALCULATED TARGET)

USE EXT
CMDeod POINTING
ANGLES

j @@=~ CALCULATE THE
DIRECTICN COSINES

OF THE LO3 VECTOR

IN THE ANT BASE
FRAME

ACCESSTO REFQ
(BODY AXIS WR YO ECH
AND THE CONSTANT
TRANSFORMATION OF
DOCY TO ANT BASE. .

CALL DIRNANB

ZRROR = TARGET-MEASURED POS

ANT TURN
ARQUND C1AD

E2PANA = THACMD = THANA
E2PANE = THECMD - THANE_

N T

_COMPUTE DRIVE RATES

0~ NO TURN
FOR CURRENT CYCLE
START CALL
CALL NEWSTE? TURN | TARQUND CALL COMPUTE NORMAL PROG
TRACKERR TRACK ERROR SIGNAL

CHECK FOR TIME TO
REVERT TO NORMAL
PROGRAM TRACKING

IEPZANA

>ALPHA AZ ERROR

TOO LARGE . i CALL COMPUTE STE? CMOS
' NEWSTEP

YES

EL ERROR
TOO LARGE

YES

AZ RATE
TOO LAAGE

YES
TL RATE
TOO LARGE
CHECK FOA catLL ZENANG
TURNAROUND ZENITH A—sﬂTADV .
cMD = === = TELEMETRY POINT
NO esecens SYSTEM TABLE ENTRY
] w——ew—e TELEMETRY POINT &
BANA =0, BANE = 0 SYST[‘;M TABLE ENTRY
YANA =0, YANE =0
REVERT TO GASTEP = 6, OESTEP =0
NORMAL PROG s
TRACKING NASTEP =0, NESTEP =0
ADVTRW = 0
EXTRAN = 6
L a{  RETURN )
Figure 3.3.11-%. PROTRAK Flow Chart -

o > +.
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THE APPROPRIATE ANT CONTROL
PLAGS AND/CR DATA WILL 08
UPDATED AS SPCCIFIED BY THE
CONTENTS OF QUEAOD.

(uPnatE (GUEADOD. GSNTR) )

NO QCNTR

-0

YEs

L

INDEX » 0

&

-

SET ANT POINTING FLAQS AS SPECIFIED
BY COMMANDS

ORIGINAL PAGT I3

OF POOR QUALITY SVS-10266

Appendix B
31 December 1981

r

INDEX = INDEX ¢ 1

RECCODE

-

CHANGE POINTING MODE

{ REQCODE = 8ITS (5.9) OF GULADD (INDEX) | GET NEXT REQUEST CODE
| GPERAND = 8IT (14) OF QUEADD (INDEX) | GET NEXT OPERAND

‘ PCINT TO NEXT OPCRAND/COMMAND

(%]

ENABLE TURNAROUND MAN.

w

CLEAR ANT.POIMTING STATUS

-~

CONTROL STORED CMD UPDATE T

w

CONTROL AUTD MODE SWITCH

| APMODE = OPERAND .
all ADVTRN = 1
- APSTAT =0
~f SCPENA = OPERAND

f

@

CONTROL REF SIG. CALIB.

~

SELECT TDRS F \STAVEST

CONTROL EXT PGM TRACK

©

CHANGE SLEW YIMER

P11 11107

CHANGE SLEW RATES

-{ AUTOSW = OPERAND
] CALENA = OPERAND
-t INTORS = OPERAND
| EXTRN » OPERAND
NSTCMD = QUEADO {INDEX)
TTTT <1a>
)
{ INDEX = (NDEX + 1

L

NRACMD » QGUEADD {INDEX)

CHANGE EXT CMF €D ANGLES

NRECMO » QUEADD (INDEX + 1)

L]

[ INDEX = (NDEX + 2

Figure B.3.11-19.

TELEMETRY POINT

TELEMETRY POINT ¢

SYSTEM TABLE ENTRY

SYSTEM TABLE ENTRY

THACMD = QUZADD (INDE")
THECAD = QUEADD UIND”.X + 1)

it T

INDEX = INDEX + 2

T 1

L

S

) YES
— G

LPDATE (QUEADD, QBNTR) Flow Charc
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TAROUND

CALL ZENITH

CHECK FOR TIME

COMPUTE THE ZENITH ANGLE TO THE
TDRS (AZ POS IN ANT COORDINATES
‘OF THE T VECTOR (LOS VECTOR})?

TO INITIATE THE
TURNARCUND
VECTOR

ZENANG
< ELBIAS
?

CALL
TRAKERR

§ YES

EXTRN =1

v

ASTPLIM = 8C
CSTPLIM = 80

¥

USE EXTERNAL
CMD BRANCH
OF PROTRAK

SET UP THE LIMITS
FOR THE DRIVE
RATES

E2PANA = THACMD —~ THANA
EZPANE = THECMD — THANE

Figure 3.3.11-11.

B.3~14

TARQUND Flow Chart

-
RS
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ANTENNA
COORDINATES

ORIGHNAL
CF POOR QUALITY

TX, Y. Z= COMPONENTS OF
LOS VECTOR IN
ANT COORDINATES

PFX Y,Z = COMPONENTS OF
LOS VECTOR
ROTATED BY AZ
MEASURED

QP = THE LOS VECTOR

ROTATED TO THE ZENITH
POSITION BY THE MEAS-
'UREMENT ANULES OF AZ
jARKD EL THEREFORE THE
‘QFFSET OF QP FROM THE
ZENITH WILL BE THE
POINTING ERRORS.

THANEB = THANE + TEBCMD

!

CAZ = COS(THANAB)
CEL = COS(THANEB)
SAZ = SIN{THANAB)
SEL = SIN(THANEB)

PPX CAZ SAZ 0} TX
PPY | =.[-SAZ CAZ 0| TY

PPZ 0 0 1] TZ

apPXx CEL O -SEL PPX
Qry 0 1 PPY

arz SEL 0 CEL | Pz |

AT THE ZENITH.

PP = | ROTATE T ABOUT Z BY AZ 2
UMEASURED TOWARD X _

EL TOWARD ZENITH

‘LQP ROTATE PP ABOUT Y BY U

E2PANA = ATAN2 (QPY, ABS (QP2Z))

CALL AZGAIN (E2PANA)

TR [ e .

Criiid

SVS-10266
Appendix B
31 December 1581

THANAB = THANA + TABCMD | \hh giaSES TO THE MEASURED ANGLES

v

COMPUTE SIN & COS OF
ACTUAL POINTING ANGLES

LOS VECTOR (T)
PP /- /Measurep
VECTOR | %EASL’Pgs
' l
ERAOR
l Y
X ¢ ~ |
~

COMPUTE ERRORS FROM COMPONENTS OF GP _
IF NO ERRORS GPWILL LIE ALONG Z AXIS 1.E,

APPLY THE AZIMUTH SIGNAL GAIN CORRECTION

lCOMPUTE ELEVATICN ERROR

E2PANE = ATAN2 (QPX, ABS (QPZ))

CALL LITELV (E2PANE, ESTPLIN)

Figure 8.3.11-12.

RETURN

R T.124a

VLIMI;I' THE ELEVATION DRIVE RATE

= = = TELEMETRY POINT
sessese SYSTEM TABLE ENTRY

TELEMETRY POINT ¢
SYSTEM TABLE ENTRY

TRAKERR Flow Char~

LSE-4%PC~263
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| caLLomrnans |

[a = SQRTITX*TX + TY*TY) I

COMPUTE THE DESIRED| THAZ = ATAN2(TY,TX]
POINTING ANGLES THAE = ATAN2(R,T2)

MODULATE THE POINTING ANGLES , MEASURED
AND COMPUTE THE TRACKING POINTING A2
ERRORS <

E2ZPANA = (THAZ + DASCAN®IAD)~THANA
‘E2PANE = (THEZ + DESCAN®IED}-THANE

CORRECTION FOR THE AZIMUTHI -
PANA = E2P
SIGNAL GAIN EZPAN E2PANA/DSINEL ]

| cALLNEwsTEP Ve Rales

lEZPANA. < OMEGAN no

COMPUTE THE NEW

THA

R COMPUTE THE DIFECTION COSINES OF THE
CRIGIHAL Plens = | caLL oimnect LOS VECTOR IN EC] COORDINATES

XFORM THE LOS COMPONENTS INTO THE SVS-10266
ANTENNA BASED FRAME

Appendix B
31 December 1981

AND
IE2PANE| < OMEGA

Y ENOUGH TG SWITCH AXES

TRACKIMG ERRORS ARE SMALL

‘YES UPDATE THE ELEVATION
SCAN RANGE

| DESCAN = DESCAN +DEL /A |

DASCAN = DASCAN + DELTA
DSINEL
L P —

RETURN

Figure 3.3.11-13. BUSERCH

B.I-165

1

<

i

ow Chart
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{
v -

NASTEP = NSRATA DRIVE THE ANTENNAS AT

NESTEP = NSRATE THE COMMANDED RATES

:
NCSLEW = NCSLEN—1

{

NO

TCCATINUE
TO SLEW
&YES
APMODE = 1 END SLEW ENTER
. PRO T{ACK
¥
‘ RETURN >
Figure 3.3.11-14. SLEW Flow Charc
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CONVERT THE AZIMUTH TRACKIN
[[z2pana -epanacanaraos | conon romaoians -

SVS-10266

. - j APPLY THE AZIMUTH SIGNAL GAIN _ : Apnendix B
F CALL AZGAINIEZPANA] CONRECTION .31 December 1’ 81

4 .
- 1 CONVEHT THE B\ EVATION TRACKRR
E2PANE = EPANEEV2RADS ] ERROR TO RADIANS

g , N
LIMIT THE ELEVATION DRIVE RATE
CALL LMTELV | mMTELVI(E2PANE ESTPLIM)

7
———] COMPUTE THE NEW DRIVE CMDS
rc;au. NEWST EFI ,

( RETURN ’

NEWSTEP

CMD FROM LAST CYCLE

AZERR = E2PANA - GANA®OASTEP SUB-RACTOFFLASTCYCLECMD
EI.LERR = EZPANE GANE’OEST:H FROM ERROR

S !

BANA = JANA + AZERR®TCYCLE
BAF\‘E: BANE+ELEHR’TCYCLE

LIMDP(BANA BLIMA) LIMIT BANA TO = BLIMA
LIMDP(BANE,SLIME) LIMIT BANE TO * BLIME

TELEMETRY POINT 1

SYSTEM TABLE ENTRY
TELEMETRY POINT ¢

YANA = YANA + BANA*TCYCLE
YANE = YANE + BANE*TCYCLE

SYSTEM TABLE ENTRY

) k:
LIMDP{YANA,YLIMA) LIMIT YANA TO = YLIMA
\ lMDp(VKNT-;IYUME: LiIMIT YANE TO + YLIME

g’ COMPUTE THE NEW DRIVE CMDS ™~

NASTEP »
NESTEP -

(GFA*AZERN + GIATBANA + GDAYYANAI*RATIO
(GPEZ*ELERR +GIE* BAN‘*—GDE'YANE)'RA 10

4
I LiMsP(NASTE TALIM)
L 'S _V_S__Efi__ - LIMIT THE COMPUTED STEP CMDS

LIMCP{NESTEP STELTMWY

ure B.3.1i=-13, AUTOTRX, NEWS

3
g2
i8]

Flew Charr

<
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‘ SENCMDS ’

iaadis

LIMSC NASTEP, CASTEP

LIMSC NESTEP, OESTEP

ANT STEP CMDS

§

SWSTP (THANA, THAMAX, THAMIN, NASTEP, 1)

T

SWSTP (THANE, THEMAX, THEMIN,

P pp—— .,.--..w'v g

SVS-10266
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LIMIT THE CHANGE IN TH -

IMPLEMENT THE AZIMUTH
SOFTWARE GIMRAL STOP
{IF NECESSARY;

IMPLEMENT THE ELEVATION

NESTEP, 2) | SOFTWARE GIMBAL STOP

-

OASTCP « NASTEP
OESTEP « NESTEP

L .

rAPCLo,< 1:8> = NASTEP < 18:18> © 128 + IABS (NASTEP)

! APTLO <9:16> = NESTEP < 18:i8> ® 128 + |ABS (NESTEP)

\

CMDS (APCMD, t, 1}

RETULRA

CALL THE EXECTO
OCUEUE THE CMDS
-FOR SENDING

Figure B.3.11-16. SENCMDS Flcw Chart

R.3-148

(IF NECESSARY)

INSERT THE NEW DRIVE

«<=CMDS INTO THE APPRQ.

PRIATE BITS OF CIMDLO
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B.3.12 ATTITUDE CONTROL (ACS)

B.3.12.1 Attitude Control (ACS) Processor Description

The function of the ACS processor is to maintain three axis stabilized earth
pointing of the Landsat~D Flight Segment. To accomplish this spacecraft control
errors are determined and used to calculate wheel drive and thruster - commands.
The commards are calculated such that the produced torques will drive the errors
to - zero. The control error is derived from the sum of position error plus rate
error. The rate error is derived directly from filtered gyro data.input from the
Gyro Data Prccessor (GYROD). The positicn error is determined from the equation
QE=INV(QREF)QT. The target quaternion QT is defined as the rotation from the ECI
coordinate system to the desired spacecraft attitude. The reference qudternion

Q(Ref) 1is defined as the rotation from the ECI system to the spadecraft system-

as estimated by integrating gyro rate data over time segments. Then INV(QREF)QT
1s the rotation from the estimated attitude to ECI then from ECI to the desired
attitude, or from the estimated attitude to the desired attitude. The
spacecraft position errors are then calculated directly from QE.

Earth pointing requires the Landsat-D spacecraft +Z axis oriented towards the

earth center and the +X axis in the direction of the spacecraft velocity vector.

To correctly determine the desired attitude the ACS processor must “"know™ the

orbital positlon of the spacecraft. Fach cycle the EPHEM processor provides to-

the ACS processor the F.S5. ECI position and velocity vectors, R and V. The ACS
processor then builds the target quaternion QT by aligning the spacecraft +2
axis along -R and the +X axis along +V. 1In support of the EPHEM processor the

ground must calculate and uplink 2 data files. One file is the 6 sets of 42°

coefficiants cf the Fourler power series ephemeris representation. The other
file 1s a set of F.S. position vector residuals at the Fourier power series
evaluation times. The UCUP processor then uses these two files to calculate 6
sets of interpolator coefficients for each 10 minute "grid"” interval between the
Fourier power series evaluation times. The EPHEM processor then uses the
interpolation coefficients to calculate the components of R and V at the ACS
cycle interval, .512 sec if MODE <4 or .256 sec {f MODE=7.

The reference quaternlon represents a position which is propagated using gyro
data. To Iinitialize the reference requires some direct measurement. On Landsat=~
D the initialization is accomplished by measuring the Earth vector and the Sun
vector in in body coordinates and then wusing -the calculated Earth and Sun
vectors from the EPHEM and SOLAR EPHEM processors to determine the
transformation from the ECI system to the body system.

Gyro data is subject to sy. :matic errors which cause the reference quaternion

to drift from the actual spacecraft attitude. To compensate for these '

systematic errors periodic .;orrecticns of the reference quaternion using direct
measurements are required. On Landsat-D these periodic corrections are
implemented by the Update Filter processor. The direct measurements used are

LSD-WPC-2673

B.Z-1469
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star positiona. The Update Filter uses the ground uplinked star catalog to
fdenti{fy starts which are belng tracked by the FHST s. When "guide stars™ . are
{dentified thefr measured position crrors are used to update the reference
quatarnfon ard the gyro blas vector.

To avold reaction wheel apeed saturation some wethod of generating “dumping
torques” must ba employed. The primary mode for "dumping” reaction wheel
momontum ou Landsat-D {s to genarate torques using the magnetic torquers. Wheel
speed and Mapnitometer data avre used to genarate the proper torquetr bar
commands . Tha _capabllity does exist to use thrusters but their use for
“dumping” wheel momentum s not planned.

Flgute B.).12-1 shows the ACS processor top level block diagram, and- Figure
B.3.12-2 shows the OBC ACS software and {nterface with executive.

LSD=WPe-2673
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lst Level 2nd Level Other Levels
GYRCOOMP MTRAFD ENAQTHR
ESPRGC SKEWFD DISAQTHR
MAGNET MODEFD EACOMP1
WHLTAC ORBADJI EACOMP2
FSSCAL EPOINTI CROSS
MINIT STELACQI EULER -
ESACQ ESACQI XFORM
STELACQ EACOMP ECIUPD
EPOINT EULERC CRATT
ORBADJ EULERI NORMFDB
ACSTLM ATTERR NORMFDC
WHLCOMP ACQFDA
WHLUNLD ACQFDB
- STELCOMP ACQFDC
THRUSTER ACQFDD
NORMFD 8CQFDP
ACQFD ACQFDU
GRYOFD ACQFDLL
ACQFDS
RIUSWTCH
SAFEHOLD 1-1
SAFEHOLD 1-2
SAFEHOLD 1-3
SAFEHOLD 1-4
SAFEHOLD 1-5
SAFEHOLD 1-6
SAFEHOLD 1-7
SAFEHOLD 1-8
SAFEHOLD 2-1
SAFEHOLD 2~2
SAFEHOLD 2-3
SAFENOLD 2-4
GYROFD1
GYROFD2

LSD-WPC-263
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Table 3.12-2. ACS Subroutine Nesting

ACS PPOCESSOR
GYROCOMP
ESHROC
ENAQTHR
DISAQTHR
MAGNET
WHLTAC
FSSCAL
MINIT .
MTRAFD :
SKEWFD
MODEFD
ORBADJI
EPOINTI
STELACQI
ESACQI
EACOMP
EACOMP1
. EACOMP2.
£SACQ
WHLCOMP
WHLACQ
WHLUNLD
GYROFD
GYROFD1
GYROFD2
ACQFD
ACQFD GET
STELACQ ~
WHLCOMP
WHLACQ
WHLUNLD
EULERC
CROSS
EULE"
XFORM
STELCOMP
ECIUPD
XFORM
CRATY
EULER

ACQFED

LSD-WPC~-263
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ACS Subroutine Nesting

ACQFD SET
EPOINT
EULERI
EULERC
CROSS
EULER
XFORM
ATTERR
WHLCOMP
WHLACQ
WHLUNLD
NORMFD
NORMFD SET
ACQFD
ACQFD SET
ORBADJ
EULERI
EULERC
CROSS
EULEK
XFORM
* ‘TERR
" ARUSTER
NORMFD
NORMFD SET
ACSTLM

LSD-WPC-2£3
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Tatle B.3.12-3. ACQFD Set

ACQFD
ACQFDA
SAFEHOLD 1
SAFEAOLD 1~
SAFEHOLD 1
SAFEHOLD 1
ACQFDB
SAFEHOLD 2
SAFEHOLD 2-
SAFEHOLD 2
SAFEHOLD 2
ACQFDC
ACQFDLL
SAFEHOLD 1-1
SAFEHOLD 1-4
ACQFDD :
SAFEHOLD 1-5
SAFEHOLD 1-6
SAFEHOLD 1-7
SAFEHOLD 1-8
RIUSWICH
ACQFDD
ACQFDS
SAFZHOLD 1-3
SAFEHOLD 1-1
. SAFEKOLD 1-3
ACQFDU
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NORMFD
SAFEHOLD 1-1
SAFEHOLD 1-3
NORMFDB
SAFEHOLD
SAFEHOLD
SAFEROLD

SAFEHOLD

SAFEHOLD

RIUSWITCH
NORMFDC

1-
1-
1-
SAFEHOLD 1-
2-
2-

R RV, S

SAFEHOLD 1-2
SAFEHOLD 1-3
SAFEHOLD 2-~-2

RIUSWICH
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B.3.12.1.1 1lst Level Subroutines

GYROCOMP

GYROCOMP inpuvs filtered gyro difference data, CNCX.Y,Z, frcm the Gryo Data
Processor and calculates the spacecraft rates WX, WY and WZ. Missalignment
errors are compensated for bty the 3x3 GS matrix. Scale factors are accounted
for by the high or low rate parameters GSFLX,Y,Z or GSFHX,Y,Z. The gyro Dbilas
compensations THETBX,Y,Z are subtracted after the gyro to body transformation

{GS) and, therefore, refer to body axes, not gyro axes. THETBX,Y,Z nre updated
each 32 sec by the update filter. ’

ESEROC

ESPROC inputs coarse and fine earth sensor data and stores it in lccations EX1C,
EX2C, EX1F, EX2F, EYIC, EY2C, EY1lF, EY2F. Then depending on MODE, the data
quality, and the value of the ground commanded selection flag (ESASEL) one of
the four X inputs 1s transferred to the earth sersor control errcr EXE, and cne
of the four Y inputs 1is transferred to EYE. !

b

MAGHET _ '

Magnet inputs magnitometer data from doth TAM 1 and TAM 2 and calculates the
earth magnetic field vector components BEX, BEY and BEZ using one of the tuo
inputs denending on the ground commandable flag SELMAG. Magnetic torguer

disturbances are componsated for using the torquer Inputs DPWXI DPMX2, DPMYL,
DPMY2, DEMZ1, DPMZ2.

WHLTAC

WHLTAC 1inputs raw reactinon wheel speed data from the 4, i6 bit ITP wheel speed
registers and coverts the data to wheel momentum HWX, HWY, HYZ, HYS.

FSSCAL

FSSCAL inputs raw FSS data and calculates XP and YP by compencating tlie raw data

for all known errors. XP and YP are sun position errors with respect to FSS
axas. :
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SJINIT

MINIT calls MTRAFD and SKEWFD once per major frame. . Then each minor frame calls
MODEFD. The MODE flag is then chocked and 1f:

MODE=1 or 2 MINIT calls ESACQL and EACOMP
MODE=3 MINIT calls STELACQIL

~ MODE=4 MINIT calls EPOLINTI
MODE=7 MINIT calls ORBADJI

ESAC

If MODE=1 or 2 ESACQ is called to call in order WHLCOMP, WHLUNLD, GYROFD, and
ACQFD.

 STEIACQ

1f MODE=3 STEI.ACQ is called to call in order WHLCOMP, WHLUNLD, EULERC, STELCOMP,
and ACQFD.

EPOINT

If MODE=4 EPQINT is called to call in order EULERI, EULERC, ATTERR, WHLCOEP,
WPLUNLD, and then NORMFD if :C:L=3 else EPOINT calls ACQFD.

ORBADJ

Tf MODE=7 ORBADJI is called to call in order EULERI, EULERC, ATTERR, THRUSTER,
and then NORMFD 1f ICAL=3 else ORBADJ by passes NORMFD.

ACSTLM

ACSTLM controls the o>rmatting and the tiwming of the attitude telemetry report. .

(OBC reports #1 to 12)

B.3.12.1.2 2nd Level Subroutineé

MTRAFD

MTRAFD sets flag MIRAFLAG=1l 1f the Channel A motor current i{s out of limits.

SKEWED

For the 4-wheel control case only; SKEWFD will turn off the pover to the skewed
wheel and set flag SKEW=1 if the wheel momentum HWS 1s out of 1limits for 3
cansecutive readings.

LSD-WPC-263
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MODEFD
MODEFD controls the activation and deactivation of CYROFD, NORMFD and ACQFD.

GYROFD i{s enabled for the 23 sec period from Qéparation +7 sec to separation +30

sec. Then {f magnetic acquisition .i{s ente.ed GYROFD is enabled until yaw
acquisition is complete.

ACQFD ‘is enabled at scparation +30 sec and disal 'd whea the Normal mode &
operation 1s begun. (Normal Mode &4 ==> 11 ".43). If, -however, magnetic
acquisition {3 entered ACQFD is disabled until Y - .cquisition {s complete.

NORMFD is enabled when the normal mode 4 operatt .. is begun and remsins -enabled
except during slews.

ORBADJI

ORBADJI has 3 bias functions:

1. Inftialize the orbit adjust by 1nftislizing the O.A. sof tware
perameters, zending wheel commands and torquer coammands equal to O and
enabling the REMs.

2.  Implement the MODE 7 termination tests. |

'

3. Tmplement the MODE 7 termination by setcing MODE to 4 and disabiing
the REMs. :

EPOINTI
EPOINTI has 2 basic functicus:

1. Upon infitial entry, EPOINTI inftializes the error registers to zero.

9

2. EPOINTI administers the stage 2 acquisition termination tests,
attitude convergence snd gryo blas convergence. :

LAD-WPC-263
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STELAGQL
STELACQIL has 2 tasic functions:
1.  On the first entry STELACQI initialize stage 1 acquisition.-

2. STELACQI implements the termination of stage 1 acquisition and pasﬁes
control automatically to stage 2 acquisition by setting MODE=4 and
MODE4I=1. The ground must, howeve;, enable the update filters.
ESACQI -
"ESACQI implements a “one shot” thruster unload in the event large rates are

imported to the Landsat-D flight segment upon separation. At separation +30 sec
this capability is permanently disabled. :

EACOMP

EACOMP controls the logic which selects the normal earth acquisition mode or the
backup mode. If the earth sensor data 1is invalid (ESASTA=0) EACOMP will
implement magnetic tracking until the magnetic reference 1s reached the EACOMP
will triasfer control to Inertial hold until the attitude is favorable for a
reacquisition attempt. Once the first revolution is complete software parameters
must be reinitialized from the ground to reenter magnetic tracking.

EULERC

EULERC uses the spacecraft velocity vector V and position vector R to build the
attitude target quaternion D. The target frame is oriented such that the S/C +Z
axis 1s aligned along -R and the S/C +X axis is aligned along +V. R and V are
calculated from either G.P.S. data processor or the Ephem processor depending on
the ground commanded flag EPHEM. Offset pointing 1is 1mplemented by ground
setting OFFSET to 1, and the euler offset parameters B in the case of. a pitch

of fset, or the yaw slew parameters 1n the case of a yaw offset.
EULERI

EULERI uses the result of GYROCOMP, THETAX,Y,Z, to build a small angle
approximation to the quaternion which represents the spacecraft rotation during
the preceeding cycle, QD. The reference quaternion 1is then propigated by:
Q(Ref) = Q Q(Ref).

LSD-WPC-263
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ATTERR

ATTERR first calculates the error quaternion C by: C = (EPA%*%*-1)*D. Then the
attitude errors are calculated from the error quaternion C by:

EX = -2 C1 = -2 @ Sin (SE/2) ¥ -BEX

EY » -2 €2 = -2 @ Sin (BE/2) = -6EY

EZ = -2 C3 = -2 A Sin (BE/2)

-GEZ

;73 WHLCOMP
The basic function cf WHLCOMP 1is to use positién error data and rate error data
to calculate wheel commands TWX, TWY, TWZ and TWS.

If MODE=l, 2 or 3 or MODE=4 with ICAL=2 the X and Y control errors ELX and ELY
are calculated from IRU rates WX, WY and WZ and earth sensor data, or IRU
integrated data, cor tam data depending on whether SWITCHl=4, or 3, or 2. The Z
control error ELZ is calculated from IRU driven yaw error, gyrocompassing, or
simple rate stabilization depending on whether SWITCHZ=3, or 2, or 1. The
intermediate wheel commands TWXC, TWYC and TWZC are them calculated from ELX,
ELY and ELZ using a 2-stage filter.

If MODE=4 with ICAL=3 the intermediate wheel commands TWXC, TWYC and TWZC are
derived from the spacecraft rates WX, WY and WZ calculated 4in GYROCOMP; the
outputs of the ATTERR subroutine EX, EY, EZ; and the integrals EIX, ELlY, EIZ and
douvle integrals EDIX, EDIY, EDIZ of the errors EX, EY, EZ. TWXC, TWYC and TWIC
are then compensated for TDRS antenna movement using NASTEP and NESTEP.

The Failed wneel branch of WHLCOMP is executed independent of MODE. If the X, Y
or Z wheel 1s failed (FAILW#4) the failed whecl is replaced by the skewed wheel
and the failed wheel wheel command is set to $. If all wheels are OK (FAILW=4)
the final wheel commands depend on 3 or 4 wheel control IW4=0 or 1. In all
cases the final output of WHLCOMP are the wheel commands TWX, TWY, TWZ, TWS.

WHLUNLD

. The basic function of WHLUNLD is to calculate and send commands to the magﬁetic
torquers (if MAGULD=1) and the thrusters (if IENUNL=1) to create torques
opposite in direction to the wheel momentum vector. The outputs are the

magnetic torquer commands MX, MY, MZ and the lx6 thruster command array [ACCMD.
STELCOMP
STELCCMP controls the timing of stage 1 acquisition by calling ECIUPD once each
120 cycles (T61.4 sec).

LSD-WPC-263
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THRUSTER
THRUSTER implements the orb{t adjust mode.

If the back-up mode is commanded by ground setting ITHBMD=l then each .256 sec 2
orbit adjust 5 1lb. thrusters are fired until termination as defined in ORBADJI.
If any attitude errors exceed their limits (2 degrees in all axes) the orbdit
adjust thrusters are disabled and the .2 lb. att{tude thrusters are usad until
the atti{tude errors are brought within lmits.

' If the normal mode is cormanded (ITHBMD=f) all 4 orbit adjust thrusters are

/ fixed each .256 3sec cycle except for certain defined cycles where either
thruster #4 or #1 is off pulsed to compensate for the center of mass to- center
of thrust offset caused toques. Figure B.3.12-7 shows the hysterisis firing for
pitch and yaw attictude thrusting. In the range A-B the open loop firiag pattern
{s executed. In the range B-C, the 0.A. thrusters are fired not using the open
loop table but rather using the commands to the attitude thrusters to dctermine
the off-pulsing pattern (attitude thruster override). In range D-E-F, the 0.A.

‘ thrusters are all disabled in favor of attitude thrusting.

NORMFD '

NORMFD {mplements the top level logic of the normal mode Failure Detectfon and
Correction loglc. If EX DTHRIF or EXIC DTHRAL or EX2C >THRAI then NORMFD B is
called. If EY DTHPLF. or EYLC D>THPL or EY2C DTHPY then NORMFDC is called. Lastly
the vaw FDC is {mplemented by testing WBX. If WBX ({s greater than TX! then
either safehold 1-1 or safehold 1-3 {s called depending on the state of the IRU
Channel A currvent (MTRAFLAG).

ACQFD

ACQF¥D {mplements the top lovel logic of the acquisition mode Failure Detection
and Correction loglc. If both earth scnsors have earth presence ACQFDC is
called. If just ESAl or ESA2 has earth presence then ACQFDa or ACQFDB is .
called. If neither ESA has earth presence ACQFDD is called {f ACQRIU-3, (f
ACQRIU and 3 then RIUSWTCH {s called. In all cases ACQFDP and ACQFDA  are
called.

GYROFD, GYROFD1, GYROFD2

GYROFD calls- GYROFDL to compare the X axis (nputs from Channel 1 and Channel 2
and the Y axis {aputs from Channels 1l and 2. Then  GYROFD  calls 'GYROFDY to
compare the 2 axis Llnputs from Chonnets 1 and 2. 1f any inputs disagree the
smtller value {s assumed to be correct. The loglc assumes operation using
Channel 2 and (f the Chanunel | {nput {s lower a suftch to Channel 1 {s made for
the corresponding tafled axts, {f the Chamnel 2 foput (s lower no actfion s

’ taken except to set the corrvesponding Jdilemma flag.

LSD-WPC-2b63
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B.3.12.1.3 Other Levels
ENAQTHR

ENAQTHR enables thrusters for a "1 shot"” momentum unload. (Called only by
ESACQI) ) -

DISAQTHR

DISAQTHR disables thruster unloading. (Called only by ESACQI) -

_ CROSS

CROSS is a math subroutine used to caleculate the cross product of 2 vectors.

EULER  EULER fs a math subroutine used to calculate the 4 element quazternion
glven the rotation matrix. - :

XFORM

XFORM 1is a math subroutine used to transfer a vector from one coordinate system
to another when the transformation 1s specified by a quaternion.

ECIUPD

In the normal wmode (SAQBU=@) ECIUPD calculates the 1initial value of the
reference quaternion using the Earth and Sun vectors measured in both Body and
ECIL axes. 'In the back-up mode the reference quaternion is initialized simply by
setting the reference quaternion equal to the target quaternion.

CRATT

CRATT is called by ECIUPD to calculate the transformation matrix from the ECI
coordinate system to the body system using the Earth vector and the Sun vector
each measured with respecr to both systems.

NORMFDB

There are 7 possible cases for X axis failures using the three parameters EX,
EX1C, and EX2C. (Case 8 is all three OK which is not a failure.) NORMFDB calls
one of the Safehold subroutines or RIUSWICH depending on the failure case and
the status of the Channel A motor current. (MTRAFLAG)

NORMFDC

There are 7 possible cases for Y axis failures using the three parameters EY,
EY1C, EY2C. NORMFDC <calls one of the safehold subroutines or RIUSWITCH

LSu-WPC-263
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depending on the faflure case, the state of ACQRIU and the state of EVESL.

ACQFDA

ACQFDA calls safehold 1-1, 1-2, 1-3, or 1-4 depending on the status of MTRAFLAG,
EY1C, and EXIC.

ACQFDB

ACQFDB calls safehold 2-1, 2-2, 2-3, or 2-4 depending on the status of MTRAFLAG,
EY2C, and EX2C.

ACQFDC

_ACQFDC calls safehold 1-2 or ACQFDLL depending on the status of EYIC and EYZC.

ACQFDD

ACQFDD calls safehold 1-5, 1-6, 1-7, or 1-8 depending on the status of MTRAFLAG,
WGYDLl, and WGADL.

ACQFDP

ACQFDP calls ACQFDS if yaw FDC is disabled and MODE=l or 2. Otherwise, if WGX02
is out of limits ACQFDP calls either safehold 1-1 or 1-3 depending on the status
of MTRAFLAG.

CQFDU

:

If MODE=1 or 2 and SWITCHl:l, 2 or 3 ACQFDU comminds the ACEB SHE position input
to ES/GYC 1f SWITCHIP=1, 2 or 3 or to Inertial hold i{f SWITCHlP=4.

ACQFDS

ACQFDS checks the Z rate by comparing WBDZ1l and WBDZ2. If WBDZ only is out of
limits safehold 1-3 is called. 1If both are out of limits then ACQFDS will set
IGYZ=0 and ZRATDIL=1 1f /WBDZ2/</WGDZl/; otherwise ZRATDIL {s set to 2.-

ACQFDLL

ACQFDLL calls safehold 1, 1 or l-4 depending on the status of EXIC, EX2C, and
MTRAFLAG.

- LSD-WPC~263
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SAFZHOLD 1-1 --> 2~-4: The following table fllustrates the functions of the 12
safehold subroutines.

Table B.3.12-5. Safehold Routines

Earth Pointing ACE IRU SHE SRW
Safehold or SHE Rate Position CMDED
# : Sun Pointing AorB Select Select OFF
1-1 EP A . R1,P1l,Y2 ESAL ,GYC Skew
1-2 EP A R1,P1,YlL  ESAL,GYC  Roll
1-3 , EP A R1,Pl,Yl  ESA1,GYC  Pitch
1-4 EP A R1l,P1,Y1 ESAL,GYC  Yaw
1-5 . IR A 21,P1l,Y1 IRU Skew
' R1l,P1,YL
1-6 1Y : A R1,P1,Y1 IRU Roll
RL,P1,Y1
1-7 IH A . RL,P1,YL IRU Pitch
: RLl,P1,Yl
1-8 IH ' A R1,P1,Yl  IR2 Yau
. R1,P1,Y2
2-1 EP B RLl,P1,Y1 ESA2 Roll
GYC
2-2 EP B R1,P1,Y1 ESA2 -Pitch
GYC
2-3 . EP B R1,Pl,Y1 ESA2 Yaw
GYC
2-4 EP B R1,P1,Y1 ESA2 Skew
: GYC

LSD-WPC-263
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B.3.12.2 Attitude Control (ACS) Processor Operation

B.3.12.2.1 Mode I (Earth Acquisition Nadir Only)

1.

Sensors:

Roll and pitch position: ESA 2 coarse inputs EX2C and EY2C. If the
ESA 2 data 1is out of limits (EVES2 <FVES20K), then the ESA 1 coarse
inputs EX1C and EYLC are used.

If, at any time pricr to MODE=3, both ESA data inputs are out of
limits (EVES2 <EVES20K and EVES! <EVES1OK), the software will delay 5
cycles (2.5 sec) and then default to the back-up acquisitien wmode
(see Section B.3.12.2.3). If during the 5 cycle delay data from either -
earth sensor becowes valid the delay counter is reset and the normal
acquisition mode will resuce.

The pitch orbit rate blas §s disabled (SWICHY=l).
Yaw position: Simplc rate stabilization. {(ELZ = KRLZ * WZ).

The control system will drive the control erroer ELZ and hence the rate
WZ to Q. :

Roll, pitch and yaw rates: 1IRU (Ri,PZ,YZ)

Actuators: 4 SRWs with magnetic torquers for unloading momentum.

Thrusters will be disabled except for the first 30 seconds after
separation when they will be enabled to execute a "one shot” thruster
unload, in the event the launch vehicle imparts large rates to the
F.S. The system momentums SYSMOX, SYSPL, SYSMOZ are calculated and
compared to the threshold HTHX1, HTHYl, HTHZ1., If the first
comparison shows low system momentum, thrusters will not fire and
JTHSW will be set to 1 and remain 1 disabling the thrusters
permanently. (The thrusters can then be reenabled only by ground
conmand .) If, however, the first comparison shows high system
momentum thrusters will fire until one of the following two conditions
are met:

a. All three components of the system momemtum are brought within
limits.

LSD-WPC~263
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b. The 30 second time limit {s reached. If the 30 second time limit
1s reached JTHSW will remein @, flagglng possible residual
‘momentum. If the system momentum is all uffoaded JTHSW will be ¢
during the time thrusters are firing and then be set to 1 after
all three components of momentum pass the comparison test.

Operation: The ACS software {s initialfized to wode 1 (MODEal) at
launch. Nadir acquisition will commence 6 cycles (73 sec) after
separation. The launch vehicle iIs expected to raelease the FS such
that the spacecraft 2 axis is within 3 degrees of the nadir vector,
and the acquisiticns of local vertical is expected to tske roughly §
minutes. Nadir acquisition (mode 1) is completed when the Z axis Is
earth pointing within 9.7 deg, both roll and pitch rates are ldss than

"1 deg/sec and the yaw rate {s ‘less than 0.57 deg/sec. The vyaw

orientation {s arbitrary since it i3 not controlled, but {f no one~
shot thrusting is required the S/C X axis orientation {s expected co
be within 3 degrees of the F.S. velocity direction. Assuming that
either one or the other ESA is always ylelding valid data the flight
software will then set MODE=2 and control will then automatically pass
to mode . 2. The above wmode 1 terminatalon conditions define the
inftial conditions for mode 2.

Mode 2 (Earth Acquisition, Orbit Plane)

Sensors:

Roll and plitch position: ESA 2 coarse inputs EX2C and EYIC. The ESA
switching logic defined in Section B.3.12.2.1 for mode 1 {s also used
{in mode 2.

The pltch orbit rate blas is enabled. (SWTCHY=2)
Yaw position: gyrocompassing

The control syvstem uses the ESA outputs to maintain the $/C 2 axis
polating along the nadir vector. As the spacecraft orbits the earth
it will be forced to rotate about some axis to wmaintaln . nadir
pointing. If the S/C X axis s {n the direction of the orbital
velocity, this votation will be pure pitch. [f, however, the X axis
{s not In the direction of the velocity vector, maintaining local
vertical pointing requires a roll and a pltch aaneuver. These
maneuvers will be repeated each c¢ycle vielding a roll and a pltch
rate. The si:ze of the X maneuver i{s proportional to the vaw error and
opposite {n direction. The vaw axis position error 13, thervefore,
negatively proportional to the roll rate. (See Table B8.3.12-0.)

Roll, pltch, vaw rates: 1IRU (RI,P2,Y1).

LSD=-WPC-2¢63
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Actuators: 4 SRWs with magnetic torquers for unloading momentum.

Operation: Mode 2 will continue local vertical acquisition to within
2.9 degrees with roll and yaw rates less than .02 deg/sec and pitch
rate less than .057 deg/sec. In addition” mode 2 will align the
spacecraft X axis along the velocity direction. When these orbit
plane acquisition conditions are met the scftware will set MODE2C=l.
The ground operations team will then manually initiate stage 1 steller

acquisition by uplinking MODE=3 and MODE3I=l. Once this is_dohe'.stagEj

1 and stage 2 steller acquisition will automatically be executed and

telemetry will report MODE=4 ond ICAL=2. The quaterions derivéd from '

gyro and star data are not used to derive the control error until the
ground uplinks ICAL=3. See Section 3.4.2.2.4.

LSD~-WPC=-263
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LOCAL VERTICAL )

/ .
VELOCITY :
DIRECTION / VELOCITY DIRECTION

Y z -Yﬁ\z\l\

CASE 1: THE X AXIS IS PROPERLY ALIGNED ALONG THE VELOCITY DIRECTION AND

THE Z AXIS HOLDS LOCAL VERTICAL AS THE S/C ROTATES ABOUT Y AT
THE ORBIT RATES.

T

s

LOCAL VERTICAL ]
/ VELOCITY \ |

\ /DIRECTION VELOCITY
\ -7 / DlRECTlON
X N
P ;z ; ‘\
\
Y \
\

CASE 2: THE X AXIS DOES NOT LIE IN THE ORBIT PLANE SO THE ORBIT RATE ABOUT
Y CAUSES THE Z AXIS TO LEAVE THE LOCAL VERTICAL

Flionra R.YT V2.1 Umda D Ned cmecnd am
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B.3.12.2.3 Back-Up Earth Acquisition Mode

If at separation the earth pointing errors are >30 deg. it is probable that the
earth 1s not in the field of view of either earth sensor. If this situation

occurs the back-up-earth acquisition mode will protect the payload instruments =
from the sun. This 13 accomplished by pointing the +Z axis along the earth”s

magnetic field vector and tracking the magnetic field until the field .vectcr
points 1in the direction of the earth sun line away frem the sun. At this point
the inertial hold mode is entered.

Stage 1: Magnetic field tracking from separation to the magnetic reference. (0O
- <TACS <TMISTl). See Figure B.3.12-4.

1. Sensors:
Roll and pitch position: Magnetometers

The control system drives the spacecraft such that the X and Y
components of the field vectors in body coordinates are zero. Figire
£E.3.12-5 shows the field vector B in body coordinates. BX and RY ave
used to derive the control errors ELX and ELY. ELX = KRLX*WX +KPRX
BEY/BMAG. Where + is determined by the value of SWTCHl, the direc:zion
to the ma ,aetic field. From Figure B.3.12-5 one can see that a
rotation about X is required to drive BY to .

The pitch orbit rate bias 1s disabled. (SWTCHY=l)
Yaw position: Simple rate stabilization
Roll, pitch, yaw rates: 1IRU (R2,P2,Y2)
2.  Actuators: 4 SRWs with both magnetic and thruster unloading disabled.
3. Operation: Stage l is entered if at any time prior to TACS = TMISTL
both earth sensors fail to produce valid data. TACS 1s the ACS time
which is {nitialized to @ at separation and TMTSTI 1s a constant

defining the time when the spacecraft reaches the magnetic reference.

Magnetic field tracking is the control mode until TACS = TMISTL at
which time control automatically passes to stage 2.

Stage 2: At the magpnetic reference. TACS = TMTST1

When the spacecraft reaches the magnetic reference the inertial hold
mode 1s entered due tu the following automatic software changes.

ooy, o .
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SWICHL -=> 3 Use IRUs for roll and pitch nositiorns
SWICH2 —=> 1 Disabl: the pitch posicién bias
SWICHY -=> 1 Disable the pitch orbit rate bias
MAGULD --=> 1 Znable magnetic unloading
SWICHZ --> 1 - Use simple rate stabilization for yaw position
BXG = BEY/BMAG Initialize the IRU integratéd position
EYG = BEX/BiAG registers to the curreut value of the Y'X

field components (normalized). -

Stage 3: Inertial hold from the magnetic reference tc¢ the - point at which
reacquisition ie attempted. TMISTL <TACS <IMISTZ2.

1. Sensors: :
Roll and pitch position: IRU intcgratéd position registers GZXC .
and EYG. The pitch orbit vate and position biases zare disabled.
Yaw position: Simple rate stabilization.
Roll, pitch, yaw rates: 1RU
Actuators: 4 SRWs with magnetic unloading enabled.

Stage 4: Reacquisition attempt. (TACS >TMIST2)

When TACS > TMTST2 the S/C attitude should . favorable for a
reacquisition attempt. At time T2CE - zH?STZ thg_§pace¢rafL
intersects the imaginary line which connec- :the ¢enters -of . the
earth and sun. At this time, 1f ESASTA >0 (earth sensors OK),
TMISTA 1s reset to 9 (TAMs not in use) and earth acocuisition s
reattempted using earth sensors.
If magnetic tracking is to be reenabled afier exit from umbra of
the lst revolution, the following parameters must be reset.

MODE = 1-

ESACNT = O

IRUSTA = O reset automatically by software

TMTSTA = 0

MODE2C = 0

TMTSTL & TMTST2 to the approrriate values defining the magnetic

reference pcint

nor rmtar s et
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UM2RA
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ASCENLCING

NODE i
-46 Dt'c\/
TACS=T!‘.!TST/1

TACS=TMTST2

SUNLINE FOR
JULY 31 LAUNC:

it
MAGNET (C ‘ EPARATION . enren
REFERENCE & TACS=0 . T
FOR JULY 31 y e
LAUNCH / 4
ORBIT PATH
INSTANTANECUS
DIRECT!ON OF
MACNETIC FIELD*
UMBRA ENTRY FOR
JULY 31 LAUNCH
* LENGTH OF ARROWS
DOES NOT REFLECT
MACNITUDE OF FIELD!
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Figure B.3.12-4. Magnetic Field Acquis{tion Maneuver

%
i
3
H
!
i
‘)
;
!

H



WW S T 3 ey T i kit eSS AR IR A ICAGS S e

Z -
B
z' SVs~1G266
f Appendix B
f 31 December 1981
ORIGINAL PACT 1§
“OF POOR QuALITY
I..
|
3 |
BY ’
> e —
3 7

Figare 3 shows that rectating the $/C axes about X is rzquired to drive BY to 0.
Note that the Y axlis 1is perpendicular to B.

Figure B.3.12-5. Earth Magnetic Field Vector
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Switch Status

State 1 2

3 [
-Yaw to +Yaw to IRU data ESA data
SWTCH1  Earth Mag. . Earth Mag. for Roll & Pitch for Roll & Pitch
Field Field Pogition Position
Piteh Pitch
SWTCHY Orbit rate Orbit rate
blas bias
Disable Enable )
Yaw = Simple Yaw =
SWICH Z Rate Gyrocompassing
Stabilization

1. Simple Rate Stabilization for Ysw Pos Error: ELZ = KRLZ * WI

2. Gyrocompassing for Yaw Pos Error:

ELZ = KRLZ * WZ - KZ * KRLZ

R

KPRZ * WX

3. Pitch Pos Bias: In the IRU accumulated error EYG use:

EYG = EYG + (WY —- OME) ™ .512

instead of

EYG = EYG +

4, Pitch Orbit Rate Bias:

For ESA uge: use
instead of

For IRU use: use
instead of

ELY
ELY

ELY
ELY

WYy *

KLy
KRLY

KRLY
KRLY

<512

®

*
*

(EYE * KPRY + WY - OME)
(EYE * KPRY + WY)

WY - OME + KDPRY * EYG)
(WY + KPRY * EYG)
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B.3.12.2.4 Mode 3 (Steller Acquisition Stage 1)

1.

Sensors:

Roll and pitch position: ESA 2 as in mode 1 and 2.
Yaw position: Gyrocompassing :

Roll, pitch and yaw rate: IRU (R2,P2,Y2)

Actuators; 4 SRWs with magnetic ‘unloading enabied and thruster
unloading disabled- -

Operation: The ground initiates the transfer to wode 3 hy commanding
MODE = 3 and MODE31 = 1. - .

When MODE 1s commanded to 3 EULERC begins to be called to caiculate
the target quaternion D1, D2, D3, D4. Since the Landsat~D mission is
earth polnting the target orientation 1s dependent upon F.S. orbital
position; EULERC 1is then called each .512 sec to recalculate the
desired pointing quaternicn. The EPHEM processor provides to <the
EULERC module the flight segment position vector P and velocity vector
v. The position and velocity vectors are calculated in the following
manner. The background processor UCUP uses 6 sets of 42 ground
uplinked fourier series coefficients to calculate the position and
velocity vectors at 10 minute intervals. To each "grid point”
position vector 1s added a position residual vector (3 compcnents).

The 242 fourier coefficlents must be updated once per day. The length

of the residual table depends on the time between table uplinks. UCUP
uses the fourier series coefficients and the residuals to calculate a
unique set of 45 intepolator coefficients to be used for each 10

minute intervals between grid points. Eight coefficlents are needed

for each component of position and seven coefficients for each
conponent of velocity. The fcreground processor EPHEM then uses the

interpolator coefficients to calculate the.F.S5. position and velocity"

vectors at .512 second intervals. EULERC then ucses the P and V
vectors to build the target reference frame. The target +Z axis is
aligned along -P and the target +X axis along +V. See Figure
B.3.12-6.
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Figure B.3.12-6. Landsat-D Target Orientation
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Stage 1 steller acquisition is performed by the module ECIUPD which is
called by STELCOMP during mode 3. The option exists to use either the
normal mode or the backup node. The choice is implemented by the
ground setting of the flag SAQBU (1. --> back-up wmode; @ =--> normal
mode). ) : '

Normal Mode:

In the normal mode the reference quaternion EPA 1,2,3,4 is initialized
using the earth and sun vectors. The earth and sun vectors are each

calculated in the ECI system (EI and SI) and the body system (ES and
sV). The relationship between ECI and body coordinates is then.

derived from the components of these four three-cemponent vecters.

The earth vector in body coordinates (ES) is calculated from the earth
pointing errors EXE and EYE with the approximation ESZ =
1/ (SQRT( 1+EXE*EXE+EYE*EYE)) used .for the 2-

component. The sun vector in body coordinates is calculaCea from the

FSS inputs XP + YP with the approximation SZ =
1/ (SQRT{ 1+XPEXP+YP*YP)). - These components are then
transformed to body coordinates by tbe XF matrix to yield the SV
vector since XP and YP are weasured with respect to the FSS
coord’nates. The ECI sun wvector, 3@, 1s input from the solar
ephemeris module-. The ECI earth vector, EI, {s calculated from the
ephemeris inputs as the unit vector 0pposite—Th direction to the FS
positive vector EI=-§/1§1. The ECI earth vector and the ECI sun
vector are then used to determine {f the spacecraft geometry is
correct by performing 2 tests.

a. EI SI <Cos 45 deg.;

b.  EL >SIN 75 deg.

If these tests pass CRATT {s czlled to use the components of EI,ST,ES
and SV to calculate the transformation matri{x CVI from ECI to body
coordinates. EULER is then called to build the reference quaternion
EPAl, EPAZ, EPA3, EPA4 from the matrix CVI. The flug ECIATT 4s then
set to 1 flagging the initialization of the reference quaternion.
When ECIATT >1, STELACQI will set MODE=4, MODE4I=1, SMODE3=1 and
ICAL=1 and control will pass automatically to wode &. Stage 2
acquisition must then be 1initisted from the ground by enabling the
update filter.

Back~-up Mode:

The back~-up mode !5 entered when the ground commands SAQBU=l. In this
wnode the reference quaternion is set equal to the target quatemmion,
EPA(L) = D(I). The normalized earth vector £SX and ESY are limited to

LSD-WPC~263
B.3~-198
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<2 X 10 EXP-5 and used as the update vector components SS1 and S$S2 for
the first reference wugdate. SS3 1ig set tc EZER:. The dlas vector
§54,5585,856 1s set to 0,0,0. The flags VEC and UPDATE are set to 1
and ECIATT --> 2. STELCOMP will then transfer control to mode & by
setting MODE=4, MODE4I=]l, SMODE3=1 and ICAL=1. The first update -‘then
executed by EULER I will use the SS1,2,3,4,5,6 value set by the back-
up mode of ECIUPD.

B.3.12.2.5 Mode 4 - Earth Pointing Mode

As soon as MODE=4 EULERI and ATTERR ave called to propigate the reference
quaternion from gyro data and calculate the attitude error by cowmputing the

to th

.error quaternion Cl, C2, C3, C4 as the rotation from the reference position EPA
target position D. Updates to the reference quaternicon are performed in

EULER I {if UPDATE=l.

B.3.12.2.5.1 Stage 2 Acquisition (MODE=4, ICAL=l).

1.

Sensors:

Roll and pitch position: ESXiﬂ"daba as in modes 1, 2 and 3
Yaw position: gyr~compassing '
Roll, pitch, yaw rates: IRU (R2,P2,Y2)

Actuators: 4 SRWs with magnetic wunloading enabled and thruster
unloading disabled.

Operation:: Stage 2 acquisition (MODE=4, 1ICiu=l) controls the
spacecraft using earth sengsors and gyrocompassing as in mode 3, while
the update filter is called to use star tracker data to wupdate the

reference quaternion and the gyro blas vector. Updates are nominally

performed each 32 sec by the update filter.” Each .512 seconds the
module EPOINTI tests for attitude and gyro bias convergence. When
both tests pass ICAL is set to 2, as a flag, to tell the ground it {is
OK to use the error quaternion to generate the control errors. The
ground then in{tfates normal mode 4 operation by setting ICAL=3.

-2.5.2 Normal Mode 4 Operation (MODE=4, ICAL=3).

Sensors:

Roll, pltch, yaw positions: R, P and Y positions are determined by
using gyro data to propigate the reference quaternion, then generating
the error quaternion as the rotation from body axis to the target
axi{s. The position errors are then derived from the error quaternion
by the module ATTERR. The control errors are then derived from the
position and rate errors.

Roll, pitch and yaw rates: IRU (R2,P2,YZ)
LSD-WPC-263
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Actuators: 4 SRWs with magnetic unloading enabled and thruster

‘unloading disabled. (3 wheels for maneuvers)

Operation: Normal mode & operation is entered by ground setting
ICAL=3. At that time the normal mode 4 control law is used. GYROCOMP
inputs gyro data and calculates the change in spacecraft position
since the last cycle (.512 sec), THETAX, THETAZ, THETAZ, and the
average rate, WX, WY and WZ, during that time.. EULERI then uses
THETAX,Y,Z to propigate the reference quaternion, EPAl,2,3,4. EULERC
uses the F.S. position P and velocity V to calculate the target
quaternion D1,2,3,4. ATTERR then calculates the error quaternion
€1,2,3,4 from D1,2,3,4 and EPAl,2,3,4; and the error EX,ZY,EZ from
C1,2,3,4. WHLCOMP then uses EX,EY,EZ and WX,WY,WZ to derive the
control errors and subsequent wheel commands, TWX,TWY,TWZ,TWS. The
update filter continues to update the reference quaternion EPA1,2,3,4
and the gyro bias vector THETBX,Y,Z each 32 seconds using star tracker
data. See Section B.3.12.2.5.3 for update filter operation. ‘

Offset Pointing:

Offset pointing 1s implemented in EULERC by setting OFFSET=1 from the
ground. : :

Yaw offset only: If the desired offset i3 a yaw maneuver only the
ground need only uplink three parameters; IYSLEW=1 to enable the yaw
slew, NYSLEW=i# of cycles which defines the length of the slew, and
IYSLEW=+1 defining the direction of the slew. The system table
parameters EYSLEW3 and EYSLEW4 are then used to generate a yaw bias on
the target quaternion which is incremented each cycle for the number
of cycles uplinked i{n the parameter NYSLEW. When the slew is complete
the offset will remain constant. To return to the nominal target, one
must uplink NYSLEW, IYSLEW and JYSLEW with JYSLEW defining the
opposite direction. (Note that IYSLEW is reset to O by EULERC.) For a
yaw slew only the system table parameters Bl, B2, B3, B4 should be cet
to 0,0,0,1.

General Offset:

Any offset can be commanded by using the Bl, B2, B3, B4 parameters
which represent the rotation from the nominal target to the desired
of fset. As soon as the offset 1s commanded (OFFSET=1) the control
system will "see” the entire slew as an error and perform an eigen
axls maneuve to drive the error to O.

LSD-WPC-263




SVS~-10266
Appendix B
31 December 1981

B.2.12.2.5.3. The ACS wuses the Update Filter to update the reference
quarternion and gyro bias vector. See Section B.3.17.

B.3.12.2.6 Mode 7 (Orbit Adjust)

1.

Sensors:

Roll, pitch, yaw positions: Integrated gyro data as in the mode 4
normal operations case.

Roll, pitch, yaw rates: IRU (R2,P2,Y2) (high rate méde)

Actuators: Thrusters with the RWAs disabled (WHLCOMP and WHLUNLD are
not called if MODE=7).

Operation:
a. Initialization: Mode 7 is initiated by ground command only by

setting MODE=7 and MODE7I=1. Upon these commands the gyros are
automatically commanded to the high rate, (.8 sec/count); the

torquer coumands are zerced, MX=MY=MZ=0; the appropriate REMS are

enabled, (depending on the state of the flags ITHBMD (normal or
tackup mode) and BKUPREM (Rems A/C or B/D for backup mocde)); and
the parameters NOAPLS, OAPCH and OAYAW are set to #. The latch
valves, however, are not automatically commanded. Prior to
initiating the maneuver by commanding MODE=7 the following must
be done:

(1) Set MODE7I=1 --> initialize the orbit adjust

(2) Set ITHSMD = @ --> Normal Orbit Adjust mode
1 --> Backup Orbit Adjust mode

(3) Set BKUPREM = @ ~-> (For use in backup mode only)
m } -=> Rems (B/D) (if in backup mode)

(4) Set EXEBIAS and EYEBIAS if any maneuver has been performed.
The EXE and EYE ESA errors must be blased to wmaintain the
integrity of the 10 deg. termination test.

(5) Perform any necessary maneuvers using three wheels.

(6) Set up for any return yaw maneuver subsequent to the Orbit
Ad just.

(a) TYSLEWCMD = 1 Enable part Orbit Adjust maneuver

LSD-WPC-263
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(b) NYSLEWCMD = number of cycles for SLEW
- () JYSLEWCMD >+1 direction of SLEW
(7) Set NORBADJ = number of Orbit Adjust Pulses desired.

Termination: An orbig adjust maneuver may be terminated {n any
one of the following ways:

(1) NOPALS 2>NORBAQJ =~ Orbit Adjust will nominaily terminate
because the desired number of Orbit Adjust pulses has been
executed. NOAPLS counts the number of Orbit Adjust pulseg.
NORBADJ 13 the uplinked desfed number of pulses. -

(2) TACS 2TOAMX - The maximum time of 600 sec has been exceeded..

(3) SAPOS - TSAC! D>DTSAM —bThe solar array position 1is out of
limits (D10 deg. off nominal). For certafn Orbit Adjuse.
maneuvers TSAM may be set higher. .

(4) SCFLAGS=3 The solar array potentlometer is bad.

(3) EXE-EXEBIAS DESMK (100 10° termination test

or
EYE-EYEBIAS DESMX (109

(6) The orbit adjust may be terminated by ground command by
~ sending the following sequence.

(a) Disable REMS A,B,C,D

(b) Set MODE=4

(c) Set MODE41=l

(d) Set IU4=0

(e) SS2alsEV

(F) SS1%553=554=855=556=0

(g8) T1ENUNL=1 - Enable thruster unloading

(h) MAGULD=l - Enable magnetic unload

(i) Conmand gvros to low rate (fhis wust also L2 done for

cases 1,2,3 and 4 also.)

Lsp~wpe-261
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Normal mode: The control errors PX, PY and P7 are generated froa
gyro data using position error and rate error and smoothed for
three 3amples. In the normal mode, all 4 orbit adjust thrusters
are used with the features of off pulsing, #1 and #4 in a given
pattern defined by the open 1loop firing pattern’ table to
compensate for torque generated because the center of thrust {s
not coincident with the center of mass. If the orbit adjust
thruster #1 is off pulsed the -yaw attitude thruster 1is pulsed
for 280 msec. If the orbit adjust thruster #4 13 off pulsed the
+pitch attitude thruster 1s pulsed for 280 msec.

If either pitch or yaw errors exceed 1 deg., the open lcop firing
pattern table is abandoned. Off pulsing of the 0.A. thrusters is
then controlled by the attitude thrusting commands. For example,
1f a yaw attitude pulse 1s required, then 0.A. 1 is
automatically off-pulsed.

If the errors continue to grow in spite of the off pulsing the
software will disable the orbit adjust thrusters and begin using
the attitude thrusters only. WWhen the errors become within the
hysterisys limits, Orbit Adjust thrusting will resume. Pitch and
yaw attitude thrusting with the Crbit Adjust thrusters disabled
1s 1indicated when the errors are >3 deg. and {s terminated when
the errors are <1 deg. Orbit Adjust thrusting may be interruptec
for as little as .256 sec. See Figure B.3.12~7. If the roltl

errors wmagnitude reaches D3Y (1 deg), the orblt adjust thrusters

will be disabled and attfitude thrusters used until the roll error
nagnitude drops below D3Y at which time Orbit Adjust thrusting is
resumed.
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Figure B.3.12-7. Mode 7 Thruster Hysteresl!s

A->B Normal open loop firing pattern for off pulsing #1 and #4.

B->C Allow ACS thruster commands to override individual
thrusters. (For +Z and -Y errors only.)

D-E-G Disable orblt adjust thrusters and use attitude control
thrusters. (For +Z and +Y, not +roll)

G-A Reenable orbit adjust thrusters and discontinue the use of
attitude thrusters except for the normal open loop off
pulsing cycles. .

The paraseters IHTY and IHTZ are set to 1l at point C and reset to
@ at point G. The parameter DISPAS flags the first pass with
orbit adjust thrusters OFF. The parameter ENAPAS flags the first
pass with orbit adjust thrusters ON.

Backup Orbit Adjust Mode: In the backup mode only two corbit
adjust thrusters are fired each cycle, either REM, A/C or REMS
B/D depending on the status of the flag BKUPREM (l--Duse B/D, O--
duse A/C). 1If the magnitude of any of the control errors +Pitch,
+Yaw, and +roll is greater than D2(D2=2 deg.), then the orbit
ad just thrusters are disabled and attitude thrusting takes place
until all +pitch and tyaw and +roll errors are less than D2 Orbit
Adjust thrusting then resumes.
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e. Pulse Counting and Termination: The pulse counting and
termination test 1s the same for both normal and backup modes.
The length of the maneuver 1is specified by the ground by
uplinking . to the parameter NORBADJ the total numbar of
millis2conds of thruster firing desired. If an OA thruster is
commanded to fire during a particular thruster module cycle its
dedicated counter is incremented by 256, unless an attitude pulse
on that axis had been commanded the previous cycle. In the
latter case the attitude thrusing will spill over into the
current cycle. Since attitude pulses ae 280 msec and an 0A
thruster cannot fire 1f the corresponding attitude thruster is
firing the OA thruster will come on 24 -72sec 1into the current
cycle and fire for 232 msec. Therefore, in the case wiere the
corresponding attitude thruster was firing and  burning the
previous cycle the dedicated OA counter is incremented by only
232. At the end of each cycle all 4 dedicated OA counters are
added and stored in NOAPLS.

NOAPLS=NOMS 1+NOMS2+NOMS3+NOMS4, and the termination cond{ition,
NOAPLS >NORBADJ, is measured in milliseconds. It should be noted
that typically the normal mode will increment NOAPLS by 1024 eack
cycle (if no off pulsing) while the backup mode will increment
NOAPLS by 512. 1In addition milliseconds of attitude pulsing are
counted In resistors NACSl, NACS2, NACS3, NACS4, ©NACSS, and
NACS6.

B.3.12.3 Attitude Control (ACS) Software Constralnts

TBD

B.3.12.4 Attitude Control (ACS) System Tables
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OBC System Table #50 (ACS Mode Control Parameters)

0 vODE & F o ACS mode of operation
e Bit defirition
ml~~)FEarth Acq (Nadir ouly)
=2-~>Earth Acq (Orbit plane;
=3-=>5teliar Acq -
=4-->Earth Pointing
n7-->0rbit Adjust

2 MODELlIL * c ESACQI e Earth acquisition initialize
flag '
o Bit deitnition (0:DIS, 1:ENA)
o Set to P in ESACQL after
initialization of mode 1
thus preventing
reinitialization
Reset to 1 by ground ouly

©

3 MODE31 * c - STELACQIY Stellar acquisition
Initialize flag
3it dofinition (0:Dis, 1:ENA)
Commaaded, by ground only,
to 1 1{a order co pass
control from mode 2 to 5.
(Ground must also command
MODE=3)

© o © O

4 MODE4L * F EPOINTI o Earth pointing initialize

flag:

o Bit definition {0:DIS, 1l:ENA)

o Set 1a STc<LACQ upon
completion of STAGL Acqg '

o Used in EPOINTI to enable !
the Update Filter and
implement STAGZ Acq

5 MODE7I

e

ORBADJI ® Orbit adjust initialize
flag
e Bit Definition (0:LIS, 1:RHA)
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6-

ICAL

HTHX1
HTHYY

HT421
FIX

FIY

FIX

IYSLEW

c

ey

QWHLCOMP

ESACQI
ESACQI

ESACQL
ESACQI

ESACQIL

ESACQIL

EULERC

@ Set by ground'co 1 to enable

entry into the mode
initialization branch of
ORBADJI. To enter mode 7

the ground must also command

MODE=7 _
o Reset to ) by ORBADJI. -

@ Acquisition/earth pointing
flag

e Set to P by STELACQI on
initialization of mode 3

o Set to 1 by STELACQI on
completion of STAGE 1 acq.

¢ Set to 2 by EPCINTI on
completion of STAGE 2 acq.

e Set to 3 by Ground command
to enable the normal branch
of WHLCOMP

& Used by WHLCOMP

initialize flag

o System momentum threshold

e Used in ESACQI to determine
whether a “one shot” )
thruster unlead is. required
at separation

o Roll, pitch and yaw moaents

of inertia

o Used in ESACQL and in the

thruster unload branch of
WHLUNLD to calculate system
momentum.

e Yaw slew enable (=1)/disable

(=0) flag

B.=Z-207
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13 IVYSLEW

16 TIMDLY

17 ELVTYH

18 ELVTHH

19 WTH

20 WTHI

\'

<.

Q.

EULERC Q

EULERC °

EACOMP (-]

EACOM] °

EACOMP] e

Used {n the offset pointing
branch of EULERC to enable
a yaw slew

Yaw slew cycle counter

Used {n the offset pointing
branch of EULERC to control
the slew time -
Yaw slaw dirvection (*/-1)
Used {n the of fset polnting
brauch oY EULERC to dofine
the solavity of the yaw rate
bias ’

Time delay before EAQ
enabled

Usad {n EACOMP to lmplement
a 6 evele delay before
enter{iug the acq logle of
ELCOMY

Acg. pos. threshold

Used {n the FACOMI mode 1
completion test

Mode 1 cowpletion test:
JEXE/NELVTH and JEYE/SELVTH
JWXZSWTHE /WY CWTHL . and
JNZ/WTH

Acg. pos. threshold 2

Uaed {u the EACOMPL wmode 2
ceapletien teat

Mode 2 completion test:
JEXE/SEIVTHY and /EYE/CELVTHL
FWNAAWTHD 3 /WY/WTH: and

WS /Wi

EACOM L e

EACOMML ©

J-208

Acq. vate threshold 1,2,

and A

Uned {0 FEACOMEL for mode
and D ocompletion fents. See

catries U7 and 13 above.,

Lal-wig-lon
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Using
Subroutine

21

22

23

WTH2

Wo

SMODE3 ®

SMODE4 A

TMTSTL

EACOMP1

EULERC

STELACQ

EACOMP

]

Orbital angular rate

Used 1a EULERC to set up. the
commanded spacecraft rates
WCX, Y, Z Nominally -
WCX=WCZ=0; WCY=WO

Steller acq submode fiag

Set in STHELACQI

Used in STELACQ

P~->ECI reference is not yet
initialized, the mode s
gtill Stage 1 acquisition.
Stage 1 acquisition calls
SCIUPD to initialize the
reference quaterniou using
derived earth and sun
vectors

1-=<>The reference quaternion
has been inftialized by
ECIUPD and Stage 2 has
begun. Stage I acquisition
is attitude convergence
using the UPDATE FILTER
procesgsor

Zarth pointing submode
Set to 1 = carth pointing
Not used

Time between separation and
magnetic reference not to
be less than 180 sec

Used {n EACOMP to. lock out
further use of the TAMS tor
mnagnetic field tracking
atter the §/C has passsed
the magnetic reference.

LSO-Wre-203
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26

27

28

29

30

TMTST2

POLRTY

ESCNTT

PALl

PA22

C EACOMP

c EACOMP2

c EACOMP2

c EPOINTI

c EPOINTI

- Test

(Used for Back-up acq.
mode )

Time bet separation and
earth acq. opportunity if
magnetometer acq. was used
at SiP. -

Used by EACOMP to reenable
earth sensor data ’
processing for acquisition.
Used when the initial
attempt to use earth
sensors fails and magnetic
tracking mode is entered.

Yaw direction to mag. field
(0:+YAW, 1:-YAW) :
Used in EACOMP2 to set the
yaw axis orientation during
back-up earth acquisition.

Consecutive earth sensor
errors during earth
acquisition

Used by EACCMP2 as the
number of cycles to
delay upon invalid

earth sensor data

before switching to
magnitometers.

Earth pointing position
error/gyro bias convergence |
threshold

Used in EPCINI to implement

the Stage 2 Acq. Completion

o T_Men

LSD-WPC-263
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31

32

MAGREF c EACOMP o Magnetic reference flag
0=NOT Al Magnetic reference
1=AT or past reference

o Used i{n ZACOMP to allow the
the g <o registers to be
initialized to values -~
determined by the magnetic
field components. The
test of MAGREF is only
performed {f TACS<IMTSTL,
i.e. 1st rev only.

MODEP F MODEFD ® Past value of MODE
@ MODE {s transferred to
MODEP as the last
function preformed by
the ACS processor before
return to the SCP.

LSD~WPC~263
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OBC System Table #51 (Gyro Data Compensation Parameters)

30
32
34

36
37
38

GCl11
GCl2
GC13
GC21
GC22
GC23
GC31
GC32 .
GC33

GSFHX
GSFHY
GSFHZ
GSFLX
GSFLY
GSFLZ

' THETBX

THETBY
THETBZ

IGYX
IGYY
1GYZ

C GYROCOMP ®

C

(o o

C

C

(o}

C

C

C

C GYROCOMP ]

o

o o

(o

o )

(o4

' GYROCOMP °
0
e

C . GYROCOMP °

Gyro axes to body axes
transformation matrix.

Used in GYROCOMP to
transform raw filtered gyro
data from gyro to S/C bedy
coordinates.

Gyro X,Y,Z; high, low scale
factor.

Used. in GYROCOMP to convert
couynts to RADIANS.

The use of the high or low
rate scale factor is
determined by bit CHNL of
SENSTA.

Roll, pitch, yaw gyro rate
bias.

Used in GYROCOMP

Calculated by the update
filter or uplinked from the
ground.

X,Y,Z gyro selection flag
Qmgyro 1
l=gyro 2

LSD-WPC-263
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OBC System Table #52 (Uplinked Euler Parameters)

0 OFFSET * F EULERC
1 EPHEMFLG  * F EULERC
2 Bl EULERC
4 B2

6 B3

8 B4

10 EYSLEW3 EULERC
12 EYSLEW4
14 YRTBSNOM c SULERC

e 00 OC [ ]

(]

Offset pointing flag
l-->enter the offset
pointing branch of EULERC.
Set to 1 by ground command
or by CRBADJI if -
IYSLWCMD=1

Set to # by ground only

Ephemeris source flag

Used in EULERC

Set by ground command only
0-->GPS; 1--> ground data

Offset pointing euler
parameter set :
Used by EULERC in the offset
pointing branch to build the
of fset target

Third and fourth Euler
parameters describing the
yaw slew

Used in the offset pointing
branch of EULERC.
EYSLEW1,2,3,4 are used to
tranasform the offset
pointing parameters
B1,2,3,4 into the tewmporary
outer parameters EQ. EQ is
then used to obtain the '
offset pointing enter
parameters D1,2,3,4.
EYSLEWl and EYSLEW2 are
always j@-->only yaw

slews

Nominal yaw slew rate

Used by the offset pointing
brarch of EULERC to control
the slew cate. )

LSD-WPC-263
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OBC System Table #53 (Magnetometer Parameters)

0 SELMAG * ¥ MAGNET R
[« ]
§ 1 KBXX c MAGNET o
2 KBXY c
3 KBXZ c
oy 4 KBYX - c
./ 5 KBYY c o
o 6 KBYZ c
7 KBZX c
8 KBZY c
. 9 KBZZ c
10 BXB V. MAGNET °
11 BYB v
12 BZB \Y
Q
13 BO C  °  MAGNET 0
| Q
14 MO c MAGNET ®
o
15 KMS C MAGNET )
(-]

0BC System Table féﬁ (Wheel Tach Parameters)

0 KWS c WHLTAC °

@

Magnetometer select flag
(l=MAG. 1, 2=MAG. 2
Used in MAGNET

Coefficients used {n the

compensation of the input

for the effects of the
magnetic torquer bars
Used in MAGNET

Components of three-axis
magnetic fld blas vector
roll component
Used in MAGNET

Magnetometer zero offset
compensation
Used in MAGNET

Torquer bar dipole moment

. zero offset compensation

Used {n MAGNET

Magnetometer scale factor
Used {n magnet

Tach counts to momentun
conv factor
Used in WHLTAC

LSD-WPC-263
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OBC System Table #55 (FSS

Calibration Coefficients)

O NV LN —=O

11
12
13
14
15
16
17

All
Al2
Al3
Al4
AlS
Al6
Al7
Al8
Al9

A2l
A22
A23
A24
A25
A26
A27
A28
A29

c FSSCAL o Fine Sun Sensor calibration
C coefficients X axis.

Cc ¢ Used in FSSCAL to calibrate
c XP.

C -

Cc

c

C ’

C

C FSSCAL o Fine Sun Senscor calibration
c ' coefficients Y axis.

c o Used in FSSCAL to calibrate
(o YP.

C .

C

C

C

C

T CR_LIDALNELD
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OBC System Table #56 (Earth Senscr Parameters)

0 ESASEL * v ESPROC ®

1 KXC1 - c ESPROC °
2 KYC1 C

3 KXF1 c °
4 KYF1 c

5 KXC2 c

6 KYC2 C

7 KXF2 C

8 KYF2 c

9 BXCl1 c ESPRUC °
10 BYCL C '

11 BXF1 C °
12 BYF1 C
13 BXC2 c
14 BYC2 c
15 BYF2 c

16 BYF2 c
17 EVES1OK C ESPROC °
18 EVES20K c

ESA selectisn flag (1:UNIT 1,
<{>1: UKRIT2) '

Used in ESPROC to use either
ESAl or ESA2 as the first
cholce for the ESA data-
source.

Coarse/fine ESA 1/2
Roll/Pitch gain constants.
Used in ESPROC

Coarse/fine ESA 1/2
Roll/pitch OFFSETS.
Used in ESPROC

ESA 1,2 data validity
threshold

Used 1in ESPROC

If ESASEL=1 then the ESA 1

data (EVES1l) 1s compared to
EVESIOK. TIf then EVESL
>EVESLOK then the ESAL

data is used. 1IF the

above test fails then
attempt 1s made to use

data from ESA2.

T CNILDr-2&7
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19 EPES! C WHLACQ e Euler parameters which
21 EPESIL C describe the ESA 1, 2

23 EPES] < mounting errors

25 EPESL C o Transferred to ECTML,

27 EPES2 o 2,3,4 (either EPES!L

29 EPES2 c (1,2,3,4) EPES2

31 EPES2 c (1,2,3,4) depending -
33 EPES2 - C on the value of

ESASTA) in ESPROC. Then
ECTML1,2,3,4 is used by

WHLACG 1f ESA data is . i
being used to drive the o
acq. coatrol errors.

i
:
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0

16
17
18

35

36

OBC System Table #57 (Wheel Command Parameters)

wWe

AlX
AlY
AlZ
A2X
A2Y
A2Z

AF1X
AFlY
AF1Z
AF2X

AF2Y

AF2Z

B1X
BLY
Bl2

BFIX
BFLlY
BF1Z

ELM

aao oOOO00O0a0 aOOO00O0a0

[l @]

WHLCOMP °

WHLCOMP ]

WHLACQ e

WHLCOMP o

WHLACQ o

WHLACQ °

WHLACQ o

4 wheel control flag
1=4 wheels; §=3 wheels
Used in WHLCOMP

Roll, pitch, yaw filter-
coefficients

Used in WHLCOMP to filter
the raw wheel drive
conmands for mode &4 use
only. (with ICA4L=3)

Roll, pitch, yaw fillter
coefficlents for acq. modes
1,2,3 and 4 with ICALC3.
Used {n WHLACQ ‘

Roll, piltch, yaw filter
coefficlents _
Used in WHLCOMP to filter
the raw wheel drive commands
for mode 4, 1CAL=3.

Roll, piltch, yaw filter
coefficients for acq. modes
1,2,3 and 4 with 1CAL<3.
Used in WHLACQ

Positive earth acq. error
limice. .

Used in the 2 stage filter of
WHLACQ

Negative earth acq. error
limit '
Used {n the 2 stage filter of
WHLACQ

[RNPPOTeY
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37 EXL c WHLCOMP o Attitude error limits roll,
39 EYL c pitch and yaw
41 EZL C © Used in WHLCOMP (normal mode &
branch
43 FLMT C WHLACQ o Positive & negative earth acqg..
44 FLMTM C filter limit>SV -
o (Used 1n the 2 stage fllter of
WHLACQ
45 IDXL C WHLCOMP o Axial attitude error data
46 IDYL c double integral limits -
47 IDZL C roll, pitch, yaw
e Used in WHLCOMP (normal mode 4
branch) '
48 IXL c WHLCOMP o Attitude error inmtegral
49 1YL C limits - roll, pitch, yaw
50 IZL C o Used in the normal mode 4
| braanch of WHLCOMP
| 51 KDIX o WHLCOM? o Double integral gains; roll,
' 52 XDIY o pitch, yaw '
f 53 KDIZ c e Used in the normal mode 4 l
L se KIX c branch of WHLCOMP ',
55 KIY c e Axial integral gains; roll, :
56 KIZ C pitch and yaw (
o Used in the normal mode 4 |
branch of WHLCOMP |
i
. 1
P57 KPRX C WHLACQ o Roll, pltch and yaw earth |
i 58 KPRY C acquisition position error {
59 K?RZ c gains i
e Used in WHLACQ )
|
60 K2X C WHLCOMP e Roll, pitch &aud yaw position
i 6! Koy C error gains. 3
62 XPZ c e Used in the normal mode 4

4 branch of WHLCOMP

4 e st AN Bt A

TIPSO VAo
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63 KRLX C WHLACQ e Roll and pitch earth acq.
64 KRLY < rata error gains
e Used {n WHULACQ
65 RLZ c WHLACQ o Yau earth acq. rate error
66 XRY c o Used in WHLACQ
67 KRY - C e Ra*e error gains for roll,
68 KRZ c pitch and yaw -
' e Used in tha normal wode 4
branch of WHLCOMP
70 KZ C WHLACQ o Yaw gyro compassing error
galn
o Used in WHLACQ for the yaw
arror detevmliration 1f
SWITCHZ=2
71 PLMT c WHLCOMP e Positive and negative
72 PLMTM c filter output limits
o Used {in the normal mode 4
branch of WH.LCOMP
73 SKp C WHLCOM™ o Skewed wheel rate gain
9% Used in the 4-wiecel control
braach of WHLCOMP
74 SVLMT c WHLCOMP e Positive and negative
75 SVLMTM C 4-whe~l controller limic 1
e Used in the 4-wheel control
branch of WHLCOMP for the
determination ~f the skewed
‘wheel coamand -
76 SWLMT c HLCOMP o Positive.and negative
77 SWLMTM C 4-whecl controller 1limit 2

Used 1a “he 4-wheel chatrsl
branch of WHLCOMP {or thne
determination of the skewed
whieal command
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|
78 W4 CMD WHLCOMP o Commanded skewed whecl
momentum
o Used {n the 4~wheel control
i branch of WHLCOMP
i .
; 79 ACEAORB C e ACE enabled for RW/MT cmds
i (0:A, 1:8) .
. 80 WALMT c WHLCOMP e Posttive and negative {inal
b 81 WHLMTM (o wheel command limit
f i o Used in the normal mode-4
! branch of WHLCOMP
! 82 WYL C WHLCOMP e Pitch, roll and yaw rate
| 83 WXL C ’ errvor limics
! 84 WZL C o Used {n the normal mode-4
. branch of WHLCOMP
87 K1P9988 C WHLCOMDP o Twice the normal raw wheel
command timit
o Used to limit TW(X,Y,2)Q
prior to the fl{lter {n
the normal =ode 4 branch
of WHLCOMP '
49 K1p99s2 C
f 91 Kelprll C WHLCOMP e TDRS antcenna conversfon
) 92 KMOSPHO C factors
. o Uvwd {n the normal mode 4
branch of WHLCOMP to
convert DELTNALE o P23
93 KiQoiz C Wiiteady o TDKS counts to accelovation A
scale factor 3 '
e Used {n WHLOUOMP (Mode=-<
normal operations)
R KP45H8s8 C WHEL oMY e THRS antenna compensation

elevaction timit

Lap-whC=-261
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Used in WHLCOMP to limit
TW(X,Y,Z)C after the TDRS
compensations have been
added

Using
Entry Name TLM  Type Subroutine Description

Used in the normal mode-4%
branch of WHLCOMP

95 SK1 c WHLCOMP Skewed wheel controller gain i
Used Iin the 4-wheel command i
branch of WHLCOMP

96 WHLMTD C i

93 WHLMTA C WHLCOMP Final wheel command limit

99 WHLMT AN C WHLCOMP (Pos and Neg)

LabD=-whC-203
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0BC System Table #58 (Thruster Command Parameters)

0

to

IHTBMD

BKUPREM

PMEFLG

BIASX

BTASY

BIASZ

&

¥

F

THRUSTER e Backup ordbit adjust mode
& ORBADJI e Controlled by .ground command
only
o Used by THRUSTER and ORBADJI
to choose normal or -
backup 0.A. mode

THRUSTER e Back up 0/A REM flag
o Used in THRUSTER to choose
REMs A/C or B/D if the
Bac..~Up 0.A. mode is
chosen '

o O/A PME RIU A/B flag
(O:RIU A, L:RIU B)
o Used in proc CMDSPM

THRUSTER ¢ Roll position error bias
¢ Used in THRUSTER {n the
calculation of the 0.4A.

control error TTX

THRUSTER e Pitch, vaw position error

bias
e BIASY,Z are used in the

calculation of TTY,Z and
are nominally = 9. If
OAPCH >.03 RAD or OAYAW
<-.03 RAD BIASY or Z {s
incremented by .00873 |
RAD. Tests on O0APCH,
YAW are preforms {n
mode 7 by THRUSTER once !
per minute. [f 0APCYH
or OAYAW Is out of
lirits the open loop
tiring pattern is
altered as well as

LSD=WPC-063
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Description

Qo

10

11

14

HTKP
HTKR

OAFL1
OAFL2

[OPEN

MHTLIM

OALMT
MOALMT

FRBLD

aC

THRUSTER

THRRUS1ER

ORBADJI
& THRUSTER

THRUSTER

THRUSTER
THRUSTER

ORBADJI

the bias changed.
BIASY and BIASZ can
be reset to P by
ground ccemmand only.

Orbit ad just control error
position and rate galins-
Used {n THRUSTER in the
calculation of TTX,Y,Z

‘0.A. attitude error gain 1,2

Used in THRUSTER in the
calculatfon of OAPCH and
OAYAW

Large center of thrust-
center of mass offset flag
Used {n ORBADJT and THRUSTER
Set by ground command only

Firing pattern change
counter threshold

Used {n THRUSTER to control
the timing of the firing
pattern change test

0.A. plitch and yaw error
lim{t :

Used in the firing pattern
test-of THRUSTER as the
limits to vhich OAPCH

and OAYAW are compared

to

Rebuild threster firing
pattern (1:ENA, 0:DI3)

Used {a ORBADII to rebufld
the thruster tiring pattern
in the cvent {t had heen
change by the firing

pattern loop of THRUSTER

8. 3-204
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Used THRUSTER for backup
0.A. mode only

Using
Entry Name TLM Type Subroutine Description
-Set by ground only
15 BLAS873 c Pitch/yaw hias ad justment
BIAS873 is the amount by
which BIASY or/and BIASZ
are changed each loop of
the firing pattern change
logic .
16 BIASMOL7 c Positive and negative pitch
17 BIASMOL7 c bias adjustment
18 . NLMTS o THRUSTER Pitch and yaw firing pattern”
19 MLMTS c index limit
20 . DlY C Used in the firing pattern
21 Dlz c change logic of THRUSTER
THRUSTER Negative pitch/yaw
nysteresis switch threshold
THRUSTER lsed in THRUSTER for the !
normal 0.A. mode only {
22 D2X C THRUSTER Low thrust vroll, pitch, yaw
23 D2V c error limit
24 D2z C Used in THRUSTER when
' back-up 0.A. commanded or
when the high thruster are
disabled
25 D3X C THRUSTER Positive roll, pitch, yaw
26 D3Y c hysteresis switch threshold
27 D3z C Used in THRESHOLD for the
normal 0.A. mode only }
28 0ACX c "“THRUSTER Roll, pitch, and yaw i
29 QACY C back-up 0.A. mode control {
30 0ACZ C error gains

LSD-WPC-263
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31

32

33

34

35

36

37

NCOUNT

ORBADJ

TSAM -

TOAMX

ESMX

IYSLWCMD

NYSLWCMD

v

THRUSTER

ORBADJI

ORBADJI

ORBADJI

ORBADJI

ORBADJI

ORBADJI

Yaw slew counter initial

Open loop firing pattern
array index limit
Used in THRUSTER

Orbit adjust mode commanded
pulse count

Used in the O.A. termination
test in ORBADJIL

Solar array position error
limit

Used in the 0.A. termination
test in ORBADJI

Orbit adjust time limit
Used in the 0.A. termination
test {in ORBADJI

Orbit adjust roll/pltch ESA
error limit .

Used in the 0.A. termination
test in ORBADJI

Used as the test limit for
the compensated earth

sensor errors EXE-EXEBIAS
and EYE-EYEBIAS

Yaw slew enable flag
(0:DIS, 1:ENA)

Used in ORBADJI to enable
the offset processing
branch of EULERC

value ;
Used in ORBADJI to transfer i
an initial value of the slew |
time to NYSLEW. (NYSLEW =
initfal value of the slew
counter in EULERC)

LSD-WPC=-263
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Using
Entry Name TLM Type Subroutine Description
38 JYSLWCMD v ORBADJI Yaw slew direction
(+1:+YAW, -1:-YAW)
Used {n ORBADJI to transfer
the slew direction to
JYSLEW. (JYSLEW i{s the
direction of the slew
used in EULERC. . .-
39 TSAK C Solar array noon position
40 EXEBIAS c ORBADJI Roll and pitch earth sensov
41 EYEBIAS C ORBADJI bias
' Used i{n the 0.A. termination
test in ORBADJI
42 ISEV C ORBADJI State vector 5S2 reset value

Used in ORBADJI

B, Z-227
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Entry

Name

TIM  Type

Using
Subroutine

Description

OBC System Table #59 (Momentum Unloading Parameters)

0

-

N

MAGULD

LENUNL

INIUNL

1M4OMUN

FALLW

* F
* . C
* c
* c
* c

WHLUNLD

WHLUNLD

WHLUNLD

WHLUNLD

WHLCCMP

©

Magnetic unloading enabled
flag .

Set by EACOMP or ORBADJI
(on reencry to MODE 4)
Used by WHLUNLD -
@=DSBL 1=E!AB :
Nominally HAGULD=1

Thruster unloading enable
flag

Used in WHLUNLD. TIf=0 the
thruster unload branch
will -be bypassed

Ser=]1 in ESACQI 1if a one
time unload is desired

at separation

Thruster unloading
initialization flag

Used in WHLUNLD
(l=infitialfze thruster
unloading)

Momentum unload select flag
1--=> unlead system momentum
#1--> unload wheel momentum
Set tn ESaCQI

Used {n WHLUNLD

Failed wheel flag

Used in WIHLCOMP Dy the falled
wheel logic .

Set by ground command only
al--> Roll wheel falled

a)-~> Pitch wheel falled
23--> Yaw wheel failed

=4-=> All wheels ave QK

R

- R=D7R

LSDh-wpC-263
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Using .
Entry  Name TLM Type Subroutine Description
5 KMX c WHLUNLD o Magnetic unloading gains
6 MY -C ~roll, pitch, yaw
7 KMZ c o Used in WHLUNLD
8-13  TRQLVL v WHLUNLD o Thruster torque array Rl,
Pl, Y1, R2, P2, Y2
o Used by WHLUNLD to determine
the available thrust for
each thrusters
14 ITPOS c WHLUNLD ° PosiciVe and negative torque
15 ITNEG c level index C
e Used in WHLUNLD
16 UNLDTM c WHLUNLD o Unloading delay timer
o Usad in WHLUNLD
17 TIMINC C WHLUNLD e Delay timer increment
o Used in WELUNLD

LSD-WPC-263
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Entry Name

Type

Usin

Subroutine

Description

OBC System Table #60 (Stellar Acquisition Parameters)

0 XKZ

1 YGFAL
2 YGFA2
3 YGFB1
4 SAQBU

c

OO0

STELCOMP

STELCOMP

ECIUPD

Yaw gyrocompassing -

Yaw gryo-compassing gain
Used i{n STELCOMP for steller
acq. gyro compassing

Filter 1,2,3
Used in STELCOMP for steller
acq. gyro compassing

Stellar acq. backup flag

(0 :NORMAL, 1:BACKUP)

Used in ECIUPD to implement
either the normal or backup
mode of steller acq. _
Normal mode used measured
values, of the earth and
sun vectors to derive an
initial value for the
reference quaternion

Backup mode uses uplinked
as the {nitial values for
the reference quaternion

LSD-WPC-263
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B.3.12.5 Attitude Control (ACS) Telemetry

The following 4is a tabulation of telemetry parameters available from the ACS

Processor via OBC Telemetry Reports 1 through 12. The report tabulation
contains: : Co.

Entry Number = location of TLM pofnt in report (this is offset froam
report entry point)

Name .. = As designated by scifuwzie

Generating Subroutine -Processor subroutine which calculates
or sets software telemetry point. -

Description/Comment - Explains teiemetry peint provides .
’ - other details of TLM points use and meaning.

For wmore detailed {information such as scale, units,: length and value of TLM
point see SVS-10130 Landsat~-D Flight Segment Ccmputer Program Design
Specificacion. _ ' :

|

1

LSD-WPC-262
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Description/Comment

Entry . Generating
Number . Name Subroutine
O0BC TLM Report 1 (ACS 01)

0 THETAX GYROCOMP
2 THETAY

4 THETAZ

6 DNGX GYROD

9 DNGY

12 DNGZ

15 NGXF GYROFLTR
138 ’ NGYF

21 NG2ZTF

o Angular Iincrements of the
spacecraft X, Y, and Z axes since
the last measurement processed
by the ACS processor. (.256 sec if
MODE = 7; .512 sec {f MODE =-4)

¢ THETAX,Y,Z are calculated from
filtered gyro data with
compengatlons for misalignmeat and
bias errors included.

o Raw gyro difference data from
GYROFLTR of the gyro data
acquilsition processor GYROD.

e DNGX,Y,Z is not filtered or
compensated for misalignment ot

. bias errors. :

o The GYROD processor is called each
004 sec and inputs the contents
of the 6 ITP 24 bit gyro data
registers and stores the data in
NGX1, NGX2, NGYl, NGY2, NGZ2, NGZ2.
DNGX,Y,Z are then the difference
between successive readings of the
selected channels; NGX1 or NGX2,
NGYL or NGY2, NGZl or NG22.

e Total gyro angular data input each
.064 sec from the ITP. (The 3
selected channels only)

o The data {s flltered by the 2
stage filter of CYROFLTR unless:
MODE = 7, or THRUST = 1, or
MODE = 1 and SMODEY .= 0;.but the
data {s not compensated for
misallgnment or bias arrors.

o NG(X,Y,2)F are the product of
GYROFLTR of the GYROD processor.
The spacecraft control processor
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Entry
Number

. Generating
Name Subroutine

Description/Conmment

0BC TIM Report 2 (ACS 02)

B o~ O

W

WGX GYROCOMP
WGY
WGZ

W) GYROCOMP
WY '
Wz

EX ATTERR

"sec and 1f MODE=4, the ACS -

(SCP) then inputs these data to
calculate the gyro difference
data. (GYDIF(Y)=NG(I)F=NG(I)H,
where NG(1)F is the past reading
of NG(I)F and I = X,Y,Z. The SCP
processor 1s called each .256

processor is called eazh .51:
sec. Under these conditions
(GYOIF(I)) 1s calculated every
other calling of the SCP.

Angular displacement of the
spacecraft X,Y,Z axes compensated
for misalignment but not blas
errors.

WGX,Y,Z is the result of an Iinter-
mittent calculation {n GYROCOMP.

X,Y,Z components of the spacecraft
angular velocity vector. .

WX,Y,Z are the final result of
GYROCOMP calculated from filtered
gyro data and compensated for
misalignment and bias errors.

X,Y,Z component of the attitude
error vector calculated from
filtered gyro data with olsalign-
ment compensation and bias crrors
included.

EX,Y,Z are calculated from the
error quaternion components Cl, C2
C3 using tne small angle :
approximaction

EN==2%Cla=l% #S5IN( 9/2)~ ]

B G VN Bio ViR A |
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Entry Generating o
Number © Name Subroutire Description/Comment
¥
EX,Y,Z are then the angles frono
the missiou frame to the body
axes.
12 EPAlL EULER I o Euler parameters which represent
15 EPAZ the rotation from ECI to the
18 EPA3 spacecraft body axis as decerained
21 EPA4 : by propagating filtered gyro
: data. (Reference-Quaternion)
. _ 24 NHT THRUSTER e NHT is the open loop. command array
index for orbit adjust thrugter
firing.

o NHT is initialized to O in ORBADJI,
incremented and reset in THRUSTER.

OBC TLM Report 3 (ACS. 03)

EPDL - EULERC e Euler parameters which represent
EPD2 the rotation from ECI coordinates
EPD3 to the desired pointing target.
EPD4 ' {(Target Quaternion or Mission
Reference Fraze)
e The earth pointing target is
depeadent on orbit posicion.
ZULERC uses the flight segment
position and velocity vectors
calculated by the EPHEM '
processor to build the target !
D1 ,D2.D3,D4. EULERC aligns the |
i

[+ IS SN o]

target +Z axls aleong -R and the
target ¥ axis along the X-
component of ¥V where R and V oare
the F.5. position and_velocfty
vectors. ’

£PCl " ATTERR o Fuler paramecers which reprssent
£pc2 the rntat{on “rom the vehicle axes
ZPC3 to th .argaet axes. (ZRROR

LPCh QUATZ R, 103)

(Rl el ol & =}
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Entry
Number

Name

Generating

Subroutine

Description/Comnent -

20
22

OBC TLM Report & (ACS 04)

0

Lo LR R )

EIX'
ElY

-TACCMD

m

iZ

EDIX
EDIY
EDIZ

WHLCOMP

THRUSTER

vHLCOMP

WHLCOMP

"mode (MODE = 7) and no attitude !

X and Y components of the-
integrated attitude error
calculated from filtered,
compensated gyro data.

EIX,Y are developed in WHLCOMP
using data frowm the present and
past cycles to smooth the wheel
comzands.

1l X 6 Thruster command array
Bit definition 1 = ON, O = OFF
Bit 1 +Roll
Bit 2 -Roll

Bit 3 +Pitch
Bit 4 -~Pitch
Bit 5 +Yaw
Bit 6 -Yaw .
If the ACS is in the orbit adjust

thrusting is called for, then’
Bits 3,4,5,6 cf LACCMD imply:
0000-—-->pulse all 4 Orbit Adjust
thrusters ]
0010-—>0ff pulse Orbit Adjust
thruster #1 for +Y
torque
0100=--->0ff pulse Orbit Adjust
thruster #4 for -P
torque

Z coamponent of th2 artitude errer
single Integral o
See 03C TLM Report 3:'(20-22)

X,Y,Z components of the double
integrated attitude errors
1

calculated from Ziltered,
conpensated gyro data.

LSD-wPC-263
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Entry
Number

Name

Generating
Subroutine

Description/Comment

10
12

14
15
16

17
18
19

TWX
TWY

TWZ

WEX
WEY
WEZ

TTX
TTY
T1Z

BIASY
BIAZ

SKEW

WHLCOMP

WHLCOMP

THRUSTER

THRUSTER

' SKEWFD

. driven by filtered compensated

EDIX,Y,Z are developed in WHLCOMP
to smonth the wheel commands by
considering errors from the

past and past-past

cycles.

TWX,Y,Z2 are the wheecl coumands
output by WHLCOMP
If MODE = &4 the wheel coumands are

gyro data and szoothed by a double
integral "smoother™ which operates
on the error signals EX,Y,Z

If MODE = 1,2,3 or 4 with ICAL{3
the wheel commands are driven by
earth sensor signals for roll and
pitch with gyro compassing for
yaw. :

Magnitometers and/or gyros may
drive TWX,Y,Z during backup
acquisition mode.

Spacecraft angular rate errors.
WEX = WX =~ WXC where WX 1{s the
measured rate and WXC is the
commanded rate.

Roll, pitch and yaw total error
(Pos + Rate)
Calculated in Mode 7 by THRUSTER

Pltch and yaw position error
biases used only for Mecde 7

SKEW wheel out of limits flag.
If the skew wheel i{s out of limits
FDC {s then disabled.

R, 5-2T6

LSD-WPC-2063

Pty w o MM

JPRTSar)



SVS-10266
Appendix B
31 December 1981

Entry Generating
Number Name Subroutine Description/Comment
OBC TLM Report 5 (ACS 05)
0 NOAPLS THRUSTER Orbit adjust time counter
(counts milliseconds of thruster
firing)
Initialized to O and then tested
each cycle as a mode 7 termination
condition by ORBADJI. )
Incremented by THRUSTER and
records the total number of
thruster williseconds of
firing. '
2 EX1C ESPROC Coarse and fine earth sensor error
3 EYiC ' signals compensated for known
4 EX2C of fsets
5 EY2C EX1C etc are the product of
6 EX1F® ESPROC used to calculate EXE and
7 EYLF EYE :
8 EX2F
9 EY2F
11 DELTNA WHLCOMP TDRS antenna azimuth and elevation
12 DELTNE acceleration :
DELTHA,E are calculated by WHLCOMP
and used to calculate roll, pitch,
and yaw torques Pl, P2 and P3
which are added to the wheel
commands when MCDE=4 and ICAL=3.
13 ITHUNLX WHLUNLD X,Y, and Z pulse counters for
i4 ITHUNLY thruster unloading
15 ITHUNLZ Used in WHLINLD
16 Xp FSSCAL FSS roll and pitch errors
18 YP compensated for all kncwn sensor

erctors
XP and YP are calculated in FSSCAL

LSD=-WPC-263
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Entry Generating :
Numter Name Subroutine Description/Comment
20 TWS WHLCOMP Skew wheel command
21
23 TAMSTA EACOMP Three Axis Magnitometers in use
’ Flag. .
Set in EACOMP 1f Magnetic tracking
(Stage 1 of Back-up Earth -
Acquisition Mode) is entered and
reset to § when Magnetic
tracking is shut off. (Stage 2)
24 MTTAFLAG MTRAFD Channel A motor current out
of limits flag.
. The Channel A motor current {s
checked once per Major frame
1f out of limits MIRAFLAG is
set to 1.
Used in ACQFD and NORMFD to
i present the use of gyro a:is
Y1 if channel A 1is suspect. }
OBC TLM Report 6 (ACS 06)
0 SYSMOX ESACQI System momentum X, Y + orbit rate,
A
1 SYSPL Calculated in ESACQI during modes
2 SYSMO0Z 1 and 2 to allow a ! time thruster
unload of momentum which may be
imparted to the vehicle upon
separation
5 ELX1L WHLACQ Limited roll, pitch, yaw wheel
7 FLYLIL commands once filitered
9 ELZ1L Calculated in WHALACQ when
: MODE = 1.2,3 or 4 with ICALC3. i
6 TWrC WHLCOMP Roll, pitch, yaw wheel commands !
8 TAYC filtered twice é
10 TAZC TW(X,Y,Z2)C are equal to TW(X,Y,Z) |

if the commands are unchanged

2}

-
A
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Entry
Number

Name

Cenerating
Subroutine Description/Comment

11

13

15

16

17

18

FDC1PR

FDC1Y

FDC1PRF

FDCLlYF

FDC2PR

FDC2Y

FDCIPRF

FDC2YF

XRATDIL

by the falled wheel logic
of WHLCOMP

MODEFD e Yaw and Pitch/Roll FDC enabie
flag
e Set in MODEFD and used
in NORMFD and ACQFD to contrel the
automatic enabling and disabling
of the FDC logic.

e Yaw and Pitch/Roll FRC fail
flag _

e Set by ground command to disable |
FbC .

6 Set by the RTS which commands safe
hold after an FDC failure

e If elther flag Lls set to | the
corresponding FDC logic can enly
be reenabled from the ground. .

GYROMSTID e Yaw and Pitch/Roll Gyro FDC
enable flags
e Sat {n GYROMSFD and used in
HMODEFD to control the usw. of
GYROFD or ACQFD £f MOLy - 1.

GYROFD o Yaw and Pitch/Roll Gyro FDC
fatl flags
e Used {n GYROFD to bypass
processing after the first
faflure
e Sct in GYROFD upon a first
fallure

GYROFD o Roll IRU rvate dilemma flag
¢ Set to ! {1 the RI and RI gvros
do not agree and RI is the
higher of the two.

LSD=-WPC~263
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»
i BN 40 WS SN

. Encry : Generating

Number - Name Subroutine Description/Comment
20 YRATDIL GYROFD Pitch IRU rate dilemma flag
Set to 1 if the Pl and P2 gyros
do not agree and Pl is the
higher of the two.
22 FSTATEL HORMFD Pitch and Roll failure State
23 FSTATE2 for Normal FDC -
‘ FSTATEL and FSTATE2 each define
one normal state 000 or 1 of 7
possible failure states. See
Section TED, Normal Mode FDC.
24 SAFELST FDC Safehold Safehold FDC initialization
Interlock flag
Module
{Name TBD) Inttialized to (TBD) then reset

0BC TLY Report 7 (ACS 07)

0 - Pl , WHLCOMP
1 P2

2 ' P3

3 WXC EULERC
4 WYC

5 WZC

to (i2D) after the lst
execution of the module

Spacecraft axes components of the
TDRS antenna pointing commands
DELTNA and DELTNE

P1,2,3 are calculated in WHLCOMP
for MODE = 4 only. These torques
are then added to the wheel
commands TW(X,Y,Z)C.

X,Y,Z components of the commanded
vehicle rate vector. Calculated
in EULERC the nominal values are:
WXC = 0, WYC = W0, WZC = 0

If offset pointing 1s commanded
W(X,Y,Z)C take new values
calculated In the offset pointing
branch of EULERC :

Used {n WHLCOMP during nor“31 mode

4 operation only

LED-WPC-263
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Entry Generating

Number Name Subroutine Description/Conment

6 PX THRUSTER Roll, pitch and yaw orbit adjust

7 PY mode attitude error control
signals

8 PZ PX,Y,Z are dependent on position
and rate error . . -
PX,Y,Z undergo 3 sample smoothing
and are compensated by the -
biases BIAS(X,Y,2)

11 TACS MINIT ACS/0tbit Adjust time counter

ORBADJI TACS 15 incremented each ACS

cycle in MINIT ‘
TACS {s reset to @ on entry to
MODE 7 by ORBADJI.

13 WGDX1 GYROFD Gyro X1,X2,Y¥1,Y2,21,22 rates

15 GDX2 Used {n CYROFD in the tests

17 WGDYL which compare gyro outputs

19 WGDY2 .

21 WGDZ1

23 W3GDZ2

0BC TLM Report 8.(ACS 08)

0 MODE ACS mode of operation
1 = NADIR ACQ
2 = QRBIT PLANE ACQ
3 = STELLAR ACQ
4 = EARTH POINTING
7 = ORBIT ADJUST

1 XPOSDIL ACQFD Roll position dilemma flag

Set to ! when the ESA s do not
agree and EX2C {s out of limits
dnd EXIC ¢s in limfts. Safehold
1-1 or 1-0 will be entered.

Set to 2 when the ESA”s are both
out of limits and don”t agree. No
safehold will be entered.

LSD-wPC~263
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Entry Generating

Number Name Subroutine Description/Comment

2 ' YPOSDIL ACQFD Pitch position dilemma flag
Set to 1 1f the ESA”s do not agree
and ESA2 is out of lmits but ESA 1
is OK. Safehold 1-2 will be
entered. :
Set to 2 1f the ESA"s do not agree
and both 'ESA"s are out of -limits.

3 SMODE3 STELACQI e Stellar acq submode flag

’ Used in STELACQ
0 = ECI reference is not yet
initialized, the mode is scill .
stage 1 . : '
1 = The reference
. quaternion has been 1
initialfzed by ECIUPD and '
Stage 2 has begun. Stage
1 acquistition calls
ECIUPD to Initialize the
reference quaternion using
derived earth and sun
" vector. Stage 2

acquisition 1s attitude
convergence using the UPDATE
FILTER processor

4 SMODE4 EPOINT Earth pointing submode flag set
to 1l = Earth Pointing

5 ESACNT EACOMP2 e ESA acquisition failure counter
ESACNT counts the 5 cylce delay
before entry to magnetic tracking
if nefther earth sensor has earch
presence during the lst rev.

6 HMAGULD o Magnetic unloading enabled flag i

EACOMP

Set” by EACOMP or ORBADJI (on
recntry to HODE 4)
Used by WHLUNLD {

o O = DSBL 1 = ENAB )

Yominally MAGULD = 1

LSD=-WpPC~263
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Entry
Number

Name

Description/Comnent

10
11

12

FLTROFF

ESASTA

MCDE4I

TIMUNLX
TIMUNLY

MODE31I

GROUND

ESPROC

STELACQI

WHLUNLD

Prefilter ON/OFF control flag
Set by ground only

Used {n GYROFLTR of the GYROD
processor to disable the IRU
prefilter -
1 = bypass IRU prefilter

ESA signal status

ESASTA flags which ESA data

(1 flags ESAl and 2 flags ESA2)
i1s used to generate the earth
sensor control eriors EXE and
EYE

Earth pointing {nitialize flag
Set ILn STELACQI upon completion of
Stage 1 acquisition .

X,Y,Z unload timer

When thruster unloading is
enabled, TIMUNLX,Y,Z count
milliseconds between X, Y and 2
thruster pulses. Thrusting is
controlled to occur once each
UNLDT¥ seconds. (Delay <120 sec).
MODE 3 initialization flag

Upon the successful completion of
orbit plane acquisition (MODE 2)
the ground must command MODE = 3
and MODE3L = 1 to allow control
t pass to mode 3. Control will
then pass automatically through
STAGEL acquisition to

MODE 4.
attitude sensors must all be
operating properly before the i
ground proceeds to mode 3. i

LSD-WpPC-263
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Entry )
Number Name

Generating
Subroutine

Description/Comment

13 ECILATT

14 ' MODELI

15 EPHEMFLG

16 FAILW

17 ICAL

ECIUPD

ESACQIL

GROUND

GROUND

"ground must set MODE = 1 and

Stage 1 complete flag

Used by STELACQI

>0 = control hos passed to Stage 2
acquisition

=] = normal ECI 1nitialization
(earth and sun vector)

=2 = backup ECL initialization
(used ground commanded values)

Mode 1 inftialization flag

Set to 0O {n ESACQI after the )
initialization of MODE 1 thus pre-
venting reinitialization. To re-~ .
initialize after the lst rev the

MODELI = 1 as well as reevaluate
TMTSTL and TMTST2.

Ephemerls source flag
0 = GCPS 1 = Ground Data
Used in EULERC

Failed wheel flag

Used in WHLCGMP by the failcd
wheel logic

Set by ground command only

=]l = roll wheel falled

u2 = pitch wheel failed

=3 = yaw wheel falled

=4 = all wheels are OK

Acquisition/earth pointing flag
Set to 0 by STELACQI on {niciall-
ization of mode 3

Set to | by STELACQI on completionl
of Stage 1 acgquisition . i
Set to 2 by EPJINTL on completion |
of Stage 2 acgulsition

Set to. 3 by pround command to
enable the norz=al branch of
WHLCOMP

T CNaIDA LAY
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Entry
Number

Generating
Name Subroutine

Description/Comment

18
19

20

21

o
L]

NGXOVFL
NGYOVFL

TIMUNLZ

SUNPRS FSSCAL

IRUSTA EACOMPL

JTHSW

Used by WHLCOMP

Roll/Pitch Gyro overflow
processing counter

When thruster unlecading is -
enabled, TIMUNLX,Y,Z count
milliseconds between X,Y,Z
pulses. Thrusting is

controlled to occur each

UNLDT™ seconds. (Delay ~120 sec).
Sun presence 1n FSS FOV flag

C = No Sun 1 = Sun

Used by ECIUPD

IRU Inftialization flag

Reset to § in EACOMP 1 to flag
IRUs not in use

Set to 1

Thruster switch timer
initializacion flag

Used to enable thrusters for a one
shot firing to kill initial rates
which may be acquired upon
separation

Set to O by mode ! initialization.
If there are no thruster firings
JTHSW will remain 0. If firings
do occur at separation JTHSW

will be set to | and remain

equal to 1. The thrusters

will fire a nuwmber of times
specified by DHUNLD and then

shut off independent of

spacecraft rates.

LSD-WPC-263
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Entry Generating
Number Name Subroutine Description/Comment

OBC TLM Repert 9 (ACS 09)

0 IENUNL ESACQIL e Thruster unlcading enabhle flag
: o Used in WHLUNLD. .If = 0 the
thruster unload branch will be
bypassed
o Set = 1 in ESACQL if a one tinme
unload is desired at separaticn

1 INIUNL e Thruster unloading initialf{zation
flag
"1 = Enable <>l = Disable
¢ Used in WHLUNLD to
inttialize the thruster uanload
branch

3 MODE2C TACOMPL/2 e Mode 2 complete flag
e Sett to 1 in EACOMPL when mode 2
tests pass
o Set to O {n EACOMPLl 1f mode 2

tests fail
¢ Set to 0 in EACOMF2 if EACOMP2 is
entered
4 IHTBMD CROUND 6 Backup orbit adjust mode flag

©

Controlled by ground command

e Used by THRUSTER and ORBADJI to
choose normal or backup orbit
ad just mode

5 DISPAS THRUSTER o First pass flag for orbit adjust
thruster OFF -
1 = lst thruster off pass
0 = Not lst thruster off pass
e Initialized in ORBADJIL

5 ENAPAS THRUSTER e First pass flag for oubit adjust
thruster ON
1 = 1st thruster ON pass
0 = ot lst thruster ON pass

E 2l AW IS . o NI W]
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Entry
Number

Name

Generating
Subroutine

Description/Conment

1C
11
12

13

16

17
18

A

IHTY
IHTZ

IGYX
IGYY
IGYZ

SENSTA

OFFSET

ESASEL

IMOMUN

MAGREF

THRUSTER

GYROFDC

SCP

ORBADJI

FDC

WHLACQ

ESACQI

CACOM?

Computed hystevesis flags for
pitch and yaw

IHTY,Z flag high p;tch yaw errors
when MODE = 7 .

X,Y,2 gyro channel s*lectior flags
Used in GYROCOMP

Set ty ground command or gyro
failure detection correction

Gyro tigh - low rate flag
Used by GYROCOMP
Set by the status of thc gywe

Offset pointing flag- )

1 = enter the offset pointing
branch of EULERC

Set to 1 by ground command or by
ORBADJI {f TYSLWCMD = 1

Set to 0 by grcund only

ESA select flag
Select ESAl or ESA2 as the first

. choice for the EXE and EYE data

source
Used by ESPROC
Set by ground command or FDC

Roll, Pitch, Yaw limited error
signal

Used in WHLACQ for acquisition
mode control error

Momentum unload select flag
1 = unload system momentua
£1 = unload wheel momentun
Used by WHLUNLD

Hagnetic 'ft eld reference flag
Inftialized to 0 MAGREF {5 set to

T mn e A~
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Entry . Generating )

Number Name Subroutine Description/Comment
1 when the spacecraft lst
reaches the magnetic
reference and then remains
i.

25 ITHSW ESACQIL Thruster controller for earth

0BC TLM Report 10 (ACS 10)

S0

THETBX
THETBY
THETBZ

HWX
HWY

HWZ

HWS
MX
MY
MZ

BX

BY

n

oL

SELMAG

DHUNLDL
DHUNLD2

HUNLD3

GROUND or
UFLTR

WHLTAC

WHLUNLD

GROUND

WHLUNLD

£54CQ1L

acquisition switch -
Thrusters will be disabled for
a one shot unload {f ITHSW=1

X,Y,Z components of the gyro bias
vectar

Calculated Lty the update fiiter or
uplinked from the ground

Used 1ian GYROCOMP. THETBX,Y,Z
correspond to spacecraft axes, not
gyro axes

SRW X,7,Z skew momentum

Magnetic torquer commands to
unload SRW s

X,Y,Z2 components of Zarth’s
magnetic field ver .or comyater in
body axes

Magnetomater selz2cu flag
1 = TaM 1l 2= 7YAM 2
Used in MAGNET

Roli-Pltch-Yaw mozentum to he
removed by thrusters
Set to gither C22c or SYSMOX,

|
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e

Entry Generating
Number Name Subroutine Description/Comment

SYSPL, SYSMOZ during the 1 shot
unload enable period. Set to
CzP0 after the aliowable time
time for the one shot has
elapsed

20 EXG EACOMP 2 Roll-Pitch~Yaw IRU positioa~
21 EYG WHLACQ registers '
22 E7G © Inftialized by EACOMP when the
) spacecraft reaches the magnetic
reference to the magnetic field
@rrors.

e Used in WHALACQ if IRUs are in
use. If IRUs are get in use
these Registers will not be
updated.

23 EXM WHLACQ @ Roll-Pitch magnitometer
24 EYM position signal

OBC TLM Peport 11 (ACS 11)

See SCP Sectioa B.2.7.5

15 SWTCHL EACOMP » o Sensor selection for roll-pitch
position control for acquisition
modes .
e Set in FACOMP, EACOMPL or EACOMP2
and used in WHLACQ

16 SWTCHY EACOMP @ Pitch orbrate blas enable for
’ acquisition modes
e 1=DSBL 2=ENA3
‘o Set in EACOMP, EACOMP1 or
EACOMP2 anad used la WHLACQ

17 ' SWICHZ EACOMP o Yaw position selection for
: acquisition modes
e l=Single rate stabilization
] - 2=Gyrocompassing
3=1IRU :

LSD-WPC-263
LY B.3-249
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Entry Generating )
Number Name Subroutine Descyiption/Comment
@ Set {n EACOMP, EACOMPl or
EACOMP2 and used in WHLACQ
18 SYSMOY ESACQL @ Pitch system momentum :
e Used in the calculation of thruster
unload commands {f a one sHot
unloed {3 executed
19 "ITPFAIL FDCITP Hangup o ACE LTP fallure flag
. Protection o ITPFAIL 1o initlallzed to O then
Module incremented i€ an ITP hang up
(Name TBD) is detected. When ITPFAIL=5
Send safechold 1-1 and disable
FDC.
20 SHFAIL Safenold e Safehold Mode failure flag
Interlock o Inittalized to O then
Module incremented when either macs is
(Name TBD) in gafehold
® Disables FDC when SHFAIL=3
21 ITPLIST FDC ITP hangup e IPT FDC {nftialfzation -
: Protection flag
Module
(Name TBD)
OBC TLM Report 12 (ACS 12)
0,t,12.18 CNGX GYROCOMP ¢ Gyro data filtered by GYROD but
2,8,14,20 CNGY not compensated for mlisalignment
4,10,16,22 CNGZ or blas ervors
o Sample time is from previous
ma jor frame +36,548,1060 and
1572 asec
ACS Report l; {OBC #13)
0 : TACSSP GYROMSFD . e 2 separation switch tlmes i
o Incremented in GYROMSFD TACSSP i

LSD-WPC-263
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Entry
. Number Name

Generating
Subroutine

Description/Comment

1 SDSEPFLG

2 SDFUNCT-

3 ACQiST

4 : FOCEP

SOTECT

SOLARD

ACQFD

ACQFD

i{s used in MODEFD to time
saparation plus 30 sec at
which time the one shot
unload capability is
disabled and Acq FDC
replaces gyro FDC.

Two separation switches open
flag

Set in SDTECT when both
separation switches are open
Used {n CYROMSFD to stare the
TALSEP counter

Solar array deploy complete
Llae | C

Used {n MUDEFDY, Acquisition FDC
cannot be enabled until the :
folar array i{s deploved {

Acquisition FDC Pitch~Roll
{ottialization flag

Used in ACQFD to reset the gyro
selection flags to RI-P2-Y2
Inftialized to O then set to 1
on the first pass through

ACQED !

Acquisition mode earth preosence
fatlure atate flag

State definitions

O=Both ESAs have earth presence
latSAL does unot have earth

pruesence
2=2ESA2 does not have carth i
preseuce .
JuNof{ther ESAs have carth

prasence

e 0 SN by ST, WA T
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Entry : Generating
Number Mame Subroutine Description/Conment

5 EPCNT ACQFD : ® Acquisition mode earth presence
fallure astata countar
e EPCNT implemonts the 5 cycle
delay which assures a failure
is present for 5 cycles
before action {s taken.

6 ACQRIU RIUSWTCH @ RIU switching flag
e Used to flag whether both RIUs
have or have not been used and
therefore dlssallow or allow an
RIU switch as a result of ¥DC.
(Either Acq. FDC or Normal FDC)

7 PFDCEP ACQFD @ The pravious value of the
Acquisition mode earth presence
failure state flag

8 FPITCH ACQFDC @ ESALl or 2 plteh fallure
state
e Usad in Acquisition wmode FDC only
e State definitlons
O=No Fsiluras
1=ESAL piteh fallure
2=ESA2 pltch fallure
3=ESAl and ESA2 pitch faflures

9 FPCNT ACQFDC o ISAl and ESAQ pltch fallure
stata counter
o Used {n Acquisition mode only
o Implements a 5 cvele delay
betfore FDC action {3 taken ;

10 PFPITCH ACQFDC e Past value of FPITCH

11 ‘ FROLL ACQFDLL o ESAL and 2 roll faflure state
flag

"o Used {n Acquisi{ti{on mode uvnly i
o State definttion '

— . )

LSD-WPC-263
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Entry
Number

Name

Generating
Subroutine

Description/Comment

12

13

15

16

17

18

FRCNT

PFROLL2

ACQFD1

WGXK1

WGZK1

SWICHIM

MODE2CM

ACQFDLL

ACQFDLL

ACQFDP

NORMFD

ACQFDS

MODEFD

MODEFD

!

O=No failure

1=ESAl roll failure
2=ESA2 roll failure
3»ESAl and 2 roll.failure

ESAl and .ESA2 roll failure
state counter =
Used in Acquisition mode only
Implements a 5 cycle delay
before FDC action is taken

Past value of FRCLL

'Acquisition FDC yaw

initialization flag

Used to reset the gyro flag
IGYZ=1 to use the Y2 gyro

Set to O by ground initializaticn
then reset to 1 on the first
module execution

Roll rate failure counter
Used in the Normal mode yaw FDC
to implement a 5 cycle delay
before any FDC action is taken.

Yaw rate fatflure couuter

Used in the acquisition mode yaw
FDC to implement a 5 cycle delay
before any FDC action is .taken

Past history of SWTCHIL

Used in the mode switching logilc
for mode=1 or 2 to determine if
IRUs or TAX 5 have ever been used

Past history of MODE2C

Used in the mode switching logic
for mode=1 or 2 to determine {f
MODE2C has ever been set to 1

b e e enae
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Entry
Number

Name

Generating
Subroutine

Description/Comment

19
20

21
22

23

FDCNT(1)
FDCNT(2)

PFSTATE(1)

PFSTATE(2)

CTR120

SKOUTCNT

NORMFD

NORMFD

SKEWFD

SKEWFD

0 Normal mode FDC pitch/roll
fallure state counter.
(1=Pitch/2=Roll)

o FDCNT(1) or (2) implements a 5
cycle delay before any FDC
action is taken ’

e Past value of FSTATE(1),
FSTATE(2)

® SKEW wheel FDC 120 second counter
o When IW4 is commanded from O
(3 wheel controller) to 'l (4
wheel controller) CTR1ZO
counts from 1l ‘to 8 to
implement a 120 second
delay before the skew
wheel test is preferred.
This {3 to allow the skew
wheel to reach 1its
coumanded spred.
H

o Skew wheel FDC failure counter
® SKOUTCNT implements the
raquirement that the skew wheel
test fall 3 successive times
before any FDC action is
taken

e e
!»_,_.. g A E B Y e e

LSD~WPC~263 .

B.3-254

g gt ke betn SR kg e St T e A 2emmE L O r T ST S

X st

[ R S




B.3.12.6 Attitude Control (ACS) Flow Charts
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SKEWFO FDC TEST OF SKEW WHEEL
SPEED - .

— — = TELEMETRY POINT
ccceccs SYSTEM TABLE ENTRY 7 wa N\ =0 (3WHEELS) -
TELEMETRY POINT & ‘J

SYSTEM TABLE ENTRY

NO | 120 SEC HAS ELAPSED
SINCE IW4 WASSET TO 1

=

NO

........

SKOUTCNT =0 | RESET COUNTER

- 3
TURN OFF PWR
CALL CMDS (DC51) | 10'skw WHEEL ‘L
L { RETURN
Pigure 2.3,12-10. SHIUFD Flow Chart
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ORIGINAL PAGE 1S
OF POOR - QUALITY

MODB SWITCHING SYSTEM FAILURY DETECTION

SELECT CASE
Pl

MOOE <1

DOT 17 TANS OR IRUS HAVE

NQRE-2

¢ EVER BEEN SELECTED.

SOLAR ARRAY DEPLLOY COMPLETED
USE OF SCCU RIV)

NO

({RU OR TAMS NEVER USED}

NO

© 30 SEC SINCE SEPARATION}

HQnE =3

MOTE=4

L yppE=7

_l_\CQRIU-D

-3
¥
{YAW SLEW CMODED LEAVE YAW FDC DSBL)

== = = TELEMETRY POINT
esasere SYSTLM TABLE ENTRY

cemase—e= TELEMETRY POINT §
SYSTEM TABLE ENTRY

AETURN

. MCDIPD Flow Jhart
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GYROMSFD ) GYRO DETECTION & SWITCHING

SDSEPFLG -
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oo == == TELEMETRY POINT
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{swjl -[&H J [ 1 | rRansrorm sun vecToR To 8

KEV' YRV ZEY! sy T
vz (XFE Vs G szj COORDINATES (SV)

:

LCALL XFORM(D.ZV,E1,1)
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ORIGNTY PRy 13
s OR/ g Coen
0 ! PO 0 ‘ NORMFDC ACS NORMAL/ORBIT ADJUST
{PITCeY) MNADES FDC

4

i - ']
—} SELECT CASE FSTATE(PITCHI = (XXX’

AL EALL ASOALS

CASE 7 (111)(EY2C.> THPAZ,EVIC > THPAV.EY STHPIF] = EY BAD

CASE 3 (011}{EY2C = OK;EYIC >THPALEY >THPAIF} = EY2C BAD

CASE 4 {100){EY2C > THPAZ:EY1C = OK:EY = OK]=5Y2C BAD

. 2 -
EALL SAFEHOLD 1-2

RETURN .

PR ENY

CASE 2 (DI0HEY2C = OKEYIC > THPALEY OK]=EY1r BAD

[cALL saFEnOLD 22|

( merumn )

'CASE 1(001){3Y2C = OK:EY1C = OKEY >THP1F]=EY BAD

AAALTAR

CASE 6 (110)[EY2C >THPAZ:EYIC > THPATEY = OK]=IY BAD

P

CASE 5 (1011{EY2C > THPAZEY1G = OK £

EVESY
> EVES10K

CALL
SAFEHOLD
16

CALL SAFEHOLD 1-2

== = = TELEMETRY POINT
seeesee SYSTEM TABLE ENTRY

e TELEMETRY POINT &
SYSTEM TABLE ENTRY

RETURN
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ACS ACQUISITION FDC
SUBROUTINE A

ACQFDA

1(CH AMTR I FAILED)

‘!

CALL SAFEHOLD
1= 0

1-2

CALL SAFEHOLD

\4

—
CALIL SAFEHOLD
1-3

CALL SAFEROLD
11

== e = TELEMETRY POINT

oecceeo SYSTEM TABLE ENTRY
TELEMETRY POINT & : RETURN )

SYSTEM TABLE ENTRY
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ACS ACQUISITION FDC

ACQFDS SUBROUTINE B

1 ({CHAMTR I FAILED)

\4

CALL SAFEHOLD
24

3
CALL
SAFEHOLD S
22
CALL
CALL SAFEHOLD
SAFEHOLD 2:3
241
S _ 3 w § . i

=~ == TELEMETRY POINT )
sececocece SYSTEM TABLE ENTRY
RETURN
e TELEMETRY POINT ¢
SYSTEM TABLE ENTRY
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1. PAGE i3

S00R QUALITY

- A%
b
o

[

C

)
i

FPITCH =0

4 FPITCH @ FPITCH.OA.1

FPITCH = FPITCH.QR.2

=0 (NC FAILURES CALL ROLL FD)

FPITCH
-?

CALL ACQFDLL

ACQFOLL

v CALL
ES_of sarewoLp
12

YPOSDIL - 1

CALL ACQFDLL

YES yrosoL -2
'CALL SAFENOLD 1-2] CALL ACOFOLL

‘ RETURN ’

o= = — TELEMETRY POINT
essecee SYSTEM TABLE ENTRY

—————— TELEMETRY POINT ¢
SYSTEM TABLE ENTRY
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ACS ACQUIS!TION MODE FDC
SUBROUTINE D

— o -

14

CALL SAFEHOLD -
14

CALL SAFEHOLD
1-5

CALL SAFE_]HOLD
1-

= = = TELEMETRY

cecocses SYSTEM TABLE ENTRY

TELEMETRY

SYSTEAM TABLE ENTRY

POINT

POINT ¢

\

;

‘ RETURN ’
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ACS ACQUISITION MODES SUBROUTINE P

ACQFDP

0 (YAW FOC DSBL)

0 (NO YAW FAILURES)

0 (NO YAW FAILURES)

CALL
ACQFDS

[wexxi-0}
' 1(CHA 1 FAILED)

CALL
SAFEHOLD
1-3

= = = TELEMETRY POINT
RETURN
seovcees SYSTEM TABLE ENTRY

TELEMETRY POINT ¢
SYSTEM TABLE ENTRY
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ACQFDU

#CS ACQUISITION MCDES FDC
SUBROUTINE U

SEND TO ACEB
SM 7-3 ES/GYC
SM 7-3 005633567

SEND TO ACEB
SM 7-3 INERTIAL HOLD
SM 7-3 005635673

T

SWTCH1P=SWTCH]1

TELEMETRY POINT
SYSTEM TABLE ENTRY

TELEMETRY POINT ¢
SYSTEM TABLE ENTRY

\
< RETURN ’
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ACQFDS

ACS ACQUISITION MQDES FDC SUBROUTINE S
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CALL
WGDZ2) YES .1 SAFEHOLD
<THZ 13

w 1 NO -~
(WGDZ2 ZRATDIL = 2

< RETURN ) = = = TELEMETRY POINT
eveoves SYSTEM TABLE ENTRY
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1 ACGFOLL
U
FPCNT =0

FLAG ESAT OUT OF
—4 FROLL = FROLLOR.1 | { it

, 3
r - —1 FLAG ESA2 OUT
EROLL = FROLL.OR.2 | of LimiTs

CRRAMAL PAGE IS

OF FOOR QUALITY

CALL
SAFEHOLD <
1-0

SAFEHOLD
11

L

{__wosoi-2 |
§ CALL ~ ;
SAFEHOLD YN
[ FRCNT -0 ] 10 SAFEMOLD
1-1
o 3 ;
A
— — — TELEMETRY POINT
seseccs SYSTEM TABLE ENTRY
TELEMETRY POINT ¢
SYSTEM TABLE ENTRY
P SLEDLL Flew Cnsrt
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Gulznsl PAGT IS
OF FCOR QUALITY

RIUSWTCH ) SWITCH RIU ROUTINE

A
CALL FDCMDS

SEND CMD 100?
CMD 1637

/

W |

SETBITTO

ACCRIU = ACQRIU.OR.2

FLAG RIU 4B

7

ISON

=2 (RIU4BISON)

CALL FDCMDS

SENDRIU 04 CH 00
RiU 04 CH 63

SETBITTO l

FLAG RIU 4A | ACORIU = ACQRIU.OR.1
IS ON

oy

4

1 %

RETURN

9ec0GOaO

N

TELEMETRY POINT
SYSTEM TABLE ENTRY

TELEMETRY POINT ¢
SYSTEM TABLE ENTRY
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CUIGNAY PAGE IS

OF POOR QUALITY

C OPNLFD )

)

ACCMD = ISHFT(1, IHTR(NHT) - 1

Y

< RETURN ’ ~~=-—TELEMETRY POINT

*»eseSYSTEM TABLE ENTRY

TELEMETRY POINT ¢
SYSTEM TABLE ENTRY
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Appendix B
GRIGINAL PAGE IS - 31 Deceaber 1981
OF POOR QUALITY

(AVOID FIRING ACS THRUSTERS ON

N CONSECT!VE 0.256 SEC CYCLES)

¢
: ) — = —TELEMETRY POIN
RETURN T
..... SYSTEM TABLS ENTRY
~———TELEMETRY POINT ¢
SYSTEM TABLE ENTRY

Figure B.3.12-43. THRSET Flow Chart
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B.3.13 GMT UPDATE CORRECTION (GMTCOR)

B.3.13.1 GMT Update Correction (GNTCOR) Processor Descriostion

The GHT Update Correction (GMTCOR) processor performus the function of providinag-

a means by which the Flight Segment Clock (FSC) can be wupdated. This is
accomplished using the current DPU time and update information uplinked from the
Ground Segment. “he Ground Segment, by either uplinked real time command or
stcred command, must "enable” GMICOR in order for it to be executed, since ihis
processor inhibits itself from further ‘execution after it coompletes 1its
fuaction. Real time command and stored command formats are defined in SVS—10124
“Landsat-D Data Format Control Book, Volume I1I - Coumand "4~

The GMT Updzte Correction (GMTCOR) processor is un on-demand pvocessor with a
priority of 6 ia the Flight Executive 3cheduler Table. This processor ccnsists
of two subrout’” s as delincated in Taple B.3.12-1 and a concrol function
GMICOR. This ‘!5 diagrammed in Figure B.3.13-1. When execution of GMTCOR {is
requested, th2 GMICOR control function verifies that the current telewetry miaor
frame number is greater than or equal to MNFiAME (8), and also less - than or
equal tc MXFRAME (123). 1If both these cornditions are satlsfied, iudicating that
the Spacecraft Control Processor has had adequate time to decode the curre.t DPU
time, and that there is sufficient time to complete update ¢f the DPU time prior
to initlaricn of the next major frame, SMICOR verifies the validity of the
decoded DPU time. This 1{s accompl.shed by <checking TSDCDSTS, set {n SCP
processor. If all these conditions are satifisfied, the control function calls
GMIDUP subroutine to update the DPYU time. This update wutilizes the wuplinked
parameter DELTU, which appears in System Takle #656. After che time is updated,
GMTCOR formats the DPU time code comands and sends these commands to the DPU via
the Flight Executive”s high priority command stack to update the time. This {s
accomplished 1In the subroutine GMTSEND. The current DPU time end the updated
DPU time are sent to the telemetry aiong with the status .f GMTCOR, again set in
the GMTCOR control function. GMTCOR status is defined by the word GMTSTAT.
GMISTAT can assume values equal to 1, 2, or 3. This appears in OBC Telemetry
Report #37, Secticn B.3.13.5, vith explanation of the meaning of assumed values.
Further execution 2f GMICOR is inhibitel and control is returned to the Flight
Etecutive. '

If the -indicated conditiors for undating DPU time are not satisfiad; that is,
currcnt telemetry frame number is MNFRAME {nominally 8), o1 DMXFRAME (nomianallv
123), the upuata will not be executed, the proresso:r exited ard rescheduled
1.024 seconds later. If the decoded DPU time is invalid, however, the processor
will be aborted, a status flag ser to appez~ in telemetry to indicate same
(GMTSTAT=3), and the processor innibited. “n the foecrmer situai’on, no uew
commané 1is Trequired to5 esable UMTCOR prccessing, while the lacter gsituatiern
requires a new real time or stored coammand.
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The GMT Update Correction {GMTCOR) processor utilizes System Table #66, GMTCOR ~-
GMT Update Correction Data. This table, consisting of 5 words sets minfmum . and
maximum frame numbers relative to the telemetry €rame toundaries in which GMTCOR
shall te executed, and also contains the DPU offset. The table (s discussed in
greater cetail in Secrion B.3.13.4. ' '

GMICOR provides inputs to OBC Telemetry Report £#37. Those inputs are discussed
in Section 2.3.13.5.

R.3-2913 LSD-WPC-263
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GMT Update/Correction (GMTCOR)

GMT Update/Correction (GMTCOR)

Nunber:
Type:

Priority:

Period:

Function:

Subroutines:

GMTDPU

GMTSEND
System Tables:
# Mneumonic Type
66 GMICOR ~ Variable

Telémetry Reports:

QBC Report 37

9

On Demand Processor
6 .

On demand by either uplinked real zime command-
or stored command

Update and correction of Flight Segment Clock
(FSC) .=

Update DPU time
Send DPU time code commands

# Words Description
) GMT Update/Correction Data

ISP

B

e e it i SRS, 42 b i e 0 b
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Figure B.3.13-1.
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GMTCOR Top Level Diagram
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B.3.13.2 GMT Update Correction (GMTCOR) Processor Operation

As shown 1in Figure B.3.13-1, GMTCOR processor consists of the GMTCOR control
funct{on and two subroutines, GMTDPM and GMTSEND. The <control function s
described 1in Section B.3.13.1, Processor Description and the Subroutines
described here {n Sections B.3.13.2.1 and B.3.13.2.2.

B.3.13.2.1 Subroutine GMTDPU

This subroutine, GMIDPU, updates the DPU time. The DPU time,. TDPU, a triple
precision word in the Spacecraft Control processor expressed in milliseconds, {is
brought to the working area (expressed as TDPUCUR). The new DPU time, TUPDATE,
1s computed by first generating TUPDATE as a function of DELTU, where DELTY
represents the required correction for leap second time change and/or time drift
in excess of the 20 willisecond. specification, and then computing TUPDATE as
the sum of TUPDATE and th: current DPU time, TDPUCUR. TUPDATE is then converted
from milliseconds to days, hours, minutes, seconds, and milliseconds. The
subroutine {s exited and control is returned to GMTCOR coantrol function.

B.3.13.2.2 Subroutine GMTSEND

The subroutine GMTSEND, send time code commands, takes the outputs of GMTDPU,
and formats these data Into four commands which are then sent to the DPU via the
Flight Executive high priority command stack. These commands are sent using the
proc CMDS. TDPUCUR and TUPDATE are then moved {nto telemetry buffer GMTIOLl and
the subroutine (s exited; control {s returned to the GMTCOR contrel function.

1
§

B.3.13.3 GMT Update Correction (GMTCOR) Software Constraints

GMTCOR will be executed on demand when DFU time {s in errer >20 wmillisec, or
when a leap second update {s desired. Under no circumstances will elther
correction be made ®hen the Landsat-D Flight Sezment i3 {maging. Additionally,
the leap second update will be made in conjunction with associated leap second
procedures as outline is SVS-10147, Vol.l, "Landsat-D FS Flight and Operations
Plan for the 0CC.” The constraint here is that the correction will be made
concurrent with the firsct OBC ephemeris parameter update which occurs subsequent
to the announcement of UTC leap second correction.

B.3.13.4 (MT Update Correction (GMTCOR) System Table

The GMTCOR processor utilizes System Table #66, GMT Update/Correction Data.

LSD-WPC-263
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‘
'

Using
Entry Name TLM Type Subroutine - Description

System Table #66 — GMTSYSTB (GMT System Table)

0000 DELTU v GMIDPU This is the offset for
DPU counter correction
estimated update
frequency is “once/day -
or when spacecraft -
clock is >20 ms out of
sync.

0003 MNTRAME - C GMTCOR Minimum minor frame
nuadber on which GMTCDR
will be executed
initialized to 8.

0004 = MXFRAME C GMTCOR Maximum minor frame
nuaber on which GMTCOR
_ will be executed.-
: ‘ . Initialized to 123.

LSD-WPC-263
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B.3.13.5 GMT Update/Correction (GMTCOR) Telemetry

The GMTCOR processor contributes to Telemetry Repowt #37.

i Entry Cenerating : .
i Number -Name Subroutine Description/Comment
OBC TLM Report #37
0000 GMTSTAT GMTCOR GMICOR status flag 1 => Awaiting
minor frame #8 2=> DPU time update
(Decoded DPU time in error)
0001 TDPUCUR GMTSEND Cuvrent DPU time (equal TDPU)
0007 ' TDUPDATE Updatzd DPU time

GMTSEND

LSD-WPC-263
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B.3.13.6 GMT Update Correction {GMTCOR)- Flow Charts

Figures B.3.13-2 through B.3.13-4 present the flow charts for the GMICOR

processor.

LSD-WPC-263.
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5 THERE
ENOUGH TIME 1S DECODED
HAS SCP DECODED TO-UPDATE DPU TIME
DPU TimE? OPU TIME? Goo0? UPDATE
. DPU TIME
FRA@FNO YES YES YES caLt
HNE RAME GMTDPU
?
NO NO NO SEND Y
’ DPU TIME cALL
UPDATE GMTSEND
COMMANDS £
. DPU.
TINE UPPATE GMTSTAT =2
COMPLETE
%
ABORT TiIME GMTSTAT = 3
USDATE —-———
i
ABORT TIME| GuTsTAT = 4
UPDATE —_————
. i
GMTSTAT = 1 INMIBIT GMTCOR
\ — = = TELEMETRY POINT
’ vessesse SYSTEM TABLE ENTRY
RETURN .

e TELEMETRY POINT ¢
SYSTEM TAGQLE ENTRY

Figure B.3.13-2. GMTCOR Flow Chart

RB.3-201
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oRiGHAL PAGE 1S
" OF POOR QUALITY

COMPUTATION OF

THE UPDATED

DPU TIME

MSEC REMAINDER

MSEC REMAINDER]|

GMTDPU

TDPUCUR = TDPU

= DELTU

+16384(2)3-TMSTAT1 <6:8>)
= TUPDATE + TDPUCUR

TUPDATE

TUPDATE

- - ——

;

TEMP=W1< 118>, W2 <7:17 >
BDAYS = TEMP/84375 '
RMSECS = TEMP//84375

L

TEMP = RMSECS(8) + W2 < 4:6 >
BHOURS = TEMP/28125 .
RMSECS = TEMP//28125

L

TEMP = (RMSECS*128) + (W2 < 1:3 > }{16}
+W3<14:17 >

BMINUTES = TEMP/60000

RMSECS = TEMP//60000

BSECONDS = RMSECS/1000

BMSECS = RMSECS//1000

9
( RETURN ,

Figure B.3.13-3.
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OBTAIN TRIPLE PRECISION
DPU TIME FROM SCP
{DPU TIME IN MSEC)

COMPUTE -NEW DPU TIME

FORM % OF 1024 MSEC INTO
DAYS USING ZMSW'S OF TUPDATE

FORM # OF 128 MSECS.
INTO HOURS

FORM 5 CF MINUTES
AND # OF SECONDS

= == = TELEMETRY POINT
eescses SYSTEM TABLE ENTRY

== TELEMETRY POINT ¢
SYSTEM TABLE ENTRY

CMTDPU Flow Chart
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GMTSEND |}

v

CONVERT BDAYS TO 3 BCD DIGITS
CONVERT BHOURS TO 2 BCD DIGITS
CONVERT BMINUTES TO 2 BCD DIGITS
CONVERT BSECONDS TO 2 BCD DIGITS
CONVERT BMSECS TO 3 8CD DIGITS

v

TCCMDMSH(C) = 12
TCCMOMSH(1) = 12
TCCMDMSH(2) =12
-TCCMDMSH(3) = 12

¥

TCCMDLSH(Q) = SYNC,BDAYS
3 BCD DIGITS
TCCMDLSH(1} = FILLER, BHOURS
2 BCD DIGITS, BMINUTES
™S BCD DIGIT
TCCMDLSH(2) = FILLER, BMINUTES IS
BCD DIGIT, BSECONDS
2BCD DIGITS
TCCMDLSH!{2) = FILLER, BMSECS 3 BCD
DIGITS

T

4

MSHTCCMD = ADDRESS OF TCCMDMSH

LSHTCCMD = ADDRESS OF TCCMDLSH

TCCMDBUF = ADDRESS OF MSHTCCMD,
LSHTCCMD

NUMTCMDS = 4

¥

CMDS (TCCMDBUF, NUMTCMDS, 1)

-

g

MOVE TDPUCUR INTO T/M BUFFER GMT%01
MOVE TUPDATE INOT T/MBUFFER GMT%01

~
3

RETURN

SYNC =13 ORIGINAL pagr 1o SVS-10266
FILLER =0 OF PoOR QUALITY Appendix B
31 December 1981

FORMAT MSH OF
DPU TIME CODE
COMMANDS

{MOST SIGNIFICANT
HALF)

FORMAT LSH OF DPU
TIME CODE COMMANDS
(LEAST SIGNIFICANT
HALF)

Figure B.3.13-4. GMISEND Flow Chart
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B.3.14 FAIL CHECK (FAILCK)

B.3.14.1 Fail Chezk (FAILCK) Processor Description

The FAILCK processor. sends out pulse commands once a second to the Attitude
Control System, Modular Power Subsystem, and Command and Data Handling Subsystea
to. provide indicartion to these subsystems that the OBC is operating normally.
If this couwputer status monitor i{s not .received by the named subsystems for a
period of approximately 3 seconds, the spacecraft will be placed into Safehold
taking control of the spacecraft away from the OBC. The processor uses System
Table 16 for the commands to be transmitted. When this processor is initialized
it jumps back to the top of the command table, otherwise it continues to cycle
thru the command list. The FAILCK processor is summarized in Table B.3.14-1.

. 2-304 © LSD-WPC-263
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Fail Check (FAILCK)

Number:
Type:
Prioricy:
Period:
Function:

Subroutines: VNone
System Tables:
# Mneunonic Type
16 FAILCMDS P

17 FLCMDEND p

Telemetry Reports:

10

7

3 times each 1.024 sec .
Provide Computer Status Monitor (CSM) ("1°M OK”
signal) to the ACE, MPS and C&DH subsystems

# Words

None

Description
Failure detection signal commands !
End of table for fail det signals
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B.3.14.2 Fail Check (FAILCK) Processor Operation

See the flowchart in Section B.3.1&.6;

B.3.14.3 Fall Check (FAILCK) Software Constraints

18D

B.3.14.4 Fail Check (FAILCK) System Tables

Using -
Entry Nane TLM Subroutine Description/Remarks
System Table #16 (FAILCMD)
0 FAILCMDS FAILCK Commands to be sent out
2 by FAILCK
4
6
Using !
Eatry Name TLM Subroutine Description/Remarks

System Table #17 (FLCMEND)

0] FLCMEND FAILCK

End of commands f£or FAILCK

B.3.14.5 Fail Check (FAILCK) Telemetry

Hone

B.3.14.6 Fail Check (FAILZK) Flow Charts

L~ T O6
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ORIGINAL PACE S
OF POOR QUALITY

SEND FAILURE DETECTION SIGNALS

- FAILCK

5

POINTER=0

RESET CMD
2 POINTER
. TEST FOR FAILURE .
QOKSV=0 SEND CSM SIGNAL
QOKSW=1 DON'T SEND CSM SIGNAL

§

STOP SENDING
COMPUTER STATUS
MONITOR

{“I'M OK" SIGNAL)

GET ADDRESS
OF COMMAND
TO BE SENT

CMDS (“IMOK'SIGNAL}

p o —y

@

‘ RETURN ’

SENT OQUT TO
& MACS, MPS, C&DH

STOP COMPUTER7| SVACKCMD  |-— & SEND CMD
OPERATION

|
|
|
t
0

POINTER LOOPS

. THRU
INCREMENT PNTR 3 ADDRESSES
OF CMPS
Figure B.3.14=1. FAILCKX Flow Chart
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B.3.15 ABSOLUTE TIME COMMAND (ATCP)

B.3.15.1 Absolute Time Comsand (ATCP) Processor Description

The Absolute Time Command Processor (ATCP) sends commands from the stored
command buffer. Each stored command has a time tag associated with it. The ATCP
takes the 18 low-order bits of time tags as 18-bit positive numbers and compares
them with an 18 bit "Clock Word” derived from Flight Software Time. When the two
numbers are equal, the command is sent.

Commands are processed sequentially and a time tag is not ' examined wuntil the

preceding command has been sent. If commands are out of order so that a command
is not reached wuntil after its time has passed, all stored command prdcessing
will stop. It.will not resume until the "Clock Word” has will not resume until
CLOCK/18 has cycled past zero and the time given in the time tag has again been
reached. A complete cycle takes a little over 37 hours.

Commands with identical times are packed into batches and sent as close to
maximun hardware speed as possible (one command each millisecond). Batches will
have 16 commands If possible. Shorter batches may be necessary because pulse
comm~nds must start a new batch and all commands in a batch must occupy
sequential 1locations 1in the stored command buffer. The ATCP can send severai
batches of commands during one execution.

The Executive Command Stack stores ATCP-sent commands for distribution or
execution. If the stack 1is full when ATCP sends a command, then up to 7
commands can te temporarily saved for and re-sent on the next ATCP execution.

The remaining ATCP capabilities include both pseudo—op command processing and
inhibitiag command sending if certain unpredictable conditions are discovered by
TMON Processor. '

ATCP is executed every 1.024 seconds as an Exzecutive Scheduler Table entfy. ATCP
is comprised of the following subroutines and processors.

ATCP - ATCP Main Routine

STAT - (Processor) Stores a report in the status buffer.

CSR - (Processor) Sets a bit in the Executive Status Report

cbs - (Processor) Asks the Executive to stack a requegt for sending a
burst of commands :

PSUEDO - (Subroutine) Executes psuedo-op functions

LID-WPC-263
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JUMp =~ (Subroutine) Changes the stoﬁed command buffer pointer to a nevw location.

PGONEXT - (Subroutine) Skiﬁs the-current comﬁand and éoes to the next
QALT = (Subroutine) Inhibits ATCP from execution

PREDEF - (Subroutine) Sends a pre—defined block of commands.

AQTIVRTS- = (Subfoutine) Activates a.Relative Time Sequedce

SWCPCTL - (Subroutine) Controls processors

SWSYSTAB = (Subroutine) Loads a system table » : -

SENDCMDS - (Subroutine) Asks the executive to stack a batch of
cemmands for sending

NEXT - (Processor) Increments the stored command buffer pointer
RETURN -~ (Subroutine) Returns to the Executive or STCDRIVE
EXITX - (Processor) Interrupts the Executive

SEND -~ (Processor) Adds a block of commands to the Exscutive Command
Stac!. for sending

RTRN - (Proéessor) Return to the Executive or STCDRIVE

B.3.15.2 Absolute Time Command (ATCP) Processor Operation

B.3.15.2.1 ATCP Operation Description

Section B.3.15.6 contains a detailed flowchart of ATCP operation. The following

document gives an in depth description of ATCP programming details and
operation:

Multimission Medular Spacecraft
Absolute Time Command Processor
Program Documentation

October, 1978

Goddard Space Flight Center
Greenbelt, Maryland
408-2110-0007

The flewcharts in the above report do not reflect changes made to ATCP by
General Electric. Therefore, flowcharts in Section B.3.15.6 should also be -
referenced.
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B.3.15.3 Absolute Time Command (ATCP) Software Constraints -
ATCP has no software contraints. .

B.3.15.4 Absolute Time Command (ATCP) System Tables

ATCP has no system tables.

B.3.15.5 Absolute Time Command (ATCP) Telemetry

ATCP contributes to telemetry in three ways. The first {s by setting bits in
the Executive Status Report. The second way is by storing reports in the Status
Buffer. The third and final method is through a single telemetry report. Each
of these contributions {s described below.

B.3.15.5.1 Executive Status Report Bits
The Executive Status Report is in OBC telemetry reportv#39. This occurs four
times {n the telemetry mwmatrix - in minor frames 7, 39, 71 and 103. In each

minor frame, the report is found {in words 91 to 95 and words 108-127.

Table B.3.15.5-1 shows two classes of bits, those set by ATCP and those set by

the Flight Executive (Bits 83 and 84). The tasble gives the meaning of each bit

and whether it {s latched®* or not.

*Latching means that once a bit {s set to 1, it remains set until the entire
buffer is zeroced by ground coomand. '
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Table B.3.15.5-1. Executive Status Report Bits for ATCP

Bit # Latched - Bit Meaning

21 : Yes Invalid Psuedo-op in
Absolute Time command

22 Yes - Absolute Time command

- lost due to command stack

overflow -

23 Yes Invalid starting point

: for Absolute Time coammand

processing :

84 No - Processor inhibited from e

sending commands

85 No Processor inhibited from |
executing '
129 T Yes . Too many commands for the
processor command storage
area : '

 LSD-WPC-263
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B.3.15.5.2 Status Buffer Report

ATCP will store error information in certain status buffer reports. The buffer
is presently not part of telemetry and can only be examined through a buffer
dump. : ’

Status renért codeg are defined in SVS-10123 Data Format Control Book, Vol 1II
(Telemetry) and S5-700-56 MMS OBC Flight Executive Technical Description,
Appendix B. o

B.3.15.5.3 ATCP Contribution to OBC TLM Reports

There 1s one item contributed to OBC TLM other than those found in Telemctry
Peport #39 and that i{s Absolute Time Command Pointer (ATCPTR). This resides in
words 1 and 2 of OBC Telemetry Report i#45.

The balance of report #45 is devoted to RTCP telemetry.

. Generating ﬁ]
Entry # . Name Subroutine . Description/Comment

ATCP 03C TLM PReport #45 o f

0 ' SCPRPRT ~ ATCP Current Absolute Time i
Cammand Pointer

LSD-WPC-263
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B.3.15.6 Absclute Time Command (ATCP) Flow Charts

To help the reader understand the flowcharts, the following explanations are
made. '

o Program segments called more than once were arbitrarily - made
subroutines. When these subroutines are called In the flowchart, a
circled letter i, attached to the box. This identifies the sheet that
the subroutine is flowcharted on.

° In the main flowchart there are pléces where a subroutine s called,
but nothing follows that box. This mwmeans that the program fiow
continues in the subroutines, and that it will eventually RETURN from
there.

° A description of an operation is used whenever possible.

o The following flowchart variables always represent certain registars:
ACC = Accumulator register

EACC = Extended accumulator reglster
X = Indéx register

LSD=-WPC-263
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ORIGINAL PAGE 13
OF POOR QUALITY

STAT = STORE A REPORT IN THE STATUS
SUFFER —_—
‘ 1 NUMBER = ADDRESS OF A WORD THAT
1 PROC. STAT REQUESTS THE

EXECUTIVE TO STORE STAT(NUMBER, PARAMETER) ) CONTAINS THE REPORT 1D NUMBER

A REPORT IN THE - _
STATUS BUFFER ! PARAMETER = ADDRESS OF A WORD THAT COHTAINS

: THE REPORT PARAMETER.
! LOAD INDEX REGISTER WITH| | X=1

REGQUEST CQDE B

S

LOAD EXTENDED ACCUMU- EACC=NUMBER
LLATOR REGISTER

.3 g

LOAD THE ACCUMULATOR

REGISTER ACC=PARAMETERS

[

\d

N
TRIGCER AN INTERRLPT CALL _—@

TO THE EXEC. EXITX

END

- == TELTMETRY TOINT
«ss++SYSTEM TABLE ENTRY

————TELEMETRY POINT £
SYSTEM TABLE ENTRY

Figure B.3.15-3. STAT Flow Chart

B, 3-316

"



e e

,u-wn‘

! PROC. ESR SETS A

BIT IN THE

EXECUTIV ! BITNO = THE NUMBER OF THE BIT TO BE TURNED
ESR(BITNO) ON IN THE EXECUTIVE STATUS REPCRT.

STATUS
REPORT

v

SVS-~10266
ORIGINAL PAGE IS . Appendix B
OF POCR QUALITY 31 December 1981

! ESR = SET BIT IN EXECUTIVE STATUS REPORT

ESRBIT=REMAINDER(BITNQ/8)

)

ESRBIT=7-ESRBIT

LOAD THE

" ACCUMULATOR

REGISTER

LOAD THE

" EXTENDED

ACCUMULATOR
REGISTER

LOAD THE IN-

DEX R=CISTER

! TRIGGER AN

INTERRUPT

y

ACC 7 (ESRBIT)

“===TELEMETRY POINT

*ee*SYSTEM TABLE ENTRY

———TELEMETRY POINT ¢
SYSTEM TABLE ENTRY

<3
<

CALL
EXITX

END

Figure B.3.15-4. ESR Flow Chart

B.3-317
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! PROC. CMDS ASKS THE

SVS-=10266
‘Appendix B
31 December 1981

ORIGINAL PAGT i3

LI SN

OF POOR GUALITY

' BUFFER = ADDRESS OF A PAIR OF WORDS THAT CIVE
BUFFER ADDRESSES FOR HIGH & LOW PARTS

EXECUTIVE TO. ( CMDS [BUFFER, NUMBER, ACC) )

STACK A REQUEST

OF COMMANDS TO BE SENT.
t NUMBER = ADDRcSS OF A WORD CONTAINING THE

TO SEND A BURST
OF COMMANDS

! LOAD INDEX REGISTER

NUMBER OF COMMANDS TO BE SENT.

CMDS = REQUEST THE EXEC. TO STACK A REQUESY
TO SEND A BURST OF COMMANDS.

! LOAD ACCUMULATOR ACC=BUFFER

RECISTER .
(0200000)
L

! LOAD EXTENDED

ACCUMULATOR EACC=NUMBER
REGISTER :
!
! TRICGER AN
INTEF 3UPT CALL EXITX

== == TELEMETRY POINT
sssaves SYSTEM TAQLE €NTRY

e TELEMETRY POINT &
SYSTEM TABLL ENTRY

Figure B.3.15-5. CDS Flow Chart

R.3-318
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4

OF PUGR QUAUTY

s

! SUBROUTINE JUMP RELZETS : -
THE POINTER TO A NEW JUMP JUMP = JUMP TO A NEW COMMAND.BUFFER LOCATION
LOCATION IN THE COMMAND

BUFFER. JUMP 1S CALLED BY PSUEDO
WHEN OP. CODE =1

! EXTRACT THE RELATIVE ACC=SCMDBUF2({POINTER).AND. 0177777
LOCATION BITS FROM .
THE COMMAND

-~

DOES THE JUMP KEEP
YOU IN THE COMMAND

BUFFER? fES ! YOU ARE BEYOND END OF BUFFER
- ' STORE
r WORK=POINTER 1 LOCATION OF
NO ! YOU ARE STILL IN BUFFER ERROR

REPORY ERNOR

STORE NEW
POINTER

POINTER=ACC CALL STAT{38, WORK) -]

START A - { .
NEW BATCH I START=ACC J —] ¢ SEY BIT 21 IN

TION

. 8 CALL ESR(21) EXECUTIVE

| STATUS

E ¢ PROCESS THE CO TO LABEL ;r REPORY
COMMAND GETTIME IN MAIN 3

i THAT YOU PROCRAM FLOWCHART CALL HALT ] UL

: JUMPED TO

{

b

== = = TELEMETRY POINT
sesecses SYSTEM TABLE ENTRY

e TELEMETRY POINT ¢
SYSTEM TABLE ENTRY

Figure B.3.15-7. JUMP Flow Chart



CRIGINAL PAGZ I3

OF POOR QUALITY

' SUBROUTINE PCONEXT SK!PS THE
CURRENT PSUEDO-OP COMMAND ¢ GOES

TO THE NEXT COMMAND IN THE COMMAND
{T IS CALLED BY ATCP, OR BY

BUFFER,
PSUEDO (FOR OP-CODE=2)

t SKIP.PSUEDO-OP COMMAND

t START NEW BATCH

! PROCESS NEXT COMMAND

Figure B.3.15-

CALL
NEXT

START=POINTER

:

CO TO LABEL
CETTIME
IN MAIN/PROGRAM

LABEL

GETTIME

SVS~10266
Appendix B
31 December 198F - -

PCONEXT PCONEXT=$K{P THE PSUEDO-OP, GO TO THE NEXT COMMAND

== = TELEMETRY POINT
esescos SYSTEM TABLE ENTRY

TELEMETRY POINT &

SYSTEM TABLE ENTRY

8. PGONEXT Flow Chart

B.3-321
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! SUBROUTINE HALT INHIBITS
ATCP FROM EXECUTION. IT IS
CALLED EITHER BY THE ATCP,
OR BY PSEUDO (FOR OP-CODE =3)

Vrkimcasaps
CRUERA pamn

OF P00R Quaciy

SVS-10266

Appendix B
31 December 1981

HALT = HALT ATCP PROCESSING

LOAD REQUEST CODE INTO
INDEX REGISTER

LOAD THE PROCESSOR CON-

" TROL TABLE LABEL FOR

ATCP

ACC=UATCP

LOAD THE SUM OF THE FUN-

" CTION CODZS FOR ACTIONS

TO BE PERFORMED ON ATCP
040 = TELL ATCP TO RE-
INITIALIZE ITSELF WHEN

EACC=042

IT IS NEXT EXECUTED
002 = INHIBIT EXECUTION OF
ATCP

! TRICCER AN INTERRUPT TO

THE EXEC.

CALL EXITX

RETURN TO EXEC. OR

" STCDRIVE

CALL RETURN

Figure B.3.15-

9. HALT Flow Chart

B.3-322

———TELEMETRY POINT

eeeesSYSTEM TABLE ENTRY

TELEMETRY POINT ¢
SYSTEM TABLE ENTRY




! SUBRQUTINE PREDEF SENDS A
PRE-DEFINED BLOCK
OF COMMANDS. iT

IS CALLED BY PSUEDO
FOR PSUEDO-OP CODE
=4. ALL BLOCKS CON-
51ST OF 16 COMMANDS
AND ARE ARRANGED
IN NUMERICAL ORDER
(NUMBERS START FROM (haeoer
0.

SVS-10266
Appendix B
December 1981 - :

31

PREDEF = SEND A PREDEFINED B8LOCK OF COMMANDS

¢t EXTRACT THEL ACC~SCMDBUF 1 {POINTER)
16-BIT PRE-

JAND. 0177777

DEFINED BLOCK
SERIAL NUMBER FROM
THE COMMAND ’

7 1S THIS BLOCK NUMBER IN THE
SPECIFIED RANGE?

* ACC*Yé =
RELATIVE
LOCATION
WITHIN BUFFER

ACC >
(SPREBUFL-1)
?

MO

YES BLOCK # 1S INVALID

't QUT OF RANGE -

STORE LOCATICON

¢ IN RANGE - WORK=POINTER OF ERROR

BLOCK & IS VALID

! CALCULATE [

BUFADD{0)=SPREBUF1 + ACC « 1§

] ]

THE BUFFER
FQR DMA OUT-

CALL
STAT(39,WORK)

REPORT THE ERROR

]

BUFADD(1)=SPREBUF2 + ACC » 1§

i

' SETY ERROR BI!IT 1IN

CALL ESR(21) THE EXECUTIVE

ADDRESSES
PUT l
t STACK A

REQUEST TO [

CALL SEND(BUFADDI(0}.

STATUS REPORT
16)

l

SEND THE BLOCK
OF COMMANDS

:

SKIP THIS COMMAND

CALL PCONEXT AND PROCESS THE

t GO TO NEXT

CALL
COMIAAND

PCONEXT

NEXT

Fi

gure B.3.17°-10.

- = = TELEMETRY POINT
eseeres SYSTEM TABLE ENTRY

e TELEMETRY POINT ¢
SYSTEM TABLE ENTRY

PREDEF TFlow Chart



ORIGINAL PASE IS
OF POOR CUALITY

SUBROUTINE ACTIVRTS ACTIVATES A
RELATIVE TIME COMMAND SEQUENCE.

()

IT IS CALLED BY PSUEDQ FOR PSUEDO-OP \-/

CODE =5

EXTRACT SEQUENCE
NUMBEZR FROAT THE
COMMAND

STORE SEQUENCE NUMBER (N
ACCUMULATOR REGISTER

ACC-WORK

B!

STORE FUNCTION CODE (1:ACT!-
VATE THE SEQUENCE) IN THE
EXTENDED ACCUMULATOR

EACC=001

RECGISTER.

LOAD THE INDEX REGISTER WiTH
A REQUEST COBLE FOR THE EXEC.

TRIGGER AN INTERRUPT TO THE
EXEC.

CALL
EXITX

|

3

GO TO NEXT COAMMAND

CALL
PCONENXT

Fi

gure B,3.15-11,

BR.T-32

SVS~10266
Appencix B
31 December 198}

< ACTIVRTS > ACTIVRTS:ACTIVATE RELATIVE TIME SEQUENCE

WORK:=SCMDBUF2{POINTER).AND. 0177777

! ACTIVATE THE RELATIVE-TIME SEQUENCE

=T = TELEMETRY POINT
sescese SYSTEM TABLE ENTRY

ST TELIMETRY QOINT ¢
SYSTLEM TADLE ENTRY

ACTIVRTS Flow Chart
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SVS-10266
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¢ J;.{‘;:i-(_:_.;i)g\l_j_‘i_ FIREA .nJ
i oF POOR QUALITY
3
' INE SWCPCTL CONTROLS PRO-
SUBROUT §s§s§§§.°.$ﬁ§ i By ((SWCPCTL ) SWCPCTL = SOFTWARE CONTROLLED
PSUEDO WHENEVER A PSUEDO- ~ PRCCESSOR CONTROL
OP CODE = 6.
{
! EXTRACT PROCESSOR
NUMBER FROM COM- PROCOFS= [SCMDBUFI(PCINTER).AND. 077] * 16

MAND, & USE THAT

TO CET THE LO-
CATION OF THAT
PROCESSOR'S CONTROL

TABLE IN THE UPCT

UPROC=(UPCT ADDRESS) + PROCOFS

! EXTRACT THE |
FUNCTION CUDE BITS}
FROM THE COMMAND

SWCWORK=SCMDBUF2(POINTER).AND. 077

! LOAD THE INDEX REGISTER

WITH REQUEST CODE FOR X=3
EXEC.
3
t LOAD THE ACCUMULATOR ACC=UPROC

REGISTER WITH THE PRO-

CESSCR CONTROL TABLE
ADDRESS

t LOAD THE EXTENDED EACC=SWCWORK

ACCUMULATOR REGISTER

WITH THE FUNCTION CODE

" GENERATE AN INTERRUPT

TO THE EXEC. CALL

\

! GO TO NEXT COMMAND CALL PGONEXT

Figure B.3.15-12. SWCPCTL Flow Chart

B.3-325

' REQUEST EXECUTIVE

TO PERFORM FRO-
CESSOR CONTROL
FUNCTIONS

——==—=TELEMETRY POINT

eeseeSYSTEM TABLE ENTRY



I SUBROUTINE SWSYSTAB LOADS A
SYSTEM TABLF WITH SOFTWARC

STORED COMMANDS
1T 1S CALLED BY PSUEDO FOR
: OP CODE = 7 :
11F A TAB'E LOAD (S IN PROGRESS,
THEN THIS SHOULD GE A DATA ENTRY )
FOR THAT TABLE LOAD 1 SYSTEM TABLE LOAD
FEXTRACT SYSTEM IN PROGRESS
TASLE KUMBER (A [ ACC = SCMDBUF 1{POINTER).AND. 0177 L | TABLE LOAD IS IN PROGRESS YES
DATA ENTRY DOESN'T I —
MAVE A SYSTEM TABLE
NURSER}
718 THIS A STORED vEs | STORED COMAAND — ERROR {EXTRACT THE SYSTEM
] ACC>0 e TABLE NUMBER
COASAARD OR A ? TSET ERRGR BIT ACC = 5CMD
DATA ENTRY ! I TABLES 0-23 ARE FXEC.
129 IN EXEC SYSTEM TABLES
1 DATA ENTRY NO CALL STATUS REPORT ?IS THIS AN
I SET THE STORAGE LIMIT £sa iz ] EXECTABLE?
(]
X Yl
REGISTER SO THAT YOU CALL T Treront erron | AN EXEC, TAELE-ERRCR ES
CAN WRITE INTO THE TINSWCTING) ~
SYSTEM TABLE CALL
1 STAT(510,POINTER)
IWRITE THE DATAENTRY | STABRWA(NEXTLOC) = e _T—‘, GO TO NEXT )
INTO THE SYSTEM TABLE SCMDRBUFZIPOINTER) CONPAAND SA
catt 71S YOUR TABLE NUMBER (TIMES
L PGONEXT TWO} GREATER THAN THE MAXIMUM
| RESET THE STORAGE eALL TASLE NUMBER (TIMES 1¥/0}?
LIMIT REGISTER WITH SWeTINg]
ATCP STORAGE LIMITS T ! t ERROR YES
¢ ~
1G0 YO NEXT SYSTEM NEXTLOC = NEXTLOC + 1
TABLE ENTRY | GET FIRST-WCRD
. ADDRESS uF THE STABSW
! | THERE ARE 1 GO TO NEXT SYSTEM TABLE
? WAS THIS THE :
LAST ENTRY? MORE ENTRILS COMMAND
CALL USING 874
PGONEXT STORAGE
THE SYSTI
; IN SWCTIN
; 11T WAS THE LAST ENTRY [_INSwCTN
I SET SYSTEM TABLE LOAD
SYSTAB=-1 | FLAGTO "NOLOADIN SVICWORK =
PROGRESS OF TABLE
‘;(A;:S;Exr ( F > TEXTAACT THE NUMBER
OF WORDS TO BE £.CADED - ACC = SCME
1G? TO NEXT COMMAND A ZERQ 1S NOT ALLOWED
1S THERE A
2ERO COUNT?
1 ERROR YES
1 TEMPORARILY SAVE THE NUMBER l":
OF WORDS TO BE LOADED l_
1 MOVE START ADDRESS
BITS INTO POSITION FOR SHIFT SCA
EVENTUAL EXTRACTION CONTENT

{EXTBACT STARY

ADORESS FROM THE

FCFT.YARE $TIRED NEXTLOC = 50D
_ COMMAND

I CALCULATE WHERE THE
LAST ENTRY WOULD BE LASTLOC =1
STORED ——

? ARE YCOU PAST THE END
OF THE SYSTEM TABLE?

L 1 PAST END OF SYSTEId TADLE-ERROR vz/

oo

g .y e
ORIGINAL FARGE 19

OF POOR QUALITY

SCLDOUL FRAMR



1 SUBROUTINE SWSYSTAS LOADS A
$VSTEM TABLE WiTH SOFTWARE

! STORED COMMANDS

! IT IS CALLED BY PSUEDO FOR
OPCODE = 7

IN PROGRESS
1 TABLE LOAD IS IN PROGRESS

? SYSTEM TABLE LOAD

©

SWSYSTAB

SWSYSTAB =

SUFTWALLE
SYSTEM
TABLE
LOAD

tEXTRACT THE SYSTEM

\svsnan >0
\&u/ 1TABLE LOAD NOT iN PROGRESS

TABLE NUMBER {TIMES TWOR?
| ERPOR

TWO) GREATER THAN _HE MAXI2AUM

TABLE NUMBELR s ,
. ACC = SCMDBUF 1 (POIKTER).AND.O177
I TABLES 0-23 ARE EXEC. FoIs J
SYSTEM TABLES 118 TrS AN
EXECQTABLE?
! 1 AN EXEG TABLE-ERROR YES
; ACC< 24
‘ ?
3
NO
D
| SYETAB# « ACC
4 ACC = SYSTABY*2
{ 718 YOUR TABLE NUMBER (TIMES
i

1GET FIRST-WORD
ADODRESS OF THE
SYSTEM TADLE

o e ey

tEXTRACT THE HUMBER
OF WORLJS TO BE LOADED -
A ZERO 1S NOT ALLOWED

1 YOUR TABLE NUMBER IS
IN BOUNDS

RO

[ STABFWA = UTLISTISYSTABS2) _]

g

USING STABFYA, CALCULATE THE
$1RAGE LIMITS FOR WARITING TO
THE SYSTEM TABLE. aTORE THEM
IN SWCTiN1(2).

g

SWCWORK = ANDRESS OF LAST WORD
OF TABLE

| A’.C = SCMDBUF2{POINTER).AND. 077]

I TEMPORARILY SAVE 1HE NUMBER
OF WORDS TO BE LOADED

1 MOVE START ADDRESS
BITS INTO POSITION FOR
EVENTUAL EXTRACTION

FEXTRACT START

i © 1S THERE A
: ZERO COUNT?
; 1 ERROR YES AGC =
i ?
o 1COUNT (SO.K.I

LASTLOC = ACC

SHIFT SCMDBUF2(POINTER)
CONTENTS 6 BITS TO THE SIGHT

T
¥

ADDRESS FROM THE
SOFTWAKE STORED

| NEXTLOC = SCMDBUF2{POINTER).AND. 0007777

COMMAND

T I CALCULATE WHERE THE
LAST ENTRY WOULD dE
STORED
OF THE 5Y§

! PAST END OF SYSTEM TABLE-ERROR

? ARE YOU PAST THE END

¥

ITASTLOC = HEXTLOC + LASTLOC =1 l

TEM TABLE?

LASTLOC

YES HO

CALL

=I5

WLITY

FGQ.IEXT

SWCWORK
?

'GET NEXT STORED
COMMARD

Figure
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r"“ —~ TELEMETRY POINT
seeceee SYSTEM TABLE E'NTRY
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*WITHIN THE SYSTEM TABLE
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ORIGINAL PAZE I3
GE FCOR QUALITY

! SUBROUTINE SENDCMDS

CALCULATES BUFFER
ADDRESSES FOR DMA ¢
REQUESTS THE EXECU-
TIVE TO STACK THE BATC

OF COMMANDS FOR SENDCMDS SENDCMDS = SEND COMMANDS
SENDING ) - T T

! THERF ARE NO CCMMANT3 TO
BE SENT-RETURN TO THE
CALLING PROGRAM OR SUBROUTINE

YES

7 WHAT IS THE LENGTH OF
THE BATCH OF
COMMANDS?

SCMDBUF T HAS THE

ADDRESSES BUFADD 9 HIGH ORDER LiTS OF
(0} ¢ BUFADD(1) FOR| BUFADD(0)=START STORED COMMANDS &
DIRECT MEMORY o SCMDBUF2 HAS THE
ACCESS SCMDBUF1{0) 18 LOW-ORDER 34T,

\

BUFADD(1)=5TART
+

SCMDBUF2(0)

Yy
REQUEST THE CALL
EXECUTIVE TO SEND (BUFADD,BATCHLEN) ——— P
STACK THE
BATCH OF 4
- COMMANDS FOPR.
SENDING y
ZERO THE BATCH BATCHLEN=0 |
LENGTH g

’ 7
A
RETURN TO CALLING . !7
PROGRAM OR susRouUTING RETURN o

= —~—TELEMETRY POINT

Figure B.3.15-14. SENDCMDS Flow Chart ess+sSYSTEA TABLE ENTRY
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! PROC. NEXY INCRFMENTS
THE FOINTER ANO CHECKS
FOR THE CND OF THE
CUMMAND BUFFER

CilIGIMAL piny s

OF POCR QUALITY

! INCREMENT POINTER

POINTER=POINTER«1

~

HAVE WE REACHED T

END OF THE BUFFER? T
<<\3CMDLEN
?

H
€ < YES

AE HAVE
REACHED EN
No OF BUFFER
R
{ SEND THE LAST CALL _—
BATCH OF SENDCMDS r
COMMANDS l
t WRA? ARDUND THE
BUFFER AND [ POINYTER=D ]
START DVER
ACAIN l
' : DO NOT SEND THE
LAST EATCH OF START=0 ]

COMMANDS AGCAIY L

HETURN TQ CALLING
PROGRANM

Figure B.3.15-15.

B.3-
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NEXT = CO TO NEXT COMMAND IN THE STORED COMMAND BUFFER

! WE HAVE NOT REACHED END OF BUFFER

= == = TcLEMETRY POINT
eseoess SYSTEM TABLE ENTRY

=== TELEMETRY POINT ¢
SYSTEM TABLE ENTRY

NEXT Flow Chart

<>



SVS-10266
Appendix B
* 31 December 198t

CRICKIAL PAGE (S
OF POOR QUALITY

! SUBROUTINE RETURN STORES

REPORTS IN THE OB8C TELE- . ]
METRY BUFFEF & RETURNS 10 RETURN ) RETURN = STORE TELEMETRY REPORTS AND
THE EXECUTIVE CR STCODRIVE KRETURN TO STCDRIVE OR EXEC.
’ h
! STORE LOWER 8 BITS SCPRPRT (1) =
OF NEW POINTER IN ~ “oOINTER -
OBC REPORT :

SHiFT POINTER &
BiTS RIGHT & STORE
RESULT IN ACC

’ .
| STORE HIGH-ORDER - 4

BITS OF HEW POINTER
IN OBC REPORT | o oo

t SET CONE FOR

LANDSAT-D -
IN ATCP'S OBC SCPRPRT(2) = 015
REPORT
! RETURN TO THE CALL Q
EXEC. OR STCORIVE RTRW \

r""" = TELEMETRY POINT
eosaese SYSTEM TABLE ENTRY

e TELEMETRY POINT €
SYSTEM TABLE ENTRY

Figure B3.3.15-16. RETURN Flow Chart
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ORIGINAL PACE IS
OF POOR QUALITY

PROC. EXIT REPLACES THE
OP CODE 'EXIT’, & CAN CALL
EITHER THE ROUTINE ‘EXIT’
OR THEZ OP-CODE ‘EXIT’

IT IS USED TO FACILITATE ~
UNIT TESTING IN SOFTWARE
DEVELOPMENT.

? INTEGRATED
TEST -

EXITX = EXIT EXTENDED TO SAVING REGISTERS
WHEN EXECUTED

! CALL THE ROUTINE 'EXIT'

——o] CALL ! DEFINED BY USER, BUT IS
EXIT INCLUDED ONLY WHEN UTEST =1

UTEST? MUST BE SET=1 FOR UNIT
TESTING ON MODIFIED ATCP
LOGIC B

i USE THE OP-CODE 'EXIT!

? UNIT TESTING?

YES
BE SET=0 FOR INTEGRATED 1 ExiT

! RETURN TO~
CALLING PROGRAM

== == = TELEMETRY POINT
socceee SYSTEM TABLE ENTRY

=== TELEMETRY POINT ¢
SYSTEM TABLE ENTRY

Figute B.3.15-17. EXITX Flow Chart
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EXECUTIVE 3TACK

FOR SENDING
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ORIGINAL Pagy (g
OF POOR QUALITY

OF

SEND(BUFFER,COUNT))

WAS THERE A FREVIOUS
STACKING OVERFLOW

SEND = ADD A COMMAND BLOCK TO
THE EXECUTIVE STACK FOR
SENDING

! THERE WAS A PREVIOUS STACK OVERFLOW-TRY TO SAVE
THIS BATCH

>0
?

NO ! NO PREVIOUS STACK

SAVBLOC HLES

OVERFLOW

! HAVE EXEC. STACK
YOUR REQUEST 7O
SEND A BLOCK OF

CALL CMDS (BUFFER,

COUNT ,ACC)

COMMANDS

! WAS THE REQUEST

STACKED?

T IS THERE “OOM
SAVE A BATCH
COMMANDS?

! REPORT ERROR

! SET OIT 21 IN
EXECUTIVE STATUS
REPORT

! INHIBIT ATCP FROM
EXECUTION

NO !

REQUEST WASN'T STACKED

! REQUEST STACKED,

RETURN TO CALLING

=== = TELEMETRY POIRT
osccses SYSTEM TABLE ENTRY

TELEMETRY POINT &
SYSTEM TABLE ENTRY

! SAVE THE
1 TO BATCH
OF SAVBLOC \YES SAVBATCH(0)= ' STORE NUMBER
COUNT + OF COMMANDS
SAVBLOC IN BATCH

NO

! REPORT ERROR

STORE ADDRESS OF HIGH-

ORDER
CALL SAVBATCH(1)=BUFADD(0) +SAVBLOC | PARTS
STAT (44, START)
! ' STORE ADDRESS OF LOW-
. ORDER
CALL ESR(22) SAVBATCH(2)=BUFADD(1)+SAvBLOC | PARTS
‘ I!lNCREMENT POINTER
CALL HALT
SAVBLOC=SAVBLOC+3
END ) ! RETURN TO CALLING
PROGRAM
Figure B.3.15-18 SEND Flow Chart
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~

& I3
OF POOR qQuaLity
! PROC. RTRN RETURNS CON- _ : ~
DITIONALLY TO THE ExEc, ( RTRN ) RTRN = RETURN TO EXEC. OR STCDRIVE
(UTEST =0} OR STCDRIVE — .

(UTEST ?=1}

{ RETURN TO STCDRIVE

? N TO STCDRIVE? YES _ ! PTERMTIN IS
RETUR v P s GO TO , DEFINED IN THE
. PTERMTIN EXEC

! RETURN TO EXEC.

? RETURN TO EXEC? ~ YES

CAaLL
TIN{(PTERMTIN)

— == TELEMETRY POINT
essesSYSTEM TABLE ENTRY

—TELEMETRY POINT &
SYSTEM TABLE ENTRY

Figure B.3.15-19. RTRN Flow Chart
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B.3.16 RELATIVE TIME COMMAND (RTCP)
B.3.16.1.1 Relati?e Time Command (RTCP) Processor Description

The Relative Time Command Processor (RTCP) processes the relative time command -
sequences stored in onboard computer (OBC) memory. An RTS is a set of commands
sent at prespecified intervals measured in RTCP executions. The RTCP can thus
exccute a relatively lengthy command procedure with prescheduled delays. This
allows one command or group of commands to achieve 1its full effect (such es
warming up an instrument) before thg next command or set of commands is issued.

Commands within an RTS are processed sequentially, and a series of commands with
intervals of =zerc will be sent (within hardware limitations) as a block at 1
millisecond intervals. Longer 4intervals between cosmands are expressed 1in
numbers of RTICP executions. A count of 1 means that the command is sent on the
first RTCP execution after the one on which the previcus command was sent, a
count of 2 means that it is sent on the second execution, and so forth. The
maximum count is 131,071 (2**17-1). An RTS can be executed many times.

RTSs can be activated by pseudo~op commands stored in the absolute time command
buffer. RTSs can also be activated, halted, inhibited, and reenabled by
commands frca ground control or from another processor. Several KTSs can . be
active at one time. Each active RTS is examined during an RTCP execution. he
commands from one RTS are sent before RTCP processes the next RTS. Multiple
commands from an RTS are sent in a block. Commands from separate sequences go
out in separate 16 millisecond slots.

Commands are always transmitted directly from their storage buffer. They are
never moved or modified. Two buffers must be used, because commands are 27 bits
long and OBC words have only 18 bits. The 9 high order bits of successive
commands go out over input/output (I/0) device 6, and the 18 low order bits of
the same commands go out simultaneously over device 7. :

RTCP 1s executed every 1.024 seconds as an Executive Scheduler Table entry.
RICP is coaprised of the following subroutines and processors.

RTCP -~ RTCP Main Routine

RSENDCMDS - Asks the Flight Executive to add a batch of commands to the
Executive Command Stack.

B.3.16.2 Relative Time Command (RTCP) Processor Operation

B.3.16.2.1 RTCP Operation Description

A detalled flowchart of RTCP operaticn is given in Section K.3.16.6. An in
depth description of RICP programming details and “operation Is given by the
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following document:

Multimission Modular Spacecraft (MMS)
Relative Time Command Processor (RTCP)
Program Documentation

October 1978

Goddard Space Flight Center

Greenbelt, Maryland

408-211C-0006

B.3.16.2.2 Modes of Cperation
There are no modes of operation associated with RTCP. -
B.3.16.2.3 RTCP Subroutine Description -

RSENDCMDS

Asks the Flight Executive to stack a batch of commands in the Executive Command
Stack. 1If the batch is succecsfully stacked, then it RETURNS normally. If the
batch was not stacked, then 1t returns to the main program location labseled
NEXTSEQ. This causes the program to skip to the next sequence.

B.3.16.3 Relative Time Command (RTCP) Software Constraints

RTCP has no software constraints.

B.3.16.4 Relative Time Command (RTCP) System Tables

RTICP has no system tables.

B.3.16.5 Relative Time Command (RTCP) Telemetry

RTCP contributes to telemetry in two ways. The first is by setting bits in the
Executive Status Report. (This 1is not done by RICP itself, however.) The
second way is through a single telemetry report. Each of these contributions is
described below.

LSD-WPC-263
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B.3.16.5.1 Executive Status Report Bits

The Executive Status Report is in OBC telemetry report #39. This occurs four
times {n the telemetry matrix = in minor frames 7, 39, 71 and 103. In each
minov frame, the report is found in words 91, 95, and 108 177. .

The bits for RTCP are listed in Table B.3.16-1. These bits are set by the
Flight Executive. The table also includes the meaning of each bit and whether it
is latched or not. (Latching means that once a bit is set to 1, it will remain
set until the sntire buffer is zeroed by command from the ground).

Table B.3.16-1. Executive Status Report Bits for RTCP

Bit # _ Latched Bit Meaning

86 No Processor inhibited from
sending commands

87 No Processor inhibited frox
executing

LSD-WPC-263
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: B.3.16.5.2 RTCP Telemetry Report
RTCP will provide telemetry in the OBC TLM reports via words 3 thfu 23 of O0BC
TLM Report #45. This telemetry shows the status of all of the RTS groups,
whether they are active or inhibited. ;
Using i
Entry Name TLM Subroutine Description/Remarks® !
i
: . o _ !
OBC TLM Report #45 - :
0  ATICPTR ATCP Current absolute time §
: command pointer ]
. i
. 2 . SWVERNO - - Sof tuare versfon number |
i
: 3 RTS1 RICP Inhibit/active status of
: RTS #0-15
_ 7 RTS2 RTCP Inhibit/active status of
! RTS #16-31
11 RTS3 RTCP Inkibit/Active status of
. RTS #32~47
15 RTS4 RTCP Inhibit/active status of
RTS #48-63
19 RTSS - RICP Inhibit/active status of
RTS #64=-79
23 RTS6 RTCP Inhibit/active status of
RTS #80-87
{
; *Each RT§_s;atus report is two bits long. An inhibited sequence has the first
. | bit = 1. An active sequence has the second bit = 1. ’

LSD-WPC-263
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B.3.16.6 Relative Time Command (RTCP) Flow Charts

To help the reader understand the flowcharts, the followving explanations are
made. .

Certain subroutine calls have a circled letter attached ﬁo thea. This
{dentifies the sheet that the subroutine is flowcharted on.

° The following flowchart variables always represent certain registérs:

ACC = Accumulator Register
EACC = Extended Accumulator Register
X = Index Register

° The CALL RTRN statement is equivalent to RETURN in FORTRANM.

LSD--WPC-263
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ORiGINAL 'PASE IS
OF POOR QUALTY

®

1SUBROUTINE RSENDCMD ASKS THE
FLIGHT EXEC TO ADD A BATCH OF (' RseNpcMD ) RSENDCMDS=S \
COMMANDS TO THE EXEC. COMMAND \_ ____ SENDCMDS=RTS SEND COMMANDS

STACK FOR SENDING -

! SAVE X REGISTER RWORK=X

ASK THE FLIGHT

BATCH OF COM-
MANDS TO THE
STACK FOR SENDING

! RESTORE THE RTS INDEX
LOCATION TO THE INDEX
REGISTER ’

X=RWORK

? WAS THE BATCH

STACKED? : YES - SUCCESSFULLY STACKED

YES

RETURN ! RETURN TO CALLING PROGRAM

SET THE SEQUENCE
POINTER TO THE
START OF THE
BATCH

RTSPNTR(X) = RBUFADD-RTSMAX(X)

! SET THE COUNTER

TO 1 RTSCNTR(X) = 1

!

GO TO LABEL
RNEXTSEQ IN
MAIN PROGRAM

! GO TO THE NEXT
SEQUENCE

Figure B.3.16-3. RSENDCMD Flow Chart
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B.3.17 UPDATE FILTER (UFLTR)

B.3.17.1 Update Filter (UFLTR) Processor Descriptiod

The function of the Update Filter is to use data from stellar referenced sensors
to update the spacecraft 1inertial attitude determination and gyro blas
compensation. Normally the Update Filter will employ data from the two Fixed
Head Star Trackers (FHST), but by ground command data from the Fine Sun Sensor
(FSS) can be processed.

The Update Filter module is a background processor which is called every 32.768
seconds or every 32 cycles of the Flight Executive Scheduler table. This
processor will be interrupted by foreground processors, but has a- higher
priority than other background processors.

The Update Filter Processor is comprised of 17 subroutines. These subroutines
are listed {n Table B.3.17-1, and diagrammed in Figure B.3.17-1. During
operation of the software, these subroutines use Systems Tables 35 thrw 4§ for
parameters, and updates. Table 38 is the Star Catalog which provides up to 55
stars to be used 1in update filter operations. This table 1s updated
periodically w.th new stars occuring in the field of view of the FHST s.

LSD-WPC-263
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UPDATE
) FILTER
’ UFLTR

| | l ] ?

INITIALIZATION STATE & PROPAGATION MEASUREMENT TELEMETRY
UFINLT COMPUTATION PROCESSING PROCESSING
' UFSAPC 2 UFMESP 3 UFTLMP 3
STATE YRA&SIYION COVARIANCE MATRIX
L NOISE COVARIANCE PROPAGATION
. MATRIX COMPUTATION COMPUTATION
UFSTNC \ UFCMPC 2
[ A
STAR TRACKERS STAR TRACKER GAIN MATRIX EULER PARAMETER CRTARIANCE
ONLY & FSS COMPUTATION & CYRO BIAS FATRIX
UFS7OC UFSTPF UFCAIN CORRECT ¢ COMP, UPDATE
. ! ! 2 UFEPGC 3 UECAUD
STAR TRACKER
DATA STAR TRACKER STAR FS5 DATA FSS DATA
CALIBRATION OATA CORRECTION IDENTIFICATION CALIBRATION PROCESSING
UFSTDC ' UFSOCR 3 UFSTID 3 UFFSSC UFFSDP
LEGEND:
SUBROUTINE
SUBROUTINE
MNEUMONIC
X

ORDER CALLED

Figure B.3.17-1.

-~ &

Update Filter (UFLTR) Overview
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Number:
Type:
Priority:
Period:
Function:

Subroutines:

UFINIT
UFSAPC
UFSTNC
UFCMPC
UFDYSC
UFMESP
UFSTDC
UFSTPF
UFSTDC
UFSDCR
UFSTID
UFFSDP
UFGAIN
UFEPGC
UFCMUD
@ABERB
UFTELM

SVs-10266
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Table B.3.17-1. Update Filter (UFLTR)

13

Background

10

32.768

Provide Attitude determination and gyro bias
compensation to ACS software processor.

Initialization .

State propagation computation

State transition and noise matrix computation
Covariance matrix propagation

Dynamic scaling

Measuremeut processing

Star trackers only

Star trackers plus FSS

Star tracker data calibration
Star tracker data correction
Star identification

FSS data processing

Gain matrix computation

Euler parameter and gyro bilas correction computation
Covariance matrix update
Total aberatinn velocity
Telemetry prounessing

LSD-WPC-263
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System Tables

# Mnemonic

35  UFGNPARM
36  UFHNPARM
37  UFPARMS

38  STARCAT

39 UFSSUVEC
40 UFMFCOC1
41 UFMFCOC2
42  UFISTUVL
43  UFISTUV2
44  UFFTCOF1
45  UFFTCOF2
46  UFICCOF1
47 UFICCOF2
48 UFCCEMF1
49  UFCCEMF2

P = Parametric
V = Variable
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Table B.3.17- {Continued)

Description

)
<
9
1]

Gyro Noise Model Parameters

FHST Noise Model Parameters

Parameters for Update Filter

Star Catalog

FSS Unit Vector

Torquer Bar Mag. Fld. Sens. Coeff. FHST #1

Torquer Bar Mag. Fld. Sens. Coeff. FHST #2 -
. Unit Vector Components FHST #1

Unit Vector Components FHST #2

Flat Field and Temp Coeff. FHST #1

Flat Field and Temp Coeff. FHST #2

Star Intensity Calibration Coeff. FHST #1

Star Intensity Calibration Coeff. FHST #2

Magnetic Field Calib. Coeff. FHST #1

Magnetic Field Calib. Coeff. FHST #2

~
-
~r

- nominally will not change
- Change necessary pevriodically

(1) Star Catalog - updated every 3 days

Telemetry Reports

OBC Reports 24

thru 34

LSD-WPC-263
R.>-344 .
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B.3.17.2 Update Filter (UFLTR) Processor Operation

The update filter uses data from 2 FHST s or trou 1 FHST and the FSS to provide
independent corrections to the attitude reference quaternion, EPAl,2,3,4, and
the gyro bias vector, THETBX,Y,Z. The update filter implements a Kalman filter
which 1{s a sequentifal estimating algorithm that processes one measurement at a
tize to continually reduce the error magnitude. ‘The ground controls the update
filter mode of operation with the parameter ST. If ST=1l the mode will be to
alternately use data from both FHST s. If ST=0 the mode will be to alternately
use data from the FSS and 1 predefined FHST. The ST=0 mode is a backup mode for
the case of a failed FHST. Upon entry the update filter saves a time congistent
set of the following data:

EPAL1,2,3,4 reference quaternion 8 words
BEX,Y,Z magnetometer data 3 words
MX,Y,2 ' torquer commsnds 3 words
WX,Y,2 spacecraft rates 3 words
TF flight software time 2 words
ZLX-XLZ orbit position data 4 words
AST1HORZ "FHST #1 horizontal pos 2 words
ASTLVERT FHST #1 vertical pos 2 vords
AST2HORZ FHST #2 horizontal pos 2 vords
AST2VERT FHST #2 vertical pos '’ 2 words
ASTIMAG . FHST #l.star intensfity 1 word
AST2MAG FHST {#2 star intensity 1 word '
ASTLITEMP FHST #1 temperature 1 word
AST2TEMP © FHST #2 temperature 1 word
4 words

AFSSOUT Fine Sun Sensor data word

On-Board Star Catalog:

OBC system table #38 {s reserved for the star catalog. The catalog can hold as
many as 55 stars (500 words).

Star Identificatiqg:

Star identification {8 performed by the subroutine UFSTID. A single star
measurement s compared to each star {n the catalog (55 catalog stars i{s the
largest catalog) and the number of catalog stars identified with the measurement
is saved. If and only {f 1 {dentification is made and it {s the second (or
greater) time that the measurement is {dentified with that particular star an
update 13 executed. Three tests are performed (in order) for each catalog star
glven a star measurement. If any test fails for a particular catalog entry the
next test or 2 tasts are not performed but rather testing for the next catalog
star i{s begun.

LSD-WPC-263
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Test #1 Orbit Angle Test:

A star orbit angle defines the spacecraft position in orbit at which the
spacecraft can view the star. Orbit angles for stars are constants and part of
the star catalog load while the spacecraft orbit angle is a function of the
ephemeris and which FHST 1s the preferred sensor.

RS = Spacecraft orbic angle

DR(FHST) = Correction to RS for either FHST 31 or FHST #2

RT = RS+DR (FHST) = effective spacecraft orbit angle

RF = allowable tolerance

CATRS = star orbit angle uplinked as part of the star catalog

The orbit angle test is then accepted 1f:

(RT-RF) <CATRS <(RT+RF)

Test #2 Threshold Test

The measured atar intensity, IS, is compared tn the threshold tolerance limits,
CATSU and CATS2, wuplinked for each star as part of the star catalog. The
threshold test {s accepted 1if:

CATSL <1S <CATSU

Test #3 Measurement Residual Test:

The measurement residual test is accepted if:
SX <VSl and SY <VS2
where: SX and SY are the absolute values of the differences between FHST
measured X and Y positions and expected positions. The expected
positions are calculated from the star vector uplinked as part of the
star catalog.
and: VSl = KS#*SQRT(R+V1)
and: VS2 = KS*SQRT(R+V2)
where: KS is a gain constant

and: R is either RL or KU depending on whether the star measured position 1is
within RLM (RLM=?) of the tracker origin.

LSD-WPC-162
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and: V1 and V2 are uncertainties associated with the best estimated value of
the attitude.

Normal 2 FHST Operation (ST=1):

[ e e
g
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The following physical considerations were the driving force for the update
filter logic involving star data use.

1.

2.

Consider
data use.

To avoid usi{ng bad star data, a star must de {dentified <twice before
the data is to be used to generate an update. ’

The preferred tracker is always the one which has gome the 1longest
without providing data for an update. This 1is to avold errors
accumulating about the boresight of one tracker.

There i{s not enough time to process 2 star identifications and 2
updates 1in one 3Z second cycle. There {s, however, enough time to
process 2 star identifications and one update in a single 32 second
cycle. The.efore, if the preferred tracker has no valld star, the
opportunity is then taken to check the other tracker and wupdate from
it 1f {t has a valid star.

the following scenario to explain the update filters logic for star

STl ~--> 2 star tracker not 1 FHST + FSS.

A singie star will pass through the FHST field of view in roughly 3
minutes.

Consider the case when a valid star enters the field of view of each
tracker at roughly the same time. Each tracker has a unique star
since the tracker fields of view do not overlap.

Assume that this time the preferred tracker is tracker #1 or FHST=l.

Scenario

a. lst 32 Sec Update Filter Cycle

UFSTOC will call UFSTID which will ident{fy the star {n tracker
#1 but set 1ISC=~1 gince this is the lst identification for this
star. UFSTID will return control to UFSTOC and since 1ICS=1 a
second try wusing tracker #2 will be executed. This second try
will call UFSTID a second time to tdentify the star 1in tracker
#2. The star will be identified but ISC will be set to -1 agaln
since this {s the lst identification for this star also. UFSTID

LSD-WPC-263
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will then return control to UFSTOC and the preferred sensor will
be set back to tracker #1. VSD will remain O since it can only
be set to 1 4f 1ISC is 1. UFSTOC will then return control to
UFMESP which then returns control to UFMESP which will bypass the
update since VSD=0. ' -

b. 2nd 32 Sec Update Filter Cycle

UFSTOC will call UFSTID which will again {dentify the star in
tracker #1 and set 1SC=l since new this 1s the seccnd
identification for this star. UFSTOC will then set VSD=1 and
"F1lip” the preferred sensor word to tracker #2 and then exit. (Ho
gsecond try will be executed gince 1I5C=l). Then UFMESP will
execute the update, then exit.

3. -3rd 32 Sec Update Filter Cycle

Repeat the logic in the cecond cycle except that the update will
use tracker #2 and the preferred sensor will then flip back to
tracker #1.

FSS/1 FHST Backup Operation:

The subroutine UFSTPF controls the logic for this back-up mode of operation.

The parameter FHST {s the preferred tracker flag which, unlike the normal mode,
1s not changed. The sensor, either FSS or the preferred tracker, which has gone
the longest without providing data for an update is the preferred sensor. The
parameter FSS controls the cycling between sensors. If FSS=l then Fine Sun
Sensor is the preferred sensor. If SUNPRS=1 an update is performed using the
sun data. If SUNPRS=0 a second try will be attempted this time, however, with
F5520 indicating the prefered FHST as the preferred sensor. When FSS=0 the
logic 1is identical to the normal mode with the exception; if the preferred FHST
fails to yleld an update the second try is executed using the Fine Sun Sensors.

Interesting Telemetry:

NCAMAX The number of stars in the on-board star catalog. (£53) Also the

number of c¢ycles of the star! identification loop for each star
measurecent.

NFAILL The number of star identification failures for FHST | and FHST 2.
NFAIL2 NFAIL 1 and NFAIL 2 are reset to O only when 1 and only 1 star is
identified for a single star weasurement.

LSTID1 LSTIDL ard 2 gives the catalog sequence number (NCA)} for the last
LSTIB2 unique identification.

LSD-WPC-2063
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RS RS gives the spacecraft orbit angle.
Vsl VSl;Z glve the position tolerances for the measurement residual test.
vs2 . :

KCOUNT KCOUNT is incremented each time an update is performed.
PCOUNT PCOUNT is incremented each time the covariance matrix is propigated.
(The covariance matrix is propigated every 32 sec cycle to allow for

errors being transferred from one axis to another due to spacecraft
rotation.)

B.3.17.2.1 Update Filter Subroutines Operation

UFLTR

!
UFLTR 4is the control routine for the wupdate filter processor. Since this
processor requires a long period for {ts computation it saves a data set with
the setting of Update Filter Data Required (UFDTREQD) Flag to 1. This signals
the SCP to use its subroutines COMPDSAVE and MVUFDATA to acquire and save the
following data set:

Raw Star Tracker Data (12 words)
Euler Parameters ( 8 words)
Magnetometer Data ( 3 words)
Magnetic Torquer Cmds ( 3 words)
Angular Rates ( 3 words)
Flight Software 1ime ( 3 words)
Orbit Position Data ( 4 words)
Fine Sun Sensor Data ( 4 words)

When SCP has completed the data acquisition and save it resets UFDTREQD to zero
signaling UFLTR that data save has been compleced. The setting of "the Filter
Initialization (FLTRI flag to other than zero will initialize the processor via
UFINIT. UFSAPC, UFMESP and UFTELM are called to complete the Update Filter
processing.
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UFINIT

Update Filter Initialization is called by UFLTR if FLTRI ls not equal %o zero.
The Attitude Error Covariance Matrix PM11(1), Cross Covariance Matrix PM12(1)
and Gyro Drift Error PM22(1) are reset to zero then Attitude .Error and Gyro
drift are initialized to PAD and PGO respectively which are resident in System
Table 37. The propagation interval TPS and Initialization Flag (FLTKI) are
reset to zero and the Past Time (TUS) is reset. The P and¢ K matrix counter are
also reset to zero. DYNSCLE 1is utilized to f{nitialize scale values SCP 11, 12,
22.

UFSAPC

Update Filter State Transition and Propagation Computation is called by UFLTR to
compute propogation interval and compare it to the past value. If it has not
changed UFSTNC ‘i{s not called before UFCMPC processing.

UFSTNC

Update Filter State Transition and Noise Covariance Matrix is called 1in UrsazrcC.
only when the propagation interval has changed. The stat transition and noise
covariance matrices are used 'in the Update Filter error covarlance matrix
propagation. These matrices are & function of the propagation time iaterval.
Upon entry the propagation interval is saved in TPS and couwputation of necessary
intermediate variables, useé in the matrices computatioz, takas place.  This 1is
followed with computation of the sta%e transition matrix and -~omputation of the
state nolse covarlance matrix.

UFCMPC

The Covariance Matrix Propagation is subrcutine called to compute the Update:
Filter error covariance matrix propagation algorithm. : .termediate matzrices X1,
X2, X3, and X4 are wused throughout the zrent... in the ¢novariance matrix
propagation. The covariance matrix propagation routi - (s enterzd every time
the Update Filter processor is called. The coutner PCOUNT which is incremer.:d
each time UFCMDC is executed {s an .ndication, ~long with KCOUNT of UFEPGC, 1in
telemetry of a successful update.

UFMESP

Update Filter Measwement processing 1s called by UFLTR. It resets the Valid -
Data Flag (VSD), the TRY flag, ana the PASS flag Yo zero, then tests the star
tracker data XSLB2/¥S282 for ¥4 T 1 and 2 respectively, for a 1 ia Bit #2 which
indicates data present in the FHST. It sets STARU 1/2 to 1 if data is

available, which will be used in UFZT0C. . The subroutine then calls UFSTPF if
ST, the flag for FSS & FHST or FHST only seclection, is set to zetro or UFSIOC ¥
ST equals.l. TIf UFSTPF or UFSTOC retuins a valid Data indicrtica VSD=1 then the

T T AL ALY
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PASS flag i{s incremented and the tliree processors as shown {n Figure B.3.17 are

called and a second produces 2 measurements for processing. If VSD=0 then a
return to UFLTR is made.

UFSTOC

The s8tar ctratkers only subroutine is called by UFMNScSP in tne normal mode where
the update sensors asre the two FHST s. The prafarred star tracker is tested for
data (STARU(FHST) i set on entry of UFMESP), {if data 1is not available
(STARU(FHST)=0) then the otaer tracker is salected and tested for data. When
the star tracker has data available UFSTDC, UFSDCR and UFSTIv are called
respectively. Upon r2turn frow UFSTID if the index star counter (ISC) is set to
1 the wvalid data flag is set and the other star trucker is made the preferred
gsengor. If VSD ir not 1 the other tracker s selected and L1f 41t {is only the
first try will test the secoud tracker. Each time thias rcutine is entered it
returns dat from culy one star trackerc.

UESTOC

The Star Tracker Deta Calibraticn subvoutine {s called to convert the raw star
tracker data, XS131, XS1B2, YSLIBl, YS1B2, XSzBl, XS2B2, YSiBl, YS2B2, tc a form
suitable for further prccescing. Which of the duplicate star trackers is used
depends cn the value of tiae star tracker flag, FrHST. The data ls compensated
for the effects of geometric distortion, magnetic flelds, temperature variations
and star intensity varfations. Output consists of the star magnitude, MS, and
the vector componaats, XS, ¥YS and IS.

UFSDCR

The Star Tracker Data Correction subroutine {5 called to compensate the star
tracker measurcments for the effects of velocity abberation and time delay 1in
measurcment.

UFSTPF

The UFSTPF subroutine is ~alled {n UFMESP {f the FHST only/FHST & FSS mode flag
(ST) 1s set to othur than 1, when {nput is from both FSS aand FHST {s desired.
This subroutine werks similar to UFSTOC with the use of the FSS and one of the
FHTS s {nstead of 7 FHST"s. The FHST to be used (s selected by Entry 1 in
System Table #37 (FUST). If the FSS is the preferred sensor (FSS=1) then FSS is
set to zero to make the star tracker the preferred sensor for the next pass. A
test for sun present (SUNPRS#0) s performed and UFFSDP countinues processing FSS
daca {f the sun {s present returning a Valid Data Flag (VSD) 1if successful; {f
not, processing as {n UFSTOC occurs with the selected FHST. Each pass through
this routine produces no more than one data input to the update filter.

LSD-WPC=263
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UFFSDP

This subroutine is called {n UFSTPF when Fine Sun Sensor processing {s required.
It compensates the Fine Sun Sansor data for velocity abberation, and parallax
measurement errors, and computes the update €{ltar. FSS measurement cesiduals,
crror vallaunces and elements of update filter matrix.

UFSTID

UFSTID {s to detaermine if the star currently betng tracked Is in the active siar
catalog (Systoma Table #38) and exactly which star it is. The f{rat test UFSTID
povforms {8 a chock for a rew star catalog. 1€ STARCATel and Software Time (TU)
{s groater than or equal to time to use new catalog (TUSE) then the new star
catalog {s moved into the uandate filter for use. [f not the old cataloy
continues to bdbe used. Computation of orblt angle (s performed and & search of.
the catalog 4 made looking at orbit angle (RSU/RSL), fatensfty (1S) and
me asurement res{dudla. The indexing thru the catalog 1s NCA to a aximum {n  the
catalog of NCAMAX. If a catalog star matchos, ISC 18 increwentod and ISTR s
fet to the {ndex NCA of the star, the scarch continues thru the entire catalog.
If at the end of the search ISC remains 1, the fatllure counter for FHST 1/2
(NFALL 1/72) ts set to 0 and {f the current star f{ndex (ISTR) equals the last
star {ndex (LSTID) then the update (8 completed. If the {ndex doesn”™t  match
LSTID {s set to ISTR and I8C i3 set to -1 to praveut the update. 1{ at the end”
of a catalog soarch ISC {3 not aqual to 1 NFATL (1/2) is {ncroxentad, Lsst Indew
(LSTID) {3 sec to -1 and commands are sent to tha star tracker tu break  track.
ISC muat equla 1 for a Valld Data ¥Flag (VSD) to be set tn UESTOC or UFSTRY.
Note that the teat of Last Star [udex {LSTID) to currvant Star Tadex T8TR) makes
{t necassary o (dent{fy a star twice beforve (t {3 used for awn ypdate.

UFCATIN

UFCAIN {3  called fn UFMESP {f the Valld Dea Flag (VSD) {s set to 1. This
subroutine computes and compares the elements of the Update Filter daln matrix.
The Gafn Matrix computation will be exccutaed twice Jduring an Update Filter cycle
to process data from doth sensors.

UFEPGC

Thiz subroutine will combine the Update Filter estimates of Eulor Parameters and
Gyro Bias compensation errvors {uto a vector that can be used to update these
quantitlca.  Two senso measute ors must be procossed hefore the total vector is
avatlable. The counter of number of timea thra UFEPCC (RCOUNT) (s an indication
{n relemetry of successtul update.

Lud-wpe~Ind
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The Covariance Matrix Update subroutine is called to adjust the elements of the

Update Filte; error covariance matrix to account for the error reduction

achieved by the processing the update sensor data. When covariance matrix {s

completed a call to Dynamic Scaliug is made to d{mprove the accuracy of the

covariance matrix. There will be two passes through the Covarlance Matrix Update
during each execution of the Update Filter.

B.3.17.3 Update Filter (UFLTR) Software Constraints

TBD

B.3.17.4 Update Filter (UFLTR) System Tables

LSD-WPC-263
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Using
Entry Name - TLM Type Subroutine Description
System Table #35 (UFGNPARM)
0 VGX ' c UFSTNC Gyro white noise drift
1 VGY vaviances X, ¥, Z axis
2 VGZ
Used to compute state noise
_ covariance matrix Wil, 12, 13
3 VRX UFSTNC Gyro random walk drift
4 VRY - variance X, Y, Z axis
5 VRZ
Used to compute state noise
covariance matrix
System Table #36 (UFHNPARM)
0 RLM C UFSTID Measured threshtold for star
: radius squared from tracker
boresight
Used to select near or far
star in UFSTID
1 RL c UFSTID FIIST measurement error
variance for stars near
tracker origin
Used in UFSTID to set FHST
measurement variance
2 RU c UFSTID FHST wmeasurement error |
variance for stars far from ;
tracker origin !
i
Used as RL (above) i
!
System Table #37 (UFPARMS) i
UFMESP Star tracker configuration ;

0 ST : * F

flag

LSD-WPC-263
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Entry

Name TLM

Type

Using
Subroutine

Description

10

FHST - *

PAO

PGO

KST

CI

T™MD

KS

RF

UFINIT

UFINIT

UrsTC

UFSDCK

UFSDCR

UFSTID

UFSTID

O = FHST + FSS
1 = 2 FHST

Used i{in UFHMESP to branch to
UFSTOC or UFSTPF

Set by ground to configure to
1 FHST and FSS or 2 FHST

Star tracker selection flag
1 = FHST #1
2 = FHST #2

Used to select which FHST
if ST (above) = 0

Initial attitude ervor
variance

Initial gyro bilas variance

Scaling constant for star
tracker raw data

Inverse of speed of light

Mean star tracker measure
manual time delay '

Used in UFSDCR to correct ‘
measurement rates XSD, YSD ;

Restdual STD dev. wmult. for
gtar [D criteria

Star rotation angle tolerance

Used in UFSTID to compute

allowable orbit angle

LSD-WPC-263
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Al

star LOS ani{t voector

Using
_Entry Name TLM  Type Subroutine Description
11 DRI-1 c UFSTID o FU3T #1 rotational angle
(Delta-RIO)
12 DRI-2 c UFSTID o FHUST #2 rotational angle
{Delta-RHO)
13 RFSS C UFFSDP o FSS error vartance -
Systems Table #38 (STARCAT)
0 STRCAT * F UFSTID @ Star catalog available flag
0 = not availabdle
1 = available
o Used to load new star cataloy
set by ground |
resat by UFSTID when new i
catalog transferred to !
UFLTR data bdase {
§
1 TUSE v UFSTID e Time to begin using the star !
catalog relative to software
time {
3
!
o Used {n UFSTID to execute new |
star catalog use ;
3 CATMAX ® v UFSTID e Number of satars in catalog ;
o Used in UFSTID to test for end:
of catalog (NCAMAX) :
9 LSINX(NCA) Y UFSTID o X component of the (NCA)th
' star LOS unlt vector
7 LSTV(NCA) v UFSTID e \ componeat ot the (NCA)th
star LOS unit vector
| 9 LaTa(NCA) v UFSTID . - o I component of the (NCAYth

Lsh-wie-2o3
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Using
Entry _ Name - TLM  Type  Subroutine Description
11 ISU(NCA) v UFSTID o Star intensity upper limit for
: . NCA # star
12 ISL(NRCA) v UFSTID o Star intensity lower limit for
: NCA # star
13 RS{NCA) \Y UFSTID © NCA star orbit angle -
Entries 5 thru 13 repeated from 1 to CATMAX
System Table #39 (UFSSUVEC)
0 XFX(1) Cc UFFSDP e Unit vectors along FSS axes in
1 XFX(2) (o terms of vehicle X axis
2 XFX(3) [
3 YFX(1) (o4 UFFSDP ¢ Unit vector along FSS axes in
4 YFX(2) c terns of vehicle Y axis
5 YFX(3) C
6 ZRX(1) ¢ UFFSDP @ Unit vector along FSS axes in
7 ZFX(2) C terms of vehicle Z axis
8 ZFX(3) C
System Table #40 (UFMFCOC1)
0-8 KFXX1(N) C UFSTDC e 9 coefficients that relate
N=0~>8 magnetic fleld at FUST §1 to
magnetic torquer bar current
System Table f41 (UFMFCOCZ) 1
|
0-~-8 KFXXZ(N) C UFSTDC @ 9 coefficeints that relate i
N=0->8 magnetic field at FUST #2 to
magnetic torquer bar current :
: |
System Table #42 (UFISTLVY) ;
0-8 XTX1(N) C UFSTDC o Conmponents of FHST #1 unit
N=0->8 vector

LSD-WPC-263
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Using
Entry Name TLM Type Subroutine Description
System Table #43 (UFISTUV2)
0-8 XTX2(N) c UFSTDC Component of FHST #2 unit
N=Q~->8 vactor .
System Table #44 (UFFTCOF1)
0-18 _ c UFSTDC "A" coefficient set for ,
: FHST #1 i
19-27 c UFSTDC "A" coefficient set for
FHST #2
Coefficients for flat field and
temperature effecits correction
System Table #45 (UFFTCOF2)
0-19 C UFSTDC "B" coefficlent set for i
FHST #1 !
{
19~37 C UFSTDC “B" coefficlent set for
FHST #2
Coefficients for flat field and
temperature effects correction
System Table #46 (UFICCOF1)
0-18 c UFSTDC "C" coefficient set for
FHST #1
UFSTDC "C* coefflicient set for

19-37 C

FHST #2

Star intensity calibration,
coefficients

LSD~-WPC=-263
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Using
Entry Name T Type Subroutine Description
System Table #47 (UFICCOQFL)
0-18 Cc UFSTDC “D" coefficlient set for
FHST #1
19-37 , c UFSTDC "D" coefficient set for
FHST #2
Star intensity calibration
coefficients
System Table {#48 (UFCCEMFL)
0-138 C UFSTDC "EB" coefficient set for
FHST #1
19-37 C UFSTDC "EB” coefficient set for
FHST #2
38-57 c UFSTDC "EH" coefficlent set for
FHST #1
58-75 : C UFSTDC "EH" coefficient set for
FHST #2
76~94 C UFSTDC "EV" coefficient set for
FHST #1
95-113 C UFSTDC "EV" ccefficient set for
FHST #2
Magnetic field corrections
coefficients !
System Table #49 (UFCCEMF2)
0-18 c UFSTDC "FB" coefficient set for X
FHST #1 |
19-37 c UFSTDC "FB" coefficient set for
FHST #2 '
LSD-WPC-263
BR.5~z59



[aua ko]

e

et g ety S SN ST e ST T SR

g e g

Pl

v

4 e n

§VS-10266
) Appendix B
31 December 1931
Using
Entry Name TLM  Type Subroutine Description
!
38-56 C UFSTDC e "FH” coefficlent sat for
' FHST #1
57-75 c UFSTDC @ "FH" coeffi{clent set for
FHST #2
76-94 . c usToC e "FH” coefficlent set for
) FHST 21 |
95-113 : c UFSTDC 6 "FU" cocfficient set for
FHST 22
o Magnetic fileld c.crecttons
coefficients

R. 3-240
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Entry Generating
Number Name Subroutine

Description/Coument

OBC TLM Report 24 (UFLTRP1)

0-5 S1-3 UFEPGC
6~10 S4-6 UFEPGC
12-20 PM11(1,2,3) UFCMPC
24 ' FHST UFSTOC/GND

OBC TLM Report 25 (UFLTR 02)

0-8 PML1(5,5,9) UFEPGC

12-20 PM22(1,2,3) UFCMPC

Estimated roll/pitch/yaw attitude
determination error-

Estimated roll/pitch/yaw gyro bias
compensation ervror :
Updated every 32 seconds
Used in EULER I (ACS) to coapute

EPA 1-4 (Quaternion) and THEATBX,Y,Z
gyro bias factors

Attitude error covariance matrix
elements
Initialized {n UFINIT (if FLTRI

is on)

cleared to zero

eiement 1,5,9 =-=> PAC (Table 37)
Propagated in UFCMPC
Updated in UFCMUD
Scaled by SCPll (TLM Report 29)
Used as VP1,2,3 in gain matrix
computation (UFGAIN)
TLM Report 25 contains PM1l1l (5,6,9)

Star Tracker Selection 1 = FHST f#1
2 = FHST #2

Set by ground in FSS + FHST mode
Selected by UFSTOC in FHST only mode
Used by UFSTOC, UFSTPF, UFSTDC

See TLM Report 25 entry 12-20

Gyro blas error covariance matrix i
elements :
Infitialized by UFINIT (If FLTIRL = 1)
cleared to zero :
element 1,5,9 set to PGO (Table 37) .
Propagated in UFCMPC

LSD=-WPC~263
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Encfy Generating
Number Name Subroutine Description/Comment
Updated by UFCMUD
Scaled by SCP22 (TLM Report 29)
TLM Report 26 contains P22 (5,6,9)
264 NFAILL UFSTID Star ID failure counter FHST #1

0BC TLM Report 26 (UFLTR 03)

0-8 PM22(5,6,9) UFCMPC

12-20 PM12(1,2,3) UFCMPC

24 ' NFAIL2 UFSTID

OBC TLM Report gl (UFLTR 04)

0-20 PM12(4~-9) UFCMPC

OBC TLM Report 28 (UFLTR 05)

0-10 K(1)-K(6) UFGAIN

12-24 KI(1)-KI(6)

OBC TLM Report 29 (UFLTR 06)

Incremented in UFSTID if ISC #1
ISC = # of stars accepted -
If ISC = 1 NFAIL 1 cleared to O

See TLH Report 25 entry 12-20

Attitude error and gyro bizss error
crrss covariance matrix elements
Propagated in UFCMPC

Scaled by SCPl2 (TLM Report)

Used as VP4,5,6 in UFGAIN
PM12(4~9) in TLM Report 27

See TLM Repert 25 FHST #2
See TLM Repcrt 26 entry 12-20

Update filter gain matrix nlements
K(I) lst pass
KI(1) 2nd pass

Scaled by SCKIW {low) and SCKIH
(high)

of TLM Report 29 _

Used in EULER Parameter and gyro
bias correction (UFEFPGC)

| U
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Entry Generating
Number Name Subroutine Description/Comment
0-2 Xs,¥YS UFSDCR Star tracker LOS vector components
along tracked X/Y axis
Used in UFSTID
28 = (1 - (XSE) - :YSZ))
ZS 138 computed in UFSDCR
4-10 SCrl1,12,22 Scaling Factors -
SCKL/H SCPll =-=-~> PML1l (RPT 24/15)
SCP12 ~-=> PM12 (RPT 27)

SCKIL/H

OBC TLM Report 30 (UFLTR 07)

0

1-3

11-15

17-19

o
—

TP

1,22

H1(1/2/3)
H2(1/2/3)

VS1,vVs2

RS

UFSA®PC

UFSTID
for FHST
UFFSDP
for FSS

UFST1D
or
UFFSDP

UFSTID

Propagation interval

TP
SW

Compared to TPD (delta prop int.)

to

base

Sensor (FWST or FSS) measurement
residuals -
Scale -3 for FHST only

-2 for FHST and FSS '
Used in UFEPGC

Elements of measurement
matrix for X/Y measurement
Used in UFGAIN and UFEPGC

FHST X/Y axis measurement residual
accuracy criteria

Used in UFSTID

Used for star acceptance teat

SCP22 ---> PM22 (RPT 23/26)
SCKL/H =--> K (RPT 28)
SCKIL/H---> KI (RPT 28)

= Flight software time ~ ?ast
time

call UFSTINC or not T®D is in da:a

(SX<VS?! .AND.SY<VS2) o

Spacecraft otbit rotation angle %
Used in UFSTID

LSD-WPC-263
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Ertry ) Generating
Number Names Subroutine Description/Comment

' Used to compute FHST orbit angle
RT = RS + DR (FHST)

OBC TLM Report 31 (UFLTR 08)

0 THETAM UFSTDC Star tracker compensated measurement
Used in UFSTDC -
THETAM = VVM3*KST
KST = consgtant
VVM3 = Result of calibration
polynominal calculatien

2 PHIM UFSTDC Fully conmpensated FHST measurement
. Used in UFSTDC
“ PHIM = HHM3*KST
KST = constant
- ] hHM3 = result of cal. pcly. calc.

E)

w0 UFSTDC Tracker star LOS unit vector along
8 ZSC tracker X/Z axis

Used in UFSDCR

YSC in TLM Report 34 (1)

10 Xp UFFSDP Compensated FSS roll/pitch axis
measurement

12 YP Compensated for abberation
Used in UFFSDP to compute
measurement residuals

14,16 XPE, YPE + UFFSDP Expected FSS measurement for X/¥Y
axis E
Used in UFFSDP to compute
measurement residual and measurement ;
error varilance

18 PCOUNT UFCMPC Count of number of times through
covarlance matrix propagation
Initialized to zero whea UFINIT
executed

. ' ' LSD-WPC-263
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Eatry Genevating
Number Name Subrout {ine
19 RCOUNT BrEPrae
W, LN LSY UFSIVWCR

ORC TEN Rapoct 12 (UFLTR 09)

i) e

Y DA VERTID
o in BESTI
‘ rs prarne

R) : [IRRR s

-~ ——— ——

et a4 et el e - A e i e e i st 7w e et

Denctiption/tomment

Tncremented tu UFCMEC _
TEM (adtcator that ACS (2 heing
updated by UFLIR

Count of number of tlwes thvaugh

pa iy mateix computation

Tatttaliced to 2evo when UFINLY
executend

lucremeuted (o UFRPCC

Tad{catton (along with PCOUNTY that
ACR {2 he! ¢ updated

Companent of weaguved atar LOS along !
velitcle XY axtia
pod {n BFRTID to comput e we azurenent,

wmatrix component s ;

Nee QWD TLM Report 10 (Jo 00

Star {racher mweasurenent rean iduals
Pred 0 stav V1Y to tent (o
acveptance vesiduala '

Star trachkey itenaity

Uped fov atar (ateunity covvevi ton L
Vaed fn UFSTUD o etar catalog
reateh ’

Stac {racker (ompatratute
Vaed 1o coapenrate {ov YHEY Cemp

a{roct s

Tdont {flod stav {adey

Mroesent (dent t0ted atar obained
Crom NCA count

Veatod agatnat dant ostar 1D LRUiID-]

{or acveptanca

SO TY
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Entvy Generating
Numbe © Nams Subroutine Description/Conmant
9.10 LSTID~1/2 UrsSTID Laat star {deatified by FUST 1/2
ISTR becumes LSTID upon exit from
atar test
11 TRY UFSTOC Update sensor zequence counter
UFSTRYF 1 = data from lat aensor haa been
: proceasad -
2 @ data froa 2ud agnsor has baon
procesacd
Reget {u UFMESD
12 Is¢ UesTL Number of stars {n cataley that pags
' ID criterta
Intt{altzed to O when atar catalog
vutorod '
Incremented when accoptable
measuraent vedf{dualas found
I ISTR A LSTID ===} |50 = =1
prevencliug update
i
13 NCA UESTID Index of dacvapted atav i
Incrementad from 1 to NCAMAX {0 atar |
catalog soarch ' ;
ISTR = NCA when atar accepted i
14 NUAMAY UEFSTLID Numbatr of stara (o catalog ‘
(uNy) Set by ground when new ztar catalog
loadend )
NUA Incremanta (rom Loto NUAMANX
L3 rASS UFMESP tudex for gatn mateix comp.
tnltial{zed to O {0 UFMESNY
i Taerement ed o UNMESE
; Pasgs « 1 a0 sensor process
! Pasa = 00 2ud sentor process
i' Paced fa UFCAIN o gelect proper
: data aet
, lo STRUEAT UFsiip star catalog rveady flag
: ’ LuND) Set o by ground when new catalog
%
[

LaD=Wie-o
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Entry Generating

i

Number Name Subroutine Description/Comment
is ready for use
Set to O by program when STARCAT
BUFFER moved into STAR CATALOG
17 VsD ' UFSTOC Valid star data flag
UFSTPF Reset to O in UFMESP
Set to one in UFSTOC if FHST has
good data
Set to one {n UFSTPF if FSS has good
data
Checked in UFMESP
18 UFDTREQAD UFLTR Update filter data request flag
Set to ! to request SCP to save data
set :
Reset to 0 when save is complete
|
19 ST '

OBC TLM Report 33 (UFLTR 10)

0o U UFGALN
5 Ul UFGAIN
10 scu UFGAIN
13 scur - UFGAIN

O08C TLM Report 34 (UFLTR 11)

;1 0 YSC

FHST configuration flag !
0 = FHST + FSS i
1 = 2 FHST s . {

Set by ground to switch into ¥3S + |

FHST wode

Checked {n UFMESP to select FSS +

FHST or 2 FHST SW path

UF residual variance
Used Iin UFGAIN

Inverse of U

Scale of U

Scale of UL

See OBC TLM Report 31 (4,8)

LSD-WPC~263
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Entry Generating
Kuzber Name Subroutine Description/Comment
2 H UFSTDC FHST horizontal measurement
Used to compute HHT, VVT in UFSTDC
4 TST1 FHST #1 star intensity data
Obtained when SCP called to save
data
5 \ UFSTDC FHST vert’cal measurement
Used to compute HHT, VVT in UFSTDC
7 TST2 FHST #2 star intensity data
Obtained when SCP .saves data for UF
8,9 STLT,ST2T UFSTDC Temperature data from FHST #1/2
Obtained whern SCP saves data for UF
i
i
i
i i
{
i
| —
LSD-WPC-263
B.Z-749
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P

EXECUTED BY SCP
32 SEC

EVERY
IN ACS MODE 4

SINCE UFLTR IS A
BACKGROUND PROCESS
AND REQUIRES

OFTEN. DATA IS
SAMPLED AND SAVED
AT THE START SO A
CONSISTENT DATA
SET IS AVAILABLE

200MSEC
TO DO-IT IS INTERUPTED

@
SVS-10266
TE Appendix B
UFLTR UFpl%!?'ER 31 December 1981 -
Y
FLTRI <1:2>
v COMPDSAVE
REQUEST SCP
SAVE DATA "
UFDTREQD=1 scP
‘MVUFDATA
DATA SAVE | -
COMPLETE

CALL UFINIT

y

CALL UESAPC
(STATE PROPAGATION
COMP)

CALL UFMESP
(MEASUREMENT

PROCESS)

CALL UFTELM
{TELEMETRY
PROCESS)

Y

RETURN

CX-X-X-A-N-N

«= == == TELEMETRY POINT
SYSTEM TABLE ENTRY

TELEMETRY
SYSTEM TABLE ENTRY

POINT &

FIGURE B.3.17-2

ORGIAL poass iu
OF POOR QUALITY

UFLTR Flaw Chart



ORICIM AL PAGT 5
CF POOR QUALITY

CALLED BY UFLTR
(IF FLTRI=1)

ZERO
VALUES

INITIAL
ATTITUDE ERROR
VARIANCE

INITIAL
GYRO BIAS
VARIANCE

RESET:
PROPAGATION [NT.
INITIALIZE FLAG
PAST TIME

P-MATRIX COUNTER
K-MATRIX COUNTER

o> == <= TELEMETRY POINT
eeeccee SYSTEM TABLE ENTRY

TELEMETRY POINT ¢
SYSTEM TABLE ENTRY

G

I=
PMI1(1) = 0
PMIZ(D = 0
M22(T) = 0
- l
PMI1(1) = PAQ
PMTTS) = RAQ
AMIT(S) = PAQ
Y
PM22(1) = PGQ
PM22(5) = BGQ
PM323(3) = £SO
]
TPS = 0
FILTR1 = 0

TUS=TU-TPSNOM
p UNT =0
K EgUNT =0

N

INITIALIZE
SCALES
FOR
UFDYNSCLE

/

‘ RETURN ’

Sv3- '0Lo6
Al. df B
31 December 198}

UPDATE FILTER
INITIALIZATION
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UFMESP MEASUREMENT PROCESSING
CALLED BY UFLTR

RESET:
VALID DATA FLGC
TRY FLGC

1D)~4
9506
U= o
non
n
oo
o

PASS FLG

A

STARU 1 = Xs1812 2
TEST BIT 2 OF
FHST #1 DATA

1=L'ATA 0=NO DATA

\

STARU 1 = XS2B2 2
TEST BIT 2 OF
FHST #2 DATA

1=DATA 0=NO DATA

4

CALL
UFSTPF
FHSY & FSS

L

ST=1?
SELECT FHST ONLY
OR FHSTEFSS

SVS-10266
Appendix B
31 December 1981

'OR!G?FEAL Aan
O_F POOR Q-l\(l. K

== o= = TELEMETRY POINT
covosse SYSTEM TABLE ENTRY

emmeere TELEMETRY POINT &
SYSTEM TABLE ENTRY

|

CALL
UFSTOC
FHST ONLY

RETURN "

VSD SET IN
UFSTPF OR UFSTOC

EACH SENSOR PRODUCES
2 MEASUREMENTS FOR
PROCESSING

RETURN

PASS=PASS + 1

CALL
UFGCAIN
GAIN COMP.
y
CALL CALL
UFCMUD UFEPCC

N
PASS =\:\\\‘\\¥

MEASUREMENTSS

FIGURE B.3.17-5 UFMESP Flow Chart
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LG .
- oF ¢ pooR QUARLITY
{
‘ UFSTOC ’

CALLED BY UFMESP

STAR TRACKERS ONLY

TRY=TRY + 1
2 PASSES

FHST (TABLE #37)(INITiAL)
SELECTED BY SOFTWARE

STARU{FHST) =

FHST=3-FHST

SET PREFERRED
TRACKER TO
OTHER TRACKER

IRY=21.
2MD PASS

FHST = 3-FHST
SET PREFERED

TRACTER TO )
OTHER TRACKER

17
DATA PRESENT iIN
PREFERRED SENSOR

TO SENSOR THAT HAS
CONE LONGEST WITHOUT
PROVIDING DATA

CALL
UFSTODC
FHST CALIB

'

CALL
UFSDCR
FHST CORRECT.

y

CALL
UFSTID
STAR 1D

1SC SET IN UFSTID

13C=1?

4

| " { RETURN )

= == = TELEMETRY POINT

STAR COUNT

vsh=
VALID DATA?

ccsescs SYSTEM TABLE ENTRY

TELEMETRY POINT ¢
SYSTEM TABLE ENTRY

FIGURE B.Z.17-6 UFSTOC

Flow Chart
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UFSTDC

STAR TRACKER DATA CALIBRATION
CALLED BY UFSTOC OR UFSTPF

LOAD DATA SET 2 LOAD DATA SET #1
INTO INTO
STDCDATO STDCDATO
COMPUTE: .

HORIZ MEAS. : Civpsie s e
VERT. MEAS. R
STAR INTENSITY OF PGUR QUALITY
TEMPERATURE

COMPONENTS

OF FHST

UNIT VECTOR

COMPUTE
MAGNETIC FIELD
AT FHSY

COMPENSATE FOR
FLAT FIELD
& TEMP EFFECTS

1

COMPUTE
STAR INTENSITY

i
CONVERT
ANGLE TO

POSITION COORD.

l

P e

TELEMETRY POINT ‘ RETURN }

secceoss SYSTEM TABLE ENTRY

m——ces

TELEMETRY POINT ¢
SYSTEM TABLE INTRY |
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a-an

CALLED BY UFSTOC OR UFSTPF (  UFSDCR ) STAR TRACKER DATA CORRECTICN

\'J

CALL
ABERB

COMPUTE
ABBER VEL

COMPUTE ABERRATION CORRECTIONS
COMPENSATE FOR ABERRATION ERROR
COMPUTE:Z COMPONENT OF STAR

STAR LOS

MEASUKEMENT RATES

TIME DELAY CORRECTIONS
TRANSFORM TC VEH. COORD.,
COMPENSATE FOR TIME DELAY

i

. RETURN

FIGURE B.3.17-A I1IFQDr? C1mw Fhaee
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UFSTIC

STAR [DENTIFICATION

CALLED BY UFSTPF OR UFSTOC

%

ORS.'G:?-'W‘-{' (LR

e =1
OF POOR QUALITY NEF I RRCATALOG
READY?
Y
TU.GE. TUSE
COMPUTE P—— TIME TO USE
MEASUREMENT MATRIX EW CATALOS
MEASUREMENT NOISE
VARIANCE ! f
(RTP) ‘&
MOVE STARCAT

”,—f’

N RTP.GT.RLM
THRESHOLL FOR STAR RAD?
QR TRACKER BORESIGHI~

I BUFFER TO
STAR CATALCG

R=gY, ' R-RG |
ERROR VARIANCE | ERROR VARIANCE
FOP. NEAR STAR L FOR FAR STARS
3
. R1=R2=R
RT >TvOPI
COMPUTE ORBIT ANG. > 27
- MEASUREMENT RESICUAL
STD DEV.
- ACCEPTANCE ACC.
- TRANSFORAM TO ECI
- 5/C O2BIT ANGLE 1 RT=RT-TWOPI
SUBTRACT 2r
RT=RE+DR(FHST) .

RY< 0
ORBIT ANGLE

S
: l RSU=RT+RE
) RSL=RT-£F

RT=RT+TWO.’! [ALLOWABLE ORayT
: ANGLE LIM'TS

SET TRACKER
ORBIT ANCGLE

- = = TELEMETRY POINT
srecsce SYSTEM TABLE A.ITRY
cmmemmes— TELEMETRY POINT ¢ }

ADC 2m

i,.._._._g
L.

SYSTEM TABLE ENTRY

|



N

SC=0
CA=0
INITIALIZE

1Z

STAR CATALOG

SMODE = 1

CHECK INERTIAL

..........

ORBIT ANCLC
CHECKS

eveeases

ISSCATISVINGA)
AND
S>CATISLINCA)

== == = TELEMETRY POINT
esescees SYSTEM TABLE ENTRY

TELEMETRY POINT ¢
SYSTEM TABLE ENTRY

ipta - *
el

SVS-10266
Appendix B
‘31 December 198t} -

) 7Y

1

.....

CATR‘S(NCA)=CATRS(NCA)

~-TWOPI
SUBTRACT 2 =

CATRS(NGA

—(9
k:

NCA

B.3-3Z79

= NCA + 1

CET NEXT =
STAR

STAR INTENSITY LIMIT CHECK

FIGURE B.3.17~9 UFSTID Flow Chart (continued)
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ORIC-‘M'AL' Proe e |
LF Poor QUM'.- iS
AllTY
COMPUTE
MEASUREMENT
RESIDUALS

DOT(LSIX.XTI,SX)
SSX = XS-SX
SX = ABS(SSX)
DOT(LSIX,YT(,SY)
SSY = YyS-SY

- e

SY = ABS(SSY)

\

1ISC=ISC + 1

- ——

INCREMENT
# OF STARS ACCEPTED

Y

ISTR = NCA
SAVE STAR .
INDEX NFAIL =
1 = SSX
27 = Ssv o
STORE RESIDUALS LSTl
CMDS FOR LSTID = ISTR
FHST 3 1/2 "“1’5_6 =
>
o= == = TELEMETRY POINT {
L RETURN

ssecsoe SYSTEM TABLE ENTRY

o TELEMETRY FOINT ¢
SYSTEM TABLE ENTRY

FIGURE B.3.17-9 UFSTID Flow Chart (continuad)

R.3-380
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CALLED BY UFMESP
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STAR TRACKER PLUS FINE SUN SENSOR

TRY = TRY + 1

FSS§=17
FSS PREFERRED
SENSOR_

N TARU{ENXST) =

ATA PRESENT IN

CALL
UFSTOC
FHST DATA CALIB.

CALL
UFSOCR

FHSET DATA CORRECT.

:

CALL
UFSTID
STAR ID

FSS=1 FSS=0
MAKE FSS MAKE FHST
PREFERRED SENSOR PREFERRED SENSOR
3

o

r
! CALL {
t UFFSSC 1
| FSS CALIB. !
[

€ NPRS 26 .
SUN PRESENT
FLAG

1sg=1?
VALID DATA?

LN TRY=2?
IND PASS?

y vs0e1
~ RETURN COOD DATA
FLAG

o= = = TELEMETRY POINT
seoeses SYSTEM TABLE ENTRY

TELEMETRY POINT ¢
SYSTEM TABLE ENTRY

FIGURE B.3.17-10

‘ RETURN )

UFSTPF Flow Chart

-361

3

CALL
UFFSDP
FSS DATA PROC

( RETURN ’
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OF POOR QUALITY

CALLED BY UFSTPF FSS DATA
UFFSDP PROCESSING

L4

CALL
ABER 8
COMPUTE ABB3ER
VELOCITY

!

/;RANSFORM TO VEH. COORD. \
COMPUTE ABBERATION CORRECTIONS
COMPENSATE FSS MEASURE FOR ABBER.
COMPUTE SUN LINE VECTOR

COMPUTE EXPECTED FSS MEASURE
COMPUTE RESIDUALS

COMPUTE MEASUREMENT MATRIX

COMPUTE MEASUREMENT ERROR
VARIANCE

N : _/

FIGURE B.3.17-11 UFFSDP Flow Chart
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PASS t———a 15t SENSOR
PASS 2——= 25t SENSOR

UFGAIN :
' GAIN MATRIX COMPUTATION

CALLED BY UFMESP

R=R2
DO i=1 3
HI(H=H20))

LOAD PASS 2
DATA

CRiCH b ol

3
OF POOR QUALITY

q

COMPUTE E"M 1ﬂ H!
H[PM 1] A

COMPUTE
ot =1 3

K(f) =-)<I (1) *ui

:

COMPUTE [PM12]110

v

COMPUTE

I=1to3

K_(_I_tj_) = X2(1)*uU1

1

< RETURN )

o= = = TELEMETRY POINT
eecosse SYSTEM TABLE ENTRY

TELEMETRY POINT ¢
SYSTEM TABLE ENTRY

FIRST 3 ELEMENTS
C¥ GAIN MATRIX

LAST 3 ELEMENTS
OF GAIN MATRIX

FIGURE B.3.17-12 UFGAIN Flow Chart
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e

Crigiial o

OF POCR GUALITY

UFEPGC
EULER PARAMETER AND CYRO BIAS

UFMESP

CORRECTION

v

DOT(H2,51,X)
22=12-X

I=1te3
S(1) = (K(1)*Z1)*2

\

/ **DYNSCL10.
I=4to6

/ S{1) = (K(1)*Z1)*Z

=113 . $T—

S(1) = (K(1)*22)+S(1))

‘ T*Z#*DYNSCL 10
I1=4to6
S() = (K(I)*Z2)+5(1))
*2**DYNSCL 11

L J/ “*DYNSCL 11
COMPUTE R,P,Y
ATTITUDE

DETERMINATION

ERROR
— //’
COMPUTE R,P,Y

CYRO B!AS
COMPENSATION ERROR
RETURN

UPDATE =1

TWO SENSOR MEASUREMENTS (PASS=2)
MUST BE PROCESSED FOR TOTAL
CORRECTION VECTOR AVAILABLE FCR

KCOUNT=KCOUNT + 1

UPDATE

i

' < RETURN >

—
o= == = TELEMETRY POINT

ceceeso SYSTEM TABLE ENTRY

cxmmmemse TELEMETRY POINT &
SYSTEM TABLE ENTRY

FIGURE B.3.17~-13 UFEPGC Flow Chart

.3-384
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COVARIANCE MATRIX
UPDATE

UPDATE ELEMENTS
OF
PM_11

L4

UPDATE ELEMENTS
OF
PM_22

UPDATE ELEMENTS
OF
PM 12,

CALL
UFDYNSCL

= == == YELEMETRY POINT
cooecco SYSTEM TABLE ENTRY

TELEMETRY POINT ¢

SYSTEM TABLE ENTRY

¥

< RETURN )

FIGURE B.3,17~14 . UFCMUD Flow Chart
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B.3.18 TELEMETRY MONITOR/RESPONSE PROCESSOR (TMRP)

B.3.18.1 Telemetry Monitor/Response {TMRP) Processer Dascripticn

Telemetry Monitor/Response Processor (TMRP) 1s a generalized limit checking and
group response program that is initialized by Flight Executive every 16.384

. seconds. The software 1is table driven. The TMON processor is summarized in

Table B.3.18-~1. TMRP can be used to perform three safety actions; (1) report
when a specified set of conditions are met, (2) turn subsystems off when their
critical limits are exceeded, (3) implement thermostatic functions (turn heater
ON/OFF). These actions will Le reported to the ground by a status buffer array.
The following steps will be taken to determine proper action. The output tables
will be {nitialized with =zero”s and the input tables will be verified and
initialzed. Every 16.384 seconds selected groups of telemetry items will be
compared to their preset bits or limits on a group by group basis, starting with
the first group and ending at the seventy-fifth group. Within each group the
telemetry items will be compared to their preset bits or limits in a sequential
fashion. There is no restric.ion in the number o/ times an item can be sampled.
The number of ftems which can be specified for a given group is only limited by
the table size. An Item can be any main frame telemetry point or any ¥NSEC
memory location. When a group has checked out of limits three consecutive times
(approximately 48 seconds at the 8 kbps rate and 2 minutes at the 1 kbps rate)
the ground segment will be notified (at the end of checking all groups) aunu TMRP
will inhibit {tself from further exerutions. If this occurs the ground segu.ent
must wuplink a new table and reenale the TMRP. The ground segment, however, can
reenable the group for limit checking or inhibit a group from limit checking,
inhibit groups from sending commands or reenable groups for sending commands.

Information about the check/response of tables will be reported via both the OBC
contribution to telemetry and the Flight Executive status buffer, regardless of
whethér any commands are issued or not.

LSD-WPC-263



Number:
Type:.
Priority:
Period:
Function:

Subroutines:

TINIT
TVERIFY
TCNTRL
TCHECK
TREACT

Systems Tables:

#

28
29
30

Telemetry:

Table B.3.18-1. Telemetry Monitori(TMON)

3
16.384

TMON Initialization Procescing
TMON ‘Table Verification
TMON Control Processing
TMON Conmpare Processing
TMOMN Reaction Processing

Mnemonic Description

TMREQCMD Real Time Cmds for TMON
TMGRUPS Group Definitions for TMON
THITEM Item Definitions for TMON

OBC Reports 44, 45, 46

R.=—7A7
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B.3.18.2 Telemetry Monitor/Response (TMRP) Processor Operation
B.3.18.2.1 TMON (Telemetry Monitor)

TMON {s the main controlling routine for check/response of groups ~and {itewms
tables. The Flight Executive invokes TMON every 16.384 secconds. When TMON is
entered the Executive passes it a code in the accumulator. If either bit 1 or 2
of the accumulator is on (=1) the status buffers are set to zero and the group
and item table are verified 1if flag TINITFLAG is greater than zero. After
checking the tables if an error is detected hy checking flag TINITFLAG NOT equal
to a negative one, control will be returned *o the Flight Executive. If no
errors are detected (TINITFLAG=l) the current telemetry rate is set and frame
counter is set for use. ’ -

Next TMON checks for a ground command for control of a given group. Then the:
frame counter - is set to 8 kbps or 1 kbps by the telemetry rate and group and
items table limits are checked. After checking all 75 groups and setting the
status array control {s given back to the Flight Executive.

B.3.18.2.2 TINIT (Telemetry Monitor Initialization)

The initialization component, TINIT is called by TMON and performs the following
functions: .

1. sets the status buffer to zero,

2. controls the call to the verification routine to verify group and
items tables,

3. sets the initialization and error flag.
B.3.18.2.3 TVERIFY (Table Verification and Initfalization)

TVERIFY is called by TINIT to verify and initialize the entries of the group and
item tables, TMGRUPS and TMITEMS. The entries will be validated and initialized
sequentially, starting with the entries for the first group. If an 1invalid
entry is encountered in either table, TMERROR will be set to a non-zero value.

B.3.18.2.4 TCNTRL (Telemetry Control)

The component TCNTRL 1is called when <control of a group is requested by the
ground segment. The subroutine first checks to see Lf the number of the group
to be controlled is valid. If it is not, the control error bit for each of the
groups will be sect to one (bit 6 of TMRSTAT3S (I) I=1, 75). T1f it {s valid, the
control bits will be scL as specified by bitg 10 and 11 of TMREQCMD. Bit 18 of
TMREQCMD will be set and program control will be returned to the caller.

LSD-wPC-263
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B.3.18.2.5 TCHECK (Telemetry Check)

The component TCHECK is called whenever a group is enabled for 1limit checking.
Its function i{s to compare the items to their associated limits or bits and take
the appropriate action. The 1items will be retrieved and compared to the
specified limits or bits in a sequential fashion, starting with the first item,
until the group is determined to be in-limit or out-of-limit.

B.3.18.2.6 TREACT (Telemetry Reaction)

" The couponent TREACT 1s called whenever a group checks out-of-limits. TREACT

tests the out-of~-limits counter to see if the group checked cut-of-limits three
consecutive times. If the test fails, program control is returned to TCHECK
immediately. If the test is successful the time and group ID are stored in the
status buffer. ' )

The next thing TREACT does 1is check 1f the group is enabled for sending
commands. If the group is not enabled from sending commands the routine will
inhibit the group from being limit checked. If the group is enabled for sending
commands, the specified RTS will be activated, or the Flight Executive will be
calied to issue the specified block of predefinsd commands. In elther case, the
stored commands inhibitors (if any) will be set and program control will be
returned to the caller. The ground segment can instruct TMON to reenable the
group for limit checking.

B.3.18.2.7 Telemetry Monitor Examples

This section will give the user three examples of how telemetry groups are
checked 1{n TCHECK. To show these examples we use Table #30 which defines how
bits of TMITEMS are used, and Table B.3.10-2A which defines the Telemetry
Monitor Declsion Table. These examples are stated below. Table B.3.18-2 shows
the examples as logic statements and defines the bits in TMITEMS along with the
branching of TCHECK.

Example 1: Check four telemetry limits. If all four are out of limits then the
group is out of limits.

Example 2: Check four telemetry limits. If the first three check out of limits
the group i{s out of limits. If the 4th checks out of 1limits the
group is out of limits.

Example 3: Check four telemetry limits. If either one of the first two check

out of limit set the error flag, and if both of the last two check
out of limits the group {s ocut of limitcs. ’

LSD-WPC~263
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Table B.3.18-2. (TMITEMS) Bit Definition

TCHECK, AND, TMITEMS Bit Definition by Examples

Example 1: TLM 1 > Limit 1
+AND.

TLM 2 = Limit 2
<AND.

TLM 3 = Limit 3
-AND.

TLM 4 = Limit 4

«AND. and .OR. represent circuit logical operators

SVS-10266
Appendix B
31 December 1981

TMGRUPS(T) o TMITEMS Bits
Number of Levels 9-7 6-4 3-1

(See Note 1)

' TCHECK BRANCHIN:

Condition
Met

Condition
Not Met

[T S S e
[el= e o)
~OC O

Check next item
Check rext item
Check next {tem
Call TRACT

Reset counter
Reset counter
Reset ccunter
Reset counter

LSD~WPC-263
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Table B.3.18-2. (TMITEMS) Bit Definition (Continued)
TCHECK; AUD, THMITEMS Bit Definition by Exaumples

TL¥ 1 < Limit 1
.AND.

TLM 2 > Limit 2
LAND.

TLM 3 = Limit 3
.OR.

TLM 4 = Limict 4

.AND. and .OR. represent circuit logical operators

TMGRUPS(I) TMITEMS Bits TCHECK BRANCHING

Number of Levels 9~7 6-4 3-1 - Condition Condition
(See Note 1) Met Not Met

2 2 0 2 Check next item Go to next level

1 -0 2 Check next item Go to next level
4 0 1 Call TRACT Go te next level
4 1 4 Call TRACT Reset counter

*See Note 1
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Table B.3.18-2. (TMITEMS) Bit Definition (Continued)
TCHECK, AND, TMITEMS Bit Definition by Examples

Example 3: TLM 1 = Limit 1
. .OR.
TIM 2 > Limit 2
.OR.
- TLM 3 < Limit 3
-AND.
TLM & > Limit 4

+AND. and .OR. represent circuit loglcal operators -

TMGRUPS(I) TMITEMS Bits TCHECK BRANCHING
Number of Levels 9-7 6-4 3-1 Condition Condition
(See Note 1) Met Not Met
3 4 0 1 Call TREACT Go to next level
1 1 1 Call TREACT Go to next level
2 2 0 Check next item Reset courter
1 2 4 Call TREACT Reset counter

i | |

*See Note 1

These examples are written to show how TCHECK branches based on information
stored in bits 9~1 of TMITEMS. THis section i{s not writter to show how TMITEMS
tables are set up or to explain group levels, only to show how TCHECK reacts to
information it receives.

Note 1

Bits 9-7 of TMITEMS tells TCHECK what comparison to make with the test points
and its out-of-limits value. (1 = greater than, 2 = less than, 4 = equal to)

Bits 6-4 of TMITEMS telis TCHECK how many levels or subgrou;ss are to be coapared
together (0-7)

Bits 3-1 of TMITEMS tells TCHZCK how to branch-and when to go to 13 new group

’,

(Sit 3~-. = 4 means aew group)
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Table B.3.18-24

Telemetry Monitor Decision Table

Logical Operator Action Number
Bits 1-3 of TMITEMS Word 1

Condition Test =0 =] =2 =3 =
Test 1is True A Cc A B C
Test is False D A B A D -

Actlon Take

A = Check the néxt item

B = Jump to the next group level

C = Perform out of limits processing
D = Perform in limits processing

Bits 1-3 of TMITEMS will be set to
group.

NOTE:

B.Z-E03

“4" to Iindicate the last level of a

LSD-WPC-263
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Table: B.3.18-3. (TMREQCHMD) Bit Definition
TMREQCMD is a 18 bit word numbered 18-7
Bit 18 shows CMD processed = 1
Bit 17-12 unéssigned
Bit 11-10 Enable/inhibits TMON from limit checking or sending commands

ENA CHECKING AND CMDS

"0 0=
G 1 = ENA CHECKING AND INH CMDS
1 0 = INH CHECKING AND ENA CMDS ’ -
1 1 = INH CHECKING AND CMDS

Bit 9-8 Unassigned
Bit 7-1 Indicates group number (1-75)

Bits 11-10 of TMREQCMD are passed to word 1 of TMGRUPS bits 18 and 17

LSD=-WPC-263
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Table B.3.18-4. (TMGRUPS) Bit Definition

TMCRUPS contains 3 words each having 18 bits numbered 18-1

Word 1 ‘ contains information about test doné/to be taken by TMON
Word 2 contains inhibitor STORED CMDS number
Word 5 contains ielemetry item to be checked

- WORD 1
Bit iS o enables/inhibitg group from ;imit checking (0 = enable) -
Bit.17 enables/inhibits frem éending coumands (0 = enatle)
Bit 16 -indicates telemetry polnt check in/out—cf~limits (0 = {n)
Bit 15-14 nucber of successive times the specified conditions were met
Bit 13-10 unaésigned |
Bit 9 tells whether to send predefined block of CMDS/ACTIVATE ;n RTS (O

= sredefined block)

Bit 8-1 give RTS/predefined block CMD number

Bit 18-14 OF TMGRUPS WORD 1 passed to TMRSTATS bits 5-1

. LSD-WwPC-263
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Table B.3.18-4. Bit Definition (TMGRUPS) (Continued)

WORD 2

Bit 18-13 unassigned

Bit 12-9 3rd stored CMD iﬁhibi:or, 1f any, to be set when the group checks

. out-of-limits

Biz 8-5 2nd stored CMD inhibitor, if any, to be set when the group checks
out-of-limits

Bit 4-1 lst stored CMD inhibitor, if any, to be set when the group checks
out-of-limicts

WORD 3

Bit 18-1 First Word Address (FWA) of the entry for the first telemetry

item to be checked

LSD-KPC~262
R.3-I96
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Table B.3.18-5. (TMITEMS) B8it Definition

TMITEMS contains & words each having 18 bits numbered 18-l

WORD 1
WORD 2
WORD 3
WORD 4
WORD 1
Bit 18-10

Bit 9-7

Bit 6-4
Bit 3-~1
HORD 2
Bit 18-1
HORD 3
Bit 18-1

WORD 4

Bit 18

Bit 17

Bit 16-1

Used while limit checking telemetry items in the tables
DATA MASK
give limiting value

Telewmetry address

unassigned

Type of‘comparison to be made 1 = greater than, 2 = less than, 4
= equal to

level number or subgroup number from 0-7

The action to be taken after limit checking 4 = end of group.
DATA MASK

limiting value/expected bits

Retrieve item from specified absolute address or main telemetry
(0 = specified address)

unassigned

Absolute address, or main telemetry column nusber for the {tem to
be checked.

B.I~-Z97 )
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B.3.18.3 Telemetry Monitor/Response (TMRP) Software Constraints

TBD

B.3.18.4 Telemetry Monitor/Response (TMRP) System Tables

The Telemetry Monitor uses Flight Software System Tables number 28, 29 and 30.
Table #28 contalns’' the controls that the ground wants TMON to monitor while

~-limit checking groups. Table #29 contains {nformation about the groups that

TMON 1{s monitoring Table #30 give TMON the parameter to use for limit checking
each group. : c e

‘LSD-WPC~263
B.3-298
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Using
Entry Name TWM Type Subroutine Description
OBC System Table #28 (TMREQCMD)
0. TMREQCMD P TMON. Command to control the limit
' ' checking for a group

TCNTRL - Bit 18 a l=command processe&_

$=NO COMMAND from ground ~
TCNTRL Bits 7-1 gives the number of

the group to be controlled
TCNTRL Bits 11-10 give the function

to be controlled

Bits 8, 9 unassigned

RN

) pe K
B.Z-z99 LSD-WPC-243
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Using -
Entry Name TLM Type Subroutine Description
OBC System Table #29 (TMGRUPS)
0 TNUMGRPS® p - TMON Number of groups to be
‘ " TCNTRL _processed ;
Group Word entries
1 TMGRUPS P TMON Bit 18 a @=enabled for limit
TCNTRL checking. l=iahibited from
TREACT limit checking (this word
sequence can be repeated 75
times). ’
TMON Bit 17 a 9=enabled for sending
TCNTRL commands. l=inhibited from
TREACT sending commands
|
TMON' Bit 16 a $=in limits. i=out i
TCNTRL of limits i
TCHECK
TREACT f
|
TMON Bit 15 and 14 - number of
TCNTRL successive times the specified
TCHECK conditions were met
TREACT
B{e 13, 12, 11, 10 -
unassigned )
! TVERIFY Bit 9 a P=issue block of !
i TREACT predef {ned .commands l=activate
2 on RTS
: TVERTFY Bits 8 to 1l - RTS predefined
: TREACT command block number
t
2 TREACT flts 12 to 9 - gives the

THERUPS P

number-of the third stored
CMD inhibitor, if anv, to be
set when the group checks
out-of-limits : :

B.Z-400
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: ‘ : Using
Entry . Name TLM Type Subroutine Description

2 THMGRUPS P TREACT Bits 8 to 5 - give the number
of the second stored cmd.
Inhibitor, if any, to be set
when the group checks out~
ef-limits -

TREACT Bits 4 to 1 give the nuamber

of the first stored CMD
inhibitor, 1if any, to be set
when the group checks out-
of-limits

3 TMGRUPS P TVERIFY Bits 18 to 1 - FWA of the

- ' TCHECK entry for the first TLM iteam

to be checked

LSD~WPC-263
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) Using . _
Entry Name TLM Type  Subroutine Description
OBC System Tablé #30 (TMITEMS)
0 TNUMI T™S P Number of TLM items to be
- processed
1 TMITEMS P Items word entries
Bits 18-10 unassigned -
TVERIFY Bits 9 to 7 - Type of compare

to be made. l=greater than,
2=less than, 3=equal to

, ‘ TVERIFY Bits 6 to

4 - Level number

TCHECK for up to 8 levels pregroup
from 0-7.

TVERIFY Bits 3 to 1 specifies the

TCHECK action to be taken if a

group.checks IN/OUT of limits
(up to S67 repeats of this
/,

word group) a 4 1in bits 3-1
indicates the end of the

group.
2 THITEMS . P TCHECK Bits 18 to 1 Data mark
3 “TMITEMS P TCHECK bits 18 to 1 limiting

value/expected bits

4 TMITEMS P Bit 18 a @=retrieve item
from specified absolute
"address. l=retrieve {tenm
from main telemetry

Bit 17 - unassigned

TCHECK Bits 16 to' 'l - absolute
address, or main. telemetry
column number, for the itenm
to be checked.

PR .’_ e eyt e - o . s
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B.3.18.5 Telemetry Monitor/Response (TMRP) Telemetry

TMON monitors information frem OBC System Table #29 and 30. These tables are
checked by group number and errors or out of limits conditions information is
passed to the ground segment thru OBC Telemetry Report #47, 48 and 49. Data
Format Control Book Volume II (Telemetry) giVes detail of format.
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Enﬁry

Number Name

Generating
Subroutine

Desaription/Comment

OBC Telemetry Report #47

I TMSTATS

I=1-25
(Group #)

TRACT

TVERI

FY

TVERIFY

TCNTR

TVERIE

L
FY

TCNTRL

TMON

TCNTRL

TMON

TCNTRL

TMON

TCNTRL

TMON

Bits 18-10 used by OBC
to record time of three
consecutive errors

Bit 8 - errors in
the number of maximum
groups

Bit 7 -~ error in RTS
nuember

Bit 6 — Invalid group

number

Bit 5 OFF=enabled for
limit checking
ON=1inhibited from limit
checking

Bit & OFF=enabled for

ending CMDS ON=inhibited.

.from sending CXDS

Bit 3 OFF={in limits
Ot=out-oi-iimits

Bit 2-1 - number of
times the group checked
out-of-limits

*OBC TLM Report #48, and #49 give information on group 26 thru 75 with
the same bit identification

R.3-404
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B.3.18.6 Telemetry Monitor/Response (TMRP) Flow Charts

]
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FTGURE B.3.18-1

TELEMETRY

MONITOR

“TMON" -
INITIALIZATION CONTROL CGMPARE
PROCESSING PROCESSING " PROCESSING
“TINIT “TCNTRL" “TCHECK"

[
TABLE REACT
\ ERIFICATION FROCESSING
“TVERIFY” . “TREACT"
s

TMRP top level Flow Chart
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et [(5‘ TELEMETAY MONITOR ROUTING
ARG S _

QUALITY

TPCRLGS =« ACC | SAVE TMR?S PROCESSOR CONTROL FLAGS

CHECX WNETHER INITIALIZATION REQUIRED

YES
CALL TINT

NO  THIB I8 THE MAIN LOOPI

ARE YABLES INITIALIZED?

Y vts OBTAIN THE CURRENT TELEMETRY RATE

ACC - @1S
8 THRU 8 OF :
STMFRAME
{QTMPNYR+3)
HAS THE RATE CHANGED?
NO vES

TMRAYE = ACC

CHECK WHETHER CONTROL OF .__T_J

. A GROU? REQUESTED

ve TRCNTA = 1 START PAOCESSING AT NEW RATE
3

MO pECREMENT PROCESS
FRAME COUNTTA

TMCNTA »

CALL TCNRL T TMONTR -1

PROCESS THIS FRAME?

REINITIALIZE THE FIANE COUNTER

g.lten
CHELKR EVERY
FRAME § 'KPBS cnsex eveay
Bih FRAME
PUINT TO ENTRY . YMCNTS = 8
FOR FIRST GROUP TMCNTR =3 MCNT# =
yet [} ]
CHECK WHE THER GROUP ENABLED
FOR LIMIT CHECKING
PERFORM SPECIFIED
CALLTCHECK | compaRe

SET GROUP TELEMETRY

TMASTATSIN STATUS WORD FOR GROUND

Tpits Ta THAY

1408 uPs

an

. T POINT TO ENTRY FOR
NEXT GROUP
1o let

L_T—"" STOP IF LAST

GROUP PROCESSED
NO M
TRUMGRPS - = — TELEMETRY PQINT

sevsores SYSTEMTABLE ENTRY

TELEMETRY POINT &

. m SYSYEM TABLE ENTRY

FIGURE B.3.18-2 TMON Flow Chart
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OF POOR QUALITY
TCNTRL TELEMETRY MONITOR CONTROL
¥ _VALIDATE THE GROUP NUMBER
t=BITS 1
THRU 7 OF : o
TMREQCMD | ~ -
VALID GROUP NUMBER?
SET THE CONTROL
ERROR BIT 6 YES e
J =040 - RESET THE CONTROL ERROR BITS
J=0 PERFORM SPECIFIED REQUEST
{q 0 = ENABLE FOR LIMIT CHECKING AND SENDING COMMANDS :
BIT5 16 THRU A7 OF] |1 = ENABLE FOR LiMIT CHECKING AND INHIBIT FROM SENDING COMMANDS
TMGRUPS (1) = | |2=INHIB!T FOR LIMIT CHECKING ANT ENABLE FOR SENDING COMMANDS
8ITS 2 THRU 1 OF 3 = INHIBIT FOR LIMIT CHECKING AND SENDING COMMONS
TMREQCMD : -
fagqegog8gy
- ¢ UPDATE GROUP STATUS
YMRSTATS (i) =
BITS 18 THRU 14 OF
TMGRUPS (1, 1)

LAND. 0337+4
X7

NO

LYES  SHOW COMMAND PROCESSED

B8IT 18 OF . R I
TMREOCMD =1 "1 seoreess SYSTEM TABLE ENTRY

— — — TELEMETRY POINT

s e 00

TELEMETRY POINT &
RETURN SYSTEM TABLE ENTRY

i

FIGURE B8.3.18-4 TCNTRL Flow Chart
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TELEMITAY MONITOR
TASLE VERIFY

GESLT THE ERAOR FLAG AND GACUP NUMCERS

TMERACR = O

1

eRnom ¢ VALIOATE BOTH THE NUIIER OF GROUPS AND THE NUMBEA OF ITEsS 1
TMERROR = 1 ) 1
runsTATL U i
Sox0 i
) i

VALIDATE TME NUMOER OF M

GROU® AND ITEM 3

enTRILy .

' Il

* i

INITIALIZE 1STITEM POINTER

;
TVGRUPSOH
.4t

ATS OR PREDEFINED OLOCK

T
OF TMGRLPY
-

PREDEFINED SLOCK  NO
VALIDATE PDR #

;rsI4or
T™ GALPS (1.0}

CITS 14 OF
™ CRUPS {10

(HY!’;W-I)

VALIOATE THE
4 ITEM ENTRIES
RESET THE LEVEL NUMOER

POINT YO NEXT TEM NUMBER

TMEAROR = ¢

URN

*TIF STATEMENTS FOR TMITMS {1 .00

IFBITS TS T™MITRES (1.5 >4 CA
(FBITS 7T TWMITIZS (1) = JOR
IFBITS 79 TAHTMS (1.0} =0 OR.
BITEY ) TRITAGR (V410> 4 QR

SETERAIRFLAG | p piTsaq thiTMs (1.0} - TWORK

NO
UPOATE LEVEL #O 1

TMWOAN »
RITS48CF
TIT™S 13 )

—— = — TELEMETRY POINT
s s oo+ - SYSTEM TABLE ENTAY |

TELEMETRY POINT &
SYSTEM TABLE ENTRY

LiiTIALIZE ATEM PTR vES

1+ TMAXGRPS

~O

RETV'RN

FIGURE B8.3.18-5 TVERIFY Flow Chart
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BITS 11 0F
TMITHG 11 01
NO THOIANIMY
CONDITION IFRITS1.JOF TMITMS(t J) e 0: M ]
NOTMET I OITS 1L.IOF TRAITMINI N = 11N
IFOITSVI3OF THUTMSV J) o 2. M= ]
I BITS 1.JOF TMITMSIV St e I M= ]
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IPBITS 13 0F TMITPS(1)) @ 1:M = 2
(FEITS 1-30F TMITMS(1Jl = 2N e 3
IFBITE1LIOF TMITMS1LJ)» 2= 4
1# BITS 1.3 OF TMITKIIS s 6; M« 8

BRANCH ON NESULTS
SELECT FOUR CASES

CASE 4: GROUPS CHECKED (M LINITS

CHECK NEXT
§TEm

TYES

81731816 OF RLSIT
—t TMGRUPS (1.4) | OUT OF LIMITED
-0 COUNT

N+ 1ORM=$

REACT AND EXIT
nO CASE 3
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OUT OF LiIMITE
Meod

CALL TREACT

GO TONEXT
LEVEL

§ CUR LEVELNO,
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TMITMS 14}

o — =TCLEMETRY POINT

se et 'SYETEM TABLE ENTRY

e TELEMETRY POINT &
SYSYEM TABLE ENTRY

z
<

FIGURE B.3.18-6 TCHECK Flow Chart
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B.3.19 SOLAR EPHEMERIS COMPUTATION (SEPHEM)

B.3.19.1 Solar Ephemeris Comﬁutation (SEPREE) Processor Descrtp;ion

The Solar Ephemeris Computation module is comprised of one routine SEPHEM. It
is called by the erecutive every 614.4 seconds. This module computes the
direction cosine of the Sun Pointing Unit Vector (SIX, SIV, SIZ) used by the ECI
Attitude Update (ECIUPD) of the ACS processor and FSS Data Processing (OFFSDP)
of the Update Filter Module. It also computes Mean Earth Orbital Velocity (VEX,
VEY, VEZ) which is used in UFFSDP of the Updnte Filter.. Table B.3.19-1.
summarizes the SEPHEM processor.
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. Table B.3.19-1. Solar Ephemeris Processor (SEPHEM)

SVS-10266
Appendix B
December 1981

Humber:
Priority:

Execution:

System Table:

Telemetry:

Function:

19

17

614 .4 sec

62

OBC TLM Report #43 SEPHEMOL
Compute: -

SIX,Y,Z - Sun Pointing Vector
VEX,Y,Z - Mean Earth Orbital Velocity

BR.3-414
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B.3.19.2 Solar Egbemeris Computation (SEPHEM) Processor Operation

The flowchart in Section B.3.19.6 shows in detail the operation of the SEPHEM
routine. . :

B.3.19.3 Solar Ephemeris Computation (SEPHEM) Software Constraints

TED.

~B.3.19.4 Solar Ephemeris Computation (SEPHEM) System Tables

LSD-WPC~-263

BR.3-4135

T M e e ek e me s e mmm e ee e ae - an s -
3 — e e Cetm s et 4 e e ie emme e . o . e ~a



SVS-10266

L Appendix B
1 : . 31 December 1981
i
, Using
: Entry Name TLM Type Subroutine Description
System Table #62 (SEPHEM)
0 CEOB . C SEPHEM Cosine of mean nbliquity of
earths orbit
2 SEOB c SEPHEM Sine of mean obliquity of earths
orbit -
4 EC ‘ c SEPHEM Mean eccentricity of earths orbit
6 M0 : C SEPHEM Initial solar mean anomaly
8 M1 C SEPHEM Solar mean anomaly rate
10 STO c SEPHEM Convarsion constant flight S/W
time to solar ephemeris time
12 VEM c SEPHEM Mean earth orbital velocity
14 VEMNEG C SEPHEM Negative of mean earth orbltal
' veloeity
16 wo o) SEPHEM Initial soiar longitude of
parigee
i8 Wl c SEPHEM Solar longitude of perigee )
rete !
|
LSD-WPC—-263
R.3-415%
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B.3.19.5 Solar Ephemeris Computation (SEPHEM) Telemetry

Entry Generating :
Number Name Subroutine Descripticn/Comment
OBC TLM Report #43 SEFPHEMOL
0 TSOL SEPEHM Solar ephemeris lLime
4 L SEPHEM Solar true loungitude -
7 SIX SSPHEM X compinent of direction.
’ cosine of sun pointing
vector
11 SIy SEPHEM Y component of direction
’ cosine of sun pointing
vector
15 SIZ SEPHEM Z component of direction
cosine of sun pointing
vaccor
19 VEX SEPHEM X co&ponent of mwean earth
’ urblzal velocity
21 VEY SEPHEM Y component of mean earta
orbit velocity
23 VEZ SEPHEM Z component of mean earth

orbital velocity

4

BR.Z-317
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B.3.19.6 Solar Ephemeris Computation (SEPHEM) Flow Charts
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il PAGE 1S SEPHEM ) SOLAR EPHEMERIS COMPUTATION 31 December 1981
it
{ OF POOR QUALITY :
o CONVERT FLIGHT S/W TIME TO ,
TSOL=TEM+2TQ SOLAR EPHEMERIS TIME ;
|
/ . !
M=MQ#I*TSOL | COMPUTE AND LIMiT SOLAR :
M#A0D " 21r(M) ~ MEAN ANOMALY :
’ 1
W=WQW14TSOL COMPUTE AND LIMIT SOLAR - '
W-A0D 2 W) LONGITUDE OF PERIGEE. SO
3
COMPUTE
LoH 4245 IN (M) 45,2 (145/17EG *COS (M) AND LIMIT
L-MOD 27 (L) SOLAR TRUE

_ LONGITUDE =~

COMPUTE SINE OF -
SL=DSIN(L) SOLAR TRUS LONGITUDE
|
b
SS"Y gégg:gt COMPUTE COMPONENTS
} 51;{'(56'0"5(1) OF SUN POINTING VECTOR
I _

VEY=-YVEM'CEQB*SIX COMPUTE COMPONENTS
VEZ=-VEM*SEOB*SiX OF MEAN EARTH

..........

VEX=VEM¥SL ORBITAL VELOCITY

== == = TELEMETRY POINT
ecoseee SYSTEM TABLE &NTRY

( ) TELEMETRY POINT ¢
RETURN SYSTEM TABLE ENTRY

FIGURE B.3.19-1 SEPHEM Flow Chart
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B.3.20 COMMAND TEST (CMDTST)

B.3.20.1 Command Test (CMDTST) Processor Description

The Command Test (CMDTST) processor will- send commands to the OBC and test
whathar they are received corroctly. It will also check for spurious commands
received and not sent by CMDTST as well as for commands lost or garbled. Errors
dilacovered avre rteportad via che OBC Status Buffer and Executive Teélemetry
Report. If commands sent do not equal commands received a report with ID 42 {s
placed {in the OBC status buffer along with the number of commands lost (Neg. #)
or number of spurious commands (Pos #) received. If a command sent, {is not
received as  sent bit 54 {n the executive’s contributfon to telemetry {3 set to
1. Both errors stop the computer status monitor (I"m OK signal) causing an 0BC
shutdown and safehold mode. CMDTST i{s summarfized f{n Table B.3.20-1.

LSD-WPC~2613
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Table R.I20=-1. Conwmand Yeat (ervrst)

Nuwbher: T

Type:

Priopity: 8

“Ol“\\\h l.‘!.(‘l’.‘

Funet ton: OB command aelf teat

Subtroutines: None
Svatem Tablen: None

Telemetrvy:  ORC Report @39 pit %4 Statuz Butler
(odtatned via ong duap )
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' B.3.20.2 Command Test (CMDTST) Processor Operation

The flowchart 1in Sectifon B.3.20.6 provides a detalled description of processor
- operation. .

B.3.20.3 Command Test (CMDTST) Software Constraints

TBD

B.3.20.4 Command Test (CMDTST) System Tables

None

B.3.20.5 Command Test (CMDTST) Telemetry

An error in CKﬁTST is reported via OBC TLM Report #39, Flight Executive
Contribution to TLM, bit 54. If this bit 1s set to 1 this means a command test
has failed.

B.3.20.5 Command Test (CMDTST) Flow Charts

LSD-WPC-263
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i
CMDTST COMMAND TEST
,
YES SYSTEM f
{ INITIALIZED !
+
CADCOUNT=0 (::)
CET QRCOUNT CET # OF CAHDS RCVD -
. COMPARE TO » OF CMDS ENT
YES GRCOUNT O
CMDCOUNT
CET RCVD CAMD WORK=QRCOUNT-CMDCOUNT 4 OF LOST OR
. SPUR:QUS COMMANDS
CET SENT CMD STORE REPORT IN
STATUS BUFFER
COMPARE RCVD CAMO| WITH ¢ OF CMDS LOST
TO SENT CMD.
SET UP
SWITCH 81T .
NEW CMD pASI S
CMDCOUNT
= = FIX COUNT
ADD CMO
TO CMD STACK |-~ — ~= SEND CMD QRCOUNT
FOR SENDING .
INCREMENT . STOP SENDING
CMD COUNTE MDCOUNT :CMDCOUNT +1 :
oc 7 c T=CmoC COMPUTER STATUS

-~ ~ —+{ HAROWARE SHUT QFF
MONITOR SIGNAL

{"1'M OK” SICNAL)

SET BIT s
IN EXEC STATUS
REPORT

Figure B.3.20-1. CMDTST Flow Chart
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B.3.21 MEMORY CHECK (MEMCK)

B.3.21.1 dMemory Check (MEMCK) Processor Description

MEMCK executes every 65.536 seconds to perform a checksum test on a designated
area of OBC mecory. It calculates a checksum by exclusive OR“ing all the words
in an area of memory, designated by entries in System Table 14 (QLIMITS). This
checksum 1is comcared to a ground loaded value in System Table 13 (QMEMCK). If
this comparison fails and QMEMIGNR of System Table 13 is less than or equal to
zero, then this error is reported via bit 53 of the Executive Status Report and
the computer gstatus monitor signal will be stopped thus halting OBC operation.
If QMEMIGNR 4s greater than zero then the error 1s not reported.and OBC
operation continues. By using QMEMIGNR greater than zero MEMCK can' be allowed
to calculate {ts own checksum, beceuse the calculated checksum (MEMSUM) replaces
QMEMCKSM when an error is found.

B.3.21.2 Memory Check (MEMCK) Operation

See the flowchart 1in Saction B.3.21.6 for detsiled decscription of MEMCK
operation.

B.3.21.3 Memory Check (MEMCK) Constraints

TBD

B.3.21.4 Memory Check (MEMCK) System Tables

MEMCK uses two System Tables 13 and 1l4&.

LSD-WPC-263
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~Entry Nawme TLM Type

L

Using
Subroutine

Description

System Table flé (QMEMCX)

0 QMEMIGHNR F

MEMCK

MEMCK

(4

QMEMIGNR MO

o
(-]
©

Flag to ignore erros found {n
checksum calculation

If > O {ignore errors

If < = 0 report error .
Used to avoild false error when
nemory {3 being loaded

When inhibiting the MEMCK
processor the EXEC will set

Calculated checksum

Uplinked by ground or

1f QMEMIGNR s set > 0 the
processor {s allowed to calculate
1ts own checksum and store {t i{n
QMEMCKSM )
Exclusive OR of all words in area
being checked

8. 3-475
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) Using
Entry Name TLM Type Subroutine Description
System Table #14 (QLIMITS)
0 QLIMIT v MEMCK o BSTCODE _
@ Locatior to start memory check
1 QLIMIT-1 v MEMCK o QENDCODE - 1 .
Last location to include in memory
check
f !
| |
i
I
|
2
i
|
i i
|
1
}

LSD-WPC-263
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B.3;Zi,5 Memory Check (MEMCK) Telemetry

MEMCK makes no contribution to telemetry. Its error reporting 1is via the
Executive Status buffer which may be dumped via ground command. :

B.3.21.6 Memory Check (MEMCK) Flow Charts

LSD-WPC-263
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§ ( MEMCK ) EOR CHECK OF MEMORY
4
ADDRESS = START ADDRESS OF AREA
BSTCODE OF MEMORY TO CHECK
Y
CHECK IF AT END ARR
OF AREA OF - Y
EMORY QE}DCODE CHECK CALCULATED

CHECX SUM AGAINST
TABLE VALUE

. RETURN

BEING CHECKED

GET NEXT" ADDRESS =
WORD . ADDRESS + 1 N
CALCULATE ! |
CHECK SUM EXCLUSIVE OR QMEMCKSM LOAD NEW
< VWORD (ADDRE'3S) = VAR
WITH MEMSUM MEMSUM < -
REPORT ERRORS?
N -~ QMENIGNR RETURN
>
0
v
SET BIT 53

IN EXECJUTIVE REPORT ERROR
STATUS REPCRT

STOP SENDING
COMPUTES STATUS
MONITOR (CSM)
{I'"M OK SIGNAL) OF 08C

HARDWARE SHUTDOWN

/

‘ RETURN )

FIGURE B.3.21~1 MEMCK Flow Chart
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B.3.22 MEMORY MONITOR (MONTOR)

B.3.22.1 Memory Monitor (MONTOR) Processor Description

The Memory Moultor (MONTOR) procescor will monitor eighteen words of OBC meuwory
and report these words via OBC telemetrv. An overview of this processor is
glven in Table B.3.22-1. The addresses tc be wmonitored by this routine are’
listed as QMONADDS(1l) to QMONADDS(18) in Systems Table !5 (QMONITOR). If less
than 18 1location are desired then the entry after the last addressed required
should be set to zero. The contents of these memory locations are inserted into
OBC TLM Reports 40, 41, 42 <~ 6 bits per word right justified. Thus 3 telemetry
words are vequired for the contents of 1 memory location.

LSD-WPC-263
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Table B.3.22-1. Memory Monitor (HONTOR)

Number: 13

Tvpe: Background

Priovity: 20

Period: 8.192 :

Function: Report 18 memory locations via ¢ " Telemetry
Reports 40, 41 and 42 :

Subrouvtines: None
Systen Tables

# Mnemonic Type Cescription

15 QMONITOR Y Memory locations to be monitored

Telemetry Reports: OLC Reports 40 thru 42

LSD-WPC-263
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B.3.22.7 - Memory Monitor (MONTOR) Processor Qperation

‘The operatior of MONTOR is described by the flowchart in Section B.3.22.6.

B.3.22.3 Memory Monitor (MONTOR) Software Constraints

TBD

B.3.22.4 Memory Monitor (MONTOR) System Tables

LSD-WPC-263
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_ , _ Using . .
Entry Name TLM Type Subroutine Description
System Table #15 (QMONITOR)
N  QMONADBS  V  MONTOR o Address of nth memory
(N+1) lucation to be monitored by

MONTOR

o End of 1ist of addresses. is
designated by zero

o Number of addresses limited
to 18 by telemetry output
size

LSD-WPC-263
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B.3.22.5 Memory Monitor (M4ONTOR) Telemetry

The monitored memory location are output via OBC TLM Report 40, 41 and 42. Each
word contains 6 bits of {nformatlon right Justified. SVS-10123 Data

Format
Control Book Volume II (Telemetry) gives details of format.

LSD=-WPre~-263
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Entry - Generating
Number Name Subroutine

Description/Comment

0BC Telemetry Report #40 (MON 0l)

I . MONTOR
1=0,4,8,12,

16,20

I+1 MONTOR
I+2 ' MONTOR
I+3 MONTOR

Report 41 and 42 similar format but contain QMONADDS(7-12) and

QMONADDS(13-18) respectively.

Bits 13 through 18 of memory location
GMDNADDS(N) N = 1-=>6"

Bits 7 through 12 of memory location
QMONADDS (N)

Bits 1 through 6 of memory locatfon
QMONADDS(N)

Zero byte
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B.3.22.6 Memory Monitor (MONTOR) Flow Charts
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CLEAR OUTPUT
BUFFER '

CET MEMORY LOCATION
TO MONITOR FROM

QMONITOR SYS. TABLE

CHECK IF ADDRESS

LOCATION TO BE MONITORED

IS ZERO

STORE CONTENTS OF
THE ADDRESS
LOCATION IN THE
MONITCR BUFFER

RETURN

MONITOR FULL ENDS
MONTOR PROCESS

FIGURE B.3.22-1 MONTOR Flow Chart
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B.3.23 SOLAR ARRAY FAILURE DETECTION AND CORRECTION (SADFDC)

B.3.23.1 Solar Array Faflure Detection and Correction (SADFDC) Processor
Description : N

SADFDC processor 1is enabled from ground control via an Executive Request when
the solar array is in the 1X orbit rate mode. It will then be called -every
16.384 seconds until 1t disables itself as a result of a faflure detection.
SADFDC”s function is to detect lack of rotation of SAD during this mode. If the
SAD has stopped, commands will be sent to switch the PDU and RIU 6 and then
SADFDC will be disabled. Telemetry output of SADFDC is done by processor
POTDAT. SADFDC”s processor number and priority number are 23 apd 14,
respectively.

The subroutines that comprise SADFDC are the following:

SADFDC - Control Routine

SADINIT - SAD Fail Detect Initialization Processing
SADPROC ~ SAD Detection Processing

DELAY - Delay’Processing

B.3.23.2 Solar Array Fallure Detection and Correction (SADFDC) Processor
Operation

B.3.23.2.1 SADFDC

The flowchart shown {in Section B.3.23.6 describes the -detailed scftware
operations of SADFDC. Its function is to test {f initiallizaticn 1s requaested,
if soc 1t cails subroutine SADINIT to initilalize data. It will check if SADFDC
is in safehcld, call subroutine SADPROC and SADTELM. If SADPROC finds an error
3 consecutive times, SADFDC will call subroutine DELAY. :

B.3.23.2.2 SADINIT

SADINIT, flowcharted in Section B.3.23.6, is called by SADFDC and DELAY. Its
function 1is to clear data variables and counters.

B.3.23.2.3 SADPROC

Subroutine SADPROC, flowcharted 1in Section B.3.23.6, determines which
potentiometer to use by testing the system table word, ISAPI, ‘and saves this pot
position. . This data is then used in computing the pot difference, POTDIF. The
solar array drive rate, SADRATE, 1is then computed and checked {f In limits. If
it {s out of limits three consecutive times, CLOCK 18 is saved. The RIL and PDU
are switched by testing the system table words, RIUFLG and PDUFLG. The fa{l
flag, SADFAIL, is set to 3 and SAD Fail Detect {s disabled. .
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B.3.23.2.4 Delay

Subroutine DELAY, flowcharted in Section B.3.23.6, is called by processor -SADFDC
if subroutine SADPROC detects 3 consecutive errors. DELAY s functiom- 'i{s to
delay the sending of 1X Orbit Rate Command to new on line PDU (A or B) one cycle
time or 16.384 seconds. It also sets the flag DPUUSE = O. Subroutine FSTIME,
which is in the SCP processor, reads this flag and, therefore, does not reset
the flight time, TF, to the DPU time. Delay sets flag FDCSADF = 1 to disable
SADFDC processor. It then calls SADINIT to reset POT data saving and processing
counters. '

B.3.23.3 Solar Array Failure Detection and Correction (SADFDC) Software
Constraints :

Turn OFF when SA L{s in closed loop to correct SA position.

B.3.23.4 Solar Array Failure Detection and Correction (SADFDC) System Table

SADFDC uses data words found in System Table 68. These words are desaribed
below. ' .

LSD-wWPC-203
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Using
Entry Name TLM Type  Subroutine Description

SAD Failure Detection System Table #68

0 ISAPI - - F SADPROC
1 RIUFLG F SADPROC
2 . PDUFLG F SADPROC
3 ' DPUUSE  * F DELAY

SADPROC switches to the PDU

If=l, use potentiometer 1.
Else, use potentiometer 2. Change
pots if data becomes noisy etc.
RIU select flag

0 = RIU A

1 =RIU B
SADPROC switches to the RIU
designated by RIUFLG if
the subroutine detects
an error 3 consecutive
times.

PDU select flag

0 = PDU A on
1 = PDU B on

designated by PDUFLG if
the subroutine detects
zn error 3 consecutive
times. '

Flag for ignoring large DPU time
delay. 1If the SAD rate is out of
limits 3 consecutive times,
subroutine DELAY will set DPUUSE
to 0. This value is read by
subroutine FSTIME in the SCP
processor which will then not ;
update the flight software time :
TF. !

B.Z-439
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B.3.23.5 Solar Array Failure Detection and Correction (SADFDC) Telemetry

The status of SADFDC can K6 be monitored by the telemetry feport output from
processor POTDAT, Telemetry Report 35. This report 1is described 1in Section
B.3.24.5.

B.3.23.6 Solar Array Failure Detection and Correction (SADFDC) Flow Charts
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OF POOR QUALITY
' C SADINIT#0

FDCSADE =0
TIMF18=0

| CLEAR TSAI BUFFER 00J=1,18 po—;

L"""T’"“"

(i, . ———— s — S S————

TSAI) = 0

YES 4

I CLEAR DATA SAVE SADINT = 0
VARIABLES & COUNTERS | pryFLG =0
: TSAIT =0

SADFAIL =0
DPUUSE =0
SADRATE =0
INDEX =0
FSTIME = 0

RETURN

Figuce B.3.23-2. SADINIT Flow Chart
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B.3.24 POTENTIOMETER DATA (POTDAT)

B.3.24.1 Potentiometer Data (POTDAT) Processor Descriptibn

The Potentiometer Data Processor ts scheduled for execution every 8 192 seconds.
It consists of 2 subroutines:

1. POTDAT - PotentiomeCer'Data_Processing

2. PTELEM - POTDAT Telemetry ' -

Its primary function is to convert the SA position data from counts to degrees

and then format and store it 1nto a telemetry buffer, along with data items from
SADFDC.

B.3.24.2 Potentiometer Data (POTDAT) Processor Operation

B.3.24.2.1 POTDAT

The POTDAT processotr 15 flowcharted in Section B.3.24.6. It checks the SA

position data, SAIPl or SAIP2, to determine i{f it lies within the uplinked lower
and upper limits, SAPMN and SAPMX, respectively. The status flag, SCFLAGS, will
be set to indicate the status (valid or invalid) of the data received. It then
converts the SA position data from counts to degrees.

B.3.24.2.2 PTELEM
PTELEM formats and - stores 1into telemetry buffer POTZ01 the data frou
potentiometers 1 and 2, the status flag indicating good data and data items from
SADFDC. g '

B.3.24.3 Potentiometer Data (POTDAT) Software Constraints

TBD

B.3.24.4 Potentiometer Data - (POTDAT) System Tables

The POTDAT uses the uplinked data words 1in system table #61. This table
consists of 2 words which define the upper and lower limits for acceptable Sa
data position. ' -

LSP~WPC-263
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_ . Using
Entry Name = TLM Type Subroutine ‘Description
System Table #61 (POTDAT)
0 SAPMN P P0TDAT Lower boundary threshold for
s : ' potentiometer data. _
Fotentiometer data only valid -
above this designated number
of counts. Appears as SCSAPMN
in PDL.
1 SAPMX A POTDAT ‘Upper boundary threshold for

potentiometer data.
Potenticmeter data only valid
below this designated number ;
of counts. Appears as SCSAPHX |
in PDL. : i

<

{

{

BR.3-445
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B.3.24.5 Potentiometer Data (POTDAT) Telemetry

The status of the POTDAT processor is contained in OBC TLM Report #35, minor
frame O. This report also contains data from the SADFC .processor. .. .

- ' ' _ ~ LSD-WPC-263
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e

t
i Generating _ o
|  Entry # Name ‘Subroutine Description/Comment
OBC TLM Report #35
0 TSAIl POTDAT Solar array orientation in degrees from
3 TSAI2 POTDAT Solar array orientation in degrees from
' Pot #2 -
6 TBD
7 FDCSADF . DELAY " If a failure is detected 3 consecutive
’ ' times, this flag is set to 1 to disable
SADFDC.
*8 SADFAIL  SADPROC SAD failure counter
9 FSTIME SADPROC .ot time buffer filled flag
10 SADRATE . SADPROC SAD rate
12 POTIDIF SADPROC Potentiometer output difference
14 TIME18 ASADPROC Time when 3 consecutive errors are
' detected.

% TLM alarm: SADFAIL = 3

LSD-WPC~263
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B.3.24.6 -Potentiometer Data (POTDAT) Flow Charts
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LSERE
IDETERMINE IF SA POSITION SCFLAGS<6:B>.& 1SET YHE STATUS FLAG-AND THE LONG TERM STATUS
FROM POTENTIOMETER =1 H<1:1> -1 b— FLAG ASSOCIATED WiTH POTENTIOMETER =1 7O
IS WITHIN THE SPECIFIED RANGE. ’ INVALID CATA RECEIVED.
ISET FLAG ASSOCIATED £
WITH POTENTIOMETER #1 ica.:f:
YO VALID DATA RECEIVED. b:
TSAl = 1180°<SAIP1<380°, THEREFORE,
SCONSTY® L_ori CONVERT THE SA POSITION TO DEGREES
{480-5A1P1) USING THIS EQUATION. -
10°<SAIP1<180°, THEREFORE, TSAIL =
CONVERT THE SA POSITION YO e
SCONSTY *
DEGREES USING THIS EQUATION. ISAIP1.10)

'|DETERMINE IF SA POSITION SCFLAGS<T:T> 1SET STATUS FLAG ARND LGFiG TERM ST&TUS
FROM POTENTIOMETER %2 AND <2:2> =1 |=) FLAG ASSOCIATED WITH FOTENTIOMETER #2T0
1S WITHIN THE CPECIFIED RANGE. INVALID DATA RECEIVED.

e

1SET FLAG ASSOCIATED WITH SCFLAGS
POTENTIOMETER 52 TO VALIC T:T>=0
DATA RECEIVED

TSA2 ~

j  SCONST1* w2

© (4B0-SAIP2)
JsAaz -
SCONSTY -
{SAIPZ-10)

== = = TELEMETRY POINT
RETUAN secesca SYSTEM TABLE ENTRY

Figure B.3.24-1.

m———— TELEMETRY POINT ¢
SYSTEM TABLE ENTRY

POTDAT Flow Chart
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CALL
MOVIRIET
(POT %01)

-

CALL
MOVSPREC
{Tsaty)

|

CALL
MOVSPREC
(TSAI2)

L

CALL
MOVBYTE
L (DPUUSE)

l

CALL
MOVBYTE
(FOCSADF)

i

CALL
MOVBYTE
{SADFAIL)

{

i

CALL
MOVBYTE
(FSTIME)

]

CALL
MOV 16
(SADRATE)

|

CALL
MOV16
{(POTOIF)

|

CALL
MOV 16
(TIME 18)

RETURN
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CEIGHIAL PAGE IS
GF POOR QUALITY

INITIALIZE THE PROC POINTER TO THE START OF THE
TELEMETRY BUFFER ASSIGNED TO SOLAR ARRAY TELEMETRY
REPORT =1,

INOVE THE 18 MCB'S OF POT POSITION. DATA OBTAINED
FROM POTENTIOMETER =1 INTO WORDS 1.3 OF
BUFFER POT % 0.

IMOVE THE 18 MSB'S OF POT POSITION DATA OBTAINED FROM
POTENTIOMETER £2 INTO WORDS 4-6 OF BUFFER POT % 01,

IMOVE THE 8 LSB'S OF THE LARGE DPU TIME FLAG INTO
WORD 8. (THE 2 BIT FLAG OF SCFLAG ARE ALREADY
INWORD 7 CF POT % 01.}

'MOVE THE 8 LSB’'S OF THE FAILURE CETECTION FLAG
INTOWORD 9. '

IMOVE THE 8 LSB'S OF SAD FAILURE COUNTER INTO WORD 10.

1 IMOVE THE 8 L.SB’S OF THE 1ST TIME BUFFER FILLED FLAG

INTOWORD 11,

IMOVE THE SAD RATE INTO WORDS 1Z AND 13.

'MOVE POTENTIOMETER OUTPUT DIFFERENCE INTO
WORDS 14 & 15,

IMOVE CLOCK 18 INTO WORDS 16 AND 17

SRR STFLEM ilow Chave
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