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FOREWORD

THIS DOCUMENT CONTAINS REPRINTS OF THE VISUAL MATERIAL PRESENTED AT
LMSC ON 30 MARCH 1978. THE MATERIAL COHTAINED HEREIN WAS PREPARED

IN RESPOKSE TO AN ACTION ITEM GENERATED DURING THE FARRAH 1 SYSTEM
DESICN REVIEW, DURINC THAT REVIEW, IT BECAME EVIDENT THAT A REVIEW

OF CURRENT COMMAND SUBSYSTEM DESIGN WAS NECESSARY BEFORE A MEANING-
FUL PRESENTATION OF THE APPLICATION OF A STORED COMMAND SEQUENCER

TO THAT SUBSYT. ¥ COULD BE MADE. THIS MATERIAL DESCRIBES THE CURRE.T
COMMAND SUBSYSTEM DESICN, DESCRIBES A STORED COMMAND SEQUENCER CONCEPT,

AND APPLIES THAT CONCEPT TO THE COMMAND SUBSYSTEM.
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REAL TIME COMMAND MESSAGE STRUCTURE

o TERNARY (3, 0, 1) DIGITAL FORMAT

BINAXY {0,1) DATA BITS

BIT NUMBERS

COMMAND FUNCTION[MED
14 131211 10

¢ 8 716 5 4

i 2 3

OCTAL DESIGNATION

COMMAND FUNCTION| DIGIT 1| DIGIT 2] DIGIT 3 DIGIT 4
©0-7)} ©-3} ©-7) 0-7)

DIGIT 5
(6-7)

PREAMBLE DECODER COMMAND FUNCTION PARITY EXECUTE
(5 M s) ADDRESS | MAGNITUDE COMMAND DATA (S BiT)
1 23 4 506 7 89 1w0]n 12 1314 15 18117 18 19 s

VALID BINARY DATA COMPRISE EXACTLY 20 BITS CONTAINING THE PROPER 5-81T DECODER ADDRESS
AND AN ODD NUMBER OF 1 8iTS

e UPLINK CARRIER MODULATED WITH FSKAM COMMAND TONES

DIGITAL NRZ COMMANDS ARE CONVERTED TO KEYED FREQUENCIES (TONES) WHICH ARE AMPLITUDE

MODULATED 8Y THE COMMAND BIT SYNC OF 1 KBPS. THE RESULTING AMPLITUDE MODULATED,
FREQUENCY -SHIFT-KEYED SIGNAL PHASE MODULATES THE SGLS UPLINK RF CARRIER

~SECRET/E
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DECODER COMMAND FUNCTION EXECUTION

RECEIPT OF AN S &1, WHEN THE DECODER SHIFT REGISTER CONTAINS VALID S8INARY DATA, INITIATES COMMAND
EXECUTION WHICH HAS A DURATION OF 270 :70 M5, DURING EXECUTION, THE DECODER GUTPUTS A DISCRETE

COMMAND AT 28 VDC, AND A BINARY COMMAND OF 11 PARALLEL BITS Af 0 VDC ORS VOC.

OCTAL ﬂmgﬁgwos COMMAND DATA DISCRETE
DESIGNATION 2 | 1 W6 1% & T 1§ 5 T3 bi COMMAND
1TXXXX ) 0 ¥ X X X x X [x x x|x x MAG CMD 1
2X XXX o 1 0 2
IXKXX ¢ 1 ¥ 3
AXXKX 1 0 o ARBITRARY BINARY COMMAND 3ITS d
SHAAXX 1 Q 1 5
X XXX 1 1 0 -]
ZAEXX 1 1 1 X X X X X X X X X X wa G CMD 7
600X X 0 0 o | o 0 ¢ o 0 BASIC CMD 00
001 XX 0 0 0 |o 0 o o | ol
Q02X X 0 g 0 |o 0 0 1 0 02
003X X 0 a 0 [+ 0 ] 1 1 03
004XX 0 ¢ 0 lo o 1 0 0 o4
005X X [+] qQ a ] V] 1 o] 1 ARBITRARY a5
006X X 0 0 o lo 0 113 BINARY COMMAND 06
007 XX o o ¢ {0 0 N B BITS o7
01 0XK 0 o o | o i l ¢ 0 o l 10

I~ o~ e RS

-+ ~~
020XX Io 0 0 I: o {6 o0 o I I l 20

-~ = e —~~
037X X TO 0 0 1 | Tt 1 t T v a7

-SEEREFE-
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REAL TIME COMMAND SYSTEM FUNCTIONAL BLOCK DIAGRAM

A IU LY

COMMAND RECEIVER NO, 'l

DUPLEXER SWITCH

1C-2 TC-1

VIDEO I ¥ |
Nt Apd e D OUBLE KF
FILTERS
IF CONVERTER O @
AMP v TC-1CMm)
Iy
STEY HY BRID ’
OET VOLT coupLer [PWNLNK
SIGNAL B i » vy
COND a DC/OC = conr Q I—
- | comem || o™ |
— ] NO. 2
DCDR 5t CAR é REG
AT 1D eees vourd
COMMAND DECODER NQ, 1 e ..
r SHIFT REGISTER I DECODE
I } LOGIC
DATA VALDITY ="
el (NpUT S [Tl RESET ™ iiioiTy AUTH ISCRETE - CAD 00
g BUFFERS EXECUTE LOGIC RS
P - C OMMAND
| Siocx ™ 8106k covePws | opavers e
BISABLE 1
VoL [ * o BIT 1A
COMMAND FUNCTION iT =1
acTvate || oc/ne CURRENT | _| MASTER CONERAND FUNCTION T
CONVERTER™™ [imiTer | ] SwiTCH T1e8i1 118
actd w28V AcCertE  vALE HDbair14 fmes U
COMNT
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TYPICAL BASIC COMMAND EXPANSION CIRCUIT

— e |

] : :Ii?._—j MI-1T/00-F )

{
o
g5 =
l—_‘ml, L(,ﬁ‘:} COMMAND 8171 oD
| —  r-2peuar |

4
1
]
ota o]
PRUMARY 0‘1=?~—~{;m-zmuar ]
DISCRETE COMMAND ;m a |

PRI-3F/8U-3T |

,._{
BINARY 032 —{__Mi-ar/eu-3F |
—

4

COMMAND 8IT 2

PRI-6F/BU~4T |

HINARY
—
COMMAND 8IT 3 L L — 44|

EINA.I\’ T T T —{  misE/aosT )

COMMAND MT 4
. T/ —{_ P-ST/MU-F |

T

cu
m% __;;L:t . owms [ N —{_Wiser )
.g | :gﬂ PRIGT/BU-SF |

SACKUP
DISCRETE C OMMAND

{ BINARY ]

MNOTE . BAC KUP COMMAND FUNCTIOM e e

BITS ARE BINARY COMPLEMENTS COMMAND MT & 06

OF PRIMARY COMMAND FUNCTION B T .
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TYP{CAL SUBCOMMAND FUNCTIONAL ASSIGNMENTS
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TYP]CAL SUBCOMMAND FUNCTIONAL ASSIGNMENTS (CONT)

ATTACHMENT DERCYMENT <1t T PAYLOAD CONF O AATION
raojeor} [ P18 | 8021 P-0l15] B-02t P-011] 4072
ACTESTREN, ENBeSEs TN | 0| 4 ACTEVERIN, BSEv (IS 0 | 4 SELRYIG LOCW e 4 SEL T 1 - B I a ] e
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DUAL TIMER QUTPUY EVENTS

SIX DUAL ACCUMULATOR EVENTS (SPC's)

—~ PREPROGRAMMED (HARDWIRED PLUGS) FOR SENGLE OCCURRENCE OF EACH EVENT AT 0 TO 32,752 SECONDS
{14 SECONDS GRANULARITY) AFTER START BY SEPARATION SWITCHES

— FIRST EVENT COUNTDOWN AT 64 TIMES NORMAL SPEED FOR 1/4 SECOND GRANULARITY

FOUR PRIMARY EVENTS (PE's)

- EACH PROGRAMMABLE BY COMMAND FOR A SINGLE OCCURRENCE AT 16 TO 32,752 SECONDS (16 SECONDS
GRANULARITY) AFTER START COMMAND

— CAN BE STARTED INDIVIDUALLY

o FOUR COMPANION EVENTS (CE's}
- EACH PROGRAMMABLE Y COMMAND FOR OCCURRENCE AT B TO 2048 SECONDS (8 SECONDS GRANULARITY)
AFTER THE ASSOQCIATED PE
~ PROGRAMMED TIME AUTOMATICALLY RESTORED AFTER OUTPUT
- CE-4 MAY BE RECIRCULATED

e TWQO SINGLE EVENTS (SE's)
FREPROGRAMMED (HARDWIRED PLUGS]) FOR OCCURRENCE AT 0 TO 2037 SECONDS (8 SECONDS GRANULARITY)
AFTER START COMMANDS
1. SE-1 TYPICALLY PROGRAMMED FOR 672 SECONDS
2. SE-2 TYPICALLY PROGRAMMED FOR 32 SECONDS

SECRETAE-
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DUAL TIMER BLOCK DIAGRAM

BEFOOIW 2-18004 7~y

- PE-]

PE-2
PE-3
PE~4

CE-1
Ce-2
CE-3
CE-J
CE-4

BINARY BT1
BINARY BT 2 A Of~A }-—___—.- !
ggm :{}‘} :gm 4P% 7L PAIRS b - PE, CE, &S5 | |
BINARY BIT 5 ™ 5 om-+104A A !
BINARY Bl ‘ +208 (REG)-e OUTPUT |
BINARY u¥ $ + A DRIVERS |
BINARY BIT 8 ™ i
BINARY BIT ¢ Nary L
BINARY BIT 10 L BT QOPM-~B
BINARY BIT 11 BUFFERS 4 PE-CE PARS o o
LOAD PE-] -.--:- h o - :
g SE-A = Pe, CE, &5 | |
LOAD CE-4 —~ot— of  ZEVENIS ol B t
OuTPUT |
START PE-1 -.-:- 2 PROGRAM PLUGS 1284 e s)-—l DRIVERS !
! SE-8 - ! -
STARY PE—4 i 2 EVENTS [+ 108
START SE-1 —wi—| 2 PROGRAM PLUGS
START SE-2  —eb—|
TIME >t ACCUMULATOR A T]———
; VOTING | ACCUM
BASE A T = .
CIRCUITS ]" =t ULATOR [}
+10A (& PROGRAM PLUGS | Ohvers ||
TIME v ACCUMULATOR 8 [T 5,540 jgﬁ.sa -
BASES | +108 4 PROGRAM PLUGS *28A (REG)
powEr [T tBB(REG) |
me SUPPLY +0A i
TiME . o] ACCUMULATOR € ,L} 08
MSEC | wac (& PROGIR PGS _mhx |
. . i
R ! |
START A 3 2BUNREG  PYRD PYRO
ON ON A
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TYPICAL DUAL TIMER OPM EVENT FUNCTION ASSIGNMENTS

e PRINARY EVENTS (PE'S)
- PE~1, 2, 3A, 4A

I. SELECT PAYLOAD MEMORY AND TURN YIG HEATERS ON

2. TURN HORIZON SENSOR AND SOLAR ASPECT SYSTEM ON

3. SELECT TAPE RECORDER (1, 2 OR 3) FOR READ~IN {1:} OR 4:1)
4. START ASSOCIATED CE COUNTDOWN AND SE-2 COUNTDOWN

- PE-38: ACS OFF AND RESET; STOP CE~4 RECYCLE
- PE-4B: ACS ON

o COMPANION EVENTS (CE'S)
- CE-1, 2, 3A, 4A

1. STOP TAPE RECORDERS; PAYLOAD OFF; H/S AND SAS OFF
2. ALL DOWNLINK COMPONENTS OFF; RESET TC ANTENMNAS

- CE-~3B: ACS OFF AND RESET; STOP CE-4 RECYCLE
-~ CE-48. ACS MODE TOGGLE

1. CROSS PLAN E -~ SWITCH POLARITY {+ OR -}
2. IN-PLANE - SWITCH LEVEL {1/2 OR FULL)

o SINGLE EVENTS (SE'S)
- SE-1: ALL DOWNLINK COMPONENTS OFF; RESET TC ANTENNAS

- SE-2: PAYLOAD ON; SELECTED TAPE RECORDER ON:- SELECTED DOWNLINK ON
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TYPICAL COMMAND SYSTEM FUNCTION ASSIGNMENT SUMMARY

REAL TIME COMMAND FUNCTIONS STORED PROGRAM COMMAND FUNCTIONS

o MAGNITUDE COMMANDS o DUAL TIMER

1 - LOAD PE/CE-1 EVENT TIMES - ACCUMULATOR EVENTS
2 - LOAD PE/CE-2 EVENT TIMES 1A AND 18 - FIRE SPIN ROCKETS
3 - LOAD PE/CE-3 EVENT TIMES

- 2A AND 28 - FIRE Y ORBIT ADJUST MOTORS
4 - LOAD PE/CE~4 EVENT TIMES

3A AND 38 - FIRE +Y ORBIT ADJUST MOTORS

5 = LOAD PAYLOAD MEMORY 4A AND 48 - START +Y SOLAR ARRAY MOTORS
6 - LOAD PAYLOAD MEMORY 5A AND 58 - STOP +Y SOLAR ARRAY MOTORS
7 - LOAD PAYLOAD MEMORY

6A AND 6B ~ DEPLOY TC ANTENNAS

e BASIC COMMANDS - PRIMARY EVENTS

00/37 - DEPLOY ANTENNAS AND MISC 1 - INITIATE TR RI OR BYPASS

01736 - DOWNLINK ON 2 - INITIATE TR Rl OR BYPASS

02/35 - DOWNLINK OFF 3 - INITIATE TR RI OR BYPASS; ACS OFF
03/34 - READ OUT TAPE RECORDERS 4 - INITIATE TR Ri OR BYPASS, ACS ON
04/33 - CONFIGURE P/S NO. 1

05/32 - CONTROL DUAL TIMER - COMPANION EVENTS

O~ N IOL A Ct AND-SRCs 1 - TERMINATE TR R OR BYPASS

o PROCAAM TR 1 READ-IN 2 - TERMINATE TR RI OR 8YPASS

13/24 - TR BYPASS MODE SELECTION )

14 - DISABLE P/S TRICKLE CHARGE SINGLE EVENTS

15/22 -~ CONFIGURE PAYLOAD ] - DOWNLINK OFF

16/21 - DEPLOY ANTENNAS & CONFIGURE PL 2 - PAYLOAD, TR, DOWNLINK ON

17/20 - CONFIGURE P/S NO. 2
23 - NO FUNCTION

Approved for Release: 2024/08/07 C05098408
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GAST |RON COMMAND SYSTEM BLOCK DIAGRAM
i =Y
SPACECRAFT
[ COMMAND AND CONTROL @——————
19 4 EVENTS
DUPLEXER
SWITCH I START
DUAL 7
TiraER 3 # LOAD e COMMAND
LOGIC
114 St al  (TCU & PDCA}
— A e
——Jlf—m
1y
commang [T COMMAND 7
ugnv‘wu A %o?tu /
NGO, £ B
v 2 - u)r
L + 4 ol Jagmony :
. b 11t o
1‘ ] L
: commang [TPHNZ COMMAND T aINARY T, !
cod  mCHIVER OEC OO ER SR v A S sa S
NO. 2 T S NG, 2 13 PAYLOAD
e 7 T s -
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TYPICAL TASKING SCENARIOS
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Teaef famit POS A Qe M Mx B L LI TP 3l L Y L LI ] £t T 2 -y WE
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STORED COMMAND SEQUENCER BLOCK DIAGRAM

. DATA .
RAM — )
/CONTAINS CO
PROGRAMMABLE
\?cnonmn TIME ~ »
| o POWER
2
M
cLodx
e | & :umbzr
3 RESET
+28V
CONT
A ]
i
BASKC o SWITCHING
COMMAND | praviater ||
& CONFIG CPU-A POWER
CONTROL || Z CPU-8 POWER
-
_i/————. 1/Q-A POWER
‘;————' I/C-8 POWER

H

JCONTROLY, ::

CONTROL i

DATA

|

7

—_—

INPUT

ouTePLY

CIRCUITS

PAYLOAD
MEMORY

.

=

jo—— IRG DATA
fo—— TRG CLK

& TLM DATA
p———- TLM, CLK
a—— MAG CMD

[ MAG CMD

14

r BINARY B31TS
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TENJATIVE VSPC-1 FUNCTION ASSIGNMENTS
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BIT
NO. STATE SPACECRAFT FUNCTIONS
] 0 NO FUNCTION
1 PAYLOAD MEMORY POWER ON; HS POWER ON
, 0 SELECT PAYLOAD MEMORY A FOR LOADING
: SELECT PAYLOAD MEMORY B FOR LOADING
p 3
)
1
[+]
5
1
0
4 BIT LOGIC STATES SELECT AND INITIATE A PAYLOAD MEMORY
'l 3
LOAD OF 1024 (8-BIT} BYTES
0
3
1
0
2
1
0
|
1 J
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5]
NO. | STATE SPACECRAFT FUNCTIONS
0 PAYLOAD PAYLOAD X | PAYLOAD PAYLOAD
A RECEIVERS RECEIVERS RECEIVERS < | REcEivers
AND MEMORY ON PER ON PER OFF; SAS
. 0 OFF; HS AND MEMORY A; MEMQR Y B; OF ¢
1 SAS OFF SAS ON X | SAS ON X
0 TAPE RECORDER TAPE RECORDER | X | TAPE RECORDER TAPE RECORDER
6 . NO. 3 NO. 3 NO. 3 « | NO.3
READ-IN READ-IN READ~IN READ-IN
s 0 STOP 111 4:1 NORMAL 41 MINI
1
0 TAPE RECORDER TAPE RECORDER | X | TAPE RECORDER TAPE RECORDER
4 X NO. 2 NO. 2 NO, 2 % | NO.2
READ-IN READ-IN READ-IN READ-IN
3 0 STOP 141 S1NORMAL || 41 MmN
1 X X
i
o TAPE RECORDER TAPE RECORDER | X | TAPt RECORDER TAPE RECORDER
LI NO. 2 | NO. Y T NOL % | NO. 1
SN - READ-IN READ-IN READ-IN ] READ-IN
1 B STOP o 1) 4:1 NORMAL 4:1 MINI
: X | X
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JENTATIVE VSPC-3 FUNCTION ASSIGNMENTS

BT
NO, | STATE SPACECRAFT FUNCTIONS
0 PAYLOAD PAYLOAD X | PAYLOAD PAYLOAD
- RECEIVERS RECEIVERS RECEIVERS RECEIVERS
AND MEMORY ON PER ON PER OFF;
; L2 OFF; HS AND MEMORY A; MEMORY 8; SAS OFF
1 SAS OFF SAS ON X | sAs ON
o | spase
6 _
v | seare
o | PAYLOAD DATA LINKS IN FM MODE
5
1 | PAYLOAD DATA LINKS IN PM MODE
0 SELECT -Y DOWNLINK ANTENNA
4
1 | SELECT +Y DOWNLINK ANTENNA
o | PAYLOAD DATA LINK 2 OFF
3
|1 | pavLOAD DATA Link 2 ON
[ 0 | PAYLOAD DATA LINK 1 OFF
2
. 1 | PAYLOAD DATA LINK 1 ON
"0 | sTATUS TELEMETRY OFF
i F
1 [ sTATUS TELEMETRY ON
L.
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TENTATIVE NEW COMMAND FUNCTION ASSIGNMENTS SUMMARY

REAL TIME COMMAND FUNCTIONS
o MAGNITUDE COMMANDS

t = LOAD LOCKOUT A TIME DURATION
2 = LOAD LOCKOUT B TIME DURATION
3~ LOAD PE-3 EVENT TIME

4 - LOAD PE/CE~4 EVENT TIMES

5 - PROGRAM SCS

& - PROGRAM 5CS

7 - PROGRAM MINICOMPUTER

o BASIC COMMANDS

00/37 - DEPLOY ANTENNAS; MISC
01/36 - DOWNLINK ON

02/35 ~ DOWNLINK OFF

03/34 - READOUT TAPE RECORDERS
04733 ~ CONFIGURE £/S NO, }
05/32 - CONTROL DUAL TIMER
04/31 - CONFIGURE DOWNLINK
07/30 ~ CONTROL ACS AND SRCS
10/27 - CONFIGURE DIU'S AND KG'S
31 - SELECT 88U | MODES

12 - SELECT 8BU 2 MODES
13/24 ~ 18D

14/23 - T80

15/22 - CONFIGURE PAYLOAD
16/21 - DEPLOY ANTENNAS; MISC
V7/20 - CONFIGURE P/S NO, 2

25 - CONFIGURE 5CS

26 - T80

“SECREFAE

STORED PROGRAM COMMAND FUNCTIONS
@ DUAL TIMER
- ACCUMULATOR EVENTS
tA AND 1B - FIRE SPIN ROCKETS
24k AND 28 - FIRE -Y ORBIT ADJUST MOTORS
34 AND 38 ~ FIRE +Y ORBIT ADJUST MOTORS
4A AND 48 - START +¥ SOLAR ARRAY MOTORS
SA AND 3B ~ STOP +¥ SOLAR ARRAY MOTORS
&8 AND 6B - DEPLOY TC ANTENNAS
~ LOCKOUT COMNTROLS

1 = LOCKOQUT RTC SYSTEM 1
2 - LOCKOUT RTC SYSTEM 2

~ PRIMARY EVENTS

3A/B - ACS OFF
4A/8 - ACS ON

- COMPANION EVENTS
4 A/B - TOGGLE ACS MODE
- SINGLE EVENTS

1 A/B - DO¥ NLINK OFF
2A/8- T80
@ STORED COMMAND SEQUENCER
= WARIABLE STORED PROGRAM EVENTS {VSPC)
4 {8 BIT} PORTS - TBO

- PAYLOAD MEMORY LOAD
1024 BYTES (B BITS) PER LOAD
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C YS K RAM
bl = , SPACECRAFY
Y Y gl €O SND AND CONTBOL oo
10 , _
DUMERER . -
swarch e . 3 7 ook
i
* o . ™ {TCU & POCA)
(Mooljt # y:
7" {M00)
LOCKOUT ),
54
/
'l]'; i1, -
COMMAND N1 COMMAND , 2' STORED
RECEVER DECODER £ v COMMAND
NO. 1 3 o NO.) 3 . SEQUENCER
4 (MOBY 7 {NEWY
o} 4 3& ; fm
LOCKOUT MENORY | TRG |
" ‘Iyt n{; T 1'— —
¢ o —aw PRI 2 COMMAND ; BINARY 1 DAU
Lo RECIIVER DECODER T o
NO. 1 'y NO, 2 1 PAVLOAD
L4 (MO0} # VS
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