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AB ST RACT 

T h i s  memorandum desc r ibes  t h e  data flow through 
t h e  ground'network a s s o c i a t e d  w i t h  t h e  o p e r a t i o n  of  t h e  
Apol lo  command system f o r  Apollo miss ions  AS-205 and sub- 
sequent .  The major processes  a s s o c i a t e d  w i t h  commanding 
are:  (1) loading  of a r e m o t e  s i t e  command computer w i t h  
a v a l i d  command, ( 2 )  up l ink ing  of  t h e  command from t h e  
remote s i t e  t o  t h e  C S M ,  LM, or S-IVB/IU, and ( 3 )  v e r i f y i n g  
t h a t  t h e  space v e h i c l e  accepted t h e  c o r r e c t  command. These 
p rocesses  a r e  desc r ibed  i n  t h e  t e x t ,  and shown i n  d e t a i l  i n  
flow c a r t s  i n  an appendix.  The d i f f e r e n t  t y p e s  o f  commands 
a v a i l a b l e  f o r  use  w i t h  t h e  CSM, LM, and S-IVB/IU a r e  
i temized  i n  appendices .  

.. A 

SEE REVERSE SIDE FOR DISTRIBUTION L I S T  



rl 
t 

I 
6 
m 

- 'I* 
BELLCCMM, INC. 

DISTRIBUTION ._.__ ___ 

C-OMPLETE _. MEMORANDUM TO 

CORRESPONDENCE FILES: 

OFFICIAL FILE COPY I 

plus one white copy for each 
additional case referenced 

NASA Headquarters  

Messrs. R.  0. AllermAO 
R.  L. ChandlermOR 
G .  H. Hage/SE 
J .  K .  Holcomb/MAO 
T. A .  KeeganmA-2 
J. T. McClanahan/MAO 
R .  B. ' Sheridan/MAO 
J. D .  StevensonmO 

MSC 

Messrs. R.  W. Cole/FSD 
H.  C .  Kyle/ISD 
J.  McKenzie/ASPO 
L. Packham/IESD 
T. A .  Stuart/ESD 

7 

M S F ~  

Messrs. T. A.  Barr/R-ASTR-IR 
H. Golden/I-MO-R 
H.  R. Lowery/R-ASTR-IRC 
L. B. Malone/R-ASTR-IRC 

Messrs. P.  J. Pashby/813 
J. P.  Shaughvessy/834 
W .  P. Varson/830 

.. 

Be l l c  o m  

Messrs .  W .  J .  Benden 
A .  P.  Boysen, Jr. 
K .  R .  Ca rpen te r  
R .  K .  Chen 
D .  A .  Chisholm 
L. A .  F e r r a r a  
D. R.  Hagner 
W.  G .  Hef f ron  
J. J .  Hibbe r t  
B. T. Howard 
E. J .  Kle in  
H. Kraus 
B. H.  Liebowitz  
J .  P .  Maloy 
W .  J.  Mar t in  
J .  Z .  Menard 
B. F. O'Brien 
R .  J .  Pauly 
J .  T.  Ra le igh  
I. I. R o s e n b l m  
I. M .  Ross 
K .  H .  Schmid 
N. W. Schroeder  
L. Schuchman 
R .  L. Se lden  
R .  V.  Spe r ry  
J .  W .  Timko 
B. P .  T u n s t a l l  
R. L. Wagner 
A. G .  Weygand 
W. D. Wynn 

Department 1023 



i 

TABLE OF CONTENTS 

D i s t r i b u t i o n  L i s t  

L i s t  o f  F i g u r e s  and Tab les  

Apol lo  Command System-Ground Network Data Flow 

Abbrev ia t ions  and Acronyms 
{ 

Appendix A - Ground Network Flow C h a r t s  

Appendix B - Formats  fo r  Command Module Computer 
Nav iga t ion  Update 

Appendix C - F u n c t i o n a l  Schematics  

Appendix D - Real-Time Commands 

Appendix E - Command Loads 

Appendix F - C e n t r a l  Timing Equipment Updates  

Appendix G - T e s t  Words 

Refe rences  



F I' 

ii 

List of Figures and Tables 

Page 

Ground Network Data Flow 

Figure 1 - Real-Time Command (RTC) Data Flow 1 3  
Figure 2 - Uplink Formats 14 

Real-Time Commands 
Key codes 
S-IVB/IU Command Words' 

Figure 3 - Command Load Data Flow 15 
Figure 4 - Error Protection 19 
Table 1 - CMC/LGC Keycode Command Structure 20 

Appendix A - Flow Charts 
Figure 1 - Command Loading-Load Generation and Transmission A-2 
Figure 2 - Command Loading and Validation-Remote Site to 
Figure 3 - Command Load Validation-MCC. 
Figure 4 - Execute Command Request-Generation and Remote 

Site Validat ion 
Figure 5 - Command Uplinking (CSM and LM). 
Figure 6 - Remote Site Command Verification (CSM and LM).i 
Figure 7 - Command Uplinking and Remote Site Command 
Figure 8 - Command Verification-Remote Site to MCC 

MCC Polynomial Buffer Terminal. 

Verification (SLV). 

Appendix B - Formats 
Pigure A - AGC Navigation Update-Information Content 
Figure B - D/TV Display in MOCR 
Figure C - RTCC to CCATS 
Figure D - CCATS to GSFC - WBD Blocks 
Figure E.- CCATS to GSFC-Information Content of WBD Blocks 
Figure F - CCATS to RS-Flow Diagram for WBD-HSD Trans- 

mission 
Figure G - CCATS to RS - TTY 
Figure H - CCATS to RS - Flow Diagram for TTY Transmission 
Figure I - GSFC to RS - HSD 
Figure J - RS to MCC - CAP VAL for Load 

A-3 
A-4 

A-5 
A-6 
A-7 

A-8 
A-3 

B-2 
B-3 
B-4 
B-5 
B-7 

B-14 
B-15 
B-16 
B-17 
B-18 



_ _  

iii 

L i s t  of F igures  and Tables  (Cont 'd)  

Appendix B - Formats (Cont'd) 

F igu re  K - RS t o  MCC - Telemetry Frame 
F igure  L - GSFC t o  CCATS - WBD Blocks 
F igu re  M - CCATS t o  RS - ECR 
F igu re  N - RS t o  MCC - CAP VAL f o r  ECR 
F igu re  0 - RS t o  CSM - Uplink Keycodes 
F igu re  P - CSM t o  RS - High B i t  Rate PCM Format 
F igu re  Q - CSM t o  RS - CMC Entry and Update L i s t  
F igu re  R - RS t o  MCC - CAP COMPARE 
Figure  S - RS t o  MCC .- Telemetry Frame 

I 

Appendix C - Func t iona l  Schematics 

F igu re  a - RTCC 
F igu re  b - CCATS 
F igure  c - GSFC 
F igure  d - RSCC Loading 
F igure  e - Remote S i t e  Uplinking 
F igu re  f 9 Vpd=t.a _Rllffey 

Appendix D - Real-time Commands 

Table  D-1 - CSM 
Table  D-2 - LM (LM-3 only)  
T a b l e  D-3 - SLV 

Appendix E - Command Loads 

T a b l e  E-1 - CMC 

T a b l e  E-2 - LGC 
Table  E-3 - SLV 

Appendix F - Central  Timing Equipment 

F igu re  F-1 - CTE Update Uplink Format 

Page 

B-19 
B-20 
B-21 
B-23 

B-25 

B-27 

B-24 

B-26 

B-28 

c-2 
(3-3 
c-4 
c-5 
C-6 
c-7 

D-2 
D-4 
D-5 

E-2 

E-3 
E-4 

F-3 



iv 

List of F3gures and Tables (Cont'd) 

Appendix G - Test Words 
Figure G - 1  - CSM Test Words 
Figure G-2 - LM Test Words 

Page 

G-3 

G-5 



BELLCOMM. INC. 
1100 Seventeenth Stmet, N.W. Washington, D.C. 20036 

SUBJECT: Apo 110 Command S y s t  e m - G r  ound 
Network Data Flow - Case 900 

DATE: June  20 ,  1968 

FROM: J.  E .  Johnson 
TM -68-2034-8 

$ 

~BCHNICAL MEMORANDUM 

T h i s  memorandum desc r ibes  t h e  ground data  f low 
a s s o c i a t e d  w i t h  t h e  ope ra t ion  o f  t h e  Apollo Command System. 
The s y s t e m  desc r ibed  i s  known as t h e  Universa l  Command 
Sys tem,  and w i l l  be  ope ra t iona l  f o r  Apollo miss ions  AS-205 
and subsequent .  The Universa l  Command System w i l l  be used 
w i t h  a f u l l y  remoted Manned Space F l i g h t  Network (MSFN). 
The f u l l y  remoted conf igu ra t ion  does n o t  have remote s i t e  
f l i g h t  c o n t r o l l e r  command c a p a b i l i t y  o r  d i s p l a y s .  

The Universal '  Command System d i f f e r s  i n  two major 
r e s p e c t s  from t h e  system t h a t  has been i n  use :  i n  remote s i t e  
command s t o r a g e  and i n  command v e r i f i c a t i o n  procedures .  Up 
t o  60 space v e h i c l e  computer update  commands o f  any t y p e  
can be s t o r e d  i n  permanent s t o r a g e  a t  each remote s i t e ,  
nominal ly  up t o  20 each  f o r  t he  CSM, LM, and the  Ins t rument  
Uni t  ( I U )  of t h e  Sa tu rn  Launch Vehic le  ( S L V ) .  The new 
sys tem,  which w i l l  be accompanied by an  i n c r e a s e  i n  remote 
s i t e  co re  s t o r a g e  s i z e ,  i s  more f l e x i b l e  and has greater 
c a p a c i t y  t h a n  t h e  p rev ious  one. V e r i f i c a t i o n  of up l inked  
data t o  the CSM and LM w i l l  now be done au tomat i ca l ly  by  
t h e  remote s i t e  computer by making a b i t - b y - b i t  comparison 
o f  t h e  data tha t  l e f t  t h e  command computer w i t h  t h e  r e c e i v e d  
data r e t u r n e d  v i a  te lemetry.  The v e r i f i c a t i o n  p rocess  was 
p r e v i n u s l y  psrformed v i s u a l l y  by t h e  f l i g h t  c o n t r o l l e r s .  

T h i s  i s  one of a s e r i e s  of memoranda d e s c r i b i n g  
commanding f o r  Apollo miss ions .  O the r  memoranda d e s c r i b e  
space  v e h i c l e  command data flow (Reference l), analyze  e r r o r  
p r o t e c t i o n  (References  2 and 3 ) ,  and rev iew command performance 
du r ing  past Apollo f l i g h t s  (Reference  4 ) .  

The t e x t  of t h i s  memorandum d e s c r i b e s  t he  o p e r a t i o n  
of t h e  ground p o r t i o n  of t he  system, Appendix A c o n s i s t s  o f  
f low c h a r t s  d e s c r i b i n g  the  sys t em i n  more d e t a i l ,  i n c l u d i n g  
back-up and c o n t r o l  f low pa ths .  Appendix B shows t h e  message 
formats  a s s o c i a t e d  w i t h  a t y p i c a l  update  - a Command Module 
Computer (CMC) n a v i g a t i o n  update .  Appendix C shows f u n c t i o n a l  
schemat ics  of  t h e  major  ground components i n  the  command 
system. Appendices D-G l i s t  t h e  d i f f e r e n t  commands a v a i l a b l e  
f o r  t h e  CSM, LM and SLV. 
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TYPES OF COMMANDS 

There a r e  two major t y p e s  of  commands - Real-Time 
Commands ( R T C ' s )  and Command Loads. Real-Time Commands are 
used  t o  i n i t i a t e  spacec ra f t  even t s ,  such as t u r n i n g  equipment 
on and o f f  o r  swi tch ing  modes. These commands a re  determined 
pre-mission and ncdrma-lly s t o r e d  pre-mission i n  computer 
memory a t  remote s i tes .  An RTC i s  c a l l e d  up d u r i n g  t h e  
miss ion  v i a  an Execute Command Request ( E C R )  message s e n t  
from MCC t o  t he  s i t e  spec i fy ing  t h e  number of  t h e  RTC t o  
b e  up l inked .  Command Loads a re  used t o  a l t e r  space v e h i c l e  
computer memory du r ing  t h e  course of a miss ion .  They are 
gene ra t ed  i n  mission-time by t h e  Real-Time Computer Complex 
( R T C C )  a t  MCC, and t r ansmi t t ed  t o  one or more s p e c i f i c a l l y  
s e l e c t e d  remote MSFN s i t e s  v i a  d i g i t a l  data l i n e s  i n  advance 
of  t h e  pas s  of  t h e  space  veh ic l e  over  t ha t  s i t e .  A load  i s  
a l s o  c a l l e d  up v i a  an  ECR message from MCC when i t  i s  d e s i r e d  
t o  transmit it t o  t h e  space  v e h i c l e .  

I n  a d d i t i o n  t o  t h e  Real-Time Commands and Command 
Loads,  t he re  are C e n t r a l  Timing Equipment (CTE) updates  t o  t h e  
CSM, and Test Message Commands t o  both  t h e  CSM and LM. Both 
of t h e s e  are i n i t i a t e d  v i a  ECR's from MCC. T e s t  message 
formats  are s t o r e d  a t  t h e  remote s i tes  pre-mission.  CTE 
updates  are used t o  advance o r  re ta rd  t h e  CSM c lock ,  and are 
c a l c u l a t e d  au tomat i ca l ly  a t  t h e  remote s i t e  based on ground 
elapsed t i m e  and CSM t e l eme t ry  g i v i n g  t h e  on-board CTE r ead ing .  
These two l a t t e r  types  of commands a r e  not  d i scussed  i n  t h e  
t e x t  o f  t h i s  memorandum, but  f u r t h e r  d e t a i l s  are g iven  i n  
Appendices F and G .  

REAL-TIME COMMAND DATA FLOW (CSM and LM) 

Re?.l-Time Command data f low i s  summarized i n  
Figure i and desc r ibed  i n  i r e i a i i  i n  r iow c i ia r i  i'orm i n  
Appendix A .  Real-Time Commands a r e  format ted  i n  advance 
of a miss ion  as p a r t  of t h e  Remote S i t e  Command Computer 
( R S C C )  program tape f o r  that  miss ion .  A l l  s i t e s  are  loaded 
wi th  i d e n t i c a l  real-time commands. 

I f ,  dur ing  t h e  course of  a miss ion ,  a f l i g h t  
c o n t r o l l e r  i n  t h e  Mission Operat ions Cont ro l  Room (MOCR) a t  
MCC wishes t o  cause an  RTC t o  be t r a n s m i t t e d  t o  t h e  space  
v e h i c l e ,  he pushes t h e  appropr i a t e  push-but tons on t h e  command 
p a n e l s  of  h i s  console .  This causes  t h e  Communications, 
Command, and Telemetry System ( C C A T S )  a t  MCC t o  gene ra t e  an  
Execute  Command Request.  T h i s  ECR i s  addressed t o  t h e  s i t e  
t o  be used to u p l i n k  t h e  RTC. The number of  t h e  RTC t o  be 
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up l inked  i s  conta ined  i n  t h e  ECR. Transmission of the ECR 
takes p l a c e  ove r  a 50.0 kbps* wide-band data (WBD) c i r c u i t  
t o  the  Goddard Space F l i g h t  Center  (GSFC), and over  a 2 . 4  kbps 
high-speed data ( H S D )  c i r c u i t  from GSFC t o  t h e  remote s i t e  (RS).  
The ECR i s  processed  i n  the Remote S i t e  Command Computer ( R S C C )  
a t  the  s e l e c t e d  s i t e .  I f  i t  i s  determined t o  be a v a l i d  r e q u e s t  
(as determined from decoding e r r o r  checking b i t s  and o t h e r  check 
in fo rma t ion  inc luded  i n  t he  message), a "Command Analysis  P a t t e r n  
V a l i d a t i o n "  ( C A P  VAL) message i s  g e n e r a t e a  by the-RSCC. TEe CAP 

i s  s e n t  t o  the  Remote S i t e  Telemetry Computer (RSTC) ,  and 
r e t u r n e d  t o  MCC a long  with t e l eme t ry  data v i a  an  HSD t e l e m e t r y  
d r c u i t  t o  GSFC and a WBD c i r c u i t  t o  MCC.  Some RTC's are designed 
as " p r i o r i t y "  commands. ECR's f o r  p r i o r i t y  commands are s e n t  o u t  
from MCC once every 250 m s .  u n t i l  a CAP VAL has been r e c e i v e d  
from the  addressed s i t e  o r  u n t i l  t r ansmiss ion  i s  manually ter-  
minated.  Only the  f i rs t  val id  ECR w i l l  t r i g g e r  a CAP VAL from 
the RSCC. T h i s  CAP VAL i s  t r a n s m i t t e d  three times i n  three 
s u c c e s s i v e  t e l e m e t r y  frames (one second p e r  frame). For  mis s ions  
i n  which only one HSD te lemet ry  l i n e  i s  used (miss ions  w i t h  a 
s i n g l e  s p a c e c r a f t ) ,  the. CAP VAL'S w i l l  appear twice  on one l i n e  
and once on t h e  o t h e r ,  and w i l l  be spaced one-half secopd apart .  

I f  the  ECR i s  v a l i d a t e d ,  the  RSCC removes the 6 - b i t  
RTC from memory and adds a 3-b i t  v e h i c l e  address and a 3-bi t  
sys t em address. These 1 2  b i t s  are t h e n  sub-bi t  encoded, a 
p r o c e s s  that s u b s t i t u t e s  a f ive b i t  code f o r  each in fo rma t ion  
b i t .  The RSCC t h e n  performs i n t e r n a l  checks on t h e  r e s u l t i n g  
b a t  stream and t r a n s f e r s  i t  t o  the  Up-Data Buffer  (UDB)  f o r  
up l ink ing .  The UDB r o u t e s  the command t o  e i the r  a UHF o r  a 
USB t r a n s m i t t e r  based on f l i g h t  c o n t r o l l e r  choice  as s p e c i f i e d  
i n  the ECR. The b i t  stream phase-shift key (PSK) modulates a 
2 kHz s i g n a l ,  which i s  summed w i t h  a coherent  1 kHz s i g n a l .  
F o r  USB t r ansmiss ion ,  t h e  composite s i g n a l  frequency modulates  
a 70 kHz cormand s u b c a r r i e r ,  which i n  t u r n  phase modulates the 
USB car r ie r ,  For  UHF t r ansmiss ion ,  t he  cumgu8ite sigrial f r e q w n c y  
modulates  the  UHF c a r r i e r  d i r e c t l y .  The up l ink  data ra te  is 
1 kbps f o r  the sub-b i t s ,  o r  200 " information" b i t s  pe r  second. 

1) 
The WBD c i r c u i t  c u r r e n t l y  o p e r a t e s  a t  40.8 kbps, b u t  

is being  i n c r e a s e d  t o  50.0 kbps f o r  Apollo miss ions  subsequent  
t o  205. 
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The r . f .  ou tput  i s  sampled by a monitor r e c e i v e r  
(sometimes cal led a v e r i f i c a t i o n  r e c e i v e r ) ,  which demodulates 
t h e  t r a n s m i t t e d  s i g n a l  and r e t u r n s  t h e  1 and 2 kc composite 
t o  t h e  UDB. The UDB conver t s  t he  composite i n t o  a d i g i t a l  
b i t  stream, and sends  i t  t o  t h e  R S C C ,  which compares i t  w i t h  
what was s e n t  o u t .  

The s p a c e c r a f t  decoder examines t h e  command it has 
r e c e i v e d ,  and i f  t h e  v e h i c l e  and system addresses are c o r r e c t  
and t h e  sub -b i t s  a l l  r ep resen t  p re - s to red  p a t t e r n s  f o r  v a l i d  
t r l t ~ ' l  and tlO1sll, t he  command i s  s h i f t e d  ou t  and t h e  appro- 
pr ia te  RTC f u n c t i o n  r e l ay  i s  a c t i v a t e d .  Also, a Message 
Acceptance Pu l se  (MAP) i s  gene ra t ed .  T h i s  MAP l a s t s  55 
m s .  i f  t h e  CSM o r  LM te lemet ry  i s  o p e r a t i n g  i n  t h e  high b i t  
ra te  mode (51.2 kbps) ,  o r  250 m s .  i f  t h e  CSM telemetry i s  
o p e r a t i n g  i n  t h e  low b i t  r a t e  mode (1 .6  k b p s ) .  No MAP'S 
are used w i t h  LM low b i t  ra te  te lemetry.  (There i s  a t  pre-  
s e n t  no requirement  f o r  rea l - t ime commands f o r  l u n a r  miss ion  
L M ' s ) .  The telemetry commutator samples t h e  MAP s i g n a l  
every  20 m s .  i n  t h e  h igh  rate mode and every  100  m s .  i n  t h e  
low rate  mode. Thus, a t  l e a s t  two, and sometimes th ree ,  
MAP'S are r e t u r n e d  t o  t he  ground f o r  each RTC. 

# 

The s p a c e c r a f t  t e l eme t ry  b i t  stream i s  r o u t e d  
t o  t h e  RSCC,  which looks  f o r  a MAP. Only one MAP i s  r e q u i r e d  
for v e r i f i c a t i o n .  A MAP wa i t ing  i n t e r v a l  i s  preset i n  t h e  
RSCC. The s tar t  of t h i s  wa i t ing  i n t e r v a l  i s  a f u n c t i o n  of  
s l a n t  r ange ,  and can be v a r i e d  (pre-pass) t o  a l low f o r  
changing p ropaga t ion  times. 

If a MAP i s  found i n  t h e  MAP wa i t ing  i n t e r v a l ,  a 
"CAP V e r i f i c a t i o n t 1  - (CAP VER) i s  gene ra t ed  and r e t u r n e d  t o  
MCC i n  t h e  same way t h e  CAP VAL was r e t u r n e d .  If no MAP 
I s  f'ni-ind; t h o  e n t i r e  up l ink  p r o c e s s  i s  repeated up t o  a 
maximum p r e s e l e c t e d  number o f  times (genera l ly  3 ) .  I n  t h e  
c a s e  of p r i o r i t y  RTC's ,  up l ink ing  w i l l  be cont inued  u n t i l  t h e  
command i s  v e r i f i e d ,  o r  u n t i l  t e rmina ted  under o r d e r s  from 
MCC. I f  no s u c c e s s f u l  up l ink  i s  accomplished a f t e r  t h e  pre-  
s e l e c t e d  number of a t t empt s ,  t h e  RSCC w i l l  gene ra t e  a "ground 
r e j e c t "  
A ground r e j e c t  w i l l  r e s u l t  from e i t h e r  t h e  d e t e c t i o n  of an 
i n t e r n a l  RSCC e r r o r  o r  an e r r o r  v i a  t h e  r.f. monitor  r e c e i v e r  
loop  without  the  presence  o f  a MAP from t h e  s p a c e c r a f t .  I f  
no ground e r r o r s  are d e t e c t e d ,  absence of a MAP w i l l  t r i g g e r  
a s p a c e c r a f t  r e j e c t .  

o r  a " s p a c e c r a f t  r e j e c t "  i n  l i e u  of t h e  CAP VER. 
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I n  a d d i t i o n  t o  M A P ' S ,  an  i n d i c a t i o n  of  t h e  occurrence  
of t h e  RTC-commanded event  i s  o f t e n  t e l eme te red  t o  t h e  ground. 
T h i s  data i s  processed  i n  t h e  RSTC and r e t u r n e d  t o  MCC over  
t h e  same l i n e ( s )  c a r r y i n g  t h e  C A P  VER. Both t y p e s  of data 
are made a v a i l a b l e  t o  t h e  f l i g h t  c o n t r o l l e r  who i n i t i a t e d  
t h e  command. 

A l i s t  of t y p i c a l  Real-Time Commands f o r  a d u a l  
s p a c e c r a f t  iniss ion (AS-503/CSM lO3/LM 3) i s  g iven  i n  
Appendix D .  

i 

COMMAND LOAD DATA FLOW (CSM and LM) 

Command load  data f low i s  suhmarized i n  F igu re  3 
and desc r ibed  i n  d e t a i l  i n  flow c h a r t  form i n  Appendix A .  
Command loads  are used t o  update the  con ten t s  of s p a c e c r a f t  
computer memory and are genera ted  du r ing  t h e  cour se  of a 
miss ion  and t r a n s m i t t e d  t o  t h e  a p p r o p r i a t e  remote s i t e ( s )  
pre-pass. Normally t w o . s i t e s ,  a prime s i t e  and a back-up 
s i t e ,  w i l l  r e c e i v e  each  command load .  

Computer Complex (RTCC) a t  M C C .  A f l i g h t  c o n t r o l l e r  who 
wishes  t o  gene ra t e  a command load  n o t i f i e s  t h e  RTCC Computer 
Command C o n t r o l l e r  by vo ice  o f  h i s  r e q u e s t ,  and s u p p l i e s  
t h e  necessary  inpu t  data.  The Computer Command C o n t r o l l e r  
p rov ides  the i n s t r u c t i o n s  t o  t h e  RTCC f o r  gene ra t ing  t h e  load .  
After t h e  load  i s  gene ra t ed ,  it i s  reviewed by t h e  f l i g h t  
c o n t r o l l e r  v i a  a d i g i t a l - t o - t e l e v i s i o n  d i s p l a y .  I f  sa t is-  
f a c t o r y ,  t h e  command load  i s  t r a n s f e r r e d  t o  CCATS and on t o  
t h e  s e l e c t e d  remote s i t e ( s )  v i a  t h e  same WBD and HSD c i r c u i t s $ .  
referred t o  above i n  t h e  d i s c u s s i o n  of Rea l -T ime  Command 
d a t a  f low.  The load  i s  v a l i d a t e d  by t h e  R S C C ,  and a CAP VAL 
i s  r e t u r n e d  three  times v i a  t e l e m e t r y  data l i n e s  t o  X C Z .  Each 
l o a d  i s  s e n t  tw ice ,  separa ted  by  one second. Then a 5 second 
w a i t i n g  p e r i o d  f o r  a CAP VAL b e g i n s .  
by t h e  end o f  t h i s  i n t e r v a l ,  a second group of  two loads  i s  
t r a n s m i t t e d .  Again t h e r e  i s  a 5 second wa i t ing  i n t e r v a l  
fo l lowed,  if necessary ,  by a t h i r d  group of  two loads  and 
ano the r  5 second wait. If there i s  s t i l l  no CAP VAL, t r a n s -  
mis s ion  i s  t e rmina ted  and the  CCATS Command Load C o n t r o l l e r  
i s  a l e r t ed .  It i s  no t  necessary  f o r  t h e  RSCC t o  r e c e i v e  one 
comple te ly  v a l i d  load .  Segments of a load  that  are v a l i d  
are  r e t a i n e d ,  and if subsequent l o a d s  pe rmi t  v a l i d a t i o n  of t h e  
m i s s i R g  segments,  t h e  e n t i r e  l oad  w i l l  be v a l i d a t e d  and a 
CAP VAL gene ra t ed .  

Command loads  are genera ted  by t h e  Rea l -T ime  

If no CAP VAL i s  r e c e i v e d  
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An a d d i t i o n a l  back-up i s  provided by t e l e t y p e  
t r a n s m i s s i o n  of the load  t o  t h e  s e l e c t e d  s i t e ( s ) .  Two i t e r -  
a t i o n s  of  t h e  o c t a l  l oad  are s e n t ,  a long w i t h  an Eng l i sh  t r a n s -  
l a t i o n .  These three  components are t r a n s m i t t e d  t o g e t h e r ,  and 
are n o t  au tomat i ca l ly  r epea ted .  If t h e  high speed data i s  
v a l i d a t e d ,  t he  t e l e t y p e  load  i s  no t  used.  

Uplinking of command load  data, p l u s  "verb", "noun", 
aad o t h e r  s p e c i a l  symbols i s  performed u s i n g  a 22 b i t  word f o r  
each  c h a r a c t e r  o r  symbol. The c h a r a c t e r  i t s e l f  i s  "keycoded" 
i n t o  a sequence of  5 b i t s .  This means that  5 b i t s  are r e q u i r e d  
t o  t r a n s m i t  a 3 b i t  o c t a l  d i g i t .  A s  w i t h  R T C ' s ,  a 3 b i t  v e h i c l e  
address and 3 b i t  system address s ta r t  o f f  each word. The nex t  
b i t  i s  always a l o g i c a l  one.-The 5 b i t  keycode (K) comes n e x t ,  
fo l lowed by i t s  complement ( K ) ,  and a ' repeat  of i t s  t r u e  form (K). 
T h i s  format i s  shown i n  Figure 2 .  A l i s t  o f  l ega l  keycodes i s  
shown i n  Table 1. The 22  b i t  word i s  then  sub-b i t  encoded i n t o  
1 1 0  b i t s  and upl inked  i n  t he  same f a s h i o n  as an RTC. It w i l l  
take 110 m s .  t o  up l ink  each keycode word. A p r e s e n t  d e l a y  
(normally 50 m s . )  i s  in t roduced  b e f o r e  t h e  s ta r t  of up l ink ing  
o f  the next  word i n  t h e  sequence. 

I f  it i s  desired t o  u p l i n k  a load  p rev ious ly  p l a c e d  
i n  memory a t  the RSCC,  the f l i g h t  c o n t r o l l e r  a t  NCC pushes 
the  a p p r o p r i a t e  push-buttons on h i s  command p a n e l s .  T h i s  causes  
an ECR t o  be gene ra t ed  i n  CCATS similar t o  t h a t  gene ra t ed  t o  
i n i t i a t e  an RTC up l ink .  The ECR i s  v a l i d a t e d  i n  t h e  same way 
as a n  RTC. Th i s  ECR, however, causes  only an i n i t i a l  V e r b  
preamble" t o  be upl inked .  T h i s  c o n s i s t s  of  a " V e r b "  symbol 
fo l lowed by two o c t a l  d i g i t s  (VXX) and i s  used t o  t e l l  t h e  
s p a c e c r a f t  computer the na tu re  of  t h e  data t o  fo l low and t o  
g i v e  i n s t r u c t i o n s  on how t o  p rocess  i t .  The verb preamble i s  
he ld  i n  temporary s t o r a g e  i n  the  s p a c e c r a f t  computer and n o t  
a c t e d  on unt!l t he  ground v e r i f i e s  t h a t  i t  i s  c o r r e c t .  T h i s  
3 keycode word sequency requires 43C iiis. for transmission, 
The r.f. ou tpu t  i s  monitored as be fo re .  

V e r i f i c a t i o n  of t h e  c o r r e c t  r e c e i p t  o f  t he  verb  
preamble is accomplished by  observ ing  a l i s t  o f  s p a c e c r a f t  
computer words telemetered t o  t he  ground. MAP'S are a l s o  
telemetered, b u t  are n o t  used f o r  command load  v e r i f i c a t i o n  as 
t h e y  are f o r  RTC's .  
a telemetered l i s t  of 200 15 -b i t  words read ou t  once every  
two seconds when o p e r a t i n g  i n  a hlgh b i t  ra te  telemetry mode, 
and once every  10 seconds when i n  a low b i t  ra te  mode. 
i s  no LGC readout  i n  t he  low b i t  r a t e  mode.) The high b i t  
ra te  mode w i l l  u s u a l l y  be  s e l e c t e d  when commanding. These 
CMC o r  LGC words are processed i n  the RSTC ( the  RSCC a l s o  

The verb preamble w i l l  appear twice i n  

(There 
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r e c e i v e s  t h e  data,  bu t  does not p rocess  i t ) ,  and t r a n s m i t t e d  
t o  MCC v i a  a 2 . 4  kbps HSD l i n e  and the  50.0 kbps WBD l i n e .  
The data  i s  p rocessed  a t  MCC and p resen ted  f o r  v i s u a l  
v e r i f i c a t i o n  t o  t h e  f l i g h t  c o n t r o l l e r .  Note t h a t  v e r i f i c a -  
t i o n  of t h i s  sequence i s  a manual f u n c t i o n  performed a t  MCC, 
whereas v e r i f i c a t i o n  of an RTC i s  an  au tomat ic  f u n c t i o n  
performed a t  t h e  Pemate s i t e .  

When t h e  f l i g h t  c o n t r o l l e r  v e r i f i e s  t h e  verb  pre- 
amble as be ing  c o r r e c t ,  he i n i t i a t e s  a n o t h e r  ECR t o  cause 
an  l lEnter l l  ( E )  keycode t o  be up l inked .  A s  be fo re ,  t h i s  
w i l l  r e s u l t  i n  a CAP VAL t o  MCC, and t h e  u p l i n k i n g  of a 
110 sub-b i t  word con ta in ing  t h e  keycode. Cor rec t  r e c e i p t  
of t h i s  keycode w i l l  g e n e r a t e  a n  " i n t e r r u p t "  t o  t h e  space- 
c r a f t  computer, caus ing  i t  t o  c o n d i t i o n  i t se l f  f o r  t h e  a c t u a l  
data  con ten t  of t h e  load  t o  fo l low.  It a l s o  a l te rs  t h e  
downlink te lemetry l i s t ,  p e r m i t t i n g  v e r i f i c a t i o n  by MCC of  
t h e  s u c c e s s f u l  e n t r y  of t h e  i n s t r u c t i o n s .  

Uplinking of t h e  d a t a  c o n t e n t  of t h e  load  r e q u i r e s  
a n o t h e r  ECR from MCC t o  t h e  remote s i t e .  The load  may . 
vary  i n  l e n g t h  from 3 t o  20 s p a c e c r a f t  computer words. Each 
CMC and LGC word i s  15 b i t s  long, r e q u i r i n g  5 keycode words 
t o  fill i t  ( t h e  CMC and LGC w i l l  supply f i l l  i f  l ess  t h a n  5 
keycodes are u p l i n k e d ) .  Each CMC o r  LGC word upl inked  must 
be fo l lowed by an  e n t e r  keycode, a l though  i t  i s  no t  necessa ry  
t o  w a i t  f o r  v e r i f i c a t i o n  of t h e  data b e f o r e  t h i s  e n t e r  i s  
s e n t .  The e n t i r e  data p o r t i o n  o f  t he  load  i s  s e n t  i n  "salvo" 
f a s h i o n ,  w a i t i n g  only  t h e  50 m s .  w a i t i n g  p e r i o d  between key- 
code words t o  permi t  t he  s p a c e c r a f t  decoder t o  be  c l e a r e d  of 
t h e  p rev ious  word. It t h u s  takes about 1 s e c .  t o  up l ink  
one computer word ( 5  data keycodes p l u s  an  e n t e r  a t  110 + 50  m s .  
e a c h ) ,  o r  about 20 s e c .  t o  up l ink  t h e  1 2 0  keycodes r e q u i r e d  
f o r  t h e  maximiim l e n g t h  load .  (If a longe r  l e n g t h  update  i s  
necessa ry ,  it i s  broken down i n t o  two o r  more sets of' separate 
command l o a d s ) .  The s p a c e c r a f t  computer p l a c e s  t h e  load i n  
b u f f e r  s t o r a g e  pending r e c e i p t  of a " F i n a l  En te r "  (see below).  

V e r i f i c a t i o n  of the  data con ten t  of  t h e  l o a d ,  as 
d i s t i n c t , f r o m  t h e  ve rb  preamble and t h e  f i n a l  e n t e r ,  i s  
performed a u t o m a t i c a l l y  a t  t h e  remote s i t e .  The data words 
are read i n t o  WPBUFFt1 l o c a t i o n s  i n  t h e  erasable memory of 
t h e  CMC o r  LGC. The con ten t s  of these l o c a t i o n s  are read 
ou t  tw ice  every  2 o r  1 0  seconds as part  of t he  downlink 
t e l e m e t r y  word l i s t .  The RSCC waits a p r e s e t  l e n g t h  of 
t i m e  a f t e r  complet ion of t h e  l a s t  keycode u p l i n k ,  and t h e n  
performs a b i t - b y - b i t  comparison of t h e  t e l eme te red  CMC o r  LGC 
UPBUFF words w i t h  what i t  sent  ou t  t o  the  UDB. T h i s  i s  
termed a "buffer  compare" r o u t i n e .  It I s  necessa ry  t o  get  two 
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c o r r e c t  comparisons of each 15 b i t  word i n  t h e  UPBUFF l i s t  
i n  no t  more t h a n  8 sets of d a t a  ( 8  s e c . )  t o  es tab l i sh  v e r i -  
f i c a t i o n .  A s  soon as v e r i f i c a t i o n  i s  e s t ab l i shed ,  a CAP 
CQXPARE i s  genera ted  and r e tu rned  t o  MCC. If t h e  e n t i r e  
l o a a  cannot be  v e r i f t e d ,  t h e  numbers o f  t h e  l i n e s  
f a i l i n g  t h e  comparison are re turned  t o  MCC i n  l i e u  of 
t h e  CAP COMPARE. I f  ' v e r i f i c a t i o n  cannot b e  e s t ab l i shed ,  
MCC w i l l  i n s t r u c t  t h e  remote s i t e  t o . t r a n s m i t  a keycode 
t o  c l e a r  t h e  load  frorn rnernory and r e i n i t i a t e  t h e  u p l i n k  
p r o c e s s ,  o r ,  i f  three o r  fewer l i n e s  are i n  e r r o r ,  may 
i n s t r u c t  t h e  remote s i t e  t o  r e t r a n s m i t  only t h e  l i n e s  
i n  e r r o r .  I n  t h e  l a t t e r  case ,  it i s  necessary  t o  a l s o  
u p l i n k  t h e  address of  any l i n e  t o  be c o r r e c t e d .  

I f  any keycode words are accepted  by t h e  s p a c e c r a f t  
decoder ,  bu t  f a i l  a KKK keycode check performed by t h e  computer 
p r i o r  t o  p l a c i n g  them i n  b u f f e r  memory, t h i s  f a c t  i s  s i g n a l e d  
by s e t t i n g  a b i t  i n  one o f  t h e  flagwords that  i s  r ead  ou t  
twice i n  every 2 o r  1 0  s e c .  t e l e m e t r y  c y c l e .  The i n p u t  
channel  t o  t h e  computer. i s  then blocked from accep t ing  any 
f u r t h e r  data. The flagword i s  not  examined a t  t h e  remote 
s i t e ,  but  i s  r e t u r n e d  t o  MCC and processed t o  a le r t  the 
f l i g h t  c o n t r o l l e r  o f  t h e  d i f f i c u l t y .  Command t r ansmiss ion  
w i l l  cont inue  from t h e  remote s i t e  u n t i l  the  e n t i r e  data 
p o r t i o n  of t h e  load  i s  upl inked ,  o r  u n t i l  i t  i s  manually 
t e rmina ted .  It w i l l  t h e n  be necessary  t o  send "a l l  zeros"  
and " e r r o r  reset"  keycodes t o  c l e a r  t h e  b lock  and r e i n i t i a t e  
t h e  load  t r ansmiss ion .  

After t h e  UPBUFF con ten t s  are v e r i f i e d ,  f l i g h t  
c o n t r o l l e r  a c t i o n  i s  r equ i r ed  t o  i n s t r u c t  t h e  computer t o  
use  t h e  data. Th i s  takes t h e  form of a T ' inal  E n t e r " ,  
c o n s i s t i n g  of a V 3 3  preamble ( t h e  code ass igned  f o r  t h i s  
purpose)  and an  "ENTER". Each o f  these 4 keycodes r e q u i r e s  
i t s  own ECR, and normal procedure i s  t o  w a i t  f o r  verification 
o f  each keycode b e f o r e  i n i t i a t i n g  t h e  nex t .  When t h e  
f i n a l  "ENTER" i s  accepted  by t h e  s p a c e c r a f t  computer, it 
w i l l  cause t h e  c o n t e n t s  of  t h e  UPBUFF s t o r a g e  l o c a t i o n s  t o  
be p laced  i n  working memory of t h e  s p a c e c r a f t  computer. 

I n  summary, seven sequences o f  up l ink ing  a r e  
r e q u i r e d  (numbered 2 through 8 i n  F igu res  3-5), as fo l lows :  

2 .  VXX preamble ( v e r i f i e d  a t  M C C )  

3. E ( v e r i f i e d  a t  MCC) 

4 .  Load data ( v e r i f i e d  a t  R S C C )  

5. v ( v e r i f i e d  a t  MCC) 

6. 3 ( v e r i f i e d  a t  MCC) 

7. 3 ( v e r i f i e d  a t  MCC) 

8. E ( v e r i f i e d  a t  MCC) 
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Each sequence i s  i n i t i a t e d  by a n  ECR r e q u i r i n g  manual a c t i o n  
on the  p a r t  of a f l i g h t  c o n t r o l l e r  a t  MCC. 

Back-up procedures  and a l t e r n a t e  modes of commanding 
are a v a i l a b l e  i n  case  of d i f f i c u l t y .  A s  mentioned ea r l i e r ,  
i t  i s  p o s s i b l e  t o  load  an update  i n t o  t h e  RSCC v i a  t e l e t y p e  
i f  HSD load ing  cafinot be v a l i d a t e d .  ECR’s cannot  be accom- 
p l i s h e d  v i a  t e l e t y p e ,  b u t  can be voiced t o  t h e  s i t e ,  and 
manually i n s e r t e d  ir , tc t h e  RSCC. It i s  a l s o  p o s s i b l e  t o  use  a 
back-up s i t e  i f  d i f f i c u l t y  i s  encountered  w i t h  t h e  pr ime s i t e .  

I n  t h e  event  o f  up l ink  d i f f i c u l t y ,  i t  i s  p o s s i b l e  
t o  swi t ch  t r a n s m i t t e r s ,  modulators,  o r  monitor  r e c e i v e r s ,  
t o  u s e  t h e  back-up s i t e ,  o r  ( f o r  manned m i s s i o n s )  t o  
v o i c e  t h e  load t o  t h e  a s t r o n a u t s  f o r  manual e n t r y  v i a  t he  
s p a c e c r a f t  Display S e l e c t  Keyboard (DSKY) . 

A l i s t  of p r e s e n t l y  planned command loads  i s  given 
i n  Appendix E .  

S-IVB/IU COMMAND DATA FLOW 

Only one command word u p l i n k  format i s  used f o r  a l l  
S-IVB/IU commands ( s e e  Figure 2 ) .  Although t h e  commands can 
s t i l l  be c a t e g o r i z e d  as e i t h e r  computer updates  o r  r ea l - t ime  
commands, a l l  command words go i n t o  t h e  Launch Vehic le  D i g i t a l  
Computer (LVDC) f i rs t .  The r ea l - t ime  commands are t h e n  
i s s u e d  under LVDC c o n t r o l .  S-IVB/IU command words a r e  loaded 
i n  t h e  same manner as CMC/LGC keycode computer words. The 
b a s i c  d i f f e r e n c e  between t h e  two i s  i n  t h e  v e r i f i c a t i o n  p r o c e s s .  

35 b i t s  (175 sub-b i t s )  c o n t a i n s  6 in fo rma t ion  b i t s  i n  t r u e  and 
complement form. Keycodes a r e  not  used.  The  LYEC W V J .  u l n n ~ + h  * r * .~”**  

i s  26 b i t s ,  hence 5 command words are r e q u i r e d  p e r  computer 
word. Load g e n e r a t i o n ,  t r ansmiss ion ,  v a l i d a t i o n ,  and sub-b i t  
encoding are handled i n  t h e  same way as f o r  CSM and LM loads .  

A s  shown i n  F igure  2 ,  each S-IVB/IU command word of 

An S-IVB/IU command update  i s  i n i t i a t e d  by a f l i g h t  
c o n t r o l l e r  i n  t h e  MOCR v i a  an ECR s p e c i f y i n g  t h e  number of 
t h e  load  t o  be up l inked .  The ECR i s  t r a n s m i t t e d  and v a l i d a t e d  
as be fo re .  The LVDC does not u s e  Verbsf l ,  tfNounsll, and 
“En te r s” .  One va l ida ted  ECR i s  a l l  t h a t  i s  r e q u i r e d  f o r  
u p l i n k i n g  of t h e  e n t i r e  load .  Each command word must be 
v e r i f i e d  v i a  LVDC te lemetry b e f o r e  t h e  next  word i n  upl inked .  
F a i l u r e  t o  v e r i f y  t he  word w i t h i n  a p r e s e t  t i m e  causes  a n  
au tomat ic  r e t r a n s m i s s i o n  of t ha t  word. If a word i s  no t  
v e r i f i e d  a f t e r  a p r e s e t  number of r e t r a n s m i s s i o n s  (nominally 
th ree) ,  upl inkzng is terminated and a ground o r  space v e h i c l e  
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r e j ec t  i s  gene ra t ed  u s i n g  the  same c r i t e r i a  as f o r  t h e  CSM 
and LM. I f  t h e  LVDC has a l s o  counted t h i s  number of i n c o r r e c t  
t r a n s m i s s i o n s ,  i t  w i l l  d i s c a r d  a l l  command words a s s o c i a t e d  
w i t h  tha t  load  t h a t  preceded t h e  word i n  e r r o r .  Unlike 
t h e  CSM and LM, no " c l e a r "  and " e r r o r  reset" i s  r e q u i r e d  from 
t h e  ground. S-IVE)/IU updates  can  vary  up t o  51 command words 
i n  l e n g t h .  

There are three t e l eme te red  q u a n t i t i e s  used f o r  
v e r i f i c a t i o n ,  (1) Adress V e r i f i c a t i o n  Pu l ses  [ A V P ' s ) ,  ( 2 )  Computer 
Reset Pu l ses  ( C R P ' s ) ,  and ( 3 )  Command E r r o r  Words (CEW's). 
Real-time v e r i f i c a t i o n  i s  accomplished v i a  t h e  C R P ' s  on ly .  
They i n d i c a t e  LVDC acceptance of a command word. Two CRP's  
are telemetered v i a  t h e  72 kbps PCM S-IVB/IU l i n k  every  8.33 
m s .  It i s  necessary  t o  d e t e c t  f o u r  CRP's  d u r i n g  a 60 m s .  
w a i t i n g  i n t e r v a l  t o  es tabl ish v e r i f i c a t i o n .  I f  a command 
word i s  not  v e r i f i e d  i n  t h i s  t i m e ,  i t  i s  r e t r a n s m i t t e d  up 
t o  three times be fo re  commanding i s  t e rmina ted  and a ground 
o r  launch  v e h i c l e  r e j e c t  is  i s sued .  . 

A V P ' s  are analogous t o  MAP'S  used i n  t h e  CSM/LM. 
They i n d i c a t e  tha t  t h e  decoder has accepted  the  word, based 
on c o r r e c t  addres ses  and v a l i d  sub-b i t  p a t t e r n s .  They are 
a l s o  telemetered twice  every  8.33 m s .  
es tabl ishes  v e r i f i c a t i o n  o r  n o n - v e r i f i c a t i o n  v ia  AVP's  u s ing  
t h e  same c r i t e r i a  as f o r  CRP's .  However, t h e  r e s u l t  of 
t h i s  v e r i f i c a t i o n  does not  i n i t i a t e  any real-time response ;  
it i s  s t o r e d  on magnetic t a p e  f o r  command h i s t o r y  (pos t -pass  
o r  post-mission a n a l y s i s ) .  

The RSCC a l s o  

CEW's are telemetered i f  the  LVDC r e j e c t s  a command 
word. They provide  data on the reason  f o r  r e j e c t i o n  of t h e  
command word. The RSCC s t o r e s  t h e  fo l lowing  in fo rma t ion  
f r o m  CEW's f n r  command h i s t o r y :  

1. CEW e r r o r  code 
2.  CEW e r r o r  coun te r  
3 .  LVDC t r u e  information b i t s  

4 .  LVDC complement in format ion  b i t s  

ERROR PROTECTION 

The e r r o r  p r o t e c t i o n  provided on command data flow 
messages i s  summarized i n  Figure 6. 

The t r a n s f e r  of command l o a d s  from the RTCC t o  CCATS 
i s  p r o t e c t e d  by p rov id ing  one p a r f t y  b i t  f o r  every 1 2  fnforma- 
t i o n  b i t s .  
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Command loads  and E C R ' s  t r a n s f e r r e d  from CCATS 
t o  t h e  RSCC a r e  p r o t e c t e d  b y  Bose-Chaudhuri-Hocquenghem ( B C H )  
polynomial  e r r o r  d e t e c t i o n  codes (see Reference 5 f o r  a 
d e s c r i p t i o n  of these codes ) .  The informat ion  con ten t  of  
t h e  message i s  broken i n t o  30 b i t  subblocks ,  and 27 BCH b i t s  
and 3 fill b i t s  are added t o  make t h e  subblock l e n g t h  60 
b i t s .  The subblobks ' i n  t u r n  a r e  assembled i n t o  600 b i t  
b locks  ( w i t h  fill subblocks i f  n e c e s s a r y ) ,  w i t h  each b lock  
con ta in ing  33 BCH b i t s .  Th i s  l a t t e r  coding i s  used only  
on the  50 .0  kbps WBD l i n e  between MCC and GSFC, whereas t h e  
subblock coding provides  end-to-end p r o t e c t i o n  over  t h e  
e n t i r e  ground network. 

BCH coding i s  a l s o  pu t  on t h e  C A P ' S  r e tu rned  t o  

A CAP c o n t a i n s  26 in format ion  b i t s ,  and i s  p r o t e c t e d  
MCC from t h e  remote s i t e ,  but  n o t  on t h e  res t  of t h e  t e l eme t ry  
data.  
by 1 4  BCH b i t s .  
600 b i t  b locks  a t  GSFC f o r  WBD t r ansmiss ion  t o  MCC, i nc lud ing  
480 b i t s  of  t e l eme t ry  and CAP da ta ,  and 33 BCH b i t s  f o r  b lock  
p r o t e c t i o n .  

The composite t e l e m e t r y  data i s  packed i n t o  

Addi t iona l  e r r o r  p r o t e c t i o n  i s  provided by t h e  
redundant  t rnamiss s ion  of  a l l  messages,  and by v a l i d i t y  
checks on such items as s i t e  addresses, v a l i d  load  and 
mis s ion  numbers, and l e g a l  keycodes. 

Uplink e r r o r  p r o t e c t i o n  i s  provided  by use  of  
sub-b i t  encoding and (CMC and LGC o n l y )  KT(K encoding. Sub- 
b i t  encoding i s  used on both R T C ' s  and loads  and s u b s t i t u t e s  
5 sub -b i t s  f o r  a s i n g l e  informat ion  b i t ,  Unique sub-b i t  
codes are used f o r  l o g i c a l  "lrsl' and l o g i c a l  ' l O r ~ l ' .  A 
d i f f e r e n t  sub-b i t  code i s  used f o r  t h e  v e h i c l e  address from 
t h a t  used f o r  t h e  remainder  of t h e  u p l i n k  word. F a i l u r e  
of t h e  sub-b i t s  t o  check w i l l  cause  t h e  u p l i n k  word t o  be  
d i s c a r d e d ,  and prevent  a v a l i d  MAP t r ansmiss ion  t o  t h e  
ground. The MAP i t s e l f  i s  encoded i n t o  4 b i t s  ( C S M )  o r  8 
b i t s  (LM). It i s  sampled 50 t imes a second i n  t h e  h igh  b i t  
r a t e  mode ( t h e  a c t u a l  s i g n a l  w i l l  b e  p r e s e n t  on ly  55 m s . )  and 
10 t imes a second i n  t h e  low b i t  r a t e  mode ( t h e  s i g n a l  w i l l  
be p r e s e n t  f o r  250 ms.). There are no MAP'S i n  LM low b i t  
r a t e  t e l e m e t r y .  KXK encoding p rov ides  an  end-to-end check 
on t h e  u p l i n k  t r ansmiss ion  of AGC/LGC computer l o a d s .  The 
true-complement coding does t h e  same f o r  LVDC l o a d s .  

The downlinked CMC/LGC computer words are p r o t e c t e d  
by a p a r i t y  b i t  w i t h  every 15 b i t  word. T h i s  p a r i t y  b i t  i s  
checked b e f o r e  a buffer  compare r o u t i n e  i s  i n i t i a t e d .  

An a n a l y s i s  of  t h e  p r o t e c t i o n  a f forded  b y  t h i s  
encoding i s  conta ined  i n  Reference 2 .  
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TABLE 1 

DESCRIPTION 

lTERB 
NWN 
CLEAR 
ENTER 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
+ 
- 
UPLK BLK (All Zei 
Error Reset 

- 
- 
V 
N 

E 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
+ 
- 

1 )  

- 

- 
IA - 
LOO 

LOO 
LOO 
LOO 
100 
LOO 
LOO 
LOO 
LOO 
100 
100 
100 
100 
100 
100 
100 
100 
100 - 

- 
SA - 
Dll 
3I.l 
311 
011 
011 
011 
011 
011 
011 
011 
011 
011 
011 
011 
011 
011 
011 
011 - 

IT - 
P - 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 - 

10001 
11111 
11110 
11100 
loo00 
00001 
Ooo10 
m11 
00100 
00101 
00110 
00111 
01000 
01001 
11010 
11011 
00000 
10010 - 

RE - - 
K - 

01110 
OOOOO 
oooO1 
m11 
01111 
11110 
11101 
11100 
11011 
11010 
11001 
llm 
10111 
10110 
00101 
00100 
OOOOO 
01101 - 

at For LGC Octals,  &angc first two charactere t o  31. 

K 

10001 
11111 
11110 
11100 
1oOOO 

00001 
OOO10 
00011 
00100 
00101 
00110 
00111 
01000 
01001 
11010 
11011 
00000 
10010 

OCTAW 
~- 

43613504 
43770174 
43760370 
43740760 
43603700 
43417404 
43427210 
434370111 
43446620 
43456424 
43466230 
43476034 
43 50 5640 
43515444 
43721350 
4373u54 
43400000 
43623310 

FROM REF. 8 
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List of Abbreviations and Acronyms 

AGC 
AVP 
BCH 
C 
iT 
CAP 
CCATS 
CIM 
CMC 
CP 
CRP 
C SM 
CTE 
DA 
DCA 
DSKY 
DTU 
D/TV 

E 

ECR 
GSFC 

. HBR 
HYU 

HSP 
I 
T 
ID 
INT 
IU 
K 
r 
kbp s 

-- -- 

Apollo Guidance Computer (also called CMC) 
Address Verification Pulse 
Bose-Chaudhuri-Hocquenghem (polynomial code) 
Control bit (in S-IVB/IU command word) 
Complemqnt .of Control bit (in S-IVB/IU command word) 
Command Analysis Pattern 
Communications, Command, ana Telemetry System 
Computer Input Multiplexer 
Command Module Computer (also called AGC) 
Communications Processor (GSFC) 
Computer Reset Pulse 
Command Service Module 
Central Timing Equipment 
Decoder Address (S-IVB/IU) 
Digital Command Assembly 
Display Select Keyboard 
Data Transmission Unit 
Digital-to-TV Converter 

Enter (keycode) 

Execute Command Request 
Goddard Space Flight Center 
High Bit Rate Telemetry Mode (51.2 kbps) 

High Speed Printer 
Information bits (in S-IVB/IU command word) 
Complement of Information bits (in S-IVB/IU command word) 
Identification 
Interrupt bits (in SAIVB/IU command word) 
Instrument Unit 
Keycode 
Complement of Keycode 
Kilobits per second 

T T * - - , -  nLgLl Opccu m - - - ~  n-+.-. uauu (2 .4 k h p ~ )  
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L i s t  of Abbreviat ions and Acronyms 

LBR 
LGC 
LM 
LVDC 
M 
MAP 
MCC-H 
M&O 
MOCR 
MSFN 
MTU 
P B I  
PBT 
PCM 
POLY 
RF 
RO 
RS 
RSCC 
RSDP 
RSTC 
RTC 
RTCC 
SA 
S-IVB 
SLV 
TLM 
TTY 
ucs 
UDF 
UDL 
UHF 
UPBUFF 
USB 

Low B i t  Rate Telemetry mode ( 1 . 6  kbps)  
Lunar Module Guidance Computer 
Lunar Module 
Launch Vehicle  Dig i ta l  Computer 
Mode d d t a  b i t s  ( i n  S-IVB/IU command word) 
Message Acceptance P a t t e r n  ( o r  P u l s e )  
Mission Control  Center  - Hous$on 
Maintenance and Opera t ions  (Personnel) 
Mission Operations Con t ro l  Room 
Manned Space F l i g h t  Network. 
Magnetic Tape U n i t  
Push Button I n d i c a t o r  
Polynomial Buffer Terminal , 

pu l se  Code Modulation Telemetry 
Polynomial E r r o r  D e t e c t i n g  Code (BCH code) 
Radio Frequency 
Receive Only ( t e l e t y p e  paper  tape puncher)  
Remote S i t e  
Remote S i t e  Command Computer 
Remote S i t e  Data P rocesso r  (RSCC o r  RSTC) 
Remote S i t e  Te leme t ry  Computer 
Real-Time Command 
Real-Time Computer Complex 
System Address 
S a t u r n  IVB Stage 
S a t u r n  Launch Vehicle 
Telemetry (also TM) 
Tele type  
Universa l  Command Sys tem 
Up-Data Buffer  (MSFN equipment) 
Up-Data Link 
Ultra High Frequency 
Up-Data Buffer  (CMC/LGC b u f f e r  s t o r a g e ]  
Un i f i ed  S-Band 
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V 
VA 
VAL 
VER 
WBD 

L i s t  of Abbrevia t ions  and Acronyms 

Verb (keycode) 
Vehic le  Address 
V a l i d a t i o n  (remote s i t e  acceptance)  
V e r i f i c a t i o n  ( space  v e h i c l e  acceptance)  
Wide Band Data ( 5 0 . 0  kpbs )  
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Appendix A 

Apollo Command System-Ground Network Flow Char t s  

The o p e r a t i o n  of  t h e  Apollo command system ground 
network i s  shown i n  f low c h a r t  form i n  t h i s  Appendix. 
e i g h t  f low c h a r t s  p re sen ted  here  are l i s t e d  below: 

The 

F igu re  1 - Command Loading-from MOCR through GSFC 

F igure  2 - Command Loading and Val idat ion-from Remote 
Outbound. 

S i t e  Inbound through MCC-H Polynomial Buffer  
Terminal Inbound. 

Terminal through MOCR. 

S i t e  Va l ida t ion .  

Spacec ra f t .  

Spacec ra f t  Telemetry through Remote S i t e  
V e r i f i c a t i o n .  

from RSCC through Remote S i t e  V e r i f i c a t i o n .  

F igu re  3 - Command Load Val idat ion-from Polynomial Buffer  

F igu re  4 - Execute  Command Request-from MOCR through Remote 

F igu re  '5 - Command Uplinking (CSM and LM)-from RSCC'to 

F igu re  6 - Command V e r i f i c a t i o n  ( C S M  and LM)-from 

F igure  7 - Command Uplinking and V e r i f i c a t i o n  (S-IVB/IU)- 

Figure  8 - Command Ver i f ica t ion- f rom R S C C  th rough MOCR. 

These f low c h a r t s  show t h e  normal command load ing ,  
u p l i n k i n g ,  and v e r i f i c a t i o n  l o g i c  and most of  t h e  a l t e r n a t e  
r e t r a n s m i s s i o n  l o g i c .  Other command f u n c t i o n s  ( e . g . ,  command 
h i s t o r y ,  l oad  inven to ry )  are n o t  shown. The nominal sequence 
of o p e r a t i o n  i s  shown by fo l lowing  t h e  heavy l i n e  p a t h .  Nominal 
c o n t r o l  and back-up p a t h s  are  shown by dashed l i n e s .  

Message formats  used f o r  in format ion  t r a n s f e r s  a t  
d i f f e r e n t  p o i n t s  i n  t h e  network are p resen ted  i n  Appendix B ,  
and a r e  keyed t o  t h e  f low c h a r t s  by e n c i r c l e d  c a p i t a l  l e t t e r s .  
A CMC s ta te  v e c t o r  update  has been chosen f o r  purposes  of i l l u s -  
t r a t i o n .  Func t iona l  schematics  a p p l i c a b l e  t o  d i f f e r e n t  network 
equipment are p resen ted  i n  Appendix C ,  and are keyed t o  t h e  f low 
c h a r t s  by lower case  l e t t e r s .  
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Appendix B 

FORMATS (CMC N A V I G A T I O N  UPDATE) 

T h i s  appendix shows t h e  message f o r m a t s  used  t o  
t r a n s f e r  i n f o r m a t i o n  between elements o f  t h e  ground network,  
and between t h e  ground and t h e  space  v e h i c l e .  A CMC 
N a v i g a t i o n  ( S t a t e  Vec to r )  Update h a s  been chosen as  an 
example.  The f i g u r e  l e t t e r s  cor respond to t h e  c i r c l e d  upper  
c a s e  l e t t e r s  shown on t h e  f low c h a r t s  i n  Appendix A .  

The i n d i v i d u a l  fo rma t s  a re  as f o l l o w s :  
Page 
B-2 

B-3 

F i g u r e  A - AGC Nav iga t ion  Update-Information Content  

B - D/TV Di sp lay  i n  MOCR 

C - RTCC t o  CCATS B-4 

B-5 

B-7 

D - CCATS t o  GSFC - WBD Blocks 

E - CCATS to GSFC-Information Content  o f  
WBD Blocks 

F - CCATS t o  RS-Flow Diagram f o r  WBD-HSD 
Transmiss ion  B-14 

G - CCATS to RS-TTY B-15 

H - CCATS to RS-Flow Diagram f o r  TTY 
Transmiss ion  B-16 

I - GSFC t o  RS-HSD B-17 

J - RS to MCC CAP VAL f o r  Load B-18 

K - RS to MCC-Telemetry Frame B-19 

L - GSFC t o  CCATS - WBD Blocks B-20 

M - CCATS t o  RS - ECR B - 2 1  

N - RS to MCC - CAP VAL f o r  ECR B-23 

0 - RS t o  CSM - Uplink Keycodes B-24 

P - CSM to RS - High B i t  Rate PCM Format B-25 

Q - CSM to RS - CMC E n t r y  and Update List B-26 

R - RS t o  MCC - CAP COMPARE B-27 

B-28 s - RS t o  MCC - Telemetry Frame 
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4 

X (13) 

LOAD OOXX CIY CSM W V I C A T I D N  UPDATE 

Y (23) 6 

won0 
w .  2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 ig 2b 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 

RTCC LABEL won0 (36) 1 

I SPARE (36) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 ig 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 
TIME WORD (36) 2 

$ 

12 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 vE:::'i5  SERIAL NO. (611 PRIME IACKU? DATA WORD COVNT 
S I T E  (5) S I T E  (5) (10) 

1 6 )  
CETSV HRS (10) CETSV M I N  

4 

(61  ( 7  ) 
SPARE (7) 13 CETSV S I C  CETSV CENTISEC 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 ' 

Y (7) I I C29) 1 7  

1 2  3 4.5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 
z 
1 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 26 29 30 31 32 33 34 35 36 

i(VX) (30) I + ( V I )  (5) 8 

I icvr> (25) I 2CVZ) (11) 1 9  

1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 

I I i < v n  (19) CSM STATE VECTOR TIME (17) 10 

I CSM STATE VECTOR TIME (13) I SPARE (23) 11 
1 2 3 4 5 6 7 8 9 10 11 12 13 1? 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 26 25 26 27 28 29 30 31 32 33 34 35 36 

I 
I I 

r 

SCIRE (36) 16 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 
17 PARITY (12) SPARE (24) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 31, 35 31 
PARITY (32) F I L L  (4) 18 

IS LEFTMOST D I T  

FROM REF. 8 
FIGURE C 

R T C C  TO .€CATS 



( 
SUBBLOCK 

NO. 

L 

29 24 23 12 ll 0 LSB 
1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 ~ 1 l l  

1 1 1 1 1 1 1 1 1 1 1  l l l l l l 1 1 1 1 1  
SYNC WORD 2 SPNC WORD 1 

59 57 54.53 48 47 40 39 32 30 

89 63 60 

I 1 1 1 1  1 1 1 1 1 I I  1 1 1 1 1 1 1  

DATA m T  CODE S T I W T f a  CODE 

l , l , . l , , , , l l l l l , , 1 , , 1 1 ~ ~ , ~  1 1  

l l l l l l l l l l l l l l l l l  l I I I i 1 I  1 1  I I  
0 0 0  BRROR PROTECTION 

119 117 110 105 97 96 
1 1 1 1 1 1  1 , 1 1 1 1  SUBBLQCK COUNT I l l 1  

LOAD TPPE I 

149 123 120 
ERROR PROTECTION 0 0 0  

I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 I 1  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1  

179 l77,  167 164 
I 1 1 ~ 1 1 1 1 1  1 1 1 1 1 ' 1 1 1 1 1 1  

1 1 1 1 1 1 1 1 1 1 1 1  
DATA WORD COUNT 0 0 0 0 0 0 0 0 0 0 0 0  

. .  
D a h  Subblocke 

9 

FROM REF. 8 
FIGURE D 

CCATS TO G S F C  

Format For F i r s t  Block of a Load 



4 

v 

8-6  

SUBBLOCK 
NO. 

29 24 23 12 11 0 LSB l l l l (  1 1 1 1 1 ~ ~ 1 1 1 1  

SOURCE CODE ’ SYNC WORD 2 SYNC WORD 1 1 1 1 1 1  1 1 1  1 1 1  I i f i  

1 1 1 1 ~ ~ 1 1 1 1  

l l l l l l ~ , , ~ r  

1 1 1 1 1  1 1 1 1 1  1 1 1 1 (  
30 59 57 54 53 48 47 40 39 

DATA F O W T  CODE DESTINATION CODE 
1 

. .  . .  
D a t a  Subblocks . 

10 
I 1  1 1 1 1 1  

569 567 

1 1 1 1 1  I , 1 1 1 1  I I 1 ( 1 1 1 , 1 , 1 1 1  I I  

1 1 1 1 1 , , 1 1  I , I , I  1 1  1 I 1 1 1 1 1 1  

570 599 
3 3 - B I T  POLYNOMIAL CODE 

1 1 1 1  

F R O M  R E F .  8 FIGURE D (CONTINUED) 

C C A T S  T O  G S F C  
Format For  Second And Subsequent Blocks of  a Load 
Requiring More Than One Block 



a . 
B-7 

SUBBMCK 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

LOAD OOXX CMC CSM NAVIGATION UPDATE V 7 1  TYPE (CNU) 

BITS - 
0-11 

24-31 
32-39 
40-47 
48-53 
5 4-57 
58-59 

12-23 

60-62 
63-89 
90 
91 
92-96 

' 97-103 
104 
105-110 
111-117 
118 
119 

120-122 
123-149 
150 
151-163 
164-167 
168-177 
178 
179 

180-182 
183-209 
210 

' 211-215 
216-220 
221-225 
226-230 
231-237 
238-239 

DESCRIPTION 

SYNC WORD 1 . 

SYNC WORD 2 
SOURCE CODE 
DESTINATION CODE 
DATA FORMAT CODE 
MESSAGE NUMBER 
SEQUENCE NO. 
STATUS A CODE 

F I L L  
ERROR PROTECTION 
MISSION NO. 
SPARE 
S I T E  I D  
SUBBLOCK COUNT 
SPARE 
MSG NO. 
M A D  TYPE 
INTROCUCTION 
INSTRUCTION 

FI LL 
ERROR PROTECTION 
MISSION NO. 
SPARE 
VEHICLE ADDRESS 
DATA WORD COUNT 
I NTRO DUC T I  ON 
I NSTRUC T I  ON 

F I L L  
ERROR PROTECTION 
MISSION NO. 
INDEX 
KEY CODE ( VERB NO.) 
KEY CODE ( VERB NO.) 
VERB SYMBOL 
SEQUENCE NO. 1 
INSTRUCTION 

NO. O F  B I T S  

12 
12 
8 
8 
8 
6 
4 .  
2 

3 
27 
1 
1 
5 
7 
1 
6 
7 
1 
1 

3 
27 
1 

1 3  
4 
10 
1 
1 

3 
2'7 
1 
5 
5 
5 
5 
7 
2 

FROM REF. 8 
FIGURE E 



I . 

6-8 

MAD OOXX C K  CSM NAVIGATION UPDATE V71 TYPE (CNU) ( C O N T ' D )  

BITS - 
240-242 
243-269 
270 
271-275 
2 7 6 - 2 8 0 
281-285 
286-290 
291-297 
298-299 

300-302 
303-329 
330 
331-335 
336-340 
34l-345 
346-350 
351-357 

' 358-359 

360-362 
363-389 
390 
391-395 
396-400 
401-405 
406-4lO 
411-417 
418-419 

420-422 
423-449 
450 
451-455 
456-460 
461-465 
4.66-470 
471-477 
478-479 

D E S C R I P T I O N  

F I L L  
ERROR P R O T E C T I O N  
M I S S I Q N  NO. 
INDEX 
INDEX 
I N D E X  
I N D E X  
SEQUENCE NO. 2 
I N S T R U C T I O N  

FILL 
ERROR P R O T E C T I O N .  
M I S S I O N  NO. 
CMC CORE ADDRESS 
CMC CORE ADDRESS 
CMC CORE ADDRESS 
CMC CORE ADDRESS 
SEQUENCE NO. 3 
I N S T R U C T I O N  

FILL 
ERROR P R O T E C T I O N  
MISSION NO. 
VECTOR I D  

VECTOR I D  
VECTOR I D  
CMC CORE ADDRESS 
SEQUENCE NO. 4 
I N S T R U C T I O N  

F I L L  
ERROR P R O T E C T I O N  
MISSION NO. x (x POS) 
x (x POS) 

3:; I; 
SEQUENCE NO. 5 
I N S T R U C T I O N  

NO. OF BITS 

* 3  
27 
1 
5 
5 
5 
5 
7 
2 

3 
27 
1 
5 
5 
5 
5 
7 
2 

3 
27 
1 
5 
5 
5 
5 
7 
2 

3 
27 
1 
5 
5 
5 
5 
7 
2 

FROM REF. 8 

FIGURE E (CONTINUED) 

181 



B- 9 

SUBBLOCK 

LOAD OOXX CMC CSM NAVIGATION UPDATE V71 TYPE (CNU) (CONT'D) 

BITS - 
480-482 
483-509 
510 
511-515 
516-520 
523.-525 
526-530 
531-537 
538-539 

D E S C R I P T I O N  

FILL 
ERROR PROTECTION 
M I S S I O N  NO. 

X. (X ?OS) 
x (x P O S )  

d (x  P O S )  
x (x POS) 
SEQUENCE NO. 6 
INSTRUCTION 

NO. OF BITS 

3 
27 
1 
5 
5 
5 
5 
7 
2 

10 540-545 ACK. SEQUENCE NO. 6 
10 546-549 FILL 4 
10 550-551 STATUS B CODE 2 
10 552-557 SEQUENCE NO. 6 
10 558-563 , INTER C P  CODE ' 6 
10 564-566 FILL 3 .  
10 567-599 POLYNOMIAL CODE 33 

11 
11 
11 
11 
11 
11 
11 
11 

12 
12 
12 
12 
12 
12 
12 
12 
12 

0-11 
12-23 
24-31 
32-39 
40-47 
48-53 
54-57 
58-59 

60-62 
63-89 
90 
91-95 
96-100 
101-105 
106-110 
111-117 
118-119 

13 120-122 
13 123-149 
13 150 
13 151-15 5 
13 156-160 
13 161-165 
13 166-170 
13 171-177 
13 178-179 

SYNC WORD 1 12 
SYNC WORD 2 12 
SOURCE CODE 8 
DESTINATION 8 
DATA FORMAT CODE 8 
MESSAGE NUMBER 6 
SEQUENCE NUMBER 4 
STATUS A CODE 2 

FILL 
ERROR PROTECTION 
M I S S I O N  NO. 
x (x P O S )  
x (x  POS) 
x (x P O S )  
x (x  P O S )  
SEQUENCE NO. 7 
INSTRUCTION 

F I  LL 
E I W R  PROTECTION 
M I S S I O N  NO. 
Y (Y P O S )  
Y ( Y  P O S )  
Y (Y P O S )  
Y (Y P O S )  
SEQUENCE NO. 8 
INSTRUCTION 

3 
27 
1 
5 
5 
5 
5 
7 
2 

3 
27 
1 
5 
5 
5 
5 
7 
2 

FROM REF.  8 

FIGURE E (CONTINUED) 



6-10 

MAD OOXX CMC CSM NAVIGATION UPDATE V71 T Y P E  ( C N U ) ( C O N T I D )  

SUBBIDCK 

14 
14 
14 
14 
14 
14 
14 
14 
14 

15 
1 5  
15 
1 5  
15 
15 
15 
15 
1 5  

16 
16 
16 
16 
16 
16 
16 
16 
16 

17 
17 
17 
17 
17 
17 
17 
17 
17 

B I T S  

180-182 
183-209 
210 
211-215 
216-220 
221-225 
226-230 
231-237 
238-239 

240-242 
243-269 
270 
271-275 
276-280 
281-285 
286-290 
.291-297 
298-299 

300-302 
3 02-329 
330 
331-335 
336-340 
3w-345 
346-350 
351-357 
358-359 

360-362 
363-389 

391-395 
396-400 
401-405 
406-410 
411-4l7 
418-419 

390 

D E S C R I P T I O N  

FILL 
ERROR P R O T E C T I O N  
M I S S I O N  NO. 

, Y (Y P O S )  

Y (Y POS 
Y (Y POS) 
SEQUENCE NO. 9 
I N S T R U C T I O N  

F I L L  
ERRDR P R O T E C T I O N  . 
M I S S I O N  NO. 
z (0  POS) 
t (2 P O S )  
Y ( Y POS) 
Y (Y POS) 
'SEQUENCE NO. 10 
I N S T R U C T I O N  

NO. OF B I T S  

FILL 
ERROR P R O T E C T I O N  
M I S S I O N  NO. 
0 (2 P O S )  
z (z P O S )  
2 ( 0  POS) 
2 (z POS) 
SEQUENCE NO. 11 
I N S T R U C T I O N  

FILL 
ERROR P R O T E C T I O N  
M I S S I O N  NO. 
2 ( 0  P O S )  

2 (z P O S  
2 (z P O S )  
SEQUENCE NO. 12 
I N S T R U C T I O N  

3 
27 
1 
5 
5 
5 
5 
7 
2 

3 
27 
1 
5 '  
5 
5 
5 
7 
2 

3 
27 
1 
5 
5 
5 
5 
7 
2 

3 
27 
1 
5 
5 
5 
5 
7 
2 

FROM REF. 8 

FIGURE E (CONTINUED) 



B - 1 1  

IOAD OOXX CMC CSM NAVIGATION UPDATE V71 TYPE ( G N U )  (CONT'D)  

SUBBIOCK 

18 
18 
18 
18 
18 
18 
18 
18 
18 

19 
19 
19 
19 
19 
19 
19 
19 
19 

20 
20 
20 
20 
20 
20 
20 

21 
21 
21 
21 
21 
21 
21 
21 

22 
22 
22 
22 
22 
22 
22 
22 
22 

- BITS DESCRIPTION 

420-422 FILL 
42%49' ERROR PROTECTION 
450 M I S S I O N  NO. . 

451-455 x (vx) 
450-460 x (W 
461-465 x (vx> 
466-47 0 x (vx) 
471-477 SEQUENCE NO. 13 
478-479 INSTRUCTION 

480-482 
483-509 
510 
511-515 
516-520 
5 21- 52 5 
526-530 
531-537 
538-539 

FILL 
ERROR PROTECTION 
M I S S I O N  NO. x @x, 
x (VX) 
x (vx> 
B (vx> 
SEQUENCE NO. 14 
INSTRUCTION 

540-545 ACK. SEQUENCE NO. 
546-549 FILL 
550-551 STATUS B CODE 
5 5 2-5 57 
558-563 I N T E R  C P  CONT 
564-566 FILL 
567-599 POLYNOMIAL CODE 

SEQUENCE NO. 

0-11 
12-23 
24-31 
32-39 
40-47 
48-53 
54-57 
58-59 

SYNC WORD 1 
SYNC WORD 2 
SOURCE CODE 
DESTINATION CODE 
DATA FORMAT CODE 
MESSAGE NUMBER 
SEQUENCE NUMBER 
STATUS A CODE 

60-62 FILL 
63-89 ERROR PROTECTION 
90 M I S S I O N  NO. 
91-95 y (vy) 
96-100 y (vy) 
101-105 x (vx> 
106-110 

118-119 INSTRUCTION 
111-117 %&%E No. 1 5  

NO. O F  BITS 

3 
27 
1 
5 
5 
5 
5 
7 
2 

, 3  
27 
1 
5 
5 
5 
5 
7 
2 

6 
4 
2 
6 
6 
3 

33 

12 
12 
8 
8 
8 
6 
4 
2 

3 
27 
1 
5 

FROM REF. 8 

FIGURE E (CONTINUED) 



8-12 
LQAD OOXX CMC CSM NAVIGATION UPDATE V71 T Y P E  (CNU)  ( C O N T ' D )  , 

SUBBLDCK 

23 
23 
23 
23 
23 
23 
23 
23 
23 

24 
24. 
24 
24 
24 
24 
24 
24 
24 

25 
25 
25 
25 
25 
25 
25 
25 
25 

26 
26 
26 
26 
26 
26 
26 
26 
26 

B I T S  

120-122 
123-149 
150 
151-155, 
156-160 
161-165 
166-170 
171-177 
178-179 

180-182 
183-209 
210 
211-215 
216-220 
221-225 
226-230 
.231-237 
238-239 

240-242 

- 

243-269 
270 
271-27 5 
276-280 
281-285 
286-290 
291-297 
298-299 

300-302 
303-329 
330 
331-335 
336-340 
341-345 
346-350 
351-357 
358-359 

D E S C R I P T I O N  NO. OF BITS 

F I L L  3 
ERROR P R O T E C T I O N  27 
M I S S I O N  NO. 1 

6 YCjvY) 5 
y (E) 5 
y (v-0 5 
L@L/ 
SEQUENCE NO. 16 

5 
7 

I N S T R U C T I O N  2 

FILL 
ERROR P R O T E C T I O N  . 
M I S S I O N  NO. 
y (m> 
y (m> 
y (W 
.y (E) 
SEQUENCE NO. 17 

3 
27 
1 
5 
5 
5 
5 
7 

I N S T R U C T I O N  2 

F I L L  3 
ERROR P R O T E C T I O N  27 

' M I S S I O N  NO. 1 
z (VZ) 5 
z (VZ) 5 
z ( v a  5 
2,. (vg) 
SEQUENCE NO. 18 

5 
7 

I N S T R U C T I O N  2 

FILL 
ERROR PROTECTION 
M I S S I O N  NO. 
z (v2) 
(VZ) 

2 ( W  
(Val 

SEQUENCE NO. 19 
I N S T R U C T I O N  

3 
27 
1 
5 
5 
5 
5 
7 
2 

FROM REF.  8 

FIGURE E (CONTINUED) 



6-13 

LOAD OOXX CMC CSM NAVIGATION UPDATE V71 TYPE (CNU) (CONT'D) 

SUBBLOCK 

27 
27 
27 
27 
27 
27 
27 
27 
27 

28 
28 
28 
28 
28 
28 * 

28 
28 
28 

29 
29 
29 
29 
29 
29 
29 
29 
29 

30 
30 
30 
30 
30 
30 
30 

BITS 

' 360-362 
363-389 
390 
391-395 
396-400 
401-405 
4%-4J-0 
411-4.l7 
W 8 4 . 9  

420-422 
423-449 
450 
451-45 5 
456-460 
461-46 5 
466-470 
471-477 
478-479 

480-482 
483-509 
510 
511-515 
516-520 
5 21- 52 5 
526-530 
531-537 
538-539 

540-545 
546-549 
550-551 
5 52-5 57 
558-563 
564-566 
567-599 

DESCRIPTION 

FILL 
ERROR PROTECTION 
M I S S I O N  NO. 
CMC STATE VECTOR T I M E  
CMC STATE VECTOR T I M E  
2 (W 
2 (W 
SEQUENCE NO. 20 
INSTRUCTION 

FTLL 
ERROR PROTECTION 
M I S S I O N  NO. 
CMC STATE VECTOR TIME 
CMC STATE VECTOR T I M E  
CMC STATE VECTOR TIME 
CMC STATE VECTOR TIME 
SEQUENCE NO. 21 
INSTRUCTION 

FILL 
ERROR PROTECTION 
M I S S I O N  NO. 
CMC STATE VECTOR T I M E  
CMC STATE VECTOR TIME 
CMC STATE VECTOR TIME 
CMC STATE VECTOR T I M E  
SEQUENCE NO. 22 
INSTRUCTION 

NO, OF BITS 

3 
27 
1 
5 
5 
5 
5 
7 
2 

3 
27 
1 
5 
5 
5 
5 
7 
2 

3 
27 
1 
5 
5 
5 
5 
7 
2 

ACK. SEQUENCE NO. 6 
FTLL 4 
STATUS B CODE 2 
SEQUENCE NO. 6 
I N T E R  C P  CONT 6 
FILL 3 
POLYNOMIAL CODE 33 

FROM REF. 8 

FIGURE E (CONTINUED) 
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e- 

LL 
w 
a! 

z 
0 
a! 
LL 

0 
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8-15 
500 SERIES 
LOAD 00 

-TELETYPE FORMAT 

TE LETY PF MESSAG E - 

00241002034725737730<<=* 
00340081056766603010<<~* 

f l / # t # # Z  JU. W O C  

FROM R E F .  8 
FIGURE G 

CCATS TO REMOTE S ITE-TTY 
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B-16 
1 

v. 
W c 
U 
m 

111 
al t- 
U 
rl 

a 
IL cn w u 

0 
U 
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B-17 
+ 

7 
I I I I I 1 I 

8 1 C  

SYNC 0 0 0  0 1 1  1 1  
* /  

I I I I I I I 
SYNC 0 0 0  0 1 1  1 1  

16 23 
I I I I I I I 

SOM GO 1 0  1 0 1  0 1  
I 

24 31 

O l 1 0  0 0 0  0 0  
I I I I I I 

32 4 1  
I 1 I I I 

POLYNOMIAL CODE 
I 

42 51 
I I I I I I I I 

POLYNOMIAL CODE' --- 
I I 

2 61 
1 I I 1 I I I I 

POLYNOMIAL CODE 
I 

I I 
62 7 1  

I I I I I I I I I 
DATA 

I 
72 81  

I I I I I I I I I 
DATA 

I J 
82 91  

I I I I I I I I I 
DATA 

2 101 
1 1 

POLY~I I 'AL  ODE' 
0 

0 

0 

0 

0 

0 

0 

0 

0 

a 
N N+9 

I I I I I I I I I 
DATA 

N+10 N+19 

l I 1 O  1 0 1 0 1 0 ' 1  0 
I I I 1 I I I Em 

FROM R E F .  8 
F I G U R E  I 

GSFC/RS Command Data T r a n s f e r  (Example 
For M u l t i p l e  Subblock Messages) 
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Appendix C 

Funct iona l  Schematics 

The f u n c t i o n a l  schematics  shown i n  t h i s  appendix 
are keyed by f i g u r e  l e t t e r s  t o  the lower c a s e  l e t t e r s  used i n  
t h e  f low c h a r t s  $n Appendix A .  

The i n d i v i d u a l  f i g u r e s  are as fo l lows :  

F i g u r e  a - RTCC 
Page 
c-2 

b - CCATS c-3 

c - GSFC c-4 

d - RSCC ( l o a d i n g )  c-5 

e - Remote S i t e  Uplinking 

f -. Updata Buffer  

C-6 

c-7 



C - 2  

m .  

LL 
w 
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z 
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& 
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I 
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3- CL, E" 
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I ow01 n 

I t 3 NO 

I I. 3N0 

cd 

U 

LL 
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u 
V s sa% 
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111 
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0 
- I - =  

LL 
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I fi; 
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c-7 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TO SPACE VEHICLE 

1 
- 

I 
VER UHF UHF VER VER EXCITER EXCITER VER 

RCVR XMT R XMTR RCVR RCVR AND AND RCVR 
NO. I NO. I NO. 2 no. 2 NO. I PA NO. I PA NO. 2 No. 2 

A A c 

sco sco 
NO. I NO. 2 

a A 

r- -------- I I - I I I I I I I I I I I I I - I I I I L I I - I ~ I I I I  

~ 

UHF PRIME/ 
BACKUP SELECT . 

0 
R 

\ 
/ 

\ 

0 226 227 
R 

VER VER 
** 

* *  SELECT SELECT 

\ 1 
/ - 

I 4 1  

t ,  

DEMOD DEMOD 
REVERSE 

MOD SELECT 

UPDATA 
BUFFER 

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I 

*SWITCHES ON THE 
1299 INTERCONNEO 

T lON PANEL. 

COMPUTER 
CONTROLLED. 

**THESE BITS ARE 

6 4 2 8  642B 
CUD M 

COMPUTER COMPUTER 
* 

FIGURE f - UPDATA BUFFER SWITCHES UNDER PROGRAM CONTROL 



Appendix D 

RTC ' S 

T h i s  appendix l i s t s  t h e  real-time commands 

a v a i l a b l e  f o r  t he  CSM, LM, and SLV. The LM R T C ' s  are 

a p p l i c a b l e  only 'for'LM-3, and all are a s s o c i a t e d  w i t h  arming 

of  t h e  a s c e n t  engine .  There i s  no p r e s e n t  RTC c a p a b i l i t y  

for LM-4 and subsequent .  The R T C ' s  f o r  t h e  SLV are upl inked  

i n  t h e  same 35-bit command word format as are LVDC computer 

upda te s .  



D-2 
TABLE D-1 

CSM Block I1 UDL Real T i m e  Commands ( In te rna l  R e l a y s )  

Real T ime  Command No, 

00 

02,17 Implemented Only 
O1 03,12 7 on S/C 1 0 1  & 102 

02,16 1 

03,13J 
04 
05 
06 
07 
1 0  
11 
1 4  
1 5  
20 
2 1  
22,26 
22,27 
23 
24 
25 
30 
3 1  
32,36 
32,37 
33,37 
34 
35 
40,50 
40,51 
41,44 
4 L 4 5  
42,46 
42,47 
43,46 
43,47 
52,56 
52,57 
53  
54 
55 

Funct ion 

Abort Light  (System A )  O f f  
Abort L ight  (System A )  On 
Astronaut Cont ro l  (C-Band Transponder) 
C-Band Power On (1-Pulse  Mode) 
C-Band Power O f f  
C-Band Power On (Double P u l s e  Mode) 
C r e w  A l a r m  O f f  
C r e w  A l a r m  On 
Abort Light  (System B )  O f f  
Abort L i g h t .  (System B )  On 
Spare 
Spare 
Spare 
Spare 
Spare 
Spare 
Astronaut  Cont ro l  (S-Band Ranging) 
S-Band Ranging On 
S-Band Ranging O f f  
Spare (Not available a c t i v a t e  UDL) 
Spare (Not a v a i l a b l e  a c t i v a t e  UDL) 
Spare (Not a v a i l a b l e  a c t i v a t e  UDL) 
Spare (Not available a c t i v a t e  UDL) 
Astronaut  Cont ro l  (S-Bnad PCM Mode) 
S-Band PCM Mode On 
S-Band PCM Mode O f f  
Spare (Not available a c t i v a t e  UDL) 
Spare (Not a v a i l a b l e  a c t i v a t e  UDL) 
Astronaut  Cont ro l  (S-Band Antenna) 
S-Band Back-up Down Voice 
S-Band Tape O f f  
S-Band Tape Mode 
Astronaut  Cont ro l  (S-Band P.A, Mode) 
S-Band P.A. High On 
S-Band By-pass Mode 
S-Band P.A. Low On 
Astronaut  Cont ro l  (Tape Playback Mode) 
Tape Playback PCM/Analog Mode 
Tape Playback LM/PCM Mode 
Spare  
Spare  

FROM REF. 8 



D-3 
TABLE D - 1  (CONTINUED) 

CSM Block I1 UDL Real T i m e  Commands ( I n t e r n a l  R e l a y s )  

Real T ime  Command No. Function 

60 

62,66 
6 1  

62,67 
6 3 3 5  
63,67 
64,70 
64 .71  
65 
72,76 
72,77 
73,76 
73,77 
74 
75  

S p a r e  
Spare 

.Astronaut  Cont ro l  (Tape Recorder 
Playback/Record S e l e c t i o n )  

Tape Recorder - Record Mode 
Tape Recorder - O f f  Mode 
Tape Recorder - Playback Mode 
Astronaut Cont ro l  (PCM Data Rate) 
PCM Data Rate High 
PCM Data Rate Low 
Astronaut Cont ro l  (Tape Transpor t )  
Tape Recorder,  Transpor t  Forward 
Tape Recorder - Power On 
Tape Recorder - Transpor t  Rewind 
Astronaut Cont ro l  (S-Band Antenna) 
D-Omni Antenna On (Located Opposite 

High Gain Antenna) 

- Note: Complete a s t r o n a u t  c o n t r o l  o f  t h e  s p a c e c r a f t  c o n t r o l  p a n e l  
switches may be obtained by t h e  a s t r o n a u t ' s  use of t h e  
"crew over-r ide" switch l o c a t e d  on t h e  c o n t r o l  pane l .  T h i s  
a c t i o n  resets  a l l  UDL relays a s s o c i a t e d  w i t h  t h e  s p a c e c r a f t  
c o n t r o l  pane l  switching f u n c t i o n s ,  namely, r e l ay  banks B ,  
C ,  and D.  

PROM REF. 8 



. 

CODE - 
(OCTAL) 

OOA 

06A 
04A 
02A 
O I A  

03A 
05A 
07A 

D-4 
TABLE D-2 

LM-3  R E A L - T I M E  !COMMANDS 

C O W D  NAME 

Ascent Engine Pre-Arm - I 
Ascent Engine Pre-Arm - I1 
Ascent Engine A r m  - I 
Ascent Engine A r m  - I1 
Ascent Pre-Arm - I Reset 
Ascent Ehgine Arm - I1 Reset 
Ascent Ehgine Arm - I Reset 
Ascent Engine be-Arm - I1 Reset 

FROM R E F .  8 



0-5 

SLV Real Time Commands 

WORD I 

Terminate 753 553 027 756 
f 53 513 037 75 6 

Spare 

753 013 077 656 

013 037 75 6 
4/ 

SS LH2 Vent CLSD 

CLSD OFF 

SS LOX Vent CLSD ' 

FROM REF. 8 



B 

D-6  

ST,V Real Time Commands (Con t ' d )  
9 r 

BITS 10,12- MODE OCTAL WORD 

7 ,13,14,19-22 CODE LOAD WORD DESCRI PT I ON NO. OCTAL 
1 

Execute M a n  B " 7 5 3  573 424 756 11-0 111 ooo 070 370 

Execute Man C II 753 573 524 556 11 - O 1 1 1  010 077 . 372 

BST CLSD OFF 

FROM REF. 8 



Appendix E 

Command U D d a t e s  

The d i f f e r e n t  types  of command updates  for each 
v e h i c l e  are shown i n  Tables  E-1, E-2, and E-3. Command updates  
t o  t h e  CMC/LGC cah c o n t a i n  a maximum of  20 s p a c e c r a f t  computer 
words each  (15 b i t s  each,  o r  5 keycodes p l u s  an "en te r "  f o r  
e a c h ) .  They w i l l  be  preceded by a "verb preamble", as fo l lows :  

V70 L i f t o f f  T i m e  Increment - Used t o  increment 
(decrement) t h e  CMC o r  LGC c lock ,  CSM or LM 
s ta te  v e c t o r  t i m e ,  o r  ephemeris t i m e  (TEPHEM) 
w i t h  a double p r e c i s i o n  o c t a l  t i m e  va lue  i n  
cen t i s econds .  ( T h i s  i s  n o t .  a CTE upda te ) .  

V7l Contiguous Block Update - Used t o  update  t h e  
c o n t e n t s  of up t o  18 consecu t ive  words of 
erasable memory. The address of t h e  f i r s t  
word must be suppl ied .  

V72 S c a t t e r  Update - Used t o  update  t h e  c o n t e n t s  
o f  up t o  9 non-consecutive words o f  erasable 
memory. An address must be supp l i ed  f o r  each 
word of data.  

V73 O c t a l  Clock Increment - S i m i l a r  t o  V 7 0 ,  except  
i n  CMC/LGC usage of data a f t e r  v e r i f i c a t i o n .  

After v e r i f i c a t i o n  of t h e  Vxx, a n  "en ter t1  i s  upl inked ,  
fol lowed by t h e  a c t u a l  d a t a ,  and t h e  f i n a l  e n t e r  (V33E) as 
exp la ined  i n  t h e  t e x t .  

Command updates  t o  t h e  S-IVB/IU can c o n t a i n  a 
maximum of 1 0  LVDC words ( 2 6  b i t s  p e r  word). A maximum of 
5 1  command words (35 b i t s  each) are upl inked .  There i s  no 
ve rb  preamble o r  f i n a l  e n t e r  a s s o c i a t e d  w i t h  an LVDC update .  
R T C ' s  are upl inked  t o  t h e  S-IVB/IU v i a  Switch S e l e c t o r  Updates,  
which a l s o  e n t e r  t he  LVDC. 
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Appendix F 

CTE Update 

The Cent ra l  Timing Equipment (CTE) update  i s  used 
i 

t o  update  t h e  CSM clock .  It u s e s  a 30 b i t  (150 s u b b i t )  u p l i n k  

format  shown i n  F igu re  F-1. It i s  c a l c u l a t e d  o n - s i t e  fo l lowing  

a CTE u p l i n k  r e q u e s t  from MCC. Cor rec t ion  f o r  p ropaga t ion  

d e l a y  i s  provided v i a  t h e  1/0 c o n s o l e . a s s o c i a t e d  w i t h  t h e  

RSCC/RSTC. The fo l lowing  t w o  pages d e s c r i b e  t h e  CTE update  and 

show t h e  a s s o c i a t e d  format .  



F-2 

CTE Update 

Desc r ip t ion  

# 

UPON RECEIPT OF A VALID CTE SYSTEM ADORESS, THE UDL GENERATES 
FRW 20 TO 25 PULSES HAVING 50 MICROSECOND PULSE WIDTHS, AT A RATE 
OF 200 PULSES PER SECOND FOR THE PURPOSE OF RESETTING THE CTE TIME 
ACCUMULATOR TO 0 DAYS, 0 HOURS, 0 MINUTES AND 0 SECONDS. 

AT THE END OF THE CTE WORD, PULSES ( IF REQUIRED) ARE GENERATED 
I N  THE FOLLOWING SEQUENCE: (A) SECONDS LINE, FIRST (B) MINUTES 
LINE NEXT (C) HOURS LINE, NEXT AN)'(D) DAYS LINE, LAST. 
OCCUR AT 10 KILOPULSE PER SECOND RATE. 

THE PULSES 

THE NUMBER OF PULSES GENERATED I N  EACH CASE (EXCEPT FOR THE RESET 
PULSES) I S  THE DECIMAL EQUIVALENT) A SIX-BIT BINARY NUMBER. 
EXAMPLE, 47 PULSES ON THE SECONDS LINE WOULD BE CODED AS FOLLOWS: 

FOR 

B I T  No. 7 a 9 io 11 12 

BIT WEIGHT 2' 2l 22 23 24 25 = 47 PULSES (SECONDS) 

BIT VALUE 1 1 1  1 0 1 

From Ref. 8 
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Appendix G 

T e s t  Commands 

T h i s  appendix l i s t s  t h e  CSM and LM t e s t  words, 

and shows t h e i r  up l ink  formats .  CSM tes t  words a r e  30 -b i t s  

(150 s u b b l t s )  long, LM tes t  words m e  22-bits ( 1 1 0  s u b b i t s )  
f 

l ong .  They are s t o r e d  on s i t e  pre-mission,  and upl inked  

upon r e c e i p t  of an  ECR from MCC. 



6-2 

CSM Test Words 

Description 

UDL Test A 
UDL Test B 

i 

TEST MESSAGES A AND B PROVIDE A MANS OF EXERCISING ALL PROCESS, 
TRANSFER AND PROGRAM CONTROL LOGIC WITHIN THE UDL. 
THESE TESTS ARE TELEMETERED BY USING UNIQUE VALIDITY SIGNALS 
FOR THESE TEST FESSAGES. 

THE RESULTS OF 

FROM REF. 8 
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LM DCA Test Words 

Description 

DCA SELF TEST 

DCA ENABLE 

DECODER A I W I B I T  

DECODER B INHIBIT 

FROM REF. 8 
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