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February 2012 Publication Note 
 

The AS-508 MCC/MSFN Mission Configuration/System Description was 
issued shortly before the launch of Apollo 13.  It provides a detailed 
description of the interface between stations of the Manned 
Space Flight Network and the Apollo Mission Control Center 
in Houston, Texas.  It provided reference material for those who 
need additional information about the communication and data flow 
between the MCC and the Apollo spacecraft.  It was published in 
March of 1970 by NASA.    The original document was provided by 
George Ojalehto who was a Johnson Space Center Network Controller 
during the Apollo missions. 

This PDF version was produced by Bill Wood. The original pages were 
scanned with an Epson Expression 10000XL, using SilverFast AI Studio, to 
produce high quality 600 pixel per inch, 48-bit images, for further pro-
cessing. Each page image was straightened and cleaned up in Photoshop 
CS5.1 prior to producing 600 pixel-per-inch EPS page images. Adobe 
Acrobat 10 Professional was used to prepare the final PDF edition. The 
document is made searchable by using Adobe ClearScan. 

Bill Wood was a Unified S-Band Lead Engineer at the Goldstone Apollo 
MSFN station during the lunar missions.  He is now retired in Barstow, 
California. 

George Ojalehto was an Air Force officer with duty as a Network Con-
troller with the JSC Flight Support Division supporting Gemini and Apollo 
missions.  He had assignments to Apollo 8, 10, 11 and 13 among other 
missions.  He is now retired from the Air Force and working part-time 
supporting Air Force acquisition programs in the Washington, DC area. 

 

http://www.hq.nasa.gov/office/pao/History/alsj/billwood.html


PRE FACE 

T h i s document  i s  i ntended a s  ·a con ve n i e n t  re fe ren ce for those that req u i re 

a knowl e dge o f  how the Manne d  Space Fl i gh t  Netwo rk an d the M i s s i on Cont rol  Cen 

te r a re con fi g u red  for the ma i n l i ne Apol l o  m i s s i on s . I n c l uded are exp l an at i ons  

of the  command , commun i cati on s , te l emet ry , b i omed i ca l , te l evi s i on ,  an d t rack i n g 

sys tems data fl ow . Th i s i s  accomp l i s hed  by des cr i b i n g th e ope rati on of  both s oft

ware an d h ardware systems th at  are req u i red to s uppo rt the se sys tems . Al so  i n 

c l ude d  i s  a des cri pt i on of  the MCC S i mu l ati on Sys tem . 

Due to  the compl exi ty o f  the mai n l i ne Apol l o  m i s s i ons , the Apol l o  Lunar  
i 

S u rface Expe ri ment  Pack age w i l l  be des cri bed  i n  the ALSEP  M i s s i on Con fi g u rati on/ 

Sys tem Des cri pt i on document . Comments  and q uest i on s con ce rn i ng th i s ,  the Apo l l o  

MCC/MSFN Confi g u rati on/Sys tem Des cri pt i on document , are so l i c i ted  and  s hou l d be 

d i rected to Mr . E .  H .  Cl a rk of the Data Sys tems I nteg rati on Se ct i on at 7 1 3 -483 -

2603. 
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1 . 0 Apollo Universal Command System (UCS) 

The UCS is designed to support all missions under project Apollo. The 

system provides a means of transmitting data and other essential information 

required for command purposes by standardizing most of the interfaces and 

allowing only mission specific contents to vary. I t  is also used for trans

mitting data between ground computers in the Manned Space Flight Network (MSFN) 

and the Mission Control Center (MCC) . 

The UCS is a relatively small portion of the overall communication system 

·interlinked to form a closed loop between the MCC and the receiving vehicles. 

The system is composed of four basic units; ( 1 ) MCC in H ouston, Texas; (2) 

Goddard Space Flight Center (GSFC) in Greenbelt, Maryland; (3) command sites 

in the MS FN, and (4) receiving vehicles. 

All command information is initiated by the Flight Controllers at MCC 

utilizing the RTCC and CCATS computers or voice request to the M&O. This in

formation may be Command Loads, Execute Command Requests (ECR1s) , or Computer 

Execute Functions (CE F•s) . A command load is inform ation generated for use 

by the onboard computer. An ECR contains instructions sent to the remote site 

directing the transmission of command load or realtime command information to 

the receiving vehicle. The C E F  contains instructions sent to the remote site 

directing a certain function to be performed by the Remote Site Command Compu

ter (RSCC) , such as command history requests, etc. In  order to describe the 

UCS in detail, it is desirabel to consider how each of the three types of com

mand information flows through the command system. First, consider command 

loads generated in the RTCC and transferred to the site via CCATS and GSFC. 
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1 . 1 RTCC-to-CCATS Command Load Routing 

The RTCC  gene rate d comman d l oad data i s b ased  upon i n formati on s u pp l i e d 

v i a man u al entry by the Compute r  Comman d Contro l l er ( CCC ) and re ce i ved from 

the Fl i ght  Control l e r (FC). 

When the FC reque s ts a comman d 1 oad  to be gene rated , he  wi 1 1  s pe c i fy the 

pri m a ry s i te an d backup  s i te i f  des i re d to wh i ch the l oad i s  to be sen t ,  the 

type of l oad , and any other  det a i l s  th at the CCC w i l l  need fo r th e gene rati on  

o f  the  l oad . The  data  tran s fe r  from the RTCC  i nc l ude s  any add i t i ona l  q uant i 

ti e s  that are req u i re d  for the  TTY l oad mes s age wh i ch i s  form u l ated  i n  CCATS . 

I n the  RTCC  360/75  compute r  sys tem a separate make u p  b u ffe r i s  u sed  for 

each veh i cl e .  Each  b u ffe r be i ng fu rthe r s u bdivi ded i n to separate s ecti on s for 

each l oad . The req ueste d  l oad i s  made u p  i n  a sect i on  o f  the approp ri a te 

make u p  b u ffe r .  After  l oad gene rati on  i s  comp l ete , a l oad-ready l i ght  w i l l  

i l l umi n ate on the consol e to  a l e rt the CCC . The CCC and FC ' s  review the l oad 

on the i r con so l es  CRT wh i ch i s  dri ven v i a D i g i ta l - to -TV Converte rs ( D/TV ) . 

I f  t he  FC approves  th e command l oad d i s p l ayed , he  requ e s ts the CCC  to 

t ran s fe r  the l oad  to CCATS . I n  o rde r to trans fe r  the l oad i t  i s  p l ace d  i n  the 

trans fe r  b u ffe r ( one pe r veh i cl e ) and th e CCC mu s t  ma ke a man u al en try v i a ME D .  

Pri o r  to tran s fe r  of  the l oad pari ty b i ts a re added an d  the data to be t rans 

fe rred i s  formatted i nto 1 8  3 6 - b i t wo rds fo r output to the 2902 para l le l  to 

se ri al  con ve rte r .  Data i s  then t ran s fe rred t o  the 3 6 0- 7 5 /494 adapte r wh i ch 

separate s  each o f  the se  words i n to  th ree 1 2- b i t  bytes , adds 1 5  exte rn al l y 

s pe c i fi e d  i n dex b i ts  and  th ree fi l l  b i ts to each byte to form 54 30 -b i t  words , 

and then trans fe rs these  30 -b i t words i n  pa ral l e l to the Scanner Se l ectors . 

3 



The Scann e r  Se l e ctors t i me -mu l t i p l ex s i x  adapte rs onto a s i n g l e i n p ut/output 

ch anne l fo r i n put to CCATS 494 . 

A Comman d Load Acceptance Mes s age ( CLAM ) i s  re turned to the RTCC  for a l l 

l oads val i dl y  re ce i ved  by CCATS from th e RTCC  and p l aced o n  output q ueues  i n  

CCATS . Th i s  me s s age i l l umn i ates a l i gh t  on the CC  Con so l e on  the appropri ate 

veh i cl e  i n d i cator modu l e .  

1 . 1 . 1 CCATS Load P ro ces s i ng 

Upon rece i pt of  l oad data from the RTCC , the CCATS i n put  proces s o r  

rout i nes  pe rfo rm  ce rta i n  checks  on t he  data a n d  i f  no  e rror ex i s ts a CLAM mes 

s age wi l l  be i n i t i ated. I f  an e rror ex;s ts , or  i f  the l oad i n put  i s  u n i n te l 

l i g i b l e ,  an e rro r mes s age w i l l  be gene rated from output  on the Command Load 

Con t rol l e r ( CL C )  h i gh s peed p ri nter  i n d i cati ng  the n atu re of  the e rror and the 

l oad mes s age  w i l l be d i s ca rded . 

On ce l oad i n put req u i rements  h a ve been s ati s f i e d , the content  of  the 

i n p ut b u ffe r i s  tran s ferred to the H i gh Speed  Output Rout i ne ( H SO R ) . The HSOR 

conve rts the i nput  data i nto l oad data s u bb l ocks  60 b i ts i n  l ength wh e re 30 

b i ts a re data , 2 7  b i t s  a re Po l ynomi na l  E rro r Protecti on ( P EP ) code and  th ree 

b i ts are fi l l . Th i s  data i s  then  p l aced i n  the HS D outp ut b u ffe r .  P ri o r  to 

transmi s s i o n from CCATS , the l oad subb l ocks  a re i n se rted i n to a 600 -b i t  NASCOM 

segmen t wh i ch con ta i ns a 3 3 -b i t  e rror code . Thi s code i s  used  to e rro r pro-

teet the d ata trans fe r  between the CCATS and GSFC . 

The N AS COM segment (2) are outpu t th rough the  PBT i n to the swi tch i n g  

matri x  wh i ch causes  the PBT ' s  t o  t i me s h a re i ts s i n g l e i np u t/output ch anne l 

i nto a 303 C modem wh i ch  p l aces th e NASCOM se gment on the 50 . 0  wi de band  data 

l i nes to GSFC . T he h i gh s pee d  l oad i s  outp utted at one - and fi ve -se cond 
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i nte rval s .  Rece i pt of  a l oad val i dati on/nonva l i dati on Command Anal ys i s Patte rn 

( CAP ) ** wi l l  s top t he l oad i n  t ran smi s s i on at the end  of  the l oad block  ( two 

b l o c ks of dat a  compri s e  one i te rati on) .  If a l oad was  not  val i dated an d i s  

s ti l l  on output  q ueue , t hen the ent i re s equence  may be manua l l y  res tarte d by 

the CCATS CL C .  

At the s ame t i me the HSD  l oad i s  t ransmi tte d , the comman d  prog ram out

puts  a Baudot- coded TTY l oad  mes s age , i f  th i s  funct i on i s  not  i n h i b i ted . T he 

TTY l o ad mes s age  w i l l  con s i s t  of  a s tandard heade r , l oad numbe r ,  data word 

count , ve rb XX fo r CSM/LM sector , l i ne  I D ' s ET  data , two i te rati on s of the 

l oad  d at a , and RSC C  codes . TTY l oad mes s age are tran s ferred  from CCATS to a 

l ow s peed CLT (1 00  words  per m i n ute TTY c i rcu i t )  wh i ch outputs  the mes s age 

one t i me to GS FC v i a TTY l i ne s . 

1 . 2 Goddard Space Fl i g ht  Cen te r 

The GS FC rece i ves th e h i gh s peed  600- b i t b l ock  vi a the NASA Commun i cat i on 

( NASCOM ) system w i de ban d  data  l i nes  from MCC . The 600 - b i t  b l ock ente rs the 

3 03C data modem wh i ch ro utes th e comman d mes s age to a Po l ynomi al  B u ffe r Te r

mi n a l  ( PBT ) . The  PB T checks the 33 b i ts o f  po l ynom i a l  e rror prote cti on of  the 

600-b i t b l ock  an d i f  no dat a e rror ex i sts , the PBT str i ps the pol ynomi a l  and 

trans fers the data to the GS FC 494 Commu n i cat i on s  P ro cessor  ( CP )  compute r .  

The GS FC C P  che cks  the s o u rce , des t i n ati on , and data format codes an d 

re formats  ( str i ps  h eader and trai l e r subblocks , and any s ubbl ocks contai n i n g 

on l y  o cta l 40 fi l l ) the data  fo r outpu t on  th e 1 . 2/2 . 4  kbps l i n k  to the ap

pro pri ate s i te .  

**VAL may be P ERM VAL o r  NONVAL o r  TEMP VAL o r  NORMAL CAP 
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Th i s  re formatti ng  con s i st s  of  add i n g two 8-b i t DTU Sync Words , one 8-b i t 

SOM wo rd and one 8- b i t  LOC word fo l l ow i n g  the data , and  add i n g  one 1 0 - b i t EOM 

word fol l owi n g  the data . The CP  outpu ts the command data mes s age  i n  1 0- b i t 

pa ra l l e l  byte s to the CLT . The s er i a l  output o f  the  CLT i s routed to a 2058  

modem wh i ch t ransmi ts  the d ata i n  a se r i a l  s tre am v i a 1 . 2/ 2/4  kbps l i n k  to the 

Remote S i te , or Swi tch i ng cente r .  The TTY backup  mes s age i s  proce s se d  th rough  

the TTY tran s fe r  sw i tch i n to the  l ow s peed/h i gh speed  ( LS/HS  CLT and thence 

th rough  the mu l t i p lexer and 49 4 fo r rou ting back through  the CLT to the p rope r 

remote s i te .  

1 . 3  Remote S i te Load Proces s i ng 

The s e ri a l  1 0- bi t s ubb l ocks  rece i ve d  by the  205 8  data modems at the re 

mo te s i te i s  t rans fe rre d to the DTU .  The DTU syn ch ron i zes  o n  the syn c words , 

de termi nes  byte rate ( 8 arl O-b i t ) by the LOC , and co nverts the se ri a l  i np ut 

rece i ve d by  the data modem to  a p aral l e l output to the RSCC .  

The  RSCC  pe rforms a g ros s  check  on the  i n comi ng data  and i f  the i n com i ng 

data pas s es the g ros s che ck s , mo re deta i l ed che cks a re made of  th e dat a  and a 

CAP i s  then gene rate d fo r transmi s s i on to the MCC  to  not i fy FC  th at  a l l i nputs 

we re accepted and val i dated or nonva l  i dated . 

The s e  CAP VAL/NONVAL me s s ages  a re gene rated  for all l oads rece i ved  and 

acce pte d by the RS CC . The H SD CAP i s  th en trans fe rred to the RSCC  i n to  th e 

RSTC an d sent  to CCATS v i a TLM H S D  format s i n  th ree con secuti ve TLM frames . 

I f a l oad bl ock  i s  rece i ved conta i n i n g polynomi al cod i ng e rro rs ,  i t  wi l l  be 

fl agge d and the  RSCC w i l l  wa i t for th e n ext trans fe r  of  the command l oad . 
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If a val i d  pe rmanent  Load VAL i s  not  recogn i zed by CCATS , th en th e l oad may be 

retransmi t te d  to the RSCC  from MCC  or the Ma i ntenance an d Operati on  (M&O ) 
Supe rvi s o r  may be d i rected to l oad the TTY l oad tape i n to the RSCC . The TTY 

tape i s  manua l l y  l oaded i n  th e computer th roug h the 1 2 32 I /0  O pt i ca l  Reade r 

o r  the 1 2 59  TTY sys tem . The TTY l oad mes s age i s  then decoded for va l i d i ty .  

I f  the decod i n g  i n d i cate s th at the TTY mess age i s  val i d ,  a check  i s  made to 

de te rmi ne i f  a val i d  l oad  h as a l ready been rece i ved v i a the h i gh s peed data 

l i nes  and stored in  the RS CC . I f  a va l i d  l oad h as been stored the prog ram wi l l  

type out  the TTY i mage and d i s ca rd th e TTY mes s age . I f  a val i d  l oad ha s  not  

been s tored , the prog ram w i  1 1  1 oad  the  TTY mes s age. i n to  the  TTY storage a re a  

and pro vi de a H S  pr i ntout . I f  the decod i ng of  the TTY data i s  i n va l i d ,  an 

e rro r mes s age i dent i fyi ng the e rror i s  p ri nted out on the H i gh Speed Pr i nte r  

( HSP ) . 

1 . 3 . 1  Remote S i te Sto rage of Command Loads  

Val i d  h i gh  s peed an d TTY con ve rted l oads are s tored i n  the RSCC  Gener

a l i zed Core Area ( GCA ) . Loads  s to red  in GCA a re c l a s sed as  permanent  o r  tem 

porary . On l y  one  temporary l oad  may be  s to red i n  GCA at  any one t i me .  A 

max i mum o f  60  l oads may be p l aced i n  G CA at  any one t i me ( load type 60 , GMTLO 

update , is not con s i dered  i n  t h i s total  as i t  i s  not s tored  i n  GCA , but tra n s 

fe rred t o  the RSTC through  the  i ntercomputer ch anne l after rece i pt a n d  va l i da

ti on ) . Under the U CS conce pt , more th an  one l oad of a g i ven  type may be s to red  

s i mu l taneous l y .  The  on l y  restr i cti on to th i s  concept is  th at  two l oads havi n g  

t h e  s ame s eq uence n umbe r cannot  b e  s tored si mu l taneous l y  ( e . g . , 1 201 , 1 202 , 

1 203 may be  s to red s i mu l taneous l y , but  not  1 20 1  and  1 2 0 1 ) .  
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Contro l  o f  temporary and pe rmanent s to rage i s  accomp l i s hed  by the Load 

E nabl e / Load  D i s ab l e fun ct i on  of  the RSCC  and i s  acti vated v i a CMD Compute r 

Addres s M atri x ( CAM) entry .  If a l oad i s  re ce i ved by the RS CC  and the l oad 

d i s ab l e mode i s  act i ve and n o  l oad res i des  i n  G CA a s  temporary and n o  l oad 

ex i s t s  i n  GCA w i th the s ame l oad type/sequen ce n umbe r and the l oad passes  a l l 

othe r RSCC  i n put checks , the re ce i ved l oad wi l l  be p l aced i n  G CA and  fl agge s 

as  temporary and a val i d  temporary CAP transm i tted to MCC . I f  a CMD CAM entry 

i s  made wh i ch sw i tch es  the mode from Load D i s ab l e to Load En ab l e ,  then  th e 

temporary fl ag i s  removed and the l oad i s  cl a s sed  as  pe rmanen t l y  s tored  i n  GCA 

an d a pe rmanent  val i d ati on  CAP i s  transmi tted to MCC . I f  a l oad i s  rece i ve d  

by the RSCC  and passes  a l l i n put  che cks w i th the Load Enab l e mode acti ve , 

then the l oad i s  p l aced i n  th e GCA and c l a s ses  as  pe rmanen tl y s tored . 

NOTE : A l oad sto re d  and fl agge d as temporary i s  not  
ava i l ab l e for u p l i nk to  a veh i c l e  upon rece i pt 
of  an  exe cute reques t from MCC or  on s i te CMD 
CAM reque s t . 

Command l oads  sto red pe rmanen tl y i n  GCA a re a l s o  recorded by the 1 540 

Magnet i c  Tape Unit ( MTU ) at  the remote s i te .  I f  a command l oad s h ou l d become 

i n val i d  fo r any re ason  after permanen t l y  s tored , i t  may be recove re d  from tape . 

The MTU wi l l  retri eve , check , de l e te pari ty , and  re assembl e the data u pon  re

ques t ,  i nto computer s i zed wo rds  an d tran s fer the data  to th e RSCC prog ram . 

1 . 3 . 2  Exe cute Command Request/Computer Execute Funct i ons from M CC 

E CR ' s and CEF ' s  or i g i n ate from C I M  i n p uts  represen t i n g  PBI ' s on  command  

modu l es or tog g l e swi tches on  togg l e  modu l es i n  the MCC ' s  M i s s i on s  Operati ons  

Contro l  Room ( MOCR }  or  v ia  inputs  re p resenti n g  PBI depres s i on s  from the Command  
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Support Cont rol  Cons o l e ( CS CC ) i n  the CCATS support are a . *  

The PBI contact c l o s u res  a re conve rted to d i g i tal  words by the Compute r 

I n put Mu l t i p l exe r ( C I M ) . The C IM outp u t  word i dent i fi e s , by s can add res s an d 

PB I count , the i n put  source an d  the l og i ca l  fu ncti on to pe rform by th e CCATS 

comman d prog ram . The CCATS comman d prog ram th en fo rmats the RS E CR  or  RS C E F  

i n to a 60-b i t s ubb l ock . The 6 0 -b i t s u bbl ock  i s  then formatted i n to t h e  600 -

b i t  NAS COM fo rmat and t ran smi tted v i a 50 . 0  kbp s  ( WB D ) l i ne s  to GS FC whe re i t  

i s  reformatted i nto a 1 0-bi t HSD  s ubb l ock  for ou tput to th e remote s i te vi a 

the 1 . 2 /  or 2 . 4 l i n k . 

The RS command prog ram pe rfo rms g ros s checks  on the i nput  words , de te r

mi ne s  the val i d i ty of the i n put , and gene rate s , i f  vali d ,  a CAP VAL fo r the 

execute re ce i ve d . I f  the i n put reques t i s  accepte d , b ut  i s  i nva l i d , the re

quest  wi l l  be  d i s carded and th e proper rout i nes  a re acti vate d  i n  the RSCC  to 

gene rate a CAP NON VAL for execu te rece i ve d . I f  the va l i d  i n put was a C E F , 

then the RS CC  pe rfo rms the funct i on reque sted by act i vat i ng  the p rope r routi nes  

an d pro vi d i n g  the  requ i re d  outputs . Afte r the UDB  s ub p rog ram h as been  fl agged , 

i n  the case  of  u p l i nk exe c u te req ue s t s , the command to be  u p l i n ked  ( th at i s  

l ocated i n  the RSCC s torage ) i s  ca l l ed u p  and formatted  for u p l i nk i ng  t o  the 

veh i cl e  for wh i ch the comman d o r  commands we re requested . 

For CSM o r  LGC l oad u p l i nk s , the RSCC takes  the 5 -b i t  keycoded data  wo rd 

( K ) , adds the compl ement of e ach b i t i n K (K) a nd then  adds K aga i n  t o  yi e l d 

K KK. To th i s ,  a vehicle add re s s , sys tem addre s s  and syn c b i t are prefi xed 

thu s formi ng the comp l e te command  data wo rd. Then , each of the b i n ary b i ts 

*Upl i nk execute reques ts an d computer functi on req uests may a l s o  be i n i t i ated 
on s i te v i a the CMD Compu te r  Add re s s  Matri x entry . 
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o f  the command  data  word are s ubb i t  encoded . *  Afte r  the command word has b een  

s ubb i t encode d , the  en ti re word wi  1 1  be  o utpu t from the RSCC  to  the UDB , 2 5  

s ubb i ts at  a ti me . On e ach t ran s fe r  from the RSCC to th e UDB  l og i c  i s  i n s e rte d 

fi ve con tro l  bi ts , thus mak i ng the  RSCC  output to the U DB modem a 30-b i t word .  

The U D B  s amp l es  th e 2 5  data b i ts �nd enters i t  i nto the A reg i s te r (A REG ) i n  

para l l e l for s torage an d s u bsequent  t ransmi s s i on .  Pri o r  to transmi s s i on ,  the 

UDB contro l  b i ts de te rm i ne  the Radi o Freq ue ncy ( RF ) carri er , wh i ch may be 

e i the r the Un i fi e d  S-band  ( USB ) or Ul tra H i gh Frequency ( HMF ) . The output  

of  the UDB A REG i s  transmi tted se ri a l l y  th rough the  l and  2 KC PSK  s ubsys tem 

wh i ch then  Frequen cy Moqu l ate s  ( FM ) a 70 KC su bcarri er o sc i l l ato r  wh i ch i n  turn 

Ph ase Modu l ates  ( PM ) the b aseb and carri e r  to the rece i v i n g  veh i c l e . , I f  the  

veh i cl e  i s  CSM , the fo 11 owi ng number  of  s u bb i  ts  w i  1 1  be tran smi tted for each 

wo rd spe ci fi ed : 

Comman d Modu l e Comp ute rs ( CMC ) words  - 1 1 0 s ubb i ts 

Re al  T ime Comman d ( RTC ) words - 60 s u bb i t s 

Te s t  Words - 1 50 s u bb i ts 

Cent ral Ti m i ng  Equipmen t  ( CTE ) wo rds  - 1 50 s u bb i ts 

I f  the veh i c l e  i s  a LM , the fo l l owi ng  numbe r of  s ubb i ts wil l be  trans 

mi tted fo r each word s pe c i f i e d : 

*Subb i t  e ncod i ng i s a p.roces s  whereby e ach data b i t i s replaced by a spec i fi c 
5 -b i t  code . The re i s  a un i que  5 -b i t code fo r a l og i ca l 1 1 1 1 1  and a un i q ue  5 -
b i t code  for a logi cal 1 1 0 1 1 •  The s ubb i t  code for the veh i c l e  add re s s  i s  d i f
fe rent from the s u bb i t  code for the system addre s s  an d th e remai n de r  of the 
data b i t s . I n  orde r for the CSM vehi c l e to accept and  adeq u ately p roce s s  the 
CMC wo rd res pe ct i ve l y , a 50 m i l l i se cond  de l ay i s  p rovi ded between u p l i nk wo rds { 
The refo re , the t ran smi s s i on t i me of CMC words be comes 1 60 m i  1 1  i s e cond s . • 
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LM Gu i d an ce Compute r ( LGC ) words - 1 10 s ubb i t s  

Re a l  T i me Command ( RTC ) wo rds  - 60 s u bb i t s  

D i g i ta l  Command  As semb l y ( DCA ) te s t  words  - 1 1 0 s ubb i ts 

I f  the  veh i c l e i s  an S - I VB ,  t he fo l l owi ng  n umbe r of  s ubb i ts wi l l  be 

t ran smi t ted  for each wo rd s pe c i fi ed : 

Lau n ch Veh i cl e  D i g i ta l Compute r ( LVDC ) words  - 1 75 s u bb i ts 

Rea l T ime Command ( RTC ) words - 1 75 s ubb i ts 

An RF  l oop  check  i s  made on  the CMD sys tem du ri n g  u p l i nk to en s u re th a t  

the vali d data  i s  be i ng upl i n ke d . For examp l e ,  on a CMC wo rd u p l i n k , the U DB 

s ubprog ram takes the RF  rad i ate d  i nfo rmat i on re cei ve d v i a the mon i to r  rece i ve r , 

demodu l a te s , decodes , checks  s ubb i t decodi ng , i f  u n s uce s s fu l  g i ve s i nd i cati on 

the reof  by pr i n t i n g  (HSP ) , and comp a re s  the rs u l t i n g  22 data  b i ts aga i n s t  the 

o ri g i n al 2 2  d ata  b i t s th at  exi s te d  pr i o r  to s ub b i t e n cod i n g  and t ran s fe r  to 

the U DB . I f  th i s compari son i s  not  correct  an d the MAP ( s ee fo l l ow i ng  Note ) 

wai t i n g pe ri od  h a s  e l apsed d u ri ng wh i ch n o  ve ri fi cat i on was re ce i ve d  from t he  

veh i cle , t he  RSCC act i vate s the p ro per rou ti nes  to gene rate a Ground Rej e ct 

CAP fo r  tran smi s s i on to MCC . I n  add i t i on , the command transmi s s i on from the 

UDB i s  te rmi n ate d .  I f  no Gro u nd Rej ect  con d i t i on occurs and the veh i c l e  re 

turn s  the p ro pe r  MAP fo r th e comman d u p l i nked , the RS CC generate s  a VER  CAP 

to be gene rate d fo r t ran smi s s i on to the MCC. 

NOT E : A MAP i s  down l i nked  from the CSM veh i c l e  and Computer 
Reset  Pu l se s  (CRP 1 s )  a re d own l i nked  from the S - I VB 
veh i cl e  to s i g n i fy th at th e onboard re ceive r/de coder 
sys tem ha s  rece i ved a p rope rl y en coded  command . 

The TLM b i t  s t re am i s  re ce i ved by th e P u l s e  Code Modu l ati on ( PCM ) tel em

etry s u b sys tem an d t rans fe rred to the RSCC . The RSCC  proce s s es the TLM data , 
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se l e cts  the p rope r veri fi cati on words  ( MAP , AVP , CRP } , an d ver i fi e s  that  the 

MAP or AVP/CRP s tru cture i s  correct . I f  i n co rrect , a req uest  to the UDB s ub 

p rog ram for ret ran sm i t of  the u p l i nked  command word i s  i n i ti ated prov i ded th e 

ret ran smi s s i on counte r h a s  not been exceede d . The counter for normal  ret ran s -

mi ttab l e  commands i s  vari ab l e  from 0 - 7 ; ( fo r  pr i o ri t i e s  the u p l i nk count i s  

u n l i m i te d ) . I f  the RS CC  doe s  not re ce i ve a va l i d  MAP or AVP/ CRP upon exp i ra

ti on of  the retran s coun te r ,  th e RSC C  wi l l  gene rate a S pacecraft Reje c t  CAP 

wh i ch i s  sent to MCC . 

NOTE : For CSM and LM l oad u p l i n k s  s p acecraft ve ri fi cat i on i s  
determ i ned  by the  RSCC  i n  th e fo rm of compar i son be 
tween l oad data i n  s torage an d d ata down l i n ked from th e 
veh i c l e compute r up -b uffer vi a  th e down l i n k  tel emet ry . 
If  the  compari son  i s  va l i d ,  a pa i r of  Compa ri son  Error ,  
Mes s ages a re gene rate d , b ut  s pec i fi c b i t s  are confi g 
u red wi t h i n t o  i ndi cate the reasons  for a n  nonval i d  
compari son . 

CAPS gene rated by th e RSCC rou t i n e s  a re t rans fe rred to the Remote S i te 

Te l emetry Compute r  ( RSTC) v i a th e I n te rcompute r Ch annel  ( I C ) . The RSTC p l aces 

the CAP i n  the prope r l ocat i on i n  the TLM fo rmat and then fo rwards the data to 

the DTU wh i ch s e ri a l i ze s  the paral l e l data output of  the RSTC . Th e  DTU then 

tra n s fe rs the CAP mes sage to th e 205B data modem . The DTU outpu ts th e TLM 

data i n  8-b i t byte s , t ransmi tti ng  the l e ast  s i g n i fi can t b i t of  the mos t  s i gn i 

fi cant syl l ab l e of  th e mes s age fi rs t .  Each CAP i s  then  transmi tted th ree t i mes 

i n  s uc ces s i ve te l emet ry frames at 1 .2/o r 2 . .4 kbps rate to GSFC wh i ch reformats 

the 8-b i t  ser i a l  data to the 600 - b i t  NAS COM format and sends th e data to th e 

MCC vi a the 50 . 0  kbps  (WB D) l i nes . I f  the CAP data i s  accepted for l og i c  pro

ce s s i ng , VAL , VE R ,  or REJ in format i on is d i s p l aye d on the MCC MO CR an d/or CSCC 
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command contro l  modu l e by the i n l l um i n ati on  of a spec i fi c PB I o r  i n d i cato r  

wh i ch i s  d ri ven b y  the CCATS D i g i tal  D i s pl ay Dri ve r ( ODD ) outpu t .  I n  add i 

ti on, al l recogn i zab l e i n comi n g  CAP mes s age s re cei ved by CCATS Comman d are 

p ri n ted o ut  o n  the h i gh s pee d pri nter  i n  the CCATS s upport area . 
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2.0 NASCOM Network Facilities 

The NASCOM network consists of diversely routed full period communications 

channels leased from various domestic and foreign communications common car

riers on a worldwide basis. These channels are leased in landlines , submarine 

cables , and communications satellites wherever available , and in HF radio 

facilities where necessary to provide the access links. 

The system consists of both narrow and wideband channels , and some TV 

channels. To the extent possible , channels are diversified on routes avail

able to minimize system degradation in the event of communications failures , 

and in instances where necessary, alternate routes or redundancy is provided 

to meet reliability criteria for critical mission operations. 

A primary switching center and intermediate switching and control points 

are established to provide centralized facility and technical control , and 

switching operations under direct NASA control. The primary switching center 

is at GSFC and intermediate switching centers are located at Canberra, Madrid , 

London , Honolulu , Guam, and Cape Kennedy. 

Figure 2 illustrates the approximate geographic location and identifies 

the type ofllong-haul common carrier facilities , important cable and communi

cations satellite tie points, approximate location of the various types of 

Tracking and Data Acquisition Network Stations , NASCOM Switching Centers , 

and Mission Control Centers. 

2.1  MCC/GSFC Wide Band Data Flow 

All Apollo wide band data transmitted between GSFC and MCC is contained 

in standard 600-bit blocks. Each block contains 1 20 header bits (sync words; 
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source , data format , and destination codes ; message and segment numbers; status; 

acknowledgement sequence number , sequence number; control data ; and polynomial 

error p rotection code ) and 480 data or bill bits. The data field is variable 

and depends on the type of data. The header bits are used for message account

ing , routing , and error detection. 

These 600 -bit blocks ( message segments ) are transmitted on two fully 

duplexed 50.0 kbps lines. One is used as the primary line and the other is the 

overflow line. The two lines are fully redundant and eit her can be designated 

primary. If acknowledgement for five consecutive data blocks is not received , 

then the overflow line will be designated primary and the failed line will be 

checked out vi a test data. All message segments are received in the sequential 

orde r th at the remote site transmitted the data in , but other message segments 

. may be dispe rsed between them. One segment can not contain mo re than one type 

of data (command , tracking , telemetry , etc. ) , but each segment can contain data 

from more than one vehicle. 

The line rate of the 50.0 kbps lines will not be the same as bit rate at 

which the remote site transmitted the data. However, t he data will be refor

ma tted and output in the same time distribution. 

2.2 Tracking and Data Acquisition Networks 

The des i gn of the NASCOM network evolves from the tracking and data acqui

sition s tations existent , their equ i pment configura tions and capabilities , the 

number of frequency of spacecraft using them , and the resultant communications 

loads determining the number and type of communications ch annels needed in and 

out of each site. 
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2 . 3  Manned Spa.ce Fl i ght Network (MSFN ) 
The MSFN i s  essenti a l l y  a sys tem of 30-feet and 85-feet h i gh g a i n  uni fied 

S - b an d  track i ng , te l emet ry , and command ( l and , s h i pborne , and a i rborne ) s tati on s , 

and othe r s i te s  w i th C-b an d  track i n g , vh f te l emetry and a i r/ground voi ce capa

b i l i t i e s  establ i shed , ma i ntai ned , and ope rated by the GS FC Manned Fl i ght  Sup

po rt Di rectorate . I n  add i t i on ,  the re a re s i t es of the Ea stern Tes t Range ( ETR )i 
s u ppo rti ng these mi s s i on s  i n  the l aunch p h ase wh i ch are l i nked wi th the NASCOM 
netwo rk .  The pr imary p u rpose of th i s network i s  to  suppo rt manned space mi s 

s i ons ,  both e a rth - o rb i tal  and l unar , al though i t  i s  cal l ed  upon to s upport 

othe r p rog rams . The te rm MSFN i s  o ften used , i n  the system sen s e , to a l so 

i nc l ude the MCC wh i ch i s  part of the Manned Spacecraft Cen ter , the l aunch  opera

ti ons  fac i l i ti e s at Kennedy Space Cente r ,  and al so  port i ons or  parti c u l a r  con

fi g u rat i on s  o f  the NASCOM network wh i ch l i n k the vari ous remote MS FN s tat i ons 

wi th  MCC . 

2 . 3 . 1  Long-Hau l  Commun i cati ons P rovi s i on 

The b as i c  compl ement of pe rmanent  c i rcu i ts requ i red fo r an Apo l l o Uni f i ed 

S-b an d 30- foot s i te i s  n o rma ll y s i x  vo i ce/data ci rcu i t  p l us  two te l etype ci r

cu i ts . Oth e r  remote s i tes , s u ch as  t h e  Apo l l o  Range I nstrumen ted Ai rcraft ( A/ 
R I A ) and Ree n t ry Sh i ps , h a ve commun i cati ons  con stra i ned by h f  rad i .a  l i mi tati on s . 

The reentry sh i p  wi l l  h ave a fl i ght  cont rol  voi ce c i rcu i t ,  and te l e type track

i ng and coord i nat i on c i rcu i ts . The A/RIA wil l be p ro v i ded wi th  a fl i gh t  contro l  

ci rcu i t for re l ay and voi ce commun i cati ons , p l us  a tel etype ci rcu i t for acqu i 

s i t i on data . 

I n  add i ti on ,  these Apol l o  USB  s i te s  gene ral l y  a re p rov i ded , whe re poss i b l e �. 
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wi th t h ree add i t i ona l  voi ce/data and one add i t i ona l  TTY ch anne l  as  a m i n i mum 

vi a an al ternate route on a temporary b as i s dur i ng  manned  mi s s i ons . The func

ti on al requ i reme n ts compl ement of  c i rcu i t s  at a l l USB s i te s  are a s  fo l l ows , 

w i t h  except i on s as  noted : 

S i te to G SFC/MCC  

2 - H i gh s peed data  ( 2 . 4  kbps ) for te l emetry 

1 - Vo i ce con fe ren ce c i rcu i t  - fl i gh t  control  ( a i r/g round ) 

1 - Voi ce/B i omed data c i rcu i t - anal og ( re al ti me ) GSFC  (M&O ) coord i nat i on 

1 - Track i ng data channe l ( 1 . 2/2 . 4  kbps ) USB ( real t i me ) 

1 - Vo i ce chann e l  - MS FN coord i n at i on  ( MCC ) 

1 - Track i n g  data ch anne l ( 2 . 4  kbps ) USB  ( rea l t i me ) 

1 - T ra ck i n g  data channe l ( 2 . 4  k bps ) - DSN col l ocated  85- foot s i te s  
( re al t i me ) w i ng  s i te on l y  

1 - Track i n g  data ch annel  ( 2 . 4  k bps )  - ( B OA C-band  on l y ) ( rea l t i me ) 

1 - Te l etype ch anne l - track i n g  dat a  ( re al t i me or  backup ) 

1 - Tel etype ch anne l - ope rati on al coo rd i nati on 

1 - Te l etype ch anne l - track i ng  data ( re a l ti me or  b ackup ) - DSN co l l ocated 
85 - foot s i te s  - wi n g  s i te onl y 

MCC  to GS FC/ S i te 

1 - H i gh s peed  data ( 1 . 2/ 2 . 4  kbps ) - d i g i tal  command ( re al t i me ) 

1 - Voi ce con fe ren ce ci rcu i t  - fl i gh t  control 

1 - Vo i ce / B i ome d Data c i rcu i t  - M&O coord i n at i on 

1 - Voi ce c hanne l - MS FN coord i n ati on 

1 - Te l etype ch annel  - ope rati on a l  coord i n at i on 

1 - Tel etype ch annel - pre d i cti ons /acqu i s i t i on ai d ( rea l ti me or backup ) 

I n add i t i on to the above , a sys tem of  d i rect te l etype , vo i ce , narrow and 

wi de b and  data , and TV ch anne l s ,  cal l ed the Apo l l o  Lau n ch Data Sys tem ( AL DS ) , 

i s  p ro vi ded between  MCC  and KSC for pre l aunch countdown , te l emet ry mon i tori n g , 

and l au nch - to- i n se rti on cont rol . 
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2 . 4  Te l etype ( TTY ) Sys tems , Swi tch i n g  and Control 

The NASCOM network p rovi de s TTY commu n i cat i on s  between a l l overse as track 

i n g  an d data acqu i s i t i on s i tes , a nd  contro l centers . Gene ral l y , t he se  are fu l l 

du p l ex ( two-way s i mu l taneou s ) c i rcui ts l e ased  on a fu l l -peri od bas i s ,  rou ted  

d i rect  o r  v i a the  sw i tch i ng cente rs to  remote s i tes i n  accordance wi t h  the 

b as i c  netwo rk arran gement . A few TTY ci rcu i t s are arranged for s i mp l ex ( on e 

way ) o r  h a l f du p l ex  ( two-way non s i mu ltaneous ) mode of  ope rati on . Each  TTY 

l e ased ch anne l i n  the network can be  i dent i fi e d  ( by carri er-as s i gned i dent i fi 

cati o n  n umbe r , acti vati on date , ope rati n g  mode an d speed , and termi na l  poi nts ) 

i n  Fi g u re 2 - B .  

All traffi c on  th i s  ne twork uses  a standard Baudot code ( fi ve i n formati on 

b i ts , p l u s  s ta rt - s top b i ts ,  pe r cha racter ) wh i ch i n cl udes en coded data for 

data- p roces s i ng mach i ne u s e , a s  we l l  as  for tel e pri n te r  app l i cati ons . 

2 . 4 . 1  Speed of Ope rati on  

C i rcu i t  ope rati on  s peed are gene ra l l y  1 00 wpm ( 75 Baud ) on  domes ti c an d  

ove rse as ci rcu i ts . Rates o f  60 an d 66 wpm are retai ned on  s ome h f  rad i o sys 

tems fo r re l i ab i l i ty pu rpose s , ( a l l track i ng data i s  routed on 1 00 wpm c i rcui t ) 

and i n  s ome i n s tan ce s whe re 1 00 wpm i s  not  yet ava i l ab l e .  The 6 6  wpm rate 

con forms to th e ( CC I TT ) I ntern ati ona l  Te l eg raph Te l e phone  Con s u l tat i ve Commi t

tee s tand a rds . I t  i s  an ti c i pated th at a l l TTY channe l s  w i l l  be s tandard i ze d  

on  1 00 wpm ope rati on .  I n  some i n stances , whe re tran s i s t i on s  betwe en 1 00 wpm 

an d 60  o r  66  wpm c i rcu i ts occu r , NASCOM e l ectromechan i ca l  o r  e l ectron i c  s peed  

change  equ i pment i s  provi de d .  
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2 . 5  Tel etype Au tomati c  Me s s age Swi t ch i ng Sys tem 

TTY commun i cati on s , be i ng a re co rd , or data form of commun i cati on , l ends  

i tse l f part i cu l arl y we l l  to· c i rcu i t  ti me s h ari ng  an d  automat i c mes s age  swi tch 

i n g  th rough  the u se  o f  store - and-fo rwa rd o r  b u ffe r tech n i q ues . Wi th m i nor  

excepti on s , a l l l eased TTY ch anne l s and TTY mu l ti p l ex sys tems are h ubbed  on a 

Un i vac 494 Swi tch i ng Compute r ( S C ) system at GS FC . Th i s sys tem con fi g u rat i on 

i s  i l l u strated i n  F i g u re 2 - B . The SC system i s  a rea l t i me , s o l i d  state , soft

ware -ori ente d  p roces s o r  s pec i fi cal l y  des i gned , app l i ed ,  an d p rogrammed for 

automat i c swi t ch i ng of TTY an d di g i ta l  data mes s ages . I t  i s  p rov i de d  wi th  a 

fami l y  o f  pe ri pheral u n i ts  for te rmi n ati ng  commun i cat i on s  l i nes  and mass  

s to rage o f  t raffi c and othe r con trol  systems . The sys tem i s  provi de d wi th 

on l i ne redundan cy fo r rel i ab i l i ty and s erv i ce conti n u i ty con s i derati ons . 

The sys tem i s  eq u i pped wi th  pe ri phe ra l  mu l ti p l exed wi th  1 60 fu l l -dup l ex 

TTY l i ne te rmi n at i ons . I n  ope rat i on , each  i n com i ng te l etype s i gn a l  i s con 

nected t o  the i n puts o f  b oth onl i ne sc • s  separate l y ;  i n  th i s way , both sc • s  

ope rate s i mu l taneous l y ,  b u t  i ndependen t l y  on the i n comi ng traffi c .  The out

put of  on ly one SC  i s  connected to outgoi ng  te l etype l i nes  to avoi d the  

pos s i b i l i ty o f  bo th un i ts  sen d i ng s i gn al s to th e l i ne s  at  s l i gh t l y  d i ffe rent 

ti me s . Mon i tor rout i ne s  o pe rate cont i n uous l y  to va l i date th e p rope r  fun cti ons 

of  e ach sys tem . I f  the acti ve un i t  fa i l s ,  a l l o utput ch anne l s are transferred 

to the standby un i t  wi th out l os s  of _ traffi c .  

E ach  SC  con ta i n s  a l a rge , rap i d- acces s  co re s torage and  ope rates w i th 

ve ry sh o rt ( l es s  than a m i c rosecond ) cyc l e ti me . E ach SC h as con s i de rab l e 

i nte rmed i a te drum storage capaci ty . 
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Exte rn a l  TTY c i rcu i ts i n terface wi th Commun i cat i ons  L i ne Te rmi n a l s ( CLT 1 s ) 

wh i ch are conn ecte d  t hro ugh mu l t i p l exers  th a t  pe rmi t the l i n es  to ti me s h a re 

o n i n p ut/outp ut ch anne l s of  the cen tral  p ro ces s o r . 

A Mode l 3 5  te l etype automat i c send  and rece i ve mach i ne  ( 3 5  ASR ) i s  u sed  

for enteri n g  co nso l e i n s t ru cti ons  i nto the  sc • s .  Two Mode l  3 5  rece i ve -on l y  

page pr i n te rs are prov i !;ie d  t9 pr i n t  o u t  i n format i on from the sc • s . 

An automated d i s p l ay sys tem keeps  commu n i cat i ons  operators con ti n uou s l y  

i n fo rmed o n  the  s tatus  o f  each ch an nel  and the i n te rn a l  fun ct i ons  o f  th e SC . 

A techn i ca l  contro l  pos i t i o n  i s  pro v i de d  to a l l ow i nd i v i d ua l  channe l s  to be  

ch ange d to s p a re ch anne l s i f  an i n put/o utput CLT fa i l s .  The techn i ca l  cont ro l  

h a s  s pe c i a l i ze d  equ i pmen t  t o  mon i tor and te s t  commu n i cat i ons  faci l i t i es . 

2 . 6  Automat i c  H i gh Speed  Oat.a Swi tch i ng 

The Un i vac  494 sys tem wh i ch termi n ates TTY l i nes  on an  automati c me s s age  

swi tch i n g b a s i s ,  a l s o  te rmi n a�es h i gh speed l i nes  th rough  redun dant  pe ri phe ra l  

CLT  eq u i pment . S im i l arl y ,  . as i n  TTY , mes s age swi tch i ng i s  accompl i s hed  by 

s oftware operat i n g  on  rou t i ng and other  he ader i nformati on . 

A s i gn i fi can t d i ffe rence between TTY and h i gh s pee d  mes s age  swi tchi n g i s  

that  the re i s  n o  queu i ng of  t ra ffi c and n o  mes s age account i ng wi th the b a s i c 

rout i ng he ade r ,  un l e s s  a s peci a l  con trol  he ade r i s  added . The system i s  de

s i gned  stri ctl y fo r real t i me , h i gh s peed data ope rati ons . The swi tch i n g  sys 

tem de l i ve rs data  w i th  a maxi mum de l ay of  750 ms . The maj o r  porti on o f  h i gh  

s pee d  data  t raffi c i n  the  network i s  i n  the  i nward d i rect i on ( s i te s  to G S FC ) . 

The  sys tem i n te rna l  t raffi c h an d l i ng capac i ty and  maj or  t rans fe r  l i n k s  must  

be  cap ab l e of h and l i n g  a l l expe cted acti ve i n puts  s i mu l taneous l y  o r  i n puts 
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must be inhibited or constrained not to exceed this capacity to avoid loss of 

data. Thus, the wide band interface with the MCC is designed to handle the 

maximum simultaneous traffic expected within the MSFN. However, the second 

(redundant, alternately routed) wide band channel is available to handle over

flow traffic. 

2.6.1 Equipment Configuration 

As described for the TTY automatic switching system, the three 494 

Switching Computer•s are arranged for dual standby redundancy with two opera

tional systems; one online, the second in constant readiness for switching in 

the event of online system fault; the third is available for backup replace

ment of either operational system, and for maintenance or for new program 

checkout operations. SC interface with 2.4 kbps high speed transmission chan

nels in the NASCOM network is accomplished by the communication subsystem 

which interfaces on the standard data interchange side of the 2058 modems. 

This subsystem is used to provide initial synchronization, buffering, serial

to-parallel conversion, and multiplexing of input channels. 

The communication subsystem consists of a CLT which buffers the incoming 

serial input for parallel transfer to the processor or accepts parallel data 

from the processor for serial output to the transmission line, and a multi

plexing device which connects a number (up to 16) of high speed circuits to 

the central processor through an input-output channel on a time-shared basis. 

A capacity for terminating 80 high speed lines is provided, with ability to 

expand, if necessary, by the addition of multiplexers and CLT1s to the system. 

Decoder equipments are interjected between the CLT and 2058 modems where the 
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NAS COM network i s  requ i red to p rov i de e rror detecti on  and error s tatus i n d i ca

ti on s to the u s e r .  On the redundant  w i de b an d  i nterface wi th  MCC , p o lyn omi a l  

b u ffer te rm i n a l s ,  operat i n g  on  separate I /0 ch an ne l s ,  are p rov i ded . 

The system h a s  expanded core and auxi l i ary drum s torage capac i ty fo r 

h and l i n g the h i gh s peed mes s age swi tch i ng p rog ram , and con s o l e capab i l i ty for 

p rog ram mon i to ri n g  and p rog ram mod i fi cati on . I n  add i t i on , CRT an d h ard copy 

di s pl ays a re p rovi ded . The se  a re ope rated th rough a d i s p l ay p rog ram unde r  

con s o l e con trol fo r cen tral mon i tori ng  of th e s tatu s of  commu n i cat i ons  fac i l 

i t i es  at sw i tch i n g cnete rs and remote s i tes . 

2 . 7  Kennedy Space Cente r ( KSC ) 
KS C Merri tt I s l an d , Fl ori da ,  reta i ns res p on s i b i l i ty for p rovi d i n g  i ntra

s i te commun i cati ons  faci l i t i es .  KSC commu n i cati ons  con s i s t of  a vari e ty of 

networks and  swi tch i ng sys tems l i n k i n g  KSC to  MS FC , MSC , and GSFC by means of  

the NAS COM network p rovi de d  by GS FC . 

KS C o pe rat i on s  a re at KS C on Me rr i t t I s l and , Fl or i da , and C KAFS , Cape 

Kennedy , Fl o ri da ,  KSC commu n i cati on s fac i l i t i es  i n c l ude L I E F te rm i n a l s ;  vo i ce 

b an dwi dth data c i rcu i ts vi a the We s te rn Un i on 304/ 758 automat i c sw i tch i n g 

cen te r  at  Merri tt  I s l and ; te rm i nati on of  w i de b and , voi ce band , and TTY c i r

cu i ts to  MCC and AL DS . The L I EF  sys tem l i nk s  KSC to the Hunts v i l l e  Ope rati ons  

Suppo rt Cen ter  ( HOSC ) by me an s of vo i ce , v i deo , and data c i rcu i ts for tran s 

mi tti ng  and di s p l ayi ng i n fo rmat i on dur i ng  p re l aunch , l aunch , an d fl i ght eva l u 

ati on  o pe rat i ons  i n  rea l t i me . Swi tch i ng  and conferen c i ng  capab i l i ty i s  p ro 

vi ded by a l e ased i ntegrated  304/758 fou r-w i re cro s s  bar  sys tem a t  the Commun i 

cati ons  D i str i but i on and Swi tch i ng Center  ( CDSC ) . Al l KSC commun i cati ons 
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faci l i ti e s are h ubbed  at the CDSC on Me rri tt I s l and  i n c l ud i ng  voi ce ban d  and 

TTY ch anne l s  from th e GSFC Un i fi e d S -band  (M I L ) s i te .  

2 . 8  Mars h a l l Space F l i gh t  Cen te r  (MS FC ) 
MS FC commun i cati on s con s i s t of a vari ety of  networks an d  swi tch i n g sys tems 

l i n k i ng i ts o pe rati on  at H unts v i l l e wi th the Kennedy Space Cen te r , M i s s i s s i pp i  

Te s t  Faci l i ty ,  Mi chaud As s emb l y  Faci l i ty ,  o th e r  NASA cente rs , a n d  wi th vari ou s  

MS FN contractors on  a n ati onwi de ba s i s .  The se  fac i l i t i e s  are used  for  th e 

exch ange o f  s ci ent i fi c ,  te ch n i ca l , an d  l og i s ti cs i n formati on i n  s upport of  the 

Satu rn/Apol l o  Prog ram . 

The MSFC Hunts v i l l e  Ope rati on faci l i t i e s  i n c l ude ( a ) the L I E F/HOSC sys tems 

of commun i cati on s between MSFC , MSC , GSFC , an d KS C ;  ( b ) the P l an 3 1 1 commun i ca

ti ons  p roce s s o r , wh i ch p rov i des automati c data an d record commun i cat i on sw i tch 

i ng se rvi ces fo r MS FC an d other  NASA cente rs ; an d ( c ) the NASA 304/758  Al ter

nate Vo i ce and Data Swi tch i ng Sys tem wh i ch p rov i des  automati c swi tch i n g  cente rs 

at Was h i n gton , D . C . ; Cocoa  Beach , Fl or i da ; New Or l e an s , Lo u i s i an a ; Los Ange l es , 

Ca l i fornj a ;  an d H unts v i l l e ,  Al ab ama . 

2 . 8 . 1  Launch I nformat i on Ex change Fac i l i ty ( L I E F ) Sys tem 

The L I E F  sys tem ( Fi g u re 2 D) i s  a commun i cati ons  l i n k between the KSC 

an d the HOSC . I t  cons i s ts o f  voi ce , vi deo , facs i mi l e ,  an d data c i rcu i ts for 

t ran smi tt i ng and  d i s p l ay i n g  formati on duri ng  pre l aunch , l aunch , an d fl i ght  

e val u ati on  ope rat i on s , th us  pe rmi tt i ng  ex ch an ge of i n fo rmat i on between  HOSC 

and KS C as  the e vents occu r .  

A 758C  w i deband  swi t ch i s  i n s ta ll e d  i n  H un t s v i l l e ,  Al abama and provi de s 

swi t ch i n g for L I E F/HOSC an d Th i rd Generat i on Compute rs to pe rm i t re s o u rces 
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s h ari n g and to p rov i de ope rati on a l  c i rcu i t ry .  Swi t ch i n g i s  accomp l i s he d on a 

fou r-wi re b as i s  ( fou r-wi re vo i ce p l u s  four-wi re wi de b an d }  u s i ng a common con 

trol crossbar  arrangement . 

2 . 9  Apol l o  Range  I n strumentati on  Ai rcraft ( AR I A }  

The AR I A  h ave t h e  fo l l ow i n g commun i cat i ons  capab i l i t i es : 

a .  Two-way voi ce commu n i cat i ons wi t h  the g round  v i a H F .  

b .  Two -way te l etype commu ni cati ons  wi t h  g round  v i a H F  te l e type . 

c .  Two-way vo i ce commun i cati on s wi th the  s pacecraft v i a th e VH F and USB 

sys tems from th e a i rcraft or  from MCC  when  the  ARI A  i s  in  the remote mode . 

The AR I A  sys tem i s  capab l e of  recei v i ng  USB and VH F voi ce from th e s pace 

craft and re l ay i n g  the re ce i ved voi ce s i gna l s t o  a g round  s tati on by H F/SSB . 

Con ve rs e l y ,  the a i rcraft can re ce i ve H F  voi ce from a g round  s tat i on an d re l ay 

the vo i ce to  the  s pace c raft by VH F and  USB . The g round  to AR I A  H F  l i n k i s  fu l l 

dup l ex , whe re as the ARI A  to space c ra ft l i n k  i s  s i mp l ex  on VH F and  dup l ex on 

USB  ( re fe r  to page for de ta i l ed b l ock d i agram ) . 

2 . 1 0 Mi s s i on Cont rol Cen te r ( MC C )  

T h e  M C C  Commu n i cati on s sys tem proce s s e s  an d di s tri butes a l l s i gn al s ,  

except te l e v i s i on ,  e n te ri ng  an d l e avi n g  MCC and p rov i des i n te rn a l  commu n i ca

ti on capab i l i ti e s fo r the  MCC . The  MCC  i s  compri sed  of  fi ve b as i c  sys tems : 

the D i s p l ay/ Control  Sys tem ; and the Apo l l o  S i m u l ati on , Checkout  and  Trai n i ng 

Sys tem ( ASCATS ) .  The se sys tems a re de s i gned  to p rov i de the  fl i ght  operati on s 

team wi th the  n ece s s ary re a l t i me data an d as soc i ated refe ren ce data for rap i d 

a s ses smen t of  m i s s i on p rog res s  an d rap i d deci s i ons  i n  the e vent  of  abnormal  

or  eme rgen cy s i t uati ons . 
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. The Commun i cati on s Proce s s o r  ( CP ) , the MCC  mes s age swi tch i ng cente r , i s  

a stored- p rogram d i g i tal  compu te r  wh i ch processes  l arge q uant i t i e s  of data on  

a rea l t i me b as i s .  Te l eme try dat a i s  routed to a P u l s e  Code Modu l ated ( P CM ) 
te l emetry sys tem for data p roces s i ng  and  d i s pl ay . 

. Te l etype and  facs i mi l e  traffi c a re routed th rough  the te l etype mess age 

cente r for d i s tri b u ti on to  pr i nte rs fo r tes t an d p i ctu re mes s ages  . 

. The vo i ce commun i cat i on system e n ab l e s vo i ce commun i cati on between  pe r

son s wi th i n  MCC , and  between  th e MCC , and  fl i ght  crew tra i n i ng fac i l i t i es , 

Man ne d Space F l i ght  Netwo rk , and the s p acecraft . 

. Th e fac i l i ty con trol sys tem cent ral i ze s  q u a l i ty control  an d mai n te n an ce 

for a l l h i gh s peed  data , te l etype , an d  audi o freq uen cy commun i cati on s c i rcu i t s 

th at ente r an d l e ave M CC .  

Al l o f  the se  exte rn a l  c i rcu i ts te rm i n ate i n  the te l ephone company b u i l d i ng 

at MSC an d a re exte n ded  by ti e cab l e s  to the  MCC , Bu i l d i ng 30 . 
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3 . 0  Apol l o  Telemetry Netwo rk Configuration 

For Apoll o missions the Lunar Module ( LM ) , Saturn L aunch Vehicle , ( S L V ) , 

and Command Serv i ce Module ( CSM ) paramete rs will  be routed to MCC. Th e telem

etry ( TLM ) system acquires spacecraft Air-to-Ground (A/G ) downlink and routes 

selected pa rameters to MCC via the NASA Communication ( NASCOM ) network. The 

A/G downl i nk sign als are received , demodulated , decommutated , repacked if 

necessary , formatted in the HS data formats , transmitted back to MCC , and dis

played to flight controllers in realtime. The Apo l lo remote sites receive , 

format , and transmit upon the di rection of M CC. 

In addition to the remote sites , the Apollo Launch Data System ( AL DS ) 
routes selected data  from the A/G downlinks to MCC over Wide Band ( WB ) trans

mission lines. The remote site M I L  provides AL DS with the USB downlinks . The 

WB data from AL DS is sent directly to MCC , while all HS data  from the remote 

sites is sent via NASCOM through GS FC where it is multiplexed onto a WB data 

link for transmission to MCC. 

GS F C  an d ALDS WB data are received at MCC by the Communicati o� , Command , 

and Telemetry System (C CATS ) . CCATS performs the routi ng of input data to 

other systems at MCC , routing of input data for displays in the Mission Opera

tion Control Room (MOC R ) , and the routing of S L V  data received from GSFC to 

MSFC vi a KSC/C IF. The Real Time Computer Complex ( RTCC ) is one of the MCC 

systems served by CCATS. It performs certain additional processing prior to 

MOCR display. 

Figure 3 illustrates M CC ,  AL DS , and the differenc configurations of the 

remote sites to be used during the Apollo missions. The following is a system

by-system description of the TLM data fl ow. 
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3 . 1  Te l ernE:try Data Down l i n ks 

Remote s i te tel emetry data h an d l i ng can be better exp l a i ned  i n  the s pace 

craft - to - g roun d te l eme try d at a  s treams a re b ri ef l y  rev i ewe d . A P CM te l emetry 

data s t ream i s  a s semb l ed  by an onboard commu tator wh i ch i s  p rog rammed to 1 1 t i me 

mu l t i p l e x 1 1 o r  as semb l e  s u cces s i ve l y d i ffe ren t  mea s u rements o r  1 1 p aramete rs . 1 1 

E ach p arameter i s  rep rese n ted  by one  o r  a g roup  of b i t s  wh i ch are the encoded 

rep resen tati on  of  a sen s o r  output , a sw i tch pos i t i on ,  onboard computer  output , 

etc . The se  pa rameters are 1 1 S amp l ed 1 1  i n  a s pe c i fi e d  seq uen ce by the commutato r .  

The s eq uen ce of  commutat i on  i s  repe t i t i ve o ve r  a s e t  t i me i n te rva l  ( or dat a 

cycl e )  an d an e xact kn ow l e dge of  the pos i t i on of  a l l p arameters wi th i n th at  

data cycl e i s  u sed  by pre fl i gh t - p rog ramme d g ro un d' eq u i pme n t  to i dent i fy and  

route i n d i v i dua l  p a rame te rs .  Th i s  fun cti on i s  the i n ve rse of  commutati on or  

1 1 9e commutati o n . 1 1  

The l ayout of  paramete rs wi th i n  a data cyc l e for an Apo l l o  P CM stre am i s  

u s u al l y  cal l ed a 1 1 d own l i n k  fo rmat 1 1  or  1 1 d own l i n k . 1 1  The exact pa rameter  con te n t  

of  P CM st reams transmi tte d  by each Apo l l o  veh i c l e  ( e . g . , LM , CSM , e tc . ) vari es 

wi th mi s s i on req u i remen ts . Fu rthe r d i s cu ss i on he re des cr i bes  on l y  those  down 

l i n k ch aracte ri s t i c s  th at a re not  m i s s i on depen den t , b ut  are veh i c l e  pe cu l i ar ,  

e . g . , CSM and  LM down l i n ks are each t ran smi tted at  a 5 1 . 2  o r  1 . 6 kbps  rate and  

I U ,  S - I VB ,  S I I , a nd  S I C  down l i n k s  at  7 2  kbps e ach . 

3 . 1 . 1  I U  and S - I VB Down l i n ks  

E ach of the s e  two down l i n k s  s h a re b as i c  ch aracte r i s t i cs wi th e ach othe r 

an d wi th each of  the S I I  and  S I B / C  down l i n k s . I t  s h ou l d be po i n ted  out  th at 

in  the c ase of the IU and  s - I VB s tage s , the maj ori ty of fl i gh t  con trol data 
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e q u i pmen t . )  Th us , 50 frames a re tran smi tted  e ach secon d . Th i s  frame g roup i n g  

i s the  data cyc l e .  A parameter  may appe ar one o r  more t i mes  i n  the d ata cyc l e 

an d the cho i ces of  s amp l e  rates fo r e i the r  CSM o r  LM i n  the 5 1 . 2  kb ps mode are 

1 ,  1 0 ,  50 , 1 00 ,  and  200 s amp l e s  pe r s econd ( i n  the  1 . 6 kbps  mode the on l y  s ampl e 

rates  a re 1 s/ s  and 1 0  s /s ) . 

3 . 1 . 3  Po rtab l e  L i fe Suppo rt Subsys tem ( PLSS ) 

Th e -6 PLSS  wi l l  be  u se d  for l un a r  s u rface Extraveh i cu l ar  Acti v i ty ( EVA ) . 

The two PLSS ' s  a re des i gn ated E VA # 1  and  EVA #2 . Both h ave tran s ce i ve rs wh i ch 

ope rate on  296 . 8 MHz an d 259 . 7  MHz . EVA #2 h a s  an addi t i ona l  transmi tter wh i ch 

ope ra te s  at  2 79 . 0  MHz .  E VA # 1  ha s  a 279 . 0  MHz re ce i ve r to rece i ve vo i ce and 

data from EVA #2 to be  re l ayed  to the LM i n  the dual  mode . There are th ree 

re l ay mode s  used  to t ransmi t data . The s e  are p i ctori a l l y  s ummari zed i n  F i g u re 

3 A .  When both astrona uts  a re on  the l un a r  s u rface o uts i de the LM both of  the i r 

E l e ct rocard i o g rams ( EKG ' s ) can be rel ayed to the MSFN . Wh en both are i n s i de 

the LM on l y  one of  two E KG can be re l ayed to the MS FN . 

The -6 PLSS u se s  fou r  separate stan dard I nte rrange I n s t rume n tat i on G roup  

( I RI G )  Sub carri e r  Os c i l l ato rs ( S CO )  to t ran smi t phys i ol og i ca l  and  eng i nee ri ng  

i n fo rmati on to the LM , ( re fe r  to  F i g u re  3 0 ) . EVA #2  transmi ts E KG on I RI G  9 

and eng i n ee ri n g  data on I R I G  1 1  to E VA #1 . E VA # 1  combi ne s  i ts EKG ( I R I G  1 0 )  

and eng i nee ri n g  data ( I R I G  1 2 )  wi t h  E VA # 2  and re l ays the m i xed s i gn al to  the 

LM . The LM t ran sm i t s  the data to the groun d i n  a PAM/ FM/ FM format . I n  other 

· modes e i the r b ack  pack  can tran sm i t i nd i vi dua l l y  to the  LM . I n  the n omi n a l  con 

. fi gu rati on  both E VA ' s  vo i ce and  dat a  wi l l  be  re ce i ved i n  the LM and  put on the 

1 . 25 MHz S CO for t ran smi s s i on  to the MSFN on the veh i c l es  USB PM o r  FM d own l i nk .  
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Eng i nee ri ng  PAM/ FM/ FM data ( su i t  cab i n de l ta p re s s u re , oxygen part i a l  

p re s s u re , etc . ) are re ce i ve d  th rough  the USB re cei ver i nto the  Di g i ta l  Data 

Formatter- 1 3  ( DDF- 1 3 ) , i s  decommutated , d i g i t i zed , and routed to the RSTC 

whe re the  data  i s  re formatted and transmi tted to MCC v i a one of two l i ne s . 

The phys i ol og i cal  paramete rs are d i s cr im i n ated at  the FM GS  an d patched 

to  the FM/ FM d ata system for transmi s s i on to MCC . 

3 . 2  Data Acqui s i ti on , Syn ch ron i z ati on , and Conve rs i on 

The VH F and USB down l i nk rf s i gn a l s a re demodu l ate d  by the VH F an d USB 

rece i vers res pe cti ve l y . The demodu l ated P CM s i gna l s are routed to the Decom

mutati on Sys tem Di s tr i but i on Un i t ( DSDU ) wh i ch acts as the patchboard for a l l 

i nput s i gna l s to the remote s i tes . From the DSDU , the USB and  VH F s i g na l s are 

reco rded by the d own l i nk reco rders . P CM wave trai n s i gn a l s de ri ve d from USB or  

VH F rf  s i gna l s are patched  to  P CM g roun d  s tati on s wh i ch search for and acqu i re 

syn c , fo rm i ng  two i den t i cal  30 -b i t  paral l e l data s t reams ,  e ach s tre am trans 

mi tted t o  one o f  the two 642B compute rs . The 30-b i t paral l e l  word i s  sen t  to  

e ach 642B  compute r con ta i n s  one down l i n k  wo rd ( 8 or  1 0  b i ts i n  l ength ) p l u s 

certai n t agg i ng to i nd i cate syn c acq u i s i ti on and format i de n t i f i cati on . 

3 . 2 . 1  P CM G roun d  Stat i ons 

E ach remote s i te h a s  from one to  fou r  P CM g round  s tat i ons . Each  g round  

s tati on can h an d l e  a s i ng l e s e ri al P CM te l emetry stream . Th u s , e a ch remote 

s i te  can s i mu l taneous l y  p roce s s  as many te l emet ry P CM downl i n ks as i t  h as 

g roun d s tati o n s . 

MS FN g round  stati ons  are cu rre n tl y  e i ther  a patchboard -w i red MSFTP - 1  

Decommutato r , or the newe r store d  p rogram MSFT P - 2  De commu tato r .  
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As men ti oned  abo ve , the PCM g round  s tati on con verts the  demodu l ated 

te l eme t ry data s t ream i n to paral l e l  form for process i ng by the te l emetry com 

p ute r .  The g round  s tati on (or  de commutato r , or decom ) may a l s o  p u l l o u t  ( s tr i p ) 

se l e cte d p a ramete rs and  route the se v i a th e DS DU to d i s p l ays adn  re co rd ers 

wi th i n  the remote s i te . It d oe s  th i s  u s u al l y i n  two d i ffe rent  ways .  Para

mete rs found in  down l i nk data s tre ams th at are i denti f i e d  by the g ro un d  s t ati on 

prog ram to be " str i pped " arid  are a na l og quant i t i es , ( i . e . , 8 o r  1 0  b i ts e ach 

a re needed  fo r the i r de s cri pti on ) ,  a re rou te d  by th e p rog ram to Di g i ta l - to 

An al og  Con ve rters  ( DAC 1 s ) wh i ch con ve rt one d i g i ta l  word t o  vo l tage fo rm 

wh i ch can then d ri ve a mete r , an a l og reco rder  pen , etc . Some b i l e ve l event  

paramete rs { that  req u i re on l y  one  b i t  each fo r de scr i pt i on ) a re " s t r i ppe d  o u t " 

and ro uted to . .  e ve n t  stores " wh i ch  con ve rt the b i ts t o  b i l eve l vo l tage s wh i ch 

dri ve l i g hts , e ven t re corder pen , etc . The MSFTP - 2  s tati on s each con tai n 60 

DAc • s  an d 1 2 7 event  store s . Th e s e  s tati on s may s tore u p  to ten di f-fe ren t  pro

g rams . The se  p rog rams can  be ch anged  i n s tantneous l y  by  P B I  depres s i on at the  

g roun d s tati on . Gene rall y ,  a d i ffe ren t  prog ram mus t  be  u sed  to h an d l e e ach 

di ffe ren t  P CM down l i n k fo rfuat ( e . g . , pme ! rpgra , , a u j amd ; e  a CSM 5 1 . 2  kbps  

format , an oth e r  fo r CSM 1 . 6 k bps  format , anoth e r  for I U  7 2  k b ps fo rmat ) , e tc .  

3 . 2 . 2  Remote S i te Tel emetry Compute r Data H and l i ng Funct i on s 

3 . 2 . 2 . 1  I nput Data 

As men t i one d  ab ove , a l l down 1 i n ked  words are para l l e l ed by th e P CM 

g roun d s tat i on  for i np ut to  the RSTC . Up to  fou r  d i ffere n t  para l l e l ed data 

s tre ams a re re ce i ved by the RSTC . Each  s t re am i s  30 b i ts wi de . E i g h teen  o f  

the 3 0  b i ts a re a l l ocate d  for t h e  te l emetry d a t a  word i tse l f ( 8 or  1 0  b i t s ) , 
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the un used  b i ts i n  th i s 1 8  b i t fi e l d be i ng ze ros . The rema i n i n g 1 2  b i t s i n  

the 30 b i t  word conta i n s ource status : 

Los s  of  syn c  ( i f  set ) 

Recorde r  p l ayb ack 

Subframe count 

Format I D  ( down l i n k I D )  

Normal /Abnormal  Fl ag 

1 b i t 

1 b i t  

4 b i ts 

5 b i ts  

1 b i t 

Such i n formati on i s  used  by the RSTC p rog ram • s Te l eme try I n put Pro

ce s s o r  ( T I P )  rout i ne to con s truct b u ffe rs of  i n comi ng  words . wh i ch corres pon d 

to down l i n ked  frames of  data and to va l i date them . The T I P  tran s fe re s  th ese 

frame s  i nto Te l emetry Use r  Tab l e s  ( TUT ) . A TUT i s  f i l l ed  wi th the eq u i va l ent 

of one se cond • s wo rth of  CSM and LM data , and i s  va l i dated , t ime - tagge d s i mu l 

taneou s l y .  The t i me tag i s  then con s i dered  a p art of the avai l ab l e  d ata . 

Upon TUT val i dati on a new TUT be�  i n s  to fi l l  an d the val i dated data TUT may 

be used  fo r o utput . 

3 . 2 . 2 . 2  H i gh Speed  Output Data 

The H i gh S peed  Te l emetry L i n k  ( HSTL ) rout i ne acce s s es the va l i dated 

TUT and  uses  th at data to as semb l e  a b u ffe r that wi l l  be output e i ght b i ts at  

a ti me. i n  pa ra 1 1  e 1 to the DTU wh i ch then seri  a 1 i zed the data and transmi ts i t  

at 2 . 4  kbps  th rough one of the two 2 . 4  H SD  l i ne s  to MCC  v i a  the GS FC/NAS COM 

sys tem . Dat a re ce i ved from SLV  down l i n ks are encoded i n  1 0- b i t  wo rds . S uch 

an a l ogs h ave the two l e as t s i gn i fi can t b i ts truncate d be fore be i ng a s semb l ed .  

Ten - b i t down l i nked  wo rds con ta i n i n g up to ten d i ffe re n t  paramete rs e ach de s -

cri bed  by a s i gnal  b i t  mus t b e  re packed i nto s pec i fi ed new or 1 1 re packed 1 1 8-

b i t  b i l e ve l  words pri or  to the ir i n se rt i on i n to an o utput b u ffe r .  Spec i a l  
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pro ce s s i n g on  ce rta i n  data i s  a l s o  accomp l i s hed  pr i or to HSTL a s semb l y .  LM 

Di g i t a l  Up l i n k Assembl y ( DUA ) s tatus  an d SLV  APS Th ruste r q u ant i ti e s  are ex

amp l e s . The CMC , LGC ,  AGS , and LVDC data  a re de ri ved from onboard compute rs 

an d are rece i ved by the RSTC as p a rt of ope rat i ona l  P CM streams ( CSM , LM , and  

I U ) . P ri or to HSTL as semb l y , the se data e ach req u i re re pack i ng , s e l e cti on , 

an d i n  the case  o f  the CMC and  LGC  data fu rthe r p roces s i ng to mi n i mi ze de l ay 

of  the i r tran smi s s i on to MCC . 

A b u ffe r be i ng p repared  by HSTL fo r transmi s s i on o ve r  a one - second  

pe ri od  i s  300  e i ght- b i t wo rds i n  l ength . The fi rst twenty words cons i s t of  

syn ch ron i z ati on p atte rn s ( for use by re ce i v i ng  equ i pment  at GS FC ) , remote s i te 

i dent i fi cati on , des t i n at i on code (MCC ) , fo rmat n umbe r ,  format s tatus , veh i cl e  

down l i n k s tatus ,  and  CAP . Th i s  data i s  cont ro l  ( o r  ove rhead ) data gene rated 

by the RSTC i ts e l f an d de ri ved from the prog ram con s tants , the 1 2 - b i t  PCM 

g roun d stat i on s o u rce s tat us , an d dat a  re ce i ve d  v i a the  i n te r- compute r ch ann e l  

from the RSCC ( CAP data ) . The next 270  e i g ht -b i t  wo rds a re TUT deri ved PCM 

down l i n k - o ri g i n ated dat a .  The l as t  word i n  the bu ffe r i s  the frame coun te r  

( an othe r cont rol  word ) . Th us , 2 79 e i g ht -b i t  words o r  2 232  b i ts a re actual  

data i n  e ach b u ffe r .  

S i nce th i s us e fu l  data woul d b e  smal l i ndee d i f  i t  were tran smi tte d  

i de n t i cal l y  e ve ry se con d t o  the MCC , the frame counte r i s  a l l owe d to count  

from one to ten and the HSTL may as semb l e  ten  comp l e te l y  d i ffe re n t  u ffe rs 

ove r ten s u cces s i ve s e con ds . They are t ransmi tted  i n  o rde r w i th the frame 

counter i n crement i n g  by one unt i l a frame coun t of ten i s  reach ed to be fol 

l owe d by a frame count  of  1 ,  2 ,  3 ,  e t c . A frame count o f  1 1 tWo 1 1  i ndi cates  

47 



a l w ays the s ame b uffer compos i t i on . H owe ver , s i n ce th i s  s t i l l  a l l ows on l y  a 

smal l part of  the down l i n ke d  data to  be  t ransmi tted b ack to MCC i n  near  re a l 

ti me , many d i fferent s ets  of  ten b uffe rs can be  ca  1 1  ed up . Each set  i s  a 

1 1 fo rmat . 1 1 . A fo rmat i s  des i gned to  meet  s pec i fi c m i s s i on -ph ase paramete r needs . 

I t  i s  i dent i fi e d  by the format n umbe r ( see a bo ve ) . The ten s ucces s i ve b u ffe rs 

comp ri s i ng a s i ng l e fo rmat are each ca l l ed a 1 1 frame , . .  th u s  the te rm 1 1 frame 

counte r  . . . Frame s of d i ffe rent  fo rmat s  cannot be i n terspe rse d . 

As men t i oned  above , p arame te rs may be down l i nked  at  vari o us 1 1 s amp l e  

rates  . . . S i m i l a rl y  parame te r  s amp l i n g  rate s  may vary i n  h i gh s peed  data  formats . 

S amp l e s of  the s ame parame te r  may appe ar  o nce i n  e ach frame o r  mo re th an  on ce . 

On ce pe r frame i s  the re fore a s amp l e  rate o f  one  s amp l e pe r se con d .  I t  i s  

a l l owabl e to ha ve s amp l e  rate s  of 2 ,  5 ,  and  1 0  pe r secon d co rre spon d i n g to 2 ,  
5 , 1 0  s amp l es pe r  frame . I t  i s  a l so  a l l owab l e  for a paramete r to  be s amp l e d  

e ve ry othe r  frame , e ve ry fi ve frame s , o r  on ce e ve ry ten th frame corres pon d i n g  

res pe cti ve l y  t o  a s amp l e  rate o f  0 . 5 , 0 . 2 ,  0 . 1  s amp l e s  pe r  s econ d � It  i s  not  

a l l owab l e fo r a p aramete r • s  s u cce ss i ve s amp l es  i n  a h i gh s peed  format to  be  

s p aced g reate r  th an  ten  frames apart . .  Th us , one  can  con c l ude  th at th e h i gh 

s peed  form at • s  data 1 1 data  cycl e 1 1 i s  ten frames  o r  ten seconds  l on g , Ji tt i n g the 

de fi n i t i o� of data  cycl e
. 
foun d i n  pa rag raph 3 . 2 .  

A fo rmat be i ng t ran smi tte d  by the .RSTC can be  .can ce l ed and rep l aced by 

anothe r fo rmat by h i gh  s peed  command sent  from MCC  vi a GSFC/NAS COM , recei ved 

by the
. 
RS CC and s ent  to  the RSTC v i a the i nte r compute r channe l . Fo r  AS-508  

two o f  the  ava i l ab l e tel emet ry formats may be tran smi tted to  MCC  at one t i me 

on the 2 . 4  kbps  HS te l emetry l i ne s . The RSTC cont a i n s o ne HSTL wh i ch a s semb l es  
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the  two formats i n  two di ffe ren t b uffe rs for tran smi s s i on to MCC . MCC  can 

change formats  by send i n g  two CE F 1  s to the RS . The fi rst C E F  spec i f i e s  what  

format w i l l  be ca l l ed u p  and  th e s econ d  CEF  s pe c i f i e s  wh at format w i l l  be re 

pl aced . T ab l e 3 - D  s h ows wh at fo rmats a re ava i l ab l e  fo r AS-508  and  du r i n g  wh at 

mi s s i on phases  th at they are app l i cab l e .  

3 . 2 . 2 . 3  H i gh Spee d Fo rmat 30  

A new 2 . 4  kbs  format ( HS  FMT 30 ) fo r post  pass  p l ayb a ck of  h i gh s amp l e 

rate CSM/ LM an a l og data wi l l  be  ava i l ab l e for Apo l l o  m i s s i on s . Th i s fo rmat 

p rovi de s th e capab i l i ty to ret ri e ve any one  of  th e 29  CSM s ub fo rmats an d 2 1  LM  

s u b formats . Each s ub format can con ta i n fou r  ana l ogs at 50 s / s , fo ur  ana l og s 

at 1 0  s j s , s e ven d i s crete s at 1 0  s/s , and  the Cen t ra l  Ti mi ng  Equ i pmen t  ( CTE ) 

o r  Mi s s i on E l apse T i me ( MET ) . The s u bformat are de fined p remi s s i on an d are 

se l e cte d i n  re a l t i me by C E F  at the Tel emet ry I n s trumentat i on Con t rol l e rs Con 

so l e  ( T I CC ) . The pre s en t l y  u sed  FM/ FM  con t i nge n cy fo rmats and the new H S D  

fo rmat 30 wi l l  b e  se l e ctab l e  o n  a n  e i th e r/or  bas i s t o  th e s ame de d i cated ch art 

redo rde r fo r AS - 508 . 

3 . 2 . 2 . 4 FM/ FM B i omed i ca l  Dat a Output 

In add i t i on to h i gh s pee d P CM fo rmat s output by the remote s i te ,  b i o 

med i ca l  p a ramete rs a re o utpu t on  a vo i ce/data ( V/ D )  l i n e . Th i s  a l l ows an ex

c l u s i ve l i ne per  remote s i te fo r b i ome d i ca l  data and FM/ FM formatt i n g  al l owi ng  

th i s  d at a  to be ava i l ab l e regardl e s s  of  h i gh s peed  format s e l e cti on  and wi th out  

i mpact to  RSTC p rog ram l oad i n g .  

B i omed i ca l  p a rameters a re re ce i ved from th e CSM , LM , and PLSS  i n  the 

down l i n k .  At the P CM g round s tati on decommu tat i n g  the CSM PCM down l i n k ,  th e 
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0 

2.4 KB FORMAT DUAL LINE MATRIX 

THIS MATRIX DEFINES THOSE FORMATS WHICH ARE TO BE COMPATIBLE USING TWO TRANSMISSION LINES FROM 

A SINGLE SITE. ANY FORMAT SHOULD BE CAPABLE OF TRANSMISSION SINGLY FOR LOSS-OF-ONE-LINE CASES. 

DATA CONTENT FMT 
FMT NAME 

AGS NO. 2 3 4 5 6 7 8 9 10 11 12 13 14 
SLV LM LGC CSM CMC PLSS 

SL VI CSM BACKUP X X X 

SLV ONLY (LAUNCH) X 

LM ONLY X X X 

CSM-LM PCM X X 

CSM + LM BACKUP X X X X X 

OBC CMC + LGC CST X X X 

CSM ONLY X X 

CSM PCM ONLY X 

SPS BURN X X 

OB C Ct�C + LGC MAN X X X 

5M�EABLE MEMORY X X 

SLV ONLY (ORBIT) X 

ASCENT/DESCENT X X 

ASCENT /DESCENT 
BACKUP. X X X 

2 X 

3 X X X 

X 4 X X 

X 
5 X 

X 6 X 

7 X X 

8 X X 

9 X X 

10 X X 

11 X X 

12 OFF-LINE PROGRAM 

13 X X 

14 X X X 

15 
X X 

AS-508 UTILIZATION MATRIX 

Table 3-D 

X 

X 

X 

X 

X 

X 

X X X X X 

X X X X 

X X X 

X 

X X 

X X 

X X X 

X 
X 

X X 

X X X X X 

X X X X 

X X 

15 

X 

X 

X 

X 
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H I GH SP EED  FORMAT 30 

PATCH R< I DSDU I M 

I vco RSTC RSCC  4------------
V/D  

2 . 4  KBPS 2 . 4 KBPS 2 . 4  

- - -- - - -- - - -- -
II 

GS FC 

D 50 . 0  KBPS 
- - --

FACS r 

� 

! CHART : 

' 

RECO RD ! 
II I 

L __ _j 

- - -- -

50 KB PS 

--��j) 
FM GS 

� 

__.T 
SW I TCH 

t�ASTE R 
ANALOG 
PATCH 

Fi g u re 3 E  

5 1  

-

,. 

I � 

- · ·  --

CCATS 

P CM 
GS 

-

KBPS 

'V I 
USB 



P CM g ro und  stat i on  program wi l l  s t ri p the th ree  EKG ' s  and  th ree re s p i rati on  

paramete rs an d  route them to DAC ' s .  At  the FM g round  stati on at the LM  EKG 

and  the PLSS  E KGS  are d i s cri mi n ated an d  routed  to DACS . The an a l og  vo l tage 

output of each of these  n i n e  DAC ' s a re b rought  to a bank of vo l t age cont ro l l ed 

os c i l l ato rs ( VCO ' s ) . The act i ve d ata  of  these  n i ne  s i g na l s mus t  be  p atched to 

the s e ven ava i l ab l e VCO ' s  s uch th at the fo l l owi n g  req u i remen t i s  met .  The n i ne 

i n p ut  s i g na l s a re cou ch ( down l i n k )  o ri ented l eav i ng  the o utp ut as an as tronaut  

o ri en tati on . The s chedu l ed and u n s chedu l ed movements of  the as t ronauts  from 

pos i t i on to pos i t i on req u i res re a l t i me patch i ng . The patch i ng of  i n p ut  to 

output  must  be  s pe c i fi ed prepass  to the s i te .  

! R I G  Ch an ne l No .  Meas u remen t  N ame 

1 Unass i gned  

2 Command Mod u l e P i l ot ' s  ZPN 

3 Commande r • s ZPN 

4 L u n ar  Modu l e  P i o l t ' s  ZPN 

5 Commande r • s E KG 

6 Command Modu l e P i l ot ' s  E KG 

7 LM P i l ot • s  E KG 

The FM s i g na l s output the s e ven ! RI G  ch an ne l s onto a m i xe r  amp l i fi e r  

wh i ch s ums the s e  d i s crete aud i o freq ue n c i e s  onto a fo ur-wi re voi ce ch anne l 

that h as a b an dw i dth o f  3 - KC .  The compos i te s i gn a l  i s  th en  route d  on  N ET 3 

to GS FC whe re i t  i s  patched on N ET 7 o r  1 0  to MCC . 

The FM/ FM d at a  sys tem i s  a l s o  u ti l i zed  for pos t  pass  p l ayback  of  h i gh 

s amp l e CSM an d  LM ana l og  data . 
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B IOME DI CAL DATA FLOW 

F M / F M P C M  

L M � 
C l  O F  2 E KG J  

P LSS 
Ft'J/ FfvJ 
2 EKG 

C S M � 
< 3  E KG , 3 Z P N J  

R E M OT E  S I T E  

P C M  ..__-I D S  D U  14----f 

C S M  

U S B  ,.__ L M  

R CV R  

M I X E R  ..,. .. t------1 V C 0 ..,.-1---i PAT C H  14----1 F M G S ..,.�.__-I 
U S B  
R C V R  +--

M C C  

FA C S  � :: F M  G S  

PA T C H  
B OA R D  

t---1_._.. B M D A D SJ .. C C A T S lt--1"'�-� R T C C 

---�--' 

, 

M AS T E R  
A N A L O G  
P A T C H  

l A V G  

R A T E S � 
t--------1"'�-: C O N s  0 L E  s I 

Fi gu re 3 F  
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3 . 3  Apol l o  Laun ch Datd Sys tem/ KS C 

The ALDS at KS C h a s  the capab i l i ty of re cei v i n g , decommutati ng , d i s tri b u 

ti ng  a n d  p ro ce s s i n g  data duri ng  the l aun ch ph ase o f  Apo l l o  mi s s i on s . Two Dat a 

Co res  re cei ve the down l i n ks from the C I F  antenn a fac i l i ty ( Man dy ) and USB down 

l i n ks from M I L .  The re i s  a backup  fo r VHF down l i n ks  from the VH F rece i ve rs . 

Dat a Core can h and l e vari ous  types of  anal og  an d d i g i ta l  i n p ut  data from up  to 

3 2 asyn ch ron o u s  s o u rces and can p roces s these  i n puts i nto a common d i g i tal  

format . E ach o f  the  Data Co res are con fi g ure d  to  accept s i mu l tan eous l y  s i x  

P CM l i n k s , 1 2  PAM/ P DM l i n k s , th ree FM/ FM ch anne l  con ve rte rs , an d th ree t i me 

code con ve rte rs i n  s upport of  Apo l l o  l aun che s . The mai n fun cti on of  Data Core 

i s  to con ve rt a l l the data i n to a common fo rmat . Th i s format i s  a 26 -b i t paral 

l e l word wh i ch cons i s ts o f  1 2 -b i t  b i n a ry dat a  words , a 1 3 - b i t  b i n ary addres s  o r  

data i dent i fi cat i on  word , an d  one con tro l  b i t .  Afte r word s  a re tran s fe rred 

th rou gh  th e s c ann e r , they a re t ransmi tte d  i n  para l l e l  to the ALDS i n te rface 

b u ffe r an d  from the re to the S DS 930 computer . 

The S DS 9 30 compute r . s e l ects the data from the  acce s s  memo ry u n i t and 

formats the dat a  i nto  a wi de band  AL DS fo rmat ( l a unch on l y ) . The  compu te r  

out puts the wi de b an d  dat a fo rmat t o  a paral l e l - to - s eri a l  con ve rte r ,  an d th en 

the se ri a l  b i t s tre am i s  tran smi t te d  v i a 303G modems on re dundant 40 . 8  kbps 

l i n ks d i re ct l y  to MCC . The Coun tdown an d Statu s Transmi ss i on Subsys tem ( CAST )  

of AL DS wi l l  transmi t 1 20 d i s crete e ve n ts and th ree separate coun tdown t i me 

words to MCC v i a a 2 . 4  kbps  l i n e . 

Th e CCATS re ce i ves AL DS data , v i a CLT ' s ,  from two 40 . 8  kbps wi deb an d , 

s i mp l ex  l i ne s . One l i ne i s  de s i gn ated as pr imary and the othe r as a l te rn ate . 
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I dent i ca l  d at a , re l ated to  o n l y one mi s s i on at a t i me , i s  t ran smi tted o n  both 

l i ne s  s i mu l taneou s l y .  Data on one  l i n e  ( normal l y  pr imary )  i s  proces sed  for 

output  and  the a l te rn ate data  l i ne  i s  p rov i de d to s u p p l y  back u p capab i l i ty 

du ri n g  l aun ch o pe rat i on s . Th e data  i s  syn ch ronous  an d transmi tte d i n  frames 

o f 204 1 0 - b i t words at  a rate o f  20  frame s pe r se cond . The e i ght  mos t s i gn i fi 

cant b i ts  o f  e ach 1 0 - b i t wo rd wi l l  be pro ce s s e d  fo r u se . The rema i n i n g two 

b i ts wi 1 1  be trun cated . The exte rn a 1 e q u i pme n t  wi l1 n ot i n put data  to the  

p rog ram unt i l syn c i s  de te cte d . At syn c detecti on , data  wi l l  be i n put , v i a 

paral l e l t ran s fe r , to  the  C CATS P ro ce s s or ( C P ) . The te l eme t ry p rog ram wi l l  

i nte rn a l l y  ve ri fy syn c  at e ach frame the re after  ( by frame count ) .  

The AL DS/ CCATS fo rmat con ta i n s the fol l owi n g  c haracte ri s tcs : ( a )  40 . 8  kbs , 

( b ) 1 0  b i ts/wo rd e i ght  Mss • s  data , two Lss • s  ze ros ) ,  ( c )  204 wo rds / frame , ( d ) 

20 frame s = 1 d at a cycl e ,  ( e )  1 data  cycl e/se co.n d , ( f ) data  i s  transmi tted 

MSB , MSS , an d  { g )  ava i l ab l e s ampl e rate s  a re 1 ,  2 ,  4 ,  5 , 1 0 ,  20 , 40 , 6 0  s / s . 

The fi rs t 1 6  words  o f  each frame are re se rve d  fo r syn ch ron i z at i on p u l s es , a 

frame coun te r , a fo rmat  s tatus  l abe l  an d the veh i c l e  s tatus  words . 

S i m ul ate d  AL DS data wi l l  be re ce i ved on on l y  on e  40 . 8  kbps  w i deb an d , 

s i mp l e x  data l i n e  patch e d  to the p rimary and  a l ternate CLT • s .  Th e ALDS i n p ut 

pro ce s s o r  w i l l  accept e i the r re a l  ALDS o r  s i mu l a ted  AL DS data . 

3 . 3 . 1 L aun ch I n fo rm at i on  E xch ange Fac i l i ty ( L I EF ) / KS C  

The L I E F  i s  a network of  commu n i cat i on res o u rces th a t  fac i l i tate day 

to-day , re al t i me , d at a  e xch an ge between  KS C a n d  MS FN . The two b road a re as o f  

s u ppo rt a re : ( 1 ) MSFN adv i s o ry s u pport o f  KSC pre l aun ch an d l aun ch ope rati ons 

an d ( 2 )  KS C data  s upport o f  MS FC po s tfl i gh t  e val uati on . The s cope of  L I E F  

55  



se rvi ce s i s : ( a )  adv i sory s upport , ( b ) rea l t ime data an d data reques t ,  ( c )  

t ape -to-tape ( Un i vac 1 004 d i g i ta l  t ape t ransmi s s i on ) , ( d )  facs i m i l e , ( e ) c l osed 

l oop TV , ( f ) countdown and l i ftoff , ( g )  c l as s i fi ed te l etype , an d ( h )  voi ce c i r

cu i ts .  

The L I E F  re a l t i me data/data reques t sys tem h as a s to rage memo ry wh i ch 

i s  transmi t ted  from Data Core wi t h  the s amp l ed va l ues  of a l l veh i cl e s . Each 

parameter  i s  as s i gned  a s to rage memo ry add re s s , pr i o r  to tes t  an d th i s i n fo r

mat i on i s  t ransm i tted to MS F C  al ong wi t h  parameter  s amp l i n g rates . 

The rea l t i me d at a  o utput frame con ta i n s  1 023  data wo rds o f  1 0 -b i ts  e ach 

p l u s a 30 - b i t syn c word . A comp l ete data req ues t  i n s truct i on as s i gns  a para

met e r  i n  e ach of  the  1 02 3  word s l ots  by des i gn a t i n g  the storage memory and  

executed  automat i ca l l y  at  the 40 . 8  kbps  ( see  F i g ure 3 F ) . 

3 . 3 . 2  Meteorol og i cal  Data Re co rd i n g  Sys tem 

The Meteorol og i ca l  Data Re co rd i n g  Sys tem rece i ves data from s e ve ra l  

C-band  rada r  s i tes wh i ch tracks , g round  re l e ased we athe r b a l l on s . The  sys tem 

i s  comp at i b l e wi th  l an d  l i ne s  i n puts  from the ( M I L )  TPQ - 1 8 ,  ( KSC ) FPS- 1 6 ,  and 

( PAT ) FPQ-6 . 

The i n comi n g  data i s  p roces sed  by d i g i t a l  l og i c i n to a fo rmatte r an d 

re corde d . Th i s  tape reco rded data i s  then redu ced  at th e Central  Computati on 

Comp l e x  after the concl u s i on of a b a l l on as cent . A paral l e l output of  the  

Meteoro l og i ca l  Data Sys tem d i g i ta l  l og i c i s i nte rfaced wi th th e L I E F  sys tem 

to al l ow unp roces sed  meteo rol og i cal  radar  data to be tran smi tted  to MSFC  v i a 

the  40 . 8 kbps  w i deband  l i n k . 
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3 . 4  Goddard Space Fl i ght  Cen te r  ( GS F C )  

I n GS FC/NAS COM vernacu l ar ,  a o ne secon d , 2400 b i t h i gh speed  te l emetry 

frame i s  cal l ed a 1 1 me s sage . 1 1  Wh en  a mes s age i s  rece i ved at GSFC , i t  i s  ex 

ami ned  fo r p rope r syn ch ron i zat i on code , s tr i ppe d  of  s i x  ove rhead  words and pro

ces se d  in  the  GS FC  494 CP . MS FN te l emet ry me s s age s. a re i de n ti fi ed as te l eme 

try dat a  by the data format code and  forwarded to the  MCC  ove r  th e wi de b an d  

t runk to MCC/ CCATS togeth e r  wi th other  mes s ages  con tai n i n g o the r type s o f  data 

beari n g  the s ame dest i nat i on code . 

E ach  2400  b i t h i gh s peed tel emet ry me s s age i s  reformatted i nto fi ve 600 -

b i t  segments  by the GS FC me s s age swi tch i ng cen te r ' s  494 be fo re b e i n g t rans 

mi t ted ove r  the w i de  band  l i n k  to MCC . E ach 600 - o i t segment  con s i st s  o f  7 5  

e i g ht-b i t wo rds . Ove rhe ad fun cti ons  a re prov i ded by 1 20 b i ts of  each  segment . 

The se fu n ct i ons  a re syn ch ron i z at i on  ( 2 4 b i ts ) , sou rce and de s t i n at i on ( 1 6  b i t s )  

form at code ( 8 b i ts ) de ri ved from the s i x  stri p ped  h i gh s peed  data words , mes 

s age counts  and  s tatus ( 1 2  b i ts ) , and error- con tro l  code and  con tro l  b i t s  ( 60 

b i ts ) . Wo rds 7 th ru 300 of  the h i g h  s pee d format a re s p l i t  i nto fi ve g rou ps  

o f  res pe ct i ve l en gth  60 , 60 , 60 , 60 , and  54 e i g ht - b i t words an d p l aced in  the 

remai n i ng  480 data  b i t s  of each s ucce s s i ve s egme n t . F i l l  b i t s  are p l a ced  i n  

the fi fth segmen t fo l l owi n g  the 54 data words . 

The w i deband  l i n k  from G S FC to MCC i s  a 50  MHz  b an dwi dth g roup c i rcu i t 

wi th a m odem s i gna l i ng s peed  of 50 . 0  kb ps . 

3 . 5  Mi s s i o n  Con tro l Cen te r 
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3 . 5 . 1  Faci l i ty Control Subsys tem ( FACS )  

Al l wi de b and and vo i ce d ata 1 i n es  a re patched  i n to th e FACS areas . 

W i de band  1 i n es  a re patched  to the CCATS an d vo i ce data 1 i ne s  to  the FM g round  

s tati ons .  

3 . 5 . 2  Data Rou t i n g  and D i sp l ayi ng  by  C CATS 

Th e  wi de b an d  data i s  i ns e rted i n to the i n put  b u ffe r channe l s of CCATS 

49 4 compute rs by the Po l ynom i n al B uffe r  Te rmi na l  ( PBT ) . The PBT ' s  ch ange the 

data to para l l e l words to be  compat i b l e  wi th the  compute r  word l ength , and 

decode the pol ynomi a l  e rror code from GSFC . AL DS wi de b and data  i s  tran smi tted  

i nto the  494  com pute r by the wi de band  CLT ' s .  

The compute r mu l ti p l exers t ime mu l t i p l ex the l ow s peed/wi de ban d  CLT 

i n puts  i nto the 494 compute r i nput ch anne l s .  The 494 comp ute r route s L ow 

Speed  ( LS )  data  to  RTCC . I t  take s wi de b an d  o ri g i n ated te l emet ry d ata and 

de commut ate s ,  re pack s , converts ce rta i n ana l ogs  to pe rcent-fu l l - s cal e , perfo rms 

s ome t run cati on , an d route s  the re q u i red wi de ban d data to RTCC , t he  MCC  P CM 

g ro und  stat i on s , the T I C C , and to KS C/ Data Core . 

3 . 5 . 3  Te l eme try I ns t rumen tati on Con tro l  Conso l e  and I n tra MCC Data Rou t i n g  

The pr imary fu ncti on of t h e  CCATS te l emet ry p roces s i ng prog ram i s  to 

proces s near  rea l ti me tel emet ry data re ce i ved from ALDS and  MS FN . Afte r con 

ve rti ng  th e  MS FN tel emetry data segments i n to a format wh i ch i s  acceptab l e 

to  the te l emetry proce s s i ng  p rog ram , ma i n  frame synch ro n i zat i on i s  de te rm i ned . 

Syn ch ron i z ati on status  i s  then sent  to the T I CC and the  data  i s  sent  to de cem

mutat i on and he ade r p ro ce s s i n g  p rograms . At th i s  po i n t , i n put  s e l ecti on  i s  

re ce i ved from th e T I CC an d he ade r  val i d at i on to the T I CC .  Ce rta i n m i s ce l l aneous  
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p ro ces s i ng i s  req u i red wi th i n  the te l emet ry proces s i ng prog rams an d con ve rs i on 

o f  ana l og  s i gna l  l eve l s to fu l l  s ca l e for d i rect  readout .  Frame coun t  and  for

mat  n umbe r a re u se d  by de commut ati on  rout i nes  to cal l u p  decommu tati on tab l e s . 

The re i s  a un i q ue decom tab l e for eve ry frame of  eve ry format . The de commutated 

te l emetry dat a i s  then  as semb l ed i nto o u tput  mes s age frames an d route d  to  the 

s canne r se l ecto r ,  C IM/SDD adapters an d the 494 p l ugbo a rd wh i ch prov i des the 

cap ab i l i ty for the 494 to i n te rface w i th  the  DOD for d i g i ta l  e vent  l i gh t  d i s 

p l ays i n  the  ope rat i on al a rea . Al s o , the s cann er  se l e ctor , 494/360 adapte rs , 

494 p l ugboard and  sys tem se l e ctor  u n i t prov i de the capabi l i ty for the 494 to 

tran smi t tel eme t ry data  to the RTCC . De commutated te l emetry data i s  a l s o 

de l i ve red to the  MCC P CM g ro un d  s tat i on s , fo r e ve n t  an d an a l og d i s p l ay d ri ve 

di rectl y to  con s o l e s  vi a a 40 . 8  kbps  CLT . Decommutate d  SLV  te l eme try data 

rece i ved from MSFN  h i gh s peed  s o u rces ( not the AL DS s ource ) i s  a l s o  sent  to 

the KSC/ Data Co re v i a a 2 . 4  kbps CLT . 

3 . 5 . 4  Dat a  Proce s s i ng an d Di s pl ay by RTCC 

The te l eme t ry p roce s s or i n  CCATS , afte r decommutat i n g  i n com i n g te l em

et ry dat a , con s t ructs i n d i v i du a l  veh i cl e  re l ated b u ffe rs of  e i g ht- b i t para= 

mete rs ( one for e a ch veh i cl e  wh o se  data i s  be i ng decommutated  p l u s  add i t i ona l  

one s  fo r e ach onboa rd compute r data and  fo r p l ayb ack data  ) and t ransmi ts e ach 

of the se  to the RTCC on ce pe r se cond . The RTCC ' s  te l emetry p roce s s o r  pe rforms  

l i mi t sen s i n g , s ca l i ng an d oth e r  s pe c i al  p roce s s i n g  as  req u i red . It prov i des 

data to a se l e ct i on  o f  d i g i ta l - to-te l e vi s i on formats th at are acce s s ab l e by 

fl i gh t  con tro l l e rs at MCC con s o l e s . Al s o ,  one- b i t e ven t p arame te rs and 
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1 1 COmputed 1 1  e ve n ts may be t ran smi tte d  v i a th e RTC C ' s  Subch anne l Data Di s t ri b utor/ 

D i g i t al Di s p l ay dri ve r  ( SDD/ DDD)  d i re ct l y  to con so l e l i gh t  i n d i cators . H i gh 

s pee d te l emetry data thus  re ce i ve d  by RTC C  p rovi de the s o u rce for RTCC  gene ra

te d tel emet ry reb roadcast l ow s peed s umma ri e s  to be sen t v i a TTY back to remote 

s i te s  n ot i n  spacecraft acqui s i ti on .  

3 . 5 . 5  MCC  P CM G round Stati on  Te l emetry Data D i s pl ay 

H i gh s amp l e rate an a l og  an d one-b i t e ve n t  data  a re p acked i n to 480 

e i g ht-gi t word b u ffe rs by CCATS and tran smi tte d  to the g round  stati on  ten t i mes  

pe r s e cond v i a a 40 . 8  kbps i n te rface . The g round  stat i on 1 1 decommutate s 1 1 e ach 

b u ffe r an d routes a l l s amp l e s  of e ach p aramete r to an as s i gned DAC ( fo r  ana l ogs ) 

o r  to an as s i gned  eve n t  s to re ( fo r  one -b i t  e vents ) .  The g round  s tati on can 

store u p  to ten d i ffe ren t rout i ne s  fo r su ch ro ut i ng ( i . e . , ten d i ffe rent  p ro 

g rams ) .  Th is capab i l i ty a l ong  wi th rep l ace ab l e  patchboards  a t  the Output 

Swi tch al l ows mete rs , an a l og cha rt re corde rs , e vent recorders , and e vent l i ght s 

to be  dri ven wi th  a d i ffe rent s e l e ct i on  of  paramete rs fo r d i ffe re n t  m i s s i on 

ph as e s . Howe ve r ,  the se l e ct i on mu st  be  made out o f  the con s tan t , fi xed CCATS

to- g round s t at i on parameter  b u ffe r sent  th ro ugh bu t  the  en ti re m i s s i on .  H i gh  

rate an al og an d e ve n t  se l e ct i on fl ex i b i l i ty ex i s ts on l y  wi th the g round  s tati on 

p rog ram and i ts o ut put patch i ng ,  not  i n  the CCATS prog ram . 

3 . 5 . 6  MCC  B i omed i cal  Data H an dl i ng 

FM/FM b i omed i ca l  data  rece i ved v i a GSFC  from a remote s i te at MCC FACS  

i s p at ched to  be the MCC  FM/FM g roun d s tat i on . Th i s 1 1 g round stat i on  . .  i s  noth i ng 

more th an a bank of  se ven s ubcarri e r  d i s cr im i n ators  pe r  MOC R/SS R ,  each d i  s cr i mi 

n ator  be i ng sens i t i ve to one of  the  fi rst  seven ! R I G  ch anne l s .  The res u l ti ng  
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( se ven pos s i b l e  or  s i x  for AS -50 8 )  ana l og s i gna l s are patche d  to the mas te r 

an a l og patchboard and  from the re d i re ct l y  to ana l og  recorde r d i s p l ays i n  the 

MOC R/SS R .  The s i x  an a l og s i g na l s that are b i omed i ca l  data ( I R I G  channe l 2 - 6 )  

are a l s o  patche d  to the B i omed i ca l  Data Ana l ys i s and Di s p l ay Sys tem ( BM DADS ) 

cardi otachomete r and  re s p i rati on rate proce s sor . Res u l tant rate pa rame te rs 

a re then patch e d  d i re ct l y  to MOCR/SSR  an a l og  ch art re corde rs . I n  add i ti on , 

BM DADS wi l l  s i m u l taneous l y  an d i nde pendentl y d i g i t i ze ,  a na l yze , an d transm i t  

seve ra l  paramete rs to CCATS at a rate of  2 . 4  kbps  for retransm i s s i on to RT CC . 

3 . 5 . 7  CCATS Te l eme try Data for KS C/ Data Core 

E ach se con d the CCATS te l emetry p roce s s o r  prepare s  and  transm i ts at a 

2 . 4  kbps  rate a b u ffe r of  a l l S LV  parame te rs decommutated from MSFN o ri g i n ate d 

h i gh s pee d te l emetry data . Afte r l a unch , th e KSC/L I E F  swi tches  from i ts l oca l  

dat a core s o u rce to  th i s  2 . 4  kb ps data stream i n  order to acq u i re SLV  te l eme try 

data . The L I E F  sys tem the n transmi ts  the se SLV  paramete rs on command to 

Marsh a l l Space F l i g ht  Cente r ( MS FC ) /HOS C . 

3 . 6  Hunts v i l l e Ope rat i on S upport Ce nte r  ( HO S C )  Data Proce s s i� 

The p ri mary data proce s s i ng e q u i pment i n  the HOS C i s the  Co l l ector/Di s tr i 

butor  ( B u rroug h s  5500 ) , the Re a l  T ime Data L i nk  ( RTDL ) ;  and th e Rea l  T ime Data 

Ro ute r  ( RTDR ) . Th e RT DR s pec i fi es th e format to be u sed  on the RTDL wh i l e  the 

B u rrough s  5 500  proces ses  th i s  data as  i t  i s re ce i ved  from th e Data Core equ i p 

ment  l o cated  at  KS C .  Duri n g  the  p re l aunch  and l a un ch coun tdown , data from the 

MI LA a rea  i s  tran smi tte d o ve r  th e RT DL to the HOSC. Later dur i ng  o rb i t S - I VB 

and I U  data i s  co l l ected at th e MCC and pa s s ed on to the HOSC v i a the Dat a 

Co re e q u i pment at  KS C .  
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3.7 Apollo Range Instrumentation Aircraft (ARIA) 

The ARIA are a group of four EC-135A, four engine jet aircraft which are 

used to supplement land and ship stations in support of Apollo and other pro

grams. Operating in conjunction with the NASCOM network, ARIA provides two

way voice relay between the spacecraft and MCC, receives and records TLM sig

nals from the spacecraft, and transfers this TLM data to a ground station for 

relay to MCC. The aircraft have no capability for command, tracking, or real

time remoting of TLM data. 

These functions are preformed by seven foot steerable antenna, VHF, S-band, 

HF/SSB receivers and transmitters, and recording and playback equipment. The 

antenna feed is a monopulse (instantaneous phase comparison) type tracking 

arrangement with separate elements for P-band and S-band. It can automatically 

track a target in P-band or S-band. However, procedurally, when both bands 

are being received simultaneously, S-band track will be used. The beamwidth of 

the antenna is approximately 40° in the P-band range and 4.7° in the S-band 

range. The gain is 12db in the P-band range and 29db in the S-band range. 

The ARIA is capable of receiving and recording nine links of TLM data in 

the P and S-bands. Seven dual channel data receivers may be arranged in any 

combination of S and P-band assignments. In addition, there are four tracking 

receivers operating in pairs which supply two more links. Telemetry modulation 

may be in IRIG or USB formats; however, only one USB link can be demodulated 

for PCM/FM recording. Simultaneous reception and recording of P-band and S-band 

TLM is possible during periods of voice relay. The following data will be 

recorded onboard each aircraft: 
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. W i de b an d  magneti c tape s (TLM ) - two pe r a i rcraft/ TSP 

. N arrow b an d  magne t i c tapes ( vo i ce )  o ne per a i rc raft/day 

. AFETR FORM 40 - one  per  a i rcraft/TSP wh i ch contai n s : 

1 . Ai rbo rne Te l eme try LOG ( AR IA  confi g u rat i on setup ) 

2 .  AR I A  Pre/ Post  Ca l i b rati on P rocedures  

3 .  M i s s i on Coord i nato r ' s  Qu i ck l ook  Reports 

4 . N avi g at i o n  Logs ( n avi g ato rs P l ot of Fl i g ht  Profi l e )  

5 .  Te l eme try Suppo rt S umma ry 

a .  Antenn a  Ope rator ' s Data/ Log 

b .  Vo i ce Ope rato r ' s  Data/Log 

c .  Te l eme t ry Ope rato r ' s  Data/ Log 

d .  H F  Ope rato r ' s Data/ Log 

e .  Re corder Ope rator ' s  Data/ Log 

Tran s fe r  of  TLM data to a g round  s tati on for re l ay to MC� may be accom

pl i s hed  i f  the re i s  a MS FN s tat i on wi th i n  range . Low power ( 0 . 5  watt ) data  

tran s fe r  UH F and VH F transm i tters wi th b l ade type antennas  on  the bottom of  

the  a i rcraft are prov i de d for th i s  p u rpose . The a i rcraft mus t  b e  w i th i n  

approxi mate l y  1 75 m i l e s of  the s tati on to e ffect  a tran sfe r .  Trans fe r  fre-

q uen ci es wi l l  u s u al l y  be 237 . 8  MHz CPM / FM an d 2287 . 5  MHz  P CM/ FM/PM . Dat a 

tran s fe r  at the 5 1 . 2  kbps  rate req u i re s  the s ame t i me as the  l i ve s p ace cra ft 

pas s . One ARI A  run can tran s fe r two t racks of  recorded data , one  on VH F and  

one on  S - b an d . 

Fou r  ARI A  wi l l  be ava i l ab l e  to s u pport the Apo l l o  m i s s i ons . The a i rcraft 

w i l l  ope ra te i n  th e Pac i fi c o r  At l ant i c as approp ri ate .  Ope rat i onal  control  

o f  the AR IA  wi l l  be exe rc i sed  th rough  the Ai r Ope rati ons  Con tro l Cen ter ( AOCC ) 

at P at ri ck AFB and the wor l dwi de ARIA  commu n i cati o n  netwo rk . The MS FN wi l l  

i nte rface wi th ARI A  th rough  th e AOCC . 

65  



The m i s s i on ca l l s  fo .r AR IA s u pport of  Trans l un ar I nject i on ( TL I )  o n 

revo l u t i on  two o r  th ree an d  from reen try ( 400 , 000-foot al ti tude ) to recove ry 

o f  the s p ace craft c rew afte r s p l a shdown . 
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TRACKING  NETWORK CON F I GU RATI ON 

4 . 0  I ntrodu cti on 

Du r i n g  the Apo l l o  m i s s i ons  the MS FN s tat i ons  and  the  Apo l l o  s h i p  w i l l  s u p 

p l y  repl t i me s pacecraft pos i ti on i n format i on t o  t h e  M C C  a t  Hou ston . Th i s tas k 

i s  ac compl i s hed  t h rough  a s e r i e s of  C-b and and Un i fi ed S -band  Sys tem ( USBS ) 

track i n g rada rs as  we l l as  rel ated  pro ces s i ng  and s upport eq u i pment . The MS FN 

track i n g  stati ons  wi l l  u s e  the track i n g formats and  th e s u pport e q u i pment for 

tran smi s s i on of  t rack i n g data . Th i s  tracki ng  data vari es depend i n g  upon s ta

t i on l ocat i on and capab i l i ty ,  tran smi s s i on b i t rates , and new equ i pmen t i mp l e 

mentati on s ched u l e s . I t  i s the purpose of  th i s  ch apte r  to s h ow h ow the net

wo rk s tati ons  fu l fi l l  th e m i s s i on track i ng  req u i rements . 

Track i ng  data i s  p ro v i ded to MCC i n  both h i gh  s peed and l ow s peed  formats . 

HSD  i s  requ i red dur i ng  the l au nch ph ase  and o rb i ta l  powe red fl i gh t  ph ase of a 

mi s s i on .  Wh en the s pacecraft i s  i n  free fl i gh t , LSD  ( te l e type )  i s  u sed . TTY 

transm i s s i on prov i de s o ne s amp l e  of t rack i n g dat a  per s i x  seconds wh i l e HS D 

prov i des rates u p  to 1 0  s amp l e s  pe r second dependent  u pon sys tem and s i te con 

fi gu rati on . ( On e  s amp l e of  t rack i n g data con s i st s  of  a l l the i n formati on  nec

es s ary to dete rmi ne the s pacecraft ' s  pos i ti on  at a parti c u l a r  momen t  i n  t i me . ) 

Al l fo rmats are 240 b i ts i n  l ength , ex ce pt fo r the Apo l l o  I n se rti on Sh i p ,  and 

each fo rmat con ta i n s  one traj ecto ry data po i n t from the radar  or  track i ng sys 

tem wh i ch i s  send i ng the data . 

W i t h  the exce pt i on of  Apo l l o  Laun ch Trajectory Data Sys tem ( ALTOS ) radars , 

al l h i g h s peed track i n g i nfo rmati on i s  sent  to MCC v i a the NAS COM ne twork 

( th rough  GSFC to MCC on 50 . 0  kb ps l i ne s ) . Al l te l etype track i ng data i s  
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th roughput at GS FC and sent  to Hou s ton  on  regu l ar TTY commun i cati on l i ne s . 

Each fo rmat ( or track i ng  data s amp l e )  conta i n s  data  I D  b i ts , trajectory data 

b i ts ,  and e rro r cod i ng b i ts .  

The fo l l ow i ng des c ri pti on  i s  i n ten ded to be  an i nd i cati on of  the s tati on s • 

tra ck i ng req u i rement capab i l i t i e s . Not  a l l the capab i l i t i e s  of  the s i te s  a re 

l i s ted , o n l y  those  that a re mos t l i n ke l y  to be  u sed  du r i ng  th e m i s s i on .  I n  

add i t i on , a s er i e s  o f  ch a rts  wh i ch conta i n  i n formati on pe rt i ne n t  to the track

i ng cap ab i l i t i es of  the network are i nc l uded . 

4 . 1  Sys tem Des cr i pti on 

4 . 1 . 1 C - Band  Rada rs 

The C-band  t rack i ng  rad a rs dete rm i n e  the pos i ti on of  a s pacecra ft by 

me as u r i n g  the range , az i muth , and e l e vati o n  of  the  ve h i c l e wi th res pect  to the 

rad a r .  The se rada rs a re capab l e  of  both s k i n  and beaco n  track i ng . Howeve r ,  

s i n ce there i s  no C-b and transponder  on the Command and Servi ce Modu l e  ( CSM ) , 

beacon t rack i ng wi l l  be accomp l i s hed  on l y  on the S - I VB/ I U  from l au nch unt i l 

b at te ry de p l et i on  ( approx i matel y 1 7  h ou rs after l aunch ) or un t i l the s l an t  

range exceeds  the capab i l i ty of  the system . ( Refe r  to 6 . 7 . 1 2  for l and  based  

C - b and rad ar  s pe c i fi cati on s . ) 

4 .  1 . 1 .  1 Apo l l o  Laun ch Traj ecto ry Data  Sys tem ( ALTOS ) 

The ALTOS con s i s ts of  C-b and radars l ocated on the Eastern Tes t Range 

(PAT-6 , CN V- 1 6 ,  MLA- 1 8 ,  GT I - 1 8 ,  ANT- 6 )  and at B OA ( - 6 ,  - 1 6M ) , wh i ch s up p l y  h i gh 

s peed d ata  to the Rea l  T i me Compute r Fa c i l i ty ( a l so known as  the Impact Pred i c 

tor )  at Cape Kennedy . The I P  compu te r  pe rforms a bes t- so u rce se l ect i on of  raw 

i n comi n g  data  and perms prep roce s s i n g  ( smooth i n g ) of  the  rece i ved data . The 
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pri mary purpose of  th i s  sys tem i s  to a s s i s t  the Range Safety Offi cer  ( RSO ) i n  

l o cat i ng the i ns tan taneou s  i mpact poi nt of  th e veh i c l e  i n  case of an  abort 

s i t u ati on d u r i n g  l aunch . A l s o , i t  i s  used  to prov i de l aunch  traje ctory d ata 

to the  RTCC  at  MCC  over two 2 . 0  kb ps l i ne s . The mes s age rate i s  one me s s age 

pe r 0 . 25 s econd raw or smooth data ; i . e . , 0 . 25 second raw , 0 . 2 5 second smooth . 

Th e I P  comp l ex h as two CDC 3600 computers ope rati ng  i n  an act i ve/ 

s tandby confi gu rat i on . The h i g h s peed C -band  o utput of these  s i tes a re i n pu t 

s i mu l taneou s l y  to e ach I P  compute r .  The act i ve computer o u tputs  data t o  each  

of  two transm i tters i n  two fo rms : smoothed radar data and raw radar  data . 

Smoothed rada r  d ata cons i s ts  of compute r  t ime , pos i t i on , and ve l oc i ty vecto rs 

( T ,  R ,  V )  and  raw radar data con s i s ts of  ti me , range , az i muth , and e l e vati on . 

The I P  computer  pe rfo rms pre p ro ce s s i ng ( smooth i n g )  of  the rece i ved raw dat a  

poi nts and  then  output  1 0  s amp l es /second o f  raw data  an d 2 s amp l e s/second of 

smooth ve cto r  data . 

Du ri ng  the  orbi ta l  phase  of  a mi s s i on , norma l l y  raw data on l y  wi l l  be  

transmi tted to MCC ; h owever , smooth data cou l d  be  sent  on  req ues t .  On l y  one 

m i s s i on  wi l l  be s uppo rted at a t i me . No USB data i s  e ver  u sed  by the ALTOS . 

4 . 1 . 1 . 2  Central  Data P ro ces so r  ( COP ) 

The sh i ps 1 COP  i s  a U n i vac mod i fi ed  1 230 comp uter th at fu nct i ona l ly  

rep l aces the Track i ng Data  P roce s s or at USB  s i tes and  the compute r  and  other  

eq ui pment  t h at  p roce sses  track i n g  d ata  at  th e C-b and radar  s i te s . I n  add i ti on 

to proces s i ng C-b and and  USB  track i ng d ata , th i s  compute r  perfo rms s eve ra l 

othe r fu ncti on s  ( s u ch as n av i g ati on , antenn a  pos i t i on i n g , etc . ) .  The COP 

re ce i ves s h i ps 1 pos i ti on an d  atti tude d ata , t i m i n g  sys tem s i gn a l s ,  antenna  
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pedes ta l fl exu re data , con t rol  s i g n a l s , targe t acqu i s i t i on i nfo rmati on , and 

rea l t ime t rack i n g  d ata . I t  p rocesses  the re cei ved i n fo rmati on  to pro v i de data  

fo r an tenna  po i nt i ng ,  s h i p ' s  pos i t i on an d  atti tude , traj e ctory , data  record i ng 

and d i s pl ay ,  p l ott i n g  b oa rd trac i ng , target acq u i s i t i on , and d ata transmi s s i on .  

Pr imary ope rati ons  are accomp l i s h ed i n  standby , acqu i s i t i on ,  and  track i n g mode s .  

The  standby m ode i s  i n  e ffect dur i ng  th e coun tdown pri or  to acqu i s i 

ti on  and d ur i ng the peri od fo l l owi ng a tracki n g  mode o pe rati on  i f  a s ub sequent  

pas s o f  an  o rb i t i ng veh i c l e  i s  to be s upported . Du r i n g  th i s  mode , nav i g ati on 

i s  the p ri n c i p l e functi on h an d l e d , and the pr i mary objecti ve i s  to prepare for 

the t rack i ng  mi s s i on .  

The mai n functi on o f  the acqu i s i t i on mode i s  to  en ab l e the track i ng 

sys tem antennas  to acq u i re the target and beg i n  track i ng . The track i ng mode 

i s  ente re d  au tomati ca l l y  from the acqu i s i t i on mode afte r target i s  acq u i red 

by e i the r the  C - ban d  o r  the USB radar  sys tem and s u ffi c i ent  va l i d  data i s  

se l e cted to compute the target ' s  apparen t pos i t i on and vel oc i ty .  

I n  th i s  mode compute r procedu res corre ct track i ng data for sh i p ' s  

atti tude an d e rrors caused  by : 

a .  Antenn a zero o ffset , s e rvo l ag ,  droo p , and  m i s al i gnment  as  com-

p uted from b a l l on track i n g  te s ts . 

b .  Ante n n a  mount fl exure d ue to twi s t i ng  of  the s h i p .  

c .  Atmos phe ri c re fract i on .  

The C -band  radar  i s  a s s i s te d  by feed-forward s tab i l i zati on s i gn a l s 

from the COP . The com pute r fi l te rs the ro l l ,  p i tch , and read i ng  data re ce i ved 

from the atti t ude refe ren ce source and dete rmi n e s  the rate s of ch ange . The se  
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rates  are t ran s formed to antenn a  beari n g  an d e l evat i on rates a nd tran sm i tted 

to the C- b and  radar  sys tem as ant i c i patory corre ct i ons  to redu ce the se rvo 

1 ag s . 

4 . 1 . 2 U n i fi ed  S-Band ( USB ) Sys tems 

The USB t rack i ng  sys tems dete rmi ne the pos i t i on of a s pacec raft by 

me as uri ng  X and Y an g l e s , range , and range rate of the veh i c l e  wi th res pect  

to  the radar . They can  be cl ass i fi ed i n  th ree categori es : s i ng l e  30 - foot 

s i tes , dua l  30 - foot s i tes , and dua l  85- foot s i te s . The d i fference  between a 

s i n g l e  and a dua l  sys tem w i th  reg ard to track i ng  i s  that a dua l  sys tem can 

dete rmi ne ran ge an d range rate on  two veh i cl es s i mu l taneous l y  ( as l ong as  they 

are wi th i n  the beamwi dth of  the s i n g l e anten n a ) and  ang l e  track on one . Th ere 

are two USB RER sys tems at  a d u a l  s i te . The s i n g l e sys tem h as on l y  one  RE R ,  

o ne doppl e r  ve cto r , an d a 1 1 S i n g l e 1 1  TOP . The dua l  sys tem mu s t  h a ve an add i 

ti onal set  of  the fi rs t th ree compone n ts and a 1 1 d u a l 1 1  t rac ki ng d ata  proce s sor  

( re fe r  to 6 . 7 . 1 1  for deta i l ed U SB  s pec i fi cati on s ) .  

4 . 1 . 2 . 1  Track i ng Pro ces sor  

The Track i ng  Data Proces s or ( TOP ) i s  a subsystem used  i n  the USB 

track i n g  data h and l i ng sys tem and  i s  l o cated at each o f  the USB s i tes . I t  

acce pts a n d  p roce sses  vari ou s  types of  data and prov i des  for the reco rd i ng 

( L SD on l y )  and t ransmi s s i on of  th i s  i n fo rmati on . The i n put s to th e proce s s o r  

are de ri ved from the ran g i ng s u bsys tem , the s h aft ang l e encode rs , th e t i m i ng 

s ubsys tem and the track i ng re ce i ve r .  The TOP provi des t i me , X and Y an g l e 

i n fo rmati on  an d  ran ge an d dopp l e r  i n fo rmati on  i n  seri a l  form , wh i ch i s  com

pati b l e wi t h  two type s of  g rou nd commun i cat i on s  l i n ks : h i g h s peed  ( as  h i g h 
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as 2400 B PS ) and l ow s peed  te l etype ( 6 0  o r  1 00 words per  m i n ute ) . The pro

ces s o r  arranges the abo ve d at a  i n  the p ro pe r  format , adds stat i on i dent i fi cat i on 

and q u a l i ty s t atu s i n formati on , gene rate s  a 22  o r  33  b i t ( s e l ectab l e )  po l ynomi a l  

e rro r p rote ct i on  code and  i ns e rts i t  at  the  end  of each  frame of HSD . 

There are both  s i n g l e - sys tem and d ua l - sys tem TOP ' s .  The s i ng l e  sys tem 

d i s pl ays and t ran sm i ts range  an d range rate ( doppl e r )  i n fo rmat i on from on l y  one 

veh i c l e ,  whe reas  the d ua l  system d i s p l ays and tran sm i ts range and range rate 

i n fo rmat i on from two veh i cl e s by al te rn a te l y  tran sm i tt i n g data frames from each  

veh i c l e .  

4 . 1 . 2 . 2  S hi p USBS  

The T-AGM - 1 9  C l a s s  sh i p h a s a dua l  USB  sys tem wh i ch i s  capab l e of  

acq u i ri n g and automat i ca l l y  track i ng  th e s pace veh i c l e  i n  bear i ng  ( az i mu th ) , 

e l evat i on , range , and  range rate . A b road beam 3 - foot d i ame te r anten n a  wh i ch 

h as a beamw i dth o f  1 0 ° i s  mou nted on  th e per imeter of th e ma i n 30 -foot re

fl e ctor and fun cti o ns as  a targe t acq u i s i t i on a i d .  Add i t i o nal acqu i s i t i on 

da ta i s  av a i l ab l e  from the CDP i n  d i g i tal  form o r from oth e r  s e l ftra ck i ng  

u n i ts ( s u ch as the  ma i n TM antenna ) i n  s i ng l e  s peed  syn ch ro data . Un l i n k  the 

l and- b ased  USB an tenn as  wh i ch h ave X- Y mounts , th e sh i ps ' USB  an tennas  are on 

AZ - E L  mou nts . Th e transm i tte r  a s s oc i ated wi th  th i s radar  h a s  a maxi mum power 

outp ut of 20 KW when ope rati n g  i n  the s i ng l e  mode and  2 KW pe r  l i n k  i n  the 

dua l  mode . 

4 .  1 . 2 . 3 Central  Data Proce s so r  ( CDP ) 

As men ti oned pre vi ous l y , th e CDP  performs the functi o n  of the  TDP a s  

far  as USB  t ra c k i ng data$ i s  conce rned . I t  co rre cts the data i n  the s ame mann er  
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as the C-band  data  wi th  one excepti on . The USB  data i s  a l s o  correcte d  for 

doppl er  errors . Th i s  procedure compute s  a corre cti on for the dopp l e r  meas u re

men t  re ported by th e S - b and radar  to  compen s ate fo r the moti on of  the  antenna 

wh i l e  t rack i ng th e spacecraft . 

The CDP  h a s  the capab i l i ty to  proce s s  C-ban d  and  USB track i n g  data 

s i mu l taneous l y .  Th i s a l l ows the sh i p  to  track two veh i c l e s  (o ne S-band and 

one C-band ) . Howe ve r ,  the CDP does have a l im i tati on  i n  th at  i t  can on l y  

des i gn ate for o n e  veh i c l e . A s  s oon as  t h e  ve h i c l e i s  acq u i red , t h e  computer  

comes  out of  the  acqu i s i t i on mode an d en ters  th e track  mode . Once i n  the  

track  mode th e CDP cannot de s i gnate for acqu i s i ti on o f  anoth e r  veh i c l e .  Thus , 

acqu i s i t i o n of  the second veh i c l e  wou l d  have to be done man u a l l y .  At that  

t i me , the CDP  cou l d s i mu l taneou s l y  proce s s  data from bo th veh i c l es and mu l ti 

p l ex i t  i nto one 60 0 b i t b l ock . The combi ned  data i s  sent  to MCC at  th e HSD  

rate of 1 . 2 KBS . H owever , the  format does n ot a l l ow for two ve h i c l es  to be 

tracked  on USB . 

The l ow s peed or TTY d ata  i s  s ent  at a 1 00 WPM rate and  i s  e i the r 

C-band  o r  USB data , bu t not both . The HSD  i s  i n  vector form , whe reas the L SD  

conta i ns range , range rate ( ( th e ran ge rate conta i n s  no us e fu l  i n fo rma ti on ) , 

X and Y ang l e s  or  range , az i muth  ang l e ,  and e l evati on ange l . 

Al th ough the  H S D  rate of  1 . 2 kbps  rema i n s  con s tant for orb i tal  and 

powe re d fl i gh t , the s amp l e  rate changes  from one s amp l e/two s e cond to two sam

p l es /s econd . The effecti ve vector rate s  a re : : one vector e ve ry two seconds 

fo r free fl i g h t  and one vec tor  eve ry seco nd for powe red f l i gh t 
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4 .  1 . 2 . 4  Track i ng Data S ub sys tem 

Th i s  s u b system i s  composed  of a S h i pboard Dopp l er  Counte r  ( S DC ) and 

the USBS data reg i s te rs . The pr imary fu ncti on  of the SOC  i s  to count the dop

p l e r  s h i ft freq uen cy an d fu rn i s h  th i s  coun t to th e Data Reg i s ters  fo r end  ap

p l i cati on to the  compute r  i n  the COPS . Th i s kee ps th e range rate of  the target  

ut i l i zed  by the compute r con stan t l y  updated . 

The funct i on of  the Dat a  Reg i s te rs i s  to acqu i re and format data from 

s u b systems wi t h i n  th e USBS and , when i n terrogated , to fu rn i sh  th i s  to th e USB S 

I nterface B uffe r i n  the COPS i n  a fo rmat s u i tab l e  for i n se rti on i n to the com

pute r .  The I nte rface B uffe r ,  i n  turn , fu rn i s hes  the data to the comp uter  i n  

the COPS . 

4 . 1 . 3 USB Rang i n g  P roce s s  

The fo l l owi ng  i s  a b r i e f  des cri p ti on  of t h e  rang i ng system th at i s  

un i q ue to the USBS . I t  appl i e s to al l USB s tati ons both s h i p s an d l and  b as ed . 

The rang i ng sys tem p ro vi de s  i n formati on wh i ch y i e l ds the i n stantaneous  

range be tween the Apo l l o  s pacecraft and the  g round s tati on . I t  pe rm i ts  deter

mi nati on o f ran ge up  to 800 ,000 KM .  

A g roup o f  ps e udo- random b i n ary s eq uences  are u t i l i zed  by th i s  sys tem 

i n  the fo rmat i on of a range code . The range code phase  modu l ates an S -band  

carri e r  wh i ch i s  t ransmi tted  to  a s pacec raft , whe re the  code i s  demodu l ated 

an d then used  to mod u l ate a new ( ph as e - cohe rent )  carri e r .  The new carri e r  i s  

transmi tte d  back t o  the g ro und where a corre l at i on  s ch eme i s  used  i n  me as u ri ng 

the round tri p propag at i on t ime of the s i gn al . The sys tem i s  capab l e of  
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con t i n uous , rea l t i me me as u rement  of spacecraft range .  Th e ps e udo- random 

rang i ng code i s  u sed  to obtai n th e i n i t i a l range ; th e reafter , updati ng  or 

range i s  ach i e ved by dopp l e r  me a s u remen ts . 

4 . 2  GSFC  CP/MCC Data Transmi s s i on 

Two 50 . 0  kbps  l i ne s  are u sed  for tran smi s s i on of h i gh s peed  track i ng  data 

from the GSFC  commun i cat i ons  proce s sor  to th e CCATS at th e MCC . Data i s  for

matted i n  600 - b i t b l ocks  wh i ch con ta i n  i n te r- CP contro l  i n formati on , t raj ecto ry 

dat a i nformat i on , a nd ne ce s s a ry fi l l e r  b i ts .  

TTY track i n g data wi l l  be t ransm i tted  from remote s i tes v i a TTY l i ne s  to 

the GS FC CP whe re i t  wi l l be th roughput on TTY l i nes  to MCC . The data appe a rs 

at CCATS i n  the TTY form transmi tted from the s i te .  

4 . 2 . 1  MCC CCATS to RTCC Data Tran sm i s s i on 

CCATS re ce i ves track i n g data from two sources : ( 1 ) NASCOM data network 

and ( 2 ) ALTOS data netwo rk . 

H i g h s peed track i n g data i s  rece i ved by CCATS i n  600 - b i t  b l ocks from 

AN S COM v i a 50 . 0  kbps  l i ne s  from GS FC . The se  formats are de s cri bed i n  the 

ATD FCB , Sect i on 4 . 1 . I n  proces s i n g th i s  data , CCATS removes  b i ts 1 -60 , b i ts 

541 - 60 0 , an d  any fi l l e r  b i t s used i n  the 600 - b i t format . Data i s  then tran s 

fe rre d  t o  th e RTCC  i n  36-b i t wo rds , t he fi rst two words be i n g a Labe l and T ime 

Wo rd provi ded by CCATS . 

The TTY t rack i ng data i s  th roughput by the  GSFC CP  to MCC CCATS o n  l ong 

l i ne commun i cati on l i n ks in  the s ame TTY fo rm tran smi tted from th e remote s i te .  

The Un i vac 494 compute r  remove s  the SOM and EOM from th e format be fo re add i ng 

a CCATS Me s s age L abe l and T ime word . The TTY data i s  then trans fe rred to the 

RTCC  i n  the s ame manne r as  h i gh  s peed  data . 
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Wh en data  i s  rece i ve d  by CCATS from th e ALTOS , b i ts 1 - 1 2 ( DC U - R  Labe l ) 

are removed  by CCATS and the rema i nder  of the data  i s  tran s.fe rred i n  36-b i t 

wo rds wi th the  fi rs t two words  be i n g the CCATS L abe l and T ime Word . 

4 . 2 . 2  MCC  RTCC  to CCATS Data Tran smi s s i on 

The RTC C  gene rates acq u i s i t i on mes s ages  and epheme ri s data wh i ch mu st  

be t rans fe rred to  CCATS for tran sm i ss i on t o  fi n a l  dest i n at i ons . The RTCC to 

CCATS d at a  fo rmats are composed of the fo l l owi ng : 

. RTCC/ CCATS Me s s age Labe l 

. RTCC/ CCATS T ime Word 

. Rout i ne I nd i cato r Word s 

. Text o f  Me s s age 

The Mes s age L abe l , T i me Word and Ro ut i ng I nd i cato r words  used  for RTCC  to 

CCATS dat a  tran s fe r  a re des cri bed i n  ATDFCB , Secti on 4 . 2 . 1 . The  text of  each 

mes s age i s  t ran s fe rred i n TTY ( B audot ) code . 

4 . 3  M i s s i on Con fi gurati on 

Stated here i s  wh at i s  expecte d  of th e MS FN stati ons  i n  s u pp l yi n g  t rack i n g  

data ( l aunch , free fl i gh t , and powe red fl i g h t )  for th i s m i s s i on .  Launch  wi l l  

be from Compl ex at  Merri tt I s l and Fl ord i a on a fl i g h t  az imuth between 72 ° and  

96 ° i n to a 1 00 - N . m i . c i rcu l a r  Earth P arki n g  O rb i t ( EPO ) .  Du r i ng  th e second 

E PO re vo l ut i on , the fi rst opportun i ty fo r TL I wi l l  occu r ove r  th e pac i ffi c .  

The  s e cond opportun i ty for TL I w i l l  occu r over  th e Pac i f i c dur i ng  the th i rd 

E PO re vo l ut i on .  The fo l l owi ng  s tati on s and rad ar have been req u i red to s u p -

po rt .  
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4 . 3 . 1  C -Band Support 

Stat i on & Radar  

CRO FPQ-6 

MLA TPQ- 1 8 

** CNV FPS- 1 6 

*B OA FPS - 1 6 (M )  

*B OA FPQ-6  

HAW FPS- 1 6 ( M )  

I ns e rti on  Shi p 

Launch 

1 0  s / s  ( I  p )  ' 1 s /6s 

1 0  s / s  ( I P )  

1 0  s / s  ( I P ) ' 1 s /6s 

1 0  s / s  ( I P ) ' l s /6s  

2 s / s , 1 s/6s  

I P  = ALTOS ( Impact P re d i cto r )  Data 

*Range Safety Req u i rement  
**Bal l oo n  Tracke r 

Free F l i gh t  Powe red F l i ght  

l s/6s  1 0  s / s , l s /6s  

1 s/6s  

l s/ 6s 

l s /6s  

l s /6s  10  s / s , 1 s / 6s 

l s /6s  2 s / s , l s /6s  

Actua l  s i te s u pport wi l l  be  dete rmi ned  in  rea l t i me by S i te Con fi g u rat i on 

Me ss age • s  ( S CM 1 s ) . The C-band  radar  on  th i s  s h i p  wi l l be u se d  to mon i tor  an d 

tran sm i t LSD  ( no HS D capab i l i ty )  to MCC . Al so , certa i n C-band  radars wi l l  be  

req u i red to s k i n track the CM on entry .  

4 . 3 . 2  Un i fi ed S - B an d  Support 

St ati on & Sys tem L au n ch Free F l i gh t  Powered Fl i ght  

M I L  30 1 Du a l  1 0  S /S , l s/ 6s l s /6s  1 0  s / s , l s /6s  

B OA 30 I S i ng l e 1 0  s / s , l s/6s  l s /6s  1 0  s /s , l s /6s 

CY I 30 I S i ng l e  1 0  s / s , l s /6s  l s/ 6s 1 0  s / s , l s / 6 s  

ACN 30 1 Dua l  1 0  s / s , l s /6s  1 s/6s  1 0  S /S , 1 s / 6s 

CRO 3 0 1 Dua l  l s /6s  1 0  s / s , 1 s/6s  

GWM 30 1 Dua l  l s /6s  1 0  s / s , 1 s / 6s 

HAW 30 1 Du a l  l s/ 6s 1 0  s / s , l s/6s  

GYM 30 1 S i n g l e  l s/6s  1 0  s / s , l s /6s  

TEX 30 1 S i ng l e  l s /6s  1 0  s / s , l s/ 6 s  

G D S  85 1 Du a l  l s /6s  1 0  s / s , l s /6s  
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Stat i on & Sys tem 

H S K  85 ' Du a l  

MAD 85 ' Du a l  

I n se rt i on Sh i p 

RI D 85 ' Dua l  

NBE  85 ' Du a l  

P I R  85 ' Du a l  

Launch  

2 s /s , l s /6s  

Free F l i gh t 

l s /6s  

l s /6s  

l s /6s  

l s/6s  

l s /6s  

1 s/6s  

Powe red Fl i ght  

1 0  s / s ,  l s /6s  

1 0  s / s , l s/6s  

2 · s / s , 1 s / 6s 

1 0  S / S , l s/6s  

1 0  S / S , 1 s/6s  

1 0  S / S , l s /6s 

USB Tracki ng  data wi l l  be  transmi tted in  re a l t i me o r  postpass to GSFC 

and MCC i n  accord an ce wi th the S CM . When req u i red th e fo l l owi n g  rates wi l l  

be  u sed  for t ran sm i s s i on .  

a .  Al l USB  l an d  s tati ons wi l l  tran smi t HSD  at  a s amp l e rate o f  ten 

per se cond  an d  a b i t rate o f 2 . 4 kbps . 

b .  The Vang u a rd wi  1 1  t ransmi t H S D  at a s amp l e  rate of  two pe r se cond 

and a b i t rate of 1 . 2  kbps . 

c .  Al l L SD  wi l l  be tran sm i tted at a s amp l e rate of  one every s i x  seconds . 

A DO  rout i ng  i nd i cator wi l l  be used un l e s s  data  transmi s s i on to MCC  i s  req u i red . 

d .  After TL I  p l u s  th ree ho urs , no  rea l t i me H SD  wi l l  be transm i tted , 

e xcept whe n  req uested fu ri n g  l un a r  o rb i t . 

4 .  3 . 3 Apol 1 o Sh i ps 

Duri n g  Apol l o  the Vang uard ( VAN ) wi l l  be used  to s upport the I n s e rti on 

pah s e  of the m i s s i on .  

The  VAN wi l l  p rov i de o rb i ta l  i n s e rt i o n  cove rage and , at  the s ame t i me , 

act as  a re co very s h i p .  I t s  pr ime fu ncti on s are to rece i ve ,  record and tran s 

mi t ,  i n  re a l t ime , te l emet ry and track i n g  data ( both H S D  a nd LSB ) an d a l so  to 

remote A/G vo i ce . H owever ,  the s h i p may be as s i g ned to s upport abo rt 
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cont i n gen c i e s . I n  the eve n t  of  an  abo rt d ur i n g  the a s cent ph ase  of  the m i s s i on ,  

the re cove ry coord i n ator  at MCC  wi  1 1  dete rmi n e  the need for VAN to s upport 

recove ry operati ons . 
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M S F N  I N F O R MA T I O N C HA R T  

M M c p B B c A M R A c c p H N G H M G p G 
I L N A D D y c A I R R R K s B w A A D I y 
L A v T A A I N D D ! 0 0 s K E r� w R s R M 

USB CAPAB I L I TY n � ()) D D D � � D D D D s D D � 
STAT ION TTY I D  7 1  7 1  2 1  0 2  0 1  04  75  2 3 94 08  08  25  9 3 24 1 2  AE 2 8  9 2  1 4  
TY P E  ANTENNA MOUNT X Y  A E  AE AE XY AE X Y  X Y  X Y HA XY AE AE XY  HA  XY XY TR XY HA XY 
TV CAPAB i l I T Y  T R  R R R TR TR  R T R R R R T R  Til R 
N R .  DE CUM S ( U Y N  J 'J ':) 3 1 i 1 1 1 
NR . DECOMS ( EMR )  2 3 2 2 3 
H I GH S P E E D  DATA X X X X X X X X X X X X X X 

VHF TLM CAPAB I L I T Y  X X X X X X X X X 
N R  O F  VHF  AN TENNAS 2 3 2 1 1 2 1 2 2 

UH F CMD CAPAB I L I T Y  X X X X X X X 

VH F A/G VO ICE  X X X X X X X X X 

C-BAN D RADAR TYPE  1 R  1 6  6 h 
H I GH SPE ED DATA X X X X 

29 PO I NT ACO MSG X X X X X X X X X X X X X X 
6 PO I NT ACO MSG X X X X X . ...;._ r - r---
I RV X X X " X 

L E G E N D  

(S) = NO  COMMAND CAPAB I L I TY  D = DUAL USB  STA S = S I NGL E USB STA $ = S I TE  AN D 1 /2 XY  = XY MO UNT AE = AZ EL MOUNT 

T = REAL T I M E  T V  TRANSM ISS ION TO MCC  HA = HOUR ANGL E - DECL I NAT ION MOUNT R = RECORD TV ( M I NCOM 2 2  RCDR ) 

Tab l e 1 

T v v 
E A A 
X N N 

� D 
1 6  1 6 2 6 2  
XY IAE A( 
TR R 
1 1 1  
2 
X X 

I 

X I X  
2 2 / 

X l x  : 

I 
X 

' 
l el  
X i 

·, 

X 

� X 
' i  
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CSM S K I N  TRACK CAPAB I L I TY 

Acqu i s i t i on Ran ge Max Range 
S i te/System 1 2  db 0 db �?r, �Lv{ rt �r�cu ! �r �r1  l l_V.e.rt �JfafVk�fC1l o ar1z a  1 on o Y,'1Za mn anzat1 on 

n . m1 . n . m1 . n . m1 . n . m1 . 
w/ paramp 2 3 7  1 88 474  376  

VAN 
FPS - 1 6 w/0 pa ramp 1 68 1 33 3 36 266  

FPS - 1 6 -M w/paramp 1 68 1 39 336 2 7 8  
CN V 

W/o pa ramp 1 26 99  2 5 2  1 88 

MLA w/ pa ramp 1 7 20 569  1 440  1 1 3 8  
WBW 

TPQ- 1 8 PAT w/o paramp 540 427  1 080 854 
o r  

FPQ-6  B OA w/ paramp 9 72  795  1 944  1 590  
N BW 

CRO w/o pa ramp 763  596 1 526 1 1 92 

Tab l e 3 
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S IN GLE USB S I TE  

EQUIPMENT 

GENERAL USB DATA 

1 Powe r Amp 1 Updat a Buffe r 

1 E x c ite r 1 Rangi ng Sy stem 

1 Sub c arr ie r O s c i ll at or Sys tem 1 Dopple r Det e ct or 

1 Ve ri fi c at i on Re c e i ve r  1 S i n gle Track ing Dat a  Proce s s o r 

1 TR-10 4  Re c e i ve r  (FM Voi c e  & T LM  only ) 

CAPABI LI TY REMARKS 

An gle Track , 1 Veh i c le 2 -way Ph as e L o ck 

R an ging , 1 Veh i c le 2 -way Ph as e L o ck 

Dopple r Me as uremen t ,  1 Veh i c le 2 -way Ph as e L o ck 

Up dat a ( Comm an d ) , 1 Veh i c l e  2 -way Ph as e  Lock 

Up-Vo i c e , 1 Vehi c le 

Re c e i ve 3 downlink fre que n c i e s  

DUAL USB S I TE - 85 ' 

EQUIPMENT 

2 Powe r Amps 

2 E x c it e rs 

2 Sub c arri e r  Os c i l l at or Sys t ems 

2 Ve ri fi c at i on Re ce i vers 

TABLE 4 
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1 Up dat a Bu ffe r 

2 R anging Sys t ems 

2 Dopple r Dete ct ors 

1 Dual Tracking Dat a Proc e s s or 



CAPABILITY REMARKS 

Angle Track , 1 Vehicle 2-way Phase Lock 

Ranging, 2 Vehicles Both must be in antenna beam width 

Doppler Measurement , 2 Vehicles Both must be in antenna beam width 

Updata ( Commands ) ,  2 Vehicles Commands are sequential, not simul . 

Up-Voice, 2 Vehicles Simultaneous 

Receive 4 downlink frequencies 

DUAL USB SITE - 30' 

Same as Dual 85 ' Site except 1 power amplifier only - both exciters feed the 

power amp through a compiner. 2 . 0  KW max when operating in dual (2-frequency 

simultaneously) uplink mode. 

USB SITE-AND-A-HALF 

EQUIPMENT 

1 Power Amp 

2 Exciters 

2 Subcarrier Oscillator Systems 

2 Verification Receivers 

TR-104 Receiver ( FM Voice & TLM only) 

CAPABILITY 

Angle Track , 1 Vehicle 

Ranging, 11 Vehicles 

Doppler Measurement , 1 Vehicle 

Updata, 2 Vehicles 

Up-Voice , 2 Vehicles 

Receive 3 do,mlink frequencies 
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1 Updata Buffer 

1 Ranging System 

1 Doppler Detector 

1 Single Tracking Data Processor 

REMARKS 

2-way Phase Lock 

2-way Phase Lock 

2-way Phase Lock 
) 

Commands are sequential, not simul. 

Simultaneous 



UPLINK MODES - CSM: 2106 . 4 MHZ LM/SLV - 2101 . 8  MHZ 

SIGNAL MODULATION SUBCARRIER PEAK SUBCARRIER PF� CARRIER 
MODE COMBINATION TECHNIQUE FREQUENCY (MHZ) DEVIATION (KHZ) DEVIATION 

0 �o Carrier 

1 Ranging 

2 Voice 

3 Command 

4 Ranging 
Voice 

5 Ranging 
Command 

6 Ranging 
Voice 
Command 

7 Voice 
Command 

8 Ranging 

PM on Carrier ---

FM/PM 30 

PSK/FM/PM 70 

PN on Carrier 
FM/PM 30 

PM on Carrier ---
PSK/FM/Pl'1 70 

PM on Carrier ---
FM/PM 30 
PSK/FM/PM 70 

FM/Pt-1 30 
PSK/FM/PM 70 

PM on Carrier ---
Backup Voice FM/PM 70 

9 Carrier Only ---

7 . 5  

5 . 0  

7 . 5  

5 . 0  

7 . 5  
5 . 0  

7 . 5  
5 . 0  

5 . 0  

ALSEP - 2119 MHZ 

3 Command PSK/PM 
on Carrier 

Table 5-A 
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1 . 34 ::!:. 0 . 13 Rad 

1 . 85 ::!:. 0 . 18 Rad 

1 .  85 ::!:. 0 .18 Rad 

0 . 38 + 0 . 04 Rad 
1 . 2 + .12 Rad 

0 . 38 + 0 .04 Rad 
1 . 2 + .12 Rad 

0 . 44 + 0 .04 Rad 
1 . 0  + 0 . 1  Rad 
1 . 0  + 0 . 1  Rad 

1 . 1  + 0 . 1  Rad 
1 . 1  + 0 . 1  Rad 

0 . 38 ::!:. 0 . 04 Rad 
1 .  2 + 0 .12 Rad 

+3.0  Rad 



CSM PM DOWNLINK MODES ( 2287 . 5 !'4HZ) 

SIGNAL f40DULATION INFORMATION Si.JBCARRIER 
MODE COMBINATION TECHNIQUE FREQUENCY (KRZ)  FREQUENCY (MHZ) 

00 :No Carrier 

01 HBR TLM PCl'l/PM/PM 1 . 024 
*Voice FM/PM 1 . 25 

02 Ranging PM on Carrier 

HBR TLM PCM/PM/PM 1 . 024 
*Voice Fl·1/PM 1 . 25 

03 Ranging PM on Carrier 

LBR TLM PCM/Pf.il/PM 1 . 024 
OJ 

·�Voice FM/PM 1 . 25 
1.0 

04 LBR TLM PCM/Pt�/PM 1 . 024 
*Voice FM/PM 1 . 25 

05 LBR TLM PCM/PM/PM 1.024 

06 KEY AM/PM 512 (KHZ) 

07 Ranging PM on Carrier 

08 Backup Voice PM on Carrier 
LBR TLM PCM/PM/PM 1 . 024 

09 Ranging Pt4 on Carrier 

LBR TLM PCM/PM/PM 1 . 024 

10 Backup Voice PM on Carrier 

Table 5-B 

PEAK SUBCARRIER 
DEVIATION 

PSK .:!:900 
7 . 5 KHZ 

PSK .:!JO 0 

7 . 5 KHZ 

PSK .:!J0° 
7 . 5  KHZ 

PSK :!:_90° 
7 - 5 KHZ 

PSK .:!J0° 

lOO%AM 

PSK .:!J0° 

PSK .:!J0° 

PEAK CARRIER 
DEVIATION (Rad) 

1 . 2  + 20%, -10% 
0 . 7 + 20%, -10% 

Varies with Received 
uplink 
1.2 + 20% ' -10% 
0 . 7 + 20%, -10% 

Varies with Received 
Uplink 
1 .  2 + 20%, 
0 .  7 + 20%, 

0 . 7  + 20% , 
1 . 2 + 20% ' 

1 . 6  + 20%, 

1 . 0  + 15%, 

-10% 
-10% 

-10% 
-10% 

-5% 

-10% 

Varies with Received 
Uplink 

0 . 7  + 15%, -10% 
1 . 2  + 20%, -10% 

Varies with Received 
Uplink 
1 . 6  + 15%, -10% 

1 . 2  + 15%' -10% 



<..0 
0 

SIGNAL MODULATION INFORMATION SUBCARRIER PEAK SUBCARRIER PEAK CARRIER 
MODE COMBINATION TECHNIQUE FREQUENCY (KHZ) FREQUENCY (MHZ) DEVIATION DEVIATION (Rad) 

11 Ranging PM on Carrier Varies with Received 
Uplink 

*Voice FM/PM 1 . 25 7 . 5  KHZ 1 . 2  + 20%, -10% 

12 *Voice FM/PM 1 . 25 7 . 5 KHZ 1 . 2 + 20%' -10% 

13 HBR TLM PCM/PM/PM 1 . 024 PSK :!J0° 1 . 6 + 15%, -10% 

14 Backup Voice PM on Carrier 0 . 1  + 15%' -10% 

15 Ranging PM on Carrier Varies with Received 
Uplink 

HBR TLM PCM/PM/PM 1 . 024 PSK :!:J0° 1 . 6  + 15% ,  -10% 

16 Backup Voice PM on Carrier 1 . 2  + 15%' -10% 
HBR TLM PCM/PM/PM 1 . 024 PSK :!J0° 1 . 2 + 20% , -15% 

*May be CSM or LM voice relay. In the relay mode , the peak 8/C deviation for relayed 1M voice is 8. 0 KHZ 
and for CSM voice is 4 . 0 KHZ ( only if CSM is in Duplex A ) .  

NOTE: Ranging can be added to any CSM PM downlink mode that has backup voice . 

Table 5-B (Con't . )  



CSM FM DOHNLINK ?40DES ( 2272 . 5 t<lli z )  

MODE SIGNAL l•lODULATION SUBCARRIER PEAK SUBCAR- PEAK CARRIER 
COMBINATION TECHNIQUE FREQUENCY RIER DEVIATION DEVIATION 

00 No Carrier 

01 P/B Voice 1 : 1  FM Baseband 100 KHz +20% ,-40% 
P/B SCI 1 : 1  FM/FM 95 KHz 
P/B SCI 1 : 1  FM/FM 125 KHz 
P/B SCI 1 : 1  FM/FM 165 KHz 
P/B HBR 1 : 1  PCM/H1/FM 1 .024 MHz PSK :!:_90° bOO KHz �J.)% 

02 P/B Voice 32 : 1  FH Baseband 100 KHZ +20% ,-40% 
P/B SCI 32 : 1  FM/Fl1 95 KHz 
P/B SCI 32 : 1  FM/FM 125 KHz 
P/B SCI 32 : 1  FM/FM 165 KHz 
P/B LBR 32 : 1  PCN/PM/FM 1 . 024 MHz PSK :!:_90° 6oo KHz �15% 

03 P/B U.1 LBR 32 : 1  Fr-1 Baseband 200 KHz +25%,-50% 

04 Television FM Baseband 1 MHz �10% 

05 R/T SCI FM/FM 95 KHz 
R/T SCI FM/FM 125 KHz 
R/T SCI FM/FM 165 KHz 

06 R/T HBR PCl-1/PM/H-f 1 .024 r.mz PSK :!J0° 6oo KHz �15% 

07 R/T LBR PCM/PM/Fl-1 1 . 024 MHz PSK :!:_90° 600 KHz �15% 

08 P/B SCI 1 : 1 FM/FM 95 KHZ 
P/B SCI 1 : 1  FN/FI-1 125 KHz 
P/B SCI 1 : 1  FM/Fi1 165 KHz 
R/T HBR PCM/P?4/Fl1 1 . 024 MHz PSK :!:_90° 600 KHz �15% 

09 P/B SCI 1 : 1  FM/FM 95 KHz 
P/B SCI 1 : 1  FM/FM 125 KHz 
P/B SCI 1 : 1  FM/Fl1 165 KHz 
R/T LBR PCl4/P?-i/FM 1 .024 t4Hz PSK :!:_90° 600 KHz �15% 

10 P/B U4 LBR 8 : 1 FM Baseband 200 KHz +25%,-50% 

11 P/B Voice 1 : 1  Fr-1 Baseband 100 KHz +20%,-40% 
P/B HBR 1 : 1  PCM/PM/FM 1 . 024 MHz PSK :!:_90° 600 KHz �15% 

12 P/B Voice 32 : 1  � Baseband Boo KHz +20%,-40% 
P/B LBR 32 : 1  PCM/PM/Fi-1 1 . 024 J.mz PSK :!:_90° 600 KHz �15% 

TABLE 5-C 
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LM PM & FM DOWNLINK MODES ( 2282 . 5  MHZ) 

SIGNAL MODULATION INFORMATION SUBCARRIER PEAK SUBCARRIER PEAK CARRIER 
MODE COMBINATION TECHNIQUE FREQUENCY (KHZ) FREQUENCY (MHZ ) DEVIATION DEVIATION 

00 No Carrier 

01 HBR TIM PCM/PM/PM 1.024 PSK +90° l .  3 + 21%' -15% Rad 
Voice FM/PM 1 . 25 5 . 5  :- 10 . 45 KHZ 0 . 9  + 22l -14% Rad 
EVCS(EVC-2 EKG) FM/FM/PM 3 . 9  1 . 25 . 347 - 2 .14 KHZ 
EVCS(EVC-1 EKG) FM/FM/PM 5 . 4  1 . 25 .576 - 2 .63 KHZ 
EVCS (EVC-2 PAM) FM/FM/PM 7 . 35 1.25 1. 365 - 5 . 5 KHZ 
EVCS(EVC-1 PAM) FM/FM/PM 10 . 5  1 . 25 2 . 56 - 7 . 40 KHZ 
H . L .  Biomed FM/FM/PM 14 . 5  1 . 25 2 . 9  - 3 . 8  KHZ 0 . 9  + 22% , -14% Rad 

02 Ranging PM on Carrier Varies with Received 
Uplink 

\0 
HBR TIM PCM/PM/PM 1.024 PSK +90° l. 3 + 21% ' -15% Rad 

N Voice FM/PM 1.25 5.  5 :- 10.45 KHZ 0 . 9  + 22% ' -14% Rad 
EVCS(EVC-2 EKG) FM/FM/PM 3.9 l . 25 . 347 - 2 . 14 KHZ 
EVCS ( EVC-1 EKG) FM/FM/PM 5 . 4  1 . 2 5  . 576 - 2 .63 KHZ 
EVCS(EVC-2 PAM) FM/FM/PM 7 . 35 1 . 25 l. 365 - 5 .  5 KHZ 
EVCS(EVC-1 PAM) FM/FM/PM 10 . 5  1 . 25 2 . 56 - 7 . 40 KHZ 
H . L .  Biomed FM/FM/PM 1 4 . 5  1.25 2 .9 - 3 . 8  KHZ 0 . 9  + 22% ' -14% Rad 

03 LBR TIM PCM/PM/PM 1 .024 PSK ;!:90° 1 . 3  + 21%' -15% Rad 

0 4  Backup Voice PM on Carrier 0 . 8  + 25% ' -15% Rad 
LBR TIM PCM/PM/PM 1 .024 PSK ;!:90° 1 .  3 + 21%, -15% Rad 

05 Backup Voice PM on Carrier 0 . 8  + 25% , -25% Rad 

06 Key AM/PM 512 KHZ 100% 1.  4 + 20%, -16% Rad 

07 LBR TLM PCM/PM/PM 1.024 PSK +90° 0 . 7  + 21%, -15% Rad 
Voice FM/PM 1 . 25 5 . 5 :- 10 . 4 5 KHZ 1. 3 + 22%' -14% Rad 
EVCS (EVC-2 EKG ) FM/FM/PM 3 . 9  1 .25 . 347 - 2 . 14 KHZ 
EVCS(EVC-1 EKG ) FM/FM/PM 5 . 4  1 . 25 .576 - 2 . 63 KHZ 
EVCS( EVC-2 PAM) FM/FM/PM 7 .  35 1 .25 1 . 365 - 5 . 5  KHZ 
EVCS(EVC-1 PAM) FM/FM/PM 10 . 5  1.25 2 . 56 - 7 . 40 KHZ 
H . L .  Biomed FM/FM/PM 1 4 . 5  1 . 2 5  2 . 9  - 3 . 8  KHZ 1 . 3  + 22%, -14% Rad 

Table 5-D 



1.0 
w 

SIGNAL MODULATION INFORMATION SUBCARRIER PEAK SUBCARRIER 
MODE COMBINATION TECHNIQUE FREQUENCY (KHZ) FREQUENCH (MHZ) DEVIATION 

08 Backup Voice PM on Carrier 
H . L .  Biomed FM/PM 14 . 5  KHZ 1088 HZ 
EVCS(EVC-2 EKG) FM/PM 3. 9 KHZ 293 HZ 
EVCS (EVC-1 EKG) FM/PM 5 . 4  KHZ 405 HZ 
EVCS(EVC-2 PAM) FM/PM 7 . 35 KHZ 551 HZ 
EVCS(EVC-1 PAM) FM/PM 10 . 5  KHZ 788 HZ 
LBR PCM/PM/PM 1 . 024 PSK �0° 

09 *HBR or LBR TLM PCM/PM/FM 1 . 024 PSK +90° 
Voice FM/FM 1 . 25 5 .  5 to 10 . 45 KHZ 
EVCS(EVC-2 EKG ) FM/FM/FM 3 . 9  1 . 25 . 347 to 2 . 14 KHZ 
EVCS(EVC-1 EKG ) FM/FM/FM 5 . 4  1 . 25 .576 to 2 . 6 3  KHZ 
EVCS(EVC-2 PAM) FM/FM/FM 7 . 35 1 . 25 1 .  365 to 5 .  5 MHZ 
EVCS(EVC-1 PAM) FM/FM/FM 10 . 5  1 . 25 2 . 56 to 7 . 40 KHZ 
H . L .  Biomed FM/FM/FM 1 4 . 5  1 . 25 2 . 9  to 3 . 8  KHZ 

10 Television ( Color}FM 
HBR or LBR TLM PCM/PM/FM 1 . 024 PSK +90° 
Voice FM/FM 1 . 25 5 . 5  to 10.45 KHZ 
EVCS(EVC-2 EKG) FM/FM/FM 3 . 9  1 . 25 . 347 to 2 . 14 KHZ 
EVCS(EVC-1 EKG) FM/FM/FM 5 . 4  1 . 25 . 576 to 2 .63 KHZ 
EVCS ( EVC-2 PAM) FM/FM/FM 7 . 35 1 . 25 l .  365 to 5 .  5 MHZ 
EVCS(EVC-1 PAM) FM/FM/FM 10 . 5  1.25 2 . 56 to 7 . 40 KHZ 
H . L .  Biomed FM/FM/FM 1 4 . 5  1 . 25 2 . 9  to 3 . 8  KHZ 

11 Carrier, PRN PM on Carrier 

NOTE: Peak carrier deviation in the lo>T power mode is 0 . 7  + 21%, -15% Rad 
Peak carrier deviation in the high power mode is 1 . 3  + 30%, -24% Rad 

*Bit rate will be specified in the site configuration message . 

Table 5-D (Con ' t )  

PEAK CARRIER 
DEVIATION 

0 . 73 + 63% , -34% Rad 
0 . 2 + 25% ,  -20% Rad 
0 . 16 + 69%, -38% Rad 
0 . 18 + 67%, -33% Rad 
0 . 31 + 65%,  -36% Rad 
0 . 36 + 67%, -36% Rad 
.See Note 

450 + 21% ' -15% KHZ 
225 + 22%, -14% KHZ 

225 + 22%, -14% KHZ 

1 .  3 + 23%' -15% MHZ 
450 + 21% , -15% KHZ 
225 + 22% , -14% KHZ 

225 + 22%, -14% KHZ 

Varies with Received 
Uplink 



SLV PH DOWNLINK MODES (2282 . 5 f·1HZ) 

MODE SIGNAL HODULATIOIJ SUBCARRIER PEAK SUBCAR- PEAK CARRIER 
COMBINATION TECIDUQUE FREQUENCY(HHZ) RIER DEVIATION • DEVIATION (Rad) 

00 I�o Carrier 

01 PRN Ranging PM on Carrier Varies with re-
cei ved uplink 

72 KBPS Data PCH/PM/P.r-1 1 . 024 PSK !_90° 1 . 22 !_25% 

02 AUX. OSC . PCM/PM 1 . 024 PSK !_90° 1 . 22 !_25% 
( 72 KBPS) 

TABLE 5-E 

ALSEP DOvlNLINK MODES 

MODULATION PEAK CARRIEP 
MODE BIT RATE TECHNIQUE DEVIATION (Bad) 

01 0 . 53 KBPS PCM/PM 1 . 25 !_5% 

02 1 . 06 KBPS PCM/PM 1 . 25 :!.:_5% 

03 10 . 6  KBPS PCM/PM 1. 25 !_5% 

Currently planned ALSEP frequencies : 

SYSTEM Apollo Flight Frequency 

EASEP 

ALSEP - A 

ALSEP - B 

ALSEP - C 

ALSEP - A2 

ALSEP UPLINK frequency will be 2119 MHZ. 

TABLE 5-F 
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14 

15 

2276 . 5 

2278 . 5 

2275 - 5 

2279 . 5 

2278 . 0 



S I MULAT I ON NETWORK CON FI GURAT I ON 

5 . 0  I nt roducti on 

The Apol l o  s i mu l ati on data fl ow i s  composed  of two catego ri es : MCC/ASCATS 

an d Net  S i m .  E ach category i s  defi ne d  accord i ng to i ts capab i l i t i e s . The MCC/ 

AS CATS category i s  used for Atti t ude Con trol S i ms , Launch S i ms , an d S i m  Net 

S i ms . Th e NetwS i ms category i s  an end- to-end i n teg rated sys tem data fl ow tes t  

used  on l y  for MS FN S i mu l ati on s . 

The Apo l l o  m i s s i on s i mu l ati ons ( S im Net S i m )  are gene rated  an d control l ed 

i n  B u i l d i ng 30 by th e Apo l l o  S i m u l ati on ,  Che ckout , and  Trai n i ng  Sys tem ( ASCATS ) .  

The m i s s i on data exch ange wh i ch t ra i n s  MOCR and  SSR  fl i g ht  con tro l l e rs and  

exe rci se s MCC  m i s s i on ope rati on s e q u i pmen t and  prog rams , i s  provi ded b y  th e 

MCC i nte rface w i th  ASCATS . 

Veh i cl e  te l eme try and track i n g data fo r a l l m i s s i on ph as es  are ou tput  by 

the Ground S upport S i mu l ati on  Compu te r  ( GS SC ) . Du r i ng  l aunch CCATS rece i ve s  

Imp act  P re d i cto r ( I P )  data a t  a 2 k b p s  rate from GSS C .  The Mu l t i ch an ne l De 

mu l t i p l exe r an d D i s t ri b uto r ( MOD )  decommut ates the veh i cl e  te l emet ry data from 

the GSS C .  The MDD routes th e data i n  e ach o f  two ways :  i t  re turn s  th e decem

mutated data to  the GSSC  te l eme t ry p roces s o r  fo r  output  o f  Apo l l o  L aunch Data 

Sys tem ( AL DS ) 40 . 8  kbps wi de b an d  te l emet ry to CCATS ; and MDD  output i s  a l s o  

sent  to  the Apo l l o  P roce s s  Con trol Un i t  (APCU ) , wh i ch pe rforms the remote s i te 

data p roce s s i ng funct i ons . Veh i cl e  t rack i ng  i n fo rmat i on rece i ve d  from GSSC  i s  

comb i ned w i th  te l emet ry dat a  by the APCU wh i ch routes i t  to  CCATS v i a the  50 . 0  

kbps MS FN format . Mu l t i p l exed remoted s i te data n ormal l y  o utput to CCATS by 

the GS FC Cen t ra l  Proce s s or , i s  conta i ned  i n  th e MSFN format . The CCATS/ASCATS 
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s i mu l ated MS FN i n te rface i s  u s e d  as  a two -way l i ne ,  a n e twork command and 

te l etype exch ange , an d a s i mu l ator for Cou ntdown an d Status  Transm i s s i on Sys 

tem ( CASTS ) e ve n ts . 

S i n ce GSSC and AP CU data are mon i tored on CRT • s wh i ch rece i ve the i r i nputs  

v i a  an MCVG , they form part of th e Apo l l o  S i mu l ati on Control Area ( AS CA )  wh i ch 

i s  res pon s i b l e  for con trol l i n g  and mon i otri ng s i mu l ati on exe rci se s . The ASCA 

i n te rface s w i th th e GSS C  and AP CU for en ter i ng  veh i c l e  math mode l fau l ts , con 

trol l i n g  the g ro und  track p rog ram , req ue s ti n g  d i s p l ays , and ass i gn i ng s i te s  

i s p rov i ded fo r by t h e  S l ow S peed  I nte rface Adapte r ( S S I A ) . Whe n  a g i ve n  s i te 

i s as s i gned , the APCU  (wh i ch can re ce i ve a max i mum of  th ree s i te a s s i gnments 

at  on ce )  w i l l  pe rform the remote s i te command , track i ng , an d te l emetry data 

p ro ces s i n g  fun ct i ons  for th at s i te .  After  s i te as s i g nment , a s i te • s  Los s  of 

S i gn al  ( LOS ) and  Acqu i s i ti on of  S i gn al ( AOS ) wi l l  be contro l l ed automat i ca l l y  

by i n puts  to the AP CU from the GSS C g round track p rog ram . The GSSC  beg i n s  

p re l aunch a t  one mi n u te i n te rval s from T-30  m i n ute s to T-3  m i n uets , wh i l e T- 1 

mi s s i on ph ases a re s i mu l ate d conti n uou s l y  th rough ree ntry .  Unt i l separat i on  

p l u s 60 seconds , the  GSSC outputs  S - l C and S - I I  data . The GSS C outputs S - I VB 

an d I U  data u nti l te rmi n ated by Man u a l  E ng ry De v i ce ( ME D )  con trol or  a negat i ve 

fl i g ht  path an g l e i s  re ache d fo r traj e ctori e s  that  do not go ab ove 1 0 ,000 fee t . 

The GSS C  w i l l  output  CSM data unt i l a n eg ati ve fl i g ht  path ang l e i s  re ach e d  

for t raj ecto ri e s  th at  do  not  go  above 1 0 , 000  fee t , or  unt i l an a l t i tu de o f  

1 0 , 000 feet  i s  re ached on  reentry .  I f  a p rog ram stop occurs afte r e arth p art

i n g  o rb i t i n serti on , the GSS C can be res tarted ( re i n i t i a l i zed ) . The capab i l i 

ti e s  ex i st  to re start the GSSC  i n  orb i t an d to s te p  ahead the s i m u l at i on  i n  
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t i me from one non-th rust i ng po i nt to  an oth er non - thru s t i ng po i n t , p rovi ded 

the re i s  no i n termed i ate th rust i ng maneuve r .  The m i n i mum orb i ta l  re start 

po i n ts ( reset  po i n ts )  req u i red are T + 0 2 : 45 : 00 , T + 07 : 00 : 00 , and T + 07 : 30 : 0 0 . 

5 . 1  Ne twork S i m u l ati on Data 

The ASCATS i s  n ot requ i red for Net S i ms . Al l track i ng and te l emetry data 

i s  s upp l i ed by tape s wh i l e  norma l  MSFN data proce s s i n g and rout i ng  a re u sed . 

Te l emetry tape s  a re p repared i n  th e appropri ate ve h i c l e a i r/ground fo rmat and 

are p l ayed b ack at  the remote s i te s  du ri n g  the Net S i ms . 

Al l I P  data  s ources , t rajecto ry tape s  are p l ayed i n to the ope rati on a l  

Impac P re d i ctor P rog ram wh i l e a l l othe r h i gh s peed track i n g  i s  s upp l i ed by 

tape s p l ayed at the appropri ate s tati on s du r i n g  l aun ch and  i gn i ti on . The nor

ma l  comman d l o ad i ng and u p l i n k i ng  procedure s  for the operati on a l  netwo rk to 

s u pport mi s s i on s i mu l at i on are vo i ce , te l e type , and h i g h  s peed . 

5 . 1 � 1 M i s s i on Contro l  Data L i n k  

S i mu l ated dat a  i s  d i s t ri b uted between  ASCATS B u i l d i ng 30  and  oth er  MCC 

b u i l d i ng s ( Bu i l d i ng 47 , Be l l Te l eph one and B u i l d i ng 5 ,  F l i g h t  Crew Tra i ners ) .  

The M i s s i on Ope rati ons  W i n g (MOW )  data l i n ks s i m u l ate the  i nte rface between 

the MCC and the MS FN . Th es e l i n ks  a re s h own i n  Fi g u re s  5 - 5 -E . · The fol l owi ng 

equ i pme n t  i s  i n c l u ded : 

5 . 1 . 2  Stan d a rd Data Modu l a to r- Demodu l ators ( Modems ) 

The modems p rovi de th e i nterface between  ASCATS data c i rcu i ts  an d stan d 

a rd commun i cati on l i ne s . The i r fu ncti on i s  to  m i x the ch aracteri s ti c  o f  th e 

standard commun i cati on s carri e r  wave w i th the wave ch aracte ri s t i cs  of  i ntel l i 

gence carri ed (modu l ate ) an d  to separate s uch wave s on th e re ce i v i ng  e nd ( de 

modu l ate ) . ASCATS u t i l i ze s : 
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•303G  Modems 

The 303G modu l ates/demodu l ates c i rcu i ts h av i n g a capac i ty of 40 . 8  kbps . 

The AS CATS 303 G ' s  and the corres pond i n g  o ne s  l ocate d  i n  FACS a re i n vo l ved i n  

the fl ow o f  s i mu l ated AL DS data  to an d from CCATS , s i mu l ated  trajectory data 

to and from CSM/LM mi s s i on s i mu l ators . ( Re fe r  to page 1 39 for 303 C  modem 

des c ri pt i on . )  

• 20 1 B Modems 

The 20 1 B  modu l ate s/demodu l ates  c i rcui ts  h av i n g  a cap aci ty of 2 . 4  kbps . 

The ASCATS 20 1 B ' s  and th e co rre s pond i ng  one s , a re i n vol ved i n  the fl ow of  s i m

u l ated I P  dat a  to an d  from CCATS , CASTS data  to and from CCATS and CSM/LM com

mand data to an d from fl i gh t  c rew tra i ners . 

5 . 1 . 3  Logi c and Data Conve rte r  ( LADC ) /S i mu l ati on Transmi t/Re ce i ve Encoder Un i t 

( STRE U )  

The STREU fun cti on s as the  e rror ch eck i ng and  syn ch ron i z ati on un i t fo r 

trans fe r  o f  s i mu l ati o n MSFN m u l t i p l ex data betwee n a 303G  fu l l dup l ex data 

modem and e i the r  the SSP  o r  the LADC wh i ch i nte rfaces th e APCU  compute r .  The 

STRE U and  LADC e ach fu nct i on as  two i n depe n dent  se cti on s , one for transmi t and 

one for re cei ve . The STRE U u se s a pol ynom i a l  enco d i ng and va l i dat i ng  sys tem 

to check  a l l data t ran smi s s i on for e rrors . A 33 -b i t  mod i fi ed p o l ynom i a l  e rror 

code i s  adde d  to each data b l o ck be i n g transm i tte d  from the STRE U to the 303G 

modem .  Data  tran s fe r  from the STREU to  LADC an d LADC to APCU  does not con ta i n  

the pol ynomi a l  code . 

The STREU/ LADC data rate i s  50 . 0  kbps . E i the r a 600 - b i t or  1 200 -b i t 

fo rmat i s  s e l ectab l e .  Consec ut i ve mes s age s egments  mu s t  be of  the s ame format . 
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The AP CU to  LADC s h a l l be  a 1 9  or  39 , 30 -b i t  p aral l e l , data word t ransfer  ( 570 

or 1 1 70 b i ts ) , wi th the l a s t  th ree b i ts ( 227 , 2 28 , 2 29 )  of the l as t  word as 

fi l l e r  b i t s . The LADC- to-STREU  s ha l l be  a 576 - o r  1 1 84-b i t ser i a l  data trans 

fe r wi th fi l l er b i ts  afte r dat a  b i ts 567  or 1 1 67 .  I n  add i ti on of th e 3 3 -b i t  

pol ynomi a l  i n  the STREU comp l etes the 600 o r  1 200-b i t  forma t . Log i c  con ve r

s i on and data fo rmat t i n g  i s  accomp l i s h ed in the LADC to make the STRE U and APCU 

compat i b l e .  The data fo rmat  from the STRE U - to - LADC an d the LADC - to-APCU s h al l 

be a 30-b i t paral l e l , n om i n al 600 - o r  1 200-b i t l ength , an d does  n ot i n c l u de th e 

po l ynomi a l . STREU -to - LADC an d LADC- to-APCU s ha l l be  a 1 9  o r  39 , 30-b i t  para l 

l e l data tran s fer . The 33-b i t  po l yn omi a l  e rror code s h a l l be fi l l e r bi ts and 

the mes s age s t atus  b i t  defi n i n g  th e va l i d i ty of the 33-b i t  po l ynomi a l  s h a l l 

be b i t 229 o f  the  l ast  word of  the b u ffe r .  The LSB  ( 20 ) o f  th e 30-b i t word i s  

the fi rst data b i t on  the l i ne to MCC  and a l so  from MCC . 

5 . 1 . 3 . 1  Dat a Contro l and E ncode r Uni ts  

The Data  Control  Un i t s  rece i ves  o r  tran smi t v i a the GSSC  and fl i gh t  

crew tra i n e rs fo r 40 . 8  kbps  t raje ctory d ata . Date E ncode r Un i t  ( DE U )  p rov i de s 

the i n terfa ce between  GSS C and CCATS fo r 2 . 0 k bps s i mu l ated I P  data . Ser i al  

STREU p rov i des the i nterface between  th e APCU and CCATS for s i m u l ate d 50 . 0  kbps  

MS FN d ata . 

5 . 1 . 4  Mu l t i ch anne l Demu l t i pl exe r and D i stri butor  (MOD ) 

The MOD i s  a s pec i a l  pu rpose , h a rdwi red data p roces s i ng devi ce wi th an 

8K memory wh i ch s imu l ates  fun cti ons pe rformed by the Apo l l o  PCM Te l emetry 

Equ i pmen t .  The MOD s im u l ate s  the P CM equ i pmen t  and i s  capab l e o f  demu l t i p l ex

i ng  fi ve  ch anne l s of  ser i a l  te l emet ry data  s i mu l taneou s l y .  The MOD  a l so  
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de commutates , formats , conve rts from ser i a l  P CM to paral l el b i t form , and d i s 

tri butes  tel emetry data to ASCATS computers . I n put to MOD may be from s i mu l ate d  

ALDS KS C o r  from ASCATS dyn ami c computer .  

5 . 1 . 5  Apo l l o  P ro ce s s  Contro l  Un i t ( APCU ) 
The AP CU i s  a Un i vac 494 compute r system wh i ch pe rforms two p rimary 

functi ons : ( a ) s i m u l ate s  s e l e cted i n p ut  and output data pro ces s i ng  funct i ons 

no rmal l y  a ccompl i s hed  by the Remote S i te Data Proce s sors ( RSDP ) , and  ( b ) s i mu 

l ate s th e 50 . 0  kbps  s er i a l  data s tre am between  the MCC ( CCATS ) and the MSFN  

( GSFC ) . 

The  APCU s i mu l ates the functi on s o f  the two Un i vac 6428  compute rs at  

Apo l l o  remote s i te s  by p roce s s i ng data  rece i ved from the MOD and p l ac i ng i t  i n  

th ree i n put decommut ati on  tab l e s  ( s i m u l at i ng th ree remote s i tes ) . These  tabl e s  

be come the s o u rce o f  data  for CRT a nd  d i rect d i s p l ay i n  fl i gh t  contro l are a s . 

I n add i ti on , these  tab l e s  pro vi de the s o urce o f  data fo r te l emetry fau l ti ng 

and  gene rat i on o f  s i te s umma ry data n o rma l l y  transmi tted to MCC th rough  MS FN 

( GSFC ) . Th i s  data  can be  d i s p l ayed at  the Apo l l o  S i m u l ati on Con tro l  Area v i a 

h i gh s peed pr i nters . The APCU  s i m u l ates th e fun cti ons  o f  the remoted s i te 

command U n i vac  642B  by p roces s i n g ,  va l i dat i n g , and  s tori n g  s i mu l ated commands 

fo r  transm i s s i on to s i mu l a te d  spacecraft . 

The AP CU  s i mu l ates the 50 . 0  kb ps MSFN data fl ow betwee n  MCC  an d GSFC 

by reformatt i n g  the d ata  i n  the i n put  decommutati o n  tab l e s  and  track i n g  data 

from the  GSSC  to  re present  rea l t i me d ata  fl owi ng  from th ree remote s i te s  s imu l 

t aneou s l y . Th i s  data i s  i n  a format i den ti ca l  to  the rece i ved at MCC ( CCATS ) 
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from the GSFC 1 s  data  proces s o r  ( Un i vac 494 compute r ) . The APCU s i mu l ates  G SFC 

by rece i v i n g  50 . 0  kbps  data from MCC . 

5 . 1 . 6 G round  Support S i mu l ati on Compute r  { GSSC ) 

The GSSC i s  an I BM 360/75  computer system wh i ch perfo rms th e fo l l owi ng  

fu ncti ons : 

. Generates  s pat i a l  pos i ti on d ata  and dynami c  te l emetry and command re 

s ponse  dat a  fo r t he  CSM , LM , S - I VB ,  S - I B , S - I C ,  and S - I I veh i c l e s  u s i n g  dyn am i c 

mode l s . The GSSC  g ro und track prog ram tran s fo rms s pat i a l  pos i t i on data  i n to 

l oca l  radar  coord i n-at.e s for i n putti ng  to traj e cto ry d i s p l ay p ro ces s o rs and fo r 

g rou n d  track computat i ons .  GSSC model s p rovi de dynami c te l eme try an d  traj e c 

to ry re s ponse  to  fau l t  o r  con tro l  i n puts  from t h e  ASCA , a n d  have t h e  capab i l i ty 

o f  s i mu l ati n g  veh i c l e  onboard fau l ts . 

. GSS C mode l s provi de re a l i s t i c  veh i cl e  data wh i ch can be  rou ted  to th e 

AS RS ( vi a  the MOD and APCU ) . Th i s  data can a l s o  be  route d  to CCATS i n  MS FN 

mes s age fo rmat ( th rough APCU ) fo r i nteg rated MOCR  s i mu l ati ons  . 

. Th e GSS C s i mu l ates th e AL DS by generat i ng s i mu l ated KSC and s tatus  

i n fo rmati on sys tem ( CCATS ) d ata . ALDS data may be generated by GSSC  and trans 

fe rred t o  CCATS a s  i f  i t  we re be i ng t ransmi tted from KSC i n  re a l t i me . 

. The GSS C  s i mu l a tes th e Apo l l o  Launch  Trajecto ry Data Sys tem (ALTOS ) by 

gene rati ng  i mpact pred i ctor ( I P )  and h i gh s peed  track i ng data . The s i mu l ate d  

I P  d a t a  i s  tran smi tted to CCATS at  2 . 0  k b p s  as  i f  i t  came from KS C .  

5 . 1 . 7  S l ow Speed I n te rface Adapte r { SS IA )  

The SS I A  i s  a n onprog ramab l e ,  h a rdwi re d d i str i b utor  wh i ch p ro vi des two 

ch an ne l s of i nte rfa ce between  th e AS CA and the two ASCATS computers ( APCU  and 
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GSSC ) . The SS I A  a l s o  prov i des  an i nte rface between  the APCU  and the GAC C . 

The S S I A  acts as  a computer i nput mu l t i pl exer for th e var i ous control  

devi ces l ocated i n  th e ASCA . The se i n cl u de APCU  entry modu l e s , Manua l  Se l e ct 

Keyboards , and D i s p l ay Reques t Keyboards . The GSSC/APCU Contro l  Cons o l e a l so  

ope rate s  th rough the  SS IA . The APCU  h as a two -way paral l e l i n te rfa ce w i t h  th e 

SS I A  ( 40 . 8  kb ps b u rs t  rate ) . The re are th ree types of words from the APCU to 

the SS I A ,  and four types of words from the S S I A  to APCU  Al l words tran sm i tted 

acro s s  the i n te rface a re 30 b i ts  i n  l ength . 

, The i n formati on t ran smi tted from APC U  to SS I A  s h a l l con s i s t  of s i te ca l l 

l ette rs , s t atu s data , and  d i s c re te ( b i l e ve l ) data . The S S I A  s h al l con ta i n  64  

ce l l s  i nto wh i ch vari ou s APCU  prog rams provi d e  d at a  for u se by 64 i nd i v i d u a l  

d ata rec i p i ents . Segme nts transmi tted to theSS I A  may con s i s t o f  from 1 to 64 

words . Each s egment  mus t contai n one addre s s  wo rd p reced i n g  the data  words . 

The addre s s  word s h a l l  con ta i n  a n umbe r  ( from 00 octa l  to 77 o cta l ) co rre s 

pond i n g  t o  o n e  of  the 6 4  data  ce l l s .  Th i s  s h a l l i nd i cate the ce l l i nto wh i ch 

the fi rs t d at a  wo rd of a segme n t  s h a l l be pl aced . Al l s ub se quent  data word s  

i n  a s egmen t  m u s t  be i n  a s pec i fi c  o rde r ( 0 0  octal  t o  7 7  octa l ) corre s pon di n g  to 

to the addre s s es ass oci  a ted wi th the i ntende d  d ata  reci pi e n ts . No  d ata  word 

may be sk i pped i n  the sequence from the fi rs t to the l as .t data word i n  a seg 

men t .  The SS IA a l s o  d i s tri b utes  data to th e AS CA and  ASRS for wal l d i s p l ays , 

e ven t pane l s ,  an d d i g i ta l  rea dou t dev i ces . 

5 . 1 . 8  Un i vac 4 1 8 Compute r  

The Un i vac  4 1 8 compu te r , prov i de s  Magn eti c tape reformatt i ng  an d the 

magnet i c  tapes for the GSSC . I t  i s  al s o  used  to s upport te s t  and checkout  of 

GSS C an d APCU  p rog rams i n  l i e u  of c a l l i ng up CCATS . 
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5 . 1 . 9  ASCATS Cath ode Ray Tu be ( CRT ) Di s pl ay Sys tem 

The ASCATS CRT Di s pl ay System s i mu l ates and s upports s i mu l ati on con tro l 

l e rs i n  the ASCA . Th e d i s p l ay equ i pment ,  i s  i den t i ca l  to th at l ocated  at th e 

Apo l l o  remote s i te s  e xcept for the i nterface requ i re d  to hand l e both the APCU  

a nd  GSSC  a nd  the ASCA CRT D i s p l ays . The d i s pl ay equ i pmen t  con s i s ts of : 

. CRT Di s p l ay Mo du l e s 

E ach modu l e contai n s  a 1 7 - i n ch rectan g u al r CRT wh i ch uses  a comb i n at i on 

o f  e l ect rost at i c an d e l e ctromagneti c de fl ect i on for d i s p l ayi n g  tab u l ar  data i n  

a fo rmat o f  36  l i ne s  wi th 7 2  c haracte rs i n  each l i ne . 

. Memo ry Ch aracte r Ve cto r Gene rato r  ( MCVG ) 
Th e MCVG cons i sts  of  th ree i ndepe ndent  l og i c and memo ry modu l es , two 

ch aracter/vector generators and a power s upp l y .  Th i s  p ro v i des th e capabi l i ty 

fo r th ree ch anne l s , each of  wh i ch can be s e l ected by the RSDP  fo r data tran s 

fe r  to t h e  MCVG . Each ch annel  conta i n s  one 4096 , 1 8  b i t core memory wi th a 

fou r  m i cro- second  cycl e ti me . The memory i n  each channel  h a s  th e capabi l i ty 

o f  recei v i n g , s tor i ng , and  re formatt i ng i n fo rmati on for fou r  CRT d i s p l ay p re 

sen tati ons . Th ree ch anne.l s X fou r  d i .s p l ays equ a l s the 1 2  CRT capabi l i ty .  The 

two ch aracter/ve ctor ge ne rators h ave the c apab i l i ty of  generat i ng  on  a CRT two . 

characte r  s i zes  ( . 1 4  i nch and . 28 i n ch ) , wi th a ch aracte r  wri t i ng t i me of th re e  

mi c ro- se cond , and d i s pl ayi ng  409 6  characte rs . The ve cto� gen e rator cons tru cts 

l i ne s egmen ts , u s i ng i n i t i a l an d  f i n al X, Y pos i t i o n s , at th e s ame rate used  

by  the  ch aracter generato r .  
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. The Di s p l ay sys tem h as the capab i l i ty of accepti ng  a compute r word 

e ve ry 50 mi cro - s econd , d i s p l ayi n g  2 2 , 980 characters on 1 2  CRT , an d refre s h i ng  

the d ata  d i s p l ayed on a l l 1 2  CRT ' s at a fl i cker-free rate . 

. The re a re two MCVG i n sta l l ed i n  ASCATS . One i s  d i rven by the APCU and 

the other i s  d ri ven by e i th e r  APCU or  GSSC  for CRT d i s p l ay i n  the ASCA . Two 

MCVG GSS C/APCU I nterface Bu ffer swi t che s are req ui red to a l l ow swi ch i ng between 

th e GSSC  and AP CU  and the ASCA . 

The d i s p l ay sys tem gene rates an d d i s p l ays s p acecraft te l emete red  i n fo r

mati on i n  the form of b l ock d i ag rams , tabu l ar l i s t i ngs , mete r  formats , or  a 

comb i n at i on the reo f .  Space cra ft tel emete red t i me and command c l ock  t i me can  

a l s o be  d i s p l ayed .  

5 . 2  Mi s ce l l aneous  El ectron i c Equ i pment  

5 . 2 . 1  Data Contro l  and Gene rat i on Equ i pme n t  ( DCAG ) 

The DCAG works i n  con j u n cti on  wi th  t he MOD  and th e Seri a l  Data P atch to 

provi de a wi d eb and  record i n g / re produ c i ng capabi l i ty for AS CATS . Two vo i ce 

c i rcu i ts are avai l ab l e wh i ch a l l ows th ree ch anne l s to be  mon i tored ( th ree  re

co rders are prov i ded ) . The DCAG can  reco rd data from KSC or data generated 

by the GSS C .  

5 . 2 . 2  Exchange  Con t ro l Log i c Uni t ( E CL ) 

The ECL i s  the h ardwi red i n te rface be tween the G SS C  ser i a l  d ata patch , 

STREU , 1 2 ,  1 8 ,  MOD , and the Rec o rde rs/ Rep rodu ce rs . 

5 . 2 . 3  D i sp l ay 

The Di s p l ay equ i pment  cons i s ts o f  wal l -mounted g rou p  d i s p l ays , te l ev i 

s i on vi ewers ,  ana l og and  even t  recorders , X -Y  p l otboard s , h i gh s peed  te l e pri n te r5 
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6.0 Re al  Ti me Compute r  Compl ex · {RTCC )  Gene ra l Des c.ri pt i on 
The RT CC gene rates l oad data i n  the m ake up b uffe r , tran s fers th e con tents  

o f  the  l oad data in  the makeup bu ffe r to th e tran s fe r  b u ffe rs fo r transmi ss i on 

to CCATS . It provi des d i g ital data fo r fl i gh t  cont roll e rs di sp l ay req u e s ts , 

update the real t i me data b a s e , D/TV converte rs , and routes di g i t a l  data for 

RT CC dri ven DOD ' s .  Th i s  data i s  di s p l ayed by th e Di sp l ay/ Control Sys tem wh i ch 

comm u n i cates primari l y  wi th the RTCC and CCATS . 

Th e RTCC p rov i des the capab i l i ty fo r manned/unmanned m i s s i on s u pport by 

uti l i z i n g de d i cated redun dant computers ; a M i s s i on Operat i o n a l  Computer (MDC ) 
on l i ne , and a Dyn am i c Standby Compute r ( DSC )  fo r e pch mi s s i on .  The DS C exe 

cu tes th e s ame re a l t i me p roces s i n g  fun cti on s and furn i s h e s  the s ame re al ti me 

ou tputs as the MDC . As l on g  as th e MD C i s  ope rat i n g s ati s facto ri l y , th e DSC ' s  

o u tput s a re un u s e d . I n  the e vent o f  fai l u re of  the  MDC , the DS C be comes the 

MDC and ano the r comp ute r i s  acti vate d  as a DSC .  Each o f  the I BM 360/75 compu 

te rs ( A , · B , D ,  E ,  an d F )  h a ve the capab i1 ity of be i n g a s s i gned a s  a MDC , DS C ,  o r  

o ffl i ne comp ute r .  Each o f  the I BM 360/75  sys tems a re con fi g ured e s s e s nt i a l l y 

as s h own i n  Fi gu re 6 - A . 

Two se ri al  computer  I /0 ch anne l s are u s e d  wi th th e d i s p l ay sys tem . On e 

I / 0  ch an n e l  i n te rfac i ng  wi th the  d i s p l ay sys tem i s  th e I BM 2701 /290 2  PDA/MLA . 
The other i s  the Un i vac 494/360 Adapte r of  t h e  CCATS system ( see Fi gure 6 ) . 
6 . 1  Per i phe ra l Equ i pmen t  
6 . 1 . i Re al  T i me Computer Compl ex 

a .  I BM 2075 Data Proce s s o r  - The I BM 207 5 Da ta Proce s s o r  i s  th e CPU  

fo r the Mode l 360/75 . I t  conta i ns data re g i s ters , i n te rconne cti n g  data path s , 

an d s e q ue n ce con t rol s for add re s s i ng  m a i n s torage , i ns t ructi on fetch i ng and 
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commun i cati on s be twee n  mai n s torage and I /0 de vi ces . The Mode l 360/75  compu 

te r  cycl e t i me i s  1 95 n anos e con ds wi th  any l og i ca l  o pe rati on req ui ri ng  at l east  

two cyc l es . For e xampl e ,  an ope rand add req u i res , on an ave rage , 700 n ano 

se conds  or  3 . 6 compute r cyc l e s . I n  gene ral , th e ave rage exe cut i on  t i me per  

i n s t ru cti on i s  one  m i crosecon d .  

b .  I BM  Model  75/236 5 - 3 1 s  - The Mode l 7 5J • s  h ave ma i n sto rage con s i s t i ng  

of  fo ur  I BM 236 5 - 3 1 s  o r  1 , 048 , 5 76 byte s . On a s torage reference cycl e, e i g ht  

byte s ( one doub l e word ) are acces sed i n  7 50 n anose con d s . The e ffe ct i ve cyc l e 

ti me i s  h al ve d , h owe ve r ,  be cause  the  Mode l 370 / 7 5  ma i n  s torage provi des fou r

way i nte rl eav i ng  of  con se cut i ve doub l e  words to and from s torage . 

c .  I BM 236 1 - 2 Core Storage Un i t s  - Two I BM 2 36 1 -2  Co re Sto rage Un i ts 

se rve as an exte n s i on to th e ma i n s to rage and are attached to the Mode l 360/ 7 5  

to p rov i de an  add i t i ona l  1 , 048 , 567  bytes  o f  s torage capaci ty .  The b as i c  236 1 - 2 

storage acce s s  t i me i s  e i g h t  m i crose conds  ( fo ur  m i crose con ds  i n te rl eaved ) . 

The  i n fo rmat i on i s  tra n sfe rred i n  un i t s of  e i g h t  bytes to the  360 / 7 5 . 

d .  IBM  2870-A  Mu l t i p l exe r Ch annel  - The I BM 2870-A Mu l ti p l exer Channe l  

provi des for the  attachment  of amny l ow-to-med i um s pe ed I/0  dev i ces . The mu l t i 

pl exe r channe l  can h a ve on e b as i c ( l ow - s pee d ) i nterface and up  to  fou r  medi um

s peed  i nterface s . The mu l t i p l exer  channe l  prov i des the  capab i l i ty to mu l t i p l e x  

u p  t o  1 92 l ow- s peed de v i ces concu r�nt l y ,  p rovi ded the agg regate data rate does 

not  exceed 66 , 000 byte s pe r se cond . The b a s i c mu l t i p l exer  ch anne l can o pe rate 

i n a b u rst  mode fo r h i gh - s peed  de vi ces . I �  burst  mode , the devi ce rema i n s  

attached  t o  t h e  i n terface fo r t h e  t i me re q u i red t o  com p l ete th e I /0 se quence . 
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The medi um- s pe ed i nterfaces of the I BM 2870 -A are cal l ed s e l e ctor s u b 

ch annel s .  Each  se l e ctor sub ch anne l c an o perate one I /0 devi ce con cu rrent l y 

wi th th e b as i c  m u l t i p l exe r ch annel . The maxi mum data rate of the se l ector s u b 

ch anne l s i s  l 80 K  byte s pe r se cond ( bu rst mode o n l y ) . 

Up to e i g ht  contro l  u n i t s  may be attache d to the  b as i c  mu l t i p l exer  

ch anne l . The  s ame i s  true for each  se l ector  s ub ch anne l except  that a max i mum 

of 1 6  I / 0  devi ces can be attached to e ach s e l e ctor s ubch anne l . 

e .  I BM 2860- 2 Se l ecto r  Channe l  - Se l e ctor  channe l s  are u sed  whe re h i g h 

s peed  de vi ces a re attached t o  the sys tem . The 2860 - 2  conta i n s  two s e l ector  

channe l s ,  a nd  prov i des fo r the attachemen t  and co ntro l  o f  I /0 devi ces ope rati n g  

i n  the b u rst mode . A ch anne l ope rati n g  i n  bu rst mode pe rmi ts comp l ete b l ocks 

of data to be trans fe rred betwe en the I /0 devi ce and th e ch anne l . The two 

se l e ctor ch anne l s can ope rate s i m u l taneous l y  prov i ded the agg regate data rate 

does n ot excee d 1 .  3 m i  1 1  i on bytes pe r s e cond . Each  se 1 ector ch anne 1 h as one 

s ubch anne l  to fac i l i t ate one I / 0  ope rati on at a t i me .  Up to e i ght  control  u n i ts 

may be attached  to each s e l ector ch anne l . 

f .  S to rage Chann e l  - The I BM Storage Ch annel  i s  an attachment to the 

I BM 2860 -l  Sel ecto r  Ch anne l . I t  provi des the capab i l i ty of h i gh -s peed data  

trans fer  from one l ocat i on i n  s torage to anothe r l ocati on  i n  s torage . Th i s · 

tran smi s s i on betwee n . storage areas  may be wi th i n ma i n  storage o r  between ma i n 

s torage and the l arge core s torage or wi th i n  l arge core storage . 

g .  I BM 2902 Mu l ti pl exe r L i n e  Adapter { MLA ) - The I BM 2902 MLA i nter-'  

faces all of the  real ti me i n te rfaces (except D i g i ta l -to -Te l ev i s i on ) to the 
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RT CC . Al l ne ces s ary b i t/byte conve rs i on s , data contro l , and  match i ng of  s i gna l  

l e ve l s and  i mpedan ce i n  e ach adapter se ct i on are accompl i s hed  by  th e adapte r .  

h .  I BM 2 7 0 1 - 1  Data Adapte r Uni t - The I BM 2 70 1 - 1  Data Adapte r  Un i t 

i nterfaces the Di g i tal -to - Te l e v i s i on e q ui pme nt  to the RTCC . 

i .  I BM 1 05 2 - 7  P ri n ter Keyboards - Attached to th e Mode l 360/75  ma i n  

frame are two I BM 1 05 2 - 7  Pr i n ter  Keybo ard s  wh i ch prov i de for ope rator commu n i 

cati on s  wi th the p roce s s i ng  un i t .  Ch a racters  are transmi tted from the 207 5 - J  

at  a rate of  1 4 . 8  ch a racte rs pe r se cond . 

j . I BM 282 1 Control  Uni t - The I BM 282 1 Co ntro l  Un i t i s  u sed to transmi t 

i n format i on  between the CPU  and the pr i n te r  and  card re ad punches . I t  contai n s  

the c i rcu i t ry fo r contro l l i ng th ese  dev i ces and fo r b uffe ri ng the i n fo rmati on 

be i ng t ransmi tted . Th e 282 1 i s  attached to  the mu l t i p l exe r  channe l  of the 

model  75 . A 1 , 1 00 l i ne  per mi n u te pr i nter ( 1 404 -4 or 1 403 - N l ) can a l so  be  

attached  to the 282 1 . 

k .  I BM 1 403 - N l  Pri n te r  - Th e I BM 1 403 - N l  Pri n te r  i s  capab l e of  pri nt

i ng 1 3 2 pri nt pos i t i on s  pe r l i ne at  u p  to 1 1 00 l i ne s  per  mi n u te .  Th i s  pri n ter  

i s  eq u i pped wi th an I BM 1 4 1 6 - l  I nte rch angeab l e Tra i n Cartri dge ( 48 character 

set ) . 

1 .  I BM 2540 - 1  Card Re ad Punch - The I BM 2540 - 1  Card Read Punch  can 

read  up to 1 000 cards per  mi n ute an d pu n ch u p  to 300 cards  pe r m i n ute . I t  

attaches  to th e 2870 - 1 mu l t i p l e xe r  channe l v i a the I BM 282 1  con t ro l  un i t .  

m .  I BM 1 443-N l Pr i nter  - The I BM 1 443 - N l  P r i n ter attache s to the  mu l t i 

p l exe r c h anne l . I t  has  a se l fconta i ne d  con t ro l  u n i t .  W i th th e standard 5 2  

characte r s e t  i t  i s capab l e  of  pr i nt i ng  1 20 pri nt  po s i ti on s pe r  l i ne  at u p  to 

240 l i nes  pe r m i n ute . 
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n .  I BM 2403 - 3 Magnet i c T ape Uni t and Con tro l - The  I BM 2403 - 3  Magnet i c  

Tape Un i t an d Control con ta i n s  a s i ng l e  tape dri ve and a con tro l  u n i t .  Th e 

cont rol u n i t fun ct i on  can con tro l  u p  to e i g ht  tape dri ves  ( i nc l u d i ng  the 

attached tape dr i ve ) . The model  3 tape dri ve h a s  n i ne  tracks and has  a maxi 

mum data rate of  90 ,000 bytes pe r secon d .  

o .  I BM 2402 - 3  Magnet i c Tape Uni t - The I BM 2402 - 3  Magnet i c Tape Un i t 

contai ns o ne n i n e -t rack  read/wri te tape d ri ve wi th  a max i mum d at a  rate of 

90 , 000 byte s per secon d . 

p .  IBM-240 1 -3 Magnet i c Tape Un i t - The I BM 2401 - 3  Magnet i c Tape Uni t 

conta i n s  two n i ne- t rack  read/wr i te tape d ri ves i n  a s i ng l e  cab i net  wi th a 

maxi mum data rate o f  90 ,000 byte s per  secon d .  

q . I BM 284 1 - 1  S torage Contro l  Uni t - The I BM 284 1 - 1  Storage Control  

Un i t prov i des th e capab i l i ty of  attach i ng b i t  se ri a l  random access s to rage 

de vi ces to the 360 /7 5 . I n  the RTCC appl i cat i on , two I BM 2841 - 1  ' s  are u s ed wi th 

e ach  Mode l 75 , each attach i ng up to  e i ght  I BM 2 3 1 1 - 1 D i s k  Sto rage Dri ves . 

r .  I BM 2 3 1 1 - 1 Di s k  Sto rage Dri ve - I BM 2 3 1 1 - 1 D i s k  Storage Dri ve pro

v i de s  random acce s s  s torage for 7 . 25 m i l l i on byte s . Fo ur  dri ves a re attached 

to e ach I BM 2 84 1 - 1  Sto rage Contro l  Un i t ,  provi d i n g  a l arge vo l ume of  on l i ne 

s to rage . The d ri ve uses  the removab l e  I BM 1 3 1 6 - 1  Di s k  Packs  wh i ch cons i s t s o f  

s i x  d i s ks mou nted o n  a ve rt i ca l  sh aft . Ten of t h e  twe l ve s u rfaces a re u se d . 

Each  s u rface h as 200  t racks ; approxi mate l y  3600 bytes  can be  stored  i n  each  

t rack . 

s .  I BM 2 3 1 4  D i s k  Secti on - The I BM 2 3 1 4 Di rect  Acces s Sto rage Faci l i ty 

( DAS F )  d i s k  fi l e  s e cti on  con tai ns  n i ne d ri ve s ; e i ght o f  wh i ch can  be on l i ne at  
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any t i me .  E ach dri ve i s  an i ndependent  un i t  wi th ope rator- a s s i g nabl e add re s s es . 

Twen ty record i ng  s u rfaces an d 2 00 ( p l u s  th ree a l te rn ate ) 1 1 cyl i nders 1 1  w i t h  a 

capac i ty of  7294  byte s pe r track . Th i s prov i de s  a modu l ar capac i ty o f  o ve r  29 

mi l l i on bytes and a tot a l  of  233 m i l l i on bytes pe r DAS F .  The contro l  u n i t 

secti on i s  s i m i l ar to the I BM 2 84 1  s to rage con trol and performs the fo l l owi ng  

fun cti ons : 

. Tran sforms the data  tran s ferred  between the  2860 -2  Se l ector Ch anne l 

an d  the d i s k  d ri ves . 

. I nterp rets  a nd executes commands  from the s e l e ctor ch anne l . 

. Emp l oys a cycl i c  code wri tten fo r each  data  fi e l d to e ns u re accu rate 

tran s fe r  of  data .  

t .  Compute r Con t ro l l e r Mu l t i pl exe r Un i t - ( Re ference F i g u re 6 -A )  -

The Compute r Con trol l e r Mu l t i p l exer  Uni t ( CCMU )  i s  spec i a l  equ i pment  b u i l t  by 

I BM wh i ch p rovi des the d ata  path between  the RTCC  Contro l Are a and th e I BM 

System Mode l  360/75 . The re i s  one CCMU fo r each  Mode l 360/ 7 5  sys tem . The 

fo l l owi ng type s  of  data are con t rol l ed by the CCM U : 

. Data between the Manu al Ent ry Devi ces ( MED ' s )  and the compute rs . 

. Data from the RTCC  con so l e swi tch modu l es to the computers . 

. Data between th e Compute r  Mon i tor and Cont ro l  Cons o l e  ( CMCC ) and  the 

comp ute rs . 

u .  I BM 29 1 4 - 1  Sw i tch i ng Uni t - An I BM 29 1 4- 1  Swi tch i ng  Un i t may s iwtch  

the  Rea l  Ti me I n te rface Subsy s tem ( 2092  MLA ,  2 70 1 / I CU ) , the  Compute r  Contro l  

Di s pl ay ( 2 848/2 260 ) a n d  t h e  Expe ri ments  P ri nter  ( 282 1 / 1 403 N l ) between t he  

mul t i p l e xe r  ch anne l  o f  any o ne  of  fou r  s e l e cte d 3 60 / 7 5  comp ute rs i n  the  RTCC . 
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The 29 1 4 - 1  i s  a s o l i d s tate , p a s s i ve ,  man u al swi tch i ng un i t  wi th th e swi tch i ng 

con trol s on a topmounted con trol p ane l . The ALSE P 1 s  s ubsys tems a re conne cted 

to a 2 9 1 4 - 1  w i t h  a s i x- by- fou r ch anne l  swi tch wh i ch pe rm i ts fi ve ( one contro l  

un i t  port  i s  not  u s e d )  cpu • s to  sh are u p  to fou r  I /0 stri n g s . 

v .  Sys tem Se l ector Un i t  ( S SU ) /System Se l ector Exte ns i on Un i t ( SS E U )  -

The SSU/SSE U , refe ren ce F i g u re 6 - B , pe rmi ts any of  the RTCC  computers to ass ume 

any of the  fu n cti ona l  as s i gnments . I t  a l s o prov i des the capab i l i ty to exch ange 

rap i dl y the fun cti ona l  as s i gnme nts  between the dyn am i c stan dby and the ope ra

ti on al compute rs . I n accomp l i s h i ng i ts as s i gnments , the SSU  as s ures th at : 

. The  MO cR • s and RTCC  con t ro l  a reas  can req uest and re cei ve d i s p l ays from 

the p rope r compu te r . 

. The CCATS i n put  and o utput  data i s routed to an d from the prope r compu -

te rs . 

The SSU  accepts  u p  to fi ve o utpu ts  from the ope rat i on a l  CCATS compute r 

an d  ro utes them i nd i vi dua l l y  to the p rope r RTCC  compute rs acco rdi n g  to  the i r 

fun cti on al  as s i gnments . I t  al s o  may route one output  of  a l l RTC C  compute rs 

to e ach of  the two ope rat i ona l  CCATS compute rs . 

The s e l e ctove r  between  the  ope rat i o n a l  and the  dyn am i c standby compute rs 

i s  a comb i ned  SS U and prog ramm i n g  fun ct i on . When th e s e l e ctove r act i on  i s  

taken at the Comp l ex Supe rv i s or Conso l e  i n  the RTC C  Contro l  Area , the SSU 

s i gn al s the program i n both  compute rs to s us pen d  i ts output  ope rat i on s unt i l 

se l e cto ve r  h as occu rred . Th i s  i n s u res  th at se l ec tove r does n ot occur  d u r i n g  

a mes s age t ransmi s s i on , wh i ch wou l d re s u l t i n  parti a l  o r  erroneou s me s s age s . 
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6 . 1 . 2  RTCC/Di s pl ay Con tro l  I nterfaces 

The 2902  MLA accepts a l l RTCC  i n puts  from the d i s p l ay sys tem on  one of 

i ts s ubch anne l s and  outputs  d i g i tal  d i s p l ay an d p l ott i ng d i s p l ay i nfo rmati on 

on two of  i ts ou tput s u b ch an ne l s .  The re a re s even  u n i q ue en code rs wh i ch may 

be se t to commun i cate wi th the  RTCC . The e l ectrome ch an i ca l  con s o l e i n put 

de vi ces cons i s t  o f  th umb whee l  d i g i t swi tche s , p u shb utton i nd i cators and tog 

g l e sw i t ches . 

a . Manu al Se l e ct Keyboard ( MSK ) - The  MSK  i s  the con s o l e i n put  swi tch  

modu l e con ta i n i ng th umb wh ee l d i g i t  swi tch e s  upon  wh i ch fl i gh t  contro l l ers  can  

set  p redeterm i ne d d i s p l ay req ues t format numbe rs . .  

b .  The Di s p l ay Request  Keyboard ( DRK ) - Th e  DRK i s  a s em i au tomat i c MS K 

for rap i d l y acces s i ng D/TV formats . Th at  i s , a matr i x o f  32 pus hb uttons wi th  

de s c ri pt i ve l abe l s wh i ch a re made ava i l ab l e  to  the  conso l e ope rator i n  l i eu 

o f  manu all y  d i a l ed d i s p l ay req ue s t s . The ope rator may se l ect any o f  1 2  f ie l ds , 

th us  en ab l i ng t he  DRK ope rator to i n i t i ate 3 84 d i s p l ay request  fo rmats . 

c .  Event Seguency Ove rri de ( ESO ) - Th ree  Eso • s  a re prov i ded fo r e a ch 

compute r/d i s p l ay i nte rface sys tem . Phys i ca l l y  th ey cons i s t o f  1 6  e vent  i nd i 

cato rs and 1 6  doub l e - po l e , th ree pos i ti on tog g l e swi tches wi th dete n ts at e a c h  

pos i t i on .  No rmal l y , t h e  compute r  exe rc i s es a utomat i c  contro l  ove r  e vents . 

H owe ve r ,  s h ou l d the RTCC  fa i l  to re cei ve an  even t , o r  shou l d th e comp ute r re

ce i ve an erroneous  even t s i g na l , the control l e r  can  reset  the e ve n t  to the 

co rre ct condi t i on .  The cente r  po s i t i on of  the  togg l e swi tch i s  t he normal  

pos i t i on and du ri ng  th i s mode of ope rat i on  the compute r h as contro l  over  the 

e vents . The fo rward · pos i ti on o f  th e sw i tc h i s  t he 1 1 n o  event 1 1  pos i t i on . Th at  
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i s ,  i f  the  RTCC  premature l y  rece i ves an erroneou s s i gn a l  of an event occu rren ce , 

the cont ro l l e r  can i n  effect erase  th i s  e vent  occurrence . Conve rse l y ,  sh ou l d 

the compu te r  fai l to re cei ve a val i d  s i g n al , the contro l l er can move the ESO 

swi tch re arward and man u al l y  en te r  the e vent  i nto the data proces so r .  Th u s , 

the con s o l e s  con ta i n i ng ESO modu l es  can man u al l y  update the d at a  b ase s h ou l d  

s p u ri ou s  o r  om i tted even t s i gna l s cause  e rrors . 

d .  P has e Control Keybo a rd ( PCK ) - Norma l l y , the computer wi l l  change 

p rog rams automat i ca l l y  as m i s s i on p ha ses  c hange . Howeve r ,  f l i gh t  control l e rs 

do h ave the  capabi l i ty to command ( v i a the P C K) th e compute r to ch ange ope ra

ti onal s ub p rog rams . The P CK  i s  an 1 8  pu shbutton i n d i cato r  modu l e wh i ch a l l ows 

an ope rator  to man u al l y  contro l  the ph ase s e q uence  of  certa i n  m i s s i on s ub pro 

g rams . Some typi ca l  ph ased  s u b p rog rams are h o l d ,  l aunch , abort , o rb i t ,  an d 

reentry .  

e .  Summary Me s s age Keyboard ( SME K ) - The re are th re e  SME K ' s for e ach 

compu te r/d i s p l ay i n te rfa ce sys tem . The SM E K  modu l e con s i s ts of 38  format 

se l ecti on  p ush button i nd i cato rs ( P B I ) , one execute PB I and one c l e ar PB I . 

The pu rpose of  the SME K i s  to a l l ow ce rta i n fl i gh t  contro l l e rs to 

s e l ect  and d i s patch mes s age s to th e remote s i te s . The con tro l l e r may accom

pl i s h  a SM EK ro ut i ne by depre ss i ng one of  th e 38  PB I ' s  and the execu te b utton . 

The s e acti o ns wi l l  cause  the compute r to i n i t i ate an RTCC  prog ram wh i ch wi l l  

s tri p ce rta i n te l emet ry i n format i on from the data base , comp i l e  th i s data , 

as semb l e i t  i nto th e de s i red format , and send  i t  to the Commu n i cati on Proce s 

sor  fo r d i s patch t o  th e remote s i tes as  a te l etype me s s age . The c l ear  button 

on the SM E K  s i mp l y  al l ows th e control l ers to can ce l  any PB I wh i ch may h ave 

been depres sed  i n ad ve rtantl y .  
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f .  Egui  pme nt Status · Wo rd · ( ESW ) - The ESW e n coder  rece i ve s  the cu rrent 

s tatu s data  of th e 38 TV channe l s and  th e ten  Re fe rence S l i de Fi l e  Ch anne l s and 

t ransmi ts th i s d at a , v i a th e C IM , to  the RTCC  u pon a prog ram re ado ut reque s t  

from the compu te r 1 s D i rect Data Ch anne l Sen se Output  L i ne .  Th e s tatus data 

i s  conta i ned  i n  a th ree -word mes s age wh i ch i s  pr i nted out  on the RTCC l i ne  

pr i nte r .  

g .  Compu te r I npu t Mu l ti pl ex ( C IM ) - The C IM i s  a s c ann i n g  devi ce wh i ch 

seq uent i al l y  exam i nes the gate s  of 64 pos i ti on s . The 64 pos i ti ons corres pond 

to 64 co nso l e s . Whe n an i n put  gate req u i res  serv i c i ng , the s cann i ng i s  i n -

h i b i te d  and  the  contents  o f  the en code rs are re ad out . The C IM adds a se ven 

b i t  co ns ol e  addres s to the i nput  data , refo rmats the mes s age i n to 36 -b i t  com-

pute r  wo rds and i n i ti ate s a re ady s i gna l to th e 2 90 2/ 270 1  MLA .  I n  t h e  case  of 

MSK i n p uts , t he  CIM  con ve rts the B i n ary Coded Dec ima l  ( BCD ) mes s age i nto a 

s t rai g ht  b i n ary code . The C I M  s can s  i n puts  at a 2 5  KH z  rate and  u pon re ce i pt 

of  a ready from RTCC  it s e r i all y c l ocks  out  th e data at a 2400 b i ts pe r second  

rate  to  the  2902/ 270 1 M LA . * 

6 . 1 . 2 . 1  Encode rs 

Each i n put dev i ce h as i ts own en code r .  Al l en code rs a re b i n ary coded 

wi th  th e exce pt i on  of  the MS K  encode rs wh i ch h ave a b i n ary dec i ma l  code . The 

swi tch  pos i t i on s  o n each  i nput  devi ce dete rm i ne the vo l tage l eve l wh i ch w i l l  

be s tati ca l l y  mai n ta i ned i n  e ach b i t  pos i t i o n  of  the en code rs . The encode rs 

are rea d  out  by the C I M  u po n re ce i pt of a re ady s i gna l  from the execute swi tch 
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o f the entry devi ce . The  re ady l i ne to th e C IM i s  a fl i p  projector , l i gh t  i s  

extended th rough an etched o paq ue s l i de .  I n  the case of the b a c kg rou nd pro

j e c ti on ,  the etche d  l i ne s  a re reference d i s p l ays . Duri ng l au nch  the b ackg ro und 

s l i de de p i cts the nomi n a l  c u rves  expected from l aunch  data . Du ri ng  orbi t the 

backg round  s l i de i s  an e tched worl d map  s h ow i ng con t i nenta l  l and mas s e s  and  

radar  cove rage c i rc l e s .  The fou r  s c ri b i ng  proje cto rs each  etch  an opaque  

s l i de wi th a compute r  contro l l e d s ty l us . These  projectors p l ot  dynami c i n fo r

mat i on as  deri ved from the RTCC . Spott i ng proj ecto rs each con ta i n  fou r  symbo l s 

e tched on a opaq ue s l i de .  These  symb o l s a re se l e cted and pos i t i oned by th e 

RTCC gene rated mes s age s .  E ach p roj ector h as se ven co l o r  fi l te rs wh i ch e n h an ce 

the c l ari ty o f  the compos i te d i s p l ay .  The 6 by 1 2  foot sys tem used  i n  the 

re covery room h a s  o ne backg ro und , one scr i b i ng  an d one s pott i n g  proje ctor  unde r  

compute r  con t ro l . I n  add i t i on the re cove ry sys tem h a s  a dayl i ght/darkne s s  

gen erator a n d  a manu al l y  contro l l �d p l otti ng projecto r .  

6 . 1 . 2 . 2  X- Y P l o t  Board s  

The re a re fi ve 3 0  b y  3 0  i nch  p l ot boards  i n  each fl i gh t  dyn ami c s taff 

s upport room . They a re stand a rd compute r dr i ven p l  otboards  u se d  pr imar i l y  to 

yi e l d an al og p resen tati ons  of l fi gh t  paramete rs dur i ng  the l aunch  phase . 

6 . 1 . 2 . 3  D i g i ta l  D i sp l ays 

The second  ou tput s ubch annel  of  the  2902 MLA i s  u sed  to del i ver 

d i g i t al i n formati on  to the d i s p l ay sys tem . The d i s p l ay sys tem h as two u se s  

for th i s  i n format i on ; the gen e ra l  pu rpose  Re l ati ve T ime  Accumu l ators ( RTA ) and 

the  DDD . The RTA ' s a re u s e d  to d i s p l ay event ti me s  wh i l e  DDD ' s  a re used p ri 

mari l y  to dri ve d i g i ta l  readou ts , ann u nc i ators and  a l a rms on  con tro l  con so l e s . 
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The i n te rface between the d i s p l ay u ser  equ i pment  and th e RTCC  i s  the  Di g i ta l  

Di s pl ays Subch anne l Data Di s tri butor ( DDSDD ) . 

6 . 1 . 2 . 4  D i g i t al Di sp l ay Dri vers ( DDD ) 

The 36-b i t  ODD wo rd s  con s i s t  of a 1 2- b i t addre s s  an d 24  b i ts  of  l amp 

i l l umi n at i on i n formati o n . Th e 1 2- b i t addre s s  i s  made up  o f  s i x  b i ts of X 

pos i t i o n  and s i x  b i ts of  Y pos i t i on .  These  de coded addre s se s  enab l e s e l ect i on 

o f  any one  of  40 X se l ect  l i nes  and 40 Y se l ect  l i nes . Whe re X and Y c o i nc i de 

i s  the add res s  o f  a ODD set  and the 24 b i ts a re strobed i n to the ou tpu t re l ay 

dr i ve rs . The addre s s i ng  and stori ng  of  th e DDD d ata i s  ana l ogou s to addre s -

s i ng a core s to rage dev i ce . 

l oaded by d ua l  40 m i l l amps . 

The o utpu t re l ay d ri vers a re 26  vdc l amp dri vers  

In  each  MO CR  the re are 1 1  rack s  of ooo • s  wi th 

40 sets of 24 d r i ve rs e ach yi e l d i ng a tota l  of over 1 0 , 000 dr i vers per sys tem . 

6 . 1 . 2 . 5  Re l at i ve T ime Accumu l ators ( RTA 1 s )  

The DDSDD a l s o  s upp l i e s  d i g i ta l  data to two genera l  pu rpose  re l at i ve 

t i me accumu l a to rs o f  the t i m i ng  s u bsys tem . Two d i fferent  data words  are 

nece s s a ry .  The fi rs t wo rd conta i n s  BCD  t i m i ng  data wi th wh i ch to  set th e 

accumu l ato r .  The se cond wo rd i s  a 1 2 - b i t  mes s age t o  se l e ct on e of  two l abe l s 

as soc i ate d wi th the computed t i me . I n  tu rn the RTA 1 s dri ve the genera l  pu r

pose t i me readouts  l ocated over  the l arge pane l d i s p l ays . 

6 . 1 . 2 . 6  Di g i ta l - to - Tel ev i s i on ( D/TV ) 

The D/ TV converts d i g i ta l  data re cei ved from the RTCC  i n to dyn ami c 

d i s p l ays composed of symbo l s an d ve cto rs . The dyn ami c d i s p l ay i s  opti cal l y  

m i xe d wi th s tati c ( b ackg round ) d ata from a Converte r S l i de Fi l e  ( CS F ) , p ro

duc i ng  a compos i te i m age s u i tab l e for v i ewi ng  by a te l evi s i on came ra .  Th i s  
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vi deo o utput  i s  then  d i s p l ayed on s e l e cted moni tors by e l emen ts of  the TV 

s u b system . The s e  d i s pl ays a re ch anged and/or u pdate d  v i a con tro l and data 

l i ne s  between  th e RTCC  and the D/TV Conve rte r .  I nput  to the conve rte r from 

the RTC C  cons i s ts  of 36 para l l el data l i ne s  and  two con trol l i ne s ( Ch anne l 

Wri te- Se l ect  and Ch anne l - Re ady-Wri te , a l s o  known as Ready- to- Read ) . I n  add i 

ti on , one cont rol  ( Demand) l i ne i s  prov i ded to the RTCC  from the con ve rter . 

The D/TV Con ve rte r con s i sts  pr i n c i pa l l y  o f  a CSF  Data D i s tr i b utor 

( CS F DD ) , a d ua l - ch anne l  D/ TV DD , s even ( expand ab l e to s i xteen ) 4 K-wo rd buffers , 

an d 2 8  ( expandab l e to 64 ) d i s p l ay gen e rators . 

6 . 2  I n tra MCC  Data Rout i ng 

The CP/ RTCC adapte r p rov i des th e i nte rface between  th e CP  and the RTC C . 

The CP/ RTCC ad apte r  con verts s i gn al l e ve l s ,  changes  the s peed o f  d ata fl ow ,  and 

con verts s e ri a l  data to p aral l e l for i n pu t and  paral l e l data to se ri a l  for 

outpu t . The CP/ RTCC  adapte r  i s  con ta i ned  i n  th ree cab i nets . Two of  the cabi 

ne ts e ach conta i n  a s canner  s e l ector  and s i x  h i g h - s peed ada pte rs ,  and the 

th i rd cabi net conta i n s  the I /0 swi tch i ng . 

Data i n  both d i re cti ons i s  t ran s ferred ove r e i g h t  s e ts of l i ne s . S i n ce 

a l l  tran s fe rs a re s i m i l ar ,  on l y  one s e t  i s  des cri bed . 

The i n te rface between the CP/RTCC  adapte r and the RTCC  i s  a fi ve -pa i r 

cab l e . Th i s  fi ve - pa i r cab l e  c arri e s  i n te rl ock , re ady - to - re ce i ve ,  re ady , s h i ft ,  

an d data s i gn a l s .  The i n te rl ock  s i gn a l  i s  a neg ati ve l eve l th at  i n d i cate s the  

s tatus o f  the on l i ne comp ute r  i n  the CP s ubsys tem to  the RTCC . The re ady-to 

re ce i ve s i gna l  i s  at  a negati ve l eve l when  the CP i s  p repare d  t o  re ce i ve data . 

When  the re ady- to- re ce i ve s i gn a l  goes  pos i t i ve ,  the RTCC  w i l l  s top send i ng . 
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01-40 
.hl-48 

49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

90-93 

MCC TV CHANNEL ASSIGNMENT LISTING 

D/TV CONVERTER NO. 1-40 
( SPARE) 
RECOVERY OPAQUE TV NO. 2 
RECOVERY GROUP DISPLAY NO. 1 ( FRONT) 
REMOTE TV NO. 3 (525/945 CVTR) 
RECOVERY GROUP DISPLAY NO. 2 ( REAR) 
CCATS OPAQUE TV 
(SPARE ) 
MOCR GROUP DISPLAY CENTER 
( SPARE ) 
TIME SUMMARY CONVERTER 
LIFE SYSTEM OPAQUE TV 
BUILDING 45 OPAQUE TV 
OPN & PROC OPAQUE TV NO. 1 
OPN & PROC OPAQUE TV NO . 2 
( SPARE) 
( SPARE ) 
VEHICLE SYSTEM OPAQUE TV NO . 1 
VEHICLE SYSTEM OPAQUE TV NO. 2 
FLIGHT DYNAMIC OPAQUE TV 
FLIGHT DYNAMIC GROUP DISPLAY 
METEROLOGY OPAQUE TV 
(SPARE) 
TV TEST SIGNAL 
ANALOG/EVENT RECORDER 61 
ANALOG /EVENT RECORDER 60 
OSW - OPAQUE TV 
SCHEDULING GROUP DISPALY 
3RD AND 2ND FLOOR VSM OUTPUT 10 ( O&P RIGHT MON ) 
RECOVERY OPAQUE TV NO . 1 
REMOTE TV NO . 1 ( 525/945 CVTR ) 
REMOTE TV NO. 2 ( 525/945 CVTR ) 
ALSEP OPAQUE 314B 
( SPARE) 
ADEG 

TABLE 6 
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The re ady s i gna l  i s  a neg ati ve l e ve l s i gn a l  from the RTCC th at i nd i cates  Start 

of  Mes s age ( SOM ) . The pos i t i ve tran s it i on of th i s  s i g na l  i nd i cates End  of 

Mes s age ( EOM ) . The s h i ft s i g n al pro v i des  c l ock po l  ses at  a 8 1 . 6 k bps rate from 

the RT CC . S h i ft p u l s e s  ce ase when e i th e r  th e ready o r  re ady- to• re ce i ve s i g n a l  

g oes  pos i t i ve .  The data s i g n a l  carri e s  data wi th a negati ve l e ve l i nd:i cati ng 

a l og i c  one an d a pos i t i ve l eve l i n d i cati ng  a l og i c zero . 

The  output  from one of  the comp ute rs i n  the RTCC i s  sent  to the CP at  a 

81 . 6  kb ps rate th rough the tran s fe r  swi tch i n  the RTCC adapte r .  The s can ner  

se l e c tor s cans  the potent i al i n pu ts from the RTCC ( MOC  o r  the  DSC ) , and whe n  

a re ady s i gn al from the RTCC i s  dete cted , t h e  s canner  s e l e cto r  s e n d s  a re ady

to- re ce i ve s i gn a l  to the RTCC . Immed i ate l y  upon sens i ng the re ady..; to- re ce i ve 

s i gn al , the RT CC  s tarts send i ng  dat a  and s h i ft s i g n a l s to the CP . The CP/ RTCC  

adapte r accepts  th i s  data  i n  th e H i gh Speed Adapte r (HSA ) reg i s te rs and  s h i fts 

the data to the comp ute r i n  a 1 2- b i t  para ll e l  mode . 

The o utput  from the CP s ub system to the RTCC · i s s ent  from a compu te r  to 
the CP/RTCC i n  1 2 ..; b i t paral l e l form .  The HSA adapts the s i gna l  l e ve l  fo r com 

pati b i l i ty wi th outgo i ng l i ne s  and s h i fts th i s  data i n  ser i � l  fontl to  the 

t ran s fer swi tch . De pend i ng  upon wh i ch computer  i s  se l ected , two of  the  tran s 

fe r switche s i n  the RTCC  adapter a re i nh i b i ted  and the oth e rs are pe rmi tted 

to o utput  to the RTCC at a 8 1  � 6 kbps  rate . 

6 . 3  Computer Input Mul t i p l exe r/Subchanne l  Data D i s tri b uto r Adapte r 

The Compute r Input Mu l t i p l exe r/Subch anne l  Data D i s tri b u tor  ( C IM/SDD ) 

adapte r i s  u sed  to i n te rface th e CP s ubsystem wi th the Compute r  D i s p l ay Con trol 

I nte rface Subsys tem ( CDC I S ) . The C IM/SDD adapte r i s  s i m i l ar to  the CP/ RTCC  
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adapte r .  The C IM/S DD adapte r , act i ng  as an i n put  dev i ce , d i rects requests 

from the CDC I S  to the CP s ub sys tem . These  requests a re i n i t i ated by F l i gh t  

Control l e rs ,  i n  the MOCR  and Staff Support areas , ope rat i n g  i np ut devi ces i n 

s tal l ed i n  the conso l e s . These  i n pu t dev i ce s are spec i a l  p u rpose i np u t  modu l e s  

as s oci ate d  wi th gene rati ng  a n d  tran s fe rri ng command l oads  a n d  rea l t i me commands 

to th e s pace c raft , vi a the MS FN . The adapter  accepts ser i a l  data from the C IM 

at a rate o f  2 . 4  kb ps an d s h i fts the d ata i n to the appropri ate CCATS compute r 

i n a 1 2 - b i t paral l e l  form .  

The C I M/SDD adapte r ,  act i ng  a s  an o utput  devi ce , sends  data to the ODD/ 

SOD , hence to the DOD of the CDC I S . Data output  from the  CCATS compute r i s  

re ce i ved i n  1 2 - b i t p a ral l e l form by th e C IM/SDD and s h i fted to th e DDD/SDD  i n  

se ri a l fo rm .  

6 . 4  Commun i cati on s , Command  and Te l emetry Sys tem ( CCATS ) Genera l  Des cri pt i on 

The CCATS i s  the commun i cati ons data proce s s i ng sys tem wh i ch p rovi des the 

i n te rface between MCC and o uts i de d ata  c i rcu i ts of MS FN . 

CCATS te rm i n ates outs i de data ( non vo i ce ) c i rcu i t s and proces s e s , re co rd s  

an d rou tes  i ncom i ng  a n d  outgo i ng  TTY , h i g h s peed ( HS )  a n d  wi de b and  ( WB )  data . 

Th i s  i n c l ude s  normal  mes s age  rout i ng , decommutati on  of HS te l emet ry  data  and 

s pec i a l  i n p ut i n te rp retati on  an d formatt i ng functi on s re l ati ve to comman d  data . 

CCATS i s  a compute r or i en ted , re a l t i me proce s s i ng sys tem wh i ch decommu

tates and d i stri b ute s i n com i ng data  i nto RTCC , Conso l e Di s p l ays , a nd  vari ous 

mon i tori n g  de v i ce s .  CCATS a l s o  formats an d outputs  command data to G S FC for 

d i s tri b ut i on to the des i re d  remote s i tes . CCATS i s  compri sed  of the fol l owi n g 

majo r  components : 
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a .  Communi cati on Proces sor Un i t  

l . Mai n frame 

2 .  Memory 
(6 . 4 . 1 ) 

b .  Comm u n i cati ons Pe ri pheral s 

1 .  Pol ynom i a l  Buffe r Term i n a l  ( 6 . 4 . 9 ) 

2 .  Standard Commu ni c ati on s Subsystem ( S CS ) - p rovi des commun i cati on 

l i ne te rmi n al s and mu l t i p l exers wh i ch con nect commun i c ati ons  l i nes to the com

pute rs an d con ve rts se ri a l  commun i cati on data to para l l e l b i t form and vi ce 

ve rs a .  

3 .  Scanne r  Se l ec to r/Adapte rs - provi des th e i np ut/output adapte rs 

wh i ch a l l ows data to fl ow betwee n  CCATS and RTCC  and between CCATS and the 

C I M/SDD  I s .  ( 6 .  3 )  

c . On l i ne/Standby Swi tch i ng 

1 .  Peri phe ra l  Tran sfe r  Swi tch ( 6 . 4 . 5 )  

2 .  Sys tem Confi g u rati on Un i t  ( 6 . 4 . 6 }  

d .  P ro ce s s i ng and Con trol Peri phe ra l s 

1 .  CPU  Con s o l e ( 6 . 4 . 2 )  

2 .  Drums 

3 .  Servo s 

4 .  P ri n ter/Pun ch 

e .  CCATS Contro l  Conso l e s 

1 .  Command ( Fi gu re 6 E )  

2 .  Te l emetry I npu t Cons o l e  ( Fi gu re 6 E ) 

3 .  Track i ng ( Fi g u re 6 E )  

6 . 4 . 1 U n i vac  Compute r ,  Type 494 

Al l d i t i ta l  data route d th rough  CCATS i s  processed by one of the th ree  

Uni vac 494  compute rs . Normal l y , one  compute r s upports the m i s s i on , a s  th e MO C ,  

and one ope rates  as DSC .  Th e th ree Un i vac 494 (A , B ,  and C )  are 
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i nte rch ange ab l e v i a a System Confi g u rati on Un i t ( S CU ) . The A or B sys tem may 

be man ua l l y  sw i tche d  as the Dyn ami c Standby o r  MO C i n  the event  of  fail u re of 

e i the r sys tem . System C i s u s u a l l y u s e d  as an offl i ne computer fo r p rog ram 

checkout , debug , and  j ob - shop  ope rati ons . 

The 494 i s  stored prog ram , b i n ary compute r th at i s  des i gned to p roce s s  

l arge q u ant i t i e s  of data i n  b oth b atch pro ces s i ng and rea l t i me mode s . The 494 

conta i n s  a ran dom- acce s s  fe rri te core memory , contro l  sect i on , s torage se cti on , 

ari thmet i c se ct i on , an d reg i sters wh i ch are u sed  i n  the i n put/output proce s s i n g  

o f dat a . 

These  494 ' s  h ave fou r  norma l  i nput/ output channe l s  capab l e of  555  kbps  

an d  1 2  compati b l e  ch anne l s wi th t ran s fe r  rates of 250  kbps . The memory ca

pac i ty i s  1 3 1 ,  072  30-b i t  words  ( p l u s  a pari ty b i t for e ach h a l f word ) . Doub l e 

P re c i s i on ope rati ons  are pos s i b l e  by l i n k i n g  two 30-b i t  words v i a software/  

h ardware l og i c .  The 494 h as a memory cyc l e ti me o f  7 50 nanos e conds  and memo ry 

ove rl ap  pe rmi tt i n g  an e ffe cti ve cyc l e t i me of  375  nanoseconds . 

6 . 4 . 2  Commun i cat i ons  and Confi gurati on Conso l e  ( CACC )  

The CACC p ro vi de s l oca l  ope rator moni tori ng and con tro l of s e l e cted 1 1A 1 1  

and 1 1 B 1 1 system s oftwa re and h a rdware functi ons  app l i cab l e  to commun i cati ons  

an d CP s ub sys tem confi g u rati on . The CACC i s  a four- b ay cons o l e  con ta i n i ng the 

modu l es for mon i tor  an d con trol of the CP s ub system , two communi cati ons keyset  

un i ts . 

6 . 4 . 3 The Un i vac Un i s cope 

The 300 u n i s cope i s  a vi s ua l  communi cati on termi n al des i gned for app l i 

cati ons  wh i ch req u i re d i rect  ope rato r i n te racti on  wi th the cente ral compute r 
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( Un i vac 494 ) . I nformati on ge nerated  by the ope rator i s  d i s p l ayed on th e un i 

s cope pri o r  to tran smi s s i on to the compute r ,  s o  th at  the ope rato r  can make 

req u i re d  ch anges  or  ed i t  where neces s a ry .  Data transmi tted from the compute r  

i s d i s pl ayed t o  the ope rator fo r  i nte rpretati on an d u nderstand i ng . 

6 . 4 . 4  H i gh Speed Te l epri n te r  

The h i gh s peed tel epr i nte r moni tors requests  i n i t i ated from a manua l  

entry de v i ce and p ri nts o ut  the  compute r re s ponse . The h i gh s peed te l epr i n ter  

con ve rts d i g i tal l y  coded i n format i on i n to h a rd copy o utput . One h i g h  s peed 

te l ep ri n te r  i s  a s soc i ated wi th e ach compute r sys tem .  

6 . 4 . 5  I nput/Outpu t Tran s fe r  Swi tc h  ( l OTS ) 

The I OTS i s  u s e d  to swi tch  i n put  and output  ch anne l s be tween  the A and 

B compute rs an d the pe ri phe ra l  eq ui pmen t .  

6 . 4 . 6  Sys tem Conf i g u rati on  Un i t  ( SCU ) 

The SCU  provi de s the capab i l i ty for i nterch ang i n g  on  a g roup  b a i s s , any 

one of the  th ree g roups of peri phe ral  equ i pment . The SCU  con s i s t s  o f  s i x  p ro

g rami ng  system patch frames .  P re p atched  patchboards  are i nse rted i n to the se  

patch frames to  est�b l i s h t he  des i red confi g u rati on . 

6 . 4 . 7  Magnet i c Tape Un its ( MTU 1 s )  

The MTU 1 s  are u sed  for i n i t i a l  l oadi n g  of the ope rat i ona l  p rog ram i n to 

the compute r  and forl ogg i n g  data du ri n g  operati ons . The magneti c tape u n i ts 

are al so  used for magnet i c  core and d rum dumps . E ach compute r h a s  s i x  mag net i c  

t ape u n i t s , a cont rol u ni t ,  and  a t ape adapter cab i ne t .  Each u n it conta i ns 
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read amp l i fi e rs and wri te d r i ve rs for each  of  seven ch anne l s ,  re ad and wri te 

heads , an d the tape tran sport me ch an i sm .  

6 . 4 . 8  Card P roce s sor  

Th e card p roce s s o r  re ads i n format i on from card s  i n to the compute r memory , 

and p ri nts  o ut  i nformati on from core memory , d rum storage , an d magnet i c tape . 

E ach compu te r  h as a separate card proce s sor , wh i ch i s  a s e l fcon ta i ned  u n i t con 

s i s t i ng  of a h i gh s peed pr i nte r , a card re ader , a magnet i c core memory u n i t ,  a 

powe r s upp l y , and  a ma i n te n an ce pane l . 

6 . 4 . 9  Po l ynom i a l  B u ffe r  Te rmi n a l  ( PBT ) 
The PBT cons i s t s  o f  a common b u ffe r secti on and contro l  fo r two 50 . 0  KHz 

l i ne  te rm i n a l s th at are swi tch se l e cted to serve as  e i the r a se ri a l /paral l e l , 

o r  a paral l e l / s e ri a l  transmi tte r/ re ce i ver . I n  the tran smi t mode , the PBT b u f

fe r  accepts 5 6 7  data b i ts and 33 po l y-encrypted b i ts from th e compute r , v i a 

30 -b i t  paral l e l  trans fers , and  the n  transm i ts  th e 600 - b i t NASCOM fo rmat b l ock , 

b i ts s e r i a l , ove r  the 50 KH z MS FN l i ne . I n  the rece i ve mode , th e PBT re cei ves 

the 600 -b i t  b l ocks , b i t se ri a l  from the 50 . 0  KH z MS FN l i ne , pe rfo rms a po l yn o

mi al e rror  che ck , and i f  th i s  600 b i ts pass  the check , they are tran s fe rred , 

vi a 30-b i t  paral l el tran s fe rs to  the CP . I n  e i th e r  the transmi t or  re ce i ve 

mode , the PBT se l ectab l e  b u ffe r col l ects w i de band  data i n  b l ocks  of 240 , 600 , 

o r  1 200 b i ts and  encodes or  de code s  a 33  o r  22-b i t po l ynomi a l  code . 

6 . 4 . 1 0  Commun i cat i on L i n e  Te rm i n al ( CLT ) 
The CLT i s  a comb i ned  se r i a l / paral l e l da ta  converter ( for data to the 

494 ) or paral l e l / s e ri a l  data converte r  ( for data from the 494 ) . A l l l ow s peed 

CLT ' s  are 5 -b i t ,  and h i gh s peed or  wi de b and CLT ' s  are 6 ,  8 ,  1 0 ,  or  1 2  b i ts . 
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The CLT se rve s to e s t ab l i s h word f.ram i n g  of 'data accepted from and trans 

fe rred t o  se ri a l  commun i cati on l i n e s . Low s peed  CLT ' s  operate on the te l etype 

code ch aracte r  fram i n g  b a s i s .  For the i n put  h i gh s peed and wi de b and CL  T '  s , 

mes s age frami n g  i s  accomp l i s hed by synch ron i z at i on ch aracte r  re cogn i t i on or  

ready l i ne acti vat i on . 

Te l etype C i rcu i ts 

See Commu n i cati on s Chapte r  

6 . 5  Data Modems 

' The  303 G data modem ( AL DS/MS FC/MCC ) accepts s e ri a l  b i n ary data at the 

rate of  40 . 8  kbps . Th e d at a  i s  the n  conve rted to a ph ase-modu l ated carri er  

s i g n al i n  th e 60  to  1 80 KHz frequency for transm i s s i on ove r  wi de b and  fac i l i 

ti es • '  

At the  rece i v i n g  en d of  th e data  transmi s s i on sys tem , th e  li ne  s i g na l  i s  

demodu l ate d and th e ser i a l i zed d ata i s  de l i ve red to a connecti on  proces s i ng o r  

s to rage devi ce wi th a syn chron i zed  ti m i n g  s i g na l . 

• Th e 30 3C  d at a  modem ( 303 C )  i s  u t i l i zed  i n  the NASCOM (GS FC/MCC ) l i n k , fo r 

transmi s s i on o f  se ri a l ,  b i n a ry ,  syn ch ronous  po l e n crypted data ove r  1 1 g roup 1 1 

fac i l i t i e s . It i s  capab l e of  t ran sm i tt i n g  ove r  vo i ce b an dwi dth c i rcu i ts at  

50  kbps  an d syn ch ronou s mode s  of ope rati o n . The synch ronou s mode i s  u s e d  wi th 

syn ch ronou s  s e ri a l  e qu i pme n t  s uch as magnet i c tape un i ts , compu ters , etc . 

• The 2058  w i re l  i ne modem ( G S FC/ RS ) i s  capab l e of tran sm i tt i n g d i g ital  data 

over NAS COM vo i ce/ rate c i rcui ts  at 1 200 b ps , an d  2400 bps . The modem h as an 
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1 800  Hz carri e r  fre q uen cy an d emp l oys  synchron ou s  four-phase  modu l ati on at 

1 200 b aud regardl e ss of the da t a  rate . The data set  can be u sed  as  a fu l l 

dup l ex te rm i n al or  as a re gene rat i ve re pe ate r . As a term i n al d ata set , i t  

can ope rate at  any of the thre e  d ata rate s i n dependen t l y  i n  e i the r d i recti on . 

H F  Rad i o  Data Modem 

0The H F  Rad i o data modem ( Ste l ma Co rporati on Mode l  2400 ) cu rrent ly  used  by 

the  NAS COM network fo r tran smi tti n g  h i gh s peed  data  ove r  h f  rad i o c i rcu i t s i s  

b u i l t  to NASA Commun i cat i ons  Di vi s i on s pe c i fi cati ons . The modem cons i s ts  of 

a tran sm i tte r , two re ce i ve rs  fo r d i ve rs i ty ope rati on , and  a power s u pp l y . The 

transm i tte r accepts  a s e ri a l  syn ch ronous  d i g i ta l - data i n put  and phase  modu l ate s 

1 2 ,  6 ,  o r  2 Vo i ce - Freque n cy ( V F )  tone ch anne l s wh en ope rat i n g  at 2400 bps , 1 200  

b ps , or 600  bps , re s pe ct i ve l y .  The se to ne channe l s are s paced at 200 Hz i nte r

val s from 700 Hz  to 2900 Hz and are comb i ned wi th a 480 Hz  p i l ot tone to p ro 

du ce a compo s i te VF  output . The modu l ati on meth od i s  d i fferen ti a l y  cohe rent  

q uate rn a ry ph as e - s h i ft key i n g . 

6 . 5 . 5  Powe r an d Ai rcond i ti on i ng (MCC ) 

0 Powe r 

0Sys tem De s c ri pti o n  

The M C C  1 1 C '  powe r i s  de fi ned as  comme rci a l  power furn i s hed  b y  Hou s ton 

L i ght i ng and Powe r Comp any ( H L P C ) . ' 'A 1 1  power i s  h i gh l y  reg u l a ted , u n i n te rru pt

ab l e  powe r s u p p l i e d to  th e fo l l owi ng : RTCC , CCATS , FACS , M I TE , P CM , D/ TV , an d 

eme rgen cy l i g hts . 1 1 8 1 1  powe r i s  20 - s e cond  i n te rruptab l e  powe r an d i s  s uppl i ed 

to a l l l oads oth er  than th o se  requ i ri n g  1 1 A 1 1  powe r .  

p l i ed  t o  the e l e ctri ca l  s ub s tati on , Bu i l di n g 22 1 . 
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powe r to B u i l d i n g 48  ( Eme rgen cy Powe r B u i l d i n g ) . At Bu i l d i ng 48 , the 1 2 . 5  KV 

i s  s te pped down to 480 vol ts . Beyond th i s  po i n t ,  commerci a l  powe r be come s 

e i the r  " A" o r  " B " powe r .  ( See Fi g u re 6 - F . ) The " A" powe r po rti on energ i z e s  

moto r-gene rator s e t s  that p rodu ce 2 0 8  vo l ts for u s e  a t  equ i pme n t  pane l s i n  the 

MCC . The " B " powe r po rti on feeds  s te pdown transformers  i n  the MCC , wh i ch p ro

vi de 208 vol ts  fo r use i n  the equ i pme nt  pane l s .  

• c - P owe r 

The s ubstat i on ( B u i l d i n g 22 1 ) i s  fed by two HL PC  gene rat i n g  s tat i on s , 

Webster  an d S an Be rton . S hou l d o ne o r  the oth e r  fa i l , the remai n i ng s tati on 

cont i n ue s  to fu rn i s h  powe r .  From th e s ub s tati on , two 1 2 . 5  KV feede rs fu rn i s h  

powe r t o  B u i l d i ng 48 . S hou l d e i th e r  feeder fa i l , t h e  oth e r  i s  capab l e of  

carry i n g  the  ful l l oad  of the  MCC . 

•A- Powe r 

Duri n g  m i s s i on pe ri ods , a 350 KW d i ese l -gene rator i s  ope rate d  para l l e l 

( equa l l y  s h ari n g  the l oad ) wi th each moto r-generator . Shou l d  comme rci a l  powe r 

fa i l , the  d i e s e l  gene rators wi l l  b e  synch ron i zed and carry the ful l l o ad for

me r l y  be i ng carri ed by comme rc i al powe r .  

• B -Powe r 

Duri ng m i s s i on pe ri ods , two 1 3 60 KW d i e s e l -gen e rators are p rog rammed to 

s ta rt automat i cal l y  i n  the e vent  of the l os s of  the commerc i a l  power .  W i th i n  

20  s e con ds , b oth d i e s e l  generators wi l l  be  synch ron i zed and carry th e fu l l  l oad 

be i ng carri ed by comme rci a l  powe r .  
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° Coo l i ng Towe r Water 

The primary source of coo l i ng water i s  the  s ame as domes ti c water for 

MCC and i s  p i ped i n to Bu i l d i ng  48 on  a l oop . A 5 ,000 ga l l on tanker parked i n  

the  re a r  of  B u i l di ng 48 i s  used as  b ackup  i n  case  of fai l u re of the dome s ti c 

wate r  sys tem . 

0Ai r Cond i t i on i ng Sys tem 

0System Des cri pti on 

The MCC con tai n s  e l ectron i c e q u i pmen t  th at must  be coo l ed  e i the r  by 

amb i e n t  a i r or forced a i r .  Amb i en t  a i r i s  s up p l i ed by overhe ad u n i ts , s e parate 

from ch i l l ed wate r and steam are b oth p i ped from B u i l d i ng 24 . On each fl oor  

of  B u i l d i n g  30 , the  ch il l ed wate r an d ste am pas s th rough se parate sets  of  

coo l i n g  and h e at i ng co i l s .  B l owe rs fo rce a i r o ve r  t he  co i l s  at rates cons i s 

ten t  w i th  the total  C FM demand ; down s t re am con tro l l ed mi x i ng then takes  p l ace 

to mai n ta i n p rope r- tempe ratu re and h umi d i ty .  

° Ch i 1 1  e d  Wate r  

The pr imary source o f  ch i l l ed wate r i s  Bu i l d i ng 24 . Ch i l l ed water  i s  

p i ped to the MCC  o n  a l oop  s o  that an a l te rn ate rou te may be used  i n  the event  

a p i p i ng  fa i l u re sh ou l d occu r .  

Two 700 ton chi l l ers  l ocated i n  B u i l d i n g  48 serve a s  b ackup  to Bu i l d i ng 

24 . I n the event  B ui l d i n g  2 4  i s  u n ab l e to su pp l y  ch i l l ed wate r , e i the r  of 

the se  700 ton ch i l l ers c an be b rou ght  on - l i ne .  The oth e r  u n i t wou l d the n  s erve 

as b acku p to th e fi rs t . 
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6 . 7  Remote S i t e  ( H a rdwa re ) 
6 . 7 . 1 Data Tran s m i s s i on U n i t ( DTU ) 2 0 0 8 , 2 0 1 0 an d  4 0 2 4  

T h e  DT U p ro v i de s  com p u t e r  con t rol l e d b i d i re c t i o n a l  i n te rface b e twee n  t h e  

64 2 - B  an d  t h e  h i g h s pe e d  d a ta l i n k . T h e  DTU c a n  p ro v i de 8- o r  1 0 - b i t  p a ra l l e l  

t ra n s fe r  betwe en i ts e l f an d  t h e  RS C C/ RSTC . The t ra n s fe r  rate i s  de te rm i n ed by 

the c l o ck s i g n al s p ro v i de d by th e 205 B  m o dem s . The DT U h a s  a c a p ac i ty o f  

80 , 000 b ps , w i th adj u s tmen t . An ad d i t i o n a l  fu n c t i on o f  the DTU i s  t o  pro v i de 

the RS C C  w i t h  Gre e nwi ch Mean T i me ( GMT ) to the ne a re s t  s e co n d . 

6 . 7 . 2  D i g i t a l  Dat a D i s t r i b ut i o n Sw i t ch b o a rd ( 1 29 9  S / B ) 
The 1 2 9 9  S / B  i n te rcon n e c t s  e q u i pmen t o f  the com p u te r  c om p l e x . The 

s w i tch b o a rd p ro v i d e s  a me an s of m an u a l l y  ch ang i n g  the sys tem c o n f i g u ra t i on . 

The s w i t ch i n g fu n ct i o n i s  e as i l y  pe rfo rmed t h rou g h  t h e  1 29 9  S / B  by t h e  u s e  o f  

m u l t i p l e sw i t ch e s , th e re by a vo i d i n g e x t en s i v e  w i r i ng mod i fi c a t i o n . 

6 . 7 . 3 I n te rface Sys tem Ad apte r ( I SA ) 
Th e I SA i n cl u de s  t h e  Du a l  GMT Bu ffe r an d th e CAM A d a p te r .  T h e  Du a l  GMT 

B u ffe r i n p ut s  GMT from t h e  s i te t i m i n g  sys t em to th e 6 4 2 B  RS C C / RSTC . The CAM 

Ad a p te r a p p l i e s swi t c h  c l o s u re i n fo rm at i o n  to t h e  c om p u te rs a n d  i n d i c a to r  o u t 

p u t s  to t h e  CAM keyb oa rd s . 

6 . 7 . 4  Compute r Add re s s  M a t r i x ( CAM ) 
Th e CAM i s  a fi ve by fi ve m a t r i x u s e d  fo r o n s i te i n p u t s . The CAM s e rve s 

a s  an i n p u t  re q u re s t  de v i de t o  the  RS C C  a n d  RST C . Comm a n d  CAM a re c l a s s i f i e d  

i n  th ree c ateg o r i e s : ( l ) comman d u p l i n k i n p u t s , ( 2 )  c omm a n d  mo de i n p u t , a n d  

( 3 ) command re l a te d  fu n ct i o n  i n p u t s . A u n i q ue c ommand CAM i s  re q u i red i n  o rde r 

t o  s e l e c t  e a ch comm a n d  mode a n d  comm a n d  rel ate d fu n ct i on . 
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6 . 7 . 5  6428 Compu te r 

The 6428  compute r i s  a gene ral pu rpose , s to red  prog ram , d i g i ta l  comp ute r .  

I n te rna l ope rati ons  o f  the compu te r  are prefo rme d i n  a paral l e l mode u s i ng 

1 1 0 ne • s  comp l emen t ,  . .  b i n ary n umbe r notat i ons . B i n ary c a l cu l ati ons and l og i cal  

tran s l ati ons  a re stat i c ;  and on l y  the re s u l ts ( i n the form of ar i thme ti c re 

s u l ts an d con tro l  t i m i ng ) are cl ocke d . The computer word con s i st s  of  30  b i ts , 

wi th most  ope rati ons  pos s i b l e  on h a l f wo rds as  we l l a s  on who l e  words . S i n g l e 

add re s s  l og i c i s  used  i n  the fo rmat . The memory secti on cons i st of th ree b as i c  

memori e s : 

. Mai n Memo ry ( de s tru cti ve readout  co re s torage ) 

. Control Memory ( de s t ru ct i ve re adout th i n  fi l m  s to rage ) 

. Boots t rap ' Memory ( nondestructi ve re adout trans forme r con tro l l ed sto rage ) 

The ma i n memory conta i n s  34 , 608  add re s s ab l e s to rage l ocat i on s wi th a 

cycl e t i me i n  n ano seconds . Prog ram i n s tru cti ons  and cons tan ts a re s to red  i n  

the ma i n memo ry . The con tro l memory , cons i s t i ng  o f  1 2 8 s to rage l o cati on s w i th 

a cyc l e  t i me i n  n an oseconds , i s  u sed  pr i mari l y  for I / D  functi ons  and fo r i ndex 

i n g . The boots t rap memory provi ded storage for two 32 -wo rd g roups , e ach of  

wh i ch con ta i n s a p rogram l oad ro ut i ne ,  and on l y  o ne of  wh i ch can be u sed  at  a 

t i me .  

Compute r i n put and Output ( I / 0 )  i s  fu l l y bu ffe red , e l i m i n at i ng  i n te r

fe re n ce of  the ma i n  pro ce s s  of I /0 o pe rati on s .  The re are 1 6  I / 0  ch an ne l s ,  p l u s 

p ro vi s i on s  for 8 1  u n i que i n te rrupts . 

6 . 7 . 6  I n te .r Compute r ( I C ) 

The I C  s ubprog ram contro l s the f l ow of  data betwee n the RSCC , RSTC and 

sets  u p  a fl ag i f  data i s  va l i d  fo r s ub sequen t acti v i t i e s . 
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6 . 7 . 7  Magnet i c Tape Un i t  ( MTU ) Type 1 540/ 1 54 1  

The MTU  i s  a large capaci ty ,  med i mu s peed , magneti c tape s to rage system 

cap ab l e o f  e i the r  rece i v i n g dat a from a computer  and record i ng i t  on a magneti c 

tape , o r  c a l l i n g up  data  from memory ( re t ri e v i n g ) i nformati on  prev i o us l y  re 

corde d on tape and tran s fe r ri ng  i t  to a compute r .  

6 . 7 . 8  Te l etypewri ter Adapte r ,  Type 1 259  ( C I T  68 ) 

The 1 2 59 tel etypewri te r cons i s ts  of  a tel etypewri ter s et , Mode l ASR 28 , 

and a Type 1 259 te l etype adapte r . The ad apte r modi f i es data to p rovi de com

pati b i l i ty between  the compute r  and th e te l e typewri ter u n i t .  The te l etype 

wri ter i s  an e l e ctrome ch an i ca l  apparatus wh i ch se rves a s  a se l fcon tai ned mes 

s age o ri g i n at i n g an d re ce i v i ng cente r .  

6 . 7 . 9  I npu t/ Output  Cons o l e ,  Type 1 23 2  

T h e  1 2 3 2  I n put/Output  ( I /0 ) cons o l e pro v i des the 642 8 wi th an i n pu t/ 

output devi ce . Th e I / 0  con s ol e con s i st s  of  keyboard , pr i nte r ,  pape r  tape 

re ade r an d pu n ch , the l og i c c i rcu i t ry ne ces s a ry to con trol the above un i ts , 

con trol p ane l , and powe r s u pp l y  as semb l y .  I nfo rmati on  th at  i s  e i th er man u al l y  

i n put  a t  the  keyboard o r  re ad from pun ched tape by . th e tape reader , i s  app  1 i ed  

to the compute r .  The compute r output  t o  the 1 2 3 2  i s  e i ther  pri nted o n  a page 

pri nter  or output  as p re fo rate d tape . 

6 . 7 . 1 0  Un i fi ed S - B an d  Sys tem 

The Un i fi ed S - b and  sys tem p rov i des  tracki n g , rang i ng , command , 

te l emetry , and vo i ce commu n i cati ons . The  sys tem u s e s  separate s i ng l e  tran s 

mi tt i ng and rece i vi ng carri e r  fre q u en c i e s . · The  g rou nd-to-s pacec raft l i n k  
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642B Computer Channel As s ignment 

r- Mi L
-

O N LY , I  

6428 NO. I ( CMD )  

PCM 2 

P C M  3 

PC M 4 
* *  

6 42 8  NO. 2 ( TL M )  

I . C M D  I �!jsYS A OII B I 
� - - - � �--------------------------------------------------------� 

* Also used for c losed loop testing 
* * For stations w ith four PC M decoms 

* * *A s t an dard t e letypewrit e r  witu a duplex adapt er t o  int e r face with the CMP 

Fi g u re 6 !  
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( up l i n k )  cons i sts  of vo i ce , d i g i ta l  comman d  data  and rang i ng s i g n a l s .  I n fo r

mati on i s  modu l ated onto the  S - b and carri e r  by a compos i te of  a voi ce s ub car

ri e r ,  a d i g i t i a l comman d  s ub carri e r ,  an d a range code . 

I n  the s pace craft t rans pon der , the s ubcarri ers  are extracted  from the  

RF carri e r  and de tected to  re cove r th e vo i ce and command i n fo rmat i on .  Th e 

range code i s  detecte d  and tran s l ated to a v i deo s i g na l . Voi ce an d te l eme try 

data to be transmi tted from the s p acecraft a re modu l ated onto s ub carri e rs , com

b i ned wi th  the v i deo range co de , and u sed  to ph ase -modu l ate the s pacecraft-to

g round  { down l i n k )  carri e r  frequency .  

The u p l i n k and downl i nk ca rri er  freque n c i e s  are cohe rent l y  re l ated to 

pe rmi t determi n at i on of range and ran ge rate by compari s on  of the u p l i n k  and 

down l i n k  ran ge co de . Th e t ran s ponde r can a l s o  be fre q ue n cy-modu l ate d  fo r the 

tran smi s s i on o f  te l ev i s i on i n fo rmat i on or re corded data . A s h o rt synops i s  of  

each of  t he  sub sys tems wi l l  be  i n c l uded . A l i s t  o f  USB sys tems i s  prov i ded i n  

Tabl e 6 - 1 , and a USB b l o ck d i ag ram i n  F i g u re 6 -J . 

6 . 7 . 1 0A An te nn a Sys tem at Remote S i tes  

The  s teerab l e ,  S -b and an te nn a  p rovi de s d i recti o n a l  g a i n  for both  the  

tran smi tti n g  and re ce i v i ng  fu ncti o n s . Th e an tenna  system i s  d i v i ded i nto fou r  

fu ncti ona l  s u b systems : antenna  s tru ctu re , hydra u l i c  s ubsys tem , servo s ub system , 

and a i rcondi t i on i n g  s u b system . The an tenna  stru ctu re s u ppo rts parabo l i c  re 

fl e cto rs wi th a q u adru ped s up po rt fo r a secondary refl ecto ry of  the Casseg ra i n  

fee d as semb l y .  Th e an tenna i s  pos i t i oned , th rou g h  gears by the hydrau l i c  s u b 

sys tem . A tran s i s tor i ze d  e l e ctroni c servo sys tem remo te l y  contro l s the opera

ti on o f  the  hydrau l i c  s ubsys tem . Pos i t i on e rror s i gn a l s are app l i ed to the 
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USB Systems 

System Subsystem or Equipment 

Antenna systems Antenn a structure 
Hyd ra u l ic subsystem 
Servo subsystem 
A i r-condit ioning subsystem 

X - Y  
AN TE NIIA 

Acquis i tion systems Acqu i si ti on zone se l ect i on equipment 
Acquis it ion antenna 

AND 
CASSEGRA I M  

FEE D 

Con trol data systems A n t e n n a  posi ti on p rogram mer ( A P P )  
X- and Y -shaft encoders 
Tracki ng data processor ( TOP ) 

RF system Cassegra i n feed system 
Paramdric amplifier 

-----
Power ampli fier 
H i gh-power combi ner ( 8 5 -foot stations ) 
Verification system 

...-. - / I X A X I S  I / SII A F T 
ENCODER / 

Receiver/ exciter system Receiver 
Exciter 

Uplink system Upd ata buffer modem l 
Subcarrier osc il l ator I 

R angi n g  system Recei ver, ex ci ter, and d i gi tal ranging ( RER ) subsystem l X A X I S  
MOTOR  

· · -

S ignal data demodulation system ( SODS ) Carrie r  frequency dem odul ator 
PCM te lemetry data d emodulator 
Voi ce and b iomed i cal data demodulators 

-
Apollo ti m i n g  system Preci s i o n  freque ncy s tandard 

Time conversion and s ignal  distribution circuits 
WWV receiver 
VLF receiver 
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s e rvo s u b system from e i the r a manua l  con tro l , a programme r ,  a s can gene rator 

o r  track i ng rece i vers . A s pe c i a l l y  de s i gned  a i rcon d i ti on i ng sys tem ma i n ta i n s  

des i rab l e amb i en t  temperat u re co ndu c i ve to cont i nuous  operati on  o f  th e antenna ' s  

mec h an i cal  componen ts . 

6 . 7 . 1 08 Acqu i s i t i on System 

The acqu i s i t i on sys tem con s i s t  of acqu i s i t i on zone  s e l ecti on  equ i pme nt  

an d an acqu i s i t i on antenn a .  The  sys tem i n i t i a l l y  l ocates the s pacec raft and  

accomp l i s he s rapi d ,  automat i c ,  two-way carri e r  l ock dur i ng a s pace craft pass . 

The acqu i s i ti on zo ne s e l e cti on  equ i pment  i s  the me an s for offsett i ng  

no rma l and ope rati on  freq uenc i e s of  g round  transm i tti ng  an d rece i v i ng equ i pment  

to  compen s ate fo r dopp l e r  fre q uency s h i ft ca used  by  a componen t of  rad i a l ve l o 

ci ty between the g round  equ i pmen t and th e s pacecraft transponde r .  

Control s for the z o ne s e l ecti on  eq u i pmen t  a re l ocated o n  the acqu i s i 

ti o n  con tro l  pane l a nd the exci te r con tro l  pane l . Acqu i s i t i on contro l  pane l  

funct i on s  re l ate pr imari l y  to se l ecti on  and  app l i cati on  o f  zone  fi xed b i as .  

E xc i te r  con trol  fun cti ons  w i th re s pe c t  to acqu i s i ti on con trol  re l ate p rimari l y  

to s e l e ct i on and app l i cat i on o f  a sweep  b i as . 

Fo r the 30 - foot USB  an tenna s , the  acqu i s i t i o n  i s  a 42 - i nch  d i ame ter 

parabo l o i d wi th a beam wi dth o f  approx i mate l y  1 0  deg rees . For th e 85 - foot USB  

an tenn as  the acqu i s i t i on an tenna  i s  a 74 . 5  i n ch d i ameter parabo l o i d  wi th  a be am 

wi dth o f  approx i mate l y  5 deg rees . 

6 . 7 . 1 0C Cont ro l Data System 

The An te n n a  Pos i ti on  P rog rammer ( APP ) p rovi de s ante n n a  X - Y  s te e r i n g  

s i g na l s b y  compari n g  the actua l  pos i t i on wi th a p rede te rm i ned  ( c ommand ) i n put  
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an d pro vi d i ng an anal og output  porporti ona l  to the i r  d i ffere n ce . The APP re 

cei ves accu rate X- and Y- axi s po s i t i ona l  i n format i o n  from an g l e  en code rs wh i ch 

de ri ve the i r i n puts from reso l vers mou n ted on  two axi s of the a ntenna . 

The an tenna i s  capab l e o f  track i n g  i n  s even d i fferen t  mode s . Th ree 

o f  these modes u s e  the APP : autotra ck , prog ram , an d au tomati c prog ram . I n  

the autotrack ( pr i me ) mode , th e d ata  i s  compare d  wi th the actu a l  an tenn a pos i 

ti on and any d i fferen ce i s  s tored i n  the APP fo r u s e  d uri ng  the next peri od of  

prog ram ope rat i on .  I n  the porg ram mode ( used for acqu i s i t i on and b ackup } , the 

e rror s i gn al s fo r b oth an tenna  ax i s  are gen e rate d by the  APP as  a functi on of  

t ime an d s upp l i e d to th e s e rvo sys tem . I n  the automat i c program mode , a s ummed 

s i gna l ( RF  and prog ram ) dri ve s the an ten n a . 

• x- and Y - Shaft En coders 

The an tenn a pos i t i on  encod i n g  s ub sys tem rece i ves two me ch an i cal  i n puts  

re present i ng  the X- ax i s and Y - .ax i s ang l e s o f  th e antenn a .  

Two prec i s i on se rvos o n  ea ch axi s re pe at  th e X- an d Y - axi s i nputs  and 

po s i ti on th e encode rs corres pond i n g l y .  The rea l  an g l e output i s  conve rted 

i n to b i ts of  d i g i tal  data i n  b i n ary fo rm . B i n ary data , re p resent i ng th e antenna  

po s i t i on ,  i s  s t robbed ten t imes  per  se con d by th e APP  and i s  u s ed to  compute 

an te nn a s teer i ng  s i g na l s .  

Tra ck i n g  Data Proce s s o r  ( TOP ) 
Re fe r to Track i n g Network  Confi g u rati on ,  page 
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6 . 7 .  1 0 0 RF Sys tem 

• ca s segra i n Feed Sys tem 

The Cas s e g ra i n  sys tem con s i sts  of a feed  as semb l y  pos i t i oned  at the  

cente r  of  the mai n an te n n a  refl e ctor . ,  a s u brefl ector pos i t i on ed near  the  foca l  

po i nt of  the ma i n an te n n a  re f l e cto r ,  and a transmi s s i on fi l ter l ocated in  the  

wave gu i de path between the transm i tte r and d i pl exe r . R F  energy from the wave 

gu i de i s  rad i ated from the feed as semb l y  to the s ub ref l ector; refl e cts the energy 

to the  mai n refl ecto r  s u rface , wh i ch i n  turn refl ects the  ene rgy i n to  s pace . 

e P arame tri c Ampl i fi e r  

Low-no i se parame t ri c ampl i fi e rs { paramps } are empl oyed between  th e 

ante n n a  fee d  sys tems and  th e s um ch anne l of  the rece i ve rs to prov i de  s i g n a l  

amp l i fi cati on wi th m i n imum n o i se . The amp l i fi e r  i s  o f  so l i d - state des i gn .  

The re a re two types : coo l ed and  u n cal l ed .  The c oo l e d  paramp i mp rove s sys tem 

sens i t i v i ty by 2db ove r th a t  of  the u n cal l ed pa ramp . Al l MS FN s tati ons  h ave  

o ne  u n coo l ed paramp con nected to  the  ma i n antenna  and another  paramp connected  

to t he  a cq u i s i t i on antenn a .  The fo l l ow i n g  s tati ons  h a ve a coo l ed p aramp 

avai l ab l e for use w i th  the ma i n ante n n a : GDS , MAD , HS K ,  HAW , GWM , CRO , ACN , 

and the NT&T F at GS FC . 

• Powe r Ampl i fi e r  

The powe r amp l i fi e rs at  USB g round  s tati on s con s i s t  of  a k l ys t ron 

h i g h - p owe r amp l i fi e r  an d i t s as soc i ated powe r s upp l i e s , con tro l s ,  p rotecti ve 

devi ces , and cool i n g  u n i ts . Th e k l ystron  i s  a water  coo l ed , fi ve -cav i ty tube 

tu nab l e over  a freque n cy range of 2090 to 2 1 2 0  MHz . I t  i s  capab l e  of  ove r 20 -

kw con ti n uou s  output  powe r wi th a m i n imum 1 0- MH z bandwi dth . Th e wi de b andwi d th 
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pe rmi ts s i mu l taneou s amp l i fi acti on o f  two s i gn al s 5 MHZ apart . Whe n  u sed  fo r 

th i s dua l - type transm i s s i on , h owever , th e outpu t  at  the 30 - foot  stati ons  mu st  

be re duced  to prevent  exces s i ve i n termodu l at i on d i s torti on . At t he  85 - foo t 

s ta ti ons , there a re two 20 - kw powe r amp l i fi er s  and a h i gh  powe r comb i ne r  th at 

pe rmi ts tran smi s s i on at fu l l  powe r .  

The o utput o f  the k l ystron i s  cou p l ed by ri g i d  and f l ex i b l e  wavegu i de 

to the antenna  feed  system . 

e H i gh  Powe r Comb i ne r 

At each of  the  85 - foot st ati ons , a h i gh powe r comb i ner  i s  provi ded 

for  du a l  20 - kw tran smi s s i on wi thout  i n te rmodu l at i on  d i s to rti on . 

• ve ri f i cati on  System 

The ve r i fi cati on  sys tem mon i to rs the RF output o f  th e powe r amp l i fi e r . 

The sys tem comp ri se s  a ve ri fi cati on rece i ve r  a nd s u b carri er  demodu l ators . 

The re c i e ver accepts  an d demodu l ates the h i gh  l eve l  phase modu l ated  

RF  carr i e r  from a d i recti ona l  coup l e r  l ocated i n  the  feed assemb l y  to the  USB 

t ran smi t anten n a . The re ce i ve r  output  i s  fed to the  s ubcarri er  dem odu l ators . 

The s u bcarri e r  demod u l ato rs re ce i ve th e vi de o o u tpu t  o f  the rece i ve r 

and demodu l ate the two sub carri ers  ( cen te r  frequen c i e s  o f  30  kHz  and 7 0  kHz ) 
p resent  i n  the  v i deo .  Each  s ubcarri e r  channe l  o u tput d ri ves  a dua l - l i n e dri ver  

ampl i fi e r  wh i ch p rov i des  two b al an ced 600 -ohm outputs . · The 7 0  kHz  demod u l ator 

o utput i s  app l i ed to the u pdata buffe r fo r comman d ver i fi cati on . The  30  kHz  

demo du l ato r  outpu t i s  p rovi ded fo r vo i ce veri fi cati on . 
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6 . 7 . 1 0 E Re ce i ver/Exc i ter Sys tem 

The re cei ve r/exc i te r  system provi de s  ph ase modu l ati on of u p l i n k carri e r  

wi th voi ce , CMD , and rang i ng s i g na l s wh i l e  demodu l ati n g  the space craft downl i nk .  

Th e  modul a ted up l i nk s i g n a l  i s  mu l t i p l i ed i n  frequency a nd u s ed to dri ve the 

powe r amp l i fi e r .  The d ownl i n k s i g n a l  i s  demodu l ated i n  rece i ve r  po rt i on  to  

provi de a b road b aseban d  s i g nal con ta i n i n g  vo i ce an d te l emet ry i n fo rmat i on to  

the s i g na l  data  demodu l ato r and rang i n g i nformat i on to the MARK 1 rang i n g sys 

tem . 

6 . 7 . 1 0F Upl i n k  Sys tem 

The up l i n k s i gna l s ( g ro und-to-s pacec raft ) con s i s t of vo i ce , CMD data , 

an d ran ge code . The s e  th ree types of  i n te l l i gen ce are , ph ase -modu l ate d onto 

the S -band  carri e r .  The b as i c  compone n ts o f  the u p l i n k sys tem are the updata 

b u ffe r , s ubcarri er  os c i l l ator , and exc i ter subsys tem . 

•updata  Bu ffer 

The updata bu ffer i n te rfaces the c ommand data  proce s s o r  (modi f i ed 642 B  

comp ute r )  wi th  U S B  Subcarri e r  O s c i l l ator  { SCO ) o r  the U HF  command transm i tte rs . 

I t  ope rate s i n  s i mu l taneous  t ransmi t and rece i ve modes . Paral l el d i g i tal  data  

from th e compute r i s  con ve rted to a se r i al  Phase  Sh i ft Keyed ( PSK )  aud i o s i g n a l  

and app l i e d  t o  t h e  s e l ecte d  RF  e qu i pmen t  for transm i s s i on t o  s pace veh i c l es . 

I n  the  rece i ve r po rti on , PS K aud i o s i g nal s from th e veri f i cati on sys tem are 

demodu l ate d and recon s t ru cted i n  d i g i t a l  format  and the n  fed back  to the  c omp u 

te r .  
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0Sub carri e r  Os ci l l ator 

The s u b carr i e r  o s c i l l ator sys tem con s i s ts of a mode swi tch i ng amp l i fi e r , 

a 30 kHz VCO , a 70 k Hz VCO , an d a l i ne - dr i v i n g  amp l i fi e r . Th i s  sys tem fre 

q uency mu l t i p l exes voi ce and d i g i tal  data i nputs  for app l i c at i on to the ex c i te r .  

Vo i ce i nput frequenc i e s  between  1 00 H z  and 3 kHz  are appl i e d  a s  modu l ati ng 

s i gn a l s to the voi ce s ubcarri e r  os c i l l ator  to p roduce an FM o utp ut wi th a cen te r  

freq uen cy o f  30 kHz . Command data from the u pdata b u ffe r i s  used  to freq uen cy

modu l ate a s ub carri e r  o s c i l l ato r of  70  kHz . The mode se l ecti on netwo rk p rovi des 

s ubcarri e rs at the vol tage l e ve l s req u i red fo r e i ght  d i ffe ren t  modes of ope ra

t i on .  A b ack up  vo i ce mode i s  de ri ve d by modu lati ng the 70 kHz s ub carri er wi th 

vo i ce .  

6 . 7 . 1 0G Ran g i ng  Sys tem 

The rang i n g sys tem ( rang i n g re ce i ve r , exc i te r ,  and  d i g i ta l  rang i n g  

s ubsys tem ) p rovi de s data wh i ch y i e l ds the i n s tan taneous  range between  the Apo l l o  

s pace craft an d the gro und s ta ti on . The Re ce i ve r/ Ex c i ter/ Ran g i n g ( RER )  sys tem 

pe rmi ts de te rm i n ati on o f  ran ge up to  800 , 000 km . Th e d i g i ta l  rang i n g me th od 

h as an accu ra cy of �1 5 me te rs . 

6 . 7 . 1 0 H S ignal Data Demodu l ati on  Sys tem ( S ODS )  

Vo i ce and te l eme try data are tran smi tted from the s pacec raft o n  modu 

l ate d s u bca rri e rs . Some of  the se  s ubcarri e rs an d th e v i deo  rang i ng s i g n a l s 

ph ase modu l ate the down l i n k carri e r  freq uency . Other te l emetered i n formati on 

i n c l udi ng voi ce , data , an d te l ev i s i on s i g na l s may be  frequen cy modu l ate d on to 

a down l i n k ca rri e r .  
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Demodu l at i on i s  accomp l i s hed  by the S ODS , wh i ch rece i ves i t s i n put from 

e i the r the ma i n or the acq u i s i ti on re ce i ve r  v i a the tel eme try ch anne l re cei ve rs . 

The  S ODS demodu l a te s  two type s of  s i g n al s :  a 50 MHz FM carri e r  and a v i deo 

s i g n a l  ( 1 0  Hz  to 1 . 5 MHz ) der i ved from a PM carri e r .  

Both the FM carri e r  and the v i deo s i gn a l s may ,  conta i n  vo i ce ,  P C� and 

b i ome d i cal data modu l ated on s ub carri e rs .  I n  d i ffe ren t transmi s s i on modes , 

the FM carri e r  i n pu t  may contai n s p ace craft te l ev i s i on v i deo modu l at i on  or  

sc i e n ti fi c d ata s u b carri e rs wh i l e the  PM  b aseband  s i g n a l  may contai n vo i ce 

mo du l at i on or eme rgen cy co n ti nuous  wave keyed s i g n a l s .  The 50 MHz FM i n put  i s  

routed to the fre q uen cy demodu l ator wh i ch i n  t urn feeds  a re corder  o u tput , an 

i s o l ati o n  amp l i fi e r  and fi l te r  ( te l e v i s i on ch an ne l ) ,  the vo i ce an d b i omed i ca l  

data demodu l ator , a nd  th e P CM demod u l ator .  The v i deo i n put from t he  U SB  re 

ce i ve r  i s  app l i e d to a separate voi ce and b i omed i ca l  data s u bcarri e r  demodu 

l ato r ,  P CM te l eme try demodu l ato r ,  and the eme rgen cy key demodu l ator ( 85 - foot 

antenna  stat i ons  o n l y ) . Al s o  dete cted i n  th i s  ch an ne l  i s  b ackup  vo i ce i n fo r

mati on . The te l emetry s ubcarri e r  demodu l ators and th e voi ce and b i omed i cal  

data s u b carri e r  demodu l ators o f  the PM and FM ch anne l s  are i denti cal . 

6 . 7 .  l O I Apo l l o  Ti m i ng Sys tem 

The  Apo l l o  t im i ng  sys tem accepts i n puts from a s tandard frequen cy 

os c i l l a to r  emp l oy i n g  an atomi c refe re n ce standard and de ri ve s from the  fre

q uen cy s tan dard a l l th e t ime s i gn a l s req u i red by a S -b an d  track i ng fac i l i ty .  

The sys tem emp l oys two i dent i ca l  t i me s tand a rd s  p l u s  common ti me con vers i on 

an d  s i g n a l  d i str i b ut i on ci rcu i ts ; a l s o  i nc l uded i s  a t i me ca l i b rati on fac i l i ty 

empl oy i ng  a WWV re ce i ve r ,  a VL F re ce i ve r ,  and a LORAN - C .  
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6 . 7 .  1 1  Di g i tal  Data Format te r ( DDF- 1 3 ) 
The DDF- 1 3 ( refe r  to Fi g ure 3- D ) i s  b a s i ca l l y a te l eme try syn ch ron i ze r  

an d data formatte r .  I t  re ce i ves the PAM/ FM/ FM te l emetry data from s ubcarri er  

di s cri m i n ato rs ; syn ch ron i zes  ope rati on  on the data  wi th pu l se  rate , ma i n frame 

and s ubframe , an d  gene rates and fo rmats d i g i ta l  outputs for the RSTC . 

6 . 7 . 1 2  Lan d Based  C-Band Radars 

The C -b and track i n g equ i pment  us e d  i n  the MSFN can be s ummari zed  as 

membe rs of a fam i l y  o f  h i gh accu racy , l ong  range , amp l i tude - comp ari s on mon o

pu l s e  i n strumentati on radars . The se rang i ng i n s trumen ts p rov i de accu rate 

s phe ri cal coo rd i nate i n fo rmati on on  l ong ran ge , h i gh ve l o c i ty targe ts , s uch as  

e arth o rb i ta l  veh i c l e s , as  we l l as s h o rte r range s pace veh i cl e s ,  mi s s i l es ,  

i n s t rumented  package s , and s ate l i te s . Re pre sentati ve of  the network e q u i pmen t  

i s  the FPS - 1 6 ,  wh i ch h as se rved as  the bas i c  fo undati on  for improved sys tem 

s uch as the FPQ-6 , and  th e TPQ- 1 8  sys tem . Di g i ta l  data proces s i n g te ch n i ques , 

t ran s i s tor i zed  an d  i n teg rate d ci rcu i t ry , pa rametri c amp l i fe rs , etc . , h ave been 

u sed  to modi fy and update the earl y mode l s of  the FPS- 1 6 ,  th u s  p rodu c i ng  a 

fam i l y  o f  p rec i s i o n  rang i n g  and track i n g . 

Tab l e  6 - 2  l i s ts the C-band radar  eq u i ppe d s tat i ons wh i ch a re ava i l ab l e  

for s upport of M S FN m i s s i on s . Al s o  l i sted i n  the tab l e  a re the spec i fi c types 

of  radars emp l oyed  at th e s t ati ons  as  we l l as  the type af  antenn a  and max i mum 

range ( i n  n aut i cal  m i l es ) o f  each radar  sys tem . 

C-b and radar  dete rm i nes the pos i t i on of  a s pace craft by me as u ri n g  i ts 

range , az i mu th , and e l evati on w i th respect to the g round  track i ng s tati on . 
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The C-b and  radar ope rates i n  two track i n g  mode s : beacon and s k i n track . 

I n the beacon mode ,  a trans ponder aboa rd the  spacecraft rece i ves the tran smi tted  

radar  p u l s e , an d , afte r a k now de l ay ,  transmi ts a rep l y  pu l se . I n  th e s k i n track 

mode , R F  energy refl e cted by th e s pacecraft i s  de te cted by the g round  radar  re

ce i ve r .  The max i m um range l i m i tati on  of the C-band  radar sys tems re stri cts 

radar  track i ng to e a rth o rb i ta l  m i s s i on s  an d near-s pace phases  of  l unar  mi s s i on s . 

• FPQ- 6  ( TPQ- 1 8 )  

The FPQ -6  and the TPQ- 1 8 sys tems a re l on g  range Mi s s i l e  P red i c i ti on 

I ns t rumen tati on  Radars ( M I P I R ) an d d i ffer on l y  i n  th at  the forme r i s  i n tended  

fo r fi xed  stati on  operati on  and the l atter i s . a tr�ns portab l e ,  van-mou nted sy s 

tem . The d i amete r of  the an te n n a  ass oci ated w i th the s e  radars i s  2 9  fee t , an d 

they h ave a g a i n of 4 l db at a freq ue ncy range of  5400 to . goo MHz . The i r peak  

tran smi t te r  powe r i s  2 . 8  me g awatts . They a re l ocate d  at  the fo l l ow i ng MS FN 

s ti e s : ( FPQ- 6 ) B DA ,  CRO , and  PAT ; ( TPQ- 1 8 ) . 

• RCA 4 1 0 1  Compute r 

P roces s i ng of  the C-band  radar  data  at the M I P I R s i tes i s  accomp l i s hed  

th rough t he  u se  of an RCA 4 1 0 1  compute r .  Th i s  computer i s  prog ranmed to  cor

re ct ra� pedes t a l  pos i ti on data  for mos t stati c radar  e r rors an d to provi de 

range , a z i muth , and e l e vati on data i n  d i g i ta l  fo rm . I t  p roces ses  the dat a  i n  

the fol l ow i ng  manne r :  

a .  Corrects for stat i c error ( e . g . , pedesta l  u n l eve l ) 

b .  Formats the  data  

c . T i me tags the  data  

d . Outputs  data at re q u i re d  s amp l e rates  

1 60 



C- ·B.AND RADAR EQUIPPED STAT I ONS 

St <!tion 

Cape Kennedy 
:t> 1crritt Island 
Patr ick Air Force B a s e  

B e rmuda 

Carnarvon ,  A ustralia 

S t ation 
Symbol 

CNV 
MLA 
PAT 

BDA 

CRO 

Radar 

Azusa/FPS- 1 6  

TPQ- 1 8  

FPQ-6 

FPS- 1 6/ Azusa 
FPQ-6 

FPQ-6 

Vanguard ( ship T-AGM- 1 9 )  I VAN FPS- 1 6  

X 

X 

A ntenna 

X 
X 

X 

X 

I 

Range 
(nm ) 

·--r--��00-

X 

3 2,000 
3 2,000 

3 2,000 
32,000 

3 2 , 000 

__ j _ _______ ______ ·-·- -----�-. ---· .. ---·-----'-------' 

*Vertical ,  hori z ontal , le ft -h and c i rcular , and ri ght -h an d  c i rcular polari z at i on . 

**Transmi t s  l e ft -h an d  c i r cul arly p o lari z e d . Re c e ives ri ght -h an d  c i rcularly polari z e  

Tab le 6-2 
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° FPS- 1 6  

Anoth e r  radar  u se d  i n  the n e twork i s  the FPS- 1 6 .  Th i s  i s  a h i gh  accu 

racy , l on g  range , ampl i tude compari s on , monopu l s e  radar sys tem des i gned  fo r 

track i ng  opbe cts i n  orbi t al o r  s uborb i tal  fl i gh t .  Several modi fi cati on s  to 

t h i s  rad ar h ave caused  i t  to  vary i n  i ts performance from s i te to s i te .  

The Comp act  Al l P u rpose Range I ns t rume nt  ( CAPRI ) i s  a mi n i aturi zed  

i n s t rumen tati on  radar  s i m i l ar in  pe rformance to the FPS - 1 6 .  I nteg rate d  c i r

cu i ts a re emp l oye d , re s u l t i n g  i n  a s ub s tanti a l  we i gh t  and  vol ume redu cti on .  

The an te n n a  a s soc i ated wi th th i s  system i s  n orma l l y  1 2  feet . Other  s tati ons  

wh i ch h ave the  FPS- 1 6 radar  are B OA and CN V .  The  pe ak  tra nsmi tte d  powe r for 

al l the se  s i te s  i s  1 . 0 megawatt . 

The FPS- 1 6  at B OA u ses the 4 1 0 1  as soc i ated w i th  t he  FPQ-6 at  th at 

s t at i on .  CN V does not  h ave any proces s i ng capab i l i ty .  I t  sends  i t s data to 

the  Re al  Ti me Computer Faci l i ty ( RTC F ) to be processed  the re . The data h an d l 

i ng u n i t  as soc i ated wi th  the  FPS - 1 6 at B OA i s  the M I L GO 1 65 D/TTY con ve rte r .  

The M I LGO 1 65 h an d l es Low S peed  Data ( L S D ) o n l y .  I t  rece i ves  d i g i ta l  

i n fo rm ati on con ta i n i ng az i m uth ang l e ,  e l evati on ange l , an d s l an t range from 

the FPS- 1 6 radars . I t  conve rts the i n fo rmati on from Gray code to a s tra i g ht  

b i n a ry code wh en nece s s ary a nd  arranges  i t  i n  t he  format needed for transmi s 

s i on over  a comme rci a l  te l etype l i n e .  The s tati ons  wh i ch ave th i s u n i t are : 

B OA ,  CRO , GYM , and TEX . 

0T-AGM- 1 9 ,  C - B and Radar  

The C-band  radar  i n sta l l ed on the Apo l l o  1 9  c l a s s  s h i p Vanguard i s  an  

FPS- 1 6 ,  modi fi e d  for s h i pboard u se  by addi ti on  of onmount  rate gyros and a 

1 62 



hydros tati c be a .ri n g compe n s ated fo r hor i zonta l  th ru s t  componen ts . The system 

can provi de traje ctory data i n  real t i me for s pace m i s s i on o perati on a l  de c i s i on s  

and fut u re e va l u ati ons  of pe rforman ce .  I t  i s  amp l i tude compari s on , monopu l se 

radar , wh i ch i s  capab l e  of manua l  o r  automati c acqu i s i t i on and. track i ng  o f  

obj ects i n  fl i gh t  o r  o rb i t .  The capabi l i ty ex i sts  for se l ecti ng  e i th e r  a s i ng l e 

pu l se  output fo r sk i n  track i ng , or a coded p u l s e  g roup output  for beacon tra ck 

i ng ,  o r  a coded pu l s e  g roup output fo r beacon track i n g , o r  a coded p u l s e  g rou p  

output for be acon tracki ng . The transm i tter ope rate s over a range o f  5 . 45 to 

5 . 825 GHz at a peak powe r of 1 meg awatt . 
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Network Configura tion for AS- 5 0 8  Mis s ion 
DA TA 

Sys t e m s  
P R O -

T HA C KI N G  USB T LM C ESSIN G C OM M  O T I I E H  R E M A H KS 
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A C N  X X X X X X X X X X X X X X X 
A N T  X 
A HI A (4 ) X X X X X X X X Note I 
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ASC f-- --

AOCC X X 
B OA X X X X X X X X X X X X X X X X X X 
C N V  X 
C H O  X X X X X X X X X X X X X X X X X X 
C Y I  X X X X X X X X X X X X X X X X 
Glll X 
GDS X X X X X X X X X X X X X X X 
GDS -X X X X X X N ote 2 
GT K X 
GWM X X X X X X X X X X X X X X X 
GY M X X X X X X X X X X X X X X X 
H A W  X X X X X X X X X X X X X X X X 
H S K  X X X X X X X X X X X X X X 
HS K -X X X X X X N ote 2 
M A D  X X X X X X X X X X X X X X 
MA D-X X X X X X N ote 2 
M A HS X X X X Note 2 
;'11J L X X X X X X X X X X X X X X X 
M LA X X 
P A T  X ---

T E X  X X X X X X X X X X X X X X X 
VA N X X X X X X X X X X X X X X X X X X 

Note 

1 .  T LI and reentry 

2 .  Post T LI c ove rage 

Tab l e 6 - 3  
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7 . 0  Space craft Te l ev i s i on 

Co l or  TV came ras wi l l  be  u se d  to  prov i de rea l t i me te l ev i s i on cove rage . 

The col o r  came ras tran smi t b l ack  an d wh i te p i ctu res  taken th rough a re vo l v i ng 

red , g reen , b l ue  f i l te r .  The MCC  g round equ i pment con ve rts thes e  sequenti a l  

fi e l d b l ack a n d  wh i te p i ctu res to  col o r  b y  me ans  of a v i deo d i s c  a n d  co l or  

e n code r .  

b ackup . 

vi deo . 

A s l ow s can  b l ack  an d wh i te came ra wi l l  be carr i e d  i n  the LM as a 

The s l ow s can TV i s  conve rted at the MSFN s i tes to standard 525  l i ne 

The t h ree 8 5 - foot MSFN s i te s  ( HS K ,  MAD , G DS ) , the  2 1 0 - foot antenn a  at the 

MARS s i te ne a r  Go l dstone , Ca l i fo rn i a ,  and the 2 1 0 - foot an ten na  at Parkes , 

Aus tra l i a  wi l l  be  u sed  to prov i de TV cove rage . Thes e  s i te s  wi l l  

re ce i ve the TV v i de o  and tran sm i t the v i deo to MSC . At MSC th e b l ack and 

wh i te vi deo tran sm i tte d  from th e LM an d CSM col o r  cameras wi l l  be con ve rted 

to col or  an d w i l l  b e  re l e ased  to the Fl i gh t  Control  pe rsonne l and the comme r

ci a l  networks . 

7 . 1 Remote S i tes 

7 .  1 . 1 Go l ds ton e  

7 .  1 . 2 Go l dstone Mars S i te 

The Mars 2 1 0 - foot s i te can s i mu l tane ous l y  rece i ve and remote to the GDS 

85- foot s i te two downl i n ks . The Mars s i te wi l l  be used  much l i ke a n  add i ti on a l  

wi n g  s i te except th at  i t  h a s  no  Apo l l o  up l i n k capab i l i ty .  Support for a ll the 

CSM and LM commun i cat i on s  modes i s  p rov i ded w i th i n  the con s t ra i nt  o f  two down

l i nk s . 
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7 . 1 . 3 Go l dstone 85- Foot S i te 

The data re l ayed th rough th e Mars 2 1 0 - foot s i te i s  demod u l ate d  by th e 

S i g nal Dat a Demodu l ator  Sys tem ( S ODS) . The voi ce and te l emetry o utputs of th e 

FM and PM demodu l ators are pro ce s sed  on  s i te i n  the s ame manner  a s  voi ce or 

te l emet ry dat a re ce i ve d from the 85- foot anten n a s . The TV data  output of  th e 

FM demodu l ators i s  routed to th e Scan Con ve rter . TV s i g n a l s re ce i ve d  from th e 

85- foot p ri me an d wi ng  s i te s  are a l s o  routed through  FM demodu l ato rs to th e 

Scan Conve rter  whe re the  be s t  source i s  se l ected for remoti ng to the  MCC . The 

. proce s s i ng at the s can  conve rter i s  dependent  upon the type of  TV be i ng trans 

mi tted . The b l ack an d wh i te s l ow s can i s  f i l te red and s can conve rted . The LM 

CSM TV v i de o i s  l ow p a s s  fi l te re d and  routed to a proces s i ng  amp l if i e r  pr i or  

to i nterfacin g wi th th e  vi deo l i ne s  to MCC ; 

7 . 2  Aus tral i a  

7 . 2 . 1 Parkes 

P arkes  can be u sed  to recei ve an d remote FM an d PM commun i cati ons  modes . 

The confi g u rati on and res u l tant  cap ab i l i ty depe nds  upon th e type of TV be i ng  

tran smi tted . ( Re fe r to  Fi gu re 7A). Fo r the fi rs t cas e , th e b l ack· and wh i te 

s l ow s can TV i s  demodu l ate d and  th en up - conve rted on a 2 . 5  MHZ VCO . Th e data  

s ubcarri e rs are b andpass  fi l te red . · The two s i g na l s a re rem i Xed  an d remoted 

vi a a s i ng l e  chan ne l m i crowa ve l i n k to S i dney . At S i dney th e vo ice an d te l eme 

try data i s  pas sed to HSK for demodu l ati on and  p roces s i ng . The TV data  i s  d i s 

cri m i n ated from the 2 . 5  MHZ carr i e r ,  s can  conve rted and remoted to M CC . 

Fo r the  LM co l or  TV case , the output  of the FM demod i s  ap p l i e d to th e 

mi crowave l i nk . At S i dney the TV s i g n a l  i s  l ow pas s  fi l te red  to remove the 
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85 - f o o t  S i te 

85 - f OO t  
P ri me an d W i n g  

M a rs S i te 

2 1 0 - fo o t  
M a rs -2 

FM 

Go l d stone M a rs S i te , P r i me , an d W i ng S i te Con fi gu rati on for TV , Voi ce , TU� .  an d B i ome d 

*W i n g S i te ( Ma se r )  P r i me ( Coo l  Pa ramp ) 

F i g u re 7 
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dat a s ub carri e rs , amp l i fi ed i n  a p roce s s i n g amp l i fi e r  to c l e an u p  the syn c s i g 

na l  an d remoted t o  MCC . The tel emetry an d vo i ce data i s  b and pass  f i l te re d  and 

sent  to HSK for demodu l ati on  an d p roces s i n g . 

For the CSM case , the re i s  no voi ce and te l emetry data an d th e TV vi deo 

i s  t ransmi tted to S i dney fo r s ub sequent  remot i ng to MCC . 

I n  the data  o n ly  mode ( PM ) , the PM base  band  s i gna l  wi th the vo i ce and 

te l emetry data i s  sent  on  b ase  band  to HS K vi a Sydney . 

7 . 2 . 2  Honeys uckl e Cree k  (H S K ) 
The TV pro ces s i ng at H SK i s  s i m i l ar to GDS except th ere i s  n o  MARS 

i n te rface . 

7 . 2 . 3  Sydney Vi deo 

The mi crowave outputs of HS K ,  N BE , and Parkes a re rece i ved  at Sydney . 

The TV data i s  fi l tered and route d to th e Scan Conve rte r  are a . Th e voi ce , 

tel emet ry ,  and bi omed data recei ve d from Parkes i s  re l ayed to HS K for proces s 

i ng .  

I f  col or  TV i s  recei ved the  vi deo  i s  routed  to the porces s i ng amp l i fi e r  

i n  the s can conve rte r . I f  both Parkes and HSK  a re rece i v i n g  TV , Sydney v i deo 

performs a be s t  s o urce se l e cti on . The s eq uen t i a l  fi e l d  co l or TV i s  amp l i fi ed ,  

recorded , and  remoted to the  M C C  v i  a mi crowave , 1 and 1 i ne , and s ate 1 1  ite . Refer 

to F i g u re 7A . 

7 . 3  Madri d ( MAD ) 
Th e TV proces s i n g at MAD i s  s i m i l ar to GDS except there i s  no MARS i n te r-

face . 
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P a rke s 
Vo i ce 
TLM 
B i ome d  

r 
' 75' 
ffi2_1 

�k�V ,  TlM..!....!i � _ 
Sydney 

HSK  
85- Foot 
Pri 11e & W i ng 

I 
I 

P a rke s 2 1 0 - Foot 
Ant en n a  

I B/W I M i c rowave EQ 
� == m-cmr-: _, _......._-=--=L--�_j 

TO MCC 

PARKES/HSK/SYDN EY CON F IGURAT I ON FOR REMOTING TV , VOI CE , TLM and B I OMED  

F i g u re 7A 
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85 - Fo o t  P rime and Wing 

* 

FM Demod  

B/W 

I S CAN PRO� -AMP �' CN VTR 1 �· L: _ _ . 
-· - r - - ro �cc 

Madr i d  Pri me an d Wing  Si te TV Data Fl ow Con f i g u rati on 

*P ri me ( Coo l  P aramp ) Wi ng (Mas e r )  

Fi g u re 7 B  
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7 . 4  Manned Spacetraft Cente r (MSC ) 

7 . 4 . 1 MS C TV Rout i ng 

Vi de o from the co l or  cameras i s  remoted to the  MCC  from th e remote s i te 

i n  b l ack and wh i te fi e l d sequenti a l  o rder  v i a common carri e r .  Th e aud i o  s i g 

n a l s are t aken from the norma l  GOSS vo i ce l i ne s . Th ese  aud i o and vi deo s i gn a l s 

are rece i ve d  at bu i l d i ng 47 at M S C .  B u i l d i ng 4 7  wi l l  route t h e  aud i o  a n d  v i deo 

s i gn a l s to the MCC  where the aud i o i s  amp l i fi ed and t ran smi tted to the co l o r  

con ve rte r  i n  b u i l d i ng 8 .  T h e  vi deo s i gn a l s e nteri ng  the M C C  a re d i str i bu ted  

to the FOD TV Edi tor D i s p l ay ,  to a recorde r ,  and  then to the b u i l d i ng 8 co l or 

conve rt e r .  The co l o r  TV i s  tran smi tted i n  b l ack and wh i te/red , g reen , b l ue 

fi e l d  s eq uen ti a l  o rde r .  S i x frame s ( two o f  e ach co l o r )  are req u i red to make 

on e col o r  frame . Th i s  convers i on i s  done by me ans  of  a d i s k  wh i ch stores  the 

sequent i al fi e l ds  produced by the co l or wh ee l on  the TV came ra . These fi e l ds 

are re ad  off the d i s c  i n  para l l e l and i n to a co l o r  en coder wh i ch produces  th e 

N ati ona l  Te l ev i s i on Stand ards  Commi ttee ( NTS C )  s tandard co l or TV outpu t . The 

i nput  s i gn al  to th e col or  conve rte r i s  f i rst re co rded ( i n  b u i l d i ng 8)  a l ong 

wi th th e aud i o s i g na l . It i s  p l ayed back  on  a se cond  tape mach i ne and any 

freq uen cy or  phase  s h i ft wh i ch may have occu rred i s  removed . The output of the 

con ve rte r  i s  made avai l ab l e to a swi tch e r  wh i ch i s  u sed  to route the  converted 

TV to s eve ral  MS C u sers . These  outputs  i n c l ude the MCC , the F l i g ht  Operati ons 

D i re cto rate o ffi ce i n  b u i l d i n g 2 ,  the E i dophor  i n  b u i l d i n g 1 ,  the comme rci a l  

T V  poo l  i n  b u i l d i ng 1 ,  a n d  a co l or  re corde r i n  b u i l d i n g 8 .  
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The r·ece i ved conve rted TV route d  to th e MCC  a l ong wi th . the  aud i o  i s  

d i s tri b uted  to s e ve ra l  mon i to rs w i th i n the MCC and th ru a PAO sw i tch wh i ch can 

be  used  to ed i t th e TV. rel e ased  to the networks . The , outpu t of th e PAO sw i tch 

i s  routed th rough  b u i l d i n g  47 . to b u i ld i·n g 1 whe re i t  can .be re l e as ed to th e 

netwo rks � Re fe r to .  Fi g u re 7 C .  

7 . 4 . 2 R F  Col o r  TV Di stri bu t i on Sys tem 

A RF co l or. TV d i s t ri b ut ion  sys tem i s  bei n g  ut i l i zed  to make col or  TV 

avai l ab l e  to vari ous u se rs i n  Bu i l d i n g  . 30 . Th ree  di po l e  antenn ae , one antenna  

for each of the  t h ree networks (ABC , CBS , N BC  - 1 oca 1 b roadca st  chann e l s 2 ,  1 1 , 
and 1 3 ) , a re i ns ta l l ed o n  top of th e MOW . Thes e s i gna l s are amp l i fi ed and  

routed to a .  comb i .ne r .  Th ere a re also  two i nhouse  i n puts to the comb i ne r  wh i ch 

can be u sed  for s pacec raft o r  oth er  TV . These  i nputs  are ro uted th rough  a 

ch anne l  4 o r  channel  6 modu l ator to the comg i ne r .  The comb i n e r  enab l e s  com

me rci a l  co l o r tel e v i s i o n re ce i ve rs .  to be us ed as  the d i s p l ay de v i ce . The out

put  of  the .comb i ne r  i s  ro ute d th ro ugh an amp l i fi e r  to  the rece i ve rs . Re ce i ve rs 

are l ocated i n  each V I P  room , the MOCR ,  b oth PAO conso l e s , the b u i l d i ng 30 
l obby , the re cove ry room , and vari ous  oth e r  rooms . Refe r to F i g u re 7 0 .  
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TEST PLAN 
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H S K 
N B E  

G\vr-:1 
---HAW 

C A L  
-G D S  
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TO BE SUPPLIED BY : INDIVIDUAL USER 
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ACRONYMS AN D ABB REVIATI ONS 
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ACN 
AEM 
AFET R 
A/G 
AGS 
AI U 
AL DS · 
ALTOS 
AM 
ANG 
AN T 
AOCC  
AOS 
AP CU  
APP 
APS 
A REG 
ARI A  
AS C 
AS CA 
AS CATS 
AS R 
ASRS 
AVP 
BAPB 
BCD  
B OA 
BM DADS 
CACC  
CAL 
CAM 
CAP 
CAPR I  
CASTS 
CCATS 
CCC  
C C I A  
C C I T  
CCMU 
CDC 
CDC I S  
COP 

ACRONYMS AN D ABB RE V I AT IONS 

As cen s i on ( USB S i te ) 
AP CU  Entry Modu l e  
Ai r Fo rce Eastern Tes t Range 
Ai r to G roun d 
Abo rt Gu i dan ce Sys tem ; Apo l l o  Gu i dan ce S i mu l ato r 
Ab o rt I n te rface Un i t  
Apo l l o  L aunch Data Sys tem 
Apo l l o  Lau n ch Trajectory Data S ub sys tem 
Ampl i tude Modu l ati on 
An t i g u a  ( USB  S i te )  
( Ant i g u a  ( C- b and  S i te )  
Ai rcraft Ope rat i ons Contro l  Center 
Acq u i s i ti on of  S i gna l  
Apo l l o  Proces s  Contro l  Un i t  
An tenna  Pos i t i on P rog ramme r 
As cen t  P ropu l s i on Sys tem 
A Reg i s ter  
Apo l l o  Range I n strumentat i o n  Ai rcraft 
As cens i on ( C- b an d  S i te )  

· 

Apo l l o  S im u l a ti on Con tro l  Are a 
Apol l o  S i m u l ati on , Che ckou t ; and  Trai n i ng Sys tem 
Au tomat i c  Send/ Re ce i ve 
Apo l l o  S i mu l ated Remote S i te 
Add res s  Ver i f i cat i on  P u l se  
B i omed i cal  An a l og Patch  Board 
B i n ary Coded De c i mal  
Bermuda  
B i omed i ca l  Da ta Ana l ys i s arid D1 s p lay Sys tem 
Commu n i cat i on s  and Con fi gu rat i on Con's o l e 
C al i fo rn i a 
Compute r Add res s Matri x 
Comman d An a l ys i s  Patte rn ; Compute r Acceptance Pu l se 
Compact  Al l P u rpo se Range I n s t rumen t 
Co untdown an d Status  Transmi s s i on Sys tem 
Commun i cati on , Command , and Te l emetty Sys tem . 
Comm and  Comp ute r  Contro l l e r  

· 

Conso l e  Compu ter  I n terface Adapte r 
I nte rnat i  on  a 1 Tel eg ra ph Te 1 e ph one  Con sul tati ve Co11111 i ttee 
Computer Contro l l e r Mu l ti p l exe r Un i t  
Contro l Data Corporati on  
Compute r Di s p l ay Control  I nte rface Subsys tem 
Cen tra l  Data P rocess or  
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CDS C  
C E F  
C I M. 
CLAM 
CL C 
CLT 
C/M 
CMC 
CMCC 
CM D 
CMDR 
CMP 
CN V 
CP 
CPU  
C RO 
CRP 
CRT 
cs c c  
CS F 
CS FDD 
CSM 
CTC 
CTE 
CTR 
CTU 
CVDB 
CY I 
DAC 
DAS F 
DCA 
DCAG 
DCS 
DCU 
DD 
DOD 
DDSDD  
DEU  
DRK 
ORO 
DRUL 
DSC 
DSDU 
DS KY 
DSN 

Commu n i cat i on s  Di s tri bu4 i on Sw i tch i ng Center  
Computer Execute Funct i on  
Compute r I np ut Mu l t i p l e xe r  
Command  Load Acceptan ce Me ss age 
Command Load  Cont rol l e r  
Commun i cati ons  L i ne Te rmi n a l 
Commun i c ati on Mu l ti p l exe r  
Comm and Modu l e Computer 
Con tro l  Mon i tor  and Control  Con s o l e 
Command 
CoiTlTiand Re cove ry 
Computer 
Cape Ke nnedy 
Ce ntra l  P roces s or ;  Commu ni cati ons  P roce s s o r  
Central  P roces s i ng Un i t 
Carn a rvon 
Compute r  Re s e t  P u l se  
Cathode Ray Tube 
Command Suppo rt Contro l  Cons o l e 
Conve rte r S l i de F i l e  
Conve rte r  S l i de Fi l e  Data Di s tri bu to r  
Command Servi ce Modu l e  
Cross  Connect Te rmi n ati on . Cab i net 
Centra) T im i ng Equ i pment  
Cen te r  
Cen t ra l  T im i n g  Uni t 
Ch a racte r Vector D i s p l ay B u ffe r 
Can a ry I s l and  . 
Di g i ta l  to Ana l og  Conve rter 
Dat a Acces s  Storage Faci l i ty 
Di g i tal Command  As semb l y  
Data Con tra l and Gen e rat o r  
D i g i ta l  Comman d Sys tem 
Data Co ntro l  Un i t 
Data Di s tri b uto r, 
D i g i t a l  D

.
i s play 'ori ve r . 

D i g i t a l  Di s pl ays - S ub channe l Data D i s t r i b u t o r  
Data . En.code r  Un i t  · . 

D i s p l ay Re quest
· 
Keyboard -· ·  

D i  g i  ta l  Readout · · · 

Down Range Up l i fl �: 
Dyn ami c Standby -Comp1.1te r . . . . 

De commutati on Sys tem Di  _str ibut i  on Un it 
Di s p l ay an d ·  Keyl:roa rd 
Dee p  S pace Network 
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DSS 
DTT U 
DTU 
D/TV 
DUA 
ECL  
E C R  
E KG 
ELOP  
EOM 
E OT 
E PO 
ESO 
ETR 
E SW 
E VA 
FACS 
FAX 
FC 
FDO 
FDK 
FM 
GACC  
GB I 
GBM 
GCA 
GCC . 
G DS 
GMT 
GMTLO 
GOSS 
GS 
GS FC 
GSSC 
GTI , GTK 
GWM 
HAW 
H F/SSB 
H L P C  
HOS C 
H S 
H S D  
H S K  
HSOR 

Dee p S pace S i te 
Data Tran sm i s s i on and  Tes t  Un i t  
Data Transmi s s i on Un i t  
D i g i ta l  to Te l e v i s i on 
D i g i ta l  Up l i n k Ass emb l y 
Exch ange Con trol Log i c 
Exe cute Command ·  Req ue s t  
E l ect rocard i ogram 
Event  L i g ht  Ove rri de Pane l  
End  of  Me s s age 
End of  Tran smi s s i on 
E arth Park i ng O rb i t 
Event  Seq ue nce Overri de 
E a ste rn Tes t  Range  
Equ i pme n t  Status  Word 
Extra Veh i cu l ar Act i vi ty 
Fac i l i t i e s  Con trol System 
Fac i l i t i e s  
F l i gh t  Con t ro l l er 
F l i g ht  Dynami cs  Offi cer  
Forced D i s p l ay Keybo a rd 
Frequen cy Modu l at i on 
Grou nd  Support S i m u l at i o n  Compute r  
Grand Bahama I s l and ( A FETR ) 
G rand Bah ama I s l and 
General i zed Co re Are a 
G round Commun i cati on s Con tro l l er 
Go l d stone 
G reenwi ch Mean  T ime 
Greenwi ch Mean  Ti me of L i ftoff 
G ro und Operat i on  S u pport Sys tem 
G round  Stat i on  
Godd ard Space F l i gh t  Cen ter  
G round  Support S i m u l ati on Compute r  
Grand Tu rk I s l and  
Guam ; Gu aymas 
H awa i i 
H i gh  Freq uen cy/ S i ng l e S i de Band 
H o u s to n  L i gh t i ng  and Powe r Company 
Hunts v i l l e Ope rat i on  Su pport Cente r 
H i g h  Speed 
H i gh  Speed Data 
Honeys u ck l e  ( Cree k ) USB Stati on Canberra ) 
H i g h S peed  Output  Routi ne 
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H S P  
HS PB 
HSTL 
HTV 
I C  
I / D  
I /0 
I OTS 
I P  
I RI G 
! SA 
I U  
J P LQ  
I U 
KS C 
KS C/ C I  F 
KWR F  
LAB 
LADC 
LCC  
LG C 
L I E F  
LM 
LOS 
LSB  
LS  
LSD  
LVDG 
MAD 
MAP 
MCC  
MCVG 
MOD 
MED 
MER  
MET 
M I L  
M I LA 
M I P I R  
MLA 
M/0 
MOC 
MOCR 
MOW 
MSB 

H i g h  Speed Pr i nte r  
H i gh Spee d  P ri n te r Buffe r 
H i g h  Speed Tel emet ry L i n k  
H unts v i l l e  
I nte r Compute r  
I den t i fi cati on  
I n put/Output 
I n p ut/Output Tran s fer  Sw i t ch 
Impact P red i ctor 
I n te rrange I n s t rumen tat i on G roup  
I n te rface Sys tem Adapte r 
I ns t rume n t  Un i t  
Jet Propu l s i on Laboratory 
I n strumen t Un i t  
Ken nedy Space Cente r 
Ken ne dy Sp ace Cente r/ Cen tral  I n s t rumen tati on  Faci l i t i e s 
K i l owatt Rad i o Frequen cy 
L aborato ry Te rm i n al 
Log i c and Data Con ve rte r 
L aun ch Compute r Comp l ex 
L u n a r  Modu l e Gu i dance  Computer 
L au n ch I n formati on Exch ange Faci l i ty 
L u n a r  Modu l e  
L os s  of  S i g n al 
L i e as t  S i g n i fi cant B i t 
L ow S peed 
Low Spee d Data 
Lau n ch Ve h i c l e D i g i ta l  Comp ute r  
Madri d 
Mess age Acceptan ce P u l se  
M i s s i on Co nt rol  Cen te r 
Memo ry Ch aracte r Ve ctor Generato r  
Mu l t i ch annel  Demu l t i p l exe r and Di str i b utor  
Man u al Entry De vi ce 
Me rcu ry 
M i s s i on E l apse  Ti me 
( M i l a  ( USB S i te )  
Merri tt I s l and 
M i s s i l e  P red i c i t i on I n s trumentati on Radar 
Mu l t i p l exe r L i ne Adapte r ;  M I LA ( C-band  s i te )  
Ma i n tenan ce an d Ope rat i ons  
M i s s i on Ope rati ona l  Comp uter 
M i s s i o n Ope rati on s Con t rol Room 
M i s s i on Operat i ons W i ng  
Most  S i gn i fi cant B i t 
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MS C 
MSFC 
MS FN 
MS K 
MSS 
MTU 
MUX 
ANS COM 
NO VVAL 
PAM 
PAT 
PB I 
PBT 
PCK  
P CM 
PDA 
P DM 
PDSDD  
P E P  
PLSS  
PM 
P R  
P RE 
PSK  
RCVR 
RE D 
REGEN 
REJ 
RE R 
rf 
RKV 
R/ R 
RS 
RS C C  
RS DP 
RSO 
RSTC 
RTA 
RTC 
RT CC  
RTCF  
RT DL 
RTDR  
SAL DS 
S/B 
S / C  

Man ned Space c raft Cente r 
Marsh a l l Space F l i ght  Ce nte r  
Manned Space F l i ght  Netwo rk 
Manua l  Se l ect Keyboard 
Mos t S i gn i fi cant Syl l ab l e  
Magnet i c Tape Un i t 
Mu l t i p l exe r 
NASA Commun i cati ons  
Non  Val i dated  
P u l se Ampl i tu de Modu l ated 
Patr i ck AFB 
Push B utton I nd i cator 
Po l ynomi a l  Buffe r  Te rmi n al 
P h a se Contro l  Keyboard 
P u l se  Code Modu l ated 
P a ral l e l Data Ad apte r  
P u l se Durat i on Modu l ati o n  
P l o tt i ng D i s p l ays Subchanne l  Data Di s tri but i on  
Po l ynomi al  E rro r P rotecti on 
Portab l e  L i fe Support Sys tem 
P h ase Modu l at i on  
P l ott i ng Reg i s te r  
P retori a 
Ph ase  S h i ft Keyed 
Re ce i ve r  
Re ds tone 
Regene rate 
Rej ect 
Rece i ve r/ Exc i te r/Rang i n g  
Radi o Freq uen cy 
Ros e  Knot  V i ctor 
Recorder/ Re p rod ucer  
Remote S i te 
Remote S i te Command Compute r 
Remote S i te Dat a  P roce s s o r  
Range Safe ty O ffi ce r 
Remote S i te Te l emet ry Computer 
Real  T i me Accumu l ators 
Rea l  T i me Command 
Re a l  T i me Compute r Comp l ex 
Rea l  T i me Compute r Faci l i ty 
Re a l  T ime Data L i n k  
Rea l T i me Data Route r 
S i m u l ated Apo l l o  L aunch  Data Sys tem 
Swi tch Boa rd 
Spacecraft ; Swi tch i n g Computers 
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SCAMA 
s c s  
SCM 
s ea 
s c u  
s oc 
S OD 
S ODS 
SLV  
SMC  
SMC VG 
SME K  
SMK 
SOM 
SSCR  
SS EU  
SS I A  
S S R  
s s u  
STE 
STREU  
sw 
TAN 
TDDF 
TOM 
TOP 
TESAC 
TE X 
T I CC 
T I P  
TL I 
TLM 
TOB 
TSP 
TTY 
TUT 
TV 
ucs 
UDB 
U H F  
USB 
VAL 
VAN 
vco 

Swi tch i ng , Confe re n c i n g , .and  Mon i tor i n g Arrangement 
Stand ard Communi cati on s  Sub system 
S i te Con fi g u rati on Mess age 
Su bcarri e r  Os ci l l ator 
Sys tem Confi g urat i on Un i t  
S h i pboard Dopp l e r  Cou nter  
Subch anne l  Data  D i s tri b utor 
S i gna l  Data Demod u l ati on System 
Saturn  Lau nch Veh i c l e 
Sys tem Mon i to r  Conso l e 
S i mu l a ted Memory Ch a racter Ve cto r  Gene rator 
S ummary Mes s age Keyboard 
S ummary Me s s age Keyb o a rd 
Start o f  Me s s age 
Se l e ct Source and Computer Re commendati on 
Sys tem Se l e ctor  Exten s i on . Uni t 
S l ow S peed I nte rface Ad apter 
Staff S upport Room 
Sys tem Se l e cto r U n i t 
S i t e 
Se ri al , Transmi t ,  Rece i ve , and Encode r Un i t 
Swi tch 
Tan an ari ve 
Te l eme try Data D i s tri b ut i on Frame 
T ime De vi sor  Mu l ti p l exe r 
Track i ng Data Proces s or 
Te l eme try Syn ch ron i ze r  an d Se ri a l  to Para l l e l  Con ve rte r 
Corpus  Ch r i s t i , Te xas 
Te l emet ry I ns trumen tati on Contro 11 ers Con s o l e 
Te l emetry I n put  P roce s s o r  
Trans l unar  I nj ecti on 
Te l emetry 
Te l emetry Output  B u ffe r 
Tes t S uppo rt Pos i t i o n .  
Te l etype 
Te l emetry Use r  Tab l e 
Te l ev i s i on 
Un i ve rs al  Comman d  System 
Updata B u ffe r 
U l t ra H i gh Freq uen cy 
Uni fi ed  S - Band 
Va l i dated 
Vanguard 
Vo l tage Contro l l e d Os c i l l ator 
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V/ D 
VDTCF  
VER  
V F  
VFTG 
VH F 
VSM 
WB 
WB D 
WHS 
WOM 
WPM 
WWV- L 

Voi ce/ Data 
Vo i ce Data Te rm i n a l Cont ro l  Faci l i ty 
Ve ri fi cati on 
Vo i ce F re q ue n cy 
Vo i ce Fre q ue n cy Te l eg raph  
Ve ry H i gh  Frequency 
Vi de o Swi tch i ng Matri x 
Wi de Band  
W i de  B an d  Data 
Sh i te S ands 
Woome r a 
Words pe r M i n ute 
US  B u re au Standard s  T ime Stati on ( Bou l de r , Co l orado ) 
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