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C. Send camera conf . iqurat ion
out  to  the camera as par t

CCTV
scP 16

SECTION 16
CLOSID  C IRCUIT  TELEVIS ION

16 .1  CLOSTD C IRCUIT  TELEVIS ION OVERVIE l ^ l

The  c l osed  c i r cu i t  t e l ev i s i on  (CCTV)  sys tem i s  a  gene ra l  pu rpose  c ' i r cu j t  TV
sys tem wh ich  mee ts  U .S .  b roadcas t  s tandards  (RS170) ,  w i th  the  excep t j on  o f
co lo r .  F ' i e i d - sequen t i a l  co l o r  o r  b l ack  and  wh j t e  i i  p rov j ded ,  a l t hough  t he
sys tem j s  f u11y  compa t  j b le  w i th  Na t ' i ona l  Te lev ' i s  j on  Sys tem Commj t tee  (H1SC)
co lo r  w ' i t h  t he  excep t i on  o f  t he  sp l i t - s c reen  mu t t j p t exe r  (MUX) .  A l t  i amer i s
ope ra te  i n  mas te r  sync  w i th  a l l  sw i t ch ing  and  mo to r  movemen t  done  du r ing  the
ve r t i ca l  i n te rva l  t o  avo id  any  i n te r fe rence  p rob lem.  A l l  cameras  a re  j den -

!1 :g l , . t hough  some  have  d i f f e ren t  accesso r i es ;  ' i . e . ,  co l o r  l ens  assemb l j es
(CLA ' s )  o r  monoch rome  l ens  assemb l  j es  (MLA ' s ) ,  and /o r  pan  t j  l t  un i t s  ( pTU ' s ) .
Cameras  a re  remote l y  commandab le  v ja  command i 'mu l t j p lexed  on  the  syn i  t i ne .
(The  cameras  a l so  have  l oca l  con t ro l  sw j t ches  on  them. )  CommanOing  i s  done
by  an  onboard  c rew and /o r  t he  g round .  Bo th  may  command  s imu l taneo [s i y .
Te leme t r y  i s  i nc l uded  i n  t he  ope ra t i ona l  i ns t r umen ta t i on  (O I )  l i n k  and  j n -
t e r l eaved  j n  t he  v i deo .  A  s ' i ng1e  d i g i t a l  aud jo  channe l  i s  a ' l so  j n t e r l eaved
in  t he  v i deo .

Th is  b r j e f  w i ' l ' l  add ress  the  ope ra t j on  o f  t he  CCTV f rom a  g round  po in t  o f
v ' i ew-  Fo r  t ho roughness ,  some onboard  ope ra t ' i on ' i s  j nc luded .  Re fe rence
shou ld  be  made  to  space  Shu t t l e  sys tem i i andbook  ( sssH)  d raw ings  16 .1 -4(ccrv  0v) ,  16. rz  (ccTV cont ro l ) ,  ind  16.13 (ccTV'camera and M6nj tor ) .

16.1 .1  V ideo  Cont ro t  Un i t

The  v ideo  con t ro l  un i t  (VCU)  i s  the  hear t  o f  the  CCTV sys tem.  I t  cons js ts
9 f  t yo  separa te  l i ne  rep laceab ' le  un i t s  (LRU,s ) ,  the  remote  con t ro l  un j t
(RCU) ,  and  the  v  jdeo  sw ' i t ch ing  un i t  (VSU)

16 .1 .1 .1  RCU 0verv iew

The RCU per fo rms the  fo l low ing  func t ions :

A. Receive and process commands from the crew switch panel  (pane1 AZ) and
f rom the  pav ioad. fo rward  2  (PF 2)  mu l t ip lexer /demut f ip te ib r  (MDM) ' ( iom-
mands f rom the  Miss jon  Cont ro l  Center  (MCC)) .

B'  Turn power on to the cameras by furnishing a power on discrete to each
camera.

cornmands issued by the crew or by the ground
o f  the  "sync"  s igna l .
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D' Generate the test  pat tern (used to check out the system or adjust  a crewmoni to r )  and the .sync  s igndr l  wh jch  is  sent  ou t  to  each camera .  Th issync signal  carr ies commands to the camera and al lows the camera v. ideoto be synched to the VCU.

E.  Dr ive  the  ta lkbacks  on  the  c rew sw. i tch  pane l  (AZ) .

F'  Send outputs to the 0I  MDM 0F 4 for  downl ink to the MCC and use by thesystems management (sM) computer ( the camera overtemp alert) .

16 .1 .1 .2  In te r faces  and  B lock

The interfaces are summarized

RCU Inputs

A.  Pane l  A7 Swi tch  Inputs

The swi tches  on  pane l  A7 are  a l l  w i red  to  the  RCU.  When a  swi tch . ispressed the  s ta te  o f  the  sw ' i t ch  i s  la tched jn  a  f l ip - f1op and s to redunt i l  the  RCU microprocessor  reads  the  f l ip - f1op.  the  swi fches  areshown on the systems handbook drawing.

B. MDM Conrmands

cormands are rece' ived from the pF z MI)M as 14 para11e1 inputs.  (The
b i t s  a re  descr jbed ' in  f i gu re  16-7 . )  The  commands  a re  l j s ted  jn  tab le16-r .

C. MDM Command Enable

A s ing le  l ine . . f rom the  ground cont ro l  ' i n te r face  log ic  (GCIL)  TV cont ro lsw i tch  ( the  MNC s ide)  on  pane l  AZ is  rou ted  to  the  RCU and used toenab le  the  MDM conmands.  I f  th is  d isc re te  i s  low (swi tch  in  pnnf l  pos l -
t ' ion) then the RCU wi l l  not  process any MDM cormnands.

D. Power

Power is received from Main A R15 and Main B R15. Circui t  breakers foreach-power source are on panel R15. The RCU switches the power on basedon GCIL power control  d iscretes.

E . GC I L Power Control D.i scretes

The GCIL furnishes power control  d iscretes to the RCU for power on/of f .The two d'iscretes are for MNA power on uno MNB por., on. tte gctl
inter locks the two so both cannot be on at  the same t ime. (The RCU alsointer ' locks the two.)  Control  buses ABI and BCl proviOe-gCti  controlpower for  MNA and MNg, respect. ively.

D i agram

in  f igu re  16-1 .
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RCU Outputs

A. Sync/Conrnand Lines

Th is  i s  a  s tandard-TV s igna l  w i th  the  v ideo scene, 'b ' lack ' ,  and conmandsencoded on  l ines  11  or  13 .  Th is  i s  rou ted  to  a l l  cameras  and to  thepayload interface so the cameras can run in sync with the RCU andreceive commands from the RCU. The commands are summarized in table16- t .

B .  C lock

Th is  i s  a  2 .045-MHz c lock  rou ted  to  the  VSU
an oddf rame s ta r t  pu lse  sent  to  the  VSU fo r

C.  Pane l  AZ  Ta lkbacks

The RCU furn ishes  28-vo l t  d isc re tes  fo r  a l l  the  AZ pane l  ta ' l kbacks .Some of these run to the annunciator control  assembly (which controlsthe  br igh tness  o f  the  ind ica tor  l igh ts )  and some go o i rec t l y  to  thepane1.  These are  a l  I  shown on the  sys tems handbo6k draw. ing  16 .12 .

0 .  Camera  Power  0N 0 isc re tes

The RCU furn' ishes 28-vol t  d iscretes to al l  cameras for camera power oncont ro l .  The camera  senses  the  s ta te  o f  i t s  con t ro l  d isc re te  and, , tu rnsj tse l f  on"  when the  d isc re te  i s  h ' igh .  f r re re  i s  no  pos i t i ve  feedback  tothe RCU that the camera came on. Thus the camera power ta lkbacks onpanel  A7 and telemetry actual ly indicate the RCU has set the camerapower  on  d isc re te  h igh .

E. M[)M Telemetry

The RCU furnjshes 28-vol t  d iscretes to MDM 0F 4 for  ground telemetry andcrew alert  for  camera overtemp. The telemetry is suirnar ized . in thete l emetry sect j on of th.i s bri ef .

16 .  i . 1 .3  VSU

The VSU performs the fol lowing funct ions:

A'  Receives v ideo from al l  cameras, vTR, and payload sources and routes l tto crew monjtors and the downl int  1s-ui ;J Fi t  and Ku-band sysiemsl.--r f re'instructjons 
on what to send where are ieceived from the ntu (wtrictrreceives them from the crew panel  or  the pF z MDM).

B'  
f ! !s t i rytags to the v ideo signal  received from the cameras. The t inprnrormat ion is received from the master t . iming uni t .

C .  Prov ides  two , ' sp1 . i t  sc reen"
viewed together,  one on the

fo r  t im ing .  There  i s  a lso
t im ing .

mult ip lexers.  These a' l low two scenes to be
lef t  and one on the r ight .
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D.

a
L I

Decodes  te lemet ry  rece j ved  f rom the  cameras ,  d i sp lays  the  da ta  on  the
c rew mon ' i t o rs ,  and  sends  the  da ta  to  the  RCU fo r  d i sp lay  on  the  AZ  pane l
and  f o r  down l i nk  t o  t he  MCC.  A  sw i t ch ' i s  p rov jded  on  t he  mon ' i t o r  t o
enab le /d i sab le  t he  d i sp lay  o f  camera  da ta .

L im i t - senses  the  tempera tu re  o f  each  camera  ( the  tempera tu re  i s  encoded
in  the  v ideo  by  each  camera )  and  a le r t s  t he  c rew and  the  g round  j f  an
ove r temp i s  sensed .  Th i s  i s  done  by  d j sp lay ing  the  tempera tu re  on  the
c rew mon i to r ,  send ing  a  s igna i  t o  t he  RCU wh ' i ch  se ts  a  d j sc re te  to  an  0 I
MOM (wh ' i ch  j s  down l i nked  to  the  MCC and  used  to  se t  o f f  an  a le r t  by  the
SM compu te r )  and  i nse r t i ng  a  f l ag  i n to  the  down l ' i nk  v jdeo  wh ich  causes
the  tempera tu re  da ta  on  the  INCO q round  mon i to r  t o  , ' f l ash , ' .

16.1 .1 .4 I  n te r faces

The  in te r faces  fo r  t he  VSU a re  shown  in  f i qu re  16 -2 .

16 .1 .2  E l  ec t r . i ca l  De5c r i p t i on  o f  RCU and  VSU

16.  i .2 .1  RCU

The RCU cons js ts  o f  four  ma jor  components .

16 .1 .2 . r .L  power  supp lv ._  The  power  supp ly  sw j tches  a t  the  hor i zon ta l  l j ne
ra te  to  avo id  jn te r fe rence  and  supp l ies  power  to  a l l  RCU and  VSU c i rcu i t s .
Power  j s  de l ' i ve red  to  the  RCU f rom MNA or  MN8,  bu t  no t  bo th .  There  js  no
automat jc  sw j tchover in  case o f  power  loss .

16 .1 .2 . I :2  SYnc  qenera to r  and  t im ' inq  c ' i r cu  j t s . -  The  sync  genera to r  has  re -
dundan t  14 .318180  MHz osc i l l a to rs .  There  i i  no  au tomat i c  ia i l over .  Osc i l -
l a to r  A  runs  when MNA is  power ing  the  RCU,  and  osc j l l a to r  I  runs  when MNB js
power ing  the  RCU.  The c rew can reverse  th js  w j th  the  TV-SYNC sw ' i t ch .  The
t im ing  c i rcu i ts  genera te  the  l ' i ne  count  and sub l jne  count  wh ich  cont ro l  da ta
c lock lng  !o  cameras  and to  and f rom the  VSU.  Dur jng  l ine  11  and 13 ,  command
data  js  c locked f rom data  bu f fe rs  (where  the  mjc roprocessor  s to red  i t ) ,  and
mul t ' i p iexed  on  the  compos i te  sync  rou ted  to  a l l  cameras .  A lso  dur jng ' i i ne
11 ,  da ta  i s  c locked  f rom the  RCU to  the  VSU.  The  t im ing  c i rcu i t s  fu in i sh  a
2 .045-MHz t im ing  s igna l  and an  odd f ie ld  s ta r t  s igna l  to  t f re  VSU so  the  VSU
can sync  w i th  the  RCU.  The t jm ing  c i rcu ' i t s  a lso  genera te  the  ver t j ca l
in te rva l  tes t  s igna l  (V ITS)  and  the  fu i l  f i e td  te i t  s igna l  (FFTS) .

i6 -1 .2 .1 .3  M ic roprocessor . -  The  RCU js  con t ro l led  by  RCA 1802  CMOS mic ro -
processor wi th 4k bytes of  progranrmable read-oniy memory (PR0M) and 256
bytes of  random access memory (RAM). The m' icroprocessor runs through i ts
p rogram and  jd les  un t j l  a  l i ne  1 in te rup t  i s  j ssued  by  the  t im ' ing  i j r cu i t s .
i t  then  runs  th rough the  same program aga in .  Th ' i s  w i l i  be  d jscus ied  fu r ther
in  sec t ion  16 .3 .
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19 '1 '2 .L .4  inpr , r t /ou tpu t  s to raqe bu f fe rs . -  There  are  severa l  bu f fe rs  wh jchs to re  da ta  un t i l  t he  t iT lng  c i r cu i t s  c lock  the  da ta  ou t  (as  j s  the  case  fo r
:a |g ia  cornmands)  o r  un t i l  the  mic roprocessor  reads  the  conten ts  f r i i -an  

-

8 -q i t  da ta  bus) .  The ou tpu t  bu f fe rs  a re  loaded by  the  mic roprocessor  o r  bya  d i rec t  memory  address ing  scheme.  Many o f  the  ou tpu t  bu f fe rs  have re ' laysf lSsoc ia ted  w ' i th  them to  fu rn ish  28-V d i i c re tes  to  the  0 I  MOM or  to  the  A7pane l  ta ' l kbacks .

16 .1 .? . I .5  Power  use . -  The
power  suppf  ied  to  the  VSU.
shown on  tab le  16_ I I .

RCU draws 46  wat ts  o f  power .  Th js  inc ludes  the
The power for  a l l  e lements of  the CCTV system . is

16' i '2 '2.L l ' l icrgprgggssqr.-  The microprocessor uses 2k bytes of  pROM and256 bytes or nnl [ -  rhe vzu microprocessor program also runs once every v ideof ie ld '  The  mic roprocessor  a lso  jn te r faces 'w i [n  two  3z -by te  RAM,s  used  fo rcont ro l  o f  the  a lphanumer ics /charac ter  genera tors .  r r re  i lphanumer ics  a red isp layed on  an  onboard  mon ' i to r  when en io led  by  the  mon j to r  da ta  swi tches .The charac ter  genera tors  a re  d r jven  by  the  t im jng  c i rcu i ts  and use the  da tas tored  by  the  mic roprocessor  jn  the  : i_ ly te  RnU.

16 '1 '2 '2 .2  T im inq  c i rcu j t s . -  These  c i rcu j t s  use  the  2 .045-MHz c lock  and  the
99d  f ie ld  s igna lT rom the  RCU t ;  genera te  l j ne  coun ts  and  sub l ine  counrs .These are  used to  c ' lock  in  the  RCt i  oa ta ,  c tock  ou t  the  camera  da ta  to  theRCU,  and cont ro l  the  da ta  acqu is j t ion  f iom f f re  iameras .  The log ic  sequencesth rough  the  12  poss ib1e  cameras ,  samp l ing  each  camera  fo r  th ree- f ie lds  ( towa ' i t  on  a  f i e id  sequen t ia l  co lo r  s { l c  s i l na l  so  tempera tu re  can  be  read) .Thus ,  any  camera  i s  samp led  every :g  r ie ids  o r  650  msec .

16 '1 '2 '? '3  V ideo  mat r i x . -  Th js ' i s  s imp ly  a  mat r i x  o f  f j e ld  e f fec t  t rans is -to r - (FEr )  sw i tcnes  wt r i c r r  a l low any  input - to  be  connected  to  any  ou tpu t  (a lsoca l leo  a  c rossbar ) .  The  mat r i x  i i  con t ro l led  f rom the  inpu t  sh j f t  reg is te r .The mlc roprocessor  does  no t  con t ro l  the  mat r jx .

16 .1 .2 .2  VSU

The VSU ' i s  a l  so  m ' ic roprocessor_based.
par ts . I t  can  be  sp l j t  i n to  th ree  ma jo r

16 .1 .3  RCU.  VCU Ins ta t la t ion

The RCU and VCU are  ins ta l led  in  the  c rew cab in  on  the  s ta rboard  s ide  o f  thef l igh t  deck .  They  are  bo th  fo rcec-a i r  .oo i .o  by  cab in  a i r .

16 .2  TELEVISION CAMERA

Al l  te lev is ion  cameras  (TVC's )  a re  ident ' i ca l  and in te rchangeab le .  Eachfunc t ions  as  a  bas ' i c  monochrome te lev is ion  sys tem u t i l i z ing  a  s i l . i conjn tens i f ied  ta rge t  ( l t t l  tube .  cornmanJt -un i ' i v i cnron iza t jon  are  rece . ivedf rom the  RCU,  a io  v ioeo ' i i -ou ipu t  to  v jew f ind l r  mon j to r  (vFM)  and vsu .  The
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lens  assembly  i s  jn te rchangeab le  fo r  f ie ld -sequent ia l  co lo r  o r  monochrome.External  controls are on t [e rens assembly and rear of  camera. cameraloca t ions  in  the  pay load bay  are  shown in  f igure  16-3 .

L6.2.1 Camera Locat ion Code

[ach camera commanded by the RCU must have a unique address.  The addressdetermined by  the ' loca t jon  where  the  camera  is  connected  ( j .e . ,  F l , {D  BAt i :
I ! ] :  l s  accompl ' i shed bv  a  hardwi red  s -b i t  code in  the  bu tkhead connector(selecred plns are shorted to conrmon).  Thus, any camera can be conrtectedany input  and w j r r  respond to  the  roca t ion  address .

16.? .2 Power Swi tch i  nq

Al l  dc power required by the TVC, CLA/MLA, vFM, and pTU is located in thepower supply module of  the camera. A power ONiOFF enable command, wh. ich isa  ug l tage 1eve1 c l ra19!  to  +28 V,  i s  rece ived f rom the  RCU.  The c i rcu i t  j s
con f igu red  to  be  in i t i a l l y  OFF when +2g  v  ma in  bus  i s  app l ied .

16 .2 .3  Automat ic  L iqh t  Cont ro l

The au tomat ic  l igh t  con t ro l  (ALC)  c i rcu i ts  cont ro l  the  vo l tage app l . ied  tothe  image jn tens j f ie r  on  the  v jd icon ,  the  ga in -o f  the  v . ideo i j r cu i ts ,  andthe posi t ion of  the j r is .  There are two types of  CCTV cameras for the CCTVSystem' The 506 cameras have been used sinbe STS-I .  These cameras wi l lgenerate a bloom' ing^effect  p icture when pointed at  targets wi th high l ightref lect ion.  The 508 cameras have been mboir ied to el j i l inate the bloomingef fec t -  The 508 cameras  are  f lown present ly ,  bu t  the  506,s  a re  s t i l lava ' i lab le  fo r  cer ta jn  app l i ca t jons . '  The 50-6-cameras  have two l igh t  con t ro l
Tg-d: : i -  (1)  , fu l  I  auto mode in i t  jated by an nic c l ' to ei i r rer  xonu, pEAK orAVERAGE and (2 )  semj -manua l  mode in i t ' i i ted  by  an  open or  c tose  i r i s  CMD.For these two modes.the-vol tage gain of  t t re tuue is var ied f rom i ts normaloperat ' ing point  to handle the-chinges in l ighi  ievets thus proiect ing thetube from target damage. The 508 iameras trive the same two'modes plus one.The new mode js the r [ l l  unxuAl mode in which the vol tage gain- is f ixed andthe  l igh t  en ter ing  the  tube js  cont ro l led  by  the  open ' ing  and c ' los ing  o f  thei r i s  manua11y.  I i . shou ld  be  po in ted  ou t  th i t  ta rge t  damage is  most  l t ke lyto occuLin an unattended camera whi le in fu l l  manual.  In an at tended andcorrect ly operat ing camera, the overexposure of  a smalt  spot wi i t  usual lybloom to an unusabie degrei before a dimage level is reached.

0perat ion of  the 509 camera is as fo l lows:

(1) CMt) GAMMA white or btack.

i s

by

(2)  CMD IRIS open or
vo l tage  fo r  fu l l

c lose commands as needed. This selects a f ixed
MANUAL MODI
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Figure  16-3 . -  CCTV camera  loca t ions .
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l,Jri s t
came ra
(no  PTU )

A f t  b a y  i n p u t

I  307 BLKD

X  =  1 1 0 2 . 3
Y  =  - 4
Z  =  l  i n e r

l e v e l
Kee l
I  o c a  t i  o n s
( 1  p e r  m i s s i o n )

576 BLKD

I
I
I
I

RMS i  nput RMS i  nput

FWD bay  input

PORT

Kee I / EVA
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To d ' i sab le  fu l  I  manua l  mode:

(1) cMt) GAMMA NORM - This setects the SEMI-MANUAL mode

or

(2)  CMD ALC P[AK,  N0RM or  AVG which  se lec ts  FULL AUT0 MODE ( f ig .  16-4) .

Manua l  opera t jon  o f  the  lens  func t ions  w i l l  be  cont ro l led  by  momentary
swi tches  loca ted  on  the  rear  and s ide  o f  the  camera .  These w i l l  over i ide
any input command rece' ived from the RCU

Note :  The j r i s  takes  less  than 4  seconds to  c lose  in  the  au to  mode,  12
seconds ' in  the  manua l  mode,  and z  seconds fo r  power  o f f .

16 .2 .4  Co lo r  Whee l  E tec t ron ics

Phase . ' l ock  loop  co lo r  whee l  c i r cu i t r y  ensures  p rec ise  phas ing  o f  the  whee lpos i t ion  to  the  co lo r  sync  genera tor  in  the  decoder  (20  Hz =" I /3  ver t . i ca l
sync  f requency) .  The  assemb]v  Rrov ides  a  f i e ld -sequen t ia l  co lo r  p ic tu re
wi th  a  s ix -aper tu re  co lo r  f i l te r  whee l  tha t  ro ta tes  a t  600 rpm.  Whee lpos i t ion  is  sensed_by.a  magnet ic  p ickup and compared to  . incoming 20  Hz
s igna l .  Add i t i ona l  c i r cu i i r y  p rov ides  s ta r t ing  o f  the  *o io r  t  i econd  a f te rpower turnon.

16 .2 .5  Pan  T i l t  Un i t  Descr io t ion

The PTU js  a  remote ly  cont ro l led  az ' imuth /e leva t jon  mount  fo r  a  TVC loca ted
on the forward and af t  bulkheads and on the remote manipulator system (nl l i l
e lbow o f  the  Orb i te r . .  The  power  supp ly  cab le  rou t jng  i s  f rom bu lkhead  toPTU and from PTU to TVC.

The pan and t i l t  mot ions are provided upon TVC command at  1.2" per second
(t ]g l  c-ommand) or 12'per second ( fast ;o*a.d) ou."  u total  range of  340"(1170 '  f rom nomina l  ' ' ze ro"  pos i t idn) .  Tne i i  i l  i i r i t - r in ies  on  l ' .  w ide-
angle camera are reduced 20".  Totai  range for these cameras js 300".

Pan/ t i l t  l jm j t  ind ' i ca to rs  a re  incorpora ted  jn to  the  dr ive  mechan. ism in  thec' lutch hgYt i l !  ar93 to interrupt electr ical  pov{er to the motor dr ives,
l l .Tnv  l im i t ing  the  mot ion  to  a  p reset  pann ing  and t j t t ing  range.  The
l im ' i t  l l l ge  i1  n19r ] igh t  ad jus tab ie .  In  case 6 f  fa i tu re  o i  ino icarors ,  the
yn i t .  w i l l  pan / t i l t  3 "  un t ' i l  i t  reaches  a  mechan ica1 hard  s iop  to  p revent
further mot ion- The clutch s l ips to prevent damage to the motor and gear
t ra  i  n .

i6 -10



SHUTTLE0Ps ORIG: CASTLE/MOOLCHAN CCTV
I NCO JSC-  1861 1

P O V E R  O N  R E S E T

NoRra cHo

NORrl SV

B L A C K  C h O

B L A C X  S V

9 /15  /87  : S IC.  R

I , IANUAL 'R IS

V A R I A B L E  V O L T A G E

BLACK OR VHIT€ GAI{I I^

V A R I A S L E  V O L I A C E

SCP 16

l 86 t  I  1502.  ARt r  2

Figure  16-4 . -  Auto /manua l  . i r j s  c i rcu i t ry .
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16.2 .6  S tepper  Motors

The PTU uses  two ident ica l  s tepper  d r jve  c j rcu i ts ,  wh i le  the  MLA/CLA uses
three .  The i r i s  c lock  has  th ree  ra tes :  20  Hz ' i s  the  manua l  ra te ,  60  Hz is
the  au to  i r i s  ra te ,  and l?0  Hz c loses  the  j r i s  when power ing  down the
camera. The PTU has two rates:  6 Hz for s low and 60 Hz for fast .  The
stepper logic receives the command and generates the two-phase dr ive for  the
stepper motors.

16 .2 .7  TVC and PTU Heaters

Each TVC and PTU assemb' ly  has  a  heater  wh jch  js  thermosta t jca l l y  con t ro l led
to  be  0N between 0 'and 8"  c .  Poss ib le  e f fec ts  o f  go ' ing  above 55 .  c  may
resu l t ' i n  b reakage o f  image tube,  mechan ' i ca l  fa i lu ie  o i  motor  and len i ,  and
crack ing  o f  e lec t ron ic  boards  and components .  Each c j rcu j t  i s  ac t i va ted  by
enab l ing  ind jv idua l  c i r cu i t  b reakers  loca ted  on  pane l  R l5 .  There  a re  no
tempera ture  sensors  on  the  PTU.  A  tempera ture  s igna i  . i s  t ransmj t ted  v ia  the
v ' ideo  down l ink  and  i s  ava i lab le  in  rea l  t ime .

16 .2 .8  Remote  V ' ideo Swi tcher  Descr ip t . ion

The remote  v ideo swi tcher  (RVS)  un ' i t  i s  mounted  on  the  RMS e lbow PTU.  I t
se lec ts  e j ther  the  e ' lbow or  wr is t  RMS camera  as  a  v ideo source  by  us ' ing
three  DPDT la tch ing  re lays  to  sw i tch  camera  0N,  Sy i l c ,  and VIDE0 i igna t i .
Note  tha t ,  a l though the  +28 V camera  power  i s  rou ted  th rough the  RVS,  i t  i s
no t  sw i tched  in  tha t  un i t .

The RMS can be  mounted on  e j ther  the  por t  o r  s ta rboard  s ide  o f  the  Shut t le ;
the re fo re ,  a  togg le  sw i tch  j s ' i nc luded  on  the  RVS to  a l low se lec t ' i on  o f  the
proper  camera  loca t ion  code.

L6 .2 .9  Ex terna l  Sw ' i t ches

Three swi tches  are  loca ted  on  the  lens  assembly .  These are  momentary ,  w l th
center  pos i t ion  OFF.  They  cont ro l  the  j r i s ,  zoom,  and focus  func t ions .

0n the rear of  the camera, there are momentary (push maintain) switches
which  cont ro l  ALC (peak ,  normal ,  avg)  and GAMMA' (wh i te ,  normai ,  b tack) .
See f igure  16-5 .
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16.3  CCTV SYSTEM OPTRATION

16. 3. I Conrmand

conmands are received by the RCU from the AZ paner and the pF z MDM. TheRCU js  cont ro ' l led  by  an  RCA 1802 mi . iop .o . l t sSr  w i r i cn  j s  runn ing  a  cyc t icprogra ln '  The RCU process ing  s ta r ts  a t  the  beg inn ing  o f  a  v ideo f je ld  and iscomple ted  by  the  end o f  the- f ie1d  ( f ig .  16-6 i :  The c rew swj t ines  are  momen-tary and sampied every vert jcal  r iero.  Ihe jnputs are processed and com-mands sent  to  the  cameras  v ia  the  sync ' l jnes  or  to  the  VSU v ja  a  ded ica tedl jne'  cornmands from the Mt)M are oniy sampled once. For a command to beread,  a l l  zeros  my l t  bg  present  on  b i ts  7  to  13  o f  the  command word  ( f ig .
l9 - r ) -  when  anv  b i t s ,z  to  13  99  h igh ,  the  RCU wa i ts  200  psec ,  then  roadsthe  inpu t  reg is te r  and  se ts  a  i tag  i . j r i ng  th .  m ic roprocessor  an  up l ink
.cormand is present ( f ig.  16-8).  Another ionrmand wj l l  not  be read from theMDM unt i l  the  mic roprocessor  reads  the  presen i .o*und and rese ts  the  f1ag.Thus, commands are processed only once and cin be recejved no faster thanthe  processor  cyc1e,  wh ich  is  59 .99  t ime i -p" ,^  t . .ond or  every  16  msec.camera  mot ion  commands  (PAN,  T ILT ,  F0cus ,Zoou ,  IR Is )  a re  ia i c r reo . in  the  RCUand sent  every  f  ie ld  un t i l  any  one o f  the  fo ' l low- ing  occu.s :

o A stop cornmand i s rece i ved .

e  An up l ink  command w i th  a  d i f fe ren t  camera  address  is  p rocessed.

o  The c rew jssues  a  mot ion  command wh ich  conf l ' i c ts  w j th  the  up l ink  mot ioncorrnand.

o  The up l ink  commands mot ion  in  the  oppos i te  d i rec t . ion .

o  The TV POWER CONTROL swi tch  is  p laced in  pNL.

Cormnands are sent to the cameras on l ines 11 and 13 of  the composi te sync.L jne  l l  i s  used fo r  c rew commands,  and l jne  13  fo r  the  up l ink  commands;thus, both can operate independent ly.  I f  the crew and upl ink cornnands con-f l ' i c t , ,d  s ing le  command is  bu tpu t  on  t ine  11 .  The fo rmats  o f  the  cameracornmand are  shown ' in  f igure  16-9  and a l l  commands are  l i s ted  in  tab le  16- I .The.bl t  length i  s two p6r iods of  the 2.045-t4Hz ctock (1:o i imei  i l , .hor izon ta l  l jne  ra te ) .  The f j rs t  e igh t  b i ts  a re  a  t t i toooo iv r .  pa t te rn .The.sync pattern is always present,  even i f  no command is present.  The nexte igh t  b ' i t s  cons is t  o f  a  tamera  address  w i th  a  s ingre  b i t  fo r  odd par . i t y .The f inal  32 bi ts are the funct ion code. The corrnand is routed to al l  cam-eras'  wi th only the addressed camera responding. Al l  camera commanding isdone over the sync l jnes,  except camera pov{er on/of f ,  which j i  cor, ,manded bya 28 V d' iscrete s ignal  (one for each canera).
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System
address

Source CMD OutpuUfunction CMD

Source code CMD
type OutpuUFunction

System address - 01 = 96ry

CMD type 01 Camera controlcommand
(output on sync l ine)

00 VCU command
(not output on sync l ine)

Each command must be preceded bv al l
zeros in bi ts 7 to ' l3.  Bi t ;  0 to 6 may remain
stat ic for many commands.

NOTE:  B i ts  14and 15  on  the  MDM card  are
assigned to a di f ferent (non-comm) system.

1 E 6 l r . 0 l l

Figure 16-7.-  CCTV command structure.

011
B i t 0  1
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I n i t i a l r ze

Figure  i6 -8 . -  Up l ink  command
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U p l i n k  f l a g  -  s e t
T i m e r  -  s e t
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0dd
par i  ty

VAL  ID
SYNC

rl

5  B I T
camera
l o c

l l Momen t ary Mot i  onL N  I  I
0 r

r N  l 3
c14D
FORMAT I

CNT
? 2 CMD

Bi t  Camera

I n v a l  i d  a d d r e s s

Figure 16-9.-  Camera comnand detect ion/execut ion.
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3 .  E n a b i e  a d d r e s s / C M D  c l o c k

l .  C h e c k  C M D
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? .  C h e c k  f o r

V a l i d
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Set  address error  FF
R e s e t  C M D  F F ' s
D isab le  add /CMD CLK
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l .  R e s e t  b i t s  0  t h r u  b i t  1 5
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2.  Reset  CMI)  FFS
3 .  D i sab le  add /CMD CLK

Inh ib i t  ROG CNTR
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16 .3 .2  Te l  emet rv

The  RCU a lso  d r i ves  28  V  d isc re te  s igna ls  fo r  ta l kbacks  on  the  A7  pane l  and
te lemet ry  to  MDM 0F 4 .  The te lemet ry  and ta lkback  parameters ,  w i th  the  ex-
cept ion  o f  camera  s ta tus  (ALC,  GAMMA,  MAN/AUT0 IRIS,  CAM OVERTEMP) ,  a re  f rom
the RCU command 1og' ic.  The camera parameters come from the VSU, which ob-
ta ins  the  da ta  f rom the  camera  v jdeo.  A l l  camera  te lemet ry ' i s  jn te r leaved
in  the  v ideo by  the  camera  and can be  de tec ted  on  the  ground (dur ing  a  TV
pass) ,  as  we l l  as  onboaro .  The  VSU samples  a  camera  every  th ' i rd  f i e ld ;
thus ,  da ta  i s  updated  every  39 th  f ie ld  (12  cameras)  o r  every  650 msec.  The
tempera ture  is  l jm i t -sensed by  the  VSU.  I f  any  camera  tempera ture  reads
grea te r  than  45"  C ,  the  fo l low ing  occurs :

o An overtemperature

c An overtemperature
I  jm i t - sensed  by  the
h igh .

f ' l ag  i s  i nse r t ed  on  l j ne  16  o f  t he  down l i nk  v i deo .

f i ag  d j sc re te  i s  se t  t o  0 I  MDM 0F  4 .  Th j s  b i t  w j l l  be
GPC (SM OPS 2 )  and  w j l l  r esu l t  i n  an  SM ALERT when

o  The  VSU w i l l  enab le  t he  d j sp lay  o f  t empe ra tu re  on  t he  onboa rd  mon i t o r s .
Norma l l y ,  camera  tempera tu re  i s  no t  pa r t  o f  t he  a ' l phanumer i cs ;  i t  i s  on l y
p resen t  when  a  camera  i s  ove r tempera tu re  ( f i g .  16 -10 ) .  The  da ta  sw i t ch
on  the  mon i to r  mus t  be  0N fo r  t he  tempera tu re  to  be  d i sp layed .

When  the  ove r tempera tu re  cond i t i on  goes  away ,  a l l  o f  t he  above  a re  rese t .
No te  t ha t  t he re  i s  no  N  coun t .  A  f a l se  read ing  cou ld  r esu l t i n  t he  ove r -
tempera tu re  cond i t i on  be ing  p resen t  f o r  one  samp l ing  cyc le  o r  650  msec .
(Sys tems  Managemen t  (SM)  fau l t  de tec t i on  and  annunc ja t j on  (FDA)  has  an  N
coun t  o f  15  be fo re  an  SM a le r t  w ' i l l  be  sounded . )

The ' i n f o rma t ' i on  f o rma t  on  t he  v j deo  i s  shown ' i n  f j gu re  16 -11 .  The  camera
command  on  l i nes  11  and  13  i s  p resen t  on l y  on  t he  sync  f i ne  (and  on  t he
FFTS) .  A l l  o t he r  i n f o rma t j on  j s  p resen t  ' i n  t he  down l j nked  v j deo .

16.3 .3  Camera  Powerup

In  genera l ,  g round  opera t ion  o f
opera t ion .  The main  area  where
up .

When a  camera  js  f j r s t  powered,

iR IS FULLY CLOSED
MANUAL IRIS MODE
ALC - PEAK
GAMMA - NORM
PAN/TILT ANGLES - ZERO

the CCTV sys tem is  d i f fe ren t  than onboard
i t  i s  the  same is  fo l in i t ia l  camera  Dower -

' i t  comes up  in  the  fo l low ing  conf igura t ' ion :

l6-  19
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Since  the  i r i s  i s  c losed ,  no  p ic tu re  i s  rece ' i ved .  Send ing  an  ALC command
wi l l  p lace  the  camera  jn  the  au tomat j c  j r j s  mode,  and  the  jn i s  w i l l  open  to
the  proper  se t t ing .  For  a  pay load bay  camera ,  the  p lans  are  to  use  ALC PEAK
on the  in ' i t ' i a l  se t t ing  (even though the  camera  is  in  peak ,  send ing  peak
aga in  w i l l  pu t  the  i r i s  con t ro l  in  AUT0) .  When a  camera  is  power6d down,
tnere  js  a  4 -second de lay  be fore  power  i s  ac tua l l y  removed to  a l low the  j r i s
to  fu1 ly  c lose  ( th i s ' i s  done  au tomat i ca l l y ) .  Th ja  j s  impor tan t  because  the
Sun can_damage the  camera  even when o f f .  in  the  case o f  a  cab jn  camera ,  the
i r j s  w i l l  no t  au tomat ' i ca l1y  c lose  ' i f  t he  camera  j s  tu rned  o f f  v ja  c rew
swi tches  on  pane ls  019 and M058F.  S ince  these cameras  are  jn  the  cab in ,
th i s  norma l l y  w i l l  cause  no  p rob lem.  However ,  i f  a  cab jn  camera  i s  to .be
used  fo r  EVA,  the  i r i s  shou ld  be  fu l l y  c losed  be fo re  the  camera  i s  taken
EVA.

16 .3 .4  Ground  Camera  Se lec t ion

Ground  command ing  i s  accompl i shed  v ia  a  l4 -b i t  pa ra l le l  word  se t  on  MDM
PF 2 .  The  l4 -b i t  command word  i s  par t i t i oned  as  shown in  f i gu re  16- / .  As
exp la ined ear l je r ,  the  RCU wj l l  respond to  a  cornmand a f te r  a  rese t /se t  mask
is  sen t  to  b i t s  7  to  13 .  Commands  a f fec t ing  b i t s  0  to  6  w i l l  no t  cause  any
RCU response.  Commands are  sp l r ' t  in to  two bas ic  ca tegor ies ,  source  commands
(a f fec t ing  b j ts  0  to  6 )  and ou tpu t / func t ion  cornmands (a f fec t ing  b j ts  Z  to
i3 ) .  In  e f fec t ,  a  g round  opera to r  bu i lds  a  command onboard  us ing  th js  fea -
tu re ;  the  source ' i s  loaded  and  an  ou tpu t / func t jon  w i l l  cause  the-RCU to  exe-
cu te  the  command.  There  is  a  th i rd  type  o f  command ca l led  a  s tanda lone com-
mand.  Th js  i s  a  command wh ich  does  no t  requ ' i re  a  source  command,  as  a l l
requ i red  jn fo rmat ion  is  conta jned in  the  s tanda lone command.  The source ,
ou tpu t / func t jon ,  and  s tanda lone  commands  a re  l j s ted  jn  tab le  16-1 .  i t
shou ld  be  no ted  tha t  a  source  command may be  fo l lowed by  as  many ou tpu t /
func t ion  commands as  requ i red .  S jnce  b i t  1  must  be  one fo r  the  proper  sys-
tem address ,  i f  the  se t  mask  o f  a  source  command was no t  rece ived,  the  RCU
wi l l  no t  respond to  any  ou tpu t / func t ion  command.  i f  the  rese t  mask  was no t
rece ived,  the  RCU wi l l  respond to  the  0R 'ed  combina t jon  o f  two source  com-
mands.  There  is  no  way to  conf i rm tha t  a  source  command was rece ived,
except by sendjng an output/ funct jon command and lookjng for the correct
response.

The PAN/TILT FAST/SLOW commands (4276/4277)  cont ro l  the  pan/ t i t t  ra te  fo r
the  cu f fen t ly  se lec ted  source  (camera) .  Whenever  the  source ' i s  changed and
any ou tpu t / func t jon  command js  rece ived,  the  pan/ t i l t  ra te  w j l l  rever t  to
F4ST-  f ' l hen  pann i lg  9 l^ . ! i l t ]ng_ jn  SL0 l , l  and  j t  j s  des i rab le  to  change cameras
wi th  pan or  t j l t  in  SL0W,  the  PAN/TILT 5L0W cormand must  p recede the  pAN or
TI LT conrmand.

The fol lowing ser ies of  commands would assjgn the forward bay camera to the
down]  ink  and zoom i t :

4232 TV FhJt) BAY CAM_SEL
4249 TV DOI.JNLINK
4?64 IV ZOOM OUT
4255 TV ZOOM STOP
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l : l : .  ! !9  ground has to  jssue a  s ing le  RTC,
IRIS,  200M,  PAN,  TILT)  w i l l  s tar t  when the

a l l  mot ion  commands (FOCUS,
conmand ' is  received and cont inueto  move unt j l  a  STOP command is  recejved,  a  cormand wi th  a d j f ferent  cameraaddress ' i s  p rocessed,  a  conf l i c t  occurs ,  o r  the  TV po l^ IER conrn  iw i tch  jsp laced  i n  PNL . of t ra ron .  No damagew' i l l  resu l t ,  but  a  sTop shourd be senf f i io tE

A sp f i t  sc reen MUX is  p rogrammed in  the  same fash ion  as
Note  tha t  the  le f t  o r  r igh t  s ides  o f  a  MUX are  ou tpu ts ,j s  an  inpu t .  The  fo ] low ing  command sequence  w. i l 1  ass ign
af t  bay  cameras  to  the  le f t  and r igh t  s ides  o f  MUX 1  ano
cameras  must  be  on) :

a  s ing le  source .
and the  MUX i tse l f
the forward bay and
downl ink  them (bo th

4?32 TV FI.ID
4245 TV |,,|UX

4234 TV AFT
4246 TV MUX

BAY CAM -  SEL
I  L IFT

BAY CAM -  SEL
1  R IGHT

4240 TV MUX 1 - SEL
4249 TV DOI^/NLINK

A comple te  p rocedure  j s  shown in  tab le  16_ l I I .

i6 .3 .5  0nboard  Camera  Se lec t ion

The CCTV svstem is operated onboard f rom the switches on the panel  A7 ( f ig.
16-12) ,  and swj tches  on  the  cameras  themse lves .  A  few swj tches  on  pane l  AZrequire some explanat ion.  The TV POWER C0NTR0L switch does noi  operate thesame as  the  o ther  GCIL  cont ro l  sw i tches .  The on ly  GCIL  func t ion  in  the  CCTVjs  the  power  on lo f f .

In  the  PANEL pos i t ion ,  the  cont ro l  sw i tch  ac t iva tes  the  pane l  d r ivers ,  thusg' iv ing the crew control  over power on/of f .  I t  a lso removes the s. ignai  whfchenables the RCU to receive commands from the M0M. Therefore,  in the pANEL
posi t ion,  only the crew has control  over any aspect of  the CCTV. When theswitch is placed jn the C0MMANO posi t ion,  t ie GbIL command dr. ivers becone
l : l iYu, giy lng the ground control  over CCTV power on/of f .  In add1t ion,  ihcRCU is enabled to receive cormands from ttre ttot't. Therefore, . i; the COl,l{Att6position, the ground has control over power on/off, but Uotn ground and crrcwcan conmand the rest of the CCTV system.

The TV SYNC switch has two posi t jons,  N0RMAL and REVERSE. In N6RMAL, syncgenerator A operates when the VCU is powered from MNA, and sync geneiator Boperates when the_VCU js powered from MN8. In tne REVTRSE p6si t ion,  syncgenerators A and B are reversed. The crew can thus easi ly ind quickty-
change sync generators. The ground does not have this coirmand and mustchange power buses to change iync generators.
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The func t ' ion ing  o f  the  v lDEO INPUT,  v tDE0 0uTpuT,  and CAMERA C0MMAND
swi tches  w i l l  now be exp ' la ined.  The VIDE0 INPUT,  V IDE0 OUTPUT,  and the  ALC
and GAMI ' IA  swi tches  are  pushbut ton  ind ica tors  (PBI  ' s )  wh ich  i  I  luminate  to
d isp lay  cer ta in  s ta tus  in fo rmat ion  dur ing  opera t ion .  The func t jon  o f  each
wi l l  be  exp la ined separa te ly ,  and then an  opera t iona l  example  w i l l  be  g jven.

16 .3 .5 .  i  V ideo  0u tpu t

when a  v I0E0 OurPUT PBI  i s  depressed ,  j t  w i l l  j l l umina te ,  and  any  o ther
V IDE0 0UTPUT PBI  wh . i ch  was  i l l umina ted  w i l l  go  ou t .  A lso ,  the  V IDES I .NPUT
PBI_cor respond ing  to  the  v ideo jnput  connectea  to  the  se lec ted  v ideo ou tpu t
w i l l  i l l um ' ina te .  I f  no  inpu t  was  p rev ious ly  connec ted  to  the  se lec ted  v ideo
ou tpu t '  no  V IDEO INPUT PBI  w i l l  i l l umjna te .  I f  the  p rev ious  v ' i deo  inpu t  was
an  RCA camera ,  the  ALC and  GAMMA PBI ' s  w j l l  i l l umina te  to  ind ica te  the  cu r -
rent modes of  the camera ALC and GAMMA cjrcui ts.  Depress' ing a VIDEO 0UTPUT
PBI does not change the VSU conf igurat ion or issue any camera command. I t
only reads out status and prepares the system for the next command.

16 .3 .5 .2  V ideo  Inpu t

l ' l hen  a  V IDE0 INPUT PBI  i s  depressed ,  j t  w i l l  j l l umina te ,  and  a  conrmand w i l l
be  jssued to  the  YS9_!q_a:s ]gn  the  se lec ted  input  to  the  ou tpu t  represented
bv  the  i l l umina ted  VI0 t0  0UTPUT PBI .  Any  o ther  V IDE0 INPUT i rB I  nh ' i ch  was
i l l umina ted  w i l l -go  ou t .  41so ,  i f  the  s l l ec ted  inpu t  i s  an  RCA camera ,  the
ALC and GAMMA PBI 's wi l l  indicate the current camera ALC and GAMMA modis.
The on ly  t ime depress ing  a  V IDEO INPUT PBI  does  no t  send a  VSU command is
when no  VIDIO 0UTPUT PBI  j s  i l l umina ted .  There ' i s  a lways  one VIDEO 0UTPUT
PBI  i l l umina ted ,  except  immedia te ly  fo l low ing  VCU powerup,  be fore  depress ing
any  VI0 t0  0UTPUT PBI 's .

16.3.5.3 Camera Conmand

The CAMERA C0MMAND PBI 's  and togg le  sw ' i t ches ' i ssue commands to  the  v ideo
input  (camera)  represented  by  t f re  i l l um' ina ted  VIDEo INPUT pBI .  The ALC and
GAMI{A PBI 's  a l low se lec t jon  o f  the  appropr ia te  mode and func t ' ion  as  ta lk -
backs '  The ALC PBI 's ' ind ica te  the  ALC mode and manua l /au to  i r i s  mode.  In
the  au to  i r i s  mode (1 r is  cont ro l led  by  ALC c i rcu i ts ) ,  the  ALC mode is  ind i -
ca ted  by  the  s ing le  PBI  wh ich  is  i l ' l umina ted .  In  the  manua l  j r i s  mode ( i r i s
not control led by ALC c' i rcui ts,  but  set  by conrnand),  the ALC mode' is indica-
ted  by  the  PBI  wh ich  is  no t  i l l umina ted  ( two w i l l  6e  on ,  one o f f ) .  The au to
ir is mode is entered when an ALC conmand-is sent.  The manual i r is  mode is
entered when an j r js  command (open or c lose) js sent.

The tvpical  command sequence is VIDE0 0UTPUT, VIDE0 INpuT, CAMERA C0MMAND.
As an example, to assign the forward bay camiri to monjtor I and zoom it
ou t :

A7 VIDEO OUTPUT - MON 1
VIOEO II{PUT - Ft.lI) BAY
CAI{R CMD ZOOM - OUT
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programmed in  the  same fash ion  as  s ing le  cameras .  Each s ide
an  ou tpu t ,  and  the  MUX as  a  who le ' i s  an ' inpu t .  The  fo l low ing
with the fonward bay camera and the af t  bay camera assigned [o

r igh t  s ides  o f  MUX I  and  d isp layed  on  mon j to r  l :

The MUX's  a re
of the MUX i  s
is  an  examole
the  le f t  and

VIOEO OUTPUT
Vi t )EO INPUT
VI| ,EO OUTPUT
ViDEO INPUT
VIDEO OUTPUT
VIDEO INPUT

- MON
- MUX
- MUX
_ Ft^lD
- MUX
- AFT

BAY
iR
BAY

L

Note  tha t  s jnce  the  MUX was  ass igned  to  the  mon i to r  f j r s t ,  each  camera  cou ld
be v ' iewed and camera commands sent  to  j t  as j t  was ass igniO to the MUX.
(Th is  works  s ince_ the  mon i to r  ge ts  sync  f rom the  RCU. )  " i f  

t he  mon i to r  sync
sw i t ch  i s ' i n  INTERNAL ,  t he  p rob lem desc r i bed  i n  16 .3 .8  ( l oss  o f  sync )  *ou tO
occu r .

i 6 . 3 .6 f  l ' i c t  Reso lu t i on  Be t n Ground and rd Commandi

When in  the command mode the onboard camera mot ion commanos are acted on
on ly  when  the  camera  mo t ion  sw i t ches  change .  The  onboard  commands  have  the
same p r io r i t y  as . the  g round  commands .  I he  VCU w j l l  r espond  to  the  l as t  com-
mand  change ,  be  i t  f r om the  g round  o r  onboard .

Act  i  on

Crewmember presses and ho ' lds the
PAN sw i t ch  i n  l e f t  pos i t . i on

Ground  sends  PAN RIGHT

Crewmember  re leases  the  pAN sw i t ch

The changes are sensed,  not  the actual  sw. i tch
t i ons  sub jec t  t o  t hese  l im i t s  a re  pAN,  T ILT ,

Response

Camera  pans  le f t

Camera  pans  r igh t

Camera stops

pos i t ' i ons .  The camera  func-
200M,  F0CUS,  and  IR IS .

In  the  above case the  pan or  t ' i l t  ra te  cou ld  have been d j f fe ren t .  Another
conf l ic t  can ar ise when the ground commands PAN at one rate and the onboard
cormands TILT at  the other rate ( to the same camera).  In th is case both pAN
and T ILT w i l l  be  a t  the  ra te  se lec ted  by  the  command las t  rece ived.  For
instance, the crewmember was panning at  the s low rate when an upl ink command
!o  T ILT up  fas t  was  rece ived (sarne  -amera) ,  bo th  tne  pAN and T ILT wou ld  runjn  fas t .  I f  the  c rewmember  re leased h is  i in ,  the  pAN wou ld  s top  and the
T iLT wou ld  cont inue a t  the  h ' igh  ra te .  I f  the  PAN sw ' i t ch  * . r .  p r .ssed aga in ,
the PAN and TILT would run at  the SL0W rate.  I f  the crewnember released h. is
PAN swi tch ,  the  pan wou ld  s top  and the  T ILT wou ld  cont inue bu t  a t  the  SLoW
1ate .  Any  subsegqent  up i ink ,  PAN or  T ILT,  wou ' ld  run  a t  FAST,  o r  a  pAN/TILT
FAST command could be sent which would cause the TILT to go bact< to FAST.
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l ' lhen command changes from both ground and onboard are sampled together ( in
cornmands ' in  the  same ver t i ca l  f je ld  in te rva l ) ,  the  onboard  over r ides  theqround.

Note : Since the RCU responds to swjtch chanqes when in the CMD mode (pOt{ER
C0NTR swj tch  in  cMD) ,  the  PAN/T iLT ra te  swj tch  is  ine f fec t . i ve  un t i l
a  camera  mot ion  sw i tch ' i s  changed ;  i .e . ,  i f  a  pAN is  jn  p rogress  and
the  ra te  swi tch  is  moved,  no  ra te  change w j l l  occur  un t j l  the  pAN is
s topped and res tar ted  or  some o ther  pAN/TILT mot ion  js  s ta r ted .

Nons imul taneous commands (occur r ing  dur ing  d i f fe ren t  v . ideo f ie lds)
are  executed  inoependent ly .

16 .3 .7  Vo ice  in te r leaver  and  Asynchronous  Mode (Ground  0n lv )

The s tanda lone cornmands cont ro l  the  opera t jon  o f  the  vo ice  in te r leaver  and
the  asynchronous v ideo mode.  These commands opera te  ' in  a  s t ra iqh t fo rward
fash ' ion .  Whenever  an  asynchronous  source  j s  be ing  down l inked  ( i . . . ,  a  VTR
dump) ,  the  asynchronous mode must  be  en tered ,  and the  vo ice  jn te r leaver  rus t
be  tu rned o f f .

Note  tha t  there  are  no  c rew swi tches  fo r  these func t ' ions .

16 .3 .7 .1  Asynchronous  Mode

The VSU samples camera v ' ideo synchronously.  Therefore,  a nonsynchronous
source  may resu l t  jn  fa lse  read ings .  In  add j t ion ,  the  VSU jnser ts  a  Green-
w jch  mean t ime (GMr)  t ime  code  on  l j ne  15  o f  a l l  v ideo  inpu ts ;  and ,  i f  a
camera  over tempera ture  is  sensed,  an  over tempera ture  f lag  is  inser ted  on
l ine  16  o f  the  down l ink .  Th is  j s  a lso  done  synchronous l i ,  so  an  asynchron-
ous  source  wou ld  have the  t jmecode and/or  over tempera ture  f lag  (and jn te r -
teaved aud io ,  shou ld  tha t  be  tu rned on)  jnser ted  in  the  wrong-p iaces .  A
more  ser ious  prob ' lem js  tha t  a  fa lse  tempera ture  read ing  ( f rom the  asyn-
chronous source)  cou ld  resu l t  jn  a  fa lse  sM ALERT.  To prevent  th is ,  the
asynchronous mode (async mode) is entered via MDM command. In the async
I99e ' . the  VSU js  inh ib i ted  f rom a l l  camera  sampl ing  excep t  pan / t ' i l t  ang les .
Th is  j s  a  hardware  inh ib i t  and  the  VSU mic roproces io r  does  no t  know i t i sjnh ib j ted ,  so  i t  w i l l  read  zeros  fo r  a l l  pa ramete rs .  A lso ,  GMT inser t ion  l s
inh ib ' i t ed .  The  aud io  in te r leaver  i s  no t ' i nh ib i ted .  Th is  w i l l  cause  the  ALC
and GAMMA telemetry on panel  A7 and on downl ink to f reeze, possibly in a
random conf igurat ion.  No camera temperatures are sensed so'  an i :J:
over tempera ture  a le r t  w j l l  no t  occur .
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16 .3 .7 .2  Onboard  E f fec ts  o f  Async  Mode

S ' i nce  the  async  rnode ' i nh ' i b i t s  VSU samp l ing  o f  camera  tempera tu re ,  t he  VSU
I  im i t - sens ing  o f  camera  tempera tu re  ' i s  d ' i sab led ,  t he  SM a le r t  f o r  camera
ove r tempera tu re  i s  d ' i sab led ,  and  camera  tempera tu res  w i l l  no t  be  ava j l ab le
tu  t he  c rew .  Pan  and  t ' i 1 t  ang les  a re  sensed ,  so  t he  c rew  a lphanumer j c  d j s -
p lay  (on  the  TV  mon i to rs )  w i i l  r ead  co r rec t l y .  ALC and  GAMMA se t t i ngs  a re
no t  sensed ,  so  t he  ALC and  GAMMA PB I ' s  on  pane l  A7  w i l l  f r eeze  (poss ib l y  i n
a random state) .  The crew can st ' i l l  command ALC and GAMMA, and the camera
w i l l  r espond ,  bu t  t he  t a l kbacks  w i l l  no t  wo rk .  No te  t ha t  t h i s  app f i es  t o
a l l  cameras ,  no t  j us t  t he  asynch ronous  sou rce .

16 .3 .7 .3  G round  E f f ec t s  o f  Async  Mode

The  on l y  e f fec t  on  the  g round  ope ra t i ons  i s  t ha t  t he  0 I  t e lemet ry  pa ramete rs
fo r  ALC and  GAMMA a re  s ta t i c  (poss ib l y  i n  a  random s ta te ) ,  and  the  GMT j s
no t  i nse r t ed  i n  t he  v ' i deo .  I f  a  r ea l - t ime  sou rce  ' i s  be jng  down l  j nked ,  t he
GMT readou t  on  the  TV  mon ' i t o r  w i l ' l  be  s ta t i c .  I f  a  VTR j s  be ' i ng  dumped ,  t he
TV  mon i t o r  d i sp lay  w j11  show  the  da ta  o f  t he  reco rded  sou rce ;  i . e . ,  t he  GMT
when  the  reco rd ' i ng  was  made .  S ince  the  VTR j s  t he  on l y  sou rce  no rma l l y
down l i nked  j n  the  async  mode ,  ou r  ope ra t i ons  a re  no t  jmpac ted .

L6 .3 .7 .4  Aud jo  I n te r ' l eav ing

The  VSU has  t he  capab i l . i t y  t o  i n t e r l eave  a  s i ng le  de l t a  modu la ted  vo j ce
channe l  j n  t he  down l j nk  v i deo .  The  channe l  can  be  e i t he r  ICOM A ,  ICOM B ,  o r
bo th  m ixed  toge the r .  The  aud jo ' i s  rou ted  f rom the  pay load  bay  i n te rcom
channe l s .  The  f o rma t  o f  t he  b ' i t s ' i s  shown in  f j gu re  16 -11 .  L ' i nes  2?  t o  26 I
con ta in  a  l ead ing  "one"  fo r  sync  and  two  da ta  b i t s .  L ine  262  con ta ins  46
b i t s .  The  vo ' i ce  j s  de l t a  modu la ted  j n  t he  VSU a t  a  31 .6  kHz  ra te  ( 2  X  ho r i -
zon ta l  l i ne  ra te ) .  No te  tha t  t he  j n te r l eaved  aud ' i o  goes  on l y  to  the  down-
l ' i n k  channe l .  The  i n te r l eaved  aud io ' i s  used  on  some  Space lab  f ' l i gh t s ;
however ,  on  non -Space ' l ab  f l i gh ts  j t  i s  no t  used  because  o f  l i p  sync  p rob lems
when  re t re ' i v i ng  the  v ' i deo  fo r  p iayback  by  the  g round .

16 .3 .7 .5  L jm j t  on  Sp1  j t -Sc reen  OPS

Sp ' l i t  sc reen  ope ra t i on  w i th  a  nonopera t i ng  (o f f  o r  f a i l ed )  o r  nonex i s ten t
camera  w i  I  I  cause  l oss  o f  v ideo  synch ron ' i za t i on  on  the  g round .  Th i s  w i l  I
propagate throughout  the v ideo system (and to the commerc ia l  broadcasters j f
t hey  a re  b roadcas t i ng  ou r  v ideo ) .  Th i s  occu rs  because  a  nonopera t i ng  o r
nonex j s ten t  camera  w i l l  ou tpu t  ze ro  vo l t s ,  s ync  t ' i p  1eve1  ( f i g .  16 -13 ) .
l ' lhen commanding a spf  i t  screen,  make sure both cameras are on before the
sp l i t  s c reen  i s  down l j nked .
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r . 0  \ / L e f t  c a m e r a R i g h t  c a m e r a

( 0 f f ,  o u t p u t  =  0 V )

( 8 L A C K )
0 . 3  \ /

( s Y l i c  )  0 v

t-
I

H o r i  z o n t a  l  s y n c
r n s e r t e d  b y  V S U

F igure  l6 -13 .  -  0u tpu t of  the MUX when one

Ir l

S y n c  t i p  1 e v e 1

source  is  inac t ' i ve .

I 6 . 3 .8  Suqqes ted  Techn iques  f o r  TV  OpS

Note :  Ge t  pe rm iss ion  f rom the  c rew be fo re
espec ia l l y  impo r tan t  f o r  t he  cab jn
cameras when the crew . i  s  do. i  nq some

us I  ng any cameras. Th j  s ' is
cameras and for the payload bay
sor t  o f  pay load bay  0PS.

Pav load Bav OPS

A.  l tgh l lng  is  the  b ig  p rob ' lem.  Try  us ing  ALC-peak and Gamma NORM.
the  GAMMA wh ' i te  and b tack  to  t ry  and u i ing  ou t  de ta i t  . in  a  l igh t
a rea  i f  des j red .  The  bes t  techn ' ique  i s  t6  pan  and  t . i l t  j n  o rder
the  b r igh t  spo ts  ou t  o f  the  v jew.

B.  When t ry ing  to  see a  smal l  b r igh t  ob jec t  aga ' ins t  a  dark  background ( l i ke
space)  the  on ly  way to  do  much good is  to  Ise  the  manua l  ALC opt . ion i .
Go to GAMMA white and use the manual j r is  to get good contrast  on the
object-  Remember not to leave the camera thj i  

"aJ 
unattended. I t  is

very  suscept ib le  to  sun damage wh i le  . in  manua l  ALc  cont ro l .

C-  Zoom out  be fore  pann ing  or  t i  1 t ing .  0 therw ise ,  i t  i s  easy  to  ' ,ge t  los t , ,j n the pay'l oad bay .

Use
or dark
to get

0 .  Use  pan  t i l t  i n  the  s low ra te .  The  fas t  ra te
operat ion f rom the ground because of  the delay

is  too  fas t  usua l ly  fo r
in  TDRS t ransmiss ion .

use fast  only when you have a long way to go and not much t ime to get
there .
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E.  Use  the  zoom se lec t i ve l y .  When  shoo t i ng  PAO sho ts ,  s ta r t  w ide ,  zoom jn
on  an  a rea  o f  i n te res t ,  t hen  go  back  ou t  w ide .  T ry  to  make  smoo th  t ran -
s i t i ons  f rom one  zoom se t t i ng  to  ano the r .  Do  no t  " s tep "  t he  zoom se t -
t i ng .  Ge t  a  good  i dea  o f  t he  sho t  wan ted  and  go  a f te r  i t .

I ns i de  t he  Cab in  TV  OPS

A.  L i gh t i ng  j s  s t j l l  t he  b i g  i t em .  T ry  t o  ge t  b r i gh t  l i gh t s  ou t  o f  t he
v iew  by  us ing  t he  zoom.

B .  ALC -  N0RM and  GAMMA -  NORM g ives  the  bes t  co lo r  pe r fo rmance .  (pA0 '
l ' i kes  good  co io r ) .  Th i s  i s  due  t o  t he  se tup  o f  t he  co lo r  conve r te r  i n
bu i l d i ng  B .

c .  Aga in  do  no t  use  sho r t  j umpy  zooms .  Dec ide  on  the  v - i ew  wan ted ,  go
the re ,  and  s tay  fo r  a  m inu te .  s ta r t  w ide ,  zoom in  on  an  a rea  o fj n t e res t  ( i f  poss ib l e ) ,  t hen  go  back  w ide .  When  ad jus t i ng  t he  ALC and
GAMMA fo r  bes t  p i c t u re ,  ge t  one  t ha t  j s  f a i r i y  good  and ' l 6ave  i t  a l one .
l he  mos t  common  m is take  i s  con t i nua l l y  " f oo i i ng  w i t h , , t he  camera
se t t i ngs .  Be t te r  j s  t he  enemy  o f  good .

i 6 .3 .9  Te l  eme t r y

The  0 l  Te leme t r y  i s  l j s t ed  i n  t ab le  16 - lV .  The re  i s  some  add j t j ona l  da ta
p resen ted  to  the  c rew.

4  t q !  o f  a l phanumer i cs  i s  d j sp layed  on  e ' i t he r  o f  t he  onboa rd  mon i t o r s  ( f j g .
L6 -7 ) .  I t  can  be  removed  by  p l ac i ng  t he  da ta  sw ' i t ch  j n  t he  OFF  pos j t j dn . -
E ' l ec t r on ' i ca11y  gene ra ted  c rossha i r s  a re  a l  so  ava  j  l ab l e .  The  a l phanumer i cs
show the  camera  l oca t i on ,  t he  pan  and  t ' i 1 t  ang les ,  and ,  j f  an  ove r tempera -
tu re  camera  has  been  de tec ted  by  the  VSU,  the  tempera tu re  o f  t he  d i sp iayed
camera .  The  tempera tu re  w i l l  no t  be  p resen t  un less  one  o f  t he  cameras  i s
ove r tempera tu re  (no t  necessa r i ' l y  t he  one  on  the  mon i to r ) .  An  ove r tempera -
t u re  cond i t ' i on  w i l l  a l so  se t  o f f  an  SM a le r t .  The  a l e r t  w i l l  i s sue  t he
s tandard  576  C0MM message .  The  c rew w i l l  have  to  ca l l  up  the  C0MM RCDR d ' i s -
p l ay  t o  check  i f  a  TV  camera  i s  ove r t empera tu re  ( f i g .  16 -14 ) .

The  MCC a l so  has  a  un i t  wh i ch  decodes  t he  da ta  f r om the  v i deo .  Th i s  i s
ca l l ed  t he  ve r t i ca l  j n t e r va ' l  da ta  de in te r l eave r  (V IDD) .  The  da ta  de tec ted
by  the  V IDD i s  d ' i sp layed  on  the  INCO/Conrm Sup t  TV  mon j to r .  The  d1sp lay  i s
i l l u s t r a ted  i n  f i gu re  16 -15  and  exp la i ned  ' i n  t ab le  16 -v .
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Figure  16-14. -  COMH/RCDR d. isp1ay .
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16.4  SPECIAL TM COMPS

I '1O1IO603R CCTV D/L  SELECT

Comp measure-
ment name

i40l  I0603R

f'10910603R

M 10 I 0603R

v74X0B43t
1
0
0
n
I
I
0
I

v74X0846E
1
0
n

1

v74X0844t
0
I

0
1
0
1
0
I

v74X0848E
0
1
0
I

v74X0845E
0
0
i
1
I
0
0
I

Fl^lD
PL1
KEEL
PL2
AFT
PL3
SRMS
PRMS
FLT
MID
CA83
' '  BLANK ' '

I  NVL

PEAK/AUT
N0RM/AUT
AVG/AUT
PEAK/MAN
N0RM/MAN
AVG/MAN
' '  BLANK"
I  NVL

t.lH ITE
BLACK
NORM
I NVL

I npu t  pa ramete rs  and  l oq i c

VO VO VO VO VO VO VO VO VO VO VO
78 77 78 77 78 77 78 78 78 77 77
42 49 42 49 42 49 42 42 43 49 49
X5 X5 X6 X6 X7 X7 X8 X9 XO X8 X9
-E  -E  -E  _E -E  -E  _T  -E  -E  -E  -E

DTE TXT
output Comp name

TV CAMERA
OOl^lN L I NK
SELECT

TV ALC
SILECT

TV
GAMMA

1000000000
0100000000
0010000000
0001000000
0000100000
0000010000
0000001000
0000000100
0000000010
0000000001
0000000000
0000000000
Any o ther  combjna t jon  ou tpu t

0
0
0
0
0
U
0
0
0
0
I
0
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