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BY 

Carl T. Huggins 

ABSTRACT 

The Saturn television system is an instrumentation device intended 
to provide visual information on vehicle performance in real time. The 
system covers the entire problem from the original image presented to 
the television camera to the presentation of the finished photographs 
for analyses. 

A brief history of the television instrumentation system is pre- 
sented to chronicle the evolution of the system concepts and designs. 
The inflight television system and the ground receiving station are 
described, as used in the instrumentation of the Saturn SA-6 research 
vehicle test flight. 

This modular system is highly adaptable to many various applications. 
It is available without additional E D  funding to other government 
agencies. 
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BY 
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SUMMARY 

The Saturn television system provides real time display and perma- 
nent storage of pictures televised from the vehicle during test flight. 

The system antedates all known research rocket television systems 
with inherent commercial television system compatibility, high picture 
resolution, and display-analysis features. 

The Saturn television system is considered applicable to many other 
research projects where environments comparable to that of the Saturn 
are expected. The system is modular in form and, consequently, highly 
adapted to a wide variety of layout schemes. It is now available and 
offers a considerable savings to other users since little R&D funding 
should be required for many various applications. 

INTRODUCTION 

The Saturn television system is an instrumentation device to pro- 
vide visual vehicle performance information in real time. The system 
also makes a permanent record of the information. Information may be 
provided from any area inside, outside, or around the craft before, 
during, and after launch as well as information from areas remote to 
the craft. The entire problem from the original image before the TV 
camera to the finished photograph is covered by the system. 

The transmitting equipment includes one to four cameras and camera 
L ~ ~ ~ ~ r ~ l  units, a master clock, a sequence coder, and a transmitter. 
Only two cameras are used in the SA-6 system. The master clock generates 
the horizontal and vertical drive signals for all cameras to insure that 
they maintain the same frame relationship. The sequence coder receives 
the outputs of the cameras used and feeds them in sequence to the wide- 
band frequency modulated transmitter. 

The receiving system consists basically of a parametric amplifier 
and a broadband receiver. The receiver output is fed through four dis- 
tributing amplifiers to the display and recording systems. 



HI STORY 

Responsibility for the design-development of an instrumentation 
television system for the Saturn research vehicles was assigned to the 
Radar and Communications Unit, RF Systems Section, Instrumentation 
Development Branch, Astrionics Division, MSFC, in early 1959. Since 
that time, this organizational segment has been engaged in evolving 
television systems for use between space vehicles and the earth; first, 
for instrumentation purposes to yield information useful in the develop- 
ment phase of the Saturn systems and second, with a view toward providing 
real-time operational data from the post-development vehicles while en- 
gaged in the navigation of space. A continuous study was made of the 
various instrumentation problems as they were presented in the course 
of the development of the Redstone, Jupiter, and Pershing missiles, both 
as they were related to vehicle system development and to space naviga- 
tion as they were inferred. 

The primary concern for the application of vehicle-borne television 
systems to the earlier programs implied relatively short flight times 
and operational ranges; a high picture rate was required with good res- 
olution for the acquisition of as much information as could reasonably 
be recovered during the short times involved. Commercially available 
television subsystems were then providing a capability of 30 pictures 
per second with the desired resolution. On this and other considerations, 
a decision was made to concentrate, at least in the beginning, on a small, 
extremely rugged camera capable of withstanding the environmental extremes 
expected during powered flight and free space coasting of the test vehicles 

The first complete system assembled included an entire flight system 
that consisted of a wideband transmitter featuring quasi-carrier fre- 
quency modulation and a miniaturized camera-chain capable of withstanding 
the least favorable launch environment expected, which was that of the 
Redstone booster at that time. The ground system consisted of a locally 
fabricated receiver, a broadband amplifier, and a specially-built kine- 
scope recorder. The inhouse assembled ground station was operated by 
laboratory personnel because of their familiarity with the laboratory 
arrangement of the apparatti. 

This system was the first to transmit real-time high-resolution 
television pictures at 30 frames-per-second speed, compatible with com- 
mercial television systems, from a ballistic missile operating outside 
the earth's atmosphere. It operated satisfactorily from liftoff to the 
optical horizon, a distance of more than 320 km, on the famed flight of 
the monkey "Ham" on the Mercury-Redstone vehicle, January 31, 1961. 

The multiple-camera single-transmitter system concept was evolved 
and tested early in 1960,and a proposal including a system description 
along with the details of the test and an evaluation of the test results 



was subsequently submitted t o  D r .  Wernher von Braun i n  t h a t  same year .  
Extensive t e s t s  of t he  new camera and t h e  l i g h t i n g  concepts f o r  a p p l i -  
ca t ion ,  both on the  t e s t  s tand  and i n f l i g h t ,  continued u n t i l  t he  f a l l  
of 1961, a t  which time i t  was considered ope ra t iona l  f o r  t he  1.5 m i l l i o n  
pound t h r u s t  environment of the  Saturn booster .  It was then  included a s  
an ins t rumenta t ion  device i n  t he  ins t rumenta t ion  program f o r  t h e  Sa turn  
sys tem. 

P i c t u r e s  rece ived  from t h i s  system may be d isp layed  on any s tandard  
t e l e v i s i o n  system such a s  t h e  l o c a l  commercial broadcast  t e l e v i s i o n  s t a -  
t i ons  o r  any of t h e  major t e l e v i s i o n  networks, which must conform t o  t h e  
Federal  Communications C o m i s s i o n ' s  s tandards f o r  the  genera t ion  of syn- 
chroniza t ion  s i g n a l s .  Recent single-camera, r ea l - t ime  p i c t u r e s  made of 
the deployment of t h e  Echo I ba l loon  demonstrate t h e  e x c e l l e n t  r e s u l t s  
t h a t  can be obta ined  wi th  t h i s  type of system. These p i c t u r e s  were 
shown over t h e  major commercial t e l e v i s i o n  networks. 

INFLIGHT EQUIPMENT 

1. Transmit ter  

The Sa turn  t e l e v i s i o n  system employs a  wideband frequency modu- 
l a t ed  t r a n s m i t t e r  u t i l i z i n g  q u a s i - c a r r i e r  techniques.  The t r a n s m i t t e r  
modulation c r e a t e s  a  q u a s i - c a r r i e r  frequency i n  the  presence of a  modu- 
l a t i n g  s i g n a l  w i t h  t h e  unmodulated frequency occurr ing  a t  t h e  lower l i m i t  
of t he  ass igned  frequency band. The sync t i p  of t h e  composite v ideo  s i g -  
na l  i s  clamped t o  t he  lower l i m i t  of the  c a r r i e r  frequency. I n  t h e  p re s -  
ence of modulation, t h e  c a r r i e r  dev ia t e s  i n  an upward d i r e c t i o n .  Lower 
and upper s i d e  bands a r e  generated wi th  t h e  cen te r  frequency a t  any given 
i n s t a n t  being dependent upon t h e  average d.c. of t he  composite video s i g -  
na l .  The cen te r  frequency v a r i e s  w i t h  changes i n  t he  video of t h e  com- 
p o s i t e  v ideo  s i g n a l ,  whi le  t he  lower s i d e  bands a r e  l imi t ed  by the  
t r a n s m i t t e r  bandwidth. The maximum dev ia t ion  s f  t he  c a r r i e r  w i l l  not  
exceed 20 MHz i n  an  upward d i r e c t i o n  from the  c a r r i e r  frequency of 
860 MHz. 

I f  a  modulation index of one i s  considered,  a  dev ia t ion  f a c t o r  of 
80 l i n e s  per  MHz i s  assumed, and i t  i s  des i r ed  t o  t ransmi t  a  p i c t u r e  w i th  
a  video bandwidth of  4.2 MHz (336 l i n e s )  us ing  the  second order  s i d e  bands 
on t h e  upper s i d e  of the  q u a s i - c a r r i e r  t o  y i e l d  the  des i r ed  d e t a i l  i n  t h e  
p i c t u r e ,  a n  o v e r a l l  dev ia t ion  of 4  x 4.2 o r  16.8 MHz w i l l  be necessary.  
Therefore,  a  bandwidth of 20 MHz i s  allowed t o  permit a  b e t t e r - t h a n -  
commercial q u a l i t y  p i c t u r e  t o  be t r ansmi t t ed  over t he  system. Such mod- 
u l a t i o n  i s  considered t o  be optimum f o r  opera t ions  through o r b i t a l  ranges.  

The p re sen t  t r a n s m i t t e r  employs a  c a v i t y  i n  t he  f i n a l  s t a g e  c o n s i s t i n g  
of t h r e e  ceramic- t r iode  e l e c t r o n  tubes.  The output  of t he  t r a n s m i t t e r  i s  
5 wa t t s  w i th  a n  input  power of approximately 50 w a t t s .  

A power supply conver t s  the  28 V d .c .  v e h i c l e  power t o  t he  vo l t ages  
r equ i r ed  by t h e  t r a n s m i t t e r .  



Figure 1 inf l ight E y u i p n e n t  



2. Cameras 

Two cameras a r e  c a r r i e d  on SA-6 t o  view sepa ra t e  a r eas .  The 
same t r a n s m i t t e r  i s  u t i l i z e d  t o  t r ansmi t  t h e  p i c t u r e s  t o  t h e  ground 
s t a t i o n .  This technique was adopted t o  conserve both primary power and 
c a r r i e r  bandwidth whi le  t r ansmi t t i ng  maximum information.  

3 .  Master Clock 

The master  c lock o r  synchronizing genera tor  i n i t i a t e s  the  
ho r i zon ta l  and v e r t i c a l  d r i v e  s i g n a l s  f o r  both cameras t o  main ta in  the  
same frame r e l a t i o n s h i p  f o r  both i n  switching from one camera image t o  
the o the r .  The h o r i z o n t a l  d r i v e  s i g n a l  i s  15 750 Hz and t h e  v e r t i c a l  
d r ive  s i g n a l  i s  60 Hz. This permits  t h e  necessary sweep genera t ing  
c i r c u i t s  t o  be housed w i t h i n  the  c o n t r o l  u n i t  a s soc i a t ed  w i t h  each camera. 

As t h e  b a s i c  frequency s tandard ,  t he  synchronizing genera tor  uses  
a h ighly  shock- re s i s t an t  c r y s t a l .  The c r y s t a l  i s  encapsulated i n  a 
s i l a s t i c  compound t o  p r o t e c t  i t  from t h e  h ighly  adverse environmental 
condi t ions  experienced during launch. The s o l i d - s t a t e  synchronizing 
c i r c u i t s  a r e  housed i n  a c a n i s t e r  a long w i t h  i t s  d .c .  t o  d.c. conver te r  
and is  opera ted  from the  common 28 V d .c .  v e h i c l e  power. The synchronizer  
can be used t o  provide h o r i z o n t a l  and v e r t i c a l  d r i v e  s i g n a l s  f o r  a s  many 

" as  four  cameras. Each output  i s  i s o l a t e d  from t h e  o t h e r s  s o  t h a t  f a i l u r e  
of any one camera w i l l  no t  a f f e c t  t h e  output  t o  the  o the r  cameras. 

4. Sequence Coder 

The sequence coder is capable of accept ing the  composite v ideo  
input from four  cameras s imultaneously.  The s i n g l e  output  i s  app l i ed  
t o  t he  modulator i npu t  of t h e  t r a n s m i t t e r .  V e r t i c a l  t iming pulses  a r e  
provided by the  master  t imer f o r  switching purposes. 

Only two camera inpu t s  a r e  a v a i l a b l e  on SA-6, a l though t h e  four  
camera c a p a b i l i t y  e x i s t s  f o r  two a d d i t i o n a l  cameras. Each of t hese  two 
inputs  w i l l  be switched i n  t u r n  t o  t h e  inpu t  of t h e  t r a n s m i t t e r  f o r  two 
complete p i c t u r e s .  The switching takes  p l ace  during t h e  v e r t i c a l  i n t e r -  
v a l  preceding t h e  two p i c t u r e s .  

The coder  i s  capable of i d e n t i f y i n g  t h e  f i e l d  beginning a frame o r  
a p i c t u r e ,  so  t h e  frame r e g i s t r y  w i l l  be preserved when switching from 
one camera t o  another .  During the v e r t i c a l  r e t r a c e  i n t e r v a l  preceding 
the  f i r s t  p i c t u r e  of a group of two, from camera number one, t h e  coder 
w i l l  p l ace  a s i g n a l  on the  c a r r i e r  i n d i c a t i n g  t h a t  t ransmiss ion  of camera 
number one i s  about t o  begin. The s o l i d - s t a t e  sequence coder conta ins  
i t s  own d.c. t o  d.c. conver te r  t o  use v e h i c l e  28 V d . c .  power f o r  opera- 
t i o n .  The l a t e s t  techniques i n  minia ture  t r a n s i s t o r s  and modular con- 
s t r u c t i o n  a r e  used t o  i n su re  t he  maximum i n  e f f i c i e n c y  and r e l i a b i l i t y .  



The f l i g h t  system c o n s i s t s  of t h e  t r a n s m i t t e r  assembly which inc ludes  
the  t r a n s m i t t e r  power supply, the  master c lock ,  and the  sequence coder .  
These u n i t s  may be mounted toge ther  a s  a  package o r  s epa ra t e ly  f o r  mounting 
convenience. The remainder of the  f l i g h t  system i s  t he  cameras and t h e i r  
r e spec t ive  c o n t r o l  u n i t s .  

GROUND RECEIVING STATION 

1. Parametr ic  Amplifier 

A parametr ic  ampl i f i e r ,  loca ted  a t  any convenient po in t  between 
the  antenna and the  r e c e i v e r s ,  provides the  maximum of ga in  c o n s i s t e n t  
wi th  the  lowest no i se  f i g u r e .  The ampl i f i e r  has a  ga in  of approximately 
20 db, wi th  a  no i se  f i g u r e  of 1.35 db. 

2. Receivers 

Two wideband superheterodyne r e c e i v e r s  convert  t he  frequency 
modulated s i g n a l  i n t o  the  video s i g n a l  and apply i t  t o  t he  s i g n a l  proc- 
e s s ing  and d i s t r i b u t i n g  a m p l i f i e r s .  The two r e c e i v e r s  cover t he  same 
frequency band; however, only one of t h e i r  ou tputs  a t  a  time i s  u t i l i z e d  
by t h e  ground s t a t i o n .  The second r ece ive r  i s  cons t an t ly  monitored t o  
show p i c t u r e  cond i t i on  i n  t he  event  t h a t  the  f i r s t  r ece ive r  f a i l s  t o  pe r -  
form properly.  Switching between t h e  r e c e i v e r s  can be accomplished w i t h i n  
the  time per iod  of approximately one frame of t r ansmi t t ed  information.  
The r e c e i v e r s  a r e  e x i s t i n g  microwave t e l e v i s i o n  r e c e i v e r s  t h a t  have been 
modified t o  improve t h e i r  ga in ,  no ise  f i g u r e ,  l i n e a r i t y ,  and bandwidth 
c h a r a c t e r i s t i c s .  The acceptab le  threshold  ga in  of each r ece ive r  i s  85 db, 
w i th  a  noise  f i g u r e  of 12 db. The in te rmedia te  frequency i s  44 MHz, w i t h  
an  I F  bandwidth of 20 MHz f l a t  t o  w i t h i n  1 db. The v ideo  output  of each 
r e c e i v e r  i s  s e t  t o  1 v o l t  composite peak-to-peak wi th  a  negat ive going 
sync. 

D i s t r i b u t i n g  Amplifiers 

The output  of the  r ece ive r  i s  fed i n t o  four  s i g n a l  d i s t r i b u t i n g  
ampl i f i e r s  i n  p a r a l l e l .  These ampl i f i e r s  se rve  a s  b u f f e r s  between the  
r ece ive r  and the  o ther  s ec t ions  of t he  system. I f  any one s e c t i o n  ceases  
t o  ~ c ; I c I . ~ . o ~ ~  during an  opera t ion ,  i t  has no e f f e c t  on the  remainder of t h e  
system. The video bandwidth of each ampl i f i e r  i s  i n  excess  of 8 MHz. 
The output  l e v e l s  a r e  ad jus t ed  t o  1 v o l t  composite peak-to-peak. Each 
ampl i f i e r  has four  i s o l a t e d  outputs .  

4.  Video Tape Recorder 

One output  of d i s t r i b u t i n g  a m p l i f i e r  #1 i s  app l i ed  t o  an  Ampex 
model l O O l A  v ideo  recorder .  This video recorder  has been modified t o  
accept  t h e  r e s o l u t i o n  present  i n  the  French system of t e l e v i s i o n  t r a n s -  
mission.  It has a  video bandwidth of 5 .5  MHz a t  t h e  t ape  speed of 
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Figure 2 Ground Rece iv ing  S t a t i o n  



approximately 37 cm/s. The recording time of one r e e l  of tape  i s  60 
minutes.  The v ideo  recorder  accepts  the  1 v o l t  composite s i g n a l  i n  a 
terminated input  of 75 ohms, unbalanced. A l l  v ideo  information from 
t h e  r ece ive r  i s  recorded on t h e  main video t r a c k  of the recorder .  The 
remaining two t r a c k s ,  t he  main audio channel and t h e  cue channel,  a r e  
used f o r  o the r  da t a .  

5 .  Kinescope Recorder 

One output  of d i s t r i b u t i n g  ampl i f i e r  /I2 i s  appl ied  t o  t h e  k i n e -  
scope recorder .  This recorder  uses  a  Bach-Auricon 16 mm motion p i c t u r e  
camera t o  photograph the  face  of a  20-cm s tandard  wideband t e l e v i s i o n  
monitor.  A l l  information suppl ied  from the  r ece ive r  t o  t h i s  monitor i s  
recorded a t  30 frames per  second by the  camera. The kinescope monitor  
tube i s  a  whi te face  type wi th  a  P-4 phosphor. The f i l m  capac i ty  of t h e  
camera i s  26 minutes.  Each p i c t u r e  rece ived  by the ground s t a t i o n  w i l l  
be photographed independently on t h e  f i lm.  

To i d e n t i f y  an ind iv idua l  p i c t u r e  w i th  r e s p e c t  t o  the camera of 
o r i g i n  and t o  i d e n t i f y  the  p i c t u r e  i n  terms of v e h i c l e  t i m e - o f - f l i g h t ,  
numbers a r e  s imultaneously photographed i n  t h e  upper r i g h t  and l e f t  
corners  of the  p i c t u r e .  A s i n g l e  d i g i t  i s  recorded i n  the  upper r i g h t  
corner  t h a t  i n d i c a t e s  the number of t he  camera of o r i g i n .  A 3 - d i g i t  
number appears i n  t he  upper l e f t  corner .  This number i n d i c a t e s  t h e  
f l i g h t  time ( i n  seconds) of the  v e h i c l e  from t akeof f .  When zero i s  
reached i n  the  countdown, t he  numbering system f o r  these  3 d i g i t s  begins 
t o  func t ion .  The 3 d i g i t s  r ep re sen t  t h e  t ime t o  t h e  nea re s t  second f o r  
each frame w i t h i n  the  to t a l - t ime  c a p a b i l i t y  of 999 seconds. A photo- 
graph of any s i n g l e  frame w i l l  have the  v e h i c l e  time recorded f o r  ea sy  
r e fe rence ,  beginning a t  launch time. 

6. Processing Amplifier and Slaved Clock 

One output  of d i s t r i b u t i n g  a m p l i f i e r  #3 i s  appl ied  t o  a  pro-  
ce s s ing  ampl i f i e r  which s t r i p s  t he  v ideo  component of t he  s i g n a l  from 
the  synchronizing component f o r  use i n  two p a r t s  of t h e  ground-timing 
system. The synchronizing po r t ion  of t he  incoming s i g n a l ,  c a l l e d  
" s t r i pped  sync," has a l l  of the  synchronizing information t r ansmi t t ed  
from the  veh ic l e .  This output  from the  processing a m p l i f i e r  i s  f ed  i n t o  
a  u n i t  c a l l e d  "sync lock." The sync lock u n i t  and t h e  sync genera tor  
form the  s laved  c lock  which serves  a s  a  master  t imer f o r  t h e  e n t i r e  
ground s t a t i o n .  The sync lock and sync genera tor  a r e  t i e d  toge the r  i n  
a  se rvo  loop which func t ions  a t  a  s tandard  frequency i n  t he  absence of 
a n  incoming s i g n a l  from the  v e h i c l e .  This s tandard  frequency i s  60 Hz 
f o r  the  v e r t i c a l  frequency and 15 750 Hz f o r  t he  h o r i z o n t a l  frequency. 
The h o r i z o n t a l  frequency i s  converted i n t o  an average d.c.  vo l t age  by 
the  sync lock and fed  t o  the  sync gene ra to r .  



The v e r t i c a l  sync s i g n a l  i s  compared wi th  the  sync genera tor  output  
or with incoming s i g n a l s .  As long a s  t he  c o r r e c t  phase i s  maintained,  
no co r r ec t ion  vo l t age  i s  appl ied  t o  t he  sync genera tor  t h a t  feeds both 
hor izonta l  and v e r t i c a l  d r i v e  s i g n a l s  back t o  the  sync lock u n i t  t o  com- 
p le te  t he  servo  loop. 

When a  s i g n a l  i s  rece ived  from the  v e h i c l e  v i a  the  processing ampli- 
f i e r ,  t h e  h o r i z o n t a l  sync frequency i s  compared w i t h  t h e  sync generatoy- 
hor izonta l  frequency and an  e s t ab l i shed  d.c.  l e v e l  which may o r  may not 
be the  same a s  t h e  before- recept ion  l e v e l  of t h e  a i rbo rne  s i g n a l .  I f  
t h i s  frequency i s  d i f f e r e n t  and the re fo re  the  vo l t age  i s  d i f f e r e n t ,  the  
cor rec t ion  vo l t age  f ed  from the  sync lock t o  t he  sync genera tor  begins 
to change the  frequency of t h e  ho r i zon ta l  o s c i l l a t o r .  When t h e  f i r s t  
v e r t i c a l  sync pu l se  of t h e  rece ived  s i g n a l  comes i n t o  t h e  sync lock ,  i t  
w i l l  be checked f o r  phase aga ins t  t he  v e r t i c a l  s i g n a l  fed t o  t h e  sync 
lock by the  sync gene ra to r .  I f  t h e r e  i s  a  phase d i f f e r e n c e ,  a  c o r r e c t i o n  
vol tage i s  f ed  t o  the v e r t i c a l  o s c i l l a t o r  and, w i t h i n  the  per iod  of t h r e e  
frames, t h e  ground sync genera tor  w i l l  s h i f t  i t s  frequency smoothly t o  
tha t  of t he  f l i g h t  u n i t .  Normal condi t ions  permit a  r educ t ion  of t h i s  
time per iod  t o  l e s s  than  t h a t  of a  s i n g l e  frame. A l l  ground systems, 
locked t o  the  sync genera tor  f o r  v e r t i c a l  and h o r i z o n t a l  f requencies ,  
have t h e i r  f requencies  s h i f t e d  t o  correspond t o  t he  s i g n a l  rece ived  from 
the veh ic l e .  I f  t h e r e  i s  a  l o s s  of rece ived  s i g n a l  t o  the sync lock 
from the  process ing  a m p l i f i e r ,  t he  servo  loop r e t u r n s  t o  t h e  o r i g i n a l  
standard r e fe rence  f requencies ,  which a r e  normally rece ived  from the  
f l i g h t  u n i t .  This  i n su re s  t h a t  a l l  ground equipment w i l l  cont inuously 
receive synchronizing o r  t iming pulses  and cont inue t o  func t ion  a s  i f  
video informat ion  were being rece ived  from t h e  veh ic l e .  

The sync genera tor  supp l i e s  composite sync t o  t he  video tape  r eco rde r ,  
t o  the kinescope monitor,  t o  t he  ground sequence decoder,  and t o  t h e  
ground s to rage  viewing u n i t .  

7 .  Sequence Decoder 

The sequence decoder i s  the  counterpar t  of t h e  sequence coder 
located i n  the  f l i g h t  u n i t .  It accepts  two types of inputs  and accepts  
the output  of t he  sync genera tor  and uses  t h i s  t o  opera te  i t s  time clock.  
The time c lockd iv ides  t he  v e r t i c a l  d r ive  pu l se s  by 4 t o  provide 15 pulses  
per second t o  a  s o l i d - s t a t e  switch having four  ou tpu t s .  Only two of 
these outputs  a r e  used when the  decoder i s  s e t  f o r  two cameras. The 15 
pulses  per  second suppl ied  t o  t h e  s o l i d - s t a t e  switch cause i t  t o  move 
cont inuously from p o s i t i o n  one t o  p o s i t i o n  two and back aga in .  It 
switches once every two complete p i c t u r e s  o r  frames of video.  The switch 
opens a  g a t e  t h a t  passes  one v e r t i c a l  blanking pulse  which becomes a  
command ~ u l s e .  One command pulse  f o r  every four  v e r t i c a l  blanking pulses  
i s  passed through the  g a t e  operated by p o s i t i o n  one of t he  counter .  Then 
t h i s  g a t e  i s  c losed  and g a t e  # 2 ,  con t ro l l ed  by p o s i t i o n  two of t h e  swi t che r ,  



opens t o  permit one command pulse  t o  pass  t he  g a t e  during four  pulse  
i n t e r v a l s .  The command pulses  go out  on what a r e  c a l l e d  command l i n e s  
$11 and #2 and a r e  fed  t o  t h e  s to rage  and viewing u n i t s .  These command 
pulses  a r e  requi red  f o r  t he  ope ra t ion  of the  s t o r i n g  and viewing u n i t s .  

The second output  of the  processing ampl i f i e r  i s  the  video p o r t i o n  
of t he  rece ived  s i g n a l  and conta ins  no synchronizing information.  It 
reclaims c e r t a i n  information requi red  by the  sequence decoder which w i l l  
be discussed l a t e r .  

The command pulses  appearing a t  the  output  of each of t h e  p o s i t i o n s  
of t h e  sequence decoder switch must be t h e  c o r r e c t  four  pulses  a s s o c i a t e d  
wi th  two consecut ive frames o r  p i c t u r e s  from the  same camera i n  the  f l i g h t  
u n i t .  I f  t h i s  condi t ion  does not  e x i s t ,  an absence of frame r e g i s t r y  w i l l  
occur.  A s i n g l e  p i c t u r e  on a  monitor could c o n s i s t  of one ha l f  of a 
p i c t u r e  from one camera and one ha l f  of a  p i c t u r e  from another  camera. 
I f  t he  switch i n  t he  ground s t a t i o n  lo ses  synchroniza t ion  wi th  t h e  swi t ch  
i n  t he  v e h i c l e ,  t he  v ideo  tape recorder  conta ins  a  c i r c u i t  t h a t  can d i s -  
t i ngu i sh  the  f i r s t  f i e l d  o r  f i r s t  h a l f  of any s i n g l e  frame and produces 
a  pulse  r e f e r r e d  t o  a s  the  e d i t  pu lse .  This pu l se  occurs  j u s t  p r i o r  t o  
t h e  beginning of the  f i r s t  f i e l d  o r  f i r s t  h a l f  of each p i c t u r e .  It i s  
fed cont inuously i n t o  the  po r t ion  of the  d i v i d e r  cha in  t h a t  produces t h e  
15 pulses  per  second which c o n t r o l s  the  command output  switch.  I f  t h e  
e d i t  pu lse  a r r i v e s  a t  a  time when t h i s  po r t ion  of t he  d iv ide r  i s  i n  t h e  
wrong s t a t e ,  i t  w i l l  cause t h e  frame r e g i s t r y  t o  be co r r ec t ed  a s  t h e  com- 
mand switch advances t o  t h e  next  pos i t i on .  

8. Storage and Viewing Unit 

The s to rage  and viewing u n i t  conta ins  s p e c i a l  s to rage  tubes and 
t h e i r  a s soc i a t ed  c i r c u i t s  which allow s tandard  monitors t o  r ece ive  30 
p i c t u r e s  per  second a t  a l l  times r ega rd l e s s  of t he  input  t o  t h e  ground 
r ece iv ing  system. There i s  one s to rage  tube f o r  each camera on board 
the  v e h i c l e .  

When the ground s t a t i o n  i s  rece iv ing  and recording the  two p i c t u r e s  
from camera #1 on the  v ideo  tape and kinescope,  t he  viewing and s to rage  
u n i t  i s  performing the  following funct ions:  

The u n i t  has s to rage  tube $11 c l e a r .  The command pu l se  from command 
l i n e  $11 of t he  sequence decoder commands t h e  viewing and s to rage  u n i t  t o  
accept  and s t o r e  t he  next  two f i e l d s ,  o r  one complete p i c t u r e .  The 
s to rage  tube accepts  and s t o r e s  t h i s  p i c t u r e ,  then  c l o s e s  i t s  acceptance 
g a t e  t o  prevent  information from being accepted u n t i l  t h e  sequence de- 
coder r e t u r n s  i t s  command switch t o  p o s i t i o n  $11. While t h e  p i c t u r e  i s  
being s t o r e d ,  i t  i s  read out  t o  monitor $11, t he  s tandard  monitor.  This  
monitor rece ives  the  o r i g i n a l  frame, a s  i t  i s  s t o r e d ,  and then  r ece ives  



n t i c a l  copies t h i s  frame read from the storage tube. This 
, zludes one frame during s torage ,  one frame while the  second i s  t r ans -  
Etted from camera 81;plus two frames during the  time t h a t  camera f 2  i s  
ransmitting i t s  two frames from the  f l i g h t  u n i t .  -" 
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A t  Che beginning of the  next  group of four frame i n t e r v a l s ,  the  com- 
e ~ $ 1 1  c m p l e t  
beginning of 

:e ly 
the 

e rase  the 
v e r t i c a l  i 

srored pdcture wi th in  
n te rva l ,  The s torage  

one m i  
tube, ' 

. l l i s e  
then 

Bng prepared f o r  s to r ing ,  w i l l  c u t  off  the  e rase  c i r c u i t  and a c t i v a t e  
s write c i r c u i t .  Storage w i l l  commence a t  t h e  t r a i l i n g  edge, of t h e  
man$ pulse. 

Only one command channel i s  apen a t  any time; therefore ,  only one 
&rage tube receives  i n f o m a t i a n  a t  any given time. It i s  poss ib le ,  
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$ollmi.a; the i n i t i a t i o n  of the  homing pulse, That is ,  a l l  cameras could 
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be out  of camera r e g i s t r y  f o r  one r o t a t i o n  of t h e  command switch u n t i l  
t he  next  homing pulse  a r r i v e d  from the  v e h i c l e  t o  r e s t o r e  t he  normal 
condi t ions  and r e t u r n  a l l  monitors t o  normal r e g i s t r y .  During t h i s  t ime 
frame r e g i s t r y  would be preserved by t h e  e d i t  pu lse  and one p i c t u r e  a t  
t h e  most could be on the  wrong monitor, This i s  of n e g l i g i b l e  concern 
because the  maximum time per iod  i s  1/15 of a second. The r e s o l u t i o n  of  
t h e  s to rage  tubes i s  300 l i n e - p a i r s ,  h o r i z o n t a l ,  w i t h  no no t i ceab le  deca: 
of t he  p i c t u r e  under t hese  opera t ing  condi t ions  w i t h i n  t h e  maximum s t o r  
time of 114 second. 

The o r i g i n a l  s i g n a l  from the  r ece ive r  i s  routed t o  t he  v ideo  t a p e  
machine f o r  record ing .  The two o t h e r  t r a c k s  normally used f o r  audio  r e -  
cording a r e  used f o r  o the r  func t ions .  The t r a c k  normally used f o r  com- 
mentary purposes,  c a l l e d  the  cue t r a c k ,  has a s p e c i a l  purpose i n  t h i s  
system f o r  use  a f t e r  t h e  record ing  i s  made. C i r c u i t s  operated by t h e  
e d i t  pu lse  produce a b ina ry  number from 1 t o  99 999. The output  i s  i n  
s e r i a l  form so  t h a t  i t  may be recorded on the  cue t rack .  The beginning 
of t he  numbering i s  chosen a t  some p o i n t  p r i o r  t o  t he  time of v e h i c l e  
launch. When t h e  numbering switch i s  thrown, t hese  c i r c u i t s  immediately 
begin t o  p l ace  the  b inary  numbers s e r i a l l y  along the  tape  during each  
1130-second per iod ,  whi le  t he  p i c t u r e  i s  being s to red  on the  tape .  Each 
p i c t u r e  has i t s  own i d e n t i f y i n g  number, which may be used l a t e r  t o  r e -  
l oca t e  i t ,  recorded simultaneously on the  tape .  

9 .  Study Unit 

The s tudy u n i t  opera tes  i n  conjunct ion  wi th  the viewing ana I /  
s to rage  u n i t .  It c o n s i s t s  of a s tandard  monitor and one of t h e  s p e c i a l  
s to rage  tubes.  Af t e r  a f l i g h t  o r  t e s t  has been recorded,  t h e  t ape  may 
be played back through d i s t r i b u t i n g  a m p l i f i e r s  f 3  and #/4, and t h e  e n t i r e  
f l i g h t  can be reviewed exac t ly  a s  seen during the  a c t u a l  recording.  I f  
i t  i s  d e s i r e d  t o  s tudy a s i n g l e  p i c t u r e  from one of t he  two cameras on 
t h i s  f l i g h t ,  a switch al lows only the  command pu l se s  from t h e  sequence 
decoder a s soc i a t ed  w i t h  t h i s  camera t o  be passed t o  t h e  s tudy  u n i t .  The 
v ideo  i s  fed  from the  same camera output  of the  viewing u n i t  t o  t h e  nor -  
mal monitor mounted with t h e  s tudy  u n i t ,  so  t h a t  images from t h i s  one 
camera may be viewed a s  t he  tape  recording i s  played back. 

When the  image of i n t e r e s t  i s  loca ted ,  press ing  a s t o r e  command 
bu t ton  causes t h e  study u n i t  t o  pass  t he  next  command pu l se  a s s o c i a t e d  
wi th  the  camera being viewed t o  t h e  c i r c u i t r y  of a s p e c i a l  s t o r a g e  tube  
i n  t h e  s tudy  u n i t .  The next  p i c t u r e  from t h i s  camera i s  s t o r e d  on t h e  
s to rage  tube. The w r i t i n g  gun i s  turned o f f  and no more informat ion  i s  
accepted i n  t h e  s to rage  c i r c u i t r y .  However, t h e  normal monitor  continue! 
t o  show the  p i c t u r e s  a s  long a s  t h e  t ape  cont inues t o  run. The t ape  may 
be stopped t o  analyze the  p i c t u r e  on the  s tudy  s t o r a g e  tube. This  p i c t u ~  
w i l l  remain f o r  2 minutes,  w i t h  no more than  20 percent  degrada t ion  of 



reso lu t ion .  P r o v i s i o n s  a r e  inc luded  f o r  swinging a  P o l a r o i d  camera over  
the  s t o r a g e  moni tor  and making a  10-second p r i n t  i n  t h e  normal manner f o r  
record o r  f o r  sending t o  a  remote l o c a t i o n  f o r  a n a l y s i s .  

A t  t h e  same t ime t h a t  t h e  s t o r e  command b u t t o n  i s  p r e s s e d  t o  a l l o w  
a  s t o r e  command t o  go t o  t h e  s t u d y  u n i t  s t o r a g e  t u b e ,  c i r c u i t s  a s s o c i a t e d  
with t h e  numbering system,  which p l a c e d  t h e  numbers on t h e  t a p e  o r i g i n a l l y  
fo r  each p i c t u r e ,  c o n v e r t  t h e  number a s s o c i a t e d  w i t h  t h e  p i c t u r e  t o  be  
s to red  and viewed i n t o  a decimal  number. F i v e  "Nixie" r e a d o u t  t u b e s  d i s -  
play t h e  decimal i d e n t i f i c a t i o n  number f o r  t h i s  p a r t i c u l a r  p i c t u r e .  

A f t e r  2  minu tes ,  t h e  p i c t u r e  on t h e  s t o r a g e  t u b e  w i l l  automaticaL1.y 
disappear  because  normal d e g r a d a t i o n  causes  t h e  p i c t u r e  t o  f a l l  below a n  
acceptable  l e v e l  f o r  s t u d y .  Should t h e  same p i c t u r e  be  r e q u i r e d  f o r  s t u d y  
again,  a  s e t  of r o t a r y  swi tches  may be  s e t  t o  t h e  number no ted  f o r  t h a t  
p i c t u r e  and t h e  t a p e  r e t u r n e d  f o r  a  new s e a r c h  s c a n  f o r  t h e  d e s i r e d  p i c t u r e .  
A coincidence c i r c u i t  i s  s e t  up t o  compare t h e  number s e t  on t h e  s w i t c h e s  
a g a i n s t  t h e  number c o n t i n u o u s l y  r e a d  from t h e  t a p e  f o r  each p a s s i n g  p i c t u r e .  
When t h e  c o r r e c t  number has  been r e c e i v e d  and compared, t h e  p i c t u r e  i d e n t i -  
f i c a t i o n  command a u t o m a t i c a l l y  i s  i s s u e d  by t h e  numbering system. Th is  
command causes  t h e  same p i c t u r e  t o  be  s t o r e d  on t h e  s t o r a g e  t u b e  a s  p r e -  
v ious ly  done when t h e  s t o r e  command b u t t o n  was p r e s s e d .  The same decimal  
number appears  immediately below t h e  s t o r e d  p i c t u r e  a s  t h e  double-check 
t h a t  t h e  p roper  p i c t u r e  i s  d i s p l a y e d .  The c a p a b i l i t y  e x i s t s  f o r  d i s p l a y i n g  
any one of a  p o s s i b l e  99 999 i n d i v i d u a l  p i c t u r e s .  

For example, assume p i c t u r e  number 704 i s  viewed and t h e  a n a l y s t  de-  
c ides  t o  go back approx imate ly  one second i n  t ime and view t h e  image from 
the  same camera. At 30 frames p e r  second t h e  n e a r e s t  m u l t i p l e s  o f  f o u r  
corresponding t o  30 a r e  28 and 32. The a n a l y s t  s u b t r a c t s  28 from 704 and 
g e t s  number 676. The a n a l y s t  s e t s  t h e  swi tches  f o r  676, backs  up t h e  t a p e ,  
and p lays  i t  through a g a i n .  The comparison c i r c u i t r y  o f  t h e  p i c t u r e  i d e n t i -  
f i c a t i o n  system p u l l s  o u t  p i c t u r e  676 and s t o r e s  i t  on t h e  s t u d y  t u b e .  
The p i c t u r e  w i l l  be  d i s p l a y e d  f o r  2  minu tes .  

The p i c t u r e  may be e r a s e d  from t h e  s t u d y  u n i t  i n  e i t h e r  o f  two ways. 
Backing t h e  t a p e  and s t a r t i n g  i t  forward a g a i n  a u t o m a t i c a l l y  c a u s e s  t h e  
p i c t u r e  t o  d i s a p p e a r .  No o u t p u t  w i l l  be  i s s u e d  by t h e  p i c t u r e  i d e n t i f i c a -  
t i o n  system f o r  comparison i f  a l l  t h e  swi tches  a s s o c i a t e d  w i t h  t h e  r e a d o u t  
tubes a r e  s e t  i n  t h e  OFF p o s i t i o n .  The system w i t h  t h e  s t u d y  u n i t  p e r m i t s  
the a n a l y s t  t o  r e t r i e v e  any one o f  99 999 p i c t u r e s  and t o  make a  h i g h  r e s o -  
l u t i o n  photograph w i t h i n  5 minutes  a f t e r  t h e  complet ion o f  t h e  f l i g h t .  
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