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TEMPOMY’ LOSS OF COMMAND MODULE TELEVISION PICTURE 

I 

i 
b 

STATEMENT OF ANOMALY 

The t e l e v i s i o n  p i c t u r e  f r o m t h e  command module c o l o r  t e l e v i s i o n  cam- 
e r a  w a s  t emporar i ly  l o s t  at t h e  Mission Control  Center ground s t a t i o n  con- 
v e r t e r .  

SYSTEM DESCRIPTION 

The command module co lo r  t e l e v i s i o n  camera system cons i s t ed  of a cam- 
e r a ,  l e n s ,  monitor ,  and two connecting e l e c t r i c a l  cab le s  (one t o  connect 
t;iie camera t o  t h e  monitor and the o t h e r  t o  connect t h e  camera t o  t h e  space- 
c r a f t  conso le ) .  The camera used t h e  f i e l d  s e q u e n t i a l  system of co lo r  pick- 
~p and t ransmiss ion  (as opposed t o  t h e  s tandard  simultaneous c o l o r  f i e l d  
p r e s e n t a t i o n ) .  
w a s  compatible with the  l i m i t e d  space and power a v a i l b l e  i n  t h e  s p a c e c r a f t ;  
a l though t h e  s i m p l i c i t y  of t h e  camera r e s u l t e d  i n  a need f o r  more ground 
s t a t i o n  equipment t o  convert  t h e  videa t o  a commercial s tandard  presen- 
% a t i o n .  

This  provided a r e l i a b l e ,  compact, low-powered u n i t  which 

The camera cons i s t ed  of  a low-l ight- level  imaging t u b e ,  video c i r -  
c u i t ,  co lo r  wheel motor c i r c u i t ,  and high-and low-voltage power s u p p l i e s .  
The imaging t u b e  was an e l e c t r o n  bombardment s i l i c o n  tube  which w a s  h igh ly  
r e s i s t a n t  t o  burnout .  

With normal l i g h t i n g  i n  t h e  f i e l d  of view of t h e  t e l e v i s i o n  camera 
image-converter t u b e ,  t he  area of t h e  tube face  behind t h e  mask ( f i g .  1) , 
srhere t h e  e l e c t r o n  beam sweep from l e f t  t o  r i g h t  beg ins ,  i s  b l ack ,  and 
the  s i g n a l  level  i s  zero v o l t s  ( f i g .  2 a ) .  
g re s ses  from under t h e  mask and ac ross  t h e  window, t h e  s i g n a l  v a r i e s  from 
black  ( z e r o  v o l t )  t o  white  s a t u r a t i o n  (-1.0 v o l t ) .  

A s  t h e  sweep f o r  each l i n e  pro- 

Black leve l  f o r  t h e  s i g n a l  i s  set a t  a >-volt ref-erence by iiie ciarnp- 
i n g  c i r c u i t  ( f i g s .  2b and 2c )  with t h e  r e s u l t i n g  s i g n a l  varying from black  
l e v e l  ( 5  v o l t s )  t o  white s a t u r a t i o n  ( 4  v o l t s ) .  

The whi te  s a t u r a t i o n  l e v e l  i s  a func t ion  of t h e  video tube  charac te r -  
i s t i c s .  The b lack  level  of t h e  output  s i g n a l  i s  c o n t r o l l e d  by t h e  black- 
l e v e l  c l i p p i n g  c i r c u i t  ( f i g s .  2b and 2 c )  t h a t  conducts t h e  p o r t i o n  of t h e  
s i g n a l  above t h e  c l i p p i n g  l e v e l  through t h e  diode t o  ground. 
i s  c l ipped  approximately 5 percent below t h e  clamp l e v e l .  

The s i g n a l  
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The video s i g n a l  t h a t  r e s u l t s  from t h e  fast re turn  sweep from r i g h t  
t o  l e f t  f o r  each scan l i n e  (fig.  1) i s  blanked out  at t h e  clamp l eve l  
when t h e  blanking c i r c u i t  t u r n s  off  t h e  ampl i f i e r  ( f i g s .  2c and 2 d ) ,  t hus  
f o r c i n g  t h e  s i g n a l  output t o  zero f o r  t h a t  per iod .  

The last  video ampl i f i e r ,  shown i n  t h e  p a r t i a l  c i r c u i t  i n  f i g u r e  2c,  
adds t h e  synchronizat ion pulse  t o  t h e  video s i g n a l  dur ing  t h e  b lanking  
pe r iod  ( f i g .  2d ) .  The synchronizat ion pu l se  c o n t r o l s  t h e  start o f  t h e  
e l e c t r o n  beam t r a c e  i n  t h e  ground-receiver p i c t u r e  t u b e ,  p rovid ing  t h e  
lock-on pulse  for t h e  ground s t a t i o n  conver te r .  

t- 

DISCUSSION 
1 

I n v e s t i g a t i o n  and examination of t h e  video p i c t u r e  at t h e  ground sta- 
t i o n  showed t h a t  as sun l igh t  came i n t o  t h e  f i e l d  of  view, the  ground- 
s t a t i o n  conver te r  l o s t  lockup wi th  t h e  video downlink s i g n a l ,  and the  
p i c t u r e  w a s  l o s t .  When t h e  camera w a s  l a te r  poin ted  away from t h e  sun, 
t h e  ground-station conver te r  locked up normally,  and t h e  p i c t u r e  re turned .  

Postmission analyses  and tes t s  wi th  t h e  f l i g h t  camera showed t h a t  
when a h igh  i n t e n s i t y  l i g h t ,  l i k e  d i r e c t  s u n l i g h t ,  came i n t o  the  f i e l d  
of view, t h e  normally b lack  area under t h e  mask on t h e  video tube  w a s  
e f f e c t i v e l y  i l lumina ted  by charge spreading.  When t h e  beam c rosses  t h i s  
area, a s i g n a l  i s  generated t h a t  corresponds t o  t h e  i l l u m i n a t i o n  l e v e l .  
This s i g n a l  i s  clamped t o  t h e  black-level  vo l tage .  A s  a resul t ,  wherever 
t h e  image darkened during the  ensuing sweep a c r o s s '  t he  tube , t h e  inc rease  
i n  vol tage  above t h e  s t a r t i n g  r e fe rence  appeared "blacker  t han  black" 
(above 5 v o l t s )  af ter  clamping ( f i g s .  3a and 3b). 

The l a r g e  r e s u l t i n g  vol tage  charged t h e  c l i p p e r  b i a s  c a p a c i t o r  i n  
t h e  b lack- leve l  c l ipp ing  c i r c u i t  ( f i g .  3c)  and back-biased t h e  c l i p p i n g  
diode,  prevent ing it from s h o r t i n g  t h e  excess ive  s i g n a l  t o  ground. A s  
a r e s u l t ,  high-amplitude excurs ions  remained i n  t h e  video s i g n a l  ou tput  
( f i g .  3d) and were i n t e r p r e t e d ,  by t h e  ground s i g n a l  conve r t e r ,  as syn- 
chroniza t ion  pu l ses .  The combination of t h e  false synchroniza t ion  p u l s e s  
quick ly  followed by t h e  normal s i g n a l  synchroniza t ion  pu l se  w a s  r e j e c t e d  
by t h e  ground s t a t i o n  conver te r  and t h e  p i c t u r e  w a s  t emporar i ly  l o s t .  b 

The black-level  c l i p p i n g  c i r c u i t  w a s  modified t o  e l i m i n a t e  t h e  diode 
which could be back-biased by a l a r g e  charge on t h e  b i a s  network c a p a c i t o r  c 
( f i g .  4 ) .  
i s o l a t e s  t h e  b i a s  c a p a c i t o r  so  t h a t  it i s  not  charged by t h e  improper 
b lack  l e v e l  vo l tage .  The t r a n s i s t o r  then  cont inues  t o  conduct t h e  excess  
s i g n a l  t o  ground, even i n  the  case of high i n t e n s i t y  l i g h t  i npu t s  t o  t h e  
video tube .  I n  extreme cases  ( d i r e c t  s u n l i g h t )  t h e  p i c t u r e  would go blank 
temporar i ly  , with t h e  modified c i r c u i t  , but  t h e  normal synchroniza t ion  
pulse  p a t t e r n  would cont inue.  

The t r a n s i s t o r  which r ep laces  t h e  diode i n  t h e  modified c i r c u i t  
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Signal in j 5 Signal out 

- - - 
Apollo 15 c i rcu i t  

Signal in  J /Signal out 

Apollo 16 c i rcu i t  

Figure 4.- Black-level clipping circuit  modification for Apollo 16. 
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CONCLUSION 

The temporary loss of t h e  p i c t u r e  was caused by a f a l s e  synchro- 
n i z a t i o n  pulse  t h a t  r e s u l t e d  from t h e  i n a b i l i t y  of t h e  b l ack - l eve l  c l i p -  
p ing  c i r c u i t  t o  respond adequately t o  the  video s i g n a l  when b r i g h t  sun- 
l i g h t  suddenly e n t e r e d  t h e  camera's f i e l d  of  view. The c l i p p e r  w a s  not 
designed t o  operate  with d i r e c t  sun l igh t  i n  t h e  camera's f i e l d  of view. 

CORRECTIVE ACTION 

The b lack  l e v e l  c l i p p i n g  c i r c u i t  has been modified and i t s  perform- 
ance on t h e  Apollo 1 6  mission was s a t i s f a c t o r y .  

NASA - JSC 


