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( 0 0  
c l r  The p r imary  means of r e c o r d i n g  Lunar O r b i t e r  telem- 
sE e t r y  i s  on p h o t o g r a p h i c  f i l m .  T h i s  memorandum d i s c u s s e s  t h e  

p o t e n t i a l  v a l u e  of  t a p e  r e c o r d i n g  f o r  a n a l y s i s  o f  t h e  data  i n  
s u p p o r t  o f  Apol lo .  
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o r e c o r d e d  data: 

There are  f o u r  major advan tages  o f  p r e - d e t e c t i o n  tape 

(1) No new hardware need be  deve loped  t o  r a p i d l y  c o n v e r t  
t h e  data t o  d i g i t a l  form f o r  computer a n a l y s i s .  

( 2 )  P r e d e t e c t i o n  tape reco rded  da ta  i s  f r e e  from d e g r a d a t i o n  
by t h e  ground d e t e c t i o n  and ground p h o t o g r a p h i c  
r e c o r d i n g  equipment .  

/ 

( 3 )  The t ape  may be  r e p l a y e d  th rough  t h e  ground r e c o r d i n g  
equipment w i t h  pa rame te r s  o p t i m i z e d  f o r  p a r t i c u l a r  
c o n d i t i o n  o f  t h e  data.  

( 4 )  Tape r e c o r d e d  data  i s  u s e f u l  i n  end-to-end c a l i b r a t i o n  
o f  the  s y s t e m .  
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P r o v i s i o n  of tape r e c o r d e r s  may a l s o  gua rd  u i n s t  10s 
i n  c e r t a i n  non-nominal c o n d i t i o n s ;  t h i  
i n  t h i s  paper ,  however. 

It i s  
s i t e  su rvey  mis s ions  on t h e  basis o p # a g  

i d s  on a n  immediate d e c i s i o n  t o  P r o v i B  ti 
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TECHNICAL MEMORANDUM 

I n t r o d u c t i o n  

Lunar O r b i t e r  data s h o u l d  be ana lyzed  i n  t i m e  to 
o p t i m i z e  t h e  o p e r a t i o n  o f  succeed ing  m i s s i o n s  i n  s u p p o r t  o f  
Apol lo  s i t e  su rvey .  The f i rs t  data  may be a v a i l a b l e  w i t h i n  
one y e a r .  Succeeding  Lunar O r b i t e r  and Surveyor  m i s s i o n s  w i l l  
f o l l o w  a t  t h e  r a t e  of  one launch  e a c h  eve ry  th ree  months.  

Research  a t  USGS/Branch of  As t rogeology 1 and a t  J P L -  2 

has es tab l i shed  t h e  v a l u e  o f  q u a n t i t a t i v e  a n a l y s i s  o f  l u n a r  
photograph  . The i n f o r m a t i o n  from one Lunar O r b i t e r  i s  s o  great 
( a b o u t  1 0 l T e l e m e n t s )  t h a t  p r a c t i c a l  data p r o c e s s i n g  r a t e s  w i l l  
l i m i t  t h e  amount o f  i n f o r m a t i o n  which can  be  ana lyzed  i n  t i m e  t o  
i n f l u e n c e  succeed ing  s i t e  survey  m i s s i o n s .  

A g e n e r a l  purpose  d i g i t a l  computer i s  c l e a r l y  needed 
because  there  i s  n o t  s u f f i c i e n t  t i m e  to deve lop  a s p e c i a l  
pu rpose  h i g h  r a t e  da ta  p r o c e s s o r .  The data r a t e s  i n  e x i s t i n g  
computer f a c i l i t i e s  are l i m i t e d  by t ape  r e c o r d i n g  movements. A 
t y p i c a l  r a t e  i s  62.5 x lo3 samples  p e r  second ( 6  b i t s  p e r  sample) .  
A t  t h i s  r a t e ,  5% o f  t h e  i n f o r m a t i o n  from one Lunar O r b i t e r  can  
be  t r a n s f e r r e d  i n  24 h o u r s .  

3 

The Lunar O r b i t e r  da t a  must be  c o n v e r t e d  to d i g i t a l  form 
b e f o r e  i t  can  be  p r o c e s s e d  i n  a computer .  The c o n v e r s i o n  r a t e  
s h o u l d  be comparable to t h e  computer r a t e ,  or t h e  c o n v e r s i o n  
p r o c e s s  w i l l  l i m i t  t h e  v a l u e  o f  t h e  data.  The f e a s i b i l i t y  o f  
matching  t h e  c o n v e r s i o n  r a t e  t o  t h a t  of t h e  computer f a c i l i t y  
w i t h o u t  d e g r a d i n g  t h e  data and w i t h i n  t h e  a v a i l a b l e  t i m e  depends 
on t h e  data  f o r m a t .  

T h i s  paper  d i s c u s s e s  t h e  r e l a t i v e  advan tages  and d i s -  
a d v a n t a g e s  of p h o t o g r a p h i c  and t ape  r e c o r d e d  f o r m a t s  f o r  t h e  
h i g h  r a t e ,  h i g h  q u a l i t y  data a n a l y s i s  needed f o r  Apollo s i t e  s u r v e y .  

F 
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It i s  concluded t h a t  t a p e  r e c o r d i n g s  a re  needed i n  a d d i t i o n  
t o  pho tographs .  

A t  p r e s e n t  Lunar O r b i t e r  p h o t o g r a p h i c  data  i s  r e c o r d e d  
on p h o t o g r a p h i c  f i l m  a l o n e .  Although t h e  Ranger and Surveyor  
programs chose  t o  complement p h o t o g r a p h i c  r e c o r d i n g  of  p i c t u r e  
d a t a  w i t h  t a p e  r e c o r d e r s ,  Lunar O r b i t e r  has n o t  p r o v i d e d  
such  equipment .  The e x i s t i n g  Deep Space Network t a p e  r e c o r d i n g  
equipment i s  committed t o  Surveyor  when Lunar O r b i t e r  w i l l  
be f l y i n g .  

A d e c i s i o n  on t a p e  r e c o r d e r s  must b e  made soon.  
I n  o r d e r  t o  r e c o r d  data  from t h e  f i rs t  Lunar O r b i t e r ,  on ly  
one year  i s  a v a i l a b l e  f o r  procurement ,  s h i p p i n g ,  and i n s t a l -  
l a t i o n  a t  Go lds tone ,  Madrid, and Woomera. 

PhotonraDhic Format 

Lunar O r b i t e r  pho tograph ic  data  i s  r e c o r d e d  on 
p h o t o g r a p h i c  f i l m  b y  t he  Ground Record ing  System (GRS). 
The s i g n a l  r e c e i v e d  on t h e  ground i s  demodulated by p a s s i n g  
t h r o u g h  a frequency-modulat ion-with-feedback (FMFB) d e c t e c t o r  
and a v e s t i g i a l  s i d e b a n d  d e t e c t o r .  The s i g n a l  i s  f i l t e r e d  
f o r  n o i s e  r e d u c t i o n  and conve r t ed  t o  a n  image by a ca thode-  
r a y  t u b e .  

The image i s  r eco rded  on 35 mm f i l m  i n  f ramelets .  
The s c a n  l i n e s  r u n  a c r o s s  t h e  f i l m  and are spaced  50 v a p a r t ;  
t h e  l e n g t h  o f  e a c h  f r a m e l e t  i s  4 2 . 8  cm. There are  56 frame- 
l e t s  f o r  each  h i g h  r e s o l u t i o n  frame and 1 4  f ramelets  f o r  each  
low r e s o l u t i o n  frame. The t o t a l  l e n g t h  o f  f i l m  f o r  one 
Lunar Orb i t a r  i s  about  2 0 , 0 0 0  f e e t .  

O the r  forms of p h o t o g r a p h i c  d a t a  w i l l  a l s o  be 
a v a i l a b l e .  One t y p e ,  f o r  example,  w i l l  be re-assembled 
subframes which c o n s i s t  o f  9 framelets s i d e  by s i d e .  Although 
such  forms may be  c o n s i d e r a b l y  more conven ien t  f o r  data  pro-  
c e s s i n g ,  t h e y  must be d e r i v e d  from t h e  35 mm f ramelets  and 
must be  s l i g h t l y  degraded. The t r a d e - o f f  between q u a l i t y  and 
convenience  i s  n o t  c o n s i d e r e d  here ;  i t  i s  assumed t h a t  t h e  
framelets are t o  be conve r t ed  t o  d i g i t a l  form. 

Convers ion  of t h e  da ta  from pho tographs  i n t r o d u c e s  
f o u r  d i f f i c u l t  problems:  

( a )  a c c u r a t e  measurement o f  l i g h t  

$ 
f 
a m 
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( b )  r a p i d  s c a n  motion 

( c )  a c c u r a t e  mechanica l  i n d e x i n g  

( d )  r e - scann ing  a p r e v i o u s l y  scanned  and r e c o n s t r u c t e d  
image 

The measurement of l i g h t  s h o u l d  b e  a c c u r a t e  t o  
b e t t e r  t h a n  1% ( r m s  e r r o r )  t o  a v o i d  d e g r a d i n g  t h e  o v e r a l l  
q u a l i t y  o f  t h e  data. The s c a n  r a t e ,  f o r  6 2 . 5  x l o 3  e l emen t s  
p e r  second and 50 p element  s i z e ,  would have t o  be 3.125 
meters p e r  second.  The mechanica l  i n d e x i n g  e r r o r  s h o u l d  be 
a f r a c t i o n  of  a r e s o l u t i o n  e l emen t ,  o r  abou t  25 p. 

The r e - s c a n  problem i s  a c r i t i c a l  one.  When t h e  
image i s  read o u t  of  t h e  s p a c e c r a f t  f i l m ,  t h e  two-dimensional  
image i s  c o n v e r t e d  t o  a one-dimensional  s i g n a l  by  r e c t i l i n e a r  
s c a n n i n g ,  When t h e  image i s  r e c o r d e d  on ground f i l m ,  a two 
d imens iona l  image i s  re-formed, b u t  t h e  s c a n  s t r u c t u r e  r ema ins .  
It i s  n o t  f ea s ib l e  t o  remove t h e  s c a n  s t r u c t u r e  w i t h o u t  
d e g r a d i n g  t h e  data .  

The two d imens iona l  f i l m  image must b e  re -scanned  
i n t o  a one d imens iona l  s i g n a l  f o r  t r a n s f e r  t o  t h e  computer.  
If t h e  new s c a n  s t r u c t u r e  i s  n o t  p r e c i s e l y  a l i g n e d  w i t h  t h e  
o l d  s c a n  s t r u c t u r e ,  beats ( o r  Moire p a t t e r n s )  w i l l  be 
g e n e r a t e d  between t h e  t w o  s t r u c t u r e s .  I n  working w i t h  t h e  
r e - scan  o f  Ranger pho tographs ,  s c a n  s y n c h r o n i z a t i o n  was n o t  
a t t e m p t e d ;  i n s t e a d ,  f h e  r e s o l u t i o n  o f  t h e  data  was degraded  
by a f a c t o r  o f  f o u r .  

No hardware p r e s e n t l y  a v a i l a b l e  can hand le  a l l  o f  
t h e s e  problems.  The scan  r a t e  i s  two o r d e r s  of  magni tude 
f a s t e r  t h a n  t y p i c a l  r a t e s  f o r  mechan ica l  m i c r o d e n s i t o m e t e r s .  
Cathode-ray s c a n n e r s  can meet t h e  s c a n  r a t e  problem, b u t  a 
s p e c i a l  mechan ica l  i n d e x i n g  and s c a n  s y n c h r o n i z a t i o n  s y s t e m  
would have t o  be developed .  

O p t i c a l  s cann ing  o f  t h e  pho tographs  does have 
advan tages ,  such  as ease i n  v i s u a l  i n d e x i n g ,  f l e x i b i l i t y  o f  
s c a n n i n g  d i r e c t i o n ,  and e a s i l y  v a r i a b l e  m a g n i f i c a t i o n .  I n  
terms o f  growth  o p t i c a l  s c a n n i n g  w i l l  be  n e c e s s a r y  when 
pho tographs  a re  r e c o v e r e d  d i r e c t l y  w i t h o u t  read-out  and 
t e l e m e t r y .  There i s  no q u e s t i o n  t h a t  . t h i s  would be  t h e  
b e t t e r  method, i f  it could  be  deve1ope.d i n  t i m e .  

I 
a m 
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U n f o r t u n a t e l y ,  development of  hardware f o r  r a p i d ,  
h igh  q u a l i t y  a n a l o g - t o - d i g i t a l  c o n v e r s i o n  from p h o t o g r a p h i c  
f i l m  w i l l  t ake  approximate ly  one year.  O r g a n i z a t i o n ,  s o f t w a r e  
development ,  equipment i n s t a l l a t i o n ,  and p e r s o n n e l  t r a i n i n g  
w i l l  take an  a d d i t i o n a l  year.  T h e r e f o r e ,  t h e r e  i s  n o t  enough 
t i m e  t o  i n f l u e n c e  s i t e  su rvey  m i s s i o n s  on t h e  bas i s  o f  h i g h  
r a t e  data  a n a l y s i s  i f  t h e  on ly  a v a i l a b l e  format  i s  photo- 
g r a p h i c  f i l m .  

Tape Recording Format 

The r e l a t i v e  a t t r i b u t e s  of  p r e - d e t e c t i o n ,  p o s t -  
d e t e c t i o n ,  and d i g i t a l  r e c o r d i n g  are  d i s c u s s e d  i n  t h e  Appendix. 
It i s  assumed t h a t  t h e  s i g n a l  i s  t a p e  r e c o r d e d  b e f o r e  d e t e c t i o n .  
One r e e l  o f  p r e - d e t e c t i o n  magnet ic  tape  can  h o l d  one low 
r e s o l u t i o n  frame and one h i g h  r e s o l u t i o n  frame. The informa- 
t i o n  from one Lunar O r b i t e r  can be  h e l d  on 2 0 0  r ee l s  o f  t ape .  

The major  advantage  of  t a p e  r e c o r d i n g  i s  t h a t  i t  
p r e s e r v e s  t h e  i n i t i a l  s cann ing  s t r u c t u r e  i n  one d imens iona l  
form, making r e - scan  unnecessa ry .  A second advantage  i s  t h a t  
t h e  o u t p u t  s i g n a l  i s  i n  conven ien t  form f o r  c o n v e n t i o n a l  h i g h  
r a t e  a n a l o g - t o - d i g i t a l  c o n v e r t e r s .  The r a t e  of 6 2 , 5 0 0  e l emen t s  
p e r  second,  a t  6 b i t s  p e r  sample,  can be  e a s i l y  met by t a p e  
movements ( t h e  r e c o r d i n g  speed  i s  rough ly  t w i c e  as f a s t )  and 
by a n a l o g - t o - d i g i t a l  c o n v e r t e r s .  5 

Use o f  t h e  magnet ic  t a p e s  must be  c o o r d i n a t e d  w i t h  
t h e  photographs .  V i s u a l  i n s p e c t i o n  of  t h e  pho tographs  i s  
needed t o  s e l e c t  areas f o r  a n a l y s i s .  Fur thermore ,  q u a n t i t a -  
t i v e  work a t  low rates  will be n e c e s s a r y ,  f o r  example, t o  
i n t e r p r e t  c a l i b r a t i o n  data .  T h e r e f o r e ,  t h e  magnet ic  t ape  
must be c ros s - indexed  t o  t h e  photographs .  A s u i t a b l e  means 
o f  i n d e x i n g  would be r e c o r d i n g  of  a t i m e  s i g n a l  on a n  a u x i l i a r y  
t r a c k  on t h e  t a p e .  

I f  tape  recorders  are p r o v i d e d ,  t h e  t e c h n i c a l  problem 
o f  h i g h  r a t e  data  a n a l y s i s  i s  r e s t r i c t e d  t o  d e f i n i t i o n  o f  t h e  
t a sk ,  s o f t w a r e  development ,  and p r o c e s s i n g .  Under these  
c i r c u m s t a n c e s ,  h i g h  ra te ,  h i g h  q u a l i t y  data a n a l y s i s  can 
i n f l u e n c e  l a t e r  m i s s i o n s  i f  work i s  i n i t i a t e d  immediately.  

Conclus ion  

P r e - d e t e c t i o n  tape  r e c o r d i n g  of  Lunar O r b i t e r  data  
i s  needed t o  p e r m i t  h i g h  r a t e ,  h i g h  q u a l i t y  data  p r o c e s s i n g  
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in time to optimize the Lunar Orbiter/Surveyor survey for 
Apollo landing sites. The decision to provide tapes must be 
made immediately in order to install them overseas in time 
for use with the first Lunar Orbiter. 

1012-CJB-crr 
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TYPES OF TAPE RECORDING 
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1 :  

There are t h r e e  b a s i c  ways of  t a p e  r e c o r d i n g  Lunar 
O r b i t e r  data;  p r e - d e t e c t i o n ,  p o s t - d e t e c t i o n ,  and d i g i t a l .  P r e -  
d e t e c t i o n  t a p e  r e c o r d i n g s  a r e  made from a c a r r i e r  f r equency  
modulated by t h e  s i g n a l .  Pos t  d e t e c t i o n  r e c o r d i n g s  are made 
from t h e  d e t e c t e d  baseband s i g n a l .  D i g i t a l  r e c o r d i n g s  a re  made 
from t h e  baseband s i g n a l  a f t e r  q u a n t i z i n g  and encoding  i n t o  
d i g i t a l  form. 

P r e - d e t e c t i o n :  

The main advantage  of  p r e - d e t e c t i o n  t a p e  r e c o r d i n g ;  
i s  t h a t  t h e  l eas t  number o f  o p e r a t i o n s  are performed on t h e  
s i g n a l  b e f o r e  r e c o r d i n g .  F u r t h e r ,  n o n - l i n e a r i t i e s  i n  t h e  
r e c o r d i n g  and p layback  equipment do n o t  degrade  t h e  s i g n a l  
because  i t  i s  i n  f requency  modulated form. 

Because o f  t h e  h i g h  f r equency  of  t h e  p r e - d e t e c t i o n  
d a t a ,  t h e  r e c o r d i n g  head must be moved as w e l l  as t h e  t a p e ,  t o  
a t t a i n  t h e  needed s u r f a c e  v e l o c i t y .  T h i s  d u a l  motion r e s u l t s  
i n  h i g h  compact ion of t h e  d a t a .  One r e e l  of t a p e  can  h o l d  one 
low and one h i g h  r e s o l u t i o n  p i c t u r e ;  a t o t a l  of abou t  200  r ee l s  
would be needed f o r  each  Lunar O r b i t e r .  Tapes need be changed 
o n l y  once an  hour .  

A d i s a d v a n t a g e  o f  p r e - d e t e c t i o n  t a p e s  i s  t h a t  t h e  
s i g n a l  must  be demodulated d u r i n g  p l ayback .  T h i s  r e q u i r e s  
s p e c i a l  purpose  Lunar O r b i t e r  equipment .  

P o s t - d e t e c t i o n :  

P o s t - d e t e c t i o n  r e c o r d i n g  can be done on a l i n e a r  
r e c o r d e r ,  b u t  t h e  wide bandwith ( 2 3 0  k i l o c y c l e s )  r e q u i r e s  ve ry  
h i g h  t a p e  speeds .  A s  a r e s u l t  about  5 r e e l s  o f  t a p e  would be 
needed f o r  each  Lunar O r b i t e r  f rame,  and about  1 0 0 0  reels  would 
b e  needed for each  mis s ion .  Tapes would have t o  be  changed eve ry  
1 0  m i n u t e s ,  s o  two r e c o r d e r s  would b e  needed t o  a v o i d  i n t e r r u p -  
t i o n  o f  t h e  d a t a . *  

The major  advantage  o f  p o s t - d e t e c t i o n  r e c o r d i n g  i s  
t h a t  p layback  would not  r e q u i r e  demodula t ion .  However, f a i l u r e  
o f  t h e  demodulator  d u r i n g  r e c o r d i n g  r e s u l t s  i n  l o s s  o f  da ta .  

*L inea r  r e c o r d e r s  a r e  i n e f f i c i e n t  i n  t a p e  usage  because  o n l y  a 
narrow t r a c k  can  be used on one p a s s .  Moving head machines r u n  
t h e  t r a c k  a c r o s s  a wide t a p e ,  a c h i e v i n g  h i g h e r  packing  d e n s i t y .  
A moving head machine cou ld  be used  with post d e t e c t i o n  r e c o r d i n g ,  
b u t  t h e  d a t a  would be degraded by t h e  d e t e c t i o n  system. 
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Dig i t a l :  

The major  advantage o f  d i g i t a l  t a p e  r e c o r d i n g  would 
be c o m p a t i b i l i t y  w i t h  computing f a c i l i t i e s .  However, t h e  
data  would have t o  be  r eco rded  a t  2 . 5  megabi t s  p e r  second 
( 6  b i t s ,  230 kc bandwi th ) .  The f e a s i b i l i t y  of  t h i s  i s  
d o u b t f u l .  F u r t h e r ,  abou t  30,000 r e e l s  would be needed f o r  
a l l  t h e  data  o f  one Lunar O r b i t e r .  


