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ABSTRACT 

The Apollo Program has  need f o r  t h e  q u a n t i t a t i v e  
a n a l y s i s  o f  Lunar O r b i t e r  photography.  T h i s  r e p o r t  p r e s e n t s  
performance o b j e c t i v e s  f o r  a computer-based system t o  a s s i s t  
i n  t h i s  a n a l y s i s .  The so f tware  performance i s  o u t l i n e d  i n  
t e r m s  of f u n c t i o n ,  d a t a  flow, and o u t p u t  p r o d u c t s .  

P r o c e s s i n g  r a t e s  s u f f i c i e n t  to meet t h e  needs  of t h e  
Apollo Program can  be achieved w i t h  newly a v a i l a b l e  g e n e r a l  
purpose  computers .  It i s  recommended t h a t  t h e  system be 
developed i n  two s t a g e s .  A minimal system should be r eady  
to p r o c e s s  Lunar O r b i t e r  d a t a  s h o r t l y  a f t e r  it becomes a v a i l -  
a b l e .  Then t h e  c a p a b i l i t y  of  t h e  system should be augmented 
to a c h i e v e  t h e  f u l l  performance o b j e c t i v e s .  The t o t a l  e f f o r t  
r e q u i r e d  f o r  s o f t w a r e  development to meet t h e  o b j e c t i v e s  i s  
of t he  o r d e r  of  20 t o  35 man y e a r s .  

I n  o r d e r  to suppor t  t h e  second s t a g e  o f  development,  
it is  recommended t h a t  f u r t h e r  e n g i n e e r i n g  a n a l y s i s  be p e r -  
formed i n  t h e  f 3 l l o w i n g  a r e a s :  

1) Data sampling strategy 

2 )  Noise f i l t e r i n g  

3) C a l i b r a t i o n  o f  the l u n a r  photometr ic  f u n c t i o n  

4 )  Haza rd  c r r t e r i a  

5) Minimiza t ion  o f  o p e r a t i n g  t ime 
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LUNAR ORBITER PHOTOGRAPHIC DATA ANALYSIS 

FOR APOLLO LANDING HAZARD APPRAISAL 

A computer-based system w i l l  p r o c e s s  Lunar O r b i t e r  
pho tograph ic  data to o b t a i n  Apollo l a n d i n g  s i t e  hazard  sta- 
t i s t i c s .  
p r o c e s s  o f  s e l e c t i o n  o f  t h e  f i n a l  c a n d i d a t e  Apollo l a n d i n g  
s i tes .  

Such hazard  s t a t i s t i c s  are needed t o  assist  i n  t h e  

The e f f e c t i v e  p r o c e s s i n g  of  Lunar O r b i t e r  pho tograph ic  
da ta  to o b t a i n  Apollo l a n d i n g  s i t e  hazard  s t a t i s t i c s  cannot  be 
done e n t i r e l y  manual ly;  t h e  amount o f  p r o c e s s i n g  r e q u i r e d  i s  
ve ry  h igh ,  and a computer-based s y s t e m  is  n e c e s s a r y .  I n  f a c t ,  
t h e  data r a t e s  and p r o c e s s i n g  r equ i r emen t s  a re  s u f f i c i e n t l y  h igh  
t h a t  t h e  most r e c e n t  s t a t e - o f - t h e - a r t  computers should  be used.  
However, i t  can be done, provided a s y s t e m  can  be procured  by 
t h e  t i m e  Lunar O r b i t e r  photographic  da ta  i s  a v a i l a b l e .  

proposed o v e r a l l  d e s i g n  o f  a computer-based system f o r  such  
pho tograph ic  data p r o c e s s i n g .  T h e  e x t e n t  to which these 
o b j e c t i v e s  must be m e t  w i l l  depend on t h e  r e s u l t s  o f  a s e r i e s  
o f  d e t a i l e d  a n a l y s e s  which must f irst  be c a r r i e d  ou t  on t h e  
n o i s e  and spectrum d i s t o r t i o n  c h a r a c t e r i s t i c s  of  t h e  Lunar 
O r b i t e r  photographic  system, t h e  adequacy of  h i g h  r e s o l u t i o n  
of l u n a r  s u r f a c e ,  pho tomet r i c  a n a l y s i s  t e c h n i q u e s ,  and t h e  
measurements needed t o  e v a l u a t e  t h e  s a f e t y  o f  LEN l a n d i n g s .  

T h i s  r e p o r t  p r e s e n t s  performance o b j e c t i v e s  and a 

1.0 Apollo Landing Site S e l e c t i o n  Requirements 

The pr imary  o b j e c t i v e  of bo th  t h e  Surveyor  and Lunar 
O r b i t e r  p r o j e c t s  i s  t o  g a t h e r  i n fo rma t ion  about  c e r t a i n  areas 
of t h e  l u n a r  s u r f a c e  which can s e r v e  as a basis  f o r  s e l e c t i o n  
of  t h e  l a n d i n g  s i tes  o f  manned Apollo m i s s i o n s .  A number o f  
areas o f  t h e  l u n a r  s u r f a c e  have been s e l e c t e d  as p o s s i b l e  
c z n d i d a t e  l a n d i n g  areas i n  accordance w i t h  m i s s i o n  c o n s t r a i n t s  
and t h e i r  p o t e n t i a l  s a f e t y .  It i s  h i g h l y  d e s i r o u s  to o b t a i n  
d e t a i l e d  in fo rma t ion  on these  candidate s i tes  of  p o t e n t i a l  
l a n d i n g  haza rds :  l u n a r  s o i l  load b e a r i n g  s t r e n g t h ,  ave rage  
s l o p e  w i t h  r e s p e c t  to t h e  l o c a l  g r a v i t a t i o n a l  g r a d i e n t ,  and 
t h e  p r e s e n c e  of bou lde r s ,  e t c .  which might damage a l a n d i n g  
LEN. 

The Lunar O r b i t e r  p r o j e c t  i s  in t ended  t o  p rov ide  l o c a l  
s l o p e  in fo rma t ion  on t h e  s e v e r a l  c a n d i d a t e  l a n d i n g  s i t e s ,  and 
t h e  Surveyor  p r o j e c t  i s  in tended  t o  p r o v i d e  l u n a r  s o i l  charac-  
t e r i s t i c s  i n fo rma t ion  and in fo rma t ion  on how d i f f e r e n t  are 
s imi l a r - appea r ing  l u n a r  s u r f a c e  areas. The two p r o j e c t s ,  i n  
c o n j u n c t i o n  w i t h  e ach  o t h e r ,  are t o  p r o v i d e  l a n d i n g  hazard 
in fo rma t ion  on t h e  s e v e r a l  cand ida te  s i tes ,  such  i n f o r m a t i o n  
to be used i n  t h e  f i n a l  s i t e  s e l e c t i o n .  
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1.1 S e l e c t i o n  P rocedures  

A s c r e e n i n g  group,  f i r s t  on t h e  basis o f  t h e  best 
of  ea r th -based  pho tographs  o f  t h e  l u n a r  s u r f a c e  and l a t e r  on 
t he  basis  o f  Surveyor  and O r b i t e r  d a t a ,  w i l l  r e j e c t  most of 
t h e  o b v i o u s l y  hazardous  areas. Then, u s i n g  O r b i t e r  pho to  
data, haza rd  s t a t i s t i c s  w i l l  be computed f o r  c o a r s e l y  sampled 
areas f o r  f u r t h e r  r e j e c t i o n  of  t h e  most haza rdous  areas. Then 
t h e  c a n d i d a t e  l a n d i n g  s i tes  not y e t  r e j e c t e d  w i l l  be sampled 
i n t e n s e l y  and haza rd  s t a t i s t i c s  computed. T h e  n e t  r e s u l t  w i l l  
be a f i n a l  l i s t  of  "least hazardous" c a n d i d a t e  s i tes  from which 
t h e  S i t e  S e l e c t i o n  Board w i l l  make t h e  f i n a l  s e l e c t i o n .  

1 . 2  S i t e  D e s c r i p t i o n  Data Requirements 

An Apollo l a n d i n g  s i t e  ( c a n d i d a t e  or f i n a l  s e l e c t i o n )  
i s  de f ined  i n  t h i s  r e p o r t  as  an area on t h e  l u n a r  s u r f a c e  which 
r e p r e s e n t s  t h e  95% conf idence  p r e d i c t i o n  e l l i p s e  of  a LEM l a n d i n g  
about  a p o i n t  l a n d i n g  t a r g e t .  Cur ren t  e s t i m a t e s  of t he  uncer -  
t a i n t y  i n  a LEM l a n d i n g  i n d i c a t e  t h a t  a s i t e  shou ld  be  from 3 t o  
8 km i n  r a d i u s ,  depending on t h e  gu idance  and n a v i g a t i o n  modes 
( y e t  t o  be d e t e r m i n e d ) .  

Based on the c u r r e n t  LEM d e s i g n ,  an a c c e p t a b l e  Apollo 
l a n d i n g  s i t e  i s  a c i r c u l a r  area o f  t h i s  s i z e  whose s l o p e  g r a d i e n t s  
are  such  t h a t  no matter where w i t h i n  t h e  area a LEM might l a n d ,  
w i t h  no matter what o r i e n t a t i o n ,  t h e  maximum tilt  o f  t h e  LEM 
a x i s  i s  less  t h a n  12O from t h e  l o c a l  g r a v i t a t i o n a l  normal v e c t o r  
( t a k i n g  s o i l  s i n k a g e  of  t h e  LEM feet  i n t o  a c c o u n t ) ,  and t h e  
h i g h e s t  p o i n t  under  t h e  LEM body e x t e n d s  no more t h a n  0 . 6 2  meters 
above t h e  p l a n e  of t h e  l a n d i n g  pads .  The LEM l a n d i n g  s t a g e  has 
f o u r  l e g s  a r r a n g e d  i n  a squa re ,  w i t h  one meter d i a m e t e r  c i r c u l a r  
f e e t  spaced 8 .2  m e t e r s  on t h e  d i a g o n a l  ( 5 . 8  meters on t h e  s i d e ) .  

T h i s  i m p l i e s  t h a t  i n  o r d e r  t o  d e t e r m i n e  whether  a 
g i v e n  c a n d i d a t e  Apol lo  l a n d i n g  s i t e  i s  or i s  no t  a c c e p t a b l e  
r e q u i r e s  much detai led knowledge about  b o t h  t h e  s u r f a c e  topo-  
graphy and s o i l  mechanics o f  t h a t  area. 

Topographic  data i s  t o  be o b t a i n e d  on c a n d i d a t e  Apollo 
l a n d i n g  s i tes  t h r o u g h  photographic  a n a l y s i s .  Earth-based photo- 
g r a p h s  have been used t o  s e l e c t  s e v e r a l  p o s s i b l e  c a n d i d a t e  s i tes .  
Lunar O r b i t e r  medium-resolution s t e r e o  photographs  w i l l  be examined 
v i s u a l l y ,  and t h o s e  c a n d i d a t e  s i tes ,  if any,  whose ave rage  Surface  
s l o p e s  are  e x c e s s i v e ,  are t o  be r e j e c t e d .  For t h o s e  s i t e s  no t  
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r e j e c t e d ,  d e t a i l e d  topograph ic  da t a  i s  t o  be oo ta ined  from t h e  
h i g h - r e s o l u t i o n  Lunar O r b i t e r  photographs.  

S o i l  mechanics data is  t o  b e  o b t a i n e d  by t h e  Surveyor  
p r o j e c t .  T h i s  da ta  i s  t o  be of two t y p e s :  a c t u a l  s o i l  mechanics 
data of c e r t a i n  s p e c i f i c  s i t e s ,  and i n f o r m a t i o n  on t h e  dependence 
of s o i l  mechanics upon t h e  v i s i b l e  p r o p e r t i e s  of  l u n a r  s u r f a c e  
areas. 

1 . 3  
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Lunar  O r b i t e r  Data P rocess ing  Requirements 

A l l  photographs of t h e  Lunar O r b i t e r  p r o j e c t  are t o  b e  
reproduced  on ea r th  for v i s u a l  examinat ion .  S t e r e o  examinat ion  
of t h e  ove r l app ing  areas covered by  t h e  medium-resolution photo- 
g r a p h s  i s  t o  be  done. 

I n  a d d i t i o n ,  t h e  h i g h - r e s o l u t i o n  pho tograph ic  data 
f o r  s e l e c t e d  areas ( c a n d i d a t e  s i t e s )  i s  to be  p rocessed  q u i t e  
t ho rough ly  i n  o r d e r  to o b t a i n  l a n d i n g  s i t e  a c c e p t a b i l i t y  c r i -  
t e r i a .  T h i s  p r o c e s s i n g ,  which i s  s u f f i c i e n t l y  e x t e n s i v e  as 
t o  r e q u i r e  t h e  a s s i s t a n c e  o f  computers,  i s  t o  i n c l u d e  d i g i t i -  
z a t i o n  of  t h e  photographic  d a t a ,  photographic  system d i s t o r t i o n  
c o r r e c t i o n s ,  b r ightness- to- topography conve r s ions ,  and compu- 
t a t i o n s  of  l a n d i n g  haza rd  s t a t i s t i c s .  

2.0 LUNAR ORBITER PROJECT DATA FLOW 

m 
F i g u r e  I ,  a t t a c h e d ,  ("Lunar O r b i t e r  Photo Data Ana lys i s  

f o r  Apollo Landing Hazard A p p r a i s a l " )  d e p i c t s  t h e  f low of  Lunar 
O r b i t e r  photographic  d a t a .  F o r  d i s c u s s i o n  purposes  t h i s  f low can 
b e  cons ide red  i n  f o u r  s teps:  t h e  r e c e p t i o n  and r e c o r d i n g  o f  t h e  
t e l e m e t r y  and v ideo  s i g n a l s  from t h e  s a t e l l i t e  a t  t h e  Deep Space 
I n s t r u m e n t a t i o n  F a c i l i t i e s  (Goldstone,  Arizona;  Madrid,  Spa in ;  and 
Canberra ,  A u s t r a l i a ) ;  p rocess ing  o f  photographs and ana log  v ideo  
t a p e  r e c o r d i n g s  a t  Eastman Kodak (Roches t e r ,  N .  Y.), USAF-ACIC 
( A e r o n a u t i c a l  Chart  and In fo rma t ion  Cen te r ,  S t .  Louis ,  Mo.), 
AMS (Army Map S e r v i c e )  and NASA-LRC (Langley Research C e n t e r ,  
Hampton, V i r g i n i a ) ;  computer p r o c e s s i n g ,  f o r  Apollo l a n d i n g  hazard  
a p p r a i s a l ,  a t  NASA-MSC (Manned S p a c e c r a f t  C e n t e r ,  Houston, T e x a s ) ;  
and t h e  use  of Lunar O r b i t e r  photographic  data f o r  o t h e r  purposes .  

2 . 1  Orbiter-to-DSIF 

A t  each  of t h e  t h r e e  DSIF s i t e s ,  t h e  o r i g i n a l  v ideo  
s i g n a l  w i l l  be  demodulated and f ed  i n t o  G R E  (Ground Recording 
Equipment) f o r  photographic  r e p r o d u c t i o n ,  l i n e  by l i n e .  
The r e s u l t i n g  f i l m  w i l l  be shipped t o  Eastman Kodak t o  b e  developed 
and assembled i n t o  complete frames. The r e s u l t i n g  frames w i l l  
t h e n  b e  sh ipped  t o  NASA-LRC and s e n t  from there  t o  NASA-MSC, 
NASA-Bellcomm, A C I C ,  AMs, and U S G S .  
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Also a t  t h e  DSIF s i t e s ,  it i s  planned t h a t  ana log  
v ideo  t a p e  r e c o r d i n g s  be made o f  t h e  incoming t e l e m e t r y  and v ideo  
s i g n a l s ,  i f  t h e  r e q u i r e d  t a p e  r e c o r d e r s  can be  sh ipped  and i n -  
s t a l l e d  i n  t i m e .  Ampex FR-900 t a p e  u n i t s ,  o r  t h e  e q u i v a l e n t ,  a r e  
proposed .  These t a p e  r eco rd ings ,  a f t e r  p rocess ing  a t  NASA-LRC, 
a r e  to be t h e  b a s i s  f o r  computer p rocess ing  a t  NASA-MSC f o r  Apollo 
l a n d i n g  hazard  s t a t i s t i c s .  

2.2 Photographs  and Analog Tape Recordings 

The v ideo  t a p e  r eco rd ings  planned a t  t h e  D S I F  s i tes  
w i l l  n o t  involve  complete  demodulation of t h e  v e s t i g i a l  s i d e -  
band s i g n a l ,  b u t  on ly  a spectrum s h i f t  t o  f i t  t h e  spec t rum 
c a p a b i l i t i e s  of t h e  v ideo  t a p e  r e c o r d i n g  equipment.  A t  NASA-LRC, 
t h e s e  t a p e s  w i l l  be p l ayed  back, t h e  v e s t i g i a l  s ide-band c a r r i e r  
w i l l  b e  r e c o n s t r u c t e d ,  complete demodulat ion ( i n c l u d i n g  fo ld -back  
f i l t e r i n g )  will be e f f e c t e d ,  and new v ideo  t a p e  r e c o r d i n g s  w i l l  
be made. A t  t h e  same t i m e ,  t iming  in fo rma t ion  f r o m  t h e  o r i g i n a l  
t e l e m e t r y  w i l l  be  e x t r a c t e d  and r e - r eco rded  on an a u x i l i a r y  
channel  of t h e  new v ideo  t a p e s .  These new video  t a p e s  w i l l  t h e n  
be sh ipped  to NASA-MSC f o r  computer p rocess ing .  

I n  t h e  meantime, t h e  developed and assembled photo-  
g raphs  w i l l  be sh ipped  from Eastman Kodak t o  NASA-LRC, and 
from NASA-LRC to NASA-MSC, Bellcomm, USGS, A C I C ,  and A M s .  
A t  b o t h  A C I C  and A M s ,  t h e  medium-resolut ion frames w i l l  be  
s u b j e c t e d  t o  d e t a i l e d  s t e r e o g r a p h i c  a n a l y s i s ,  and topograph ic  
c o n t o u r s  and p r o f i l e s  w i l l  be  genera ted ,  to t h e  a p p r o p r i a t e  
deg ree  of r e s o l u t i o n ,  of t h e  l u n a r  s u r f a c e  a r e a s  of  i n t e r e s t  to 
Apollo.  These con tour s  and p r o f i l e s  w i l l  be sh ipped  to NASA-MSC 
to augment t h e  computer p rocess ing  f o r  Apollo l a n d i n g  haza rd  
a p p r a i s a l .  

It i s  p o s s i b l e  t h a t  some of t h e  o r i g i n a l  t e l e m e t r y  
v ideo  s i g n a l s  w i l l  n o t  be t a p e  recorded  ( e . g . ,  because  of 
equipment f a i l u r e ) ,  b u t  w i l l  be a v a i l a b l e  i n  pho tograph ic  
form; t h e r e f o r e ,  a f a c i l i t y  should be main ta ined  t o  d i g i t i z e  
t h e  d a t a  f r o m  these photographs.  It is  proposed t h a t  micro-  
dens i tome te r  equipment a t  A C I C  be  used f o r  t h i s  purpose ,  
a l though  much less d a t a  can  be processed  i n  t h i s  manner t h a n  
would be p r a c t i c a l  u s i n g  t a p e  r eco rd ings .  

2 .3  Computer P rocess ing  for Landing Hazard De te rmica t ion  

Lunar O r b i t e r  pho tograph ic  d a t a  f o r  Apollo l a n d i n g  hazard  a p p r a i s a l s  
of p o s s i b l e  l and ing  s i tes  a r e  d iscussed  i n  s e c t i o n s  4.0 and 5.0, 
below. A p r e l i m i n a r y  des ign  of t h e  r e q u i r e d  computer-based 
system i s  inc luded ,  p l u s  o v e r a l l  o p e r a t i n g  p rocedura l  r e q u i r e -  
ment s .  

The computer-based system requ i r emen t s  f o r  p rocess ing  
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2 . 4  Other  Uses of O r b i t e r  Photographic  Data 

S e v e r a l  u s e s  o f  Lunar O r b i t e r  photographic  da ta  have 
been sugges t ed  i n  a d d i t i o n  to that  o f  a s s i s t i n g  i n  Apollo l a n d i n g  
s i t e  s e l e c t i o n  and e v a l u a t i o n .  Among such u s e s  a re :  mapping o f  
t h e  l u n a r  s u r f a c e  by A C I C  and A M s ,  Reo log ica l  and geophys ica l  
s t u d i e s  of  t h e  moon by USGS ( U n i t e d  States  Geo log ica l  Su rvey) ,  
and s t u d i e s  of  l u n a r  s u r f a c e  c h a r a c t e r i s t i c s  for f u t u r e  manned 
space  e x p l o r a t i o n  m i s s i o n  p l a n n i n s  by NASA-WSF, NASA-WSC, 
and NASA-Rellcomm. 

T h i s  memorandum i s  concerned on ly  w i t h  t h e  computer 
p r o c e s s i n g  of  Lunar O r b i t e r  data  f o r  Apollo l a n d i n g  s i t e  s e l e c t i o n  
and e v a l u a t i o n .  

3 . 0  Photogrephie  Data Noise C o r r e c t i o n  

k!hen photographic  d a t a  i s  to be used ,  no t  f o r  iden-  
t i f i c a t i o n  of o b j e c t s  and s u r f a c e  f e a t u r e s ,  as much as f o r  
measurement, it i s  e s s e n t i a l  t h a t  t h e  photographic  data  r e p r e s e n t  
as a c c u r a t e l v  as p o s s i b l e  t h e  t r u e  photographic  p r o p e r t i e s  
( b r i q h t n e s s  l e v e l s )  o f  t h e  s u r f a c e  area.  However, as i s  to be 
expec ted  o f  p h y s i c a l l y  r e a l i z e d  remote photographic  data 
s y s t e m s ,  t h e  Lunar O r b i t e r  system c o n t a i n s  s e v e r a l  s o u r c e s  
of  n o i s e  and d i s t o r t i o n .  The e f f e c t s  o f  t hese  s o u r c e s ,  though 
no t  s e v e r e ,  must be  removed from t h e  photographic  da t a  i n  o r d e r  
f o r  a c c u r a t e  topograph ic  in fo rma t ion  t o  b e  o b t a i n e d .  S p e c i f i -  
c a l l y  seven p o s s i b l e  s o u r c e s  of n o i s e  i n  t h e  Lunar O r b i t e r  
system a r e  i d e n t i f i e d  i n  t h i s  s e c t i o n ,  w i t h  sugqes ted  programmed 
models f o r  a t  l eas t  p a r t i a l l y  c o r r e c t i n g  t h e  data  f o r  them. 
System c a l i b r a t i o n  d a t a  requi rements  f o r  deterrnininq t h e  ap- 
p r o p r i a t e  v a l u e s  of  t h e  s e v e r a l  parameters of such n o i s e  cor- 
r e c t i o n  models are a l s o  i d e n t i f i e d . "  

3 . 1  Sources  of Photographic  D i s t o r t i o n  and Noise 

3 .1 .1  Geometric and V i e w  Angle D i s t o r t i o n s  

I f  t h e  main o p t i c a l  a x i s  o f  t h e  camera system i s  not  
p e r f e c t l y  normal t o  t h e  l o c a l  s u r f a c e  p l a n e ,  t h e  s u r f a c e  area 

*See Fellcomrr?, I n c . ,  TM-65-1012-9, "The Lunar O r b i t e r  
PhotoFraphic  Data Channel", F .  S .  p la tow,  Movember 1, 1965.  
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which is photographed onto a rectangular exposure frame is not 
perfectly rectangular but distorted. Furthermore, since the 
surface being photographed is not planar but a section of a 
spheriod (the moon), these areas will at best approximate 
spherical rectangles or near-spherical rectangles. Since topo- 
praphic surface analysis is desired, geometric correction 
may be required so that the resulting photographic image will 
represent corresponding lunar surface topography relative to 
the local gravitational field without distortion. 

3.1.2 Lens, Film and Readout GeoRetric Distortion 

In addition to geometric distortions due to optical 
axis tilt and to the sphericity of the lunar surface areas 
being photographed, geometric distortion might be introduced 
into the photographic image by film warping and by abberations 
and imperfections in the camera lens and read-out systems. 
In the lunar orbiter, such distortions as those due to film warp 
may turn out to be negligible at low resolution, but significant 
geometric distortions might be introduced by the lens and by 
the scanninp and read-out system. For example, timing variations 
in the line sweep of the scanner would cause geometric distortions 
of distance represented along each scan line, causing jitter 
in the aligment of surface features vertically crossing adjacent 
scan lines. 

3.1.3 Vignetting 

Vignetting is a distortion in illumination of a 
photographic film frame due to limitations in the light- 
collecting capability of any directional camera lens system. 
Essentially, the further away from the main optical axis of a 
photograph be the point on the lunar surface being photo- 
graphed, the less the amount of light which is focused 
in the corresponding point on the photographic image. A 
photograph of a uniformly reflecting surface area would b e  darker 
around the edges than near the center. Hence, due to vig- 
netting, the relationship between filr? brightness and surface 
briqhtness varies over the photograoh. 
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3 . 1 . 4  B l u r  

Image b l u r  i n  t h e  Lunar O r b i t e r  pho tograph ic  system 
can  a r i s e  due t o  f o u r  s o u r c e s ,  a s  i l l u s t r a t e d  i n  F i g u r e  11: 
(1) Incomple te  image motion compensation, ( 2 )  i ncomple t e  
o p t i c a l  f o c u s i n g  of  image on f i l m ,  i n c l u d i n g  t h e  l e n s  spread 
f u n c t i o n ,  ( 3 )  f i l m  emulsion embossing e f f e c t s ,  and (4) l i g h t  
beam t h i c k n e s s  and s c a t t e r i n g  e f f e c t s  d u r i n g  scann ing  and 
read-out .  Blue e f f e c t  (1) would be of  un i form magnitude and 
s i n g l e - d i r e c t i o n a l  o v e r  a l l  a r e a s  o f  each  r e s u l t i n g  photograph,* 
bu t  might  v a r y  from photography t o  photograph.  E f f e c t  ( 2 )  
would v a r y  r a d i a l l y  away from t h e  c e n t e r  o f  each  photograph .  
E f f e c t  ( 3 )  would depend o n l y  on exposure  of  l o c a l  areas of  t h e  
f i l m .  E f f e c t  ( 4 )  would va ry  somewhat. ove r  each  f r a m e l e t  but  
would n o t  v a r y  from f r a m e l e t  t o  f r a m e l e t  or from photograph  
t o  photograph .  

The t o t a l i t y  of t h e s e  b l u e  e f f e c t s  must become known, 
e i t h e r  from c a l i b r a t i o n  t e s t  measurements or by estimates 
based on e n g i n e e r i n g  knowledge o f  t h e  pho tograph ic  system. 
A l s o ,  t h e  f a c t o r s  upon which t h e  v a r i a t i o n s  o f  these  b l u e  e f f e c t s  
o v e r  e a c h  framelet and from f r a m e l e t  t o  f r a m e l e t  depend must be 
i d e n t i f i e d ,  and t h e i r  v a l u e s  m u s t  be a v a i l a b l e  q u a n t i t a t i v e l y  t o  
t h e  p r o c e s s i n g  program. These f a c t o r s  might i n c l u d e  s p a c e c r a f t  
a l t i t u d e ,  image motion compensation, t e l e m e t r y ,  which f r a m e l e t  
o f  t h e  1 1 6  f r a m e l e t s  p e r  photograph p a i r  (86 p e r  h i g h - r e s o l u t i o n  
frame, 36 p e r  medium r e s o l u t i o n  f rame,  and 4 between f r ames )  
i s  be ing  p rocessed ,  and p o s i t i o n  i n  t h e  f r a m e l e t .  

B lu t  i s  a l i n e a r  p r o c e s s ,  e q u i v a l e n t  t o  f r equency  
a t t e n u a t i o n  o r  f r equency  d i s t o r t i o n  i n  two d imens ions .  It i s  
c o r r e c t a b l e  by an  a p p r o p r i a t e  f i l t e r i n g  p r o c e s s .  

3 .1 .5  Densi ty- to-Exposure T r a n s m i s s i v i t y  Non-Lineari ty  

The a n a l o g  pho tograph ic  data s i g n a l  t r a n s m i t t e d  from 
t h e  Lunar O r b i t e r  r e p r e s e n t s  t h e  t o t a l  c u r r e n t  o u t p u t  of t h e  
O r b i t e r  r e a d o u t  p h o t o c e l l  due t o  a narrow beam of  l i g h t  p a s s i n g  
t h r o u g h  a l o c a l  s p o t  on  t h e  f i l m  d u r i n g  r e a d o u t .  However, i t  i s  
des i r ed  t o  u s e  d i g i t a l  da ta  v a l u e s  t o  r e p r e s e n t  t h e  t o t a l  
b r i g h t n e s s  of l i g h t  r e f l e c t e d  by t h a t  small a r e a  on t h e  l u n a r  
s u r f a c e  t o  which t h e  l o c a l  s p o t s  on t h e  f i l m  p h o t o g r a p h i c a l l y  
co r re spond .  Although t h e  readout  p h o t o c e l l ' s  ou tpu t  c u r r e n t  
and t h e  l u n a r  s u r f a c e  r e f l e c t i v i t y  b r i g h t n e s s  are i s o t o n i c a l l y  
r e l a t ed ,  t h e i r  r e l a t i o n s h i p  i s  n o t  l i n e a r .  

The r e l a t i o n s h i p  of  t h e  r eadou t  p h o t o c e l l ' s  o u t p u t  
e l e c t r i c a l  energy  t o  t o t a l  l i g h t  energy  r e f l e c t e d  from each  l o c a l  
s p o t  of t h e  l u n a r  s u r f a c e ,  w h i c h  i s  o f t e n  r e f e r r e d  t o  as t h e  f i l m  
t r a n s m i s s i v i t y ,  i n v o l v e s  t h r e e  separate e f f e c t s  t a k e n  t o g e t h e r .  
These t h r e e  separate e f fec ts  are: 

*If t h e  b l u r  i s  caused  by a p i t c h  e r r o r ,  i t  w i l l  v a ry  a c r o s s  
t h e  photograph .  
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(1) t h e  r e l a t i o n s h i p  o f  t h e  r eadou t  p h o t o c e l l ' s  o u t p u t  
c u r r e n t  f o r  each  s p o t  to t h e  d e n s i t v  of t h a t  spot 
on t h e  f i l m ;  

( 2 )  t h e  r e l a t i o n s h i p  o f  t h e  d e n s i t y  o f  each  s p o t  on t h e  
f i l m ,  a f t e r  development, t o  t h e  l a t e n t  i n a p e  formed 
i n  t h e  emulsion as a r e s u l t  o f  exposure:  and 

( 3 )  t h e  r e l a t i o n s h i p ,  du r ing  exposure,  o f  t h e  l a t e n t  
image t o  t h e  total energy o f  t h e  i n c i d e n t  focused 
l i g h t .  

!?edification of  t h e  Lunar O r b i t e r  photographic  da t a  
t o  c o r r e c t  for these  r e l a t i o n s h i p s  can  be  done i n  a s i n g l e  s t e p .  
Fence,  t h e s e  t h r e e  e f f e c t s  need n o t  be  f l u a n t i t a t i v e l y  known s e p a r a t e l y ,  
a l though  t h e  t o t a l  e f f e c t  of  t hese  t h r e e  r e l a t i o n s h i p s  must 
b e  measured or es t imated .  

3.1.6 v i l m  and Line Scan Tube Fhosphor T r a n u l a r i t y  

The randomness o f  s i z e ,  d e n s i t y ,  and o r i e n t a t i o n  o f  
t h e  Lunar O r b i t e r  f i l m  emulsion and l i n e  s c a n  t u b e  phosnhor 
g r a n u l e s  has t h e  e f f e c t  o f  adding n o i s e  t o  t h e  r e s u l t i n g  
photographic  data.  T h i s  n o i s e  e f f e c t  can  presumably b e  ex- 
p r e s s e d  i n  t h e  form o f  a n  ampl i tude  s p e c t r u n ,  where f reauency  
i s  i n  terms o f  c y c l e s  p e r  u n i t  d i s t a n c e  ( s a y  m i l l i m e t e r s )  
a c r o s s  t h e  irnaEe a l l  d i r e c t i o n s .  The  scanner  and r eadou t  p r o c e s s  
r e sponds  t o  t h i s  n o i s e ,  and t h e  n e t  r e s u l t  c a n  presumably be  
expres sed  i n  t h e  form of a 'cwc d imens iona l  power spectrum.* Hence 
t h e  e f f e c t  of  g r a n u l a r i t y  i s  an a d d i t i v e  component o f  n o i s e ,  i . e . ,  
t h o s e  a r i s i n g  d u r i n g  modulat ion,  t r a n s m i s s i o n ,  demodulat ion,  and 
a n a l o g - t o - d i g i t a l  convers ion .  

A c t u a l l y ,  t h e  n o i s e  e f f e c t  o f  f i l m  g r a n u l a r i t y  denends 
upon f i l m  exposure .  However, f o r  t h e  range  o f  exposures  t o  be  
encountered  i n  Lunar O r b i t e r ,  t h i s  e f f e c t  w i l l  b e  assumed to be  
approximate ly  c o n s t a n t  w i t h  r e s p e c t  t o  exnosure.  The e x a c t  power 
spectrum of t h i s  n o i s e  e f f e c t  ove r  t h e  f requency  band o f  i n t e r e s t  
must be  known, e i t h e r  th rough  c a l i b r a t i o n  t e s t  measurements or by 
es t imates  based upon enp inee r ing  knowledge o f  t h e  D h o t o p a p h i c  
system. A c u r r e n t  es t imate ,  based on known c h a r a c t e r i s t i c s  of 
a similar t y D e  of f ih ,  Is t h a t  a w h i t e  n o i s e  s p e c t r w  w i t h  a 
measurable  average  power l e v e l  c a n  be used t o  approximate t h i s  
power spectrum ove r  t h e  f requency band of  i n t e r e s t .  

For photoFraphs ob ta ined  from t h e  ground r e c o r d i n g  eauip-  
ment (GFIF), s r a n u l a r i t y  o f  t h e  GRE t u b e  phosphor w i l l  a l s o  be 
p r e s e n t .  T h i s  e r a n u l a p i t y  w i l l  anpear as cohe ren t  n o i s e  i n  t h e  
r e s u l t i n g  photographic  image. However, t h i s  e f f e c t  w i l l  n o t  be  p re -  
s e n t  if t h e  photographic  da ta  i s  d i g i t i z e d  d i r e c t l y  from t h e  
t r a n s m i t t e d  v ideo  s i g n a l .  

*The phosphor drum n o i s e  may show an assymmetric C o r r e l a t i o n  
s t r u c t u r e ,  due t o  drum r o t a t i o n .  
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3.17 Analog S i g n a l  Noise 

I n  F i g u r e  I1 s e v e r a l  s o u r c e s  o f  "analog s i g n a l  n o i s e "  
are i d e n t i f i e d :  f i l m  s canne r  and r e a d o u t ,  modula tor ,  t r a n s m i s s i o n ,  
t e l e m e t r y  r e c e i v e r ,  demodulator,  t a p e  r e c o r d i n g  and p layback ,  and 
a n a l o g - t o - d i g i t a l  conve r s ion .  These are sources  which, i n  a d d i t i o n  
t o  f i l m  g r a n u l a r i t y ,  i n t r o d u c e  n o i s e  which can  be  represented i n  t h e  
form of power s p e c t r a .  They are d i s t i n g u i s h e d  from grap.ular i tY 
because  t h e y  are two-dimensional i n  n a t u r e .  

I 

I 
It i s  proposed i n  s e c t i o n  3 . 2 . 1 ,  below, t h a t  a s i n g l e  

d i g i t a l  f i l t e r  be  used t o  minimize e r r o r s  due t o  a l l  such ana log  
s i g n a l  n o i s e .  Hence, t h e  i n d i v i d u a l  power s p e c t r a  o f  each of  
these n o i s e  s o u r c e s  need not  be q u a n t i t a t i v e l y  known s e p a r a t e l y .  
The o v e r a l l  power spectrum of  t he  t o t a l i t y  o f  a l l  o f  these  n o i s e  
s o u r c e s  must,  however, b e  known, e i t h e r  from a c t u a l  c a l i b r a t i o n  
t e s t  measurements or from e s t i m a t i o n s  based upon e n g i n e e r i n g  know- 
l edge  of  these  n o i s e  s o u r c e s .  

3.2 C o r r e c t i o n s  f o r  Photographic  D i s t o r t i o n s  and Noise 
I 

1 
I 

An i d e a l  approach t o  t h e  c o r r e c t i o n  of  t h e  o r b i t e r  
pho tograph ic  da ta  t o  minimize t h e  e f f e c t s  o f  t h e  above l i s t e d  s o u r c e s  
of n o i s e  and d i s t o r t i o n  would b e  t o  apply  n o i s e  f i l t e r s ,  geomet r i c  
t r a n s f o r m a t i o n s ,  and densi ty- to-exposure c o r r e c t i o n s  t o  t h e  data  
i n  a s t e p  by s t e p  procedure  which s t a t i s t i c a l l y  removes t h e  n o i s e  
and d i s t o r t i o n s  i n  r e v e r s e  sequence o f  t h e  l i s t i n g  i n  t h e  p reced ing  
s e c t i o n .  T h a t  i s ,  t o  p r o c e s s  these e f f e c t s  i n  t h e  f o l l o w i n g  
sequence (See F igu re  11, reading  from r i g h t  t o  l e f t ) :  

(1) Analog-to-Digi ta l  convers ion  n o i s e  and spectrum 
d i s t o r t i o n  

( 2 )  Analog tape  r eco rd ing  and playback n o i s e  and 
spectrum d i s t o r t i o n  

( 3 )  Analog s i g n a l  r e c e i v e r  and demodulator n o i s e  and 
spectrum d i s t o r t i o n  

( 4 )  Transmiss ion  n o i s e  

( 5 )  Analog s i g n a l  modulator and t r a n s m i t t e r  n o i s e  and 
spectrum d i s t o r t i o n  

( 6 )  Film scanne r  and readout  n o i s e  and spectrum 
d i s t o r t  i o n  

( 7 )  

( 8 )  Scanner  b l u r  

Scanner  geometr ic  d i s t o r t i o n  and t i m i n g  j i t t e r .  

( 9 )  G r a n u l a r i t y  n o i s e  

(10) Film densi ty-exposure n o n - l i n e a r i t y  
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I 
I 

I 
I 
I 

(11) Film warp d i s t o r t i o n  

( 1 2 )  Fi lm b l u r  

(13) Lens focus  b l u r  

( 1 4 )  Image-motion b l u r  

(15) V i g n e t t i n g  and s h u t t e r  v a r i a t i o n  

( 1 6 )  Lens geometr ic  d i s t o r t i o n  

( 1 7 )  V i e w  a n g l e  geometr ic  d i s t c r t i o n  

(18 )  S u r f a c e  s p h e r i c i t y  geometr ic  d i s t o r t i o n  

To perform such  n o i s e  f i l t e r i n g  and d i s t o r t i o n  removals 
s epa ra t e ly  would r e s u l t  i n  e x c e s s i v e l y  l e n g t h y  computer o p e r a t i n g  
t i m e .  From t h e  p o i n t  of  view o f  d e s i g n  and o p e r a t i o n  of  t h e  
p r o c e s s i n g  computer program, it i s  h i g h l y  p re fe rab le  to group 
t h e s e  n o i s e  and d i s t o r t i o n  removals i n t o  as f e w  s t e p s  as prac-  
t i c a l ,  w i t h  s imilar t y p e s  o f  removals grouped t o g e t h e r .  For 
example, t h e  p r o c e s s i n g  of  one-dimensional ana log  s i g n a l  n o i s e  
and d i s t o r t i o n  e f fec ts  #1, 2 ,  3, 4 ,  5 ,  and 6 shou ld  be grouped 
i n t o  one s t e p  which would i n v o l v e  app ly ing  a polynomial f i l t e r  
t o  t h e  d i g i t i z e d  data s t r eam.  A s  a n o t h e r  example, t h e  p r o c e s s i n g  
of  b l u r  e f f e c t s  and two-dimensional g r a n u l a r i t y  n o i s e  ( # 8 ,  9, 
13,  and 14), could  b e  grouped i n t o  one s t e p  which would i n -  
vo lve  t a k i n g  weighted averages  o f  each s p o t  ( d i g i t i z e d  photo- 
graph  e lement )  and s e v e r a l  a d j a c e n t  s p o t s .  Such grouping  of  
removal s t e p s  f o r  program des ign  c o n s i d e r a t i o n s  i s  recommended. 

Such grouping  o f  course  means t h a t  some removal s t e p s  
w i l l  no t  be done i n  p r o p e r  sequence. It i s  b e l i e v e d  and assumed, 
however, t h a t  e r r o r s  and d i s t o r t i o n s  not  comple te ly  removed ( o r  
p e r h a p s  i n t r o d u c e d )  because of such  out-of-sequencing w i l l  sta- 
t i s t i c a l l y  b e  much smaller i n  inagnituue o f  e f f e c t s  t h a n  t h e  " n o i s e  
l e v e l "  o f  t h e  s t a t e -o f - the -a r t  o f  knowledge coiicerning each  of  t h e  
e i g h t e e n  a b o v e - l i s t e d  n o i s e  and d i s t o r t i o n  sources .  

Our de t a i l ed  knowledge concern ing  t h e s e  e f f e c t s  i s  and 
w i l l  remain f o r  some t i m e  incomplete;  c o r r e c t i o n s  t o  be made by 
t h e  coinputer w i l l  be  a t  b e s t  approximations to t h e  unknown optimum 
c o r r e c t i o r A a  which "should" be done. The computer program d e s i g n  
should  be based upon t h e  phi losophy t h a t  it i s  be t t e r  to have 
an approximate s o l u t i o n  t o  t h e  r i g h t  problem ( 0 - r e r a l l  n o i s e  and 
d i s t o r t i o n  removal)  which can be  implemented soon enough t o  be 
of v a l u e ,  t h a n  to have no implementat ion s o l u t i o n  a t  a l l ,  or an  
e x a c t  s o l u t i o n  whose implementat ion i s  t o o  l a t e  t o  be  of  v a l u e  
or too c o s t l y  i n  i t s  use  (computer o p e r a t i n g  t i m e  p e r  c h i t ) .  
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Based upon t h i s  r e a s o n i n g ,  a s p e c i f i c  sequence of  
grouped n o i s e  and d i s t o r t i o n  e f f e c t  removals i s  proposed i n  
F i g u r e  111, i n  s e q u e n t i a l  r e l a t i o n s h i p  to t h e  d e t e r m i n a t i o n  of 
e q u a l  b r i g h t n e s s  c o n t o u r s ,  t opograph ic  c o n t o u r s ,  and l a n d i n g  
h a z a r d  s t a t i s t i c s  f o r  each c h i t  area.  The s i x  grouped e f f e c t  
removal s t e p s  recommended i n  F igure  I11 are as f o l l o w s  and 
are d i s c u s s e d  below: 

I 
I 
I 

(1) 

11 m l i s t e d  above. 

Apply a polynomial  f i l t e r  t o  t h e  d i g i t i z e d  
d a t a  stream t o  remove t h e  e f f e c t s  o f  t h e  ana log  
s i g n a l  n o i s e  sou rces  #1, 2 ,  3 ,  4, 5 ,  and 6 

I 

I 
I 

( 2 )  Perform a convers ion  from photographic  d e n s i t y  to 
" t r u e "  exposure  on each photographic  s p o t  t o  c o r r e c t  
f o r  bo th  t h e  v i g n e t t i n g  and d e n s i t y  exposure non- 
l i n e a r i t y  n o i s e  e f f e c t s  #10 and 1 5  l i s t e d  above. 

( 3 )  Take, for each photographic  s p o t ,  a c i r c u l a r l y  
symmetric weighted average" of  t h e  exposures  of  i t  
and s e v e r a l  a d j a c e n t  spots, to minimize e r r o r s  due 
to b l u r  and n o i s e  sou rces  #8,  9 ,  1 2 ,  and 13 l i s t e d  
above. 

( 4 )  Compensate f o r  t h e  image-motion b l u r  e f f e c t  # 1 4  
p l u s  any o t h e r  coherent  n o i s e  e f f e c t s  b y  a one- 
d imens iona l  d i g i t a l  f i l t e r  i n  t h e  d i r e c t i o n  o f  re la-  
t i v e  image motion 3r a s  o t h e r w i s e  a p p r o p r i a t e . * *  

( 5 )  Af t e r  b r i g h t n e s s  va lues  are  ob ta ined  to r e p r e s e n t  
t h e  photographic  d a t a  i n  a n  e f f i c i e n t  form f o r  
computer p r o c e s s i n g ,  perform a geometr ic  t r a n s -  
fo rma t ion  to remove t h e  e f f e c t s  of  geometr ic  d i s -  
t o r t i o n  s o u r c e s  # 7 ,  11 and 1 6  l i s t e d  above. A 
t r a n s f o r m a t i o n  t o  a c o o r d i n a t e  s y s t e m  r e l a t ed  to 
t h e  i l l u m i n a t i G n  angle  ( s ee ,  f o r  example, F igu re  V )  
may b e  inc luded  i n  t h i s  s t e p .  

(6) A f t e r  t opograph ic  d a t a  a re  o b t a i n e d  from t h e  su r -  
f a c e  b r i g h t n e s s  p a t t e r n s ,  perform a second geometr ic  
t r a n s f o r m a t i o n  t o  remove t h e  e f f e c t s  of  geometr ic  
d i s t o r t i o n  s o u r c e s  #17 and 1 8  l i s t e d  above.** 

3 . 2 . 1  Polynomial F i l t e r  

The c o r r e c t i o n  f o r  a l l  one-dimensional ana log  s i g n a l  
n o i s e  i n t r o d u c e d  on t h e  photographic  data  stream up to and 

*Taking a weighted average  i s  no t  n e c e s s a r i l y  t h e  most e f f i c i e n t  
way to accomplish two-dimensional d i g i t a l  f i l t e r i n g .  Other  methods 
are  under  s t u d y  (See Leibowitz ,  M . A . ,  "A Procedure f o r  t h e  D i g i t a l  
P r o c e s s i n g  of Photographs,"  Bellcomm, I n c . ,  TM-65-1012-4, August 25,1965) 

**Depending on t h e  methods of  implementa t ion ,  i t  ~ z y  be  des i r ab le  
t o  combine s t e p s  ( 3 )  and ( 4 ) ,  and s t e p s  (5) and (6). 
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i n c l u d i n g  t h e  a n a l o g - t o - d i g i t a l  conve r s ion  can be conven ien t ly  done 
by a p p l y i n g  a s i n g l e  o v e r a l l  d i g i t a l  polynomial f i l t e r  t o  t h e  
d i g i t i z e d  data  stream ( s u c c e s s i v e  b y t e s % >  r e p r e s e n t i n g  each 
framelet s c a n  l i n e .  That  i s  i f  

r e p r e s e n t  a se r ies  of  consecu t ive  b y t e  v a l u e s  i n  t h e  v i c i n i t y  
o f  t h e  k t h  b y t e  of a framelet s c a n  l i n e ,  a f i l t e r  o u t p u t  v a l u e  
V k l  assigned t o  t h e  k t h  - b y t e  i s  computed by 

t h e  moving weighted average  

( a t  t h e  beginning  of  each scan  l i n e ,  a new moving weighted 
average  must b e  s t a r t ed .  The t e c h n i q u e  f o r  s t a r t i n g  t h e  
moving weighted  average  f o r  each l i n e  i s  y e t  t o  be de t e rmined) .  

The c o e f f i c i e n t s  o f  such  a moving weighted average  or 
d i g i t a l  polynomial f i l t e r  are chosen s o  t h a t  t h e  t r a n s f e r  ( f r e -  
quency) f u n c t i o n  o f  t h e  f i l t e r  i s  such  as t o  minimize,  by a 
leas t  s q u a r e s  c r i t e r i o n ,  t h e  s t a t i s t i c a l l y  average e f f e c t s  of  
a l l  o f  the ana log  s i g n a l  n o i s e  and f requency  a t t e n u a t i o n  e f f e c t s .  
The d e s i g n  of t h i s  f i l t e r  (de t e rmin ing  t h e  v a l u e s  of m ,  n ,  2 
and t h e  (R+m+n+l) c o e f f i c i e n t s )  i n v o l v e s  t h e  fo l lowing:  

L e t  G ' ( w )  r e p r e s e n t  t he  power spectrum o f  t h e  t o t a l  
ana log  s i g n a l  n o i s e  e f f e c t s ,  and F(w) t h e  t r a n s f e r  f u n c t i o n  
co r re spond ing  to t h e  t o t a l  frequency a t t e n u a t i o n ,  of t h e  s e v e r a l  
s o u r c e s  l i s t e d  above. L e t  S(w) r e p r e s e n t  t h e  power spectrum of  
t h e  pho tograph ic  da ta  (as  "seen" by t h e  camera l e n s  s y s t e m )  of  a n  
ana log  t i m e  s i g n a l .  S ( w )  must l i k e w i s e  b e  measured o r  es t imated.  
Then t h e  d e s i r e d  t r a n s f e r  f u n c t i o n  of  t h e  polynomial  f i l t e r  i s  
de te rmined:  

L e t  A t  be t h e  t i m e  increment  be tween  data b y t e s  as 
d i g i t i z e d  by t h 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 .  K ( w )  i s  approx- 
ima ted  by a F o u r i e r  ser ies  of base ang le  6 = w A t ,  i . e . ,  

K ( W )  5 K ( w )  = B0+B1 cos  w A t  + B 2  COS 2wAt + ---- + B m  cos  m w A t ,  

where m i s  s u f f i c i e n t l y  h i g h  t h a t  t h e  F o u r i e r  se r ies  i s  a "good" 
f i t  t o  K ( w ) .  What c o n s t i t u t e s  a "good" f i t  i s  a m a t t e r  of  

*A b y t e  i s  a s e t  of b i t s  ( a b o u t  6 )  r e p r e s e n t i n g  i n  d i g i t a l  
form a s i n g l e  sample of  t h e  photographic  v ideo  s i g n a l .  It i s  t o  
be  d i s t i n g u i s h e d  from a computer memory word, which u s u a l l y  c o n t a i n s  
s e v e r a l  b y t e s  o r  date  samples. 
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engi r ieer ing  judgment and depends t o  sone e x t e n t  on how well 
( a c c u r a t e l y )  K ( w )  i s  known. The phase  component must,  of  
c o u r s e ,  a l s o  be cons ide red .  

From t h i s  F o u r i e r  s e r i e s  approximat ion  of  t h e  f i l t e r ' s  
d e s i r e d  power t r a n s f e r  f u n c t i o n ,  t h e  c o e f f i c i e n t s  of  t h e  poly- 
nomia l  f i l t e r  are de termined .  F i l t e r  d e s i g n  i s  a s t a t e - o f - t h e -  
a r t  technology,  and many a r t i c l e s  and books have been w r i t t e n  on 
t h e  s u b j e c t . *  

3.2.2 V i g n e t t i n g  and T r a n s m i s s i v i t y  C o r r e c t i c n  

e f f e c t  d i s c u s s e d  i n  paragraph  3 .1 .3 ,  above, p l u s  a l l  t h r e e  t r a n s -  
m i s s i v i t y  e f f e c t s  d i s c u s s e d  i n  paragraph  3.1.5,  above, b e  combined 
i n  a s i n g l e  densi ty- to-exposure c o r r e c t i o n .  A s imp le  polynomial  
approximat ion ,  o r  a t a b l e  look-up, or b o t h ,  might be used.  The 
t r a n s m i s s i v i t y  e f f e c t  i s  a non- l inear  b u t  monotonic i n c r e a s i n g  
f u n c t i o n  o f  exposure  vs  d e n s i t y  which can b e  assumed t o  be  t h e  
same everywhere ove r  each  photograph and from photograph t o  photo- 
graph .  The v i g n e t t i n g  e f f e c t ,  on t h e  o t h e r  hand, v a r i e s  r a d i a l l y  
ove r  each  photograph,  a l though photograph-to-photograph d i f f e r e n c e s  
do n o t  e x i s t .  The t o t a l i t y  of t hese  e f f e c t s ,  and i n  t h e  case of 
v i g n e t t i n g  t h e i r  v a r i a t i o n  over  each photograph,  must be  measured 
or estimated t o  p rov ide  a basis  f o r  t h i s  c o r r e c t i o n  s t e p .  

It i s  proposed t h a t  c o r r e c t i o n s  f o r  t h e  v i g n e t t i n g  

302.3 B l u r  Matr ix  Weighted Averages 

The combined b l u r  e f f e c t s  d i s c u s s e d  i n  paragraph 3 . 1 . 4 ,  
above, can perhaps  b e  bes t  compensated f o r  s t a t i s t i c a l l y  by  use  
o f  a weighted average  m a t r i x  by t h e  data  p r o c e s s i n g  computer. 
T h i s  i n v o l v e s  a s s o c i a t i n g  a b r i g h t n e s s  v a l u e ,  t o  each s p o t  of each 
photograph,  which i s  a weighted average  o f  t h e  b r i g h t n e s s e s  of  
i t s e l f  and s e v e r a l  a d j a c e n t  s p o t s ,  t h e  weights  r e p r e s e n t i n g  t h e  
average  b r i g h t n e s s  i n t e n s i t y  o f  a g i v e n  s p o t  which i s  b l u r r e d  
ove r  t o  t h e  a d j a c e n t  s p o t s .  

The we igh t ing  c o e f f i c i e n t s ,  which form a two dimen- 
s i o n a l  m a t r i x ,  w i l l  va ry  from photograph t o  photograph and 
ove r  d i f f e r e n t  areas w i t h i n  each photograph,  t o  r e f l e c t  such 
v a r i a t i o n s  i n  t h e  v a r i o u s  b l u r  causes  as d i s c u s s e d  i n  s e c t i o n  
3.1.4. The cor responding  f u n c t i o n a l  v a r i a t i o n s  i n  t hese  
we igh t ing  c o e f f i c i e n t s ,  and t h e  s i z e  o f  t h e  m a t r i x  (how many 
a d j a c e n t  s p o t s  t o  be used )  must b e  e v a l u a t e d  i n  o r d e r  f o r  t h i s  
p o r t i o n  of  t h e  p r o c e s s i n g  computer program t o  be des igned .  

*See f o r  example "L inea r  Data Smoothing and P r e d i c t i o n  i n  
Theory and P r a c t i c e " ,  Blackman, R. B . ,  Addison-Wesley 1965. 
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It may b e  s u f f i c i e n t l y  a c c u r a t e  t o  u s e  a c o n s t a n t  
w e i g h t i n g  c o e f f i c i e n t  m a t r i x ,  o f  dimension 20 x 20  or less ,  ove r  
each small pho tograph ic  segment used  as a p r o c e s s i n g  u n i t  ( i . e . ,  
c h i t ) .  However, t h e  r easonab leness  o f  such  an  approximat ing  
s i m p l i f i c a t i o n  must be eva lua ted  from c a l i b r a t i o n  t es t  measure- 
ments o r  a q u a n t i t a t i v e  a n a l y s i s  of  these s e v e r a l  b l u r  causes .  

3.2.4 Readout and Lens D i s t o r t i o n  Geometric C o r r e c t i o n  

Once t h e  photographic  b r i g h t n e s s  data has been modi f ied  
to compensate for ana log  s i g n a l  and photographic  n o i s e  and b l u r  
e f f e c t s ,  i t  i s  a p p r o p r i a t e  to compensate for t h e  geometr ic  b i a s  d i s -  
t o r t i o n s  i n t r o d u c e d  by t h e  photographic  s y s t e m .  However, t h e  bes t  
means o f  performing t h i s  geometr ic  c o r r e c t i o n  depends upon t h e  con- 
f i g u r a t i o n  of  t h e  d i s t o r t i o n s ,  which must be de te rmined  from c a l -  
i b r a t i o n  t e s t  measurements or from e n g i n e e r i n g  a n a l y s i s  of  t h e  s y s t e m .  
Readout bias  d i s t o r t i o n  probably i n v o l v e s  h o r i z o n t a l l y  symmetric 
d i s t o r t i o n s  i n  each  s c a n  l i n e  o f  each framelet ,  p l u s  v e r t i c a l  d i s -  
t o r t i o n  i n  t h e  p o s i t i o n s  o f  t h e  s e v e r a l  s c a n  l i n e s .  Lens d i s t o r -  
t i o n s ,  on t h e  o t h e r  hand, i s  ap t  t o  be  i r r e g u l a r ,  depending on t h e  
p o s i t i o n  of t h e  framelet i n  t h e  frame. 

3.3 Photographic  System C a l i b r a t i o n  Requirements 

I n  o r d e r  f o r  t h e  s e v e r a l  s o u r c e s  o f  n o i s e  and 
d i s t o r t i o n  i n  t h e  Lunar O r b i t e r  photographic  s y s t e m  t o  be 
p r o p e r l y  compensated f o r  b y  t h e  photographic  data p r o c e s s i n g  
computer program, t h e i r  e f f e c t s  must b e  q u a n t i t a t i v e l y  eva l -  
u a t e d ,  e i t h e r  through c a l i b r a t i o n  t es t  measurements or b y  
e s t i m a t e s  based upon eng inee r ing  a n a l y s i s  o f  t h e  s y s t e m .  
The o r d e r  of magnitude of  t h e s e  s e v e r a l  e f f e c t s  must b e  as- 
c e r t a i n e d  i n  o r d e r  t h a t  an  e v a l u a t i o n  can b e  made as t o  
which e f f e c t s  are s u f f i c i e n t l y  s i g n i f i c a n t  t o  warran t  t h e i r  
compensation by t h e  p r o c e s s i n g  computer program. Then, f o r  
t h o s e  n o i s e  e f f e c t s  which are s i g n i f i c a n t ,  t h e i r  a c t u a l  
v a l u e s  and v a r i a t i o n s  must be q u a n t i t a t i v e l y  a s c e r t a i n e d  i n  
o r d e r  f o r  p r o p e r  d e s i g n  o f  t h e  p r o c e s s i n g  computer program 
l o g i c  and a l g o r i t h m  parameters .  

S p e c i f i c a l l y ,  t h e  q u a n t i t a t i v e  s p e c i f i c a t i o n s  which 
are  r e q u i r e d  are  as f o l l o w s :  

(1) The t o t a l  combined e f f e c t  o f  t h e  ana log  s i g n a l  
n o i s e  s o u r c e s ,  expressed  as a power spectrum ove r  
t h e  bandwidth o f  t h e  da ta  s i g n a l .  The  o r d i n a t e  of 
t h i s  spectrum, i . e . ,  n o i s e  "power", must b e  re- 
l a t e d  to t h e  s q u a r e  o f  t h e  u n i t s  of  t h e  b r i g h t n e s s  
l e v e l s  d i g i t i z e d  b y  the a n a l o g - t o - d i g i t a l  c o n v e r t e r ,  
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m 
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which i n  t u r n  must be  re la ted to t h e  s q u a r e  o f  t h e  
u n i t s  o f  f i l m  d e n s i t y  as "seen" by t h e  s c a n n e r  and 
r e a d o u t  subsystem. 

The a n a l o g  s i g n a l  n o i s e  s o u r c e s  to be t h u s  f i l t e r e d  are:  

( a )  F i lm g r a n u l a r i t y  

( b )  F i lm s c a n n e r  and read-out 

( c )  S i g n a l  modula tor  and t r a n s m i t t e r  i n  o r b i t e r  

( d )  Deep s p a c e  t r a n s m i s s i o n  

( e )  S i g n a l  r e c e i v e r  and demodulator  

( f )  

( g )  Analog- to-Digi ta l  c o n v e r t e r  

Analog t a p e  r e c o r d i n g  and p layback  

( 2 )  The  r e l a t i o n s h i p  of f i l m  d e n s i t y ,  as "seen" by t h e  
s c a n n e r  and r e a d o u t  subsystem, to t h e  lumens p e r  
u n i t  s o l i d  a n g l e  ( i . e . ,  s t e r a d i a n ) ,  a t  t h e  camera 
l e n s ,  o f  l i g h t  r e f l e c t e d  from t h e  l u n a r  s u r f a c e .  
V i g n e t t i n g  e f f e c t s  must be e x p r e s s e d  as a f u n c t i o n  
of  p o s i t i o n  i n  an exposure frame, and i s  r e q u i r e d  
f o r  b o t h  t h e  h i g h  r e s o l u t i o n  and medium r e s o l u t i o n  
l e n s  subsystem. 

( 3 )  The combined b l u r  e f f e c t s  d i s c u s s e d  i n  s e c t i o n s  
3.1.4 and 3.2.3, above. B l u r  i s  to b e  r e p r e s e n t e d  
i n  u n i t s  of  a pu re  r a t i o  of l i g h t  energy p e r  u n i t  
f i l m  area d i f f u s e d  from a s i n g l e  p o i n t  ( s p o t  on 
an exposure  frame) t o  a d j a c e n t  s p o t s  i n  a l l  d i r e c t i o n s  
about  t h a t  p o i n t .  How t h i s  two-dimensional s p r e a d  
f u n c t i o n  v a r i e s  th roughout  a n  exposure  frame must 
b e  a s c e r t a i n e d  for both  t h e  h i g h  and medium r e s o l u t i o n  
subsystems.  The dependence of b l u r  due to improper  l e n s  
f o c u s i n g  upon o r b i t e r  a l t i t u d e  above t h e  l u n a r  s u r f a c e  
must a l s o  be known, i f  p i c t u r e s  are t a k e n  o u t s i d e  t h e  
nominal a l t i t u d e .  

( 4 )  T h e  combined geometr ic  d i s t o r t i o n s  of  t h e  exposure  frame 
due to b o t h  t h e  l e n s  and t h e  r e a d o u t  systems.  R e l a t i v e  
d i s t a n c e s ,  wi th in  t h e  exposure  frame, of these  d i s t o r t i o n s  
are r e q u i r e d  f o r  both t h e  h i g h  and medium r e s o l u t i o n  l e n s  

8 

U 
4 subsystems.  I 

V a l i d a t i o n  of t h e  computer program should  be cons ide red ,  
i n  o r d e r  to a s s u r e  t h a t  t h e  f i n a l  implemented sof t -ware  system works 
p r o p e r l y .  It i s  sugges t ed  t h a t  c a r e f u l l y  p repa red  s i m u l a t e d  photo- 
g r a p h i c  data be g e n e r a t e d  and used  f o r  t h i s  purpose .  It i s  a l s o  

I 
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s u g g e s t e d  t h a t  Ranger l u n a r  pho tograph ic  data  be  o b t a i n e d  i f  
p o s s i b l e ,  to a form s imi la r  t o  t h a t  of Lunar O r b i t e r  data  when 
encoded and read i n t o  computer memory, and t h e  r e s u l t s  compared w 
t h e  J P L  a n a l y s i s  o f  t h e  same pho tograph ic  data. 

t h  I 

4.0  COMPUTER-BASED SYSTEM REQUIREMENTS 

P r o c e s s i n g  o f  t h e  Lunar O r b i t e r  Pho tograph ic  data 
for t h e  computa t ion  o f  average  Apo l lo  l a n d i n g  h a z a r d  s t a t i s t i c s  
i n  p r e - s e l e c t e d  c a n d i d a t e  Apollo l a n d i n g  s i tes  i n v o l v e s  several 
stages o f  computer o p e r a t i o n s :  pho tograph ic  data r e a d - i n  and 
s e l e c t i o n ,  d i s t o r t i o n  and n o i s e  c o r r e c t i o n ,  b r i g h t n e s s - t o -  
topography conve r s ion ,  and l a n d i n g  h a z a r d  s t a t i s t i c s  computat ion.  
A n  o v e r a l l  sequence c h a r t  o f  these computer o p e r a t i o n s  i s  
g i v e n  i n  F i g u r e  111. 

I n  t h e  f o l l o w i n g  paragraphs t h e  major  computer p rocess -  
i n g  r e q u i r e m e n t s  o f  these s tages  are d i s c u s s e d .  These r e q u i r e -  
ments  are p r e s e n t e d  i n  c o n j u n c t i o n  w i t h  a p r e l i m i n a r y  o v e r a l l  
d e s i g n  o f  t h e  computer-based system i n  o r d e r  to p r o v i d e  a basis  
f o r  an  upper  bound estimate of t h e  c o s t  and complexi ty  o f  t h e  
r e q u i r e d  sys t em.  T h i s  p r e l i m i n a r y  d e s i g n  i s  based on a l a c k  o f  
complete  sys t em a n a l y s i s  and d e s i g n  oDt imiza t ion ;  i n  paragraph 
5 .0 ,  below, t h e  a n a l y s i s  and e n g i n e e r i n g  s t u d i e s ,  which must be 
made b e f o r e  t h e  computer-based system can  be f u l l y  implemented, 
a r e  summarized. 

4.1 Data Sampling S t a g e  

The o p e r a t i o n s  of  t h e  data r ead - in  and s e l e c t i o n  s t a g e  
a r e  shown i n  F i g u r e  111. They are i l l u s t r a t e d  as be ing  separate 
from t h o s e  o f  t h e  o t h e r  stages,  w i t h  d i f f e r e n t  computers i nvo lved .  
T h i s  d i s t i n c t i o n  i s  f o r  i l l u s t r a t i o n  purposes  only  and need n o t  
a c t u a l l y  be t h e  c a s e .  However, t h e  computer speed and memory 
c a p a c i t y  r equ i r emen t s  o f  t h e  o p e r a t i o n s  o f  t h i s  f i rs t  stage 
are  c o n s i d e r a b l y  more s t r i n g e n t  t h a n  t h o s e  o f  t h e  succeed ing  
stages, and it might be necessa ry  t o  perform these o p e r a t i o n s  
on two o r  more d i f f e r e n t  machines i n  o r d e r  t o  be able t o  p r o c u r e  
t he  r e q u i r e d  computer o p e r a t i n g  t i m e .  

a s p e c t s  o f  t h i s  data  p r o c e s s i n g  stage.  
The f o l l o w i n g  paragraphs o u t l i n e  t h e  major  t e c h n i c a l  

4 . 1 . 1  Q u a n t i t y  o f  Photographic  Data 

The Lunar O r b i t e r  photographic  data s y s t e m  i s  d e s c r i b e d  
i n  Bellcomm, Inc .  TM-65-1012-9, "The Lunar O r b i t e r  Photographic  
Data Channel," by F. S. Flatow, November 1, 1965. 
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The data  i s  t r a n s m i t t e d  as a f requency  modulated 
a n a l o g  s i g n a l  r e p r e s e n t i n g  scannings  l i n e  by l i n e ,  o f  narrow 
s t r i p s  ca l l ed  framelets. Eighty-s ix  f ramelets  cove r  each 
h i g h - r e s o l u t i o n  frame, and 2 6  f ramelets  cove r  each  medium- 
r e s o l u t i o n  frame, w i t h  f i v e  per  c e n t  o v e r l a p  between a d j a c e n t  
f ramelets .  Each framelet i s  r e p r e s e n t e d  by 1 7 , 0 0 0  scan  l i n e s  
from f i l m  edge t o  f i l m  edge,  which c o n t a i n  b o t h  pho toc raph ic  
data and header and edge s t r i p  p o r t i o n s  o f  t h e  o r b i t e r  f i l m .  Each 
scan  l i n e  i s  t r a n s m i t t e d  i n  1250 + 13 u s e c ,  c o n s i s t i n g  o f  
s e v e r a l y s e c  o f  l i n e  sync and o t h g r  s i g n a l  t i m e  fo l lowed by 
1105 + 11 y s e c  o f  photographic  da t a .  
o p p o s i t e  d i r e c t i o n s ;  i . e .  , f r o m  "bottom" to trtopl l  or from 'r topft  
t o  "bottom", a l though  each  l i n e  of  every  f ramelet  i s  read i n  
t h e  same d i r e c t i o n ,  i . e . ,  from " l e f t "  t o  " r i g h t " .  The e n t i r e  
f i l e  i s  read backwards from t h e  d i r e c t i o n  of  f i l m  motion durine: 
t h e  pho tograph ic  mis s ion .  Approximately 4 0  minutes  i s  r e q u i r e d  
for complete  r e a d o u t  of  each  exposure ( a  h i p h - r e s o l u t i o n  frame p l u s  
one medium r e s o l u t i o n  frame. ) 

Adjacent  framelets are read i n  

For each  Lunar O r b i t e r  m i s s i o n ,  enough f i l m  i s  pro- 
v ided  f o r  up t o  196 exposures .  The number o f  exposures  t a k e n  
o f  meaningful  s u r f a c e  photography,  however, i s  s u b j e c t  t o  t h e  
m i s s i o n  p l an .  Some f i l m  movement i s  r e q u i r e d  a t  l eas t  every  8 
h o u r s ,  due t o  c o n s t r a i n t s  imposed by t h e  f i l m  deve loping  p r o c e s s ,  
whether t h e  f i l m  i s  exposed or n o t .  Hence, t h e  number of 
meaningful  exposures  p e r  Lunar O r b i t e r  mi s s ion  w i l l  b e  less  
t h a n  196. 

Both t h e  t o t a l  amount o f  photographic  data  a s s o c i a t e d  
w i t h  each exposure ,  and t h e  d a t a  r a t e  d u r i n g  ana log  t ape  play-  
back, a r e  s u f f i c i e n t l y  h i g h  t o  p rec lude  comple te ly  p r o c e s s i n g  
ail o f  t h e  da ta ,  or process ing  any d a t a  i n  r e a l  t i m e ,  even w i t h  
t h e  f a s t e s t  computer a v a i l a b l e  today .  For example, i f  t h e  1105 
usec  of  data of  each s c a n  l i n e  i s  sampled and d i g i  i z e d  a t  

pho tograph ic  data  i s  a s s o c i a t e d  w i t h  ea h exposure ,  which 

t i o n  photographic  data .  Withill a r e a s o n a b l e  amount of computer 
o p e r a t i n g  t i m e ,  it i s  t h e r e f o r e  feasible  t o  a t  b e s t  p r o c e s s  only  
a s m a l l  m o u n t  o f  t h e  t o t a l  data ( i . e . , o n l y  c e r t a i n  sampled o r  
manually p r e - s e l e c t e d  s m a l l  a r e a s  which appear t o  be  o f  
s p e c i a l  i n t e r e s t  o r  which reasonably  form a sample r e p r e s e n t a t i v e  
o f  each exposure ' s  t o t a l  l u n a r  s u r f a c e  a rea) .  O f  c o u r s e ,  t h e  
p r o c e s s i n g  computer program l o g i c  shou ld  b e  q u i t e  f l e x i b l e  i n  
terms o f  p rov id ing  s e v e r a l  op t ions  of  sampling s t r a t e g y .  S i n c e  
t h e  data r a t e  i s  s o  h igh ,  i t  i s  a l s o  necessa ry  t o  p rocess  even 
t h i s  small p e r c e n t  o f  t o t a l  data i n  two or more passes, t h e  
f i r s t  p a s s  be ing  t o  s e l e c t ,  r ead ,  and s t o r e  on d i g i t a l  t a p e  or 
drum t h e  data t o  b e  p rocessed ,  and t h e  succeeding  pass (es )  t o  

620 kc ,  a t o t a l  of  1 1 6  x 686 x 1 7 , 0 0 0  = 1.353 x 10 5 s p o t s  of  

i n c l u d e s  86 x 686 x 17 ,000  = 1.003 x 10 5 s p o t s  of  h igh  r e s o l u -  
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do t h e  a c t u a l  p r o c e s s i n g .  

4 .1 .2  Data Sampling Rate Cons ide ra t ions  

The r a t e  a t  which t h e  1105 p-sec o f  v ideo  s i g n a l  i s  
sampled and d i g i t i z e d  by  an a n a l o g - t o - d i g i t a l  c o n v e r t e r  f o r  
computer p r o c e s s i n g  has y e t  t o  be  de te rmined .  O r d i n a r i l y ,  
by a s t a n d a r d  theorem i n  informat ion  t h e o r y ,  t h i s  r a t e  must be  
a t  least  a t  t h e  "Nyquist  frequency" of t w i c e  t h e  h i g h e s t  f re-  
quency o f  t h e  s i g n a l  i n  o r d e r  tha t  a l l  o f  t h e  i n f o r m a t i o n  
c o n t a i n e d  i n  t h e  s i g n a l  can be p r e s e r v e d .  

I n  t h i s  c a s e ,  t h e  s i g n a l  i s  con ta ined  i n  a v ideo  
spec t rum of between 0 kc  and 230 kc ( i . e .  a 230 kc bandwidth) 
which i s  t r a n s m i t t e d  i n  t h e  f o r m  o f  v e s t i g i a l  s ideband FM i n  
a band o f  80 kc t o  390 kc  w i t h  a suppres sed  s u b c a r r i e r  of  
310 kc.  Hence, i f  t h e  s i g n a l ,  as demodulated,  i s  sampled 
d i r e c t l y ,  t h e  Nyquist  frequency i s  2 x 230 = 460 kc.  

How much above the  Nyquist  r a t e  t h e  da ta  must be  
sampled i n  o r d e r  t o  bes t  r e c o n s t r u c t  t h e  in fo rma t ion  i n  t h e  
s i g n a l  depends upon t h e  n o i s e  c h a r a c t e r i s t i c s ,  which are not  
f u l l y  known a t  t h i s  t i m e  (see pa rag raph  3.1.7,  below).  A 
sampling ra te  as h i g h  as twice  t h e  Nyquist  f requency  i s  appro- 
p r i a t e  w i t h  some t y p e s  o f  n o i s e  c h a r a c t e r i s t i c s .  On t h e  o t h e r  
hand, i t  might be  s a t i s f a c t o r y  i n  t h i s  c a s e  t o  sample a t  a 
r a t e  lower t h a n  " t h a t  which b e s t  p r e s e r v e s  t h e  in fo rma t ion  
c o n t a i n e d  i n  t h e  s i g n a l " . *  To do s o  means t h a t  t h e  r e s o l u t i o n  
o f  t h e  pho tograph ic  data  i s  degraded. However, some degrada- 
t i o n  might be  p e r m i s s i b l e  provided it  i s  not  such as t o  s e r i o u s l y  
a f f e c t  t h e  a c c u r a c i e s  of t h e  f i n a l  l a n d i n g  haza rd  appraisal  
s t a t i s t i c s  computed by t h e  program. 

It  i s  desirable t o  keep t h e  sampling r a t e  low, s o  as 
t o  keep low t h e  number o f  " b y t e s "  or p i c t u r e  e lements  p e r  
exposure  o r  p e r  p r o c e s s i n g  suba rea  ( " c h i t " )  which t h e  computer 
must p rocess .  The lower be t h e  sampling r a t e ,  t h e  more b e  t h e  

t i o n  i n  t h e  sampling. But ,  a trade-off i n  t h e  number o f  b y t e s  
p e r  c h i t  (and  hence t h e  computer o p e r a t i n g  t i m e  r e q u i r e d  f o r  
p r o c e s s i n g  t h i s  da ta )  and degrada t ion  i n  r e s o l u t i o n  due t o  

n o i s e "  ( d e g r a d a t i o n  of  r e s o l u t i o n )  i n t r o d u c e d  b y  l o s i n g  informa- I 1  

*When a sampling r a t e  below t h e  Nyquist  r a t e  i s  used ,  a 
f i l t e r  shou ld  be used  b e f o r e  t h e  s a m p l e r ,  t o  p reven t  t h e  h i g h  
frequency energy from " f o l d i n g  over"  i n t o  t h e  low frequency 
band. 
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sampl ing ,  can be m a u .  These t r a d e o f f  p o s s i b i l i t i e s  must be 
c a r e f u l l y  s t u d i e d  b e f o r e  t h e  c h o i c e  of  sampl ing  r a t e  and t h e  
d e c i s i o n  o f  u s e  of a fo ld-over  f i l t e r  can be  made. 

The f o l l o w i n g  i s  a tab le  showing t h e  number of  samples 
o r  b y t e s  which w i l l  r e p r e s e n t  e a c h  1105 u s e c  l i n e  i n t e r v a l  o f  
data a t  e a c h  of s e v e r a l  sampling ra tes  unde r  c o n s i d e r a t i o n :  

A s a m p l i n g - r a t e  of 715 kc,  i f  s a t i s f a c t o r y ,  has t h e  
a d d i t i o n a l  "advantage" t h a t  t h e  l u n a r  s u r f a c e  area r e p r e s e n t e d  
by each  b y t e  i s  "square ."  S p e c i f i c a l l y ,  f o r  a camera a l t i t u d e  
of  4 0  km, each  h i g h - r e s o l u t i o n  scan  l i n e  "covers"  a s u r f a c e  a r e a  
of 0 . 2 4 1  meters i n  w i d t h  and 191 meters h o r i z o n t a l .  I f  a 
"square"  s u r f a c e  area i s  t o  be r e p r e s e n t e d  by each  b y t e ,  t h e  
sampling r a t e  must b e  715 kc .  

4 .1 .3  Choice o f  Byte S i z e  

The cho ice  of b y t e - s i z e ,  i . e .  number of  b i n a r y  d i g i t s  
used  t o  r e p r e s e n t  t h e  s i g n a l  power i n  each  data sample (and 
hence t h e  number o f  l e v e l s  o f  b r i g h t n e s s  used  to r e p r e s e n t  t he  
d a t a )  depends main ly  upon t h e  a v e r a g e  s i g n a l - t o - n o i s e  r a t i o ,  and 
the  data sampling ra te .  Exper ience  w i t h  t h e  Ranger photographs  
s u g g e s t s  a b y t e  s i z e  of  5 o r  6 b i t s .  The rms s i g n a l - t o - n o i s e  
r a t i o  o f  Ranger pho tograph ic  da ta  was measured a t  35 to 4 0  db,  
and a b y t e  s i z e  of 6 b i t s  was used .  6 b i t s  proved t o  be  
s l i g h t l y  i n a d e q u a t e ;  7 b i t s  would have been most a p p r o p r i a t e .  
T h e  s i g n a l - t o - n o i s e  r a t i o  for Lunar O r b i t e r  pho tograph ic  data,  
on t h e  o t h e r  hand, i s  expected t o  be  lower ,  1.e. about  28 db. 
Hence, a 6-b i t  b y t e  w i l l  c e r t a i n l y  be adequa te ,  and a 5 - b i t  
b y t e  might be s a t i s f a c t o r y .  T h i s  shou ld  be  c a r e f u l l y  s t u d i e d .  
U n t i l  t h i s  c h o i c e  i s  made, however, a b y t e  s i z e  of  6 b i t s  w i l l  
be assumed as a p p r o p r i a t e .  

n e c e s s a r y  to u s e  h i g h e r  p r e c i s i o n  i n  i n t e r m e d i a t e  s t e p s  t o  avo id  
e x c e s s i v e  round-off e r r o r s .  

I n  per forming  computat ions on t h e  da ta ,  i t  may be  
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4 . 1 . 4  S e l e c t i o n  of P rocess ing  Subareas  ( C h i t s )  

r e s o l u t i o n  frame i s  v e r y  l a rge ,  p r o c e s s i n g  i s  f eas ib l e  o n l y  
on a sampling bas i s .  That  i s ,  o n l y  t h e  d a t a  o f  s e v e r a l  small 
l u n a r  s u r f a c e  area u n i t s  (called " c h i t s " )  which r e p r e s e n t  a 
sampl ing  of t h e  e n t i r e  exposure area can  be p rocessed  i n  a reason-  
a b l e  amount o f  computer t i m e .  

S i n c e  t h e  t o t a l  amount of  pho tograph ic  data p e r  high- 

1 

I 
I 
I 
i 
1 

Sampling o f  a cand ida te  Apollo l a n d i n g  s i t e  for 
l a n d i n g  haza rd  a p p r a i s a l  depends on whether t h e  subsequent  
p r o c e s s i n g  i s  f o r  suppor t  o f  s i t e  s e l e c t i o n  ( s c r e e n i n g  o f  
s e v e r a l  c a n d i d a t e  s i t e s )  o r  f u l l  e v a l u a t i o n  o f  t h e  f i n a l l y  
s e l e c t e d  s i te .  I n  t he  l a t t e r  case, f u l l  p r o c e s s i n g  o f  a l l  o f  
t h e  c h i t  areas which cover  t h e  f i n a l l y  s e l e c t e d  s i t e  should  
be done. For  s i t e  s c r e e n i n g ,  however, a sampling o f  c h i t s  i n  
each  c a n d i d a t e  s i t e  should  be s u f f i c i e n t .  

S i n c e  s t a t i s t i c a l  i n t e r p r e t a t i o n  o f  t h e  r e s u l t s  sha l l  
be  used  f o r  s i t e  s c r e e n i n g ,  t h i s  sampling of  each  s i t e  by 
s e v e r a l  c h i t s  should  be such  a s  t o  r e a s o n a b l y  c o n s t i t u t e  a 
"random sampling." O r d i n a r i l y  t h i s  would c a l l  f o r  monte c a r l o  
randomiza t ion  t e c h n i q u e s  t o  de termine  each  sampling p a t t e r n ,  
p a r t i c u l a r l y  i f  t h e  area ( c a n d i d a t e  s i t e s )  data  i s  s t r u c t u r e d  
o r  p a t t e r n e d  i n  any way. But it i s  r e a s o n a b l e  t o  assume, f o r  
t h i s  purpose  here, t h a t  t h e  l u n a r  s u r f a c e  data i s  n o t  s t r u c t u r e d ,  
and tha t  a p a t t e r n e d  sampling o f  c a n d i d a t e  s i tes  by c h i t s  i s  
s a t i s f a c t o r y .  A p a t t e r n e d  sampling has t h e  advantages  of 
computa t iona l  convenience and o f  p r o v i d i n g  a s s u r a n c e  t h a t  a l l  
p o r t i o n s  of  each  c a n d i d a t e  s i te  are  e q u a l l y  sampled. 

Hence it i s  recommended t h a t  f o r  s i t e  s c r e e n i n g  pur- 
p o s e s  o n l y  c h i t s  of eve ry  n g  framelet (o f  t h e  h i g h - r e s o l u t i o n  
coverage  o f  each  c a n d i d a t e  Apollo l a n d i n g  s i t e  be ing  a p p r a i s e d  
f o r  s c r e e n i n g )  b e  p r o c e s s e d ,  and o n l y  eve ry  n t h  c h i t  of  each  
such  framelet. I n  o t h e r  words, a s q u a r e  g r i d  o f  c h i t s  i s  t h e  
sugges t ed  sampling s t r a t e g y .  The v a l u e  of n ( 5 ,  6 ,  7 ,  8 ,  9 ,  o r  10) 
should  be chosen i n  accordance w i t h  t h e  data r ead - in  t i m i n g  
and b u f f e r  s t o r a g e  c o n s i d e r a t i o n s  d i s c u s s e d  below, which i n  
t u r n  depend upon t h e  data sampling r a t e  which i s  used. 

Three g e n e r a l  c r i t e r i a  should  be fo l lowed i n  c h o i c e  
o f  t h e  s i z e  and shape o f  t h e  c h i t  p r o c e s s i n g  suba reas .  F i r s t ,  
a c h i t  should  be an area s u f f i c i e n t l y  s m a l l  t o  p e r m i t  computer 
p r o c e s s i n g  as a u n i t  ( i . e . ,  should be such  t h a t  i t s  data can 
be c o n t a i n e d  i n  t h e  computer memory and whose t o t a l  p r o c e s s i n g  
t i m e  i s  c o n s i d e r a b l y  less than  t h e  computer ' s  mean f r ee  t i m e  
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between e r r o r s ) .  Secondly,  i t  s h o u l d  on t h e  o t h e r  hand be  
l a r g e  enough t o  be a meaningful  u n i t  of  photography as  a basis 
f o r  l a n d i n g  haza rd  a p p r a i s a l  ( i . e . ,  a t  least  one o r d e r  of  magni- 
t u d e  l a r g e r  t h a n  t h e  area of t h e  s q u a r e  d e f i n e d  by t h e  f o u r  LEM 
feet.) T h i r d l y ,  it whould be  o f  convenient  s i z e  and shape  f o r  
mosa ick ing ,  i . e . ,  comple t e ly  cove r ing  a l a r g e r  area ( f o r  example, 
f u l l  coverage  of t h e  f i n a l  selected Apollo l a n d i n g  s i t e )  by 
separate p r o c e s s i n g  of s e v e r a l  a d j a c e n t  ( s l i g h t l y -  o v e r l a p p i n g )  
c h i t s .  

The f i rs t  c r i t e r i o n  can  b e  i n t e r p r e t e d  to imply t h a t  
t h e  t o t a l  computer memory r e q u i r e d  to c o n t a i n  t h e  c h i t  data 
s h o u l d  be l e s s  t h a n  one c o r e  memory bank o f  32,000 words. 
Assuming a packing  of 6 b y t e s  p e r  computer memory word, t h i s  
i m p l i e s  a total of l e s s  t h a n  200,000 b y t e s .  

dimension r e p r e s e n t s  a t  l ea s t  60 meters on t h e  l u n a r  s u r f a c e  
f o r  h i g h - r e s o l u t i o n  data a t  a 4 0  km camera a l t i t u d e .  

shape ,  w i t h  t h e  l e n g t h  ( d i r e c t i o n  a l o n g  scan  l i n e s )  b e i n g  an 
i n t e g e r  f r a c t i o n  (1, 1/2 ,  1/3, o r  1/4, e t c . )  o f  t h e  l e n g t h  of  
f u l l  s can  l i n e s  p l u s  5% f o r  o v e r l a p  between a d j a c e n t  c h i t s  of  
a mosaic  coverage ,  and a l eng th /wid th  r a t i o  n o t  exceeding  3 
(to l i m i t  t h e  t o t a l  p e r i m e t e r  l e n g t h ) .  

The second c r i t e r io l - r  i m p l i e s  a c h i t  whose smaller I 
I 
i 
1 
I 

The t h i r d  c r i t e r i o n  i m p l i e s  a r e c t a n g u l a r  (or s q u a r e )  

Based upon these c r i t e r i a ,  t h e  f o l l o w i n g  t a b l e  g i v e s  
recommended c h i t  d e f i n i t i o n s  f o r  each  o f  t h e  sampling r a t e s  
c o n s i d e r e d  i n  pa rag raph  4.1.2, above. These c h i t  d e f i n i t i o n s  
a r e  f o r  h i g h  r e s o l u t i o n  data w i t h  a camera a l t i t u d e  o f  4 0  lan. 
A packing  of  6 b y t e s  p e r  computer word i s  assumed. It i s  
s u g g e s t e d  t h a t  t h e  same c h i t  d e f i n i t i o n  b e  used ( i n  terms of  
number of b y t e s  p e r  s can  l i n e  i n  w i d t h  and number of s can  l i n e s  
i n  h e i g h t )  f o r  medium r e s o l u t i o n  p r o c e s s i n g  as h i g h  r e s o l u t i o n  
p r o c e s s i n g ) .  
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II 
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Length /Height 

- ~~ ~ 

33.32 24.92 31.50 29.40 32.20 23.80 31.08 
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2 2 2 2 1 1 1 

132" 132" 88" 88" 66* 66* 44* 

0.577 0.780 0.920 1.00 1.15 1.56 1.79 

Fraction of  
Scan Line 

High Resolution 
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1 

1.45 1.47 0.95 0.97 2.81 2.81 1.82 - 
1.32 1.34 0.89 0.90 2.55 2.55 1.70 - 

1 1 
I 

Number of B y t e s  - 710 534 450 420 686 508 442 

~ ~~ ~ ~ ~~ 

Meters 
(High Resolution) I .2411 68 68 io5  105 68 68 105 

66" 66* 44" 44" 66* 66* 44" 1 - 1  Along Ver t i ca l  

Low Resolution 1 - I 0.519 0.702 0.828 0.894 1 - 0 4  1.40 1.61 

least  5% o v e r l a p  between ad jacen t  c h i t s .  



- BELLCOMM, I N C .  

1 -  - 23  - 

4.1.5 Buf fe r  S t o r a g e  Requirements 

A computer word of 36 b i t s  pe rmi t s  6 b y t e s  per computer 
word f o r  i n i t i a l  s t o r a g e ,  and t h e  data shou ld  be read i n t o  t h e  
computer from t h 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  assembled i n t o  such  
f u l l  6-byte words t o  minimize data b u f f e r i n g  r e q u i r e m e n t s .  

The i n p u t  data r a t e  p l a c e s  s e v e r e  c o n s t r a i n t s  on t he  
c a p a b i l i t i e s  of a computer t o  p l a c e  i n t o  b u f f e r  s t o r a g e  a l l  data 
o f  e a c h  of s e v e r a l  c h i t s  b e i n g  p rocessed .  I n  any one "run" 
(p l ayback ,  a n a l o g - t o - d i g i t a l  conve r s ion ,  and computer r e a d - i n )  
t o  t h e  v i d e o  tape r e c o r d i n g ,  not  e v e r y  c h i t  can  be comple te ly  
e x t r a c t e d .  If magnet ic  drums a r e  used  as  b u f f e r  s t o r a g e ,  t h e  
da ta  o f  s e v e r a l  c o n s e c u t i v e  c h i t s  cou ld  be s t o r e d , *  up t o  t h e  
c a p a c i t y  o f  t h e  drums a v a i l a b l e ,  a f t e r  which no f u r t h e r  c h i t s  
can  be  s t o r e d  u n t i l  t h e  drums a r e  empt ied  by t r a n s f e r  t o  d i g i t a l  
t a p e .  I f  d i g i t a l  t a p e s  are  used d i r e c t l y  as the  b u f f e r  s t o r a g e ,  
a t  most eve ry  m- c h i t  can b e  s t o r e d ,  m be ing  a f u n c t i o n  of t h e  
data sampling r a t e  and c h i t  s i ze .  O f  c o u r s e ,  a l l  ( c o n s e c u t i v e )  
c h i t s  cou ld  be s t o r e d  by making m " runs"  w i t h  t h e  v i d e o  tape. 
Even t h e n ,  however, o n l y  a f r a c t i o n  o f  a l l  p o s s i b l e  c h i t s  i n  a 
m i s s i o n  can  r e a s o n a b l y  be s t o r e d  and p r o c e s s e d ;  s e v e r a l  thousand 
reels  o f  d i g i t a l  t a p e  and perhaps  as many hour s  o f  computer t i m e  
would be r e q u i r e d  f o r  b u f f e r  s t o r a g e  and complete  p r o c e s s i n g  of 
a l l  of t h e  h i g h - r e s o l u t i o n  photographic  data o f  a complete  Lunar 
O r b i t e r  m i s s i o n  . 

t h  

The t a b l e  i n  paragraph 4 . 1 . 4 ,  above, l i s t s  t h e  t o t a l  
number o f  computer memory words r e q u i r e d  f o r  c h i t  da ta  p e r t a i n i n g  
t o  v a r i o u s  sampling ra tes .  For example, c o n s i d e r i n g  a sampling 
r a t e  o f  715 kc and u s i n g  6 -b i t  b y t e s ,  a t o t a l  of  2 9 , 4 0 0  memory 
words are r e q u i r e d  per  c h i t ,  being 420  b locks  ( s c a n  l i n e s )  o f  
70 words each .  I f  d i g i t a l  t a p e  were used d i r e c t l y  as b u f f e r  
s t o r a g e ,  t h e  data would be read i n t o  memory i n  70-word g roups  
a t  t h e  ra te  of  1250 vsec  per  group, bu t  would be w r i t t e n  ou t  
o n t o  d i g i t a l  t ape  a t  a much s l o w e r  rate.  I f  t a p e  r e c o r d s  were 
a l s o  70  words each ,  t h e  maximum ra t e  of r e c o r d i n g  would be 8.38 
msec p e r  70-word t a p e  r eco rd .**  T h i s  leads t o  a v a l u e  of m of 7 .  

*The e x a c t  t i m i n g  of t h e  c h i t  t r a n s m i s s i o n s  must be c a r e f u l l y  
p lanned  t o  avo id  o v e r w r i t i n g  p r e v i o u s  data,  when magnet ic  drums 
are used .  

**For t h e  UNISERVO V I I I - C  tape u n i t s  of  t h e  Univac 1108 
computer,  t h e  tape r e c o r d  w r i t i n g  t i m e  is ( 4 . 0 0  + n/16)  msec 
p e r  r e c o r d  of l e n g t h  o f  n 6-byte words. 
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4 . 1 . 6  Framele t  Sync D e t e c t i o n  

l e t  s t a r t  ( s y n c )  i n f o r m a t i o n ,  a l t h o u g h  the re  i s  t i m i n g  i n f o r m a t i o n  
on a n  a u x i l i a r y  channe l  a c c u r a t e  t o  w i t h i n  t h e  t i m e  of a f e w  s can  
l i n e s .  I n  o r d e r  f o r  t h e  computer t o  de t e rmine  t h e  beginning  of a 
p a r t i c u l a r  framelet i n  which it i s  t o  read the  data o f  one or more 
s e l e c t e d  c h i t s ,  it must examine t h e  edge data p r e c e e d i n g  t ha t  frame- 
l e t ,  per form some rud imen ta ry  p a t t e r n  r e c o g n i t i o n  l o g i c  t o  d e t e c t  
t h e  f i r s t  scan  l i n e  o f  a c t u a l  pho tograph ic  d a t a ,  and t h e n  count  
succeed ing  s c a n  l i n e s  down t o  t h e  des i red  c h i t ' s  f i r s t  scan  l i n e .  

During t h i s  f r a m e l e t  sync l o g i c ,  t h e  9- levels-of-gray 
f i l m  d e n s i t y  c a l i b r a t i o n  p a t t e r n  must be d e t e c t e d  and r e a d  f o r  
u s e  i n  t he  subsequent  photometr ic  p r o c e s s i n g  of t h e  data.  The 
l o g i c  r e q u i r e d  f o r  t h i s  p a t t e r n  r e c o g n i t i o n  might be ra ther  complex 
i n  e i t h e r  c a s e .  It i s  f u r t h e r  compl i ca t ed  by t h e  f a c t  t h a t  a d j a c e n t  
framelets are scanned backwards, i . e . ,  from lctop' l  t o  "bottom" or 
from "bottom" t o  " top ."  
9- leve ls -of -gray  c a l i b r a t i o n  p a t t e r n  changes from framelet t o  
a d j a c e n t  framelet .  
"backward-scanned" framelets mus t  be read i n t o  b u f f e r  s t o r a g e  i n  
backward l i n e  o r d e r  t o  r e v e r s e  i t .  

r e a d - i n  i n c l u d e s  s p e c i f i c a t i o n  o f  t h e  desired c h i t s  t o  b e  pro- 
c e s s e d  (or t h e  c h i t  s e l e c t i o n  s t r a t e g y ) ,  t h e  framelets c o n t a i n i n g  
t h e s e  c h i t s ,  t h e  t i m e  d u r i n g  playback o f  these framelets, and 
which framelets are scanned "backwards." 

The v i d e o  t a p e  be ing  d i g i t i z e d  does  no t  c o n t a i n  frame- 

T h i s  means t h a t  t h e  edge c o n t a i n i n g  t h i s  

It a l s o  means t h a t  t h e  data of  c h i t s  i n  t h e  

Manual i n p u t  data r e q u i r e d  f o r  t h i s  computer s c a n  and 

4 . 2  Photographic  D i s t o r t i o n  and Noise C o r r e c t i o n  S t a g e s  

I n  pa rag raph  3 .2 ,  above, t h e  r e q u i r e m e n t s  for photo- 
g r a p h i c  d i s t o r t i o n  and n o i s e  c o r r e c t i o n  s t a g e s  are e x p l o r e d ,  and 
s e v e r a l  s t e p s ,  l o g i c a l l y  r e l a t e d  t o  t h e  s e v e r a l  n o i s e  s o u r c e s  
i d e n t i f i e d  i n  pa rag raph  3.1, above, are  d e s c r i b e d .  These s t e p s  
are a l s o  shown i n  F i g u r e  111, i n t e r l e a v e d  w i t h  t h e  data manipu- 
l a t i o n  and i n t e r p r e t a t i o n  s t e p s  n e c e s s a r y  t o  produce t h e  des i red  
computer '  s o u t p u t s .  

some o f  these  s t e p s .  
and t r a n s m i s s i v i t y  c o r r e c t i o n ,  and b l u r  m a t r i x  weighted a v e r a g e s  
s t a g e s  d i s c u s s e d  i n  pa rag raphs  3 .2 .1 ,  3 .2 .2 ,  and 3 .2 .3 ,  r e s p e c t i v e l y ,  
might be  combined i n t o  a s i n g l e  moving two-dimensional weighted 
a v e r a g i n g  s t e p ,  t h e  we igh t s  of which must be computed dynamica l ly  
such  as  t o  implement i n  one s t e p  t h e  t o t a l  e f f e c t  of  t h e  th ree  s t e p s  
t a k e n  s e p a r a t e l y .  
s p h e r i c i t y  d i s t o r t i o n  geometr ic  c o r r e c t i o n  s t e p  d i s c u s s e d  i n  
pa rag raph  3.2.5 might w e l l  be i n c o r p o r a t e d  i n t r i n s i c a l l y  i n t o  t h e  
p r o c e s s  o f  i n t e g r a t i o n  of t he  pho tomet r i c  f u n c t i o n ,  as i s  sugges t ed  
i n  p a r a g r a p h  4 . 4 . 3 ,  below. 

I n  a c t u a l  p r a c t i c e ,  it might  be  p r a c t i c a l  t o  combine 
For example, t h e  polynomial  f i l t e r ,  v i g n e t t i n g  

A s  a n o t h e r  example,  t h e  camera t i l t  and s u r f a c e  
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N e v e r t h e l e s s ,  t h e s e  d i s t o r t i o n  and n o i s e  removal s t e p s  
are  t rea ted  i n  t h i s  memorandum as  s e p a r a t e  s t e p s ,  t o  b e  done i n  
a s p e c i f i c  sequence,  f o r  s e v e r a l  r e a s o n s :  

(1) t o  keep l o g i c a l l y  s e p a r a t e  t h e  removal o f  b r i g h t n e s s  
l e v e l  n o i s e  e f f e c t s  from t h e  removal o f  geomet r i c  
d i s t o r t i o n  e f f e c t s ,  
t o  s e r v e  as a u s e f u l  basis f o r  t h e  a n a l y s i s  work, 
recommended i n  paragraph  5.1, below, which i s  r e q u i r e d  
to e v a l u a t e  t h e  need f o r  and the  p r o p e r  e x t e n t  o f  re- 
moval o f  e a c h  o f  t h e  s e v e r a l  i n d i v i d u a l  n o i s e  e f f e c t s ,  and 
t o  e n a b l e  t h e  d e t e r m i n a t i o n  of  t h e  p r o p e r  f i l t e r  co- 
e f f i c i e n t  v a l u e s  and t h e  ways i n  which t h e s e  c o e f f i c i e n t  
v a l u e s  va ry  s p a t i a l l y  . 

( 2 )  

( 3 )  

4 .3  Matr ix- to-Contours  G r i d  Conversion S t a g e s  

c o n v e r t  i n f o r m a t i o n  d e f i n i n g  a two-dimensional g r i d  from m a t r i x  
form t o  t h e  form o f  a s e t  o f  equal -va lue  con tour  l i n e s .  For 
example, t h e  o u t p u t  o f  t h e  brightness-to-topography conver s ion  
s t a g e  d i s c u s s e d  i n  pa rag raph  4 . 4 ,  below, i s  a m a t r i x  o f  p o i n t s  
i n  a g r id  c o v e r i n g  a c h i t  area, and a r e l a t i v e  l u n a r  g e o i d a l  
e l e v a t i o n  v a l u e  a s s o c i a t e d  w i t h  e a c h  g r i d  p o i n t .  An e l e v a t i o n  
c o n t o u r  map, however, i s  one of t h e  des i red  v i s u a l  o u t p u t s  of  
t h e  computer . 

An a l g o r i t h m  may be r e q u i r e d  by which t h e  computer w i l l  

Contour map g e n e r a t i o n  i n v o l v e s  two-dimensional s t a t i s t i c a l  
smoothing of t h e  v a l u e s  a s s o c i a t e d  w i t h  each  g r i d  p o i n t ,  as w e l l  as  a 
c o n v e r s i o n  of  t h e  g r i d  i n f o r m a t i o n  i n t o  a d i f f e r e n t  form. One sug- 
g e s t e d  approach  t o  t h e  d e s i g n  o f  such  an  a l g o r i t h m  would be t o  c o n s i d e r ,  
a l o n g  a l l  g r i d  l i n e s  i n  b o t h  d i r e c t i o n s ,  moving l o c a l  s u c c e s s i v e  g roups  
of  g r i d  p o i n t s ,  f i t  a s imple polynomial t o  each  group by s t a n d a r d  
least  s q u a r e s  r e g r e s s i o n  t e c h n i q u e s ,  and s o l v e  such  polynomia ls  t o  
de t e rmine  t h e  p o i n t s  a l o n g  each g r i d  l i n e  where t h e  t h r u s l y  smoothed 
e l e v a t i o n s  c r o s s  a n  in t ege r -va lued  e l e v a t i o n  ( c o n t o u r  i n t e r v a l )  or 
r e a c h e s  a l o c a l  maximum or minimum. Then, g i v e n  such  a n  a r r a y  of 
c o n t o u r  i n t e r v a l  p o i n t s ,  connec t ing  ne ighbor ing  p o i n t s  of  e q u a l  c o n t o u r  
i n t e r v a l  v a l u e s  r e s u l t s  i n  segmented l i n e s  compr is ing  t h e  desired 
c o n t o u r  l i n e  map. O f  c o u r s e ,  t h e  d e g r e e  of  f i n e n e s s  of  smoothing which 
can  be  done a long  each  g r i d  l i n e ,  and t h e  minimum r e a s o n a b l e  s i z e  of  
con tour  i n t e r v a l  which can  be used,  i s  s e v e r e l y  c o n s t r a i n e d  by t h e  n o i s e  
and j i t t e r ,  b o t h  i n  g r i d  p o i n t  v a l u e s  and t h e i r  geometr ic  l o c a t i o n s ,  
which i s  i n t r i n s i c  t o  t h e  g r i d  data i t s e l f .  

f o r m u l a t i o n  of con tour  l i n e  maps by computers i s  n o t  a t r i v i a l  task,  
and t h e  a l g o r i t h m  t o  be used should be c a r e f u l l y  opt imized  f o r  t h i s  
a p p l i c a t i o n .  The d e g r e e  of smoothing a p p r o p r i a t e ,  and hence t h e  
o r d e r  of such  l o c a l  polynomials ,  t he  number of s u c c e s s i v e  p o i n t s  used 
f o r  t h e  r e g r e s s i o n  f i t t i n g ,  t he  s u c c e s s i v e  o v e r l a p p i n g  of s u c c e s s i v e  
moving g roups ,  and t h e  d e s i r e d  c o n t o u r  i n t e r v a l  v a l u e s  must be s t u d i e d  
and de termined .  

t o  pe rmi t  more t h a n  t h e  c rudes t  of c o n t o u r i n g  i n  some c a s e s .  

Other approaches  have been sugges t ed  and a t t empted .  The  

It might be t h e  c a s e  t ha t  t h e  n o i s e  i n  t he  data i s  t o  h i g h  
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4.4 Brightness-to-Topography Conversion Stage 

The ability of a computer t o  obtain local lunar surface 
elevation information from monoscopic orbital photographs is 
based upon a unique observed photographic property of the lunar 
surface: for a given angle between incident solar light and viewer 
(optic) axis, and for a given local rock darkness (albedo), the 
brightness of reflected light is very closely correlated with the 
component of the local slope gradient, relative to the viewing 
(optic) axis, in the plane defined by the light source (sun), 
viewer (camera lens), and local surface area. This dependence of 
brightness on slope has been extensively investigated, and a 
model for the functional form of the dependence has been empiri- 
cally developed. (See references in (l).) Furthermore, this 
empirical lunar "photometric function" has been successfully 
applied to the Ranger photographs. ( 2 )  

Kosofsky ( 3 )  and Watson have discussed applying such 
photometrics to lunar orbiter high-resolution photographic data 
with a computer to obtain local surface elevations. Along the 
lines of these discussions, the brightness-to-slope conversion 
stage of lunar orbiter photographic data processing involves 
the following steps. 

4.4.1 Calibration Profiles from Stereographic Medium-Resolution 
Coverage 

The lunar photometric function for determining local 
slopes from brightness values requires pre-known values of local 
surface albedo and yields slope components at each point on the 
lunar surface in one direction (i.e., along the "photometric plane" 
line defined by the intersection of the lunar surface with the 
plane determined by the sun, the orbiter camera lens, and the 
local surface point). Local relative elevations can be obtained 
by integrating, along each photometric plane line, the local 
slope values implied from photographic brightness values by the 
photometric function. 

In order that local elevations thus obtained can be 
properly calibrated, some topographic information if available, 
even at a much lower level of resolution, should be used. Approxi- 
mate elevations, along some of the photometric plane lines along 
which the photometric function is integrated, could be compared 
with the results of the numerical integration, to calibrate the 

(l'Watson, Kenneth, "Photoclinometry From Spacecraft Imagery," 
U. S. Geological Survey Report (draft version dated February 1966). 

(*)Rindfleisch, T . ,  "A Photometric Method for Deriving Topographic 

(3)Kosofsky, L. J., "Extracting Topographic Information From 

Information," JPL Techriical Report No. 32-786, September 15, 1965. 

Lunar Orbiter Photographs", paper presented at the semi-annual Con- 
vention of American Society o f  Photometry, September 22, 1965, and 
to appear in March 1966 issue of "Photogrammetric Engineering". 
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v a l u e ( s )  used f o r  l o c a l  a lbedo.  I n  f a c t ,  such  comparison cou ld  
p o s s i b l y  lead t o  r e a s o n a b l e  e s t i m a t e s  o f  how l o c a l  a l b e d o  v a r i e s  
o v e r  each  area of i n t e r e s t  ( i . e . ,  c h i t  of  h i g h  r e s o l u t i o n  d a t a ) .  
Also, approximate  e l e v a t i o n s  a l o n g  p a t h s  which c r o s s  t he  s e v e r a l  
p h o t o m e t r i c  p l a n e  l i n e s  of s l o p e  i n t e g r a t i o n  c o u l d  be used  to 
p r o p e r l y  r e l a t e  t h e  e l e v a t i o n s  a l o n g  t h e  i n t e g r a t i o n  l i n e s  w i t h  
e ach  o t h e r  to complete  t h e  l o c a l  topography i n  a l l  d i r e c t i o n s .  
The computer o p e r a t i o n s  involved  i n  t h i s  c a l i b r a t i o n  are d i s c u s s e d  
i n  p a r a g r a p h s  4 . 4 . 4  and 4.4.5 below. 

P r o c e s s i n g  o f  l u n a r  s u r f a c e  pho tograph ic  data from t h e  
Ranger m i s s i o n s  d i d  no t  i nvo lve  such  c a l i b r a t i o n ,  because  t h e  re- 
q u i r e d  approximate  e l e v a t i o n  data d i d  n o t  e x i s t  ( s e e  R i n d f l e i s c h ,  
9. G.). A s i n g l e  c o n s t a n t  a l b e d o  v a l u e  w a s  assumed to be 
a p p l i c a b l e  o v e r  t h e  e n t i r e  a r e a  o f  each  photograph;  t h e  s i n g l e  
a v e r a g e  v a l u e  used was t h a t  ob ta ined  from earth-based pho tograph ic  
coverage  of  t h e  o v e r a l l  l u n a r  s u r f a c e  area i n  which t h e  a r e a  of 
t h e  Ranger pho tograph ic  coverage l i e s .  No c o r r e c t i o n s  were made 
or c o u l d  b e  made f o r  a l b e d o  v a r i a t i o n s  w i t h i n  each  pho tograph ' s  
area. Also,  t h e  f i t t i n g  o r  smoothing o f  e l e v a t i o n  v a l u e s  com- 
p u t e d  a l o n g  a d j a c e n t  photometr ic  p l a n e  l i n e s  o f  i n t e g r a t i o n  was 
no t  n o r  cou ld  not  b e  c a l i b r a t e d  w i t h  observed  o v e r a l l  c r o s s  topo-  
graphy 

I n  t h e  c a s e  o f  Lunar O r b i t e r  pho tograph ic  data p r o c e s s i n g ,  
however, l o c a l  r e l a t i v e  e l e v a t i o n  i n f o r m a t i o n  e x i s t s  and can be  
e x t r a c t e d  from t h e  medium-resolut ion pho tograph ic  da ta  by s t e r e o -  
g r a p h i c  a n a l y s i s .  Hence, i t  i s  recommended t h a t  e l e v a t i o n  pro- 
f i l e s  from t h e  medium-resolution pho tograph ic  data  b e  o b t a i n e d ,  
f e d  i n t o  t h e  computer,  and used as a basis f o r  t h e  above-discussed 
h i g h - r e s o l u t i o n  topograph ic  c a l i b r a t i o n .  

The r equ i r emen t s  f o r  medium-resolut ion e l e v a t i o n  p r o f i l e s  
i s  i l l u s t r a t e d  by F i g u r e  I V .  Check p r o f i l e s  a r e  r e q u i r e d  a long  
s e v e r a l  p a t h s ,  a l l  o f  which converge a t  t h e  z e r o  phase p o i n t  
(shadow, on t h e  l u n a r  s u r f a c e ,  of  t h e  camera l e n s ) .  Cross p r o f i l e s  
a r e  r e q u i r e d  a l o n g  s e v e r a l  p a t h s  which are approx ima te ly  perpen- 
d i c u l a r  to t h e  check p r o f i l e s .  The s e v e r a l  check ( a l s o  c r o s s )  
p r o f i l e  p a t h s  shou ld  b e  spaced between 30 and 80 m e t e r s ,  which i s  
s u f f i c i e n t l y  c l o s e  to assure  s e v e r a l  of  each  c r o s s i n g  any c h i t  b e i n g  
p r o c e s s e d ,  and s u f f i c i e n t l y  apar t  to b e  c o n s i s t e n t  w i t h  t h e  i n h e r e n t  
r e s o l u t i o n  of  the  medium-resolution frames used  f o r  s t e r e o g r a p h i c  
examinat ion .  The p r o f i l e  p a t h s  shou ld  comple te ly  c r o s s  t h e  a r e a  
covered  by  t h e  h i g h - r e s o l u t i o n  frame be ing  ana lyzed ,  u n l e s s  i t  i s  
known w i t h  c e r t a i n t y  t h a t  c e r t a i n  s u b a r e a s  of t h e  h i g h - r e s o l u t i o n  
frame w i l l  n eve r  be p rocessed .  

The data r e p r e s e n t i n g  each  check and c r o s s  p r o f i l e  m u s t  
be i n  a form which can  be  i n s e r t e d  i n t o  t h e  computer.  The begin- 
n i n g  and end p o i n t s  of each  p r o f i l e  p a t h  must be s p e c i f i e d ,  e i t h e r  
i n  t h e  l o c a l  c o o r d i n a t e  system d e f i n e d  by t h e  h i g h - r e s o l u t i o n  
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frame, o r  i n  a l o c a l  coord ina te  s y s t e m  which can b e  re la ted  by 
t h e  computer t o  t h e  h i g h - r e s o l u t i o n  frame. T h i s  c o o r d i n a t e  
s y s t e m  need n o t ,  f o r  t h i s  purpose,  b e  t h a t  o f  a l u n a r  s u r f a c e  
mapping g r i d ;  r e l a t i v e  l o c a t i o n s  only  are  needed.  Also, e leva -  
t i o n s  a t  v a r i o u s  p o i n t s  a long  each  check and c r o s s  p r o f i l e  need 
o n l y  b e  r e l a t i v e  t o  t h e  e l e v a t i o n  a t  t h e  beginning  p o i n t  o f  t h e  
p r o f i l e ;  a b s o l u t e  e l e v a t i o n s  i n  a l u n a r  s u r f a c e  mapping g r i d  are  
not  of concern  t o  Apollo l and ing  hazard  a p p r a i s a l .  Along each  
p r o f i l e  r e l a t i v e  e l e v a t i o n  va lues  can  be g i v e n  a t  e q u a l l y  spaced  
i n t e r v a l s ,  o r  on ly  a t  p o i n t s  where r e l a t i v e  e l e v a t i o n s  are i n t e g e r  
numbers of  meters, o r  i n  o t h e r  forms as conven ien t .  

Note: The accu racy  o f  such  s t e r e o  p r o f i l e s  i n  areas o f  o v e r l a p  
between medium-resolution f ramelets  (from which t h e  medium- 
r e s o l u t i o n  frames a r e  assembled) i s  q u e s t i o n a b l e  and should  
be  i n v e s t i g a t e d  i n  terms o f  t h e  above use  o f  these p r o f i l e s  
l o c a l l y  w i t h i n  a h i g h - r e s o l u t i o n  c h i t  area.  

4 . 4 . 2  R e c o n s t r u c t i o n  of  Surface  R e f l e c t i v i t y  

Before  t h e  computer can  p r o p e r l y  i n t e g r a t e  t h e  l u n a r  
pho tomet r i c  f u n c t i o n  a long  photometr ic  p l a n e  l i n e s ,  t h e  l i g h t  
r e f l e c t i v i t y  o f  each  l o c a l  surface " spo t "  as a c t u a l l y  "seen" by 
t h e  camera l e n s  must be r e c o n s t r u c t e d  from t h e  b y t e  numbers en- 
coded by t h 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 .  T h i s  r e c o n s t r u c t i o n ,  
t h e  s e v e r a l  s t e p s  of  which are o u t l i n e d  below, i n v o l v e  t h e  n o i s e  
c o r r e c t i o n  s t e p s  d i s c u s s e d  i n  pa rag raphs  3 . 2 . 1 ,  3 .2 .2 ,  and 3.2.3,  
above, p l u s  a conve r s ion  from f i l m  exposure  to s u r f a c e  r e f l e c -  
t i v i t y .  The a c t u a l  computer a l g o r i t h m  used f o r  t h i s  r e c o n s t r u c -  
t i o n  should  combine t h e s e  s t e p s  where a p p l i c a b l e .  
i n f o r m a t i o n  f o r  t h i s  l a t t e r  convers ion  i s  found,  f o r  example, i n  
J P L  T e c h n i c a l  Report  32-384, "Ranger P r e f l i g h t  Sc ience  Ana lys i s  
and t h e  Lunar Photometr ic  Model", Herriman, A .  G . ,  Washburn, 
H.  W . ,  and Willingham, D .  E . ,  r e v i s e d  March 11, 1963. 

S t e p  1: R e c o n s t r u c t i o n  of f i l m  o p a c i t y  from t h e  b y t e  v a l u e s  
a s s o c i a t e d  w i t h  each f i l m  t ' spo t f f .  T h i s  s t e p  i n v o l v e s  
s t a t i s t i c a l  c o r r e c t i o n  o f  t h e  b y t e  v a l u e s  data stream 
t o  remove much of t h e  e f f ec t s  o f  a n a l o g  s i g n a l  n o i s e  
which occur s  d u r i n g  scann ing ,  s i g n a l  modula t ion ,  t r a n s -  
mis s ion ,  demodulation, t ape  r e c o r d i n g  and play-back, 
and a n a l o g - t o - d i g i t a l  conve r s ion  ( encod ing) .  See para-  
g raphs  3.1.7 and 3 . 2 . 1 ,  above, f o r  d i s c u s s i o n  of  such 
n o i s e  s o u r c e s  and t h e i r  "removal". T h i s  s t e p  f u r t h e r  
i n v o l v e s  r e l a t i n g  b y t e  v a l u e s ,  s t a t i s t i c a l l y  
c o r r e c t e d  f o r  ana log  s i g n a l  n o i s e ,  to l o c a l  f i l m  s p o t  
ave rage  o p a c i t y .  T h i s  r e l a t i o n s h i p  i s  a f u n c t i o n  o f  
t h e  c h a r a c t e r i s t i c s  o f  t h e  scanne r  o p t i c s  and p h o t o c e l l  
and must be a c c u r a t e l y  known. 

Background 
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S t e p  2 :  R e c o n s t r u c t i o n  o f  f i l m  exposure  from f i l m  o p a c i t y .  

T h i s  s t e p  i n v o l v e s  t h e  t r a n s m i s s i v i t y  o f  t h e  f i l m  
and the  f i l m  g r a n u l a r i t y  c h a r a c t e r i s t i c s .  See para-  
graphs  3.1.5,  3 .1 .6 ,  and 3 . 2 . 2 ,  above, f o r  d i s c u s s i o n  
of  such  r e c o n s t r u c t i o n .  

Note: The second p a r t  o f  S t e p  1 and t h i s  S t e p  2 r e q u i r e  
exposure  c a l i b r a t i o n s  based on t h e  9- levels-of-gray 
c a l i b r a t i o n  edge d a t a  on t h e  f i l m ,  s i n c e  t h e  f i l m  t r a n s -  
m i s s i v i t y  f u n c t i o n  v a r i e s  from framelet to framelet. Fo r  
each framelet, t h e  a s s o c i a t e d  exposure  c a l i b r a t i o n  func- 
t i o n  must b e  determined from such  edge data,  t o  de t e rmine  
t h e  f i l m  exposure t o  b y t e  v a l u e s  r e l a t i o n s h i p  which 
a p p l i e s  th roughout  t h a t  framelet .  

S t e p  3: R e c o n s t r u c t i o n  of l i g h t  i n t e n s i t y  a t  l e n s  from f i l m  ex- 
posu re .  T h i s  s t e p  invo lves  removal o f  t h e  exposure and 
geometr ic  d i s t o r t i o n s  o f  t h e  photographic  image which 
are i n t r o d u c e d  by t h e  l e n s  s y s t e m ,  such as v i g n e t t i n g  
and l e n s  b l u r  ( l e n s  sp read  f u n c t i o n )  e f f e c t s .  It a l s o  
i n v o l v e s  p r o p e r  convers ion  o f  u n i t s ,  i . e . ,  from f i l m  
exposure v a l u e s  i n  such u n i t s  as meter-candle-seconds,  
averaged  w i t h  r e s p e c t  t o  l i g h t  wave l e n g t h  ove r  t h e  
s e n s i t i v i t y  spectrum o f  t h e  f i l m ,  t o  l i g h t  i n t e n s i t y  a t  
t h e  l e n s ,  i n  such u n i t s  as meter -candles ,  l i kewise  
averaged ove r  t h e  s e n s i t i v i t y  spec t rum o f  t h e  f i l m .  
V i g n e t t i n g  and l e n s  b l u r  e f f e c t s  and t h e i r  c o r r e c t i o n s  
are d i s c u s s e d  i n  paragraphs  3.1.3,  3.1.4,  3.2.2,  and 
3.2.3,  above. The  proper  exposure  to i n t e n s i t y  u n i t s  
conve r s ion  f a c t o r  must b e  a s c e r t a i n e d  through a n a l y s i s  
o f  t h e  l e n s  system and from l e n s  system c a l i b r a t i o n  
t e s t  r e s u l t s .  Furthermore,  i f  t h e  l i g h t  sou rce  used 
to g e n e r a t e  t h e  9-levels-of-gray edge data ,  which i s  used 
t o  r e l a t e  b y t e  va lues  t o  exposure  v a l u e s ,  has a power 
spectrum q u i t e  d i f f e r e n t  from t h a t  of  s o l a r  l i g h t  i n  
t h e  same wave l e n g t h  r e g i o n  o f  f i l m  s e n s i t i v i t y ,  t h e n  
t h i s  d i f f e r e n c e  must be  t a k e n  i n t o  account  i n  a s c e r t a i n -  
i n g  t h i s  necessa ry  u n i t s  conve r s ion  f a c t o r .  

S t e p  4:  R e c o n s t r u c t i o n  of s u r f a c e  r e f l e c t i v i t y  from l i g h t  i n -  
t e n s i t y  a t  l e n s .  T h i s  s t e p  i s  geometr ic  and r e q u i r e s  
knowledge o f  the  range o f  t h e  o r b i t e r  l e n s  from t h e  
l o c a l  l u n a r  s u r f a c e  a r e a s .  For  a n  o r b i t e r  a l t i t u d e  o f  
about  40  km, a s i n g l e  ave rage  v a l u e  o f  t h i s  r ange  
probably  can  b e  u s e d  f o r  a l l  s p o t s  i n  a g i v e n  c h i t  
w i thou t  i n t r o d u c i n g  s i g n i f i c a n t  e r r o r s ,  t o  avoid  i t e r a -  
t i o n  of t h i s  s t e p  w i t h  t h e  i n t e g r a t i o n  of t h e  photo- 
m e t r i c  f u n c t i o n  d i scussed  below f o r  p r e c i s e  local range  
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computa t ions .  T h i s  s t e p  i n v o l v e s  r e c o n s t r u c t i o n  of  
t h e  ave rage  i n t e n s i t y  o f  l i g h t  r e f l e c t e d  by a l o c a l  
s u r f a c e  area " spo t "  i n  t h e  d i r e c t i o n  of  t h e  camera 
l e n s  from t h e  l i g h t  i n t e n s i t y  a t  t h e  l e n s .  It a l s o  
i n v o l v e s  knowledge of  t h e  s o l a r  l i g h t  i n t e n s i t y  i n c i -  
d e n t  on each  l o c a l  l u n a r  s u r f a c e  area ' 'spot" averaged  
o v e r  t h e  s e n s i t i v i t y  spec t rum o f  t h e  f i l m .  T h i s  i s  
assumed to be  a c o n s t a n t  f o r  a g i v e n  o r b i t e r  m i s s i o n ,  
to be de termined;  s t r i c t l y  s p e a k i n g  it  i s  a f u n c t i o n  
o f  t h e  sun-moon d i s t a n c e ,  which i n  t u r n  depends upon 
t h e  s e a s o n  of t h e  year  and t h e  phase  o f  t h e  moon a t  
t h e  t i m e  o f  t h e  mis s ion .  

4 . 4 . 3  I n t e g r a t i o n  o f  t h e  Photometr ic  F u n c t i o n  

I n t e g r a t i o n  o f  the pho tomet r i c  f u n c t i o n  o f  r e f l e c t i v i t y -  
t o - s l o p e  cor respondence  g i v e s ,  f o r  s p e c i f i c  a lbedo  v a l u e s ,  p r o f i l e s  
of s u r f a c e  e l e v a t i o n  a long  "photometr ic  p l a n e "  l i n e  p a t h s .  Spec i -  
f i c a l l y ,  these s u r f a c e  e l e v a t i o n  p r o f i l e s  a r e  i n  terms of  r e l a t i v e  
c a i e r a - l e n s - t o - s u r f a c e  v a r i a t i o n s ,  r a the r  t h a n  i n  t e rms  o f  e l e -  
v a t i o n s  r e l a t i v e  t o  a l u n a r  geoid .  Hence a geometr ic  c o n v e r s i o n  
o f  s u c h  r e l a t i v e  r ange  p r o f i l e s  to r e l a t i v e "  g e o i d a l  e l e v a t i o n  
p r o f i l e s  i s  n e c e s s a r y .  One c u r r e n t  r e f e r e n c e  f o r  t h e  d e t a i l s  o f  
t h i s  pho tomet r i c  f u n c t i o n  i n t e g r a t i o n  i s  t h e  U.S.G.S. r e p o r t  by 
Kenneth Watson, "Photoc l inometry  From S p a c e c r a f t  Imagery," d raf t  
v e r s i o n  dated February  1966. 

E l e v a t i o n  p r o f i l e s  o b t a i n e d  by such  i n t e g r a t i o n  o f  r e -  
f l e c t i v i t y  v a l u e s  are only  a long  p a t h s ,  c a l l e d  "photometr ic  p l a n e "  
l i n e s  i n  t h e  above d i s c u s s i o n s ,  which c r o s s  each  c h i t  area i n  such  
a manner as to converge t o w a r d  t h e  "ze ro  phase  p o i n t , "  i . e . ,  t h e  
p o i n t  o f  "shadow" of t h e  camera l e n s  on t h e  l u n a r  s u r f a c e .  T h i s  
" z e r o  phase p o i n t , "  f o r  most l u n a r  o r b i t e r  m i s s i o n s ,  w i l l  l i e  w e l l  
o u t s i d e  the  areas photographed, as i l l u s t r a t e d  i n  F i g u r e  V .  
These "pho tomet r i c  p l ane"  l i n e s  w i l l ,  f o r  t h e  o r b i t e r  m i s s i o n s  
c u r r e n t l y  p lanned ,  be d i r e c t e d  approx ima te ly  p e r p e n d i c u l a r  t o  t h e  
s c a n  l i n e s ,  i . e . ,  forming a n g l e s  between 70' and 110' w i t h  t h e  
s c a n  l i n e s .  It i s  s u g g e s t e d  t h a t  a c r o s s  each  c h i t  area t h e  number 
o f  "pho tomet r i c  p l ane"  l i n e s  o f  r e f l e c t i v i t y - t o - s l o p e  i n t e g r a t i o n  
be  such  as f o r  approximate ly  one-meter s p a c i n g s ;  one-meter s p a c i n g  
i s  c o n s i s t e n t  w i t h  t h e  i n t r i n s i c  accu racy  ( r e s o l u t i o n )  o f  t h e  high- 
r e s o l u t i o n  pho tograph ic  d a t a  and y e t  w i l l  p r o v i d e  s u f f i c i e n t l y  
" f ine -g ra ined"  e l e v a t i o n  d a t a  for subsequent  LEM l a n d i n g  haza rd  
a p p r a i s a l  c a l c u l a t i o n s .  

It i s  i m p o r t a n t  t h a t  t h e  computer a l g o r i t h m  used  f o r  
l o c a t i n g  such  "photometr ic  p lane"  l i n e s  and f o r  d e t e r m i n i n g  t h e  
r e f l e c t i v i t y  v a l u e s  a l o n g  each l i n e  b e  op t imized  w i t h  r e s p e c t  to 
computer o p e r a t i n g  t i m e .  The approach  i s  to l o c a t e  each  "photo- 
m e t r i c  p l a n e "  l i n e  g e o m e t r i c a l l y ,  and t o  de t e rmine  s u r f a c e  

" R e l a t i v e ,  f o r  example,  t o  t h e  (unknown) g e o i d a l  e l e v a t i o n  
o f  t h e  beg inn ing  p o i n t  o f  each p r o f i l e .  
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r e f l e c t i v i t y  v a l u e s  a l o n g  each  l i n e  by i n t e r p o l a t i n g  from nearby  
b r i g h t n e s s  v a l u e s .  Another approach i s  t o  d i s t o r t  t h e  r e f l e c t i v i t y  
m a t r i x  r e p r e s e n t a t i o n  of t h e  c h i t  area g e o m e t r i c a l l y  from t h e  scan- 
l i n e ,  o rb i t -mot ion  c o o r d i n a t e  system to a c o o r d i n a t e  sys t em formed 
by t h e  s c a n  l i n e s  and t h e  "photometr ic  p l ane"  l i n e s  d i r e c t l y .  
4 .4 .4  Albedo C a l i b r a t i o n  by Check P r o f i l e s  

t i v i t y  t o  l o c a l  s l o p e  i s  h i g h l y  s e n s i t i v e  t o  a lbedo ,  i t s  i n t e g r a t i o n  
r e q u i r e s  a c c u r a t e  knowledge o f  t h e  p r o p e r  l o c a l  a l b e d o  v a l u e s .  An 
a v e r a g e  a l b e d o  v a l u e  f o r  t h e  o v e r a l l  area covered  by e a c h  high- 
r e s o l u t i o n  frame can be  ob ta ined  from earth-based photographs  t a k e n  
a t  f u l l  moon and must be a v a i l a b l e  to t h e  computer as  a basis f o r  
t h i s  pho tomet r i c  computat ion.  Loca l  v a r i a t i o n s  i n  a l b e d o  v a l u e s  
w i t h i n  t h e  s u r f a c e  area o f  each c h i t  can be a s c e r t a i n e d ,  however, 
o n l y  by u s e  o f  t h e  check p r o f i l e s  d i s c u s s e d  i n  paragraph 4 . 4 . 1 ,  above. 
Along each  check p r o f i l e ,  t h e  pho tomet r i c  f u n c t i o n  i s  i n i t i a l l y  i n t e -  
grated u s i n g  t h e  o v e r a l l  averagw a lbedo  v a l u e  o f  t h a t  c h i t ' s  area.  
The r e s u l t i n g  e l e v a t i o n  p r o f i l e  i s  t h e n  compared w i t h  t h e  check ele- 
v a t i o n  p r o f i l e ,  and t h e  major  d i s c r e p a n c i e s  between t h e  two se t s  o f  
e l e v a t i o n s ,  a t t r i b u t e d  to l o c a l  a l b e d o  v a l u e  v a r i a t i o n s ,  are ob- 
t a i n e d ,  p o s s i b l y  i n v o l v i n g  i t e r a t i o n  of  two or more pho tomet r i c  
f u n c t i o n  i n t e g r a t i o n s  a l o n g  each check p r o f i l e ,  each  t i m e  u s i n g  best-  
guess-so- far  a lbedo  v a r i a t i o n  v a l u e s ,  a s s o c i a t e d  w i t h  l o c a l  r e g i o n s  
of t h e  c h i t  area, t o  be used  du r ing  i n t e g r a t i o n  o f  t h e  pho tomet r i c  
f u n c t i o n  a l o n g  a l l  o f  t h e  "photometr ic  p l ane"  l i n e  p a t h s .  

S i n c e  t h e  photometr ic  f u n c t i o n  r e l a t i n g  s u r f a c e  r e f l e c -  

A common index ing  s y s t e m  i s  r e q u i r e d  t o  p e r m i t  combinat ion 
o f  photogrammetr ic  data w i t h  photometr ic  data. S i n c e  t h e  photogram- 
m e t r y  w i l l  b e  accomplished us ing  t h e  low r e s o l u t i o n  frames and t h e  
photometry w i l l  u l t i m a t e l y  u s e  t h e  high r e s o l u t i o n  frames, t h e  
n a t u r a l  eo -o rd ina te  s y s t e m s  a r e  q u i t e  d i f f e r e n t .  Manual c r o s s  index ing  
o f  c r i t i c a l  t i e - p o i n t s ,  based on t h e  l u n a r  s u r f a c e  imagery w i l l  
p robab ly  be r e q u i r e d .  

4 .4 .5  Topography C a l i b r a t i o n  by Cross  P r o f i l e s  

E l e v a t i o n  p r o f i l e s  o b t a i n e d  by t h e  above methods do n o t  
by themse lves  g i v e  a comple te  topography of t h e  e n t i r e  s u r f a c e  area 
of  each  c h i t .  E l e v a t i o n s  a long  e a c h  "photometr ic  p l ane"  l i n e ,  
r e l a t i v e  t o  t h e  e l e v a t i o n  of t h e  beginning  p o i n t  o f  each  l i n e ,  must 
be c a l i b r a t e d  a c r o s s  t h e  s e v e r a l  "photometr ic  phase" l i n e s .  T h i s  
can  be done by u s e  o f  t h e  c r o s s  p r o f i l e s  d i s c u s s e d  i n  paragraph 4 . 4 . 1 ,  
above. 

The c r o s s  p r o f i l e s  p r e s e n t  l ow- reso lu t ion  e l e v a t i o n  data 
a l o n g  each  c r o s s  p r o f i l e  pa th ,  r e l a t i v e  to t h e  e l e v a t i o n  o f  t h e  be- 
g i n n i n g  p o i n t  of each  c r o s s  p r o f i l e  pa th .  Applying leas t  s q u a r e s  
s t a t i s t i c a l  e s t i m a t i o n  t e c h n i q u e s  t o  t he  d i s c r e p a n c i e s ,  a t  t h e  p o i n t s  
of i n t e r s e c t i o n  o f  c r o s s  p r o f i l e  pa ths  and "photometr ic  p l ane"  l i n e s ,  
between t h e  e l e v a t i o n s  v a l u e s  o f  t h e  c r o s s  p r o f i l e s  and t h o s e  of  t h e  
pho tomet r i c  f u n c t i o n  i n t e g r a t i o n s ,  estimates o f  t h e  r e l a t i v e *  e l e v a -  
t i o n s  o f  t h e  s t a r t i n g  p o i n t s  of  t h e  "photometr ic  p l ane"  l i n e s  can be 

* R e l a t i v e  t o  ave rage  e l e v a t i o n  o f  t h e  c h i t  area. 
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de te rmined .  T h i s  comple tes  t h e  c h i t  area topography d e t e r m i n a t i o n  
i n  two-dimensions.  From t h i s  topography data, r e l a t i v e  e l e v a t i o n  
c o n t o u r s  can  be o b t a i n e d ,  as  d i s c u s s e d  i n  pa rag raph  4.3,  above, f o r  
subsequent  u s e  i n  LEM l a n d i n g  hazard a p p r a i s a l  c a l c u l a t i o n s .  
4.5 Hazard S t a t i s t i c s  Computation S t a g e  

A p p r a i s a l  o f  Apol lo  LEM l a n d i n g  h a z a r d s  based upon 
s u r f a c e  topography s h a l l  be i n  t e r m s  o f  two ways i n  which t h e  
a s t r o n a u t s  and t h e  a s c e n t  s t a g e  c o u l d  p o s s i b l y  b e  damaged dur ing  
a LEM l and ing :  t o p p l i n g  ove r ;  and b e i n g  j o l t e d  by a s u r f a c e  
p r o t u b e r a n c e  v i o l e n t l y  c rush ing  t h e  l a n d i n g  t h r u s t  eng ine  or t h e  
heat s h i e l d .  Whether or no t  such damage i s  a c t u a l l y  encountered  d u r i n g  
any s p e c i f i c  LEM l a n d i n g  depends upon s e v e r a l  unknown f a c t o r s :  
t h e  t e r r a i n  c o n f u g u r a t i o n  i n  t h e  l a n d i n g  area, t he  v e l o c i t y  
v e c t o r  o f  t h e  LEM upon f i r s t  con tac t  w i t h  t h e  s u r f a c e ,  t h e  
l u n a r  s u r f a c e  s o i l  c h a r a c t e r i s t i c s ,  and t h e  mass and l o c a t i o n  
of  t h e  c e n t e r  of  mass of t h e  LEM-ascent stage s y s t e m  upon c o n t a c t .  

L i t t l e  i s  known a t  t h i s  t i m e s  about  t h e  l u n a r  s u r f a c e  
s o i l  c h a r a c t e r i s t i c s  i n  cand ida te  Apollo l a n d i n g  s i t e s .  For 
t h i s  r e a s o n  an  adequa te  model for p r e d i c t i o n  o f  l a n d i n g  dynamics 
i s  n o t  a v a i l a b l e ,  even though t h i s  problem has been and i s  
b e i n g  i n t e n s i v e l y  s t u d i e d . * *  Hence, s u f f i c i e n t  i n f o r m a t i o n  does  
n o t  e x i s t  t o  pe rmi t  d e s i g n  o f  a computer program t o  produce ,  from 
Lunar O r b i t e r  pho tograph ic  d a t a ,  an o v e r a l l  a p r i o r i  p r o b a b i l i t y  
o f  a l a n d i n g  c a t a s t r o p h e .  

N e v e r t h e l e s s ,  some s t a t i s t i c s  a r e  proposed ,  f o r  t h e  
computer program to compute b y  a s i m u l a t i o n  p rocedure ,  which 
s h o u l d  be  q u i t e  u s e f u l  i n  manual e v a l u a t i o n  o f  c a n d i d a t e  l a n d i n g  
s i t e s .  Based on a monte-car lo  s i m u l a t i o n  of  s e v e r a l  LEM l a n d i n g s ,  
i n  a h i g h  r e s o l u t i o n  c h i t  a r e a  whose topography has been 
a s c e r t a i n e d  by  t h e  p rocedures  d i s c u s s e d  above, two t y p e s  of  
" h a z a r d  f a c t o r s "  a r e  sugges t ed :  one t y p e  s imply  r e f l e c t i n g  
t h e  f i n a l  t i l t  of  a LEM once landed,  and one e s t i m a t i n g  t h e  amount 
o f  c r u s h i n g  o f  the  LEM main landing  t h r u s t  e n g i n e  cone by  a 
s u r f a c e  p r o t u b e r a n c e .  The ways i n  which these  two f a c t o r s  can 
b e  r e l a t ed  to l a n d i n g  haza rd  p r o b a b i l i t i e s  cannot  be f u l l y  e v a l u a t e d  
u n t i l  s o i l  mechanics data i s  ob ta ined  o f  t h e  l u n a r  s u r f a c e  and 
it i s  known to what e x t e n t  t h e  l u n a r  s u r f a c e  i s  non-y ie ld ing .  A t  
such  a t i m e ,  t h e  r e s u l t s  of l and ing  dynamics s t u d i e s ,  such as by  
Bendix* and by o t h e r s  (Bellcomm, MSC), w i l l  e n a b l e  p r o p e r  
i n t e r p r e t a t i o n  of these t w o  hazard  f a c t o r s  t o  l a n d i n g  h a z a r d  p r o b a b i l i -  
t i e s .  

*Surveyor 1 data i s  not  used i n  t h i s  r e p o r t .  

**See f o r  example Bendix Report pa-64-8, October  1965, 
" F i n a l  Report  of Lunar Landing Dyanmics Systems I n v e s t i g a t i o n . "  
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4 . 5 . 1  S t a t i c  Landing T i l t  Hazard F a c t o r s  

For  each  s imula t ed  LEM l a n d i n g ,  t h e  e l e v a t i o n s  o f  t h e  
s u r f a c e  p o i n t s  cor responding  t o  t h e  f o u r  LEM fee t  d e f i n e  two 
p o s s i b l e  p l a n e s  of  f i n a l  LEM at-rest  p o s i t i o n .  For t h e  more 
t i l t e d  of these two p l a n e s ,  t w o  t ilt  a n g l e s  shou ld  be determined:  
The g rea tes t  o f  t h e  f o u r  t i l t s  c o n s i d e r i n g  as axes  o f  t i l t  t h e  
edges o f  the  squa re  formed by t h e  LEM f ee t ;  and t h e  greater o f  
t h e  two t i l t s  c o n s i d e r i n g  as axes o f  t i l t  t h e  d i a g o n a l s  o f  t h i s  
s q u a r e .  These two "edge tilt" and " c r o s s  tilt" hazard  f a c t o r s  
depend s o l e l y  on t h e  e l e v a t i o n s  o f  t h e  f o u r  LEM fee t  l and ing  
p o i n t s  f o r  each s imula t ed  landing ,  and do n o t  take i n t o  account  
p o s s i b l e  l a n d i n g  dynamic c h a r a c t e r i s t i c s  nor s o i l  c h a r a c t e r i s t i c s  
such  as s i n k a g e  or s l i p .  

4 . 5 . 2  V e r t i c a l  Bottoming Hazard F a c t o r  

For  each  s i m u l a t e d  LEM l and ing ,  t h e  e l e v a t i o n  o f  t h e  
s u r f a c e  p o i n t  a t  t h e  c e n t e r  of t h e  s q u a r e  formed by t h e  f o u r  
LEM f e e t ,  r e l a t i v e  t o  t h e  e l e v a t i o n  o f  t h e  c e n t e r  o f  t he  s t ab le  
s q u a r e  d i a g o n a l  ( t h e  i n t e r s e c t i o n  o f  t h e  p o s s i b l e  a t - res t  LEM 
fee t  p l a n e s )  shou ld  b e  determined.  I f  t h i s  c e n t e r - p o i n t  e l e v a t i o n  
i s  s u f f i c i e n t l y  h igh  t o  c r u s h  t h e  LEM descen t  eng ine  s k i r t  beyond 
d e s i g n  l i m i t s ,  p o s s i b l e  damage t o  t he  a s c e n t  stage through j o l t i n g  
migh t  occu r .  Hence t h e  amount o f  descen t  eng ine  cone c r u s h i n g ,  
assuming a h a r d  s u r f a c e ,  i s  a meaningful  q u a n t i t y  f o r  each s imula t ed  
LEM Landing. The h i g h e s t  p o i n t  under  t h e  heat s h i e l d  should a l s o  be 
de te rmined  ( r e l a t i v e  t o  t h e  s t e e p e s t  t i l t  p l a n e ) .  
4.5.3 Dynamic Landing F a c t o r s  

s o i l  c h a r a c t e r i s t i c s  ( l o a d  bea r ing  s t r e n g t h ,  composi t ion ,  e t c . )  
is  i n s u f f i c i e n t  to des ign  a r e f i n e d ,  r e a l i s t i c  model f o r  t h e  
computer to e v a l u a t e  dynamic landing  haza rd  f a c t o r s .  Hence, any 
model used i n  t h e  e a r l y  v e r s i o n  of  t h e  computer program w i l l  o f  
n e c e s s i t y  be  based on l a n d i n g  dynamics assumptions which might 
t u r n  o u t  t o  be i n c o r r e c t .  Neve r the l e s s ,  i t  i s  impor t an t  t h a t  as 
soon as l u n a r  s u r f a c e  s o i l  mechanics data  becomes a v a i l a b l e ,  f u l l  
l a n d i n g  dynamics must be e v a l u a t e d  a t  l e a s t  to t h e  p o i n t  where 
t h e  r e l a t i o n s h i p s  between t h e  above two s t a t i c  l a n d i n g  haza rd  
f a c t o r s  and l a n d i n g  haza rd  p r o b a b i l i t i e s  are a s c e r t a i n e d .  

A t  t h e  t i m e  of t h i s  w r i t i n g ,  o u r  knowledge o f  l u n a r  

4 . 5 . 4  Hazard S t a t i s t i c s  Outputs 

Des i r ed  o u t p u t s  of t h e  computer r e l a t i n g  t o  l a n d i n g  
haza rds  are of t h r e e  t y p e s ,  as f o l l o w s :  
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(1) O p t i o n a l  p r i n t o u t s ,  f o r  each  o f  t h e  s i m u l a t e d  LEM 
l a n d i n g s  i n  a c h i t ,  o f  t h e  f o l l o w i n g :  ( a )  l o c a t i o n  o f  
t h e s i m u l a t e d  LEM l a n d i n g  i n  t h e  c h i t  (see Pa rag raph  
4.5.5,  be low) ;  ( b )  o r i e n t a t i o n  o f  the  s i m u l a t e d  LEM 
l a n d i n g  r e l a t i v e  t o  t he  c h i t  c o o r d i n a t e  axes  ( s e e  
Paragraph  4.5.5, below);  ( c )  edge t i l t  f a c t o r  (see 
Paragraph  4 .5 .1 ,  above);  ( d )  c r o s s  tilt f a c t o r  (see 
Paragraph  4.5.1,  above) ;  and ( e )  v e r t i c a l  bot toming 
haza rd  f a c t o r s ! s e e  Paragraph 4.5.2 above) .  

( 2 )  A p l o t  o f  t h e  c h i t  a r e a  showing, a t  each s p o t  where 
s e v e r a l  LEM l and ings  were s i m u l a t e d ,  t h e  wors t  v a l u e s  
o f  t he  edge and c r o s s  t i l t  f a c t o r s  of t h e  s e v e r a l  
s i m u l a t e d  l a n d i n g s ;  ( s h o r t  v e c t o r s  whose l e n g t h  
i n d i c a t e s  magnitude o f  t ilt  f a c t o r  a r e  s u g g e s t e d ,  
such  as i l l u s t r a t e d  by:)  

4 .5 .5  

t t . .  - 

Also a t  each  s i m u l a t e d  l a n d i n g  s p o t ,  it i s  s u g g e s t e d  
t h a t  t h e  wors t  va lues  of  v e r t i c a l  bot toming haza rd  f a c t o r  
and dynamic l a n d i n g  h a z a r d  f a c t o r  be  i n d i c a t e d  i n  
numer i ca l  form . 

( 3 )  Using t h e  r e s u l t s  of a l l  of  t h e  s i m u l a t e d  LEM l a n d i n g s  
i n  a c h i t  area, p l o t s  of  h i s tog rams  of t h e  s e v e r a l  
h a z a r d  s t a t i s t i c s  l i s t e d  i n  (1) above, w i t h  t he  median 
and upper  9 5 - p e r c e n t i l e  v a l u e s  i n d i c a t e d  on each  
h i s t o g r a m  p l o t  i n  numer ica l  form. 

S imula t ed  Landings Sampling S t r u c t u r e  

The proposed s i m u l a t i o n  o f  LEM l a n d i n g s  and t h e  asso-  
c i a t e d  l a n d i n g  h a z a r d  f a c t o r  computat ions s h a l l  b e  done on a 
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p e r - c h i t - a r e a  basis,  w i t h  t h e  pr imary  o u t p u t  be ing  estimates 
o f  t h e  median and upper  95 -pe rcen t i l e  v a l u e s  of t h e  seven  
h a z a r d  f a c t o r s  l i s t e d  above, for a l l  l a n d i n g s  c o n s i d e r e d  i n  
a g iven  c h i t  area. 
l u n a r  s u r f a c e  area under  i n v e s t i g a t i o n  ( i . e . ,  a c a n d i d a t e  
Apol lo  l a n d i n g  s i t e )  are d i s c u s s e d  i n  Paragraph 2.3,  above. 

s e v e r a l  LEM l a n d i n g s  be s imula t ed ,  w i t h  t h e  l o c a t i o n  and 
o r i e n t a t i o n  o f  these s imula t ed  l a n d i n g s  i n  the c h i t  area 
such  as t o  c o n s t i t u t e  a "random sample" r e a s o n a b l y  w e l l  t o  
form a basis f o r  s t a t i s t i c a l  e s t i m a t e s  o f  t h e  above i d e n t i -  
f i e d  l a n d i n g  haza rd  f a c t o r s .  

S t r a t e g i e s  f o r  sampling c h i t s  i n  a l a r g e r  

Within a g i v e n  c h i t  area, it i s  proposed t h a t  

O r d i n a r i l y ,  monte c a r l o  r andomiza t ion  t e c h n i q u e s  
would be r e q u i r e d ,  f o r  de t e rmin ing  t h e  s i m u l a t e d  l a n d i n g  
l o c a t i o n s  and o r i e n t a t i o n s ,  i n  o r d e r  t o  a s s u r e  t h a t  s ta t i s -  
t i c a l l y  t h e  r e s u l t s  w i l l  indeed r easonab ly  r e p r e s e n t  a random 
sample. T h i s  would be p a r t i c u l a r l y  t r u e  i f  there  i s  any 
p r o b a b i l i t y  t h a t  t h e  o r i g i n a l  data be ing  sampled ( t h e  l u n a r  
s u r f a c e  topograph ic  data i n  t h i s  c a s e )  i s  s t r u c t u r e d  o r  
p a t t e r n e d  i n  any way. 

I n  t h i s  c a s e ,  however, it i s  r e a s o n a b l e  t o  assume, 
f o r  t h e  purpose  o f  s e l e c t i n g  s imula t ed  l a n d i n g  l o c a t i o n s  and 
o r i e n t a t i o n s ,  a t o t a l  absence  o f  p a t t e r n e d  s t r u c t u r i n g  o f  
l u n a r  s u r f a c e  topography,  and t o  i g n o r e  t h e  p a t t e r n e d  
s t r u c t u r i n g  of t h e  data due t o  t h e  data sys t em n o i s e  e f f e c t s  
n o t  removed by t h e  f i l t e r i n g  t e c h n i q u e s  sugges t ed  i n  
Paragraph  3 .2 ,  above. Under t h i s  assumption t h a t  t h e  data 
i t s e l f  i s  i n t r i n s i c a l l y  randomized, t h e n  monte c a r l o  sampling 
t e c h n i q u e s  are unnecessary :  a p a t t e r n e d  sampling of  t h e  
c h i t  area w i l l  r e s u l t  i n  what might  be  r easonab ly  cons ide red  
as a "random sample". T h i s  being t h e  c a s e ,  t h e n  a p a t t e r n e d  
sampling of t h e  c h i t  area has the a d d i t i o n a l  advantages  of 
computa t iona l  convenience and a s s u r a n c e  t ha t  a l l  s u b a r e a s  of 
each c h i t  are e q u a l l y  weighted (sampled) i n  c o n t r i b u t i o n  t o  t h e  
s t a t i s t i c a l  estimates o f  t h e  seven l a n d i n g  hazard  f a c t o r s  
d e s c r i b e d  above. 

It i s  t h e r e f o r e  recommended tha t  a p a t t e r n e d  
s t r u c t u r e  o f  l o c a t i o n s  and o r i e n t a t i o n s  o f  s i m u l a t e d  LEM 
l a n d i n g s  i n  a c h i t  area be used. It i s  sugges t ed  t h a t  
s e v e r a l  l o c a t i o n s  b e  chosen i n  a n  n by n r e c t a n g u l a r  g r i d  
cove r ing  a c h i t  area, and a t  each i o c a t T o n  t h e  s i x  o r i e n -  
t a t i o n s  o f  Oo, 1 5 O ,  30°, 4 5 O ,  6 0 ° ,  and 7 5 O ,  r e l a t i v e  t o  
t h e  r e c t a n g u l a r  g r i d ,  b e  used.  T h i s  r e s u l t s  i n  6n2 
s i m u l a t e d  LEM l a n d i n g s  p e r  c h i t  area. Values  o f  n between 
6 and 50 are sugges ted .  
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Other  sampling p a t t e r n s  may be preferable, and 
t h e  cho ice  o f  t h e  p a t t e r n ,  o r i e n t a t i o n s ,  and v a l u e  of  n 
shou ld  be ana lyzed ,  t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  LEM 
p h y s i c a l  dimensions r e l a t i v e  t o  t h e  i n t r i n s i c  a c c u r a c i e s  
of t h e  t o p o g r a p h i c  data  b e i n g  sampled. 

- 

4.6 V i s u a l  Outputs  

S e v e r a l  v i s u a l  o u t p u t s  of t h i s  Lunar O r b i t e r  photo- 
g r a p h i c  data p r o c e s s i n g  are d e s i r e d  f o r  each  c h i t .  These 
v i s u a l  o u t p u t s ,  be ing  r e c o n s t r u c t e d  photographs  and p l o t s  o f  
l u n a r  s u r f a c e  c h a r a c t e r i s t i c s ,  could  c o n v e n i e n t l y  be o b t a i n e d  
th rough  t h e  u s e  o f  a SC4020 microf i lm p l o t t e r  or e q u i v a l e n t ,  
and are o f  v a l u e  i n  b o t h  l and ing  s i t e  s e l e c t i o n  and f i n a l  
l a n d i n g  s i t e  a n a l y s i s .  These  v i s u a l  o u t p u t s  are: 

1. a r e c o n s t r u c t i o n  o f  t h e  c h i t  photography a f t e r  t h e  
n o i s e  and d i s t o r t i o n  e f f e c t s  d i s c u s s e d  i n  paragraphs 
3.1.2 th rough  3.1.7,  above,  are removed (see Para- 
graph 3.2.1 th rough  3.2.4 and 4.4.1 and 4.4 .2)?  

2 .  A n  e l e v a t i o n  con tour  map of  t h e  c h i t  area (see 
Paragraph  4 . 3 ) .  

3. t h e  c h i t  area v e c t o r  diagram and h i s tog ram p l o t s ,  
d i s c u s s e d  i n  Paragraph 4.5.4, above, of LEM l a n d i n g  
hazard  s t a t  i s t  i c  s . 
I n  a d d i t i o n  to these  v i s u a l  o u t p u t s ,  t h e  computer 

shou ld  produce, for p r i n t o u t , i n d i c a t i o n s  o f  when key m i l e s t o n e  
stages i n  t h e  p r o c e s s i n g  a r e  reached  and t h e  key data g e n e r a t e d  
and a v a i l a b l e  a t  t h e s e  mi l e s tone  s t a g e s .  Also to be p r i n t e d  
out should  be t h e  seven LEM l and ing  hazard  f a c t o r s ,  d i s c u s s e d  
i n  Paragraph 4.5, above, f o r  each o f  t h e  s e v e r a l  s imula t ed  LEM 
l a n d i n g s  i n  each c h i t  a r e a  ( see  Paragraph 4.5.1, S e c t i o n  11, 
above. Mi le s tone  i n d i c a t i o n s  shou ld  be p r i n t e d  d i r e c t l y  on- 
l i n e .  Data p r i n t o u t s  should  b e  made o f f - l i n e  w i t h  o p t i o n a l  
s e l e c t i o n s  by t h e  computer o p e r a t o r .  

* T h i s  t y p e  of ou tpu t  r e q u i r e s  g rey  t o n e  r e p r o d u c t i o n .  The 
SC 4020 does no t  have such a c a p a b i l i t y ;  hence a d i f f e r e n t  camera 
d i s p l a y  s y s t e m  w i l l  b e  needed.  

I 
I 
1 
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4 . 7  O p e r a t i n g  P rocedures  and Manual Data  I n s e r t i o n  

Exact  fo rma t s  o f  a l l  data t o  b e  manually i n s e r t e d  
i n t o  t he  computer,  and d e t a i l e d  p rocedures  f o r  o p e r a t i n g  t h e  
computer-based system f o r  Lunar O r b i t e r  pho tograph ic  data 
a n a l y s i s ,  can be s p e c i f i e d  only as  t h e  computer program 
de ta i led  d e s i g n  i s  completed.  However, t h e  f o l l o w i n g  para- 
g r a p h s  b r i e f l y  l i s t  t h e  major  t y p e s  o f  data t o  be i n s e r t e d  
and some o f  t h e  major  o p e r a t i o n a l  f e a t u r e s  which w i l l  be 
r e q u i r e d .  

4 .7 .1  Manual Opera t ions  P r i o r  t o  Computer Ana lys i s  

Manual o p e r a t i o n s  p r i o r  t o  computer a n a l y s i s  are 
d i s c u s s e d  i n  Paragraphs  2 .2 ,  2 . 3 ,  and 4 . 4 . 1 ,  above. B r i e f l y ,  
these o p e r a t i o n s  are: 

Development and assembly o f  photographs  reproduced 
a t  t h e  DSIF s i t e s  by t h e  ground r e c o r d i n g  equip- 
ment (GRE' s ) .  

Demodulation and r e - r e c o r d i n g  of  ana log  ( v i d e o )  
t a p e s  o f  o r b i t e r - t o - e a r t h  pho tograph ic  data 
s i g n a l ,  o r ,  i f  o r i g i n a l  ana log  tapes are n o t  a v a i l -  
able from the  DSIF's, g e n e r a t i o n  o f  tape- recorded  
d i g i t i z a t i o n  o f  t h e  pho tograph ic  data th rough  the  
u s e  of  a mic rodens i tome te r  on t h e  assembled photo- 
graphs. 

Determina t ion  and s p e c i f i c a t i o n  o f  the c h i t  areas t o  
be ana lyzed  by computer p r o c e s s i n g .  

I 

o f  t h e  o r b i t e r  miss ion  data r e q u i r e d  f o r  t h e  computer I 

data p r o c e s s i n g .  

Assembly, and p r e p a r a t i o n  f o r  computer i n s e r t i o n ,  

Obta in ing ,  from s t e r e o g r a p h i c  a n a l y s i s  o f  t h e  low- 
r e s o l u t i o n  photographs,  o f  t h e  check and c r o s s  pro- 
f i l e s  r e q u i r e d  f o r  pho tomet r i c  f u n c t i o n  a lbedo  and 
c r o s s  topography c a l i b r a t i o n .  

4.7.2 Data Inpu t  and S o r t  Computer Pass 

The computer-based system r e q u i r e m e n t s  f o r  t h i s  
stage o f  data p r o c e s s i n g  a re  d e s c r i b e d  i n  Paragraph 4 . 1 ,  
above. .  B r i e f l y ,  t h e  o p e r a t i n g  p rocedures  invo lved  are: 
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I n s e r t -  i n t o  t h e  computer t h e  mis s ion  data,  s p e c i f i c a t i o n  
o f  c h i t s  t o  be  p rocessed ,  and check and c r o s s  pro- 
f i l e  data. Required m i s s i o n  data i n c l u d e  o r b i t e r  
a l t i t u d e  above l u n a r  s u r f a c e  a t  t i m e  o f  photography,  
a n g l e  r e l a t i v e  t o  l o c a l  g r a v i t a t i o n a l  v e r t i c a l  of  
t h e  o p t i c  a x i s ,  t h e  s o l a r  i n c i d e n t  l i g h t  a n g l e  a t  
the  l u n a r  s u r f a c e ,  ave rage  a lbedo  v a l u e  f o r  t h e  
c h i t ' s  s u r f a c e  area, t i m i n g  i n f o r m a t i o n ,  and 
c a l i b r a t i o n  data of the  camera l e n s  system. The 
sun-moon d i s t a n c e  might a l s o  be r e q u i r e d .  

( 2 )  P l ay  ana log  ( v i d e o )  tape s i g n a l  t h r o u g h  analog-  
t o - d i g i t a l  c o n v e r t e r  i n t o  computer,  which reads, 
s o r t s ,  per forms p r e l i m i n a r y  n o i s e  f i l t e r i n g  on, 
and s t o r e s  on d i g i t a l  tape t h e  data of  t h e  c h i t s  
t o  be p r o c e s s e d  and t h e  mis s ion  and p r o f i l e  d a t a  
a s s o c i a t e d  w i t h  each c h i t .  

4 .7 .3  Topography and Hazard Computations Computer Pass 

T h i s  s t a g e  o f  d a t a  p r o c e s s i n g  i s  done ,on a p e r - c h i t  
basis. For  each  c h i t ,  t h e  data, s t o r e d  on d i g i t a l  tape ( o r  
drum) as a r e s u l t  of t h e  p receed ing  s t a g e ,  i s  read back i n t o  
t h e  computer f o r  t h e  remainder of n o i s e  f i l t e r i n g ,  conve r s ion  
t o  topography,  and d e t e r m i n a t i o n  of t h e  desired haza rd  s t a t i s t i c s .  
If t h e  mis s ion  and s t e r e o g r a p h i c  p r o f i l e  data a p p l i c a b l e  t o  a 
p a r t i c u l a r  c h i t ' s  a n a l y s i s  i s  n o t  read i n  t h e  p r e v i o u s  stage 
and s t o r e d  on d i g i t a l  t a p e  a long  w i t h  t h e  chit's pho tograph ic  
d a t a  i t s e l f ,  t h e n  i t  must be read i n  t h i s  s t a g e .  Manual 
o p e r a t i n g  p rocedures  of t h i s  stage i n v o l v e  m o n i t o r i n g  t h e  
computer ' s  o p e r a t i o n ,  c a l l i n g  f o r  t h e  o p e r a t i o n a l  p r i n t o u t s  
as desired, and p r o c e s s i n g  t h e  v i s u a l  o u t p u t s  (mic ro f i lm  
p i c t u r e s  and p l o t s ) .  

I f  o p t i o n s  are a v a i l a b l e  t o  t h e  o p e r a t o r  f o r  para- 
meters o r  a l t e r n a t e  a lgo r i thms  f o r  some of t h e  computa t ions  o f  
t h i s  stage, t h o s e  o p t i o n s  must, o f  c o u r s e ,  be s p e c i f i e d  t o  t h e  
computer. 
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5.0 RECOMMENDATIONS FOR ANALYSIS AND DEVELOPMENT 

Before  such  a computer-based system as o u t l i n e d  i n  
t h i s  memorandum can  be f u l l y  implemented, much a n a l y s i s  work 
i s  r e q u i r e d  t o  de t e rmine  which a s p e c t s  o f  t h e  n o i s e  f i l t e r i n g  
i s  r e q u i r e d ,  what a l g o r i t h m s  a r e  a p p r o p r i a t e  , what r e f i n e m e n t s  
i n  t h e  ma themat i ca l  models unde r ly ing  t h o s e  a l g o r i t h m s  can be 
made, and what t h e  d a t a  sampling rates, c o n t o u r  i n t e r v a l s ,  and 
s i m u l a t e d  LEM l a n d i n g  sampling p a t t e r n  shou ld  be. I n  t h e  
f o l l o w i n g  p a r a g r a p h s t h e s e  r e q u i r e d  a n a l y s e s  are r e c a p i t u l a t e d .  
Then, t h e  recommendation i s  made that  t h i s  a n a l y s i s  be done i n  
p a r a l l e l  w i t h  computer program implementa t ion  t o  minimize t h e  
c a l a n d a r  time t o  f i n a l  system a c q u i s i t i o n .  

5 .1  Ana lys i s  Requirements 

F i v e  g e n e r a l  a r e a s  o f  computer program d e s i g n  are  
i d e n t i f i e d  as r e q u i r i n g  eng inee r ing  a n a l y s i s ,  b e f o r e  f u l l  
program development can be completed: 

5 .1 .1  Data Sampling Rate and B y t e ,  C h i t  S i z e s  

The most a p p r o p r i a t e  r a t e  a t  which t h e  analog-to-  
d i g i t a l  c o n v e r t e r  samples  and encodes t h e  incoming ana log  
( v i d e o )  photograDhic data s t r eam (see paragraph  4.52, above) ,  
t o g e t h e r  w i t h  t h e  cho ice  o f  b y t e  s i z e  (see paragraph  4.13, above ) ,  
and t h e  cho ice  of c h i t  s i z e ,  shape, and sampl ing  s t r a t e g i e s  ( s e e  
paragraph  4 . 1 4 ,  above ) ,  m u s t  b e  s t u d i e d  and a s c e r t a i n e d .  The  
optimum sampling r a t e ,  u s u a l l y  somewhat h i g h e r  t h a n  t h e  Nyquist  
r a t e ,  depends upon the  s i g n a l - t o - n o i s e  r a t i o  o f  t h e  s i g n a l ,  t h e  
c h a r a c t e r  o f  t h e  s i g n a l  and  n o i s e ,  and t h e  p r o c e s s i n g  t o  be 
done on t h e  sampled da ta  i n  d i g i t a l  form. Hence t h i s  problem 
i s  c l o s e l y  re la ted  t o  t h e  f i l t e r  d e s i g n  d i s c u s s e d  as fo l lows .  

5.1.2 Noise F i l t e r i n g  

E v a l u a t i o n s  must be made o f  t h e  need f o r ,  and the  
p r o p e r  e x t e n t  o f ,  removal of each  o f  t he  s e v e r a l  i n d i v i d u a l  
n o i s e  e f f e c t s  d i s c u s s e d  i n  paragraphs  3.1 and 3.2, above. T h i s  
r e q u i r e s  de t e rmin ing ,  th rough c a l i b r a t i o n  tes ts  on t h e  photo- 
g r a p h i c  system, t h e  c h a r a c t e r i s t i c s  and magnitudes o f  each  
of t h e s e  s e v e r a l  n o i s e  sources  i n  terms o f  e r r o r s  i n  t h e  f i n a l  
l a n d i n g  haza rd  s t a t i s t i c s  t o  be  computed by t h e  computer. 
T h i s  a l s o  i n v o l v e s  e s t i m a t e s  of computer o p e r a t i n g  t i m e  r e q u i r e d  
f o r  removal of v a r i o u s  pe rcen tages  of t h e  e f f e c t s  of  each  of  
these  n o i s e  e f f e c t s .  Then, t r a d e o f f s  must be made as t o  j u s t  
how much of each  of these s e v e r a l  n o i s e  e f f e c t s  sha l l  be removed 
by t h e  computer. 
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G e n e r a l l y ,  t h e  more o f  t he  e f f e c t s  of  a p a r t i c u l a r  
n o i s e  s o u r c e  i s  removed, t he  more i s  t h e  r e q u i r e d  computer t i m e .  
Hence, t r a d e o f f s  are p o s s i b l e  between computer time and f i l t e r  
e f f e c t i v e n e s s .  Compromises a r e  p o s s i b l e ,  f o r  example, i n :  
t h e  number o f  "A,"  "B," and "C" terms used i n  t h e  d i g i t a l  
po lynomia l  f i l t e r  (see paragraph  3.2.1, above) ;  o r  i n  how many 
p o i n t s ,  b o t h  h o r i z o n t a l l y  and v e r t i c a l l y ,  are used  i n  t he  b l u r  
m a t r i x  weighted a v e r a g e s  ( s e e  p a r a g r a p h  3.2.3, above) .  These 
t r a d e o f f s  of computer t i m e  f o r  n o i s e  removal should  be made i n  
t e r m s  of t h e  l e v e l  of errors i n t r o d u c e d  i n  the f i n a l  l a n d i n g  
haza rd  s t a t i s t i c s  by no t  comple te ly  removing each  p a r t i c u l a r  
n o i s e  e f f e c t .  

NOTE: T h i s  a n a l y s i s  o f  t h e  r e q u i r e d  n o i s e  f i l t e r i n g  should  a l s o  
be done f o r  t h e  e v e n t u a l i t y  t h a t  ana log  ( v i d e o )  tapes of  t h e  
pho tograph ic  data a r e  n o t  a v a i l a b l e ,  and a mic rodens i tome te r ,  
s cann ing  assembled photographs,  i s  used i n s t e a d  as a means o f  
d i g i t i z i n g  t he  pho tograph ic  data f o r  i n s e r t i o n  i n t o  t h e  computer. 
S i n c e  t h e  r e s o l u t i o n  o f  t h e  photographic  data w i l l  be worse 
w i t h  mic rodens i tome te r  scanning (as it must be i n  o r d e r  t o  avo id  
p a t t e r n  i n t e r f e r e n c e  between the  o r i g i n a l  s can  l i n e s  and t h o s e  
of  t h e  mic rodens i tome te r ) ,  t h e  n o i s e  c h a r a c t e r i s t i c s ,  and 
hence a p p r o p r i a t e  f i l t e r i n g ,  w i l l  be  q u i t e  d i f f e r e n t .  

5.1.3 C a l i b r a t i o n  o f  t h e  Photometr ic  Func t ion  

The t e c h n i q u e  of determing l u n a r  s u r f a c e  s l o p e  
g r a d i e n t s  from photographic  r e f l e c t i v i t y ,  as d i s c u s s e d  i n  
pa rag raph  4.4, above, r e p r e s e n t s  a new t echno logy  and i s  a t  a 
t h r e s h o l d  o f  s t a t e - o f - t h e - a r t .  For example, t h e  e x a c t  form of 
t h e  pho tomet r i c  f u n c t i o n ,  and t h e  c h a r a c t e r  of  v a r i a t i o n s  i n  
a p p r o p r i a t e  a lbedo  v a l u e s ,  are n o t  known as y e t  a t  t h e  1-meter 
l e v e l  of  r e s o l u t i o n .  Hence t h e  a p p r o p r i a t e n e s s  o f  u s i n g  t h e  
c u r r e n t  v e r s i o n s  of  t h e  photometr ic  f u n c t i o n  ( o b t a i n e d  from 
earth-based l u n a r  photography)  and ch i t -wide  ave rage  a lbedo  
v a l u e s ,  as d i s c u s s e d  i n  paragraph 4.4.3,  must be e v a l u a t e d .  
Also,  t h e  a l g o r i t h m s  which are optimum f o r  a l b e d o  c a l i b r a t i o n  
by check p r o f i l e s  (see paragraph 4 . 4 . 4 ,  above)  depend upon how 
a lbedo  varies a t  h i g h  r e s o l u t i o n .  

T h i s  r e q u i r e d  c a l i b r a t i o n  o f  t h e  pho tomet r i c  f u n c t i o n  
may r e q u i r e  a c t u a l  data from the  f i rs t  l u n a r  o r b i t e r  and su rveyor  
mis s ions .  C a l i b r a t i o n  of  t h e  pho tomet r i c  f u n c t i o n  a t  medium- 
r e s o l u t i o n  could  be done w i t h  t h e  O r b i t e r ' s  f i r s t  mis s ion  data, 
by d i r e c t l y  comparing check p r o f i l e s  from s t e r e o g r a p h i c  examina- 
t i o n  o f  t h e  medium-resolution frames w i t h  t h e  same p r o f i l e s  by 
i n t e g r a t i n g  t h e  pho tomet r i c  f u n c t i o n  w i t h  t h e  same (medium-reso- 
l u t i o n )  data. C a l i b r a t i o n  of t h e  pho tomet r i c  f u n c t i o n  a t  
h i g h - r e s o l u t i o n  could  be done by  comparing l o c a l  topography as 
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a s c e r t a i n e d  by Surveyor  w i t h  p r o f i l e s  o f  t h e  same l o c a l  area 
as computed w i t h  t h e  c u r r e n t  v e r s i o n  of  t h e  pho tomet r i c  
f u n c t i o n  from t h e  h i g h - r e s o l u t i o n  d a t a .  

5.1.4 LEM Toppl ing  Hazard F a c t o r  

upon l a n d i n g  sugges t ed  i n  pa rag raph  4.5,  above, i s  based 
upon a model of  l a n d i n g  dynamics which i n  t u r n  i s  based upon 
incomple t e  knowledge of l u n a r  s u r f a c e  c h a r a c t e r i s t i c s .  As 
soon as such  knowledge i s  a c q u i r e d ,  e i t he r  from the  Luna 
o r  as a r e s u l t  of  Surveyor ,  t h i s  model, o r  perhaps even t h e  
e n t i r e  concept  of  dynamic l a n d i n g  h a z a r d s ,  should  be e v a l u a t e d  
and mod i f i ed  a c c o r d i n g l y .  The meaningfu lness  of t h e  f a c t o r s  
sugges t ed  above as computed from t h e  pho tograph ic  data of t h e  
ea r ly  Lunar O r b i t e r  m i s s i o n s  should  a l s o  b e  e v a l u a t e d  when 
p o s s i b l e .  

The la l ld ing  hazard  f a c t o r s  of  a LEM t o p p l i n g  o r  bottoming 

5.1.5 O t h e r  Algori thms 

T o t a l  computer o p e r a t i n g  t i m e  i s  a s i g n i f i c a n t  
c o n s i d e r a t i o n  i n  t h e  d e s i g n  o f  t h e  computer program f o r  t h e  
above-d iscussed  Lunar Orb i t e rpho tograph ic  data p r o c e s s i n g .  
Some a n a l y s i s  work w i l l  be n e c e s s a r y  t o  op t imize  s e v e r a l  o f  t h e  
key p r o c e s s i n g  a l g o r i t h m s ,  l e s t  o p e r a t i n g  t i m e  p e r  c h i t  be 
e x c e s s i v e .  

Examples o f  key p r o c e s s i n g  a l g o r i t h m s  which should 
be op t imized  are as f o l l o w s :  

(1) Framelet sync d e t e c t i o n  (see paragraph 4.1.3, 

( 2 )  Framelet 9- levels-of  g ray  edge data  d e t e c t i o n  and 
read (see paragraphs  4.1.3 and 4.4 .2) .  

( 3 )  V i g n e t t i n g  and t r a n s m i s s i v i t y  c o r r e c t i o n  (see 
paragraphs 3.2.2 and 4 . 4 . 2 ) .  

( 4 )  B l u r  m a t r i x  weighted ave rag ing  (see pa rag raph  3.2.3) .  

( 5 )  E l e v a t i o n  con tour s  from g r i d  of  v a l u e s ,  i f  r e q u i r e d  
(see Paragraph 4.3)  

( 6 )  Cross and check ( s t e r e o g r a p h i c )  p r o f i l e s  data s t o r a g e  
and a c c e s s  (see paragraphs 4 . 4 . 1 ,  4 . 4 . 4 ,  and 4.4.5) .  

( 7 )  Determina t ion  of p a t h s  of  i n t e g r a t i o n  of  pho tomet r i c  
f u n c t i o n  and s u r f a c e  r e f l e c t i v i t y  v a l u e s  a long  them 
(see paragraph 4.4.3) .  

( 8 )  I t e r a t i o n  of photometr ic  f u n c t i o n  i n t e g r a t i o n  f o r  l o c a l  
a lbedo  v a r i a t i o n s  (see paragraph 4 . 4 . 4 ) .  
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( 9 )  Topography c a l i b r a t i o n  a c r o s s  pho tomet r i c  p r o f i l e s  
( see paragraph 4 . 4 . 5 ) .  

(see paragraph 4.5.1) .  

paragraph 4 .5 .2) .  

( 1 0 )  S t a t i c  l a n d i n g  t i l t  haza rd  f a c t o r s  computat ion 

(11) V e r t i c a l  bot toming hazard  f a c t o r  computat ion (see 

rn 

(12) Simula t ed  LEM land ings  sampl ing  s t r a t e g y  (see 
pa rag raph  4.5.5) .  

5 .2  Development Recommendations 

It i s  a n t i c i p a t e d  t h a t  t h e  f i r s t  s u c c e s s f u l  Lunar 
O r b i t e r  m i s s i o n  w i l l  p rov ide  pho tograph ic  data t o  be ana lyzed ,  
f o r  gu idance  t o  t h e  Surveyor  p r o j e c t ,  p r i o r  t o  t h e  t i m e  t h e  
computer-based sys t em d i s c u s s e d  above can  be f u l l y  implemented. 
It w i l l  be o v e r  a y e a r  af ter  t h e  f i r s t  Lunar O r b i t e r  mi s s ion ,  
however, b e f o r e  t h e  p r o c e s s i n g  of  t h e  data from t h e  l a t t e r  
m i s s i o n s  f o r  f i n a l  Apollo l a n d i n g  s i t e  e v a l u a t i o n  i s  done. Not 
a l l  of  t h e  f e a t u r e s  of  t h e  above d e s c r i b e d  computer-based 
s y s t e m  are mandi tory  f o r  the  f i r s t  O r b i t e r  m i s s i o n ,  and it would 
no t  be a s e r i o u s  handicap  t o  Apollo l a n d i n g  s i t e  s e l e c t i o n  and 
e v a l u a t i o n  i f  some o f  t h e  f e a t u r e s  were not  a v a i l a b l e  u n t i l  
l a t e  i n  t h e  O r b i t e r  m i s s i o n  s e r i e s .  

It i s  t h e r e f o r e  recommended t h a t  t h e  r e q u i r e d  
a n a l y s i s e f f o r t d i s c u s s e d  above be  done i n  pa ra l l e l  w i t h  t h e  
computer program development e f f o r t ,  and t h a t  t h e  computer 
program b e  developed i n  two s t a g e s .  For  example, i t  i s  sugges t ed  
tha t  t h e  i n i t i a l  v e r s i o n  o f  t h e  computer program be l i m i t e d  t o  
data r e a d - i n  and s o r t ,  r e f l e c t i v i t y - t o - t o p o g r a p h y  conve r s ion ,  
and s t a t i c  l a n d i n g  haza rd  s t a t i s t i c s  computat ion,  w i t h  no n o i s e  
f i l t e r i n g ,  and w i t h  no photogrammetric c a l i b r a t i o n s  2 c r o s s  
and check p r o f i l e s  ( i . e . ,  assume a c o n s t a n t  a lbedo  v a l u e  
o v e r  each  c h i t ' s  area). (It i s  i m p o r t a n t ,  however, tha t  any 
such  i n i t i a l  v e r s i o n  of t h e  computer program be des igned  and 
implemented such as t o  avo id  much reprogramming when t h e  
n e c e s s a r y  s u b r o u t i n e s  f o r  t h e  n o i s e  f i l t e r i n g  and photogramne- 
t r i c  c a l i b r a t i o n s  be added l a t e r  on . )  Then when t h e  r e q u i r e d  
a n a l y s i s  e f f o r t  has r e s u l t e d  i n  t h e  d e s i g n  of  optimum 
a l g o r i t h m s  f o r  n o i s e  f i l t e r i n g ,  pho tomet r i c  c a l i b r a t i o n ,  and 
dynamic l a n d i n g  hazard  f a c t o r  d e t e r m i n a t i o n ,  t h e  a p p r o p r i a t e  subrou- 
t i n e s  should be added to t h e  computer program t o  form t h e  second 
v e r s i o n  of t h e  computer-based sys t em f o r  u s e  i n  f i n a l  Apollo 
l a n d i n g  s i t e  s e l e c t i o n  and e v a l u a t i o n .  
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T h i s  recommendation i s  based, no t  on ly  upon procurement  
c o n s i d e r a t i o n s  (which are  indeed s e v e r e  c o n s t r a i n t s  on t h e  
computer program development) ,  b u t  a l s o  on t h e  f a c t  t h a t  
e x p e r i e n c e  i n  u s e  of t h e  i n i t i a l  v e r s i o n  o f  t h e  computer 
program i n  p r o c e s s i n g  t h e  photographic  data  of  t h e  f i r s t  suecess-  
f u l  Lunar O r b i t e r  mi s s ion  w i l l  b e  n e c e s s a r y  for t h e  complet ion 
of some of t h e  r e q u i r e d  a n a l y s i s  e f f o r t  d i s c u s s e d  above. 
For  example, f i n a l  e v a l u a t i o n  of the  adequacy of  t h e  proposed 
model f o r  pho tomet r i c  f u n c t i o n  i n t e g r a t i o n  must be based upon com- 
p a r i s o n s  of medium r e s o l u t i o n  photographic  data e l e v a t i o n  
p r o f i l e s  produced by s t e r e o g r a p h i c  examinat ions  w i t h  t h o s e  
produced by t h e  computer w i t h  c o n s t a n t  a lbedo  assumptions.  
Also,  e x p e r i e n c e  o f  a c t u a l  computer o p e r a t i n g  t i m e  f o r  process-  
i n g  o f  each c h i t ' s  d a t a  will b e  u s e f u l  i n  making some of t h e  
n e c e s s a r y  a l g o r i t h m  d e s i g n  t r a d e o f f s  such as a l g o r i t h m  
complexi ty  E e x t e n t  of n o i s e  f i l t e r i n g ,  con tour  l i n e  spac ings  
and number of s imula t ed  LEM l and ings  - v s  accuracy  of f i n a l  
r e s u l t s ,  e t c .  
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Photographic  data from t h e  Lunar O r b i t e r  p r o j e c t  i s  
e x p e c t e d  to p l a y  a major  r o l e  i n  Apollo l a n d i n g  s i t e  s e l e c t i o n .  
S t e r e o g r a p h i c  examinat ion  of t h e  medium r e s o l u t i o n  photographs 
and manual examinat ion  o f  the non- s t e reoscop ic  h igh  r e s o l u t i o n  
photographs  w i l l  r e s u l t  i n  much i n f o r m a t i o n  concern ing  average  
s l o p e  g r a d i e n t s  and u n i f o r m i t i e s  o f  l o c a l  areas o f  t h e  l u n a r  
s u r f a c e .  N e v e r t h e l e s s ,  t h e  computation o f  Apollo l a n d i n g  h a z a r d  
s t a t i s t i c s  (average t i p p i n g  and o t h e r  damage p r o b a b i l i t i e s )  f o r  
t e n t a t i v e  l a n d i n g  s i t e s  r e q u i r e s  computer a n a l y s i s ,  inasmuch as 
t h e  amount o f  computat ion invo lved  p r e c l u d e s  manual means. Also , 
t he  removal o f  n o i s e  and d i s t o r t i o n s  i n t r o d u c e d  by t h e  L u n a r  
O r b i t e r  pho tograph ic  and t e l e m e t r y  systems r e q u i r e s  computer 
p r o c e s s i n g .  

Such computer p r o c e s s i n g  o f  Lunar O r b i t e r  photographic  
data i s  feasible  w i t h  c u r r e n t  s t a t e - o f - t h e - a r t  computers. The 
i n p u t  data ra tes  are r e l a t i v e l y  h i g h ,  and t h e  amount of  p r o c e s s i n g  
t o  be done p e r  photograph i s  r e l a t i v e l y  large.  Hence, t h e  e x t e n t  
t o  which such  computer p r o c e s s i n g  o f  Lunar O r b i t e r  data can be  
done i n  s u p p o r t  o f  t h e  Apollo p r o j e c t  depends on t h e  throughput  
c a p a b i l i t i e s  o f  t h e  computers used.  If a computer i s  used o f  t he  
c a p a b i l i t i e s  o f ,  f o r  example, t h e  Univac 1108, Burroughs 5500, 
CDC 6600, IBM 360/75, o r  GE 645, a s u f f i c i e n t  amount of  p r o c e s s i n g  
can be done s u f f i c i e n t l y  r a p i d l y  t o  be o f  v a l u e  to Apollo.  

A computer based system, employing a computer o f  such  
a throughput  c a p a b i l i t y ,  i s  proposed to p r o c e s s  Lunar O r b i t e r  
pho tograph ic  data  i n  suppor t  o f  Apollo.  The p r o c e s s i n g  i n c l u d e s  
data sampl ing ,  n o i s e  and d i s t o r t i o n  c o r r e c t i o n ,  b r igh tness - to -  
topography conve r s ion ,  and average Apollo l a n d i n g  h a z a r d  s t a t i s t i c s  
d e t e r m i n a t i o n .  Such p r o c e s s i n g  cou ld  be  o f  v a l u e  bo th  i n  p r e l i m i n a r y  
s c r e e n i n g  o f  t e n t a t i v e  l and ing  s i tes  and i n  p r o v i d i n g  t h e  S i t e  
S e l e c t i o n  Board w i t h  l a n d i n g  hazard  data f o r  c o n s i d e r a t i o n  i n  
f i n a l  s i t e  s e l e c t i o n .  D e t a i l e d  topograph ic  i n f o r m a t i o n ,  f o r  use  
by t h e  a s t r o n a u t s ,  o f  t h e  a c t u a l  l a n d i n g  s i t e  may a l s o  r e s u l t  
from t h i s  p r o c e s s i n g .  

The procurement o f  the  computer program(s)  r e q u i r e d  
f o r  t h i s  p r o c e s s i n g  i s  by no means a t r i v i a l  t ask .  Many a s p e c t s  
o f  t h e  p r o c e s s i n g  requi rements  e x p l o r e d  h e r e i n  must be ana lyzed  i n  
d e t a i l ,  and much a l g o r i t h m  des ign  o p t i m i z a t i o n  i s  necessa ry .  It i s  
proposed,  however, t h a t  a c e r t a i n  s p e c i f i c  amount o f  t h e  programming 
be s t a r t e d  immediately and done i n  p a r a l l e l  w i t h  such a n a l y s i s  
i n  o r d e r  to s h o r t e n  somewhat the  t o t a l  l e n g t h  o f  t i m e  r e q u i r e d  for 
development.  It i s  estimated tha t  t h e  t o t a l  e f f o r t  r e q u i r e d  f o r  
t h i s  procurement ,  i n c l u d i n g  s p e c i f i c a t i o n  of r equ i r emen t s ,  a n a l y s i s ,  
d e s i g n ,  coding,  debugging, checkout,  and documentat ion,  w i l l  be  
between 2 0  and 35 man years.  

1031-css 



. 
BELLCOMM. INC. 

REFEREXCES 

The f o l l o w i n g  documents a r e  r e f e r e n c e d  i n  t h i s  
memorandum : 

1. 

2. 

? 
4. 

4. 

5. 

6 .  

Bendix Report  MM-64-8, " F i n a l  Report  o f  Lunar Landing 
Dynamics Sys t e m s  I n v e s t i g a t i o n " ,  October  1964. 

Flatow,  F. S., "The Lunar O r b i t e r  Photographic  Data 
Channel", Bellcomm, I n c . ,  'I'M-65-1012-9, November 1, 1965 

Kosofsky, L. J., " E x t r a c t i n g  Topographic In fo rma t ion  f rom 
Lunar Orb i t e r  Photographs",  pape r  p re sen ted  a t  t h e  s e m i -  
annua 1 cDnvention of  American S o c i e t y  =f Photometry, 
September 22, 1965, and to aEpear i n  March 1966 i s s u e  o f  
"PhDtograrnmetric Engineer ing  . 
R i n d f l e i s c h ,  T . ,  "A Photometr ic  Method For  Der iv ing  
Topographic Informat ion" ,  JPL Techn ica l  Report  No. 32-786, 
September 15, 1965. 

U. S. Geolog ica l  Survey Repor t  ( d r a f t  v e r s i o n  da ted  
Febrm r y  1966). 

Leibowitz ,  M .  A . ,  "A Procedure f o r  Reducing t h e  T i y  
R e q u i r e d  f o r  the  D i g i t a l  Process ing  of Photographs , 
Bellcomm, I n c l ,  TM-65-1012-4, August 25, 1965. 

WatsDn, Kenneth, 11 Photoc l inometry  From S p a c e c r a f t  Imagery", 

Other  documents which might be o f  g e n e r a l  i n t e r e s t  
t o  the  r e a d e r  i nc lude :  

1. 

2. 

? 
d .  

4. 

5. 

The Boeing CD.  Report  E-lOO293-l, " P i c t u r e  Data Systems 
Analys is" ,  December 7, 1964. 

Bundick, W. T., Green, C.  H., and Brummer, E. A. ,  "The 
Lunar O r b i t e r  Telecommunications System", NASA-LRC Report ,  
D r a f t  v e r s i o n  November 2, 1965. 

Herriman, A.  G . ,  Washburn, H. W., and Willingham, D. E., 
Ranger P r e f l i g h t  Sc ience  Analys is  and t h e  Lunar Photo- 

m e t r i c  Model", J P L  Technica l  Report  No. 32-384, Revised 
v e r s i o n  March 11, 1963. 

Kosofsky, Leon J . ,  and Broome, G. Calvin,  "Lunar Orbi ter :  
A Photographic  S a t e l l i t e " ,  NASA-LRC Report ,  p re sen ted  a t  
t h e  Spr ing  Convention of t h e  S o c i e t y  of  Motion P i c t u r e  
and T e l e v i s i o n  Engineers ,  March 28-Apr i l  2, 1965. 

Lloyd, D. D., and F u d a l i ,  R. F . ,  "Lunar O r b i t e r  Miss ion  
Planning" ,  Bellcomm, I n c . ,  TR-65-211-1, January 25, 1965. 

11 



BELLCOMM, INC. 

6. Nelson, C. H., "Summary of Photographic  Data System 
C a l i b r a t i o n ,  Lunar O r b i t e r  P r o j e c t "  , NASA-LRC Repor t ,  
February  25, 1966. 

NASA-LRC Repor t ,  p r e s e n t e d  a t  the  A I A A  Unmanned Space- 
c r a f t  Meet ing,  March 1-3, 1965. 

7. Taback, I . ,  and Brwnmer ,  E. A . ,  "The Lunar Orb i t e r " ,  



FlGURf I - 
LWAR ORBITER PHOTO DATA ANALYSIS FOR APOLLO LANDING HAZARD APPRAISAL 

YISSIW 

-. I-- I 
/ 

/ 

r y.s.c 

0 P W V E  LESS U D  SCUUEP 
6EOUflRlC DISTDKfIWS 



1- 
I. 



i 

t 



iI 

II 
I 

I 

t 

v) 
w 
A 
u, 
- 
z 
n 
z 
0 

I- 
4 
w w 
A w 
v) 
v) 
0 

0 

W a 
=> 
w 

- 

a 

n 

- 

LL 
0 

cn 
I 
I- 
4 n 

W 
I 
4 a 
u, 

z 
00 

5% 
I-w =>- 
d f v )  

W O  

LL 

Q 
11 
CY- - w  
I- 

*+ m- 
I 

no w a u  
W Z  >- 

4 
Ut- w z  
P T O  
40 

w 
0 
4 
u, 
a = 
v) 

aa 
I 

8 E  

\ 

*I 
m o  
nc3 
w z  
a- 
w z  
w -  
0 4  0 c  

Z 
40 
W V  
a 
4 

w 
0 
4 
LL a 
3 
v) 

\ 

n w cn 
cn 
w 
0 

P 
sz 

u a  +& 
4 

- 
w 

+ 
m f 

I 

I 
0 

I I 

I 
I 

I 

I 

I 

n 
ao 
w z  

-# 
i 

I 
i 

I 
I 

I 

I 

n 

/ 



F i g u r e  V 

GEOMETRY OF S U R F A C E - R E F L E C T I V I T Y -  

TO-TOPOGRAPHY C O N V E R S I O N  

T- 

' i -  

\ 
\ 
\ 
\ 
\ 
\ 

\ 
\ 

\ To 

?or N T  '\ 

1 


