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DATA MANAGEMENT TECHNIQUES 
FOR SPACE APRICATIONS 

A s tudy  was conducted of p rocess ing ,  a n a l y s i s  and a r c h i v -  

i n g  problems a s s o c i a t e d  w i t h  da ta  from s p a c e c r a f t  s e n s o r s  

u t i l i z e d  f o r  Space App l i ca t ions .  The o b j e c t i v e  was t o  de te rmine  

p o s s i b l e  s e n s o r  and i n s t r u m e n t a t i o n  mod i f i ca t ions  f o r  improving 

d a t a  management, f o r  minimizing d a t a - t r a n s m i s s i o n  requi rements  , 
and f o r  making t h e  data  more u s e f u l .  The emphasis was upon 

d e f i n i n g  a r e a s  o f  promising technology developments r a t h e r  t han  

upon o f f e r i n g  s o l u t i o n s  t o  da t a -p rocess ing  problems. 

After d e s c r i b i n g  t h e  f u n c t i o n s  compris ing t h e  v a r i o u s  d a t a  

phases ,  c u r r e n t  procedures  were examined f o r  p rocess ing  d a t a  

from t h r e e  spec i f i c  s e n s o r  systems:  t h e  Advanced Vidicon Camera 

System (AVCS) , t h e  High-Resolution I n f r a r e d  Radiometer (HRIR) , 
and t h e  Medium-Resolution I n f r a r e d  Radiometer (MRIR) . While t h e  

t h r e e  s e n s o r s  a r e  d i f f e r e n t  i n  concept  and o p e r a t e  i n  d i f f e r e n t  

p a r t s  of  t h e  e l ec t romagne t i c  spectrum, i t  was found t h a t  t h e r e  

i s  a s t r i k i n g  s i m i l a r i t y  among t h e  d a t a  phases.  P r e s e n t a t i o n  

o f  r e s u l t s  n e c e s s i t a t e s  a major computation e f f o r t .  For  example, 

a l a r g e  computer complex is  opera ted  f o u r  hours  p e r  day s o l e l y  

f o r  t h e  p rocess ing  o f  g l o b a l  image d a t a .  
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It was determined t h a t  f o r  t h e  p r e s e n t  and proposed s e n s o r s ,  

a commonality e x i s t e d  r e l a t i v e  t o  data  f u n c t i o n s  and data  f o r -  

mats. Thus, a gene ra l i zed  a n a l y s i s  proved f e a s i b l e ,  F u n c t i o n a l l y ,  

t h e  measurements made by t h e  s p a c e c r a f t  s e n s o r s  a r e  i n t e g r a t e d  

w i t h  in fo rma t ion  from t h r e e  o t h e r  sou rces :  

(e .g .  s p e c t r a l  s i g n a t u r e s ) ,  t h e o r e t i c a l  models, and environmental  

da ta .  These are manipulated i n  a computer system t o  produce 

themat ic  "maps" o r  o t h e r  p r e s e n t a t i o n s ,  C l a s s i f i c a t i o n  of 

i n s t r u m e n t a t i o n  by imagers,  spec t romete r s ,  t r ansponder s ,  and 

coun te r s  proved t o  be of more v a l u e  than  grouping by s e n s o r  

a p p l i c a t i o n  o r  by wavelength.  

arranged i n t o  t h r e e  types  of formats:  image, con tour ,  o r  d i g i t a l .  

Techniques f o r  g e n e r a t i n g  t h e s e  d i s p l a y s  a r e  w i t h i n  t h e  s t a t e - o f -  

t h e - a r t .  Based  on t h i s  examinat ion of  ground data-management 

procedures ,  p o s s i b l e  on-board p rocess ing  techniques  and dev ices  

were desc r ibed  

non-spacecraf t  data  

The o u t p u t s  a r e  cus tomar i ly  

A data  a r c h i v i n g  and s p a c e c r a f t  a n n o t a t i o n  concept  was 

d e v i s e d  which would improve both  t h e  da ta  p rocess ing  and t h e  da ta  

a r c h i v i n g .  The s e a r c h  and re t r ieval  could be expedi ted through 

t h e  u s e  of f o u r  i n d i c e s :  f l i g h t  d e s i g n a t i o n ,  a r e a  s e n s e d ,  

s p e c i f i c  s e n s o r  d e s i g n a t i o n ,  and a p p l i c a t i o n .  S ince  fixed d e s -  

c r i p t i v e  informat ion  can  be made a v a i l a b l e  i n  t h e  index f i l e  

system, o n l y  t h e  v a r i a b l e  parameters  need be recorded i n  t h e  

s p a c e c r a f t .  From t h e  l i s t  o f  e l even  v a r i a b l e s  i t  was concluded 

t h a t  t h e  most s i g n i f i c a n t  were t h e  t i m e  and pacing markers which 

t i e  t h e  s e n s o r s  t o  t h e  s u r f a c e  e l emen t :  
- - - - - - - . _ _ - - -  
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A number of recommendations were made. Inc reased  a t t e n t i o n  

should be given t o  on-board a n n o t a t i o n  of s e n s o r  da ta .  Such 

a n n o t a t i o n ,  p l u s  on-board p o s i t i o n  i d e n t i f i c a t i o n ,  would g r e a t l y  

e x p e d i t e  ground da ta-handl ing  and a r c h i v i n g .  A s t u d y  should be 

made o f  t h e  a p p l i c a b i l i t y  of  a n a v i g a t i o n  computer, s i m i l a r  t o  

t h a t  used i n  Apollo,  f o r  p rov id ing  and i n s e r t i n g  l o c a t i o n  and 

a t t i t u d e  da ta  a u t o m a t i c a l l y .  F u r t h e r  c o n s i d e r a t i o n  should be 

g iven  t o  more s o p h i s t i c a t e d  programmers, i n t e g r a t e d  wi th  environ-  

mental  s e n s o r s ,  t o  op t imize  schedules  f o r  s e n s o r  o p e r a t i o n .  The 

new r e v e r s i b l e - f i l m  t echn ique  should be reviewed t o  d e t e r m i n e  

t h e  r e s o l u t i o n  improvements of cameras compared wi th  e l e c t r o n i c  

devices.  An i n v e s t i g a t i o n  should be made of a c t u a l  u s e r  re- 

quirements  t o  de te rmine  t h e  p o t e n t i a l  o f  encoding t echn iques .  

Using t h i s  method, on ly  t h e  key d a t a  need be t r a n s m i t t e d  i n s t e a d  

o f  t h e  e n t i r e  s enso r  ou tpu t  On-board s p e c t r a l  comparison would 

be complex and would r e q u i r e  a l a r g e  memory but  i t  could g r e a t l y  

enhance t h e  u t i l i t y  of t h e  t r a n s m i t t e d  da ta .  These types  of  

ins t rument  technology developments o f f e r  promise o f  ach iev ing  

t h e  o b j e c t i v e  o f  improved da ta  handl ing .  

I I T  R E S E A R C H  I N S T I T U T E  
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I INTRODUCTION 

The purpose of  t h i s  s t u d y  was t o  i n v e s t i g a t e  t h e  a c q u i s i -  

t i o n ,  p rocess ing ,  a n a l y s i s ,  and a r c h i v i n g  problems a s s o c i a t e d  

w i t h  automated s p a c e c r a f t  systems., 

f o r  procedures ,  equipments,  and o r g a n i z a t i o n a l  t echn iques ,  

t h e  o b j e c t i v e  was t o  de te rmine  how t h e  annota ted  d a t a  could be 

By examining t h e  requi rements  

made a v a i l a b l e  t o  t h e  u s e r s  i n  a t ime ly  and e q u i t a b l e  f a sh ion .  

The concept  of  t h e  s tudy  was t o  i n d i c a t e  where r e s e a r c h  re- 

sou rces  might be a l l o c a t e d  most u s e f u l l y  r a t h e r  t h a n  t o  s o l v e  

t h e  d a t a  management problems, 

Af te r  d e f i n i n g  t h e  d a t a  handl ing  phases ,  t h e  s t a t e - o f - t h e -  

a r t  i s  reviewed r e l a t i v e  t o  p rocess ing  d a t a  from t e l e v i s i o n  and 

i n f r a r e d  s e n s o r s .  

emphasized and some approaches t o  on-board p rocess ing  described.,  

Comments are  made  on  a scheme f o r  d a t a  a n n o t a t i o n  and d a t a  

r e t r i eva l .  

The commonality of  t h e  da ta  handl ing  is  

11, DATA MANAGEMENT PHASES 

S e q u e n t i a l l y ,  t h e  da ta  flow may be d iv ided  i n t o  on-board 

p rocess ing  and p rocess ing  on t h e  ground. S ince  most of  t h e  

process ing  i s  p r e s e n t l y  conducted on t h e  ground, t h i s  a s p e c t  

was f u r t h e r  examined by grouping t h e  s t e p s  i n t o  "Phases" as 

shown i n  t h e  double  boxes i n  F i g u r e  1: Acquis t ion ,  Process ing ,  

I I T  R E S E A R C H  I N S T I T U T E  
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Analys i s  , I n t e r p r e t a t i o n ,  Archives  /Disseminat ion , Command and 

Con t ro l .  The l a t t e r  f u n c t i o n  was no t  i n v e s t i g a t e d .  

Most o f  t h e  e f f o r t  was devoted t o  c o n s i d e r a t i o n  of t h e  

Process ing ,  Ana lys i s  , and Archiving facets because t h e s e  have 

t h e  l a r g e s t  impact on t h e  des ign  of  t h e  s p a c e c r a f t  s enso r  systems. 

The Process ing  Phase i s  de f ined  t o  i n c l u d e  t h e  i n i t i a l  s t e p s  

o f  convers ion  ( ana log  t o  d i g i t a l ) ,  a n n o t a t i o n ,  c a l i b r a t i o n ,  and 

d i s p l a y  f o r  qu ick  look ,  a s  w e l l  a s  t h e  more r e f i n e d  s teps  o f  

smoothing, g r i d d i n g ,  r e c t i f y i n g ,  and mosaicking. 

The Data Analys is  Phase i s  de f ined  t o  cover  two f u n c t i o n s :  

comparison of  da ta  and p r e p a r a t i o n  of  themat ic  "maps" or  

g r a p h i c a l  p r e s e n t a t i o n s  The comparison f u n c t i o n  was gene ra l i zed  

t o  i n c l u d e  examinat ion o f  s p e c t r a l  s i g n a t u r e s  , "ground-truth" 

data ,  d a t a  from o t h e r  s e n s o r s  ( s y n e r g i s t i c  o r  m u l t i - s p e c t r a l ) ,  

p r i o r  d a t a  from the  same s e n s o r ,  and h i s t o r i c a l  r eco rds .  The 

p r e s e n t a t i o n  f u n c t i o n  r e l a t e d  t o  t h e  p r e p a r a t i o n  o f  cloud cover  

maps, me teo ro log ica l  "maps" ( i n v e r s i o n s ) ,  thermal  maps, demo- 

g raph ic  maps, topographic  maps , etc .  

111, TELEVISION AND INFRARED DATA PROCESSING 

A review was made of c u r r e n t  procedures  f o r  p rocess ing  

da ta  from Nimbus and ESSA s a t e l l i t e s  a t  NASA-Goddard Space 

F l i g h t  Center  and a t  t h e  Na t iona l  Environmental  S a t e l l i t e  

Center .  The v a r i o u s  s t e p s  i n  t h e  Data Process ing  Phase a r e  

I t T  R E S E A R C H  I N S T I T U T E  
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l i s t e d  i n  F i g u r e  2 f o r  t h e  Advanced Vidicon Camera System 

(AVCS), t h e  High-Resolut ion I n f r a r e d  Radiometer (HRIR) , and 

f o r  t h e  Medium-Resolution I n f r a r e d  Radiometer (MRIR) The 

a p p l i c a b l e  Data A n a l y s i s  Phase s t e p s  are l i s t e d  i n  F i g u r e  3 .  

Even though t h e  t h r e e  s e n s o r s  are d i f f e r e n t  i n  concept  

and o p e r a t e  i n  d i f f e r e n t  p a r t s  of t h e  e l e c t r o m a g n e t i c  spectrum, 

t h e r e  i s  a s t r i k i n g  s i m i l a r i t y  among t h e  d a t a  management pa ths .  

Th i s  i s  shown by t h e  a s t e r i s k s  i n  F i g u r e s  2 and 3 .  While t h e  

hardware and s o f t w a r e  are  n o t  e x a c t l y  a l i k e ,  b a s i c a l l y  a l l  

t h r e e  da ta  r e d u c t i o n  systems a re  concerned w i t h  t h e  l o c a t i o n  

o f  t h e  measured s e n s o r  da t a  w i t h  r e s p e c t  t o  space  and t i m e .  

For  any t y p e  o f  a n a l y s i s  of t h e  s e n s o r  d a t a  it i s  e s s e n t i a l  

t h a t  t h e  p o s i t i o n  o f  t h e  reduced d a t a  be l o c a t e d ,  whether  it be 

by g r i d d i n g  and a n n o t a t i n g  on a f i l m  o r  photograph,  o r  by 

performing t h e  exped ien t  a c t  of merging o r b i t a l ,  a t t i t u d e ,  and 

t i m e  i n fo rma t ion  w i t h  reduced d a t a  on magnetic t a p e ,  

It i s  a p p a r e n t  t h a t  a l a r g e  computer complex i s  r e q u i r e d  

f o r  t h e  P rocess ing  and Ana lys i s  Phases.  The C o n t r o l  Data 

Corpora t ion  Model 6600 computer i s  be ing  used more t h a n  f o u r  

hours  p e r  day f o r  t h e  p r o c e s s i n g  of  p re sen t -day  r e s o l u t i o n  

g l o b a l  image da ta ,  F u t u r e  imaging s e n s o r s  w i l l  have a n  even 

l a r g e r  b i t  r a t e  t h a n  t h e  6.6 m i l l i o n  7 - b i t  b y t e s  l i s t e d  i n  

F i g u r e  2 f o r  t h e  AVCS. On t h e  o t h e r  hand, some o f  t h e  f u t u r e  

s e n s o r s  may have a lesser computer p r o c e s s i n g  requi rement :  To 

reduce  a d a y ' s  volume o f  S a t e l l i t e  I n f r a r e d  Spec t rometer  d a t a ,  

I I T  R E S E A R C H  I N S T I T U T E  
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which would produce several thousand i n d i r e c t  t empera tu re  

v e r s u s  a l t i t u d e  soundings  th rough  a mathemat ica l  t r a n s f o r m  

e q u a t i o n ,  it i s  estimated t h a t  o n l y  several  minutes  would be 

needed u s i n g  t h e  CDC 6600. 

C e r t a i n  q u e s t i o n s  may be r a i s e d  concern ing  t h e  t r e n d  o f  

f u t u r e  computer p r o c e s s i n g  f o r  t h e s e  t y p e  data.  Should t h e  

emphasis be placed on l a r g e r ,  f a s t e r ,  and more expens ive  com- 

p u t e r s  t h a n  t h e  CDC 6600 o r  should t h e  emphasis be d i r e c t e d  

t o  small g e n e r a l  purpose computers o r  t o  s p e c i a l l y - b u i l t  com- 

p u t e r s ?  Should more o f  t h e  a n n o t a t i o n  and g r i d d i n g  o p e r a t i o n s  

be t r a n s f e r r e d  t o  t h e  s p a c e c r a f t  t o  by-pass much o f  t h e  ground 

p rocess ing?  It is  be l i eved  t h a t  r e s e a r c h  r e s o u r c e s  should be 

d i r e c t e d  t o  t h e  l a t t e r  problem t o  a s s i s t  i n  answering t h e  

p r i o r  q u e s t i o n  

I V .  COMMONALITY OF DATA MANAGEMENT 

A ,  F u n c t i o n a l  Commonality 

Based upon t h e  a n a l y s i s  of c u r r e n t  d a t a  management 

procedures  and upon an  examinat ion of t h e  t y p e  o f  a c t i v i t y  

expected from f u t u r e  s e n s o r s ,  i t  was determined t h a t  t h e  funda- 

menta l  d a t a  p r o c e s s i n g  f u n c t i o n s  are  v e r y  s imi l a r .  A s  shown 

i n  F i g u r e  4 ,  t h e  measurements made by t h e  s p a c e c r a f t  s e n s o r s  

are i n t e g r a t e d  w i t h  t h r e e  o t h e r  d a t a  s o u r c e s :  some "ground- 

t r u t n "  s i g n a t u r e s  o r  s p e c t r a ,  some form o f  a model t o  a i d  i n  

I I T  R E S E A R C H  I N S T I T U T E  



CONCEPT OF DATA-HANDLING FUNCTIONS 
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i n t e r p r e t a t i o n ,  and some envi ronmenta l  d a t a  r e l a t i n g  t o  space /  

t i m e  f a c t o r s .  

produce v a r i o u s  t y p e s  o f  p r e s e n t a t i o n s  o r  "thematic" maps 

(p ic to-grams) .  

i t  i s  e s s e n t i a l  t h a t  e i t h e r  p r o g r e s s  should be made i n  t h e  

o t h e r  t h r e e  i n p u t s  t o  t h e  computat ion o r  t h e  s e n s o r s  should  be 

modified t o  be more compat ib le .  

These a re  manipulated i n  a computer system t o  

I n  o r d e r  f o r  t h e  s e n s o r  d a t a  t o  be  most u s e f u l ,  

Another way of  c o n s i d e r i n g  t h e  data  f u n c t i o n  commonality 

i s  shown i n  F i g u r e  5. Here t h e  t y p e  of p r o c e s s e s  which are  

r e q u i r e d  f o r  f o u r  types  of s e n s o r s  are i n d i c a t e d .  It was de- 

termined t h a t  t h i s  c l a s s i f i c a t i o n  o f  s e n s o r s  ( imagers ,  spectrom- 

e te rs ,  t r ansponder s ,  c o u n t e r s )  was of more v a l u e  f o r  d a t a  

management s t u d i e s  t h a n  c l a s s i f i c a t i o n s  by s e n s o r  a p p l i c a t i o n  

(meteorology, hydrology,  e t c . )  o r  by e l e c t r o m a g n e t i c  spectrum 

( v i s i b l e ,  i n f r a r e d ,  micrwave, e t c , ) .  I n  o t h e r  words, t h e  d a t a  

p r o c e s s i n g  is r e l a t i v e l y  independent  of t h e  u s e r  and t h e  wave- 

l eng th .  The double  a s t e r i s k s  i n d i c a t e  t h a t ,  f o r  imagers ,  t h e  

g r e a t e s t  complexi ty  occur s  i n  t h e  Data P rocess ing  Phase w h i l e  

f o r  s p e c t r o m e t e r s ,  t h e  g r e a t e s t  complexi ty  is  i n  t h e  Data 

Ana lys i s  Phase,  p a r t i c u l a r l y  t h e  i n t e r f a c e  w i t h  t h e  model and 

t h e  s p e c t r a l  s i g n a t u r e s  l i b r a r y ,  

B. Output  Commonality 

After  rev iewing  t h e  types  o f  o u t p u t s  from t h e  da t a  

p r o c e s s i n g  o f  s e n s o r  da ta  f o r  v a r i o u s  space  a p p l i c a t i o n s ,  it 
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became a p p a r e n t  t h a t  t h e  end product  may be cons ide red  t o  be 

of two classes: "maps", o r  "soundings". The former c lass  

emphasizes t h e  topograph ic  a s p e c t s  where t h e  x , y ,  c o o r d i n a t e s  

are l a t i t u d e  and l o n g i t u d e  w i t h  some i n d i c a t o r ,  z ,  p l o t t e d  t o  

show t h e  g l o b a l  v a r i a t i o n  of t h e  measured parameter .  The l a t t e r  

emphasizes t h e  a l t i t u d e  above t h e  e a r t h ' s  s u r f a c e  t o  show ver- 

t i c a l  p r o f i l e  e f f ec t s .  

The a c t u a l  t hema t i c  map o u t p u t  may seem r a d i c a l l y  

d i f f e r e n t .  For  example, a cloud p i c t u r e  from t h e  AVCS seems 

f a r  removed from a s u r f a c e  thermal  con tour  map d e r i v e d  from 

I R  s e n s o r  r e a d i n g s  i n  a n  a i r c r a f t .  However, t h i s  i s  o n l y  a 

d i f f e r e n c e  i n  d i s p l a y  format ,  From t h e  p o i n t  o f  view o f  d a t a  

management i t  makes l i t t l e  d i f f e r e n c e  what t h e  measured para-  

meter was, bu t  i t  i s  cons idered  t o  be o f  t h r e e  c a t e g o r i e s :  

image, con tour ,  o r  d i g i t a l .  The image format  i s  l i k e  a p i c t u r e  

t h e  eye would see from s p a c e ,  e i t h e r  i n  t o n e s  o f  g rey  o r  i n  

c o l o r ,  i . e ,  t h e  APT/AVCS t e l e v i s i o n  p i c t u r e s  o r  t h e  Gemini cam- 

era p i c t u r e s .  The images a l s o  could have been o b t a i n e d  i n  t h e  

n o n - v i s i b l e  p a r t  o f  t h e  spectrum and be computer-generated as 

a r e p r e s e n t a t i o n  o f  c e r t a i n  phenomena. While t h e r e  may be 

g r e a t  d i f f e r e n c e s  i n  e i t h e r  levels o f  g rey  o r  s i z e  o f  t h e  

r e s o l u t i o n  e lements ,  t h e  format  i s  t h e  same. For example, the 

HRIR images look smooth w h i l e  t h e  r e c e n t  "p i c tu re s"  developed 

from microwave s e n s o r s  are c o a r s e .  These microwave images a re  

ob ta ined  from a i r c r a f t  produced i n  several c o l o r s  w i t h  r e s o l u t i o n  
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e lements  abou t  1/8 i n c h  s q u a r e  i n  s ize  cor responding  t o  abou t  

a n  acre on t h e  ground. 

The con tour  format i n c l u d e s  some a n a l y s i s  wherein a 

d e t e r m i n a t i o n  is  made as t o  numer ica l  v a l u e s  o f  some parameter .  

For  i l l u s t r a t i o n ,  thermal  con tour s  have been drawn on  HRIR 

images t o  show c u r r e n t s .  The d i g i t a l  format has  t h e  r e s u l t s  

p re sen ted  i n  d i s c r e t e  i n t e r v a l s ,  such  as a numer ica l  p r i n t - o u t  

of HRIR tempera tures  on a Mercator  p r o j e c t i o n .  

These images may be produced i n  f o u r  ways: " d i r e c t l y "  

from t h e  senso r  (APT)), manually (HRIR montages),  by p l o t t i n g  

machine (x ,y  p l o t t e r  d r i v e n  by a computer),  o r  by computer . *  b 

(numer i ca l  v a l u e s  p r i n t e d  on a map), 

are  w e l l  i n  hand so  t h a t  t h e  s e l e c t i o n  o f  t h e  approach can be 

based on u s e r - p r e f e r e n c e .  

These d i s p l a y  t echn iques  

The d a t a  management s i t u a t i o n  f o r  t h e  "soundings" c lass  

of o u t p u t  does n o t  appear  t o  be as wel l  d e f i n e d .  Again,  t h e  

concept  is e lementary :  some c h a r a c t e r i s t i c  parameter  such  as 

c loud-he igh t ,  temperature/pressure/density o r  c o n s t i t u e n t s  

(wa te r  vapor ,  ozone,  C02) i s  der ived from t h e  measurements. 

The o b j e c t i v e  i s  t o  de t e rmine  t h e  v a r i a t i o n  as a f u n c t i o n  o f  

a l t i t u d e  ove r  t h e  e a r t h ' s  surface., 

f o r  me teo ro log ica l  a p p l i c a t i o n s .  A s  it i n t r o d u c e s  a f o u r t h  

"dimension" ( l a t i t u d e ,  l o n g i t u d e ,  a l t i t u d e ,  and t h e  key para-  

meter), i t  makes p r e s e n t a t i o n  more compl ica ted .  However, a g a i n  

T h i s  c lass  i s  predominant ly  
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from t h e  p o i n t  of  view of d a t a  management, major i n n o v a t i o n s  

are  n o t  needed. For  example, v e r t i c a l  c r o s s - s e c t i o n s  have 

been developed u s i n g  HRIR da ta  t o  show t empera tu re ,  i s o t a c h s ,  

and humidi ty .  The v e r t i c a l  axis  can be a l t i t u d e  o r  p r e s s u r e  and 

t h e  h o r i z o n t a l  axis can  be l a t i t u d e ,  e .g .  a l o n g  140" E. l o n g i t u d e .  

The mathematical  modeling and a n a l y s i s  t o  d e r i v e  s u c h  a d i s p l a y  

is  complex, b u t  t h e  d a t a  hand l ing  i s  n o t  novel,, 

V . APPROACHES TO ON- BOARD PROCESSING 

The p o t e n t i a l  f o r  on-board d a t a  p r o c e s s i n g  was examined 

w i t h  t h e  o b j e c t i v e s  of  r educ ing  t h e  t r a n s m i s s i o n  (bandwidth) 

r equ i r emen t s ,  r educ ing  t h e  ground-based d a t a  management com- 

p l e x i t y ,  and making t h e  da t a  of  more v a l u e  t o  t h e  u s e r .  It 

appea r s  t h a t  c o n v e n t i o n a l  a n a l y t i c a l  t o o l s  may be a p p l i e d .  

Systems a n a l y s i s  and inieormation t h e o r y  may be employed t o  

i n d i c a t e  p o s s i b l e  improvements i n  s e n s o r s  and i n s t r u m e n t a t i o n .  

P o s s i b l e  t echn iques  and equipments were d e s c r i b e d  bu t  n o t  

eva lua ted  e 

A e Techniques 

Some of t h e  t echn iques  which might be a p p l i c a b l e  i q c l u d e  

p a t t e r n  r e c o g n i t i o n ,  encoding,  r e d u c t i o n  i n  redundancy, and 

s e n s o r  a l ignment .  " P a t t e r n  r e c o g n i t i o n "  was used i n  t h e  g e n e r i c  

s e n s e  t o  mean a comparison of sensed  d a t a  w i t h  o t h e r  d a t a  which 

may have been s t o r e d  b e f o r e  l aunch ,  acqu i r ed  i n  p r i o r  o r b i t s ,  
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o r  o b t a i n e d  from o t h e r  channe l s  o r  sensors. ,  The comparison may 

be on t h e  b a s i s  o f  s p e c t r a l  a n a l y s i s ,  such  as c r o p  i d e n t i f i c a -  

t i o n ,  o r  g e o m e t r i c a l  o v e r l a y s ,  s u c h  as cloud p a t t e r n s .  An 

a l t e r n a t e  approach ,  which e l i m i n a t e s  much o f  t h e  memory and 

computa t iona l  r equ i r emen t s  i n  t h e  s a t e l l i t e  , would be t o  keep 

t h e  sets o f  b a s i c  " p i c t u r e s "  on t h e  ground. Using t h e  larger  

t r a n s m i s s i o n  power a v a i l a b l e  from e a r t h  s t a t i o n s ,  t h e  series 

o f  p i c t u r e s  would be s e n t  t o  t h e  s a t e l l i t e  f o r  on-board com- 

p a r i s o ? .  Only d i f f e r e n c e s  would be r e t r a n s m i t t e d .  

Other  t y p e s  o f  encoding might be cons ide red  so  t h a t  o n l y  

t h e  p e r t i n e n t  p a r t  o f  t h e  da ta  a c q u i r e d  by t h e  s e n s o r  need be 

t r a n s m i t t e d .  I n  o r d e r  t o  r educe  t h e  bulk  by encoding,  i t  i s  

n e c e s s a r y  t o  de t e rmine  u s e f u l  c h a r a c t e r i s t i c s  o f  t h e  d a t a ;  per -  

haps employing o n l y  c loud  o u t l i n e s  o r  o n l y  t h e  areas i n  t h e  

c l o u d s  where t h e r e  i s  p r e c i p i t a t i o n  o r  o n l y  c loud  movement o r  

t u r b u l e n c e .  It may ~e t h a t  some u s e r s  r e a l l y  r e q u i r e  o n l y  t h e  

area, t h e  c e n t r o i d ,  and t h e  f i rs t  moment (shape)  of t h e  pre-  

s e n t a t i o n .  The p o t e n t i a l  advantages  o f  encoding may be l o s t  if 

t h e r e  are  m u l t i p l e  u s e r s  f o r  t h e  same s e n s o r  d a t a .  For  example, 

i f  a series o f  encoding programs are r e q u i r e d ,  i t  might be 

wiser t o  t r a n s m i t  t h e  e n t i r e  s e n s o r  c o n t e n t  and b reak  i t  down 

on t h e  ground, 

The r e d u c t i o n  i n  redundancy could be ob ta ined  i n  a v a r i e t y  

o f  ways, I n i t i a l  s e l e c t i o n  o f  t h e  s e n s o r  swath wid th ,  o r b i t a l  

a l t i t u d e ,  and o b s e r v a t i o n  times r e g u l a t e s  t h e  b a s i c  o v e r l a p  

I I T  R E S E A R C H  I N S T I T U T E  

1 7  



a c r o s s  t h e  ground t r a c k  and a l o n g  t h e  t r a c k .  A c o n t r o l l e r  can  

be programmed t o  minimize t h e  ove r l ap .  A t  t h e  p o l e s ,  f o r  

example, it may select  on ly  every  n t h  o r b i t  f o r  a c t i v a t i o n .  

I n  a d d i t i o n ,  on command t h e  coverage p a t t e r n  may be changed as 

i n  t h e  c a s e  of  t h e  ATS where t h e  sp in-scan  camera can survey  

t h e  e n t i r e  hemisphere i n  about  20 minutes o r  a lesser a r e a  

more f r e q u e n t l y .  When an  area has been adequa te ly  mapped, t h e  

programmer could a u t o m a t i c a l l y  swi t ch  t o  a n o t h e r  a r e a .  A l t e rna -  

t i v e l y ,  sampling procedures  could be employed over  areas t h a t  

do not  have t o  be completely surveyed.  

s e n t a t i v e  sub-areas  would be made a f t e r  good i n i t i a l  coverage.  

Thus, by changing t h e  a r ea l  and t h e  temporal  o b s e r v a t i o n  scheme, 

t h e  amount o f  i n i t i a l l y  acqui red  d a t a  could be reduced.  

The cho ice  of  t h e  r ep re -  

Sensor a l ignment  could be considered i n  t h e  broad sense 

cove r ing  r e g i s t r a t i o n  and indexing.  Th i s  i s  necessary  so  d a t a  

from v a r i o u s  s e n s o r s  or d e t e c t o r s  i n  t h e  same ins t rument  sub- 

system ( e . g .  a 3- tube aV> can be c o r r e l a t e d .  A s e n s o r  i n t e g r a -  

t i o n  problem o f  i n s u r i n g  an  optimum match o f  f i e ld -o f -v i ew,  

r e s o l u t i o n  and a l t i t u d e  f o r  combinations of s e n s o r s  may be 

p r e s e n t .  I n  a p r i o r  s t u d y ,  related t o  experiments  f o r  t h e  

Apollo A p p l i c a t i o n s  Program*, IITRP. recommended t h a t  t h e  f i e l d s  

of  view o f  t h e  metric camera, t h e  s ide - look ing  radar ,  and t h e  

wide-range IR scanner  can be modified f o r  c o m p a t i b i l i t y .  Se- 

*Bock, P, , "Experiment P r o f i l e  Ana lys i s  f o r  t h e  Apollo Applica-  
t i o n  Program APP-B Mission," I I T R I  Techn ica l  Memorandum - 24, 
Janua ry  1968, p.5. 
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l e c t i o n  c r i t e r i a  would have t o  be developed,  

The p o s s i b i l i t y  of r e j e c t i n g  "bad" d a t a  a t  t h e  sou rce  

should be examined. 

recognized ,  perhaps as equipment n o i s e  o r  spu r ious  s i g n a l s .  

Wrong exposures  might be s u s c e p t i b l e  t o  au tomat ic  r e j e c t i o n .  

N a t u r a l  i n t e r f e r e n c e  phenomena, e.g. r a i n  o r  c louds  may a l s o  

modify s e n s o r  o p e r a t i o n .  I n  between t h e  obvious ly  bad data  

A t  times t h e  bad d a t a  can be e a s i l y  

and t h e  n o t i c e a b l y  good d a t a  i s  a c lass  of d a t a  which must 

be s u b j e c t i v e l y  analyzed t o  de te rmine  i t s  va lue .  A s  t i m e  

passes  t h e  amount of data  f a l l i n g  i n t o  t h i s  class might be 

reduced through expanded a p p l i c a t i o n  o f  au tomat ic  a n a l y s i s  

techniques .  

B. Equipments 

More s o p h i s t i c a t e d  command programmers could be em-  

ployed t o  improve t h e  a c q u i s i t i o n  and t r ansmiss ion  o f  u s e f u l  

d a t a .  The programmers could r e c e i v e  i n p u t s  from o t h e r  dev ices  

t o  b e t t e r  s e l e c t  t h e  times of obse rva t ion .  For  example, a 

sun-angle  senso r  and/or  a n  i l l u m i n a t i o n  measuring device could 

c o n t r o l  t h e  cameras and i n f r a r e d  s e n s o r s .  Another i n p u t  t o  

t h e  programmer could be a "cloud" s e n s o r  which would act ivate  

t h e  s e n s o r  only  when t h e r e  i s  a clear view o f  t h e  e a r t h ' s  

s u r f a c e .  

Other techniques  and equipments might a l s o  be employed 

t o  minimize t h e  adve r se  e f f e c t s  of c louds .  B e s i d e  t h e  concept  
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of a c loud  s e n s o r ,  the d e t e c t o r s  could  be programmed f o r  each  

o r b i t  by command based on weather p r e d i c t i o n s .  

is t o  employ g imba l l ing  so t h a t  t h e  s e n s o r s  could  be aimed a t  

h o l e s  i n  t h e  c loud  cover .  Gimballing a l s o  would g r e a t l y  re- 

duce t h e  a t t i t u d e  c o n t r o l  f u e l  requi rements  i f  any o f f - n a d i r  

o b s e r v a t i o n s  are t o  be  made. 

Another scheme 

Another major i n n o v a t i o n  would be t h e  u t i l i z a t i o n  of 

s t a t e - o f - t h e - a r t  computers. 

t h a t  used i n  Apollo would p rov ide  t h e  e x c e l l e n t  n a v i g a t i o n  and 

a t t i t u d e  d a t a  which are r e q u i r e d  f o r  d a t a  i n t e r p r e t a t i o n .  The 

need f o r  p o s t - o b s e r v a t i o n  i n s e r t i o n  of t r a c k i n g  d a t a  would 

t h u s  be  g r e a t l y  reduced o r  e l i m i n a t e d .  

be u s e f u l  f o r  t h e  areal and temporal  s e l e c t i o n  t echn iques  des-  

c r i b e d  above, e . g o 3  the mapping p r i o r i t y  could  b e  i n s e r t e d  

minimizing real-time commands. 

would be e s s e n t i a l  f o r  any of t h e  " p a t t e r n  r e c o g n i t i o n "  concepts  

o u t l i n e d  above. 

l i b r a r y "  f o r  t h i s  purpose.  

f o r  t h e  F4 and the F-l06X aircraft  appear  t o  have performance 

i n  t h e  c l a s s  r e q u i r e d  f o r  t h e  s p a c e c r a f t  f u n c t i o n s .  Ca re fu l  

a t t e n t i o n  would have t o  be  g iven  t o  t h e  a s s o c i a t e d  p e r i p h e r a l  

equipment (e .g . )  d i s p l a y s )  and so f tware .  I n t e g r a t e d  d a t a  

sys t ems  combining a d a p t i v e  multimode s e n s o r s  programmed and 

ope ra t ed  by a m u l t i p r o c e s s o r  a l s o  may have promise.  

Adapta t ion  of  a computer such  as 

The computer a l s o  would 

Of c o u r s e  t h e  on-board computer 

It would b e  t i e d  i n t o  a r e c o r d e r  and /o r  " f i lm  

Computers p r e s e n t l y  be ing  consEdered 
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On-board da t a  p rocess ing  w i l l  be improved as a r e s u l t  

o f  p r o g r e s s  be ing  made i n  both  t a p e  and f i l m  r eco rd ing .  

s o l i d  s t a t e  devices, t h e  t a p e  r e c o r d e r  complexi ty  can be 

s h i f t e d  from t h e  mechanical t o  t h e  e l e c t r o n i c  s e c t o r s  w i t h  a n  

i n c r e a s e  i n  r e l i a b i l i t y .  Although t h e r e  a r e  many developmental  

problems remaining,  advances i n  f i l m  s t a t e - o f - t h e - a r t  may over-  

come t h e  f i l m  expend i tu re  l i m i t a t i o n .  Kalvar is a r e v e r s i b l e  

f i l m  which might be u s e a b l e  i n  a c o n t r o l l e d  environment.  

A l t e r n a t i v e l y ,  t h e  photochromic materials o r  thermo p l a s t i c  

techniques  may have p o t e n t i a l .  

Using 

I n  examining two cases r e p r e s e n t i n g  d i v e r g e n t  on-board 

d a t a  p rocess ing  requi rements ,  it was concluded t h a t  on-board 

s p e c t r a l  comparison t o  produce g l o b a l  estimates o f  wheat pro- 

d u c t i o n  would be q u i t e  d i f f i c u l t  t o  implement. On t h e  o t h e r  

hand, techniques  f o r  on-board p rocess ing  o f  s e n s o r  d a t a  r e l a t i n g  

t o  i c e b e r g s ,  c u r r e n t s ,  and wave h e i g h t  might be f e a s i b l e ,  

V I .  DATA RETRIEVAL AND ANNOTATION 

A.  R e t r i e v a l  

A s  p a r t  o f  t h e  on-board p rocess ing  i n v e s t i g a t i o n ,  a 

d a t a  a r c h i v i n g  and s p a c e c r a f e  scheme was d e v i s e d  which would 

improve bo th  t h e  d a t a  p rocess ing  and t h e  da ta  a r c h i v i n g .  The 

u s e r s  were grouped i n t o  t h o s e  most i n t e r e s t e d  i n  t h e  a p p l i c a t i o n ,  

o r  i n  t h e  i n s t r u m e n t a t i o n ,  o r  i n  both  p l u s  t e c h n i c a l  admin i s t r a -  

t i o n  a s p e c t s .  It appeared t h a t  t h e  d a t a  s e a r c h  and r e t r i eva l  
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could be expedi ted  by u s i n g  f o u r  i n d i c e s :  

area sensed ,  s p e c i f i c  s e n s o r  d e s i g n a t i o n ,  and a p p l i c a t i o n  

(F igu re  6), 

f l i g h t  d e s i g n a t i o n ,  

I n  i d e n t i f y i n g  and r e q u e s t i n g  a s p e c i f i c  se t  o f  d a t a ,  

i t  i s  only  necessa ry  t o  n o t e  t h e  a p p r o p r i a t e  f l i g h t / a r e a / s e n s o r  

numbers (FAS) and t h e  presence  o r  absence of  any a s s o c i a t e d  

"ground-truth" d a t a .  A prepared l i s t  can t h e n  be referred t o  

which has  i d e n t i f y i n g  inven to ry  r o l l  numbers t h a t  have been 

ass igned  t o  each r o l l  of d a t a  ga thered  under a g iven  FAS code;  

t h i s  provides  a n  i n d i c a t i o n  o f  d a t a  bulk  t o  t h e  s e a r c h  as w e l l  

a s  un ique ly  account ing  f o r  t h o s e  cases  where a g iven  FAS com- 

b i n a t i o n  has genera ted  more than  one r o l l  of d a t a .  Such an  

approach i m p l i e s  t h a t  t h e  Data F a c i l i t y  s t o r e  t h e  d a t a  by FAS 

"bins" wherein each r o l l  has i t s  own i d e n t i f y i n g  inven to ry  

r o l l  number ( a l s o  recorded p e r i o d i c a l l y  on t h e  a c t u a l  data  

s t r i p )  o r  a removal card showing where t h e  r o l l  can be l o c a t e d .  

Any a v a i l a b l e  ground-measurement ( c a l i b r a t i o n )  d a t a  and per -  

t i n e n t  r ep roduc t ions  o f  t h e  a c t u a l  f l i g h t  l o g  may a l s o  be 

s t o r e d  on t h e  same FAS b a s i s .  

could a l s o  make a v a i l a b l e  t h e  ground-track map o f  a g iven  

f l i g h t  number genera ted  by t h e  on-board n a v i g a t i o n  computer o r  

t h e  ground t r a c k i n g  n e t .  I n  e f f ec t ,  t h i s  t i es  i n  a l l  sou rces  

of in format ion  re la ted t o  a s p e c i f i c  set  o f  d a t a  t h a t  i s  re- 

t r i e v a b l e  by a system such  a s  t h a t  suggested i n  t h i s  s e c t i o n .  

On r e q u e s t ,  t h e  Data F a c i l i t y '  

.. 
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A g e n e r a l  p r i n c i p l e  emerges from t h i s  d i s c u s s i o n .  A l l  

f ixed  d e s c r i p t i v e  in fo rma t ion  should be made a v a i l a b l e  t o  

p o t e n t i a l  d a t a  s e a r c h e r s  i n  t h e  index f i l e  system s e l e c t e d .  

Only v a r i a b l e  parameters  need t o  be recorded on t h e  a c t u a l  da ta  

r o l l  w i t h  one excep t ion .  S ince  t h e  d a t a  r o l l  may be c u t  up o r  

on ly  p o r t i o n s  the reo f  are reproduced f o r  t r a n s m i t t a l  t o  t h e  

r e q u e s t e r ,  it is necessa ry  t o  p o t e n t i a l l y  r eco rd  t h e  i d e n t i f y i n g  

inven to ry  r o l l  number on t h e  r o l l  t o  e s t a b l i s h  t h e  o r i g i n a l  

sou rce  from which any p o r t i o n  came. Th i s  g e n e r a l  p r i n c i p l e  i s  

s i g n i f i c a n t  s i n c e  r e c o r d i n g  space  on t h e  d a t a  r o l l  may prove 

t o  be a s e r i o u s  l i m i t a t i o n  as t h e  program develops .  

B. On-Board Annotat ion 

Having removed t h e  need f o r  r eco rd ing  most o f  t h e  

fixed ( c o n s t a n t )  experiment legend on t h e  a c t u a l  d a t a  ( s i n c e  

t h i s  can be a v a i l a b l e  from t h e  d a t a  re t r ieva l  f i l e ) ,  t h e  informa- 

t i o n  on t h e  d a t a  r o l l  i s  p r i m a r i l y  r e s t r i c t e d  t o  s i g n i f i c a n t  

v a r i a b l e s .  The l a t t e r  have been d i v i d e d  i n t o  two groups.  The 

f i r s t  group c o n t a i n s  t h o s e  v a r i a b l e s  which w i l l  be commonly 

needed by a l l  s e n s o r s ,  wh i l e  t h e  second i s  r e s t r i c t e d  t o  a 

s p e c i f i c  s e n s o r  w i t h  i t s  unique requi rements .  This  d i v i s i o n  

w i l l  be u s e f u l  i n  t h e  s e l e c t i o n  of  on-board r eco rd ing  hardware 

and techniques  s i n c e  equipment commonality i s  a d e s i r a b l e  

ob j ec t ive 
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For purposes of l e g i b i l i t y  and summarization o f  sugges ted  

on-board v a r i a b l e s  which w i l l  be commonaly needed by s e n s o r s ,  t h e  

fo l lowing  are o f fe red :  R o l l  i d e n t i f i e r  ( i n v e n t o r y  #); L a t i t u d e /  

l o n g i t u d e ;  Time-hr/min/sec; I n t e r n a l  pacing markers (mas terc lock  

r e f e r e n c e s ) ;  A l t i t u d e ;  Ve loc i ty ;  I n c l i n a t i o n ;  Yaw a n g l e / r a t e ;  

P i t c h  a n g l e / r a t e ;  R o l l  a n g l e / r a t e ;  Run #. 

s i g n i f i c a n t  of  t h e s e  are t h e  t i m e  and pacing markers which t i e  

Perhaps t h e  most 

i n  a l l  s e n s o r s  f o r  purposes of  c o r r e l a t i n g  data over  t h e  same 

s p e c i f i e d  element.  
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