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This i s  a paper  about thinking.  
It  may no t  seem t o  be ,  but  i: is. 
As such, i t  won't g i v e  any answers. 
But i t  should g i v e  you some i deas .  

In t h e  j u s t i f i c a t i o n  s t a g e  of any new system, t h e  proponent i s  u s u a l l y  asked 
L O  p r o v i d e  some s o r t  o f  B e n e f i t / C o s t  a n a l y s i s .  B e c a u s e ,  f o r  a d a t a  s y s t e m ,  
t h e r e  i s  no  v a l u e  i n  t h e  d a t a  p e r  se ,  j u s t i f i c a t i o n  m u s t  b e  found i n  t h e  
b e n e f i t s  i n  t h e  t 'se 9f t h e  d a t a .  I f ,  a s  i s  u s u a l l y  t h e  c a s e ,  t h e  i n s t r u m e n t  
o r  s y s t e m  d e s i g n e r  i s  n o t  a "use r " ,  h i s  r e c o u r s e  i s  t o  s u r v e y  t h e  u s e r  
community t o  o b t a i n  some scjrt o f  c o n s e n s u s  on t h e  u t i l i t y .  The g e n e r a l l y  
u n s a t i s f a c t o r y  n a t u r e  of t h e  r e s u l s  i s  r e f l e c t e d  i n  t h e  l a r g e  number of times 
t h e  u s e r s  a r t  s u r v e y e d ,  s e s u r v e y e d ,  and r e - r e s u r v e y e d .  
missing,  o r  t h e  answers would have been found. 

S o m e t h i n g  m u s t  b e '  

The t h r u s t  h e r e  i s  n o t  t h e  j u s t i f i c a t i o n  of t he  system i t s e l f ,  but  r a t h e r  t h e  
j u s , ; f i c a t i o n  of t h e  s e l e c t i o n  of t h e  v a r i o u s  technical  parameters  which t h e  
system m u s t  meet. This  j u s t i f i c a t i o n  (Le., optimum parameter  t r a d e o f f )  m u s t  
b e  done i n  r e l a t i o n  t o  t h e  a b i l i t y  o f  t h e  u s e r  t o  t u r n  t h e  c o l d ,  i m p e r s o n a l  
d a t a  i n t o  a l i v e ,  pe r sona l  d e c i s i o n  o r  piece of information.  

Therein,  of course,  l i e s  t h e  s l e e p e r :  t h e  d a t a  system d t s i g n e r  requires d a t a  
parameters ,  and i s  dependent on t h e  u s e r  t o  convert  h i s  i n fo rma t ion  needs t o  
t h e s e  d a t a  p a r a m e t e r s .  T h i s  c o n v e r s i o n  w i l l  b e  done w i t h  more  o r  l e s s  
a c c u r a c y ,  b e g i n n i n g  a c h a i n  of i n a c c u r a c i e s  wh ich  p r o p o g a t e  t h r o u g h  t h e  
s y s t e m ,  and which, i n  t h e  end, may p reven t  t h e  u s e r  from conver t ing  t h e  d a t a  
which he r e c e i v e s  i n t o  t h e  in fo rma t ion  he  r equ i r e s .  The concept t o  be pursued 
w i l l  be t h a t  e r r o r s  w i l l  oc-:*r i n  v a r i o u s  p a r t s  of  t h e  s y s t e m ,  and ,  h a v i n g  
o c c u r r e d ,  w i l l  p r o o o g a t e  t u  t h e  end. Mode l ing  of t h e  s y s t e m  m a y  a l l o w  a n  
e s t i m a t i o n  of t h e  e f f e c t s  a t  any p o i n t  and t h e  f i n a l  accumulated e f f e c t ,  and 
may provide a method of a l l o c a t i n g  an e r r o r  budget among t h e  system components. 

I n a c c u r a c i e s  w i l l  b e  c o n s i d e r e d  t o  b e  of two t y p e s ,  wh ich  may b e  s t a t e d  i n  
terms of t r a n s f e r  f u n c t i o n s  f o r  each of t he  system components considered:  1) 
Calibrat ion--  t h e  d i  L'f erence be  tween t h e  s t a t e d  t r a n s  f e r  f unc t i c 2 ax! r ea  1 i t y ;  
2) Uncertainty--the e r r o r  b a r s  around each s t a t e d  f u n c t i o n  and measurement. 

This paper p r e s e n t s  t h e  r e s u l t s  of one phase of r e sea rch  performed by t h e  J e t  
P ropu l s ion  Laboratory,  C a l i f o r n i a  I n s t i t u t e  of  Techno logy ,  s p o n s o r e d  by t h e  
Nat ional  Aeronaut ics  and Space A d m i n i s t r s t i o c  uuder Contract  flAS7-100. 
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W e  begin by modeling an in fo rma t ion  system as shown i n  F i g u r e  1. The forward 
model i s  r equ i r ed  t o  convert  u a i t s  of i n f o r m a t i o n  t o  u n i t s  of r e q u i r e d  d a t a ,  
and  answei 's  t h e  q u e e t i o n  "What s e t  of  m e a s u r e m e n t s  w i l l  b e s t  c a i  'y (i.e.,  
a l l o w  t h e  b e s t  d e r i v a t i o n  o f )  t h e  icformation?" This box provides  t h e  set  of 
measurement "requiremeate" t o  &he measuring system, v h i c h  responds w i t h  a s-.t 
of real measurements which w i l l  hopeful ly  be  somewhat n e a r  t o  t h e  d e s i r e d  set. 
H o v e v e r ,  t h e  d a t a  sys tem may h a v e  a n  i n a c c u r a t e  o r  u n c e r t a i n  t r a n s f e r  
f u n c t i o n ,  so t h a t  t h e  s e t  of a p p a r e n t  m e a s u r e m e n t s  p r e s e n t e d  t o  t h e  
in fo rma t ion  model d e v i a t e  f u r t h e r  from r e a l i t y .  It is w i t h  t h i s  set t h a t  t h e  
u s e r  a t t e m p t s  t o  d e r i v e  h i 6  in fo rma t ion ,  using t h e  I n f 3 r m a t i o n  Model. 

Evaluat ion of t h e  s y s t e m  Eakes p l a c e  i n  two l e v e l s  as suggested i n  F i g u r e  2. 
Ncte t h a t  t h e  e v a l u a t i o n  (and, t h e r e f c r e ,  t h e  design) of a t o t a l  i n f o r m a t i o n  
s y s t e m  i c  t h e  j o i n t  r e s p o r i s i b i l i t y  of t h e  u s e r  and t h e  d a t a  system des igne r ,  
as model  boxes  u n d e r  t h e  c o g n i z a n c e  of each  a r e  i n v o l v e d .  The d a t a  s y s t e m  
d e s i g n e r  c a n n o t  b e  h e l d  for t h e  i n a d e q u a c i e s / u n c e r t a i n = i e s  i n  e i t h e r  t h e  
f o r w a r d  or t h e  i n f o r m a t i o n  m o d e l s ,  a l t h o u g h  h e  i s  d e e p l y  i n t e r e s t e d  i n  t i l e  
v a l i d i t y  of each. 

Care m u s t  be t a k e n  i n  d e s i g n i n g  :he m o d e l s ,  and t h e  s y s t e m s  which  t h e y  
r e p r e s e n t .  A t  t h e  low end of ;;;;iz:i& t h e  sys t em may only provide a nominal s o l u t i o n  t o  t h e  i n f o r m a t i m  

, and so t he  p o t e n t i a l  e r r o r s  due t o  t h e  des ign  way be q u i t e  large.  
B v t  a t  l e a s t ,  @, t h e  d a t a  c a n  b e  o b t a i c e d .  A t  She o t h e r  extrei.t~A, i c o m p l t x  
m o d e l a  can  t e  p r e c i s e l y ,  i f  o n l y  t h e  d a t a  
r equ i r ed  for t h  s o l u t i o n  could be  obtained 8. I f  i t  can be I d e n t i f i e d ,  t h e  
s a d d l e  p o i n t ,  @, i s  t h e  opt imum c o m p l e x i t y  t o  d e s i g n  to .  I n  t h e  c a s e  of 
r e g i s t r a t i o n  of Landcat, f o r  example, t h e  s a d d l e  p o i n t  may be found t o  be a t  
t h e  0.5-1.5 p i x e l  l e v e l ,  f a i r l y  broad, w i t h  t h e  moderate g a i n s  obtained w i t h  
very complex processing being very c o s t l y  o r  t h e  r e q u i s i t e  complex d a t a  (e.g., 
w o r l d - w i d e  G C P s j  b e i n g  u n o b t a i n a b l e ,  o r  a t  t h e  low c o m p l e x i r y  e n d ,  s i m p l e  
processing producing only moderate r e g i s  t r a t i c n  accuracy. 

F i g u r e  3 a p p l i e s  t o  b o t h  mode l s  and systems. 

p r o d u c e  t h e  d e s i r e d  r e s u l t s  q 

SYSTEM DES1e.q 

We w i l l  be concerned p r i m a r i l y  w i t h  t h e  d a t a  system design. This i nc ludes  t h e  
c h o i c e  of t h e  p a r a m e t e r s  (e.g., a p e c t r a l  b a n d s ,  r e s o l u t i o n ,  e t c . ) ,  t h e  
e x a c t n e s s  w i t h  wh ich  t h e y  m u s t  b e  m a i n t a i n e d ,  t h e  c a l i b r a t i o n  p r o c e s s  
i n c l u d i n g  t h e  a v a i l a b i l  t y  o f  r e q u i r e d  a n c i l l a r y  d a t a ,  d a t a  l a t e n c y ,  and t h e  
u n c e r t a i n t i e s  a s s o c i a t e d  w i t h  each of t hese  items. This m u s t  be done i n  t h e  
c o n t e x t  of t h e  c o m p l e t e  i n f o r m a t i o n  system. The d a t a  s y s t e m  b l o c k  i s  
diagrammed i n  Fi.gure 4. 

Two approaches may be taken t o  t h e  d a t a  system design:  1)  Optimize t h e  d a t a  
system by minimizing t h e  summation of the  d e v i a t i o n s  of t h e  d e l i v e r e d  products  
from t h e  des i r ed  measuremcnts; 2) Optimize t h e  t o t a l  i ; lformation system by 
m i n i m i z i n g  t h e  dec re* . se s  i n  o b t a i n a b l e  i n f o r m a t i o n  (by t h e  u s e r s )  d u e  t o  
d e v i a t i o n s  i n  t h e  d e s i r e d  measurements trom t h e  requested s e t .  One of  t h e s e  
approaches i s  u8ed i m p l i c i t l y ,  i f  n o t  e x p l i c i t l y ,  i n  any system dcsign. They 
do no t  n e c e s s a r i l y  lead t o  t h e  Same choize of parameters.  



T'LUS, t h e  d a t a  system d e s i g n  model  f o r  1 )  i s  d i ag rammed  { n  F i g u r e  S ,  T t  c a n  
b e  s e e n  t h a t  t h i s  is a l i n e a r  programming problem. The l o s s  f u n c t i o n  t o  b e  
m i n i m i z e d  i s  t h e  ( w e i g h t e d ,  a z , o r d i n g  t o  t h e  i m p o r t a n c e  of t h e  v a r i o u s  
d i s c i p l i n e s )  sum of t h e  d e v i a t i o n s  i n  t h e  d a t a  d e l i v e r e d  f ro=  each a k s c i p l i n e  
r e q u e s t .  The parameters a v a i l a b l e  t o  t h e  d e s i g n e r  a r e  t h e  s e n s o r  b o g i e  
p a r a m e t e r s ,  a n t i c i p a t e d  i n t e r f e r e n c e  f a c t o r s  ( s u c h  as  s e n s o r  v ora.ioi.5, 
ground a l t i t u d e  re l ie f  d i sp lacemen t@,  o r b i t  u u z e r t a i n t i e s ,  etc.) ,  t h e  a b i l i t y  
t o  m e a s u r e  t h e s e ,  t h e  c a l i b r a t i o n  f o r w a t d  mode l  ( L e . ,  how do we p l a n  t o  
remo-:e t h e  e r r o r s ? ) ,  d a t a  s y s t e m  procedurtzs ,  a v a F l a b ; - L i t y / a c c u  a c y  of 
c a l i b r a t i o n  r e f e r e n c e s ,  and t h e  p rocec t i r -d  used  t o  r e c t i f y  ( a p p l y  t h e  
c a l i b r a t i o n s ) .  To p r o p e r l y  c h o o s e  b e t w e e n  t h e  p a i a m e t e r s ,  c o e f f i c i e n t s  
p e r t a i n i n g  t o  t h e  s e n s i t i v i t y  of resul ts  t o  v a r i a t i o n s  i n  each parameter  and 
t o  t h e  importance of t h e  va r ious  parameters  are r eqd i r ed .  (For examplc, how 
impor t an t  t o  D i s c i p l i n e  A i s  t h e  d i f f e r e n c e  between prompt r e g i s t r a t i o n  t3 1 
p i x e l  vs. delayed r e p i s t r a t i o n  t o  3.3 p i x e l ;  how impoxtan+ a r e  t h e s e  r e l a t i v e  
t o  o v e r l a y  m a t c h i n g  o r  t o  a b s o l u t e  g e o d e t i c  l o c a t i o n ,  and how i m n o r t a n t  i s  
D i s c i p l i n e  A i n  t h e  t o t a l  scheme of t h i n g s ? )  These c o e f f i c i e n t s ,  i f  a v a i l a b l e  
a t  a l l ,  w i l l  gen r a l l y  be only poorly known. Note, however, t ha t  i i  t h e y  a r e  
n o t  e - . p l i c i t l y  s t a t e d ,  they w i l l  be essumed by t h e  d a t a  system des igne r  w i t h  
01 wi thou t  a f f i r m a t i o n  by t h e  d i s c i p l i n e  users.  A cavea t  t o  t h e  users! 

I n  approach 21, t he  u s e r  and h i s  forward and in fo rma t ion  models ,?re e x p l i c i t l y  
t r e a t e d ,  as d e m o n s t r a t e d  i n  r i g u r c  6. I n  t h i s  c a s e ,  t h e  i n f o r m a t i o n  s y s t e m  
des ign  must t a k e  i n t o  account ti,e e f f e c t  of t h e  r e a l  d a t a  on t h e  in fo rma t ion  
conversion i n  t h e  i n f o r m a t i o n  mcdels, recognizing t h a t  i L  w i l l  be d i f f e r e n t  
f r o m  t h e  d e s i r e d  d a t a  a n d  w i l l  b e  a c c o m p a n i e d  by t h e  a c c u i a u l a t e d  
u n c e r t a i n t i e s .  In a d d i t i o n  t o  t h e  se t  of d a t a  system pa rame t t r s ,  a v a i l a b l s  
a l s o  a r e  p o t e n t i a l  c h s n g r s  i n  t h e  f o r w a r d  and i n f o r m a t i o n  m o d e l s  (e.g., t h e  
u s e r  may have t o  do th ings  d i f f e r e i i t l y  than f i r s t  planned i f  t h e  a n t i c i p & t e d  
r e a l  d a t a  is too d ive rgen t  from t h e  d a t a  a e s i r e d  o r  i f  i t  w i l l  be accompanied 
by too l a r g e  errors . )  I n  a n  informaton-driven syt i tem,  t h e  i n f o r m a t i o n  l o s s e s  
a l l o w e d  w i l l  p l a c e  t o l e r a n c e s  on t h e  r e a l  d a t a .  T h i s  r e q u i r e s  t h a c  t h e  
i n f o r m a t i o n  m o d e l  b e  a c c o m p a n i e d  w i t h  a . e n s i t i v i t y  a i t a l y a i s .  The  
i n fo rma t ion / fo rward  model l i n e a r  programming o p t i m i z a t i o n  v i l '  - 1  l o w  t he  u s e r  
t o  r r a d e  o f f  t h e  v a r i o u s  d e s i r e d  p a r a m e t e r s  r e q u e s t e d ,  a l l o w i n g  f o r  t h e  
a n t i c i p a t i o n  of d a t a  r e a l i t i e s  and t h e  i n f l u e n c e s  of t h e  o t h e r  d i s c i p l i n e s  oil  
t h e  t o t a l  i n f o r m a t i o n  s y s t e m  outcome. 

Again, a caveat  t o  t h e  use r s - th i s  procedure,  u sua l ly  i m p l i c i t ,  requirc i t h e  
choosjrg of s e n s i t i v i t y  c o e f f i c i e n t s ,  a l s o  usua l ly  i m p l i c i t .  The u s e r  w i t h  
p a r t i c u l a r l y  s e n s i t i v e  r e q u i r e u e n t s  hsd b e s t  makc h i s  needs known! 

J u s t  a s  t h e  v a r i o u s  e r r o r s  p r o p a g a t e  t o  t h e  end ("divLf:rearn"), in a n  
i n f o r m a t i o n - d r i v e n  systerr t h e  t o l e r a n c e s  w i l l  p r o p a g a t e  u p s t r e a m .  The 
i m p l i c a t i o n  i s  t h a t ,  i n  c o n t r a s t  t o  t h e  n o r m a l  s i - g l e - t t . r c ; d  s y s t e m  which 
r e q u i r e s  e v e r - t i g h t e r  t o l e r a n c e s  i n  t h e  e a r l i e r  s tgges ,  i t  may be p o s s i b l e  f 3 r  
c e r t a i n  u s e r s  t o  p i ck  o f f  d a t a  e a r l i e r  i n  t h e  d a u  airrrru Leie ra  e r r o r s  have 
had a chance t o  accumulate ,  a d  tor them tu 22 t h e i i  ow11 prccessing. Thib may 
r c l i e v e  e r r o r  t o l e r a n c e s  on rhe relnaindzr of t h e  s y s t e m -  



I n  a d d i t i o n  t o  t h e  s e n s i t i v i t y  c o e f f i c i e n t b  f o r  a s i n g l e  p a r a m e t e r ,  c r o s s  
c o e f f i c i e n t s  may be impor t an t  i n  analyzing t h e  t r adeof f s .  Four examples of 
i n t e r d e p e n d e n c )  of v a r i a b l e s  a r e  s k e t c h e d  i n  F i g u r e  7. F o r  e x a m p l e ,  w i t h  
V a r i a b l e  A b e i n g  s p a t i a l  r e s o l u t i o n  and V - z i a b l e  3 b e i n g  d a t a  r a t e :  Case I 
( u p p e r  l e f t ) ,  a u s e r  m a y  h a v e  l o t s  of  c o m p u t e r  c a p a b i l i t y ,  s o  t h a t  d a t a  
q u a n t i t y  i s  no  p r o b l e m ,  b u t  i n c r e a s i n g  r e s c l u t i o n  i m p r o v e s  t h i n g s  ~p t o  a 
p o i n t  a f t e r  w h i c h  ( s a y )  s c a t t e r  i n  t h e  d a t a  d e c r e a s e s  h i s  p e r f o r m a n c e .  I n  
Case I V  ( l o w e r  r i g h t )  a s m a l l e r  u s e r  f i n d s  t h e  same t y p e  of r e s o 1 u t ; o n  
o p t i m i z a t i o n ,  b u t  t o t a l  d a t a  q u a n t i t y  h u r t s ,  so t h a t  a t  some po inL  t h e  
iuc*ease of d a t a  w i t h  r e s o l u t i o n  becomes t h e  l iu i t ing  fac to r .  

As a second e x a r p l e ,  l e t  t h e  v a r i a b l e s  be a b i l i t y  t o  register ( i n  p i x e l s )  VS. 
t h e  p i x e l  s i z e ,  2nd l e t  u s  c o n s i d e r  t h r e e  c a s e s :  1) u s e r  d o e s n ' t  ca re  a b o u t  
r e g i s t r a t i o n  a t  a l l ,  because h e  is  ocly looking a t  a s i n g l e  image; 2) d e s i r e d  
g e o d e t i c  l o c a t i o n  ( i n ,  s a y ,  m e t -  r s )  i s  c o n s t a n t  r e g a r d l e s s  of  r e s o l u t i o n  
b e c a u s e  t h e  u s e r  m u s t  r e g i s t e r  t o  GCP a t  t h e  same l o c a t i o n  a c c u r a c y  
independent of r e s o l u t i o n ;  t h i s  u s e r  r e q u i r e s  t h a t  t h e  p e r  p i x e l  r e g i s t r z t i o n  
g e t  b e t t e r  as  t h e  p i x e l s  g e t  l a r g e r ;  3)  f o r  o v e r l a y  p u r p o s e s ,  t h e  same 
f r a c t i o n a l  p i x e l  accuracy is requ i r ed  r e g a r d l e s s  of t h e  p i x e l  s i ze .  These are  
s k e t c h e d  i n  F i g u r e  8, t o g e t h e r  w i t h  a h y p o t h e t i c a l  s y s t e m  pe fo rmance .  The 
heavy l i n e  i n  F i g u r e  8 i n d i c a t e s  t h e  r i d g e  of opt imum p e r f o r m a n c e  from t h e  
u s e r  p o i n t  of view. The i n t e r s e c t i o n  of t h e  a n t i c i p a t e d  system performance 
w i t h  t h e  u s e r  ridge i n d i c a t e s  t h e  des ign  optimum. 

It is  r e a l i z e d  t h a t  t h e  bogie parameters, s e n s i t i v i t y  c o e f f i c i e n t s ,  and cross-  
s e n s i t i v i t y  c o e f f i c i e n t s  r e q u i r e d  t o  do a q u a n t i t a t i v e  s y s t e a  o p t i m i z a t i o n  
w i l l  g e n e r a l l y  no t  be ava i l ab le .  Nevertheless  , t h e s e  a re  i m p l i c i t l y  de f ined  
i n  t h e  sys tem designer 's  mind. H e  w i l l  make a mental  e v a l u a t i o n  of t h e  Jser 
f o r w a r d  slid i n f o r m a t i o n  m o d e l s ,  a n 6  t r y  t o  d e c i d e  wh ich  p a r a m e t e r s  a r e  
i m p o r t a n t  and w h i c h  c a n  be  s l i g h t e d ,  and t h e n  p r o c e e d  t o  t h e  d a t a  s y s t e m  
design. Much fundamental r e sea rch  remains t G  be done t o  d e f i n e  the  forward 
and in fo rma t ion  u s e r  models and t o  o b t a i n  t h e  s e n s i t i v i t y  f a c t o r s ,  t o  a l low 
these  to Le used in 5 q u a n t i t a t i v e  t o t a l  i n f o r n a t i o n  s y s t r m  design. 

SYSTEM ANALYSIS 

Somehow t h e  s y s t e m  debign i s  a r r i v e d  a t ,  t h e  senso r  b u i l t  and d a t a  del ivered.  
The user m u s t  then work w i t h  whatever d a t a  is now a v a i l a b l e ,  Cogether w i t h  i t s  
e r ro r s .  A t  t ha t  p Q i n t  he has only t h e  i n f o r m a t i o n  model t o  vary--that is, he  
w i l l  do whatever necessary t o  d e r i v e  the  d e s i r e d  information,  W e  w i l l  l e ave  
him t u  n i s  t r o u b l e s ,  and c o n s i d e r  t h e  d a t a  s y s t e m  i t s e l f .  The t a s k  a t  t h i s  
po in t  i s  t o  e v a l u a t e  t h e  s y s t e m  periormance (see F i g u r e  9). 

The n o r m a l  d e s i r e  i n  d e s i g n i n g  a s y s t e m  is t h a t  e a c h  f u n c t i o n  be a 1:l 
t r a n s l a t i o n ,  w i t h  a change  i n  d i m e n s i o n s  o n l y ,  u n t i l  f i n a l l y  t h e  " c o r r e c t  
measurement'; i s  t h e  same a8 t h e  " d e s i r e d  measurement" .  We w i l l  t h e r e f o r e  
.nodel each f u n c t i o n  8.: "somewhat l i n e a r ,  with a bias"  ( f i g u r e  left! ,  bu t  l e t  
t h e  o u t p u t  b e  p roduced  w i t h  some u n c e r t a i n t y  ( f i g u r 2  r i g h t ) .  Fo r  a l i n e a r  
s y s t e m  w i t h  t h o  i n p u t  h a v i n g  any p o s s i b l e  v a l u e  w i t h  e q u a l  p r o b a b i l t y ,  t h e  
p r o b a b i l i t y  t h a t  t h e  o u t p u t  h a s  a v a l u e  i n  a c e r t a i n  r a n g r  i s  found by 
c c n v o l v i o g  t h e  p r o b a b i l i t y  d e n s i t y  f u n c t i o n  of t h e  e r r o r  w i t h  t h a t  of t h e  
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s i g n a l ,  and  i n t e g r a t i n g  b e t w e e n  l i m i t s  r e p r e s e n t i n g  t h e  range of i n t e r e s t .  
(Note t h a t  t h e  p r o b a b i l i t y  d i s t r i b u t i o n  f u n c t i o n  of t h e  e r r o r  i s  equ iva len t ,  
i n  one dimension, t o  t h e  p o i n t  spread f u n c t i o n  of t h e  image case. The symbol 
h w i l l  t h e r e f o r e  be used.) Define the "gain" of each stage as Output/Input = 
a, so t h a t  f o r  a t w o  stage s y s t e m ,  

For cons t an t  t o t a l  system g a i n  ala2 ,  minimum e r r o r  occurs when a1 
l e a d s  t o  t h e  e n g i n e e r s '  o l d  r u l e  of  thumb: 
n o i s e  sou rces  as possible .  

This 
p u t  as much g a i n  ai:a?.of any 

I f  t h e  e r r o r  sources  are Gaussian,  t h e  convolut ions become root-mean-square 
add i t ions .  However, i n  t h e  r e g i s t r a t i o n  case ,  i t  i s  i x : t  y e t  c l e a r  whether t he  
e r r o r  sources  are Gaussian,  so t h e  BMS a d d i t i o n  must be used wih c z u t i o n  I t  
is a l s o  n o t  c l e a r  w h e t h e r  a n  RMS s t a t e m e n t  of  t h e  e r r o r s  i s  t h e  one  nos t  
u s e f u l  t o  t h e  use r  i n  eva lua t ing  t h e  s y s t e m  performance. For example, i t  r . 1 ~ ~  

b e  more i m p o r t a n t  f o r  t h e  u s e r  t o  know where  t h e  d i s p l a c e m e n t  e r rGrs  o c c u r  
( w o r s e  i n  a r e a s  of h i g h  r e l i e f  and p r e d i c t a b l e  i n  d i r e c t i o n )  t h a n  i t  i s  Lor 
him t o  know a n  RMS value (which i n  i t s e l f  m a y  be suspect) .  

I t  should be noted t h a t  a s t a i emen t  G f  t h e  e r r o r s  occur r ing  i n  v a r i c u s  p a r t s  
of t h e  s y s t e m  i s  o f  m a r g i n a l  u s e  by  i t s e l f  u n l e s s ,  p e r h a p s ,  o n e  o r  more is 
g1arii:gly bad. Not u n t i l  t h e  systec nodel  i s  b u i l t  ( i m p l i c i t l y  or e x p l i c i t l y ?  
can the  emor p r o p g a t i o n  be est imated.  Uuring s y s t e m  design,  t h e  propagation 
e s t i m a t e  is used t o  e s t a b l i s h  t o l e r a n c e s  on t h e  components, a d  during e v a l u a t i d a  
i t  w i l l  b e  u s e d  w i t h  t h e  a c t u a l  e x p e c t e d  e r r o r s  t o  c h e c k  per:ormance and  t o  
i d e n t i f y  c r i t i c a l  e r r o r  c c n t r i b u t o r s .  Af t e r  t h e  c o n t r i b u t i n g  e r r o r  sources  
and t h e i r  i n t e r a c t i o n s  are i d e n t i f i e d ,  t h e  fo l lowing  q u e s t i o n s  may be asked or' 
each source and of t h e  s y s t e m  as q whole: 

* What is t he  intended cmponent  performance? 
* What is  t h e  component a c t u a l  expected performance? 
* How may the performance be v e r i f i e d ?  
* What c o r r e c t i o n  methods are  a v a i l a b l e  f o r  s y s t e m  USC? 
* What c o r r e c t i o n  methods a r e  a v a i l a b l e  f o r  u se r  u s e ?  
f How w e l l  can t h e  c o r r e c t i o n  methods p o t e n t i a l l y  work? 
* How well may t he  c o r r e c t i o n  methods a c t u a l l y  work? 
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* How do  i n a c c u r a c i e s  p ropaga te  through t h e  sys tem? 
* How do u n c e r t a i n t i e s  propctgate  th rough  t h e  syssem? 
* Where a r e  t h e  major inaccuracy  o r  u n c e r t a i n t y  s o u r c e s ?  

F i n a l l y ,  i t  i s  t o  be expec ted  t h a t  t h e r e  may be  breakdowns d u r i n g  o p e r a t i o n ,  
or t h a t  t h e r e  may b e  o p e r a t i o n a l  p r o b l e m s  i n  p e r f o r m i n g  t h e  c o m p o n e n t  
f u n c t i o n s .  C o n s i d e r i n g  p r o b a b i l i t y  o f  c o r r e c t  o p e r a t i o n  as a s y s i e m  
c r i t e r i o n ,  t h e  f o l l o w i n g  q u e s t i o n s  are p e r t i n e n t :  

* 
* 
* 

W h a t  s l a c k  i s  t h e r e  i n  t h e  d e s i g n  t o  allow f o r  problems? 
I f  a p r o b l e m  o c c u r s ,  w i l l  t h e  a y s t e m  f a i l  c a t a s t r o p h i c a l l y  o r  
g r a c e f u l l y ?  
What is t h e  p r o b a b i l i t y  t h a t  t h e  sys t em w i l l  remair. U F  ( w i t h i n  s p e c s )  
f o r  XX of t h e  t ime? 
:!ow hard  does  t h e  sys tem,seem t o  be  t o  o p e r a t e ?  
What p o t e n t i a l  f o r  o p e r a t o r  e r r o r s  are  p r e s e n t ?  
Are work-arounds f o r  v a r i o u s  e n v i s i o n e d  errors d e f i n e d ?  
How f r i e n d l y  a r e  t h e  sys tem i n t e r f a c e s  t o  t h e  u s e r s ?  
Where a r e  t h e  o p e r a t i o n a l  b o t t l e n e c k s ?  
Are t h e r e  any s e r i o u s  s i n g l e - p o i n t  f a i l u r e  p o i n t s ?  

FINAL POINTS 

I t  can  be  s e e n  t h a t  t h e  v a r i o u s  "User  Requ i remec t s  Surveys" have  n o t  asked  t h e  
r i g h t  q u e s t i o n s ,  o r  a t  l e a e t  have  not  a sked  t h e  q u e s t i o n s  w i t h i n  a m i l i e u  t o  
a l l o w  t h e  u s e r  t o  r e s p o n d  w i t h  t h e  c o e f f i c i e n t s  r z q u i r e d  by t h e  s y s t e m  
des igne r .  The most r e c e n t  sys t em su rvey  by CSFC h a s  t aken  a s t e p  i n  t h e  r i g h t  
d i r e c t i o n  by p r e s e n t i n g  t o  t h e  users s e v e r a l  p o t e n t i a l  systems among which t h e  
u q e r s  were t o  i n d i c a t e  t h e  r e l a t i v e  use fu lness .  But t h e  n e c e s s a r y  g r o s s n e s s  
of t h e  d i f f e r e n c e s  p r e v e n t s  any f i n e  t u n i n g  o f  t h e  parameters .  

I t  is  n o t  c l e a r  t h a t  t h i s  f i n e  t u n i n g  i s  even p o s s i b l e ,  g i v e n  t h e  d i v e r s i t y  of 
u sexs  w i t h i n  each  d i s c i p l i n e ,  l e t  a l o n e  among t h e  d i s c i p l i n e s .  No p l a t e a u s  
o f ,  s a y ,  r e g i s t r a t i m  accuracy ,  have  beec  found beyand which t h e r e  i s  a marked 
l o s s  of  u t i l i t y  of t h e  da ta .  The !oss of u t i l i t y  w i t h  p o o r e r  per formance  has  
c o t ,  p e r h a p s  c a n n o t ,  b e  s t a t e d  f o r  t h e  v a r i o u s  d i s c i p l i n e s .  And t h e  
a g g r e g a t i o n  of t h e  l o s s e s  w i l l  produce n loss cu rve  w i t h  a g r a d u a l  s l o p e ,  w i t h  
no c l i i f s .  

I n  t h e  long run ,  i t  m a y  w e l l  t r  found t h a t  a l l  of t h e  p o t e n t i a l l y  o b t a i n a b l e  
i n f o r m a t i o n  i s  a l r e a d y  i n  t h e  u s e r  s u r v e y s  which a r e  a v a i l a b l e  and t h a t  u s e r s  
r e a l l y  cannot  d e f i n e  t h e i r  c o e f f i c i e n t s ,  much less a n t i c i p a t t .  t h e  Poef f i c i e n t s  
of o t h e r s .  I n  t h i s  c a s e ,  
t b  a d v a n c e s  i n  s y s t e m  p e r f o r n a n c e  w i l l  b e  m o r e  t e c h n o l o g y  d r i v e n ,  a n d  t h e  
users m u s t  make of i t  wha t  t h e y  w i l l .  ( I n  any  e v e n t ,  o n c e  a s y s t e m  i s  
des igned ,  t h i s  i s  t h e  s i t ua t ion . )  I t  t h e n  r e m a i n s  t o  t h e  sys t em p e r s o n n e l  t o  
d e f i r l e  w h a t  d a t a  q u a l i t y  r e s u l t s  a t  v a r i s u s  p o i n t s  i n  t h e  s y s t e m ,  a c d  
b o p e f u l l y  a l l o w  t h e  u s e r s  t o  o b t a i n  d a t a  ot v a r i o u s  q u a l i t y  t o  sitit t h e i r  
needs.  The sys tem error model w i l l  be used  t o  do t h e  eva!uat ion,  i d e n t i f y  and 
remove s u c c e s s i v e  e r r o r  p redomican t  s o u r c e s ,  t o  p r o v i d e  e v e r - b e t t e r  d a t a  t o  
t h e  u s e r s ,  and t o  s e r v e  as a s o u r c e  of i n f o r m a t i o n  f o r  su3sequen t  sys tems.  

T h i s  i s  t h e  " l c r  c o m p l e x i t y "  e n d  of t h e  s p e c t r u m .  
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Figure 1. Information System Overall Block Diagram 
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