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t h i s  rnd-co-2nd error a n a l y s i s  program is t o  paxi- 
mizr t h e  u t i ' i t y  o f  t h e  da t a  t o  t h e  tiser by minim,tirg t h e  o v e r a l l  p o s i t i o n i n g  
errot. i n  a c o s t  e f fec t . i ve  mariner. For e x i s t i n g  land  remote s e n s i n g  sys tems,  
s w h  3 s  Landsat-D, t h i s  imp l i e?  measuring ana i s o l a t i n g  t h e  key components of 
crror i n  order t o  t r e d i c t  e r r o r s  i n  i n f e r r e d  o u t p u t  v a r i a b l e s ,  and t o  modify,  
if necessa ry ,  bl iss ion o p e r a t i o n s  acd ground p rocess ing  procedures .  For f u t u r e  
s y s t e m ,  such  a s  p o s s i b l e  mul l i s enso \*  mu1 t i r e s o u r c e  mis s -ons ,  error a n a l y s i s  
s t a r t s  by  modeling and p r e d i c t i n g  t h e  uey error s o x c e s  and s e n s i t i v i t y  i n  
syste.r,z perr'ormance for s p e c i i i c  p roduc t s  i n  order t o  a s s i s t  i n  t h e  d e s i g n ,  
f z k r i c a t i o n  and trade-off phases .  The methodology fo r  t n i s  error a n a l y s i s  
must be i n  Dlace d u r i n g  t h e  s tud )  phase o f  f - J t u r e  sys tems i n  order t o  f u l l y  
e x m i n e  b c t h  hardware and sof tua t -0  zpproacheE t o  meet ing  requiren:ents .  

Tie r e p o r t  is o rgan ized  i n t o  LWO s e c t i o n s .  The f irst  rev iews  our c u r r e n t  
s t a c e  o f  kncwledge o f  b o t h  u s e r  p o s i t i o n i r &  requ i r emen t s  and e r r w  models of 
c u r r e n t  and proposed s a t e l l i t e  sys tems.  The second s e c t i o n  g i v e s  a broad out -  
l i n e  of  t h e  subpanel recommendationc. In a d d i t i o n ,  there are  ~ ; v 3  appendices .  
Aopendix A d e t a i l s  ';he i m p l i c a t i o n s  of  an  a s s m p t i o i !  t h a t  a strawman 1'24,000 
s c a l e  tnapping requi rement  might Se t h e  c r i t i c 3 1  dri;fer for  an  o p e r a t i o n a l  l and  
obse rv ing  s y s t e n .  Appendix E i s  a l i s t i n g  of subpantl members. 

3.?.1 Sta t e  G f  K n o u l e d g  

3.7.1.1 User Requirement? 

h a l y s i s  of e x t e n s i v e  bser su rveys  on s p a t i a l  and s p e c t r a l  r equ i r emen t s  for an  
c p e r a t i o n a l  l and  obse rv ing  s y s t e n  have r e c e n t l y  been completed (Barker  e t  a l .  



1980).  There is l f t t l e  i f  any informat ion  i n  t h e s e  su rvey3  t o  q u a n t i t a t i v e l y  
j u s t i f y  any s p e c i f i c  p o s i t i o n i n g  requirement. This is an i n d i c a t i o n  o f  t h e  
need t o  provide  f o r  i t e r a t i v e  i n t e r a c t i o n  with informed t e c h n i c a l  and 
professioAa1 u s e r s  s i n c e  a s i g n i f i c a n t  mapping requirement  was no t  a n t i c i -  
pa ted .  Furthermore,  t h e  m a j o r i t y  of p o t e n t i a l  users o f  map q u a l i t y  d i g i t a l  
imagery would nct have been surveyed because n e i t h e r  t h e y  nor  t h e  surveyers 
recognized t h e  a p p l i c a b i l i t y  of  s a t e l l i t e  d a t a  t o  mapping. There were con- 
sistent requi rements  f o r  2 4  d a t a  for f o r e s t e r s  and o t h e r s  i n  t h e  USDA. Thea+ 
requirements a r e  about  t h e  same s ize  a8 t h o s e  needed t o  meet t h e  most impcr-  
t a n t  mapping requi rement  o f  1:24,000 (Barker ,  1980) which was i d e n t i f i e d  i r l  a 
s e p a r s t e  i n i t i a l  s t u d y  of  mapping requi rements .  Informal  q u e r i e s  on f o r e i g n  
maps i n d i c a t e  t h a t  a s c a l e  o f  1:50,000 is probably t h e  one most g e n e r a l l y  
tlsed. Actual requi rements  f o r  mapping from f u t u r e  s e n s o r s  a r e  p a r t  o f  an on- 
going s tudy  under t h e  ELOS a c t i v i t i e s  a t  Goddard Space F l i g h t  Center ( E R I H .  
1981). Appendix 3.7.A d e t a i l s  t h e  implied requi rements  f o r  a strawman 
1:24,000 s c a l e  map. 

3.7.1.3 Generic  Error Source Hodeling 

S p a c e c r a f t  systems need a c c u r a t e  c h a r a c t e r i z a t i o n  f o r  e r r o r  budget development 
t o  a c c u r a c i e s  commensurate w i t h  car tography t o  NHA s t a n d a r d s  a t  1:24,000 
s c a l e .  As- 
suming a minimal use of  ground c o n t r o l  p o i n t s  i n  t h e  image r e g i s t r a t i o n  pro- 
cess, t h e  accuracy s t a n d a r d s  d e l i n e a t e d  i n  t i le fo l lowing  paragraphs  must be 
met. 

Analy t ic  o r b i t  p ropagators  a r e  not  y e t  adequate  t o  meet t h e  need. 

Ephemeris  measurement c a p a b i l i t y  commensurate w i t h  CPS c a p a b i l i t y  (10-m posi- 
t i o n )  is e s s e n t i a l  f o r  geode t i c  p o s i t i o n i n g  adequate  t o  s a t i s f y  t h e  s t a t e d  
u s e r  need. The o p e r a t i o n a l  process ing  of  GSTDN (Goddard Space Tracking and 
Data Network) d a t a  and t h e  p ro jec t ed  processirlg of TDRSS d a t a  do n o t  provide  
t h e s e  accu rac i e s .  

Knowledge and/or  c o n t r o l  of  p la t form dynamics t o  b e t t e r  than 0.001 deg poin t -  
ing accuracy and deg / s  p o i n t i n g  s t a b i l i t y  i s  needed f o r  adequate  geode t i c  
p o s i t i o n  accuracy .  Landsat-D p o i n t i n g  c o n t r o l  w i t h  0.01 deg p o i n t i n g  c o n t r o l  
and deg / s  s t a b i l i t y  r e p r e s e n t s  t h e  p r e s e n t  s t a t e  of  t h e  a r t  f o r  n a d i r  
o r i e n t e d  p l a t fo rms .  

Sensor dy:iamics have been modeled t o  a s i g n i f i c a n t  e x t e n t  f o r  t h e  scanning  
t .ype  i n s t rumen t s  a s  d i scussed  below under "Ex i s t ing  Geometric Error Analys. 
Hodels f o r  Landsat-D". 

kL.9 and SAR do not  p r e s e n t  any obvious dynamics problems and no S i g n i f i c a n t  
ana lyses  have been done t o  d a t e .  However, t h e  need f o r  cont inuous  a l ignments  
t o  a few a r c  seconds do not a l low r u l i n g  out  t h e  need f o r  s u c h  a n a l y s e s .  A l -  
so, p o i n t a b l e  imagers such a s  may c h a r a c t e r i z e  an OLOY w i l l  c e r t a i n l y  n e c e s s i -  
t a t e  ana lyses  w i t h  regard  t o  po in t ing  dynamics and v i e w  ang le  a b e r r a t i o n s .  
Pre l iminary  e f f e c t s  of view ang le  a r e  ind ica t ed  by Driver (1982). 

Er ror  sou rces  not  s u b j e c t  t o  c o n t r o l  such a s  e a r t h  r o t a t i o n .  c u r v a t u r e r  and 
topographic  v a r i a b i l i t y  have s i g n i f i c a n t  impact on p o t e n t i a l  geode t i c  w a i t i o n  
accuracy and m u s t  be modeled and compensated f o r  e r r o r  minimiza t ion .  



Surface  v e l o c i t y  and image c o n f i g u r a t i o n  on a r o t a t i n g  t r i a x i a l  e l l i p s o i d  m u s t  
be modeled and analyzed and methods sought  f o r  e r r o r  m i n i n i z a t i o n .  

Ground con t ro l  pattern u t i l i z a t i o n  is  common f o r  ob ta in ing  high-accuracy geo- 
d e t i c  p o s i t i o n .  However, t h i s  i s  a c o s t l y  and slow method f o r  image r e g i s t r a -  
t i o n  and r a p i d l y  becomes untenable  f o r  r ap id  r e p e a t  coverage OK a g loba l  
s c a l e ,  p a r t i c u l a r l y  for  inadequate  a p r i o r i  e s t i m a t e  of geode t i c  p o s i t i o n .  
Furthermore,  adequate  ground c o n t r o i  does no t  exist  i n  many p a r t s  of  t h e  
world.  T e n t a t i v e  error-compensation o p t i o n s  have been advanced f o r  t h e  major 
sources  ( D r i v e r ,  ’982). “ i g n i f i c a n t  work i s  needed t o  de te rmine  t h e  f e a s i b i l -  
i t y  of such compensation o p t i o n s  or o t h e r s  which w i l l  enable  a c q u i s i t i o n  o f  
images w i t h  i n h e r e n t l y  a c c u r a t e  geode t i c  p o s i t i o n  on a g loba l  s c a l e .  The 
pro jec ted  5-10 year  time s c a l e  f o r  t h e  development o f  a TM GCP (Ground Control 
Poin t )  l i b r a r y  i n d i c a t e s  t h a t  f u t u r e  senso r  system o f  h igh  s p a t i a l  r e s o l u t i o n  
mat p lace  a g r e a t l y  reduced  r e l i a n c e  on G C P s .  

3.7.1.3 Ex i s t ing  Geometric Er ror  Analysis  Models f o r  Landsat-D 

A number o f  e r r o r  a n a l y s i s  models and s imi i la t ions  c u r r e n t l y  e x i s t  f o r  t h e  
Lmdsat-D TM image process ing .  These t echn iques  can be ca t egor i zed  i n t o  TM 
s e n s o r ,  a t t i t u d e  measurement, a t t i t u d e  c o n t r o l ,  s p a c e c r a f t  s t r u c t u r a l  dynam- 
i c s ,  Systematic  Correc t ion  Data Genera t ion ,  and c o n t r o l  po in t  e r r o r  dynamics. 

The TM senso r  models i n c l u d e  a dynamic. s imu la t ion  of  t h e  TM scan  mi r ro r  assem- 
b l y  ( i n c l u d i n g  open loop  and closed loop s t r u c t u r a l  i n t e r a c t i o n  e f f ec t s ! ,  a 
scan l i n e  c o r r e c t o r  dynamic s i m u l a t i o n ,  and a TM o p t i c a l  model which ca tegor-  
i z e s  o f f - a x i s  po in t ing  of each d e t e c t o r  as a func t ion  of d e t e c t o r  l o c a t i o n  and 
o p t i c a l  misal ignments .  

The a t t i t u d e  measurement models i nc lude  j i t t e i -  response (above n.@1 Hz) m d  
models of  t h e  Attitude Control D R I R l l  ( g y r J .  ., and tile angular  Displacement .Sen- 
sors  I A D S ) .  These models a r e  incorpora ted  i o a Firnulation which impar t s  at,- 
t i t u d e  motion i n t o  t h e  s e n s o r s ,  p rocesses  t n e  a a t a  through pro to type  A t t i t u d e  
Data Processing sof tware  and e v a l u a t e s  t h e  accu rac i e3  o f  t h e  processing s y s -  
tem. This simulatiorr is  used t o  determine t h e  e f f e c t s  o f  DRIRU or ADS c a l i -  
b r a t i o n  e r r o r  on o v e r a l l  system performance. 

The a t t i t u d e  c o n t r o l  model is a d e t a i l e d  s imula t ion  o f  t h e  A t t i t u d e  Control 
System and low-frequency ( l e s s  t h a n  7-Hz) s t r u c t u r a l  d y n a m i c s .  lncluded i n  
t h i s  s imu la t ion  are  e f f e c t s  o f  t h e  s o l a r  a r r a y  d r i v e  and TDRSS antenna d r i v e .  
This model has  been u s e d  t o  e s t i m a t e  the  a t t i t u d e  c o n t r o l  po in t ing  accuracy 
and t h e  low-frequency s p a c e c r a f t  j i t t e r .  

The s t r u c t u r a l  dynamics model is a a e t a i l e d  N A S T R A N  model of  t h e  LdndSat-D 
s p a c e c r a f t  frm. which modal a n a l y s i s  i s  perf3rmed. This model has been v e r i -  
f i e d  by performing component modal t e s t s  o f  t h e  TLASS Antenna and boom, t h e  
so la r  a r r a y ,  t h e  Instrument  Module Center body ( i n c l u d i n a  TM and MSS Mass Sim- 
P l , I a t o r s ) ,  and MuIti inission Spacec ra f t .  This model is use0 t o  p c e d i c t  on or.. 
b i t  high-fl-equency ( g r e a t e r  than o r  equal  t o  7-Hz) j i t t e r  caused b y  t h e  Tp; and 
MSS mir ro r  impacts.  

The accuracy of  Systematic  Correc t ion  Data Generat ion i s  t e s t e d  by c m p r r i n g  
the  o u t p u t s  of pro to type  sof tware  t o  those  o f  a high p r e c i s i o n  e x t h  look 
po in t  and map p r o j e c t i o n  models. 



The c o n t r o l  p o i n t  error dynamics a n a l y s i s  i n c l u J a c  :an 19-state cova r i ance  an- 
a l y s i s  and a de t a i l ed  s i m u l a t i o n  of c o n t r o l  p o i n t  l oca t - ion  errors ( t h i s  simu- 
l a t i o n  is c u r r e n t l y  i n  development?.  The cova r i ance  a n a l y s i s  and  s i m u l a t i o n  
i n c l u d e  dynamic error models for  ephemeris ,  al ignmerit ,  and low-frequency a t t i -  
tude.  The cova r i ance  a n a l y s i s  h a s  been used for system s t u d i e s  t o  de te rmine  
p rocess ing  f e a s i b i l i t y  and t h e  s i m u l a t i o n  w i l l  be used t o  tes t  ?.he o p e r a t i o n d l  
c o n t r o l  p o i n t  p rocess  i ng so f t.wa re. 

I n  a d d i t i o n  t o  t h e  above error a n a l y s i s ,  t h e  e f fec ts  of  g a p  resarrpl ing have 
been studied u s i n g  s imula ted  TM edge responses  and smsll s e c t i o n s  of a n a l y t i -  
c a l l y  genera ted  TM imagery. The e n t i r e  resampling p rocess ing  h a s  been devel -  
oped i n  a p ro to type  softwsre s i m u l a t i o n  which i n c l u d e s  a bit-by-bit  emula t ion  
of t h e  resampling hardware. 

It must be noted t h a t  these a n a l y s i s  models and s i m u l a t i o n s  a r e  n o t  c u r r e n t l y  
d e l i v e r a b l e  software packages. They a r e  a n a l y s i s  too ls  used by General  Elec- 
t r i c  t o  d e s i g n  and analjrze t h e  TN process ing  system. 

3.7.2 Recommendations For P o s i t i o n  Error Modeling Research 

Fkt ir s p e c i f i c  recommendations were made by t h e  panel  i n  t h e  l i m i t z d  time t h e y  
haa to  c o l l e c t i v e l y  d i s c u s s  t h e  i s s u e s .  These are summarized below and are 
d i scussed  i n  more d e t a i l  i n  S e c t i o n s  2.1 t h r u  2.4.  In  a d d i t i o n ,  a very  pre-  
l imina ry  assessment  was made by several of t h e  pane l  members of t h e  r e s o u r c e s  
t h a t  may be r equ i r ed  t o  c a r r y  o u t  t h e  recommended research. Due t o  l a c k  of 
time a t  t h e  workshop, t h e  f u l l  pane l  was n o t  a b l e  t o  be  consu l t ed  o n t o  t h e  re- 
q u i  red resources .  

The recommendations are: 

1. Obtain and e v a l u a t e  t h e  e x i s t i n g  error models fo r  Landsat-,3/TH ( see  
S e c t i o n  2.1 for d i s c u s s i c n ) .  Expected r e s o u r c e s  r equ i r ed :  S0.5M 
o v e r  3 y e a r s  w i th  5 MY c i v i l  s e r v i c e .  

2. Provide  i t e r a t i v e  u s e r  involvement i n  system error budget ing  and er- 
ror model development and v e r i f i c a t i o n  on rea l  and s y r . t h e t i c  d a t a  
s e t s  (see Sec t ion  2.2 for  d i s c u s s i o n ) .  Expected r e s o u r c e s  r e q u i r e d :  
$2.OM o v e r  5 y e a r s  w i t h  20 M Y  c i v i l  s e r v i c e .  

3. Develop error models f o r  f u t u r e  system d e f i n i t i o n  avd t rade-of f  s t u -  
dies on: a )  s e n s o r s  ( H L A  Advanced scanne r  SAR)  b )  s p a c e c r a f t / s h u t -  
t l e  c )  process ing/ informat ion  ( see  Sect ion 2.3 for  d i s c u s s i o n ) .  Ex-  
pected re sources  r equ i r ed :  $O.SM over j y e a r s  w i t h  5 MY c i v i l  
s e r v i c e .  

4. C r e a t e  a F o s i t i o n i n e  Error Rudget Study Group (see S e c t i o n  2.4 for  
d i s c u s s i o n )  Expected r e s o u r c e s  r equ i r ed :  S0.1l.r o v e r  2 years w i t h  2 MY 
c i v i l  s e r v i c e .  

3.7.2.1 Needed Geometric Error A n a l y s i s  Model fo r  TM 

A number cf p o t e n t i a l  error n v d e l s  may be needed t o  more f u l l y  c n a r a c t e r i z e  TM 
s e n s o r  and process ing  errors. These inc lude :  



A TM dynamic s t r u c t u r a l  node1 t o  e v a l u a t e  t h e  c r i t i c a l  r i g i d  body as -  
sumption between t h e  ADS mounting l o c a t i o n  and t h e  TM o p F i a l  a x i s .  

E f f e c t s  of t o p o l o g i c a l  v a r i a t i o n  r e s u l t i n g  from t h e  o r b i t  and a t t i t u d e  
c o n t r o l  on t h e  Landsat-D geode t i c  and temporal. r e g i s t r a t i o n  accura-  
cies. Examination o f  t h e  f e a s i b i l i t y  and d e s i r a b i l i t y  o f  deve loping  
and appending a q u a n t i t a t i v e  measure o f  topographic  v a r i a b i l i t y  w i t h i n  
a TN scene a s  a d i r e c t  o r  s u r r o g a t e  es t iaate  of misplacement of p i x e l s  
w i th in  t h e  scene  due  t o  topography. 

Analyses o f  t h e  c o r r e l a t i o n  l o c a t i o n  accu racy  which can be expected 
f r m  R1 r e s o l u t i o n  imagery. 

RECOMHENDATION - Obtain and e v a l u a t e  t h e  e x i y t i n g  TM process ing  e r r o r  models. 
This may rekuire upgrades of t h e  software documentation t o  de l iverable  s t a t u s .  

3.7.2.2 Crea te  I n t e r a c t i v e  User Involvement In  System Error Budgeting and 
Hodeiing and V e r i f i c a t i o n  on Real Data Sets 

User “requi rements”  have been s o l i c i t e d  from a v a r i e t y  o f  users, g e n e r a l l y  
wi thout  c o n s i d e r a t i o n  of costs cf o b t a i n i n g  them, i r i t hou t  ve rba l i zed  cons ider -  
a t i o n  o f  any l o s s e s  ir .  u t i l i t y  i f  t hey  a r e  no t  met, and wi thout  ve rba l i zed  
c o n s i d e r a t i o n  o f  parameter  t r a d e o f f s .  Th i s  p reven t s  t h e  system eng inee r  o r  
sc ient is t  from being a b l e  t o  i t e ra te  p o t e n t i a l  sys t em d e s i g n s  w i t h  t h e  u s e r s .  

To so lve  t h i s  problem, it i s  recmmended t h a t  s p e c i f i c  e f f o r t s  be planned t o  
involve  t h e  users i te ra t ive ly  i n  t h e  g e n e r i c  deve lop .en t  o f  e r r o r  budget  meth- 
odology p r i o r  to  and du r ing  t h e  miss ion  des igns .  

One p o s s i b l e  mechanism f o r  f a c i l i t a t i n g  coope ra t ive  involvement o f  t h e  user 
and system engineer  i n  t h e  t r a n s l a t i o n  o f  user requirement3 i n t o  s y s t e n  per- 
formance s p e c i f i c a t i o n ,  s u b s y s t e m  a l l o c a t i o n s ,  e r r o r  budgets ,  and e r r o r  models 
would be t h e  use o f  miss ion  sys tem a n a l y t i c a l  models w h i c h  a r e  capable  of 
producing an ou tpu t  which Zimulates  t h e  a c t u a l  d a t a  t h a t  t h e  user would g e t  
from t h e  mizsion.  A c a p a b i l i t y  could be genera ted  f o r  process ing  undis to , - ted  
input  ,c.-rtes ( r e a l  and s y n t h e t i c )  and c r e a t i n g  d i s t o r t e d  ou tpu t  scenes i n  t h e  
u s e r s  La ta  format .  The a n a l y t i c a l  p rocess ing  w d l d  be  done us ing  system mod- 
e l s  f;r t h e  , . i s s i o n  and would i r , c lude  d i s t o r t i n g  e s t i m a t e s  d u e  t o  a l l  s o u r c e s  
0;- e r r c r  that .  t h e  p l a t f c rm,  i n s t r u m e n t ,  and ground and f l i g h t  d a t a  process ing  
systemr. W ~ J  d i n t roduce .  I n  t h e  e a r l y  s t a g e s  of mission d e f i n i t i o n  and i n -  
str, n m t  ccnceptua i  d e s i g n ,  these a n a l y t i c a l  s t u d i e s  could be  based on s imple  
models o f  t h e  rcisslcn and t h e  d i s t o r t i o n s .  As t h e  i n s t r u m e n t  and miss ion  de- 
s i g n  form; u p ,  t h e  models and a n a l y s i s  could be updated and t a k e  on more com- 
p l e x i t y  i l  required.  If t h e  mGdels a l s o  conta ined  r ep resen taL ives  o f  t h e  o th-  
er e l e c t r o - c p t i c a l  imaging c h a r a c t e r i s t i c s  o f  t h e  ins t rument ,  t h e  a n a l y s i s  
would produce an ou tpu t  image con ta in ing  r e p r e s e n t a t i o n s  o f  a l l  r ad iomet r i c ,  
s p a t i a l ,  an.: geode t i c  i n s t r u m e n t  d a t a  deg rada t ions .  k b y p r o d w t  of  tciis ca- 
p a b , l i t y  would b e  t h a t  a n a l y t i c a l l y  p r o d w e d  d a t a  p roduc t s  would b e  obta ined  
which could be u s e d  t o  a id  i n  t h e  d e s i g n  and  t e s t i n g  of ground d a t a  process ing  
systems. The expected resul t  of oil e f f o r t  t o  produce t P ’ s  o v e r a l l  miss ion  
a n a l y t i c a l  s imula t ion  would be t o  provjde  a s y s t e m a t i c ,  h i g h l y  v i s i b l e ,  in te r -  
a c t i v e  approach f o r  e s t a b l i s h i n g  optimum ins t rument  performance s p e c i f i c a t i o n s  



and error budgets  which could a l s o  be  used t o  a s s e s s  expected ins t rument  sys- 
tem per fomance  i n c l u d i n g  ground d a t a  process ing  a lgor i thms.  

Before embarking on e x t e n s i v e  data  c o l l e c t i o n  schemes, however, a s t u d y  .hould 
be conducted t o  see i f  s y n t h e t i c  s c e n e s  c a n  c o n t r i b u t e  t o  t h e  unders tanding  of 
p o s i t i o n i n g  errors for f u t u r e  systems. 

3.7.2.3 
Hardware and Software Hetnods For Minimizing Errors 

I d e n t i f y  Strawman Mission For Modeling Key Errw Sources  And I d e n t i f y  

I n  o r d e r  t o  i d e n t i f y  t h e  hardware and sof tware technology needed t o  o b t a i n  Lhe 
r e g i s t r a t i o n  and r e c t i f i c a t i o n  requi rements  expected of advanced spaceborne 
imaging systems,  c o a p l e t e  end-to-end system t rade-of f  s t u d i e s  need t o  be  per- 
formed. These can be a c c o m p l i s ~ e d  by i d e n t i f y i n g  s e v e r a l  strawman miss ions  
which a r e  expected t o  d r i v e  image recistration/rectification technology and hy 
performing system s t u d i e s  on these missions.  The system s t u d i e s  would i d e n t i -  
f y  t h e  e r r o r  budgets  fo r  t h e  missions which would i n c l u d e  errors due t o  the 
o r b i t ,  p l a t f o m ,  s e n s o r  dynamics, s c e n e  v a r i a b i l i t y ,  as  well a s  e r r o f s  i n t r o -  
duced a u e  t o  any process ing  of d a t a  on-board or  on t h e  ground. Trade-off 
s t u d i e s  could then  be performed u s i n g  system registration/rectification models 
f o r  t h e  m i s s i o n s  w i t h  a l l  s o u r c e s  of  e r r o r  modeled. Trade-offs involv ing  
hardware and sof tware  improvements for  p o s i t i o n i n g  e r r o r  minimizat ion could  be 
made i n  t h e  a r e a s  of :  

1. Platform a t t i t u d e  and ephemeris measurements/estimation/control 
2. Instrument  p o i n t i n g  and al ignment  measurement/estimation/control 
3. On-board o r  ground process ing  o f  t h e  d a t a ,  i n c l u d i n g  GCPs. To r e g i s -  

ter  and r e c t i f y  t h e  images b o t h  w i t h i n  one miss ion  d a t a  se t  a s  well 
as  w i t h  o t h e r  data  sets.  

3.7.2.4 Develop Error Mcdels fo r  F u t u r e  System D e f i n i t i o n  and Trade-off  
S t u d i e s  

3.7.2.4.1 Sensors  

a )  MLA: The MLA s e n s o r  o p e r a t e s  i n  an i n t e g r a t i n g  mode where t h e  c r o s s - t r a c k  
scene  is s imul taneous ly  imaged w i t h  f i x e d  geometry and p e r s p e c t i v e .  Unlike a 
scanne r ,  any s p a c e c r a f t  o r  s e n s o r  induced j i t t e r  or  o ther  d i s t u r b a n c e  w i l l  a f -  
fect  a l l  d e t e c t o r s  e q u a l l y .  No pixel- to-pixel  high-frequency j i t t e r  correc- 
Lion w i l l  be necessary .  

The f i x e d  n a t u r e  of  t h e  d e t e c t o r s  and t h e  s imul taneous  imaging i n  t h e  c.ro:s- 
t r a c k  d i r e c t i o n  shoiild s u b s t a n t i a l l y  reduce  t h e  p r o c e s s i n g  r e q u i r e d  t o  produce 
g e o m e t r i c a l l y  correct images. 

S t u d i e s  should be  conducted t o  i n v e s t i g a t e  t h e  geometr ic  e f f e c t s  wh ich  a r e  
unique t o  an ALA-type s e n s o r  and i t s  impact on r e c t i f i c a t i o n .  One-dimensional 
dewarping a lgor i thms t o  s i m p l i f y  geometr ic  r e c t i f i c a t i o n  and t h e  r e s i d u a l  er- 
rors r e s u l t i n g  from a t t i t u d e  and ephemeris u n c e r t a i n t i e s  should be  investi- 
ga t ed .  In  o r d e r  t o  r e a l f z e  t h e  advantage of  t h e  s m a l l e r  p i x e l s  and h i g h e r  re- 
s o l v i n g  c a p a b i l i t y  provided by an MLA s e n s o r ,  concurren t  improvements i n  t h e  
c a p a b i l i t i e s  of t h e  s p a c e c r a f t  a t t i tude  and ephemeris  system w i l l  b e  r e q u i r e d .  
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Models and senso r  s i m u l a t i o n s  need t o  be developed t o  i n v e s t i g a t e  and i d e n t i f y  
t h e  t r ade -o f f s  between senso r  ACS and ephemeris  de t e rmina t ion  improvemepts and 
senso r  performance f o r  va r ious  p i x e l  z i z e .  Semiempirical  models o f  t h e  
s e n s o r / s p a c e c r a f t  i p t e r f a c e  inc lud ing  dynamic e f f e c t s  should b e  developed t o  
determine whether some form of a c t i v e  j i t t e r  o r  image motion compensation w i l l  
be needed t c  r e a l i z e  the  10-m b a s e l i n e  r e s o l u t i o n  of  MLA. 

A p o t e n t i a l  pushbroom senso r  con ta in ing  a c e n t r a l  segment (s )  o f  h i g h e r  r e so lu -  
t i o n  end segments could provide  t h e  p o s s i b i l i t y  of  o b t a i n i n g  h igh- re-o lu t ion  
d a t a  f o r  mapping and ground c o n t r o l  p o i n t  l o c a t i o n  concur ren t ly  w i t h  a c q u i s i -  
t i o n  of  t h e  "normal1t m u l t i s p e c t r a l  d a t a .  

The added h igh-prec is ion  d a t a  a l lows  t h e  p o s s i b i l i t y  of  minimizing geometric 
e r r o r s  r e l a t e d  t o  grnund po in t  l o c a t i o n s  ( a s  well a s  provid ing  t h e  p o s s i b i l i t y  
f o r  s u b p i x e l  t e x t u r e  in fo rma t ion ) .  This a l so  provides  d a t a  which can be used 
t o  i t e r a t e  s p a c e c r a f t  a t t i t u d e  models, a t  h ighe r  p r e c i s i o n  than  would t h e  nor- 
mal lower r e s o l u t i o n  d a t a .  

b )  Advanced Scanner:  Scanning in s t rumen t s  such as MSS and TM c r e a t p  unique 
problems w i t h  e r r o r  budget ing and modeling. There is 8 sugges t ion  t h a t  TM 
could be modified t o  more than double  i t s  IFOV by i n c r e a s i n g  the number of de- 
t e c t o r s  i n  t h e  f o c a l  plane and p u t t i n g  on more scan mi r ro r  n o n i t o r s  ( t o  b e t t e r  
i d e n t i f y  t h e  scan p r o f i l e ) .  

Due t o  the  t c r q u e s  involved i n  t h e  scanning process ,  e s p e c i a l l y  f o r  h i g h l y  e f -  
f i c i e n t  scanning t echn iques ,  high-frequency p o s i t i o n i n g  e r r o r s  ( j i t t e r )  can 
result from f l e x i b l e  body e f f e c t s  i n  t h e  i n s t r u m e n t  a s  well a s  i n  t h e  p la t form 
t o  which i t  i s  a t t a c h e d .  Techniques need t o  be developed,  beyond those  which 
e x i s t  i n  t h e  Landsat-D/TM, f o r  budgeting and modeling t h e s e  e r r o r s .  This would 
inc lude  t h e  p o s s i b i l i t y  of  having t o  measure t h e  i n s t r u m e n t  b o r e s i g h t  i n c l u d -  
ing  e f f e c t s  o t  i n d i v i d u a l  o p t i c a l  element motions.  

I n  a d d i t i o n ,  t echn iques  need t o  be developed t o  reduce t h e  magnitude o f  t h e  
pos i t i on ing  e r r o r s  through t h e  use of a c t i v e l y  c o n t r o l l e d  o p t i c a l  e lements  . . id 
t h e  i s o l a t i o n  o f  ins t rument  dynamics from t hose  of t h e  p la t form.  

c >  SAA: Unlike t h e  scanning and MLA s e n s o r s ,  a s i g n i f i c a n t  amount of  geomet- 
r i c  d i s t o r t i o n  can r e s u l t  i n  t h e  s i g n a l  process ing  segment. The purpose o f  
such segments i s  t o  conve r t  from a raw image i n t o  a s l a n t  range/azimuth image. 

Processing e r r o r s  i nc lude :  a )  es t ima t ion  o f  FM r a t e ,  b )  azimuth compression 
technique ( t i m e  domain, frequency domain),  c )  range c e l l  migra t ion  c o r r e c t i o n  
arid a s soc ia t ed  i n t e r p o l a t i o n ,  d )  block process ing  t echn iques ,  e )  doppler  
centered  t r ack ing  accuracy,  and f )  t e r r a i n  v a r i a t i o n  e f f e c t  on po in t  t a r g e t  
1 oca t ions.  

To map the  s l a n t  range/azimuth imagc t o  a c e r t s i r ,  n,sp p r o j e c t i o n .  remapping 
an3 resampling e r r o r s  a r e  in t roduced .  Remapping does not r e q u i r e  a t t i t i i d c  i r ? -  
formation.  Remapping errors i n c l u d e :  a )  ephemeris ,  b )  e a r t h  c u r v a t u r e ,  c )  
GCP accuracy.  d )  t e r r a i n  v a r i a t i o n ,  and e )  atmospheric  r e f r a c t i c n  (ve ry  s e v e r e  
fer V O I R ) .  

A focus of the  s t u d y  on t h e  fol lowing i s  recommended: a )  S t u d y  va r ious  s i g n a l  
process ing  a lgor i thms on t h e  raw image and t h e i r  t r a d e o i f s .  Develop e : - ror  
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models. I n v e s t i g a t e  how e r r o r  propagates  from one process ing  s t a g e  t o  t h e  
ano the r .  b: Develop remapp!ng/resamplivq e r r o r  model. c )  Develop an e r r o r  
model for  us ing  DTM for rectification/registration. I n  SAR imagery, t e r r a i t i  
d i s t o r t i o n  is more seve re  than  i t  is i n  t h e  scanner  imagery. d )  Study t h e  e f -  
f e c t  o f  t e r r a i n  v a r i a t i o n  on processirig a lgor i thms * s i n c e  t e r r a i n  a f f e c t s  t h e  
t a r g e t  t r a j e c t o r y  I n  t h e  raw image. e )  For p lane ta ry  mis s ions ,  no GCPs  w i l l  
be a v a i l a b l e .  Study whether automatic  Z'ocusing on s t r i p - t o - s t r i p  r e g i s t r a t i o n  
can be used t o  r e p l a c e  ephemeris parameters .  Develop an e r r o r  model. 

3.7.2.4.2 S p a c e c r a f t / S h u t t l e  

Spacec ra f t  and Shutt . le models f o r  f u t u r e  systems should i n c l u d e  advanced sen- 
s lr and s y s t e m  models which would provide  increased  knowledge o f  s p a c e c r a f t  
induced e r r o r  sou rces  wt1ict.r a r e  cmmensura t e  w i t h  increased  r e s o l u t i o n  ex- 
pected from advanced senso r s .  Spacec ra f t  subsystems which must be  modeled i n -  
c lude :  a )  a t t i t u d e  measurement systems,  b )  a t t i t u d e  c o n t r o l  systems,  c )  o r b i t  
de te rmina t ion  s y t  ems, d 1 o r b i t  c o n t r o l  systems,  e )  senso r  a l ignment  measure- 
ment s y s t e m s ,  f )  time and frequency s t anda rds .  

Examples o f  f u t u r e  s p a c e c r a f t  systems which m u s t  b e  modeled a r e :  advanced 
3 t a r  t r a c k e r s ,  advanced horizon s e n s o r s ,  f i n e  pq in t ing  s u n  s e n s o r s ,  and u l t r a -  
s t a b l e  gyro systems. Ttie above system models a r e  components o f  t h e  a t t i t u d e  
measurements and c o n t r o l  systems. 

An instrument  could be provided which, through repea ted  over lapping  images o f  
t n e  ground, can provide t h e  d a t a  t o  a l low gene ra t ion  o f  a t t i t u d e  h i s t o r y  w i t h -  
ou t  r e f e r e n c e  t o  maps o r  o t h e r  surveyed ground p o i n t s .  This w i l l  be o f  par- 
t i c u l a r  use i n  s h u t t l e  o r  a i r c r a f t  systems. This d a t a ,  i n  t u r n ,  a l lows  image 
l inz-by- l ine  d a t a  t o  be pos i t ioned  proper ly  i n  t h e  rectif ied image. This w i l l  
a l low modi f i ca t ions  o f  t h e  e r r o r  budget by provid ing  images w i t h  g r e a t e r  gzo- 
met r i c  accuracy.  

For o r b i t  measurenent and con.ro; systems,  on-board o r b i t  de te rmina t ion  us ing  
Global Pos i t i on ing  System ( G P S )  da t a  o r  u t i l i z i n g  TrackiRg and Data Relay 
Satel l i te  System (TDRSS) d a t a  m u s t  be modeled. Accelerometer packages t o  mea- 
s u r e  noncons t rva t ive  a c c e l e r a t i o n s  could be modeled along w i t h  on-bcard ac tu-  
a t o r s  for o r b i t  c o n t r o l .  Ephemeris d a t a  r e s u l t i n g  from p r e c i s i o n  b v u n d  based 
o r b i t  de te rmina t ion  m u s t  a l s o  be modeled. 

Time maintenance and t ime t r a n s f e r  systems t o  be modeled inc lude  CPS and TDRSS 
t ime t r a n s f e r  and/or  f l y i n g  w i t h  s t a b l e  o s c i l l a t o r s .  

S t u d i e s  r e s u l t i n g  from t h e  development of t h e  above modsls would be t h e  gener- 
a t i o n  of  e r r g r  budgets f o r  varying system conf igu ra t ion  and performing end- 
to-end t rade-of f  s t u d i e s  s u c h  a s  cos t  imDacts a n d  er:abling technology imppcts 
o f  improving s p a c e c r a f t  system knowledge such t h a t  CCP process ing  car. be 
e f t h e r  e l imins t ed  or s . r b s t a n t i a l l y  reduced. 

3.7.2.4.3 Process ing/ lnformat icn  

Often i n  t h e  d e s i g n  and development cf process ing  , sys t ems  t h e r e  a r e  not  s t r o n g  
and s p e c i f i c  i d o n t i i i c a t i o n s  a s  t o  what func t ion  nus t  be p e r f o m e d  t o  i n s u r e  
t h a t  t h e  end product  is most o e n e f i c i a l  t o  t h e  user needs.  The f u n c t i o n s  may 
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be i s o l a t e d  t o  hardware or so f tware  components b u t  mu t i n c l u d e / r e f l e c t  a lgo r -  
i thws  t h a t  e l imina te / r educe  e r r o r s  from t h e  d a t a  sou rce ,  s e n s o r / s p a c e c r a f t .  

The development o f  s u p p o r t i n g  process ing  system ,hould begin cdncurren t  w i t n  
t h e  development of t h e  s e n s o r / s p a c e c r a f t  a t  or d u r i n g  t h e  ph; . Q / B  s t u d i e s .  
If t h e  processing sys tem was designed w i t h  t h e  understanding 01 ; l .m i ib l e  e r r o r  
enhancment  t o  t h i s  d a t a  source ,  then  d a t a  r ecove ry ,  c o r r e c t i o n ,  and e r r o r  re- 
moval procedures  should be considered i n  t h e  desigri .  

Some f a c t o r s  t h a t  m u s t  be considered i n  t h i s  process ing  system t o  e l i m i n a t e /  
minimize e r r o r s  are: a )  e p h m e r i s  a c c u r a c y / v a r i a t i o n s ,  b )  s enso r  a l ignment ,  
c) d a t a  t r a n s l a t i o n ,  d )  geometr ic  e r r o r s  and sys t ema t i c  c o r r e c t i o n  ( o r b i t /  
a t t i t u d e ) ,  e )  scanning s e n s o r ' s  r a t e s ,  gaps,  and p r o f i l e ,  f )  l e s s o n s  l ea rned  
from h i s t o r i c a l  s e n s o r s ,  g )  image co r r l a t ion /ma tch ing  t echn iques ,  h )  t enoora l  
processi i ig/data  t r a n s l a t i o n ,  i) p i x e l  e r r o r s ,  j) ca r tog raph ic  and mosaic er- 
rors, k) i n t e g r a t i o n  o f  mul t i s enso r  d a t a ,  1) ground c o n t r o l  p o i n t / p c i n t i n g  
t o l e r a n c e s ,  m )  edge d e t e c t i o d i m a g e  s n a r p n e s s / f i l t e r i n g ,  and n )  image warping. 

The processing system should a l s o  g i v e  t h e  users some i n f o r v a t i o n  about wh i t  
c o r r e c t i o n s ,  a lgo r i thms ,  f i l t e r s ,  e t c . ,  were used I n  c o r r e l a t i n g  t h e  p r o i u c t .  
This d a t a  w i l l  f a c i l i t a t e  t h e  user understanding and use of t h e  f i n a l  pro- .uct .  

3.7.2.4.4 Study Group 

It is  recommended t h a t  a perma.ient Ad Hoc Earth Observing Sysi-m E r r o r  4ral;- 
sis Working Group be e s t a b l i s h e d  a t  t h e  N A S A  Headquarters  l e v e l .  ?he  pur se 
of t h i s  working group i s  t o  adv i se  t h e  NASA Program Man.-ger on techn.ica? e- 
qu i r emen t s  and l i m i t a t i o n s  r e l a t i n g  t o  e r r o r  c h a r a c t e r i z a t i o n ,  e r r o r  budgets ,  
and system v e r i f i c a t i o n .  

Establ ishment  of  t h i s  working group is  impera t ive  t o  preserve  c o n t i n u i t y  i n  
t h e  E a r t h  Observing Systems Techniques and Data Processing Development Prog- 
ram. The working group members should b e  comprised of system d e s i g n e r s  and 
system users and be r e p r e s e n t a t i v e  of tt:e government, i n d u s t r y ,  and u n i v e r s i t y  
commun it ies . 
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3.7.4 Appendices t o  Error C h a r a c t e r i z a t i o n  and Error Budgets Subpanel 

APPENDIX A 

POSITIONING REQUIREMENTS COMPPTIBLE WITh 
MAS FOR 1 :24,000 TOPOGRAPHIC HAPS 

The b a s i c  assu-p t ion  i n  t h i s  e x e r c i s e  is t o  se t -up  a “straw-man” mission de- 
signed t o  p c v i d e  d a t a  s u i t a b l e  f o r  meeting Nat ional  Map Accuracy Standards  
NMAS f o r  1:24,000 s c a l e  topographic  and p l an ime t r i c  map products .  This is a 
geometric requirement r a t h e r  than a nonmetric i n fo rma t iona l  requirement .  I n  
a d d i t i o n ,  t h e  change i s  t o  produce t h e s e  x ,  y .  z e a r t h  system coord ina te  d a t a  
w i t h  lcinimal r e fe rence  t o  ground c o n t r o l .  The g e m e t r i c  requirements w i l l ,  i n  
t u r n .  de f ine  t h e  IFOV of  t h e  system. As w i l l  be noted ,  an IFOV cf a b x t  3-4 m 
w i l l  be requi red  t o  meet t h e  accuracy s t anda rds .  The foi lowing s t a t emen t s  a r e  
not  meant t o  advocate  t h i s  system, b u t  r a t h e r  t o  ccns ide r  i t s  f e a s i b i l i t y  i n  
terms of  e r r o r  budgets  and e r r o r  budget modeling methodology. 

I. Natiorial map accuracy s t a n d a r d s  ( N H A S )  for 1:24,000 s c a l e  map p roduc t s  
r e q u i r e  : 

a .  90’1 of h o r i z o c t a l  p c s i t i o n s  ( f o r  well def ined p o i n t s )  be e s t ab -  
l i s h e d  t o  +12 m cf t h e i r  c c r r e c t  l o c a t i o n .  The accep tab le  RMSExly (68%) 
is approxiiiiately 27 IC. 

b. 90% of e l e v a t i o n s  i n t e r p o l a t e d  from contour  l ines  w i l l  be  c o r r e c t  
t o  w i t h i n  !/2 t h e  contour  i n t e r v a l  (CI). The accep tab le  3MSE w i l l  
t h e r e f o r e  t equal  t o  t h e  C.I./3.3. As m m t  1:24,000 s c a l e  maps have 
C . I .  of 5, i d ,  20, o r  40 feet (depending on t h e  t e r r a i n ; ,  t h e  RYSE re- 
quirements a r e  approximately +0.5, 1 ,  2, and 4 m r e spec t  
e l e v a t i o n  s t anda rds  a r e  t k e  most s t r i n g e n t  requirement ,  
trc: system des ign .  

. i v e l y  . 3ecause 
t h e y  w i l l  con- 

11. System k s i p n  Assumptions 

a .  The assumed imaging system c o n s i s t s  of t h r e e  l i ne -a r r ay  cameras L,?- 
e r - + l . l g  i n  t h e  pusllbroom mode. Two of t h e  cameras w i l l  be  o r i e n t e d  a?- 
proximately 24 degrees  f rm t h e  v e r t i c a l  i n  a convergent  arrangement i n  
o rder  t o  provide f o r e  and a f t  coverage w h i l e  t h e  t h i r d  camera is q l i g n e d  
v t r t i c s l l y  so a s  t.0 produce near or thographic  coverage of  t h e  t e r r a i n .  
This conf igu ra t ion  results i n  p o t e n t i a l  hase-he ight  ( B / H )  r a t i o s  o f  1.0 
for f o r e  and a f t  s t e r e o p a i r s  and 0.b9 when t h e  v e r t i c a l  is employed w i t h  
e i t h e r  f o r e  or  a f t  coverage. 

b. Al t i tude  - s e t  between 5 ’.-. and 1000 km. e .g . ,  713 km o r  919 km 

c .  IFOV < 5 m: t o  be det-:.,! : k d  by NMAS,  geometric and c o r r e l a t i o n  rc- 
quirernents; r a t h e r  than by t iormetric in format ion  requi rements  

d .  Swath - TED i n  t h e  range 60-185 km 

e .  The f e a s i b i l i t y  of a n i s s i o n  designea t o  most of  t h e  above NMAS re- 
qui rements  remains t o  be demonstrated.  



111. Dror Cons ide ra t ions  and S u r  ces 

a. Haximum RNSFs 
1. Horizonta l  ( X , Y )  = + 7 m 
2 .  v e r t i c a l  (2) = - + 3 i ( f o r  IO m c.1.i 

b. Error Cons ide ra t ions  

1. General 

R e  miss ion  m u s t  p rovide  e s s e n t i a l l y  e r ro r - fkee  g e a n e t r i c  and 
r a d i a e t r i c  d a t a  i f  a c c u r a t e  map p roduc t s  a r e  t o  be  developed.  
I n  t h e o r y ,  t h e  s p a c e c r a f t  and senso r  systems can be c o n t r o l l e d  
so a s  t o  p rec lude  any s p e c i a l  ground based canputer  process ing  
( t o  c o r r e c t  t h e  e r r o r s )  , which i 3  bo th  expens ive  and subject t c  
d e l a y  . 
The parameters  which i n f l u e n c e  t b e  g e a n e t r i c  f i d e l i t y  o f  t h e  
image d a t a  i n c l u d e  p o i n t i n g  conc ro l  r a t e  motion s t a b i l i t y  and 
j i t t e r .  The s a t e l l i t e  l i n e - a r r a y  sensor system (which is re- 
cord ing  t h e  t e r r a i n  a s  a series o f  c ros s - t r ack  s t r i p s )  must  be  
pointed c o r r e c t l y  and h e l d  s t a b l e  f o r  approximately 100 seconds 
t o  produce e r r o r - f r e e  s t e r e 3  imagery. Any per t u r b a t i o n  o f  t h e  
sensor system dur ing  t h e  rctcording per iod will cause d i s p l a c e -  
m e n t s / e r r o r s  i n  t h e  d a t a  which, i n  t u r n ,  may r e q u i r e  geometr ic  
co r rec t io t r  and resampling a t  a ground r e c e i v i n g  s t a t i o n .  Rota- 
t i o n  o f  t h e  s p a c e c r a f t  about  t h e  X, Y,  and 2 axes  ( p o l l ,  p i t c h ,  
and yaw, r e s p e c t i v e i y )  , a l though  cops t r a ined  , w i l l  cause  de fo r -  
mat ions  o f  t h e  nominal image format a s  w i l l  changes i n  space- 
c r a f t  a l t i w d e  and o b l a t e n e s s  of t h e  Ea r th .  

2. Earth Rota t ion  

The b a s i c  imaging concept  I s  s t r a igh t fo r s ra rd  , however, beC8USe 
0.. Earth r o t a t i o n ,  t h e  s a t e l l i t e  ground track i s  no l onge r  a 
s imple  g r e a t - c i r c l e  r o u t e ,  3n3 t h e  v e r t i c a l ,  f o r e ,  and af t .  cm- 
e r a s  w i l l  no t  a u t o m a t i c a l l y  image t h e  same ground a r e a ,  even 
with a p e r f e c t l y  s t a b l e  s a t e l l i t e .  I n  o rde r  t o  o b t a i n  prcand 
coverage common t o  any two c m c r a s ,  a yaw motion m u s t  be  i n t r o -  
duced i n t o  t h e  camer-dspacecraf t .  This motion is n o t  c o n s t a n t .  
b u t  m u s t  vary  w i t h  l a t i t u d e  t o  main ta in  imaqe r e g i s t r a t i o n .  

3. Obla te  Earth 

The b a s i c  imaging concept  assumes a s p h e r i c a l  Earth and a c i r -  
c u l a r  s a t e i ’ i t e  o r b i t  FO t h a t  a c o n s t a n t  s a t e l l i ’ e  a l t i t u d e  is 
mainta ined .  I n  p r a c t i c e ,  however, we m u s t  cons ide r  an o b l a t e  
spt,eroid and an o r b i t  wh ich  on lv  approximEtes t o  a c i r c l e  d u e  
t o  v a r i a t i o n s  i n  t h e  g r a v i t a t j o n a l  e f f e c t  o f  t h e  E a r t h .  These 
d e v i a t i o n s  fran t h e  i d e a l  s i t u a t i o n  c r e a t e  i n c r e a s e s  i n  s l a n t  
range and a l t i t u d e  which i n  t u r n  cause sc,Je v a r i a t i o n s  as the 
s a t e l l i t e  i n c r e a s e s  i ts d i s t a n c e  from t h e  equa to r .  
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4. 

5. 

P 

Resmpl ing Considera t ions  

Any image deformat ions  which a r e  not  mair?tained w i t h i n  speci- 
f i e d  limits m u s t  be removed i r i  t h e  ground d a t a  p-ocessing.  The 
p i x e l s  may be res ized,  reshaped,  r e a l i g n e d ,  and new grey level 
va lues  determined t o  provide  t h e  necessary  image q u a l i t y .  An 
o b j e c t i v e  o f  t h e  mission i s  t o  a c q u i r e  e r r o r - f r e e  d a t a  w h i c h  
w i l l  e l i m i n a t e  t h e  need for resampling (and minimize geometr ic  
cor rec t ions! .  

Spacec ra f t  Pe r f o rmanc e 

I n  o r d e r  t o  reach some conc lus ions  regardiflg t h e  geometr ic  dc- 
curacy ,  i t  i s  necessary  t o  c o n s i d e r  t h e  po in t ing ,  s t a b i l i t y ,  
and j i t t e r  of t h e  s p a c e c r a f t  and i t s  senso r s .  Po in t ing  accur-  
acv is  t h e  f a c t o r  mast  o f t e n  quoted as a measure of  geometr ic  
performence. For e x m p l e ,  t h e  Mu1 t i m i s s i o n  Vodular Spacec ra f t  
(HMS) which w i l l  be employed f o r  Landsat-D h a s  a p o i n t i n g  ac- 
curacy s p e c i f i c a t , i o n  0;’ +@.01 degree  (one  sigma). TP.us, Py  de- 
s i g n ,  t h e  summation o f  all f a c t o r s  t h a t  i n c l u d e  t!w a t t i t u d e  
c o n t r o i  subsystem should have a root-r .ear-square va lue  of less 
than  t h e  des ign  s p e c i f i c a t i c n .  I n  a d d i t i o n .  o t h e r  f a c t o r s  such 
as o r b i t  de t e rmina t ion .  t i m i n g .  s e n s c r  aligrsnler,t N i t k  t i l e  a t t i -  
t ude  c o n t r o l  syste.” (ir!c!uding t h e  e f f e c t s  of’ thcrraai i n s t ab !  I- 
i t i e s ) ,  and t h e  torquing  motions of  .s t a p  recorder < 5 f  t!scc!) 
i n f l u e n c e  t h e  -pointing Seometrv. S a t e l : i t s  s t a 5 i I i t . y  is  a? i5- 
portar i t  cons ’de ra t ion .  Extremely t i g h t  ?,,lerznce vi:! Se re- 
qui red  ( e . 8 . .  10-5 cieglsec a t  t h e  3‘;~ level c r  i.ct,tei-). 

IV. Error  .Sources In f luenc ing  the Napping Potent ia !  

From a c z r t ~ g r a p h i c  viewpoint.,  t h e  most si&:!i f icar r t  prc.t)!ems a r e  1 i k r i y  
t o  h e  of a g c m e t r i c  naturt.. i cnsequen t ly ,  i t  i s  des irhb le  t o  ciletermine 
the  acc i l racy  t o  which X ,  Y, 2 t e r r a i n  coori!.iat>t?S can b e  recovered frm 
image d a t a  recarded by ’ t h e  proposed l i ne -a r r ay  system, 

Major f ac to r s  w i i l c h  appear- t o  determine t h e  acrwracjr t o  w h i , . h  X ,  Y. and 
2 t e r r a i n  c a o r d i a n t e s  can  b e  recovered are l i s t e d  below: An a t tempt  is 
made t o  e s t ima te  +ant i t i r t i v e l i  t h e  magnitudes of tt:e s t a r r e d  e r r o r  
Sourc i s  ir? terms of root-maf:--square errar ( A H S E ) .  

1. 
2.  
3 .  
a .  
5 .  
6 .  
7 .  
8. 

Posi:.ion of‘ Sii Error .Sources 
Point. in8 of s e n s o r s  and a t t i t u d e  c o n t r o l  
S a t e l l i t e  vc loc i  t y 
Pre.2 1 s i u n of mea c 3.1 r m e  !I t 
Re1 l h i l  i t y  o!’ Sround  cont ro! 
E a r t h  c u r v a t u r e ,  at.mospiieric I.e!’ract i on ,  e t c  
f rocessinf i  equi p n c n t  arid procedures  
A d j u s t m e n t  Procedtires 



a> P o s i t i o n  of S/C 

m e  p o s i t i o n a l  de t e rmina t ion  of  t h e  S/C m u s t  be within 10 L f o r  a l l  
t h r e e  axes.  

b )  Sensor  Poin t ing  and A t t i t u d e  Control  

Nominal c o r r e c t i o n  v a l u e s  f o r  a constant .  b i a s  carr b e  d e t e m i n e d  
d t h  t h e  a id  of ground c o n t r o l .  I n  many a r e a s  of t h e  i jor ld ,  h o w  
e v e r ,  ground c o n t r o l  is inadequate  f o r  mapping t a s k s ,  and a l t e r n a -  
t i v e  methods o f  e s t a b l i s h i n g  c o r r e c t i o n s  f o r  po in t ing  e r m r s  must 
be made a v a i l a b l e .  

A t t i t u d e  s t a b i l i t y  anC msi3tenance of  c o n t r o l l e d  yaw a r t  c r i t i c a l  
parameters .  21 tjj:.der tc achieve accep tab le  c m r d i n a t e  va l ce?  w i t  
r easonable  consis 'e txy,  a vors t -case  c o r r e c t i o n  r a t e  va lue  o f  10' 
deg/sec a t  the +sigma l e v e l  .>f conf idence  is  reqdred. This 
equa te s  t o  +4 m ( approx ino te ly  3 p i x e l )  over  t h e  10-minute t ime i n -  
t e r v a l  and &ould provide az epiprslar ccnd: t i o n .  

2 

The o v e r a l i  requirement  f o r  wict iq~ 3etermina t ion  accuracy is be t -  
ter tha:! me arc s e c  (-4 m froai 800 km), This will be a major 
source  of e r r o r .  

c3 S a t e l l i t e  Veloc i ty  

Var i a t ion  i n  s a t e l i i t e  v e l o c i t y  can 3e accounted f o r  i f  a c c u r a t e  
t iming narks can be incorpora ted  i n  t he  d a t a .  GPS is e source  f o r  
t h e  d a t a .  

d )  Measurement Error 

Yeasurement o r  c o r r e l a t i o n  erro: m l i s t  be l imi t ed  t o  wel l  w i t h i n  
one-half  t h e  %ISEX v a l s e  i n  order t o  meet v e - t i c a l  accuracy re-  
quirements .  Thus.'lfrMSEs i n  h o r i z o n t a l  m e a s u r e  must be on t h e  
o r d e r  of 1-2 m. 

e )  R e l i a b i l i t y  of Ground Control 

It  is a n t i c i p a t e d  t h a t  a minimum number of  ground c o n t r o l  p o i n t s  
w i l l  r equ i r ed .  However, they w i l l  have t o  be a c c u r a t e  t o  i -2 m. 
P o s s i b i l i t i e s  f o r  a u t o t r i a n g u l a t i o n  e x i s t ,  b u t  e r r o r  f i g u r e s  cannot 
be determined a t  t h i s  t ime.  

f !  Ear th  Curvature  and Refrac t ion  

Er ro r s  due t o  Earth cu rva tc4 :e  and r e f r a c t i o n  a r e  sys t ema t i c  and can 
be co r rec t ed  during process ing .  The i c f l u e n c e  of v a r i a t i o n s  i n  re -  
f r a c t i o n  is n e g l i g i b l e  f o r  a narrow ( 5 O )  f ie ld-of-view.  

There a re  o t h e r  error sources  which w i l l  need t o  be cons idered .  
However. t he  magnitude o f  t h e  3'- -e e r r o r s  i n  r e l a t i o n  t o  NMAS can 
be es t imated .  
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