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ABSTRACT 

Many l and  use and l a n d  cover  and h y d r o l o g i c  a p p l i c a t i o n s  require  t h e  
u s e  of s a t e l l i t e  imagery =lid d a t a .  Maps ana . " r ega t ions  a r e  made from 
t!;e d a t a  which might e x i s t  i n  c o n c e r t  wi th  other d a t a  i n  a g e o g r a p h i c  
i n f o r m a t i o n  system. Users have 5asic needs for 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  of s a t e l l i t e  imagery r e l a t e d  t o  s p e z i f y i n q ,  r e f o r m a t t i n g ,  
and o v e r l a y i n g  t h e  d a t a .  P r e s e n t l y ,  each  u s e r  musk accomplish t h e s e  
tasKs independet ly  because t h e  p r e s e n t  d a t a  pre-procezs ing  system is 
u n r e l i a b l e .  These data a r e  s u f f i c i e ' n t  for users who m u s t  expand mdch 
e f f o r t  i n  r e g i s t e r i r q  d a t a .  These u s e r s  have requi rements  concern ing  
p r o j e c t i o n ,  p i x e l  s i z e ,  resampl ing ,  and accuracy ,  and most w o u l d  542 

n3t i s f :ed  w i t h  data t h a t  met t h e  s t a n d a r d s  proposed,  b u t  not c o n s i s t e n t l y  
a c h i e v e d ,  f o r  t h e  p r e s e n t  system. 

APPLICATIONS 

Users of s a t e l l i t e  imagery .:or l and  use  and l and  cover Qr hydroloqic  
ap;:ications g e n e r a l l y  a r e  i n t e r e s t e d  i n  i n t e r p r e t i n g  l a n d  u s e  and land 
cos'er from t h e  d a t a  t o  produce maps and a g g r e g a t i o n s ,  i n p u t t i n g  t h e  d a t a  
i n t c  geographic  informat ion  systems,  d e t e c t i n g  changes over time, and 
l i s inq  d e r i v e d  d a t a  i n  a p r e d i c t i v e  f a s h i c n  (URI, 1979) .  A n c i l l a r y  d a t a  
is i;r;ortant i n  overy s t e F ,  and the a b i l i t y  t o  i n c o r p o r a t e  such d a t a  i n t o  
t k e  a n a l y s i s  p r o c e s s  d i r e c t l y  i n c r e a s e s  u t i l i t y  f o r  such a p p l i c a t i o n s  as 
in~~en:oryiriij.  a acaq ing ,  and p lanning .  The h y d r o l v i c  a p p l i c a t i c n  is 
: . ? a l l y  a subset  of t h e  n o r e  g e n e r a l  land use a d l and  cover  appl ica-  
t i s n c .  F r e q u e n t l y ,  - z r t i c u l a r  c a t e o o r i e s  of l a n d  and lapd rover  
dffecting the hydrologic  buuget ( s u c h  a s  i r r i g a t e d  a q r i c u l t u r a l  l a n d )  a r e  
fiiriFce4 3rd u t i l i z e d  i n  hydro logic  aodels (much like yeographic  informa- 
t:Cn syctems)  w i t h  o t h e r  d a t a  se ts .  

'T!.cse u s e r s  i n t e r e s t e d  i n  a r e a s  a t  l e a s t  d s  l a r q e  a s  m u l t i p l e  c c u n t i e s  
make most use af t h o  p r e s e n t  5 e n e r a t i o n  of c e t e l l i t e  imager:.. N e ' l l  
focus on one p r o s p e c t i v e  user ,  t h e  U . S .  Geologica l  Survey (USGS) to 
i l l u s t z a t e  needs most o t h e r  ' J s e r s  c a n  be expec tea  t o  have. 

. . (. u d ; S  began a program i n  ! " ? 4  t o  nap l a d  ilse and land CC)VC?K for  t he  
e l i t i r e  S a t i o n ,  t o  d i g i t i z e  t h e  r e s u l t i n g  polygons,  and t o  make t h e  d a t a  
a v a i l a b l e  fo i  use i n  geographic  i n f c r m a t i o n  systems. Although p r e s e n t  
s a t e l l i t e  d?:a 9ave not been uced 3s primary source m a t e r i a l ,  d a t a  3m 
i.-,.groved s e n s o r  twzkages r a y  prove more u s e f u l .  In any c a s e ,  sat  

~ 1 , 3 t ~  can De expected to p l a y  a r o l e  i n  i d e n t i f y i n g  a r e a s  in neet4 of 
u;:t.iating ( n i l a z z o ,  1380)  , and Landsat  d i g i t a l  d a t a  have provcd 7 r ? i l u ~ h l o  
i n  ; q i o r ~ s  where otL-,ec sou rce  m a t e r i a l  is  lack.'.ng (Morr i ssey  acd Ennis ,  
: 3 6 : ) .  
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T:?e :Jater  Resources D i v i s i o n  of VSGS has a need to  map s p e c i f i c  c a t e -  
g o r i e s  of l and  use and land cove r  a s  an ind i r ec t  e s t imto r  of water  use. 
F i e i d  measurements and a n c i l l a r y  d a t a  a r e  used to de te rmine  t h e  ave rage  
amount o f  water  used f o r  each h e c t a r e  of a g iven  l and  use and l and  cover.  
T h e  r e s u l t i n g  d a t a  a r e  used i n  c m b i n a t i o n  wi th  o t h e r  l a y e r s  o f  ' a t a  such 
a s  r echa rge  and disc: ,arge r a t e s  and p r e s e n t  s a t u r a t e d  t h i c k n e s s  ~r an 
a q u i € e r  t o  p r e d i c t  f u t u i o  s a t i l r a t e d  t h i c k n e s s  g iven  a l t e r n a t i v e  water  use 
2 l a n s .  A h y d r o l o g i c  model is used f o r  c h i s  a p p l i c a t i o n  i n  much t h e  same 
way t h a t  a geographic i n f o r m a t i o n  system might be used to  re la te  m u l t i p l e  
l a y e r s  of d a t a .  

BASIC XEEDS 

Land use ana l a n d  cover  and h y d r o l o g i c  a p p l i c a t i o n s  u s e r s  have b a s i c  
needs for 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  of s a t e l l i t e  imagery: (1) t h e  
u s e r s  m u s t  be a b l e  t o  l o c a t e  d a t a  when g i v e n  geograph ic  c o o r d i n a t e s  o r  to 
f i n d  geograph ic  c o o r d i n a t e s  g i v e n  d a t a  c o o r d i n a t e s ;  ( 2 )  i t  m u s t  oe 
p o s s i b l e  t o  r e fo rma t  t h e  d a t z  to  f i t .  g iven  map p r o j e c t i o n s ;  and ( 3 )  
s c e n e s  of t h e  same area from d i f t e r e n t  times must o v e r l a y  each o t h e r .  

P r e s e n t l y ,  each  use r  s o l v - s  t h e s e  problems independent ly  w i t h  d i f f e r e n t  
deg rees  of s u c c e s s  and a t  va ry ing  c o s t s .  T y p i c a l l y  t h e  c?r f i r s t  f i n d s  
a s e t  of 30 u r  more c o n t r o l  p o i n t s  f o r  a L+ndsat scene t 5 a t  can be 
i ? e n t i f i e a  on t h e  imagery and on t h e  l a r g e s t  s c a l e  maps a v a i i a b l e .  
Nethods d i f f e r  somewhat. Some u s e r s  i d e n t i f y  c o n t r s l  2 o i n t s  from a 
a i o i t a l  d i s p l a y .  O t h e r s  p r i n t  g r a y s c a l e s  f o r  a r e a s  su:roucding l i k e l y  
c o n t r o i ' p o i n t s  o n  a l i n e p r i n t e r  and c o r r e l a t e d  then  w i t h  t opoqraph ic  
naps. Map c o o r d i n a t e s  a r e  determined e i t h e r  through measu rmen t  w i t h  a 
l a t  i tuae / long  i t u d e  "r U n i v e r s a l  T ranve r se  Mercator (.UT:4) c c o r d i n a t  es.  
Second- or third-degLee polynomials  a r c  compnted t y  a n a l y z i n g  t h e  k-ontrnl 
Feints and d i s c a r d i n g  t h o s e  i n a c c u r a t e l y  de t e rmined ,  T h e s e  polynorttials 
a r e  used as  a c a l i b r a t i o n  f i l e  t o  r e f e r e n c e  t h e  d a t a .  O t h e r  d a t a  can 
t h e n  be r e s i s t e r e d  t o  t h e  Landsat  base through t h e  c a l i b r a t i a n  Eile ever! 
t n o u y n  t h a t  base m i g h t  n o t  a c t u a l l y  be i t s e l f  r e g i s t e r e d  to a map. 

For d i s p l a y  of Landsat d a t a  as a map, though, a d d i t i o n s l  p r o c e s s i n g  is 
r e q u i r e d .  , - y p i c a l l y  t h e  Landsat d a t a  wili be r e g i s t e - . - l  t o  a map base by 
s ~ e c i f y i n g  a c a l i b r a t i n n ,  d e s i r e d  p r c j e c t i o n ,  s ize  of f i n a l  p i x e l ,  and 
resarnpJ.ing scheme. T h i s  p r e c i s i o n  r e f o r m a t t i n g  is a computa t ion - in t ens ibe  
p rocedure ,  and n o t  eve ry  user is a b l e  to accomplish it. 

U t i l i z i r ?  more t han  one L a n d s t  s cene ,  e i t n e r  t o  mahe of temporal 
d a t a  i n  an a n a l y s i s  or t o  d e t e c t  .change w i t h  time, r e q u i r e s  r e q i s t r a t i o n  
of cne Scene t o  ai lother .  Again t h e r e  a r e  man:' wa;'s to  a c c o n p l i s h  t h i s  
t a s k .  Some l ;cers  use a modified *rersio.r  of t h e  c o n t r o l  p o i n t  procedure 
used  t o  r e g i s t e r  a scene w i t h  a map. A d i g i t a l  d i s p : - v  o r  g r a y s c a l e s  a r e  
used t o  f i n d  c m t r o l  p o i n t s  o n  each  scene ,  and c a l i b r a t i o n  is e s t d b l i s h e d  
based on a polynomial.  4 less l a b g r - i n t e n s i v e  methr,d is t o  use au to -  
c c r r e l d t i o n  t e c h n i q u e s .  sometimes combined w i t h  gradimnt i d e n t i f i c a t i o n  
tc&Jhiiiques,  cn 3 comsuter.  T h i s  a u t o m a t i c d l l y  f i n d s  control p o i n t s  t h a t  
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c a n  t hen  be e d i t e d .  I n  adal i t ion to  t h e  labor-saving ad-Jantages,  Such 
systems f r e q b e n t l y  a r e  a b l e  t o  f i n d  many rricre c o n t r o l  p o i n t s  t han  t h e  
a n a l y s t  is w i l l i n g  t o  f i n d ,  s a y  200 r a t h e r  t nan  56. E r r o r s  a r e  u s u a l l y  
less x i t h  more c o n t r o l  A f t e r  t h e  e q u a t i o n s  a r e  e s t a b l i s h e d ,  one scene  
i s  c o n s i d e r e d  t h e  pr imary scene, and t h e  o t h e r  is "rubber-sheeted" to f i t  
i t ,  aTottier i c t e n s i v e  ccrriputatio.! jo t .  Though many u s e r s  a r e  i n t e r e s t e d  
i n  s s i n g  mult . i temporai d a t a  f o r  a n a l y s i s ,  n o t  rveryone  c a n  c a r r y  i t  Outl 
g iven  t h e  procedures  r e q u i r e d  today. 

PRESENT LIMITATION 

The t e c t n i q u e s  o u t l i n e d  t o  s o l v e ' p r e s e n t  r e g i s t r a t i o n  pro j lemc have b e m  
around f o r  aL l e a s t  5 y e a r s .  EDIPS d a t a  have been around f o r  2 1 / 2  
years .  The same procedures  used b e f o r e  EDIPS t o  s o l v e  r e g i s t r a t i o n  
Groblems a r e  as necessary  today z.s :hey were b e f o r e  EDIPS became a v a i l -  
abie .  Th-re  was g r e a t  hope t h a t  t h e  Master Data Prucessor  (b1Dk) a t  
Goddard would a l l e v i a t e  many of t h e  problem? and p r o v i d e  r e l i a b l y  
r ? r r e c t e d  d a t a .  The Landsat d a t a  c o r r e c t p d  w i t h  ground c o n t r o l  po in . t s  
(Sr;') chosen f r o n  1:24,000-scale  maps wouLd be less. t h a n  one  g i x e l  fo r  90 
Serc-er8;. oL t h e  p i x e l s  i n  a scene.  The Landsat Data-Users '  Uandhc.zk a l s o  
s F e c i f i e a  t h a t  t h e  temporal  r e g i s t r a t i o n  offsets between t w o  Landsat 
scenez having t h e  same path-row l o c a t i o n  wou ld  be i+ss than  0.5 p i x e l  for 
9!: p e r c e n t  of  t h e  p i x e l s  in a s c e n e  (U.S. G e o l o g i c a l  Survey,  1373) .  

Those e x p e c t a t i o n s  arc n,:.t beincj met. The  r.'.S, Department of A g r i c u l t u r e  
( U S U A )  co.r.pa;?d r e g i s t r a t i o n  q u a l i t y  of  dal-a from t h e  NDP with ' h e i r  
e x i s t i n g  techr,ique-; and found t h a t  t:iol.igh they  c o u l d  pot r e l y  o n  i t  
p r e s e n t l y ,  tt.ey could  use d a t a  from t h e  MDP a s  a s t a r t i n g  p o i n t  f r ; r  an 
d l g o r i c h n  t h a t  idill a u t o m a t i c a l l y  r e g i s t e r  t h e i r  segment d a t a  t o  t h e  
Lan?sat  d a t a  \.;raham and Luebbe, 1981). T h e  D i g i t a l  Mapping of I r r i g a t L d  
Crcpland Techni.que T e s t i n g  p r 3 j e c t  f o u p i  i t  n e c e s r a r y  tc manually f i n d  
c o n t r 3 1  p G i n t s  for 36 s c e n e s  i n  1981 )-*ecause r e s a l t s  o f  t e s t i f i g  those 
Sandsdt sce:ds from t h e  H i g h  iJ1;iins with assessment  ra t ing:  of  t h r e e  3 r  
more where a:[ ?vexage of no closer ti,-.-. t e n  p i x e l s  from t h e i r  expected 
l x a t i o n s  (hnch, 1?81) .  

saiw Technique T e s t i n q  p r o 7 e c t  f0ur.d t h a t  not  o n l y  was i t  necessary  
td r i b i d  c o n t r o l  p o i n t s  f o r  scenz  t3  scene  r e g i s t r a t i o n  ( m u l t i t e m p o r a l ) l  
u u t  trier2 was more r o t a t i o n  of one scene * i t h  r e s p e c t  to  a n o t h e r  w i t h  
L u t a  from h e  hlGP thdn t h e r e  had e v e r  been be fo re .  The I n c r e a s e  i n  
r o t a t i o n  r e q u i r e s  much more computer memory for t h e  " rubher  s h c  ' ing" 
a lgoi thm.  On t h e  p o s i t i v e  s ide ,  EDIPS d a t a  seemed t o  c o r r e l a :  cetter 
than :he o l d  x-fOrmJt, presumably because o f  t h e  c u b i c  c o n v o l u t i o n  
r ~ s a n p l l n 3 .  T h i s  iniprovement xas a l s o  noted by t h e  C a l i f o r n i a  I t r l g a t d  
Lards Technique T e s t i n g  p r o l e c t  (E.  Oauer, o r a l  commun., 1981). 

REQU I EMENTS 

The pretest r e g i s t r a t i o n  of Landsat  d d t a  p t d u c t s  : -  i n s u f c i c : e n t  f o r  t h e  
needs  r l   id use and land cover  and hydro logic  a p p , i c a t i o n s  u s e r s .  Much 
time L?CL :Eort is  expended i n  r e f e r e n c i n g  t h e  d a t a  by .nap c o o r d i n a t e s ,  
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!>cecisic.‘ c o r r e c t i n g  i t  t o  f i t  mans, a r d  o v e r l a y i n g  rnul t i teTpora1  scenes. 
Irks? s t e p s  could  be s i n p l i f i e d  c o n s i d e r a b l y  and uv?n  e l i m i n a t e d  for  some 
a p p l i u a t i o q s  i f  d a t a  was r e a ’ l l y  a v a i l a b l e  i a  r e g i s t e r e d  fox. Jser 
demands i n  t h i s  a r e ?  a r e  not  extreme.  I t  is f a i r  t o  pre:ume t h a t  t hose  
u s e r s  p r c s e n t l y  d i s s a t i s f i e d  w i t h  d a t a  r e g i s t e r e d  by t h e  HDP would be 
r;*!ito happy w i t h  d a t a  chat was r e g i s t e r e d  a s  ..:all as t h e y  a r e  a b l e  tn  
c b t a i n  themselves .  

Users with t h t  a b l i i t y  t o  perform t h e i r  own geomet r i c  corrections would 
l i k e  Landsa t  d a t a  t o  come wi th  in fo rma t ion  on image gecmetry ( l i k e  list- 
i n g s  of ground c o n t r o l  p o i n t s )  s u f f i c i e n t  f o i  f a c i l i t a t i n g  geomet r i c  
c o r r e c t i o n s  (OPI, 1 9 7 9 ) .  T h i s  is probably  -e most common demand heard. 
U s e r s  would l i k c  l i s t i n g s  of c o n t r o l  p o i n t s .  With then. the;. C N ~ U  

perforill t h e i r  own t o r r e c t i L n s ,  c h e c k  o u t  t h a  accurclcies of L! -21- 
c o r r e c t e d  d a t a ,  o r  ‘Jse them ;s a base f o r  adding  a d d i t i o n a l  p o x c ~  %!:en 
warran ted .  

Those users whc would l i k e  sys tem-correc ted  d a t z  a r e  d i v i d e d  \: . ] z e s t i o n s  
of p r o j e c t i o n ,  r o t a t i o n ,  p i x e l  s i z e ,  resampl ing ,  :.nd accuracy*. i e t ’ s  
look a t  each  q u e s t i o n ,  o-e a t  a t ime. 

~ ? i  u s e r s  w i l l  qot be 5 3 t i s f i e d  w i t h  d a t a  i n  j u s t  one s t a n i x d  pro jzc-  
t i o n ,  s u c h  F.S t h e  Space 3blFqclr 14ercator (SOMI :: Wc’ice Cb- ique  Mercator 
(IICM). U s e r s  of q a t e l l i t e  imagery for l a n a  use and l a n d  cover  a p p l i c a -  
t i o n s  comnonly use t b e  d a t a  i n  combinat ion w i t h  maps and nth9r  d a t a  
l a y t r s .  These maps can be c a s t  on a v a r i e t y  of p r c j e c t i o n s ,  such 3s c . k  
‘7, 4 l t e r s  SoRica l  Zqual Area, or p o l a r  S t e r e o g r a p h i c .  What is needed 
is t h e  a b A l i t y  t o  c o n v e r t  d a t a  f r o v  one p r o j e c t l o r .  t o  Ino the r .  USZS does 
hs;.e 3 2ackag.e of cori.dutet r w t i n e s ,  i n  F o r t r a n ,  des igned  to  pezmi t  t n e  
t r a ; ; s fo r in t ion  cf c o o r d i n a t e  p i i r t  f rsm OiiS map p r o j e c t i o n  to  ano the r  
(Y.S. Geolog ica l  Survey, 1981). Data ccu ld  be made a v a i l a b l t  i n  one c r  
t (0 s t a n d a r i  p r o j e c t i o n s  wi:h s o i c v a r e  g . i a i l . a b l e  t o  t h e  users .D converr  
co o t h e r  projectjzns, c r  t h e  l i j c  of a v a i l a b l e  p r o ? e c t i c n s  could be 
exFanded for :he s t a n d a r d  product  w i t h  t h e  use r  s p e c i f y i n g  h i s  cholce .  

V J S ~  users  woulc! pc+:f?r l and  . ~ a e  Z R !  l a n d  covr?r d a t ;  t h a t  d y e  qpo- 
m ~ ~ t r i c 3 1 1 y  cor rec t0  : b e f o r e  d e l i v e r y  to them to  be r o t a t e d  to N0rt.k 
Though argurnetit-s cai: i;. made t h a t  . . > t a t i o n  1s not r c . 2 1 1 ~  n e ~ ? ~ s a r y ,  t h e  
f a c t  reFains t h a t  when working w i t h  maps, and o t h e r  data level‘ ;  de r ived  
from maps, r o t a t e d  d r t a  i s  a p l e a s a r e  and u n r o t a t e d  d a t a  is a ’ l a i n .  
T h e r ?  is a dil.emna w i ~ h  r e s p e c t  t o  t h i s  ques’.or.. when w o r k ~ n g  w i t h  an 
e n t i r e  Lar.;sat Z.-CW or multiple scenes, a ~ ~ t a t e d  d a t a  se t  is sub- 
s + c i n t i , i l l y  i d rqec  t i i d n  i t s  unrotatecl  counterpaLc.  When ~ L I  k in? with .I 
map q u a d t a n q l e ,  t k o u q l ) ,  r o t a t p d  d 3 ~ 3  € i t  j u s *  r ’ q h t ,  2 n d  s:JtJstLintial  1: 
: E O - F  d a t 3  a r e  needed t o  g e t  the quadrangle  c - : ~ q e  iron t!ie ~ : : : L - ~ > - 3 t d  

s e t .  So i t  r e a l l y  depends on t h e  ~ p p l i c a t i o r  and t h e  size 0:: t h r  ircla of 
conce rn .  Tt.2 q u e s t i o n  of r o t a t i o n  shclJ ld  r e a l l y  be an  optic: iC: t!.? 
u s e r .  T h i s  t a u l d  s a t i s f y  a1.l.. 

T h r e e  p i x e l  s i z e s  seem t o  v,e f o r  a t t e n t i o n .  T h e  57-meter squa re  
d e l i v e r e d  x i t h  ECIPS seems to q a r n e r  no r e a l  harsh  f e e l i n g s .  Gsers 
under s tdnd  t h a t  57 mete r s  i s  t h e  resampling i n t e r v a l  a lonq  a scan  l i n e  
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and t h e y  u n j e r s t a n d  t h e  logic of choos ing  t h a t  f o r  t h e  resampled pixel. 
There are perhaps  s t r o n g e r  aryuments  to  be made f o r  go ing  to  a 50-meter 
squqre  p i x e l  s i n c e  i t  Srould c o r x s p o n d  q u i t e  n i c e l y  to  Urn c o o r d i n a t e s  
and be conpati’!.e w i th  t h e  ce l l  s ize  of t h e  USGS l a n d  u s e  ana  l and  cove r  
d a t a  i n  t h e  g r i d  ce l l  form. There  are a l s o  those who *would l i k e  to see 
60-9eter  p i x e l s  which would be easier to  compare w i t h  30-meter themat ic -  
mapper data. 

There h a s  a150 k e n  much d i s tg reemen t  o v e r  resampling.  
t h e i r  own g e o m t r i c  c o r r e c t i o n s  t e n d  to use s imple  n e a r e s t  ne ighbor ,  
mstl: because of cost c o n s i d e r a t i o n s .  Cubic  c o n v o l u t i o n  does appear to 
p r 0 . i  d smoother l ook ing  data. I t  does so by i n c r e a s i n g  t h e  v a r i a b i l i t y  
of t h e  p i x e l  v a l u e s  r a k i n g  t h e  da ta  ha rde r  to  compress  and perhaps 
a d v e r s e l y  a f f e c t i n g  t h e  accu racy  o f  c l a s s i f i c a t i o n  a l g o r i t h m s  t h a t  
u t i l i z e  va r i ance .  Much of what r e s i s t a n c e  t h e r e  is to  convo lu ted  data is 
probab ly  d u e  IIKX.’ to u n f a m i l i a r i t y  w i t h  it t h a n  t o  o t h e r  f a c t o r s ,  

Most users who do 

The q d e s t i o n  of accuracy  is probably  t h e  s i n g l e  most impor tan t  i s sue .  A t  
a minimum, users would l i k e  to know what t h e  ave rage  accu racy  cf a 
p r t i c u l a r  p roduc t  is. T h i s  is impor tan t  a b v c  a l l  else. I f  it is 
reasonab le  to  ach ieve  o n l y  10-p ixe l  accuracy  f o r  a g i v e n  scene ,  because 
many 15-minute maps had t o  be used, t h e  user needs to know. H e  can  then  
de te rmine  whether t h a t  accu racy  is s u f f i c i e n t  f o r  h i s  a p p l i c a t i o n  and ’ 

improve upon it i f  necessa ry  or p o s s i b l e .  Perhaps  t h e  g r e a t e s t  dis- 
appdintment, from t h e  AgRISTARS o v a l u a t i c n  o f  da td  r e g i s t r a t i o n  was the  
poor cor r e l a t i o n  t h a t  was found between accuracy  and assessment  ratings 
(Graham and Luebbe, 1981) .  

There are  t h r e e  d i s t i n c t  a c c u r a c i e s  t h e  u s e r  m u s t  worry about .  T h e  f i r s t  
i nvo lves  t h e  r e f e r e n c i n g  problem. I t  may be necessa ry  t o  e x t r a c t  p i x e l s  
t h a t  l i e  w i t h i n  polygons d i g i t i z e d  from a map. Most users would t e l l  you 
t h a t  f o r  t h i s  t hey  r e q u i r e  root-mean-square (RMS) a c c u r a c i e s  a t  least  as  
go& a s  1 p i x e l .  T h i s ’ c a n  be ach ieved ,  however, i n  t w o  s t a g e s .  The 
f i r s t  might  r e f e r e n c e  t h e  d a t a  t o  w i t h i n  s e v e r a l  p i x e l s ,  wh i l e  t h e  second 
mist use  local €it  to a c h i e v e  t h e  sub-p ixe l  accuracy  desired. 

For f i t t i r . 9  t h e  d a t a  to  a map, t h e  rea l  c o n s i d e r a t i o n  is s c a l e .  The 
Na t iona l  Map Accuracy a t anda rd  f o r  h o r i z o n t a l  accu racy  is 0 .02  inches  a t  
s c a l e s  smaller t h a n  i :20,000 (Thompson, 1979). T h i s  t r a n s l a t e s  to  254 
meters a t  1:500,000, 127 meters a t  1:250,000, and 51 meters a t  1:100,000, 
Judging  from p a s t  performance i t  seems reasonab le  to  e x p e c t  p roc i s ion -  
c o r r e c t e d  Landsat  d a t a  t o  f a l l  somewhere between t h e  s t a n d a r d s  f o r  
l : S O O , O O O -  and 1:250,000-scale maps. T h i s  shou ld  be q u i t e  a c c e p t a b l e  for  
most u s e r s .  

I n  a geograph ic  informat ion  system environment ,  t h e  r e s o l u t i o n  of t h e  
c o a r s e s t  u n i t  de t e rmines  t h e  e f f e c t i v e  r e s o l u t i o n  o f  t h e  e n t i r e  System. 
S ince  lani use and land  cove r  data  a c e  u s u a l l y  a t  a f i n e r  r e s o l u t i o n  t h a n  
o t h e r  da t a  l a y e r s ,  such as soils, problems wi th  i n a c c u r a t e  r e g i s t r a t i o n  
of a few p i x e l s  are not e s p e c i a l l y  c r i t i ca l  on t h e  whole. I n  hydro log ic  
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applications over multi-State regions, land cover data from Landsat. may 
be at the finest resolution of the system w e n  though it is reported for 
areas as large as 1 square mile. 
particular cases, though. Identifying residential land use within a 
specified slope interval computed from digital elevation models of 
13-meter resolution would require very good, sub-pixel registration. 
Registratim becomes most critical when it come to overlaying data 
collected from the sarfe point at different times. The California 
Irrigated Lands Technology Transfer project attains a 0.2 pixel RMS error 
for multitemporal reglstratim (Wall and athers, 1981). Error tolerance 
depends mostly on environment and repetition. Larger errors can be 
tolerated if land use and land cover features are large and if only two 
dates are being overlaid. Those same errors become intolerable when the 
features are smaller (more boundary pixels) and when more scenes are 
.being overlaid. In general, most users would be quite pleased with the 
error limits proposed for EDIPS, that is, 0.5 pixel temporal registra- 
tion offset. 

Misregistration could be critical in 

SUGGESTIONS 

"est users 3re p u z z l e d  by the lack of quality registration coming out of 
the NCP. This has limited some users without access to their own 
geometric correction and overlaying algorithms and has increased costs 
substantially for the others. It is hoped that a result of the Registta- 
tion and Roctificaton Workshop will be an improvement in the accuracy of 
NE? products. One critical element in any procedure to accurately 
register satellite imagery to maps is selection of ground'control points. 
Thousacds of control ;saints have been picked by Landsat analysts in the 
past. Perhaps a way can be found to accept contributions of GCP's from 
the users into the KDP library. There they voulc! augment those already 
in the library, increasing the number of points available for each scene 
and the reliability of reqistration. 

SUMNARY 

fieliable registraticn of satellite imaaery wouid greatly increase the cse 
of s u c h  data for land ilse and land cover and hydrologic applications. 
Lihile some users can and do accomplish their own registration, aost 
cannot. The  inability to work with registered data results in the loss 
of the tenpoidl dimension, production of inferior map products, and 
difficulty in using ancillary data that is registered. While sampling 
strategies satisfy users from sqme disciplines, land use and land cover 
a r e  commonly interested in completing "wall to wall" surveys and produc- 
ing map prm!ucts. 

Land use and land cotper and hydrologic applications users have definite 
demands for teaistered satellite imagery. While more variety with 
re'spect to cpt-Jns is desirable, products which meet the standards 
propcsed for ELL'S wculd be welcomed. One addition that most users 
mention i.. a listing of control points that can be usec! to check accuracy 
of a part.iculaz Frodl..:t or as a starting point for refinement. Satisfac- 
tion of those reqbirernents would greatly improve the utility ?f satellite 
imagery for Land use and land cover and hydrologic 'applications. 
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