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Before proceeding w i t h  a d i scuss ion  o f  geometric v e r i f i c a t i o n  methods, a 
b r i e f  rev iew o f  present Landsat data formats w i l l  c l a r i f y  how b o t h  geodet ic 
l o c a t i o n  and r e g i s t r a t i o n  c a p a b i l i t i e s  were def ined. Since February 1979, 
Landsat m u l t i s p e c t r a l  scanner (MSS) data has been processed through the 
master da ta  processor (MDP). The d e f i n i t i o n  o f  the f u l l y  processed output  
image arrays (P-tape products) was intended t o  f a c i l i t a t e  bo th  geodet ic 
l o c a t i o n  and temporal r e g i s t r a t i o n  o f  image p i x e l s .  The wor ld  re ference 
system (WRS) nominal i t x g e  centers  de f i ned  i n  degrees and in tege r  minutes o f  
l a t i t u d e  and long i tude  were se lected as the re fe rence  p o i n t s  i n  output  
images. Framing o f  MSS images was de f i ned  t o  l o c a t e  the WRS nominal image 
cen te r  on the center  l i n e  ( l i n e  1492) o f  the output  ar ray.  The phasing o f  
the geometric resampl ing pro:ess was de f i ned  t o  l o c a t e  the WRS center  
e x a c t l y  on a p i x e l  ( n o t  necessa r i l y  the center  p i x e l )  of the center  l i n e .  
F i n a l l y ,  a t  the WRS p i x e l  the o r i e n t a t i o n  o f  the center  l i n e  r e l a t i v e  t o  
rec tangu la r  map coord inates was s p e c i f i e d  f o r  each WRS. 

By the above d e f i n i t i o n s ,  t he  geodet ic l o c a t i o n  o f  p i x e l s  i n  a P-tape image 
l i e  on a 5 7  x 57 meter g r i d  r o t a t e d  b.y a s p e c i f i c  angle (about the WRS p i x e l  
i d e n t i f i e d  i n  P-tape header) r e l a t i v e  t o  the rec tangu la r  coord inates of the 
map p r o j e c t i o n  used. Two images f o r  a g iven WRS can be r e g i s t e r e d  by s imply  
s h i f t i n g  one o f  the arrays i n  the along scan l i n e  d i r e c t i o n  t o  account f o r  
the d i f f e r e n c e  i n  p i x e l  l o c a t i o n s  o f  t he  WRS cen te r .  

As an dside, f u l l y  processed ou tpu t  arrays fo r  r e t u r n  beam v i d i c u n  ( R B V )  
da ta  were def ined as 19 x 19 meter g r i d s  ove r lay ing  the MSS g r i d s  ( 3  x 3 
a r ray  o f  RBV p i x e l s  f o r  each MSS p i x e l ) .  A p 'xe l  and l i n e  number r o f e r e r x i n g  
each HBV subframe r e l a t i v e  t o  a WRS p i x e l  are g i ven  i n  the header o f  an RBV 
P-tape. This  d e f i n i t i o n  o f  RBV ar rays WGS intended t o  prov ide d reg -  
i s t r a t i o n  c a p a b i l i t y  between REV and MSS. 

The accuracy o f  a P-tape image i s  a f u n c t i o n  o f  the geometric modeling which 
determines where image da ta  are located i n  the P-tape array.  Since the re  i s  
on l y  one geometric model used i n  the MDP, geometric l o c a t i o n  accuracy 
depends an the absolute accuracy o f  the model and r e g i s t r a t i o n  accuracy is  
determined by the s t a b i l i t y  o f  the model. Due p r i m a r i l y  t o  inaccuracies i n  
da ta  prov ided by the Landsat a t t i t u d e  measurement system ( A M s ) ,  des i red 
accurzcies are a t t a i n a b l e  o n l y  by us ing  ground c o n t r o l  p o i n t s  (CCP)  and d 
c o r r e l a t i o n  procebs. 
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Contro l  p o i n t s  c o n s i s t  o f  32 x 32 arrays of MSS da ta  w i t h  l o c a t i o n s  de f i ned  
by l a t i t u d e  and longi tude.  When maps are ava i l ab le ,  the l o c a t i o n s  are 
de r i ved  from the naps and b o t h  l o c a t i o n  and r e g i s t r a t i o n  accuracy w i l l  oe 
improved. Without maps, l o c a t i o n s  are der ived frm a reference P-tape image 
us ing the s r ray  l o c a t i o n  d e f i n i t i o n  p rev ious l y  discussed. I n  these cases 
o n l y  the s t a b i i i t y  o f  t he  geometry and, therefore,  t he  r e g i s t r a t i o n  
accuracy i s  improved. 

The performance s p e c i f i c a t i o n s  f o r  MSS P-tape data were .5 p i x e i  (per a x i s )  
geodet ic l o c a t i o n  and . 3  p i x e l  (per  ax i s )  r e g i s t r a t i o n .  I n  the development 
of the MDP, t h i s  s p e c i f i c a t i o n  was taken w i t h  re fe rence  t o  i n p u t  p i x e l  
instantaneous f i e l d  o f  view (IFOV) o f  approximately 80 meters. I n  terms o f  
t he  57 meter p i x e l  spacing o f  output  P-tape arrays,  these s p e c i f i c a t i o n s  
conver t  t o  . 7  p i x e l  (per  a x i s )  geodet ic l o c a t i o n  and .4  p i x e l  (per  a x i s )  
r e g i s t r a t . i o n .  This  performance r e q u i r e s  successfu l  c o r r e l a t i o n  o f  20-25 
w e l l  d i s t r i b u t e d  c o n t r o l  p o i n t s  i n  an MSS image. The geodet ic l o c a t i o c  
s p e c i f i c a t i o n  a l s o  r e q u i r e s  the c o n t r o l  point; t o  have l o c a t i o n  e r r o r s  l ess  
than 35 meters (rm;) r e l a t i v e  t o  re fence maps. 

The v e r i f i c a t i o n  o f  system performancz w i t h  rega rd  t o  geodet ic l o c a t i o n  
r e q u i r e s  the c a p a b i l i t y  t o  determine p i x e l  p o s i t i o n s  o f  map p o i n t s  i n  a P -  
tape array.  V e r i f i c a t i o n  o f  r e g i s t r a t i o n  performance r e q u i r e s  the capa- 
b i l i t y  t o  determine p i x e l  p o s i t i o n s  o f  c m o n  p o i n t s  ( n o t  n e c e s s a r i l y  map 
p c i n t s )  i n  2 o r  more P-tape arrays f o r  a g i ven  WRS scene. I t  should be noted 
t h a t  r e g i s t r a t i o n  measurezents w i l l  i d e n t i f y  changes i n  l o c a t i o n ,  w h i l e  the  
d i f f e r e n c e  between l o c a t  i on  measurements y i e l d s  the  r e g i s t r a t i o n  e r r o r .  
Thus an accurate gecidetic l o c a t i o n  v e r i f i c a t i o n  prov ides r e g i s t r a t i o n  da ta  
and r e g i s t r a t i o n  v e r i f i c a t i o n  can prov ide l x a t i o n  data i f  one o f  t he  P-  
tapes has been v e r i f i e d  g e o d e t i c a l l y .  Th i s  r e l a t i o n s h i p  o f f e r s  the 
Gppor tun i ty  f o r  a l t e r n a t e  ( o r  m u t u a l l y  checking) implementations f o r  
v e r i f i c a t i o n  o f  geometry. 

Since the b u i l d i n g  o f  a GCP l i b r a r y  f o r  the MDP consis teu o f  accu ra te l y  
i d e n t i f y i n g  the l o c a t i o n s  o f  32 x 32 MSS ar rays r e l a t i v e  t o  maps, the 
1 i b r a r y  b i i i l d  f u n c t i o n  demonstrated a method f o r  l o c a t i o n  v e r i f i c a t i o n .  
The l o c a t i o n  f u n t i o n  was accomplished by a manual ove r lay  o f  d map feature 
and a cathode r a y  tube (CRT)  d i s p l a y  of MSS data.  The ove r lay  was 
accomplished us ing  a Bausch and Lomb zoom-transfer scope which prov ides an 
o p t i c a l  superpos i t i on  o f  2 i npu ts  through a b inocu la r  viewe;. The inpu ts  
were a CRT d i s p l a y  o f  MSS da ta  (sca led according t o  a v a i l a b l e  map sca le )  and 
the ac tua l  map w i t h  a f e a t u r e  i d e n t i f i e d .  The manual ove r lay  o f  the 
superimposed b inocu la r  view consis ted o f  s imply moving the mdp t o  g i v e  the 
bes t  f i t  t o  the d i sp layed  MSS data. The s p e c i f i c  p o i n t  on the map f o r  which 
l a t i t u d e  and long i tude  had been def ined was then i d e n t i f i e d  by moving a 
cu rso r  on the CRT d i sp lay .  The cursor p o s i t i o n  i d e n t i f i e d  the center  o f  the 
32 x 32 GCP a r ray  t o  be s tored i n  the  MDP l i b r a r y  and the f r a c t i o n d l  p i x e l  
l o c a t i o n  o f  the de f i ned  l a t i t u d e  and long i tude  w i t h i n  the 32 x 32 arrdy.  
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Using t h i s  technique f r geodet ic l o c a t i o n  v e r i f i c a t i o n  i s  s t r a i g h t f o r w a r d .  
For a se lected map feature,  t he  expected p i x e l  and l i n e  number l oca t i o r .  i n  
a P-tape image can be c a l c u l a t e d  from the l a t i t u d e  and long i tude  us iny  the 
3ppropriat.e map t ransformat ion and y o t a t i o n  o f  coord inates p r e v i o u s l y  
descr ibed. This  c a l c u l a t e d  l o c a t i o n  i d e n t i f i e s  the area o f  MSS data t o  be 
d isp layed on the CRT. The cursor  p o s i t i o n  a f t e r  manual superpos i t i on  
i d e n t i f i e s  the measured p i x e l  and l i n e  number l o c a t i o n  o f  the zap feature.  
The l o c a t i o n  e r r o r  i s  s imply  the d i f f e r e n c e  between the expected and 
measured l o c a t  ions. 

An improved versior,  o f  t h i s  technique can 50 developed by conver t i ng  the 
se l cc ted  area o f  a map t o  a d i g i t a l  v ideo s i g n a l  and combining the map and 
MSS d i sp lays  d i r e c t l y  onto the CRT d i s p l a y .  A sho r t  stl;dy by  I B M  
d e n w s t r a t e d  t h a t  t h i s  cuperimposed d i s p l a y  f a c i l i t a t e s  the manual ove r lay  
func t i on .  

Techniques f o r  r e g i s t r a t i o n  v e r i f i c a t i o n  can be more v a r i e d  and automated 
c ince  map d3 ta  are n o t  requ i red .  Although c o r r e l a t i o n  o f  commsn fea tu res  
would be poss ib le ,  edge d e t e c t i o n  and c o r r e l a t i o n  o f  a r b i t r x y  dreas i s  
probably p re fe rab le .  Goddard's Large Area Crop Inventory  Experiment 
(LACIE) processor used edge detect ior :  and matching t o  e x t r a c t  sample 
segments (117 l i n e s ,  150 p i x - i s )  r e g i s t e r e d  t o  a re ference segment. Th is  
system m e t  i t s  s p e c i f i e d  r e g i s t r a t i o n  goal o f  1 p i x e l  ( rms).  However, a i l  
LACIE e x t r a c t i o n s  were v e r i f i e d  by manually comparing f i l m  images o f  the 
e x t r a c t e d  segments w i t h  the reference segmerlt and a small  percentage Mere 
r e j e c t e d  due t o  r e g i s t r a t  i on  e r r o r s .  Th is  experience demonstrated the need 
f o r  a manual backup t e s t .  Rather than us ing f i l m  images, a CRT d i s p l a y  w i t h  
the c a p a b i l i t y  t o  f l i c k e r  between 2 t e s t  areas i s  recommended f o r  
v e r i f i c a t i o n  t e s t i n g .  This  manual mode would n o t  have a s t r i c t  acclrracq 
requirement s ince i t  wculd on l y  be used t o  assure t h a t  a co r re ;a t i on  should 
e x i s t .  

One a d d i t i o n a l  lesson can be lparned from the LACIE System. Dur ing the 
development e f f o r t ,  experiments showed t h a t  edge d a t z  o f  a s i n g l e  MSS band 
werc no t  necessa r i l y  i n v a r i a n t  w i t h  seasonal changes. I n  f a c t ,  zdges 
appearing i n  one ban?. f o r  one season occ6s iona l l y  appeared i n  another band 
f o r  another season. This e f f e c t  lead t o  the use o f  composite edge irndyes 
us ing MSS bands 5 and 7. S i m i l a r  cons ide ra t i ons  may be +-squired i n  a 
r e g i s t r a t i o n  v e r i f i c a t i o n  system. 

A1  though automated v e r i f i c a t i o n  r? thods  are h i g n l y  des i rab le ,  manual 
processes are p resen t l y  necessary whcn dea l i ng  w i t h  msps and ddviyable f o r  
v e r i f y i n g  r e g i s t r a t ' o n  c o r r e l a t i o n s .  Manual processes o f f e r  an a d d i t i o n a l  
v e r i f i c a t i o n  c a p a b i l i t y  i n  terms o f  exposing h igher  frequency d i s t o r t i o n s  
i n  image data.  Automdted c o r r e l d t i d n  func t i ons  grorluce iiiean r e s u l t s  f o r  the 
areas c o r r e l a t e d  and may be i n s e n s i t i v e  t o  r e g i s t r a t i o n  e r r o r s  i n  srnai lcr  
areas. 
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Tne implementation o f  a v e r i f i c a t i o n  system will depend on the number o f  
measurements required per image and the number o f  images t a  be v e r i f i e d .  I n  
turn,  these requirements depend on user expectations imp1 ied by performance 
speci f icat ions.  The f i n a l  question i s :  which of the fo l lowing v e r i f i c a t i o n  
leve ls  are requi red by data users? 

a) 100 percent o f  p i x e l s  i n  an image w i t h i n  s p e c i f i c a t i w  

b j  Less than 100 percert. bu t  some minimum percent o f  p i x e i s  i n  an 
image w i t h i n  j p e c i f i c a t i o n s  

c )  A p r o b a b i l i t y  tha t  an image ree ts  spec i f i ca t i on  
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