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A B S T R A C T * 

Th i s paper desc r i bes w o r k on the deve lop­
ment o f s ymbo l i c r e g i s t r a t i o n and change ana lys i s 
techniques app l ied to the p r o b l e m o f the c o m p a r i ­
son of p a i r s of images of a scene to generate des ­
c r i p t i ons of the changes in the scene. Un l i ke 
e a r l i e r w o r k i n change a n a l y s i s , a l l the ma tch ing 
and l a t e r ana lys is i s p e r f o r m e d s y m b o l i c a l l y . We 
a lso d iscuss techn iques fo r the genera t ion o f s y m ­
bo l i c desc r i p t i ons o f i m a g e s , both the segmenta­
t i on and fea tu re ex t r ac t i on p r o b l e m s . These t e c h ­
niques have been app l ied to s e v e r a l d i f f e ren t scenes 
and in t h i s paper we p resen t the resu l t s f o r two o f 
these scenes. 

I N T R O D U C T I O N 

T h i s paper desc r i bes r e s e a r c h t o w a r d the 
development of a gene ra l i m a g e unders tand ing 
s y s t e m . We w i l l desc r i be a sys tem f o r the a n a l ­
ys i s of p a i r s of images of the same scene to gen­
e ra te p a r t i a l desc r i p t i ons o f the changes in the 
scene. We d i r e c t e d t h i s w o r k t o w a r d genera l 
image ana lys i s and ma tch i ng r a t h e r than t o w a r d 
spec i f i c , re la ted p r o b l e m s such as m o t i o n o r 
s te reo a n a l y s i s . 

Th i s w o r k i n change ana lys is d i f f e r s f r o m 
e a r l i e r compu te r change de tec t ion in the use o f 
symbo l i c ana lys i s o f the image to detect and ex­
p ress the changes w h i c h have o c c u r r e d . E a r l i e r 
e f f o r t s in the change ana lys i s a rea (Quam, 1971; 
L i l l e s t r a n d , 1972; A l l e n e t . a l . , 1973) used c o r r e ­
la t ion guided m a t c h i n g to es tab l i sh a set of c o r r e ­
sponding po in t p a i r s . These po in t p a i r s a re then 
used to t r a n s f o r m the second i m a g e so that i t i s 
p r e c i s e l y a l igned w i t h the f i r s t . The a l igned i m ­
ages a r e sub t rac ted and changes a r e i nd i ca ted by a 
l a r g e d i f f e rence in the i n t e n s i t y va lue o f the po in t 
i n the two i m a g e s . That i s , two images a r e p r o c ­
essed to p roduce a t h i r d image w h i c h ind ica tes p o s ­
s ib le changes. F o r f u r t h e r mach ine ana lys is o f 
the changes, the change r e s u l t s should be r e p r e ­
sented s y m b o l i c a l l y . Ra the r than generate a 
symbo l i c d e s c r i p t i o n o f the d i f f e rence i m a g e , w h i c h 
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i s not a lways r e l i a b l e , the i n i t i a l match ing should 
a lso be done s y m b o l i c a l l y . Th i s use of symbo l i c 
ana lys is is in tended to expand the c lass of images 
w h i c h can be success fu l l y ana lyzed f o r changes 
compared to the c lass o f images handled by t e c h ­
niques depending on point to point ma tch ing and 
g loba l t r a n s f o r m a t i o n s . Past w o r k on symbo l i c 
mo t i on ana lys is has used comp le te l y and c o r r e c t ­
l y segmented i m a g e s , that i s , the segmentat ion 
and recogn i t i on p e r f o r m e d by humans , not by 
mach ines ( B a l d e r , 1975). We w i l l be us ing " r e a l " 
images wh i ch w i l l r e q u i r e the genera t ion o f the 
symbo l i c desc r i p t i ons in add i t ion to the p rocess ing 
o f the symbo l i c d e s c r i p t i o n s . 

T h e r e a r e s e v e r a l segmenta t ion techniques 
w h i c h m i g h t be app l ied to a w ide range of images 
( Y a k i m o v s k y , 1973; Oh lander , 1975), and we have 
chosen the reg ion sp l i t t i ng sys tem of Oh lander . 
The p rocess ing s ta r t s w i t h the p a i r o f input images 
and f i r s t p roduces a p a r t i a l or comple te segment ­
a t ion o f these i m a g e s . F e a t u r e va lues a re c o m ­
puted f o r a l l these segments . The fea tures inc lude 
s i ze , l o ca t i on , shape, e tc . The fea tu re based 
d e s c r i p t i o n o f the segmented image const i tu tes the 
symbo l i c r ep resen ta t i on o f the i m a g e . The s y m ­
bo l i c rep resen ta t i ons o f two images a r e compared 
to d e t e r m i n e the co r respond ing reg ions in the two 
i m a g e s , t h i s i s ca l led symbo l i c r e g i s t r a t i o n . 
These resu l t s a re used to guide f u r t h e r segment ­
a t i ons , to guide f u r t h e r r e g i s t r a t i o n , o r to analyze 
changes in the reg ions w h i c h o c c u r r e d between the 
two v iews (changes in c o l o r , s i ze , l o c a t i o n , shape, 
e t c . ) . 

We have app l ied t h i s p r o c e d u r e on seve ra l 
d i v e r s e scenes: a s i m p l e house, a c i t yscape , 
sa te l l i t e i m a g e s , a e r i a l i m a g e s , and rada r i m a g e s . 
F o r each of these scenes a d i f f e ren t t ask was p e r ­
f o r m e d . The task con t ro l s the segmenta t ion , 
f ea tu re a n a l y s i s , s ymbo l i c r e g i s t r a t i o n , and the 
f i n a l change ana lys i s ( P r i c e , 1976). Because o f 
space l i m i t a t i o n s , w e w i l l p resen t r esu l t s f r o m 
on ly two o f these scenes. 

S U M M A R Y O F T H E TASKS A N D I M A G E S 

B e f o r e any ana lys i s is poss ib le a task m u s t 
be g iven and any knowledge about the images and 
the t ask m u s t be s p e c i f i e d . F o r a s y s t e m des igned 
to so lve a spec i f i c p r o b l e m , the t ask d e s c r i p t i o n 
and ava i lab le outs ide knowledge a r e used t h r o u g h ­
out the i m p l e m e n t a t i o n . Bu t , in a m o r e g e n e r a l 
s y s t e m , such as t h i s one, the task and knowledge 
m u s t be expressed e x p l i c i t l y f o r each stage o f the 
p r o c e s s i n g . T h i s outs ide i n f o r m a t i o n w i l l be used 



t o c o n t r o l the type o f reg ions w h i c h a re segmented, 
the p o r t i o n o f the i m a g e w h i c h i s ana lyzed , w h i c h 
segments a r e m a t c h e d , what change i n f o r m a t i o n 
is gene ra ted , and the f i n a l use o f t h i s change i n f o r ­
m a t i o n . 

The f i r s t scene is g iven in two v iews o f a 
s ing le house ( F i g u r e s la and l b ) . Th i s scene i s 
r e p r e s e n t e d by f u l l co l o r images w i t h about 0 , 5 
m i l l i o n p i xe l s f o r each c o l o r i npu t . T h e r e a re 
o r i g i n a l l y t h r e e c o l o r s ( r e d , g reen , and b lue ) , and 
these a r e t r a n s f o r m e d to generate o ther co lo r 
p a r a m e t e r s (Kender , 1976). T h e r e a re few r e a l 
changes between these two i m a g e s , so that the 
p r i m a r y task i s t o i l l u s t r a t e the opera t ion o f the 
segmenta t i on , f ea tu re e x t r a c t i o n , and symbo l i c 
r e g i s t r a t i o n p r o c e d u r e s . F o r t h i s t a s k , the l a r g e , 
c l e a r l y segmented , reg ions a r e su f f i c ien t ; thus 
t h e r e i s no need to segment each i n d i v i d u a l b r i c k . 

The o ther p a i r i s two a e r i a l v iews o f an u rban 
scene ( F i g u r e s 2a and 2b). These images a re 
m o n o c h r o m a t i c and conta in about 4 m i l l i o n p i xe l s 
each . T h i s scene conta ins m a n y , r e l a t i v e l y s m a l l , 
d i s t i n c t ob jec ts , and many o ther s m a l l e r ob jec t s . 
T h e r e a re s e v e r a l g loba l changes between the two 
i m a g e s ; ob jects a r e l a r g e r i n the f i r s t i m a g e , t h e r e 
is a t r a n s l a t i o n d i f f e r e n c e , and t h e r e is a sun angle 
d i f f e rence so that shadows in the f i r s t image do not 
appear in the second i m a g e . The bas ic task f o r 
t h i s scene is to ana lyze changes in the p i e r a rea o f 
the scene, s p e c i f i c a l l y changes in the n u m b e r o f 
sh ips . B e f o r e t h i s ana lys i s can take p l ace , the 
co r respond ing subsect ions o f the two images m u s t 
be l oca ted , t h e r e f o r e the e n t i r e i m a g e m u s t be 
p a r t i a l l y segmented to loca te c e r t a i n anchor reg ions 
w h i c h can be used to l i m i t the a rea o f the p i e r sub­
sec t i ons . A d d i t i o n a l r e f i nemen t o f t h i s a rea w i l l be 
n e c e s s a r y and can be p e r f o r m e d by us ing a d e s c r i p ­
t i o n o f the p i e r a rea : p i e r s j u t t i ng out f r o m the land 
su r rounded by w a t e r o r sh ips , and the land is not 
i nc luded i n t h i s f i n a l m o d e l . T h e r e f o r e the t o t a l 
p r o c e s s i n g o f t h i s scene w i l l i nc l ude the segmenta­
t i on o f anchor reg ions in the two images (b r i gh t 
reg ions w i l l be used) , the r e g i s t r a t i o n o f these p a r ­
t i a l segmenta t ions , the r e s t r i c t i o n o f the a rea o f 
de ta i led ana lys i s by us ing the s y m b o l i c r e g i s t r a t i o n 
r e s u l t s , the p a r t i a l segmenta t ion o f t h i s a rea to a id 
the r e f i nemen t o f the p i e r a r e a , the comple te seg­
men ta t i on o f the r e f i n e d a r e a , and the ana lys i s o f 
the segmented reg ions to p roduce the d e s i r e d change 
r e s u l t s . 

S E G M E N T A T I O N 

Our w o r k on segmenta t ion is an extens ion o f the 
h i s t o g r a m guided reg ion sp l i t t i ng techn ique d e v e l ­
oped by Oh lander (1975). T h i s me thod was o r i g i n ­
a l l y developed f o r use on c o l o r i m a g e s . B a s i c a l l y 
the p rocedu re sp l i t s a reg ion i n to subreg ions by 
t h resho ld ing one o f the s p e c t r a l i n p u t s . The t h r e s h ­
o ld va lues a r e se lec ted by the ana lys i s o f the h i s t o ­
g r a m s o f the va lues f o r a l l p i xe l s in the reg ion (one 
h i s t o g r a m fo r each s p e c t r a l i n p u t ) . The t h r e s h o l d 
va lues a re se lec ted as the uppe r and l o w e r bounds 
o f the "best separated1 ' peak w h i c h appears in the 
set o f h i s t o g r a m s . M o r e de ta i l s o f t h i s bas ic 
segmentat ion method a r e g iven in Oh lander (1975) 
and P r i c e (1976). T h e r e a r e t w o p r o b l e m s i n the 
use o f t h i s techn ique f o r the segmenta t ion o f ou r set 

o f i m a g e s . F i r s t , the segmenta t ion method i s 
m u c h too slow to p rocess a l a r g e set o f images in 
a reasonably shor t t i m e . Second, the segmenta­
t i o n technique was developed f o r m u l t i - s p e c t r a l 
images and is not expected to w o r k as w e l l on 
m o n o c h r o m a t i c i m a g e s . 

P L A N N I N G : The f i r s t p r o b l e m i s so lved by 
the i n t r o d u c t i o n o f " p l a n n i n g " ( K e l l y , 1970; Hanson , 
1974). By p lann ing , we mean the genera t ion of an 
a p p r o x i m a t i o n f o r the f i n a l segmenta t ion us ing a 
reduced v e r s i o n o f the image and the use of t h i s 
a p p r o x i m a t i o n as a p lan to m o r e e f f i c i en t l y d e r i v e 
the t r u e segmenta t ion of the i m a g e . The use of 
p lann ing reduces the t o t a l t i m e to segment the 
image by about one o r d e r of magn i tude compared to 
segmenta t ion , by t h i s me thod , w i thou t p lann ing . 
The p lan genera t ion i s p e r f o r m e d by the app l i ca t i on 
o f the bas ic segmenta t ion p r o c e d u r e to the reduced 
i m a g e s . An expansion p r o c e d u r e uses the seg ­
men ts generated by the p lann ing p r o c e d u r e to 
r e s t r i c t the a rea i n the l a r g e image w h e r e the 
t h r e s h o l d i s app l i ed , and generates the f u l l s ize 
seg m e n t a t i o n . 

M O N O C H R O M A T I C I M A G E S : The segment ­
a t ion o f m o n o c h r o m a t i c images r e q u i r e d a d d i t i o n ­
a l a l t e r a t i o n s t o the i n i t i a l segmenta t ion m e t h o d . 
The o r i g i n a l segmentat ion method was based on 
the hope that i f one s p e c t r a l f ea tu re cannot p r o v i d e 
a reasonable sp l i t of the reg ion , t hen , pe rhaps , 
another co lo r p a r a m e t e r w i l l . I f the p r o c e d u r e i s 
p resen ted w i t h on ly one s p e c t r a l i npu t , t he re i s no 
o ther co lo r p a r a m e t e r t o t u r n to when t h e r e i s only 
one peak in the h i s t o g r a m . The l a r g e m o n o c h r o m ­
a t i c images a lso conta in many s m a l l d i f f e ren t o b ­
jec ts wh i ch cause the h i s t o g r a m to have on ly one 
peak. T h i s occu rs because the range o f i n t e n s i t y 
f o r each object ove r l aps the ranges of i n t ens i t i es 
f o r o ther ob jec ts . 

We can i n t r oduce add i t i ona l s p e c t r a l - l i k e 
fea tu res by the use o f s i m p l e t e x t u r a l o p e r a t o r s 
des igned to show spec i f i c fea tu res such as h o m o ­
geneous r e g i o n s , o r h igh con t ras t a r e a s . We use 
one f e a t u r e , the n u m b e r o f m i c r o - e d g e s in the 
reduc t ion w indow, to i nd i ca te gene ra l homogeneous 
reg ions (Rosen fe ld , 1969). A homogeneous reg ion 
is one wh i ch contains few m i c r o - e d g e s so that 
these reg ions can be ex t rac ted by us ing a t h r e s h ­
o ld of ze ro edges in a reduced i m a g e . The reg ions 
w h i c h a r e ex t rac ted by the edge fea tu re a re m o r e 
sens i t i ve t o no ise i n the i m a g e , espec ia l l y l o c a l 
no ise such as s c r a t c h e s . T h i s f ea tu re i s not u s e ­
f u l f o r the e x t r a c t i o n o f s m a l l de ta i led reg ions , but 
i s u s e f u l f o r the e x t r a c t i o n o f gene ra l homogeneous 
r e g i o n s . 

Many o ther spa t i a l o r t e x t u r a l ope ra to r s a r e 
poss ib le ( e . g . H a r a l i c k et . a l . , 1971). F o r easy 
i n c o r p o r a t i o n in a gene ra l segmenta t ion m e t h o d , 
s i m i l a r t o t h i s one, the ope ra to r s should p roduce 
i m a g e - l i k e va lues f o r a l l po in ts i n the i m a g e . 

We a lso used the computa t ion o f h i s t o g r a m f o r 
p o r t i o n s o f the i m a g e r a t h e r than f o r the en t i r e 
i m a g e (Chow, 1970). T h i s was in tended to approach 
a so lu t ion to the p r o b l e m of the o c c u r r e n c e of many 
s m a l l s i m i l a r reg ions in a s ing le i m a g e . The use 
o f p a r t i t i o n s means tha t the n u m b e r o f separate 
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objec ts w h i c h con t r ibu te to one h i s t o g r a m i s r e ­
duced. 

Resul ts and Eva lua t i on of Segmentat ion: 

F i g u r e s 3a and 3b show the reg ions segmented 
in both images : the sky, roo f , l a w n , fou r w a l l 
reg ions , s e v e r a l bushes, ch imney , door , shadows, 
and s e v e r a l reg ions i n the w indow a r e a . T h e r e a r e 
some d i f f e rences in the segmenta t ions : d i f f e rences 
in the n u m b e r and s ize o f the bushes, d i f f e ren t 
reg ions in the window and door a r e a s , and a c loud 
is segmented in the second i m a g e . These images 
a re segmented w i t h the p lann ing p r o c e d u r e ou t l i ned 
above, w i t h the images reduced by a f ac to r of eight 
i n each d i r e c t i o n . No t e x t u r a l p r o p e r t i e s a r e used 
in the segmenta t ion because the co lo r p a r a m e t e r s 
a re su f f i c i en t . The t o t a l segmenta t ion r e q u i r e d 
about 24 m inu tes (465 m i l l i o n i n s t r u c t i o n s on a 
P D P - K A 1 0 ) w i t h about 50% of the t i m e f o r the 
reduc t ion of the i m a g e s , 9% f o r the p lan genera ­
t i o n , and 40% f o r expansion o f the p l a n . An ap­
p r o x i m a t i o n o f the segmenta t ion t i m e f o r these i m ­
ages w i thou t p lann ing can be genera ted by sca l ing 
the t i m e s in the p lanning step w h i c h depend on the 
image s i ze , by the reduc t ion f a c t o r . T h i s g ives 
a segmenta t ion t i m e of about 72 m i n u t e s (1300 
m i l l i o n i n s t r u c t i o n s ) , bu t , i n r e a l i t y , the t i m e 
r e q u i r e d wou ld be m u c h g r e a t e r due to the ex t ra 
overhead i nvo l ved i n p r o c e s s i n g images wh i ch a r e 
too l a r g e t o f i t i n p r i m a r y m e m o r y . 

F i g u r e s 4a and 4b g ive the p a r t i a l segmenta­
t ions f o r the en t i r e u r b a n scene i m a g e s , and 
F i g u r e s 5a and 5b show the comple te segmentat ion 
f o r the p i e r subsect ions o f these i m a g e s . Because 
of the task d e s c r i p t i o n , no a t tempt was made to 
comp le te ly segment the en t i r e i m a g e , and on ly the 
b r i gh t reg ions a re e x t r a c t e d . T h e r e a re some 
d i f fe rences between the two segmenta t ions : some 
reg ions in one image a r e not in the o ther i m a g e , 
and some reg ions change shape due to the d i f f e ren t 
sun ang le . Bu t , t h e r e a r e enough co r respond ing 
p a i r s to d e t e r m i n e the scale and l oca t i on changes 
and to use as anchor r eg ions . A f i n a l r e f i nemen t 
o f the p i e r a r e a , the r e m o v a l o f the land p o r t i o n , 
i s r e q u i r e d be fo re the comple te segmenta t ion i s 
a t t emp ted . In both images the reg ions generated 
by the f i r s t segmenta t ion step a r e u s e d , shadows 
in the f i r s t image and w a t e r in the second. In the 
p i e r subsect ion segmenta t ions , t h e r e a r e some 
obvious " e r r o r s " : s ing le objects such as ships or 
p i e r s a r e b roken i n to two o r m o r e reg ions and 
m u l t i p l e objects such as adjacent ships appear as 
s ing le segments . These two segmentat ions used 
the t e x t u r a l m e a s u r e s desc r i bed above, and w e r e 
generated by the p lann ing p r o c e d u r e w i t h a reduc ­
t i o n fac to r o f f o u r . 

The segmenta t ion p r o c e d u r e i s au tomated , but 
inc ludes p r o v i s i o n s f o r o p e r a t o r i n t e r a c t i o n . The 
spec ia l case segmenta t ion opera t ions to generate 
gene ra l p a r t i a l segmentat ions ( b r i gh t reg ions on ly , 
homogeneous reg ions on ly , e t c . ) m a y r e q u i r e 
ope ra to r i n t e r v e n t i o n . I t i s d i f f i c u l t t o judge 
segmenta t ion qua l i t y , except to ask i f the segment ­
a t ion i s su f f i c ien t f o r the g iven t a s k . The abso lu te 
accu racy o f the segmenta t ion could be i m p r o v e d 
by the use o f add i t i ona l f ea tu res , but t h i s was not 
necessa ry f o r ou r t a s k s . 

T h i s sect ion has d iscussed a segmentat ion 
p r o c e d u r e , not a combined segmentat ion and i n t e r ­
p re ta t i on p rocedu re as g iven in Yak imovsky (1973) 
o r Tenenbaum et . a l . (1974). Th i s segmentat ion 
p rocedu re can be used as a component of a l a r g e r 
sys tem to comp le te l y segment a scene before any 
o ther ana lys is i s p e r f o r m e d , to select spec i f ic 
reg ions f o r f u r t h e r ana l ys i s , o r t o f u r t h e r analyze 
p r e v i o u s l y segmented reg ions . 

F E A T U R E E X T R A C T I O N 

The ma tch ing and change ana lys is w i l l be p e r ­
f o r m e d w i t h a fea tu re based d e s c r i p t i o n , symbo l i c 
r ep resen ta t i on , o f the images ra the r than the 
s igna l d e s c r i p t i o n o f the i m a g e . Th i s sect ion w i l l 
desc r i be the type o f fea tu res w h i c h a r e used . 

The fea tu res f a l l i n to s e v e r a l genera l c lasses: 
s i ze , shape, co lo r ( inc lud ing t e x t u r e ) , and l oca t i on . 
The exact fea tu re measu res a r e in tended to capture 
some aspect o f these fea tu re c lasses . The m e a s ­
u r e s g iven he re a r e not in tended to be a comple te 
set, j us t an i nd i ca t i on of the type of fea tures wh i ch 
can be used . The fea tu res i n c l u d e : 

Abso lu te s ize 

Co lo rs 

Abso lu te l oca t ion 

Re la t i ve pos i t i on 

Ne ighbors 
Or i en ta t i on 

Length to w i d t h r a t i o 

F r a c t i o n a l f i l l 

P e r i m e t e r 2 / A r e a 

Number o f p i xe l s in 
the reg ion 
Mean o f spec t ra l 
p a r a m e t e r s over the 
r eg i on , one f o r each 
s p e c t r a l input and 
one f o r each t e x t u r a l 
m e a s u r e 
Loca t i on of the cen te r 
o f m a s s o f the reg ion 
The reg ions above, 
be low, t o - l e f t , and 
t o - r i g h t o f the reg ion 
The adjacent reg ions 
The o r i en ta t i on of the 
m a j o r ax is o f the r e ­
g ion 
Or ien ta t i on independ­
ent , r a t i o o f m i n o r 
and m a j o r ax is 
F r a c t i o n o f the m i n ­
i m u m bounding e l l i pse 
f i l l e d by the reg ion 
Square o f the p e r i ­
m e t e r d iv ided by the 
a rea 

As we i m p l e m e n t e d these fea tu res , the t o t a l 
computa t ion t i m e f o r a l l the fea ture measu res f o r 
one image is a p p r o x i m a t e l y the same as the t i m e 
f o r the segmenta t ion o f the i m a g e . T h i s w o u l d not 
be the case in a m o r e o p t i m i z e d i m p l e m e n t a t i o n , 
s ince the fea tu re computa t ion t i m e s can eas i l y be 
reduced m o r e than the segmenta t ion t i m e s b y s i m ­
p le p r o g r a r n m i n g changes and the e l i m i n a t i o n o f 
some gene ra l i t y i n the i m p l e m e n t a t i o n o f f ea tu re 
compu ta t i ons . 

S Y M B O L I C R E G I S T R A T I O N 
A N D CHANGE A N A L Y S I S 

E a r l i e r sys tems f o r change ana lys i s r e l i e d on 
a c o r r e l a t i o n guided m a t c h i n g p r o c e d u r e to loca te 
co r respond ing po in t p a i r s . The l oca t i on d i f f e rences 
o f these po in t p a i r s a r e used e i t he r f o r t r a n s f o r m -
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i ng one i m a g e so that i t i s a l igned w i t h the o the r , 
o r f o r depth ana lys i s i f the sys tem uses s tereo 
p a i r s (Quam, 1971; L i l l e s t r a n d , 1972; A l l e n et . a l . , 
1973; L e v i n e et . a l . , 1973). The a l igned images 
a r e sub t rac ted , p roduc ing a t h i r d , d i f f e rence , 
i m a g e . Th i s d i f f e rence image mus t be analyzed to 
d e t e r m i n e w h e r e the changes o c c u r r e d , and the 
t ype o f changes tha t o c c u r r e d . Spec ia l purpose sys ­
t e m s have been bu i l t to p e r f o r m these t asks , so 
tha t these apparen t l y expensive opera t ions a re p e r ­
f o r m e d q u i c k l y . Bu t , change ana lys is sys tems 
w h i c h a re in tended to opera te on uncon t ro l l ed image 
p a i r s ( i . e . not on s tereo pa i r s ) encounter seve ra l 
p r o b l e m s . M a j o r changes in the point o f v iew o f 
the o b s e r v e r , espec ia l l y i n ob l ique v i ews , w i l l 
cause i naccu ra te matches when the matches depend 
on i n t ens i t y va lues in a s m a l l ne ighborhood of a 
po in t on the edge of the ob jec t . These changes a r e 
d i f f i c u l t , i f p o s s i b l e , to account f o r in a g loba l 
w a r p i n g of the i m a g e . M o s t sys tems assume a 
" r u b b e r sheet" w a r p i n g , so that po in ts adjacent in 
one image a r e assumed to be adjacent in the o ther 
i m a g e . A new object in the scene can cause s i m i l ­
a r e r r o r s i n m a t c h i n g , and wou ld usua l l y be i n d i c ­
a ted as a l a r g e d i f f e rence in the subt rac ted i m a g e . 

Symbo l i c ma tch ing i s an a l t e rna t i ve technique 
to e l i m i n a t e these p r o b l e m s encountered by s igna l 
based change ana lys is me thods . Since the m a t c h ­
i ng f o r one reg ion does not n e c e s s a r i l y depend on 
the i n tens i t y va lues adjacent to the reg ion be ing 
m a t c h e d , the change in the r e l a t i ve pos i t i on o f 
ob jects should not reduce the chances of a c o r r e c t 
m a t c h . The knowledge about a scene can spec i fy 
tha t the r e l a t i v e pos i t i on o r ad jacency re la t ions 
w i l l change; t h i s i nd ica tes that these fea tu res a re 
not to be used f o r symbo l i c r e g i s t r a t i o n . New 
ob jects in the scene a r e i nd i ca ted by reg ions in 
the second i m a g e w h i c h had no co r respond ing 
reg ion i n the f i r s t i m a g e , and m i s s i n g objects by 
reg ions i n the f i r s t image wh i ch f a i l t o m a t c h w i t h 
any reg ion in the second. A symbo l i c change 
ana lys i s sys tem desc r i bes the changes as changes 
in the fea tu res o f r e g i o n s . Thus t h e r e is no need 
f o r ex tens ive p r o c e s s i n g of a d i f fe rence image to 
d i s c o v e r the k inds o f changes wh i ch o c c u r r e d . 
M a n y o f these changes a r e g iven d i r e c t l y f r o m the 
symbo l i c a n a l y s i s . Symbo l i c change ana lys is i s 
composed o f s y m b o l i c r e g i s t r a t i o n : f i nd ing the 
co r respond ing reg ions in the two reg ions , and 
change ana l ys i s : d e t e r m i n i n g what changes in 
fea ture va lues o c c u r r e d between the two v iews o f 
the scene. We w i l l now d iscuss these two p r o b l e m 
areas i n m o r e d e t a i l . 

Symbo l i c R e g i s t r a t i o n : The bas ic symbo l i c 
r e g i s t r a t i o n p r o c e d u r e computes a n u m e r i c a l r a t i ng 
f o r the m a t c h between any two reg ions in d i f f e r e n t , 
o r even the same, i m a g e s . Th i s ra t i ng p r o c e d u r e 
combines the d i f f e rences in each ava i lab le fea tu re 
o f the two reg ions and p roduces an o v e r a l l r a t i ng 
f o r the reg ion to r eg i on m a t c h . The same p r o c e d ­
u r e a lso produces a r a t i n g f o r each fea tu re to 
fea tu re m a t c h . The f ea tu re t o fea tu re m a t c h ra t i ng 
can be used f o r l a t e r change a n a l y s i s . I f the m a t c h 
is exact ( e . g . when m a t c h i n g a reg ion w i t h i t se l f ) 
then the ra t i ng w i l l be z e r o , and as the m a t c h 
w o r s e n s , the r a t i n g d e c r e a s e s . 

The outs ide knowledge sources can i nd i ca te 

that ce r t a i n fea tu res m a y change and thus should 
not be used in the m a t c h i n g p r o c e d u r e . F o r 
examp le , when the t ask d e s c r i p t i o n ind ica tes that 
t he re a r e ro ta t ion d i f f e rences between the two 
i m a g e s , the m a t c h i n g p r o c e d u r e should not use the 
ro ta t ion dependent f e a t u r e s , such as the absolu te 
p o s i t i o n , the o r i e n t a t i o n , the reg ions above, the 
reg ions be low, e t c . i n the r e g i s t r a t i o n p r o c e s s . 
Rather than e l i m i n a t e the use o f these fea tu res 
a l toge the r , v/e use d i f f e ren t s t rengths f o r the 
fea tu res w h i c h should r e m a i n constant and the 
fea tu res w h i c h w i l l change. The s t rengths a r e 
se lec ted so that a bad m a t c h ra t i ng in one fea tu re 
tha t should r e m a i n constant w i l l have m o r e i m p a c t 
than seve ra l bad m a t c h ra t ings i n fea tu res w h i c h 
m a y change. 

The reg ion to reg ion m a t c h p r o c e d u r e i s used 
by the symbo l i c r e g i s t r a t i o n p r o c e d u r e to f ind the 
best ava i lab le m a t c h f o r a g iven r e g i o n . To f ind 
the reg ion in the second i m a g e w h i c h co r responds 
to a g iven reg ion in the f i r s t i m a g e , the symbo l i c 
r e g i s t r a t i o n p r o c e d u r e matches the reg ion in the 
f i r s t image w i t h each reg ion in the second. The 
best ma tch ing reg ion is cons idered to be the c o r ­
respond ing one. Even i f a reg ion does not have a 
co r respond ing reg ion i n the o ther i m a g e , some 
reg ion w i l l be se lec ted as the co r respond ing r e g i o n . 
Th i s reg ion w i l l be the m o s t s i m i l a r r eg ion , but 
these two reg ions m a y have d i f fe rences in fea tu res 
w h i c h should r e m a i n constant . A l s o , when t h i s 
o c c u r s , another reg ion i n the f i r s t image may 
co r respond to the same reg ion in the second i m a g e . 
New reg ions a r e i nd i ca ted by reg ions in the second 
image w h i c h had no co r respond ing reg ion in the 
f i r s t i m a g e , but m i s s i n g reg ions m u s t be c o n f i r m e d 
by ma tch ing the reg ions in the second image w i t h 
reg ions i n the f i r s t . 

Change A n a l y s i s : Some change ana lys is can 
be p e r f o r m e d d i r e c t l y on the symbo l i c r e g i s t r a t i o n 
resu l t s and used by the symbo l i c ana lys i s p r o c e d ­
u r e s . F o r examp le , i n the u r b a n images w e a r e 
g i ven , t h rough the task and i m a g e d e s c r i p t i o n , the 
fact that t h e r e is a scale change between i m a g e s . 
The amount o f the scale change is not g iven by the 
outs ide knowledge, but i t can be computed f r o m the 
s ize d i f fe rences found in e a r l y m a t c h e s . T h i s scale 
change is used to ad jus t the s ize m e a s u r e s f o r 
reg ions in the l a t e r m a t c h e s . Since t h e r e is a 
scale d i f f e rence between the two i m a g e s , the 
absolu te s ize and l oca t i on fea tu res w i l l change and 
cannot be used as constant fea tu res in the m a t c h ­
i ng o p e r a t i o n . Bu t , w i t h the computed scale 
d i f f e r e n c e , the s ize fea tu re can be used as i f i t i s 
a constant f e a t u r e . T h i s use of change resu l t s can 
be extended to the absolu te loca t ion and o r i en ta t i on 
f e a t u r e s . These ad jus tmen ts can apply on ly when 
the changes a r e u n i f o r m th roughout the i m a g e , 
w h i c h i s not the case when t h e r e a r e p e r s p e c t i v e 
changes as in ob l ique v i e w s . Bu t , such ad jus t ­
men ts a r e poss ib l e to use on these types o f f ea tu re 
changes i n m o s t a e r i a l i m a g e s . 

Resu l ts and Eva lua t i on : 

T h e house scene i s comp le te l y segmented, 
t h e r e f o r e m o s t reg ions i n the f i r s t image should 
have a co r respond ing reg ion in the second i m a g e . 
F i g u r e 6 shows the r e s u l t s f r o m the symbo l i c 
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r e g i s t r a t i o n p r o c e d u r e . I n t h i s f i g u r e , the c o r ­
respond ing reg ions in the two images a r e g iven the 
same c o l o r s . The m a j o r reg ions a r e a l l ma t ched 
to the p r o p e r co r respond ing r e g i o n (such as the 
sky, roo f , l a w n , w a l l sec t i ons , bushes , shadows, 
e t c . ) . The d i f f e rences i n the segmenta t ions and i n 
the s ize o f some r e g i o n s , because they a r e ad jacent 
to the edge o f the i m a g e , d id not i n t e r f e r e w i t h the 
symbo l i c r e g i s t r a t i o n o f these i m a g e s . T h i s p a i r 
o f images i s v e r y s t r a i g h t f o r w a r d to ana l yze , and 
t h e r e a r e few oppo r tun i t i es f o r m i s t a k e s . F o r 
examp le , no o the r reg ion r e s e m b l e s the sky in 
t e r m s o f c o l o r and l o c a t i o n , so tha t t h i s m a t c h , 
and many o the r m a t c h e s , cou ld be d e t e r m i n e d w i t h 
v e r y few f e a t u r e s . Some changes a r e i nd i ca ted i n 
the c o l o r p a r a m e t e r s o f m o s t o f the r eg ions , and in 
the s i z e , shape, and pos i t i on fea tu res of some of 
the r e g i o n s . 

The f u l l u r b a n scene i s on ly p a r t i a l l y seg­
mented so tha t co r respond ing reg ions in the two 
images a re found f o r on ly a s m a l l n u m b e r o f the 
objects i n the scene ( F i g u r e 7) . The f i r s t p a i r s 
o f co r respond ing reg ions w e r e used to ad jus t the 
s ize and l oca t i on fea tu res f o r the l a t e r m a t c h e s . 
The s ize ad jus tmen t is 1.484 ( fo r the a rea of a 
reg ion ) . The t r a n s l a t i o n d i f f e rences a r e 14 p i xe l s 
i n the " I " d i r e c t i o n and -221 i n the " J " d i r e c t i o n . 
The reg ions labe led " B " and " M " w e r e used f o r 
th i s p u r p o s e . These reg ions ma tched w e l l even 
w i t h the s ize and l oca t i on d i f f e r e n c e s . In reg ions 
" C " , " D " , and " E " , w h e r e t h e i r shapes a r e d i f ­
f e ren t , the use o f the ad jus ted loca t ion fea tu re in 
the ma tch i ng i s v e r y i m p o r t a n t . Some changes a r e 
found between the reg ions in these two i m a g e s : 
The reg ions in the second i m a g e a r e b r i g h t e r than 
the reg ions in the f i r s t i m a g e . Some o f the reg ions 
change s i ze , shape, and loca t ion due to d i f f e rences 
i n segmenta t ions , o r ac tua l d i f f e rences i n the 
b r i g h t o b j e c t s . The loca t ion changes a r e u s u a l l y 
induced by the s ize changes. 

The p i e r subsect ions w e r e not r e g i s t e r e d to 
each o the r because the des i r ed changes w e r e not 
changes in the fea tu res of o b j e c t s , but changes 
i n the n u m b e r o f sh ips . To e f f ec t i ve l y p e r f o r m t h i s 
f i n a l t a s k , a r ecogn i t i on p r o c e d u r e w o u l d be r e ­
q u i r e d to i d e n t i f y the segmented r e g i o n s . I f the 
recogn i t i on p r o c e d u r e w e r e g iven the segments 
w h i c h w e r e e x t r a c t e d , s e v e r a l e r r o r s m i g h t b e 
expected because of the segmenta t ions . Seve ra l 
ships a r e b r o k e n i n to two reg ions and these m a y be 
recogn ized as two i n d i v i d u a l ships or as no sh ips . 
A l s o , some o f the p i e r s a re b r o k e n i n to s e v e r a l 
p ieces and some of these p ieces m a y r e s e m b l e a 
ship m o r e than a p i e r . 

CONCLUSIONS 

We have p resen ted an i n i t i a l e f f o r t in the use 
o f s y m b o l i c techn iques f o r change a n a l y s i s . The 
r e s u l t s o f t h i s w o r k i nd i ca te tha t s ymbo l i c ana lys i s 
can be app l ied to a l a r g e c lass of scenes by a 
gene ra l change ana lys i s s y s t e m . The use of a 
gene ra l ana lys i s s y s t e m i n t r oduces the p r o b l e m o f 
spec i f y ing and i n c o r p o r a t i n g t ask knowledge w h i c h 
i s not encountered in spec ia l pu rpose s y s t e m s . We 
a re not p ropos ing tha t s y m b o l i c ana l ys i s techn iques 
a r e the best so lu t ion to each spec ia l p r o b l e m , but 
tha t s y m b o l i c ana l ys i s techn iques o f f e r a chance f o r 
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the deve lopment o f m o r e genera l change ana lys i s 
s y s t e m s . 

F u r t h e r w o r k i s s t i l l r e q u i r e d i n the a rea o f 
segmenta t ion , espec ia l l y the re f i nement o f seg­
ments and m e r g i n g o f segments in to ob jec ts ; in 
the a rea o f fea tu re e x t r a c t i o n , espec ia l l y the use 
o f t e x t u r a l o r spa t ia l f ea tu res ; in the use o f 
knowledge in the r e g i s t r a t i o n and ana lys is o f the 
m u l t i p l e v i e w s ; and the app l i ca t ion o f symbo l i c 
change ana lys i s to o ther t a s k s . 
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F i g u r e 7 . 
Co r respond ing reg ions f o r the u r b a n scene. The f i r s t i m a g e i s on the l e f t and the second i m a g e i s on 
the r i g h t . Each m a t c h i n g p a i r i s shown w i t h a un ique i n t e n s i t y . 
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