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ABSTRACT 

I n o r d e r t o speed u p t h e s e g m e n t a t i o n o f image 
s e q u e n c e s c o n t a i n i n g m o v i n g o b j e c t s , a n 
a p p r o a c h i s p r o p o s e d w h i c h e m p l o y s k n o w l e d g e 
f r o m d i f f e r e n t s o u r c e s t o c o n t r o l t h e 
e x t r a c t i o n o f r e g i o n s . H e r e , r e g i o n s a r e 
c o n n e c t e d image c o m p o n e n t s w h i c h e x h i b i t 
g r a y v a l u e c h a r a c t e r i s t i c s d e t e r m i n e d b y 
s p e c i f i c v a l u e s o f t h e p a r a m e t e r s s u p p l i e d t o 
t h e e x t r a c t i o n a l g o r i t h m . These v a l u e s may b e 
i n f e r r e d f r o m o u t s i d e k n o w l e d g e and p r e v i o u s 
i n t e r p r e t a t i o n r e s u l t s , e . g . f r o m o l d e r f r a m e s 
i n a s e q u e n c e . V a r i o u s s e g m e n t a t i o n s o f t h e 
same image w i t h p a r a m e t e r s a d a p t e d t o d i f f e r e n t 
e x p e c t e d o b j e c t s u r f a c e c h a r a c t e r i s t i c s may b e 
o b t a i n e d . T h u s , t h i s a p p r o a c h i s a n a t t e m p t t o 
o v e r c o m e t h e s h a r p p a r t i t i o n o f s e g m e n t a t i o n 
and i n t e r p r e t a t i o n f o u n d i n c o n v e n t i o n a l scene 
a n a l y s i s p a r a d i g m s . 

I INTRODUCTION 

C o n c e p t u a l l y , image s e g m e n t a t i o n i s a s t e p l i k e 
a n y o t h e r i n c o m p u t i n g a h i e r a r c h y o f 
a b s t r a c t i o n s w h i c h l e a d s f r o m t h e p i x e l 
r e p r e s e n t a t i o n t o t h e i n t e r p r e t a t i o n g o a l o f a n 
image o r a s e q u e n c e o f i m a g e s . " T h u s s t a r t i n g 
f r o m a r e p r e s e n t a t i o n l e v e l , a n i d e n t i f i c a t i o n 
p r o c e s s a l l o w s t o a c c e s s t o a n i n t e r p r e t a t i o n 
l e v e l , w h i c h t h e n becomes t h e new 
r e p r e s e n t a t i o n l e v e l " [ 7 , p . 8 ] . D e s p i t e t h e 
s p e c i a l n a t u r e o f l o w - l e v e l o p e r a t o r s w h i c h 
h a v e t o h a n d l e a v a s t amount o f d a t a r e c e n t 
r e s e a r c h e f f o r t s a i m a t i n t e g r a t i n g 
s e g m e n t a t i o n s m o o t h l y i n t o s y s t e m s w h i c h a r e 
d e v i s e d a c c o r d i n g t o m e t h o d s f r o m t h e 
r e p e r t o i r e o f a r t i f i c i a l i n t e l l i g e n c e . 
T y p i c a l l y , i n s u c h s y s t e m s k n o w l e d g e i s 
f o r m a l i z e d and r e p r e s e n t e d e x p l i c i t e l y . 
E x a m p l e s a r e : p r o b a b i l i t i e s c o n c e r n i n g t h e 
i n t e r p r e t a t i o n o f r e g i o n s and p a i r s o f 
n e i g h b o r i n g r e g i o n s [ 1 ] , c o n s t r a i n t s o n t h e 
r e l a t i o n s h i p b e t w e e n o b j e c t s [ 8 ] , o r r e l a t i o n a l 
k n o w l e d g e d a t a b a s e s [ 4 ] . 

One d e s i g n g o a l o f t h e r e g i o n e x t r a c t i o n 
a p p r o a c h , p r e s e n t e d h e r e , was t o ease t h e 
i n t e r f a c i n g o f l o w - l e v e l r e g i o n e x t r a c t i o n w i t h 
v a r i o u s k n o w l e d g e s o u r c e s . The s e c o n d d e s i g n 
g o a l c o n c e r n s t h e c o m p u t a t i o n a l e f f i c i e n c y 
w h i c h i s p a r t i c u l a r l y i m p o r t a n t i n s y s t e m s 
w h i c h p r o c e s s image s e q u e n c e s . S i n c e K e l l y [ 3 ] 
d e m o n s t r a t e d t h e e f f i c i e n c y i m p r o v e m e n t o f edge 
d e t e c t i o n b y " p l a n n i n g " , h i s i d e a s w e r e c a r r i e d 
o v e r t o image s e q u e n c e a n a l y s i s [ 1 0 ] . 

Our a p p r o a c h f a c i l i t a t e s t h e c o n t r o l l e d 
f o c u s s i n g o n i n t e r e s t i n g image a r e a s and t h e 
f a s t s u p p r e s s i n g o f n e g l i g i b l e ( f o r t h e 
i n t e r p r e t a t i o n g o a l ) image c o m p o n e n t s . 
A s t h i s a p p r o a c h was d e v e l o p e d f o r t r a c i n g 
m o v i n g o b j e c t s t h r o u g h T V - s e q u e n c e s i t h a s t o 
d e l i v e r , a s a t h i r d d e s i g n g o a l , a r e g i o n 
d e s c r i p t i o n w h i c h i s r i c h and r o b u s t enough t o 
p e r m i t t h e c o m p u t a t i o n o f r e l i a b l e s i m i l a r i t y 
v a l u e s b e t w e e n r e g i o n s o r i g i n a t i n g f r o m t h e 
same n a t u r a l o b j e c t p r o j e c t e d i n t o d i f f e r e n t 
f r a m e s . T h i s r e l i a b i l i t y was d e m o n s t r a t e d i n 
[ 5 , 6 ] . 

II REGION EXTRACTION 

The g r a y t o n e s u r f a c e o f a n 5 1 2 * 5 7 3 T V - i m a g e i s 
a p p r o x i m a t e d b y 2 5 6 * 1 9 1 s m a l l p l a n e s ( s l o p e d 
f a c e t s , [ 2 ] ) , o b t a i n e d f r o m a l e a s t - s q u a r e s f i t 
o v e r 4 * 5 s i z e d o v e r l a p p i n g w i n d o w s . The 
a z i m u t h a n g l e ( a ) o f t h e p l a n e n o r m a l i s a n 
e s t i m a t e o f t h e d i r e c t i o n o f t h e l o c a l image 
g r a d i e n t , i t s p o l a r d i s t a n c e ( p ) i n c r e a s e s w i t h 
t h e g r a d i e n t m a g n i t u d e , t h e t h i r d c o e f f i c i e n t 
o f t h e p l a n e e q u a t i o n i s t h e mean g r a y v a l u e 
( g ) . I n t h i s w a y , t h e o r i g i n a l image i s 
t r a n s f o r m e d i n t o a v e c t o r f i e l d ; r e g i o n s a r e 
d e f i n e d a s c o n n e c t e d s u b s e t s w h e r e p l a n e 
c o e f f i c i e n t s e x h i b i t some s y s t e m a t i c v a r i a t i o n . 
T h e r e f o r e , a d e c i s i o n f u n c t i o n w h i c h l a b e l s a 
v e c t o r v i = ( x i , y i , g i , a i , p i ) a s b e l o n g i n g t o a 
r e g i o n s h o u l d depend o n t h e v e c t o r v i , i t s 
e i g h t n e i g h b o r s , and a r e c o r d o f p a r a m e t e r s 
(P 1 . , . . , P N ) w h i c h r e f l e c t s t h e d e s i r e d r e g i o n 
c h a r a c t e r i s t i c . The c h o i c e o f p a r a m e t e r s i s 
s t r o n g l y c o n n e c t e d w i t h t h e r e g i o n d e s c r i p t o r 
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images as exp la ined for the example of F i g . 3 
where a group of pedes t r i ans crosses a s t r e e t ; 
we are i n t e r e s t e d in the person w i t h a wh i t e 
s h i r t and dark t r o u s e r s . He is model led as a 
homogeneous reg ion (T) of dark g rayva lue below 
a reg ion (S) w i t h l i g h t g rayva lue and an 
inhomogeneous midd le gray r eg i on (H) above the 
s h i r t . The reg ion T should be 1 to 4 t imes 
l a r g e r than S. A parameter record PS f o r S is 
c rea ted (manual ly , i n the c u r r e n t s t a t e o f 
imp lemen ta t i on ) . The reg ion e x t r a c t i o n process 
f i n d s some S- reg ions in the f i r s t f rame. 
Depending on t h e i r area and p o s i t i o n ( s p e c i f i e d 
by the bounding rec tang le ) a parameter record 
PT is c rea ted f o r each S~region which is used 
to look f o r a T - reg ion below. L i kew i se , a 
parameter record PH is c rea ted to e x t r a c t the 
head reg ion above the s h i r t . A success fu l 
t r i p l e of H-, S- and T - reg ions is regarded as a 
person . A l l r eg ion d e s c r i p t i o n s are conver ted 
to parameter records PH' , PS* and PT' wh ich are 
a p p l i e d to the next frame. Marg ins, o f course, 
are added f o r expected v a r i a t i o n s . Th is 
process con t inues to the l a s t f rame. F i g . 3 
shows the t r aces of the S- and T - c e n t r o i d s . 

The whole process can be understood as a s imple 
p r o d u c t i o n system which i n t e r a c t s w i t h a 
l ong - te rm memory c o n t a i n i n g s to red models f o r 
o b j e c t s , and a s h o r t - t e r m memory c o n t a i n i n g 
reg ions , i n t r a f r a m e complexes, and i n t e r frame 
sequences. The l e f t hand s ides of the 
p roduc t i on r u l e s are t r i g g e r e d by the con ten ts 
of the short-term memory. Objec t s a nd 
movements are hypo thes ized , the r i g h t hand 
s ides generate parameter records in o rder to 
con f i rm or f a l s i f y these hypotheses by reg ion 
e x t r a c t i o n . Such an approach might f i t n i c e l y 
i n t o an exper t system f o r temporal event 
r e c o g n i t i o n [ 9 j . 

The c u r r e n t imp lementa t ion of the system 
con ta ins r u l e s which enable the system to t r a c e 
r i g i d o b j e c t s whose mot ion is dominated by 
t r a n s l a t i o n . I t can t r a c e an incomplete 
i n t r a f r a m e complex, so t h a t temporal o c c l u s i o n 
o f an o b j e c t p a r t i s not d i s a s t r o u s , and i t i s 
ab le to connect broken i n t e r f r a m e sequences as 
long as the reg ions at the loose ends remain 
s u f f i c i e n t l y s i m i l a r (wh i t e gaps i n F i g . 3 ) . 

Fu r the r work should add r u l e s to the r e p e r t o i r e 
which a l l o w f o r more compl ica ted movements, 
a l s o o f n o n - r i g i d bod ies . Fur thermore, 
s i t u a t i o n s have to be analyzed which cause 
sequences to t e rm ina te unexpected ly , e . g . due 
to an occ lud ing o b j e c t . As a f u r t h e r 
improvement the user w i l l be ab le to 
i n t e r a c t i v e l y f i l l the long- te rm memory w i t h 
s to red models by p resen t i ng examples. 
Parameter records and r e l a t i o n s between reg ions 
in an i n t r a f r a m e complex w i l l be a u t o m a t i c a l l y 
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computed from the i n i c a t e d image components. 
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