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1 . I n t r o d u c t i o n 

Par t o f the complexi ty in v i s i o n systems de
r i v e s from the need to associate p o t e n t i a l l y enor
mous numbers o f f i n a l desc r i p t i ons to o r i g i n a l i n 
t e n s i t y a r rays . One s o l u t i o n f o r coping w i t h t h i s 
complexi ty i s to organize the system i n t o l e v e l s , 
so t h a t the removal o f p o s s i b i l i t i e s at one l e v e l 
i m p l i c i t l y e l im ina tes p o s s i b i l i t i e s a t o ther l e v e l s . 
I f , i n a d d i t i o n , the var ious s t r uc tu res and p r o 
cesses w i t h i n such a v i s i o n system can be express
ed in terms of a s i n g l e , u n i f i e d framework, then 
quest ions r e l a t i n g to the necessary and s u f f i c i e n t 
i n t e r a c t i o n s between processes can be posed. The 
goal o f t h i s paper is to d iscuss , in a canonical 
f ash ion , a number of d i f f e r e n t k inds of i n t e r 
ac t ions w i t h i n a l o w - l e v e l v i s i o n system and, 
then, to study these i n t e r a c t i o n s w i t h respect to 
schedul ing s t r a t e g i e s , focus of a t t e n t i o n mech
anisms, and g loba l system s t a b i l i t y . 

2. In fo rmat ion Flows 

I f v i s i o n systems are to be conceptual ized in 
terms of l e v e l s of p rocess ing, then two fundamen
t a l k inds of i n fo rmat ion f low are necessary. The 
f i r s t k ind can be thought of as propagat ing from 
the o r i g i n a l image upwards. I t s purpose is to 
e s t a b l i s h the i n i t i a l desc r i p t i ons a t var ious 
l e v e l s o f a b s t r a c t i o n . I n p r i n c i p l e i t on ly needs 
to f low in one d i r e c t i o n and can be implemented by 
product ion r u l e s . In the event t h a t the system is 
opera t ing in a s u f f i c i e n t l y r e s t r i c t e d domain, 
i . e . , one in which a l l data pa t te rns are uniquely 
p rede f ined , then the h ighest l e v e l s t r u c t u r e w i l l 
be the unique i n t e r p r e t a t i o n . However, r e a l i s t i c 
domains are not l i k e t h i s and, in genera l , the 
in te rmedia te d e s c r i p t i v e s t r uc tu res w i l l conta in 
ambigu i t ies and m u l t i p l e p o s s i b i l i t i e s . These 
ambigu i t ies m u l t i p l y across the l e v e l s o f abs t rac 
t i o n and even tua l l y lead to many poss ib le f i n a l 
d e s c r i p t i o n s . 

To reduce these amb igu i t i es , a second k ind of 
i n fo rmat ion f low- feedback- i s necessary. Concep
t u a l l y , t h i s a l lows in fo rmat ion to move both hor 
i z o n t a l l y 'across a l l p o s i t i o n s a t a s i n g l e l e v e l 
o f abs t rac t i on and v e r t i c a l l y across a l l l e ve l s o f 
abs t r ac t i on a t a s i ng le p ro jec ted p o s i t i o n . Diag
onal k inds of feedback, which f l ow across both 
p o s i t i o n and l e v e l of a b s t r a c t i o n , can be express
ed in terms of these two or thogonal f l o w s . 

3. Relaxat ion Processes f o r 
Dot Label ing and Grouping 

Feedback can be implemented un i fo rm ly in both 
d i r e c t i o n s by r e l a x a t i o n l a b e l i n g processes (RLPs). 
These are p a r a l l e l , i t e r a t i v e schemes f o r using 
consistency o r c o m p a t i b i l i t y r e l a t i o n s h i p s t o r e 
duce l o c a l amb igu i t i es . In order to apply RLPs to 
dot l a b e l i n g and g roup ing , a h i e r a r c h i c a l ar range

ment of two h o r i z o n t a l RLPs and one v e r t i c a l RLP 
must be de f i ned . One h o r i z o n t a l process attempts 
to disambiguate the assignment o f f u n c t i o n a l l abe l s 
from the set {EDGE, INTERIOR, NOISE} onto i n d i v i d 
ua l do ts . I t i t e r a t e s toward h o r i z o n t a l ( i . e . , 
s p a t i a l ) consistency between the labe ls at tached 
to neighbor ing do t s . The second h o r i z o n t a l process 
performs the grouping opera t ion by l abe l i ng the 
l i n k s between dots as e i t h e r CONNECTED or NOT-
CONNECTED. The v e r t i c a l RLP al lows i n t e r a c t i o n s 
between the l i n k l abe l s and the dot l a b e l s . I t 
i t e r a t e s toward desc r i p t i ons which are cons is ten t 
across both l e v e l s of a b s t r a c t i o n . (For example, a 
CONNECTED l i n k is cons is ten t w i t h two neighbor ing 
INTERIOR do ts . ) 

4. Conclusions 

Experiments w i t h t h i s RLP system f o r l abe l i ng 
and grouping dots have revealed a number of con
c lus ions re levan t to the design of more complex 
systems. 

(1) The concep tua l i za t i on of v i s i o n systems in 
terms of l e v e l s of d e s c r i p t i o n and processes t h a t 
operate across and between l eve l s prov ides a 
framework in which many d i f f e r e n t systems can be 
compared w i t h one another . For example, given 
t h i s bas i s , an e s s e n t i a l d i f f e r e n c e can be seen 
between S h i r a i ' s c o n t e x t - s e n s i t i v e l i n e f i n d e r 
and Mar r ' s p r ima l ske tch . In S h i r a i ' s system the 
feedback is across w ide ly separated l eve l s o f ab
s t r a c t i o n wh i l e i n Mar r ' s system the feedback i s 
more l o c a l because i t i s r e s t r i c t e d to more ad ja 
cent l e v e l s . Since, from a sys tems- theoret ic 
v iewpo in t , l o c a l feedback i s o f t en s u f f i c i e n t f o r 
noise r educ t i on , the ex is tence o f s t a b l e , indepen
dent modules becomes a p o s s i b i l i t y . Furthermore, 
the lack of g e n e r a l i t y in systems such as S h i r a i ' s 
might be counterbalanced by i n t roduc ing more l o c a l 
forms of feedback. 

(2) The s t ra tegy se lec ted f o r schedul ing i n d i v i d 
ua l processes can have a d r a s t i c e f f e c t on the 
system's o v e r a l l performance. I n p a r t i c u l a r , l e t 
t i n g the h o r i z o n t a l and v e r t i c a l processes run 
s imul taneously ra the r than a l t e r n a t e l y w i l l , under 
c e r t a i n c o n d i t i o n s , a l l ow the system to converge 
ra the r than o s c i l l a t e . Since a l l l a rge systems 
(e .g . Hearsay- I I ) con ta in a schedul ing mechanism 
f o r coping w i t h f i n i t e resources, t h i s mechanism 
must be designed w i t h regard to t o t a l system pe r 
formance. A u n i f y i n g conceptual s t r uc tu re could 
c e r t a i n l y f a c i l i t a t e t h i s des ign. 

(3) The coopera t i ve /compet i t i ve nature of the 
computations descr ibed e l im ina tes the need f o r 
" b e s t - f i r s t " a t t e n t i o n - f o c u s i n g mechanisms. With 
the many l o c a l processes operat ing in p a r a l l e l , 
d i s t i n c t a c t i v i t y on ly appears to take p lace 
around w e l l - d e f i n e d p o s i t i o n s (or l e v e l s ) ; in am
biguous s i t u a t i o n s the var ious processes counter 
ac t each o t h e r ' s e f f e c t s . The net e f f e c t i s t h a t 
a c t i v i t y is focused i m p l i c i t l y - there is no need 
t o de f i ne a n e x p l i c i t ( t y p i c a l l y h e u r i s t i c ) r u l e . 
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