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D a v i s 

A b s t r a c t 

How can c o m p u t e r v i s i o n systems be de
s i g n e d t o h a n d l e u n f a m i l i a r o r u n e x p e c t e d 
scenes? Many o f t h e c u r r e n t systems cope 
q u i t e w e l l w i t h l i m i t e d v i s u a l w o r l d s , b y 
m a k ing use o f s p e c i a l i z e d k n o w l e d g e a b o u t 
t h e s e w o r l d s - But i f w e want t o expand 
t h e s e systems t o h a n d l e a w i d e r a n g e o f 
v i s u a l d o m a i n s , i t w i l l n o t be enough t o 
s i m p l y employ a l a r g e number o f s p e c i a l i 
zed models. I t w i l l a l s o be i m p o r t a n t t o 
make use o f wha t m i g h t be c a l l e d " g e n e r 
a l - p u r p o s e m o d e l s . " Such models can be 
used t o s u g g e s t r e a s o n a b l e d e s c r i p t i o n s 
f o r a g i v e n s c e n e , e.g., i n t e r m s o f 
f e a t u r e s o r r e g i o n s o r g r o u p s o f t h e s e , 
i n t h e absence o f s p e c i f i c c o n t e x t . 

1, The Need f o r GPM's 

I n r e c e n t y e a r s , many c o m p u t e r 
v i s i o n systems have been c o n s t r u c t e d . 
These cope q u i t e w e l l w i t h l i m i t e d v i s u a l 
w o r l d s such a s t h e b l o c k s w o r l d ( S h i r a i 
[ 1 ] ) o r o f f i c e scenes (Garvey and Tenen-
baum [ 2 ] ) . They do t h i s by ma k i n g use o f 
s p e c i a l i z e d k n o w l e d g e a b o u t t h e w o r l d s i n 
w h i c h t h e y o p e r a t e . A n i m p o r t a n t g o a l o f 
f u t u r e c o m p u t e r v i s i o n systems i s t o ex
pand t h i s c a p a b i l i t y t o c o v e r a w i d e r 
r a n g e o f v i s u a l domains. But can t h i s b e 
done b y s i m p l y e m p l o y i n g l a r g e r numbers 
o f s p e c i a l i z e d models? The c o n t e n t i o n o f 
t h i s p a p e r i s t h a t i t w i l l a l s o be i m p o r 
t a n t t o make use o f what we have c a l l e d 
" g e n e r a l - p u r p o s e models" (GPM's). By 
d e f i n i t i o n , t h e s e a r e models w h i c h a r e 
a p p l i c a b l e even when we have l i t t l e o r no 
a p r i o r i knowledge a b o u t t h e c l a s s o f 
scenes t h a t i s t o b e a n a l y z e d . They i n 
c l u d e models f o r g e n e r a l c l a s s e s o f l o c a l 
f e a t u r e s ( e d g e s , l i n e s , a n g l e s , e t c . ) 
t h a t o c c u r i n many d i f f e r e n t t y p e s o f 
scenes, a s w e l l a s models t h a t d e s c r i b e 
how such f e a t u r e s can b e g r o u p e d i n t o 
a g g r e g a t e s . (These a g g r e g a t e s may i n 
f a c t n o t c o r r e s p o n d t o o b j e c t s b u t t h e y 
can s e r v e as u s e f u l f i r s t g u esses t o 
g u i d e l a t e r s t e p s i n t h e a n a l y s i s . ) 

B e f o r e d e s c r i b i n g GPM's i n any de
t a i l , we can i l l u s t r a t e t h e need f o r them 
by a few examples. I m a g i n e a c o m p u t e r 
v i s i o n s y s t e m a t t e m p t i n g t o d e a l w i t h 
scenes chosen r a n d o m l y f r o m a h i g h l y 
v a r i e d c o l l e c t i o n — p i c t u r e s o f rooms, 
b u i l d i n g s , f a c e s , s c e n e r y , e t c . I t w o u l d 
seem a p o o r s t r a t e g y f o r t h e v i s i o n s y s 
tem t o s t a r t b y a s k i n g s p e c i f i c q u e s t i o n s 
such as " I s t h e r e a c h a i r i n t h e scene?" 
o r " I s t h e r e a t r e e ? " . B y a n a l o g y w i t h 
t h e game of 20 q u e s t i o n s , a more r e a s o n 
a b l e s t r a t e g y w o u l d b e t o ask g e n e r a l 

q u e s t i o n s w h i c h w o u l d a i d i n r e d u c i n g t h e 
s e a r c h f o r a p p r o p r i a t e g l o b a l f r a m e s 
( M i n s k y [ 3 ] ) . A n example o f a g e n e r a l 
q u e s t i o n m i g h t b e "Are t h e r e many 
s t r a i g h t edges i n t h e s c e n e ? " T h i s c o u l d 
s e r v e a s a f i r s t b a s i s f o r d i s c r i m i n a t i o n 
between " n a t u r a l " and "man-made" sce n e s . 
The knowledge i m p l i c i t i n t h i s q u e s t i o n 
i s a r e a s o n a b l e g e n e r a l i z a t i o n t h a t can 
be made on t h e b a s i s o f e x p e r i e n c e w i t h a 
v a r i e t y o f s c e n e s , and i l l u s t r a t e s one 
way i n w h i c h GPM's can be used i n scene 
a n a l y s i s . 

Because t h e t y p e s o f p i c t u r e s men
t i o n e d above a r e f a m i l i a r t o u s , i t i s 
d i f f i c u l t t o s e p a r a t e t h e e f f e c t s o f 
s p e c i a l p u r p o s e knowledge f r o m t h o s e o f 
g e n e r a l p u r p o s e k n o w l e d g e . However, 
t h e r e a r e many t y p e s o f p i c t u r e s t h a t a r e 
u n f a m i l i a r e x c e p t t o s p e c i a l i s t s - -
e l e c t r o n m i c r o g r a p h s , f o r example. Yet 
i n s p i t e o f t h e i r u n f a m i l i a r i t y , i f one 
asks p e o p l e t o s k e t c h t h e s i g n i f i c a n t 
r e g i o n s i n such a p i c t u r e , t h e r e s u l t i n g 
s k e t c h e s w i l l u s u a l l y b e h i g h l y c o n s i s 
t e n t . T h i s a b i l i t y t o impose s t r u c t u r e 
o n u n f a m i l i a r scenes r e f l e c t s a n o t h e r 
p o s s i b l e r o l e o f GPM's i n scene a n a l y s i s . 
The m o d e l , o r c l a s s o f m o d e l s , i m p l i c i t 
i n t h i s example can b e m o t i v a t e d b y 
o b s e r v i n g t h a t most scenes c o n t a i n 
o b j e c t s t h a t d i f f e r p h y s i c a l l y f r o m t h e i r 
s u r r o u n d i n g s , and t h i s p h y s i c a l d i f f e r 
ence u s u a l l y r e s u l t s i n a v i s u a l d i f f 
e r e n c e . Thus, w e f i n d i t r e a s o n a b l e , i n 
s k e t c h i n g a n u n f a m i l i a r s c e n e , t o a t t e m p t 
t o d i v i d e i t i n t o r e g i o n s t h a t a r e more 
o r l e s s homogeneous i n b r i g h t n e s s , c o l o r , 
o r t e x t u r e . 

The l i n e d r a w i n g shown b e l o w 
i l l u s t r a t e s o u r p o i n t a t a somewhat d i f f 
e r e n t l e v e l . H e r e , t h e s i g n i f i c a n t r e 
g i o n s a r e a l r e a d y w e l l d e f i n e d , b u t GPM's 
can p l a y a r o l e i n g r o u p i n g t h e s e r e g i o n s 
i n t o r a t h e r s c h e m a t i c o b j e c t s , and i n 
p e r c e i v i n g t h e r e l a t i o n s between t h e s e 
o b j e c t s ( e . g . , b e h i n d , n e x t t o ) . T h i s 
p r o c e s s i s i n d e p e n d e n t o f t h e i n t e r p r e 
t a t i o n o f t h e o b j e c t s i n any s p e c i f i e 
d o main. 
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2. The N a t u r e o f GPM's 

I t i s w i d e l y a c c e p t e d t h a t any scene 
a n a l y s i s s y s t e m s h o u l d u t i l i z e w h a t e v e r 
s p e c i f i c k n o w l e d g e i s a v a i l a b l e a b o u t t h e 
c l a s s o f scenes t h a t i t i s t o " u n d e r 
s t a n d " ( s e e , e.g., M i n s k y and P a p e r t 
[ 4 ] ) . One o f t h e f u n d a m e n t a l p r o b l e m s 
f a c i n g t h e d e s i g n e r o f a scene a n a l y s i s 
s y s t e m i s t h e r e p r e s e n t a t i o n and e f f e c 
t i v e use o f s u c h k n o w l e d g e . S e v e r a l 
p o w e r f u l p a r a d i g m s have been o f f e r e d t o 
g u i d e t h e d e s i g n e r i n s o l v i n g t h i s p r o b 
lem — e.g., t h o s e o f W i n o g r a d [ 5 ] ( p r o 
c e d u r e s ) and H e w i t t e t a l . [ 6 ] ( a c t o r 
f o r m a l i s m s ) . (See a l s o P y l y s h y n [ 7 ] f o r 
a r e v i e w and c r i t i q u e o f such r e p r e s e n t a 
t i o n schemes.) A n i m p o r t a n t f e a t u r e o f 
t h e s e p a r a d i g m s i s t h e s t r u c t u r i n g o f 
k n o w l e d g e i n t o models. F o r example, a 
model o f a c h a i r m i g h t s p e c i f y t h a t t h e 
c h a i r has a s e a t , l e g s and a b a c k , w h i l e 
a model f o r g r a v i t y c o u l d s p e c i f y t h a t 
any o b j e c t must be s u p p o r t e d . The c o n 
d i t i o n s r e q u i r e d b y a model can b e e x 
p r e s s e d a s g o a l s t h a t a c o m p u t e r v i s i o n 
s y s t e m can a t t e m p t t o s a t i s f y . Program
ming l a n g u a g e s such as PLANNER [ 8 ] and 
CONNIVER [ 9 ] were s p e c i f i c a l l y d e s i g n e d 
t o accommodate such g o a l - d i r e c t e d p r o 
c e s s i n g . 

I n t u i t i v e l y , t h e r e a r e many d i f f e r 
e n t t y p e s o f g o a l s . For e x a m p l e , t h e 
r a t h e r s p e c i f i c g o a l " F i n d a t a b l e l e g -
I t h i n k t h a t t h e t a b l e t o p i s a t p o s i t i o n 
( x , y , z ) " i s d i f f e r e n t f r o m t h e more gen
e r a l g o a l " F i n d a s t r a i g h t edge." Cor
r e s p o n d i n g t o t h e s e d i f f e r e n t t y p e s o f 
g o a l s a r e d i f f e r e n t t y p e s o f m o d e l s . 
S p e c i f i c o r s p e c i a l i z e d m o d e l s c o r r e s p o n d 
t o t h i n g s l i k e cubes o r c h a i r s . These 
a r e u s e f u l when a good d e a l i s c o n j e c t u r 
ed o r known a p r i o r i , o r has been f o u n d 
i n t h e c o u r s e o f p r e v i o u s a n a l y s i s ( c f . 
Haber 110] f o r some i m p o r t a n t p s y c h o l o 
g i c a l p a r a l l e l s ) . GPM's, on t h e o t h e r 
hand, a r e m o d e l s t h a t a r e a p p l i c a b l e even 
i f l i t t l e o r n o t h i n g i s known a p r i o r i , 
and a n a l y s i s has n o t y e t begun. 

I t s h o u l d b e s t r e s s e d t h a t t h e r e i s 
n o s h a r p d i v i d i n g l i n e between s p e c i a l i z 
ed models and GPM's, n o r i s t h e r e even a 
s i m p l e l i n e a r o r d e r i n g o f models w i t h 
r e s p e c t t o t h e i r d e g r e e o f g e n e r a l i t y . 
One m i g h t a t most hope f o r a p a r t i a l 
o r d e r i n g : e.g., models f o r g e n e r a l 
c l a s s e s o f f e a t u r e s o r o b j e c t s c o u l d b e 
r e g a r d e d as GPM's i n c o m p a r i s o n w i t h 
m o d e l s f o r more s p e c i a l i z e d c l a s s e s . 
N e v e r t h e l e s s , we have used t h e t e r m "GPM" 
i n t h i s p a p e r f o r t h e sake o f s i m p l i c i t y . 

2.1 F e a t u r e D e t e c t o r s 

A s a l r e a d y m e n t i o n e d , a n i m p o r t a n t 
c l a s s o f GPM's c o n s i s t s o f models f o r 
v a r i o u s t y p e s o f l o c a l f e a t u r e s — edges, 
l i n e s , a n g l e s , e t c . Such f e a t u r e s o c c u r 
i n a w i d e v a r i e t y o f s c e n e s , s o t h a t d e 
t e c t o r s f o r t h e s e f e a t u r e s w i l l b e v e r y 

g e n e r a l l y a p p l i c a b l e . M o r e o v e r , such 
f e a t u r e s a r e o f t e n r e l e v a n t t o t h e de
s c r i p t i o n o f t h e g i v e n s c e n e , because 
t h e y u s u a l l y a r i s e f r o m o b j e c t s t h a t a r e 
p r e s e n t i n t h e scene. I n d e e d , s i n c e ob
j e c t s a r e d i s t i n c t f r o m t h e i r e n v i r o n m e n t , 
t h e r e s h o u l d be a d i s c o n t i n u i t y o f some 
s o r t where a n o b j e c t ends and t h e b a c k 
g r o u n d b e g i n s . I n p a r t i c u l a r , t h e r e i s 
l i k e l y t o b e a change i n b r i g h t n e s s o r 
r e f l e c t a n c e , so t h a t v i s u a l edges w i l l be 
p r e s e n t . Edges can a l s o s e r v e a s a b a s i s 
f o r a s i m p l i f i e d d e s c r i p t i o n o f t h e 
s c ene, s i n c e r e g i o n s i n t h e scene can 
o f t e n b e a p p r o x i m a t e d b y s p e c i f y i n g t h e i r 
edges and t h e c o l o r s , o r t e x t u r e s , o f 
t h e i r i n t e r i o r s . ( F o r e v i d e n c e t h a t t h e 
human v i s u a l s y s t e m may encode r e g i o n s i n 
t h i s way see C o r n s w e e t [ 1 1 ] . ) I n 
summary, models f o r edges a r e a n i m p o r 
t a n t c l a s s o f GPM's because (a) t h e y a r e 
w i d e l y a p p l i c a b l e ; (b) t h e y o f t e n s e r v e 
t o d e l i n e a t e p h y s i c a l o b j e c t s ; and (c) 
t h e y p r o v i d e a b a s i s f o r g i v i n g a s i m p l i 
f i e d d e s c r i p t i o n . 

S i m i l a r r e m a r k s can be made a b o u t 
models f o r o t h e r t y p e s o f l o c a l f e a t u r e s . 
A n g l e s , f o r e x a m p l e , r e p r e s e n t a b r u p t 
changes i n s l o p e , j u s t a s edges r e p r e s e n t 
a b r u p t changes i n g r a y l e v e l , c o l o r , o r 
t e x t u r e . They a r e t h u s l i k e l y t o be 
s i g n i f i c a n t f e a t u r e s o f t h e shape o f a 
r e g i o n . A t t h e same t i m e , a s p o i n t e d o u t 
many y e a r s ago b y A t t n e a v e [ 1 2 ] , a n g l e s 
p r o v i d e a b a s i s f o r g i v i n g s i m p l i f i e d d e 
s c r i p t i o n o f shapes, s i n c e t h e shapes can 
b e a p p r o x i m a t e d by p o l y g o n s whose v e r 
t i c e s a r e l o c a t e d a t t h e a n g l e s . I n t h e 
l i g h t o f t h e s e r e m a r k s i t i s n o t s u r 
p r i s i n g t h a t d e t e c t o r s f o r l o c a l f e a t u r e s 
s u c h as edges and a n g l e s have been f o u n d 
i n many b i o l o g i c a l systems [ 1 3 ] . 

2.2 G r o u p i n g R u l e s 

GPM's s h o u l d a l s o encompass mech
anisms t h a t c a n d e a l w i t h t h e a b u n d a n t 
i n f o r m a t i o n o b t a i n e d f r o m f e a t u r e d e t e c 
t o r s and p u t t h i s i n f o r m a t i o n i n t o a more 
u s e f u l f o r m . Such mechanisms m i g h t , f o r 
e x a m p l e , s e r v e t o g r o u p f e a t u r e s i n t o r e 
g i o n s , o r t o s e l e c t s a l i e n t f e a t u r e s . 
J u l e s z [ 1 4 ] has p r o p o s e d a c l u s t e r i n g 
scheme i n w h i c h p r o x i m a l p o i n t s h a v i n g 
s i m i l a r f e a t u r e v a l u e s g r o u p i n t o 
c l u s t e r s . Such a c l u s t e r i n g p r o c e s s i s 
s i m i l a r t o many o f t h e r e g i o n g r o w i n g 
schemes p r o p o s e d f o r scene a n a l y s i s s y s 
tems ( e . g . , M u e r l e [ 1 5 ] ) . R o s e n f e l d [ 1 6 ] 
has s u g g e s t e d a p r o c e s s o f b e s t f e a t u r e 
s i z e d e t e r m i n a t i o n and non-maximum 
s u p r e s s i o n t h a t can b e used t o s e l e c t 
l o c a l l y s a l i e n t f e a t u r e s s u c h a s edges, 
s p o t s , and s t r e a k s . 

The G e s t a l t p s y c h o l o g i s t s , n o t a b l y 
K o f f k a [ 1 7 ] and W e r t h e i m e r [ 1 8 ] , p r o v i d e d 
d e m o n s t r a t i o n s f o r t h e e x i s t e n c e o f GPM's 
o f t h e s e g e n e r a l t y p e s i n human v i s i o n , 
a l t h o u g h t h e y d i d n o t o f f e r a d e q u a t e 
mechanisms f o r t h e s e m o d e l s . T h e i r 
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o r g a n i z a t i o n a l l a w s o f good c o n t i n u a t i o n , 
s i m i l a r i t y , c l o s u r e , and p r o x i m i t y d e 
s c r i b e q u a l i t a t i v e l y how t h e human v i s u a l 
s y s t e m p r e f e r s t o g r o u p f e a t u r e s i n t o 
a g g r e g a t e s . The J u l e s z c l u s t e r i n g p r o 
cess m e n t i o n e d above can be c o n s i d e r e d a 
f i r s t s t e p t o w a r d m o d e l i n g s i m i l a r i t y 
g r o u p i n g . Beck [ 1 9 ] has c o n d u c t e d 
s t u d i e s o f t h e f a c t o r s t h a t d e t e r m i n e 
s i m i l a r i t y g r o u p i n g and has r e l a t e d t h e s e 
f a c t o r s t o t h e c o n c e p t o f p e r i p h e r a l d i s -
c r i m i n a b i l i t y . These i d e a s can a l s o b e 
i n c o r p o r a t e d i n t o even more c o m p r e h e n s i v e 
t e x t u r e models ( Z u c k e r [ 2 0 ] ) . 

The G e s t a l t n o t i o n o f good c o n t i n u a 
t i o n d e a l s w i t h i n t e r s e c t i n g c u r v e s . I t 
can b e i n t e r p r e t e d a s a p r e f e r e n c e f o r 
p a i r i n g o f f t h e c u r v e s a t a n i n t e r s e c t i o n 
i n a way w h i c h m i n i m i z e s t h e t o t a l c u r v a 
t u r e . The i m p o r t a n c e o f t h e s e more 
g l o b a l , y e t s t i l l r a t h e r u n s p e c i a l i z e d , 
mechanisms f o r o r g a n i z i n g even j u s t a 
b r i e f " g l a n c e " a t a scene has r e c e n t l y 
been d e m o n s t r a t e d b y W e i s s t e i n and H a r r i s 
[ 2 1 ] . 

The G e s t a l t l a w s , l i k e t h e f e a t u r e 
d e t e c t o r s , can b e r a t i o n a l i z e d a s b e i n g 
w e l l matched t o c e r t a i n a s p e c t s o f 
p h y s i c a l r e a l i t y . O b j e c t s a r e o f t e n 
p h y s i c a l l y homogeneous, and a s i m i l a r i t y 
g r o u p i n g i s t h u s l i k e l y t o a r i s e f r o m a 
s i n g l e o b j e c t o r p o p u l a t i o n o f r e l a t e d 
o b j e c t s , s o t h a t i t i s s e n s i b l e t o p e r 
c e i v e t h e g r o u p i n g a s a u n i t . P h y s i c a l 
o b j e c t s a r e n o r m a l l y compact, s o t h a t a 
p r o x i m i t y g r o u p i n g i s l i k e l y t o a r i s e 
f r o m a s i n g l e o b j e c t , and i t i s t h u s 
r e a s o n a b l e t o p e r c e i v e i t a s a u n i t . 
D i s c r e t e p h y s i c a l o b j e c t s must have 
c l o s e d b o u n d a r i e s , s o t h a t t h e l a w o f 
c l o s u r e i s a l s o a s e n s i b l e h e u r i s t i c . 
Thus, models whose e f f e c t s a r e s i m i l a r t o 
t h o s e o f t h e G e s t a l t l a w s w o u l d b e u s e f u l 
as GPM's, s i n c e t h e y w o u l d be w i d e l y 
a p p l i c a b l e , and w o u l d g i v e r i s e t o r e 
g i o n s t h a t o f t e n c o r r e s p o n d t o o b j e c t s , 
o r u s e f u l p i e c e s o f o b j e c t s . A t t h e same 
t i m e t h e s e models w o u l d p r o v i d e a b a s i s 
f o r f u r t h e r s i m p l i f y i n g t h e scene de
s c r i p t i o n , b y d e t e r m i n i n g a g g r e g a t e s o f 
f e a t u r e s t h a t can s e r v e a s p r o p o s e d c o n 
s t i t u e n t s f o r a t t e m p t i n g a more r e a l i s t i c 
s e m a n t i c i n t e r p r e t a t i o n o f t h e s c e n e . I n 
o t h e r w o r d s , t h e s e models s e r v e t o s i g n i 
f i c a n t l y r e d u c e t h e c o m b i n a t o r i c s i n v o l 
ved i n d e t e r m i n i n g t h e p o s s i b l e g r o u p i n g s 
o f t h e f e a t u r e s i n a s c e n e , b y m a k i n g 
o n l y a few c o m b i n a t i o n s easy t o "see", 
w h i l e t h e o t h e r c o m b i n a t i o n s a r e " h i d d e n 
f i g u r e s . " 

2.3 D e pth Cues 

A s a n o t h e r c l a s s o f examples o f 
GPM's, we w i l l b r i e f l y c o n s i d e r some o f 
t h e c u e s , and t h e a s s o c i a t e d p r o c e s s i n g , 
w h i c h can b e used t o deduce d e p t h r e l a 
t i o n s h i p s o f o b j e c t s i n a scene. These 
GPM's a r e somewhat more s p e c i a l i z e d t h a n 
t h o s e d i s c u s s e d p r e v i o u s l y , s i n c e t h e y 

a r e p r e d i c a t e d upon h a v i n g d e l i m i t e d ob
j e c t s o f some s o r t . Our d i s c u s s i o n o f 
t h e s i m p l i f y i n g n a t u r e o f G e s t a l t l a w s 
and d e p t h cues i n S e c t i o n s 2.2-3 i s based 
i n p a r t o n Hochberg [ 2 2 ] , 

The v i s u a l f i e l d i s t w o - d i m e n s i o n a l ; 
many d i f f e r e n t s p a t i a l a r r a n g e m e n t s o f 
o b j e c t s can g i v e r i s e t o i d e n t i c a l v i s u a l 
images. N e v e r t h e l e s s , u n d e r n o r m a l c i r 
c u mstances one has l i t t l e d i f f i c u l t y i n 
j u d g i n g t h e t h r e e - d i m e n s i o n a l p o s i t i o n s 
o f o b j e c t s , even f r o m a s i n g l e m o n o c u l a r 
v i s u a l image. I n making s u c h j u d g m e n t s , 
one uses a v a r i e t y o f cues w h i c h h e l p t o 
s t r u c t u r e t h e v i s u a l f i e l d i n a n un
ambiguous way w i t h r e s p e c t t o d e p t h . 
F a m i l i a r i t y i s c e r t a i n l y i m p o r t a n t i n d e 
t e r m i n i n g d e p t h r e l a t i o n s h i p s — i f w e 
can r e c o g n i z e a n o b j e c t , t h e n w e know i t s 
a c t u a l s i z e , and can c a l c u l a t e i t s d e p t h 
f r o m i t s a p p a r e n t s i z e . Many d e p t h c u e s , 
however, d o n o t depend o n f a m i l i a r i t y ; 
r a t h e r , t h e y r e f l e c t g e n e r a l i z e d know
l e d g e a b o u t o b j e c t s . I f two s i m i l a r l y 
shaped o b j e c t s have d i f f e r e n t a p p a r e n t 
s i z e s , w e t e n d t o j u d g e t h e s m a l l e r one 
a s f a r t h e r away. T h i s amounts t o 
a s s u m i n g t h a t t h e two o b j e c t s a r e 
a c t u a l l y i d e n t i c a l , and a r e t h e r e f o r e t h e 
same s i z e . T h i s f i r s t o r d e r d e f a u l t 
o p t i o n i s u s e f u l i n t h e absence o f any 
o t h e r i n f o r m a t i o n . Note a l s o t h a t t h i s 
a s s u m p t i o n l e a d s u s t o a " s i m p l e r " de
s c r i p t i o n o f t h e scene a s c o n t a i n i n g two 
i d e n t i c a l o b j e c t s a t d i f f e r e n t d i s t a n c e s , 
r a t h e r t h a n two d i s s i m i l a r o b j e c t s . 
S i m i l a r r e m a r k s a p p l y i f w e have two r e 
g i o n s c o n t a i n i n g t h e same t y p e o f t e x 
t u r e , b u t w i t h one more c o a r s e l y t e x t u r e d 
t h a n t h e o t h e r . I n t h i s c a s e t h e s i m p l i 
f y i n g a s s u m p t i o n i s t h a t b o t h o b j e c t s 
have i d e n t i c a l t e x t u r e s , b u t one i s 
f a r t h e r away. 

More g e n e r a l l y , i f a n o b j e c t i s 
a s y m m e t r i c a l , b u t can be r e g a r d e d as a 
t h r e e - d i m e n s i o n a l r o t a t i o n o f a s y m m e t r i 
c a l o b j e c t , w e t e n d t o j u d g e i t t h a t way; 
f o r e x a m p l e , w e can i n t e r p r e t a t r a p e z o i d 
a s a r e c t a n g l e seen o b l i q u e l y . T h i s 
p e r s p e c t i v e i n t e r p r e t a t i o n y i e l d s a 
s i m p l e r d e s c r i p t i o n o f t h e o b j e c t , namely 
s y m m e t r i c a l b u t r o t a t e d , r a t h e r t h a n 
a s y m m e t r i c a l . A t t h e same t i m e , t h e p e r 
s p e c t i v e a s s u m p t i o n i s a r e a s o n a b l e one 
t o make, s i n c e i t w o u l d b e a n i m p r o b a b l e 
c o i n c i d e n c e f o r a n o b j e c t t o a p p e a r 
s y m m e t r i c a l when r o t a t e d , i f t h e o b j e c t 
were n o t a c t u a l l y s y m m e t r i c a l . A n a l o g 
o u s l y , i f w e have a r e g i o n c o n t a i n i n g a 
t e x t u r e whose c o a r s e n e s s v a r i e s f r o m one 
s i d e t o t h e o t h e r , i t i s easy t o see t h e 
r e g i o n a s u n i f o r m l y t e x t u r e d , b u t t i l t e d . 
T h i s g i v e s t h e scene a s i m p l e r d e s c r i p 
t i o n , c o n s i s t e n t w i t h o u r k n o w l e d g e o f 
t h e p h y s i c a l w o r l d . 

A s a f i n a l e x a m p l e , suppose t h a t a n 
o b j e c t has a n i r r e g u l a r shape, b u t t h a t 
i t c o u l d b e s y m m e t r i c a l , o r c o n g r u e n t t o 
some o t h e r o b j e c t , i f w e r e g a r d e d i t a s 

718 



p a r t i a l l y hidden by a neighboring o b j e c t ; 
then we w i l l tend to conclude t h a t t h i s 
i s a c t u a l l y the case. This i n t e r p r e t a t i o n 
in terms of i n t e r p o s i t i o n y i e l d s a simpler 
d e s c r i p t i o n , and i t c e r t a i n l y represents a 
s i t u a t i o n t h a t f r e q u e n t l y a r i s e s i n prac
t i c e . I n t e r p o s i t i o n s are o f t e n (but not 
always) s i g n a l l e d by l o c a l cues such as 
"T-junctions**: the o b j e c t whose edge l i e s 
along the leg of the T disappears behind 
the o b j e c t whose edge l i e s on the horizon
t a l bar of the T. The disappearance and 
reappearance of one o b j e c t from behind an
other may be i n d i c a t e d by the presence of 
"matching T's": T-junctions whose legs are 
good c o n t i n u a t i o n s o f each other. I t i s 
c l e a r how these cues generalize our ex
perience w i t h r e a l o b j e c t s . 

2.4 GPM's i n Human V i s i o n 

Analogs of GPM's can be found i n many 
models of v i s u a l perception developed by 
psychologists. Bruner [23] t h e o r i z e d t h a t 
e a r l y stages of clue e x t r a c t i o n and object 
i s o l a t i o n d i r e c t l a t e r stages o f process
i n g . P r e l i m i n a r y operations o f t h i s s o r t 
on the stimulus " t h a t produce the o b j e c t s 
which l a t e r mechanisms w i l l f i l l out and 
i n t e r p r e t " have been c a l l e d p r e - a t t e n t i v e 
processes by Neisser [ 2 4 ] . An important 
f u n c t i o n of these processes is to "form 
the u n i t s to which perception may then be 
d i r e c t e d . . . V i s u a l objects are i d e n t i f i e d 
only a f t e r they have been segmented, one 
from the other. This permits the perceiv-
er to a l l o t most of his c o g n i t i v e resourc
es to a s u i t a b l y chosen p a r t of the 
f i e l d . . . Since the processes of f o c a l 
a t t e n t i o n cannot operate on the whole 
v i s u a l f i e l d simultaneously, they can come 
i n t o play only a f t e r p r e l i m i n a r y opera
t i o n s have f i r s t segregated the f i g u r a l 
u n i t s involved. These p r e l i m i n a r y opera
t i o n s . . . correspond i n p a r t t o what the 
Gestalt psychologists c a l l e d 'autochthon
ous f o r c e s ' . . . " (Neisser [ 2 4 ] , pp. 86, 88, 
89). Of course, it should be stressed 
t h a t the " o b j e c t s " e x t r a c t e d by the pre
l i m i n a r y operations may not be the same as 
the f i n a l o b j e c t s obtained by subsequent 
a n a l y s i s . 

The b e l i e f i s c e r t a i n l y widespread 
among psychologists t h a t the e a r l y stages 
of v i s u a l i n f o r m a t i o n processing do not 
depend on one's knowledge or expectations 
("perceptual set") about the p a r t i c u l a r 
s i t u a t i o n . "The e f f e c t s of perceptual 
l e a r n i n g c o n s i s t of changes in where you 
look, and of how you remember what you 
saw, but not of what you see in any momen
t a r y glance... Most of the attempts to de
monstrate the e f f e c t s of m o t i v a t i o n and of 
set on perception... were memorial r a t h e r 
than perceptual" (Hochberg [ 2 5 ] , p. 326). 
Thus, some of the operations performed by 
the human v i s u a l system can be thought of 
as corresponding t o the use o f GPM's a t 
the e a r l y stages of scene a n a l y s i s . 

I n t h i n k i n g about GPM's i n v i s u a l 
perception i t i s sometimes u s e f u l t o 

imagine t h a t they evolved as g e n e r a l i z a 
t i o n s of more s p e c i f i c models f o r con
c r e t e p h y s i c a l s i t u a t i o n s by a process 
which g r a d u a l l y relaxed the domain-depen
dent context, so t h a t semantic notions 
g r a d u a l l y acquired a s y n t a c t i c f l a v o r . 
I n other words, semantics became " f o s s i 
l i z e d " and turned i n t o syntax. 

3. The Role of GPM's 

As the universe in which computer 
v i s i o n systems operate becomes r i c h e r , 
the i n i t i a l expectations of the systems 
w i l l have t o become less s p e c i f i c . Thus 
these systems w i l l have t o r e l y more 
h e a v i l y on GPM's, e s p e c i a l l y d u r i n g the 
i n i t i a l stages of scene a n a l y s i s . 
"Thinking always begins w i t h suggestive 
but imperfect plans and images; these are 
p r o g r e s s i v e l y replaced by b e t t e r -- but 
u s u a l l y s t i l l imperfect — ideas" (Minsky 
[ 3 ] ) . 

To f u r t h e r i l l u s t r a t e the use of 
GPM's, as w e l l as t h e i r i n t e r a c t i o n w i t h 
more s p e c i a l i z e d models, consider Shirai's 
[1] scene a n a l y s i s system. This system 
operates in the blocks w o r l d , and pre
supposes t h a t any block w i l l sharply con 
t r a s t w i t h the background. This know
ledge is embodied in a GPM of o b j e c t -
surround c o n t r a s t which performs a K e l l y 
l i k e [26] edge d e t e c t i o n of the outer 
boundary o f the set o f blocks. Next, i t 
is assumed t h a t a l l curvature maxima on 
the outer border of the set of blocks i n 
d i c a t e v e r t i c e s of blocks. Each hypothe
sized vertex is examined by procedures 
t h a t contain s p e c i a l i z e d knowledge about 
the forms of v e r t i c e s in the blocks 
world. These s p e c i a l i s t s can, in t u r n , 
suggest i n t e r n a l l i n e s and v e r t i c e s . 
These suggestions invoke GPM's f o r angles 
and l i n e s to discover the hypothesized, 
but as yet u n v e r i f i e d , i n t e r n a l f e a t u r e s . 
The dynamics of t h i s system's o p e r a t i o n 
i l l u s t r a t e c l e a r l y the i n t e r p l a y between 
s p e c i a l i z e d models and GPM's. 

Sh i r a i ' s use of GPM's i s based on 
the sharp c o n t r a s t of the blocks w i t h the 
surround and the f a c t t h a t a l l angles 
correspond t o s a l i e n t features i n the 
blocks world. For example, e a r l y in the 
processing an " o b j e c t " i n t e r p r e t a b l e as 
the outer contour of the c o l l e c t i o n of 
blocks is found. In general, scenes are 
not t h i s simple, and the n o t i o n of what 
c o n s t i t u t e s " s a l i e n c y " i s r a t h e r e l u s i v e . 
How might s p e c i a l i z e d models and GPM's 
i n t e r a c t i n more complicated s i t u a t i o n s ? 

The more s p e c i a l i z e d the knowledge 
t h a t we have about the scene to be 
analyzed, the more e f f i c i e n t l y the 
a n a l y s i s can be performed using s p e c i a l i 
zed models. In an extreme case, if we 
know what o b j e c t s are supposed to be p r e 
sent and in what p o s i t i o n s , the a n a l y s i s 
reduces to a simple v e r i f i c a t i o n of these 
f a c t s , perhaps by template matching. 
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T h i s i s a n example o f a s i t u a t i o n where 
GPM's w o u l d be u n n e c e s s a r y . More 
commonly, however, we may know t h e a l l o w 
a b l e t y p e s o f o b j e c t s , b u t n o t t h e i r 
p o s i t i o n s , a s i n t h e b l o c k s - w o r l d 
s i t u a t i o n — o r , w e may know o n l y t h a t 
some s o r t o f o b j e c t s may be p r e s e n t , b u t 
n o t what shapes ( o r t e x t u r e s ) t h e s e ob
j e c t s w i l l h ave, as i n t h e random s l i d e 
show s i t u a t i o n o f S e c t i o n 1 . A s hae been 
a l r e a d y m e n t i o n e d , one c o u l d , i n p r i n c i 
p l e , r u n t h r o u g h many ( t h o u s a n d s ? ) o f 
s p e c i a l i z e d o b j e c t m o d e l s , a p p l y i n g each 
one t o t h e scene i n t u r n . A more 
e f f i c i e n t s t r a t e g y w o u l d p r e s u m a b l y b e t o 
i n i t i a l l y a p p l y h i g h l y g e n e r a l m o d e l s , 
where t h e chance o f s u c c e s s i s g r e a t e r . 

By d e f i n i t i o n , GPM's s h o u l d be use
f u l i n a r e l a t i v e l y w i d e v a r i e t y o f 
c a s e s . I n f a c t , i t may t u r n o u t t h a t t h e 
most e f f i c i e n t way t o s t a r t t h e a n a l y s i s 
o f a scene a b o u t w h i c h s p e c i a l i z e d know
l e d g e is a v a i l a b l e i s s t i l l on a g e n e r a l 
l e v e l . For example, i n a n a l y z i n g scenes 
c o n t a i n i n g p o l y h e d r a , i t i s more 
e f f i c i e n t t o b e g i n b y l o o k i n g f o r edges, 
a s S h i r a i d i d , r a t h e r t h a n f o r l o n g 
s t r a i g h t edges o r c o r n e r s . T h i s i s be
cause i t i s c o m p u t a t i o n a l l y more c o s t l y 
t o d e t e c t c o r n e r s ( e t c . ) t h a n edges, and 
t h e s e d e t e c t o r s w i l l have t o be a p p l i e d 
o v e r l a r g e r e g i o n s s i n c e w e d o n o t know 
i n advance where t h e p o l y h e d r a a r e . Once 
edges have been f o u n d , t h e more s p e c i a l i 
zed knowledge t h a t i s a v a i l a b l e can b e 
b r o u g h t t o b e a r b y c h e c k i n g t h e edges f o r 
s t r a i g h t n e s s . Thus, GPM's, because o f 
t h e i r r e l a t i v e s i m p l i c i t y , a r e l i k e l y t o 
be u s e f u l even when we do have s p e c i a l 
knowledge a b o u t t h e s i t u a t i o n . 

I t s h o u l d b e a p p a r e n t f r o m t h i s 
d i s c u s s i o n t h a t t h e use o f GPM's does n o t 
pre s u p p o s e any p a r t i c u l a r t y p e o f c o n t r o l 
s t r u c t u r e i n t h e g i v e n scene a n a l y s i s 
s y stem. A sys t e m t h a t e m p l o y s GPM's need 
n o t b e " b o t t o m - u p " o r h i e r a r c h i c a l l y o r 
g a n i z e d . GPM's a r e e q u a l l y c o m p a t i b l e 
w i t h h e t e r a r c h i c a l l y s t r u c t u r e d s y s t e m s , 
such a s S h i r a i ' s . F u r t h e r m o r e , t h e y a r e 
n o t n e c e s s a r i l y t h e l o w e s t - l e v e l g o a l s i n 
such a s y s t e m , b u t may o c c u r t h r o u g h o u t . 

4. C o n c l u d i n g Remarks 

L i n e d r a w i n g s such a s t h a t shown a t 
t h e end of S e c t i o n 1 c o n s t i t u t e a 
p o s s i b l e domain f o r t h e s t u d y o f GPM's. 
Here t h e GPM's w o u l d s t r u c t u r e t h e draw
i n g s i n t o ( u n f a m i l i a r ) o b j e c t s h a v i n g a 
l i m i t e d s e t o f p r o p e r t i e s ( e . g . , opaque/ 
t r a n s p a r e n t , b l o b - l i k e / e l o n g a t e d ) and 
s a t i s f y i n g a l i m i t e d number o f r e l a t i o n s 
( e . g . , i n f r o n t o f , i n s i d e , h o l e i n , 
e t c . ) . A s y s t e m f o r t h i s t y p e o f l i n e 
d r a w i n g a n a l y s i s has been p r o p o s e d b y one 
o f u s [ 2 7 ] , and work o n t h i s s y s t e m i s i n 
p r o g r e s s . I t i s hoped t h a t t h e d e v e l o p 
ment o f such systems w i l l f a c i l i t a t e o u r 
u n d e r s t a n d i n g o f GPM's and t h e i r r o l e i n 
SCLMIO a n a l y s i s . 
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