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ABSTRACT 

A v i e w p o i n t - i n d e p e n d e n t d e s c r i p t i o n o f the 
shape of an o b j e c t can be genera ted by impos ing a 
canon ica l frame of r e f e r e n c e on the o b j e c t and 
d e s c r i b i n g the s p a t i a l d i s p o s i t i o n s o f the p a r t s 
r e l a t i v e to t h i s o b j e c t - b a s e d f rame. When a 
f a m i l i a r o b j e c t i s i n a n unusual o r i e n t a t i o n , the 
d e c i d i n g f a c t o r i n the cho i ce o f the canon ica l 
ob jec t -based frame may be the f a c t t h a t r e l a t i v e 
to t h i s frame the o b j e c t has a f a m i l i a r shape 
d e s c r i p t i o n . Th is may suggest t h a t we f i r s t 
hypo thes i se an ob jec t -based frame and then t e s t 
the r e s u l t a n t shape d e s c r i p t i o n f o r f a m i l i a r i t y . 
However, i t i s p o s s i b l e t o o rgan i se the 
i n t e r a c t i o n s between u n i t s i n a p a r a l l e l network 
s o t h a t the p a t t e r n o f a c t i v i t y i n the network 
s i m u l t a n e o u s l y converges on a r e p r e s e n t a t i o n of 
the shape and a r e p r e s e n t a t i o n of the o b j e c t -
based frame of r e f e r e n c e . The connec t i ons in the 
network a re determined by the c o n s t r a i n t s 
i n h e r e n t i n the image f o r m a t i o n p rocess . 

I INTRODUCTION 

People can recogn ise a f a m i l i a r s p a t i a l 
s t r u c t u r e from a nove l v i e w p o i n t . There is 
c o n s i d e r a b l e ev idence t h a t they do t h i s by 
imposing a canon i ca l , o b j e c t - b a s e d frame of 
r e f e r e n c e and g e n e r a t i n g a d e s c r i p t i o n of the 
s p a t i a l s t r u c t u r e r e l a t i v e t o the assigned frame 
[ l 2 3 ] A t i l t e d squa re , f o r example, can s t i l l 
be seen as a square because r e l a t i v e to the 
t i l t e d frame t h a t i s imposed o n i t , i t s t i l l has 
two v e r t i c a l edges on e i t h e r s i d e and h o r i z o n t a l 
edges at t op and bo t t om . 

The c e n t r a l problem in us ing ob jec t -based 
frames is to dev i se a way of a s s i g n i n g the 
a p p r o p r i a t e frame to a perce ived o b j e c t . Th is i s 
not an easy t a s k , even i f Bources o f i n f o r m a t i o n 
l i k e s t e r e o , s h a p e - f r o m - s h a d i n g , o r o p t i c a l f l o w 
have y i e l d e d the p r e c i s e 3-D s t r u c t u r e o f the 
o b j e c t r e l a t i v e t o the v i e w e r - c e n t e r e d frame o f 
r e f e r e n c e . H e u r i s t i c s l i k e p lanes o f b i l a t e r a l 
symmetry, g ross e l o n g a t i o n , and the g r a v i t a t i o n a l 
o r c o n t e x t u a l v e r t i c a l can h e l p to suggest 
cand ida te ob jec t - based f rames , bu t the f i n a l 
cho ice between the a l t e r n a t i v e s o f t e n depends on 
which ob jec t - based frame g i v e s r i s e to a f a m i l i a r 

shape d e s c r i p t i o n . An ups ide down t a b l e , f o r 
example, i s seen as j u s t t h a t , because by see ing 

i t as ups ide down we can see i t as a f a m i l i a r 
shape. I n t h i s case , t h e r e i s c l e a r l y n o t h i n g i n 
the image to i n d i c a t e t h a t an upside-down frame 
should be ass igned . 

Th is paper d e s c r i b e s a way of us ing p a r a l l e l 
hardware to implement a c o o p e r a t i v e computa t ion 
in which the process o f choos ing an o b j e c t - b a s e d 
frame and the g e n e r a t i o n of a d e s c r i p t i o n 
r e l a t i v e t o t h a t frame occur s i m u l t a n e o u s l y , w i t h 
each i n f l u e n c i n g the o t h e r . 

JJ FRAMES, FEATURES, AND MAPPINGS 

F o l l o w i n g Marr [4], I s h a l l assume tha t e a r l y 
v i s u a l p rocess ing y i e l d s a r e p r e s e n t a t i o n of a 
scene in terms of VD f e a t u r e s r e l a t i v e to a . 3-D 
frame o f r e f e r e n c e d e f i n e d by the r e t i n a ( o r 
camera) . These " r e t i n a - b a s e d " f e a t u r e s cannot be 
used d i r e c t l y f o r o b j e c t r e c o g n i t i o n because they 
depend not o n l y on the shape of the o b j e c t but 
a l so on the s p a t i a l r e l a t i o n s h i p between the 
r e t i n a and the o b j e c t . Choosing an ob jec t -based 
frame o f r e f e r e n c e is e q u i v a l e n t to choosing a 
mapping from 3-D r e t i n a - b a s e d f e a t u r e s to 3-D 
ob jec t - based f e a t u r e s . Th is mapping compensates 
f o r the r e l a t i o n s h i p between the r e t i n a and the 
o b j e c t and thus y i e l d s f e a t u r e s t h a t are 
independent o f t h i s r e l a t i o n s h i p . These f e a t u r e s 
c o n s t i t u t e a shape d e s c r i p t i o n t h a t can be used 
f o r o b j e c t r e c o g n i t i o n . 

I f we t h i n k in terms o f a p a r a l l e l system in 
which each f e a t u r e cor responds to a s p e c i f i c 
hardware u n i t which i s a c t i v e when the f e a t u r e i s 
p r e s e n t , then a p a r t i c u l a r cho i ce o f an o b j e c t -
based frame must be capable of p a i r i n g each 
r e t i n a - b a s e d u n i t w i t h a co r respond ing o b j e c t -
based u n i t , so t h a t a c t i v i t y in the one can cause 
a c t i v i t y in the o t h e r . F i g . 1 shows such an 
arrangement f o r a s i m p l i f i e d 2-D domain. There 
a re many " c h a n n e l s " emanating from each r e t i n a -
based u n i t . A cho i ce of an ob jec t -based frame 
cor responds to a c t i v a t i o n o f a p a r t i c u l a r 
"mapping" u n i t . An a c t i v e mapping u n i t opens one 
channel from each r e t i n a - b a s e d u n i t to the o b j e c t -
based u n i t t h a t i s a p p r o p r i a t e g i v e n t h a t 
mapping. Thus, once the mapping has been 
s e l e c t e d , a p a t t e r n o f a c t i v e r e t i n a - b a s e d u n i t s 
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w i l l cause a p a t t e r n o f a c t i v e o b j e c t - b a s e d 
u n i t s , and t h i s l a t e r p a t t e r n w i l l c o n s t i t u t e a 
d e s c r i p t i o n o f the o b j e c t ' s shape. 

p o s i t i o n A p o s i t i o n B 

F i g u r e 1_. Th i s shows how each mapping u n i t 
( l a r g e box on r i g h t ) c o n t r o l s a se t o f channe ls 
from the r e t i n a - b a s e d u n i t s (bo t tom) t o the 
o b j e c t - b a s e d u n i t s ( t o p ) . Only a few o f the 
mapping u n i t s and channe ls a re shown. The topmost 
u n i t s respond t o comb ina t ions o f a c t i v e o b j e c t -
based u n i t s . The meaning o f the t r i a n g u l a r 
symbols i s e x p l a i n e d i n the t e x t . 

111 TOP-DOWN SELECTION OF _A MAPPING 

The meaning o f the t r i a n g u l a r symbol i n f i g . 1 
i s q u i t e complex. I t s tands f o r two r u l e s : 

1 . M u l t i p l y the a c t i v i t y l e v e l i n the r e t i n a -
based u n i t b y the a c t i v i t y l e v e l i n the mapping 
u n i t and send the p roduc t to the o b j e c t - b a s e d 
u n i t . 

2 . M u l t i p l y the a c t i v i t y l e v e l i n the r e t i n a -
based u n i t b y the a c t i v i t y l e v e l i n the o b j e c t -
based u n i t and send the p roduc t to the mapping 
u n i t . 

The f i r s t r u l e i s what causes the a p p r o p r i a t e 
mapping when a s i n g l e mapping u n i t i s f u l l y 
a c t i v e ( a c t i v i t y v a r i e s from 0 to 1 ) . The second 
r u l e s e l e c t s a p a r t i c u l a r mapping when the 
a c t i v i t y o f the ob jec t - based u n i t s i s de te rmined 
top -down. Fach p o s s i b l e p a i r i n g o f an o b j e c t -
based f e a t u r e w i t h a r e t i n a - b a s e d f e a t u r e o f the 
same genera l type w i l l send a c t i v i t y to a 
p a r t i c u l a r mapping. I f the o b j e c t i s p resen t i n 
the i n p u t , the " c o r r e c t " p a i r i n g s w i l l a l l agree 
on the same mapping, whereas the " c r o s s - p a i r i n g s " 
w i l l not agree w i t h one a n o t h e r . So the bes t way 
o f i n s t a n t i a t i n g the o b j e c t i n the scene w i l l be 
i n d i c a t e d by the mapping w i t h the g r e a t e s t t o t a l 
i n p u t . Th i s way o f us i ng an e x p l i c i t 
r e p r e s e n t a t i o n o f mapping space to accumula te 
ev idence f o r a p a r t i c u l a r mapping is a l s o used by 
B a l l a r d [ 5 ] . 

The s t r u c t u r e o f the c o n n e c t i v i t y i n t h i s 
network cap tu res the mathemat ica l s t r u c t u r e o f a 
t h r e e - d i m e n s i o n a l s p a t i a l r e l a t i o n s h i p . There ere 
c o n s t r a i n t s on the ways in which f e a t u r e s 
r e l a t i v e to one frame can be pa i red w i t h f e a t u r e s 
r e l a t i v e t o ano ther frame i f the p a i r i n g s a re t o 
cor respond to a s i n g l e 3-D r e l a t i o n s h i p between 
the two f rames . Only c e r t a i n s e t s o f p a i r i n g s a re 
m a t h e m a t i c a l l y c o n s i s t e n t , and each o f these se t s 
cor responds to a set o f channe ls t h a t a re a l l 
connected to the same mapping u n i t . 

IV SIMULTANEOUS SELECTION OF SHAPE ANT MAPPING 

I s h a l l assume tha t the r e t i n a - b a s e d 
r e p r e s e n t a t i o n i s r i c h enough to a l l o w a r o u g h l y 
c o r r e c t segmenta t ion of a " f i g u r e " and a l so to 
a l l o w a number of p l a u s i b l e o b j e c t - b a s e d frames 
to be s e l e c t e d f o r the c a n d i d a t e f i g u r e us ing 
bo t tom-up h e u r i s t i c s . The ev idence i n f avou r o f 
an ob jec t - based frame p r o v i d e s enough i n p u t to 
the r e l e v a n t mapping u n i t t o g i v e i t a low 
i n i t i a l l e v e l o f a c t i v i t y . The p a t t e r n o f 
a c t i v i t y i n the r e t i n a - b a s e d u n i t s i s then mapped 
th rough e l l the cand ida te mappings 
s i m u l t a n e o u s l y , bu t because the mapping u n i t s a re 
no t f u l l y a c t i v e , each mapping i s a t t e n u a t e d (see 
r u l e 1 above) and so t h e r e a re many s l i g h t l y 
a c t i v e ob j ec t - based u n i t s . Among these o b j e c t -
based f e a t u r e s t he re w i l l be subse ts wh ich can be 
recogn ised a s p a r t i a l d e s c r i p t i o n s o f f a m i l i a r 
shapes. 

The p r e c i s e d e t a i l s o f how shape d e s c r i p t i o n s 
a re recogn ised a s f a m i l i a r i s n o t c e n t r a l t o the 
mode l . I n F i g . 1 t h i s mechanism i s g r o s s l y 
s i m p l i f i e d and shown as a se t of shape-
r e c o g n i t i o n u n i t s . A l l we need to assume is some 
k i n d o f p o s i t i v e feedback mechanism which 
p r o v i d e s top-down suppo r t f o r f a m i l i a r 
comb ina t i ons o f o b j e c t - b a s e d f e a t u r e s . So, among 
the many s l i g h t l y a c t i v e o b j e c t - b a s e d u n i t s , 
c e r t a i n subsets w i l l r e c e i v e more top-down 
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suppor t than o t h e r s . Once t h i s happens, t h e r e i s 
a runaway p r o c e s s . The p a i r i n g s of above-average 
o b j e c t - b a s e d f e a t u r e s w i t h r e t i n a - b a s e d f e a t u r e s 
cause above-average suppor t f o r the r e l e v a n t 
mapping. T h i s , i n t u r n , causes l e s s a t t e n u a t i o n 
in the mapping from r e t i n a - b a s e d to ob jec t -based 
f e a t u r e s . The more a c t i v e a mapping u n i t g e t s , 

t he more i t c o n t r i b u t e s t o i t s co r respond ing 
shape d e s c r i p t i o n , and v i c e v e r s a . In a few 
i t e r a t i o n s the system converges on a p a r t i c u l a r 
mapping and a p a r t i c u l a r shape d e s c r i p t i o n , and 
the i n h i b i t i o n between the mapping u n i t s (and 
a l s o , o p t i o n a l l y , between the shape u n i t s ) causes 
the unsuccess fu l cand ida te mappings to be 
c o m p l e t e l y suppressed . Other t h i n g s be ing e q u a l , 
c a n o n i c a l f rames a re p r e f e r r e d to non -canon ica l 
ones , because o f the top-down suppor t f o r 
f a m i l i a r comb ina t ions o f ob jec t - based f e a t u r e s . 

V THE N PROBLEM 

I f t he re a re N r e t i n a - b a s e d u n i t e each o f 
which can a c t i v a t e any o f N ob jec t -based u n i t s , 
N3 channe ls a re r e q u i r e d . Th is number can be 
reduced in v a r i o u s ways. F i r s t , N i t s e l f can be 
d r a m a t i c a l l y reduced b e f o r e the mapping by 
d i s t r i b u t e d encoding o f the i n d i v i d u a l f e a t u r e s 
and mappings as p a t t e r n s o f a c t i v i t y in many 
d i f f e r e n t hardware u n i t s . Each u n i t r e p r e s e n t s a 
connected r e g i o n i n the space o f p o s s i b l e 
f e a t u r e s . A s p e c i f i c f e a t u r e i s coded by a c t i v i t y 
i n a l l the u n i t s whose reg ions c o n t a i n i t . The 
number o f e f f e c t i v e l y d i f f e r e n t f e a t u r e s can then 
g r e a t l y exceed the number o f u n i t s . Th is type o f 
encoding is e s p e c i a l l y e f f e c t i v e when the number 
of f e a t u r e s p resent a t any one t ime is much 
s m e l l e r than the number o f p o s s i b l e d i s c r i m i n a t e 
f e a t u r e s . There is n o t space here to i n c l u d e a 
fo rma l t r ea tmen t o f the e f f i c i e n c y and 
l i m i t a t i o n s o f t h i s type o f encod ing . 

Second, i f the mapping i s performed in K 
s e q u e n t i a l l y l i n k e d s t a g e s , the f a n - o u t from a 
u n i t i n one l a y e r t o the u n i t i n the l a y e r above 
need o n l y be K¬N , and s i nce t he re are K l a y e r s 
o n l y K.N.K¬N connec t i ons a re needed. However, 
i t e r a t i o n s take K t imes as long and d i f f e r e n t 
mappings i n e v i t a b l y become confused d u r i n g the 
s e t t l i n g phase when many mappings are p a r t i a l l y 
a c t i v e . I f , f o r example, t h e r e i s one mapping t o 
hand le t r a n s l a t i o n f o l l o w e d by ano the r to handle 
r o t a t i o n , i t i s i m p o s s i b l e t o a l l o w j u s t the 
mappings T, R, and T2 H2 to occur s i m u l t a n e o u s l y , 
where T and P denote the t r a n s l a t i o n a l and 
r o t a t i o n a l c o n s t i t u e n t s o f a f u l l mapping. The 
r e t i n a - b a s e d f e a t u r e s w i l l be mapped th rough b o t h 
T1, and T2 and the r e s u l t i n g i n t e r m e d i a t e f e a t u r e s 
w i l l be mapped th rough bo th R1 and R2, and so the 
f u l l mappings T1, P2 and T2 R1, w i l l a l so have 
o c c u r r e d . 

VI CONCLUSION 

I have o u t l i n e d a way of us i ng p a r a l l e l 
hardware to implement a f l e x i b l e mapping system 
t h a t can per form a p a r a l l e l search f o r a 
c a n o n i c a l , ob j ec t - based r e f e r e n c e f rame . Th i s i s 
an i m p o r t a n t advance from the pandemonium or 
p e r c e p t r o n type o f model because i t hand les the 
e f f e c t o f v i e w p o i n t on the image in a p r i n c i p l e d 
way. There a r e , o f c o u r s e , o t h e r sources o f 
v a r i a t i o n in the image o f an o b j e c t , such as non -
r i g i d t r a n s f o r m a t i o n s o f the o b j e c t i t s e l f , b u t 

t h e r e i s no reason to lump these t o g e t h e r w i t h 
the e f f e c t s o f v i e w p o i n t . They a re sepa ra te 
problems w i t h t h e i r own separa te s t r u c t u r e . 
F i n a l l y , 7 shou ld p o i n t ou t a ma jo r and 
c o n t r o v e r s i a l i m p l i c i t assumpt ion o f the m ode l . 
Ob jec t -based frames must be ass igned one at a 
t i m e , so t h a t they can a l l share the same mapping 
a p p a r a t u s . 
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