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OVERVIEW 

THIS WORK IS CONCERNED WITH VISUAL RECOGNITION, 
AND WITH LARGER ISSUES OF DESCRIPTION AND CONTROL 

The immed ia te o b j e c t i v e o f t h i s work I s a 
computer sys tem t h a t w i l l r e c o g n i z e o b j e c t s i n a 
v i s u a l s c e n e , s p e c i f i c a l l y hammers. The computer 
r e c e i v e s a n a r r a y o f l i g h t i n t e n s i t i e s f r om a d e ­
v i c e l i k e a t v camera . I t i s t o l o c a t e and i d e n ­
t i f y t h e hammer i f one i s p r e s e n t . The s y s t e m , 
SEER, i s d i r e c t e d a t t h e v i s u a l v a r i e t y o f u n p r e ­
pa red eve ryday o b j e c t s , n o t s t y l i z e d m o d e l s . 

The computer must p roduce f r o m t h e n u m e r i c a l 
" s e n s o r y d a t a " a s y m b o l i c d e s c r i p t i o n t h a t c o n s ­
t i t u t e s i t s p e r c e p t i o n o f t h e s c e n e . O f p r i m a r y 
c o n c e r n i s t h e c o n t r o l o f t h e r e c o g n i t i o n p r o c e s s : 
what t o d o , how and when to do i t . These d e c i ­
s i o n s s h o u l d b e gu ided b y t h e p a r t i a l r e s u l t s o b ­
t a i n e d o n t h e scene . I f a hammer h a n d l e i s o b ­
se rved t h i s s h o u l d sugges t t h a t t h e h a n d l e i s p a r t 
o f a hammer and a d v i s e where to l o o k f o r t h e ham­
mer h e a d . The p a r t i c u l a r knowledge t h a t a h a n d l e 
has been found combines w i t h g e n e r a l knowledge 
abou t hammers t o i n f l u e n c e t h e r e c o g n i t i o n p r o ­
c e s s . T h i s use o f knowledge t o d i r e c t c o n t r o l i s 
deno ted he re b y t h e t e rm a c t i v e k n o w l e d g e . 

A d e s c r i p t i v e f o r m a l i s m i s p r e s e n t e d f o r 
v i s u a l knowledge w h i c h i d e n t i f i e s t he r e l a t i o n ­
s h i p s r e l e v a n t t o t h e a c t i v e use o f t h e k n o w l e d g e . 
A c o n t r o l ' s t r u c t u r e i s p r o v i d e d w h i c h can a p p l y 
knowledge o r g a n i z e d i n t h i s f a s h i o n a c t i v e l y t o 
t h e p r o c e s s i n g o f a g i v e n s c e n e . 
VISUAL KNOWLEDGE IS ORGANIZED TO ENCOURAGE ITS 
ACTIVE USE 

G i v e n a commitment to a c t i v e knowledge how 
do we imp lement i t ? When SEER d i s c o v e r s t h a t 
" r e g i o n R i s b a r shaped " how does i t use t h i s 
i n f o r m a t i o n ? G e n e r a l v i s u a l knowledge i s o r g a n ­
i z e d t o respond t o t h e s e q u e s t i o n s . 

A d a t a base o b j e c t e x i s t s r e p r e s e n t i n g " b a r 
s h a p e d " . T h i s o b j e c t knows how a b a r shape is 
u s e f u l f o r a c q u i r i n g f u r t h e r knowledge o f a r e ­
g i o n . I t knows , f o r examp le , t h a t hammer h a n d l e s 
a r e b a r shaped . T h i s knowledge i s r e p r e s e n t e d b y 
a l i n k between d a t a base o b j e c t s r e p r e s e n t i n g 
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ba r shaped and hammer h a n d l e : 
HANDLE BAR-SHAPED 

ESTABLISHED RESULTS ARE EXPLOITED TO MAKE FURTHER 
SUGGESTIONS 

When a p a r t i c u l a r r e g i o n R is f ound to be ba r 
shaped , t h i s knowledge i s e x p l o i t e d a s f o l l o w s . 
The b a r shaped e lemen t o f g e n e r a l knowledge i s 
c o n s u l t e d . The l i n k t o hammer h a n d l e p r o v i d e s 
the s u g g e s t i o n t h a t R is a l s o a hammer h a n d l e . 
T h i s s u g g e s t i o n becomes a n o b j e c t i n t h e p a r t i c ­
u l a r knowledge d a t a b a s e . I t b e g i n s a s a " c o n ­
j e c t u r e " , b u t e v e n t u a l l y may become a " s u c c e s s " 
o r a " f a i l u r e " . (The f a c t t h a t R i s ba r shaped 
i s a s u c c e s s f u l p a r t i c u l a r knowledge o b j e c t . ) A 
l i n k is p l a c e d be tween BAR-SHAPED R and HANDLE R 
c o r r e s p o n d i n g t o t h e g e n e r a l knowledge l i n k b e ­
tween BAR-SHAPED and HAMMER HANDLE: 

HANDLE R BAR-SHAPED R 
BAR-SHAPED i s a l s o l i n k e d t o HEAD i n t h e g e n ­

e r a l k n o w l e d g e : t h e e x p l o i t a t i o n o f BAR-SHAPED R 
w i l l a l s o sugges t HEAD R, and t h e a p p r o p r i a t e p a r ­
t i c u l a r know ledge c o n j e c t u r e and l i n k w i l l b e c r e ­
a ted : 

HANDLE R\ 
BAR-SHAPED R 

HEAD R / 
GENERAL VISUAL KNOWLEDGE AND PARTICULAR SCENE RE­
SULTS RESTDE IN INTERACTING NETWORKS 

We have then two knowledge s t r u c t u r e s , w h i c h 
we w i l l a b b r e v i a t e as t h e GK ( g e n e r a l knowledge) 
and t h e PK C p a r t i c u l a r knowledge) s t r u c t u r e s . 
Bo th a re n e t w o r k s : t h e nodes r e p r e s e n t i t e m s o f 
v i s u a l k n o w l e d g e , o b j e c t s , p r o p e r t i e s , r e l a t i o n ­
s h i p s , and t h e l i n k s i n d i c a t e how these i t e m s 
h e l p e s t a b l i s h each o t h e r . 

The knowledge i n v o l v e d i s n o t v e r y e s o t e r i c . 
I t i s based o n f u n c t i o n a l d e f i n i t i o n s : a hammer 
r e q u i r e s a h a n d l e to h o l d and a head w i t h w h i c h 
t o h i t ; t he two s h o u l d b e s e t a t r i g h t a n g l e s t o 
t r a n s f e r a s w i n g i n g m o t i o n i n t o a b l o w ; t h e head 
r e q u i r e s a s t r i k i n g f a c e a t one e n d ; i t shou ld b e 
f l a t t o c o n t a c t t h e n a i l e a s i l y ; and s o o n . The 
concern i s w i t h t h e o r g a n i z a t i o n o f t h i s k n o w l ­
edge . S tanda rd d e s c r i p t i v e n e t w o r k s , where nodes 
r e p r e s e n t p a r t s and l i n k s r e p r e s e n t p r o p e r t i e s 
and r e l a t i o n s h i p s , a r e good f o r p a s s i v e m a t c h i n g . 
SEER's n e t w o r k s f a c i l i t a t e a c t i v e know ledge . 

The GK r e p r e s e n t s p o t e n t i a l programs f o r r e ­
c o g n i z i n g s p e c i f i c i n s t a n c e s o f t h e GK c o n c e p t s . 
We w r i t e t h e s e programs by r e p r e s e n t i n g p o s s i b l e 
d e s c r i p t i o n s o f t h e concep t s i n a ne two rk f o r m . 
These d e s c r i p t i v e n e t s seem a n a t u r a l f o r m a l i s m 
f o r t h e p r o c e d u r a l embedding o f knowledge [ 7 ] I n 
t h e domain o f v i s u a l r e c o g n i t i o n (as opposed t o 
t h e o r e m s , f o r e x a m p l e ) . S i m i l a r l y t h e P K r e ­
p r e s e n t s , a t any p o i n t o f p r o c e s s i n g , t h e c u r r e n t 
s t a t e o f d e s c r i p t i o n o f the s c e n e , and t h e s t a t e 
o f t he s p e c i f i c p r o c e s s e s chosen t o work o n i t . 

The i n t e r a c t i o n s w i t h i n and between t h e s e 
s t r u c t u r e s imp lement a c t i v e know ledge , and we 
have seen a b a s i c examp le : a PK success c o n s u l ­
t i n g GK to sugges t f u r t h e r PK c o n j e c t u r e s . 
CONJECTURES ARE ESTABLISHED BY EXPLORATION 

We have seen t h e b a s i c mechanism f o r e x p l o i ­
t i n g r e s u l t s , b u t how d o these r e s u l t s g e t e s t a b ­
l i s h e d ; once a s u g g e s t i o n i s made, how i s i t p u r ­
sued? The same l i n k t h a t i n d i c a t e s t h a t a bar 
shaped r e g i o n may be a h a n d l e , a l s o says t h a t i f 
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we w i s h to e s t a b l i s h a r e g i o n as a h a n d l e , we 
s h o u l d see i f i t i s b a r s h a p e d . Thus , a n a l o g o u s 
t o e x p l o i t a t i o n t h e r e i s a n e x p l o r a t i o n p r o c e s s . 
When t h e PK c o n j e c t u r e HANDLE R is e x p l o r e d , i t 
c o n s u l t s t h e GK o b j e c t HANDLE, w h i c h f o l l o w s t h e 
l i n k t o BAR-SHAPED, p r o v i d i n g t h e s u g g e s t i o n BAR-
SHAPED R, w h i c h e n t e r s t h e PK as a c o n j e c t u r e 
l i n k e d to t h e HANDLE R c o n j e c t u r e : 

HANDLE R BAR-SHAPED R 
The l i n k s have a d i r e c t i o n : i f B h e l p s t o e s ­

t a b l i s h A we say t h a t B i s " b e l o w " A . E x p l o i t a ­
t i o n i n v o l v e s l o o k i n g upward a l o n g l i n k s , e x p l o r a ­
t i o n downward. 

E x p l o r a t i o n of HANDLE R a l s o sugges ts LONG-
AND-THIN R: 

HANDLE R LONG-AND-THIN R 
\BAR-SHAPED R 

L e t us say t h a t t h e two p r o p e r t i e s , b a r shaped and 
l o n g - a n d - t h i n , a r e s u f f i c i e n t t o d e f i n e a hammer 
h a n d l e ; t h e G K knows t h i s . Now i f e i t h e r o f t h e 
new c o n j e c t u r e s , BAR-SHAPED R or LONG-AND-THIN R, 
a r e e s t a b l i s h e d , t h e y w i l l b e e x p l o i t e d . W e d i d 
obse rve e a r l i e r t h a t e x p l o i t a t i o n o f BAR-SHAPED R 
i n v o l v e s c r e a t i o n of a new PK o b j e c t f o r HANDLE R. 
However , o b v i o u s l y t h i s w i l l n o t b e n e c e s s a r y 
now, as HANDLE R a l r e a d y e x i s t s as a PK c o n j e c ­
t u r e . What w i l l happen r a t h e r i s t h a t t h e HANDLE 
R c o n j e c t u r e w i l l b e found and t o l d t h a t one o f 
t h e p r o p e r t i e s i t needs t o succeed has been e s ­
t a b l i s h e d . The GK has t o l d HANDLE R to w a i t f o r 
two r e s u l t s ( i t i s a n "AND g a t e " i f you l i k e ) ; 
i t w i l l now c o u n t one and w a i t f o r t h e o t h e r . 
When t h a t comes, HANDLE R w i l l i n t u r n succeed 
and be e x p l o i t e d . 

Tha t is how HANDLE R g e t s e s t a b l i s h e d ; b u t 
what abou t BAR-SHAPED R and LONG-AND-THIN R, 
w h i c h must be e s t a b l i s h e d f i r s t ? C l e a r l y we can 
r e p e a t t h e e x p l o r a t i o n p r o c e s s , b u t a l s o t h e 
p r o c e s s must t e r m i n a t e somewhere. E x p l o r a t i o n 
o f LONG-AND-THIN R l e a d s t o t h r e e f u r t h e r c o n ­
j e c t u r e s : 

LENGTH R 
LONG-AND-THIN R -WIDTH R 

LONG-AND-THIN-COMP R 
HAMMER R 

BAR-SHAPED R 
L e t us suppose , as m i g h t be t h e c a s e , t h a t 

LENGTH R and WIDTH R a r e a l r e a d y p r e s e n t and 
s u c c e s s f u l i n t h e PK. The e x p l o r a t i o n o f LONG-
AND-THIN R w o u l d n o t d u p l i c a t e t hem; t h e y wou ld 
b e found and l i n k e d t o , and t h e new l i n k s e x ­
p l o i t e d by n o t i f y i n g LONG-AND-THIN R t h a t two o f 
i t s r e q u i r e m e n t s have been me t . (The a c t u a l 
n u m e r i c a l v a l u e s o f t h e l e n g t h and w i d t h o f R 
w i l l have been s t o r e d a s p r o p e r t i e s o f t h e c o r ­
r e s p o n d i n g PK e l e m e n t s . ) 

LONG-AND-THIN-COMPUTATION R, when e x p l o r e d 
i n t u r n , does n o t pu rsue f u r t h e r c o n j e c t u r e s , 
b u t a c t u a l l y compares t h e l e n g t h and w i d t h w i t h 
a t h r e s h h o l d and e i t h e r succeeds o r f a i l s o n t h e 
s p o t . A success w i l l c o m p l e t e t h e e s t a b l i s h m e n t 
o f LONG-AND-THIN R. A l l PK t r e e s e v e n t u a l l y 
l e a d down t o such t e r m i n a l c o m p u t a t i o n n o d e s . 
GLOBAL MONITOR AND PRIORITY MODULES CHOOSE WHICH 
SUGGESTIONS TO EXPLORE 

We see by now t h a t t h e r e w i l l be a l o t o f 
s u g g e s t i o n s f l o a t i n g a r o u n d , p roposed b y r e s u l t s 
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o r pu rsued by h y p o t h e s e s . These s u g g e s t i o n s f o r m 
a " p o o l " o f p r o c e s s i n g p o s s i b i l i t i e s ; t h i s p o o l 
concep t i s i m p o r t a n t because i t e l i m i n a t e s t h e 
need f o r s u g g e s t i o n s t o b e t a k e n u p o r r e j e c t e d 
i m m e d i a t e l y . I n s t e a d t h e y can accumu la te and 
" c o m p e t e " , a s f u r t h e r r e s u l t s improve our a b i l i t y 
t o d i s c e r n t h e most p r o m i s i n g l i n e s o f i n q u i r y . 
We know how to e x p l o r e and t h e n e x p l o i t t h e s u g ­
g e s t i o n s , b u t t h e q u e s t i o n r e m a i n s : when t o e x ­
p l o r e them, o r i n d e e d , w h i c h t o e x p l o r e . 

L u r k i n g i n t h e background a re c r i t i c a l 
d o u b t s . Can w e choose i n t e l l i g e n t l y , o r w i l l t h e 
number o f s u g g e s t i o n s " b l o w u p " t o an unmanageable 
number? The s u g g e s t i o n making p r o c e s s e s , e x p l o r ­
a t i o n and e x p l o i t a t i o n , a re b a s i c a l l y l o c a l o p e r ­
a t i o n s , c e n t e r e d a round t h e i n d i v i d u a l r e s u l t s 
and p i e c e s o f g e n e r a l k n o w l e d g e . One can a rgue 
t h e advan tages o f such a u n i f o r m , modu la r s t r u c ­
t u r e ; b u t how i s chaos a v o i d e d : I s some g l o b a l 
r e g u l a t i o n imposed? 

B a s i c a l l y , we a r e h o p i n g f o r some th ing o f a 
" W a l t z convergence e f f e c t " [ 2 1 ] o n t h e p o o l o f 
s u g g e s t i o n s . (However , i t s h o u l d b e no ted t h a t 
t h i s r e s e a r c h does n o t f o c u s o n t h e p rob lems 
r a i s e d b y v e r y l a r g e d a t a b a s e s . These w i l l p r o b ­
a b l y r e q u i r e f u r t h e r means o f p a r t i t i o n i n g our 
k n o w l e d g e , e . g . i n t o f rames [ 1 2 ] ; SEER's b a s i c 
i n t e r e s t i s f r u i t f u l i n t e r a c t i o n w i t h i n ou r k n o w l ­
e d g e . ) W a l t z ' p rogram may be v i ewed as c a r r y i n g 
a l a r g e number o f l i n e l a b e l l i n g c o n j e c t u r e s , 
based o n p a r t i a l e v i d e n c e , f o r w a r d i n p a r a l l e l . 
S i n c e t h e l e g i t i m a t e c o m b i n a t i o n s o f l a b e l s , 
among p a r t s o f t h e s c e n e , were l i m i t e d , a s p r o ­
c e s s i n g p roceeded e v e n t u a l l y more p o s s i b i l i t i e s 
were r u l e d o u t t h a n were added , and o n l y t h e one 
o r two comp le te l a b e l l l n g s f o r t h e scene were 
l e f t . 

In SEER a number o f c o n j e c t u r e s a re a l s o 
c a r r i e d f o r w a r d i n p a r a l l e l . Here t oo new r e ­
s u l t s can c o n t r a d i c t o l d c o n j e c t u r e s . However , 
we emphasize more the p o s i t i v e e f f e c t t h a t new 
r e s u l t s can have i n e n c o u r a g i n g p r e v i o u s c o n ­
j e c t u r e s , d i r e c t i n g ou r a t t e n t i o n t o t h e most 
p r o m i s i n g and t h e most e f f i c i e n t s u g g e s t i o n s . A 
p r i o r i t y sys tem i s employed f o r t h i s p u r p o s e . A 
m o n i t o r uses t h e p r i o r i t y i n f o r m a t i o n t o d e t e r ­
mine t h e o r d e r i n w h i c h s u g g e s t i o n s w i l l b e e x ­
p l o r e d . These a r e t h e g l o b a l e l emen ts o f t h e 
s y s t e m , w h i c h e v a l u a t e t h e l o c a l a c t i v i t y . 

The p r i o r i t y o f a PK c o n j e c t u r e i s b a s i c a l l y 
a c o s t / b e n e f i t a n a l y s i s . The l i k e l i h o o d o f a 
c o n j e c t u r e h o l d i n g t r u e i s compared w i t h t h e e x ­
p e c t e d d i f f i c u l t y i n e s t a b l i s h i n g i t . These f i g ­
u r e s can change as r e s u l t s a c c r u e . The c o n j e c t u r e 
t h a t R I s a hammer i s i n i t i a l l y d i f f i c u l t and n o t 
t o o l i k e l y ( t h o u g h i t s h i g h " i n t e r e s t " f o r u s can 
a l s o be t a k e n i n t o a c c o u n t ) . When R i s f ound t o 
have a hammer h a n d l e , t h e d i f f i c u l t y o f t h e hammer 
c o n j e c t u r e goes down w h i l e i t s l i k e l i h o o d goes u p , 
t h u s i t s o v e r a l l p r i o r i t y i n c r e a s e s . ( I t i s , 
a g a i n , t h e e x p l o i t a t i o n o f t h e hammer h a n d l e 
success w h i c h i n d u c e s t h a t change i n p r i o r i t y . ) 

To t h e m o n i t o r t h e PK l o o k s some th ing l i k e a 
m o u n t a i n r a n g e . The peaks r e p r e s e n t t h o s e nodes 
w h i c h have a s y e t n o t h i n g above them i n t h e l i n k 
s t r u c t u r e . Below each peak a r e l i n k e d n o d e s , and 
nodes l i n k e d t o them i n t u r n , c o n t i n u i n g u n t i l w e 
r e a c h a s y e t u n e x p l o r e d nodes , w i t h n o f u r t h e r 



l i n k s below them. This s t r uc tu re of nodes below 
the peak represents the s ta te of the i n v e s t i g a ­
t i o n of the peak node. These s t ruc tu res blend 
i n t o one another, espec ia l l y in the " f o o t h i l l s " , 
e . g . CONVEX R is l i k e l y to appear in several i n ­
v e s t i g a t i o n s . The monitor must f i r s t decide 
which i n v e s t i g a t i o n is most promis ing, then which 
suggestion w i t h i n tha t i n v e s t i g a t i o n to explore 
next . I t chooses to f u r t he r i nves t i ga te the peak 
node of h ighest p r i o r i t y . Choosing the next sug­
gest ion to explore is not qu i te so s imple, but 
b a s i c a l l y we want to explore the eas ies t , l eas t 
l i k e l y suggestion f i r s t , i n order t o resolve the 
i n v e s t i g a t i o n most q u i c k l y . 
PROCESSING CYCLES THROUGH SUCCESSIVE PK STATES 

A f te r the i n i t i a l passive stage, i n which r e ­
gions of p o t e n t i a l i n t e r e s t are found, an i n i t i a l 
PK s ta te is es tab l ished w i t h a few "seed sugges­
t i o n s " about prominent reg ions . These are "p r im­
i t i v e " conjectures l i k e CONVEX R. CONVEX is 
p r i m i t i v e in the sense that there Is e s s e n t i a l l y 
nothing below it in the GK network except proper­
t i e s l i k e area and boundary which always can be 
es tab l i shed . From t h i s po in t on, processing en­
t a i l s ac t i ve knowledge, use of previous r e s u l t s 
and general knowledge. 

Processing cons is ts of a sequence of cyc les , 
which car ry us from one s ta te of the PK to the 
nex t . Each cyc le begins w i t h the exp lo ra t i on of 
a suggestion chosen by the moni tor . There may 
f o l l ow one or more e x p l o i t a t i o n s i f successful r e ­
s u l t s are ob ta ined. (A s i m i l a r process makes use 
o f f a i l u r e s . ) Exp lo ra t ion and e x p l o i t a t i o n w i l l 
change the PK: new conjectures may be added, new 
l i n k s , p r i o r i t i e s may change, conjectures may be­
come successes or f a i l u r e s . At the conclusion of 
the cyc l e , c o n t r o l re tu rns to the monitor to be­
g in the next cyc l e . 

Thus we have con t inua l review of l oca l i n t e r ­
act ions by the g loba l mechanisms. SEER cannot 
cont inue b l i n d l y down one avenue, but must eva lu ­
ate the impact of r e s u l t s in a wider contex t . A l ­
so whi le a c t i v i t y w i t h i n a cycle is l o c a l in the 
sense that i t is centered on i n d i v i d u a l nodes, 
t h i s a c t i v i t y i s not a t a l l pa roch ia l . There i s 
no t , f o r example, the usual "master /s lave" r e l a ­
t i onsh ip between processes. A r e s u l t does not 
repor t only to the c a l l i n g process, but is a g re ­
garious f e l l o w who happi ly t e l l s anyone who might 
be i n t e r e s t e d , to whom he might be u s e f u l , of h i s 
good fo r t une . Even a success in one i n v e s t i g a ­
t i o n , may when exp lo i ted have a greater e f f e c t on 
another i n v e s t i g a t i o n ; the monitor can observe 
t h i s and swi tch i t s a t t e n t i o n to the second i n ­
v e s t i g a t i o n . In any case, as i nves t i ga t i ons 
succeed, they in t u rn spawn la rger i n v e s t i g a t i o n s , 
u n t i l eventua l ly we reach a s a t i s f a c t o r y l e v e l of 
r e c o g n i t i o n , e . g . f i n d the hammer. 
METHODS ADVISE HOW TO ESTABLISH RESULTS 

We now have an idea of SEER's approach to what 
to do and when to do i t . There remains the im­
por tant quest ion of how to do i t . SEER makes 
suggestions about what to do, i t a lso gives ad­
v ice on how to do i t . A c t u a l l y the primary Im­
plementat ion of advice is as a form of suggest ion. 
SEER suggests methods f o r es tab l i sh ing r e s u l t s . 

A method is a lso a node in the GK or PK 
s t r u c t u r e . The d iscuss ion up u n t i l now may have 
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given the impression that these s t ruc tu res are 
i n te r tw ined t rees of AND gates. Ac tua l l y they 
involve AND/OR t rees . An AND node l i n k s to a set 
of subnodes which together def ine or es tab l i sh 
the node, a set of p roper t ies or pa r t s ; we have 
seen examples. An OR node l i n k s down to a set of 
subnodes each of which Is an a l t e r n a t i v e method 
fo r es tab l i sh i ng the node. Thus HANDLE may ac­
t u a l l y l i n k to HANDLE-METHOD-1, HANDLE-METHOD-2, 
e t c . HANDLE-METHOD-1, f o r example, may invo lve 
f i n d i n g the handle when we already have the head 
to advise us where to look . When the head is 
found the e x p l o i t a t i o n of tha t r e s u l t w i l l suggest 
HANDLE-METHOD-1. This approach to advice is very 
e x p l i c i t ; advice on how to do something is a sug­
gest ion of a s p e c i f i c method fo r doing i t . 

EXAMPLE 

AN EXAMPLE WILL ILLUSTRATE MORE OF SEER IN 
OPERATION 

As in the AND/OR business, t h i s d iscussion 
was begun by s i m p l i f y i n g SEER's s t ruc tu re and 
operat ion as much as poss ib le , and the picture-
has only been complicated as absolu te ly nec­
essary. For example, we eventua l ly observed that 
e x p l o i t a t i o n involved updating p r i o r i t i e s as w e l l 
as c rea t ing new con jec tu res ; however, we avoided 
the fac t tha t p r i o r i t y a c t i v i t i e s are ca r r i ed out 
by f o l l ow ing a set of p r i o r i t y l i n k s which are 
d i s t i n c t from the l i n k s that i nd ica te how items 
def ine one another. (Most o f t e n , these two l i n k 
types w i l l occur together ; however, they do r e ­
present d i s t i n c t r e l a t i o n s h i p s which have been 
ext racted from the basic concept of " re levance" 
between pieces of v i s u a l knowledge.) This is 
not the place f o r f u l l d e t a i l ; however, an ex­
ample of SEER's operat ion is in order which w i l l 
provide a f e e l i n g f o r the types of problems and 
so lu t ions which a r i s e . 
AN AFFINITY PASS PROVIDES AN INITIAL SET OF 
REGIONS 

Consider a scene cons i s t i ng of a b a l l peen 
hammer on a wooden work bench. F i r s t SEER makes 
a region growing pass over the scene using what 
we term an a f f i n i t y process [ 5 ] . B r i e f l y , ra ther 
than seeking absolute u n i f o r m i t y , which may not 
be present in the surfaces of a r e a l i s t i c ob jec t , 
the process attempts to f i n d regions which are 
r e l a t i v e l y homogeneous, whose pieces seem to hang 
together more than they seem to belong w i th other 
neighbor ing pieces of the scene. Rather than 
f i n d i n g one d i v i s i o n of the scene, the process 
bu i l ds up a t ree of p o t e n t i a l l y i n t e r e s t i n g r e ­
g ions. Below each region in the t ree are the 
subregions which were merged to form i t . The 
merging process works upwards from a i n i t i a l d i v i ­
s ion of the scene i n t o smal l c e l l s , forming suc­
cess ive ly la rger reg ions. 
SEER CHOOSES A PROCESSING SEQUENCE, BASED ON THE 
GK STRUCTURE AND DEVELOPING RESULTS IN THE SCENE: 
SEER "ZIGZAGS" GRADUALLY UPWARD FROM THE SEED 
SUGGESTION THAT REGION 196 IS CONVEX, TO A CON­
JECTURE THAT THE REGION IS A HAMMER HEAD 

The regions tha t "stand ou t " in the scene w i l l 
be found near the top of the t r e e , and so we be­
g in by making p r i m i t i v e conjectures about these. 
In t h i s case the i n i t i a l PK w i l l cons is t of seed 
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conjectures f o r regions R196, R191, R185, R140. 
SEER explores the conjecture CONVEX R196, region 
196 is convex. F i g . 1 shows t h i s region super­
imposed on the scene. 

FIG. I. Region 196. 

Both AREA and CONVEX-HULL must be found in 
order to s a t i s f y the AND node CONVEX-NEEDS RI96; 
however, e i t he r may be found f i r s t in t h i s case. 
In w r i t i n g up t h i s po r t i on of the GK, we do not 
need to speci fy a s e r i a l order , but can program 
in p a r a l l e l , in some sense. Neither do we need to 
consider e x p l i c i t l y a l l the d i f f e r e n t possib le 
execution time condi t ions that might in f luence the 
decis ion on which to explore f i r s t : " i f A has 
been found, do B, however if C . . . " The re levant 
condi t ions w i l l be r e f l ec ted in the s ta te o f the 
PK, and the ad hoc l o c a l decis ions we might make 
have been general ized and given to SEER's p r i o r i t y 
and monitor modules. These can take a g loba l 
v iew, based on the s ta te of processing at dec is ion 
t ime. 

If AREA R196 has been establ ished a l ready, 
a t t e n t i o n w i l l au tomat ica l l y focus on CONVEX-HULL 
R196. Perhaps ne i ther is yet a success, but CON­
VEX-HULL R196 has been p a r t i a l l y es tab l i shed , a 
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subnode has succeeded. The e x p l o i t a t i o n of tha t 
subnode w i l l have improved the p r i o r i t y of CONVEX-
HULL R196. This may in f luence the monitor to 
choose to explore CONVEX-HULL R196 before AREA 
R196. Of course, in t h i s example no r e s u l t s have 
yet been obta ined, and SEER chooses which node to 
explore based on i n i t i a l p r i o r i t i e s found in the 
GK. A f te r SEER begins developing one branch, how­
ever, i t i s not locked i n t o that d i r e c t i o n . Per­
haps an easy method for obta in ing the convex h u l l 
f a i l s , p r i o r i t i e s s h i f t , and the monitor can s h i f t 
a t t e n t i o n to f i n d i n g the area. As i t happens, 
f i n d i n g the area and convex h u l l are ra ther 
s t ra i gh t f o rwa rd , and R196 is in fac t determined 
to be convex. 

SEER now begins a t y p i c a l "z igzag" upward 
f l ow . Exp lo i t i ng CONVEX R196 leads to several 
suggestions being placed above CONVEX R196 in the 
PK. One of these is chosen and i nves t i ga ted . 
Several cycles of exp lora t ions expand the inves­
t i g a t i o n back downward in the PK. F i n a l l y the 
i n v e s t i g a t i o n succeeds and e x p l o i t a t i o n again 
expands the PK upward. Once again an i n v e s t i g a ­
t i o n is chosen to exp lo re , and so i t goes. This 
basic f low i s , o f course, subject to many a l ­
t e r a t i o n s ; r e s u l t s w i t h i n an i n v e s t i g a t i o n can 
a lso propose new i n v e s t i g a t i o n s ; most s i g n i f i ­
cant ly SEER can choose to s h i f t a t t e n t i o n between 
i n v e s t i g a t i o n s , j u s t as i t can between branches 
w i t h i n an i n v e s t i g a t i o n . 

Notice that the processing f low is ne i ther 
s t r i c t l y " top down" nor "bottom up" but more 
"middle ou t " [ 8 ] . A top down con t ro l s t ruc tu re 
can d i r e c t i t s computations very e f f i c i e n t l y . In 
the extreme, we know prec ise ly what we are look­
ing fo r and can employ a sens i t i ve template to 
merely v e r i f y i t s presence. A top down system, 
however, lacks g e n e r a l i t y , because i t begs the 
quest ion of how to choose the s t a r t i n g po in t in 
an environment w i th mu l t i p l e p o s s i b i l i t i e s . 
SEER attempts a compromise. A r e s u l t proposes a 
higher hypothesis, which can then be used as a 
context fo r proceeding downward. Our view of 
knowledge elements as " l i t t l e men" [17 ] who know 
how to explore and e x p l o i t themselves, f a c i l i ­
ta tes t h i s middle out model. 

SEER soon estab l ishes tha t reg ion 196 is a 
"ba r " , a basic shape category. This r e s u l t p ro ­
poses several i n t e r e s t i n g suggest ions: R196 is a 
hammer handle, an occluded hammer handle, a 
hammer head. The f i r s t two are explored but 
qu ick ly lead to f a i l u r e s . 
INSTANTIATION FUNCTIONS ARE USED TO GENERATE AR­
GUMENTS FOR SUGGESTIONS: A REGION IS FOUND FOR 
THE FACE OF THE HAMMER HEAD, AND THEN ANOTHER IS 
CONJECTURED FOR THE HAMMER ITSELF 

The GK ind ica tes that to es tab l i sh that R196 
is a hammer head, SEER must es tab l i sh that R196 
has a s t r i k i n g face. Here we are forced to con­
f r o n t another major fac to r which was glossed 
over e a r l i e r : the generat ion of arguments. Up 
u n t i l now we have used the same argument, R196, 
in a l l our PK statements. There has been no 
problem in making new suggestions; exp lo r ing 
CONVEX-NEEDS R196, SEER looks at the GK node f o r 
CONVEX-N, f i nds AREA node below i t , and suggests 
AREA R196, what else? But IS-A-HEAD R196 cannot 
suggest TS-A-HEAD-FACE R196. 

Freuder 

CONVEX-NEEDS represents the Items needed to 
perform the computation CONVEX-COMPUTATION which 
w i l l judge convex i ty . The computation cannot be 
made u n t i l these items are found, so the GK node 
CONVEX, and t h i s PK ins tance, CONVEX R196, are 
" s e r i a l " nodes. This means that the process of 
choosing which suggestion to explore next is cons­
t ra ined at t h i s p o i n t . I f SEER wishes to f u r t he r 
inves t iga te CONVEX R196, it must es tab l i sh CONVEX-
NEEDS R196 before it can explore CONVEX-COMPUTA­
TION R196. CONVEX-NEEDS is explored in the next 
cycle and the PK inves t iga t ion of CONVEX R196 
expands: 



Ac tua l l y the GK nodes also have arguments, 
v a r i a b l e arguments: CONVEX-NEEDS X, AREA Y, I S ­
A-HEAD Z. Attached to the l i n k s in the GK are 
f unc t i ons , i n s t a n t i a t i o n f unc t i ons , which i nd i ca te 
the r e l a t i o n s h i p between the arguments of con­
nected nodes. Very o f ten the i n s t a n t i a t i o n 
f unc t i on is simply the i d e n t i t y f u n c t i o n , I . Thus 
when SEER explores CONVEX-NEEDS R196, it consul ts 
CONVEX-NEEDS X in the GK, fo l lows a downward l i n k 
to AREA Y, and then app l ies the i n s t a n t i a t i o n 
f unc t i on I to the value associated w i t h X in the 
PK, R196, to ob ta in a value fo r Y:I(R196) = R196. 
The r e s u l t i n g statement AREA R196, is one of the 
suggestions to be made in exp lo r ing CONVEX-NEEDS 
R196. 

These i n s t a n t i o n funct ions can be a r b i t r a r i l y 
complex; however, we t r y to keep most of the work 
involved on the system in the nodes. Thus a com­
mon GK s t ruc tu re is generate and t e s t : 

/ FOO-GENERATE A 
F00 A 

\ FOO-TEST A 
\ ZOT B 

Here the FOO-GENERATE A node computes B and stores 
it as a proper ty of the node. The i n s t a n t i a t i o n 
func t i on on the GK l i n k from FOO-TEST X to ZOT Y 
p icks up B from the proper ty l i s t . B is then 
tested f o r the ZOT proper ty . 

Often an add i t i ona l compl icat ion is the need 
to generate several a l t e r n a t i v e s fo r t e s t i n g . I f 
we search f o r the hammer head face in the o r i g i n a l 
a f f i n i t y reg ion t r e e , f o r example, we want to 
a l low fo r several t r i e s a t f i n d i n g a region w i t h 
the r i g h t p r o p e r t i e s . There are var ious op t ions . 
The func t i on on the l i n k between FOO-TEST and ZOT 
can be mu l t i va lued , f o r example. Though ZOT Y 
only appears once in the GK, several instances of 
it may be suggested when we explore a FOO-TEST 
node in the PK. (FOO-TEST w i l l be an OR node ob­
v i o u s l y . ) 

I t i s o f ten p a i n f u l to generate every opt ion 
at once, however, and a looping mechanism must be 
employed. There are methods of implementing 
these in SEER, and one is in f a c t u t i l i z e d in 
searching f o r the hammer head face in t h i s case. 
However, they are a b i t awkward at present , and 
such techn ica l d e t a i l s should not delay us here. 
Su f f i ce i t to say tha t the face of the hammer is 
indeed found in the a f f i n i t y t r e e , reg ion 145. 
Ac tua l l y t h i s t ree search is j u s t one method fo r 
f i n d i n g a hammer head face : HAS-A-HEAD-FACE-
METHOD-1 R196 was the successful node. In gen­
e r a l other, techniques are poss ib le f o r generat ing 
desired reg ions . We are about to see one of 
these. 

When IS-A-HEAD R196 succeeds, it suggests the 
presence of an encompassing hammer, and advises a 
method f o r f i n d i n g the hammer handle. 

A c t u a l l y , there is an in termediary s tep . I S ­
A-HEAD R196 suggests HAS-A-HEAD DR1, region DR1 
has a hammer head as a subregion. This again is 
a s i t u a t i o n where a new argument is r equ i red . 
One of the obvious th ings to do is to generate a 
',dummy" argument. DR1, "dummy region one", 
stands f o r the hammer region which SEER hopes to 
def ine by the union of R196 and another region 
fo r the handle, yet to be found. The i n s t a n t i a ­
t i o n f unc t i on in the GK l i n k between IS-A-HEAD 
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and HAS-A-HEAD suppl ies the argument DR1. 
RELATIONSHIPS PROVIDE ADVICE: THE ESTABLISHED HEAD 
HELPS FIND THE HANDLE 

HAS-A-HEAD DR1 succeeds immediately; normal ly 
a method fo r es tab l i sh ing HAS-A-HEAD w i l l need to 
prove proper r e l a t i onsh ips hold between the head 
and the hammer region (or the handle reg ion ) . 
However, t h i s is obviously not an issue now. When 
the handle is found the proper re la t i onsh ips w i l l 
be checked. Bet ter yet we w i l l use these r e l a ­
t ionsh ips to guide the search fo r the handle. 
Thus the e x p l o i t i a t i o n of HAS-A-HEAD suggests 
HAS-A-HANDLE-METHOD-2, a method which uses the 
head to f i n d the handle. Also suggested is IS-A-
HAMMER-METHOD-1 DR1. 

I n v e s t i g a t i n g 1S-A-HAMMER-METH0D-1, SEER sug­
gests several methods fo r f i n d i n g the handle but 
method two obviously has p r i o r i t y at t h i s po in t : 

HAS-A-HEAD DR1 

IS-A-HAMMER-METH0D-1 DR1 

/HAS-A-HANDLE-METHOD-1 DR1 
HAS-A-HANDLE DR1 -HAS-A-HANDLE-METHOD-2 DR1 

\HAS-A-HANDLE-METH0D-3 DR1 
This method is based on a program developed by 
Tomas Lozano-Perez which uses an ATN grammar to 
look fo r regions w i th spec i f i ed i n t e n s i t y p ro ­
f i l e s [ 1 0 1 . The program requi res a s t a r t i n g 
po in t and a d i r e c t i o n in which to look , along 
w i t h a s p e c i f i c a t i o n of the type of i n t e n s i t y 
p r o f i l e being sought. SEER uses the head, R196, 
which i t has already found, and the expected r e ­
l a t i onsh ip between hammer heads and hammer han­
dles to determine a s t a r t i n g po in t and d i r e c t i o n 
to send to Lozano's program, along w i t h the char­
a c t e r i s t i c curved p r o f i l e o f a p l o t o f l i g h t i n ­
t e n s i t i e s across the w id th of a hammer handle. 
Having hypothesized what we are look ing f o r , and 
guided in where to look , we are able to use t h i s 
spec ia l i zed technique, and i t is successfu l . A 
region NR1, "new reg ion one", not in the o r i g i n a l 
a f f i n i t y t r e e , is re tu rned . A few add i t i ona l 
checks ensure that i t w i l l serve fo r the hammer 
handle. 

Notice that the basic re l a t i onsh ips between 
hammer and head do not need to be checked, they 
have already been v e r i f i e d in the process of 
generat ing NR1. Contrast t h i s w i t h the d i s t i n c t 
passes of some passive knowledge systems, a des­
c r i p t i v e phase would f i n d regions and determine 
r e l a t i o n s h i p s , then a recogn i t i on phase would 
match these re l a t i onsh ips w i t h those in a model. 
In SEER desc r i p t i on and recogn i t i on tend to merge 
together . The importance of t h i s merging is one 
reason SEER was designed to work d i r e c t l y from 
camera i n p u t , as opposed to a "hand coded" sym­
b o l i c desc r i p t i on of the scene. We do not wish 
to beg the key quest ion of acqu i r ing a perceptual 
desc r i p t i on from the sensory data; ra the r we wish 
to b r i ng recogn i t i on l e v e l knowledge to bear on 
i t . The i n t e r a c t i o n w i t h raw data keeps us 
honest and ensures that our r esu l t s have a 
bear ing on r e a l v i s u a l problems. 

SEER now has the e n t i r e hammer and the recog­
n i t i o n i s complete. 

Freuder 



EVALUATION 

SEER PERMITS A FLEXIBLE RESPONSE TO THE VARIETY IN 
REALISTIC SCENES 

I t s h o u l d b e emphasized t h a t t h e above example 
does n o t p r e s e n t t h e way t h a t SEER r e c o g n i z e s 
hammers. One o f SEER's a ims has been to d e a l w i t h 
r e a l i s t i c scenes and t o p r o v i d e a sys tem w i t h t he 
f l e x i b i l i t y t o d e a l w i t h t h e v a r i e t y t h a t r e a l i s ­
t i c scenes h o l d . (Even a s i n g l e hammer can be 
g i v e n many d i f f e r e n t appearances b y v a r y i n g i t s 
o r i e n t a t i o n , b a c k g r o u n d , l i g h t i n g . ) SEER's modu­
l a r o r g a n i z a t i o n a l l o w s u s t o p rogram b a s i c a l ­
t e r n a t i v e s , t h e n add o t h e r s i n c r e m e n t a l l y as we 
expand SEER's competence . SEER's mode of p r o ­
c e s s i n g , i n s t a n t i a t i n g s u c c e s s i v e p i e c e s o f t h e 
modu la r GK s t r u c t u r e , w h i c h i s b o t h p rogram and 
d e s c r i p t i o n , a l l o w s i t t o e n t e r t h e "hammer p r o ­
g ram" a t a v a r i e t y o f p o i n t s and p roceed i n a 
v a r i e t y o f p a t h s t h r o u g h t h e s t r u c t u r e , e x p l o r i n g 
and e s t a b l i s h i n g d i f f e r e n t s u b s e t s o f t h e "hammer 
d e s c r i p t i o n " i n d i f f e r e n t o r d e r s — a l l i n response 
t o t h e r e s u l t s b e i n g o b t a i n e d o n a g i v e n s c e n e . 

T h u s , in t h e example we d i s c u s s e d , SEER began 
by w o r k i n g up to a head r e c o g n i t i o n , t h e n moved 
back down to f i n d t h e h a n d l e . The h a n d l e was 
n a r r o w and a n g l e d s h a r p l y , i t s wooden t e x t u r e 
b l ended i n t o t h e workbench b a c k g r o u n d . I t m i g h t 
have been h a r d t o r e c o g n i z e ; i t was n o t f ound i n 
t h e i n i t i a l a f f i n i t y p a s s . ( A " f i n e r " pass w i t h 
t h i s p rocess m i g h t have succeeded , b u t c o u l d b e 
p r o h i b i t i v e l y e x p e n s i v e i n t i m e and s p a c e . ) How­
e v e r , w i t h t h e a d v i c e p r o v i d e d b y t h e p r e v i o u s l y 
f ound h e a d , t h e h a n d l e was f o u n d , and r e l a t i v e l y 
e a s i l y . 

We c o u l d have d i s c u s s e d a n o t h e r scene in w h i c h 
t h e l i g h t wooden h a n d l e s t a n d s o u t w h i l e t h e r u s t y 
head b l e n d s i n t o t h e d a r k b a c k g r o u n d . I n t h i s 
scene SEER i d e n t i f i e s t h e h a n d l e f i r s t , u s i n g a 
d i f f e r e n t method t h a n t h e one employed h e r e , and 
t h e n goes o n t o f i n d t h e h e a d . 
SEER ANALYZES AND IMPLEMENTS ACTIVE KNOWLEDGE 

SEER is a programming language or sys tem t h a t 
p r o v i d e s a f ramework f o r a c t i v e knowledge p r o ­
g ramming , i n t h e sense t h a t a l anguage l i k e 
PLANNER [ 7 ] i d e n t i f i e s and imp lemen ts v a r i o u s 
p r o c e s s i n g methods s u i t a b l e f o r p rob lem s o l v i n g 
a c t i v i t y . Some p r e v i o u s v i s i o n sys tems p i o n e e r e d 
b y p r o v i d i n g examples o f a c t i v e knowledge t y p e s o f 
a c t i v i t y , b u t were n o t e x t e n s i b l e o r g e n e r a l i n 
t h e i r a p p r o a c h . The W i z a r d l i n e f i n d i n g sys tem 
[ 2 3 ] , f o r e x a m p l e , used l i n e s , a s t h e y were f o u n d , 
t o sugges t t h e l o c a t i o n o f f u r t h e r l i n e s . T h i s 
was a c c o m p l i s h e d b a s i c a l l y by assuming a p a r a l l e l -
i p i p e d e n v i r o n m e n t and t r y i n g t o f i n d l i n e s t h a t 
comp le ted p a r a l l e l o g r a m s . However Wiza rd c o u l d 
n o t s u p p l y ready o r d i r e c t answers t o q u e s t i o n s 
l i k e : what abou t wedges ; how do I add a f a c i l i t y 
f o r d e a l i n g w i t h wedges t o t h e sys tem and i n t e ­
g r a t e i t w i t h what i s a l r e a d y t h e r e ? What i s t h e 
g e n e r a l n a t u r e o f t h e s u g g e s t i o n p r o c e s s ; how can 
I a p p l y i t t o a n o t h e r body o f k n o w l e d g e ; what k i n d 
o f a n a l y s i s o f t h e knowledge i s r e q u i r e d ; i n what 
ways can I p r o f i t ; what a r e t h e b a s i c p rocesses 
t h a t a re r e q u i r e d t o imp lement s u g g e s t i o n s ; how 
do I hand le a d v i c e ? 

SEER a t t e m p t s t o p r o v i d e t e n t a t i v e answers t o 

questions l i k e these. A language, GK, is provided 
fo r programming v i s u a l knowledge. The s t ruc tu re 
of the GK encourages the user to make use of ac­
t i v e knowledge, to t h i nk in terms of questions 
l i k e : i f we have x, how does tha t help us, can i t 
help us get y, is there an easy way to get y 
given x? The con t ro l s t ruc tu re processes the GK 
representa t ion of relevance re l a t i onsh ips and 
appl ies them to a scene, implementing ac t i ve know­
ledge. SEER contains the basic atomic elements, 
notably e x p l o i t a t i o n , tha t one would want f o r an 
ac t i ve knowledge based system. I have analyzed 
some of the func t i ons , l i k e suggestion and adv ice, 
that such a system should carry ou t , and provided 
a spec i f i c implementation as a concrete basis f o r 
f u r t he r work [ 4 ] , 

In short you should be able to come to t h i s 
work w i t h the idea: "I want to a t tack my problem 
w i t h ac t i ve knowledge." The response should be: 
"F ine . Here is how to organize your knowledge; 
g ive the r esu l t to a system w i th the elements of 
SEER, and the knowledge w i l l be appl ied a c t i v e l y . " 
I t i s encouraging to note that there is already 
in the l i t e r a t u r e a piece of v i s i o n research [18 ] 
which is good enough to give p a r t i a l c r e d i t fo r 
i t s con t ro l p r i n c i p l e s to an ear l y vers ion of 
SEER [ 3 ] . 
SEER'S PRACTICAL ACCOMPLISHMENTS ARE QUITE 
LIMITED 

In p r a c t i c a l terms SEER is qu i te p r i m i t i v e . 
It can recognize a hammer in a few scenes. The 
system i s ex tens ib l e , but i t i s s t i l l a consider­
able e f f o r t to expand i t s competence. The GK is 
an awkward language to program in at present . An 
intermediate program is needed to prompt the user 
and "compi le" s i m p l i f i e d input formats, e .g . fo r 
loops, i n t o the proper GK network s t r u c t u r e . (An 
e a r l i e r vers ion of SEER had a p r i m i t i v e input 
ass is tan t o f t h i s s o r t . ) The s ta te o f v i s i o n r e ­
search is such that one s t i l l has to design and 
debug many basic v i s u a l mechanisms as one p ro ­
ceeds, e . g . f o r determining surface shape, par­
t i c u l a r l y where one is look ing f o r methods that 
can bene f i t from adv ice. Making and i n v e s t i g a ­
t i n g wrong suggestions is p a i n f u l , and the over­
head of b u i l d i n g and mainta in ing the PK data 
s t ruc tu re is s i g n i f i c a n t : e f f i c i e n c y needs to be 
increased in many ways. For example, i t is con­
venient but o f ten waste fu l to search the a f f i n i t y 
t ree in generat ing region arguments; too many use­
less regions can be conjectured about. The search 
process may be subject to improvement, some has 
already been made; but d i r e c t methods fo r v e r i ­
f y i ng conjectured reg ions , l i k e the Lozano p ro ­
gram, should be more e f f i c i e n t , if they can be 
made as t o l e ran t of nonuni formi ty as the a f f i n i t y 
process i s . Indeed it may prove that we need to 
be more d e f i n i t e about the o rgan iza t ion of the 
scene i n to p r i m i t i v e s u n i t s before beginning to 
make con jec tures . Of course, given the d i f f i ­
c u l t y of the v i s u a l processing problem, and the 
non-specia l ized nature of our computational ha rd ­
ware, we can expect any reasonably general sys­
tem to be ra ther demanding of time and space. 

SEER is l i m i t e d to hammers at the moment. Ob­
v ious l y the basic elements of the system, the 
con t ro l s t r u c t u r e s , data s t r u c t u r e s , reg ion gen­
e r a t i o n , e t c . , are qu i te genera l , and GK knowledge 
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c o u l d b e added f o r o t h e r o b j e c t s . The sys tem a l ­
r e a d y d e a l s w i t h many d i f f e r e n t o b j e c t s and p r o p ­
e r t i e s , i n t h e p a r t s and f e a t u r e s o f hammers. 
There a r e i s s u e s t h a t wou ld b e r a i s e d more f o r c e ­
f u l l y by a more d i v e r s e and a l a r g e r d o m a i n . How­
e v e r , SEER has chosen to c o n c e n t r a t e on t hose 
p rob lems r a i s e d b y t h e d i v e r s i t y i n h e r e n t i n d i f ­
f e r e n t r e a l i s t i c examples o f even a s i n g l e c l a s s 
o f o b j e c t . SEER was t e s t e d on s e v e r a l scenes w i t h 
r e a l e v e r y d a y hammers, w i t h a c o u p l e o f o r i e n t a ­
t i o n , backg round and l i g h t i n g c o m b i n a t i o n s , and 
a case o f o c c l u s i o n ; as opposed , f o r examp le , t o 
s e v e r a l o b j e c t s , a s i n g l e s t y l i z e d model o f e a c h , 
u n i f o r m l y p a i n t e d , and o n a s i n g l e c o n t r a s t i n g 
b a c k g r o u n d . 
SEER EXTENDS AND IMPLEMENTS SEVERAL BASIC A . I . 
PRINCIPLES 

The immed ia te i m p e t u s f o r SEER was t h e h e t e r -
a r c h y concep t o f M insky and P a p e r t I 1 3 , 1 5 , 1 4 , 
1 6 ] , and i t s i m p l e m e n t a t i o n s i n t h e M . I . T . " copy 
demo" sys tem o f W i n s t o n , H o r n , B i n f o r d , F r e u d e r , 
e t a l . [ 2 2 [ . E a r l i e r i d e a s i n domain d i r e c t e d 
p r o c e s s i n g [ 2 , 1 9 ] a l s o can b e seen i n t h e a c t i v e 
knowledge a p p r o a c h . The b a s i c i m p l e m e n t a t i o n 
mechanisms o f e x p l o i t a t i o n and e x p l o r a t i o n r e f l e c t 
t h e a n t e c e d e n t / c o n s e q u e n t d i s t i n c t i o n most e f f e c ­
t i v e l y a n a l y z e d b y H e w i t t [ 7 ] . The d e v e l o p m e n t , 
o r a t l e a s t t h e d e s c r i p t i o n , o f SEER has been i n ­
f l u e n c e d b y s e v e r a l i d e a s t h a t came t o p rominence 
d u r i n g t h e p r o g r e s s o f t h i s w o r k . The l i t t l e man 
o r a c t o r model ( P a p e r t , H e w i t t , Kay , e t c . [ 1 7 , 91) 
p r o v i d e s a good metaphor f o r t h e l o c a l a c t i v i t y 
c e n t e r e d i n t h e knowledge s t r u c t u r e n o d e s ; M i n ­
s k y ' s f rame model [ 1 2 ] can b e r e l a t e d t o t h e 
l a r g e r o r g a n i z a t i o n o f t h e k n o w l e d g e . R e l a t e d 
work o n h e t e r a r c h i c a l and know ledge -based c o n t r o l 
s t r u c t u r e s can b e f o u n d i n v i s i o n [ 1 1 , 2 4 , 2 0 , 
6 ] a s w e l l a s o t h e r f i e l d s , n o t a b l y speech r e ­
c o g n i t i o n [1] . 

REFERENCES 

[1 ] L . Erman & V . L e s s e r , "A m u l t i - l e v e l o r g a n i ­
z a t i o n f o r p r o b l e m s o l v i n g u s i n g many, d i v e r s e , 
c o o p e r a t i n g s o u r c e s o f k n o w l e d g e , I J C A I - 7 5 , 1975 . 
[ 2 ] H.A. E r n s t , " M H - 1 , a c o m p u t e r - o p e r a t e d mech­
a n i c a l h a n d , " D.Sc . T h e s i s , M . I . T . , 1 9 6 1 . 
[ 3 ] E.C. F r e u d e r , " A c t i v e k n o w l e d g e , " WP-53, A I 
L a b , M . I . T . , MA. 02139 , 1973 . 
[4 ] E.C. F r e u d e r , "A computer sys tem f o r v i s u a l 
r e c o g n i t i o n u s i n g a c t i v e k n o w l e d g e , " A I TR-345 , 
A I L a b , M . I . T . , MA 02139 , 1976 . 
[ 5 ] E.C. F r e u d e r , " A f f i n i t y : a r e l a t i v e app roach 
t o r e g i o n g r o w i n g , " Comp. G r a p h . & I m . P r o c . 5 , 
2 5 4 - 2 6 4 , 1976 . 
[ 6 ] T . G a r v e y , " P e r c e p t u a l s t r a t e g i e s f o r p u r ­
p o s i v e v i s i o n , " TN-117 , S R I , Menlo P k , CA, 1976 . 
[ 7 ] C . H e w i t t , " D e s c r i p t i o n and t h e o r e t i c a l 
a n a l y s i s ( u s i n g schemata) o f PLANNER," A I TR-258 , 
A I L a b , M . I . T . , MA 02139 , 1972 . 
[ 8 ] C . H e w i t t , P . B i shop & R . S t e i g e r , "A u n i v e r ­
s a l modu la r ACTOR f o r m a l i s m f o r a r t i f i c i a l i n ­
t e l l i g e n c e , " I J C A I - 7 3 , 2 3 5 - 2 4 5 , 1 9 7 3 . 
[ 9 ] C. H e w i t t & B. S m i t h , "Towards a p rogramming 
a p p r e n t i c e , " IEEE T r a n s , o n S . E . , S E - 1 , 26 -45 ,1975 
[ 1 0 ] T . L o z a n o - P e r e z , " P a r s i n g i n t e n s i t y p r o ­
f i l e s , " Comp. G r a p h . & I m . P r o c , 6 , 4 3 - 6 0 , 1977 . 

[ 1 1 ] D . M i l n e r , " A h i e r a r c h i c a l p i c t u r e i n t e r p r e ­
t a t i o n sys tem u t i l i s i n g c o n t e x t u a l i n f o r m a t i o n , " 
D e p t . o f Mach. I n t . & P e r c e p t i o n , U . o f E d i n b u r g h , 
1970 . 
[ 1 2 ] M . M i n s k y , " A f ramework f o r r e p r e s e n t i n g 
k n o w l e d g e , " i n P . W i n s t o n , E d . , The Psycho logy o f 
Computer V i s i o n , M c G r a w - H i l l , NY, 1975. 
[ 1 3 ] M . M insky & S . P a p e r t , "Research on i n t e l l i ­
gen t a u t o m a t a , " i n P r o j e c t MAC P r o g r e s s Repor t 
I V , M . I . T . P r e s s , MA 02139 , 1967 . 
[14 ] M. M insky & S. P a p e r t , " P r o p o s a l to ARPA f o r 
r e s e a r c h o n a r t i f i c i a l i n t e l l i g e n c e a t M . I . T . 
1 9 7 0 - 1 9 7 1 , " AIM 185 , A I L a b , M . I . T . , MA 02139 
1970 . 
[ 1 5 ] M. M insky & S. P a p e r t , "1968-1969 p r o g r e s s 
r e p o r t , " AIM 200 , A I L a b , M . I . T , MA 02139, 1970 . 
[ 1 6 ] M . M insky & S . P a p e r t , " P r o g r e s s r e p o r t , " 
AIM 2 5 2 , AI L a b , M . I . T . , MA 02139 , 1972. 
[ 1 7 ] S . P a p e r t , " T e a c h i n g c h i l d r e n t o b e m a t h e ­
m a t i c i a n s v e r s u s t e a c h i n g abou t m a t h e m a t i c s , " 
I n t . J . M a t h . Educ. S c i . T e c h n o l . , 3 , 2 4 9 - 2 6 2 , 
1972 . 
[ 1 8 ] R . J . P o p p l e s t o n e , C M . Brown, A . P . A m b l e r , 
G .F . C r a w f o r d , " F o r m i n g models o f p l a n e - a n d -
c y l i n d e r f a c e t e d b o d i e s f r o m l i g h t s t r i p e s , " 
I J C A I - 7 5 , 6 6 4 - 6 6 8 , 1975 . 
[ 1 9 ] H.A. S imon, The S c i e n c e s o f t h e A r t i f i c i a l , 
M . I . T . P r e s s , M . I . T . , MA 02139 , 1969 . 
[ 2 0 ] K . T u r n e r , "Computer p e r c e p t i o n o f cu rved 
o b j e c t s u s i n g a t v camera , P h . D . T h e s i s , U . o f 
E d i n b u r g h , 1974 . 
[ 2 1 ] D . W a l t z , " G e n e r a t i n g seman t i c d e s c r i p t i o n s 
f r o m d r a w i n g s o f scenes w i t h shadows , " A I 
T R - 2 7 1 , A I L a b , M . I . T . , MA 02139 , 1972 , 
[ 2 2 ] P . H . W i n s t o n , "The M . I . T . r o b o t , " i n B . 
M e l t z e r and D . M l c h i e , E d s . , Machine I n t e l l i ­
gence 7 , W i l e y , NY, 1972 . 
[ 2 3 ] P .H . W i n s t o n , " W i z a r d , " WP-24, A I L a b , 
M . I . T . , MA 02139 , 1972 . 
[ 2 4 ] Y . Yak imovsky and J . Fe ldman , " A s e m a n t i c s -
based d e c i s i o n t h e o r y r e g i o n a n a l y z e r , " 
I J C A I - 7 3 , 1973 . 

V i s i o n - 7 : Freuder 
677 


