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ABSTRACT 

T h i s paper d e s c r i b e s a n a p p r o a c h t o t h e r e c ­
o g n i t i o n o f r e a l - w o r l d o b j e c t s such a s books o r a 
t e l e p h o n e o n a desk. The system c o n s i s t s o f ( l ) 
edge f i n d i n g p r o c e s s w h i c h e x t r a c t s edges o f 
c u r v e d o b j e c t s f r o m l i g h t i n t e n s i t y d a t a , ( 2 ) 
s e g m e n t a t i o n o f t h e edges i n t o s t r a i g h t l i n e s o r 
e l l i p t i c c u r v e s , ( 3 ) r e c o g n i t i o n o f o b j e c t s b y 
m a t c h i n g t h e l i n e r , t o t h e m o d e l s , and ( 4 ) s i m p l e 
s u p e r v i s o r . The module ( 1 ) , ( 2 ) and ( 3) i n t e r a c t 
w i t h each o t h e r t h r o u g h a s i m p l e s u p e r v i s o r s o 
t h a t t h e system can l o c a t e g i v e n o b j e c t s q u i c k l y -
F i r s t , most r e l i a b l e edges a r e f o u n d and segmented, 
and t h e n r e c o g n i t i o n i r. a t t e m p t e d u s i n g segmented 
l i n e s . I f r e c o g n i t i o n i s n o t s u c c e s s f u l , l e s s 
r e l i a b l e edges a r e s e a r c h e d f o r , arid r e c o g n i t i o n 
i s r e t r i e d . A n example o f l o c a t i n g a lamp, a book 
s t a n d and a t e l e p h o n e is shown. 

1. INTRODUCTION 

T h i s paper d e s c r i b e s a n a p p r o a c h t o t h e r e c ­
o g n i t i o n o f r e a l - w o r l d o b j e c t s such a s books o r a 
t e l e p h o n e on a desk. Scene a n a l y s i s c o u l d be 
d i v i d e d i n t o two modules: ( 1 ) e x t r a c t i o n o f 
f e a t u r e s and ( ? ) r e c o g n i t i o n o f o b j e c t s based o n 
t h e f e a t u r e s . I t i s o f t e n p o i n t e d o u t t h a t t h e two 
modules s h o u l d n o t b e s i m p l y c o n n e c t e d s e r i a l l y , 
b u t s h o u l d i n t e r a c t w i t h each o t h e r t o a c h i e v e 

r e l i a b l e r e c o g n i t i o n [ 1 ] . 
The a u t h o r made a n a t t e m p t t o r e c o g n i s e 

p o l y h e d r a b y t h o s e two modules i . e . a l i n e f i n d e r 
and a l i n e p r o p o s e r [ ? ] . T here have been many 
works o n m o d e l - d r i v e n r e c o g n i t i o n o f p o l y h e d r a [ 3 , 
4 . 5 ] . However, i t i s n o t easy t o make t h e s e two 
modules c a p a b l e o f r e c o g n i z i n g c u r v e d o b j e c t s . 
The d i f f i c u l t p r o b l e m i s t o d e t e r m i n e what f e a t u r e s 
a r e u s e f u l f o r r e c o g n i t i o n and how t o I n t e r p r e t ? 
t h e e x t r a c t e d f e a t u r e s . 

There have been some works on d e s c r i p t i o n o f 
cu r v e d o b j e c t s u s i n g r a n g e d a t a [ 6 , 7 , 8 ] - Garvey 
and Tenenbaum [ 9 ] made an e x p e r i m e n t f o r l o c a t i n g 
o b j e c t s i n o f f i c e scenes u s i n g r a n g e and c o l o r 
d a t a . The work p r e s e n t e d h e r e uses o n l y l i g h t 
i n t e n s i t y d a t a , because i t can e a s i l y b e o b t a i n e d 
and s t o r e d , w h i c h makes i t p r a c t i c a l t o a p p r o x i m a t e 
unknown scenes a t f i r s t . 

F e a t u r e s o f o b j e c t s t o b e e x t r a c t e d f o r r e c -
ogn i t i o n depend on t h e o b j e c t s . For o u t d o o r 
s c e n e s , r e g i o n s o f u n i f o r m c o l o r m i g h t b e good 
c l u e s f o r r e c o g n i t i o n o f t h e s k y , f i e l d s , l a k e s 
and so on [ 1 0 , 1 1 ] . For example, a l a r g e b l u e 
r e g i o n a t a n upper p a r t o f a scene m i g h t b e t h e 
sky. For o f f i c e scenes composed o f known o b j e c t s 
[ 9 ] , c o l o r and r a n g e o f t h e each p o i n t i n t h e scene 
m i g h t b e enough t o l o c a t e t h e t a b l e t o p o r t h e d o o r 
c a n d i d a t e s . 

O n t h e o t h e r hand, r e c o g n i t i o n o f e v e r y day 
o b j e c t s o n t h e desk u s i n g o n l y l i g h t i n t e n s i t y d a t a 
r e q u i r e s more complex f e a t u r e s . T h e r e i s l e s s 
c o n s t r a i n t o n t h e c o n f i g u r a t i o n o f o b j e c t s o n t h e 
desk t h a n t h o s e i n t h e o u t d o o r scenes. I A g h t 
i n t e n s i t y o f a p o i n t i n t h e unknown desk scene 
a l o n e can n o t s u g g e s t any m e a n i n g f u l f a c t s . I t 
m i g h t b e n e c e s s a r y t o l o o k a t t h e change o f l i g h t 
i n t e n s i t y and t h e r e l a t i o n w i t h o t h e r p a r t s o f t h e 

s c ene. 
There have been many w o r k s on f e a t u r e e x ­

t r a c t i o n o f complex scenes [ 1 2 , 1 3 ] , b u t few works 
have r e c o g n i z e d t h e s c e n e s , u s i n g t h e s e f e a t u r e s . 
W h i l e , many p a p e r s assuming p i c t u r e p r i m i t i v e s , 
have d e a l t w i t h t h e s y m b o l i c p r i m i t i v e s t o r e c o g ­
n i z e complex o b j e c t s . There have been few works 
o n r e c o g n i t i o n o f complex o b j e c t s u s i n g raw l i g h t 
i n t e n s i t y d a t a . 

The a u t h o r has p r o p o s e d l o c a l f e a t u r e s and 
g l o b a l f e a t u r e s o f c u r v e d o b j e c t s f o r a n a l y s i s o f 
r e a l - w o r l d scenes [ l ^ ] . The l o c a l f e a t u r e s r e p r e ­
s e n t t h e t y p e s o f 1 i g h t i n t e n s i t y change and t h e 
g l o b a l ones a r e t h e c o n n e c t e d l o c a l f e a t u r e s o f 
t h e same t y p e . I f t h e c u r v e d o b j e c t has u n i f o r m 
s u r f a c e s , t h e g l o b a l f e a t u r e s c o r r e s p o n d t o t h e 
edges o f t h e p l a n e o r c u r v e d s u r f a c e s . 

T s u j i [ 1 5 ] made a l i n g u i s t i c a p p r o a c h t o 
s e g m e n t a t i o n o f c u r v e d o b j e c t scenes i n t o r e g i o n s 
u s i n g p i c t u r e p r i m i t i v e s s i m i l a r t o t h e l o c a l 
f e a t u r e s d e s c r i b e d above. I t c o n s i s t s o f h i e r ­
a r c h i c a l m o d u l e s , each o f w h i c h compresses t h e 
i n p u t d a t a t o f i n a l l y o b t a i n t h e p l a n e and c u r v e d 
r e g i o n s . The p r o b l e m w i t h t h e method i s t h a t i t 
must c o m p l e t e l y a n a l y z e t h e w h o l e scene b e f o r e i t 
extract?', some u s e f u l f a c t s a b o u t a scene. 

T h i s paper i s a f u r t h e r e x t e n s i o n o f [ 1 4 ] and 
d e s c r i b e s a t o t a l system. The system c o n s i s t s o f 
( 1 ) edge f i n d i n g , ( 2 ) s e g m e n t a t i o n o f t h e edges 
i n t o s t r a i g h t l i n e s o r e l l i p t i c c u r v e s , ( 3 ) r e c ­
o g n i t i o n o f o b j e c t s b y m a t c h i n g t h e l i n e s t o t h e 
models , or by u s i r i g t h e raw d a t a i f n e c e s s a r y , and 
( 4 ) t o p l e v e l s u p e r v i s i n g . The module ( 1 ) , ( 2 ) and 
< 3) a r e c o n t r o l l e d by a s i m p l e s u p e r v i sor to 
i n t e r a c t w i t h each o t h e r s o t h a t dependi n g o n t h e 
s i t u a t i o n , t h e system can l o c a t e g i v e n o b l e r t s 
q u i c k l y o r a n a l y z e t h e w h o l e scene. The module ( ] ) 
and ( ? ) a r e e a s i l y c o n t r o l l e d b y a s e t o f g l o b a l 
p a r a m e t e r s such as r e l i a b i l i t y l e v e l , minimum 
c u r v a t u r e , s p a t i a l r e s o l u t i o n , e t c . They a r e 
a p p l i c a b l e t o v a r i o u s o b j e c t s . The module ( 3 ) 
w h i c h has a t p r e s e n t l e s s g e n e r a l i t y i s d e s c r i b e d 
b r i e f l y i n t h i s paper. 

P. EDGE FINDING 

? . l . Edge p o i n t d e t e c t i o n 

A n edge o f a n o b j e c t s u r f a c e i s d e f i n e d h e r e 
a s a s e r i e s o f s m o o t h l y c o n n e c t e d edge p o i n t s . 
Many o p e r a t o r s f o r edge p o i n t e x t r a c t i o n have been 
p r o p o s e d [ 1 2 , 1 3 , 1 6 ] . The two o p e r a t o r s ( t w o -
d i m e n s i o n a l and o n e - d i m e n s i o n a l ) d e s c r i b e d h e r e 
a r e d e s i g n e d t o d e t e c t edge p o i n t s o f p l a n e s and 
s m o o t h l y c u r v e d s u r f a c e s . The o p e r a t o r s e x t r a c t 
d i s c o n t i n u i t y o f b o t h t h e l i g h t i n t e n s i t y and i t s 
g r a d i e n t . I f t h e d i r e c t i o n o f t h e edge i s unknown, 
t w o - d i m e n s i o n a l o p e r a t o r i s used t o compute t h e 
d i r e c t i o n o f t h e g r a d i e n t , o t h e r w i s e a one-
d i m e n s i o n a l o p e r a t o r d e t e c t s t h e edge p o i n t 
q u i c k l y . 

The f o r m e r o p e r a t o r makes use o f t h e g r a d i e n t 
computed by a c o n v e n t i o n a l method [14 One of 
t h r e e r e g i o n s shown i n F i g . 1 i n used t o g e t t h e 
g r a d i e n t a t t h e c e n t e r e l e m e n t . The g r a d i e n t v a l u e 
D and t h e d i r e c t i o n a f o r mode 1 a r e d e f i n e d by 
l i g h t i n t e n s i t y o f t h e n e i g h b o r i n g p o i n t s I ( i ) a s 
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(C1 ) meanr, that the light intensity at an edge must 
change. (C2) means that the neighbor of an edge in 
direction a must have a different light intensity 
change from that at the edge. Usually if (C?) 
holds for both i1>0 and ip^O, then the edge corre­
sponds to the boundary between two planes. If only 
one side of the edge (i<0 or i>0) satisfies (C?), 
it corresponds to an edge of a curved surface. 
Fdgr points extracted by ( CI ) and (C?) are 
sometimes broad along an edge of a surface. In 
checking (C?), even i f some i ^ is found at one side 
of the edge, (xQ,yrj) is considered as a transient 
point i f for some i? at the other side, 

The edge point, i s c l a s s i f i e d i n t o t h r e e 
c a t e g o r i e s : (1) type B which s a t i s f i e s (C2) f o r 
both i >0 and io<0> (?) type L which s a t i s f i e s (C?) 
f o r o n l y i >0 , and (3) type R which s a t i s f i e s (C?) 
f o r only i<0. F i g . ? shows an example of the edge 
p o i n t e x t r a c t e d b y t h i s o p e r a t o r . 

The one-dimensional o p e r a t o r i s used i f the 
d i r e c t i o n o f t h e edge i s p r e d i c t e d . I t assumes 
t h a t the d i r e c t i o n o f the g r a d i e n t a a t the 
n e i g h b o r i n g p o i n t s i s p e r p e n d i c u l a r t o t h e p r e d i c t e d 
edge d i r e c t i o n . This o p e r a t o r d e t e c t s an edge 
p o i n t using a n i n t e n s i t y p r o f i l e o f the p i c t u r e 
elements o n the l i n e centered a t t h e p o i n t i n the 
d i r e c t i o n a , and c l a s s i f i e s i t i n t o the t h r e e 
c a t e g o r i e s i n t h e s i m i l a r way d e s c r i b e d above. 

2.?. Edge f i n d i n g program 

F i g . 3 shows a s i m p l i f i e d f l o w o f t h e edge 
f i n d i n g program. The program has two main t a s k s : 
l ) f i n d an edge k e r n e l above a given r e l i a b i l i t y 
l e v e l , and P) t r a c k along the edge s t a r t i n g from 
the k e r n e l . 

The edge k e r n e l i s a set of edge p o i n t s of t h e 
same cateogry which have s i m i l a r g r a d i e n t d i ­
r e c t i o n s . A k e r n e l f i n d e r f i r s t d e t e c t s an edge 
p o i n t u s i n g the two-dimensional o e p r a t o r d e s c r i b e d 

above, and detects other edge points along the 
estimated direction of the edge which is perpen­
dicular to the gradient direction of the f i r s t 
point. I f enough edge points are found, the edge 
kernel is classified into three categories (B, L 
and R) based on the types of the edge points. The 
r e l i a b i l i t y level corresponds to the threshold of 
the gradient (Dt) in (C1) for the edge point 
detector. 

A reference map is used to speed up the kernel 
finding. The original picture is divided into 
rectangular regions (e.g. 6x6 picture elements) 
and the map contains an approximate gradient value 
of the each region. The kernel finder searches 
for an edge point in the regions corresponding to 
the points in the map with larger values than a 
given r e l i a b i l i t y value. After an edge kernel is 
searched for in the candidate region, the corre­
sponding point in the reference map is updated in 
order to give an accurate value or to avoid the 
repetition in the later search. 

The kernel thus found is extended in both 
directions by tracking the edge. The purpose of 
the tracking is to obtain a smoothly curved edge 
which consists of the edge points of the same type. 
Intuitively the smooth curve means that i t is con­
tinuous and the tangent direction does not change 
abruptly. The type and the current parameters of 
the edge such as the position Xc. , di rection 6C and 
gradient value Dc are i n i t i a l l y given by the kernel 
finder. The current parameters are updated as the 
tracking goes on. The main steps of the tracking 
at one cycle are 

The prediction of the edge point P at n-th 
cycle is based on the current edge position X and 
the direction Bn as shown in Fig. U. The distance 
£ between XJ? and Pn is one of the parameters of the 
edge fi nder which determines the mi nimum curvature 
of the edge tracker. When a proper edge point En 

is found, Xp+1 is advanced on the li ne passing 
through X£ and Fn , and B£+^ in updated as shown in 
Fig. h. I f the predicted position of the edge is 
regarded as being on the other edge already found, 
or on the other end of the same edge, the tracking 
terminates. For this check, a binary map of the 
edges is used. When the edge point En is found, 
the map is updated at the point corresponding to 
En_m(ra depends on £ described above) and i t s two 
neighbors in the direction perpendicular to 8n"m. 

In step ?, the one-dimensional operator is 
used to find an edge point of the same type near 
the predicted position. The direction of the 
gradient of the edge point is assumed here to be 
perpendicular to the current direction of the edge. 
If the gradient value of the detected edge point is 
close to Dc, it is determined as an extension of 
the edge. If no such points are found, a back up 
routine determines whether or not to stop tracking 
as follows. 

a) I f step 2 is the f i r s t attempt of the edge 
point finding, a different gradient direction 
is proposed to find a proper edge point again, 
and go to step 2. 

b) If an edge point is found in the previous 
cycle, then insert a siinulated edge point at 
the predicted position and go to step 3-

c) Othervi se, stop tracki ng. 
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The p u r p o s e o f t h e back u p i s t o a v o i d t h e 
e f f e c t s o f a s m a l l t e x t u r e o f a n o b j e c t , v a r i o u s 
k i n d s o f n o i s e and d i g i t i z a t i o n o f d i r e c t i o n s . 

When t h e t r a c k i n g i n b o t h d i r e c t i o n s t e r m i ­
n a t e s , each end o f t h e edge i s c h e c k e d t o c o n n e c t 
t o t h e o t h e r edges a l r e a d y f o u n d . I f t h e t r a c k i n g 
s t o p p e d a t t h e o t h e r edge o f t h e same t y p e and t h e 
b o t h edge can b e c o n n e c t e d s m o o t h l y , t h e y a r e 
merged. 

F i g . 5 shows a n example o f t h e edge f i n d i n g . 
U s u a l l y , edge f i n d i n g i s r e p e a t e d o v e r t h e p i c t u r e , 
each t i m e c h a n g i n g t h e r e l i a b i l i t y t o a l o w e r l e v e l 
The t r a c k i n g o f a l e s s r e l i a b l e edge can b e b l o c k e d 
b y more r e l i a b l e edges w h i c h c r o s s t o i t . 

3- SEGMENTATION OF EDGES 

Each edge o b t a i n e d b y t h e edge f i n d e r i s r e p ­
r e s e n t e d b y a s e t o f s m o o t h l y c o n n e c t e d p o i n t s . 
Tfce s e g m e n t a t i o n o f edges i s t o d e s c r i b e them b y 
s e v e r a l p a r a m e t e r s u s e f u l f o r r e c o g n i t i o n . 

Tfcere have been many works on t h e m a t h e m a t i c a l 
a p p r o x i m a t i o n o f c u r v e s b y p o l y g o n a l l i n e s [ 1 7 ] . 
p i e c e w i s e p o l y n o m i a l f u n c t i o n s o r s p l i n e f u n c t i o n s 
[ 1 8 ] . They d e f i n e d a n e r r o r norm and a t t e m p t e d t o 
f i n d a n o p t i m a l s o l u t i o n . However, t h e s e a r e n o t 
e a s i l y a p p l i e d t o t h e d e s c r i p t i o n o f t h e complex 
scenes. 

I n t h i s p a p e r , s t r a i g h t l i n e s and e l l i p t i c 
c u r v e s a r e used t o d e s c r i b e t h e edge c u r v e s . The 
s e g m e n t a t i o n o f t h e each edge i s d i v i d e d i n t o two 
p a r t s : ( l ) segment t h e edge i n t o l i n e s and c u r v e s , 
and ( ? ) a p p r o x i m a t e each segment b y a s t r a i g h t l i n e 
o r a n e l l i p t i c c u r v e . 

F i g . 6 ( a ) i l l u s t r a t e s t h e p u r p o s e o f t h e f i r s t 
p a r t , i . e . t o d i v i d e t h e edge A F i n t o f i v e segments 
(AB, BC,...,EF). The method is a h e u r i s t i c one 
w h i c h maker, use o f t h e c u r v a t u r e o f t h e edge a s 
d e s c r i b e d i n [ 2 ] ( i . e . t h e c u r v a t u r e o f a n edge 
p o i n t F is d e f i n e d as t h e a n g l e 6 between PR and 
PQ, where Q and R a r e On t h e edge and c o n s t a n t 
number (m^) o f p o i n t s away f r o m P ) . Thus, t h e 
c u r v a t u r e o f A F i s d e f i n e d o n t h e i n t e r v a l between 
A * and F ' a s i n F i g . 6 ( b ) w h i c h i s i r ^ p o i n t s i n s i d e 
o f AF. The main s t e p s o f t h e method a r e 

1 . F i n d t h e c a n d i d a t e s o f t h e k n o t s o f t h e edge. 
? . C l a s s i f y t e m p o r a r y segments i n t o s t r a i g h t 

l i n e s o r c u r v e s . 
3 . Merge segments i f p o s s i b l e , and d e t e r m i n e 

t h e p o s i t i o n s o f t h e k n o t s . 
F i r s t , t o l o c a t e t h e k n o t s where t h e d i r e c t i o n 

o f t h e edge changes a b r u p t l y , t h e r e g i o n s a r e f o u n d 
w h i c h have l a r g e c u r v a t u r e s . The c a n d i d a t e r e g i o n s 
o f t h e k n o t s a r e i l l u s t r a t e d i n F i g . 6 ( b ) a s i n t e r ­
v a l s [ L i , R j ] . The i n t e r v a l i s d e f i n e d w i t h t h e 
c u r v a t u r e 6 ( P ) as f o l l o w s . L e t fij^x d e n o t e t h e 
maximum o f | 6 ( P ) | i n [ L i , R i ] , t h e n t h e i n t e r v a l 
s a t i s f i e s t h e f o l l o w i n g c o n d i t i o n s . 

The i n t e r v a l s may c o n t a i n e i t h e r r e a l knots or 
curved segments. I f the i n t e r v a l i s s h o r t , i t i s 
regarded as a r e a l knot, r e g i o n , o t h e r w i s e a curved 
segment. New knots are i n s e r t e d at the ends of 
curved segments. Now the temporary segments are 
d e f i n e d an the i n t e r v a l s between the knot candidate 

curved segments. If sums of the c u r v a t u r e s S51 and 
S,52 of the adjacent segments and t h a t of the k n o t s 
are a l l s i m i l a r , then t h e segments are merged i n t o 
one segment. This procedure i s repeated u n t i l no 
more merge is a p p l i e d . Small segments of a smooth 
curve c r e a t e d in the s t e p 1 because of the e f f e c t 
o f noise or d i g i t i z a t i on, might be merged here. 
The p o s i t i o n of each knot is determined now accu­
r a t e l y as the border of the a d j a c e n t segments. 

The second p a r t o f the segmentation f i t s a 
s t r a i g h t l i n e or curve to a set of edge p o i n t s ( X i , 
Y i ) ( i = l , 2 , . . . , n ) i n each segment. Conventional 
methods of l e a s t squares assume t h a t o n l y Y^ is 
accompanied w i t h e r r o r . But the p o s i t i o n o f each 
edge p o i n t has e r r o r of b o t h Xj and Yj . The 
Deming's method [ l ° ] i s employed t o f i n d t h e para­
meters of the curve which minimize t h e sum of 
square of the di stance from the curve to earn 
p o i n t . 

Let t h e equation of the curve v i t h m para­
meters be denoted by f ( x , y ; a] ,a£, . . . ,aT!1) = 0, t h e n 
the method, s t a r t i n g from the approximated para­
meters, estimates b e t t e r parameters i t e r a t i v e l y 
u n t i l they converges w i t h i n a g i v e n e r r o r r a t i o . 
The i n i t i a l parameters are g i v e n by an a p p r o p r i a t e 
number of edge p o i n t s which are sampled from t h e 

segment. I f t h e segment i s c l a s s i f i e d i n t o a curved 
l i n e , a n e l l i p t i c curve i s a t f i r s t t r i e d t o b e 
f i t t e d t o i t . The parameters are the center po­
s i t i o n , major and minor axes and r o t a t i o n . I f t h e 
parameters d o not converge i n the i t e r a t i o n , the 
number of the parameters is decreased. F i g . 8 
shows an example of the r e s u l t s of the segmentation 
and curve f i t t i n g . 

k. RECONGNITION 

A s t r a t e g y of r e c o g n i z i n g an o b j e c t in a scene 
depends on how much i n f o r m a t i o n is a l r e a d y known. 
I f a desk area i s known, t h e f a s t e s t way t o l o c a t e 
a telephone i s t o search i n the l e f t f r o n t p a r t o f 
t h e area, and i f a d i a l o f the telephone i n f o u n d , 
r e c o g n i t i o n of the r e c e i v e r is easy. The best way 
t o analyze the whole scene i s t o s t a r t from t h e 
most obvious o b j e c t f i r s t , and proceed t o t h e next 
obvious o b j e c t making use of t h e p r e v i o u s f a c t s . 
To l o c a t e a g i v e n o b j e c t , however, t h e best way 
might b e t o t r y t o f i n d i t f i r s t . I f i t f a i l s , 
t h e o t h e r o b j e c t might b e t r i e d which c o u l d h e l p t o 
l o c a t e the g i v e n o b j e c t . 

We have been t a k i n g m u l t i p l e approaches to 
r e c o g n i t i o n o f o b j e c t s . One i s matching models o f 
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o b j e c t s d e s c r i b e d by the graphs t o a scene [ ] * * ] . 
Now a scene is d e s c r i b e d by the equations and types 
of the edges. Models of an o b j e c t are t w o - d i ­
mensional and r e p r e s e n t i t s views from t y p i c a l d i ­
r e c t i o n s . Because a scene is r e p r e s e n t e d by 
s t r a i g h t l i n e s and e l l i p t i c c u r v e s , u s u a l l y a few 
models are enough f o r an o b j e c t . However, t h i s 
method can not d i s c r i m i n a t e shapes which are s e n s i ­
t i v e t o r o t a t i o n , such a s a c i r c l e from a n e l l i p s e . 
Each model is d e s c r i b e d by t h e edges and t h e i r 
r e l a t i o n s . For a n a l y s i s of a scene of m u l t i p l e 
o b j e c t s o c c l u d i n g one a n o t h e r , matching of subgraphs 
is r e q u i r e d . An a l g o r i t h m which e x t r a c t s maximal 
common subgraphs between two c o l o r e d graphs has 
been developed [ ? 0 l . Scenes of s i m p l e o b j e c t s such 
as b l o c k s , c y l i n d e r s and spheres are recognized by 
the graph matching technique. The method can 
e a s i l y add new models of o b j e c t s by d e c l a r i n g t h e i r 
d e s c r i p t i o n s . There a r e , however, many d i f f i c u l t i e s 
i n r e c o g n i t i o n o f complex o b j e c t s , e.g. d e s c r i p t i o n 
of models and e f f i c i e n t matching procedure. The 
graph matching c o u l d be used as a p a r t of rec-
ogni t i o n procedure. 

Another approach is a p r o c e d u r a l one, i . e . to 
p r o v i d e w i t h a procedure f o r r e c o g n i t i o n of each 
o b j e c t . For r e c o g n i t i o n of a t e l e p h o n e , f o r ex­
ample, the procedure i s f i r s t t o search f o r the 
d i a l , and then t o f i n d t h e contour o f the telephone 
around the d i a l . The candidates o f the d i a l i s 
e a s i l y found by examining the equations of the 
curved edges. The telephone contour is searched 
f o r i n a c e r t a i n r e g i o n around each d i a l candidates 
u s i n g a map of t h e edges. S e r i a l l y connected l i n e s 
o r curves which surround t h e d i a l are i d e n t i f i e d a s 
the c o n t o u r . I f enough p r o o f i s o b t a i n e d , the r e c ­
o g n i t i o n i s s u c c e s s f u l . I f p r o o f i s not s u f f i c i e n t 
or many candidates of a telephone are found, 
f u r t h e r i river, ti g a t i on is requi red which mi ght ask 
more edges or check the i n s i d e o f the d i a l . 
Sometimes the i n v e s t i g a t i o n r e q u i r e s a f a c i l i t y f o r 
v.ooming-up a scene a l t h o u g h t h i s feedback loop has 
not at present been implemented. 

A s i m p l i f i e d o r g a n i z a t i o n of the present syste.ti 
Li-, uhown in F i g . 9. Given a set of o b j e c t names, 
the s u p e r v i s o r asks the edge f i n d e r to get edges. 
If enough number of edge p o i n t s or edges are found, 
then the edges are segmented. Otherwi se , the 
s u p e r v i sor changes parameters o f edge f i n d i ng and 
more edges are searched f o r . The r e r o g n i t i o n con-
s i s t s o f s u b r o u t i n e s f o r the g i v e n o b j e c t s . T f not 
a l 1 the o b j e c t s are recognized success f u l l y , the 
s u p e r v i s o r asks the edge f i n d e r again t o c o l l e c t 
more edges. 

F i g . 10 shows an example of l o c a t i n g a lamp, a 
book stand and a telephone. R e c o g n i t i o n of a 
telephone is as described above. To l o c a t e a lamp, 
a lamp shade i s searched f o r f i r s t as edges of a 
b r i g h t s t r i p r e g i o n o f a n a l l o w a b l e dimension, and 
then the t r u n k i s searched f o r b y f i n d i n g a p a i r o f 
p a r a l l e i v e r t i c a l edges whose d i r e e t i o n s are oppo-
s i t e . A book s t a n d is l o c a t e d by f i n d i n g a s e t of 
v e r t i c a l l i n e s c l u s t e r e d i n a c e r t a i n r e g i o n . The 
computing time f o r l o c a t i n g the t h r e e o b j e c t s u s i n g 
a p i c t u r e ( 6 b i t l e v e l , 256x256 p o i n t s ) s t o r e d i n 
the d i s k is about h minutes. More than h a l f of the 
time i s spent f o r f i n d i n g edges. 

On the o t h e r hand, in o r d e r to recognize as 
many o b j e c t s in a scene as p o s s i b l e , the edge 
f i n d e r i s g i v e n parameters o f low r e l i a b i l i t y l e v e l 
t o get many edges. Even if r e c o g n i t i o n of some 
o b j e c t s i s not s u c c e s s f u l , edge f i nding can not b e 
r e t r i e d i n t h i s case. An experiment i s mode Tor 
the same scene as i n F i g . 10 i n t h i s manner, Thf; 

upper bound o f edge number (TO) i s d e t e r m i n e d b y 
t h e s t o r a g e l i m i t a t i o n o f t h e computer. A l t h o u g h 
t h e same o b j e c t s a r e s u c c e s s f u l l y l o c a t e d , t h e 
c o m p u t i n g t i m e f o r f i n d i n g edges i s more t h a n 
t w i c e o f t h e above example ( F i g . 1 0 ) . T h i s shows 
t h a t i n o r d e r t o l o c a t e g i v e n o b j e c t s , t h e system 
o r g a n i z a t i o n i n F i g . 9 i s e f f i c i e n t . 

CONCLUSIONS 

A n a p p r o a c h t o t h e r e c o g n i t i o n o f r e a l - w o r l d 
o b j e c t s u s i n g l i g h t i n t e n s i t y d a t a has been de­
s c r i b e d . The r e c o g n i t i o n i s m a i n l y based o n t h e 
edges o f c u r v e d o b j e c t s . The edge i s a s e t o f 
s m o o t h l y c o n n e c t e d edge p o i n t s where l i g h t i n t e n ­
s i t y o r i t s g r a d i e n t changes a b r u p t l y . The edges 
a r e segmented i n t o s t r a i g h t l i n e n o r e l l i p t i c 
c u r v e s s o t h a t t h e y a r e e a s i l y matched t o t h e 
models o f o b j e c t s . R e c o g n i t i o n o f complex o b j e c t s 
w i t h a s i m p l e m a t c h i n g p r o c e d u r e has been suc­
c e s s f u l . 

The method proposed i n t h i s paper would b e 
a p p l i c a b l e t o r e c o g n i t i o n o f e v e r y day o b j e c t s 
w h i c h a r e i d e n t i f i e d b y t h e edges o f s t r a i g h t l i n e n 
o r e l l p t i e c u r v e s . F u r t h e r r e s e a r c h i s r e q u i r e d t o 
check o n d o u b t f u l o b j e c t s b y zooming u p t h e r e g i o n s 
o f i n t e r e s t i n t h e scene. The o t h e r o b j e c t i v e t o 
be s t u d i e d i s an e f f i c i e n t way o f m aking many 
models o f complex o b j e c t s . 
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