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

We p r o p o s e a new a p p r o a c h to r e p r e s e n t i n g 
r a n g e d a t a o r i g i n a t e d w i t h r e a l scenes b y a 
c o l l e c t i o n o f s i m p l e p l a n a r a n d / o r c u r v e d o b j e c t s . 
A r o u g h s k e t c h w i t h o b v i o u s f e a t u r e s i s g e n e r a t e d 
i n t h e b e g i n n i n g and i t i s i m p r o v e d s t e p b y s t e p 
a c c o r d i n g t o t h e g u i d a n c e b y a j u n c t i o n 
d i c t i o n a r y . The d i c t i o n a r y p r e d i c t s new f e a t u r e s 
t o b e e x t r a c t e d u n t i l t h e p e r f e c t d e s c r i p t i o n i s 
o b t a i n e d . The d i c t i o n a r y a l s o s u g g e s t s how t o 
p a r t i t i o n t h e scene i n t o s i m p l e b o d i e s ( S u g i h a r a 
( 1 9 7 7 ) ) . 

W a l t z (1972) and o t h e r s have used s i m i l a r 
j u n c t i o n know ledge t o i n t e r p r e t a g i v e n l i n e 
d r a w i n g . T h e i r w o r k s , howeve r , d e a l w i t h p e r f e c t 
l i n e d r a w i n g s w h i c h a r e u s u a l l y d i f f i c u l t t o 
o b t a i n f r o m l i g h t i n t e n s i t y d a t a . The p r e s e n t 
a p p r o a c h , o n t h e o t h e r h a n d , i s p r a c t i c a l s i n c e 
n o i s y raw r a n g e d a t a can b e d e a l t w i t h . 

J u n c t i o n D i c t i o n a r y 

I t i s assumed t h a t t h e o b j e c t s i n t h e scene 
a r e s o l i d b o d i e s bounded b y p l a n a r s u r f a c e s a n d / o r 
c u r v e d s u r f a c e s o f t h e second o r d e r and t h a t 
e x a c t l y t h r e e f a c e s meet a t each v e r t e x . Pour 
k i n d s o f l a b e l s a r e used t o r e p r e s e n t p h y s i c a l 
mean ings o f l i n e s : a p l u s symbol f o r a convex edge 
whose b o t h s i d e s a r e v i s i b l e , a m i n u s symbol f o r a 
c o n c a v e e d g e , a n a r r o w f o r a n o c c l u d i n g l i n e and a 
d o t t e d l i n e w i t h a n a r r o w f o r a n o c c l u d e d l i n e . 
J u n c t i o n s a r e d i v i d e d i n t o two c l a s s e s : t h e 
j u n c t i o n s w h i c h a r e p o s s i b l e i n a p i c t u r e o f 
t h r e e - d i m e n s i o n a l o b j e c t s ( p o s s i b l e j u n c t i o n s ) and 
t h e o t h e r s ( i m p o s s i b l e j u n c t i o n s ) . 

The j u n c t i o n d i c t i o n a r y i s t h e d i r e c t e d 
g r a p h . The nodes c o n s i s t o f t h e p o s s i b l e 
j u n c t i o n s and t h o s e i m p o s s i b l e ones w h i c h can b e 
made p o s s i b l e by a d d i n g new l i n e s to t h e m . A 
b r a n c h e x i s t s f r o m a j u n c t i o n t o a n o t h e r i f t h e 
l a t t e r can b e o b t a i n e d b y a d d i n g a new l i n e t o t h e 
f o r m e r . F o r e x a m p l e , two b r a n c h e s ( ( a ) , ( b ) ) and 
( ( a ) , ( c ) ) e x i s t among t h e j u n c t i o n s ( a ) , (b) and 
(c) i n F i g . l . Each b r a n c h t e l l s u s t h e t y p e and 
t h e o r i e n t a t i o n o f t h e a s s o c i a t e d new l i n e . 
D i r e c t e d p a t h s s t a r t i n g w i t h a j u n c t i o n ( w h i c h may 
o r may n o t b e p o s s i b l e ) and e n d i n g w i t h p o s s i b l e 
j u n c t i o n s s u g g e s t where and wha t t y p e s o f l i n e s w e 
s h o u l d s e a r c h f o r t o i m p r o v e t h e p r e s e n t 
d e s c r i p t i o n . I f t h e p r e s e n t d e s c r i p t i o n c o n t a i n s 
t h e j u n c t i o n ( a ) , t h e p a t h s ( l e n g t h - o n e p a t h s ) 
s u g g e s t e i t h e r a convex l i n e i n t h e u p p e r 
f a n - s h a p e d a r e a (b) o r a concave l i n e i n t h e 
o p p o s i t e a r e a ( c ) . A new l i n e ' m u s t ' e x i s t s i n c e 
t h e j u n c t i o n (a) i s i m p o s s i b l e . 

Some j u n c t i o n s a r e p o s s i b l e o n l y when two o r 
more b o d i e s a r e p u t t o g e t h e r i n t h e s c e n e . Those 
j u n c t i o n s a r e used a s cues t o p a r t i t i o n t h e scene 
i n t o s e v e r a l b o d i e s . T o enumera te p o s s i b l e 
j u n c t i o n s t h e c u r v e d l i n e - s e g m e n t s a r e r e p l a c e d b y 
t h e h a l f l i n e s t a n g e n t t o t h e c u r v e s a t t h e 
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j u n c t i o n s . T h i s c o n v e n t i o n p r e v e n t s o u r 
d i c t i o n a r y f r o m s w e l l i n g . 

D i c t i o n a r y - G u i d e d Scene A n a l y s i s 

F i g . 2 shows a l i g h t s t r i p e image ( f r o m w h i c h 
t h e r a n g e d a t a a r e c a l c u l a t e d b y t r i a n g u l a t i o n ) , 
F i g . 3 shows a r o u g h d e s c r i p t i o n g e n e r a t e d o n t h e 
way o f scene a n a l y s i s and F i g . 4 g i v e s t h e f i n a l 
d e s c r i p t i o n . The s y s t e m f i r s t e x t r a c t s c o n t o u r s 
( s t r i n g s o f r a n g e - j u m p p o i n t s ) and j u n c t i o n s 
( c u r v a t u r e - m a x i m a l p o i n t s ) o n t h e m . S t a r t i n g w i t h 
t h o s e j u n c t i o n s new l i n e s a r e s e a r c h e d f o r 
a c c o r d i n g t o t h e s u g g e s t i o n b y t h e d i c t i o n a r y . 
When a new l i n e i s f o u n d , i t i s f o l l o w e d u n t i l i t 
t e r m i n a t e s ( t h e l i n e s J 1 J 2 and J 3 J 4 i n F i g . 3 ) and 
new j u n c t i o n s o n i t a r e a l s o f o u n d ( t h e j u n c t i o n 
J 5 ) . The body i s p a r t i t i o n e d i n t o s i m p l e r ones 
whenever i t i s p o s s i b l e . (The concave l i n e s J1J2 
and J 3 J 5 J 4 and t h e j u n c t i o n s a l o n g them s u g g e s t 
body p a r t i t i o n i n g . ) The l i n e e x t r a c t i o n i s 
f i n i s h e d when a l l j u n c t i o n s have g rown p o s s i b l e 
and n o more l i n e s can b e f o u n d ( F i g . 4 ) . 

C o n c l u s i o n 

Knowledge a b o u t t h e o b j e c t w o r l d i s condensed 
i n t o t h e d i c t i o n a r y and i t i s used a s a g u i d e f o r 
scene a n a l y s i s . T h i s a p p r o a c h seems p r o m i s i n g 
because 1 ) t h e g u i d a n c e b y t h e d i c t i o n a r y a s s u r e s 
t h e e f f i c i e n t and r e l i a b l e f e a t u r e e x t r a c t i o n 
s y s t e m and 2 ) o b j e c t s a r e n o t l i m i t e d t o a few 
p r o t o t y p e s . 
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