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T h i s pape r d e s c r i b e s a p r i m i t i v e i n t e l l i g e n t 
s y s t e m t h a t a n a l y z e s and u n d e r s t a n d s s i m p l e c a r 
t o o n f i l m s o f a dynamic m i n i - w o r l d ; each f i l m c o n 
t a i n s a dynamic l i n e image i n w h i c h a n a c t o r , a 
p e r s o n i f i e d f r o g named B e s i , and o b j e c t s such as a 
t r e e o r a r o c k e x i s t . The f i r s t g o a l o f ou r r e 
s e a r c h i s t o g i v e t h e mach ine v i s i o n sys tem t h e 
c a p a b i l i t y o f u n d e r s t a n d i n g wha t t h e f r o g i s d o i n g 
o r meanings o f i t s a c t i o n s . 

I n p u t F i l m 
I n o r d e r t o s i m p l i f y t h e a n a l y s i s o f t h e f i l m s , 

w e assume t h a t t h e y have t h e f o l l o w i n g p r o p e r t i e s . 
( 1 ) The re e x i s t s o n l y one scene i n a f i l m . (2 ) The 
used c i n e camera s t o o d s t i l l o r moved h o r i z o n t a l l y 
a t a c o n s t a n t v e l o c i t y w h i l e i t t o o k t h e p i c t u r e . 
( 3 ) B e s i and o t h e r movab le o b j e c t s show t w o - d i m e n 
s i o n a l movements. 

A f i l m o n a s i m p l e s c e n a r i o , S c e n a r i o 1 , i s 
used t o t e s t t h e e l e m e n t a r y f u n c t i o n s o f t h e s y s 
tem. F i g . l shows sample f rames o f t h e f i l m . 
Scenario 1: Besi hides behind a rook, appears from 
it, walks toward a tree, jumps up and takes a 
fruit from it. 

System I m p l e m e n t a t i o n 
I n o r d e r f o r t h e sys tem t o a t t a i n t h e g o a l , i t 

must b e a n i n t e g r a t e d sys tem t h a t f i r s t i d e n t i f i e s 
t h e a c t o r and t h e o b j e c t s and d e t e c t s t h e i r move
m e n t s , n e x t r e c o v e r s p a t t e r n s o f t h e i r m o t i o n s , 
and f i n a l l y deduces a c t i o n s f r o m a sequence o f the 
m o t i o n p a t t e r n s and r e l a t i o n s be tween t h e a c t o r 
and t h e o b j e c t s b y u t i l i z i n g t h e knowledge a b o u t 
t h e m i n i - w o r l d . I n o t h e r w o r d s , i t must b e p r o 
v i d e d w i t h ( 1 ) a scene a n a l y z e r t o i d e n t i f y t h e 
t h e a c t o r and t h e o b j e c t s , (2 ) a m o t i o n a n a l y z e r 
t o r e c o g n i z e t h e m o t i o n p a t t e r n s , ( 3 ) a d e d u c t i o n 
subsys tem t o u n d e r s t a n d mean ings o f t h e m o t i o n s , 
( 4 ) a mode l o f t h e v i e w e d f i l m w h i c h i s genenra ted 
and u p d a t e d by t h e s y s t e m . The d e d u c t i o n s u b s y s 
tem a l s o behaves as a q u e s t i o n - a n s w e r i n g s y s t e m , 
and we can t e s t how t h e sys tem u n d e r s t a n d s a f i l m 
b y g i v i n g i t q u e s t i o n s o n t h e f i l m and o b s e r v i n g 
answers deduced f r o m t h e f i l m mode l and t h e know
l e d g e a b o u t t h e m i n i - w o r l d . F i g . 2 shows a n o v e r 
a l l d i a g r a m o f t h e f i l m - u n d e r s t a n d i n g s y s t e m . W e 
imp lemen t i t o n a sys tem o f two m i n i - c o m p u t e r s , 
HP2108A ( 6 4 k b y t e s memory, and 256kby tes b u l k memo
ry f o r LISP p rog ram) and PDP8/E ( 2 4 k b y t e s memory, 
and 4 8 k b y t e s b u l k memory f o r s t o r i n g p i c t u r e s ) . 

Scene A n a l y s i s 
E x a m i n i n g l o c a l p a t t e r n s i n a 3x3 window a t 

e v e r y p o i n t i n each 128x128 d i g i t i z e d p i c t u r e o f 
t h e f i l m , SCENE ANALYZER f i n d s f e a t u r e p o i n t s , and 
t h e n i t f o l l o w s a r c s i n t hem. T h u s , w e o b t a i n a 
segment l i s t w h i c h d e s c r i b e s t h e i n p u t p i c t u r e . 

When t h e f i r s t f r ame i s a c c e p t e d , SCENE ANA
LYZER has n o know ledge a b o u t t h e i n p u t s c e n e . I t 
f i r s t s e a r c h e s t h e segment l i s t f o r l o o p s and l o n g 
s t r a i g h t l i n e s . They a r e used a s cues f o r s u c 
c e s s i v e s u g g e s t i o n s and t e s t s o f t h e hypo theses t h a t 
i n t e r p r e t e t h e l i n e image b y t h e p r o c e d u r a l know
l e d g e SHAPE. For examp le , t h e knowledge a b o u t t h e 
shape o f B e s i i s d e s c r i b e d a s f o l l o w s . ( l ) F i n d two 
a l m o s t e l l i p t i c l o o p s such t h a t one e n c l o s e s t h e 
o t h e r ; t h e y c o r r e s p o n d s t o B e s i ' 8 b o d y . ( 2 ) F i n d a 
b i g l o o p o v e r t h e s e l o o p s ; i t c o r r e s p o n d s t o B e s i ' s 
f a c e . ( 3 ) F i n d a s h o r t p a t h c o n n e c t i n g them; B e s i ' s 
n e c k . I f t h e above p r o c e d u r e g i v e s t h e r e s u l t o f 
a s u c c e s s , B e s i i s i d e n t i f i e d , and t h e n t h e s e g 
ments c o r r e s p o n d i n g t o t h e d e t a i l e d p a r t o f B e s i 
such a s i t s l e g s , e y e s , and hands a r e i n t e r p r e t e d . 
The r e s u l t o f a n a l y z i n g t h e f rame o f F i g . 1 ( a ) i s 
shown i n F i g . 3 ( a ) ; t h e t r e e i s f ound b y a c o m b i 
n a t i o n o f an i n v e r t e d T j o i n t and a b i g l o o p , and 
t h e n i t s u g g e s t s a h y p o t h e s i s t h a t s m a l l l o o p s 
nea r t h e t r e e wou ld b e f r u i t s , and t h e p r o c e d u r a l 
knowledge o n t h e shape o f t h e f r u i t t e s t s t h e s e 
l o o p s . The r o c k and B e s i a r e i n t e r p r e t e d as an 



unknown ob jec t because SHAPE has not any knowledge 
on the rock. The i n t e r p r e t a t i o n of the frame is 
stored in FRAME MODEL. 

Since the d i f f e rence between two successive 
frames is very sma l l , FRAME MODEL suggests the l o 
ca t ion and proper ty of each segment of the objects 
in the coming frame. Thus, we can reduce the com
pu t ing time f o r analyz ing the new frame by 1/10. 
SCENE ANALYZER a lso examines the correspondence of 
each par t of the unknown object w i t h tha t of the 
preceding frame, and it d isc r iminates an unknown 
moving ob jec t from a s t i l l one ( the rock ) . When 
the frame of F ig .1(b) is analyzed, the cues f o r 
suggesting tha t the moving ob jec t would be Besi 
is recovered, and SHAPE i d e n t i f i e s a l l par ts of 
Besi ( F i g . 3 ( c ) ) . 

Motion Analys is 
MOTION ANALYZER compares the loca t ions of the 

actor and the ob jects in successive frames, and 
judges which one is r e a l l y moving. Since the r e 
l a t i v e movement of a s t i l l ob jec t is caused by a 
camera movement, MOTION ANALYZER tes ts whether 
most ob jec ts in a p i c t u r e move in a s im i l a r way. 
I f so, the displacement is considered as the camera 
movement, and the o r i g i n of the coordinates is 
s h i f t e d so as to compensate the movement. 

Next, MOTION ANALYZER parses the f i l m i n t o 
scene groups; each group has successive frames in 
which the actor moves in a s i m i l a r way. The a c t o r ' s 
movement is described in DYNAMIC SCENE MODEL ( F i g . 4 ) . 
The f i l m is segmented i n t o A groups, and Scene 
Group 1 is described as (M BESI RIGHT), Besi moves 
r igh twards . Changes of the r e l a t i o n s between the 
actor and the ob jects are also examined; f o r example, 
MOTION ANALYZER f inds a f r u i t , an apple, is moving 
in Scene Group 3, so tha t i t examines i t s r e l a t i o n 
to Bes i , and adds (TC BESI APPLE) Besi touches the 
apple to the model. Also i t examines the v a l i d i t y 
of the r e l a t i o n in the past frames, and updates the 
model. 

* HELLO 
G IVE ME ANY QUESTION 

* WHAT IS BES I ? 
B E S I IS FROG 

* WHY JUMP BESI APPLE ? 
BECAUSE TO NEAR APPLE 

* WHAT D I D BESI WHEN MOVE APPLE ? 
T I M E IS SD4 
BESI HOLD APPLE 

* WHAT D I D BESI ? 
BESI CATCH APPLE 

Deduction of Act ions 
Now l e t us consider how people i n f e r s concepts 

of act ions from a descrpt ion Besi moves r igh twards . 
We probably deduce Besi walks r ightwards a f t e r 
reasoning the f o l l o w i n g i tems. ( l )Moving one is a 
human being. (2)He moves to a horizontal direct ion 
implies he walks or runs. (3) I f his legs move fast 
then the motion is r u n , e lse walk. (4)Right is a 
horizontal d i rect ion. (5)Besi is equivalent to a 
human being. (6)The reason why one moves to a 
direct ion is to transfer i t s e l f . 

A p r i o r i knowledge about the min i -wor ld such 
as (4) and (5) is s tored in a semantic network 
PROPERTY. ACTION CONCEPT stores the knowledge 
about each a c t i o n : [ a ] S t a t i c cond i t ions are p r e d i 
cates which must be t rue f o r assur ing the s p e c i f i c 
ac t ion is performed;(1) f o r the above example, [b] 
Dynamic condi t ions are described in the procedural 
knowledge fo r l o g i c a l reasoning from s ta te t r a n s i 
t i o n s : (2) (3) f o r walk. [c]Deduced knowledge is one 
assured by the ac tua l performance of the a c t i o n ; 
(6) f o r the above example. 

The deduction subsystem u t i l i z e s these con
cepts to deduce act ions from DYNAMIC SCENE MODEL. 
The subsystem f i nds an ac t i on matched to a motion 
p a t t e r n , and then i t tes ts other cond i t ions f o r 
the a c t i o n . For example, the success in matching 
(M BESI RIGHT) to a desc r ip t i on (M X Y) in an 
ac t i on move makes the subsystem tes t the other 
conditions, X is animate, X comes near to Y. 
Since the both condi t ions are s a t i s f i e d , (MOVE 
BESI TREE) is deduced. The desc r i p t i on a lso 
matches to a cond i t ion f o r walk , and (WALK BESI 
TREE) is deduced by examining other condi t ions 
f o r walk. A f t e r s i m i l a r deduct ions, the f i l m i s 
described as (((WALK BESI TREE))((JUMP BESI APPLE)) 
((JUMP BESI APPLE)(HOLD BESI APPLE))((HOLD BESI 
APPLE))). F i n a l l y , the system searches for act ions 
u n i f y i n g a ser ies of ac t i ons , and i t deduces 
(((CATCH BESI APPLE))). F i g . 5 , examples of d i a 
logue of QA-system, shows how the system under
stands the f i l m . 


