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ABSTRACT 

T h i s p a p e r d e s c r i b e s a n i m a g e 
u n d e r s t a n d i n g s y s t e m w h i c h i n t e r p r e t s l i n e 
s e g m e n t s d e t e c t e d I n c i n e - a n g i o g r a m s , 
c i n e - f i l m r e c o r d s o f r a d i o g r a p h i c i m a g e s 
o f c o r o n a r y a r t e r i e s , i n t o a m o d e l o f t h e 
a r t e r i a l s y s t e m b a s e d o n e x p e r t k n o w l e d g e 
o n t h e a r t e r y . A p r o d u c t i o n s y s t e m 
a c c e s s e s r u l e s o n s h a p e s a n d s t r u c t u r e s o f 
t h e b l o o d v e s s e l s t o e v a l u a t e t h e 
g e o m e t r i c a l p a r a m e t e r s o f s e q u e n c e s o f 
s e g m e n t s , a n d a t r e e o f h y p o t h e s e s o n t h e 
I d e n t i t i e s o f t h e i n d i v i d u a l s e g m e n t s i n 
e a c h v i e w I s g e n e r a t e d . F i n a l l y , t h e 
h y p o t h e s e s o b t a i n e d f r o m d i f f e r e n t v i e w s 
a r e i n t e g r a t e d t o f i n d a m o r e r e l i a b l e 
I n t e r p r e t a t i o n o f t h e i m a g e s . 

1. INTRODUCTION 

a t t e m p t t o a u t o m a t e t h i s p r o c e s s h a s b e e n 
a l r e a d y r e p o r t e d [ 2 ] . T h i s p a p e r d e s c r i b e s 
h i g h e r l e v e l p r o g r a m s o f t h e s y s t e m , a n 
e x p e r t s y s t e m , f o r i d e n t i f y i n g t h e 
i n d i v i d u a l l i n e s e g m e n t s d e t e c t e d i n e a c h 
v i e w a n d c o n s t r u c t i n g a m o d e l o f t h e 
a r t e r i a l s y s t e m b y i n t e g r a t i n g i n f o r m a t i o n 
o b t a i n e d f r o m d i f f e r e n t v i e w s . 
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V i s u a l i n s p e c t i o n o f c o r o n a r y a r t e r i e s 
i n c i n e - a n g i o g r a m s , c i n e - f i l m r e c o r d s o f 
r a d i o g r a p h i c images o f b e a t i n g h e a r t s , has 
i n c r e a s e d i t s i m p o r t a n c e t o f i n d d i s e a s e d 
p o r t i o n s w i t h i n t h e a r t e r i e s and t o assess 
the s e v e r i t y o f t he c o r o n a r y d i s e a s e s . 
S e m i - a u t o m a t i c i n s p e c t i o n sys tems have 
been p roposed f o r q u a n t i t a t i v e a n a l y s i s 
[ 1 1 , bu t t hey need c a r e f u l m o n i t o r i n g a 
l a r g e number o f f rames in t h e r e c o r d s and 
t r a c i n g the d i s e a s e d p a r t s b y e x p e r t s . 
A l s o i t i s a v e r y d i f f i c u l t and 
t i m e - c o n s u m i n g t a s k f o r t he e x p e r t s t o 
l o c a l i z e t h e d e t e c t e d l e s i o n s i n the 
a r t e r i a l s t r u c t u r e , because t he r e c o r d s 
c o n s i s t o f sequences o f p r o j e c t i o n s o f t he 
m o v i n g , comp lex , t h r e e - d i m e n s i o n a l 
a r t e r i a l sys tem f rom d i f f e r e n t d i r e c t i o n s . 

We have s t u d i e d w i t h P r o f e s s o r A b e ' s 
g roup o f M e d i c a l School o f Osaka 
U n i v e r s i t y t o d e v e l o p a n i n t e l l i g e n t 
sys tem w h i c h c o u l d h e l p m e d i c a l d o c t o r s by 
f i n d i n g d i s e a s e d p o r t i o n s o f t h e a r t e r i e s 
i n t he c i n e - a n g i o g r a m s and l o c a t i n g them 
in a model o f t he a r t e r i a l s y s t e m . 

S ince the a r t e r i o g r a m s a r e much n o i s y , 
low c o n t r a s t e d , and t i m e - v a r y i n g images, 
t he f i n d i n g o f t he a r t e r y b ranches and 
t r a c k i n g o f t h e i r p r e c i s e b o u n d a r i e s a r e 
v e r y d i f f i c u l t image p r o c e s s i n g t a s k s . A n 

A k i t a and Kuga [ 3 ] have s t u d i e d an 
i n t e l l i g n e t sys tem wh i ch a n a l y z e s a n o t h e r 
t y p e o f images o f b l o o d v e s s e l s , c o l o r 
o c u l a r fundus images. T h e i r sys tem 
c l a s s i f i e s each segment o f t he b l o o d 
v e s s e l i n t o an a r t e r y or a v e i n by 
u t i l i z i n g knowledge on the shapes and 
p a t t e r n s a round c r o s s i n g p o i n t s o f two 
segments . Our sys tem needs much deeper 
u n d e r s t a n d i n g o f the s t r u c t u r e o f t he 
c o r o n a r y a r t e r i a l s y s t e m . The a r t e r i a l 
systems in the c i n e - a n g i o g r a m s show a wide 
v a r i e t y o f appearances because o f (1 ) 
i n t e r - i n d i v i d u a l v a r i e t i e s o f shapes and 
s t r u c t u r e s o f the a r t e r i e s , (2 ) t empora l 
changes i n each c a r d i a c c y c l e , and (3 ) 
s i g n i f i c a n t changes i n t h e i r shapps and 
s t r u c t u r e s by even a sma l l amount of 
change i n t h e d i r e c t i o n o f image 
p r o j e c t i o n . A number o f m e d i c a l s t u d i e s 
have a c c u l m u t a t e d knowledge on the 
a n a t o m i c a l s t r u c t u r e o f t he c o r o n a r y 
a r t e r i e s , t h e i r appearances i n the 
r a d i o g r a p h i c images t a k e n f rom d i f f e r e n t 
d i r e c t i o n s , and t e c h n i q u e s o f i n t e r p r e t i n g 
the images. Expe r t med i ca l d o c t o r s w i t h 
much e x p e r i e n c e on the i n s p e c t i o n n f t he 
a r t e r i o g r a m s can i d e n t i f y most o f a r t e r i a l 
b r a n c h e s , e s p e c i a l l y t hose i m p o r t a n t f o r 
d i a g n o s i s , b y c a r e f u l l y e x a m i n i n g the 
images and i n t e g r a t i n g i n f o r m a t i o n 
o b t a i n e d f rom m u l t i p l e v i e w s . T h e r e f o r e , 
we f o l l o w the knowledge e n g i n e e r i n g 
app roach [ 4 , 5 ] and d e s i g n an image 
u n d e r s t a n d i n g sys tem so as to e a s i l y 
t r a n s f e r t he e x p e r t i s e t o the k n o w l e d g e ­
base o f the sys tem and t e s t i t s e f f e c t i v e ­
ness and v a i l d i t y by e x p e r i m e n t s . 



a r t e r i e s w h i l e X - r a y opaque dye i s 
i n t e r m i t t e n t l y i n j e c t e d t h r o u g h a 
c a t h e t e r . The images a re taken f rom 
s e v e r a l d i r e c t i o n s such as LAO ( l e f t 
a n t e r i o r o b l i q u e p r o j e c t i o n ) o r RAO ( r i g h t 
a n t e r i o r o b l i q u e p r o j e c t i o n ) t o obse rve 
the t h r e e - d i m e n s i o n a l s t r u c t u r e o f t he 
a r t e r i e s . The d i s e a s e d p o r t i o n s , 
o b s t r u c t i n g l e s i o n s , a re d e t e c t e d a s 
i r r e g u l a r and na r row o r c o m p l e t e l y 
o c c l u d i n g p o r t i o n s i n the v e s s e l s . 

Ano the r d i f f i c u l t y i n a n a l y z i n g the 
a r t e r i o g r a m s i s t h a t we need to i n t e g r a t e 
i n f o r m a t i o n o b t a i n e d f rom v iews o f 
d i f f e r e n t d i r e c t i o n s , f o r examp le , LAO and 
RAO. T h i s paper d e a l s w i t h o n l y images o f 
LAO v i e w s , but even a sma l l amount of 

F l g . l D iagram o f r i g h t and l e f t c o r o n a r y 
a r t e r i e s a s v iews 1 n t h e l e f t a n t e r i o r 
o b l i q u e p r o j e c t i o n . The a b b r e v i a t i o n s o f 
b ranches o f t h e l e f t c o r o n a r y a r t e r y I n 
t h i s p i c t u r e a re a s f o l l o w s : 

LMCA=)ef t main c o r o n a r y a r t e r y 
LAD l e f t a n t e r i o r descend ing b ranch 
CX = c i r c u m f l e x 
D = d i a g o n a l b ranch 
S = s e p t a l b ranch 
OM =ob tuse m a r g i n a l b ranch 
PL - p o s t e r o l a t e r a l b ranch 
CB =conus b ranch 

change i n t h e d i r e c t i o n o f t h e p r o j e c t i o n 
somet imes causes s i g n i f i c a n t changes i n 
s t r u c t u r e * o f t he images, and t he sys tem 
needs to compare the i n t e r p r e t a t i o n s o f 
two v iews in o r d e r to o b t a i n a more 
r e l i a b l e i n t e r p r e t a t i o n . We s h o u l d a l s o 
n o t e t h a t t h e r e e x i s t t empora l changes o f 
t he a r t e r i o g r a m s in the shapes (and 
somet imes i n t h e s t r u c t u r e s o f images) i n 
each c a r d i a c c y c l e . 

UNDERSTANDING OF CORONARY ARTERIES 

An approach to a n a l y z e the images of 
such complex a r t e r i e s i s t o u t i l i z e a 
t h r e e - d i m e n s i o n a l model o f t he a r t e r i a l 
sys tem and i n t e r p r e t the images as 
p r o j e c t i o n s o f t he m o d e l . The me thod , 
however , needs a ve r y f l e x i b l e model to 
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cover t he w ide v a r i e t i e s o f t h e a r t e r i a l 
s y s t e m s . A l s o i t i s v e r y d i f f i c u l t t o map 
the image da ta to t he model because we 
dea l w i t h the images wh i ch were t a k e n f rom 
d i f f e r e n t d i r e c t i o n s by a camera in 
d i f f e r e n t t i m e c o u r s e s . 

I n s t e a d , we s t u d y a n o t h e r a p p r o a c h , t he 
u t i l i z a t i o n o f t h e e x p e r t Knowledge o n 
appearances o f t he a r t e r i e s i n each v i e w . 
The k n o w l e d g e , as most of t he e x p e r t 
knowledge o f o t h e r f i e l d s , i s no t 
d e f i n i t e l y d e f i n e d , t h e r e f o r e the sys tem 
must be f l e x i b l e in such a way t h a t we can 
e a s i l y t r a n s f e r t h e e x p e r t i s e t o the 
k n o w l e d g e - b a s e , t e s t i t s v a l i d i t y and 
e f f e c t i v e n e s s by a s e r i e s o f e x p e r i m e n t s , 
and m o d i f y i t . The p r o d u c t i o n sys tem w h i c h 
has been w i d e l y used i n t he c o n s u l t a t i o n 
systems i s a l s o s u i t a b l e f o r our p u r p o s e . 
We have c o n s t r u c t e d an image u n d e r s t a n d i n g 
sys tem w h i c h a c q u i r e s r u l e s f r o m ' e x p e r t s , 
a n a l y z e s i n p u t l i n e images d e t e c t e d i n t he 
a r t r i o g r a m s t o g e n e r a t e h y p o t h e s e s o n the 
i d e n t i f i c a t i o n o f t he i n p u t segmen ts , and 
r e p o r t s t he r e s u l t s . The e x p e r t i s e we use 
i n c l u d e b o t h t he h e u r i s t i c s f o r 
i d e n t i f y i n g each a r t e r i a l b r a n c h and 
p r o c e d u r e s f o r s e l e c t i n g s u i t a b l e . a r t e r i a l 
b r a n c h to be examined n e x t . 

SYSTEM DESIGN AND KNOWLEDGE REPRESENTATION 

As men t i oned i n the p r e v i o u s c h a p t e r , 
we have d e s i g n e d an image u n d e r s t a n d i n g 
sys tem f o r t he a n t e r i o g r a m s wh i ch i s 
c h a r a c t e r i z e d b y i t s f l e x i b i l i t y t o e a s i l y 
t r a n s f e r t he e x p e r t knowledge t o i t s 
know ledge -base and m o d i f y i t . We a l s o 
c o n s i d e r i t i s v e r y i m p o r t a n t t o p r o v i d e 
i t w i t h the c a p a b i l i t y o f 
i n f o r m a t i o n o b t a i n e d f rom 
s o u r c e s . The sys tem needs 
hypo theses o n t he a r t e r i a l 
deduced f rom each 
c o n s t r u c t a model of 

i n t e g r a t i n g 
multiple 

to compare 
s t r u c t u r e 

of mul t ip le v iews and 
the a r t e r i a l s y s t e m . 

U t i l i z a t i o n o f o t h e r i n f o r m a t i o n t han t he 
l i n e images w i l l b e a l s o u s e f u l t o augment 
the c a p a b i l i t y o f t he s y s t e m . The e x p e r t 
m e d i c a l d o c t o r s e f f e c t i v e l y use such 
i n f o r m a t i o n f o r s p e c i f i c d e c i s i o n m a k i n g . 
For examp le , the knowledge t h a t a n t e r i o u l y 
l o c a t e d v e s s e l s appear to move in a 
d i r e c t i o n o p p o s i t e t o the p o s t e r i o u s l y 
l o c a t e d a r t e r i e s i s used t o d i s c r i m i n a t e 
t h e a n t e r i o u s d e s c e n d i n g f rom t h e many 
v e n t r i c u l a r b ranches in a RAO v i e w , 
o t h e r w i s e the t ask i s ve ry d i f f i c u l t even 
f o r t he e x p e r t s [ 7 ] . We have been 
d e v e l o p i n g such image p r o c e s s i n g programs 
w h i c h a n a l y z e t empora l changes o f t he 
a r t e r i e s i n t h e i r l o c a t i o n s o r measure t h e 
v e l o c i t y o f b l o o d f l o w i n each b r a n c h i n 
the images, and p l a n to add these programs 
t o t he s y s t e m . T h e r e f o r e , the sys tem i s 
d e s i g n e d so as to accept i n f o r m a t i o n sent 
f rom v a r i o u s t ypes o f image p r o c e s s i n g 
p r o g r a m s . 

The main p a r t o f our e x p e r t sys tem is 
s c h e m a t i c a l l y shown i n F i g . 4 . I t c o n s i s t s 
of (1 ) INFERENCE ENGINE, (2 ) RULES, (3 ) 
BLACKBOARD, and (4 ) INTERACTIVE SYSTEM. 
An e x p e r t g i v e s the sys tem h i s o r her 
k n o w l e d g e , r u l e s r e p r e s e n t e d i n a s i m p l e 
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I. SYSTEM DESCRIPTION 

SYSTEM INPUT 

I n o r d e r t o C o n c e n t r a t e f u n d e r m e n t a l 
p rob lems o f u n d e r s t a n d i n g t h e s t r u c t u r e s 
o f t he v e s s e l sys tem i n t h e images , t h e 
sys tem a n a l y z e s t h e l i n e images o f t h e 
a r t e r i e s o b t a i n e d f rom the a r t e r i o g r a m s 
under a n a s s u m p t i o n t h a t a l l l i n e segments 
a r e f o u n d . Each l i n e segement i s 
r e p r e s e n t e d b y i t s s t a r t i n g p o i n t and 
t e r m i n a l p o i n t ( i n a 256 by 256 image 
a r r a y ) , t h e mean w i d t h o f t h e v e s s e l , and 
the c h a i n - c o d e d segment . F i g . 3 shows an 
example o f t he l i n e image o b t a i n e d f rom 
F i g . 2 ( a ) . We a l s o assume t h a t a user 
g i v e s t h e sys tem t h e d i r e c t i o n o f t h e 
image p r o j e c t i o n and p o i n t s ou t t h e l i n e 
segment c o r r e s p o n d i n g to t h e c a t h e t e r by 
u s i n g a c u r s o r on a c o l o r d i s p l a y . 



E n g l i s h - l i k e f o r m a t , t h r o u g h INTERACTIVE 
SYSTEM. INFERENCE ENGINE accesses RULES, 
c o l l e c t s n e c e s s a r y d a t a f rom the u s e r , 
a n a l y z e s the l i n e image d a t a on 
BLACKBOARD, and g e n e r a t e s hypo theses on 
the s t r u c t u r e o f the a r t e r y i n the g i v e n 
image. The r e s u l t s a re then shown on a 
c o l o r d i s p l a y . 

BLACKBOARD is a d a t a s t r u c t u r e f o r 
c o l l e c t i n g l i n e image d a t a o b t a i n e d f rom 
d i f f e r e n t v iews o f the c o r o n a r y a r t e r i e s 
and h y p o t h e s i s t r e e s g e n e r a t e d f o r the 
v i e w s , w h i c h a re t hen used to c o n s t r u c t a 
model o f t he a r t e r i a l sys tem. I t i s 
d e s i g n e d so as to accept image d a t a 
m a n i p u l a t e d by the image p r o c e s s i n g 
programs w h i c h w i l l b e added i n f u t u r e . 

The e x p e r t knowledge used in t h i s 
sys tem is a c o l l e c t i o n o f modular t ype 
p r o d u c t i o n r u l e s as used in MYCIN and 
o t h e r c o n s u l t a t i o n sys tems . I n most 
c a s e s , r u l e s f o r i d e n t i f y i n g each a r t e r i a l 
b r a n c h a r e i n d e p e n d e n t l y used f rom those 
f o r the o t h e r b ranches and , t h e r e f o r e , we 
o r g a n i z e t he r u l e s in a c o n t e x t t r e e shown 
i n F i g . 5 . 

The r u l e s a re c l a s s i f i e d i n t o t h r e e 
t y p e s : (1 ) c o n t r o l r u l e s t o s p e c i f y a r u l e 
o r a c o n t e x t o f r u l e s to be s e l e c t e d n e x t , 
(2 ) i d e n t i f i c a t i o n r u l e s t o g i v e 
c o n d i t i o n s f o r r e a s o n i n g whether a 
sequence of segments is a s p e c i f i e d 
a r t e r i a l b r a n c h , and (3 ) judgment r u l e s t o 
g i v e c o n d i t i o n s f o r j u d g i n g wh ich (o r 
w h i c h p a r t ) o f m u t u a l l y c o n t r a d i c t i n g 
hypo theses i s more p r o b a b l e . 

KNOWLEDGE FOR INTERPRETING ARTERIOGRAMS 

The e x p e r t s seem to have h e u r i s t i c s 
f o r i n t e r p r e t i n g the a r t e r i o g r a m s . They 
f i r s t s e a r c h the inpu t images f o r l a r g e 
b l o o d v e s s e l s wh i ch a re e a s i l y and 
r e l i a b l y d e t e c t a b l e . For examp le , t he 
l e f t a r t e r i o r descend ing c o r o n a r y a r t e r y 
(LAD) i s t h e v e s s e l w i t h the most c o n s t a n t 
o r i g i n , c o u r s e , and d i s t r i b u t i o n , and i t 
is used as a key p a t t e r n f o r the 
i n t e r p r e t a t i o n . I f LAD i s f o u n d , the 
e x p e r t s s e a r c h f o r the nex t l a r g e v e s s e l , 
f o r example CX ( c i r c u m f l e x ) , w h i c h 
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A t f i r s t , t he user i s asked t o p o i n t 
out the segment c o r r e s p o n d i n g to the 
c a t h e t e r b y a n i d e n t i f i c a t i o n r u l e 
accessed by a c o n t r o l r u l e . The c o n t e x t 
o f LAI) d e t e c t i o n i s accessed n e x t . I t 
c o n t a i n s the f o l l o w i n g t y p e o f 
i d e n t i f i c a t i o n r u l e s . 

RULE O i l 
IF THE CANDIDATE SATISFIES THAT 

(1) IT BRANCHES AT 70 - 100% OF THE 
CATHETER, AND 
(2) IT SATISFIES THE CONTINUITY 
CONDITIONS (AT BRANCHING POINTS), AND 
(3) ITS WIDTH VARIATION (AT BRANCHING 
POINTS) IS 70 - 140%, AND 
(4) ITS DIRECTION IS 80 - 100% OF THE 
LONGEST SEQUENCE, 

THEN 
(1) THE CANDIDATE IS DEFINITELY LAD 
C F * 1 . 0 ) , AND 

(2 ) ADD THE CANDIDATE AS LAD TO 
HYPOTHESIS. 

When t h i s r u l e i s a c c e s s e d , t he o r i g i n , 
c o n t i n u i t y , w i d t h , and d i r e c t i o n o f each 
c a n d i d a t e , a sequence of segments , a re 
exam ined , and a l l c a n d i d a t e s s a t i s f y i n g 
these c o n d i t i o n s a r e r e g i s t e r e d o n the 
h y p o t h e s i s t r e e w i t h the h i g h e s t c e r t a i n t y 
f a c t o r . The c o n t e x t c o n t a i n s a n o t h e r r u l e 
w h i c h f i n d s l e s s c o n f i d e n t c a n d i d a t e s f o r 
LAD. C a n d i d a t e s f o r CX a re a l s o examined 
by a c c e s s i n g the s i m i l a r r u l e s . MLCA 
(main l e f t c o r o n a r y a r t e r y ) i s a s h o r t 
b l o o d v e s s e l f rom wh i ch LAD and CX 
o r i g i n a t e , and i t i s not o b s e r v a b l e i n 
many LAO v i e w s . LMCA r u l e s examine 
whe the r t h e r e e x i s t a segment in each 
LAD's c a n d i d a t e between the end of t he 
c a t h e t e r and the p o i n t where t he CX's 
c a n d i d a t e o r i g i n a t e s . I f s o , t he segment 
i s added t o the h y p o t h e s i s t r e e . I f n o t , 
LMCA is an empty segment and is c o n s i d e r e d 
as the c r o s s p o i n t of LAD and CX. Now we 
w i l l show in more d e t a i l how the 
h y p o t h e s i s t r e e i s g e n e r a t e d . 

RULE 024 
IF THE CANDIDATE SATISFIES THAT 

(1 ) THE CANDIDATE BRANCHES AT 0% - 20% 
OF LAD, AND 
(2 ) THE CANDIDATE BRANCHES FROM LAD AT 
20 - 90 DEGREE, AND 



(1 ) THERE IS A STRONG EVIDENCE ( C F - 0 . 9 ) 
THAT THE CANDIDATE IS D IA , AND 
(2 ) ADD THE CANDIDATE AS DIA TO 

T h i s i s one o f r u l e s f o r f i n d i n g DIAs 
( d i a g o n a l b r a n c h e s ) w h i c h o r i g i n a t e f rom 
LAD. ( S i n c e a l a r g e DIA somet imes 
o r i g i n a t e s d i r e c t l y f rom LMCA, we a l s o 
implement r u l e s f o r such cases i n the 
k n o w l e d g e - b a s e . ) Suppose t h a t r u l e s f o r 
f i n d i n g t h r e e l a r g e v e s s e l s , LMCA, LAD, 
and CX, were accessed and s e v e r a l 
hypo theses on t he i d e n t i t i e s o f t h e s e 
v e s s e l s were a l r e a d y g e n e r a t e d on 
BLACKBOARD as shown in F i g . 6 w i t h s o l i d 
l i n e s . In t h i s examp le , CATH has been 
u n i q u e l y d e t e r m i n e d w i t h CF=1, and t h e r e 
a r e t h r e e hypo theses on LAD and LCX: (LAD1 
LCX1) (LAD1 LCX2) (LAD2 LCX2). When RULE 
024 i s a c c e s s e d , a l l p o s s i b l e c a n d i d a t e s 
f o r t he d i a g o n a l b ranches a r e found on 
BLACKBOARD and a re t r a n s f e r r e d to a s h o r t 
t e rm memory, t hen i n d i v i d u a l p r e m i s e 
c o n d i t i o n s a re e v a l u a t e d f o r each 
c a n d i d a t e . P r e d i c a t e s i n the r u l e s a r e 
LISP f u n c t i o n s w h i c h e v a l u a t e T or NIL by 
e v a l u a t i n g t h e s p e c i f i e d g e o m e t r i c a l 
a t t r i b u t e s . Some LISP f u n c t i o n s can 
access FORTRAN programs c a l c u l a t i n g 
complex shape p a r a m e t e r s o f w h i c h 
u t i l i z a t i o n c o n s i d e r a b l y save t he 
c o m p u t i n g t i m e . T h i s l i n k o f p r o d u c t i o n 
r u l e s w i t h FORTRAN programs w i l l be u s e f u l 
f o r augument ing our sys tem because t he 
p r o d u c t i o n sys tem can c o n t r o l image 
p r o c e s s i n g . s u b r o u t i n e packages . At 
p r e s e n t , t he sys tem has f u n c t i o n s 
e x a m i n i n g a t t r i b u t e s o n the o r i g i n , 
l e n g t h , d i r e c t i o n , w i d t h v a r i a t i o n , a n g l e , 
c u r v a t u r e , c o n t i n u i t y , and i ndex o f shape 
c o m p l e x i t y o f t he c a n d i d a t e o r t he v e s s e l s 
d e t e c t e d a l r e a d y . I f t he c a n d i d a t e 
s a t i s f i e s t he p r e m i s e , t he a c t i o n p a r t i s 
e x c u t e d and the r e s u l t i s added to the 
hypo theses on BLACKBOARD. The d o t t e d l i n e s 
of F i g . 6 shows the hypo theses on DIA 
g e n e r a t e d by the c o n t e x t c o n t a i n i n g RULE 
024 . Note t h a t t he sys tem u t i l i z e s 
knowledge on t he maximum number of each 
a r t e r i a l b r a n c h such t h a t LCX and LAD a re 
s i n g l e v e s s e l bu t DIA a r e somet imes more 
t h a n two b r a n c h e s . 

F1g.7 Hypotheses w i t h t h e maximum 
c e r t a i n t y f a c t o r s g e n e r a t e d f o r Images 
t a k e n f r om d i f f e r e n t d i r e c t i o n s . 

The r u l e s f o r a l l b ranches i n the 
c o n t e x t o f LAO v iew a re a p p l i e d to the 
i n p u t image, and the h y p o t h e s i s t r e e i s 
comp le ted f o r t h a t v i e w . The h y p o t h e s i s 
h a v i n g the h i g h e s t c e r t a i n t y f a c t o r i s 
d i s p l a y e d o n the c o l o r d i s p l a y . 

I f the i n p u t a n t e r i o g r a m s c o n t a i n 
a n o t h e r LAO v iew o f wh i ch d i r e c t i o n , i s 
d i f f e r e n t by a sma l l a n g l e , then a n o t h e r 
h y p o t h e s i s t r e e is g e n e r a t e d bv the same 
p r o c e d u r e . Then t he judgment r u l e s a r e 
a p p l i e d to the t r e e s and the most 
r e a s o n a b l e h y p o t h e s i s i s s e l e c t e d . The 
d e t a i l e d p r o c e s s w i l l b e e x p l a i n e d i n the 
nex t c h a p t e r u s i n g an examp le . 

4. EXPERIMENTAL RESULTS 

We have imp lemented the sys tem w r i t t e n 
in FLISP (a m o d i f i e d v e r s i o n o f INTERLISPf 
and FORTRAN on a m i n i c o m p u t e r HP2108A. 
About 50 r u l e s a r e c u r r e n t l y used f o r 
i d e n t i f y i n g the b ranches o f l e f t c o r o n a r y 
a r t e r i e s in LAO v i e w s . 

The a n a l y s i s o f t he l i n e image w i t h 12 
segments o b t a i n e d f rom an i n p u t image 
shown in F i g . 2 (b ) (a 60 deg ree LAO v i e w ) 
y i e l d s 6 h y p o t h e s e s , and the i n t e r p r e -
t a t i o n w i t h the h i g h e s t c e r t a i n t y f a c t o r 
i s shown i n F i g . 7 ( a ) . The s h o r t l i n e 
segment w i t h o u t any l a b e l i s not g i v e n any 
i d e n t i t y , s i n c e the know ledge -base does 
not c o n t a i n r u l e s f o r such sma l l b r a n c h e s . 
Most o f t he i d e n t i t i e s o f t he segments a re 
i d e n t i c a l to t hose by an e x p e r t and a r e 
c o n s i d e r e d a s t r u e . The b ranch i d e n t i f i e d 
a s t h e t h i r d d i a g o n a l b r a n c h , however , i s 
j udged as a s e p t a l b ranch by the e x p e r t 
who examined o t h e r images t a k e n f rom 
d i f f e r e n t - d i r e c t i o n s . 

The c i n e - a n g i o g r a m o f t h i s s u b j e c t 
c o n t a i n s images t a k e n f rom a d i r e c t i o n 
d i f f e r e n t by a sma l l a n g l e ; 55 deg ree LAO 
v i e w s . The sys tem a n a l y z e s the l i n e image 
o b t a i n e d f rom one of them, and g e n e r a t e s 
a n o t h e r h y p o t h e s i s t r e e . The most 
c o n f i d e n t h y p o t h e s i s i s shown i n F i g . 7 
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( b ) . The judgment r u l e s a re then a p p l i e d 
t o f i n d c o r r e s p o n d e n c e s between t he two 
i n t e r p r e t a t i o n s shown i n F i g . 7 . S t a r t i n g 
w i t h t h e most r e l i a b l e v e s s e l s (LAD i n 
t h i s c a s e ) , t h e c o r r e s p o n d e n c e o f t he 
o t h e r a r t e r i a l b ranches a re examined . I f 
t he b ranches o r i g i n a t e f rom the same 
v e s s e l in t he two v iews a re not same, 
t h e i r c e r t a i n t y f a c t o r s a re r e - e x a m i n e d . 
I n t h i s c a s e , the t h i r d b ranch f rom LAD i s 
a s s i g n e d two d i f f e r e n t mean ings ; a 
d i a g o n a l and a s e p t a l b r a n c h . The sys tem 
e v a l u a t e s t he c e r t a i n t y f a c t o r s o f b o t h 
hypo theses on the i d e n t i t y o f the b r a n c h 
f o r the two images. ( b ) . We have 
C F [ D I A , 6 0 * L A 0 ] = 0 . 6 , CF[SEP , 6 0 ° L A 0 ] = 0 . 3 
C F [ D I A , 5 5 ° L A 0 ] = 0 , and C F [ S E P , F 1 g . 4 ( b ) ] 
= 0 . 5 . A l s o the sys tem sea rches the 
k n o w l e d g e - b a s e f o r d e s c r i p t i o n s o n the 
b ranches of LAD and f i n d s the knowledge 
t h a t i f LAD has more than two b r a n c h e s , 
t h e r e i s s u g g e s t i v e e v i d e n c e (CF=0.7) t h a t 
LAD has the f i r s t DIA and the f i r s t SEP 
and the o t h e r . S ince the two o t h e r 
b ranches a re i d e n t i f i e d as DIA, then the 
r u l e g i v e s C F [ D I A ] = - 0 . 7 and C F [ S E P ] = 0 . 7 . 
By u s i n g the method f o r the i n e x a c t 
r e a s o n i n g [ 5 ] , the sys tem c o n c l u d e s t h a t 
t he t h i r d b ranch i s the f i r s t s e p t a l , and 
t h i s i n t e r p r e t a t i o n i s i d e n t i c a l t o t h a t 
by the e x p e r t . 

We have t e s t e d t h e p e r f o r m a n c e of t h e 
sys tem f o r a se t of i n p u t images. The 
hypo theses w i t h t he h i g h e s t c e r t a i n t y 
f a c t o r o b t a i n e d f rom sample i n p u t images 
a re shown i n F i g . 8 . The sys tem c o r r e c t l y 
i d e n t i f i e s t he ma jo r b r a n c h e s . I he 
c o m p u t i n g t i m e f o r t he i n t e r p r e t a t i o n o f 
one image ranges f rom 6 m i n u t e s to 20 
m i n u t e s depend ing on the number of 
segemnts and the c o m p l e x i t y o f t he 
s t r u c t u r e Our e x p e r i e n c e s i n d i c a t e t h a t 
t h e u t i l i z a t i o n o f t he l a r g e computer such 
as FACOM M100 w i l l s h o r t e n t he c o m p u t i n g 
t i m e by a f a c t o r of 1 /100 . 

5. DISCUSSIONS 

The image u n d e r s t a n d i n g sys tem f o r t he 
a n t e r i o g r a m s c u r r e n t l y i n t e r p r e t s the l i n e 
images of t he l e f t c o r o n a r y a r t e r y o f a 60 
deg ree LAO v i e w . A l s o i t can i n t e g r a t e the 
hypo theses g e n e r a t e d f o r the images t a k e n 

f rom a s l i g h t l y d i f f e r e n t d i r e c t i o n and 
o b t a i n a more r e l i a b l e model o f the 
a r t e r y . Because o f the m o d u l a r i t y o f t he 
k n o w l e d g e , i t seems us easy to cons ruc t 
t he know ledge -base on o t h e r v iews o f the 
l e f t c o r o n a r y a r t e r y and RAO and LAO v iews 
o f t he r i g h t co ronay a r t e r y . The 
i n t e g r a t i o n o f hypo theses o b t a i n e d f rom 
RAO and LAO v iews is more d i f f i c u l t and 
needs f u r t h e r r e s e a r c h . The i n t e g r a t i o n 
o f o t h e r sou rce o f i n f o r m a t i o n such as 
t e m p o r a l i n f o r m a t i o n i s a l s o i m p o r t a n t . 

A l t h o u g h we use the r u l e s on t h e 
s t r u c t u r e o f t he a r t e r y o f h e a l t h y 
s u b j e c t s , t he sys tem can i n t e r p r e t t he 
images c o n t a i n i n g d i s e a s e d l e s i o n s i f t hey 
appear as na r row p o r t i o n s o f the segments . 
We c o n s i d e r t he m o d i f i c a t i o n o f the r u l e s 
s o a s t o f i n d c o m p l e t l y o c c l u d e d p o r t i o n s 
wou ld be easy i f t h e i n v i s i b l e segments o f 
t he v e s s e l s a re s h o r t . However, t h e r e 
e x s i t images i n wh i ch t o t a l l a c k o f 
v i s i b l e p a r t s beyond the d i s e a s e d l e s i o n s 
i s o b s e r v e d , and f u t u r e r e s e a r c h i s needed 
t o i n t e r p r e t t h e s e images. 

We assume t h a t the n o i s e f r e e l i n e 
image is e x t r a c t e d f rom the raw image 
d a t a , bu t i t i s ve r y d i f f i c u l t t o f i n d 
sma l l a r t e r i a l b ranches i n the 
c i n e - a n g i o g r a m s . The know ledge -based l i n e 
f i n d e r [ 7 ] c o n t r o l l e d b y t h e p r o d u c t i o n 
sys tem w i l l b e u s e f u l f o r a u t o m a t i c 
i n s p e c t i o n o f t he c i n e - a n g i o g r a m s . 
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