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ABSTRACT 

T h i s pape r p r e s e n t s a n o v e r v i e w o f a n a l g o ­
r i t h m f o r r i b d e t e c t i o n i n c h e s t x - r a y s . The g o a l 
o f t h e a l g o r i t h m i s t o r e t u r n t h e l o c a t i o n o f t h e 
b o r d e r s o f t h e r i b s t o a s c r e e n i n g sys tem t o e n ­
a b l e i n t e r c o s t a l spaces t o b e e x t r a c t e d and 
a n a l y s e d . 

The d e t e c t i o n o f o b j e c t s i n p i c t u r e s can u s u ­
a l l y b e s e p a r a t e d i n t o two s t e p s : image e n h a n c e ­
ment and f e a t u r e e x t r a c t i o n . The amount o f compu­
t a t i o n r e q u i r e d b y o u r a l g o r i t h m i s m i n i m i z e d b y 
p r o c e s s i n g o n l y t h a t i n f o r m a t i o n w h i c h i s r e q u i r e d 
t o a c h i e v e t h e g o a l o f t h e a l g o r i t h m , and b y u s i n g 
knowledge o f t h e s t r u c t u r e o f t h e r i b cage t o 

?u i d e t h e e x t r a c t i o n o f t h e r i b b o r d e r s . I n p a r -
i c u l a r , s i g n i f i c a n t r e d u c t i o n i n c o m p u t a t i o n i s 

a c h i e v e d b y a v o i d i n g t h e enhancement o f t h e e n t i r e 
p i c t u r e . I n a d d i t i o n , n o t a l l p o i n t s i n t h e image 
need b e c o n s i d e r e d a s p o s s i b l e r i b b o r d e r p o i n t s , 
n o r d o a l l p o i n t s o n each r i b b o r d e r need b e 
d e t e c t e d . 

T h e r i b b o r d e r s a r e r e t u r n e d t o t h e s c r e e n i n g 
sys tem as second d e g r e e p o l y n o m i a l s . R e s u l t s o r 
t e s t i n g t h e a l g o r i t h m f o r a s e t o f c h e s t r a d i o ­
g r a p h s a r e i l l u s t r a t e d b y s u p e r i m p o s i n g t h e 
d e t e c t e d r i b b o r d e r s o n t o t h e X - r a y i m a g e s . 

1-1 P r e v i o u s Work 

The e x i s t i n g a l g o r i t h m s f o r a u t o m a t i c r i b 
d e t e c t i o n b y T o r i w a k i ( T o r - 7 3 A ) . Wechs le r 
(Wec-75A, Wec-75B) and Persoon ( P e r - 7 5 ) have a l l 
t a k e n t h e a p p r o a c h o f f i r s t p r e p r o c e s s i n g t h e e n -

- t i r e image b y g l o b a l o p e r a t i o n s t o enhance i t and 
t h e n f i n d i n g a l l t h e p o i n t s o n each r i b b o r d e r . 

I f t h e s e a l g o r i t h m s a r e c o n s i d e r e d c a r e f u l l y , 
i t becomes a p p a r e n t t h a t much o f t h e c o m p u t a t i o n 
done b y t h e s e t h r e e methods i s n o t n e c e s s a r y . I n 
a l l t h r e e a l g o r i t h m s , e v e r y p o i n t o n each r i b 
b o r d e r i s , a t s o m e t i m e , l o c a t e d . A s each b o r d e r 
i s r e p r e s e n t e d by a low o r d e r p o l y n o m i a l , o n l y a 
s m a l l number o f p o i n t s need be l o c a t e d on each 
c u r v e . F u r t h e r m o r e , p e r f o r m i n g a n o p e r a t i o n o n 
t h e who le p i c t u r e o r c o n s i d e r i n g a l l p o i n t s a s 
e q u a l c a n d i d a t e s f o r r i b b o r d e r s i s b o t h u n n e c e s ­
s a r y and e x p e n s i v e . 

2 - 1 O v e r v i e w o f t h e A l g o r i t h m 

D e t e c t i o n o f t h e r i b b o r d e r s p r o c e d e s 
s e p a r a t e l y f o r each l u n g . T h e i n i t i a l s t e p l o ­
c a t e s t h e l o w e r b o r d e r o f two a d j a c e n t r i b s i n t h e 
uppe r m i d d l e p o r t i o n o f t h e l u n g f i e l d ; t h e a v e r ­
age w i d t h o f one o f t h e s e s t a r t i n g r i b s i s a l s o 
c a l c u l a t e d . The n e x t s t e p s e l e c t s v e r t i c a l s l i c e s 
t h r o u g h t h e l u n g f i e l d , enchances t h e m , and 
d e t e c t s r i b b o r d e r p o i n t s . The l o c a t i o n o f t h e 
two s t a r t i n g r i b s and t h e a v e r a g e r i b w i d t h i s 
used t o g u i d e t h e s e a r c h o n each s l i c e f o r t h e 
r e m a i n i n g r i b s . When b o r d e r p o i n t s have been 
d e t e c t e d o n a l l s l i c e s , t h e y a r e l i n k e d t o g e t h e r 
t o f o r m a s e t o f p o i n t s f o r each r i b b o r d e r . F i ­
n a l l y , second d e g r e e p o l y n o m i a l s a r e f i t t e d t o 
each b o r d e r . 

2 - 2 D e t e c t i n , o f t h e . S t a r t i n g R i b s , 

I n o r d e r t o d e t e r m i n e c a n d i d a t e a r e a s f o r t h e 

T h i s work has been supported by Medicrch 
C o u n c i l o f Canada g r a n t MA5614. and b y N a t i o n a l 
Research C o u n c i l o f Canada g r a n t A9279. 

d e t e c t i o n o f a l l t h e r i b b o r d e r s o n each s l i c e , 
two q u a n t i t i e s a r e r e q u i r e d : 1 ) t h e d i s t a n c e 
between two a d j a c e n t r i b s and 2 ) t h e ave rage w i d t h 
Q f one o f t h e s e r i b s . 

A n e x t e n s i v e s e a r c h f o r t h e s t a r t i n g r i b s i s 
n e c e s s a r y because 1 ) t h e s t a r t i n g r i b s must be a c ­
c u r a t e l y f ound i n o r d e r t o p r o v i d e i n f o r m a t i o n f o r 
t h e s e l e c t i o n o f c a n d i d a t e a r e a s f o r t h e r e m a i n i n g 
r i b s , and 2 ) t h e r e i s n o p r i o r knowledge abou t 
t h e i r e x p e c t e d p o s i t i o n s o r w i d t h t o g u i d e t h e 
s e a r c h . T h e d e t e c t i o n o f t h e s t a r t i n g r i b s 
p roceeds i n t h e f o l l o w i n g 5 s t e p s : 

i ) The Area o f Sea rch I s S e l e c t e d 

A s e c t i o n o f t h e image i s chosen w h i c h l i e s 
midway i n t h e l u n g f i e l d between t h e b o t t o m and 
t h e t o p o f t h e l u n g . T h e s e c t i o n i s 128 co lumns 
w i d e and 64 rows h i g h ( t h e o r i g i n a l image i s 
2 5 6 x 2 5 6 ) : t h i s c o v e r s a n a rea o f t h e image " f r o m 
t h e m e d i a s t i n u m t o t h e o u t s i d e o f t h e t h o r a x and 
i s l a r g e enough t o i n c l u d e a t l e a s t two c o m p l e t e 
r i b i m a g e s . 

i i ) The S e l e c t e d Area I s P r e - p r o c e s s e d 

T h e s e l e c t e d r e g i o n i s p r e - p r o c e s s e d u s i n g 
h y s t e r e s i s s m o o t h i n g - ( D u d - 7 4 ) . T h e s m o o t h i n g w i n ­
dow h e i g h t i s chosen d y n a m i c a l l y v i a a n a n a l y s i s 
o f a g r e y l e v e l d i s t a n c e h i s t o g r a m . 

i i i ) D e t e c t i o n o f P o s s i b l e R ib B o r d e r s 

A f u n c i o n , MRIB, i s a p p l i e d t o each o f t h e 
smoothed c o l u m n s . MRIB measures t h e amount a 
g i v e n i n t e r v a l o n a s l i c e c o r r e s p o n d s t o a r i b i m ­
a g e , b y c o m p a r i n g t h e a v e r a g e g r e y l e v e l w i t h i n a n 
i n t e r v a l w i t h t h a t o u t s i d e t h e i n t e r v a l . MRIB i s 
a p p l i e d u s i n g a r ange o f p o t e n t i a l s t a r t i n g p o i n t s 
and r i b w i d t h s . E s s e n t i a l l y MRIB behaves l i k e a 
c o r r e l a t i o n f u n c t i o n . 

iv.) L i n k i n g Two Se ts of B o r d e r P o i n t s 

T h e number o f p o s s i b l e b o r d e r p o i n t s o c c u r ­
r i n g a t each o f t h e 6 4 rows o f t h e s e c t i o n i s c a l ­
c u l a t e d , Two o f t h e r o w s , R1 and R2, a r e s e l e c t e d 
a s t h e rows c o n t a i n i n g t h e l a r g e s t number o f p o s ­
s i b l e b o r d e r p o i n t s p r o v i d e d t h a t t h e s e rows a r e 
be tween 10 and 30 rows a p a r t . R1 and R2 a re a s ­
sumed t o o c c u r a t t h e peaks i n t h e c u r v e s o f two 
a d j a c e n t r i b s . 

Two s e t s o f p o i n t s a r e fo rmed a s t h e l o w e r 
b o r d e r p o i n t s o f t h e two r i b s . The f i r s t p o i n t s 
e n t e r e d i n each s e t s a r e t h o s e p o s s i b l e b o r d e r 
p o i n t s i n smoothed co lumns w h i c h a r e c l o s e s t t o R 1 
and R2, r e s p e c t i v e l y , T h e r e m a i n i n g p o i n t s i n t h e 
s e t s a r e s e l e c t e d f r o m t h e p o s s i b l e b o r d e r p o i n t s 
i n co lumns t h a t a r e c l o s e s t t o t h e p r e v i o u s l y 
s e l e c t e d p o i n t s . 

v) C a l c u l a t i o n of t t ig. Average R ib W i d t h 

The s e t o f most l i k e l y w i d t h s o f r i b s i s 
a v e r a g e d t o o b t a i n t h e w i d t h o f one o f t h e s t a r t ­
i n g r i b s . 

2rl D e t e c t i o n o f O t h e r R ibs 

The o t h e r r i b s a r e d e t e c t e d b y s e a r c h i n g 
above o r be low a l r e a d y known r i b b o r d e r s i n a n 
a r e a i n w h i c h t h e n e x t r i b i s e x p e c t e d t o b e l o ­
c a t e d . R e l a t i o n s h i p s between i n t e r - r i b s p a c i n g s 
have been d e m o n s t r a t e d by Persoon ( P e r - 7 5 ) , and 
v e r i f i e d b y u s . The r i b b o r d e r p o i n t s a r e f o u n d 
o n a number o f v e r t i c a l s l i c e s t h r o u g h t h e l u n g 
f i e l d s . The s l i c e s a r e spaced s e v e r a l co lumns 
a p a r t a s n o t a l l p o i n t s o n t h e r i b b o r d e r a r e 
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necessary. 
3-1 Experiments 

Our r i b de tec t i on a lgo r i t hm has been used to 
detec t r i b s in severa l chest rad iographs. These 
X-rays show a v a r i e t y of q u a l i t i e s , both in 
disease s t a te and in f i l m q u a l i t y , To i l l u s t r a t e 
the r e s u l t s of the a l g o r i t h m , the detected borders 
have been superimposed onto the image. Figures 
1a-1c show each rad iograph ; Figures 2a-2c show the 
same x- ray w i t h the r i b borders superimposed. 

As can be seen in the i l l u s t r a t i o n s , the a l ­
gor i thm i s f a i r l y successfu l f o r good q u a l i t y 
f i l m s ; usua l l y 7 pa i r s o f r i b s are de tec ted . 
Fa i l u re to detec t a r i b has f i v e main causes: 

1) The c l a v i c l e . Because the image of the 
c l a v i c l e i s s i m i l a r i n nature to the r i b images 
and crosses the r i b s at the top of the l ung , r i b 
border po in ts are sometimes chosen which are a c t u ­
a l l y borders o f the c l a v i c l e . Th is occurs more 
f r equen t l y in images w i th very dark lung f i e l d s , 
such as in the image shown in Figure 1-c, where 
the c l a v i c l e is more v i s i b l e than the r i b s . 

2) The diaphragm area. I f the bottom r i b is 
c lose to the diaphragm, or the diaphragm does not 
have a sharp border (Figure 1-c), po in ts may be 
detected in the diaphragm instead of at the r i b s 
or the po in ts may be missed. In a d d i t i o n , if 
breast t i ssue is present in the X-ray then po in ts 
may be detected in tha t t i ssue near the outs ide of 
the thorax ra ther than on the r i b below. 

3) The hear t border. The ac tua l edges of the 
heart may be s u f f i c i e n t l y lower in gray l e v e l than 
the est imated whi te value to a l low some border 
po in ts of the hear t to be detected as r i b borders , 
These po in ts usua l l y l i e c lose enough to the a c t u ­
al r i b s to be included as border po in ts but f a r 
enough away to make the curves represent ing the 
r i b s i naccu ra te . 

4) Dark areas. If some of the r ibs are not 
distinguishable in very dark lung f i e lds , then 
several border points may be missing from those 
r ibs . If there are large gaps in the r ibs then 
the sets of border points may be incorrect ly 
linked and the resul t ing curves may be inaccurate 
or unacceptable, This is the cause of missing r ib 
borders in Figures 1-b and 1-c. 

5) Disease. If disease obscures the r ibs 
then border points may be missing or inaccurate, 
The algorithm is able to overcome tumours which do 
not completely obscure the r ibs but performs poor­
ly when a large amount of disease is present as in 
Figure 1-c. In such cases the r ibs are not v i s i ­
ble anyway and the X-ray should be considered as 
abnormal. 
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Th is s h o r t no te desc r i bes resea rch 
i n t o the a p p l i c a t i o n o f A I t echn iques t o 
the a n a l y s i s o f c i n e c a r d i o a n g i o g r a m s . 
These are X - ray f i l m s o f the h e a r t taken 
w h i l e a rad iopaque dye i s i n j e c t e d i n t o 
the h e a r t c a v i t y . The f i l m shows the 
o p a c i f i e d b l ood i n s i d e the l e f t v e n t r i c l e , 
thus o u t l i n i n g the i n s i d e w a l l o f the 
c a v i t y . The prob lem is to b u i l d a know­
ledge base wh ich can gu ide the a n a l y s i s of 
the mot ion o f the w a l l s i n these f i l m s , 
de termine the v a r i o u s parameters which 
p h y s i c i a n s use in t h e i r d iagnoses and 
recogn ize a b n o r m a l i t i e s o f h e a r t w a l l 
m o t i o n . 

Th is resea rch i s be ing done in 
c o n j u n c t i o n w i t h the C a r d i o v a s c u l a r U n i t 
a t To ron to General H o s p i t a l . The r o l e o f 
the med ica l expe r t s i s to p r o v i d e the 
knowledge necessary f o r c o n s t r u c t i o n o f 
the knowledge base and, to e v a l u a t e the 
per formance of the system we p roduce . 

Another aspect o f the p r o j e c t i s 
to develop f r o n t and back ends to the 
knowledge based system. The f r o n t end 
c o n s i s t s o f a d i g i t i z e r f o r the f i l m s , and 
a p i c t u r e p r o c e s s i n g module wh ich can 
accept guidance f rom the h i g h e r l e v e l s o f 
the system. The back end i n c l u d e s d i s ­
p l ays f o r the i n f o r m a t i o n de te rmined 
(graphs and movies of what the system 
recogn i z e s ) . 

Now t h a t the o v e r a l l scope of the 
p r o j e c t has been o u t l i n e d , l e t us l ook a 
l i t t l e more c l o s e l y a t the knowledge-based 
unde rs tand ing p a r t . The genera l methodo­
logy is based on work by Bad le r [ 1 ] and 
Tsotsos [ 2 1 . The low l e v e l p a r t has the 
f o l l o w i n g f e a t u r e s : i ) i t implements a 
bas ic independent a l g o r i t h m f o r d e t e r m i n ­
i n g the h e a r t w a l l bo rde r (Freuder [ 3 ] has 
a s i m i l a r l y b u i l t low l e v e l ) ; i i ) i t can 
accept adv ice f rom the h i g h e r l e v e l s o f 
the system on where to l ook f o r a bo rde r 
( t h i s i s u s e f u l f o r f o l l o w i n g around the 
border once i t s mo t ion c h a r a c t e r i s t i c s 
have been r o u g h l y d e t e r m i n e d ) ; i i i ) i t 
asks the h i g h l e v e l s f o r v e r i f i c a t i o n as 
to whether a p a r t i c u l a r s e c t i o n o f p ropo­
sed bo rde r r e a l l y does be long to the 
b o r d e r ; i v ) when i t t h i n k s i t i s l o s t , i t 
asks the h i g h e r l e v e l s f o r r e - o r i e n t a t i o n ; 
v ) i t can communicate w i t h the h i g h e r 
l e v e l s o f the system w h i l e r u n n i n g i n 
p a r a l l e l w i t h and i ndependen t l y o f the 
remainder o f the sys tem. A system w i t h 

The remainder of the system simu­
l a t e s the mot ion o f the l e f t v e n t r i c l e 
u s i n g a 3-D t h i c k - w a l l e d pa t ch model , and 
uses t h i s model to guide the low l e v e l . 
Each p a t c h is an i n s t a n t i a t i o n of one of 
s e v e r a l h e a r t muscle frames (Minsky 1 5 ] ) . 
Such a frame d e f i n e s the p r o p e r t i e s of the 
pa t ch d u r i n g a h e a r t c y c l e : shape and 
s i z e changes (note t h a t the c o n s t r u c t s f o r 
the r e p r e s e n t a t i o n o f these concepts were 
no t hand led by Bad le r [1 ] and Tsotsos [ 2 ] ) ; 
v e l o c i t y and t r a j e c t o r y i n f o r m a t i o n ; normal 
and abnormal mot ions w i t h t o l e r a n c e s . 
Such i n f o r m a t i o n is c l e a r l y dependent on 
the a c t u a l h e a r t v iewed and on the pa tch 
l o c a t i o n w i t h i n the w a l l . I t i s hoped 
t h a t such i n f o r m a t i o n can be d e r i v e d from 
the model us i ng the f a c t t h a t the c o n t r a c ­
t i o n of muscle f i b e r generates a f o r c e -
but the knowledge of medica l researchers 
on t h i s is very l i m i t e d and thus t h i s may 
be hop ing f o r a b i t too much. 

Using t h i s 3-D model the l o c a t i o n 
o f the bo rder is p r e d i c t e d , image by image, 
by s imp ly us ing the ang le of the X- rays 
(which i s known) i n c i d e n t o f the h e a r t 
and t a k i n g a p r o j e c t i o n on t h i s p l a n e . 
Th is i n f o r m a t i o n i s then used to guide the 
low l e v e l . The low l e v e l r e t u r n s the 
a c t u a l bo rde rs found and the model is 
p e r t u r b e d t o f i t t h i s d a t a . Du r i ng t h i s 
p r o c e s s , v a r i o u s p a r t s o f the pa tch frame 
(sub- f rames) are a c t i v a t e d to account f o r 
abnormal o r u n e x p l i c a b l e m o t i o n . 
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