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X-ray  diagnostic  apparatus  for  eliminating  scattered  x-ray  components. 
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©  In  an  X-ray  diagnostic  apparatus  (1  00),  it  is  very  desirable  to 
mittigate  the  adverse  effect  of  the  scattered  X-ray  components. 
When  the  X-ray  shield  member  (50)  is  positioned  in  the  X-ray 
projection  area  (38)  during  the  first  X-ray  projection  period,  the 
first  X-ray  transmission  image  data  is  obtained.  From  this  X-ray 
transmission  image  data,  the  scattered  X-ray  component  data  is 
calculated  in  the  interpolation  method  of  a  SINC  function.  When 
the  X-ray  shield  member  (50)  is  removed  from  the  X-ray  projec- 
tion  area  (38)  during  the  second  X-ray  projection  period,  the 
second  X-ray  transmission  image  data  is  obtained  that  includes 
not  only  the  primary  X-ray  components  (lp(x,  y)  but  also  the 
scattered  X-ray  components  (lsc(x,  y).  The  desirable  X-ray 
transmission  image  data  is  obtained  by  subtracting  the  first  image 
data  from  the  second  image  data. 
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  In  an  X-ray  diagnostic  apparatus  (100),  it  is  very  desirable  to 
mittigate  the  adverse  effect  of  the  scattered  X-ray  components. 
When  the  X-ray  shield  member  (50)  is  positioned  in  the  X-ray 
projection  area  (38)  during  the  first  X-ray  projection  period,  the 
first  X-ray  transmission  image  data  is  obtained.  From  this  X-ray 
transmission  image  data,  the  scattered  X-ray  component  data  is 
calculated  in  the  interpolation  method  of  a  SINC  function.  When 
the  X-ray  shield  member  (50)  is  removed  from the  X-ray  projec- 
tion  area  (38)  during  the  second  X-ray  projection  period,  the 
second  X-ray  transmission  image  data  is  obtained  that  includes 
not  only  the  primary  X-ray  components  (lp(x,  y)  but  also  the 
scattered  X-ray  components  (Isc(x,  y).  The  desirable  X-ray 
transmission  image  data  is  obtained  by  subtracting  the  first  image 
data  from  the  second  image  data. 



This  i n v e n t i o n   g e n e r a l l y   r e l a t e s   to  an  X - r a y  
d i a g n o s t i c   a p p a r a t u s   in  which  a  t r a n s m i t t e d   X-ray  i m a g e  
of  an  o b j e c t ' u n d e r   e x a m i n a t i o n ,   e . g . ,   a  p a t i e n t ,   i s  
a v a i l a b l e   for  d i a g n o s t i c   p u r p o s e s ,   and  more  p a r t i c u l a r l y ,  
to  an  X-ray  d i a g n o s t i c   a p p a r a t u s   by  which  v i s i b l e   X - r a y  
images  of  the  o b j e c t   can  be  o b t a i n e d ,   based   only   u p o n  
p r i m a r y   X - r a y s ,   w i t h o u t   any  a d v e r s e   i n f l u e n c e s   caused   by 
the  s c a t t e r e d   X - r a y s .  

G e n e r a l l y ,   in  the  X-ray  d i a g n o s t i c   a p p a r a t u s   s e t  
f o r t h   in  the  p r e a m b l e ,   X-rays   i n c i d e n t   on  an  X - r a y  
d e t e c t o r   t h r o u g h   the  o b j e c t   under  e x a m i n a t i o n   s u c h  

as  a  p a t i e n t   c o n t a i n   not  only   p r i m a r y   X-rays   but  a l s o  

X-rays   which  have  been  s c a t t e r e d   by  the  o b j e c t .   The 

s c a t t e r e d   X-rays   c o n s t i t u t e   one  of  the  major   c a u s e s  
of  d e t e r i o r a t e d   c o n t r a s t   and  r e s o l u t i o n   in  t h e  
t r a n s m i t t e d   X-ray  image.   This  makes  it   n e c e s s a r y   t o  
e l i m i n a t e   the  s c a t t e r e d   X-ray  componen t s   from  t h e  

t r a n s m i t t e d   X-ray  image  da t a   as  p r o v i d e d   by  the  X - r a y  
d e t e c t o r .  

One  of  the  a p p r o a c h e s   to  e l i m i n a t e   the  s c a t t e r e d  

X-ray  components   is  to  use  a  s o - c a l l e d   "Buckey  B l a d e "  

or  an  e l i m i n a t i o n   g r i d   for  the  s c a t t e r e d   X - r a y s  
( r e f e r r e d   to  as  a  " g r i d " ) .   This  a p p r o a c h   newly  i n v o l v e s  

a  p roblem  in  t h a t   t h e r e   is  a  l i m i t   in  the  s c a t t e r e d  

X-ray  e l i m i n a t i o n ,   b e c a u s e   the  g r i d   per  se  p r o d u c e s   t h e  



s c a t t e r e d   X- rays   i n c i d e n t   t h e r e u p o n .  
The  e l i m i n a t i o n   of  the  s c a t t e r e d   X- rays   is  v e r y  

s i g n i f i c a n t   in  the  f i e l d   of  the  X-ray  d i a g n o s i s   for  t h e  

r e a s o n s   t h a t   i t   improves   an  X-ray  image  q u a l i t y ,   such  a s  
c o n t r a s t   and  r e s o l u t i o n ,   and  thus  a l l o w s   a  l o g a r i t h m  
c o n v e r s i o n   of  p r i m a r y   X-rays   image  d a t a ,   t h e r e b y  
o b t a i n i n g   an  a c c u r a t e   a t t e n u a t i o n   q u a n t i t y   of  X - r a y s  
c a u s e d   by  the  o b j e c t   when  the  X-rays   pass   t h r o u g h   t h e  

o b j e c t .   Many  s t u d i e s   have  been  made  on  the  s c a t t e r e d  

X - r a y s ,   a iming   at  t h e i r   e f f e c t i v e   e l i m i n a t i o n .   The 

c o m p l i c a t e d   phenomena  of  the  s c a t t e r e d   X-rays   i m p e d e  

or  a l m o s t   r e j e c t   a  t h e o r e t i c a l   a p p r o a c h   to  t h i s  
t heme .   This  is  the  p r e s e n t   s t a g e   of  t e c h n o l o g y   i n  

t h i s   f i e l d .  
For  t h e ' a b o v e   b a c k g r o u n d   r e a s o n s ,   an  o b j e c t   of  t h e  

p r e s e n t   i n v e n t i o n   is  to  p r o v i d e ,   by  i n t r o d u c i n g   a  n o v e l  
t e c h n i c a l   i d e a ,   an  X-ray   d i a g n o s t i c   a p p a r a t u s   w h i c h  

can  e f f e c t i v e l y   e l i m i n a t e   the  s c a t t e r e d   X-ray  image  

c o m p o n e n t s   from  the  t r a n s m i t t e d   X-ray  image  c o m p o n e n t s  
as  o b t a i n e d   by  the  X-ray  d e t e c t o r .  

The  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   may  b e  

a c c o m p l i s h e d   by  p r o v i d i n g   an  X-ray  d i a g n o s t i c   a p p a r a t u s  
c o m p r i s i n g :  

an  X-ray  s o u r c e   for   s u c c e s s i v e l y   g e n e r a t i n g  

X - r a y s ;  

a  d e t e c t o r   for   d e t e c t i n g   an  X-ray  image  of  a n  
o b j e c t   under   e x a m i n a t i o n   by  p r o j e c t i n g   the  X-rays   f r o m  
the  X-ray  s o u r c e   toward  the  o b j e c t ,   and  for  c o n v e r t i n g  
the  d e t e c t e d   image  i n to   X-ray  t r a n s m i s s i o n   s i g n a l s ;  

an  a n a l o g u e - t o - d i g i t a l   c o n v e r t e r   for  c o n v e r t i n g   t h e  

X- ray   t r a n s m i s s i o n   s i g n a l s   i n to   c o r r e s p o n d i n g   d i g i t a l  
t r a n s m i s s i o n   d a t a ;  

an  X-ray  s h i e l d   member  having   a  p l u r a l i t y   of  X - r a y  
s h i e l d s ,   for   p a r t i a l l y   b l o c k i n g   the  p e n e t r a t i o n   of  t h e  

X - r a y s   over   an  X-ray   p r o j e c t i o n   a rea   d e f i n e d   by  p r o -  
j e c t i n g   the  X- rays   from  the  X-ray  s o u r c e   to  the  X - r a y  
d e t e c t i o n   means  t h r o u g h   the  o b j e c t ;  



a  f i r s t   memory  for  t e m p o r a r i l y   s t o r i n g   at  l e a s t  

f i r s t   X-ray  t r a n s m i s s i o n   da ta   a c q u i r e d   d u r i n g   a  f i r s t  

X-ray  p r o j e c t i o n   p e r i o d   under   the  c o n d i t i o n   t h a t   t h e  

X-ray  s h i e l d   member  is  i n s e r t e d   in to   the  X - r a y  
p r o j e c t i o n   a r e a ;  

a  second  memory  for   t e m p o r a r i l y   s t o r i n g   at  l e a s t  

second  t r a n s m i s s i o n   da ta   a c q u i r e d   d u r i n g   a  s e c o n d  

X-ray   p r o j e c t i o n   p e r i o d   under  the  c o n d i t i o n   t h a t   t h e  

X-ray  s h i e l d   member  is  removed  from  the  X-ray  p r o j e c t i o n  

a r e a ;  
a  f i r s t   a r i t h m e t i c   o p e r a t i o n   d e v i c e   for  p e r f o r m i n g  

a  f i r s t   s u b t r a c t i o n   be tween   the  f i r s t   X-ray  t r a n s m i s s i o n  
da t a   and  the  second  X-ray  t r a n s m i s s i o n   da t a   so  as  t o  
o b t a i n   f i r s t   s c a t t e r e d   X-ray  i n t e n s i t y   da t a   of  p o r t i o n s  
w i t h i n   the  X-ray  p r o j e c t i o n   area   which  are  s h i e l d e d  

by  the  X-ray  s h i e l d s ,   and  for  p e r f o r m i n g   a  s e c o n d  
s u b t r a c t i o n   be tween   second  s c a t t e r e d   X-ray  i n t e n s i t y  
d a t a   and  the  second  X-ray  t r a n s m i s s i o n   da t a   so  as  t o  
o b t a i n   t h i r d   X-ray  t r a n s m i s s i o n   da ta   f r ee   from  t h e  

s c a t t e r e d   X-ray  c o m p o n e n t s ;   and  

a  second  a r i t h m e t i c   o p e r a t i o n   d e v i c e   for  p e r f o r m i n g  
d a t a   i n t e r p o l a t i o n   by  a  SINC  f u n c t i o n   to  the  f i r s t  
s c a t t e r e d   X-ray  i n t e n s i t y   da ta   so  as  to  o b t a i n   t h e  
second  s c a t t e r e d   X-ray  i n t e n s i t y   da ta   over  the  e n t i r e  

X-ray  p r o j e c t i o n   a r e a .  
This  and  o t h e r   o b j e c t s   and  f e a t u r e s   of  the  p r e s e n t  

i n v e n t i o n   may  be  b e s t   u n d e r s t o o d   by  r e f e r e n c e   t o  

the  s p e c i f i c a t i o n   and  the  accompany ing   d r a w i n g s ,   i n  

w h i c h ;  

F ig .   1  is  an  i l l u s t r a t i o n   for  e x p l a i n i n g   an 

o c c u r r e n c e   of  s c a t t e r e d   X-rays   when  an  X-ray  i s  

p r o j e c t e d   toward  an  o b j e c t   under  e x a m i n a t i o n ;  

Fig .   2  shows  a  g r a p h i c   r e p r e s e n t a t i o n   on  an  

X-ray  i n t e n s i t y   v s . ,   a  d e t e c t i o n   p o s i t i o n   on  an  X - r a y  
d e t e c t o r ;  

F i g s .   3A,  3B  and  3C  g r a p h i c a l l y   i l l u s t r a t e   a 

s p a t i a l   d i s t r i b u t i o n   of  the  s c a t t e r e d   X - r a y s '   i n t e n s i t y ;  



Fig .   4  shows  a  s c h e m a t i c   b lock   d i ag ram  of  an  X - r a y  

d i a g n o s t i c   a p p a r a t u s   a c c o r d i n g   to  one  p r e f e r r e d  
embodiment   of  the  p r e s e n t   i n v e n t i o n ;  

F i g .  5   s c h e m a t i c a l l y   shows  a  f r o n t   view  of  an  X - r a y  
s h i e l d   m e m b e r ;  

F i g s .   6A,  6B  and  6C  g r a p h i c a l l y   i l l u s t r a t e  

o p e r a t i o n s   of  the  b i l e v e l   q u a n t i z a t i o n ;  
F i g .   7  shows  a  b lock   d i ag ram  of  the  t h i r d  

a r i t h m e t i c   o p e r a t i o n   d e v i c e   of  F ig .   4;  

F ig .   8  is  a  flow  c h a r t   of  the  e n t i r e   o p e r a t i o n   o f  

the  a p p a r a t u s   shown  in  F ig .   4;  

F i g s .  9   and  10  s c h e m a t i c a l l y   i l l u s t r a t e s   t h e  
s c a t t e r e d   X-ray   i n t e n s i t y   da ta   with  r e s p e c t   to  the  X - r a y  
s h i e l d   member  and  the  d e t e c t o r ;  

F i g .   11  shows   a  p r a c t i c a l   c i r c u i t   of  the  t h i r d  

a r i t h m e t i c   o p e r a t i o n   d e v i c e ;   and  

F ig .   12  shows  a  t i m i n g   c h a r t   of  the  s i g n a l s   of  t h e  
c i r c u i t   shown  in  F ig .   1 1 .  

A  d e t a i l e d   d e s c r i p t i o n   of  the  i n v e n t i o n ,   as  g i v e n  
in  t h i s   s p e c i f i c a t i o n ,   is  o r g a n i z e d   in  a c c o r d a n c e   w i t h  
the  f o l l o w i n g   index  which  is  p r e s e n t e d   for  t h e  

c o n v e n i e n c e   of  the  r e a d e r .  

1).   PRINCIPLE  BACKGROUND  OF  INVENTION 

2) .   ARRANGEMENT  OF  THE  APPARATUS 

3) .   X-RAY  SHIELD  MEMBER 

4) .   OPERATION  OF  THE  APPARATUS 

5).   BILEVEL  QUANTIZATION 
6) .   CALCULATION  OF  SCATTERED  X-RAY 

7) .   FUNCTIONS  OF  ARITHMETIC  OPERATION  DEVICES 

8) .   DETAILED  OPERATION  OF  3RD  ARITHMETIC  OPERATION 
DEVICE 

9) .   INTERNAL  CIRCUIT  DIAGRAM  OF  3RD  ARITHMETIC 
OPERATION  DEVICE 

10) .   ENTIRE  OPERATION  OF  EMBODIMENT 
11) .   PRACTICAL  CIRCUIT  OF  3RD  ARITHMETIC  OPERATION 

DEVICE 



1).  PRINCIPLE  BACKGROUND  OF  INVENTION 

F i r s t ,   a  d e s c r i p t i o n   is  made  of  a  phenomenon  of  t h e  

s c a t t e r e d   X - r a y .  
It  is  assumed  t h a t   X-rays   i n c i d e n t   on  the  o b j e c t  

under   e x a m i n a t i o n   such  as  a  p a t i e n t   are  g e n e r a l l y  
c l a s s i f i e d   in to   p r i m a r y   X-rays   which  d i r e c t l y   t r a n s m i t  

t h r o u g h   the  o b j e c t   and  e n t e r   in to   an  X-ray  d e t e c t o r ,   and  

X- rays   a b s o r b e d   or  s c a t t e r e d   by  the  o b j e c t   t h r o u g h  
i n t e r a c t i o n s   of  the  X-rays   with  atoms  c o n s t i t u t i n g   t h e  

o b j e c t .   Those  s c a t t e r e d   ones  are  c a l l e d   " s c a t t e r e d  

X - r a y s " .   In  the  ene rgy   range   of  m e d i c a l   X - r a y s  
( r a d i a t e d   under   50  KVp  to  120  KVp  of  the  X-ray  t u b e  

v o l t a g e ) ,   some  c a u s e s   for  the  s c a t t e r e d   X- rays   a r e  
known,  for  example ,   p h o t o e l e c t r i c   e f f e c t s ,   Compton 
e f f e c t s ,   Thomson  e f f e c t s ,   and  the  l i k e .   These  p h e n o m e n a  

c o o p e r a t e   to  cause   the  s c a t t e r e d   X- rays   to  h a v e . a d v e r s e  
e f f e c t s   on  the  t r a n s m i t t e d   X-ray  image  ( w i l l   be  d e s c r i b e d  

l a t e r ) .   In  g e n e r a l ,   b e c a u s e   the  s c a t t e r e d   X - r a y s  
i n c i d e n t   on  the  X-ray  d e t e c t o r   e x p e r i e n c e   m u l t i -  

s c a t t e r i n g   w i t h i n   the  o b j e c t ,   i t   is  very   d i f f i c u l t   t o  

e x a c t l y   g r a s p   an  i n t e n s i t y   and  a  s p a t i a l   s p r e a d   of  an  
i n c i d e n t   X-ray  beam.  This  phenomenon  is  e x p l a i n e d   a s  
f o l l o w s .  

F ig .   1  s c h e m a t i c a l l y   i l l u s t r a t e s   how  an  X - r a y  
r a d i a t e d   from  an  X-ray  s o u r c e   11  such  as  an  X-ray  t u b e ,  
is  s c a t t e r e d   w i t h i n   an  o b j e c t ,   under   e x a m i n a t i o n   and  
r e a c h e s   an  X-ray  d e t e c t o r   13,  whi le   d e p i c t i n g   a  s p a t i a l  

s p r e a d   with  r e s p e c t   to  the  d e t e c t i n g   p o s i t i o n s   of  t h e  

X-ray  d e t e c t o r .   Fig.   2  i l l u s t r a t e s   an  X-ray   i n t e n s i t y  
d i s t r i b u t i o n   over  the  d e t e c t i n g   p o s i t i o n s   of  the  X - r a y  
d e t e c t o r   13.  As  seen  from  Fig .   2,  a  nar row  s p r e a d ,   o r  
s p a t i a l   d i s t r i b u t i o n   of  a  sharp   peak  (as  i n d i c a t e d   by  
c h a r a c t e r   K),  l o c a t e d   s u b s t a n t i a l l y   at  the  c e n t e r   of  t h e  

d i s t r i b u t i o n   c u r v e ,   is  caused   by  an  i n h e r e n t   m a t t e r   o f  
the  d i a g n o s i s   s y s t e m ,   for  example ,   an  X-ray  f o c a l   s p o t  
and  a  wide  sp read   (as  i n d i c a t e d   by  c h a r a c t e r   L)  i s  

caused   by  the  s c a t t e r e d   X - r a y s .  



In  F ig .   3,  a  s p a t i a l   d i s t r i b u t i o n   of  the  s c a t t e r e d  

X - r a y s   is  g r a p h i c a l l y   shown.  In  Fig.   3A,  a  narrow  X - r a y  
beam  is  p r o j e c t e d   toward  a  body  14.  In  Fig .   3B,  s p a t i a l  
d i s t r i b u t i o n s   of  the  r e s p e c t i v e   s c a t t e r e d   X-rays   a r e  

g r a p h i c a l l y   shown.  In  F ig .   3C,  an  a c t u a l   s p a t i a l  
d i s t r i b u t i o n   of  the  s c a t t e r e d   X- rays   is  g r a p h i c a l l y  

shown,  t h a t   is  o b t a i n e d   by  summing  t he se   s p a t i a l  
d i s t r i b u t i o n s .   The  c h a r a c t e r s   " -a"   and  "a"  d e f i n e   an  
a r e a   p r o j e c t e d   by  the  X- rays   ( r e f e r r e d   to  as  an  " X - r a y  
p r o j e c t i o n   a r e a " )   on  the  d e t e c t i n g   p o s i t i o n s   of  t h e  

X- ray   d e t e c t o r   13.  The  symbol  " I s c ( x ) "   d e n o t e s   an  

i n t e n s i t y   of  the  s c a t t e r e d   X- rays   in  the  X - d i r e c t i o n .  
For  c o n v e n i e n c e   and  c l a r i t y   of  i l l u m i n a t i o n ,   t h e s e  

d r a w i n g s   are   i l l u s t r a t e d   in  one  d i m e n s i o n .  
A  t o t a l ' X - r a y   i n t e n s i t y   d i s t r i b u t i o n   Im(x,  y )  

i n c i d e n t   on  the  d e t e c t o r   13  is  the  sum  of  the  p r i m a r y  

X-ray   i n t e n s i t y   d i s t r i b u t i o n   I p ( x ,   y)  and  the  s c a t t e r e d  

X - r a y s   i n t e n s i t y   d i s t r i b u t i o n   I s c ( x ,   y)  and  is  g iven   b y :  

where  (x,  y)  i n d i c a t e s   c o o r d i n a t e s   for   r e p r e s e n t i n g  
p o s i t i o n s   on  the  X-ray  d e t e c t o r   1 3 .  

As  p r e v i o u s l y   d e s c r i b e d ,   s i n c e   the  s p a t i a l   d i s t r i -  
b u t i o n s   of  the  s c a t t e r e d   X-ray  componen t s   I s c ( x ,   y )  

g r a d u a l l y   va ry   over   the  X-ray  p r o j e c t i o n   a r e a ,   i t   i s  

p r a c t i c a l l y   p o s s i b l e   to  r e l a t i v e l y ,   p r e c i s e l y   e s t i m a t e  

the  s c a t t e r e d   X-ray   component   I s c ( x ,   y)  over  the  X - r a y  
p r o j e c t i o n   a rea   by  employ ing   a  p l u r a l i t y   of  t h e  
s c a t t e r e d   X-ray   component   d a t a .  

The  b a s i c   of  the  p r e s e n t   i n v e n t i o n   can  be  r e a l i z e d  
based   upon  the  a b o v e - d e s c r i b e d   r e c o g n i t i o n .  

In  a c c o r d a n c e   with  the  b a s i c   idea  of  the  p r e s e n t  
i n v e n t i o n ,   the  X- rays   are  s u c c e s s i v e l y   p r o j e c t e d   t o w a r d  

the  o b j e c t   under   e x a m i n a t i o n   in  such  a  way  t h a t   an  X - r a y  
s h i e l d   member  is  i n t e r p o s e d   be tween  the  X-ray  s o u r c e   and  
the  X-ray   d e t e c t o r   w i t h i n   the  X-ray  p r o j e c t i o n   a r e a .  



The  X-ray  p r o j e c t i o n   a rea   is  d e f i n e d   by  p r o j e c t i n g   t h e  

X-ray  from  the  X-ray  s o u r c e   to  the  X-ray  d e t e c t o r  

t h r o u g h   the  o b j e c t .   Under  such  a  c o n d i t i o n ,   f i r s t  

t r a n s m i t t e d   X-ray  image  da ta   o b t a i n e d   by  the  d e t e c t o r  

may  c o n t a i n   t h e o r e t i c a l l y   the  s c a t t e r e d   X-ray  c o m p o n e n t s  
of  the  s h i e l d e d   p o r t i o n s   on ly ,   b e c a u s e   the  p r i m a r y   X - r a y  
componen t s   have  been  s h i e l d e d   by  the  X-ray  s h i e l d   member  

b e f o r e   r e a c h i n g   the  X-ray  d e t e c t o r .   Second  t r a n s m i t t e d  

X-ray  image  da ta   is  a c q u i r e d   under  the  c o n d i t i o n   t h a t  
the  X-ray  s h i e l d   member  is  removed  from  the  X - r a y  
p r o j e c t i o n   a r e a .   A c c o r d i n g l y ,   the  second  X-ray  image  
d a t a   c o n t a i n s   not  only  the  s c a t t e r e d   X-ray  c o m p o n e n t s  
but  a l so   the  p r i m a r y   X-ray  c o m p o n e n t s .   As  a  r e s u l t ,  
s u b t r a c t i n g   the  f i r s t   X-ray  image  da ta   from  the  s e c o n d  

one  e n a b l e s   d e s i r a b l e   image  da ta   to  be  c a l c u l a t e d   i n  
a c c o r d a n c e   with  the  above  e q u a t i o n   1.  This  d e s i r a b l e  

image  da ta   i n v o l v e s   only   the  p r i m a r y   X-ray  c o m p o n e n t s .  
2).  ARRANGEMENT  OF  THE  APPARATUS 

R e f e r r i n g   to  Fig .   4,  a  d e s c r i p t i o n   is  made  of  an  
X-ray  d i a g n o s t i c   a p p a r a t u s   100  a c c o r d i n g   to  t h e  

p r e f e r r e d   embodiment ,   in  which  the  above  b a s i c   idea  h a s  
been  e m p l o y e d .  

An  X-ray  s o u r c e   30  g e n e r a t e s   X-rays   t h a t   a r e  
p r o j e c t e d   t h r o u g h   a  c o l l i m e t e r   32  toward   a  p a t i e n t   34 

under   e x a m i n a t i o n .   The  p a t i e n t   32  l i e s   down  on  a  c o u c h  
36.  The  X-ray  p r o j e c t i o n   area   of  the  X-ray  s o u r c e   30 
which  is  d e f i n e d   by  the  c o l l i m e t e r   32  is  d e n o t e d   by  
r e f e r e n c e   numeral   38,  t h a t   is  d e f i n e d   by  p r o j e c t i n g   t h e  

X-ray  from  the  X-ray  s o u r c e   30  to  the  X-ray  d e t e c t o r   22 

t h r o u g h   the  p a t i e n t   34 .  

An  X-ray  s h i e l d   member  50  is  p r o v i d e d   under   t h e  
couch  36.  In  o t h e r   words ,   i t   is  p o s i t i o n e d   in  f r o n t  

of  the  p a t i e n t   34  a long  the  X-ray  t r a n s m i s s i o n   p a t h .  
This  s h i e l d   member  50  is  d e s i g n e d   to  be  s l i d a b l e   i n  

p a r a l l e l   to  the  p a t i e n t   34  or  the  couch  36.  The  s l i d e  

o p e r a t i o n   in to   the  X-ray  p r o j e c t i o n   a rea   38  w i l l   be  
d e s c r i b e d   l a t e r .   A  s l i d e   d i r e c t i o n   is  i n d i c a t e d   by  an  



ar row  5 2 .  

A  sys t em  p r o c e s s i n g   u n i t   20  is  p r o v i d e d   with  t h e  

X-ray   d i a g n o s t i c   a p p a r a t u s   100.  A  s l i d e   d e v i c e   54 
a l l o w s   to  m e c h a n i c a l l y   s l i d e   the  X-ray  s h i e l d   member  50 

a long   the  s l i d e   d i r e c t i o n   52  under   the  c o n t r o l   of  t h e  

sys t em  p r o c e s s i n g   u n i t   20.  An  X-ray  d e t e c t o r   22  such  a s  
an  image  i n t e n s i f i e r   is  p o s i t i o n e d   beh ind   the  p a t i e n t   34 

a long   the  X-ray  t r a n s m i s s i o n   path   w i t h i n   the  X - r a y  

p r o j e c t i o n   a rea   38.  O u t p u t s   of  the  d e t e c t o r   22  are  f e d  
to  an  a n a l o g u e - t o - d i g i t a l   c o n v e r t e r   (A/D  c o n v e r t e r )   2 3 .  
To  the  A/D  c o n v e r t e r   23,  f i r s t ,   second  memories   24  and  

25  a re   c o n n e c t e d .   The  f i r s t   memory  24  is  m a i n l y  
c o m m u n i c a t e d   wi th   a  f i r s t   a r i t h m e t i c   o p e r a t i o n   d e v i c e   26 
and  the  second  memory  25  is  communica ted   with  a  s e c o n d  
a r i t h m e t i c   o p e r a t i o n   d e v i c e   2 7 .  

A  t h i r d   a r i t h m e t i q   o p e r a t i o n   d e v i c e   28  is  communi -  
c a t e d   wi th   the  f i r s t   memory  25  via   the  da t a   bus  4 0 .  

The  o u t p u t   of  the  f i r s t   a r i t h m e t i c   o p e r a t i o n   d e v i c e   26 
c o m m u n i c a t e d   with  the  second  a r i t h m e t i c   o p e r a t i o n   d e v i c e  

27  is  c o n n e c t e d   v ia   a  d i g i t a l - t o - a n a l o g u e   c o n v e r t e r   21 

to  a  TV  m o n i t o r   29  and  a l so   an  imager   30  which  o p t i c a l l y  
r e c o r d s   the  X-ray  images  on  X-ray  f i l m s .   The  f i r s t   and  

second   memor ies   24,  25  and  the  f i r s t   to  t h i r d   a r i t h m e t i c  
o p e r a t i o n   d e v i c e   26  to  28  and  the  o t h e r   c i r c u i t   e l e m e n t s  

are   c o n t r o l l e d   v ia   a  c o n t r o l   l i n e   (not   shown)  by  t h e  
s y s t e m   p r o c e s s i n g   u n i t   2 0 .  

3) .   X-RAY  SHIELD  MEMBER 

F i g .   5  shows  a  f r o n t   view  of  the  X-ray  s h i e l d  
member  50.  The  X-ray  s h i e l d   member  50  is  f a b r i c a t e d   by  
a  p l u r a l i t y   of  X-ray  s h i e l d   m a t e r i a l s   such  as  l e a d  
p i e c e s   56  and  a  t h i n   p l a t e - l i k e   m a t e r i a l   such  as  a 
s y n t h e t i c   r e s i n   f i lm  58.  These  lead   p i e c e s   56  a r e  
p o s i t i o n e d   with  e q u i d i s t a n c e   r e l a t i o n s h i p   in  a  m a t r i x  
in  the  r e s i n   f i lm  58.  Each  lead   p i e c e s   56  has  a  s i z e   o f  
2mm  x  2mm,  for   e x a m p l e .  

While  the  X-ray  s h i e l d   member  50  is  p o s i t i o n e d   i n  

the  X- ray   p r o j e c t i o n   a rea   38  d e f i n e d   by  p r o j e c t i n g   t h e  



X-ray  from  the  X-ray  s o u r c e   11  via  the  c o l l i m e t e r   50  t o  
the  X-ray  d e t e c t o r   22  t h r o u g h   the  o b j e c t   34,  t h e  

i n t e n s i t y   d i s t r i b u t i o n   of  the  t r a n s m i t t e d   X-ray  image  
s i g n a l   is  o b t a i n e d   by  p r o j e c t i n g   the  X-ray  toward  t h e  

o b j e c t   34,  t h a t   is  shown  by  a  g r a p h i c   r e p r e s e n t a t i o n   o f  

F ig .   10.  This  i n t e n s i t y   d i s t r i b u t i o n   Isc  r e p r e s e n t s   o n e  
which  is  t aken   along  the  l i n e s   A-A'  on  the  s u r f a c e   o f  
the  X-ray  d e t e c t o r   22.  As  seen  from  the  d i s t r i b u t i o n  

c u r v e ,   the  i n t e n s i t y   l e v e l s   of  t hose   p o s i t i o n s   w h e r e  

the  lead   p i e c e s   56  are  p o s i t i o n e d   ( i n d i c a t e d   by  
n u m e r i c a l   r e f e r e n c e s   1,  2,  3,  4,  and  5)  s t e e p l y   d r o p .  
C o n s e q u e n t l y ,   t h e s e   i n t e n s i t y   l e v e l s   i n d i c a t e   t h e  

i n t e n s i t y   of  the  s c a t t e r e d   X-ray  componen t s   I s c ,   b e c a u s e  
the  p r i m a r y   X-ray  componen t s   are  s u b s t a n t i a l l y  

c o m p l e t e l y   b locked   by  t hose   lead  p i e c e s   5 6 .  

F ig .   9  is  an  e n l a r g e d   d rawing   for  i l l u s t r a t i n g   t h e  

r e l a t i o n s h i p   be tween  the  X-ray  s h i e l d   member  50  and  t h e  

p e r i p h e r a l   c o m p o n e n t s .  
I t   shou ld   be  noted  t h a t   the  a r r a n g e m e n t   of  t h e  

X-ray  s o u r c e   11  and  the  d e t e c t o r   22  shown  in  Fig .   7,  i s  

r e v e r s e d ,   compared  with  the  a r r a n g e m e n t   shown  in  F ig .   4 ,  
but   t h e r e   is  no  t e c h n i c a l   d i f f e r e n c e   be tween   t h e m .  

4).   OPERATION  OF  THE  APPARUTUS 
O p e r a t i o n s   of  the  X-ray  d i a g n o s t i c   a p p a r a t u s   ( 1 0 0 )  

w i l l   now  be  d e s c r i b e d   wi th   r e f e r e n c e   to  F i g s .   4  to  7 .  

R e f e r r i n g   back  to  Fig .   4,  the  X-ray  s o u r c e   30  i s  

e n e r g i z e d   to  p r o j e c t   the  f i r s t   X-ray  toward  the  p a t i e n t  
34  wh i l e   the  X-ray  s h i e l d   member  50  is  s l i d   a long  t h e  

l o n g i t u d i n a l   ax i s   (not   shown  in  d e t a i l )   of  the  couch  36 

and  p o s i t i o n e d   w i t h i n   the  X-ray  p r o j e c t i o n   a rea   38  by  
means  of  the  s l i d e   d e v i c e   54.  The  s l i d e   d e v i c e   54  i s  

e l e c t r o n i c a l l y   c o n t r o l l e d   by  the  sys tem  c o n t r o l   u n i t   20 .  
The  X-ray  t r a n s m i t t e d   t h r o u g h   the  p a t i e n t   34  i s  

i n c i d e n t ,   as  the  X-ray  image  upon  the  X-ray  d e t e c t o r   2 2 .  
The  X-ray  image  is  c o n v e r t e d   in to   an  a n a l o g u e   X - r a y  
t r a n s m i s s i o n   image  s i g n a l .   T h e r e a f t e r ,   i t   is  c o n v e r t e d  

by  the  A/D  c o n v e r t e r   23  in to   c o r r e s p o n d i n g   d i g i t a l  



t r a n s m i s s i o n   d a t a   ( w i l l   be  r e f e r r e d   to  as  " X - r a y  
s h i e l d e d   d a t a " ) .   The  d i g i t a l   t r a n s m i s s i o n   da ta   i s  

t e m p o r a r i l y   s t o r e d   as  the  X-ray  s h i e l d e d   da ta   in  t h e  

f i r s t   memory  2 4 .  

From  the  d i g i t a l   X-ray  s h i e l d e d   da ta   s t o r e d   in  t h e  

f i r s t   memory  24,  the  amount  of  the  s c a t t e r e d   X - r a y  

c o m p o n e n t s   of  the  s h i e l d e d   p o r t i o n s   by  the  lead   p i e c e s  
56  can  be  c a l c u l a t e d   by  the  f i r s t   a r i t h m e t i c   o p e r a t i o n  
d e v i c e   26  in  a  g i v e n   c a l c u l a t i o n   method  ( w i l l   b e  
d e s c r i b e d   l a t e r ) .   The  r e s u l t a n t   da ta   is  s t o r e d   in  t h e  

f i r s t   memory  24,  t h a t   r e p r e s e n t s   the  i n t e n s i t y  
d i s t r i b u t i o n   of  s c a t t e r e d   X-ray  c o m p o n e n t s .  

T h e r e a f t e r ,   a n o t h e r   X-ray  p r o j e c t i o n   is  e x c u t e d  
a f t e r   the  X-ray   s h i e l d   member  50  has  been  c o m p l e t e l y  
removed  from  t h e   X-ray  p r o j e c t i o n   a rea   38  by  d r i v i n g  
the  s l i d e   d e v i c e   54.  S i m i l a r l y ,   X-ray  t r a n s m i s s i o n  

d a t a   is  a c q u i r e d   and  t e m p o r a r i l y   s t o r e d   as  s e c o n d  

X- ray   t r a n s m i s s i o n   d a t a   ( w i l l   be  r e f e r r e d   to  as  " X - r a y  
o r i g i n a l   image  d a t a " )   in  the  second  memory  2 5 .  

T h e r e a f t e r ,   bo th   the  f i r s t   t r a n s m i s s i o n   da ta   ( X - r a y  
s h i e l d e d   d a t a )   s t o r e d   in  the  f i r s t   memory  24  and  t h e  

second   X- ray   t r a n s m i s s i o n   da ta   (X-ray   o r i g i n a l   image  
d a t a   Im(x,   y))  s t o r e d   in  the  second  memory  25  are  fed  t o  
the  f i r s t   a r i t h m e t i c   o p e r a t i o n   d e v i c e   26.  The  f u n c t i o n s  

of  t h i s   d e v i c e   26  are  as  f o l l o w s .  

F i r s t ,   the  X-ray  s h i e l d e d   da t a   t h a t   has  been  s t o r e d  
in  the  f i r s t   memory  24  is  s u b s t r a c t e d   from  the  X - r a y  
o r i g i n a l   image  d a t a ,   t h e r e b y   o b t a i n i n g   " s c a t t e r e d   X - r a y  
i n t e n s i t y   d a t a "   of  the  p o r t i o n s   w i t h i n   the  X - r a y  
p r o j e c t i o n   a rea   38  which  are  s h i e l d e d   by  the  lead   p i e c e s  
56.  Second ,   a n o t h e r   s u b t r a c t i o n   is  c a r r i e d   out  b e t w e e n  
the  X-ray   o r i g i n a l   image  da t a   and  the  i n t e n s i t y   da ta   o f  

the  s c a t t e r e d   X- rays   ( w i l l   be  d e s c r i b e d   l a t e r ) .  
The  a b o v e - d e s c r i b e d   X-ray  i n t e n s i t y   da t a   d e r i v e d  

from  the  f i r s t   a r i t h m e t i c   o p e r a t i o n   d e v i c e   26  i s  

t r a n s f e r r e d   to  the  second  a r i t h m e t i c   o p e r a t i o n   d e v i c e   27 

v ia   the  d a t a   bus  40.  In  the  second  a r i t h m e t i c   o p e r a t i o n  



d e v i c e   26,  the  X-ray  i n t e n s i t y   da ta   is  b i l e v e l - q u a n t i z e d  
in  such  a  way  t h a t   for  example ,   a  c e r t a i n   i n t e n s i t y  
l e v e l   is  c o n v e r t e d   in to   a  d i g i t a l   "1"  l e v e l   ( c o r r e -  

s p o n d i n g   to  the  p o r t i o n   t h a t   is  s h i e l d e d   by  the  l e a d  

p i e c e   56),   and  an  i n t e n s i t y   l e v e l   h i g h e r   than  t h e  
t h r e s h o l d   l e v e l   is  c o n v e r t e d   in to   a  d i g i t a l   "0"  l e v e l  

( c o r r e s p o n d i n g   to  the  p o r t i o n s   t h a t   are  not  s h i e l d e d ,   o r  
s u b s t a n t i a l l y   not  s h i e l d e d   by  the  lead  p i e c e   5 6 ) .  

5).   BILEVEL  QUANTIZATION 
The  b i l e v e l   q u a n t i z a t i o n   w i l l   now  be  d e s c r i b e d   i n  

more  d e t a i l .  

F ig .   6  shows  an  e n l a r g e d   s i g n a l   waveform  of  t h e  

X-ray  i n t e n s i t y   da ta   in  r e l a t i o n   to  the  p o s i t i o n   of  t h e  
lead   p i e c e   56.  The  X-ray  i n t e n s i t y   da ta   of  the  p o r t i o n  
which  is  n o t ' s h i e l d e d   by  the  lead  p i ece   56  has  a  h i g h e r  
l e v e l   than  the  t h r e s h o l d   l e v e l   is  c o n v e r t e d   in to   t h e  

d i g i t a l   "0"  l e v e l   s i g n a l .   The  X-ray  i n t e n s i t y   da ta   o f  
the  p o r t i o n   which  is  s h i e l d e d   by  the  lead   p i e c e   56  has  a  
lower   l e v e l   than  the  t h r e s h o l d   l e v e l   is  c o n v e r t e d   i n t o  
the  d i g i t a l   "1"  l e v e l   s i g n a l .   This  l e v e l   c o n v e r s i o n  

is  c a l l e d   " the   b i l e v e l   q u a n t i z a t i o n " .   This  b i l e v e l  
q u a n t i z a t i o n   is  c a r r i e d   out  in  the  second  a r i t h m e t i c  

o p e r a t i o n   d e v i c e   27.  As  seen  from  Fig .   6B,  in  g e n e r a l ,  
the  waveform  of  the  X-ray  i n t e n s i t y   s i g n a l   is  d i s t o r t e d  

and  s t r e t c h e d .   It  is  t h e r e f o r e   n e c e s s a r y   to  d i s t i n g u i s h  
the  d e s i r a b l e   s i g n a l   b e l o n g i n g   to  the  X-ray  s h i e l d e d  

p o r t i o n   ( i . e . ,   the  s c a t t e r e d   X-ray  s i g n a l )   from  t h e  

s i g n a l   b e l o n g i n g   to  the  o t h e r   p o r t i o n   ( i . e . ,   the  p r i m a r y  

X-ray  s i g n a l   and  a  p a r t   of  the  s c a t t e r e d   X-ray  s i g n a l ) .  
As  a  r e s u l t ,   the  1 - l e v e l   s i g n a l   c o n t a i n s   only   t h e  

s c a t t e r e d   X-ray  componen t s   caused   by  the  c o r r e s p o n d i n g  
lead   p i e c e   56  in  the  X-ray  s h i e l d   member  50.  ( s e e  

Fig .   6 C ) .  

6).  CALCULATION  OF  SCATTERED  X-RAY 
The  r e s u l t a n t   b i l e v e l e d   da ta   of  the  s e c o n d  

a r i t h m e t i c   o p e r a t i o n   d e v i c e   27  is  fed  via   the  da ta   b u s  

40  to  the  sys tem  p r o c e s s i n g   u n i t   20.  In  t h i s   un i t   20,  



c e n t r a l   a d d r e s s e s   and  d i s t a n c e s   be tween   the  a d j o i n i n g  
c e n t r a l   a d d r e s s e s   hav ing   the  above  1 - l e v e l   s i g n a l   w i t h  

r e s p e c t   to  the  e n t i r e   memory  r e g i o n   of  the  f i r s t   memory 
24,  and  a v e r a g e   v a l v e s   of  the  X-ray  s h i e l d e d   da ta   of  t h e  

X-ray   s h i e l d e d   r e g i o n   are  o b t a i n e d   by  u t i l i z i n g   t h e  

X- ray   s h i e l d e d   d a t a   which  has  been  s t o r e d   in  the  f i r s t  

memory  24.  The  a v e r a g e   v a l v e s   of  the  X-ray  s h i e l d e d  

r e g i o n   are  s o - c a l l e d   " s c a t t e r e d   X-ray  d a t a " .   It   i s  

a p p a r e n t   t h a t   t h i s   sys tem  p r o c e s s i n g   u n i t   20  a l s o  

p e r f o r m s   the  s e q u e n c e   c o n t r o l   of  the  e n t i r e   sys tem  1 0 0 .  

Thus,   the  s c a t t e r e d   X-ray  da t a   of  the  s y s t e m  
p r o c e s s i n g   u n i t   20  is  t r a n s f e r r e d   v ia   the  da ta   bus  40  t o  
the  t h i r d   a r i t h m e t i c   o p e r a t i o n   d e v i c e   28  in  c o m b i n a t i o n  
wi th   the   d a t a   r e l a t i n g   to  the  p o r t i o n   which  is  s h i e l d e d  
by  the  l ead   p i e c e   56,  i . e . ,   the  c e n t r a l   a d d r e s s e s   and  
the  d i s t a n c e s   for   the  X-ray  s h i e l d e d   p o r t i o n s .   In  t h e  
t h i r d   a r i t h m e t i c   o p e r a t i o n   d e v i c e   28,  an  i n t e r p o l a t i o n  
o p e r a t i o n   is  e f f e c t e d   by  way  of  a  SINC  f u n c t i o n   ( a  
s a m p l i n g   f u n c t i o n )   by  r e c e i v i n g   the  da t a   of  the  c e n t r a l  

a d d r e s s e s   and  the  d i s t a n c e s   d e r i v e d   from  the  s y s t e m  
p r o c e s s i n g   u n i t   20  and  a l s o   a d d r e s s e s   of  the  r e s p e c t i v e  
p i x e l s   of  the  m e m o r i e s .   As  a  r e s u l t ,   the  d e s i r a b l e  
s c a t t e r e d   X-ray   i n t e n s i t y   da t a   I s c ( x ,   y)  (see  f o r m u l a  
( 1 ) ) ,   over   the  e n t i r e   X-ray  p r o j e c t i o n   a rea   38  can  b e  
c a l c u l a t e d   in  the  t h i r d   a r i t h m e t i c   o p e r a t i o n   d e v i c e   2 8 .  

The  s c a t t e r e d   X-ray  i n t e n s i t y   d a t a   I s c ( x ,   y)  o v e r  
the  e n t i r e   X-ray  p r o j e c t i o n   a rea   38  is  s en t   via   the  d a t a  
bus  40  to  the  f i r s t   a r i t h m e t i c   o p e r a t i o n   d e v i c e   26.  I n  
the  f i r s t   a r i t h m e t i c   o p e r a t i o n   d e v i c e   26,  the  X - r a y  
o r i g i n a l   image  da t a   Im(x,  y)  which  has  been  p r e v i o u s l y  
s t o r e d   in  the  second  memory  25  is  s u b t r a c t e d   from  t h e  

s c a t t e r e d   X-ray  i n t e n s i t y   da t a   I s c ( x ,   y ) ,   so  t h a t   t h e  

p r i m a r y   X-ray  d a t a   I p ( x ,   y)  can  be  o b t a i n e d   t h e r e i n .  
In  o t h e r   words ,   f o r m u l a   (1)  is  c a l c u l a t e d   in  the  f i r s t  
a r i t h m e t i c   o p e r a t i o n   d e v i c e   2 8 .  

T h e r e a f t e r ,   the  p r i m a r y   X-ray  da t a   I p ( x ,   y)  i s  

A / D - c o n v e r t e d   i n to   the  c o r r e s p o n d i n g   a n a l o g u e   s i g n a l  



in  the  D/A  c o n v e r t e r   21.  The  c o n v e r t e d   p r i m a r y   X - r a y  
s i g n a l   is  fed  to  the  TV  m o n i t o r   29  and  a l so   t h e  

imager   30  for   d i s p l a y i n g   and  r e c o r d i n g   the  X - r a y  
t r a n s m i s s i o n   image  of  the  o b j e c t   34  hav ing   no  a d v e r s e  
e f f e c t s   of  the  s c a t t e r e d   X-ray  c o m p o n e n t s .  

7) .   FUNCTIONS  OF  ARITHMETIC  OPERATION  DEVICES 
The  f u n c t i o n s   of  the  major   c i r c u i t   componen t s   w i l l  

now  be  s u m m a r i z e d .  

The  f i r s t   a r i t h m e t i c   o p e r a t i o n   d e v i c e   26  p e r f o r m s  
t h a t   the  f i r s t   s u b t r a c t i o n   is  e x e c u t e d   be tween   the  X - r a y  
s h i e l d e d   da t a   s t o r e d   in  the  f i r s t   memory  24  and  t h e  

X-ray  o r i g i n a l   image  da t a   Im(x,  y)  s t o r e d   in  the  s e c o n d  

memory  25,  t h e r e b y   d e r i v i n g  t h e   X-ray  i n t e n s i t y   da ta   o f  
the  p o r t i o n s   w i t h i n   the  X-ray  p r o j e c t i o n   a rea   which  a r e  
s h i e l d e d   by  the  lead   p i e c e s   56  ( i . e . ,   the  i n t e n s i t y  
d a t a   for  the  s c a t t e r e d   X-ray   of  the  s h i e l d e d   p o r t i o n ) ,  
and  the  second  s u b t r a c t i o n   is  e f f e c t e d   be tween   t h e  
a b o v e - d e s c r i b e d   X-ray  o r i g i n a l   image  da t a   and  t h e  

i n t e n s i t y   da ta   of  the  s c a t t e r e d   X-ray  I s c ( x ,   y)  o v e r  
the  e n t i r e   p r o j e c t i o n   a rea   which  is  d e r i v e d   from  t h e  
t h i r d   a r i t h m e t i c   o p e r a t i o n   d e v i c e   28,  t h e r e b y   o b t a i n i n g  
X-ray  t r a n s m i s s i o n   da ta   from  which  a d v e r s e   e f f e c t s   by  
the  s c a t t e r e d   X-rays   have  been  e l i m i n a t e d .  

The  second  a r i t h m e t i c   o p e r a t i o n   d e v i c e   27  p e r f o r m s  
the  b i l e v e l   q u a n t i z a t i o n   to  the  i n t e n s i t y   da ta   ( d i g i t a l  
s i g n a l )   for  the  s c a t t e r e d   X-rays   of  the  s h i e l d e d  

p o r t i o n s ,   t h e r e b y   d i s c r i m i n a t i n g   the  s c a t t e r e d   X - r a y  
i n t e n s i t y   da t a   of  the  s h i e l d e d   p o r t i o n s   from  the  X - r a y  
i n t e n s i t y   da t a   of  the  n o n - s h i e l d e d   p o r t i o n s .  

The  sys tem  p r o c e s s i n g   un i t   20  p r o c e s s e s   t h e  

b i l e v e l e d   i n t e n s i t y   da ta   and  a l so   the  X-ray  s h i e l d e d  
d a t a   to  o b t a i n   c e n t r a l   a d d r e s s e s   of  the  r e s p e c t i v e  
s h i e l d e d   p o r t i o n s   with  r e s p e c t   to  the  memory  r e g i o n   o f  
the  f i r s t   memory  means  24  and  a l so   a d d r e s s e s   i n d i c a t i n g  

d i s t a n c e s   be tween   the  a d j o i n i n g   c e n t r a l   a d d r e s s e s  
t h e r e o f ,   and  the  a v e r a g e   va lue   of  the  s c a t t e r e d   X - r a y  
d a t a   for  the  s h i e l d e d   p o r t i o n s .  



The  t h i r d   a r i t h m e t i c   o p e r a t i o n   d e v i c e   28  p e r f o r m s  
the  d a t a   i n t e r p o l a t i o n   by  the  SINC  f u n c t i o n   on  t h e  

a v e r a g e   v a l u e   of  the  s c a t t e r e d   X-ray  da t a   for  t h e  
s h i e l d e d   p o r t i o n s   by  u t i l i z i n g   the  c e n t r a l   a d d r e s s e s ,  
d i s t a n c e s   and  a d d r e s s e s   for  the  r e s p e c t i v e   p i x e l s ,  
t h e r e b y   o b t a i n i n g   the  s c a t t e r e d   X-ray  i n t e n s i t y   d a t a  

I s c ( x ,   y)  over   the  e n t i r e   X-ray  p r o j e c t i o n   a rea   3 8 .  

8) .   DETAILED  OPERATION  OF  3RD  ARITHMETIC  OPERATION 
DEVICE 

A  d e s c r i p t i o n   w i l l   now  be  made  of  the  o p e r a t i o n s  
of  the  t h i r d   a r i t h m e t i c   o p e r a t i o n   d e v i c e   28  in  m o r e  
d e t a i l .  

As  p r e v i o u s l y   d e s c r i b e d ,   the  major   f u n c t i o n   o f  
t h i s   d e v i c e   28  is  to  e x e c u t e   the  i n t e r p o l a t i o n   of  t h e  
s c a t t e r e d   d a t a   based   upon  the  s ampl ing   f u n c t i o n ,   i . e . ,   a  
SINC  f u n c t i o n .  

This   is  r e p r e s e n t e d   by  the  f o l l o w i n g   e q u a t i o n ;  

Where  S(x,   y)  d e n o t e s   the  a d d r e s s e s   (x,  y)  of  t h e  

memory,  S(n1X,  n2Y)  i n d i c a t e s   the  a d d r e s s e s   (nlX,  n2Y) 
of  the  p o r t i o n   in  the  memory,  which  is  s h i e l d e d   by  t h e  
l ead   p i e c e   56,  X  r e p r e s e n t s   the  d i s t a n c e   be tween   t h e  

a d j o i n i n g   lead   p i e c e s   56  wi th   r e s p e c t   to  the  memory  i n  

the  h o r i z o n t a l   d i r e c t i o n ,   and  Y  r e p r e s e n t s   the  d i s t a n c e  
be tween   the  a d j o i n i n g   lead  p i e c e s   56  wi th   r e s p e c t   to  t h e  

memory  in  the  v e r t i c a l   d i r e c t i o n .   E q u a t i o n   1  i m p l i e s  
t h a t   the  i n t e n s i t y   of  the  s c a t t e r e d   X-ray  at  a  c e r t a i n  

memory  a d d r e s s   can  be  g iven   by  the  f u n c t i o n   of  the  t y p e  
of  ( s i n   Z)/Z  ( s o - c a l l e d   " s a m p l i n g   f u n c t i o n " ) ,   and  a l s o  
the  i n t e n s i t y   of  the  s c a t t e r e d   X-ray  which  has  b e e n  
a c q u i r e d   in  the  e q u i d i s t a n c e   r e l a t i o n .   That  is  to  s a y ,  
the  s c a t t e r e d   X-ray  i n t e n s i t y   S(x,  y)  at  a  c e r t a i n  



memory  a d d r e s s   (in  the  f i r s t   memory  24)  is  r e p r e s e n t e d  

by  the  e q u i d i s t a n t l y - a c q u i r e d   i n t e n s i t y   d a t a ;  

m u l t i p l i e d   by  the  SINC  f u n c t i o n ;  

It   is  u n d e r s t o o d   from  the  f o r e g o i n g   t h a t   the  s c a t -  
t e r e d   X-ray  i n t e n s i t y   da t a   for  the  i n t e r m e d i a t e   p o r t i o n s  
s u r r o u n d e d   by  the  s h i e l d e d   p o r t i o n s   can  be  d i r e c t l y  
c a l c u l a t e d   from  the  above  SINC  f u n c t i o n   m e t h o d .  

However,   such  an  i n t e r p o l a t i o n   c a l c u l a t i o n   c a n n o t   be  

d i r e c t l y   a p p l i e d   to  the  r e m a i n i n g   p i x e l s  l o c a t e d   o u t s i d e  
the  c o r n e r   p o r t i o n s ,   e . g . ,   the  p o r t i o n s   c o r r e s p o n d i n g   t o  
the  lead   p i e c e s   1 and  5  shown  in  Fig .   9.  A c c o r d i n g l y ,  
the  i n t e r p o l a t i o n   da ta   for  t he se   o u t s i d e   p o r t i o n s   may 
be  s u b s t i t u t e d   by  t hose   for  the  c o r n e r   p o r t i o n s .   As 

a  r e s u l t ,   the  e n t i r e   i n t e n s i t y   amounts   of  the  s c a t t e r e d  

X- rays   can  be  c a l c u l a t e d   for  the  s t o r a g e   r e g i o n   of  t h e  

f i r s t   memory  24  (512  x  512  p i x e l   n u m b e r s ) ,   whereby  t h e  
d e s i r e d   s p a t i a l   d i s t r i b u t i o n   of  the  s c a t t e r e d   X - r a y  
i n t e n s i t y   I s c ( x ,   y)  over  the  e n t i r e   p r o j e c t i o n   a rea   38 

can  be  o b t a i n e d .  

9) .   INTERNAL  CIRCUIT  DIAGRAM  OF  3RD  ARITHMETIC 
OPERATION  DEVICE 

A  d e t a i l e d   d e s c r i p t i o n   w i l l   now  be  made  of  t h e  
i n t e r n a l   c i r c u i t   d i a g r a m   of  the  t h i r d   a r i t h m e t i c  

o p e r a t i o n   d e v i c e   28  by  which  the  da ta   i n t e r p o l a t i o n   by 
the  s ampl ing   f u n c t i o n   is  p e r f o r m e d .  

F ig .   7  shows  a  b lock   d iag ram  of  the  f u n d a m e n t a l  
c i r c u i t   of  the  t h i r d   a r i t h m e t i c   o p e r a t i o n   d e v i c e   28.  As 

an  i npu t   of  the  d e v i c e   28,  t h e r e   is  p r o v i d e d   a  r e g i s t e r  
u n i t   70.  The  r e g i s t e r   u n i t   70  is  c o n s t r u c t e d   by  s e v e n  

r e g i s t e r s   70A  to  70G.  These  r e g i s t e r s   70A  to  70G 



t e m p o r a r i l y   hold  the  X-ray  s h i e l d e d   d a t a ,   the  i n t e n s i t y  
d a t a   of  the  s c a t t e r e d   X - r a y ,   and  the  a d d r e s s   da ta   of  t h e  

r e s p e c t i v e   p i x e l s   in  the  memory  r e g i o n   of  the  f i r s t  

memory  24  (see  F ig .   4) .   These  da ta   are   fed  from  t h e  

o t h e r   c i r c u i t   e l e m e n t s   via   the  e x t e r n a l   da ta   bus  4 0 .  
For  e x a m p l e ,   the  a d d r e s s   da ta   for  the  X  d i r e c t i o n   xADD 
is  fed  from  the  sys tem  p r o c e s s i n g   u n i t   20  via  the  d a t a  

bus  40  to  the  second  r e g i s t e r   70B. 
A  s u b t r a c t e r   72  is  c o n n e c t e d   to  the  f i r s t   and  

second   r e g i s t e r s   70A  and  70B,  which  t e m p o r a r i l y   s t o r e  
the  d a t a   n1X  and  xADD,  r e s p e c t i v e l y .   The  s u b t r a c t e r   72 
s u b t a c t s   two  s e t s   of  t h e s e   da ta   to  o b t a i n   ( x - n 1 X ) .  
S i m i l a r l y ,   s i n c e   the  s u b t r a c t e r   72  is  c o n n e c t e d   to  t h e  
t h i r d   and  f o u r t h   r e g i s t e r   70C  and  70D,  a n o t h e r   s u b t r a c -  
t i o n   is  c a r r i e d   out  be tween   the  da ta   n2Y  and  yADD  t o  
o b t a i n   ( y - n 2 Y ) .   The  d a t a   yADD  d e n o t e s   the  a d d r e s s   i n  
the  Y  d i r e c t i o n .   A  f i r s t   m u l t i p l i e r   7  is  c o n n e c t e d ,   on  

one  hand,   to  the  o u t p u t   of  the  s u b t r a c t e r   72  and,  on  t h e  
o t h e r   hand,   to  the  f i f t h   and  s i x t h   r e g i s t e r   70E  and  70F .  

F i r s t ,   t h i s   r e g i s t e r   7  m u l t i p l i e s   the  s u b t r a c t e d   d a t a  

(x-n1X)  b y  -   which  is  he ld   in  the  f i f t h   r e g i s t e r   70E,  
t h e r e b y   o b t a i n i n g :  

Second ,   i t   m u l t i p l i e s   the  s u b t r a c t e d   d a t a   (y-n2Y)  by 1 Y 

which   is  t e m p o r a r i l y   s t o r e d   in  the  s i x t h   r e g i s t e r   70F ,  
t h e r e b y   o b t a i n i n g :  

A  f i r s t   Read  Only  Memory  (ROM)  76  as  a  c o n v e r s i o n  
t a b l e   is  c o n n e c t e d   to  the  f i r s t   m u l t i p l i e r   74.  When 

one  m u l t i p l i e d   r e s u l t   (1 X .  (x-n1X))   is  i n p u t   from  t h e  

m u l t i p l i e r   74  to  the  f i r s t   ROM,  the  f o l l o w i n g   va lue   i s  

d e r i v e d   t h e r e f r o m   by  means  of  the  c o n v e r s i o n   t a b l e :  



When  the  o t h e r   m u l t i p l i e d   r e s u l t   (1 Y .  (y -n2Y))   is  i n p u t  
from  the  m u l t i p l i e r   74  to  the  f i r s t   ROM,  the  f o l l o w i n g  
va lue   is  o u t p u t   t h e r e f r o m   by  means  of  the  c o n v e r s i o n  

t a b l e :  

X - r e g i s t e r   77  and  Y - r e g i s t e r   79  c o n n e c t e d   p a r a l l e l  
t h e r e t o   are  c o n n e c t e d   to  the  o u t p u t   of  the  f i r s t   ROM  76 

so  as  to  hold  the  c o n v e r t e d   v a l u e s   d e n o t e d   by  t h e  

e q u a t i o n s   (5)  and  (6 ) ,   r e s p e c t i v e l y .  
A  second  m u l t i p l i e r   80  is  c o n n e c t e d   to  t h e  

X - r e g i s t e r   77  and  Y - r e g i s t e r   79  so  as  to  m u l t i p l y   t h e  
a b o v e - m e n t i o n e d   two  v a l u e s   by  each  o t h e r .   T h e r e a f t e r ,  
the  r e s u l t a n t   va lue   of  the  second  m u l t i p l i e r   80  is  a g a i n  
m u l t i p l i e d   in  a  t h i r d   m u l t i p l i e r   82  by  the  da t a   S ( n l X ,  
n2Y)  which  is  held  in  the  s e v e n t h   r e g i s t e r  7 0 G ,   t h e r e b y  
o b t a i n i n g :  

An  adder   84  is  c o n n e c t e d   to  the  o u t p u t   of  the  t h i r d  

m u l t i p l i e r   82  so  as  to  add  the  f i n a l l y - m u l t i p l i e d   v a l u e  

as  i n d i c a t e d   in  the  above  va lue   (7)  to  the  X-ray  s h i e l d  
da t a   which  has  been  s t o r e d   in  the  f i r s t   memory  24.  The 

r e s u l t a n t   va lue   of  t h i s   adder   84  is  then  s t o r e d   in  t h e  
f i r s t   memory  24 .  

10).   ENTIRE  OPERATION  OF  EMBODIMENT 
The  e n t i r e   o p e r a t i o n   of  the  X-ray  d i a g n o s t i c  

a p p a r a t u s   100  w i l l   now  be  summarized   with  r e f e r e n c e   t o  
the  r e l e v a n t   f i g u r e s   and  the  flow  c h a r t   of  Fig .   8 .  

A f t e r   the  X-ray  s h i e l d   member  50  is  i n s e r t e d   i n t o  
the  X-ray  p r o j e c t i o n   a rea   38,  the  f i r s t   X-ray  i s  

p r o j e c t e d   toward  the  o b j e c t   34  to  a c q u i r e   the  X - r a y  
s h i e l d   da ta   by  the  d e t e c t o r   22  and  A/D  c o n v e r t e r   23 

( s t e p   1).  That  i s ,   the  f i r s t   X-ray  g e n e r a t e d   from  t h e  



X-ray   s o u r c e   11  is  t r a n s m i t t e d   t h r o u g h   the  X-ray  s h i e l d  

member  50  and  o b j e c t   34  and  r e c e i v e d   by  the  d e t e c t o r   2 2 .  
The  d e t e c t e d   s i g n a l   is  c o n v e r t e d   i n to   the  d i g i t a l   X - r a y  
s h i e l d   d a t a   t h a t   i m p l i e s   the  X-ray  i n t e n s i t y   of  t h e  
s c a t t e r e d   X- rays   r e l a t i n g   to  the  X-ray  s h i e l d e d   p o r t i o n s  
( c o r r e s p o n d i n g   to  the  l ead   p i e c e s   56).   This  X-ray  s h i e l d  
d a t a   is  t e m p o r a r i l y   s t o r e d   in  the  f i r s t   memory  2 4 .  

A  f u r t h e r   d e t a i l e d   e x p l a n a t i o n   w i l l   now  be  g iven   t o  
the  X-ray  s h i e l d   d a t a .   As  shown  in  F ig .   9,  whi le   t h e  

X- ray   s h i e l d   member  50  is  p o s i t i o n e d   in  the  X - r a y  
p r o j e c t i o n   a r ea   38,  the  X-ray  is  p r o j e c t e d   toward  t h e  

o b j e c t   34.  The  X-ray   i n t e n s i t y   d i s t r i b u t i o n   of  t h e  

X-ray   s h i e l d   d a t a   is  r e p r e s e n t e d   in  F ig .   10.  T h i s  

d i s t r i b u t i o n   d a t a   is  t aken   a long  the  l i n e   A-A'  o f  

F ig .   9.  As  e a s i l y   seen  from  the  X-ray  i n t e n s i t y   da ta   o f  

F i g .   10,  the  r e s p e c t i v e   v a l u e s   as  i n d i c a t e d   by  1  to  5 
r e m a r k a b l y   d r o p .   These  p o r t i o n s   c o r r e s p o n d   to  t h o s e  

which  are   s h i e l d e d   by  the  lead   p i e c e s   56.  A c c o r d i n g l y ,  
t h e s e   i n t e n s i t y   v a l u e s   are   the  s c a t t e r e d   X-ray  da ta   I s c  
of  the  s h i e l e d   p o r t i o n s ,   b e c a u s e   the  p r i m a r y   X-rays   h a v e  
been  cut   by  the  l ead   p i e c e s   5 6 .  

I t   s hou ld   be  noted   t h a t   the  X-ray  s h i e l d   d a t a  
i n c l u d e   not  on ly   the  above  i n t e n s i t y   v a l u e s   of  t h e  
s c a t t e r e d   X- rays   but  a l s o   t hose   of  the  p r i m a r y   X - r a y s .  

A f t e r   the  a c q u i s i t i o n   of  the  X-ray  s h i e l d   da ta   i s  

a c c o m p l i s h e d ,   the  X-ray  s h i e l d   member  50  is  removed  away 
a l o n g   the  a r row  52  from  the  X-ray  p r o j e c t i o n   area   38  by  
the  s l i d e   d e v i c e   54.  Then  the  second  X-ray   p r o j e c t i o n  
is  c a r r i e d   out  to  a c q u i r e   the  X-ray  o r i g i n a l   image  d a t a  

( s t e p   2) .   The  X-ray  o r i g i n a l   image  da t a   is  t e m p o r a r i l y  
s t o r e d   in  the  second  memory  2 5 .  

In  s t e p   3,  a  f i r s t   d i g i t a l   s u b t r a c t i o n   is  p e r f o r m e d  
b e t w e e n   the  X-ray  s h i e l d   da ta   s t o r e d   in  the  f i r s t   memory 
24  and  the  X- ray   o r i g i n a l   d a t a   s t o r e d   in  the  s e c o n d  

memory  25.  This   d i g i t a l   s u b t r a c t i o n   is  c a r r i e d   out  i n  

the  f i r s t   a r i t h m e t i c   o p e r a t i o n   d e v i c e   26.  As  a  r e s u l t ,  

on ly   the  X-ray  i n t e n s i t y   v a l u e s   of  the  s c a t t e r e d   X - r a y s  



can  be  o b t a i n e d   b e c a u s e ,   as  p r e v i o u s l y   d e s c r i b e d   in  s t e p  
(1 ) ,   the  v a l u e s   on  the  p r i m a r y   X-rays   ( the   p o r t i o n s   n o t  
s h i e l d e d   by  the  lead  p i e c e s   56)  are  s u b t r a c t e d   from  t h e  

X-ray  s h i e l d   d a t a .  
In  s t ep   4,  the  f i r s t   s u b t r a c t e d   v a l u e s   ( x - n , X ,  

y-n2Y)  are  b i l e v e l - q u a n t i z e d   in  the  second  a r i t h m e t i c  

o p e r a t i o n   d e v i c e   27.  Since   the  b i l e v e l   q u a n t i z a t i o n   h a s  
been  e x p l a i n e d   with  r e f e r e n c e   to  Fig .   6,  no  f u r t h e r  

e x p l a n a t i o n   is  made  h e r e .   By  the  b i l e v e l   q u a n t i z a t i o n ,  
for   i n s t a n c e ,   the  p o r t i o n s   having  a  g i v e n   i n t e n s i t y  
v a l u e   of  the  s c a t t e r e d   X-rays   are  d e n o t e d   by  1 - l e v e l  

s i g n a l ,   and  the  r e m a i n i n g   p o r t i o n s   are  i n d i c a t e d   by 
0 - l e v e l   s i g n a l ,   so  t h a t   the  1 - l e v e l   p o r t i o n s   c o r r e s p o n d  
to  the  p o r t i o n s   which  are  s h i e l d e d   by  the  l e a d  

p i e c e s   5 6 .  

The  b i l e v e l - q u a n t i z e d   da ta   o b t a i n e d   in  s t ep   4  i s  

fed  via   the  da t a   bus  40  to  the  sys tem  p r o c e s s i n g   u n i t   20 

so  as  to  o b t a i n   the  d e s i r a b l e   a d d r e s s   da ta   on  the  X - r a y  
s h i e l d e d   p o r t i o n s   and  a l so   the  e n t i r e   i n t e n s i t y   da ta   o f  
the  s c a t t e r e d   X-ray  I s c ( x ,   y)  in  s t ep   5.  The  s y s t e m  

p r o c e s s i n g   u n i t   20  p r o c e s s e s   the  b i l e v e l - q u a n t i z e d   d a t a  
( F i g .   6C)  to  o b t a i n   the  c e n t r a l   a d d r e s s e s   of  t h e  

p o r t i o n s   which  are  s h i e l d e d   by  the  lead   p i e c e s   56,  and  
a l so   the  d i s t a n c e s   be tween   the  a d j o i n i n g   the  c e n t r a l  

a d d r e s s e s   with  r e s p e c t   to  the  memory  r e g i o n   of  the  f i r s t  

memory  24.  This  u n i t   20  a l so   p r o c e s s e s   to  o b t a i n  
the  i n t e n s i t y   da t a   of  the  s c a t t e r e d   X-ray  in  t h e  
a b o v e - m e n t i o n e d   p o r t i o n s   based  upon  the  X-ray  s h i e l d  

da t a   which  has  been  s t o r e d   in  the  f i r s t   memory  24 .  
Both  the  a d d r e s s   da ta   and  the  i n t e n s i t y   da ta   of  t h e  

s c a t t e r e d   X-ray  with  r e s p e c t   to  the  p o r t i o n s   which  a r e  
s h i e l d e d   by  the  lead  p i e c e s   56  (in  s t ep   5)  are  i npu t   v i a  

the  da ta   bus  40  to  the  t h i r d   a r i t h m e t i c   o p e r a t i o n   d e v i c e  

28  to  be  used  in  the  da ta   i n t e r p o l a t i o n   by  the  s a m p l i n g  
f u n c t i o n ,   i . e . ,   the  SINC  f u n c t i o n   ( s t e p   6 ) .  

As  p r e v i o u s l y   d e s c r i b e d   in  8)  DETAILED  OPERATION 
OF  3RD  ARITHMETIC  OPERATION  DEVICE,  such  a  d a t a  



i n t e r p o l a t i o n   by  the  SINC  f u n c t i o n   is  a c c o m p l i s h e d  

p e r f o r m i n g   e q u a t i o n   ( 2 ) .   That  is  to  say,   t h e  

c a l c u l a t i o n   is  e x c u t e d   for  the  e n t i r e   a d d r e s s e s   (x,  y)  

of  the  memory  r e g i o n   ( the   f i r s t   memory  24) ,   so  t h a t   t h e  

i n t e r p o l a t e d   va lue   for  one  se t   of  the  s c a t t e r e d   X - r a y  
d a t a   S(n lX,   n2Y)  can  be  c a l c u l a t e d .   Such  an  a r i t h m e t i c  

o p e r a t i o n   of  e q u a t i o n   (2)  is  r e p e a t e d   for  a l l   of  t h e  

s c a t t e r e d   X-ray   d a t a ,   wi th   a  r e s u l t   t h a t   the  i n t e r p o l a t e d  

i n t e n s i t y   d a t a   for   the  r e s p e c t i v e   p i x e l s   I s c ( x ,   y)  i s  

f i n a l l y   s t o r e d   in  the  f i r s t   memory  2 4 .  
In  the  next   s t e p   7,  a  second  d i g i t a l   s u b t r a c t i o n   i s  

p e r f o r m e d   be tween   the  X-ray  o r i g i n a l   image  da ta   a c q u i r e d  
in  s t e p   2  and  the  i n t e r p o l a t e d   i n t e n s i t y   da t a   of  t h e  

s c a t t e r e d   X-ray   I s c ( x ,   y)  a c q u i r e d   in  s t ep   6.  In  o t h e r  

words ,   the  f i r s t   a r i t h m e t i c   o p e r a t i o n   d e v i c e   26 

s u b t r a c t s   the  i n t e r p o l a t e d   i n t e n s i t y   da t a   of  t h e  

s c a t t e r e d   X-ray   I s c ( x ,   y)  over  the  e n t i r e   p r o j e c t i o n  

a rea   from  the  X-ray  o r i g i n a l   image  da ta   Im(x,  y)  so  a s  
to  o b t a i n   the  d e s i r a b l e   image  da ta   c o n t a i n i n g   only  t h e  

p r i m a r y   X-ray   componen t s   I p ( x ,   y)  (see  e q u a t i o n   ( 1 ) ) .  

In  the  f i n a l   s t e p   8,  the  d e s i r a b l e   X-ray  image  d a t a  

hav ing   only   the  p r i m a r y   X-ray  componen t s   I p ( x ,   y)  i s  

D / A - c o n v e r t e d   by  the  D/A  c o n v e r t e r   21  i n t o   the  a n a l o g u e  

X-ray   image  s i g n a l   which  is  s u p p l i e d   e i t h e r   to  the  TV 

m o n i t o r   29  to  be  d i s p l a y e d ,   or  to  the  imager   to  b e  

r e c o r d e d .  
In  c o n n e c t i o n   wi th   the  t h i r d   a r i t h m e t i c   o p e r a t i o n  

d e v i c e   28,  i t   is  a l s o   p o s s i b l e   to  u t i l i z e   as  i n d e p e n d e n t  

d a t a   the  i n t e n s i t y   da t a   of  the  s c a t t e r e d   X-ray  over  t h e  
e n t i r e   p r o j e c t i o n   a rea   I s c ( x ,   y ) .   In  t h i s   c a s e ,   t h i s  

i n t e n s i t y   d a t a   is  d e r i v e d   from  the  f i r s t   memory  24 

t h r o u g h   the  d a t a   bus  40,  which  can  s t o r e   at  l e a s t   t h e  

i n t e n s i t y   d a t a   hav ing   1  TV  frame  c a p a c i t y .  

11) .   PRACTICAL  CIRCUIT  OF  3RD  ARITHMETIC  OPERATION 
DEVICE 

F i g .   11  shows  a  b lock   d i ag ram  of  the  p r a c t i c a l  

c i r c u i t   of  the  t h i r d   a r i t h m e t i c   o p e r a t i o n   d e v i c e   28.  A 



d e s c r i p t i o n   of  t h i s   p r a c t i c a l   c i r c u i t   w i l l   now  be  made 
wi th   r e f e r e n c e   to  Fig .   7 .  

The  r e g i s t e r s   70A  to  70G  of  Fig .   7  c o r r e s p o n d   t o  
l a t c h   c i r c u i t s   90A  to  90G  of  Fig.   11.  An  adder   92  i s  

employed  as  the  s u b t r a c t e r   72  to  add  (x-n1X)  to  ( y - n 2 Y ) .  
It   shou ld   be  noted  t h a t   in  p r a c t i c e   the  s u b t r a c t i o n   i s  
e f f e c t e d   by  t h i s   adder   9 2 .  

The  f i r s t   m u l t i p l i e r   74,  ROM  76,  second  m u l t i p l i e r  
80  and  t h i r d   m u l t i p l i e r   82  are  i d e n t i c a l   to  t hose   i n  

F ig .   7.  A  l a t c h   c i r c u i t   (X)  94  and  l a t c h   c i r c u i t   (Y)  96 

c o r r e s p o n d   to  the  X - r e g i s t e r   77  and  Y - r e g i s t e r   7 9 .  
Ano the r   l a t c h   c i r c u i t   98  is  c o n n e c t e d   to  the  o u t p u t   o f  
the  t h i r d   m u l t i p l i e r   82,  t h e r e b y   d e r i v i n g   the  o u t p u t  
s i g n a l   L-OUT  t h e r e f r o m .  

The  c i r c u i t   e l e m e n t s   employed  are  a l l   c o m m e r c i a l l y  
a v a i l a b l e   and  l i s t e d   in  the  f o l l o w i n g   t a b l e .  

A  d e s c r i p t i o n   w i l l   now  be  made  of  a  t im ing   c h a r t  

shown  in  Fig.   12 .  

A  s i g n a l   HD  has  the  h o r i z o n t a l   (X  d i r e c t i o n )  

s c a n n i n g   p e r i o d   (63 .5   pS)  with  r e s p e c t   to  the  memory 
r e g i o n .   A  s i g n a l   SCAT H  is  a  s i g n a l   to  o b t a i n   t h e  

s c a t t e r e d   X-ray  s i g n a l   X  is  the  X  d i r e c t i o n ,   and  a  
s i g n a l   SCAT V  is  a  s i g n a l   to  o b t a i n   the  s c a t t e r e d   X - r a y  
s i g n a l   Y  in  the  Y  d i r e c t i o n .   A  s i g n a l   VADR  is  an  
a d d r e s s   s i g n a l   in  the  Y  d i r e c t i o n .   A  REFERENCE  CKC  i s  

a  r e f e r e n c e   c lock   s i g n a l   having  a  p e r i o d   of  100  n s .  
The  r e s p e c t i v e   o u t p u t   s i g n a l s   of  the  f i r s t  

m u l t i p l i e r   74  (MPY(A))  and  of  the  second  m u l t i p l i e r   82 



(MPY(B))  are  r e p r e s e n t e d   under   a  g iven   t im ing   i n  

F ig .   12.  A  s i g n a l   L-OUT  is  an  o u t p u t   s i g n a l   of  t h e  
f i n a l   l a t c h   c i r c u i t   98.  This  o u t p u t   s i g n a l   L-OUT  has  a  
d e l a y   of  400  n s .  

In  a c c o r d a n c e   with  the  p r e s e n t   i n v e n t i o n   v a r i o u s  

a d v a n t a g e   can  be  r e a l i z e d .  
The  X-ray  image  da t a   c o n t a i n i n g   only   the  p r i m a r y  

X-ray   componen t s   can  be  o b t a i n e d   by  s u b t r a c t i n g   t h e  

i n t e r p o l a t e d   i n t e n s i t y   da ta   of  the  s c a t t e r e d   X-rays   f r o m  
the  X-ray   o r i g i n a l   image  da t a   which  is  t aken   w i t h o u t  

u s i n g   the  X-ray  s h i e l d   member.  The  s c a t t e r e d   X - r a y  
i n t e n s i t y   d a t a   is  i n t e r p o l a t e d   by  u t i l i z i n g   the  s a m p l i n g  
f u n c t i o n .  

As  a  r e s u l t ,   i t   is  p o s s i b l e   to  p r o v i d e   the  X - r a y  
d i a g n o s t i c   a p p a r a t u s   by  which  the  X-ray  images  of  t h e  

X-ray   s canned   o b j e c t   can  be  d i s p l a y e d ,   whose  c o n t r a s t  
and  s h a r p n e s s   are  r e m a r k a b l y   improved .   It  can  a l s o  
c o n t r i b u t e   to  the  q u a n t a t i v e   a n a l y s i s   on  the  m e d i c a l  

image  d a t a .  
While  the  p r e s e n t   i n v e n t i o n   has  been  d e s c r i b e d  

u s i n g   a  s p e c i f i c   embod imen t ,   i t   shou ld   be  u n d e r s t o o d  
t h a t   f u r t h e r   m o d i f i c a t i o n s   and  changes   can  be  made 
w i t h o u t   d e p a r t i n g   from  the  scope  of  the  p r e s e n t  
i n v e n t i o n .  

For  example ,   in  the  p r e v i o u s   embodiment   as  shown  i n  

F i g .   4,  the  second  a r i t h m e t i c   o p e r a t i o n   d e v i c e   27  was 
employed   to  p e r f o r m   the  b i l e v e l   q u a n t i z a t i o n   to  t h e  
i n t e n s i t y   d a t a   of  the  s c a t t e r e d   X-ray  for   the  p o r t i o n s  
which  are   not  s h i e l d e d   by  the  lead  p i e c e s   56.  H o w e v e r ,  
i t   is  p o s s i b l e   to  omit  the  second  a r i t h m e t i c   o p e r a t i o n  
d e v i c e   2 7 .  

F u r t h e r ,   i t   is  not  n e c e s s a r y   to  o b t a i n   the  a v e r a g e  
v a l u e   of  the  s c a t t e r e d   X-ray  da t a   for  the  s h i e l d e d  

p o r t i o n s   in  the  sys tem  p r o c e s s i n g   u n i t   20.  That  is  t o  

s ay ,   in  the  p r e v i o u s   embodiments   the  c e n t r a l   a d d r e s s e s  
of  the  b i l e v e l - q u a n t i z e d   da t a   ( 1 - l e v e l   s i g n a l )   w e r e  
u t i l i z e d   as  the  da t a   i n d i c a t i n g   the  s h i e l d e d   p o r t i o n s .  



However,   i t   is  not  a b s o l u t e l y   n e c e s s a r y   to  employ  s u c h  
c e n t r a l   a d d r e s s e s ,   but  to  u t i l i z e   the  o t h e r   a d d r e s s e s .  

It  is  a l so   p o s s i b l e   to  c o n s t r u c t   a  s i n g l e   o p e r a t i o n  
u n i t   to  combin ing   a l l   of  the  a r i t h m e t i c   o p e r a t i o n s   o f  
the  f i r s t   to  t h i r d   d e v i c e s   26,  27  and  28.  Also  a  s i n g l e  

memory  can  be  r e a l i z e d   i n s t e a d   of  the  f i r s t   and  s e c o n d  
memories   24  and  2 5 .  



1.  An  X-ray  d i a g n o s t i c   a p p a r a t u s   (100)  c h a r a c -  

t e r i z e d   by  c o m p r i s i n g :  
an  X-ray  s o u r c e   (11)  for  s u c c e s s i v e l y   g e n e r a t i n g  

X - r a y s ;  
means  (22)  for   d e t e c t i n g   an  X-ray  image  of  a n  

o b j e c t   (34)  under   e x a m i n a t i o n   by  p r o j e c t i n g   the  X - r a y s  
from  the  X-ray  s o u r c e   (11)  toward  the  o b j e c t   ( 34 ) ,   and  

for   c o n v e r t i n g   the  d e t e c t e d   image  in to   X - r a y  
t r a n s m i s s i o n   s i g n a l s ;  

an  a n a l o g u e - t o - d i g i t a l   c o n v e r t e r   (23)  f o r  

c o n v e r t i n g   the  X-ray  t r a n s m i s s i o n   s i g n a l s   i n t o  

c o r r e s p o n d i n g   d i g i t a l   t r a n s m i s s i o n   d a t a ;  
an  X- ray   s h i e l d   member  (50)  having   a  p l u r a l i t y  

of  X-ray  s h i e l d s   ( 5 6 ) ,   for   p a r t i a l l y   b l o c k i n g   t h e  
t r a n s m i s s i o n   of  the  X- rays   over  an  X-ray  p r o j e c t i o n   a r e a  
(38)  d e f i n e d   by  p r o j e c t i n g   the  X-rays   from  the  X - r a y  
s o u r c e   (11)  to  the  X-ray  d e t e c t i o n   means  (22)  t h r o u g h  
the  o b j e c t   ( 3 4 ) ;  

f i r s t   memory  means  (24)  for  t e m p o r a r i l y   s t o r i n g   a t  
l e a s t   f i r s t   X-ray   t r a n s m i s s i o n   da ta   a c q u i r e d   d u r i n g   a  
f i r s t   X-ray  p r o j e c t i o n   p e r i o d   under   the  c o n d i t i o n   t h a t  

the  X-ray  s h i e l d   member  (50)  is  i n s e r t e d   in to   the  X - r a y  
p r o j e c t i o n   a rea   ( 3 8 ) ;  

second   memory  means  (25)  for  t e m p o r a r i l y   s t o r i n g   a t  
l e a s t   second  t r a n s m i s s i o n   da ta   ( Im(x,   y))  a c q u i r e d  

d u r i n g   a  second  X-ray  p r o j e c t i o n   p e r i o d   under   t h e  
c o n d i t i o n   t h a t   the  X-ray  s h i e l d   member  (50)  is  r emoved  

away  from  the  X-ray  p r o j e c t i o n   a rea   ( 3 8 ) ;  
f i r s t   a r i t h m e t i c   o p e r a t i o n   means  (26)  f o r  

p e r f o r m i n g   a  f i r s t   s u b t r a c t i o n   be tween   the  f i r s t   X - r a y  
t r a n s m i s s i o n   da t a   and  the  second  X-ray  t r a n s m i s s i o n   d a t a  

so  as  to  o b t a i n   f i r s t   s c a t t e r e d   X-ray  i n t e n s i t y   da ta   o f  

p o r t i o n s   w i t h i n   the  X-ray  p r o j e c t i o n   a rea   (38)  which  a r e  
s h i e l d e d   by  the  X-ray  s h i e l d s   (56 ) ,   and  for  p e r f o r m i n g  
a  second  s u b t r a c t i o n   be tween  second  s c a t t e r e d   X - r a y  



i n t e n s i t y   da ta   ( I s c ( x ,   y))  and  the  second  X - r a y  
t r a n s m i s s i o n   da ta   ( Im(x,   y))  so  as  to  o b t a i n   t h i r d  

X-ray  t r a n s m i s s i o n   da ta   ( I p ( x ,   y))  f r ee   from  t h e  

s c a t t e r e d   X-ray  c o m p o n e n t s ;   and  

second  a r i t h m e t i c   o p e r a t i o n   means  (28)  f o r  

p e r f o r m i n g   da ta   i n t e r p o l a t i o n   by  a  SINC  f u n c t i o n   to  t h e  
f i r s t   s c a t t e r e d   X-ray  i n t e n s i t y   da ta   so  as  to  o b t a i n   t h e  

second  s c a t t e r e d   X-ray  i n t e n s i t y   da ta   ( I s c ( x ,   y))  o v e r  
the  e n t i r e   X-ray  p r o j e c t i o n   a rea   ( 3 8 ) .  

2.  An  a p p a r a t u s   (100)  as  c l a imed   in  Claim  1 ,  
c h a r a c t e r i z e d   by  f u r t h e r   c o m p r i s i n g   t h i r d   a r i t h m e t i c  

o p e r a t i o n   means  (27)  coup led   to  the  f i r s t   a r i t h m e t i c  

o p e r a t i o n   means  (26)  for  p e r f o r m i n g   b i l e v e l   q u a n t i z a t i o n  
to  the  f i r s t   s c a t t e r e d   X-ray  i n t e n s i t y   da ta   of  t h e  
s h i e l d e d   p o r t i o n s   so  as  to  o b t a i n   b i l e v e l e d   i n t e n s i t y  
d a t a   one  of  which  r e p r e s e n t s   e f f e c t i v e   i n t e n s i t y   d a t a  
of  the  s c a t t e r e d   X-ray  components   of  the  s h i e l d e d  

p o r t i o n s .  

3.  An  a p p a r a t u s   as  c l a imed   in  Claim  2 ,  
c h a r a c t e r i z e d   by  f u r t h e r   c o m p r i s i n g   sys tem  p r o c e s s i n g  

means  (20)  coup led   to  the  t h i r d   a r i t h m e t i c   o p e r a t i o n  
means  (27)  for  at  l e a s t   p r o c e s s i n g   the  b i l e v e l e d  

i n t e n s i t y   da ta   d e r i v e d   from  the  t h i r d   a r i t h m e t i c  

o p e r a t i o n   means  (27)  and  the  f i r s t   X-ray  t r a n s m i s s i o n  

da ta   s t o r e d   in  the  f i r s t   memory  means  (24)  so  as  t o  
o b t a i n   memory  da ta   for  the  s h i e l d e d   p o r t i o n s   and  a v e r a g e  
v a l u e s   of  the  s c a t t e r e d   X-ray  i n t e n s i t y   d a t a ,   w h e r e b y  
the  second  a r i t h m e t i c   o p e r a t i o n   e x e c u t e s   the  d a t a  

i n t e r p o l a t i o n   by  the  SINC  f u n c t i o n   on  the  a v e r a g e   v a l u e s  
of  the  s c a t t e r e d   X-ray  i n t e n s i t y   da ta   based  upon  t h e  

memory  da ta   for  the  s h i e l d e d   p o r t i o n s   so  as  to  o b t a i n  
the  second  s c a t t e r e d   X-ray  i n t e n s i t y   da ta   ( I s c ( x ,   y ) )  

over   the  e n t i r e   X-ray  p r o j e c t i o n   area   ( 3 8 ) .  
4.  An  a p p a r a t u s   (100)  as  c l a imed   in  Claim  3,  

c h a r a c t e r i z e d   in  t h a t   the  memory  da ta   for  the  s h i e l d e d  

p o r t i o n s   c o n t a i n s   c e n t r a l   a d d r e s s e s   of  the  r e s p e c t i v e  
s h i e l d e d   p o r t i o n s   with  r e s p e c t   to  the  f i r s t   memory 



means  (24)  and  a l s o   a d d r e s s e s   i n d i c a t i n g   d i s t a n c e s  

be tween   the  a d j o i n i n g   c e n t r a l   a d d r e s s e s   t h e r e o f .  

5.  An  a p p a r a t u s   (100)  as  c l a imed   in  Claim  1 ,  
c h a r a c t e r i z e d   in  t h a t   the  X-ray  s h i e l d   member  (50)  i s  

c o n s t r u c t e d   by  a  s y n t h e t i c   r e s i n   f i lm  (58)  and  the  X - r a y  
s h i e l d s   which  are   l ead   p i e c e s   (56)  e q u i d i s t a n t l y  

a r r a n g e d   in  a  m a t r i x   f o r m .  
6.  An  a p p a r a t u s   (100)  as  c l a imed   in  Claim  5 ,  

c h a r a c t e r i z e d   in  t h a t   each  of  sa id   lead   p i e c e s   (56)  is  a  

s q u a r e   hav ing   2  x  2   m i l l i m e t e r s .  
7.  An  a p p a r a t u s   (100)  as  c l a i m e d   in  Claim  1 ,  

c h a r a c t e r i z e d   in  t h a t   the  i n t e r r u p t e d   i n s e r t i o n   of  t h e  

X-ray   s h i e l d   member  (50)  i n to   the  X-ray  p r o j e c t i o n   a r e a  
(38)  is  e f f e c t e d   by  a  m e c h a n i c a l   s l i d e   d e v i c e   (54)  a l o n g  
a  l o n g i t u d i n a l   a x i s   of  a  couch  (36)  on  which  the  o b j e c t  
(34)  under   e x a m i n a t i o n   l i e s   down.  

8.  An  a p p a r a t u s   (100)  as  c l a i m e d   in  Claim  1 ,  
c h a r a c t e r i z e d   in  t h a t   the  X-ray  s h i e l d   member  (50)  i s  

p o s i t i o n e d   a d j a c e n t   to  the  X-ray  s o u r c e   (11)  w i t h i n   t h e  

X-ray  p r o j e c t i o n   a rea   ( 3 8 ) .  
9.  An  a p p a r a t u s   (100)  as  c l a i m e d   in  Claim  1 ,  

c h a r a c t e r i z e d   in  t h a t   a l l   the  f i r s t ,   second  and  t h i r d  
a r i t h m e t i c   o p e r a t i o n   means  ( 2 6 : 2 8 : 2 7 )   are  u n i t e d   in to   a 

s i n g l e   a r i t h m e t i c   o p e r a t i o n   d e v i c e .  
10.  An  a p p a r a t u s   (100)  as  c l a imed   in  Claim  1 ,  

c h a r a c t e r i z e d   in  t h a t   a l l   the  f i r s t ,   second  and  t h i r d  
a r i t h m e t i c   o p e r a t i o n   means  ( 2 6 : 2 8 : 2 7 )   are  u n i t e d   in to   a 
s i n g l e   a r i t h m e t i c   o p e r a t i o n   d e v i c e ,   and  both  the  f i r s t  
and  second  memory  means  ( 24 :25 )   are  merged  in to   a  s i n g l e  

memory  d e v i c e .  
11.  An  a p p a r a t u s   (100)  as  c l a imed   in  Claim  1 ,  

c h a r a c t e r i z e d   in  t h a t   the  f i r s t   a r i t h m e t i c   o p e r a t i o n   o f  
the  f i r s t   a r i t h m e t i c   o p e r a t i o n   means  (26)  to  o b t a i n   t h e  

d a t a   r e p r e s e n t i n g   the  i n t e n s i t y   d i s t r i b u t i o n   o f  

s c a t t e r e d   X-ray  componen t s   of  the  s h i e l d e d   p o r t i o n s   i s  
e f f e c t e d   p r i o r   over   the  second  a r i t h m e t i c   o p e r a t i o n   so  
as  to  s u b t r a c t   the  da ta   ( I s c ( x ,   y))  r e p r e s e n t i n g   t h e  



i n t e n s i t y   d i s t r i b u t i o n   of  s c a t t e r e d   X-ray  c o m p o n e n t s  

over  the  e n t i r e   p r o j e c t i o n   area   (38)  from  the  s e c o n d  

t r a n s m i s s i o n   da ta   ( Im(x ,   y ) ) .  
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