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The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  improvements   in  m e t h o d s  

of  c o r r e l a t i n g   on  s t r a i g h t   l i n e s   wi th   a  c o r r e l a t i o n   window  i n  

an  i n t e r a c t i v e   d i s p l a y .  

A  common  form  of  i n t e r a c t i o n   wi th   a  g r a p h i c   p i c t u r e   i s  

for   an  o p e r a t o r   to  want  to  i d e n t i f y ,   to  the  a p p l i c a t i o n   w i t h  

which  the  o p e r a t o r   is  i n t e r a c t i n g ,   a  p a r t i c u l a r   l i n e   w i t h i n  

the  p i c t u r e .   This  may  be  for  one  of  a  v a r i e t y   of  r e a s o n s ,   f o r  

example  to  move  the  l i n e   in  i t s   r e l a t i o n   to  the  o t h e r   o b j e c t s ,  

modify  or  d e l e t e   the  o b j e c t .   A  p o s s i b l e   method  of  a c c o m p l i s h -  

ing  t h i s   would  be  to  i d e n t i f y   the  o b j e c t   by  means  of  a  

command,  e . g . ,   DELETE  LINE  23.  I t   is  much  more  n a t u r a l  

however  for   the  o p e r a t o r   to  use  a  s u i t a b l e   dev ice   to  a c t u a l l y  

p o i n t   to  the  l i n e .   T y p i c a l   d ev i ce s   are  j o y s t i c k ,   t h u m b w h e e l ,  

t r a c k b a l l ,   or  o p t i c a l   mouse  coup led   to  a  c u r s o r   in  the  d i s p l a y  

s c r e e n .  

The  immediate   r e s u l t   of  such  a  p o i n t i n g   is  an  (x,  y) 

p o s i t i o n   on  the  s c r e e n .   A  c o r r e l a t i o n   o p e r a t i o n   has  then  t o  

be  c a r r i e d   out  to  d e t e r m i n e   which  of  the  l i n e s   in  the  p i c t u r e  

a c t u a l l y   p a s s e s   t h rough   (or  s u f f i c i e n t l y   c l o se   to)  t h a t   p o i n t .  

In  o rde r   to  do  t h i s   a  p i c t u r e   d e f i n i t i o n   ( d i s p l a y   l i s t )  

has  to  be  scanned ,   j u s t   as  i f   i t   were  being  drawn,  but   i n s t e a d  

of  a c t u a l l y   drawing  the  l i n e s   d e f i n e d   in  the  l i s t ,   they  a r e  

each  i n s p e c t e d   to  see  whether   they  i n t e r s e c t   a  smal l   r e c t a n g l e  

(for  example)  drawn  around  the  p o i n t   of  i n t e r e s t .  

I t   is  i m p o r t a n t   t h a t   t h i s   p r o c e s s   occurs   q u i c k l y .   The 

o p e r a t o r   e x p e c t s   a  r ap id   system  r e sponse   to  i n d i c a t e   w h e t h e r  

or  not  the  p o i n t i n g   was  s u c c e s s f u l .   Since  the  o p e r a t o r   h a s  

g e n e r a l l y   only  p o i n t e d   at  one  l ine   out  of  the  many  in  t h e  



p i c t u r e ,   a  c r i t i c a l   p e r f o r m a n c e   f a c t o r   is  how  q u i c k l y   each  o f  

the  r e m a i n i n g   o b j e c t s   can  be  r e j e c t e d .  

The  C o h e n - S u t h e r l a n d   c l i p p i n g   a l g o r i t h m   is  d e s c r i b e d   on 

p a g e  1 4 6   F a n d a m e n t a l s   of  I n t e r a c t i v e   Computer  G r a p h i c s '  -   J  D 

FOley ,  A   Van  Dam  p u b l i s h e d   by  Addison  Wesley  1982 .  

The  C o h e n - S u t h e r l a n d   c l i p p i n g   a l g o r i t h m   is   d e s i g n e d   t o  

i d e n t i f y   e f f i c i e n t l y   those   l i n e s   t h a t   can  be  t r i v i a l l y  

a c c e p t e d   or  r e j e c t e d  b y   u s i n g   r e g i o n   checks .   I n t e r s e c t i o n  

c a l c u l a t i o n s   are  r e q u i r e d   only  for   those   l i n e s   for   w h i c h  

n e i t h e r   o c c u r s .   The  a l g o r i t h m   is  e s p e c i a l l y   e f f i c i e n t   in  t h e  

two  ex t reme   c a s e s   of  a  l a r g e   window  i n c l u d i n g   most  of  t h e  

p r i m i t i v e s ,   or  a  r e l a t i v e l y   smal l   window  and  a  l a r g e ,   d e n s e  

p i c t u r e   in  which  most  p r i m i t i v e s   l i e   o u t s i d e   the  window;  m o s t  

l i n e s   c a n  t h e n   be  t r i v i a l l y   a c c e p t e d   or  t r i v i a l l y   r e j e c t e d ,  

r e s p e c t i v e l y .  

T h e  a l g o r i t h m   s t a r t s   by  a s s i g n i n g   to  each  endpo in t   of  a  

l i n e   a  f o u r - b i t   ou tcode   based  on  nine  r e g i o n s   with  b i t   1  t h e  

l e f t m o s t   b i t .   The  nine  r e g i o n s   are  the  c o r r e l a t i o n   window 

s o r r o u n d e d   by  e i g h t   r e g i o n s ,   four   having  a  s ide   a d j a c e n t   t h e  

c o r r e l a t i o n   window  s i de s   and  four   d i a g o n a l   c o r n e r   r e g i o n s .  

Each  b i t   in  the   o u t - c o d e   is   se t   to  1  (TRUE)  i f   a  g i v e n  

r e l a t i o n   be tween   the  e n d p o i n t   and  window  is  t r u e :  

o t h e r w i s e   the  b i t   is  0  (FALSE). 

one  way  to  c a l c u l a t e   the  ou tcode   in  systems  a l l o w i n g   b i t  

m a n i p u l a t i o n   d e r i v e s   from  the  o b s e r v a t i o n   t h a t   b i t   1  is  t h e  



sign  b i t   of  (ymax -  y);  b i t   2  is  the  sign  b i t   of  (y  -   y m i n ) ;  

b i t   3,  (xmax -  x);  b i t   4,  (x  -   xmin).   A  p o i n t   is  i n s i d e   t h e  

window  (outcode  0000)  i f   a l l   t hese   d i f f e r e n c e s   a r e  

n o n n e g a t i v e .   A  l ine   can  be  t r i v i a l l y   a c c e p t e d   i f   both  e n d s  

are  in  the  window  ( c o r r e s p o n d i n g   to  ou t codes   of  0000).   A  l i n e  

is  t r i v i a l l y   r e j e c t e d   i f   both  e n d p o i n t s   are  in  a  r eg ion   a b o v e ,  

below,  to  the  l e f t ,   or  to  the  r i g h t   of  the  window.  This  w i l l  

be  the  case  i f   the  c o r r e s p o n d i n g   b i t s   in  the  ou t codes   for   b o t h  

e n d p o i n t s   are  1,  and  t h i s   can  e a s i l y   be  t e s t e d   by  t a k i n g   t h e  

l o g i c a l   AND  of  the  o u t c o d e s   and  t e s t i n g   for  "NOT  0 0 0 0 " .  

If  the  r e s u l t   of  the  l o g i c a l   and  is  0000,  the  l i ne   can  b e  

n e i t h e r   t r i v i a l l y   r e j e c t e d   nor  a c c e p t e d  -   i t   may  i n t e r s e c t   t h e  

window. 

The  a l g o r i t h m   has  the  drawback  in  t h a t   in  c l i p p i n g   l i n e s  

which  ex tend   th rough   the  c o r r e l a t i o n   window  at  l e a s t   two 

i n t e r s e c t i o n s   must  be  c a l c u l a t e d .   This  can  be  very  t i m e  

consuming  in  da ta   p r o c e s s i n g   t e r m s .  

U.S.A.  P a t e n t   4 , 4 1 2 , 2 9 6  -   Smiths  I n d u s t r i e s   I n c .  

d e s c r i b e s   a  c i r c u i t   a r r a n g e m e n t   for  d e t e r m i n i n g   l i ne   c o n f l i c t  

in  a  d i s p l a y .  

The  c i r c u i t   is  capab le   of  g e n e r a t i n g   c u r v i l i n e a r   as  w e l l  

as  l i n e a r   b o r d e r   segments  as  p roduced   by  a  g r a p h i c s   g e n e r a t o r .  

The  c i r c u i t   is  capab le   of  g e n e r a t i n g   a  m u l t i t u d e   of  c l i p p i n g  

b o u n d a r i e s   at  d i f f e r e n t   h o r i z o n t a l   p o s i t i o n s   a c ro s s   the  CRT 

s c r e e n .  

P o s i t i o n a l   i n f o r m a t i o n   is  fed  from  the  g r a p h i c s   g e n e r a t o r  

to  the  c i r c u i t   so  t h a t   t h i s   i npu t   i n f o r m a t i o n   may  a d d r e s s   a  

look-up  t a b l e   to  de t e rmine   whether   a  c o n f l i c t   e x i s t s   b e t w e e n  

c e r t a i n   p o r t i o n s   of  the  symbol  to  be  d i s p l a y e d   and  an  a rea   i n  

which  a  high  p r i o r i t y   symbol  is  to  be  d i s p l a y e d .   If  a  



c o n f l i c t   is  d e t e r m i n e d   to  e x i s t ,   the  c i r c u i t   c l i p s   the  p o r t i o n  

of  the  symbol  t h a t   would  o t h e r w i s e   obscu re   the  high  p r i o r i t y  

i n f o r m a t i o n .  

I t   i s   an  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   to  p r o v i d e   a n  

improved  method  of  c o r r e l a t i n g   on  s t r a i g h t   l i n e s   in  a n  

i n t e r a c t i v e   d i s p l a y   dev i ce   whereby  the  time  t aken   for   t h e  

p r o c e s s i n g   of  the   method  is  s h o r t e r   than  in  p r e v i o u s   m e t h o d s  

r e s u l t i n g   in  a  s h o r t e r   wa i t   time  for   the  u se r   of  the  s y s t e m .  

Accord ing   to  the  i n v e n t i o n   t h e r e   is  p r o v i d e d   a  method  o f  

c o r r e l a t i n g  o n   s t r a i g h t   l i n e s   wi th   a  c o r r e l a t i o n   window  in  an  

i n t e r a c t i v e   d i s p l a y   system  compr i s i ng   the  s t e p s   o f :  

a)  d e f i n i n g   a  c o r r e l a t i o n   window  on  a  d i s p l a y   a rea   a n d  

d i v i d i n g   the  r e s t   of  the  d i s p l a y   a rea   i n to   e i g h t  

s u r r o u n d i n g   r e g i o n s .  

b)  d e t e r m i n i n g   which  l i n e s   s t o r e d   as  c o o r d i n a t e s   in  a  

d i s p l a y   l i s t   b u f f e r   can  be  t r i v i a l l y   a c c e p t e d   o r  

r e j e c t e d   by  computing  the  c o n f i g u r a t i o n   of  r e g i o n s  

in  which  the  end  p o i n t s   l i e .  

c)  d e t e r m i n i n g   for   each  l i n e   not  t r i v i a l l y   a c c e p t e d   o r  

r e j e c t e d ,   on  which  s ide   of  the  l i n e   one  or  two 

s e l e c t e d   c o r n e r   p o i n t s   of  the  c o r r e l a t i o n   window  l i e  

and  c o n s e q u e n t l y   whether   or  not  i t   i n t e r s e c t s   t h e  

c o r r e l a t i o n   window.  

Accord ing   to  a  second  a s p e c t   of  the  i n v e n t i o n   t h e r e   i s  

p r o v i d e d   an  i n t e r a c t i v e   d i s p l a y   system  compr i s i ng   a  d i s p l a y  

s c r e e n   and  a  c o n t r o l   u n i t   i n c l u d i n g   a  p r o c e s s o r   d e v i c e ,   a  r e a d  

only  memory  for   s t o r i n g   a  c o n t r o l   program  and  a  random  a c c e s s  

s t o r e   having   at  l e a s t   r e g i s t e r   r e g i o n s   and  a  d i s p l a y   t e s t  

b u f f e r   s t o r e ,  



f i r s t   means  under  the  c o n t r o l   of  the  c o n t r o l   program  f o r  

d e f i n i n g   a  c o r r e l a t i o n   window  on  a  d i s p l a y   a rea   a n d  

d i v i d i n g   the  r e s t   of  the  i i s p l a y   a rea   in to   e i g h t  

s u r r o u n d i n g   r e g i o n s ,  

second  means  under  the  c o n t r o l   of  the  c o n t r o l   program  f o r  

d e t e r m i n i n g   which  l i n e s   s t o r e d   as  c o o r d i n a t e s   in  t h e  

d i s p l a y   l i s t   b u f f e r   can  be  t r i v i a l l y   a c c e p t e d   or  r e j e c t e d  

by  computing  the  c o n f i g u r a t i o n   of  r e g i o n s   in  which  t h e  

end  p o i n t s   l i e ,  

t h i r d   means  under   the  c o n t r o l   of  the  c o n t r o l   program  f o r  

d e t e r m i n i n g   for  each  l ine   not  t r i v i a l l y   a c c e p t e d   o r  

r e j e c t e d ,   on  which  s ide   of  the  l ine   one  or  two  s e l e c t e d  

c o r n e r   p o i n t s   of  the  c o r r e l a t i o n   window  l i e   and  c o n s e -  

q u e n t l y   whether   or  not  i t   i n t e r s e c t s   the  c o r r e l a t i o n  

window. 

In  o rde r   t h a t   the  i n v e n t i o n   may  be  f u l l y   u n d e r s t o o d   a  

p r e f e r r e d   embodiment  w i l l   now  be  d e s c r i b e d   with  r e f e r e n c e   t o  

the  accompanying  drawings   in  w h i c h :  

FIG.  1  d i a g r a m m a t i c a l l y   shows  a  d i v i s i o n   of  a  d i s p l a y  

area   in to   nine  r e g i o n s   i n c l u d i n g   a  c o r r e l a t i o n   window.  

FIG.  2  is  a  flow  c h a r t   i l l u s t r a t i n g   the  s t eps   of  t h e  

p r e f e r r e d   m e t h o d .  

FIG.  3  is  a  b lock  s chemat i c   of  an  i n t e r a c t i v e   d i s p l a y  

s y s t e m .  

The  C o h e n - S u t h e r l a n d   a l g o r i t h m   r e f e r r e d   to  above  i n v o l v e s  

p e r f o r m i n g   i n t e r s e c t i o n   c a l c u l a t i o n s   between  the  i npu t   l i n e  

and  the  c o r r e l a t i o n   window.  These  c a l c u l a t i o n s   are  p e r f o r m e d  

e i t h e r   by  us ing   d iv ide   i n s t r u c t i o n s   or  by  us ing   an  i t e r a t i v e  



m i d - p o i n t   s u b d i v i s i o n   a l g o r i t h m .  

I f  t h e   i npu t   l ine   is  found  to  i n t e r s e c t   the  c o r r e l a t i o n  

window  then  a  c o r r e l a t e   h i t   has  o c c u r r e d ,   o t h e r w i s e   no 

c o r r e l a t e   h i t   has  o c c u r r e d .  

The Method  embodying  the  i n v e n t i o n   has  the  f o l l o w i n g  

a d v a n t a g e s :  

(i)  No  d i v i s i o n s   are  p e r f o r m e d .  

( i i )   The  method  is  not  i t e r a t i v e   and  o p e r a t e s   in  a  

s i n g l e   ' p a s s ' .  

( i i i )   The  method  u t i l i s e s   the  ' s i d e   f u n c t i o n '   of  a  

p o i n t   with  r e s p e c t   to  a  l i n e .   An  i n t e r s e c t i o n  

between  a  l i n e   segment  and  a  s e m i - i n f i n i t e   r a y  
is  d e t e c t e d   by  computing  the  s ide  f u n c t i o n   o f  

the  end  p o i n t   of  the  ray  with  r e s p e c t   to  t h e  

l i n e   s e g m e n t .  

(iv)  The  ou tcodes   of  the  l i ne   segment  end  p o i n t s   a r e  

ex tended   to  5 - b i t   ou tcodes   and  are  used  in  a  

novel   way  to  d i s t i n g u i s h   between  v a r i o u s  

s u b - c a s e s   which  a r i s e   in  the  new  a l g o r i t h m .   I n  

p a r t i c u l a r : -  

1.  The  ' c o r n e r   to  c o r n e r   sub -case   i s  

d i s t i n g u i s h e d   from  the  m i d d l e   to  c o r n e r '  

s u b - c a s e   by  t e s t i n g   the  l o g i c a l   OR  of  t h e  

o u t c o d e s   for   e q u a l i t y   with  11111000.  

2.  In  the  'middle   to  c o r n e r '   s u b - c a s e ,   t h e  

d i r e c t i o n   of  the  l i n e   segment  ( o r d e r e d  

from  s t a r t   p o i n t   to  end  po in t )   i s  



d e t e r n i n e d   to  be  c l ockwi se   o r  

a n t i c l o c k w i s e   around  the  c o r r e l a t i o n  

window  by  s h i f t i n g   one  outcode   l e f t   a n d  

computing  the  l o g i c a l   AND of  the  r e s u l t  

with  the  o t h e r   o u t c o d e .  

R e f e r r i n g   now  to  Fig.   1,  a  s c reen   10  is  shown  d i v i d e d  

in to   nine  a r e a s .   A  p ick   window  1  and  a r eas   2-9  s u r r o u n d i n g  

the  p ick   or  c o r r e l a t i o n   window.  Each  area   is  i d e n t i f i e d   w i t h  

a  5 - b i t   ou t code .   The  b i t s   w i t h i n   each  ou tcode   are  i n d i c a t e d  

as  f o l l o w s :  

Thus  Area  1  =  00000  (Pick  a r e a )  

Using  t h i s   n o t a t i o n   the  e f f e c t   of  s h i f t i n g   an  o u t c o d e  

l e f t   by  one  b i t   is  to  p roduce ,   in  the  f i r s t   four   b i t s   of  t h e  

code,  the  outcode  of  the  r eg ion   which  c o r r e s p o n d s   to  t h e  

r e s u l t   of  r o t a t i n g   the  o r i g i n a l   outcode   r eg ion   90  d e g r e e s  

a n t i - c l o c k w i s e .  

While  in  F igure   1  the  a reas   are  shown  to  be  more  or  l e s s  

the  same  s ize  in  r e a l i t y   the  pick  window  can  be  of  the  o r d e r  



of  ten   or  f i f t e e n   p e l s   square   and  the  o t h e r   a r ea s   t a k i n g   up  a  

c o r r e s p o n d i n g l y   l a r g e r   a rea   so  t h a t   the  c e n t r e   a r eas   have  one 

s h o r t   edge  ( a d j a c e n t   the  p i ck   window)  and  c o m p a r a t i v e l y   l a r g e r  

s ide   a d j a c e n t   the  o t h e r   a r e a s .  

The  p r e f e r r e d   method  embodying  the  i n v e n t i o n   w i l l   now  b e  

d e s c r i b e d   wi th   r e f e r e n c e   to  the  flow  c h a r t   of  Fig.   2  and  t h e  

i n t e r a c t i v e   d i s p l a y   i l l u s t r a t e d   s c h e m a t i c a l l y   in  Fig.   3.  The 

component   p a r t s   of  the  system  of  Fig.   3  are  a  d i s p l a y   s c r e e n  

30  c o n n e c t e d   to  a  c o n t r o l   u n i t   31.  The  c o n t r o l   u n i t   31 

i n c l u d e s   a  p r o c e s s o r   32  connec t ed   t h rough   a  bus  33  to  a  r e a d  

only  s t o r e   34  a  random  a c c e s s   s t o r e   35,  and  a  d i s p l a y   b u f f e r  

36.  I n p u t / o u t p u t   c o n n e c t i o n s   are  made  to  a  keyboard   37  and  a  

c u r s o r   c o n t r o l   dev ice   38  which  may  be  a  l i g h t   pen,   an  o p t i c a l  

m o o s e ,   a  t a b l e t   or  s i m i l a r   d e v i c e .  

The  p r o c e s s o r   32  is  c o n t r o l l e d   by  a  c o n t r o l   p r o g r a m  
s t o r e d   in  the  ROS  34.  The  RAM  35  c o n t a i n s   a reas   se t   a s i d e   t o  

p e r f o r m   the  f u n c t i o n   of  t emporary   s t o r a g e   r e g i s t e r s .   In  t h e  

p r e f e r r e d   method  ten  r e g i s t e r s   A-J  are  u t i l i s e d .  

The  c o n t r o l   u n i t   31  a l so   has  a  c o n n e c t i o n   39  to  a  h o s t  

d a t a   p r o c e s s i n g   u n i t ,   which  send  a  d i s p l a y   l i s t ,   th rough   a  

s u i t a b l e   l i nk   which  d e f i n e s   the  c o n t e n t s   of  a  p i c t u r e   to  b e  

d i s p l a y e d   on  the  s c reen   30 .  

The  d i s p l a y   l i s t   is  s t o r e d   in  the  d i s p l a y   l i s t   b u f f e r   36 

in  the  form  of  c o o r d i n a t e   va lue s   for   the  end  p o i n t s   of  l i n e s  

which  farm  the  d i s p l a y .  

A  u s e r   of  the  system  w i l l   wish  to  i n d i c a t e   a  l i n e   or  a r e a  
which  r e q u i r e s   some  a c t i o n   to  be  t a k e n ,   e . g . ,   d e l e t e d   f rom 

t o t a l   p i c t u r e ,   h i g h l i g h t e d ,   moved  e t c .   The  user   moves  t h e  

c u r s o r   on  the  s c r een   th rough  the  dev ice   38.  



In  a  complex  p i c t u r e   the  c u r s o r   w i l l   not  n e c e s s a r i l y   come 

to  r e s t   on  a  p a r t i c u l a r   l i ne   and  the  system  must  d e t e r m i n e  

which  l i n e s   are  to  be  s e l e c t e d   by  the  c u r s o r   p o s i t i o n .   A  p i c k  

window  1  (Fig.  1)  is  d e f i n e d   around  the  c u r s o r  p o s i t i o n .   The 

method  d e s c r i b e d   below  is  then  used  to  c o r r e l a t e   the  l i n e s   o f  

the  d i s p l a y   with  the  pic.:   window,  under  c o n t r o l   of  a  c o n t r o l  

program  s t o r e d   in  the  ROS  34.  

R e g i s t e r   a reas   A-J  are  d e f i n e d   as  f o l l o w s :  

The  s e t t i n g   of  R e g i s t e r   F  and  G  is  as  f o l l o w s .  

The  ou tcodes   oc  of  a  p o i n t   (x,y)  with  r e s p e c t   to  the  p i c k  

window  are  d e f i n e d   to  be  an  8 - b i t   byte  with  b i t s   set   a s  

f o l l o w s :  

Outcode  b i t   1  is  d u p l i c a t e d   in  b i t   5  so  t h a t   in  middle  t o  

corner   cases   i t   can  e a s i l y   be  de t e rmined   whether   the  l i n e  

segment  p o i n t s   c lockwise   or  a n t i - c l o c k w i s e   around  the  p i c k  



w i n d o w :  T h e   ou t codes   are  o r d e r e d   in  an  a n t i - c l o c k w i s e  

sequence   around  the  p ick   window.  

SHIFT  LEFT  is  d e f i n e d   a s :  

R e g i s t e r   I  is   se t   wi th   the  r e s u l t   of  r e g i s t e r   F  OR 

r e g i s t e r   G. 

R e g i s t e r  J   is  se t   wi th   the  r e s u l t   of  r e g i s t e r   F  AND 

r e g i s t e r   G. 

The  f o l l o w i n g   s t e p s ,   the  flow  of  which  is  i l l u s t r a t e d   i n  

F i g .  2   are   then  p r o c e s s e d .  

Step  1  The  f o l l o w i n g   is  d e t e r m i n e d .  

If   any  of  the  f o l l o w i n g   c o n d i t i o n s   is  t r u e  

then  the  l i n e   is  a c c e p t e d   as  p a s s i n g   t h rough   the  p i c k  

window  and  Step  2  is  e n t e r e d .   Otherwise   Step  3  i s  



e n t e r e d .  

Step  2  R e g i s t e r   H  is  se t   to  '1 '   i n d i c a t i n g   a  ' h i t '   f o r  

the  l i n e   be ing   p r o c e s s e d   and  a  c o r r e s p o n d i n g   f l a g   is  s e t  

in  the  d i s p l a y   l i s t   b u f f e r .  

The  c o o r d i n a t e s   for   the  next   l i n e   to  be  p r o c e s s e d   a r e  

o b t a i n e d   and  Step  1  is  r e - e n t e r e d .   P r o c e s s i n g   s tops   when 

the  d i s p l a y   l i s t   b u f f e r   is  e x h a u s t e d .  

Step  3  The  f o l l o w i n g   is  d e t e r m i n e d .  

If  the  c o n t e n t s   of  R e g i s t e r   J  =  00000000  and  the  c o n t e n t s  

of  R e g i s t e r   I  =  11111000  then  Step  5  is  e n t e r e d .  

If  the  c o n t e n t s   of  R e g i s t e r   J  =  00000000  and  the  c o n t e n t s  

of  R e g i s t e r   I  do  not  equal   11111000  then  Step  10  i s  

e n t e r e d .  

If  the  c o n t e n t s   of  R e g i s t e r   J  do  not  equal   00000000  t h e n  

Step  4  is  e n t e r e d .  

Step  4  The  l i n e   is  r e j e c t e d   R e g i s t e r   H  remains   at  ' 0 '  

and  a  c o r r e s p o n d i n g   f l ag   is  set   in  the  d i s p l a y   l i s t  

b u f f e r .   The  c o o r d i n a t e s   for   the  next   l i n e   to  b e  

p r o c e s s e d   are  o b t a i n e d   and  Step  1  is  r e - e n t e r e d .  

P r o c e s s i n g   s tops   when  the  d i s p l a y   l i s t   b u f f e r   i s  

e x h a u s t e d .  

Step  5  x   and  x2  are  compared  i f   x1  is  g r e a t e r   than  x2 
then  Step  6  is  e n t e r e d .  

If  not  then  Step  7  is  e n t e r e d .  

Step  6  This  s tep  swaps  the  ends  of  the  l i ne   to  e n s u r e  

t h a t   x l  i s   l e s s   than  x2.  A  s imple   r o u t i n e   for  p e r f o r m i n g  

t h i s   f u n c t i o n   uses  two  work  r e g i s t e r s   in  the  RAM,  T  a n d  



U,  as  f o l l o w s  

Con t inue   at  Step  7 .  

Step  7,  8  and  9  ( co rne r   to  c o r n e r   r o u t i n e )   d e t e r m i n e  

w h e t h e r   a  l i ne   having   end  p o i n t s   in  d i a g o n a l l y   o p p o s i t e  

c o r n e r   r e g i o n s  2   and  9  or  4  and  7  p a s s e s   between  t h e  

c o r n e r   p o i n t s   of  the  p ick   window  1  which  i n t e r s e c t   t h e  

o t h e r   p a i r   of  c o r n e r   r e g i o n s .  

Step  7  y1  and  y2  are  compared  i f   y1  is  l e s s   than  y2 
then  Step  8  is  e n t e r e d   i f   not  Step  9  is  e n t e r e d .  

Step  8  If   the  e x p r e s s i o n :  

(NOT Cleft  s i d e ( x 1 ,   y1,  x2,  y2,  xR,  y B ) ) )  
AND  (NOT (right  s i d e ( x 1 ,   y1,  x2,  y2,  xL'  y T ) ) )  
is  TRUE  then  Step  2  is  e n t e r e d   o t h e r w i s e   Step  4  i s  

e n t e r e d .  

Step  9  If  the  e x p r e s s i o n :  

(NOT(lef t   s i d e ( x 1 ,  y1,  x2,  y2,  xL,  y B ) ) )  
AND (NOT (right  s ide  (x1,   y1,  x2,  y2,  xR,  y T ) ) )  
is  TRUE  then  Step  2  is  e n t e r e d   o t h e r w i s e   Step  4  i s  

e n t e r e d .  



Steps  10,  11,  12  and  13  (middle  to  co rner )   d e t e r m i n e  

for  a  l i ne   having  one  end  p o i n t   in  a  c e n t r e   area   3 ,  5  6  

or  8  and  i t s   o t h e r   end  p o i n t   in  an  area   in  a  d i f f e r e n t  

row  and  column  of  F igure   1  to  the  area   c o n t a i n i n g   t h e  

f i r s t   end  p o i n t .   Whether  the  l i n e   p a s s e s   between  t h e  

co rne r   p o i n t s   of  the  p ick   window  on  the  ex t ended   d i a g o n a l  

which  p a s s e s   between  the  a reas   c o n t a i n i n g   the  l i n e   e n d  

p o i n t s .  

Step  10  This  s tep  en su re s   t h a t   the  l i n e   from  (x1 ,  y1) 
to  (x2,  y2)  p o i n t s   c l ockwi se   around  the  pick  window. 

This  is  done  by  computing  a  s h i f t   l e f t   of  r e g i s t e r   F  a n d  

ANDing  the  r e s u l t   with  r e g i s t e r   G.  If   the  r e s u l t   of  t h e  

AND  is  equal   to  00000000,  then  the  ends  are  swapped  as  i n  

Step  6  above  and  the  AND  of  the  S h i f t   Lef t   of  r e g i s t e r   F 

with  r e g i s t e r   G  recomputed .   The  AND  is  s t o r e d   i n  

r e g i s t e r   K. 

Step  11  This  s tep   s e t s   a  r e g i s t e r   y  with  a  va lue   of  yB 
or  y   depending   upon  the  f i r s t   and  f o u r t h   b i t s   o f  

R e g i s t e r   F .  

If  e i t h e r   b i t   is  '1'  then  y  =  yB 
If  n e i t h e r   b i t   is  '1 '   then  y  =  yT 

Step  12  This  s tep  se t s   a  r e g i s t e r   x  with  a  va lue   xR  o r  

xL  depending   upon  the  f i r s t   and  second  b i t s   of  R e g i s t e r  

F. 

If  e i t h e r   b i t   is  '1'  then  x  =  x R  
If  n e i t h e r   b i t   is  '1'  then  x  =  x L  

Step  13  If  the  e x p r e s s i o n :  

(NOT(right  s i d e ( x 1 ,  y1,  x2,  y2,  x ,  y  ) ) )  

is  TRUE  then  Step  2  is  e n t e r e d   o t h e r w i s e   Step  4  i s  



e n t e r e d .  

The  f u n c t i o n   l e f t   s ide   (px,  py,  qx,  qy,  rx,  ry)  i s  

pe r fo rmed   by  the  f o l l o w i n g   r o u t i n e :  

I F ( x p - x r ) * ( y q - y p ) > ( y p - y r ) * ( x q - x p )   THEN  l e f t   s ide  =  TRUE 

OTHERWISE  l e f t   s ide   =  FALSE. 

The  f u n c t i o n   r i g h t   s ide   (px,  py,  qx,  qy,  rx,  ry)  i s  

pe r fo rmed   by  the  f o l l o w i n g   r o u t i n e :  

IF  ( x p - x r ) * ( y q - y p ) < ( y p - y r ) * ( x q - x p )   THEN  r i g h t   s ide   =  TRUE 

OTHERWISE  r i g h t   s ide   =  FALSE. 

The  method  d e s c r i b e d   above  can  be  implemented  in  e i t h e r  

hardware   or  s o f t w a r e .   In  an  i n t e r a c t i v e   d i s p l a y   system  s u c h  

as  i l l u s t r a t e d   in  FIG.  3,  the  p r o c e s s o r   32  pe r fo rms   the  me thod  

under   the  c o n t r o l   of  a  c e n t r a l   program  formed  in  the  read  o n l y  

s t o r e   34.  In  o t h e r   embodiments  the  c o n t r o l   program  may  r e s i d e  

on  a  d i s k e t t e   and  read  in to   a  p o r t i o n   of  the  random  a c c e s s  

s t o r e   35  when  r e q u i r e d .  

In  a  d i s p l a y   c o n t r o l   u n i t   such  as  i l l u s t r a t e d   at  31  a  

g e n e r a l   c o n t r o l   program  r e s i d i n g   in  ROS  34  c o n t r o l s   t h e  

p o s i t i o n   of  the  c u r s o r   on  the  s c r een   30  in  r e s p o n s e   to  i n p u t  

from  d e v i c e s   38  or  37  and  d e f i n e s   the  c o r r e l a t i o n   or  p i c k  

window  in  r e sponse   to  commands  r e c e i v e d   from  the  Keyboard  37 .  

The  p r o c e s s o r   32  under   c o n t r o l   of  the  c o n t r o l   program  p e r f o r m s  

the  p r o c e s s   for   c o r r e l a t i n g   the  l i n e s   with  the  p ick   window. 

Thus  in  the  f o l l o w i n g   c la ims   both  the  f i r s t ,   second  and  t h i r d  

means  o p e r a t i n g   under   c o n t r o l   of  the  c o n t r o l   program  may  b e  

the  p r o c e s s o r   32,  p a r t s   t h e r e o f   or  the  p r o c e s s o r   i n  

c o m b i n a t i o n   wi th   the  r e g i s t e r s   of  the  random  access   s t o r e   35.  



1.  A  method  of  c o r r e l a t i n g   on  s t r a i g h t   l i n e s   with  a  c o r r e l a -  

t i on   window  in  an  i n t e r a c t i v e   d i s p l a y   system  c o m p r i s i n g   t h e  

s t eps   o f :  

a)  d e f i n i n g   a  c o r r e l a t i o n   window  on  a  d i s p l a y   area   a n d  

d i v i d i n g   the  r e s t   of  the  d i s p l a y   area   in to   e i g h t  

s u r r o u n d i n g   r e g i o n s .  

b)  d e t e r m i n i n g   which  l i n e s   s t o r e d   as  c o o r d i n a t e s   in  a  

d i s p l a y   l i s t   b u f f e r   can  be  t r i v i a l l y   a c c e p t e d   o r  

r e j e c t e d   by  computing  the  c o n f i g u r a t i o n   of  r e g i o n s  

in  which  the  end  p o i n t s   l i e .  

c)  d e t e r m i n i n g   for  each  l i ne   not  t r i v i a l l y   a c c e p t e d   o r  

r e j e c t e d ,   on  which  s ide   of  the  l i n e   one  or  two 

s e l e c t e d   co rne r   p o i n t s   of  the  c o r r e l a t i o n   window  l i e  

and  c o n s e q u e n t l y   whether   or  not  i t   i n t e r s e c t s   t h e  

c o r r e l a t i o n   window. 

2.  A  method  as  c la imed  in  claim  1  in  which  s tep   (c)  i n c l u d e s  

the  s tep  (d)  of  d e t e r m i n i n g   whether   the  l i ne   has  end  p o i n t s   i n  

d i a g o n a l l y   o p p o s i t e   co rne r   r e g i o n s   in  which  case  the  s e l e c t e d  

co rne r   p o i n t s   are  e i t h e r   or  both  of  the  co rne r   p o i n t s   on  t h e  

ex tended   d i a g o n a l   of  the  c o r r e l a t i o n   window.  

3.  A  method  as  c la imed  in  c la im  1  in  which  the  s tep  (c) 

i n c l u d e s   the  s tep  (e)  of  d e t e r m i n i n g   whe ther   the  l i n e   has  a t  

l e a s t   one  end  po in t   in  a  r eg ion   a d j a c e n t   to  a  s ide   of  t h e  

c o r r e l a t i o n   window  in  which  case  the  s e l e c t e d   co rne r   p o i n t   i s  

the  i n t e r s e c t i o n   of  the  r eg ion   and  the  a rea   formed  by  

combining  the  r eg ion   in  which  the  o t h e r   end  p o i n t   l i e s   and  any  

a d j a c e n t   middle  r eg ion   or  r e g i o n s .  



4.  A  method  as  c la imed  in  c la im  3  in  which  when  the  o t h e r  

end  p o i n t   l i e s   in  a  middle  r e g i o n   i t   is  combined  wi th   i t s e l f  

and  when  the  o t h e r   end  p o i n t   l i e s   in  a  c o r n e r   r e g i o n   i t   i s  

combined  wi th   a d j a c e n t   middle   r e g i o n   having  an  i n t e r s e c t i o n  

wi th   the  r e g i o n   in  which  the  f i r s t   end  p o i n t   l i e s .  

5.  An  i n t e r a c t i v e   d i s p l a y   system  c o m p r i s i n g   a  d i s p l a y   s c r e e n  
and  a  c o n t r o l   u n i t   i n c l u d i n g   a  p r o c e s s o r   d e v i c e ,   a  read  o n l y  

memory  for   s t o r i n g   a  c o n t r o l   program  and  a  random  acces s   s t o r e  

having   at   l e a s t   r e g i s t e r   r e g i o n s   and  a  d i s p l a y   t e s t   b u f f e r  

s t o r e ,  

f i r s t   means  under   the  c o n t r o l   of  the  c o n t r o l   program  f o r  

d e f i n i n g   a  c o r r e l a t i o n   window  on  a  d i s p l a y   a rea   the  r e s t  

of  the  d i s p l a y   a rea   i n to   e i g h t   s u r r o u n d i n g   r e g i o n s ,  

second  means  under   the  c o n t r o l   of  the  c o n t r o l   program  f o r  

d e t e r m i n i n g   which  l i n e s   s t o r e d   as  c o o r d i n a t e s   in  t h e  

d i s p l a y   l i s t   b u f f e r   can  be  t r i v i a l l y   a c c e p t e d   or  r e j e c t e d  

by  campar ing   the  r e g i o n s   in  which  the  end  p o i n t s   l i e ,  

t h i r d   means  under   the  c o n t r o l   of  the  c o n t r o l   program  f o r  

d e t e r m i n i n g   for   each  l i n e   not  t r i v i a l l y   a c c e p t e d   o r  

r e j e c t e d ,   on  which  s ide   of  the  l i ne   one  or  two  s e l e c t e d  

c o r n e r   p o i n t s   of  the  c o r r e l a t i o n   window  l i e   and  c o n s e -  

q u e n t l y   whether   or  not  i t   i n t e r s e c t s   the  c o r r e l a t i o n  

window.  
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