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©  METHOD  OF  CONTROLLING  DISPLAY. 

@  At  least  one  window  image  (W2)  in  a  multiwindow  image 
displayed  on  the  screen  of  a  CRT  (16)  is  displayed  by  being 
moved  relative  to  another  window  image  (W1).  The  coordinate 
of  position  on  the  display  screen  of  window  image  (W2)  being 
moved  is  renewed  while  the  beam  is  flying  back  vertically.  The 
moving  window  image  (W2)  is  read  from  a  memory  (15)  and  is 
displayed  on  the  display  screen  when  the  beam  is  present  in  a 
region  designated  by  the  coordinate  of  position. 

OISPLAV  SIDE 
15a IS I 13 

T  V-RAU 
<  M2 10 " I  WRITE CONTROLLER  f 

HOST PROCESSOR 
Hj->-|, DEAD COHTROLLEHK-M 

16 
J_ 

(O 

0> 
00 
CM 

o  

WINDOW CONTROL  12 BLOCK 

ACTOHUM  AG 



0 0 2 8 9 6 1 3  

- l -   .  
c s \ ^ y  

DESCRIPTION  £-i  W 'M  '  
f  

DISPLAY  CONTROL  METHOD\>  ^ e & ^  

T e c h n i c a l   F i e l d  

T h i s   i n v e n t i o n   r e l a t e s   to  a  d i s p l a y   c o n t r o l   m e t h o d  

_  in  w h i c h   one  w i n d o w   image   among  m u l t i p l e   w indow  i m a g e s  

d i s p l a y e d   on  a  d i s p l a y   s c r e e n   i s   moved  w i t h   r e s p e c t   t o  

t h e   o t h e r   w i n d o w   i m a g e s .  

B a c k g r o u n d   A r t  

In  a  m u l t i - w i n d o w   image   d i s p l a y   in  w h i c h   one  i m a g e  

.  Q  W2  is   d i s p l a y e d   s u p e r i m p o s e d   on  a n o t h e r   image   Wl 

d i s p l a y e d   in  a  f i r s t   d i s p l a y   r e g i o n   of  a  d i s p l a y  

s c r e e n ,   as  shown  in  F i g .   4,  a  v i d e o   RAM  (V-RAM)  1  i s  

p r o v i d e d ,   as  shown  in  F i g .   5,  t h e   window  i m a g e s   Wl,  W2 

a r e   s t o r e d   in  r e s p e c t i v e   p r e s c r i b e d   s t o r a g e   r e g i o n s   l a ,  

,,.  lb   of  t h e   V-RAM  1,  and  d a t a   i n d i c a t i n g   w h e r e   t h e   w i n d o w  

i m a g e s   a r e   to   be  d i s p l a y e d   on  t h e   d i s p l a y   s c r e e n   a n d  

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

r e s p o n s e   to  w h i c h   a  d i s p l a y   c o n t r o l l e r   d i s p l a y s   t h e  

m u l t i - w i n d o w   i m a g e   on  t h e   d i s p l a y   s c r e e n   u s i n g   t h e  

20  d a t a '  

More  s p e c i f i c a l l y ,   t h e   window  i m a g e s   Wl,  W2  a r e  

s t o r e d   in  t h e   V-RAM  1,  and  t h e   d i s p l a y   p o s i t i o n s   a n d  

d i s p l a y   p r e c e d e n c e   ( e . g .   W2>W1)  of  t h e   w indow  i m a g e s  

Wl,  W2  on  t h e   d i s p l a y   s c r e e n   a r e   i n p u t t e d .   I n  

2c  r e s p o n s e ,   t h e   d i s p l a y   c o n t r o l l e r ,   w h i c h   i s   n o t   s h o w n ,  

r e a d s   t h e   w i n d o w   i m a g e s   Wl,  W2  ou t   of  t h e   V-RAM  1  i n  

s y n c h r o n i z a t i o n   w i t h   t h e   r a s t e r   s c a n n i n g   of  a  CRT  b e a m ,  

and  i n p u t s   t h e   i m a g e s   to  t h e   CRT  to  d i s p l a y   t h e  
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m u l t i p l e   w i n d o w   i m a g e s .   I t   s h o u l d   be  n o t e d   t h a t   t h e  

m u l t i - w i n d o w   i m a g e   d i s p l a y   i s   p e r f o r m e d   by  r e a d i n g  

i m a g e   Wl  o u t   of  t h e   s t o r a g e   a r e a   l a   of  V-RAM  1  w h i l e  

t h e   beam  i s   p r e s e n t   on  t h e   s o l i d   l i n e   a r r o w s   of  F i g .   4 ,  

r e a d i n g   t h e   i m a g e   W2  o u t   of  t h e   s t o r a g e   a r e a   lb   o f  

V-RAM  1  w h i l e   t h e   beam  i s   p r e s e n t   on  t h e   d a s h e d   l i n e  

a r r o w s ,   and  o u t p u t t i n g   t h e   i m a g e s   to  t h e   CRT. 

In  a  m u l t i - w i n d o w   i m a g e   d i s p l a y   of  t h i s   k i n d ,  

t h e r e   a r e   c a s e s   w h e r e   a t   l e a s t   one  w indow  i m a g e   W2 

.  _  among  t h e   m u l t i p l e   w indow  i m a g e s   i s   moved  w i t h   r e s p e c t  

to  t h e   o t h e r   w i n d o w   image   Wl .  

For  e x a m p l e ,   in  o r d e r   to  c h e c k   an  NC  p a r t   p r o g r a m  

a u t o m a t i c a l l y   c r e a t e d   by  an  a u t o m a t i c   p r o g r a m m i n g  

s e c t i o n   in  an  a u t o m a t i c   p r o g r a m m i n g   s y s t e m ,   a  

15  s i m u l a t i o n   i s   p e r f o r m e d   u s i n g   t h e   NC  p a r t   p r o g r a m .   I n  

s u c h   a  s i m u l a t i o n ,   i t   i s   n e c e s s a r y   to  d i s p l a y   on  t h e  

d i s p l a y   s c r e e n   t h e   m a n n e r   in  w h i c h   t h e   t o o l   i s   m o v e d  

r e l a t i v e   to  t h e   w o r k p i e c e   to  p e r f o r m   m a c h i n i n g .   To 

t h i s   e n d ,   t h e   w i n d o w   i m a g e   Wl  in  F i g .   4  i s   a d o p t e d   as  a  

2Q  w o r k p i e c e ,   t h e   w indow  i m a g e   W2  i s   a d o p t e d   as  a  t o o l ,  

and  t h e   w i n d o w   i m a g e   W2  ( t h e   t o o l )   i s   moved  r e l a t i v e   t o  

t h e   w indow  i m a g e   Wl,  w h i c h   i s   t h e   w o r k p i e c e ,   i n  

c o n f o r m a n c e   w i t h   a c t u a l   t o o l   m o v e m e n t ,   i . e .   f r o m   t h e  

s o l i d - l i n e   p a t t e r n   to  t h e   d a s h e d - l i n e   p a t t e r n   a n d  

25  t h e n c e   to   t h e   o n e - d o t   l i n e   p a t t e r n ,   and  so  on,  as  s h o w n  

in  F i g .   6 .  

In  o r d e r   to   move  t h e   w indow  i m a g e   W2,  s o l e l y   t h e  

p o s i t i o n   of  t h i s   w i n d o w   i m a g e   on  t h e   d i s p l a y   s c r e e n   i s  
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u p d a t e d   b a s e d   on  t o o l   m o v e m e n t .  

In  t h e   p r i o r   a r t ,   t h e   c o o r d i n a t e s   of  t h e   p o s i t i o n  

of  t h e   w indow  i m a g e   a r e   u p d a t e d   a t   an  a r b i t r a r y   t i m i n g ,  

and  t h e   u p d a t i n g   i s   a l m o s t   a l w a y s   c a r r i e d   ou t   w h i l e   t h e  

5  d i s p l a y   s c r e e n   (CRT  s c r e e n )   i s   in  t h e   c o u r s e   of  b e i n g  

s c a n n e d   by  t h e   beam.   T h e r e f o r e ,   c a s e s   a r i s e   in  w h i c h ,  

when  t h e   w indow  i m a g e   W2  i s   s i t u a t e d   a t   t h e   s o l i d - l i n e  

p o s i t i o n   in  F i g .   6  and  an  i - t h   s c a n n i n g   l i n e   H.  i s  

b e i n g   s c a n n e d   by  t h e   beam,  t h e   c o o r d i n a t e s   of  t h e  

10  p o s i t i o n   of  t h e   i m a g e   window  W2  a r e   u p d a t e d   to  t h e  

c o o r d i n a t e s   of  t h e   d a s h e d - l i n e   p o s i t i o n   in  r e s p o n s e   t o  

an  i n p u t   of  t o o l   m o v e m e n t   d a t a .   When  s u c h   is   t h e   c a s e ,  

a  w indow  i m a g e   p o r t i o n   W21  b e f o r e   u p d a t i n g   of  t h e  

c o o r d i n a t e s   and  a  w indow  i m a g e   W2"  a f t e r   u p d a t i n g   o f  

15  t h e   c o o r d i n a t e s   a r e   d i s p l a y e d   on  t h e   d i s p l a y   s c r e e n   i n  

c o m b i n e d   f o r m ,   as  shown  in  F i g .   7 .  

In  o t h e r   w o r d s ,   w i t h   t h e   p r i o r - a r t   m e t h o d ,   t h e  

moved  w indow  i m a g e   i s   d i s t o r t e d   and  f l i c k e r s .  

A c c o r d i n g l y ,   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   i s  

20  to   p r o v i d e   a  d i s p l a y   c o n t r o l   m e t h o d   in  w h i c h   a  w i n d o w  

image   w i l l   n o t   become   d i s t o r t e d   and  w i l l   no t   f l i c k e r   i n  

a  m u l t i - w i n d o w   i m a g e   d i s p l a y   w h e r e i n   a  w indow  i m a g e   i s  

moved  r e l a t i v e   to   f i x e d   w i n d o w   i m a g e .  

A n o t h e r   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   i s   t o  

25  p r o v i d e   a  d i s p l a y   c o n t r o l   m e t h o d   in  w h i c h   t h e   m o t i o n   o f  

a  m o v i n g   o b j e c t   can  be  d i s p l a y e d   in  a  m a n n e r   f a i t h f u l  

to   a c t u a l   m o t i o n .  
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D i s c l o s u r e   of  t h e   I n v e n t i o n  

In  a  c a s e   w h e r e   a t   l e a s t   one  w indow  i m a g e   a m o n g  

m u l t i p l e   w i n d o w   i m a g e s   d i s p l a y e d   on  a  d i s p l a y   s c r e e n   i s  

moved  r e l a t i v e   to   a n o t h e r   w indow  i m a g e ,   p o s i t i o n  

c o o r d i n a t e s   of  t h e   moved  window  i m a g e   on  t h e   d i s p l a y  

s c r e e n   a r e   u p d a t e d   d u r i n g   v e r t i c a l   r e t r a c e   of  a  b e a m f  

and  t h e   moved  w i n d o w   i m a g e   i s   r e a d   ou t   of  a  memory   a n d  

d i s p l a y e d   on  t h e   d i s p l a y   s c r e e n   when  t h e   beam  i s  

p r e s e n t   in  a  r e g i o n   d e s i g n a t e d   by  t h e   p o s i t i o n  

c o o r d i n a t e s .  

B r i e f   D e s c r i p t i o n   of  t h e   D r a w i n g s  

F i g .   1  i s   a  b l o c k   d i a g r a m   of  a  d i s p l a y   c o n t r o l  

s y s t e m   in  w h i c h   f i r s t   and  s e c o n d   d i s p l a y   c o n t r o l  

m e t h o d s   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   can  b e  

15  a p p l i e d ;  

F i g s .   2  ( a ) ,   (b)  a r e   v i e w s   f o r   d e s c r i b i n g   t h e  

c o n t e n t s   s t o r e d   in  a  w indow  c o n t r o l   b l o c k ;  

F i g .   3  i s   a  t i m e   c h a r t   f o r   d e s c r i b i n g   a  s e c o n d  

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

2Q  F i g s .   4  and   5  a r e   v i e w s   f o r   d e s c r i b i n g   a  m u l t i -  

w indow  i m a g e   d i s p l a y ;  

F i g s .   6  and   7  a r e   v i e w s   f o r   d e s c r i b i n g   t h e  

d r a w b a c k s   of  t h e   p r i o r   a r t ,   in  w h i c h   one  w indow  i m a g e  

is   moved  r e l a t i v e   to   a n o t h e r   w indow  i m a g e ;   a n d  

25  F i g .   8  i s   a  t i m e   c h a r t   f o r   d e s c r i b i n g   a n  

i n c o n v e n i e n c e   e n c o u n t e r e d   in  a  f i r s t   c o n t r o l   m e t h o d  

a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n .  

B e s t   Mode  f o r   C a r r y i n g   Out  t h e   I n v e n t i o n  
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F i g .   1  is   a  b l o c k   d i a g r a m   of  a  d i s p l a y   c o n t r o l  

s y s t e m .   N u m e r a l   10  d e n o t e s   a  h o s t   p r o c e s s o r ,   s u c h   a s  

t h e   p r o c e s s o r   of  an  a u t o m a t i c   p r o g r a m m i n g   a p p a r a t u s   f o r  

a u t o m a t i c a l l y   c r e a t i n g   an  NC  p a r t   p r o g r a m .  

N u m e r a l   11  d e n o t e s   a  d i s p l a y   c o n t r o l l e r   h a v i n g   a  

g r a p h i c   p r o c e s s o r   l l a ,   a  d i s p l a y   p r o c e s s o r   l i b ,   and  t h e  

l i k e .   N u m e r a l   12  d e s i g n a t e s   a  w indow  c o n t r o l   b l o c k ,   13 

a  w r i t e   c o n t r o l l e r ,   14  a  r e a d   c o n t r o l l e r ,   15  a  V-RAM, 

16  a  CRT,  and  VR  a  v e r t i c a l   s y n c h r o n i z i n g   s i g n a l .  

The  g r a p h i c   p r o c e s s o r   l l a   u s e s   i m a g e   d a t a   r e c e i v e d  

f rom  t h e   h o s t   p r o c e s s o r   10  to  g e n e r a t e   a  f i x e d   w i n d o w  

image   (a  w o r k p i e c e   or  s t a t i o n a r y   p o r t i o n   of  a  m a c h i n e )  

Wl  and  a  m o v i n g   w i n d o w   image   (a  t o o l )   W2,  . . . ,   w r i t e s  

t h e s e   w indow  i m a g e s   in  p r e s c r i b e d   s t o r a g e   a r e a s   1 5 a ,  

15b ,   . . .   of  t h e   V-RAM  15,  and  s t o r e s   t h e   d i s p l a y  

p o s i t i o n   of  e a c h   w indow  image   and  t h e   d i s p l a y  

p r e c e d e n c e   d a t a ,   w h i c h   a r e   t r a n s f e r r e d   t h e r e t o   f rom  t h e  

h o s t   p r o c e s s o r ,   in  t h e   window  c o n t r o l   b l o c k   12.  T h e  

w indow  c o n t r o l   b l o c k   12  s t o r e s   d i s p l a y   p o s i t i o n   d a t a  

and  p r e c e d e n c e   d a t a   P.  shown  in  F i g .   2 ( b ) ,   w h e r e   i t   i s  

a s s u m e d   t h a t   t h e   d i s p l a y   p o s i t i o n s   of  t h e   w indow  i m a g e s  

Wl,  W2  on  t h e   d i s p l a y   s c r e e n   a r e   as  f o l l o w s :  

P l S ( x l s '   y i s } '   P l E ( X l e '   y i e ) ;  

P 2 S ( X 2 s '   W '   P 2 E ( x 2 e '   Y 2 e )  

( t h e   d i s p l a y   p o s i t i o n s   a r e   s p e c i f i e d   by  t h e   c o o r d i n a t e s  

of  t h e   d i a g o n a l   p o i n t s   P,  ,  P,  ;  ^ 2 ^ ,   P2p  of  t h e   w i n d o w  

i m a g e s ) ,   as  shown  in  F i g .   2  ( a ) .  

When  m o v e m e n t   d a t a   f o r   m o v i n g   a  w indow  i m a g e   o n  
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t h e   m u l t i - w i n d o w   image   d i s p l a y   i s   t r a n s f e r r e d   f r o m   t h e  

h o s t   p r o c e s s o r   10,  t h e   image   p r o c e s s o r   l l a   e x e c u t e s  

p r o c e s s i n g   f o r   u p d a t i n g   t h e   d i s p l a y   p o s i t i o n   of  t h i s  

w indow  image   s t o r e d   in  t h e   w indow  c o n t r o l   b l o c k   1 2 .  

The  d i s p l a y   p r o c e s s o r   l i b   p r o v i d e s   a  r e a d  

c o n t r o l l e r   17  w i t h   an  i n p u t   of  w indow  i m a g e   p r e c e d e n c e  

and  w indow  i m a g e   d i s p l a y   p o s i t i o n   s t o r e d   in  t h e   w i n d o w  

c o n t r o l   b l o c k   12.  The  r e a d   c o n t r o l l e r   14  r e a d s   e a c h  

window  i m a g e   o u t   of  t h e   V-RAM  15  b a s e d   on  t h e s e   d a t a  

and  t h e   beam  p o s i t i o n ,   and  i n p u t s   t h e   w indow  i m a g e s   t o  

t h e   CRT  1 6 .  

A  f i r s t   d i s p l a y   c o n t r o l   m e t h o d   in  a c c o r d a n c e   w i t h  

t h e   p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d .   I t   w i l l  

a s s u m e d   t h a t   t h e   f i x e d   w indow  i m a g e   Wl  and  moved  w i n d o w  

i m a g e   W2  h a v e   a l r e a d y   been   s t o r e d   in  t h e   V-RAM  15,   a n d  

t h a t   p r e d e t e r m i n e d   d a t a   has   b e e n   s t o r e d   in  t h e   w i n d o w  

c o n t r o l   b l o c k   1 2 .  

The  d i s p l a y   p r o c e s s o r   l i b   of  d i s p l a y   c o n t r o l l e r   1 1  

p r o v i d e s   t h e   r e a d   c o n t r o l l e r   14  w i t h   an  i n p u t   of  t h e  

d i s p l a y   p o s i t i o n   c o o r d i n a t e s   and  p r e c e d e n c e   of  t h e  

w indow  i m a g e s   Wl,  W2  s t o r e d   in  t h e   w i n d o w   c o n t r o l   b l o c k  

12.  In  r e s p o n s e ,   t h e   r e a d   c o n t r o l l e r   14  r e a d s   t h e  

w i n d o w   i m a g e s   Wl,  W2  ou t   of  t h e   V-RAM  15  in  d e p e n d e n c e  

upon   t h e   d i s p l a y   p o s i t i o n   c o o r d i n a t e s   and   b e a m  

p o s i t i o n ,   and  i n p u t s   t h e s e   w indow  i m a g e s   to   t h e   CRT  1 6  

to  d i s p l a y   a  m u l t i - w i n d o w   i m a g e .  

When  d a t a   ( e . g .   i n c r e m e n t a l   q u a n t i t i e s   a l o n g  

r e s p e c t i v e   a x e s   in  a  p r e d e t e r m i n e d   p e r i o d   of  t i m e )   f o r  
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m o v i n g   t h e   window  image   W2  is   r e c e i v e d   f r o m   t h e   h o s t  

p r o c e s s o r   10  u n d e r   t h e s e   c o n d i t i o n s ,   t h e   g r a p h i c  

p r o c e s s o r   l l a   c o m p u t e s   t h e   n e x t   d i s p l a y   p o s i t i o n  

c o o r d i n a t e s   u s i n g   t h e   p r e s e n t   d i s p l a y   p o s i t i o n  

c o o r d i n a t e s   and  m o v e m e n t   d a t a   s t o r e d   in  t h e   w i n d o w  

c o n t r o l   b l o c k   12.  I f   beam  s c a n n i n g   i s   in  p r o g r e s s   a t  

t h i s   t i m e ,   t h e   p o s i t i o n   c o o r d i n a t e s   of  t h e   w indow  i m a g e  

W2  s t o r e d   in  t h e   window  c o n t r o l   b l o c k   12  a r e   n o t  

u p d a t e d   i m m e d i a t e l y .   I n s t e a d ,   t h e   g e n e r a t i o n   of  t h e  

v e r t i c a l   s y n c h r o n i z i n g   s i g n a l   VR  f rom  t h e   CRT  16  i s  

a w a i t e d   and  u p d a t i n g   is   p e r f o r m e d   a f t e r   i t   i s   c o n f i r m e d  

t h a t   t h e   beam  is   in  t h e   c o u r s e   of  v e r t i c a l   r e t r a c e .  

When  t h e   d i s p l a y   p o s i t i o n   c o o r d i n a t e s   a r e   u p d a t e d  

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

,_  p r o c e s s o r   l i b   i n p u t s   t h e   new  d i s p l a y   p o s i t i o n  

c o o r d i n a t e s   of  t h e   window  i m a g e s   Wl,  W2,  w h i c h   h a v e  

been   s t o r e d   in  t h e   window  c o n t r o l   b l o c k   12,  to   t h e   r e a d  

c o n t r o l l e r   14.  The  l a t t e r   r e a d s   t h e   window  i m a g e s   W l ,  

W2  ou t   of  t h e   V-RAM  15  in  d e p e n d e n c e   upon  t h e   d i s p l a y  

„»  p o s i t i o n   c o o r d i n a t e s   and  beam  p o s i t i o n ,   and  i n p u t s  

t h e s e   w indow  i m a g e s   to  t h e   CRT  16  to  d i s p l a y   a  

m u l t i - w i n d o w   i m a g e ,   j u s t   as  d e s c r i b e d   a b o v e .   At  t h i s  

t i m e   t h e   d i s p l a y   p o s i t i o n   of  t h e   window  i m a g e   Wl  d o e s  

n o t   c h a n g e ,   bu t   t h e   p o s i t i o n   a t   w h i c h   t h e   w indow  i m a g e  

2C  W2  i s   d i s p l a y e d   c h a n g e s   by  an  a m o u n t   c o n f o r m i n g   to  t h e  

m o v e m e n t   d a t a .  

S i n c e   t h e   a r r a n g e m e n t   is   s u c h   t h a t   t h e   d i s p l a y  

p o s i t i o n   c o o r d i n a t e s   of  t h e   moved  w indow  image   a r e  



0 0 2 8 9 6 1 3  
—  o  ~ 

u p d a t e d   d u r i n g   v e r t i c a l   r e t r a c e   in  t h e   m a n n e r   d e s c r i b e d  

a b o v e ,   t h e   w indow  image   w i l l   n o t   be  d i s t o r t e d   and   i t  

w i l l   n o t   f l i c k e r .  

I t   s h o u l d   be  n o t e d   t h a t   m e r e l y   u p d a t i n g   t h e  

d i s p l a y   p o s i t i o n   of  t h e   moved  w indow  i m a g e   d u r i n g  

v e r t i c a l   r e t r a c e   can  c a u s e   a  s e r i e s   of  m o v e m e n t s   t o  

d e v e l o p m e n t   j e r k i n e s s   owing   to  a  l e n g t h e n i n g   a n d  

s h o r t e n i n g   of  t h e   t i m e   n e e d e d   f o r   m o v e m e n t   a  f i x e d  

d i s t a n c e   a c r o s s   t h e   d i s p l a y   s c r e e n .  

F i g .   8  i s   a  v i ew  ( t i m e   c h a r t )   f o r   a  d e s c r i b i n g   a  
10  

c a s e   w h e r e   t h e   moved  window  image   ( t o o l )   i s   moved  i n  

a c c o r d a n c e   w i t h   t h e   f i r s t   d i s p l a y   c o n t r o l   m e t h o d   of  t h e  

i n v e n t i o n .   I f   t h e   t o o l   (moved  w i n d o w   i m a g e )   i s   m o v e d  

l i n e a r l y   a t   a  u n i f o r m   s p e e d   f rom  p o i n t   Pg  ( X s , Y g )   t o  

p o i n t   P_  ( X _ , Y J   ,  as  shown  in  F i g .   8  ( a ) ,   t h e   a u t o m a t i c  
i  5  ha  hi  hi 

p r o g r a m m i n g   s e c t i o n   a p p l i e s   a  p o s i t i o n   command  [ e . g .  

p o s i t i o n   c o o r d i n a t e s   P̂  ̂ ( X ^ Y ^   e v e r y   AT]  to  t h e  

d i s p l a y   s i d e   e v e r y   ^T  [ s e e   F i g .   8 ( b ) ] .  

Upon  r e c e i v i n g   t h e   p o s i t i o n   command,   t h e   d i s p l a y  

s i d e   u p d a t e s   t h e   p o s i t i o n   of  t h e   moved  w indow  i m a g e   b y  
20 

t h e   f i r s t   v e r t i c a l   s y n c h r o n i z i n g   p u l s e   t h a t   f o l l o w s   t h e  

command  i n p u t ,   n a m e l y   by  v e r t i c a l   s y n c h r o n i z i n g   p u l s e s  

VRl ,   VR3,  VR4,  VR6,  VR8  ,  VR9  [ s e e   F i g .   8 ( c ) ] .   As  a  

r e s u l t ,   t h e   p o s i t i o n   u p d a t i n g   t i m e   i n t e r v a l   [ s e e   F i g .  

8 ( d ) ]   l e n g t h e n s   and  s h o r t e n s   r e p e a t e d l y ,   t h e r e b y  

c a u s i n g   j e r k i n g   m o t i o n .  

F i g .   3  i s   a  v i ew   ( t i m e   c h a r t )   f o r   d e s c r i b i n g   a  

s e c o n d   c o n t r o l   m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n ,   i n  
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w h i c h   m o t i o n   i s   s m o o t h l y   d i s p l a y e d   by  s u b s t a n t i a l l y  

e q u a l i z i n g   t h e   p o s i t i o n   u p d a t i n g   t i m e   i n t e r v a l s .   T h e  

a r r a n g e m e n t   shown  in  F i g .   1  can  be  d i r e c t l y   a p p l i e d   t o  

t h i s   s e c o n d   d i s p l a y   c o n t r o l   m e t h o d .  

D i s p l a y   c o n t r o l   in  a c c o r d a n c e   w i t h   t h e   s e c o n d  

d i s p l a y   m e t h o d   w i l l   now  be  d e s c r i b e d .   I t   w i l l   a s s u m e d  

t h a t   t h e   f i x e d   w indow  image   Wl  and  moved  w indow  i m a g e  

W2  have   a l r e a d y   b e e n   s t o r e d   in  t h e   V-RAM  15  ( F i g .   1)  , 

and  t h a t   p r e d e t e r m i n e d   d a t a   has  been  s t o r e d   in  t h e  

w i n d o w   c o n t r o l   b l o c k   1 2 .  
10  

The  d i s p l a y   p r o c e s s o r   l i b   of  d i s p l a y   c o n t r o l l e r   11  

p r o v i d e s   t h e   r e a d   c o n t r o l l e r   14  w i t h   an  i n p u t   of  t h e  

d i s p l a y   p o s i t i o n   c o o r d i n a t e s   and  p r e c e d e n c e   of  t h e  

w indow  i m a g e s   Wl,  W2  s t o r e d   in  t h e   window  c o n t r o l   b l o c k  

12.  In  r e s p o n s e ,   t h e   r e a d   c o n t r o l l e r   14  r e a d s   t h e  

w indow  i m a g e s   Wl,  W2  ou t   of  t h e   V-RAM  15  in  d e p e n d e n c e  

upon   t h e   d i s p l a y   p o s i t i o n   c o o r d i n a t e s   and  b e a m  

p o s i t i o n ,   and  i n p u t s   t h e s e   window  i m a g e s   to  t h e   CRT  1 6  

to  d i s p l a y   a  m u l t i - w i n d o w   i m a g e .  

U n d e r   t h e s e   c o n d i t i o n s ,   t h e   f o l l o w i n g   d a t a   f o r  
20 

m o v i n g   t h e   moved   w indow  image   ( t o o l )   W2  a l o n g   a  

s t r a i g h t   l i n e   i s   i n p u t t e d   f rom  t h e   h o s t   p r o c e s s o r   1 0 :  

- t - M X Y - Y V .   Y V -   Y V  i_  ,  in,  a,  ,  i  ,  ,  a.2  ,  -1-  2'  • • • •   •"•@:  '  i '   •* • •   am  '  ' m  

I t   s h o u l d   be  n o t e d   t h a t   t  i s   e q u a l   to  T v / n   (n=3  in  t h e  

e x a m p l e   of  F i g .   3 ) ,   w h e r e   t h e   p e r i o d   of  t h e   v e r t i c a l  

s y n c h r o n i z i n g   s i g n a l   VR  i s   Tv,  as  shown  in  F i g .   3.  N 

r e p r e s e n t s   t h e   n u m b e r   of  p a r t i t i o n s ,   i n c l u s i v e   of  b o t h  

e n d s   of  t h e   s t r a i g h t   l i n e ,   and  X.,   Y.  a r e   t h e   p o s i t i o n  
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c o o r d i n a t e s   of  t h e   t o o l   a t   an  i - t h   t i m e   t .   in  t h e   t  

i n t e r v a l .  

Upon  r e c e i v i n g   t h e   a b o v e m e n t i o n e d   p o s i t i o n   d a t a ,  

t h e   g r a p h i c   p r o c e s s o r   l l a   s t o r e s   t h e   d a t a   in  i t s  

5  
i n t e r n a l   memory   and  t h e r e a f t e r   c o u n t s   t h e   n u m b e r   o f  

t i m e s   i  t h e   t i m e   t  e l a p s e s   and  w a i t s   f o r   t h e   g e n e r a t i o n  

of  t h e   v e r t i c a l   s y n c h r o n i z i n g   s i g n a l   VR. 

When  a  j - t h   v e r t i c a l   s y n c h r o n i z i n g   s i g n a l   VRj  (j  =  

1,  2,  . . . )   i s   g e n e r a t e d ,   t h e   a f o r e m e n t i o n e d   n u m b e r   i  

1Q  j u s t   p r i o r   to   t h e   g e n e r a t i o n   of  t h e   v e r t i c a l  

s y n c h r o n i z i n g   s i g n a l   VR  .  (or  j u s t   a f t e r   t h e   g e n e r a t i o n  

of  t h i s   s i g n a l ,   or  j u s t   b e f o r e   or  j u s t   a f t e r  

g e n e r a t i o n ,   w h i c h e v e r   i s   c l o s e s t   in  t i m e )   i s   o b t a i n e d .  

T h e n ,   by  u s i n g   t h e   p o s i t i o n   c o o r d i n a t e s   X.  ,  Y.  a t  

^^  t i m e   t^  in  t h e   i - t h   t  i n t e r v a l ,   t h e   p o s i t i o n  

c o o r d i n a t e s   of  t h e   t o o l   ( m o v i n g   w indow  i m a g e )   W2  s t o r e d  

in  t h e   w indow  c o n t r o l   b l o c k   12  a r e   u p d a t e d   d u r i n g  

v e r t i c a l   r e t r a c e .  

When  t h e   d i s p l a y   p o s i t i o n   c o o r d i n a t e s   a r e   u p d a t e d  

2q  d u r i n g   v e r t i c a l   r e t r a c e ,   t h e   d i s p l a y   p r o c e s s o r   l i b  

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

w i n d o w   i m a g e s   Wl,  W2,  w h i c h   h a v e   been   s t o r e d   in  t h e  

w i n d o w   c o n t r o l   b l o c k   12,  to   t h e   r e a d   c o n t r o l l e r   1 4 .  

The  l a t t e r   r e a d s   t h e   w indow  i m a g e s   Wl,  W2  o u t   of  t h e  

25  V-RAM  15  in  d e p e n d e n c e   upon   t h e   d i s p l a y   p o s i t i o n  

c o o r d i n a t e s   and   beam  p o s i t i o n ,   and  i n p u t s   t h e s e   w i n d o w  

i m a g e s   to  t h e   CRT  16  to  d i s p l a y   a  m u l t i - w i n d o w   i m a g e ,  

j u s t   as  d e s c r i b e d   a b o v e .   At  t h i s   t i m e   t h e   d i s p l a y  
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p o s i t i o n   of  t h e   w indow  image   Wl  does   n o t   c h a n g e ,   b u t  

t h e   p o s i t i o n   a t   w h i c h   t h e   window  image   W2  is   d i s p l a y e d  

d o e s   c h a n g e .  

T h e r e a f t e r ,   u p d a t i n g   of  t h e   p o s i t i o n   c o o r d i n a t e s  

s t o r e d   in  t h e   w indow  c o n t r o l   b l o c k   12  i s   p e r f o r m e d   i n  

s i m i l a r   f a s h i o n   w h e n e v e r   t h e   v e r t i c a l   s y n c h r o n i z i n g  

s i g n a l   is   g e n e r a t e d ,   t h e r e b y   m o v i n g   t h e   moved  w i n d o w  

i m a g e   r e l a t i v e   to  t h e   f i x e d   window  i m a g e .   F i g .   3 ( c )  

shows  t h e   p o s i t i o n   u p d a t i n g   t i m i n g ,   t h e   t i m e   i n t e r v a l  

b e i n g   s u b s t a n t i a l l y   t h e   same  as  t h e   p e r i o d   T  of  t h e  

v e r t i c a l   s y n c h r o n i z i n g   s i g n a l .  

Though   t h e   c a s e   d e s c r i b e d   a b o v e   is   f o r   l i n e a r  

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

a p p l i c a b l e   to  c i r c u l a r   m o t i o n   a t   a  u n i f o r m   s p e e d   and  t o  

m o t i o n   w h e r e   t h e   s p e e d   i s   no t   u n i f o r m .  

In  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   as  d e s c r i b e d  

a b o v e ,   t h e   a r r a n g e m e n t   is   s u c h   t h a t   t h e   d i s p l a y  

p o s i t i o n   c o o r d i n a t e s   of  t h e   moved  window  i m a g e   a r e  

u p d a t e d   d u r i n g   v e r t i c a l   r e t r a c e   in  t h e   m a n n e r   d e s c r i b e d  

2Q  
a b o v e .   As  a  r e s u l t ,   t h e   window  image   w i l l   n o t   b e  

d i s t o r t e d   and  i t   w i l l   no t   f l i c k e r .  

F u r t h e r ,   in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n ,   w h e n  

t h e   p e r i o d   of  t h e   s y n c h r o n i z i n g   s i g n a l   i s   a s s u m e d   to   b e  

Ty,  t h e   h o s t   c o l l e c t i v e l y   i n p u t s   a l l   p o s i t i o n   d a t a  

i n d i c a t i v e   of  t h e   m o v i n g   w indow  image   e v e r y   Tv /n   to   t h e  

d i s p l a y   s i d e ,   and  t h e   d i s p l a y   s i d e   u p d a t e s   t h e   p o s i t i o n  

c o o r d i n a t e s   of  t h e   m o v i n g   window  image   d u r i n g   v e r t i c a l  

r e t r a c e   u s i n g   p o s i t i o n   d a t a   of  t h e   i n t e r v a l   T  / n  
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i m m e d i a t e l y   b e f o r e   g e n e r a t i o n   of  t h e   v e r t i c a l  

s y n c h r o n i z i n g   s i g n a l ,   i m m e d i a t e l y   a f t e r   g e n e r a t i o n   o f  

t h i s   s i g n a l   or  i m m e d i a t e l y   b e f o r e   or  a f t e r ,   w h i c h e v e r  

i s   c l o s e s t   in   t i m e .   As  a  r e s u l t ,   t h e   w indow  i m a g e   w i l l  

5  n o t   become   d i s t o r t e d   and  w i l l   no t   f l i c k e r ,   and  m o t i o n  

of  a  m o v i n g   body   can  be  d i s p l a y e d   in  a  m a n n e r   f a i t h f u l  

to  t h e   a c t u a l   m o t i o n   of  t h e   b o d y .  

10  

1 5  

20  

25  
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CLAIMS  : 

1.  A  d i s p l a y   c o n t r o l   m e t h o d   in  w h i c h   a t   l e a s t   o n e  

window  image   among  m u l t i p l e   w indow  i m a g e s   d i s p l a y e d   o n  

a  d i s p l a y   s c r e e n   i s   moved  r e l a t i v e   to  a n o t h e r   w i n d o w  

i m a g e ,   c h a r a c t e r i z e d   b y :  

u p d a t i n g   p o s i t i o n   c o o r d i n a t e s   of  t h e   moved  w i n d o w  

i m a g e   on  t h e   d i s p l a y   s c r e e n   d u r i n g   v e r t i c a l   r e t r a c e   o f  

a  beam,   a n d  

r e a d i n g   t h e   moved  window  i m a g e   ou t   of  a  memory  a n d  

d i s p l a y i n g   i t   on  t h e   d i s p l a y   s c r e e n   when  t h e   beam  i s  

p r e s e n t   in  a  r e g i o n   d e s i g n a t e d   by  s a i d   p o s i t i o n  

c o o r d i n a t e s .  

2.  A  d i s p l a y   c o n t r o l   m e t h o d   a c c o r d i n g   to  c l a i m   1 ,  

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

moved  w indow  i m a g e   a r e   u p d a t e d   b a s e d   on  d a t a   i n p u t t e d  

f r o m   a  h o s t   s i d e .  

3.  A  d i s p l a y   c o n t r o l   m e t h o d   a c c o r d i n g   to  c l a i m   2 ,  

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

d a t a   i n d i c a t i v e   of  t h e   moved  window  i m a g e   e v e r y  

p r e d e t e r m i n e d   t i m e .  

4.  A  d i s p l a y   c o n t r o l   m e t h o d   in  w h i c h ,   among  m u l t i p l e  

w indow  i m a g e s   d i s p l a y e d   on  a  d i s p l a y   s c r e e n ,   p o s i t i o n  

c o o r d i n a t e s   of  a  moved  window  i m a g e   on  t h e   d i s p l a y  

s c r e e n   a r e   u p d a t e d   b a s e d   on  d a t a   i n p u t t e d   f r o m   a  h o s t  

s i d e ,   and  t h e   moved  window  image   i s   r e a d   ou t   of  a  

memory  and  d i s p l a y e d   on  t h e   d i s p l a y   s c r e e n   when  a  b e a m  

is   p r e s e n t   in  a  r e g i o n   d e s i g n a t e d   by  s a i d   p o s i t i o n  

c o o r d i n a t e s   a t   s c a n n i n g   of  t h e   d i s p l a y   s c r e e n ,  
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c h a r a c t e r i z e d   in  t h a t :  

s a i d   h o s t   c o l l e c t i v e l y   i n p u t s   N  i t e m s   of  p o s i t i o n  

d a t a   i n d i c a t i v e   of  t h e   moved  window  i m a g e   e v e r y   T v / n   t o  

a  d i s p l a y   s i d e ,   w h e r e   Tv  r e p r e s e n t s   t h e   p e r i o d   of  a  

5  v e r t i c a l   s y n c h r o n i z i n g   s i g n a l ,   a n d  

t h e   d i s p l a y   s i d e   u p d a t e s   t h e   p o s i t i o n   c o o r d i n a t e s  

of  t h e   moved  w indow  image   d u r i n g   v e r t i c a l   r e t r a c e   o f  

t h e   beam  u s i n g   p o s i t i o n   d a t a   of  an  i n t e r v a l   T  / n  

i m m e d i a t e l y   b e f o r e   g e n e r a t i o n   of  t h e   v e r t i c a l  

10  s y n c h r o n i z i n g   s i g n a l ,   i m m e d i a t e l y   a f t e r   g e n e r a t i o n   o r  

i m m e d i a t e l y   b e f o r e   or  a f t e r   g e n e r a t i o n ,   w h i c h e v e r   i s  

c l o s e s t   in  t i m e .  
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