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©  Dot  matrix  printer. 

  A  dot  matrix  printer  which  makes  use  of  multiple  dot 
patterns  distributed  on  the  cylinder,  belt,  hand  or  drum  of  a 
line  printer  to  provide  an  improved  printing  throughput  for 
an  all  addressable  line  printer.  In  a  dot  helix  matrix  printer, 
different  arrangements  of  the  dots  are  used  which  can  be 
varied  in  position  and  spacing  to  increase  printing  speed.  On 
a  belt,  band  or  drum  line  printer,  multiple  dot  patterns  are 
given  a  predetermined  distribution.  More  specifically, 
arrangements  of  dots  are  used  which  provide  enhanced 
performance  due  to  the  fact  that  they  are  determined  by  an 
analysis  of  the  statistical  occurrence  of  a  particular  dot 
pattern  in  a  character  set.  The  higher  statistical  probability 
dot  patterns  are  used  more  often  on  the  belt,  band  or  drum. 



F i e l d   of  t he   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to  i m p a c t   p r i n t i n g   a n d  
in  p a r t i c u l a r   to  i m p a c t   l i n e   p r i n t e r s   w h i c h   e m p l o y  
d o t   p a t t e r n s   in  t he   p r i n t i n g   o p e r a t i o n   to  r e c o r d  

d o t s   on  a  p r i n t   medium  to  form  c h a r a c t e r s ,   i m a g e s ,  

s y m b o l s ,   l i n e s   or   t he   l i k e .  

B a c k g r o u n d   of  t he   I n v e n t i o n  

Dot  m a t r i x   p r i n t e r s   may  be  of  v a r i o u s   d i v e r s e  

t y p e s ,   such   a s ,   h e l i c a l   p r i n t e r s   and  band  p r i n t e r s .  
A  d o t - h e l i x   m a t r i x   p r i n t e r ,   wh ich   is   an  e n h a n c e m e n t  

of  t he   b a r - h e l i x   p r i n t e r ,   c o n s i s t s   of  a  r o t a t i n g  

c y l i n d e r ' h a v i n g   r o w s ,  o f   s i n g l e   r a i s e d   do t   p r i n t  

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

p e r i p h e r a l   s u r f a c e .   A  p l u r a l i t y   of  p r i n t   h a m m e r s  

h a v i n g   a  b a r - s h a p e d   i m p a c t   s u r f a c e   is  p r o v i d e d .   A 

p a p e r   p r i n t   medium  is  c o n t i n u o u s l y   fed   b e t w e e n   t h e  

hammers   and  the   c y l i n d e r .   A c t u a t o r s   a r e   p r o v i d e d  

w h i c h   s e l e c t i v e l y   a c t u a t e   the   hammers   to  s t r i k e   t h e  

d o t   p r i n t   e l e m e n t s   a g a i n s t   an  ink  r i b b o n   and  p a p e r  
w h e n e v e r   one  of  t he   do t   e l e m e n t s   is  in  p o s i t i o n   t o  

be  p r i n t e d   to  r e c o r d   p r i n t e d   d o t s   on  the   p a p e r .  

Band  m a t r i x   p r i n t e r s   employ  a  s i n g l e   s e t   o f  

r a i s e d   d o t s   d i s t r i b u t e d   a l o n g   a  band  or  b e l t   w h i c h  

moves  h o r i z o n t a l l y   a c r o s s   the  p a p e r   to  be  p r i n t e d .  

A n o t h e r   form  is   a  drum  p r i n t e r   wh ich   has  r a i s e d   d o t s  

d i s t r i b u t e d   in  c o l u m n s   a r o u n d   a  drum  wh ich   r o t a t e s  

a r o u n d   an  axes   p a r a l l e l   to  the  l i n e   to  be  p r i n t e d .  

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

r a i s e d   do t   p r i n t i n g   e l e m e n t s   w i t h   a  p r i n t   h a m m e r  

w h i c h   r e s u l t s   in  the   r a i s e d   d o t s   i m p a c t i n g   a  p r i n t i n g  

r i b b o n   a g a i n s t   p a p e r   and  t r a n s f e r r i n g   ink  or  p r i n t i n g  

d o t s   a t   the   p o s i t i o n   of  the   d o t s   when  the   p a p e r   i s  



c o n t a c t e d .   P a t t e r n s   a r e   p r i n t e d   by  s t r i k i n g   t h e  

h a m m e r s   a g a i n s t   t h e   p r i n t i n g   b e l t   or  drum  w h e n e v e r  

one  of   t he   do t   p r i n t i n g   e l e m e n t s ,   w h i c h   move  a l o n g  
t h e   p r i n t i n g   l i n e ,   i s   in  a  p o s i t i o n   w h e r e   a  p r i n t e d  

d o t   i s   d e s i r e d .   In  t h i s   way,   any  d e s i r e d   p a t t e r n   i s  

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

l i n e .   S u b s e q u e n t   l i n e s   a r e   p r i n t e d   by  s t e p p i n g   t h e  

p a p e r  v e r t i c a l l y   or  n o r m a l   to  t he   p r i n t i n g   l i n e .  

I t   i s   w e l l   known  t h a t   one  l i m i t a t i o n   on  t h e  

p r i n t i n g   s p e e d   of  i m p a c t   p r i n t e r s   s u c h   as  i m p a c t   ' 

l i n e   p r i n t e r s   i s   t h e   c y c l e   t i m e   of  t h e   p r i n t   h a m m e r  

or   maximum  r e p e t i t i o n   r a t e   of  t h e   p a t t e r n   of  t h e  

p r i n t   e l e m e n t s   on  a  d o t - h e l i x   c y l i n d e r   or  on  a  b e l t ,  

b a n d   or  d rum.   I t   b e c a m e   a p p a r e n t   t h a t   i t   wou ld   b e  

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

i m p r o v e d   f o r   a  g i v e n   hammer  r e p e t i t i o n   r a t e .  

Summary  of  t he   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   makes  use  of   m u l t i p l e   d o t  

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

drum  of  a  l i n e   p r i n t e r   to  p r o v i d e   an  i m p r o v e d  

p r i n t i n g   t h r o u g h p u t   f o r   an  a l l   p o i n t s   a d d r e s s a b l e  

l i n e   p r i n t e r .  

In  a  d o t - h e l i x   m a t r i x   p r i n t e r ,   d i f f e r e n t  

a r r a n g e m e n t s   of  t he   d o t s   a r e   u sed   w h i c h   can  b e  

v a r i e d   in  p o s i t i o n   and  s p a c i n g   to  i n c r e a s e   p r i n t i n g  

s p e e d .   By  u s i n g  a   1,  2,  1,  2,  d o t   p a t t e r n ,   a  66% 

p r i n t i n g   s p e e d   and  a  33%  power   s a v i n g   i s   r e a l i z e d  

o v e r   t he   use   of  a  s i n g l e   d o t   p a t t e r n .   The  use  of  a  

1,  2 ,  1 ,   3,  d o t   p a t t e r n   r e s u l t s   in .  a   s p e e d   i m p r o v e -  

ment   of  100%  o v e r   t he   s i n g l e   do t   p a t t e r n .  

On  a  b e l t ,   band   or  drum  l i n e   p r i n t e r ,   m u l t i p l e  

d o t   p a t t e r n s   a r e   g i v e n   a  p r e d e t e r m i n e d   d i s t r i b u t i o n .  

More  s p e c i f i c a l l y ,   a r r a n g e m e n t s   of  d o t s   a re   u s e d  



w h i c h   p r o v i d e   e n h a n c e d   p e r f o r m a n c e   due  to  t he   f a c t  

t h a t   t h e y   a r e   d e t e r m i n e d   by  an  a n a l y s i s   of  t h e  

s t a t i s t i c a l   o c c u r e n c e   of  a  p a r t i c u l a r   do t   p a t t e r n   i n  

a  c h a r a c t e r   s e t .   The  h i g h e r   s t a t i s t i c a l   p r o b a b i l i t y  

d o t   p a t t e r n s   a r e   used   more  o f t e n   on  the   b e l t ,   b a n d  

or  d rum.   For  e x a m p l e ,   a s s u m e   p a t t e r n   1  c o n s i s t s   o f  

a  d o t   in  t h e   u p p e r   c a s e   p o s i t i o n ,   p a t t e r n   2  c o n s i s t s  

of  a  d o t   in  t h e   l o w e r   c a s e   p o s i t i o n   and  p a t t e r n   3 

c o n s i s t s   of  d o t s   in  b o t h   t he   u p p e r   and  l o w e r   c a s e  

p o s i t i o n s .   I f   i t   is   f o u n d   t h a t ,   f o r   t he   c h a r a c t e r  

s e t   f o r   a  p a r t i c u l a r   a p p l i c a t i o n ,   p a t t e r n   1  o c c u r s  '  

s t a t i s t i c a l l y   more  o f t e n   t h a n   t he   o t h e r   two  p a t t e r n s ,  
t h e n   p a t t e r n   1  can  be  u sed   more  o f t e n   and  d i s t r i b u t e d  

in  more  p l a c e s   on  the   b e l t ,   band  or  d r u m .  

The  a b o v e - d e s c r i b e d   e x a m p l e   i n c l u d e d   a  p a t t e r n  

w i t h   two  rows  (m=2)  and  one  c o l u m n   (n=1)  w i t h   t h r e e  

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

of  rows  and  c o l u m n s   is  2mn-  1  p o s s i b l e   p a t t e r n s .  

The  p a r t i c u l a r   p a t t e r n s   t h a t   a r e   u s e d   and  d i s t r i b u t e d  

more  o f t e n   w i l l   d e p e n d   on  a  s t a t i s t i c a l   a n a l y s i s   o f  

w h a t e v e r   c h a r a c t e r   s e t   is   to  be  e m p l o y e d .  

A c c o r d i n g l y ,   a  p r i m a r y   o b j e c t   of  the   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   a  n o v e l   and  i m p r o v e d   d o t  

m a t r i x   p r i n t e r .  

A n o t h e r   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   i s   t o  

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

s e p a r a t e   do t   p a t t e r n s   m a r k i n g   e l e m e n t s   to  form  a  

c h a r a c t e r   s e t   and  means  f o r   d i s t r i b u t i n g   t he   m a r k i n g  

e l e m e n t s   on  a  p r i n t e r   a c c o r d i n g   to  a  p r e d e t e r m i n e d  

d i s t r i b u t i o n   a r r a n g e m e n t .  

A  f u r t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   is   t o  

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

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

d i f f e r e n t   a r r a n g e m e n t s   of  the   d o t s   can  be  u s e d   w h i c h  



a r e   v a r i e d   in   p o s i t i o n   and  s p a c i n g   to   i n c r e a s e   t h e   p r i n t -  

i n g   s p e e d .  

A  s t i l l   f u r 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  

p r o v i d e   a  m a t r i x   p r i n t e r   w h i c h   makes   u s e   o f   a  b a n d ,   b e l t   o r  
drum  on  w h i c h   p a r t i c u l a r   p a t t e r n s   of  e m b o s s e d   d o t s   a r e  u s e d  

and  d i t r i b u t e d   more   o f t e n   d e p e n d i n g   on  a  s t a t i s t i c a l   a n a -  

l y s i s   o f   w h a t e v e r   c h a r a c t e r   s e t   i s   to   be  e m p l o y e d .  

The  f o r e g o i n g   and  o t h e r   o b j e c t s ,   f e a t u r e s   and  a d v a n -  

t a g e s   o f   t h e   i n v e n t i o n   w h i c h   i s   d e f i n e d   in   t h e   a t t a c h e d  

c l a i m s   w i l l   be  a p p a r e n t   f rom  t h e   f o l l o w i n g   more   p a r t i c u l a r  

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

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

d o t   p a t t e r n   a r r a n g e d   in   a  h e l i c a l   a r r a y   on  a  c y l i n d e r   o f  

a  d o t - h e l i x   m a t r i x   p r i n t e r .  

F i g .   2  i s   a  d i a g r a m m a t i c   v i ew  s h o w i n g   t h e   d o t   m a t r i x  

a r r a n g e m e n t   f o r   t h e   p r i n t e d   c h a r a c t e r   " E " .  

F i g .   3  i s   a  d i a g r a m m a t i c   v i ew  s h o w i n g   a  1,  2,  1,  2 ,  

d o t   p a t t e r n   a r r a n g e d   in  a  h e l i c a l   a r r a y   on  t h e   c y l i n d e r   o f  

F i g .   1 .  

F i g .   4  i s   a  d i a g r a m m a t i c   v i e w   s h o w i n g   a  1,  2,  1,  3 ,  

d o t   p a t t e r n   a r r a n g e d   in  a  h e l i c a l   a r r a y   on  t h e   c y l i n d e r   o f  

F i g .   1 .  

F i g .   5  i s   a  d i a g r a m m a t i c   v i ew  s h o w i n g   a  b a r   p a t t e r n  

a r r a n g e d   in   a  h e l i c a l   a r r a y   on  t h e   c y l i n d e r   of   F i g .   1 .  

F i g .   6  i s   a  d i a g r a m m a t i c   v i e w   s h o w i n g   one  c o n f i g u r a t i o n  

of   a  s i n g l e   d o t   p a t t e r n   on  a  b e l t   of   a  b a n d   m a t r i x   p r i n t e r .  



F i g .   7  i s   a  d i a g r a m m a t i c   v iew  s h o w i n g   o n e  

c o n f i g u r a t i o n   of  a  v e r t i c a l   m u l t i d o t   p a t t e r n   a r r a n g e -  
men t   on  a  b e l t   of  a  band   m a t r i x   p r i n t e r .  

F i g .   8  i s   a  d i a g r a m m a t i c   view  i l l u s t r a t i n g   t h e  

3  v e r t i c a l   d o t   p a t t e r n s   shown  in  t he   a r r a n g e m e n t   o f  

F i g .   7 .  

F i g .   9  i s   a  d i a g r a m m a t i c   v iew  i l l u s t r a t i n g   t h e  

d o t   p a t t e r n s   shown  in  t he   a r r a n g e m e n t   of  F i g .   8  w i t h  

one  of  t h e   d o t   p a t t e r n s   b e i n g   u s e d  m o r e  f r e q u e n t l y  

t h a n   t h e   o t h e r s .  

F i g .   10  i s   a  d i a g r a m m a t i c   v iew  i l l u s t r a t i n g   a  
h o r i z o n t a l   a r r a n g e m e n t   of  3  do t   p a t t e r n s   o n , a   b e l t  

of  a  band   m a t r i x   p r i n t e r .  

F i g .   11  is   a  d i a g r a m m a t i c   v iew  i l l u s t r a t i n g   a  
h o r i z o n t a l   a r r a n g e m e n t   of  2  of  t he   do t   p a t t e r n s  

shown  in  F i g .   1 0 .  

F i g .   12  i s   a  d i a g r a m m a t i c   v iew  i l l u s t r a t i n g   7 

d o t   p a t t e r n s   t h a t   c o u l d   be  a r r a n g e d   h o r i z o n t a l l y   o n  
the   b e l t   of  a  band  m a t r i x   p r i n t e r .  

F i g .   13  i s   a  d i a g r a m m a t i c   v iew  i l l u s t r a t i n g   a  
h o r i z o n t a l   a r r a n g e m e n t   of  4  of  the   d o t   p a t t e r n s  

shown  in  F i g .   1 2 .  

D e s c r i p t i o n   of  P r e f e r r e d   E m b o d i m e n t s  

R e f e r r i n g   to  F i g .   1,  t h e r e   is  i l l u s t r a t e d   a  

r o t a t i n g   c y l i n d e r   10  of  a  d o t - h e l i x   m a t r i x   p r i n t e r .  

A  row  of  s i n g l e   r a i s e d   do t   p r i n t   e l e m e n t s   11  i s  

shown  f o r m e d   in  a  h e l i c a l   p a t t e r n   a r o u n d   t he   p e r i p h e r a l  

s u r f a c e   of  the   c y l i n d e r .   A  p l u r a l i t y   of  s i m i l a r  

rows  wou ld   be  d i s p o s e d   a l o n g   the   c y l i n d e r ,   t h e r e  

b e i n g   one  row  f o r   e ach   c h a r a c t e r   p r i n t   p o s i t i o n .  



A  p r i n t   hammer   12  h a v i n g   a  b a r - s h a p e d   i m p a c t   s u r f a c e   i s   p r o -  
v i d e d   f o r   e a c h   row  of   d o t   p r i n t   e l e m e n t s .   I t   i s   n o t   s h o w n ,  

b u t   i t   i s   w e l l   known  t h a t   a  p a p e r   p r i n t   medium  i s   c o n t i n u o u s l y  
f e d   v e r t i c a l l y   b e t w e e n   t h e   r o t a t i n g   c y l i n d e r   and  p r i n t   h a m m e r s .  

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

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

an  i n k   r i b b o n   and   p a p e r   w h e n e v e r   one  of   t h e   d o t   e l e m e n t s   i s  

in  p o s i t i o n   to   be  p r i n t e d   to   r e c o r d   p r i n t e d   d o t s   on  t h e   p a p e r .  

T a k i n g   t h e   b a s i c   d o t   p a t t e r n   shown  in  F i g .   1,  a s s u m e  t h e  

p r i n t   h a m m e r s   r e p e t i t i o n   r a t e   i s   f i e x e d   a t   1  ms.  and  t h e  

v e r t i c a l   s p a c i n g   b e t w e e n   d o t s   i s   0 . 0 5   cm  and  t h e   c y l i n d e r   i s  

r o t a t i n g   a t   a  s u r f a c e   s p e e d   of   50  c m / s e c .   For   a  5  by  7  c h a r a c t -  

e r   p r i n t i n g ,   i t   t a k e s   6  ms  to   c o m p l e t e   a  h o r i z o n t a l   row  of  d o t s  

and  42  ms.  t o   p r i n t   a  c h a r a c t e r .   T h e r e   a r e   5  d o t s   p e r   c h a r a c t e r  

and   1  d o t   s p a c i n g   b e t w e e n   c h a r a c t e r s .   To  p r i n t   a  5  by  7 

c h a r a c t e r   "E" ,   shown  in  F i g .   2,  w i l l   r e q u i r e   t h e   hammer  t o  

s t r i k e   18  t i m e s .  

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 ,   by  a r r a n g i n g  

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

and   p o w e r   c o n s u m p t i o n   can  be  i m p r o v e d .   One  e x a m p l e   i s   s h o w n  

in  F i g .   3  w h e r e i n   t h e   d o t   e l e m e n t s   a r e   d i s p o s e d   in  a  1,  2 ,  

1,  2,  a r r a n g e m e n t .   The  v e r t i c a l   s p a c i n g   b e t w e e n   d o t s   i s   m a i n -  

t a i n e d   a t   .05  cm.  Wi th   t h e   hammer   r e p e t i t i o n   r a t e   f i x e d   a t  

1  ms.  and  t h e   c y l i n d e r   now  r o t a t i n g   a t   a  s u r f a c e   s p e e d   o f  

150  c m / s e c . ,   t h e   d o t   p a t t e r n   i s   so  a r r a n g e d   t h a t   t h e   h a m m e r  

is   n e v e r   r e q u i r e d   to  s t r i k e   w i t h i n   3  rows  of  d o t s   (1  m s ) .  

To  p r i n t   a  5  d o t   row  now  r e q u i r e s   4  ms.  i n s t e a d   of  6  m s . ,  

as  i s   t h e   c a s e   f o r   t h e   p a t t e r n   shown  in  F i g .   1.  A  p r i n t i n g  

s p e e d   i n c r e a s e   of   66%  is   r e a l i z e d .   To  p r i n t   t he   c h a r a c t e r  

"E" ,   shown  in  F i g .   2,  r e q u i r e s   o n l y   12  hammer  s t r i k e s   i n s t e a d  

of  18.  T h i s   r e s u l t s   in  a  p o w e r   s a v i n g   of   33%. 



The  p r i n t i n g   s p e e d   can   be  f u r t h e r   i m p r o v e d   by  d i f f e r e n t  

a r r a n g e m e n t s   of   d o t   p a t t e r n s .   For  e x a m p l e ,   a  1,  2,  1,  3 ,  

p a t t e r n   i s   shown  in   F i g .   4.  Assume  t h e   same  f i x e d   p a r a m e t e r s  

and  t h e   c y l i n d e r   r o t a t i n g   a t   a  s p e e d   of  200  c m / s e c .   I t   now 

r e q u i r e s   o n l y   3  ms.  to   p r i n t   a  5  d o t   l i n e   r e s u l t i n g   in  a  100% 

s p e e d   i m p r o v e m e n t .   To  p r i n t   t h e   c h a r a c t e r   "E" ,   shown  i n  

F i g .   2,  now  r e q u i r e s   o n l y   10  hammer  s t r i k e s .   O t h e r   d e s i g n s   o f  

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

p r i n t i n g   s p e e d   i m p r o v e m e n t s .  

I t   w i l l   be  u n d e r s t o o d   t h a t   t h e   e m b o s s e d   p a t t e r n s   do  n o t  

h a v e   to   be  in  d o t   f o r m .   They  can  be  e x t e n d e d   to  b a r   f o r m s   t o  

f u r t h e r   i m p r o v e   t h e   p r i n t   q u a l i t y .   The  b a r   p a t t e r n   shown  i n  

F i g .   5  can   be  u s e d   to   r e p l a c e   t h e   d o t   p a t t e r n   shown  in  F i g .  
3.  S o l i d   l i n e   p r i n t i n g   can   be  a c h i e v e d   w i t h   o v e r l a p p i n g   d o t s  

or   b a r s .  

In  a n o t h e r   e m b o d i m e n t   of   t he   p r e s e n t   i n v e n t i o n ,  

m u l t i p l e   d o t   p a t t e r n s   a r e   d i s t r i b u t e d   on  a  b e l t ,   band   o r  

drum  of   a  l i n e   p r i n t e r   to  p r o v i d e   an  i m p r o v e d   p r i n t i n g  

t h r o u g h o u t   f o r   an  a l l   p o i n t s   a d d r e s s a b l e   l i n e   p r i n t e r .  

R e f e r r i n g   to  F i g .   6,  t h e r e   i s   shown  one  c o n f i g u r a t i o n   o f  

a  " s i n g l e   d o t "   b a n d   p r i n t e r   in  wh ich   t h e   hammer   13  c a n  

s t r i k e   a  s i n g l e   r a i s e d   d o t   p r i n t   e l e m e n t   14  a t   a n y  o n e  

of  s e v e n   l o c a t i o n s   a c r o s s   t h e   hammer .   The  d o t   p r i n t   e l e -  

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

a l o n g   t h e   b e l t   15  so  t h a t   no  two  d o t s   a r e   in  f r o n t   of  a  

p r i n t   hammer  s i m u l t a n e o u s l y .   The  b e l t   moves   h o r i z o n t a l l y  

a c r o s s   a  p a p e r   p r i n t   medium  to  be  p r i n t e d .   P r i n t i n g   i s  

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

a  p r i n t i n g   r i b b o n   a g a i n s t   t h e   p a p e r   and  t r a n s f e r r i n g  

ink   or  p r i n t i n g   d o t s   a t   t h e   p o s i t i o n   of  t h e   d o t s   w h e n  

t h e   p a p e r   i s   c o n t a c t e d .   P a t t e r n s   a re   p r i n t e d   by  s e l e c t i v e l y  

e n e r g i z i n g   m a g n e t i c   a c t u a t o r s   to  e f f e c t   t h e   s t r i k i n g   of  h a m m e r :  



a g a i n s t   t he   p r i n t i n g   b e l t   or  drum  w h e n e v e r   one  o f  

t he   d o t   p r i n t   e l e m e n t s ,   w h i c h   move  a l o n g   or   a c r o s s  
t h e   p r i n t i n g   l i n e ,   i s   in   a  p o s i t i o n   w h e r e   a  p r i n t e d  

d o t   i s   d e s i r e d .   The  number   of  hammers   e m p l o y e d   c a n  

v a r y   and  d e p e n d s   on  t h e   number   of  c h a r a c t e r s   to  b e  

p r i n t e d   p e r   l i n e   and  t he   s p a c i n g   b e t w e e n   d o t s .   I n  

t h i s   way,   any  d e s i r e d   p a t t e r n   i s   f o r m e d   by  an  a r r a y  
of   d o t s   w h i c h   a r e   p r i n t e d   a l o n g   a  l i n e .   S u b s e q u e n t  

l i n e s   a r e   p r i n t e d   by  s t e p p i n g   t h e   p a p e r   v e r t i c a l l y  

or   n o r m a l   to  t h e   p r i n t i n g   l i n e .  

R e f e r r i n g   to  F i g .   7,  t h e r e   i s   shown  a  s i m p l e  

m u l t i d o t   b e l t   p a t t e r n   f o r   t he   c a s e   m=2,  n=1,   w h e r e  

m  c o r r e s p o n d s   to  t h e   number   of  rows  and  n  t he   n u m b e r  

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

t h e   b e l t .   T h i s   p a t t e r n   c o m p r i s e s   d o t   P1  in   t h e  

u p p e r   c a s e   p o s i t i o n ,   d o t   P2  in  t h e   l o w e r   c a s e   p o s i t i o n ,  

and  d o t s   P3  in  b o t h   t he   u p p e r   and  l o w e r   c a s e   p o s i t i o n s .  

F i g .   8  shows  t h e   same  p a t t e r n   in  s h a d e d   s q u a r e  f o r m  

f o r   p u r p o s e s   of  i l l u s t r a t i o n .   P1,  P2  and  P3  w o u l d  

be  a r r a n g e d   a r o u n d   t he   b e l t   as  s h o w n .  

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

e a c h   c h a r a c t e r   c o n s i s t s   of  d o t s   p r i n t e d   on  an  MxN 

m a t r i x   and  the   p r i n t   e l e m e n t s   c o n s i s t   of  d o t s   d i s t r i -  

b u t e d   on  an  mxn  m a t r i x   t h e   p r i n t i n g   t i m e   i s  g i v e n   b y  

T  =  S  x  (M/m)  x  (N/n)  x  T r  +  (M/m)   x  Tp  

w h e r e   T r  =   Hammer  r e p e t i t i o n   r a t e  

T p =   P a p e r   a d v a n c i n g   t i m e  

S  =   A  f u n c t i o n   w h i c h   v a r i e s   d e p e n d e n t   o n  

the  i n i t i a l   p o s i t i o n   o f  t h e   d o t  

p a t t e r n s   r e l a t i v e   to  the   p r i n t e d  

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

The  f a c t o r   S  is  u n i t y   f o r   a  s i n g l e   do t   p a t t e r n  

and  S  >  1  f o r   a  m u l t i d o t   b a n d .   I t   i n c r e a s e s   t h e  



f u r t h e r   t he   i n i t i a l   p o s i t i o n   of  the   r e q u i r e d   d o t  

p a t t e r n   is   f rom  the   p o s i t i o n   to  be  p r i n t e d .   I n  

o r d e r   f o r   the   p r i n t i n g   t h r o u g h p u t   to  be  b e t t e r   t h a n  

t h e   s i n g l e   d o t   c a s e ,   i t   is  d e s i r a b l e   t h a t   ( S / m n )  

d e c r e a s e   to  l e s s   t h a n   one .   I f   t h i s   r a t i o   is  l e s s  

t h a n   one ,   t he   m u l t i d o t   p a t t e r n   w i l l   be  d e f i n i t e l y  

b e t t e r   t h a n   the   s i n g l e   do t   p a t t e r n .   Even  i f   t h i s  

r a t i o   is   n o t   l e s s   t h a n   one ,   i f   the   (M/n)xT  t e r m  

r e d u c e s   t he   p a p e r   a d v a n c e   t i m e   to  the   e x t e n t   t h a t  

t h e   t o t a l   t i m e   is   l e s s ,   t h e n   the   m u l t i d o t   p a t t e r n   i s  

s t i l l   b e t t e r   t h a n   the   s i n g l e   do t   c a s e .   The  f a c t o r   S 

r e d u c e s   i f   the   b e l t   s p e e d   i s   h i g h e r   or  i f   the   s t a t i s t i c s  

f o r   t he   m u l t i d o t   p a t t e r n s   a r e   s k e w e d .   The  l a t t e r   i s  

t h e   e s s e n c e   of  t h e   p r e s e n t   i n v e n t i o n ,   as  d e s c r i b e d  

l a t e r .  

C o n s i d e r i n g   the   p r i n t i n g   of  an  a l p h a n u m e r i c  
c h a r a c t e r   s e t   as  a  8x7  m a t r i x   w i t h   a  s i n g l e   d o t   b a n d  

and  a  3 - p a t t e r n s   or  m=2,  n=1  band  u n d e r   c o n d i t i o n s  

of  T   =  1  msec  and  Tp  =  5  msec .   The  s i n g l e   do t   b a n d  

r e q u i r e s   56  msec  f o r   the   p r i n t i n g   o p e r a t i o n   and  40 

msec  to  a d v a n c e   the   p a p e r ,   f o r   a  t o t a l   p r i n t i n g   t i m e  

of  96  m s e c .  

Now  f o r   the   m u l t i d o t   c a s e   w i t h   m=2,  n=1,  t h e  

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

a l p h a n u m e r i c   s e t   is  4 3 . 4 2 4   msec .   Th i s   r e s u l t s   in  a n  

a v e r a g e   i m p r o v e m e n t   of  54 .7%.   Howeve r ,   i t   i s  

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

r e q u i r e s   an  e i g h t   f o l d   i n c r e a s e   in  the  b e l t   s p e e d  

b u t   an  o v e r a l l   d e c r e a s e   in  the   number   of  a c t u a l  

hammer  f i r i n g s   pe r   p r i n t e d   j o b .   F u r t h e r   i n c r e a s e   i n  

t he   b e l t   s p e e d   w i l l   f u r t h e r   i n c r e a s e   the  p r i n t  

t h r o u g h p u t .   The  e s s e n c e   is  t h a t   even  i f   the   b e l t  

s p e e d   is  i n c r e a s e d ,   the   t h r o u g h p u t   w i l l   no t   i n c r e a s e  

f o r   the   s i n g l e   do t   b e l t .  



The  a p p r o a c h   d e s c r i b e d   a b o v e   is   an  e x t e n s i o n  o f  

t h e   s i n g l e   d o t   band   ( b e l t ,   drum)  p r i n t i n g   c o n c e p t   t o  
m u l t i d o t   e l e m e n t s .   What  f o l l o w s ,   h o w e v e r ,   is  a  

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

to  p r o d u c e   f u r t h e r   o v e r a l l   p r i n t i n g   t h r o u g h p u t  
i n c r e a s e s .   M e t h o d s   w h i c h   i n v o l v e   the   use  of  t h e  

s t a t i s t i c s   r e l a t e d   to  t he   d e s i r e d   p r i n t e d   c h a r a c t e r  

s e t ,   t he   l a n g u a g e   to  be  p r i n t e d   and  u l t i m a t e l y   t h e  

t y p e  o f   p r i n t i n g   j o b s .   T h i s   e x p o s i t i o n   i s   n o t  

e x h a u s t i v e ,   b u t   i n d i c a t e s   t he   m e t h o d s   t h a t   a re   to  b e  

e m p l o y e d   when  d e s i g n i n g   a  m u l t i d o t   p r i n t e r .  

C o n s i d e r i n g   a  m u l t i d o t   b e l t   p r i n t e r   as  shown  i n  

F i g s .   7  and  8,  w i t h   m=2,  n=1,   t he   number   of  i n d e p e n d e n t  

p a t t e r n s   on  t he   b e l t   is   t h r e e .   C o n s i d e r i n g ,  t h e  

e n t i r e   c h a r a c t e r   s e t   d e s c r i b e d   e a r l i e r   t he   number   o f  

t i m e s   e a c h   p a t t e r n   o c c u r s   i s :  

P1  =  231 

P2  =  134  

P3  =  111 

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

s e t   when  e a c h   c h a r a c t e r   has  an  e q u a l   p r o b a b i l i t y   o f  

o c c u r r e n c e ,   a  b e l t   (band  or  drum)  w h i c h   has  a  g r e a t e r  
number   of  p a t t e r n s   t y p e   P1  t h a n   P2  or  P3  w i l l   g i v e  

g r e a t e r   p r i n t i n g   t h r o u g h p u t .   Such  a  p a t t e r n   i s  

shown  in  F i g .   9  as  P1,  P2,  P1,  P 3 .  

C o m p a r i n g   a  m u l t i d o t   p r i n t e r   m=2,  n = 1  w h i c h  

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

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

d o t   b e l t   p r i n t e r   wh ich   does   t a k e   i n t o   a c c o u n t   t h i s  

f a c t ,  t h e r e   is  o b t a i n e d   f o r   a  s e q u e n t i a l   p r i n t i n g  

o p e r a t i o n ;   i . e . ,   c h a r a c t e r s   p r i n t e d   from  l e f t   t o  

r i g h t ,   the   f o l l o w i n g   p r i n t i n g   s p e e d s .   N o n - s t a t i s t i c a l  

b e l t   w i t h   t h r e e   p a t t e r n s   P1,  P2,  P3  d i s t r i b u t e d  

p e r i o d i c a l l y   a r o u n d   the   b e l t .  



A v e r a g e   p r i n t   s p e e d :   2 4 . 4 2 4   m s e c / c h a r a c t e r  

l i n e  

W o r s t   c a s e   p r i n t i n g   s p e e d :   3 4 . 1 2 5   m s e c /  

c h a r a c t e r   l i n e s  

S t a t i s t i c a l   b e l t   w i t h   p a t t e r n s   d i s t r i b u t e d   P1,  P 2 ,  

P1,  P3  c y c l i c a l l y   a r o u n d   t he   b e l t .   The  number   o f  

c y c l e   of  4  p a t t e r n   p o s i t i o n s   i s   b a s e d   on  the   l e n g t h  

of  t he   b e l t .  

A v e r a g e   P r i n t   S p e e d :   2 3 . 8 7 8   m s e c / c h a r a c t e r  

l i n e  

W o r s t   Case   P r i n t :   3 4 . 1 2 5   m s e c / c h a r c t e r   l i n e  

For  r andom  p r i n t i n g ,   i . c . ,   a  p a t t e r n   is   s t r u c k   as  i t  

a r r i v e s   a t   t he   c o r r e c t   p r i n t i n g   p o s i t i o n   (no  l e f t   t o  

r i g h t   r e q u i r e m e n t ) ,   the   p r i n t i n g   s p e e d s   b e c o m e :  

N o n - s t a t i s t i c a l   b e l t :   2 1 . 4 7  m s e c   a v e r a g e ,  

3 3 . 7 5   msec  w o r s t   c a s e  
S t a t i s t i c a l   B e l t :   2 1 . 1 1 4   msec  a v e r a g e ,   3 1 . 2 5  

msec  w o r s t   c a s e  

F u r t h e r   i m p r o v e m e n t   may  be  p o s s i b l e   by  c o n s i d e r i n g  

the   f a c t   t h a t   n o t   a l l   c h a r a c t e r s   a r e   e q u a l l y   p r o b a b l y  

used   in  any  l a n g u a g e .   A l s o ,   t he   r e l a t i v e   p o s i t i o n s  

of  do t   p a t t e r n s   on  the   b e l t   (in  any  g i v e n   d o t  

p a t t e r n   c y c l e   or  b e t w e e n   c y c l e s )   can  i n f l u e n c e   t h e  

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

p r o b a b i l i t y   of  o c c u r r e n c e   ( i . e . ,   d e p e n d e n t   p r o b a b i l -  

i t i e s )   a s s o c i a t e d   w i t h   a  g i v e n   do t   p a t t e r n   i m m e d i -  

a t e l y   p r e c e d i n g   or  f o l l o w i n g   any  o t h e r   do t   p a t t e r n .  

F i n a l l y   any  s t a t i s t i c a l   skew  tha t  may   be  a s s o c i a t e d  

w i t h   a  g i v e n   t y p e   of  p r i n t i n g   o p e r a t i o n   ( e . g . ,  

i n s u r a n c e ,   a i r   l i n e s ,   p a y r o l l ,   e t c . )   can  a l s o   b e  

f a c t o r e d   i n t o   t he   s t a t i s t i c s   of  the   do t   p a t t e r n  

d i s t r i b u t i o n .  



R e f e r r i n g   to   F i g s .   1 0 - 1 3 ,   p a t t e r n s   a r e   shown  d i s t r i b u t e d  

in  a  h o r i z o n t a l   row  a r o u n d   t h e   b e l t .   In  t h e   c a s e   of   a  h o r i -  

z o n t a l   d i s t r i b u t i o n ,   t h e   n u m b e r   of   p a t t e r n s   i s   2 n  -   1.  F o r  

t h e   c a s e   w h e r e   n=2 ,   t h e r e   a r e   t h r e e   p a t t e r n s   P1,  P2  and  P 3 ,  

as  shown  in   F i g .   10.  H o w e v e r ,   p a t t e r n s   P1  and  P2  a r e   r e d u n -  

d a n t   so  t h a t   o n l y   p a t t e r n s   Pl  and  P3  n e e d   be  u s e d ,   as  s h o w n  

in  F i g .   11.   F i g .   12  i l l u s t r a t e s   t h e   s e v e n   p a t t e r n s   P l - P 7  

w h i c h   w o u l d   be  t h e   c a s e   w h e r e   n=3 .   In  t h i s   c a s e ,   p a t t e r n s  

1  and  3,  4  and  6  a r e   r e d u n d a n t   and  o n l y   p a t t e r n s   P l ,   P 4 ,  

P5  and  P7  n e e d   be  u s e d ,   as  shown  in  F i g .   1 3 .  

I t   w i l l   be  u n d e r s t o o d   t h a t   t h e   p r e s e n t   i n v e n t i o n   i s  

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

T h e s e   p a t t e r n s   may  be  v a r i e d   to   m e e t   t h e   r e q u i r e m e n t s   o f  

d i f f e r e n t   p r i n t i n g   a p p l i c a t i o n s .  



1.  A  p r i n t e r   s y s t e m   h a v i n g   a  s i n g l e   or   a  p l u r a l i t y   o f  

s e p a r a t e   d o t   p a t t e r n   m a r k i n g   e l e m e n t s   to   fo rm  a  c h a r a c t e r  

s e t ,   c h a r a c t e r i z e d   in   t h a t   s a i d   m a r k i n g   e l e m e n t s   h a v i n g   a  

p r e d e t e r m i n e d   d i s t r i b u t i o n   a r r a n g e m e n t .  

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

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

t h e r e o f   to   f o r m   a  c h a r a c t e r   s e t ,   c h a r a c t e r i z e d   in   t h a t   s a i d  

d o t   p r i n t   e l e m e n t s   a r e   d i s t r i b u t e d   in  a  s i n g l e   d o t   p a t t e r n  

in  rows  h a v i n g   a  h e l i c a l   a r r a n g e m e n t   on  s a i d   c y l i n d e r .  

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

in  t h a t   s a i d   d o t   p r i n t   e l e m e n t s   a r e   d i s t r i b u t e d   in  a  1,  2 ,  

1,  2  d o t  p a t t e r n   in   rows  h a v i n g   a  h e l i c a l   a r r a n g e m e n t   on  s a i d  

c y l i n d e r .  

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

in  t h a t   s a i d   d o t   p r i n t   e l e m e n t s   a r e   d i s t r i b u t e d   in  a  1,  2 ,  

1,  3  d o t   p a t t e r n   in   rows  h a v i n g   a  h e l i c a l   a r r a n g e m e n t   o n  
s a i d   c y l i n d e r .  

5.  A  p r i n t e r   s y s t e m   a c c o r d i n g   to  any  o f   t h e   c l a i m s   2 - 4 ,  

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

r e c t a n g u l a r .  

6.  A  p r i n t e r   s y s t e m   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  

by  a  b a n d ,   b e l t   or   drum  h a v i n g   s a i d   m a r k i n g   e l e m e n t s   d i s t r i -  

b u t e d   in  a  m u l t i d o t   p a t t e r n   a r o u n d   s a i d   b a n d ,   b e l t   or   d r u m .  

7.  A  p r i n t e r   s y s t e m   a c c o r d i n g   to  c l a i m   6,  c h a r a c t e r i z e d   i n  

t h a t   s a i d   m a r k i n g   e l e m e n t s   a r e   d i s t r i b u t e d   in  t h e   fo rm  o f  

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

d r u m .  



8.  A  p r i n t e r   s y s t e m   a c c o r d i n g   to   c l a i m   7,  c h a r a c t e r i z e d  

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

by  t h e   n u m b e r   or   rows  and  t h e   n u m b e r   of   c o l u m n s   in  t he   d o t  

p a t t e r n s .  

9.  A  p r i n t e r   s y s t e m   a c c o r d i n g   to   c l a i m   7,  c h a r a c t e r i z e d  

in  t h a t   t h e   i n d e p e n d e n t   p a t t e r n   h a v i n g   t h e   g r e a t e s t   p r o b a -  

b i l i t y   of   u s a g e   i s   d i s t r i b u t e d   more   f r e q u e n t l y   a r o u n d   t h e  

b a n d ,   b e l t   or   d r u m .  

10.  A  p r i n t e r   s y s t e m   a c c o r d i n g   to   any  of   t h e   c l a i m s   6  to  9 ,  

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

t h e   f o r m   of   i n d e p e n d e n t   d o t   p a t t e r n s   w h i c h   may  be  a r r a n g e d  

in  2  -   1  p o s s i b l e   p a t t e r n s   w h e r e   m  c o r r e s p o n d s   to   t h e  

n u m b e r   o f   rows  and  n  t h e   n u m b e r   of   c o l u m n s   in   t h e   d i s t r i -  

b u t i o n   of   t h e   d o t   p a t t e r n s .  

11.  A  p r i n t e r   s y s t e m   a c c o r d i n g   to   any  of   t h e   c l a i m s   6 

to  10,  c h a r a c t e r i z e d   in   t h a t   s a i d   p r i n t   e l e m e n t s   a r e   d i s -  

t r i b u t e d   in  t h e   f o rm  of   i n d e p e n d e n t   h o r i z o n t a l   d o t   p a t t e r n s  

w h i c h   may  be  a r r a n g e d   in  2 n  -   1  p o s s i b l e   p a t t e r n s   w h e r e   n  

c o r r e s p o n d s   to   t h e   n u m b e r   of   c o l u m n s   in  t h e   d i s t r i b u t i o n   o f  

t h e   d o t   p a t t e r n s .  

12.  A  p r i n t e r   s y s t e m   as  c l a i m e d   in  any  of   t h e   c l a i m s   6 

to   11,  c h a r a c t e r i z e d   in   t h a t   none   of   t h e   d o t   p a t t e r n s   a r e  

r e d u n d a n t .  

13.  A  b a n d   p r i n t e r   s y s t e m   h a v i n g   av  b a n d ,   b e l t   or   d r u m ,  

r a i s e d   d o t   p r i n t   e l e m e n t s ,   and  a t   l e a s t   one  p r i n t   h a m m e r  

to  f o r m   a - c h a r a c t e r   s e t ,   c h a r a c t e r i z e d   in  t h a t   s a i d   d o t  

p r i n t   e l e m e n t s   a r e   d i s t r i b u t e d   in  a  s i n g l e   d o t   p a t t e r n  

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

t h a t   no  two  d o t s   a r e   o p p o s i t e   t h e   p r i n t   hammer   s i m u l t a n e o u s l y .  



14.  A  b a n d   p r i n t e r   s y s t e m   a c c o r d i n g   to  c l a i m   13,   c h a r a c -  

t e r i z e d   in   t h a t   s a i d   d o t   p r i n t   e l e m e n t s   a r e   d i s t r i b u t e d  

in  a  m u l t i d o t   p a t t e r n .  
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