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©  Method  for  adaptively  using  a  print  ribbon  in  an  impact  printer. 

  Rather  than  transporting  the  entire  multi-colour  print 
ribbon  (18)  in  an  impact  printer  back  and  forth  until  the 
reaching  of  a  lower  quality  threshold  requires  replacement, 
this  method  provides  for  the  use  of  only  a  subsection  of 
limited  length  of  the  ribbon  to  be  used  until  the  lower  quality 
threshold  of  any  one  of  the  colour  tracks  (21-24)  of  this 
subsection  is  reached,  and  then  advancing  to  a  fresh 
subsection. 

The  quality  status  of  the  current  subsection  may  be 
monitored  by  counting  the  number  of  impacts  on  each 
individual  colour  track  and  comparing  that  number  with  a 
predetermined,  stored  value,  or  by  shining  light  through  the 
ribbon  and  optically  comparing  the  passing  light  with  a 
preset  value.  The  method  is  flexible  enough  to  permit 
manual  advance  of  the  ribbon  (18)  to  a  fresh  subsection  in 
case  a  printing  job  requires  highest  possible  quality. 



The  i nven t ion   r e l a t e s   to  a  method  for  a d a p t i v e l y   using  a  p r i n t  

ribbon  in  an  impact  p r i n t e r   such  as  a  t y p e w r i t e r   or  dot  matr ix   p r i n t e r ,  

for  example .  

Gene ra l l y ,   in  impact  p r i n t e r s   two  types  of  p r i n t   ribbon  a r e  

used.  The  f i r s t   may  be  c a l l ed   a  s i n g l e - u s e   r ibbon,   where  the  c o l o u r i n g  

m a t e r i a l ,   such  as  carbon,   at  the  impact  l o c a t i o n   is  comple te ly   t r a n s -  

f e r r ed   to  the  record  c a r r i e r ,   thus  leaving  a  n o n - c o l o u r i n g   area  on 

the  ribbon  s u b s t r a t e ,   so  tha t   a f t e r   one  complete  pass  of  i t s   e n t i r e  

length   for  s u c c e s s i v e   p r i n t i n g   the  ribbon  has  to  be  d i s c a r d e d ,   save  

any  p r o v i s i o n s   for  r e p l e t i n g .   The  second  type  of  r ibbon ,   in  c o n t r a s t ,  

may  u sua l ly   be  passed  back  and  for th   severa l   times  in  f ron t   of  t h e  

p r i n t i n g   s t a t i o n   s ince  a f t e r   each  impact  and  ensuing  removal  of  dye 

from  the  impact  l o c a t i o n ,   s u f f i c i e n t   time  is  provided  as  the  ribbon  i s  

f u r t h e r   advanced,   and  l a t e r   r e v e r s e d ,   for  the  d y e s t u f f   to  "bleed"  i n t o  

dep le t ed   areas  from  the  neighbourhood  so  as  to  main ta in   a  r e a s o n a b l e  

though  c o n t i n u o u s l y   d e g r a d a t i n g   p r i n t   q u a l i t y   over  severa l   r e v e r s a l s  

of  the  t r a n s p o r t   d i r e c t i o n   of  the  r ibbon.   These  p r i n t   r ibbons  as  we l l  

as  t h e i r   t r a n s p o r t   mechanisms  are  so  commonplace  tha t   i t   appears  un- 

neces sa ry   to  l i s t   r e f e r e n c e s   for  t h e i r   d e s c r i p t i o n .  

As  was  pointed  out  be fo re ,   with  the  second  type  of  ribbon  one 

has  to  accept   tha t   the  p r i n t   q u a l i t y   g r adua l ly   dec reases   unt i l   i t  

reaches  a  minimum  t o l e r a n c e   level  at  which  the  ribbon  has  to  be  r e -  

placed.   This  is  very  simple  in  the  case  of  a  s i n g l e - c o l o u r   r i b b o n  

but  complex  if  a  m u l t i - c o l o u r   ribbon  is  employed  because  not  all  o f  

the  colours   will  be  used  with  the  same  f requency.   It  may  happen,  t h e r e -  

fo re ,   that   red,  for  example,  was  f r e q u e n t l y   used  for  p r i n t i n g   p i c -  

tu res   and  is  a cco rd ing ly   r a t h e r   deple ted   a f t e r   some  time,  while  y e l l o w  

was  r a r e ly   used  and  thus  s tays   f r e s h .  



Another  point   to  c o n s i d e r   is  the  smudging  of  the  ribbon  t h rough  

take-up   thereby  of  dust   and  d i r t   which  may  cause  ribbon  areas  un-  

w i l l i n g   to  p r in t   a l though  enough  c o l o u r a n t   is  a v a i l a b l e ,   or  which 

leads  to  u n d e s i r a b l e   obscur ing   or  changing  of  c o l o u r s .  

Swiss  Patent   474  757  d e s c r i b e s   method  and  device  for  measu r ing  

the  dens i ty   of  the  p r i n t i n g   ink  in  a  m u l t i - c o l o u r   p r i n t e r .   A  c u r r e n t  

sample  of  the  p r i n t i n g   ink  of  each  co lour   is  compared  with  a  s t a n d a r d  

of  the  r e s p e c t i v e   colour   in  t h a t   l i g h t   is  shone  through  the  inks  unde r  

i n v e s t i g a t i o n   and  d i r e c t e d   onto  p h o t o s e n s i t i v e   means  for  e l e c t r o n i c  

c o m p a r i s o n .  

That  same  Swiss  Pa tent   474  757  r e f e r s   to  convent iona l   a p p a r a t u s  

for  de te rmining   the  d e n s i t y   of  p r i n t i n g   colours   employing  comple-  

mentary  colour   f i l t e r s .  

This  s t a t e   of  the  a r t   does  not  address   the  economics  of  p r i n t  

ribbon  use,  in  p a r t i c u l a r   no  p r o v i s i o n s   have  been  proposed  to  p e r m i t  

an  a p p r o p r i a t e l y   f resh   po r t i on   of  the  p r i n t   ribbon  to  be  made  a v a i l a b l e  

at  the  p r i n t i n g   s t a t i o n   in  case  a  h i g h - q u a l i t y   p r i n t i n g   job  is  to  be 

performed.   The  p re sen t   i n v e n t i o n   aims  at  proposing  a  method  for  adap-  

t i v e l y   using  the  p r i n t   r ibbon ,   i . e .   provide  undeple ted   ribbon  if  h igh  

q u a l i t y   p r i n t i n g   is  de s i r ed   but  leave  the  ribbon  j u s t   as  i t   happens  t o  

be  if   no  spec ia l   q u a l i t y   r e q u i r e m e n t s   have  been  s i g n a l l e d .  

The  method  in  accordance   with  the  p resen t   i nven t ion   for  a d a p t i v e l y  

using  a  p r i n t   r ibbon,   be  i t   in  s i n g l e - c o l o u r   or  m u l t i - c o l o u r   impac t  

p r i n t e r s   is  c h a r a c t e r i z e d   by  t r a n s p o r t i n g   in  forward  and  r e v e r s e  

d i r e c t i o n s ,   during  p r i n t i n g   o p e r a t i o n ,   one  s u b s e c t i o n   of  p r e d e t e r m i n e d  

length  of  the  r ibbon,   c o n t i n u o u s l y   moni tor ing   the  cond i t ion   of  t h e  

p r i n t i n g   colour   or  co lours   in  said  one  s u b s e c t i o n ,   unt i l   the  c o n d i t i o n  

of  said  colour   or  of  any one  of  the  colours   in  said  one  subsec t ion   has 

reached  a  p rede te rmined   lower  t o l e r a n c e   l e v e l ,   and  then  a d v a n c i n g  

the  ribbon  so  as  now  to  expose  at  the  p r i n t i n g   s t a t i o n   the  s u b s e q u e n t ,  



f resh   subsec t ion   of  the  r ibbon ,   r e g a r d l e s s   of  the  cond i t i on   of  t h e  

p o s s i b l y   remaining  co lours   in  said  one  s u b s e c t i o n ,   for  r e p e a t i n g   t h e  

procedure   unt i l   the  e n t i r e   ribbon  is  used  up. 

With  th is   method  i t   will   be  p o s s i b l e   to  immediate ly   advance  to  a 

f resh   ribbon  s u b s e c t i o n   through  manual  i n t e r v e n t i o n   by  the  o p e r a t o r   i n  

case  a  p r i n t i n g   job  is  s i g n a l l e d   to  r equ i re   h i g h - q u a l i t y   p r i n t i n g .  

De ta i l s   of  the  method  in  accordance  with  th i s   i nven t ion   will  now 

be  desc r ibed   with  r e f e r e n c e   to  the  a t tached   drawings  in  wh ich :  

Fig.  1  shows  the  e s s e n t i a l   components  of  a  wire  matrix  p r i n t e r ;  

Fig.  2  shows  a  m u l t i - c o l o u r   ribbon  with  i t s   spools  and  l i f t   f o r k ;  

Figs.  3  dep ic t   the  d e g r a d a t i o n   of  the  ribbon  q u a l i t y   over  t i m e ;  

and  4 

Fig.  5  s c h e m a t i c a l l y   shows  an  op t ica l   ribbon  q u a l i t y   m o n i t o r i n g  

d e v i c e ;  

Fig.  6  r e fe r s   to  minimum  and  typ ica l   lengths   of  ribbon  s u b s e c t i o n s ;  

Fig.  7  r e p r e s e n t s   the  i n t e r c o n n e c t i o n s   between  the  components  of  a 

ribbon  q u a l i t y   m o n i t o r ;  

Figs.  8  show  flow  diagrams  for  the  i n t e r r u p t   and  ribbon  advance  

and  9  r o u t i n e s ,   r e s p e c t i v e l y ;  

Fig.  10  is  a  schemat ica l   diagram  of  the  counter   c i r c u i t r y   of  Fig.  7. 

Besides  t y p e w r i t e r s   which  account  for  the  g r e a t e r   part   of  a l l  

impact  p r i n t e r s   in  use  today,   there  is  an  i n c r e a s i n g   number  of  d o t -  

matrix  impact  p r i n t e r s   which  serve  as  output  p r i n t e r s   for  d i g i t a l  



computers ,   in  p a r t i c u l a r   in  a p p l i c a t i o n s   where  a lphanumer ic   c h a r a c -  

t e r s   and  p i c t u r e s   are  to  be  p r i n t e d .   In  most  p rev ious   oases  impac t  

p r i n t e r s   have  used  s i n g l e - c o l o u r   r ibbons  but  as  the  ar t   of  c o l o u r -  

image  r e p r o d u c t i o n   advances ,   the  m u l t i - c o l o u r   d o t - m a t r i x   impact  p r i n t e r  

is  ga in ing   importance  for  producing  sharp,   a ccu ra t e   colour   images  f o r  

g raph ics   a p p l i c a t i o n s .  

While  the  method  of  the  p resen t   i nven t ion   is  cons ide r ed   a p p l i c a b l e  

to  both,   s i n g l e - c o l o u r   and  m u l t i - c o l o u r   impact  p r i n t e r s ,   the  e x p l a n a -  

t ion  of  the  i nven t ion   will  be  made  by  way  of  example  with  r e f e rence   t o  

a  m u l t i - c o l o u r   d o t - m a t r i x   p r i n t e r   the  f u n c t i o n i n g   of  which  will  now 

b r i e f l y   be  r e v i e w e d .  

Re fe r r i ng   to  Fig.  1,  the  p r i n t e r   1  comprises  a  p la ten   2  which 

c a r r i e s   a  record  c a r r i e r   such  as  a  sheet   of  paper  3.  Platen  2  i s  

suppor ted   in  frames  4,5  and  indexed  via  be l t   6  and  pu l leys   7  and  8 

by  a  s t e p p e r   motor  9.  S l i d i n g l y   suppor ted   on  rods  10  and  11  is  a  p r i n t  

head  12  which  may  be  escaped  along  the  p r i n t   l ine   by  a  be l t   13  s l u n g  

around  drums  14  and  15  and  dr iven  by  a  s t eppe r   motor  16. 

P r in t   head  12  c o n t a i n s ,   e .g .   seven  wires  (not  shown)  ar ranged  a t  

equal  mutual  d i s t a n c e s   in  a  column,  the  t ips   of  the  wires  d i r e c t e d  

a g a i n s t   p la ten   2  and  t h e i r   ends  connected  to  e l e c t r o m a g n e t s   which  may 

be  s e l e c t i v e l y   ene rg i zed   via  a  f l e x i b l e   cable  17  connected  to  a p p r o -  

p r i a t e   con t ro l   appara tus   as  is  known  to  those  s k i l l e d   in  the  a r t .  

P r i n t i n g   of  a lphanumer ic   c h a r a c t e r s   and  symbols  is  through  c o m p o s i t i o n  

of  s i n g l e   dots  in  a  7x5  matr ix   a r rangement ,   i . e .   a f t e r   the  p a r a l l e l  

e n e r g i z i n g   of  the  a p p r o p r i a t e   number  of  wires  the  p r i n t   head  has  to  be 

advanced  by  one  f i f t h   or  less  of  a  c h a r a c t e r   width  whereupon  the  s e l e c -  

t ive   e n e r g i z a t i o n   for  the  then  actual   p r i n t   p o s i t i o n   will  be  made,  and 

so  fo r th   unt i l   a  c h a r a c t e r   is  completed  and  an  i n t e r c h a r a c t e r   e s c a p e -  

ment  is  a c c o m p l i s h e d .  

The  wires  impact  a c t u a l l y   aga ins t   a  p r i n t   r ibbon  18  arranged  b e -  

tween  p l a t en   2  and  p r i n t   head  12  and  extending  between  two  spools  19 



and  20.  The  l a t t e r   are  suppo r t ed  by   means  (no t   shown)  for  movement  i n  

both  d i r e c t i o n s   under  control   from  a  cont ro l   unit  to  be  d e s c r i b e d  

below.  P r in t   r ibbon  18  (Fig.  2)  has  four  p a r a l l e l   colour   bands  21 

through  24,  for  example,  with  yellow  (21),   magenta  (22),  cyan  (23)  

and  black  (24)  inks ,   r e s p e c t i v e l y .   These  inks  permit  p r i n t i n g   in  a 

to ta l   of  seven  d i f f e r e n t   colours   by  s u p e r p o s i t i o n   in  accordance  with  t h e  

s u b t r a c t i v e   primary  colour   system  which  i s ,   for  example,  exp l a ined   i n  

European  Patent   P u b l i c a t i o n   Nr.  0  011  722.  P r in t   ribbon  18  may  a l t e r -  

n a t i v e l y   be  ded i ca t ed   to  a  d i f f e r e n t   system  of  colours   such  as  the  one 

d i s c l o s e d   in  Swiss  Patent   610.825  which  p r e f e r s   golden  ye l low,   c a r m i n e ,  

v i o l e t   and  t u r q u o i s e .   S t i l l   another   system  might  comprise  the  p o s i t i v e  

primary  colours   red,  ye l low,   blue  and  b lack,   the  black  always  b e i n g  

used  to  enhance  c o n t r a s t .  

The  colour   band  to  be  p resen ted   at  the  p r i n t   s t a t i o n   for  p r i n t i n g  

is  s e l e c t e d   by  a  p r i n t   control   unit   which  e i t h e r   con t ro l s   the  l i f t i n g  

of  a  conven t iona l   ribbon  fork  25  or  of  said  ribbon  spools  19  and  20.  

The  d i f f e r e n t l y   coloured  inks  are  composed  such  tha t   every  two  i n k s  

impregnated  on  a d j a c e n t   bands  are  mutual ly   r e p e l l i n g   so  tha t   t h e i r  

mixing  (b l eed ing )   is  prevented  and  no  deg rada t i on   of  one  ink  by  i t s  

neighbour  can  o c c u r .  

P r i n t e r s   of  the  type  desc r ibed   above  p r e s e n t l y   can  perform  up  t o  

a  speed  of  5000  impr in ts   per  second.  The  l i m i t a t i o n   in  speed  is  m a i n l y  

d i c t a t e d   by  the  mechanical  parts   which  must  be  moved,  viz.  the  p r i n t  

wires  and  t h e i r   a s s o c i a t e d   e l e c t r o m a g n e t s .   With  a  f u r t h e r   r e d u c t i o n  

of  mass  of  the  w i r e / e l e c t r o m a g n e t   a ssembl ies   and  with  improvements  i n  

the  m a t e r i a l s   used  in  the  p r in t   head,  s t i l l   higher   speed  will  c e r t a i n l y  

be  pos s ib l e   soon .  

A t t a i n a b l e   p r i n t i n g   speed  and  recen t   advances  in  LSI  t e c h n o l o g y  

bring  the  i n t r o d u c t i o n   of  image  p rocess ing   systems  on  the  basis   of  d o t -  

matrix  impact  p r i n t e r s   c l o se r   to  r e a l i t y .   However,  the  high  dens i ty   o f  



m u l t i c o l o u r e d   dots  n e c e s s a r y   for  accura te   image  p r i n t i n g   accents   t h e  

need  for  p r e c i s e ,   c l e a r ,   clean  dots  from  a  p r i n t   head / r ibbon   a s sembly .  

As  a  r ibbon  begins  to  age,  i t   commences  to  produce  faded,   b l u r r e d  

dots  which  make  an  exac t   image  r e p r o d u c t i o n   i m p o s s i b l e .  

In  the  p r i n t e r s   of  the  p r i o r   a r t ,   the  e n t i r e   ribbon  is  t r e a t e d  

as  one  un i t   assumed  to  have  the  uniform  d e t e r i o r a t i o n   c h a r a c t e r i s t i c s  

as  shown  in  Fig.  3.  When  the  ribbon  is  new,  i t s   q u a l i t y   i s ,   of  c o u r s e ,  

very  high,   but  with  use  the  q u a l i t y   decreases   un t i l   a  lower  q u a l i t y  

t h r e s h o l d   is  reached  at  which  rep lacement   of  the  r ibbon  is  r e q u i r e d .  

Uni fo rmi ty   of  wearing  is  achieved  by  escaping  the  ribbon  by  a  small  

inc rement   a f t e r   each  p r i n t i n g   impact  unt i l   the  e n t i r e   supply  of  new 

ribbon  is  used  up  and  then  r e v e r s i n g   the  d i r e c t i o n   of  t r a n s p o r t a t i o n  

severa l   times  unt i l   sa id   l o w e r . q u a l i t y   t h r e s h o l d   is  r e a c h e d .  

There  are  severa l   problems  with  th i s   method  which  make  it   u n s u i t -  

able  for  h i g h - r e s o l u t i o n   colour   p r i n t i n g .   The  primary  problem  is  t h a t  

m u l t i - c o l o u r   r ibbons  cannot  be  made  to  wear  un i formly   across  all  co -  

lou r s .   I n v a r i a b l y ,   par t   of  the  ribbon  will  become  smudged  or  f a d e d ,  

or  one  of  the  l i g h t e r   co lours   c o l l e c t s   black  or  j u s t   d i r t .   A c c o r d i n g l y ,  

one  or  more  of  the  co lour   bands  may  have  reached  t h e i r   p r e d e t e r m i n e d  

lower  q u a l i t y   level  while  o thers   have  not,  yet  the  ribbon  c o n t i n u e s  

to  be  used  s ince  par t   of  i t   is  s t i l l   usable .   Obviously ,   images  p r i n t e d  

with  a  r ibbon  in  th i s   s t a t e   will  have  b l u r r e d ,   faded  or  o t h e r w i s e  

c o r r u p t e d   s e c t i o n s .  

Another  problem  with  p r i o r   ar t   p r i n t e r s   is  tha t   there  is  no  r e -  

l i a b l e   method  for  mon i to r ing   ribbon  q u a l i t y .   The  s u r e s t   sign  that   a 

ribbon  needs  r e p l a c i n g   is  a  poor  colour  p r i n t .   And  it   is  indeed  d i f f i -  

c u l t   to  set   a  lower  q u a l i t y   t h r e s h o l d   since  p r i n t i n g   jobs  may  have 

d i f f e r e n t   q u a l i t y   r e q u i r e m e n t s .   If  a  job  r e q u i r e s   high  q u a l i t y ,   w i t h  

p r i o r   a r t   p r i n t e r s   the  o p e r a t o r   is  forced  to  r ep l ace   the  r i b b o n  

a l though  i t   may  not  yet   be  worn  down. 



The  method  of  the  p resen t   i n v e n t i o n   remedies  these  p roblems 

by  p a r t i t i o n i n g   the  e n t i r e   ribbon  into  several   s u b s e c t i o n s   of  e s s e n -  

t i a l l y   equal  length  and  employing  those  subsec t i ons   for  p r i n t i n g   s e -  

q u e n t i a l l y   unt i l   each  one  reaches  i t s   i nd iv idua l   lower  q u a l i t y   l e v e l  

and  then  swi tch ing   to  a  f resh  s u b s e c t i o n .   Fig.  4  shows  th i s   for  a 

co lour   ribbon  p a r t i t i o n e d   into  six  s u b s e c t i o n s   S l . . S 6 ,   with  the  l i f e   o f  

the  s u b s e c t i o n s   varying  with  the  parameters   of  the  colour   images  p r i n -  

ted,   such  as  f requency  of  co lour   changes,   colour   dot  d e n s i t y ,   p r i n t e r  

speed,   degree  of  r e s o l u t i o n ,   e tc .   The  compara t ive ly   fas t   d e t e r i o r a t i o n  

of  s u b s e c t i o n s   S2  and  S5  may  be  due  to  dark  colour  o v e r p r i n t   c a u s i n g  

a  l i g h t e r   colour   band  to  fade  or  a  high  f requency  of  colour   v a r i a t i o n  

causing  s t r eaks   on  the  r i b b o n ' s   colour   bands.  Because  in  a c c o r d a n c e  

with  th is   method  one  subsec t i on   is  comple te ly   exhausted  before  t h e  

p r i n t e r   switches  to  the  next ,   the  f a s t e r   d e t e r i o r a t i o n   of  s u b s e c t i o n s  

s 2 a n d   S5  in  the  example  of  Fig.  4  is  not  allowed  to  harm  the  o v e r a l l  

p i c t u r e   q u a l i t y .  

To  advan tageous ly   employ  the  i n v e n t i v e   method,  i t   will  be  n e c e s -  

sary  to  con t i nuous ly   monitor  the  q u a l i t y   of  the  ribbon  s u b s e c t i o n  

c u r r e n t l y   in  use.  The  fo l lowing  three   schemes  are  contempla ted   to  do 

t h i s :  

The  f i r s t   monitoring  scheme  employs  d i s c r e t e   counters   to  c o u n t  

the  number  of  times  the  i n d i v i d u a l   colour   bands  in  a  ribbon  s u b s e c t i o n  

are  s t ruck   by  the  wires  of  the  p r i n t   head  to  produce  a  dot.  Each  c o l o u r  

is  ass igned   i ts   own  e m p i r i c a l l y   de termined  maximum  count.  When  t h e  

number  of  dots  produced  from  a  p a r t i c u l a r   colour  exceeds  the  maximum 

count  for  that   co lour ,   the  monitor  will  issue  a  signal  causing  t h e  

ribbon  t r a n s p o r t   mechanism  to  advance  the  ribbon  to  i ts   next  s u b s e c t i o n .  

In  p r e s e t t i n g   the  maximum  number of  counts ,   the  q u a l i t y   r e q u i r e m e n t s  

of  the  p r i n t i n g   job  can  be  balanced  aga in s t   ribbon  l o n g e v i t y .  



The  second  moni to r ing   scheme  as  shown  in  Fig.  5  is  b a s i c a l l y  

o p t i c a l   and  comprises  a  l i g h t   source  26  and  a  p h o t o - d e t e c t o r   27.  The 

idea  here  is  t ha t   a  s t r e a k e d ,   smudged  or  faded  ribbon  can  be  d e t e c t e d  

by  the  i n t e n s i t y   of  l i g h t   i t s   emits .   The  p h o t o - d e t e c t o r   is  mounted 

a d j a c e n t   p r i n t   head  12,  and  as  the  l a t t e r   is  escaped,   the  d e t e c t o r  

scans  ribbon  18.  Light  from  source  26  passes  through  a  shor t   length  o f  

each  co lour   band  of  r ibbon  18  to  a  bank  of  op t i ca l   f i l t e r s   28  t h r o u g h  

31.  Each  f i l t e r   suppres ses   every  colour   except   the  one  of  the  c o l o u r  

band  d i r e c t l y   in  f ron t   of  i t .   For  example,  l i g h t   shone  through  the  ma- 

genta  band  22  is  passed  through  c o r r e s p o n d i n g   f i l t e r   29.  The  f i l t e r e d  

l i g h t   is  then  passed  to  a  s t r i n g   of  p h o t o s e n s i t i v e   elements  32  t h r o u g h  

35  which  conver t   the  i n t e n s i t y   of  the  colour   r ece ived   from  t h e i r   a s s o -  

c i a t e d   f i l t e r   28  through  31  to  e l e c t r i c a l   s i g n a l s   which  they  feed  t o  

i n d i v i d u a l l y   connected  i n t e g r a t o r s   36  through  39.  Each  i n t e g r a t o r   adds 

the  s i g n a l s   r ece ived   over  time  to  the  previous   output   of  the  r e s p e c t i v e  

p h o t o s e n s i t i v e   element  32  through  35  and  s u p p l i e s   i ts   output   s ignal   t o  

one  of  comparators   40  through  43  which  have  one  of  t h e i r   inputs   common- 

ly  connected  to  a  t h r e s h o l d   vo l t age .   Separa te   ad jus tment   f a c i l i t i e s   may 

be  provided  at  the  comparators   so  as  to  permit   the  t h r e s h o l d   for  each 

co lour   to  be  p r e s e t   i n d i v i d u a l l y .  

If  a f t e r   a  s p e c i f i e d   time,  which  may,  e.g.   correspond  to  one 

sweep,  the  vo l tage   output   from  one  i n t e g r a t o r   is  below  the  t h r e s h o l d  

for  the  colour   concerned ,   then  d e t e c t o r   27  s i g n a l s   via  OR  gate  44  t h a t  

one  of  the  coulour   bands  in  the  cu r r en t   s u b s e c t i o n   is  co r rup ted .   Ribbon 

18  is  then  advanced  to  the  next ,   f resh   s u b s e c t i o n .  

The  t h i r d   scheme  simply  involves   a  manual  advance  opt ion .   When, 

for  any  reason,   the  o p e r a t o r   d e s i r e s   to  proceed  to  a  f resh  s u b s e c t i o n  

of  r ibbon  18,  e .g .   for  a  p r i n t i n g   job  r e q u i r i n g   high  q u a l i t y ,   t h i s  

option  may  be  used.  The  ribbon  then  advances  to  the  next  s u b s e c t i o n  



r e g a r d l e s s   of  the  s t a t e   of  the  cu r r en t   s u b s e c t i o n .  

The  length   of  the  ribbon  s u b s e c t i o n s   can  be  set  by  the  o p e r a t o r  

p r io r   to  p r i n t i n g .   The  minimum  p r a c t i c a b l e   length  corresponds   to  t h e  

d i s t ance   t h e  p r i n t   head  12  can  t rave l   across   p la ten  2  between  the  l e f t  

and  r igh t   stops  45,  46  (Fig.  1  &  6).  T y p i c a l l y ,   the  length  AL  o f  

a  subsec t ion   should  extend  on  both  s ides  beyond  said  t rave l   d i s t a n c e .  

In  the  l a t t e r   case ,   to  ensure  uniform  ag ing /wear ing   of  the  e n t i r e   s u b -  

s e c t i o n ,   ribbon  18  should  be  advanced  by  a  t iny  f r a c t i o n   Δx  of  t h e  

subsec t ion   length   AL  for  every  couple  of  p r i n t   head  c a r r i e r   r e t u r n s .  

Implementa t ion  of  the  method  so  far   desc r ibed   is  best  done  on  a 

m i c r o p r o c e s s o r - b a s e d   system  having  the  necessa ry   degree  of  f u n c t i o n a l i -  

ty.  A  block  diagram  for  such  a  system  is  shown. in  Fig.  7.  For  t h e  

purpose  of  the  fo l lowing   d e s c r i p t i o n ,   the  ope ra t ion   of  the  system  i s  

divided  into  three   phases:   power-up,  normal  o p e r a t i o n ,   and  power -  

down. 

During  the  power-up  cyc le ,   m i c r o p r o c e s s o r   47  runs  through  some 

check-out   r o u t i n e s   and  then  reads  the  o p e r a t i n g   parameters   p e r t a i n i n g  

to  the  previous  o p e r a t i o n   out  of  a  n o n - v o l a t i l e   memory  48  and  into  t h e  

app rop r i a t e   u n i t s ,   such  as  a  random  access  memory  49.  Into  s p e c i f i c  

areas  of  memory  49  are  read  the  maximum  count  for  the  wire  impacts  on 

the  ribbon  for  each  colour   band  2 2 . . . 2 5 ,   the  length  ΔL  for  the  r i b b o n  

s u b s e c t i o n s ,   the  c u r r e n t   count  for  Δx,  and  the  maximum  count  for  Ax. 

The  previous  values  of  the  counters   (which  were  saved  in  memory  48)  

are  rounded  off ,   e .g .   to  the  nea re s t   1020  and  read  back  into  t h e  

counters .   When  th i s   is  complete ,   m i c r o p r o c e s s o r   47  commences  normal 

opera t ion   by  causing  the  p r i n t e r   to  p r i n t .  

During  p r i n t i n g   o p e r a t i o n ,   the  number  of  impacts  the  p r i n t   w i r e s  

perform  on  ribbon  18  is  counted  s e p a r a t e l y   for  each  colour .   S i m u l t a n e -  

ously,  p h o t o - d e t e c t o r   27  is  swept  across   ribbon  18  to  d i scover   any 

faded  or  smeared  colour   bands.  When  the  impact  count  for  any  c o l o u r  



exceeds  the  p re se t   value  or  a  c o r r u p t e d   colour   band  is  found,  or  i f  

the  manual  Ribbon  Advance  but ton   50,  Fig.  7,  is  pushed,  a  f l i p - f l o p  

51  is  set  to  be  read  l a t e r   by  p r o c e s s o r   47.  When  a  re turn   of  t h e  

p r i n t   head  c a r r i e r   is  s i g n a l l e d   by  p r i n t e r   1,  an  i n t e r r u p t   signal  i s  

g e n e r a t e d ,   and  m i c r o p r o c e s s o r   47  en t e r s   an  i n t e r r u p t   rou t ine   (Fig.  8 ) .  

In  block  52  f i r s t   the  RESET  but ton   53  is  checked.  Since  the  mechanism 

is  p r e f e r a b l y   designed  such  t ha t   h i t t i n g   RESET  button  53  does  n o t  

have  any  e f f e c t   while  p r i n t i n g   is  in  p r o g r e s s ,   r e se t   f l i p f l o p   51  i s  

assumed  to  be  r e s e t .   T h e r e f o r e ,   the  o p e r a t i o n   proceeds  to  block  54 

decrement ing   the  c u r r e n t   c a r r i e r   count  which  is  r e p r e s e n t a t i v e   o f  

the  number  of  c a r r i e r   r e tu rns   performed  s ince  the  l a s t   time  the  r i bbon  

was  advanced.  When  the  c u r r e n t   c a r r i e r   count  reaches  zero  (block  5 5 ) ,  

sa id   count  is  re loaded  from  memory  48  and  the  ribbon  is  advanced  by 

Ax  (Fig.  9 ) .  

When  m i c r o p r o c e s s o r   47  de te rmines   t ha t   ribbon  18  should  be  ad -  

vanced,   i t   checks  f i r s t   on  the  d i r e c t i o n   of  advancement,   i . e .   f o r e w a r d ,  

backward  or  not  at  a l l ,   as  would  be  the  case  i f   the  length  AL  of  a 

r ibbon  subsec t ion   was  chosen  to  be  equal  to  the  d i s t ance   of  c a r r i e r  

t r a v e l .   The  p roces so r   will   l o o k  a t   the  number  of  times  the  ribbon  was 

p r e v i o u s l y   advanced  by  Ax  by  asking  whether  the  cu r r en t   Δx  count  has 

reached  zero  (block  56).  If  the  answer  is  N0,  i . e .   the  ribbon  has 

not  reached  the  end  of  the  c u r r e n t   s u b s e c t i o n ,   the  p rocesso r   r e a d s  

the  d i r e c t i o n   f lag  s to red   in  memory  48  (block  57).  If  the  answer  t o  

the  ques t ion   of  block  56  is  YES,  the  p roce s so r   asks  the  d i r e c t i o n   f l a g  

at  which  end  of  the  s u b s e c t i o n   the  ribbon  is.  If  the  ribbon  is  at  t h e  

l e f t   end  of  the  s u b s e c t i o n ,   (block  58)  i t   j u s t   r eve r ses   d i r e c t i o n  

and  begins  to  progress   to  the  r i g h t   end  of  the  s u b s e c t i o n .   If  t h e  

r ibbon  is  at  the  r i g h t   end  of  the  s u b s e c t i o n ,   the  p roces so r   checks  

(block  60)  the  s t a t u s   of  f l i p f l o p   51  (  which  may  be  set  by  the  c o u n t e r s  

59,  the  p h o t o - d e t e c t o r   27  or  by  manual  advance)  to  decide  whether  t o  

go  to  the  next  subsec t i on   or  go  back  over  the  preceding  one.  If  e i t h e r  

p h o t o - d e t e c t o r   27  or  counters   59  s ignal   tha t   the  ribbon  is  worn,  o r  



manual  advance  button  50  i n d i c a t e s   ribbon  t r a n s p o r t   r e g a r d l e s s   o f  

ribbon  c o n d i t i o n ,   p roce s so r   47  re loads   the  counters   59  and  s i g n a l s  

the  advance  into  the  new  subsec t i on   (blocks  61,  62).  Otherwise ,   p r o -  

cessor   47  togg les   the  d i r e c t i o n   f l ag ,   re loads   the  Ax  count  for  t h e  

s u b s e c t i o n   and  begins  to  go  back  over  the  preceding   subsec t i on   ( b l o c k s  

63,  6 4 ) .  

If  the  minimum  length  for  the  ribbon  s u b s e c t i o n   is  chosen  (AL), 

the  s u b s e c t i o n   is  only  long  enough  to  cover  the  c a r r i e r ,   the  r i b b o n  

does  not  get  advanced  by  any  Δx.  P rocessor   47  implements  th is   by 

n o t i c i n g   at  power-up  tha t   ΔLmin  was  chosen,  and  computes  a  zero  f o r  

the  Δx  count  (block  65).  This  zero  value  is  c o n t i n u a l l y   loaded  f o r  

the  Δx  count  and  so  the  ribbon  never  advances  in  any  d i r e c t i o n   ( b l o c k  

6 6 ) .  

In  summary,  the  length  of  each  ribbon  s u b s e c t i o n   (AL)  is  set  by 

the  o p e r a t o r   during  a  power-up  or  RESET  o p e r a t i o n .   While  the  p r i n t e r  

is  p r i n t i n g ,   m i c r o p r o c e s s o r   47  is  s u p e r v i s i n g   the  uniform  w e a r i n g  

of  the  ribbon  subsec t i on   by  slowly  moving  the  ribbon  back  and  f o r t h  

by  small  increments   (Δx)  every  few  c a r r i e r   r e t u r n s .   When  a  ribbon  a d -  

vance  is  s i g n a l l e d ,   the  p rocessor   causes  the  ribbon  to  be  t r a n s p o r t e d  

to  the  next  s u b s e c t i o n   and  repeats   the  p r o c e s s .  

The  only  o ther   i nc iden t   which  can  cause  an  i n t e r r u p t   to  m i c r o -  

p rocesso r   47  is  the  pushing  of  the  RESET  button  67  by  the  o p e r a t o r .  

This  causes  m i c r o p r o c e s s o r   47  to  en ter   the  i n t e r r u p t   rou t ine   o f  

Fig.  8,  loading  new  parameters   (AL,  counter   l i m i t s )   into  s t o r a g e  

(blocks  66  and  68).  When  RESET  button  67  was  pushed,  p rocesso r   47 

assumes  tha t   a  new  ribbon  has  been  i n s t a l l e d .   The re fo re ,   the  p r i n t e r  

must  be  o f f - l i n e   when  this   happens .  

A  DEFAULT  button  69  may  be  provided  which  has  e s s e n t i a l l y   t h e  

same  consequences  when  pushed  as  RESET  button  67,  except  tha t   the  new 



parameters   are  read  from  a  d e f a u l t   l i s t   s to red   in  the  n o n - v o l a t i l e  

memory  48. 

Fig.  10  shows  the  design  p r i n c i p l e   for  the  counters   59  of  Fig.  7.  

The  purpose  of  the  counters   is  to  de te rmine   the  actual   number  of  im- 

pacts  performed  on  each  of  the  co lour   bands  of  r ibbon-18  and  to  c a u s e  

ribbon  advance  to  a  new  ribbon  s u b s e c t i o n   when  the  p r e d e t e r m i n e d  

maximum  number  of  impacts  is  s u r p a s s e d .  

As  mentioned  before ,   p r i n t   head  12  is  assumed  to  have  seven  p r i n t  

wires  and,  a c c o r d i n g l y ,   there   wil l   be  seven  control   l ines   70  f o r  

a c t i v a t i n g   the  p r i n t   wire  magnets.  These  control   l ines   70  are  a l s o  

connected  to  a  d i s c r e t e   logic   uni t   71  which  also  r ece ives   v e r t i c a l  

p o s i t i o n   control   s i gna l s   over  l i ne s   72  from  the  ribbon  t r a n s p o r t  

mechanism  73.  A  clock  s ignal   from  system  clock  74  via  l ine   75  s y n -  

ch ron izes   log ic   unit   71  with  the  r e s t   of  the  p r i n t e r .   Depending  on 

which  colour   band  21  through  24  is  s e l e c t e d ,   logic   unit   71  e n a b l e s  

the  a p p r o p r i a t e   one  of  counters   76  through  79  which  then  dec remen t s  

by  the  number  of  times  the  a s s o c i a t e d   colour   band  is  impacted  by  a 

p r i n t   wire.  The  counters   76  through  79  may  be  implemented  as  b i n a r y  

c o u n t e r s ,   with  the  proviso  tha t   each  counter   comprises  two  s e c t i o n s  

(a)  and  (b),  r e s p e c t i v e l y   count ing  the  l e a s t   and  most  s i g n i f i c a n t   b i t s .  

The  input   to  counters   76  through  79  as  well  as  the  most  s i g n i f i c a n t  

b i t s   are  con t i nuous ly   mapped  in  map  s e c t i o n   80  of  memory  48  so  as  t o  

permit   the  system  to  remember  a f t e r   a  power-down  which  were  the  l a t e s t  

counts  for  each  of  the  colour   bands  21  through  24.  

At  power-up  e i t h e r   the  maximum  count  p rede te rmined   for  each 

colour   will  be  set   into  i ts   a s s o c i a t e d   coun te r ,   i f   the  ribbon  s u b -  

s e c t i o n   is  f r e sh ,   or  the  cu r r en t   count  reached  at  the  l a s t   power-down 

will   be  s e t ,   if   the  subsec t ion   was  a l r e a d y   used  for  p r i n t i n g .   As  one 

of  the  counters   is  decremented  to  zero,   p roce s so r   47  will  not ice   and 

cause  a  f resh  ribbon  subsec t i on   to  be  brought   in  p r i n t i n g   p o s i t i o n .  



The  human  i n t e r f a c e   to  the  p r i n t e r   can  vary  widely  with  the  k ind  

of  p r i n t e r   used.  The  e s s e n t i a l   elements  of  the  human  i n t e r f a c e   a r e  

shown  in  Fig.  7  and  comprise  ribbon  advance  button  50,  RESET  b u t t o n  

67,  DEFAULT  but ton   69,  a  visual   d i sp lay   81  for  d i s p l a y i n g   a  n u m e r i c a l  

output  from  m i c r o p r o c e s s o r   4 7 ,  -   th is   d i sp lay   might,  e .g .   use  l i g h t  

emi t t ing   d iodes ,   a  AL  button  82,  and  a  set  of  mic roswi t ches   83  or  t h e  

l ike  for  e n t e r i n g   s a i d  p r e d e t e r m i n e d   counts  for  each  one  of  the  c o l o u r  

bands  into  m i c r o p r o c e s s o r   47.  An  a l t e r n a t i v e   to  those  m ic roswi t ches   83 

would  be  an  a p p r o p r i a t e   se t -up   mode  preprogrammed  so  as  to  wr i t e   t h e  

values  d i r e c t   into  random  access  memory  49.  

The  mechanisms  desc r ibed   above  can  be  implemented  on  e x i s t i n g  

and  fu tu re   systems  in  a  v a r i e t y   of  d i f f e r e n t   ways  all  l ead ing   to  t h e  

performance  of  the  method  in  accordance  with  the  i n v e n t i o n .   It  will  be 

obvious  to  those  s k i l l e d   in  the  ar t   tha t   the  ribbon  s u b s e c t i o n   c o n t r o l  

desc r ibed   can  be  implemented  as  a  s epa ra t e   unit   i n t e r f a c i n g   t h e  

p r i n t e r   at  the  power  supply,   the  p r in t   control   l ines   and  the  r i b b o n  

t r a n s p o r t   mechanism.  It  may  also  be  f u l l y   i n t e g r a t e d   into  a  h o s t  

p r i n t e r ,   i f   the  p r i n t e r   is  run  from  a  m i c r o p r o c e s s o r .   In  th i s   c a s e ,  

besides   the  a d d i t i o n   of  a  few  components,  the  program  code  for  t h e  

host  m i c r o p r o c e s s o r   will  have  to  be  modified.   In  p r i n t e r s   wi thou t   a 

keyboard  the  human  i n t e r f a c e   of  Fig.  7  may  be  used.  Where  the re   is  a 

keyboard  on  the  p r i n t e r ,   the  e n t i r e   human  i n t e r f a c e   could  be  i n t e -  

grated  into  the  se t -up   mode  of  the  p r i n t e r .   The  a v a i l a b i l i t y   of  a 

m i c r o p r o c e s s o r   o f fe r s   the  a d d i t i o n a l   advantage  to  monitor   and  remember 

the  q u a l i t y   s t a t u s   of  all  s u b s e c t i o n s   of  the  ribbon  at  the  time  an 

advance  to  a  f resh  s u b s e c t i o n   was  made  so  as  to  enable  a  p o s s i b l e   r e -  

turn  to  those  subsec t i ons   which  s t i l l   would  permit  p r i n t i n g   in  a 

q u a l i t y   commensurate  with  the  q u a l i t y   then  r e q u i r e d .  



1.  Method  for  a d a p t i v e l y   using  a  p r i n t   ribbon  be  i t   in  s i n g l e -  

colour   or  m u l t i - c o l o u r   impact  p r i n t e r s ,   c h a r a c t e r i z e d   by  t r a n s p o r t i n g ,  

during  p r i n t i n g   o p e r a t i o n ,   in  forward  and  reverse   d i r e c t i o n s ,   one  s u b -  

s e c t i o n   of  p r ede t e rmined   length  (AL)  of  the  ribbon  (18),  c o n t i n u o u s l y  

moni to r ing   the  c o n d i t i o n   of  the  c o l o u r ( s )   ( 2 1 . . . 2 4 )   in  said  one  s u b -  

s e c t i o n ,   un t i l   the  c o n d i t i o n   of  said  co lour   or  of  any one  of  the  co -  

lours   ( 2 1 . . . 2 4 )   in  said  one  s u b s e c t i o n   has  reached  a  p r e d e t e r m i n e d  

lower  t o l e r a n c e   l e v e l ,   and  then  advancing  the  ribbon  (18)  so  as  now  t o  

expose  at  the  p r i n t i n g   s t a t i o n   the  subsequen t ,   f resh  subsec t i on   of  t h e  

r ibbon  (18),   r e g a r d l e s s   o f  t h e   c o n d i t i o n   of  the  pos s ib ly   r e m a i n i n g  

co lours   in  sa id   one  s u b s e c t i o n ,   for  r e p e a t i n g   the  procedure  unt i l   t h e  

e n t i r e   r ibbon  is  used  up. 

2.  Method  accord ing   to  claim  1,  c h a r a c t e r i z e d   in  tha t   the  con-  

d i t i o n   of  the  co lour   t r a c k ( s )   is  monitored  by  counting  the  number  o f  

p r i n t i n g   impacts  e x e r c i s e d   on  the  colour   t r a c k ( s )   in  said  exposed  s u b -  

s e c t i o n ,   comparing  the  c u r r e n t   count  with  a  p rede te rmined   count  r e -  

p r e s e n t a t i v e   of  the  exhaus t ion   of  the  p a r t i c u l a r   co lour ,   and  s i g n a l l i n g  

the  reach ing   of  said  p rede te rmined   count  for  advancing  the  ribbon  (18)  

to  expose  i t s   subsequen t   s u b s e c t i o n   at  the  p r i n t i n g   s t a t i o n .  

3.  Method  accord ing   to  claim  1,  c h a r a c t e r i z e d   in  tha t   t h e  

c o n d i t i o n   of  the  colour   t r a c k ( s )   is  monitored  by  sh in ing   l i gh t   (26) 

through  s a i d  t r a c k ( s )   ( 2 1 . . . 2 4 ) ,   pass ing  the  r e s u l t a n t   l i g h t   t h r o u g h  

a  f i l t e r   ( 2 8 . . . 3 1 )   a s s o c i a t e d   with  the  colour   t r a c k ( s ) ( 2 1 . . . 2 4 )   and 

adapted  to  f i l t e r   out  every  colour   except   tha t   of  i t s   a s s o c i a t e d   t r a c k  

( 2 1 . . . 2 4 ) ,   supp ly ing   the  l i g h t   output   from  said  f i l t e r ( s ) ( 2 8 . . . 3 1 )   t o  

i n d i v i d u a l   p h o t o - s e n s i t i v e   elements  ( 3 2 . . . 3 5 )   for  de te rmin ing   the  i n -  

t e n s i t y   of  the  l i g h t   passing  said  f i l t e r ( s ) ( 2 8 . . . 3 1 ) ,   feeding  the  o u t -  

put  s i g n a l s   of  said  p h o t o - s e n s i t i v e   elements  ( 3 2 . . . 3 5 )   into  a s s o c i a t e d  

i n t e g r a t o r s   ( 3 6 . . . 3 9 ) ,   and  comparing  the  output  from  said  i n t e g r a t o r s  

with  p r e d e t e r m i n e d   t h r e s h o l d s   spec ia l   to  each  one  of  the  colours   used .  
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