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(54)  Bidirectional  black  and  color  pass  print  method  for  ink-jet  printers. 

(57)  Bidirectional  interleaving  of  tri-color  and 
black  ink-jet  pen  print  pass  carriage  retrace 
periods  by  the  invention  are  utilized  whenever 
possible  for  black  printing.  Preferably,  printer 
controller  logic  used  to  determine  next  print 
direction  monitors  and  records  a  most  recent, 
or  last,  black  print  direction  indicium  such  as  a 
flag  stored  in  memory.  If  certain  predetermined 
last  black  print  direction  criteria  are  met,  the 
next  black  print  pass  is  performed  in  the  oppo- 
site  direction  from  that  of  the  most  recent  color 
print  pass,  thereby  increasing  printer 
throughput.  In  accordance  with  the  invention, 
typical  tricolor  and  black  printed  swaths  require 
up  to  three  color  print  passes,  one  black  print 
pass  during  retrace  and  only  two  non-printing 
retraces,  thereby  saving  time  and  motion  that 
otherwise  would  be  wasted  performing  two  ad- 
ditional,  non-printing  retraces. 
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Technical  Field 

The  present  invention  relates  generally  to  improv- 
ing  the  throughput  of  an  ink-jet  printer.  More  particu- 
larly,  the  invention  concerns  a  method  that  provides 
bidirectionally  interleaved  black  and  color  ink  print- 
head  passes,  or  black  printing  during  color  print  re- 
trace,  which  avoids  wasted  motion  and  increases 
printer  throughput. 

Background  Art 

With  uni-directional  printing,  as  is  conventional  in 
single-pen  ink-jet  printers,  a  first  print  pass  of  the 
printhead  carriage  would  proceed  from  the  left  to  the 
right,  and  the  carriage  would  retrace,  or  return  with- 
out  printing,  to  the  left  to  the  start  of  a  next  print  pass. 
Another  print  pass  then  would  print  fromthe  lefttothe 
right,  and  the  carriage  would  retrace  to  the  left  to  the 
start  of  yet  another  print  pass.  If  such  printing  method 
were  used  in  two-pen  ink-jet  printers,  a  first  color 
pass,  followed  by  a  non-printing  retrace,  typically  fol- 
lowed  by  a  black  pass,  followed  typically  by  second 
and  third  color  passes  would  be  required.  Thus,  a  typ- 
ical  printable  swath  involving  tri-color  and  black  ink 
deposition  would  take  three  color  print  passes,  one 
black  print  pass  and  four  (non-printing)  retraces. 
Much  wasted  motion  would  inhere  in  such  tricolor  and 
black  ink-jet  printing. 

The  advent  of  low-cost  two-pen  (one  black  and 
one  tri-color)  ink-jet  printers  thus  poses  both  chal- 
lenges  and  problems  regarding  bidirectional  printing. 
One  such  bidirectional  printing  system  is  described  in 
U.S.  Patent  No.  5,044,796,  entitled  "Bidirectional 
Printing  Method  in  Accordance  with  Vertical  Breaks" 
issued  September  3,  1991  to  Lund,  which  is  subject 
to  common  ownership  herewith.  The  disclosure  of 
that  patent  is  incorporated  herein  by  this  reference. 
Special  concerns  for  monochromatic,  e.g.  black,  and 
tri-color,  e.g.  cyan,  magenta  and  yellow,  print  quality 
and  black-to-color  liquid  ink  bleeding  phenomena 
must  be  addressed  in  order  to  maintain  high  overall 
print  quality.  At  the  same  time,  it  is  always  desired  to 
increase  printerthroughput,  or  at  least  to  maintain  the 
high  throughput  standards  of  previous  single-pen  ink- 
jet  printers.  While  primitive  or  primary  color  blending 
is  unpredictable,  as  it  is  largely  user-  and  use-specif- 
ic,  monochrome  printing  is  relatively  predictable  and 
thus  is  more  controllable  to  the  potential  advantage  of 
many  users  in  varied  applications. 

Disclosure  of  the  Invention 

The  invented  method  bidirectionally  interleaves 
color  and  black  printing,  thereby  increasing  ink-jet 
printer  throughput.  It  does  so  by  utilizing  carriage  col- 
or  print  retrace  periods  for  black  printing.  The  involved 
printer  controller  logic  that  determines  next  print  di- 

rection  by  the  invented  method  monitors  and  records 
a  last  black  print  direction  flag  and  a  last  color  print  di- 
rection  flag.  Assuming  that  certain  predetermined 
last  black  print  direction  rules,  or  criteria,  are  met,  the 

5  next  black  print  pass  is  performed  in  the  opposite  di- 
rection  from  that  of  the  most  recent  color  print  pass. 
Preferably  herein,  color  print  passes  are  from  left  to 
right  and  black  print  passes  are  from  right  to  left,  al- 
though  of  course  these  directions  may  be  reversed. 

10  By  the  invented  method,  typical  tri-color  and  black 
printed  swaths  require  only  three  color  print  passes, 
one  black  print  pass  and  two  retraces,  thereby  signif- 
icantly  improving  ink-jet  printer  throughput  and  reliev- 
ing  stress  on  carriage  drive  components  over  an  ex- 

15  tended  life  of  the  printer.  Of  course,  it  will  be  appreci- 
ated  that  the  invented  method  and  improvement 
would  be  equally  applicable  to  two-pen  ink-jet  printers 
having  a  black  pen  and  a  single-color  pen. 

These  and  additional  objects  and  advantages  of 
20  the  present  invention  will  be  more  readily  understood 

after  a  consideration  of  the  detailed  description  of  the 
preferred  method. 

Detailed  Description  of  the  Preferred  Method  and 
25  Best  Mode  of  Carrying  Out  the  Invention 

Those  of  skill  in  the  art  will  appreciate  that  the  in- 
vented  method  and  the  improvement  it  represents 
may  be  carried  out  by  the  execution  of  firmware  with- 

30  in  a  non-volatile  read-only  memory  (ROM)  device  that 
may  form  a  part  of  the  printer's  controller.  Skilled  per- 
sons  also  will  appreciate  that  the  invented  method 
and  the  invented  improvement,  within  the  spirit  and 
scope  of  the  invention,  may  take  the  form  of  a  hard- 

35  ware  controller  implemented  in  combinatorial  and/or 
sequential  logic  devices.  Those  skilled  in  the  art  will 
appreciate  that  what  will  be  referred  to  herein  as  "to- 
be-printed"  black  raster  data  may  be  buffered  in  any 
suitable  memory  device  also  connected  with  the  prin- 

40  ter's  controller,  as  is  conventional.  Straightforwardly, 
then,  the  invented  method  and  improvement  prefer- 
ably  are  implemented  by  suitable  programming  of  a 
microprocessor  to  perform  the  required  steps  to  be 
described. 

45  As  an  aid  to  understanding  the  invention,  it  will  be 
appreciated  that,  as  used  herein,  black  swath  refers 
generally  to  a  printable  pattern  of  black  ink  dots  de- 
posited  during  a  single  pass  of  the  ink-jet  printer's 
printhead,  i.e.  a  single-pass  print  image  of  predeter- 

50  mined  height  defined  by  the  firing  of  one  or  more  ink 
jets  of  the  black  ink  pen.  Similarly,  color  swath  refers 
generally  to  such  a  printable  pattern  of  color  ink  dots. 
Thus,  black  and  color  swaths  may  have  virtually  any 
pixel  height  per  swath  (corresponding  to  a  number  of 

55  fired  ink  jet  orifices  of  the  respective  pen),  e.g.  of  at 
least  one  pixel,  and  as  between  them  black  and  color 
swaths  may  have  different  pixel  heights,  e.g.  the 
black  swath  may  have  three  times  the  pixel  height  of 
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any  color  swath.  Black  and  color  swath  direction,  as 
used  herein,  refers  to  the  direction  of  the  printhead 
carriage  during  the  deposition  of  such  ink  dots.  Black 
and  color  swath  printing  refers  generally  to  the  print- 
ing,  or  ink  dot  deposition,  of  a  black  and  color  swath, 
respectively. 

The  invented  ink-jet  printing  method  is  for  color 
and  black  ink  printing  with  a  printhead  carriage  that 
mounts  a  color  and  a  black  pen.  The  invented  method 
involving  bidirectional  black/color  printing  is  made 
available  as  an  option  selectable  by  the  printer's  user. 
When  invoked,  the  method  includes  1)  printing  black 
raster  data  and  storing  an  indicium  of  a  first  black  di- 
rection  of  carriage  movement  during  such  printing;  2) 
printing  color  raster  data  with  the  carriage  moving  in 
a  first  color  direction;  3)  analyzing  to-be-printed  black 
raster  data  to  predetermine  whether  the  same  are 
printable  during  a  return  pass  of  the  carriage  in  a  di- 
rection  opposite  that  of  the  first  color  direction,  with 
such  predetermination  being  based  at  least  in  part 
upon  stored  indicia;  and,  if  the  to-  be-  printed  black  ras- 
ter  data  are  printable  in  such  opposite  direction,  then 
4)  printing  the  to-be-printed  black  raster  data  in  the 
first  black  direction. 

The  advantages  of  the  invented  method  are  evi- 
dent.  By  printing  black  rasters,  or  printhead-height 
swaths,  in  the  reverse  direction  of,  and  on  the  return 
pass  of,  the  carriage  following  a  color  raster  print, 
much  of  the  carriage  movement  overhead,  and  at- 
tendant  wasted  motion,  is  eliminated.  Importantly, 
however,  the  next  to-be-printed  black  raster  data 
must  be  analyzed  to  ensure  generally  that  same- 
direction  printing  of  successive  black  swaths  results. 
Otherwise,  slight  carriage  time  placement  differenc- 
es  between  left-to-right  and  right-to-left  carriage  mo- 
tion  may  produce  unacceptable  visible  print  quality 
deficiencies.  For  example,  a  continuous  vertical  black 
line  or  pattern  on  a  page  may  appear  alternately  to 
step  left  and  right  at  the  frequency  of  the  successive 
bidirectional  carriage  passes.  In  an  extreme  case, 
such  a  vertical  black  line  or  pattern  may  appear  brok- 
en,  or  alternately  offset  left  and  right  to  the  extent  that 
discontinuities  appear  because  of  successive,  alter- 
nate  direction-printed  horizontal  dot  placement  hav- 
ing,  for  example,  a  several  pixel  or  dot  misalignment. 

Preferably,  the  analyzing  step  includes  determin- 
ing  whether  the  precedingly  printed  black  raster  data 
and  the  to-be-printed  black  raster  data  meet  prede- 
fined  black  dot  relative  position  criteria,  with  such  cri- 
teria  preferably  including  black  dot  relative  horizontal 
position  criteria,  e.g.  criteria  determinative  of  whether 
a  reverse-direction  black  swath  defined  by  to-be- 
printed  raster  data  might  reduce  print  quality.  Such 
criteria  preferably  include  black  dot  relative  horizontal 
position,  e.g.  relative  horizontal  alignment,  criteria, 
and  black  dot  relative  vertical  proximity,  e.g.  adjacen- 
cy,  criteria.  The  two  criteria  together  avoid  vertically 
continuous  (uninterrupted)  black  lines  defined  by 

successive  black  swaths  that  if  printed  bidirectionally 
would  be  of  low  quality.  In  other  words,  black  swath 
printing  during  color  pass  retrace  is  avoided  if  such 
could  cause  border  black  dots  between  correspond- 

5  ing  recently  printed  and  to-be-printed  black  swaths 
visibly  to  jag  or  otherwise  deviate  from  the  intended 
continuity  and  collinearity  characteristics.  It  will  be  ap- 
preciated  that,  whether  stated  positively,  as  including 
a  given  condition,  or  whet  her  stated  negatively,  as  ex- 

10  eluding  a  given  condition,  such  criteria  broadly  stated 
are  the  basis  on  which  such  black  print  direction  de- 
cisions  are  made. 

Thus,  it  is  preferable  that  such  vertical  adjacency 
criteria  include  continuity  criteria  so  that  it  is  deter- 

15  mined  whether  such  a  jag  would  be  visible,  as  it  fre- 
quently  is  permissible  to  print  black  bidirectionally  if 
there  is  vertical  continuity  required  between  adjacent 
black  rasters.  Such  vertical  continuity  and  horizontal 
alignment  criteria  clearly  are  inherently  subjective,  as 

20  is  any  print  qual  ity  judgement.  Presently,  it  is  bel  ieved 
that  any  visible  horizontal  misalignment  between  ad- 
jacent  black  dots  in  a  continuous  vertical  printed  line 
is  unacceptable,  but  that  slight—  e.g.  no  more  than  a 
few  pixels'  or  printed  dots'  width-horizontal  misalign- 

25  ment  between  black  dots  that  are  not  vertically  adja- 
cent  one  another  (forming  a  vertical  gap  or  space 
therebetween)  is  acceptable. 

Accordingly,  while  bidirectional  printing  of  con- 
secutive  black  swaths  is  avoided  if  it  is  determined 

30  that  immediately  adjacent  black  pixels  on  the  borders 
of  successive  print  swaths  are  in  the  same  horizontal 
position  in  the  black  rasters,  nevertheless  bidirection- 
al  printing  of  consecutive  black  swaths  is  used,  to 
great  throughput  advantage,  if  it  is  determined  that 

35  two  to  four  or  more  pixels  separate  such  adjacent  bor- 
der  pixels,  i.e.  the  black  dots  represented  thereby  will 
be  vertically  separated  on  the  printed  page  by  a  white, 
or  unprinted,  space  of  at  least  two  to  four  pix- 
els'  height.  Importantly,  unidirectional  printing  of  suc- 

40  cessive  black  swaths  typically  eliminates  the  visible 
horizontal  alignment  problems  exhibited  during  bidir- 
ectional  printing  thereof. 

It  will  be  appreciated  that  any  suitable  memory 
device  may  be  used  to  store  the  indicia,  which  may  be 

45  singular,  e.g.  a  single  binary  bit,  that  indicates  the  di- 
rection  of  carriage  travel  during  the  most  recent  black 
print  pass.  For  example,  it  may  be  a  hardware  flip-flop 
ora  dedicated  hardware  status  bit  in  the  microproces- 
sor  programmed  to  control  the  printer.  Or  it  may  be  an 

so  assigned  bit  in  a  known  location  in  memory  connected 
with  the  printer's  controller.  It  is  important  to  carrying 
out  the  invention  only  that  the  indicia  be  accessible 
to  the  printer's  controller  during  the  analyzing  step 
described  above  concerning  the  predetermination, 

55  i.e.  during  the  printing  of  the  color  raster  or  at  the  end 
of  the  color  raster  printing,  whether  the  to-be-printed 
black  raster  data  is  printable  during  a  return  pass  of 
the  printer's  carriage.  Any  suitable  indicia  and  means 
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for  storing  and  interrogating  them  to  make  such  pre- 
determination  is  within  the  spirit  and  scope  of  the  in- 
vention. 

The  invented  method  now  may  be  understood  to 
represent  a  significant  improvement  to  ink-jet  printing 
methods  whereby  color  and  black  ink  printing  selec- 
tively  can  be  performed  during  passage  of  the  prin- 
ter's  carriage,  which  carriage  may  mount  both  a  color 
and  a  black  pen.  The  improvement  may  be  described 
as  involving  first  printing  a  color  swath  with  the  car- 
riage  moving  in  a  first  direction,  e.g.  left  to  right,  and 
second  printing  a  to-be-printed  black  swath  in  a  sec- 
ond  direction  that  is  the  reverse  of  such  first  direction, 
e.g.  right  to  left.  Preferably  the  first  printing  is  per- 
formed  during  a  first  pass  of  the  printer's  carriage  and 
the  second  printing  is  performed  during  a  return  pass 
thereof  that  next  and  preferably  immediately  follows 
the  first  pass. 

In  accordance  with  the  invented  improvement, 
preferably  before  the  first  printing  step  it  is  deter- 
mined  whether  a  most  recent  black  swath  printing 
was  performed  in  such  reverse  direction,  and  the  sec- 
ond,  reverse-carriage  direction  printing  step  is  per- 
formed  selectively,  dependent  upon  the  outcome  of 
such  determining  step.  Such  selective  second  print- 
ing  preferably  is  performed  only  if  the  most  recent 
black  swath-printing  was  also  performed  in  such  re- 
verse  direction.  This  selective  second  printing,  during 
what  conventionally  was  a  non-printing  color  pass  re- 
trace  period  of  time  that  resulted  in  substantial  wasted 
time  and  motion,  results  in  substantially  increased 
printer  throughput  by  rendering  print-productive,  al- 
beit  selectively,  what  heretofore  was  non-printing  car- 
riage  motion. 

Also  in  accordance  with  the  invented  improve- 
ment,  preferably  before  such  second  printing  step,  it 
is  determined  whether  the  most  recent  black  swath 
printing  and  the  to-be-printed  black  swath  meet  pre- 
defined  black  dot  relative  position  criteria,  and  the 
second  printing  step  is  performed  selectively  depend- 
ent  upon  such  determining  step.  Preferably  such  cri- 
teria  include  black  dot  relative  horizontal  position  cri- 
teria  and  black  dot  relative  vertical  proximity  criteria. 
Also  preferably  such  criteria  include  black  dot  relative 
horizontal  alignment  and  relative  vertical  adjacency 
criteria,  wherein  such  vertical  adjacency  criteria  in- 
clude  continuity  criteria.  All  such  black  dot  relative 
position  criteria  are  as  described  above  in  reference 
to  the  invented  method. 

The  improvement  preferably  further  includes  de- 
termining  whether  a  most  recent  black  swath  printing 
was  performed  in  the  reverse  direction  and,  if  not, 
then  further  determining  whether  the  most  recent 
black  swath  printing  and  the  to-be-printed  black 
swath  meet  predefined  black  dot  relative  position  cri- 
teria.  In  this  way,  black  printing  during  color  print  re- 
trace  selectively  is  performed  depending  on  the  out- 
come  of  two  sequential  determinations,  a  first  involv- 

ing  last  black  swath  print  carriage  direction  and  a  sec- 
ond  involving  present  and  most  recent  black  swath 
dot  relative  position  criteria.  Those  skilled  in  the  art 
will  appreciate  that,  with  page  buffering  by  the  prin- 

5  ter's  controller,  it  is  possible  in  many  cases  to  optimize 
bidirectional,  interleaved  black  and  color  swath  print- 
ing  by  ensuring  that  the  majority  of  consecutive  black 
passes  are  suitable  for  printing  during  color  pass  car- 
riage  return.  Such  would  be  achieved  by  controlling 

10  the  direction  of  the  first  in  a  relatively  long  series  of 
black  passes  such  that  each  in  the  series  can  be  per- 
formed  during  color  retrace. 

Industrial  Applicability 
15 

It  may  be  seen  then  that  the  invented  method 
substantially  increases  printer  throughput  when  car- 
riage-mounted  black  and  color  pens  are  used  in  a 
printed  document.  In  printing  black  dots  by  the  black 

20  pen,  and  then  only  to  the  extent  possible  without  ad- 
versely  affecting  print  quality,  the  return  passage  of 
the  printer's  carriage  in  printing  color  dots  by  the  tri- 
color  pen  is  used.  Use  of  color  pass  return  or  retrace 
of  the  carriage  to  print  black  is  avoided  where  such 

25  might  result  in  visible  black  dot  horizontal  misalign- 
ment,  e.g.  when  printing  vertical  black  lines  or  pat- 
terns.  In  this  way,  printer  throughput  is  substantially 
increased,  as  many  non-printing  returns  of  the  print- 
head  carriage  are  eliminated,  and  high  black  and  col- 

30  or  print  quality  is  maintained.  The  invented  method 
straightforwardly  is  implemented  in  firmware,  rela- 
tively  simply  and  at  relatively  low  cost. 

While  the  present  invention  has  been  shown  and 
described  with  reference  to  the  foregoing  operational 

35  principles  and  preferred  method,  it  will  be  apparent  to 
those  skilled  in  the  art  that  other  changes  in  form  and 
detail  may  be  made  therein  without  departing  from 
the  spirit  and  scope  of  the  invention  as  defined  in  the 
appended  claims. 

40 

Claims 

1.  For  use  with  an  ink-jet  printing  method  whereby 
45  color  and  black  ink  printing  are  performed  during 

passage  of  the  printer's  carriage  which  mounts  a 
color  and  a  black  pen,  the  improvement  compris- 
ing:  first  printing  a  color  swath  with  the  carriage 
moving  in  a  first  direction,  and  second  printing  a 

so  to-be-printed  black  swath  in  a  second  direction 
that  is  the  reverse  of  such  first  direction. 

2.  The  improvement  of  claim  1  ,  wherein  said  first 
printing  is  performed  during  a  first  pass  of  the 

55  printer's  carriage  and  wherein  said  second  print- 
ing  is  performed  during  a  return  pass  thereof  that 
immediately  follows  such  first  pass. 

4 
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3.  The  improvement  of  claim  2  which  further  com- 
prises  first  determining  whether  a  most  recent 
black  swath  printing  was  performed  in  such  re- 
verse  direction. 

5 
4.  The  improvement  of  claim  3,  wherein  said  second 

printing  is  performed  selectively  dependent  upon 
said  determining  step. 

5.  The  improvement  of  claim  4,  wherein  said  selec-  10 
tive  second  printing  is  performed  only  if  the  most 
recent  black  swath-printing  was  performed  in 
such  reverse  direction. 

6.  The  improvement  of  claim  2  which  further  com-  15 
prises  second  determining  whether  the  most  re- 
cent  black  swath  printing  and  the  to-be-printed 
black  swath  meet  predefined  black  dot  relative 
position  criteria. 

20 
7.  The  improvement  of  claim  6,  wherein  said  second 

printing  is  performed  selectively  dependent  upon 
said  second  determining  step. 

8.  The  improvement  of  claim  7,  wherein  such  criteria  25 
include  black  dot  relative  horizontal  position  cri- 
teria  and  black  dot  relative  vertical  proximity  cri- 
teria. 

9.  The  improvement  of  claim  7,  wherein  such  criteria  30 
include  black  dot  relative  horizontal  alignment 
and  relative  vertical  adjacency  criteria. 

10.  The  improvement  of  claim  9,  wherein  such  verti- 
cal  adjacency  criteria  include  continuity  criteria.  35 
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