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(54)  Ink-jet  printer  color  palette  selection  method  and  system. 

(57)  The  invented  method  involves  the  coding  of  color  and  black  print  image  data  for  communication  of 
the  same  from  a  printer  server  or  driver  to  an  ink-jet  printer.  The  coding  is  such  that  true  black  or 
process  black  can  be  selected  by  the  driver  and  can  be  used  by  a  printer  capable  of  producing  both,  i.e. 
an  ink-jet  printer  equipped  with  a  black  ink  pen  and  a  tri-color  ink  pen.  An  invented  print  protocol 
permits  one  of  a  variety  of  color  palettes  to  be  selected  on  a  print  page  basis.  If  the  selected  palette 
includes  true  black  (K),  then,  for  areas  wherein  only  true  black  will  be  printed,  the  communication 
sequence  in  which  the  codes  are  sent  to  the  printer  requires  none  of  the  color  selection  coding.  A 
four-plane,  as  well  as  other,  palettes  are  described,  with  the  four-plane  palette  including  true  black  (K), 
cyan  (C),  magenta  (M)  and  yellow  (Y).  Each  of  the  four  color  planes  in  each  palette  is  assigned  a  unique 
binary  bit  by  the  preferred  coding  method,  thereby  simplifying  and  reducing  coding  and  decoding 
overhead  for  both  the  driver  and  the  printer. 
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Technical  Field 

The  present  invention  relates  generally  to  color  palette  design  for  plural-pen  ink-jet  printers.  More  partic- 
ularly,  it  concerns  a  selection  and  indexing  method  and  system  for  black  and  tri-color  ink-jet  printer  palettes 

5  that  permits  true  black,  composite  black  and  three  primitive  or  primary  colors  or  their  combination  to  be  se- 
lected  efficiently  and  conveniently  for  printing. 

Background  Art 

10  Single-pen,  black  or  tri-color  ink-jet  printers  are  well-known.  If  it  is  desired  with  a  tri-color  ink-jet  printer  to 
produce  black,  color  dots  are  closely  interposed  while  printing,  generally  in  equal  spatial  proportion,  to  give  a 
black  appearance.  Such  a  black  appearance  produced  by  closely  interposed  tri-color  ink  dots  (as  well  as  gray- 
scaled  output  produced  by  variably  less  closely  interposed  tri-color  ink  dots)  will  be  referred  to  herein  as  com- 
posite  or  process  black,  as  opposed  to  what  will  be  referred  to  herein  as  true  black  produced  by  depositing 

15  black  ink  drops  on  paper.  Because  a  given  one  of  these  ink-jet  printers  might  be  equipped  with  either  a  true 
black  pen  or  a  tricolor  pen,  the  host  computer  or  file  server,  or  what  will  be  referred  to  herein  as  the  driver 
software  operating  therein,  somehow  must  be  able  to  decide  when  to  use  process  black  and  when  to  use  true 
black.  Black-to-color  bleed  that  might  occur  in  printed  areas  containing  closely  adjacent  true  black  and  color 
ink  dots  would  require  the  driver  software  or  the  printer  firmware,  or  both,  to  determine  and  to  control  when 

20  a  black  ink  pen  is  to  be  used  to  produce  true  black  and  when  process  black  is  to  be  used. 
The  black-to-color  bleed  problem  to  which  certain  low-cost  ink-jet  printers  are  susceptible  principally  is 

caused  by  fundamental  incompatibilities  between  the  black  ink  and  any  of  the  tri-color  inks.  Black  ink  selection 
is  somewhat  constrained  by  requirements  such  as  water-fastness  and  compatibility  with  regular  paper  stock. 
Accordingly,  there  are  many  ink-jet  printer  applications  in  which  the  use  of  incompatible  black  and  color  inks 

25  will  continue.  As  a  result,  black-to-color  bleeding  problems  remain. 
The  black-to-color  bleed  problem  previously  has  been  addressed  by  software  methods  that  determine 

when  to  use  true  black  and  when  to  use  process  black  for  various  printing  applications.  One  such  method  is 
described  in  U.S.  Patent  Application  Serial  No.  07/784,498  entitled  "Color  Separation  in  Ink-Jet  Color  Graphics 
Printing",  which  was  filed  October  29,  1991  ,  and  which  is  subject  to  common  ownership  herewith.  Famiiiarity 

30  with  the  algorithm  described  therein  is  assumed.  In  practice,  implementation  of  the  algorithm  requires  that 
the  printer's  firmware  be  able  to  determine  when  a  black  print  control  code  received  from  the  application  soft- 
ware  is  to  be  printed  with  true  black  (K)  and  when  it  is  to  be  printed  with  process  black.  Briefly,  such  determi- 
nation  might  involve  examining  received  tri-color  dot  placement  data  as  to  whether  more  than  one  color  of  ink, 
whether  the  primitives  including  cyan,  magenta  and  yellow  (CMY)  or  the  primaries  including  red,  green  and 

35  blue  (RGB),  is  destined  for  placement  on  the  same  pixel  or  dot  location  on  the  printed  page.  If  so,  the  two-pen 
printer  then  could  substitute  each  one  of  such  interposed  color  dot  occurrences  with  a  single  true  black  dot. 

With  the  advent  of  two-  pen  ink-jet  printers,  and  depending  upon  the  printing  application,  it  may  be  desirable 
to  print  either  or  both  of  true  black  and  process  black  using  a  two-pen  ink-jet  printer  that  includes  both  a  black 
pen  and  a  tri-color  pen,  which  the  above-described  automatic  substitution  method  would  render  impossible. 

40  Accordingly,  it  is  desirable  to  develop  a  full-color  palette  selection  and  control  system  for  more  capable  ink-jet 
printers  that  is  nevertheless  compatible  with  existing  software  drivers  and  black-and-white  and  color  printing 
applications.  Preferably,  the  system  would  permit  printing  either  process  black  using  a  tri-color  ink-jet  pen  or 
true  black  using  a  black  ink-jet  pen,  or  both,  and  would  be  organized  to  be  compatible  with  existing  products 
and  to  be  efficient  in  terms  of  color  control  coding  and  selection  sothatunneeded  data  not  be  sent  to  the  printer. 

45 
Disclosure  of  the  Invention 

The  invented  method  involves  the  coding  of  color  and  black  print  image  data  for  communication  of  the  same 
from  a  printer  server  or  driver  to  an  ink-jet  printer.  The  coding  is  such  that  true  black  or  process  black  can  be 

so  selected  by  the  driver  and  can  be  used  by  a  printer  capable  of  producing  both,  i.e.  an  ink-jet  printer  equipped 
with  a  black  ink  pen  and  a  tri-color  ink  pen.  An  invented  print  protocol  permits  one  of  a  variety  of  color  palettes 
to  be  selected  on  a  print  page  basis.  If  the  selected  palette  includes  true  black  (K),  then,  for  areas  wherein 
only  true  black  will  be  printed,  the  communication  sequence  in  which  the  codes  are  sent  to  the  printer  requires 
none  of  the  color  selection  coding.  Afour-plane,  as  well  as  other,  palettes  are  described,  with  the  four-plane 

55  palette  including  true  black  (K),  cyan  (C),  magenta  (M)  and  yellow  (Y).  Each  of  the  four  color  planes  in  each 
palette  is  assigned  a  unique  binary  bit  by  the  preferred  coding  method,  thereby  simplifying  and  reducing  coding 
and  decoding  overhead  for  both  the  driver  and  the  printer. 

These  and  additional  objects  and  advantages  of  the  present  invention  will  be  more  readily  understood  after 
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a  consideration  of  the  detailed  description  of  the  preferred  method. 

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

5  The  invented  method  is  for  communicating  color  selection  data  to  an  ink-jet  printer  having  a  black  ink  pen 
and  a  plural-color  ink  pen.  The  method  may  be  understood  to  include  1)  assigning  each  of  the  plural  colors  of 
the  plural-color  ink  pen  a  corresponding  defined  code;  2)  assigning  the  black  color  of  the  black  ink  pen  a  cor- 
responding  defined  code;  and  3)  communicating  such  defined  codes,  in  a  predetermined  sequence  in  which 
the  assigned  black  color  code  precedes  the  assigned  plural  color  codes,  to  an  ink-jet  printer  for  printing.  Such 

10  first  assigning  step  preferably  is  performed  by  assigning  three  defined  bits  of  a  nibble,  one  bit  per  color,  to  the 
C,  M  and  Y  colors  of  a  primitive  colors  pen.  Such  second  assigning  step  preferably  is  performed  by  assigning 
a  singular  defined  bit  of  the  same  nibble  to  the  K  color  of  the  black  ink  pen.  Such  communicating  step  preferably 
is  performed  by  conventional  means,  preferably  bit  serially,  i.e.  transmitting  the  coded  nibble  over  a  commu- 
nications  link  to  the  ink-jet  printer. 

15  Those  skilled  in  the  art  will  appreciate  thatwhat  will  be  referred  to  herein  as  the  KCMY  coding  is  preferable 
in  communicating  color  plane  information  to  the  ink-jet  printer.  Conceptually,  it  is  helpful  to  see  the  K  bit  is  the 
least  significant  bit  (LSB)  and  the  Y  bit  is  the  most  significant  bit  (MSB)  of  the  coded  nibble.  In  this  way,  the 
LSB,  which  is  used  to  select  black  or  white  (a  non-printed  space)  on  the  true  black  (K)  ink  pen  may  be  trans- 
mitted  without  the  remaining  CMY  bits  being  transmitted  in  the  case  of  an  image  area  having  no  color  pixels. 

20  The  planes'  indexing  concept  is  preferable  in  implementing  the  invented  method.  It  is  important  to  under- 
stand  that  by  planes  is  meant  a  stacked  organization  of  planes,  one  for  each  of  the  pens  in  the  ink-jet  printer, 
i.e.  a  plane  represents  the  plural  on  and  off  bits  in  a  raster  for  each  color  including,  for  example,  true  black 
(K),  cyan  (C),  magenta  (M)  and  yellow  (Y)  in  the  case  of  the  KCMY  palette  described  herein.  Thus,  the  nibble 
referred  to  herein  represents  a  pixel-wide  slice  taken  through  the  stacked  KCMY  planes.  As  a  clarifying  ex- 

25  ample,  to  print  a  blue  pixel,  the  K  plane  bit  corresponding  to  the  pixel  location  would  contain  a  binary  0  (rep- 
resenting  an  off  pixel);  the  corresponding  C  plane  bit  would  be  a  binary  1  (representing  an  on  pixel);  the  M 
plane  bit  would  be  a  binary  1  (representing  an  on  pixel);  and  the  Y  plane  bit  would  be  a  binary  0  (representing 
an  off  pixel).  Thus,  each  bit  in  the  nibble  referred  to  herein  effectively  maps  into  a  raster  pixel  plane  per  color, 
which  colors,  in  the  case  of  the  KCMY  palette  include  true  black. 

30  Thus,  coding  and  decoding  are  simplified  and  communication  time  is  reduced  primarily  because  only  a  sin- 
gle  black  raster  plane  need  be  sent  to  the  printer  when  it  is  determined  by  the  server  that  a  true  black-only 
image  area  is  to  be  printed.  Other  coding  schemes,  of  course,  are  possible  within  the  spirit  and  scope  of  the 
invention,  but  do  not  result  in  such  time  saving;  indeed,  any  ordering  of  the  bits  within  the  nibble,  planes  within 
the  palette  and  transmission  of  KCMY  data  nevertheless  permits  a  printer  server  or  driver  to  select  between 

35  process  black  and  true  black  for  printing  on  a  plural-pen  printer  equipped  with  a  true  black  (K)  ink  pen  and  a 
tri-color  (CMY  or  RGB)  pen. 

Another  way  of  describing  the  invention  is  as  follows.  It  may  be  seen  alternatively  to  include  1)  defining  a 
color  selection  code  including  a  uniquely  located  identifier  for  each  color  (C,  M,  Y)  of  the  plural-color  ink  pen 
and  a  uniquely  located  identifier  for  the  black  (K)  ink  pen,  with  the  identifiers  indicating  whether  the  corre- 

40  sponding  color  or  black  pen  is  selected  for  printing  and  with  the  identifiers  further  indicating,  in  the  case  of 
the  plural-color  ink  pen  which  of  the  plural  colors  is  selected  for  printing;  2)  encoding  printable  image  raster 
data  in  accordance  with  such  defined  codes  to  produce  encoded  black  and  color  raster  data;  and  3)  sending 
the  encoded  raster  data  to  an  ink-jet  printer. 

It  will  be  understood  that  the  defining  step  preferably  uses  the  KCMY  palette  described  in  Table  4,  to  be 
45  discussed  below.  It  also  will  be  understood  that  the  raster  data  encoding  step  preferably  includes  the  binary 

coding  described  above  for  entire  black  and  color  rasters,  or  printable  swaths  defined  by  plural  ones  of  such 
codes.  The  sending  step,  of  course,  is  similar  to  the  communicating  step  described  above,  but  involves  the 
sending  to  the  printer  thus-encoded  printable  image  raster  data,  e.g.  via  a  communication  link  such  as  a  wire 
or  cable.  Preferably,  the  invented  method  now  being  described  further  includes  4)  receiving  the  encoded  print- 

so  able  image  raster  data  at  the  printer;  5)  decoding  the  same  and  6)  firing  color  and  black  ink  jets  of  the  printer's 
pens,  based  upon  the  coded  black  and  color  identifiers,  thereby  to  produce  an  ink  dot  image  on  paper. 

It  will  now  be  described  how,  by  the  invented  method,  a  palette  is  selected  by  the  printer  driver  or  server. 
Preferably,  an  escape  sequence  is  used  to  select  predefined  palette  selection  criteria  that  indicates  to  the  prin- 
ter  the  defined  coding  of  the  raster  data  within  a  printable  page.  Such  an  escape  sequence  is  encoded  by  the 

55  server  and  sent  to  the  printer  at  the  beginning  of  a  page-i.e.  prior  to  the  sending  of  the  encoded  raster  data- 
-and  does  not  change  during  the  printing  thereof.  For  example,  such  an  escape  sequence  would  specify  a  sign- 
ed  decimal  numberthe  sign  of  which  distinguishes  between  CMYand  RGB  palettes  and  the  magnitude  of  which 
selects  the  particular  palette  such  as  the  single-plane  K  palette,  the  three-plane  CMY  palette  or  the  invented 
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four-plane  KCMY  palette.  It  will  be  understood  that  the  magnitude  of  the  number,  e.g.  4,  would  indicate  to  the 
ink-jet  printer's  controller  that  the  KCMY  palette  is  selected,  and  thereafter  the  controller  would  expect  KCMY 
encoded  data,  as  described  above,  to  be  received  for  the  duration  of  the  page  or  until  a  new  escape  sequence 
is  received  from  the  server. 

5  Reiterating  one  of  the  advantages  of  the  invented  method,  by  using  the  LSB  of  the  coded  nibble  to  indicate 
the  K  color  of  the  invented  KCMY  palette  and  by  sending  LSB  first,  or  by  color  separating  the  data  into  four- 
color  raster  planes,  the  true  black  (K)  ink  dot  data  is  all  that  need  be  sent  during  the  printing  of  all  true  black 
image  rasters,  at  potentially  substantially  reduced  overhead. 

The  following  Tables  1  through  4  summarize  the  wide  variety  of  color  selections  made  possible  by  the  in- 
10  vented  method.  Those  skilled  in  the  art  will  understand  the  use  of  indices,  or  decimal  ordinal  numbers,  in  Tables 

1  through  4  that  correspond  with  color  selection  within  a  given  palette.  Such  indices  provide  a  convenient  con- 
ceptual  tool  for  understanding  the  invention  and  its  use  in  color  selection,  as  the  indices  may  be  used  also  to 
binary  code,  for  example,  the  various  selections.  When  the  index  number  is  converted  to  a  binary  number, 
each  bit  in  this  binary  value  then  defines  whether  or  not  a  particular  bit  in  a  color  plane  must  be  on  or  off  to 

15  generate  a  particular  color.  For  example,  an  index  of  2  for  the  color  pen  in  a  CMY  palette  gives  the  binary  value 
01  02.  In  this  binary  representation,  0,  1,  and  0  correspond  to  the  Y,  M  and  C  plane,  respectively.  Hence,  a  color 
index  of  2  would  represent,  and  could  be  used  to  select,  the  color  magenta  (M).  An  index  of  3  is  the  binary 
0112,  which  indicates  that  the  bits  in  the  magenta  (M)  and  cyan  (C)  planes  must  be  set,  which  could  be  used 
to  select  the  color  blue. 

20 
TABLE  1 

SINGLE-PLANE  PALETTE 

#  of  Planes  Index  #  Black  Pen 

1  0  White 

1  Black 

30  There  is  no  distinction  between  a  CMY  or  RGB  single  plane  palettes.  The  value  fields  -1  ,  0,  1  ,  +1  will  all 
select  this  palette.  By  the  preferred  method,  this  is  the  default  palette.  Tables  2  and  3  now  will  be  understood 
to  enable  the  ink-jet  printer  to  print  using  either  the  CMY  or  RGB  three-plane  palette. 

TABLE  2 
35 

THREE-PLANE  CMY  PALETTE 

#  of  Planes  Index  #  Color  Pen 

3  0  White 

1  Cyan 

2  Magenta 

3  Blue 

4  Yellow 

5  Green 

6  Red 

7  Black 

55 
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TABLE  3 

5 

THREE-PLANE  RGB  PALETTE 

#  of  Planes  Index  #  Color  Pen 

3  0  Black 

1  Red 

2  Green 

3  Yellow 

4  Blue 

5  Magenta 

6  Cyan 

7  White 

The  invented  four-plane  KCMY  palette  is  similar,  but  a  fourth  true  black  (K)  plane  is  added  to  the  color 
repertoire  to  permit  plural-pen  ink-jet  printers  equipped  also  with  black  ink  pens  alternatively  to  print  true  black 
or  process  black.  As  described  above,  the  K  plane  corresponds  to  the  low  order,  or  least  significant,  binary 
bit  and  the  K  plane  raster  data  may  be  the  only  one  sent  in  certain  cases. 

TABLE  4 

INVENTED  FOUR-PLANE  KCMY  PALETTE 

#Planes/Rows  lndex#  Black  Pen  Color  Pen 

4  0  White  White 

1  Black  White 

2  White  Cyan 

3  Black  Cyan 

4  White  Magenta 

5  Black  Magenta 

6  White  Blue 

7  Black  Blue 

8  White  Yellow 

9  Black  Yellow 

10  White  Green 

11  Black  Green 

12  White  Red 

13  Black  Red 

14  White  Black 

15  Black  Black 

The  invented  system  of  the  invention  now  may  be  understood  based  upon  an  understanding  of  the  invented 
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method  described  above.  Preferably,  the  invented  color  selection  system  includes  an  ink-jet  printer  server  ca- 
pable  of  generating  plural  print  color  selection  codes  each  corresponding  to  a  pen  in  a  plural-pen  ink-jet  printer. 
The  system  also  includes  any  suitable  means  for  communicating  the  selection  codes  in  a  predefined  sequence 
to  an  ink-jet  printer,  as  by  conventional  bit  serial  physical  and  logical  equipment  and  protocol.  The  system  also 

5  includes  an  ink-jet  printer  operatively  connected  to  the  communicating  means  and  responsive  to  the  sequence 
of  codes  for  printing  selectively  with  a  pen  to  which  the  codes  correspond.  Of  course,  such  selection  is  de- 
pendent  upon  the  selection  codes  received  from  the  printer  server.  Importantly,  the  selection  codes  generated 
by  the  server  include  criteria,  e.g.  K,  C,  M,  Y  coded  information  in  the  form  of  single-bit  pixels  or  plural-bit  ras- 
ters,  for  selecting  black  and  color  pens  corresponding  with  the  four  color  planes. 

10  It  will  be  understood  that  in  accordance  with  the  preferred  method  and  system,  print  data  may  be  sent  a 
pixel  at  a  time  for  all  four  colors  (KCMY),  but  that  it  is  preferred  that  the  data  be  sent  color-separated  in  time, 
i.e.  a  color  raster  at  a  time  preferably  with  the  K  rasterf  irst.  The  beneficial  result  of  the  four-plane  KCMY  palette 
described  herein  is  that  it  provides  for  server-controlled,  and  thus  application-based,  selection  of  either  process 
black  or  true  black  printing.  The  beneficial  result  of  the  indexing  system  described  herein  is  that,  by  sending 

15  a  raster  at  a  time  of  KCMY  data,  in  that  order,  only  true  black  raster  data  need  be  sent  and  received  to  print 
true  black  image  areas  on  paper. 

It  is  seen  that,  especially  for  ink-jet  printers  providing  for  true  black  (K)  and  tri-color  (CMY  or  RGB)  ink  print- 
ing  wherein  black  and  colored  ink  drops  cannot  be  deposited  in  a  closely  adjacent  relationship  without  exces- 
sive  black-to-color  bleeding,  the  invented  method  and  system  provide  a  unique  palette  design,  coding  and  se- 

20  lection  that  enables  a  printer  server  to  utilize  either  true  black  or  process  black  for  black  swath  printing.  In  this 
way,  the  invented  method  and  system  make  it  possible  for  a  printer  server  to  optimize  print  quality  without 
significant  overhead.  Indeed,  the  coding  scheme  as  described  in  certain  applications  reduces  the  overhead 
required  to  communicate  printable  raster  data  to  an  ink-jet  printer. 

25  Industrial  Applicability 

It  may  be  seen  then  that  the  invented  method  and  system  provide  an  important  utility  for  plural-pen  ink- 
jet  printers  having  a  monochrome  pen  and  a  tri-color  pen,  especially  where  the  monochrome  pen's  black  ink 
is  useful  with,  but  composite-incompatible  with,  one  or  more  of  the  tri-color  pen's  color  inks.  By  providing  a 

30  coding  and  selection  method  that  enables  a  printer  server  to  communicate  pen-specific  or  color-specific  color 
controls  to  the  printer,  the  user  is  given  control  over  whether  the  printer  prints  black  and  gray  images  using 
process  black  that  interposes  color  dots,  or  true  black  printable  with  the  black  ink  pen.  Thus,  color  bleed  prob- 
lems  with  such  printers  can  be  avoided.  The  invented  coding  method  is  implemented  efficiently  by  sending 
black  pen  selection  criteria  first  in  a  color  control  coding  sequence  so  that  unnecessary  color  coding  that  follows 

35  need  not  be  formatted  by  the  server  or  regarded  by  the  printer. 
While  the  present  invention  has  been  shown  and  described  with  reference  to  the  foregoing  operational 

principles  and  preferred  method  and  embodiment,  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.  A  method  of  communicating  color  selection  data  to  an  ink-jet  printer  having  a  black  ink  pen  and  a  plural- 
45  color  ink  pen,  the  method  comprising:  defining  a  color  selection  code  including  a  uniquely  located  identifier 

for  each  color  of  the  plural-color  ink  pen  and  a  uniquely  located  identifier  for  the  black  ink  pen,  with  said 
identifiers  indicating  whether  the  corresponding  color  or  black  pen  is  selected  for  printing  and  with  said 
identifiers  further  indicating  in  the  case  of  the  plural-color  ink  pen  which  of  the  plural  colors  is  selected 
for  printing;  encoding  printable  image  raster  data  in  accordance  with  such  defined  codes  to  produce  en- 

50  coded  black  and  color  raster  data;  and  sending  said  encoded  raster  data  to  an  ink-jet  printer. 

2.  The  method  of  claim  1  which  further  comprises  receiving  said  encoded  raster  data  atthe  printer,  decoding 
the  same  and  firing  color  and  black  ink  jets  based  upon  said  identifiers  to  produce  an  ink  dot  image. 

55  3.  The  method  of  claim  2  which  further  comprises  encoding  and  sending  atthe  beginning  of  a  printable  page 
of  encoded  raster  data  palette  selection  criteria  indicating  to  the  printer  the  defined  coding  of  the  raster 
data  within  such  printable  page. 

6 
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The  method  of  claim  1  ,  wherein  said  encoding  and  said  sending  are  performed  in  such  manner  that  en- 
coded  black  raster  data  precedes  encoded  color  raster  data. 

The  method  of  claim  1,  wherein  said  defining  step  is  performed  in  such  manner  that  said  selection  codes 
include  criteria  for  selecting  the  tri-color  pen  for  process  black  printing  and  the  black  pen  for  true  black 
printing. 
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