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Description 

BACKGROUND  OF  THE  INVENTION 

[0001]  The  subject  invention  is  generally  directed  to 
swath  type  printers,  and  more  particularly  to  apparatus 
and  techniques  for  reducing  pixel  density  to  allow  for 
higher  resolution  printing  with  print  elements  designed 
for  lower  resolution  printing. 
[0002]  A  swath  printer  is  a  raster  or  matrix  type  printer 
that  is  capable  of  printing  a  plurality  of  rows  of  dots  in  a 
single  scan  of  a  movable  print  carriage  across  the  print 
media.  The  possible  locations  for  dots  that  can  be  print- 
ed  by  a  raster  printer  can  be  represented  by  an  array  or 
grid  of  pixels  or  square  areas  arranged  in  a  rectilinear 
array  of  rows  and  columns  wherein  the  center  to  center 
distance  or  dot  pitch  between  pixels  is  determined  by 
the  resolution  of  the  printer.  For  example,  if  a  printer  is 
capable  of  printing  300  dots  per  inch  (dpi),  the  dot  pitch 
of  the  pixel  array  would  be  1/300th  of  an  inch. 
[0003]  The  print  carriage  of  a  swath  printer  typically 
includes  a  plurality  of  printing  elements  (e.g.,  ink  jet  noz- 
zles)  displaced  relative  to  each  other  in  the  media  mo- 
tion  direction  which  allows  printing  of  a  plurality  of  rows 
of  dots.  Depending  upon  application,  the  separation  be- 
tween  the  printing  elements  in  the  media  scan  direction 
can  correspond  to  the  dot  pitch  for  the  highest  or  finest 
resolution  at  which  the  printer  can  operate  (e.g.,  1/300th 
of  an  inch  for  300  dot  per  inch  (dpi)  resolution).  The  print- 
ing  elements  of  a  swath  printer  are  commonly  imple- 
mented  in  a  printhead  such  as  athermal  ink  jet  printhead 
that  is  integral  to  a  replaceable  ink  jet  printhead  car- 
tridge. 
[0004]  The  quality  of  the  printed  images  produced  by 
a  raster  printer  depends  to  large  degree  on  the  resolu- 
tion  of  the  printer.  Higher  or  finer  resolution  wherein  the 
printed  dots  are  more  closely  spaced  produces  provides 
for  higher  quality  images. 
[0005]  A  consideration  with  increasing  the  resolution 
of  ink  jet  printers  is  that  increased  resolution  requires 
more  printed  dots  per  unit  area,  with  the  number  of  dots 
increasing  by  the  product  of  the  increase  factor  along 
each  dimension.  For  example,  doubling  print  resolution 
from  300  dpi  to  600  dpi  results  in  four  times  as  many 
dots  per  unit  area.  Since  the  number  of  dots  per  unit 
area  increases  with  resolution,  the  size  of  each  printed 
dot  must  decrease  with  increased  resolution  in  order  to 
avoid  saturating  the  print  media.  For  example,  if  a  300 
dpi  ink  jet  cartridge  were  utilized  to  print  at  600  dpi,  the 
amount  of  ink  per  unit  area  would  increase  by  a  factor 
of  four,  just  as  the  number  of  dots  increased.  However, 
the  design  and  implementation  of  higher  resolution  ink 
jet  cartridges  with  reduced  dot  size  may  be  impractical, 
and  moreover  the  use  of  reduced  dot  size  ink  jet  car- 
tridges  may  also  present  difficulties  in  printing  at  re- 
duced  pixel  densities  that  would  be  conveniently  utilized 
for  increased  throughput  in  those  situations  where  the 
reduced  pixel  densities  would  acceptable,  such  as 

drafts. 

SUMMARY  OF  THE  INVENTION 

5  [0006]  It  would  therefore  be  an  advantage  to  provide 
a  thermal  ink  jet  printer  than  processes  raster  data  so 
that  it  can  be  printed  with  ink  jet  cartridges  designed  for 
a  resolution  that  is  lower  than  the  resolution  of  hte  raster 
data  to  be  printed.  The  invention  is  set  out  in  claim  1  . 

10  [0007]  The  foregoing  and  other  advantages  are  pro- 
vided  by  the  invention  in  an  enhanced  mode  of  printing 
wherein  image  raster  data  at  a  particular  resolution  (e. 
g.,  600  dpi)  is  depleted  so  that  the  depleted  image  raster 
data  can  be  printed  on  a  raster  grid  having  the  particular 

is  resolution  with  dots  that  are  larger  (e.g.,  300  dpi  dots) 
than  would  otherwise  be  utilised  with  the  particular  res- 
olution,  which  avoid  saturating  the  print  media. 
[0008]  US-A-4586835  shows  a  method  of  depletion 
wherein,  if  two  adjacent  storage  locations,  in  the  hori- 

20  zontal  direction,  both  contain  binary  1  data  elements, 
the  second  binary  1  data  element,  as  viewed  in  the  di- 
rection  of  read  out,  is  not  used  when  printing  a  low  qual- 
ity  character. 

[0009]  The  advantages  and  features  of  the  disclosed 
invention  will  readily  be  appreciated  by  persons  skilled 
in  the  art  from  the  following  detailed  description  when 

30  read  in  conjunction  with  the  drawing  wherein: 
[0010]  FIG.  1  is  a  schematic  perspective  view  of  the 
major  mechanical  components  of  a  thermal  ink  jet  print- 
er  employing  the  disclosed  print  techniques. 
[0011]  FIG.  2  is  a  schematic  side  elevational  sectional 

35  view  illustrating  the  relation  between  the  downwardly 
facing  ink  jet  nozzles  and  the  print  media  of  the  printer 
of  FIG.  1. 
[0012]  FIG.  3  is  a  schematic  plan  view  illustrating  the 
general  arrangement  of  the  nozzle  arrays  of  the  print- 

40  head  cartridges  of  the  printer  of  FIG.  1  . 
[0013]  FIG.  4  is  a  detail  view  of  a  positionally  adjust- 
able  printhead  cartridge  retaining  shoe  of  the  swath 
printer  of  FIG.  1  . 
[0014]  FIG.  5  is  a  detail  view  illustrating  an  example 

45  of  a  cam  actuating  mechanism  for  adjusting  the  position 
adjusting  cam  of  the  positionally  adjustable  printhead 
cartridge  retaining  shoe  of  FIG.  4. 
[0015]  FIG.  6  is  a  simplified  block  diagram  of  a  printer 
control  system  for  controlling  the  swath  printer  of  FIG.  1  . 

so  [0016]  FIG.  7  schematically  illustrates  a  pixel  array  on 
which  dots  can  be  selectively  printed  by  the  printer  to 
form  a  printed  image,  and  further  schematically  illus- 
trates  printed  dots  of  different  sizes. 
[0017]  FIG.  8  sets  forth  a  flow  diagram  of  a  procedure 

55  for  performing  horizontal  depletion  of  raster  data. 
[0018]  FIG.  9  schematically  illustrates  the  organiza- 
tion  of  raster  data  into  an  array  of  K-bit  wide  words  for 
horizontal  depletion. 
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[0019]  FIG.  10  schematically  illustrates  an  example  of 
horizontal  depletion  of  a  word  of  raster  data  by  use  of  a 
look-up  table. 
[0020]  FIG.  11  sets  forth  a  flow  diagram  of  a  proce- 
dure  for  performing  horizontal  depletion  of  raster  data  s 
by  use  of  a  depleter  look-up  table. 
[0021]  FIG.  12  sets  forth  a  flow  diagram  of  a  proce- 
dure  for  performing  vertical  depletion  of  raster  data. 
[0022]  FIG.  13  schematically  illustrates  the  organiza- 
tion  of  raster  data  into  an  array  of  K-bit  wide  words  for  10 
vertical  depletion. 
[0023]  FIG.  14  schematically  illustrates  an  example  of 
vertical  depletion  of  a  word  of  raster  data  by  replace- 
ment  thereof  with  the  result  of  bitwise  binary  ANDing  the 
word  to  be  depleted  with  the  binary  I's  complement  of  15 
the  overlying  raster  data  word. 
[0024]  FIG.  15  sets  forth  a  flow  diagram  of  a  proce- 
dure  for  performing  vertical  depletion  of  raster  data  by 
sequentially  replacing  raster  data  words  with  the  results 
of  bitwise  binary  ANDing  a  word  to  be  depleted  with  the  20 
binary  1  's  complement  of  the  overlying  raster  data  word. 
[0025]  FIG.  16  schematically  illustrates  the  organiza- 
tion  of  raster  data  into  an  array  of  M-bit  wide  words  for 
guard  depletion. 
[0026]  FIG.  17  schematically  illustrates  an  example  of  25 
vertically  adjacent  raster  data  words  wherein  one  of  the 
words  would  be  set  to  all  0's  pursuant  to  guard  depletion. 
[0027]  FIG.  18  sets  forth  a  flow  diagram  for  guard  de- 
pletion  of  a  raster  data  array. 

30 
DETAILED  DESCRIPTION  OF  THE  DISCLOSURE 

[0028]  In  the  following  detailed  description  and  in  the 
several  figures  of  the  drawing,  like  elements  are  identi- 
fied  with  like  reference  numerals.  35 
[0029]  The  invention  is  generally  directed  to  tech- 
niques  by  which  the  raster  data  for  an  image  is  depleted 
in  a  predetermined  manner  whereby  selected  pixels  that 
are  on  are  turned  off,  so  as  to  prevent  printing  of  dots 
that  are  too  close  together.  Pursuant  to  raster  data  de-  40 
pletion,  a  higher  print  resolution  is  achieved  with  a  print- 
ed  dot  size  that  is  utilized  for  lower  print  resolution,  and 
faster  printing  can  be  achieved  while  maintaining  the 
print  resolution  for  the  depleted  raster  data.  Also  dis- 
closed  is  a  technique  by  which  a  depleted  high  resolu-  45 
tion  image  raster  is  printed  with  a  cartridge  designed  for 
printing  at  a  lower  resolution. 
[0030]  Referring  now  to  FIG.  1,  set  forth  therein  is  a 
schematic  frontal  quarter  perspective  view  depicting,  by 
way  of  illustrative  example,  major  mechanical  compo-  so 
nents  of  a  multiple  printhead  ink  jet  printer  in  which  the 
techniques  of  the  invention  can  be  implemented.  The 
printer  includes  a  movable  carriage  51  mounted  on 
guide  rails  53,  55  for  translational  movement  along  the 
carriage  scan  axis  (commonly  called  the  Y-axis  in  the  55 
printer  art).  The  carriage  51  is  driven  along  the  guide 
rails  53,  55  by  an  endless  belt  57  which  can  be  driven 
in  a  conventional  manner,  and  a  linear  encoder  strip  59 

is  utilized  to  detect  position  of  the  carriage  51  along  the 
carriage  scan  axis,  for  example  in  accordance  with  con- 
ventional  techniques. 
[0031]  The  carriage  51  supports  first  and  second  car- 
tridge  retaining  shoes  91  ,  92  located  at  the  front  of  the 
carriage  for  retaining  substantially  identical  removable 
first  and  second  ink  jet  printhead  cartridges  C1  ,  C2 
(sometimes  called  "pens,"  "print  cartridges,"  or  "car- 
tridges").  FIG.  1  shows  the  cartridge  C2  in  a  removed 
condition,  while  in  FIG.  5  shows  the  cartridge  C2  in  its 
installed  position.  As  depicted  in  FIG.  2,  the  printhead 
cartridges  C1  ,  C2  include  downwardly  facing  nozzles  for 
ejecting  ink  generally  downwardly  to  a  print  media  61 
which  is  supported  on  a  print  roller  63  that  is  generally 
below  the  printhead  cartridges. 
[0032]  For  reference,  the  print  cartridges  C1,  C2  are 
considered  to  be  on  the  front  of  the  printer,  as  indicated 
by  legends  on  FIG.  1  ,  while  left  and  right  directions  are 
as  viewed  while  looking  toward  the  print  cartridges,  as 
indicated  by  labelled  arrows  on  FIG.  1  .  By  way  of  exam- 
ple,  the  print  media  61  is  advanced  while  printing  or  po- 
sitioning  so  as  to  pass  from  beneath  the  cartridge  noz- 
zles  toward  the  front  of  the  printer,  as  indicated  on  FIG. 
2,  and  is  rewound  in  the  opposite  direction. 
[0033]  A  media  scan  axis  (commonly  called  the  X-ax- 
is)  as  shown  in  FIG.  3  will  be  utilized  as  a  reference  for 
displacement  of  the  media,  as  well  as  a  reference  for 
orientation  of  a  line.  The  media  scan  axis  can  be  con- 
sidered  as  being  generally  tangential  to  the  print  media 
surface  that  is  below  the  nozzles  of  the  printhead  car- 
tridges  and  orthogonal  to  the  carriage  scan  axis.  In  ac- 
cordance  with  prior  usage,  the  media  scan  axis  is  con- 
veniently  called  the  "vertical"  axis,  probably  as  a  result 
of  those  printers  having  printing  elements  that  printed 
on  a  portion  of  the  print  media  that  was  vertical.  Also  in 
accordance  with  known  usage,  the  carriage  scan  axis 
is  conveniently  called  the  "horizontal  axis".  From  a  prac- 
tical  viewpoint,  if  the  printed  output  of  the  printer  of  FIG. 
1  were  placed  vertically  in  front  of  an  observer  in  the 
same  orientation  as  it  would  hang  down  from  the  print 
roller  63,  a  line  printed  by  with  asingle  inkjet  nozzle  and 
media  movement  rather  than  carriage  movement  would 
be  "vertical,"  while  a  line  printed  with  a  single  inkjet  noz- 
zle  and  carriage  movement  rather  than  media  move- 
ment.  If  the  print  media  containing  such  lines  were  po- 
sitioned  horizontally  in  front  of  an  observer,  the  line  that 
extends  away  from  the  observer  can  be  considered  ver- 
tical  by  common  convention;  and  the  line  that  extends 
sideways  as  to  the  observer  can  be  considered  horizon- 
tal  by  common  convention. 
[0034]  FIG.  3  schematically  depicts  the  arrangement 
of  the  nozzle  plates  101,  1  02  of  the  first  and  second  car- 
tridges  C1  ,  C2  as  viewed  from  above  the  nozzles  of  the 
cartridges  (i.e.,  the  print  media  would  be  below  the  plane 
of  the  figure).  Each  nozzle  plate  includes  an  even 
number  of  nozzles  arranged  in  two  columns  wherein  the 
nozzles  of  one  column  are  staggered  relative  to  the  noz- 
zles  of  the  other  column.  By  way  of  illustrative  example, 

3 
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each  nozzle  plate  is  shown  as  including  an  array  of  50 
nozzles  which  are  numbered  as  (a,1)  through  (a,  50) 
starting  at  the  lower  end  of  the  nozzle  array  with  nozzles 
in  the  left  column  being  the  odd  numbered  nozzles  and 
the  nozzles  in  the  right  column  being  the  even  numbered 
nozzles,  where  "a"  represents  the  printhead  cartridge 
number.  The  distance  along  the  media  scan  axis  be- 
tween  diagonally  adjacent  nozzles,  as  indicated  by  the 
distance  P  in  FIG.  3,  is  known  as  the  nozzle  pitch,  and 
by  way  of  example  is  equal  to  the  resolution  dot  pitch  of 
a  dot  resolution  (e.g.,  1/300  inch  for  300  dpi)  for  which 
the  cartridge  has  been  designed.  In  use,  the  physical 
spacing  between  the  columns  of  nozzles  in  a  printhead 
is  compensated  by  appropriate  data  shifts  in  the  swath 
print  data  so  that  the  two  columns  function  as  a  single 
column  of  nozzles. 
[0035]  The  first  and  second  cartridges  C1  ,  C2  are  side 
by  side  along  the  carriage  scan  axis  and  are  offset  rel- 
ative  to  each  other  along  the  media  scan  axis.  The  sec- 
ond  retaining  shoe  92  is  fixedly  secured  to  the  carriage 
51  ,  while  the  first  cartridge  retaining  shoe  91  is  pivotally 
secured  to  the  carriage  51  by  a  flexurally  deformable, 
torsion  bar  like  support  member  93  located  at  the  lower 
rear  part  of  the  retaining  shoe  91  near  the  plane  of  the 
nozzle  plate  of  the  first  printhead  cartridge  C1  and  gen- 
erally  parallel  to  the  carriage  scan  axis,  as  shown  in 
FIGS.  4  and  4A.  By  way  of  illustrative  example,  the  tor- 
sion  bar  like  support  member  93  is  integrally  formed  with 
a  backplate  95  of  the  first  cartridge  retaining  shoe  91 
and  with  a  portion  of  the  carriage  frame,  such  that  the 
first  retaining  shoe  91  is  pivotable  about  a  pivot  axis  PA 
that  passes  through  the  torsion  bar  like  support  member 
93.  The  top  of  the  first  cartridge  retaining  shoe  91  in- 
cludes  a  cam  follower  flange  97  that  is  structurally  inte- 
gral  with  the  back  plate  95  of  the  retaining  shoe.  As  fur- 
ther  shown  in  FIG.  5  the  cam  follower  flange  97  is  biased 
rearwardly  against  a  position  adjustment  cam  111  by  a 
pair  of  retaining  springs  113  which  are  connected  be- 
tween  the  top  of  the  carriage  and  the  top  of  the  first  re- 
taining  shoe. 
[0036]  The  adjustment  cam  111  is  rotatably  mounted 
on  a  pin  115  on  the  carriage  51  and  is  shaped  so  as  to 
increase  the  distance  between  the  cam  pin  115  and  the 
retaining  shoe  flange  97  with  increased  counterclock- 
wise  rotation  of  the  cam,  as  viewed  from  above.  The 
cam  is  rotated  by  a  cam  lever  117  that  is  integral  with 
the  cam,  and  is  engageable  with  a  right  cam  stop  119 
which  limits  the  clockwise  rotation  of  the  cam.  Thus,  as 
the  cam  lever  117  is  rotated  counterclockwise  away 
from  the  cam  stop  1  1  9,  the  nozzle  plate  1  01  of  the  first 
cartridge  C1  is  rotated  downward  about  the  pivot  axis 
PA,  which  aims  the  nozzle  plate  of  the  first  cartridge  so 
that  its  print  area  is  closer  to  the  print  area  of  the  second 
cartridge  along  the  media  scan  axis.  Rotation  of  the  ad- 
justment  cam  111  in  the  counterclockwise  direction  as 
viewed  from  above  effectively  positions  the  first  print 
cartridge  C1  closer  to  the  second  print  cartridge  C2. 
[0037]  The  adjustment  cam  1  1  1  is  controllably  moved 

pursuant  to  movement  of  the  carriage  51  while  the  cam 
lever  1  1  7  is  engaged  against  the  downwardly  extending 
tab  121a  of  a  conveniently  located  pivoted  adjustment 
lever  arm  121  that  can  be  pivoted  so  that  the  tab  121a 

5  is  in  or  above  the  path  of  the  cam  lever  117  as  the  cam 
lever  117  moves  with  the  carriage  51  .  As  shown  in  FIG. 
5,  the  cam  actuator  arm  121  can  be  in  the  proximity  of 
one  end  of  the  carriage  guide  rails,  and  is  actuated  by 
an  actuating  lever  123  that  is  driven  by  a  cam  follower 

10  1  25  which  in  turn  is  controlled  by  a  cam  1  27  on  the  out- 
put  of  a  stepper  motor  129.  A  bias  spring  131  ensures 
that  the  cam  actuator  arm  121  is  fully  raised  when  ac- 
tuated  to  be  in  the  raised  position. 
[0038]  It  should  be  appreciated  that  the  cam  actuator 

is  arm  121  can  be  controlled  by  other  mechanisms,  and 
that  the  stepper  motor  1  29  can  be  used  of  additional  pur- 
poses.  The  use  of  an  actuator  arm  121  and  carriage  dis- 
placement  relative  to  the  actuator  arm  121  for  cam  ad- 
justment  avoids  the  use  a  separate  servo  motor  for  cam 

20  adjustment. 
[0039]  In  use,  the  printhead  cartridges  C1  ,  C2  are  me- 
chanically  and  electronically  aligned  so  that  the  two 
printhead  cartridges  C1,  C2  cooperatively  function  like 
a  single  printhead  having  a  single  column  array  of  noz- 

25  zles  spaced  apart  along  the  media  axis  by  the  nozzle 
pitch  P,  as  disclosed  in  commonly  assigned  U.S.  appli- 
cation  Serial  No.  07/785,650,  filed  October  31  ,  1  991  by 
Haselby  and  Nguyen,  entitled  "PRINT  CARTRIDGE 
ALIGNMENT  IN  PAPER  AXIS,"  incorporated  herein  by 

30  reference;  and  commonly  assigned  U.S.  application  Se- 
rial  No.  07/786,326,  filed  October  31,  1991  by  Chen, 
Corrigan  and  Haselby,  entitled  "FAST  FLEXIBLE 
PRINTER/PLOTTER  WITH  ALIGNMENT  CORREC- 
TION,"  incorporated  herein  by  reference. 

35  [0040]  Referring  now  to  FIG.  6,  set  forth  therein  is  a 
simplified  block  diagram  of  a  control  system  for  control- 
ling  the  thermal  inkjet  printer  of  FIG.  1  in  which  the  tech- 
niques  of  the  invention  can  be  implemented.  The  control 
system  includes  an  interface  32  which  receives  print  da- 

40  ta  from  a  host  computer,  for  example,  and  stores  the 
print  data  in  a  buffer  memory  34.  A  microprocessor  con- 
troller  36  is  configured  to  process  the  print  data  to  pro- 
duce  raster  data  that  is  stored  in  a  bit-map  memory  42a 
contained  in  a  random  access  memory  (RAM)  42  pro- 

45  vided  for  the  use  of  the  microprocessor  controller.  A 
read-only  memory  44  is  also  provided  as  appropriate  for 
the  use  of  the  microprocessor  controller  36.  Processes 
in  accordance  with  the  invention,  as  described  further 
herein,  can  be  performed  by  the  microprocessor  con- 

so  trailer  36  in  conjunction  with  look-up  tables  contained  in 
the  read-only  memory  44. 
[0041]  A  print  controller  31  transfers  portions  of  the 
raster  data  from  the  bit-map  memory  42a  to  a  swath 
memory  41  and  provides  swath  data  to  a  printhead  driv- 

es  er  controller  38  which  controls  printhead  drivers  45  that 
drive  the  ink  firing  elements  of  the  ink  jet  cartridges  C1  , 
C2.  The  print  controller  31  further  controls  a  media  axis 
driver  motor  33  which  moves  the  print  roller  63  pursuant 
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to  media  motion  commands  from  the  print  controller  31  . 
A  media  axis  drive  motor  encoder  35  provides  informa- 
tion  for  the  feedback  control  of  the  media  axis  driver  mo- 
tor  33.  Similarly,  a  carriage  axis  encoder  37  provides 
feedback  information  for  the  feedback  control  of  a  car- 
riage  scan  axis  drive  motor  39  which  positions  the  ink 
jet  cartridge  supporting  carriage  51  pursuant  to  carriage 
motion  commands  from  the  print  controller  31  . 
[0042]  In  discussing  the  printing  of  dots  onto  a  print 
medium,  the  area  to  be  printed  is  commonly  character- 
ized  as  an  array  of  pixels  on  which  the  printer  can  se- 
lectively  print  dots  to  form  the  desired  image,  and  FIG. 
7  schematically  illustrates  of  a  portion  of  a  two  dimen- 
sional  grid  or  array  of  pixels  P(1,1)  through  P(RMAX, 
CMAX)  each  of  which  defines  a  location  on  a  two  dimen- 
sional  print  medium  where  a  dot  can  be  printed.  The  pix- 
els  P  are  squares  arranged  in  rows  and  columns  in  a 
rectilinear  array,  wherein  each  row  is  represented  as  ex- 
tending  horizontally  and  each  column  is  represented  as 
extending  vertically,  and  each  pixel  P(R,C)  has  a  corre- 
sponding  location  in  the  bit-map  raster  memory  42a  con- 
tained  in  main  RAM  42,  such  that  there  is  a  one-to-one 
correspondence  between  locations  in  the  raster  memo- 
ry  42a  and  the  pixel  array  to  be  printed.  For  the  particular 
example  of  a  binary  printing,  the  data  for  each  pixel  com- 
prises  a  binary  bit  that  defines  whether  or  not  a  dot  is  to 
be  printed  at  that  pixel.  For  ease  of  reference,  in  this 
disclosure  a  pixel  bit  contains  a  1  if  a  dot  is  to  be  printed 
on  the  corresponding  pixel,  but  it  should  be  appreciated 
that  a  0  can  be  utilized  to  indicate  that  a  dot  will  be  print- 
ed,  depending  upon  implementation. 
[0043]  By  way  of  reference,  the  horizontal  or  row  di- 
mension  of  the  pixel  array  corresponds  to  the  carriage 
axis,  while  the  vertical  or  column  dimension  of  the  pixel 
array  corresponds  to  the  media  axis,  and  each  of  the 
pixels  P(R,C)  in  the  grid  of  FIG.  7  is  uniquely  identified 
by  an  ordered  pair  of  numbers  (R,C)  wherein  R  is  the 
row  in  which  the  pixel  is  located  and  C  is  the  column  in 
which  the  pixel  is  located.  For  convenience,  the  rows 
are  number  1  through  RMAX  starting  with  the  top  row, 
and  the  columns  are  numbered  1  through  CMAX  start- 
ing  with  the  leftmost  column.  Thus,  the  pixel  at  the  top 
left  corner  is  pixel  P(1  ,  1  ).  The  number  of  pixels  per  unit 
of  horizontal  distance  is  referred  to  as  the  horizontal  res- 
olution,  and  is  commonly  expressed  in  "dots  per  inch" 
or  dpi,  for  example  300  dpi  or  600  dpi.  The  vertical  res- 
olution  can  be  similarly  expressed. 
[0044]  The  bit-mapped  raster  data  for  the  pixel  array 
is  logically  organized  to  correspond  to  the  rows  and  col- 
umns  of  the  physical  arrangement  of  the  printed  pixel 
array,  although  in  accordance  with  conventional  bit 
mapping  techniques  the  bit-mapped  raster  data  for  an 
array  of  pixels  does  not  necessarily  have  to  be  in  the 
form  of  rows  and  columns.  Thus,  the  schematic  repre- 
sentation  of  the  pixel  array  or  grid  also  represents  the 
bit-map  raster  data  that  defines  the  printed  state  of  each 
of  the  pixels  in  the  pixel  array.  For  convenience  each  of 
the  raster  data  bits  for  a  pixel  array  will  also  be  identified 

as  P(R,C)  since  a  pixel  necessarily  includes  an  associ- 
ated  one-bit  data  location  in  the  bit-map  memory,  and  it 
will  be  clear  from  the  context  as  to  whether  the  pixel  or 
the  pixel  is  being  referenced. 

5  [0045]  Dots  printed  at  pixel  locations  generally  com- 
prise  roughly  circular  dots  generally  centered  on  the  pix- 
el  locations  for  which  the  dots  are  intended.  In  known 
raster  printers,  the  size  of  the  printed  dot  is  selected  to 
be  slightly  larger  than  the  pixel  size,  as  represented  in 

10  FIG.  7  by  circles  30  on  a  plurality  of  horizontally  adjacent 
pixels. 
[0046]  A  draft  mode  of  printing  is  provided  wherein 
raster  data  at  a  particular  resolution  (e.g.,  300  dpi)  is 
depleted  along  the  horizontal  axis  and  then  printed  on 

is  a  grid  that  corresponds  to  that  particular  resolution  with 
a  dot  size  intended  for  that  resolution.  In  this  manner, 
for  the  same  ink  drop  firing  frequency  as  would  be  uti- 
lized  with  the  non  -depleted  raster  data,  the  carriage  that 
supports  the  inkjet  cartridges  can  be  scanned  at  a  high- 

20  er  rate,  which  provides  for  faster  printing  of  the  horizon- 
tally  depleted  raster  data. 
[0047]  Enhanced  mode  raster  data  depletion  is  pro- 
vided  wherein  the  image  raster  data  at  a  particular  res- 
olution  (e.g.,  600  dpi)  is  depleted  so  that  the  depleted 

25  image  raster  data  can  be  printed  on  a  raster  grid  having 
the  particular  resolution  with  dots  that  are  larger  than 
would  otherwise  be  utilized  with  the  particular  resolu- 
tion,  as  represented  in  FIG.  7  by  circles  40  on  a  plurality 
of  horizontal  pixels  that  are  respectively  separated  from 

30  each  other  by  one  pixel.  By  way  of  illustrative  example, 
raster  data  for  a  600  dpi  grid  is  depleted  so  that  it  can 
be  printed  on  a  600  dpi  grid  with  a  dot  size  intended  for 
a  300  dpi  grid.  Since  a  300  dpi  dot  has  four  times  the 
area  of  a  600  dpi  dot,  printing  a  600  dpi  image  with  300 

35  dpi  dots  would  result  in  about  four  times  as  much  ink  in 
comparison  to  printing  the  same  image  with  600  dpi 
dots,  which  would  unacceptably  saturate  the  printing 
medium.  For  the  particular  example  of  printing  a  600  dpi 
image  with  300  dpi  dots,  a  technique  in  accordance  with 

40  the  invention  depletes  the  600  dpi  raster  data  so  that  the 
depleted  raster  data  can  be  printed  on  a  600  dpi  grid 
with  300  dpi  dots  with  the  appropriate  amount  of  ink. 

Draft  Mode  Depletion 
45 

[0048]  Draft  mode  depletion  is  directed  to  depleting 
raster  data  along  the  horizontal  axis  so  that  in  each  row 
of  pixels,  each  printed  pixel  must  be  separated  by  at 
least  one  pixel  from  another  printed  pixel,  whereby  a 

so  printed  pixel  will  not  have  an  immediately  adjacent  print- 
ed  pixel  that  is  in  the  same  row.  This  allows  for  faster 
printing  while  introducing  minimal  artifacts  to  the  printed 
output.  Preferably,  draft  mode  horizontal  depletion  is 
performed  on  raster  data  that  is  to  be  printed  with  a  dot 

55  size  that  corresponds  to  the  resolution  of  the  raster  data. 
For  example,  300  dpi  raster  data  that  is  to  be  printed 
with  300  dpi  dots  can  be  horizontally  depleted  in  accord- 
ance  with  the  invention  to  advantageously  achieve  fast- 

5 
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er  throughput  while  printing  on  a  300  dpi  pixel  array. 
[0049]  In  terms  of  a  raster  defined  by  a  coordinate 
system  having  its  origin  at  the  upper  left  corner  as  shown 
in  FIG.  7,  horizontal  axis  depletion  can  be  performed  on 
each  row,  for  example,  by  sequentially  examining  each 
pixel  starting  with  the  second  pixel  from  the  left  and  turn- 
ing  off  each  pixel  that  has  an  "on"  pixel  to  its  left.  Alter- 
natively,  horizontal  axis  depletion  can  be  performed  by 
sequentially  examining  each  pixel  starting  with  the  sec- 
ond  pixel  from  the  right  and  turning  off  each  pixel  that 
has  an  "on"  pixel  to  its  right.  FIG.  8  sets  forth  by  way  of 
illustrative  example  a  flow  diagram  of  a  procedure  for 
performing  horizontal  depletion  on  each  of  the  RMAX 
rows  of  a  raster  data  array,  wherein  depletion  proceeds 
from  left  to  right.  At  31  1  a  row  index  R  is  initialized  to  1  , 
and  at  31  3  a  determination  is  made  as  to  whether  the 
row  index  R  has  exceeded  the  number  of  rows  RMAX. 
If  the  determination  is  no,  the  row  index  R  has  not  been 
exceeded  the  highest  row  number  RMAX,  a  column  in- 
dex  C  is  initialized  to  2  at  315.  At  317  a  determination 
is  made  as  to  whether  the  column  index  C  has  exceeded 
the  number  of  columns  CMAX.  If  no,  at  31  9  the  pixel  bit 
P(R,C)  is  replaced  with  the  result  of  the  bitwise  binary 
ANDing  the  present  contents  of  the  pixel  bit  P(R,C)  with 
the  binary  1's  complement  of  the  contents  of  the  pixel 
bit  P(R,C-1),  which  is  to  the  left  of  the  pixel  bit  P(R,C). 
It  is  noted  that  an  apostrophe  (')  is  used  in  the  figures 
and  in  the  written  description  to  denote  the  binary  1's 
complement.  At  321  the  column  index  C  is  incremented 
by  one,  and  processing  transfers  to  317  where  the  col- 
umn  index  C  is  checked  as  to  whether  it  has  exceeded 
the  number  of  columns  CMAX. 
[0050]  If  the  determination  at  317  is  yes,  the  column 
index  C  has  exceeded  the  number  of  columns  CMAX, 
control  transfers  to  323  where  the  row  count  R  is  incre- 
mented  by  one.  Control  then  transfers  to  31  3  where  the 
row  index  R  is  checked  to  determine  whether  it  has  ex- 
ceeded  the  number  of  rows  RMAX.  If  the  determination 
at  31  3  is  yes,  the  row  index  R  has  exceeded  the  number 
of  rows  RMAX,  the  procedure  ends. 
[0051]  By  way  of  particular  illustrative  example,  the 
horizontal  depletion  procedure  of  FIG.  8  can  be  imple- 
mented  by  implementing  a  depleter  look-up  table  in  the 
read-only  memory  of  the  printer  control  system  of  FIG. 
6  and  organizing  each  row  of  raster  data  as  a  sequence 
of  immediately  adjacent,  non-overlapping  K-bit  words  W 
(R,CW)  as  shown  in  FIG.  9,  wherein  R  is  the  row  position 
and  C  is  the  column  position  of  a  K-bit  word  W(R,C)  in 
the  array  of  K-bit  words.  Starting  with  the  leftmost  K-bit 
word  in  a  given  row,  each  K-bit  word  is  replaced  with  a 
K-bit  word  retrieved  from  the  depleter  table  that  is  ac- 
cessed  with  a  depleter  table  index  I  which  is  the  com- 
posite  binary  value  of  a  (K+1  )-bit  word  comprised  of  the 
present  contents  of  the  K-bit  word  to  be  horizontally  de- 
pleted  and  one  of  the  immediately  adjacent  bits  on  either 
side  of  the  K-bit  word,  where  the  particular  additional  bit 
depends  on  the  order  in  which  the  K-bit  words  are  re- 
placed,  and  wherein  the  left  most  bit  of  the  (K+1)-bit 

word  is  the  most  significant  bit.  For  the  particular  exam- 
ple  of  depletion  being  performed  in  the  sequence  start- 
ing  from  left  to  right,  the  additional  bit  for  forming  the 
index  I  is  the  immediately  adjacent  bit  to  the  left  of  the 

5  word  to  be  replaced,  with  the  additional  bit  being  a  0  for 
each  of  the  words  W(R,1)  in  the  leftmost  column  of  the 
array  of  K-bit  words.  FIG.  10  schematically  illustrates 
the  results  of  horizontal  depletion  of  a  4-bit  word  W(R, 
C)  whose  replacement  is  retrieved  by  accessing  the  de- 

10  pleter  table  with  an  index  I  formed  of  the  4-bit  word  and 
the  bit  b  which  is  the  immediately  adjacent  bit  to  the  left 
of  the  4-bit  word  W(R,C).  Thus,  for  the  particular  exam- 
ple  of  K-bit  word  replacement  being  performed  from  left 
to  right,  the  additional  bit  of  the  depleter  table  index  I  for 

is  each  word  includes  the  rightmost  bit  from  the  prior  in 
sequence  depleted  word,  except  for  the  leftmost  word 
whose  depleter  table  index  I  includes  a  leading  0. 
[0052]  Referring  now  to  FIG.  11,  set  forth  therein  by 
way  of  illustrative  example  is  a  flow  diagram  of  a  proce- 

20  dure  for  horizontally  depleting  raster  data  by  replacing 
K-bit  words  with  depleted  words  retrieved  from  a  look- 
up  table.  It  should  be  appreciated  that  the  row  width  of 
the  raster  data  might  result  in  bits  at  the  end  of  each  row 
that  do  not  form  a  complete  K-bit  word.  In  accordance 

25  with  conventional  processing  techniques,  any  unused 
bits  in  the  rightmost  word  are  padded  with  0's.  At  351  a 
row  index  R  is  initialized  to  1  .  At  353  a  determination  is 
made  as  to  whether  the  row  index  R  has  exceeded  the 
number  of  rows  RMAX  in  the  raster  data  array.  If  the 

30  determination  is  no,  the  row  index  R  has  not  exceeded 
the  number  of  rows  RMAX,  at  355  a  word  array  column 
index  CW  is  initialized  to  1  ,  and  a  variable  b,  which  will 
be  used  to  store  the  additional  bit  for  the  depleter  look- 
up  table  index  I,  is  initialized  to  0.  At  357  a  determination 

35  is  made  as  to  whether  the  word  array  column  index  CW 
has  exceeded  the  number  of  word  columns  CWMAX.  If 
no,  at  359  the  index  I  to  the  depleter  look-up  table  is 
formed  by  adding  2k  to  the  composite  binary  value  of 
the  K-bit  word  W(R,CW).  At  361  the  word  W(R,CW)  is 

40  replaced  with  the  K-bit  word  retrieved  by  accessing  the 
depleter  look-up  table  with  the  depleter  look-up  table  in- 
dex  I.  At  363,  the  contents  of  b  is  replaced  with  the  con- 
tents  of  the  rightmost  bit  P(R,CW*K)  of  the  depleted 
word  W(R,CW)  with  the  pixel  bits  of  the  K-bit  word  array 

45  being  identified  as  represented  in  FIG.  9.  At  365  the  word 
column  index  CW  in  incremented  by  one  and  control 
transfers  to  357. 
[0053]  If  the  determination  at  357  is  yes,  the  word  col- 
umn  index  CW  has  exceeded  the  number  of  word  col- 

50  umns  CWMAX,  control  transfers  to  367  where  the  row 
count  R  is  incremented  by  one.  Control  then  transfers 
to  353  where  the  row  index  R  is  checked  to  determine 
whether  it  has  exceeded  the  number  of  rows  RMAX.  If 
the  determination  at  353  is  yes,  the  row  index  R  has  ex- 

55  ceeded  the  number  of  rows  RMAX,  the  procedure  ends. 
[0054]  The  entries  of  the  depleter  table  are  readily  de- 
termined,  for  example  by  generating  every  possible 
combination  of  K+1  bits  and  applying  thereto  the  bit-by- 
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bit  horizontal  depletion  procedure  discussed  above  rel- 
ative  to  FIG.  8. 

Enhanced  Mode  Raster  Data  Depletion 

[0055]  Enhanced  mode  raster  data  depletion  is  direct- 
ed  to  depleting  raster  data  at  a  particular  resolution  so 
that  it  can  be  printed  on  pixel  array  having  the  same  res- 
olution  with  a  dot  size  that  configured  for  a  lower  reso- 
lution  and  thus  larger  than  what  be  utilized  in  printing 
the  undepleted  raster  data.  Pursuant  to  enhanced  mode 
raster  data  depletion,  the  raster  data  is  subjected  to  de- 
pletion  along  the  horizontal  axis,  depletion  along  the  ver- 
tical  axis,  and  then  a  guard  depletion  wherein  large  fill- 
in  areas  are  further  depleted. 
[0056]  Horizontal  depletion  is  performed  in  the  same 
manner  as  for  draft  mode  horizontal  depletion. 
[0057]  Vertical  depletion  can  be  performed  on  each 
column  in  a  manner  similar  to  horizontal  depletion  on 
each  row,  for  example,  by  sequentially  examining  each 
pixel  bit  in  each  column  starting  with  the  second  pixel 
bit  from  the  top,  and  turning  off  each  pixel  that  has  an 
"on"  pixel  immediately  above  it.  FIG.  12  sets  forth  by 
way  of  illustrative  example  a  flow  diagram  of  a  proce- 
dure  for  performing  vertical  depletion  on  each  of  the 
CMAX  pixel  columns  of  the  raster  data  for  an  image.  At 
41  1  a  pixel  column  index  C  is  initialized  to  1  ,  and  at  41  3 
a  determination  is  made  as  to  whether  the  pixel  column 
index  C  has  exceeded  the  number  of  columns  CMAX. 
If  the  determination  is  no,  the  pixel  column  index  C  has 
not  been  exceeded  the  number  of  pixel  columns  CMAX, 
a  row  index  R  is  initialized  to  2  at  415.  At  417  a  deter- 
mination  is  made  as  to  whether  the  row  index  R  has  ex- 
ceeded  the  number  of  rows  RMAX.  If  no,  at  419  the  pixel 
bit  P(R,C)  is  replaced  with  the  result  of  bitwise  binary 
ANDing  the  present  contents  of  the  pixel  bit  P(R,C)  with 
the  binary  1  'scomplement  of  the  contents  of  the  pixel  bit 
P(R-1  ,C),  which  is  above  the  pixel  bit  P(R,C).  At  421  the 
row  index  R  is  incremented  by  one,  and  processing 
transfers  to  427  where  the  row  index  R  is  checked  as  to 
whether  it  has  exceeded  the  number  of  rows  RMAX. 
[0058]  If  the  determination  at  427  is  yes,  the  row  index 
R  has  exceeded  the  number  of  rows  RMAX,  control 
transfers  to  423  where  the  column  index  C  is  increment- 
ed  by  one.  Control  then  transfers  to  41  3  where  the  col- 
umn  index  C  is  checked  to  determine  whether  it  has  ex- 
ceeded  the  number  of  columns  CMAX.  If  the  determi- 
nation  at  413  is  yes,  the  column  index  C  has  exceeded 
the  number  of  columns  CMAX,  the  procedure  ends. 
[0059]  By  way  of  further  particular  illustrative  exam- 
ple,  vertical  depletion  can  be  performed  by  organizing 
each  row  of  pixel  data  as  a  series  of  immediately  adja- 
cent  non-overlapping  K-bit  wide  words  W(R,CW),  as 
shown  in  FIG.  1  3  and  in  the  same  manner  as  discussed 
above  relative  to  horizontal  depletion  by  use  of  a  depl- 
eter  table,  and  replacing  each  K-bit  word  W(R,CW)  with 
the  K-bit  result  of  bitwise  binary  ANDing  the  present  val- 
ue  of  the  K-bit  word  W(R,CW)  with  the  binary  1's  com- 

plement  of  the  overlying  K-bit  word  W(R-1  ,C)  that  is  in 
the  prior  row  and  at  the  same  word  column  position. 
Since  the  lower  of  two  vertically  aligned  words  is  being 
replaced,  the  K-bit  words  W(1,1)  through  W(1,  CWMAX 

5  of  the  top  row  of  raster  data  are  not  changed.  FIG.  14 
schematically  illustrates  vertically  aligned  4-bit  words  W 
(R,C)  and  W(R-1  ,C),  each  of  which  comprises  horizon- 
tally  depleted  data,  and  the  resulting  depleted  word  W 
(R,C). 

w  [0060]  Referring  now  to  FIG.  15,  set  forth  therein  by 
way  of  illustrative  example  is  a  flow  diagram  of  a  proce- 
dure  for  vertically  depleting  raster  data  by  replacing  K- 
bit  words  with  depleted  K-bit  words  which  are  the  results 
of  a  bitwise  binary  logical  operation  between  the  K-bit 

is  word  to  be  depleted  and  the  overlying  K-bit  word  that  is 
in  the  immediately  prior  in  sequence  row  and  is  in  the 
same  word  column  as  the  K-bit  word  to  be  depleted.  It 
should  be  appreciated  that  the  row  width  of  the  raster 
data  might  result  in  bits  at  the  end  of  each  row  that  do 

20  not  form  a  complete  word.  In  accordance  with  conven- 
tional  processing  techniques,  any  unused  bits  in  the 
rightmost  word  are  padded  with  0's.  At  451  a  row  index 
R  is  initialized  to  2.  At  453  a  determination  is  made  as 
to  whether  the  row  index  R  has  exceeded  the  number 

25  of  rows  RMAX  in  the  raster  data  array.  If  the  determina- 
tion  is  no,  the  row  index  R  has  not  exceeded  the  number 
of  rows  RMAX,  at  455  a  word  column  index  CW  is  ini- 
tialized  to  1  .  At  457  a  determination  is  made  as  to  wheth- 
er  the  word  column  index  CW  has  exceeded  the  number 

30  of  word  columns  CWMAX  in  the  raster  data  array.  If  no, 
at  459  the  K-bit  word  W(R,CW)  is  replaced  with  the  K- 
bit  word  obtained  by  bitwise  binary  ANDing  the  present 
contents  of  the  word  W(R,CW)  with  the  binary  1  's  com- 
plement  of  the  contents  of  the  overlying  K-bit  word  W 

35  (R-1,CW).  At  461  the  word  column  index  CW  in  incre- 
mented  by  1  ,  and  control  transfers  to  457. 
[0061]  If  the  determination  at  457  is  yes,  the  word  col- 
umn  index  CW  has  exceeded  the  number  of  word  col- 
umns  CWMAX,  control  transfers  to  463  where  the  row 

40  index  R  is  incremented  by  one.  Control  then  transfers 
to  453  where  the  row  index  R  is  checked  to  determine 
whether  it  has  exceeded  the  number  of  rows  RMAX.  If 
the  determination  at  453  is  yes,  the  row  index  R  has  ex- 
ceeded  the  number  of  rows  RMAX,  the  procedure  ends. 

45  [0062]  The  depletion  of  raster  data  along  respective 
axes  is  performed  to  avoid  printing  two  or  more  imme- 
diately  adjacent  pixels  along  any  axis.  Thus,  for  the  two 
dimensional  case,  depletion  along  the  horizontal  axis  in- 
sures  that  a  printed  pixel  will  not  have  an  immediately 

so  adjacent  printed  pixel  that  is  in  the  same  row.  Similarly, 
depletion  along  the  vertical  axis  insures  that  a  printed 
pixel  will  not  have  an  immediately  adjacent  printed  pixel 
that  is  in  the  same  column.  For  multiple  axis  depletion, 
depletion  along  each  axis  is  performed  sequentially, 

55  such  that  each  depletion  other  than  the  first  will  be  per- 
formed  on  partially  depleted  raster  data. 
[0063]  After  horizontal  and  vertical  raster  data  deple- 
tion  in  accordance  with  the  invention,  there  may  be  ar- 
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eas  that  are  still  too  dense,  as  for  example  wherein  the 
data  of  two  adjacent  rows  of  raster  data  are  in  the  form 
of  a  checkerboard.  Further  depletion  of  such  areas  is 
achieved  by  considering  each  row  of  pixel  data  as  a  se- 
ries  of  adjacent  M-bit  wide  words  W(R,CW),  as  shown  s 
in  FIG.  16,  in  the  same  manner  as  discussed  above  rel- 
ative  to  vertical  depletion,  and  replacing  each  word  W 
(R,CW)  with  all  O's  if  bitwise  binary  ORing  the  word  W 
(R,CW)  with  the  overlying  word  W(R-1,CW)  results  in 
an  M-bit  word  that  is  all  1's.  In  other  words,  if  the  M-bit  10 
word  W(R,CW)  contains  alternating  1's  and  the  M-bit 
word  W(R-1  ,CW)  contains  alternating  1  's  that  are  offset 
by  one  column  relative  to  the  alternating  1's  of  W(R, 
CW),  then  the  lower  M-bit  word  W(R,CW)  is  depleted  to 
contain  all  O's,  as  represented  in  FIG.  17.  15 
[0064]  Instead  of  checking  the  M-bit  result  of  the  bit- 
wise  binary  OR  operation  for  all  1  's,  the  binary  1  's  com- 
plement  of  the  M-bit  result  of  bitwise  binary  ORing  W(R, 
CW)  with  W(R-1,CW)  can  be  checked  to  determine 
whether  it  has  a  value  of  zero,  which  avoids  checking  20 
the  individual  bits  of  the  result  and  therefore  saves 
processing  time.  If  the  value  of  [W(R,CW)  OR  W(R- 
1,CW)]'  is  equal  to  0,  then  the  M-bit  word  W(R,CW)  is 
replaced  with  an  M-bit  word  containing  all  O's. 
[0065]  Referring  now  to  FIG.  18  set  forth  therein  by  25 
way  of  illustrative  example  is  a  flow  diagram  of  a  guard 
depletion  procedure  in  accordance  with  the  invention. 
At  511  a  row  index  R  is  initialized  to  2.  At  513  a  deter- 
mination  is  made  as  to  whether  the  row  index  R  has  ex- 
ceeded  the  number  of  rows  RMAX  in  the  raster  data  ar-  30 
ray.  If  the  determination  is  no,  the  row  index  R  has  not 
exceeded  the  number  of  rows  RMAX,  at  515  a  word  col- 
umn  index  CW  is  initialized  to  1  .  At  51  7  a  determination 
is  made  as  to  whether  the  word  column  index  CW  has 
exceeded  the  number  of  word  columns  CWMAX  in  the  35 
M-bit  word  array.  If  no,  at  519  a  determination  is  made 
as  to  whether  the  value  of  [W(R,CW)  OR  W(R-1  ,CW)]' 
is  equal  to  0.  If  yes,  the  word  W(R,CW)  is  set  to  all  O's 
at  521  .  At  523  the  word  column  index  CW  in  increment- 
ed  by  1  ,  and  control  transfers  to  51  7.  40 
[0066]  If  the  determination  at  519  is  no,  the  value  of 
the  binary  1  's  complement  of  the  result  of  bitwise  binary 
ORing  W(R,CW)  with  W(R-1  ,CW)  is  not  equal  to  0,  con- 
trol  transfers  to  523. 
[0067]  If  the  determination  at  517  is  yes,  the  word  col-  45 
umn  index  CW  has  exceeded  the  number  of  word  col- 
umns  CWMAX,  control  transfers  to  523  where  the  row 
index  R  is  incremented  by  one.  Control  then  transfers 
to  513  where  the  row  index  R  is  checked  to  determine 
whether  it  has  exceeded  the  number  of  rows  RMAX.  If  so 
the  determination  at  51  3  is  yes,  the  row  index  R  has  ex- 
ceeded  the  number  of  rows  RMAX,  the  procedure  ends. 
[0068]  Thus,  pursuant  to  enhanced  mode  depletion, 
raster  data  having  a  particular  resolution  is  depleted  so 
that  the  depleted  raster  data  can  be  printed  on  a  pixel  55 
grid  for  that  particular  resolution  with  a  dot  size  that  is 
larger  than  the  dot  size  that  would  otherwise  be  utilized 
with  that  particular  resolution  if  depletion  were  not  per- 
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formed.  For  example,  600  dpi  raster  data  is  depleted  in 
accordance  with  the  invention  so  that  the  depleted  data 
can  be  printed  with  300  dpi  dots. 

Claims 

1  .  A  method  for  depleting  a  pixel  data  array  in  a  raster 
or  matrix  type  printer  capable  of  printing  a  plurality 
of  rows  of  dots  in  a  single  scan  and  having  a  mov- 
able  carriage  (51)  for  supporting  a  plurality  of  print 
elements  (C1  ,C2,101  ,102)  which  are  controlled  to 
print  the  dots  on  a  rectilinear  array  of  pixels  each 
having  an  associated  pixel  data  bit  in  a  bit-mapped 
pixel  data  array  which  is  logically  organized  in  rows 
and  columns  to  correspond  to  the  printed  pixel  ar- 
ray,  the  method  comprising  the  steps  of: 

(A)  defining  for  all  rows  of  the  pixel  data  array 
a  starting  end  such  that  the  bits  in  each  row  are 
in  a  column  sequence  that  starts  at  the  starting 
end; 
(B)  sequentially  selecting  the  second  to  last  in 
sequence  bit  in  each  row,  and  depleting  the  se- 
lected  bit  in  dependence  upon  the  immediately 
adjacent  prior  in  column  sequence  bit; 
(C)  defining  for  all  columns  of  the  pixel  data  ar- 
ray  a  starting  end  such  that  the  bits  in  each  col- 
umn  are  in  a  row  sequence  that  starts  at  the 
starting  end; 
(D)  sequentially  selecting  the  second  to  last  in 
sequence  bit  in  each  column,  and  depleting  the 
selected  bit  in  dependence  upon  the  immedi- 
ately  adjacent  prior  in  row  sequence  bit; 
(E)  organizing  each  row  of  the  raster  data  into 
non-overlapping  immediately  adjacent  M-bit 
words  which  are  in  a  sequence  that  starts  at  a 
starting  end  that  is  common  for  all  rows;  and 
(F)  sequentially  selecting  each  M-bit  word  in 
each  of  the  second  to  last  rows  starting  with  the 
second  row,  and  performing  the  following  on 
the  selected  M-bit  word; 

(1  )  bitwise  binary  ORing  the  selected  M-bit 
word  with  the  prior  in  row  sequence  M-bit 
word  that  has  the  same  word  sequence  as 
the  selected  M-  bit  word; 
(2)  determining  whether  the  result  of  step 
(1)  contains  all  1's;  and 
(3)  replacing  the  selected  M-bit  word  with 
an  M-bit  word  containing  all  O's  if  the  result 
of  step  (1)  contains  all  1's. 

2.  The  method  of  claim  1  ,  wherein  step  B  comprises: 

(a)  organising  each  row  of  the  pixel  data  array 
into  non-overlapping  immediately  adjacent  K- 
bit  words  which  are  in  a  word  sequence  that 
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starts  at  a  starting  end  that  is  common  for  all 
rows; 
(b)  defining  for  all  rows  of  the  pixel  data  array 
a  starting  row  such  that  the  pixel  data  rows  are 
in  a  row  sequence  that  starts  with  the  starting  s 
row; 
(c)  sequentially  selecting  the  first  through  last 
in  word  sequence  K-bit  word  in  each  row,  and 
performing  the  following  on  the  selected  K-bit 
word;  10 

(1  )  forming  an  index  of  K+1  bits  comprised 
of  the  selected  K-bit  word  and  an  additional 
bit  that  is  the  bit  of  the  immediately  prior  in 
sequence  K-bit  word  that  is  immediately  15 
adjacent  the  selected  K-bit  word,  except  for 
the  first  in  sequence  word  in  a  rowfor  which 
the  additional  bit  is  a  O; 
(2)  accessing  a  depleter  look-up  table  with 
the  index  for  the  selected  K-bit  word  to  ob-  20 
tain  a  replacement  K-bit  word; 
(3)  replacing  the  selected  K-bit  word  with 
the  replacement  K-bit  word,  whereby  all  K- 
bit  words  in  the  pixel  data  array  are  re- 
placed  with  K-bit  words  retrieved  from  the  25 
look-up  table. 

3.  The  method  of  claim  1  ,  wherein  step  B  comprises: 

sequentially  selecting  the  second  through  last  30 
in  sequence  bit  in  each  row,  and  setting  the  se- 
lected  bit  to  O  if  the  immediately  adjacent  prior 
in  column  sequence  bit  is  a  1  ; 

(A)  Definieren  eines  Anfangsendes  fur  alle  Zei- 
len  des  Pixeldatenarrays,  derart,  dal3  die  Bits 
in  jeder  Zeile  in  einer  Spaltensequenz  sind,  die 
an  dem  Anfangsende  beginnt; 

(B)  Sequentielles  Auswahlen  des  zweiten  bis 
letzten  Bits  in  der  Sequenz  in  jeder  Reihe  und 
Ausdunnen  des  ausgewahlten  Bits  abhangig 
von  dem  unmittelbar  vorhergehenden  Bit  in  der 
Spaltensequenz; 

(C)  Definieren  eines  Anfangsendes  fur  alle 
Spalten  des  Pixeldatenarrays,  derart,  dal3  die 
Bits  in  jeder  Spalte  in  einerZeilensequenzsind, 
die  an  dem  Anfangsende  beginnt; 

(D)  Sequentielles  Auswahlen  des  zweiten  bis 
letzten  Bits  in  der  Sequenz  in  jeder  Spalte  und 
Ausdunnen  des  ausgewahlten  Bits  abhangig 
von  dem  unmittelbar  vorhergehenden  Bit  in  der 
Zeilensequenz; 

(E)  Organisieren  jeder  Zeile  der  Rasterdaten  in 
nichtuberlappende,  unmittelbar  benachbarte 
M-Bit-Worte,  die  in  einer  Sequenz  sind,  die  an 
einem  Anfangsende  beginnt,  das  fur  alle  Zeilen 
gemeinsam  ist;  und 

(F)  Sequentielles  Auswahlen  jedes  M-Bit-Wor- 
tes  in  jeder  der  zweiten  bis  letzten  Zeile  begin- 
nend  mit  der  zweiten  Zeile  und  Durchfuhren  der 
folgenden  Schritte  bezuglich  des  ausgewahl- 
ten  M-Bit-Worts: 

and  step  D  comprises:  35 

sequentially  selecting  the  second  through  last 
in  sequence  bit  in  each  column,  and  setting  the 
selected  bit  to  O  if  the  immediately  adjacent  pri- 
or  in  row  sequence  bit  is  a  1  .  40 

(1)  Durchfuhren  einer  bitweisen  binaren 
Oder-Verknupfung  des  ausgewahlten  M- 
Bit-Worts  mit  dem  vorherigen  M-Bit-Wort  in 
der  Zeilensequenz,  das  die  gleiche  Wort- 
sequenz  aufweist,  wie  das  ausgewahlte  M- 
Bit-Wort; 

Patentanspriiche 

1.  Ein  Verfahren  zum  Ausdunnen  eines  Bixeldatenar-  45 
rays  in  einem  Raster-  oder  Matrixtyp-Drucker,  der 
in  der  Lage  ist,  eine  Mehrzahl  von  Zeilen  von  Punk- 
ten  bei  einem  einzelnen  Durchlauf  zu  drucken,  und 
der  einen  beweglichen  Wagen  (51)  zum  Tragen  ei- 
ner  Mehrzahl  von  Druckelementen  (C1  C2  101,  so 
1  02)  aufweist,  die  gesteuert  werden,  urn  die  Punkte 
auf  ein  geradliniges  Array  von  Pixeln  zu  drucken, 
von  denen  jedes  ein  zugeordnetes  Pixeldatenbit  in 
einem  Bittabellen-Pixeldatenarray  besitzt,  das  lo- 
gisch  in  Zeilen  und  Spalten  organisiert  ist,  urn  dem  55 
gedruckten  Pixelarray  zu  entsprechen,  wobei  das 
Verfahren  folgende  Schritte  aufweist: 

(2)  Bestimmen,  ob  das  Ergebnis  des 
Schritts  (1)  ausschlieBlich  Einsen  enthalt; 
und 

(3)  Ersetzen  des  ausgewahlten  M-Bit- 
Worts  durch  ein  M-Bit-Wort,  das  aus- 
schlieBlich  Nullen  enthalt,  wenn  das  Er- 
gebnis  des  Schritts  (1)  ausschlieBlich  Ein- 
sen  enthalt. 

2.  Das  Verfahren  nach  Anspruch  1  ,  bei  demderSchritt 
(B)  folgende  Schritte  aufweist: 

(a)  Organisieren  jeder  Zeile  des  Pixeldatenar- 
rays  in  nicht-uberlappende,  unmittelbar  be- 
nachbarte  K-Bit-Worte,  die  sich  in  einer  Wort- 
sequenz  befinden,  die  an  einem  Anfangsende 
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beginnt,  das  fur  alle  Zeilen  gemeinsam  ist; 

(b)  Definieren  fur  alle  Zeilen  des  Pixeldatenar- 
rays  einer  Anfangs  zeile,  derart,  dal3  sich  die 
Pixeldatenzeilen  in  einer  Zeilensequenz  befin-  s 
den,  die  mit  der  Anfangszeile  beginnt; 

(c)  Sequentielles  Auswahlen  des  ersten  bis 
letzten  K-Bit-Worts  in  der  Wortsequenz  in  jeder 
Zeile  und  Durchfuhren  der  folgenden  Schritte  10 
bezuglich  des  ausgewahlten  K-Bit-Worts: 

(1)  Bilden  eines  Index  aus  K+1  -Bits,  der 
aus  dem  ausgewahlten  K-Bit-Wort  und  ei- 
nem  zusatzlichen  Bit  besteht,  das  das  Bit  15 
des  in  der  Sequenz  unmittelbar  vorherge- 
henden  K-Bit-Worts,  das  unmittelbar  be- 
nachbart  zu  dem  ausgewahlten  K-Bit-Wort 
ist,  ist,  mit  Ausnahme  des  ersten  Worts  in 
der  Sequenz  in  einer  Zeile,  fur  die  das  zu-  20 
satzliche  Bit  eine  Null  ist; 

(2)  Zugreifen  auf  eine  Ausdunnungs-Nach- 
schlagtabelle  mit  dem  Index  fur  das  ausge- 
wahlte  K-Bit-Wort,  urn  ein  Ersetzungs-K-  25 
Bit-Wort  zu  erhalten; 

(3)  Ersetzen  des  ausgewahlten  K-Bit- 
Worts  durch  das  Ersetzungs-K-Bit-Wort, 
wodurch  alle  K-Bit-Worte  in  dem  Pixelda-  30 
tenarray  durch  K-Bit-Worte,  die  aus  der 
Nachschlagtabelle  erhalten  werden,  er- 
setzt  werden. 

3.  Das  Verfahren  nach  Anspruch  1  ,  bei  dem  der  Schritt  35 
(B)  folgende  Schritte  aufweist: 

Sequentielles  Auswahlen  des  zweiten  bis  letz- 
ten  Bits  in  der  Sequenz  in  jeder  Zeile  und  Ein- 
stellen  des  ausgewahlten  Bits  auf  Null,  wenn  40 
das  unmittelbar  benachbarte  vorhergehende 
Bit  in  der  Spaltensequenz  eine  Eins  ist; 

und  bei  dem  der  Schritt  (D)  folgendes  Merkmal  auf- 
weist:  45 

Sequentielles  Auswahlen  des  zweiten  bis  letz- 
ten  Bits  in  der  Sequenz  in  jeder  Spalte  und  Ein- 
stellen  des  ausgewahlten  Bits  auf  Null,  wenn 
das  unmittelbar  benachbarte  vorhergehende  so 
Bit  in  der  Zeilensequenz  eine  Eins  ist. 

Revendications 
55 

1.  Procede  pour  reduire  une  zone  de  donnees  de 
pixels  dans  une  imprimante  de  type  a  trame  ou  ma- 
trice  capable  d'imprimer  une  pluralite  de  lignes  de 

points  en  un  seul  balayage  et  munie  d'un  chariot 
mobile  (51  )  pour  supporter  une  pluralite  d'elements 
d'impression  (C1,  C2,  101,  102)  qui  sont  comman- 
des  pour  imprimer  des  points  dans  une  zone  recti- 
ligne  de  pixels,  chacun  ayant  un  binaire  de  donnees 
de  pixels  associe  dans  une  zone  de  donnees  de 
pixels  matricielle  qui  est  logiquement  organisee  en 
lignes  et  colonnes  pour  correspondre  a  la  zone  de 
pixels  imprimee,  le  procede  comprenant  les  etapes 
consistant  a  : 

(A)  definir  pour  toutes  les  lignes  de  la  zone  de 
donnees  de  pixels  une  extremite  de  debut  de 
sorte  que  les  binaires  de  chaque  ligne  se  trou- 
vent  dans  une  sequence  de  colonnes  qui  com- 
mence  a  I'extremite  de  debut; 
(B)  selectionner  de  facon  sequentielle  I'avant- 
avant-dernier  binaire  de  la  sequence  dans  cha- 
que  ligne,  et  reduire  le  binaire  selectionne  en 
fonction  du  binaire  immediatement  adjacent 
anterieur  dans  la  sequence  de  colonnes; 
(C)  definir  pour  toutes  les  colonnes  de  la  zone 
de  donnees  de  pixels  une  extremite  de  debut 
de  sorte  que  les  binaires  dans  chaque  colonne 
se  trouvent  dans  une  sequence  de  lignes  qui 
commence  a  I'extremite  de  debut; 
(D)  selectionner  de  facon  sequentielle  I'avant- 
avant-dernier  binaire  de  la  sequence  dans  cha- 
que  colonne,  et  reduire  le  binaire  selectionne 
en  fonction  du  binaire  immediatement  adjacent 
anterieur  dans  la  sequence  de  lignes; 
(E)  organiser  chaque  ligne  des  donnees  de  tra- 
me  en  mots  de  M  binaires  immediatement  ad- 
jacents  sans  recouvrement  qui  se  trouvent 
dans  une  sequence  qui  commence  a  une  ex- 
tremite  de  debut  qui  est  commune  a  toutes  les 
lignes;  et 
(F)  selectionner  sequentiellement  chaque  mot 
de  M  binaires  des  avant-avant-dernieres  lignes 
en  commencant  par  la  deuxieme  ligne,  et  effec- 
tuer  ce  qui  suit  sur  le  mot  de  M  binaires  selec- 
tionne; 

(1  )  disposer  le  mot  de  M  binaires  selection- 
ne  dans  un  anneau  torique  binaire,  binaire 
par  binaire,  avec  le  mot  de  M  binaires  an- 
terieur  dans  la  sequence  de  lignes  qui  a  la 
meme  sequence  de  mots  que  le  mot  de  M 
binaires  selectionne; 
(2)  determiner  si  le  resultat  de  I'etape  (1) 
contient  uniquement  des  1;  et 
(3)  remplacer  le  mot  de  M  binaires  selec- 
tionne  par  un  mot  de  M  binaires  contenant 
uniquement  des  0  si  le  resultat  de  I'etape 
(1  )  contient  uniquement  des  1  . 

2.  Procede  selon  la  revendication  1  ,  dans  lequel  I'eta- 
pe  B  comprend  : 

10 
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(a)  I'organisation  de  chaque  ligne  de  la  zone  de 
donnees  de  pixels  en  mots  de  K  binaires  imme- 
diatement  adjacents  sans  recouvrement  qui  se 
trouvent  dans  une  sequence  de  mots  qui  com- 
mence  a  une  extremite  de  debut  qui  est  com-  s 
mune  pour  toutes  les  lignes; 
(b)  la  definition  pour  toutes  les  lignes  de  la  zone 
de  donnees  de  pixels  d'une  ligne  de  debut  de 
sorte  que  les  lignes  de  donnees  de  pixels  se 
trouvent  dans  une  sequence  de  lignes  qui  com-  10 
mence  par  la  ligne  de  debut; 
(c)  la  selection  sequentielle  du  premier  au  der- 
nier  mot  de  K  binaires  dans  la  sequence  de 
mots  dans  chaque  ligne,  et  I'execution  de  ce 
qui  suit  sur  le  mot  de  K  binaires  selectionne;  is 

(1)  former  un  index  de  K+1  binaires  com- 
pose  du  mot  de  K  binaires  selectionne  et 
d'un  binaire  supplemental  qui  est  le  bi- 
naire  du  mot  de  K  binaires  immediatement  20 
anterieur  dans  la  sequence  qui  est  imme- 
diatement  adjacent  au  mot  de  K  binaires 
selectionne,  excepte  le  premier  mot  de  la 
sequence  dans  une  ligne  pour  laquelle  le 
binaire  supplemental  est  un  0;  25 
(2)  acceder  a  une  table  de  consultation  de 
reducteur  avec  I'index  pour  le  mot  de  K  bi- 
naires  selectionne  pour  obtenir  un  mot  de 
K  binaires  de  remplacement; 
(3)  remplacer  le  mot  de  K  binaires  selec-  30 
tionne  par  le  mot  de  K  binaires  de  rempla- 
cement,  ce  qui  remplace  tous  les  mots  de 
K  binaires  dans  la  zone  de  donnees  de 
pixels  par  des  mots  de  K  binaires  recupe- 
res  de  la  table  de  consultation.  35 

3.  Procede  selon  la  revendication  1  ,  dans  lequel  I'eta- 
pe  B  comprend  : 

la  selection  sequentielle  du  deuxieme  au  der-  40 
nier  binaire  de  la  sequence  dans  chaque  ligne, 
et  le  positionnement  du  binaire  selectionne  sur 
0  si  le  binaire  immediatement  adjacent  ante- 
rieur  dans  la  sequence  de  colonnes  est  un  1  ; 

45 
et  I'etape  D  comprend  : 

la  selection  sequentielle  du  deuxieme  au  der- 
nier  binaire  de  la  sequence  dans  chaque  colon- 
ne,  et  le  positionnement  du  binaire  selectionne  so 
sur  0  si  le  binaire  immediatement  adjacent  an- 
terieur  dans  la  sequence  de  lignes  est  un  1  . 

55 
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