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(54)  Image  processing  method  and  apparatus,  and  image  forming  appara tus  

(57)  Present  invention  relates  to  an  image  process- 
ing  method  and  apparatus,  and  image  forming  appara- 
tus  for  inputting  multivalued  image  data  having  a  reso- 
lution  e.g.,  300  x  300  dpi,  converting  the  resolution  of 
the  data  to  a  higher  resolution  e.g.,  600  x  1200  dpi  and 
forming  an  image.  In  a  memory,  pattern  data  corre- 
sponding  to  image  data  of  a  predetermined  color  is 

stored  in  advance.  When  color  data,  image  data  (code) 
and  data  corresponding  to  an  image  forming  position 
are  inputted  to  the  memory  as  an  address,  the  memory 
outputs  pattern  data  stored  in  the  address.  By  selective- 
ly  outputting  the  pattern  data  read  out  of  the  memory  in 
accordance  with  the  forming  position,  color  image  data 
where  resolution  has  been  converted  is  outputted, 
whereby  forming  an  image. 
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Description 

BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  an  image  process- 
ing  method  and  apparatus  for  performing  processing  on 
inputted  image  data  and  generating  data  to  be  used  by 
an  output  apparatus,  and  an  image  forming  apparatus 
for  processing  inputted  image  data  and  forming  an  im- 
age  based  on  the  processed  image  data. 

As  the  resolution  capability  of  a  display  apparatus 
or  a  recording  apparatus  in  late  years  has  improved,  a 
large  number  of  apparatuses  having  resolution  capabil- 
ity  superior  to  resolution  of  image  data  used  in  a  host 
computer  have  been  developed. 

For  a  circuit  which  reads  and  writes  such  high-res- 
olution  image  data  at  high  speed,  for  instance,  a  graphic 
processor  disclosed  in  Japanese  Patent  Publication  No. 
7-109550  or  No.  7-109549  has  been  suggested.  These 
publications  disclose,  for  instance,  a  structure  for  read- 
ing  multivalued  data,  representing  one  pixel  by  4  bits  of 
data,  out  of  a  memory  and  outputting  the  data  in  accord- 
ance  with  a  display  position  where  the  pixel  is  displayed, 
and  also  a  structure  for  performing  logical  operation  on 
the  image  data  to  be  outputted  based  on  mask  data  and 
color  data  stored  in  a  mask  register. 

However,  the  foregoing  conventional  technique 
does  not  take  into  account  converting  resolution  of  im- 
age  data,  from  300  x  300  dpi  used  by  e.g.  a  host  com- 
puter  or  the  like,  to  600  x  1200  dpi  used  by  an  image 
output  apparatus  having  a  higher  resolution  capability. 
Moreover,  performing  resolution  conversion  on  inputted 
image  data  and  generating  binary  data  (i.e.  binary  data 
having  resolution  of  600  x  1  200  dpi)  where  one  bit  of  the 
converted  image  data  corresponds  to  one  nozzle  of  a 
printhead,  are  conventionally  executed  by  software. 
When  such  processing  is  performed  by  software,  a  large 
load  is  added  to  the  host  computer  executing  the  soft- 
ware.  Furthermore,  in  a  case  where  such  high-resolu- 
tion  data  is  transferred  from  a  host  computer  to  an  image 
output  apparatus,  the  time  required  to  transfer  the  data 
between  the  host  computer  and  image  output  apparatus 
is  about  twice  as  long  as  a  case  of  transferring  multival- 
ued  data  having  resolution  of  300  x  300  dpi  where  4  bits 
represent  1  pixel. 

Note  that  in  order  to  reduce  the  data  transfer  time 
between  the  host  computer  and  image  output  appara- 
tus,  it  has  been  suggested  to  transfer  the  image  data 
having  resolution  of  300  dpi  without  being  processed 
from  the  host  computer  to  the  image  output  apparatus, 
and  have  the  image  output  apparatus  perform  resolution 
conversion  suitable  to  the  apparatus  for  outputting  an 
image.  However,  in  this  case,  the  image  output  appara- 
tus  temporarily  stores  the  received  data  in  a  RAM  and 
performs  resolution  conversion,  or  performs  resolution 
conversion  by  dedicated  hardware.  Although  the  data 
transfer  time  is  reduced  by  this  method,  the  time  re- 
quired  for  resolution  conversion  is  increased;  as  a  result, 

throughput  declines.  Moreover,  even  if  dedicated  hard- 
ware  is  provided  in  the  image  output  apparatus,  it  is 
problematic  in  that  the  memory  capacity  of  the  RAM 
must  be  increased. 

5 
SUMMARY  OF  THE  INVENTION 

The  present  invention  has  been  made  in  consider- 
ation  of  the  above  situation,  and  has  as  a  concern  to 

10  provide  an  image  processing  method  and  apparatus 
having  a  simple  structure,  capable  of  converting,  in  real 
time,  inputted  image  data  into  a  data  form  which  can  be 
outputted  by  an  output  apparatus,  and  an  image  forming 
apparatus  having  this  function. 

is  Another  concern  of  the  present  invention  is  to  pro- 
vide  an  image  processing  method  and  apparatus  capa- 
ble  of  converting,  in  real  time,  inputted  multivalued  data 
to  binary  data  which  can  be  outputted  by  an  output  ap- 
paratus  and  outputting  the  converted  data,  and  an  im- 

20  age  forming  apparatus  having  this  function. 
Furthermore,  another  concern  of  the  present  inven- 

tion  is  to  provide  an  image  processing  method  and  ap- 
paratus  for  storing  inputted  multivalued  data,  shifting  the 
stored  multivalued  data  in  synchronization  with  a  shift 

25  clock,  generating  converted  data  in  accordance  with  the 
multivalued  data  and  storing  each  bit  of  the  converted 
data  in  accordance  with  an  output  position  where  the 
data  is  outputted  by  an  output  apparatus  in  accordance 
with  a  count  value  of  the  shift  clock. 

30  Other  features  and  advantages  of  the  present  in- 
vention  will  be  apparent  from  the  following  description 
taken  in  conjunction  with  the  accompanying  drawings, 
in  which  like  reference  characters  designate  the  same 
or  similar  parts  throughout  the  figures  thereof. 

35 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  accompanying  drawings,  which  are  incorporat- 
ed  in  and  constitute  a  part  of  the  specification,  illustrate 

40  embodiments  of  the  invention,  and  together  with  the  de- 
scription,  serve  to  explain  the  principles  of  the  invention. 

Fig.  1  is  a  perspective  view  showing  an  external  ap- 
pearance  of  the  overall  structure  of  a  printing  unit 

45  of  a  color  ink-jet  printer  according  to  the  present  em- 
bodiment; 
Fig.  2  is  a  block  diagram  showing  mainly  the  control 
function  of  the  color  ink-jet  printer  according  to  the 
present  embodiment; 

so  Fig.  3  is  a  perspective  view  showing  an  overall 
structure  of  a  printhead  used  in  the  ink-jet  printer  of 
the  present  embodiment; 
Fig.  4  is  an  explanatory  view  for  respectively  ex- 
plaining  code  data  CODE[3:0]  transferred  by  a  host 

55  computer  and  dot  data  actually  printed; 
Fig.  5  is  an  explanatory  view  for  describing  a  mem- 
ory  map  of  a  memory  602  of  a  drive  data  transfer 
circuit  according  to  the  present  embodiment; 
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Fig.  6  is  a  block  diagram  showing  a  circuit  structure 
of  the  drive  data  transfer  circuit  according  to  the  first 
embodiment  of  the  present  invention; 
Fig.  7  is  an  explanatory  view  for  explaining  conver- 
sion  of  code  data  to  binary  data  in  the  drive  data 
transfer  circuit  according  to  the  first  embodiment  of 
the  present  invention; 
Fig.  8  is  a  timing  chart  showing  print  operation  of 
the  drive  data  transfer  circuit  according  to  the  first 
embodiment  of  the  present  invention  for  printing  in 
one  color; 
Fig.  9  is  a  timing  chart  showing  print  operation  of 
the  drive  data  transfer  circuit  according  to  the  first 
embodiment  of  the  present  invention  for  printing  in 
multiple  colors; 
Fig.  1  0  is  a  flowchart  showing  control  processing  of 
a  drive  data  transfer  circuit  control  unit  according  to 
the  present  embodiment; 
Fig.  11  is  a  block  diagram  showing  a  circuit  structure 
of  a  drive  data  transfer  circuit  according  to  the  sec- 
ond  embodiment  of  the  present  invention; 
Figs.  1  2A  to  1  2C  show  comparison  examples  com- 
paring  the  process  performed  by  the  drive  data 
transfer  circuit  according  to  the  second  embodi- 
ment  with  the  process  performed  by  the  drive  data 
transfer  circuit  according  to  the  first  embodiment; 
Figs.  1  3A  to  1  3C  show  comparison  examples  com- 
paring  the  process  performed  by  the  drive  data 
transfer  circuit  according  to  the  second  embodi- 
ment  with  the  process  performed  by  the  drive  data 
transfer  circuit  according  to  the  first  embodiment; 
Figs.  1  4A  to  1  4C  show  comparison  examples  com- 
paring  the  process  performed  by  the  drive  data 
transfer  circuit  according  to  the  second  embodi- 
ment  with  the  process  performed  by  the  drive  data 
transfer  circuit  according  to  the  first  embodiment; 
Fig.  15  isablockdiagramshowingacircuitstructure 
of  a  drive  data  transfer  circuit  according  to  the  third 
embodiment  of  the  present  invention;  and 
Fig.  1  6  is  a  block  diagram  showing  a  structure  of  a 
data  decoder  according  to  the  third  embodiment  of 
the  present  invention. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Preferred  embodiments  of  the  present  invention  will 
be  described  in  detail  in  accordance  with  the  accompa- 
nying  drawings. 

[First  Embodiment] 

Fig.  1  is  a  perspective  view  showing  an  external  ap- 
pearance  of  the  main  structure  of  a  printing  unit  of  an 
ink-jet  printer  according  to  the  present  embodiment,  and 
Fig.  2  is  a  block  diagram  showing  functional  structure  of 
the  ink-jet  printer. 

Referring  to  Fig.  1,  reference  numeral  111  denotes 

a  printhead  having  four  ink-jet  heads  101  (C),  102  (M), 
1  03  (Y)  and  1  04  (black:  K)  wh  ich  are  to  be  described  lat- 
er.  On  each  front  surface  of  these  ink-jet  heads  101  to 
1  04  facing  a  print  sheet  2,  discharging  orifices  (nozzles) 

5  e.g.,  64  orifices  uniquely  spaced  from  one  another  by 
600  dpi  (dot/inch),  are  provided  along  the  conveyance 
direction  of  the  print  sheet  2.  Each  of  the  ink-jet  heads 
1  01  to  1  04  has  an  ink  path  or  a  liquid  channel  connected 
to  each  of  the  64  nozzles.  An  electrothermal  transducer 

10  which  generates  heat  energy  for  discharging  ink  or 
processing  liquid  is  formed  in  each  liquid  channel  on  a 
substrate  where  each  of  the  ink-jet  heads  101  to  104  is 
constructed.  The  electrothermal  transducer  generates 
heat  by  an  electric  pulse  applied  in  accordance  with  print 

is  data,  and  the  generated  heat  causes  film  boiling  on  the 
ink  or  the  processing  liquid,  generating  bubbles.  By  the 
generated  bubbles  caused  by  film  boiling,  ink  or 
processing  liquid  is  discharged  from  the  nozzles.  In  the 
ink-jet  heads  101  to  104,  a  common  liquid  chamber 

20  commonly  used  by  each  liquid  channel  connected  to 
each  discharge  orifice  is  provided.  Ink  or  processing  liq- 
uid  is  supplied  to  each  liquid  channel  from  the  common 
liquid  chamber  in  accordance  with  discharge  operation 
of  each  ink-jet  head. 

25  The  printhead  1  1  1  is  mounted  on  a  carriage  4,  which 
is  slidably  engaged  with  a  pair  of  guide  rails  5A  and  5B 
extended  in  parallel  with  the  print  surface  of  the  print 
sheet  2.  Because  of  this  structure,  the  printhead  111  is 
capable  of  reciprocal  movement  in  the  PT  (print)  direc- 

30  tion  and  CR  (carriage  return)  direction  along  the  guide 
rails  5A  and  5B.  Printing  is  performed  by  discharging  ink 
or  processing  liquid  from  the  printhead  111  while  the  car- 
riage  4  is  moved.  Upon  performing  one-band  printing  by 
moving  the  printhead  111,  the  print  sheet  2  is  conveyed 

35  for  a  distance  corresponding  to  the  width  of  the  printed 
band  in  the  direction  indicated  by  the  arrow  A,  and  print- 
ing  for  the  next  band  is  started.  By  repeating  the  series 
of  the  above  operation  (to  be  referred  to  as  band  print 
scanning),  printing  is  sequentially  performed  on  the  print 

40  sheet  2.  In  the  present  embodiment,  it  is  assumed  that 
ink  is  discharged  at  every  1/1200  inch  (i.e.  resolution  of 
1200  dpi)  in  the  direction  of  carriage  movement  (scan- 
ning  direction). 

Note  that  the  print  sheet  2  is  conveyed  by  rotating 
45  a  pair  of  conveyance  rollers  3A  and  3B,  and  another  pair 

of  rollers  6A  and  6B  provided  on  the  upper  and  lower 
sides  of  the  print  surface.  On  the  back  of  the  print  sur- 
face  of  the  print  sheet  2,  a  platen  is  provided  to  keep  the 
print  surface  flat.  The  carriage  4  is  moved  e.g.,  by  con- 

so  veying  a  belt  8  provided  to  the  carriage  4  by  rotation  of 
a  carriage  motor  112.  The  conveyance  rollers  3A,  3B, 
6A  and  6B  are  similarly  rotated  by  transmitted  rotation 
of  a  PF  (paper  feed)  motor  114.  Reference  numeral  15 
denotes  a  group  of  control  circuit  boards  including  a  con- 

55  trol  circuit  and  the  like  which  receives  and  processes 
data  transferred  from  the  structure  shown  in  Fig.  2  and 
a  host  computer  200. 

Referring  to  Fig.  2,  a  CPU  100  executes  control 

3 
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processing  for  operating  each  unit  of  the  ink-jet  printer 
and  executes  various  data  processing  for  printing.  In  a 
ROM  100  A,  processing  steps  for  various  data  process- 
ing  and  the  like  are  stored.  A  RAM  100B  is  used  as  a 
work  area  for  executing  the  processing,  and  also  used 
as  a  buffer  for  storing  print  data.  Reference  numeral  20A 
denotes  a  motor  driver  which  drives  the  carriage  motor 
1  1  2  in  accordance  with  a  command  from  the  CPU  1  00, 
and  reference  numeral  50A  denotes  a  motor  driver 
which  drives  the  PF  motor  114  in  accordance  with  a 
command  from  the  CPU  100.  Reference  numeral  222 
denotes  a  drive  data  transfer  circuit  which  reads  multi- 
valued  data  stored  in  the  RAM  100B  while  being  con- 
trolled  by  a  controller  223,  converts  the  multivalued  data 
into  binary  data  and  outputs  it  to  a  head  driver  IIIA  to  be 
printed. 

Assuming  herein  that  data  having  four  bits  per  pixel 
(16  levels  of  tone)  is  transferred  from  the  host  computer 
200,  the  CPU  100  temporarily  stores  the  data  in  the 
RAM  100B  and  performs  image  processing  by  the  use 
of  an  algorithm  such  as  a  dither  method  or  error  diffusion 
method.  The  drive  data  transfer  circuit  222  generates 
one  bit  per  nozzle  based  on  the  image  data  stored  in  the 
RAM  1  00B,  and  outputs  the  binary  data  to  the  head  driv- 
er  1  1  1  A  to  be  printed.  By  this,  ink  is  discharged  from  the 
printhead  111  in  accordance  with  image  data.  The  CPU 
1  00  controls  the  motor  drivers  20A  and  50A  for  respec- 
tively  driving  the  carriage  motor  112  which  drives  the 
carriage  4,  and  the  PF  motor  1  1  4  which  rotates  the  con- 
veyance  rollers  3A,  3B,  6A  and  6B. 

Fig.  3  shows  a  structure  of  the  printhead  111  used 
by  the  ink-jet  printer  of  the  present  embodiment.  The  ref- 
erence  numeral  101  denotes  an  ink-jet  head  for  dis- 
charging  cyan  (C)  color  ink;  1  02,  an  ink-jet  head  for  dis- 
charging  magenta  (M)  color  ink;  1  03,  an  ink-jet  head  for 
discharging  yellow  (Y)  color  ink;  and  1  04,  an  ink-jet  head 
for  discharging  black  (K)  color  ink. 

Fig.  6  is  a  block  diagram  showing  an  internal  struc- 
ture  of  the  drive  data  transfer  circuit  222. 

Assume  that,  as  shown  in  Fig.  4,  the  printer  accord- 
ing  to  the  present  embodiment  generates  binary  data 
having  resolution  of  600  x  1200  dpi  based  on  4-bit  mul- 
tivalued  data  (CODE[3:0]  indicates  that  CODE  consists 
of  bit  0  -  bit  3  (total  of  4  bits)  wherein  bit  0  is  the  lowest 
bit  and  bit  3  is  the  highest  bit)  having  resolution  of  300 
x  300  dpi.  Moreover,  the  binary  data  generated  based 
on  CODE[3:0]  is  different  for  each  color  of  the  C,  M,  Y 
and  K.  Note  that  in  the  present  embodiment,  description 
is  provided  for  a  case  where  the  original  image  data  is 
multivalued  data;  however,  the  original  image  data  may 
also  be  binary  data. 

Ink  is  discharged  by  the  printhead  111  when  the 
drive  data  transfer  circuit  222  reads  print  data  out  of  the 
RAM  100B  and  supplies  the  data  to  the  head  driver 
1  1  1  A.  Hereinafter,  the  internal  operation  of  the  drive  da- 
ta  transfer  circuit  222  is  explained. 

A  read-out  address  pointer  group  401  is  a  group  of 
registers  storing  addresses  for  reading  print  data  corre- 

sponding  to  each  of  the  C,  M,  Y  and  K  ink  colors  out  of 
the  RAM  100B.  The  group  of  registers  consist  of  four 
registers  each  provided  to  each  of  the  C,  M,  Y  and  K 
data.  From  the  read-out  addresses  stored  in  these  read- 

5  out  address  pointer  group  401  ,  an  address  which  corre- 
sponds  to  a  color  subjected  to  processing  is  selected  by 
a  multiplexer  402  and  supplied  to  a  read-out  address 
controller  403.  The  read-out  address  controller  403  pro- 
vides  the  RAM  1  00B  with  the  supplied  address  in  a  pre- 

10  determined  timing,  increments  the  read-out  address 
whereby  calculating  an  address  of  data  to  be  read  out 
next,  and  writes  it  back  to  a  register  (not  shown)  of  the 
read-out  address  controller  403.  Note  that  the  selection 
of  the  color  to  be  processed  is  performed  by  the  control- 

's  ler  223  which  controls  the  entire  drive  data  transfer  cir- 
cuit  222. 

A  read-out  data  controller  404  receives  data  which 
is  outputted  from  the  RAM  1  00B  to  a  data  bus  in  accord- 
ance  with  the  address  supplied  by  the  read-out  address 

20  controller  403.  Upon  receiving  the  necessary  number  of 
data  (in  the  present  embodiment,  4  bits  X  32  =  1  28  bits) 
from  the  RAM  100B,  the  read-out  data  controller  404 
supplies  the  received  data  to  a  shift  register  601  having 
32  stages  each  having  4  bits  in  accordance  with  a  com- 

25  mand  of  the  controller  223.  The  shift  register  601  ,  having 
32  stages  each  having  4  bits,  provides  a  memory  602 
with  32  multivalued  data  each  having  4  bits  and  resolu- 
tion  of  300  x  300  dpi  which  are  supplied  by  the  read-out 
data  controller  404,  in  4-bit  unit  in  synchronization  with 

30  a  shift  clock  SCLK. 
The  memory  602  serves  as  a  data  generation  circuit 

(table)  for  generating  binary  data  having  600  x  1  200  dpi 
by  performing  resolution  conversion  processing  and  bi- 
nary  processing  on  the  4-bit  multivalued  data  having 

35  300  x  300  dpi  which  is  transferred  by  the  shift  register 
601  in  synchronization  with  the  shift  clock  SCLK.  Ac- 
cording  to  the  present  embodiment,  the  memory  602 
has  a  capacity  for  128  words  where  one  word  is  repre- 
sented  by  4  bits.  The  input  address  thereof  has  7  bits 

40  (1  28  words)  and  the  output  data  has  4  bits. 
Fig.  5  shows  patterns  of  binary  data  having  600  x 

1  200  dpi,  which  correspond  to  a  value  (multivalued  lev- 
el)  of  CODE[3:0],  and  the  arrangement  of  the  patterns 
in  the  memory  602.  For  instance,  four  types  of  patterns: 

45  pattern  A,  AA,  AAA  and  AAAA  each  corresponding  to 
respective  colors,  are  prepared  for  the  multivalued  data 
CODE[3:0]  =  "Oh"  (h  denotes  hexadecimal  number).  As 
described  above,  the  four  patterns  respectively  corre- 
spond  to  the  C,  M,  Y  and  K  ink  colors.  In  other  words, 

50  the  pattern  A  corresponds  to  cyan  (COLOR[1  :0]  =  Oh), 
the  pattern  AA  corresponds  to  magenta  (COLOR[1  :0]  = 
lh),  the  pattern  AAA  corresponds  to  yellow  (COLOR[1  : 
0]  =  2h),  and  the  pattern  AAAA  corresponds  to  black  (K) 
(COLOR[1:0]  =  3h).  In  addition,  for  multivalued  data 

55  CODE[3:0]  =  "1h",  four  patterns:  pattern  B,  BB  (not 
shown),  BBB  (not  shown)  and  BBBB  (not  shown)  are 
prepared  for  each  of  the  C,  M,  Y  and  K  colors.  With  re- 
spect  to  multivalued  data  CODE[3:0]  =  2h,  CODE[3: 

4 
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0]  =  OFh,  patterns  corresponding  to  each  of  the  C,  M,  Y 
and  K  colors  are  similarly  prepared. 

Next,  the  arrangement  of  the  patterns  in  the  mem- 
ory  602  is  described.  Each  pattern  is  divided  in  1/600 
inch  (=2x1/1200)  unit  having  4  bits  each  in  the  scanning 
direction  of  the  carriage  4,  and  arranged  in  the  consec- 
utive  addresses  of  the  memory  602.  For  instance,  in  the 
example  shown  in  Fig.  5,  "A1  ,  A2,  A3,  A4"  are  arranged 
in  the  address  "OOh"  (cyan,  CODE=0,  COLUMN  1=0) 
and  "A5,  A6,  A7  and  A8"  are  arranged  in  the  address 
"01  h"  (cyan,  CODE=0,  COLUMN1=1).  Further,  "B1,  B2, 
B3  and  B4"  and  "B5,  B6,  B7  and  B8"  are  respectively 
arranged  in  the  address  "02h"  and  "03h"  so  that  the  pat- 
tern  corresponding  to  the  same  color  is  arranged  in  the 
consecutive  addresses.  A  pattern  divided  in  4-bit  unit  is 
outputted  as  a  4-bit  output  of  the  memory  602.  Details 
thereof  will  be  described  later. 

Referring  to  each  pattern  shown  in  Fig.  5,  the 
hatched  pixels  denote  pixels  (resolution  600  x  1  200  dpi) 
subjected  to  ink  discharge,  and  the  white  pixels  denote 
pixels  not  subjected  to  ink  discharge.  For  instance,  in 
the  pattern  A,  ink  is  discharged  for  all  the  pixels  A1, 
A2,  ...  A8,  and  in  the  pattern  B,  ink  is  discharged  for  pix- 
els  B2,  B3,  B6  and  B7. 

Referring  back  to  Fig.  6,  the  4-bit  output  read  out  of 
the  memory  602  is  supplied  to  a  64-bit  latch  605  via  2 
inputs-1  output  multiplexers  603  and  604.  As  can  be 
seen  from  the  drawing  in  Fig.  5,  since  the  4-bit  output  of 
the  memory  602  includes  two  pairs  of  data  (a  combina- 
tion  of  A1  and  A2,  and  a  combination  of  A3  and  A4) 
where  each  data  is  arranged  in  a  position  different  from 
each  other  by  1/1200  inch  in  the  scanning  direction  of 
the  carriage  4,  data  corresponding  to  the  necessary  po- 
sition  is  selected  by  the  multiplexers  603  and  604. 

The  64-bit  latch  605  sequentially  stores,  every  two 
bits,  generated  data  (binary  data)  having  resolution  of 
600  x  1200  dpi  in  synchronization  with  the  shift  clock 
SCLK.  After  the  64-bit  latch  605  stores  the  generated 
data  in  every  two  bits  for  32  times  (corresponding  to  64 
bits,  i.e.  for  64  nozzles),  the  64-bit  latch  605  supplies 
the  stored  data  to  the  head  driver  111  A  in  accordance 
with  a  command  of  the  controller  223. 

A  2-bit  counter  606  in  Fig.  6,  which  detects  the  po- 
sition  of  the  carriage  4  in  the  scanning  direction,  counts 
the  print  trigger  generated  for  each  1/1200  inch  in  the 
main  scanning  direction  and  generates  2-bit  position  da- 
ta  COLUMN[1  :0]  (See  Fig.  4).  The  upper  bit  COLUMN1 
of  the  two-bit  position  data  COLUMN[1  :0]  is  supplied  to 
the  memory  602  as  an  address,  along  with  the  multival- 
ued  data  CODE[3:0]  outputted  by  the  shift  register  601 
and  color  data  COLOR[1:0]  supplied  by  the  controller 
223.  Furthermore,  the  lower  bit  COLUMN0  of  the  posi- 
tion  data  COLUMN[1:0]  is  supplied  to  the  multiplexers 
603  and  604  respectively  as  position  data  in  units  of 
1/1200  (inch).  More  specifically,  the  upper  bit  1 
(COLUMN  1)  of  the  COLUMN[1:0]  is  set  to  the  bit  0  of 
the  7-bit  address  to  the  memory  602;  4-bit  code  CODE 
[3:0]  is  set  to  the  bit  1  to  4  of  the  address;  and  color  data 

COLOR[1  :0]  is  set  to  the  bit  5  and  6  of  the  address.  The 
multiplexers  603  and  604  first  select  bit  3  and  bit  2  (e. 
g.,  A1  and  A2  in  the  case  of  address  OOh  in  Fig.  5)  from 
the  4-bit  data  read  out  of  the  memory  602,  then  select 

5  bit  1  and  bit  0  (A3  and  A4  in  the  case  of  address  OOh  in 
Fig.  5)  in  the  next  print  timing  (See  Fig.  5)  and  transfer 
each  data  to  the  64-bit  latch  605. 

A  5-bit  counter  607  and  5-bit  decoder  608  are  cir- 
cuits  for  controlling  the  latching  of  data  in  the  64-bit  latch 

10  605.  More  specifically,  the  counter  607  counts  the  shift 
clock  SCLK  supplied  by  the  shift  register  601  .  By  decod- 
ing  the  counted  value  by  the  decoder  608,  it  is  decided 
where  the  binary  data  generated  by  the  multiplexers  603 
and  604  is  to  be  stored  in  the  64-bit  latch  605.  Note  that 

is  AND  gates  609  have  32  AND  circuits.  Each  1  -bit  signal 
(total  32  signals)  from  the  decoder  608  and  a  gate  con- 
trol  signal  are  inputted  to  each  of  the  AND  circuits,  a 
logical  AND  between  the  gate  control  signal  and  an  out- 
put  of  the  decoder  608  is  obtained,  and  when  the  gate 

20  control  signal  becomes  enable  (high),  one  of  32-bit  gate 
signals  for  designating  the  latch  605  in  correspondence 
with  a  count  value  of  the  counter  607  becomes  high  level 
to  latch  the  outputs  of  the  multiplexers  603  and  604  into 
the  latch  605.  The  gate  control  signal  serves  to  prevent 

25  the  storing  of  unnecessary  data  in  the  latch  605.  By  vir- 
tue  of  this,  the  first  2-bit  data  selected  by  the  multiplex- 
ers  603  and  604  and  read  out  of  the  memory  602  is 
stored  in  the  top  two  latches,  and  the  next  2-bit  data  is 
stored  in  the  subsequent  two  latches.  In  the  similar  man- 

so  ner,  data  is  sequentially  stored  in  unit  of  two  bits  in  the 
subsequent  latches,  and  the  32nd  2-bit  data  is  stored  in 
the  bottom  two  latches. 

It  is  assumed  that  a  load  signal  LD  and  shift  clock 
SCLK  inputted  to  the  shift  register  601,  a  print  trigger 

35  inputted  to  the  2-bit  counter  606  as  a  clock  signal,  color 
data  COLOR[3:0]  and  the  like  are  outputted  by  the  con- 
troller  223  in  a  predetermined  timing. 

Next,  operation  of  the  drive  data  transfer  circuit  222 
will  be  described  with  reference  to  the  conceptualized 

40  view  in  Fig.  7. 
Assume  herein  that  the  read-out  data  controller  404 

reads  a  4-bit  multivalued  data  column  801  ,  having  res- 
olution  of  300  x  300  dpi,  out  of  a  data  area  70  which 
corresponds  to  cyan  (COLOR[1  :0]=0h)  in  the  RAM 

45  1  00B,  and  supplies  the  read  data  to  the  shift  register 
601  .  The  shift  register  601  transfers  the  supplied  multi- 
valued  data  column  801  as  an  address  of  the  memory 
602  in  the  sequential  manner  e.g.,  "Oh",  "1h",  "Ah", 
"8h",  in  synchronization  with  the  shift  clock  (SCLK) 

so  from  the  controller  223.  Herein,  assuming  that  the  posi- 
tion  where  the  data  column  801  is  to  be  recorded  corre- 
sponds  to  the  COLUMN[1  :0]=1h  (see  Fig.  4)  in  the  scan- 
ning  direction  of  the  carriage  4,  a  value  supplied  to  the 
address  of  the  memory  602  would  be  "0000000b"  (b  de- 

55  notes  a  binary  value)  (COLOR[1  :0]=0h  (cyan),  CODE 
[3:0]=0h  (multivalued  data  Oh),  COLUMN1=0)  for  the 
first  multivalued  image  data  "Oh".  For  the  next  multival- 
ued  image  data  "1h",  the  value  would  be  "0000010b" 
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(COLOR[1:0]=0h  (cyan),  CODE[3:0]=lh  (multivalued 
data  1h),  COLUMN1=0);  for  the  next  multivalued  image 
data  "Ah",  the  value  would  be  "0010100b";  and  for  the 
next  multivalued  image  data  "8h",  the  value  would  be 
"0010000b".  Therefore,  the  values  of  the  4-bit  output 
read  out  of  the  memory  602  change  as  indicated  by  ref- 
erence  numeral  71  in  Fig.  7,  "A1  ,  A2,  A3  and  A4",  "B1  , 
B2,  B3  and  B4"  Herein,  since  COLUMN0=1,  the 
multiplexers  603  and  604  select  bit  3  (A1,  B1,  ...)  and 
bit  2  (A2,  B2,  ...)  out  of  the  4-bit  output  of  the  memory 
602  and  sequentially  latch  the  data  in  the  latch  605. 

More  specifically,  each  of  the  multiplexers  603  and 
604  inputs  COLUMN0  as  a  select  signal  (S),  and  when 
the  COLUMN0  is  "0"  indicative  of  a  low  level,  an  input 
B  is  selected  and  outputted;  and  when  the  COLUMN0 
is  "1"  indicative  of  a  high  level,  an  input  A  is  selected 
and  outputted.  Therefore,  when  printing  is  performed  in 
the  forward-scan  direction,  the  input  value  of  the  64-bit 
latch  605  is  "A1,  A2",  "B1,  B2",  ...  in  the  sequence  of  the 
nozzle  (bit  0)  on  the  printhead  111.  In  accordance  with 
a  command  of  a  latch  signal  G[31  :0]  controlled  by  count- 
ing  the  shift  clock  SCLK,  these  binary  data  are  sequen- 
tially  stored  in  unit  of  2  bits,  starting  from  "0"  in  the  64-bit 
latch  605  (in  Fig.  6,  from  the  top).  After  64  bits  of  data 
(corresponding  to  64  nozzles)  have  been  stored  in  the 
latch  605,  a  command  is  transmitted  by  the  controller 
223  to  supply  the  data  from  the  64-bit  latch  605  to  the 
head  driver  111  A,  and  ink  corresponding  to  the  data  is 
discharged  by  the  printhead  111. 

By  performing  the  above-described  image  process- 
ing  and  determining  data  to  be  printed  in  every  1/1200 
(inch)  in  the  scanning  direction  of  the  carriage  4,  an  im- 
age  is  formed  on  the  print  sheet  2. 

Figs.  8  and  9  are  timing  charts  showing  changes  of 
internal  signals  in  the  drive  data  transfer  circuit  222  ac- 
cording  to  the  first  embodiment.  Fig.  8  shows  a  case  of 
printing  in  one  color  and  Fig.  9  shows  a  case  of  printing 
in  all  colors  of  C,  M,  Y  and  K. 

Referring  to  Fig.  8,  assuming  that  a  discharge  fre- 
quency  of  the  printhead  111  is  e.g.,  10KHz,  the  print  trig- 
ger  is  generated  in  every  1  00u.  seconds;  and  the  afore- 
mentioned  image  processing,  including  reading  data  out 
of  the  RAM  1  00B,  is  repeated  each  time.  It  can  be  seen 
from  Fig.  8  that  the  value  of  COLUMN[1:0],  outputted 
from  the  2-bit  counter  606,  changes  as  "Oh",  "1  h",  "2h", 
"3h"  and  "Oh"  as  the  print  trigger  is  generated. 

Further,  the  load  signal  LD  in  Fig.  8  is  supplied  by 
the  controller  223  when  the  necessary  number  of  data 
(128  bits)  is  read  out  of  the  RAM  100B.  When  the  load 
signal  LD  becomes  high  level,  32  multivalued  data 
(CODE[3:0])  each  having  4  bits  and  having  resolution 
of  300  x  300  dpi,  are  loaded  to  the  shift  register  601. 
Upon  loading  the  data  to  the  shift  register  601  ,  32  shift 
clocks  SCLK  are  supplied  by  the  controller  223  to  the 
shift  register  601,  and  multivalued  data  CODE[3:0]  is 
transferred  as  an  address  of  the  memory  602  e.g.,  "Oh", 
"1h",  "Ah",  .... 

Moreover,  the  signal  SCNT[4:0]  in  Fig.  8  is  an  output 

from  the  5-bit  counter  607  which  counts  the  shift  clock 
SCLK.  The  signal  G[31:0]  is  a  logical  AND  (an  output 
from  the  AND  gates  609)  between  a  decoded  result  of 
the  SCNT  signal  SCNT[4:0]  decoded  by  the  5-bit  decod- 

5  er  608  and  the  gate  control  signal  supplied  by  the  con- 
troller  223.  According  to  the  signal  G[31:0],  2-bit  data 
selected  by  the  multiplexers  603  and  604  is  stored  in 
two  latches  of  the  64-bit  latch  605.  The  gate  control  sig- 
nal  rises  when  the  signal  LD  is  generated,  and  falls  when 

10  the  32nd  shift  clock  SCLK  is  generated.  By  this,  storing 
unnecessary  data  in  the  64-bit  latch  605  is  prevented. 

In  Fig.  9,  data  processing  corresponding  to  four 
colors  is  sequentially  performed  in  the  order  of  C,  M,  Y 
and  K  in  response  to  one  print  trigger.  This  is  because 

is  a  data  generation  circuit  is  not  provided  for  each  color 
in  the  present  embodiment.  In  Fig.  9,  the  load  signal  LD 
supplied  by  the  controller  223  is  also  generated  four 
times.  It  can  be  seen  from  Fig.  9  that  along  with  the  load 
signal  LD,  color  data  COLOR[1  :0]  supplied  by  the  con- 

20  trailer  223  sequentially  changes,  i.e.  "Oh  (cyan)",  "1h 
(magenta)",  "2h  (yellow)"  and  "3h  (black)".  Note  that  the 
processing  for  each  of  the  C,  M,  Y  and  K  color  ink  in  Fig. 
9  is  basically  same  as  the  operation  described  in  the 
timing  chart  in  Fig.  8. 

25  Fig.  10  is  a  flowchart  showing  data  generation 
processing  by  the  controller  223  according  to  the 
present  embodiment  for  single  ink  discharge  by  the 
printhead  111  . 

First  in  step  S1  ,  a  color  to  be  read  (color  to  be  used 
30  in  printing)  is  set.  In  step  S2,  a  read-out  address  in  the 

RAM  100B  is  set  to  the  pointer  of  the  color,  which  has 
been  set  in  step  S1,  in  the  read-out  address  pointer 
group  401  ,  and  image  data  is  read  out  while  being  con- 
trolled  by  the  read-out  address  controller  403.  Then,  the 

35  read-out  address  controller  404  determines  whether  or 
not  e.g.,  32  data  (total  of  128  bits),  is  read  out.  When 
the  read-out  data  controller  404  reads  out  data  corre- 
sponding  to  128  bits,  the  processing  proceeds  to  step 
S3  where  the  print  trigger  and  load  signal  LD  are  out- 

40  putted  and  the  1  28-bit  data  is  loaded  from  the  read-out 
data  controller  404  to  the  shift  register  601.  Next,  the 
processing  proceeds  to  step  S4  where  the  gate  control 
signal  and  color  data  COLOR[1  :0]  are  set  and  32  pulses 
of  the  shift  clock  SCLK  are  outputted.  By  this,  data  con- 

45  verted  in  the  memory  602  is  latched  in  the  64-bit  latch 
605  and  outputted  to  the  head  driver  111  A. 

In  step  S5,  it  is  determined  whether  or  not  the  print 
processing  is  to  be  performed  based  on  color  data,  and 
if  color  printing  is  to  be  performed,  the  processing  pro- 

50  ceeds  to  step  S6  to  output  the  next  color  data.  As  shown 
in  the  timing  chart  in  Fig.  9,  the  data  for  the  next  color 
is  read  out  of  the  RAM  100B,  then  the  load  signal  LD 
and  shift  clock  SCLK  are  outputted,  and  the  gate  control 
signal  and  color  data  are  set.  In  this  manner,  image  data 

55  for  that  color  is  outputted  to  the  corresponding  printhead 
as  similar  to  the  foregoing  description.  By  performing 
this  processing  for  all  the  colors  used  in  printing,  a  de- 
sired  full-color  image  is  printed. 

6 
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As  apparent  from  the  foregoing  description,  accord- 
ing  to  the  first  embodiment,  it  is  possible  to  realize  res- 
olution  conversion  and  conversion  from  multivalued  da- 
ta  to  binary  data  in  real  time.  Accordingly,  data  transfer 
speed  is  improved  and  throughput  of  print  data  process- 
ing  is  increased. 

Moreover,  since  it  is  not  necessary  to  store  print  da- 
ta  where  resolution  conversion  and  binary  conversion 
are  performed,  the  memory  capacity  of  the  RAM  100B 
storing  received  image  data  can  be  made  smaller  than 
the  conventional  one.  By  virtue  of  this,  the  effect  of  cost 
reduction  can  be  attained. 

Furthermore,  since  it  is  possible  to  generate  print 
data  having  higher  resolution  than  resolution  of  inputted 
image  data,  the  high  precision  characteristic  of  a  print- 
head  can  fully  be  utilized. 

As  apparent  from  the  above  description,  the  present 
embodiment  realizes  resolution  conversion  and  binary 
processing  in  real  time.  Therefore,  improvement  in  data 
transfer  speed  and  increase  in  throughput  is  attained. 

Moreover,  since  it  is  not  necessary  to  store  data 
where  resolution  is  converted  or  binary  data  again,  the 
memory  capacity  of  the  RAM  100B  can  be  kept  smaller 
than  that  of  the  conventional  apparatus.  Accordingly, 
cost  reduction  is  attained. 

Furthermore,  since  print  data  having  a  desired  res- 
olution  can  readily  be  obtained,  the  high  precision  char- 
acteristic  of  a  printhead  is  fully  utilized. 

[Second  Embodiment] 

Fig.  11  is  a  block  diagram  showing  a  circuit  structure 
of  the  drive  data  transfer  circuit  222a  according  to  the 
second  embodiment  of  the  present  invention.  Compo- 
nents  common  to  those  in  the  structure  shown  in  Fig.  6 
will  be  referred  by  the  same  reference  numerals  and  de- 
scription  thereof  will  be  omitted. 

The  drive  data  transfer  circuit  222a  shown  in  Fig. 
1  1  is  obtained  by  modifying  the  drive  data  transfer  circuit 
222  described  in  the  first  embodiment.  It  is  noted  that, 
when  Fig.  1  1  is  compared  with  Fig.  6,  multiplexers  603A 
to  603D,604A  and  604B  are  provided  in  Fig.  11  in  place 
of  the  multiplexers  603  and  604  in  Fig.  6,  and  also  in 
Fig.  11,  a  multiplexer  611  and  an  inverter  610  are  further 
added  to  the  structure  in  Fig.  6. 

Figs.  12Ato  12C  and  13Ato  13C  are  explanatory 
views  for  describing  output  results  of  these  two  drive  da- 
ta  transfer  circuits  222  and  222a.  In  these  figures,  Figs. 
1  2A  and  1  3A  show  the  original  pattern  (the  pattern  cor- 
responding  to  the  CODE  stored  in  the  memory  602); 
Figs.  12B  and  13B  show  output  results  from  the  drive 
data  transfer  circuit  222  in  Fig.  6;  and  Figs.  12Cand  13C 
show  output  results  from  the  drive  data  transfer  circuit 
222a  in  Fig.  11. 

As  mentioned  above,  in  the  drive  data  transfer  cir- 
cuit  222a  in  Fig.  11,  the  multiplexer  611  and  inverter  610 
are  added  to  the  drive  data  transfer  circuit  222  in  Fig.  6. 
Among  the  output  signal  SCNT[4:0]  outputted  from  the 

5-bit  counter  607,  SCNTO  corresponding  to  bit  0  is  con- 
nected  with  a  select  signal  (S)  of  the  multiplexer  611. 
Note  that  as  similar  to  the  multiplexers  603  and  604,  the 
multiplexer  611  selects  and  outputs  input  B  when  the 

5  select  signal  (S,  i.e.  SCNTO)  is  in  the  low  level,  and  se- 
lects  and  outputs  input  A  when  the  select  signal  (S,  i.e. 
SCNTO)  is  in  the  high  level.  To  the  input  A,  the  output 
CNT1  of  the  2-bit  counter  606  is  connected,  and  to  the 
input  B,  CNT1  inverted  by  the  inverter  610  is  connected. 

10  Therefore,  when  the  5-bit  counter  607  counts  a  shift 
clock  (SCLK)  and  as  the  level  of  the  SCNTO  changes 
as  low,  high,  low,  high,  input  B,  input  A,  input  B,  input 
A,  is  sequentially  selected  as  an  output  of  the  multi- 
plexer. 

is  In  the  second  embodiment,  each  time  the  shift  clock 
is  generated,  two  print  data,  whose  positions  are  apart 
from  each  other  by  1/600  (inch)  in  the  nozzle-array  di- 
rection,  are  generated.  Therefore,  in  the  drive  data 
transfer  circuit  222a,  each  time  two  data,  positioned 

20  apart  from  each  other  by  1/600  (inch),  are  generated  (i. 
e.,  every  300  dpi),  the  output  (COLUMN1  )  of  the  multi- 
plexer  611  changes  as  inverted  CNT1,  CNT1,  inverted 
CNT1  ,  CNT1  Thus,  the  drive  data  transfer  circuit 
222a  in  Fig.  11  supplies  an  address  of  the  memory  602 

25  with  "0000001b"  for  the  multivalued  data  "Oh"  in  the  con- 
ceptualized  view  in  Fig.  7,  unlike  the  drive  data  transfer 
circuit  222  in  Fig.  6.  For  the  multivalued  data  "1h"  whose 
positions  are  apart  by  300  dpi  in  the  nozzle-array  direc- 
tion,  CNT1  is  selected,  thus  "0000010b"  is  supplied  to 

30  the  address.  Therefore,  the  4-bit  output  of  the  memory 
602  changes  as  "A5,  A6,  A7  and  A8",  "B1  ,  B2,  B3  and 
B4"  ...  different  from  that  shown  in  Fig.  7.  Since 
COLUMN0=1  herein,  the  multiplexers  603A  to  603D, 
604A  and  604B  select  only  bit  3  (A5,  B1,  ...)  and  bit  2 

35  (A6,  B2,  ...)  from  the  output  of  the  memory  602.  In  the 
first  embodiment,  "A1  ,  A2,  A3  and  A4"  are  outputted  for 
the  multi-valued  data  "Oh"  and  "B1  ,  B2,  B3  and  B4"  are 
outputted  for  the  multi-valued  data  "1  h",  whereas  in  the 
second  embodiment,  "A5,  A6,  A7  and  A8"  and  "B5,  B6, 

40  B7  and  B8"  are  respectively  outputted.  As  a  result,  a 
pattern  where  the  first  column  and  the  third  column  are 
switched  and  a  pattern  where  the  second  column  and 
the  fourth  column  are  switched  are  printed  every  300 
dpi  i.e.,  every  multi-valued  data,  in  the  nozzle-array  di- 

45  rection. 
On  the  other  hand,  each  of  the  multiplexers  603A 

to  603D  inputs  COLUMN0  as  a  select  signal  (S),  and 
selects  and  outputs  the  input  B  when  the  COLUMN0  is 
"0"  indicative  of  a  low  level,  and  selects  and  outputs  the 

50  input  A  when  the  COLUMN0  is  "1  "  indicative  of  a  high 
level. 

Similarly,  each  of  the  multiplexers  604A  and  604B 
selects  and  outputs  the  input  B  when  the  input  (S)  is  in 
the  low  level  and  selects  and  outputs  the  input  A  when 

55  the  input  (S)  is  in  the  high  level.  Note  that  the  input  (S) 
(signal  403A  outputted  by  the  read-out  address  control- 
ler  403)  of  the  multiplexers  604A  and  604B  is  set  in  the 
high  level  (selects  input  A)  when  printing  is  performed 
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in  odd-number  scanning  by  the  carriage  4,  and  is  set  in 
the  low  level  (selects  input  B)  when  printing  is  performed 
in  even-number  scanning  by  the  carriage  4.  More  spe- 
cifically,  in  the  odd-number  scanning,  the  multiplexer 
604A  selects  outputs  of  the  multiplexer  603A  and  the  s 
multiplexer  604B  selects  outputs  of  the  multiplexer 
603C.  This  state  is  same  as  that  of  the  first  embodiment 
shown  in  Fig.  6.  Meanwhile,  in  the  even-number  scan- 
ning,  the  multiplexer  604A  selects  outputs  of  the  multi- 
plexer  603B  and  the  multiplexer  604B  selects  outputs  10 
of  the  multiplexer  603D.  This  state  is  an  inverted  state 
of  that  of  the  first  embodiment,  i.e.  bit  2,  bit  3,  bit  0  and 
bit  1  .  Thus,  a  pattern  inverted  in  the  nozzle-array  direc- 
tion  is  printed.  Note  that  in  the  case  of  bi-directional 
printing,  printing  in  the  even-number  scanning  is  per-  15 
formed  at  the  time  of  forward  scanning. 

In  this  manner,  the  input  value  of  the  64-bit  latch  is 
respectively  "A5,  A6",  "B1,  B2",  starting  from  the  up- 
per  nozzle  (bit  0)  of  the  printhead  1  1  1  at  the  time  of  print- 
ing  in  the  odd-number  scanning.  When  binary  data  cor-  20 
responding  to  64  bits  (corresponding  to  64  nozzles)  are 
stored  in  the  64-bit  latch  605  in  accordance  with  the 
command  of  the  latch  signal  G[31  :0]  which  is  controlled 
by  counting  the  shift  clock  SCLK,  the  command  is  out- 
putted  by  a  drive  data  transfer  circuit  222a  to  supply  the  25 
data  from  the  64-bit  latch  605  to  the  head  driver  111  A 
and  ink  corresponding  to  the  data  is  discharged. 

The  above  operation  is  now  described  in  detail,  us- 
ing  an  example  in  which  a  basic  pattern  shown  in  Fig. 
1  4A  is  printed.  Note  that  the  basic  pattern  in  Fig.  1  4A  is  30 
stored  in  the  memory  in  Fig.  14B.  Herein,  it  is  assumed 
that  the  input  (S)  of  the  multiplexers  604A  and  604B  is 
"1"  (select  input  A). 

(1)  First  Column  35 

When  an  initial  print  trigger  is  inputted,  the  counter 
606  is  incremented,  resulting  in  CNT0=1 
(COLUMN0=1)  and  CNT1=0  (COLUMN1=0). 

40 
(a)  For  the  0th  nozzle  (the  top  nozzle)  and  the  1st 
nozzle  (second  from  the  top  nozzle) 

Since  the  counter  607  has  not  yet  been  incre- 
mented  at  this  stage,  SCNT0=0,  and  the  multiplexer 
611  selects  the  input  B-(CNT1/:  inverted  CNT1  45 
(=1  )).  By  this,  the  least  significant  bit  in  the  address 
of  the  memory  602  becomes  (1  ),  selecting  "A5,  A6, 
A7  and  A8"  in  Fig.  1  4B.  At  this  stage,  since  the  input 
(S)  of  the  multiplexers  603A  to  603D  is  "1  ",  input  A 
is  selected,  and  the  multiplexers  604A  and  604B  re-  so 
spectively  select  "A5"  for  bit  3  and  "A6"  for  bit  2 
which  are  then  outputted  to  the  64-bit  latch  605.  At 
this  stage,  since  an  output  of  the  decoder  608  is  "0", 
"A5"  is  set  to  the  latch  corresponding  to  the  0th  noz- 
zle  (the  top  nozzle)  of  the  64-bit  latch,  and  "A6"  is  55 
set  to  the  latch  corresponding  to  the  subsequent  1st 
nozzle. 
(b)  For  the  2nd  nozzle  (third  from  the  top  nozzle) 

and  the  3rd  nozzle  (fourth  from  the  top  nozzle) 
Since  a  shift  clock  (SCLK)  is  outputted,  the 

counter  607  is  incremented  by  1  and  the  input  (S) 
of  the  multiplexer  611  becomes  "1  ",  and  the  input  A 
(CNT1=0)  is  selected  this  time.  Accordingly,  the 
least  significant  bit  in  the  address  of  the  memory 
602  becomes  (0),  selecting  "A1  ,  A2,  A3  and  A4"  in 
Fig.  14B.  At  this  stage,  since  the  input  (S)  of  the 
multiplexers  603A  to  603D  is  "1  ",  input  A  is  selected, 
and  the  multiplexers  604A  and  604B  respectively 
select  "A1  "  for  bit  3  and  "A2"  for  bit  2  which  are  then 
outputted  to  the  64-bit  latch  605.  At  this  stage,  since 
an  output  of  the  decoder  608  is  "1",  "A1"  is  set  to 
the  latch  corresponding  to  the  3rd  nozzle  from  the 
top  of  the  64-bit  latch,  and  "A2"  is  set  to  the  latch 
corresponding  to  the  4th  nozzle. 

(2)  Second  Column 

The  counter  606  is  incremented  upon  a  print  trigger 
input,  resulting  in  CNT0=0  (COLUMN0=0)  and  CNT1=1 
(COLUMN1=1). 

(a)  For  the  0th  nozzle  (the  top  nozzle)  and  the  1st 
nozzle  (second  from  the  top  nozzle) 

Since  the  counter  607  has  not  yet  been  incre- 
mented  at  this  stage,  SCNT0=0,  and  the  multiplexer 
611  selects  the  input  B  (CNT1/:  inverted  CNT1 
(=0)).  By  this,  the  least  significant  bit  in  the  address 
of  the  memory  602  becomes  (0),  selecting  "A1  ,  A2, 
A3andA4"  in  Fig.  14B.  At  this  stage,  since  the  input 
(S)  of  the  multiplexers  603A  to  603D  is  "0",  input  B 
is  selected,  and  the  multiplexers  604A  and  604B  re- 
spectively  select  "A3"  for  bit  1  and  "A4"  for  bit  0 
which  are  then  outputted  to  the  64-bit  latch  605.  At 
this  stage,  since  an  output  of  the  decoder  608  is  "0", 
"A3"  is  set  to  the  latch  corresponding  to  the  0th  noz- 
zle  (the  top  nozzle)  of  the  64-bit  latch,  and  "A4"  is 
set  to  the  latch  corresponding  to  the  subsequent  1  st 
nozzle. 
(b)  For  the  2nd  nozzle  (third  from  the  top  nozzle) 
and  the  3rd  nozzle  (fourth  from  the  top  nozzle) 

Since  a  shift  clock  (SCLK)  is  outputted,  the 
counter  607  is  incremented  by  1  and  the  input  (S) 
of  the  multiplexer-611  becomes  "1  ",  and  the  input  A 
(CNT1=0)  is  selected  this  time.  Accordingly,  the 
least  significant  bit  in  the  address  of  the  memory 
602  becomes  (1),  selecting  "A5,  A6,  A7  and  A8"  in 
Fig.  14B.  At  this  stage,  since  the  input  (S)  of  the 
multiplexers  603A  to  603D  is  "0",  input  B  is  selected, 
and  the  multiplexers  604A  and  604B  respectively 
select  "A7"  for  bit  1  and  "A8"  for  bit  0  which  are  then 
outputted  to  the  64-bit  latch  605.  At  this  stage,  since 
an  output  of  the  decoder  608  is  "1",  "A7"  is  set  to 
the  latch  corresponding  to  the  3rd  nozzle  from  the 
top  of  the  64-bit  latch,  and  "A8"  is  set  to  the  latch 
corresponding  to  the  4th  nozzle. 

35 
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(3)  Third  Column 

The  counter  606  is  incremented  upon  a  print  trigger 
input,  resulting  in  CNT0=1  (COLUMN0=1)  and  CNT1  =  1 
(COLUMN  1=1). 

(a)  For  the  0th  nozzle  (the  top  nozzle)  and  the  1st 
nozzle  (second  from  the  top  nozzle) 

Since  the  counter  607  has  not  yet  been  incre- 
mented  at  this  stage,  SCNT0=0,  and  the  multiplexer 
611  selects  the  input  B  (CNT1/:  inverted  CNT1 
(=0)).  By  this,  the  least  significant  bit  in  the  address 
of  the  memory  602  becomes  (0),  selecting  "A1  ,  A2, 
A3  and  A4"  in  Fig.  1  4B.  At  this  stage,  since  the  input 
(S)  of  the  multiplexers  603A  to  603D  is  "1  ",  input  A 
is  selected,  and  the  multiplexers  604A  and  604B  re- 
spectively  select  "A1  "  for  bit  3  and  "A2"  for  bit  2 
which  are  then  outputted  to  the  64-bit  latch  605.  At 
this  stage,  since  an  output  of  the  decoder  608  is  "0", 
"A1  "  is  set  to  the  latch  corresponding  to  the  0th  noz- 
zle  (the  top  nozzle)  of  the  64-bit  latch,  and  "A2"  is 
set  to  the  latch  corresponding  to  the  subsequent  1st 
nozzle. 
(b)  For  the  2nd  nozzle  (third  from  the  top  nozzle) 
and  the  3rd  nozzle  (fourth  from  the  top  nozzle) 

Since  a  shift  clock  (SCLK)  is  outputted,  the 
counter  607  is  incremented  by  1  and  the  input  (S) 
of  the  multiplexer  611  becomes  "1  ",  and  the  input  A 
(CNT1=0)  is  selected  this  time.  Accordingly,  the 
least  significant  bit  in  the  address  of  the  memory 
602  becomes  (1),  selecting  "A5,  A6,  A7  and  A8"  in 
Fig.  14B.  At  this  stage,  since  the  input  (S)  of  the 
multiplexers  603A  to  603D  is  "1  ",  input  A  is  selected, 
and  the  multiplexers  604A  and  604B  respectively 
select  "A5"  for  bit  3  and  "A6"  for  bit  2  which  are  then 
outputted  to  the  64-bit  latch  605.  At  this  stage,  since 
an  output  of  the  decoder  608  is  "1",  "A5"  is  set  to 
the  latch  corresponding  to  the  3rd  nozzle  from  the 
top  of  the  64-bit  latch,  and  "A6"  is  set  to  the  latch 
corresponding  to  the  4th  nozzle. 

(4)  Fourth  Column 

The  counter  606  is  incremented  upon  a  print  trigger 
input,  resulting  in  CNT0=0  (COLUMN0=0)  and  CNT1=0 
(COLUMN1=0). 

(a)  For  the  0th  nozzle  (the  top  nozzle)  and  the  1st 
nozzle  (second  from  the  top  nozzle) 

Since  the  counter  607  has  not  yet  been  incre- 
mented  at  this  stage,  SCNT0=0,  and  the  multiplexer 
611  selects  the  input  B  (CNT1/:  inverted  CNT1 
(=1  )).  By  this,  the  least  significant  bit  in  the  address 
of  the  memory  602  becomes  (1  ),  selecting  "A5,  A6, 
A7  and  A8"  in  Fig.  1  4B.  At  this  stage,  since  the  input 
(S)  of  the  multiplexers  603A  to  603D  is  "0",  input  B 
is  selected,  and  the  multiplexers  604A  and  604B  re- 
spectively  select  "A7"  for  bit  1  and  "A8"  for  bit  0 

which  are  then  outputted  to  the  64-bit  latch  605.  At 
this  stage,  since  an  output  of  the  decoder  608  is  "0", 
"A7"  is  set  to  the  latch  corresponding  to  the  0th  noz- 
zle  (the  top  nozzle)  of  the  64-bit  latch,  and  "A8"  is 

5  set  to  the  latch  corresponding  to  the  subsequent  1  st 
nozzle. 
(b)  For  the  2nd  nozzle  (third  from  the  top  nozzle) 
and  the  3rd  nozzle  (fourth  from  the  top  nozzle) 

Since  a  shift  clock  (SCLK)  is  outputted,  the 
10  counter  607  is  incremented  by  1  and  the  input  (S) 

of  the  multiplexer  611  becomes  "1  ",  and  the  input  A 
(CNT1=0)  is  selected  this  time.  Accordingly,  the 
least  significant  bit  in  the  address  of  the  memory 
602  becomes  (0),  selecting  "A1  ,  A2,  A3  and  A4"  in 

is  Fig.  14B.  At  this  stage,  since  the  input  (S)  of  the 
multiplexers  603A  to  603D  is  "0",  input  B  is  selected, 
and  the  multiplexers  604A  and  604B  respectively 
select  "A3"  for  bit  1  and  "A4"  for  bit  0  which  are  then 
outputted  to  the  64-bit  latch  605.  At  this  stage,  since 

20  an  output  of  the  decoder  608  is  "1  ",  "A3"  is  set  to 
the  latch  corresponding  to  the  3rd  nozzle  from  the 
top  of  the  64-bit  latch,  and  "A4"  is  set  to  the  latch 
corresponding  to  the  4th  nozzle  (See  Fig.  14C). 

25  As  apparent  from  the  foregoing  description,  in  the 
drive  data  transfer  circuit  222  in  Fig.  6,  the  same  pattern 
is  always  read  out  for  the  same  multivalued  data  (see 
Figs.  1  2B  and  1  3B).  However,  in  the  drive  data  transfer 
circuit  222a  shown  in  Fig.  11,  different  patterns  can  be 

30  read  even  for  the  same  multivalued  data,  in  accordance 
with  the  position  of  the  data  in  the  nozzle-array  direction. 

Note  that  in  the  above-described  first  and  second 
embodiments,  a  memory  for  128  words  each  word  hav- 
ing  4  bits  is  used  for  the  memory  602.  However,  these 

35  numbers  base  upon  the  multivalued  data  (300  x  300  dpi, 
quaternary  value,  16  levels  of  tone);  thus,  the  present 
invention  is  not  limited  to  these  numbers.  Moreover,  the 
number  of  stages  of  the  shift  register  bases  upon  the 
number  of  nozzles  of  the  printhead;  thus,  these  values 

40  do  not  relate  to  the  essence  of  the  present  invention. 
Furthermore,  the  above-described  embodiment  is 

adaptive  to  various  data  conversion  by  changing  mem- 
ory  contents  of  the  memory  602;  thus,  it  is  advantageous 
in  terms  of  expansibility. 

45 
[Third  Embodiment] 

Fig.  15  is  a  block  diagram  showing  a  structure  of  a 
drive  data  transfer  circuit  222b  according  to  the  third  em- 

50  bodiment  of  the  present  invention.  Components  identi- 
cal  to  those  in  the  structures  shown  in  Figs.  6  and  11  will 
be  referred  by  the  same  reference  numerals  and  de- 
scription  thereof  will  be  omitted. 

In  the  drive  data  transfer  circuit  222b  in  Fig.  15,  a 
55  data  decoder  1101  is  used  in  place  of  the  aforemen- 

tioned  memory  602,  multiplexers  603A  to  603D,  604A 
and  604B.  Data  inputted  to  the  data  decoder  1101  is  8 
bits.  In  the  lower  two  bits  of  the  8  bits,  the  2-bit  outputs 

15 
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COLUMNO  and  COLUMN1  of  the  2-bit  counter  606, 
counting  print  triggers,  are  inputted. 

Fig.  16  isablockdiagramshowingacircuitstructure 
of  the  data  decoder  1101.  Note  that  also  in  the  third  em- 
bodiment,  binary  data  having  resolution  of  600  x  1200 
dpi  is  generated  based  upon  the  4-bit  multivalued  data 
(CODE[3:0])  having  resolution  of  300  x  300  dpi  shown 
in  Fig.  4.  In  addition,  similar  to  the  foregoing  description, 
binary  data  generated  based  on  CODE[3:0]  is  different 
for  each  color  of  the  C,  M,  Y  and  K. 

The  third  embodiment  employs  the  data  decoder 
1101  structured  by  the  combined  circuit  of  AND  gates, 
OR  gates  or  the  like  as  the  means  for  generating  binary 
data,  in  place  of  the  memory  602  used  in  the  first  and 
second  embodiments.  8-bit  data  consisting  of  COLOR 
[1:0],  CODE[3:0],  COLUMN[1  :0]  are  supplied  to  the  data 
decoder  1101,  and  an  output  of  the  data  decoder  1101 
is  stored  in  the  aforementioned  64-bit  latch  605. 

Assume  the  case  of  COLOR[1  :0]=0h  (cyan),  CODE 
[3:0]=1h  and  COLUMN[1  :0]=0h  in  Fig.  16.  The  initial 
generated  data  having  resolution  of  600  x  1200  dpi  is 
"B1  (no  ink  discharge)  and  B2  (ink  discharge)"  as  has 
been  described  above  with  reference  to  Fig.  5.  Circuits 
1201  (B1  )  and  1  202  (B2)  shown  in  Fig.  16  are  combined 
circuits  respectively  corresponding  to  "B1"  and  "B2"  of 
the  pattern  B.  Since  "B1"  is  "O"  (no  ink  discharge)  and 
"B2"  is  "•"  (ink  discharge)  according  to  Fig.  5,  outputs 
of  the  circuits  1  201  (B1  )  and  1  202  (B2)  are  respectively 
"0"and"1".  In  other  words,  in  the  circuit  1201  (B1),  since 
outputs  of  NOR  circuits  1  22  and  1  23  are  both  in  the  high 
level,  and  an  output  of  a  4-inputs  AND  circuit  121  (3  in- 
puts  are  false)  is  in  the  high  level,  an  output  of  an  NAND 
circuit  124  becomes  low  level.  In  the  circuit  1202  (B2), 
since  all  outputs  of  circuits  125  to  127  are  in  the  high 
level,  the  output  of  the  AND  circuit  128  becomes  high 
level.  At  this  stage,  since  outputs  of  other  combined  cir- 
cuits  are  always  "0",  outputs  QA  and  QB  of  the  data  de- 
coder  101  are  respectively  "0"  and  "1"  since  these  out- 
puts  are  a  logical  OR  of  the  combined  circuits.  As  shown 
in  Fig.  16,  though  other  circuits  1201  (A1),  1202  (A2), 
1201  (AA1),  1202  (AA2)  and  the  like  are  provided  in  the 
data  decoder  1101,  the  explanation  of  the  operation  of 
the  circuits  is  omitted.  Note  that  since  the  timing  chart, 
showing  changes  in  signals  of  the  drive  data  transfer 
circuit  222b  according  to  the  third  embodiment,  is  iden- 
tical  to  the  timing  charts  in  Figs.  8  and  9,  description 
thereof  will  be  omitted. 

In  the  structure  of  the  drive  data  transfer  circuit  222b 
according  to  the  third  embodiment,  output  patterns  can- 
not  be  changed  unlike  the  drive  data  transfer  circuit 
222a  described  in  the  second  embodiment.  However, 
since  the  drive  data  transfer  circuit  222b  does  not  in- 
clude  the  memory  602,  the  circuit  can  be  made  smaller 
as  compared  to  the  circuit  of  the  second  embodiment; 
thus,  the  structure  can  be  made  inexpensively  and  is 
extremely  advantageous  in  terms  of  cost  reduction. 

Although  each  of  the  above-described  embodi- 
ments  takes  an  ink-jet  printer  as  an  example  and  de- 

scription  has  been  provided  on  image  processing  per- 
formed  by  the  ink-jet  printer,  application  of  the  present 
invention  is  not  limited  to  this.  The  present  invention  is 
applicable  to  a  recording  apparatus  besides  those  uti- 

5  lizing  the  ink-jet  printing  method,  or  a  display  apparatus 
using  a  liquid  crystal  display  besides  that  of  the  above- 
described  printing  apparatus. 

Particularly  among  the  ink-jet  printing  methods,  the 
present  invention  attains  excellent  effects  in  a  printing 

10  apparatus  having  a  printhead  utilizing  heat  energy. 
As  the  typical  arrangement  and  principle  of  the  ink- 

jet  printing  system,  one  practiced  by  use  of  the  basic 
principle  disclosed  in,  for  example,  U.S.  Patent  Nos. 
4,723,129  and  4,740,796  is  preferable.  The  above  sys- 

15  tern  is  applicable  to  either  one  of  so-called  an  on-de- 
mand  type  and  a  continuous  type.  Particularly,  in  the 
case  of  the  on-demand  type,  the  system  is  effective  be- 
cause,  by  applying  at  least  one  driving  signal,  which  cor- 
responds  to  printing  information  and  gives  a  rapid  tem- 

20  perature  rise  exceeding  film  boiling,  to  each  of  electro- 
thermal  transducers  arranged  in  correspondence  with  a 
sheet  or  liquid  channels  holding  a  liquid  (ink),  heat  en- 
ergy  is  generated  by  the  electrothermal  transducer  to 
effect  film  boiling  on  the  heat  acting  surface  of  the  print- 

25  head,  and  consequently,  a  bubble  can  be  formed  in  the 
liquid  (ink)  in  one-to-one  correspondence  with  the  driv- 
ing  signal.  By  discharging  the  liquid  (ink)  through  a  dis- 
charge  opening  by  growth  and  shrinkage  of  the  bubble, 
at  least  one  droplet  is  formed.  If  the  driving  signal  is  ap- 

30  plied  as  a  pulse  signal,  the  growth  and  shrinkage  of  the 
bubble  can  be  attained  instantly  and  adequately  to 
achieve  discharge  of  the  liquid  (ink)  with  the  particularly 
high  response  characteristics. 

As  the  pulse-form  driving  signal,  signals  disclosed 
35  in  U.S.  Patent  Nos.  4,463,359  and  4,345,262  are  suita- 

ble.  Note  that  further  excellent  printing  can  be  performed 
by  using  the  conditions  described  in  U.S.  Patent  No. 
4,313,124  of  the  invention  which  relates  to  the  temper- 
ature  rise  rate  of  the  heat  acting  surface. 

40  As  an  arrangement  of  the  printhead,  in  addition  to 
the  arrangement  as  a  combination  of  discharge  nozzles, 
liquid  channels,  and  electrothermal  transducers  (linear 
liquid  channels  or  right  angle  liquid  channels)  as  dis- 
closed  in  the  above  specifications,  the  arrangement  us- 

45  ing  U.S.  Patent  Nos.  4,558,333  and  4,459,600,  which 
disclose  the  arrangement  having  a  heat  acting  portion 
arranged  in  a  flexed  region  is  also  included  in  the 
present  invention.  In  addition,  the  present  invention  can 
be  effectively  applied  to  an  arrangement  based  on  Jap- 

so  anese  Patent  Laid-Open  No.  59-123670  which  disclos- 
es  the  arrangement  using  a  slot  common  to  a  plurality 
of  electrothermal  transducers  as  a  discharge  portion  of 
the  electrothermal  transducers,  or  Japanese  Patent 
Laid-Open  No.  59-1  38461  which  discloses  the  arrange- 

rs  ment  having  an  opening  for  absorbing  a  pressure  wave 
of  heat  energy  in  correspondence  with  a  discharge  por- 
tion. 

Furthermore,  as  a  full  line  type  printhead  having  a 

10 
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length  corresponding  to  the  width  of  a  maximum  print 
medium  (sheet)  which  can  be  printed  by  the  printer,  ei- 
ther  the  arrangement  which  satisfies  the  full-line  length 
by  combining  a  plurality  of  printheads  as  disclosed  in 
the  above  specification  or  the  arrangement  as  a  single 
printhead  obtained  by  forming  printheads  integrally  can 
be  used. 

In  addition,  not  only  an  exchangeable  chip  type 
printhead,  as  described  in  the  above  embodiment, 
which  can  be  electrically  connected  to  the  apparatus 
main  unit  and  can  receive  ink  from  the  apparatus  main 
unit  upon  being  mounted  on  the  apparatus  main  unit  but 
also  a  cartridge  type  printhead  in  which  an  ink  tank  is 
integrally  arranged  on  the  printhead  itself  can  be  appli- 
cable  to  the  present  invention. 

It  is  preferable  to  add  recovery  means  for  the  print- 
head,  preliminary  auxiliary  means,  and  the  like  provided 
as  an  arrangement  of  the  printer  of  the  present  invention 
since  the  printing  operation  can  be  further  stabilized.  Ex- 
amples  of  such  means  include,  for  the  printhead,  cap- 
ping  means,  cleaning  means,  pressurization  or  suction 
means,  and  preliminary  heating  means  using  electro- 
thermal  transducers,  another  heating  element,  or  a 
combination  thereof.  It  is  also  effective  for  stable  printing 
to  provide  a  preliminary  discharge  mode  which  performs 
discharge  independently  of  printing. 

Furthermore,  as  a  printing  mode  of  the  printer,  not 
only  a  printing  mode  using  only  a  single  color  such  as 
black  or  the  like,  but  also  at  least  one  of  a  multicolor 
mode  using  a  plurality  of  different  colors  or  a  full-color 
mode  achieved  by  color  mixing  can  be  implemented  in 
the  printer  either  by  using  an  integrated  printhead  or  by 
combining  a  plurality  of  printheads. 

Moreover,  in  each  of  the  above-mentioned  embod- 
iments  of  the  present  invention,  it  is  assumed  that  the 
ink  is  a  liquid.  Alternatively,  the  present  invention  may 
employ  ink  which  is  solid  at  room  temperature  or  less, 
or  ink  which  softens  or  liquefies  at  room  temperature,  or 
ink  which  liquefies  upon  application  of  a  printing  signal, 
since  it  is  a  general  practice  to  perform  temperature  con- 
trol  of  the  ink  itself  within  a  range  from  30°C  to  70°C  in 
the  ink-jet  system,  so  that  the  ink  viscosity  can  fall  within 
a  stable  discharge  range. 

In  addition,  in  order  to  prevent  a  temperature  rise 
caused  by  heat  energy  by  positively  utilizing  it  as  energy 
for  causing  a  change  in  state  of  the  ink  from  a  solid  state 
to  a  liquid  state,  or  to  prevent  evaporation  of  the  ink,  ink 
which  is  solid  in  a  non-use  state  and  liquefies  upon  heat- 
ing  may  be  used.  In  any  case,  ink  which  liquefies  upon 
application  of  heat  energy  according  to  a  printing  signal 
and  is  discharged  in  a  liquid  state,  ink  which  begins  to 
solidify  when  it  reaches  a  printing  medium,  or  the  like, 
is  applicable  to  the  present  invention.  In  this  case,  ink 
may  be  situated  opposite  to  electrothermal  transducers 
while  being  held  in  a  liquid  or  solid  state  in  recess  por- 
tions  of  a  porous  sheet  or  through  holes,  as  described 
in  Japanese  Patent  Laid-Open  No.  54-56847  or 
60-71260.  In  the  present  invention,  the  above-men- 

tioned  film  boiling  system  is  most  effective  for  the  above- 
mentioned  inks. 

In  addition,  the  ink-jet  printer  of  the  present  inven- 
tion  may  be  used  in  the  form  of  a  copying  machine  com- 

5  bined  with  a  reader,  and  the  like,  or  a  facsimile  appara- 
tus  having  a  transmission/reception  function  in  addition 
to  an  image  output  terminal  of  an  information  processing 
equipment  such  as  a  computer. 

Moreover,  the  present  invention  can  be  applied  to 
10  a  system  constituted  by  a  plurality  of  devices  (e.g.,  host 

computer,  interface,  reader,  printer)  or  to  an  apparatus 
comprising  a  single  device  (e.g.,  copy  machine,  facsim- 
ile). 

Further,  the  present  invention  can  be  carried  out  by 
is  providing  a  storage  medium  storing  program  codes  for 

performing  the  aforesaid  processes  to  a  system  or  an 
apparatus,  reading  the  program  codes  with  a  computer 
(e.g.,  CPU,  MPU)  of  the  system  or  apparatus  from  the 
storage  medium,  then  executing  the  program. 

20  In  this  case,  the  program  codes  read  from  the  stor- 
age  medium  realize  the  new  functions  according  to  the 
invention,  and  the  storage  medium  storing  the  program 
codes  constitutes  the  invention. 

Further,  the  storage  medium,  such  as  a  floppy  disk, 
25  hard  disk,  an  optical  disk,  a  magneto-optical  disk,  CD- 

ROM,  CD-R,  a  magnetic  tape,  a  non-volatile  type  mem- 
ory  card,  and  ROM  can  be  used  for  providing  the  pro- 
gram  codes. 

Furthermore,  besides  aforesaid  functions  accord- 
so  ing  to  the  above  embodiments  are  realized  by  executing 

the  program  codes  which  are  read  by  a  computer,  the 
present  invention  includes  a  case  where  an  OS  (Oper- 
ating  System)  or  the  like  working  on  the  computer  per- 
forms  a  part  or  entire  processes  in  accordance  with  des- 

35  ignations  of  the  program  codes  and  realizes  functions 
according  to  the  above  embodiments. 

Furthermore,  the  present  invention  also  includes  a 
case  where,  after  the  program  codes  read  from  the  stor- 
age  medium  are  written  in  a  function  expansion  card 

40  which  is  inserted  into  the  computer  or  in  a  memory  pro- 
vided  in  a  function  expansion  unit  which  is  connected  to 
the  computer,  a  CPU  or  the  like  contained  in  the  function 
expansion  card  or  unit  performs  a  part  or  entire  process 
in  accordance  with  designations  of  the  program  codes 

45  and  realizes  functions  of  the  above  embodiments. 
As  set  forth  above,  according  to  the  above-de- 

scribed  embodiments,  since  resolution  conversion  and 
binarization  processing  can  be  performed  in  real  time, 
data  transfer  speed  can  be  improved  and  throughput  is 

so  increased.  In  addition,  since  data  on  which  resolution 
conversion  has  been  performed  does  not  need  to  be 
stored,  the  memory  capacity  of  the  RAM  100B  can  be 
made  small  as  compared  to  the  conventional  printer 
system's  memory.  Therefore,  an  effect  of  cost  reduction 

55  is  attained.  In  addition,  high  precision  characteristics  of 
the  printhead  can  be  fully  utilized. 

The  present  invention  is  not  limited  to  the  above  em- 
bodiments  and  various  changes  and  modifications  can 
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be  made  within  the  spirit  and  scope  of  the  present  in- 
vention.  Therefore,  to  appraise  the  public  of  the  scope 
of  the  present  invention,  the  following  claims  are  made. 

Claims 

1.  An  image  processing  apparatus  for  performing 
processing  on  inputted  image  data  and  generating 
data  to  be  used  by  an  output  apparatus,  character- 
ised  by  comprising: 

transfer  means  (601  )  for  storing  the  inputted  im- 
age  data  and  serially  transferring  the  data  in 
synchronization  with  a  shift  clock; 
conversion  means  (602,604,606)  for  convert- 
ing  the  inputted  image  data  transferred  by  said 
transfer  means; 
count  means  (607)  for  counting  the  shift  clock; 
storage  means  (605)  for  storing  the  data  con- 
verted  by  said  conversion  means  in  accord- 
ance  with  a  count  value  counted  by  said  count 
means;  and 
output  means  (111  A)  for  outputting  the  data 
stored  in  said  storage  means  to  the  output  ap- 
paratus. 

2.  The  image  processing  apparatus  according  to  claim 
1,  wherein  the  inputted  image  data  is  multivalued 
data. 

3.  The  image  processing  apparatus  according  to  claim 
1  or  2,  wherein  said  conversion  means  (602)  com- 
prises  a  memory  (602)  for  inputting  at  least  the  in- 
putted  image  data  transferred  by  said  transfer 
means  (601  )  as  an  address  and  outputting  convert- 
ed  data  corresponding  to  the  address;  and 

bit-position  change  means  (603,604,  603A- 
603D,  604A-604B)  for  changing  a  position  of  a  bit 
outputted  from  the  memory. 

4.  The  image  processing  apparatus  according  to  claim 
1  or  2,  wherein  the  inputted  image  data  includes  da- 
ta  for  plural  colors,  and  each  of  the  data  for  plural 
colors  is  multivalued  image  data. 

5.  The  image  processing  apparatus  according  to  claim 
1,  wherein  image  data  converted  by  said  conver- 
sion  means  is  pseudo-halftone  image  data  of  the 
inputted  image  data. 

6.  The  image  processing  apparatus  according  to  any 
one  of  claims  1  -5,  wherein  said  output  apparatus  is 
an  image  forming  apparatus,  and  said  storage 
means  (605)  stores  pixel  data  in  correspondence 
with  a  pixel  position  formed  by  the  image  forming 
apparatus. 

7.  The  image  processing  apparatus  according  to  any 
one  of  claims  1  -5,  wherein  said  output  apparatus  is 
a  printer  and  said  storage  means  (605)  stores  pixel 
data  in  correspondence  with  a  pixel  position  of  a 

5  printhead  of  the  printer. 

8.  The  image  processing  apparatus  according  to  claim 
4,  wherein  said  conversion  means  comprises  a  de- 
code  circuit  (1  1  01  )  for  generating  binary  data  in  ac- 

10  cordance  with  the  multivalued  image  data  at  least 
transferred  by  said  transfer  means  (601). 

9.  An  image  processing  method  for  performing 
processing  on  inputted  image  data  and  generating 

is  data  to  be  used  by  an  output  apparatus,  character- 
ised  by  comprising: 

a  transferring  step  of  storing  the  inputted  image 
data  and  serially  transferring  the  inputted  im- 

20  age  data  in  synchronization  with  a  shift  clock; 
a  converting  step  of  converting  the  inputted  im- 
age  data  transferred  in  said  transferring  step; 
a  storing  step  of  storing  the  data  converted  in 
said  converting  step  in  accordance  with  a  count 

25  value  obtained  by  counting  the  shift  clock;  and 
an  outputting  step  of  outputting  the  data  stored 
in  said  storing  step  to  the  output  apparatus. 

10.  The  image  processing  method  according  to  claim 
30  9,  wherein  the  inputted  image  data  is  multivalued 

data. 

11.  The  image  processing  method  according  to  claim  9 
or  1  0,  wherein  the  inputted  image  data  includes  da- 

35  ta  for  plural  colors,  and  each  of  the  data  for  plural 
colors  is  multivalued  image  data. 

12.  The  image  processing  method  according  to  claim 
9,  wherein  image  data  converted  in  said  converting 

40  step,  is  pseudo-halftone  image  data  of  the  inputted 
image  data. 

1  3.  The  image  processing  method  according  to  any  one 
of  claims  9-12,  wherein  said  output  apparatus  is  an 

45  image  forming  apparatus,  and  in  said  storing  step, 
pixel  data  is  stored  in  correspondence  with  a  pixel 
position  formed  by  the  image  forming  apparatus. 

1  4.  The  image  processing  method  according  to  any  one 
so  of  claims  9-12,  wherein  said  output  apparatus  is  a 

printer  and  in  said  storing  step,  pixel  data  is  stored 
in  correspondence  with  a  pixel  position  of  a  print- 
head  of  the  printer. 

55  15.  An  image  forming  apparatus  for  forming  an  image 
by  performing  processing  on  inputted  image  data, 
characterised  by  comprising: 

45 

20 
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transfer  means  (601  )  for  storing  the  inputted  im- 
age  data  and  serially  transferring  the  data  in 
synchronization  with  a  shift  clock; 
conversion  means  (602,603A-603D,604A, 
604B,606)  for  converting  the  inputted  image  s 
data  transferred  by  said  transfer  means  (601  ); 
count  means  (607)  for  counting  the  shift  clock; 
storage  means  (605)  for  storing  the  data  con- 
verted  by  said  conversion  means  in  accord- 
ance  with  a  count  value  counted  by  said  count  10 
means  (607);  and 
image  forming  means  (111)  for  forming  an  im- 
age  based  on  the  data  stored  in  said  storage 
means  (605). 

15 
16.  The  image  forming  apparatus  according  to  claim 

15,  wherein  the  inputted  image  data  is  multivalued 
data. 

17.  The  image  forming  apparatus  according  to  claim  1  5  20 
or  16,  wherein  said  conversion  means  comprises  a 
memory  (602)  for  inputting  at  least  the  inputted  im- 
age  data  transferred  by  said  transfer  means  (601) 
as  an  address  and  outputting  converted  data  corre- 
sponding  to  the  address;  and  25 

bit-position  change  means  (603,604)  for 
changing  a  position  of  a  bit  outputted  from  the  mem- 
ory. 

18.  The  image  forming  apparatus  according  to  claim  1  5  30 
or  16,  wherein  the  inputted  image  data  includes  da- 
ta  for  plural  colors,  and  each  of  the  data  for  plural 
colors  is  multivalued  image  data. 

19.  The  image  forming  apparatus  according  to  any  one  35 
of  claims  15-18,  wherein  image  data  converted  by 
said  conversion  means  is  pseudo-halftone  image 
data  of  the  inputted  image  data. 

20.  The  image  forming  apparatus  according  to  any  one  40 
of  claims  15-19,  wherein  said  image  forming  appa- 
ratus  is  a  printer  and  said  storage  means  stores  pix- 
el  data  in  correspondence  with  a  pixel  position 
formed  by  a  printhead  of  the  printer. 

45 
21  .  The  image  forming  apparatus  according  to  any  one 

of  claims  15-20,  wherein  said  conversion  means 
comprises  a  decode  circuit  (1  1  01  )  for  generating  bi- 
nary  data  in  accordance  with  the  inputted  image  da- 
ta  at  least  transferred  by  said  transferring  means.  so 

22.  The  image  forming  apparatus  according  to  claim 
20,  wherein  the  printhead  of  the  printer  is  an  ink-jet 
head  which  discharges  ink  by  utilizing  heat  energy. 

55 
23.  Image  processing  comprising: 

input  means  for  receiving  pixel  data  represent- 

ing  an  image  at  a  first  resolution; 
a  memory  storing  patterns  representing  pixel 
image  data  at  a  second  resolution  higher  than 
said  first  resolution;  and 
means  for  selectively  accessing  the  memory  in 
accordance  with  the  pixels  of  the  received  pixel 
image  data  so  as  to  output  pixels  at  the  second 
resolution. 
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