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(§4)  Image  processing  apparatus. 
@  There  is  provided  an  image  processing  apparatus  for 
recording  image  data  by  the  ink  jet  recording  method.  This 
apparatus  comprises:  an  ink  jet  nozzle  (6)  to  eject  an  ink 
droplet  (7)  and  deposit  onto  a  paper;  a  controller  to  control  the 
ink  jet  nozzle  so  as  to  enable  the  recording  interval  (tx)  when 
the  ink  droplet  is  deposited  to  the  same  position  on  the  paper  a 
plurality  of  times  ;  a  supply  circuit  to  supply  image  data  to  the  ink 
jet  nozzle;  and  a  distinction  circuit  to  discriminate  whether  the 
input  image  data  is  the  half  tone  image  or  the  diagram  image, 
wherein  this  controller  controls  the  recording  interval  in 
accordance  with  the  result  of  the  discrimination.  With  this 
apparatus,  by  superposing  the  recording  dots  to  the  same 
position  on  the  paper  in  accordance  with  the  binary  image  data, 
(he  gradations  and  graininess  can  be  improved  by  a  simple 
structure. 
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Description 

Image 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 
The  present  invention  relates  to  an  image  pro- 

cessing  apparatus  and,  more  particularly,  to  an 
image  processing  apparatus  suitable  for  performing 
an  ink  jet  recording. 

Related  Background  Art 
As  an  image  processing  apparatus  for  receiving 

multi-value  image  data  and  binarizing,  there  is  known 
an  image  processing  apparatus  in  which  digital 
multi-value  image  data  indicative  of  the  concentra- 
tions  or  the  like  of  the  pixels  which  are  input  from, 
particularly,  a  scanner,  television  camera,  or  the  like 
is  binarized  into  the  binary  signals  of  ON  and  OFF 
and  these  binary  signals  are  output  to  an  ink  jet 
printer. 

Hitherto,  in  such  a  kind  of  image  processing 
apparatus,  when  the  image  data  having  what  is 
called  depth  information  such  as  color  images  or 
gradation  images  which  are  sent  from  a  host 
computer  or  the  like  is  printed  by  an  output  device 
like  a  line  printer  or  the  like  such  as  an  ink  jet  printer, 
in  general,  comparison  data  of  a  fixed  threshold 
value  pattern  matrix  is  accessed  from  a  memory 
(storage  device)  and  compared  with  the  input  image 
data,  thereby  binarizing. 

Namely,  such  image  data  having  the  depth 
information  is  the  data  in  which  the  gradations  of  the 
pixels  or  the  like  are  represented  by  digital  values  as 
is  well  known  and  such  image  data  cannot  be 
directly  printed  by  a  line  printer  of  the  binary  output 
type  or  the  like.  Therefore,  the  image  data  must  be 
binarized  before  it  is  input  to  the  line  printer  or  the 
like.  For  this  purpose,  as  a  conventional  method  of 
representing  the  gradations  by  the  line  printer  or  the 
like,  there  is  known  an  image  processing  method 
whereby  a  set  of  a  plurality  of  dots  is  defined  as  one 
pixel  and  by  determining  which  dots  in  one  pixel  are 
printed  or  not  in  accordance  with  the  gradation  level 
of  the  input  image  data,  thereby  outputting  and 
representing  the  gradation  (light  or  dark  concentra- 
tion  of  the  image).  However,  when  the  image  is 
printed  by  this  method,  there  is  a  problem  such  that 
an  unbalance  occurs  between  the  printed  pixel  and 
the  other  pixel  and  a  false  contour  is  generated,  so 
that  the  printing  quality  deteriorates.  To  avoid  this 
problem,  there  is  used  a  system  in  which  another 
output  pattern  different  from  the  input  pixels  is 
specified  and  this  pattern  is  compared  with  the 
image  data  having  the  depth  information,  thereby 
properly  expressing  the  gradations  with  a  wide 
range,  that  is,  a  binarization  image  processing 
system  (including  a  dither  system)  based  on  the 
threshold  value  pattern  comparison. 

Figs.  13A  and  13B  show  an  example  of  a 
schematic  constitution  of  the  conventional  binariza- 
tion  image  processing  system  in  which  the  multi- 
value  image  data  is  compared  with  the  threshold 

ssing  Apparatus 

value  data  matrix  (data)  and  the  image  is  printed  on 
the  basis  of  the  resultant  binarized  image  data. 

5  According  to  this  conventional  system,  as  a  thre- 
shold  value  matrix  8  for  multi-value  image  data  1  ,  for 
example,  a  pattern  of  a  matrix  of  4  x  4  as  shown  in 
these  diagrams  is  provided.  The  image  data  1  and 
matrix  pattern  8  are  compared  by  a  comparator  3 

10  and  binarized.  The  binarized  data  is  stored  in  a  line 
memory  4.  The  binarized  data  is  read  out  of  the  line 
memory  4  at  timings  as  shown  in  Fig.  14  and  output 
as  a  dot  printing  5  by  a  line  printer.  In  this  case,  since 
the  threshold  value  matrix  8  has  the  pattern  of  4  x  4, 

15  seventeen  (=16  +  1)  gradations  can  be  expressed 
by  an  area  gradation  method. 

By  enlarging  the  size  of  the  threshold  value  matrix 
8,  the  finer  gradations  can  be  obtained.  For  example, 
by  setting  the  size  of  8  x  8,  65  (  =  64  +  1)  gradations 

20  can  be  expressed.  By  setting  the  size  of  12  x  12,  the 
145  (=  144  +  1)  gradations  can  be  expressed. 

Fig.  15  shows  a  conventional  example  of  a  circuit 
to  perform  the  foregoing  binarization  image  process. 
In  the  diagram,  the  input  image  data  1  is  the  digital 

25  multi-value  data  which  is  obtained  by  the  digital 
values  of  eight  bits  or  the  like.  However,  since  it  is 
printed  by  an  output  device  such  as  a  dot  printer,  it  is 
input  to  one  input  terminal  of  the  (parallel)  compara- 
tor  3  through  a  latch  circuit  2.  This  image  data  is 

30  compared  by  the  comparator  3  with  the  threshold 
value  matrix  data  which  is  read  out  of  a  pattern 
memory  10  and  which  is  input  to  the  other  input 
terminal  of  the  comparator  3,  so  that  it  is  dot 
developed  into  the  binarized  data  of  0  and  1  .  When 

35  the  multi-value  image  data  is  simply  binarized,  the 
gradations  cannot  be  expressed.  Therefore,  when 
the  input  image  data  1  is  input  to  the  comparator  3, 
the  comparison  data  (threshold  values)  are  sequen- 
tially  read  out  of  the  pattern  memory  10  in  which 

40  threshold  values  (threshold  value  matrices)  are 
written  and  the  image  data  is  compared  with  these 
comparison  data,  so  that  it  is  binarized  to  the  values 
of  1  and  0.  For  example,  in  the  case  of  developing 
one  image  data  1  into  the  pixels  of  4  x  4  and 

45  binarized,  the  threshold  value  data  is  accessed 
sixteen  times  for  the  one  image  data  1  and 
successively  compared  with  the  one  image  data,  so 
that  the  image  data  is  binarized  by  the  dot 
development  of  4  x  4. 

50  Figs.  16A  to  16D  show  the  operations  of  the 
conventional  circuit  based  on  the  pixel  development 
methods  of  1  x  1,  2  x  2,  3  x  3,  and  4  x  4.  The  input 
multi-value  image  data  1  is  developed  into  the  pixels 
in  accordance  with  the  pixel  size  and  compared  with 

55  threshold  value  data  8  of  4  x  4,  thereby  outputting 
the  binarized  concentration  pattern  onto  a  printing 
surface  9.  "1  "  on  the  printing  surface  9  shows  that  a 
dot  is  printed  and  "0°  indicates  that  no  dot  is  printed. 
In  the  diagrams,  four  kinds  of  pixel  development 

60  methods  of  1  x  1  to  4  x  4  have  been  shown.  However, 
the  size  of  the  pixel  is  determined  depending  on  a 
set  of  which  number  of  ink  dots  by  which  the  input 
multi-value  image  data  1  is  expressed.  Therefore,  as 
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compared  wun  me  image  wnicn  is  aeveiopea  into 
the  pixel  of  1  x  1,  the  image  which  is  developed  into 
the  pixels  of  4  x  4  is  printed  as  the  size  which  is 
sixteen  times  as  large  as  the  image  of  1  x  1.  On  the 
other  hand,  since  the  threshold  value  matrix  8 
consists  of  4  x  4  pixels,  seventeen  (including  white) 
gradations  can  be  expressed  by  the  area  gradation 
method. 

Figs.  17A  to  17C  show  an  example  of  the  actual 
threshold  value  data  of  a  threshold  value  matrix  8-1 
of  4  x  4,  an  example  of  an  ideal  printing  model  which 
is  printed  by  this  threshold  value  matrix,  and  an 
example  of  the  actual  threshold  value  data  of  a 
threshold  value  matrix  8-2  of  8  x  8.  Numerical 
values  1  to  16  in  Fig.  17B  represent  the  numbers  of 
gradations.  The  threshold  value  data  in  Fig.  17C  is 
expressed  by  the  hexadecimal  numbers.  Although 
the  threshold  value  matrix  8-2  of  8  x  8  in  Fig.  17C  is 
the  threshold  value  pattern  matrix  corresponding  to 
the  multi-value  image  data  1  of  eight  bits,  up  to  65 
(including  white)  gradations  can  be  expressed. 

In  other  words,  according  to  the  conventional 
image  processing  system,  only  17  gradations  are 
obtained  by  the  matrix  area  of  4  x  4  and  in  order  to 
further  increase  the  number  of  gradations,  the 
matrix  area  must  be  enlarged  to  the  area  of,  e.g.,  8 
x  8  and  the  fine  half  tones  cannot  be  expressed. 
However,  the  increase  in  size  of  the  threshold  value 
matrix  causes  drawbacks  such  that  although  the 
number  of  gradations  increases,  the  resolution  in 
output  printing  remarkably  deteriorates  and  the 
graininess  roughness  becomes  conspicuous.  Ac- 
cordingly,  when  the  image  data  is  the  multi-value 
image  data  of  eight  bits,  although  the  concentration 
levels  of  256  gradations  are  provided,  if  the  binariza- 
tion  is  performed  to  execute  the  area  modulation 
and  the  resultant  binarized  data  is  printed  and  output 
by  the  foregoing  conventional  system,  in  order  to 
prevent  the  remarkable  deterioration  in  resolution  or 
graininess,  for  example,  the  gradation  levels  are 
compressed  to  17  levels  by  using  the  threshold 
value  matrix  of  4  x  4  as  mentioned  above.  In  this 
manner,  the  half  tone  must  be  expressed  by  fairly 
sacrificing  the  gradations. 

SUMMARY  THE  INVENTION 
It  is  the  first  object  of  the  present  invention  to 

provide  an  image  processing  apparatus  which  can 
improve  both  of  the  gradation  and  graininess  in 
consideration  of  the  foregoing  drawbacks. 

The  second  object  of  the  invention  to  provide  an 
image  processing  apparatus  suitable  for  use  in  a 
recording  apparatus  such  as  an  ink  jet  recording 
apparatus  which  can  superpose  and  record  the 
recording  agents  onto  a  recording  medium. 

Under  these  objects,  according  to  a  preferred 
Bmbodiment  of  the  present  invention,  there  is 
provided  an  image  processing  apparatus  for  sup- 
olying  binary  image  data  to  an  ink  jet  recording 
apparatus  for  increasing  a  diameter  of  recording  dot 
by  superposing  flying  liquid  droplets  ejected  from  a 
nozzle  to  the  same  position  on  a  material  to  be 
recorded  in  accordance  with  an  input  of  binary 
mage  data,  wherein  a  plurality  of  threshold  value 
matrices  which  are  used  when  the  input  multi-value 

image  data  is  developed  into  the  binary  image  data 
are  provided  in  correspondence  to  the  superposing 
order. 

According  to  this  apparatus,  since  threshold 
5  values  corresponding  to  the  superpositions  are 

prepared  and  the  superposition  is  performed  by  the 
ink  jet  printer,  for  example,  in  the  case  of  the  pixel 
matrix  of  4  x  4,  by  superposing  four  dots,  65  (  =  64 
+  1)  gradations  can  be  expressed  although  only  17 

10  (=16  +  1)  gradations  can  be  expressed  in  the 
conventional  apparatus.  Thus,  the  number  of  grada- 
tions  can  be  remarkably  increased. 

On  the  other  hand,  the  applicant  of  the  present 
invention  has  found  out  that  when  the  superposition 

15  is  performed  by  the  ink  jet,  there  is  a  predetermined 
relation  between  the  ejection  interval  of  the  ink  and 
the  diameter  of  the  superposed  dot.  It  is  still  another 
object  of  the  invention  to  provide  a  recording 
apparatus  in  which  the  gradation  and  resolution  can 

20  be  improved  by  using  this  relation. 
Under  such  an  object,  according  to  a  preferred 

embodiment  of  the  invention,  there  is  provided  an 
ink  jet  recording  apparatus  in  which  one  pixel  is 
expressed  by  a  set  of  a  plurality  of  dots  whose 

25  minimum  diameter  is  smaller  than  the  dot  printing 
pitch  and  at  the  same  time,  a  plurality  of  ink  droplets 
are  continuously  ejected  at  the  same  position  on  a 
medium  to  be  recorded  by  use  of  a  threshold  value 
matrix  or  concentration  pattern  data  in  accordance 

30  with  the  concentration  or  color  tone  of  an  input 
image,  thereby  enabling  the  ejection  time  interval  of 
the  ink  droplets  to  be  varied. 

The  above  and  other  objects  and  features  of  the 
present  invention  will  become  apparent  from  the 

35  following  detailed  description  and  the  appended 
claims  with  reference  to  the  accompanying  draw- 
ings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
to  Fig.  1A  is  a  block  diagram  showing  an 

arrangement  of  an  embodiment  of  the  present 
invention, 

Figs.  1B  and  1C  are  explanatory  diagrams 
showing  the  operation  of  the  embodiment  of 

i5  Fig.  1A; 
Fig.  2  is  a  timing  chart  showing  output  timings 

in  the  embodiment  of  Fig.  1A; 
Fig.  3  is  an  explanatory  diagram  showing  the 

relation  between  dot  superposition  number  and 
50  the  growth  of  the  dot  diameter; 

Fig.  4  is  an  explanatory  diagram  showing  the 
relation  between  the  superposing  time  interval 
and  the  growth  of  the  dot  diameter  in  the 
embodiment  of  the  invention  ; 

55  Fig.  5  is  a  characteristic  graph  showing  dot 
diameter  growing  characteristics  in  the  embodi- 
ment  of  the  invention  ; 

Figs.  6  to  8  are  explanatory  diagrams  showing 
examples  of  threshold  value  matrices  in  the 

JO  embodiment  of  the  invention  and  their  output 
states,  respectively; 

Fig.  9  is  a  block  diagram  showing  an 
arrangement  of  another  embodiment  of  the 
invention; 

'5  Figs.  10  to  12  are  explanatory  diagrams 
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showing  the  operations  in  look-up  tables  in  the 
imbodiment  of  the  invention  ; 

Fig.  13A  is  a  constitutional  diagram  showing 
in  example  of  a  schematic  constitution  in  a 
;onventional  apparatus;  5 

Fig.  13B  is  an  explanatory  diagram  showing 
he  operation  of  the  conventional  apparatus; 

Fig.  14  is  a  timing  chart  showing  output 
imings  for  the  conventional  apparatus; 

Fig.  15  is  a  block  diagram  showing  a  circuit  10 
irrangement  of  the  conventional  apparatus; 

Fig.  16  is  diagrams  showing  the  functional 
elations  between  the  sizes  of  pixels  when  input 
nulti-value  image  data  is  binarized  in  the 
;onventional  apparatus  and  the  threshold  value  15 
matrices; 

Fig.  17  is  explanatory  diagrams  showing 
axamples  of  constitutions  of  conventional  thre- 
shold  matrices  and  ideal  print  patterns  when 
Drinting  by  using  these  threshold  value  ma-  20 
trices; 

Fig.  18  is  a  plan  view  showing  the  superposi- 
tion  in  the  actual  printing; 

Fig.  19  is  a  characteristic  graph  showing  the 
-elation  between  the  value  of  input  image  data  25 
and  the  brightness  (L*); 

Fig.  20  is  a  characteristic  graph  showing  the 
sharacteristics  in  the  cases  where  the  inks  of 
/ellow,  magenta,  and  cyan  are  superposed  on  a 
a*  -  b*  plane  and  where  they  are  not  super-  30 
posed; 

Fig.  21  is  a  block  diagram  showing  a  circuit 
arrangement  of  another  embodiment  of  the 
invention; 

Fig.  22  is  a  diagram  showing  examples  of  35 
constitutions  of  threshold  value  matrices  stored 
in  a  pattern  memory  in  Fig.  21  ; 

Fig.  23  is  timing  charts  showing  the  relation 
between  the  ejection  data  and  the  ejection 
pulses  in  the  embodiment;  40 

Fig.  24  is  a  timing  chart  showing  an  example 
of  an  ink  ejection  interval  in  the  embodiment; 

Fig.  25  is  a  plan  view  showing  the  relation 
between  the  ink  ejection  interval  and  the  growth 
of  the  dot  diameter  in  the  embodiment;  45 

Fig.  26  is  a  side  elevation  diagram  showing 
states  of  deposition  of  inks  due  to  the  dif- 
ference  in  ink  ejection  interval  in  the  embodi- 
ment; 

Fig.  27  is  a  characteristic  graph  showing  the  50 
relation  between  the  ink  ejection  interval  and 
the  growth  of  the  dot  diameter  in  the  embodi- 
ment; 

Fig.  28  is  a  characteristic  diagram  showing 
the  relation  between  the  value  of  the  input  55 
multi-value  image  data  and  the  brightness  (L*); 

Fig.  29  is  a  block  diagram  showing  a  circuit 
arrangement  of  the  main  section  in  another 
embodiment  of  the  invention;  and 

Fig.  30  is  a  block  diagram  showing  a  circuit  60 
arrangement  of  the  main  section  in  still  another 
embodiment  of  the  invention. 

JETAILED  DESCRIHIIUN  Uh  I  lib  KHbhbhtHHU 
IMBODIMENTS 

An  embodiment  of  the  present  invention  will  be 
lescribed  in  detail  hereinbelow  with  reference  to  the 
irawings. 

*l  Principle  of  the  growth  of  a  dot  diameter 
According  to  the  present  invention,  in  the  ink  jet 

ecording  system,  by  changing  a  dot  diameter  by  the 
superposition  of  the  dot,  the  number  of  gradations  is 
ncreased  without  changing  a  size  of  threshold  value 
natrix.  The  growth  of  the  dot  diameter  by  the 
superposition  will  be  first  explained. 

As  shown  in  Fig.  3.  when  an  ejection  signal  S  of  an 
nk  jet  printer  is  continuously  applied  to  heat 
generating  elements  (not  shown)  in  a  nozzle  6,  ink 
droplets  7  as  many  as  the  number  of  pulses  of  the 
sjection  signal  are  ejected  out  of  the  nozzle  6  and 
:he  inks  are  united  and  blurred  at  the  same  position 
Dn  a  paper  surface,  so  that  a  diameter  of  printing  dot 
1  8  grows.  On  the  other  hand,  as  the  dot  diameter 
ncreases,  the  concentration  of  the  printing  dot  itself 
shown  at  18  also  increases,  thereby  changing  the 
gradation. 

Fig.  4  shows  the  cases  where  output  intervals  (t2 
and  t3)  of  the  first  and  second  dots  are  widened. 
When  the  output  interval  (time)  becomes  long,  the 
dot  concentration  increases.  However,  the  growing 
degree  of  the  dot  diameter  is  slow  because  after  the 
ink  droplet  of  the  preceding  dot  has  sufficiently 
permeated  a  recording  paper,  the  ink  droplet  of  the 
next  dot  is  ejected,  so  that  the  size  of  the  dot 
diameter  is  small. 

Fig.  5  shows  the  relations  among  the  number  of 
output  dots  to  be  superposed,  the  dot  diameter,  and 
the  time  interval  of  the  output  dots. 

In  an  embodiment  of  the  invention,  which  will  be 
explained  hereiniater,  the  foregoing  characteristic  of 
the  growth  of  the  dot  diameter  and  the  dot 
superposition  number  is  used  and  the  data  of  a 
threshold  value  matrix  is  changed  in  correspond- 
ence  to  the  superposing  order,  thereby  enabling  the 
smoother  gradation  to  be  expressed.  In  Figs.  3A  to 
3D,  the  example  of  the  superposition  of  four  dots 
has  been  shown.  However,  if  an  ink  droplet  of  a  small 
dot  can  be  ejected  by  improving  the  performance  of 
the  nozzle  6  and  up  to  eight  dots  can  be  super- 
posed,  129  (=  4  x  4  x  8  +  1)  gradations  can  be 
obtained  and  the  finer  gradations  can  be  expressed 
without  changing  the  size  (output  area)  of  the 
threshold  value  matrix  as  compared  with  the  4-dot 
superposition  which  enables  65  ( = 4 x 4 x 4 + 1 )  
gradations  to  be  derived. 

On  the  other  hand,  if  the  pattern  size  of  the 
threshold  value  matrix  is  widened  to  8  x  8,  even  in  the 
case  of  the  4-dot  superposition,  257  (  =  8  x  8  x  4  + 
1)  gradations  can  be  expressed  and  the  whole  area 
of  the  input  image  data  can  be  covered. 

B.  Circuit  arrangement  of  the  embodiment 
Fig.  1A  shows  an  example  of  a  schematic 

arrangement  of  an  image  processing  apparatus  of  an 
ink  jet  printer  to  which  the  invention  is  applied. 
Figs.  1  B  and  1  C  show  examples  of  the  operation  of 
this  apparatus.  Reference  numeral  10  in  Fig.  1A 

4 
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ueiiuies  a  panern  memory  in  wnicn  a  plurality  ot 
threshold  value  matrices  as  shown  in  Figs.  1  B  and 
1C  are  previously  stored.  A  plurality  of  threshold 
value  matrices  as  shown  in  Figs.  1B  and  1C  are 
prepared  in  the  pattern  memory  10  in  accordance 
with  the  superposing  order. 

Although  the  image  data  1  which  is  input  to  the 
comparator  3  is  the  digital  multi-value  data  of  eight 
bits,  it  is  binarized  into  the  data  of  0  and  1  by  the 
comparator  3  in  order  to  print  by  the  ink  jet  printer. 
However,  if  the  input  image  data  1  is  simply  binarized 
as  in  the  conventional  apparatus,  the  gradation  of 
each  dot  cannot  be  expressed.  Therefore,  the  input 
image  data  is  compared  with  a  plurality  of  threshold 
value  matrices  and  binarized  every  superposition  as 
will  be  explained  hereinafter.  This  process  is  referred 
to  as  a  dot  development  hereinafter. 

On  the  other  hand,  the  line  memory  4  has  the 
memory  capacity  as  much  as  the  number  of  ejecting 
ports  of  the  nozzle  6.  In  this  embodiment,  the 
nozzle  6  consists  of  four  ejecting  ports  6-1  to  6-4 
arranged  in  the  vertical  direction.  Therefore,  the  line 
memory  4  has  the  memory  capacity  of  four  bits  in 
correspondence  to  the  nozzle  6. 

When  the  image  data  1  is  input  to  the  comparator 
3,  the  comparison  data  (threshold  values)  are 
sequentially  output  to  the  comparator  3  from  the 
pattern  memory  10  in  which  the  foregoing  threshold 
values  are  written.  The  image  data  1  is  binarized  into 
the  print  data  (ejection  signals)  S  of  0  and  1  by  the 
comparator  3.  When  the  data  binarized  by  the 
comparator  3  is  stored  into  the  line  memory  4  by  the 
amount  of  four  pixels,  it  is  recorded  by  the  nozzle  6. 
In  the  case  where  the  image  data  1  is  made 
correspond  to  the  dot  matrix  of  4  x  4,  the  threshold 
value  data  is  accessed  sixteen  times  for  one  of  the 
four  superpositions  with  respect  to  one  input  image 
data  1  and  binarized. 

Assuming  that  the  image  data  1  was  input  as  the 
level  "32",  it  is  first  compared  with  the  threshold 
value  of  matrix®  4x4  among  the  threshold  values 
stored  in  the  pattern  memory  10  shown  in  Fig.  1B  by 
the  comparator  3  and  binarized.  The  binarized  data 
is  written  into  the  line  memory  4.  This  data  is  read  out 
of  the  line  memory  4  as  the  ejection  signal  S  and 
applied  to  the  heat  generating  elements  of  the 
nozzle  6  and  printed.  The  line  memory  4  has  the 
memory  capacity  as  shown  in  Fig.  2.  The  data  read 
out  of  this  memory  is  sent  to  each  heat  generating 
slement  of  the  nozzle  6  at  timings  as  shown  in  data 
Si  in  Fig.  2.  The  data  transmitted  at  the  timing  Si  is 
actually  printed  at  a  timing  of  S2.  Next,  after  the  ink 
droplet  was  superposed  a  predetermined  number  of 
times  (four  times  in  this  embodiment)  ,  a  carriage  of  a 
Drinting  head  or  a  recording  paper  (not  shown)  is 
moved  at  a  timing  shown  by  a  pulse  S3  in  Fig.  4. 

0.  Example  of  constitution  of  pattern  memory 
The  content  of  the  pattern  memory  10  will  now  be 

described  further  in  detail  with  reference  to  Figs.  1B 
and  1C.  In  order  to  superpose  the  ink,  4 x 4 x 4  
matrices  including  the  superposing  direction  are 
Drepared  in  the  pattern  memory  10  so  that  four 
threshold  values  are  output  for  the  pixel  in  the  same 
address.  These  matrices  are  compared  with  the 

multi-value  image  data  1  by  the  comparator  3.  In 
order  to  also  prepare  the  data  of  the  superposing 
direction,  in  the  case  of  the  4-dot  superposition,  the 
threshold  value  pattern  matrix  has  four  conventional 

5  threshold  values  of  4  x  4  as  shown  at©  to©  for  the 
superposition  of  four  times,  so  that  the  threshold 
value  pattern  matrix  has  the  memory  size  which  is 
four  times  as  large  as  that  of  the  conventional  one. 
Accordingly,  the  number  of  comparison  times  with 

10  the  image  data  is  also  four  times  as  large  as  the 
conventional  one. 

The  output  data  binarized  to  0  and  1  by  the 
comparator  3  in  accordance  with  the  superposing 
pattern  design  is  input  to  the  line  memory  4  as 

15  mentioned  above  and  converted  into  the  ejection 
signal  S  of  the  ink  jet.  In  Fig.  1B,  numerals  shown  in 
the  first  row,  for  example,  indicate  energies  which 
are  applied  to  the  ejecting  ports  6-1  to  6-4  while  the 
nozzle  6  is  stopped  at  the  first  row  position.  For 

20  instance,  the  data  of  "1100"  is  given  to  the  ejecting 
port  6-1  and  this  means  that  two  dots  are  super- 
posed. 

D.  Output  timing 
25  As  shown  in  Fig.  2,  for  example,  in  the  case  of  the 

4-dot  superposition,  the  data  transfer  pulse  Si  and 
the  output  of  the  ejection  pulse  S2  in  the  embodi- 
ment  are  performed  four  times  before  a  travel  pulse 
S3  is  input,  respectively.  The  number  of  superposi- 

30  tions  is  determined  by  the  number  of  data  transfer 
pulses  Si  and  the  number  of  ejection  pulses  S3 
which  are  input  between  the  travel  pulses  S3  which 
are  supplied  to  the  carriage  or  paper  feed  motor. 

As  the  interval  between  the  travel  pulses  S3  is 
35  long,  many  dots  are  printed  to  the  same  position  on 

the  paper.  As  this  interval  is  short,  the  dots  are 
printed  at  the  deviated  positions  on  the  paper. 
Therefore,  the  period  of  the  travel  pulses  S3  is  also  a 
significant  factor  in  the  growth  of  the  dot  diameter. 

40  On  the  other  hand,  there  is  a  tendency  such  that 
as  the  number  of  ejection  dots  which  are  printed  at 
the  same  position  is  large,  the  united  ink  shape 
approaches  a  circle,  while  as  the  ejection  dots  are 
printed  to  the  deviated  positions,  the  united  ink 

45  shape  becomes  an  ellipse.  Further,  there  is  also  a 
tendency  such  that  when  the  generating  interval  of 
the  ejection  pulses  S2  is  set  to  ti  and  the  generating 
interval  of  the  travel  pulses  S3  is  set  to  t2,  if  the 
relation  of  ti  x  the  number  of  superpositions  <  t.2  is 

50  satisfied,  the  ejection  dots  are  printed  to  the  same 
position  and  the  united  ink  shape  becomes  a  circle 
and  the  gradations  on  the  growth  of  the  dot  diameter 
can  be  easily  obtained. 

The  explanation  has  been  made  with  respect  to 
55  the  case  where  the  output  data  of  the  line  memory  4 

for  the  ejection  port  6-1  is  "1100"  and,  consequently, 
two  dots  are  superposed.  However,  when  the  output 
data  is  "1  1  1  1  ",  four  dots  are  superposed.  In  the  case 
of  "1110",  three  dots  are  superposed.  On  the  other 

so  hand,  it  is  also  possible  to  superpose  the  first  and 
second  dots  with  a  time  interval  held  therebetween 
by  setting  the  output  data  to  "1001  ".  In  this  case,  as 
shown  in  Figs.  4C  and  5,  the  dot  diameter  slowly 
grows  and  only  the  concentration  by  the  superposi- 

>5  tion  is  improved. 
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:.  Kinds  of  threshold  value  matrices 
Figs.  6  to  8  show  examples  of  kinds  of  threshold 

'alue  matrices  which  are  stored  into  the  pattern 
nemory  10.  First,  a  threshold  value  matrix  10A  5 
ihown  in  Fig.  6A  is  a  dispersive  type  threshold  value 
natrix  similar  to  that  shown  in  Fig.  1  B.  As  shown  in 
:igs.  6B  to  6D,  when  the  given  image  data 
epresents  sixteen  levels,  the  first  dot  is  printed  to 
he  whole  area.  In  the  case  of  32  levels,  the  second  10 
Jot  is  superposed.  In  the  case  of  the  48  levels,  the 
hird  and  fourth  dots  are  superposed.  In  this  manner, 
he  dots  are  averagely  superposed. 

A  threshold  value  matrix  10B  shown  in  Fig.  7A  is  a 
joncentrated  type  threshold  value  matrix.  As  shown  15 
n  Figs.  7B  to  7D,  the  dots  are  concentratedly  printed 
:o  the  same  position,  so  that  the  size  of  the  united 
nk  shape  is  gradually  widened. 

A  threshold  value  matrix  10C  shown  in  Fig.  8A  is 
in  irregular  concentrated  type  threshold  value  20 
natrix  similar  to  that  shown  in  Fig.  1C.  As  shown  in 
:igs.  8B  to  8D,  after  two  dots  were  superposed,  the 
Drinting  position  is  changed  and  the  superposing 
area  is  widened.  In  this  manner,  a  superposed 
Dattern  is  derived.  25 

As  mentioned  above,  by  changing  the  superpos- 
ng  order,  the  gradations  can  be  controlled.  By 
changing  the  content  of  the  threshold  value  pattern, 
the  fine  gradations  in  consideration  of  [dither  +  dot 
diameter  growth  +  change  in  concentration  of  the  30 
superposition]  can  be  derived. 

F.  Embodiment  by  look-up  table  system 
Fig.  9  shows  an  arrangement  of  another  embodi- 

ment  of  the  invention.  In  this  embodiment,  for  the  35 
input  image  data  1  ,  the  binarization  data  is  accessed 
from  a  look-up  table  20  stored  in  an  ROM  (read  only 
memory)  together  with  addresses  indicated  by  X  and 
Y.  The  accessed  binarization  data  is  sent  to  the  line 
memory  4  and  printed  by  the  ink  jet  printer.  Namely,  40 
the  comparator  as  shown  in  Fig.  1  is  unnecessary. 
For  example,  as  shown  in  Figs.  10  to  12,  the  look-up 
table  20  has  the  content  to  sequentially  output  the 
data  as  shown  in  the  diagrams  for  input  addresses 
"16",  "32",  and  "48"  and  functions  in  a  manner  similar  45 
to  the  threshold  value  matrices  shown  in  Figs.  6  to  8. 
That  is,  by  accessing  the  input  image  data  1  and  the 
data  in  the  address  shown  by  X  and  Y  from  the 
look-up  table  20,  the  superposing  data  similar  to 
those  shown  in  Figs.  6  to  8  are  sent  to  the  line  50 
memory  4.  In  this  case,  X  denotes  an  address 
indicative  of  the  number  of  superpositions  and  the 
printing  position.  Each  time  the  value  of  X  increases 
by  four,  the  nozzle  is  moved. 

Fig.  10  shows  the  case  of  the  dispersive  type  55 
iook-up  table.  Fig.  11  shows  the  case  of  the 
concentrated  type  look-up  table.  Fig.  12  shows  the 
case  of  the  irregular  concentrated  type  look-up 
table. 

In  this  embodiment,  by  rewriting  the  content  of  the  60 
look-up  table  20,  the  output  pulse  design  can  be 
easily  changed  and  the  effects  similar  to  the  first 
embodiment  can  be  obtained. 

As  described  above,  according  to  the  embodi- 
ment,  the  following  effects  are  derived.  65 

(1)  I  he  tnresnoia  values  corresponaing  10 
the  superposition  are  prepared  and  the  dots  are 
superposed  by  the  ink  jet  printer.  Therefore,  for  *>@ 
example,  in  the  case  of  the  pixel  matrix  of  4  x  4, 
only  17  (=  16  +  1)  gradations  can  be 
expressed  in  the  conventional  apparatus,  but  65 
( = 6 4 + 1 )   gradations  can  be  expressed  for 
the  4-dot  superpositions  and  the  number  of 
gradations  can  be  fairly  increased  according  to 
the  embodiment. 

(2)  Further,  by  changing  the  superposing 
interval,  only  the  concentration  can  be  in- 
creased  by  superposing  the  dots  without 
growing  the  dot  diameter,  so  that  the  smooth 
gradations  can  be  obtained  as  a  whole. 

(3)  On  the  other  hand,  by  reducing  the  dot 
diameter,  the  growth  of  the  dot  diameter  can  be 
enhanced,  so  that  the  finer  gradations  can  be 
derived. 

(4)  For  the  number  of  superpositions,  by 
realizing  the  12-dot  superposition,  the  high 
grade  gradations  such  as  192  (=  4  x  4  x  12) 
gradations  can  be  derived,  so  that  the  number 
of  gradations  can  be  raised  without  deteriora- 
ting  the  resolution. 

(5)  Since  the  existing  ink  jet  head  can  be 
directly  easily  improved  to  the  head  for  super- 
position  of  the  invention,  the  relatively  cheap 
image  processing  apparatus  of  the  invention 
can  be  easily  realized. 

In  the  ink  jet  recording  system  for  printing  dots  by  « 
using  the  binarization  image  processing  system,  in 
general,  in  the  case  of  the  painting-out  mode,  a  dot 
diameter  D  of  the  printing  dot  is  set  to  be  larger  than 
a  dot  pitch  P  as  shown  in  Fig.  18  so  that  the  paper  in  - 
the  space  which  is  formed  among  dots  cannot  be 
seen.  That  is,  the  ink  jet  apparatus  which  can  obtain 
the  printing  dots  each  of  which  is  larger  than  the 
circumscribed  circle  of  the  square  of  the  dot  pitch  is 
used.  On  the  other  hand,  in  the  case  of  performing 
the  multi-color  printing  by  use  of  the  color  inks  of 
yellow,  magenta,  cyan,  and  black,  a  method  of 
obtaining  a  mixed  color  by  superposing  the  ink 
droplets  is  used.  In  this  case,  the  printing  dot  is  set 
to  a  large  value  so  as  to  mutually  overlap  the  printing 
dots  as  large  as  possible. 

Therefore,  the  relation  between  the  input  multi- 
value  image  data  obtained  in  this  manner  and  the 
brightness  (L*)  of  a  conventional  printed  matter  is 
not  linear  as  shown  in  Fig.  19.  When  the  concentra- 
tion  of  the  image  data  increases  to  a  predetermined 
value  or  more,  the  brightness  is  saturated,  so  that 
there  is  a  problem  such  that  the  input  image  data 
cannot  be  reproduced  with  a  high  fidelity. 

This  problem  is  serious  when  the  images  are 
reproduced.  This  point  will  now  be  explained  with 
reference  to  Fig.  20. 

Fig.  20  shows  the  characteristics  of  the  single- 
color  inks  of  yellow,  magenta,  and  cyan  on  the 
a*  -  b*  plane  (wherein,  +a*  denotes  the  direction  of 
red,  -a*  indicates  the  direction  of  green,  +b* 
represents  the  direction  of  yellow,  and  -b*  shows 
the  direction  of  blue).  A  broken  line  in  Fig.  20  shows 
the  values  of  the  measurement  of  a  sample  which  * 
was  printed  by  the  actual  ink  jet  recording  apparatus 

6 
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in  ine  case  wnere  tne  inKs  overlap.  A  solid  line  snows 
the  ideal  values  in  the  case  where  no  ink  overlaps.  As 
shown  in  Fig.  20,  in  spite  of  the  fact  that  the  printing 
characteristics  are  inherently  linear,  the  actual 
printing  characteristics  draw  a  curve.  Namely,  the 
actually  printed  image  differs  from  the  inherent 
image  to  be  printed.  This  is  because  the  overlap 
portions  of  the  printing  dots  as  shown  in  Fig.  18 
exist.  There  is  a  problem  such  that  even  if  the  dots 
are  printed  by  using  the  inks  of  the  same  concentra- 
tion,  the  color  tones  in  the  thin  concentration 
portion,  middle  concentration  portion,  and  thick 
concentration  portion  differ.  In  other  words,  the 
reason  why  the  colors  differ  even  when  the  same  ink 
is  used  is  because  the  saturation  and  hue  change  in 
dependence  on  the  overlap  of  the  inks. 

In  brief,  in  the  apparatus  which  has  conventionally 
been  considered  has  the  following  problems. 

(1)  Since  the  dots  whose  diameters  are  larger 
than  the  dot  pitch  are  printed,  the  linear  relation 
between  the  image  data  and  the  printing 
brightness  or  concentration  cannot  be  ob- 
tained. 

(2)  Even  in  the  case  of  the  same  color,  the 
color  varies  due  to  the  overlap  of  the  dots. 

(3)  The  reference  color  tone  such  as  satura- 
tion  or  hue  indicative  of  the  color  cannot  be 
accurately  controlled. 

(4)  Since  the  size  of  the  threshold  value 
pattern  matrix  is  set  to  a  large  value  to  increase 
the  gradations,  there  are  drawbacks  such  that 
the  resolution  deteriorates  and  the  graininess 
becomes  conspicuous. 

An  explanation  will  now  be  made  with  respect  to 
an  embodiment  of  an  ink  jet  recording  apparatus  in 
which  the  number  of  gradations  can  be  increased 
without  changing  the  size  of  pixel  and  the  color 
image  quality  such  as  saturation  can  be  accurately 
controlled. 

In  the  following  embodiment,  there  is  disclosed  an 
embodiment  in  which  one  pixel  is  expressed  by  a  set 
of  a  plurality  of  dots  whose  minimum  diameter  is 
smaller  than  the  dot  printing  pitch,  a  plurality  of  dots 
of  the  ink  droplets  are  continuously  ejected  to  the 
same  position  on  a  medium  to  be  recorded  in 
accordance  with  the  concentration  and  color  tone  of 
the  input  image  by  using  the  threshold  value  matrix 
or  concentration  pattern  data,  and  the  ejection  time 
interval  of  the  ink  droplets  can  be  varied. 

Fig.  21  shows  a  circuit  arrangement  of  the 
embodiment  of  the  invention.  In  the  diagram, 
reference  numeral  111  denotes  a  pattern  memory  in 
which  a  plurality  of  threshold  value  matrices  10-1  to 
10-4  as  shown  in  Fig.  22  are  previously  stored. 
Numerals  112,  113,  and  114  denote  address  gener- 
ators  to  read  out  the  threshold  values  in  the  X,  Y,  and 
Z  directions,  respectively;  115  indicates  a  line 
memory  to  temporarily  store  the  binarization  data 
which  was  dot  developed  in  a  comparator  (parallel 
comparator)  103;  116,  117,  and  118  address  gener- 
ators  to  write  the  threshold  values  in  the  X,  Y,  and  Z 
directions;  119  a  read  controller  to  control  the  read 
timing  for  the  output  data  from  the  line  memory  115; 
120  a  pulse  generator  to  generate  ejection  pulses; 
and  121  a  shift  register.  The  data  read  out  of  the  line 

memory  115  is  supplied  to  the  shift  register  121 
through  the  read  controller  119  and  transmitted  to 
drive  elements  such  as  heat  generating  elements  in 
the  nozzle  of  an  ink  jet  head  122  in  response  to  the 

5  ejection  pulses  of  the  pulse  generator  120. 
The  conventional  threshold  value  matrices  relate 

to  only  the  x-y  directions  in  the  row  and  column 
directions  as  shown  in  Figs.  16  and  17.  However,  in 
this  embodiment,  in  a  manner  similar  to  the 

10  foregoing  embodiment,  the  elements  are  further 
increased  in  the  Z  direction  as  a  superposing 
direction  as  shown  in  Fig.  22.  For  example,  in  the 
case  of  the  4-dot  superposition  based  on  the 
threshold  value  matrix  of  4  x  4,  the  threshold  value 

15  matrices  1  0-1  to  1  0-4  of  4  x  4  x  4  are  prepared  in  the 
pattern  memory  1  1  1  and  sent  to  the  comparator  103 
and  compared  with  an  input  image  data  101.  As 
mentioned  above,  in  the  case  of  the  threshold  value 
matrices  110-1  to  110-4  in  the  embodiment,  the 

20  threshold  value  data  in  the  superposing  direction  (Z) 
is  also  prepared.  Therefore,  in  the  case  of  the  4-dot 
superposition,  the  size  is  four  times  as  large  as  the 
conventional  4x4   threshold  value  matrix.  On  the 
other  hand,  the  number  of  comparison  times  with 

25  the  input  image  data  101  is  also  four  times  as  large 
as  the  conventional  one. 

The  image  data  binarized  into  the  codes  of  0  and  1 
in  accordance  with  the  superposing  pattern  data  of 
the  threshold  value  matrices  110-1  to  110-4  is  input 

30  to  the  line  memory  115  and  used  as  the  ejection 
signal  Si  (refer  to  Fig.  23)  of  the  ink  jet  printer.  For 
example,  if  the  data  binarized  by  the  comparator  103 
is  given  as  "1  100"  to  one  nozzle  123  (refer  to  Fig.  23) 
of  the  ink  jet  head  122,  the  ink  droplets  are 

35  continuously  ejected  out  like  the  first  and  second 
dots.  In  this  manner,  the  superposing  printing  is 
executed  to  the  same  position  on  the  paper. 

The  operation  of  the  embodiment  of  the  invention 
shown  in  Fig.  21  will  now  be  explained. 

40  When  the  input  multi-value  image  data  101  is 
latched  into  a  latch  circuit  102,  the  threshold  value 
data  in  the  addresses  of  X,  Y,  and  Z  designated  by 
the  address  generators  1  12  to  1  14  is  read  out  of  the 
pattern  memory  1  1  1  and  supplied  to  the  comparator 

45  103.  The  image  data  101  supplied  from  the  latch 
circuit  102  is  sequentially  compared  with  the  thre- 
shold  value  data  by  the  comparator  103  and 
binarized.  The  data  binarized  into  0  and  1  by  the 
comparator  103  is  stored  into  the  addresses  of  X,  Y, 

50  and  Z  in  the  line  memory  115  in  a  manner  similar  to 
the  pattern  memory. 

On  the  other  hand,  on  the  ink  jet  printer  side,  the 
data  (ejection  signal)  prepared  in  the  line  memory 
115  is  read  out  by  the  read  controller  119  and 

55  transmitted  to  the  ink  jet  head  122  through  the  shift 
register  121.  That  is,  when  the  data  for  the  ink  jet 
head  122  is  prepared  in  the  shift  register  121,  the 
ejection  pulse  S2  is  applied  from  the  pulse  generator 
120  to  the  shift  register  121.  The  ejection  signal 

so  (data)  is  supplied  to  the  heat  generating  elements  in 
the  nozzle  123  of  the  ink  jet  head  122  from  the  shift 
register  121  at  timings  as  shown  in  Fig.  24.  The 
nozzle  123  ejects  out  the  ink  in  accordance  with  the 
ejection  signal.  The  similar  operation  is  again 

35  repeated. 
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To  control  the  dot  printing  time  interval  in  the 
circuit  constitution  of  Fig.  21,  a  plurality  of  threshold 
value  patterns  are  prepared  as  shown  in  Fig.  22  and 
this  time  interval  is  adjusted  by  the  codes  of  1  and  0. 
For  example,  assuming  that  when  the  data  of  "32"  in 
the  image  data  101  is  input,  the  threshold  values 
which  are  output  every  superposition  are  "7",  "14", 
"21",  "28",  "35",  "42",  "49",  and  "56",  the  image  data 
101  is  binarized  into  "11110000"  for  one  nozzle. 
However,  assuming  that  the  threshold  values  are 
"7",  "35",  "14",  "42",  "21",  "49",  "28",  and  "56",  the 
image  data  101  of  "32"  is  set  to  "10101010". 
Although  the  results  of  the  print  in  both  cases  are 
such  that  since  the  ink  ejecting  (time)  intervals  differ 
although  they  are  set  to  the  same  3-dot  superposing 
mode,  the  diameters  of  the  printing  dots  differ. 

Figs.  23  and  24  show  output  timings  for  the  print 
data  Si  and  ejection  pulse  S2  in  the  embodiment. 
When  the  ejection  pulse  S2  is  applied  to  the  data  Si 
prepared  in  the  shift  register  121,  only  when  the  data 
Si  is  set  to  "1  ",  an  ink  droplet  124  is  ejected  from  the 
nozzle  123.  The  ink  ejecting  interval  is  shown  at  t.  As 
shown  in  Fig.  25,  there  is  a  tendency  such  that  as  the 
interval  t  is  short,  the  dot  diameter  growing  rate  of  a 
printing  dot  125  increases  as  a  whole,  on  the 
contrary,  when  the  interval  t  becomes  long,  the  dot 
diameter  growing  rate  decreases. 

That  is,  when  the  ejection  signal  Si  of  the  ink  jet 
printer  is  continuously  applied  to  the  ink  jet  head 
122,  as  shown  in  c  in  Fig.  26,  an  ink  126  is  blurred 
while  being  united  on  a  paper  127,  and  the  dot 
diameter  increases.  On  the  other  hand,  when  the  ink 
dot  printing  interval  t  is  widened,  as  shown  in  a  and  b 
in  Fig.  25  and  a  and  b  in  Fig.  26,  although  the  dot 
diameter  growing  rate  is  low,  the  saturation  and  hue 
due  to  the  superposition  can  be  changed  and  the 
concentration  of  the  printed  dot  itself  is  also  slightly 
improved.  In  this  manner,  in  Figs.  25  and  26,  the 
reason  why  the  ink  of  the  dots  printed  in  accordance 
with  the  order  of  b  a  —  >@  c  is  widened  is  because  if 
the  time  interval  t  from  the  printing  of  the  first  dot 
onto  the  paper  surface  until  the  printing  of  the  next 
dot  is  short,  the  supply  speed  of  the  ink  droplets  is 
faster  than  the  speed  at  which  the  ink  permeates  the 
paper  in  accordance  with  the  order  of  the  first  dot, 
the  second  dot,  the  third  dot,  ...  and  the  ink  is  easily 
spreaded  on  the  paper  surface.  On  the  right  side  in 
Fig.  26,  a  state  in  which  the  ink  permeates  the  inside 
of  the  paper  is  shown  by  arrows.  Fig.  27  shows  the 
relation  between  the  number  of  superpositions  and 
the  dot  diameter.  It  will  be  understood  that  as  the 
superposing  interval  becomes  long,  a  dot  diameter 
growing  rate  f  decreases. 

Therefore,  by  preparing  a  number  of  eight  or  nine 
kinds  of  threshold  value  matrices  in  the  Z  direction, 
such  as  matrices  that  the  same  image  data  can  be 
binarized  into  patterns  of  (1)  11100000,  (2) 
10101000,  (3)  10010010,  the  smooth  gradations 
can  be  obtained.  The  brightness,  saturation,  and  hue 
can  be  properly  controlled. 

As  mentioned  above,  the  smooth  gradations 
which  cannot  be  expressed  by  the  conventional 
technique  can  be  obtained  by  use  of  the  dot 
diameter  growth  by  the  superposition  of  the  ink 
droplets.  Particularly,  when  the  linear  relation  bet- 

ween  the  input  image  data  101  and  the  brightness  as 
shown  in  Fig.  28  is  derived,  in  the  highlighted  portion 
shown  at  A  or  the  like,  by  constituting  the  threshold 
value  matrices  so  as  to  reduce  the  dot  diameter,  the 

5  graininess  becomes  inconspicuous. 
On  the  other  hand,  in  the  portion  of  the  diagram, 

even  if  the  dot  diameter  is  small,  as  the  concentra- 
tion  of  each  dot  is  high,  the  contrast  seems  to  be 
high,  so  that  high  resolution  is  derived  and  the  image 

10  can  be  clearly  seen. 
On  one  hand,  in  the  half  tone  portion,  even  if  the 

concentration  of  each  dot  is  low,  as  the  dot  diameter 
is  large,  the  area  which  is  covered  by  the  ink  is  larger 
than  the  background  of  a  material  to  be  recorded,  so 

15  that  the  smooth  half  tone  is  derived. 
Consequently,  a  check  is  made  to  see  if  the 

original  image  is  the  half  tone  image  or  the  diagram 
image  and  the  threshold  value  matrices  are  changed 
in  accordance  with  this  result  of  the  discrimination. 

20  in  the  case  of  the  half  tone  image,  matrices  so  as  to 
obtain  the  pattern  (1)  mentioned  above  are  applied 
for  the  same  image  data.  In  the  case  of  the  diagram 
image,  matrices  so  as  obtain  the  foregoing  pattern 
(3)  are  applied.  In  the  case  where  both  of  the  half 

25  tone  and  diagram  images  mixedly  exist,  matrices  so 
as  to  obtain  the  pattern  (2)  are  applied.  Such  an 
embodiment  will  now  be  described  hereinbelow  with 
reference  to  Fig.  30. 

Fig.  30  is  a  diagram  showing  such  an  embodiment 
30  and  the  parts  and  components  as  those  shown  in 

Fig.  21  are  designated  by  the  same  reference 
numerals  and  their  descriptions  are  omitted. 

In  Fig.  30,  reference  numeral  135  denotes  a 
distinction  circuit  to  discriminate  whether  the  input 

35  image  data  is  a  diagram  image  or  a  half  tone  image. 
An  output  of  the  distinction  circuit  135  is  supplied  to 
the  pattern  memory  111.  Threshold  value  matrices 
which  are  generated  in  accordance  with  a  distinction 
output  of  the  distinction  circuit  135  is  considered  as 

40  the  pattern  memory  111.  For  example,  if  the  input 
image  data  is  determined  to  be  the  half  tone  image, 
as  shown  in  the  pattern  (1),  threshold  value  matrices 
such  as  to  enlarge  the  dot  diameter,  i.e.,  to  reduce 
the  ink  ejection  interval  to  form  dots  are  generated. 

45  In  the  case  of  the  diagram  image,  as  shown  in  the 
pattern  (3),  threshold  value  matrices  such  as  to 
make  the  concentration  thick  without  growing  the 
dot  diameter,  namely,  to  widen  the  ejection  interval 
of  the  ink  to  form  the  dots  are  generated. 

50  In  the  foregoing  embodiment,  the  threshold 
values  which  are  generated  from  the  pattern  memory 
111  on  the  basis  of  the  result  of  the  distinction 
between  the  diagram  image  and  the  half  tone  image 
have  been  considered.  However,  it  is  also  possible 

55  to  consider  a  constitution  such  that  as  shown  by 
broken  lines  in  Fig.  30,  a  distinction  circuit  136  to 
discriminate  whether  the  input  image  data  is  the 
chromatic  image  or  achromatic  image  is  provided, 
and  on  the  basis  of  the  result  of  the  distinction, 

60  threshold  values  which  are  generated  from  the 
pattern  memory  111  are  changed. 

In  other  words,  when  the  chromatic  image  data  is 
given,  the  processes  are  executed  in  a  manner 
similar  to  the  case  of  the  halftone  image.  In  the  case 

65  of  the  achromatic  image,  the  processes  can  be 

8 
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(jtsiiurmea  in  a  manner  similar  to  tne  case  ot  the 
diameter  image. 

With  this  method,  the  black  characters  are 
reproduced  with  a  high  contrast  and  a  high  resolu- 
tion  and  color  images  other  than  the  black  charac- 
ters  are  smoothly  reproduced  with  good  gradations. 

Hitherto,  when  the  image  of  a  human  face  is 
reproduced,  the  skin  color  cannot  be  preferably 
reproduced.  However,  according  to  the  embodi- 
ment,  since  the  smooth  gradations  can  be  obtained, 
the  skin  color  can  be  also  properly  reproduced.  On 
the  other  hand,  if  the  dot  superposing  interval  t  is  set 
to  a  long  time,  although  the  area  ratio  does  not 
change,  the  effect  by  the  ink  superposition  can  be 
derived.  Namely,  the  clearness  can  be  raised  by 
changing  the  saturation.  Thus,  the  width  of  express- 
ion  is  widened  and  the  picture  quality  can  be 
remarkably  improved. 

Therefore,  the  advantages  which  are  obtained  by 
the  embodiments  of  the  present  invention  will  be 
summarized  as  follows. 

(1)  Since  the  dots  smaller  than  those  of  the 
conventional  ones  can  be  used,  the  bright 
portion  can  be  further  finely  expressed. 

(2)  When  the  dots  having  a  small  diameter  are 
dispersively  printed  as  a  whole  and  the  dot 
diameter  is  gradually  increased  by  the  superpo- 
sition,  the  jump  of  the  gradations  (i.e.,  the 
sudden  change  in  gradation)  becomes  incon- 
spicuous  and  the  smooth  color  tone  can  be 
expressed. 

(3)  By  superposing  the  dots  without  chang- 
ing  the  dot  diameter,  the  saturation  or  hue  of 
the  reproduced  image  can  be  changed  and  the 
clear  picture  quality  can  be  obtained. 

On  the  other  hand,  in  order  to  express  the  fine 
gradations  and  to  adjust  the  saturation  and  hue,  it  is 
sufficient  to  change  the  bit  ejecting  interval.  The 
following  methods  are  considered  for  this  purpose. 

(1)  The  dot  interval  is  adjusted  by  the  data  in 
the  Z  direction  of  the  threshold  value  matrices 
as  mentioned  above. 

(2)  The  addresses  of  Z  in  the  threshold  value 
matrices  are  controlled  and  in  order  to  obtain 
the  binarization  data  of  0,  the  255  threshold 
value  data  such  that  they  are  certainly  set  to  0 
even  when  they  are  compared  with  the  thre- 
shold  value  are  read  out  and  compared  with  the 
image  data. 

(3)  The  frequency  of  the  ejection  pulse  is 
changed. 

Fig.  29  shows  a  constitution  of  the  main  section  in 
another  embodiment  of  the  invention.  In  this  em- 
oodiment,  the  binarization  data  is  accessed  from  a 
ook-up  table  130  together  with  the  addresses 
ndicated  by  X,  Y,  and  Z  for  the  input  multi-value 
mage  data  101  and  output  to  the  line  memory  115. 
rhe  addresses  indicated  by  the  size  of  the  image 
data  101  and  the  matrix  addresses  which  are  formed 
ay  address  generators  131  and  132  of  X  and  Y  are 
added  and  the  binarization  data  is  accessed  from  the 
ook-up  table  130.  In  this  case,  the  Z  address  from  an 
address  generator  133  of  Z  differs  from  the  X  and  Y 
addresses,  so  that  the  superposing  data  can  be  read 
Dut  as  a  different  value.  The  other  constitution  is 

similar  to  the  first  embodiment  of  Fig.  21  ;  therefore, 
its  detailed  description  is  omitted. 

As  explained  above,  according  to  this  embodi- 
ment,  in  addition  to  the  dot  diameter  modulation  in 

5  which  a  larger  dot  diameter  is  accomplished  by 
superposing  the  dots  having  a  small  diameter,  the 
dot  printing  time  interval  is  adjusted.  Therefore,  not 
only  the  fine  gradations  are  obtained  but  also  there 
is  derived  an  advantage  such  that  the  saturation  and 

10  hue  as  the  significant  factors  in  the  color  reproduc- 
tion  can  be  also  properly  adjusted. 

Thus,  according  to  the  embodiment,  in  the  case  of 
an  obscure  faded  picture  quality  although  the 
smooth  gradations  can  be  obtained,  by  also  adjust- 

15  ing  the  saturation,  the  image  to  be  printed  can  be 
also  clarified.  On  the  other  hand,  according  to  the 
embodiment,  since  the  conventional  existing  ink  jet 
recording  apparatus  can  be  also  directly  improved, 
this  embodiment  is  practically  useful. 

20 

Claims 

25 
1.  A  recording  apparatus  comprising: 
a)  means  for  depositing  a  recording  agent 

onto  a  medium;  and 
b)  means  for  controlling  said  depositing 

30  means  so  as  to  enable  a  recording  interval  to  be 
varied  when  said  recording  agent  is  deposited 
to  a  same  position  on  said  medium  a  plurality  of 
times. 

2.  An  apparatus  according  to  claim  1  ,  wherein 
35  said  depositing  means  is  means  for  depositing 

an  ink  onto  a  paper. 
3.  An  apparatus  according  to  claim  1  ,  further 

comprising: 
c)  means  for  supplying  image  data  to  said 

40  depositing  means. 
4.  An  apparatus  according  to  claim  3,  further 

comprising: 
d)  means  for  discriminating  characteristics 

of  said  image  data, 
45  and  wherein  said  control  means  controls 

the  recording  interval  in  accordance  with  the 
result  of  the  discrimination  of  said  discriminat- 
ing  means. 

5.  An  apparatus  according  to  claim  1  ,  wherein 
50  said  control  means  has  a  first  control  mode  to 

deposit  at  a  recording  interval  so  as  to  change  a 
size  of  dot  which  is  formed  onto  the  medium  by 
said  recording  agent  when  the  recording  agent 
is  deposited  to  the  same  position  on  the 

55  medium  a  plurality  of  times,  and  a  second 
control  mode  to  deposit  at  a  recording  interval 
so  as  not  to  change  the  size  of  dot. 

6.  An  apparatus  according  to  claim  1  ,  wherein 
in  said  second  control  mode,  said  recording 

50  agent  deposits  at  a  sufficient  recording  interval 
so  that  said  recording  agent  permeates  the 
medium. 

7.  A  recording  method  comprising: 
a)  a  first  step  of  depositing  a  recording 

55  agent  to  a  predetermined  position  on  a  me- 
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dium;  and 
b)  a  second  step  of  depositing  the  recor- 

ding  agent  to  said  predetermined  position  at  a 
@ecording  interval  so  as  not  to  substantially 
change  a  size  of  dot  which  is  formed  on  the  5 
medium  by  said  recording  agent. 

8.  A  method  according  to  claim  7,  wherein  the 
@ecording  agent  which  is  deposited  in  said  first 
step  and  the  recording  agent  which  is  de- 
Dosited  in  said  second  step  are  the  same  kind  10 
Df  recording  agents. 

9.  A  method  according  to  claim  7,  further 
comprising: 

c)  a  step  of  repeating  said  first  and  second 
steps.  15 
10.  A  method  according  to  claim  7,  wherein 

said  recording  agent  is  a  liquid  having  a 
predetermined  concentration. 
11.  An  apparatus  according  to  claim  10, 

wherein  said  medium  is  a  medium  into  which  20 
said  liquid  permeates. 
12.  A  method  according  to  claim  11,  wherein 

said  medium  is  a  paper. 
13.  An  apparatus  comprising 

a)  means  for  supplying  multi-value  image  25 
data; 

b)  means  for  developing  the  multi-value 
image  data  supplied  by  said  supplying  means 
into  binary  data; 

c)  means  for  depositing  a  recording  agent  30 
onto  a  medium  in  accordance  with  the  binary 
data  developed  by  said  developing  means;  and 

d)  control  means  for  controlling  said  develo- 
ping  means  so  as  to  develop  the  same 
multi-value  image  data  into  the  binary  data  a  35 
plurality  of  times. 

14.  An  apparatus  according  to  claim  13, 
wherein  said  control  means  develops  the 
multi-value  image  data  into  the  binary  data  a 
plurality  of  times  by  using  different  threshold  40 
values. 

15.  An  apparatus  according  to  claim  13, 
wherein  said  depositing  means  superposes  and 
deposits  the  recording  agent  to  the  same 
position  on  the  medium  when  depositing  the  45 
recording  agent  onto  the  medium  in  accord- 
ance  with  the  binary  data  developed  by  said 
developing  means  a  plurality  of  times. 

16.  An  apparatus  according  to  claim  13, 
wherein  said  developing  means  includes:  50 

a)  means  for  storing  a  plurality  of  threshold 
value  matrices;  and 

b)  means  for  sequentially  comparing  said 
plurality  of  threshold  value  matrices  stored  in 
said  memory  means  with  the  multi-value  image  55 
data  supplied  by  said  supply  means. 

17.  An  apparatus  according  to  claim  13, 
wherein  said  recording  agent  is  a  liquid  having  a 
predetermined  concentration. 
18.  An  apparatus  according  to  claim  17,  60 

wherein  said  medium  is  a  medium  into  which 
said  liquid  permeates. 

19.  An  apparatus  according  to  claim  18, 
wherein  said  medium  is  a  paper. 

20.  A  dot-matrix  image  recording  apparatus,  65 

comprising: 
neans  for  dither-processing  multi-value  image 
data;  and 
means  for  recording  dots  at  any  of  a  plurality  of 
Dossible  dot  locations  in  response  to  the 
dither-processed  data;  characterised  in  that  the 
apparatus  is  operable  to  repeat  the  recording  of 
a  dot  for  any  of  said  possible  dot  locations  in 
dependence  upon  the  image  intensity  rep- 
-esented  by  the  input  image  data. 

10 
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