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©  image  forming  apparatus. 

©  in  an  image  forming  apparatus  for  forming  an 
ordinary  copy  or  a  tonality  image  for  an  original 
image  for  a  printing  press,  original  image  data  is 
divided  into  a  predetermined  area,  and  pixel  density 
within  the  area  is  subjected  to  a  density  conversion 
in  accordance  with  screen  half-toning  information 

£j!  which  will  increase  density  information  toward  the 
^■approximate  center  of  these  pixels,  by  way  of  exam- 
00  pie.  The  original  image  data  or  the  density-converted 
*Z  image  data  is  converted  into  a  binary-coded  signal 

conforming  to  the  density,  and  an  output  image  is 
^formed  in  accordance  therewith.  Preferably,  plural 
pjj  types  of  non-linear  correction  tables  are  provided 

and  a  tone-conversion  is  performed  selecting  a  cor- 
Orection  table  for  every  pixel  or  every  line  of  the 
ft  density-converted  image  data.  Preferably,  the  origi- 
UJnal  image  data  is  binary  coded  by  a  pattern  signal 

having  a  long  period,  and  the  density-converted  im- 
age  data  is  binary  coded  by  a  pattern  signal  having 

a  short  period,  me  roregoing  is  appnea  to  coior- 
separated  image  data  of  each  color.  Preferably,  the 
image  data  is  divided,  in  accordance  with  color,  into 
predetermined  areas  having  the  same  or  a  different 
number  of  pixels,  or  into  predetermined  areas  having 
a  planar  phase  which  differs  for  each  color,  and  a 
screen  angle  is  applied  thereto. 
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MAGE  FORMING  APPARATUS 

BACK  GROUND  OF  THE  INVENTION 

This  invention  relates  to  an  image  forming  ap- 
saratus  for  processing  image  data  and  forming  a 
:one  image. 

With  an  apparatus  of  this  kind,  a  screen  half- 
:oned  (converted  into  half-tone  dot)  image  is 
formed  by  a  dither  method,  light-emission  time 
:ontrol  method,  brightness  modulation  control 
method,  etc.  With  methods  such  as  the  dither 
method,  however,  the  tonality  and  resolution  of  the 
image  decline  and  there  is  no  improvement  in 
image  quality.  With  the  light-emission  time  control 
method  and  brightness  modulation  method,  screen 
half-toning  is  insufficient  and  impediments  are  en- 
countered  at  print-out. 

When  an  original  image  for  printing  presses  is 
formed  or  an  ordinary  copy  is  made  using  the 
conventional  apparatus  of  the  above-described 
type,  dot  formation  is  carried  out  without  changing 
the  method  of  image  representation  (i.e.,  the  meth- 
od  of  image  reproduction).  When  the  original  image 
printing  presses  is  produced,  therefore,  printing  dot 
size  is  not  constant  and  the  original  image  cannot 
be  used  as  such  an  original  image  for  printing 
presses. 

Further,  in  the  conventional  apparatus  of  the 
foregoing  type,  an  enhancement  in  image  quality  is 
attempted  by  applying  so-called  screen  angle  con- 
trol  in  a  printing  technique.  With  the  dither  method, 
however,  tonality  and  resolution  decline.  Though 
tonality  and  resolution  are  improved  with  a  dot 
modulation  method  or  the  brightness  modulation 
method,  performing  image  processing  for  each  and 
every  dot  is  fundamental  and,  in  consequence,  the 
screen  angle  is  greatly  limited  by  the  main  scan- 
ning  and  subsidiary  scanning  methods  and  a 
screen  angle  cannot  be  applied  at  will. 

With  the  conventional  apparatus  of  the  fore- 
going  type,  an  irregularity  shading  occurs  when 
there  is  a  deviation  in  speed  combination  between 
a  photosensitive  body  drive  mechanism  and  a  laser 
irradiation  mechanism,  by  way  of  example.  When 
an  image  is  outputted,  therefore,  the  screen  half- 
tones  and  irregular  shade  interfere  and  the  image 
deteriorates. 

With  the  abovementioned  apparatus,  tonal  re- 
presentation  of  an  image  is  performed  by  the  dither 
method,  light-emission  time  control  method,  bright- 
ness  modulation  method,  etc.  However,  tone  jump 
occurs  with  these  methods  owing  to  an  elec- 
trophotographic  characteristic  at  the  time  of  image 
formation.  In  addition,  color  tone  changes  unless 
the  origin  of  the  screen  half-tones  are  aligned  when 

the  screen  half-tones  are  formed. 
With  the  abovementioned  apparatus,  color  print 

images  for  toners  of  the  three  colors  yellow  (Y), 
magenta  (M)  and  cyan  (C)  along  with  the  color 

5  black  (Bk)  for  inking  are  color-synthesized  in  the 
sequence  C-*M  —  Y  —  BkorM  —  C  —  Y  —  Bk. 
However,  when  colors  are  synthesized  in  these 
sequences,  the  Y  toner,  which  has  high  reflectance 
and  relative  luminous  efficiency,  rises  to  the  top 

w  layer  (see  Fig.  15).  As  a  result,  the  image  tends  to 
have  a  strong  yellowish  color  and  color  re- 
producibility  declines. 

In  order  to  obtain  a  reproduced  image  having  a 
high  quality,  the  applicant  has  already  proposed 

75  the  cases  indicated  below.  However,  further  im- 
provements  are  sought. 
US-A-4800442,  J  P-A-6  1-283272,  JP-A  61-283274, 
JP-A-61  -283275,  JP-A-62-1  04268,  EP-A-0213891  , 
JP-A-62-49776,  EP-A-0212990,  EP-A-0213949,  EP- 

20  A-0216536,  US-A-4763199,  JP-A-62-1  01  175,  JP-A- 
62-1  01  177,  JP-A-62-1  01  182,  EP-A-0225100,  JP-A- 
62-1  81  575,  JP-A-62-233978,  JP-A-62-233979  JP-A- 
63-58584 

25 
SUMMARY  OF  THE  INVENTION 

The  present  invention  has  been  devised  in 
30  order  to  eliminate  the  foregoing  drawbacks  of  the 

prior  art. 
An  object  of  the  present  invention  is  to  provide 

an  image  forming  apparatus  for  forming  screen 
half-toned  (half-tone  dot)  images  having  improved 

35  tonality  and  resolution. 
Another  object  of  the  present  invention  is  to 

provide  an  image  forming  apparatus  capable  of 
forming  both  an  ordinary  color  copy  and  a  high- 
quality  original  image  for  printing  presses  through  a 

40  simple  construction. 
Still  another  object  of  the  present  invention  is 

to  provide  an  image  forming  apparatus  in  which 
screen  angle  control  can  be  performed  at  will. 

A  further  object  of  the  present  invention  is  to 
45  provide  an  image  forming  apparatus  for  forming 

screen  half-toned  images  without  irregular  shades 
and  moire. 

A  further  object  of  the  present  invention  is  to 
provide  an  image  forming  apparatus  capable  of 

so  outputting  a  high-quality  image. 
A  further  object  of  the  present  invention  is  to 

provide  an  image  forming  apparatus  with  which  a 
stable  output  image  can  be  obtained. 

A  further  object  of  the  present  invention  is  to 
provide  an  image  forming  apparatus  having  ex- 
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:ellent  color  reproducibility. 
According  to  the  present  invention,  there  is 

Drovided  an  image  forming  apparatus  which  com- 
orises  density  converting  means  for  dividing  image 
jata  into  a  predetermined  area  and  subjecting  pixel 
jensity  within  the  area  to  a  density  conversion  in 
accordance  with  predetermined  screen  half-toning 
information,  binary  coding  means  for  converting  the 
image  data,  which  has  been  density-converted  by 
the  density  converting  means,  into  a  binary-coded 
signal  conforming  to  the  density,  and  image  for- 
ming  means  for  forming  an  output  image  in  accor- 
dance  with  the  binary-coded  signal  outputted  by 
the  binary  coding  means. 

Further,  according  to  the  present  invention, 
there  is  provided  an  image  forming  apparatus 
which  comprises  operating  means  for  designating 
an  image  output  mode,  density  converting  means 
for  subjecting  color-separated  image  data  of  each 
color  to  a  density  conversion  in  accordance  with 
predetermined  screen  half-toning  information, 
pulse-width  modulated  signal  output  means  for 
tone-processing  the  color-separated  image  data  of 
each  color  or  the  image  data  density-converted  by 
the  density  converting  means,  and  outputting  a 
pulse-width  modulated  signal,  and  image  forming 
means  for  selectively  setting,  in  dependence  upon 
a  designation  from  the  operating  means,  a  mode  in 
which  one  reproduced  image  is  formed  on  the 
same  recording  medium  by  the  pulse-width  modu- 
lated  signal  based  on  the  color-separated  image 
data  of  each  color,  and  a  mode  in  which  a  repro- 
duced  image  corresponding  to  each  color  is 
formed  on  recording  media,  the  number  whereof 
corresponds  to  the  number  of  color  separations,  by 
the  pulse-width  modulated  signal  based  on  the 
image  data  density-converted  by  the  density  con- 
verting  means. 

Further,  according  to  the  present  invention, 
there  is  provided  an  image  forming  apparatus 
which  comprises  pulse-width  modulated  signal  out- 
put  means  for  tone-processing  color-separated  im- 
age  data  of  each  color  and  outputting  pulse-width 
modulated  signals  corresponding  to  respective 
ones  of  the  colors,  and  image  forming  means  for 
forming,  on  different  recording  media,  images  the 
number  whereof  corresponds  to  the  number  of 
color  separations  in  accordance  with  the  pulse- 
width  modulated  signals  which  correspond  to  re- 
spective  ones  of  the  colors  and  which  are  output- 
ted  by  the  pulse-width  modulated  signal  output 
means. 

Further,  according  to  the  present  invention, 
there  is  provided  an  image  forming  apparatus 
which  comprises  density  converting  means  for  sub- 
jecting  color-separated  image  data  of  each  color  to 
a  density  conversion  in  accordance  with  predeter- 
mined  screen  half-toning  information,  binary  coding 

means  for  converting  the  image  data,  which  has 
been  density-converted  by  the  density  converting 
means,  into  a  binary-coded  signal  conforming  to 
the  density,  and  image  forming  means  for  forming 

5  images  the  number  whereof  corresponds  to  the 
number  of  color  separations  in  accordance  with  the 
binary-coded  signal  outputted  by  the  binary  coding 
means. 

Further,  according  to  the  present  invention, 
w  there  is  provided  an  image  forming  apparatus 

which  comprises  density  converting  means  for  sub- 
jecting  image  data  to  a  density  conversion  in  ac- 
cordance  with  predetermined  screen  half-toning  in- 
formation,  tone  converting  means  for  performing  a 

75  density  tone  conversion  on  the  image  data  density- 
converted  by  the  density  converting  means,  binary 
coding  means  for  converting  the  image  data,  which 
has  been  tone-converted  by  the  tone  converting 
means,  into  a  binary-coded  signal  conforming  to 

so  the  density  thereof,  and  image  forming  means  for 
forming  an  output  image  in  accordance  with  the 
binary-coded  signal. 

Further,  according  to  the  present  invention, 
there  is  provided  an  image  forming  apparatus 

25  which  comprises  tone  processing  means  for  tone 
processing  color-separated  image  data  of  each  col- 
or,  developing  means  for  developing  the  image  of 
each  color  in  accordance  with  the  image  data  tone- 
processed  by  the  tone  processing  means,  and 

30  transfer  means  for  transferring  the  developed  im- 
ages  to  the  same  transfer  material  in  order  starting 
from  a  yellow  image. 

Other  features  and  advantages  of  the  present 
invention  will  be  apparent  from  the  following  de- 

35  scription  taken  in  conjunction  with  the  accompany- 
ing  drawings,  in  which  like  reference  characters 
designate  the  same  or  similar  parts  throughout  the 
figures  thereof. 

40 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figs.  1(A)  and  (B)  are  functional  block  dia- 
45  grams  illustrating  a  digital  color  reader/printer  em- 

bodying  the  present  invention; 
Fig.  2(2A,  2B)  is  a  block  diagram  illustrating 

the  details  of  a  tone  control  circuit  according  to  the 
embodiment; 

so  Fig.  3(A)  is  a  timing  chart  of  the  principal 
signals  of  a  printing  section; 

Fig.  3(B)  is  a  block  diagram  illustrating  the 
details  of  synchronizing  control  circuitry  in  the 
printing  section; 

55  Figs.  4(A)  -  (D)  are  views  for  describing 
screen  half-toning  processing  patterns  according  to 
the  embodiment; 

3 
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Fig.  5  is  a  block  diagram  illustrating  a  screen 
laif-toning  processing  circuit  according  to  the  em- 
jodiment: 

Fig.  6(A)  is  a  view  showing  an  example  of 
he  distribution  of  screen  angles  according  to  the 
smbodiment; 

Fig.  6(B)  is  a  view  showing  an  example  of 
he  distribution  of  screen  angles  used  in  the  con- 
rentional  printing  field; 

Figs.  6(C)  -  (H)  are  views  showing  examples 
)f  moire  patterns; 

Fig.  7  is  a  view  for  describing  the  conversion 
;haracteristic  of  a  LUT  (1)  according  to  the  em- 
DOdiment; 

Figs.  8(A)  -  (D)  are  views  for  describing  the 
inversion  characteristic  of  a  LUT  (2)  according  to 
he  embodiment; 

Fig.  9  is  a  block  diagram  ilustrating  the  de- 
ails  of  a  font  control  circuit  according  to  the  em- 
bodiment; 

Fig.  10  is  a  view  illustrating  an  example  of 
an  output  image  font-combined  by  a  font  control 
circuit  according  to  the  embodiment; 

Fig.  11  is  a  sectional  view  illustrating  the 
mechanism  of  a  digital  color  reader/printer  of  the 
Bmbodiment; 

Fig.  12  is  a  flowchart  illustrating  the  opera- 
lion  of  the  controller  of  a  reader; 

Fig.  13(A)  is  a  flowchart  illustrating  the  op- 
eration  of  the  controller  of  a  printer; 

Fig.  13(B)  is  a  flowchart  illustrating  the  de- 
tails  of  a  procedure  for  outputting  a  color-separated 
Y-coior  print  image  according  to  the  embodiment; 

Fig.  14  is  a  sectional  view  of  the  pattern  of 
an  image  formed  on  a  transfer  material  according 
to  the  embodiment; 

Fig.  15  is  a  sectional  view  illustrating  the 
pattern  of  an  image  formed  according  to  the  prior 
art; 

Fig.  16  is  a  view  illustrating  the  relationship 
between  wavelength  and  reflectance;  and 

Fig.  17  is  a  view  illustrating  the  states  of 
reflection  and  absorption  of  an  ideal  toner  and  an 
actual  toner. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENT 

An  embodiment  of  the  present  invention  will 
now  be  described  in  detail  with  reference  to  the 
accompanying  drawings. 

<  Description  of  the  Mechanism> 

Fig.  11  is  a  sectional  view  illustrating  the 

mechanism  of  a  digital  color  reaaer/printer  em- 
bodying  the  present  invention.  The  reader/printer, 
shown  at  numeral  80,  comprises  a  reading  section 
100  for  reading  a  color  original  image  upon  sepa- 

5  rating  the  image  thereof  into  colors,  and  a  printing 
section  2000  for  forming  the  image  of  a  color 
reproduction  (a  copy  image)  or  an  original  image 
for  a  printing  press  (a  color-separated  image)  sepa- 
rated  into  each  color  print  image. 

'o  The  reading  section  100  includes  a  scanning 
unit  83  which  causes  a  lit  exposure  lamp  85  to 
scan  an  original  84,  which  has  been  placed  on  a 
platen,  in  the  subsidiary  direction,  namely  the  di- 
rection  of  arrow  A,  in  order  to  read  the  original  84. 

'5  Light  reflected  from  the  original  84  is  introduced 
into  a  focusing  rod  lens  array  86  to  be  focused 
onto  a  contact-type  color  CCD  sensor  87.  For  ex- 
ample,  this  CCD  sensor  chip  has  a  resolution  of  16 
pel  (62.5  urn)  and  comprises  1024  pixels.  The 

20  sensor  chip  is  composed  of  a  total  of  five  chips 
interdigitated  in  the  main  scanning  direction.  The 
pixels  of  the  sensor  chip  are  divided  into  three 
areas  of  15.5  urn  x  62.5  nm,  and  color  filters  for 
cyan  (C),  green  (G)  and  yellow  (Y)  are  affixed  to 

25  respective  ones  of  the  areas.  Thus,  the  optical 
image  focused  on  the  CCD  sensor  87  is  converted 
into  C,  G  and  Y  electrical  signals,  which  are  deliv- 
ered  to  a  signal  processing  block  88.  The  latter 
converts  these  C,  G  and  Y  electrical  signals  into 

30  yellow  (Y),  magenta  (M),  cyan  (C)  and  black  (BK) 
digital  video  data,  which  is  delivered  to  the  printing 
section  2000  color  by  color. 

In  the  printing  section  2000  the  inputted  video 
data  is  subjected  to  a  density  (pulse-width  modula- 

35  tion)  directly  or  upon  being  subjected  to  screen 
half-toning  processing  and,  in  certain  cases,  having 
a  portion  thereof  combined  with  a  font  pattern.  The 
resulting  pulse-width  modulated  bi-level  reproduc- 
tion  signal  drives  a  laser  beam  in  on/off  fashion. 

40  The  laser  beam  is  converted  into  a  high-speed 
horizontal  (main)  scanning  beam  by  a  polygon  mir- 
ror  2289  rotating  at  high  speed.  This  main  scanning 
beam  is  reflected  further  by  a  mirror  2290  to  carry 
out  dot  exposure,  which  corresponds  to  the  video 

45  data,  on  the  surface  of  a  photosensitive  drum  2900. 
One  main  scanning  length  of  the  laser  beam  cor- 
responds  to  one  main  scanning  length  of  the  video 
data.  In  other  words,  the  beam  dots  have  a  resolu- 
tion  of  16  pel  in  the  illustrated  embodiment. 

so  The  photosensitive  drum  2900  rotates  in  the 
direction  of  arrow  B  at  a  constant  speed.  The 
photosensitive  drum  2900  is  uniformly  charged  in 
advance  by  a  charging  device  2297.  An  electro- 
static  latent  image  of  each  color-  separated  color 

55  print  image  is  formed  by  beam-dot  exposing  the 
video  data  on  the  surface  of  the  uniformly  charged 
photosensitive  drum  2900.  For  example,  electro- 
static  latent  images  are  formed  in  the  order  of  the 

4 
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;olor  print  images  Y,  M,  C,  BK  per  revolution  of  the 
jrum.  The  electrostatic  latent  images  of  the  color 
Drint  images  are  developed  by  respectively  cor- 
responding  developers  2292  -  2295  and  transferred 
:o  a  transfer  material  (paper,  etc.)  wound  on  a 
ransfer  drum  2296. 

As  for  a  single  cycle  of  scanning  of  an  original 
Derformed  by  the  reading  section  100,  first  the  Y- 
:omponent  dot  image  is  exposed  on  the  photosen- 
sitive  drum,  this  image  is  developed  by  the  Y 
jeveloper,  and  the  image  is  transferred  to  the 
xansfer  material.  Next,  the  M-component  dot  image 
s  exposed  on  the  photosensitive  drum,  this  image 
s  developed  by  the  M  developer,  and  the  image  is 
transferred  to  the  transfer  material.  Thereafter,  and 
n  similar  fashion,  exposure,  development  and 
transfer  is  performed  for  the  C  and  BK  compo- 
nents. 

The  supply  and  operation  of  the  transfer  ma- 
terial  is  controlled  at  this  time,  though  the  arrange- 
ment  is  not  shown  in  the  drawings.  Specifically, 
and  by  way  of  example,  the  data  of  each  color  print 
image  is  superimposed  on  the  same  transfer  paper 
to  perform  color  synthesis  so  that  an  ordinary  color 
copy  is  obtained.  In  obtaining  the  color  copy,  the 
transfer  is  made  from  the  Y  component  first  for  the 
reason  described  below. 

Fig.  17  is  a  view  illustrating  reflection  and  ab- 
sorption  of  an  ideal  toner  and  actual  toner.  In  Fig. 
17,  (T)  illustrates  the  state  of  an  ideal  toner,  with 
the  shaded  portions  indicating  an  absorptive  state 
and  the  white  portions  a  reflective  state.  Specifi- 
cally,  the  C  toner  absorbs  red  light  (R)  only,  the  M 
toner  green  light  (G)  only,  and  the  Y  toner  blue 
light  (B)  only;  these  toners  reflect  all  other  light.  ©  
illustrates  the  state  of  the  actual  toner.  Here  the  C 
toner  absorbs  a  considerable  amount  of  blue  and 
green  light  besides  red  light,  and  the  M  toner 
absorbs  a  considerable  amount  of  blue  and  some 
red  light  besides  green  light.  The  Y  toner  absorbs 
some  green  light  and  some  red  light  besides  blue 
light.  Accordingly,  only  the  yellow  toner  substan- 
tially  approaches  the  ideal.  Fig.  16  illustrates  the 
relationship  between  wavelength  and  reflectance.  If 
the  Y  toner  were  to  be  made  the  uppermost  layer, 
then  the  toner  colors  of  the  underlying  layers  would 
have  difficulty  showing  through  owing  to  reflection 
of  green  and  red  light,  and  the  reproducibility  of 
each  color  would  decline.  For  this  reason,  it  is 
better  to  make  the  Y  toner  the  lowermost  layer. 

If  the  Y  toner  is  thus  made  the  lowermost  layer, 
then  the  reflection  and  absorption  characteristics  of 
the  overlying  M  or  C  toner  must  be  corrected. 
However,  when  each  color  layer  is  formed  by  toner 
particles  as  in  electrophotograpy,  this  correction 
can  only  be  performed  by  increasing  the  amount  of 
toner  particles,  namely  by  increasing  layer  thick- 
ness.  When  this  is  done,  however,  there  is  a  reduc- 

tion  in  the  amount  of  light  which  penetrates  down 
to  the  C  toner  of  the  lowermost  layer,  with  the 
result  that  color  reproducibility  suffers  even  in  this 
case.  In  the  present  embodiment,  therefore,  screen 

5  angle  control  of  each  color  print  image  is  carried 
out  in  the  manner  described  below. 

Fig.  14  is  a  sectional  view  of  an  image  forma- 
tion  pattern  formed  on  a  transfer  material  P  in 
accordance  with  the  embodiment.  By  virtue  of 

to  screen  angle  control,  overlapping  of  the  Y,  fvl  and 
C  toners  is  almost  non-existent.  Accordingly,  no 
problems  are  encountered  in  terms  of  color  repro- 
ducibility  of  the  C  toner  of  the  lowermost  layer. 
Even  when  this  method  is  used,  however,  the 

15  screen  half-tones  become  crowded  together  at  the 
solid  portions  and  overlapping  of  the  screen  half- 
tones  cannot  be  avoided  at  the  screen  angle  inter- 
sections.  Consequently,  placing  the  Y  toner  at  the 
lowermost  layer  is  meaningful  and  enhances  over- 

20  all  color  reproducibility. 
Even  if  there  is  no  overlapping  of  the  screen 

half-tone  latent  images,  there  are  instances  where 
the  screen  half-tones  on  the  transfer  paper  overlap 
owing  to  the  effects  of  excess  development,  toner 

25  scattering  at  transfer  and  toner  crushing  at  fixing.  In 
order  to  prevent  this,  it  is  preferred  that  a  develop- 
ing  material  having  an  overall  volume  of  more  than 
90%  be  distributed  over  the  range 
2  <  7  <  T 

30  where  7  represents  the  particle  diameter  of  the 
developing  material  and  M  the  volume  mean  par- 
ticle  diameter,  and  that  a  developer  which  is  more 
than  99%  overall  be  distributed  over  the  range 
0  <  7  <  2M 

35  The  fact  that  the  volumete  mean  diameter  of  the 
abovementioned  developing  material  is  less  than  8 
urn  is  desirable  since  this  eliminates  overlapping  of 
the  screen  half-tones. 

Next,  it  is  possible  to  form  an  original  image  for 
40  color  printing  press  by  changing  the  transfer  ma- 

terial  for  each  color  print  image  and  making  a 
transfer  to  transfer  materials  the  number  whereof 
corresponds  to  the  number  of  color  separations  (Y, 
M,  C,  BK,  etc.).  The  color  in  which  development  is 

45  to  be  made  is  controlled.  Specifically,  though  it  is 
acceptable  to  develop  the  data  of  the  color  print 
images  in  the  corresponding  colors  Y,  M,  C  and 
BK,  it  is  also  permissible  to  develop  the  data  of 
each  color  print  image  in  only  one  color  (e.g.  the 

50  color  BK)  from  among  the  colors  Y,  M,  C  and  BK.  If 
this  is  done,  a  comparative  evaluation  of  each 
original  print  image  is  easy  and,  moreover,  color  at 
the  time  of  actual  color  printing  can  be  decided  by 
ink  for  printing.  From  this  point  of  view,  the  printing 

55  mechanism  of  the  embodiment  is  a  color  printing 
mechanism.  However,  this  can  be  replaced  by  an 
ordinary  printing  mechanism  which  prints  in  a  sin- 
gle  color,  namely  the  color  black. 
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^Description  of  the  Functional  Blocks> 

Figs.  1(A)  and  (B)  are  functional  block  dia- 
grams  of  the  digital  color  reader/printer  embodying 
tie  invention.  Fig.  1(A)  is  a  functional  block  dia- 
gram  of  the  reading  section  100,  and  Fig.  1(B)  is  a 
:unctional  block  diagram  of  the  printing  section 
2000. 

In  Fig.  1(A),  numeral  10  a  controller  (CNTRU) 
which  executes  main  control  of  the  reading  section 
100.  The  controller  10  is  equipped  with  a  CPU  10- 
1,  a  ROM  10-2  storing  a  control  program,  of  the 
<ind  shown  in,  e.g.,  Fig.  12,  executed  by  the  CPU 
10-1,  and  a  RAM  10-3  which  the  CPU  10-1  em- 
ploys  as  a  working  memory.  The  controller  10 
controls  the  rotation  of  a  motor  12  via  a  motor 
driver  (MOTOR  DR)  13,  thereby  causing  the  scan- 
ning  unit  83  to  read  and  scan  the  original  image.  At 
this  time  the  controller  10  controls  the  lighting  of 
the  exposure  lamp  85  via  a  constant-voltage  control 
circuit  (CVR).  The  controller  10  receives  a  print 
(start)  command  signal  and  other  key  operation 
signals  from  an  operating  unit  (OPU)  16  and  sets 
various  printing  operating  modes.  For  example,  the 
operating  unit  16  is  equipped  with  a  printing  mode 
setting  switch,  not  shown.  In  response  to  this  com- 
mand,  the  controller  10  sets  an  operating  mode  in 
such  a  manner  that  when  the  command  is,  e.g.,  an 
expression  mode  command,  printing  in  a  high- 
resolution  half-toning  mode  is  performed  with  re- 
gard  to  characters  and  line  images  and  with  high 
tonality  with  regard  to  photographic  images.  Alter- 
natively,  when  the  command  is  a  copy  mode  com- 
mand,  an  operating  mode  is  set  in  such  a  manner 
that  each  of  the  color-separated  signals  is  color- 
synthesized  on  one  sheet  of  transfer  paper.  When 
the  command  is  a  command  for  forming  an  original 
print  image  for  press  ,  an  operating  mode  is  set  in 
such  a  manner  that  each  original  print  image  is 
formed  on  transfer  materials  the  number  whereof 
corresponds  to  the  number  of  color  separations. 
There  are  various  other  commands  as  well.  The 
controller  10  transmits  the  printing  operating  mode 
to  the  printing  section  2000  via  a  communication 
line  24. 

Numeral  1  in  Fig.  1  (A)  denotes  a  synchronizing 
signal  processor  (SYNC  CNTR).  Based  on  a  BD 
signal  (the  horizontal  synchronizing  signal  of  the 
printing  section)  transmitted  by  the  printing  section 
2000  via  a  line  22,  the  processor  1  generates 
various  timing  signals  on  the  reader  side  synchro- 
nized  to  the  BD  signal.  Numeral  2  denotes  a 
contact-type  color  CCD  sensor  (87)  for  reading  the 
image  of  an  original  in  synchronization  with  a  hori- 
zontal  synchronizing  signal  (RHSYNC  signal)  of  the 
reading  section  from  the  synchronizing  signal  pro- 
cessor  1,  and  for  outputting  read  image  signals  5. 
The  read  image  signals  5  are  outputted  in  the 

order  of,  e.g.,  the  C  signal,  G  signal  and  Y  signal 
for  each  and  every  pixel.  Since  the  CCD  sensor 
comprises  five  chips  in  the  present  embodiment,  in 
actuality  signals  are  generated  on  five  channels 

5  simultaneously.  Numeral  3  denotes  a  signal  pro- 
cessor  (SPU)  which  executes  wave-shaping  pro- 
cessing  such  as  edge  enhancement  in  order  to 
prevent  attenuation  of  high-frequency  components 
of  the  read  image  signal  5,  by  way  of  example. 

w  Numeral  6  denotes  an  image  processor  com- 
prising  an  analog  processor  (APU)  7,  a  buffer 
memory  (MEN)  8  and  an  image  processing  unit 
(IPU)  9.  The  analog  processor  7  separates  C,  G 
and  Y  signals  of  every  pixel  into  a  C  signal,  G 

15  signal  and  Y  signal  of  every  color.  Next,  red  (R), 
green  (G)  and  blue  (B)  color  signals  for  every  pixel 
are  formed  from  the  separated  C,  G  and  Y  signals. 
This  color  signal  formation  is  performed  by  the 
following  processing: 

so  (R)  =  (Y)  -  (G) 
(G)  =  (G) 
(B)  =  (C)  -  (G) 
Each  of  the  R,  G  and  B  signals  so  obtained  is  a 
brightness  signal,  and  the  relationship  between 

25  brightness  and  output  voltage  is  linear.  This  is 
further  subjected  to  a  density  (LOG)  conversion 
and  into  eight-bit  density  data  (image  data)  of  each 
of  the  colors  Y,  M,  C  by  an  A/'D  converter.  The  Y, 
M,  C  image  data  is  composed  of  five  channels  of 

30  the  CCD  chip,  and  there  is  no  synchronism  be- 
tween  channels.  The  buffer  memory  8  stores  the 
five  channels  of  Y,  M  and  C  image  data  in  such  a 
manner  that  they  will  all  appear  together.  That  is, 
1024  x  5  pixels  of  the  data  arrayed  in  interdigitated 

35  fashion  in  the  main  scanning  direction  are  stored 
so  as  to  essential  be  on  one  straight  line.  There- 
after,  with  regard  to  the  Y,  M,  C  image  data  in  the 
buffer  memory  8,  a  desired  color  signal  is  selected 
by  the  controller  10,  and  a  selected  color  signal  is 

40  sent  to  the  image  processing  unit  (IPU)  9  color  by 
color.  The  IPU  executes  shading  correction  pro- 
cessing  for  correcting  distributed  light,  masking 
processing  for  correcting  color  tone,  etc.  Eight-bit 
video  data  per  pixel  of  the  results  of  processing  is 

45  sent  from  the  IPU  9  to  the  printing  section  2000  via 
signal  line  11. 

As  shown  in  Fig.  1  (B),  numeral  2500  denotes  a 
controller  (CNTRU)  which  executes  main  control  of 
the  printing  section  2000.  The  controller  2500  in- 

50  eludes  a  CPU  2110,  a  ROM  2502  storing  a  control 
program,  of  the  kind  shown  in,  e.g.,  Figs.  13(A), 
(B),  executed  by  the  CPU  2210,  a  RAM  2504  which 
the  CPU  2110  employs  as  a  working  memory,  and 
an  A/D  converter  2503  for  converting  analog  detec- 

55  tion  signals  from  various  external  sensor  circuits 
into  digital  signals.  Thus,  the  controller  2500  con- 
trols  the  rotation  of  a  driving  motor  2285  to  rotate  a 
photosensitive  drum  (PHD)  2900  and  a  transfer 
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irum  (TD)  2296  at  constant  speeds.  The  amount  of 
:harge  on  the  surface  of  the  photosensitive  drum 
!900  sensed  by  a  potential  sensor  2600  is  inputted 
'ia  a  potential  measuring  unit  (PMU)  2700  and  is 
VD  converted  and  read  in.  Furthermore,  an  image 
op  signal  (ITOP)  sensed  by  a  sensor  2800  is  read 
n.  Also,  signals  indicative  of  humidity  and  tempera- 
ure,  which  are  sensed  by  a  humidity  sensor  2298 
ind  temperature  sensor  2299  are  A/D  converted 
ind  read  in.  These  are  used  in  control,  such  as  in 
:orrection  of  printer  developing  characteristics.  The 
;ontroller  2500  exchanges  a  variety  of  information 
vith  the  controller  10  of  the  reading  section  via  the 
;ommunication  line  24. 

Numeral  2160  denotes  a  tone  control  circuit 
TCC),  the  main  functions  of  which  are  to  establish 
synchronism  between  an  image  clock  signal 
RCLK)  of  the  reading  unit  100  and  an  image  clock 
signal  (VCLK)  of  the  printing  unit  2000,  subject 
nput  video  data  to  screen  half-toning  processing 
converting  into  half-tone  dot)  when  necessary, 
one-convert  input  video  data  or  video  data  follow- 
ng  screen  half-toning  processing,  depending  upon 
tie  image  output  mode,  and  convert  tone-convert- 
3d  video  data  into  a  binary-coded  signal,  which 
conforms  to  the  density  of  the  data,  by  means  of 
culse-width  modulation.  Numeral  2200  denotes  a 
aser  driver  (LD)  for  on/off  driving  the  beam  of,  e.g., 
a  semiconductor  laser  (LU)  ,  in  accordance  with  the 
PWM  signal  from  the  tone  control  circuit  2160. 

Fig.  2  is  a  block  diagram  illustrating  the  details 
cf  the  tone  control  circuit  of  the  embodiment.  One 
cf  the  video  data  inputs  enters  a  look-up  table  [LUT 
(1)]  2101  for  screen  half-toning  processing,  where 
the  input  data  is  converted  into  video  data  for 
screen  half-toning  processing.  The  LUT  (1)  in  the 
present  embodiment  is  composed  of  a  ROM  or 
RAM.  The  LUT  (1)  is  a  conversion  table  which, 
when  screen  half-toned  video  data  is  outputted  by 
an  electrophotographic  process  via  a  screen  half- 
tone  processing  circuit  2102,  is  for  converting  the 
input  video  data  in  advance  in  such  a  manner  that 
the  desired  screen  half-toned  effect  is  obtained. 
This  will  be  described  in  greater  detail. 

The  screen  half-tone  processing  circuit  (SHPC) 
2102  applies  screen  half-toning,  described  below, 
to  video  data  for  screen  half-tone  processing  out- 
putted  by  the  LUT  (1).  For  example,  the  image  data 
is  divided  into  a  predetermined  area,  the  pixel 
density  within  the  area  is  converted  into  screen 
half-toned  video  data  in  a  form  concentrated  and 
typified  in  the  density  of  the  central  pixel  position, 
and  this  is  inputted  to  the  A-side  terminal  of  a 
selector  2103. 

The  other  video  data  input  is  applied  to  the  B- 
side  terminal  of  the  selector  2103  for  the  time  when 
screen  half-toning  processing  is  not  executed.  In 
accordance  with  a  select  signal  2123  from  a  CPU 

2110,  the  selector  ziuj  selects  ana  outputs  tne 
video  data  after  screen  half-toning  or  before 
screeen  half-toning.  In  the  mode  for  forming  an 
original  image  for  a  printing  press,  for  example,  it  is 

5  desired  that  the  video  data  following  screen  half- 
toning  be  selected  and  outputted.  When  an  or- 
dinary  color  copy  is  outputted,  both  video  data 
after  screen  half-toning  and  video  data  before 
screen  half-toning  can  be  selected.  In  other  words, 

'0  various  printing  modes  are  conceivable  and  various 
signal  processing  combinations  between  process- 
ing  circuits,  described  below,  arise  in  accordance 
with  these  printing  modes. 

Next,  the  video  data  selected  by  the  selector 
'5  2103  is  inputted  to  the  A-side  terminal  of  a  selector 

2104.  Font  data  from  a  font  ROM  (FROM)  2108  is 
inputted  to  the  B-side  terminal  of  the  selector  2104. 
The  font  data  is  for  combining  (superimposing) 
character  or  symbol  font  patterns  with  a  portion  of 

io  the  selected  video  signal.  As  will  be  described 
below,  the  CPU  2110  sets  a  font  code  and  an 
address  for  combining  the  same,  thereby  enabling 
a  font  pattern  to  be  combined  at  one  or  several 
locations  of  the  image  data  of  each  color  print 

?5  image. 
Eight-bit  video  data  outputted  by  the  selector 

2104  enters  a  buffer  memory  (FIFO)  2105  in  syn- 
chronism  with  an  RHSYNC  signal  and  RCLK  signal 
from  the  reading  section  100.  The  stored  video 

so  data  are  read  out  in  synchronism  with  a  horizontal 
synchronizing  signal  (HSYNC  signal)  and  video 
clock  signal  (VCLK  signal)  from  a  printer-side  syn- 
chronizing  control  circuit  (SYNC  CNTR)  2113.  In 
this  way  the  speeds  of  the  reading  section  1  00  and 

35  printing  section  2000  are  coordinated. 
The  video  data  read  out  of  the  buffer  memory 

2105  is  inputted  to  a  look-up  table  [LUT  (2)]  2106 
for  printer  characteristic  correction.  The  LUT  (2)  is 
for  preparing  already  corrected  data  in  such  a 

40  manner  that  the  input  video  data  is  made  to  con- 
form  (output  density  tonality  is  increased  and  lin- 
earized)  to  the  printer  output  characteristic  (e.g., 
beam  spot  diameter,  toner  particle  diameter,  etc.). 
The  details  will  be  described  later  with  reference  to 

45  Figs.  8(A)  through  (D). 
The  video  data  outputted  by  the  LUT  (2)  is 

applied  to  a  D/A  converter  2107  to  be  converted 
into  an  analog  video  signal  (AVS)  that  varies  in 
stepped  fashion.  This  analog  video  signal  is  ap- 

50  plied  to  one  input  terminal  of  a  comparator  2117 
and  one  input  terminal  of  a  comparator  2118.  Ap- 
plied  to  the  other  input  terminals  of  these  compara- 
tors  2117,  2118  are  respective  pattern  signals  PS 
(1),  PS  (2)  for  binary  coding  (pulse-width  modulat- 

55  ing)  the  analog  video  signal  in  accordance  with  the 
density  thereof.  The  pattern  signal  (1)  is  for  re- 
producing  or  generating  a  line  image  and  screen 
half-toned  image,  by  way  of  example.  In  this  case, 
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•esolution  becomes  a  problem.  Therefore,  a  pattern 
signal  that  has  a  frequency  (e.g.,  400  lines)  the 
same  as  that  of  the  video  signal  is  used.  The 
cattern  signal  (2)  is  for  reproducing  half-tone  im- 
ages.  Since  it  is  necessary  to  increase  tonality  in 
such  case,  the  pattern  signal  used  is  such  that  the 
requency  will  be  one  half  (e.g.,  200  lines)  that  of 
:he  abovementioned  pattern  signal  for  the  line  im- 
age,  by  way  of  example.  That  is,  the  relationship  is 
such  that  one  pattern  signal  is  generated  per  two 
Dixels. 

This  will  be  described  in  accordance  with  the 
circuitry.  A  quartz  oscillator  (XTAL)  2112  generates 
a  clock  signal  having  a  frequency  which  is  more 
:han  four  times  that  of  the  image  clock  signal.  The 
synchronizing  control  circuit  2113  synchronizes  the 
BD  signal  and  the  ITOP  signal  and  produces  the 
main  scanning  synchronizing  signal  (HSYNC  sig- 
nal)  and  the  basic  clock  signal  (SCLK  signal).  A 
frequency  divider  circuit  (FDIV)  2114  frequency- 
divides  the  SCLK  signal  and  produces  clock  sig- 
nals  (a  TVCLK  signal  and  a  PVCLK  signal)  for 
pattern  generation.  The  TVCLK  signal  is  a  clock 
signal  which  has  a  frequency  twice  that  of  the 
video  signal  and  a  duty  ratio  of  50%,  by  way  of 
example.  A  pattern  generating  circuit  2115  gen- 
erates  the  analog  pattern  signal  (1)  in  accordance 
with  the  TVCLK  signal.  In  the  present  embodiment, 
this  signal  is  a  triangular  wave  signal,  by  way  of 
example.  The  comparator  2117  compares  the  ana- 
log  video  signal  and  the  pattern  signal  (1)  and 
outputs  a  PWM  signal  (1),  which  is  obtained  by 
pulse-width  modulating  the  pertinent  video  density. 

The  PVCLK  signal  is  a  clock  signal  which  has  a 
frequency  half  (or  two-thirds,  etc.)  that  of  the  video 
signal  and  a  duty  ratio  of  50%.  A  pattern  generat- 
ing  circuit  2116  generates  the  analog  pattern  signal 
(2)  in  accordance  with  the  PVCLK  signal.  In  the 
present  embodiment,  this  signal  is  a  triangular 
wave  signal,  by  way  of  example.  The  comparator 
2118  compares  the  analog  video  signal  and  the 
pattern  signal  (2)  and  outputs  a  PWM  signal  (2), 
which  is  obtained  by  pulse-width  modulating  the 
pertinent  video  density. 

In  accordance  with  a  control  signal  from  a  CPU 
2110,  a  selector  (SEL)  2119  selects  and  outputs 
the  PWM  signal  (1)  at  its  A  terminal  when  a  line 
image  original  is  to  be  reproduced  or  a  screen  half- 
toned  output  is  to  be  produced.  When  a  half-tone 
image  is  reproduced,  the  PWM  signal  (2)  at  the  B 
terminal  of  selector  2119  is  selected  and  outputted. 

This  selection  can  be  made  at  will  and  various 
combinations  with  other  processing  circuits  are 
conceivable. 

It  is  possible  to  adopt  an  arrangement  in  which 
a  changeover  signal  from  the  CPU  2110  is  not 
used  as  this  changeover  signal.  Specifically, 
though  not  shown,  well-known  image  area  separat- 

ing  means  can  be  provided  for  identifying,  tor 
every  pixel  of  the  video  signal,  whether  the  signal 
belongs  to  a  line  image  area  or  a  half-tone  image 
area,  and  this  image  area  separation  can  be  em- 

5  ployed  as  the  changeover  signal.  With  such  an 
arrangement,  a  high-quality  image  faithful  to  the 
image  tone  of  the  original  is  obtained  within  one 
image.  Thus,  the  selected  PWM  signal  (1)  or  (2)  is 
matched  with  operation  of  the  transfer  material  by 

w  a  gate  circuit  (GATE)  2120  and  inputted  to  laser 
driver  2200.  The  semiconductor  laser  2223  is 
driven  at  a  constant  current  for  a  period  of  time 
corresponding  to  the  pulse  width  of  the  PWM  sig- 
nal,  and  an  electrostatic  latent  image  is  formed  on 

15  the  surface  of  the  photosensitive  drum  2900. 
Fig.  3(A)  is  a  timing  chart  of  the  principal 

signals  used  in  the  printing  section.  The  timing 
chart  illustrates  examples  of  the  horizontal  synchro- 
nizing  signal  BD,  blanking  signal  BLNK,  reference 

20  clock  signal  SCLK,  clock  signals  TVCLK,  PVCLK 
for  pattern  generation,  and  video  clock  signal 
VCLK,  etc. 

Fig.  3(B)  is  a  block  diagram  illustrating  the 
details  of  the  synchronizing  control  circuit  section. 

25  In  Fig.  3(B),  a  quartz  oscillator  2112'  generates  a 
clock  signal  which  is  more  than  four  times  the 
frequency  of  the  image  clock  signal.  A  synchroniz- 
ing  circuit  (SYNC)  2128  outputs  an  HSYNC  signal, 
VCLK  signal  and  SCLK  signal  at  timings  synchro- 

30  nized  to  the  BD  signal,  ITOP  signal  and  clock, 
which  are  externally  applied.  The  frequency  divider 
circuit  2114,  to  which  the  SCLK  signal  is  applied, 
outputs  the  TVCLK  signal,  which  has  a  period  the 
same  as  that  of  the  VCLK  signal  and  a  duty  ratio  of 

35  50%,  and  the  PVCLK  signal,  which  has  a  period 
twice  (or  three  times,  etc.)  that  of  the  VCLK  signal 
and  a  duty  ratio  of  50%.  Though  not  shown,  a 
blanking  signal  is  formed  by  a  counter  which 
counts  a  time  period  shorter  than  the  period  of  the 

40  BD  signal  reset  by  the  trailing  edge  of  the  BD 
signal. 

The  PVCLK  signal  in  Fig.  3(A)  will  now  be 
described.  The  PVCLK  signal  is  useful  when 
screen  angle  control  is  applied  to  the  video  data  in 

45  a  case  where  screen  half-toning  processing  is  not 
executed  (i.e.,  at  the  time  of  ordinary  half-tone 
image  playback).  This  PVCLK  signal  is  a  clock 
signal  having  a  phase  which  is,  e.g.,  1.5  pixels 
latter  than  the  HSYNC  signal.  When  this  is  corn- 

so  pared  with  PVCLK  signal  of  the  normal  phase,  it  is 
found  to  lag  by  one  pixel.  In  the  present  embodi- 
ment,  at  the  time  of,  e.g.,  ordinary  half-tone  image 
playback,  the  PVCLK  signal  and  PVCLK  signal  are 
used  upon  being  changed  over  every  line  or  every 

55  several  lines  in  the  subsidiary  scanning  direction 
with  respect  to  the  HSYNC  signal.  For  example, 
when  changeover  is  made  every  line,  this  estab- 
lishes  45°  screen  angle  control. 

8 
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In  Fig.  3(B),  the  HSYNC  signal  enters  a  shift 
•egister  (SR)  2130  and  is  shifted  by  the  SCLK 
signal.  The  output  of  each  stage  of  the  shift  regis- 
:er  2130  is  connected  to  the  input  termnal  of  the 
selector  2131.  Meanwhile,  a  counter  circuit  (CNT) 
2132,  upon  being  reset  by  the  ITOP  signal,  is 
preset  to  count  program  information  from  the  CPU 
2110.  The  count  program  information  is  count  se- 
quence  information  for  repeating  2  to  5,  5  to  6,  etc., 
as  the  counted  value  output.  The  counter  circuit 
2132  counts  the  HSYNC  signal  in  accordance  with 
:his  information.  For  example,  counting  is  per- 
:ormed  in  the  manner  3  —  4 - » 5 - » 3   —  4 - * 5  
whenever  the  HSYNC  signal  is  generated.  The 
counted  value  is  inputted  to  the  selection  terminal 
cf  a  selector  2131.  The  latter  selects  and  outputs 
the  signal  at  an  input  terminal  3  when  the  counted 
/alue  is  3,  and  selects  and  outputs  the  signal  at 
nput  terminal  4  when  the  counted  value  is  4.  The 
Dutput  of  the  selector  2131  enters  a  frequency 
dividing  start  terminal  of  the  frequency  divider  cir- 
cuit  2114.  The  latter  is  not  counting  since  it  has 
already  been  reset  by  the  HSYNC  signal.  The 
Frequency  divider  circuit  2114  starts  the  frequency- 
dividing  operation  at  the  moment  the  signal  from 
the  selector  2131  arrives.  Thus,  the  PVCLK  signal 
and  TVCLK  signal  which  differ  in  phase  can  be 
generated  every  line. 

As  for  the  relationship  with  the  screen  angle, 
let  the  screen  angle  0  be  defined  as  follows: 
0  =  tan-1b/a 
The  value  of  a  is  decided  by  the  counted  value  in 
counter  circuit  2132,  and  the  value  of  b  is  decided 
by  the  count  sequence.  These  are  values  which 
can  be  set  at  will  by  the  CPU  2110. 

<  Description  of  Screen  Half-toning  Processing> 

In  half-toning  processing  described  below,  half- 
toning  of  the  density  of  image  data  divided  into  a 
predetermined  area  (e.g.,  concentration  and  typ- 
ification  at  the  central  pixel  position  of  pixel  den- 
sity)  and  optimum  screen  angle  control  are  per- 
formed  at  a  stroke  in  realtime. 

First,  the  details  of  the  look-up  table  [LUT  (1)] 
for  correcting  screen  half-toning  will  be  described. 

Fig.  7  is  a  view  for  describing  the  conversion 
characteristic  of  the  LUT  (1)  of  the  present  embodi- 
ment.  The  Y,  M,  C  video  data  inputted  to  the 
printing  section  and  the  ink  (or  toner)  concentration 
are  linearly  related.  However,  when  screen  half- 
toning  processing,  described  below,  is  carried  out, 
the  linear  relationship  is  no  longer  maintained.  Ac- 
cordingly,  a  density  correction  is  applied  to  the 
inputted  Y,  M,  C  video  data  in  advance.  A  first 
quadrant  (I)  in  Fig.  7  indicates  the  relationship 
between  input  level  before  correction  and  ink  den- 

sity.  Here  the  relationship  is  linear,  mat  is,  inK 
density  along  the  vertical  axis  is  that  which  prevails 
when  printing  is  performed  using  color-separated 
print  images  outputted  by  the  apparatus  of  the 

5  embodiment.  A  second  quadrant  (II)  indicates  the 
relationship  between  ink  density  and  screen  half- 
toned  output  density  level.  A  third  quadrant  (111) 
indicates  the  relationship  between  screen  half-ton- 
ed  output  density  level  and  corrected  input  level.  A 

w  fourth  quadrant  (IV)  incidates  the  relationship  be- 
tween  input  level  before  correction  and  input  level 
after  correction.  This  gives  the  conversion  char- 
acteristic  of  LUT  (1  ). 

If  the  color-separated  print  images  of  the  em- 
15  bodiment  can  construct  an  ideal  screen  image,  the 

screen  output  densities  of  the  third  and  fourth 
quadrants  can  be  adopted  as  the  screen  density 
(%). 

The  actual  table  information  is  obtained  by 
20  measurement,  by  way  of  example.  For  instance, 

when  ink  density  D„  is  obtained  as  an  input  level  e„ 
before  correction,  a  screen  output  density  dn  which 
will  become  the  ink  density  Dn  is  obtained.  Next, 
an  input  level  En  after  correction  is  obtained  which 

25  will  become  the  screen  output  density  dn.  It  will 
thus  suffice  to  fabricate  the  LUT  (1)  in  such  a 
manner  that  a  corrected  output  level  En  is  obtained 
with  respect  to  the  input  level  e„  before  correction. 
All  conversion  levels  corresponding  to  input  levels 

30  OOH  -  FFH  are  thus  obtained.  When  the  conver- 
sion  characteristic  is  different  for  every  color,  the 
LUT  (1)  also  is  fabricated  for  every  color. 

Figs.  4(A)  -  (D)  are  views  for  describing  screen 
half-toning  processing  pattern  according  to  the  em- 

35  bodiment.  Fig.  4(A)  illustrates  an  example  regard- 
ing  the  C  data.  In  Fig.  4(A),  numeral  500  denotes 
one  pixel.  Each  pixel  is  shown  as  an  array  from  a 
starting  address  (0,0)  of  one  image  of  data.  Nu- 
meral  600  denotes  a  basic  cell  (a  basic  pattern  for 

40  screen  half-toning).  This  is  a  block  unit  for  screen 
half-toning  (concentrating  and  typifying  pixel  den- 
sity  at  the  density  of  the  position  of  the  central 
pixel,  by  way  of  example)  the  density  within  the 
area  (a  predetermined  area)  indicated  by  the  solid 

45  lines  in  the  Figure.  The  basic  cell  of  the  C  data 
comprises  13  pixels,  for  example.  The  numerals  (1 
-  13)  assigned  to  the  pixels  within  the  basic  cell 
indicate  the  order  of  priority,  which  diminishes  pro- 
gressively  from  1  to  13.  With  data  of  the  same 

so  color,  the  same  order  of  priority  is  assigned  to  the 
other  basic  cells. 

It  should  be  noted  that  the  illustrated  order  of 
priority  is  one  example  made  to  conform  to  the 
printer  characteristics  of  the  embodiment,  and  that 

55  the  invention  is  not  limited  thereto.  Various  other 
modifications  are  possible. 

Screen  half-toning  processing  of  the  pixel  den- 
sity  within  the  basic  cell  is  performed  in.accor- 
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iance  with  the  following  equation  (screen  half-ton- 
ng  computation  equation): 
output  data  of  pixel  of  interest)  =  (input  data  of 
)ixe!  of  interest)  x  (number  of  pixels  in  basic  cell)  - 
order  of  priority  -  1  )  x  FFH 
vhere  FFH  is  the  maximum  density  (H  represents 
lexadecimal  notation). 

*  This  computation  is  performed  moving  the 
sixel  of  interest  successively  in  the  main  scanning 
MAIN)  and  subsidiary  scaning  (SUB)  directions  in 
he  Figure.  For  example,  when  the  pixel  of  interest 
s  at  the  location  where  the  order  of  priority  is  1  1  , 
we  have 
output  density)  =  (input  density)  x  13  -  (11-1)  x 
=FH 

Since  the  order  of  priority  is  11,  which  is  low, 
:he  subtracted  density  [(order  of  priority  -1)  x  FFH] 
s  larger  and  the  density  of  this  pixel  position  is 
'elativeiy  low.  Further,  as  a  result,  when  (output 
density)  <  0  holds,  the  output  density  is  clamped  at 
"00H".  Conversely,  when  (output  density)  >  FFH 
loids,  the  output  density  is  clamped  at  "FFH". 

Similarly,  when  the  pixel  of  interest  is  at  the 
ocation  where  the  order  of  priority  is  1  ,  we  have 
'output  density)  =  (input  density)  x  13  -  (1-1)  x 
FFH 

Since  the  order  of  priority  is  1  ,  the  substracted 
density  is  zero.  Thus,  pixel  concentration  is  con- 
centrated  and  typified  toward  the  central  pixel  posi- 
tion  of  the  basic  cell.  An  original  screen  image  thus 
screen  haif-toned  has  excellent  ink  spread  and  is 
stable. 

Numeral  700  denotes  a  matrix.  This  illustrates 
a  block  unit  in  which  the  screen  half-toning  pro- 
cessing  pattern  shown  is  used  repeatedly  in  the 
main  and  subsidiary  scanning  directions.  The  ma- 
trix  size  of  the  C  data  is,  e.g.  (13x13)  pixels.  As  is 
evident  from  the  drawing,  an  original  image  of  any 
size  can  be  processed  when  a  plurality  of  these 
matrices  are  connected  in  the  main  and  subsidiary 
scanning  directions.  According  to  this  embodiment, 
this  matrix  pattern  is  stored  in  memory  utilizing  its 
periodicity,  and  the  abovementioned  pattern  is  re- 
peated  and  used  in  realtime,  thereby  making  it 
possible  to  conserve  the  pattern  memory  and  to 
perform  processing  at  high  speed. 

The  triangle  in  Fig.  4  indicates  the  screen 
angle  3.  This  screen  angle  represents  the  inclina- 
tion  of  the  alignment  of  the  basic  cell  600.  When  a 
and  b  are  decided  in  Fig.  4,  the  screen  angle  d  is 
decided  as  follows: 
6  =  tan-,b/a 
The  screen  angle  given  is  6  =  56.3  . 

Fig.  4(B)  illustrates  an  example  of  a  screen 
half-toning  processing  pattern  for  M  data.  In  Fig.  4- 
(B),  the  basic  cell  600  comprises  13  pixels  and  has 
the  same  shape  as  that  in  Fig.  4(A).  Here  9  = 
33.7'  is  given  as  the  screen  angle.  A  comparison 

of  Fig.  4(B)  with  hig.  4(A)  snows  that  tne  oasic  cen 
600  of  the  M  data  differs  (in  phase  angle)  in  terms 
of  the  way  it  starts  from  the  address  (0,0).  Con- 
sequently,  the  two  center  pixel  positions  do  not 

5  overlap.  In  other  words,  the  principal  density  in- 
formation  does  not  overlap.  As  a  result,  neither  the 
C  ink  nor  the  M  ink  is  crushed  at  printing.  This 
assures  high-quality,  stable  printing. 

Fig.  4(C)  illustrates  an  example  of  a  screen 
10  half-toning  processing  pattern  for  BK  data.  Here  the 

BK  data  is  generated  from  the  C,  M,  Y  data  by  a 
well-known  method.  In  Fig.  4(C),  the  basic  cell  600 
comprises  10  pixels  and  the  shape  thereof  differs 
from  that  in  Figs.  4(A),  (B).  Though  the  invention  is 

15  not  limited  to  this  shape,  it  is  suitable  in  order  to 
give  e  =  71.6°  as  the  screen  angle,  by  way  of 
example.  The  phase  angle  from  the  address  (0,0) 
also  differs. 

Fig.  4(D)  illustrates  an  example  of  a  screen 
20  half-toning  processing  pattern  for  Y  data.  In  Fig.  4- 

(D),  the  basic  cell  600  comprises  10  pixels.  Though 
the  invention  is  not  limited  to  this  shape,  it  is 
suitable  in  order  to  give  8  =  18.4°  as  the  screen 
angle,  by  way  of  example.  The  phase  angle  from 

25  the  address  (0,0)  also  differs. 
Fig.  5  is  a  block  diagram  of  the  screen  half- 

toning  processing  circuit  of  the  embodiment.  In  Fig. 
5,  screen  half-toning  video  data  (VD)  outputted  by 
the  LUT  (1)  is  latched  in  a  D-type  flip-flop  (D  RF) 

30  2301  in  synchronism  with  the  RVCLK  signal.  Upon 
being  reset  by  the  RHSYNC  signal,  the  counter 
(CNT)  2304  counts  the  RVCLK  signal.  That  is,  main 
scanning-direction  addresses  of  Figs.  4(A)  -  (D)  are 
formed.  Upon  being  reset  by  the  ITOP  signal,  a 

35  counter  (CNT)  2305  counts  the  RHSYNC  signal. 
That  is,  subsidiary  scanning-direction  addresses  of 
Figs.  4(A)  -(D)  are  formed. 

Though  not  illustrated,  count  initializing  data  is 
set  in  the  counters  2304,  2305  in  accordance  with 

40  the  processing  color  from  the  CPU  2110,  and  each 
counter  repeats  the  counting  operation  at  the 
counted  value  corresponding  to  the  initializing  data. 
For  example,  when  the  C  data  or  M  data  is  pro- 
cessed,  the  counting  operation  is  repeated  at  the 

45  respective  counted  values  0 -12 .   When  the  BK 
data  or  Y  data  is  processed,  the  counting  operation 
is  repeated  at  the  respective  counted  values  0  -  9. 

Numeral  2306  denotes  a  pattern  memory 
(PMEN)  which  stores  the  screen  half-toning  pro- 

50  cessing  patterns  (data  indicative  of  the  order  of 
priority)  of  Figs.  4(A)  -  (D).  Thus,  the  order-of- 
priority  data  of  any  one  of  the  matrices  of  Figs.  4- 
(A)  -  (D)  is  read  out  successively  by  the  color 
selection  signals  (Y,  M,  C,  BK)  from  the  CPU  2110 

55  and  as  the  main  and  subsidiary  scanning  pro- 
gresses.  Numeral  2302  denotes  a  table  memory 
(TMEN)  to  which  are  applied  input  data  indicative 
of  the  pixel  of  interest  and  the  corresponding  order- 

10 
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jf-priority  data,  and  which  delivers  output  data  indi- 
:ative  of  the  pixel  of  interest  in  accordance  with  the 
ibovementioned  screen  half-toning  computation 
squation.  At  such  time  a  table  in  a  case  where  the 
lumber  of  pixels  in  the  basic  cell  is  10  or  13  is 
smpioyed  in  accordance  with  the  color  selection 
signal  from  the  CPU  2110,  in  the  manner  described 
above.  The  output  data  indicative  of  the  pixel  of 
nterest  thus  read  is  set  in  the  D  F/F  2303  in 
synchronism  with  the  RVCLK  signal  and  is  output- 
ed  to  the  circuit  of  the  next  stage. 

The  abovementioned  memories  2302,  2306 
nay  be  ROM'S  or  RAM'S.  Instead  of  adopting  a 
ook-up  table  method  relying  upon  memories,  an 
arrangement  can  be  adopted  in  which  hardware- 
:ype  arithmetic  circuitry  is  employed. 

Fig.  6(A)  is  a  view  showing  an  example  of  the 
distribution  of  screen  angles  according  to  the  em- 
codiment,  Fig.  6(B)  is  a  view  showing  an  example 
c-f  the  distribution  of  screen  angles  used  in  the 
conventional  printing  field,  and  Figs.  6(C)  -  (H)  are 
/iews  showing  examples  of  moire  patterns.  Fig.  6- 
[C)  shows  a  moire  with  a  10°  difference,  Fig.  6(D) 
a  moire  based  on  a  ripple  screen,  Fig.  6(E)  a  moire 
with  a  5°  difference,  Fig.  6(F)  a  moire  based  on  a 
concentric-circle  screen,  Fig.  6(G)  a  moire  with  a 
2°  difference,  and  Fig.  6(H)  a  moire  based  on  a 
dpple  screen  +  half-tone  dot. 

In  the  field  of  printing  technology,  (13  x  13) 
glass  fibers  can  be  bundled  together,  by  way  of 
example.  Therefore,  it  is  easy  to  accurately  main- 
tain  a  distributed  screen  angle  at  the  time  of  print- 
ing.  On  the  other  hand,  in  the  present  embodiment 
a  laser  beam  printer  is  employed,  so  that  irregular 
rotation  of  the  polygon  mirror  2289  and  photosen- 
sitive  drum  2900  must  be  taken  into  consideration. 
That  is,  an  irregularity  in  the  amount  of  laser  irra- 
diation  per  time  is  caused  by  combining  both  rota- 
tional  irregularities,  and  this  irregularity  in  irradia- 
tion  has  an  influence  at  the  time  that  the  latent 
image  is  formed  on  the  photosensitive  drum  and, 
hence,  when  development  is  performed.  This  ap- 
pears  as  an  irregular  shade  (irregular  pitch)  in  the 
output  image.  When  this  is  considered  in  cor- 
respondence  with  the  screen  half-toning  processed 
image,  this  pitch  irregularity  may  be  considered  as 
a  high-frequency  component  having  an  angle  of  0  * 

(main  scanning)  or  90°  (subsidiary  scanning).  In 
general,  moire  appears  in  a  color  print  image  in 
which  the  angular  difference  with  the  pitch  irregu- 
larity  is  small.  Consequently,  when  image  formation 
is  carried  out  at  an  angle  the  same  as  that  in  the 
printing  method,  the  M  and  C  components  are 
easy  to  see  as  moire  with  the  pitch  irregularity. 
This  becomes  equivalent  to  the  "moire  based  on  a 
ripple  screen  +  half-tone  dof'of  Fig.  6(H).  Accord- 
ingly,  in  the  present  embodiment,  the  moire  is 
made  difficult  to  see  by  adopting  a  screen  angle  in 

which  the  Y  component,  wnicn  is  not  noticeaDie 
with  respect  to  spectral  luminous  efficiency,  is 
close  to  0°  .  BK  originally  is  a  color  easy  to  see. 
However,  with  regard  to  the  BK  component  in  the 

5  present  embodiment,  data  is  corrected  in  the  read- 
ing  section  100  in  such  a  manner  that  a  low-density 
area  will  not  be  printed  as  density  with  respect  to 
the  minimum  value  of  each  color  component.  The 
arrangement,  however,  is  not  shown  in  the  draw- 

w  ings.  Consequently,  since  pitch  irregularity  is  irreg- 
ularity  in  the  amount  of  light,  as  mentioned  above, 
there  is  a  characteristic  in  which  light  density  is 
easier  to  see  than  heavy  density.  Therefore,  moire 
with  pitch  irregularity  is  difficult  to  see  even  if  an 

is  angle  is  adopted  in  which  black  is  near  0°  or  90  . 
Figs.  8(A)  through  (D)  are  views  illustrating  the 

conversion  characteristic  of  the  LUT  (2)  for  the 
printer  output  characteristic  of  the  present  embodi- 
ment.  It  is  necessary  that  the  printer  output  image 

20  be  made  to  conform  to  the  characteristic  of  the 
printer  used  and  that  the  input  data  level  and 
printer  output  density  have  a  linear  characteristic. 
For  example,  in  a  case  where  the  toner  particle 
diameter  is  not  small  enough  in  comparison  with 

25  the  beam  spot  diameter,  there  will  be  occasions 
where  a  maximum  of  only  32  toner  particles  will 
attach  even  if  the  output  beam  is  provided  with  256 
tones.  This  is-  disadvantageous  since,  in  essence, 
only  32  tones  will  appear.  Accordingly,  if  an  area  of 

30  (2  x  2)  dots  or,  in  general;  (n  x  m)  dots,  is  set  as 
the  printer  output  unit  and  this  is  considered  in 
terms  of  the  density  in  the  abovementioned  area, 
then  linear  tone  expression  of  e.g.,  32  x  2  =  64 
tones,  is  possible,  and  expression  up  to  256  tones 

35  can  be  achieved. 
In  a  case  where  this  is  carried  out,  it  will  suffice 

to  PWM-convert  image  data  of,  e.g.,  m  pixels  by  a 
pattern  signal  (triangular  wave)  whose  period  is  m 
times  that  of  the  pixel  period  with  regard  to  the 

40  main  scanning  direction.  With  regard  to  the  subsid- 
iary  scanning  direction,  it  is  desired  to  obtain  ef- 
fects  equivalent  to  those  of  main  scanning  regard- 
ing  n  lines.  However,  equivalent  effects  cannot  be 
obtained  with  a  system  in  which  identical  main 

45  scanning  is  repeated  in  the  subsidiary  scanning 
direction.  Accordingly,  plural  types  of  tone  conver- 
sion  tables  are  provided  with  regard  to  the  subsid- 
iary  scanning  direction  and  these  tables  are  used 
upon  being  changed  over  in  a  predetermined  se- 

50  quence,  whereby  effects  equivalent  to  those  in  the 
main  scanning  direction  can  be  obtained. 

The  LUT  (2)  is  such  a  table  and  takes  into 
account  the  overall  output  characteristic  of  the  laser 
beam  printer  of  the  embodiment.  A  relationship  (EV 

55  characteristic)  between  beam  pulse  width  and  pho- 
tosensitive  drum  surface  potential,  and  a  relation- 
ship'  (VD  characteristic)  between  photosensitive 
drum  surface  potential  and  output  image  density 

11 
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ire  considered  as  laserbeam  printr  output  char- 
icteristics.  Since  the  EV  characteristic  has  an  ap- 
proximately  linear  characteristic,  it  will  be  de- 
scribed  here  as  a  table  for  correcting  the  VD  char- 
acteristic.  The  VD  characteristic  is  a  characteristic  s 
which  differs  depending  upon  whether  image  data 
screen  half-toning  processing  is  performed,  the  fre- 
quency  of  the  pulse-width  modulated  signal 
pattern  signal)  and  the  developer  used,  etc.  Con- 
sequently,  in  the  present  embodiment,  a  plurality  of  w 
:ables  are  prepared  in  advance  in  accordance  with 
tie  VD  characteristic,  and  the  CPU  2110  selects 
and  uses  a  table  whenever  necessary. 

Here  a  case  will  be  described  in  which  the 
Yequency  of  the  pattern  signal  to  the  comparators  15 
s  one-half  or  one-third  that  of  the  video  signal 
requency,  without  screen  half-toning  processing 
ceing  performed. 

Fig.  8(A)  is  a  view  illustrating  the  VD  char- 
acteristic  of  the  embodiment.  The  drum  surface  20 
Dotential  along  the  horizontal  axis  indicates  a  dif- 
ferential  potential  (contrast  potential)  between  the 
surface  potential  of  the  photosensitive  drum  and 
the  developing  bias  potential.  Fig.  8(B)  is  a  view 
showing  an  example  of  a  characteristic  in  which  the  25 
VD  characteristic  of  Fig.  8(A)  is  linearly  converted. 
That  is.  the  object  can  be  attained  by  interchanging 
the  horizontal  and  vertical  axes  of  Fig.  8(A)  so  that 
the  characteristic  table  of  Fig.  8(B)  is  obtained.  In 
the  present  embodiment,  however,  it  is  desired  to  30 
achieve  a  further  improvement  in  the  tonality  of  the 
output  image  (especially  the  tonality  of  highlight 
portions).  Accordingly,  the  conversion  tables  are 
used  upon  being  changed  over  every  line  or  every 
several  lines  in  accordance  with  one-half  or  one-  35 
third  the  pattern  signal  frequency  and  at  a  period  of 
two  lines  or  three  lines  in  the  subsidiary  scanning 
direction,  thereby  linearizing  tonality  and  concen- 
trating  the  screen  half-tone  dots. 

Fig.  8(C)  is  a  view  showing  a  correction  table  40 
characteristic  of  an  embodiment  used  in  a  case 
where  the  pattern  signal  frequency  is  one-half  the 
video  signal  frequency.  In  Fig.  8(C),  the  table  of 
characteristic  CD  is  such  that  the  output  level 
initially  rises  to  the  level  FFH  at  a  slope  twice  that  45 
of  the  curve  of  Fig.  8(B),  after  which  it  is  constant 
until  the  input  level  becomes  FFH.  The  table  of 
characteristic  ©  is  such  that  the  level  00H  is 
maintained  until  the  table  output  of  characteristic  ©  
becomes  level  FFH,  after  which  the  characteristic  50 

rises  to  the  level  FFH  at  a  slope  twice  that  of  the 
curve  of  Fig.  8(B).  In  this  example,  the  pattern 
signal  frequency  is  one-half,  so  that  an  output 
density  of  one  dot  is  formed  by  two  pixels  of  the 
video  signal.  With  regard  to  the  subsidary  scanning  55 
direction  also,  two  lines  are  adopted  as  the  period 
and  the  tables  of  ©  and  ©  of  Fig.  8(C)  are  used 
upon  being  changed  over  every  line.  In  this  way 

density  is  made  heavier  by  table  CD  and  lighter  by 
:able  ©.  As  a  result,  an  effect  is  obtained  in  which 
an  output  density  of  one  dot  is  formed  by  two  lines 
n  the  subsidiary  scanning  direction.  It  should  be 
loted  that  the  table  characteristics  are  not  limited 
:o  those  of  ©  and  © .  

Fig.  8(D)  is  a  view  illustrating  a  correction  table 
characteristic  of  an  embodiment  used  in  a  case 
where  the  pattern  signal  frequency  is  one-third  the 
/ideo  signal  frequency.  As  described  above,  the 
vTJ  characteristic  depends  upon  the  pattern  signal 
requency.  However,  the  same  VD  characteristic  is 
jsed  in  this  explanation  to  simply  the  description. 
In  Fig.  8(D),  the  table  of  characteristic  ©  is  such 
:hat  it  initially  rises  to  the  level  FFH  at  a  slope 
three  times  that  of  the  curve  of  Fig.  8(B),  after 
which  it  is  constant  until  the  input  level  becomes 
FFH.  The  table  of  characteristic  @  is  such  that  the 
level  00H  is  maintained  until  the  table  output  of 
characteristic  ©  becomes  level  FFH,  after  which 
the  characteristic  rises  to  the  level  FFH  at  a  slope 
1.5  times  that  of  the  curve  of  Fig.  8(B).  In  this 
sxample,  the  pattern  signal  frequency  is  one-third, 
so  that  an  output  density  of  one  dot  is  formed  by 
three  pixels  of  the  video  signal.  With  regard  to  the 
subsidary  scanning  direction  also,  three  lines  are 
adopted  as  the  period  and  the  tables  of  ©  and  @ 
of  Fig.  8(C)  are  used  upon  being  changed  over 
every  line.  For  example,  changeover  is  made  in  the 
manner  ©  —  ©  —  ©.  In  this  way  shading  is 
applied  every  line  and  an  effect  is  obtained  in 
which  an  output  density  of  one  dot  is  formed  by 
three  lines  in  the  subsidiary  scanning  direction.  It 
should  be  noted  that  the  table  characteristics  are 
not  limited  to  those  of  ©  and  @. 

In  actuality,  the  VD  characteristic  differs  de- 
pending  upon  the  pattern  signal  frequency,  and  the 
tables  of  Figs.  8(C),  (D)  are  formed  in  accordance 
with  the  different  VD  characteristics. 

Further,  formation  of  the  abovementioned  ta- 
bles  is  not  limited  to  cases  in  which  the  pattern 
signal  frequency  is  one-half  or  one-third  of  the 
video  signal  frequency.  The  tables  can  be  formed 
in  a  similar  manner  with  regard  to  other  frequen- 
cies  as  well. 

Fig.  9  is  a  block  diagram  illustrating  the  details 
of  the  font  control  circuit  of  the  embodiment.  The 
CPU  2110  applies  data  to  the  terminal  S  of  a  font 
ROM  (FROM)  2108  to  select  the  font  that  is  to  be 
printed.  Main  scanning  address  data  indicating  the 
font  printing  position  is  latched  in  a  latch  circuit 
(LATCH)  2142,  and  subsidiary  scanning  address 
data  is  latched  in  a  latch  circuit  2148.  The  address 
data  in  the  latch  circuit  2142  is  applied  to  the  Q 
terminal  of  a  comparator  (CMP)  2141,  and  the 
address  data  of  the  latch  circuit  21  48  is  applied  to 
the  Q  terminal  of  a  comparator  2147.  A  counter 
(CNT)  2140  is  reset  by  the  RHSYNC  signal  and 
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then  begins  counting  the  RVCLK  signal.  In  other 
words,  the  number  of  pixels  in  the  main  scanning 
direction  is  counted.  A  counter  2146  is  reset  by  the 
ITOP  signal  and  then  begins  counting  the  RHSYNC 
signal.  Thus,  the  number  of  pixels  in  the  subsidiary 
scanning  direction  is  counted. 

The  pixel  number  in  the  counter  2140  enters 
the  P  terminal  of  the  comparator  2141.  When  the 
-elation  P  =  Q  is  satisfied,  the  comparator  2141 
Dutputs  a  logical  "1"  level  at  the  terminal  P  =  Q. 
This  is  the  character  output  position  in  the  main 
scanning  direction.  The  "1  "  level  is  applied  to  the  J 
terminal  of  a  flip-flop  circuit  (F/F)  2143  which,  in 
response  to  the  next  RVCLK  signal,  sends  an 
HENB  signal  to  the  "1  "  level.  A  counter  2145  starts 
counting  the  RVCLK  signal  in  synchronism  with  the 
"1  "  level  of  the  HENB  signal,  and  the  output  of  this 
counter  is  provided  as  the  main  scanning  address 
of  the  font  ROM  2108.  A  counter  2144  also  starts 
counting  the  RVCLK  signal  in  synchronism  with  the 
"1"  leveL  of  the  HENB  signal.  When  a  predeter- 
mined  number  is  counted,  this  counter  sends  its 
RC  terminal  to  the  logical  "1  "  level,  which  is  input- 
ted  to  the  K  terminal  of  the  F/F  2143.  In  response 
to  the  next  RVCLK  signal,  the  HENB  signal  of  the 
F/F  2143  reverts  to  the  logical  "0"  level.  As  a 
result,  the  counters  2144,  2145  stop  counting  and 
the  outputs  thereof  are  reset.  In  accordance  with 
the  foregoing,  the  HENB  signal  is  a  signal  which 
turns  on  every  line  at  the  pertinent  character  posi- 
tion  in  the  main  scanning  direction. 

Meanwhile,  the  line  number  in  the  counter 
2146  is  applied  to  the  P  terminal  of  the  comparator 
2147.  When  the  relation  P  =  Q  is  satisfied,  the 
comparator  2146  outputs  a  logical  "1"  level  at  the 
terminal  P  =  Q.  This  is  the  character  output  position 
in  the  subsidiary  scanning  direction.  The  "1"  level 
is  applied  to  the  J  terminal  of  a  flip-flop  circuit  (F/F) 
2149  which,  in  response  to  the  next  RHSYNC  sig- 
nal,  sends  a  VENB  signal  to  the  "1"  level.  A 
counter  2151  starts  counting  the  RHSYNC  signal  in 
synchronism  with  the  "1  "  level  of  the  VENB  signal, 
and  the  output  of  this  counter  is  provided  as  the 
subsidiary  scanning  address  of  the  font  ROM  2108. 
A  counter  2150  also  starts  counting  the  RHSYNC 
signal  in  synchronism  with  the  "1"  level  of  the 
VENB  signal.  When  a  predetermined  number  is 
counted,  this  counter  sends  its  RC  terminal  to  the 
logical  "1  "  level,  which  is  inputted  to  the  K  terminal 
of  the  F/F  2149.  In  response  to  the  next  RHSYNC 
signal,  the  VENB  signal  of  the  F/F  2149  reverts  to 
the  logical  "0"  level.  As  a  result,  the  counters  21  50, 
2151  stop  counting  and  the  outputs  thereof  are 
reset.  In  accordance  with  the  foregoing,  the  VENB 
signal  is  a  signal  which  turns  on  every  line  at  the 
pertinent  character  position  in  the  subsidiary  scan- 
ning  direction.  The  HENB  signal  and  the  VENB 
signal  enter  an  AND  gate  2153,  which  forms  a 

signal  SEL  at  its  output  side. 
Font  patterns  can  thus  be  combined  at  any 

position  of  an  output  image.  The  CPU  2110  is 
capable  of  suitably  altering  the  data  latched  in  the 

5  latch  circuits  2142,  2148  and  the  font  selection 
data,  whereby  a  plurality  of  different  fonts  can  be 
combined  at  any  position  of  an  image. 

Fig.  10  is  a  view  showing  an  example  of  an 
output  image  in  which  fonts  are  combined  by  the 

o  font  control  circuit  of  the  embodiment.  In  Fig.  10, 
"#"  is  a  registration  mark  for  positioning,  and  "M, 
C,  Y,  Bk"  are  color  information  marks  for  identify- 
ing  the  respective  color  print  images.  The  others 
are  the  color-separated  print  images  of  an  original 

5  image  read  by  the  reader  100. 

<Flowcharts> 

20  Fig.  12  is  a  flowchart  illustrating  the  operation 
of  the  controller  10  of  the  reading  section.  This 
control  program  is  stored  in  the  ROM  10-2.  in  Fig. 
12,  a  initial  display  routine  is  executed  at  step  S1 
when  power  is  introduced  to  the  reading  section 

25  1  00.  This  routine  involves  processing  for,  e.g., 
checking  each  I/O  unit,  checking  the  displays  of 
indicators,  initializing  the  RAM  10-3  and  moving  the 
scanning  unit  to  a  scanning  starting  point.  Step  S2 
calls  for  the  system  to  wait  for  a  state  in  which  a 

30  connection  is  made  to  the  printer  controller  2500 
via  the  communication  line  24.  The  connected  state 
is  not  attained  if  the  communication  line  24  is  not 
connected  or  power  is  not  being  supplied  to  the 
printing  section  2000.  If  the  connected  state  is 

35  verified  at  step  S2,  the  program  proceeds  to  step 
S3,  at  which  the  system  waits  for  the  print  (copy) 
switch  of  the  operating  unit  16  to  be  pressed. 
When  the  print  switch  is  pressed,  the  program 
proceeds  to  step  S4,  at  which  a  print  ON  command 

40  is  outputted  to  the  printing  section  2000  along  with 
printing  mode  information.  This  printing  mode  in- 
formation  includes  whether  or  not  this  is  the  color- 
separated  print  image  output  mode  and  is  output- 
ted  in  accordance  with  the  instruction  given  to  the 

45  operating  unit  16.  The  system  waits  for  the  arrival 
of  the  ITOP  signal  from  the  printing  section  2000  at 
step  S5.  When  the  ITOP  signal  enters  at  step  S5, 
the  program  proceeds  to  step  S6,  at  which  the 
original  image  is  scanned  and  the  video  data  deliv- 

50  ered  to  the  printing  section  2000.  At  this  time  the 
selection  of  the  printing  mode  or  the  like  is  applied 
to  the  controller  10  from  the  operating  unit  16.  The 
controller  10  transmits  this  information  to  the  var- 
ious  elements  of  the  controller  and  to  the  controller 

55  2500  of  the  printing  section  2000. 
Fig.  13(A)  is  a  flowchart  illustrating  the  opera- 

tion  of  the  controller  2500  of  the  printing  section. 
When  a  print  ON  command  is  received  from  the 
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eading  section  100,  the  program  proceeds  to  step 
32200.  The  output  mode  of  the  color-separated 
jrint  image  (the  original  image  for  a  printing  press) 
s  checked  at  step  S2201  .  If  the  effective  mode  is 
lot  that  for  outputting  the  color-separated  print 
mage,  the  program  proceeds  to  step  S2202,  at 
which  the  image  of  a  color  copy  or  the  like  is 
Dutputted  by  an  ordinary  printing  sequence.  If  the 
;olor-separated  print  image  output  mode  is  in  ef- 
fect,  the  400  line-output  look-up  tables  which  pre- 
/ail  at  the  time  of  the  above-described  screen  half- 
:oning  processing  are  set  in  the  RAM  [LUT(2)] 
2106,  which  is  for  correcting  the  printer  output 
characteristic,  with  regard  to  each  of  the  colors  Y, 
VI,  C,  BK  at  step  S2203.  The  400-line  (A-side)  input 
cf  the  selector  2119  of  Fig.  2  is  selected  at  step 
32204.  The  look-up  tables  are  set  in  the  RAM  [LUT 
:1)]  2101,  which  is  for  screen  half-toning  process- 
ng,  with  regard  to  each  of  the  colors  Y,  M,  C,  BK 
at  step  S2205.  The  A-side  input  of  the  selector 
2103  of  Fig.  2  is  selected  at  step  S2206.  This  is 
fellowed  by  step  S2207,  at  which  the  image  of  the 
color-separated  Y  screen  image  is  outputted  to  a 
first  transfer  material  in  accordance  with  a  process- 
ing  procedure,  described  below,  then  by  a  step 
S2208,  at  which  the  image  of  the  color-separated 
M  screen  image  is  similarly  outputted  to  a  second 
transfer  material,  then  by  a  step  S2209,  at  which 
the  image  of  the  color-separated  C  screen  image  is 
similarly  outputted  to  a  third  transfer  material,  and 
then  by  a  step  S2210,  at  which  the  image  of  the 
color-separated  BK  screen  image  is  similarly  out- 
putted  to  a  fourth  transfer  material. 

Fig.  13(B)  is  a  flowchart  illustrating  the  details 
of  a  procedure  for  outputting  the  color-separated  Y 
print  image.  In  this  flowchart,  the  Y-correction  table 
of  LUT  (2)  is  selected  at  step  S2212,  and  the  Y 
screen  half-toning  processing  table  of  LUT  (1)  is 
selected  at  step  S2213.  The  initializing  data  for  Y  is 
set  with  respect  to  the  screen  half-toning  process- 
ing  circuit  2012  in  such  a  manner  that  a  Y-screen 
angle  is  applied  to  the  output  image.  The  neces- 
sary  data  is  set  in  the  font  control  circuit  2109  at 
step  S21  1  5.  The  necessary  data  referred  to  here  is, 
e.g.,  the  registration  mark  "#"  attached  for  the 
purpose  of  registration,  the  color  information  mark 
"Y"  indicating  the  color-separated  Y  print  image, 
and  these  output  addresses.  The  image  data  of  the 
color-separated  Y  print  image  is  developed  by  the 
black  (BK)  developer  2295  at  step  S2216  to  output 
the  image  of  the  color-separated  Y  print  image. 
Also,  with  regard  to  the  other  color-separated  print 
images  M.  C,  BK,  the  respective  screen  angles  are 
applied,  and  the  image  data  are  developed  by  the 
BK  developer  2295  along  with  the  registration  mark 
"#"  and  color  information  marks  "M",  "C"  and 
"BK".  The  images  of  the  respective  color-sepa- 
rated  print  images  are  outputted. 

In  Fig.  10,  the  image  of  each  coior-separatea 
print  image  is  printed  in  black  (BK).  However,  these 
can  readily  be  distinguished  by  the  simultaneously 
printed  character  marks  "Y,  M,  C,  BK".  Accurate 

5  positioning  can  be  achieved  by  registering  the  reg- 
istration  marks  "#". 

Though  a  laser  beam-type  printer  is  used  in 
the  present  embodiment,  the  invention  is  not  limit- 
ed  to  this  arrangement.  It  is  possible  to  employ 

(0  other  types  of  printers,  such  as  an  ion  flow-type 
printer,  LED  printer  or  LCD  printer. 

Though  the  screen  angle  is  made  different  for 
every  color  in  the  present  embodiment,  the  inven- 
tion  is  not  limited  to  this  arrangement.  Since  there 

(5  are  cases  where  almost  no  black  is  used,  depend- 
ing  upon  the  image  of  the  particular  original,  it  is 
permissible  if  the  same  angle  is  employed  for  two 
or  more  colors. 

Though  the  sequence  in  which  a  transfer  is 
20  made  to  the  transfer  materials  is  "Y  —  M  —  C  -» 

BK"  in  the  present  embodiment,  the  invention  is 
not  limited  to  this  sequence.  For  example,  the 
sequence  "Y  —  C  —  •  M  -*  BK"  may  be  employed. 

As  many  apparently  widely  different  embodi- 
25  ments  of  the  present  invention  can  be  made  with- 

out  departing  from  the  spirit  and  scope  thereof,  it  is 
to  be  understood  that  the  invention  is  not  limited  to 
the  specific  embodiments  thereof  except  as  de- 
fined  in  the  appended  claims. 

30 

Claims 

1.  An  image  forming  apparatus  which  com- 
35  prises:  density  converting  means  for  dividing  image 

data  into  a  predetermined  area  and  subjecting  pixel 
density  within  the  area  to  a  density  conversion  in 
accordance  with  predetermined  screen  half-toning 
information; 

40  binary  coding  means  for  converting  the  image  data, 
which  has  been  density-converted  by  said  density 
converting  means,  into  a  binary-coded  signal  con- 
forming  to  the  density;  and 
image  forming  means  for  forming  an  output  image 

45  in  accordance  with  the  binary-coded  signal  output- 
ted  by  said  binary  coding  means. 

2.  The  apparatus  according  to  claim  1  ,  wherein 
said  density  converting  means  subjects  an  output 
density  Vij'  of  each  pixel  of  interest  to  a  density 

so  conversion  in  accordance  with  screen  half-toning 
information  based  on  the  following  equation: 

=  nV,,-r(Pi,-1) 
0  £  Vi/  £  r 
where  Vy:  input  density  of  each  pixel  of  interest 

55  n  :  number  of  pixels  in  predetermined  area 
r  :  maximum  density 
Pij  :  weighting  coefficient 

14 
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3.  The  apparatus  according  to  claim  2,  wherein 
said  weighting  coefficient  comprises  information 
vhich  reduces  the  number  of  coefficient  toward  the 
ipproximate  center  pixel  position  of  said  predeter- 
mined  area. 

4.  The  apparatus  according  to  claim  1  ,  wherein 
said  binary  coding  means  comprises  pulse-width 
nodulated  signal  output  means  for  tone-processing 
he  image  data  density-converted  by  said  density 
converting  means  and  outputting  a  pulse-width 
nodulated  signal. 

5.  An  image  forming  apparatus  which  corn- 
crises: 
density  converting  means  for  dividing  image  data 
nto  a  predetermined  area  and  subjecting  pixel 
density  within  the  area  to  a  density  conversion  in 
accordance  with  predetermined  screen  half-toning 
nformation; 
cinary  coding  means  for  converting  the  image  data, 
/vhich  has  been  density-converted  by  said  density 
converting  means,  into  a  binary-coded  signal  con- 
:orming  to  the  density; 
mage  forming  means  for  forming  an  output  image 
n  accordance  with  the  binary-coded  signal  output- 
ted  by  said  binary  coding  means;  and 
combining  means  for  combining  a  specific  pattern 
with  an  outputted  image  produced  by  said  image 
forming  means. 

6.  An  image  forming  apparatus  according  to 
claim  5,  further  comprising: 
pattern  signal  generating  means  for  generating  a 
pattern  signal  corresponding  to  said  specific  pat- 
tern:  and 
means  for  inputting  said  pattern  signal  to  said 
binary  coding  means  when  said  combining  means 
is  activated. 

7.  An  image  forming  apparatus  according  to 
claim  5,  further  comprising  a  location  designationg 
means  for  designating  a  location  where  the  specific 
pattern  is  to  be  combined. 

8.  An  image  forming  apparatus  according  to 
claim  5,  wherein  said  binary  coding  means  com- 
prises  pulse-width  modulated  signal  output  means 
for  tone-processing  the  image  data  density-con- 
verted  by  said  density  converting  means,  and  out- 
putting  a  pulse-width  modulated  signal. 

9.  An  image  forming  apparatus  which  com- 
prises: 
tone-processing  means  for  tone-processing  color- 
separated  image  data  of  each  color; 
image  forming  means  for  forming  images  the  num- 
ber  whereof  corresponds  to  the  number  of  color 
separation  in  accordance  with  the  tone-processed 
image  data  by  said  tone-processing  means;  and 
pattern  combining  means  for  combining  a  specific 
pattern  to  the  output  image  produced  by  said  im- 
age  forming  means. 

10.  An  image  forming  apparatus  accoraing  to 
claim  9,  wherein  said  pattern  combining  means 
further  comprises  pattern  signal  generating  means 
for  generating  a  pattern  signal  corresponding  to 

5  said  specific  pattern. 
11.  An  image  forming  apparatus  according 

claim  10,  wherein  said  tone-processing  means 
comprises  a  pulse-width  modulated  signal  output 
means  for  processing  the  image  data  and  output- 

ro  ting  pulse-width  modulated  signal. 
12.  An  image  forming  apparatus  according  to 

claim  11,  further  comprising  means  for  selectively 
applying  said  image  data  and  said  pattern  signal  to 
said  pulse-width  modulated  signal  output  means. 

15  13.  An  image  forming  apparatus  which  com- 
prises: 
operating  means  for  designating  an  image  output 
mode; 
density  converting  means  for  subjecting  color-sep- 

20  arated  image  data  of  each  color  to  a  density  con- 
version  in  accordance  with  predetermined  screen 
half-toning  information; 
pulse-width  modulated  signal  output  means  for 
tone-processing  the  color-separated  image  data  of 

25  each  color  or  the  image  data  density-converted  by 
said  density  converting  means,  and  outputting  a 
pulse-width  modulated  signal;  and 
image  forming  means  for  selectively  setting,  in 
dependence  upon  a  designation  from  said  operat- 

30  ing  means,  a  mode  in  which  one  reproduced  image 
is  formed  on  the  same  recording  medium  by  the 
pulse-width  modulated  signal  based  on  the  color- 
separated  image  data  of  each  color,  and  a  mode  in 
which  a  reproduced  image  corresponding  to  each 

35  color  is  formed  on  recording  media,  the  number 
whereof  corresponds  to  the  number  of  color  sepa- 
rations,  by  the  pulse-width  modulated  signal  based 
on  the  image  data  density-converted  by  said  den- 
sity  converting  means. 

40  14.  The  apparatus  according  to  claim  13, 
wherein  said  pulse-width  modulated  signal  output 
means  converts  said  color-separated  image  data 
into  a  pulse-width  modulated  signal  by  a  pattern 
signal  having  a  relatively  long  period,  and  converts 

45  said  density-converted  data  into  a  pulse-width 
modulated  signal  by  a  pattern  signal  having  a  rela- 
tively  short  period. 

15.  An  image  forming  apparatus  which  com- 
prises: 

50  pulse-width  modulated  signal  output  means  for 
tone-processing  color-separated  image  data  of 
each  color  and  outputting  pulse-width  modulated 
signals  corresponding  to  respective  ones  of  the 
colors;  and 

55  image  forming  means  for  forming,  on  different  re- 
cording  media,  images  the  number  whereof  cor- 
responds  to  the  number  of  color  separations  in 
accordance  with  the  pulse-width  modulated  'signals 

15 
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vhich  correspond  to  respective  ones  of  the  colors 
and  which  are  outputted  by  said  pulse-width  modu- 
ated  signal  output  means. 

16.  The  apparatus  according  to  claim  15,  fur- 
tier  comprising  density  converting  means  for  sub- 
ecting  said  color-separated  image  data  of  each 
color  to  a  density  conversion  in  accordance  with 
predetermined  screen  half-toning  information; 
said  density  converting  means  subjecting  an  output 
density  V̂ '  of  each  pixel  of  interest  to  a  density 
conversion  in  accordance  with  screen  half-toning 
nformation  based  on  the  following  equation: 
V-  =  nVirr(P,r1)  
D  S  Vij'  <  r 
where  V̂ :  input  density  of  each  pixel  of  interest 
i  :  number  of  pixels  in  predetermined  area 
r  :  maximum  density 
Piji  weighting  coefficient 

17.  An  image  forming  apparatus  which  com- 
prises: 
density  converting  means  for  subjecting  color-sep- 
arated  image  data  of  each  color  to  a  density  con- 
version  in  accordance  with  predetermined  screen 
half-toning  information; 
binary  coding  means  for  converting  the  image  data, 
which  has  been  density-converted  by  said  density 
converting  means,  into  a  binary-coded  signal  con- 
forming  to  the  density;  and 
image  forming  means  for  forming  images  the  num- 
ber  whereof  corresponds  to  the  number  of  color 
separations  in  accordance  with  the  binary-coded 
signal  outputted  by  said  binary  coding  means. 

18.  The  apparatus  according  to  claim  17, 
wherein  said  density  converting  means  subjects  an 
output  density  of  each  pixel  of  interest  to  a 
density  conversion  in  accordance  with  screen  half- 
toning  information  based  on  the  following  equation: 

=  nVq  -  r(Pij  -  1) 
0  £  V̂ '  £  x 
where  V̂ :  input  density  of  each  pixel  of  interest 
n  :  number  of  pixels  in  predetermined  area 
r  :  maximum  density 
Piji  weighting  coefficient 

19.  The  apparatus  according  to  claim  17, 
wherein  said  image  forming  means  forms  an  image 
of  a  screen  angle  which  differs  for  every  item  of 
image  data  of  each  color. 

20.  The  apparatus  according  to  claim  19, 
wherein  said  screen  angle  is  within  a  range  of  20° 
-  70°  for  magenta  or  cyan,  0°  -  20°  for  yellow  and 
70  *  -  90  '  for  black. 

21.  An  image  forming  apparatus  which  com- 
prises: 
density  converting  means  for  subjecting  color-sep- 
arated  image  data  of  each  color  to  a  density  con- 
version  in  accordance  with  predetermined  screen 
half  toning  information; 
binary  coding  means  for  converting  the  image  data, 

which  has  been  density-converted  by  said  density 
converting  means,  into  a  binary-coded  signal  con- 
forming  to  the  density;  and 
image  forming  means  for  forming  images  the  rium- 

5  ber  whereof  corresponds  to  the  number  of  color 
separations  in  accordance  with  the  binary-coded 
signal  outputted  by  said  binary  coding  means;  and 
pattern  combining  means  for  combining  a  specific 
pattern  on  the  output  image  outputted  by  said 

'0  image  forming  means. 
22.  An  image  forming  apparatus  according  to 

claim  21,  wherein  said  pattern  combining  means 
comprises  pattern  signal  generating  means  for  gen- 
erating  a  pattern  signal  corresponding  to  said  spe- 

f5  cific  pattern. 
23.  An  image  forming  apparatus  according  to 

claim  22,  wherein  said  binary  coding  means  com- 
prises  a  pulse-width  modulated  signal  output 
means  for  processing  the  image  data  and  output- 

20  ting  a  pulse-width  modulated  signal. 
24.  An  image  forming  apparatus  according  to 

claim  23,  further  comprising  means  for  selectively 
applying  said  image  data  and  said  pattern  signal  to 
said  pulse-width  modulated  signal  output  means. 

25  25.  An  image  forming  apparatus  which  com- 
prises: 
density  converting  means  for  subjecting  image 
data  to  a  density  conversion  in  accordance  with 
predetermined  screen  half-toning  information; 

30  tone  converting  means  for  performing  a  density 
tone  conversion  on  the  image  data  density-con- 
verted  by  said  density  converting  means; 
binary  coding  means  for  converting  the  image  data, 
which  has  been  tone-converted  by  said  tone  con- 

35  verting  means,  into  a  binary-coded  signal  conform- 
ing  to  the  density  thereof;  and 
image  forming  means  for  forming  an  output  image 
in  accordance  with  the  binary-coded  signal. 

26.  An  image  forming  apparatus  which  com- 
40  prises: 

tone  processing  means  for  tone-processing  color- 
separated  image  data  of  each  color; 
developing  means  for  developing  the  image  of 
each  color  in  accordance  with  the  image  data  tone- 

45  processed  by  said  tone  processing  means;  and 
transfer  means  for  transferring  the  developed  im- 
ages  to  the  same  transfer  material  in  order  starting 
from  a  yellow  image. 

so 

55 
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