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(57)  High  and  low  density  test  patterns  are  formed 
from  pattern  generating  unit  (38)  as  toner  pat- 
terns  on  a  photosensitive  drum,  and  attached 
toner  amounts  corresponding  to  the  test  pat- 
terns  are  detected  by  toner  density  detecting 
unit  (8)  under  the  control  of  a  control  circuit  (45) 
which  calculates  the  differences  between  the 
attached  toner  amounts  of  the  high  and  low 
density  portions  and  respective  target  values, 
wherein,  when  the  calculated  differences  do  not 
fall  within  respective  predetermined  ranges,  the 
exposure  conditions  of  an  optical  system  (13) 
and  the  bias  voltage  of  a  developing  unit  (4),  or 
the  exposure  amount  of  the  optical  system  (13) 
and  the  bias  voltages  of  a  charger  (3)  and  the 
developing  unit  (4),  or  the  bias  voltages  of  the 
charger  (3)  and  the  developing  unit  (4)  and  the 
light-emission  period  of  the  optical  system  (13) 
are  renewed. 
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This  invention  relates  to  an  electrophotographic 
image  forming  apparatus,  such  as  a  laser  printer,  an 
analog  copy  machine,  or  a  digital  copy  machine,  for 
forming  a  monochrome  image  or  a  color  image  having 
various  densities. 

Conventional  image-copying  machines  have  a 
drawback  in  which  they  sometimes  produce  copies 
from  a  single  original  having  different  densities.  Such 
variation  in  image  density  results  from  changes  or  de- 
terioration  of  the  characteristics  of  image-forming 
materials  and  components,  which  occur  as  a  result  of 
the  influence  of  ambient  conditions  over  time.  In  the 
case  of  a  multi-gradation  printer  or  digital  copy  ma- 
chine,  as  well  as  an  analog  copy  machine,  it  is  desir- 
able  that  variations  in  image  density  be  kept  to  a  mini- 
mum.  In  particular,  stable  image  density  is  an  indis- 
pensable  factor  in  order  to  obtain  good  color  images, 
since  this  influences  not  only  density  reproductivity 
but  also  color  reproductivity.  Accordingly,  stabiliza- 
tion  of  image  density  has  been  achieved  by  perform- 
ing  manually  a  maintenance  operation  by  an  operator 
within  an  allowance  imparted  to  the  characteristics  of 
image-forming  materials  and  components,  and  also 
to  the  image-forming  process. 

However,  imparting  an  allowance  to  image-form- 
ing  materials,  components,  or  the  process  increases 
the  cost  of  the  apparatus,  and  the  manual  mainte- 
nance  causes  the  increase  of  the  cost  and  labor.  Fur- 
ther,  since  the  image  density  varies  in  the  course  of 
a  cycle  which  is  shorter  than  the  usual  maintenance 
cycle,  a  stable  image  density  cannot  be  maintained 
over  a  long  time  period  merely  by  maintenance  work. 

It  is  an  object  of  the  invention  to  provide  an  im- 
age-forming  apparatus  and  a  method  for  automatical- 
ly  limiting  variation  in  image  density  due  to  various 
factors  and  adjusting  the  image  density  to  an  appro- 
priate  value  during  a  cycle  shorter  than  a  mainte- 
nance  cycle,  wherein  the  apparatus  can  be  manufac- 
tured,  operated,  and  maintained  at  a  lower  cost  than 
conventional  image-forming  apparatuses. 

According  to  a  first  aspect  of  the  invention,  there 
is  provided  an  image  forming  apparatus  comprising: 
means  for  forming  an  image  on  an  image  carrier,  said 
image  corresponding  to  a  high  density  image  and  a 
low  density  image  to  be  formed  with  a  developing 
agent  including  toner  under  a  predetermined  image 
forming  condition;  means  for  detecting  the  amounts 
of  toner  attached  to  the  image  on  the  image  carrier 
corresponding  to  the  high  density  image  and  the  low 
density  image,  respectively;  means  for  calculating  a 
first  difference  value  between  the  amount  of  toner 
corresponding  to  the  high  density  image  detected  by 
said  detecting  means  and  a  first  predetermined  refer- 
ence  value,  and  a  second  difference  value  between 
the  amount  of  toner  corresponding  to  the  low  density 
image  detected  by  said  detecting  means  and  a  sec- 
ond  predetermined  reference  value;  and  means  for 
setting  said  image  forming  condition  in  accordance 

with  said  first  and  second  difference  values  calculat- 
ed  by  said  calculating  means  so  as  to  stabilize  image 
density  changes  of  the  image  formed  on  said  image 
carrier. 

5  According  to  a  second  aspect  of  the  invention, 
there  is  provided  an  image  forming  apparatus  com- 
prising:  means  for  forming  a  latent  image  on  an  image 
carrier  under  a  predetermined  exposure  conditions 
including  light  emission  intensity  and  light  emission 

10  time  width  being  changed,  said  latent  image  corre- 
sponding  to  high  and  low  density  image  data  to  be 
formed;  means  for  developing  the  latent  image 
formed  by  said  exposure  means  with  a  developing 
agent  including  toner  under  a  predetermined  image 

15  forming  condition;  means  for  applying  a  developing 
bias  voltage  to  said  developing  means;  means  for  de- 
tecting  the  amounts  of  the  toner  attached  to  the  im- 
age  carrier  and  corresponding  to  the  high  and  low 
density  images;  first  calculation  means  for  calculating 

20  difference  values  between  those  amounts  of  the  to- 
ner  corresponding  tothe  high  and  low  density  images 
detected  by  said  detecting  means  and  preset  target 
values,  respectively;  second  calculation  means  for 
calculating  first  renewal  amount  data  relating  to  a  re- 

25  newal  amount  of  a  contrast  potential  corresponding  to 
a  difference  between  the  developing  bias  voltage  ap- 
plied  by  said  applying  means  and  a  potential  of  an  ex- 
posed  portion  of  the  image  carrier  and  second  renew- 
al  amount  data  relating  to  a  renewal  amount  of  a  back- 

30  ground  potential  which  is  a  difference  between  the 
developing  bias  voltage  applied  by  said  applying 
means  and  an  unexposed-  portion  potential  of  the  im- 
age  carrier  in  accordance  with  the  first  and  second 
difference  values  calculated  by  said  calculating 

35  means,  when  the  first  and  second  difference  values 
fall  outside  the  predetermined  ranges;  and  control 
means  for  setting  exposure  conditions  of  said  forming 
means  in  accordance  with  the  first  renewal  amount 
data  calculated  by  said  second  calculating  means, 

40  the  developing  bias  voltage  applied  by  said  applying 
means  being  applied  in  accordance  with  the  second 
renewal  amount  data  calculated  by  said  second  cal- 
culating  means. 

According  to  a  third  aspect  of  the  invention,  there 
45  is  provided  an  image  forming  apparatus  comprising: 

means  for  charging  an  image  carrier;  first  applying 
means  for  applying  a  charging  bias  voltage  to  said 
charging  means;  exposure  means  for  forming  a  latent 
image  corresponding  to  a  high  density  image  and  a 

so  low  density  image  on  the  basis  of  image  data  on  the 
image  carrier  charged  by  said  charging  means,  said 
exposure  means  being  able  to  change  an  exposure 
amount  in  accordance  with  target  exposure  amount 
data;  means  for  developing  the  latent  image  formed 

55  by  said  exposure  means  with  a  developing  agent  in- 
cluding  toner  under  a  predetermined  image  forming 
condition;  means  for  applying  a  developing  bias  vol- 
tage  to  said  developing  means;  means  for  detecting 
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the  amounts  of  toner  attached  to  the  image  carrier 
and  corresponding  to  the  high  density  image  and  the 
low  density  image,  respectively;  first  calculation 
means  for  calculating  difference  values  between 
those  amounts  of  the  toner  corresponding  to  the  high 
and  low  density  images  detected  by  said  detecting 
means  and  preset  target  values,  respectively;  second 
calculation  means  for  calculating  first  renewal  amount 
data  relating  to  a  renewal  amount  of  the  exposure 
amount  of  the  exposure  means,  and  second  renewal 
amount  data  relating  to  a  renewal  amount  of  a  back- 
ground  potential  which  is  a  difference  between  the 
developing  bias  voltage  applied  by  said  applying 
means  and  an  unexposed-portion  potential  of  the  im- 
age  carrier  in  accordance  with  the  first  and  second 
difference  values  calculated  by  said  first  calculating 
means  when  the  difference  values  fall  outside  the 
predetermined  ranges;  first  control  means  for  setting 
a  target  exposure  amount  data  in  accordance  with  the 
first  renewal  amount  data  calculated  by  said  second 
calculating  means;  and  second  control  means  for  set- 
ting  the  charging  bias  voltage  applied  by  said  first  ap- 
plying  means  and  the  developing  bias  voltage  applied 
by  said  second  applying  means  on  the  basis  of  the 
second  renewal  amount  data  and  a  surface-potential 
characteristics  of  the  image  carrier. 

According  to  a  fourth  aspect  of  the  invention, 
there  is  provided  an  image  forming  apparatus  com- 
prising:  charging  means  for  charging  an  image  carri- 
er;  exposure  means  for  forming  a  latent  image  corre- 
sponding  to  a  high  density  image  and  a  low  density 
image  on  t  he  basis  of  image  data  on  t  he  image  carrier 
charged  by  said  charging  means;  means  for  develop- 
ing  the  latent  image  formed  by  said  exposure  means 
with  a  developing  agent  including  toner  under  a  pre- 
determined  image  forming  condition;  means  for  ap- 
plying  a  developing  bias  voltage  to  said  developing 
means;  means  for  detecting  the  amounts  of  toner  at- 
tached  to  the  image  carrier  and  corresponding  to  the 
high  density  image  and  the  low  density  image,  re- 
spectively;  means  for  setting  light-emission  width 
data  in  accordance  with  a  time  period  for  which  light 
is  radiated  corresponding  to  gradation  data  per  unit 
pixel  of  said  image  data  to  be  formed;  means  for  per- 
forming  modulation  control  of  the  unit-pixel  pulse 
width  of  light  emitted  from  said  exposure  means  in  ac- 
cordance  with  the  light-emission  period  data  set  by 
said  setting  means;  first  calculation  means  for  calcu- 
lating  difference  values  between  those  amounts  of 
the  toner  attached  to  the  high  and  low  density  images 
detected  by  said  detecting  means  and  preset  target 
values,  respectively;  second  calculation  means  for 
calculating  first  renewal  amount  data  relating  to  re- 
newal  of  a  contrast  potential  corresponding  to  a  dif- 
ference  between  the  developing  bias  voltage  applied 
by  said  applying  means  and  potential  of  an  exposed 
portion  of  the  image  carrier  and  second  renewal 
amount  data  relating  to  light-emission  time  width  re- 

newal  in  accordance  with  the  first  and  second  differ- 
ence  values  calculated  by  said  first  calculating 
means,  when  the  first  and  second  difference  values 
fall  outside  the  predetermined  ranges;  and  first  con- 

5  trol  means  for  setting  a  charging  bias  voltage  applied 
to  the  charging  means  and  a  developing  bias  voltage 
applied  to  the  developing  means  in  accordance  with 
the  first  renewal  amount  data  obtained  by  said  sec- 
ond  calculating  means  and  surface  potential  charac- 

10  teristics  of  the  image  carrier;  and  second  control 
means  for  setting  and  a  light  emission  period  correc- 
tion  data  according  to  the  second  renewal  amount 
data. 

According  to  a  fifth  aspect  of  the  invention,  there 
15  is  provided  an  image  forming  apparatus  comprising: 

exposure  means  for  forming  a  latent  image  corre- 
sponding  to  a  high  density  image  and  a  low  density 
image  on  the  basis  of  image  data  to  be  formed  on  an 
image  carrier,  said  exposure  means  being  capable  of 

20  changing  an  exposure  amount  on  the  basis  of  target 
light  amount  data;  means  for  developing  the  latent  im- 
age  formed  by  said  exposure  means  with  a  develop- 
ing  agent  including  toner  under  a  predetermined  im- 
age  forming  condition;  means  for  applying  a  develop- 

25  ing  bias  voltage  to  said  developing  means;  means  for 
detecting  amounts  of  toner  attached  to  the  image  car- 
rier  corresponding  to  the  high  density  image  and  the 
low  density  image,  respectively;  means  for  setting 
light-emission  width  data  in  accordance  with  a  time 

30  period  for  which  light  is  radiated  corresponding  to  gra- 
dation  data  per  unit  pixel  of  said  image  data  to  be 
formed;  means  for  performing  modulation  control  of 
the  unit-pixel  pulse  width  of  light  emitted  from  said  ex- 
posure  means  on  the  basis  of  the  light-emission  per- 

35  iod  data  set  by  said  setting  means;  first  calculation 
means  for  calculating  difference  values  between 
those  amounts  of  the  toner  corresponding  to  the  high 
and  low  density  images  detected  by  said  detecting 
means  and  preset  target  values,  respectively;  second 

40  calculation  means  for  calculating  first  renewal  amount 
data  relating  to  light  renewal  amount  and  second  re- 
newal  amount  data  relating  to  light-emission  period 
correction  renewal;  first  control  means  for  setting  tar- 
get  light  amount  data  on  the  basis  of  the  first  renewal 

45  amount  data  calculated  by  said  second  calculating 
means;  and  second  control  means  for  setting  light- 
emission  period  correction  data  based  on  the  second 
renewal  amount  data. 

According  to  a  sixth  aspect  of  the  invention,  there 
so  is  provided  an  image  forming  apparatus  comprising: 

means  for  generating  high  and  low  density  test  pat- 
tern  data;  means  for  forming  a  latent  image  on  an  im- 
age  carrier  corresponding  to  the  high  and  low  density 
test  pattern  data,  said  forming  means  being  capable 

55  of  changing  an  exposure  amount  on  the  basis  of  tar- 
get  exposure  amount  data;  means  for  developing  the 
latent  image  corresponding  to  the  high  and  low  den- 
sity  test  pattern  data  formed  by  said  forming  means 
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with  a  developing  agent  including  toner  under  a  pre- 
determined  image  forming  condition;  means  for  de- 
tecting  amounts  of  the  toner  attached  to  the  image 
carrier  corresponding  to  the  latent  image  of  the  high 
and  low  density  test  pattern  data  developed  by  the 
developing  means  on  the  image  carrier,  respectively; 
means  for  setting  a  light-emission  width  data  in  accor- 
dance  with  a  time  period  for  which  light  is  radiated  in 
accordance  with  gradation  data  per  unit  pixel  of  said 
image  data  to  be  formed;  means  for  performing  mod- 
ulation  control  of  the  unit-pixel  pulse  width  of  light 
emitted  from  said  forming  means  on  the  basis  of  the 
light-emission  period  data  set  by  said  setting  means; 
first  calculation  means  for  calculating  difference  val- 
ues  between  those  amounts  of  the  toner  correspond- 
ing  to  the  high  and  low  density  images  detected  by 
said  detecting  means  and  preset  target  values,  re- 
spectively;  second  calculation  means  for  calculating 
first  renewal  amount  data  relating  to  light  renewal 
amount,  and  second  renewal  amount  data  relating  to 
light-emission  period  correction  renewal  in  accor- 
dance  with  the  first  and  second  difference  values  cal- 
culated  by  said  first  calculating  means  when  the  first 
and  second  difference  values  fall  outside  the  prede- 
termined  ranges;  first  control  means  for  setting  target 
light  amount  data  on  the  basis  of  the  first  renewal 
amount  data  calculated  by  said  second  calculation 
means;  and  second  control  means  for  setting  the 
light-emission  period  correction  data  based  on  the 
second  renewal  amount  data. 

According  to  a  seventh  aspect  of  the  invention, 
there  is  provided  an  image  forming  apparatus  com- 
prising:  means  for  forming  an  image  on  an  image  car- 
rier,  said  forming  means  including  charging  means  for 
charging  said  image  carrier,  first  applying  means  for 
applying  a  charging  bias  voltage  to  said  first  applying 
means,  generation  means  for  generating  high  density 
test  pattern  data  and  a  low  density  test  pattern  data 
and  means  for  exposing  a  light  on  said  charged  image 
carrier  to  form  the  latent  image  on  the  basis  of  the 
high  and  low  density  test  patterns  data  on  said  image 
carrier;  means  for  developing  the  latent  image 
formed  by  said  forming  means  with  a  developing 
agent  including  toner  under  a  predetermined  image 
forming  condition;  second  applying  means  for  apply- 
ing  a  developing  bias  voltage  to  said  developing 
means;  means  for  holding  a  contrast  voltage  deter- 
mined  based  on  an  exposed-  portion  potential  and  the 
developing  bias  voltage  and  a  background  voltage  de- 
termined  based  on  an  unexposed-portion  potential 
and  the  developing  bias  voltage,  the  contrast  voltage 
and  background  voltage  being  determined  at  the  time 
of  forming,  on  the  image  carrier,  the  electrostatic  la- 
tent  images  corresponding  to  the  test  pattern  data; 
means  for  detecting  amounts  of  the  toner  attached  to 
the  image  carrier  corresponding  to  a  high  density  test 
pattern  and  a  low  density  test  pattern  developed  by 
the  developing  means  on  the  image  carrier,  respec- 

tively;  setting  means  for  setting  first  and  second  toner 
amount  target  values  corresponding  to  the  high  and 
low  density  test  patterns;  first  calculation  means  for 
calculating  a  first  difference  value  between  the 

5  amount  of  thetonercorresponding  to  the  high  density 
test  pattern  detected  by  said  detecting  means  and  the 
corresponding  first  target  value  set  by  the  setting 
means,  and  a  second  difference  value  between  the 
amount  of  the  toner  corresponding  to  the  low  density 

10  test  pattern  detected  by  said  detecting  means  and  the 
second  target  value  set  by  said  setting  means;  means 
for  determining  whether  or  not  the  differences  fall 
within  predetermined  ranges,  respectively;  means  for 
storing  those  renewal  amounts  of  the  contrast  voltage 

15  and  the  background  voltage,  which  correspond  to  the 
differences,  respectively;  means  for  extracting  those 
renewal  amounts  of  the  contrast  voltage  and  the 
background  voltage,  which  correspond  to  the  differ- 
ences,  when  the  determination  means  determines 

20  that  the  differences  fall  outside  the  predetermined 
ranges;  second  calculation  means  for  calculating  a 
charging  bias  voltage  and  a  developing  bias  voltage 
corresponding  to  the  renewal  amounts  of  the  contrast 
voltage  and  the  background  voltage;  and  renewal 

25  means  for  renewing  the  charging  bias  voltage  and  de- 
veloping  bias  voltage  applied  by  the  first  and  second 
applying  means,  by  use  of  the  charging  bias  voltage 
and  the  developing  bias  voltage  calculated  by  said 
second  calculation  means,  the  contrast  voltage  and 

30  background  voltage  stored  in  the  holding  means  at 
the  time  of  forming  the  test  patterns,  and  prestored 
surface  potential  characteristics. 

According  to  the  image  forming  method  of  the  in- 
vention,  the  process  comprises  the  steps  of:  charging 

35  an  image  carrier  by  use  of  a  charging  electrode;  gen- 
erating  high  and  low  density  test  patterns  data;  form- 
ing  latent  images  on  the  charged  image  carrier  on  the 
basis  of  the  high  and  low  test  patterns  data;  develop- 
ing  the  latent  images  on  the  image  carrier;  detecting 

40  attached  amounts  of  a  toner  corresponding  tothe  de- 
veloped  high  and  low  test  patterns;  calculating  high 
and  low  density  image  difference  values  between  the 
amounts  of  toner  corresponding  to  the  high  and  low 
density  images  and  target  values,  respectively;  deter- 

45  mining  whether  or  not  the  high  and  low  density  por- 
tion  difference  fall  within  predetermined  ranges,  re- 
spectively;  setting  those  renewal  amounts  of  a  con- 
trast  voltage  and  a  background  voltage  which  corre- 
spond  to  the  high  and  low  density  image  difference 

so  values,  respectively,  when  at  least  one  of  the  high  and 
low  density  image  difference  values  falls  outside  its 
predetermined  range;  calculating  a  charging  bias  vol- 
tage  and  a  developing  bias  voltage  corresponding  to 
the  set  renewal  amounts  of  the  contrast  voltage  and 

55  the  background  voltage;  and  renewing  the  charging 
bias  voltage  and  the  developing  bias  voltage  in  accor- 
dance  with  the  calculated  charging  bias  voltage  and 
developing  bias  voltage. 

4 
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Thus,  changing  the  potential  relationship  to  main- 
tain  the  gradation  characteristics  during  development 
can  provide  the  effect  of  maintaining  the  gradation 
characteristics  substantially  at  initial  values  irrespec- 
tive  of  variation  of  developing  characteristics  due  to 
change  of  ambient  conditions  with  lapse  of  time. 

Further,  combination  of  changing  the  potential 
relationship  by  bias  value  renewal  and  changing  the 
exposure  amount  and  the  pulse-width  correction 
characteristics  can  minimize  bias  renewal  amounts, 
prevent  an  image  defect  of  fog  from  occurring  as  a  re- 
sult  of  changing  the  image  forming  conditions,  and 
maintain  the  gradation  characteristics  at  appropriate 
values  from  the  high  density  area  to  the  low  density 
area.  Moreover,  since  renewal  amounts  are  calculat- 
ed  on  the  basis  of  set  values  detected  at  the  time  of 
measurement,  the  steady-state  deviation  can  be 
minimized  by  repeating  the  control. 

Accordingly,  image  quality  can  be  maintained 
free  from  an  image  defect  and  identical  to  the  initial 
quality,  and  variation  in  image  density  due  to  changes 
in  ambient  conditions  with  lapse  of  time  can  be  mini- 
mized  without  maintenance  work  in  a  cycle  shorter 
than  a  maintenance  cycle,  thereby  highly  stabilizing 
the  image  density.  In  addition,  the  apparatus  can  be 
manufactured  at  low  cost,  and  be  maintained  at  low 
labor  cost. 

This  invention  can  be  more  fully  understood  from 
the  following  detailed  description  when  taken  in  con- 
junction  with  the  accompanying  drawings,  in  which: 

Fig.  1  is  a  schematic  sectional  view,  showing  a 
color  laser  printer  according  to  a  first  embodiment 
of  the  invention; 
Fig.  2  is  a  block  diagram,  showing  charge,  expos- 
ure,  and  developing  means,  and  control  means 
for  controlling  them,  which  are  employed  in  the 
color  printer  of  Fig.  1; 
Fig.  3  is  a  perspective  view,  useful  in  explaining 
the  relation  between  a  high-density  image  devel- 
oped  on  a  photosensitive  drum  and  correspond- 
ing  to  high-density  gradation  data,  a  low-density 
image  developed  on  the  same  and  correspond- 
ing  to  low-density  gradation  data,  and  a  toner- 
amount  measuring  section; 
Fig.  4  is  a  block  diagram,  showing  the  structure 
of  the  toner-amount  measuring  section; 
Fig.  5  is  a  block  diagram,  showing  the  flow  of  im- 
age  data  and  an  exposure  system; 
Fig.  6  is  a  graph,  showing  the  relation  between 
the  grid  bias  voltage  of  a  charger,  and  the  unex- 
posed-portion  potential,  exposed-  portion  poten- 
tial,  and  developing  bias  voltage  of  a  photosensi- 
tive  drum; 
Fig.  7  shows  the  relation  between  the  contrast 
potential  and  the  image  density  of  a  solid  black 
portion; 
Fig.  8  shows  the  relation  between  the  unex- 
posed-portion  potential,  low  density  portion  po- 

tential,  and  developing  bias  voltage  of  the  photo- 
sensitive  drum; 
Fig.  9  shows  a  toner  adhesion  amount  in  relation 
to  the  gradation  data,  obtained  when  a  back- 

5  ground  potential  is  increased; 
Figs.  10A,  10B  show  a  flowchart,  useful  in  ex- 
plaining  an  operation  of  essential  parts  of  the  em- 
bodiment; 
Fig.  11  is  a  flowchart,  useful  in  chiefly  explaining 

10  image-forming  condition-changing  processing 
according  to  the  first  embodiment  of  the  inven- 
tion; 
Fig.  12  shows  the  relation  between  the  gradation 
data  and  the  output  image  density,  for  explaining 

15  the  effects  of  light  amount  renewal; 
Fig.  13  shows  variation  in  the  gradation  charac- 
teristics  obtained  when  the  background  potential 
is  changed; 
Fig.  14  is  a  timing  chart,  showing  the  points  of 

20  time  at  which  the  grid  bias  voltage  and  develop- 
ing  bias  voltage  are  changed; 
Fig.  15  shows  the  contents  of  a  table  as  regards 
exposure  renewal  amounts; 
Fig.  16  shows  the  contents  of  a  table  as  regards 

25  renewal  amounts  of  the  background  potential; 
Fig.  17  shows  variation  in  the  toner  adhesion 
amounts  of  high  and  low  density  images  and  the 
gradation  characteristics; 
Fig.  18  shows  variation  in  the  gradation  charac- 

30  teristics,  similar  to  Fig.  17; 
Fig.  19  shows  the  contents  of  a  table  as  regards 
the  exposure  renewal  amount; 
Fig.  20  shows  the  contents  of  a  table  as  regards 
renewal  amounts  of  the  background  potential; 

35  Fig.  21  shows  the  contents  of  a  table  as  regards 
renewal  amounts  of  a  contrast  potential; 
Fig.  22  shows  the  contents  of  a  table  as  regards 
renewal  amounts  of  the  background  potential; 
Fig.  23  is  a  graph,  useful  in  explaining  changes  in 

40  toner  adhesion  amount,  which  are  input  to  a 
measuring  system  during  control  cycles; 
Fig.  24  is  a  graph,  useful  in  explaining  changes  in 
bias  values,  which  are  input  to  a  measuring  sys- 
tem  during  control  cycles; 

45  Fig.  25  is  a  flowchart,  useful  in  chiefly  explaining 
image-forming  condition-changing  processing 
according  to  a  second  embodiment  of  the  inven- 
tion; 
Fig.  26  shows  variation  in  gradation  characteris- 

50  tics,  obtained  when  the  contrast  potential  is  used 
as  a  parameter; 
Fig.  27  shows  the  relation  between  pulse-width 
correction  characteristics  and  gradation  charac- 
teristics; 

55  Fig.  28  shows  the  substantially  linear  relation  be- 
tween  original  data  and  corrected  data; 
Fig.  29  shows  the  contents  of  a  table  as  regards 
renewal  amounts  of  the  contrast  potential; 

5 
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Fig.  30  shows  the  contents  of  a  table  as  regards 
renewal  amounts  of  a  pulse  width  correction 
coefficient; 
Fig.  31  shows  the  contents  of  a  table  as  regards 
renewal  amounts  of  the  contrast  potential; 
Fig.  32  shows  the  contents  of  a  table  as  regards 
renewal  amounts  of  the  pulse  width  correction 
coefficient; 
Fig.  33  shows  the  contents  of  a  table  as  regards 
renewal  amounts  of  the  contrast  potential; 
Fig.  34  shows  the  contents  of  a  table  as  regards 
renewal  amounts  of  the  pulse  width  correction 
coefficient; 
Fig.  35  is  a  graph,  useful  in  explaining  changes  in 
toner  adhesion  amount,  which  are  input  to  a 
measuring  system  during  control  cycles; 
Fig.  36  is  a  graph,  useful  in  explaining  changes  in 
bias  value,  which  are  input  to  a  measuring  system 
during  control  cycles; 
Fig.  37  is  a  flowchart,  useful  in  chiefly  explaining 
image-forming  condition-changing  processing 
according  to  a  third  embodiment  of  the  invention; 
Fig.  38  is  a  view,  useful  in  explaining  variation  in 
a  laser  light  amount  and  the  pulse  width  correc- 
tion  coefficient  as  image  forming  conditions  dur- 
ing  control  cycles; 
Fig.  39  is  a  flowchart,  useful  in  chiefly  explaining 
image-forming  condition-changing  processing 
according  to  a  fourth  embodiment  of  the  inven- 
tion; 
Figs.  40  and  42  are  graphs,  useful  in  explaining 
changes  in  toner  adhesion  amount,  which  are  in- 
put  to  a  measuring  system  during  control  cycles; 
and 
Figs.  41  and  43  are  graphs,  useful  in  explaining 
changes  in  bias  values,  which  are  input  to  a 
measuring  system  during  control  cycles. 
The  embodiments  of  the  invention  will  be  ex- 

plained  in  detail  with  reference  to  the  accompanying 
drawings. 

Fig.  1  is  a  schematic  front  view,  showing  a  color 
laser  printer  as  an  image-forming  apparatus  accord- 
ing  to  the  first  embodiment  of  the  invention.  As  is 
shown  in  Fig.  1,  a  photosensitive  drum  2  functioning 
as  an  image  carrier  and  rotatable  in  a  counterclock- 
wise  direction  (as  indicated  by  arrow  A)  is  provided  in 
a  substantially  central  portion  of  a  casing  1  .  Around 
the  drum  2  in  its  rotational  direction,  there  are  provid- 
ed  a  charger  3  as  charging  means,  first  through 
fourth  developer  units  4,  5,  6  and  7  as  color  develop- 
ing  means,  a  toner  adhesion  amount  measuring  unit 
8,  a  transfer  drum  9  as  a  transfer-medium  supporting 
member  rotatable  in  a  direction  indicated  by  arrow  B, 
a  discharger  1  0,  a  cleaner  1  1  ,  and  a  discharging  lamp 
12,  in  the  order  mentioned. 

While  the  photosensitive  drum  2  is  rotated  in  the 
direction  indicated  by  arrow  A,  it  is  uniformly  charged 
by  the  charger  3.  A  laser  beam  14,  modulated  by  im- 

age  data  and  output  from  an  optical  system  13  func- 
tioning  as  an  exposure  means,  is  radiated  to  the  sur- 
face  of  the  drum  2  through  the  charger  3  and  first  de- 
veloper  unit  4,  thereby  exposing  the  surface  of  the 

5  drum  2  to  form  an  electrostatic  latent  image  thereon. 
The  first  through  fourth  developer  units  4  to  7  are 

provided  to  visualize  the  electrostatic  latent  image  on 
the  drum  2  as  a  color  toner  image.  These  developer 
units  develop,  for  example,  Magenta,  cyanogen,  yel- 

10  low,  and  black  color  toners,  respectively. 
A  transfer  paper  sheet  to  be  used  as  transfer  me- 

dium  is  fed  from  a  sheet  supply  cassette  15  by  means 
of  a  sheet  supply  roller  16,  then  regulated  and  guided 
by  a  register  roller  1  7  to  the  transfer  drum  9  such  that 

15  the  sheet  is  adhered  to  a  predetermined  portion  of 
the  drum  9,  and  then  electrostatically  held  on  the 
drum  9  between  an  attraction  roller  18  and  an  attrac- 
tion  charger  19.  The  transfer  paper  sheet  is  guided  in 
accordance  with  clockwise  (indicated  by  arrow  B)  ro- 

20  tation  of  the  drum  9  while  it  is  electrostatically  held 
thereon. 

The  toner  image  developed  on  the  photosensitive 
drum  2  is  transferred  onto  the  transfer  paper  sheet  by 
means  of  a  transfer  charger  20  in  a  position  wherein 

25  the  photosensitive  drum  2  contacts  the  transfer  drum 
9.  In  the  case  of  forming  a  multi-colored  image,  toner 
images  of  different  colors  are  transferred  onto  a  sin- 
gle  paper  sheet  by  sequentially  developing  each  color 
tonerthereon  in  a  cycle  corresponding  to  one  rotation 

30  of  the  transfer  drum  9. 
The  toner  image-transferred  sheet  is  further 

moved  in  accordance  with  rotation  of  the  transfer 
drum  9,  and  then  discharged  by  a  pre-separation  in- 
ner  discharger  21  ,  a  pre-separation  outer  discharger 

35  22,  and  a  separating  discharger  23.  Subsequently, 
the  sheet  is  removed  from  the  drum  9  by  a  removing 
claw  24,  and  guided  to  a  fixing  unit  27  by  conveyer 
belts  25  and  26.  The  sheet  is  heated  by  the  fixing  unit 
27,  thereby  melting  the  toners  on  the  sheet.  The  melt- 

40  ed  toners  are  fixed  on  the  sheet  when  the  sheet  is  dis- 
charged  from  the  fixing  unit  27.  The  toner-fixed  sheet 
is  discharged  into  a  discharged-sheet  tray  28. 

Fig.  2  is  a  block  diagram,  showing  charge,  expos- 
ure,  and  developing  means,  and  control  means  for 

45  controlling  them,  which  are  employed  in  the  color 
printer  of  Fig.  1.  As  is  shown  in  Fig.  2,  the  charger  3 
located  adjacent  to  the  photosensitive  drum  2  mainly 
comprises  a  charging  wire  31,  a  conductive  case  32, 
a  grid  electrode  33.  The  charging  wire  31  is  connected 

so  to  a  high  voltage  power  source  34  for  causing  corona 
discharge  to  charge  the  photosensitive  drum  2  with 
electricity.  The  grid  electrode  33  is  connected  to  a 
grid-biasing  high  voltage  source  35,  and  the  grid  bias 
voltage  determines  the  amount  of  charge  on  the  pho- 

55  tosensitive  drum  2. 
The  high  voltage  sources  34  and  35  are  connect- 

ed  via  a  D/A  converter  47  to  a  control  circuit  45  for 
controlling  the  output  voltage.  The  control  circuit  45, 

6 
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hereinafter  described  in  detail,  mainly  comprises 
memory  sections  56  and  57,  a  timer  58,  and  a  CPU 
59. 

The  drum  2,  uniformly  charged  by  the  charger  3 
and  exposed  by  the  laser  beam  14  output  from  the 
optical  system  1  3  and  modulated  by  data  on  an  image 
to  be  formed,  has  an  electrostatic  latent  image  corre- 
sponding  to  the  image.  A  gradation  data  buffer  36 
stores  gradation  data  from  an  external  device  (not 
shown)  or  a  gradation  data  generator  36A,  corrects 
the  gradation  characteristics  of  the  printer  under  the 
control  of  the  control  circuit  45,  thereby  obtaining  data 
indicative  of  a  laser  exposing  period  (pulse  width), 
and  supplies  the  pulse  width  data  to  a  laserdriving  cir- 
cuit  37. 

Underthe  control  of  the  control  circuit  45,  the  las- 
er  driving  circuit  37  modulates  a  laser  driving  current 
(i.e.,  a  light  emission  period)  in  accordance  with  the 
laser  exposure  period  data  supplied  from  the  grada- 
tion  data  buffer  36,  so  as  to  synchronize  with  the 
scanning  position  of  the  laser  beam  14.  The  modulat- 
ed  laser  driving  current  drives  a  semiconductor  laser 
(not  shown),  employed  in  the  optical  system  13,  to 
emit  a  laser  beam  for  a  time  period  corresponding  to 
the  laser  exposure  period  data. 

Further,  the  laser  driving  circuit  37  receives,  via 
a  path  13a,  an  output  from  a  monitoring  light  receiving 
element  (not  shown)  employed  in  the  optical  system 
13,  and  compares  the  output  with  a  set  value,  thereby 
controlling  the  output  light  amount  of  the  semiconduc- 
tor  laser  to  the  set  value  by  use  of  the  laser  driving 
current. 

A  pattern  generation  circuit  38  generates,  under 
the  control  of  the  control  circuit  45,  gradation  data 
items  on  the  test  pattern  of  the  printer  itself  and  on 
high  density  and  low  density  test  patterns  used  for  to- 
ner  adhesion  amount  measurement,  and  supplies  the 
data  items  to  the  laser  driving  circuit  37. 

The  density  of  the  high  density  test  pattern  is  set 
to  a  predetermined  value  between  black  level  and 
gray  level  (which  is  the  middle  level  between  white 
and  black  levels  for  example),  while  the  density  of  the 
low  density  test  pattern  is  set  to  a  predetermined  val- 
ue  between  gray  level  and  white  level. 

The  control  circuit  45  controls  switching  between 
the  laser  exposure  period  data  from  the  gradation 
data  buffer  36,  and  the  test  pattern  gradation  data 
used  for  toner  adhesion  amount  measurement  and 
output  from  the  pattern  generation  circuit  38.  The  se- 
lected  data  is  supplied  to  the  laserdriving  circuit  37. 

The  electrostatic  latent  image  formed  on  the  pho- 
tosensitive  drum  2  is  developed  by  the  developer  unit 
4.  The  unit  4  is  of  a  two-component  development 
type,  and  contains  a  toner  and  a  carrier  functioning  as 
a  developer.  The  ratio  by  weight  of  the  developer  to 
the  toner  (hereinafter  referred  to  as  "toner  density") 
is  measured  by  a  toner  density  measuring  unit  39.  A 
toner  supply  motor  41  for  driving  a  toner  supply  roller 

40  is  controlled  in  accordance  with  the  output  of  the 
toner  density  measuring  unit  39,  to  thereby  supply  the 
developer  unit  4  with  the  toner  contained  in  a  toner 
hopper  42. 

5  The  developer  roller  43  of  the  developer  unit  4  is 
made  of  a  conductive  material,  and  connected  to  a 
high  voltage  source  44.  When  a  developing  bias  vol- 
tage  is  applied  to  the  roller  43,  it  rotates  to  thereby 
stick  the  toner  to  the  photosensitive  drum  2  and  form 

10  a  visual  image  corresponding  to  the  electrostatic  la- 
tent  image.  The  high  voltage  source  44  has  its  output 
bias  voltage  controlled  by  the  control  circuit  45,  which 
is  connected  thereto  via  a  D/A  converter  48.  The  de- 
veloped  image  is  transferred  to  a  transfer  sheet  fed  by 

15  the  transfer  drum  9. 
In  addition,  when  the  printer  has  been  warmed  up 

after  the  power  switch  is  turned  on,  the  control  circuit 
45  causes  the  pattern  generation  circuit  38  to  gener- 
ate  the  above-described  gradation  data  items  indica- 

20  tive  of  different  densities  to  thereby  expose,  on  the 
photosensitive  drum  2,  the  high  density  and  low  den- 
sity  test  patterns  for  toner  adhesion  amount  measure- 
ment. 

Then,  in  synchronism  with  the  time  at  which  ex- 
25  posed  portions  of  the  high  density  and  low  density 

test  patterns  on  the  drum  2  are  developed  and  moved 
to  the  toner  adhesion  amount  measuring  unit  8,  the 
control  circuit  45  outputs  a  start  signal  to  the  unit  8, 
which  then  measures  the  amount  of  the  adhered  to- 

30  ner.  The  outputs  of  the  toner  adhesion  amount  meas- 
uring  unit  8  and  that  of  the  toner  density  measuring 
unit  39  are  digitized  by  the  A/D  converter  46  and  then 
input  to  the  control  circuit  45.  The  circuit  45  is  further 
connected  to  a  control  panel  49  having  a  keyboard 

35  (not  shown)  to  be  used  to  control  the  overall  operation 
of  the  laser  printer. 

As  is  shown  in  Fig.  3,  the  above-described  devel- 
opment  provides  a  toner  image  consisting  of  a  high 
density  test  pattern  (high  density  image)  PT1  corre- 

40  sponding  to  high  density  gradation  data,  and  a  toner 
image  consisting  of  a  low  density  test  pattern  (low 
density  image)  PT2  corresponding  to  low  density  gra- 
dation  data. 

The  CPU  59  employed  in  the  control  circuit  45 
45  compares  the  measured  two  outputs  from  the  toner 

adhesion  amount  measuring  unit  8  with  a  reference 
(target)  value  stored  in  a  memory  57,  using  a  program 
stored  in  a  memory  56.  Thereafter,  in  accordance 
with  the  comparison  results,  processing  is  performed 

so  to  change  the  grid  bias  voltage  of  the  charger  3,  the 
development  bias  voltage  of  the  developer  unit  4,  the 
exposure  light  amount  of  the  optical  system  13,  and 
a  light  emission  time  period  in  area  gradation. 

The  memory  57  in  the  control  circuit  45  is  a  rewrit- 
55  able  memory,  and  stores  the  reference  (target)  value 

used  to  measure  the  toner  adhesion  amount,  meas- 
ured  data  supplied  from  the  A/D  converter  46,  etc. 

Further,  the  control  circuit  45  controls  switching 
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between  the  gradation  data  from  the  gradation  data 
generator  36A,  and  the  gradation  data  items  on  the 
test  pattern  of  the  printer  and  the  test  patterns  for  to- 
ner  adhesion  amount  measurement,  receives  the  out- 
puts  of  the  measuring  units  8  and  39,  controls  the  out- 
puts  of  the  high  voltage  sources  34,  35,  and  44,  sets 
the  target  values  of  the  laser  driving  current  and  toner 
density,  controls  supply  of  toner,  and  corrects  the  gra- 
dation  characteristics  of  the  gradation  data  of  the 
printer. 

Fig.  4  shows  the  structure  of  the  toner  adhesion 
amount  measuring  unit  8.  As  is  shown  in  Fig.  4,  a  light 
beam  from  an  optical  source  51  is  radiated  onto  the 
photosensitive  drum  2  having  a  toner  adhered  there- 
on  as  a  result  of  development,  and  a  light  beam  re- 
flected  therefrom  is  supplied  to  a  photoelectric  con- 
verter  52,  where  a  current  corresponding  to  the 
amount  of  the  reflected  light  beam  is  generated  and 
then  subjected  to  current/voltage  conversion.  Subse- 
quently,  the  voltage  indicative  of  the  reflected  light 
beam  is  applied,  via  a  transmission  circuit  53,  to  the 
A/D  converter  46,  where  the  voltage  is  converted  to 
a  digital  signal.  This  signal  is  supplied  to  the  control 
circuit  45. 

The  light  source  51  is  driven  byacurrentfromthe 
light  source  driving  circuit  54,  which  is  turned  on  and 
off  by  a  control  signal  from  the  circuit  45  or  by  a  signal 
for  adjusting  the  driving  current  to  the  light  source  51  . 

Fig.  5  is  a  block  diagram,  useful  in  explaining  the 
flow  of  image  data  (including  gradation  data)  and  the 
exposure  system. 

In  the  case  of  usual  printing,  image  data  (herein- 
after  called  "gradation  data")  including  gradation  data 
from  an  external  device,  a  manuscript  reading  sec- 
tion,  or  an  image  processing  section  is  transmitted  to 
an  interface  (l/F)  61  in  accordance  with  an  image- 
transmission  clock  and  command/status  data.  The 
transmission  of  command/status  containing  data  re- 
quest,  printer  busy,  etc.,  is  controlled  by  the  control 
circuit  45. 

The  control  circuit  45  drives,  via  the  pattern  gen- 
eration  circuit  38,  a  selector  62  employed  in  the  gra- 
dation  data  buffer  36,  to  select  the  gradation  data 
from  the  interface  61  .  The  selected  gradation  data  is 
supplied  to  a  data  converter  63,  where  it  is  converted 
to  pulse-width  data  in  accordance  with  conversion 
data  supplied  from  the  control  circuit  45,  and  then 
stored  in  a  line  buffer  64.  The  above  data  transmis- 
sion  is  performed  in  synchronism  with  the  image 
transmission  clock. 

On  the  other  hand,  a  laser  beam  emitted  from  a 
laser  diode  65  employed  in  the  optical  system  13  is 
guided  through  an  optical  system  (not  shown)  to  a 
polygon  mirror  67  functioning  as  a  deflection  means 
and  rotated  by  a  motor  66.  The  motor  66  is  driven  by 
a  motor  driver  68.  The  laser  diode  65,  polygon  mirror 
67,  and  motor  driver  68  constitute  the  optical  system 
13. 

A  horizontal  synchronization  detector  69  detects 
the  position  of  a  laser  beam  14  deflected  by  the  poly- 
gonal  mirror  67,  then  generates  a  horizontal  syn- 
chronization  signal  relating  to  a  write  position,  and 

5  then  input  the  signal  to  a  synchronization  clock- 
generating  circuit  70.  The  circuit  70,  in  turn,  generates 
a  write  synchronization  clock  signal  per  unit  pixel  on 
the  basis  of  the  input  horizontal  synchronization  sig- 
nal,  and  transmits  the  horizontal  synchronization  sig- 

10  nal  and  write  synchronization  clock  signal  to  a  line 
buffer  64,  a  counter71  controlled  by  the  control  circuit 
45,  a  PWM  (Pulse  Width  Modulation)  circuit  72,  and 
a  laser  driver  73. 

Synchronization  of  scanning  and  writing  using 
15  laser  beams  is  performed  by  use  of  the  write  syn- 

chronization  signal  and  horizontal  synchronization 
signal. 

Under  the  control  of  the  control  circuit  45,  the 
counter  71  generates  a  timing  signal  for  determining 

20  a  write  region  (defined  by  top,  bottom,  right,  left  mar- 
gins)  on  the  basis  of  the  horizontal  synchronization 
signal,  the  write  synchronization  signal,  and  print- 
starting  position  data.  Synchronization  of 
read/transfer  of  data  from  the  line  buffer  64,  process- 

25  ing  in  the  PWM  circuit  72,  and  exposure/writing  by  the 
laser  driver  73  is  performed  by  use  of  the  timing  sig- 
nal  and  synchronization  clock  signal. 

Specifically,  processing  up  to  writing  of  gradation 
data  into  the  line  buffer  64  is  performed  with  refer- 

30  ence  to  the  image  transfer  clock  signal,  and  process- 
ing  from  reading  of  data  out  of  the  line  buffer  64  to  ex- 
posure  using  a  laser  beam  is  performed  with  refer- 
ence  to  the  laser  scanning  position.  This  is  because 
there  is  a  difference  between  the  operation  speed  of 

35  the  laser  optical  system  13  and  the  data  transfer 
speed,  i.e.,  between  the  transfer  speed  and  the  write 
speed  of  an  external  image.  This  difference  in  speed 
is  eliminated  by  performing  time  lag  by  use  of  the  line 
buffer  64. 

40  The  PWM  circuit  72  generates  a  gate  pulse  of  a 
width  corresponding  to  a  time  period  for  which  the 
laser  diode  65  emits  a  laser  beam  per  unit  pixel,  on 
the  basis  of  pulse-width  data  per  unit  pixel.  The  laser 
driver  73  supplies  the  laser  diode  65  with  a  driving 

45  current  for  a  time  period  corresponding  to  the  gate 
pulse  width,  thereby  performing  on/off  control  there- 
of. 

If  the  pulse  width  per  unit  pixel  is  large,  the  light 
emission  period  of  the  laser  diode  65  is  long,  and  the 

so  photosensitive  drum  2  receives  high  exposure  energy 
on  a  large  area.  In  contrast,  if  the  pulse  width  per  unit 
pixel  is  small,  the  light  emission  period  of  the  laser  di- 
ode  65  is  short,  and  the  photosensitive  drum  2  re- 
ceives  low  exposure  energy  on  a  small  area.  Accord- 

55  ingly,  a  latent  image  is  obtained  after  exposure,  which 
has  a  gradation  pattern  resulting  from  exposure  to  the 
laser  beam  14  for  a  time  period  corresponding  to  the 
pulse  width  data. 

8 
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The  light  amount  or  exposure  amount  of  the  laser 
diode  65  is  controlled  by  a  light  amount  control  circuit 
74.  The  laser  diode  65  has  a  major  emission  surface 
to  be  used  to  perform  exposure,  and  a  monitoring- 
light  emission  surface  opposite  to  the  major  emission 
surface.  Amonitordiode  (not  shown)  for  detecting  the 
amount  of  emitted  monitoring  light  is  provided  at  a 
front  portion  of  the  monitoring-light  emission  surface. 
The  light  amount  control  circuit  74  detects  the  output 
of  the  monitor  diode  via  the  path  13a  and  compares 
the  same  with  a  target  value,  thereby  supplying  the 
laser  driver  73  with  a  signal  for  correcting  the  amount 
of  the  driving  current  thereof  so  that  the  difference 
between  the  output  of  the  monitor  diode  and  the  tar- 
get  value  is  minimized. 

The  horizontal  synchronization  detector  69,  syn- 
chronization  clock  generating  circuit  70,  PWM  circuit 
72,  laser  driver  73,  light  amount  control  circuit  74  con- 
stitute  the  laser  driving  circuit  37. 

To  change  pulse-width  correction  characteristics, 
conversion  data  is  transmitted  from  the  control  circuit 
45  to  the  data  converter  63,  thereby  changing  the 
conversion  characteristics  (pulse-width  correction 
characteristics)  of  pulse  width  data  on  the  basis  of 
gradation  data. 

Further,  to  change  the  exposure  amount  or  light 
amount  of  the  laser  diode  65,  a  renewal  target  value 
is  transmitted  from  the  control  circuit  45  to  the  light 
amount  control  circuit  74,  thereby  changing  the  ex- 
posure  amount. 

To  form  a  test  pattern,  the  control  circuit  45  caus- 
es  the  selector  62  to  select  image  data  relating  to  the 
test  pattern  output  from  the  pattern  generation  circuit 
38,  and  its  internal  image  transmission  clock.  Under 
the  control  of  the  control  circuit  45,  the  circuit  38  sup- 
plies  the  selector  62  with  data  including  gradation 
data  as  the  test  pattern  image  data,  in  synchronism 
with  the  internal  image  clock.  The  flow  of  data  is  sim- 
ilar  to  that  of  usual  image  data  from  the  interface  61  . 

To  make  the  image  write  region  have  a  predeter- 
mined  test  pattern  size,  the  control  circuit  45  rewrites 
the  image  write  region  data  (top,  bottom,  right,  and 
left  margins)  to  be  supplied  to  the  counter  71  ,  into  test 
pattern  data,  thereby  performing  exposure  to  form  a 
test  pattern.  Thus,  the  control  circuit  45  can  control 
the  type,  size,  and  printing  position  of  a  test  pattern 
including  gradation  data. 

Fig.  6  shows  the  surface  potential  (hereinafter 
called  "unexposed-portion  potential")  V0  of  the  pho- 
tosensitive  drum  2  uniformly  charged  by  the  charger 
3,  the  surface  potential  (hereinafter  called  "exposed- 
portion  potential")  VLof  the  photosensitive  drum  2  at- 
tenuated  as  a  result  of  overall  exposure  by  use  of  a 
constant  amount  of  light  emitted  from  the  optical  sys- 
tem  1  3,  and  a  development  bias  voltage  VD  (shown 
by  the  one-dot  line),  in  relation  to  the  absolute  value 
VG  (hereinafter  simply  called  "grid  bias  voltage")  of 
the  bias  voltage  -VG  applied  to  the  grid  electrode  33 

of  the  charger  3. 
Since  reverse  development  is  performed  in  the 

above  embodiment,  the  polarity  of  the  potential  or 
voltage  is  negative.  As  is  shown  in  Fig.  6,  the  higher 

5  the  grid  bias  voltage  VG  (absolute  value),  the  lower 
the  absolute  value  of  the  unexposed-portion  potential 
V0  and  exposed-portion  potential  VL,  respectively. 
Assuming  that  the  unexposed-portion  potential  V0 
and  exposed-portion  potential  VL  vary  substantially 

10  linearly  in  relation  to  the  grid  bias  voltage  VG,  they 
can  be  expressed  as  follows: 

V0  (VG)  =  K1  x  VG  +  K2  (1) 
VL(VG)  =  K3  x  VG  +  K4  (2) 

where  K1  to  K4  represent  constants,  V0,  VG,  and  VL 
15  the  absolute  values  of  the  unexposed-portion  poten- 

tial,  exposed-portion  potential,  and  grid  bias  voltage, 
respectively,  and  V0  (VG)  and  VL  (VG)  the  values  of 
the  unexposed-portion  potential  and  exposed-por- 
tion  potential  in  relation  to  any  desired  value  of  the 

20  grid  bias  voltage,  respectively. 
The  density  of  development  varies  in  accordance 

with  the  relation  between  the  absolute  value  VD  of 
the  development  bias  voltage,  exposed-portion  po- 
tential  VL,  and  unexposed-portion  potential  V0.  Here, 

25  the  contrast  potential  VC  and  background  potential 
VBG  are  defined  as  follows: 

VC  =  VD  (VG)  -  VL  (VG)  (3) 
VBG  =  V0  (VG)  -  VD  (VG)  (4) 

where  VD  (VG)  represents  the  value  of  VD  relative  to 
30  any  desired  value  of  VG. 

Fig.  7  shows  the  contrast  potential  VC  and  the 
density  of  a  high  density  image,  in  particular,  the  den- 
sity  of  a  solid  area  (in  which  the  overall  image  is 
black),  which  are  obtained  by  use  of  the  development 

35  bias  voltage  as  a  parameter. 
The  background  potential  VBG  mainly  relates  to 

the  image  density  of  a  relatively  low  density  portion 
in  the  case  of  a  multi-gradation  system  using  pulse- 
width  modulation,  and  varies  in  accordance  with  the 

40  position  of  the  photosensitive  drum,  as  is  shown  in 
Fig.  8. 

Fig.  9  shows  changes  in  the  amount  of  adhered 
toner  Q  corresponding  to  gradation  data,  resulting 
from  when  the  background  potential  VBG  as  a  para- 

45  meter  varies.  In  a  low  density  region,  the  relation  be- 
tween  the  toner  amount  and  gradation  data  varies  as 
indicated  by  arrow  C. 

As  can  be  understood  from  Figs.  7  and  9,  the  de- 
velopment  density  is  varied  by  the  contrast  potential 

so  VC  and  background  potential  VBG. 
The  following  equation  is  obtained  from  the  equa- 

tions  (1)  to  (4): 
VG  (VC,  VBG)  =  (VC  +  VBG  -  K2  +  K4)/(K1  - 

K3)  (5) 
55  VD  (VBG,  VG)  =  K1  x  VG  +  K2  -  VBG  (6 

From  the  equations  (5)  and  (6),  the  grid  bias  vol- 
tage  VG  and  development  bias  voltage  VD  can  be  cal- 
culated  by  determining  the  contrast  potential  VC  and 

9 
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background  potential  VBG  where  the  relation  (K1  to 
K4)  between  the  exposed-portion  potential  VL  and 
the  grid  bias  voltage  VG  and  the  relation  between  the 
unexposed-portion  potential  VO  and  the  grid  bias  vol- 
tage  VG  are  known. 

After  the  surface  potential  of  the  photosensitive 
drum  2  is  measured,  the  relation  (K1  to  K4)  between 
the  grid  bias  voltage  VG,  exposed-portion  potential 
VL,  and  unexposed-portion  potential  VO,  then  setting 
the  contrast  potential  VC  and  background  potential 
VBG.  From  the  equations  (5)  and  (6),  the  grid  bias  vol- 
tage  VG  and  development  bias  voltage  VD  are  deter- 
mined.  Then,  a  plurality  of  density  patterns  are 
formed,  the  amounts  Q  of  toner  adhered  thereto  after 
development  are  measured,  and  the  measured 
amounts  are  compared  with  respective  predeter- 
mined  reference  values,  thereby  estimating  correc- 
tion  values  AVC  and  AVBC  of  the  contrast  voltage  VC 
and  background  voltage  VBG  for  obtaining  an  appro- 
priate  development  density,  on  the  basis  of  the  differ- 
ence  AQ  between  each  measured  amount  and  a  cor- 
responding  reference  value  (i.e.,  deviation  of  each 
measured  amount  from  a  corresponding  reference 
value).  The  grid  bias  voltage  VG  and  development 
bias  voltage  VD  are  renewed  based  on  the  estimated 
correction  values,  and  then  the  amount  of  toner  ad- 
hered  to  density  patterns  formed  based  on  the  re- 
newed  bias  voltages  VG  and  VD  are  measured.  This 
operation  is  repeated  until  the  pattern  density  falls 
within  an  allowable  range. 

Then,  image-forming  condition-changing  proc- 
essing  according  to  the  first  embodiment  of  the  inven- 
tion  will  be  explained  with  reference  to  the  flowchart 
of  Fig.  1  0.  The  processing  mainly  has  a  warm-up  step 
S1,  a  test  pattern-forming  step  S2,  a  toner  adhesion 
amount  measuring  step  S3,  a  determination  step  S4, 
and  an  image-forming  condition-changing  step  S5. 

In  the  warm-up  step  S1  ,  the  control  circuit  45  per- 
forms  a  sequence  of  predetermined  initiation  proc- 
essing  upon  turning  on  the  main  system.  In  particular, 
warm-up  of  the  fixing  unit  27  requires  lots  of  time. 
When  the  warm-up  operation  has  been  completed,  or 
when  the  main  system  is  warmed  to  a  predetermined 
temperature  lowerthan  a  predetermined  temperature 
at  which  the  warm-up  has  been  completed,  initiation 
processing  including  cleaning  processing  is  per- 
formed  in  the  image  forming  system. 

During  the  initiation  processing,  the  temperature 
of  the  photosensitive  drum  2  and  the  humidity  in  the 
system  are  controlled,  the  developer  employed  is 
mixed,  the  characteristics  of  the  drum  2  influenced  by 
charge  and  discharge  operations  are  stabilized,  and 
the  drum  2  is  cleaned,  thus  providing  image-forming 
conditions  similar  to  normal  ones  for  performing  print- 
ing  based  on  image  data. 

After  completion  of  the  warm-up  processing,  it  is 
determined  whether  or  not  the  toner  adhesion 
amount  measuring  unit  8  is  normal.  This  determina- 

tion  is  performed  by  confirming  whether  or  not  a  flag, 
which  is  set  when  it  is  determined  in  a  step  S3  that 
the  output  of  the  sensor  is  an  abnormal  value,  is  set. 
At  the  time  of  turn  on  of  the  system,  the  unit  8  is 

5  judged  normal  since  the  flag  is  reset. 
When  it  is  determined  that  the  unit  8  is  normal, 

the  control  circuit  45  proceeds  to  a  step  S2  for  forming 
a  test  pattern.  Specifically,  after  initiation,  the  control 
circuit  45  performs  charging,  exposing,  developing, 

10  cleaning,  and  discharging  processing  in  a  manner 
similar  to  that  of  a  sequence  of  usual  image-forming 
processing.  At  this  time,  the  grid  bias  voltage  of  the 
charger  3  and  the  developing  bias  voltage  of  the  de- 
velopers  4  to  7  are  set  to  respective  predetermined 

15  values.  These  values  are  bias  conditions  for  providing 
reference  gradation  characteristics  under  normal 
temperature  and  humidity.  Further,  the  light-amount 
control  target  value  and  the  pulse-width  correction 
coefficient  of  the  exposure  optical  system  are  set  to 

20  respective  reference  values. 
In  the  exposure  process,  two  test  pattern  latent 

images  of  predetermined  sizes  generated  from  the 
pattern  generation  circuit  38  and  corresponding  to 
two  gradation  data  items  of  high  and  low  densities,  re- 

25  spectively.  As  described  above,  that  one  of  the  two 
test  patterns  which  corresponds  to  the  high-density 
gradation  item  will  hereinafter  be  called  "high  density 
test  pattern",  and  the  other  one  which  corresponds  to 
the  low-density  gradation  item  "low  density  test  pat- 

30  tern". 
Desirably,  each  test  pattern  has  a  predetermined 

width  extending  about  the  center  of  an  image  region 
in  the  axial  direction  of  the  photosensitive  drum  2, 
and  a  predetermined  length  in  the  rotational  direction 

35  of  the  drum  2.  The  predetermined  width  corresponds 
to  the  position  of  the  toner  adhesion  amount  measur- 
ing  unit  8  in  the  axial  direction  of  the  photosensitive 
drum  2  as  shown  in  Fig.  3.  A  minimum  size,  which 
serves  as  a  detection  spot  size,  and  with  which  an 

40  edge  effect  peculiar  to  an  electrophotograph  or  the 
like  does  not  occur,  is  set  as  regards  the  predeter- 
mined  width.  Further,  the  predetermined  length  is  set 
to  a  minimum  value,  with  which  no  edge  effect  occurs 
and  the  response  characteristics  of  the  sensor  do  not 

45  affect  the  measurement  result. 
In  the  embodiment,  the  predetermined  width  is 

set  1.5  to  5  mm  larger  than  the  detection  spot  size. 
The  predetermined  length  is  set  to  a  value  obtained 
by  multiplying  the  number  of  times  of  detection  by  a 

so  distance  over  which  the  detection  spot  moves  in  a  sin- 
gle  detection  cycle  for  a  time  period  four  times  longer 
than  the  sensor  time  constant,  and  further  adding  1  .5 
to  5  mm  to  the  resultant  value. 

In  the  developing  process,  the  developing  roller 
55  43  supplied  with  an  initial  developing  bias  voltage  de- 

velops  the  two  test  pattern  latent  images,  thereby 
forming  two  test  pattern  portions  (toner  images)  PT1 
and  PT2  (see  Fig.  3)  of  different  densities.  The  test 

10 
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pattern  portion  PT1  corresponding  to  the  high  density 
gradation  data  item  will  hereinafter  be  called  "high 
density  portion",  and  the  test  pattern  PT2  corre- 
sponding  to  the  low  density  gradation  data  item  "low 
density  portion". 

Then,  in  a  step  S3  for  measuring  the  amount  of 
adhered  toner,  when  each  of  the  two  test  pattern  por- 
tions  PT1  and  PT2  formed  on  the  photosensitive 
drum  2  has  aligned  with  the  toner  adhesion  measur- 
ing  unit  8,  the  amount  of  light  reflected  therefrom  is 
detected  by  the  unit  8.  At  this  time,  the  unit  8  also  de- 
tects  the  amount  of  light  reflected  from  an  unexposed 
portion,  i.e.,  undeveloped  portion,  of  the  drum  2  at 
predetermined  timing. 

The  output  of  the  unit  8,  indicative  of  the  detected 
amounts  of  light  reflected  from  the  high  and  low  den- 
sity  portions  PT1  and  PT2  and  from  the  other  portion 
of  the  drum  2,  is  supplied  to  the  control  circuit  45  via 
the  A/D  converter  46.  The  CPU  59  employed  in  the 
control  circuit  45  compares  each  of  those  detected 
amounts  with  a  corresponding  predetermined  range 
defined  by  predetermined  upper  and  lower  limits  stor- 
ed  in  the  memory  57,  to  thereby  check  the  sensor  out- 
put. 

If  the  comparison  result  indicates  that  any  one  of 
those  amounts  falls  outside  its  range,  the  control  cir- 
cuit  45  determines  that  the  toner  adhesion  amount 
measuring  unit  8  is  abnormal,  and  sets  a  sensor-ab- 
normality  flag.  The  control  panel  49  displays  a  mes- 
sage  indicating  the  abnormality  state.  Then,  the  con- 
trol  circuit  45  returns  to  a  waiting  state  assumed  be- 
fore  the  image-forming  condition  change  processing. 

If,  on  the  other  hand,  the  determination  result  in- 
dicates  that  the  toner  adhesion  amount  measuring 
unit  8  is  normal,  the  CPU  59  defines,  as  the  low  den- 
sity  portion  toner  adhesion  amount  and  the  high  den- 
sity  portion  toner  adhesion  amount,  results  of  calcu- 
lation  performed  by  use  of  a  predetermined  function 
relating  to  those  reflectances  of  the  low  and  high  den- 
sity  portions,  which  are  determined  with  reference  to 
the  reflection  light  amount  of  the  portion  of  the  drum 
2  other  than  the  high  and  low  density  portions  PT1 
and  PT2. 

The  CPU  59  compares  the  data  items,  supplied 
from  the  A/C  converter  46  and  corresponding  to  the 
calculated  high  and  low  density  portion  toner  adhe- 
sion  amounts,  respectively,  with  respective  target  val- 
ues  stored  in  the  memory  57,  thereby  obtaining  the 
differences  there-between.  These  differences  will  be 
called  "high  density  portion  difference"  and  "low  den- 
sity  portion  difference",  respectively.  In  other  words, 
the  high  and  low  density  portion  differences  are  high 
and  low  density  portion  deviations  from  the  target  val- 
ues,  respectively. 

Thereafter,  it  is  determined  in  a  determination 
step  S4  that  the  calculated  high  density  portion  dif- 
ference  and  low  density  portion  difference  fall  within 
predetermined  ranges,  respectively.  If  it  is  deter- 

mined  that  they  fall  within  respective  ranges,  the  con- 
trol  circuit  45  enters  a  waiting  state  (in  which  printing 
can  be  performed  if  the  user  requests  printing).  If  at 
least  one  of  them  falls  outside  its  range,  the  program 

5  proceeds  to  a  step  S5  for  changing  image-forming 
conditions. 

In  the  first  embodiment,  in  the  step  S5,  the  ex- 
posure  amount  and  the  background  potential  are 
changed  by  changing  the  light  amount  control  target 

10  value  of  the  exposure  system,  which  is  used  to 
change  the  high  and  low  density  portion  differences 
to  fall  within  the  respective  predetermined  ranges, 
and  by  changing  the  grid  bias  voltage  and  the  devel- 
oping  bias  voltage.  The  step  S5  includes  three  sub- 

is  steps  S51  to  S53,  as  is  shown  in  Fig.  11. 
The  step  S51  has  steps  of  obtaining  renewal 

amounts  of  the  exposure  conditions  expressed  by 
two  parameters  of  the  light  amount  and  the  back- 
ground  potential,  and  obtaining  a  renewal  amount  of 

20  the  background  potential,  on  the  basis  of  the  high  and 
low  density  portion  differences.  The  step  S52  has 
steps  of  setting  a  light  amount  control  target  value  of 
the  exposure  system  by  use  of  a  predetermined  func- 
tion,  and  calculating  renewal  amounts  of  the  grid  bias 

25  voltage  and  the  developing  bias  voltage  are  calculat- 
ed,  on  the  basis  of  the  renewal  amounts  of  the  expos- 
ure  conditions.  The  step  S53  sets  the  renewal  values 
of  the  light  amount  control  target  value,  grid  bias  vol- 
tage,  and  developing  bias  voltage  at  predetermined 

30  points  of  time. 
In  general,  it  is  simple  to  select  the  light  amount 

renewal  value  and  bias  voltage  renewal  value  from  a 
prestored  table  on  the  basis  of  the  high  and  low  den- 
sity  portion  differences.  However,  this  method  is  dis- 

35  advantageous  for  the  following  reasons:  Suitable  re- 
newal  amounts  to  maintain  the  developing  character- 
istics,  which  are  changed  by  the  ambient  conditions 
and  with  lapse  of  time,  vary  depending  upon  the  op- 
eration  history  of  the  photosensitive  drum  2  orthe  de- 

40  veloper  and  upon  variations  between  products.  Thus, 
it  is  possible  that  the  converged  values  obtained  after 
repeated  detection  are  deviated  from  target  values 
with  lapse  of  time.  Further,  changes  of  the  exposure 
conditions  of  the  high  density  portion  do  not  neces- 

45  sarily  exert  independently  of  changes  of  the  exposure 
conditions  of  the  low  density  portion,  but  can  interact. 
Thus,  it  is  undesirable  to  determine  the  exposure  con- 
ditions  on  the  basis  of  each  of  the  high  and  low  den- 
sity  portion  differences. 

so  In  the  step  S51,  renewal  amounts  of  the  expos- 
ure  conditions,  expressed  by  the  two  parameters,  are 
selected  from  a  table  preset  on  the  basis  of  the  inter- 
action  between  the  high  and  low  density  portion  dif- 
ferences.  One  of  the  two  parameters  is  a  renewal 

55  amount  of  a  target  value  for  controlling  the  light 
amount  of  the  exposure  system,  specifically,  a  re- 
newal  amount  of  a  comparative  voltage  (target  vol- 
tage)  of  a  signal  obtained  as  a  result  of  photoelectric 
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conversion  by  means  of  the  light  amount  monitor.  The 
other  parameter  is  a  renewal  amount  of  the  back- 
ground  potential  which  is  the  difference  between  the 
developing  bias  voltage  and  the  potential  of  an  unex- 
posed  portion  of  the  photosensitive  drum  2.  This  re- 
newal  amount  can  be  changed  by  the  grid  bias  vol- 
tage  for  controlling  the  unexposed  portion  potential, 
and  the  developing  bias  voltage. 

Fig.  12  is  a  view,  showing  the  effects  of  light 
amount  renewal  on  the  gradation  characteristics.  The 
gradation  data  is  indicated  along  the  axis  of  abscissa, 
and  the  output  image  density  ID  is  indicated  along  the 
axis  of  ordinate.  PO  indicates  a  reference  light 
amount,  and  P1  to  P4  renewed  light  amounts,  respec- 
tively  (P1  <  P2  <  PO  <  P3  <  P4).  It  is  evident  from  Fig. 
12  that  a  greater  change  appears  with  respect  to  a 
change  in  light  amount  as  the  density  increases,  and 
that  the  light  amount  becomes  larger  as  the  gradient 
increases. 

Accordingly,  the  gradation  characteristics  can  be 
corrected  to  values  near  the  reference  values  by 
changing  the  light  amount  to  accord  with  the  grada- 
tion  characteristics  in  which  the  degree  of  change  is 
higher  as  the  density  increases.  However,  it  is  difficult 
to  correct  a  linear  change  in  the  gradation  character- 
istics  on  the  low  density  side  only  by  changing  the 
light  amount. 

On  the  other  hand,  a  change  in  the  background 
potential  affects  a  portion  more  greatly  as  the  density 
of  the  portion  reduces.  Fig.  13  shows  changes  in  the 
gradation  characteristics  obtained  when  the  back- 
ground  potential  VBG  as  a  parameter  is  changed.  The 
gradation  data  0-255  is  indicated  along  the  axis  of  ab- 
scissa,  while  the  output  image  density  is  indicated  by 
use  of  the  Macbeth  density  scale  along  the  axis  of  or- 
dinate.  As  is  evident  from  Fig.  13,  when  the  back- 
ground  potential  is  high,  the  density  decreases  as  the 
degree  of  gradation  decreases. 

To  determine  renewal  amounts  of  the  exposure 
amount  and  background  potential  on  the  basis  of  the 
high  and  low  density  portion  differences,  two  tables 
are  used  ~  one  table  of  the  relation  between  each  pair 
of  the  high  and  low  density  portion  differences  and  a 
renewal  amount  of  the  exposure  amount  correspond- 
ing  to  the  relation,  and  the  other  table  of  the  relation 
between  each  pair  of  the  high  and  low  density  portion 
differences  and  a  renewal  amount  of  the  background 
potential  corresponding  to  the  relation.  Thus,  the  con- 
tents  of  these  tables  are  made  in  consideration  of  the 
interaction  between  the  exposure  amount  and  the 
background  potential,  and  can  provide  an  effective  re- 
newal  amount  from  the  relation  between  the  both  dif- 
ferences.  Further,  in  the  tables,  for  the  differences  of 
"0"  each  renewal  amount  is  set  to  "0",  and  hence  the 
steady-state  deviation  after  conversion  approaches 
"0". 

Thereafter,  in  a  step  S52,  a  new  exposure 
amount  and  a  bias  voltage  for  determining  the  back- 

ground  potential  are  obtained  from  the  exposure  cor- 
rection  amount  and  renewal  amount  of  the  back- 
ground  potential  obtained  in  the  step  S51,  and  also 
from  an  exposure  amount  and  a  background  potential 

5  used  at  the  time  of  forming  a  test  pattern.  A  new  light 
amount  and  a  pulse-width  correction  coefficient  are 
obtained  from  the  light  correction  amount  and  light 
amount  used  at  the  time  of  forming  the  test  pattern. 

In  the  above  embodiment,  a  voltage  value  used 
10  as  the  target  value  of  the  light  amount  control  means 

(light  amount  control  circuit  74)  of  the  exposure  sys- 
tem  is  given  by: 

Pnew  =  P  +  AP  (7) 
where  Pnew  represents  a  voltage  corresponding  to  a 

15  new  light  amount,  P  a  voltage  corresponding  to  the 
present  light  amount,  and  AP  a  voltage  corresponding 
to  a  renewal  value  of  the  exposure  amount  obtained 
from  the  table. 

The  bias  (grid  bias  and  developing  bias)  voltages 
20  are  calculated  from  the  background  potential  ob- 

tained  from  the  table.  The  bias  voltage  can  be  ob- 
tained  by  use  of  a  preset  function  including  a  coeffi- 
cient  indicative  of  the  surface  potential  characteris- 
tics  of  the  photosensitive  drum  2  (see  the  above- 

25  described  explanations  as  regards  the  equations  (5) 
and  (6);  VC:  constant). 

Then,  in  a  step  S53,  the  new  exposure  amount 
obtained  in  the  step  S52  is  set  as  a  target  value  of  the 
light  amount  control  circuit  74  functioning  as  light 

30  amount  control  means,  and  the  new  grid  bias  voltage 
and  developing  bias  voltage  are  set  as  output  control 
values  for  controlling  the  outputs  of  the  high  voltage 
power  sources  35  and  44. 

To  again  form  test  patterns  by  changing  setting, 
35  the  grid  bias  voltage  and  developing  bias  voltage  are 

changed  at  predetermined  points  of  time,  specifically, 
at  t  he  time  when  at  least  t  hat  portion  of  t  he  photosen- 
sitive  drum  2  to  which  a  renewed  grid  bias  voltage  is 
applied  has  reached  the  developing  position.  Setting 

40  inappropriate  new  time  points  may  cause  fog,  or  may 
stain  the  drum  2  as  a  result  of  adhesion  of  carrier 
thereto  in  the  case  of  two-component  development. 

Fig.  14  shows  changing  time  points  of  the  grid 
bias  voltage  VG  and  the  developing  bias  voltage  VD. 

45  In  the  embodiment,  to  reduce  the  grid  bias  voltage  VG 
without  adhesion  of  carrier  to  the  drum  2,  the  devel- 
oping  bias  voltage  VD  is  changed  to  a  new  value  at  a 
time  point  retarded  by  a  time  period  T2  longer  than 
the  sum  of  a  time  lag  T4  occurring,  at  the  time  of 

so  changing  the  charging  potential,  because  of  a  de- 
layed  fall  of  the  grid  bias  voltage  supplied  from  the 
high  voltage  power  source  35,  and  a  travel  time  period 
T1  required  to  move  from  the  grid  electrode  33  to  the 
developing  position.  In  other  words,  the  developing 

55  voltage  VD  is  changed  to  a  new  value  at  a  time  point 
T3  after  a  time  period  T2  elapses  from  a  time  point  t1 
at  which  the  grid  bias  voltage  is  changed  to  a  new  val- 
ue. 
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To  increase  the  grid  bias  voltage  VG,  the  devel- 
oping  bias  voltage  VD  is  changed  after  a  time  period 
T3  shorter  than  a  time  period  obtained  by  subtracting 
a  delayed  time  period  T5  of  the  high  voltage  power 
source  44  for  applying  the  developing  bias  voltage, 
from  a  time  period  T1  required  to  move  from  the  grid 
electrode  33  to  the  developing  position  of  the  drum  2. 
In  other  words,  the  voltage  VD  is  changed  to  a  new 
value  at  a  time  point  t5  after  the  time  period  T3  elaps- 
es  from  a  time  point  t4  at  which  the  grid  bias  voltage 
VG  is  changed  to  a  new  value. 

At  the  time  of  setting  renewal  values,  adhesion  of 
carrier  to  the  photosensitive  drum  2  is  prevented  by 
preventing  the  background  potential  from  being  in- 
creased  at  the  same  position  on  the  drum  2.  How- 
ever,  making  greatly  the  difference  between  the  time 
period  T1  and  the  time  periods  T2,  T3  can  increase 
the  amount  of  fog  on  the  drum  2.  To  avoid  this,  in  the 
embodiment,  for  T4  =  50  msec  or  less  and  T5  =  50 
msec  or  less,  T2  -  T2  =  200  msec  or  less  and  T1  -  T3 
=  200  msec  or  less. 

Then,  forming,  detection,  and  determination  of 
test  patterns  are  performed  again,  thereby  again  per- 
forming  exposure  and  forming  two  test  pattern  latent 
images  of  high  and  low  densities  on  the  drum  2 
charged  with  a  renewed  grid  bias  voltage.  Subse- 
quently,  these  latent  images  are  developed  by  use  of 
a  renewed  developing  bias  voltage,  and  then  subject- 
ed  to  processing  in  the  toner  adhesion  measuring 
step  S3  and  determination  step  S4. 

If  it  is  determined  in  the  determination  step  S4 
that  the  high  and  low  density  portion  differences  fall 
within  the  respective  predetermined  ranges,  cleaning 
operation  is  performed  and  then  the  control  circuit  45 
is  shifted  to  the  waiting  state,  with  the  renewed  ex- 
posure  amount,  grid  bias  voltage,  and  developing 
bias  voltage  kept  as  they  are.  On  the  other  hand,  if  at 
least  one  of  the  differences  falls  outside  its  range, 
processing  of  changing  bias  voltages,  and  forming, 
detecting,  and  determining  patterns  is  repeated. 

Now,  qualitative  algorithm  as  regards  the  con- 
tents  of  the  above-described  tables  will  be  explained. 
In  the  first  embodiment,  in  the  step,  included  in  the 
image  condition-changing  step  S5,  for  determining 
two  renewal  amounts  on  the  basis  of  the  high  and  low 
density  portion  differences,  the  following  operations 
will  be  performed:  if  the  both  differences  are  positive 
values,  which  indicates  that  the  amounts  of  toner  ad- 
hered  to  the  high  and  low  density  portions,  the  expos- 
ure  amount  is  reduced  mainly;  if  the  both  differences 
are  negative  values,  the  exposure  amount  is  in- 
creased  mainly;  if  the  high  density  portion  difference 
is  substantially  "0"  falling  within  its  predetermined 
range,  and  the  low  density  portion  difference  is  a  neg- 
ative  value,  the  background  potential  is  reduced;  if 
the  high  density  portion  difference  is  substantially  "0" 
falling  within  its  predetermined  range,  and  the  low 
density  portion  difference  is  a  positive  value,  the 

background  potential  is  increased.  The  reason  is  that 
a  highly  effective  voltage  relationship  is  realized  by 
the  effects  of  the  exposure  amount  and  the  back- 
ground  potential  and  is  principally  employed. 

5  As  is  described  above,  Fig.  12  is  a  graph,  useful 
in  explaining  how  the  renewal  values  of  the  exposure 
amount  affect  the  gradation  characteristics.  The  gra- 
dation  data  is  indicated  along  the  axis  of  abscissa, 
and  the  output  image  density  is  indicated  along  the 

10  axis  of  ordinate.  As  is  evident  from  Fig.  12,  when  the 
exposure  amount  increases  from  P1  to  P4,  the  den- 
sity  on  the  high  density  portion  side  increases  abrupt- 
ly  in  a  certain  gradation  data  item. 

Further,  as  is  shown  in  Fig.  13,  when  the  back- 
is  ground  potential  is  increased,  the  development  start 

point  in  the  low  density  portion,  i.e.,  the  minimum  de- 
velopment-start  data  is  shifted  from  a  lower  gradation 
data  item  to  a  higher  gradation  data  item. 

To  prevent  fog  on  the  photosensitive  drum  2,  or 
20  prevent  toner,  charged  with  inverse  voltage,  from 

sticking  thereto,  or  prevent  carrier  adhesion  in  the 
case  of  using  a  two-component  developer,  the  rate  of 
renewal  of  the  background  potential  is  kept  low, 
thereby  performing  rough  adjustment  mainly  by 

25  changing  the  exposure  amount  in  consideration  of 
the  high  density  portion,  and  performing  fine  adjust- 
ment  by  changing  the  exposure  amount  and  the  back- 
ground  potential  in  consideration  of  both  the  high  and 
low  density  portions. 

30  The  memory  57,  for  example,  prestores  tables  of 
such  renewal  amounts  as  can  change  the  potential 
relationship  on  the  basis  of  qualitative  rules  consid- 
ering  the  above  adjustments. 

Fig.  15  shows  the  contents  of  a  table  as  regards 
35  renewal  values  of  the  exposure  amount  (stored  in,  for 

example,  the  memory  57).  The  high  density  portion 
difference  is  indicated  along  the  axis  of  abscissa,  the 
low  density  portion  difference  is  indicated  in  the 
depth  direction,  and  the  exposure  renewal  amount  is 

40  indicated  in  the  vertical  direction.  The  center  of  a 
frame  F  in  a  plane  defined  by  the  axes  of  the  high  and 
low  density  portion  differences  is  a  point  at  which 
each  of  the  high  and  low  density  differences  is  "0", 
i.e.,  a  point  at  which  the  toner  adhesion  amounts  of 

45  the  high  and  low  density  portions  are  equal  to  respec- 
tive  target  values.  In  this  embodiment,  the  exposure 
renewal  amount  varies  in  accordance  with  the  high 
density  portion  difference,  substantially  irrespective 
of  the  low  density  portion  difference. 

so  Fig.  16  shows  the  contents  of  a  table  as  regards 
renewal  values  of  the  background  potential  (stored  in, 
for  example,  the  memory  57).  As  in  Fig.  15,  if  the  high 
density  portion  difference  is  greatly  deviated  from  "0", 
a  renewal  value  of  the  background  potential  is  "0", 

55  i.e.,  the  background  potential  is  not  changed.  Only 
when  the  high  density  portion  difference  is  near  "0", 
the  background  potential  is  changed  in  accordance 
with  the  low  density  portion  difference. 
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If  a  renewal  amount  of  operation  is  determined  in 
accordance  with  each  of  the  differences,  a  renewal 
amount  of  the  background  potential,  in  particular,  can 
be  erroneously  determined.  However,  since  in  the 
embodiment,  the  exposure  amount  and  the  back- 
ground  potential  are  determined  from  the  relationship 
between  the  high  and  low  density  portion  differenc- 
es,  an  appropriate  amount  of  operation  can  be  deter- 
mined  by  use  of  a  parameter  renewal  amount  suitable 
to  the  operation,  even  if  in  a  case  wherein  one  of  the 
differences  is  not  changed  while  the  other  difference 
is  changed. 

Figs.  17  and  18  show  variations  in  different  two 
gradation  characteristics.  Specifically,  the  toner  ad- 
hesion  amount  of  the  low  density  portion  is  a  little  low- 
erthan  a  reference  value  in  both  cases  of  Figs.  17  and 
18.  The  toner  adhesion  amount  of  the  high  density 
portion,  however,  is  much  lower  than  a  reference  val- 
ue  in  the  case  of  Fig.  17,  and  is  substantially  equal  to 
the  same  (i.e.,  the  difference  is  substantially  "0")  in 
the  case  of  Fig.  18.  It  can  be  understood  from  the  ef- 
fects  of  renewal  values  of  the  exposure  amount 
shown  in  Fig.  12  that  it  is  effective  to  mainly  increase 
the  exposure  amount  in  the  case  of  Fig.  17  in  which 
the  toner  adhesion  amount  of  the  high  density  portion 
is  much  lower  than  the  reference  value.  Further,  it 
can  be  understood  from  the  effects  of  renewal  values 
of  the  background  potential  shown  in  Fig.  13  that  it  is 
effective  to  slightly  decrease  the  background  poten- 
tial  in  the  case  of  Fig.  18  in  which  the  high  density  por- 
tion  difference  is  substantially  "0". 

Thus,  an  appropriate  amount  of  operation  can  be 
obtained  in  consideration  of  the  relation  between  the 
high  and  low  density  portion  differences,  instead  of 
determining  independent  operation  amounts  from  the 
high  and  low  density  portion  differences,  respective- 
ly- 

Further,  in  the  toner  adhesion  measuring  step  S3 
in  the  first  loop,  if  the  low  density  portion  difference 
is  a  low  negative  value,  and  the  high  density  portion 
difference  is  a  high  negative  value,  the  exposure  re- 
newal  amount  is  increased  in  the  positive  direction,  as 
shown  in  Fig.  19.  In  this  case,  as  shown  in  Fig.  20,  a 
renewal  value  of  the  background  potential  is  set  to  "0" 
(i.e.,  the  background  potential  is  not  changed). 

After  bias  voltages  are  calculated  by  use  of  the 
above  results,  and  used  as  renewed  values,  the 
amounts  of  toner  adhered  to  test  patterns  are  again 
measured.  As  is  evident  from  Fig.  12,  the  high  and  low 
density  portion  differences  will  be  shifted  in  the  pos- 
itive  direction  as  a  result  of  bias  changing. 

At  this  time,  if  the  differences  fall  within  the  re- 
spective  predetermined  ranges,  the  control  process- 
ing  is  completed.  If  the  high  density  portion  difference 
falls  within  its  predetermined  range,  and  the  low  den- 
sity  portion  difference  is  slightly  lower  than  the  lower 
limit  of  its  predetermined  range,  a  renewal  value  of 
the  exposure  amount  is  very  slightly  reduced  and  a 

renewal  value  of  the  background  potential  is  slightly 
reduced,  as  is  shown  in  Figs.  21  and  22.  When  the 
background  potential  is  reduced,  it  is  understood  from 
Fig.  13  that  the  degree  of  change  in  image  density  in- 

5  creases  as  the  density  decreases.  As  regards  the 
high  density  portion,  the  degree  of  change  in  image 
density  would  relatively  increase  if  a  renewal  value  of 
the  exposure  amount  would  not  be  reduced.  Actually, 
however,  since  the  exposure  amount  is  very  slightly 

10  reduced,  the  image  density  is  substantially  un- 
changed  in  the  high  density  portion. 

As  described  above,  measurement  of  the  toner 
adhesion  amount  and  change  of  the  bias  voltages  are 
repeated,  thereby  performing  sequential  control  in 

15  which  on  the  basis  of  the  relation  between  the  high 
and  low  density  portion  differences  shown  in  tables, 
first  the  high  density  portion  difference  is  roughly  ad- 
justed  by  use  of  a  renewed  exposure  amount,  and 
then  the  high  and  low  density  portion  differences  are 

20  finely  adjusted  by  use  of  the  renewed  background  po- 
tential  and  exposure  amount. 

Figs.  23  and  24  are  examples  of  graphs,  useful  in 
explaining  how  the  toner  adhesion  amount  measure- 
ment  value  Q,  the  light  amount  P  of  the  laser  diode 

25  65  shown  in  Fig.  5  (hereinafter  called  simply  "laser 
amount"),  and  the  bias  voltages  change  in  relation  to 
the  control  cycles.  In  Fig.  23,  values  QH  of  toner  ad- 
hered  to  the  high  density  portion  and  values  QL  of  to- 
ner  adhered  to  the  low  density  portion,  which  have 

30  been  measured  in  every  control  cycle,  are  plotted.  In 
Fig.  23,  broken  lines  QHT,  QLT  indicate  target  values 
of  toner  adhered  to  the  high  and  low  density  portions, 
respectively,  and  QHP  and  QLP  denote  control  rang- 
es  for  the  high  and  low  density  portions,  respectively. 

35  In  Fig.  24,  the  laser  amount  P  and  the  bias  vol- 
tages  (the  grid  bias  voltage  VG  and  the  developing 
bias  voltage  VD)  which  have  been  measured  in  every 
control  cycle  are  plotted.  P,  VG,  and  VD  are  conditions 
for  forming  test  patterns.  The  control  cycle  "0"  is  a  cy- 

40  cle  in  which  the  toner  adhesion  amount  is  measured 
for  the  first  time  in  the  step  S3.  In  the  control  cycle  "0", 
QH  and  QL  are  lower  than  QHT  and  QLT,  respective- 
ly,  i.e.,  the  high  and  low  density  portion  differences 
are  high  negative  values.  Thus,  control  is  performed 

45  to  increase  the  laser  amount  P  in  the  image-forming 
condition-changing  step  S5  (in  the  first  control  cycle). 

When  the  amounts  of  toner  adhered  to  high  and 
low  density  test  patterns  formed  under  the  above 
condition  were  measured,  it  was  found  in  this  exam- 

50  pie  that  QH  was  still  lower  than  QHT  and  QL  was 
slightly  higher  than  QLT.  Then,  the  laser  amount  P 
was  increased,  i.e.,  the  difference  between  VG  and 
VD  was  increased,  in  the  image-forming  condition- 
changing  step  S5.  As  a  result,  QH  was  increased,  and 

55  QL  was  decreased.  Thus,  QH  and  QL  approached 
QHT  and  QLT,  respectively.  Further,  the  laseramount 
P,  VG,  and  VD  were  changed  in  a  direction  similar  to 
the  above  (the  third  control  cycle).  As  a  result,  QH 

14 



27 EP  0  589  131  A2 28 

and  QL  fell  within  respective  predetermined  ranges, 
thereby  terminating  the  control. 

Thus,  combination  of  renewal  of  the  exposure 
amount  and  renewal  of  the  background  potential  en- 
ables  the  gradation  characteristics  to  be  unchanged 
from  the  high  density  portion  to  the  low  density  por- 
tion  within  a  range  in  which  no  image  defects  occur 
because  of  changing  the  bias  voltages. 

Then,  a  second  embodiment  of  the  invention  will 
be  explained.  The  second  embodiment  differs  from 
the  first  embodiment  only  in  the  contents  of  the  im- 
age-forming  condition-changing  step  S5. 

In  the  second  embodiment,  in  the  step  S5,  the 
grid  bias  voltage  and  the  developing  bias  voltage  are 
changed  so  as  to  enable  the  high  and  low  density  por- 
tion  differences  to  fall  within  the  respective  predeter- 
mined  ranges,  and  also  the  exposure  width  is 
changed  by  changing  the  contents  of  a  pulse-width 
modulation  data  correction  table.  As  is  shown  in  Fig. 
25,  the  step  S5  consists  of  sub-steps  S61  to  S63. 

In  the  step  S61,  renewal  amounts  of  the  expos- 
ure  conditions  expressed  by  two  parameters  are  de- 
termined  on  the  basis  of  the  relation  between  the 
high  and  low  density  portion  differences,  thereby  de- 
termining  a  renewal  amount  of  the  contrast  potential. 
In  the  step  S62,  a  renewal  amount  of  the  contents  of 
the  pulse-width  correction  table  is  calculated  on  the 
basis  of  the  determined  renewal  amount  and  a  prede- 
termined  function,  thereby  calculating  a  corrected 
grid  bias  voltage  and  a  corrected  developing  bias  vol- 
tage.  In  the  step  S63,  the  calculated  grid  bias  voltage, 
developing  bias  voltage,  and  pulse-width  correction 
table  renewal  amount  are  set  as  renewed  values  at 
predetermined  time  points,  respectively. 

In  general,  a  method  for  selecting  corrected  val- 
ues  of  the  grid  bias  voltage,  developing  bias  voltage, 
and  pulse  width  from  predetermined  tables,  whose 
contents  are  obtained  directly  from  the  high  and  low 
density  portion  differences,  can  involve  a  problem. 
This  is  because  renewal  amounts  suitable  for  devel- 
opment  characteristics,  which  are  varied  not  only  by 
the  ambient  conditions  but  also  with  the  lapse  of  time, 
differ  depending  on  the  history  of  the  photosensitive 
drum  2,  the  developer,  etc.,  and  on  variations  in  prod- 
ucts. 

Moreover,  effects  resulting  from  renewal 
amounts  of  the  high  and  low  density  portion  differenc- 
es  will  not  necessarily  exert  independently,  but  may 
interact  each  other,  so  that  it  is  undesirable  to  deter- 
mine  bias  conditions  from  each  difference. 

To  avoid  the  above,  in  the  step  S61,  renewal 
amounts  of  the  exposure  conditions  and  conditions  as 
regards  the  potential  relation,  which  are  expressed  by 
two  parameters  (hereinafter  referred  to),  are  selected 
from  a  predetermined  table  whose  contents  are  de- 
termined  on  the  basis  of  the  relation  between  the 
high  and  low  density  portion  differences.  One  of  the 
parameters  is  a  renewal  amount  of  the  contrast  poten- 

tial  which  is  the  difference  between  the  potential  of  an 
exposed  portion  uniformly  exposed  by  light  of  a  pre- 
determined  exposure  amount,  and  the  developing 
bias  voltage.  The  other  parameter  is  a  renewal  value 

5  of  t  he  coefficient  of  t  he  function  for  changing  t  he  con- 
tents  of  the  pulse-width  data  (gradation  data)  correc- 
tion  table. 

Fig.  26  shows  gradation  characteristics  obtained 
by  changing  the  contrast  potential  as  a  parameter. 

10  The  gradation  data  is  indicated  along  the  axis  of  ab- 
scissa,  and  the  output  image  density  is  indicated 
along  the  axis  of  ordinate.  As  is  evident  from  Fig.  26, 
when  the  contrast  voltage  Vc  is  changed,  a  change  in 
gradation  data  increases  as  the  density  increases.  As 

15  the  contrast  potential  is  increased,  the  gradation 
characteristics  vary  in  a  direction  in  which  the  gra- 
dient  of  the  gradation  curve  increases.  Thus,  chang- 
ing  the  contrast  potential  can  correct  the  varied  gra- 
dation  characteristics,  in  particular,  of  the  high  densi- 

20  ty  portion,  so  as  to  approach  the  initial  gradation  char- 
acteristics. 

Fig.  27  shows  the  relation  between  changes  in 
the  pulse-width  correction  characteristics  and  the 
gradation  characteristics.  The  first  quadrant  shows 

25  reference  gradation  characteristics  by  use  of  the  out- 
put  image  density  (ID)  in  relation  to  original  data.  The 
third  quadrant  shows  the  relation  between  the  origi- 
nal  data  and  corrected  data.  The  second  quadrant 
shows  the  reference  gradation  characteristics  and 

30  changed  gradation  characteristics  by  use  of  the  out- 
put  image  density  (ID)  in  relation  to  the  corrected 
data. 

In  Fig.  27,  in  order  to  perform  fine  correction,  the 
number  of  the  stages  of  the  corrected  gradation  data, 

35  i.e.,  of  the  actual  pulse-width  modulation  data,  is  set 
larger  than  the  number  of  the  stages  of  the  original 
gradation  data.  In  the  embodiment,  the  original  data 
has  16  stages  including  the  "0"th  stage  (no  exposure 
is  performed),  while  the  pulse-width  data  has  256 

40  stages  including  the  "0"th  stage. 
The  pulse-width  correction  means  (data  convert- 

ing  unit  63)  shown  in  Fig.  5  selects,  from  the  pulse- 
width  modulation  stages,  pulse  width  data  for  sub- 
stantially  ideal  reference  gradation  characteristics, 

45  which  corresponds  to  the  original  gradation  data. 
In  principle,  reference  conditions  include  all  the 

image  forming  conditions  including  a  light  amount  and 
corresponding  to  data  in  which  data  relation  between 
data  items  obtained  before  and  after  correction  by 

so  means  of  the  pulse-width  correction  means  is  uni- 
form.  When  all  the  units  and  materials  relating  to  im- 
age  forming  are  in  their  initial  states  under  the  refer- 
ence  conditions  at  room  temperature  and  humidity, 
the  output  image  density  relating  to  the  original  data 

55  shows  the  reference  gradation  characteristics  indicat- 
ed  by  curve  yO. 

Assume  that  the  gradation  characteristics,  influ- 
enced  by  the  ambient  conditions  with  lapse  of  time, 
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have  changed  such  that  the  closer  to  the  low  density 
portion,  the  lower  the  density,  as  shown  by  curve  y1  . 
In  this  case,  to  realize  an  image  density  correspond- 
ing  to  each  original  data  of  the  reference  gradation 
characteristics  shown  in  the  first  quadrant,  correction 
of  data  indicated  by  <|>1  is  necessary.  The  gradation 
characteristics  are  non-linear  characteristics  in  rela- 
tion  to  the  pulse  width,  and  are  not  necessarily 
changed  linearly.  However,  considering  that  the  orig- 
inal  data  is  linearly  proportional  to  the  corrected  data 
facilitates  calculation  of  each  corrected  data.  <|>1  in- 
creases  the  correction  data,  i.e.,  pulse  width,  as  the 
density  is  low,  so  as  to  increase  the  reduced  density, 
thereby  making  the  gradation  data  approach  the  ref- 
erence  gradation  characteristics. 

Further,  assume  that  the  gradation  characteris- 
tics,  influenced  by  the  ambient  conditions  with  lapse 
of  time,  have  changed  such  that  the  closer  to  the  low 
density  portion,  the  higher  the  density,  as  shown  by 
curve  y2.  In  this  case,  to  realize  an  image  density  cor- 
responding  to  each  original  data  of  the  reference  gra- 
dation  characteristics  shown  in  the  first  quadrant,  cor- 
rection  of  data  indicated  by  <|>2  is  necessary.  §2  reduc- 
es  the  correction  data,  i.e.,  pulse  width,  as  the  den- 
sity  is  low,  so  as  to  reduce  the  increased  density, 
thereby  making  the  gradation  data  approach  the  ref- 
erence  gradation  characteristics. 

In  principle,  any  change  in  the  gradation  charac- 
teristics  can  be  corrected  by  pulse-width  correction. 
However,  as  regards  the  highest  density,  if  it  is  greatly 
reduced,  appropriate  correction  cannot  be  per- 
formed.  Moreover,  if  the  gradation  characteristics  are 
extremely  changed  and  the  gradient  of  the  image 
density  relating  to  the  pulse  width  is  increased,  the 
prepared  gradation  stages  cannot  provide  a  sufficient 
resolving  power,  and  hence  more  gradation  stages 
are  necessary.  This  will  make  it  necessary  to  in- 
crease  the  capacities  of  the  pulse-width  correction 
means  (data  converting  unit  63)  and  the  pulse-width 
modulation  means  (PWM  circuit  72),  will  adversely  af- 
fect  the  light  responsibility  or  the  high-speed  drive,  or 
will  cause  ununiform  charging  or  jitter  of  the  image 
forming  region.  Therefore,  it  is  desirable  to  reduce  the 
renewal  amount  (correction  amount)  by  dividing  the 
processing  with  use  of  other  means. 

The  maximum  and  minimum  values  of  the  original 
data  items  (in  the  embodiment  "15"  and  "0",  respec- 
tively)  are  made  to  correspond  to  the  maximum  and 
minimum  values  of  the  corrected  data  items  (in  the 
embodiment  "255"  and  "0",  respectively),  and  correc- 
tion  is  not  performed  in  a  fixed  state.  The  other  orig- 
inal  data  items  are  converted  to  corrected  data  by  use 
of  a  predetermined  function. 

Fig.  28  shows  the  relation  between  the  original 
data  and  the  corrected  data,  which  are  substantially 
proportional  to  each  other.  The  original  data  before 
correction  are  indicated  along  the  axis  of  abscissa, 
and  the  corrected  data  after  the  correction  along  the 

axis  of  ordinate.  Corrected  approximation  lines  of  <|>0 
and  <|>1  shown  in  the  third  quadrant  in  Fig.  27  are 
shown  in  Fig.  28.  Here,  the  minimum  value  of  the  orig- 
inal  data  is  "0",  the  maximum  value  thereof  is  denoted 

5  by  "Dn",  and  each  data  is  denoted  by  "Di"  (i  =  integer 
from  "0"  to  "n").  Thus,  in  the  embodiment,  DO  =  0,  D1 
=  1  Dn  =  15. 

As  regards  the  corrected  data,  the  minimum  val- 
ue  is  "0",  the  maximum  value  is  denoted  by  "Dmax", 

10  and  correction  data  corresponding  to  the  i-th  original 
data  Di  is  denoted  by  "Dc(i)".  In  the  embodiment, 
Dc(0)  =  0  Dc(i)  Dc(n)  =  Dmax  =  255. 

Here,  the  following  equation  is  given: 
<|>;  Dc(i)  =  C1  x  D(i)  +  C2  (8) 

15  where  C1  and  C2  are  coefficients. 
The  equation  (8)  expresses  the  linear  line  indica- 

tive  of  the  relation  between  the  original  data  and  the 
corrected  data,  C1  being  the  gradient  of  the  line,  and 
C2  being  the  intercept  of  the  corrected  data  axis. 

20  Since  in  this  case,  C2  =  0  and  Dc(i)  =  Dmax  in  the 
equation  (8),  <|>0  is: 

<|)0;  Dc(i)  =  (Dmax/Dn)  x  D(i)  (9) 
Further,  <|>  is  given  by: 

<|>;  Dc(i)  =  (Dmax  -  C2/Dn)  x  D(i)  +  C2  (10) 
25  Thus,  moving  C2  orthe  intercept  of  the  corrected 

data  axis  can  perform  correction  such  that  the  renew- 
al  amount  of  data  increases  as  the  data  is  located  in 
a  portion  closer  to  the  low  density  portion. 

In  the  case  of  using  <|>1  ,  when  the  gradation  char- 
30  acteristics  have  been  changed  such  that  the  density 

of  data  decreases  as  the  data  is  located  in  a  portion 
closer  to  the  low  density  portion  (see  y1  in  Fig.  27), 
the  pulse  width  is  increased  as  the  density  decreas- 
es.  This  is  realized  by  changing  the  coefficient  C2  in 

35  the  equation  (10).  Accordingly,  if  a  renewal  amount 
AC  for  C2  is  determined,  a  new  C2  can  be  set  to  the 
sum  of  the  renewal  amount  AC  and  the  present  C2. 

Then,  a  table  as  regards  the  contrast  potential  re- 
newal  amount  and  a  table  as  regards  the  correction 

40  coefficient  renewal  amount  are  set  on  the  basis  of  the 
relation  between  the  high  and  low  density  portion  dif- 
ferences,  thus  obtaining  the  respective  renewal 
amounts  in  accordance  with  the  differences.  The 
contents  of  the  tables  are  determined  in  considera- 

45  tion  of  interaction  between  the  effects  of  the  contrast 
potential  renewal  amount  and  the  pulse-width  correc- 
tion  characteristics  renewal  amount,  and  can  provide 
appropriate  renewal  amounts  in  effective  means  on 
the  basis  of  the  high  and  low  density  portion  differ- 

so  ences.  Further,  since  the  renewal  change  amounts 
are  set  to  "0"  for  differences  of  "0",  respectively,  the 
steady-state  deviation  approaches  "0". 

In  the  step  S62,  a  new  contrast  potential  and  a 
new  pulse-width  correction  coefficient  are  obtained, 

55  by  use  of  the  contrast  potential  renewal  amount  and 
pulse-width  correction  coefficient  renewal  amount 
determined  in  the  step  S61,  as  well  as  the  contrast 
potential  and  pulse-width  correction  coefficient  ob- 

16 
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tained  at  the  time  of  forming  the  test  patterns. 
In  this  embodiment,  a  new  contrast  potential 

vcnew  is  the  sum  of  the  present  contrast  Vc  and  the 
contrast  potential  renewal  amount  AVc. 

Vcnew  =  Vc  +  AVc  (11) 
Where  the  background  potential  is  set  at  an  initial 

predetermined  value,  a  new  grid  bias  voltage  and  a 
new  developing  bias  voltage  are  given  by  the  equa- 
tions  (5)  and  (6)  including  the  surface  potential  char- 
acteristics  coefficient  of  the  photosensitive  drum  2, 
as  in  the  first  embodiment. 

In  addition,  to  obtain  the  pulse-width  correction 
data,  Dc(i)  corresponding  to  the  original  data  Di  (i  = 
2,  3  n-1)  is  obtained  by  use  of  the  equation  (10) 
with  a  new  C2  (=  the  present  C2  +  AC).  The  correction 
data  containing  "0"  and  "Dmax"  are  transmitted  to  the 
pulse-width  correcting  means. 

In  the  step  S63,  the  new  grid  bias  voltage  and  de- 
veloping  bias  voltage  obtained  in  the  step  S62  are 
supplied  to  the  high  voltage  sources  35  and  44,  and 
the  correction  data  containing  "0"  and  '"Dmax"  are 
supplied  to  the  data  converting  unit  63  as  the  pulse- 
width  correction  means. 

Then,  the  above-described  qualitative  algorithm 
as  regards  the  contents  of  the  tables  will  be  explained 
with  reference  to  Figs.  29  and  30.  In  the  second  em- 
bodiment,  the  following  control  is  performed  in  that 
sub-step  of  the  image-forming  condition-changing 
step  S5  where  two  image-forming  conditions  are  de- 
termined  on  the  basis  of  the  high  and  low  density  por- 
tion  differences.  The  contrast  potential  is  mainly  re- 
duced  when  both  the  differences  are  positive,  and  in- 
creased  when  they  are  negative,  as  is  shown  in  Fig. 
29.  The  pulse-width  correction  coefficient  is  in- 
creased  in  the  positive  direction  when  the  high  den- 
sity  portion  difference  is  near  "0"  which  falls  within  a 
predetermined  range  and  the  low  density  portion  dif- 
ference  is  negative,  and  is  increased  in  the  negative 
direction  when  the  high  density  portion  difference  is 
near  "0"  which  falls  within  a  predetermined  range  and 
the  low  density  portion  difference  is  positive.  The  rea- 
son  is  that  highly  effective  exposure  conditions  ob- 
tained  from  the  effects  of  the  light  amount  change  and 
pulse-width  correction  are  mainly  employed. 

As  is  shown  in  Fig.  26,  it  is  difficult  to  control  the 
reference  gradation  characteristics  to  fall  within  a  pre- 
determined  range  only  by  changing  the  pulse-width 
correction  value,  when  the  maximum  density  is  less 
than  a  predetermined  value.  Thus,  if  the  high  density 
portion  difference  is  large  in  the  positive  or  negative 
direction,  the  maximum  density  is  chiefly  increased 
by  increasing  the  contrast  potential,  as  is  shown  in 
Fig.  29.  If,  on  the  other  hand,  the  high  density  portion 
difference  is  small  and  the  low  density  portion  differ- 
ence  is  large,  the  low  density  portion  difference  is  re- 
duced  by  pulse-width  correction,  and  the  high  density 
portion  difference  is  kept  as  it  is,  or  reduced  by  chang- 
ing  the  contrast  potential,  as  is  shown  in  Fig.  30. 

Moreover,  when  it  is  found  in  the  first  time  meas- 
urement  of  the  toner  adhesion  amount  that  the  high 
density  portion  difference  is  large  in  the  negative  di- 
rection  and  the  low  density  portion  difference  is  small 

5  in  the  negative  direction,  the  contrast  potential  is 
greatly  increased  in  the  positive  direction,  but  the 
pulse-width  correction  coefficient  is  unchanged,  as  is 
shown  in  the  tables  in  Figs.  31  and  32.  As  a  result,  as 
is  evident  also  from  Fig.  26,  the  gradation  character- 

10  istics  are  changed  after  correction  such  that  the  den- 
sity  of  a  portion  is  higher  as  the  portion  is  closer  to 
the  high  density  portion. 

However,  if  the  differences  obtained  by  toner  ad- 
hesion  amount  measurement  fall  outside  the  prede- 

15  termined  ranges,  for  example,  if  the  high  density  por- 
tion  difference  is  a  low  negative  value,  and  the  low 
density  portion  difference  is  a  low  negative  value,  the 
contrast  potential  renewal  amount  is  slightly  reduced 
and  the  pulse-width  correction  coefficient  renewal 

20  amount  is  slightly  increased,  as  is  shown  in  the  tables 
of  Figs.  33  and  34. 

In  summary,  providing  the  above-described  ta- 
bles  for  changing  two  parameters  on  the  basis  of  the 
high  and  low  density  portion  differences  can  operate 

25  effective  means  corresponding  to  gradation  charac- 
teristics.  Further,  repeating  this  operation  can  add  se- 
quential  control  to  the  contents  of  the  tables. 

Fig.  35  shows  an  example  of  the  relation  between 
the  number  of  control  cycles  and  the  measured  toner 

30  adhesion  amount  Q,  and  Fig.  36  an  example  of  the  re- 
lation  between  the  number  of  control  cycles,  the  bias 
values  (grid  bias  voltage  VG  and  developing  bias  vol- 
tage  VD),  and  the  pulse-width  correction  coefficient 
C. 

35  In  Fig.  35,  values  QH  of  toner  adhered  to  the  high 
density  portion  and  values  QL  of  toner  adhered  tothe 
low  density  portion,  which  have  been  measured  in  ev- 
ery  control  cycle,  are  plotted.  In  Fig.  35,  broken  lines 
QHT,  QLT  indicate  target  values  of  toner  adhered  to 

40  the  high  and  low  density  portions,  respectively,  and 
QHP  and  QLP  denote  control  ranges  for  the  high  and 
low  density  portions,  respectively.  In  Fig.  35,  the  con- 
trol  cycle  "0"  is  a  cycle  in  which  the  toner  adhesion 
amount  is  measured  for  the  first  time  in  the  step  S3, 

45  and  the  value  C  indicates  the  condition  under  which 
the  test  pattern  has  been  formed.  In  the  control  cycle 
"0",  QH  and  QLare  lower  than  QHT  and  QLT,  respec- 
tively,  i.e.,  the  high  and  low  density  portion  differenc- 
es  are  high  negative  values.  Thus,  as  is  shown  in  Fig. 

so  36,  control  is  performed  to  increase  the  contrast  po- 
tential  in  the  image-forming  condition-changing  step 
S5  (in  the  first  control  cycle;  the  difference  between 
the  grid  bias  voltage  VG  and  its  reference  value  is 
substantially  the  same  as  that  between  the  develop- 

55  ing  bias  voltage  VD  and  its  reference  value,  and  VG 
and  VD  are  increased). 

When  the  amounts  of  toner  adhered  to  the  test 
patterns  formed  under  the  above  condition  were 
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measured,  it  was  found  in  this  example  that  QH  was 
still  lower  than  QHT  and  QL  was  slightly  higher  than 
QLT.  Then,  the  contrast  potential  was  increased  and 
the  pulse-width  correction  coefficient  C  was  reduced 
in  the  image-forming  condition-changing  step  S5.  As 
a  result,  QH  and  QL  fell  within  the  respective  prede- 
termined  ranges  (QHP,  QLP),  thereby  terminating  the 
control. 

In  the  above  embodiment,  control  is  started  upon 
turn  on  of  the  apparatus.  However,  as  is  shown  in  Fig. 
10,  similar  control  can  be  performed  when  the  front 
door  (not  shown)  of  the  apparatus  has  been  opened 
and  closed,  when  a  control-effecting  command  has 
been  input  to  the  apparatus  from  an  external  appara- 
tus,  when  a  pre-determinable  time  period  has  elapsed 
after  termination  of  the  control,  when  printing  has 
been  made  on  a  predetermined  number  of  sheets  af- 
ter  termination  of  the  control,  or  when  a  signal  indica- 
tive  of  empty  of  toner  has  been  removed. 

Specifically,  when  the  front  door  of  the  apparatus 
has  been  opened  and  closed,  for  example,  to  remove 
a  jammed  sheet  from  a  sheet-supplying  or  -exhaust- 
ing  unit,  or  to  perform  maintenance  of  the  apparatus, 
it  is  possible  that  outside  light  enters  into  the  photo- 
sensitive  drum  2,  thereby  adversely  affecting  the  sur- 
face  potential  characteristics  thereof,  or  that  the  tem- 
perature/humidity  in  the  apparatus  are  abruptly 
changed.  To  avoid  these,  the  above  control  is  per- 
formed  in  accordance  with  detection  performed  by  a 
door  sensor  (not  shown)  for  sensing  the  open/closed 
states  of  the  front  door,  after  termination  of  an  initial 
operation  such  as  a  warm-up  operation. 

The  control  is  performed  when  a  control-effecting 
command  is  input  from  the  external,  i.e.,  when  the 
control-effecting  command  is  input  by  operating  the 
operation  panel  49  or  from  the  external  of  the  appa- 
ratus. 

When  the  timer  58  has  measured  a  predeter- 
mined  time  period  after  termination  of  the  control,  i.e., 
when  a  long  time  period  has  elapsed  after  termination 
of  the  control,  it  is  possible  that  the  gradation  charac- 
teristics  change  due  to  changes  in  the  temperature 
and  humidity  in  the  apparatus  in  accordance  with 
changes  in  the  external  temperature  and  humidity,  or 
those  changes  in  the  surface  potential  characteristics 
of  the  photosensitive  drum  2  which  result  from  recov- 
ery  from  optical  fatigue,  or  those  changes  in  to- 
ner/carrier  density  or  charge  amount  which  result 
from  leaving  once-mixed  developer  as  it  was.  To  avoid 
these,  the  control  is  performed  a  predetermined  time 
period  having  elapsed  after  termination  of  the  last 
control  and  measured  by  the  timer  58. 

When  printing  has  been  made  on  a  predeter- 
mined  number  of  sheets  after  termination  of  the  con- 
trol,  it  is  possible  that  the  gradation  characteristics 
change  because  of  changes  in  the  surface  potential 
characteristics  of  the  photosensitive  drum  2  due  to 
optical  fatigue,  or  changes  in  the  charge  amount  of 

the  developer.  To  prevent  these,  the  control  is  per- 
formed  after  printing  has  been  made  on  a  predeter- 
mined  number  of  sheets,  counted  by  a  counter  after 
termination  of  the  last  control.  In  the  case  of  perform- 

5  ing  continuous  printing,  the  control  is  performed  after 
printing  has  been  made  on  a  predetermined  number 
of  sheets  set  by  the  user. 

Moreover,  the  control  is  performed  when  a  toner- 
empty  indicating  signal  has  been  removed,  i.e.,  when 

10  toner  has  been  refilled  after  toner  empty  is  detected, 
when  a  cartridge  including  toner  has  been  exchanged 
with  a  new  one,  when  a  process  unit  including  toner 
or  the  drum  2  has  been  exchanged  with  a  new  one, 
or  when  a  toner-empty  flag  (not  shown)  has  been  re- 

15  set. 
In  any  one  of  the  above  cases,  the  operation  pan- 

el  49  displays,  during  the  control,  a  signal  indicating 
that  the  control  is  being  performed,  and  supplies  the 
external  input  (of  the  operation  panel  49  or  of  the  ap- 

20  paratus)  with  a  "busy"  signal  to  delay  printing. 
Then,  control  terminating  conditions  will  be  ex- 

plained. 
There  are  several  control  terminating  conditions 

~  when  the  high  and  low  density  portion  differences 
25  fall  within  predetermined  control  ranges  (normal  ter- 

mination);  when  a  predetermined  number  of  control 
cycles,  counted  by  a  counter  71,  have  been  complet- 
ed  (termination  after  a  maximum  number  of  control 
cycles);  when  calculation  results  of  the  bias  voltages, 

30  exposure  amount,  and  pulse-width  correction  coeffi- 
cient  have  reached  predetermined  values  (termina- 
tion  after  operation  amount  limit);  and  when  the  out- 
puts  of  the  toner  adhesion  measuring  unit  8  have 
reached  predetermined  values  (termination  due  to 

35  sensor  output  abnormality). 
Specifically,  when  the  high  and  low  density  por- 

tion  differences  fall  within  predetermined  control 
ranges  (normal  termination),  i.e.,  when  it  is  deter- 
mined  in  the  determination  step  S4  that  the  high  and 

40  low  density  portion  differences  fall  within  target  con- 
trol  ranges,  the  apparatus  enters  the  waiting  state 
with  a  target  exposure  control  amount  and  pulse- 
width  correction  data  kept  as  they  are.  That  is,  the 
control  is  normally  terminated  after  achieving  target 

45  values. 
When  the  control  is  not  normally  terminated,  the 

program  proceeds  to  the  image-forming  condition- 
changing  step  S5,  where  forming  of  test  patterns,  and 
detection  and  determination  of  the  toner  adhesion 

so  amount  are  repeated.  However,  if  the  steady-state 
deviations  do  not  fall  within  the  predetermined  rang- 
es  for  some  reason  though  they  are  converged,  it  is 
necessary  to  limit  the  maximum  time  period  for  allow- 
ing  the  control,  to  a  reasonable  value,  since  the  con- 

55  trol  can  be  performed  endlessly. 
Since  in  the  embodiment,  renewal  amounts  of 

parameters  as  operation  amounts  are  determined  to 
correspond  to  deviations  from  target  values,  and  a 
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change  amount  of  "0"  is  made  to  correspond  to  a  de- 
viation  of  "0",  the  steady-state  deviation  theoretically 
approaches  "0".  Actually,  however,  it  is  possible  that 
the  number  of  control  cycles  required  to  converge  the 
deviation  increases  or  decreases,  for  example,  where 
the  effect  of  a  change  in  operation  amount  on  the  gra- 
dation  characteristics  varies  over  time. 

Thus,  it  is  very  advantageous  to  change  the  ex- 
posure  conditions  within  allowable  control  cycles  in  a 
direction  in  which  the  steady-state  deviation  is  re- 
duced.  To  this  end,  the  number  of  times  of  image- 
forming  condition  changing  performed  during  the 
control  is  counted  by  the  counter  71  ,  and  the  appara- 
tus  enters  a  waiting  state,  with  the  exposure  control 
target  value  and  pulse-width  correction  data  obtained 
when  a  predetermined  number  of  control  cycles  have 
elapsed,  maintained  as  they  are. 

Then,  when  the  calculated  bias  values,  exposure 
amount,  and  pulse-width  correction  coefficient  have 
reached  predetermined  values,  respectively  (opera- 
tion  amount  limit),  as  regards  the  calculated  bias  vol- 
tage  and  target  exposure  amount  and  the  actually-set 
target  voltage,  output  voltages  corresponding  to 
those  set  in  the  D/A  converters  47  and  48  are  sup- 
plied  as  comparison  voltage  signals  of  the  high  vol- 
tage  sources  35  and  44  or  the  light  amount  control  cir- 
cuit  74.  The  set  target  values  and  output  voltages  of 
the  D/A  converters  47  and  48  are  adjusted  before- 
hand  so  as  to  output  the  set  target  values. 

However,  if  the  calculated  values  fall  outside  the 
output  ranges  of  the  high  voltage  sources  35  and  44 
and  light  amount  control  circuit  74,  the  output  voltage 
recognized  by  the  control  circuit  45  differs  from  the 
actual  output  voltage,  resulting  in  erroneous  control. 

Further,  control  must  be  performed  within  a 
range  in  which  an  image  defect  such  as  fog  and/or  de- 
terioration  of  the  laser  diode  65  will  not  occur.  More- 
over,  turbulence  can  occur  in,  for  example,  the  texture 
of  an  image  in  the  case  of  performing  pseudo  grada- 
tion  processing  when  the  difference  between  correc- 
tion  data  items  obtained  by  use  of  the  resolving  power 
of  the  pulse-width  correction  data  items  and  corre- 
sponding  to  different  original  data  items  cannot  be  re- 
solved. 

To  avoid  the  above  disadvantages,  the  set  values 
are  actually  renewed  only  when  the  exposure  control 
target  value  and  pulse-width  correction  coefficient 
fall  within  respective  predetermined  ranges  each  de- 
fined  by  predetermined  lower  and  upperlimits.  If  they 
do  not  fall  within  the  ranges,  renewal  of  the  set  values 
is  not  performed,  and  the  control  is  terminated  and 
the  control  circuit  45  enters  the  waiting  state,  with  the 
present  exposure  control  target  value  and  pulse- 
width  correction  coefficient  (correction  data)  main- 
tained  as  they  are. 

When  the  outputs  of  the  toner  adhesion  measur- 
ing  unit  8  have  reached  predetermined  values  (sen- 
sor  outputabnormality  is  detected),  they  are  transmit- 

ted  to  the  AID  converter  46,  where  they  are  photo- 
electrically  converted  to  signals  indicative  of  the  re- 
spective  reflection  amounts  of  high  and  low  density 
test  patterns  and  the  reflection  amount  of  the  portion 

5  of  the  drum  2  other  than  the  high  and  low  density  test 
patterns.  These  converted  signals  are  then  transmit- 
ted  to  the  control  circuit  45.  At  this  time,  detection  ac- 
curacy  may  be  degraded  and  the  control  system  be 
erroneously  operated,  due  to  a  defect  in  the  power 

10  source,  deterioration  of  the  light  source  51,  contam- 
ination  of  light-emission/receiving  paths,  a  defect  in 
the  light-receiving  circuit  or  between  the  sensor/sig- 
nal-receiving  circuits,  flaws  on  the  drum  2,  a  change 
in  the  reflectance  of  filming,  etc.,  or  deterioration  of 

15  the  test  pattern-forming  unit. 
To  prevent  the  above,  predetermined  lower  and 

upper  limits  are  provided  for  each  of  the  outputs  indi- 
cating  the  reflection  amounts  of  high  and  low  density 
test  patterns  and  the  reflection  amount  of  the  portion 

20  of  the  drum  2  other  than  the  high  and  low  density  test 
patterns.  If  any  one  of  the  outputs  falls  outside  its  pre- 
determined  range,  further  calculation/determination 
is  not  performed,  thereby  setting  a  sensor  abnormal- 
ity  flag  so  as  to  display  on  the  operation  panel  that  the 

25  toner  adhesion  amount  measuring  unit  8  is  abnormal. 
Then,  the  apparatus  enters  the  waiting  state,  with  the 
data  items,  assumed  before  abnormality  occurs  in 
the  unit  8,  maintained  as  they  are. 

The  sensor  abnormality  flag  is  reset  by  initial 
30  processing  when  the  apparatus  is  turned  on.  It  can  be 

reset  by  a  reset  command  manually  supplied  from  the 
operation  panel  at  the  time  of  maintenance  of  the  ap- 
paratus.  When  the  flag  is  set,  no  control  is  performed. 

Then,  detection  sequence  (the  test  pattern  form- 
35  ing  and  developing  steps  and  toner  adhesion  amount 

measuring  step)  will  be  explained. 
In  the  first  embodiment,  to  form  test  patterns,  the 

operations  other  than  image  transfer,  sheet  supply, 
sheet  exhaustion,  fixing  are  performed  at  the  same 

40  timing  as  the  normal  printing  operation  is  performed. 
The  reason  why  image  transfer  is  not  performed  is 
that  toner  is  prevented  from  being  adhered  to  the  pho- 
tosensitive  drum  2  in  a  state  where  no  transfer  me- 
dium  (sheet  of  paper)  is  set. 

45  The  light  source  51  of  the  toner  adhesion  amount 
measuring  unit  8  can  be  turned  on  and  off  by  a  light 
source  remote  signal  output  from  the  control  circuit 
45,  and  is  turned  on  so  that  detection  can  be  per- 
formed  after  a  predetermined  time  period  required  to 

so  stabilize  the  amount  of  light  elapses  after  the  turn  on. 
Thus,  in  the  normal  printing  operation,  the  light 

source  51  of  the  toner  adhesion  amount  measuring 
unit  8  does  not  emit  light.  The  potential  of  an  unex- 
posed  portion,  which  is  the  surface  potential  of  the 

55  drum  2  before  image  transfer,  is  optically  discharged 
by  light  emitted  from  the  light  source  51  ,  thereby  pre- 
venting  scattering  of  dirt  of  an  image  or  toner.  In  ad- 
dition,  the  light  emission  is  performed  in  the  same 
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position  in  the  axial  direction  of  the  drum  2  with  a  nec- 
essary  minimum  amount  of  light.  This  enables  to  pre- 
vent  over  a  long  time  the  quality  of  an  image  from  be- 
ing  damaged  as  a  result  of  optical  fatigue  of  the  light- 
receiving  portion  of  the  drum  2. 

In  the  second  embodiment,  the  sheet-attracting 
operation  and  sheet-peeling  operation  of  the  transfer 
drum  9  are  omitted,  as  well  as  the  image  transfer, 
sheet  supply,  and  sheet  exhaustion.  As  regards  the 
transfer  drum  9,  only  cleaning  operation  of  the  trans- 
fer-medium  supporter  is  performed.  Hence,  the  toner 
of  a  test  pattern  developed  on  the  photosensitive 
drum  2,  which  is  adhered  to  the  transfer-medium  sup- 
porting  member  is  extremely  reduced.  Accordingly, 
the  test  pattern  forming  and  toner  adhesion  measure- 
ment  can  be  performed  without  considering  the  pos- 
ition  of  the  transfer  drum  2. 

Then,  input  and  storage  of  various  set  values  will 
be  explained.  The  set  values  relating  to  the  control  of 
the  embodiment  include,  for  example,  an  initial  ex- 
posure  control  target  value,  an  initial  pulse-width  cor- 
rection  counter  value,  test  pattern  gradation  data 
items  (on  the  high  and  low  density  portions),  a  target 
value  of  the  high  density  portion,  a  target  value  of  the 
low  density  portion,  control  limit  values  for  the  high 
density  portion  difference,  control  limit  values  for  the 
low  density  portion  difference,  a  maximum  correction 
data  value,  a  predetermined  number  of  printing 
sheets,  a  predetermined  time  period,  a  maximum 
number  of  control  cycles,  an  exposure  condition 
range,  and  a  sensor  abnormality  range. 

These  set  values  are  stored  in  memory  means, 
whose  contents  are  not  deleted  even  when  the  appa- 
ratus  is  turned  off,  for  example,  the  backed-up  mem- 
ory  57.  At  least  the  targets  values  of  the  high  and  low 
density  portion  differences  can  be  renewed  and  dis- 
played  by  use  of  the  operation  panel  49. 

Fig.  37  shows  an  image-forming  condition- 
changing  step  S5  employed  in  a  further  embodiment 
of  the  invention.  The  other  steps  are  similar  to  those 
in  Fig.  10.  The  step  S5  mainly  consists  of  three  sub- 
steps  S51  to  S53,  in  which  the  light  amount  control 
target  values  of  the  exposure  system  are  renewed 
and  the  exposure  amount  and  exposure  width  are  re- 
newed  by  renewing  of  the  contents  of  the  pulse-width 
modulation  data  correction  table,  so  as  to  cause  the 
high  and  low  density  portion  differences  to  fall  within 
respective  predetermined  ranges. 

In  the  step  S51,  renewal  amounts  of  the  expos- 
ure  conditions  expressed  by  two  parameters  are  de- 
termined  on  the  basis  of  the  high  and  low  density  por- 
tion  differences.  In  the  step  S52,  a  light  amount  con- 
trol  target  value  of  the  exposure  system  and  a  renewal 
amount  of  the  contents  of  the  pulse-width  correction 
table  are  calculated  by  use  of  a  predetermined  func- 
tion  and  the  renewal  amounts  of  the  exposure  condi- 
tions.  In  the  step  S53,  the  light  amount  control  target 
value  and  the  renewal  value  of  the  pulse-width  cor- 

rection  table  are  set  at  predetermined  points  of  time. 
Selecting  the  light  amount  target  value  and  the 

renewal  value  of  the  correction  table  from  a  prestored 
table  on  the  basis  of  the  high  and  low  density  portion 

5  differences  involves  a  problem  for  the  following  rea- 
sons:  Suitable  renewal  amounts  to  maintain  the  de- 
veloping  characteristics,  which  are  changed  by  the 
ambient  conditions  and  with  lapse  of  time,  vary  de- 
pending  upon  the  history  of  the  photosensitive  drum 

10  2  orthe  developerand  upon  variations  between  prod- 
ucts.  Thus,  it  is  possible  that  the  converged  values 
obtained  after  repeated  detection  are  deviated  from 
target  values  with  lapse  of  time. 

Further,  changes  of  the  exposure  conditions  of 
15  the  high  density  portion  do  not  necessarily  exert  in- 

dependently  of  changes  of  the  exposure  conditions  of 
the  low  density  portion,  but  can  interact.  Thus,  it  is  un- 
desirable  to  determine  the  exposure  conditions  on 
the  basis  of  each  of  the  high  and  low  density  portion 

20  differences. 
Thus,  in  the  step  S51  ,  renewal  amounts  of  the  ex- 

posure  conditions,  expressed  by  the  two  parameters, 
are  selected  from  a  table  preset  on  the  basis  of  the 
relation  between  the  high  and  low  density  portion  dif- 

25  ferences.  One  of  the  two  parameters  is  a  renewal 
amount  of  a  light  amount  control  target  value  for  con- 
trolling  the  light  amount  of  the  exposure  system,  spe- 
cifically,  a  renewal  amount  of  a  comparative  voltage 
(target  voltage)  of  a  signal  obtained  as  a  result  of  pho- 

30  toelectric  conversion  by  means  of  a  light  amount  mon- 
itor.  The  other  parameter  is  a  renewal  amount  of  a 
coefficient  of  the  function  for  changing  the  contents 
of  the  pulse-width  data  (gradation  data)  correction  ta- 
ble. 

35  As  explained  with  reference  to  Fig.  12,  as  regards 
the  effects  of  light  amount  renewal  on  the  gradation 
characteristics,  a  greater  change  appears  with  re- 
spect  to  a  change  in  light  amount  as  the  density  in- 
creases,  and  the  gradient  of  gradation  increases  as 

40  the  light  amount  becomes  larger.  Accordingly,  the 
gradation  characteristics  can  be  corrected  to  values 
near  the  reference  values  by  changing  the  light 
amount  in  the  gradation  characteristics  in  which  the 
degree  of  change  is  higher  as  the  density  increases. 

45  However,  it  is  difficult  to  correct  a  linear  change  in  the 
gradation  characteristics  on  the  low  density  side  only 
by  changing  the  light  amount. 

On  the  other  hand,  as  is  shown  in  Fig.  27,  correc- 
tion  can  be  performed  by  pulse  width  correction,  prin- 

50  cipally  whatever  the  gradation  characteristics  are. 
However,  as  regards  the  highest  density,  if  it  is  greatly 
reduced,  appropriate  correction  cannot  be  per- 
formed.  Moreover,  if  the  gradation  characteristics  are 
extremely  changed  and  the  gradient  of  the  image 

55  density  relating  to  the  pulse  width  is  increased,  the 
prepared  gradation  stages  cannot  provide  a  sufficient 
resolving  power,  and  hence  more  gradation  stages 
are  necessary.  This  will  make  it  necessary  to  in- 

20 
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crease  the  capacities  of  the  pulse-width  correction 
means  (data  converting  unit  63)  and  the  pulse-width 
modulation  means  (PWM  circuit  72),  will  adversely  af- 
fect  the  light  responsibility  or  the  high-speed  drive,  or 
will  cause  ununiform  charging  or  jitter  of  the  image 
forming  region.  Therefore,  it  is  desirable  to  reduce  the 
renewal  amount  (correction  amount)  by  dividing  the 
processing  with  use  of  other  means. 

The  maximum  and  minimum  values  of  the  original 
data  items  (in  the  embodiment  "15"  and  "0",  respec- 
tively)  are  made  to  correspond  to  the  maximum  and 
minimum  values  of  the  corrected  data  items  (in  the 
embodiment  "255"  and  "0",  respectively),  and  correc- 
tion  is  not  performed  in  a  fixed  state.  The  other  orig- 
inal  data  items  are  converted  to  corrected  data  by  use 
of  a  predetermined  function. 

As  is  shown  in  Fig.  28,  the  relation  between  the 
original  data  and  the  corrected  data  is  substantially 
linear. 

In  the  step  S52,  a  new  light  amount  and  a  new 
pulse-width  correction  coefficient  are  obtained,  by 
use  of  the  light  amount  correction  value  and  pulse- 
width  correction  coefficient  renewal  amount  deter- 
mined  in  the  step  S51,  as  well  as  the  light  amount  and 
pulse-width  correction  coefficient  obtained  at  the 
time  of  forming  the  test  patterns. 

In  this  embodiment,  a  voltage  to  be  supplied  as 
a  target  value  to  the  light  amount  control  means  (cor- 
responding  tothe  light  amount  control  circuit  74  in  Fig. 
5)  of  the  exposure  system  is  calculated  by  use  of  the 
equation  (7),  as  in  the  above-described  embodiment. 

In  addition,  to  obtain  the  pulse-width  correction 
data,  Dc(i)  corresponding  to  the  original  data  Di  (i  = 
2,  3  n-1)  is  obtained  by  use  of  the  equation  (10) 
with  a  new  C2  (=  the  present  C2  +  AC).  The  correction 
data  containing  "0"  and  "Dmax"  are  transmitted  to  the 
pulse-width  correcting  means. 

In  the  step  S53,  the  voltage  supplied  as  the  new 
target  value  of  the  light  amount  control  means  of  the 
exposure  system  and  obtained  in  the  step  S52  is 
transmitted  to  the  light  amount  control  circuit  74,  and 
the  correction  data  items  containing  "0"  and  '"Dmax" 
are  supplied  to  the  data  converting  unit  63  as  the 
pulse-width  correction  means. 

As  is  explained  referring  to  Fig.  1  0,  to  again  form, 
measure,  and  determine  test  patterns,  two  test  pat- 
tern  latent  images  are  formed  by  use  of  the  renewed 
target  value  of  the  light  amount  control  means  of  the 
exposure  system  and  renewed  correction  data  of  the 
pulse-width  correction  means.  Subsequently,  these 
latent  images  are  developed  and  subjected  to  proc- 
essing  in  the  toner  adhesion  amount  measuring  step 
S3  and  the  determination  step  S4.  In  the  step  S4,  if 
it  is  determined  that  the  high  and  low  density  portion 
differences  fall  within  respective  predetermined  rang- 
es,  the  apparatus  enters  a  waiting  state  after  cleaning 
operation,  with  the  renewed  target  value  and  the  re- 
newed  corrected  data  maintained  as  they  are.  If  at 

least  one  of  the  differences  falls  outside  its  predeter- 
mined  range,  operations  such  as  image  forming  con- 
dition  changing,  and  test  pattern  forming,  measuring, 
and  determining  are  repeated. 

5  In  Fig.  38,  the  laser  amounts  P  and  the  pulse- 
width  correction  coefficients  C  are  plotted  in  relation 
to  control  cycles.  The  control  cycle  "0"  is  a  cycle  in 
which  the  toner  adhesion  amounts  QH  and  QL  are 
measured  for  the  first  time  in  the  step  S3,  and  the  val- 

10  ues  C  and  P  indicate  the  conditions  under  which  the 
test  patterns  have  been  formed.  As  is  shown  in  Fig. 
35,  QH  and  QL  are  lower  than  QHT  and  QLT,  respec- 
tively,  i.e.,  the  high  and  low  density  portion  differenc- 
es  are  high  negative  values.  Thus,  control  is  per- 

is  formed  to  increase  the  contrast  potential  in  the  im- 
age-forming  condition-changing  step  S5  (in  the  first 
control  cycle). 

When  the  toner  adhesion  amounts  of  the  test  pat- 
terns  formed  under  the  above  condition  were  meas- 

20  ured,  it  was  found  that  QH  was  still  lower  than  QHT 
and  QLwas  slightly  higher  than  QLT.  Then,  the  laser 
amount  p  was  increased  and  the  pulse-width  correc- 
tion  coefficient  C  was  reduced  in  the  image-forming 
condition-changing  step  S5.  As  a  result,  QH  fell  within 

25  its  predetermined  range  (QHP),  and  QL  approached 
QLT.  Further,  the  laser  amount  P  and  pulse-width 
correction  coefficient  C  were  changed  in  a  similar 
manner  (in  the  third  control  cycle),  with  the  result  that 
QH  and  QLfell  within  respective  predetermined  rang- 

30  es,  thereby  terminating  the  control. 
Fig.  39  is  a  flowchart,  showing  that  operation  of 

the  image-forming  condition-changing  unit  which  is 
an  essential  part  of  a  further  embodiment  of  the  in- 
vention.  The  other  operations  of  this  embodiment  are 

35  similar  to  those  shown  in  Fig.  10.  Thus,  the  entire 
structure  of  the  embodiment  will  be  explained  with 
reference  to  Figs.  2  and  5. 

In  this  embodiment,  the  control  circuit  45  com- 
pares  the  output  (measured  value)  of  the  toner  adhe- 

40  sion  amount  measuring  unit  8  with  a  predetermined 
reference  value,  and  changes  the  grid  bias  voltage  of 
the  charger  3  and  the  developing  bias  voltage  of  the 
developing  unit  4,  which  are  the  image  forming  con- 
ditions,  in  accordance  with  the  comparison  result. 

45  The  memory  section  56  stores  various  set  values 
such  as  an  initial  grid  bias  voltage  and  an  initial  devel- 
oping  bias  voltage,  which  correspond  to  bias  condi- 
tions  for  obtaining  reference  gradation  characteristics 
at  room  temperature  and  humidity.  The  bias  condi- 

50  tions  include  the  upper  and  lower  limit  values  (prede- 
termined  range)  of  each  of  the  grid  bias  voltage  and 
the  developing  bias  voltage,  and  a  predetermined 
range  of  the  difference  therebetween.  The  memory 
56  also  stores  tables  relating  to  renewal  values  of  the 

55  contrast  voltage  and  of  the  background  voltage,  re- 
spectively.  The  memory  57  stores  bias  values  set  be- 
fore  the  toner  adhesion  amount  measuring  unit  8  is 
abnormal,  i.e.,  stores  them  at  the  time  of  setting  a 

21 
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bias  renewal  mode.  The  memory  57  has  a  counter  for 
counting  the  number  of  control  cycles,  a  counter  for 
counting  the  number  of  printed  paper  sheets,  a  sen- 
sor  abnormality  flag  to  be  set  when  the  toner  adhe- 
sion  amount  measuring  unit  8  is  abnormal,  and  a  to-  5 
ner-empty  flag  to  be  set  when  the  toner  container  is 
empty. 

The  relation  between  the  surface  potential  (here- 
inafter  called  "unexposed-portion  potential")  VO  of 
the  photosensitive  drum  2  uniformly  charged  by  the  10 
charger  3,  the  surface  potential  (hereinafter  called 
"exposed-portion  potential")  VLof  the  photosensitive 
drum  2  attenuated  as  a  result  of  overall  exposure  by 
use  of  a  constant  amount  of  light  emitted  from  the  opt- 
ical  system  13,  a  development  bias  voltage  VD  15 
(shown  by  the  one-dot  line),  and  the  absolute  value 
VG  (hereinafter  simply  called  "grid  bias  voltage")  of 
the  bias  voltage  -VG  applied  to  the  grid  electrode  33 
of  the  charger  3,  is  as  shown  in  Fig.  6. 

If  the  exposed-portion  potential  VL  and  unex-  20 
posed-portion  potential  VO  are  made  to  substantially 
be  proportional  to  the  grid  bias  voltage  VG,  they  can 
be  given  by  the  equations  (1)  and  (2).  Further,  the 
contrast  potential  VC,  background  potential  VBG,  grid 
bias  voltage  VG,  and  developing  bias  voltage  VD  can  25 
be  given  by  the  equations  (3)  to  (6),  and  have  char- 
acteristics  as  explained  with  reference  to  Figs.  6  to  8. 

Then,  the  bias  renewal  mode  assumed  in  the 
above  structure  will  be  explained  by  use  of  the  flow- 
charts  of  Figs.  10  and  39.  30 

The  bias  renewal  mode  consists  of  a  warm-up 
step,  a  test-pattern  forming  step,  an  adhesion  amount 
measuring  step,  a  determination  step,  and  a  bias  re- 
newal  step. 

If  it  is  determined  after  the  warm-up  step  that  the  35 
toner  adhesion  amount  measuring  unit  8  is  abnormal, 
the  CPU  59  enters  a  waiting  state,  with  the  high  vol- 
tage  sources  35  and  44  supplied  with  the  initial  grid 
bias  voltage  and  developing  bias  voltage  correspond- 
ing  to  the  bias  conditions  for  obtaining  the  reference  40 
gradation  characteristics  at  room  temperature  and  hu- 
midity.  Specifically,  the  initial  grid  bias  voltage  and 
developing  bias  voltage  read  from  the  memory  sec- 
tion  56  are  respectively  supplied  to  the  D/A  conver- 
ters  47  and  48,  where  they  are  converted  to  output  45 
voltage  control  signals  and  then  supplied  to  the  high 
voltage  sources  35  and  44,  respectively.  Thus,  the 
high  voltage  sources  35  and  44  are  controlled  by  the 
initial  grid  bias  voltage  and  developing  bias  voltage, 
respectively.  50 

If  it  is  determined  that  at  least  one  of  the  high  and 
low  density  portion  differences  falls  outside  its  prede- 
termined  range,  the  program  proceeds  to  the  bias  re- 
newal  step  shown  in  Fig.  39  and  corresponding  to  the 
image-forming  condition-changing  step  S5.  In  this  55 
step,  renewal  values  of  the  grid  bias  voltage  and  de- 
veloping  bias  voltages  are  obtained  so  as  to  cause 
the  high  and  low  density  portion  differences  to  fall 

within  respective  predetermined  ranges. 
The  renewal  step  mainly  has  three  sub-steps  ~ 

(i)  a  step  S51  for  determining  a  renewal  amount  relat- 
ing  to  the  potential  relation  expressed  by  two  parame- 
ters  on  the  basis  of  the  high  and  low  density  portion 
differences;  (ii)  a  step  S52  for  calculating  renewal 
bias  values  by  use  of  the  determined  renewal  value 
and  a  predetermined  function  including  a  coefficient 
indicative  of  the  surface  potential  of  the  photosensi- 
tive  drum  2;  and  (iii)  a  step  S53  for  setting  the  grid  bias 
voltage  and  developing  bias  voltage  to  the  calculated 
renewal  values  at  predetermined  points  of  time. 

A  method  for  selecting  a  developing  bias  voltage 
and  a  grid  bias  voltage  from  a  predetermined  table 
made  directly  on  the  basis  of  the  high  and  low  density 
portion  differences  may  involve  a  problem  for  the  fol- 
lowing  reason.  Suitable  renewal  amounts  to  maintain 
the  developing  characteristics,  which  are  changed  by 
the  ambient  conditions  and  with  lapse  of  time,  vary 
depending  upon  the  history  of  the  photosensitive 
drum  2  orthe  developer  and  upon  variations  between 
products,  or  vary  over  time.  Thus,  it  is  possible  that 
the  converged  values  obtained  after  repeated  detec- 
tion  are  deviated  from  target  values  with  lapse  of  time. 

In  this  case,  as  the  contents  of  the  table,  speed- 
type  control  data  corresponding  to  renewal  amounts 
of  the  contrast  potential  and  background  potential  is 
more  preferable  than  position-type  control  data  cor- 
responding  to  contrast,  background,  grid  bias,  and 
developing  bias  voltages. 

Further,  changes  of  the  exposure  conditions  of 
the  high  density  portion  do  not  necessarily  exert  in- 
dependently  of  changes  of  the  exposure  conditions  of 
the  low  density  portion,  but  can  interact.  Thus,  it  is  un- 
desirable  to  determine  the  exposure  conditions  on 
the  basis  of  each  of  the  high  and  low  density  portion 
differences. 

(1)  Renewal  values  relating  to  the  potential  rela- 
tionship  expressed  by  two  parameters  are  selected 
from  a  table  made  based  on  the  relation  between  the 
high  and  low  density  portion  differences. 

One  of  the  parameters  is  a  contrast  voltage  indi- 
cative  of  the  difference  between  the  developing  bias 
voltage  and  the  exposed-  portion  potential  which  is 
the  surface  potential  of  a  developing  portion  exposed 
with  a  predetermined  exposure  amount.  The  other 
parameter  is  a  background  potential  indicative  of  the 
difference  between  the  developing  bias  voltage  and 
the  unexposed-portion  potential  which  is  the  surface 
potential  of  a  developing  portion  unexposed  after  be- 
ing  charged.  Achange  in  the  contrast  voltage  increas- 
es  as  the  density  increases,  while  a  change  in  the 
background  voltage  increases  as  the  density  de- 
creases. 

As  is  shown  in  Fig.  26,  the  gradation  characteris- 
tics  change  when  the  contrast  voltage  is  changed. 
Similarly,  as  is  shown  in  Fig.  13,  the  gradation  char- 
acteristics  change  also  when  the  background  voltage 
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is  changed.  Changes  in  the  contrast  and  background 
voltages  affect  the  high  and  low  density  portions,  re- 
spectively,  and  interact  each  other. 

In  consideration  of  the  above,  a  table  of  renewal 
amounts  of  the  contrast  voltage  and  a  table  of  renewal 
amounts  of  the  background  voltage  are  prepared  on 
the  basis  of  the  relation  between  the  high  and  low 
density  portion  differences,  and  stored  in  the  mem- 
ory  section  56,  thereby  selecting  renewal  values  of 
the  contrast  and  background  voltages  in  accordance 
with  the  high  and  low  density  portion  differences. 

In  summary,  the  contents  of  the  tables  are  made 
in  consideration  of  the  interaction  between  the  con- 
trast  and  background  voltages,  and  hence  renewal 
voltage  values  can  effectively  be  changed  on  the  ba- 
sis  of  the  relation  between  the  differences.  Further, 
since  both  renewal  values  are  set  to  "0"  when  the  dif- 
ferences  are  both  0,  the  steady-state  deviation  ap- 
proaches  0  after  it  is  converged. 

(2)  New  contrast  and  background  voltages  are 
calculated  from  the  renewal  amounts  of  the  contrast 
and  background  voltages  and  the  contrast  and  back- 
ground  voltages  obtained  at  the  time  of  forming  the 
test  patterns. 

These  voltages  are  parameters  indicative  of  the 
voltage  relationship,  and  renewal  values  of  the  grid 
bias  voltage  and  developing  bias  voltage  for  realizing 
the  voltage  relationship  are  calculated. 

The  renewal  values  of  the  grid  bias  voltage  and 
developing  bias  voltage  can  be  obtained  directly  by 
use  of  a  predetermined  function  (as  explained  refer- 
ring  to  the  equations  (5)  and  (6))  including  a  coeffi- 
cient  indicating  the  surface  potential  of  the  photosen- 
sitive  drum  2  and  stored  in  the  memory  section  61. 

(3)  The  obtained  new  grid  bias  voltage  and  devel- 
oping  bias  voltage  are  set  as  new  output  control  val- 
ues  of  the  high  voltage  sources  35  and  44,  respective- 
ly- 

To  form  test  patterns  again  after  the  set  values 
are  renewed,  renewal  values  of  the  grid  bias  voltage 
and  developing  bias  voltage  are  set  at  predetermined 
points  of  time  as  shown  in  Fig.  14. 

Now,  qualitative  algorithm  as  regards  the  con- 
tents  of  the  above-described  tables  will  be  explained. 
In  this  embodiment,  in  the  step  for  determining  two 
renewal  amounts  on  the  basis  of  the  high  and  low 
density  portion  differences,  the  following  operations 
will  be  performed:  if  the  both  differences  are  positive 
values,  which  indicates  that  the  amounts  of  toner  ad- 
hered  to  the  high  and  low  density  portions,  the  expos- 
ure  amount  is  reduced  mainly;  if  the  both  differences 
are  negative  values,  the  exposure  amount  is  in- 
creased  mainly;  if  the  high  density  portion  difference 
is  substantially  "0"  falling  within  its  predetermined 
range,  and  the  low  density  portion  difference  is  a  neg- 
ative  value,  the  background  potential  is  reduced;  if 
the  high  density  portion  difference  is  substantially  "0" 
falling  within  its  predetermined  range,  and  the  low 

density  portion  difference  is  a  positive  value,  the 
background  potential  is  increased.  The  reason  is  that 
a  highly  effective  voltage  relationship  is  realized  by 
the  effects  of  the  exposure  amount  and  the  back- 

5  ground  potential  and  is  principally  employed. 
Moreover,  as  is  evident  from  Figs.  13  and  26,  a 

change  in  the  background  voltage  highly  influences 
the  gradation  characteristics,  as  compared  with  a 
change  in  the  contrast  voltage.  To  prevent  fog  on  the 

10  photosensitive  drum  2,  or  prevent  toner,  charged  with 
inverse  voltage,  from  sticking  thereto,  or  prevent  car- 
rier  adhesion  in  the  case  of  using  a  two-component 
developer,  the  rate  of  renewal  of  the  background  po- 
tential  is  kept  low,  thereby  performing  rough  adjust- 

15  ment  mainly  by  changing  the  exposure  amount  in 
consideration  of  the  high  density  portion,  and  per- 
forming  fine  adjustment  by  changing  the  exposure 
amount  and  background  potential  in  consideration  of 
both  the  high  and  low  density  portions. 

20  A  table  of  renewal  amounts  for  changing  the  po- 
tential  relationship  on  the  basis  of  the  above- 
described  qualitative  rules  is  stored  in  the  memory 
section  56  in  the  control  circuit  45. 

The  contents  of  the  table  (stored  in  the  memory 
25  section  56)  relating  to  the  renewal  amounts  of  the 

background  voltage  are  shown  in  Fig.  16. 
If  a  renewal  amount  of  operation  is  determined  in 

accordance  with  each  of  the  differences,  a  renewal 
amount  of  the  background  potential,  in  particular,  can 

30  be  erroneously  determined.  However,  since  in  the 
embodiment,  the  exposure  amount  and  the  back- 
ground  potential  are  determined  from  the  relationship 
between  the  high  and  low  density  portion  differenc- 
es,  an  appropriate  amount  of  operation  can  be  deter- 

35  mined  by  use  of  a  parameter  renewal  amount  suitable 
to  the  operation,  even  if  one  of  the  differences  falls 
within  its  predetermined  range  and  the  other  differ- 
ence  falls  outside  its  predetermined  range. 

Figs.  17  and  18  show  variations  in  different  two 
40  gradation  characteristics.  Specifically,  the  toner  ad- 

hesion  amount  of  the  low  density  portion  is  a  little  low- 
er  than  a  reference  value  in  both  cases  of  Figs.  17 
and  1  8.  The  toner  adhesion  amount  of  the  high  den- 
sity  portion,  however,  is  much  lower  than  a  reference 

45  value  in  the  case  of  Fig.  17,  and  is  substantially  equal 
to  the  same  (i.e.,  the  difference  is  substantially  "0")  in 
the  case  of  Fig.  18.  It  can  be  understood  from  the  ef- 
fects  of  renewal  values  of  the  contrast  voltage  shown 
in  Fig.  26  that  it  is  effective  to  mainly  increase  the 

so  contrast  voltage  in  the  case  of  Fig.  1  7  in  which  the  to- 
ner  adhesion  amount  of  the  high  density  portion  is 
much  lower  than  the  reference  value.  Further,  it  can 
be  understood  from  the  effects  of  renewal  values  of 
the  background  voltage  shown  in  Fig.  13  that  it  is  ef- 

55  fective  to  slightly  decrease  the  background  potential 
in  the  case  of  Fig.  1  8  in  which  the  high  density  portion 
difference  is  substantially  "0". 

Thus,  an  appropriate  amount  of  operation  can  be 
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obtained  in  consideration  of  the  relation  between  the 
high  and  low  density  portion  differences,  instead  of 
determining  independent  operation  amounts  from  the 
high  and  low  density  portion  differences,  respective- 
ly- 

Further,  in  the  toner  adhesion  measuring  step  in 
the  first  cycle,  if  the  low  density  portion  difference  is 
a  low  negative  value,  and  the  high  density  portion  dif- 
ference  is  a  high  negative  value,  the  renewal  amount 
of  the  contrast  voltage  is  increased  in  the  positive  di- 
rection,  and  the  renewal  amount  of  the  background 
voltage  is  set  to  "0"  (i.e.,  the  background  potential  is 
not  changed),  as  shown  in  Figs.  31  and  20. 

After  bias  voltages  are  calculated  by  use  of  the 
above  results,  and  used  as  renewed  values,  the 
amounts  of  toner  adhered  to  test  patterns  are  again 
measured.  As  is  evident  from  Fig.  26,  the  high  and  low 
density  portion  differences  will  be  shifted  in  the  pos- 
itive  direction  as  a  result  of  bias  renewal. 

At  this  time,  if  the  differences  fall  within  the  re- 
spective  predetermined  ranges,  the  control  process- 
ing  is  completed.  If  the  high  density  portion  difference 
falls  within  its  predetermined  range,  and  the  low  den- 
sity  portion  difference  is  slightly  lower  than  the  lower 
limit  of  its  predetermined  range,  the  renewal  value  of 
the  contrast  voltage  is  very  slightly  reduced  and  the 
renewal  value  of  the  background  voltage  is  slightly  re- 
duced,  as  is  shown  in  Figs.  33  and  22.  When  the  back- 
ground  voltage  is  reduced,  the  degree  of  change  in 
image  density  decreases  as  the  density  decreases. 
As  regards  the  high  density  portion,  the  degree  of 
change  in  image  density  would  relatively  increase  if 
the  renewal  value  of  the  contrast  voltage  would  not  be 
reduced.  Actually,  however,  since  the  contrast  vol- 
tage  is  very  slightly  reduced,  the  image  density  is 
substantially  unchanged  in  the  high  density  portion. 

As  described  above,  measurement  of  the  toner 
adhesion  amount  and  change  of  the  bias  voltages  are 
repeated,  thereby  performing  sequential  control  in 
which  on  the  basis  of  the  relation  between  the  high 
and  low  density  portion  differences  shown  in  tables, 
first  the  high  density  portion  difference  is  roughly  ad- 
justed  by  use  of  a  renewed  contrast  voltage,  and  then 
the  high  and  low  density  portion  differences  are  finely 
adjusted  by  use  of  the  renewed  background  and  con- 
trast  voltages. 

Then,  changes  in  the  toner  adhesion  amount  and 
bias  values  as  the  inputs  of  the  measuring  system 
during  the  control  will  be  explained  with  reference  to 
Figs.  40  to  43. 

Figs.  40  and  41  show  the  cases  in  which  the  high 
and  low  density  toner  adhesion  amounts  QH  and  QL 
are  lower  than  the  respective  target  values  QHT  and 
QLT  at  low  temperature  and  humidity.  In  Figs.  40  and 
41,  the  number  of  control  cycles  is  indicated  along  the 
axes  of  abscissa.  In  Fig.  40,  the  detected  toner  adhe- 
sion  amounts  are  indicated  along  the  axis  of  ordinate. 
In  Fig.  41  ,  the  bias  values  are  indicated  along  the  axis 

of  ordinate. 
When  the  control  cycle  is  0,  the  grid  bias  voltage 

VG  and  the  developing  bias  voltage  VD  are  set  to  pre- 
determined  initial  values,  respectively,  thereby  form- 

5  ing  high  and  low  density  test  patterns.  At  this  time, 
since  the  high  and  low  density  portion  toner  adhesion 
amounts  QH  and  QL  are  lower  than  the  respective 
target  values  QHT  and  QLT,  and  do  not  fall  within  re- 
spective  predetermined  ranges  QHP  and  QLP,  re- 

10  newal  amounts  thereof  are  calculated  in  the  bias  re- 
newal  step. 

As  in  the  cases  shown  in  Figs.  31  and  20,  the  to- 
ner  adhesion  amount  of  the  high  density  portion  is 
very  small  (i.e.,  the  high  density  portion  difference  is 

15  large  in  the  negative  direction),  the  grid  bias  voltage 
VG  and  the  developing  bias  voltage  VD  are  changed 
so  as  to  increase  the  contrast  voltage  (in  the  first  con- 
trol  cycle). 

Subsequently,  the  toner  adhesion  amount  of  test 
20  patterns  formed  with  the  renewed  bias  voltages  is  de- 

tected.  As  is  evident  from  Fig.  26,  increment  of  the 
contrast  voltage  increases  the  toner  adhesion 
amounts  QH  and  QL  to  respective  target  values  (in 
the  first  control  cycle). 

25  As  a  result,  the  toner  adhesion  amount  QH  of  the 
high  density  portion  is  still  lower  than  the  target  value 
QHT,  and  the  toner  adhesion  amount  QL  of  the  low 
density  portion  becomes  higher  than  the  target  value 
QLT. 

30  At  this  time,  renewal  amounts  are  selected  from 
the  tables  of  Figs.  29  and  16  so  as  to  slightly  increase 
the  contrast  voltage  and  increase  the  background 
voltage,  and  renewal  amounts  of  the  grid  bias  voltage 
VG  and  the  developing  bias  voltage  VD  are  calculat- 

35  ed  based  on  the  renewal  amounts  of  the  contrast  and 
background  voltages  (in  the  second  control  cycle). 

Thereafter,  test  patterns  are  formed  by  use  of  the 
bias  values  renewed  in  the  second  control  cycle,  and 
the  toner  adhesion  amounts  are  measured.  Since  the 

40  toner  adhesion  amounts  QH  and  QL  still  do  not  fall 
within  the  respective  predetermined  ranges  QHP  and 
QLP  (in  the  second  control  cycle),  bias  renewal  is 
again  repeated  (in  the  third  control  cycle).  As  a  result, 
the  toner  adhesion  amounts  QH  and  QLfall  within  the 

45  respective  predetermined  ranges  QHP  and  QLP, 
thereby  terminating  the  control.  In  this  case,  though 
the  maximum  control  cycle  number  is  set  to  five,  the 
steady-state  deviation  is  converged  in  the  third  con- 
trol  cycle  and  the  control  is  normally  terminated. 

so  Figs.  42  and  43  show  the  cases  in  which  the  high 
and  low  density  toner  adhesion  amounts  QH  and  QL 
are  higher  than  the  respective  target  values  QHT  and 
QLT  at  high  temperature  and  humidity.  In  Figs.  42  and 
43,  the  number  of  control  cycles  is  indicated  along 

55  each  axis  of  abscissa.  In  Fig.  42,  the  detected  toner 
adhesion  amounts  are  indicated  along  the  axis  of  or- 
dinate.  In  Fig.  43,  the  bias  values  are  indicated  along 
the  axis  of  ordinate. 
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In  this  case,  since  the  toner  adhesion  amounts 
QH  and  QL  obtained  by  use  of  initial  bias  values  are 
higher  than  the  respective  target  values  (in  the  0-th 
control  cycle),  the  grid  bias  voltage  VG  and  develop- 
ing  bias  voltage  VD  are  changed  by  reducing  the  con- 
trast  voltage  (in  the  first  control  cycle).  As  a  result,  QH 
and  QL  approach  the  respective  target  values  QHT 
and  QLT.  Thereafter,  the  background  voltage  is  main- 
ly  changed  and  the  contrast  voltage  is  slightly 
changed,  thereby  converging  these  voltages  to  val- 
ues  falling  within  the  predetermined  ranges,  respec- 
tively.  In  this  case,  four  control  cycles  are  necessary 
to  achieve  convergence. 

As  described  above,  parameter  renewal  amounts 
effective  to  the  high  and  low  density  portions  are  se- 
lected  individually  or  in  combination  from  tables  on 
the  basis  of  the  relation  between  the  high  and  low 
density  portion  differences,  and  the  parameters  are 
changed  by  the  renewal  amounts  by  changing  the  im- 
age-forming  conditions,  thereby  confirming  the  ef- 
fects  of  changing  and  repeating  the  control  when  at 
least  one  of  the  toner  adhesion  amounts  falls  outside 
its  predetermined  range.  Thus,  the  toner  adhesion 
amounts  are  converged  to  respective  target  values. 

Now,  control  terminating  conditions  will  be  ex- 
plained. 

There  are  several  control  terminating  conditions 
~  when  the  high  and  low  density  portion  differences 
fall  within  predetermined  control  ranges  stored  in  the 
memory  section  56  (normal  termination);  when  a  pre- 
determined  number  of  bias  changing  control  cycles, 
stored  in  the  memory  section  56,  have  been  complet- 
ed  (termination  after  a  maximum  number  of  control 
cycles);  when  calculation  results  of  the  bias  renewal 
values  have  reached  predetermined  values  stored  in 
the  memory  section  56  (termination  after  operation 
amount  limit);  and  when  the  outputs  of  the  toner  ad- 
hesion  measuring  unit  8  have  reached  predetermined 
values  stored  in  the  memory  section  56  (termination 
due  to  sensor  output  abnormality). 

Specifically,  when  the  high  and  low  density  por- 
tion  differences  fall  within  predetermined  control 
ranges  (normal  termination),  i.e.,  when  it  is  deter- 
mined  in  the  determination  step  that  the  high  and  low 
density  portion  differences  fall  within  target  control 
ranges,  the  apparatus  enters  the  waiting  state  with 
the  present  target  exposure  control  amount  and 
pulse-width  correction  data  kept  as  they  are.  That  is, 
the  control  is  normally  terminated  after  achieving  tar- 
get  values. 

When  bias  changing  control  has  been  performed 
a  predetermined  number  of  times  (termination  after  a 
maximum  number  of  control  cycles),  i.e.,  when  the 
control  is  not  normally  terminated,  the  program  pro- 
ceeds  to  the  bias  changing  step,  where  forming  of  test 
patterns,  and  detection  and  determination  of  the  to- 
ner  adhesion  amounts  are  repeated.  However,  if  the 
steady-state  deviations  do  not  fall  within  the  prede- 

termined  ranges  for  some  reason  though  they  are 
converged,  the  control  will  be  performed  endlessly. 

Further,  it  is  necessary  to  limit  a  maximum  time 
period  required  for  control.  Since  in  the  embodiment, 

5  renewal  amounts  of  parameters  as  operation 
amounts  are  determined  to  correspond  to  deviations 
from  target  values,  and  a  change  amount  of  "0"  is 
made  to  correspond  to  a  deviation  of  "0",  the  steady- 
state  deviation  theoretically  approaches  "0".  Actually, 

10  however,  it  is  possible  that  the  number  of  control  cy- 
cles  required  to  converge  the  deviation  increases  or 
decreases,  for  example,  where  the  effect  of  a  change 
in  operation  amount  on  the  gradation  characteristics 
varies  over  time. 

15  Thus,  it  is  very  effective  to  change  the  bias  val- 
ues  within  allowable  control  cycles  in  a  direction  in 
which  large  steady-state  deviations  are  reduced.  To 
this  end,  the  number  of  times  of  bias  changing  per- 
formed  during  the  control  is  counted  by  the  counter 

20  stored  in  the  memory  section  57,  and  the  state  of  the 
apparatus  enters  a  waiting  state,  with  the  grid  bias 
voltage  and  developing  bias  voltage  obtained  when  a 
predetermined  number  of  control  cycles  have 
elapsed,  maintained  as  they  are. 

25  When  the  calculated  bias  renewal  values  have 
reached  predetermined  values  (operation  amount 
limit),  as  regards  the  calculated  bias  voltage  and  tar- 
get  exposure  amount  and  the  actually-set  target  vol- 
tage,  output  voltages  corresponding  to  those  set  in 

30  the  D/A  converters  47  and  48  are  supplied  as  com- 
parison  voltage  signals  of  the  high  voltage  sources  35 
and  44  or  the  light  amount  control  circuit  74.  The  set 
values  to  the  D/Aconverters  47  and  48  and  the  output 
voltages  of  the  high  voltage  sources  35  and  44  are  ad- 

35  justed  beforehand  so  as  to  output  the  set  bias  values. 
However,  if  the  calculated  values  fall  outside  the 

output  ranges  of  the  high  voltage  sources  35  and  44, 
the  output  voltage  recognized  by  the  CPU  59  will  dif- 
fer  from  the  actual  output  voltage,  resulting  in  errone- 

40  ous  control. 
Further,  control  must  be  performed  within  a 

range  in  which  an  image  defect  or  contamination  of 
the  photosensitive  drum  2  will  not  occur.  Moreover, 
the  difference  between  the  grid  bias  voltage  and  de- 

45  veloping  bias  voltage  relates  to  the  background  vol- 
tage.  Excessively  increasing  the  background  voltage 
will  cause  adhesion  of  toner  charged  with  inverse 
electricity,  adhesion  of  carrier  in  the  case  of  two-com- 
ponent  development,  whereas  excessively  decreas- 

50  ing  the  same  will  increase  fog. 
To  avoid  the  above  disadvantages,  the  CPU  59 

sets  values  in  the  D/A  converters  47  and  48  when  the 
grid  bias  voltage  and  developing  bias  voltage  fall  with- 
in  ranges  each  defined  by  predetermined  lower  and 

55  upper  limits,  and  at  the  same  time  when  the  differ- 
ence  between  the  grid  bias  voltage  and  developing 
bias  voltage  falls  within  a  predetermined  range  (the 
lower  and  upper  limits  and  predetermined  range  are 

25 
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the  bias  condition  values  stored  in  the  memory  sec- 
tion  56).  If  these  conditions  are  not  satisfied,  renewal 
of  bias  values  of  the  D/A  converters  47  and  48  is  not 
performed,  with  the  result  that  the  control  is  termin- 
ated  with  the  present  grid  bias  voltage  and  develop-  5 
ing  voltage  maintained  as  they  are,  and  the  apparatus 
enters  a  waiting  state. 

In  this  embodiment,  the  above  predetermined 
values  are  experimentally  determined  as  follows: 

(Since  this  embodiment  employs  normal  de-  10 
velopment  using  toner  with  a  minus  charge,  the  bias 
voltage  has  a  minus  value.  The  following  values  are 
absolute  ones.)  The  upperand  lower  limits  of  the  grid 
bias  voltage  are  set  to  1000  V  or  less  and  250  V  or 
more,  respectively.  The  upper  and  lower  limits  of  the  15 
developing  bias  voltage  are  set  to  920  V  or  less  and 
1  70  V  or  more,  respectively.  The  difference  between 
the  grid  bias  voltage  and  developing  bias  voltage  is 
set  to  a  value  falling  within  a  range  of  400  to  80  V. 

When  the  outputs  of  the  toner  adhesion  measur-  20 
ing  unit  8  have  reached  predetermined  values  (sen- 
sor  output  abnormality  is  detected),  the  CPU  59  de- 
termines  whether  or  not  the  reflection  amounts  of 
high  and  low  density  test  patterns  and  the  reflection 
amount  of  the  portion  of  the  drum  2  other  than  the  25 
high  and  low  density  test  patterns,  which  are  supplied 
from  the  A/D  converter  46,  fall  within  an  abnormality 
range  of  the  toner  adhesion  amount  measuring  unit  8 
stored  in  the  memory  section  56. 

At  this  time,  detection  accuracy  may  be  degraded  30 
and  the  control  system  be  erroneously  operated,  due 
to  a  defect  in  the  power  source,  deterioration  of  the 
light  source  51,  contamination  of  light- 
emission/receiving  paths,  a  defect  in  the  light- 
receiving  circuit  or  between  the  sensor/signal-receiv-  35 
ing  circuits,  flaws  on  the  drum  2,  a  change  in  the  re- 
flectance  of  filming,  etc.,  or  deterioration  of  the  test 
pattern-forming  unit. 

To  prevent  the  above,  predetermined  lower  and 
upper  limits  are  provided  for  each  of  the  outputs  indi-  40 
eating  the  reflection  amounts  of  high  and  low  density 
test  patterns  and  the  reflection  amount  of  the  portion 
of  the  drum  2  other  than  the  high  and  low  density  test 
patterns.  If  any  one  of  the  outputs  falls  outside  its  pre- 
determined  range,  further  calculation/determination  45 
is  not  performed,  thereby  setting  a  sensor  abnormal- 
ity  flag  so  as  to  display  on  t  he  operation  panel  t  hat  t  he 
toner  adhesion  amount  measuring  unit  8  is  abnormal. 
Then,  the  apparatus  enters  a  waiting  state,  with  the 
data  items,  assumed  before  abnormality  occurs  in  50 
the  unit  8,  maintained  as  they  are. 

The  sensor  abnormality  flag  stored  in  the  mem- 
ory  section  57  is  reset  by  initial  processing  when  the 
apparatus  is  turned  on.  It  can  be  reset  by  a  reset  com- 
mand  manually  supplied  from  the  operation  panel  at  55 
the  time  of  maintenance  of  the  apparatus. 

When  the  flag  is  set,  no  control  is  performed. 
In  Fig.  39,  from  the  results  of  detection  sequence, 

amounts  relating  to  the  optical  reflectances  of  two 
test  patterns  with  reference  to  the  reflectance  of  the 
photosensitive  drum  2  are  defined  as  toner  adhesion 
amounts.  Specifically,  that  one  of  the  toner  adhesion 
amounts  which  corresponds  to  the  low  density  por- 
tion  is  defined  as  a  low  density  portion  toner  adhesion 
amount,  and  the  other  toner  adhesion  amount  which 
corresponds  to  the  high  density  portion  is  defined  as 
a  high  density  portion  toner  adhesion  amount.  Then, 
high  and  low  density  portion  differences  are  calculat- 
ed  based  on  the  high  and  low  density  portion  toner 
adhesion  amounts  and  target  values,  respectively.  A 
change  in  the  development  characteristics  (gradation 
characteristics)  is  determined  from  the  high  and  low 
density  portion  differences. 

If  both  the  differences  fall  within  predetermined 
ranges,  respectively,  control  is  terminated  without 
performing  bias  renewal  operation.  If,  on  the  other 
hand,  any  one  of  the  differences  falls  within  its  pre- 
determined  range,  a  renewal  amount  of  the  potential 
relation,  indicating  the  relation  between  the  exposed- 
portion  potential,  unexposed-portion  potential,  and 
developing  bias  voltage,  is  estimated  on  the  basis  of 
the  determined  development  characteristics  in  the 
step  S51  ,  so  as  to  reduce  the  differences. 

This  estimation  consists  of  two  steps  ~  one  for 
determining  a  renewal  amount  of  the  relation  be- 
tween  the  exposed-  portion  potential  and  the  devel- 
oping  voltage,  i.e.,  a  renewal  amount  of  the  contrast 
voltage,  on  the  basis  of  the  relation  between  the  high 
and  low  density  portion  differences;  the  other  for  de- 
termining  a  renewal  amount  of  the  relation  between 
the  unexposed-portion  potential  and  the  developing 
voltage,  i.e.,  a  renewal  amount  of  the  background  vol- 
tage,  on  the  basis  of  the  relation  between  the  high 
and  low  density  portion  differences. 

Moreover,  as  described  above,  since  the  back- 
ground  and  developing  voltages  are  changed,  the 
gradation  characteristics  of  a  broad  area  from  the 
high  density  area  to  the  low  density  area  can  be  si- 
multaneously  corrected. 

Since  the  development  characteristics  are  main- 
tained  at  appropriate  values,  not  only  the  gradation 
but  also  the  width  of  a  thin  line  forming  e.g.  a  char- 
acter  can  be  kept  as  clearly  as  in  the  initial  state. 

In  addition,  since  the  renewal  amount  is  deter- 
mined  from  the  deviation  of  the  adhesion  amount, 
and  this  operation  is  repeated,  the  converged  value 
can  be  prevented  from  deviating  from  a  target  value 
with  lapse  of  time. 

Furthermore,  using  the  surface  potential  charac- 
teristics  of  the  photosensitive  drum  can  easily  deter- 
mine  the  grid  bias  voltage  and  developing  bias  vol- 
tage  for  realizing  the  estimated  contrast  and  back- 
ground  voltages,  thereby  reducing  the  number  of  con- 
trol  cycles. 

As  explained  above,  in  the  invention,  the  follow- 
ing  operations  are  performed:  The  amounts  of  devel- 
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oper  adhered  to  high  and  low  density  test  patterns  are 
measured,  respectively,  thereby  calculating  the  dif- 
ference  of  each  of  the  developer  amounts  and  a  pre- 
determined  target  value.  If  each  of  the  differences 
does  not  fall  within  a  predetermined  range,  first  and 
second  renewal  data  items  are  calculated.  The  first 
renewal  data  item  relates  to  exposure  conditions  of 
exposure  means  and  a  bias  voltage  applied  to  devel- 
oping  means,  or  to  the  exposure  amount  of  the  expos- 
ure  means  and  bias  voltages  applied  to  charger 
means  and  developing  means,  or  to  bias  voltages  ap- 
plied  to  the  charger  means  and  developing  means 
and  the  emission  period  of  the  exposure  means,  or  to 
the  light  renewal  amount.  The  second  renewal  data 
item  relates  to  emission  period  correction  renewal. 
Target  exposure  amount  data  and  emission  period 
correction  data  are  calculated  by  use  of  the  first  and 
second  renewal  data  items,  respectively,  thereby 
changing  image  forming  conditions  such  as  the  ex- 
posure  amount  and  emission  period  of  the  exposure 
means. 

In  the  invention,  combination  of  any  pair  of  the 
operations  of  changing  the  potential  relationship  by 
bias  value  renewal,  changing  the  exposure  amount, 
and  changing  the  exposure  amount  and  the  pulse- 
width  correction  characteristics  can  minimize  bias  re- 
newal  amounts,  prevent  an  image  defect  of  fog  from 
occurring  as  a  result  of  changing  the  image  forming 
conditions,  and  maintain  the  gradation  characteristics 
at  appropriate  values  from  the  high  density  area  to 
the  low  density  area.  Moreover,  since  renewal 
amounts  are  calculated  on  the  basis  of  set  values  de- 
tected  at  the  time  of  measurement,  the  steady-state 
deviation  can  be  minimized  by  repeating  the  control. 

Accordingly,  image  quality  can  be  maintained 
free  from  an  image  defect  and  identical  to  the  initial 
quality,  and  variation  in  image  density  due  to  changes 
in  ambient  conditions  with  lapse  of  time  can  be  mini- 
mized  without  maintenance  work  in  a  cycle  shorter 
than  a  maintenance  cycle,  thereby  highly  stabilizing 
the  image  density.  In  addition,  the  apparatus  can  be 
maintained  at  low  costs  (labor  cost,  exchanged-com- 
ponent  cost,  etc.). 

Claims 

1.  An  image  forming  apparatus  characterized  by 
comprising: 

means  (3,  13,  14)  for  forming  an  image  on 
an  image  carrier,  said  image  corresponding  to  a 
high  density  image  and  a  low  density  image  to  be 
formed  with  a  developing  agent  including  toner 
under  a  predetermined  image  forming  condition; 

means  (8)  for  detecting  the  amounts  of  to- 
ner  attached  to  the  image  on  the  image  carrier 
corresponding  to  the  high  density  image  and  the 
low  density  image,  respectively; 

means  (45)  for  calculating  a  first  differ- 
ence  value  between  the  amount  of  toner  corre- 
sponding  to  the  high  density  image  detected  by 
said  detecting  means  and  a  first  predetermined 

5  reference  value,  and  a  second  difference  value 
between  the  amount  of  toner  corresponding  to 
the  low  density  image  detected  by  said  detecting 
means  and  a  second  predetermined  reference 
value;  and 

10  means  (45)  for  setting  said  image  forming 
condition  in  accordance  with  said  first  and  sec- 
ond  difference  values  calculated  by  said  calculat- 
ing  means  so  as  to  stabilize  image  density 
changes  of  the  image  formed  on  said  image  car- 

is  rier. 

2.  The  apparatus  according  to  claim  1  ,  character- 
ized  in  that  said  setting  means  (45)  includes: 

means  (57)  for  storing  a  plurality  of  image 
20  forming  conditions  of  said  forming  means; 

means  (59)  for  extracting  one  of  said  stor- 
ed  image  forming  conditions  in  accordance  with 
said  first  and  second  difference  values  calculated 
by  said  calculating  means;  and 

25  means  (59)  for  changing  said  image  form- 
ing  condition  in  accordance  with  said  extracted 
image  forming  condition. 

3.  The  apparatus  according  to  claim  1  ,  character- 
30  ized  in  that  said  forming  means  (3,  13,  14)  in- 

cludes: 
means  (3)  for  charging  said  image  carrier; 
means  (13)  for  exposing  a  light  beam  on 

said  image  carrier  so  as  to  form  a  latent  image  on 
35  said  image  carrier;  and 

means  (4)  for  developing  the  latent  image 
formed  on  said  image  carrier. 

4.  The  apparatus  according  to  claim  3,  further  char- 
40  acterized  by  comprising: 

first  applying  means  (33)  for  applying  a 
charging  bias  voltage  to  said  charging  means; 
and 

second  applying  means  (43)  for  applying  a 
45  developing  bias  voltage  to  said  developing 

means. 

5.  The  apparatus  according  to  claim  4,  character- 
ized  in  that  said  setting  means  (45)  includes: 

so  means  (35)  for  changing  the  charging  bias 
voltage  applied  by  said  first  applying  means  and 
the  developing  bias  voltage  applied  by  said  sec- 
ond  applying  means. 

55  6.  An  image  forming  apparatus  characterized  by 
comprising: 

means  (3,  1  3)  forforming  a  latent  image  on 
an  image  carrier  under  a  predetermined  expos- 
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ure  conditions  including  light  emission  intensity 
and  light  emission  time  width  being  changed,  said 
latent  image  corresponding  to  high  and  low  den- 
sity  image  data  to  be  formed; 

means  (4)  for  developing  the  latent  image  5 
formed  by  said  exposure  means  with  a  develop- 
ing  agent  including  toner  under  a  predetermined 
image  forming  condition; 

means  (43)  for  applying  a  developing  bias 
voltage  to  said  developing  means;  10 

means  (8)  for  detecting  the  amounts  of  the 
toner  attached  to  the  image  carrier  and  corre- 
sponding  to  the  high  and  low  density  images; 

first  calculation  means  (45)  for  calculating 
difference  values  between  those  amounts  of  the  15 
toner  corresponding  to  the  high  and  low  density 
images  detected  by  said  detecting  means  and 
preset  target  values,  respectively; 

second  calculation  means  (45)  for  calcu- 
lating  first  renewal  amount  data  relating  to  a  re-  20 
newal  amount  of  a  contrast  potential  correspond- 
ing  to  a  difference  between  the  developing  bias 
voltage  applied  by  said  applying  means  and  a  po- 
tential  of  an  exposed  portion  of  the  image  carrier 
and  second  renewal  amount  data  relating  to  a  re-  25 
newal  amount  of  a  background  potential  which  is 
a  difference  between  the  developing  bias  voltage 
applied  by  said  applying  means  and  an  unex- 
posed-portion  potential  of  the  image  carrier  in  ac- 
cordance  with  the  first  and  second  difference  val-  30 
ues  calculated  by  said  calculating  means,  when 
the  first  and  second  difference  values  fall  outside 
the  predetermined  ranges;  and 

control  means  (45)  for  setting  exposure 
conditions  of  said  forming  means  in  accordance  35 
with  the  first  renewal  amount  data  calculated  by 
said  second  calculating  means,  the  developing 
bias  voltage  applied  by  said  applying  means  be- 
ing  applied  in  accordance  with  the  second  renew- 
al  amount  data  calculated  by  said  second  calcu-  40 
lating  means. 

7.  An  image  forming  apparatus  characterized  by 
comprising: 

means  (3)  for  charging  an  image  carrier;  45 
first  applying  means  for  applying  a  charg- 

ing  bias  voltage  to  said  charging  means; 
exposure  means  (13)  for  forming  a  latent 

image  corresponding  to  a  high  density  image  and 
a  low  density  image  on  the  basis  of  image  data  50 
on  the  image  carrier  charged  by  said  charging 
means,  said  exposure  means  being  able  to 
change  an  exposure  amount  in  accordance  with 
target  exposure  amount  data; 

means  (4)  for  developing  the  latent  image  55 
formed  by  said  exposure  means  with  a  develop- 
ing  agent  including  toner  under  a  predetermined 
image  forming  condition; 

means  (43,  44)  for  applying  a  developing 
bias  voltage  to  said  developing  means; 

means  (8)  for  detecting  the  amounts  of  to- 
ner  attached  to  the  image  carrier  and  corre- 
sponding  to  the  high  density  image  and  the  low 
density  image,  respectively; 

first  calculation  means  (45)  for  calculating 
difference  values  between  those  amounts  of  the 
toner  corresponding  to  the  high  and  low  density 
images  detected  by  said  detecting  means  and 
preset  target  values,  respectively; 

second  calculation  means  (45)  for  calcu- 
lating  first  renewal  amount  data  relating  to  a  re- 
newal  amount  of  the  exposure  amount  of  the  ex- 
posure  means,  and  second  renewal  amount  data 
relating  to  a  renewal  amount  of  a  background  po- 
tential  which  is  a  difference  between  the  devel- 
oping  bias  voltage  applied  by  said  applying 
means  and  an  unexposed-portion  potential  of  the 
image  carrier  in  accordance  with  the  first  and 
second  difference  values  calculated  by  said  first 
calculating  means  when  the  difference  values  fall 
outside  the  predetermined  ranges; 

first  control  means  (45)  for  setting  a  target 
exposure  amount  data  in  accordance  with  the 
first  renewal  amount  data  calculated  by  said  sec- 
ond  calculating  means;  and 

second  control  means  (45)  for  setting  the 
charging  bias  voltage  applied  by  said  first  apply- 
ing  means  and  the  developing  bias  voltage  ap- 
plied  by  said  second  applying  means  on  the  basis 
of  the  second  renewal  amount  data  and  a  sur- 
face-potential  characteristics  of  the  image  carri- 
er. 

8.  An  image  forming  apparatus  characterized  by 
comprising: 

charging  means  (3)  for  charging  an  image 
carrier; 

exposure  means  (13)  for  forming  a  latent 
image  corresponding  to  a  high  density  image  and 
a  low  density  image  on  the  basis  of  image  data 
on  the  image  carrier  charged  by  said  charging 
means; 

means  (4)  for  developing  the  latent  image 
formed  by  said  exposure  means  with  a  develop- 
ing  agent  including  toner  under  a  predetermined 
image  forming  condition; 

means  (43)  for  applying  a  developing  bias 
voltage  to  said  developing  means; 

means  (8)  for  detecting  the  amounts  of  to- 
ner  attached  to  the  image  carrier  and  corre- 
sponding  to  the  high  density  image  and  the  low 
density  image,  respectively; 

means  (37,  45)  for  setting  light-emission 
width  data  in  accordance  with  a  time  period  for 
which  light  is  radiated  corresponding  to  gradation 
data  per  unit  pixel  of  said  image  data  to  be 
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formed; 
means  (72)  for  performing  modulation 

control  of  the  unit-pixel  pulse  width  of  light  emit- 
ted  from  said  exposure  means  in  accordance  with 
the  light-emission  period  data  set  by  said  setting  5 
means; 

first  calculation  means  (45)  for  calculating 
difference  values  between  those  amounts  of  the 
tonerattached  to  the  high  and  low  density  images 
detected  by  said  detecting  means  and  preset  tar-  10 
get  values,  respectively; 

second  calculation  means  (45)  for  calcu- 
lating  first  renewal  amount  data  relating  to  renew- 
al  of  a  contrast  potential  corresponding  to  a  dif- 
ference  between  the  developing  bias  voltage  ap-  15 
plied  by  said  applying  means  and  potential  of  an 
exposed  portion  of  the  image  carrier  and  second 
renewal  amount  data  relating  to  light-emission 
time  width  renewal  in  accordance  with  the  first 
and  second  difference  values  calculated  by  said  20 
first  calculating  means,  when  the  first  and  sec- 
ond  difference  values  fall  outside  the  predeter- 
mined  ranges;  and 

first  control  means  (45)  for  setting  a  charg- 
ing  bias  voltage  applied  to  the  charging  means  25 
and  a  developing  bias  voltage  applied  to  the  de- 
veloping  means  in  accordance  with  the  first  re- 
newal  amount  data  obtained  by  said  second  cal- 
culating  means  and  surface  potential  character- 
istics  of  the  image  carrier;  and  30 

second  control  means  (45)  for  setting  and 
a  light  emission  period  correction  data  according 
to  the  second  renewal  amount  data. 

9.  An  image  forming  apparatus  characterized  by  35 
comprising: 

exposure  means  (13)  for  forming  a  latent 
image  corresponding  to  a  high  density  image  and 
a  low  density  image  on  the  basis  of  image  data 
to  be  formed  on  an  image  carrier,  said  exposure  40 
means  being  capable  of  changing  an  exposure 
amount  on  the  basis  of  target  light  amount  data; 

means  (4)  for  developing  the  latent  image 
formed  by  said  exposure  means  with  a  develop- 
ing  agent  including  toner  under  a  predetermined  45 
image  forming  condition; 

means  (43)  for  applying  a  developing  bias 
voltage  to  said  developing  means; 

means  (8)  for  detecting  amounts  of  toner 
attached  to  the  image  carrier  corresponding  to  50 
the  high  density  image  and  the  low  density  im- 
age,  respectively; 

means  (37)  for  setting  light-emission  width 
data  in  accordance  with  a  time  period  for  which 
light  is  radiated  corresponding  to  gradation  data  55 
per  unit  pixel  of  said  image  data  to  be  formed; 

means  (37)  for  performing  modulation 
control  of  the  unit-pixel  pulse  width  of  light  emit- 

ted  from  said  exposure  means  on  the  basis  of  the 
light-emission  period  data  set  by  said  setting 
means; 

first  calculation  means  (45)  for  calculating 
difference  values  between  those  amounts  of  the 
toner  corresponding  to  the  high  and  low  density 
images  detected  by  said  detecting  means  and 
preset  target  values,  respectively; 

second  calculation  means  (45)  for  calcu- 
lating  first  renewal  amount  data  relating  to  light 
renewal  amount  and  second  renewal  amount 
data  relating  to  light-emission  period  correction 
renewal; 

first  control  means  (45)  for  setting  target 
light  amount  data  on  the  basis  of  the  first  renewal 
amount  data  calculated  by  said  second  calculat- 
ing  means;  and 

second  control  means  (45)  for  setting  light- 
emission  period  correction  data  based  on  the 
second  renewal  amount  data. 

10.  An  image  forming  apparatus  characterized  by 
comprising: 

means  (38)  for  generating  high  and  low 
density  test  pattern  data; 

means  (3,  1  3)  forforming  a  latent  image  on 
an  image  carrier  corresponding  to  the  high  and 
low  density  test  pattern  data,  said  forming  means 
being  capable  of  changing  an  exposure  amount 
on  the  basis  of  target  exposure  amount  data; 

means  (4)  for  developing  the  latent  image 
corresponding  to  the  high  and  low  density  test 
pattern  data  formed  by  said  forming  means  with 
a  developing  agent  including  toner  undera  prede- 
termined  image  forming  condition; 

means  (8)  for  detecting  amounts  of  the  to- 
ner  attached  to  the  image  carrier  corresponding 
to  the  latent  image  of  the  high  and  low  density 
test  pattern  data  developed  by  the  developing 
means  on  the  image  carrier,  respectively; 

means  (37)  for  setting  a  light-emission 
width  data  in  accordance  with  a  time  period  for 
which  light  is  radiated  in  accordance  with  grada- 
tion  data  per  unit  pixel  of  said  image  data  to  be 
formed; 

means  (37)  for  performing  modulation 
control  of  the  unit-pixel  pulse  width  of  light  emit- 
ted  from  said  forming  means  on  the  basis  of  the 
light-emission  period  data  set  by  said  setting 
means; 

first  calculation  means  (45)  for  calculating 
difference  values  between  those  amounts  of  the 
toner  corresponding  to  the  high  and  low  density 
images  detected  by  said  detecting  means  and 
preset  target  values,  respectively; 

second  calculation  means  (45)  for  calcu- 
lating  first  renewal  amount  data  relating  to  light 
renewal  amount,  and  second  renewal  amount 
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data  relating  to  light-emission  period  correction 
renewal  in  accordance  with  the  first  and  second 
difference  values  calculated  by  said  first  calculat- 
ing  means  when  the  first  and  second  difference 
values  fall  outside  the  predetermined  ranges;  5 

first  control  means  (45)  for  setting  target 
light  amount  data  on  the  basis  of  the  first  renewal 
amount  data  calculated  by  said  second  calcula- 
tion  means;  and 

second  control  means  (45)  for  setting  the  10 
light-emission  period  correction  data  based  on 
the  second  renewal  amount  data. 

11.  An  image  forming  apparatus  characterized  by 
comprising:  15 

means  (3,  13)  for  forming  an  image  on  an 
image  carrier,  said  forming  means  including 
charging  means  (3)  for  charging  said  image  car- 
rier,  first  applying  means  (33)  for  applying  a 
charging  bias  voltage  to  said  first  applying  20 
means,  generation  means  (38)  for  generating 
high  density  test  pattern  data  and  a  low  density 
test  pattern  data  and  means  (13)  for  exposing  a 
light  on  said  charged  image  carrier  to  form  the  la- 
tent  image  on  the  basis  of  the  high  and  low  den-  25 
sity  test  patterns  data  on  said  image  carrier; 

means  (4)  for  developing  the  latent  image 
formed  by  said  forming  means  with  a  developing 
agent  including  toner  under  a  predetermined  im- 
age  forming  condition;  30 

second  applying  means  (43)  for  applying  a 
developing  bias  voltage  to  said  developing 
means; 

means  (57)  for  holding  a  contrast  voltage 
determined  based  on  an  exposed-  portion  poten-  35 
tial  and  the  developing  bias  voltage  and  a  back- 
ground  voltage  determined  based  on  an  unex- 
posed-portion  potential  and  the  developing  bias 
voltage,  the  contrast  voltage  and  background  vol- 
tage  being  determined  at  the  time  of  forming,  on  40 
the  image  carrier,  the  electrostatic  latent  images 
corresponding  to  the  test  pattern  data; 

means  (8)  for  detecting  amounts  of  the  to- 
ner  attached  to  the  image  carrier  corresponding 
to  a  high  density  test  pattern  and  a  low  density  45 
test  pattern  developed  by  the  developing  means 
on  the  image  carrier,  respectively; 

setting  means  (45)  for  setting  first  and  sec- 
ond  toner  amount  target  values  corresponding  to 
the  high  and  low  density  test  patterns;  50 

first  calculation  means  (45)  for  calculating 
a  first  difference  value  between  the  amount  of 
the  toner  corresponding  to  the  high  density  test 
pattern  detected  by  said  detecting  means  and  the 
corresponding  first  target  value  set  by  the  setting  55 
means,  and  a  second  difference  value  between 
the  amount  of  the  toner  corresponding  to  the  low 
density  test  pattern  detected  by  said  detecting 

means  and  the  second  target  value  set  by  said 
setting  means; 

means  (45)  for  determining  whether  or  not 
the  differences  fall  within  predetermined  ranges, 
respectively; 

means  (57)  for  storing  those  renewal 
amounts  of  the  contrast  voltage  and  the  back- 
ground  voltage,  which  correspond  to  the  differ- 
ences,  respectively; 

means  (59)  for  extracting  those  renewal 
amounts  of  the  contrast  voltage  and  the  back- 
ground  voltage,  which  correspond  to  the  differ- 
ences,  when  the  determination  means  determi- 
nes  that  the  differences  fall  outside  the  predeter- 
mined  ranges; 

second  calculation  means  (59)  for  calcu- 
lating  a  charging  bias  voltage  and  a  developing 
bias  voltage  corresponding  to  the  renewal 
amounts  of  the  contrast  voltage  and  the  back- 
ground  voltage;  and 

renewal  means  (59)  for  renewing  the 
charging  bias  voltage  and  developing  bias  vol- 
tage  applied  by  the  first  and  second  applying 
means,  by  use  of  the  charging  bias  voltage  and 
the  developing  bias  voltage  calculated  by  said 
second  calculation  means,  the  contrast  voltage 
and  background  voltage  stored  in  the  holding 
means  at  the  time  of  forming  the  test  patterns, 
and  prestored  surface  potential  characteristics. 

12.  The  apparatus  according  to  claim  11,  character- 
ized  in  that  said  detecting  means  (8)  includes: 

means  (52)  for  detecting  amounts  of  light 
reflected  from  the  high  and  low  density  images 
and  the  image  carrier,  respectively. 

13.  The  apparatus  according  to  claim  11,  character- 
ized  in  that  said  extracting  means  (59)  includes: 

means  (59)  for  extracting  renewal 
amounts  of  the  contrast  voltage  and  the  back- 
ground  voltage,  respectively,  on  the  basis  of  re- 
lations  between  the  difference  values  with  re- 
spect  to  the  high  and  low  density  test  patterns. 

14.  The  apparatus  according  to  claim  11,  character- 
ized  in  that  said  renewal  means  (59)  includes: 

means  (57,  59)  for  renewing  the  develop- 
ing  bias  voltage  a  predetermined  time  width  after 
the  charging  bias  voltage  is  renewed. 

15.  The  apparatus  according  to  claim  11,  character- 
ized  in  that  said  renewal  means  (59)  includes: 

means  (59)  for  repeating  renewal  of  the 
charging  bias  voltage  and  the  developing  bias 
voltage;  and 

means  (58)  for  changing  a  renewal  timing 
of  the  charging  bias  voltage  and  the  developing 
bias  voltage  in  response  to  those  renewal  man- 
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ner. 

16.  An  image  forming  apparatus  characterized  by 
comprising: 

means  (3,  13)  for  forming  an  image  on  an  5 
image  carrier,  said  image  corresponding  to  a  high 
density  image  and  a  low  density  image  to  be 
formed  with  a  developing  agent  including  toner 
under  first  and  second  image  forming  conditions; 

means  (8)  for  detecting  the  amounts  of  to-  10 
ner  attached  to  the  latent  images  on  the  image 
carrier  corresponding  to  the  high  density  image 
and  the  low  density  image,  respectively; 

means  (45)  for  calculating  a  first  differ- 
ence  value  between  the  amount  of  toner  corre-  15 
sponding  to  the  high  density  image  detected  by 
said  detecting  means  and  a  first  predetermined 
reference  value,  and  a  second  difference  value 
between  the  amount  of  toner  corresponding  to 
the  low  density  image  detected  by  said  detecting  20 
means  and  a  second  predetermined  reference 
value; 

first  extraction  means  (45)  for  extracting  a 
first  image  forming  condition  changing  value  in 
accordance  with  the  first  and  second  difference  25 
values; 

second  extraction  means  (45)  for  extract- 
ing  a  second  image  forming  condition  changing 
value  in  accordance  with  the  first  and  second  dif- 
ference  values;  30 

first  control  means  (45)  for  setting  said  first 
image  forming  condition  in  accordance  with  the 
first  and  second  image  forming  condition  chang- 
ing  values;  and 

second  control  means  (45)  for  setting  said  35 
second  image  forming  condition  in  accordance 
with  the  first  and  second  image  forming  condition 
changing  values. 

17.  An  image  forming  method  characterized  by  com-  40 
prising  the  steps  of: 

charging  an  image  carrier  by  use  of  a 
charging  electrode; 

generating  high  and  low  density  test  pat- 
terns  data;  45 

forming  latent  images  on  the  charged  im- 
age  carrier  on  the  basis  of  the  high  and  low  test 
patterns  data; 

developing  the  latent  images  on  the  image 
carrier;  50 

detecting  attached  amounts  of  a  toner  cor- 
responding  to  the  developed  high  and  low  test 
patterns; 

calculating  high  and  low  density  image  dif- 
ference  values  between  the  amounts  of  toner  55 
corresponding  to  the  high  and  low  density  im- 
ages  and  target  values,  respectively; 

determining  whether  or  not  the  high  and 

low  density  portion  difference  fall  within  prede- 
termined  ranges,  respectively; 

setting  those  renewal  amounts  of  a  con- 
trast  voltage  and  a  background  voltage  which 
correspond  to  the  high  and  low  density  image  dif- 
ference  values,  respectively,  when  at  least  one  of 
the  high  and  low  density  image  difference  values 
falls  outside  its  predetermined  range; 

calculating  a  charging  bias  voltage  and  a 
developing  bias  voltage  corresponding  to  the  set 
renewal  amounts  of  the  contrast  voltage  and  the 
background  voltage;  and 

renewing  the  charging  bias  voltage  and 
the  developing  bias  voltage  in  accordance  with 
the  calculated  charging  bias  voltage  and  devel- 
oping  bias  voltage. 

18.  An  image  forming  method  characterized  by  com- 
prising  the  steps  of: 

detecting  amounts  of  an  attached  toner 
corresponding  to  high  and  low  density  test  pat- 
terns,  respectively; 

calculating  a  difference  value  between  the 
amounts  of  toner  and  preset  target  values;  and 

setting,  on  the  basis  of  the  relation  be- 
tween  the  calculated  difference  values,  any  one 
of  the  image  forming  condition  combinations  of 
the  exposure  conditions  of  exposure  means  and 
the  developing  bias  voltage  of  developing  means, 
of  the  exposure  amount  of  the  exposure  means 
and  the  bias  voltages  of  charger  means  and  the 
developing  means,  and  of  the  bias  voltages  of  the 
charger  means  and  the  developing  means  and 
the  light  emission  period  of  the  exposure  means. 

19.  An  image  forming  method  characterized  by  com- 
prising  the  steps  of: 

forming  on  an  image  carrier  latent  images 
corresponding  to  a  high  density  image  and  a  low 
density  image  to  be  formed; 

developing  the  latent  images  by  use  of  a 
toner; 

detecting  the  amounts  of  the  toner  attach- 
ed  to  the  latent  images  on  the  image  carrier  cor- 
responding  to  the  high  density  image  and  the  low 
density  image,  respectively; 

calculating  a  first  difference  value  be- 
tween  the  detected  toner  amount  corresponding 
to  the  high  density  image  and  a  first  predeter- 
mined  reference  value,  and  a  second  difference 
value  between  the  detected  toner  amount  corre- 
sponding  to  the  low  density  image  and  a  second 
predetermined  reference  value; 

extracting  a  first  image  forming  condition 
changing  value  in  accordance  with  the  first  and 
second  difference  values; 

extracting  a  second  image  forming  condi- 
tion  changing  value  in  accordance  with  the  first 
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and  second  difference  values; 
setting  a  first  image  forming  condition  in 

accordance  with  the  first  and  second  image 
forming  condition  changing  values;  and 

setting  a  second  image  forming  condition 
in  accordance  with  the  first  and  second  image 
forming  condition  changing  values. 
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