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(sJ)  Copying  apparatus. 

A  copying  apparatus  and  image  processing  method.  For 
a  first  COPY  mode,  a  light/lens  (15,16)  is  used  to  expose 
originals  (13)  at  a  viewing  station  or  platen  (12)  and  produce 
latent  electrostatic  images  thereof  on  a  photoconductive  sur- 
face  (19).  The  electrostatic  images  are  developed  and  trans- 
ferred  to  a  copy  substrate  material  (28)  as  in  conventional 
xerographic  systems.  For  a second  WRITE  mode,  a  flying  spot 
beam  (61)  writes images  on  the  photoconductive  surface  at  a 
location  upstream  of the  developer (22) in  response  to  image 
signals  input  thereto.  For  a  third  READ  mode,  the  beam  is 
impinged  on the  photoconductive  surface  downstream  of the 
developer  and  scans  across  images  developed  on  the  photo- 
conductive  surface.  The  reflected  light is  collected  (100)  and 
converted  (108,  108')  to  image  signals  representative  of  the 
image  scanned. In  another  embodiment, the  beam  impinges 
on  the  photoreceptor  at  a  single  location  upstream  of  the 
developer  for  both  WRITE  and  READ  modes. 



This  invention  relates  to  a  copying  apparatus  having  a 

photoreceptor ,   means  to  charge  said  photoreceptor  in  preparation  for  imaging, 

exposure  means  for  exposing  the  charged  photoreceptor  to  produce  la ten t  

e lec t ros ta t i c   images,  developing  means  for  developing  the  images,  t r ans fe r  

means  for  transferring  the  developed  images  to  copy  substrate  material,  a 

copying  apparatus  and  an  image  processing  method,  and  more  particularly  to  a 

multiple  mode  copying  apparatus  and  image  processing  me thod .  

Incorporation  of  a  laser  raster  output  scanner,  termed  a  ROS 

herein,  into  a  xerographic  type  copying  apparatus  to  achieve  dual  funct ion 

capabili ty,   namely,  copying  and  raster  printing  from  e lect ronical ly   encoded 

data,  is  disclosed  by  U.  S.  Patent   No.  4,046,471.  Extension  of  this  dual 

function  concept  to  a  triple  function  device  by  addition  of  apparatus  to 

e lec t ronica l ly   read  original  documents  is  also  known.  A  description  to  a 

device  of  this  type  is  found  in  IBM  Technical  Disclosure  Bulletin,  pages 
3259-3260  (March  1973)  entitled  "Triple  Function  Box".  In  the  device 

depicted  therein,  the  electronic  reading  function  is  per formed  by  a  ras te r  

inpu  scanner,   termed  RIS  herein,  which  scans  the  original  document  with  a 

sca nning  laser  beam.  In  the  described  device,  both  the  ROS  and  RIS 

functions  a l ternate ly   share  the  same  laser  scanning  subassembly  on  a 

demand  basis .  

Scanning  of  an  original  document  with  a  laser  beam  has, 

however,   certain-  disadvantages  associa ted   with  it.  One  principal  disad- 

vantage  is  operator  safety.  As  is  understood,  great  care  must  be  taken  in 

handling  lasers  to  prevent  exposure  of  the  user's  eyes  to  the  laser  beam.  In 

the  a foredescr ibed   system,  the  laser  beam  must  be  brought  to  the  document  

viewing  station  or  platen  which  is  usually  at  or  closely  adjacent  to  the  spot 

where  the  machine  operator  stands.  Further,   since  the  laser  beam  must 

either  scan  the  platen  or  the  document   itself  must  be  moved,  some  type  of 

two-dimens ional   scanning  motion  must  be  provided  for  the  laser  beam.  

Also,  direct  scanning  of  an  original  document  with  a  mono- 

chromat ic   light  introduces  problems  in  color  copyability.  For  example,  if  a 

red  laser  is  used  as  the  light  source,  the  scanning  system  when  scanning  an 

original  document  directly  is  'red  blind'  lending  to  a  failure  to  reproduce 

those  portions  of  the  image  on  the  original  document  that  are  in  red. 

Further ,   since  original  documents  are  normally  paper,  diverse  light 



re f lec t ions   occur  requiring  that  the  light  collection  optics  ei ther  substend  a 

large  solid  angle  or  employ  highly  sensi t ive  d e t e c t o r s .  

The  invention  as  claimed  is  intended  to  provide  a  remedy.  The 

invention  provides  a  copying  apparatus  which  is  character ised   by  combined  

image  wr i te / read   means  selectively  operable  to  expose  the  photoreceptor   in 

accordance  with  image  signals  input  thereto  to  produce  the  l a t e n t  

e lec t ros ta t i c   images  on  the  photoreceptor   for  development  by  the  developing 

means,  or  to  scan  images  developed  on  the  photoreceptor   to  provide  image  

signals  representa t ive   of  the  image  developed  on  the  p h o t o r e c e p t o r .  

A  copying  apparatus  in  accordance  with  the  invention  will  now  be 

described,  by  way  of  example,  with  reference  to  the  accompanying  drawings,  

in  which:-  

Figure  1  is  a  schemat ic   view  showing  an  exemplary  apparatus   for  

carrying  out  multiple  funct ion  image  processing  in  accordance   with  t h e  

teachings   of  the  present   inven t ion ;  

Figure  2  is  an  isometr ic   view  showing  details  of  the  i n t e g r a t i n g  

cavity  used  in  the  appara tus   shown  in  Figure  1; 

Figure  3  is  a  schemat ic   view  of  an  alternative  embodiment   fo r  

carrying  out  multiple  funct ion  image  processing  in  accordance   with  t h e  

teachings  of  the  present   i nven t ion .  

Figure  4  is  a  chart   outlining  the  processing  steps  in  the  embod i -  

ment  shown  in  Figure  3  when  processing  images  in  the  third  image  r e a d  

mode;  

Figure  5  is  a  schemat ic   view  of  a  second  alternative  e m b o d i m e n t  

for  col lec t ing  r e f l ec ted   and  s ca t t e r ed   light  in  accordance   with  the  t e a c h i n g s  

of  the  present   i nven t ion ;  



Figure  6  is  a  s c h e m a t i c   view  of  a  third  embodiment  of  the 

multiple  function  image  processing  apparatus  of  the  present  invention;  and 

Figure  7  is  a  schematic   view  of  a  fourth  embodiment  of  the 

multiple  function  image  processing  apparatus  of  the  present  invention. 

There  is  shown  herein  a  multi-mode  reproduction  appara tus  

operable  select ively  in  a  COPY  mode  to  xerographical ly  make  copies  of 

original  documents  in  the  manner  typical  of  xerographic  copiers  or 

machines,  in  a  WRITE  mode  to  xerographical ly   produce  copies  from  image 

signals  input  thereto  using  a  flying  spot  type  scanner,  and  in  a  READ  mode 

to  read  images  developed  on  the  machine  photoreceptor   with  the  same  

flying  spot  scanner  to  produce  image  signals  representa t ive   thereof  and 

thereby  convert  the  image  to  electronic  signals.  

Referring  now  part icular ly  to  Figures  1  and  2  of  the  drawings, 

there  is  shown  an  exemplary  xerographic   type  reproduction  apparatus  10 

incorporat ing  the  present  invention.  Xerographic  reproduction  apparatus  10 

includes  a  viewing  station  or  platen  12  where  document  originals  13  to  be 

reproduced  or  copied  are  placed.  For  operation  in  the  COPY  mode  as  will 

appear  more  fully  herein,  a  l ight/lens  imaging  system  11  is  provided,  the  

l ight/ lens  system  including  a  light  source  15  for  illuminating  the  original  13 

at  platen  12  and  a  lens  16  for  t r ansmi t t ing   image  rays  reflected  from  the  

original  13  to  the  photoconduct ive  surface  19  of  drum  18  at  exposure  s tat ion 

21. 

Charging,  developing,  t ransfer ,   and  cleaning  stations  20,  22,  26, 

32  respect ively   are  disposed  about  drum  18  in  operative  relation  the re to .  

Charging  station  20  includes  a  corona  charging  means  23  for  depositing  a 

uniform  e lec t ros ta t i c   charge  on  the  photoconduct ive   surface  19  of  drum  18  in 

prepara t ion   for  imaging.  A  suitable  developing  mechanism,  which  may  for 

example  comprise  a  magnetic  brush  25,  is  provided  at  developing  station  22 

for  developing  the  latent  e lec t ros ta t ic   images  created  on  drum  18. 

At  transfer  station  26,  corona  transfer  means  27  effects  t ransfer  

of  the  developed  image  to  a  suitable  copy  substrate  material  28.  A  suitable 

drum  cleaning  device  such  as  a  rotating  cleaning  brush  33  is  provided  a t  

cleaning  station  32  for  removing  lef tover   developing  materials  from  the 

surface  19  of  drum  18.  Brush  33  may  be  disposed  in  an  evacuated  housing 

through  which  leftover  developer  mater ia ls   removed  from  the  drum  surface 

by  the  cleaning  brush  are  exhaus ted .  



In  the  example  shown,  pholoconducl ive   surface  19  comprises  a 

uniform  layer  of  pho toconduc t ive   material   such  as  amorphous  selenium  on 

the  su r face   of  drum  18.  Drum  18  is  supported  for  rotat ion  by  su i t ab le  

bearing  means  (not  shown).  A  suitable  drive  motor  (not  shown)  is  dr ivingly 

coupled  to  drum  18  and  ro ta tes   drum  18  in  the  direct ion  shown  by  the  solid 

line  arrow  when  processing  cop ies .  

When  operat ing  in  the  COPY  mode,  the  pho toconduc t ive   s u r f a c e  

19  of  drum  18  is  charged  to  a  uniform  level  by  corona  charging  means  23. 

Platen  12  and  the  original  document   13  thereon  is  i r radia ted   by  light  sou rce  

15,  the  light  re f lec ted   from  document   13  being  focused  onto  the  p h o t o c o n -  

ductive  surface   19  of  drum  18  by  lens  16  at  exposure  stat ion  21.  Platen  12  and 

the  document   13  thereon  are  at  the  same  time  moved  in  synchronism  wi th  

ro ta t ion   of  the  drum  18.  The  light  ref lected  from  the  original  13  s e l ec t i ve ly  

d ischarges   the  charged  pho toconduc t ive   surface  in  a  pa t t e rn   co r re spond ing  

to  the  image  that  comprises   the  original  d o c u m e n t .  

The  latent   e l e c t r o s t a t i c   image  c rea ted   on  the  surface  19  of  d rum 

18  is  developed  by  magnet ic   brush  25  and  t r ans fe r r ed   to  copy  s u b s t r a t e  

ma te r i a l   28  through  the  action  of  t ransfer   corona  means  27.  Fo l lowing  

t ransfer ,   the  pho toconduc t ive   surface  19  of  drum  18  is  cleaned  by  c lean ing  

brush  33  to  remove  le f tover   developer  mater ia l .   A  suitable  fuser  or  f ixing 

device  (not  shown)  fixes  the  image  t r ans fe r red   to  copy  subs t ra te   mater ia l   28 

to  render  the  copy  p e r m a n e n t .  

While  a  drum  type  photoconductor   is  i l lus t ra ted   other  p h o t o c o n -  

.  ductor   types  such  as  belt,  web,  etc.  may  be  envisioned.  P h o t o c o n d u c t i v e  

ma te r i a l s   other  than  selenium,  as  for  example,   organic  may  also  be  

c o n t e m p l a t e d .   And  while  a  scan  type  imaging  system  is  i l lustrated,   o t h e r  

types  of  imaging  systems  such  as  full  frame  flash,  may  be  c o n t e m p l a t e d .  

The  pho toconduc tor   may  be  opaque,  that   is  impervious  to  l ight ,  

or  wholly  or  partially  t r anspa ren t .   The  exemplary  drum  18  typically  has  an  

aluminum  subs t ra te   which  renders  the  drum  opaque.  However,  o t h e r  

subs t r a t e   mater ia l s   such  as  glass  may  be  con templa t ed ,   which  would  r e n d e r  

drum  18  wholly  or  par t ia l ly   t ransparent .   One  organic  p h o t o c o n d u c t i v e  

ma te r i a l   consists  of  an  aluminized  mylar  subs t ra te   having  a  layer  of  

selenium  dispersed  in  poly-N-vinyl   carbazole  with  a  t ransparen t   p o l y m e r  

ove rcoa t ing   containing  a  charge  t ransport   compound  such  as  py rene .  

Xerographic   reproduct ion   appara tus   10  includes  a  flying  spot  

scanner   59.  Scanner  59  has  a  suitable  flux  source  of  e l e c t r o m a g n e t i c  



radiation  such  as  laser  60.  Tile  coll imated  beam  61  of  m o n o c h r o m a t i c  

radiation  gene ra t ed   by  laser  60  is  ref lected  by  mirror  62  to  a  modulator  65, 

which  for  operat ion  in  the  WRITE  mode,  modifies  the  beam  61  in  conform-  

ance  with  informat ion  contained  in  image  signals  input  there to ,   as  will 

appear.  Modulator  65  may  comprise  any  suitable  modulator ,   such  as 

acousto-opt ic   or  e lec t ro-opt ic   type  modulators  for  imparting  the  in forma-  

tional  content   of  the  image  signals  input  thereto  to  beam  61. 

Beam  61  is  diffracted  by  disc  deflector  68  of  a  holographic  

deflector  unit  70.  Deflector   68  comprises  a  substantially  flat  disc-l ike 

element  having  a  plurality  of  grating  faces  or  facets  71  forming  the  outer  

periphery  thereof .   Def lector   68  which  is  preferably  glass,  is  driven  by 

motor  72.  Preferably ,   deflector  68  is  disposed  so  that  light  beam  61  is 

incident  to  the  facets  71  thereof  at  an  angle  of  substant ial ly  45°.  The 

diffracted  scanning  beam  61'  output  by  deflector  68  exits  at  a  comple -  

mentary  ang le .  

The  scanning  beam  61'  output  by  deflector  68  passes  to  an 

imaging  lens  75.  As  shown,  lens  75  is  located  in  the  optical  path  be tween  

deflector  68  and  mirror  77,  lens  75  being  of  a  diameter  suitable  to  rece ive  

and  focus  the  scanning  light  beam  dif f racted  by  facets  71  of  def lec tor   68  to 

a  selected  spot  in  the  focal  plane  proximate  the  surface  19  of  drum  18,  as 

will  a p p e a r .  

The  scanning  beam  611  from  lens  75  is  reflected  by  mirror  77  to 

read/wri te   control  mirror  78.  Mirror  78,  when  in  the  solid  line  posit ion 

shown  in  the  drawings,  reflects   beam  61'  to  mirror  80  which,  in  turn  r e f l ec t s  

the  beam  to  a  location  on  the  surface  19  of  drum  18  downstream  of  developer  

22. 

In  the  case  where  the  photoconduct ive   material  is  opaque,  l ight 

impinging  on  the  surface  19  of  drum  18  is  sca t tered.   In  the  case  where  t he  

photoconduct ive   mater ia l   is  t ransparent ,   the  light  is  t r ansmi t t ed ,   depending 

on  the  degree  of  t ransparency  of  the  photoconduct ive  material   through  the 

photoconduct ive   mater ial   to  the  drum  interior.  As  will  be  unders tood,  

sca t te red   light  is  composed  of  both  specular  and  diffuse  re f lec ted   light 

while  t r an smi t t ed   light  is  composed  of  specular  and  diffuse  t r a n s m i t t e d  

light.  The  s ca t t e r ed   or  t ransmi t ted   light  from  the  photoconduct ive   sur face  

19  of  drum  18  and  the  developed  image  thereon  is  collected  in  in tegra t ing  

cavity  100,  and  there  converted  to  image  signals  when  opeating  in  the  READ 

mode,  as  will  a p p e a r .  



Read /wr i t e   control  mirror  78  is  supported  for  l imited  m o v e m e n t  

be tween   a  read  positior:  (shown  in  solid  line  in  the  drawing)  and  a  wr i t e  

position  (shown  in  dotted  line  in  the  drawing).  A  suitable  driving  mechan i sm 

such  as  solenoid  82  is  provided  to  selectively  move  the  mirror  78  from  one 

position  to  the  other.  Return  spring  means  (not  shown)  may  be  provided  to  

return  mirror  78  to  the  original  position  upon  deenerg iza t ion   of  solenoid  82. 

When  in  the  WRITE  position  (the  dot ted   line  position),  t he  

scanning  beam  61'  is  r e f lec ted   by  mirrors  78,  85  to  a  location  on  the  s u r f a c e  

of  drum  18  upst ream  of  developer  22. 

Refe r r ing   par t icular ly   to  Figure  2,  i n tegra t ing   cavity  100  cons is t s  

of  e longa ted   hollow  cylindrical  housing  105  disposed  adjacent   and  in  p r e -  

de t e rmined   spaced  relat ionship  to  the  surface  19  of  drum  18,  housing  105 

being  suppor ted   such  that  the  longitudinal  axis  of  housing  105  subs t an t i a l l y  

paral le ls   the  axis  of  drum  18.  Housing  105  is  provided  with  an  elongated  s l i t -  

like  a p e r t u r e   107  in the  wall  thereof   opposite  the  p h o t o c o n d u c t i v e   surface  19 

of  drum  18,  housing  105  being  located  such  that  light  s c a t t e r e d   from  t h e  

drum  sur face   and  the  developed  image  thereon  passes  through  aper ture   107 

into  the  in ter ior   106  of  housing  105.  A  pair  of  p h o t o d e t e c t o r s   108,  108'  a r e  

provided  in  housing  105  at  the  ends  thereof,   p h o t o d e t e c t o r s   108,  108' 

g e n e r a t i n g   signals  in  response  to  the  presence  or  absence  of  light.  To 

enhance  the  light  responsiveness  of  housing  105,  the  interior  wall  107  t h e r e o f  

is  p r e fe rab ly   finished  with  a  highly  ref lect ive  ma te r i a l   such  as  a  highly 

r e f l ec t ive   l amber t i an   c o a t i n g .  

It  will  be  understood  that  where  the  pho toconduc t ive   mater ia l   is 

t r a n s p a r e n t ,   in tegra t ing   cavity  100  is  suitably  suppor ted   within  the  i n t e r i o r  

of  drum  18  to  receive  light  t ransmi t ted   through  the  p h o t o c o n d u c t i v e  

m a t e r i a l .  

In  the  COPY  mode,  latent  e l ec t ros t a t i c   images  are  formed  on 

the  pho toconduc t ive   surface   19  of  drum  18  through  exposure  of  the  d o c u m e n t  

13  on  platen  12  as  described  heretofore .   In  the  WRITE  mode,  l a t e n t  

e l e c t r o s t a t i c   images  are  c rea ted   on  the  charged  pho toconduc t i ve   surface  19 

of  drum  18  by  means  of  the  flying  spot  scanner  59  in  a cco rdance   with  i m a g e  

signals  input  there to .   In  this  mode,  solenoid  82  is  energized  to  move  c o n t r o l  

mirror  78  to  the  write  position  (the  dotted  line  position  shown  in  Figure  1). 

In  this  posit ion,   mirrors  78,  85  cooperate  to  ref lec t   scanning  beam  61'  to  a 

point  on  the  surface  19  of  drum  18  upstream  of  developing  station  22. 

Modulator   65  modulates   the  light  intensity  of  scanning  beam  61'  in  a c c o r -  

dance  with  the  content  of  the  image  signals  input  there to   so  that  scanning 



beam  61  dissipates  the  e lec t ros ta t ic   charge  on  the  drum  surface  to  create  a 

latent  e l ec t ro s t a t i c   image  r epresen ta t ive   of  the  image  signals  input  the re to .  

The  e l ec t ro s t a t i c   latent  image  so  created  is  the rea f te r   developed  by 

magnetic  brush  25  and  t ransferred  to  copy  substrate   material   28  by  corona 

transfer   means  27  at  t ransfer   station  26.  Following  t ransfer ,   the  surface  of 

drum  18  is  cleaned  by  cleaning  brush  33  as  descr ibed .  

In  this  mode,  and  in  the  image  READ  mode  described  below, 

def lec tor   68  is  continually  driven  at  substantial ly  constant   velocity  by  motor  

72.  In  the  WRITE  mode,  the  image  signal  source  is  controlled  so  as  to  be 

synchronized  with  rotation  of  def lec tor   68.  The  ro ta t ional   rate  of  xero-  

graphic  drum  18  which  determines   the  spacing  of  the  scan  line,  is  p re fe rab ly  

synchronised  to  the  signal  source  in  order  to  maintain  image  l i nea r i ty .  

In  the  image  READ  mode,  where  it  is  desired  to  read  original  13 

and  convert   the  content  thereof  to  image  signals,  solenoid  80  is  deenergized 

to  place  control  mirror  78  in  the  read  position  (the  solid  line  position  shown 

in  Figure  1).  In  this  position,  mirror  78  cooperates   with  mirror  80  to  re f lec t  

the  scanning  beam  61'  to  the  surface  19  of  drum  18  at  a  point  downstream  of 

developing  station  22.  As  a  result,  scanning  beam  611  scans  across  the  

surface  of  drum  18  and  any  image  developed  t h e r e o n .  

In  this  mode,  a  latent  e l ec t ros t a t i c   image  of  the  original  13  on 

platen  12  is  created  on  the  surface  19  of  drum  18  through  exposure  of  the 

original  13  and  subsequent  development   by  magnetic  brush  25  in  the  manner 

described  here tofore .   As  the  developed  image  is  carried  on  drum  18  from 

developing  station  22  to  transfer  station  26,  the  image  is  scanned  line  by 

line  by  the  scanning  beam  61'.  The  light  from  beam  61'  is  sensed  by 

in tegra t ing   cavity  100  in  accordance  with  the  presence  or  absence  of  toner  

on  the  drum  surface,  it  being  understood  that  where  the  light  beam  s t r ikes  

toner,  the  light  is  absorbed,  whereas  where  the  light  beam  strikes  uncovered 

portions  of  the  photoconduct ive  surface  19  of  drum  18,  the  light  is  s c a t t e r e d  

and  r e f l ec ted   back  by  the  photoconduct ive   surface  to  integrat ing  c a v i t y  

100.  The  presence  or  absence  of  light  in  housing  105  is  sensed  by 

photosensors   108,  108'  to  provide  an  analog  image  signal  representa t ive   of 

the  developed  image  scanned.  Image  signals  output  by  photodetec tors   108, 

108'  may  be  used  to  produce  additional  copies  of  the  original  13,  or  stored,  or 

t r ansmi t t ed   to  a  distant  point,  e t c . .  

Following  scanning,  the  developed  image  on  drum  18  may  be 

t ransfer red   to  substrate  material   28  in  the  manner  described  here tofore .  



Alternatively,  t ransfer   may  be  dispensed  with  and  the  drum  surface   c l eaned  

by  cleaning  brush  33. 

In  the  embodiment   shown  in  Figures  3  and  4,  where  like  n u m e r a l s  

refer  to  like  parts,  b  single  scanning  beam  serves  both  to  write  images  on 

the  pho toconduc t i ve   surface  19  of  drum  18  in  the  image  WRITE  mode  and  to 

read  images  developed  on  drum  surface  in  the  image  READ  mode.  R e f e r -  

ring  the re to ,   a  beam  161  is  derived  from  laser  60  and  passed  via  modulator   65 

and  lens  75  to  a  rota t ing  scanning  polygon  165.  The  scanning  beam  161' 

r e f l e c t e d   from  the  mirrored  surfaces  166  of  polygon  165  impinges  at  a  

moving  spot  on  the  surface  19  of  drum  18  at  a  location  upstream  of  

developing  stat ion  22.  Light  col lector   100  is  spaced  opposite  the  p h o t o c o n -  

ductive  surface   19  of  drum  18  to  receive  sca t t e red   light  r e f l ec ted   from  the  

p h o t o c o n d u c t i v e   surface  19  of  drum  18  and  the  image  developed  t he r eon  

during  the  image  READ  mode.  The  image  signals  genera ted   by  p h o t o -  

d e t e c t o r s   108,  108'  are  output  to  lead  168  and  amplif ier   169.  Image  s igna l s  

are  input  to  modula tor   65  through  lead  170  and  amplif ier   171  during  o p e r a t i o n  

in  the  image  WRITE  mode .  

During  operat ion  in  the  image  READ  mode,  p h o t o c o n d u c t i v e  

drum  18  is  cycled  twice  for  each  read  operation.   During  the  first  cycle  of  

drum  18,  a  la tent   e l ec t ros t a t i c   image  is  created  on  the  p h o t o c o n d u c t i v e  

surface   19  of  drum  18,  normally  through  exposure  of  the  original  13  on  p l a t e n  

12  as  descr ibed  here tofore .   The  la tent   e l ec t ros ta t i c   image  is  t h e r e a f t e r  

developed  by  magnet ic   brush  25.  The  developed  image  is  carried  on  drum  18 

past  t r ans fe r   stat ion  26,  cleaning  station  32,  charging  s ta t ion  20,  and 

exposure  s ta t ion  21.  On  the  second  cycle  of  drum  18,  as  the  developed  i m a g e  

comes  opposite  scanning  beam  161',  the  image  is  scanned.  As  desc r ibed  

h e r e t o f o r e ,   light  s ca t t e r ed   by  the  photosensi t ive   surface  19  of  drum  18  is 

r e f l e c t e d   to  in tegra t ing   cavity  100  and  there  passes  through  slot  107  in to  

housing  105  thereof   where  the  light  is  sensed  by  pho tode t ec to r s   108,  108'.  s 
P h o t o d e t e c t o r s   108,  108'  convert  the  ref lec ted   light  into  image  s ignals  

r e p r e s e n t a t i v e   of  the  developed  image  scanned.  The  image  signals  a r e  

output  to  lead  168. 

To  permit   the  developed  image  to  pass  t ransfer   s tat ion  26  and  -  

c leaning  s ta t ion  32  unimpeded,  t ransfer   corona  means  27  is  i nac t iva t ed   and  

sui table   means  such  as  camming  e lements   174,  175  are  provided  to  move  t h e  

copy  subs t r a t e   mater ia l   28  and  cleaning  brush  33  out  of  con tac t   with  t h e  

drum  sur face .   Camming  elements  174,  175  are  ac t ivated  in  timed  synch-  



ronism  with  rotation  of  drum  18  during  the  first  drum  cycle.  It  will  be 

understood  that  corona  generat ing  means 20  and  light/lens  imaging  system  II 

are  inact ivated  while  the  developed  image  moves  t he repas t .  

A  camming  element  176  may  be  similarly  provided  to  move  

magnetic  brush  25  out  of  contact   with  the  surface  of  drum  18  during  the  

second  drum  cycle  to  permit  the  previously  developed  image  to  pass  t h e r e b y  

following  reading  thereof  by  scanning  beam  161'.  The  developed  image  may 
the rea f t e r   be  t ransferred  to  copy  substra te   material   28  following  which  t h e  

surface  of  drum  18  is  cleaned  by  cleaning  brush  33  as  described  h e r e t o f o r e .  

For  this  purpose,  camming  elements   174,  175  are  deact ivated  to  return  bo th  

the  copy  substrate  material   28  and  cleaning  brush  33  into  operative  c o n t a c t  

with  the  drum  surface.  Corona  t ransfer   means  27  is  act ivated  to  t r a n s f e r  

the  developed  image  to  copy  subst ra te   material   28.  Alternatively,  transfer  of 

the  developed  image  may  be  omit ted   and  the  developed  image  cleaned  by 

cleaning  brush  33  or  magnetic  brush  25  may  be  suitably  biased  to  r emove  

and  return  toner  from  the  image  to  the  developer  sump. 

Referring  to  the  embodiment   shown  in  Figure  5,  where  l ike 

numerals  refer  to  like  parts,  in tegra t ing   cavity  100  is  replaced  by  a  single 

pho tode tec to r   185.  To  focus  the  divergent  light  reflections  from  the  su r face  

19  of  drum  18  onto  pho tode tec to r   185  when  operating  in  the  image  READ 

mode,  a  fresnel  lens  strip  187  is  provided  astride  the  path  of  scat tered  l ight  

ref lected  from  the  drum  surface.  Lens  strip  187,  the  axis  of  which  is 

substantial ly  parallel  to  the  axis  of  drum  18,  has  a  length  sufficient  to 

receive  light  reflections  as.  scanning  beam  161'  traverses  from  one  end  of 

drum  18  to  the  o ther .  

As  will  be  understood  by  those  skilled  in  the  art,  lens  strip  187  is 

of  a  type  which  focuses  the  divergent   specular  reflections  from  drum  18  to  a 

common  focal  point.  The  pho tode tec to r   185  is  suitably  supported  in 

p rede te rmined   spaced  relationship  to  lens  strip  187  at  substantially  the  focal  

point  thereof.  The  image  signals  from  detector   185  are  provided  in  ou tput  

lead  168. 

When  operating  in  the  image  READ  mode,  beam  161'  is  scanned 

across  the  developed  image  on  the  surface  19  of  drum  18  as  descr ibed  

here tofore .   Light  ref lect ions   from  the  photoconduct ive  drum  surface  as 

scanning  beam  161  t raverses   back  and  forth,  are  focused  by  lens  strip  187  onto 

pho tode tec to r   185  which  converts   the  light  reflections  to  image  signals 

r ep resen ta t ive   of  the  image  s canned .  



It  will  be  understood  that  the  a fo redescr ibed   multiple  mode 

image  processing  system  may  also  be  opera ted   advantageously   to  p roduce  

addit ional   copies  of  an  original  13  while  at  the  same  time  permi t t ing   the 

platen  12  to  be  cleaned  and  a  second  original  placed  thereon.  In  this  type  of  

operat ion,   the  original  13  is  first  conver ted  into  image  signals  through 

operat ion  of  the  system  in  the  image  READ  mode  described  he re to fore .   The 

image  signals  c rea ted   are  stored,  either  t emporar i ly   or  pe rmanent ly   in 

sui table  memory  (not  shown)  and  t h e r e a f t e r   used  as  the  source  for  addi t iona l  

copies  through  operat ion  of  the  system  in  the  image  WRITE  mode.  Fo l low-  

ing  complet ion  of  the  image  READ  mode  and  while  addit ional   copies  of  the  

original  are  being  processed  through  the  image  WRITE  mode,  the  original  13 

may  be  removed  from  platen  12  and  the  next  original  to  be  copied  or 

reproduced   placed  t h e r e o n .  

In  the  embodiment   shown  in  Figure  6  of  the  d r a w i n g s  

a  photoreceptor   200  is  thereshown  in  the  form 

of  an  endless  belt  disposed  about  support  rolls  202,  204.  Belt  support  roll  

202  is  drivingly  coupled  to  a  suitable  drive  motor  205,  motor   205  when 

opera ted ,   moving  belt  200  in  the  direct ion  shown  by  the  solid  line  a r row.  

Belt  support  roll  204  comprises  an  idler  rol l .  

An  exposure  station  210  has  l ight / lens   imaging  system  211  dis- 

posed  opposite  the  upper  run  208  of  p h o t o r e c e p t o r   200.  A  charging  s t a t i on  

213  incorpora t ing   a  suitable  corona  charging  device  is  upst ream  of  exposure  

stat ion  210.  A  magnet ic   brush  215  is  provided  at  a  developing  station  216  for  

developing  the  la tent   e l ec t ros ta t i c   images  produced  on  pho to recep to r   200,  

developing  station  216  being  disposed  downst ream  of  exposure  station  212 

and  adjacent   belt  support  roll  204. 

A  t ransfer   station  218  is  provided  along  the  lower  belt  run  209  of  

p h o t o r e c e p t o r   200,  and  downstream  thereof ,   a  cleaning  s tat ion  224  having  a 

cleaning  brush  225  is  provided  opposite  belt  support  roll  202.  A  su i t ab le  

copy  subs t ra te   mater ia l   226  receives  developed  images  from  p h o t o r e c e p t o r  

200  at  t ransfer   stat ion  218. 

Suitable  separat ing  means,  exempl i f ied   herein  by  cams  227,  228, 

229  are  provided  for  disengaging  magnet ic   brush  215,  copy  s u b s t r a t e  

mater ia l   226  and  cleaning  brush  225  respec t ive ly   when  operat ing  in  the  

image  READ  mode  as  will  appear.  For  this  purpose,  the  developing  and 

cleaning  station  components   may  be  supported  for  pivoting  movement   into 

and  out  of  operat ive  engagement   with  p h o t o r e c e p t o r   200. 



It  will  be  understood  that  the  various  xerographic  p rocess ing  

components   described  herein  are  exemplary  only  and  other  types  and  f o rms  

of  such  components   may  be  envisioned.  

A  single  scanning  beam  261  is  provided  for  both  writing  images  

on  p h o t o r e c e p t o r   200  in  the  image  WRITE  mode  and  for  reading  images  

developed  on  the  surface  of  pho torecep tor   200  in  the  image  READ  mode.  

Scanning  beam  261  is  derived  from  a  suitable  flux  source  such  as  laser  262. 

The  beam  261  output  by  laser  262  passes  via  modulator  265  and  lens  267  to  

the  mirrored  facets   269  of  a  rotat ing  polygon  270.  The  beam  is  ref lected  by 

polygon  270  onto  the  upper  belt  run  208  of  pho to recep to r   200  at  a  po in t  

between  exposure  station  210  and  developing  station  216. 

Pho to recep to r   200  comprises  any  suitable  p h o t o c o n d u c t i v e  

mater ia l   which  is  at  least  partially  t ransparent   to  light  as  for  example,  the  

exemplary  organic  photoreceptor   described  here tofore .   And  while  pho to -  

receptor   200  is  i l lustrated  in  the  form  of  an  endless  belt,  other  p h o t o r e -  

ceptor  types  such  as  replenishable  web,  drum,  etc.,  may  be  c o n t e m p l a t e d .  

In  the  embodiment   shown,  light  collector  100  is  disposed  opposite  

the  point  where  scanning  beam  261  strikes  pho to recep to r   200,  collector  100 

being  suppor ted  by  suitable  means  (not  shown)  adjacent   to  and  in  p r e d e -  

t e r m i n e d   spaced  relationship  to  the  interior  side  201  of  pho torecep tor   200. 

The  longi tudinal   axis  of  collector  100  is  parallel  to  the  line  scanned  by  beam 

26L 

In  operation,  in  the  COPY  mode,  a  la tent   e l ec t ros ta t i c   image  is 

c rea ted   by  l ight/ lens  imaging  system  211  on  the  moving,  previously  c h a r g e d  

surface  of  pho to recep to r   200  through  exposure  of  a  document  original  (not 

shown).  The  image  is  t he rea f t e r   developed  by  magnetic  brush  215  and  transferred 

at  station  218.  Following  transfer,   photoreceptor   200  is  cleaned  by  cleaning 

brush  225. 

In  the  WRITE  mode,  scanning  beam  261  writes  latent   e l e c t r o -  

static  images  on  the  previously  charged  pho torecep tor   200  in  response  to  

image  signals  input  to  modulator  265.  The  e lec t ros ta t i c   image  is  t h e r e a f t e r  

developed  and  t ransferred  as  described  above.  Following  t ransfer ,   l e f tove r  

developing  mater ia ls   are  removed  from  pho to recep to r   200  by  cleaning  brush 

225. 

In  the  image  READ  mode,  developed  images  on  pho to recep to r  

200  are  scanned  by  scanning  beam  261  on  the  second  cycle  of  p h o t o r e c e p t o r  

200.  To  a ccommoda te   movement  of  the  developed  images  past  transfer  find 

cleaning  stat ions  218,  224,  respectively,   cams  228,  229  are  actuated  to 



separate   copy  subs t ra te   material   226  and  cleaning  brush  225  from  p h o t o r e -  

ceptor  200  on  the  first  cycle  of  pho to recep to r   200.  At  the  same  time,  t h e  

corona  devices  at  t ransfer   station  218  and  charging  station  213  are  i n a c t i -  

va t ed .  

As  the  developed  image  passes  the  point  where  scanning  b e a m  

261  impinges  on  the  pho to recep to r   200,  the  developed  image  is  swept  by 

beam  261.  As  described,   light  is  t r an smi t t ed   through  the  toner  free  po r t ions  

of  p h o t o r e c e p t o r   200,  the  presence  or  absence  of  light  being  responded  to  by 

de tec tors   108,  108'  of  collector  100  to  produce  analog  image  signals  r e p r e -  

senta t ive   of  the  developed  image  s c a n n e d .  

To  permit   the  developed  image  to  pass  unimpeded  past  m a g n e t i c  

brush  215  af ter   scanning,  cam  227  is  ac tua ted   to  separate   brush  215  f rom 

pho to recep to r   200.  Cams  228,  229  are  reset  to  enable  t r ans fe r   of  t h e  

developed  image  to  the  copy  subs t ra te   mater ia l   236  and  removal   of  l e f t o v e r  

developer  mate r ia l s   from  pho to recep to r   200  by  cleaning  brush  225.  

In  the  embodiment   shown  in  Figure  7,  where  like  numerals   r e f e r  

to  like  parts,   co l lec tor   100  is  placed  adjacent   the  lower  belt  run  209  of  

p h o t o r e c e p t o r   200  and  opposite  the  pho to recep to r   exterior  sur face .   Su i t ab le  

means  (not  shown)  are  provided  for  supporting  collector  100  in  p r e d e -  

termined  spaced  re lat ion  to  p h o t o r e c e p t o r   200.  A  suitable  lens  means  266 

may  be  provided  in ter ior ly   of  p h o t o r e c e p t o r   200  to  maintain  scanning  beam 

261  in  focus  following  passage  of  the  beam  through  the  upper  belt  run  208  of  

p h o t o r e c e p t o r   200. 

Since,  in  this  embodiment   as  will  appear,  only  a  single  p roces s ing  

cycle  is  required  for  COPY,  WRITE,  and  READ  modes,  cams  227,  228,  229 

for  separa t ing   magnet ic   brush  215,  copy  subst ra te   mater ial   226  and  c l ean ing  

brush  225  from  the  pho to recep to r   surface  may  be  dispensed  w i t h .  

Opera t ion   of  this  embodiment   in  both  the  COPY  and  i m a g e  

WRITE  modes  are  the  same  as  discussed  here tofore   in  connec t ion   with  ;0 

Figure  6.  In  the  image  READ  mode,  developed  images  produced  on 

p h o t o r e c e p t o r   200  are  scanned  by  scanning  beam  261  looking  through  bo th  

upper  and  lower  belt  runs  208,  209  of  the  photoreceptor .   Light  t r a n s m i t t e d  

through  the  developed  image  on  the  pho to recep to r   lower  belt  run  209  is 

picked  up  by  de t ec to r s   108,  108'  of  col lector   100  to  produce  image  s ignals  

r e p r e s e n t a t i v e   of  the  developed  image  s canned .  

Following  scanning,  the  developed  image  may  be  t r an s f e r r ed   to  

the  copy  subs t r a t e   mate r ia l   226  and  the  pho to recep to r   c leaned  by  c l ean ing  

brush  224  in  the  manner   described  h e r e t o f o r e .  



Where  desired,  collector  100  may  be  offset  from  the  point  where 

scanning  beam  261  impinges  on  pho to recep to r   200  in  either  or  both  of  the  

Figures  6  and  7  embodiments .   In  that  c i rcumstance ,   suitable  mirror  means  

may  be  provided  to  direct  the  beam  as  the  beam  emerges  from  either  t he  

upper  belt  run  208  (Figure  6)  or  lower  belt  run  209  (Figure  7)  into  a p e r t u r e  

107  of  col lector   100. 

While  a  single  source  of  e l ec t romagne t i c   radiation,  i.e.  laser  60 

is  shown,  it  will  be  understood  that  independent  radiation  sources  may  
instead  be  provided  for  image  WRITE  and  READ  modes.  In  that  c i r c u m -  

stance,   the  optical  system  shown  herein  would  be  suitably  modified  to  

provide  an  independent  optical  path  for  each  light  beam.  



1.  A  copying  appa ra tus   having  a  photoreceptor   (19),  means  

(23)  to  charge  said  pho to recep to r   in  prepara t ion   for  imaging,   exposure  

means  (15,  16)  for  exposing  the  charged  photoreceptor   to  produce  l a t e n t  

e l e c t r o s t a t i c   images,  developing  means  (22)  for  developing  the  i m a g e s ,  

t ransfer   means  (27)  for  t ransfer r ing   the  developed  images  to  copy  s u b s t r a t e  

mater ia l   (28),  cha rac t e r i zed   by: 

combined  image  w r i t e / r e a d   means  (59)  select ively  operable  to  

expose  said  pho to recep to r   in  a cco rdance   with  image  signals  input  there to   to  

produce  la tent   e l ec t ros ta t i c   images  on  said  photoreceptor   for  d e v e l o p m e n t  

by  said  developing  means,  or  to  scan  images  developed  on  said  p h o t o r e c e p t o r  

to  provide  image  signals  r e p r e s e n t a t i v e   of  the  image  developed  on  said 

p h o t o r e c e p t o r .  

2.  The  apparatus   according   to  Claim  1  including 

means  (60)  to  produce  a  high  intensity  beam  (61)  of  electromagnetic  radiation; 

means  (75)  to  focus  said  beam  to  a  location  on  said  p h o t o r e -  

ceptor;  a n d  

scanning  means  (68)  astr ide  the  path  of  said  beam  for  scann ing  

said  beam  across  said  p h o t o r e c e p t o r ;  

said  write  means  including  means  (65)  for  modulat ing  said  b e a m  

in  a cco rdance   with  said  image  signals  to  produce  said  la tent   e l e c t r o s t a t i c  

images ;  

said  read  means  including  means  (100)  for  reading  s c a t t e r e d  

radiation  from  scanning  images  developed  on  said  pho to recep to r   with  s a id  

beam  to  provide  image  signals  r e p r e s e n t a t i v e   of  the  image  developed  on  sa id  

p h o t o r e c e p t o r .  

3.  The  apparatus  according   to  Claim  2  wherein  the  read  means  

comprises  a  radiation  collect ing  member   (105)  for  collecting  radiat ion  f r o m  

scanning  developed  images  on  said  pho to recep to r   with  said  b e a m .  



4.  The  apparatus  according  to  claim  2  or  claim  3  in  which  said 

photoreceptor   (19)  is  substantially  opaque,  said  read  means  reading  radiat ion 

r e f l e c t e d   by  said  pho to recep to r .  

5.  The  apparatus  according  to  claim  2  or  claim  3  in  which  said 

photoreceptor   is  at  least  partially  transparent,   said  read  means  reading 

radiation  t ransmit ted  through  said  photoreceptor   (Figs  6  &  7). 

6.  The  apparatus  according  to  claim  5  wherein  the  read  means  comprises  a 

light  collecting  member  disposed  internally  of  said  photoreceptor  for 

collecting  light  t ransmit ted   through  said  photoreceptor  when  scanning 

developed  images  on  said  photoreceptor   with  said  beam  (Fig  6). 

7.  The  apparatus  according  to  any one  of  claims  1  to  6  including  control 

means  (78)  for  selectively  actuating  one  of  said  write  and  read  means  to 

either  write  images  on  said  photoreceptor   or  read  images  developed  on  said 

p h o t o r e c e p t o r .  

8.  The  apparatus  according  to  claim  7  wherein  the  control  means  (78)  is 

arranged  to  selectively  impinge  said  beam  onto  said  photoreceptor  at  a 

location  downstream  of  said  developing  means  to  permit scanning  of  images 

on  said  photoreceptor   after  said  images  are  developed  or  at  a  locat ion 

upstream  of  said  developing  means  to  permit  writing  of  images  on  said 

photoreceptor   for  developing  by  said  developing  means :  

9.  The  apparatus  according  to  claim  2  wherein  said  beam  (161')  is  focused 

onto  said  photoreceptor   at  a  location  upstream  of  said  developing  means.  

10.  The  apparatus  according  to  claim  8  including  means  to  recycle  said 

photoreceptor   to  bring  said  developed  image  into  scanning  relationship  with 

said  beam  and  means  (174,  175)  for  disabling  said  transfer  means  to  permit  

unimpeded  movement  of  said  developed  image  past  said  transfer  means  and 

into  scanning  relationship  with  said  beam.  
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