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Description 

The  invention  relates  to  a  method  of  controlling  a  matrix  printer  having  a  light  emitting  diode  (LED) 
driven  fiber  optic  scanning  head  as  defined  in  claim  1  and  to  an  electronic  control  circuit  as  defined  in  claim 

5  16  for  realizing  said  method. 
An  LED-fiber-optic  character  printer  is  disclosed  in  GB—  A—  2  082  512  published  10.03.1982  and  corres- 

ponding  to  U.S.  Patent  US—  A—  4  342  504  (Peter  Ebner).  This  printer  employs  a  flexible  ribbon  of  a  small 
number  of  fiber  optic  filaments.  Each  filament  is  illuminated  by  one  of  a  matrix  of  light  emitting  diodes 
(LEDs)  and  has  its  output  end  positioned  within  a  printing  head.  The  printing  head  has  at  least  one 

10  relatively  short  linear  array  of  fiber  optic  filaments  embedded  therein.  Means  are  provided  for  causing  the 
head  to  scan  across  the  photosensitive  material  and  to  record  a  line  of  type  thereon  with  light  provided  by 
selective  energization  of  the  LEDs.  The  invention  claimed  in  the  above  application  utilizes  a  loop  of  fiber 
optic  cable  comprising  fiber  optic  filaments  mounted  upon  a  belt-like  substrate.  This  flexible  fiber  optic 
loop  enables  rapid  scanning  by  the  printing  head  with  a  fiber  optic  cable  containing  a  drastically  reduced 

15  number  of  fiber  optic  filaments,  for  example,  128,  in  contrast  with  the  thousands  of  filaments  called  for  by 
prior  cables  in  general  usage. 

In  "IBM  Technical  Disclosure  Bulletin",  vol.  16/no.  5,  Oct.  1973,  pages  1594/5,  New  York,  USA;  F.  TSUI: 
"Arrangement  for  data  merging  and  line  splitting  in  printers",  a  method  of  electronically  establishing  the 

sequence  of  control  of  a  matrix  printer  head  having  staggered  print  elements  is  disclosed,  whereby  a  shift 
20  register  arrangement  is  used  to  control  the  odd/even  elements. 

Further,  a  slanted  LED  print  head  is  known  from  US—  A—  3  512  158.  In  this  document  the  elements  in 
the  scanning  head  are  energized  sequentially  and  not  simultaneously.  The  scanning  movement  is 
continuous,  so  each  LED  is  energized  a  small  increment  of  time  after  the  previous  one.  With  such  a  system, 
if  all  LEDs  were  aligned  perpendicular  to  the  direction  of  movement  of  the  scanning  head,  there  would  be  a 

25  displacement  in  time  in  the  direction  of  scan  between  the  uppermost  and  lowermost  pels.  That 
displacement  would  be  viewed  as  a  tilt  in  the  characters.  To  overcome  this  the  cited  document  teaches  a 
slanted  print  h e a d . .  

In  the  IBM  TDB  document  the  print  head  is  not  slanted  and  the  elements  are  driven  simultaneously 
while  in  US—  A—  3  512  158  the  print  elements  are  not  staggered. 

30  In  contrast  the  present  invention  addresses  the  problem  of  controlling  a  matrix  printer  having  an  LED 
driven  fiber  optic  scanning  head  in  which  the  print  elements  are  staggered  and  the  print  head  is  tilted  and  in 
which  furthermore  the  print  element  data  is  grouped  in  bytes. 

In  accordance  with  the  operating  principles  of  this  invention  as  defined  in  the  claims,  the  sequence  of 
control  of  an  array  of  imaging  elements  is  established  electronically  to  account  for  the  dependence  of  the 

35  sequencing  on  the  relative  displacement  of  print  elements  in  a  staggered  array  of  elements  and  on  the 
direction  of  scan  of  a  tilted  array.  Print  element  control  data  is  supplied  in  a  sequence  which  is  independent 
of  the  staggered  relationship  of  the  imaging  elements  and  the  direction  of  scan.  A  random  access  memory 
is  sequentially  addressed  and  the  control  data  is  written  into  the  memory  in  a  first  sequential  order.  The 
control  data  is  subsequently  read  from  the  memory  in  an  order  other  than  that  first  sequential  order  to 

40  delay  certain  of  the  element  control  data  in  the  random  access  memory.  This  new  sequence  of  control  data 
is  then  applied  to  an  imaging  element  driver. 

Preferably,  the  sequential  addressing  of  the  random  access  memory  is  obtained  from  a  read  only 
memory  which  stores  a  first  address  sequence  for  forward  scan  and  a  second  address  sequence  for  reverse 
scan.  Further,  at  each  memory  location  of  the  random  access  memory,  data  is  first  read  from  that  location 

45  and  new  data  is  then  immediately  written  into  that  location.  The  element  control  data  is  delayed  by 
addressing  groups  of  memory  locations  and  the  groups  are  greater  in  number  for  the  data  which  is  to  be 
delayed  than  for  the  data  which  is  not  to  be  delayed.  Thus,  once  a  byte  of  data  is  written  into  memory  at  a 
particular  address,  subsequent  data  bytes  are  written  into  groups  of  memory  locations  before  the  first  data 
byte  is  read  from  the  memory,  and  the  number  of  groups  determines  the  time  delay  between  write  in  and 

50  read  out.  In  reverse  scan,  the  sequential  order  of  addressing  within  each  group  of  memory  locations  is 
alternated  such  that  data  written  into  the  random  access  memory  in  one  order  within  the  group  is 
subsequently  read  from  the  memory  in  reverse  order  during  a  subsequent  address  sequence. 

In  the  preferred  control  of  the  print  elements,  data  bytes  are  segregated  according  to  the  staggered 
leading  and  lagging  rows  of  pels  to  which  they  correspond.  In  forward  scan,  the  bytes  are  written  into  and 

55  read  from  the  random  access  memory  in  the  same  sequential  order;  however,  the  bytes  corresponding  to 
the  lagging  row  of  pels  are  stored  in  the  memory  for  an  additional  odd/even  time  which  corresponds  to  the 
difference  in  times  at  which  the  staggered  rows  pass  each  slice.  In  reverse  scan  the  bytes  of  successive 
slices  are  read  out  of  storage  in  a  reverse  order.  Each  byte  of  the  lagging  rows  is  held  in  storage  for  a  slice 
time  which  corresponds  to  the  difference  in  times  at  which  each  row  passes  adjacent  slices  plus  an  odd/ 

so  even  time  which  corresponds  to  the  difference  in  times  at  which  the  staggered  leading  and  lagging  rows 
pass  each  slice.  The  leading  rows  are  only  stored  for  a  slice  time. 

In  accordance  with  other  aspects  of  the  invention  as  defined  in  the  claims,  memory  control  bits  such  as 
row  address  strobe  and  column  address  strobe  signals  for  a  dynamic  memory  are  part  of  an  instruction 
word  from  a  program  memory.  Thus,  the  instruction  word  from  the  program  memory  includes  instruction 

65  bits  and  address  bits  required  by  the  central  processor  and  additional  data  memory  control  bits.  The  need 
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for  extensive  memory  control  circuitry  is  thereby  avoided. 
In  accordance  with  further  aspect  of  the  invention  as  defined  in  the  claims  a  character  memory  in  which 

the  memory  addresses  correspond  to  specific  pel  locations  in  a  character  image.  Image  data  corresponding 
to  slices  of  pels  in  the  character  image  is  read  from  the  memory  for  successive  slices  through  the  character. 

5  Color  data  for  each  pel  in  each  slice  is  provided  by  changing  the  pel  color  as  a  character  contour  is 
intersected.  By  writing  the  character  contours  of  successive  image  characters  into  alternate  memory 
segments  and  subsequently  combining  the  color  data  in  logic  circuitry,  problems  due  to  overlap  of 
characters  are  a v o i d e d . .  

The  foregoing  and  other  objects,  features  and  advantages  of  the  invention  will  be  apparent  from  the 
10  following  more  particular  description  of  a  preferred  embodiment  of  the  invention,  as  illustrated  in  the 

accompanying  drawings  in  which  like  reference  characters  refer  to  the  same  parts  throughout  the  different 
views.  The  drawings  are  not  necessarily  to  scale,  emphasis  instead  being  placed  upon  illustrating  the 
principles  of  the  i n v e n t i o n . . . . . . .   u 

Fig.  1  is  a  perspective  illustration  of  a  phototypesetter  having  a  scanning  head  associated  with  a  light 
is  source  array  which  may  be  controlled  by  the  system  of  this  invention; 

Fig.  2  illustrates  the  arrangement  of  fiber  optic  elements  in  the  scanning  head  of  the  system  of  Fig.  1  ; 
Fig.  3  is  an  enlarged  view  of  a  two-byte  group  of  fiber  optic  elements  from  Fig.  2; 
Fig.  4  is  an  illustration  of  a  character  positioned  within  a  character  field  segment; 
Fig.  5  illustrates  the  drawing  of  contour  lines  within  a  character  field  by  means  of  compressed  data 

20  codes; 
Fig.  6  is  an  electrical  block  diagram  of  an  electronic  control  system  for  illumination  of  the  fiber  optic 

filaments  in  synchronization  with  scanning  of  the  print  head  of  Fig.  1  ; 
Fig.  7  is  an  illustration  of  contour  lines  of  successive  characters  written  into  alternating  RAM  groups; 
Fig.  8A  illustrates  a  shift  register  analogy  of  the  control  of  odd  and  even  bytes  in  the  system  of  Fig.  6 

25  with  forward  scanning  of  the  print  head;  . 
Fig.  8B  illustrates  a  shift  register  analogy  of  the  handling  of  odd  and  even  bytes  by  the  circuit  of  Fig.  6  in 

reverse  scan;  . 
Fig.  9  is  a  more  detailed  electrical  schematic  of  the  PROM  with  sequencer  of  Fig.  6. 
The  control  system  of  this  invention  has  been  designed  for  use  in  a  phototypesetting  system  such  as 

30  described  in  U.S.  Patent  4,342,504  in  the  name  of  Peter  Ebner. 
As  shown  in  Fig.  1,  the  phototypesetting  system  comprises  a  scanning  head  22  which  houses  the  ends 

of  fiber  optic  filaments  such  that  the  end  faces  23  are  pressed  against  a  photosensitive  film  24.  As  the 
scanning  head  is  moved  across  the  film  24  in  the  directions  indicated  by  arrow  26,  the  fiber  optic  elements 
are  selectively  energized  to  collectively  provide  a  line  of  print  28  on  the  film  24.  Once  the  head  22  is  scanned 

35  across  the  film  24  in  one  direction  to  provide  one  line  of  print  28,  the  film  is  stepped  in  the  direction  30.  The 
scanning  head  22  then  scans  the  film  in  a  reverse  direction  to  provide  a  subsequent  line  of  print. 

The  fiber  optic  filaments  leading  to  the  scanning  head  22  are  carried  by  a  flexible,  elastomeric  belt  32 
which  leads  from  a  stationary  light  source  34.  As  will  be  described  below,  the  stationary  light  source 
includes  an  array  of  light  emitting  diodes  (LEDs).  The  end  face  of  each  fiber  optic  filament  is  fixed  to  one 

40  LED  of  the  array.  Thus,  by  selectively  energizing  the  LEDs  as  the  scanning  head  22  scans  across  the  film  24, 
a  high  resolution  phototypesetting  operation  can  be  obtained. 

The  particular  scanning  head  used  in  the  system  has  the  fiber  optic  filaments  23  arranged  in  a  64  x  2 

array  as  shown  in  Fig.  2.  The  filaments  in  the  two  columns  of  filaments  are  staggered  as  best  shown  in  the 
exploded  view  of  Fig.  3.  In  typesetting,  the  array  of  Fig.  2  is  moved  across  the  film  in  the  directions  indicated 

45  by  arrow  26.  As  the  array  is  moved  from  left  to  right  as  viewed  in  Figs.  2  and  3,  the  leading  group  of 
filaments  is  referred  to  as  the  even  filaments  and  the  lagging  set  of  filaments  is  referred  to  as  the  odd 
filaments. 
•  The  128  filaments  in  the  64  x  2  array  are  conveniently  considered  as  eight  two-byte  groups,  a  byte 

being  eight  bits  of  binary  information.  In  this  case,  the  binary  information  is  the  on/off  state  of  an  LED 

so  associated  with  each  filament. 
A  single  two-byte  group  of  filaments  in  the  scanning  head  is  shown  in  exploded  form  in  Fig.  3.  As 

shown,  each  filament  has  a  diameter  of  about  2  mils  (.002  inch).  The  filaments  are  arranged  to  overlap  with 
a  center-to-center,  vertical  or  horizontal,  distance  between  adjacent  filaments  of  1.5  mils.  The  LEDs  are 
energized  in  synchronization  with  the  scanning  head  movement  such  that  odd  bytes  in  one  cycle  of 

55  illumination  are  energized  at  the  same  location  along  the  film  24  as  the  even  bytes  had  been  energized  in 
the  previous  cycle.  Thus,  when  the  LEDs  are  first  energized  they  are  in  the  positions  indicated  by  bold  lines 
in  Fig.  3,  and  in  the  next  cycle  they  are  energized  at  the  locations  indicated  by  the  broken  lines  of  Fig.  3. 

It  can  be  seen  then  that  when  properly  energized  in  synchronization  with  the  scanning  movement,  the 
odd  and  even  bytes  energized  in  successive  cycles  form  a  slice  of  overlapping  exposure  regions;  a  two- 

60  byte  portion  of  a  16-byte  slice  is  shown  as  solid  and  broken  circles  over  the  even  byte  designation  in  Fig.  3. 
Also,  because  the  LEDs  are  energized  with  each  1.5  mil  of  movement,  the  successively  illuminated  LEDs 
form  overlapping  exposure  regions  along  lines  parallel  to  the  direction  of  scanning  movement. 

By  an  extension  of  the  overlapping  exposure  regions  as  shown  in  Fig.  3,  it  can  be  recognized  that,  with 
scanning  of  the  scanning  head  across  the  film  24,  an  array  of  ovelapping  circular  exposure  regions  of  a 

65  height  of  128  elements  high  and  of  a  width  determined  by  the  length  of  scan  is  provided.  It  will  be 
65 
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recognized,  however,  that  to  set  a  vertical  line  of  a  width  of  only  one  exposure  region,  for  example,  it  is 
necessary  to  energize  the  even  bytes  at  one  instant  and  the  odd  bytes  at  the  next  instant.  One  of  the 
features  of  the  present  system  is  that  it  provides  for  that  displacement  in  time  between  the  two  sets  of 
filaments  positioned  over  a  single  slice  of  type. 

s  As  noted  above,  the  exposure  regions  can  be  considered  a  large  array  of  overlapping  regions.  With  the 
present  scanning  head,  those  exposure  regions,  or  pels,  expose  a  segment  128  pels  high,  or  .192  inch.  The 
width  of  the  scan  determines  the  total  width  of  a  pel  array,  but  a  scan  segment  1  68  pels  wide,  or  .252  inch,  is 
conveniently  set  electronically.  Within  that  128  x  168  segment,  or  character  segment  field,  most  characters 
can  be  defined  in  a  single  scan. 

10  The  term  character  is  used  here  to  refer  to  a  graphic  character  to  be  printed  and  is  not  to  be  confused 
with  a  digital  code.  To  designate  an  8  bit  digital  code,  the  term  "byte"  is  used  exclusively. 

To  set  a  character  within  a  128  x  168  segment  field,  the  on/off  state  of  each  LED  as  its  associated  fiber 
filament  passes  through  each  of  the  168  slices  of  the  segment  must  be  defined.  Thus,  for  each  character 
segment  field  128  x  168,  or  over  20,000,  pels  must  be  defined  by  over  20,000  bits  of  information  stored  in 

15  memory.  Because  just  a  single  line  of  type  may  include  as  many  as  55  such  segments,  the  electronic 
storage  space  to  define  each  character  of  a  line  and  to  properly  energize  the  LEDs  is  very  significant.  A 
further  feature  of  the  present  system  is  that  it  allows  for  storage  of  the  character  information  in  a 
condensed  form.  The  character  information  is  converted  on  a  real  time  basis  to  an  expanded,  pel  and  slice 
oriented  format  prior  to  printing. 

20  Fig.  4  shows  a  128  x  168  pel  character  segment  field  with  a  character  to  be  printed  positioned  therein. 
Because  the  scanning  head  prints  a  vertical  slice  at  a  time,  or  more  properly  even  and  odd  portions  of  two 
adjacent  slices,  the  signals  driving  the  LEDs  must  be  slice  oriented.  Within  each  slice,  128  signals  must  be 
applied  to  the  128  LEDs  to  control  whether  the  LED  is  "on"  to  provide  a  dark  pel  or  "off"  to  provide  a  light 
pel.  As  noted,  the  128  bits  of  data  necessary  for  each  slice  along  an  entire  character  segment,  and  then 

25  along  an  entire  line  of  print,  would  be  voluminous. 
The  amount  of  data  which  must  be  stored  prior  to  printing  can,  however,  be  greatly  reduced  by 

recognizing  that  the  information  of  a  slice,  such  as  slice  42,  can  be  defined  by  the  black  or  white  color  at  any 
one  point  of  the  slice  along  with  the  pel  locations  at  which  the  slice  intersects  the  character.  In  moving  up  or 
down  along  the  slice  42,  a  transition  from  light  to  dark  or  dary  to  light  occurs  at  each  intersection  of  the  slice 

30  with  the  character  image.  Specifically,  a  slice  42  drawn  through  the  character  field  from  the  bottom  of  the 
field  to  the  top  is  initially  light.  The  color  of  successive  pels  in  the  slice  remains  light  until  a  contour  of  the 
character  is  intersected  at  44.  At  that  contour,  there  is  a  transition  from  light  to  dark.  From  there  the  pels  of 
the  slice  are  dark  until  the  second  contour  is  intersected  at  46.  There  is  then  a  transition  from  dark  to  light, 
and  the  pels  remain  light  throughout  the  remainder  of  the  slice. 

35  From  the  above,  it  can  be  seen  that  the  color  of  each  pel  within  the  slice  is  accurately  defined  by  the 
initial  light  color  and  by  the  locations  of  intersections  with  the  character  contours.  Extending  that  concept 
through  the  entire  character  field,  every  pel  within  the  field  can  be  defined  by  defining  the  contour  lines 
where  transitions  are  made.  The  data  required  to  draw  those  contour  lines  can  be  stored  in  a  substantially 
reduced  memory  space. 

40  A  compressed  character  defined  by  contours  is  conveniently  thought  of  as  a  stream  of  commands  to 
an  x-y  plotter.  The  commands  dictate  a  sequence  of  pen  motions  which  the  plotter  executes  on  an  x-y  grid. 
The  pen  has  two  states:  "on"  and  "off".  If,  while  in  motion,  the  pen  is  "on",  the  pen's  trajectory  is  recorded 
on  the  grid.  If  the  pen  is  off,  the  pen's  trajectory  is  not  recorded. 

Any  contour  can  be  defined  by  a  combination  of  three  types  of  commands:  the  point  command,  the 
45  line  command  and  the  curve  command.  Execution  of  the  point  command  moves  the  pen  to  a  point  in  the 

segment  field  whose  coordinates  are  part  of  the  command.  As  an  example,  a  point  command  might  move 
the  imagined  pen  to  point  48  of  the  grid  of  Fig.  5.  Execution  of  the  line  command  moves  the  pen  in  one  of 
the  four  coordinate  directions.  As  an  example,  a  line  command  would  provide  the  line  50  from  point  48,  and 
another  line  command  would  provide  the  vertical  line  52  from  point  54.  When  executed,  the  curve 

so  command  moves  the  pen  along  a  curve  whose  length,  general  direction,  and  detailed  shape  are  encoded  as 
part  of  the  command.  As  an  example,  a  curve  command  would  provide  the  curve  from  point  56  to  point  58 
in  Fig.  5. 

Any  characters  larger  than  about  12  pt  cannot  be  printed  in  a  single  segment  field  and  are  subdivided 
into  character  segments  which  are  treated  substantially  independently.  Such  large  characters  are  printed  in 

55  adjacent  character  segment  fields.  If  two  or  more  vertical  segment  fields  are  required  for  a  character,  those 
fields  are  printed  in  successive  scans  of  the  fiber  optic  scanning  head. 

The  electronic  system  for  controlling  the  scanning  of  the  fiber  optic  scanning  head  and  the  selective 
illumination  of  the  fiber  optic  filaments  by  the  LED  array  is  shown  in  Fig.  6.  The  system  includes  a  micro- 
processor  based  subsystem  100  which  utilizes  a  Z80A  type  microprocessor  101  operating  at  4  megahertz. 

eo  This  microprocessor  based  subsystem  100  also  includes  a  random  access  memory  102. 
At  start-up,  the  Z80  program  is  loaded  from  a  main  computer  104  into  the  RAM  102.  The  subsystem  100 

then  receives  font  information  from  the  main  computer  104.  That  font  information  defines  the  contours  of 
each  permissible  character  of  a  font  in  compressed  form  as  discussed  above.  The  fonts,  each  of  which  may 
include  up  to  128  characters,  are  stored  in  the  RAM  102  along  with  the  Z80  program. 

65.  With  the  font  information  on  store,  the  Z80  subsystem  100  is  ready  to  convert  any  characters  to  be 
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printed  into  the  desired  print  type,  such  as  ten  point  gothic  or  the  like.  The  main  computer  104  then  reads 
int  the  Z80  subsystem  100  the  specific  characters  to  be  printed  on  a  line.  This  information  is  also  stored  in 

When  the  characters  provided  by  the  main  computer  104  are  to  be  printed,  the  subsystem  100 

5  transmits  successive  characters  to  be  printed,  in  compressed  form  determined  by  the  font  selected,  along  a 
data  bus  104  thorugh  a  set  of  first-in  first-out  registers  105  and  106  to  a  high  speed  microprocessor 
subsystem  108.  The  registers  105  and  106  serve  as  an  asynchronous  buffer  between  the  two 
microprocessor  s u b s y s t e m s . .  

In  order  to  deliver  the  compressed  character  data  to  the  high  speed  microprocessor  subsystem  108  at  a 
w  high  rate,  an  8257  type  direct  memory  access  (DMA)  chip  90,  operating  at  3  megahertz,  controls  the  transfer 

of  the  compressed  data  from  the  RAM  102  to  the  buffers  105  and  106.  After  a  line  of  type  has  been  received 

by  the  Z80  subsystem  100  and  stored  in  the  RAM,  the  memory  access  information  required  by  the  DMA  to 

access  the  first  two  characters  of  the  line  and  associated  control  information  from  memory  is  provided  in 
the  four  channels  available  in  the  DMA.  Just  before  the  fiber  optic  scanning  head  begins  to  scan,  the  first 

w  character,  defined  by  a  long  series  of  data  bytes,  is  accessed  from  the  RAM  102  and  transferred  through  the 
first  in,  first  out  registers  105  and  106.  As  the  registers  are  emptied  of  each  byte  by  the  high  speed 
subsystem  108,  a  request  is  made  by  the  register  control  circuit  92  to  the  DMA  to  access  the  next  byte  of 
compressed  character  data  and  strobe  it  into  the  first  register  105. 

Once  all  of  the  bytes  for  the  first  printed  character  are  accessed  from  memory,  the  DMA  90  steps  to  its 

20  third  and  fourth  channels  which  include  the  memory  access  information  for  the  second  character  of  the  line 
of  print  It  then  responds  to  requests  from  the  register  status  circuit  92  to  transfer  the  series  of  bytes  for  that 
character  from  RAM  102  to  the  first  in,  first  out  registers  105  and  106.  Also,  the  DMA  requests  further 

memory  access  information  from  the  microprocessor  101  for  the  third  character  in  the  line  of  print  to 
replace  the  first  character  information  in  the  first  channel.  The  DMA  continues  to  step  from  channel  to 

25  channel  and  to  request  memory  access  information  from  the  microprocessor  for  successive  characters  of 

print  until  the  data  required  for  an  entire  line  of  print  has  been  transferred  to  the  high  speed  subsystem  108. 
The  high  speed  subsystem  108  is  based  on  a  2901  type  microprocessor  under  control  of  micro- 

instructions  stored  in  a  programmable  read  only  memory  (PROM)  112.  Using  a  6  megahertz  clock,  the  2901 
is  able  to  expand  the  compressed  character  font  data  in  real  time  using  a  small  buffer  area.  Only  an  amount 

30  of  expanded  data  which  is  small  relative  to  the  expanded  data  required  for  an  entire  line  of  print  need  be 
stored  The  2901  receives  compressed  character  data  and  expands  that  data  as  rapidly  as  the  fiber  optic 
scanning  head  scans  the  film  on  which  the  line  of  print  is  to  be  set.  In  the  present  case  the  expanded  data 
for  only  two  character  segment  fields  need  be  stored  at  any  time  so  that  one  can  be  expanded  while 
another  is  being  read  to  control  the  LED  array. 

35  Following  the  contours  presented  by  the  compressed  data,  the  2901  microprocessor  stores  those 
contours  in  a  character  buffer  RAM  114.  Referring  back  to  the  x-y  plotter  analogy,  as  character  code 
information  is  processed  by  the  2901  processor  system,  a  "1"  is  written  into  memory  each  time  the  pen 
steps  in  a  horizontal  direction  as  the  pen  traces  the  character  segment  outlines  under  control  of  the  2901  .  In 
the  dynamic  RAMs  114,  each  pel  of  a  character  image  field  has  a  corresponding  one  bit  location  in  memory. 

40  The  memory  1  14  can  be  thought  of  as  a  pel  map  with  transitions,  or  contours,  written  into  it;  and  one  can 
"  determine  whether  a  contour  line  is  at  a  specific  pel  on  the  image  field  by  looking  to  the  memory  114  and 

determining  whether  the  corresponding  bit  in  memory  is  high  or  low. 
The  buffer  RAM  114  is  actually  two  16K  x  4  groups  of  RAMs  114a  and  114b.  Successive  characters  are 

written  into  alternating  groups  in  order  to  account  for  overlapping  characters.  For  example,  the  characters 

45  shown  in  Fig.  7  would  be  written  into  the  two  groups  of  RAMs  114a  and  114b  as  shown  in  Fig.  7.  The 

contour  lines  for  the  letter  a  would  be  written  into  the  first  group  1  14a  and  the  contour  lines  of  the  letter  e 
would  be  written  into  the  second  group  1  14b.  The  contour  lines  for  the  third  and  fourth  letters  b  and  c 
would  then  be  written  into  the  respective  groups  114a  and  114b. 

Once  the  contour  lines  have  been  drawn  into  the  character  buffer  RAMs  1  14  by  the  processor  1  10,  the 

so  pel  data  is  read  out,  eight  bits  (or  pels)  at  a  time,  into  respective  registers  107  and  109.  The  data  is  read  from 

memory  114to  form  successive  slices,  starting  from  the  bottom  of  each  slice.  The  data  in  the  registers  107 
and  109  is  shifted  serially  to  respective  color  flip  flops  111  and  113.  Each  "one"  bit  received  by  either  flip 
flop  indicates  intersection  of  the  slice  with  a  contour  line  and  causes  a  transition  in  the  output  of  the  flip 
flop  The  high  or  low  flip  flop  outputs  control  the  color  of  corresponding  pels  in  the  slice.  By  combining  the 

55  two  bit  streams  in  an  OR  gate  117,  the  dark  pels  of  characters  from  both  RAM  groups  114a  and  114b  are 
provided  as  "ones"  on  line  115.  ,  •  ■  ^A  -+h+u«, 

Because  the  color  of  characters  is  determined  solely  by  contour  lines  and  the  color  is  inverted  with  the 
intersection  of  each  contour  line,  overlap  of  separate  contours  prior  to  generation  of  the  color  data  would 

result  in  improper  coloring  of  the  overlapping  characters.  For  example,  the  contour  line  of  the  letter  a 

eo  miqht  be  intersected  in  a  slice  such  that  the  color  would  switch  to  dark,  and  a  contour  line  from  the  letter 
"e"  intended  to  switch  the  color  to  dark,  might  then  be  intersected;  the  color  would  be  inverted  to  light  at 

'  the  second  contour  -   an  improper  output.  In  the  present  case,  the  colors  from  successive  characters  are 
derived  independently  from  the  alternating  RAM  groups  114a  and  114b  and  the  color  is  then  combined  in 
the  OR  gate  117.  Thus  a  dark  data  signal  is  provided  on  line  115  wherever  there  was  a  dark  signal  in  either 

65  of  the  overlapping  characters. 
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The  data  on  line  115  is  shifted  serially,  in  groups  of  16  bits  from  single  slices,  into  an  even/odd  logic 
circuit  116.  Each  set  of  16  bits  fed  into  the  logic  circuit  116  corresponds  to  two  bytes  of  pels  as  shown  in 
Figs  2  and  3.  That  is,  it  includes  eight  bits  of  information  to  control  the  odd  byte  LEDs  and  eight  bits  of 
information  to  control  the  even  byte  LEDs  of  a  two-byte  section.  For  each  1|  mil  displacement  of  the 

s  scanning  head,  eight  two-byte  segments  are  defined  by  similar  16  bit  streams  of  data  from  the  high  speed 
microprocessor  subsystem  108.  The  two  bytes  are  for  a  single  slice,  however,  and  not  for  the  adjacent 
slices  illuminated  by  the  scanning  head  as  shown  in  Fig.  3. 

As  just  noted,  the  16  bits  provided  at  any  one  time  on  line  115  correspond  to  a  single  slice  in  the 
character  field.  For  example,  as  shown  in  Fig.  3,  the  16  bits  might  be  for  the  even  byte  shown  in  solid  lines 

to  and  for  the  odd  byte  shown  in  broken  lines  in  line  with  that  even  byte;  that  is,  it  includes  even  byte 
information  for  immediate  control  of  LEDs  and  odd  byte  information  to  be  delayed  for  control  of  the  LEDs 
after  the  scanning  head  has  moved  H  mils.  To  properly  control  the  LEDs  which  correspond  to  the  even  and 
odd  fiber  optic  filaments,  the  16  bits  are  divided  into  even  and  odd  groups  in  a  set  of  registers  118  and  120. 

It  should  further  be  noted  that  the  eight  sections  of  two  bytes  in  the  scanning  head,  shown  in  Fig.  2,  are 
15  energized  sequentially  and  not  simultaneously.  The  scanning  movement  is  continuous,  so  each  set  of  two 

bytes  is  energized  a  small  increment  of  time  after  the  previous  set.  With  such  a  system,  if  all  eight  sets  of 
two  bytes  were  aligned  perpendicular  to  the  direction  of  movement  of  the  scanning  head,  there  would  be  a 
near  V?  mil  displacement  in  type  in  the  direction  of  scan  between  the  uppermost  and  lowermost  two  byte 
set  of  pels.  That  displacement  would  be  viewed  as  a  tilt  in  the  characters. 

20  To  minimize  aberrations  due  to  sequential  firing  of  the  sets  of  two  byte  LEDs  with  continuous  scanning 
movement  of  the  scanning  head,  the  entire  array  is  aligned  at  an  angle  relative  to  the  direction  of  scan  36. 
Thus,  with  the  lowermost  two  byte  set  of  filaments  leading  the  others,  the  LEDs  of  that  set  can  be  energized 
as  the  set  passes  one  pair  of  slices  in  the  character  field.  By  synchronizing  the  scan  speed  with  the 
electronic  timing,  the  second  set  of  two-byte  LEDs,  is  energized  a  short  time  after  the  first  set,  but  the 

25  associated  fibers  are,  at  that  later  time,  in  line  with  the  same  pair  of  slices  in  the  character  field. 
The  phototypesetter  prints  in  both  the  forward  and  reverse  directions  of  movement  of  the  scanning 

head.  Thus,  the  two-byte  set  of  fibers  which  leads  in  the  forward  direction  lags  in  the  reverse  direction. 
To  account  for  the  delay  between  even  and  odd  fibers  and  to  provide  for  both  forward  and  reverse 

printing,  the  even  and  odd  portions  of  each  two-byte  input  for  a  single  slice  on  line  1  1  5  is  stored  in  a  static 
30  video  RAM  122  under  the  control  of  a  programmable  read  only  memory  (PROM)  124.  Also  under  the 

control  of  the  PROM  124,  the  video  RAM  122  outputs  even  and  odd  portions  of  different  16  bit  inputs  from 
line  115  into  respective  output  registers  126  and  128.  Because  the  even  byte  is  read  into  the  register  128 
before  the  odd  byte  is  read  into  register  126,  the  former  is  delayed  in  another  register  129.  Then  the  signals 
in  registers  126  and  129  are  applied  simultaneously  to  a  driver  circuit  130  to  drive  16  rows  of  LEDs  in  a  LED 

35  array  132.  Simultaneously,  a  column  of  LEDs  corresponding  to  a  particular  two-byte  set  of  fibers  is  enabled 
through  a  decoder  1 3 4 . . . . . .  

A  93.75  kilohertz  two-byte  clock  is  available  to  the  system,  and  a  stepper  motor  which  drives  the 
scanning  head  is  synchronized  to  that  clock  under  control  of  the  Z80  microprocessor  110.  With  each  cycle  of 
the  two-byte  clock,  another  column  of  the  LED  array  is  enabled  through  the  decoder  drivers  134,  and 

40  another  two-byte  group  of  LEDs  is  energized  according  to  the  input  from  the  row  drivers  130.  To  designate 
which  column  is  driven  by  the  drivers  134,  the  two  byte  clock  is  divided  in  an  up/down  counter  1  50  to  form 
four  byte,  eight  byte  and  slice  clock  signals.  As  noted  above,  the  two-byte  groups  must  be  energized  in 
reverse  direction  when  the  scanning  head  scans  in  the  reverse  direction;  thus,  the  up/down  counter  150 
counts  down  when  a  reverse  direction  signal  is  received.  This  causes  the  byte  groups  of  fibers  on  the 

45  scanning  head  to  be  illuminated  from  top  to  bottom  relative  to  the  printed  character  during  reverse 
direction. 

It  can  be  seen,  then,  that  in  the  system  of  Fig.  6  the  Z80  based  microprocessor  100  first  supplies  the  font 
information  for  specific  characters  to  be  printed,  in  compressed  form,  to  a  2901  based  microprocessor  108. 
The  2901  subsystem  then  expands  that  compressed  data  in  approximate  real  time  and  stores  the  expanded 

so  data  in  the  buffer  memory  114  to  define  the  contour  of  each  pel  in  a  character.  The  conversion  must  be  in 
approximate  real  time  to  minimize  storage  space  requirements  and  to  provide  the  information  even  as  the 
scanning  head  moves  quickly  across  the  film.  Then,  the  color  information  for  each  two  byte  segment  of  a 
slice  of  a  character  field  is  read  from  the  memory  114  and  divided  into  even  and  odd  segments  and  stored 
in  a  video  RAM  122.  The  pairs  of  bytes  are  read  out  from  that  RAM  to  control  the  LEDs  in  a  manner  which 

55  allows  for  the  mechanical  orientation  of  the  individual  fibers  during  scanning  movement. 

The  Video  RAM 
As  noted  above,  the  proper  sequencing  of  bytes  read  into  and  out  of  the  video  RAM  122  accounts  for 

the  delay  between  even  and  odd  bytes  on  the  scanning  head  with  scanning  movement;  and  the  sequencing 
60  also  accounts  for  the  slant  of  the  scanning  head  as  direction  is  reversed.  The  video  RAM  1  22  is  controlled 

by  a  PROM  sequencer  124  which  determines  the  correct  sequence  of  RAM  addressing  and  of  enabling  of 
the  even  and  odd  data  registers  118  and  120.  The  PROM  124  also  controls  resetting  of  the  color  flip  flops 
1  1  1  and  1  13  at  the  end  of  each  slice.  The  sequencing  is  dependent  on  the  direction  of  scanning  movement. 
The  RAM  addresses  and  the  even  and  odd  register  control  signals  and  reset  signal  are  latched  through  a 

65  latch  152. 
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Table  1  illustrates  how  sequencing  of  the  reading  and  writing  of  bytes  into  and  out  of  the  RAM  122 
accounts  for  the  mechanical  orientation  of  the  fibers  during  bidirectional  scanning  movement.  At  each  step 
of  the  sequence,  a  byte  is  read  from  a  byte  address  and  a  new  byte  is  written  into  that  address.  The 
addresses  are  designated  by  a  hexadecimal  numbering  system. 

TABLE  1 

FORWARD  SETTING  REVERSE  SETTING 

Even  Data  Odd  (Delayed)  Even  (Delayed)  Odd  Data 
Locations  Data  Locations  Data  Locations  Locations 

RD/WR  0  RD/WR  10  RD/WR  0  RD/WR  10 

RD/WR  1  RD/WR  11  RD/WR  1  RD/WR  11 

RD/WR  2  RD/WR  12  RD/WR  2  RD/WR  12 

RD/WR  3  Group  1  RD/WR  13  Group  1  RD/WR  3  Group  1  RD/WR  13  Group 

RD/WR  4  RD/WR  14  RD/WR  4  RD/WR  14 

RD/WR  5  RD/WR  15  RD/WR  5  RD/WR  15 

RD/WR  6  RD/WR  16  RD/WR  6  RD/WR  16 

RD/WR  7  RD/WR  17  RD/WR  7  RD/WR  17 

RD/WR  0  RD/WR  18  RD/WR  8  RD/WR  17 

RD/WR  1  RD/WR  19  RD/WR  9  RD/WR  16 

RD/WR  2  RD/WR  1  A  RD/WR  A  RD/WR  15 

RD/WR  3  Group  1  RD/WR  1B  Group  2  RD/WR  B  Group  2  RD/WR  14  Group 

RD/WR  4  RD/WR  1C  RD/WR  C  RD/WR  13 

RD/WR  5  RD/WR  1D  RD/WR  D  RD/WR  12 

RD/WR  6  RD/WR  1E  RD/WR  E  RD/WR  11 

RD/WR  7  RD/WR  1F  RD/WR  F  RD/WR  10 

Etc.  Etc.  RD/WR  7  RD/WR  10 

RD/WR  6  RD/WR  1  1 

RD/WR  5  RD/WR  12 

RD/WR  4  Group  1  RD/WR  13  Group 

RD/WR  3  RD/WR  14 

RD/WR  2  RD/WR  15 

RD/WR  1  RD/WR  16 

RD/WR  0  RD/WR  17 

RD/WR  F  RD/WR  17 

RD/WR  E  RD/WR  16 

RD/WR  D  RD/WR  15 

JO 
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TABLE  1  (continued) 

FORWARD  SETTING  REVERSE  SETTING 

Even  Data  Odd  (Delayed)  Even  (Delayed)  Odd  Data 
Locations  Data  Locations  Data  Locations  Locations 

RD/WR  C  Group  2  RD/WR  14  Group 

RD/WR  B  RD/WR  13 

RD/WR  A  RD/WR  12 

RD/WR  9  RD/WR  11 

RD/WR  8  RD/WR  10 

Etc.  Etc. 

10 

15 

20 

With  forward  scanning  movement,  the  odd  bytes  must  be  delayed  by  one  slice,  or  eight  odd  bytes, 
relative  to  the  even  bytes.  To  accomplish  this  delay,  each  odd  byte  is  held  in  the  RAM  122  for  two  cycles  of  a 
one-slice  clock,  whereas  the  even  data  bytes  are  held  in  memory  for  only  a  single  cycle  of  a  one  slice  clock. 

25  Specifically,  noting  the  "forward  setting"  of  Table  1,  an  even  byte  is  first  read  from  address  0  and  then 
a  new  even  byte  is  written  into  that  address  from  register  118.  Next,  an  odd  byte  is  read  from  address  10, 
and  a  new  odd  byte  is  written  into  that  address  from  the  odd  register  1  20.  In  the  next  two  byte  cycle,  bytes 
are  read  out  of  and  written  into  the  even  1  address  and  odd  11  address.  This  sequence  continues  through 
the  writing  of  an  even  byte  into  address  7  and  an  odd  byte  into  address  17.  In  the  next  two  byte  cycle  an 

30  even  byte  is  read  from  the  0  address,  that  byte  having  been  stored  for  one  cycle  of  a  slice  clock.  The  10 
address  of  the  odd  data  locations  is  not  read  out,  however.  Rather,  a  byte  is  read  from  the  18  address  and  a 
new  byte  is  written  into  that  address.  As  the  PROM  sequencer  continues  to  cause  even  bytes  to  be  read 
from  and  written  into  the  first  eight  even  data  locations,  it  causes  odd  bytes  to  be  read  from  and  written  into 
16  (hexadecimal  10  through  1  F)  addresses  in  the  odd  data  locations.  It  is  only  after  the  1  F  address  has  been 

35  filled  that  the  sequencer  causes  odd  data  to  be  read  from  the  10  address.  The  byte  stored  in  the  10  address 
will  have  been  stored  at  that  address  for  two  cycles  of  the  one  slice  clock. 

The  addresses  can  be  considered  as  groups  of  eight  even  or  odd  addresses.  In  the  forward  setting,  a 
single  even  group  is  addressed  repeatedly.  However,  the  odd  data  must  be  delayed  and  it  is  read  from  and 
written  into  two  groups  of  addresses  before  sequencing  through  those  groups  is  repeated.  The  added 

40  group  of  addresses  adds  a  delay  from  the  time  that  the  data  is  written  into  the  memory  location  to  the  time 
that  is  is  read  from  the  memory  location. 

This  sequencing  of  the  even  and  odd  bits  can  conveniently  be  considered  as  the  shifting  of  bytes  as 
parallel  bits  through  banks  of  shift  registers.  This  is  illustrated  by  Fig.  8A.  As  shown,  the  even  bytes,  in  the 
form  of  eight  parallel  bits,  are  fed  into  a  bank  154  of  8  x  8  bit  shift  registers  which  delay  each  even  byte  by 

45  eight  two-byte  cycles.  Afterthat  delay,  each  byte  is  read  out  as  eight  parallel  bits.  The  odd  bytes  are  delayed 
in  a  similar  8 x 8   bit  cycle  shift  register  156.  However,  they  are  not  immediately  read  out  but  are  further 
delayed  in  a  second  8  x  8  bit  shift  register  158. 

The  above  description  of  the  sequencing  of  bytes  into  and  out  of  the  video  RAM  1  22  provides  for  delay 
of  odd  bytes  with  forward  scanning  movement.  With  reverse  scanning  movement,  the  even  bytes  must  be 

so  delayed  relative  to  the  odd  bytes;  further,  the  bytes  must  be  read  from  the  RAM  from  top  to  bottom  of  each 
slice  even  though  they  are  read  into  the  RAM  from  bottom  to  top.  This  is  accomplished  by  the  addressing 
scheme  shown  for  the  "reverse  setting"  of  Table  1.  The  odd  bytes  are  read  from  and  written  into  addresses 
10  through  17.  Then,  those  bytes  are  read  from  and  written  into  the  same  addresses  in  reverse  order,  that 
is,  from  address  17  through  address  10.  This  sequence  is  then  repeated.  That  addressing  scheme  provides 

55  for  a  top-to-bottom  output  of  bytes  which  are  read  in  bottom-to-top. 
The  even  bytes,  which  are  to  be  delayed  relative  to  the  odd  bytes,  are  read  from  and  written  into  16 

data  locations,  0  through  F.  Then,  the  first  eight  bytes,  0  through  7,  are  read  out  in  reverse,  and  are  followed 
by  the  next  eight  bytes,  addresses  8  through  F,  read  from  memory  in  reverse.  These  bytes  are  thus  read  out 
top-to-bottom  and  are  also  delayed  by  one  slice  cycle  relative  to  the  odd  bytes. 

60  As  with  the  forward  setting,  delay  of  data  in  the  reverse  setting  is  obtained  by  storing  the  delayed  even 
data  in  two  groups  of  addresses  while  storing  the  odd  data  in  only  a  single  group  of  addresses.  Further, 
because  the  data  must  be  read  out  in  reverse,  within  each  group  the  order  of  addressing  is  alternated  for 
both  even  and  odd  data. 

The  reverse  scan  addressing  can  be  considered  by  the  shift  register  analog  of  Fig.  8B.  In  the  reverse 
65  direction,  odd  bytes  are  read  into  a  bank  160  of  shift  registers.  On  a  slice  clock,  they  are  then  read  in  parallel 
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into  a  second  bank  161  of  shift  registers;  from  that  bank  of  shift  registers  they  are  read  out  in  reverse.  The 
even  bytes  are  read  into  two  banks  of  shift  registers  162  and  164  and  are  then  transferred  to  the  registers 
163  and  165  on  a  slice  clock.  They  are  then  read  out,  in  reverse,  first  from  the  second  bank  of  registers  165 
and  then  from  the  first  bank  of  registers  163. 

5  Each  address  of  the  Video  RAM  122  is  determined  by  the  data  stored  in  the  PROM  124  for  the  particular 
clock  time  within  an  overall  four  slice  cycle.  In  the  forward  direction  the  counter  150,  which  generates 
several  of  the  timing  signals  to  the  PROM,  counts  up;  however,  in  the  reverse  direction,  the  byte  and  two 
byte  clocks  count  up  while  the  up/down  counter  150  count  downs.  The  mapping  of  addresses  in  the  PROM 
124  must  take  that  into  account. 

10  The  above-described  sequence  of  addressing  of  the  video  RAM  122  is  simplified  to  some  extent  by  the 
physical  arrangement  of  the  present  system  wherein  the  displacement  between  odd  and  even  groups  of 
fiber  optic  filaments  equals  the  displacement  between  character  image  slices.  It  is  also  simplified  by  the 
fact  that  the  tilt  of  the  fiber  optic  fibers  relative  to  the  direction  of  scan  is  such  that  the  eight  two-byte  groups 
of  fiber  optic  filaments  span  the  distance  between  two  slices.  A  more  generalized  sequencing  approach  can 

w  be  recognized  by  defining  three  time  intervals  which  must  be  compensated  for  in  the  addressing  scheme. 
First,  a  "tilt  time"  is  the  total  time  during  which  the  several  groups  of  LEDs  are  energized  to 

compensate  for  the  tilt  in  the  scanning  head  relative  to  the  direction  of  scan;  it  is  the  time  over  which  the 
entire  LED  array  is  enabled.  In  this  case  eight  two-byte  groups  are  energized  over  a  slice  clock  cycle;  the  tilt 
time  is  the  time  of  one  slice  cycle. 

20  Another  time  to  be  considered  results  from  the  need  to  first  read  in  a  slice  and  then  read  that  slice  out 
in  reverse.  That  time  can  be  termed  the  "slice  time"  and  is  the  difference  in  times  at  which  an  odd  (or  even) 

group  of  fibers  passes  adjacent  slices.  Because,  with  reverse  scan,  the  data  for  a  slice  cannot  be  read  out  in 
reverse  until  the  entire  slice  has  been  written  into  memory,  read-out  must  be  delayed  with  reverse  scan  by 
at  least  one  slice  time.  The  data  for  any  slice  might  actually  be  delayed  any  multiple  of  a  slice  time. 

25  A  final  time  that  must  be  considered  is  the  difference  in  times  at  which  the  respective  even  and  odd 

groups  of  fibers  pass  a  given  slice.  This  time  can  be  termed  the  "odd/even  time". 
In  the  present  system,  the  tilt  time,  slice  time  and  odd/even  time  are  each  equal  to  one  cycle  of  a  slice 

clock. 
For  both  odd  and  even  bytes  in  both  forward  and  reverse  scan,  the  tilt  time  is  determined  by  the  rate  at 

30  which  bytes  are  read  out  of  the  video  RAM.  Conveniently,  in  the  present  system  the  bytes  are  read  into  the 
video  RAM  at  the  same  rate  so  that,  at  each  address,  a  byte  can  be  read  from  the  memory  address  and  then 
a  new  byte  can  be  read  into  the  address.  In  the  analogs  of  Figs.  8A  and  8B,  the  tilt  time  is  provided  by  each 
final  shift  register  154,  158,  161,  163  and  165. 

With  forward  scan,  the  only  additional  concern  is  the  odd/even  time.  With  reference  to  Fig.  8A,  that 
35  time  is  accounted  for  by  the  delay  of  the  odd  bytes  in  the  register  156. 

In  reverse  scan,  one  must  be  concerned  with  both  the  slice  time  and  the  odd/even  time.  For  the  odd 
bytes,  only  the  slice  time  is  of  concern  and  that  delay  is  provided  by  the  bank  of  shift  registers  160  in  the 
analog  of  Fig.  8B.  Thus  the  bytes  are  written  into  memory  in  the  slice  time  (registers  160)  and  the  last  byte 
to  be  written  in  can  be  read  out  over  the  tilt  time  (registers  161). 

40  The  even  bytes  in  reverse  scan  must  first  be  delayed  by  the  slice  time  and  then  be  further  delayed  by 
the  odd/even  time.  With  reference  to  the  analog  of  Fig.  8B,  for  the  first  eight  bytes,  the  slice  time  is  provided 
by  the  register  162  and  the  odd/even  time  is  provided  by  the  register  164.  The  eight  bytes  are  then  read  out 
over  the  tilt  time  from  the  register  165.  The  second  eight  bytes  are  delayed  by  the  slice  time  in  the  register 
162.  They  are  then  delayed  by  the  odd/even  time  while  held  in  the  register  163  as  the  first  eight  bytes  are 

45  read  from  the  bank  of  registers  165  (over  the  tilt  time).  That  second  group  of  eight  bytes  is  finally  read  from 
the  register  163  over  its  tilt  time. 

PROM  With  Sequencer 
The  PROM  with  sequencer  112  in  the  high  speed  microprocessor  system  108  is  shown  in  greater  detail 

so  in  Fig.  9.  The  PROM  is  a  bank  200  of  six  256  x  8  PROMs  which  provides  a  48  bit  output  for  each  eight  bit 
address.  To  implement  a  pipelining  technique,  the  PROM  outputs  are  latched  into  a  bank  of  pipeline 
registers  202.  As  the  instruction  held  by  the  registers  202  is  being  executed,  the  next  instruction  is  being 
fetched  by  a  new  set  of  address  bits  applied  to  the  PROMs  200.  This  increases  the  speed  of  the  high  speed 
microprocessor  108  by  breaking  the  timing  delays  into  two  loops:  the  processor  loop  and  the  memory 

55  access  loop.  The  two  loops  are  executed  in  parallel. 
The  following  is  a  description  of  each  bit  of  the  48  bit  instruction  word; 
The  CARRY  RND  output  is  gated  with  a  CARRY  OUT  bit  from  the  2901  microprocessor  110  to  select 

whether  the  CARRY  OUT  of  the  current  cycle  is  used  as  a  CARRY  IN  for  the  next  cycle.  A  CARRY  signal 
forces  a  CARRY  IN  to  the  2901  through  an  OR  gate  204. 

eo  The  next  nine  bits  of  the  instruction  word  are  a  microinstruction  code  word  readable  by  the  2901 
microprocessor  110.  This  microinstruction  selects  arithmetic  logic  unit  (ALU)  source  operands,  an  ALU 
arithmetic  function  and  an  ALU  destination  control.  The  microinstruction  code  word  is  accompanied  by  an 
eight  bit  address  to  the  RAM  within  the  2901. 

BANK  and  WRITE  ONE  bits  are  provided  to  the  character  buffer  RAM  114.  The  BANK  bit  allows 

65  selection  of  one  of  the  two  memory  banks  in  the  RAM  114.  The  WRITE  ONE  bit  is  used  in  timing  to  generate 



EP  0 1 3 5   880  B1 

a  write  pulse  which  allows  writing  into  a  single  memory  location  of  the  character  buffer  RAM  114. 
The  Z80  INTR  bit  generates  an  interrupt  to  the  Z80  microprocessor  101  after  completion  of  a  line  of 

print. 
A  Z80  INPEN  bit  selects  data  input  to  the  2901  microprocessor  1  10  from  either  the  FIFO  register  106  (by 

5  means  of  the  register  control  92)  or  from  the  register  206.  The  register  206  may  receive  a  data  word  from 
the  fifth  PROM  of  the  PROM  bank  200. 

A  seven  bit  row  address  and  seven  bit  column  address  are  multiplexed  into  the  character  buffer  RAM 
114  from  the  microprocessor  110.  To  that  end,  and  ENROW  bit  controls  enabling  of  the  row  and  column 
addresses  into  the  memory  114. 

10  The  LSREGLOAD  bit  controls  loading  of  data  from  the  character  buffer  memory  114  into  shift  registers 
107  and  109  during  a  read  operation  of  the  memory. 

The  LSAVSTCL  bit  is  used  to  clock  a  jump  signal  used  in  sequence  control  as  discussed  below. 
The  next  five  bits  are  applied  to  the  character  buffer  memory  114.  The  COLACO  bit  controls  clocking  of 

a  column  address  latch  associated  with  the  memory.  The  LCAS  and  LRAS  bits  control  the  column  address 
is  strobe  and  row  address  strobe  to  the  character  buffer  RAM.  The  LWRITEALL  signal  controls  writing  into  the 

entire  RAM  114  for  rapid  clearing  of  memory.  The  DINALL  bit  applies  data  to  the  address  selected  by  the 
microprocessor  110. 

In  order  to  reduce  the  cost  of  the  circuitry,  dynamic  RAMs,  rather  than  static  RAMs,  were  used  in  the 
RAMs  114.  The  disadvantage  of  dynamic  RAMs,  however,  is  that  they  require  periodic  refreshing  of  each 

20  memory  cell  and  this  in  turn  requires  additional  circuitry.  The  additional  circuitry  is  required  to  generate 
memory  control  bits  such  as  row  address  strobes  (RAS),  column  address  strobes  (CAS),  write  signals  and 
address  control  signals,  and  the  circuitry  generally  includes  relatively  expensive  analog  delay  lines  to 
generate  the  correct  timing  signals.  Timing  of  those  memory  control  bits  is  critical. 

The  present  system  makes  use  of  a  dynamic  RAM  but  avoids  the  need  for  the  additional  control 
25  circuitry.  This  is  accomplished  by  generating  the  memory  control  bits  as  part  of  an  instruction  word  from 

the  program  memory  200.  The  microinstruction  from  the  program  memory  200  also  controls  a  refresh 
address  register  in  the  microprocessor  110  so  that  the  refresh  address  and  the  memory  control  bits  are  in 
synchronization.  Thus,  the  conventional  dynamic  RAM  controller  circuitry  is  replaced  by  additional 
program  memory,  and  the  control  bits  are  part  of  the  microinstruction. 

30  Four  bits  from  the  final  register  of  the  bank  of  registers  202  are  applied  to  a  condition  code  multiplexer 
208.  That  four  bit  input  selects  one  of  up  to  1  6  inputs  to  the  multiplexer  to  control  a  jump  bit.  That  jump  bit 
is  applied  through  a  latch  210  to  a  two-to-one  multiplexer  212  which  in  turn  applies  a  control  input  to  a 
program  sequence  controller  214.  The  sequence  controller  214  sequences  through  the  microprogram 
stored  in  the  PROM  bank  200  by  sequentially  selecting  an  eight  bit  address  to  the  PROM  bank.  The 

35  sequence  controller  214  can  select  an  address  from  one  of  four  sources:  1)  a  set  of  external  direct  inputs 
received  from  register  206,  2)  external  data  previously  received  from  the  register  206  and  stored  in  an  R 
register  within  the  controller,  3)  a  four  word  deep  push/pull  stack  register,  or  4)  a  program  counter  register 
which  usually  contains  the  last  address  plus  one.  Two  of  the  inputs  from  the  multiplexer  212  to  the 
sequence  controller  214  control  the  push/pull  stack.  The  other  two  inputs  determine  the  one  of  four  sources 

40  used  to  output  an  address  to  the  PROMs.  In  the  absence  of  a  jump  condition,  the  commands  for  the 
sequencer  come  from  hardwired  inputs  to  the  multiplexer  212.  That  hardwired  instruction  is  a  continue 
instruction.  When  a  jump  signal  is  received  by  the  multiplexer  212  from  the  condition  code  multiplexer  208, 
the  control  signals  applied  to  the  sequence  controller  are  those  received  from  register  216  of  the  register 
bank  202. 

45  As  previously  noted,  the  jump  signal  is  selected  from  one  of  a  possible  16  conditions  input  to  the 
multiplexer  208.  Under  control  of  its  four  inputs  from  the  register  21  6  of  the  pipeline  registers  202,  the  jump 
signal  is  selected  from  one  of  the  other  inputs  to  the  multiplexer  208.  A  jump  always  input  will  always 
provide  a  jump  in  the  sequence  if  selected.  The  second  input  to  the  multiplexer  is  a  CARRY  OUT  bit 
received  from  the  2901  microprocessor  110.  Four  additional  inputs  from  the  microprocessor  110  are  also 

so  applied  to  the  condition  code  multiplexer  208.  Direction  and  inverted  direction  bits  are  applied.  A  Z80  ready 
bit  is  asserted  from  the  register  control  92  when  data  is  available  from  the  register  106  of  the  FIFO  registers. 
This  condition  code  is  checked  before  data  is  input  from  the  FIFO  register.  A  NEVIBYTE  bit  is  synchronized 
with  the  fiber  optic  head  scan  to  signal  that  two  more  video  bytes  are  required  by  the  odd  even  logic 
circuitry  116.  Additional  inputs  to  the  condition  code  multiplexer  208  include  a  previous  JUMP  bit  applied 

55  through  an  inverter  218  and  a  D  flip  flop  220.  A  NEVER  JUMP  input  can  also  be  selected. 

Claims 

1.  In  a  matrix  printer  with  a  LED  driven  fiber  optic  scanning  head  (22),  a  method  of  electronically 
60  establishing  the  sequence  of  control  of  an  array  of  print  elements  (132)  wherein  the  sequencing  of 

individual  print  elements  is  dependent  on  the  displacement  of  print  elements  relative  to  each  other  in  the 
direction  of  scan  (26),  comprising  the  following  steps: 

supplying  print  element  control  data  in  a  sequence  independent  of  the  relative  displacement  of  print 
elements  in  the  direction  of  scan, 

65  sequentially  addressing  a  random  access  memory  (122)  and  writing  the  element  control  data  into  the 

10 
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random  access  memory  at  the  addressed  memory  locations  in  a  first  order, 
sequentially  reading  the  element  control  data  from  the  random  access  memory  in  an  order  other  than 

said  first  order  to  delay  certain  of  the  element  control  data  in  the  random  access  memory, 
applying  the  element  control  data  read  from  the  random  access  memory  to  means  for  driving  the  array 

5  of  print  elements  (132), 
the  scanning  array  corresponding  to  any  instant  of  scan  to  staggered  rows  of  pels  at  adjacent  character 

slices  generally  perpendicular  to  the  direction  of  scan,  the  scanning  array  being  slanted  from  the 
perpendicular; 

and  further  comprising  providing  a  set  of  data  bits  grouped  as  bytes, 
w  segregating  the  bytes  according  to  the  staggered  leading  and  lagging  rows  of  pels  to  which  they 

correspond, 
with  forward  scan,  sequentially  writing  at  least  the  bytes  corresponding  to  the  lagging  row  of  pels  into 

storage  and  sequentially  reading  those  bytes  out  of  storage  in  the  same  sequential  order  such  that  the 
difference  in  storage  times  for  the  leading  and  lagging  bytes  is  an  odd-even  time  which  corresponds  to  the 

15  difference  in  times  at  which  the  staggered  rows  pass  each  slice, 
in  reverse  scan,  sequentially  writing  all  bytes  into  storage  and  subsequentially  reading  the  bytes  of 

successive  slices  out  of  storage  in  reverse  order  such  that 
i)  for  the  lagging  rows,  each  byte  is  held  in  storage  prior  to  read  out  for  a  slice  time  which  corresponds 

to  the  difference  in  times  at  which  each  row  passes  adjacent  slices  plus  an  odd-even  time  which 
20  corresponds  to  the  difference  in  times  at  which  the  staggered  leading  and  lagging  rows  pass  each  slice,  and 

ii)  for  the  leading  rows,  each  byte  is  stored  for  a  slice  time  corresponding  to  the  difference  in  times  at 
which  each  row  passes  adjacent  slices  and 

driving  the  array  of  print  elements  (132)  in  response  to  the  bytes  read  out  of  storage. 
2.  A  method  as  claimed  in  claim  1,  characterized  in  that  random  access  memory  is  subsequentially 

25  addressed  at  addresses  read  from  a  read  only  memory  (124). 
3.  A  method  as  claimed  in  claim  1  or  2,  characterized  in  that  the  random  access  memory  sequential 

addressing  is  obtained  from  a  first  address  sequence  stored  in  memory  for  forward  scan  and  from  a  second 
address  sequence  stored  in  memory  for  reverse  scan. 

4.  A  method  as  claimed  in  any  one  of  the  preceding  claims,  characterized  in  that  data  is  read  from  the 
30  memory  (122)  and  new  data  is  immediately  written  into  the  memory  (122)  at  each  address  during  the 

sequential  addressing  of  the  random  access  memory  (122). 
5.  A  method  as  claimed  in  the  claims  3  and  4,  characterized  in  that,  during  reverse  scan,  the  sequential 

order  of  addressing  within  groups  of  memory  locations  is  alternated  such  that  data  written  into  the  random 
access  memory  (122)  in  one  order  within  the  group  is  subsequently  read  from  the  memory  in  reverse  order 

35  during  a  subsequent  address  sequence. 
6.  A  method  as  claimed  in  any  one  of  the  preceding  claims,  characterized  in  that  the  data  associated 

with  display  print  elements  is  delayed  by  addressing  groups  of  memory  locations  which  groups  are  greater 
in  number  for  the  data  to  be  delayed  than  for  data  which  is  not  to  be  delayed. 

7.  A  method  as  claimed  in  claim  1,  characterized  in  that  the  slice  time  and  odd/even  times  are  about 
40  equal  to  a  tilt  time  corresponding  to  the  time  during  which  an  entire  array  of  imaging  elements  is  energized. 

8.  A  method  as  claimed  in  claim  1  or  7,  characterized  in  that  the  bytes  are  stored  in  a  random  access 
memory. 

9.  A  method  as  claimed  in  claim  8,  characterized  in  that  the  bytes  are  read  from  and  written  into  the 
random  access  memory  according  to  an  address  sequence  determined  by  a  read  only  memory. 

45  10.  A  method  as  claimed  in  any  one  of  claims  1,  8  or  9,  characterized  in  that,  in  reverse  scan,  the  leading 
row  bytes  are  stored  in  the  random  access  memory  at  a  number  of  byte  addresses  which  corresponds  to 
the  number  of  bytes  of  leading  pels  within  a  slice  and  the  bytes  are  read  from  and  written  into  each  address 
sequentially,  with  a  reversal  of  order  of  read-out/write-in  after  each  slice,  and  the  lagging  bytes  are  stored 
in  a  random  access  memory  in  a  number  of  addresses  which  corresponds  to  twice  the  number  of  bytes  of 

so  lagging  pels  within  a  slice  and  the  bytes  are  read  from  and  written  into  the  addresses  sequentially  through 
the  first  and  second  halves  of  the  addresses  and  then  read  from  and  written  into  the  first  half  of  the 
addresses  in  reverse  order  and  then  read  from  and  written  into  a  second  half  of  the  addresses  in  reverse 
order. 

11.  A  method  as  claimed  in  any  one  of  the  preceding  claims,  characterized  by  sequencing  through  a 
55  program  stored  in  a  program  memory  (200)  and  outputting  a  multibit  instruction  word  from  the  program 

memory,  the  instruction  word  comprising  bits  corresponding  to  the  instruction  bits  and  address  bits 
required  by  and  directed  to  a  central  processor  (110)  and  additional  data  memory  control  bits,  and  inputting 
the  data  memory  control  bits  to  a  data  memory  to  control  addressing  and/or  refreshing  of  the  data 
memory. 

60  12.  A  method  as  claimed  in  claim  11,  characterized  in  that  the  data  memory  control  bits  include  a  row 
address  strobe  and  column  address  strobe  to  the  data  memory. 

13.  A  method  as  claimed  in  claim  1  1  or  12,  wherein  as  the  data  memory  is  used  a  dynamic  RAM  (114). 
14.  A  method  as  claimed  in  any  one  of  the  preceding  claims,  characterized  by  writing  a  character 

contour  into  an  electronic  memory  where  memory  addresses  correspond  to  specific  pel  locations  in  a 
6S  character  image:  and  for  successive  slices  of  pels  in  the  character  image:  sequentially  reading  data  from 

11 
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the  electronic  memory  corresponding  to  a  slice  of  pels  in  the  character  image,  providing  color  data  for  each 
pel  in  said  slice  of  pels  by  changing  the  pel  color  as  a  character  contour  is  intersected,  and  applying  the 
color  data  to  means  for  controlling  the  array  of  print  elements  (132). 

15.  A  method  as  claimed  in  preceding  claim  14,  characterized  in  that  character  contours  of  successive 
5  image  characters  are  written  into  alternate  memory  segments  and  wherein  color  data  from  the  separate 

memory  sequence  is  combined  in  logic  circuitry. 
16.  An  electronic  control  circuit  for  controlling  a  bidirectional  scanning  array  of  print  elements  in  a 

matrix  printer  where  the  scanning  array  corresponds,  at  any  instant  of  scan,  to  staggered  odd  and  even 
rows  of  pels  at  adjacent  character  slices  generally  perpendicular  to  the  direction  of  scan,  the  scanning  array 

io  being  slanted  from  the  perpendicular,  the  circuit  being  characterized  by 
means  for  receiving  data  bits  for  a  group  of  pels  from  both  odd  and  even  rows, 
means  for  dividing  the  data  bits  into  even  and  odd  bytes  corresponding  to  leading  and  lagging  pels, 
a  random  access  memory  for  receiving  the  even  and  odd  bytes  and  temporarily  storing  the  bytes, 
drive  means  for  receiving  the  even  and  odd  bytes  from  the  random  access  memory  and  driving  the 

15  array  of  imaging  elements  (132)  in  response  thereto,  and 
addressing  control  means  for  controlling  the  addresses  at  which  the  even  and  odd  bytes  are  written 

into  memory  and  the  time  with  which  the  bytes  are  read  from  memory  and  applied  to  the  drive  means,  the 
addressing  and  reading  of  bytes  being  such  that 

a)  with  forward  scan,  at  least  the  bytes  corresponding  to  the  lagging  row  of  pels  are  written 
20  sequentially  into  storage  and  those  bytes  are  sequentially  read  out  of  storage  at  the  same  sequential  order 

such  that  the  difference  in  storage  times  for  the  leading  and  lagging  bytes  is  an  odd/even  time  which 
corresponds  to  the  difference  in  storage  times  at  which  the  staggered  rows  pass  each  slice,  and 

b)  in  reverse  scan,  all  bytes  are  sequentially  written  into  and  out  of  storage  in  reverse  order  such  that 
i)  for  the  lagging  rows,  each  byte  is  held  in  storage  prior  to  read  out  for  a  slice  time  which  corresponds 

25  to  the  different  times  at  which  each  row  passes  adjacent  slices  plus  an  odd/even  time  which  corresponds  to 
the  difference  in  times  at  which  the  staggered  leading  and  lagging  rows  pass  each  slice,  and 

ii)  for  the  leading  rows,  each  byte  is  stored  for  a  slice  time  corresponding  to  the  difference  in  times  at 
which  each  row  passes  adjacent  slices. 

30  Patentanspruche 

1.  Verfahren  zum  elektronischen  Bewirken  der  Sequenzsteuerung  einer  Reihe  von  Druckelementen 
(132)  in  einem  Matrixdrucker  mit  LED-angetriebenem  faseroptischem  Tastkopf  (22),  wobei  die  einzelnen 
Druckelemente  abhangig  von  der  Verstellung  von  Druckelementen  relativ  zueinander  in  Abtastrichtung 

35  (26),  aufeinanderfolgend  tatig  werden,  mit  folgenden  Verfahrensschritten: 
Lieferung  von  Druckelementensteuerdaten  in  einer  Sequenz  unabhangig  von  der  relativen  Verstellung 

von  Druckelementen  in  Abtastrichtung, 
sequentielles  Adressieren  eines  RAM  (Random-Access-Speicher)  (122)  und  Niederschreiben  der 

Druckelementensteuerdaten  in  einer  ersten  Reihenfolge  in  den  adressierten  Speicherbereichen  des  RAM, 
40  sequentielles  Lesen  der  im  RAM  niedergeschriebenen  Druckelementesteuerdaten  in  einer  Reihenfolge, 

die  von  der  vorgenannten,  ersten  Reihenfolge  abweicht,  urn  die  Behandlung  bestimmter  der  Elemen- 
tensteuerdaten  zu  verzogem, 

Lieferung  der  Elementesteuerdaten,  die  aus  dem  RAM  herausgelesen  wurden,  an  Mittel  zum  Antneb 
der  Reihe  von  Druckelementen  (132), 

45  Neigen  der  Abtastreihe,  die  in  jedem  Zeitpunkt  des  Abtastens  versetzten  Rasterpunkt-Reihen  auf 
anschliefcenden  zur  Abtastrichtung  im  wesentlichen  senkrechten  Kennzeichenplatzen  entspricht,  aus  der 
Senkrechten  heraus, 

und  weiter  mit  der  Bereitstellung  eines  Satzes  von  Datenbits  zu  Bytes  gruppiert, 
Absondern  der  Bytes  entsprechend  den  versetzten  fiihrenden  und  nacheilenden  Rasterpunkt-Reihen, 

so  denen  sie  entsprechen, 
mit  Vorwartsabtasten,  sequentiellem  Einschreiben  zumindest  der  Bytes  entsprechend  der 

nacheilenden  Rasterpunktreihe  in  einen  Speicher  und  sequentielles  Lesen  dieser  Bytes  aus  dem  Speicher 
in  der  gleichen  Sequenzfolge  derail,  dafc  die  Differenz  in  den  Speicherzeiten  fur  die  fuhrenden  und 
nacheilenden  Bytes  eine  ungerade-gerade-Zeit  ist,  die  der  Zeitdifferenz  entspricht,  wahrend  der  die 

55  versetzten  Reihen  jeden  Platz  passieren, 
im  Riickwartsabtasten  sequentielles  Einschreiben  aller  Bytes  in  den  Speicher  und  nachfolgendes  Lesen 

der  Bytes  aufeinanderfolgender  Platze  aus  dem  Speicher  heraus  in  umgekehrter  Ordnung  und  derart,  da(5 
i)  fur  die  nachfolgenden  Reihen  jeder  Byte  im  Speicher  gehalten  ist,  vor  dem  Herauslesen  und  fur  eine 

Platzzeit,  die  der  Zeitdifferenz  entspricht,  in  der  jede  Reihe  aufeinanderfolgende  Platze  passiert  zuzuglich 
so  einer  ungerade-gerade-Zeit,  die  der  zeitlichen  Differenz  entspricht,  in  der  die  gegeneinander  versetzte 

fuhrende  und  nachfolgende  Reihe  jeden  Platz  passiert  und 
ii)  fur  die  fuhrenden  Reihen  jeder  Byte  gespeichert  ist  fur  eine  Platzzeit,  die  der  Zeitdifferenz  entspricht, 

in  der  jede  Reihe  aufeinanderfolgende  Platze  passiert  und 
Antrieb  der  Reihe  von  Druckelementen  (132)  als  Reaktion  auf  die  aus  dem  Speicher  herausgelesenen 

65  Bytes. 

12 



EP  0  135  880  B1 

2.  Verfahren  wie  in  Anspruch  1  beansprucht,  dadurch  gekennzeichnet,  daB  der  Random-Access- 
Speicher  (RAM)  nacheinander  mit  Adressen  versehen  wird,  die  aus  einem  ROM  ("ausschlieBlich  lesenden 
Speicher"  124)  herausgelesen  wurden. 

3.  Verfahren  wie  in  Anspruch  1  oder  2  beansprucht,  dadurch  gekennzeichnet,  dalS  das  sequentielle 
5  Adressieren  des  RAM  aus  einer  ersten  Adressensequenz,  die  in  einem  Speicher  fur  das  Vorwartsabtasten 

und  aus  einer  zweiten  Adressensequenz  erhalten  wird,  die  in  einem  Speicher  fiir  das  Riickwartsabtasten 
gespeichert  ist. 

4.  Verfahren  wie  in  einem  beliebigen  der  vorhergehenden  Anspruche  beansprucht,  dadurch  gekenn- 
zeichnet,  daS  ein  Datum  von  dem  Speicher  (122)  gelesen  wird  und  ein  neues  Datum  unverziiglich  in  den 

10  Speicher  (122)  jeder  Adresse  wahrend  des  sequentiellen  Adressierens  des  RAM  zugeordnet  einge- 
schrieben  wird. 

5.  Verfahren  wie  in  Anspruch  3  und  4  beansprucht,  dadurch  gekennzeichnet,  daS  wahrend  des  Ruck- 
wartsabtastens  das  sequentielle  Ordnen  des  Adressierens  innerhalb  von  Gruppen  von  Speicherplatzen  so 
gewechselt  wird,  daB  ein  in  den  RAM  innerhalb  der  Gruppe  eingeschriebenes  Datum  anschlielSend  vom 

is  Speicher  in  umgekehrter  Reihenfolge  wahrend  einer  anschlielSenden  Adressensequenz  gelesen  wird. 
6.  Verfahren  wie  in  einem  beliebigen  der  vorhergehenden  Anspruche  beschrieben,  dadurch  gekenn- 

zeichnet,  dalS  das  Bildschirmdruckelementen  zugeordnete  Datem  durch  das  Adressieren  von  Gruppen  von 
Speicherplatzen  verzogert  wird,  wobei  diese  Gruppen  fiir  das  zu  verzogernde  Datum  zahlenmalSig  grolSer 
sind  als  fiir  das  'Datum",  das  nicht  zu  verzogern  ist. 

20  7.  Verfahren,  wie  in  Anspruch  1  beansprucht,  dadurch  gekennzeichnet,  dalS  die  Platzzeit  und  ungerade/ 
gerade  Zeiten  etwa  gleich  sind  einer  Neigungszeit,  die  der  Zeitdauer  entspricht,  wahrend  der  die  gesamte 
Reihe  der  Bildwiedergabeelemente  mit  Energie  versorgt  sind. 

8.  Verfahren  wie  in  Anspruch  1  oder  7  beansprucht,  dadurch  gekennzeichnet,  da(5  die  Bytes  in  einem 
RAM  gespeichert  sind. 

25  9.  Verfahren  wie  in  Anspruch  8  beansprucht,  dadurch  gekennzeichnet,  dalS  die  Bytes  entsprechend 
einer  Adressensequenz,  die  von  einem  ROM  bestimmtwird,  aus  dem  RAM  gelesen  und  in  den  RAM  einge- 
schrieben  werden. 

10.  Verfahren  wie  in  einem  beliebigen  der  Anspruche  1,  8  oder  9  beansprucht,  dadurch  gekennzeich- 
net,  daB  beim  Riickwartsabtasten  die  Bytes  derfuhrenden  Reihe  in  einer  Anzahl  von  Byteadressen  im  RAM 

30  gespeichert  werden,  die  derZahl  von  Bytes  derfuhrenden  Rasterpunkte  innerhalb  eines  Platzes  entspricht, 
und  daS  die  Bytes  aufeinanderfolgend  nach  jedem  Platz  herausgelesen  und  eingeschrieben  werden  aus 
bzw.  in  jede  Adresse  in  einer  umgekehrten  Ordnung  von  Herauslesen/Einschreiben  und  dalS  die 
nacheilenden  Bytes  in  einem  RAM  in  einer  Anzahl  von  Adressen  gespeichert  werden,  die  zweimal  der 
Anzahl  von  Bytes  von  nacheilenden  Rasterpunkten  innerhalb  eines  Platzes  entspricht  und  dalS  die  Bytes 

35  aufeinanderfolgend  herausgelesen  werden  und  eingeschrieben  werden  aus  bzw.  in  die  Adressen  durch  die 
ersten  und  zweiten  Halften  der  Adressen,  urn  dann  herausgelesen  und  eingeschrieben  zu  werden  aus  der 
bzw.  in  die  erste(n)  Halfte  der  Adressen  in  umgekehrter  Reihenfolge  und  dann  herausgelesen  zu  werden 
aus  der  zweiten  Halfte  der  Adressen  bzw.  eingeschrieben  zu  werden  in  diese  zweite  Halfte  der  Adressen  in 
umgekehrter  Reihenfolge. 

40  11.  Verfahren  wie  in  jedem  beliebigen  der  vorhergehenden  Anspruche  beansprucht,  gekennzeichnet 
durch  die  Sequenzbestimmung  mittels  eines  Programms,  das  in  einem  Programmspeicher  (200) 
gespeichert  ist  und  durch  eine  Ausgabe  eines  Multibitinstruktionswortes  aus  dem  Programmspeicher, 
wobei  das  Instruktionswort  Bits  enthalt,  die  den  Instruktionsbits  und  Adressenbits  entsprechen,  die  von 
einem  Zentralrechner  (110)  erhalten  und  an  ihn  gerichtet  werden  sowie  zusatzlich  Datenspeichersteuerbits, 

45  wobei  schliefclich  die  Datenspeichersteuerbits  in  einen  Datenspeicher  eingegeben  werden,  urn  das 
Adressieren  und/oder  Wiederaufbereiten  des  Datenspeichers  zu  steuern. 

12.  Verfahren  wie  in  Anspruch  1  1  beansprucht,  dadurch  gekennzeichnet,  daS  die  Datenspeichersteuer- 
bits  eine  Reihe  Addressenimpulse  und  eine  Spalte  Adressenimpulse  fiir  den  Datenspeicher  enthalten. 

13.  Verfahren  wie  in  Anspruch  11  oder  12  beansprucht,  bei  dem  als  Datenspeicher  ein  dynamischer 
so  RAM  (114)  verwendet  wird. 

14.  Verfahren  wie  in  einem  beliebigen  der  vorhergehenden  Anspruche  beansprucht,  gekennzeichnet 
durch  das  Einschreiben  einer  Zeichenkontur  in  einen  eiektronischen  Speicher,  wobei  Speicheradressen 
speziellen  Rasterpunkt-Platzen  in  einer  Zeichendarstellung  entsprechen  und  wobei  fur  aufeinander- 
folgende  Rasterpunkt-Platze  in  der  Zeichendarstellung  folgende  Merkmale  gelten:  aufeinanderfolgendes 

S5  Datenlesen  aus  dem  eiektronischen  Speicher  entsprechend  einem  Rasterpunkt-Platz  in  der  Zeichendar- 
stellung  unter  Verwendung  von  Farbdaten  fur  jeden  Rasterpunkt  in  dem  Rasterpunkt-Platz  durch 
Veranderung  der  Rasterpunkt-Farbe,  wenn  die  Zeichenkontur  unterbrochen  ist  und  Zufiihrung  der 
Farbdaten  zu  Mitteln  zur  Steuerung  der  Reihe  von  Druckelementen  (132). 

15.  Verfahren  gemaG  dem  vorhergehenden  Anspruch  14,  dadurch  gekennzeichnet,  dalS  Zeichenkon- 

60  turen  von  aufeinanderfolgenden  Darstellungen  von  Zeichen  in  alternierende  Speicherplatze  einge- 
schrieben  werden  und  wobei  Farbdaten  aus  der  separaten  Speichersequenz  mit  einem  logischen  Schalt- 
kreis  kombiniert  werden. 

16.  Elektronischer  Steuerkreis  zur  Steuerung  einer  Zweirichtungsabtastanordnung  von  Druckele- 
menten  in  einem  Matrixdrucker,  wobei  die  Abtastanordnung,  in  jedem  Zeitpunkt  des  Abtastens,  gestaf- 

6S  felten  ungeraden  und  geraden  Reihen  von  Rasterpunkten  naher  Zeichenplatze  im  wesentlichen  senkrecht 
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zu  der  Richtung  des  Abtastens  entspricht,  wobei  die  Abtastanordnung  aus  der  Senkrechten  heraus 
geschwenkt  ist  und  wobei  der  Steuerkreis  gekennzeichnet  ist  durch: 

ein  Mittel  zum  Empfang  von  Datenbits  fur  eine  Gruppe  von  Rasterpunkten  sowohl  von  ungeraden  als 
auch  geraden  Reihen, 

5  ein  Mittgel  zum  Unterteilen  der  Datenbits  in  gerade  und  ungerade  Bytes  entsprechend  vorauseilenden 
und  nacheiienden  Rasterpunkten, 

einen  RAM  zum  Empfang  von  geraden  und  ungeraden  Bytes  und  zeitlichem  Speichern  der  Bytes, 
ein  Antriebsmittel  zum  Empfang  der  geraden  und  ungeraden  Bytes  vom  RAM  und  Antrieb  der  Anord- 

nung  von  Bildeiementen  (132)  als  Reaktion  hierauf  und 
w  ein  Adressensteuermittel  zum  Steuern  der  Adressen,  in  denen  die  geraden  und  ungeraden  Bytes  in 

den  Speicher  eingeschrieben  werden  und  der  Zeit,  mit  der  die  Bytes  aus  dem  Speicher  gelesen  und  dem 
Antriebsmittel  zugefiihrt  werden,  wobei  das  Adressieren  und  Lesen  der  Bytes  derart  sind,  dalS 

a)  beim  Vorwartsabtasten  zumindest  die  Bytes  entsprechend  der  nacheiienden  Rasterpunkt-Reihe 
aufeinanderfolgend  in  einen  Speicher  eingeschrieben  werden  und  diese  Bytes  aufeinanderfolgend  in  der 

15  gleichen  Folgeordnung  aus  dem  Speicher  herausgelesen  werden  derart,  dalS  die  Differenz  zwischen  den 
Speicherzeiten  fur  vorauseilende  und  nacheilende  Bytes  ein  Ungerade/Gerade-Zeit  ist,  die  der  Differenz  der 
Speicherzeiten  entspricht,  in  denen  die  versetzten  Reihen  jeden  Platz  passieren  und 

b)  beim  Ruckwartsabtasten  alle  Bytes  sequentiell  in  den  Speicher  eingeschrieben  und  aus  dem 
Speicher  herausgenommen  werden,  und  zwar  in  umgekehrter  Ordnung  derart,  daB 

20  i)  fur  die  nacheiienden  Reihen  jeder  Byte  vor  dem  Herauslesen  im  Speicher  gehalten  ist  fur  eine 
Platzzeit,  die  den  unterschiedlichen  Zeiten  entsprechen,  in  denen  jede  Reihe  aneinandergrenzende  Platze 
passiert  zuzuglich  einer  Gerade/Ungerade-Zeit,  die  der  zeitlichen  Differenz  entspricht,  zu  der  gestaffelte 
fiihrende  und  nacheilende  Reihen  jeden  Platz  passieren  und 

ii)  fur  die  fiihrenden  Reihen  jeder  Byte  gespeichert  ist  fur  eine  Platzzeit,  die  der  zeitlichen  Differenz 
25  entspricht,  in  der  jede  Reihe  benachbarte  Platze  passiert. 

Revendications 

1.  Dans  une  imprimante  matricielle  avec  un  tetge  (22)  de  balayage  a  fibre  optique  pilotee  par  diodes 
30  electro-luminescentes,  un  procede  pour  etablir  electroniquement  la  sequence  de  commande  d'une  matrice 

d'elements  d'impression  (132)  dans  lequel  le  sequencement  individuel  des  elements  d'impression 
individuel  depend  du  deplacement  des  elements  d'impression  relativement  I'un  par  rapport  a  I'autre  dans 
la  direction  de  balayage  (26),  comprenant  les  etapes  suivants: 

on  fournit  des  donnees  de  commande  d'element  d'impression  selon  une  sequence  independante  du 
35  deplacement  relatif  des  elements  d'impression  dans  la  direction  de  balayage, 

on  addresse  sequentiellement  une  memoire  vive  (122)  eton  ecrit  les  donnees  de  commande  d'element 
dans  la  memoire  vive  aux  positions  memoire  addressees  dans  un  premier  ordre, 

on  lit  sequentiellement  les  donnees  de  commande  d'element  a  partir  de  la  memoire  vive  dans  un  autre 
order  que  ledit  premier  ordre  pour  retarder  certaines  des  donnees  de  commande  d'element  dans  la 

40  memoire  vive, 
on  fournit  les  donnees  de  commande  d'element  lues  a  partir  de  la  memoire  vive  au  moyen  de 

commande  de  la  matrice  d'elements  d'impression  (132), 
on  fait  correspondre  a  chaque  instant  de  balayage  la  matrice  de  balayage  avec  les  hgnes  decalees  de 

pixels  sur  des  tranches  de  caracteres  adjacentes  generalement  perpendiculaires  a  la  direction  de  balayage, 
45  la  matrice  de  balayage  etant  inclinee  par  rapport  a  la  perpendiculaire; 

et  comprenant  en  outre  la  fourniture  d'un  ensemble  de  bits  de  donnees  groupes  en  octets, 
on  repartit  les  octets  selon  les  lignes  de  pixels  decalees  en  avant  et  en  arriere  qui  leur  correspondent, 
avec  un  balayage  vers  I'avant  on  ecrit  sequentiellement  au  moins  les  octets  correspondents  a  la  ligne 

de  pixels  arriere  dans  une  memoire  et  on  lit  sequentiellement  ces  octets  a  partir  de  la  memoire  dans  le 
so  meme  order  sequentiel  de  sorte  que  la  difference  de  temps  de  memorisation  des  octets  avant  et  arriere 

corresponde  a  un  instant  impair/pair  qui  correspond  a  la  difference  de  temps  a  laquelle  les  lignes  decalees 
franchissent  chaque  tranche, 

dans  un  balayage  dans  le  sens  inverse,  on  ecrit  sequentiellement  tous  les  octets  en  memoire  et  on  lit 
sequentiellement  les  octets  de  tranches  successives  a  partir  de  la  memoire  dans  I'ordre  inverse  de  sorte 

55  que 
i)  pour  les  rangees  arrieres,  chaque  octet  est  maintenu  en  memoire  avant  d'etre  lu  pour  un  temps  de 

tranche  qui  correspond  a  la  difference  de  temps  pendant  laquelle  chaque  ligne  traverse  des  tranches 
adjacentes  plus  un  temps  impair/pair  qui  correspond  a  la  difference  de  temps  pendant  laqueile  les  lignes 
decalees  en  avant  et  en  arriere  traversant  chaque  tranche,  et 

60  ii)  pour  les  lignes  en  avant  chaque  octet  est  memorise  pour  un  temps  de  tranche  correspondant  a  la 
difference  de  temps  pendant  laquelle  chaque  ligne  traverse  des  tranches  adjacentes  et 

on  commande  la  matrice  d'elements  d'impression  (132)  on  reponse  aux  octets  lus  a  partir  de  la 
memoire. 

2.  Procede  conforme  a  la  revendication  1,  caracterise  en  que  la  memoire  vive  est  adressee 
65  ulterieurement  a  des  adresses  lues  a  partir  d'une  memoire  morte  (124). 
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3.  Procede  conforme  aux  revendications  1  ou  2,  caracterise  en  ce  que  I'adressage  sequentiel  de  la 
memoire  vive  est  obtenu  a  partir  d'une  premiere  sequence  d'adresses  memorisees  en  memoire  pour 
baiayer  vers  I'avant  et  a  partir  d'une  seconde  sequence  d'adresses  memorisees  en  memoire  pour  balayer 
dans  le  sens  inverse. 

5  4.  Procede  conforme  a  I'une  quelconque  des  revendications  precedentes,  caracterise  en  ce  que  ces 
donnees  sont  lues  a  partir  de  la  memoire  (1  22)  et  de  nouvelles  donnees  sont  immediatement  ecrites  dans  la 
memoire  (122)  a  chaque  adresse  pendant  I'adressage  sequentiel  de  la  memoire  vive  (122). 

5.  Procede  conforme  aux  revendications  3  et  4,  caracterise  en  ce  que  pendant  un  balayage  au  sens 
inverse,  I'order  sequentiel  d'adressage  a  I'interieur  des  groupes  de  position  memoire  est  aiterne  de  sorte 

10  que  les  donnees  ecrites  a  I'interieur  de  la  memoire  vive  (122)  dans  un  ordre  a  I'interieur  du  groupe  sont  lues 
ulterieurement  a  partir  de  la  memoire  dans  un  ordre  inverse  pendant  une  sequence  d'adresses  ulterieure. 

6.  Procede  conforme  a  i'une  quelconque  des  revendications  precedentes,  caracterise  en  ce  que  les 
donnees  associees  avec  les  elements  d'impression  d'affichage  sont  retardees  en  adressant  les  groupes  de 
position  memoire  lesquels  groupes  sont  plus  importants  en  nombre  pour  les  donnees  a  retarder  que  pour 

75  les  donnees  qui  ne  sont  pas  a  retarder. 
7.  Procede  conforme  a  la  revendication  1,  caracterise  en  ce  que  le  temps  de  tranche  et  les  temps 

impairs/pairs  sont  approximativement  egaux  a  un  temps  d'inclinaison  correspondant  au  temps  pendant 
lequel  une  matrice  entiere  d'elements  d'impression  est  activee. 

8.  Procede  conforme  aux  revendications  1  ou  7,  caracterise  en  ce  que  les  octets  sont  memorises  dans 
20  une  memoire  vive. 

9.  Procede  conforme  a  la  revendication  8  caracterise  en  ce  que  les  octets  sont  lus  a  partir  et  ecrits  dans 
la  memoire  vive  selon  une  sequence  d'addresses  determinee  par  une  memoire  morte. 

10.  Procede  conforme  a  I'une  quelconque  des  revendications  1,  8  ou  9,  caracterise  en  ce  que  dans  un 
balayage  au  sens  inverse,  les  octets  de  lignes  en  avant  sont  memorises  dans  la  memoire  vive  selon  un 

25  nombre  d'addresses  d'octet  qui  correspond  au  nombre  d'octets  des  pixels  en  avant  a  I'interieur  d'une 
tranche  et  les  octets  sont  lus  a  partir  et  ecrits  dans  chaque  adresse  sequentiellement,  avec  un  renversement 
de  I'ordre  de  lecture/ecriture  apres  chaque  tranche,  et  les  octets  en  arriere  sont  memorises  dans  une 
memoire  vive  selon  un  nombre  d'adresses  qui  correspond  a  deux  fois  le  nombre  d'octets  des  pixels  en 
arriere  a  I'interieur  d'une  tranche,  et  les  octets  sont  lus  a  partir  et  ecrits  dans  les  adresses  sequentiellement 

30  a  travers  les  premiere  et  seconde  moities  d'adresse  et  ensuite  lus  a  partir  et  ecrits  dans  la  premiere  moitie 
des  adresses  en  ordre  inverse  en  ensuite  lus  a  partir  et  ecrits  dans  une  seconde  moitie  des  adresses  dans 
un  ordre  inverse. 

11.  Procede  conforme  a  I'une  quelconque  des  revendications  precedentes,  caracterise  en  ce  qu'on 
sequence  au  moyen  d'un  programme  memorise  dans  une  memoire  de  programme  (200)  et  on  obtient  en 

35  sortie  un  mot  d'instruction  multibits  a  partir  de  la  memoire  de  programme,  le  mot  destruction 
comprenant  des  bits  correspondants  aux  bits  d'instruction  et  aux  bits  d'adresse  demandes  par  et  diriges 
vers  un  processeur  central  (110)  et  des  bits  de  commande  de  memoire  de  donnees  de  donnees 
additionnelles,  et  on  rentre  dans  une  memoire  les  bits  de  commande  de  memoire  de  donnees  pour 
commander  I'adressage  et/ou  le  rafraichissement  de  la  memoire  de  donnees. 

40  12.  Procede  conforme  a  la  revendication  11,  caracterise  en  ce  que  les  bits  de  commande  de  memoire 
de  donnees  incluent  une  impulsion  d'adresse  de  ligne  et  une  impulsion  d'adresse  de  colonne  pour  la 
memoire  de  donnees. 

13.  Procede  conforme  a  la  revendication  11  ou  12,  dans  lequel  la  memoire  de  donnees  est  utilisee 
comme  memoire  vive  dynamique  (114). 

45  14.  Procede  conforme  a  I'une  quelconque  des  revendications  precedentes,  caracterise  en  ce  que  Ton 
ecrit  un  contour  de  caractere  a  I'interieur  d'une  memoire  electronique  ou  des  adresses  de  memoire 
correspondent  a  des  positions  de  pixels  specifiques  dans  une  image  de  caractere;  et  pour  des  tranches 
successives  de  pixels  dans  I'image  de  caractere:  on  lit  sequentiellement  des  donnees  a  partir  de  la 
memoire  electronique  correspondant  a  une  tranche  de  pixels  dans  I'image  de  caractere,  on  fournit  des 

so  donnees  de  couleur  pour  chaque  pixel  dans  ladite  tranche  de  pixels  en  changeant  la  couleur  de  pixel 
lorsqu'un  contour  de  caractere  est  rencontre,  et  on  applique  les  donnees  de  couleur  au  moyen  de 
commande  de  la  matrice  d'elements  d'impressions  (132). 

15.  Procede  conforme  a  la  revendication  14,  caracterise  en  ce  que  des  contours  de  caractere  de 
caracteres  d'images  successifs  sont  ecrits  a  I'interieur  de  segments  de  memoire  alternes  et  dans  lequel  des 

5S  donnees  de  couleur  provenant  de  la  sequence  de  memoire  separee  sont  combinees  dans  un  circuit 
logique. 

16.  Circuit  de  commande  electronique  pour  controler  une  matrice  d'elements  d'impression  pour  le 
balayage  bi-directionnel  dans  une  imprimante  matricielle  ans  lequel  la  matrice  de  balayage  correspond  a 
chaque  instant  de  balayage,  a  des  lignes  decalees  impaires  et  paires  de  pixels  sur  des  tranches  de  caractere 

60  adjacentes  generalement  perpendiculaire  a  la  direction  de  balayage,  la  matrice  de  balayage  etant  inclinee 
par  rapport  a  la  perpendiculaire, 

le  circuit  etant  caracterise  par 
des  moyens  pour  recevoir  des  bits  de  donnees  pour  un  groupe  de  pixels  a  partir  de  deux  lignes  paires 

et  impaires, 
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des  moyens  pour  diviser  les  bits  de  donnees  en  octets  pair  et  impair  correspondants  a  des  pixels  en 
avant  et  en  arriere, 

une  memoire  vive  pour  recevoir  des  octets  pair  et  impair  et  memoriser  temporairement  les  octets, 
des  moyens  de  commande  pour  recevoir  les  octets  pairs  et  impairs  provenant  de  la  memoire  vive  et 

5  commander  la  matrice  d'elements  d'impression  (132)  en  reponse  a  ceux-ci  et, 
des  moyens  de  commande  d'adressage  pour  commander  les  adresses  pour  lesquelles  on  ecrit  les 

octets  pairs  et  impairs  a  I'interieur  d'une  memoire  et  le  temps  avec  lequel  les  octets  sont  lus  a  partir  de  la 
memoire  et  appliques  au  moyen  de  commande,  I'addressage  et  la  lecture  des  octets  etant  tels  que 

a)  avec  un  balayage  en  avant,  au  moins  les  octets  correspondants  a  la  rangee  en  arriere  de  pixels  sont 
10  ecrits  sequentiellement  en  memoire  et  ces  octets  sont  sequentiellement  lus  a  partir  de  la  memoire  dans  le 

meme  ordre  sequentiel  de  telle  sorte  que  la  difference  en  temps  de  memorisation  pour  les  octets  en  avant 
et  les  octets  en  arriere  corresponde  a  un  temps  impair/pair  qui  correspond  a  la  difference  en  temps  de 
memorisation  pour  laquelle  les  lignes  decalees  traversent  chaque  tranche,  et 

b)  dans  un  balayage  en  sens  inverse,  tous  les  octets  sont  sequentiellement  ecrits  et  lus  a  partir  d'une 
15  memoire  dans  I'ordre  inverse  tel  que 

i)  pour  les  lignes  en  arriere,  chaque  octet  est  maintenu  en  memoire  avant  d'etre  lu  pour  un  temps  de 
tranche  qui  correspond  aux  temps  differents  auxquels  chaque  ligne  traverse  des  tranches  adjacentes  plus 
un  temps  impair/pair  qui  correspond  a  la  difference  en  temps  pour  laquelle  les  lignes  decalees  en  avant  et 
en  arriere  traversent  chaque  tranche  et 

20  ii)  pour  les  lignes  en  avant  chaque  octet  est  memorise  pour  un  temps  de  tranche  correspondant  a  la 
difference  de  temps  pendant  laquelle  chaque  ligne  traverse  des  tranches  adjacentes. 
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