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Description 

This  invention  relates  to  apparatus  of  the  kind  for  processing  digital  data  derived  from  an  image, 
including:  conversion  means  adapted  to  convert  said  digital  data  into  varying  run  lengths  of  first  type  data 

5  elements  and  second  type  data  elements;  first  storage  means  adapted  to  store  a  specified  number  of  said 
data  elements  in  a  pre-defined  pattern  at  any  particular  time;  prediction  means  adapted  to  predict  for  each 
original  data  element  received  from  said  conversion  means  the  type  of  said  data  element  based  upon  the 
types  of  data  elements  stored  within  said  first  storage  means;  classifying  means  adapted  to  classify  each  of 
said  predicted  data  elements  into  one  of  a  plurality  of  source  states,  and  providing  a  signal  representative 

10  of  said  source  state,  wherein  each  source  state  is  indicative  of  the  degree  of  probability  that  said  predicted 
data  element  is  in  error;  and  comparison  means  adapted  to  compare  each  of  said  predicted  data  elements 
from  said  prediction  means  to  its  corresponding  original  data  element  from  said  first  conversion  means  to 
generate  a  plurality  of  prediction  error  data  elements,  each  of  said  prediction  error  data  elements 
maintaining  the  same  relationship  to  a  given  source  state  signal  as  its  corresponding  predicted  data 

is  element. 
The  invention  also  relates  to  a  method  for  processing  digital  data  from  an  image. 
Apparatus  of  the  kind  specified  is  known  from  U.S.  Patent  Specification  US  —  A  —  4,215,375.  In  this 

known  apparatus  there  is  selected,  in  dependence  on  the  nature  of  the  image  data  to  be  transmitted,  a 
particular  one  of  a  plurality  of  error  codes,  producing  the  largest  number  of  successful  error  comparisons. 

20  The  error  code  signals  in  the  selected  code  are  arranged  in  a  coding  unit  such  that  there  is  a  high  possibility 
that  codes  in  a  first  selected  source  state  are  loaded  into  a  first  portion  of  a  memory  and  codes  in  a  second 
source  state  are  loaded  into  a  second  portion  of  the  memory.  Then,  different  run  length  coding  is  applied  to 
the  contents  of  the  two  memory  portions.  The  known  apparatus  is  effective  to  achieve  a  degree  of 
compression  of  data  to  be  transmitted. 

25  It  is  an  object  of  the  present  invention  to  provide  apparatus  of  the  kind  specified  which  is  highly 
efficient  in  that  a  higher  degree  of  compression  is  achieved. 

Therefore,  according  to  one  aspect  of  the  present  invention  there  is  provided  apparatus  of  the  kind 
specified,  characterized  by  symbol  forming  means  adapted  to  form  a  plurality  of  symbols,  wherein  each 
symbol  includes  a  group  of  prediction  error  data  elements  having  the  same  source  state  and  arranged  as  a 

30  section  of  data  representing  a  first  type  prediction  error  data  element  and  a  section  of  data  representing  a 
second  type  prediction  error  data  element;  control  means  adapted  to  control  the'  generation  of  said 
symbols  by  said  symbol  forming  means;  second  storage  means,  coupled  to  said  formation  means, 
adapted  to  store  said  symbols  in  the  sequence  in  which  they  are  generated  by  said  symbol  forming  means; 
third  storage  means,  coupled  to  said  second  storage  means,  adapted  to  store  a  plurality  of  code  words 

35  which  are  representative  of  each  of  said  symbols  contained  in  said  second  storage  means;  and  output 
means  adapted  to  transmit  selected  code  words  from  said  third  storage  means  over  a  transmission 
medium,  in  response  to  receipt  by  said  third  storage  means  of  symbols  corresponding  to  said  selected 
code  words. 

It  will  be  appreciated  that  in  apparatus  according  to  the  immediately  preceding  paragraph  the 
40  capability  of  a  high  degree  of  data  compression  is  achieved  by  virtue  of  the  formation  of  symbols  each 

including  a  group  of  prediction  data  elements  having  the  same  source  state  and  arranged  as  a  section  of 
data  representing  a  first  type  prediction  element  and  a  section  of  data  representing  a  second  type 
prediction  element,  together  with  the  second  and  third  storage  means  which  coact  to  produce  the  output 
code  words  representing  the  stored  symbols.  An  advantage  is  also  achieved  in  comparison  with  adaptive 

45  prediction.  When  using  adaptive  prediction,  a  prediction  table  is  generated  for  each  image  to  be 
compressed  using  a  window  predictor  (a  window  formed  from  surrounding  pixels),  which  results  in  an 
optimum  compression  performance,  for  larger  window  size.  However,  since  the  prediction  table  to  be 
generated  is  different  for  each  image  to  be  compressed,  the  full  image  must  be  completely  stored  in 
memory  for  each  different  image  in  order  to  generate  a  new  prediction  table;  also,  the  generation  of  the 

so  prediction  table  and  the  performing  of  prediction  on  the  image  requires  each  image  to  be  scanned  twice  by 
a  window  predictor  (which  consists  of  surrounding  data  bits),  causing  the  amount  of  processing  to  be 
doubled. 

In  addition,  since  the  prediction  table  is  different  for  each  image,  the  table  must  be  transmitted  from 
the  compressor  to  the  decompressor  for  each  image  in  order  to  enable  decompression  of  the  image. 

55  Transmitting  these  excess  bits,  called  overhead  bits,  seriously  affects  the  compression  performance.  If  the 
size  of  the  window  predictor  increases,  using  more  neighbouring  data  bits  in  predicting  the  value  of  a 
particular  bit,  the  amount  of  overhead  bits  to  be  transmitted  also  increases  significantly.  Therefore,  it  is 
necessary  to  keep  the  window  predictor  size  small,  which  further  degrades  compression  performance. 
Also,  implementation  of  the  adaptive  predictor  in  real-time  hardware  is  very  complex  and  expensive.  A 

60  further  advantage  is  that  the  apparatus  may  be  implemented  at  relatively  low  cost. 
According  to  another  aspect  of  the  invention,  there  is  provided  a  method  for  processing  digital  data 

from  an  image,  including  the  steps  of:  converting  said  digital  data  into  varying  run  lengths  of  a  first  type 
data  element  and  a  second  type  data  element;  receiving  a  continuous  stream  of  said  digital  data  and 
storing  said  data  in  first  storage  means,  which  stores  a  specific  number  of  data  elements  in  a  pre-defined 

65  pattern  at  any  particular  time;  generating  a  predicted  data  element  and  a  corresponding  source  state 
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element,  which  represents  one  of  a  set  of  source  states  for  each  original  data  element  received  from  said 
image,  where  said  predicted  data  element  reflects  the  probable  type  of  data  element  from  the  image  with 
respect  to  a  specific  arrangement  of  other  data  elements  within  said  storage  means,  and  said  source  state 
element  reflects  the  degree  of  probability  that  said  corresponding  predicted  data  element  is  in  error;  and 

5  comparing  each  predicted  data  element  to  its  corresponding  original  data  element  from  said  image  to 
generate  a  prediction  error  data  element,  where  said  prediction  error  data  element  is  associated  with  the 
same  source  state  as  its  corresponding  predicted  data  element;  characterized  by  the  steps  of  counting  said 
prediction  error  data  elements  and  storing  said  elements  according  to  type  and  source  state  in  order  to 
form  a  plurality  of  symbols  in  each  of  said  source  states,  each  symbol  being  arranged  as  a  section  of  data 

w  representing  a  first  type  prediction  error  data  element  and  a  section  of  data  representing  a  second  type 
prediction  error  data  element;  inputting  each  of  said  symbols  to  a  storage  device  as  an  address  thereof; 
outputting  from  said  storage  device  code  words  representative  of  each  of  said  digital  symbols;  and 
transmitting  said  code  words  over  a  transmission  medium. 

One  embodiment  of  the  invention  will  now  be  described  by  way  of  example  with  reference  to  the 
15  accompanying  drawings,  in  which: 

Figure  1  is  a  block  diagram  of  a  data  transmission  system  suitable  for  use  with  the  present  invention. 
Figure  2  is  a  block  diagram  detailing  the  compressor  section  of  the  preferred  embodiment. 
Figure  3  is  a  block  diagram  detailing  the  decompressor  section  of  the  preferred  embodiment. 
Figures  4A  and  4B  show  different  configurations  for  a  window  predictor  which  may  be  employed  with 

20  the  present  invention. 
Figure  5  is  a  diagram  showing  the  scan  directions  for  the  window  predictor  across  the  document  for 

the  preferred  embodiment. 
Figure  6  shows  a  chart  listing  several  selected  samples  of  predicted  values  and  source  states  generated 

using  a  given  number  of  sample  images  and  the  window  predictor  of  Figure  2B. 
25  Figure  7  shows  a  chart  which  lists  several  examples  of  prediction  error  pixels  and  their  corresponding 

source  state  values  generated  by  using  the  window  predictor  of  the  preferred  embodiment. 
Figures  8A  and  8B  together  show  a  chart  which  lists  selected  run  lengths  with  corresponding  features 

of  the  coding  scheme  employed  for  the  facsimile  system  according  to  the  present  invention. 
Figure  9  shows  a  representation  of  two  lines  of  data  from  the  prediction  error  image. 

30  Figure  10  shows  a  chart  which  lists  the  contents  of  the  buffer  memory  as  the  two  lines  of  data  from 
Figure  9  are  processed  using  the  present  invention. 

Figure  11  shows  the  circuitry  for  the  compressor  hardware  used  in  the  present  embodiment. 
Figure  12  shows  the  circuitry  for  the  window  prediction  unit  used  in  the  present  embodiment. 
Figure  13  shows,  the  circuitry  for  the  encoder  hardware  used  in  the  present  embodiment. 

35  Figure  14  shows  the  circuitry  for  the  decompressor  hardware  used  in  the  present  embodiment. 
It  is  well-known  that  an  image  may  be  divided  into  a  series  of  rows  of  data  elements  of  different  types, 

such  as  black  and  white  colors,  which  can  be  scanned  by  a  device  having  an  elemental  area  resolution 
enabling  it  to  distinguish  between  the  black  and  white  elemental  areas.  The  output  of  this  scanning  device 
is  in  digital  form  in  which  the  white  elements  normally  cause  a  "0"  output  signal  to  be  generated  and  the 

40  black  elements  produce  a  "1"  output  signal. 
Data  in  this  form  can  be  compressed  and  conveyed  via  a  transmission  network  to  a  remote  receiver 

which  will  reconstruct  the  data  to  form  an  original  image.  Figure  1  shows  the  overall  arrangement  of  a 
typical  system  in  which  this  can  be  accomplished.  However,  it  is  desirable  to  encode  the  data  so  that  the 
image  can  be  reconstructed  by  transmitting  the  fewest  bits  possible. 

45  Referring  now  to  Figure  1,  an  image  lift  unit  and  processor  10  scans  a  facsimile  image  which  is  to  be 
transmitted  and  converts  the  original  image  data  into  strings  of  ones  and  zeros.  Image  processor  10  in  the 
present  embodiment  is  a  flying  spot  scanner  of  well-known  construction,  although  another  type  of 
scanning  system  may  be  employed  to  provide  the  required  data  output.  The  data  is  sent  in  this  form  to  a 
compressor  12,  where  it  is  transformed  into  a  series  of  variable-length  code  words,  and  then  transmitted 

so  over  a  transmission  medium  14.  The  data  is  received  at  the  other  end  of  medium  14  by  a  decompressor  16, 
where  it  is  reconverted,  from  the  variable-length  code  words,  into  the  original  image  and  then  transmitted 
to  an  output  device  1  8,  such  as  a  CRT  screen,  where  a  reconstructed  image  of  the  original  can  be  displayed. 

A  block  diagram  showing  the  component  parts  of  compressor  12  of  this  preferred  embodiment  is 
shown  in  Figure  2.  Compressor  12  contains  a  non-adaptive  pixel  predictor  22  and  a  four  state  prediction 

55  error  pixel  classifier  23.  Pixel  predictor  22  consists  of  a  window  predictor  and  a  ROM  storage  device  that 
contains  the  prediction  table.  The  same  ROM  device  will  also  contain  the  source  state  table,  which  is  used 
by  the  pixel  classifier  23.  The  size  and  shape  of  the  window  predictor,  which  is  used  to  perform  pixel 
prediction,  should  be  the  same  as  the  predictor  used  to  generate  the  prediction  and  source  state  tables. 
Pixel  predictor  22  generates,  for  each  input  pixel,  using  the  window  predictor,  an  address  to  the  prediction 

eo  table  stored  in  ROM,  which  table  outputs  the  predicted  value  of  that  pixel.  Pixel  predictor  22  generates  the 
prediction  error  pixel,  and  pixel  classifier  23  then  uses  the  same  window  predictor  and  the  source  state 
table  to  classify  the  prediction  error  pixels  into  different  source  states. 

Compressor  12  also  contains  a  symbol  generator  unit  24,  which  consists  of  a  separate  symbol 
generator  for  each  source  state.  Each  symbol  generator  generates  symbols  from  prediction  error  pixels  of 

65  that  state.  Since  the  order  in  which  the  symbols  are  generated  in  each  state  is  important  to  decompressor 
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16,  the  symbols,  when  generated,  are  stored  in  order  of  occurrence  in  a  RAM  memory  buffer  25. 
Compressor  12  also  contains  a  symbol  encoder  unit  26,  which  consists  of  a  set  of  encoders,  one-  for  each 
source  state.  Thus,  symbols  of  each  source  state  are  encoded  by  the  encoder  of  that  state.  The  outputs  of 
the  encoders,  when  generated,  are  combined  in  first  in-first  out  fashion  and  transmitted  over  medium  14. 

5  A  block  diagram  of  decompressor  16  showing  its  component  parts  is  shown  in  Figure  3.  Decompressor 
16  consists  of  a  parallel  in-serial  out  (PISO)  shift  register  28,  symbol  decoder  unit  29,  symbol  buffer  30, 
symbol  degenerator  unit  31,  inverse  predictor  32,  window  prediction  unit  33,  non-adaptive  prediction  table 
34,  and  source  state  table  35. 

The  PISO  shift  register  28  converts  the  compressed  image  bytes  from  compressor  12  into  serial  data 
10  and  shifts  the  data  bit-by-bit  into  decoder  29,  as  required  by  this  decoding  method.  The  symbol  decoder 

unit  29  consists  of  a  set  of  decoders,  one  for  each  source  state.  Each  state  decoder  contains  ROM  decoding 
tables  to  decode  the  run  length  symbols  belonging  to  that  source  state.  Symbol  buffer  30  stores  one 
decoded  symbol  in  each  source  state,  which  symbols  are  waiting  to  be  decompressed.  When  a  decoded 
symbol  in  any  state  is  transmitted  to  degenerator  31  to  be  decompressed,  then  a  new  symbol  is  decoded  in 

15  that  same  source  state  and  inserted  into  buffer  30.  The  symbol  degenerator  unit  31  consists  of  a  set  of 
counters,  one  for  each  color  in  each  state.  These  counters  convert  each  run  length  into  the  individual  pixels 
which  were  represented  by  that  run  length  symbol.  These  pixels  are  the  actual  prediction  error  pixels,  and 
are  converted  back  into  original  pixels  by  using  inverse  predictor  32,  window  prediction  unit  33,  and 
prediction  table  34.  Window  prediction  unit  33  consists  of  a  RAM  storage  device,  which  stores  several  scan 

20  lines  of  pixels  required  to  form  a  thirteen  pixel  window,  and  generates  a  twelve  bit  address  for  prediction 
table  34.  The  non-adaptive  prediction  table  34,  which  is  contained  in  a  ROM  device,  outputs  a  predicted 
value  X̂   for  each  pixel  Px  outputted  from  symbol  degenerator  unit  31  to  inverse  predictor  32  for  each  input 
window  address.  The  inverse  predictor  32  then  outputs  the  original  pixel  Xo  to  an  output  device  18.  The 
source  state  table  35,  contained  in  a  ROM  device,  generates,  for  each  input  window  address  (generated  by 

25  window  prediction  unit  33),  the  source  state  required  by  decoder  unit  29,  buffer  30  and  symbol  degenerator 
unit  31  to  decode  and  decompress  a  symbol  in  that  state. 

The  decompression  technique  consists  of  decoding  symbols  in  any  state,  and  then  decompressing  the 
decoded  symbols  into  original  scan  lines  of  pixels.  Initially,  the  decoder  ROM  address  is  set  to  memory 
location  0000,  and  a  WB  symbol  from  So  state  decoder  is  decoded  first,  due  to  the  fact  that  the  pixels  of  first 

30  3  scan  lines  belong  to  So  state,  as  will  be  described  in  greater  detail  subsequently.  This  run  length  symbol  is 
decompressed  into  prediction  error  pixels,  and  since  the  pixels  of  first  3  scan  lines  are  not  predicted,  these 
decompressed  pixels  are  identical  to  the  original  pixels,  which  form  scan  lines  of  reconstructed  image,  and 
also  are  used  to  construct  the  window  predictor.  The  window  predictor  then  generates  an  address  to  the 
ROM  source  state  and  prediction  tables.  The  source  state  table  outputs  the  source  state,  which  is  used  to 

35  generate  new  symbols  to  be  decoded,  and  is  also  used  by  the  symbol  degenerator  to  decompress  the 
decoded  symbols  into  prediction  error  pixels.  The  prediction  table  outputs  the  predicted  value  of  the  pixel 
to  be  reconstructed  by  the  decompression  logic. 

A  decoded  symbol  in  any  state  is  loaded  into  the  symbol  degenerator  of  that  state.  The  symbol 
degenerator  for  each  state  consists  of  two  counters,  one  for  decompressing  white  half  runs  and  the  other 

40  for  decompressing  black  half  runs  of  the  decoded  symbol  in  that  state.  Since  each  symbol  is  composed  of 
two  half  run  lengths,  the  first  half  run  is  decompressed  first,  followed  by  the  second  half  run  of  the  symbol. 
The  color  of  the  first  half  run  of  the  symbol  is  specified  by  the  decoder  29  output  for  that  decoded  symbol. 
This  color  information  is  used  to  load  the  first  half  run  of  the  symbol  into  the  appropriate  counter.  When  the 
first  half  run  is  completely  decompressed,  as  indicated  by  its  counter,  then  the  second  half  run  of  this 

45  symbol  is  loaded  into  the  appropriate  counter,  depending  upon  its  color,  and  is  decompressed 
pixel-by-pixel.  For  each  pixel  decompressed,  the  source  state  is  generated  from  the  source  state  ROM  table 
for  the  window  address  represented  by  the  pixel  pattern  (state),  S|=[X1X2....X12]. 

If  the  source  state  changes  in  the  middle  of  decompressing  either  first  half  run  or  the  second  half  run  of 
a  particular  symbol,  the  remaining  parts  of  the  run  lengths  being  decompressed  are  left  in  their  respective 

so  counters,  and  degenerator  31  switches  to  the  counters  containing  the  symbol  representing  the  new  source 
state  and  proceeds  to  decompress  pixels  in  that  state  from  left-over  run  lengths  stored  in  the  counters  of 
that  state,  in  the  color  in  which  it  was  previously  being  decompressed.  If  it  is  the  first  half  run,  then  that  half 
is  decompressed,  followed  by  its  second  half  run;  or,  if  it  is  the  second  half  run,  then  that  half  is 
decompressed  into  prediction  error  pixels.  If,  at  any  stage,  during  the  decompression  process,  the  counter 

55  of  the  second  half  run  of  any  state  reaches  zero,  indicating  that  the  symbol  in  that  state  is  completely 
decompressed,  a  new  symbol  in  that  state  is  obtained  from  buffer  RAM  30,  or  if  the  RAM  is  empty,  a  new 
symbol  is  decoded  from  the  decoder  ROM  tables  of  that  state,  and  its  two  half  runs  are  then  loaded  into 
their  respective  counters  and  decompressed  until  either  the  run  lengths  are  completely  decompressed  or 
the  state  changes.  This  procedure  of  decode/decompress  is  continued  until  pixels  of  all  scan  lines  of  the 

so  image  are  reconstructed. 
In  the  preferred  embodiment,  compressor  12  and  decompressor  16  contain  the  non-adaptive 

prediction  and  source  state  tables  which  are  employed  to  convert  the  original  high  redundancy  image  data 
into  low  redundancy  prediction  error  image  data.  These  tables  are  pregenerated  using  a  group  of  sample 
images.  A  convenient  measurement,  called  entropy,  is  available  for  evaluating  a  probability  based  on  a 

65  finite  number  of  observations  distributed  over  a  given  number  of  these  samples.  Entropy  is  essentially  a 
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measurement  of  the  uncertainty  that  exists  in  a  situation.  By  decreasing  the  entropy  in  the  present  system, 
the  percentage  of  compression  will  increase.  Therefore,  it  is  necessary  to  seek  the  lowest  possible  level  of 
entropy  for  the  best  results,  since  the  compression  ratio  is  equal  to  the  inverse  of  the  entropy. 

Since  the  non-adaptive  predictive  technique  is  based  on  the  estimation  of  the  theoretical  lower  bound 
5  entropy,  the  method  used  for  calculating  this  lower  bound  entropy  will  now  be  shown.  This  method  was 

initially  described  in  an  article  entitled  "Coding  of  Two-Tone  Images"  by  T.  S.  Huang,  in  IEEE  Trans,  on 
Communications,  Vol.  COM-25,  No.  11,  November,  1977.  For  a  given  source  image,  the  lowest  achievable 
entropy  is  produced  by  a  two-dimensional  Markov  model  of  the  source  image.  A  Markov  model  is  based 
upon  the  premise  that  the  outcome  of  any  event  is  dependent  upon  the  immediately  preceding  event.  The 

10  digitized  source  image  can  be  considered  as  a  sample  function  of  a  two-dimensional  random  process 
characterized  by  the  joint  probability  distributions  of  all  orders.  Assuming  that  the  image  is  infinite  in  extent 
and  that  the  random  process  is  stationary,  then  the  minimum  achievable  bit-rate  is  equal  to  the  conditional 
entropy  of  the  Markov  model  of  the  source  image.  However,  in  practice,  since  the  image  is  finite,  if  the 
upper  bound  on  the  minimum  achievable  bit  rate  is  calculated  by  measuring  frequency  distributions 

is  (histograms)  rather  than  probability  distributions,  then  the  assumptions  made  are  not  necessary. 
The  two-dimensional  Nth  order  Markov  model  consists  of  a  window  predictor  made  up  of  N  pixels,  Xo, 

X1f  X2...,  Xn-v  in  which  the  current  pixel  Xo  is  assumed  to  be  statistically  dependent  on  (N-1)  previously 
transmitted  pixels,  which  were  located  in  the  same  scan  line  and  also  from  previous  scan  lines.  Two  such 
window  predictors  are  shown  in  Figs.  4A  and  4B.  The  window  predictor  is  generated  by  using  N  pixels 

20  taken  from  M  scan  lines,  which  include  both  the  current  line  and  the  previous  lines.  Since  the  lower  bound 
entropy  is  sensitive  to  window  size  and  shape,  the  window  shape  must  be  optimized  for  the  N  pixels.  The 
optimum  shape  of  the  window  is  one  which  reflects  a  maximum  amount  of  correlation  between  the  pixel  to 
be  predicted  Xo,  and  the  remaining  (N-1)  neighboring  pixels,  X1r  X2,  ...,  XN_,.  A  window  predictor 
consisting  of  N  pixels  also  generates  L  number  of  states,  where  L=2N"1.  A  state  is  defined  as  the  binary 

25  combination  represented  by  the  (N-1)  pixels.  In  the  preferred  embodiment,  it  was  determined 
experimentally  that  the  optimum  window  predictor  consists  of  13  pixels  from  four  scan  lines,  generating 
4,096  states.  The  optimum  shape  of  the  window  for  N  =  13,  also  determined  experimentally,  is  that  shape 
shown  in  Figure  4B. 

The  relationship  between  the  current  pixel  Xo  and  the  (N-1)  previously  transmitted  pixels  may  be 
30  expressed  as  the  conditional  probability  of  Xo,  given  Xn,  X2,  ...,  XN_,,  which  is  written  as  p(X0  |  X1f  X2,  . . . ,  

X^).  Each  of  these  pixels  may  be  either  black  (1  )  or  white  (0).  Since  the  Nth  order  joint  probability  of  these 
pixels  can  be  expressed  as  p(X0,  X1f  X2  XN-,),  then  the  theoretical  achievable  lower  bound  entropy  of 
the  Nth  order  Markov  model  is  expressed  as: 

35  Lim  Z 
eLB=N-*co  [-x1r  x2,  ...,  xN-i  p(x0,  x,,  ...,  Xn-,)  log2  p(x0  I  x,,  ...,  xN_i)],  bit/pixel 

For  any  finite  N,  this  expression  yields  eN,  which  represents  the  upper  bound  on  the  achievable  lower 
bound  entropy,  eLB. 

40  The  conditional  entropy  is  calculated  from  the  joint  and  conditional  probabilities,  which  are  generated, 
in  turn,  from  the  joint  and  conditional  frequencies  of  occurrence  of  each  state.  For  each  state,  S,,  the  joint 
and  conditional  frequencies  are  obtained  by  updating  frequency  tables  for  each  position  of  the  window 
predictor  (as  the  window  is  moved  across  the  scan  line  one  pixel  at  a  time)  corresponding  to  the  state 
represented  by  the  window  predictor.  The  window  is  moved,  beginning  in  the  upper  right  comer  of  the 

45  document,  from  the  top  to  the  bottom  within  each  scan  line  of  the  image,  and  from  right  to  left  across  the 
image,  as  is  shown  in  Figure  5.  As  the  window  moves,  the  frequency  tables  are  updated  for  each  window 
position,  and  continues  until  all  scan  fines  of  the  image  have  been  scanned.  This  procedure  is  repeated  for 
each  of  the  images  taken  in  the  samples  used  to  generate  the  prediction  and  source  state  tables. 

The  conditional  entropy  for  N  number  of  pixels  may  be  expressed  by: 
50 

2"<-i_i  2N-1-1 
eN=-  I  p(Xo=0,S,)  Iog2  (xo=0  1  S,)-  Z 

S,,  i=0  S,,  i=0 

55  p(xo=1,S,)  log2  p(xo=1  |  S,)  bit/pixel 

The  lower  bound  based  on  joint  entropy  is  given  by  the  expression 

Lim  Z 
so  EN=N-»=°  1/N[-x0,  xu  ...,  xN_,  p(x0,  x1r  ...,  xN_i)  log2  p(x0,  xu  ...,  xN_-,)],  bit/pixel 

The  lower  bound  entropy  is  given  by 

Lim  Lim  En 
65  eLB=N_>co  eN=  N-*«i  N 
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However,  as  N  becomes  large,  such  as  N  =  16,  eN  can  be  approximated  by  eLB. 
Using  the  aforementioned  relationships,  non-adaptive  prediction  and  source  state  tables  can  be 

generated  for  the  preferred  embodiment.  A  conditional  frequency  table  must  first  be  generated  for  each  of 
the  sample  images.  The  conditional  frequency  tables  generated  for  each  image  are  then  added  over  the 

5  number  of  sample  images  to  generate  an  accumulated  frequency  table.  In  this  accumulated  frequency 
table,  the  following  relationships  are  used: 

FREQ  1=FREQ  11+FREQ  12+...  +  FREQ  1,;  1<i<J, 

10  where  J  is  the  number  of  images  in  the  sample,  and  FREQ  1i  is  the  frequency  of  the  ith  image,  and  is 
derived  from  the  equation: 

FREQ  1i=FREQ  2i  |  xo=0+FREQ  2i  |  xo=1, 

75  where 

FREQ  2i  |  xo=0=FREQ  21  |  xo=O+FREQ  22  |  xo=0+...+FREQ  2i  |  xo=0;  1<i<J, 

and 
20 

FREQ  2i  |  xo=1=FREQ  21  |  xo=1+FREQ  22  |  xo=1+...+FREQ  2i  |  xo=1;  1<i<J. 

When  the  conditional  frequencies  are  calculated,  the  conditional  probabilities  can  then  be  determined 
by  using  the  following  relationships: 

25 
FREQ  2  |  xo=0 

p(xo=0  |  Sj)=[  ] 
FREQ  1 

and 
30 

p(xo=1  |  Sj)=1.O-p(xo=O  |  Sj), 

where  Sj  is  the  jth  state,  0<j<L,  and  L=2N~1-1=the  number  of  states  generated  by  the  N-pixel  window. 
The  prediction  table  can  now  be  generated  from  the  conditional  probability  table,  by  using  the 

35  following  relationships: 

PT(Sj)=O  if  p(xo=0  |  Sj)>0.5;  PT(Sj)=1  otherwise, 

where  PT(Sj)  is  the  predicted  value  for  state  Sj,  0<j<L,  and  p(xo=0  |  Sj)  is  the  conditional  probability  that  the 
40  pixel  x0  is  0  given  that  the  state  of  the  (N-1)  pixel  window  is  Sj.  The  content  of  the  prediction  table, 

therefore,  is  the  predicted  value  of  x0  for  a  given  position  of  the  window  predictor  represented  by  Sj. 
The  source  state  table  can  also  be  generated  using  the  conditional  probability  table.  It  should  first  be 

assumed  that  the  L  states  of  the  window  predictor  are  classified  into  K  source  states,  Ss0,  SS1,  ...,  SsK-i- 
Then,  if  the  conditional  probability  for  any  state  Sj  of  the  prediction  being  successful  is  expressed  by  Ps 

45  (x0  |  Sj)=0.9,  the  conditional  probability  of  the  prediction  being  an  error  is 

P.  (Xo|S,)=1.O-P.(xo|S,)=O.1. 

Using  this  relationship,  the  L  states  of  the  window  predictor  can  now  be  classified  into  K  source  states, 
50  depending  upon  the  value  of  the  probability  of  the  prediction  being  in  error,  which  is  classified  as  Pe 

(x0  |  Sj).  The  source  states  are  represented  as: 

So  state,  for  which  Pe  (x0  |  Sj)  is  <Tn 
S,  state,  for  which  T,<Pe(Xo  |  S,)<T2 

55 

SK_2  state,  for  which  TK_2<Pe(x0  |  SjJsTk-,  and 
SK-i  state,  for  which  Pe(x0  |  Sj)>TK_1 

60 
The  variables  T-,,  T2,  ...  TK_2,  TK_V  represent  a  set  of  (K-1)  threshold  values.  These  threshold  values 

range  from  0.0  to  0.5. 
In  the  preferred  embodiment,  the  prediction  and  source  state  tables  were  generated  by  using  the 

window  predictor  shown  in  Figure  4B  on  45  sample  images;  a  chart  showing  selected  samples  of  the 
65  results  is  shown  in  Figure  6.  The  states  were  divided  into  four  source  states,  So,  S1f  S2,  and  S3,  with 
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threshold  values  of  T^.025,  T2=.O5O  and  T3=.O75.  These  tables  are  stored  in  the  ROMs  contained  in  the 
compressor  and  decompressor  hardware  of  the  system. 

The  two-dimensional  image  is  processed  on  a  line-by-line  basis,  and,  for  each  scan  line,  on  a 
pixel-by-pixel  basis.  The  pixels  of  each  line  are  predicted  using  the  window  predictor  shown  in  Figure  4B 

5  and  the  prediction  table  (ROM  table)  shown  in  Figure  6.  The  window  predictor,  which  consists  of  13  pixels 
(N=13),  is  formed  from  pixels  of  current  scan  line  and  3  previous  scan  lines  as  shown  in  Figure  4B.  In  that 
figure,  pixel  Xo  is  the  current  pixel  to  be  predicted  and  the  pixels  X1f  X2,  X3  ,  X12,  which  are  previously 
scanned  pixels  from  the  4  scan  lines,  comprise  the  state  for  each  position  of  the  window,  which  state  is 
used  as  an  address  to  the  ROM  prediction  and  source  state  tables.  Since  there  is  no  correlation  between  top 

w  pixels  of  the  current  line  and  bottom  pixels  of  the  previous  line,  the  prediction  is  performed  strictly  on 
line-by-line  basis. 

The  pixels  of  first  3  scan  lines  and  top  two  pixels  and  bottom  two  pixels  of  each  line  are  not  predicted 
since  a  window  address  cannot  be  formed  for  these  pixels.  Thus,  the  prediction  error  pixels  for  these  pixels 
are  the  same  value  as  their  original  pixels. 

rs  For  a  given  position  of  window  predictor,  the  prediction  error  pixel,  Px,  for  pixel  Xo,  is  generated  as 
follows: 

Px=Xo©Xo, 

20  where  Xo  is  the  predicted  value  of  pixel  Xo,  which  is  obtained  from  the  ROM  prediction  table  corresponding 
to  the  ROM  address  (state)  defined  by  the  pixel  pattern,  S,=[(XiX2X3....X12)],  of  the  window,  as  is  shown  in 
Figure  6,  and  '©'  is  the  modulo-2  or  the  Exclusive-OR  operation.  The  window  is  then  shifted  down  by  one 
pixel  position  and  a  prediction  error  generated  for  a  new  pixel  Xo  corresponding  to  this  window  position. 
This  procedure  is  repeated  until  end  of  scan  line  is  reached.  Then,  the  window  is  shifted  to  the  left  by  one 

25  pixel  position  (i.e.;  next  scan  line)  and  prediction  error  pixels  are  generated  for  the  new  scan  line,  from  top 
to  bottom.  This  procedure  is  repeated  for  all  scan  lines  of  the  image.  A  listing  of  prediction  error  pixels  for 
two  scan  lines  of  pixels,  along  with  the  respective  source  state  values,  is  shown  in  the  chart  contained  in 
Figure  7.  It  should  be  noted  that  the  length  of  the  prediction  error  scan  line  is  exactly  identical  to  the  length 
of  the  original  scan  line,  but  the  redundancy  in  prediction  error  image  is  much  less  than  the  redundancy  in 

30  the  original  image. 
As  a  prediction  error  pixel  is  being  generated  for  each  of  the  pixels  in  a  scan  line  using  the  window 

predictor,  the  source  state  to  which  the  prediction  error  pixel  belongs  is  also  generated,  using  the  same 
window  predictor,  from  the  ROM  source  state  table.  The  address  for  the  ROM  source  state  table  is  given  by 
the  pixel  pattern  (state),  S^IX^...X12],  of  the  window  predictor.  The  output  of  the  ROM  table,  for  a 

35  particular  input  address,  is  the  source  state  representing  the  prediction  error  pixel  for  that  address.  The 
pixels  that  are  not  predicted  (pixels  of  first  3  scan  lines  and  the  two  pixels  at  top  and  bottom  of  each  scan 
line)  are  assumed  to  belong  to  source  state  So.  Since  the  classification  of  source  states  is  based  on  the 
probability  of  prediction  being  in  error,  pixels  in  So  state  will  be  mostly  zeroes  (white)  and  pixels  in  S3  state 
will  be  mostly  ones  (black),  while  states  St  and  S2  may  consist  of  almost  equal  number  of  zeroes  and  ones. 

w  This  arrangement  enables  proper  selection  of  maximum  run  lengths  for  white  and  black  half  runs  of  WB 
and  BW  symbols. 

When  working  with  checks  or  other  similar  documents,  when  the  original  image  data  is  converted  into 
the  prediction  error  image,  it  often  consists  of  long  strings  of  zeroes  followed  by  short  strings  of  ones,  and 
short  strings  of  ones  followed  by  long  strings  of  zeroes.  These  characteristics  made  it  possible  to  develop  a 

45  method  of  encoding  which  generates  two  types  of  run  lengths,  further  improving  the  compression 
performance.  This  method  is  discussed  in  European  patent  application  No.  80304309.0  (publication 
number  0  030  437)  in  the  name  of  the  present  Applicants.  In  this  encoding  method,  one  run  length  type  is  a 
white-black  (WB)  run,  and  the  other  is  a  black-white  (BW)  run.  Each  of  these  runs  has  two  sections,  called  a 
black  half  and  a  white  half. 

so  The  WB  run  length  in  the  above-mentioned  application  consists  of  a  white  half  run  of  from  1  to  511 
pixels,  followed  by  a  black  half  run  of  from  0  to  7  pixels.  The  BW  run  length  consists  of  a  black  half  run  of 
from  1  to  7  pixels  followed  by  a  white  half  run  of  from  0  to  51  1  pixels.  Thus,  the  maximum  value  for  a  white 
half  run  is  51  2  (0  to  51  1  ),  and  the  maximum  value  of  a  black  half  run  is  8  (0  to  7).  These  maximum  limits  may 
be  chosen  to  optimally  suite  the  type  of  images  to  be  processed  and  the  cost  of  hardware  implementation. 

55  The  present  invention  uses  a  generalized  variation  of  this  method.  In  the  generalized  method,  the  WB 
symbol  consists  of  a  white  half  run  length  of  from  1  to  M,  pixels,  followed  by  a  black  half  run  length  of  from 
0  to  M2  pixels,  and  the  BW  symbol  consists  of  a  black  half  run  length  of  from  1  to  M3  pixels,  followed  by  a 
white  half  run  length  of  from  0  to  M4  pixels,  where  M,  through  M4  represent  maximum  run  length  values.  In 
the  preferred  implementation  for  the  present  invention,  the  maximum  values  chosen  are  M!=128,  M2=4, 

so  M3=8,  and  M4=64.  However,  these  values  are  arbitrary  and  can  be  changed  by  hardware  modification. 
The  encoding  scheme  for  the  generalized  method  can  be  expressed  by  the  following  equations: 

S=(x1  •  M2)+y1  for  WB  runs;  (1) 

65  S=(x2  •  M4)+y2  for  BW  runs;  (2) 
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where  S  is  the  encoding  symbol,  x,  and  x2  are  the  lengths  of  the  first  half  of  a  particular  run,  y,  and  y2  are 
the  lengths  of  the  second  half  of  that  same  run,  M4  is  the  maximum  length  of  a  white  half  run  of  a  BW 
symbol,  and  M2  is  the  maximum  length  of  a  black  half  run  of  a  WB  symbol.  In  the  preferred  embodiment, 
the  maximum  value  of  M2  is  4,  the  maximum  value  of  M4  is  64,  the  maximum  values  of  X,  and  Y,  are  127 

s  and  3,  respectively,  for  a  WB  run,  and  the  maximum  values  of  X2  and  Y2  are  7  and  63,  respectively,  for  a  BW 
run.  Figures  8A  and  8B  comprise  a  chart  showing  several  sample  run  lengths  of  WB  and  BW  runs  with 
corresponding  run  features,  encoding  symbol  values,  and  corresponding  code  words  used  in  the 
embodiment  disclosed  in  the  present  application. 

This  combined  black  and  white  run  length  encoding  scheme  is  easily  implemented  by  following 
to  several  rules.  These  rules  make  it  possible  to  use  this  scheme  to  achieve  substantial  compression 

performance. 
The  general  rule  of  this  encoding  scheme  is  that  the  first  half  of  any  run  feature  must  be  terminated 

befor  the  second  half  may  begin.  For  example,  the  black  half  of  a  BW  run  length  is  terminated  by  a  zero 
before  the  white  half  is  generated.  To  demonstrate  this  rule,  consider  a  group  of  five  black  pixels  followed 

is  by  three  white  pixels  in  a  BW  run  length  (11111000).  The  first  white  pixel  following  the  black  half  is  used  to 
terminate  the  black  half  run  before  the  white  half  is  started.  The  remaining  two  white  pixels  constitute  the 
white  half  run.  The  run  feature  for  this  particular  BW  run  length  is  coded  (5,  2)  and,  using  equation  #2,  the 
encoding  symbol  is  calculated  to  be  322,  as  shown  in  Figure  8B.  Another  situation  where  this  rule  is  applied 
is  illustrated  by  a  WB  run  length  in  which  eight  white  pixels  are  followed  by  four  black  pixels 

20  (000000001  111).  Here,  the  white  half  must  be  terminated  by  a  one  before  the  black  half  can  be  generated. 
Therefore,  the  first  black  pixel  following  the  eight  white  pixels  is  used  to  terminate  the  white  half  run.  The 
remaining  three  black  pixels  comprise  the  black  half  run.  The  run  feature  for  this  WB  run  length  is  (8,  3),  and 
the  encoding  symbol  using  equation  #1  is  35,  as  shown  in  Figure  8A. 

An  exception  to  this  general  encoding  rule  applies  when  the  length  of  the  first  half  of  a  run  exactly 
25  equals  the  maximum  number  of  pixels  allowed  for  that  particular  color.  To  illustrate  this,  consider  a  BWrun 

length  of  seven  black  pixels  followed  by  three  white  pixels  (1111111000).  Since  M3/  which  is  the  maximum 
value  for  a  black  half  run,  is  equal  to  8,  the  maximum  number  of  pixels  allowed  in  the  black  half  of  a  BW  run 
is  7.  In  the  example,  therefore,  the  first  half  run  length  exactly  equals  the  maximum  allowable  number  of 
pixels  for  that  color.  When  this  situation  occurs,  the  first  half  of  the  run  length  does  not  have  to  be 

30  terminated,  and  the  second  half  begins  with  the  next  pixel.  In  the  example,  all  three  white  pixels  constitute 
the  second  half  of  the  run  length,  and  the  run  feature  for  this  particular  run  length  is  coded  (7,  3)  and  the 
corresponding  encoding  symbol,  using  equation  #2,  is  451,  as  shown  in  Figure  8B. 

If  the  first  half  of  a  run  length  exceeds  the  maximum  length  specified  for  that  particular  color,  then  that 
run  length  must  be  broken  down  by  using  both  the  general  rule  and  its  exception.  For  example,  take  the 

35  situation  in  which  a  sequence  of  a  series  of  1'65  white  pixels  followed  by  two  black  pixels  is  encountered 
when  the  system  is  in  the  WB  mode.  Since  the  maximum  number  of  pixels  allowed  in  a  white  half  run  is 
127,  the  white  run  length  exceeds  the  maximum  in  this  example.  This  situation  is  solved  by  using  the  first 
127  pixels  of  the  white  run  for  the  white  half  of  the  WB  run,  and  using  a  length  of  0  for  the  black  half,  which 
follows  the  exception  to  the  general  rule.  The  run  feature  for  this  WB  run  length  is  coded  (127,  0),  which 

40  provides  an  address  of  508  for  the  PROM  for  the  code  word  representing  the  first  part  of  this  sequence,  as  is 
shown  in  Figure  8A.  The  remaining  38  white  pixels  may  be  combined  with  the  two  black  pixels  in  a  WB  run 
length  by  using  the  general  rule.  The  run  feature  for  this  WB  run  length  is  coded  (38,  1),  which  provides  a 
PROM  address  of  153  for  a  second  code  word  representing  the  remainder  of  the  sequence. 

If  the  second  half  of  a  run  length  exactly  equals  the  maximum  length  allowed  for  that  particular  color, 
45  then  that  run  length  may  be  encoded  following  the  general  encoding  rule.  However,  if  the  second  half  of  a 

run  length  exceeds  the  maximum  allowable  length,  a  special  method  must  be  used  to  encode  the  data. 
When  the  second  half  of  the  run  exceeds  the  maximum,  the  run  length  is  encoded  for  the  maximum 

length  allowed  for  that  color,  then  a  special  symbol  is  generated  to  provide  a  further  PROM  address,  which 
indicates  the  symbol  has  switched  to  the  opposite  type  run.  The  remaining  pixels  are  then  encoded  as  the 

50  first  half  run  of  the  opposite  type  run  length  by  following  the  general  rule.  To  illustrate  this  situation, 
consider  a  run  in  the  WB  mode  which  contains  100  white  pixels,  followed  by  10  black  pixels,  which  are 
followed  by  50  white  pixels.  The  100  white  pixels  are  terminated  by  the  first  black  pixel,  and  the  next  three 
pixels,  which  is  the  maximum  number  of  pixels  allowed  for  a  black  half  run,  are  combined  with  the 
previous  white  pixels  to  generate  a  WB  run  which  is  a  run  feature  coded  (100,  3)  to  provide  a  PROM  address 

55  of  403.  Following  this  run  length,  the  special  symbol  is  generated,  constituting  an  address  for  a  code  word 
which  indicates  to  the  decoder  that  the  run  pattern  is  switching  from  WB  runs  to  BW  runs.  After  the  special 
symbol,  the  remaining  six  black  pixels  are  combined  with  the  next  run  of  50  white  pixels  following  the 
general  rule  to  generate  a  BW  run  which  has  a  run  feature  coded  (6,  49)  for  a  PROM  address  of  433.  The 
coding  method  now  continues  using  BW  runs  until  it  is  necessary  to  switch  back  to  the  WB  run  length. 

60  In  applying  this  encoding  method  to  the  preferred  embodiment,  the  combined  black  and  white  run 
length  (CBWRL)  symbols  are  generated  in  ail  four  source  states  from  prediction  error  pixels  of  each  scan 
line.  The  first  symbol  generated  for  each  image  will  normally  be  a  WB  symbol  in  the  So  state.  If  the  first 
pixel  encountered  is  a  zero,  the  symbol  will  be  a  WB  symbol.  On  the  other  hand,  if  the  first  pixel 
encountered  is  a  one,  a  special  symbol  must  be  generated  before  generating  a  BW  symbol. 

65  However,  due  to  the  fact  that  the  symbols  in  different  states  are  generated  independently,  the  symbol 

8 
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generated  in  one  state  may  not  have  been  terminated  when  the  state  changes  to  another  state.  In  addition, 
the  last  symbol  in  each  state  might  not  have  been  terminated  when  the  end  of  the  scan  line  is  reached. 
These  run  symbols  will  be  stored  in  a  buffer  and  later  updated  in  their  respective  states  from  pixels  of 
subsequent  scan  lines.  Thus,  the  first  non-terminating  run  symbol  generated  in  each  state  starting  from 

5  state  So  and  the  following  symbols  generated  in  other  states  are  stored  in  empty  locations  of  a  buffer 
memory  in  the  order  that  they  occur,  starting  from  the  first  empty  location  in  the  buffer.  These  symbols 
cannot  be  transmitted  until  the  first  non-terminating  symbol  in  the  buffer  becomes  terminated  and 
transmitted,  because  the  order  in  which  symbols  of  different  states  occur  is  important  for  decompression. 

In  the  preferred  embodiment,  the  arrangement  of  the  1Kx16  bit  RAM  buffer  storage  is  as  follows:  nine 
10  bits  (bo-b8)  represent  the  value  of  the  symbol,  with  bits  bo-b5  representing  the  white  half  for  BW  runs  and 

bits  bo-b6  representing  the  white  half  for  WB  runs,  and  with  bits  b6-b8  representing  the  black  half  for  BW 
runs  and  bits  b7-b8  representing  the  black  half  for  WB  runs;  one  bit  (b9)  represents  the  initial  color  of  the 
symbol;  two  bits  (b^-b^)  represent  the  source  state  of  the  symbol;  one  bit  (b12)  represents  the  working 
color  of  the  symbol  at  the  time  when  the  state  changes;  and  one  bit  (b13)  represents  run  termination 

is  information  (whether  the  symbol  is  terminated  or  unterminated). 
If,  in  a  subsequent  prediction  error  line,  the  first  pixel  belongs  to  a  state  in  which  there  is  a 

non-terminating  run  in  the  buffer,  the  symbol  representing  that  state  is  read  from  the  buffer  and  updated 
according  to  the  following  rules:  if  this  symbol  is  the  first  non-terminating  run  symbol  in  the  buffer  and  if 
the  updating  of  this  symbol  terminates  the  run  symbol,  then  this  symbol  and  all  of  the  following  terminated 

20  symbols  of  other  states  are  transmitted  to  the  output  encoder,  creating  empty  locations  in  the  buffer 
memory,  or  else  this  symbol  is  written  back  into  the  buffer  in  the  same  location  if  the  symbol  is  not  the  first 
non-terminating  run  in  the  buffer,  or  when  the  updating  of  the  symbol  does  not  terminate  it. 

When  new  symbols  are  generated  (terminated  or  non-terminated),  they  are  stored  into  the  buffer 
memory  in  the  order  in  which  they  occur,  starting  from  the  first  empty  location  in  the  buffer.  Thus,  all  the 

25  new  symbols  generated  in  all  states  in  subsequent  lines  are  either  used  to  update  the  non-terminating  runs 
already  stored  in  the  buffer  in  the  corresponding  states,  or  they  are  stored  in  the  buffer  memory  in 
sequential  order  in  the  empty  locations  until  the  buffer  becomes  full  and  cannot  accommodate  any  new 
symbols  in  any  state.  At  that  time,  the  first  non-terminating  run  symbol  in  the  buffer  is  artificially 
terminated  and  transmitted,  followed  by  all  the  terminated  runs  of  other  states,  creating  empty  locations  in 

30  the  buffer  which  will  be  used  to  store  the  new  symbols  generated  in  subsequent  lines.  Thus,  the  buffer  is 
used  as  a  circulating  first  in-first  out  (FIFO)  memory  for  read  and  write  operations  until  all  scan  lines  in  the 
image  have  been  processed  and  all  symbols  encoded  and  transmitted. 

CBWRL  symbols  are  generated  in  each  source  state,  independently,  from  prediction  error  pixels  of 
each  scan  line.  The  source  state  for  each  of  the  prediction  error  pixels  is  also  generated.  For  the  first  scan 

35  line  in  the  preferred  embodiment,  the  first  symbol  generated  is  in  the  So  state  and,  depending  on  the  color 
of  the  pixel,  the  first  half  of  the  CBWRL  symbol  is  generated.  • 

If  the  following  pixel  belongs  to  the  same  state  as  the  first  pixel  and  is  of  the  same  color,  the  first  half  of 
the  same  symbol  is  updated;  however,  if  it  is  of  the  opposite  color,  the  first  half  is  terminated  by  that  pixel 
and  the  second  half  is  generated  from  the  next  pixel  in  that  state.  If  the  next  pixel  belongs  to  a  different 

40  state,  the  symbol  generated  in  the  previous  state  is  stored  in  the  buffer  with  its  color,  state,  and  run 
termination  information  before  a  new  symbol  in  a  new  state  is  generated. 

If,  after  a  few  pixels,  the  state  changes  back  to  the  original  state,  the  previous  symbol  of  that  state 
(stored  in  the  buffer),  if  not  terminated,  is  updated  until  it  becomes  terminated,  at  which  time  the  symbol  is 
encoded;  otherwise,  a  new  symbol  is  generated  in  that  state  and  stored  in  the  next  open  location  in  buffer. 

45  For  every  image,  in  each  state,  if  the  first  symbol  is  a  BW  symbol,  it  must  be  preceded  by  a  special 
symbol. 

Figure  7  is  a  representation  of  two  scan  lines  from  a  prediction  error  image  along  with  the  appropriate 
source  states,  which  is  used  to  illustrate  the  symbol  generation  method  of  the  present  invention,  while 
Figure  9  shows  the  contents  of  the  buffer  memory  as  these  two  scan  lines  are  processed  by  the 

so  compression  hardware. 
Pixel  1  of  line  1  of  the  prediction  error  image  is  a  zero  in  the  So  state.  This  pixel  causes  a  WB  symbol  to 

be  generated  in  the  So  state.  Therefore,  the  first  available  location  in  the  buffer  memory  (0000)  is  loaded 
with  the  quantity  00000010000000.  Pixel  2  of  line  1  is  also  a  zero  in  the  So  state,  causing  the  current  So 
symbol  which  is  stored  in  location  0000  of  the  buffer  memory  to  be  updated  to  00000100000000. 

55  Pixel  3  of  line  1  of  the  prediction  error  image  is  a  zero  in  the  S-,  state.  Since  this  is  the  first  pixel 
encountered  in  the  S!  state,  a  WB  symbol  is  generated  and  stored  in  the  next  available  location  (0001  )  in  the 
buffer  memory.  Thus,  the  quantity  00000010000100  is  written  into  that  location. 

Pixel  4  of  line  1  of  the  image  is  a  one  in  the  So  state.  Since  there  is  a  current  non-terminated  WB  symbol 
stored  in  memory,  this  pixel  terminates  the  white  half  run  of  that  symbol,  and  memory  location  0000  is 

60  updated  to  contain  the  quantity  00000100000010. 
Pixel  5  of  line  1  is  a  one  in  the  S2  state.  In  the  present  invention,  it  is  assumed  that  all  initial  symbols  in 

each  state  are  WB  symbols;  therefore,  a  special  symbol  must  be  generated  in  the  S2  state  preceding  the  BW 
symbol  to  be  generated  using  this  pixel.  The  special  symbol,  which  is  a  terminated  symbol,  is  stored  in  the 
next  available  location  (0010)  in  memory  as  the  quantity  00000000001001,  while  the  BW  symbol  for  state  S2 

65  is  stored  in  location  0011  as  the  quantity  00000000111010.  The  special  symbol,  although  terminated,  is  not 
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transmitted,  since  it  is  preceded  by  non-terminated  symbols  in  states  So  and  S-,  in  the  buffer.  Pixel  6  of  line  1 
is  also  in  the  S2  state,  but  has  a  value  of  zero.  This  pixel  terminates  the  black  half  run  of  the  BW  symbol  in 
the  S2  state,  and  updates  the  quantity  stored  in  location  0011  to  00000000111000. 

Pixel  7  in  the  first  line  of  the  prediction  error  image  is  a  zero  in  the  S,  state.  This  pixel  updates  the 
5  current  S1  symbol,  which  is  stored  in  location  0001  of  the  buffer  memory,  to  the  value  of  00000100000100. 

The  following  two  pixels  8  and  9  are  also  contained  in  the  St  state,  but  have  the  value  of  one.  The  first  of 
these  pixels  terminates  the  white  half  run  of  the  current  WB  symbol,  while  the  second  pixel  updates  the 
black  half  run,  causing  the  quantity  stored  in  location  0001  to  become  00000100100110. 

Pixel  10  of  line  1  is  a  zero  in  the  S3  state.  This  is  the  initial  pixel  in  that  state;  therefore,  a  WB  symbol  is 
w  generated  in  the  S3  state  by  this  pixel  and  the  quantity  00000010001100  is  stored  in  the  next  available 

memory  location  (0100)  in  the  buffer. 
Pixel  11  is  a  zero  in  the  S2  state,  which  updates  the  white  half  of  the  current  BW  symbol  stored  in 

location  0011  to  the  quantity  00000100111000. 
The  next  pixel,  pixel  12,  is  a  zero  in  the  Sn  state,  which  causes  a  change  in  color  of  the  current  WB  run 

15  length.  Thus,  this  pixel  causes  the  S,  information  currently  stored  in  location  0001  to  be  terminated 
(00000100100111),  which  data  represents  a  (2,  1)  run  length  in  the  S,  state.  This  terminated  symbol, 
however,  cannot  be  transmitted  to  the  encoder  until  symbols  in  all  states  in  the  preceding  memory 
locations  are  also  terminated.  Thus,  this  symbol  will  not  be  transmitted  until  the  So  symbol  in  location  0000 
is  terminated. 

20  In  addition,  pixel  12  also  begins  a  new  WB  symbol  in  the  Si  state,  which  is  loaded  into  the  next 
available  memory  location  (0101)  in  the  buffer  as  the  quantity  00000010000100. 

The  next  three  pixels  13,  14  and  15  in  the  first  line  of  the  prediction  error  image  all  belong  to  the  S3 
state.  The  first,  which  is  a  zero,  updates  the  contents  of  the  WB  symbol  in  the  S3  state  stored  in  location 
0100  to  00000100001100.  The  second,  which  is  a  one,  terminates  the  white  half  of  the  WB  symbol  and 

25  updates  the  contents  of  the  memory  to  00000100001110.  The  third,  which  is  a  zero,  causes  the  current  WB 
symbol  to  be  terminated,  and  is  stored  in  the  next  available  memory  location  (0110)  as  a  new  symbol  with 
the  quantity  00000010001100.  The  terminated  WB  symbol  in  location  0100  (with  a  value  of 
00000100001111)  represents  a  (2,  0)  run  length,  and  cannot  be  transmitted  until  all  symbols  preceding  it 
have  been  terminated  and  transmitted. 

30  Pixel  16  of  line  1  is  a  one  in  the  S2  state.  This  pixel  represents  a  change  in  the  working  color  in  the 
current  BW  symbol,  terminating  the  current  symbol  which  is  stored  in  the  0011  location  with  the  value  of 
00000100111001.  A  new  BW  symbol  is  begun  in  the  next  available  memory  location  (0111),  into  which  the 
quantity  00000000111010  is  loaded. 

The  final  three  pixels  17,  18  and  19  in  the  first  line  are  all  contained  in  the  So  state.  The  first  of  the  three 
35  is  a  zero  which  represents  a  change  in  working  color  in  the  current  WB  symbol,  terminating  the  current  So 

symbol  stored  in  location  0000,  and  transmitting  the  contents  (00000100000011)  representing  a  (2,  0)  run 
length  to  the  encoding  hardware.  When  this  symbol  has  been  transmitted,  the  terminated  symbols  stored 
in  locations  0001  (S-,),  0010  (S2)  (Special  Symbol),  0011  (S2),  and  0100  (S3)  may  also  be  transmitted  in  their 
order  of  occurrence. 

40  In  addition,  a  new  WB  symbol  is  started  by  this  pixel  in  state  So,  and  it  is  stored  in  the  next  open 
location  (1000)  in  the  memory  buffer  as  a  value  of  00000100000000. 

The  second  of  the  three  So  pixels  is  a  one,  which  terminates  the  white  half  of  the  WB  run  symbol  stored 
in  location  1000,  updating  its  value  to  00000100000010.  The  third  pixel  in  the  So  state  (which  is  the  last  pixel 
contained  in  line  1)  is  also  a  one,  and  updates  the  value  of  the  symbol  stored  in  location  1000  to 

45  00000010100010. 
The  method  described  in  the  present  embodiment  is  continuous  from  line-to-line;  therefore,  pixel  1  in 

the  line  2  of  the  prediction  error  image,  which  is  a  one  in  the  So  state,  is  used  to  update  the  current  So 
symbol  stored  in  location  1000  to  a  value  of  00000011000010. 

Pixels  2  and  3  in  line  2  are  also  contained  in  the  So  state,  but  both  have  a  value  of  zero.  The  first  of  these 
50  pixels  terminates  the  current  WB  run  symbol  at  a  run  length  of  (1,  2)  stored  in  location  1000,  and  the 

quantity  stored  at  this  location  (00000011000011)  is  to  be  transmitted  when  the  preceding  symbols  in  the 
buffer  are  terminated.  A  new  So  is  started  by  this  pixel  and  stored  in  location  1001  of  the  buffer  with  a  value 
of  00000010000000.  The  second  of  these  So  state  pixels  updates  the  current  symbol  in  location  1001  to  a 
value  of  00000100000000. 

55  The  next  pixel,  pixel  4,  in  line  2  is  a  one  in  the  S2  state,  which  updates  the  current  BW  symbol  stored  in 
location  0111  to  a  value  of  00000001011010. 

Pixel  5  in  the  line  2  is  a  one  in  the  S-,  state.  This  pixel  terminates  the  white  half  run  of  the  current  WB 
symbol  stored  in  location  0101  and  updates  the  value  to  00000010000110. 

The  next  pixel  in  line  2,  pixel  6,  is  a  one  in  the  S3  state,  which  terminates  the  white  half  of  the  current 
60  WB  run  stored  in  location  0110,  the  updates  the  value  stored  at  that  location  to  00000010001110. 

Pixel  7  in  line  2  is  a  zero  in  the  Sn  state,  which  terminates  the  current  WB  run  symbol  at  a  run  length  of 
(1  ,  0)  in  location  01  01  of  the  buffer  memory  at  a  value  of  0000001  00001  1  1  ,  and  transmits  the  contents  of  that 
location  to  the  encoder,  since  it  is  not  preceded  by  any  unterminated  symbols.  The  pixel  is  then  used  to 
start  a  new  WB  symbol  in  the  Si  state  and  stored  in  the  next  available  location  (1010)  in  buffer,  storing  the 

65  quantity  00000010000100. 
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The  next  three  pixels  8,  9,  and  10  in  line  two  are  all  contained  in  the  S2  state.  The  first,  having  a  value  of 
one,  updates  the  current  S2  symbol  stored  in  location  0111  to  a  value  of  00000001111010.  The  second, 
having  a  value  of  zero,  terminates  the  black  half  run  of  the  BW  symbol,  and  updates  the  contents  of  location 
0111  to  00000001111000.  The  third,  also  having  a  value  of  zero,  updates  the  S2  symbol  to  a  value  of 

5  00000101111000. 
The  next  two  pixels  11  and  12  in  line  2  are  both  contained  in  the  S3  state.  The  first,  having  a  value  of 

zero,  terminates  the  current  WB  symbol  at  a  run  length  of  (1,  0)  in  location  0110  of  the  buffer,  and  the 
quantity  00000010001111  is  transmitted  directly  to  the  encoder,  since  there  are  no  unterminated  run 
symbols  preceding  this  location.  This  pixel  also  begins  a  new  WB  symbol  in  the  S3  state  in  the  next 

'o  available  memory  location  (1011),  entering  the  quantity  00000010001100.  The  second  of  the  two  pixels, 
having  a  value  of  one,  terminates  the  white  half  of  the  current  S3  symbol,  and  updates  the  quantity  stored  in 
location  1011  to  00000010001110. 

Pixel  13  in  the  line  2  is  a  zero  in  the  S2  state.  This  pixel  updates  the  value  of  the  BW  symbol  stored  in 
location  0111  to  00001001111000. 

is  The  next  two  pixels  14  and  15  in  line  2  are  both  contained  in  the  S3  state.  The  first  has  a  value  of  one, 
which  updates  the  WB  symbol  stored  in  location  1011  to  a  value  of  00000010101110.  The  second  has  a 
value  of  zero,  terminating  the  WB  symbol  stored  at  location  1011  at  a  run  length  of  (1,  1)  with  a  value  of 
00000010101111.  The  contents  of  location  1011,  however,  cannot  be  transmitted  to  the  encoder  until  the 
symbols  stored  in  locations  0111,  1001,  and  1010  are  terminated.  This  pixel  is  then  used  to  begin  a  newWB 

20  symbol  in  the  S3  state,  and  is  stored  in  location  1100  with  a  value  of  00000010001100. 
•  The  next  two  pixels  16  and  17  in  the  second  prediction  error  image  line  are  both  ones  in  the  S2  state. 

Since  the  current  S2  symbol  is  a  BW  symbol  which  has  a  working  color  of  white,  the  current  symbol,  stored 
in  location  0111,  is  terminated  at  a  run  length  of  (3,  2),  and  the  symbol,  with  a  value  of  00001001111001,  is 
transmitted  to  the  encoder.  In  addition,  the  So  symbol  in  location  1000  can  now  be  transmitted.  The  two 

25  pixels  16  and  17  are  then  stored  in  the  next  available  location  (1101)  in  the  buffer  with  a  value  of 
00000001011010. 

The  final  two  pixels  18  and  19  in  the  second  line  are  both  ones  in  the  So  state.  The  first  terminates  the 
white  half  of  the  WB  run  in  the  current  So  symbol  stored  in  location  1001,  and,  together  with  the  second, 
updates  the  symbol  stored  in  location  1001  to  a  value  of  000001001  00010.  Thus,  the  symbol  in  location  1011 

30  cannot  be  transmitted  until  symbols  in  locations  1001  and  1010  become  terminated  from  pixels  of  the  next 
scan  line.  However,  if  line  2  is  the  last  line  of  the  image,  then  all  non-terminated  runs  are  treated  as 
terminated  and  hence  are  transmitted. 

Referring  now  to  Figure  11,  a  detailed  embodiment  of  the  compressor  12  hardware  is  shown.  The 
preprocessed  image  data  from  the  image  processor  10  (Figure  1)  is  transmitted  serially  to  a  window 

35  prediction  unit  50.  Window  prediction  unit  50  is  shown  in  greater  detail  in  Figure  12. 
In  operation,  the  window  prediction  unit  50  starts  from  the  upper  right  corner  of  the  document  image 

to  be  compressed,  as  was  shown  in  detail  in  Figure  5.  in  each  scan  line,  the  window  is  moved  down  one 
pixel  position  and  the  prediction  error  pixel  and  its  corresponding  source  state  are  generated  for  that 
window  position  using  the  prediction  and  source  state  tables,  respectively.  This  procedure  is  repeated  until 

40  the  end  of  the  scan  line  is  reached.  At  that  time,  the  window  is  moved  to  the  beginning  of  the  next  scan  line 
located  one  pixel  to  the  left  of  the  current  scan  line,  and  the  procedure  is  repeated  until  the  complete  image 
has  been  processed. 

Due  to  the  shape  of  the  window  used  in  window  prediction  unit  50,  prediction  is  undefined  for  a  region 
including  the  first  three  scan  lines  of  the  document  and  the  top  and  bottom  two  pixels  in  each  scan  line. 

45  This  region  corresponds  to  the  pixel  positions  of  the  document  where  an  element  of  the  window  falls 
outside  of  the  image.  The  output  of  prediction  window  unit  50  is  forced  to  a  predicted  value  of  zero  in 
source  state  So  for  all  pixels  within  this  undefined  region,  causing  the  output  of  unit  50,  which  is  the 
prediction  error  pixel  Px,  to  be  the  actual  value  Xo  of  the  pixel  to  be  predicted,  and  is  contained  in  source 
state  So. 

so  Referring  now  to  Figure  12,  the  actual  pixel  Xo  obtained  from  image  processor  10  (Figure  1)  is 
transmitted  to  the  window  predictor  52  via  a  storage  RAM  unit  54  and  address  counter  unit  55.  Unit  54 
consists  of  four  1Kx1  bit  RAM  buffers  and  stores  the  three  previous  scan  lines  and  the  current  line  obtained 
during  the  processing  of  the  document  image.  Unit  55  contains  several  Read  and  Write  address  counters 
55a—  d  for  the  four  1Kx1  bit  RAMs,  to  continuously  provide  window  predictor  52  with  the  pixels  from  the 

55  previous  three  scan  lines  and  the  current  scan  lines  which  are  in  the  correct  relationship  with  the  actual 
pixel  Xo  with  respect  to  the  digitized  image. 

The  twelve  pixels  X,—  X12  which  comprise  window  predictor  52  are  transmitted  to  a  ROM  56  via  a 
window  address  latch  53.  Stored  within  ROM  56,  which  is  a  4Kx4  bit  device,  are  the  one  bit  prediction  and 
two  bit  source  state  tables  for  all  possible  input  combinations  (states)  of  window  predictor  52.  ROM  56 

60  generates  a  predicted  pixel  value~X  ̂ and  a  source  state  S,  for  the  current  pixel  Xo  to  be  predicted,  based  on 
the  configuration  of  previously  scanned  pixels  X,—  X12  of  window  predictor  52.  This  predicted  pixel  value 
X̂   is  transmitted  to  an  EXCLUSIVE-OR  gate  58,  which  gate  compares  the  predicted  pixell^  to  the  actual 
pixel  value  Xo  to  generate  the  prediction  error  pixel  Px. 

A  control  unit  60  transmits  a  signal  A  to  counter  unit  55  to  enable  the  counters  of  unit  55  to  update  the 
65  data  contained  in  the  window  predictor  52  to  the  next  pixel  position  as  each  current  pixel  is  received. 

11 
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Control  unit  60  transmits  a  signal  B1  to  address  latch  53  to  generate  an_address  for  ROM  56,  then  transmits 
a  signal  B2  to  enable  ROM  56,  outputting  the  predicted  pixel  value  Xo  and  source  state  S,  for  the  given 
window  predictor  data  arrangement.  Xo  is  combined  with  the  original  pixel  Xo  via  EXCLUSIVE-OR  gate  58, 
generating  Px.  Control  unit  60  also  communicates  with  image  processor  10  (Figure  1)  via  signals  DTRED 

5  and  DTACKto  receive  data  available  from  processor  10  and  to  acknowledge  to  processor  10  that  data  has 
been  received. 

Referring  again  to  Figure  11,  the  prediction  error  pixel  Px  and  the  source  state  S,  are  transmitted  to  a 
ROM  62  and  also  to  a  symbol  controller  64.  Controller  64,  a  field  programmable  logic  array  (FPLA)  chip, 
provides  the  timing  and  control  signals  used  to  generate  the  run  symbols  sent  to  the  encoding  hardware. 

10  The  FPLA  can  be  programmed  such  that  a  desired  signal  is  outputted  from  the  chip  in  response  to  a 
sequence  of  signal  inputs  to  the  chip,  as  is  well-known  in  the  art.  ROM  62  stores  the  maximum  run  length 
information  for  each  color  in  all  source  states;  thus  eight  locations  may  be  addressed  in  ROM  62  using  the 
color  and  source  state  information  conveyed  by  Px  and  S,  for  prediction  error  pixels.  The  output  of  ROM  62 
is  coupled  to  one  set  of  inputs  of  a  comparator  unit  66,  whose  second  set  of  inputs  are  connected  to  a 

15  counter  unit  68.  Counter  unit  68  contains  eight  counters,  68a—  h,  for  generating  run  lengths  of  prediction 
error  pixels  for  each  color  in  all  four  source  states. 

As  each  prediction  error  pixel  Px  and  source  state  S,  is  received  by  ROM  62,  the  corresponding 
maximum  length  is  outputted  to  comparator  66.  Concurrently,  controller  64  updates  the  contents  of  the 
appropriate  counter  in  unit  68  for  the  received  pixel  via  the  proper  signal  from  a  set  of  signals  C1  —  C8  in  the 

20  current  source  state.  The  contents  of  the  appropriate  counter  is  then  compared  to  the  maximum  run  length 
information  obtained  from  ROM  62  by  comparator  66.  If  there  is  coincidence,  the  run  length  of  that  color  in 
that  state  has  attained  its  maximum  allowable  length  and  hence  is  terminated;  a  new  run  length  is  then 
generated  in  that  state.  A  signal  D1  is  transmitted  from  comparator  66  to  controller  64  to  indicate  this 
coincidence. 

25  The  actual  run  symbols  are  assembled  and  stored  in  a  buffer  RAM  25  (Figure  2)  in  the  same  order  in 
which  they  occur,  in  the  manner  which  was  previously  described  in  detail  with  respect  to  Figure  10.  The 
addresses  of  RAM  buffer  25  in  which  non-terminated  symbols  are  stored  are  stored  in  a  vector  table  72.  The 
addressing  of  RAM  25  is  accomplished  either  via  vector  table  72  (for  WRITE  addressing)  or  via  an  address 
counter  74  (for  READ  addressing).  Vector  table  72,  which  is  contained  in  a  register  file  integrated  circuit 

30  device,  stores  the  RAM  25  address  of  the  current  non-terminated  symbol  for  each  of  the  four  source  states 
and  is  enabled  by  the  current  source  state  S,.  The  available  addresses  for  the  current  symbols  are  loaded 
into  vector  table  72  by  an  address  counter  76.  Counter  76,  which  is  incremented  by  a  control  signal  D2  from 
symbol  controller  64,  always  contains  the  address  for  the  next  open  location  in  the  buffer  RAM  25.  As  a 
symbol  is  terminated  in  a  state,  counter  76  loads  the  next  open  address  into  vector  table  72  as  the  address 

35  for  the  new  symbol  to  be  generated  in  that  state. 
RAM  25  also  may  be  addressed  by  counter  74,  which  stores  the  address  of  the  location  in  RAM  25 

which  contains  the  next  symbol  to  be  outputted  to  encoder  26.  Counter  74  is  controlled  by  a  signal  E  from 
an  output  controller  78.  Controller  78,  a  field  programmable  logic  array  (FPLA)  chip,  provides  the  timing 
and  control  signals  for  outputting  terminated  run  symbols  to  the  encoding  section  of  compressor  12 

40  (Figure  1).  When  RAM  25  outputs  a  symbol  to  be  encoded,  signal  E  increments  counter  74  to  obtain  the 
address  of  the  next  symbol  to  be  outputted. 

The  contents  of  counters  74  and  76'are  also  transmitted  to  a  comparator  80.  When  comparator  80 
senses  that  the  contents  of  both  counters  74  and  76  are  equal,  signifying  that  the  next  open  (WRITE) 
address  is  equal  to  the  next  output  (READ)  address  (indicating  that  RAM  25  is  empty),  a  signal  F  is 

45  transmitted  to  output  controller  78.  Signal  F  indicates  one  of  two  things:  if  the  contents  of  (READ)  address 
counter  74  become  equal  to  the  contents  of  (WRITE)  address  counter  76,  it  means  that  all  of  the  symbols 
stored  in  RAM  25  have  been  transmitted,  implying  that  the  end  of  the  image  has  been  encountered,  and 
disabling  further  operation  of  output  controller  78;  or,  if  the  contents  of  counter  76  become  equal  to  the 
contents  of  counter  74,  it  means  that  all  the  locations  in  RAM  25  are  full,  and  the  first  unterminated  symbol 

50  pointed  by  the  address  counter  74  must  be  artificially  terminated  and  transmitted  so  that  counters  74  and 
76  can  be  updated. 

Counter  unit  68  and  RAM  25  are  connected  to  a  symbol  latch  82  via  a  data  bus  83.  One  bit  from  data  bus 
83,  labeled  b13,  is  transmitted  to  output  controller  78.  Bit  b13  indicates  to  controller  78  that  there  is  a 
terminated  symbol  on  bus  83.  When  bit  b13  is  active  (high),  output  controller  78  transmits  a  signal  H  to  latch 

55  82,  causing  the  data  on  bus  83  to  be  captured.  The  captured  data  is  then  transmitted  as  an  address  to 
encoder  26,  which  transmits  the  encoded  data  over  medium  14  (Figure  1)  to  the  decompressor  16  (Figure 
1). 

A  detailed  diagram  of  encoder  26  is  shown  in  Figure  13.  The  data  from  latch  82  (Figure  11)  is 
transmitted  to  a  ROM  85.  ROM  85,  a  4Kx24  bit  memory  device,  stores  the  variable  length  code  words 

so  corresponding  to  the  WB  and  BW  run  symbols  generated  from  the  image  in  all  four  states,  and  is  enabled 
by  a  signal  J  from  a  control  unit  90.  The  twenty-four  bit  output  of  ROM  85  consist  of  a  nineteen  bit  code 
word  and  a  five  bit  code  length.  The  first  nineteen  bits  are  transmitted  to  a  shift  register  86.  However,  since 
the  code  words  are  variable  in  length,  not  ail  of  the  nineteen  bits  will  represent  the  code  word.  Therefore, 
the  last  five  bits  of  the  output  of  ROM  85,  which  represent  the  length  of  the  code  word,  are  used  to  specify 

65  the  number  of  bits  actually  to  be  shifted  out  from  the  nineteen  bit  ROM  output  to  form  the  code  word. 

12 
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These  five  bits  are  transmitted  to  a  counter  88.  Counter  88,  a  five  bit  down  counter,  is  clocked  by  a  signal  K 
from  control  unit  90,  which  signal  also  clocks  shift  register  86.  Each  time  that  signal  K  clocks  shift  register 
86,  which  is  a  parallel  in-serial  out  device,  the  contents  of  counter  88  (representing  the  number  of  bits  in  the 
code  word)  is  decremented  by  one  and  shift  register  86  outputs  one  bit  of  data  to  an  eight  bit  shift  register 

5  92,  a  serial  inparallel  out  device  which  is  also  clocked  by  signal  K.  When  counter  88  is  clocked  to  zero,  a 
signal  L  is  transmitted  to  control  unit  90,  signifying  that  the  complete  code  word  stored  in  shift  register  86 
has  been  outputted  to  shift  register  92. 

Signal  K  is  also  transmitted  to  a  three  bit  up  counter  93.  Counter  93  is  clocked  by  signal  K  until  it 
receives  eight  pulses,  at  which  time  it  transmits  a  signal  M  to  control  unit  90,  signifying  that  an  eight  bit 

w  byte  of  encoded  data  is  contained  in  shift  register  92.  Control  unit  90  then  transmits  a  signal  N  to  a  latch  94, 
outputting  the  eight  bit  byte  of  encoded  data  over  transmission  medium  14  to  the  decompressor  16. 

Referring  again  to  Figure  11,  a  more  detailed  description  of  the  operation  of  compressor  12  (Figure  1)  is 
now  supplied.  As  each  original  pixel  Xo  enters  window  prediction  unit  50,  a  one  bit  predicted  pixel  Px  and  its 
corresponding  two  bit  source  state  S,  are  outputted  to  symbol  controller  64,  and  also  are  used  to  address 

is  the  maximum  length  ROM  62.  The  maximum  length  corresponding  to  the  current  source  state  and  color  is 
then  transmitted  to  comparator  66. 

Controller  64  outputs  one  of  signals  C1—  C8  to  counter  unit  68  to  increment  the  proper  counter 
(representing  the  length  of  the  run)  corresponding  to  the  current  working  color  (bit  b12)  and  source  state. 
Counter  unit  68,  comprised  of  eight  counters  68a  —  h,  has  one  counter  for  each  color  in  each  of  the  four 

20  source  states.  One  of  signals  C1  —  C8  increment  the  appropriate  counter  for  each  pixel  of  the  same  color  in 
the  same  source  state.  In  operation,  when  controller  64  receives  a  pixel  from  a  different  source  state  than 
the  previous  state,  the  contents  of  the  two  counters  comprising  the  complete  run  symbol  in  the  previous 
source  state  are  transmitted  via  data  bus  83  to  RAM  25,  where  the  symbol  stored  in  a  location  in  memory  in 
which  the  address  (WRITE)  is  found  in  vector  table  72  for  that  source  state.  Vector  table  72  contains  an 

25  address  for  the  current  memory  location  of  RAM  25  for  each  of  the  four  source  states.  The  addresses  of 
open  (empty)  locations  in  RAM  25  for  storage  of  subsequent  symbols  are  supplied  to  vector  table  72  by 
counter  76. 

When  one  of  the  counters  in  counter  unit  68  has  equalled  the  maximum  run  length  value  obtained  from 
ROM  62  for  the  appropriate  color  and  source  state,  comparator  66  transmits  signal  D1  to  controller  64.  If  the 

30  next  pixel  in  that  source  state  is  the  same  color,  then,  depending  on  the  type  of  run  length  presently  being 
generated,  several  possible  alternatives  occur. 

If  the  type  of  run  presently  being  generated  is  the  first  half  of  a  run  length,  such  as  the  black  half  of  a 
BW  run  length,  the  data  contained  in  the  current  counter,  which  data  comprises  the  maximum  run  length,  is 
transmitted  to  RAM  25  along  with  the  empty  contents  of  the  counter  representing  the  remaining  color  (half 

35  run)  in  that  source  state.  For  example,  if  counter  unit  68  reaches  seven  in  the  So  state  while  generating  a  BW 
run  symbol,  and  the  next  pixel  transmitted  to  controller  64  is  a  one  in  the  So  state,  controller  64  transmits  a 
signal  I  to  counter  unit  68  and  RAM  25,  transferring  the  run  symbol  (7,  0)  to  RAM  25  (zero  for  the  white  half 
since  the  second  half  of  the  BW  run  symbol  is  empty  until  the  first  half  is  terminated)  and  bit  b13  of  data  bus 
83  is  activated,  alerting  controller  78  that  a  terminated  symbol  has  been  loaded  into  RAM  25.  The  current 

40  counter  in  unit  68  is  cleared,  and  controller  64  then  transmits  the  appropriate  signal  C1  —  C8  to  the  counter 
responsible  for  the  black  half  of  the  So  source  state  to  begin  a  new  BW  run. 

However,  if  the  type  of  run  presently  being  generated  is  the  second  half  of  a  run  length,  such  as  the 
black  half  of  a  WB  run,  when  the  maximum  length  is  reached  and  the  next  pixel  is  a  one,  then  this  symbol 
must  be  terminated  and  a  special  symbol  generated  to  switch  the  type  of  run.  For  example,  if  counter  unit 

45  68  reaches  three  in  the  So  state  while  generating  the  black  half  of  a  WB  run  symbol  and  the  next  pixel 
transmitted  to  controller  64  is  a  one  in  the  So  state,  controller  64  transmits  signal  I  to  counter  unit  68  and 
RAM  25,  which  signal  causes  the  transfer  of  the  run  symbol  (X,  3),  where  X  is  the  number  of  white  pixels 
contained  in  the  white  half  run  of  the  WB  symbol,  to  RAM  25  as  a  terminated  symbol,  while  the  current 
counter  in  unit  68  is  cleared.  Then  controller  64  again  transmits  signal  I  to  counter  unit  68  and  RAM  25, 

50  causing  a  terminated  symbol  with  the  value  of  (0,  0)  in  source  state  So  to  be  stored  in  RAM  25  in  the  location 
immediately  following  the  (X,  3)  run  symbol.  This  (0,  0)  run  symbol  represents  the  special  symbol,  which 
symbol  indicates  that  the  type  of  run  symbol  currently  being  generated  in  that  particular  source  state  is 
switching  to  the  opposite  type,  such  as  from  a  WB  run  symbol  to  a  BW  run  symbol,  as  shown  in  the  present 
example.  The  black  half  of  the  new  BW  symbol  is  then  begun  in  counter  unit  68  with  the  current  pixel,  a  one 

55  in  the  So  source  state. 
Output  controller  78  is  responsible  for  transferring  terminated  run  symbols  from  RAM  25  to  encoder 

26.  This  operation  is  initiated  by  a  signal  O  from  symbol  controller  64.  The  output  memory  (READ)  address 
counter  74  contains  the  address  of  the  next  symbol  in  RAM  25  to  be  sent  to  encoder  26.  Upon  receiving 
signal  O  from  controller  64,  output  controller  78  causes  the  quantity  stored  in  counter  74  to  address  RAM 

60  25.  Output  controller  78  then  examines  the  termination  bit  b13  of  data  bus  83  from  the  output  of  RAM  25. 
When  the  value  of  this  bit  is  one  (active),  it  signifies  that  the  symbol  stored  at  that  location  in  memory  is 
terminated  and  ready  to  be  transmitted  to  encoder  84.  Output  controller  78  then  transmits  signal  H  to 
enable  latch  82,  capturing  the  terminated  symbol  and  transmitting  that  symbol  to  encoder  26  for 
transmission  of  the  encoded  data  over  medium  14  (Figure  1). 

65  Output  controller  78  then  transmits  signal  E  which  increments  counter  74  to  the  next  location.  The 
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corresponding  output  of  RAM  25  on  data  bus  83  is  then  examined  for  the  value  of  termination  bit  b13.  If  it  is 
equal  to  one,  the  symbol  data  on  bus  83  is  sent  to  encoder  84.  This  procedure  is  followed  until  the  output  of 
RAM  25  contains  a  termination  bit  on  b13  with  the  value  of  zero,  which  means  that  an  unterminated  symbol 
has  been  encountered  in  the  buffer  and  the  outputting  of  symbols  is  temporarily  halted  until  this  symbol 

5  becomes  terminated.  However,  if  the  concents  of  counter  76  becomes  equal  to  the  contents  of  counter  74, 
comparator  80  transmits  signal  F  to  controller  78,  signifying  that  the  buffer  is  full  and  there  are  no  empty 
memory  locations  for  storing  new  symbols.  In  this  event,  the  unterminated  symbol  must  be  artificially 
terminated  and  transmitted  to  encoder  26,  and  counters  74  and  76  updated. 

If,  during  this  operation,  the  contents  of  counter  74  becomes  equal  to  the  contents  of  counter  76, 
w  comparator  80  transmits  signal  F  to  output  controller  78,  signifying  that  all  the  symbols  which  were  stored 

in  RAM  25  have  been  transmitted  to  encoder  26,  implying  that  the  end  of  the  image  has  been  reached. 
Referring  now  to  Figure  14,  there  is  shown  a  detailed  embodiment  of  the  decompressor  16  hardware. 

The  byte  of  data  is  received  from  transmission  medium  14  (Figure  1)  by  •shift  register  28.  Shift  register  28,  a 
parallel  in-serial  out  device,  receives  the  eight  bits  of  data  in  parallel  from  transmission  medium  14.  Each 

is  bit  of  data  in  shift  register  28  is  clocked  out  serially  by  a  signal  P  from  an  input  controller  102.  Controller 
102,  a  FPLA  device,  provides  the  timing  and  control  signals  for  controlling  data  entry  to  decompressor  16. 

The  serial  output  from  shift  register  28  is  transmitted  bit  by  bit  to  a  ROM  104  in  response  to  signal  P 
from  controller  102.  ROM  104  contains  the  actual  BW  and  WB  run  lengths  corresponding  to  the  variable 
length  code  words  which  are  outputted  from  the  encoding  unit  26  (Figure  2).  In  the  present  embodiment, 

20  ROM  104  actually  contains  a  group  of  memory  tables,  one  for  each  source  state  and  color;  each  source 
state  uses  a  different  table  to  decode  its  run  lengths.  Since,  in  the  preferred  embodiment,  there  are  four 
states  and  two  types  of  symbols  in  each  state,  decoder  ROM  104  contains  eight  look-up  tables,  with  each 
table  containing  1024  bits.  Thus,  ROM  104  is  an  8Kx16  bit  ROM  having  a  thirteen  bit  address  Ao  —  A12  and  a 
thirteen  bit  output  Bo  —  B12,  and  is  enabled  by  a  signal  Q1  from  controller  102.  The  decoding  operation 

25  requires  a  serial  data  input  Ao  supplied  by  shift  register  28  and,  for  each  input  bit,  a  thirteen  bit  address  is 
generated  and  applied  to  ROM  104,  and  its  output  is  then  examined.  The  remaining  twelve  input  address 
bits  A,  —  A-,2  are  obtained  from  the  outputs  of  two  data  latches  106  and  108. 

The  A-,—  A9  address  bits  are  obtained  by  feeding  back  output  bits  Bo—  B8  to  the  input  of  ROM  104  via 
latch  106,  which  latch  is  enabled  by  a  signal  Q2  from  controller  102.  The  A10  bit,  which  represents  the 

30  current  color  bit,  and  the  A  ̂ and  A12  bits,  which  represent  the  current  source  state,  are  obtained  from  the 
output  of  latch  108,  which  latch  is  enabled  by  a  signal  R  from  controller  102.  @ 

The  thirteen  bit  output  Bo  —  Bi2  of  ROM  104,  which  is  transmitted  to  latch  106  and  also  to  a  latch  110,  is 
used  for  generating  addresses  for  ROM  104  and  also  for  generating  symbols,  depending  on  the  value  of  the 
bit  B12.  If  B12  is  a  one,  then  bits  Bo  —  B8  are  used  as  part  of  the  next  address  (A,  —  A9)  to  ROM  104,  while  when 

35  B12  is  a  zero,  bits  Bo  —  Ba  represent  a  valid  symbol.  When  a  valid  symbol  is  detected,  bit  B9  of  the  thirteen  bit 
output  represents  the  color  of  the  current  decoded  symbol,  with  zero  representing  a  WB  symbol  and  one 
representing  a  BW  symbol.  Bits  B10—  Bn  represent  the  source  state  of  the  decoded  symbol,  where  00 
represents  the  So  state,  01  represents  the  S1  state,  1  0  represents  the  S2  state,  and  1  1  represents  the  S3  state. 

When  decoding  a  special  symbol,  bits  Bo  —  B8  are  all  equal  to  zero,  bit  B9  represents  the  color  of  the  next 
40  symbol  to  be  decoded,  bit  B10  is  always  equal  to  one,  and  bits  B-n  —  B-,2  represent  the  source  state  of  the 

next  symbol  to  be  decoded. 
The  decoding  of  a  valid  symbol,  in  any  state  and  in  any  color,  will  now  be  described  with  reference  to 

Figure  14.  For  each  input  bit  from  shift  register  28,  a  thirteen  bit  address  is  generated  as  described  above 
and  applied  to  ROM  104,  and  the  output  is  examined.  If  the  value  of  output  bit  B12  is  equal  to  zero,  which 

45  indicates  that  a  valid  symbol  has  been  decoded  in  the  source  state  represented  by  output  bits  Bi0—  -B  ̂ and 
in  the  color  (WB  or  BW)  represented  by  output  bit  B9,  then  the  output  bits  Bo—  B8  (nine  bit  symbol)  are 
latched  into  latch  110  by  a  signal  S  from  controller  102  as  a  symbol  to  be  decompressed.  The  color  and 
source  state  of  that  symbol  (bit  B9  and  bits  B10  —  B-,-,)  are  also  latched  into  latch  110,  to  enable  the  two  half 
runs  of  the  nine  bit  symbol  to  be  loaded  into  the  appropriate  counters  for  decompression. 

so  If,  however,  the  value  of  output  bit  B12  is  equal  to  one,  then  bits  Bo  —  B8  belong  to  a  node  address 
(indicating  that  symbol  decoding  requires  more  serial  input  bits)  and  hence  bits  Bo—  B8  of  the  ROM  104 
output  are  transmitted  via  latch  106  back  to  the  input  of  ROM  104  as  bits  A-,—  A9  of  the  ROM  104  address. 
These  nine  bits  are  combined  with  next  input  bit  Ao  from  shift  register  28  and  color  and  source  state  bits 
A™,  Air—  A12from  latch  108  to  generate  a  new  thirteen  bit  Address  (Ao—  A12)forthe  next  ROM  104  address 

55  in  order  to  decode  a  valid  nine  bit  symbol  in  that  state. 
When  a  valid  symbol  has  been  captured  in  latch  110,  it  is  then  stored  in  a  buffer  RAM  112.  RAM  112  is 

capable  of  storing  one  symbol  in  each  of  the  four  source  states,  enabling  the  decompression  hardware  to 
decode  symbols  from  the  data  received  from  compressor  12  (Figure  1)  while  simultaneously 
decompressing  a  valid  symbol,  which  greatly  reduces  the  overall  decompression  cycle.  Storage  in  RAM 

60  112  is  accomplished  as  controller  102  transmits  a  signal  T  to  the  read  control  of  RAM  112,  causing  the 
symbol  captured  in  latch  110  to  be  stored  in  the  location  corresponding  to  its  source  state. 

When  a  valid  symbol  is  ready  to  be  decompressed,  controller  102  transmits  a  signal  U  to  a  clock  control 
unit  116,  which  is  an  FPLA  device.  Controller  102  also  transmits  a  signal  V  to  the  write  control  of  RAM  112, 
which  outputs  symbol  data  (bits  Bo  —  Bn)  to  a  counter  array  114.  Counter  array  114  consists  of  eight 

65  counters  114a  —  h,  with  a  counter  reserved  for  each  color  in  each  state.  The  counter  to  be  selected  for 
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loading  in  the  nine  bit  symbol  data  (bits  Bo—  B8)  is  determined  by  the  color  bit  B9  and  the  source  state  bits 
B11—  Bi2  of  the  ROM  104  output.  Each  decoded  nine  bit  symbol  consists  of  two  half  run  lengths,  with  one 
counter  reserved  for  each  half  run  length  in  each  source  state.  The  eight  counters  are  arranged  such  that 
counter  114a  is  used  for  decompressing  a  white  half  run  in  the  So  state;  counter  114b  is  used  for 

5  decompressing  a  black  half  run  in  the  So  state;  counter  1  14c  is  used  for  decompressing  a  white  half  run  in 
the  St  state;  counter  11  4d  is  used  for  decompressing  a  black  half  run  in  the  S,  state;  counter  11  4e  is  used 
for  decompressing  a  white  half  run  in  the  S2  state;  counter  1  14f  is  used  for  decompressing  a  black  half  run 
in  the  S2  state;  counter  114g  is  used  for  decompressing  a  white  half  run  in  the  S3  state;  and  counter  114h  is 
used  for  decompressing  a  black  half  run  in  the  S3  state. 

w  If  the  decoded  symbol  is  a  WB  symbol  in  any  source  state,  then  the  nine  bit  symbol  consist  of  a  seven 
bit  (bits  Bo—  B6)  white  half  run  (loaded  into  counters  114a,  c,  e,  or  g,  depending  on  the  state  to  which  the 
decoded  symbol  belongs)  and  a  two  bit  (bits  B7—  B8)  black  half  run,  (loaded  into  counters  114b,  d,  f,  or  h). 
However,  if  the  decoded  symbol  is  a  BW  symbol  in  any  source  state,  then  a  six  bit  (bits  Bo—  B5)  white  half 
run  is  loaded  into  counter  114a,  c,  e  or  g,  (depending  on  the  source  state  to  which  the  decoded  symbol 

'5  belongs)  and  a  three  bit  (bits  B6—  B8)  black  half  run  is  loaded  into  the  counter  114b,  d,  f  or  h.  This  loading 
operation  is  controlled  by  bits  B9—  B  ̂ of  the  RAM  1  12  output  and  by  a  signal  W  from  clock  control  unit  116. 
Then,  after  the  symbol  has  been  loaded  into  the  appropriate  counters,  the  first  half  run  is  decompressed, 
followed  by  the  second  half  run  of  the  symbol.  As  each  prediction  error  pixel  (of  a  color  represented  by  the 
color  of  first  half  run)  is  outputted,  it  is  transmitted  to  an  EXCLUSIVE-OR  gate  120,  and  the  contents  of  the 

20  corresponding  counter  114a  —  h  is  decremented  by  one  by  a  signal  Xfrom  control  unit  116.  If  all,  the  pixels 
represented  by  first  half  run  are  outputted,  then  the  corresponding  counter  sends  a  signal  Y  to  clock  control 
unit  116  and  it  automatically  switches  to  the  appropriate  counter  114  a  —  h  to  start  decompressing  pixels  of 
second  half  run.  When  all  pixels  of  the  second  half  run  have  been  outputted,  that  counter  1  14a—  h  will  now 
transmit  signal  Y  to  clock  control  unit  1  1  6,  and  if  the  source  state  still  remains  the  same,  then  clock  control 

25  unit  1  16  will  transmit  a  signal  Z  to  controller  102  indicating  that  a  new  symbol  in  that  particular  state  should 
be  sent  from  RAM  1  1  2.  The  clock  control  unit  1  1  6  will  also  clear  the  appropriate  counter.  Also,  clock  control 
unit  1  16  sends  a  signal  AA  to  the  output  controller  1  26,  which  indicates  that  it  is  waiting  for  another  symbol 
to  be  decoded  to  replace  the  last  symbol  in  RAM  112.  If,  while  decompressing  any  half  run,  in  any  source 

•  state,  the  source  state  changes,  then  the  two  bit  source  state  and  one  bit  color  of  new  symbol,  fed  to  clock 
30  control  unit  116  from  the  ROM  118  source  state  table,  will  automatically  switch  counter  array  114  to  the 

appropriate  counter  of  new  source  state  and  continue  decompressing  the  remaining  part  of  the  half  run 
contained  on  that  counter.  If  the  counter  representing  the  new  source  state  is  empty,  then  clock  control  unit 
116  will  request  input  controller  102  to  transfer  a  new  symbol  in  that  source  state  from  RAM  112  to  the 
appropriate  counter  in  counter  array  114.  Signal  BB  from  output  controller  126  to  clock  control  unit  116 

35  serves  as  a  handshaking  signal  between  the  two  controllers. 
As  a  symbol  is  being  decompressed,  each  pixel  is  clocked  out  of  counter  array  114  and  is  combine.d 

with  a  predicted  pixelXfrom  a  ROM  118  via  EXCLUSIVE-OR  gate  120.  ROM  118  is  a  4Kx4  bit  device  which 
contains  the  identical  prediction  and  source  state  tables  as  ROM  56  in  Figure  12.  ROM  1  18  is  addressed  by  a 
window  predictor  122,  the  operation  of  which  is  identical  to  window  predictor  52  previously  described  in 

40  Figure  12.  The  four  scan  lines  of  reconstructed  image  data  required  by  window  predictor  122  are  supplied 
by  a  storage  RAM  124,  and  the  movement  of  pixels  from  RAM  124  to  window  predictor  122  is  controlled  by 
a  signal  DD  from  an  output  controller  126,  which  is  an  FPLA  device.  RAM  124  consists  of  four  1Kx1  bit 
RAMs  with  a  set  of  read  and  write  address  counters,  the  operation  of  which  is  identical  to  units  54  and  55 
described  in  Figure  12.  The  operation  of  window  predictor  122  (pixel-by-pixel  along  the  scan  and  from 

45  scan-to-scan)  is  used  to  address  ROM  118,  which  device  is  enabled  by  a  signal  EE  from  controller  126. 
The  output  of  EXCLUSIVE-OR  gate  120,  which  is  the  decompressed  original  pixel  Xo,  is  transmitted  to 

the  image  data  buffer  128,  where  it  fills  the  reconstructed  scan  line  of  the  facsimile  image.  This  original 
pixel  Xo  is  also  transmitted  to  storage  RAM  124  to  fill  the  current  scan  line  for  window  predictor  122.  The  12 
bit  window  address  from  predictor  122  addresses  ROM  118,  which  outputs  the  one  bit  predicted  value,  Xo, 

so  for  pixel  Xo  to  EXCLUSIVE-OR  gate  1  20,  and  the  two  bit  source  state  value  S,  to  which  pixel  Xo  belongs.  The 
source  state  Sf  is  used  to  select  the  proper  set  of  counters  in  counter  array  114  from  which  the  decoded 
symbols  in  that  state  are  decompressed  into  original  prediction  error  pixels  of  that  state,  S|.  This  procedure 
is  continued  until  all  of  the  symbols  from  compressor  12  have  been  decoded,  decompressed  and 
reconstructed  into  a  scan  line  for  the  fascimile  image. 

55  The  decompressed  pixels  are  transmitted  to  the  image  data  buffer  1  28  on  a  pixel-by-pixel  basis,  and  as 
the  data  enters  buffer  128,  each  pixel  is  counted  by  a  counter  130.  The  size  of  counter  130  is  equal  to  the 
number  of  bits  in  one  scan  line  of  the  original  image.  When  counter  130  has  counted  to  its  maximum,  it 
places  the  next  pixel  received  by  buffer  128  in  a  new  scan  line.  Counter  130  then  begins  a  new  count,  and 
this  technique  continues  for  all  the  data  buffer  128  receives.  In  this  manner,  the  decompressed  image  is 

60  reconstructed  to  appear  exactly  as  the  original  image. 
When  the  decompression  process  is  complete,  the  decompressed  image  is  transmitted  to  an  output 

device  18,  where  it  can  be  displayed  on  a  CRT  screen  or  printed  on  a  hard  copy  unit. 

65 
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Claims 

1.  Apparatus  for  processing  digital  data  derived  from  an  image,  including:  conversion  means  (10) 
adapted  to  convert  said  digital  data  into  varying  run  lengths  of  first  type  data  elements  and  second  type 

5  data  elements;  first  storage  means  (52,  54)  adapted  to  store  a  specified  number  of  said  data  elements  in  a 
pre-defined  pattern  at  any  particular  time;  prediction  means  (22)  adapted  to  predict  for  each  original  data 
element  received  from  said  conversion  means  the  type  of  said  data  element  based  upon  the  types  of  data 
elements  stored  within  said  first  storage  means;  classifying  means  (23)  adapted  to  classify  each  of  said 
predicted  data  elements  into  one  of  a  plurality  of  source  states,  and  providing  a  signal  representative  of 

w  said  source  state,  wherein  each  source  state  is  indicative  of  the  degree  of  probability  that  said  predicted 
data  element  is  in  error;  and  comparison  means  (58)  adapted  to  compare  each  of  said  predicted  data 
elements  from  said  prediction  means  to  its  corresponding  original  data  element  from  said  first  conversion 
means  to  generate  a  plurality  of  prediction  error  data  elements,  each  of  said  prediction  error  data  elements 
maintaining  the  same  relationship  to  a  given  source  state  signal  as  its  corresponding  predicted  data 

is  element;  characterized  by  symbol  forming  means  (24)  adapted  to  form  a  plurality  of  symbols,  wherein  each 
symbol  includes  a  group  of  prediction  error  data  elements  having  the  same  source  state  and  arranged  as  a 
section  of  data  representing  a  first  type  prediction  error  data  element  and  a  section  of  data  representing  a 
second  type  prediction  error  data  element;  control  means  adapted  to  control  the  generation  of  said 
symbols  by  said  symbol  forming  means;  second  storage  means  (25),  coupled  to  said  formation  means, 

20  adapted  to  store  said  symbols  in  the  sequence  in  which  they  are  generated  by  said  symbol  forming  means 
(24);  third  storage  means  (85),  coupled  to  said  second  storage  means,  adapted  to  store  a  plurality  of  code 
words  which  are  representative  of  each  of  said  symbols  contained  in  said  second  storage  means  (25);  and 
output  means  (86,  92,  94)  adapted  to  transmit  selected  code  words  from  said  third  storage  means  over  a 
transmission  medium,  in  response  to  receipt  by  said  third  storage  means  of  symbols  corresponding  to  said 

25  selected  code  words. 
2.  Apparatus  according  to  claim  1,  characterized  in  that  said  plurality  of  source  states  comprises  four 

source  states  So,  S-,,  S2  and  S3. 
3.  Apparatus  according  to  claim  2,  characterized  in  that  state  So  contains  those  prediction  error  data 

elements  for  which  the  probability  that  the  prediction  is  in  error  is  less  than  or  equal  to  .025;  source  state  Sn 
30  contains  those  prediction  error  data  elements  for  which  the  probability  that  the  prediction  is  in  error  is 

greater  than  .025  but  less  than  or  equal  to  .050;  source  state  S2  contains  those  prediction  error  data 
elements  for  which  the  probability  that  the  prediction  is  in  error  is  greater  than  .050  but  less  than  or  equal  to 
.075;  and  source  state  S3  contains  those  prediction  error  data  elements  for  which  the  probability  that  the 
prediction  is  in  error  is  greater  than  .075. 

35  4.  Apparatus  according  to  claim  1,  characterized  in  that  first  type  data  elements  are  black  and  said 
@  second  type  data  elements  are  white. 

5.  Apparatus  according  to  claim  1,  characterized  in  that  said  code  words  include  variable  length  words. 
6.  Apparatus  according  to  claim  1,  characterized  in  that  prediction  means  (22)  includes  a  read  only 

memory  device  (56)  containing  a  plurality  of  predicted  data  elements  which  were  pre-generated  based 
40  upon  prior  analysis  of  a  plurality  of  images  similar  in  nature  to  the  image  to  be  digitized  and  in  that  said 

classifying  means  includes  said  read  only  memory  device  (56),  which  further  contains  a  plurality  of  source 
state  elements  which  were  pre-generated  based  upon  prior  analysis  of  a  plurality  of  images  similar  in 
nature  to  the  image  to  be  digitized. 

7.  Apparatus  according  to  claim  1,  characterized  by  addressing  means  (72,  74,  76)  adapted  to  provide 
45  addresses  for  said  second  storage  means  (25)  whereby  said  symbols  may  be'  stored  in  said  second  storage 

means  (25)  according  to  the  sequential  occurrence  of  said  source  states. 
8.  Apparatus  according  to  claim  7,  characterized  in  that  said  addressing  means  includes  an  address 

storage  device  (72)  adapted  to  store  a  first  sequence  of  addresses  for  said  second  storage  means  (25),  first 
address  counter  means  (74)  adapted  to  produce  a  second  sequence  of  addresses  for  said  second  storage 

so  means  (25)  and  second  address  counter  means  (76)  adapted  to  supply  the  location  of  the  next  available 
address  in  said  second  storage  means  (25). 

9.  Apparatus  according  to  claim  1,  characterized  by  receiving  means  (28)  adapted  to  receive  said  code 
words  from  said  transmission  medium;  fourth  storage  means  (104),  coupled  to  said  receiving  means  (28) 
adapted  to  store  a  plurality  of  symbols  which  are  representative  of  each  of  said  code  words,  wherein  each 

55  of  said  symbols  is  related  to  one  of  said  source  states;  fifth  storage  means  (112),  coupled  to  said  fourth 
storage  means  (104)  adapted  to  store  each  symbol  as  it  is  generated  from  said  fourth  storage  means  (104); 
further  conversion  means  (114a  —  h)  adapted  to  convert  each  of  said  symbols  into  a  plurality  of  prediction 
error  elements  in  one  of  said  set  of  source  states;  sixth  storage  means  (122,  124)  adapted  to  store  a 
specified  number  of  data  elements  in  a  pre-defined  pattern  at  any  particular  time;  seventh  storage  means 

60  (118)  adapted  to  store  a  plurality  of  predicted  data  elements  and  a  plurality  of  source  state  elements  which 
are  outputted  in  response  to  an  address  corresponding  to  a  specific  arrangement  of  data  elements  within 
said  sixth  storage  means  (122,  124);  further  comparison  means  (120)  adapted  to  compare  each  predicted 
data  element  outputted  from  said  seventh  storage  means  (118)  to  its  corresponding  prediction  error  data 
element  outputted  from  said  second  conversion  means,  to  produce  a  facsimile  data  element;  and  by  image 

65  forming  means  (128,  130)  adapted  to  convert  said  facsimile  data  elements  into  a  digital  image. 
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10.  A  method  for  processing  digital  data  from  an  image,  including  the  steps  of:  converting  said  digital 
data  into  varying  run  lengths  of  a  first  type  data  element  and  a  second  type  data  element;  receiving  a 
continuous  stream  of  said  digital  data  and  storing  said  data  in  first  storage  means  (52,  54),  which  stores  a 
specific  number  of  data  elements  in  a  pre-defined  pattern  at  any  particular  time;  generating  a  predicted 

5  data  element  and  a  corresponding  source  state  element,  which  represents  one  of  a  set  of  source  states  for 
each  original  data  element  received  from  said  image,  where  said  predicted  data  element  reflects  the 
probable  type  of  data  element  from  the  image  with  respect  to  a  specific  arrangement  of  other  data 
elements  within  said  storage  means,  and  said  source  state  element  reflects  the  degree  of  probability  that 
said  corresponding  predicted  data  element  is  in  error;  and  comparing  each  predicted  data  element  to  its 

io  corresponding  original  data  element  from  said  image  to  generate  a  prediction  error  data  element,  where 
said  prediction  error  data  element  is  associated  with  the  same  source  state  as  its  corresponding  predicted 
data  element;  characterized  by  the  steps  of  counting  said  prediction  error  data  elements  and  storing  said 
elements  according  to  type  and  source  state  in  order  to  form  a  plurality  of  symbols  in  each  of  said  source 
states,  each  symbol  being  arranged  as  a  section  of  data  representing  a  first  type  prediction  error  data 

15  element  and  a  section  of  data  representing  a  second  type  prediction  error  data  element;  inputting  each  of 
said  symbols  to  a  storage  device  (85)  as  an  address  thereof;  outputting  from  said  storage  device  (85)  code 
words  representative  of  each  of  said  digital  symbols;  and  transmitting  said  code  words  over  a  transmission 
medium. 

11.  A  method  according  to  claim  10,  characterized  in  that  the  step  of  generating  a  predicted  data 
20  element  and  a  corresponding  source  state  element  includes  the  steps  of:  addressing  a  second  storage 

means  (56)  using  the  arrangement  of  data  elements  stored  in  said  first  storage  means  (52,  54)  as  the 
address;  and  outputting  a  predicted  data  element  and  its  corresponding  source  state  element  from  said 
second  storage  means  (56)  for  -each  address  generated  by  said  first  storage  means  (52,  54). 

12.  A  method  according  to  claim  10,  characterized  in  that  the  step  of  counting  said  prediction  error  data 
25  elements  and  storing  said  elements  according  to  type  and  source  state  in  order  to  form  a  plurality  of 

symbols  in  each  of  said  source  states  includes  the  steps  of:  transmitting  each  prediction  error  data  element 
to  a  plurality  of  counters  (68a  —  h),  with  a  separate  counter  used  for  each  type  and  source  state,  until  a 
symbol  is  formed  in  a  source  state;  and  transmitting  each  symbol  to  a  third  storage  means  (25),  where  said 
symbols  are  stored,  according  to  source  state,  in  the  order  of  formation. 

30 
Patentanspriiche 

1.  Einrichtung  zum  Verarbeiten  von  von  einem  Bild  abgeleiteten  digitalen  Daten  mit  einer 
Umwandlungsvorrichtung  (10),  die  geeignet  ist  die  genannten  digitalen  Daten  in  variierende  Durchlauf- 

35  langen  von  Datenelementen  eines  ersten  Typs  und  Datenelementen  eines  zweiten  Datentyps 
umzuwandeln;  ersten  Speichervorrichtungen  (52,  54),  die  geeignet  sind,  jeweils  eine  spezifizierte'Anzahl 
der  genannten  Datenelemente  in  einem  vordefinierten  Muster  zu  speichem;  einer  Vorhersagevorrichtung 
(22),  die  geeignet  ist  fur  jedes  von  der  genannten  Umwandlungsvorrichtung  empfangene  ursprungliche 
Datenelement  den  Typ  des  genannten  Datenelementes  vorherzusagen,  basierend  auf  den  Typen  von 

40  innerhaib  der  genannten  ersten  Speichervorrichtungen  gespeicherten  Datenelemente;  einer  Klassifizier- 
ungsvorrichtung  (23),  die  geeignet  ist  jedes  der  vorhergesagten  Datenelemente  in  eine  einer  Vielzahl  von 
Quellenzustanden  zu  klassifizieren  und  ein  den  genannten  Quellenstand  darstellendes  Signal  abzugeben, 
wobei  jeder  Quellenzustand  den  Wahrscheinlichkeitsgrad  angibt,  dalS  das  vorhergesagte  Datenelement  ein 
Fehler  ist;  und  eine  Vergleichsvorrichtung  (58),  die  geeignet  ist,  jedes  der  genannten  vorhergesagten 

45  Datenelemente  von  der  genannten  Vorhersagevorrichtung  mit  seinem  entsprechenden  urspriinglichen 
Datenelement  von  der  genannten  ersten  Umwandlungsvorrichtung  zu  vergleichen,  urn  eine  Vielzahl  von 
Vorhersagefehlerdatenelementen  zu  erzeugen,  wobei  jedes  der  genannten  Vorhersagefehlerdaten- 
elemente  die  gleiche  Beziehung  zu  einem  gegebenen  Queilenzustandssignal  wie  sein  entsprechendes 
vorhergesagtes  Datenelement  aufrechterhalt;  gekennzeichnet  durch  eine  Symbolformvorrichtung  (24),  die 

so  geeignet  ist  eine  Veilzahl  von  Symbolen  zu  bilden,  wobei  jedes  Symbol  eine  Gruppe  von  Vorhersagefehler- 
datenelementen  aufweist,  die  den  gleichen  Quellenzustand  haben  und  angeordnet  sind  als  ein  Abschnitt 
von  Daten,  die  ein  Vorhersagefehlerdatenelement  ersten  Typs  darstellen  und  als  ein  Abschnitt  von  Daten, 
die  ein  Vorhersagefehlerdatenelement  zweiten  Typs  darstellen;  eine  Steuervorrichtung,  die  geeignet  ist  die 
Erzeugung  der  genannten  Symbole  durch  die  genannte  Symbolformvorrichtung  zu  steuern;  eine  zweite 

55  Speichervorrichtung  (25),  die  mit  den  genannten  Formiermitteln  gekoppelt  und  geeignet  ist  die  genannten 
Symbole  in  der  Reihenfolge  zu  speichern,  in  der  sie  durch  die  genannte  Symbolformvorrichtung  (24) 
erzeugt  werden;  eine  dritte  Speichervorrichtung  (85),  die  mit  der  genannten  zweiten  Speichervorrichtung 
gekoppelt  und  geeignet  ist,  eine  Vielzahl  von  Codewortern  zu  speichern,  die  fur  jedes  der  genannten 
Symbole  reprasentativ  sind,  die  in  der  genannten  zweiten  Speichervorrichtung  (25)  enthalten  sind;  und 

60  Ausgangsvorrichtungen  (86,  92,  94),  die  geeignet  sind,  ausgewahlte  Codeworter  von  der  genannten  dritten 
Speichervorrichtung  iiber  ein  Ubertragungsmedium  unter  Ansprechen  auf  den  Empfang  von  den 
genannten  ausgewahlten  Codewortern  entsprechenden  Symbolen  von  der  genannten  dritten  Speicher- 
vorrichtung  zu  iibertragen. 

2.  Einrichtung  nach  Anspruch  1,  dadurch  gekennzeichnet,  dalS  die  genannte  Vielzahl  von  Quellen- 
65  zustanden  vier  Quellenzustande  So,  S1r  S2  und  S3  umfaBt. 
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3.  Einrichtung  nach  Anspruch  2,  dadurch  gekennzeichnet,  daB  der  Zustand  So  diejenigen  Vorhersage- 
fehlerdatenelemente  enthalt,  fur  die  die  Wahrscheinlichkeit,  daB  die  Vorhersage  falsch  ist,  geringer  oder 
gleich  0,025  ist,  daB  der  Quellenzustand  S,  diejenigen  Vorhersagefehlerdatenelemente  umfaBt,  fur  die  die 
Wahrscheinlichkeit,  daB  die  Vorhersage  falsch  ist  groBer  als  0,025,  jedoch  kleiner  oder  gleich  0,050  ist,  daB 

5  der  Quellenzustand  S2  diejenigen  Vorhersagefehlerdatenelemente  umnfaBt,  fur  die  die  Wahrscheinlichkeit, 
daB  die  Vorhersage  falsch  ist  groBer  als  0,050,  jedoch  geringer  oder  gleich  0,075  ist  und  daB  der 
Quellenzustand  S3  diejenigen  Vorhersagefehlerdatenelemente  umfaBt,  fur  die  die  Wahrscheinlichkeit,  daB 
die  Vorhersage  falsch  ist,  groBer  als  0,075  ist. 

4.  Einrichtung  nach  Anspruch  1,  dadurch  gekennzeichnet,  daB  die  Datenelemente  ersten  Typs  schwarz 
to  und  die  genannten  Dateneiement  zweiten  Typs  weiB  sind. 

5.  Einrichtung  nach  Anspruch  1,  dadurch  gekennzeichnet,  daB  die  Codeworter  Worter  mit  variabler 
Lange  enthalten. 

6.  Einrichtung  nach  Anspruch  1,  dadurch  gekennzeichnet,  daB  die  Vorhersagevorrichtung  (22)  eine 
NUR-LESEN-Speichervorrichtung  (56)  aufweist,  die  eine  Vielzahl  von  vorhergesagten  Datenelementen 

15  enthalt,  die  zuvor  basierend  auf  einer  vorhergehenden  Analysis  einer  Vielzahl  von  in  ihrer  Art  dem  zu 
digitialisierenden  Bild  ahnlichen  Bildern  erzeugt  wurden,  und  daB  die  Klassifiziervorrichtung  die  genannte 
NUR-LESEN-Speichervorrichtung  (56)  umfaBt,  die  ferner  eine  Vielzahl  von  Quellenzustandselementen 
enthalt,  die  zuvor  basierend  auf  einer  vorhergehenden  Analysis  einer  Vielzahl  von  in  der  Art  dem  zu 
digitialisierenden  Bild  ahnlichen  Bildern  erzeugt  wurden. 

20  7.  Einrichtung  nach  Anspruch  1,  gekennzeichnet  durch  Adressiervorrichtungen  (72,  74,  76),  die 
geeignet  sind,  Adressen  fur  die  genannte  zweite  Speichervorrichtung  (25)  abzugeben,  wodurch  die 
genannten  Symbole  in  der  genannten  zweiten  Speichervorrichtung  (25)  gemaB  dem  aufeinanderfolgenden 
Auftreten  der  genannten  Quellenzustande  gespeichert  werden  konnen. 

8.  Einrichtung  nach  Anspruch  7,  dadurch  gekennzeichnet,  daB  die  genannten  Adressiervorrichtungen 
25  eine  Adressierspeichervorrichtung  (72)  aufweisen,  die  geeignet  ist,  eine  erste  Folge  von  Adressen  fur  die 

genannte  zweite  Speichervorrichtung  (25)  zu  speichern,  sowie  eine  erste  Adressenzahlervorrichtung  (74), 
die  geeignet  ist,  eine  zweite  Folge  von  Adressen  fur  die  genannte  zweite  Speichervorrichtung  (25)  zu 
erzeugen,  und  eine  zweite  Adressenzahlervorrichtung  (76),  die  geeignet  ist,  die  Position  der  als  nachstes 
zur  Verfugung  stehenden  Adresse  in  der  genannten  zweiten  Speichervorrichtung  (25)  abzugeben. 

30  9.  Einrichtung  nach  Anspruch  1,  gekennzeichnet  durch  eine  Empfangsvorrichtung  (28),  die  geeignet  ist, 
die  genannten  Codeworter  von  dem  genannten  Ubertragungsmedium  zu  empfangen;  eine  vierte 
Speichervorrichtung  (105),  die  mit  der  genannten  Empfangsvorrichtung  (28)  gekoppelt  und  geeignet  ist 
eine  Vielzahl  von  Symbolen  zu  speichern,  die  reprasentativ  sind  fur  jedes  der  genannten  Codewortern, 
wobei  jedes  der  genannten  Symbole  in  Beziehung  steht  mit  einem  der  genannten  Quellenzustande;  eine 

35  fiinfte  Speichervorrichtung  (112),  die  mit  der  genannten  vierten  Speichervorrichtung  (1Q4)  gekoppelt  und 
geeignet  ist,  jedes  Symbol,  wie  es  von  der  genannten  vierten  Speichervorrichtung  (104)  erzeugt  wird,  zu 
speichern;  ferner  eine  Umwandlungsvorrichtung  (1  14a  —  h),  die  geeignet  ist,  jedes  der  genannten  Symbole 
in  eine  Vielzahl  von  Vorhersagefehlerelementen  in  einem  der  genannten  Gruppe  von  Quellenzustanden 
umzuwandeln;  sechste  Speichervorrichtungen  (122,  124),  die  geeignet  sind,  jeweils  eine  spezifizierte 

40  Anzahl  von  Datenelemente  in  einem  vordefinierten  Muster  zu  speichern;  eine  siebte  Speichervorrichtung 
(118),  die  geeignet  ist  eine  Vielzahl  von  vorhergesageten  Datenelementen  und  eine  Vielzahl  von 
Quellenzustandselementen  zu  speichern,  die  unter  Ansprechen  auf  eine  Adresse  entsprechend  einer 
spezifizierten  Anordnung  von  Datenelementen  innerhalb  der  genannten  sechsten  Speichervorrichtungen 
(122,  124)  ausgegeben  werden;  eine  weitere  Vergleichsvorrichtung  (120),  die  geeignet  ist,  jedes 

45  vorhergesagte  Dateneiement,  das  von  der  genannten  siebten  Speichervorrichtung  (118)  ausgegeben  wird, 
mit  seinem  entsprechenden  Vorhersagefehlerdatenelement  zu  vergleichen,  das  von  der  genannten  zweiten 
Umwandlungsvorrichtung  abgegeben  wird,  um  ein  Faksimile-Datenelement  zu  erzeugen;  und  durch 
Bildformvorrichtungen  (128,  130),  die  geeignet  sind,  die  genannten  Faksimile-Datenelemente  in  ein 
digitales  Bild  umzuwandeln. 

so  10.  Verfahren  zum  Verarbeiten  digitaler  Daten  von  einem  Bild  mit  den  Schritten  Umwandeln  der 
genannten  digitalen  Daten  in  variierende  Lauflangen  eines  Datenelements  eines  ersten  Typs  und  eines 
Datenelements  eines  zweiten  Typs;  Empfangen  eines  kontinuierlichen  Stromes  der  genannten  digitalen 
Daten  und  Speichern  der  genannten  Daten  in  ersten  Speichervorrichtungen  (52,  54),  die  jeweils  eine 
spezifizierte  Anzahl  von  Datenelementen  in  einem  vordefinierten  Muster  speichern;  Erzeugen  eines 

55  vorhergesagten  Datenelementes  und  eines  entsprechenden  Quellenzustandelementes,  das  einem  einer 
Gruppe  von  Quellenzustanden  entspricht,  fur  jedes  urspriingliche  Dateneiement,  das  von  dem  genannten 
Bild  empfangen  wurde,  wobei  das  genannte  vorhergesagte  Dateneiement  eine  Aussage  gibt  uber  den 
wahrscheinlichen  Datenelementtyp  von  dem  Bild  beziiglich  einer  spezifizierten  Anordnung  anderer 
Datenelemente  innerhalb  der  genannten  Speichervorrichtungen  und  das  genannte  Quellenzustands- 

60  element  eine  Aussage  uber  den  Wahrscheinlichkeitsgrad  gibt,  daB  das  genannte  entsprechende 
vorhergesagte  Dateneiement  falsch  ist;  und  Vergleichen  jedes  vorhergesagten  Datenelements  mit  seinem 
entsprechenden  ursprunglichen  Dateneiement  von  dem  genannten  Bild,  um  ein  Vorhersagefehlerdaten- 
element  zu  erzeugen,  wobei  das  genannte  Vorhersagefehlerdatenelement  dem  gleichen  Quellenzustand 
zugeordnet  ist,  als  sein  entsprechendes  vorhergesagtes  Dateneiement,  gekennzeichnet  durch  die  Schritte 

55  Zahlen  der  genannten  Vorhersagefehlerdatenelemente  und  Speichern  der  genannten  Elemente 
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entsprechend  dem  Typ  und  dem  Quellenzustand,  um  eine  Vielzahl  von  Symbolen  in  jedem  der  genannten 
Quellenzustande  zu  bilden,  wobei  jedes  Symbol  angeordnet  ist  als  ein  Abschnitt  von  Daten,  die  ein 
Vorhersagefehlerdatenelement  ersten  Typs  darstellen  und  als  ein  Abschnitt  von  Daten,  die  ein  Vorhersage- 
fehlerdatenelement  eines  zweiten  Typs  darstellen;  Eingeben  jedes  der  genannten  Symbole  in  eine 

5  Speichervorrichtung  (85)  als  eine  Adresse  desselben;  Ausgeben  aus  der  genannten  Speichervorrichtung 
(85)  von  Codewortem,  die  fur  jedes  der  genannten  digitalen  Symbole  representativ  sind;  und  Ubertragen 
der  genannten  Codeworter  uber  ein  Ubertragungsmedium. 

11.  Verfahren  nach  Anspruch  10,  dadurch  gekennzeichnet,  daB  der  Schritt  Erzeugen  eines  vorherge- 
sagten  Datenelementes  und  eines  entsprechenden  Quellenzustandselementes  die  Schritte  aufweist: 

w  Adressieren  einer  zweiten  Speichervorrichtung  (56)  unter  Verwendung  der  Anordnung  von  Daten- 
elemente,  die  in  den  genannten  ersten  Speichervorrichtungen  (52,  54)  als  die  Adresse  gespeichert  sind, 
und  Ausgeben  eines  vorhergesagten  Datenelementes  und  seines  entsprechenden  Quellenzustand- 
elementes  von  der  genannten  zweiten  Speichervorrichtung  (56)  fur  jede  durch  die  ersten  Speichervorrich- 
tungen  (52,  54)  erzeugte  Adresse. 

is  12.  Verfahren  nach  Anspruch  10,  dadurch  gekennzeichnet,  dalS  der  Schritt  Zahlen  von  Vorhersage- 
fehlerdatenelementen  und  Speichem  der  genannten  Elemente  gemaB  dem  Typ  und  dem  Quellenzustand, 
um  eine  Vielzahl  von  Symbolen  in  jedem  der  genannten  Quellenzustande  zu  bilden,  die  Schritte  aufweist: 
Obertragen  jedes  Vorhersagefehlerdatenelements  zu  einer  Vielzahl  von  Zahlern  (68a—  h),  wobei  ein 
eigener  Zahler  fur  jeden  Typ  und  Quellenzustand  verwendet  wird,  bis  ein  Symbol  in  einem  Quellenzustand 

20  gebildet  ist,  und  Ubertragen  jedes  Symbols  zu  einer  dritten  Speichervorrichtung  (25),  wo  die  genannten 
Symbole  gemalS  dem  Quellenzustand  in  der  Ordnung  der  Formierung  gespeichert  werden. 

Revendications 

25  1.  Dispositifpourtraiter  des  donnees  numeriques  derivees  d'une  image,  comprenant:  des  moyens  (10) 
de  conversion  congus  pour  convertir  lesdites  donnees  numeriques  en  longueurs  d'execution  variables 
d'elements  de  donnees  d'un  premier  type  et  d'elements  de  donnees  d'un  second  type;  des  premiers 
moyens  de  memorisation  (52,  54)  congus  pour  memoriser  un  nombre  specifie  desdits  elements  de 
donnees  dans  une  configuration  predefinie  a  tout  instant  particulier;  des  moyens  de  prediction  (22)  congus 

30  pour  predire,  pour  chaque  element  de  donnee  original  regu  desdits  moyens  de  conversion,  le  type  dudit 
element  de  donnee  base  sur  les  types  d'elements  de  donnees  memorises  dans  lesdits  premiers  moyens  de 
memorisation;  des  moyens  de  classement  (23)  congus  pour  classer  chacun  desdits  elements  de  donnees 
predits  en  I'un  de  plusieurs  etats  de  source,  et  produisant  un  signal  representatif  dudit  etat  de  source, 
chaque  etat  de  source  etant  indicatif  du  degre  auquel  il  est  probable  que  ledit  element  de  donnees  predit 

35  soit  en  erreur;  et  des  moyens  de  comparaison  (58)  congus  pour  comparer  chacun  desdits  elements  de 
donnees  predits  provenant  desdits  moyens  de  prediction  a  sort  element  de  donnees  original  correspondant 
provenant  desdits  premiers  moyens  de  conversion  pour  generer  plusieurs  elements  de  donnees  d'erreurs 
de  prediction,  chacun  desdits  elements  de  donnees  d'erreurs  de  prediction  maintenant  la  meme  relation 
avec  un  signal  d'etat  de  source  donne  que  son  element  de  donnee  predit  correspondant;  caracterise  par 

40  des  moyens  (24)  de  formation  de  symboles  congus  pour  former  plusieurs  symboles,  chaque  symbole 
comprenant  un  groupe  d'elements  d'erreurs  de  prediction  ayant  le  meme  etat  de  source  et  agences  sous  la 
forme  d'une  section  de  donnees  representant  un  element  de  donnee  d'erreur  de  prediction  d'un  premier 
type,  et  d'une  section  de  donnees  representant  un  element  de  donnee  d'erreur  de  prediction  d'un  second 
type;  des  moyens  de  commande  congus  pour  commander  la  generation  desdits  symboles  par  lesdits 

45  moyens  de  formation  de  symboles;  des  deuxiemes  moyens  de  memorisation  (25)  couples  auxdits  moyens 
de  formation,  congus  pour  memoriser  lesdits  symboles  dans  la  sequence  dans  laquelle  ils  sont  generes  par 
lesdits  moyens  (24)  de  formation  de  symboles;  des  troisiemes  moyens  de  memorisation  (85)  couples 
auxdits  deuxiemes  moyens  de  memorisation,  congus  pour  memoriser  plusieurs  mots  de  code  qui  sont 
representatifs  de  chacun  desdits  symboles  contenus  dans  lesdits  deuxiemes  moyens  (25)  de 

so  memorisation;  et  des  moyens  de  sortie  (86,  92,  94)  congus  pour  transmettre  des  mots  de  code  choisis 
desdits  troisiemes  moyens  de  memorisation,  par  un  milieu  de  transmission,  en  reponse  a  la  reception,  par 
lesdits  troisiemes  moyens  de  memorisation,  de  symboles  correspondant  auxdits  mots  de  code  choisis. 

2.  Dispositif  selon  la  revendication  1,  caracterise  en  ce  que  lesdits  plusieurs  etats  de  source 
comprenent  quatre  etats  de  source  (So,  S-i,  S2  et  S3). 

55  3.  Dispositif  selon  la  revendication  2,  caracterise  en  ce  que  I'etat  (So)  contient  les  elements  de  donnees 
d'erreurs  de  prediction  pour  lesquels  la  probabilite  que  la  prediction  soit  en  erreur  est  inferieure  ou  egale  a 
0,025;  I'etat  de  source  (S  ̂ contient  les  elements  de  donnees  d'erreurs  de  prediction  pour  lesquels  la 
probabilite  de  la  prediction  soit  en  erreur  est  superieure  a  0,025,  mais  inferieure  ou  egale  a  0,050;  I'etat  de 
source  (S2)  contient  les  elements  de  donnees  d'erreurs  de  prediction  pour  lesquels  la  probabilite  que  la 

60  prediction  soit  en  erreur  est  superieure  a  0,050,  mais  inferieure  ou  egale  a  0,075;  et  I'etat  de  source  (S3) 
contient  les  elements  de  donnees  d'erreurs  de  prediction  pour  lesquels  la  probabilite  que  la  prediction  soit 
an  erreur  est  superieure  a  0,075. 

4.  Dispositif  selon  la  revendication  1,  caracterise  en  ce  que  des  elements  de  donnees  du  premier  type 
sont  noirs  et  lesdits  elements  de  donnees  du  second  type  sont  blancs. 

55 
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5.  Dispositif  selon  la  revendication  1,  caracterise  en  ce  que  lesdits  mots  de  code  comprennent  des  mots 
de  longueur  variable. 

6.  Dispositif  selon  la  revendication  1,  caracterise  en  ce  que  des  moyens  de  prediction  (22)  comprennent 
un  dispositif  a  memoire  morte  (56)  contenant  plusieurs  elements  de  donnees  predits  qui  ont  ete  generes  au 

5  prealable  sur  la  base  d'une  analyse  anterieure  de  plusieurs  images  similaires,  en  nature,  a  I'image  a  mettre 
sous  forme  numerique,  et  en  ce  que  lesdits  moyens  de  classement  comprennent  Iedit  dispositif  a  memoire 
morte  (56),  qui  contient  en  outre  plusieurs  elements  d'etat  de  source  qui  ont  ete  generes  au  prealable  sur  la 
base  d'une  analyse  anterieure  de  plusieurs  images  similaires,  en  nature,  a  I'image  a  mettre  sous  forme 
numerique. 

w  7.  Dispositif  selon  la  revendication  1,  caracterise  par  des  moyens  d'adressage  (72,  74,  76)  congus  pour 
produire  des  adresses  pour  lesdits  deuxiemes  moyens  (25)  de  memorisation  de  maniere  que  lesdits 
symboles  puissent  etre  memorises  dans  lesdits  deuxiemes  moyens  (25)  de  memorisation  conformement  a 
I'apparition  sequentielle  desdits  etats  de  source. 

8.  Dispositif  selon  la  revendication  7,  caracterise  en  ce  que  lesdits  moyens  d'adressage  comprennent 
15  un  dispositif  (72)  de  memorisation  d'adresses  congu  pour  memoriser  une  premiere  suite  d'adresses  pour 

lesdits  deuxiemes  moyens  (25)  de  memorisation,  un  premier  compteur  (74)  d'adresses  congu  pour 
produire  un  second  cycle  d'adresses  pour  lesdits  deuxiemes  moyens  (25)  de  memorisation  et  un  deuxieme 
compteur  (76)  d'adresses  congu  pour  fournir  la  position  de  I'adresse  disponible  suivante  dans  lesdits 
seconds  moyens  (25)  de  memorisation. 

20  .  9.  Dispositif  selon  la  revondication  1,  caracterise  par  des  moyens  (28)  de  reception  congus  pour 
recevoir  lesdits  mots  de  code  dudit  milieu  de  transmission;  des  quatrieme  moyens  (104)  de  memorisation 
couples  auxdits  moyens  (28)  de  reception,  congus  pour  memoriser  plusieurs  symboles  qui  sont 
representatifs  de  chacun  desdits  mots  de  code,  chacun  desdits  symboles  etant  en  relation  avec  I'un  desdits 
etats  de  source;  des  cinquiemes  moyens  (112)  de  memorisation  couples  auxdits  quatriemes  moyens  (104) 

25  de  memorisation,  congus  pour  memoriser  chaque  symbole  lorsqu'il  est  genere  par  lesdits  quatriemes 
moyens  (104)  de  memorisation;  d'autres  moyens  de  conversion  (114a—  h)  congus  pour  convertir  chacun 
desdits  symboles  en  plusieurs  elements  d'erreurs  de  prediction  dans  I'un  dudit  ensemble  d'etats  de 
source;  des  sixiemes  moyens  de  memorisation  (122,  124)  congus  pour  memoriser  un  nombre  specifie 
d'elements  de  donnees  dans  une  configuration  predefinie,  a  tout  instant  particulier;  des  septiemes  moyens 

30  (118)  de  memorisation  congus  pour  memoriser  plusieurs  elements  de  donnees  predits  et  plusieurs 
elements  d'etats  de  source  qui  sont  emis  en  reponse  a  une  adresse  correspondant  a  un  agencement 
specifique  d'elements  de  donnees  dans  lesdits  sixiemes  moyens  (122,  124)  de  memorisation;  d'autres 
moyens  de  comparaison  (120)  congus  pour  comparer  chaque  element  de  donnees  predit,  emis  par  lesdits 
septiemes  moyens  (118)  de  memorisation,  a  son  element  correspondant  de  donnee  d'erreur  de  prediction 

35  emis  par  lesdits  seconds  moyens  de  conversion,  pour  produire  un  element  de  donnee  de  facsimile;  et  par 
des  moyens  (128,  130)  de  formation  d'image  congus  pour  convertir  lesdits  elements  de  donnees  de 
facsimile  en  une  image  numerique. 

10.  Procede  pour  traiter  des  donnees  numeriques  a  partir  d'une  image,  comprenant  les  etapes  qui 
consistent:  a  convertir  lesdites  donnees  numeriques  en  longueurs  d'execution  variables  d'un  element  de 

40  donnee  de  premier  type  et  d'un  element  de  donnees  de  second  type;  a  recevoir  un  flot  continu  desdites 
donnees  numeriques  et  a  memoriser  lesdites  donnees  dans  des  premiers  moyens  (52,  54)  de 
memorisation,  qui  memorisent  un  nombre  specifique  d'elements  de  donnees  dans  une  configuration 
predefinie,  a  tout  instant  particulier;  a  generer  un  element  de  donnee  predit  en  un  element  d'etat  de  source 
correspondant,  qui  represente  I'un  de  plusieurs  etats  de  source  pour  chaque  element  de  donnee  original 

45  regu  de  ladite  image,  Iedit  element  de  donnee  predit  refletant  le  type  probable  d'elements  de  donnees 
provenant  de  I'image  par  rapport  a  un  agencement  specifique  d'autres  elements  de  donnees  dans  lesdits 
moyens  de  memorisation,  et  Iedit  element  d'etat  de  source  refletant  le  degre  auquel  il  est  probable  que 
Iedit  element  de  donnee  predit  correspondant  soit  en  erreur;  et  a  comparer  chaque  element  de  donnee 
predit  a  son  element  correspondant  de  donnee  original  provenant  de  ladite  image  pour  generer  un  element 

so  de  donnee  d'erreur  de  prediction,  Iedit  element  de  donnee  d'erreur  de  prediction  etant  associe  au  meme 
etat  de  source  que  son  element  de  donnees  predit  correspondant;  caracterise  par  les  etapes  qui  consistent 
a  compter  lesdits  elements  de  donnees  d'erreurs  de  prediction  et  a  memoriser  lesdits  elements  en  fonction 
du  type  et  de  I'etat  de  source  pour  former  plusieurs  symboles  dans  chacun  desdits  etats  de  source,  chaque 
symbole  etant  agence  sour  la  forme  d'une  section  de  donnees  representant  un  element  de  donnee  d'erreur 

55  de  prediction  de  premier  type  et  une  section  de  donnees  representant  un  element  de  donnee  d'erreur  de 
prediction  de  second  type;  a  introduire  chacun  desdits  symboles  dans  un  dispositif  de  memorisation  (85),  a 
une  adresse  de  celui-ci;  a  faire  sortir  dudit  dispositif  de  memorisation  (85)  des  mots  de  code  representatifs 
de  chacun  desdits  symboles  numeriques;  et  a  transmettre  lesdits  mots  de  code  par  un  milieu  de 
transmission. 

60  11.  Procede  selon  la  revendication  10,  caracterise  en  ce  que  I'etape  consistant  a  generer  un  element  de 
donnee  predit  et  un  element  d'etat  de  source  correspondant  comprend  les  etapes  qui  consistent:  a 
adresser  un  deuxieme  dispositif  (56)  de  memorisation  en  utilisant  I'agencement  d'elements  de  donnees 
memorises  dans  lesdits  premiers  moyens  de  memorisation  (52,  54),  comme  adresse;  et  a  faire  sortir  un 
element  de  donnee  predit  et  son  element  d'etat  de  source  correspondant  desdits  deuxiemes  moyens  de 

65  memorisation  (56)  pour  chaque  adresse  generee  par  lesdits  premiers  moyens  de  memorisation  (52,  54). 

20 
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12.  Procede  selon  la  revendication  10,  caracterise  en  ce  que  I'etape  consistant  a  compter  lesdits 
elements  de  donnees  d'erreurs  de  prediction  et  a  memoriser  lesdits  elements  en  fonction  du  type  et  de 
I'etat  de  source  afin  de  former  plusieurs  symboles  dans  chacun  desdits  etats  de  source  comprend  les 
etapes  qui  consistent:  a  transmettre  chaque  element  de  donnee  d'erreur  de  prediction  a  plusieurs 
compteurs  (68a  —  h),  un  compteur  separe  etant  utilise  pour  chaque  type  et  chaque  etat  de  source,  jusqu'a  ce 
qu'un  symbole  soit  forme  dans  un  etat  de  source;  et  a  transmettre  chaque  symbole  a  des  troisiemes 
moyens  (25)  de  memorisation  ou  lesdits  symboles  sont  memorises,  en  fonction  de  I'etat  de  source,  dans 
I'ordre  de  formation. 
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