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©  Image  encoding  device. 

©  There  is  disclosed  an  image  encoding  device 
capable  of  effecting  the  carry-over  process  on 
real-time  basis  in  arithmetic  encoding,  without 
the  interruption  in  the  function  of  the  arithmetic 
encoder.  The  device  is  provided  with  an  en- 
coder  for  outputting  code  data,  encoded  by 
arithmetic  codes,  in  succession  by  a  predeter- 
mined  number  of  bits,  shift  registers  for  retain- 
ing  plural  sets  of  the  code  data  outputted  from 
the  encoder,  and  a  processor  for  applying  a 
carry-over  process  to  thus  retained  plural  sets 
of  the  code  data. 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  an  image  encod- 
ing  device  for  compression  encoding  of  image  data, 
and  more  particularly  to  an  image  encoding  device  for 
encoding  image  data  utilizing  arithmetic  codes. 

Related  Background  Art 

The  arithmetic  codes  are  utilized  for  example  for 
image  compression  by  adapted  prediction,  as  descri- 
bed  in  ISO/IEC  (Committee  Draft  11544)  etc. 

Fig.  1  shows  an  example  of  the  encoding  circuit 
utilizing  arithmetic  codes. 

The  binary  data  I  of  an  object  pixel  to  be  encoded 
is  supplied  to  an  exclusive  OR  gate  904.  Also  the  bi- 
nary  data  X  of  plural  reference  pixels  in  the  vicinity  of 
the  object  pixel  are  supplied  to  a  predictive  state 
memory  901,  which  supplies  the  exclusive  OR  gate 
904  with  a  predictive  pixel  data  "0"  or  "1  "  according  to 
the  state  of  the  reference  pixel  data.  The  exclusive 
OR  gate  904  checks  whether  the  object  pixel  data  I 
coincides  with  the  predictive  pixel  data  from  the  pre- 
dictive  state  memory  901,  and  supplies  an  arithmetic 
encoder  903  with  the  result. 

The  arithmetic  encoder  903  is  provided  with  an 
interval  size  register  (Aregister)  indicating  the  current 
coding  interval  and  a  code  register  (C  register),  and 
shifts  the  values  of  said  A  and  C  registers  according 
to  the  output  of  the  exclusive  OR  gate  904.  Then  val- 
ues  of  consecutive  8  bits  in  a  specified  position  in  said 
C  register  are  outputted  as  encoded  data. 

The  content  of  the  predictive  state  memory  901 
is  renewed  according  to  an  instruction  of  a  prediction 
renewal  unit  902,  receiving  the  result  of  encoding,  in- 
cluding  the  value  of  the  A  register  of  the  arithmetic  en- 
coder  903.  Consequently,  the  predictive  state  mem- 
ory  901  supplies  the  exclusive  OR  gate  904  with  the 
predictive  pixel  data  adaptively  to  the  current  encod- 
ing  operation. 

Fig.  2  is  a  flowchart  of  the  encoding  operation  of 
the  encoder  903. 

It  is  assumed  that  the  Aand  C  registers  in  the  en- 
coder  903  have  a  capacity  of  32  bits  each,  and  a  sec- 
tion  A  is  defined  as  0  (0000H)  -  0.5  (8000H)  -  1.0 
(10000H),  wherein  H  stands  for  a  hexadecimal  num- 
ber. 

The  exclusive  OR  gate  904  compares  the  object 
pixel  data  with  the  predictive  pixel  data,  and  there  is 
discriminated  whether  both  data  mutually  coincide 
(S201).  In  case  of  coincidence,  there  is  executed  re- 
normalization  shown  in  Fig.  4,  and,  in  case  of  non-co- 
incidence,  there  is  executed  re-normalization  shown 
in  Fig.  5.  Fig.  3  shows  the  sequence  of  re-normaliza- 
tion. 

The  re-normalization  shown  in  Fig.  3  is  executed 

in  case  the  object  pixel  data  and  the  predictive  pixel 
data  do  not  mutually  coincide,  and  also  in  case  both 
data  mutually  coincide  and  the  value  Aof  the  Aregis- 
ter  is  less  than  0.5  (8000H). 

5  At  first,  in  order  to  double  the  contents  of  the  A 
and  C  registers,  the  contents  of  said  registers  are 
shifted  by  a  bit  in  the  direction  of  MSB,  and  the  count 
of  a  CT  counter,  counting  the  number  of  shifts,  is  de- 
creased  by  "1"  (S301).  In  the  present  example,  the 

10  data  in  a  specified  position  of  the  C  register  are  taken 
out  as  the  encoded  data  at  every  eight  shifts,  in  order 
to  handle  the  encoded  data  as  8-bit  parallel  data. 
Thus  a  value  "8"  is  initially  set  in  the  CT  counter,  and 
said  count  is  decreased  stepwise  at  each  1  -bit  shift  of 

15  the  A  register.  The  8-bit  encoded  data  are  obtained 
when  the  count  of  the  CT  counter  reaches  "0". 

Thus,  there  is  discriminated  whether  the  value  of 
the  CT  counter  is  "0"  (S302),  and,  if  "0",  the  8-bit  en- 
coded  data  are  taken  out  from  the  C  register  and  re- 

20  leased  (S303),  but,  if  not  "0",  the  encoded  data  are  not 
outputted. 

Then,  it  is  discriminated  whether  the  value  A  of 
the  Aregister,  after  1  -bit  shift,  is  less  than  0.5  (8000H) 
(S304),  and,  if  not,  the  re-normalization  is  terminated. 

25  On  the  other  hand,  if  said  value  A  of  the  A  register  is 
less  than  0.5  (8000H),  the  sequence  returns  to  the 
step  S301  to  effect  again  the  1-bit  shifts  of  the  Aand 
C  registers  and  the  stepwise  subtraction  of  the  CT 
counter.  These  shifts  are  repeated  until  the  value  Aof 

30  the  A  register  becomes  no  longer  less  than  0.5 
(8000H). 

In  the  following  there  will  be  explained  the  tran- 
sition  of  state  of  the  Aregister  in  the  re-normalization, 
with  reference  to  Figs.  4  and  5. 

35  If  the  object  pixel  data  coincides  with  the  predic- 
tive  pixel  data,  a  constant  LSZ  (least  significant  cod- 
ing  interval)  is  subtracted  from  the  value  A  of  the  A 
register  (S202).  Then  there  is  discriminated  whether 
the  value  A  of  the  A  register  is  smaller  than  0.5 

40  (8000H)  (S203),  and,  if  not,  the  encoding  operation  is 
terminated  through  a  path  2  (phases  1,  2  in  Fig.  4). 

If  the  value  Aof  the  Aregister  is  smaller  than  0.5 
(8000H),  the  sequence  proceeds  through  a  path  1  to 
add  the  value  Aof  the  A  register  to  the  value  C  of  the 

45  C  register  (S204).  Then,  the  re-normalization  shown 
in  Fig.  3  is  executed  in  order  to  bring  the  value  A, 
which  is  less  than  0.5  (8000H)  to  a  value  equal  to  or 
larger  than  0.5  (8000H),  by  shifting  the  Aand  C  reg- 
isters  (S205).  In  this  mannerthe  contents  of  the  Aand 

so  C  registers  are  renewed  (phase  3  in  Fig.  4).  In  this 
state,  the  count  of  the  CT  counter,  counting  the  num- 
ber  of  shifts  of  the  Aregister,  reaches  "0",  whereupon 
the  upper  byte  of  the  C  register  is  outputted  as  the  en- 
coded  data. 

55  On  the  other  hand,  if  the  object  pixel  data  does 
not  coincide  with  the  predictive  pixel  data,  the  se- 
quence  proceeds  through  a  path  3  to  define  the  value 
A  of  the  A  register  as  the  constant  LSZ  (S206)  and  to 
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execute  the  re-normalization  shown  in  Fig.  3  by  shift- 
ing  the  A  register  until  the  value  A  thereof  becomes 
equal  to  or  larger  than  0.5  (8000H)  (phases  1  ,  2,  3,  4 
in  Fig.  5).  In  the  example  shown  in  Fig.  5,  the  A  reg- 
ister  is  shifted  three  times.  In  this  manner  the  content 
of  the  Aregister  is  renewed.  The  C  register  is  also  like- 
wise  shifted.  In  the  example  shown  in  Fig.  5,  the 
count  of  the  CT  counter  reaches  "0"  at  the  first  shift, 
whereupon  the  upper  byte  of  the  C  register  is  output- 
ted  as  the  encoded  data,  and  then  the  C  register  is 
set  at  "8". 

In  the  above-explained  encoding  circuit  utilizing 
the  arithmetic  codes,  the  value  C  shifted  in  the  C  reg- 
ister  is  outputted,  in  8-bit  unit,  as  the  encoded  data. 
Said  value  C  is  added,  as  shown  in  the  step  S204  in 
Fig.  2,  to  the  value  A.  Consequently,  the  addition  of 
a  certain  value  C  and  a  certain  value  A  may  result  in 
a  sum  exceeding  FFH.  In  such  case,  the  carry-over 
will  influence  at  least  the  preceding  8-bit  encoded 
data.  Consequently  the  8-bit  data  from  the  C  register 
cannot  be  directly  supplied  as  the  encoded  data  to  the 
transmission  channel  or  the  like,  and,  if  the  addition 
of  t  he  values  C  and  A  may  exceed  FFH  and  may  result 
in  a  carry-over,  such  carry-over  has  to  be  absorbed 
by  a  suitable  method. 

As  a  method  for  realizing  this  purpose,  there  is 
known  so-called  carry-over  waiting  method  in  which 
a  code  bit  train  outputted  from  the  encoding  register 
is  not  transmitted  but  stored  if  it  has  the  possibility  of 
carry-over. 

This  carry-over  waiting  method  will  be  explained 
in  the  following  by  an  example. 

Fig.  6  shows  a  circuit  for  the  carry-over  waiting 
method.  In  case  of  a  re-normalization  in  an  arithmetic 
encoder  903,  the  output  a  thereof  is  stored  in  a  TEMP 
register  302.  Said  output  a  is  a  9-bit  data  including 
carry-over.  The  output  b  of  the  TEMP  register  302  is 
the  carry-over  bit,  and  the  output  c  is  an  8-bit  data  not 
including  the  carry-over  bit.  The  output  b  is  supplied 
to  carry-over  discrimination  circuit  303,  which  releas- 
es  an  H  (High)  level  or  an  L  (Low)  level  in  the  output 
j  respectively  when  the  carry-over  is  present  or  ab- 
sent.  The  output  c  is  supplied  to  an  FF  discrimination 
circuit  304  for  discriminating  whether  c  is  equal  to 
FFH,  and  to  a  buffer  register  305  for  storing  the  output 
c.  The  FF  discrimination  circuit  304  releases  a  clock 
d  for  an  increment  of  an  SC  counter  306  in  case  c  is 
equal  to  FFH,  and  a  clock  e  for  storing  c  in  the  buffer 
register  305  in  case  c  is  not  equal  to  FFH. 

For  the  purpose  of  simplicity,  the  function  will  be 
explained  by  an  example. 

It  is  assumed  that  the  SC  counter  306  has  been 
reset  with  an  output  k  =  0,  and  that  the  buffer  register 
305  stores  C3H.  At  the  next  re-normalization,  the  out- 
put  of  the  arithmetic  encoder  903  is  stored  in  a  TEMP 
register  302,  and  said  stored  value  is  assumed  as 
BAH.  In  case  of  storage  of  BAH,  since  the  carry-over 
bit  is  not  included,  b  is  "0"  and  c  is  BAH.  Consequently 

the  carry-over  discrimination  circuit  303  releases  an 
output  "L",  and  the  FF  discrimination  circuit  304  does 
not  output  the  clock  d  for  increment  of  the  SC  counter 
306  but  releases  the  clock  e  for  storing  the  signal  c 

5  in  the  buffer  register  305. 
An  adder  307  executes  a  logic  S  =  A  +  B.  Before 

the  re-normalization,  the  buffer  register  305  stores 
C3H,  and,  after  the  re-normalization,  the  carry-over 
discrimination  circuit  303  releases  an  output  j  =  L,  so 

10  that  a  switch  308  is  positioned  at  the  L-side  while  the 
adder  307  receives  00H  at  the  input  B.  Consequently 
the  adder  307  releases  an  output  g  =  C3H. 

A  control  circuit  309  outputs  control  signals  h,  i 
determining  the  functions  of  switches  310,  311  ac- 

15  cording  to  the  logic  values  of  j,  k.  In  case  of  j  =  L,  k  = 
00H,  the  signal  i  is  Land  the  switch  311  is  positioned 
at  the  Lside.  Consequently  there  is  released  a  signal 
C3H  is  obtained  at  the  output  o. 

In  the  following  there  will  be  explained  another 
20  case.  In  the  above-explained  sequence,  let  us  con- 

sider  again  the  situation  where  the  buffer  register 
stores  C3H  and  the  re-normalization  has  been  exe- 
cuted  again.  It  is  now  assumed  that  the  TEMP  register 
302  stores  FFH  instead  of  BAH.  Since  there  is  no  car- 

25  ry-over,  b  =  0  and  c  =  FFH.  Since  c  =  FFH,  the  FF  dis- 
crimination  circuit  304  releases  a  clockd  for  executing 
an  increment  of  the  SC  counter  306.  However,  there 
is  not  outputted  the  clock  e  for  storing  the  value  of  the 
TEMP  register  302  into  the  buffer  register  305.  Con- 

30  sequently  the  output  f  of  the  buffer  register  305  is  still 
C3H  .  If  t  he  output  of  t  he  arit  hmetic  encoder  903  at  t  he 
next  re-normalization  is  still  FFH,  the  SC  counter  306 
undergoes  another  increment,  while  the  buffer  regis- 
ter  305  still  stores  C3H.  If  said  value  FFH  continues 

35  for  n  times  of  re-normalizations,  the  output  kof  the  SC 
counter  306  becomes  n,  while  the  output  f  of  the  buf- 
fer  register  305  remains  as  C3H.  It  is  now  assumed 
that,  at  the  next  re-normalization,  3EH  is  stored  in  the 
TEMP  register  302.  Since  there  is  no  carry-over  and 

40  no  coincidence  with  FFH,  C3H  is  issued  at  the  output 
o.  Thus  the  control  circuit  309  outputs  the  signals  h  = 
Land  i  =  H.  FFH  is  issued  n  times  at  the  output  o.  Then 
the  SC  counter  306  is  reset,  and  3EH  is  stored  in  the 
buffer  register  305.  During  said  outputs  of  FFH  by  n 

45  times,  new  encoded  data  cannot  be  fetched,  so  that 
the  preceding  encoding  process  is  temporarily  sus- 
pended. 

Let  us  consider  still  another  case.  Let  us  consider 
again  a  situation  where  the  buffer  register  305  stores 

so  C3H  and  the  SC  counter  306  releases  an  output  n.  It 
is  now  assumed  that  1  3EH  is  stored  in  the  TEMP  reg- 
ister  302  at  the  next  re-normalization.  Said  register 
302  releases  an  output  b  =  1  ,  so  that  the  carry-over 
discrimination  circuit  303  identifies  the  presence  of 

55  carry-overto  release  an  outputj  =  H.  Thus,  the  switch 
308  is  shifted  to  the  H  side,  and  01  H  is  supplied  to  the 
adder  307  which  thus  releases  an  output  g  =  C4H  re- 
leased  from  the  output  o.  Subsequently,  the  control 

3 
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circuit  309  shifts  the  signals  h,  i  to  H  level,  and  00H 
is  outputted  n  times  according  to  the  count  of  the  SC 
counter.  The  count  of  the  buffer  register  302  becomes 
3EH,  and  the  SC  counter  306  is  reset.  Also  during 
said  output  of  00H  by  n  times,  the  new  encoded  data  5 
cannot  be  fetched,  so  that  the  preceding  encoding 
process  is  temporarily  suspended. 

In  the  foregoing  description,  the  count  of  the  SC 
counter  306  is  assumed  as  n,  but  same  explanation 
can  apply  to  any  value  of  n  equal  to  or  larger  than  0.  10 

Fig.  7  is  a  flow  chart  showing  the  sequence  of  the 
carry-over  waiting  method. 

In  synchronization  with  the  re-normalization  of 
the  A(Augent)  register  (S2),  the  data  of  the  C  (Code) 
register  are  outputted  in  8-bit  (1  byte)  unit  or  in  carry-  15 
over  bit  +  8-bit  unit  and  are  stored  in  the  TEMP  reg- 
ister  (S3).  If  the  content  of  the  TEMP  register  is  small- 
er  than  FFH  (S4),  said  content  is  stored  in  the  buffer 
register.  Since  the  next  data  to  be  outputted  from  the 
C  register  may  result  in  a  carry-over,  the  content  of  20 
the  buffer  register  is  not  outputted,  but  a  waiting  state 
is  entered  (S6).  If  the  next  data  outputted  from  the  C 
register  and  stored  in  the  TEMP  register  is  smaller 
than  FFH,  there  is  no  longer  the  possibility  of  carry- 
over  for  the  buffer  register,  so  that  the  content  of  the  25 
buffer  register  is  outputted  as  the  encoded  data,  and 
the  content  of  the  TEMP  register  is  newly  fetched  in 
the  buffer  register. 

Then,  if  the  content  of  the  TEMP  register  is  FFH 
(S5),  the  next  data  from  the  C  register  may  generate  30 
a  carry-over,  so  that  the  content  of  the  buffer  register 
cannot  be  outputted  and  the  waiting  state  is  therefore 
continued  (S7).  In  this  state,  the  count  of  the  SC 
counter,  indicating  the  number  of  storages  of  FFH  into 
the  TEMP  counter,  is  increased  by  one.  In  case  the  35 
data  from  the  encoding  register  is  consecutively  FFH, 
the  output  from  the  buffer  register  is  suspended,  and 
the  SC  counter  counts  the  number  of  storages  of  FFH 
in  the  TEMP  register.  If  the  count  of  the  TEMP  register 
in  this  state  is  smaller  than  FFH,  the  carry-over  is  not  40 
generated,  so  that  the  content  of  the  buffer  register 
is  outputted.  Thus  FFH  is  outputted  by  the  number  of 
times  counted  by  the  SC  counter,  then  the  content  of 
the  TEMP  register  is  newly  stored  in  the  buffer  regis- 
ter,  and  the  SC  counter  is  cleared.  If  the  content  of  the  45 
TEMP  register  is  larger  than  FFH,  thus  generating  a 
carry-over  (S4),  the  carry-over  propagates  to  the 
buffer  register.  Thus  there  is  outputted  the  content  of 
the  buffer  register  +  1,  and  00H  is  outputted  by  a  num- 
ber  of  times  counted  by  the  SC  counter.  The  buffer  50 
register  stores  the  content  of  the  TEMP  register,  ex- 
cluding  the  carry-over  bit,  and  the  SC  counter  is 
cleared  (S8). 

As  will  be  apparent  from  the  sequence  shown  in 
Fig.  7,  in  the  output  of  FFH  by  the  number  of  times  55 
counted  by  the  SC  counter  in  the  step  S6  or  in  the  out- 
put  of  00H  by  the  number  of  times  counted  by  the  SC 
counter  in  the  step  S8,  the  next  encoding  process  can 

only  be  started  after  said  output  of  FFH  or  00H.  Con- 
sequently  the  encoding  process  is  temporarily  sus- 
pended  during  such  output  of  FFH  or  00H  by  the  num- 
ber  of  times  counted  by  the  SC  counter. 

In  the  above-explained  encoding  device  of  the 
carry-over  waiting  method,  if  the  carry-over  propa- 
gates  to  the  released  encoded  data,  the  encoded 
data  is  released  by  interrupting  the  encoding  proc- 
ess.  Forthis  reason  such  device  has  been  associated 
with  a  drawback  of  incapable  of  the  real-time  process 
(for  example  in  a  facsimile  apparatus,  reading  an  orig- 
inal  document  with  a  sensor  and  simultaneously  en- 
coding  the  binarized  data  with  an  encoder),  and  it  has 
been  necessary  to  interrupt  the  original  reading  or  to 
effect  the  encoding  after  the  binarized  data  are  stor- 
ed  in  a  memory.  For  this  reason  there  has  been  re- 
quired  a  long  time  for  encoding,  or  a  memory  for  stor- 
ing  the  binarized  data. 

In  consideration  of  the  foregoing,  the  present  in- 
vention  is  concerned  with  providing  an  image  encod- 
ing  device  enabling  real-time  process  in  arithmetic 
encoding,  and  a  method  therefor. 

Another  concern  of  the  present  invention  is  to 
provide  an  image  encoding  device  capable  of  prompt- 
ly  and  efficiently  executing  the  carry-over  process  in 
the  encoding  utilizing  arithmetic  codes  without  influ- 
encing  the  preceding  encoding,  and  a  method  there- 
for. 

Still  another  concern  of  the  present  invention  is 
to  provide  an  image  encoding  device  capable  of  exe- 
cuting  the  above-mentioned  carry-over  process, 
without  temporary  interruption  of  the  preceding  en- 
coding  process,  and  a  method  therefor. 

Accordingly  in  one  aspect  the  present  invention 
provides  an  image  encoding  device  comprising: 

output  means  for  consecutively  outputting,  by 
a  predetermined  number  of  bits,  data  encoded  utiliz- 
ing  arithmetic  codes; 

retention  means  for  retaining  plural  sets  of  en- 
coded  data  of  the  predetermined  number  of  bits,  out- 
putted  in  succession  from  said  output  means;  and 

process  means  for  effecting  a  carry-over  proc- 
ess  to  the  plural  sets  of  the  encoded  data  of  the  pre- 
determined  number  of  bits,  retained  by  said  retention 
means. 

Still  other  concerns  of  the  present  invention,  and 
the  features  thereof,  will  become  fully  apparent  from 
the  following  description. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  blockdiagram  of  an  example  of  the  en- 
coding  circuit  utilizing  arithmetic  codes; 
Fig.  2  is  a  flow  chart  showing  the  encoding  se- 
quence  by  arithmetic  codes; 
Fig.  3  is  a  flow  chart  showing  the  sequence  of  re- 
normalization  in  arithmetic  codes; 
Figs.  4  and  5  are  views  showing  re-normalizing 
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operations; 
Fig.  6  is  a  blockdiagram  of  a  circuit  for  carry-over 
process  in  arithmetic  codes; 
Fig.  7  is  a  flow  chart  showing  the  sequence  of 
carry-over  process; 
Fig.  8  is  a  block  diagram  of  an  arithmetic  encod- 
ing  circuit  embodying  the  present  invention; 
Fig.  9  is  a  block  diagram  showing  an  example  of 
the  priority  encoder; 
Fig.  10  is  a  chart  showing  the  number  of  shifts  for 
re-normalization; 
Fig.  11  is  a  block  diagram  showing  the  configur- 
ation  of  a  barrel  shifter  and  an  Aregister; 
Fig.  12  is  a  chart  showing  values  retained  in  a 
CTV  register; 
Fig.  13  is  a  circuit  diagram  showing  an  example 
of  the  carry-over  control  circuit  of  the  present  in- 
vention;  and 
Fig.  14  is  a  circuit  diagram  showing  another  ex- 
am  pie  of  t  he  carry-over  control  circu  it  of  t  he  pres- 
ent  invention. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Now  the  present  invention  will  be  clarified  in  de- 
tail  by  preferred  embodiments  thereof. 

Fig.  8  shows  the  configuration  of  an  encoder  em- 
bodying  the  present  invention,  and  said  encoder  in 
Fig.  8  is  utilized  as  the  encoder  903  in  Fig.  1  to  con- 
stitute  the  image  encoding  device  utilizing  the  arith- 
metic  codes. 

There  are  provided  a  16-bit  C  register  201;  a  16- 
bit  A  reg  ister  202  for  stori  ng  data  i  nd  icati  ng  t  he  cur  rent 
coding  interval  which  is  one  of  the  parameters  em- 
ployed  for  encoding  of  image  data;  barrel  shifters 
203,  204  respectively  for  bit  shift  of  the  C  register  201 
and  the  A  register  202;  and  a  CT  register  205  for  re- 
taining  the  CT  value.  In  the  configuration  shown  in 
Fig.  8,  there  is  employed  a  counter  for  subtraction, 
but,  the  present  embodiment  utilizes  a  register  for  re- 
taining  the  entered  CT  value. 

A  priority  encoder  206  receives  the  outputs  of  the 
A  register  202  and  the  CT  register  205,  controls  the 
shifts  of  the  barrel  shifters  203,  204  and  also  controls 
a  CT  update  logic  211  to  renew  the  value  of  the  CT 
register  205.  It  also  controls  a  high-byte  register  207 
and  a  low-byte  register  208  to  control  the  output  of  the 
upper  and  lower  bytes  stored  in  the  C  register  201. 
There  is  also  provided  a  carry-over  control  circuit 
209. 

The  content  of  the  A  register  202  is  subjected,  in 
a  subtractor  212,  to  the  subtraction  of  LSZ  from  an 
LSZ  generator  213,  and  the  result  of  said  subtraction 
is  supplied  to  a  selector  214.  Said  selector  214  also 
receives  the  LSZ  from  the  LSZ  generator  214.  The  se- 
lector  214  selects  either  of  the  two  inputs,  according 
to  the  output  of  an  exclusive  OR  gate  904,  indicating 

coincidence  or  non-coincidence  between  the  object 
pixel  and  the  predictive  pixel.  More  specifically,  it  se- 
lects  the  output  (A  -  LSZ)  from  the  subtractor  214  in 
case  of  coincidence,  or  the  LSZ  from  the  LSZ  gener- 

5  ator213  in  case  of  non-coincidence,  and  the  selected 
signal  is  supplied  to  the  A  register  202  to  renew  the 
content  thereof. 

Also  the  value  of  the  C  register  201  is  added,  in 
an  adder  21  5,  to  the  output  (A-  LSZ)  of  the  subtractor 

10  212  and  is  supplied  to  a  gate  216,  which  supplies  the 
output  of  the  adder  21  5  to  the  C  register  201  ,  in  re- 
sponse  to  the  output  of  the  exclusive  OR  gate  904  in- 
dicating  the  non-coincidence  between  the  object  pix- 
el  and  the  predictive  pixel,  whereby  the  content  of  the 

15  C  register  is  renewed. 
Since  the  value  A  of  the  A  register  at  the  execu- 

tion  of  re-normalization  is  with  a  range  1   ̂ A  ^  
7FFFH,  the  number  of  bits  of  shift  can  be  uniquely  de- 
termined  according  to  the  range  of  A,  as  shown  in  Fig. 

20  10.  This  can  be  represented  as  "finding  '1'  in  a  bit 
position  closest  to  the  MSB  side  within  the  bits  of  A 
register".  Thus,  the  above-mentioned  bit  position  can 
be  detected  by  a  priority  encoder  206  as  shown  in  Fig. 
9. 

25  Referring  to  Fig.  9,  the  priority  encoder  206  is 
composed  of  a  logic  circuit  unit  509  and  a  16  to  4  en- 
coder  508.  The  bits  stored  in  the  A  register  202  are 
taken  out  bit  by  bit  in  parallel  manner,  and  supplied  to 
the  logic  circuit  unit  509  composed  of  inverters  502, 

30  504,  506,...  and  AND  gates  503,  505,  507,...  The  logic 
circuit  unit  509  is  so  constructed  that  a  high-level  out- 
put  signal  is  obtained  only  from  an  AND  gate,  among 
those  503,  505,  507  corresponding  to  '1'  of  the  bit 
position  closest  to  the  MSB,  among  those  stored  in 

35  the  A  register  202.  Thus,  if  the  A  register  202  stores 
data  "0101  the  high-level  output  signal  is  obtained 
only  from  the  AND  gate  503,  corresponding  to  the  2nd 
bit,  or  MSB  -  1  ,  of  the  A  register  202.  The  outputs  of 
the  AND  gates  503,  505,  507,...  are  supplied  to  the 

40  16-to-4  encoder  508,  which  releases  4-bit  data  indi- 
cating  the  bit  position. 

Fig.  10  shows  the  correspondence  between  the 
value  of  the  Aregister  202  at  the  re-normalization  and 
the  number  of  shifts  of  the  A  register  202. 

45  The  number  of  shifts  from  the  priority  encoder 
206  is  supplied  to  the  barrel  shifters  203,  204,  which 
accordingly  shift  the  contents  of  the  C  register  201 
and  the  A  register  202  by  1  to  15  bits  at  a  time. 

Fig.  11  shows  the  structure  of  the  barrel  shifter 
50  204  and  the  Aregister  202.  The  barrel  shifter  203  and 

the  C  register  201  are  also  constructed  in  the  same 
manner. 

16-bit  data  stored  in  the  A  register  202  are  sup- 
plied  in  parallel  manner  to  the  barrel  shifter  204.  The 

55  lower  1  5  bits  of  the  barrel  shifter  204  receive  "0". 
The  number  of  shifts  from  the  priority  encoder 

206  is  supplied  tothe  barrel  shifter  204,  which  selects 
and  outputs  arbitrary  data  of  consecutive  16  bits, 
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among  the  31-bit  input,  according  to  said  number  of 
shifts.  For  example,  if  the  priority  encoder  26  enters 
a  number  of  shifts  of  "3",  the  barrel  shifter  204  selects 
N27,  N26,  N25  N12  from  the  input  of  31  bits  and  re- 
leases  said  16-bit  data  to  the  output  lines  S15  to  S0  in 
parallel  manner. 

The  16-bit  data  outputted  in  parallel  manner  from 
the  barrel  shifter  204  are  supplied  in  parallel  manner 
to  the  A  register  202  and  retained  therein. 

Consequently,  a  shift  of  the  number  of  bits,  cor- 
responding  to  the  shift  number  instructed  from  the 
priority  encoder  206,  can  be  executed  at  a  time. 

The  update  logic  211  receives  the  number  of 
shifts  and  the  CT  value  before  the  re-normalization 
from  the  priority  encoder  206,  and  outputs  the  output 
byte  number  and  the  CT  value  after  the  re-normali- 
zation. 

Fig.  12  shows  a  correspondence  table  provided 
in  the  update  logic  211.  It  will  be  understood  that  an 
output  byte  number  of  0  to  2  can  be  obtained,  depend- 
ing  on  the  number  of  shifts  of  1  to  15  and  the  CT  value 
of  1  to  8.  These  values  are  used,  in  an  output  control 
unit  210  shown  in  Fig.  8,  for  a  control  of  no  output  for 
a  value  "0",  the  output  of  the  codes  of  the  high  register 
207  for  a  value  "1",  and  the  output  of  two  bytes  of  the 
high-byte  register  207  and  the  low-byte  register  208 
for  a  value  "2". 

Also  the  update  logic  211  supplies  the  CT  register 
205  with  a  new  CT  value,  which  is  retained  therein. 

As  explained  in  the  foregoing,  the  plural  bit  val- 
ues  in  the  A  register  202  are  monitored  in  parallel 
manner,  and,  at  the  re-normalization,  the  shifts  of  plu- 
ral  bits  in  the  Aregister  202  and  the  C  register  201  are 
executed  at  a  time.  In  this  manner  the  time  required 
for  the  re-normalization  can  be  made  constant  re- 
gardless  whether  the  object  pixel  data  to  be  encoded 
coincides  with  the  predictive  pixel  data  and  regard- 
less  of  the  content  of  the  A  register,  so  that  the  real- 
time  synchronous  encoding  of  the  object  pixel  data  to 
be  encoded  can  be  realized. 

Fig.  13  shows  the  structure  of  the  carry-over 
control  circuit  209  in  Fig.  8,  where  in  provided  are  flip- 
flops  (F/F)  1  00  to  1  04,  1  1  0  to  1  1  4,  1  20  to  1  24  and  1  29; 
multiplexers  or  switches  105  to  109,  115  to  118  and 
125  to  128;  AND  gates  131,  133,  134,  136,  137,  139, 
140,  142  and  143;  inverters  132,  135,  138,  141  and 
144;  a  register  130  corresponding  to  the  high-byte 
register  207  and  the  low-byte  register  208  in  Fig.  8;  an 
adder  150;  and  an  FF  discrimination  circuit  160.  The 
broken-lined  portion  indicates  repetition  of  similar  cir- 
cuits,  consisting  of  serial  connection  of  a  required 
number  of  the  circuit  170  framed  in  a  chain-lined 
frame. 

The  functions  of  the  above-explained  circuitry 
will  be  explained  in  the  following.  The  register  130  re- 
leases  a  code  train  according  to  the  above-explained 
encoding  sequence  and  in  synchronization  with  the 
re-normalization,  wherein  a  is  the  carry-over  data 

and  b  is  data  of  at  leasta  bit,  excluding  the  carry-over. 
In  the  following  description,  the  data  b  is  assumed  to 
be  of  8  bits,  as  in  the  foregoing  description. 

The  flip-flops  (F/F)  100  to  104,  110  to  114,  120  to 
5  124  and  129  latch  the  input  data  in  synchronization 

with  the  re-normalization.  Consequently  the  data  are 
shifted  from  left  to  right,  at  each  re-normalization.  For 
the  purpose  of  simplicity,  the  circuit  170  is  assumed 
to  be  repeated  5  times  so  that  the  total  number  of 

10  shifts  is  five. 
Also  the  code  trains  released  from  the  register 

1  30  at  the  re-normalizations  are  assumed  to  be  C3H, 
BAH,  FFH,  FFH,  1AEH,... 

Prior  to  the  encoding,  the  flip-flops  (F/F)  100  to 
15  1  04  are  reset. 

At  the  first  re-normalization,  the  register  130  re- 
leases  an  output  C3H  without  carry-over,  so  that  the 
output  a  is  "0"  and  the  output  b  is  C3H.  The  output  b 
is  latched  in  the  F/F  120.  The  FF  discrimination  circuit 

20  160,  for  discriminating  whether  the  output  b  is  equal 
to  FFH,  upon  receiving  C3H,  releases  an  output  "0", 
which  is  latched  in  the  F/F  100.  Also  since  the  output 
a  is  "0",  the  AND  gate  131  releases  an  output  "0" 
whereby  the  switch  109  is  shifted  to  the  L-side  and 

25  the  value  "0"  is  latched  in  the  F/F  110. 
At  the  second  re-normalization,  the  register  130 

releases  an  output  BAH,  so  t  hat  t  he  output  a  is  "0"  and 
the  output  b  is  BAH.  Through  operations  similar  to 
those  in  the  first  re-normalization,  the  F/F  100  releas- 

30  es  an  output  "0",  the  F/F  110  releases  an  output  "0" 
and  the  F/F  120  releases  an  output  BAH.  Also  by  shift 
operations,  the  F/F  101  releases  an  output  "0",  the 
F/F  111  releases  an  output  "0"  and  the  F/F  121  releas- 
es  an  output  C3H. 

35  At  the  third  re-normalization,  the  register  1  30  re- 
leases  an  output  FFH,  so  that  the  output  a  is  "0"  and 
the  output  b  is  FFH.  The  output  b,  being  FFH,  is  dis- 
criminated  as  equal  to  FFH  in  the  FF  discrimination 
circuit  160,  which  therefore  releases  an  output  "1", 

40  which  is  latched  in  the  F/F  100.  Thus  there  are  ob- 
tained  outputs  'T'from  F/F  100,  "0"from  F/F  110,  FFH 
from  F/F  1  20,  "0"  from  F/F  1  0  1  ,  "0"  from  F/F  1  1  1  ,  BAH 
from  F/F  121  ,  "0"  from  F/F  102,  "0"  from  F/F  112,  and 
C3Hfrom  F/F  122. 

45  At  the  fourth  re-normalization,  the  register  130 
releases  an  output  FFH,  so  that  the  output  a  is  "0"  and 
the  output  b  is  FFH.  In  a  similar  manner  there  are  ob- 
tained  outputs  'T'from  F/F  100,  "0"from  F/F  110,  FFH 
from  F/F  1  20,  "1  "  from  F/F  1  01  ,  "0"  from  F/F  1  1  1  ,  FFH 

50  from  F/F  1  21  ,  "0"  from  F/F  1  02,  "0"  from  F/F  1  1  2,  BAH 
from  F/F  122,  "0"  from  F/F  103,  "0"  from  F/F  113  and 
C3Hfrom  F/F  123. 

At  the  fifth  re-normalization,  the  register  130  re- 
leases  IAEH  including  a  carry-over,  so  that  the  output 

55  a  of  the  register  130  is  "1"  and  the  output  b  is  AEH. 
Since  the  F/F  100,  101  release  "1"  in  this  state,  the 
AND  gates  131,  134  release  outputs  "0"  which  are 
latched  in  the  F/F  110,  111.  Also  since  the  F/F  100, 
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101  release  outputs  "1"  while  the  F/F  1  02  releases  an 
output  "0",  the  carry-oversignal  from  the  register  130 
is  transmitted  through  the  AND  gates  133,  136  and 
137,  whereby  the  switch  116  is  shifted  to  the  H-side 
and  the  signal  "1"  is  latched  in  the  F/F  112.  Also  since 
the  AND  gates  133,  136  release  outputs  "1",  the 
switches  105,  106  are  shifted  to  the  H-side  whereby 
the  F/F  101,  102  latch  "0".  Similarly  the  switches  125, 
126  are  shifted  to  the  H-side,  whereby  the  F/F  121, 
122  latch  00H.  Consequently,  there  are  obtained  the 
following  outputs  "0"  from  F/F  100,  "0"  from  F/F  110, 
AEH  from  F/F  1  20,  "0"  from  F/F  1  01  ,  "0"  from  F/F  1  1  1  , 
00H  from  F/F  121,  "0"from  F/F  102,  'T'from  F/F  112, 
00H  from  F/F  122,  "0"  from  F/F  103,  "0"  from  F/F  113, 
BAH  from  F/F  123,  "0"from  F/F  104,  "0"from  F/F  114, 
and  C3Hfrom  F/F  124. 

At  the  next  re-normalization,  the  F/F  129  releas- 
es  an  output  C3H  while  the  F/F  114  releases  an  output 
"0".  Because  there  is  no  carry-over,  the  adder  150  re- 
leases  an  output  C3H,  which  is  outputted  as  estab- 
lished  code  output.  At  the  next  re-normalization,  the 
F/F  129  releases  an  output  BAH  while  the  F/F  114  re- 
leases  an  output  "1".  Because  there  is  a  carry-over, 
the  adder  150  releases  an  output  BBH,  which  is  out- 
putted  as  an  established  code  output.  At  the  next  re- 
normalization,  the  F/F  129  outputs  00H  while  the  F/F 
114  releases  an  output  "0".  Because  t  here  is  no  carry- 
over,  the  adder  150  releases  an  output  00H,  which  is 
outputted  as  the  established  code  output.  At  the  next 
re-normalization,  the  F/F  129  releases  an  output  00H, 
while  the  F/F  114  releases  an  output  "0".  Since  there 
is  no  carry-over,  the  adder  150  releases  an  output 
00H,  which  is  outputted  as  the  established  code  out- 
put. 

Thereafter,  the  operations  are  conducted  in  sim- 
ilar  manner  to  obtain  established  code  outputs. 

In  the  embodiment  shown  in  Fig.  13,  the  output 
of  the  arithmetic  encoder  is  assumed  to  be  based  on 
positive  logic,  but  a  similar  object  can  be  attained  nat- 
urally  through  negative  logic.  Also  the  logic  circuit 
composed  of  the  multiplexers  (switches),  AND  gates 
and  inverters  is  not  limited  to  that  shown  in  Fig.  13, 
but  an  equivalent  function  can  be  attained  by  other 
logic  circuits. 

As  explained  in  the  foregoing,  there  are  retained 
plural  sets  of  code  data,  generated  in  succession  in 
the  unit  of  a  predetermined  number  of  bits  (8  bits  in 
this  embodiment),  and,  in  case  a  carry-over  is  gener- 
ated,  such  carry-over  is  immediately  absorbed  by 
thus  retained  plural  sets  of  code  data.  Consequently, 
the  carry-over  processing  can  be  promptly  executed 
without  a  particular  interruption.  Thus,  such  carry- 
over  process  avoids  the  influence  on  the  preceding 
encoding  process  and  enables  efficient  execution  of 
such  encoding  process. 

Also  the  foregoing  embodiment  enables,  in  the 
waiting  met  hod  for  t  he  output  of  t  he  arit  hmetic  encod- 
er,  to  dispense  with  the  SC  counter  for  counting  the 

number  of  generation  of  the  encoded  data  FFH. 
Fig.  14  shows  another  embodiment  of  the  carry- 

over  process  circuit  209,  wherein  provided  are  flip- 
flops  410  to  414,  420  to  424  and  429;  multiplexers  or 

5  switches  409,  41  5  to  41  8,  425  to  428;  AND  gates  431  , 
433,  434,  436,  437,  439,  440,  441,  443  and  444;  in- 
verters  432,  435,  438,  442  and  445;  a  register  430 
corresponding  to  the  high-byte  register  207  and  the 
low-byte  register  208  in  Fig.  8;  an  adder  450;  and  FF 

10  discrimination  circuits  460  to  464.  The  broken-lined 
portion  indicates  repetition  of  similar  circuits,  consist- 
ing  of  serial  connection  of  a  required  number  of  the 
circuit  470  surrounded  in  a  chain-lined  frame. 

It  is  different  from  the  embodiment  shown  in  Fig. 
15  1  3,  in  that  the  FF  discrimination  circuit,  for  discrimin- 

ating  whether  the  output  data  of  the  register  430  is 
FFH,  is  provided  at  each  output  of  the  flip-flops  421 
to  424,  and  this  difference  will  be  clarified  further  in 
the  following  description  based  on  the  same  assump- 

20  tions  and  conditions  as  in  the  foregoing  description. 
At  the  first  re-normalization,  the  register  430  re- 

leases  an  output  C3H  without  the  carry-over,  so  that 
the  output  a  is  "0"  and  the  output  b  is  C3H.  The  output 
b  is  latched  in  the  F/F  420.  Since  the  AND  gate  431 

25  releases  an  output  "0",  the  switch  409  is  shifted  to  the 
L-side,  and  the  F/F  410  latches  "0". 

At  the  second  re-normalization,  the  register  430 
releases  an  output  BAH,  so  t  hat  t  he  output  a  is  "0"  and 
the  output  b  is  BAH.  Through  operations  similar  to 

30  those  in  the  first  re-normalization,  the  F/F  410  releas- 
es  an  output  "0",  while  the  F/F  420  releases  an  output 
BAH.  Also  through  shift  operations,  the  F/F  411  re- 
leases  an  output  "0",  and  the  F/F  421  releases  an  out- 
put  C3H. 

35  At  the  third  re-normalization,  the  register  430  re- 
leases  an  output  FFH,  so  that  the  output  a  is  "0"  and. 
the  output  b  is  FFH.  There  are  consequently  obtained 
the  following  outputs:  "0"  from  F/F  410,  FFH  from  F/F 
1  20,  "0"  from  F/F  41  1  ,  BAH  from  F/F  421  ,  "0"  from  F/F 

40  412,  and  C3H  from  F/F  422. 
At  the  fourth  re-normalization,  the  register  430 

releases  an  output  FFH,  so  that  the  output  a  is  "0"  and 
the  output  b  is  FFH.  There  are  obtained  the  following 
outputs:  "0"  from  F/F  41  0,  FFH  from  F/F  420,  "0"  from 

45  F/F  411,  FFH  from  F/F  421,  "0"  from  F/F  412,  BAH 
from  F/F  422,  "0"  from  F/F  41  3,  and  C3H  from  F/F  423. 

At  the  fifth  re-normalization,  the  register  430  re- 
leases  an  output  IAEH  including  a  carry-over,  so  that 
the  output  a  is  "1"  and  the  output  b  is  AEH.  The  FF 

so  discrimination  circuits  460,  461,  for  respectively  dis- 
criminating  whether  the  outputs  of  the  F/F  420,  421 
are  equal  to  FFH,  upon  receiving  the  outputs  FFH 
from  said  F/F  420,  421  ,  release  outputs  "1  ".  Also  since 
the  output  a  is  "1",  the  AND  gates  433,  436  release 

55  outputs  "1",  whereby  the  switches  425,  426  are  shift- 
ed  to  the  H-side  and  the  F/F  421  ,  422  latch  "0".  Also 
since  the  F/F  422  latches  BAH,  the  FF  discrimination 
circuit  462  releases  an  output  "0",  whereby  the  AND 

7 
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gate  437  releases  an  output  "1  "  and  the  F/F  412  latch- 
es  "1".  Consequently,  there  are  obtained  the  follow- 
ing  outputs:  "0"  from  F/F  410,  AEH  from  F/F  420,  "0" 
from  F/F  41  1  ,  00H  from  F/F  421  ,  "1  "  from  F/F  412,  00H 
from  F/F  422,  "0"  from  F/F  41  3,  BAH  from  F/F  423,  "0" 
from  F/F  414,  and  C3H  from  F/F  424. 

At  the  next  re-normalization,  the  F/F  429  releas- 
es  an  output  C3H,  while  the  F/F  414  releases  an  out- 
put  "0".  Since  there  is  no  carry-over,  the  adder  450 
releases  an  output  C3H,  which  is  outputted  as  an  es- 
tablished  code  output.  Then,  at  the  next  re-normali- 
zation,  the  F/F  429  releases  an  output  BAH  while  the 
F/F  414  releases  an  output  "1  ".  Since  there  is  a  carry- 
over,  the  adder  450  releases  an  output  BBH,  which  is 
outputted  as  an  established  code  output. 

At  the  next  re-normalization,  the  F/F  429  releas- 
es  an  output  00H  while  the  F/F  414  releases  an  output 
"0".  Since  there  is  no  carry-over,  the  adder  450  re- 
leases  an  output  00H,  which  is  released  as  an  estab- 
lished  code  output.  At  the  next  re-normalization,  the 
F/F  420  releases  an  output  00H,  while  the  F/F  414  re- 
leases  an  output  "0".  Since  there  is  no  carry-over,  the 
adder  450  provides  an  output  00H,  which  is  outputted 
as  the  established  code  output. 

Thereafter,  similar  operations  are  executed  to 
provide  established  code  outputs. 

As  explained  in  the  foregoing,  there  is  provided 
means  for  delaying  the  code  data  trains,  obtained  by 
arithmetic  codes,  by  plural  steps  by  means  of  shift 
registers,  and  generating  carry-over  information  and 
renewal  code  data  by  means  of  thus  delayed  code 
data  trains.  Thus,  the  carry-over  can  be  absorbed  by 
thus  delayed  code  data  trains,  so  that  the  carry-over 
process  can  be  executed  without  the  waiting  time, 
and  the  arithmetic  encodint  can  be  realized  on  real- 
time  basis. 

Also  since  the  SC  counter,  for  counting  the  num- 
ber  of  FFH  in  the  code  data  train,  can  be  dispensed 
with,  there  can  be  obtained  a  code  train  including  the 
carry-over  process,  without  interruption  in  the  func- 
tion  of  the  arithmetic  encoder.  Because  of  absence  of 
interruption  in  the  function  of  the  arithmetic  encoder, 
the  data  (for  example  binary  image  data)  supplied  to 
the  arithmetic  encoder  can  be  encoded  on  real-time 
basis. 

Also  since  the  arithmetic  encoder  can  be  realized 
with  a  circuit  configuration  synchronized  with  the  in- 
put  data,  the  arithmetic  encoder  can  be  designed 
more  easily  and  in  a  more  simplified  manner. 

The  present  invention  has  been  explained  by  pre- 
ferred  embodiments  thereof,  but  it  is  naturally  not  lim- 
ited  to  such  embodiments  and  is  subject  to  various 
modifications  within  the  scope  and  spirit  of  the  ap- 
pended  claims. 

Claims 

1.  An  image  encoding  device  comprising: 
output  means  foroutputting  code  data,  en- 

5  coded  based  on  arithmetic  codes,  in  succession 
by  a  predetermined  number  of  bits; 

retention  means  for  retaining  plural  sets  of 
the  code  data  of  the  predetermined  number  of 
bits,  outputted  in  succession  from  said  output 

10  means;  and 
process  means  for  effecting  a  carry-over 

process  on  the  plural  sets  of  the  code  data  of  the 
predetermined  number  of  bits,  retained  in  said  re- 
tention  means. 

15 
2.  A  device  according  to  claim  1,  further  comprising 

discrimination  means  for  discriminating  whether 
or  not  to  apply  the  carry-over  process  to  the  plu- 
ral  sets  of  the  code  data  of  the  predetermined 

20  number  of  bits,  retained  in  said  retention  means. 

3.  A  device  according  to  claim  1  ,  wherein  said  proc- 
ess  means  is  adapted  to  add  a  predetermined 
value  to  first  code  data  retained  in  said  retention 

25  means  and  to  convert  second  code  data  to  spe- 
cified  code  data. 

4.  A  device  according  to  claim  3,  wherein  said  sec- 
ond  code  data  generates  a  carry-over  by  the  ad- 

30  dition  of  said  specified  value,  while  said  first  code 
data  do  not  generate  a  carry-over  by  the  addition 
of  said  specified  value. 

5.  A  device  according  to  claim  1,  wherein,  among 
35  the  plural  sets  of  the  code  data  of  the  predeter- 

mined  number  of  bits  retained  in  said  retention 
means,  those  not  requiring  the  carry-over  proc- 
ess  are  outputted  without  change. 

40  6.  A  device  according  to  claim  1,  wherein  said  reten- 
tion  means  is  composed  of  plural  latch  means, 
each  adapted  for  latching  the  code  data  of  a  pre- 
determined  number  of  bits. 

45  7.  An  image  encoding  method  comprising  steps  of: 
outputting  code  data,  encoded  based  on 

arithmetic  codes,  in  succession  by  a  predeter- 
mined  number  of  bits; 

retaining  plural  sets  of  the  code  data  out- 
50  putted  in  succession  by  the  predetermined  num- 

ber  of  bits;  and 
effecting  a  carry-over  process  on  the  re- 

tained  plural  sets  of  the  code  data  of  the  prede- 
termined  number  of  bits. 

55 
8.  A  method  according  to  claim  7,  further  compris- 

ing  a  step  of  discriminating  whether  or  not  to  ap- 
ply  the  carry-over  process  to  the  retained  plural 

8 
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sets  of  the  code  data  of  the  predetermined  num- 
ber  of  bits. 

9.  A  method  according  to  claim  7,  wherein  said  car- 
ry-over  process  is  to  add  a  predetermined  value  5 
to  first  code  data  and  to  convert  second  code 
data  to  specified  data. 

10.  A  method  according  to  claim  7,  further  compris- 
ing  a  step  for  shifting,  in  succession,  the  retained  10 
plural  sets  of  the  code  data  of  the  predetermined 
number  of  bits. 

15 
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