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(57)  The  invention  relates  to  methods  and  ap- 
paratus  for  reproducing  encoded  data  recorded 
on  a  disk  (1)  and  decoding  the  reproduced 
encoded  data.  The  data  reproduced  from  the 
disk  (1)  in  encoded  form  are  stored  in  a  buffer 
(5)  and  read  from  the  buffer  (5)  for  carrying  out 
error  correction.  Once  the  data  have  been  er- 
ror-corrected,  the  error  corrected  encoded  data 
are  again  stored  in  the  buffer  (5).  Then  the  data 
are  read  from  the  buffer  (5)  for  decoding. 
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This  invention  relates  to  methods  and  apparatus 
for  reproducing  encoded  data  from  a  disk  and  decod- 
ing  the  reproduced  encoded  data,  such  as  methods 
and  apparatus  for  reproducing  and  decoding  video 
and/or  audio  signals  recorded  on  disks  such  as  optical 
disks  and  magneto-optical  disks. 

U.S.  Patent  Application  Serial  No.  07/908,164  as- 
signed  to  the  assignee  of  the  present  application,  re- 
lates  to  devices  for  reproducing  audio  signals  or  ani- 
mated  picture  signals  recorded  on  a  recording  me- 
dium,  such  as  an  optical  disk.  Advantageously,  the 
signals  are  compressed  prior  to  recording  by  an  im- 
age  compression  technique  conforming  to  a  stan- 
dard,  such  as  the  MPEG  standard  established  by  the 
International  Organization  for  Standardization  (ISO) 
and  the  International  Electrotechnical  Commission 
(IEC). 

Fig.  1  of  the  accompanying  drawings  illustrates  a 
reproducing  device  of  a  type  to  which  U.S.  Patent  Ap- 
plication  Serial  No.  07/908,164  relates.  As  shown  in 
Fig.  1  ,  a  pickup  2  irradiates  a  laser  beam  onto  an  opt- 
ical  disk  1  to  enable  reproduction  of  video  data  record- 
ed  on  the  disk  1  from  the  reflected  light.  The  pickup 
2  converts  the  reflected  light  into  image  data  which  it 
supplies  to  a  demodulation  circuit  3  which  demodu- 
lates  the  image  data  and  supplies  the  same  to  a  sec- 
tor  detection  circuit  4  from  which  data,  in  turn,  is  sup- 
plied  to  an  error  correction  circuit  (ECC)  31  to  carry 
out  error  detection  and  correction  processes  for  the 
reproduced  image  data. 

The  sector  detection  circuit  4  detects  the  sector 
numbers,  representing  sector  addresses  of  the  data 
reproduced  from  the  disk  1  ,  which  are  included  in  the 
demodulated  data  and  supplies  the  detected  sector 
numbers  to  a  control  circuit  32.  In  the  event  that  the 
sector  detection  circuit  4  is  unable  to  detect  the  sector 
numbers  which  should  be  present  in  the  demodulated 
data,  or  if  the  sector  numbers  as  detected  are  not  suc- 
cessive,  the  sector  detection  circuit  4  outputs  an  ab- 
normal  sector  number  signal  to  a  track  jump  decision 
circuit  7. 

The  ECC  31  detects  data  errors  in  the  received 
demodulated  data  and,  if  possible,  corrects  the  de- 
tected  errors  with  the  use  of  parity  data  attached  to 
the  image  data.  In  the  event  that  an  error  in  the  data 
cannot  be  corrected,  the  ECC  31  outputs  an  error  oc- 
currence  signal  to  the  track  jump  decision  circuit  7. 
After  correction  by  the  ECC,  the  data  is  supplied 
thereby  to  a  ring  buffer  memory  5  where  it  is  stored 
under  the  control  of  the  control  circuit  32. 

The  sector  addresses  of  the  data  read  from  the 
optical  disk  1  are  read  by  the  control  circuit  32  from 
the  output  of  the  sector  detection  circuit  4  and,  in  re- 
sponse  thereto,  the  control  circuit  32  specifies  a  write 
address  or  write  point  (WP)  for  storing  the  corre- 
sponding  data  received  from  the  ECC  31  in  the  ring 
buffer  memory  5.  In  addition,  the  control  circuit  32 
specifies  a  read  address  or  reproduction  point  (RP)  of 

data  written  in  the  ring  buffer  memory  5  for  reading 
data  in  response  to  a  code  request  signal  from  a  post- 
stage  video  code  buffer  10  of  a  decoding  section  20. 
The  control  circuit  32  reads  the  data  at  the  specified 

5  reproduction  point  (RP)  and  supplies  the  same  to  the 
video  code  buffer  10  for  storage  therein. 

The  data  stored  in  the  video  code  buffer  10  is 
transferred  thereby  to  an  inverse  variable  length  cod- 
ing  (IVLC)  circuit  11  of  the  decoder  section  20  in  re- 

10  sponse  to  the  code  request  signal  which  is  produced 
by  the  IVLC  circuit  11.  The  circuit  11  carries  out  in- 
verse  variable  length  coding  of  the  data  received  from 
the  video  code  buffer  10  and,  when  such  processing 
is  complete,  supplies  the  resulting  data  to  an  inverse 

15  quantization  circuit  1  2.  At  the  same  time,  the  IVLC  cir- 
cuit  11  outputs  a  further  code  request  signal  to  the 
video  buffer  1  0  for  requesting  a  further  supply  of  data 
therefrom.  In  addition,  the  IVLC  circuit  11  outputs 
quantization  step  size  data  and  a  motion  vector  to  an 

20  inverse  quantization  circuit  12  and  a  motion  compen- 
sation  circuit  15,  respectively. 

The  circuit  12  carries  out  inverse  quantization  of 
the  received  data  based  on  the  quantization  step  size 
data  and  supplies  the  inverse  quantized  data  to  an  in- 

25  verse  discrete  cosine  transformation  (IDCT)  circuit  1  3 
for  carrying  out  an  inverse  discrete  cosine  transfor- 
mation  process  on  the  inverse  quantized  data  which 
it  then  supplies  to  a  first  input  of  an  adding  circuit  14. 

In  the  event  that  the  data  supplied  from  the  IDCT 
30  circuit  13  is  the  data  of  an  intraframe  coded  picture 

(also  referred  to  as  an  I  picture),  the  data  supplied 
from  the  circuit  13  is  output  by  the  adding  circuit  14 
as  is  to  be  stored  in  one  of  a  plurality  of  frame  mem- 
ories  16.  Other  pictures  are  encoded  as  "P  pictures", 

35  that  is,  pictures  encoded  on  a  macroblock-by-macro- 
block  basis  selectively  either  by  intraframe  encoding 
or  by  interframe  coding  through  prediction  from  one 
of  a  preceding  or  succeeding  I  picture  or  P  picture. 
Where  the  data  output  by  the  circuit  13  is  interframe 

40  coded  P  picture  data,  the  decoded  I  picture  or  P  pic- 
ture  data  previously  stored  in  one  of  the  frame  mem- 
ories  1  6  is  su  ppl  ied  t  hereby  to  a  motion  compensation 
circuit  15.  The  motion  compensation  circuit  15  carries 
out  motion  compensation  of  the  received  I  picture  or 

45  P  picture  data  in  response  to  corresponding  motion 
vectors  supplied  by  the  IVLC  circuit  11.  The  motion 
compensated  data  thus  produced  by  the  motion  com- 
pensation  circuit  15  is  supplied  thereby  to  a  second 
input  of  the  adding  circuit  14  which  adds  the  same  to 

so  the  data  supplied  from  the  IDCT  circuit  13  in  order  to 
produce  decoded  P  picture  data.  The  decoded  P  pic- 
ture  data  is  also  stored  in  one  of  the  respective  frame 
memories  16. 

"B  pictures"  are  encoded,  macroblock-by-macro- 
55  block,  selectively  by  one  of  intraframe  coding,  inter- 

frame  coding  based  on  the  data  of  a  single  preceding 
or  succeeding  I  picture  or  P  picture,  or  through  bidir- 
ectional  coding  (a  predictive  technique  in  which  a  giv- 
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en  macroblock  is  predicted  by  combining  the  data  of 
motion  compensated  macroblocks  from  two  frames  or 
fields  encoded  as  I  pictures  or  P  pictures).  According- 
ly,  to  decode  a  B  picture,  data  from  one  or  both  of  the 
I  picture  and/or  the  P  picture  data  stored  in  the  frame  5 
memories  16  are  read  therefrom  and  supplied  to  the 
motion  compensation  circuit  15.  After  motion  com- 
pensation  by  the  circuit  15,  the  data  are  supplied  to 
the  second  input  of  the  adding  circuit  14  which  serves 
to  add  the  data  supplied  from  the  IDCT  circuit  13  with  10 
that  received  from  the  motion  compensation  circuit  1  5 
to  yield  decoded  B  picture  data.  The  decoded  B  pic- 
ture  data  then  is  stored  in  a  corresponding  one  of  the 
frame  memories  16.  Finally,  the  stored  picture  data  is 
read  from  the  frame  memories  16  to  a  digital-to-ana-  15 
log  converter  (D/A)  1  7  where  it  is  converted  to  analog 
form  and  then  supplied  to  a  display  18  to  produce  vis- 
ual  images. 

While  the  picture  data  and  coding  methods  de- 
scribed  above  afford  substantial  compression  of  the  20 
data,  the  amount  of  data  in  a  given  frame  or  field  can 
vary  substantially  from  one  frame  or  field  to  the  next. 
For  example,  it  is  generally  the  case  that  frames  or 
fields  encoded  as  P  pictures  or  B  pictures  have  rela- 
tively  less  data  than  frames  or  fields  encoded  as  I  pic-  25 
tures.  In  addition,  still  pictures  as  well  as  pictures  in 
which  the  luminance  levels  change  very  little  over  the 
spatial  dimensions  thereof  (for  example,  pictures  of  a 
blue  sky)  typically  yield  relatively  little  data  when  en- 
coded.  30 

As  mentioned  above,  the  control  circuit  32  sup- 
plies  the  data  stored  in  the  ring  buffer  memory  5  in  re- 
sponse  to  the  code  request  signal  from  the  video 
code  buffer  10.  It  will  be  appreciated  that  when  the 
decoder  20  processes  pictures  for  which  relatively  lit-  35 
tie  data  is  required,  the  rate  at  which  data  will  be  re- 
quested  by  means  of  the  code  request  signal  pro- 
duced  by  the  IVLC  circuit  11  will  decrease  so  that  the 
rate  at  which  data  is  transferred  to  the  video  code  buf- 
fer  1  0  from  the  ring  buffer  memory  5  likewise  will  de-  40 
crease.  Since,  however,  the  data  is  reproduced  at  a 
substantially  constant  rate  from  the  disk  1,  the  quan- 
tity  of  data  stored  in  the  ring  buffer  memory  5  will  in- 
crease  in  these  circumstances  so  that  an  overflow 
can  result.  In  order  to  avoid  such  an  occurrence,  the  45 
track  jump  decision  circuit  7  determines  the  quantity 
of  data  currently  stored  in  the  ring  buffer  memory  5 
by  monitoring  the  write  point  (WP)  and  the  reproduc- 
tion  point  (RP)  controlled  by  the  control  circuit  32. 
When  the  track  jump  decision  circuit  7  detects  that  50 
the  quantity  of  data  stored  in  the  memory  5  has  ex- 
ceeded  a  preset  reference  value,  indicating  that  the 
ring  buffer  memory  5  may  overflow,  the  track  jump 
decision  circuit  7  issues  a  track  jump  command  to  a 
tracking  servo  circuit  8.  55 

In  addition,  when  an  abnormal  sector  number  sig- 
nal  is  supplied  by  the  sector  detection  circuit  4  or  an 
error  occurrence  signal  from  the  ECC  31  is  detected, 

the  track  jump  decision  circuit  7  likewise  determines 
the  quantity  of  the  data  remaining  in  ring  buffer  mem- 
ory  5  again  using  the  write  point  (WP)  and  the  repro- 
duction  point  (RP).  The  track  jump  decision  circuit  7 
also  determines  the  quantity  of  data  required  to  guar- 
antee  that  sufficient  data  will  be  supplied  from  the 
ring  buffer  memory  5  to  the  video  code  buffer  10  so 
that  pictures  can  be  decoded  without  interruption  if 
the  circuit  7  commands  a  track  jump,  since  the  supply 
of  new  data  from  the  optical  disk  1  will  be  delayed 
thereupon  as  the  disk  1  rotates  another  turn  after  the 
track  jump  until  it  arrives  again  at  a  position  at  which 
data  is  written.  If  there  is  a  sufficiently  large  amount 
of  data  remaining  in  the  ring  buffer  memory  5  when 
a  track  jump  is  to  be  made,  underflow  will  not  occur 
in  the  ring  buffer  memory  5  even  if  data  is  read  from 
the  memory  5  at  a  maximum  transfer  rate.  If  the  fore- 
going  conditions  are  satisfied,  the  trackjump  decision 
circuit  7  determines  that  the  errors  can  be  recovered 
by  once  again  reproducing  data  from  the  error  occur- 
rence  position  by  means  of  the  pickup  2  and,  there- 
fore,  outputs  a  trackjump  command  to  the  tracking 
servo  circuit  8. 

When  a  trackjump  command  is  supplied  from  the 
trackjump  decision  circuit  7  to  avoid  a  potential  over- 
flow  of  memory  5,  the  tracking  servo  circuit  8  causes 
the  pickup  2  to  jump  to  the  immediately  preceding 
track.  That  is,  where  the  disk  being  reproduced  has 
recorded  data  sequentially  from  a  track  at  its  internal 
circumference  to  a  track  at  its  outer  circumference, 
the  tracking  servo  circuit  8  will  cause  the  pickup  2  to 
jump  from  a  current  track  to  the  adjacent  track  in  the 
direction  of  the  internal  circumference.  Afterthe  track 
jump,  writing  of  new  data  in  the  ring  buffer  memory  5 
is  prohibited  as  the  optical  disk  1  rotates  a  full  turn  and 
until  the  reproduction  position  of  the  pickup  2  returns 
to  the  position  from  which  the  jump  occurred  which  is 
detected  when  the  sector  number  obtained  from  the 
sector  detection  circuit  4  corresponds  with  the  sector 
number  at  the  time  of  the  trackjump.  As  the  pickup  2 
proceeds  toward  the  jump  point,  the  data  stored  in 
the  ring  buffer  memory  5  is  transferred  to  the  video 
code  buffer  10  as  needed. 

After  a  trackjump  and  a  return  of  the  pickup  2  to 
the  point  from  which  the  jump  occurred  as  indicated 
by  the  detected  sector  number,  the  quantity  of  data 
stored  in  the  memory  5  may  still  exceed  the  specified 
reference  value.  If  so,  the  possibility  of  overflow  in 
the  ring  buffer  memory  5  is  indicated  and,  conse- 
quently,  the  writing  of  data  in  the  memory  5  is  sus- 
pended  while  a  further  trackjump  is  executed. 

The  data  capacity  of  the  ring  buffer  memory  5  is 
selected  so  that  the  memory  5  is  capable  of  storing 
an  amount  of  data  which  is  at  least  as  much  as  the 
maximum  amount  of  data  reproduced  during  one  turn 
of  the  optical  disk  1.  Therefore,  where  the  disk  to  be 
reproduced  is  a  constant  linearvelocity  (CLV)  disk  for 
which  the  duration  of  the  rotation  cycle  is  greatest  at 
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the  outermost  circumference,  the  ring  buffer  memory 
5  is  selected  so  that  it  has  a  capacity  to  store  the 
amount  of  data  that  would  be  reproduced  during  one 
turn  of  the  disk  at  its  outermost  circumference.  This 
amount  of  data  would  be  equal  to  (a)  the  duration  of 
a  rotation  cycle  of  the  disk  when  data  is  reproduced 
from  its  outermost  circumference,  multiplied  by  (b) 
the  data  transfer  rate  from  the  ECC  31  to  the  ring  buf- 
fer  memory  5. 

Moreover,  the  maximum  transfer  rate  of  the  data 
from  the  ring  buffer  memory  5  to  the  video  code  buf- 
fer  10  is  selected  at  a  value  equal  to  or  less  than  the 
rate  of  data  transfer  from  the  ECC  31  to  the  ring  buffer 
memory  5.  In  this  manner,  the  video  code  buffer  10 
may  supply  data  transfer  requests  to  the  ring  buffer 
memory  5  without  regard  to  the  occurrence  or  timing 
of  a  trackjump. 

Since  track  jumps  are  initiated  in  response  to  a 
determination  whether  a  sufficient  amount  of  data  is 
stored  in  the  ring  buffer  memory  5,  the  occurrence  of 
overflow  or  underflow  of  the  video  code  buffer  10 
may  be  prevented  regardless  of  the  complexity  or 
evenness  of  the  picture  data  reproduced  from  the  opt- 
ical  disk  1.  Accordingly,  pictures  of  uniform  picture 
quality  can  be  reproduced  over  a  relatively  long  peri- 
od  of  time.  Further,  degradation  of  picture  quality  due 
to  data  reading  errors  is  alleviated  since  the  system 
is  provided  with  a  trackjump  capability  to  enable  the 
disk  to  be  reread  at  a  position  where  a  read  error  oc- 
curred. 

With  reference  to  Fig.  2,  the  ECC  31  is  illustrated 
therein  having  an  input  to  receive  data  supplied  bythe 
demodulation  circuit  3  of  Fig.  1  via  the  sector  detec- 
tion  circuit  4  which  the  circuit  31  stores  temporarily  in 
an  input  stage  buffer41  .  The  data  stored  in  the  buffer 
41  is  transferred  sequentially  to  a  memory  42  where 
it  is  stored  at  addresses  generated  by  an  address 
generator  43.  The  data  stored  in  the  memory  42  is 
then  read  therefrom  and  transferred  to  an  error  cor- 
rection  circuit  44  which  carries  out  error  correction 
processing  on  the  received  data  and  then  stores  the 
corrected  data  in  the  memory  42. 

Fig.  3  provides  a  memory  map  of  the  memory  42 
for  use  in  explaining  the  writing  and  reading  of  data 
to  and  from  the  memory  42.  The  data  are  received  by 
the  memory  42  in  units  of  a  predetermined  data 
length  and  stored  thereby  at  addresses  indicated  by 
a  write  pointer  wpl  in  the  horizontal  direction  as  indi- 
cated  in  the  memory  map  of  Fig.  3.  Each  of  the  data 
units  includes  parity  bits  added  to  the  end  of  each 
data  unit  and  stored  in  the  memory  42  in  the  positions 
indicated  by  the  crosshatched  portion  of  Fig.  3.  How- 
ever,  the  parity  bits  are  generated  from  diagonally 
aligned  data  bits  (as  shown  in  the  memory  map  of  Fig. 
3)  so  that  the  parity  bits  produced  for  each  set  of  di- 
agonally  aligned  data  bits  are  also  aligned  therewith. 
The  diagonal  alignment  of  the  data  and  the  parity  bits 
produced  therefrom  is  referred  to  herein  as  the  "inter- 

leave"  direction  which  is  indicated  by  the  dashed  lines 
in  Fig.  3. 

The  parity  bits  provide  the  ability  to  correct  data 
errors  in  the  data  from  which  they  were  produced.  Be- 

5  cause  of  the  arrangement  of  the  data  and  corre- 
sponding  parity  bits  in  the  interleave  direction,  burst 
errors  can  be  isolated  more  effectively.  After  the  data 
has  been  written  at  the  addresses  indicated  by  the 
write  pointer  wp1,  they  are  read  subsequently  in  the 

10  interleave  direction  from  a  position  indicated  by  a 
read  pointer  rp1.  It  will  be  seen  from  Fig.  3  that  the 
read  pointer  rp1  is  delayed  sufficiently  with  respect  to 
the  write  pointer  wp1  so  that  a  complete  line  of  inter- 
leaved  data  may  be  read  for  error  correction  process- 

is  ing.  This  delay  must  take  account  of  the  interleave 
length  corresponding  with  the  vertical  extent  of  each 
interleaved  data  unit  as  indicated  in  Fig.  3.  The  data 
read  from  the  addresses  indicated  by  the  read  pointer 
rp1  are  supplied  to  the  error  correction  circuit  44 

20  which  carries  out  error  correction  processing  and 
then  returns  the  corrected  data  to  the  memory  42. 

The  data  which  have  been  corrected  by  the  error 
correction  circuit  44  are  written  in  the  same  locations 
of  the  memory  42  at  which  they  were  stored  upon 

25  transfer  thereto  from  the  buffer  41  ,  as  indicated  by  a 
write  pointer  wp2.  Accordingly,  the  interval  represent- 
ed  by  the  difference  between  the  read  pointer  rp1  and 
write  pointer  wp2  corresponds  with  the  ECC  process 
time.  After  the  corrected  data  have  been  rewritten  at 

30  the  locations  indicated  by  the  write  pointer  wp2,  the 
data  is  transferred  to  an  output  buffer  45  of  the  error 
correction  circuit  31  in  accordance  with  a  read  pointer 
rp2  which  designates  each  horizontal  line  of  the  error 
corrected  data  to  be  read.  Accordingly,  as  time  pro- 

35  gresses,  the  read  pointer  rp2  is  shifted  vertically  to 
sequentially  output  the  corrected  data  to  the  buffer45 
to  complete  each  cycle  of  operation  of  the  ECC  31. 

From  the  foregoing  it  will  be  appreciated  that  the 
corrected  data  is  first  stored  in  the  memory  42  of  Fig. 

40  2  and  then  stored  again  in  the  ring  buffer  memory  5 
after  output  from  ECC  31.  Consequently,  in  the  de- 
vice  of  Fig.  1,  redundant  operations  are  carried  out, 
including  the  sequential  input  and  output  of  data  to 
and  from  the  memories  42  and  5.  It  will  be  seen  that 

45  the  optical  disk  device  of  Fig.  1  is  thus  relatively  com- 
plex  and  expensive  as  a  result  of  the  need  for  the 
memory  42. 

In  accordance  with  an  aspect  of  the  present  in- 
vention,  a  method  for  reproducing  encoded  data  re- 

50  corded  on  a  disk  and  decoding  the  reproduced  encod- 
ed  data  comprises  the  steps  of:  reproducing  the  en- 
coded  data  from  the  disk;  storing  the  reproduced  en- 
coded  data  in  a  first  buffer;  reading  the  reproduced 
encoded  data  from  the  first  buffer;  correcting  errors 

55  in  the  reproduced  encoded  data  read  from  the  first 
buffer  to  produce  error-corrected  encoded  data;  stor- 
ing  the  error-corrected  encoded  data  in  the  first  buf- 
fer;  reading  the  error-corrected  encoded  data  from 

4 
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the  first  buffer  at  a  variable  rate;  and  decoding  the  er- 
ror-corrected  encoded  data  read  from  the  first  buffer 
at  said  variable  rate. 

In  accordance  with  another  aspect  of  the  present 
invention,  an  apparatus  for  reproducing  encoded  data 
recorded  on  a  disk  and  decoding  the  reproduced  en- 
coded  data  comprises:  reproduction  means  for  repro- 
ducing  the  encoded  data  recorded  on  the  disk;  stor- 
age  means  for  storing  the  reproduced  encoded  data; 
error  correction  means  for  correcting  errors  in  the  re- 
produced  encoded  data;  decoder  means  for  decoding 
encoded  data  supplied  thereto;  and  read/write  control 
means  for  controllably  writing  the  reproduced  encod- 
ed  data  in  said  storage  means,  reading  the  repro- 
duced  encoded  data  from  the  storage  means  to  the 
error  correction  means,  writing  error-corrected  en- 
coded  data  from  the  error  correction  means  in  the 
storage  means  and  reading  the  error-corrected  en- 
coded  data  from  the  storage  means  for  supply  to  said 
decoder  means  at  a  variable  rate. 

In  accordance  with  a  further  aspect  of  the  pres- 
ent  invention  a  method  for  reproducing  encoded  data 
recorded  on  a  disk  and  decoding  the  reproduced  en- 
coded  data  with  the  use  of  a  decoder,  comprises  the 
steps  of:  reproducing  the  encoded  data  from  the  disk; 
storing  the  reproduced  encoded  data  in  a  first  buffer; 
reading  the  reproduced  encoded  data  from  the  first 
buffer;  correcting  errors  in  the  reproduced  encoded 
data  read  from  the  first  buffer  to  produce  error-cor- 
rected  encoded  data;  storing  the  error-corrected  en- 
coded  data  in  the  first  buffer;  producing  a  data  re- 
quest  signal  representing  a  request  by  the  decoder  for 
provision  of  the  error-corrected  encoded  data  thereto 
for  decoding;  reading  the  error-corrected  encoded 
data  from  the  first  buffer  in  response  to  the  data  re- 
quest  signal;  and  decoding  the  error-corrected  en- 
coded  data  read  from  the  first  buffer. 

In  accordance  with  yet  another  aspect  of  the 
present  invention,  an  apparatus  for  reproducing  en- 
coded  data  recorded  on  a  disk  and  decoding  the  re- 
produced  encoded  data,  comprises:  reproducing 
means  for  reproducing  the  encoded  data  recorded  on 
the  disk;  storage  means  for  storing  the  reproduced 
encoded  data;  error  correction  means  for  correcting 
errors  in  the  reproduced  encoded  data;  decoder 
means  for  decoding  encoded  data  supplied  thereto; 
and  read/write  control  means  for  controllably  writing 
the  reproduced  encoded  data  in  said  storage  means, 
reading  the  reproduced  encoded  data  from  the  stor- 
age  means  to  the  error  correction  means  and  writing 
error-corrected  encoded  data  from  the  error  correc- 
tion  means  in  the  storage  means;  the  decoder  means 
being  operative  to  produce  a  data  request  signal  rep- 
resenting  a  request  by  the  decoderfor  provision  of  the 
error-corrected  encoded  data  thereto  for  decoding; 
the  read/write  control  means  being  operative  to  read 
the  error-corrected  encoded  data  from  the  storage 
means  for  supply  to  the  decoder  means  in  response 

to  the  data  request  signal. 
In  accordance  with  a  still  further  aspect  of  the 

present  invention,  a  method  for  reproducing  encoded 
data  recorded  in  tracks  in  a  predetermined  data  order 

5  according  to  a  predetermined  track  sequence  on  a 
disk  and  decoding  the  reproduced  encoded  data, 
comprises  the  steps  of:  reproducing  encoded  data 
from  a  current  track  of  the  disk  and  a  track  preceding 
the  current  track  in  said  predetermined  track  se- 

10  quence  to  provide  first  reproduced  encoded  data; 
storing  the  first  reproduced  encoded  data  in  a  first 
buffer;  after  providing  the  first  reproduced  encoded 
data,  track  jumping  from  the  current  track  to  the  pre- 
ceding  track;  reproducing  encoded  data  from  the  pre- 

15  ceding  track  after  track  jumping  thereto  to  provide 
second  reproduced  encoded  data  corresponding  with 
at  least  a  portion  of  the  first  reproduced  encoded 
data;  storing  the  second  reproduced  encoded  data  in 
the  first  buffer;  reading  at  least  a  portion  of  each  of 

20  the  first  and  second  reproduced  encoded  data  from 
the  first  buffer;  correcting  errors  in  said  at  least  a  por- 
tion  of  each  of  the  first  and  second  reproduced  encod- 
ed  data  read  from  the  first  buffer  to  produce  error- 
corrected  encoded  data;  storing  the  error-corrected 

25  encoded  data  in  the  first  buffer;  reading  the  error-cor- 
rected  encoded  data  from  the  first  buffer  such  that 
data  in  a  first  portion  thereof  corresponding  with  the 
first  reproduced  encoded  data  are  read  from  the  first 
buffer  in  said  predetermined  data  order  with  data  in 

30  a  second  portion  of  the  error-corrected  encoded  data 
corresponding  with  the  first  reproduced  encoded 
data;  and  decoding  the  error-corrected  encoded  data 
read  from  the  first  buffer. 

In  accordance  with  yet  still  another  aspect  of  the 
35  present  invention,  an  apparatus  for  reproducing  en- 

coded  data  recorded  in  tracks  in  a  predetermined 
data  order  according  to  a  predetermined  track  se- 
quence  on  a  disk  and  decoding  the  reproduced  en- 
coded  data,  comprises:  reproduction  means  forrepro- 

40  ducing  encoded  data  from  respective  tracks  on  the 
disk;  storage  means  for  storing  the  reproduced  en- 
coded  data;  track  jump  control  means  for  controlling 
the  reproducing  means  to  trackjump  from  a  current 
track  from  which  data  is  being  reproduced  thereby  to 

45  a  preceding  track  in  said  predetermined  track  se- 
quence  for  reproducing  data  therefrom;  error  correc- 
tion  means  for  correcting  errors  in  the  reproduced  en- 
coded  data;  decoder  means  for  decoding  encoded 
data  supplied  thereto;  and  read/write  control  means 

so  for  writing  encoded  data  reproduced  from  the  current 
track  and  the  preceding  track  prior  to  a  trackjump  as 
first  reproduced  encoded  data  in  said  storage  means 
and  writing  encoded  data  reproduced  from  the  pre- 
ceding  track  after  said  track  jump  as  second  repro- 

55  duced  encoded  data  in  said  storage  means;  said 
read/write  control  means  being  operative  to  read  at 
least  a  portion  of  each  of  the  first  and  second  repro- 
duced  encoded  data  from  the  storage  means  to  the 

5 
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error  correction  means  and  to  write  error-corrected 
first  reproduced  encoded  data  and  error-corrected 
second  reproduced  encoded  data  in  the  storage 
means;  said  read/write  control  means  being  further 
operative  to  read  the  error-corrected  first  and  second 
reproduced  encoded  data  from  the  storage  means  to 
the  decoder  means  such  that  the  error  corrected  first 
reproduced  encoded  data  are  read  from  the  storage 
means  in  said  predetermined  order  with  said  error 
corrected  second  reproduced  encoded  data. 

Embodiments  of  the  present  invention  provide 
methods  and  apparatus  which  alleviate  the  short- 
comings  and  disadvantages  of  existing  techniques 
discussed  above. 

Further,  embodiments  of  the  present  invention 
provide  methods  and  apparatus  for  reproducing  and 
decoding  data  recorded  on  a  disk  which  are  relatively 
less  complex  and  less  expensive  to  implement  than 
existing  techniques. 

Embodiments  of  the  invention  will  now  be  descri- 
bed,  by  way  of  example,  with  reference  to  the  accom- 
panying  drawings  in  which: 

Fig.  1  is  a  block  diagram  of  a  proposed  optical 
disk  reproducing  system; 
Fig.  2  is  a  blockdiagram  of  an  error  correction  cir- 
cuit  (ECC)  of  the  optical  disk  reproducing  system 
of  Fig.  1; 
Fig.  3  is  a  memory  map  for  illustrating  the  opera- 
tion  of  a  memory  included  in  the  ECC  of  Fig.  2; 
Fig.  4  is  a  block  diagram  of  an  optical  disk  repro- 
ducing  system  in  accordance  with  an  embodi- 
ment  of  the  present  invention; 
Fig.  5  is  a  schematic  diagram  for  use  in  explaining 
the  operation  of  a  ring  buffer  memory  of  the  Fig. 
4  system; 
Figs.  6  through  9  are  memory  maps  for  use  in  il- 
lustrating  the  operation  of  the  ring  buffer  memory 
of  the  Fig.  4  system;  and 
Figs.  10  through  12  are  schematic  diagrams  for 
use  in  illustrating  the  operation  of  the  ring  buffer 
memory  of  the  Fig.  4  system  when  uncorrectable 
data  errors  are  encountered. 
With  reference  now  to  Fig.  4,  a  block  diagram  of 

an  optical  disk  reproducing  system  according  to  an 
embodiment  of  the  present  invention  is  illustrated 
therein  in  which  pickup  2  reproduces  predictively  en- 
coded  picture  data  from  an  optical  disk  1  and  supplies 
the  same  to  a  demodulation  circuit  3  which  demodu- 
lates  the  reproduced  data.  The  circuit  3  supplies  the 
demodulated  data  in  turn  to  a  sector  detection  circuit 
4  for  detecting  sector  numbers  included  in  the  de- 
modulated  picture  data.  Picture  data  then  is  output  by 
the  sector  detection  circuit  for  storage  in  a  ring  buffer 
memory  5.  Memory  5  may  be  implemented,  for  exam- 
ple,  in  the  form  of  DRAM  or  SRAM  circuitry;  however, 
other  devices  suitable  for  implementing  the  ring  buf- 
fer  memory  5  will  be  apparent  based  on  the  disclo- 
sure  of  the  present  application. 

A  control  circuit  6  receives  sector  numbers  de- 
tected  by  the  sector  detection  circuit  4  to  determine 
the  addresses  of  the  data  reproduced  from  the  optical 
disk  1  and  being  supplied  for  storage  in  the  ring  buffer 

5  memory  5.  The  control  circuit  6  responds  to  the  sector 
numbers  by  specifying  a  write  address  or  write  point 
(WP1)  and  stores  the  picture  data  supplied  by  the 
sector  detection  circuit  4  at  the  specified  addresses 
of  the  ring  buffer  memory  5.  The  write  addresses  are 

10  arranged  numerically  in  sequence  and,  except  as  ex- 
plained  hereinbelow,  the  control  circuit  6  selects  a 
write  address  for  each  item  of  data  so  that  the  data 
are  written  in  numerically  sequential  memory  ad- 
dresses  in  the  ring  buffer  memory  5  in  the  same  order 

15  as  the  data  are  normally  reproduced  from  the  disk  1  , 
that  is,  successively  in  the  sequence  as  recorded 
thereon. 

In  addition,  the  control  circuit  6  specifies  a  read 
address  or  reproduction  point  (RP2)  for  the  data  stor- 

20  ed  in  the  ring  buffer  memory  5  in  response  to  the  re- 
ceipt  of  a  code  request  signal  from  a  post-stage  video 
code  buffer  1  0  of  a  decoder  section  20  which  serves 
to  decode  predictively  encoded  picture  data.  The  con- 
trol  circuit  6  reads  the  data  specified  by  the  reproduc- 

25  tion  point  (RP2)  from  the  memory  5  for  storage  in  the 
video  code  buffer  10  from  which  the  stored  data  is,  in 
turn,  supplied  pursuant  to  the  code  request  signal  to 
an  IVLC  circuit  11  for  inverse  variable  length  coding. 
The  IVLC  circuit  11  supplies  inverse  variable  length 

30  coded  picture  data  as  well  as  quantization  step  size 
data  and  motion  vectors  for  subsequent  decoding 
processing  in  the  same  manner  as  the  circuit  of  Fig. 
1.  IVLC  circuit  11  supplies  the  data  request  signal  to 
the  video  code  buffer  10  as  data  are  required  for  de- 

35  coding.  It  will  be  appreciated  that  the  rate  at  which 
data  will  thus  be  requested  by  the  circuit  11  will  vary 
depending  on  the  type  of  picture  being  decoded  and 
the  nature  of  the  image  data.  In  turn,  the  data  request 
signal  supplied  to  the  control  circuit  6  from  the  buffer 

40  10  will  reflect  the  variation  over  time  of  the  data  sup- 
ply  rate  requirement  of  the  decoder  section  20. 

The  read  addresses  specified  by  the  control  cir- 
cuit  6  are  also  arranged  numerically  in  sequence  and, 
except  as  explained  hereinbelow,  the  control  circuit  6 

45  specifies  the  read  address  for  each  data  unit  so  that 
the  data  are  read  from  numerically  sequential  mem- 
ory  addresses  to  supply  the  data  to  the  video  code 
buffer  10  in  the  same  order  as  normally  reproduced 
from  (and  as  recorded  on)  the  disk  1.  The  control  cir- 

50  cuit  6  also  specifies  a  further  read  address  or  repro- 
duction  point  (RP1)  for  reading  data  stored  in  the  ring 
buffer  memory  5  for  supply  to  an  error  correction  cir- 
cuit  (ECC)  9  for  carrying  out  error  correction  thereof, 
as  well  as  a  further  write  address  or  write  point  (WP2) 

55  for  storing  error  corrected  data  supplied  by  the  error 
correction  circuit  9  in  the  ring  buffer  memory  5. 

With  reference  now  to  Fig.  5,  the  relationship  of 
the  numerical  addresses  or  "positions"  of  the  write 

6 
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points  WP1  and  WP2  and  reproduction  points  RP1 
and  RP2  of  the  ring  buffer  memory  5  are  illustrated 
therein.  The  addresses  represented  by  the  write  and 
reproduction  points  WP1,  WP2,  RP1  and  RP2  are 
constrained  so  that  none  will  overtake  another,  but  5 
will  "rotate"  in  the  counterclockwise  or  forward  direc- 
tion  as  illustrated  in  Fig.  5  (as  indicated  by  the  arrows 
therein)  as  time  progresses,  except  as  explained 
hereinbelow. 

The  ECC  9  of  Fig.  4  is  substantially  simplified  as  10 
compared  with  the  ECC  31  of  Fig.  1  since  the  mem- 
ory  42  of  circuit  31  is  not  required  by  the  ECC  9.  Rath- 
er,  data  is  read  to  the  ECC  9  from  the  reproduction 
point  RP1  of  the  ring  buffer  memory  5  and  the  ECC 
9  carries  out  error  correction  processing  with  the  use  15 
of  the  error  correction  parity  data  read  with  each 
group  of  data  (or  "data  unit")  supplied  from  the  mem- 
ory  5.  The  error  corrected  data  is  output  by  the  ECC 
9  and  stored  in  the  ring  buffer  memory  5  at  the  write 
point  WP2.  In  the  event  that  an  error  in  the  group  of  20 
data  supplied  to  ECC  9  cannot  be  corrected  thereby, 
it  outputs  an  error  occurrence  signal  to  a  trackjump 
decision  circuit  7.  It  will  be  appreciated  from  the  fore- 
going  that,  in  a  normal  sequence  of  operation,  data  is 
first  written  at  the  write  point  WP1  of  the  ring  buffer  25 
memory  5  and  thereafter  read  when  the  reproduction 
point  RP1  advances  to  the  address  of  its  data  unit  for 
processing  by  the  error  correction  circuit  9.  The  proc- 
essing  delay  introduced  by  the  error  correction  circuit 
9  corresponds  in  time  with  the  spacing  of  the  repro-  30 
duction  point  RP1  and  write  point  WP2,  so  that  when 
the  circuit  9  is  ready  to  return  error  corrected  data  to 
the  memory  5,  the  write  point  WP2  corresponds  with 
the  original  addresses  from  which  the  corresponding 
corrected  data  were  read  from  the  memory  5.  After  35 
the  corrected  data  is  written  in  the  ring  buffer  memory 
5  and  the  reproduction  point  RP2  advances  to  its 
memory  address,  the  data  is  read  from  the  ring  buffer 
memory  5  in  response  to  a  code  request  signal  from 
the  video  code  buffer  1  0  to  be  stored  therein  and  sub-  40 
sequently  read  therefrom  for  decoding  as  discussed 
above. 

A  more  detailed  explanation  of  certain  operation- 
al  features  of  the  Fig.  4  embodiment  is  now  provided. 
The  trackjump  decision  circuit  7  on  an  ongoing  basis  45 
determines  the  quantity  of  the  error  corrected  data 
stored  in  the  ring  buffer  memory  5  which  is,  thus, 
available  for  supply  tothe  video  code  bufferlO,  by  de- 
termining  the  difference  between  the  address  indi- 
cated  by  the  write  point  WP2  and  the  address  indicat-  50 
ed  by  the  reproduction  point  RP2.  Based  on  the  de- 
termined  quantity,  the  track  jump  decision  circuit  7 
supplies  a  trackjump  command  to  a  tracking  servo 
circuit  8  in  the  same  manner  as  in  the  device  of  Fig. 
1  ,  when  there  is  the  risk  of  an  overflow  in  the  ring  buf-  55 
fer  memory  5  or  when  an  abnormal  sector  number  is 
detected  by  the  sector  detection  circuit  4. 

When  a  trackjump  is  executed  under  the  control 

of  the  trackjump  decision  circuit  7,  the  control  circuit 
6  serves  to  control  the  write  points  WP1  and  WP2  as 
well  as  the  reproduction  points  RP1  and  RP2  in  the 
manner  described  below  in  connection  with  Figs.  6- 
9. 

Fig.  6  provides  a  memory  map  for  illustrating  the 
state  of  the  ring  buffer  memory  5  after  a  track  jump 
and  upon  the  resumption  of  the  writing  of  data  in  the 
memory  5  following  its  interruption.  In  Figs.  6-9  it  is 
assumed  that  the  interleave  length  is  equal  to  L  and 
in  Fig.  6,  error  corrected  data  up  to  and  including  data 
D(i)  has  been  stored  sequentially  up  to  address  X  in 
the  cross-hatched  portion  90,  wherein  i  is  an  index 
which  increases  by  1  for  each  item  of  data  in  the  se- 
quence  as  normally  reproduced  from  the  disk  1.  Ac- 
cordingly,  the  data  up  to  and  including  data  D(i)  may 
be  output  from  the  ring  buffer  5  to  the  video  code  buf- 
fer  10  for  decoding.  After  the  trackjump,  the  writing 
of  data  outputfrom  the  demodulation  circuit  3  through 
the  sector  detection  circuit4  is  resumed  from  address 
X  +  1  indicated  by  the  write  point  WP1  once  the  pick- 
up  2  has  again  reproduced  the  data  D(i-L+1)  preced- 
ing  the  data  D(i)  which  is  detected  from  the  sector 
data  output  by  the  sector  detection  circuit  4. 

As  illustrated  in  Fig.  7,  after  writing  is  resumed  fol- 
lowing  the  trackjump,  once  the  address  indicated  by 
the  write  point  WP1  advances  to  (X+L+1)  so  that  the 
data  from  D(i-L+1)  to  D(i)  have  been  written  in  the  ring 
buffer  5  from  address  X+1  to  address  X+L,  the  read 
point  RP1  is  set  to  X+1  .  Then,  error  correction  proc- 
essing  is  resumed  by  reading  the  data  in  the  inter- 
leave  direction  from  X+1  as  indicated  by  the  read 
point  RP1  to  the  error  correction  circuit9.  Itshould  be 
noted  that,  since  the  data  D(i-L+1)  was  written  at  the 
address  X+1  upon  resumption  of  writing,  the  data 
D(i+1)  will  be  written  at  address  (X+L+1).  When  error 
correction  processing  is  thus  carried  out  and  the  er- 
ror  corrected  data  is  resupplied  to  the  ring  buffer 
memory  5  for  storage  therein,  the  error  corrected 
data  is  initially  stored  at  the  address  X+1  as  the  initial 
value  of  the  write  point  WP2.  Thereafter,  the  error 
corrected  data  is  rewritten  sequentially  from  the  ad- 
dress  X+1  as  indicated  in  Fig.  8,  so  that  after  error 
correction  the  data  is  returned  to  the  positions  at 
which  it  was  written  originally  upon  receipt  from  the 
sector  detection  circuit  4. 

Track  jumping  is  carried  out  only  when  the 
amount  of  error  corrected  data  stored  in  the  ring  buf- 
fer  memory  5  is  sufficient  to  ensure  that  data  can  con- 
tinue  to  be  read  as  needed  to  the  video  code  buffer 
10,  so  that  the  reproduction  point  RP2  can  be  se- 
quentially  increased  incrementally  without  interrup- 
tion  in  response  to  code  request  signals  supplied  by 
the  video  code  buffer  10,  as  is  the  case  in  normal  op- 
eration. 

Since  the  data  stored  from  address  X+1  forward 
is  discontinuous  with  the  data  stored  up  to  address  X, 
and  error  correction  is  carried  out  by  reading  data  in 
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the  interleave  direction  as  illustrated,  for  example,  in 
Fig.  8,  the  data  stored  in  the  portion  100  of  Fig.  9  can- 
not  be  error  corrected  in  this  particular  embodiment. 
In  addition,  as  explained  previously  data  is  read  from 
the  ring  buffer  memory  5  to  the  video  code  buffer  10 
in  units  of  one  data  length  in  the  horizontal  direction 
as  illustrated  in  Fig.  9.  Accordingly,  the  data  extending 
from  address  X+1  to  address  X+L  is  not  supplied  to 
the  decoder  since  it  has  not  been  error  corrected  in 
its  entirety. 

Consequently,  once  the  reproduction  point  RP2 
reaches  address  X,  the  control  circuit  6  responds  by 
storing  an  address  X+L  in  its  place  before  the  next 
read  cycle  commences.  As  a  result,  in  the  next  read 
cycle  when  the  address  is  incremented  by  1,  the  re- 
production  point  RP2  jumps  from  address  X  to  ad- 
dress  X+L+1.  As  noted  above,  after  a  trackjump  the 
writing  of  data  in  the  ring  buffer  memory  5  is  resumed 
from  a  position  slightly  before  the  original  position  of 
the  pickup  2  at  the  time  of  the  track  jump  in  order  to 
commence  storing  the  data  D(i-L+1),  rather  than  the 
data  D(i+1).  In  this  manner,  despite  the  occurrence  of 
a  track  jump,  the  data  reproduced  from  the  optical 
disk  1  is  written  in  the  ring  buffer  memory  5  such  that 
the  error-corrected  data  stored  at  address  X  imme- 
diately  precedes  the  error-corrected  data  stored  at 
address  X+L+1  in  the  data  sequence  as  normally  re- 
produced  from  the  disk  1,  so  that  a  continuous  data 
stream  of  error-corrected  data  can  be  output  from  the 
ring  buffer  memory  5  when  the  reproduction  point 
RP2  jumps  from  X  to  X+L+1  . 

It  will  be  seen  that  the  ring  buffer  memory  5  thus 
serves  a  dual  purpose  of  preventing  overflow  and  un- 
derflow  of  data  in  the  video  code  buffer  10  and  serv- 
ing  as  a  means  to  permit  the  data  to  be  stored  for  pur- 
poses  of  reading  the  same  in  the  interleave  direction 
for  carrying  out  error  correction  in  the  ECC  9.  Accord- 
ingly,  the  system  can  be  implemented  in  a  smaller 
size  and  less  expensively  since  the  need  for  a  sepa- 
rate  ECC  memory  has  been  eliminated  in  the  system 
of  Fig.  4. 

As  noted  above,  when  an  uncorrectable  error  in 
the  data  is  encountered  (which  may  be  due,  for  exam- 
ple,  to  mechanical  vibration),  the  ECC  9  provides  an 
error  occurrence  signal  to  the  trackjump  decision  cir- 
cuit  7.  In  that  event,  the  trackjump  decision  circuit  7 
determines  the  quantity  of  the  error  corrected  data 
remaining  in  the  ring  buffer  memory  5  based  on  the 
write  point  WP2  and  the  reproduction  point  RP2  from 
the  control  circuit  6  to  determine  whether  a  track  jump 
may  be  carried  out. 

The  operation  of  the  trackjump  decision  circuit  7 
is  illustrated  ingreaterdetail  in  connection  with  Fig.  10 
which  schematically  illustrates  the  relationship  of  the 
write  points  WP1  and  WP2  and  reproduction  points 
RP1  and  RP2  in  the  ring  buffer  memory  5.  The  posi- 
tions  of  the  points  WP1,  RP1,  WP2  and  RP2  are  indi- 
cated,  respectively,  by  address  points  A,  B,  C  and  D 

in  Fig.  10.  In  the  example  of  Fig.  10,  it  is  assumed  that 
an  uncorrectable  error  has  occurred  in  the  data  be- 
tween  the  reproduction  point  RP1  and  the  write  point 
WP2,  so  that  the  trackjump  decision  circuit  7  deter- 

5  mines  the  amount  of  data  remaining  in  the  ring  buffer 
memory  5  between  addresses  WP2  (point  C)  and 
RP2  (point  D)  which  is  indicated  by  the  quantity  Y. 

The  quantity  of  error  corrected  data  a  that  is  re- 
quired  to  ensure  that  error  corrected  data  may  be 

10  read  from  the  ring  buffer  memory  5  to  the  video  code 
buffer  10  during  a  single  rotation  of  the  optical  disk  1 
is  determined  by  multiplying  the  period  of  the  rotation 
by  the  highest  bit  rate  from  the  ring  buffer  memory  5 
to  the  video  code  buffer  10.  In  addition,  the  quantity 

15  of  data  stored  in  the  ring  buffer  memory  5  and  which 
has  not  been  subjected  to  error  correction,  and  which 
is  indicated  by  the  data  quantity  X  in  Fig.  10  between 
the  write  point  WP1  and  the  write  point  WP2,  is  also 
determined.  Then,  the  sum  of  these  data  quantities 

20  (a+X)  is  compared  with  the  data  quantity  Y.  When  the 
data  quantity  Y  exceeds  the  data  quantity  (a+X),  the 
trackjump  decision  circuit  7  determines  that  an  un- 
derflow  of  data  in  the  ring  buffer  memory  5  will  not  oc- 
cur  as  data  is  read  from  the  memory  5  to  the  video 

25  code  buffer  10  despite  the  interruption  caused  by  a 
trackjump,  and  accordingly,  the  trackjump  decision 
circuit  7  responds  to  the  error  occurrence  signal  by  is- 
suing  a  trackjump  command  to  the  tracking  servo  cir- 
cuit  8.  The  tracking  servo  circuit  8  responds  to  the 

30  trackjump  command  by  causing  the  pickup  2  to  jump 
from  the  current  track  to  the  next  preceding  track 
which  has  already  been  reproduced,  and  the  pickup 
2  commences  reproduction  of  data  from  the  next  pre- 
ceding  track  once  the  trackjump  has  been  executed. 

35  It  will  be  appreciated  that  a  multiple  trackjump  may 
also  be  executed  if  sufficient  data  is  stored  in  the 
memory  5. 

In  addition,  when  an  error  occurrence  signal  is 
output  by  the  ECC  9  and  the  trackjump  occurs,  as  il- 

40  lustrated  in  Fig.  11  the  control  circuit  6  moves  the  ad- 
dress  of  the  write  point  WP1  in  the  reverse  direction 
from  address  point  A  to  address  point  C,  and  also 
moves  the  reproduction  point  RP1  and  the  write  point 
WP2  in  the  reverse  direction  as  illustrated  in  Fig.  11 

45  by  an  identical  number  of  address  locations.  There- 
after,  once  the  pickup  2  arrives  at  the  location  of  the 
data  which  could  not  be  error  corrected,  the  data  is 
again  written  in  the  ring  buffer  memory  5  from  the  ad- 
dress  indicated  by  the  write  point  WP1. 

so  It  will  be  appreciated  that,  from  the  instance  of 
the  trackjump  until  the  pickup  again  reaches  the  pos- 
ition  of  the  data  to  be  written  from  address  point  C,  as 
indicated  by  the  write  point  WP1,  the  reproduction 
point  RP2  advances  in  the  forward  direction  as  indi- 

55  cated  in  Fig.  1  1  from  the  point  D  so  that  error  correct- 
ed  data  can  be  provided  as  needed  to  the  decoder  20 
in  order  to  provide  an  interrupted  output  of  decoded 
picture  data.  The  progression  of  the  write  point  RP2 

8 
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from  the  address  point  D  upon  the  occurrence  of  the 
trackjump  and  until  the  pickup  2  arrives  at  the  data 
to  be  written  from  the  address  point  C  brings  the  re- 
production  point  RP2  to  the  address  point  D'  as  illus- 
trate  in  Fig.  11.  Since  the  quantity  of  error  corrected 
data  Y  stored  in  the  ring  buffer  memory  5  between  the 
write  point  WP2  and  the  reproduction  point  RP2  ex- 
ceeds  the  quantity  of  data  a+X  (which,  as  explained 
above,  is  a  pre-condition  for  a  trackjump),  it  will  be  ap- 
preciated  that  the  reproduction  point  RP2  will  not 
pass  the  write  point  WP2  despite  the  backward  shift 
of  the  write  point  WP2  (as  indicated  by  Figs.  10  and 
11)  and  the  delay  in  rewriting  data  from  the  address 
point  C  as  discussed  above.  Accordingly,  the  obser- 
vance  of  the  pre-condition  that  the  data  quantity  Y  ex- 
ceeds  the  data  quantity  a+X  ensures  that  underflow 
will  not  occur  in  the  ring  buffer  memory  5.  Moreover, 
if  at  least  one  track  portion  of  error  corrected  data  is 
stored  in  the  ring  buffer  memory  5  when  an  error  oc- 
currence  signal  is  output  by  the  ECC  9,  the  data 
which  could  not  be  error  corrected  can  be  recovered 
by  again  reproducing  this  data  from  the  optical  disk  1 
through  a  trackjump  of  the  pickup  2  without  interrupt- 
ing  the  data  decoding  process. 

Although  an  embodiment  of  the  present  invention 
has  been  described  herein  for  use  in  reproducing  data 
from  an  optical  disk,  the  present  invention  is  also  ap- 
plicable  for  reproducing  data  from  other  disk  storage 
devices,  such  as  magneto-optical  disks  and  magnetic 
disks.  When  employed  for  reproducing  data  recorded 
in  tracks  on  a  magnetic  disk,  the  pickup  2  is  replaced 
by  a  suitable  magnetic  reproducing  head  and  proc- 
essing  circuitry  adapted  to  process  signals  repro- 
duced  by  the  magnetic  head  is  employed.  Moreover, 
although  the  embodiment  of  the  present  invention 
disclosed  herein  carries  out  error  correction  in  inter- 
leaved  units  as  illustrated,  for  example,  in  Figs.  6-9, 
the  present  invention  is  also  useful  for  applications  in 
which  error  correction  processing  is  carried  out  on 
data  units  arranged  in  other  formats. 

Although  specific  embodiments  of  the  invention 
have  been  described  in  detail  herein  with  reference  to 
the  accompanying  drawings,  it  is  to  be  understood 
that  the  invention  is  not  limited  to  such  embodiments, 
and  that  various  changes  and  modifications  may  be 
effected  therein  by  one  skilled  in  the  art  without  de- 
parting  from  the  scope  of  the  invention  as  defined  in 
the  appended  claims. 

Claims 

1  .  A  method  for  reproducing  encoded  data  recorded 
in  tracks  in  a  predetermined  data  order  according 
to  a  predetermined  track  sequence  on  a  disk  (1) 
and  decoding  the  reproduced  encoded  data,  the 
method  comprising  the  steps  of: 

reproducing  encoded  data  from  a  current 

track  of  the  disk  (1)  and  a  track  preceding  the  cur- 
rent  track  in  said  predetermined  track  sequence 
to  provide  first  reproduced  encoded  data; 

storing  the  first  reproduced  encoded  data 
5  in  a  first  buffer  (5); 

after  providing  the  first  reproduced  encod- 
ed  data,  track  jumping  from  the  current  track  to 
the  preceding  track; 

reproducing  encoded  data  from  the  pre- 
10  ceding  track  after  track  jumping  thereto  to  pro- 

vide  second  reproduced  encoded  data  corre- 
sponding  with  at  least  a  portion  of  the  first  repro- 
duced  encoded  data; 

storing  the  second  reproduced  encoded 
15  data  in  the  first  buffer  (5); 

reading  at  least  a  portion  of  each  of  the 
first  and  second  reproduced  encoded  data  from 
the  first  buffer  (5); 

correcting  errors  in  said  at  least  a  portion 
20  of  each  of  the  first  and  second  reproduced  en- 

coded  data  read  from  the  first  buffer  (5)  to  pro- 
duce  error-corrected  encoded  data; 

storing  the  error-corrected  encoded  data 
in  the  first  buffer  (5); 

25  reading  the  error-corrected  encoded  data 
from  the  first  buffer  (5)  such  that  data  in  a  first 
portion  thereof  corresponding  with  the  first  re- 
produced  encoded  data  are  read  from  the  first 
buffer  (5)  in  said  predetermined  data  order  with 

30  data  in  a  second  portion  of  the  error-corrected 
encoded  data  corresponding  with  the  first  repro- 
duced  encoded  data;  and 

decoding  the  error-corrected  encoded 
data  read  from  the  first  buffer  (5). 

35 
2.  A  method  as  claimed  in  claim  1  ,  wherein  the  step 

of  track  jumping  comprises  detecting  an  uncor- 
rectable  error  in  the  first  reproduced  encoded 
data  and  initiating  said  trackjump  in  response  to 

40  the  detection  of  such  uncorrectable  error. 

3.  A  method  as  claimed  in  claim  1  ,  wherein  the  step 
of  track  jumping  comprises  detecting  a  potential 
data  overflow  of  said  first  buffer  and  initiating 

45  said  track  jump  in  response  to  the  detection  of 
said  potential  data  overflow. 

4.  A  method  as  claimed  in  claim  1  ,  wherein  the  step 
of  track  jumping  comprises  detecting  an  abnor- 

50  mal  sequence  of  sector  numbers  included  in  the 
first  reproduced  encoded  data  and  initiating  said 
trackjump  in  response  to  the  detection  of  the  ab- 
normal  sequence  of  the  detected  sector  num- 
bers. 

55 
5.  A  method  as  claimed  in  claim  1  ,  wherein  the  step 

of  track  jumping  comprises  determining  whether 
a  predetermined  minimum  quantity  of  error-cor- 

9 
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rected  encoded  data  is  stored  in  the  first  buffer  as 
a  precondition  to  a  trackjump. 

6.  Amethod  as  claimed  in  claim  1,  wherein  the  track 
preceding  the  current  track  is  arranged  adjacent 
said  current  track  on  the  disk  (1). 

7.  A  method  as  claimed  in  claim  1  ,  wherein  the  step 
of  reproducing  encoded  data  to  provide  the  first 
reproduced  encoded  data  comprises  reproducing 
the  encoded  data  in  a  data  reproduction  se- 
quence,  the  step  of  storing  the  first  reproduced 
encoded  data  comprises  storing  the  first  repro- 
duced  encoded  data  in  first  write  addresses  in  the 
first  buffer  selected  in  a  data  storage  order  cor- 
responding  with  the  data  reproduction  sequence, 
the  step  of  reading  the  error-corrected  encoded 
data  comprises  reading  the  first  portion  thereof 
from  the  first  buffer  in  a  first  read  sequence  cor- 
responding  with  the  data  storage  order  and  from 
first  read  addresses  each  following  a  contem- 
poraneous  first  write  address,  the  step  of  reading 
a  portion  of  the  first  reproduced  encoded  data 
comprises  reading  reproduced  encoded  data 
units  each  from  at  least  one  second  read  address 
of  the  first  buffer  following  a  contemporaneous 
first  write  address  and  preceding  a  contempora- 
neous  first  read  address,  and  the  step  of  storing 
the  error-corrected  encoded  data  comprises 
storing  error-corrected  encoded  data  units  each 
in  at  least  one  second  write  address  following  an 
at  least  one  second  read  address  at  which  a  data 
unit  is  contemporaneously  read  and  preceding  a 
contemporaneous  first  read  address. 

8.  A  method  as  claimed  in  claim  7,  wherein  the  first 
buffer  comprises  a  ring  buffer  memory. 

9.  A  method  as  claimed  in  claim  7,  wherein  the  step 
of  storing  error-corrected  encoded  data  units 
comprises  storing  each  respective  one  of  the  er- 
ror-corrected  encoded  data  units  at  addresses  of 
said  first  buffer  from  which  a  corresponding  data 
unit  was  read  and  error-corrected  to  produce  said 
each  respective  one  of  the  error-corrected  en- 
coded  data  units. 

10.  A  method  as  claimed  in  claim  7,  wherein  the 
steps  of  storing  the  first  reproduced  encoded 
data  in  first  write  addresses  and  reading  the  first 
portion  of  the  error-corrected  encoded  data  from 
first  read  addresses  comprise  storing  the  first  re- 
produced  encoded  data  and  reading  the  first  por- 
tion  of  the  error-corrected  encoded  data  succes- 
sively  to  numerically  sequential  first  write  ad- 
dresses  and  from  numerically  sequential  first 
read  addresses,  respectively. 

11.  A  method  as  claimed  in  claim  7,  wherein  the 
steps  of  reproducing  encoded  data  to  provide  the 
first  and  second  reproduced  encoded  data  com- 
prise  reproducing  the  encoded  data  in  data  units 

5  each  including  primary  data  bits  and  error  correc- 
tion  parity  data  bits,  each  of  the  error  correction 
parity  data  bits  of  each  data  unit  being  produced 
as  one  of  a  plurality  of  error  correction  parity  data 
bits  each  included  in  a  respectively  different  data 

10  unit  from  a  corresponding  plurality  of  primary 
data  bits  each  included  in  a  respectively  different 
data  unit  other  than  the  data  units  including  said 
plurality  of  parity  data  bits,  each  plurality  of  error 
correction  parity  data  bits  and  corresponding 

15  plurality  of  primary  data  bits  forming  an  error  cor- 
rection  data  unit,  the  step  of  reading  at  least  a 
portion  of  the  first  and  second  reproduced  encod- 
ed  data  comprises  reading  reproduced  encoded 
data  units  from  a  plurality  of  second  read  ad- 

20  dresses  such  that  each  of  the  reproduced  encod- 
ed  data  units  includes  a  corresponding  error  cor- 
rection  data  unit,  and  the  step  of  storing  the  error- 
corrected  encoded  data  units  comprises  storing 
each  of  the  error-corrected  encoded  data  units  in 

25  a  plurality  of  second  write  addresses  such  that  at 
least  some  of  the  plurality  of  second  write  ad- 
dresses  include  uncorrected  data. 

12.  A  method  as  claimed  in  claim  11,  wherein  the 
30  step  of  reproducing  encoded  data  to  provide  the 

second  reproduced  encoded  data  comprises  re- 
producing  a  sufficient  amount  of  data  corre- 
sponding  with  data  included  in  said  first  portion 
of  the  error  corrected  encoded  data  to  ensure 

35  that  said  second  portion  of  the  error-corrected 
encoded  data  may  be  read  in  said  predetermined 
data  order  with  said  first  portion  of  the  error-cor- 
rected  encoded  data. 

40  13.  Apparatus  for  reproducing  encoded  data  record- 
ed  in  tracks  in  a  predetermined  data  order  ac- 
cording  to  a  predetermined  track  sequence  on  a 
disk  (1)  and  decoding  the  reproduced  encoded 
data,  the  apparatus  comprising: 

45  reproduction  means  (2)  for  reproducing 
encoded  data  from  respective  tracks  on  the  disk 
(1); 

storage  means  (5)  for  storing  the  repro- 
duced  encoded  data; 

so  trackjump  control  means  (7)  for  controlling 
the  reproduction  means  (2)  to  trackjump  from  a 
current  track  from  which  data  is  being  reproduced 
thereby  to  a  preceding  track  in  said  predeter- 
mined  track  sequence  for  reproducing  data  t  here- 

55  from; 
error  correction  means  (9)  for  correcting 

errors  in  the  reproduced  encoded  data; 
decoder  means  (20)  for  decoding  encoded 

10 
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data  supplied  thereto;  and 
read/write  control  means  (6)  for  writing  en- 

coded  data  reproduced  from  the  current  track 
and  the  preceding  track  prior  to  a  trackjump  as 
first  reproduced  encoded  data  in  said  storage  5 
means  (5)  and  writing  encoded  data  reproduced 
from  the  preceding  track  after  said  trackjump  as 
second  reproduced  encoded  data  in  said  storage 
means  (5); 

said  read/write  control  means  (6)  being  op-  10 
erative  to  read  at  least  a  portion  of  each  of  the 
first  and  second  reproduced  encoded  data  from 
the  storage  means  (5)  to  the  error  correction 
means  (9)  and  to  write  error-corrected  first  repro- 
duced  encoded  data  and  error-corrected  second  15 
reproduced  encoded  data  in  the  storage  means; 

said  read/write  control  means  (6)  being 
further  operative  to  read  the  error-corrected  first 
and  second  reproduced  encoded  data  from  the 
storage  means  (5)  to  the  decoder  means  (20)  20 
such  that  the  error  corrected  first  reproduced  en- 
coded  data  are  read  from  the  storage  means  in 
said  predetermined  order  with  said  error  correct- 
ed  second  reproduced  encoded  data. 

25 
14.  Apparatus  as  claimed  in  claim  13,  wherein  the 

trackjump  control  means  (7)  is  operative  to  detect 
an  uncorrectable  error  in  the  reproduced  encod- 
ed  data  and  to  control  the  reproducing  means  (2) 
to  trackjump  in  response  to  the  detection  of  such  30 
uncorrectable  error. 

15.  Apparatus  as  claimed  in  claim  13,  wherein  the 
trackjump  control  means  (7)  is  operative  to  detect 
a  potential  data  overflow  of  said  storage  means  35 
(5)  and  to  control  the  reproducing  means  (2)  to 
trackjump  in  response  to  the  detection  of  such 
potential  data  overflow. 

16.  Apparatus  as  claimed  in  claim  13,  wherein  the  40 
trackjump  control  means  (7)  is  operative  to  detect 
an  abnormal  sequence  of  sector  numbers  in  the 
reproduced  encoded  data  and  to  control  the  re- 
producing  means  (2)  to  trackjump  in  response  to 
said  detection  of  said  abnormal  sequence  of  sec-  45 
tor  numbers. 

17.  Apparatus  as  claimed  in  claim  13,  wherein  the 
trackjump  control  means  (7)  is  operative  to  deter- 
mine  whether  a  predetermined  minimum  data  50 
quantity  of  error-corrected  encoded  data  is  stor- 
ed  in  the  storage  means  (5)  as  a  precondition  to 
a  trackjump. 

18.  Apparatus  as  claimed  in  claim  13,  wherein  the  55 
trackjump  control  means  (7)  is  operative  to  con- 
trol  the  reproducing  means  (2)  to  trackjump  from 
the  current  track  to  the  next  preceding  track  in 

said  predetermined  track  sequence. 

19.  Apparatus  as  claimed  in  claim  13,  wherein  the 
read/write  control  means  (6)  is  operative  to  write 
the  first  reproduced  encoded  data  at  first  write 
addresses  in  the  storage  means  (5)  selected  in  a 
data  storage  order  corresponding  with  the  prede- 
termined  data  order; 

said  read/write  control  means  (6)  being 
further  operative  to  read  the  error-corrected  first 
reproduced  encoded  data  from  the  storage 
means  (5)  in  a  first  read  sequence  corresponding 
with  the  data  storage  order  and  from  first  read  ad- 
dresses  each  following  a  contemporaneous  first 
write  address; 

said  read/write  control  means  (6)  being 
further  operative  to  read  said  at  least  a  portion  of 
the  first  reproduced  encoded  data  from  the  stor- 
age  means  (5)  to  the  error  correction  means  (9) 
in  data  units  each  from  at  least  one  second  read 
address  of  the  storage  means  following  a  con- 
temporaneous  first  write  address  and  proceeding 
a  contemporaneous  first  read  address  and  to 
store  the  error-corrected  first  reproduced  encod- 
ed  data  in  error-corrected  data  units  each  in  at 
least  one  second  write  address  following  an  at 
least  one  second  read  address  at  which  a  data 
unit  is  contemporaneously  read  and  preceding  a 
contemporaneous  first  read  address. 

20.  Apparatus  as  claimed  in  claim  19,  wherein  the 
storage  means  comprises  a  ring  buffer  memory. 

21.  Apparatus  as  claimed  in  claim  19,  wherein  the 
read/write  control  means  (6)  is  operative  to  store 
each  respective  one  of  the  error-corrected  first 
reproduced  encoded  data  units  at  addresses  of 
the  storage  means  (5)  from  which  a  correspond- 
ing  unit  of  the  first  reproduced  encoded  data  was 
read  to  the  error  correction  means  to  produce 
said  each  respective  one  of  the  error-corrected 
first  reproduced  encoded  data  units. 

22.  Apparatus  as  claimed  in  claim  21,  wherein  the 
read/write  control  means  (6)  is  operative  to  write 
the  first  reproduced  encoded  data  and  read  the 
error-corrected  first  reproduced  encoded  data 
from  the  storage  means  (5)  successively  to  nu- 
merically  sequential  first  write  addresses  and 
from  numerically  sequential  first  read  addresses, 
respectively. 

23.  Apparatus  as  claimed  in  claim  13,  wherein  said 
storage  means  (5)  is  operative  to  store  an  amount 
of  the  reproduced  encoded  data  at  least  equal  to 
the  largest  amount  of  encoded  data  stored  in  a 
single  track  of  the  disk. 

11 
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24.  Apparatus  as  claimed  in  claim  13,  wherein  said 
storage  means  (5)  is  operative  to  store  an  amount 
of  the  error-corrected  first  and  second  repro- 
duced  encoded  data  at  least  equal  to  the  largest 
amount  of  data  stored  in  a  single  track  of  the  disk. 

25.  Apparatus  as  claimed  in  claim  13,  wherein  the  re- 
production  means  (2)  is  operative  to  reproduce 
encoded  data  from  an  optical  disk. 

28.  Apparatus  as  claimed  in  claim  13,  wherein  the  de- 
coder  means  (20)  is  operative  to  decode  encoded 
picture  data  supplied  thereto  from  the  storage 
means  (5). 

31.  A  method  as  claimed  in  claim  30,  wherein  the 
step  of  decoding  the  error-corrected  encoded 
data  comprises  storing  the  error-corrected  en- 
coded  data  read  from  the  first  buffer  in  a  second 
buffer,  reading  the  error-corrected  encoded  data 

from  the  second  buffer  (1  0)  and  decoding  the  er- 
ror-corrected  encoded  data  read  from  the  second 
buffer  (10). 

5  32.  A  method  as  claimed  in  claim  31,  wherein  the 
step  of  producing  a  data  request  signal  comprises 
supplying  the  data  request  signal  from  the  sec- 
ond  buffer  (10). 

10  33.  A  method  as  claimed  in  claim  30,  wherein  the 
step  of  reproducing  the  encoded  data  comprises 
reproducing  encoded  picture  data  from  a  disk, 
and  the  step  of  decoding  the  error-corrected  en- 
coded  data  comprises  decoding  error-corrected 

15  encoded  picture  data. 

34.  A  method  as  claimed  in  claim  33,  wherein  the 
step  of  reproducing  encoded  picture  data  com- 
prises  reproducing  predictively  encoded  picture 

20  data  from  the  disk,  and  the  step  of  decoding  the 
error-corrected  encoded  picture  data  comprises 
decoding  error-corrected  predictively  encoded 
picture  data. 

25  35.  Apparatus  for  reproducing  encoded  data  record- 
ed  on  a  disk  and  decoding  the  reproduced  encod- 
ed  data,  the  apparatus  comprising: 

reproducing  means  (2)  for  reproducing  the 
encoded  data  recorded  on  the  disk  (1); 

30  storage  means  (5)  for  storing  the  repro- 
duced  encoded  data; 

error  correction  means  (9)  for  correcting 
errors  in  the  reproduced  encoded  data; 

decoder  means  (20)  for  decoding  encoded 
35  data  supplied  thereto;  and 

read/write  control  means  (6)  for  controlla- 
bly  writing  the  reproduced  encoded  data  in  said 
storage  means  (5),  reading  the  reproduced  en- 
coded  data  from  the  storage  means  to  the  error 

40  correction  means  (9)  and  writing  error-corrected 
encoded  data  from  the  error  correction  means  in 
the  storage  means  (5); 

the  decoder  means  (20)  being  operative  to 
produce  a  data  request  signal  representing  a  re- 

45  quest  by  the  decoder  for  provision  of  the  error- 
corrected  encoded  data  thereto  for  decoding; 

the  read/write  control  means  (6)  being  op- 
erative  to  read  the  error-corrected  encoded  data 
from  the  storage  means  (5)  for  supply  to  the  de- 

50  coder  means  (20)  in  response  to  the  data  request 
signal. 

36.  A  method  for  reproducing  encoded  data  recorded 
on  a  disk  (1  )  and  decoding  the  reproduced  encod- 

55  ed  data,  the  method  comprising  the  steps  of: 
reproducing  the  encoded  data  from  the 

disk  (1); 
storing  the  reproduced  encoded  data  in  a 

10 
26.  Apparatus  as  claimed  in  claim  13,  wherein  the  re- 

production  means  (2)  is  operative  to  reproduce 
encoded  data  from  a  magneto-optical  disk. 

27.  Apparatus  as  claimed  in  claim  13,  wherein  the  re-  15 
production  means  (2)  is  operative  to  reproduce 
encoded  data  from  a  magnetic  disk. 

29.  Apparatus  as  claimed  in  claim  28,  wherein  the  de- 
coder  means  (20)  is  operative  to  decode  predic-  25 
tively  encoded  picture  data  supplied  thereto  from 
the  storage  means  (5). 

30.  A  method  for  reproducing  encoded  data  recorded 
on  a  disk  (1)  and  decoding  the  reproduced  encod-  30 
ed  data  with  the  use  of  a  decoder  (20),  the  meth- 
od  comprising  the  steps  of: 

reproducing  the  encoded  data  from  the 
disk  (1); 

storing  the  reproduced  encoded  data  in  a  35 
first  buffer  (5); 

reading  the  reproduced  encoded  data 
from  the  first  buffer  (5); 

correcting  errors  in  the  reproduced  encod- 
ed  data  read  from  the  first  buffer  (5)  to  produce  40 
error-corrected  encoded  data; 

storing  the  error-corrected  encoded  data 
in  the  first  buffer  (5); 

producing  a  data  request  signal  represent- 
ing  a  request  by  the  decoder  (20)  for  provision  of  45 
the  error-corrected  encoded  data  thereto  for  de- 
coding; 

reading  the  error-corrected  encoded  data 
from  the  first  buffer  (5)  in  response  to  the  data  re- 
quest  signal;  and  so 

decoding  the  error-corrected  encoded 
data  read  from  the  first  buffer  (5). 

12 
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first  buffer  (5); 
reading  the  reproduced  encoded  data 

from  the  first  buffer  (5); 
correcting  errors  in  the  reproduced  encod- 

ed  data  read  from  the  first  buffer  (5)  to  produce 
error-corrected  encoded  data; 

storing  the  error-corrected  encoded  data 
in  the  first  buffer  (5); 

reading  the  error-corrected  encoded  data 
from  the  first  buffer  (5)  at  a  variable  rate;  and 

decoding  the  error-corrected  encoded 
data  read  from  the  first  buffer  (5)  at  said  variable 
rate. 

37.  A  method  as  claimed  in  claim  1  or  claim  36, 
wherein  the  or  each  step  of  reproducing  encoded 
data  comprises  reproducing  encoded  picture 
data  from  said  disk. 

38.  A  method  as  claimed  in  claim  37,  wherein  the  or 
each  step  of  reproducing  encoded  data  compris- 
es  reproducing  predictively  encoded  picture  data. 

39.  A  method  as  claimed  in  claim  30  or  36,  wherein 
the  step  of  decoding  the  error-corrected  encod- 
ed  data  comprises  storing  the  error-corrected  en- 
coded  data  read  from  the  first  buffer  (5)  in  a  sec- 
ond  buffer  (10),  reading  the  error-corrected  en- 
coded  data  from  the  second  buffer  and  decoding 
the  data  read  from  the  second  buffer  (10). 

40.  A  method  as  claimed  in  claim  1  ,  claim  30  or  claim 
36,  wherein  the  or  each  step  of  reproducing  the 
encoded  data  comprises  reproducing  encoded 
data  from  an  optical  disk. 

41.  A  method  as  claimed  in  claim  1,  claim  30  or  claim 
36,  wherein  the  or  each  step  of  reproducing  en- 
coded  data  comprises  reproducing  encoded  data 
from  a  magneto-optical  disk. 

42.  A  method  as  claimed  in  claim  1,  claim  30  or  claim 
36,  wherein  the  or  each  step  of  reproducing  en- 
coded  data  comprises  reproducing  encoded  data 
from  a  magnetic  disk. 

43.  Apparatus  for  reproducing  encoded  data  record- 
ed  on  a  disk  (1)  and  decoding  the  reproduced  en- 
coded  data,  the  apparatus  comprising: 

reproduction  means  (2)  for  reproducing 
the  encoded  data  recorded  on  the  disk  (1); 

storage  means  (5)  for  storing  the  repro- 
duced  encoded  data; 

error  correction  means  (9)  for  correcting 
errors  in  the  reproduced  encoded  data; 

decoder  means  (20)  for  decoding  encoded 
data  supplied  thereto;  and 

read/write  control  means  (6)  for  controlla- 

bly  writing  the  reproduced  encoded  data  in  said 
storage  means  (5),  reading  the  reproduced  en- 
coded  data  from  the  storage  means  to  the  error 
correction  means  (9),  writing  error-corrected  en- 

5  coded  data  from  the  error  correction  means  in 
the  storage  means  (5)  and  reading  the  error-cor- 
rected  encoded  data  from  the  storage  means  (5) 
for  supply  to  said  decoder  means  (20)  at  a  vari- 
able  rate. 

10 
44.  Apparatus  as  claimed  in  claim  43,  wherein  the 

read/write  control  means  (6)  is  operative  to  read 
the  error-corrected  encoded  data  from  the  stor- 
age  means  (5)  for  supply  to  the  decoder  means 

15  (20)  at  a  rate  varying  according  to  a  variable  data 
supply  rate  requirement  of  said  decoder  means. 

45.  Apparatus  as  claimed  in  claim  44,  wherein  the 
read/write  control  means  (6)  is  operative  to  read 

20  the  error-corrected  encoded  data  from  the  stor- 
age  means  (5)  for  supply  to  the  decoder  means 
(20)  at  said  rate  varying  according  to  said  vari- 
able  data  rate  requirement  in  response  to  a  data 
request  signal  supplied  by  said  decoder  means. 
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