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Description 

[0001]  The  present  invention  relates  to  the  compres- 
sion  of  digital  data,  and  more  particularly  to  a  method 
and  apparatus  for  communicating  compressed,  motion 
compensated  digitized  video  signals. 
[0002]  Television  signals  are  conventionally  transmit- 
ted  in  analog  form  according  to  various  standards  adopt- 
ed  by  particular  countries.  For  example,  the  United 
States  has  adopted  the  standards  of  the  National  Tele- 
vision  System  Committee  ("NTSC").  Most  European 
countries  have  adopted  either  PAL  (Phase  Alternating 
Line)  or  SECAM  standards. 
[0003]  Digital  transmission  of  television  signals  can 
deliver  video  and  audio  services  of  much  higher  quality 
than  analog  techniques.  Digital  transmission  schemes 
are  particularly  advantageous  for  signals  that  are  broad- 
cast  by  satellite  to  cable  television  affiliates  and/or  di- 
rectly  to  home  satellite  television  receivers.  It  is  expect- 
ed  that  digital  television  transmitter  and  receiver  sys- 
tems  will  replace  existing  analog  systems  just  as  digital 
compact  discs  have  largely  replaced  analog  phono- 
graph  records  in  the  audio  industry. 
[0004]  A  substantial  amount  of  digital  data  must  be 
transmitted  in  any  digital  television  system.  This  is  par- 
ticularly  true  where  high  definition  television  ("HDTV") 
is  provided.  In  a  digital  television  system,  a  subscriber 
receives  the  digital  data  stream  via  a  receiver/descram- 
bler  that  provides  video,  audio,  and  data  to  the  subscrib- 
er.  In  order  to  most  efficiently  use  the  available  radio  fre- 
quency  spectrum,  it  is  advantageous  to  compress  the 
digital  television  signals  to  minimize  the  amount  of  data 
that  must  be  transmitted. 
[0005]  The  video  portion  of  a  television  signal  com- 
prises  a  sequence  of  video  images  (typically  "frames") 
that  together  provide  a  moving  picture.  In  digital  televi- 
sion  systems,  each  line  of  a  video  frame  is  defined  by  a 
sequence  of  digital  data  samples  referred  to  as  "pixels". 
A  large  amount  of  data  is  required  to  define  each  video 
frame  of  a  television  signal.  For  example,  7.4  megabits 
of  data  is  required  to  provide  one  video  frame  at  NTSC 
resolution.  This  assumes  a  640  pixel  by  480  line  display 
is  used  with  8  bits  of  intensity  value  for  each  of  the  pri- 
mary  colors  red,  green,  and  blue.  High  definition  televi- 
sion  requires  substantially  more  data  to  provide  each 
video  frame.  In  order  to  manage  this  amount  of  data, 
particularly  for  HDTV  applications,  the  data  must  be 
compressed. 
[0006]  Video  compression  techniques  enable  the  ef- 
ficient  transmission  of  digital  video  signals  over  conven- 
tional  communication  channels.  Such  techniques  use 
compression  algorithms  that  take  advantage  of  the  cor- 
relation  among  adjacent  pixels  in  order  to  derive  a  more 
efficient  representation  of  the  important  information  in  a 
video  signal.  The  most  powerful  compression  systems 
not  only  take  advantage  of  spatial  correlation,  but  can 
also  utilize  similarities  among  adjacent  frames  to  further 
compact  the  data. 

[0007]  Motion  compensation  is  one  of  the  most  effec- 
tive  tools  for  accounting  for  and  reducing  the  amount  of 
temporal  redundancy  in  sequential  video  frames.  One 
of  the  most  effective  ways  to  apply  motion  compensa- 

5  tion  in  video  compression  applications  is  by  differential 
encoding.  In  this  case,  the  differences  between  two  con- 
secutive  images  (e.g.,  "frames")  are  attributed  to  simple 
movements.  A  signal  encoder  includes  a  motion  estima- 
tor  that  estimates  or  quantifies  these  movements  by  ob- 

10  serving  the  two  frames,  and  provides  motion  vector  data 
for  transmission  along  with  the  compressed  video  data 
to  a  receiver.  The  transmitted  video  data  comprises  the 
differences  between  a  current  frame  and  prior  prediction 
frame.  The  receiver  includes  a  corresponding  decoder 

is  that  uses  the  received  information  to  transform  the  pre- 
vious  frame,  which  is  known,  in  such  a  way  that  it  can 
be  used  to  effectively  predict  the  appearance  of  the  cur- 
rent  frame,  which  is  unknown. 
[0008]  In  this  way,  the  amount  of  information  needed 

20  to  represent  the  image  sequence  can  be  significantly  re- 
duced,  particularly  when  the  motion  estimation  model 
closely  resembles  the  frame  to  frame  changes  that  ac- 
tually  occur.  This  technique  can  result  in  a  significant 
reduction  in  the  amount  of  data  that  needs  to  be  trans- 

25  mitted  once  simple  coding  algorithms  are  applied  to  the 
prediction  error  signal.  An  example  of  such  a  motion 
compensated  video  compression  system  is  described 
by  Ericsson  in  "Fixed  and  Adaptive  Predictors  for  Hybrid 
Predictive/Transform  Coding",  IEEE  Transactions  on 

30  Communications,  Vol.  COM-33,  No.  12,  December 
1985. 
[0009]  A  problem  with  differential  encoding  is  that  it  is 
impossible  to  ensure  that  the  prediction  signals  derived 
independently  at  the  encoder  and  decoder  sites  are 

35  identical  at  all  times.  Differences  can  arise  as  a  result  of 
transmission  errors  or  whenever  one  of  the  two  units  is 
initialized.  Thus,  for  example,  a  television  channel 
change  will  render  the  prior  frame  data  meaningless 
with  respect  to  a  first  frame  of  a  new  program  signal.  To 

40  deal  with  this  problem,  it  is  necessary  to  provide  some 
means  of  periodic  refreshing. 
[0010]  One  method  of  refreshing  the  image  is  to  peri- 
odically  switch  from  differential  encoding  ("DPCM")  to 
nondifferential  encoding  ("PCM").  For  example,  in  a  thir- 

ds  ty  frame  per  second  system,  the  screen  could  be  com- 
pletely  refreshed  at  one  second  intervals  by  inserting  a 
PCM  frame  after  every  twenty-nine  DPCM  frames.  In 
this  way,  channel  acquisition  and  the  correction  of  trans- 
mission  errors  could  be  guaranteed  after  a  delay  of  no 

so  more  than  one  second.  It  is  assumed  here  that  the 
switch  to  PCM  coding  can  be  done  without  affecting  the 
perceived  quality  of  the  reconstructed  video.  However, 
this  is  only  possible  in  a  variable  bit  rate  encoding  sys- 
tem  using  rate  buffers  to  control  fluctuations  in  the  input 

55  and  output  data  rates.  Such  a  system  is  described  by 
Chen  and  Pratt,  in  "Scene  Adaptive  Coder",  IEEE  Trans- 
actions  on  Communications,  Vol.  COM-32,  No.  3,  March 
1984.  Unfortunately,  the  resulting  large  number  of  bits 
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due  to  the  less  efficient  PCM  encoding  is  difficult  for  the 
encoder  and  decoder  buffers  to  handle,  and  measures 
used  to  control  it  may  cause  visible  artifacts  to  appear 
in  the  reconstructed  image. 
[0011]  To  overcome  this  problem,  segments  or  blocks 
of  the  image  can  be  refreshed  on  a  distributed  basis.  By 
assigning  a  different  counter  to  each  segment  and  sys- 
tematically  or  randomly  setting  the  initial  count  for  each 
one,  it  is  possible  to  attain  the  same  refresh  interval 
while  maintaining  a  constant  distribution  of  bits.  It  is 
even  possible  to  eliminate  the  counters  and  instead, 
randomly  refresh  each  segment  based  on  a  suitable 
probability  distribution. 
[0012]  However,  the  motion  compensation  process  it- 
self  introduces  a  new  problem.  The  motion  estimator 
does  not  limit  the  block  displacements  in  such  a  way  as 
to  prevent  overlap  between  refreshed  and  nonrefreshed 
regions  of  the  image.  For  example,  if  one  region  of  the 
image  is  refreshed  during  the  transmission  of  a  given 
frame,  then  there  will  exist  an  adjacent  region  in  the 
same  frame  that  has  not  yet  been  refreshed  but  is  due 
to  be  refreshed  during  the  next  frame  interval.  Obvious- 
ly,  this  unrefreshed  region  is  much  more  likely  to  contain 
at  least  one  error.  If  this  less  reliable  data  in  the  unre- 
freshed  region  is  used  to  predict  the  appearance  of  cer- 
tain  segments  of  the  next  frame,  then  those  segments 
of  that  frame  will  also  be  subject  to  errors.  It  is  therefore 
possible  that  a  recently  refreshed  region  will  cease  to 
be  accurate  after  only  one  frame.  In  a  motion  compen- 
sated  system,  this  result  tends  to  occur  whenever  there 
is  movement  from  an  unrefreshed  region  to  a  refreshed 
region,  causing  a  recently  refreshed  segment  of  the  im- 
age  to  immediately  diverge  from  the  corresponding  en- 
coder  segment,  even  though  no  transmission  errors  oc- 
cur  after  refreshing.  Once  again,  the  acquisition  time 
and  the  duration  of  artifacts  due  to  transmission  errors 
can  become  unbounded. 
[0013]  A  method  for  refreshing  motion  compensated 
sequential  video  frames  that  does  not  suffer  from  the 
above-mentioned  problems  is  disclosed  in  commonly 
assigned,  co-pending  U.S.  patent  No.  5,057,91  6,  filed 
November  16,  1990,  and  entitled  "Method  and  Appara- 
tus  for  Refreshing  Motion  Compensated  Sequential  Vid- 
eo  Images",  incorporated  herein  by  reference.  In  the  re- 
fresh  technique  disclosed  therein,  video  images  are  di- 
vided  into  a  plurality  of  adjacent  regions.  The  image  area 
is  refreshed  during  a  refresh  cycle  by  communicating  a 
different  region  in  each  successive  video  image  without 
motion  compensation.  An  image  area  defined  by  the  ag- 
gregate  of  the  regions  is  progressively  refreshed  by  the 
nonmotion  compensated  processing  during  the  refresh 
cycle.  The  motion  compensation  process  is  controlled 
to  prevent  data  contained  in  regions  not  yet  refreshed 
during  a  current  refresh  cycle  from  corrupting  data  con- 
tained  in  regions  that  have  been  refreshed  during  the 
current  refresh  cycle. 
[0014]  It  is  an  object  of  the  invention  to  implement  a 
cost-efficient  digital  television  system,  such  as  an  HDTV 

system. 
[0015]  According  to  the  present  invention  this  object 
is  solved  by  a  method  according  to  claim  1  .  Advanta- 
geous  embodiments  are  subject  matter  of  claims  2  to  1  1  . 

5  [0016]  The  object  is  further  solved  by  an  apparatus 
according  to  claim  12.  Further  advantageous  embodi- 
ments  are  subject  matter  of  claims  1  3  to  21  . 
[0017]  A  receiver  corresponding  to  the  inventive  ap- 
paratus  according  to  claims  1  2  to  21  is  defined  by  claims 

10  22  to  23. 
[0018]  The  object  is  further  solved  by  a  receiver  ac- 
cording  to  claim  24  with  an  advantageous  embodiment 
according  to  claim  25. 
[0019]  The  advantageous  concept  according  to  the 

is  present  invention  processes  the  video  data  using  mul- 
tiple  encoders  operating  in  parallel.  Such  a  scheme  en- 
ables  the  use  of  low  speed  encoders  and  decoders  to 
process  video  sequences  which  contain  a  large  number 
of  pixels,  such  as  HDTV  signals. 

20  [0020]  The  present  invention  therefore  provides  a 
method  and  apparatus  for  implementing  a  digital,  e.g. 
high  definition  television  system  that  provides  both  mo- 
tion  compensation  and  refreshing  using  multiple  low 
speed  processors.  Complete  independence  among  the 

25  processors  is  maintained  without  significantly  compro- 
mising  system  performance. 
[0021]  In  accordance  with  one  embodiment  of  the 
present  invention,  a  method  and  apparatus  are  provided 
for  encoding  digital  video  signals  for  transmission  in  a 

30  compressed,  motion  compensated  form.  A  video  image 
frame  area  is  divided  into  a  set  of  subframes.  The  posi- 
tion  of  the  set  of  subframes  is  systematically  shifted 
such  that  the  individual  subframes  progressively  cycle 
across  and  wrap  around  the  video  image  frame  area. 

35  Video  image  data  bounded  by  each  of  the  different  sub- 
frames  is  independently  compressed  for  successive  vid- 
eo  frames  using  motion  estimation  to  reduce  data  re- 
dundancy  among  the  frames.  The  motion  estimation  is 
limited  for  each  subframe  of  a  current  video  frame  to 

40  areas  of  a  previous  video  frame  that  were  bounded  by 
the  same  subframe  in  the  previous  frame.  In  a  preferred 
embodiment,  the  set  of  subframes  is  shifted  once  for 
each  successive  video  frame. 
[0022]  In  order  to  refresh  the  video  image  frame  area, 

45  each  subframe  includes  a  refresh  region.  The  video 
frame  image  area  is  progressively  refreshed  as  the  sub- 
frames  cycle  thereacross.  The  refresh  techniques  dis- 
closed  in  copending  U.S.  patent  No.  5,057,916  referred 
to  above  are  advantageously  used,  such  that  motion  es- 

50  timation  displacements  from  an  area  that  has  already 
been  refreshed  in  a  current  refresh  cycle  are  not  permit- 
ted  to  extend  into  previous  frame  data  that  has  not  yet 
been  refreshed  during  the  current  refresh  cycle.  In  an 
illustrated  embodiment,  the  refresh  regions  are  located 

55  at  junctions  of  consecutive  subframes,  which  can  be  ad- 
jacent  vertical  columns  having  the  refresh  region  along 
a  vertical  edge  thereof.  In  this  manner,  consecutive  sub- 
frames  are  joined  at  a  refresh  region. 
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[0023]  The  subframes  can  be  shifted  by  a  fixed  hori- 
zontal  distance  for  each  successive  video  frame.  The 
fixed  horizontal  distance  is  advantageously  equal  to  the 
width  of  the  refresh  regions.  The  motion  estimation  can 
then  be  limited,  at  least  in  the  areas  where  adjacent  sub- 
frames  adjoin,  to  a  horizontal  range  that  does  not  ex- 
ceed  the  fixed  horizontal  distance.  In  this  manner,  the 
motion  estimation  for  each  subframe  of  a  current  video 
frame  is  limited  to  areas  of  a  previous  video  frame  that 
were  bounded  by  the  same  subframe  in  the  previous 
frame.  The  motion  estimation  is  further  controlled  to  pre- 
vent  data,  contained  in  regions  of  the  video  frames  that 
have  not  yet  been  refreshed  during  a  current  refresh  cy- 
cle,  from  corrupting  data  contained  in  regions  that  have 
been  refreshed  during  the  current  refresh  cycle. 
[0024]  Apparatus  in  accordance  with  the  present  in- 
vention  uses  multiple  encoders  to  compress  video  im- 
age  data  using  motion  compensation.  A  video  frame  im- 
age  area  is  divided  into  a  plurality  of  subframes,  each 
corresponding  to  a  different  one  of  the  encoders.  Means 
responsive  to  the  dividing  means  input  video  image  data 
bounded  by  each  subframe  to  the  corresponding  encod- 
er  for  the  subframe.  The  position  of  the  subframes  is 
systematically  shifted  as  a  group  within  the  video  image 
frame  area,  such  that  the  individual  subframes  progres- 
sively  cycle  across  and  wrap  around  the  video  image 
frame  area.  Means  are  operatively  associated  with  each 
encoder  for  coordinating  a  motion  estimation  range 
thereof  with  the  shifting  of  the  subframes.  In  this  manner, 
the  motion  compensation  performed  by  each  encoder 
is  limited  to  video  image  data  available  to  that  encoder. 
In  an  illustrated  embodiment,  the  subframes  are  shifted 
a  fixed  distance  in  a  horizontal  direction  for  successive 
video  frames.  The  coordinating  means  limit  the  horizon- 
tal  motion  estimation  range  for  each  subframe,  at  its 
junction  with  a  preceding  subframe,  to  a  distance  in  a 
direction  toward  the  preceding  subframe  that  does  not 
exceed  the  fixed  shift  distance. 
[0025]  The  plurality  of  encoders  can  be  used  to  proc- 
ess  just  the  luminance  components  of  the  video  image 
data,  in  which  case  a  separate  chrominance  encoder  is 
provided  for  processing  all  of  the  chrominance  compo- 
nents  of  a  video  frame.  The  compressed  video  image 
data  output  from  each  of  the  encoders  is  combined  into 
a  digital  output  stream  for  transmission. 
[0026]  Receiver  apparatus  is  provided  for  processing 
compressed,  motion  compensated  digital  video  signals. 
A  received  digital  data  stream  is  divided  into  packets, 
each  containing  compressed  video  image  data  bounded 
by  a  different  subframe  area  of  a  video  frame.  Means 
responsive  to  the  received  data  stream  compensate  for 
the  shifting  of  subframe  areas  in  successive  video 
frames,  wherein  different  packets  for  successive  video 
frames  continue  to  contain  data  bounded  by  their  re- 
spective  subframe  areas.  A  plurality  of  decoders  is  pro- 
vided,  each  corresponding  to  a  different  one  of  the  sub- 
frame  areas,  for  decompressing  video  image  data  con- 
tained  in  the  packets.  Means  operatively  associated 

with  the  decoders  selectively  input  each  packet  to  the 
decoder  that  corresponds  to  the  packet's  respective 
subframe  area.  Means  coupled  to  an  output  of  each  de- 
coder  combine  the  decompressed  video  image  data 

5  from  the  decoders  into  a  video  output  signal.  In  an  illus- 
trated  embodiment,  the  plurality  of  decoders  each  proc- 
ess  luminance  components  of  the  video  image  data.  A 
separate  chrominance  decoder  can  be  provided  for  de- 
coding  chrominance  components  of  the  video  image  da- 

10  ta. 

Figure  1  is  a  schematic  representation  of  a  video 
image  frame  area; 
Figure  2  is  a  diagram  illustrating  the  shifting  of  sub- 

's  frames  across  three  different  video  frames; 
Figure  3  is  a  block  diagram  of  encoder  apparatus  in 
accordance  with  the  present  invention; 
Figure  4  is  a  block  diagram  of  decoder  apparatus  in 
accordance  with  the  present  invention; 

20  Figure  5  is  a  block  diagram  of  a  circuit  for  generating 
control  signals  used  in  the  encoder  and  decoder  of 
Figures  3  and  4; 
Figure  6  is  a  block  diagram  of  a  circuit  for  providing 
encoder  output  and  decoder  input  enable  signals; 

25  Figure  7  is  a  blockdiagram  of  data  compression  and 
motion  estimation  circuitry  that  can  be  used  in  ac- 
cordance  with  the  present  invention;  and 
Figure  8  is  a  flowchart  illustrating  a  motion  estima- 
tion  process  in  accordance  with  the  present  inven- 

30  tion. 

[0027]  The  present  invention  provides  for  the  commu- 
nication  of  high  definition  television  signals  from  a  trans- 
mitter  location  to  a  population  of  receivers.  At  the  trans- 

35  mitter  or  "encoder"  end  of  the  communication  link,  digital 
video  signals  for  successive  frames  of  a  television  pic- 
ture  are  broken  down  into  subframes  for  processing  by 
multiple  processors.  Each  processor  includes  an  encod- 
er  that  is  dedicated  to  the  encoding  of  signals  from  a 

40  particular  subframe.  The  subframes  each  include  a  re- 
fresh  area  and  are  shifted,  e.g.,  once  for  each  succes- 
sive  video  frame,  to  progressively  cycle  across  and  wrap 
around  the  video  image  frame  area.  Since  the  sub- 
frames  each  contain  a  refresh  area,  the  video  image 

45  frame  area  is  progressively  refreshed  as  the  subframes 
cycle  thereacross. 
[0028]  A  video  image  frame  area  generally  designat- 
ed  1  0  is  illustrated  in  Figure  1  .  The  total  frame  area  en- 
compasses  M  horizontal  lines  each  containing  N  pixels. 

so  For  example,  a  single  HDTV  frame  can  comprise  960 
lines  each  having  1,408  pixels. 
[0029]  In  accordance  with  the  present  invention,  the 
video  image  frame  area  is  divided  into  a  plurality  of  sub- 
frames,  such  as  subframes  12,  16,  20,  24  illustrated  in 

55  Figure  2.  In  the  embodiment  illustrated,  each  of  the  sub- 
frames  has  dimensions  of  960  lines  by  352  pixels  per 
line.  It  should  be  appreciated  that  a  different  number  of 
subframes  could  be  provided  having  corresponding  di- 

25 
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mensions  to  fill  the  video  image  frame  area.  Also,  the 
subframes  do  not  have  to  be  vertical  columns  as  illus- 
trated,  although  such  a  structure  is  advantageous  for 
reasons  that  will  become  apparent. 
[0030]  Each  subframe  includes  a  refresh  region, 
wherein  PCM  encoding  (i.e.,  without  motion  compensa- 
tion)  is  provided  to  progressively  refresh  the  entire  video 
image  frame  area  as  described  in  greater  detail  below. 
Thus,  for  example,  subframe  12  includes  refresh  region 
14,  subframe  16  includes  refresh  region  18,  subframe 
20  includes  refresh  region  22,  and  subframe  24  includes 
refresh  region  26. 
[0031]  In  order  to  progressively  refresh  the  entire  vid- 
eo  image  frame  area,  the  set  of  subframes  is  shifted  (for 
example,  to  the  right)  each  time  a  new  video  frame  is 
received  for  processing.  In  the  illustrated  embodiment, 
the  four  subframes  12,  16,  20,  24  are  shifted  to  the  right 
by  32  pixels  for  each  new  video  frame.  The  32  pixel  di- 
mension  is  fixed,  and  corresponds  to  the  width  of  one 
"superblock"  used  in  the  data  compression  process.  For 
simplicity,  each  of  refresh  regions  14,  18,  22,  26  is  also 
32  pixels  wide.  Therefore,  after  approximately  five 
frames,  the  partitioning  illustrated  at  frame  1  0a  of  Figure 
2  will  be  shifted  to  the  locations  illustrated  in  frame  1  0b. 
After  eleven  frames,  the  partitioning  will  have  shifted  to 
the  positions  shown  in  frame  10c.  As  can  be  seen  by 
comparing  frame  1  0a  to  frame  1  0b,  the  subframes  wrap 
around  to  the  left  side  of  the  video  image  frame  area 
after  shifting  past  the  right  edge.  By  continuing  the  shift- 
ing  process,  each  of  the  individual  subframes  will  pro- 
gressively  cycle  across  and  wrap  around  the  video  im- 
age  frame  area  in  a  repetitive  fashion. 
[0032]  A  separate  processor  is  assigned  to  each  sub- 
frame  for  compressing  the  digital  data  bounded  by  the 
subframe  in  successive  video  frames.  Data  redundancy 
between  a  current  video  frame  and  one  or  more  prior 
video  frames  is  reduced  using  motion  estimation/com- 
pensation  techniques.  By  distributing  the  processing  of 
a  video  image  frame  area  among  a  plurality  of  proces- 
sors,  HDTV  transmission  can  be  accommodated  using 
encoders  that  are  essentially  the  same  as  those  used 
for  NTSC  signal  transmission.  Since  an  NTSC  signal 
contains  significantly  less  data  than  an  HDTV  signal,  the 
NTSC  signal  can  be  processed  by  a  single  encoder, 
while  HDTV  signal  processing  can  be  accomplished  us- 
ing  a  plurality  of  such  processors.  Distributing  the 
processing  of  HDTV  signals  among  multiple  processors 
also  allows  a  low  data  rate  to  be  maintained  within  the 
individual  processors. 
[0033]  Figure  3  illustrates  a  multiple  processor  imple- 
mentation  of  an  HDTV  system  in  accordance  with  the 
present  invention.  A  video  signal  to  be  processed  is  in- 
put  via  terminal  30  to  an  analog-to-digital  converter  32. 
Each  frame  of  the  incoming  signal  is  divided  into  a  plu- 
rality  of  subframes  by  actuating  a  plurality  of  first-in  first- 
out  ("FIFO")  buffers  34,  36,  38,  40  to  receive  data  at  dif- 
ferent  times.  Actuation  of  the  Fl  FOs  is  provided  by  timed 
control  signals  I1_e  through  I4_e  described  in  greater 

detail  below.  The  FIFOs  output  the  subframe  data  to  a 
corresponding  plurality  of  encoders  42,  44,  46,  48.  Each 
of  the  encoders  is  dedicated  to  the  processing  of  video 
image  data  bounded  by  a  particular  subframe.  The  en- 

5  coders  continue  to  service  the  same  subframe  as  it  is 
shifted  across  the  video  image  frame  area. 
[0034]  In  order  to  perform  motion  estimation  within  its 
subframe  area,  each  encoder  has  its  own  current  frame 
and  previous  frame  memory.  Each  encoder  is  also  re- 

10  sponsible  for  updating  or  refreshing  a  portion  of  the  im- 
age  area  bounded  by  its  subframe.  The  processed  sub- 
frame  data  from  the  encoders  is  combined  for  modula- 
tion  by  a  modulator  50,  and  transmitted  along  a  trans- 
mission  path  (e.g.,  satellite  television  broadcast)  to  a 

is  population  of  receivers.  Output  of  the  encoded  sub- 
frame  data  in  a  proper  order  from  the  encoders  is  con- 
trolled  by  encoder  output  control  signals  01_e  through 
04_e,  discussed  in  greater  detail  below. 
[0035]  Encoders  42,  44,  46,  48  can  process  both  lu- 

20  minance  and  chrominance  data.  If  the  chrominance  is 
horizontally  subsampled  by  a  factor  of  four,  then  the  data 
rate  of  each  component  is  reduced  so  that  the  U  and  V 
component  data  can  be  clocked  directly  into  the  current 
frame  memory  of  the  appropriate  encoder,  obviating  the 

25  need  for  similar  FIFO  stages  for  the  chrominance  com- 
ponents.  The  same  data  lines  can  be  shared  for  both 
the  U  and  V  components  by  selecting  the  U  component 
during  even  fields  and  the  V  component  during  odd 
fields  of  each  video  frame.  Only  one  field  of  each  chromi- 

30  nance  component  is  required  for  processing.  Alterna- 
tively,  the  same  data  lines  can  be  shared  in  a  progres- 
sive  scan  system  by  selecting  the  U  component  during 
the  even  lines  and  the  V  component  during  the  odd  lines 
of  each  video  frame. 

35  [0036]  In  an  alternate  embodiment  illustrated  by 
dashed  lines,  a  dedicated  chrominance  encoder  52  is 
provided  to  encode  the  chrominance  components.  This 
implementation  is  advantageous  in  the  illustrated  em- 
bodiment  since  a  chrominance  frame,  consisting  of  one 

40  field  of  U  data  and  one  field  of  V  data,  is  identical  in  size 
to  each  luminance  subframe.  Such  an  embodiment  per- 
mits  the  chrominance  components  to  be  processed  in- 
dependently  of  the  luminance  information. 
[0037]  Figure  4  illustrates  decoder  apparatus  in  ac- 

45  cordance  with  the  present  invention.  A  signal  received 
from  the  encoder  apparatus  of  Figure  3  is  input  at  ter- 
minal  60  to  a  demodulator  62.  The  demodulated  signal 
is  then  distributed  among  decoders  64,  66,  68  and  70 
in  response  to  decoder  input  control  signals  I1_d 

so  through  I4_d,  with  each  decoder  processing  video  im- 
age  data  bounded  by  a  corresponding  subframe.  In  oth- 
er  words,  decoder  64  will  process  the  subframe  data  en- 
coded  by  encoder  42.  Similarly,  decoders  66,  68,  70  will 
process  the  video  image  data  bounded  by  the  sub- 

55  frames  processed  by  encoders  44,  46,  48,  respectively. 
The  decoded  data  output  from  decoders  64,  66,  68,  70 
is  input  to  corresponding  FIFO  buffers  72,  74,  76,  78, 
respectively.  Data  is  then  output  from  the  buffers  in  ac- 

5 
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cordance  with  control  signals  01_d  through  04_d,  for 
input  to  a  digital-to-analog  converter  80  that  outputs  a 
video  output  signal  for  reproduction  on  a  television  set 
or  the  like.  An  optional  chrominance  decoder  82  can  be 
provided  to  process  chrominance  components  encoded 
by  optional  chrominance  encoder  52. 
[0038]  The  control  signals  used  to  divide  the  video  im- 
age  frame  area  into  subframes  at  the  encoder  and  re- 
construct  the  video  frames  at  the  decoder  are  generated 
by  the  circuits  illustrated  in  Figures  5  and  6.  As  noted 
above,  the  video  signals  input  to  the  encoder  of  Figure 
3  are  digitized  and  deposited  in  one  of  the  four  FIFOs 
34,  36,  38,  40.  In  the  illustrated  embodiment,  each  FIFO 
stores  data  for  one  of  the  four  processors  and  can  be 
as  small  as  352  by  8  bits.  Control  signals  I1_e  through 
I4_e  are  used  to  enable  the  appropriate  FIFO  and  to  ac- 
count  for  the  shifting  of  the  subframes  from  left  to  right. 
These  signals  can  be  generated  by  the  circuit  of  Figure 
5. 
[0039]  As  indicated  in  Figure  5,  a  pixel  clock  signal  is 
input  at  terminal  90  to  an  11  bit  counter  94.  Although  the 
pixel  clock  runs  continuously,  it  is  only  coupled  to  coun- 
ter  94  during  times  when  active  video  data  is  being  proc- 
essed  within  the  video  frame  area.  Counter  94  is  reset 
to  zero  at  the  end  of  every  horizontal  line  by  inputting  a 
reset  pulse  at  terminal  92  derived  from  the  standard  hor- 
izontal  synchronization  signal.  In  an  embodiment  where 
the  video  image  frame  area  contains  1408  pixels  for 
each  horizontal  line,  counter  94  will  count  from  zero  to 
1408  repetitively.  Comparators  102,  104,  106,  108  di- 
vide  the  count  into  four  subframes,  each  352  pixels 
wide.  At  the  beginning  of  a  new  frame,  comparator  102 
outputs  a  signal  to  enable  FIFO  34  (Figure  3)  to  receive 
data  for  the  first  subframe  and  output  the  data  to  encod- 
er  42.  This  is  achieved  using  a  FIFO  enable  signal  I1_e. 
A  similar  circuit  at  the  decoder  provides  a  signal  01_d 
to  cause  FIFO  72  (Figure  4)  to  output  the  first  subframe 
of  data  to  digital-to-analog  converter  80.  The  second 
subframe  commences  after  352  pixels  have  been  proc- 
essed  for  the  first  subframe,  at  which  time  comparator 
104  provides  an  I2_e  signal  for  FIFO  36  (encoder  cir- 
cuitry)  or  02_d  signal  for  FIFO  74  (decoder  circuitry). 
The  same  process  continues  with  comparator  106  pro- 
viding  control  signals  for  the  third  subframe  and  compa- 
rator  108  providing  control  signals  for  the  fourth  sub- 
frame. 
[0040]  After  all  four  subframes  have  been  processed 
for  the  first  video  frame,  the  next  video  frame  will  arrive 
and  the  position  of  the  set  of  subframes  with  respect  to 
the  video  image  frame  area  is  shifted  by  32  pixels.  This 
is  accomplished  by  a  conventional  shift  register  or  mul- 
tiplication  circuit  98  that  multiplies  a  frame  count  input 
at  terminal  96  by  a  factor  of  thirty-two.  The  product  is 
subtracted  from  the  count  output  by  counter  94  in  a  sub- 
traction  circuit  100.  The  frame  count  input  at  96  is  reset 
after  all  of  the  video  data  in  a  given  frame  has  been  proc- 
essed.  In  the  illustrated  embodiment,  where  there  are  a 
total  of  1408  pixels  in  each  horizontal  line,  and  the  data 

is  processed  in  "superblocks"  that  are  each  32  pixels 
wide  by  1  6  lines  high,  a  total  of  44  (1  408  divided  by  32) 
frames  must  be  processed  to  cover  a  complete  cycle 
wherein  the  subframes  are  shifted  entirely  across  the 

5  video  image  frame  area  and  back  to  their  initial  posi- 
tions.  By  multiplying  the  frame  count,  which  cycles  from 
zero  to  43,  by  32,  and  subtracting  the  product  from  the 
pixel  clock  bit  counter  output,  the  subframes  are  shifted 
by  32  bits  for  each  successive  frame  on  a  continuous 

10  basis. 
[0041]  Figure  6  illustrates  the  generation  of  encoder 
output  control  signals  and  decoder  input  control  signals. 
In  the  illustrated  embodiment,  a  "macroblock"  is  defined 
as  a  packet  of  eight  superblocks  that  are  packaged  for 

is  transmission.  At  the  encoder,  the  data  bits  output  from 
FIFOs  34,  36,  38,  40  are  input  at  terminal  110  to  a  bit 
counter  112  that  counts  the  data  bits  or  alternatively 
searches  for  an  end  of  clock  sequence.  Bit  counter  112 
outputs  an  end-of-block  ("EOB")  detect  signal  at  the 

20  conclusion  of  the  data  stream  for  the  current  subframe, 
for  input  to  a  two-bit  counter  114.  Counter  114  incre- 
ments  a  zero  to  four  count  each  time  an  EOB  detect  sig- 
nal  is  received,  for  use  by  a  demultiplexer  116  in  con- 
secutively  generating  encoder  output  control  signals 

25  01_e,  02_e,  03_e,  04_e  for  each  of  the  four  encoders. 
At  the  decoder,  an  identical  circuit  counts  the  data  input 
to  FIFOs  72,  74,  76,  78  to  provide  decoder  input  enable 
signals  I1_d,  I2_d,  I3_d,  and  I4_d. 
[0042]  In  order  to  maintain  complete  independence 

30  among  the  separate  subframe  processors,  it  is  neces- 
sary  to  ensure  that  the  motion  estimation  process  car- 
ried  out  by  each  encoder  never  requires  a  memory  ac- 
cess  that  exceeds  the  bounds  of  the  previous  frame 
memory  associated  with  the  particular  encoder.  Other- 

35  wise,  the  design  of  the  system  would  be  substantially 
complicated  by  requiring  a  certain  amount  of  memory 
overlap  in  each  processor  or  alternatively,  a  shared 
memory  system  with  multiple  random  access  capability. 
One  method  of  ensuring  that  the  bounds  of  the  previous 

40  frame  memory  are  not  exceeded  would  be  to  impose 
special  restrictions  on  the  motion  estimator.  However, 
such  a  solution  could  impair  coding  efficiency  and  fur- 
ther  complicate  the  design  of  the  encoders. 
[0043]  In  the  system  of  the  present  invention,  main- 

45  taining  independence  among  the  different  processors  is 
facilitated,  since  each  subframe  is  shifted  (e.g.,  to  the 
right)  after  each  video  frame.  This  is  confirmed  by  refer- 
ring  to  Figure  2.  For  example,  consider  the  left-most  col- 
umn  of  superblocks  associated  with  one  of  the  four  proc- 

50  essors  illustrated  in  connection  with  video  image  frame 
area  10a.  A  problem  might  be  expected  when  move- 
ment  within  the  video  image  is  from  left  to  right,  since 
this  would  suggest  a  match  in  the  portion  of  previous 
frame  memory  that  exists  only  in  the  processor  to  the 

55  left.  However,  by  shifting  the  current  frame  to  the  right 
relative  to  the  previous  frame  in  accordance  with  the 
present  invention,  a  motion  estimator  displacement  to 
the  left  of  up  to  32  pixels  is  permitted.  As  long  as  this 
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exceeds  the  horizontal  range  of  the  motion  estimator,  it 
will  never  be  necessary  to  access  previous  frame  mem- 
ory  that  is  not  associated  with  the  particular  subframe 
processor. 
[0044]  Next  consider  the  second  to  the  last  column  of 
superblocks  from  the  right  edge  of  one  of  the  four  sub- 
frames.  Since  the  subframes  in  the  current  video  frame 
are  shifted  32  pixels  to  the  right  of  the  subframes  in  the 
previous  video  frame,  there  is  insufficient  data  in  the  pre- 
vious  frame  memory  if  movement  of  a  video  image  is 
from  right  to  left.  However,  in  the  illustrated  embodiment, 
the  right-most  column  of  superblocks  in  each  subframe 
is  the  current  refresh  region.  As  noted  above,  a  refresh- 
ing  process  can  be  implemented  that  prohibits  displace- 
ments  from  an  area  that  has  already  been  refreshed  in 
a  current  refresh  cycle  (e.g.,  the  second  to  last  column 
of  superblocks  from  the  right  edge  of  each  subframe) 
that  would  extend  into  previous  frame  data  that  has  not 
yet  been  refreshed  during  the  current  refresh  cycle.  Oth- 
erwise,  a  column  of  superblocks  refreshed  in  a  previous 
subframe  could  be  quickly  corrupted  by  unrefreshed 
previous  frame  data.  Since  the  refresh  process  already 
prohibits  displacements  into  unrefreshed  areas,  video 
image  movement  from  right  to  left  is  not  estimated  in  the 
second  to  last  column  of  superblocks  from  the  right  edge 
of  any  of  the  subframes. 
[0045]  Finally,  access  by  a  particular  processor  to  un- 
available  previous  frame  memory  is  not  required  in  the 
last  column  of  superblocks  at  the  right  edge  of  each  sub- 
frame,  because  this  column  is  always  the  one  that  is  due 
to  be  refreshed.  Since  refreshing  is  performed  by  using 
PCM  coding,  access  to  previous  frame  memory  is  not 
required.  Therefore,  independence  of  each  of  the  par- 
allel  subframe  processors  is  assured  under  all  circum- 
stances. 
[0046]  Figure  7  illustrates  the  motion  estimation  proc- 
ess  performed  by  each  of  the  encoders.  The  digital  vid- 
eo  data  is  input  at  terminal  1  20  to  a  current  frame  mem- 
ory  122.  A  delay  of  onesuperblock(32  pixels)  is  inserted 
by  delay  circuit  1  24,  and  the  delayed  current  frame  data 
is  input  to  a  motion  estimator  1  26.  Motion  estimator  1  26 
is  a  conventional  device,  that  outputs  horizontal  and  ver- 
tical  motion  vectors  Vx,  Vy  on  line  1  30  for  use  in  perform- 
ing  motion  compensation  with  respect  to  the  video  data 
in  previous  frame  memory  132.  The  motion  vectors  Vx, 
Vy  are  also  input  to  a  conventional  data  packetizer  1  39, 
where  they  are  packetized  with  the  encoded  video  data 
output  from  a  Huffman  encoder  136  and  various  over- 
head  data  (e.g.,  synch,  quantization  level,  frame 
number,  PCM/DPCM  coding  identifier)  input  at  terminal 
128.  In  this  manner,  the  motion  vectors  will  be  transmit- 
ted  to  the  decoder  for  use  in  addressing  the  decoder's 
previous  frame  memory.  Discrete  cosine  transform  cir- 
cuit  134,  inverse  discrete  cosine  transform  circuit  138, 
and  Huffman  encoder  136  are  all  conventional  signal 
compression  components  well  known  in  the  art. 
[0047]  Figure  8  is  a  flowchart  illustrating  the  control  of 
PCM  and  DPCM  coding  in  the  encoders  of  the  present 

invention.  The  routine  begins  at  block  140,  and  at  block 
142  subframe  data  is  received  from  a  video  frame  n.  As 
an  example,  encoder  42  of  Figure  3  will  receive  sub- 
frame  12  from  the  first  video  frame  when  system  oper- 

5  ation  commences.  Processing  of  the  video  data  in  the 
illustrated  embodiment  takes  place  on  a  block-by-block 
basis.  At  box  1  44,  the  encoder  receives  data  from  a  first 
block  i. 
[0048]  At  box  146,  a  determination  is  made  as  to 

10  whether  the  current  data  block  being  processed  is  in  a 
refresh  region  (e.g.,  refresh  region  14  of  subframe  12). 
If  so,  nonmotion  compensated  PCM  data  is  output  from 
the  encoder  for  modulation  and  transmission  as  indicat- 
ed  at  box  1  56.  The  PCM  data  serves  to  refresh  that  por- 

15  tion  of  the  video  image  frame  area.  If  the  current  data 
block  is  not  in  a  refresh  region,  a  determination  is  made 
at  box  1  48  as  to  whether  the  data  block  is  adjacent  the 
refresh  region  of  its  subframe.  If  it  is,  all  motion  vectors 
to  unrefreshed  regions  are  deleted  at  box  158,  to  pre- 

20  vent  data  refreshed  in  a  previous  frame  from  being  cor- 
rupted  by  previous  frame  data  that  has  not  yet  been  re- 
freshed  in  a  current  refresh  cycle. 
[0049]  At  box  150,  a  determination  is  made  as  to 
whether  the  current  data  block  being  processed  is  ad- 

25  jacent  another  subframe.  This  would  be  the  case,  for 
example,  for  the  first  column  of  data  on  the  left  edge  of 
any  subframe  of  the  illustrated  embodiment.  If  the  cur- 
rent  data  block  is  adjacent  another  subframe,  then  the 
horizontal  range  of  the  motion  estimator  is  limited  to  no 

30  more  than  the  subframe  shift  distance  so  that  the  en- 
coder  will  not  attempt  to  access  previous  frame  data  that 
it  does  not  have  available  to  it  (box  160). 
[0050]  After  any  limitations  required  by  the  position  of 
the  current  block  as  determined  at  boxes  146,  148  and 

35  1  50  have  been  imposed,  motion  estimation  is  performed 
over  the  permitted  range  as  indicated  at  box  1  52.  Then, 
at  box  1  54  the  DPCM  data  resulting  from  the  motion  es- 
timation  process  is  output  for  modulation  and  transmis- 
sion. 

40  [0051]  After  processing  each  data  block,  the  encoder 
determines  at  box  162  whether  it  was  the  last  unproc- 
essed  data  block  bounded  by  the  encoder's  correspond- 
ing  subframe  in  the  current  video  frame.  If  not,  there  are 
additional  blocks  to  be  processed  for  the  subframe,  and 

45  at  box  1  68  the  block  counter  i  is  incremented.  Process- 
ing  of  the  next  data  block  then  commences  at  box  144. 
In  the  event  the  encoder's  last  subframe  block  has  just 
been  processed  for  the  current  video  frame,  a  determi- 
nation  is  made  at  box  164  as  to  whether  the  current  re- 

50  fresh  cycle  has  been  completed.  A  refresh  cycle  com- 
mences  when  the  subframes  are  aligned  as  illustrated 
in  video  image  frame  area  10a  of  Figure  2.  In  the  illus- 
trated  embodiment,  the  refresh  cycle  is  completed  11 
frames  later  when  the  subframes  are  aligned  as  shown 

55  in  video  frame  image  area  10c  of  Figure  2.  Thus,  for 
each  complete  cycling  of  the  subframes  across  the  en- 
tire  video  image  frame  area,  a  total  of  four  refresh  cycles 
will  be  completed. 

7 
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[0052]  If  box  1  64  determines  that  a  current  refresh  cy- 
cle  has  been  completed,  a  refresh  cycle  counter  is  reset 
at  box  166.  This  enables  the  motion  estimator  to  keep 
trackof  which  regions  have  been  refreshed  during  a  cur- 
rent  refresh  cycle,  so  that  data  contained  in  regions  that 
have  not  been  refreshed  can  be  avoided  in  the  motion 
estimation  process,  thereby  preventing  the  corruption  of 
data  contained  in  regions  that  have  been  refreshed  dur- 
ing  the  current  refresh  cycle. 
[0053]  After  the  last  subframe  block  of  a  current  video 
frame  has  been  processed,  and  the  refresh  counter  re- 
set  if  necessary,  the  subframe  counter  n  is  incremented 
at  box  170,  the  subframes  are  shifted  (e.g.,  by  32  bits 
in  the  horizontal  direction)  at  box  172,  and  the  routine 
continues  as  long  as  the  system  is  in  operation. 
[0054]  It  should  now  be  appreciated  that  the  present 
invention  provides  a  method  and  apparatus  for  encod- 
ing  digital  video  signals  for  transmission  in  a  com- 
pressed,  motion  compensated  form.  Refreshing  of  a  vid- 
eo  image  frame  area  and  motion  estimation  of  video  im- 
ages  is  provided  independently  for  each  of  a  plurality  of 
subframes  that  together  fill  the  video  image  frame  area. 
The  subframes  are  systematically  shifted  to  provide  pro- 
gressive  refreshing  of  the  entire  video  image  frame  area 
and  enable  motion  estimation  within  each  subframe 
processor  without  a  need  for  the  processor  to  access 
previous  frame  image  data  it  does  not  possess. 
[0055]  Although  the  invention  has  been  described  in 
connection  with  an  illustrated  embodiment  thereof, 
those  skilled  in  the  art  will  appreciate  that  numerous  ad- 
aptations  and  modifications  may  be  made  thereto  with- 
out  departing  from  the  scope  of  the  invention,  as  set 
forth  in  the  following  claims. 

Claims 

1.  A  method  for  encoding  digital  video  signals  for 
transmission  in  a  compressed,  motion  compensat- 
ed  form  comprising  the  steps  of: 

dividing  a  video  image  frame  area  (10)  into  a 
set  of  subframes  (12,16,20,24); 
systematically  shifting  the  position  of  said  set 
of  subframes  (12,16,20,24)  such  that  the  indi- 
vidual  subframes  (12,16,20,24)  progressively 
cycle  across  and  wrap  around  said  video  image 
frame  area  (10); 
independently  compressing  video  image  data 
bounded  by  each  of  said  different  subframes 
(12,16,20,24)  in  successive  video  frames  (10a, 
1  0b,  1  0c)  using  motion  estimation  to  reduce  da- 
ta  redundancy  among  the  frames  (10a,  10b, 
10c);  and 
limiting  the  motion  estimation  for  each  sub- 
frame  (12,16,20,24)  of  a  current  video  frame 
(10a,  10b,  10c)  to  areas  of  a  previous  video 
frame  (10a,  10b)  that  were  bounded  by  the 

same  subframe  (12,16,20,24)  in  the  previous 
frame  (10a,  10b). 

2.  A  method  in  accordance  with  claim  1  wherein  said 
5  shifting  step  shifts  the  set  of  subframes 

(12,16,20,24)  once  for  each  successive  video 
frame. 

3.  A  method  in  accordance  with  claim  1  or  2  wherein 
10  each  subframe  (12,16,20,24)  includes  a  refresh  re- 

gion  (14,18,22,26). 

4.  A  method  in  accordance  with  claim  3  wherein  said 
refresh  regions  (14,18,22,26)  are  located  at  junc- 

15  tions  of  consecutive  subframes  (1  2,  1  6;  1  6,20;20,24; 
24,12). 

5.  A  method  in  accordance  with  any  of  the  preceding 
claims  wherein  said  subframes  (12,16,20,24)  are 

20  adjacent  vertical  columns. 

6.  A  method  in  accordance  with  claim  5  wherein  each 
subframe  (12,16,20,24)  includes  a  refresh  region 
(1  4,  1  8,22,26)  along  a  vertical  edge  thereof,  wherein 

25  consecutive  subframes  (12,16;16,20;20,24;24,12) 
are  joined  at  a  refresh  region  (14,18,22,26). 

7.  A  method  in  accordance  with  claim  6  wherein  said 
shifting  step  shifts  the  set  of  subframes 

30  (1  2,  1  6,20,24)  by  afixed  horizontal  distance  for  each 
successive  video  frame  (1  0a,  1  0b,  1  0c). 

8.  A  method  in  accordance  with  claim  7  wherein  said 
refresh  regions  (14,18,22,26)  have  equal  widths 

35  and  said  fixed  horizontal  distance  is  equal  to  the 
width  of  said  refresh  regions  (14,18,22,26). 

9.  A  method  in  accordance  with  claim  8  wherein  said 
motion  estimation  is  limited  to  a  horizontal  range 

to  that  does  not  exceed  said  fixed  horizontal  distance. 

1  0.  A  method  in  accordance  with  claim  9  comprising  the 
further  step  of: 

45  controlling  said  motion  estimation  to  protect  da- 
ta  contained  in  regions  of  said  video  frames  that 
have  been  refreshed  during  a  current  refresh 
cycle  from  corrupted  data  contained  in  regions 
that  have  not  been  refreshed  during  the  current 

50  refresh  cycle. 

11.  A  method  in  accordance  with  claim  1  comprising  the 
further  steps  of: 

55  refreshing  a  portion  of  the  video  image  data 
bounded  by  each  subframe  (12,16,20,24), 
wherein  said  video  image  frame  area  is  pro- 
gressively  refreshed  as  the  subframes 
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(12,16,20,24)  cycle  thereacross;  and 
controlling  said  motion  estimation  to  protect  da- 
ta  contained  in  regions  of  said  video  frames 
(10)  that  have  been  refreshed  during  a  current 
refresh  cycle  from  corrupted  data  contained  in 
regions  that  have  not  been  refreshed  during  the 
current  refresh  cycle. 

12.  Apparatus  for  processing  digital  video  signals  for 
transmission  in  a  compressed,  motion  compensat- 
ed  form  comprising: 

a  plurality  of  encoders  (42,44,46,48)  for  com- 
pressing  video  image  data  using  motion  com- 
pensation; 
means  for  dividing  (102,104,106,108)  video 
frame  data  occupying  a  video  frame  image  area 
(10)  into  a  plurality  of  subframes  (12,1  6,20,24), 
each  subframe  (12,1  6,20,24)  corresponding  to 
a  different  one  of  said  encoders  (42,44,46,48); 
means  (34,36,38,40)  responsive  to  said  divid- 
ing  means  (1  02,  1  04,  1  06,  1  08)  for  inputting  vid- 
eo  image  data  bounded  by  each  subframe 
(12,16,20,24)  to  the  corresponding  encoder 
(42,44,46,48)  for  the  subframe  (12,1  6,20,24); 
means  (98,100)  operatively  associated  with 
said  dividing  means  (1  02,  1  04,  1  06,  1  08)  for  sys- 
tematically  shifting  the  position  of  said  sub- 
frames  (1  2,  1  6,20,24)  as  a  group  within  said  vid- 
eo  image  frame  area  (10),  such  that  the  individ- 
ual  subframes  (12,16,20,24)  progressively  cy- 
cle  across  and  wrap  around  said  video  image 
frame  area  (10);  and 
means  (1  40  to  1  60)  operatively  associated  with 
each  encoder  (42,44,46,48)  for  coordinating  a 
motion  estimation  range  thereof  with  the  shift- 
ing  of  said  subframes  (12,16,20,24)  to  limit  the 
motion  compensation  performed  by  each  en- 
coder  (42,44,46,48)  to  video  image  data  avail- 
able  to  that  encoder  (42,44,46,48)  from  the  re- 
spective  subframe  (12,16,20,24)  before  and  af- 
ter  shifting  the  position  of  said  subframes 
(12,16,20,24). 

13.  Apparatus  in  accordance  with  claim  12  further  com- 
prising: 

means  (162  to  172)  associated  with  each  en- 
coder  (42,44,46,48)  for  refreshing  a  portion  of 
the  video  image  data  (10)  bounded  by  the  en- 
coder's  (42,44,46,48)  corresponding  subframe 
(12,16,20,24),  wherein  said  video  frame  image 
area  (1  0)  is  progressively  refreshed  as  the  sub- 
frames  (12,16,20,24)  cycle  thereacross. 

14.  Apparatus  in  accordance  with  claim  13  wherein  the 
portion  of  data  (14,18,22,26)  refreshed  by  each  en- 
coder  (42,44,46,48)  is  located  at  a  junction  of  its 

corresponding  subframe  (12,16,20,24)  with  an  ad- 
jacent  subframe  (16,20,24,12). 

15.  Apparatus  in  accordance  with  one  of  claims  12  to 
5  14  wherein  said  video  image  data  comprises  data 

from  successive  video  frames  (10a,  10b,  10c)  and 
said  shifting  means  (98,100)  shift  the  subframes 
(12,16,20,24)  by  a  fixed  distance  for  each  succes- 
sive  video  frame. 

10 
16.  Apparatus  in  accordance  with  one  of  claims  12  to 

15  wherein  said  subframes  (12,16,20,24)  are  adja- 
cent  vertical  columns. 

is  1  7.  Apparatus  in  accordance  with  claim  1  6  wherein  the 
refreshed  portion  of  data  (14,18,22,26)  for  each 
subframe  (12,16,20,24)  is  a  vertical  column  within 
the  subframe  (12,1  6,20,24)  having  a  width  equal  to 
said  fixed  distance. 

20 
18.  Apparatus  in  accordance  with  one  of  claims  15  to 

17  wherein  said  coordinating  means  (140  to  160) 
limit  the  horizontal  motion  estimation  range  for  each 
subframe  (12,16,20,24)  at  its  junction  with  a  pre- 

25  ceding  subframe  (1  6,20,24,  1  2)  to  a  distance  in  a  di- 
rection  toward  the  preceding  subframe 
(16,20,24,12)  that  does  not  exceed  said  fixed  dis- 
tance. 

30  19.  Apparatus  in  accordance  with  one  of  claims  13  to 
18  further  comprising: 

means  (1  40  to  1  60)  operatively  associated  with 
said  encoders  (42,44,46,48)  for  controlling  the 

35  motion  compensation  to  protect  data  contained 
in  regions  of  said  video  frames  that  have  been 
refreshed  during  a  current  refresh  cycle  from 
corrupted  data  contained  in  regions  that  have 
not  been  refreshed  during  the  current  refresh 

40  cycle. 

20.  Apparatus  in  accordance  with  one  of  claims  12  to 
19  wherein: 

45  said  plurality  of  encoders  (42,44,46,48)  proc- 
esses  luminance  components  of  said  video  im- 
age  data; 
said  apparatus  further  comprising  at  least  one 
chrominance  encoder  (52)  for  separately 

so  processing  the  chrominance  components  of  a 
video  frame  (10). 

21.  Apparatus  in  accordance  with  one  of  claims  12  to 
20  further  comprising  means  for  combining  (110  to 

55  116)  compressed  video  image  data  output  from 
each  of  said  encoders  (42,44,46,48)  into  a  digital 
output  stream  for  transmission. 
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22.  A  receiver  for  processing  a  digital  output  stream 
transmitted  from  the  apparatus  of  claim  21  compris- 
ing: 

means  for  dividing  (110  and  116)  a  received 
digital  output  stream  into  packets,  each  packet 
containing  the  compressed  video  image  data 
provided  by  a  different  one  of  said  encoders 
(42,44,46,48); 
a  plurality  of  decoders  (64,66,68,70),  each  cor- 
responding  to  a  different  one  of  said  encoders 
(42,44,46,48),  for  decompressing  video  image 
data  contained  in  said  packets; 
means  operatively  associated  with  said  decod- 
ers  (64,66,68,70)  for  selectively  inputting  each 
packet  to  the  decoder  (64,66,68,70)  that  corre- 
sponds  to  the  encoder  (42,44,46,48)  which  pro- 
vided  the  video  image  data  contained  in  the 
packet;  and 
means  (72,74,76,78)  coupled  to  an  output  of 
each  decoder  (64,66,68,70)  for  combining  the 
decompressed  video  image  data  from  the  de- 
coders  (64,66,68,70)  into  a  video  output  signal. 

23.  Receiver  apparatus  in  accordance  with  claim  22 
wherein: 

said  plurality  of  encoders  (42,44,46,48)  and  de- 
coders  (64,66,68,70)  each  process  luminance 
components  of  said  video  image  data; 
said  apparatus  further  comprising: 
at  least  one  chrominance  encoder  (52)  for  sep- 
arately  encoding  the  chrominance  components 
of  said  video  image  data;  and 
at  least  one  chrominance  decoder  (82)  for  sep- 
arately  decoding  chrominance  components 
provided  by  said  chrominance  encoder  (52). 

24.  Receiver  apparatus  for  processing  digital  video  sig- 
nals  comprising  video  image  data  obtained  by 

dividing  a  video  image  frame  area  (10)  into  a 
set  of  subframes  (12,16,20,24), 
systematically  shifting  the  position  of  said  set 
of  subframes  (12,16,20,24)  such  that  the  indi- 
vidual  subframes  (12,16,20,24)  progressively 
cycle  across  and  wrap  around  said  video  image 
frame  area  (10), 
independently  compressing  video  image  data 
bounded  by  each  of  said  different  subframes 
(12,16,20,24)  in  successive  video  frames  (10a, 
1  0b,  1  0c)  using  motion  estimation  to  reduce  da- 
ta  redundancy  among  the  frames,  and 
limiting  the  motion  estimation  for  each  sub- 
frame  (1  2,1  6,20,24)  of  a  current  video  frame  to 
areas  of  a  previous  video  frame  (1  0a,  1  0b)  that 
were  bounded  by  the  same  subframe 
(12,16,20,24)  in  the  previous  frame  (10a,10b); 

said  receiver  apparatus  comprising: 

means  for  dividing  (110  to  116)  a  received  dig- 
ital  data  stream  into  packets,  each  packet  con- 

5  taining  compressed  video  image  data  bounded 
by  a  different  subframe  area  (12,16,20,24)  of  a 
video  frame  (10); 
means  (1  1  0  to  1  1  6)  responsive  to  said  received 
data  stream  for  controlling  said  dividing  means 

10  (110  to  116)  to  recognize  the  shifting  of  said 
subframe  areas  (12,16,20,24)  in  successive 
video  frames  (10a,  10b,  10c),  wherein  different 
packets  for  successive  video  frames  continue 
to  contain  data  bounded  by  a  respective  sub- 

's  frame  area  (12,16,20,24); 
a  plurality  of  decoders  (64,66,68,70),  each  cor- 
responding  to  a  different  one  of  said  subframe 
areas  (12,16,20,24),  for  decompressing  video 
image  data  contained  in  said  packets; 

20  means  operatively  associated  with  said  decod- 
ers  (64,66,68,70)  for  selectively  inputting  each 
packet  to  the  decoder  that  corresponds  to  the 
packet's  respective  subframe  area;  and 
means  (1  02,  1  04,  1  06,  1  08)  coupled  to  an  output 

25  of  each  decoder  (64,66,68,70)  for  combining 
the  decompressed  video  image  data  from  the 
decoders  (64,66,68,70)  into  a  video  output  sig- 
nal. 

30  25.  Receiver  apparatus  in  accordance  with  claim  24 
wherein: 

said  plurality  of  decoders  (64,66,68,70)  each 
process  luminance  components  of  said  video 

35  image  data; 
said  apparatus  further  comprising  at  least  one 
chrominance  decoder  (82)  for  separately  de- 
coding  chrominance  components  of  said  video 
image  data. 

40 

Patentanspriiche 

1.  Verfahren  zum  Codieren  von  digitalen  Videosigna- 
45  len  zur  Ubertragung  in  einer  komprimierten,  bewe- 

gungskompensierten  Form,  umfassend  die  Schrit- 

Aufteilen  eines  Videobild-Framebereichs  (10) 
so  in  einen  Satz  von  Subframes  (12,  16,  20,  24); 

systematisches  Verschieben  der  Position  des 
Satzes  von  Subframes  (12,  16,  20,  24),  sodaB 
die  einzelnen  Subframes  (12,  16,  20,  24)  den 

55  Videobild-Framebereich  (1  0)  nacheinander  zy- 
klisch  und  umlaufend  durchlaufen; 

unabhangiges  Komprimieren  von  durch  jeden 
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der  verschiedenen  Subframes  (12,  16,  20,  24) 
begrenzten  Videobilddaten  in  aufeinanderfol- 
genden  Video-Frames  (10a,  10b,  10c)  unter 
Verwendung  von  Bewegungsschatzung,  urn 
die  Datenredundanz  unter  den  Frames  (10a, 
10b,  10c)  zu  reduzieren;  und 

Begrenzen  der  Bewegungsschatzung  fur  jeden 
Subframe  (12,  16,  20,  24)  eines  aktuellen  Vi- 
deo-Frame  (10a,  10b,  10c)  auf  Bereiche  eines 
vorherigen  Video-Frame  (10a,  10b),  die  durch 
denselben  Subframe  (12,  16,  20,  24)  in  dem 
vorherigen  Frame  (10a,  10b)  begrenzt  waren. 

2.  Verfahren  nach  Anspruch  1  ,  bei  dem  in  dem  Schritt 
des  Verschiebens  der  Satz  von  Subframes  (12,  16, 
20,  24)  einmal  pro  Folgevideoframe  verschoben 
wird. 

3.  Verfahren  nach  Anspruch  1  oder  2,  bei  dem  jeder 
Subframe  (12,  16,  20,  24)  eine  Refresh-Region  (14, 
18,  22,  26)  umfaBt. 

4.  Verfahren  nach  Anspruch  3,  bei  dem  die  Refresh- 
Regionen  (14,  18,  22,  26)  an  Verbindungsstellen 
von  aufeinanderfolgenden  Subframes  (12,  16;  16, 
20;  20,  24,  24,  12)  liegen. 

5.  Verfahren  nach  einem  der  vorstehenden  Anspru- 
che,  bei  dem  die  Subframes  (12,  16,  20,  24)  be- 
nachbarte  vertikale  Spalten  sind. 

6.  Verfahren  nach  Anspruch  5,  bei  dem  jeder  Subfra- 
me  (12,  16,  20,  24)  eine  Refresh-Region  (14,  18, 
22,  26)  entlang  einer  vertikalen  Kante  desselben 
aufweist,  wobei  aufeinanderfolgende  Subframes 
(12,  16;  16,  20;  20,  24;  24,  12)  an  einer  Refresh- 
Region  (14,  18,  22,  26)  verbunden  sind. 

7.  Verfahren  nach  Anspruch  6,  bei  dem  in  dem  Schritt 
des  Verschiebens  der  Satz  von  Subframes  (12,  16, 
20,  24)  urn  eine  teste  horizontale  Distanz  fur  jeden 
Folgevideoframe  (10a,  10b,  10c)  verschoben  wird. 

8.  Verfahren  nach  Anspruch  7,  bei  dem  die  Refresh- 
Regionen  (1  4,  1  8,  22,  26)  gleiche  Breiten  aufweisen 
und  die  teste  horizontale  Distanz  gleich  der  Breite 
der  Refresh-Regionen  (14,  18,  22,  26)  ist. 

9.  Verfahren  nach  Anspruch  8,  bei  dem  die  Bewe- 
gungsschatzung  auf  einen  horizontalen  Bereich  be- 
grenzt  ist,  der  die  teste  horizontale  Distanz  nicht 
uberschreitet. 

10.  Verfahren  nach  Anspruch  9,  welches  als  weiteren 
Schritt  umfaBt: 

Steuern  der  Bewegungsschatzung,  urn  Daten, 

die  in  Regionen  der  Video-Frames  enthalten 
sind,  die  wahrend  eines  aktuellen  Refresh-Zy- 
klus  aufgefrischt  worden  sind,  vor  verfalschten 
Daten  zu  schutzen,  die  in  Regionen  enthalten 

5  sind,  die  wahrend  des  aktuellen  Refresh-Zy- 
klus  nicht  aufgefrischt  worden  sind. 

11.  Verfahren  nach  Anspruch  1,  umfassend  die  weite- 
ren  Schritte: 

10 
Auffrischen  eines  Teils  der  durch  jeden  Subfra- 
me  (1  2,  1  6,  20,  24)  begrenzten  Videobilddaten, 
wobei  der  Videobild-Framebereich  progressiv 
aufgefrischt  wird,  wahrend  er  von  den  Subfra- 

15  mes  (1  2,  1  6,  20,  24)  zyklisch  durchlaufen  wird; 
und 

Steuern  der  Bewegungsschatzung,  urn  Daten, 
die  in  Regionen  der  Video-Frames  (10)  enthal- 

20  ten  sind,  die  wahrend  eines  aktuellen  Refresh- 
Zyklus  aufgefrischt  worden  sind,  vor  verfalsch- 
ten  Daten  zu  schutzen,  die  in  Regionen  enthal- 
ten  sind,  die  wahrend  des  aktuellen  Refresh- 
Zyklus  nicht  aufgefrischt  worden  sind. 

25 
12.  Vorrichtung  zum  Verarbeiten  von  digitalen  Videosi- 

gnalen  zur  Ubertragung  in  einer  komprimierten,  be- 
wegungskompensierten  Form,  umfassend: 

30  eine  Mehrzahl  von  Codierern  (42,  44,  46,  48) 
zum  Komprimieren  von  Videobilddaten  unter 
Verwendung  von  Bewegungskompensation; 

Mittel  (102,  104,  106,  108)  zum  Unterteilen  von 
35  Videoframedaten,  die  einen  Videoframe-Bild- 

bereich  (10)  belegen,  in  eine  Mehrzahl  von 
Subframes  (12,  16,  20,  24),  wobei  jeder  Subf- 
rame  (12,  16,  20,  24)  einemjeweilsanderender 
Codierer  (42,  44,  46,  48)  zugeordnet  ist; 

40 
auf  die  Unterteilungsmittel  (1  02,  1  04,  1  06,  1  08) 
ansprechende  Mittel  (34,  36,  38,  40)  zum  Ein- 
geben  von  durch  jeden  Subframe  (12,  16,  20, 
24)  begrenzten  Videobilddaten  in  den  entspre- 

45  chenden  Codierer  (42,  44,  46,  48)  fur  den  Sub- 
frame  (12,  16,  20,  24); 

mit  den  Unterteilungsmitteln  (102,  104,  106, 
108)  wirksam  verbundene  Mittel  (98,  100)  zum 

so  systematischen  Verschieben  der  Position  der 
Subframes  (12,  16,  20,  24)  als  Gruppe  inner- 
halb  des  Videobild-Framebereichs  (1  0),  so  dal3 
die  einzelnen  Subframes  (12,  16,  20,  24)  den 
Videobild-Framebereich  (10)  nacheinanderzy- 

55  klisch  und  umlaufend  durchlaufen;  und 

mit  jedem  Codierer  (42,  44,  46,  48)  wirksam 
verbundene  Mittel  (1  40  bis  1  60)  zum  Koordinie- 

11 
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ren  eines  Bewegungsschatzungsbereichs  des- 
selben  mit  dem  Verschieben  der  Subframes 
(12,  16,  20,  24),  urn  die  durch  jeden  Codierer 
(42,  44,  46,  48)  durchgefuhrte  Bewegungskom- 
pensation  auf  Videobilddaten  zu  beschranken,  s 
die  diesem  Codierer  (42,  44,  46,  48)  aus  dem 
entsprechenden  Subframe  (12,  16,  20,  24)  vor 
und  nach  dem  Verschieben  der  Position  der 
Subframes  (12,  16,  20,  24)  zur  Verfugung  ste- 
hen.  10 

13.  Vorrichtung  nach  Anspruch  12,  ferner  umfassend: 

mit  jedem  Codierer  (42,  44,  46,  48)  in  Verbin- 
dung  stehende  Mittel  (162  bis  172)  zum  Auffri- 
schen  eines  Teils  der  durch  den  dem  Codierer 
(42,  44,  46,  48)  zugeordneten  Subframe  (12, 
16,  20,  24)  begrenzten  Videobilddaten  (10), 
wobei  der  Videoframe-Bildbereich  (10)  pro- 
gressiv  aufgefrischt  wird,  wahrend  er  von  den 
Subframes  (12,  16,  20,  24)  zyklisch  durchlau- 
fen  wird. 

14.  Vorrichtung  nach  Anspruch  13,  bei  welcher  der 
durch  jeden  Codierer  (42,  44,  46,  48)  aufgefrischte 
Teil  von  Daten  (14,  18,  22,  26)  an  einer  Verbin- 
dungsstelle  seines  entsprechenden  Subframe  (12, 
16,  20,  24)  mit  einem  benachbarten  Subframe  (16, 
20,  24,  12)  liegt. 

15.  Vorrichtung  nach  einem  der  Anspruche  12  bis  14, 
wobei  die  Videobilddaten  Daten  aus  aufeinander- 
folgenden  Video-Frames  (10a,  10b,  10c)  umfassen 
und  wobei  die  Schiebemittel  (98,  100)  die  Subfra- 
mes  (12,  16,  20,  24)  urn  eine  teste  Distanz  fur  jeden 
Folgevideoframe  verschieben. 

16.  Vorrichtung  nach  einem  der  Anspruche  12  bis  15, 
wobei  die  Subframes  (12,  16,  20,  24)  benachbarte 
vertikale  Spalten  sind. 

17.  Vorrichtung  nach  Anspruch  16,  wobei  der  aufge- 
frischte  Teil  von  Daten  (14,  18,  22,  26)  fur  jeden 
Subframe  (12,  16,  20,  24)  eine  vertikale  Spalte  in- 
nerhalb  des  Subframe  (12,  16,  20,  24)  ist,  deren 
Breite  gleich  derfesten  Distanz  ist. 

18.  Vorrichtung  nach  einem  der  Anspruche  15  bis  17, 
wobei  die  koordinierenden  Mittel  (140  bis  160)  den 
horizontalen  Bewegungsschatzungsbereich  fur  je- 
den  Subframe  (12,  16,  20,  24)  an  dessen  Verbin- 
dungsstelle  mit  einem  vorausgehenden  Subframe 
(16,  20,  24,  12)  auf  eine  Distanz  in  Richtung  des 
vorausgehenden  Subframe  (16,  20,  24,  12)  be- 
schranken,  welche  die  teste  Distanz  nicht  uber- 
schreitet. 

19.  Vorrichtung  nach  einem  der  Anspruche  13  bis  18, 

welche  ferner  umfaBt: 

mit  den  Codierern  (42,  44,  46,  48)  wirksam  ver- 
bundene  Mittel  (140  bis  160)  zum  Steuern  der 

5  Bewegungskompensation,  urn  Daten,  die  in 
Regionen  der  Video-Frames  enthalten  sind,  die 
wahrend  eines  aktuellen  Refresh-Zyklus  auf- 
gefrischt  worden  sind,  vor  verfalschten  Daten 
zu  schutzen,  die  in  Regionen  enthalten  sind, 

10  die  wahrend  des  aktuellen  Refresh-Zyklus 
nicht  aufgefrischt  worden  sind. 

20.  Vorrichtung  nach  einem  der  Anspruche  12  bis  19, 
wobei: 

15 
die  mehreren  Codierer  (42,  44,  46,  48)  Lumi- 
nanzkomponenten  der  Videobilddaten  verar- 
beiten; 

20  wobei  die  Vorrichtung  ferner  mindestens  einen 
Chrominanz-Codierer  (52)  zur  separaten  Ver- 
arbeitung  der  Chrominanzkomponenten  eines 
Video-Frame  (10)  umfaBt. 

25  21.  Vorrichtung  nach  einem  der  Anspruche  12  bis  20, 
welche  ferner  Mittel  (1  1  0  bis  1  1  6)  zum  Zusammen- 
fassen  von  von  jedem  der  Codierer  (42,  44,  46,  48) 
ausgegebenen  komprimierten  Videobilddaten  zu 
einem  digitalen  Ausgabestrom  zur  Ubertragung 

30  umfaBt. 

22.  Empfanger  zum  Verarbeiten  eines  von  der  Vorrich- 
tung  nach  Anspruch  21  ubertragenen  digitalen  Aus- 
gabestroms,  umfassend: 

35 
Mittel  (110  und  116)  zum  Aufteilen  eines  emp- 
fangenen  digitalen  Ausgabestroms  in  Pakete, 
wobei  jedes  Paket  die  von  einem  jeweils  ande- 
ren  der  Codierer  (42,  44,  46,  48)  bereitgestell- 

40  ten  komprimierten  Videobilddaten  enthalt; 

mehrere  Decodierer  (64,  66,  68,  70),  von  denen 
ein  jeder  einem  anderen  der  Codierer  (42,  44, 
46,  48)  zugeordnet  ist,  zum  Dekomprimieren 

45  von  in  den  Paketen  enthaltenen  Videobildda- 
ten; 

mit  den  Decodierern  (64,  66,  68,  70)  wirksam 
verbundene  Mittel  zur  selektiven  Eingabe  jedes 

so  Pakets  in  den  Decodierer  (64,  66,  68,  70),  der 
dem  Codierer  (42,  44,  46,  48)  zugeordnet  ist, 
der  die  in  dem  Paket  enthaltenen  Videobildda- 
ten  bereitgestellt  hat;  und 

55  mit  einem  Ausgang  jedes  Decodierers  (64,  66, 
68,  70)  verbundene  Mittel  (72,  74,  76,  78)  zum 
Zusammenfassen  der  dekomprimierten  Video- 
bilddaten  aus  den  Decodierern  (64,  66,  68,  70) 

50 

25 

30 
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zu  einem  Videoausgangssignal. 

23.  Empfangervorrichtung  nach  Anspruch  22,  wobei: 

die  mehreren  Codierer  (42,  44,  46,  48)  und  De- 
codierer  (64,  66,  68,  70)  jeweils  Luminanzkom- 
ponenten  der  Videobilddaten  verarbeiten; 

wobei  die  Vorrichtung  ferner  umfaBt: 

mindestens  einen  Chrominanz-Codierer  (52) 
zur  separaten  Codierung  der  Chrominanzkom- 
ponenten  der  Videobilddaten;  und 

mindestens  einen  Chrominanz-Decodierer 
(82)  zur  separaten  Decodierung  von  durch  den 
Chrominanz-Codierer  (52)  bereitgestellten 
Chrominanzkomponenten. 

24.  Empfangervorrichtung  zum  Verarbeiten  von  digita- 
len  Videosignalen,  welche  Videobilddaten  umfas- 
sen,  die  durch  folgende  Schritte  erhalten  werden: 

Aufteilen  eines  Videobild-Framebereichs  (10) 
in  einen  Satz  von  Subframes  (12,  16,  20,  24), 

systematisches  Verschieben  der  Position  des 
Satzes  von  Subframes  (12,  16,  20,  24),  sodaB 
die  einzelnen  Subframes  (12,  16,  20,  24)  den 
Videobild-Framebereich  (10)  nacheinanderzy- 
klisch  und  umlaufend  durchlaufen, 

unabhangiges  Komprimieren  von  durch  jeden 
der  verschiedenen  Subframes  (12,  16,  20,  24) 
begrenzten  Videobilddaten  in  aufeinanderfol- 
genden  Video-Frames  (10a,  10b,  10c)  unter 
Verwendung  von  Bewegungsschatzung,  urn 
die  Datenredundanz  unter  den  Frames  zu  re- 
duzieren;  und 

Begrenzen  der  Bewegungsschatzung  fur  jeden 
Subframe  (12,  16,  20,  24)  eines  aktuellen  Vi- 
deo-Frame  auf  Bereiche  eines  vorherigen  Vi- 
deo-Frame  (10a,  10b),  die  durch  denselben 
Subframe  (12,  16,  20,  24)  in  dem  vorherigen 
Frame  (10a,  10b)  begrenzt  waren; 

wobei  die  Empfangervorrichtung  umfaBt: 

Mittel  (110  bis  116)  zum  Aufteilen  eines  emp- 
fangenen  digitalen  Datenstroms  in  Pakete,  wo- 
bei  jedes  Paket  komprimierte  Videobilddaten 
enthalt,  die  von  einem  jeweils  anderen  Subfra- 
me-Bereich  (1  2,  1  6,  20,  24)  eines  Video-Frame 
(10)  begrenzt  sind; 

auf  den  empfangenen  Datenstrom  anspre- 
chende  Mittel  (110  bis  116)  zum  Steuern  der 

Unterteilungsmittel  (110  bis  116),  urn  das  Ver- 
schieben  der  Subframe-Bereiche  (12,  16,  20, 
24)  in  aufeinanderfolgenden  Video-Frames 
(10a,  10b,  10c)  zu  erkennen,  wobei  verschie- 

5  dene  Pakete  fur  aufeinanderfolgende  Video- 
Frames  weiterhin  durch  einen  entsprechenden 
Subframe-Bereich  (12,  16,  20,  24)  begrenzte 
Daten  enthalten; 

10  mehrere  Decodierer  (64,  66,  68,  70),  von  denen 
ein  jeder  einem  jeweils  anderen  der  Subframe- 
Bereiche  (12,  16,  20,  24)  zugeordnet  ist,  zum 
Dekomprimieren  von  in  den  Paketen  enthalte- 
nen  Videobilddaten; 

15 
mit  den  Decodierern  (64,  66,  68,  70)  wirksam 
verbundene  Mittel  zur  selektiven  Eingabe  jedes 
Pakets  in  den  Decodierer  (64,  66,  68,  70),  der 
dem  jeweiligen  Subframe-Bereich  des  Pakets 

20  zugeordnet  ist;  und 

mit  einem  Ausgang  jedes  Decodierers  (64,  66, 
68,  70)  verbundene  Mittel  (102,  104,  106,  108) 
zum  Zusammenfassen  der  dekomprimierten 

25  Videobilddaten  aus  den  Decodierern  (64,  66, 
68,  70)  zu  einem  Videoausgangssignal. 

25.  Empfangervorrichtung  nach  Anspruch  24,  wobei: 

30  die  mehreren  Decodierer  (64,  66,  68,  70)  je- 
weils  Luminanzkomponenten  der  Videobildda- 
ten  verarbeiten; 

wobei  die  Vorrichtung  ferner  mindestens  einen 
35  Chrominanz-Decodierer  (82)  zum  separaten 

Decodieren  von  Chrominanzkomponenten  der 
Videobilddaten  umfaBt. 

40  Revendications 

1  .  Procede  pour  coder  des  signaux  video  numeriques 
en  vue  d'une  transmission  dans  une  forme  compri- 
mee,  compensee  en  mouvement,  comprenant  les 

45  etapes  de  : 

diviser  une  surface  (10)  d'image  complete  de 
I'image  video  en  un  ensemble  d'images  partiel- 
les  (12,  16,  20,  24), 

so  decaler  systematiquement  la  position  de  I'en- 
semble  des  images  partielles  (12,  16,  20,  24), 
de  facon  a  ce  que  progressivement  les  images 
partielles  (12,  16,  20,  24)  separees  fassent  un 
cycle  a  travers  et  bouclent  la  surface  (10)  d'ima- 

55  ge  complete  de  I'image  video, 
comprimer  independamment  des  donnees 
d'image  video  limitees  par  chacune  des  images 
partielles  (12,  16,  20,  24)  differentes  dans  des 

13 
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images  completes  video  (10a,  10b,  10c)  suc- 
cessives  en  utilisant  une  evaluation  de  mouve- 
ment  pour  reduire  une  redondance  de  donnees 
entre  les  images  completes  (10a,  10b,  10c),  et 
limiter  revaluation  de  mouvement  pour  chaque  s 
image  partielle  (12,  16,  20,  24)  d'une  image 
complete  video  courante  (10a,  10b,  10c)  a  des 
surfaces  d'une  image  complete  video  (10a, 
10b)  precedente  qui  ont  ete  limitees  par  la  me- 
me  image  partielle  (12,  16,  20,  24)  dans  I'image  10 
complete  (10a,  10b)  precedente. 

2.  Procede  suivant  la  revendication  1,  caracterise  en 
ce  que  I'etape  de  decalage  decale  I'ensemble 
d'images  partielles  (12,  16,  20,  24)  une  fois  pour  15 
chaque  image  complete  video  successive. 

3.  Procede  suivant  la  revendication  1  ou  2,  caracterise 
en  ce  que  chaque  image  partielle  (12,  16,  20,  24) 
comprend  une  zone  regeneree  (14,  18,  22,  26).  20 

4.  Procede  suivant  la  revendication  3,  caracterise  en 
ce  que  les  zones  regenerees  (14,  18,  22,  26)  sont 
situees  a  des  jonctions  d'images  partielles  conse- 
cutives  (12,  16;  16,  20;  20,  24;  24,  12).  25 

5.  Procede  suivant  I'une  quelconque  des  revendica- 
tions  precedentes,  caracterise  en  ce  que  les  ima- 
ges  partielles  (12,  16,  20,  24)  sont  des  colonnes 
verticales  voisines.  30 

6.  Procede  suivant  la  revendication  5,  caracterise  en 
ce  que  chaque  image  partielle  (12,  1  6,  20,  24)  com- 
prend  une  zone  regeneree  (14,  18,  22,  26)  le  long 
d'un  bord  vertical  de  celle-ci,  et  en  ce  que  des  ima-  35 
ges  partielles  consecutives  (12,  16;  16,  20;  20,  24; 
24,  12)  sont  jointes  a  I'endroit  d'une  zone  regenere 
(14,  18,  20,  26). 

7.  Procede  suivant  la  revendication  6,  caracterise  en  40 
ce  que  I'etape  de  decalage  decale  I'ensemble 
d'images  partielles  (12,  16,  20,  24)  d'une  distance 
horizontale  fixe  pour  chaque  image  complete  video 
successives  (10a,  10b,  10c). 

45 
8.  Procede  suivant  la  revendication  7,  caracterise  en 

ce  que  les  zones  regenerees  (14,  18,  22,  26)  ont 
des  largeurs  egales  et  en  ce  que  la  distance  hori- 
zontale  fixe  est  egale  a  la  largeur  des  zones  rege- 
nerees  (14,  18,  22,  26)  precitees.  so 

9.  Procede  suivant  la  revendication  8,  caracterise  en 
ce  que  revaluation  de  mouvement  est  limitee  a  une 
plage  horizontale  qui  ne  depasse  pas  la  distance 
horizontale  fixee.  55 

10.  Procede  suivant  la  revendication  9,  caracterise  en 
ce  qu'il  comprend  I'etape  supplemental  de  : 

commander  revaluation  de  mouvement  de  fa- 
con  a  proteger  des  donnees  contenues  dans 
des  zones  des  images  completes  video  preci- 
tees,  qui  ont  ete  regenerees  pendant  un  cycle 
de  regeneration  courant,  par  rapport  a  des  don- 
nees  alterees  contenues  dans  des  zones  qui 
n'ont  pas  ete  regenerees  pendant  le  cycle  de 
regeneration  courant. 

11.  Procede  suivant  la  revendication  1  ,  comprenant  les 
etapes  supplementaires  de  : 

regenerer  une  partie  des  donnees  d'image  vi- 
deo  limitees  par  chaque  image  partielle  (12,  16, 
20,  24),  la  surface  d'image  complete  de  I'image 
video  etant  progressivement  regeneree  a  me- 
sure  que  les  images  partielles  (12,  16,  20,  24) 
font  un  cycle  a  travers  elle,  et 
commander  revaluation  de  mouvement  pour 
proteger  des  donnees  contenues  dans  des  zo- 
nes  des  images  completes  video  (10),  qui  ont 
ete  regenerees  pendant  un  cycle  de  regenera- 
tion  courant,  par  rapport  a  des  donnees  alte- 
rees  contenues  dans  des  zones  qui  n'ont  pas 
ete  regenerees  pendant  le  cycle  de  regenera- 
tion  courant. 

12.  Dispositif  pour  traiter  des  signaux  video  numeri- 
ques  en  vue  d'une  transmission  dans  une  forme 
comprimee,  compensee  en  mouvement, 
comprenant  : 

une  pluralite  de  codeurs  (42,  44,  46,  48)  pour 
comprimer  des  donnees  d'images  video  en  uti- 
lisant  une  compensation  de  mouvement, 
des  moyens  pour  diviser  (102,  104,  106,  108) 
des  donnees  d'images  completes  video  occu- 
pant  une  surface  d'image  (10)  d'une  image 
complete  de  video  en  une  pluralite  d'images 
partielles  (12,  16,  20,  24),  chaque  image  par- 
tielle  (12,  16,  20,  24)  correspondant  a  un  co- 
deur  different  des  codeurs  (42,  44,  46,  48), 
des  moyens  (34,  36,  38,  40)  qui  repondent  aux 
moyens  de  division  (102,  104,  106,  108)  pour 
introduire  des  donnees  d'image  video  limitees 
par  chaque  image  partielle  (1  2,  1  6,  20,  24)  dans 
le  codeur  (42,  44,  46,  48)  correspondant  pour 
I'image  partielle  (12,  16,  20,  24), 
des  moyens  (98,  100)  associes  fonctionnelle- 
ment  aux  moyens  de  division  (102,  104,  106, 
108)  en  vue  de  decaler  systematiquement  la 
position  des  images  partielles  (12,  16,  20,  24) 
sous  la  forme  d'un  groupe  dans  la  surface 
d'image  complete  (10)  de  I'image  video,  de  fa- 
con  a  ce  que,  progressivement,  les  images  par- 
tielles  (12,  16,  20,  24)  separees  fassent  un  cy- 
cle  a  travers  et  bouclent  la  surface  d'image 
complete  (10)  de  I'image  video,  et 
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des  moyens  (140  a  160)  associes  fonctionnel- 
lement  a  chaque  codeur  (42,  44,  46,  48)  en  vue 
de  coordonner  une  plage  devaluation  de  mou- 
vement  de  cela  avec  le  decalage  des  images 
partielles  (12,  16,  20,  24)  pour  limiter  la  com- 
pensation  de  mouvement  executee  par  chaque 
codeur  (42,  44,  46,  48)  a  des  donnees  d'image 
video  disponibles  pour  ce  codeur  (42,  44,  46, 
48)  et  en  provenance  de  I'image  partielle  (12, 
16,  20,  24)  respective  avant  et  apres  un  deca- 
lage  de  la  position  des  images  partielles  (12, 
16,  20,  24)  precitees. 

13.  Dispositif  suivant  la  revendication  12,  caracterise 
en  ce  qu'il  comprend  en  outre  : 

des  moyens  (1  62  a  1  72)  associes  a  chaque  co- 
deur  (42,  44,  46,  48)  pour  regenerer  une  partie 
des  donnees  d'image  video  (10)  limitees  par 
I'image  partielle  (12,  16,  20,  24)  correspondan- 
te  du  codeur  (42,  44,  46,  48),  la  surface  d'image 
(10)  de  I'image  complete  video  etant  progres- 
sivement  regeneree  a  mesure  que  les  images 
partielles  (12,  16,  20,  24)  font  un  cycle  au  tra- 
vers  de  celles-ci. 

14.  Dispositif  suivant  la  revendication  13,  caracterise 
en  ce  que  la  partie  de  donnees  (14,  18,  22,  26)  re- 
generee  par  chaque  codeur  (42,  44,  46,  48)  est  si- 
tuee  a  une  jonction  de  son  image  partielle  (12,  16, 
20,  24)  correspondante  et  d'une  image  partielle  (16, 
20,  24,  12)  voisine. 

15.  Dispositif  suivant  I'une  des  revendications  12  a  14, 
caracterise  en  ce  que  les  donnees  d'image  video 
comprennent  des  donnees  en  provenance  d'ima- 
ges  completes  video  (10a,  10b,  10c)  successives 
et  en  ce  que  les  moyens  de  decalage  (98,  100)  de- 
calent  les  images  partielles  (12,  16,  20,  24)  d'une 
distance  fixe  pour  chaque  image  partielle  video  suc- 
cessive. 

16.  Dispositif  suivant  I'une  des  revendications  12  a  15, 
caracterise  en  ce  que  les  images  partielles  (12,  16, 
20,  24)  sont  des  colonnes  verticales  voisines. 

17.  Dispositif  suivant  la  revendication  16,  caracterise 
en  ce  que  la  partie  regeneree  de  donnees  (14,  18, 
22,  26)  de  chaque  image  partielle  (12,  16,  20,  24) 
est  une  colonne  verticale,  dans  I'image  partielle  (12, 
16,  20,  24),  presentant  une  largeur  egale  a  la  dis- 
tance  fixe  precitee. 

18.  Dispositif  suivant  I'une  des  revendications  15  a  17, 
caracterise  en  ce  que  les  moyens  de  coordination 
(140  a  160)  limitent  la  plage  devaluation  de  mou- 
vement  horizontal  pour  chaque  image  partielle  (12, 
16,  20,  24)  a  sa  jonction  avec  une  image  partielle 

(16,  20,  24,  12)  precedente  a  une  distance,  dans 
une  direction  vers  I'image  partielle  (16,  20,  24,  12) 
precedente,  qui  ne  depasse  pas  la  distance  fixe. 

5  19.  Dispositif  suivant  I'une  des  revendications  13  a  18, 
caracterise  en  ce  qu'il  comprend  en  outre  : 

des  moyens  (140  a  160  associes  fonctionnel- 
lement  aux  codeurs  (42,  44,  46,  48)  pour  com- 

10  mander  la  compensation  de  mouvement  afin 
de  proteger  des  donnees  contenues  dans  des 
zones  des  images  completes  video,  qui  ont  ete 
regenerees  pendant  un  cycle  de  regeneration 
courant,  par  rapport  a  des  donnees  alterees 

is  contenues  dans  des  zones  qui  n'ont  pas  ete  re- 
generees  pendant  le  cycle  de  regeneration 
courant. 

20.  Dispositif  suivant  I'une  des  revendications  12  a  19, 
20  caracterise  en  ce  que  : 

la  pluralite  de  codeurs  (42,  44,  46,  48)  traitent 
des  composantes  de  luminance  des  donnees 
d'images  video, 

25  le  dispositif  comprenant  en  outre  au  moins  un 
codeur  de  chrominance  (52)  pour  traiter  sepa- 
rement  les  composantes  de  chrominance  d'une 
image  complete  video  (10). 

30  21.  Dispositif  suivant  I'une  des  revendications  12  a  20, 
caracterise  en  ce  qu'il  comprend  en  outre  des 
moyens  pour  combiner  (110  a  116)  des  donnees 
d'image  video  comprimees  delivrees  par  chacun 
des  codeurs  (42,  44,  46,  48)  en  un  train  de  signal 

35  de  sortie  numerique  en  vue  d'une  transmission. 

22.  Recepteur  pour  traiter  un  train  de  signal  de  sortie 
numerique  transmis  par  le  dispositif  de  la  revendi- 
cation  21  ,  comprenant  : 

40 
des  moyens  pour  diviser  (110  et  116)  en  des 
paquets  un  train  de  signal  de  sortie  numerique 
recu,  chaque  paquet  contenant  les  donnees 
d'image  video  comprimees  fournies  par  un  co- 

45  deur  different  des  codeurs  (42,  44,  46,  48), 
une  pluralite  de  decodeurs  (64,  66,  68,  70), 
chacun  correspondant  a  un  codeur  different 
des  codeurs  (42,  44,  46,  48),  pourdecomprimer 
des  donnees  d'image  video  contenues  dans  les 

so  paquets  precites, 
des  moyens  associes  fonctionnellement  aux 
decodeurs  (64,  66,  68,  70)  pour  introduire  se- 
lectivement  chaque  paquet  dans  le  decodeur 
(64,  66,  68,  70)  qui  correspond  au  codeur  (42, 

55  44,  46,  48)  qui  a  fourni  les  donnees  d'image  vi- 
deo  contenues  dans  le  paquet,  et 
des  moyens  (72,  74,  76,  78)  raccordes  a  une 
sortie  de  chaque  decodeur  (64,  66,  68,  70)  pour 

15 
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combiner  les  donnees  d'image  video  decompri- 
mees  en  provenance  des  decodeurs  (64,  66, 
68,  70)  en  un  signal  de  sortie  video. 

23.  Dispositif  de  reception  suivant  la  revendication  22, 
caracterise  en  ce  que  la  pluralite  de  codeurs  (42, 
44,  46,  48)  et  de  decodeurs  (64,  66,  68,  70)  traitent 
chacun  des  composantes  de  luminance  des  don- 
nees  d'image  video  precitees, 

le  dispositif  comprenant  en  outre  : 

au  moins  un  codeur  de  chrominance  (52)  pour 
coder  separement  les  composantes  de  chromi- 
nance  des  donnees  d'image  video  precitees,  et 
au  moins  un  decodeur  de  chrominance  (82) 
pour  decoder  separement  des  composantes  de 
chrominance  fournies  par  le  codeur  de  chromi- 
nance  (52). 

24.  Dispositif  de  reception  pour  traiter  des  signaux  vi- 
deo  numeriques  comprenant  des  donnees  d'image 
video  obtenues  par  : 

une  division  d'une  surface  d'image  complete 
(1  0)  de  I'image  video  en  un  ensemble  d'images 
partielles  (12,  16,  20,  24), 
un  decalage  systematique  de  la  position  de 
I'ensemble  d'images  partielles  (12,  16,  20,  24) 
de  facon  a  ce  que,  progressivement,  les  ima- 
ges  partielles  (1  2,  1  6,  20,  24)  separees  fassent 
un  cycle  a  travers  et  bouclent  la  surface  d'ima- 
ge  complete  (10)  de  I'image  video, 
une  compression  independante  de  donnees 
d'image  video  limitees  par  chacune  des  images 
partielles  (12,  16,  20,  24)  differentes  dans  des 
images  completes  video  successives  (10a, 
10b,  10c)  en  utilisant  une  evaluation  de  mou- 
vement  pour  reduire  une  redondance  de  don- 
nees  entre  les  images  completes,  et 
une  limitation  de  revaluation  de  mouvement 
pour  chaque  image  partielle  (12,  16,  20,  24) 
d'une  image  complete  video  courante  a  des 
surfaces  d'une  image  complete  video  prece- 
dente  (10a,  10b)  qui  ont  ete  limitees  par  la  me- 
me  image  partielle  (12,  16,  20,  24)  dans  I'image 
complete  precedente  (10a,  10b), 

le  dispositif  de  reception  comprenant  : 

naTtre  le  decalage  des  surfaces  d'images  par- 
tielles  (12,  16,  20,  24)  dans  des  images  com- 
pletes  video  (10a,  10b,  10c)  successives,  diffe- 
rents  paquets  pour  des  images  completes  vi- 

5  deo  successives  continuant  a  contenir  des  don- 
nees  limitees  par  une  surface  d'image  partielle 
(12,  16,  20,  24)  respective, 
une  pluralite  de  decodeurs  (64,  66,  68,  70), 
chacun  correspondant  a  une  surface  differente 

10  des  surfaces  d'image  partielle  (12,  16,  20,  24) 
precitees,  en  vue  de  decomprimer  des  don- 
nees  d'image  video  contenues  dans  les  pa- 
quets, 
des  moyens  associes  fonctionnellement  au  de- 

15  codeurs  (64,  66,  68,  70)  pour  introduire  selec- 
tivement  chaque  paquet  dans  le  decodeur  qui 
correspond  a  la  surface  d'image  partielle  res- 
pective  du  paquet,  et 
des  moyens  (102,  104,  106,  108)  raccordes  a 

20  une  sortie  de  chaque  decodeur  (64,  66,  68,  70) 
en  vue  de  combiner  les  donnees  d'image  video 
decomprimees,  en  provenance  des  decodeurs 
(64,  66,  68,  70),  en  un  signal  de  sortie  video. 

25  25.  Dispositif  de  reception  suivant  la  revendication  24, 
caracterise  en  ce  que  : 

la  pluralite  de  decodeurs  (64,  66,  68,  70)  trai- 
tent  chacun  des  composantes  de  luminance 

30  des  donnees  d'image  video  precitees, 
le  dispositif  comprenant  en  outre  au  moins  un 
decodeur  de  chrominance  (82)  pour  decoder 
separement  des  composantes  de  chrominance 
des  donnees  d'image  video  precitees. 

25 

30 

35 

40 

des  moyens  pour  diviser  (1  1  0  a  1  1  6)  en  des  pa-  so 
quets  un  train  de  donnees  numeriques  recues, 
chaque  paquet  contenant  des  donnees  d'ima- 
ge  video  comprimees  limitees  par  une  surface 
d'image  partielle  differente  (12,  16,  20,  24) 
d'une  image  complete  video  (1  0),  55 
des  moyens  (110  a  116)  qui  repondent  au  train 
de  donnees  recu  en  vue  de  commander  les 
moyens  de  division  (110  a  116)  afin  de  recon- 
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