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note.  In  this  connection,  the  bandwidth  per 
channel  in  the  12  GHz  band,  which  is  allotted  to 
the  third  zone  including  Japan  for  broadcast 
business  use,  is  27  MHz  as  decided  in  1979  at  the 

5  World  Administration  Radio  Conference  on 
Broadcast  Satellite. 

The  satellite  channel  is  best  suited  for  trans- 
mission  by  frequency  modulation  systems  cap- 
able  of  obtaining  a  wide  band  and  high  gain.  This 

10  is  because  it  is  an  analog  transmission  channel 
and  is  restricted  in  sending  power.  For  instance, 
the  above-mentioned  bandwidth  per  channel  of 
27  MHz  allotted  for  broadcast  business  can  trans- 
mit  a  signal  having  a  base  band  of  only  one  third 

15  thereof.  Accordingly,  a  high  definition  television 
picture  signal  can  be  transmitted  at  one  time  by 
employing  four  or  five  channels  of  the  broadcast 
satellite  transmission.  However,  realization 
thereof  is  regarded  as  extremely  difficult  due  to 

20  the  inefficient  utilization  of  the  transmission 
channel. 

To  efficiently  use  the  transmission  channel,  it  is 
most  desirable  that  the  high  definition  color 
television  picture  signal  be  transmitted  through  a 

25  signal  channel  of  the  broadcast  satellite  trans- 
mission.  Therefore,  unification  of  the  high  defini- 
tion  color  television  picture  signal  consisting  of 
luminance  signal  components  and  chrominance 
signal  components  and  drastically  compressing 

30  the  extremely  wide  frequency  band  thereof  is 
required. 

The  above  required  unification  and  band  com- 
pression  will  be  described  hereinafter. 

As  mentioned  above,  the  broadcast  satellite 
35  transmission  is  best  adapted  to  a  frequency  mod- 

ulation  system.  However,  frequency  modulation 
transmission  is  accompanied  with  so-called 
triangular  noise,  the  power  of  which  increases 
proportional  to  the  frequency.  Therefore,  for 

40  transmission  of  a  wide  band  signal  unified  by 
frequency  multiplexing,  such  as  the  color  tele- 
vision  signal  of  the  NTSC  system  or  the  HLO-PAL 
system,  frequency  modulation  is  unfavorable 
because  of  noise  and  crosstalk. 

45  On  the  other  hand,  the  time  compressed  inte- 
gration  system,  that  is,  the  so-called  TCI  system, 
for  example  the  MAC  system  of  the  European 
Broadcast  Union,  is  regarded  as  suited  to  fre- 
quency  modulation  transmission.  In  this  TCI 

so  system,  wide-band  and  narrow-band  chromi- 
nance  signals  Cw  and  CN,  time  axes  of  which  are 
respectively  compressed,  are  multiplexed  with  a 
luminance  signal  Y,  for  instance,  by  being 
inserted  into  a  line  retracing  period  thereof,  so  as 

55  to  obtain  a  unified  color  television  picture  signal. 
As  is  apparent  from  the  above,  in  the  NTSC 

system  orthe  HLO-PAL  system,  a  composite  color 
television  picture  signal  is  obtained  by  freqeuncy- 
multiplexing  the  chrominance  signals  with  the 

60  luminance  signal,  while,  in  the  TCI  system,  a  kind 
of  analog  component  color  television  picture  can 
be  obtained.  Thus,  the  unified  color  television 
picture  signal  of  this  TCI  system  is  free  from  the 
problems  of  crosstalk  between  the  chrominance 

65  signals  and  the  luminance  signal,  and  the  dif- 

Description 

(1)  Field  of  the  invention 
The  present  invention  relates  to  a  divisionally 

time-compressed  subsampling  transmission  and 
motion  compensated  reproduction  system  for  a 
wide-band  high  definition  color  television  picture 
signal.  The  system  sends  narrow  band  trans- 
mission  conditioned  at  a  sending  end  and 
restores  the  original  form  at  a  receiving  end  under 
the  most  suitable  processing  adapted  to  the 
conditioning,  particularly  the  most  suitable  inter- 
polation  adapted  to  the  subsampling  at  the  send- 
ing  end,  so  as  to  maintain  high  definition  at  the 
receiving  end. 

(2)  Description  of  the  prior  art 
Various  types  of  high-definition  television 

systems  are  known,  including  Type  A,  Type  B  and 
Type  C  as  mentioned  briefly  in  "A  Motion  Adap- 
tive  high-definition  Converter  for  NTSC  Color  TV 
Signals"  by  Achida  et  al  and  published  in  the 
Symposium  Record  of  the  13th  International  TV 
Symposium  held  in  Montreux  from  May  28th  to 
June  2nd  1983.  This  paper  is  however  concerned 
exclusively  with  the  Type  A  system  which 
attempts  to  make  full  use  of  all  the  information 
transmitted  by  existing  standards.  This  prior  pro- 
posal  does  not  suggest  time  axis  compression, 
time-division  multiplexing,  sub-sampling  and 
reforming  of  the  original  information. 

The  present  specification  is  concerned  on  the 
other  hand  with  a  wide-band  high  definition  color 
TV  system  as  defined  above. 

The  standard  of  the  high  definition  colour  tele- 
vision  picture  signal  of  this  kind  has  not  yet  been 
unified  into  an  international  one,  but  the  follow- 
ing  standards  are  in  the  course  of  investigation: 

Number  of  scanning  lines  1,125 
Aspect  ratio  5:3 
Interlace  ratio  2:1 
Field  frequency  60  Hz 
Video  signal  frequency  band: 

Luminance  signal  bandwidth  20  MHz 
Wide-band  chrominance 

signal  bandwidth  7.0  MHz 
Narrow-band  chrominance 

signal  bandwidth  5.5  MHz 
V 

As  is  apparent  from  the  above,  even  only  with 
respect  to  the  luminance  signal  bandwidth,  a  high 
definition  television  system  requires  an  extremely 
wide-band  transmission  signal,  about  five  times 
that  of  the  present  standard  television  system. 
Further,  the  signal  is  accompanied  with  two  kinds 
of  chrominance  signals.  Therefore,  plural  narrow 
transmission  channels  are  required  for  the  trans- 
mission  of  single  channel  of  the  high  definition 
television  system. 

As  an  example  of  a  transmission  channel  which 
is  not  perfectly  suitable  but  substantially  adapted 
to  the  transmission  of  the  high  definition  tele- 
vision  system,  particularly  to  the  broadcast 
thereof,  a  satellite  broadcast  channel  is  worthy  of 
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and  motion  compensated  reproduction  system  for 
a  high  definition  color  television  picture  signal  in 
which  a  picture  signal  for  narrow  band  trans- 
mission,  arranged  by  subsampling  the  original 

5  picture  signal,  is  restored  by  the  most  suitable 
interpolation  respectively  adapted  to  the  station- 
ary  picture  region,  the  quasi-stationary  picture 
region  and  the  motion  picture  region  of  the  picture 
expressed  by  the  original  picture  signal,  effected  at 

10  the  most  exact  timing. 
Another  object  of  the  present  invention  is  to 

provide  a  multiplexed  subsampling  transmission 
and  motion  compensated  reproduction  system  for 
a  high  definition  color  television  picture  signal  in 

15  which  system  the  restoration  of  the  high  definition 
signal  from  the  narrow  band  transmission  picture 
signal  conditioned  by  subsampling  is  suitably 
effected  under  control  of  a  control  signal  transmit- 
ted  together  with  the  narrow  band  transmission 

20  picture  signal. 
A  feature  of  the  multiplex  subsampling  trans- 

mission  and  motion  compensated  reproduction 
system  for  a  high  definition  colortelevision  picture 
signal  according  to  the  present  invention  is  that  a 

25  luminance  signal  and  two  kinds  of  chrominance 
signals  are  unified  by  the  TCI  system  adapted  to 
FM  transmission  with  a  narrow  bandwidth  com- 
pressed  by  a  subsampling  system  capable  of 
drastic  band  compression,  and  that  the  narrow- 

30  band  transmission  picture  signal  is  restored  into 
the  original  high  definition  colortelevision  picture 
signal  through  interpolation  effected  under  the 
control  of  a  control  signal  transmitted  together 
with  the  narrow-band  transmission  picture  signal 

35  with  exact  timing. 
Another  feature  of  the  transmission  system 

according  to  the  present  invention  is  that  the 
control  signal  transmitted  together  with  the 
narrow-band  transmission  picture  signal  com- 

40  prises  a  signal  carrying  information  on  motion 
expressed  by  the  high  definition  color  television 
picture  signal,  for  example,  information  on  a 
magnitude  of  the  motion  or  on  a  motion  vector 
indicating  the  motion. 

45  Yet  another  feature  of  the  transmission  and 
reproductive  system  according  to  the  present 
invention  is  that  under  the  control  of  the  signal 
carrying  information  on  the  motion  of  the  picture, 
both  of  the  narrow-band  transmission  signals 

50  supplemented  by  in  field  interpolation  and  inter- 
frame  interpolation,  respectively,  are  mixed  with 
each  other  at  a  ratio  corresponding  to  information 
on  the  magnitude  of  the  motion  which  is  carried  by 
the  control  signal  transmitted  together  with  the 

55  narrow-band  transmission  picture  signal,  or  as  to 
perform  signal  processing  respectively  adapted  to 
the  stationary  picture  and  the  motion  picture. 

Another  feature  of  the  transmission  and  repro- 
duction  system  according  to  the  present  invention 

60  is  that  under  the  control  of  the  signal  carrying 
information  on  the  motion  vector  detected  from 
the  high  definition  color  television  picture  signal, 
the  narrow-band  transmission  picture  signal  is 
motion-compensated  with  regard  to  the  quasi- 

65  stationary  picture  region  thereof. 

ferential  gain  orthe  differential  phase  of  the  NTSC 
system  is  not  affected  by  the  nonlinear  perform- 
ance  of  the  transmission  channel.  Consequently, 
the  TCI  system  can  be  regarded  as  adaptible  to 
transmission  of  frequency  modulation.  In  this 
regard  the  bandwidth  of  the  TCI  signal  is  widened 
after  compression  of  time  axes  thereof  in  spite  of 
the  unification. 

Regarding  frequency  band  compression  of 
satellite  transmission  of  high  definition  colortele- 
vision  picture  signals,  among  various  systems 
worthy  of  investigation,  the  so-called  subsampling 
system  can  be  adapted  for  a  band  compression 
system  capable  of  drastic  compression,  the 
instance,  into  one  twentieth.  This  subsampling 
system  can  be  regarded  as  a  two-dimensional  dot- 
interlace  scanning  system  in  which  a  specified 
element  in  a  television  picture  is  scanned  once,  for 
instance,  every  four  field  periods.  Thus,  a  station- 
ary  television  picture  signal  can  be  completely 
transmitted  every  four  field  periods  with  a  com- 
pressed  bandwidth  of  one  fourth  of  the  original 
bandwidth.  The  subsampling  system  seems  to  be 
promising  for  drastic  compression  of  the  band- 
width. 

However,  this  subsampling  system  has  the 
following  problems.  In  the  subsampling  system, 
as  mentioned  above,  a  specified  element  in  a 
television  picture  is  scanned  once  every  four  field 
periods,  so  that  a  high  degree  of  interpolation  of 
skipped  picture  elements  is  required  for  the  resto- 
ration  of  the  original  television  picture  every  field 
period. 

First,  with  regard  to  a  motion  picture  region  and 
a  quasi-stationary  picture  region  resulting  from 
the  panning  of  a  television  camera,  interpolation 
of  picture  elements  must  be  adapted  for  each 
picture. 

Second,  even  with  a  stationary  picture  region, 
interpolation  of  skipped  picture  elements  is 
required  at  exact  timings  of  each  of  every  fourfield 
periods. 

Summary  of  the  invention 
An  object  of  the  present  invention  is  to  provide  a 

high  grade  transmission  system  in  which  a  high 
definition  colortelevision  picture  signal  having  an 
extremely  wide  base  band  can  be  transmitted 
through  a  single  narrow  transmission  channel, 
particularly  a  broadcast  satellite  channel  having  an 
ordinary  narrow  bandwidth.  The  compressed 
band  can  be  restored  into  the  original  color 
television  picture  signal  with  high  definition  main- 
tained  through  suitable  processing  respectively 
adapted  to  various  picture  content. 

Another  object  of  the  present  invention  is  to 
provide  a  multiplex  subsampling  transmission 
system  for  a  high  definition  colortelevision  picture 
signal  which  is  configured  by  combining  the  time 
compressed  integration  (TCI)  system  for  effecting 
the  unification  of  frequency  modulation  trans- 
mission,  and  the  subsampling  system  for  effecting 
the  drastic  band  compression. 

Still  another  object  of  the  present  invention  is  to 
provide  a  multiplex  subsampling  transmission 
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to  suppress  the  generation  of  aliasing  com- 
ponents  caused  by  the  subsampling  process. 

Brief  description  of  the  drawings 
5  For  better  understanding  of  the  invention,  ref- 

erence  is  made  to  the  accompanying  drawings, 
in  which: 

Fig.  1  is  a  diagram  showing  a  configuration  of 
a  transmission  signal  of  the  time  axis  com- 

10  pressed  divisional  multiplex  transmission  (TCI) 
system; 

Fig.  2  is  a  diagram  schematically  showing  an 
example  of  a  subsampling  pattern; 

Figs.  3(a)  and  3(b)  are  block  diagrams  showing 
15  examples  of  fundamental  configuration  of  a 

sending  and  a  receiving  circuit  respectively; 
Fig.  4  is  a  diagram  showing  an  example  of  a 

configuration  between  a  picture  signal  and  a  line 
synchronizing  signal  of  the  present  invention; 

20  Figs.  5(a)  to  5(b)  are  diagrams  showing 
examples  of  the  line  synchronizing  signal  accord- 
ing  to  the  present  invention; 

Fig.  6  is  a  block  diagram  showing  a  circuit 
configuration  of  a  phase  detector  in  common 

25  with  a  conventional  arrangement  and  that 
according  to  the  present  invention; 

Figs.  7(a)  and  7(b)  are  diagrams  showing 
examples  of  signal  waveforms  detected  by  a  line 
synchronizing  signal  phase  detector  of  the 

30  present  invention  respectively; 
Fig.  8  is  a  biock  diagram  showing  an  example 

of  a  circuit  configuration  of  a  line  synchronizing 
signal  phase  lock  circuit  according  to  the  present 
invention; 

35  Fig.  9  is  a  diagram  showing  an  example  of 
signal  waveforms  having  inter-two-frame  corre- 
lation  with  each  other; 

Fig.  10  is  a  block  diagram  showing  an  example 
of  a  circuit  configuration  of  a  temporal  interpola- 

40  tion  arrangement; 
Figs.  11  (a)  to  11(f)  are  diagrams  successively 

showing  signal  waveforms  at  various  portions  of 
the  circuit  of  Fig.  10; 

Fig.  12  is  a  diagram  showing  an  example  of 
45  spatiotemporal  frequency  response  of  a  two- 

dimensional  low  pass  filter  of  a  transmission  and 
reproduction  system  according  to  the  present 
invention; 

Fig.  13  is  a  block  diagram  showing  an  example 
so  of  a  circuit  configuration  of  an  arrangement  at  a 

receiving  end  of  the  transmission  and  reproduc- 
tion  system  according  to  the  present  invention; 

Fig.  14  is  a  block  diagram  showing  an  example 
of  an  arrangement  at  the  sending  end  of  the 

55  present  invention; 
Fig.  15  is  a  block  diagram  showing  another 

example  of  the  arrangement  at  the  receiving  end 
of  the  present  invention;  and 

Fig.  16  is  a  block  diagram  showing  another 
60  example  of  the  arrangement  at  the  sending  end 

of  the  present  invention. 

Description  of  the  preferred  embodiments 
First,  outlines  of  two  kinds  of  narrow  band 

65  picture  signal  transmission  systems  applied  in 

Another  feature  of  the  transmission  and  repro- 
duction  system  according  to  the  present  inven- 
tion  is  that  the  control  signal  transmitted 
together  with  the  narrow  band  transmission 
picture  signal  comprises  a  line  synchronizing 
signal  having  a  sequence  of  stepwise  signal 
levels  of  the  same  polarity  as  a  picture  infor- 
mation  signal,  a  sense  of  which  is  reversed  every 
other  line  period.  Thus,  the  narrow-band  trans- 
mission  picture  signal  is  supplemented  by  inter- 
polation  of  skipped  samples,  which  is  effected  at 
exact  timing  locked  in  phase  with  the  stabilized 
line  synchronizing  pulse. 

It  is  yet  another  feature  of  the  transmission 
and  reproduction  system  according  to  the 
present  invention  that  line  synchronizing  signals 
specially  provided  for  the  high  definition  color 
television  picture  signal  are  transmitted  together 
with  the  narrow-band  transmission  picture  signal 
as  the  control  signal  for  securing  stable  phase- 
lock  of  picture  signals  necessitated  at  the  receiv- 
ing  end.  In  addition,  the  most  suitable  motion- 
compensated  interpolation  for  the  quasi-station- 
ary  picture  signal  is  effected  by  employing  the 
sum  of  the  lower  frequency  components  and  the 
signal  having  the  minimum  absolute  value 
between  the  higher  frequency  components  and 
those  one-frame-delayed,  all  of  which  com- 
ponents  are  separated  from  the  received  narrow- 
band  transmission  picture  signal. 

The  transmission  and  reproduction  system 
according  to  the  present  invention  is  further 
featured  in  that  under  the  control  of  the 
stabilized  line  synchronizing  pulse,  the  narrow- 
band  transmission  picture  signal  is  sup- 
plemented  by  adding  output  signals  of  two  kinds 
of  two-dimensional  low  pass  filters  respectively 
filtering  motion  picture  content  and  stationary 
picture  content  of  the  narrow-band  transmission 
picture  signal  in  each  other  at  a  ratio  varied  in 
proportion  to  the  magnitude  of  the  motion 
detected  from  the  narrow-band  transmission 
picture  signal. 

Another  feature  of  the  transmission  and  repro- 
duction  system  according  to  the  present  inven- 
tion  is  that  the  control  signal  transmitted 
together  with  the  narrow-band  transmission 
picture  signal  carries  control  information  indicat- 
ing  the  detection  of  the  motion  of  the  picture 
expressed  by  the  narrow-band  transmission 
picture  signal  based  on  a  difference  between 
either  every  other  frame  or  adjacent  frames 
thereof,  and  the  narrow-band  transmission 
picture  signal  is  suitably  processed  under  correct 
discrimination  of  the  motion  picture  region  and 
the  stationary  picture  region  on  the  basis  of  the 
transmitted  control  information. 

Yet  another  feature  of  the  transmission  and 
reproduction  system  according  to  the  present 
invention  is  that  the  bandwidth  of  the  high  defin- 
ition  color  television  picture  signal  is  restricted 
prior  to  conversion  to  the  narrow-band  trans- 
mission  picture  signal  through  two  dimensional 
low  pass  filters  respectively  adapted  to  the 
motion  picture  and  the  stationary  picture,  so  as 
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multiplex  to  the  transmission  of  the  high  defini- 
tion  color  television  picture  signal  in  the  multiplex 
subsampling  transmission  system  according  to 
the  present  invention  will  be  described. 

In  the  time-axis  compressed  integration  (TCI)  5 
transmission  system,  a  luminance  signal  Y  and  a 
chrominance  signal  C  in  a  color  television  picture 
signal  formed,  for  instance,  by  applying  primary 
color  picture  signals  derived  from  a  color  tele- 
vision  camera  to  a  color  encoder,  are  processed  10 
by  compressing  time  axes  of  at  least  the  chromi- 
nance  signal  C  at  a  suitable  ratio.  Thereafter, 
these  signals  Y  and  C  are  multiplexed  in  time 
division  with  each  other  between  line  synchroniz- 
ing  signals  SYNC  at  line  scanning  periods  as  15 
shown  in  Fig.  1.  According  to  this  time-division 
multiplexing,  respective  time  durations  of  the 
transmission  of  the  luminance  signal  Y  and  the 
chrominance  signal  C  are  shifted  from  each  other, 
so  that  interference  between  the  luminance  signal  20 
Y  and  the  chrominance  signal  C,  which  is  caused 
by  conventional  narrow  band  transmission  of 
mutually  frequency-multiplexed  luminance  and 
chrominance  signals,  can  be  avoided.  The  band- 
width  of  the  transmitted  signal  is  somewhat  25 
increased  by  the  time  axis  compression.  As  a 
result,  narrow-band  transmission  with  favorable 
picture  quality  can  be  realized. 

In  the  subsampling  transmission  system, 
sample  values  of  the  picture  expressed  by  the  30 
picture  signal  are  transmitted.  These  sample 
values  are  obtained  by  offset  sampling  of  the 
picture  signal.  In  other  words,  sample  positions  of 
picture  elements  within  a  line  are  subsampled 
from  one  picture  frame  and  are  offset  from  each  35 
other  between  each  field  thereof  in  a  sampling 
pattern  as  shown  in  Fig.  2.  Each  picture  element  is 
not  transmitted  through  the  system,  but  thinning- 
out  is  effected  once  every  plural  frames  in  a 
predetermined  order  at  the  sending  end.  Sample  40 
values  skipped  by  thinning-out  at  the  sending  end 
are  supplemented  by  interpolation  at  the  receiv- 
ing  end,  so  as  to  restore  the  original  picture  at 
every  frame  period.  For  instance,  as  shown  by  the 
four  groups  of  samples  indicated  with  filled  and  45 
unfilled  circles  and  filled  and  unfilled  squares  in 
Fig.  2,  sample  values  thinned-out  from  four  field 
periods  are  transmitted  in  a  single  field  period,  so 
as  to  complete  a  picture  every  four  frame  periods. 
Accordingly,  the  amount  of  information  to  be  so 
tarnsmitted  every  field  period  can  be  reduced  into 
one-eighth  of  the  original  amount.  Thus,  drasti- 
cally  narrowed  band  transmission  can  be 
effected. 

However,  except  for  a  stationary  picture  which  55 
can  be  restored  by  putting  sample  values  trans- 
mitted  after  thinning  out  at  every  field  period 
adjacent  each  other  without  supplementation, 
various  proposals  have  been  made  for  supple- 
menting  sample  values  thinned-out  from  a  mov-  60 
ing  picture  in  which  sample  values  of  the  same 
picture  element  are  varied  every  frame. 

In  the  transmission  system  according  to  the 
present  invention,  a  high  definition  color  tele- 
vision  picture  signal  having  an  extremely  wide  65 

frequency  band  can  be  transmitted  after  being 
extremely  narrowed  through  a  comparatively 
simple  circuit  arrangement  which  uniquely  com- 
bines  the  TCI  system  with  the  subsampling 
system. 

More  particularly,  in  the  multiplex  subsampling 
transmission  and  reproduction  system  for  a  high 
definition  color  television  picture  signal  according 
to  the  present  invention,  respectively  sampled 
luminance  and  chrominance  signals  are  unified 
through  the  TCI  system,  and  thereafter  are  con- 
ditioned  with  in  field  or  interframe  subsampling 
together  with  the  motion  information  to  be  trans- 
mitted  for  controlling  the  supplementary  pro- 
cessing  in  response  to  the  motion  of  the  picture. 
This  provides  a  narrow-band  transmission  signal 
on  an  FM  transmitting  carrier  at  the  sending  end. 
The  received  narrow-band  transmission  signal  is 
separated  into  the  picture-signal  and  the  motion 
information,  the  former  being  processed  by 
motion  compensation  and  interpolation  of  the 
skipped  samples  under  the  control  of  the  motion 
information  and  thereafter  further  separated  into 
a  luminance  signal  and  a  chrominance  signal 
through  a  TCI  decoder,  so  as  to  restore  the 
original  high  definition  color  television  picture 
signal. 

In  a  fundamental  configuration  of  the  sending 
end  arrangement  as  shown  in  Fig.  3(a),  the  lumi- 
nance  signal  Y  and  the  chrominance  signal  C 
constituting  the  high  definition  color  television 
signal,  are  conditioned  with  time-axis  compres- 
sion  and  multiplexed  in  time-division  form  as 
shown  in  Fig.  1  through  a  TCI  encoder  1,  so  as  to 
obtain  a  TCI  signal. 

This  TCI  signal  is  directly  applied  to  a  sub- 
sampling  circuit  2,  and  lower  frequency  com- 
ponents  thereof,  obtained  through  a  low  pass 
filter  3,  are  applied  to  the  same.  In  addition, 
motion  information,  including  a  picture  motion 
vector  expressed  by  the  TCI  signal,  which  is 
detected,  for  instance,  from  an  interframe  dif- 
ferential  signal  through  a  motion  information 
detector  4  applied  with  the  TCI  signal,  is  also 
applied  to  the  subsampling  circuit  2.  In  this 
subsampling  circuit  2,  the  TCI  signal  is  processed 
through  subsampling  every  four  field  periods  as 
shown  in  Fig.  2.  The  subsampled  TCI  signal  is 
applied  to  a  multiplexer  5  together  with  the 
motion  information  derived  from  the  motion 
information  detector  4  and  a  line  synchronizing 
signal  generated  from  a  synchronizing  signal 
generator  11  as  a  control  signal,  so  as  to  obtain  a 
subsampled  narrow-band  transmission  signal. 
These  control  signals  are  multiplexed,  for 
example,  by  insertion  into  the  vertical  or  horizon- 
tal  blanking  periods  as  is  well  known  in  the  art. 

In  a  fundamental  configuration  of  the  receiving 
end  arrangement  as  shown  in  Fig.  3(b),  the  above 
subsampled  narrow-band  transmission  signal 
received  through  a  transmission  channel  is, 
separated  into  the  subsampled  picture  TCI  signal 
and  the  motion  information  through  a  separator 
6,  which  are  applied  together  to  a  subsampling 
circuit  7.  In  this  subsampling  circuit  7,  subsam- 
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pled  stationary  picture  signals  every  four  field 
periods  are  successively  assembled  with  each 
other,  so  as  to  restore  the  original  TCI  signal, 
while  subsampled  motion  picture  signal  is  sup- 
plemented  every  field  period  by  interpolation 
within  the  same  field,  so  as  to  approximately 
restore  the  original  TCI  signal.  Thereafter,  this 
restored  TCI  signal  is  separated  into  the  lumi- 
nance  signal  Y  and  the  chrominance  signal  C 
through  a  TCI  decoder  8.  Previously  compressed 
time-axes  of  at  least  the  signal  C  among  these 
separated  signals  Y  and  C  are  expanded  respec- 
tively,  so  as  to  restore  the  original  luminance 
and  the  original  chrominance  signals  Y  and  C, 
from  which  the  original  high  definition  color 
television  picture  signal  is  restored. 

In  addition,  the  control  signal  separated  from 
the  received  narrow-band  transmission  signal 
through  the  separator  6  is  applied  to  a  syn- 
chronizing  pulse  generator  19  so  as  to  generate 
a  line  synchronizing  pulse  for  driving  the  receiv- 
ing  end  arrangement.  The  control  signal  is  also 
applied  to  the  subsampling  circuit  7,  so  as  to 
effect  the  most  favorable  interpolation  adapted 
respectively  to  the  stationary  picture  region  and 
the  motion  picture  region  of  the  picture  in  the 
narrow-band  transmission  picture  signal. 

As  is  apparent  from  the-above,  two  different 
kinds  of  narrow  band  transmission  systems,  the 
TCI  system  and  the  subsampling  system,  are 
applied  to  the  wide-band  high-definition  color 
television  picture  signal  without  interference 
therebetween  and  with  suitable  combination 
thereof,  so  that  extremely  narrow  band  trans- 
mission  of  the  high  definition  color  television 
picture  signal  can  be  realized  by  drastically  com- 
pressing  the  bandwidth  to  about  one  third  of 
the  original  bandwidth  with  regard  to  both  digi- 
tal  and  analog  transmissions. 

In  addition,  the  above  mentioned  narrow  band 
transmission  picture  signal  is  accompanied  with 
a  stabilized  line  synchronizing  signal,  a  motion 
information  and  the  like  as  a  control  signal  for 
controlling  the  restoration  of  the  received 
narrow  band  transmission  picture  signal  into  the 
original  high  definition  color  television  picture 
signal.  Thus,  interpolation  respectively  adapted 
to  the  stationary,  the  quasi-stationary  and  the 
motion  picture  can  be  performed  at  the  most 
suitable  and  exact  timing. 

Visual  perception  is  generally  more  tolerant  of 
ambiguity  of  a  motion  picture  than  of  ambiguity 
of  a  stationary  picture.  Therefore,  in  trans- 
mission  of  the  usual  television  picture,  the 
motion  of  which  is  slow,  the  ambiguity  con- 
tained  in  the  motion  picture  is  not  so  noticeable, 
and  hence  it  is  not  objectionable  in  practice. 
However,  with  regard  to  the  quasi-stationary 
picture  region  in  which  the  picture  signal 
derived  from  the  television  camera  is  varied 
from  the  stationary  picture  region  to  the  slowly 
moving  picture  region,  for  instance,  in  a  situa- 
tion  where  the  camera  is  slowly  panned,  ambi- 
guity  in  the  slowly  moving  picture  is  distinctly 
noticeable  in  comparison  with  the  immediately 

preceding  stationary  picture,  and  hence  cannot 
be  tolerated. 

To  deal  with  the  above  mentioned  difficulty, 
the  motion  information  on  a  motion  vector 

5  detected  from  the  high  definition  color  tele- 
vision  picture  signal  is  transmitted  together  with 
the  narrow  band  transmission  picture  signal  as 
the  aforesaid  control  signal.  The  interpolation  at 
the  receiving  end  is  motion-compensated  on  the 

10  basis  of  the  received  motion  information. 
In  the  subsampling  transmission  system  for 

the  high  definition  color  television  picture 
signal,  all  of  the  sampled  elements  required  for 
constituting  the  stationary  picture  are  transmit- 

w  ted,  for  example,  every  four  field  periods. 
Accordingly,  with  regard  to  the  stationary 
picture  region  of  the  received  picture,  temporal 
interpolation  which  is  completed  by  gathering 
all  samples  transmitted  every  four  field  periods, 

20  that  is,  interframe  interpolation  is  employed. 
On  the  other  hand,  with  regard  to  the  motion 

picture  region  of  the  received  picture,  spatial 
interpolation  which  is  completed  within  every 
field  period,  that  is,  in  field  interpolation  is 

25  employed. 
Accordingly,  it  is  required  at  the  receiving  end 

to  selectively  employ  either  of  the  above  men- 
tioned  interpolations  to  discriminate  the  station- 
ary  and  the  motional  picture  regions  of  the 

30  received  picture. 
At  the  sending  end  of  the  transmission 

system  according  to  the  present  invention,  the 
motion  vector  is  detected  from  the  TCI  picture 
signal  every  field  period.  In  addition,  the  mag- 

35  nitude  of  the  motion  is  detected  from  the  TCI 
picture  signal  at  each  block  dividing  the  picture. 
Thereafter,  the  motion  information  consisting  of 
the  motion  vector  and  the  magnitude  of  the 
motion  is  mulitpiexed  with  the  subsampled 

40  narrow  band  transmission  picture  signal. 
At  the  receiving  end  of  the  transmission  and 

reproduction  system  according  to  the  present 
invention,  the  motion  compensation  is  effected 
on  the  quasi-stationary  picture  region  of  the 

45  received  picture  on  the  basis  of  the  received 
motion  vector.  Also,  suitable  interpolation 
adapted  to  the  motion  and  the  stationary  picture 
regions  of  the  received  picture  is  effected  on  the 
basis  of  the  received  magnitude  of  the  motion. 

so  In  addition,  at  the  receiving  end  of  the  trans- 
mission  and  reproduction  system  according  to 
the  present  invention,  the  narrow-band  trans- 
mission  picture  signal  can  be  supplemented  by 
interframe  interpolation  adapted  to  the  station- 

55  ary  picture  region  and  also  supplemented  by 
infield  interpolation  adapted  to  the  motion 
picture  region,  mixed  at  a  ratio  varied  in 
response  to  the  received  motion  information,  so 
as  to  effect  suitable  processing  adapted  respec- 

60  tively  to  the  stationary  and  the  motion  picture 
regions. 

As  a  result  of  the  transmission  of  the  motion 
information  together  with  the  narrow  band 
transmission  picture  signal,  the  arrangement  at 

65  the  receiving  end  of  the  transmission  system 
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according  to  the  present  invention  can  be  remark- 
ably  simplified.  Thus,  a  tremendous  impact  can 
be  expected  forthe  high  definition  satellite  broad- 
casting  system  which  is  developed  forthe  general 
public.  5 

Meanwhile,  the  picture-motion  information 
detector  is  configured  as  follows,  so  as  to 
accurately  detect  the  magnitude  of  the  picture 
motion.  In  the  situation  where  the  picture  motion 
is  detected  on  the  basis  of  the  correlation  of  the  w 
picture  signal  between  two  adjacent  frames,  the 
magnitude  of  the  interframe  difference  between 
frames  does  not  indicate  the  magnitude  of  the 
picture  motion  as  is.  However,  if  the  motion  exists 
in  the  edge  portion  containing  a  large  amount  of  w 
higher  frequency  component  of  the  picture  signal, 
a  large  interframe  difference  between  adjacent 
frames  appears  in  this  moving  edge  portion. 
Therefore,  in  the  motion  magnitude  detector  for 
the  interpolation  according  to  the  present  inven-  20 
tion,  accurate  detection  of  the  picture  motion  is 
not  performed  only  on  the  basis  of  the  magnitude 
of  the  interframe  difference,  but  also  performed 
with  consideration  of  the  in  frame  picture  element 
difference.  In  other  words,  the  magnitude  of  the  25 
difference  between  two  picture  elements  within 
the  same  frame,  namely,  the  absolute  value  of  the 
magnitude  of  the  higher  frequency  component  of 
the  picture  signal,  is  used  to  calculate  in  frame 
difference.  At  the  receiving  end,  the  received  30 
narrow  band  transmission  signal  is  separated  into 
the  narrow  band  picture  signal  and  the  infor- 
mation  indicating  the  magnitude  of  the  picture 
motion. 

In  connection  with  the  motion  vector  infor-  35 
mation,  the  present  frame  picture  signal  and  the 
one  frame  delayed  picture  signal,  which  are 
commonly  converted  into  the  TCI  picture  signal, 
are  shifted  every  field  period  with  regard  to  each 
of  those  divided  blocks.  Hence  the  direction  and  40 
the  magnitude  of  the  shift  by  which  the  difference 
between  these  picture  signals  becomes  minimum 
are  transmitted  as  the  information  of  the  motion 
vector  under  multiplexing  with  the  narrow  band 
picture  signal  at  the  sending  end.  45 

In  this  connection,  the  method  for  detecting  this 
motion  vector  information  indicating  the  direction 
and  magnitude  of  picture  motion  is  disclosed  in 
detail  in  U.S.  Patent  No.  4,307,420 
(=DE—  A1—  30  21  033)  entitled  "Motion-Compen-  50 
sated  Interframe  Coding  System"  and  invented 
by  the  present  inventors. 

At  the  receiving  end,  the  information  of  the 
motion  vector  is  separated  from  the  narrow  band 
picture  signal.  The  narrow  band  picture  signal  is  55 
processed  by  motion  compensation.  For 
example,  after  being  memorized  in  a  frame 
memory,  this  picture  signal  is  read  out  with 
temporal  shift  given  on  the  basis  of  the  separated 
information  of  the  motion  vector.  60 

As  is  apparent  from  the  above,  according  to  the 
present  invention,  even  if  the  subsampled  trans- 
mission  picture  signal  is  a  motion  picture  signal, 
the  subsampling  technique  such  as  frame  offset 
sampling,  can  be  effectively  applied  to  the  motion  65 

picture  signal.  Further,  the  interframe  skipped 
samples  are  supplemented  by  the  interpolation. 

As  a  result,  the  deterioration  of  the  reproduced 
picture  quality  which  is  caused,  for  instance,  by 
so-called  two  line  ambiguity,  can  be  obviated  and 
hence  the  motion  picture  signal  can  be  effectively 
transmitted  under  subsampling  with  remarkable 
effect. 

A  line  synchronizing  signal  prepared  according 
to  the  present  invention  and  a  picture  signal  are 
combined  as  shown  in  Fig.  4  and  this  line  syn- 
chronizing  signal  proper  is  arranged  as  shown  in 
Fig.  5. 

In  the  combined  signal  as  shown  in  Fig.  4,  the 
line  synchronizing  signal  is  arranged  so  that  1/4, 
1/2  and  3/4  levels  continue  for  several  (A),  one  (C) 
and  several  (B)  clock  periods,  respectively,  the  1/2 
level  being  positioned  at  the  center  of  the 
dynamic  level  range  of  the  picture  information 
signal.  Accordingly,  even  if  this  line  synchronizing 
signal  is  clipped,  for  instance,  by  non-linear 
amplification,  erroneous  line  synchronism  is  not 
caused.  Moreover,  in  order  to  obviate  the  effect  of 
the  non-linearity  caused  in  the  transmission 
channel,  the  sense  of  the  arrangement  of  different 
levels  is  reversed  every  line  synchronizing  period, 
as  shown  in  Figs.  5(a)  and  5(c),  respectively,  so  as 
to  reduce  the  effect  of  erroneous  levels  caused  by 
the  non-linearity. 

The  waveform  of  the  received  line  synchroniz- 
ing  signal  thus  arranged  is  smoothed  by  the  effect 
of  the  restricted  transmission  band  width,  as 
shown  in  Figs.  5(b)  and  5(d),  respectively.  How- 
ever,  exact  line  synchronism  can  be  detected  by  a 
phase  detector  arranged  as  shown  in  Fig.  6, 
regardless  of  the  smoothed  signal  waveform.  In 
this  phase  detector,  the  received  line  synchroniz- 
ing  signal  is  applied  to  a  series  connection  of  two 
clock  delay  circuits  23  and  24,  which  each  have  a 
delay  of  two  clock  periods.  Signals  A  and  B, 
appearing  respectively  at  an  input  and  an  output 
of  this  series  connection  are  applied  to  an  adder 
25.  An  output  of  this  adder  25  is  applied  to  a 
subtractor  26  through  a  1/2  multiplier.  In  addition, 
a  signal  C  appearing  at  a  midpoint  of  the  series 
connection  is  applied  to  the  same  subtractor  26 
directly.  Thus,  a  resultant  signal  having  a  level  of 
(((A+B)/2)-C)  is  obtained  as  an  output  of  the 
phase  detector. 

In  the  circuit  arrangement  as  shown  in  Fig.  6, 
the  waveforms  A,  B  and  C  appearing  at  an  input, 
an  output  and  the  midpoint  of  the  series  con- 
nected  delay  circuit  23,  24  are  as  shown  by 
waveforms  (1)  and  (4)  in  Figs.  7(a)  and  7(b) 
respectively,  one-half  of  the  sum  of  both  end 
waveform  A,  B,  that  is, 

A+B 

is  as  shown  by  wavefroms  (2)  and  (5)  in  Figs.  7(a) 
and  7(b),  and  a  differential  output  of  the  subtrac- 
tor  26  is  as  shown  by  waveforms  (3)  and  (6)  in 
Figs.  7(a)  and  7(b),  that  is,  the  output  of  the  phase 
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detection.  This  output  waveform  of  the  phase 
detection  is  sampled  at  the  leading  edge  of  the 
reproduced  line  synchronizing  pulse,  and,  as  a 
result,  the  coincidence  of  phase  between  the 
received  and  the  reproduced  line  synchronizing  5 
signals  occurs  at  a  point  on  which  the  sample 
value  becomes  zero.  Thus,  the  reproduced  line 
synchronizing  pulse  is  exactly  phase-locked  on 
the  received  line  synchronizing  signal.  On  the 
basis  of  this  exactly  phase-locked  reproduced  line  10 
synchronizing  pulse,  the  original  high  definition 
color  television  picture  signal  can  be  restored  by 
resampling  the  received  narrow  band  trans- 
mission  picture  signal  at  appropriate  timings. 

An  example  of  a  circuit  configuration  of  a  phase  15 
lock  circuit  for  the  line  synchronizing  signal 
employing  the  aforesaid  phase  detector  is  shown 
in  Fig.  8.  in  this  circuit  configuration,  the  narrow- 
band  transmission  picture  signal  processed  by 
dot-interlace  subsampling  is  digitized  through  an  20 
analog-to-digital  converter  27,  a  conversion  out- 
put  digital  picture  signal  being  applied  to  a  frame 
pulse  detector  28,  so  as  to  detect  a  frame  pulse 
therefrom.  The  frame  pulse  thus  detected  from 
the  received  picture  signal,  and  a  reproduced  25 
frame  synchronizing  pulse  derived  from  an  inter- 
nal  synchronous  generator  31,  are  applied  to  a 
line  synchronizing  gate  29  through  a  switch  SW.  A 
picture  signal  comprising  the  frame  synchroniz- 
ing  pulse  and  the  line  synchronizing  signal  imme-  30 
diately  succeeding  thereto,  which  is  gated  from 
the  conversion  output  digital  picture  signal 
through  the  line  synchronizing  gate  29,  is  applied 
to  a  line  synchronizing  detector  30,  so  as  to  detect 
the  line  synchronizing  signal.  The  thus  detected  35 
line  synchronizing  signal  and  the  foregoing  frame 
synchronizing  pulse  are  applied  to  the  internal 
synchronous  generator  31,  so  as  to  reproduce  an 
internal  line  synchronizing  pulse  which  is  phase- 
locked  on  these  received  synchronizing  signals.  40 
Thereafter,  the  internal  line  synchronizing  pulse  is 
applied  to  a  phase-detector  32,  so  as  to  detect  a 
phase  difference  between  the  line  synchronizing 
signal  derived  from  the  received  picture  signal 
and  the  internal  line  synchronizing  pulse.  The  45 
detected  phase  difference  is  aplied  to  a  voltage 
controlled  oscillator  35  through  an  adder  34.  A 
pulse  sequence  derived  from  the  voltage  con- 
trolled  oscillator  35,  having  an  oscillation  fre- 
quency  varied  in  response  to  the  above  phase  so 
difference,  is  applied  to  the  analog-to-digital  con- 
verter  27  as  a  driving  clock  pulse,  so  as  to  control 
the  timing  of  the  conversion  processing  including 
the  sampling  of  the  received  picture  signal.  There- 
fore,  the  above  pulse  sequence  is  phase-locked  55 
on  the  line  synchronizing  signal  contained  in  the 
conversion  output  digital  picture  signal,  and 
hence  can  be  taken  out  as  a  clock  pulse  sequence 
phase-locked  on  the  received  digital  picture 
signal.  60 

Consequently,  in  the  circuit  configuration  as 
shown  in  Fig.  8,  the  precise  phase-lock  of  the 
clock  sequence  of  the  dot-interlace  for  resampling 
the  received  picture  signal  can  be  attained  by 
phase-synchronizing  the  line  synchronizing  signal  65 

contained  in  the  recieved  digital  picture  signal 
and  the  pulse  sequence  derived  from  the  voltage 
controlled  oscillator  with  each  other  through  the 
control  loop  for  feeding-back  the  phase  difference 
derived  from  the  phase  detector  32  to  the  voltage 
controlled  oscillator  35.  However,  where  a  voltage 
controlled  oscillator  with  crystal  control  is 
employed,  a  fixed  residual  offset  of  phase  is 
caused.  When  the  loop  control  gain  is  increased 
such  that  this  residual  offset  of  phase  can  be 
neglected,  the  control  loop  becomes  unstable 
because  of  hunting.  Therefore,  in  this  situation 
the  phase  difference  detected  by  the  phase  detec- 
tor  32  is  applied  to  an  offset  detector  33,  so  as  to 
be  integrated  with  a  long  time  constant  compared 
to  the  frame  period.  This  integrated  output  is 
added  to  the  detected  phase  difference  so  that 
this  integrated  output  is  suppressed  with  toler- 
ance,  when  it  exceeds  the  tolerance.  As  a  result, 
automatic  control  of  the  residual  offset  can  be 
attained. 

Meanwhile,  the  frame  synchronizing  pulse 
applied  to  the  line  synchronizing  gate  29  through 
the  switch  SW  is  derived  from  the  internal  syn- 
chronizing  pulse  generator  31  in  the  situation 
where  the  control  loop  is  stable.  It  is  directly 
derived  from  the  frame  pulse  detector  28  in  the 
situation  where  the  phase  difference  of  the  line 
synchronizing  signals  is  extremely  large  or  where 
the  internally  generated  frame  synchronizing 
pulse  is  out  of  timing,  so  as  to  directly  apply  the 
frame  synchronizing  pulse  detected  from  the 
received  picture  signal  to  the  line  synchronizing 
gate  29. 

As  is  apparent  from  the  above,  according  to  the 
present  invention,  the  narrow  band  transmission 
picture  signal  formed  of  a  dot-interlace  subsam- 
pled  original  picture  signal  can  be  favorably 
restored  into  the  original  picture  signal  by  a 
resampling  process  effected  on  the  basis  of  the 
system  clock  synchronously  controlled  by  the 
internal  line  synchronizing  pulse,  which  is  phase- 
locked  on  the  transmitted  line  synchronizing 
signal  having  specially  formed  waveforms  cap- 
able  of  maintaining  exact  synchronism  without 
being  effected  by  non-linear  amplification  and 
band-restricted  transmission. 

As  described  earlier,  in  the  subsampling  trans- 
mission  system  for  a  high  definition  color  tele- 
vision  picture  signal,  all  of  the  sampled  elements 
required  for  reconstituting  the  stationary  picture 
are  transmitted  every  four  field  periods.  Accord- 
ingly,  with  regard  to  the  stationary  picture  region 
of  the  received  picture,  temporal  interpolation  is 
completed  by  gathering  all  samples  transmitted 
every  plural  field  periods,  that  is,  interframe 
interpolation  is  employed. 

On  the  other  hand,  with  regard  to  the  motion 
picture  region  of  the  received  picture,  spatial 
interpolation  is  completed  within  every  field 
period,  and  is,  in  field  interpolation  is  employed. 

Accordingly,  it  is  required  at  the  receiving  end 
to  selectively  employ  either  one  of  the  above 
mentioned  interpolations  after  discriminating  the 
stationary  and  the  motion  picture  regions  of  the 



EP  0 1 4 6   713  B1 16 15 
In  addition,  with  regard  to  the  other  aforesaid 

difficulty  (2),  when  detection  of  the  motion  is  not 
completed  because  of  the  aforesaid  reason,  or,  in 
the  case  of  a  minute  motion,  which  is  generated 

5  because  of,  for  example,  swinging  in  the  deflec- 
tion  system,  an  originally  stationary  picture  is 
erroneously  discriminated  as  a  motion  picture.  As 
a  result,  excessive  interpolation  is  effected  and 
hence  the  picture  becomes  unreasonably  ambi- 

10  guous.  It  is  conceivable  with  regard  to  this  diffi- 
culty  to  prevent  the  occurrence  of  the  difficulty  by 
reducing  the  sensitivity  for  detection  of  the 
motion.  However,  this  reduction  of  the  sensitivity 
of  detection  of  the  motion  cannot  be  practically 

15  used,  because  aliasing  distortion  caused  by  the 
subsampling  is  distinctly  noticable,  when  conven- 
tional  temporal  interpolation  is  effected. 

According  to  the  present  invention,  detection  of 
the  motion  of  the  picture  is  effected  by  interpola- 

20  tion  from  which  the  above  difficulty  is  removed. 
An  example  of  the  configuration  of  the  temporal 
interpolation  system  operating  on  the  above  prin- 
ciple  according  to  the  present  invention  is  shown 
in  Fig.  10,  signal  waveforms  at  various  portions  of 

25  which  are  shown  in  Figs.  11  (a)  to  11(f).  In  this 
temporal  interpolation  system,  higher  frequency 
components  (c)  and  (d)  derived  from  an  input  and 
an  output  of  a  frame  memory  38,  and  an  average 
higher  frequency  component  (e)  consisting  of 

30  one-half  of  a  sum  of  these  components  (c)  and  (d) 
obtained  through  an  adder  39,  are  applied  to  a 
minimum  absolute  value  selection  circuit  41,  a 
minimum  absolute  value  higher  frequency  com- 
ponent  (e')  selectively  obtained  from  which  and  a 

35  lower  frequency  component  (f)  derived  from  an 
output  end  of  a  low  pass  filter  36  applied  with  a 
subsampled  picture  signal,  are  added  to  each 
other  through  an  adder  40,  so  as  to  obtain  a 
picture  signal  (g)  supplemented  by  temporal 

40  interpolation.  The  selection  output  signal  (g)  of 
the  minimum  absolute  value  selection  circuit  41  is 
composed  of  an  assembly  of  partial  signals 
respectively  having  zero  level  for  the  minimum 
absolute  values  and  hence  can  be  prevented  from 

45  containing  spurious  signals  such  as  an  edge 
ghost.  Also,  ambiguity  of  a  resultant  stationary 
picture  signal  is  prevented. 

On  the  other  hand,  with  regard  to  a  motion 
picture  signal,  an  adequate  ambiguity  adapted  to 

so  the  magnitude  of  the  motion  is  caused,  so  that 
spurious  signals  are  avoided  in  the  motion  picture 
signal.  In  the  configuration  as  shown  in  Fig.  10, 
the  average  high  frequency  component  (e) 
obtained  through  the  adder  39  is  not  employed 

55  but  only  the  high  frequency  components  (c)  and 
(d)  are  employed  for  obtaining  a  resultant  picture 
signal  (g)  as  mentioned  above.  However,  the 
average  high  frequency  compnoent  (e)  consists  of 
a  signal  component  varied  in  response  to  the 

60  magnitude  of  the  picture  motion,  so  that  the 
resultant  picture  signal  (g)  has  more  favorable 
picture  quality  by  selecting  the  minimum  abso- 
lute  value  signal  component  among  the  group  of 
high  frequency  components  including  this  aver- 

65  age  component  (e).  In  the  minimum  absolute 

received  picture.  However,  this  discrimination  of 
the  received  picture  is  accompanied  with  the 
following  two  difficulties. 

(1)  The  data  required  for  the  discrimination  of 
the  motion  of  the  received  picture  are  not  simul- 
taneously  transmitted  together. 

(2)  Accordingly,  the  discrimination  of  the 
motion  of  the  received  picture  cannot  be  com- 
pleted,  and,  as  a  result,  the  selective  application 
of  the  interpolation  system  adapted  to  the  motion 
of  the  received  picture  cannot  be  effected. 

According  to  the  present  invention,  an  interpo- 
lation  arrangement  for  the  subsampled  picture 
signal,  in  which  suitable  interpolation  can  be 
effected  in  response  to  the  magnitude  of  the 
motion  of  the  received  picture,  is  provided.  In  the 
interpolation  arrangement  according  to  the 
present  invention,  the  narrow  band  transmission, 
picture  signal,  formed  by  rearranging  the  sub- 
sampled  samples  of  the  picture  signal,  is 
separated  into  high  frequency  components  and 
low  frequency  components,  at  a  desired 
crossover  frequency  through  a  suitable  low  pass 
filter.  Thereafter,  the  high  frequency  components 
having  minimum  absolute  value  selected  among 
the  above  separated  high  frequency  components, 
and  the  same  delayed  by  one  frame  period 
through  a._minimum  value  selection  circuit,  and 
the  above  separated  lower  frequency  com- 
ponents,  are  added  to  each  other,  so  as  to  restore 
a  suitably  interpolated  picture  signal  in  response 
to  the  motion  of  the  received  picture. 

With  regard  to  the  aforesaid  difficulty  (1),  in 
general,  the  detection  of  the  motion  of  the  picture 
is  generally  effected  on  the  basis  of  the  interframe 
correlation  thereof.  However,  with  regard  to  the 
dot-interlace  subsampled  motion  picture  signal, 
the  interframe  correlation  cannot  be  examined  by 
direct  comparison  of  the  specified  picture 
element  between  adjacent  frames.  Therefore,  the 
detection  of  the  subsampled  motional  picture 
signal  cannot  help  depending  on  either  the  inter- 
frame  comparison  between  every  other  frame 
period  or  between  adjacent  frames  supplemented 
by  spatial  interpolation  effected  within  each 
frame  for  interpolating  samples  skipped  by  sub- 
sampling. 

However,  interframe  correlation  based  on  the 
interpolation  samples  cannot  complete  the  detec- 
tion  of  the  motion  of  the  picture  because  of  the 
aliasing  components  contained  in  the  narrow 
band  transmission  picture  signal  arranged  by 
subsampling. 

As  a  result,  erroneous  discrimination,  such  as 
regarding  a  stationary  picture  signal  as  a  motion 
picture  signal,  is  frequently  caused  by  the  aliasing 
components. 

On  the  other  hand,  in  the  case  of  motion 
detection  based  on  interframe  correlation,  with 
regard  to  a  particular  scene,  for  instance,  as 
shown  in  Fig.  9,  in  which,  although  a  picture 
consisting  of  several  samples  is  moving,  each  of 
those  samples  coincides  with  one  another 
between  every  other  frame,  this  motion  picture  is 
erroneously  discriminated  as  a  stationary  picture. 
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and  subsequent  fields.  In  this  regard,  the  interpo- 
lation  thus  effected  for  the  stationary  picture 
signal  can  be  performed  only  through  a  two- 
dimensional  spatio-temporal  filter  having  a  trans- 
fer  performance  corresponding  to  the  range  A+B 
as  shown  in  Fig.  12. 

On  the  other  hand,  in  the  motion  picture  signal, 
the  specified  sample  is  varied  every  field  or  every 
frame,  so  that  interpolation  effected  by  employ- 
ing  samples  from  the  adjacent  frame  or  the 
adjacent  field  cannot  be  performed.  Instead,  inter- 
polation  is  effected  through  a  two-dimensional 
spatio-temporal  filter  based  on  the  samples  trans- 
mitted  only  within  every  field.  In  this  connection, 
with  regard  to  the  motion  picture  signal,  the 
spatio-temporal  frequency  region  capable  of 
being  transmitted  is  only  the  range  A  as  shown  in 
Fig.  12,  so  that,  although  the  above  interpolation 
is  effected,  picture  resolution  is  reduced.  How- 
ever,  this  reduction  of  resolution  of  the  motion 
picture  does  not  visually  deteriorate  the  picture 
quality  at  all. 

As  mentioned  above,  in  the  transmission  and 
reproduction  system  according  to  the  present 
invention,  with  regard  to  the  motion  picture, 
interpolation  can  be  performed  at  the  receiving 
end  on  the  basis  of  the  interframe  correlation 
detected  by  the  interframe  difference  between 
adjacent  two  frames  in  a  receiving  end  arrange- 
ment  or  shown  in  Fig.  13. 

In  the  receiving  end  arrangement  configured  as 
shown  in  Fig.  13,  under  control  of  the  line  syn- 
chronizing  signal  transmitted  together  with  the 
narrow-band  transmission  picture  signal,  the 
received  narrow-band  picture  signal  is  succes- 
sively  delayed  by  one  field  period  through  four 
field  memories  42-1  to  42-4  connected  in  series, 
so  as  to  obtain  the  situation  where  four  groups  of 
samples  arranged  in  the  subsampling  pattern  as 
shown  in  Fig.  2  are  held  in  those  series-connected 
four  field  memories  42-1  to  42-4  respectively  at  a 
certain  instant.  In  this  connection,  each  of  the 
series  connected  four  field  memories  42-1  to  42-4 
holds  only  samples  transmitted  every  field 
period,  so  that  the  memory  capacity  thereof  can 
be  one  fourth  of  that  at  the  sending  end.  In  this 
situation,  picture  signals  derived  from  both  ends 
of  the  series  connection  of  those  four  field 
memories  42-1  to  42-4  apart  from  each  other  by 
two  frames  periods  are  applied  to  a  motion 
magnitude  detector  43,  which  can  be  similar  to 
the  aforementioned  U.S.  patent,  so  as  to  discrimi- 
nate  the  existance  and  the  magnitude  of  the 
significant  picture  motion  in  response  to  the  inter- 
two-frame  correlation  based  on  the  magnitude  of 
the  inter-two-frame  picture  difference.  The  detec- 
tion  output  signal  thereof  is  applied  to  two  mixers 
46  and  49  in  parallel,  so  as  to  mix  individual 
interpolation  signals  prepared  respectively  for  the 
stationary  picture  signal  and  the  motion  picture 
signal,  as  mentioned  later,  with  each  other  at  a 
ratio  varied  in  response  to  the  magnitude  of  the 
picture  motion  detected  on  the  basis  of  the  inter- 
two-frame  correlation. 

The  mixer  46  is  supplied  with  the  interpolation 

value  selection  circuit  41,  the  input  signal  having 
the  minimum  absolute  value  among  plural  input 
signals  is  produced  as  the  selection  output  signal. 

As  is  apparent  from  the  above,  in  the  subsampl- 
ing  transmission  according  to  the  present  inven-  5 
tion,  the  interpolation  processing  provided  with 
low  pass  performance  adapted  to  the  magnitude 
of  the  picture  motion  can  be  applied  on  the 
picture  signal,  so  that  the  following  remarkable 
effects  can  be  obtained.  10 

(1)  Motion  ambiguity  is  not  caused  by  minute 
picture  motion. 

(2)  Even  if  the  sensitivity  and  the  accuracy  of  the 
detection  of  the  picture  motion  are  low,  serious 
deterioration  of  the  picture  quality  is  not  caused.  15 

(3)  The  deterioration  of  the  picture  quality 
which  is  caused  by  subsampling  is  not  visually 
noticeable. 

In  the  multiplex  subsampling  transmission 
system  the  high  definition  color  television  picture  20 
signal,  in  the  situation  where  the  narrow-band 
transmission  picture  signal,  which  is  transmitted 
after  the  subsampling  process,  is  processed  by 
interpolation  based  on  the  adjacent  samples  in 
adjacent  fields,  received  narrow-band  trans-  25 
mission  picture  signal  is  accompanied  with  the 
control  signal  which  has  been  transmitted 
together  therewith  for  controlling  the  interpola- 
tion  process  in  response  to  the  magnitude  of  the 
picture  motion.  30 

However,  the  information  of  the  picture  motion 
is  not  necessarily  transmitted  from  the  sensing 
end,  but  can  be  taken  out  from  the  subsampled 
transmission  picture  signal  on  the  basis  of  the 
discrimination  thereof  at  the  receiving  end,  so  as  35 
to  selectively  control  the  restoring  process 
adapted  to  the  stationary  picture  and  the  restor- 
ing  process  adapted  to  the  motion  picture  as 
follows. 

In  the  transmission  system  according  to  the  40 
present  invention,  the  TCI  picture  signal  formed 
by  time  axis  compression  and  time  divisional 
multiplexing  is  processed  by  the  aforesaid  dot- 
interlace  subsampling  process  every  four  field 
periods  as  shown  in  Fig.  2.  Thus,  according  to  this  45 
dot-interlace  subsampling,  a  complete  picture 
signal  can  be  transmitted  every  four  frame 
periods.  Consequently,  the  spatio-temporal  fre- 
quency  region  capable  of  being  transmitted  for 
the  stationary  picture  signal  is  indicated  by  the  50 
rangeA+Basshownin  Fig.  12  and  that  capable  of 
being  transmitted  for  the  motion  picture  signal  is 
indicated  by  the  range  A  only  as  shown  by 
shading  in  the  same. 

With  regard  to  the  interpolation  for  the  trans-  55 
mitted  samples  which  are  thinned  by  subsampl- 
ing  every  field,  the  inpolation  effected  for  the 
field,  in  which  the  samples  indicated  by  unfilled 
circles  in  the  sampling  pattern  as  shown  in  Fig.  2 
are  transmitted,  is  processed  by  employing  the  60 
samples  indicated  by  filled  circles  transmitted 
during  the  immediately  preceding  and  subse- 
quent  frames,  as  well  as  by  employing  the 
samples  indicated  by  crosses  (x)  and  plus  signs 
(+)  transmitted  during  the  immediately  preceding  65 

10 
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transmitted  in  each  frame  or  in  each  field,  it  is 
difficult  to  directly  compare  ths  same  sample 
between  two  frames  separated  from  each  other 
by  one  frame  period  at  the  receiving  end.  Thus,  it 
is  usual  in  this  transmission  system  to  employ  the 
inter-two-frame  differential  picture  signal 
obtained  between  every  other  frame  for  the 
detection  of  the  motion  picture  region.  However, 
in  the  example  of  the  motion  picture  signal  as 
shown  in  Fig.  9,  the  inter-two-frame  difference  as 
shown  by  arrow  marks,  cannot  be  discriminated 
as  a  motion  picture  region. 

Accordingly,  in  the  multiplex  subsampling 
transmission  and  motion  compensated  reproduc- 
tion  system  according  to  the  present  invention, 
when  the  motion  information  of  the  picture  is  not 
transmitted  from  the  sending  end,  the  motion 
picture  region  can  be  accurately  detected  by 
skillfully  employing  the  inter-one-frame  differ- 
ence  by  combining  the  detection  of  motion  infor- 
mation  at  both  the  sending  and  receiving  ends  as 
follows. 

The  TCI  picture  signal  is  subsampled  at  an 
adequate  interval  at  every  plural  frame  periods, 
so  as  to  obtain  plural  kinds  of  subsampled 
narrow-band  transmission  picture  signals.  In  this 
situation  at  the  sending  end,  the  picture 
expressed  by  the  TCI  picture  signal  is  divided  into 
plural  blocks.  In  each  of  those  blocks,  the  narrow- 
band  transmission  picture  signals  are  multiplexed 
with  a  selecto-discrimination  signal  for  selecting 
either  inter-two-frame  discrimination  or  parallel 
discrimination  using  both  inter-two-frame  and 
inter-one-frame  difference  for  discriminating  the 
pictorial  motion  information  employed  for  the 
picture  signal  processing  at  the  receiving  end. 
The  inter-two-frame  pictorial  difference  only  is 
used  for  motion  discrimination  in  inter-two-frame 
discrimination,  while  both  inter-two-frame  and 
inter-one-frame  pictorial  differences  are  used  in 
parallel  for  motion  discrimination  in  parallel  dis- 
crimination. 

At  the  receiving  end,  which  discrimination 
should  be  employed  is  decided  according  to  the 
selecto-discrimination  signal  separated  from  the 
received  narrow-band  transmission  picture 
signals.  The  information  of  the  picture  motion 
expressed  thereby  is  detected  in  each  block  on 
the  basis  of  the  selectively  employed  discrimina- 
tion.  The  skipped  samples  of  the  received  narrow- 
band  transmission  picture  signals  are  sup- 
plemented  in  each  block  by  the  detected  infor- 
mation  of  the  picture  motion,  so  as  to  restore  the 
original  TCI  picture  signal. 

With  regard  to  the  above-mentioned  pictured 
signal  processing,  the  configuration  of  the  send- 
ing  end  arrangement  is  shown  in  Fig.  14,  while 
that  of  the  receiving  end  arrangement  is  shown  in 
Fig.  15.  Fig.  14  can  be  used  in  the  motion  detector 
4  of  Fig.  3a,  or  a  motion  magnitude  detector  68  as 
shown  in  Fig.  16  discussed  below.  Fig.  15  can  be 
used  in  the  motion  magnitude  detector  43  of  Fig. 
13. 

In  the  sending  end  arrangement,  the  input  TCI 
picture  signal  is  converted  into  three  kinds  of 

signal  for  the  stationary  picture  signal  formed  by 
switching  at  every  dot  period  through  a  switch 
SW  one-half  of  the  sum  of  the  adder  45  supplied 
with  the  signals  derived  from  both  ends  of  the 
series  connection  of  the  four  field  memories  42-1  5 
to  42-4,  and  a  one-frame  delayed  picture  signal 
derived  from  the  midpoint  of  the  series  connec- 
tion  of  the  series  connected  field  memories  42-1 
to  42-4,  together  with  the  interpolation  signal  for 
the  motion  picture  signal  formed  through  a  two-  10 
dimensional  interpolation  filter  44  which  is 
applied  with  the  same  one-field  delayed  picture 
signal.  As  a  result,  with  regard  to  the  stationary 
picture  signal,  the  mutual  interpolation  between 
samples  respectively  indicated  by  filled  circles  15 
and  unfilled  circles  in  the  subsampling  pattern  as 
shown  in  Fig.  2,  is  effected  by  interframe  interpo- 
lation,  while  with  regard  to  the  motion  picture 
signal,  the  same  is  effected  by  in  frame  interpola- 
tion.  20 

Also,  the  mixer  49  is  supplied  with  the  interpo- 
lation  signal  for  the  stationary  picture  signal 
which  is  ultimately  derived  from  a  two-dimen- 
sional  temporal  interpolation  filter  47  supplied 
with  the  mixed  output  signal  of  the  mixer  46  and  25 
the  one  field  and  three  field  delayed  picture 
signals  respectively  derived  from  the  outputs  of 
the  field  memories  42-1  and  42-3,  and  the  interpo- 
lation  signal  for  the  motional  picture  signal 
derived  from  an  interpolation  filter  48  supplied  30 
with  the  mixed  output  signal  of  the  mixer  46.  As  a 
result,  interpolation  for  the  sample  positions  indi- 
cated  by  the  crosses  (x)  in  the  subsampling 
pattern  as  shown  in  Fig.  2  is  performed  on  the 
basis  of  the  samples  indicated  by  samples  indi-  35 
cated  by  filled  and  unfilled  circles  and  squares, 
respectively,  so  as  to  obtain  the  original  picture 
signal  completely  supplemented. 

"In  this  regard,  as  mentioned  earlier,  the  tem- 
poral  interpolation  arrangement  of  Fig.  10  is  40 
particularly  well  suited  for  responding  to  minute 
picture  motion  and  aliasing  component  appear- 
ing  in  the  temporal  interpolation  process,  so  that 
the  circuit  of  Fig.  10  may  advantageously  be 
inserted  between  the  temporal  interpolation  filter  45 
47  and  mixer  49". 

In  the  muliplex  subsampling  transmission 
system  according  to  the  present  invention, 
separation  of  the  picture  signal  into  the  motion 
picture  region  and  the  stationary  picture  region  is  so 
generally  required,  and  hence  spatial  interpola- 
tion  is  used  for  the  former  and  temporal  interpola- 
tion  is  used  for  the  latter.  In  this  connection,  it  is 
effective  for  the  detection  of  picture  motion  to 
detect  the  absolute  value  of  the  difference  of  the  55 
picture  signal  between  adjacent  frames  thereof 
and  hence  to  regard  the  picture  region  indicating 
the  significant  difference  as  the  motion  picture 
region.  However,  in  the  dot-interlace  subsampl- 
ing  transmission  system,  it  is  difficult  to  60 
accurately  detect  the  motion  picture  region  at  the 
receiving  end.  This  is  because  of  the  following. 

In  the  situation  where,  for  instance,  the  sub- 
sampling  of  the  picture  signal  is  effected  every 
two  frame  periods  and  every  other  sample  is  65 
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However,  in  practice,  for  instance,  one  block  can 
be  composed  of  32  picture  elements  on  each  of  16 
lines.  This  scale  of  one  block  is  enough  to  be 
small  so  that  an  unnaturally  restored  picture  is 
not  noticeable  even  if  both  motion  and  stationary 
regions  appear  in  the  same  picture. 

In  the  receiving  end  arrangement  as  shown  in 
Fig.  15,  the  inter-two-frame  difference  picture 
signal  A  and  the  quasi  inter-one-frame  difference 
picture  signal  B  are  prepared  from  the  received 
narrow-band  transmission  picture  signal  through 
the  series-connection  of  frame  memories  61-1 
and  61-2.  The  selecto-discrimination  signal  is 
separated  from  the  received  narrow-band  trans- 
mission  picture  signal  through  a  data  separator  6, 
so  as  to  control  a  change-over  switch  68  through 
a  controlling  memory  66  at  timing  coincident  to 
the  received  narrow-band  transmission  picture 
signal.  When  the  logic  value  of  the  transmitted 
selecto-discrimination  signal  is  1,  the  switch  67  is 
closed,  while  the  former  is  0,  the  latter  is  opened. 
When  the  switch  67  is  closed,  the  picture  signal  A 
and  B  are  compared  with  each  other,  and,  as  a 
result,  the  larger  signal  is  selected  through  a 
maximum  value  detector  64.  When  the  switch  67 
is  opened,  the  picture  signal  A  is  always  pro- 
duced.  The  selecto-discrimination  signal  derived 
from  the  arrangement  as  shown  in  Fig.  15  is  used 
for  restoring  the  narrow-band  transmission 
picture  signal  either  by  spatial  interpolation  or  by 
temporal  interpolation  of  skipped  samples,  so  as 
to  obtain  the  original  TCI  picture  signal. 

In  the  above  exemplified  arrangement,  the 
picture  signal  is  subsampled  every  two  frames 
and  every  other  sampled  data  is  transmitted 
within  either  one  frame  or  one  field.  However,  the 
present  invention  is  not  restricted  to  this  example, 
and  the  number  n  of  frame  periods  in  which  the 
subsampling  completes  one  round  can  be  arbit- 
rary,  for  instance,  2  or  3,  as  long  as  n  is  greater 
than  or  equal  to  2. 

In  the  situation  where  the  one-round  subsampl- 
ing  is  effected  every  n  frames,  the  inter-n-frame 
differential  picture  signal  corresponds  to  the 
above  inter-two-frame  difference  picture  signal 
every  two  field  periods,  and  hence  the  selecto- 
discrimination  is  performed  by  comparison 
between  the  inter-n-frame  difference  and  the 
inter-one-frame  difference  picture  signals. 
Namely,  the  (n+1)th  frame  corresponding  to  the 
present  frame,  while  the  inter-n-frame  difference 
is  the  difference  between  the  1st  frame  and  the 
(n+1)th  frame,  and  the  inter-one-frame  difference 
is  the  difference  between  the  nth  frame  and  the 
(n+1)th  frame. 

Generally  speaking  with  regard  to  the  above 
processing,  in  the  subsampling  transmission 
system  every  n  frame  periods,  the  control  signal 
for  selecting  and  discriminating  which  should  be 
employed  at  the  receiving  end  among  the  inter-n- 
frame  difference  discrimination  effected  by  using 
only  the  inter-n-frame  differential  picture  signal 
as  the  discriminating  information  and  the  inter- 
one-frame  difference  discrimination  effected  by 
using  the  inter-one-frame  differential  picture 

picture  signals  A,  B  and  C  as  shown  in  Fig.  14.  The 
picture  signals  A  and  B  are  absolute  values 
obtained  through  absolute  value  detectors  57-A 
and  57-B  respectively  of  the  inter-two-frame  and 
the  inter-one-frame  difference  picture  signals  5 
derived  from  a  series-connection  of  frame 
memories  50-1  and  50-2.  The  picture  signal  C  is  an 
absolute  obtained  through  an  absolute  value 
detector  57-C  of  a  present  frame  differential 
picture  signal  derived  from  a  subtractor  56  sup-  10 
plied  with  a  quasi  present  frame  picture  signal  C, 
substantially  equal  to  a  low-pass-filtered  TCI 
picture  signal,  derived  from  an  interpolation  filter 
54,  for  softly  restoring  skipped  samples  of  an 
output  signal  C2  of  a  subsampling  encoder  53  15 
applied  with  the  input  TCI  picture  signal  and  a 
lower  frequency  range  picture  signal  C3  derived 
from  a  low  pass  filter  55  directly  supplied  with  the 
input  TCI  picture  signal.  This  present  frame  differ- 
ence  picture  signal  G,  is  ordinarily  not  large,  but  20 
becomes  unusually  large  when  the  original  TCI 
signal  has  a  larger  higher  frequency  range  picture 
signal.  This  is  because  an  aliasing  signal  com- 
ponent  falls  in  the  lower  frequency  range  and 
hence  the  difference  between  the  picture  signals  25 
C[  and  C3  becomes  unusually  large.  Therefore, 
one  of  the  aforesaid  conventional  difficulties  can 
be  removed  by  transmitting  the  above  selecto- 
discrimfnating  signal  to  the  receiving  end,  which 
signal  can  be  derived  from  a  logic  circuit  58  30 
applied  with  picture  signals  A,  B  and  C. 

In  this  logic  circuit  58,  picture  signals  A,  B  and  C 
are  individually  compared  with  respectively  pre- 
determined  standard  values,  so  as  to  be  con- 
verted  to  logic  values  of  1  or  0  in  response  to  the  35 
situation  where  the  signals  are  larger  or  smaller 
than  these  respective  standard  values.  These 
logic  values  are  processed  under  a  logical  calcula- 
tion  as  the  following  conditions  are  satisfied. 

(1)  Whenever  both  of  the  logic  values  A  and  B  40 
are  1,  a  calculation  output  is  1; 

(2)  When  both  of  the  logic  values  A  and  C  are  1 
and  the  logic  value  B  is  zero,  the  calculation 
output  is  1. 

(3)  When  the  logic  value  A  is  0  and  both  of  logic  45 
values  B  and  C  are  1,  the  calculation  output  is  0. 

(4)  On  the  other  remaining  conditions,  the 
calculation  output  is  always  0. 

Here,  A=1  indicates  the  situation  where  the 
inter-two-frame  difference  picture  signal  has  a  so 
significant  difference,  while  B=1  indicates  the 
situation  where  the  inter-one-frame  difference 
picture  signal  has  a  significant  difference.  On  the 
other  hand,  C==1  corresponds  to  the  situation 
where  the  picture  signal  C  is  extremely  large  and  55 
hence  the  original  picture  signal  is  a  stationary 
picture  signal  containing  a  large  amount  of  higher 
frequency  components. 

The  above  calculation  output  is  used  as  the 
selecto-discrimination  signal  of  1  or  0,  which  is  60 
transmitted  under  multiplexing  with  the  narrow- 
band  transmission  picture  signal  in  each  of  blocks 
dividing  the  original  picture  as  mentioned  above. 
In  this  situation,  it  is  desirable  to  divide  the 
original  picture  into  blocks  as  small  as  possible.  65 
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67-4  corresponding  to  series  connected  field 
memories  at  the  receiving  end.  The  mixing  ratio 
through  a  mixer  71  of  the  outputs  of  the  above 
mentioned  two-dimensional  low  pass  filters  69 
and  70  is  varied  in  response  to  the  magnitude  of 
the  picture  motion,  which  is  detected  on  the  basis 
of  the  above-mentioned  inter-two-frame  correla- 
tion.  In  this  connection,  the  two-dimensional  low 
pass  filter  69  is  supplied  with  the  one-frame 
delayed  picture  signal  derived  from  the  field 
memory  67-2,  while  the  two-dimensional  low 
pass  filter  70.  is  supplied  with  the  one-field 
delayed,  the  one-frame  delayed  and  the  three- 
field  delayed  picture  signal,  respectively,  derived 
from  the  field  memories  67-1  to  67-3. 

Further,  in  this  connection,  the  detection  of  the 
picture  motion  through  the  motion  magnitude 
detector  68  is  effected  on  the  basis  of  the  absolute 
value  of  the  low-pass  filtered  inter-two-frame 
differential  picture  signal  which  is  elongated  in 
the  time-axis  direction  through  the  temporal  filter 
composed  of  field  memories,  stabilized  by  the 
insensitivity  through  the  low  pass  filters  against 
erroneous  detection  of  the  inter-two-frame  differ- 
ence  and  minute  picture  motion. 

In  addition,  together  with  the  detection  of  the 
picture  motion  which  is  based  on  the  discrimina- 
tion  of  the  inter-two-frame  correlation  in  response 
to  the  above-mentioned  inter-two-frame  differen- 
tial  picture  signal,  detection  of  the  magnitude  of 
the  picture  motion  is  based  on  the  discrimination 
of  the  in  frame  correlation  in  response  to  the 
differential  signal  between  adjacent  two  field 
periods.  Hence,  the  detection  of  the  picture 
motion  based  on  the  inter-two-frame  correlation 
is  employed,  only  when  the  magnitude  of  the 
picture  motion  detected  on  the  basis  of  the  in 
frame  correlation  exceeds  the  predetermined 
level. 

As  mentioned  earlier,  according  to  the  pre- 
viously  effected  restriction  of  the  higher  fre- 
quency  range  of  the  motion  picture  signal, 
generation  of  the  aliasing  component  can  be 
prevented  even  through  interpolation  of  the  sub- 
sampled  motion  picture  region.  Meanwhile,  all  of 
the  information  in  the  higher  frequency  range  can 
be  transmitted  for  the  stationary  picture  region. 

Additionally  speaking  with  regard  to  the  trans- 
mission  and  reproduction  system  according  to 
the  present  invention,  the  information  of  the 
picture  motion,  for  instance,  comprising  the  mag- 
nitude  thereof,  the  motion  vector  and  the  like,  or, 
the  special  line  synchronizing  signal,  is 
multiplexed  with  the  subsampled  narrow  band 
transmission  picture  signal  as  the  control  signal 
for  restoration  at  the  receiving  end.  Thus,  picture 
signal  processing  based  on  interpolation  respec- 
tively  adapted  to  the  stationary  picture  signal,  the 
quasi-stationary  picture  signal  and  the  motion 
picture  signal  can  be  effected  on  the  basis  of  the 
control  signal  separated  from  the  received  narrow 
band  transmission  picture  signal.  Moreover, 
according  to  the  combination  of  the  above  suit- 
able  interpolation  effected  only  at  the  receiving 
end  and  the  previous  restriction  of  the  bandwidth 

signal  as  the  discriminating  information  is  pre- 
pared  at  the  sending  end. 

The  larger  the  number  of  frames  for  one-round 
discrimination,  the  narrower  the  transmission 
bandwidth.  However,  the  number  n  of  frames  is  4  5 
at  the  most  in  practice,  because  the  object  of  the 
discrimination  is  the  restoration  of  a  high  defini- 
tion  color  television  picture  signal. 

In  this  regard,  the  allotment  of  the  logic  values  1 
and  0  as  shown  by  the  above  example  of  one  10 
round  of  two  frame  periods  can  be  reversed,  in 
response  to  the  situation  where  the  switch  S  is 
opened  or  closed  as  shown  in  Fig.  15. 

As  is  apparent  from  the  above,  according  to  the 
present  invention,  the  original  high  definition  15 
color  television  picture  signal  can  be  restored 
from  the  received  narrow  band  transmission 
signal,  formed  by  subsampling  the  original 
picture  signal,  more  faithfully  than  by  the  conven- 
tional  transmission  system  on  account  of  supple-  20 
menting  of  the  skipped  samples  on  the  basis  of 
either  spatial  interpolation  or  temporal  interpola- 
tion.  Particularly,  in  the  situation  where  faithful 
restoration  of  the  motion  picture  signal  as  shown 
in  Fig.  9  cannot  be  performed  because  of  the  25 
erroneous  discrimination  as  the  stationary  picture 
signal,  the  original  TCI  picture  signal  can  be 
restored  on  the  basis  of  accurate  discrimination. 

In  the  transmission  and  reproduction  system 
according  to  the  present  invention,  the  TCI  picture  30 
signal  formed  by  time-division  compression 
multiplexing  is  subsampled  by  the  dot  interlace 
every  four  field  periods  as  shown  in  Fig.  2. 
According  to  this  subsampling,  one-frame  picture 
can  be  transmitted  every  four  field  periods,  35 
namely,  at  every  two  frame  periods.  However,  the 
spatio-temporal  frequency  range  as  shown  by  the 
ranges  A  plus  B  in  Fig.  12  can  be  transmitted  for 
the  stationary  picture  signal,  while  that  as  shown 
by  the  range  A  shaded  in  Fig.  12  can  be  transmit-  40 
ted  for  the  motion  picture  signal. 

According  to  the  present  invention,  in  order  to 
avoid  the  aforesaid  generation  of  the  aliasing 
component  based  on  the  subsampling  frequency 
in  the  supplementary  interpolation  at  the  receiv-  45 
ing  end,  configured  as  shown  in  Fig.  13,  the 
sending  end  arrangement  is  configured  as  shown 
in  Fig.  16.  In  the  configuration  as  shown  in  Fig.  16, 
a  two-dimensional  low  pass  filter  70,  for  passing 
the  spatio-temporal  frequency  range  A+B  as  so 
shown  in  Fig.  12  corresponding  to  the  two- 
dimensional  temporal  interpolation  filter  47  at  the 
receiving  end,  is  provided  for  the  stationary 
picture  signal,  while  a  two-dimensional  pass  filter 
69,  for  passing  the  spatio-temporal  frequency  55 
range  A  as  shown  in  Fig.  12  corresponding  to  the 
two-dimensional  spatial  interpolation  filter  44  and 
the  spatial  interpolation  filter  48  at  the  receiving 
end,  is  provided  for  the  motion  picture  signal.  In 
addition,  inter-two-frame  correlation  is  discrimi-  60 
nated  on  the  basis  of  an  inter-two-frame  differ- 
ence  signal  obtained  through  a  motion  mag- 
nitude  detector  68  supplied  with  the  picture 
signals  respectively  derived  from  both  ends  of  the 
series  connection  of  four  field  memories  67-1  to  65 
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required  respectively  for  the  stationary  picture 
region  and  the  motion  picture  region  at  the 
sending  end,  generation  of  the  aliasing  com- 
ponent  unavoidably  caused  by  the  dot-interlace 
subsampling  can  be  suppressed  and  hence  5 
deterioration  of  the  picture  quality  based  on  the 
aliasing  distortion  can  be  prevented. 

Claims 
10 

1.  A  multiplex  subsampling  transmission 
system  for  a  high  definition  color  television 
picture  signal,  characterised  by  comprising  at  a 
sending  end 

a  means  (1)  for  respectively  compressing  time  15 
axes  of  at  least  chrominance  signal  components 
among  luminance  and  chrominance  signal  com- 
ponents  of  the  sampled  high  definition  color 
television  picture  signal, 

means  (1)  for  time-divisionally  multiplexing  20 
said  luminance  and  said  chrominance  signal  com- 
ponents  among  which  the  time  axes  of  at  least 
said  chrominance  signal  components  are  com- 
pressed,  so  as  to  obtain  a  time-divisionally 
multiplexed  picture  signal,  25 

a  means  (2)  for  subsampling  said  time-division- 
ally  multiplexed  picture  signal  at  every  predeter- 
mined  plural  fields,  so  as  to  obtain  a  picture  signal 
for  narrow  band  transmission,  and 

a  means  (4,  11)  for  forming  a  control  signal  30 
required  for  restoring  said  picture  signal  for 
narrow  band  transmission  into  said  high  defini- 
tion  color  television  picture  signal,  so  as  to  be 
transmitted  together  with  said  picture  signal  for 
narrow  band  transmission,  and  further  charac-  35 
terised  by  comprising  at  a  receiving  end 

a  means  (7)  for  supplementing  said  picture 
signal  for  narrow  band  transmission  by  inserting 
samples  of  said  luminance  and  chrominance 
signal  components  which  are  lacked  by  the  sub-  40 
sampling  effected  at  the  sending  end,  so  as  to 
restore  said  picture  signal  for  narrow  band  trans- 
mission  into  said  time-divisionally  multiplexed 
picture  signal  under  the  control  of  said  control 
signal  separated  from  said  picture  signal  for  45 
narrow  band  transmission,  and 

a  means  (8)  for  respectively  expanding  time 
axes  of  at  least  said  chrominance  signal  com- 
ponents  among  said  luminance  and  said  chromi- 
nance  signal  components  respectively  separated  so 
from  the  restored  time-divisionally  mutiplexed 
picture  signal,  so  as  to  restore  the  sampled 
luminance  and  chrominance  signal  components 
into  said  high  definition  color  television  picture 
signal.  55 

2.  A  multiplex  subsampling  transmission 
system  for  a  high  definition  color  television 
picture  signal  as  claimed  in  claim  1,  characterised 
in  that  said  control  signal  consists  of  a  signal 
carrying  informations  on  a  motion  expressed  by  60 
said  high  definition  color  television  picture  signal, 
and  said  means  (7)  for  supplementing  said  picture 
signal  for  narrow  band  transmission  is  operated 
in  response  to  said  signal  carrying  informations 
on  the  motion,  so  as  to  effect  an  interpolation  of  65 

lacked  samples  respectively  adapted  to  motional 
picture  contents  and  stationary  picture  contents. 

3.  A  multiplex  subsampling  transmission 
system  for  a  high  definition  color  television 
picture  signal  as  claimed  in  claim  2,  characterised 
in  that  said  signal  carrying  informations  on  the 
motion  carries  informations  on  a  magnitude  of 
the  motion,  and  said  means  (7)  for  supplementing 
said  picture  signal  for  narrow  band  transmission 
is  operated  in  response  to  the  signal  carrying 
informations  on  the  magnitude  of  the  motion,  so 
as  to  effect  the  interpolation  of  lacked  samples 
respectively  adapted  to  motional  picture  contents 
and  stationary  picture  contents. 

4.  A  multiplex  subsampling  transmission 
system  for  a  high  definition  color  television 
picture  signal  as  claimed  in  claim  2,  characterised 
in  that  said  signal  carrying  informations  on  the 
motion  carries  informations  on  a  motion  vector 
indicating  said  motion,  and  said  means  (7)  for 
supplementing  said  picture  signal  for  narrow 
band  transmission  is  operated  in  response  to  said 
signal  carrying  informations  on  said  motion  vec- 
tor. 

5.  A  multiplex  subsampling  transmission 
system  for  a  high  definition  color  television 
picture  signal  as  claimed  in  claim  1,  characterised 
in  that  said  control  signal  consists  of  a  line 
synchronizing  signal  having  a  sequence  of  step- 
wise  signal  level  of  the  same  polarity  as  a  picture 
information  signal,  a  sense  of  said  stepwise 
signal  level  being  reversed  at  every  other  line 
synchronizing  period,  so  as  to  obtain  a  repro- 
duced  line  synchronizing  pulse  phase-locked  on 
an  average  of  said  line  synchronizing  signals  over 
plural  line  synchronizing  periods. 

6.  A  multiplex  subsampling  transmission 
system  for  a  high  definition  color  television 
picture  signal  as  claimed  in  claim  5,  characterised 
in  that  under  the  control  of  said  line  synchronizing 
pulse,  said  means  for  supplementing  said  picture 
signal  for  narrow  band  transmission  comprises 

a  means  for  separating  a  lower  frequency  com- 
ponent  and  a  higher  frequency  component  of  said 
picture  signal  for  narrow  band  transmission  from 
each  other, 

a  means  for  selecting  a  component  having  a 
minimum  absolute  value  among  at  least  said 
higher  frequency  component  and  the  one-frame- 
period  delayed  high  frequency  component,  and 

a  means  for  adding  said  lower  frequency  com- 
ponent  and  said  component  having  the  minimum 
absolute  value,  so  as  to  obtain  the  motion-com- 
pensated  picture  signal  for  narrow  band  trans- 
mission. 

7.  A  multiplex  subsampling  transmission 
system  for  a  high  definition  color  television 
picture  signal  as  claimed  in  claim  5,  characterised 
in  that  said  means  of  supplementing  said  picture 
signal  for  narrow  band  transmission  comprises 

a  means  for  detecting  a  magnitude  of  a  motion 
of  a  picture  expressed  by  said  picture  signal  for 
narrow  band  transmission  under  the  control  of 
said  line  synchronizing  pulse,  and 

two  means  for  two-dimensional  low-pass  filter- 

14 



EP  0  146  713  B1 27 28 

ing  said  motional  picture  contents  and  said 
stationary  picture  contents  of  said  picture  signal 
for  narrow  band  transmission  respectively,  so  as 
to  effect  the  supplement  of  said  picture  signal  for 
narrow  band  transmission  by  adding  respective 
outputs  of  said  two  means  to  each  other  at  a  ratio 
varied  in  proportion  to  said  magnitude  of  said 
motion. 

8.  A  multiplex  subsampling  transmission 
system  for  a  high  definition  color  television 
picture  signal  as  claimed  in  claim  1,  characterised 
in  that  said  control  signal  carries  a  control  infor- 
mation  indicating  a  detection  of  a  motion  in  each 
of  plural  blocks  dividing  a  picture  expressed  by 
said  high  definition  color  television  picture  signal, 
to  be  based  on  a  difference  between  every  other 
frames  or  adjacent  frames  of  said  picture  signal 
for  narrow  band  transmission,  and 

said  means  for  supplementing  said  picture 
signal  for  narrow  band  transmission  is  operated 
in  response  to  said  control  information,  so  as  to 
effect  an  interpolation  of  lacked  samples  respec- 
tively  adapted  to  motional  picture  contents  and 
stationary  picture  contents  in  response  to  the 
motion  detected  individually  in  each  of  said  plural 
blocks  on  the  basis  of  said  difference  between 
frames  selected  through  said  control  information. 

9.  A  multiplex  subsampling  transmission 
system  for  a  high  definition  color  television 
picture  signal  as  claimed  in  any  preceding  claim 
characterised  by  further  comprising  at  a  sending 
end  a  means  (3)  for  two-dimensionally  low-pass 
filtering  said  time  divisionally  multiplexed  picture 
signal,  so  as  to  previously  suppress  the  genera- 
tion  of  aliasing  components  in  company  with 
subsampling  of  said  time-divisionally  multiplexed 
picture  signal,  in  response  to  a  motion  expressed 
by  said  high  definition  color  television  picture 
signal. 

Patentanspruche 

1  .  Mutiplex-Sub-Nyquist-Abtastungsfibertra- 
gungssystem  fur  ein  hochauflosendes  Farbfern- 
sehbildsignal,  gekennzeichnet  durch,  auf  der  Sen- 
derseite: 

Mittel  (1)  zum  jeweiligen  Komprimieren  von 
Zeitachsen  von  wenigstens  Farbartsignalkompo- 
nenten  unter  Heiligkeits-  und  Farbartsignalkom- 
ponenten  des  abgetasteten  hochaufldsenden 
Farbfemsehbildsignals, 

Mittel  (1)  zum  Zeitteilungsmultiplexen  der  Hei- 
ligkeits-  und  Farbartsignalkomponenten  unter 
welchen  die  Zeitachsen  von  wenigstens  der  Far- 
bartsignalkomponenten  komprimiertwerden,  um 
ein  zeitgeteiltes  multiplextes  Bildsignal  zu  erzeu- 
gen, 

Mittel  (2)  zum  Sub-Nyquist-Abtasten  des  zeitge- 
teilten  multiplexten  Bildsignals  bei  jedem  von 
vorbestimmten  Vielzahlbereichen,  um  ein  Bildsi- 
gnal  fur  EngpalSubertragung  zu  erzeugen,  und 

Mittel  (4,  11)  zum  Bilden  eines  Steuersignals, 
das  zum  Wiederherstellen  des  Bildsignals  fiir 
Schmalbandiibertragung  in  das  hochauflosende 
Farbfernsehbildsignal  notig  ist,  um  gemeinsam 

mit  dem  Bildsignal  fur  Schmalbandubertragung 
iibertragen  zu  werden, 

und  weiterhin  gekennzeichnet  durch,  auf  der 
Empfangsseite: 

5  Mittel  (7)  zum  Erganzen  des  Bildsignals  fur 
Schmalbandubertragung  durch  Einfiigung  von 
Ausschnitten  aus  den  Heiligkeits-  und  Farbartsi- 
gnalkomponenten,  die  bei  der  auf  der  Senderseite 
durchgefiihrten  Abtastung  fehlen,  um  das  Bildsi- 

10  gnal  fur  Schmalbandubertragung  in  das  zeitge- 
teilte  multiplexte  Bildsignal  unter  der  Kontrolle 
des  von  dem  Bildsignal  fiir  Schmalbandubertra- 
gung  getrennten  Steuersignals  wiederherzustel- 
len,  und 

15  Mittel  (8)  zum  jeweiligen  Ausdehnen  von  Zei- 
tachsen  von  wenigstens  den  Farbartsignalkompo- 
nenten  unter  den  Heiligkeits-  und  den  Farbartsi- 
gnalkomponenten,  die  jeweils  von  den  wieder- 
hergestellten  zeitgeteilten  multiplexten  Bildsignal 

20  getrennt  sind,  um  die  abgetasteten  Helligkeits- 
und  Farbartsignalkomponenten  in  das  hochauflo- 
sende  Farbfernsehbildsignal  wiederherzustellen. 

2.  Multiplex-Sub-Nyquist-Abtastungsubertra- 
gungssystem  fur  ein  hochauflosendes  Farbfern- 

25  sehbildsignal  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dalS  das  Steuersignal  aus  einem  Infor- 
mationen  Ciber  eine  durch  das  hochauflosende 
Farbfernsehbildsignal  ausgedruckte  Bewegung 
tragenden  Signal  besteht,  und  die  Mittel  (7)  zum 

30  Erganzen  des  Bildsignals  fur  Schmalbandiibertra- 
gung  im  Ansprechen  auf  das  Informationen  fiber 
die  Bewegung  tragende  Signal  betatigt  werden, 
um  eine  Interpolation  von  fehlenden  Ausschnit- 
ten,  die  jeweils  auf  Laufbildinhalte  und  stationare 

35  Bildinhalte  abgestimmt  sind,  zu  bewirken. 
3.  Multiplex-Sub-Nyquist-Abtastungsiibertra- 

gungssystem  fur  ein  hochauflosendes  Farbfern- 
sehbildsignal  nach  Anspruch  2,  dadurch  gekenn- 
zeichnet,  da(S  das  Informationen  iiber  die  Bewe- 

40  gung  tragende  Signal  Informationen  iiber  eine 
GroBe  der  Bewegung  tragt,  und  die  Mittel  (7)  zum 
Erganzen  des  Bildsignals  fiir  Schmalbandubertra- 
gung  im  Ansprechen  auf  das  Informationen  iiber 
die  Grafce  der  Bewegung  tragende  Signal  betatigt 

45  werden,  um  die  Interpolation  von  fehlenden  Aus- 
schnitten,  die  jeweils  auf  Laufbildinhalte  und  sta- 
tionare  Bildinhalte  abgestimmt  sind,  zu  bewirken. 

4.  Multiplex-Sub-Nyquist-Abtastungsiibertra- 
gungssystem  fur  ein  hochauflosendes  Farbfern- 

50  sehbildsignal  nach  Anspruch  2,  dadurch  gekenn- 
zeichnet,  da(S  das  Informationen  iiber  die  Bewe- 
gung  tragende  Signal  Informationen  fiber  einen 
die  Bewegung  darstellenden  Bewegungsvektor 
tragt,  und  die  Mittel  (7)  zum  Erganzen  des  Bildsi- 

55  gnals  fiir  Schmalbandubertragung  im  Anspre- 
chen  auf  das  Informationen  fiber  den  Bewegungs- 
vektor  tragende  Signal  betatigt  werden. 

5.  Multiplex-Sub-Nyquist-Abtastungsubertra- 
gungssystem  fur  ein  hochauflosendes  Farbfern- 

60  sehbildsignal  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  da(S  das  Steuersignal  aus  einem  eine 
Folge  von  stufenweisen  Signalpegeln  der  glei- 
chen  Polaritat  wie  ein  Bildinformationssignal  auf- 
weisenden  synchronisierenden  Signal  besteht, 

65  wobei  ein  Richtungssinn  des  stufenweisen 
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Signalpegels  bei  jeder  zweiten  zeilensynchroni- 
sierenden  Periode  umgeschaltet  wird,  urn  einen 
wiedergegebenen  zeilensynchronisierenden 
Impuls  zu  erzeugen,  der  auf  einen  Durchschnitt 
der  zeiJensynchronisierenden  Signale  uber  eine  5 
Vielzahl  von  zeilensynchronisierenden  Perioden 
phasenverriegelt  ist. 

6.  Multiplex-Sub-Nyquist-Abtastungsiibertra- 
gungssystem  fur  ein  hochauflosendes  Farbfern- 
sehbildsignal  nach  Anspruch  5,  dadurch  gekenn-  10 
zeichnet,  dalS  unter  der  Steuerung  des  zeilensyn- 
chronisierenden  Impulses  die  Mittel  zum  Ergan- 
zen  des  Bildsignals  fur  Schmalbandubertragung 
enthalten: 

Mittel  zum  Trennen  einer  Niederfrequenzkom-  15 
ponenten  und  einer  Hochfrequenzkomponenten 
des  Bildsignals  fur  Schmalbandubertragung  von- 
einander, 

Mittel  zum  Auswahlen  einer  Komponente  mit 
einem  minimale  absoluten  Wert  unter  wenig-  20 
stens  der  Hochfrequenzkomponente  und  der  um 
eine  Rahmenperiode  verzogerten  Hochfrequenz- 
komponente,  und 

Mittel  zum  Addieren  der  Niederfrequenzkom- 
ponente  und  der  Komponente  mit  dem  minima-  25 
len  absoluten  Wert,  um  das  bewegungskompen- 
sierte  Bildsignal  fur  Schmalbandubertragung  zu 
erhalten. 

7.  Multiplex-Sub-Nyquist-Abtastungsiibertra- 
gungssystem  fur  ein  hochauflosendes  Farbfern-  30 
sehbildsignal  nach  Anspruch  5,  dadurch  gekenn- 
zeichnet,  dalS  die  Mittel  zum  Erganzen  des  Bildsi- 
gnals  fur  Schmalbandubertragung  enthalten: 

Mittel  zum  Erfassen  einer  GrolSe  der  Bewe- 
gung  des  Bildes,  ausgedrtickt  durch  das  Bildsi-  35 
gnal  fur  Schmalbandubertragung  unter  der 
Steuerung  des  zeilensynchronisierten,  und 

zwei  Mittel  zum  zweidimensionalen  TiefpalSfil- 
tern  jeweils  der  Laufbildinhalte  und  der  stationa- 
ren  Bildinhalte  des  Bildsignals  fur  Schmalband-  40 
ubertragung,  um  die  Erganzung  des  Bildsignals 
fur  Schmalbandubertragung  durch  Addieren  von 
entsprechenden  AusgangsgrolSen  der  zwei  Mittel 
zueinander  mit  einem  Verhaltnis  zu  bewirken, 
das  proportional  der  GroSe  der  Bewegung  vari-  45 
iert  ist. 

8.  Multiplex-Sub-Nyquist-Abtastungsiibertra- 
gungssystem  fur  ein  hochauflosendes  Farbfern- 
sehbildsignal  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dalS  das  Steuersignal  eine  Steuerinfor-  50 
mation  tragt,  die  eine  Erfassung  einer  Bewegung 
in  jedem  von  mehreren  Blokken  darstellt,  die  ein 
durch  das  hochauflosende  Farbfernsehbildsignal 
dargestelltes  Bild  teilen,  basierend  auf  einem 
Unterschied  zwischen  jedem  zweiten  Rahmen  55 
oder  nebeneinanderliegenden  Rahmen  des  Bild- 
signals  fur  Schmalbandubertragung,  und  die  Mit- 
tel  zum  Erganzen  des  Bildsignals  fur  Schmal- 
bandubertragung  im  Ansprechen  auf  die  Steue- 
rinformation  betatigt  werden,  um  eine  Interpola-  60 
tion  von  fehlenden  Ausschnitten  zu  bewirken,  die 
jeweils  auf  Laufbildinhalte  und  stationare  Bildin- 
halte  abgestimmt  sind,  im  Ansprechen  auf  die 
Bewegung,  die  individuell  in  jedem  der  mehr- 
eren  Blocke  auf  der  Basis  des  Unterschieds  65 

zwischen  durch  die  Steuerinformation  ausge- 
wahlten  Rahmen  erfalSt  wird. 

9.  Multiplex-Sub-Nyquist-Abtastungsiibertra- 
gungssystem  fur  ein  hochauflosendes  Farbfern- 
sehbildsignal  nach  einem  der  vorhergehenden 
Anspriiche,  gekennzeichnet  durch  auf  der  Sen- 
derseite: 

Mittel  (3)  zum  zweidimensionalen  TiefpalSfil- 
tern  des  zeitgeteilten  multiplexten  Bilsignals,  um 
die  Erzeugung  von  Pseudokomponenten  in 
Begleitung  des  Sub-Nyquist-Abtastens  des  zeit- 
geteilten  multiplexten  Bilsignals  im  Ansprechen 
auf  eine  durch  das  hochauflosende  Farbfernseh- 
bildsignal  dargestellt  Bewegung  vorher  zu  unter- 
driicken. 

Revendications 

1.  Un  systeme  de  transmission  en  multiplex  a 
echantillonnage  inferieur  au  taux  de  Nyquist 
pour  un  signal  d'image  de  television  en  couleurs 
a  haute  definition,  caracterise  en  ce  qu'il  com- 
pend,  a  I'extremite  emission, 

des  moyens  (1)  pour  comprimer,  respec- 
tivement  les  axes  de  temps  des  composantes  du 
signal  de  chrominance  au  moins  parmi  les  com- 
posantes  du  signal  de  luminance  et  de  chromi- 
nance  du  signal  d'image  de  television  en  cou- 
leurs  a  haute  definition  echantillonne, 

des  moyens  (1)  pour  le  multiplexage  dans  le 
temps  desdites  composantes  dudit  signal  de 
chrominance  et  dudit  signal  de  luminance  parmi 
lesquelles  les  axes  de  temps  des  composantes 
dudit  signal  de  chrominance  au  moins  sont  corn- 
primes,  de  maniere  a  obtenir  un  signal  d'image 
multiplexe  dans  le  temps, 

des  moyens  (2)  d'echantillonnage  a  un  taux 
inferieur  au  taux  de  Nyquist  dudit  signal  d'image 
multiplexe  dans  le  temps  a  chaque  intervalle  de 
plusieurs  champs  predetermines,  de  maniere  a 
obtenir  un  signal  d'image  de  transmission  a 
bande  etroite,  et 

des  moyens  (4,  11)  pour  former  un  signal  de 
commande  necessaire  pour  retablir  ledit  signal 
d'image  pour  transmission  a  bande  etroite  dans 
ledit  signal  d'image  de  television  en  couleurs  a 
haute  definition,  de  maniere  a  ce  qu'il  soit  trans- 
mis  ensemble  avec  ledit  signal  d'image  de  trans- 
mission  a  bande  etroite,  et  caracterise  en  outre 
en  ce  qu'il  comprend  a  I'extremite  reception, 

des  moyens  (7)  pour  completer  ledit  signal 
d'image  de  transmission  a  bande  etroite  par 
I'insertion  d'echantillons  desdites  composantes 
des  signaux  de  luminance  et  de  chrominance  qui 
sont  ete  omises  par  I'echantillonnage  inferieure 
au  taux  de  Nyquist  effectue  a  I'extremite  emis- 
sion,  de  maniere  a  retablir  ledit  signal  d'image 
de  transmission  a  bande  etroite  dans  ledit  signal 
d'image  multiplexe  dans  le  temps,  sous  le 
controle  dudit  signal  de  commande  separe  dudit 
signal  d'image  de  transmission  a  bande  etroite, 
et 

des  moyens  (8)  pour,  respectivement,  etendre 
les  axes  de  temps  desdites  composantes  du 
signal  de  chrominance  au  moins  parmi  lesdites 
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composantes  des  signaux  de  chrominance  et  de 
luminance,  respectivement  separees  du  signal 
d'image  retabii,  multiplexe  dans  le  temps,  de 
maniere  a  retablir  les  composantes  des  signaux  de 
luminance  et  de  chrominance  echantillonnes  dans  5 
ledit  signal  d'image  de  television  en  couleurs  a 
haute  definition. 

2.  Un  systeme  de  transmission  en  multiplex  a 
echantillonnage  inferieur  au  taux  de  Nyquist  pour 
un  signal  d'image  de  television  en  couleurs  a  10 
haute  definition  selon  la  revendication  1,  caracte- 
rise  en  ce  que  ledit  signal  de  commande  comprend 
un  signal  porteur  d'informations  sur  un  mouve- 
ment  exprime  par  ledit  signal  d'image  de  televi- 
sion  en  couleurs  a  haute  definition,  et  que  lesdits  is 
moyens  (7)  pour  completer  ledit  signal  d'image  de 
transmission  a  bande  etroite  sont  actionnes  en 
reponse  audit  signal  porteur  d'informations  sur  le 
mouvement,  de  maniere  a  effectuer  une  interpola- 
tion  des  echantillons  omis,  adaptee  respec-  20 
tivement  au  contenu  de  I'image  de  mouvement  et 
au  contenu  de  I'image  stationnaire. 

3.  Un  systeme  de  transmission  en  multiplex  a 
echantillonnage  inferieur  au  taux  de  Nyquist  pour 
un  signal  d'image  de  television  en  couleurs  a  25 
haute  definition  selon  la  revendication  2,  caracte- 
rise  en  ce  que  ledit  signal  porteur  d'informations 
sur  le  mouvement  achemine  des  informations  sur 
I'amplitude  du  mouvement,  etque  lesdits  moyens 
(7)  pour  completer  ledit  signal  d'image  de  trans-  30 
mission  a  bande  etroite  sont  actionnes  en  reponse 
au  signal  porteur  d'informations  sur  I'amplitude 
du  mouvement,  de  maniere  a  effectuer  I'interpola- 
tion  des  echantillons  sautes,  respectivement 
adaptes  au  contenu  de  I'image  de  mouvement  et  35 
au  contenu  de  I'image  stationnaire. 

4.  Un  systeme  de  transmission  en  multiplex  a 
echantillonnage  inferieur  au  taux  de  Nyquist  pour 
un  signal  d'image  de  television  en  couleurs  a 
haute  definition  selon  la  revendication  2,  caracte-  40 
rise  en  ce  que  ledit  signal  porteur  d'informations 
sur  le  mouvement  achemine  des  informations  sur 
le  vecteur  de  mouvement  indiquant  ledit  mouve- 
ment  et  que  lesdits  moyens  (7)  pour  completer 
ledit  signal  d'image  de  transmission  a  bande  45 
etroite  sont  actionnes  en  reponse  audit  signal 
porteur  d'informations  sur  ledit  vecteur  de  mouve- 
ment. 

5.  Un  systeme  de  transmission  en  multiplex  a 
echantillonnage  inferieur  au  taux  de  Nyquist  pour  so 
un  signal  d'image  de  television  en  couleurs  a 
haute  definition  selon  la  revendication  1,  caracte- 
rise  en  ce  que  ledit  signal  de  commande  comprend 
un  signal  de  synchronisation  de  ligne  comprenant 
une  sequence  de  niveaux  de  signaux  par  echelons  55 
de  meme  polarite  servant  de  signaux  d'informa- 
tion  d'image,  un  sens  dudit  niveau  de  signaux  par 
echelons  etant  inverse  a  raison  d'un  intervalle  de 
synchronisation  de  ligne  sur  deux,  de  maniere  a 
obtenir  une  impulsion  de  synchronisation  de  ligne  eo 
reproduite,  verrouillee  en  phase,  sur  une  moyenne 
desdits  signaux  de  synchronisation  de  ligne  sur 
plusieurs  intervalles  de  synchronisation  de  ligne. 

6.  Un  systeme  de  transmission  en  multiplex  a 
echantillonnage  inferieur  au  taux  de  Nyquist  pour  65 

un  signal  d'image  de  television  en  couleurs  a 
haute  definition  selon  la  revendication  5,  caracte- 
rise  en  ce  que  sous  le  controle  de  ladite  impulsion 
de  synchronisation  de  ligne,  lesdits  moyens  pour 
completer  ledit  signal  d'image  de  transmission  a 
bande  etroite  comprennent 

des  moyens  pour  separer  une  composante  a 
basse  frequence  et  une  composante  a  haute 
frequence  dudit  signal  d'image  de  transmission  a 
bande  etroite  Tune  de  I'autre, 

des  moyens  de  selection  d'une  composante 
ayant  une  valeur  absolue  minimale  entre,  au 
moins,  ladite  composante  a  haute  frequence  et  la 
composante  a  haute  frequence  retardee  d'un 
intervalle  d'une  trame,  et 

des  moyens  pour  additionner  ladite  compo- 
sante  a  basse  frequence  et  ladite  composante 
ayant  la  valeur  absolue  minimale,  de  maniere  a 
obtenir  le  signal  d'image  a  compensation  de 
mouvement  de  transmission  a  bande  etroite. 

7.  Un  systeme  de  transmission  en  multiplex  a 
echantillonnage  inferieur  au  taux  de  Nyquist  pour 
un  signal  d'image  de  television  en  couleurs  a 
haute  definition  selon  la  revendication  5,  caracte- 
rise  en  ce  que  lesdits  moyens  pour  completer  ledit 
signal  d'image  de  transmission  a  bande  etroite 
comprennent, 

des  moyens  de  detection  d'une  amplitude  d'un 
mouvement  d'une  image  exprimee  par  ledit  signal 
d'image  de  transmission  a  bande  etroite  sous  le 
controle  de  ladite  impulsion  de  synchronisation  de 
ligne,  et 

deux  moyens  de  filtrage  passe-bas  bi-dimen- 
sionnel,  respectivement,  dudit  contenu  d'image 
de  mouvement  et  dudit  contenu  d'image  station- 
naire  dudit  signal  d'image  de  transmission  a 
bande  etroite,  de  maniere  a  completer  ledit  signal 
d'image  de  transmission  a  bande  etroite  par 
I'addition  mutuelle  des  sorties  respectives  desdits 
deux  moyens  dans  un  rapport  variant  en  propor- 
tion  de  ladite  amplitude  dudit  mouvement. 

8.  Un  systeme  de  transmission  en  multiplex  a 
echantillonnage  inferieur  au  taux  de  Nyquist  pour 
un  signal  d'image  de  television  en  couleurs  a 
haute  definition  selon  la  revendication  1,  caracte- 
rise  en  ce  que  ledit  signal  de  commande  achemine 
des  informations  de  commande  indiquant  une 
detection  d'un  mouvement  dans  chacun  des  diffe- 
rents  blocs  divisant  une  image  exprimee  par  ledit 
signal  d'image  de  television  en  couleurs  a  haute 
definition,  basee  sur  un  difference  entre  une  trame 
sur  deux  ou  des  trames  adjacentes  dudit  signal 
d'image  de  transmission  a  bande  etroite,  et 

que  lesdits  moyens  pour  completer  ledit  signal 
d'image  de  transmission  a  bande  etroite  sont 
actionnes  en  reponse  a  ladite  information  de 
commande,  de  maniere  a  effectuer  une  interpola- 
tion  des  echantillons  omis,  respectivement  adap- 
tee  au  contenu  d'image  de  mouvement  et  au 
contenu  d'image  stationnaire  en  reponse  au  mou- 
vement  detecte  individuellement  dans  chacun 
desdits  differents  blocs,  sur  la  base  de  ladite 
difference  entre  les  trames  selectionnee  par  ladite 
information  de  commande. 

9.  Un  systeme  de  transmission  en  multiplex  a 
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echantillonnage  inferieur  au  taux  de  Nyquist  pour 
un  signal  d'image  de  television  en  couleurs  a 
haute  definition  selon  I'une  quelconque  des  pre- 
cedentes  revendications,  caracterise  en  ce  qu'il 
comprend  en  outre,  a  I'extremite  emission,  des 
moyens  (3)  pour  le  filtrage  passe-bas  bi-dimen- 
sionnel  dudit  signal  d'image  multiplexe  dans  le 

temps,  de  maniere  a  supprimer  au  prealable  la 
generation  de  composantes  de  crenelage  accom- 
pagnant  I'echantillonnage  inferieur  au  taux  de 
Nyquist  dudit  signal  d'image  multiplexe  dans  le 
temps,  exprime  par  ledit  signal  d'image  de  televi- 
sion  en  couleurs  a  haute  definition. 
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