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@)  Picture  data  compression  devices  and  red  data  detection  devices. 

(57)  In  a  picture  data  compressing  device,  picture 
data  is  divided  by  a  blocking  circuit  (1)  into 
plural  blocks  each  consisting  of  a  pre-set  num- 
ber  of  pixels  and  shuffled  by  a  shuffling  circuit 
(2).  The  blocked  and  shuffled  data  is  transfor- 
med  by  a  DCT  circuit  (3)  into  data  in  the  fre- 
quency  domain  and  re-quantized  by  a 
quantization  circuit  (4)  for  compressing  the  pic- 
ture  data.  A  red  detector  (6)  decides  whether  or 
not  a  block  from  the  shuffling  circuit  (2)  is  a 
red-based  block.  If  the  red  detector  (6)  finds  the 
block  to  be  a  red-based  block,  a  controller  (7) 
controls  the  quantization  circuit  (4)  so  that  the 
quantization  step  of  the  quantization  circuit  (4) 
will  become  finer.  The  picture  data  of  the  red- 
based  block  susceptible  to  block  distortion  may 
be  quantized  with  a  finer  quantization  step  for 
improving  reproducibility  and  alleviating  block 
distortion. 
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This  invention  relates  to  picture  data  compress- 
ing  devices  which  may  advantageously  be  employed, 
for  example,  in  equipment  handling  compressed  pic- 
ture  data,  such  as  digital  video  tape  recorders  (VTRs), 
television  telephone  systems,  teleconference  sys- 
tems  or  transmitters  for  telecasting  stations,  and  to 
red  data  detection  devices  which  may,  for  example, 
be  employed  in  such  picture  data  compressing  appa- 
ratus. 

It  has  been  proposed  to  use  a  so-called  digital 
VTRfordigital  recording/reproduction  of  picture  infor- 
mation  data.  The  recording  system  of  the  digital  VTR 
is  arranged  as  shown  for  example  in  Fig.  13  of  the  ac- 
companying  drawing,  in  which  audio  signals  are  fed 
via  an  input  terminal  50  to  an  analog  to  digital  (AID) 
converter  51  and  picture  signals  are  fed  via  an  input 
terminal  53  to  an  A/D  converter  54. 

The  A/D  converter  51  digitizes  the  audio  signals 
to  generate  audio  data  which  is  supplied  to  an  audio 
recording  processing  circuit  52  which  then  processes 
the  audio  data  into  a  form  suitable  for  recording  and 
transmits  the  processed  audio  data  to  an  error  correc- 
tion  encoding  circuit  61  . 

The  A/D  converter  54  digitizes  the  picture  signals 
by,  for  example,  frame-based  sampling,  to  generate 
component  data,  that  is  luminance  data  (Y  data)  and 
two  color  difference  data  (R-Y  data  and  B-Y  data), 
and  transmits  the  component  data  to  a  blocking  cir- 
cuit  56  within  a  compression  encoding  circuit  55. 

The  blocking  circuit  56  divides  each  of  the  Y-data, 
R-Y  data  and  the  B-Y  data  into  blocks  each  consisting 
of  a  matrix  of  8  vertically  arrayed  pixels  and  8  horizon- 
tally  arrayed  pixels  (DCT  blocks),  these  blocks  being 
routed  to  a  shuffling  circuit  57. 

The  shuffling  circuit  57  generates  a  single  macro- 
block  from  8  DCT  blocks,  namely  6  Y  data  blocks,  1 
R-Y  data  block  and  1  B-Y  data  block.  These  8  blocks 
are  data  located  at  the  same  location  on  a  picture. 
The  shuffling  circuit  57  effects  pre-set  shuffling  on 
the  macro-block  basis  and  generates  a  single  unit 
from  five  macro-blocks  and  outputs  data  on  the  unit 
basis.  The  unit  picture  data  is  supplied  to  a  discrete 
cosine  transform  (DCT)  circuit  58. 

The  DCT  circuit  58  transforms  the  picture  data  of 
each  macro-block  making  up  the  unit  from  data  on  the 
time  scale  into  that  on  the  frequency  scale,  and 
routes  the  transform  coefficients  to  a  quantization  cir- 
cuit  59. 

The  quantization  circuit  59  selects  such  quanti- 
zation  coefficients  which  will  give  a  fixed  data  length 
of  the  unit  picture  data  outputted  from  a  variable 
length  encoding  circuit  60  as  later  explained,  and  re- 
quantizes  the  unit-based  picture  data  with  the  aid  of 
these  quantization  coefficients.  The  unit-based  pic- 
ture  data  thus  re-quantized  is  supplied  to  the  variable 
length  encoding  circuit  60. 

The  variable  length  coding  circuit  60  processes 
the  unit-based  data  into  fixed-length  data  so  that  the 

data  quantity  of  the  picture  data  is  not  more  than  a 
pre-set  quantity,  and  routes  the  resulting  fixed-length 
data  to  the  error  correction  coding  combining  circuit 
61. 

5  The  error  correction  coding  combining  circuit  61 
combines  the  unit-based  picture  data  having  the  fixed 
length  with  the  audio  data  supplied  from  the  audio 
data  recording  processing  circuit  52  to  generate  re- 
cording  data.  In  addition,  the  error  correction  encod- 

10  ing  combining  circuit  61  appends  so-called  parity  data 
for  error  correction  to  the  recording  data  and  routes 
the  resulting  signals  to  a  recording  modulation  circuit 
62. 

The  recording  modulation  circuit  62  modulates 
15  the  recording  data  from  the  combining  operation  in  a 

pre-set  manner  and  routes  the  resulting  modulated 
signals  to  a  recording  head  63.  The  recording  head  63 
records  the  picture  data  obliquely  on  a  video  tape,  not 
shown. 

20  By  digitally  recording  the  picture  data  (and  audio 
data)  in  this  manner,  recording/  reproduction  may  be 
achieved  without  deteriorating  the  picture  quality  by 
preventing  adverse  effects  of  the  random  noise  orthe 
like. 

25  However,  the  above-mentioned  digital  VTR  has  a 
drawback  that,  since  the  picture  data  are  divided  into 
plural  macro-blocks  and  processed  with  DCT  or  re- 
quantization  or  the  like  on  the  macro-block  basis, 
there  arises  the  risk  of  occurrence  of  so-called  block 

30  distortion,  in  which  the  noise  is  produced  at  a  junction 
between  macro-blocks  on  the  reproduced  picture. 
Above  all,  the  block  distortion  of  a  macro-block  con- 
taining  a  large  quantity  of  red-hued  picture  data  tends 
to  be  visually  outstanding,  and  thus  has  been  desired 

35  to  be  improved. 
The  present  invention  provides  a  picture  com- 

pressing  device  including  blocking  means  for  dividing 
picture  data  into  plural  blocks  each  consisting  of  a 
pre-set  number  of  blocks  and  outputting  the  resulting 

40  blocked  picture  data,  and  transform  encoding  means 
for  transform  encoding  picture  data  from  the  blocking 
means  on  the  block  basis  and  outputting  resulting 
transform  coefficients.  The  picture  compressing  de- 
vice  also  includes  red  block  detecting  means  for  de- 

45  tecting  the  block  transmitted  thereto  from  the  block- 
ing  means  as  being  a  red  block  if  the  block  has  more 
than  a  pre-set  number  of  picture  data  of  red-hued  pix- 
els,  and  quantization  means  for  quantizing  transform 
coefficients  from  the  transform  coding  means.  The 

so  picture  compressing  device  additionally  includes  con- 
trol  means  for  variably  controlling  the  quantization 
steps  of  the  quantization  means  if  the  block  is  detect- 
ed  as  being  a  red-hued  block  by  the  red  block  detec- 
tion  means. 

55  According  to  a  preferred  feature  of  the  invention, 
the  control  means  variably  controls  the  quantization 
step  of  the  quantization  means  so  that  the  quantiza- 
tion  step  will  become  finer  if  the  block  is  detected  as 
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being  a  red-hued  block  by  the  red  block  detection 
means. 

Preferably,  the  control  means  variably  controls 
the  quantization  step  of  the  quantization  means 
quantizing  red  data  so  that  the  quantization  step  will 
become  finer  for  a  macro-block  consisting  of  a  lumi- 
nance  data  block  and  two  color  data  blocks. 

According  to  another  preferred  feature  of  the  in- 
vention,  the  control  means  performs  activity-based 
classing  for  a  pre-set  number  of  macro-blocks  as  a 
processing  unit,  and  adaptively  controls  the  quantiza- 
tion  steps  of  the  quantization  means  according  to 
classes  so  that  such  class  is  selected  in  which  the 
quantization  step  of  the  quantization  means  quantiz- 
ing  red-hued  data  is  finest  if  the  block  from  the  block- 
ing  means  is  found  to  be  the  red-hued  block  by  the  red 
block  detection  means. 

A  preferred  form  of  implementation  of  the  inven- 
tion  described  hereinbelow  provides  a  picture  data 
compressing  apparatus  in  which  the  above- 
mentioned  block  distortion  containing  a  large  quantity 
of  the  red-hued  picture  data  is  diminished,  thereby 
contributing  to  improvement  in  the  picture  quality. 

The  present  invention  also  provides  a  red  data 
detecting  device  including  upper  bit  extracting  means 
for  extracting  upper  three  bits  of  red-hued  data  sup- 
plied  as  8-bit  bi-level  data  and  outputting  the  extract- 
ed  upper  three  bits,  threshold  date  outputting  means 
for  outputting,  as  threshold  data,  upper  three  bits  of 
8-bit  bi-level  data  that  is  closest  to  a  reference  value 
employed  in  detecting  red  data  and  that  may  be  div- 
ided  out  by  a  power  of  2,  where  an  exponent  is  a  natu- 
ral  number,  and  comparator  means  for  comparing  red- 
hued  data  from  the  upper  bit  extracting  means  to 
threshold  data  from  the  threshold  data  outputting 
means.  The  comparator  means  outputs  h  ig  h-level  red 
detection  data  indicating  that  the  picture  data  is  the 
red  data  or  the  low  level  red  detection  data  indicating 
that  the  picture  data  is  not  red  data  when  the  red  data 
is  larger  or  smaller  than  the  threshold  data,  respec- 
tively. 

The  red  data  detecting  device  may  include  upper 
most  bit  extracting  means  for  extracting  upper  three 
bits  of  blue-hued  data  supplied  as  8-bit  bi-level  data 
and  outputting  the  extracted  upper  three  bits,  invert- 
ing  means  for  inverting  an  upper  most  bit  of  low  level 
blue-hued  data  indicating  that  the  picture  data  is  the 
red  data  when  the  upper  most  bit  is  supplied  from  the 
upper  most  bit  extracting  means  and  outputting  the 
inverted  data  as  a  high  level  red  detection  data  and 
for  inverting  an  upper  most  bit  of  high  level  blue-hued 
data  indicating  that  the  picture  data  is  not  the  red  data 
when  the  upper  most  bit  is  supplied  from  the  upper 
most  bit  extracting  means  and  outputting  the  inverted 
data  as  a  low  level  red  detection  data,  and  red  data 
detection  means  for  outputting  high-level  red  detec- 
tion  data  indicating  that  picture  data  is  red  data  only 
when  high-level  red  detection  data  is  supplied  from 

the  comparator  means  at  the  same  time  as  high-level 
red  detection  data  is  supplied  from  the  inverting 
means. 

The  threshold  data  outputting  means  may  output 
5  upper  three  bits  of  bi-level  data  for  160  which  is  an  8- 

bit  bi-level  data  that  may  be  divided  by  some  power 
of  2,  where  an  exponent  is  a  natural  number,  as  the 
threshold  data,  and,  if  the  picture  data  is  red-hued 
picture  data,  the  blue-hued  color  data  has  a  value  not 

10  more  than  128  where  1  stands  only  at  the  upper  most 
bit  of  the  8-bit  blue  color  data,  the  upper  most  bit  ex- 
tracting  means  extracts  the  upper  most  bit  from  the 
8-bit  blue-hued  data  for  outputting  low-level  blue- 
hued  data  indicating  that  the  picture  data  is  the  red 

15  hued  data  by  extracting  the  upper  most  bit  from  the 
8-bit  blue-hued  data  or  outputting  high  level  blue- 
hued  data  indicating  that  the  picture  data  is  not  red 
picture  data. 

A  preferred  form  of  implementation  of  the  inven- 
20  tion  described  hereinbelow  provides  a  red  data  detec- 

tion  device  in  which  the  number  of  bits  required  in  de- 
termining  whether  or  not  the  picture  data  is  red-hued 
may  be  reduced,  thereby  enabling  simplification  of 
the  hardware. 

25  The  present  invention  also  provides  a  red  data 
detecting  device  comprising  upper  bit  extracting 
means  for  extracting  upper  three  bits  of  red-hued 
data  supplied  as  8-bit  bi-level  data  and  outputting  the 
extracted  upper  three  bits,  and  threshold  date  output- 

30  ting  means  for  outputting,  as  threshold  data,  upper 
three  bits  of  8-bit  bi-level  data  that  is  closest  to  a  ref- 
erence  value  in  detecting  red  data  and  that  may  be 
divided  out  by  a  power  of  2,  where  an  exponent  is  a 
natural  number.  The  red  data  detecting  device  also  in- 

35  eludes  comparator  means  which  is  adapted  for  com- 
paring  red-hued  data  from  the  upper  bit  extracting 
means  to  the  threshold  data  from  the  threshold  data 
outputting  means  and  for  outputting  high-level  red 
detection  data  indicating  that  the  picture  data  is  the 

40  red  data  or  the  low  level  red  detection  data  indicating 
that  the  picture  data  is  not  red  data  when  the  red  data 
is  larger  or  smaller  than  the  threshold  data,  respec- 
tively.  The  red  data  detecting  device  additionally  in- 
cludes  upper  most  bit  extracting  means  for  extracting 

45  the  upper  most  bit  of  blue-hued  data  supplied  as  8-bit 
bi-level  data  and  outputting  the  extracted  upper  most 
bit,  and  inverting  means  for  complementing  an  upper 
most  bit  of  low  level  blue-hued  data  indicating  that  the 
picture  data  is  the  red  data  when  the  upper  most  bit 

so  is  supplied  from  the  upper  most  bit  extracting  means 
and  outputting  the  complemented  data  as  a  high  level 
red  detection  data,  and  for  complementing  an  upper 
most  bit  of  high  level  blue-hued  data  indicating  that 
the  picture  data  is  not  the  red  data  when  the  upper 

55  most  bit  is  supplied  from  the  upper  most  bit  extracting 
means  and  outputting  the  inverted  data  as  a  low  level 
red  detection  data.  The  red  data  detecting  device  fi- 
nally  includes  red  data  detection  means  for  outputting 
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high-level  red  detection  data  indicating  that  picture 
data  is  red  data  only  when  high-level  red  detection 
data  is  supplied  from  the  comparator  means  at  the 
same  time  as  high-level  red  detection  data  is  supplied 
from  the  inverting  means,  and  a  red  block  discrimin- 
ation  data  outputting  means  having  its  count  value  re- 
set  for  each  of  pre-set  units  of  picture  data  and  having 
its  count  value  set  to  a  power  of  2,  where  an  exponent 
is  a  natural  number.  The  red  block  decision  data  out- 
putting  means  counts  the  high  level  red  detection 
data  from  the  red  data  detection  means  for  each  of 
the  pre-set  units  of  picture  data  and  outputs  red  block 
decision  data  indicating  that  the  pre-set  unit  of  picture 
data  is  red  picture  data  when  the  count  value  of  the 
red  detection  data  reaches  the  pre-set  count  value. 

The  operation  of  a  preferred  picture  data  com- 
pressing  device  according  to  the  invention,  as  descri- 
bed  in  detail  below  with  reference  to  the  accompany- 
ing  drawings,  will  now  be  described  in  outline  manner. 

The  blocking  means  divides  supplied  picture  data 
into  plural  blocks  each  consisting  of  a  pre-set  number 
of  pixels,  and  routes  the  blocked  data  to  transform  en- 
coding  means  and  red  block  detection  means.  The 
transform  encoding  means  transform  encode  the  pic- 
ture  data  from  the  blocking  means  on  the  block  basis 
to  generate  transform  coefficients  which  are  routed 
to  the  quantization  means.  The  quantization  means 
re-quantize  block-based  picture  data  supplied  from 
the  transform  encoding  means.  If  the  red  block  de- 
tecting  means  detect  that  the  block  is  the  red  block, 
the  control  means  variably  controls  the  quantization 
step  of  the  R-Y  data  in  the  quantization  means  so  that 
the  quantization  step  in  the  quantization  means  will 
be  finer,  thereby  enabling  it  to  finely  re-quantize  pic- 
ture  data  of  the  red  block. 

The  red  data  detection  device  discriminates 
whether  or  not  the  picture  data  is  red  picture  data 
based  upon  the  red  hued  data  among  the  luminance 
data  and  two  color  data,  that  is  red-hued  data  and 
blue-hued  data,  formed  from  the  picture  data.  The  up- 
per  bit  extraction  means  extract  upper  three  bits  of 
the  red-hued  data  supplied  as  8-bit  bi-level  data  and 
routes  the  extracted  data  to  comparator  means.  That 
is,  the  upper  bit  extraction  means  extracts  fifth  to 
seventh  bits  from  among  red-hued  data  supplied  as 
the  0th  to  7th  bits,  totalling  at  8  bits,  and  routes  the 
extracted  bits  to  the  comparator  means. 

On  the  other  hand,  the  threshold  data  outputting 
means  routes  to  the  comparator  means  threshold 
data  corresponding  to  upper  three  bits  from  among  8- 
bit  bi-level  data  which  is  closest  to  a  reference  value 
in  detecting  red  data  and  which  is  represented  by 
some  power  of  2,  where  an  exponent  is  a  natural  num- 
ber. 

Specifically,  a  value  in  the  neighborhood  of  170 
is  desirable  as  a  reference  value  in  detecting  red  data. 
The  8-bit  bi-level  data  that  may  be  divided  out  by 
some  power  of  2  and  that  is  closest  to  170  is  160 

which  may  be  divided  out  by  25.  160  is  represented  in 
8  bits  as  "10100000"  in  which  0s  are  arrayed  next  to 
upper  three  bits. 

The  binary  data  smaller  than  160  (0  to  159)  is 
5  "00000000"  to  "10011111",  with  the  upper  three  bits 

being  necessarily  smaller  than  101.  This  indicates 
that  red-hued  data  can  be  detected  only  with  the  up- 
per  three  bits. 

Thus  the  threshold  data  outputting  means  output 
10  only  the  upper  three  bits,  namely  "101",  of  the  8-bit  bi- 

level  data  "10100000",  to  the  comparator  means  as 
the  above-mentioned  threshold  data. 

The  comparator  means  compares  the  red-hued 
data  from  the  upper  bit  extracting  means  to  threshold 

15  data  from  the  threshold  data  outputting  means.  If  the 
red-hued  data  is  larger  than  the  threshold  data,  the 
comparator  means  outputs  high-level  red  detection 
data  indicating  that  the  picture  data  is  red  data.  Con- 
versely,  if  the  red-hued  data  is  smaller  than  the 

20  threshold  data,  the  comparator  means  outputs  low- 
level  red  detection  data  indicating  that  the  picture 
data  is  not  red  data. 

That  is,  if  the  upper  three  bits  of  the  red-hued 
data  is  "101"  or  higher,  the  picture  data  is  highly  likely 

25  to  be  red  data,  so  that  the  comparator  means  outputs 
high-level  red  detection  data.  Conversely,  if  the  upper 
three  bits  of  the  red-hued  data  is  less  than  "101",  the 
picture  data  is  hardly  likely  to  be  red  data,  so  that  the 
comparator  means  outputs  low-level  red  detection 

30  data. 
If  the  threshold  data  is  175,  it  is  necessary  to 

compare  the  threshold  data  for  175,  that  is 
"10100111",  to  the  above-mentioned  8-bit  red-hued 
data,  so  that  8-bit  comparator  means  is  required. 

35  However,  by  setting  the  threshold  data  so  as  to  be  a 
value  that  may  be  divided  out  by  some  power  of  2,  it 
becomes  possible  to  discern  whether  or  not  the  pic- 
ture  data  is  red  based  upon  comparison  of  the  upper 
three  bits.  Thus  it  becomes  possible  to  discern  the 

40  color  with  a  number  of  bits  equal  to  the  number  of  bits 
of  the  supplied  red-hued  data  less  the  exponent.  Thus 
it  becomes  possible  to  diminish  the  number  of  bits 
necessary  for  discrimination,  thereby  simplifying  the 
hardware  and  lowering  the  cost.  In  addition,  since  it 

45  is  possible  to  detect  whether  or  not  the  picture  data 
is  red  picture  data,  the  red  detection  device  may  be 
provided  in,  for  example,  a  digital  VTR  in  which  DCT 
processing  and  re-quantization,  for  example,  are  car- 
ried  out  on  the  macro-block  basis,  so  that,  if  the  mac- 

50  ro-block  is  found  to  be  replete  with  red  picture  data, 
the  quantization  step  may  be  refined  for  re-quantiza- 
tion,  thereby  alleviating  the  so-called  block  distortion 
for  improving  the  picture  quality 

However,  if  the  picture  data  is  determined  to  be 
55  red  data  or  not  based  only  on  the  gradation  values  of 

red-hued  data,  some  detection  error  is  produced. 
Consequently,  in  the  red  data  detection  device, 

whether  or  not  certain  picture  data  is  red  picture  data 

4 
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is  determined  based  upon  blue-hued  data  as  well,  and 
the  result  of  decision  with  the  red-hued  data  is  com- 
bined  with  the  result  of  decision  with  the  blue-hued 
data  in  order  to  determined  whether  or  not  the  picture 
data  is  red  picture  data. 

That  is,  the  red  data  detection  device  extracts 
only  the  uppermost  bit  of  the  blue-hued  data  supplied 
as  8-bit  bi-level  data.  The  reason  is  that  128,  for  ex- 
ample,  is  desirable  as  a  reference  value  if  whether  or 
not  the  picture  data  is  red  data  is  to  be  determined 
with  the  use  of  the  blue-hued  data.  128  may  be  divid- 
ed  out  by  24  and  may  be  represented  with  8-bit  bi-level 
data  as  "10000000".  Consequently,  in  determining 
whether  or  not  the  picture  data  is  red  data  with  the  use 
of  the  blue-hued  data,  it  suffices  if  it  is  determined 
whetherthe  uppermost  bit  of  the  blue-hued  data  is  "1  " 
or  "0".  Thus  the  upper  most  bit  extracting  means  ex- 
tracts  and  outputs  only  the  upper  most  bit  of  he  blue- 
hued  data  supplied  as  the  8-bit  bi-level  data. 

If  the  picture  data  is  red  picture  data,  the  blue- 
hued  data  has  the  gradation  value  of  128  or  less.  The 
picture  data  with  blue-hued  data  having  the  gradation 
value  in  excess  of  128  is  not  red  picture  data.  For  this 
reason,  if  the  picture  data  is  red  picture  data,  the  up- 
per  most  bit  extraction  means  outputs  low-level  data, 
whereas,  if  the  picture  data  is  not  red  picture  data,  the 
upper  most  bit  extraction  means  outputs  high-level 
data. 

The  inverting  means  complement  data  from  the 
upper  most  bit  extracting  means,  and  transmit  the 
complemented  data  as  red  detection  data  to  the  red 
detection  means.  The  red  detection  means  outputs 
high-level  red  detection  data  indicating  that  the  pic- 
ture  data  is  red  data  only  when  the  high-level  red  de- 
tection  data  is  supplied  from  the  comparator  means 
and  simultaneously  the  high-level  red  detection  data 
is  supplied  from  the  inverting  means. 

That  is,  the  red  data  detection  means  take  the  pic- 
ture  data  as  being  red  picture  data  when  the  red-hued 
data  has  the  gradation  value  in  excess  of  160  and  the 
blue-hued  data  has  the  gradation  value  of  1  28  or  less, 
and  outputs  the  above-mentioned  high-level  red  de- 
tection  data. 

By  discriminating  whether  or  not  the  picture  data 
is  red  picture  data  with  the  use  of  both  the  red-hued 
data  and  the  blue-hued  data,  red  data  detection  may 
be  achieved  more  accurately.  In  addition,  by  setting 
the  threshold  value  of  the  blue-hued  data  so  as  to  be 
divisible  by  some  powers  of  2,  the  number  of  bits  re- 
quired  for  discrimination  can  be  diminished,  for  exam- 
ple,  it  can  be  diminished  to  one  if  the  threshold  value 
is  128.  Thus,  16  bits  required  for  discrimination  with 
the  use  of  8  bits  each  of  the  red-hued  data  and  the 
blue-hued  data  can  now  be  reduced  to  three  bits  for 
the  red-hued  data  and  to  one  bit  for  the  blue-hued 
data,  thus  totalling  at  four  bits,  thereby  simplifying  the 
hardware  and  lowering  the  cost. 

Next,  if  processing  is  to  be  made  on  the  macro- 

block  basis,  as  in  the  case  of  the  above-mentioned 
digital  VTR,  it  is  desirable  to  control  the  quantization 
steps  depending  on  the  number  of  red  picture  data 
owned  by  each  macro-block.  In  this  consideration, 

5  the  red  data  detection  device  counts  the  number  of 
red  picture  data  on  the  basis  of  a  pre-set  processing 
unit,  such  as  a  macro-block,  and  determines  the  pic- 
ture  data  of  such  pre-set  processing  unit  to  be  red  pic- 
ture  data  when  a  number  of  the  red  picture  data  in  ex- 

10  cess  of  a  pre-set  value  exists  in  the  processing  unit. 
Thus  the  red  data  detection  device  routes  red  de- 

tection  data  from  red  data  detection  means  detecting 
whether  or  not  the  picture  data  is  red  picture  data  to 
red  blockdiscrimination  data  outputting  means  based 

15  upon  the  red-hued  data  and  the  blue-hued  data  as  de- 
scribed  above.  The  red  blockdiscrimination  data  out- 
putting  means  is  a  counter  having  the  capacity  of 
counting  up  to  a  certain  power  of  2,  with  an  exponent 
being  a  natural  number,  for  example,  a  3-bit  counter 

20  capable  of  counting  the  numbers  of  from  0  to  7.  It  is 
reset  for  each  pre-set  processing  unit,  for  example, 
for  each  macro-block.  The  red  block  discrimination 
data  outputting  means  counts  the  number  of  high- 
level  red  detection  data  from  the  red  data  detection 

25  means.  If  a  number  of  the  high-level  red  detection 
data  not  less  than  eight  is  supplied  within  a  time  per- 
iod  for  one  macro-block,  the  counter  outputs  red  block 
discrimination  data  indicating  that  the  macro-block  is 
the  red  macro-block. 

30  This  diminishes  the  number  of  counter  stages 
and  enables  the  discrimination  of  whether  or  not  the 
picture  data  is  the  red  picture  block  to  be  made  on  the 
basis  of  a  pre-set  processing  unit,  such  as  a  macro- 
block. 

35  Since  it  is  possible  with  the  present  picture  data 
compressing  device  to  re-quantize  picture  data  of 
red-hued  blocks,  the  picture  data  of  the  red-hued 
blocks  may  be  improved  in  reproducibility.  In  addi- 
tion,  by  re-quantizing  the  picture  data  of  the  red-hued 

40  blocks  with  finer  quantization  steps  on  detection  of 
such  red-hued  blocks,  the  picture  data  of  the  red-hu- 
ed  blocks,  otherwise  affecting  the  remaining  blocks, 
that  is  Y-data  and  B-Y  data  blocks,  may  be  improved 
in  reproducibility.  The  result  is  that  block  distortion  in 

45  the  reproduced  picture  of  the  red-hued  picture  data 
may  be  diminished  to  contribute  to  the  improved  qual- 
ity  of  the  reproduced  picture. 

Since  the  red  data  detection  device  sets  the 
threshold  value  for  detection  of  whether  or  not  the  pic- 

50  ture  data  is  red  picture  data  to  a  value  divisible  by 
powers  of  2,  as  described  above,  the  number  of  bits 
necessary  for  discrimination  may  be  diminished,  thus 
simplifying  the  hardware  and  lowering  the  cost.  In  ad- 
dition,  since  the  red  detection  data  used  in  determin- 

55  ing  whether  or  not  the  picture  data  is  the  red  picture 
data  is  counted  using  a  counter  having  the  capacity 
of  counting  up  to  a  pre-set  power  of  2,  the  number  of 
the  counter  stages  may  be  diminished,  while  red 

5 



g EP  0  648  059  A2 10 

block  decision  is  enabled  on  the  basis  of  a  pre-set 
processing  unit.  Furthermore,  it  can  be  detected 
whether  or  not  the  picture  data  is  the  red  picture  data, 
so  that,  by  providing  the  red  data  detection  device  in 
a  digital  VTR  executing  DCT  processing  or  re-quan- 
tization  on  the  basis  of  a  pre-set  processing  unit,  and 
by  refining  the  quantization  steps  for  re-quantization 
if  it  is  found  that  the  picture  of  the  pre-set  processing 
unit  contains  a  pre-set  larger  quantity  of  red  picture 
data,  it  becomes  possible  to  alleviate  the  block  distor- 
tion  to  contribute  to  the  improved  picture  quality. 

The  invention  will  now  be  further  described,  by 
way  of  illustrative  and  non-limiting  example,  with  ref- 
erence  to  the  accompanying  drawings,  in  which: 

Fig.  1  is  a  schematic  block  diagram  showing  an  ar- 
rangement  of  a  picture  data  compressing  appa- 
ratus  embodying  the  invention; 
Fig.2  is  a  block  diagram  showing  an  arrangement 
of  a  red  data  detection  device  embodying  the  in- 
vention; 
Fig.  3  is  a  block  diagram  showing  an  arrangement 
of  a  digital  VTR  employing  the  picture  data  com- 
pressing  device  shown  in  Figs.1  and  2; 
Fig.4  is  a  diagrammatic  view  showing  a  data  ar- 
ray  of  a  macro-block  as  a  picture  data  processing 
unit  in  the  digital  VTR  shown  in  Fig.  3; 
Figs.5a,  5b  and  5c  are  diagrammatic  views  show- 
ing  luminance  data  and  two  color  difference  data 
making  up  the  macro-block; 
Fig.6  is  a  chromaticity  diagram  for  explaining  the 
red-hued  block  detecting  operation  of  a  red-hue 
detector  provided  in  the  picture  data  compressing 
device,  as  formulated  by  CIE; 
Fig.  7  is  a  block  diagram  of  a  quantization  circuit 
provided  in  the  picture  compressing  device; 
Fig.  8  is  a  block  diagram  showing  a  modification 
of  the  picture  data  compressing  device  embody- 
ing  the  invention; 
Fig.  9  is  a  diagrammatic  view  showing  classing  in- 
formation  outputted  by  an  activity  detector  in  the 
picture  data  compressing  device  shown  in  Fig.8; 
Fig.  10  is  a  diagrammatic  view  showing  classing 
information  outputted  by  a  classing  circuit  in  the 
picture  data  compressing  device  shown  in  Fig.8; 
Figs.  11a  and  11b  are  diagrammatic  views  show- 
ing  region  numbers  for  weighting  picture  informa- 
tion  processed  with  DCT  by  a  DCT  circuit  in  the 
picture  data  compressing  device  shown  in  Fig.8; 
Fig.  1  2  is  a  d  iagrammatic  view  showing  the  weight 
for  each  region  of  a  DCT  block  and  the  quantiza- 
tion  number  (Q-number)  specified  by  a  data 
quantity  calculator  in  the  picture  data  compress- 
ing  device  shown  in  Fig.8;  and 
Fig.  13  is  a  block  diagram  showing  a  previously 
proposed  digital  VTR. 
Picture  data  compressing  devices  and  red-hued 

data  detection  devices  according  to  preferred  em- 
bodiments  of  the  invention  will  now  be  described  in 

detail  with  reference  to  the  accompanying  drawings. 
A  picture  data  compressing  device  embodying 

the  invention  includes  a  blocking  circuit  1  ,  as  blocking 
means  for  dividing  picture  data  into  blocks  each  con- 

5  sisting  of  a  pre-set  number  of  pixels,  and  a  shuffling 
circuit  2  for  shuffling  the  picture  data  blocked  by  the 
blocking  circuit  1,  as  shown  for  example  in  Fig.1.  The 
picture  data  compressing  device  also  includes  a  dis- 
crete  cosine  transform  (DCT)  circuit  3  as  transform 

10  encoding  means  for  orthogonal  transforming  the 
shuffled  picture  data  for  conversion  into  data  on  the 
frequency  domain  and  outputting  the  resulting  trans- 
form  coefficients,  a  quantization  circuit  4  as  quanti- 
zation  means  for  re-quantizing  the  transform  coeff  i- 

15  cients,  and  a  variable  length  encoding  circuit  5  for  pro- 
viding  a  fixed  data  word  length  for  picture  data  from 
the  quantization  circuit  4.  Furthermore,  the  picture 
data  compressing  device  includes  a  red  hue  detector 
6  for  detecting  a  block  of  picture  data  supplied  from 

20  the  shuffling  circuit  2  as  being  a  red-hued  block  when 
it  has  a  number  of  red-hued  pixels  in  excess  of  a  pre- 
set  number,  and  a  controller  7  as  controlling  means 
for  refining  the  quantization  steps  of  the  quantization 
circuit  4  when  the  block  has  been  detected  as  being 

25  a  red-hued  block  by  the  red-hue  detector  6. 
The  red-hue  detector  6,  embodying  the  present 

invention,  detects  whether  or  not  a  given  macro-block 
is  a  red-hued  macro-block,  from  one  macro-block  to 
another,  based  on  the  R-Y  data  and  the  B-Y  data 

30  among  the  luminance  data  (Y  data),  red  color  data  (R- 
Y  data)  and  the  blue  color  data  (B-Y  data),  produced 
from  the  three  color  picture  data.  The  red-hued  detec- 
tor  is  constructed  for  example  as  shown  in  Fig.2. 

The  red-hue  detector  6  has  a  red  data  extraction 
35  circuit  11  for  extracting  and  outputting  upper  three 

bits  from  the  R-Y  data  supplied  as  8-bit  bi-level  data 
and  a  blue  data  extraction  circuit  12for  extracting  and 
outputting  only  the  upper  most  bit  from  the  R-Y  data 
supplied  as  8-bit  bi-level  data,  as  shown  in  Fig.2.  The 

40  red  detector  6  includes  a  threshold  value  data  output- 
ting  circuit  1  5  for  extracting  upper  three  bits  of  the  8- 
bit  bi-level  data  which  may  be  divided  out  by  a  power 
of  2  and  which  is  closest  to  a  number  employed  as  a 
reference  value  in  detecting  the  red  data,  where  the 

45  exponent  is  a  natural  number,  and  a  comparator  13 
for  comparing  the  threshold  value  data  with  the  R-Y 
data  from  the  red  data  extraction  circuit  11.  The  red 
detector  16  also  includes  an  inverter  for  complement- 
ing  the  upper  most  bit  of  the  B-Y  data  from  the  blue 

so  data  extraction  circuit  12,  andan  ANDgate  14forout- 
putting  a  high-level  red  detection  data  when  the  com- 
parison  output  of  the  comparator  1  3  and  the  output  of 
the  inverter  16  are  both  at  a  high  level.  Furthermore, 
the  red  detector  6  includes  a  3-bit  counter  19a  for 

55  counting  the  high-level  red  detection  data  from  the 
AND  gate  14  from  0  to  7,  and  a  flip-flop  1  9b  which  is 
reset  on  the  macro-block  basis  and  which  outputs  a 
red  block  decision  data  indicating  that  the  current 

6 
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macro-block  is  a  red  macro-block  when  there  is  sup- 
plied  a  carry  outputted  by  the  3-bit  counter  9a  having 
counted  8  high-level  red  detection  data. 

The  above-described  picture  data  compressing 
device  embodying  the  present  invention  is  employed 
as  a  compression  encoding  circuit  10  in  the  recording 
system  of  the  digital  VTR  as  shown  for  example  in 
Fig.3. 

The  operation  of  the  picture  data  compressing 
device  embodying  the  present  invention,  that  is  the 
compression  coding  circuit  10,  inclusive  of  the  oper- 
ation  of  the  digital  VTR,  is  hereinafter  explained. 

Referring  first  to  Fig.3,  an  analog  audio  signal  is 
supplied  via  an  input  terminal  20  to  an  A/D  converter 
21,  while  an  analog  picture  signal  is  supplied  via  an 
input  terminal  23  to  an  A/D  converter  24. 

The  A/D  converter  21  formulates  audio  data  by 
digitizing  the  audio  signals  to  transmit  the  audio  data 
to  an  audio  recording  processing  circuit  22.  The  audio 
recording  processing  circuit  22  modifies  the  audio 
data  into  a  form  suitable  for  recording  and  routes  the 
modified  data  to  an  error  correction  coding  combining 
circuit  25. 

The  A/D  converter  24  digitizes  the  picture  signals 
by  sampling  using  sampling  clocks  having  a  pre-set 
frequency  to  generate  component  data,  that  is  lumi- 
nance  data  (Y  data)  and  two  color  difference  data  (R- 
Y  data  and  B-Y  data),  and  transmits  the  component 
data  to  the  compression  coding  circuit  10  which  is  the 
picture  data  compressing  device  embodying  the  pres- 
ent  invention. 

The  above-mentioned  component  data  is  sup- 
plied  to  he  blocking  circuit  1  via  input  terminal  8  of  the 
compression  coding  circuit  10  shown  in  Fig.1. 

The  blocking  circuit  56  generates  DCT  blocks 
each  consisting  of  64  blocks,  arranged  in  a  matrix  of 
8  vertically  arrayed  pixels  and  8  horizontally  arrayed 
pixels,  from  the  Y-data,  R-Y  data  and  the  B-Y  data  of 
the  same  region,  as  shown  for  example  in  Fig.4.  From 
the  eight  DCT  blocks,  that  is  six  DCT  blocks  of  the  Y- 
data,  shown  in  Fig.  5a,  one  DCT  block  of  the  R-Y  data, 
shown  in  Fig.  5b  and  one  DCT  block  of  the  B-Y  data, 
shown  in  Fig.  5c,  one  macro-block  is  formed  and  out- 
putted.  The  eight  DCT  blocks  making  up  such  macro- 
block  should  be  data  located  on  the  same  screen  re- 
gion.  The  picture  data  of  the  macro-block  is  supplied 
to  the  shuffling  circuit  2. 

The  shuffling  circuit  2  shuffles  data  on  the  mac- 
ro-block  basis  in  a  predetermined  manner  and  out- 
puts  five  of  the  thus  shuffled  macro-blocks  as  a  lump, 
that  is  a  unit.  The  picture  data  outputted  on  the  unit 
basis  are  supplied  to  the  DCT  circuit  3  and  the  red  de- 
tector  6.  The  picture  data  outputted  on  the  unit  basis 
is  supplied  to  the  DCT  circuit  3  and  to  the  red  detector 
6.  The  DCT  circuit  3  transforms  the  picture  data  (Y 
data,  R-Y  data  and  B-Y  data)  of  each  DCT  block  of 
each  of  the  five  macro-blocks  making  up  each  unit 
into  data  on  the  frequency  scale  and  routes  the  trans- 

form  coefficients  to  the  quantization  circuit  4.  The 
quantization  circuit  4  re-quantizes  the  transform 
coefficients  of  the  Y  data,  R-Y  data  and  B-Y  data  for 
compressing  the  picture  data  and  outputting  the  com- 

5  pressed  picture  data. 
The  red  detector  6  has  a  construction  as  shown 

in  Fig.2,  in  which  the  R-Y  data  is  supplied  to  a  red  data 
extraction  circuit  11  and  the  B-Y  data  is  supplied  to  a 
blue  data  extraction  circuit  12. 

10  In  the  chromaticity  diagram  promulgated  by  CIE, 
as  shown  in  Fig.6,  a  straight  line  drawn  from  a  point 
of  approximately  0.02  on  the  X-axis  and  approximate- 
ly  0.44  on  the  Y-axis  to  a  point  of  approximately  0.42 
on  the  X-axis  and  approximately  0.56  on  the  Y-axis 

15  represents  an  axis  of  the  R-Y  data.  On  the  other  hand, 
a  straight  line  drawn  from  a  point  of  approximately 
0.42  on  the  X-axis  and  approximately  0.56  on  the  Y- 
axis  to  a  point  of  approxi  mately  0.  1  6  on  the  X-axis  and 
0  on  the  Y-axis  represents  an  axis  of  the  B-Y  data. 

20  It  is  now  supposed  that  the  axis  of  the  R-Y  data 
is  divided  into  256  gradations,  that  is  0th  to  255th  gra- 
dation,  where  a  point  indicated  by  approximately  0.02 
on  the  X-axis  and  approximately  0.44  on  the  Y-axis  is 
the  0th  gradation  and  a  point  indicated  by  approxi- 

25  mately  0.6  on  the  X-axis  and  approximately  0.2  on  the 
Y-axis  is  the  0th  gradient  is  the  255th  gradation,  and 
that  the  axis  of  the  B-Y  data  is  divided  into  256  gra- 
dations,  that  is  0th  to  255th  gradient,  where  a  point  in- 
dicated  by  approximately  0.42  on  the  X-axis  and  ap- 

30  proximately  0.56  on  the  Y-axis  is  the  0th  gradation 
and  a  point  indicated  by  approximately  0.16  on  theX- 
axis  and  0  on  the  Y-axis  is  the  255th  gradation.  In 
such  case,  picture  data  encompassed  by  higher  than 
170th  gradient  on  the  axis  of  the  R-Y  data  and  not 

35  more  than  128th  gradation  on  the  axis  of  the  B-Y  data 
represents  picture  data  of  substantially  red-hued  pix- 
els. 

If  one-unit  picture  data  is  supplied  to  the  red  de- 
tector  6  from  the  shuffling  circuit  2,  the  red  detector 

40  6  detects  R-Y  data  of  the  pixels  of  not  lower  than  the 
1  70th  gradation  from  among  the  R-Y  data  of  64  pixels 
making  up  each  DCT  block  and  transmits  the  detect- 
ed  output  to  the  controller  7,  while  also  detecting  B- 
Y  data  of  the  pixels  of  not  higher  than  the  128th  gra- 

45  dation  from  among  the  B-Y  data  of  the  64  pixels  mak- 
ing  up  each  DCT  block  and  transmits  the  detected 
output  to  the  controller  7. 

It  is  noted  that  the  8-bit  bi-level  data  which  can  be 
divided  out  by  a  power  of  2  and  which  becomes  clos- 

50  est  to  170  (a  reference  value  to  be  used  in  detecting 
red  data  with  the  R-Y  data)  is  160,  that  is  160  can  be 
divided  out  by  25.  If  represented  with  8  bits,  160  is 
"10100000",  in  which  "0"  appears  at  each  of  the  bits 
lower  than  the  upper  three  bits.  If  represented  by  bi- 

55  level  data,  0  to  159  (numbers  smaller  than  160)  is 
"00000000"to  "10011111",  that  is,  the  values  of  upper 
three  bits  necessarily  become  101  or  larger.  This  in- 
dicates  that  red  data  can  be  detected  from  the  upper 

7 
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three  bits  of  the  8-bit  R-Y  data. 
Thus  the  red  data  extraction  circuit  11  of  the  red 

detector  6  extracts  the  upper  three  bits,  namely  the 
fifth  to  seventh  bits,  from  among  the  8-bit  R-Y  data, 
namely  0th  to  7th  bits,  and  routes  these  upper  three  5 
bits  to  the  comparator  13. 

On  the  other  hand,  the  threshold  data  outputting 
circuit  15  routes  the  upper  three  bits  "101"  of  the  8- 
bit  bi-level  data  "10100000",  which  is  equal  to  160,  to 
the  comparator  1  3,  as  threshold  data.  10 

The  comparator  13  compares  the  3-bit  R-Y  data 
from  the  red  data  extraction  circuit  11  to  the  3-bit 
threshold  data  from  the  threshold  data  outputting  cir- 
cuit  15.  If  the  R-Y  data  is  larger  than  the  threshold 
data,  the  comparator  13  outputs  high  level  red  detec-  15 
tion  data  indicating  that  the  picture  data  is  red  data  to 
an  AND  gate  14.  Conversely,  if  the  R-Y  data  is  lesser 
than  the  threshold  data,  the  comparator  13  outputs 
low  level  red  detection  data  indicating  that  the  picture 
data  is  not  red  data  to  the  AND  gate  14.  20 

That  is,  if  the  upper  three  bits  of  the  R-Y  data  is 
not  less  than  "101",  the  picture  data  is  highly  likely  to 
be  red  in  hue,  so  that  the  comparator  1  3  outputs  high- 
level  red  detection  data  to  the  AND  gate  14.  Con- 
versely,  if  the  upper  three  bits  of  the  R-Y  data  is  less  25 
than  "101",  the  picture  data  is  not  likely  to  be  red  in 
hue,  so  that  the  comparator  13  outputs  low-level  red 
detection  data  to  the  AND  gate  14. 

It  is  noted  that  the  8-bit  bi-level  data  which  can  be 
divided  out  by  a  power  of  2  and  which  becomes  clos-  30 
est  to  128  (a  reference  value  to  be  used  in  detecting 
red  data  with  the  B-Y  data)  is  128,  that  is  128  can  be 
divided  out  by  25.  If  represented  with  8  bits,  128  is 
"10000000",  in  which  "0"  appears  at  each  of  the  bits 
lower  than  the  upper  most  bit.  This  indicates  that  red  35 
data  can  be  detected  only  from  the  upper  most  one 
bit. 

Thus  the  blue  data  extracting  circuit  12  extracts 
only  the  upper  most  bit  from  the  B-Y  data  supplied  as 
the  8-bit  bi-level  data,  and  transmits  the  extracted  up-  40 
per  most  bit  to  the  inverter  16. 

When  the  picture  data  is  the  red  picture  data,  the 
B-Y  data  has  the  gradation  lower  than  128.  That  is, 
the  picture  data  having  the  B-Y  data  having  the  gra- 
dation  not  lower  than  128  is  not  red  data.  Conse-  45 
quently,  if  the  picture  data  is  the  red  picture  data,  the 
blue  data  extraction  circuit  12  outputs  a  low-level  data 
and,  if  otherwise,  the  blue  data  extraction  circuit  12 
outputs  a  high-level  data. 

The  inverter  complements  the  upper  most  bit  of  50 
the  B-Y  data  from  the  blue  data  extraction  circuit  12 
and  routes  the  complemented  data  as  red  detection 
data  to  the  AND  gate  14. 

The  AND  gate  14  outputs  high-level  red  detection 
data  indicating  that  the  picture  data  is  red  only  when  55 
the  high-level  red  detection  data  is  supplied  from  the 
comparartor  13  and  the  high-level  red  detection  data 
is  supplied  from  the  inverter  16. 

That  is,  the  AND  gate  14  takes  the  picture  data 
as  being  red  data  when  the  R-Y  data  has  the  grada- 
tion  in  excess  of  160  and  the  B-Y  data  has  the  grada- 
tion  of  not  more  than  128,  and  outputs  the  high-level 
red  detection  data.  The  red  detection  data  is  supplied 
to  the  3-bit  counter  19a. 

If  the  threshold  data  has  the  gradation  of  175,  it 
is  necessary  to  compare  the  threshold  data 
"1  01  001  1  1  "  for  1  75  and  the  8-bit  R-Y  data,  so  that  an 
8-bit  comparator  is  required.  However,  by  using  the 
threshold  data  that  can  be  divided  out  by  some  power 
of  2,  whether  or  not  the  picture  data  is  red  data  can 
be  determined  based  upon  the  comparison  of  the  up- 
per  three  bits.  That  is,  it  becomes  possible  to  make  a 
decision  with  the  number  of  bits  equal  to  the  number 
of  bits  of  the  supplied  R-Y  data  less  the  exponent.  On 
the  other  hand,  by  setting  the  threshold  value  of  the 
B-Y  data  to  128  which  can  be  divided  out  by  some 
power  of  2,  the  number  of  bits  required  for  such  deci- 
sion  may  be  reduced  to  one. 

It  is  thus  seen  that,  while  16  bits  are  required  for 
the  above  decision  with  the  use  of  8  bits  each  for  the 
R-Y  data  and  the  B-Y  data,  it  is  only  necessary  with 
the  present  red  detector  6  to  use  four  bits,  that  is  3  bits 
for  the  R-Y  data  and  one  bit  for  the  B-Y  data. 

Thus  it  becomes  possible  to  reduce  the  number 
of  bits  necessary  for  the  above  decision,  thus  simpli- 
fying  the  hardware  for  reducing  the  cost. 

The  3-bit  counter  19a  is  reset  with  the  reset  pulse 
supplied  from  the  input  terminal  7  on  the  macro-block 
basis,  thus  counting  the  number  of  high-level  red  de- 
tection  data  supplied  from  the  AND  gate  14  from  0  to 
7.  When  the  counted  number  of  the  high-level  red  de- 
tection  data  is  equal  to  7,  the  counter  1  9a  routes  a  car- 
ry  to  the  flip-flop  19b. 

Similarly  to  the  3-bit  counter  19a,  the  flip-flop 
19b  is  reset  on  the  macro-block  basis  with  a  reset 
pulse  supplied  from  the  input  terminal  17.  Thus  the 
flip-flop  19b  outputs  a  high-level  red  block  decision 
data  indicating  that  the  macro-block  is  the  red  macro- 
block  when  the  carry  is  supplied  thereto  since  then 
eight  or  more  red  picture  data  exist  in  the  macro- 
block.  However,  the  flip-flop  19b  outputs  a  low-level 
red  block  decision  data  indicating  that  the  macro- 
block  is  not  the  red  macro-block  when  the  carry  is  not 
supplied  thereto  since  then  there  are  not  eight  or  more 
red  picture  data  present  in  the  macro-block.  These 
two  red  block  decision  data  are  routed  via  an  output 
terminal  18  to  the  controller  7  shown  in  Fig.1. 

By  providing  the  counter  forthe  power  of  2,  where 
the  exponent  is  a  natural  number,  it  becomes  possible 
to  reduce  the  number  of  stages  of  the  counter.  Be- 
sides,  by  giving  a  decision  that  the  macro-block  is  the 
red  macro-block  when  a  pre-set  counter  value  is 
reached,  the  decision  on  whether  or  not  the  data  is 
red  picture  data  can  be  given  on  the  macro-block  ba- 
sis. 

When  fed  with  the  high-level  red  block  decision 
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data  indicating  that  the  macro-block  is  the  red  macro- 
block,  the  controller  7  routes  control  data  indicating 
that  the  macro-block  is  the  red  macro-block  to  the 
quantization  circuit  4.  The  controller  7  detects  the  lev- 
els  of  the  Y-data,  R-Y  data  and  B-Y  data  in  order  to 
determine  the  quantization  steps  of  these  data  in  the 
quantization  circuit  4,  and  routes  control  data  for  con- 
trolling  the  quantization  steps  to  the  quantization  cir- 
cuit  4.  If  20  or  more  of  the  64  pixels  have  the  level 
equal  to  the  170th  gradation  or  more  on  the  axis  of  the 
R-Y  data  and  the  level  equal  to  the  128th  gradation 
or  less  on  the  axis  of  the  B-Y  data,  the  controller  de- 
termines  the  block  to  be  a  red-hued  DCT  block,  and 
routes  control  data  indicating  that  the  block  is  the  red- 
hued  block  to  the  quantization  circuit  4. 

The  quantization  circuit  4  is  configured  as  shown 
in  Fig.7,  in  which  the  above-mentioned  picture  data  is 
transmitted  via  an  input  terminal  30  to  a  quantizer  32, 
while  the  above-mentioned  control  data  is  supplied 
via  an  input  terminal  31  to  a  classing  circuit  33. 

The  classing  circuit  33  selects,  based  upon  the 
above-mentioned  control  data,  a  quantization  table 
for  quantizing  the  Y-data,  R-Y  data  and  the  B-Y  data, 
from  among  first  to  fourth  quantization  tables  (Q-ta- 
bles),  having  the  quantization  steps  which  become 
progressively  rougher,  and  routes  a  corresponding 
selection  data  to  a  data  quantity  calculator  34.  If  fed 
with  the  control  data  indicating  that  the  block  is  the 
red-hued  DCT  block,  the  classing  circuit  selects  that 
quantization  table  having  a  quantization  step  finer  by 
one  stage  for  the  DCT  block  of  the  R-Y  data,  and 
routes  the  corresponding  selection  data  to  the  data 
quantity  calculator  34. 

In  order  forfixed  length  picture  data  to  be  output- 
ted  on  the  unit  basis  by  the  variable  length  encoding 
circuit  5  as  later  explained,  the  data  quantity  calcula- 
tor  34  calculates  an  optimum  one  of  quantization 
numbers  in  the  quantization  tables  as  indicated  by  the 
above-mentioned  selection  data,  and  routes  the 
quantization  coefficients  to  the  quantizer  32.  If  the 
block  is  found  to  be  the  red-hued  DCT  block,  the  data 
quantity  calculator  34  calculates  one  of  quantization 
numbers  of  the  quantization  tables  of  the  finer  stage 
which  is  optimum  for  finer  re-quantization  of  the  R-Y 
data.  The  calculator  34  also  calculates  such  quantiza- 
tion  coefficient  which,  by  quantizing  the  Y  data  and 
the  B-Y  data  more  roughly  substantially  in  inverse 
proportion  to  the  refined  quantization  step  for  the  R- 
Y  data,  will  give  a  fixed  data  length  of  the  one-unit  pic- 
ture  data  outputted  from  the  variable  length  coding 
circuit  5.  These  quantization  coefficients  are  routed 
to  the  quantizer  32. 

The  quantizer  32  re-quantizes  the  Y-data,  R-Y 
data  and  the  B-Y  data,  based  upon  the  quantization 
coefficients  for  respective  data  supplied  from  the 
data  quantity  calculator  34,  for  compressing  picture 
data.  The  compressed  data  is  supplied  via  an  output 
terminal  35  to  the  variable  length  encoding  circuit  5. 

shown  in  Fig.1. 
With  the  above-described  picture  compression 

device  embodying  the  invention,  if  a  given  DCT  block 
is  found  to  be  a  red-hued  DCT  block,  the  quantizer  32 

5  causes  the  R-Y  data  to  be  quantized  at  a  finer  quan- 
tization  step.  This  is  effective  in  improving  reproduci- 
bility  of  the  R-Y  data  in  the  reproduced  picture  and  al- 
leviating  block  distortion  thereby  improving  the  qual- 
ity  of  the  reproduced  picture. 

10  The  variable  length  encoding  circuit  5  fixes  the 
data  quantity  of  the  component  data  generated  from 
the  Y-data,  R-Y  data  and  the  B-Y  data  so  that  the  data 
length  per  unit  will  be  constant,  and  routes  the  result- 
ing  fixed  length  data  via  an  output  terminal  9  to  an  er- 

rs  ror  correction  coding  combining  circuit  25,  shown  in 
Fig.3.  The  error  correction  coding  combining  circuit 
25  combines  the  component  data  having  the  fixed 
length  on  the  unit  basis  with  audio  data  from  the  audio 
recording  processing  circuit  22  to  generate  recording 

20  data.  To  these  recording  data  is  appended  parity  data 
for  error  correction  and  the  resulting  data  is  supplied 
to  a  recording  modulating  circuit  26.  The  recording 
modulating  circuit  26  modulates  the  picture  data  gen- 
erated  by  the  combining  operation  in  a  pre-set  man- 

25  ner  and  routes  the  modulated  picture  data  to  the  re- 
cording  head  27.  This  results  in  bias  recording  of  the 
picture  data  on  the  video  tape  by  the  recording  head 
27. 

The  picture  compression  device  embodying  the 
30  present  invention  may  be  configured  as  shown  for  ex- 

ample  in  Fig.8.  The  picture  compression  device 
shown  in  Fig.8  is  improved  over  the  picture  com- 
pressing  device  shown  in  Fig.  1  and  comprises  a  shuf- 
fling  circuit  52  for  shuffling  macro-block  based  pic- 

35  ture  data  generated  by  the  blocking  circuit  51  ,  a  DCT 
circuit  53  fed  with  shuffled  data  from  the  shuffling  cir- 
cuit  52,  a  motion  detector  54  and  a  red  detector  55. 

The  blocking  circuit  51  processes  the  input  pic- 
ture  data  by  generating  DCT  blocks,  each  consisting 

40  of  64  pixels  arranged  in  a  matrix  of  8  vertically  arrayed 
pixels  by  8  horizontally  arrayed  pixels,  from  the  lumi- 
nance  data  Y,  R-Y  data  PR  and  B-Y  data  PB  in  the 
same  picture  location.  Thus  the  blocking  circuit  51 
generates  one  macro-block  from  six  Y-data  DCT 

45  blocks,  one  R-Y  data  DCT  block  and  one  B-Y  data 
DCT  block,  and  outputs  the  thus  formed  macro-block. 
The  shuffling  circuit  52  shuffles  the  picture  data  sup- 
plied  from  the  blocking  circuit  51  on  the  macro-block 
basis  in  a  pre-set  manner  and  outputs  five  shuffled 

so  macro-blocks  as  a  lump  (unit). 
The  DCT  circuit  53  processes  picture  data  devoid 

of  motion  with  discrete  cosine  transform  (DCT),  with 
the  8x8  pixel  DCT  block  as  a  processing  unit,  based 
upon  the  results  of  detection  by  the  motion  detection 

55  unit  54,  while  processing  the  moving  picture  data  with 
discrete  cosine  transform  of  sum  data  or  difference 
data  between  fields,  with  the  2x8x4  pixel  DCT  block 
as  a  processing  unit,  based  upon  the  results  of  detec- 

9 
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tion  by  the  motion  detection  unit  54. 
The  red  detector  55  counts  the  number  of  pixels 

of  picture  data  of  the  DCT  block,  consisting  of  8x8  = 
64  pixels,  which  are  comprised  in  a  range  of  not  less 
than  160th  gradation  on  the  axis  of  the  R-Y  data  PR 
and  of  less  than  128th  gradation  on  the  axis  of  the  B- 
Y  data  PB,  and  detects  the  DCT  block  having  the 
count  value  of  11  or  more  as  a  red  block. 

The  picture  compression  device  also  comprises 
a  classing  circuit  56  fed  with  a  detection  output  of  the 
red  detector  55,  an  activity  detector  57  fed  with  an  out- 
put  of  the  DCT  circuit  53,  a  data  quantity  detector  58 
and  a  quantization  circuit  59. 

The  activity  detector  57  detects  the  maximum 
value  of  the  AC  coefficient  of  the  DCT  transform  coef- 
ficients  of  picture  data,  supplied  as  an  output  of  the 
DCT  circuit  53  as  the  information  indicating  the  pic- 
ture  activity,  and  transmits  the  classing  information 
data  0  to  3  to  the  data  quantity  detector  58,  respon- 
sive  to  the  maximum  value,  as  shown  for  example  in 
Fig.3. 

The  classing  circuit  56  transmits,  based  upon  the 
classing  information  data  0  to  3  from  the  activity  de- 
tector  57  and  a  detection  output  of  the  red  detector  55, 
the  classing  information  data  0  to  3  shown  in  Fig.  10 
to  the  data  quantity  detector  58. 

That  is,  the  classing  circuit  56  is  responsive  to  the 
classing  information  data  0  to  3  from  the  activity  de- 
tector  57  to  supply  to  the  data  quantity  detector  58  the 
first  to  fourth  classing  information  data  0  to  3  having 
the  progressively  rough  degree  of  quantization  forthe 
luminance  data  Y,  R-Y  data  PR  and  B-Y  data  PB.  Be- 
sides,  the  classing  circuit  56  transmits  to  the  data 
quantity  detector  58  the  classing  information  0  desig- 
nating  the  finest  quantization  for  quantizing  the  DCT 
block  of  the  R-Y  data  PR  of  the  red-hued  DCT  block 
designated  by  the  detection  output  of  the  red  detector 
55. 

The  data  quantity  detector  58  calculates,  based 
upon  the  classing  information  data  0  to  3  supplied 
from  the  classing  circuit  56,  the  optimum  quantization 
coefficient  for  each  of  the  luminance  data  Y,  R-Y  data 
PR  and  B-Y  data  PB  from  among  the  quantization 
coefficients  (Q-Nos)  in  the  quantization  tables,  in  or- 
der  for  fixed  length  picture  data  to  be  supplied  on  the 
unit  basis  from  the  variable  length  coding  circuit  60 
fed  with  an  output  of  the  quantization  circuit  59.  These 
quantization  coefficients  are  supplied  to  the  quanti- 
zation  circuit  59. 

The  8x8  pixel  DCT  block  for  the  picture  data  de- 
void  of  the  motion,  DCTed  by  the  DCT  circuit  53,  and 
the  2x8x4  pixel  DCT  block  forthe  moving  picture  data, 
similarly  DCTed  by  the  DCT  circuit  53,  are  each  div- 
ided  into  eight  areas  indicated  by  area  numbers  0  to 
7  in  terms  of  the  AC  coefficients.  The  data  quantity 
detector  58  designates  the  quantization  coefficients 
(Q-Nos)  0  to  15  for  each  of  the  classing  information 
data  0  to  3  and  specifies  weights  1  to  32  for  the  eight 

areas,  as  shown  in  Fig.  12.  The  weights  1  to  32  for  the 
areas  indicate  the  divisors  for  the  input  picture  data. 
For  example,  the  weight  2  indicates  that  quantization 
is  to  be  made  with  weighting  equal  to  1/2  forthe  input 

5  picture  data. 
By  re-quantizing  only  R-Y  data  PRwith  finer  steps 

on  detecting  red-hued  blocks,  as  in  the  picture  com- 
pressing  device  of  the  present  embodiment,  it  be- 
comes  possible  to  improve  reproducibility  of  the  pic- 

10  ture  data  of  the  red  blocks  affecting  remaining  blocks 
of  the  luminance  data  Y  or  the  B-Y  data  PB. 

Although  the  DCT  circuit  3  is  employed  as  trans- 
form  coding  means  in  the  above-described  embodi- 
ments,  it  may  be  replaced  by  other  transform  coding 

15  means,  such  as  an  Adamar  transform  circuit,  discrete 
sine  transform  circuit,  K-L  transform  circuit  or  a  slant 
transform  circuit.  On  the  other  hand,  the  DCT  block 
formed  by  8x8  =  64  pixel  data  and  the  R-Y  data  rep- 
resented  by  256  gradations,  expressed  with  8  bits, 

20  are  given  only  by  way  of  illustration  and  hence  may 
be  modified  within  the  scope  of  the  present  invention. 

Claims 
25 

1.  A  picture  compressing  device  comprising 
blocking  means  for  dividing  picture  data 

into  plural  blocks  each  consisting  of  a  pre-set 
number  of  blocks  and  outputting  the  resulting 

30  blocked  picture  data, 
transform  coding  means  for  transform 

coding  picture  data  from  said  blocking  means  on 
the  block  basis  and  outputting  resulting  trans- 
form  coefficients, 

35  red  block  detecting  means  for  detecting 
the  block  transmitted  thereto  from  said  blocking 
means  as  being  a  red  block  if  said  block  has  more 
than  a  pre-set  number  of  picture  data  of  red-hued 
pixels, 

40  quantization  means  for  quantizing  trans- 
form  coefficients  from  said  transform  coding 
means,  and 

control  means  for  variably  controlling  the 
quantization  steps  of  said  quantization  means  if 

45  said  block  is  detected  as  being  a  red-hued  block 
by  said  red  block  detection  means. 

2.  The  picture  compressing  device  as  claimed  in 
claim  1  wherein  said  controlling  means  variably 

so  controls  the  quantization  step  of  said  quantiza- 
tion  means  so  that  the  quantization  step  will  be- 
come  finer  if  said  block  is  detected  as  being  a  red- 
hued  block  by  said  red  block  detection  means. 

55  3.  The  picture  compressing  device  as  claimed  in 
claim  2  wherein  said  controlling  means  variably 
controls  the  quantization  step  of  said  quantiza- 
tion  means  quantizing  red  data  so  that  the  quan- 
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tization  step  will  become  finer  for  a  macro-block 
consisting  of  a  luminance  data  block  and  two  col- 
or  data  blocks. 

The  picture  compressing  device  as  claimed  in  5 
claim  3  wherein  said  controlling  means  performs 
activity-based  classing  for  a  pre-set  number  of 
macro-blocks  as  a  processing  unit,  said  control- 
ling  unit  adaptively  controlling  the  quantization 
steps  of  the  quantization  means  according  to  10 
classes  so  that  such  class  is  selected  in  which  the 
quantization  step  of  the  quantization  means 
quantizing  red-hued  data  is  finest  if  the  block 
from  the  blocking  means  is  found  to  be  the  red- 
hued  block  by  said  red  block  detection  means.  15 

A  red  data  detection  device  comprising 
upper  bit  extracting  means  for  extracting 

upper  three  bits  of  red-hued  data  supplied  as  8- 
bit  bi-level  data  and  outputting  the  extracted  up-  20 
per  three  bits, 

threshold  date  outputting  means  for  out- 
putting,  as  threshold  data,  upper  three  bits  of  8- 
bit  bi-level  data  that  is  closest  to  a  reference  value 
that  is  employed  in  detecting  red  data  and  that  25 
may  be  divided  out  by  a  power  of  2,  where  an  ex- 
ponent  is  a  natural  number,  and 

comparator  means  for  comparing  red-hu- 
ed  data  from  the  upper  bit  extracting  means  to 
threshold  data  from  said  threshold  data  output-  30 
ting  means, 

said  comparator  means  outputting  high- 
level  red  detection  data  indicating  that  the  picture 
data  is  the  red  data  or  the  low  level  red  detection 
data  indicating  that  the  picture  data  is  not  red  35 
data  when  the  red  data  is  larger  or  smaller  than 
the  threshold  data,  respectively. 

The  red  data  detection  device  as  claimed  in  claim 
5  further  comprising  40 

upper  most  bit  extracting  means  for  ex- 
tracting  upper  three  bits  of  blue-hued  data  sup- 
plied  as  8-bit  bi-level  data  and  outputting  the  ex- 
tracted  upper  three  bits, 

inverting  means  for  inverting  an  upper  45 
most  bit  of  low  level  blue-hued  data  indicating 
that  the  picture  data  is  the  red  data  when  said  up- 
per  most  bit  is  supplied  from  said  upper  most  bit 
extracting  means  and  outputting  the  inverted 
data  as  a  high  level  red  detection  data  and  for  in-  50 
verting  an  upper  most  bit  of  high  level  blue-hued 
data  indicating  that  the  picture  data  is  not  the  red 
data  when  said  upper  most  bit  is  supplied  from 
said  upper  most  bit  extracting  means  and  output- 
ting  the  inverted  data  as  a  low  level  red  detection  55 
data,  and 

red  data  detection  means  for  outputting 
high-level  red  detection  data  indicating  that  pic- 

ture  data  is  red  data  only  when  high-level  red  de- 
tection  data  is  supplied  from  said  comparator 
means  at  the  same  time  as  high-level  red  detec- 
tion  data  is  supplied  from  said  inverting  means. 

7.  The  red  data  detection  device  as  claimed  in  claim 
6  wherein  said  threshold  data  outputting  means 
output  upper  three  bits  of  bi-level  data  for  160, 
which  is  an  8-bit  bi-level  data  that  may  be  divided 
by  said  powerof  2,  where  an  exponent  is  a  natural 
number,  as  said  threshold  data,  and  wherein,  if 
said  picture  data  is  red-hued  picture  data,  the 
blue-hued  color  data  has  a  value  not  more  than 
128  where  1  stands  only  at  the  upper  most  bit  of 
the  8-bit  blue  color  data,  said  upper  most  bit  ex- 
tracting  means  extracts  the  upper  most  bit  from 
the  8-bit  blue-hued  data  for  outputting  low-level 
blue-hued  data  indicating  that  the  picture  data  is 
the  red  hued  data  by  extracting  the  uppermost  bit 
from  the  8-bit  blue  hued  data,  or  outputting  high 
level  blue-hued  data  indicating  that  the  picture 
data  is  not  red  picture  data. 

8.  A  red  data  detection  device  comprising 
upper  bit  extracting  means  for  extracting 

upper  three  bits  of  red-hued  data  supplied  as  8- 
bit  bi-level  data  and  outputting  the  extracted  up- 
per  three  bits, 

threshold  date  outputting  means  for  out- 
putting,  as  threshold  data,  upper  three  bits  of  8- 
bit  bi-level  data  that  is  closest  to  a  reference  value 
in  detecting  red  data  and  that  may  be  divided  out 
by  a  power  of  2,  where  an  exponent  is  a  natural 
number,  and 

comparator  means  for  comparing  red-hu- 
ed  data  from  the  upper  bit  extracting  means  to 
threshold  data  from  said  threshold  data  output- 
ting  means,  said  comparator  means  outputting 
high-level  red  detection  data  indicating  that  the 
picture  data  is  the  red  data  or  the  low  level  red  de- 
tection  data  indicating  that  the  picture  data  is  not 
red  data  when  the  red  data  is  larger  or  smaller 
than  the  threshold  data,  respectively, 

upper  most  bit  extracting  means  for  ex- 
tracting  the  upper  most  bit  of  blue-hued  data  sup- 
plied  as  8-bit  bi-level  data  and  outputting  the  ex- 
tracted  upper  most  bit, 

inverting  means  for  complementing  an  up- 
per  most  bit  of  low  level  blue-hued  data  indicating 
that  the  picture  data  is  the  red  data  when  said  up- 
per  most  bit  is  supplied  from  said  upper  most  bit 
extracting  means,  and  outputting  the  inverted 
data  as  a  high  level  red  detection  data,  and  for 
complementing  an  upper  most  bit  of  high  level 
blue-hued  data  indicating  that  the  picture  data  is 
not  the  red  data  when  said  upper  most  bit  is  sup- 
plied  from  said  upper  most  bit  extracting  means, 
and  outputting  the  inverted  data  as  a  low  level  red 
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detection  data, 
red  data  detection  means  for  outputting 

high-level  red  detection  data  indicating  that  pic- 
ture  data  is  red  data  only  when  high-level  red  de- 
tection  data  is  supplied  from  said  comparator  5 
means  at  the  same  time  as  high-level  red  detec- 
tion  data  is  supplied  from  said  inverting  means, 
and 

a  red  block  decision  data  outputting 
means  having  its  count  value  reset  for  each  of  10 
pre-set  units  of  picture  data  and  having  its  count 
value  set  to  a  power  of  2,  where  an  exponent  is  a 
natural  number,  said  red  block  decision  data  out- 
putting  means  counting  the  high  level  red  detec- 
tion  data  from  the  red  data  detection  means  for  15 
each  of  the  pre-set  units  of  picture  data  and  out- 
putting  red  block  decision  data  indicating  that  the 
pre-set  unit  of  picture  data  is  red  picture  data 
when  the  count  value  of  the  red  detection  data 
reaches  the  pre-set  count  value.  20 
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