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Description 

This  invention  relates  to  motion  vector  process- 
ing  in  digital  television  images.  Such  processing  is 
used  in  television  standards  converters  and  in  slow 
motion  processors. 

International  television  programme  exchange 
necessitates  standards  converters  due  to  the  differ- 
ent  television  standards  used  in  different  countries, 
for  example,  the  625-line  50-fields  per  second 
(625/50)  PAL  system  used  in  the  UK,  and  the  525-line 
60-f  ields  per  second  (525/60)  NTSC  system  used  in 
the  USA. 

Many  different  standards  converters  have  been 
previously  proposed.  One  of  the  best  known  is  the 
ACE  (Advanced  Conversion  Equipment)  developed 
by  the  British  Broadcasting  Corporation.  Basically 
ACE  operates  on  an  input  digital  television  signal  line- 
by-line  to  derive  interpolated  samples  required  to  form 
an  output  digital  television  signal.  Interpolation  is 
done  not  only  spatially  using  four  successive  horizon- 
tal  scan  lines  of  the  input  television  signal,  but  also 
temporally  using  four  successive  fields  of  the  input 
television  signal.  Thus,  each  line  of  the  output  televi- 
sion  signal  is  derived  by  multiplying  respective  sam- 
ples  from  sixteen  lines  of  the  input  television  signal  by 
respective  weighting  coefficients. 

Further  details  of  ACE  will  be  found  in  UK  patent 
specification  GB-A-2  059  712  and  in  'Four-field  digi- 
tal  standards  converter  for  the  eighties'  by  R  N  Robin- 
son  and  G  J  Cooper  at  Pages  11  to  13  of  'Televi- 
sion'  (the  journal  of  the  Royal  Television  Society)  for 
January/February  1982. 

Although  ACE  gives  good  results,  there  is  the 
problem  that  the  equipment  is  very  bulky.  To  over- 
come  this  problem,  we  have  previously  proposed  a 
television  standards  converter  comprising  three  field 
stores  and  four  4-line  stores  for  receiving  an  input  dig- 
ital  television  signal  of  one  standard  and  deriving 
therefrom  arrays  of  sixteen  lines,  each  array  consist- 
ing  of  four  successive  lines  from  each  of  four  succes- 
sive  fields  of  the  input  television  signal.  A  weighting 
coefficient  store  stores  sets  of  sixteen  weighting 
coefficients,  respective  sets  corresponding  to  posi- 
tions  both  spatial  and  temporal  of  respective  lines  of 
an  output  digital  television  signal  of  a  different  stan- 
dard,  relative  to  the  sixteen  lines  of  the  input  television 
signal.  Two  interpolation  filters  then  derive  line  by-line 
the  output  television  signal  by  multiplying  correspond- 
ing  sample  values  from  each  of  the  sixteen  lines  of  the 
input  television  signal  by  a  respective  weighting  coef- 
ficient  in  a  set  of  weighting  coefficients  and  sum  the 
resulting  products  to  form  an  interpolated  sample  val- 
ue,  and  four  output  field  stores  receive  and  store  the 
derived  lines  of  the  output  television  signal.  To  store 
the  additional  lines  which  are  derived  when  the  output 
television  signal  has  more  lines  than  the  input  televi- 
sion  signal,  a  45-line  store  is  interposed  between  one 

of  the  interpolation  filters  and  the  output  field  stores. 
Further  details  will  be  found  in  our  UK  patent  specifi- 
cation  GB-A-21  40644. 

The  performance  of  such  standards  converters 
5  which  employ  vertical/temporal  interpolation  techni- 

ques  represents  a  compromise  between  generating 
blurred  pictures  while  maintaining  good  motion  por- 
trayal  and  maintaining  vertical  resolution  but  at  the 
expense  of  'judder'.  The  former  is  a  result  of  post  f  il- 

10  tering  in  order  to  prevent  disturbing  alias  effects;  the 
latter  is  a  result  of  the  intrusion  of  the  adjacent  two- 
dimensional  repeat  sample  structures. 

We  have  therefore  proposed  that  motion  vector 
estimation  should  be  incorporated  in  television  stan- 

15  dards  converters  and  in  slow  motion  processors.  The 
problem  with  the  majority  of  existing  motion  vector  es- 
timation  methods  is  that  their  use  is  biased  towards 
video  conference  type  applications  where  generally 
the  subject  matter  is  either  a  single  person's  head  and 

20  shoulders  or  a  small  group  of  people  seated  around 
a  table.  With  television  images  of  this  type  the  motion 
is  relatively  simple  in  comparison  with  broadcast  tel- 
evision  images  where  for  example  at  a  horse  race 
meeting  the  camera  could  be  following  the  leaders  in 

25  a  race.  In  this  situation  the  motion  would  be  complex, 
for  example,  because  the  camera  would  be  panning. 
Thus,  the  background  may  well  be  moving  at  speeds 
greater  than  eight  pixels  per  field,  while  in  the  fore- 
ground  there  would  be  at  least  one  horse  galloping. 

30  This  means  that  the  motion  vector  estimation  method 
must  try  to  track  the  horses  legs,  which  may  well  be 
moving  in  different  directions  to  that  of  the  already 
moving  background. 

Also,  NHK  Laboratories  Note,  No  326,  January 
35  1  986,  pages  1  to  15  describes  a  television  standards 

converter  of  the  type  comprising  means  for  analyzing 
the  motion  between  consecutive  fields  of  an  input  tel- 
evision  signal  of  one  television  standard  and  for  de- 
riving  motion  vectors  in  dependence  on  said  motion; 

40  means  then  to  align  said  fields  in  dependence  on  said 
motion  vectors  so  as  effectively  to  represent  static 
pictures;  and  means  to  effect  conversion  using  said 
static  pictures  to  derive  the  required  output  television 
signal  of  a  different  television  standard. 

45  According  to  one  aspect  of  the  invention,  there  is 
provided  a  television  standards  converter  of  this  gen- 
eral  type  which  is  characterised  by  means  recursively 
to  filter  said  motion  vectors  in  the  temporal  domain, 
the  aligning  means  being  operable  to  align  said  fields 

so  in  dependence  upon  the  filtered  motion  vectors.  The 
invention  results  from  a  recognition  that  errors  can 
arise  in  the  motion  vectors  as  a  result  of  noise  in  the 
incoming  video  and  errors  in  determining  the  vectors, 
and  from  a  recognition  that,  although  recursive  f  ilter- 

55  ing  of  the  motion  vectors  will  result  in  lost  motion  vec- 
tor  information,  the  result  output  picture  provides  bet- 
ter  motion  portrayal  of  moving  objects. 

According  to  the  present  invention  there  is  also 
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provided  a  625-line  50-fields  per  second  to  525-line 
60-fields  per  second  television  standards  converter 
comprising: 
a  first  time  base  corrector  for  receiving  an  input  625- 
line  50-fields  per  second  digital  television  signal; 
characterized  by: 
a  motion  analyzer  connected  to  the  output  of  said  time 
base  corrector  for  analyzing  motion  in  said  input  tel- 
evision  signal  and  for  deriving  motion  vectors  in  de- 
pendence  on  said  motion; 
means  recursively  to  filter  said  motion  vectors; 
a  shift  register  also  connected  to  the  output  of  said 
first  time  base  corrector; 
an  interpolator  for  deriving  samples  of  a  required  out- 
put  525-line  60-fields  per  second  digital  television  sig- 
nal  in  dependence  on  samples  derived  from  said  shift 
register  and  said  filtered  motion  vectors;  and  a  sec- 
ond  time  base  corrector  for  assembling  said  derived 
samples  to  form  said  output  television  signal. 

According  to  the  present  invention  there  is  also 
provided  a  525-line  60-fields  per  second  to  625-line 
50-fields  per  second  television  standards  converter 
comprising: 
a  first  time  base  converter  for  receiving  an  input  525- 
line  60-fields  per  second  digital  television  signal; 
characterized  by: 
a  motion  analyzer  connected  to  the  output  of  said  time 
base  corrector  for  analyzing  motion  in  said  input  tel- 
evision  signal  and  for  deriving  motion  vectors  in  de- 
pendence  on  said  motion  vectors; 
means  recursively  to  filter  said  motion  vectors; 
a  shift  register  also  connected  to  the  output  of  said 
first  time  base  corrector; 
an  interpolator  for  deriving  samples  of  a  required  out- 
put  625-line  50  fields  per  second  digital  television  sig- 
nal  in  dependence  on  samples  derived  from  said  shift 
register  and  said  filtered  motion  vectors;  and  a  sec- 
ond  time  base  corrector  for  assembling  said  derived 
samples  to  form  said  output  television  signal. 

According  to  the  present  invention  there  is  also 
provided  a  slow  motion  processor  comprising: 
an  input  circuit  for  receiving  an  input  digital  television 
signal; 
a  motion  analyzer  for  analyzing  motion  in  said  input 
digital  television  signal  and  for  deriving  motion  vec- 
tors  in  dependence  on  said  motion; 
characterized  by: 
means  recursively  to  filter  said  motion  vectors; 
a  shift  register  for  holding  successive  different  fields 
of  said  input  television  signal; 
an  interpolator  for  deriving  samples  of  a  required  slow 
motion  output  digital  television  signal  in  dependence 
on  the  degree  of  slow  motion,  samples  derived  from 
said  shift  register,  and  said  filtered  motion  vectors; 
and 
a  2-field  time  base  corrector  for  assembling  said  de- 
rived  samples  to  form  said  slow  motion  output  televi- 
sion  signal. 

The  invention  will  now  be  described  by  way  of  ex- 
ample  with  reference  to  the  accompanying  drawings, 
throughout  which  like  parts  are  referred  to  by  like  ref- 
erences,  and  in  which: 

5  Figure  1  shows  in  very  simplified  block  diagram- 
matic  form  a  television  standards  converter; 
Figure  2  shows  in  block  diagrammatic  form  a  first 
television  standards  converter; 
Figure  3  shows  in  block  diagrammatic  form  a  sec- 

10  ond  television  standards  converter; 
Figure  4  shows  part  of  the  standards  converter  of 
Figure  3  in  more  detailed  block  diagrammatic 
form; 
Figure  5  shows  time  charts  for  explaining  the  op- 

15  eration  of  Figure  4; 
Figure  6  shows  part  of  the  standards  converter  of 
Figure  2  in  more  detailed  block  diagrammatic 
form; 
Figure  7  shows  time  charts  for  explaining  the  op- 

20  eration  of  Figure  6; 
Figure  8  shows  part  of  the  standards  converter  of 
Figure  2  in  more  detailed  block  diagrammatic 
form; 
Figure  9  shows  time  charts  for  explaining  the  op- 

25  eration  of  Figure  8; 
Figure  10  shows  part  of  the  standards  converter 
of  Figure  2  in  more  detailed  block  diagrammatic 
form; 
Figure  HAshowsdiagrammatically  the  motion  of 

30  an  object  in  sequential  fields; 
Figure  11  B  shows  corresponding  motion  vectors; 
Figure  12  shows  in  block  form  the  comparison  of 
motion  vectors; 
Figures  13  to  15  show  respective  examples  of 

35  motion  vectors  from  three  sequential  fields; 
Figure  1  6  shows  the  effect  of  recursive  filtering  of 
motion  vectors; 
Figure  17  shows  in  block  form  a  general  example 
of  an  infinite  impulse  response  filter; 

40  Figure  18  shows  diagrammatically  negative  vec- 
tor  filtering; 
Figure  19  shows  in  block  form  an  infinite  impulse 
response  filter  for  negative  vector  filtering; 
Figure  20  shows  diagrammatically  positive  vector 

45  filtering;  and 
Figure  21  shows  in  block  form  an  infinite  impulse 
response  filter  for  positive  vector  filtering. 
In  order  more  readily  to  understand  the  motion 

vector  processing  to  be  described,  the  form  and  op- 
50  eration  of  two  standards  converters  and  a  slow  mo- 

tion  processor  in  accordance  with  the  present  inven- 
tion  which  use  such  motion  vector  processing  will  first 
be  described.  The  standards  converters  to  be  descri- 
bed  maintain  vertical  resolution  and  remove  the  'jud- 

55  der'  by  compensating  for  motion  between  fields.  In 
effect  the  motion  between  consecutive  fields  is  ana- 
lyzed.  These  fields  can  then  be  'aligned'  pixel  by  pixel 
such  that  they  represent  static  pictures  upon  which 
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conversion  can  then  take  place.  As  a  result,  vertical 
resolution  can  be  maintained. 

The  standards  converters  to  be  described  can  be 
divided  into  two  parts.  The  first  part  is  analogous  to 
a  known  standards  converter  performing  verti-  5 
cal/temporal  interpolation  to  convert  between  525/60 
and  625/50  television  standards.  Alone,  this  would 
generate  an  output  in  which  vertical  resolution  would 
be  maintained  but  with  the  added  effect  of  judder.  To 
remove  this  judder  four  fields  of  the  input  digital  tele-  10 
vision  signal  which  are  used  in  the  conversion  proc- 
ess  are  aligned  under  the  control  of  motion  vectors 
generated  from  a  motion  analyzer  which  forms  the 
second  part  of  the  standards  converter. 

This  is  shown  in  very  simplified  diagrammatic  15 
block  form  in  Figure  1.  The  video  portion  of  an  input 
digital  television  signal  of  one  standard,  which  may  for 
example  have  been  derived  by  sampling  an  analogue 
television  signal  at  13.5  MHz,  is  supplied  to  an  inter- 
polator  1  from  which  the  video  portion  of  the  required  20 
output  television  signal  of  a  different  standard  is  de- 
rived.  Amotion  analyzer  2  receives  the  luminance  vid- 
eo  and  derives  motion  vectors  which  provide  data  rep- 
resenting  the  motion  between  successive  fields  of 
the  input  television  signal  to  control  the  operation  of  25 
the  interpolator  1.  The  interpolator  1  operates  in  a 
generally  similar  manner  to  the  corresponding  portion 
of  a  known  standards  converter,  for  example  as  refer- 
red  to  above.  It  also,  however,  contains  the  means  to 
align  the  four  fields  used  in  the  interpolation,  under  30 
the  control  of  the  motion  vectors. 

The  repositioning  of  the  four  fields  is  performed 
in  two  stages.  The  first  stage  involves  varying  the  ad- 
dress  of  a  variable  delay  element  associated  with 
each  field  to  reposition  the  picture  to  the  nearest  line  35 
or  sample.  The  second  stage  uses  interpolation  tech- 
niques  both  vertically  and  horizontally  to  reposition  to 
within  +1/16  line  or  +1/8  of  a  sample.  Even  with  no 
movement,  both  the  above  techniques  are  used  to  en- 
able  conversion  of  line  standards.  40 

The  vertical  interpolator  has  four  taps  per  field  al- 
lowing  effectively  an  8-tap  vertical  filter  to  be  applied 
to  the  static  pictures.  An  8-tap  interpolator  allows 
good  vertical  resolution  to  be  maintained  with  minimal 
distortion.  The  effect  of  distortion  in  the  horizontal  in-  45 
terpolator  is  less  of  a  problem,  so  a  2-tap  horizontal 
filter  is  used,  although  a  4-tap  horizontal  filter,  for  ex- 
ample,  may  be  used. 

The  temporal  interpolator  is  used  in  normal  oper- 
ation  to  enable  interpolation  of  perspective  changes  50 
or  when  no  sensible  motion  vector  can  be  detected, 
in  which  case  the  interpolator  1  must  revert  to  normal 
standards  conversion  operation  where  no  picture  re- 
positioning  occurs. 

When  converting  from  a  high  field  rate  to  a  lower  55 
rate,  the  incoming  fields  are  interpolated  such  that  an 
interpolated  field  can  occasionally  be  dropped  with- 
out  any  movement  deterioration.  All  the  interpolation 

is  done  at  the  input  field  rate  and  passed  to  a  time 
base  corrector  which  then  spreads  the  fields  gener- 
ated  over  the  required  time  period  for  the  output  stan- 
dard. 

The  above  operation  is  necessary  when  convert- 
ing  from  525/60  to  625/50.  It  is  also  evident  however 
that  625  lines  must  be  generated  where  only  525  lines 
exist  in  the  input  signal. 

To  overcome  the  line  number  conversion  problem 
a  second  time  base  corrector  is  used  at  the  input  to 
produce  a  signal  having  585  lines  at  the  60  Hz  rate. 
A  585-line  format  can  contain  all  the  active  picture  in- 
formation  in  the  625-line  format.  Following  this  first 
time  base  corrector  there  are  occasional  lines  which 
have  no  video  information.  The  interpolator  stores  are 
frozen  during  this  time,  so  that  an  additional  interpo- 
lated  line  can  be  generated  from  the  same  lines  used 
to  generate  the  previous  output  line.  This  process  al- 
lows  625  lines  to  be  interpolated  from  the  original  525. 

The  reason  for  selecting  the  585/60  format  will 
now  be  explained  in  more  detail.  A  625-line  picture 
contains  288  active  lines  in  each  field,  and  720  sam- 
ples  in  each  horizontal  line  at  the  sampling  rate  of  13.5 
MHz.  The  circuits,  to  be  described  below,  of  the  tele- 
vision  standards  converters  of  Figure  2  and  3  use 
techniques  which  allow  the  picture  to  be  shifted  hor- 
izontally  by  plus  or  minus  twenty-four  samples.  This 
requires  a  minimum  horizontal  blanking  of  forty-eight 
samples.  The  total  number  of  sample  positions  re- 
quired  in  a  field  is  therefore: 

(720  +  48)  x  288  =  221184. 
There  are  clearly  considerable  advantages  in  using  a 
1  3.5  MHz  clock  throughout  the  system,  in  which  case 
the  number  of  clock  cycles  within  a  60  Hz  period 
(more  exactly  a  59.94  Hz  period)  is: 

225225. 
If  576  lines  of  data  are  required  in  one  frame,  the 

number  of  horizontal  samples  would  be  782.03125. 
Although  this  number  is  sufficient  to  contain  the  re- 
quired  (720  +  48)  samples,  the  fractional  sample 
would  mean  that  the  structure  was  non-orthogonal  on 
a  line  to  line  basis.  This  would  cause  significant  de- 
sign  difficulties  in  the  rest  of  the  standards  converter, 
so  the  number  of  lines  required  was  gradually  in- 
creased,  from  576,  until  a  whole  number  of  samples, 
in  fact  770,  existed  in  each  line. 

The  only  format  that  achieves  the  orthogonal 
structure  is  the  585/60  format,  which  in  addition  gives 
a  useful  vertical  blanking  of  four  lines  in  the  first  field, 
five  lines  in  the  second  field  and  fifty  samples  of  hor- 
izontal  blanking. 

In  the  625/50  to  625/50  slow  motion  mode  refer- 
red  to  below  there  is  no  requirement  to  store  the  ac- 
tive  video  of  the  625  format  within  a  60  Hz  period,  so 
the  interpolation  and  other  processing  is  done  in  the 
normal  625/50  format. 

When  converting  from  a  low  field  rate  to  a  higher 
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rate  the  input  time  base  corrector  is  required  to  pro- 
duce  a  video  stream  at  the  output  rate.  This  is  done 
by  occasionally  repeating  an  input  field.  When  the  re- 
peated  field  occurs,  all  the  interpolator  stores  must  be 
frozen  so  that  the  interpolation  is  applied  to  the  same 
input  fields  used  to  create  the  previous  output  field. 

If  this  technique  were  not  used,  two  sets  of  inter- 
polator  and  movement  detector  would  be  required  to 
make  up  the  missing  field. 

The  above  operation  is  performed  when  convert- 
ing  from  625/50  to  525/60.  To  allow  625  lines  to  exist 
during  a  60-fields  per  second  period  again  requires 
the  585/60  intermediate  format  to  be  adopted.  During 
this  process  some  of  the  interpolated  lines  will  not  be 
required,  as  only  525  have  to  be  produced  from  the 
original  625.  A  time  base  converter  is  therefore  re- 
quired  on  the  output  to  produce  the  final  525/60  for- 
mat. 

The  amount  of  interpolation  required  is  deter- 
mined  by  comparing  input  and  output  synchronization 
pulse  phases. 

As  mentioned  above,  motion  analysis  is  per- 
formed  on  the  luminance  of  the  input  video.  The  meth- 
od  employed  involves  a  number  of  stages  to  arrive  at 
a  single  motion  vector  for  each  pixel.  Movement  can 
be  detected  in  the  range  +24  pixels  horizontally  and 
+8  (field  rate)  vertically. 

In  a  first  stage,  motion  in  the  picture  at  points  on 
the  screen  spaced  sixteen  samples  horizontally  and 
eight  lines  vertically  is  determined  using  a  block 
matching  technique.  The  original  motion  vectors  in  a 
field  are  calculated  every  sixteenth  sample  and  every 
eighth  line.  Each  one  of  these  points  is  at  the  centre 
of  a  search  block.  Conceptually  each  block  is  scan- 
ned  +24  samples  horizontally,  and  +8  and  -8  samples 
vertically  over  the  next  field  each  time  generating  the 
summation  of  the  differences  between  the  two  fields 
over  the  area  of  the  search  block.  The  minimum  over- 
all  difference  then  indicates  in  which  direction  the  ob- 
ject  at  that  point  has  moved. 

In  practice,  the  above  technique  is  applied  in  sep- 
arate  steps  which  greatly  reduces  the  amount  and 
complexity  of  hardware  required: 

Step  1. 
Test  for  minimum  difference  in  just  three 

positions,  centre  position,  sixteen  samples  to  the 
left,  sixteen  samples  to  the  right. 
Step  2.  Starting  from  point  indicated  above. 

Test  for  minimum  difference  in  nine  positions 
symmetrically  distributed  about  the  above  start- 
ing  point  in  steps  of  eight  samples  or  lines. 
Step  3.  Starting  from  point  indicated  above. 

Test  for  minimum  difference  in  nine  positions 
symmetrically  distributed  about  the  above  start- 
ing  point  in  steps  of  four  samples  or  lines. 
Step  4.  Starting  from  point  indicated  above. 

Test  for  minimum  difference  in  nine  positions 
symmetrically  distributed  about  the  above  start- 

ing  point  in  steps  of  two  samples  or  lines. 
Step  5.  Starting  from  point  indicated  above 

Testforminimum  difference  in  nine  positions 
symmetrically  distributed  about  the  above  start- 

5  ing  point  in  steps  of  one  sample  or  line. 
Step  6. 
After  step  5,  the  motion  of  the  object  has  been  de- 

tected  to  the  nearest  pixel.  A  more  accurate  vector 
value  can  be  achieved  by  adding  a  sixth  step  in  which 

10  the  difference  produced  at  the  final  position  indicated 
by  step  5  is  compared  with  the  two  differences  above 
and  below  to  adjust  the  vertical  vector  value  and  with 
the  two  differences  to  the  left  and  right  to  adjust  the 
horizontal  vector  value. 

15  The  above  technique  relies  on  achieving  correla- 
tion  between  the  reference  search  block  and  a  similar 
block  of  video  data  on  the  following  field  (the  search 
positions).  In  step  5  it  is  possible  the  true  movement 
was  a  half  pixel  more  or  less  than  detected,  but  it  is 

20  necessary  for  the  best  correlation  to  occur  at  this 
point,  even  although  exact  correlation  cannot  be  ach- 
ieved.  To  ensure  this  occurs,  the  picture  can  be  fil- 
tered  both  vertically  and  horizontally  by  a  gaussian  fil- 
ter  which  has  +6  dB  attenuation  at  1/2  Nyquist  fre- 

25  quency. 
Similarly,  for  step  4,  the  picture  can  be  filtered 

with  a  6  dB  attenuation  at  1/4  Nyquist  frequency, 
which  allows  a  one  pixel  error  in  detection. 

Step  3  uses  a  picture  filtered  with  a  6  dB  attenu- 
30  ation  at  1/8  Nyquist  frequency  allowing  a  two  pixel  er- 

ror. 
Step  2  uses  a  picture  filtered  with  a  6  dB  attenu- 

ation  at  1/16  Nyquist  frequency  allowing  a  four  pixel 
error. 

35  Finally,  step  1  uses  a  picture  filtered  with  6  dB  at- 
tenuation  at  1/32  Nyquist  frequency  allowing  an  eight 
pixel  error.  In  addition,  because  the  pictures  are  so 
heavily  filtered  during  steps  1  ,  2,  3  and  4,  the  samples 
can  be  reduced,  for  example  halved  in  number,  which 

40  still  further  greatly  reduces  the  number  of  calcula- 
tions  and  amount  of  hardware  required. 

The  effective  search  block  size  is  sixteen  lines 
high  and  forty-eight  samples  long.  A  large  search 
block  is  necessary  to  detect  accurately  the  movement 

45  of  large  plain  areas.  The  central  part  of  plain  areas  are 
unimportant  as  the  values  of  the  pixels  at  these  points 
do  not  change  from  one  field  to  the  next,  but  the 
edges  of  such  objects  are  obviously  important.  If  the 
detection  of  motion  is  limited  to  +24  samples  horizon- 

50  tally  and  +8  lines  vertically  then  a  block  of  the  above 
size  would  be  the  minimum  size  to  ensure  accurate 
motion  detection. 

In  the  standards  converters,  depending  upon  the 
conversion  modes,  the  luminance  video  entering  the 

55  motion  analyzer  2  is  in  various  forms  of  585-lines/60- 
fields  per  second.  This  might  comprise  repeated  lines 
for  525  input  or  repeated  fields  for  625  input.  In  addi- 
tion,  the  input  contains  both  field  polarities.  The  first 
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process  is  to  ensure  a  continuity  of  data  and  single 
field  polarity  for  the  motion  estimation  processing. 
This  is  done  by  interpolation  on  the  input  data  by  a 
vector  interface  to  maintain  continuity,  and  filtration 
horizontally  to  aid  subsequent  motion  detection/cor-  5 
relation. 

Separate  outputs  from  this  circuit  are  passed  to 
motion  estimation  vector  filters  and  motion  detection 
field  stores/vector  selectors.  The  output  of  the  vector 
interface  is,  as  described  above,  spatially  continuous,  10 
single  field  polarity  data.  The  output  to  the  field 
stores/vector  selectors  depends  upon  the  input  and 
output  modes.  In  some  modes  it  is  continuous,  and  in 
others  it  contains  repeated  lines/fields.  The  vectorf  il- 
ters  and  vector  calculators  perform  the  steps  outlined  15 
above. 

The  processing  of  the  various  steps  is  performed 
by  vector  calculators  and  a  vector  processor.  The  vec- 
tor  calculators  perform  steps  1  to  5  and  the  vector 
processor  performs  step  6.  In  addition,  the  vector  20 
processor  performs  the  second  stage  in  the  motion 
estimation,  as  follows: 

For  each  8x16  block  a  choice  is  made  of  four 
from  seven  motion  vectors,  the  seven  motion  vectors 
being  the  one  for  that  particular  block  and  the  six  for  25 
the  six  nearest  blocks  respectively. 

In  addition,  the  vector  processor  also  determines 
the  four  most  common  motion  vectors  throughout  the 
whole  input  field,  these  being  called  modal  motion 
vectors.  The  primary  use  of  the  modal  motion  vectors  30 
is  in  the  border  areas  close  to  the  edge  of  a  field 
where  it  is  not  possible  actually  to  calculate  any  local 
motion  vectors.  Also,  if  any  one  or  more  of  the  local 
motion  vectors  are  equal,  then  these  are  substituted 
for  by  the  modal  motion  vectors.  35 

In  the  next  stage  of  motion  detection,  for  each  pix- 
el,  the  four  motion  vectors  are  tested  by  producing  the 
difference  between  the  extrapolated  positions  on 
field  0  to  field  1  .  During  standards  conversion  a  field 
needs  to  be  interpolated  between  two  fields;  say  be-  40 
tween  field  0  and  field  1  .  So  the  motion  vectors  gen- 
erated  between  these  two  fields  are  considered  to  be 
most  representative  of  the  motion.  Four  motion  vec- 
tors  are  used  from  these  two  fields.  To  decide  which 
is  the  correct  motion  vector  a  pixel  from  field  0  is  com-  45 
pared  with  a  pixel  from  field  1  using  the  motion  vector 
to  decide  where  the  pixel  to  be  generated  had  come 
from  on  field  0  and  where  it  has  gone  to  by  field  1  . 
Mathematically,  if  the  position  x,  y,  z  must  be  gener- 
ated,  where;  x  =  horizontal  position,  y  =  vertical  pos-  50 
ition,  z  =  temporal  position  between  field  0  and  field 
1  ,  the  pixels  used  for  comparison  are  as  shown  below. 
Field  0  is  assumed  to  be  at  z=0  and  field  1  at  z=1. 

Pixel  from  field  0 
x°  =  x  -  (Vh  *  z)  55 

y°  =  y  -  (Vv  *  z) 
Pixel  from  field  1 

x1  =  x  +  (1  -  z)Vh 
yi  =  y  +  (1  -  z)Vv 

Vh  =  horizontal  component  of  vector 
Vv  =  vertical  component  of  vector 

For  each  motion  vector  a  modulus  of  the  differ- 
ence  between  the  pixels  indicated  in  field  0  and  field 
1  is  found.  The  minimum  difference  is  assumed,  as  a 
first  estimate,  to  indicate  the  correct  motion  vector.  If 
a  number  of  motion  vectors  produce  a  very  similar 
difference  then  these  motion  vectors  are  tested  again 
using  a  comparison  between  fields  -1  and  0. 

Pixels  from  field  -1 
x-1  =  x  -  (1  +  z)Vh 
y-1  =  y  -  (1  +  z)Vv 

The  minimum  modulus  of  difference  of  the  remaining 
motion  vectors  produced  by  this  second  test  is  then 
considered  to  represent  most  accurately  the  motion 
vector. 

If  a  number  of  motion  vectors  again  have  similar 
differences  then  an  option  exists  to  assume  no  move- 
ment.  If  only  the  horizontal  component  varied  and  the 
vertical  component  did  not,  then  only  the  horizontal 
component  would  be  set  to  zero  and  the  vertical  com- 
ponent  would  be  maintained  at  the  detected  value.  If 
only  the  vertical  component  varied,  then  the  horizon- 
tal  component  would  be  maintained  and  only  the  vert- 
ical  component  set  to  zero.  If  the  pixel  difference 
chosen  is  too  large  then  an  option  exists  to  set  the 
whole  motion  vector  to  zero  in  both  directions. 

Af  inal  stage  is  applied  once  every  pixel  has  been 
assigned  a  motion  vector.  Here  the  motion  of  each 
pixel  is  tracked  from  one  field  to  the  next  and  a  recur- 
sive  filter  applied  to  the  vector  value.  This  removes 
the  effects  of  noise  and  small  movement  estimation 
errors  and  also  smooths  the  trajectory  of  the  motion 
vectors. 

There  are  two  possible  ways  of  tracking  the  mo- 
tion  of  a  pixel. 

In  the  first,  the  motion  vector  for  a  pixel  in  field  t 
is  used  to  point  to  a  pixel  in  field  (t+1).  The  motion  vec- 
tor  determined  for  this  pixel  in  field  (t+1)  is  then  recur- 
sively  filtered  to  form  the  final  motion  vector  for  the 
pixel  in  field  (t+1). 

In  the  second,  the  motion  vector  for  a  given  pixel 
in  field  t  is  used  to  point  to  a  pixel  in  field  (t-1).  The 
motion  vector  from  this  pixel  is  then  recursively  fil- 
tered  with  the  motion  vector  for  the  given  pixel  to  form 
the  final  motion  vector  for  this  given  pixel  in  field  t. 

In  either  case  the  final  output  is  a  motion  vector 
for  each  pixel  which  is  passed  from  the  motion  ana- 
lyzer  2  to  the  interpolator  1  to  be  employed  in  aligning 
the  four  fields  used  in  the  standards  conversion  proc- 
ess. 

The  first  standards  converter  for  converting  an  in- 
putdigital  625-line  50-fields  per  second  television  sig- 
nal  to  an  output  digital  525-line  60-fields  per  second 
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television  signal  is  shown  in  detailed  block  form  in  Fig- 
ure  2. 

The  incoming  video  at  50-fields  per  second  and 
a  sample  rate  of  13.5  MHz,  that  is  CCIR  601  data,  is 
supplied  to  a  demultiplexer  31  which  separates  it  into 
luminance  components  Y,  synchronizing  signals 
SYNC  and  chrominance  components  UV.  The  lumi- 
nance  components  Y  are  supplied  to  a  4-field  lumi- 
nance  time-  base  corrector  (TBC)  1  1  Y  and  the  chromi- 
nance  components  UV  are  supplied  to  a  4-field  chro- 
minance  TBC  11C.  The  synchronizing  signals  SYNC 
are  supplied  to  a  control  32  togetherwith  an  inputf  ield 
polarity  signal  from  an  external  input,  and  an  output 
field  synchronizing  reference  signal  from  another  ex- 
ternal  input.  The  TBCs  11  Y  and  11  C  occasionally  re- 
peat  fields,  so  that  the  output  is  at  60-fields  per  sec- 
ond.  The  control  to  the  TBCs  1Yand  11C  which  caus- 
es  the  repetition  of  a  field  is  derived  from  the  input 
field  synchronization  pulses,  and  the  required  output 
field  synchronization  pulses.  The  comparison  of  the 
synchronization  pulses  also  provides  a  temporal  off- 
set  figure  which  indicates  the  amount  of  temporal  in- 
terpolation  required  at  the  outputs  of  the  TBCs  11  Y 
and  11Csuch  that  smooth  motion  at  60-fields  persec- 
ond  would  be  observed. 

When  converting  from  50-fields  per  second  to 
60-fields  in  this  way  a  line  conversion  of  625  to  525 
is  necessary.  It  is  therefore  necessary  to  maintain  the 
original  625  lines  of  information  at  a  60-fields  per  sec- 
ond  rate  so  that  they  are  all  available  to  form  the  in- 
terpolated  lines. 

The  standards  converter  uses  an  intermediate 
standard  which  is  capable  of  containing  all  the  active 
vertical  information  of  the  50-fields  per  second  signal 
at  the  60-fields  per  second  rate.  The  intermediate 
standard  also  contains  all  the  active  line  information 
arranged  orthogonally  line  by  line  still  using  the  orig- 
inal  13.5  MHz  sample  rate. 

The  intermediate  standard  use,  and  which  is  as 
explained  above  capable  of  meeting  all  these  require- 
ments,  is  a  585-line  format  at  60-fields  per  second. 
When  sampled  at  13.5  MHz  each  line  of  this  format 
has  exactly  770  samples.  It  is  clear  therefore  that  585 
lines  is  sufficient  to  contain  the  576  active  lines  of  the 
625-line  format  at  a  60-fields  per  second  rate.  As  the 
active  line  width  is  only  720  samples  there  is  still  fifty 
samples  of  horizontal  blanking. 

The  luminance  data  (D)  from  the  luminance  TBC 
11  Y  is  supplied  by  way  of  a  processing  compensating 
delay  17Y  to  a  luminance  temporal  shift  register  16Y 
comprising  four  field  stores  (FS)  12Y,  13Y,  14Y  and 
1  5Y.  The  luminance  TBC  1  1  Yalso  supplies  a  temporal 
freeze  signal  (F)  by  way  of  the  delay  17Y  to  the  shift 
register  16Y.  The  chrominance  TBC  11C  supplies  the 
chrominance  data  (D)  by  way  of  a  processing  com- 
pensating  delay  17C  to  a  chrominance  temporal  shift 
register  16C  which  comprises  four  field  stores  12C, 
13C,  14C  and  15C.  The  chrominance  TBC  11  C  also 

supplies  a  temporal  freeze  signal  by  way  of  the  delay 
1  7C  to  the  shift  register  1  6C.  Associated  with  the  shift 
register  16Y  is  a  luminance  interpolator  1Y  which  re- 
ceives  inputs  from  each  of  the  field  stores  12Y,  13Y, 

5  14Y  and  15Y,  and  derives  the  585-line  format.  The 
output  of  the  luminance  interpolator  1Y  is  supplied  to 
a  2-field  luminance  TBC  18Y.  Associated  with  the 
shift  register  16C  is  a  chrominance  interpolator  1C 
which  receives  inputs  from  each  of  the  field  stores 

w  1  2C,  1  3C,  1  4C  and  1  5C,  and  also  derives  the  585-line 
format.  The  output  of  the  chrominance  interpolator  1  C 
is  supplied  to  a  2-field  chrominance  TBC  18C.  When 
the  outputs  of  the  TBCs  11Yand  11  Care  frozen,  dur- 
ing  a  repeat  field,  the  shift  registers  16Yand  16Care 

15  also  frozen,  so  that  four  distinct  consecutive  fields  of 
the  input  always  exist  in  the  shift  registers  16Y  and 
16C.  Thus  the  shift  registers  16Y  and  16C  are  used 
to  provide  the  temporal  taps  for  the  interpolators  1Y 
and  1C.  The  present  invention  is  particularly  con- 

20  cerned  with  the  interpolators  1Y  and  1C. 
Each  temporal  tap  produces  four  line  taps  at  a 

position  depending  on  the  motion  vectors,  so  that  a 
two-dimensional  filter  can  be  used  to  provide  the  nec- 
essary  interpolation.  The  interpolated  picture  will 

25  contain  576  active  lines,  so  that  a  correct  picture  will 
be  obtained  when  every  sixth  line  in  one  field  is  drop- 
ped.  The  484  lines  left  produce  the  active  picture  por- 
tion  of  the  525-line  format.  To  enable  lines  to  be  drop- 
ped  in  this  way,  the  outputs  from  the  interpolators  1  Y 

30  and  1  C  are  supplied  to  the  2-field  TBC  1  8.  The  TBCs 
18Yand  18C  write  in  all  576/2  lines,  but  only  read  out 
the  required  484/2  lines  to  provide  the  required  output 
television  signal.  The  outputs  of  the  luminance  TBC 
18Yand  of  the  chrominance  TBC  18Care  supplied  to 

35  a  multiplexer  34  which  multiplexes  the  luminance 
components  Y  and  the  chrominance  components  UV 
to  provide  output  CCI  R  60  1  data  in  the  form  of  a  d  ig  ital 
525-line  60-fields  per  second  television  signal. 

The  control  32  supplies  control  signals  (C)  to  the 
40  luminance  TBC  11  Y  and  to  the  chrominance  TBC 

11C.  The  control  32  also  supplies  control  signals  to 
the  luminance  TBC  18Y  and  the  chrominance  TBC 
1  8C.  It  also  supplies  interpolation  control  signals  (IC) 
to  the  luminance  interpolator  1  L  and  the  chrominance 

45  interpolator  1C. 
The  luminance  data  only,  as  supplied  by  the  lu- 

minance  TBC  11  Y,  is  also  supplied  to  the  motion  ana- 
lyzer  2  shown  in  the  upper  part  of  Figure  2,  so  that  mo- 
tion  vectors  can  be  generated.  In  fact  a  frame  delay 

so  is  necessary  between  the  TBCs  11  Y  and  11Cand  the 
shift  registers  16Yand  16C  to  allow  forthe  time  taken 
to  process  the  motion  vectors.  The  freezing  of  the 
shift  registers  16Y  and  16C  must  therefore  also  be 
delayed  by  one  frame,  and  these  delays  are  provided 

55  by  the  delays  1  7Y  and  1  7C. 
The  motion  analyzer  2  comprises  a  vector  inter- 

face  35  to  which  the  luminance  data  from  the  lumi- 
nance  TBC  11  Y  is  supplied,  togetherwith  the  interpo- 
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lation  control  signal  from  the  control  32.  The  vector  in- 
terface  35  supplies  data  interpolated  to  625  lines  to  a 
vector  filter  36  and  a  vector  calculator  37  which  to- 
gether  perform  the  motion  estimation  described 
above.  The  output  of  the  vector  calculator  37  is  sup-  5 
plied  to  a  modal  motion  vector  processor  38  and  also 
to  a  sub-pixel  motion  estimator.  The  motion  vector 
processor  38  supplies  four  outputs  and  the  sub-pixel 
motion  estimator  one  output  to  a  motion  vector  reduc- 
er  40  which  supplies  four  outputs  to  a  vector  selector  10 
41,  with  which  the  present  invention  is  particularly 
concerned. 

The  vector  interface  35  also  supplies  the  data  in- 
terpolated  to  even  fields  to  a  processing  compensat- 
ing  delay  42  to  which  it  also  supplies  the  received  in-  15 
terpolation  control  signal,  and  also  a  temporal  freeze 
signal  (F)  generated  at  the  vector  interface  35.  The 
data  from  the  delay  42  is  supplied  to  a  temporal  shift 
register  43  which  comprises  three  field  stores  44,  45 
and  46  which  supply  respective  data  outputs  to  the  20 
vector  selector  41.  The  delay  42  supplies  the  interpo- 
lation  control  signal  to  the  vector  selector  41  which 
supplies  the  selected  motion  vector  to  a  recursive  mo- 
tion  vector  filter  47,  the  output  of  which  is  the  motion 
vector  data  which  is  supplied  to  the  luminance  inter-  25 
polator  1Yand  to  the  chrominance  interpolator  1C. 

The  way  in  which  the  motion  analyzer  2  derives 
the  motion  vector  data  has  been  described  in  detail 
above,  and  will  be  further  described  below,  but  the 
operation  of  the  elements  35  to  43  and  47  will  now  be  30 
briefly  described. 

The  vector  interface  35  receives  the  luminance 
data  from  the  luminance  TBC  11  Y,  and  the  interpola- 
tion  control  signals  from  the  control  32.  It  supplies 
625-line  data,  normally  contained  within  the  585/60  35 
format,  to  the  vector  filter  36.  It  also  supplies  data  to 
the  delay  42.  These  data  must  contain  a  picture  which 
is  the  same  line  standard  as  the  required  output, 
again  normally  contained  within  the  585/60  format. 
Each  field  of  the  interpolated  data  is  also  made  to  ap-  40 
pear  even. 

The  vector  filter  36  produces  the  filtered  picture 
data  required  for  steps  1  to  5  above  of  the  motion  de- 
tection.  The  filtered  picture  data  are  supplied  in  sam- 
ple  reduced  form  to  the  vector  calculator  37.  45 

The  vector  calculator  37  operates  on  the  filtered 
and  sample-reduced  data  from  the  vector  filter  36  us- 
ing  an  algorithm  described  in  the  terms  of  the  steps  1 
to  5  above  of  the  motion  detection.  The  process  is  es- 
sentially  a  two-dimensional  binary  search  for  motion  50 
down  to  pixel/line  resolution.  For  each  field,  1200  mo- 
tion  vectors  are  generated  and  are  supplied  to  both 
the  modal  motion  vector  processor  38  and  to  the  sub- 
pixel  motion  estimator  39.  It  also  supplies  surround- 
ing  weighted  absolute  difference  (WAD)  values  as  55 
calculated  by  step  5  above  to  the  sub-pixel  motion  es- 
timator  39.  For  details  of  WAD  calculations,  see  'Ad- 
vances  in  Picture  Coding',  Musmann  et  al,  Proceed- 

ings  of  the  IEEE,  April  1985.  The  specific  WAD  value 
which  is  the  minimum  in  step  5  above  of  the  motion 
detection  provided  a  figure  of  merit  (FOM). 

The  vector  processor  38  calculates  the  four  most 
common  motion  vectors  that  are  detected  in  each 
field  and  supplies  them  to  the  vector  reducer  40. 

The  sub-pixel  motion  estimator  39  receives  the 
motion  vectors  from  the  vector  calculator  37  together 
with  the  surrounding  WAD  values.  From  these  it  esti- 
mates  sub-pixel  movement  to  be  appended  to  the  mo- 
tion  vector  values.  With  each  motion  vector  its  corre- 
sponding  final  WAD  value  is  also  supplied  to  the  vec- 
tor  reducer  40. 

The  vector  reducer  40  receives  the  motion  vec- 
tors  from  the  vector  processor  38  and  from  the  sub- 
pixel  motion  estimator  39.  For  each  motion  vector 
from  the  sub-pixel  motion  estimator  39,  the  six  motion 
vectors  closest  to  it  are  grouped  together.  For  each 
motion  vector  there  are  then  eleven  choices.  The  re- 
duction  process  selects  four  motion  vectors  from  the 
eleven  for  supply  to  the  vector  selector  41  . 

The  vector  reducer  40  supplies  the  vector  selec- 
tor  41  with  four  representative  motion  vectors  for  each 
sixteen  pixel  by  eightline  block  of  the  picture.  By  com- 
paring  pixels  over  three  fields,  the  vector  selector  41 
selects  the  single  best  motion  vector  for  each  pixel  in 
the  picture,  as  described  in  more  detail  below.  The 
motion  vector  selected  is  supplied  to  the  motion  vec- 
tor  filter  47. 

The  delay  42  delays  the  data  by  one  frame  less 
twenty-one  lines  to  compensate  for  other  delays  in 
the  system. 

The  temporal  shift  register  43  holds  and  supplies 
the  three  fields  of  data  used  by  the  vector  selector  41  . 

The  motion  vector  filter  47  tracks  a  motion  vector 
from  one  field  to  another  so  applying  some  filtering  to 
the  motion  vectors  by  combining  motion  vectors  in 
different  fields,  so  reducing  motion  detection  errors. 
The  output  of  the  motion  vector  filter  47  is  supplied  to 
the  luminance  and  chrominance  interpolators  1Yand 
1  C  to  control  the  alignment  of  the  field  data. 

Exactly  the  same  hardware  can  be  used  as  a 
slow  motion  processor  with  good  motion  portrayal  for 
either  a  625/50  or  a  525/60  television  signal.  It  is  not 
however  necessary  to  use  the  vertical  interpolator  to 
provide  the  line  number  conversion.  In  all  cases  the 
control  32  determines  what  action  is  required  by  rec- 
ognizing  the  input/output  standard  from  the  input  and 
output  field  synchronization  pulses.  In  slow  motion 
the  input  field  polarity  is  used. 

Whereas  in  50-fields  per  second  to  60-fields  per 
second  conversion  a  field  was  occasionally  repeated, 
in  slow  motion  the  field  is  repeated  the  same  number 
of  times  as  the  input  field  is  repeated.  As  repeated 
fields  are  not  written  into  the  shift  registers  16Y  and 
16C,  the  shift  registers  16Y  and  16C  again  contain 
distinct  consecutive  fields.  Indeed  if  a  video  tape  re- 
corder  reproduces  without  any  interpolation  of  its 
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own,  the  original  interlace  structure  is  maintained  al- 
lowing  full  resolution  pictures  to  be  produced.  The 
temporal  offset  required  is  calculated  by  comparing 
the  actual  field  rate  pulses,  by  they  50-fields  per  sec- 
ond  or  60-fields  per  second,  with  the  rate  at  which  a 
new  field  is  received.  To  determine  the  temporal  off- 
set  in  this  way,  the  system  needs  a  signal  to  be  avail- 
able  which  indicates  the  true  field  polarity  of  the  field 
being  repeatedly  replayed.  The  vertical  interpolator 
will  always  produce  the  field  polarity  required  at  the 
output. 

Conceptually  the  TBCs  11Yand  11Care  not  real- 
ly  required  for  slow  motion  operation,  but  their  pres- 
ence  does  provide  a  frame  synchronization  facility 
and  also  simplifies  the  system  configuration. 

The  second  standards  converter  for  converting 
an  input  digital  525-line  60-fields  per  second  televi- 
sion  signal  to  an  output  digital  625-line  50-fields  per 
second  television  signal  is  shown  in  detailed  block 
form  in  Figure  3. 

In  this  case,  interpolation  requires  that  all  the  in- 
put  data  is  available  in  a  consecutive  form.  In  this 
case  it  would  not  therefore  be  possible  to  convert  to 
50-fields  per  second  before  the  interpolators  1  Y  and 
1  C.  The  input  data  however  contains  only  484  active 
lines  and  the  interpolators  1Y  and  1C  must  produce 
576.  The  2  field  TBCs  18Y  and  18C  are  therefore 
positioned  at  the  front  of  the  standards  converter  to 
provide  the  necessary  time  slots  for  484-line  to  576- 
line  conversion. 

The  original  continuous  line  structure  is  written 
into  the  TBCs  1  8Y  and  1  8C  but  is  read  out  in  the  585- 
line  standard  with  approximately  every  sixth  line  be- 
ing  blank.  The  interpolators  1  Y  and  1  C  are  then  used 
to  produce  a  continuous  picture  at  the  output  line  rate 
by  freezing  its  line  stores  during  the  blank  input  line, 
and  producing  the  required  additional  line  at  the  out- 
put,  so  ensuring  that  a  spatially  correct  picture  is  pro- 
duced.  The  required  temporal  offset  is  detected  and 
applied  as  in  the  first  standards  converter,  although 
the  interpolation  is  applied  such  that  a  field  can  occa- 
sionally  be  dropped  leaving  the  motion  smooth.  The 
field  is  dropped  such  that  60-fields  per  second  to  50- 
fields  per  second  conversion  is  achieved.  The  drop- 
ping  of  a  field  is  achieved  by  using  the  4-field  TBCs 
11  Y  and  HCatthe  output. 

Thus  the  second  standards  converter  differs 
from  the  first  standards  converter  shown  in  Figure  2 
in  only  minor  respects.  In  particular,  the  luminance 
TBCs  11  Y  and  18Yare  interchanged,  and  the  chromi- 
nance  TBCs  11C  and  18C  are  also  interchanged. 
Also,  no  temporal  freeze  signals  are  required. 

In  both  cases  the  control  32  has  various  func- 
tions  as  follows;  controlling  the  reading  and  writing  of 
the  TBCs  11Y,  11C,  18Yand  18C;  generating  a  tem- 
poral  offset  number,  and  in  the  case  of  the  first  stan- 
dards  converter  the  temporal  freeze  signal,  and  gen- 
erating  a  vertical  offset  number  together  with  vertical 

interpolation  control  signals.  These  functions  will  now 
be  described  in  more  detail. 

Firstly,  the  2-field  luminance  and  chrominance 
TBCs  18Y  and  18C  always  switch  between  field 

5  stores  at  the  end  of  every  60  Hz  field.  However,  the 
operation  of  the  4-field  luminance  and  chrominance 
TBCs  11  Y  and  11  C  depend  on  the  mode  of  operation, 
and  their  control  is  also  associated  with  the  genera- 
tion  of  the  temporal  offset  signal.  In  fact,  the  control 

10  of  the  luminance  and  chrominance  TBCs  11  Yand  11C 
is  determined  from  the  input  and  output  field  syn- 
chronizing  signals. 

The  derivative  of  the  temporal  offset  signal  in  the 
case  of  525/60  to  625/50  operation  will  now  be  descri- 

15  bed  with  reference  to  Figures  4  and  5. 
In  Figure  4,  the  control  32  is  shown  as  including 

a  line  counter  61  ,  and  first  and  second  latches  62  and 
63.  A  line  clock  signal  is  supplied  to  a  clock  terminal 
of  the  line  counter  61  ,  while  the  input  field  synchron- 

20  izing  signal  is  supplied  to  a  reset  terminal  of  the  line 
counter  61  and  to  a  clock  terminal  of  the  second  latch 
62.  The  output  field  synchronization  signal  is  supplied 
to  a  clock  terminal  of  the  first  latch  62.  The  output  of 
the  line  counter  61  is  supplied  to  the  input  of  the  first 

25  latch  62,  the  output  of  which  is  supplied  to  the  input 
of  the  second  latch  63,  the  output  of  which  is  the  tem- 
poral  offset  signal  supplied  to  the  luminance  and 
chrominance  shift  registers  11Y,  11C,  18Yand  18C. 

The  input  and  output  field  synchronizing  signals 
30  are  shown  in  Figures  5A  and  5B  respectively.  Figure 

5C  shows  the  output  of  the  line  counter  61  which  re- 
petitively  counts  from  0  to  524.  Figures  5D  and  5E 
show  the  outputs  of  the  first  and  second  latches  62 
and  63  respectively.  By  latching  the  counter  61,  the 

35  required  proportion  of  the  input  field  period  is  deter- 
mined.  The  temporal  shift  value  tn  indicates  the  pos- 
ition  between  two  input  fields  where  the  output  field 
must  be  interpolated  such  that  when  the  shaded  field 
shown  in  Figure  5Ais  dropped,  continuous  motion  still 

40  occurs.  Thus,  the  field  which  uses  the  temporal  offset 
shown  shaded  in  Figure  5E  is  the  one  that  is  dropped. 
It  will  be  seen  by  reference  to  Figures  5Aand  5B,  that 
the  field  which  is  dropped  is  the  one  which  does  not 
have  a  new  temporal  shift  associated  with  it.  The  field 

45  (arrowed)  which  is  to  be  dropped  is  indicated  to  the 
following  circuitry  by  the  temporal  freeze  signal. 

The  derivation  of  the  temporal  offset  signal  in  the 
case  of  625/50  to  525/60  operation  will  now  be  descri- 
bed  with  reference  to  Figures  6  and  7. 

so  In  Figure  6,  the  control  32  is  shown  as  including 
a  line  counter  71  and  a  latch  72.  A  line  clock  signal  is 
supplied  to  a  clock  terminal  of  the  line  counter  71, 
while  the  input  field  synchronizing  signal  is  supplied 
to  a  reset  terminal  of  the  line  counter  71  .  The  output 

55  field  synchronization  signal  is  supplied  to  a  clock  ter- 
minal  of  the  latch  72.  The  output  of  the  line  counter  71 
is  supplied  to  the  input  of  the  latch  72,  the  output  of 
which  is  the  temporal  offset  signal  supplied  to  the  lu- 
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minance  and  chrominance  shift  registers  11Y,  11C, 
18Yand  18C. 

The  input  and  output  field  synchronizing  signals 
are  shown  in  Figures  7Aand  7B  respectively.  Figure 
7C  shows  the  output  of  the  line  counter  71  which  re-  5 
petitively  counts  from  0  to  624.  Figure  7D  shows  the 
output  of  the  latch  72.  By  latching  the  counter  71,  the 
required  proportion  of  the  input  field  period  is  deter- 
mined.  Thus,  the  temporal  shift  value  tn  again  indi- 
cates  the  position  between  two  input  fields  where  the  10 
output  field  must  be  interpolated,  such  that  if  the 
shaded  field  is  repeated,  continuous  motion  still  oc- 
curs.  The  field  which  is  repeated  is  the  one  which  has 
two  temporal  shift  values  associated  with  it.  The  field 
(arrowed)  which  is  to  be  repeated  is  indicated  to  the  15 
following  circuitry  by  the  temporal  freeze  signal. 

The  deviation  of  the  temporal  offset  signal  in  the 
case  of  slow  motion  whether  at  525/60  to  525/60  or 
625/50  to  625/50  is  the  same,  and  will  now  be  descri- 
bed  with  reference  to  Figures  8  and  9.  20 

In  figure  8,  the  control  32  is  shown  as  including 
a  line  counter  81,  a  field  counter  82,  first  to  fourth 
latches  83  to  86,  an  exclusive-OR  gate  87  and  a  scal- 
er  88.  The  input  field  synchronizing  signal  is  supplied 
to  a  clock  terminal  of  the  first  latch  83,  to  a  clock  en-  25 
able  terminal  of  the  field  counter  82,  and  to  a  second 
reset  terminal  of  the  line  counter  81.  The  input  field 
polarity  signal  is  supplied  to  the  first  latch  83  and 
thence  to  the  second  latch  84  and  also  to  one  input 
of  the  gate  87.  The  second  latch  84  supplies  an  output  30 
to  the  second  input  of  the  gate  87,  the  output  of  which 
is  supplied  to  a  first  reset  terminal  of  the  line  counter 
81,  to  a  reset  terminal  of  the  field  counter  82  and  to  a 
clock  terminal  of  the  third  latch  85,  which  forms  a 
speed  detector  latch.  Aline  clock  signal  is  supplied  to  35 
a  clock  terminal  of  the  second  latch  84,  and  to  respec- 
tive  clock  terminals  of  the  line  counter  81  and  the  field 
counter  84.  The  output  of  the  line  counter  81  is  sup- 
plied  to  an  input  terminal  of  the  scaler  88,  and  the  out- 
put  of  the  field  counter  82  is  supplied  to  an  input  of  the  40 
third  latch  85  and  also  to  an  offset  input  terminal  of  the 
scaler  88.  The  output  field  synchronizing  signal  is 
supplied  to  a  clock  terminal  of  the  fourth  latch  86.  The 
output  of  the  third  latch  85  is  supplied  to  a  scale  factor 
terminal  of  the  scaler  88,  the  output  of  which  is  sup-  45 
plied  to  the  fourth  latch  86,  the  output  of  which  is  the 
temporal  offset  signal. 

The  input  field  synchronizing  signal  and  the  input 
field  polarity  signal  are  shown  in  figures  9Aand  9B  re- 
spectively.  Figure  9C  also  indicates  the  input  field  50 
synchronizing  signals  and  Figure  9D  the  output  field 
synchronizing  signals.  Figures  9E  and  9F  indicate  the 
operations  of  the  field  counter  82  and  the  line  counter 
81,  which  are  respectively  counting  fields  and  lines 
from  0  to  N.  Figure  9G  indicates  the  output  of  the  55 
fourth  latch  86  which  is  the  temporal  offset  signal.  Fig- 
ure  9H  indicates  the  temporal  freeze  signal  (which  is 
active  when  low),  and,  as  indicated  by  the  arrows,  the 

shaded  field  that  uses  the  temporal  offset  shown  in  a 
repeat  of  the  previous  field  that  used  the  temporal  off- 
set  t1. 

To  generate  the  temporal  freeze  signal,  the  con- 
trol  32  is  shown  in  Figure  10  as  including  a  synchron- 
ous  RS  flip-flop  91,  a  latch  92,  an  inverter  93  and  an 
AND-gate  94.  The  output  field  synchronizing  signal  is 
supplied  to  one  input  of  the  flip-flop  91,  to  the  input 
of  the  inverter  93  and  to  a  clock  enable  terminal  of  the 
latch  92.  The  input  field  synchronizing  signal  is  sup- 
plied  to  the  other  input  of  the  flip-flop  91,  while  a  line 
clock  signal  is  supplied  to  clock  terminals  of  the  flip- 
flop  91  and  the  latch  92.  The  output  of  the  flip-flop  91 
is  supplied  to  one  input  of  the  gate  94,  which  receives 
at  its  other  input  the  output  of  the  inverter  93.  The  out- 
put  of  the  gate  94  is  supplied  to  the  input  of  the  latch 
92,  the  output  of  which  forms  the  temporal  freeze  sig- 
nal.  The  operation  of  this  circuit  is  such  that  if  more 
than  one  output  field  synchronizing  pulse  follows  an 
input  field  synchronizing  pulse,  a  freeze  occurs. 

Referring  back  to  Figure  2,  the  generation  of  the 
vertical  offset  number  by  the  control  32  will  now  be 
described.  The  same  address  generator  which  reads 
data  from  the  luminance  TBC  11  Y  into  the  luminance 
interpolator  1Y  and  the  motion  analyzer  2,  also  ad- 
dresses  an  erasable  programmable  read-only  mem- 
ory  (EPROM)  which  provides  the  vertical  offset  num- 
ber  together  with  vertical  freeze  signals  when  re- 
quired. 

(In  the  Figure  3  arrangement  which  is  used  for 
525/60  to  625/50,  the  read  addresses  of  the  lumi- 
nance  TBC  18Y  are  used,  but  in  all  other  modes  the 
read  addresses  of  the  luminance  TBC  11  Y  are  used.) 

The  vertical  offset  number  is  generated  assum- 
ing  that  both  the  input  and  the  output  fields  are  even, 
and  it  then  indicates  the  position  between  two  input 
lines  where  the  output  line  must  be  interpolated  such 
that  a  non-distorted  picture  would  be  produced  if: 
a  line  were  occasionally  dropped  in  625/50  to  525/60 
conversion, 
or 
a  line  were  occasionally  repeated  in  525/60  to  625/50 
conversion. 

When  a  line  is  repeated  by  the  luminance  TBC 
11  Y  (18Y),  a  vertical  freeze  signal  is  generated. 

If  the  input  fields  are  not  both  even,  then  the  in- 
terpolators  1Yand  1C  must  make  use  of  the  in  put  field 
polarity  and  output  field  polarity  to  ensure  correct  in- 
terpolation. 

The  contents  of  the  EPROM  are  generated  in  a 
way  similar  to  that  described  above  in  connection  with 
Figure  10  for  the  temporal  offset  signal,  using  the 
known  line  position  in  both  a  525  and  a  625  picture. 

The  form  and  operation  of  the  motion  vector  filter 
47  (Figure  2),  with  which  the  present  invention  is  par- 
ticularly  concerned,  will  now  be  described  in  more  de- 
tail  with  reference  to  Figures  11  to  21  . 

As  stated  above,  the  vector  reducer  40  supplies 
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the  vector  selector  41  with  four  representative  vectors 
for  each  sixteen  pixel  by  eight  line  block  of  the  picture. 
By  comparing  pixels  over  three  fields,  the  vector  se- 
lector  41  selects  the  single  best  motion  vector  for 
each  pixel  in  the  picture,  and  this  motion  vector  is  sup- 
plied  to  the  motion  vector  filter  47  where  motion  of 
each  pixel  is  tracked  from  one  field  to  the  next  and  re- 
cursive  filtering  applied  to  the  motion  vector  value. 
This  removes  the  effects  of  noise  and  small  move- 
ment  estimation  errors  and  also  smooths  the  trajec- 
tory  of  the  motion  vectors. 

There  are  two  possible  ways  of  tracking  the  mo- 
tion  of  a  pixel. 

In  the  first  (negative  vector)  mode,  the  motion 
vector  for  a  given  pixel  in  field  t  is  used  to  point  to  a 
pixel  in  field  (t-1).  The  motion  vector  from  this  pixel  is 
then  recursively  filtered  with  the  motion  vector  for  the 
given  pixel  to  form  the  final  motion  vector  for  this  giv- 
en  pixel  in  field  t. 

In  the  second  (positive  vector)  mode,  the  motion 
vector  for  a  pixel  in  field  t  is  used  to  point  to  a  pixel  in 
field  (t+1).  The  motion  vector  determined  for  this  pixel 
in  field  (t+1)  is  then  recursively  filtered  with  the  mo- 
tion  vector  for  the  given  pixel  to  form  the  final  motion 
vector  for  this  given  pixel  in  field  (t+1). 

This  recursive  filtering  and  associated  process- 
ing  will  now  be  considered  in  more  detail  with  refer- 
ence  to  Figures  1  1  to  21  .  Basically  the  intention  is  that 
the  filtered  motion  vectors  used  in  the  interpolation 
should  be  smooth  and  predictable  in  nature,  so  im- 
proving  the  overall  subjective  effect  in  the  final  pic- 
ture.  In  this  context  the  term  'recursive  filtering  and 
associated  processing'  actually  encompasses  two 
separate  processes.  The  first  is  the  actual  'recursive 
filtering'  and  the  second  could  be  termed  'majority 
vector  determination',  which  is  primarily  concerned 
with  the  detection  of  motion  vectors  which  are  sub- 
stantially  different,  for  example  as  a  result  of  a  scene 
change.  It  should  be  noted  that  first  and  second  does 
not  necessarily  indicate  the  order  in  which  these  proc- 
esses  take  place  and  that  the  second  process  can  be 
omitted  in  some  embodiments. 

Consider  the  motion  of  a  single  object  across  a 
static  background.  When  photographed  and  the  re- 
sulting  video  passed  to  the  standards  converter,  mo- 
tion  vectors  are  generated  showing  the  trajectory  of 
the  object.  Due  to  the  video  noise  and  small  errors  in 
determining  the  motion  vectors  it  is  unlikely  that  the 
motion  vectors  will  be  perfectly  continuous.  However, 
the  motion  of  the  object  should  be  readily  discernible 
as  indicated  in  Figures  11Aand  HBwhere  Figure  11A 
indicates  the  motion  of  an  object  in  sequential  fields, 
and  Figure  11  B  indicates  successive  motion  vectors 
generated  from  sequential  incoming  fields. 

By  comparing  the  motion  vectors  from  sequential 
fields,  some  erroneous  conditions  and  some  picture 
content  information  can  be  determined.  For  example, 
suppose  the  motion  vectors  from  three  sequential 
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fields  are  derived  as  shown  in  Figure  12  by  field 
stores  101  and  102,  and  are  supplied  to  a  comparator 
103.  The  resulting  comparisons  are: 

(a)  In  a  first  case  (Figure  13): 
5  (Vt_  2  is  similar  to  Vt_  )̂  are  different  from  Vt 

Vt  is  so  significantly  different  from  Vt_2  and  Vt_   ̂
that  it  seems  likely  that  the  motion  of  the  object 
stopped  at  a  point  A  (for  example,  as  the  result  of 
a  scene  change).  Vt  should  not  therefore  be  con- 

10  sidered  as  a  continuation  of  Vt_   ̂ and  Vt_  2. 
(b)  In  a  second  case  (Figure  14): 

(Vt_  2  is  similar  to  Vt)  are  different  from  Vt_   ̂
It  appears  likely  that  Vt_2  and  Vtare  part  of  a  con- 
tinuous  motion.  Therefore,  it  is  probable  that 

15  there  has  been  an  error  in  calculating  Vt_   ̂ and  it 
should  therefore  be  disregarded. 
(c)  In  a  third  case  (Figure  15): 

Vt_  2  is  similar  to  Vt_   ̂ is  similar  to  Vt 
The  motion  is  continuous  and  it  would  be  reason- 

20  able  to  assume  that  Vt_  2,  Vt_   ̂ and  Vt  represent  the 
trajectory  of  the  object. 
It  is  apparent  that  in  determining  the  equality,  or 

inequality  of  the  above  vectors,  some  degree  of  flex- 
ibility  must  be  included.  It  is  unlikely  that  two  sequen- 

25  tial  vectors  will  be  identical  but  within  defined  limits 
of  accuracy  they  might  still  represent  continuous  mo- 
tion.  The  purpose  of  recursively  filtering  sequential 
motion  vectors  is  to  improve  the  motion  portrayal  of 
an  object  which  might  otherwise  contain  small  errors. 

30  These  small  errors  can  arise  as  the  result  of  noise  in 
the  incoming  video  affecting  the  generation  of  motion 
vectors  and  also  as  a  result  of  small  errors  in  the  ac- 
tual  determination  of  these  vectors.  Figure  16  shows 
an  example  of  the  effect  of  recursive  filtering  in  pro- 

35  ducing  a  resultant  motion  vector. 
The  recursive  filtering  is  done  in  an  infinite  im- 

pulse  response  (MR)  filter  generally  as  shown  in  Fig- 
ure  17.  The  MR  filter  comprises  a  multiplier  111  to 
which  the  input  is  supplied,  an  adder  112  from  which 

40  the  resultant  motion  vector  is  derived,  and  a  field 
store  113  and  a  multiplier  114  forming  a  loop  with  the 
adder  112.  Appropriate  coefficients  are  supplied  to 
the  multipliers  111  and  114. 

There  are  two  possible  implementations.  They 
45  differ  in  respect  of  obtaining  Vx  from  the  field  store 

113.  The  first  implementation  is  termed  negative  vec- 
tor  and  the  second  is  termed  positive  vector. 

In  the  negative  vector  mode,  consider  the  incom- 
ing  motion  vector  Vt  in  Figure  18.  The  motion  vector 

so  with  which  Vt  is  combined  (Vx)  must  be  obtained  from 
the  field  store.  In  the  negative  vector  mode  this  is 
done  by  using  a  negative  version  of  Vt  to  point  to  the 
position  in  the  previous  field  from  which  it  came. 
Ideally,  Vx  should  be  the  resultant  motion  vector  to 

55  data  of  Vt_  1  ,  Vt.  2,  etc.  However,  it  is  u  nl  i  kely  that  -(Vt) 
will  point  exactly  to  a  resultant  motion  vector.  Instead 
it  will  point  to  a  resultant  motion  vector  in  the  same  vi- 
cinity  as  the  required  resultant  motion  vector.  Gener- 
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ally  the  difference  between  the  pointed  to  and  re- 
quired  motion  vector  will  be  minimal  and  lead  to  a  sat- 
isfactory  output. 

The  modified  MR  filter  for  the  negative  vector 
mode  is  shown  in  Figure  1  9.  As  compared  with  the  ba- 
sic  filter  of  Figure  17,  the  input  motion  vector  is  addi- 
tionally  supplied  to  a  negator  115,  and  the  resulting 
negated  input  motion  vector  is  supplied  to  an  adder 
116.  A  read  address  generator  supplies  basic  read  ad- 
dresses  for  the  field  store  113  to  the  adder  116,  while 
a  write  address  generator  118  supplies  write  address- 
es  directly  to  the  field  store  113. 

The  input  motion  vector  for  each  pixel  is  repre- 
sented  by  x,y  coordinates,  each  of  which  is  an  8-bit 
number.  Therefore  the  bus  width  throughout  the  mo- 
tion  vector  filter  of  Figure  19  is  sixteen  bits. 

One  motion  vector  enters  the  filter  every  clock 
cycle,  and  is  passed  to  both  a  four  clock  cycle  delay 
119  and  the  negator  115.  The  purpose  of  the  four 
clock  cycle  delay  will  be  mentioned  below.  From  the 
delay  119,  the  motion  vector  is  passed  to  the  'in- 
put'  multiplier  111  where  it  is  multiplied  by  a  coeffi- 
cient  1.  The  coefficient  1  is  continuously  supplied  to 
the  multiplier  111  from  a  PROM  120.  The  value  of  the 
coefficient  1  is  selectable  under  the  control  of  an  in- 
put  'coefficient  select  V.  This,  togetherwith  an  in- 
put  'coefficient  select  2',  which  is  supplied  to  a  PROM 
121  that  continuously  supplies  a  coefficient  2  to  the 
multiplier  114,  allows  the  response  to  the  filter  to  be 
actively  changed,  for  example  as  the  result  of  detect- 
ing  the  condition  (a)  in  the  majority  vector  determina- 
tion. 

The  16-bit  output  of  the  multiplier  111  is  supplied 
to  the  adder  112  to  be  added  to  the  output  of  the  'feed- 
back'  multiplier  114,  that  is  the  product  of  coefficient 
2  and  the  output  of  the  field  store  113.  The  output  of 
the  adder  1  12  is  the  required  smoothed  output  motion 
vector  ,  and  forms  the  output  of  the  filter,  as  well  as 
being  supplied  to  the  input  of  the  field  store  113. 

The  field  store  113  comprises  sufficient  memory 
to  store  a  field  of  motion  vectors,  which  in  the  present 
case  is  864  per  line  for  each  of  292.5  lines  per  field, 
a  total  of  252720  times  sixteen  bits.  As  motion  vectors 
enter  the  field  store  113  they  are  written  into  sequen- 
tial  locations  addressed  by  the  write  address  genera- 
tor  118,  which  may  simply  be  a  counter  chain  clocked 
by  the  system  clock,  and  reset  at  the  beginning  of 
each  field  by  a  field  strobe  pulse. 

In  this  negative  vector  mode,  the  motion  vector 
read  from  the  field  store  1  1  3  is  obtained  by  using  a  ne- 
gated  version  of  the  incoming  motion  vector  to  point 
to  the  approximate  location  of  the  resultant  vector. 
This  is  done  by  first  generating  a  sequential  basic 
read  address  corresponding  to  the  location  in  the  field 
of  the  required  motion  vector  if  the  value  of  the  input 
motion  vector  were  zero.  To  this  is  added  the  negated 
value  of  the  actual  input  vector,  so  as  to  point  to  the 
location  of  the  feedback  vector.  Using  this  address, 

the  field  store  113  is  read  and  the  feedback  motion 
vector  is  supplied  to  the  multiplier  114. 

In  the  multiplier  114,  the  feedback  motion  vector 
is  multiplied  by  coefficient  2,  and  the  result  of  this  mul- 

5  tiplication  is  supplied  to  the  adder  112. 
The  four  clock  cycle  delay  of  the  input  motion  vec- 

tor  is  required  to  delay  itfrom  being  passed  to  the  mul- 
tiplier  113  while  the  same  motion  vector  is  used  to 
read  a  feedback  motion  vector  from  the  field  store 

10  1  1  3.  In  other  words,  it  takes  four  clock  periods  to  neg- 
ate  the  input  motion  vector,  to  add  it  to  the  basic  read 
address,  and  to  use  the  resulting  read  address  to  read 
the  field  store  113. 

In  the  positive  vector  mode,  consider  the  incom- 
15  ing  motion  vector  Vt  in  Figure  20.  This  time,  instead 

of  affecting  the  read  address  of  the  field  store  113,  Vt 
affects  the  write  address.  Once  the  resultant  motion 
vectorf  rom  the  combination  of  Vt  and  Vx  has  been  de- 
termined,  it  is  stored  in  the  field  store  11  3  at  the  loca- 

20  tion  pointed  to  by  the  resultant  motion  vector. 
The  modified  MR  filter  for  the  positive  vector 

mode  is  shown  in  Figure  21  where  the  same  reference 
numerals  are  used  for  elements  corresponding  to 
those  in  Figure  19,  even  where  the  precise  arrange- 

25  ment  thereof  is  slightly  different.  In  particular,  itwill  be 
noted  that  the  output  of  the  adder  112  is  supplied  to 
the  field  store  1  1  3  by  way  of  a  delay  131  which  is  pro- 
vided  to  compensate  for  the  delay  in  a  further  adder 
132,  to  which  the  output  of  the  adder  112  is  also  sup- 

30  plied,  and  which  also  receives  the  basic  write  ad- 
dresses  from  the  write  address  generator  118.  Finally, 
the  output  of  the  field  store  113  is  supplied  to  a  con- 
cealment  device  113  to  which  it  also  supplies  conceal- 
ment  flags. 

35  In  the  positive  vector  mode,  as  each  input  motion 
vector  enters  the  filter,  it  is  passed  the  'input'  multipli- 
er  111  and  multiplied  by  coefficient  1  as  before.  The 
result  is  then  supplied  to  the  adder  112  and  added  to 
the  result  of  the  feedback  motion  vector  which  has 

40  been  multiplied  by  coefficient  2  in  the  'feedback'  mul- 
tiplier  114.  As  before,  the  output  of  the  adder  112  is 
the  final  smoothed  motion  vector  which  forms  the  out- 
put  ofthe  filter  and  is  also  supplied  by  way  of  the  delay 
131  to  the  field  store  113  and  directly  to  the  adder 

45  132. 
Instead  of  being  sequentially  written  in  the  field 

store  11  3,  as  in  the  negative  vector  mode,  the  motion 
vector  is  written  into  the  location  in  the  field  to  which 
it  is  pointing.  That  is,  if  the  smooth  motion  vector  is  on 

so  line  30,  for  example,  at  sample  position  50,  and  has 
a  value  +8,  +2,  then  it  will  be  written  to  location  30+8, 
50-2. 

This  is  done  by  first  generating  the  basic  write  ad- 
dress,  that  is  the  address  of  the  location  where  the 

55  motion  vector  would  be  written  if  the  value  ofthe  mo- 
tion  vector  were  zero,  for  example  30,  50.  The  value 
of  the  motion  vector,  for  example  8,  2,  is  then  added 
to  the  basic  write  address  to  generate  the  actual  write 

12 



23 EP  0  294  957  B1 24 

address  38,  48.  This  determination  ofthe  actual  write 
address  takes  a  few  clock  cycles,  and  therefore  the 
motion  vector  is  delayed  accordingly  at  the  data  input 
to  the  field  store  11  3  by  the  delay  1  31  . 

One  field  later  the  motion  vector  is  read  from  the 
field  store  113.  This  is  done  sequentially  by  the  read 
addresses  supplied  by  the  read  address  generator 
117,  which  again  can  be  counter  chain  clocked  by  the 
system  clock  and  reset  by  a  field  strobe  pulse. 

Subsequent  to  the  field  store  113  is  the  conceal- 
ment  device  133  which  operates  to  conceal  any  loca- 
tions  which  were  not  written  in  during  the  writing  ofthe 
preceding  field.  The  locations  which  require  conceal- 
ment  are  identified  by  a  concealment  flag  which  is 
passed,  togetherwith  the  motion  vector,  from  the  field 
store  113.  The  concealment  flag  is  determined  as  fol- 
lows. 

During  the  reading  of  a  field  of  motion  vectors, 
the  flag  for  each  location  is  reset  low  as  each  location 
is  read.  Then,  during  the  writing  ofthe  motion  vectors, 
when  a  given  location  is  written  in,  the  respective  flag 
is  set  high.  Once  a  field  of  motion  vectors  has  been 
written,  any  flags  which  remain  low  indicate  a  location 
which  was  not  written  in,  and  therefore  requires  con- 
cealing. 

Two  possible  methods  of  concealment  will  now 
be  briefly  mentioned,  either  of  which  is  selectable  by 
a  control  signal  indicated  in  Figure  21  as  Pos-Zero. 
The  first  method  is  simply  to  insert  a  motion  vector 
with  a  value  of  zero.  This  will  have  the  effect  of  caus- 
ing  the  output  of  the  filter  to  tend  towards  zero.  How- 
ever,  the  output  will  only  actually  begin  to  approach 
zero  if  a  significant  number  of  motion  vectors  on  con- 
secutive  fields  are  concealed. 

The  second  method  is  to  replace  with  a  spatially 
neighbouring  motion  vector.  In  the  case  where  the 
concealed  motion  vector  is  one  of  a  group  of  identical 
or  substantially  identical  motion  vectors,  this  will  lead 
to  better  results.  However,  if  it  is  not,  the  result  of  re- 
placing  with  a  wrong  value  can  be  worse  than  replac- 
ing  with  a  value  of  zero.  Because  of  this,  and  also  if 
a  series  of  motion  vectors  are  to  be  replaced,  that  is, 
for  example,  a  'good'  motion  vector  A  is  used  to  re- 
place  a  'bad'  motion  vector  B,  which  is  then  used  to 
replace  a  'bad'  motion  vector  C,  account  is  kept  of 
how  many  times  a  single  'good'  motion  vector  is  used 
to  replace  consecutive  'bad'  motion  vectors.  Upon 
reaching  a  preset  count,  which  may,  for  example,  be 
in  the  range  one  to  sixteen,  concealment  reverts  to  in- 
serting  zeros.  After  the  concealment,  the  feedback 
motion  vector  is  multiplied  by  coefficient  2  and  sup- 
plied  to  the  adder  112. 

In  practice,  the  field  store  113  whether  in  the  pos- 
itive  or  negative  vector  mode  may  be  divided  into  two 
parts.  This  is  because  it  is  necessary  to  have  random 
access  to  the  field  store  113,  this  being  required  for 
reading  in  the  negative  vector  mode  and  for  writing  in 
the  positive  vector  mode.  Static  random  access  mem- 

ory  (SRAM)  devices  therefore  commend  themselves, 
but  a  complete  field  store  of  SRAM  devices  consumes 
a  substantial  amount  of  power  and  board  space.  Dy- 
namic  random  access  memory  (DRAH)  devices  on 

5  the  other  hand  need  to  be  multiplexed  together  due 
to  their  relatively  slow  access  time,  so  preventing  ran- 
dom  access.  One  possibility,  therefore,  is  to  use  a 
combination  of  both  SRAM  and  DRAM  devices.  This 
is  possible  because  it  is  only  necessary  to  have  ran- 

10  dom  access  to  a  limited  number  of  locations  at  any 
one  time. 

The  maximum  motion  vector  values  are  plus  and 
minus  sixteen  vertically  and  plus  and  minus  twenty- 
four  horizontally.  Therefore  if  thirty-two  lines  of  the 

15  field  are  stored  in  SRAM  devices,  then  random  read- 
ing  and  writing  can  be  performed.  The  rest  ofthe  field 
store  113  can  be  formed  of  DRAM  devices  to  save 
power  and  board  space.  In  the  positive  vector  mode 
the  32-lines  SRAM  device  store  is  positioned  ahead 

20  of  the  remainder  of  the  field  store,  that  is  one  field 
minus  thirty-two  lines,  formed  of  DRAM  devices. 
Hence,  it  is  possible  to  write  randomly  in  the  SRAM 
devices.  On  the  other  hand,  in  the  negative  vector 
mode,  the  32-lines  SRAM  device  store  is  positioned 

25  after  the  remainder  of  the  field  store,  that  is  one  field 
minus  thirty-two  lines,  formed  of  DRAM  devices. 

Attention  is  drawn  to  seven  other  European  pa- 
tent  applications,  corresponding  to  UK  patent  applica- 
tions  8728445,  8728446,  8728448,  8728449, 

30  8728450,  8728451  and  8728452  relating  to  similar 
subject  matter,  which  we  filed  on  the  same  day  as  the 
present  application. 

35  Claims 

1  .  A  television  standards  converter  comprising: 
means  (36  to  40)  for  analyzing  the  motion  be- 
tween  consecutive  fields  of  an  input  television 

40  signal  of  one  television  standard  and  for  deriving 
motion  vectors  in  dependence  on  said  motion; 
means  (1)  then  to  align  said  fields  in  dependence 
on  said  motion  vectors  so  as  effectively  to  repre- 
sent  static  pictures;  and 

45  means  (1)  to  effect  conversion  using  said  static 
pictures  to  derive  the  required  output  television 
signal  of  a  different  television  standard;  charac- 
terized  by: 
means  (47)  recursively  to  filter  said  motion  vec- 

50  tors  in  the  temporal  domain,  the  aligning  means 
being  operable  to  align  said  fields  in  dependence 
upon  the  filtered  motion  vectors. 

2.  A  television  standards  converter  according  to 
55  claim  1  wherein  said  recursive  filter  means  (47) 

operates  such  that  the  motion  vector  for  a  given 
pixel  in  a  given  field  is  used  to  point  to  a  pixel  in 
the  preceding  field,  and  the  motion  vector  for  said 

13 
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pixel  in  said  preceding  field  is  then  recursively  fil- 
tered  with  the  motion  vector  for  said  given  pixel 
to  form  the  final  motion  vector  for  said  given  pixel 
in  said  given  field. 

3.  A  television  standards  converter  according  to 
claim  1  wherein  said  recursive  filter  means  (47) 
operates  such  the  motion  vector  for  a  given  pixel 
in  a  given  field  is  used  to  point  to  a  pixel  in  the  suc- 
ceeding  field,  and  the  motion  vector  determined 
for  said  pixel  in  said  succeeding  field  is  then  re- 
cursively  filtered  with  the  motion  vector  for  said 
given  pixel  to  form  the  final  motion  vector  for  said 
pixel  in  said  given  field. 

4.  A  television  standards  converter  according  to 
claim  1,  claim  2  or  claim  3  wherein  said  motion 
vectors  are  derived  by  determining  motion  in  said 
image  at  points  spaced  a  predetermined  number 
of  samples  horizontally  and  a  predetermined 
number  of  samples  vertically  by  a  block  matching 
technique. 

5.  A  television  standards  converter  according  to 
claim  4  wherein  said  block  matching  technique 
comprises  the  steps  of: 
testing  for  minimum  difference  in  three  positions, 
the  centre  position  of  a  block,  a  predetermined 
number  of  samples  to  the  left,  and  the  same  pre- 
determined  number  of  samples  to  the  right; 
starting  from  the  point  indicated  above,  testing 
for  minimum  difference  in  nine  positions  symmet- 
rically  distributed  about  the  above  starting  point 
in  steps  of  a  smaller  predetermined  number  of 
samples  or  lines; 
starting  from  the  point  indicated  above,  testing 
for  minimum  difference  in  nine  positions  symmet- 
rically  distributed  about  the  above  starting  point 
in  steps  of  a  still  smaller  predetermined  number 
of  samples  or  lines; 
starting  from  the  point  indicated  above,  testing 
for  minimum  difference  in  nine  positions  symmet- 
rically  distributed  about  the  above  starting  point 
in  steps  of  a  still  smaller  predetermined  number 
of  samples  or  lines;  and 
starting  from  the  point  indicated  above,  testing 
for  minimum  difference  in  nine  positions  symmet- 
rically  distributed  about  the  above  starting  point 
in  steps  of  one  sample  or  line. 

6.  A  television  standards  converter  according  to 
claim  5  where  said  block  matching  technique 
comprises  a  further  step,  subsequent  to  the  last 
step  of  claim  5,  of  comparing  the  difference  pro- 
duced  at  the  final  position  indicated  by  said  last 
step  with  the  two  differences  above  and  below  to 
adjust  the  vertical  vector  value,  and  with  the  two 
differences  to  the  left  and  right  to  adjust  the  hor- 

izontal  vector  value. 

7.  A  625-line  50-fields  per  second  to  525-line  60- 
fields  per  second  television  standards  converter 

5  comprising: 
afirsttime  base  corrector  (11)  for  receiving  an  in- 
put  625-line  50-fields  per  second  digital  televi- 
sion  signal; 
characterized  by: 

10  a  motion  analyzer  (36  to  40)  connected  to  the  out- 
put  of  said  first  time  base  corrector  (11)  for  ana- 
lyzing  motion  in  said  input  television  signal  and 
for  deriving  motion  vectors  in  dependence  on 
said  motion; 

15  means  (47)  recursively  to  filter  said  motion  vec- 
tors; 
a  shift  register  (12)  also  connected  to  the  output 
of  said  first  time  base  corrector  (11); 
an  interpolator  (1)  for  deriving  samples  of  a  re- 

20  quired  output  525-line  60-fields  per  second  digital 
television  signal  in  dependence  on  samples  de- 
rived  from  said  shift  register  (12)  and  said  filtered 
motion  vectors;  and 
a  second  time  base  corrector  (1  8)  for  assembling 

25  said  derived  samples  to  form  said  output  televi- 
sion  signal. 

8.  A  television  standards  converter  according  to 
claim  7  wherein  said  first  time  base  corrector  (11) 

30  is  a  4-field  time  base  corrector  (11)  and  said  sec- 
ond  time  base  corrector  (1  8)  is  a  2-field  time  base 
corrector  (18). 

9.  A  television  standards  converter  according  to 
35  claim  8  wherein  said  4-field  time  base  corrector 

(11)  derives  585-line  60  fields  per  second  televi- 
sion  signal  from  said  input  television  signal  for 
supply  to  said  shift  register  (12). 

40  10.  A  525-line  60-fields  per  second  625-line  50-fields 
per  second  television  standards  converter  com- 
prising: 
a  first  time  base  converter  (1  8)  for  receiving  an  in- 
put  525-line  60-fields  per  second  digital  televi- 

45  sion  signal; 
characterized  by: 
a  motion  analyzer  (36  to  40)  connected  to  the  out- 
put  of  said  first  time  base  corrector  (18)  for  ana- 
lyzing  motion  in  said  input  television  signal  and 

so  for  deriving  motion  vectors  in  dependence  on 
said  motion  vectors; 
means  (47)  recursively  to  filter  said  motion  vec- 
tors; 
a  shift  register  (12)  also  connected  to  the  output 

55  of  said  first  time  base  corrector  (1  8); 
an  interpolator  (1)  for  deriving  samples  of  a  re- 
quired  output  625-line  50-fields  per  second  digital 
television  signal  in  dependence  on  samples  de- 

14 
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rived  from  said  shift  register  (1  2)  and  said  filtered 
motion  vectors;  and 
a  second  time  base  corrector  (11)  for  assembling 
said  derived  samples  to  form  said  output  televi- 
sion  signal. 

11.  A  television  standards  converter  according  to 
claim  10  wherein  said  first  time  base  corrector 
(18)  is  a  2-field  time  base  corrector  (18)  and  said 
second  time  base  corrector  (11)  is  a  4-field  time 
base  corrector  (11). 

12.  A  television  standards  converter  according  to 
claim  11  wherein  said  2-field  time  base  corrector 
(18)  derives  a  585-line  60-fields  per  second  tele- 
vision  signal  from  said  input  television  signal  for 
supply  to  said  shift  register  (12). 

13.  A  slow  motion  processor  comprising: 
an  input  circuit  (31,  11)  for  receiving  an  input  dig- 
ital  television  signal; 
a  motion  analyzer  (36  to  40)  for  analyzing  motion 
in  said  input  digital  television  signal  and  for  deriv- 
ing  motion  vectors  in  dependence  on  said  motion; 
characterized  by: 
means  (47)  recursively  to  filter  said  motion  vec- 
tors; 
a  shift  register  (12)  for  holding  successive  differ- 
ent  fields  of  said  input  television  signal; 
an  interpolator  (1)  for  deriving  samples  of  a  re- 
quired  slow  motion  output  digital  television  signal 
in  dependence  on  the  degree  of  slow  motion, 
samples  derived  from  said  shift  register  (12),  and 
said  filtered  motion  vectors;  and 
a  2-field  time  base  corrector  (18)  for  assembling 
said  derived  samples  to  form  said  slow  motion 
output  television  signal. 

14.  A  slow  motion  processor  according  to  claim  13 
wherein  said  input  circuit  (31,  11)  comprises  is  a 
4-field  time  base  corrector  (11). 

15.  A  slow  motion  processor  according  to  claim  14 
wherein  said  4-field  time  base  corrector  (11)  de- 
rives  a  585-line  60-fields  per  second  television 
signal  from  said  input  television  signal  for  supply 
to  said  shift  register  (12). 

Patentanspruche 

1.  Fernsehstandard-Umsetzer,  bestehend  aus 
einer  Einrichtung  (36  bis  40)  zum  Analysieren  der 
Bewegung  zwischen  aufeinanderfolgenden 
Halbbildern  eines  Eingangsfernsehsignals  eines 
Fernsehstandards  und  Ableiten  von  Bewegungs- 
vektoren  in  Abhangigkeit  von  dieser  Bewegung, 
einer  Einrichtung  (1)  zum  nachfolgenden  Aufrei- 

hen  der  Halbbilder  in  Abhangigkeit  von  den  Be- 
wegungsvektoren,  so  dali  effektiv  statische  Bil- 
der  dargestellt  werden,  und  einer  Einrichtung  (1) 
zum  Bewirken  einer  Umsetzung  unter  Verwen- 

5  dung  der  statischen  Bilder  zum  Ableiten  des  be- 
notigten  Ausgangsfernsehsignals  eines  anderen 
Fernsehstandards, 
gekennzeichnet  durch 
eine  Einrichtung  (47)  zum  rekursiven  Filtern  der 

10  Bewegungsvektoren  im  Zeitbereich,  wobei  die 
Aufreihungseinrichtung  die  Halbbilder  in  Abhan- 
gigkeit  von  den  gefilterten  Bewegungsvektoren 
aufreiht. 

15  2.  Fernsehstandardumsetzernach  Anspruch  1,  wo- 
bei  die  Rekursivfiltereinrichtung  (47)  so  arbeitet, 
dali  der  Bewegungsvektor  fur  ein  gegebenes  Pi- 
xel  in  einem  gegebenen  Halbbild  zum  Zeigen  auf 
ein  Pixel  im  vorhergehenden  Halbbild  verwendet 

20  wird  und  der  fur  das  Pixel  im  vorhergehenden 
Halbbild  bestimmte  Bewegungsvektor  dann  mit 
dem  Bewegungsvektor  des  gegebenen  Pixels  re- 
kursiv  gefiltert  wird,  urn  den  endgultigen  Bewe- 
gungsvektor  fur  das  gegebene  Pixel  im  gegebe- 

25  nen  Halbbild  zu  bilden. 

3.  Fernsehstandardumsetzer  nach  Anspruch  1  ,  wo- 
bei  die  Rekursivfiltereinrichtung  (47)  so  arbeitet, 
dali  der  Bewegungsvektor  fur  ein  gegebenes  Pi- 

30  xel  in  einem  gegebenen  Halbbild  zum  Zeigen  auf 
ein  Pixel  im  folgenden  Halbbild  verwendet  wird 
und  der  fur  das  Pixel  im  folgenden  Halbbild  be- 
stimmte  Bewegungsvektor  dann  mit  dem  Bewe- 
gungsvektor  fur  das  gegebene  Pixel  rekursiv  ge- 

35  filtert  wird,  urn  den  endgultigen  Bewegungsvek- 
tor  fur  das  gegebene  Pixel  im  gegebenen  Halb- 
bild  zu  bilden. 

4.  Fernsehstandardumsetzer  nach  Anspruch  1,  2 
40  oder  3,  wobei  die  Bewegungsvektoren  durch  Be- 

stimmen  der  Bewegung  bei  raumlich  urn  eine  vor- 
bestimmte  Zahl  Samples  horizontal  und  eine  vor- 
bestimmte  Zahl  Samples  vertikal  getrennten 
Punkten  mittels  einer  Blockanpassungstechnik 

45  abgeleitet  werden. 

5.  Fernsehstandardumsetzer  nach  Anspruch  4,  wo- 
bei  die  Blockanpassungstechnik  die  Schritte 
eines  Prufens  auf  eine  Minimaldifferenz  in  drei 

so  Positionen,  der  Mittelposition  eines  Blocks,  eine 
vorbestimmte  Zahl  Samples  nach  links  und  die 
gleiche  vorbestimmte  Zahl  Samples  nach  rechts, 
eines  beim  oben  angedeuteten  Punktstartenden 
Prufens  auf  eine  Minimaldifferenz  in  neun  sym- 

55  metrisch  urn  den  obigen  Startpunkt  verteilten 
Punkten  in  Schritten  einer  kleineren  vorbestimm- 
ten  Zahl  Samples  oderZeilen, 
eines  beim  oben  angedeuteten  Punktstartenden 

15 
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Prufens  auf  eine  Minimaldifferenz  in  neun  sym- 
metrisch  urn  den  obigen  Startpunkt  verteilten  Po- 
sitionen  in  Schritten  einer  noch  kleineren  vorbe- 
stimmten  Zahl  Samples  oderZeilen, 
eines  beim  oben  angedeuteten  Punkt  startenden 
Prufens  auf  eine  Minimaldifferenz  in  neun  sym- 
metrisch  urn  den  obigen  Startpunkt  verteilten  Po- 
sitionen  in  Schritten  einer  noch  kleineren  vorbe- 
stimmten  Zahl  Samples  oderZeilen,  und 

(36  bis  40)  zum  Analysieren  einer  Bewegung  in 
dem  Eingangsfernsehsignal  und  zum  Ableiten 
von  Bewegungsvektoren  in  Abhangigkeitvon  die- 
ser  Bewegung, 
eine  Einrichtung  (47)  zum  rekursiven  Filtern  der 
Bewegungsvektoren, 
ein  ebenfalls  mit  dem  Ausgang  des  ersten  Zeitba- 
siskorrektors  (11)  verbundenes  Schieberegister 
(12), 
einen  Interpolator  (1)  zum  Ableiten  von  Samples 
eines  benotigten  zweiten  digitalen  Ausgangs- 
fernsehsignals  mit  525  Zeilen  und  60  Halbbildern 
pro  Sekunde  in  Abhangigkeitvon  aus  dem  Schie- 
beregister  (12)  und  den  gefilterten  Bewegungs- 

rektor(18)  ist. 

9.  Fernsehstandardumsetzer  nach  Anspruch  8,  wo- 
bei  der  4-Halbbild-Zeitbasiskorrektor  (11)  aus 

5  dem  Eingangsfernsehsignal  ein  zweites  Fern- 
sehsignal  mit  585  Zeilen  und  60  Halbbildern  pro 
Sekunde  zum  Zuf  uhren  zum  Schieberegister  (1  2) 
ableitet. 

10  10.  Fernsehstandardumsetzer  fur  525  Zeilen  und  60 
Halbbilder  pro  Sekunde  in  625  Zeilen  und  50 
Halbbilder  pro  Sekunde,  mit  einem  ersten  Zeitba- 
sisumsetzer  (18)  zum  Empfang  eines  zweiten  di- 
gitalen  Eingangsfernsehsignals  mit  525  Zeilen 

15  und  60  Halbbildern  pro  Sekunde, 
gekennzeichnet  durch 
einen  mit  dem  Ausgang  des  ersten  Zeitbasiskor- 
rektors  (18)  verbundenen  Bewegungsanalysator 
(36  bis  40)  zum  Analysieren  einer  Bewegung  in 

20  dem  Eingangsfernsehsignal  und  zum  Ableiten 
von  Bewegungsvektoren  in  Abhangigkeitvon  den 
Bewegungsvektoren, 
eine  Einrichtung  (47)  zum  rekursiven  Filtern  der 
Bewegungsvektoren, 

25  ein  ebenfalls  mit  dem  Ausgang  des  ersten  Zeitba- 
siskorrektors  (18)  verbundenes  Schieberegister 
(12), 
einen  Interpolator  (1)  zum  Ableiten  von  Samples 
eines  benotigten  digitalen  Ausgangsfernsehsi- 

30  gnals  mit  625  Zeilen  und  50  Halbbildern  pro  Se- 
kunde  in  Abhangigkeit  von  aus  dem  Schieberegi- 
ster  (12)  und  den  gefilterten  Bewegungsvektoren 
abgeleiteten  Samples,  und 
einen  zweiten  Zeitbasiskorrektor  (11)  zum  Zu- 

35  sammensetzen  der  abgeleiteten  Samples  zurBil- 
dung  eines  Ausgangsfernsehsignals. 

11.  Fernsehstandardumsetzer  nach  Anspruch  10, 
wobei  der  erste  Zeitbasiskorrektor  (18)  ein  2- 

40  Halbbild-Zeitbasiskorrektor  (18)  und  der  zweite 
Zeitbasiskorrektor  (11)  ein  4-Halbbild-Zeitbasis- 
korrektor  (11)  ist. 

12.  Fernsehstandardumsetzer  nach  Anspruch  11, 
45  wobei  der  2-Halbbild-Zeitbasiskorrektor  (1  8)  aus 

dem  Eingangsfernsehsignal  ein  Fernsehsignal 
mit  585  Zeilen  und  60  Halbbildern  pro  Sekunde 
zum  Zuf  uhren  zum  Schieberegister  (12)  ableitet. 

so  13.  Zeitlupenprozessor,  bestehend  aus 
einer  Eingangsschaltung  (31,  11)  zum  Empfang 
eines  digitalen  Eingangsfernsehsignals, 
einem  Bewegungsanalysator  (36  bis  40)  zum 
Analysieren  einer  Bewegung  in  dem  digitalen 

55  Eingangsfernsehsignal  und  zum  Ableiten  von  Be- 
wegungsvektoren  in  Abhangigkeitvon  der  Bewe- 
gung, 
gekennzeichnet  durch 

vektoren  abgeleiteten  Samples,  und  so 
einen  zweiten  Zeitbasiskorrektor  (18)  zum  Zu- 
sammensetzen  der  abgeleiteten  Samples  zurBil- 
dung  eines  Ausgangsfernsehsignals. 

Fernsehstandardumsetzer  nach  Anspruch  7,  wo-  55 
bei  der  erste  Zeitbasiskorrektor  (11)  ein  4-Halb- 
bild-Zeitbasiskorrektor  (11)  und  der  zweite  Zeit- 
basiskorrektor  (18)  ein  2-Halbbild-Zeitbasiskor- 

eines  beim  oben  angedeuteten  Punkt  starten-  10 
denden  Prufens  auf  eine  Minimaldifferenz  in 
neun  symmetrisch  urn  den  obigen  Startpunkt  ver- 
teilten  Positionen  in  Schritten  eines  Samples 
oder  einer  Zeile  aufweist. 

15 
6.  Fernsehstandardumsetzer  nach  Anspruch  5,  wo- 

bei  die  Blockanpassungstechnik  einen  auf  den 
letzten  Schritt  des  Anspruchs  5  folgenden  weite- 
ren  Schritt  eines  Vergleichs  der  bei  der  durch  den 
letzten  Schritt  angezeigten  Endposition  erzeug-  20 
ten  Differenz  mit  den  zwei  Differenzen  daruber 
und  darunter  zum  Einstellen  des  vertikalen  Vek- 
torwertes  und  mit  den  zwei  Differenzen  links  und 
rechts  zum  Einstellen  des  horizontalen  Vektor- 
wertes  aufweist.  25 

7.  Fernsehstandardumsetzer  fur  625  Zeilen  und  50 
Halbbilder  pro  Sekunden  in  525  Zeilen  und  60 
Halbbilder  pro  Sekunde  mit  einem  ersten  Zeitba- 
siskorrektor  (11)  zum  Empfang  eines  digitalen  30 
Eingangsfernsehsignals  mit  625  Zeilen  und  50 
Halbbildern  pro  Sekunde, 
gekennzeichnet  durch 
einen  mit  dem  Ausgang  des  ersten  Zeitbasiskor- 
rektors  11  verbundenen  Bewegungsanalysator  35 
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eine  Einrichtung  (47)  zum  rekursiven  Filtern  der 
Bewegungsvektoren, 
ein  Schieberegister  (12)  zum  Halten  verschiede- 
ner  sukzessiver  Halbbilder  des  Eingangsfern- 
sehsignals, 
einen  Interpolator  (1)  zum  Ableiten  von  Samples 
eines  benotigten  digitalen  Zeitlupen-Ausgangs- 
fernsehsignals  in  Abhangigkeit  vom  Zeitlupen- 
grad  sowie  von  aus  dem  Schieberegister  (12)  ab- 
geleiteten  Samples  und  von  den  gefilterten  Be- 
wegungsvektoren,  und 
einen  2-Halbbild-Zeitbasiskorrektor(18)  zumZu- 
sammensetzen  der  abgeleiteten  Samples  zurBil- 
dung  eines  Zeitlupen-Ausgangsfernsehsignals. 

14.  Zeitlupenprozessor  nach  Anspruch  13,  wobei  die 
Eingangsschaltung  (31,  11)  einen  4-Halbbild- 
Zeitbasiskorrektor  (11)  aufweist. 

15.  Zeitlupenprozessor  nach  Anspruch  14,  wobei  der 
4-Halbbild-Zeitbasiskorrektor  (11)  aus  dem  Ein- 
gangsfernsehsignal  ein  Fernsehsignal  mit  585 
Zeilen  und  60  Halbbildern  pro  Sekunde  zum  Zu- 
fuhren  zum  Schieberegister  (12)  ableitet. 

Revendications 

1.  Convertisseur  de  norme  de  television,  compre- 
nant: 

-  des  moyens  (36  a  40)  pour  analyser  le  mou- 
vement  entre  deux  trames  consecutives 
d'un  signal  de  television  d'entree  d'une  nor- 
me  de  television  et  pour  obtenir  des  vec- 
teurs  mouvement  selon  ledit  mouvement; 

-  des  moyens  (1)  pour  aligner  ensuite  lesdi- 
tes  trames  selon  lesdits  vecteurs  mouve- 
ment  de  maniere  a  representor  effective- 
ment  des  images  statiques;  et 

-  des  moyens  (1  )  pour  effectuer  la  conver- 
sion  en  utilisant  lesdites  images  statiques 
pour  obtenir  le  signal  de  television  de  sortie 
desire  d'une  norme  de  television  differente, 
caracterise  par: 

-  des  moyens  (47)  pourfiltrer  recursivement  les- 
dits  vecteurs  mouvement  dans  le  domaine  tem- 
poral,  les  moyens  d'alignementfonctionnant  pour 
aligner  lesdites  trames  selon  les  vecteurs  mouve- 
ment  f  iltres. 

2.  Convertisseur  de  norme  de  television  selon  la  re- 
vendication  1,  dans  lequel  lesdits  moyens  for- 
mant  f  iltre  recursif  (47)  fonctionnent  de  telle  ma- 
niere  que  le  vecteur  mouvement  obtenu  pour  un 
element  d'image  donne  dans  une  trame  donnee 
soit  utilise  pour  pointer  sur  un  element  d'image 
dans  la  trame  precedents,  et  le  vecteur  mouve- 
ment  obtenu  pour  ledit  element  d'image  dans  la- 

dite  trame  precedents  est  ensuite  f  iltre  de  manie- 
re  recursive  avec  le  vecteur  mouvement  obtenu 
pour  ledit  element  d'image  donne  pour  former  le 
vecteur  mouvement  final  pour  ledit  element 

5  d'image  donne  dans  ladite  trame  donnee. 

3.  Convertisseur  de  norme  de  television  selon  la  re- 
vendication  1,  dans  lequel  lesdits  moyens  for- 
mant  f  iltre  recursif  (47)  fonctionnent  de  telle  ma- 

10  niere  que  le  vecteur  mouvement  obtenu  pour  un 
element  d'image  dans  une  trame  donnee  soit  uti- 
lise  pour  pointer  sur  un  element  d'image  dans  la 
trame  suivante,  et  le  vecteur  mouvement  obtenu 
pour  ledit  element  d'image  dans  ladite  trame  sui- 

15  vante  est  ensuite  f  iltre  de  maniere  recursive  avec 
le  vecteur  mouvement  obtenu  pour  ledit  element 
d'image  donne  pour  former  le  vecteur  mouve- 
ment  final  pour  ledit  element  d'image  dans  ladite 
trame  donnee. 

20 
4.  Convertisseur  de  norme  de  television  selon  la  re- 

vendication  1,  2  ou  3,  dans  lequel  lesdits  vec- 
teurs  mouvement  sont  obtenus  en  determinant  le 
mouvement  dans  ladite  image  en  des  points  es- 

25  paces  d'un  nombre  predetermine  d'echantillons 
dans  la  direction  horizontale  et  d'un  nombre  pre- 
determine  d'echantillons  dans  la  direction  verti- 
cale  par  un  procede  de  recherche  de  correspon- 
dance  de  blocs. 

30 
5.  Convertisseur  de  norme  de  televisison  selon  la 

revendication  4,  dans  lequel  ledit  procede  de  re- 
cherche  de  correspondance  de  blocs  comprend 
les  eta  pes  consistant  a: 

35  -  tester  pour  trouver  la  difference  minimale 
dans  trois  positions;  la  position  centrale 
d'un  bloc,  un  nombre  predetermine 
d'echantillons  a  gauche,  et  le  meme  nom- 
bre  predetermine  d'echantillons  a  droite; 

40  -  en  partantdu  point  indique  ci-dessus,  tester 
pour  trouver  la  difference  minimale  dans 
neuf  positions  reparties  symetriquement 
autourdu  point  initial  indique  ci-dessus  par 
pas  d'un  nombre  predetermine  plus  petit 

45  d'echantillons  ou  de  lignes; 
-  en  partant  du  point  indique  ci-dessus,  tester 

pour  trouver  la  difference  minimale  dans 
neuf  positions  reparties  symetriquement 
autourdu  point  initial  indique  ci-dessus  par 

so  pas  d'un  nombre  predetermine  encore  plus 
petit  d'echantillons  ou  de  lignes; 

-  en  partant  du  point  initial  indique  ci-dessus, 
tester  pour  trouver  la  difference  minimale 
dans  neuf  positions  reparties  symetrique- 

55  ment  autour  du  point  initial  indique  ci-des- 
sus  par  pas  d'un  nombre  predetermine  en- 
core  plus  petit  d'echantillons  ou  de  lignes; 
et 
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-  en  partant  du  point  initial  indique  ci-dessus, 
tester  pour  trouver  la  difference  minimale 
dans  neuf  positions  reparties  symetrique- 
ment  autour  du  point  initial  indique  ci-des- 
sus  par  pas  d'un  echantillon  ou  d'une  ligne. 

6.  Convertisseur  de  norme  de  television  selon  la  re- 
vendication  5,  dans  lequel  ledit  procede  de  re- 
cherche  de  correspondance  de  blocs  comprend 
une  etape  supplemental,  qui  suit  la  derniere 
etape  de  la  revendication  5,  consistant  a  compa- 
rer  la  difference  produite  a  la  position  finale  indi- 
quee  par  ladite  derniere  etape  aux  deux  differen- 
ces  au-dessus  et  au-dessous  pour  regler  la  va- 
leur  du  vecteur  vertical,  et  aux  deux  differences 
a  gauche  et  a  droite  pour  regler  la  valeur  du  vec- 
teur  horizontal. 

7.  Convertisseur  de  norme  de  television  de  625  li- 
gnes  et  50  trames  en  525  lignes  et  60  trames, 
comprenant: 
-  un  premier  correcteur  de  base  de  temps  (11) 
pour  recevoir  un  signal  de  television  numerique 
d'entree  a  625  lignes  et  50  trames, 

caracterise  par: 
-  un  analyseur  de  mouvement  (36  a  40) 

connecte  a  la  sortie  dudit  correcteur  de 
base  de  temps  (11)  pour  analyser  le  mouve- 
ment  dans  ledit  signal  de  television  d'entree 
et  pour  obtenir  des  vecteurs  mouvement 
selon  ledit  mouvement; 

-  des  moyens  (47)  pourfiltrer  recursivement 
lesdits  vecteurs  mouvement; 

-  un  registre  a  decalage  (12)  egalement 
connecte  a  la  sortie  dudit  premier  correc- 
teur  de  base  de  temps  (11); 

-  un  interpolateur  pour  obtenir  des  echantil- 
lons  d'un  signal  de  television  numerique  de 
sortie  a  525  lignes  et  60  trames  par  secon- 
de  desire  selon  des  echantillons  obtenus  a 
partir  dudit  registre  a  decalage  (12)  et  les- 
dits  vecteurs  mouvement  f  iltres;  et 

-  un  deuxieme  correcteur  de  base  de  temps 
(18)  pour  assembler  lesdits  echantillons 
obtenus  pour  former  ledit  signal  de  televi- 
sion  de  sortie. 

8.  Convertisseur  de  norme  de  television  selon  la  re- 
vendication  7,  dans  lequel  ledit  premier  correc- 
teur  de  base  de  temps  (11)  est  un  correcteur  de 
base  de  temps  a  quatre  trames  (11)  et  ledit 
deuxieme  correcteur  de  base  de  temps  (18)  est 
un  correcteur  de  base  de  temps  a  deux  trames 
(18). 

9.  Convertisseur  de  norme  de  television  selon  la  re- 
vendication  8,  dans  lequel  ledit  correcteur  de 
base  de  temps  a  quatre  trames  (11)  produit  un  si- 

gnal  de  television  a  585  lignes  et  60  trames  par 
seconde  a  partir  dudit  signal  de  television  d'en- 
tree  pour  fourniture  audit  registre  a  decalage 
(12). 

5 
10.  Convertisseur  de  norme  de  television  pour 

convertirde  525  lignes  et  60  trames  par  seconde 
en  625  lignes  et  50  trames  par  seconde,  compre- 
nant: 

10  -  un  premier  correcteur  de  base  de  temps  (18) 
pour  recevoir  un  signal  de  television  numerique 
d'entree  a  525  lignes  et  60  trames  par  seconde, 

caracterise  par: 
-  un  analyseur  de  mouvement  (36  a  40) 

15  connecte  a  la  sortie  dudit  premier  correc- 
teur  de  base  de  temps  (1  8)  pour  analyser  le 
mouvement  dans  ledit  signal  de  television 
d'entree  et  pour  obtenir  des  vecteurs  mou- 
vement  selon  ledit  mouvement; 

20  -  des  moyens  (47)  pourfiltrer  recursivement 
lesdits  vecteurs  mouvement; 

-  un  registre  a  decalage  (12)  egalement 
connecte  a  la  sortie  dudit  premier  correc- 
teur  de  base  de  temps  (18); 

25  -  un  interpolateur  (1)  pour  obtenir  des  echan- 
tillons  d'un  signal  de  television  numerique 
de  sortie  desire  a  625  lignes  et  50  trames 
par  seconde  selon  des  echantillons  obte- 
nus  a  partir  dudit  registre  a  decalage  (12)  et 

30  lesdits  vecteurs  mouvement  f  iltres;  et 
-  un  deuxieme  correcteur  de  base  de  temps 

(11)  pour  assembler  lesd  its  echanti  Hons  ob- 
tenus  pour  former  ledit  signal  de  television 
de  sortie. 

35 
11.  Convertisseur  de  norme  de  television  selon  la  re- 

vendication  10,  dans  lequel  ledit  premier  correc- 
teur  de  base  de  temps  (18)  est  un  correcteur  de 
base  de  temps  a  deux  trames  (1  8)  et  ledit  deuxie- 

40  me  correcteur  de  base  de  temps  (11)  est  un 
correcteur  de  base  de  temps  a  quatre  trames 
(11). 

12.  Convertisseur  de  norme  de  television  selon  la  re- 
45  vendication  11,  dans  lequel  ledit  correcteur  de 

base  de  temps  a  deux  trames  (18)  produit  un  si- 
gnal  de  television  a  585  lignes  et  60  trames  par 
seconde  a  partir  dudit  signal  de  television  d'en- 
tree  pour  fourniture  audit  registre  a  decalage 

50  (12). 

13.  Processeurde  ralenti,  comprenant: 
-  un  circuit  d'entree  (31,  11)  pour  recevoir  un 

signal  de  television  numerique  d'entree; 
55  -  un  analyseur  de  mouvement  (36  a  40)  pour 

analyser  le  mouvement  dans  ledit  signal  de 
television  numerique  d'entree  et  pour  obte- 
nir  des  vecteurs  mouvement  selon  ledit 

18 
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mouvement, 
caracterise  par: 

-  des  moyens  (47)  pourfiltrer  recursivement 
lesdits  vecteurs  mouvement; 

-  un  registre  a  decalage  (12)  pour  contenir  5 
des  trames  differentes  successives  dudit 
signal  de  television  d'entree; 

-  un  interpolateur  (1)  pour  obtenir  des  echan- 
tillons  d'un  signal  de  television  numerique 
de  sortie  desire  selon  le  degre  de  ralenti,  10 
les  echantillons  obtenus  a  partir  dudit  regis- 
tre  a  decalage  (1  2)  et  lesdits  vecteurs  mou- 
vement  f  iltres;  et 

-  un  correcteur  de  base  de  temps  a  deux  tra- 
mes  (18)  pour  assembler  lesdits  echantil-  15 
Ions  obtenus  pour  former  ledit  signal  de  te- 
levision  de  sortie  au  ralenti. 

14.  Processeurde  ralenti  selon  la  revendication  13, 
dans  lequel  ledit  circuit  d'entree  (31,  11)  20 
comprend  un  correcteur  de  base  de  temps  a  qua- 
tre  trames  (11). 

15.  Processeurde  ralenti  selon  la  revendication  14, 
dans  lequel  ledit  correcteur  de  base  de  temps  25 
(11)  produit  un  signal  de  television  a  585  lignes  et 
60  trames  par  seconde  a  partir  dudit  signal  de  te- 
levision  d'entree  pour  fourniture  audit  registre  a 
decalage  (12). 
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