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©  System  and  method  for  locating  video  segment  boundaries. 

©  A  plurality  of  frames  associated  with  sequ- 
ences  of  video  source  material  representing  a 
series  of  scene  changes  are  digitized.  A  com- 
puterized  process  analyzes  the  digitized  infor- 
mation  and  identifies  one  or  more  frames  of  the 
source  material  associated  with  and  representa- 
tive  of  each  such  scene  change  and/or  sequ- 
ence. 

The  representative  frames  are  displayed.  A 
selected  frame  from  the  display  will  thereby 
cause  automatic  selection  and  association  of  a 
sequence  of  frames  comprising  a  correspond- 
ing  video  sequence  from  which  the  frame  was 
selected  for  subsequent  playback. 

In  a  preferred  embodiment,  the  entirety  of  the 
representative  frames  or  a  subset  thereof  are 
specified  and  ordered.  The  order  of  the  corre- 
sponding  frames  of  video  segments  or  scenes 
corresponding  to  each  such  selected  and 
ordered  representative  frame  are  thereby  auto- 
matically  also  ordered.  Simplified  video  editing 
is  accomplished  by  manipulating  these  rep- 
resentative  frames,  each  associated  with  a  diffe- 
rent  scene  or  video  sequence. 
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Field  of  the  Invention 

This  invention  relates  to  video  editing,  and,  in  particular,  to  systems  and  methods  for  identifying  scene 
change  boundaries  in  video  segments  and  ordering  sequences  of  video  segments  in  relation  thereto. 

5 
Background  of  the  Invention 

In  the  evolving  field  of  video  editing,  the  objective  has  been  to  select  segments  of  video  source  material 
for  purposes  of  video  editing  including  the  reordering  of  segments  for  subsequent  viewing  as  desired,  selective 

10  viewing,  and  the  like.  As  the  art  developed,  techniques  became  available  for  digitizing  vast  quantities  of  video 
source  material  thereby  facilitating  the  ability  to  very  conveniently  splice  and  otherwise  edit  these  vast  quan- 
tities  of  video  source  material.  When  attempting  to  design  video  editors,  those  skilled  in  the  art  immediately 
became  faced  with  many  problems  when  the  target  user  was  essentially  a  video  novice.  Such  a  class  of  users 
was  of  particular  interest  to  the  industry,  primarily  due  to  the  large  number  of  members  they  represented  when 

15  compared  with  video  professionals  and  skilled  amateurs.  However,  provision  for  practical  video  editing  to  this 
market  segment  was  also  extremely  challenging  because  such  users  typically  cannot  accommodate  or  tolerate 
any  unnecessary  complexity  in  video  editing  systems. 

Throughout  the  course  of  development  of  video  editing  art,  such  complexity  unfortunately  typically  became 
built  into  professional  editors  due  to  the  need  for  maximum  flexibility.  Accordingly,  the  designer  of  equipment 

20  and  systems  for  mass  use  in  video  editing  faced  huge  technical  challenges  in  making  such  systems  truly  easy 
to  use  as  well  as  useful. 

As  but  one  example,  the  presence  of  video  cameras  or  "camcorders"  have  become  popular  with  the  gen- 
eral  public.  The  typical  user  desires  the  capability  to  edit  video  source  material  generated  from  such  cameras 
but  unfortunately  the  cost,  complexity,  and  limited  availability  of  appropriate  editing  equipment  makes  this  to- 

25  tally  prohibitive  for  the  vast  majority  of  camcorder  owners.  As  previously  noted,  with  the  advent  of  digital  video 
becoming  commonplace,  the  possibility  of  providing  video  editing  equipment  for  mass  use  became  feasible 
for  the  first  time  due  to  the  reduced  cost  of  such  equipment.  However,  making  the  editing  process  convenient 
to  the  mass  market  still  nevertheless  remained  an  immense  challenge. 

Many  attempts  were  thus  made  in  the  art  to  find  critical  paradigm  changes  to  facilitate  simplified  video 
30  processing  and  editing  for  the  masses.  However  they  all  typically  missed  a  critical  point  by  continuing  to  de- 

mand  that  the  user  deal  with  video  on  a  frame-by-frame  basis.  Such  a  burden  was  of  course  quite  acceptable 
for  the  video  professional  wherein  each  video  sequence  and  often  relatively  small  series  of  video  frames  were 
extremely  valuable  assets  in  the  hands  of  skilled  professional  editor.  Accordingly  such  a  trained  person  could 
justify  the  expense  and  time  required  to  deal  with  video  source  material  on  a  frame  basis.  However,  it  became 

35  clear  that  the  mass  user  still  required  a  more  natural  and  simple  way  of  dealing  with  editing  and  organization 
of  video  segments. 

One  metaphor  that  seemed  attractive  and  of  potential  application  was  that  of  scanning  text  in  a  newspaper. 
Video  material  was  long  known  as  being  superior  for  concentrated  and  fixed  speed  communication  that  devel- 
ops  along  a  single  time  dimension.  However  the  two  dimensions  of  printed  material  have  long  been  known  as 

40  superior  for  browsing  and  editing  for  the  information  consumer.  The  reader  typically  looks  at  headlines  placed 
on  a  large  two  dimensional  space  and  quickly  selects  the  articles  of  interest,  thereby  avoiding  having  to  read 
every  word  in  the  paper  to  find  wanted  material.  In  like  manner,  books  were  obviously  provided  with  tables  of 
contents  and  indices  for  similar  purposes.  Similar  ease  of  access  to  video  was  highly  desired  wherein  less  so- 
phisticated  users  might  be  provided  with  an  automatic  way  to  quickly  scan  video  to  identify  wanted  material 

45  and  to  be  reminded  of  forgotten  contents.  Thus  a  system  and  method  were  highly  desired  which  were  designed 
to  allow  the  video  developer  a  critical  paradigm  shift  to  encourage  and  greatly  expanded  video  applications, 
combining  the  advantages  of  video  and  printed  material.  This  was  desired  in  order  to  form  a  new  user- 
interactive  communication  tool  which  would  be  extremely  powerful  for  education,  business,  and  entertainment 
purposes.  Put  simply,  a  solution  was  needed  which  provided  a  critical  concept  permitting  appropriate  paradigm 

so  shifts  for  greatly  simplified  video  operations. 
In  one  system  which  attempted  to  effect  a  more  simplified  correlation  between  desired  video  segments 

and  means  for  recalling  the  content  of  these  segments  to  the  user  or  editor,  one  or  more  still  frames  was  iden- 
tified  with  a  sequence  of  frames  comprising  a  video  segment  for  purposes  of  editing,  wherein  the  still  frame 
was  representative  of  the  segment.  In  this  manner,  still  frames  served  as  convenient  "place  holders"  or  remin- 

55  ders  to  the  editor  of  the  content  of  the  related  video  segment  source  material. 
Such  a  system  produced  the  need  for  the  user  to  continuously  scan  through  video  frames  during  the  editing 

process  once  the  association  was  made  between  the  frame  or  frames  and  its  corresponding  sequence.  The 
system  required  such  manual  scanning  of  frames  in  order  to  make  the  association  in  the  first  place.  Thus,  the 
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problem  remained  of  easing  the  task  of  selecting  boundaries  between  segments,  and  a  means  was  highly 
sought  after  for  simplifying  this  process.  This  object  and  the  foregoing  goals  have  been  fully  met  by  the  subject 
invention,  a  description  of  which  hereinafter  follows  which  may  be  more  easily  understood  with  reference  to 
the  following  drawings  wherein: 

5 
Brief  Description  of  the  Drawings 

Fig.  1  is  an  illustration  (partially  in  block  diagram  form)  of  a  representative  computerized  system  for  imple- 
menting  the  system  and  method  of  the  present  invention; 

10  Fig.  2  is  an  illustration  of  a  display  appearing  on  the  monitor  of  Fig.  1  depicting  individual  frames  repre- 
sentative  of  corresponding  video  scenes  or  segments; 
Fig.  3  is  an  illustration  of  a  typical  screen  appearing  on  the  monitor  of  Fig.  1  showing  the  reordering  of  a 
portion  of  the  frames  of  Fig.  2,  thereby  reordering  corresponding  video  segments; 
Fig.  4  depicts  yet  another  typical  screen  which  might  appear  on  the  monitor  of  Fig.  1  wherein  individual 

15  still  frames  correspond  to  correlative  video  segments  in  an  application  of  the  invention  adapted  for  viewing 
of  television,  videotape,  or  like  source  material; 
Figs.  5A-5C  are  flow  diagrams  of  a  computer  program  executed  by  the  computer  system  of  Fig.  1  for  pur- 
poses  of  detecting  boundaries  in  video  segments. 
Fig.  6  is  an  illustrative  sequence  of  scene  images  to  be  parsed. 

20  Fig.  7  is  an  illustration  of  derivation  of  image  differences  for  scenes  of  Fig.  6. 
Fig.  8  is  an  illustration  of  determination  of  Cz  at  time  Z. 
Fig.  9  is  a  plot  depicting  changes  comprising  a  difference  in  the  sequence  for  each  image. 
Fig.  10  is  a  plot  of  a  normalized  change  curve  corresponding  to  the  change  curve  of  Fig.  9. 
Fig.  11  depicts  the  search  of  a  revised  change  curve  to  locate  transitions. 

25  Fig.  12  illustrates  completion  of  location  of  scene  changes  corresponding  to  location  of  the  greatest  change 
remaining  below  a  threshold. 
Fig.  13  illustrates  location  of  the  most  representative  image  from  each  scene  sequence  intended  to  rep- 
resent  the  respective  sequence. 

30  Summary  of  the  Invention 

A  plurality  of  frames  associated  with  sequences  of  video  source  material  representing  a  series  of  scene 
changes  are  digitized.  A  computerized  process  analyzes  the  digitized  information  and  identifies  one  or  more 
frames  of  the  source  material  associated  with  and  representative  of  each  such  scene  change  and/or  sequence. 

35  The  representative  frames  are  displayed.  A  selected  frame  from  the  display  will  thereby  cause  automatic 
selection  and  association  of  a  sequence  of  frames  comprising  a  corresponding  video  sequence  from  which 
the  frame  was  selected  for  subsequent  playback. 

In  a  preferred  embodiment,  the  entirety  of  the  representative  frames  or  a  subset  thereof  are  specified  and 
ordered.  The  order  of  the  corresponding  frames  of  video  segments  or  scenes  corresponding  to  each  such  se- 

40  lected  and  ordered  representative  frame  are  thereby  automatically  also  ordered.  Simplified  video  editing  is 
thereby  accomplished  by  manipulating  these  representative  frames,  each  associated  with  a  different  scene 
or  video  sequence. 

Detailed  Description  of  the  Preferred  Embodiment 
45 

Referring  to  Fig.  1  ,  a  typical  system  providing  the  environment  for  implementing  the  invention  may  be  seen 
depicted  therein  and  will  first  be  described.  A  computer  10  such  as  a  PS/2tm  (Trademark  of  IBM  Corporation) 
system  will  execute  the  steps  of  the  invention  via  a  program  loaded  therein  implementing  the  process  previ- 
ously  described.  The  computer  will  first  capture,  by  means  of  an  appropriate  source,  such  as  a  camera  12, 

so  scanner  or  via  some  other  medium,  an  image  based  upon  a  source  subject  14  which  the  computer  10  will  then 
digitize  for  subsequent  processing.  Alternatively,  the  images  may  have  been  pre-stored  in  a  VCR  as  the  image 
source  12  and  input  into  computer  10.  The  mapped  image  created  in  accordance  with  the  invention  may  be 
stored  for  display  on  a  conventional  monitor  16  for  human  observation  or  otherwise  stored  on  media  for  even- 
tual  display.  A  conventional  keyboard  18  and  other  I/O  and  user-  interface  devices  will  further  be  provided  to 

55  the  computer  10  for  interacting  to  effect  the  invention.  Inside  the  computer  142,  a  system  bus  20  is  provided 
which  ties  together  the  microprocessor  22,  the  previously  described  program  24,  which  instructs  the  micro- 
processor  22  how  to  execute  the  steps  of  the  invention,  and  working  memory  26,  which  the  microprocessor 
22  utilizes  to  store  intermediate  calculations,  various  lookup  tables  generally  represented  at  reference  numeral 
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28,  the  original  stored  image  30  captured  by  the  camera  12  and  the  mapped  image  32. 
Referring  now  to  Figs.  2-4,  a  general  description  of  the  operation  of  the  invention  will  be  provided  with 

particular  reference  to  the  externals,  (e.g.,  user  interaction  within  perception  of  the  user  interface).  It  will  be 
recalled  from  a  discussion  of  the  system  of  Fig.  1  ,  that  video  source  material  is  first  digitized,  and  the  computer 

5  system  then  is  employed  in  conjunction  with  the  methods  discussed  herein  to  identify  boundaries  as  desired 
in  the  video  material.  Typically  these  boundaries  will  take  the  form  of  differing  video  segments  or  scenes  each 
represented  by  a  characteristic  corresponding  frame  or  frames  from  which  the  user  may  recall  the  content  of 
the  subsection  of  the  video  source  material  associated  with  the  particular  frame  or  frames. 

Accordingly,  in  Fig.  2,  after  the  foregoing  process  has  been  completed,  a  typical  screen  50  will  be  gener- 
10  ated  and  displayed  on  the  monitor,  this  screen  50  in  turn  being  comprised  of  a  display  of  a  plurality  of  these 

frames  52-70.  In  the  application  being  discussed  (e.g.,  that  of  a  video  editor),  the  objective  is  to  enable  a  user 
to  quickly  determine  contents  of  video  segments  being  edited  and  to  manipulate  these  segments.  Thus,  this 
is  the  purpose  of  presenting  the  user  with  a  display  of  the  screen  50  showing  the  plural  still  images  52-70  which 
represent  video  frames  associated  with  corresponding  particular  scenes.  In  a  preferred  embodiment,  these 

15  individual  still  frames  52-70  would  be  depicted  in  the  screen  50  in  some  natural  sequence  such  as  time- 
sequenced  by  column  within  rows. 

Still  referring  to  Fig.  2,  these  selected  frames  or  "stills"  from  the  digitized  video  would  obviously  inform 
the  user  of  the  video  contents  of  its  respective  segment.  In  the  simplified  example  depicted  in  Fig.  2,  these 
frames  represent  a  vacation  sequence  comprised  of  three  frames  52-56,  a  tour  of  a  house  58,  a  recording  ses- 

20  sion  60,  a  tennis  sequence  62,  a  foot  race  64-68  and,  finally,  a  parade  sequence  70.  In  operation  of  the  system 
of  the  present  invention,  the  user  would  operate  directly  on  these  frames  (e.g.,  selecting  and  manipulating 
frames  64-68)  in  order  to  copy  and  order  the  corresponding  race  video  segments  for  example  without  ever 
having  to  identify  the  frame  boundaries  of  that  segment.  Such  user  interaction  could  be  effected  in  a  number 
of  manners  well  known  in  the  art,  such  as  by  use  of  a  pointing  device  like  a  mouse,  orthelike.  It  is  contemplated 

25  that  frequently  the  user  would  consolidate  selected  ones  of  these  stills  so  that  one  still  might  represent  each 
sequence,  inasmuch  as  a  segment  created  in  accordance  with  the  editing  by  the  invention  would  simply  be  a 
meaningful  collection  of  video  from  the  user's  perspective,  which  was  not  necessarily  sequential  as  originally 
created  in  the  source  material.  In  other  words,  the  user  may  thus,  during  the  process  contemplated  by  the 
invention,  select  a  range  of  stills  that  made  up  one  sequence  and  then  select  a  still  which  was  to  represent 

30  the  sequence. 
As  an  example  of  the  foregoing,  if  the  user  consolidated  stills  52-  56  in  order  to  reflect  the  vacation  se- 

quence,  he  or  she  might  select  the  sunset  image  of  frame  56  to  represent  the  entire  scene  corresponding  to 
the  portion  of  the  video  source  material,  which  in  turn  corresponds  to  source  material  from  which  the  stills  52, 
54  and  56  were  selected.  In  like  manner,  the  user  might  consolidate  stills  64-70,  deciding  that  the  parade  and 

35  the  race  were  one  segment  in  his  or  her  mind,  and  might,  thus,  select  the  race  starting  image  of  frame  64  to 
represent  this  video  segment  of  the  entire  video  source  material. 

In  such  a  case,  the  system  of  Fig.  1  would  thereafter  present  a  next  screen  50,  as  shown  depicted  in  Fig. 
3,  containing  a  differing  edited  set  and  order  of  frames  selected  from  the  screen  50  of  Fig.  2.  More  particularly, 
with  this  new  simplified  consolidated  representation  of  the  video  sequence  as  shown  in  Fig.  3,  the  user  could 

40  then  access  each  sequence  by  simply  pointing  to  or  selecting  the  associated  scene  frame  as  part  of  the  video 
operation. 

Referring  more  particularly  to  Fig.  3,  it  will  be  noted  that  only  frame  56  was  selected  and  displayed  to  cor- 
respond  to  the  vacation  sequence  of  video  associated  with  frames  52-56.  Frames  58,  60  and  62  continue  to 
be  represented,  in  order,  representing  the  home  tour,  recording  session  and  tennis  sequence.  However,  it  will 

45  again  be  noted  that  a  single  frame  64  is  now  shown  which  is  intended  to  represent  the  entire  video  segment 
associated  with  frames  64-70.  As  just  noted,  the  user  could  access  each  sequence  by  simply  pointing  to  or 
selecting  the  associated  scene  frame;  however,  this  mode  of  operation  would  not  prevent  the  user  from  ac- 
cessing  the  video  at  the  frame  level.  Moreover,  the  system  provides  for  the  user  to  display  the  scene  as  au- 
tomatically  determined  by  the  system  10,  whereby  the  user  may  view  the  boundaries  selected  and  make  ad- 

50  justments  thereto  if  desired.  A  key  feature  of  this  form  of  operation  and  implementation  of  the  system  including 
the  algorithms  discussed  herein,  is  that  it  provides  the  ability  to  the  user  of  treating  video  in  the  manner  the 
user  would  normally  treat  textual  material. 

In  the  example  under  discussion,  therefore,  the  user  could  point  to  or  otherwise  select  the  frame  56  in 
frame  64,  and  thence  copy  the  video  segments  or  scenes  corresponding  thereto  to  a  tape  or  another  video 

55  segment  without  ever  having  to  step  through  the  sequential  video  frames.  The  user  simply  employs  digitized 
tapes  such  as  those  generated  from  a  camcorder,  pages  through  several  displays  showing  scene  frames  such 
as  those  depicted  in  Fig.  3,  selects  the  desire  scenes,  places  them  in  the  preferred  order,  adds  a  title  and  a 
new  tape  may  thence  be  generated  containing  only  the  video  segments  and  in  the  order  thus  specified  by  the 

4 
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user. 
As  will  now  be  described,  "video  editing"  can  refer  to  a  real-time  selection  of  segments  to  be  viewed  when 

perusing  a  video  sequence  for  entertainment,  education,  or  business.  This  is  the  same  sense  in  which  a  reader 
"edits"  a  magazine  in  real-time  by  selecting  which  articles  to  read,  and  what  order  to  read  them. 

5  Turning  now  to  Fig.  4,  in  order  to  illustrate  the  numerous  applications  of  the  invention,  yet  another  em- 
bodiment  will  be  described,  an  application  for  television  viewing.  Numerous  video  applications  result  from  the 
invention  comprising  enhancements  to  video  equipment  in  order  to  aid  the  user  in  selective  viewing.  In  such 
an  application,  similar  logic  to  that  employed  with  respect  to  Figs.  2  and  3  are  applicable.  As  an  example  of 
this  application,  the  video  cassette  recorder  (VCR)  form  of  image  source  12  of  Fig.  1  may  be  provided  with 

10  logic  built  in  or  provided  by  means  of  an  interface  to  the  computer  10  wherein  the  computer  is  programmed  to 
execute  the  logic.  The  user  or  computer  10  would  program  the  VCR  12  to  record  desired  source  material  such 
as  a  talk  or  news  show.  In  accordance  with  the  invention  as  previously  described,  the  system  10  would  not 
only  cause  the  VCR  12  to  record  the  desired  material,  but  would  automatically  identify  the  frames  that  repre- 
sented  scene  changes  in  the  recorded  material  of  the  shows.  When  the  user  thereafter  prepares  to  view  the 

15  recorded  material,  the  system  would  present  screens  50,  similar  to  those  of  Figs.  2  and  3,  for  the  user  to  ex- 
amine.  Each  such  screen,  in  like  manner  to  the  previous  examples,  would  contain  several  pages  of  frames  or 
stills  representing  the  contents  of  the  recorded  material,  and,  more  particularly,  each  such  frame  representing 
a  boundary  or  scene  change  as  desired  in  the  recorded  material.  The  user  would  again  simply  point  to  or  other- 
wise  select  out  those  scenes  represented  by  individual  frames  which  the  user  desired  to  view,  specifying  the 

20  order  of  scene  sequence  in  the  manner  described,  whereupon  the  VCR  12  or  VCR  12-computer  10  combination 
would  cause  playback  and  display  on  the  monitor  16  of  only  the  selected  material  in  the  order  thus  specified. 

As  an  example  of  the  foregoing  with  reference  to  Fig.  4,  the  user  might  have  desired  to  cause  taping  of  a 
talk  show  because  of  a  planned  appearance  by  a  singing  star  who  was  to  appear  on  the  show.  Upon  initiating 
playback,  the  user  would  find  the  screen  50  appearing  on  the  monitor  containing,  for  example,  the  first  12 

25  scenes  or  stills  selected  by  the  computer  in  accordance  with  the  invention  from  the  recorded  source  material. 
Assuming  that  none  of  these  scenes  contained  any  indication  of  a  video  sequence  containing  the  desired  sing- 
er,  the  user  would  thence  page  to  the  next  display  of  scenes  which  might  appear  as  those  depicted  in  Fig.  4. 

The  user,  in  turn,  might  recognize  the  face  of  the  desired  star  as  scene  70  and,  further,  may  recognize 
scene  72  as  corresponding  to  a  video  sequence  of  the  performance  of  the  singing  group  associated  with  the 

30  star  depicted  in  frame  70.  The  user  would  thus  select  frames  70  and  72,  whereupon  the  VCRorVCR-computer 
combination  implementing  the  scene  selecting  logic  of  the  invention  would  cause  the  start  of  display  of  material 
associated  with  scene  70.  When  display  of  this  video  segment  associated  with  scene  70  was  completed,  the 
system  1  0  would  thereafter  commence  with  display  of  the  video  segment  associated  with  frame  72.  Upon  com- 
pletion  of  display  of  the  desired  video  sequences  corresponding  to  the  selected  frames  70  and  72,  the  system 

35  10  would  return  to  a  display  of  the  screen  50  of  Fig.  4  for  any  subsequent  desired  operation. 
As  just  noted,  the  hereinbefore  described  functions  may  desirably  be  implemented  in  a  wide  variety  of 

ways.  As  noted,  the  VCR  12,  in  one  embodiment,  would  utilize  the  attached  computer  10  for  the  processing 
and  storage  functions  or,  in  the  alternative,  would  provide  for  some  or  all  of  these  functions  internally.  Scene 
images  or  frames  such  as  frame  60-74  shown  in  Fig.  4  would  in  one  embodiment  be  stored  in  internal  memory 

40  in  the  VCR  12,  which  may  also  desirably  include  the  digitizer  and  processor.  Moreover,  it  will  be  readily  apparent 
that  the  functions  hereinbefore  described  in  yet  another  embodiment  would  easily  be  implemented  as  a  stand- 
alone  box  which  intercepted  signals  being  recorded  by  the  VCR,  such  box  further  providing  the  location  infor- 
mation  for  each  recognized  scene  (e.g.,  time  of  the  start  and  end  of  the  scene  or  video  segment). 

Now  that  an  overall  explanation  of  the  operation  of  the  invention  has  been  provided,  more  detailed  de- 
45  scription  of  methods  employed  in  the  system  10  will  be  provided  with  reference  to  Fig.  6,  as  well  as  a  discussion 

of  more  detailed  information  provided  by  the  invention. 
The  computer  10  of  Fig.  1  will  preferably  be  programmed  with  functions  stored  in  memory  causing  the 

method  or  methods  to  examine  the  video  frames  comprising  the  video  source  material  after  conversion  to  dig- 
ital  form.  These  methods  will  be  implemented  so  as  to  recognize  changes  in  frame  values  and  to  accordingly 

so  execute  logic  to  determine  that  a  scene  change  is  likely.  Such  method  in  one  embodiment  will  save  value  sets 
from  several  sequential  frames  in  order  to  accomplish  this  scene  boundary  determination.  In  passing  it  will  be 
noted  that  this  process  of  digitization  could  be  implemented  in  the  system  of  Fig.  1  solely  for  the  purpose  of 
scene  determination  whereby  the  logic  of  the  invention  could  be  executed  against  video  in  analog  form  and 
even  in  real  time,  as  well  as  with  respect  to  video  source  material  previously  digitized.  Thus,  the  invention  is 

55  not  intended  to  be  limited  solely  to  video  information  in  the  digital  video  domain,  but  applies  equally  well  with 
respect  to  analog  video. 

In  a  preferred  embodiment,  the  methods  for  discriminating  scene  changes  preferably  may  be  sensitized 
by  optional  user  controls.  For  example,  the  methods  will  accommodate  user-input  estimations  of  number  of 

5 
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scenes,  accuracy  desired  and  the  like,  the  results  of  this  process,  thereafter  providing  an  ordered  sequence 
of  entries.  In  the  preferred  embodiment,  this  sequence  of  still  frames  such  as  that  shown  in  Fig.  3  would  de- 
sirably  have  a  number  of  properties.  First,  as  previously  described,  one  still  frame  (or  perhaps  a  few)  would 
be  selected  in  an  automated  fashion  from  the  processed  (e.g.,  digitized)  video  to  correspond  to  a  segment  of 
video  or  scene.  Such  a  frame  would  be  selected  using  one  or  more  methods  which  might  in  some  instances 
be  entirely  suitable  as  relatively  simple  methods  easily  implemented  by  the  digital  computer  10.  For  example, 
the  method  might  simply  provide  for  selecting  the  first  frame  in  an  associated  segment,  the  middle  frame  in 
the  associated  segment  or  even  the  most  common  frame  in  the  associated  sequence. 

Next,  in  the  display  of  the  screen  50,  the  system  of  Fig.  1  would  further  desirably  provide  the  starting  frame 
number  for  the  associated  scene  from  the  digitized  video  sequence,  as  well  as  the  corresponding  end  frame 
number.  Moreover,  the  system  would  also  desirably,  in  one  embodiment,  determine  a  value  specifying  the  like- 
lihood  that  the  particular  still  frame  did,  in  fact,  correspond  to  a  true  scene  boundary.  This  would  permit  the 
user  (or  even  an  automated  selection  process)  to  effect  an  informed  choice  in  making  decisions  about  elimin- 
ating  or  combining  identified  scene  segments  and  corresponding  still  frames.  In  some  applications,  providing 
for  this  level  of  sensitivity  of  discrimination  could  be  extremely  important.  In  some  cases,  the  fact  that  some 
scenes  were  missed  could  be  an  acceptable  trade-off  for  being  able  to  recognize  contents  of  a  tape  on  a  single 
or,  at  most,  a  very  few  display  screens  50. 

With  reference  to  Figs.  5A-5C  and  6-13,  a  preferred  method  will  be  disclosed  for  performing  the  scene 
parsing.  Reference  numerals  in  parenthesis  will  refer  to  steps  corresponding  to  flow  diagrams  of  Figs.  5A-5C 
performed  by  the  system  of  Fig.  1  .  Referring  to  Fig.  6,  there  is  a  sequence  of  images  100.  For  each  specific 
image  102,  the  method  measures  certain  characteristics  that  together  form  the  "fingerprint"  or  signature  of 
that  image.  Later  these  fingerprints  will  be  compared  with  those  of  other  images  in  the  sequence  of  images 
102  to  determine  the  points  of  scene  transition. 

For  each  image  102,  the  method  first,  as  an  expedient,  reduces  the  resolution  of  the  image  1  04  to  1  K  pixels 
(80).  A  weighting  factor  is  preassigned  (81)  to  each  of  these  pixels  that  puts  more  emphasis  on  the  central 
area  of  the  image  and  feathers  the  borders  to  avoid  abrupt  change  as  a  subject  moves  slowly  out  of  the  frame. 
Across  all  pixels  106  of  this  reduced  resolution  image,  certain  summations  are  performed  as  listed  in  Table  1. 
All  are  divided  by  the  sum  of  the  weighting  factor  so  in  effect  each  is  taking  the  average  of  the  characteristic 
across  all  pixels  (82).  For  example,  characteristic  number  4,  called  R2,  finds  the  average  of  the  square  of  the 
red  value.  These  sums  will  be  used  to  derive  certain  characteristics  of  the  image  as  stated  in  the  following 
Table  1  under  "scope": 
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TABLE  1 

Number 
0  E 

1  E 

2  I  

3  I  

Formulation 

5 
6 

7 
8 

9 
10 
11 
12 

13 
14 
15 
16 

E  wt 
E  R.wt  /  E  ^  
E  G.wt  /  E  vrt 
E  B.  wt  /  E  wt 

E  R2.wt  /  E  wt 

E  G2.wt  /  E  wt 
E  B2.wt  /  E  wt 

E  R.G.wt  /  E  wt 
E  R.B.wt  /  E  wt 

E  R.x.wt  /  E  wt 
E  R.Y.wt  /  E  wt 
E  G.X.wt  /  E  wt 
E  G.Y.wt  /  E  wt 

E  I  AH(R+G)  I  .wt  /  E  wt 
E  I  AV(R+G)  I  .wt  /  E  wt 
E  |Aa(R+G)  I  2.Wt  /  E  wt 
E  Iav(r+g)  I  2.wt  /  E  wt 

E  |AH(R+G) 
£  l\(R+G> 
E  lAa(R+G) 
r»  I  a 

Name 
1 
r "  

G 
B 

R2 

G2 
B2_ 

RG" 
RB 

RX  ' 

RY 
GX 
GY 

DH  " 

DV 
DH2 
DV2 

Scope 

overall   co lour  
and  b r i g h t n e s s  

t e x t u r e  

roughness 

co lour  
d i v e r s i t y  

l i g h t  
p o s i t i o n  

o r i e n t a t i o n  
number 
and  boldness  
of  edges 

Scope 

p a l e t t e  

composit ion 

After  being  summed  over  each  image,  these  characteristics  are  further  redefined  according  to  the  formu- 
las  in  the  following  Table  2  to  isolate  specific  characteristics  (83).  For  example,  a  simple  change  in  brightness 
will  affect  P1,  but  is  normalized  out  of  all  other  parameters.  An  explanation  of  the  characteristic  measured  by 
each  variable  is  included  in  that  illustration.  Together  these  16  variables  are  the  fingerprint  for  the  specific  im- 
age  as  shown  in  Table  2: 
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TABLE  2 

no.  Association  Name  Formulation 
1  R  pi  .30R+.58G+.  12B 

2  G  P2  R- .46G- .54S 
Y+.5 

3  B  P3  .4QR-G+.60B 

±u 

11 

12 

13 

14 

15 

16 

RZ 

BZ 

KB 

KA 

un 

uv 

UHZ 

L>VZ 

P8 

ex 

PI- 

Y+.b 

H2-H' 
V  R-R<f.C)1 
/  G2-G2 

V  G-G^+.01 
P5  p  n  /  G2-G^ 

V  G-G^+.C 
P6  o  /  6 2 - 6 ^  

V  B-B^+.Ol 

P7  2  -v  /-JR2-G2  -RG 
V  n!  R2-G2  +.01 

o  /nTR^B?  -RB 
V  nIR2  B2  +.01 

2 R X  
(R+-1)-(Xma,  ) 

2-RY  , 
Pl!  (H+.1)-(Ymax) 

2-GX 
pi.  ( G + . l j . p ^ j '  

2-GY 
P1:  (G+.1)-(Ymax)  ' 

pi  QH 

-1 

C h a r a c t e r i s t i c  

b r igh tness  
(night  or  day?) 
color  temperature 
(warm  skin  or  cold  sky?) 
secondary  axis  co lor  
(  nature  s  c  ene  ?  ) 
red  var iance  
normed  by  range  l imi t  
(blotchy  or  smooth?) 

green  var iance  
normed  by  range  l i m i t  
blue  var iance  
normed  by  range  l imi t  
(sky  in  image?) 

red-green  color  var iance  
normed  by  range  l i m i t  
(red  light  or  red  object?)  

temperature  color  var iance 
normed  by  range  l i m i t  
(how  varied  is  image  color?)  

horizontal  red  center  of  g rav i ty  (movement  of  "warm"  object?)  
ver t ical   red  center  of  g rav i ty  
(fal l ing  warm  object?)  

horizontal  green  center  of 
g rav i ty  

ver t ical   green  cen te r  
of  g r av i t y  

ver t ical   edge  a c t i v i t y  
(how  sharp?) [(H+G)/2]-[(R+G)/2r+.05  (how  sharp?)  1 

0Y_  horizontal  edge  a c t i v i t y  
[(R+G)/2]-[(R+G)/2]2+  05  (balanced  to  P13) 
J   DH2-DH  ver t ical   edge  boldness 

DH  (many  faint  or  few  bold?) 
PI  V  DH2-DH  1 

DH 
F1  x/  DH2-DH  * 

DH 
horizontal  edge  boldness 
(cartoon  or  na tu ra l? )  

3ased  on  these  fingerprints,  Fig.  7  illustrates  how  to  derive  a  difference  between  two  images  (84).  Given  image 
\  302  and  image  B  304  selected  from  a  sequence  of  images  300,  the  formula  306  calculates  the  difference 
Detween  the  images  by  taking  the  sum  of  the  square  of  the  difference  of  each  individual  characterizing  para- 
neter  in  the  fingerprints  of  the  two  images. 

In  its  most  basic  form,  the  system  would  now  look  at  the  difference  between  adjacent  images,  and  mark 
a  scene  change  (85)  when  the  difference  exceeds  a  predetermined  threshold.  Such  a  simple  method  is  easily 
boled  by  rapid  and  temporary  scene  changes,  such  as  people  passing  in  front  of  the  camera  or  firing  a  flash, 
and  may  miss  slow  transitions  such  as  fades.  The  preferred  method  of  Fig.  8  seeks  to  correct  these  deficien- 
cies. 

t 
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In  Fig.  8,  the  system  is  ready  to  calculate  the  change  "C"  at  time  labeled  Z.  Two  weighting  functions,  one 
weighting  the  past  402  and  the  other  weighting  the  future  404,  are  centered  on  time  z  (86).  The  width  of  the 
past  402  is  preferably  20  seconds  and  that  of  the  future  404  is  preferably  3  seconds,  with  a  0.5  second  gap 
between  them.  A  user  may  modify  these  numbers.  When  a  temporary  scene  change  occurs,  such  as  a  flash- 

5  bulb,  a  person  moving  in  front  of  the  camera,  ora  boat  bobbing  on  the  water,  the  length  of  the  future  weighting 
404  determines  a  waiting  period  for  the  scene  to  return  before  the  system  marks  it  as  an  event  to  be  displayed. 
The  length  of  the  past  weighting  402  determines  how  far  back  the  system  looks  to  find  similarities.  A  short 
past  weighting  402  will  better  display  each  scene  step,  while  a  longer  past  weighting  402  will  limit  selection  to 
the  major  scene  changes,  which  is  usually  preferred  when  prescanning  a  long  story  for  major  events  only.  The 

10  width  of  the  gap  412  determines  sensitivity  to  transition  speed.  A  zero  gap  width  accurately  finds  only  abrupt 
technical  transitions  for  scanning  an  unedited  master  tape  for  camera  startup  points.  A  longer  gap  emphasizes 
fades  and  subject  changes,  those  transitions  a  user  would  normally  want  to  see  parsed  while  scanning  a  com- 
mercial  tape  for  subject  changes. 

Continuing  with  Fig.  8,  the  system  determines  the  differences  between  each  scene  in  the  relative  future 
15  from  the  current  time  point  z  and  each  scene  in  the  relative  past  (87),  this  difference  is  weighted  by  the  product 

of  the  past  and  future  weighting  functions,  shown  for  times  A  and  B  as  values  represented  by  the  length  of 
lines  405  and  408.  Because  the  system  looks  for  similarities  rather  than  differences,  it  is  important  to  empha- 
size  small  differences  over  large  in  the  average.  The  method  accomplishes  this  by  taking  the  reciprocal  of  the 
average  of  reciprocals  of  "D",  as  given  in  the  formula  410  (90). 

20  Finding  the  difference  between  all  past  and  present  images  is  not  as  tedious  as  it  seems  at  first.  The  span 
of  times  is  limited  to  those  for  which  the  weighting  functions  are  not  zero.  Once  a  difference  between  two  im- 
ages  is  found,  it  may  be  stored  (88)  and  simply  recalled  rather  than  recalculated  for  future  times  Z.  Based  on 
the  weighting  widths  given  and  a  30  image  per  second  frame  rate,  the  system  would  need  to  calculate  600 
differences  per  frame.  Finally  as  an  expedient,  the  system  can  limit  itself  to  frames  every  1/5  of  a  second  rather 

25  than  1/30  of  a  second  with  little  loss,  reducing  the  number  of  frames  by  a  factor  of  6  and  the  total  calculations 
by  a  factor  of  36. 

Having  calculated  a  difference  in  the  sequence  for  each  image,  the  system  can  now  plot  these  changes 
as  illustrated  in  Fig.  9  as  curve  502  (91).  As  a  refining  expedient,  the  system  preferably  averages  this  change 
with  a  window  of  5  minutes  to  generate  a  slowly  varying  average  change  curve  504  (92).  Each  sample  in  the 

30  change  curve  502  is  divided  by  the  square  root  of  the  corresponding  average  change  504  to  produce  the  func- 
tion  curve  520  that  the  method  uses  for  subsequent  processing.  This  step  emphasizes  smaller  transitions  at 
times  when  the  action  is  slow,  to  prevent  details  from  being  overlooked,  while  keeping  many  scene  changes 
at  points  of  physical  action  from  overloading  the  system.  The  square  root  is  used  to  halve  the  effect  of  this 
normalizing  step  (93)  so  action  acts  do  in  fact  generate  more  transitions  than  static  acts. 

35  Having  thus  normalized  the  change  curve  510  in  Fig.  10,  the  system  10  now  picks  the  point  of  greatest 
change  512  marked  as  transition  1  (94).  Following  this,  the  system  suppresses  changes  in  the  vicinity  of  that 
pick  (95)  by  multiplying  the  change  curves  510  by  a  dejitter  weighting  function  514  that  preferably  has  a  radius 
of  action  proportional  to  the  previously  discussed  future  weighting  curve  width.  In  this  case  the  preferred  radius 
is  3  second  so  the  total  width  is  6  seconds.  This  suppression  prevents  certain  very  rapid  scene  changes  done 

40  for  special  effects  from  overloading  the  system. 
Continuing  with  Fig.  11,  the  system  10  searches  the  revised  change  curve  520  generated  by  multiplying 

the  previous  change  curve  510  with  the  weighting  function  514  selected  on  the  previously  found  transition  1 
(96).  The  highest  value  522  on  this  revised  change  curve  520  is  marked  as  transition  2  (97),  and  the  process 
is  iterated  to  find  all  the  transitions  (98). 

45  Eventually  the  revised  change  curve  will  have  yielded  all  major  transitions.  When  the  greatest  change  re- 
maining  is  below  a  threshold  532  in  Fig.  12,  the  system  10  declares  all  scene  changes  found.  This  threshold 
may  be  fixed  or  it  may  vary,  starting  low  and  rising  with  the  number  of  found  scene  changes.  In  an  exceedingly 
boring  sequence  where  few  changes  were  found,  the  threshold  would  remain  low,  encouraging  even  subtle 
changes  to  be  flagged,  while  parsing  a  long  action  movie,  the  system  would  limit  selection  to  major  events  so 

so  the  basic  story  could  be  viewed  on  a  single  screen  of  still  images. 
Once  the  system  10  has  determined  all  relevant  scene  changes  it  attempts  to  find  the  most  representative 

image  from  each  scene  sequence  to  represent  that  sequence.  It  does  this  according  to  a  method  explained 
with  reference  to  Fig.  13.  For  an  image  600  in  the  sequence  602  between  transition  1  604  and  transition  2 
606,  the  system  finds  the  change  between  every  other  image  in  that  sequence  (99).  The  average  of  that  dif- 

55  ference  measures  how  well  that  image  600  represents  that  entire  scene  (101).  This  process  is  repeated  for  all 
other  images  in  the  sequence  (103),  and  the  image  with  the  lowest  average  difference  best  represents  that 
scene  (105).  In  this  case  the  system  has  identified  image  600  as  best  representing  scene  602,  and  the  Cheshire 
cat  610  as  best  representing  the  final  scene  612  following  transition  2. 

9 
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Claims 

1.  A  method  for  use  in  a  computer  system  for  editing  video  comprising 
detecting  segment  boundaries  with  said  computer;  and 

5  displaying  indicia  each  corresponding  to  one  of  said  boundaries,  wherein  the  detection  of  the  boundaries 
of  each  segment  includes  generating  signatures  associated  with  images  in  the  segment,  generating  sig- 
natures  associated  with  images  of  the  next  segment,  and  comparing  signatures  of  images  from  each  seg- 
ment  with  signatures  of  images  from  the  next  segment. 

10  2.  The  method  of  Claim  1  further  including 
selecting  one  of  said  indicia;  and 
displaying  a  segment  of  said  video  corresponding  to  said  one  of  said  indicia  in  response  to  said 

selecting. 

15 

20 

15  3.  The  method  of  Claim  2  including 
selecting  a  next  one  of  said  indicia;  and 
displaying  a  next  segment  of  said  video  corresponding  to  said  next  one  of  said  indicia  in  response 

to  said  selecting  a  next  one  of  said  indicia. 

4.  The  method  of  Claim  3  wherein  said  one  of  said  indicia  and  said  next  one  of  said  indicia  each  correspond 
to  a  frame  of  video  from  a  different  respective  said  segment  of  video. 

5.  The  method  of  Claim  4  wherein  each  said  frame  is  representative  of  a  different  respective  said  segment 
of  video. 

25  6.  The  method  of  Claims  1  ,2,3,4  or  5  wherein  said  step  of  displaying  indicia  comprises 
displaying  said  indicia  in  a  visual  order  corresponding  to  an  order  in  which  each  said  segment  of 

video  is  desired  to  be  displayed. 

7.  The  method  of  Claim  6  further  including  re-ordering  said  indicia  after  said  displaying  of  said  indicia  in  said 
30  visual  order  to  change  said  visual  order  and  further  to  change  said  corresponding  order  in  which  each 

said  segment  of  video  is  desired  to  be  displayed. 

8.  Apparatus  for  use  in  a  computer  system  for  editing  video,  comprising 
means  for  detecting  segment  boundaries  with  said  computer;  and 

35  means  for  displaying  indicia  each  corresponding  to  one  of  said  boundaries,  wherein  the  means  for 
detecting  the  segment  boundaries  of  each  segment  includes  means  for  generating  signatures  associated 
with  images  in  the  segment,  means  forgenerating  signatures  associated  with  images  of  the  next  segment, 
and  means  to  compare  signatures  of  images  from  each  segment  with  signatures  of  images  from  the  next 
segment. 

40 
9.  The  apparatus  of  Claim  8  further  including 

means  for  selecting  one  of  said  indicia;  and 
means  for  displaying  a  segment  of  said  video  corresponding  to  said  one  of  said  indicia  in  response 

to  said  selecting. 
45 10.  The  apparatus  of  Claim  9  including 

means  for  selecting  a  next  one  of  said  indicia;  and 
displaying  a  next  segment  of  said  video  corresponding  to  said  next  one  of  said  indicia  in  response 

to  said  selecting  a  next  one  of  said  indicia. 

50  11.  The  apparatus  of  Claim  10  wherein  said  one  of  said  indicia  and  said  next  one  of  said  indicia  each  corre- 
spond  to  a  frame  of  video  from  a  different  respective  said  segment  of  video. 

12.  The  apparatus  of  Claim  1  1  wherein  each  said  frame  is  representative  of  a  different  respective  said  segment 
of  video. 

55 
13.  The  apparatus  of  Claim  9,10,11  or  12  further  including 

means  for  displaying  said  indicia  in  a  visual  order  corresponding  to  an  order  in  which  each  said 
segment  of  video  is  desired  to  be  displayed. 

10 
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The  apparatus  of  Claim  13  further  including  means  for  re-ordering  said  indicia  after  said  displaying  of  said 
indicia  in  said  visual  order  to  change  said  visual  order  and  further  to  change  said  corresponding  order  in 
which  each  segment  of  video  is  desired  to  be  displayed. 

11 



EP  0  590  759  A1 

MICRO  PROGRAM  WORKING  LOOKUP  ORIGINAL  MAPPED 
PROCESSOR  MEMORY  TABLES  IMAGE  IMAGE 

STORAGE  STORAGE 
22  24  26  28  30  32 

♦  *  1 1   
- J   1  

1  '  1  
1  

1 

SYSTEM  BUS ^ 3  
20 

IMAUb  S O U R C E  

n   i2  

MONITOR 

KEYBOARD 

F I G . 1  

z 





EP  0  590  759  A1 

TV  WATCHER:  17  SCENES  0-3-17) 

FIG.  4  

REDUCE  RESOLUTION  OF  EACH  IMAGE 

PRE-ASSIGN  WEIGHT  FACTOR 
TO  EACH  PIXEL 

I  

AVERAGE  CHARACTERISTICS  ACROSS  ALL 
PIXELS  FOR  EACH  IMAGE 

ISOLATE  SPECIFIC  CHARACTERISTICS  TO 
DEFINE  FINGER  PRINT  FOR  EACH  IMAGE 

DETERMINE  DIFFERENCE  BETWEEN  TWO 
IMAGES  FROM  FINGERPRINT 

MARK  SCENE  CHANGE  WHEN  DIFFERENCE 
EXCEEDS  PREDETERMINED  THRESHOLD 

TO  FIG.  5B 
FIG.  5 A  

14 



EP  0  590  759  A1 

DEFINE  PAST  AND  FUTURE  WEIGHTING 
FUNCTIONS  CENTERED  ON  TIME  Z 

DEFINE  DIFFERENCES  BETWEEN  EACH  SCENE 
IN  FUTURE/PAST  RELATIVE  TO  CURRENT  TIME  Z 

I  

STORE  EACH  DIFFERENCE 

I  

WEIGHT  DIFFERENCE  BY  PRODUCT  OF  PAST  AND 
FUTURE  WEIGHTING  FUNCTIONS 

1 

FORMULATE  RECIPROCAL  OF  AVERAGE  OF  RECIPROCALS 

I  

PLOT  CHANGES  IN  SEQUENCE  FOR  EACH 
IMAGE  INTO  CHANGE  CURVE 

I  

AVERAGE  CHANGES  WITHIN  PRESELECTED  WINDOW 

i  

NORMALIZE  CHANGE  CURVE  TO  PRODUCT  FUNCTION  CURVE 

1 

DETERMINE  POINTS  OF  GREATEST  CHANGE  IN 
FUNCTION  CURVE  AS  FIRST  TRANSITION 

1 

SUPPRESS  CHANGES  AROUND  TRANSITION 

1 

SEARCH  REVISED  CHANGE  CURVE  GENERATED  BY  MULTIPLYING 
PRIOR  CHANGE  CURVE  WITH  WEIGHTING  FUNCTION  SELECTED  ON 

PREVIOUSLY  FOUND  TRANSITION 

I  

DESIGNATE  LARGEST  VALUE  OF  REVISED 
CHANGE  CURVE  AS  SECOND  TRANSITION 

REPEAT  TO  FIND  ALL  MAJOR  TRANSITIONS/SCENE  CHANGES 
COMPLETED  UNTIL  GREATEST  CHANGE  IS  BELOW  THRESHOLD 

TO  FIG.  5C FIG.   5 B  

15 



EP  0  590  759  A1 

DETERMINE  CHANGE  BETWEEN  IMAGES  IN  A 
SEQUENCE  BETWEEN  TWO  GIVEN  TRANSITIONS 

i  

AVERAGE  THE  CHANGE  DIFFERENCE  AS  A 
MEASURE  OF  REPRESENTATIVENESS 

1 

REPEAT  FOR  ALL  IMAGES  IN  SEQUENCE 

1  
~  

SELECT  IMAGE  WITH  LOWEST  AVERAGE 
DIFFERENCE  AS  REPRESENTATIVE  OF  SCENE 

FIG.   5 C  

^-302  ^   
300  3 •300 

^ 3 0 4  

l T ~ l i i  

n = 1 6  

D A B = S ( P n A - P n B ) 2   —  

n=1  ^ ^ ^ s o e  

FIG.   7  

16 



EP  0  590  759  A1 

f u t u r e  

in  in  b   l o i o i o i u i   * r   M ^ H ^ j   j   j j ^ r   r  r  v  r  

|  p a s t   |   f u t u r e   J  

a  z  B 

c z   =  
1 

I   I  
W  - W  
v ,Apas t   VVB  future 

A=all   p a s t   B=all   f u tu r e   Dab  + - 0 1  

■410 

FIG.  8  

FIG.  1 3  

17 



EP  0  590  759  A1 

a v e r a g e   504  c h a n g e  

c h a n g e   /   / ^ y ^   
502 

FIG.  9  

t r a n s i t i o n   1 

H i  
510  514  de j i t t e r   w e i g h t i n g  

U H - r r   r  y  i r r r n  

FIG.  1 0  

t r a n s i t i o n   2  

522  - ^ J  

I n l n l o l o l o l o P I H H   r r - H ^ U U J J ^ U k f   r  K  M /   I  II  t 

FIG.  11 

FIG.  1 2  

18 



EP  0  590  759  A1 

European  Patent 
Office EUROPEAN  SEARCH  REPORT Application  Number 

EP  93  30  4804 

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 

Category Citation  of  document  with  indication,  where  appropriate, of  relevant  passages 
Relevant 
to  claim 

CLASSIFICATION  OF  THE APPLICATION  ant.  CI.S  ) 
X 
Y 

X 
A 

P.X 

US-A-5  099  322  (GOVE) 
*  column  3,  line  5  -  line  36;  figure  5  * 
*  column  4,  line  35  -  line  47  * 
*  column  7,  line  29  -  line  47  * 

FKT  FERNSEH-  UND  KINOTECHNIK 
vol.  45,  no.  5,  1991,  HEIDELBERG,  DE 
pages  252  -  258 
KRIEG  'multimedia-computer  und  die  zukunft  
des  f i l m / v i d e o s c h n i t t s 1  
*  paragraph  3;  figures  2,3  * 

EP-A-0  489  301  (TOSHIBA) 
*  column  1,  line  42  -  column  2,  line  23; 
f igures  8-10  * 
*  column  5,  line  30  -  line  55  * 
*  column  6,  line  36  -  column  7,  line  5  * 
*  column  7,  line  46  -  column  8,  line  32  * 
*  column  8,  line  45  -  line  53  * 

1 -6 ,8 -13  
7,14 

7,14 

G11B27/031 
G11B27/34 

line  55  * 
column  7,  line  5  * 
column  8,  line  32  * 
line  53  * 

EP-A-0  378  393  (TOSHIBA) 
*  column  3,  line  1  -  line  53;  figures  2 ,4  

*  column  4,  line  13  -  line  20  * 

PATENT  ABSTRACTS  OF  JAPAN 
vol.  10,  no.  8  (E-373)14  January  1986 
&  JP-A-60  172  892  (  TOSHIBA  ) 
*  abs t rac t   * 

EP-A-0  526  064  (THE  GRASS  VALLEY  GROUP) 

1 -5 ,8 -12  
6,13  1 

1-14 

1-14 

1-14 

TECHNICAL  FIELDS 
SEARCHED  (Int.  C1.5  ) 

G11B 
G06F 
H04N 

The  present  search  report  has  been  drawn  up  for  all  claims 
PI  ice  of  lefrch 

BERLIN 
Me  of  auopleUuiif  Ike  uirck 

30  NOVEMBER  1993 J0NSS0N  B. 

CATEGORY  OF  CITED  DOCUMENTS 
X  :  particularly  relevant  rf  taken  alone Y  :  particularly  relevant  if  combined  with  another 

document  of  the  same  category A  :  technological  background O  :  non-written  disclosure 
P  :  intermediate  document 

T  :  theory  or  principle  underlying  the  Invention E  :  earlier  patent  document,  but  published  on,  or after  the  filing  date 
D  :  document  cited  in  the  application L  :  document  cited  for  other  reasons 
ft  :  member  of  the  same  patent  family,  corresponding document 

19 


	bibliography
	description
	claims
	drawings
	search report

