Wb 96/ 12240 PCT/ US95/ 13574
SYSTEM AND EOR SKI MM NG DI G TAL A o
GATA o 5622 BACKGROUND OF THE | NVENTI ON y@hﬁé{’ﬂ}%% t he

I nvention 5 The present invention is directed generally
"to a systemand nmethod for skinmmng digital audio - vi deo data, and
.nore particularly, to a system and met hod for independently skinm ng
- digital audio and digital video data based on the information content

- of 10 that audio - video d¥5¥EM AND METBODAFOR AXIMMING On

This application is related to BIGITAL RUBIO / VIDEOApPATAcation entitled
"Met hod and Apparatus for Creating A Searchable Digital Video
Library and A Systemand 15 thhod O LBlng Such a L|brary" by Wactl ar
et al. which is the "VB2 ROE , ,

concurrently herewith, and which is hereby |ncorporated by

ref erence. The Eﬁ@d&hﬂﬂéijL_nﬂgnﬂlleon and the i nst ant

applicatiog are comonly ormctaréf&enﬁ/\aﬁd@ﬁtfén 29 dlra&teapgbhe%tam s
directed to the creation of a’'videqg st.em whérein

voi ce, inmmges, &R & &¥stem and al'l‘eetl?"?ﬂ1 e%‘?’ét%‘&”f“&“?%rﬁ’?‘ﬁhtgﬁdé}égaosear chabl e
digital . atidien -datiglemnd icirey . pahei MWTatrhy, etoak. sgppkmcantdon

method for independently skimming digital audio and

digital video data based on the information content of
10 that audio - video data.

Related Application

~ This application is related to a U.S. Patent
Application entitled "Method and Apparatus for Creating
A Searchable Digital Video Library and A System and
15 Method Of Using Such a Library" by Wactlar et al.,
which is the "Wactlar et al. Application", filed.

- concurrently herewith, and which is hereby incorporated
by reference. The Wactlar et al. application and the
instant application are cdmmonly owned. The Wactlar et

20 al. application is directed to the creation.of a video
digital library system wherein voice, images, and text
are integrated to form an indexed searchable digital
‘audio - video library. The Wactlar et al. application

 disc1oses a system for exploring the searchable digital

25 audio—videb library. The present invention described
herein may be used in conjunction with the apparétus
and methods disclosed in the Wactlar et al.

application. However, as will be appreciated by those -



di scl oses a systemfor exploring the searchable digital audi o-vi deo

l'ibrary T esent invention described herein

conj unct‘iv8ﬁg(iﬁ% t he apparatus and net hods di scl os oqgﬁs#ﬁg%act | ar -
et al. application. However, as will be appreciated by those
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skilled in the art, the present invention may be R utilized with
respect to any digital video or audio dat abase.

Descripti on #}illed Bas kelio uatt pf theepkagenti @avention may be When the
nodal ity of comruni cation has - intrinsic tenporal rates associated
‘therewith, auciliwed with resipecortsi dry, digitali g deec areaudicr easi ngl y
difficult. For exanple, it takes 1000 hours to review 1000 hours of
vi deo. " Det aidalthbbamiexi ng of -t he video 10 can aid that process

However, users often wsh to peruse video simlar to the manner in
which they flip t hrough pages of a book: UnfOrtunater, mechani sns

f or d0|n so foday_are inadequat e. anpi n ing a
De é%l ion of th Back roun o% R. % vy Junp 9

5 o When the modallty of communlcatlon has _
intrinsic ‘temporal rates associated therewith, such as

audio or video, searching beComeS'increasingly

difficult. For example, it takes 1000 hours to review ‘

1000 hours of video. Detailed indexing of the video
10 cﬁn aid that process. However, users often wish to
peruse video similar to the manner in which;they.flip
through pages of a book. Unfortunatély,_mechanisms fof
doing so today are inadequate. Scanning by jumpihg a
' set number of frames may skip the target information
15 completely. Conversely, accelerating the playback of
- motion video to twenty (20) times the normal rate
prééents information at an incomprehensible speed.
Even if users could comprehend such accelerated
playback, it would still take six~minutes-to scan two
20 hours of videotape. A two second scene would be
presented in only one-tenth of-é second. -

Similar to the problemé:with searching video,
there is an.analogous.problem.with;séarching audio,
only more acute. Playing audio-faét.during.a scan is

25 impractical. Beyond one and oneehalf”(l.S):to two (2)

times the normal rate, audio becomes incomprehensible

2.
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- set nunber of frames may skip the target information 15 conpl etely.

Conver sel y,waggﬁh% atl ng the playback of : not i on vi deo gcearnisyenssrs ( 20)
tzl mes the normnal _ presents information at an inconprehensible

| speed. : Even |f users coul d conprehend such accel erated

~ playback, it would still take six mnutes to scan two 20 hour s of

vi deot ape. A tpurairedthe GRairtaw plhyisack rateprsbifitefiregquenkiesngot ent h
. of a second. Simlar to the problems wth searching video,
there is an analhegdumptidile wanges sediihlegdsaital signal BEPFeRSiaTacut e.
Pl aying audio fast during a scan is 25 npracti cal ond one and
one-hal f (1.5) technioey are helnfmkstQrﬁﬁ¢Mﬁﬁaﬁr¢GP€nCHu§%6 fh&comts

i nconpr ehensi bl e WO 96/ 12240

PCT/ US95/ 13574 high playhackisatem rheee $igjeatksigral BRPFESELBuenci es

to the inaudibl e ranges. Wil t al
t echni quel areQﬁﬂqﬁﬁﬂuQ§) f%?ﬁ%éhé%egﬁw??gnféFgrgﬁggalﬁ%gﬁ pl ayback

rates, those digita processing 5 t echni ques present soundbytes
much i ke thosé’g’(?fl% Vilikbad 184 vi deodi sc scan. As one

can imgine, the problemys (e, imagfﬁQPléﬁéiﬁgoBﬂeﬁ Tl pbRdi @

scenario. The integration

complicated in a multimedia scenario. The integration
of text, audio, and video thus presents many obstacles

10 which must be oﬁercome. There are about one hundred
fifty (150) spoken words per minute of an average
interview video. That translates to about nine
thousand (9000) words for a one hour video, or roughly
fifteen pages of text. A person skimmiﬁg the text may

15 be able to find relevant sections relativély quickly.
However, if one was to search for a specific topic
containéd in a videotaped lecture, the searching
problem is acute. Even if a high playback rate of
three (3). to four (4) times normal speed was

20 comprehensible, continuous play of audio and videq is a
totally unacceptable search mechanism. Assuming the
target ihformation_was half-way through a one hourl
video file, it would still take approximately seven (7)
‘to ten (10) minutes to find.

25 In complex, emerging fields such as digital
libraries and multimedia, it is not surprising that

most of today)s applications have failed to take full



of text, audio, and video thus presents many obstacles 10 whi ch must be °
OvVer COMRyo od/dss 2r € about one hundred - fifty (150) 14 ds per
mnute of an average = . interviewvideo. That translates to about nine &
t housand (-9000¥ “Words: for~a oné hour 'video, or roughly - LR kteen.pages:ig
of text. A person skimming the text may 15 be able to find rel evant -
sections relaivattiageoEktlye informatibervbandwidehemueh leszeatzh for a
specific topic contained in a videotaped |lecture, the searching
probl emis aapshilbteies fof aimhlpingddak dagitesl video apkh emxdi® to four
(4) tinmes normal speed was 20 conprehensi bl e, continuous play of audio
and vi deo ‘| environment ot {fodayihacdepians ct¥picahlyeempdioyma Assuning t he
target information was hal f-way through a one hour . video file, it
woul d stil | V@ViganBhone criewbmultimedia.. I3 £his( sdpdilstdss to
find. _25 . In c | ex, energing. fields such gs digi:.tal

li brar?es amﬁqﬁkqiWﬁﬂﬁ%ﬁaﬁéngiﬁiﬁn°§ﬁr§?ig}ﬂge?haﬁt°PP¢3r ﬁbgﬁrbf t oday' s
?g?l catl on%j\%\/% %:Iézl‘zs%g:jré)netc?koenfégel screen, . and, possibly,
PCT/U895/13§%$ipulated in other ways such as by displaying a

graphic synchronized to a temporal point in the -
multimedia object. This is the traditional analog .

10 -interactive video paradigm developed almost two decades ‘
ago. Rather than ihﬁeractive video, a much more
appropriate term for this is "interrupted'video."
| | Today’s interrupted video paradigm views
multimedia objects more as text with a temporal

15 dimeﬁsion. Differences between motion video and other

| media, such as-text.and_still images,_are attributed to
ﬁhe.fact that time is a parameter of video and audio.
However, in the hands of a user, every medium has'ai
temporal nature. It takes time tolread (process) a

20 text document or a still image. In traditional media
each user absorbs fhe information at his or her own
rate. One may even assimilate visual information -
holistically, that is, come to an understanding of
‘complex information nearly at once. -

25 , However, to convey almost any meaning at all,
video and audio must bé played at a éonstant rate, the

rate at which they were recorded. While a user might



advant age of the information bandwi dth nmuch less the capabilities

of a nmulti gital video and audio envi ronnent .
p”ﬁg 3‘?1 ?}.@ 7&')6@6/15574

designs ty npl oy a VCR/ Vi deo- Phone vi ew of timedia. In
. this sinplistic nodel ,: vi deo and audi o can be pl ayed, stopped, their
. W ndows p05|t|oned on the screen, and, possibly, mani pul ated in

ot her ways SUC*’aé’éeeﬁ’ Gié@baahagaﬁdlo playedaphick stnahrsordizess trommal
tenporal point in 't mul ti media object. This is the traditiona

“analog 10 . igpes@cfoyeavbrief paimdj gitdéseunjdkedynidtat weats atasld
ago. Rat her than interactive vi deo, a nuch nore appropriate termfor
this is "interramtept vloeg. periods at such playbask gat@sor diptkaFt deo

par adi gm vi ews mul tinedia objects nore as text with-a temporal 15
di mension. D f$tudiessshevvebat nbhesa snsdéosamr@rétséagly signifdfiant such
as text and still images, are attributed_to g fact_that, ine is a
par anet er Sof V|QﬁﬁﬂhhHVhEH|6° alterlngbﬂéggpac#nfgﬁg qﬂEQ1 every

medi um has a oral nature. es.ti 0 r oce
t ext docunent d?s%F%t 1 AGEgRt aFﬁe%?ﬁﬁ F oRARY] E%ﬁ#ﬁ ﬁﬁ%e
absor bs the informt

assimlate vi suaf3iH #%¥n§??%la°8 Eﬁ%i???iggﬁpffikﬁé 'S, cone%%gkgﬁ

under st andi ng OEhe systeﬁpnplex i nformation nearly at once.

While video and audio data types are constant

10 rate, continuous-time, the information contained in
them is not. In fact, the granularity of the
information content is such that a one-half hour video
may easily have one hundred semantically separate
chunks. The chunks may be linguistic or visual in

15 nature. They may range from sentencés to paragraphs and
from images to scenes.

| ' Understanding the information contained in
video is essential to successfully implementing the
digital video library system of the Wactlar et al.

20 Application. Returning a full one-half hour video when
only oné minute is relevant is much worse than
returning a completé book, when oniy one chapter is
needed. With a book, electronic or paper, tables of.
'conteﬁts, indices, skimming, and reading rates permit'

25 users to quickly find the chunks.they need. Since the
time to scan a video cannot be dramatically shorter

than the real time of the video, a digital video



25 However, to convey al nost any neaning at all, - vi deo
and audio nust be played at a constant rate, the rat whi.ch they
wer e re(%?ﬂ@&“@\hi l e a user m ght _ %&&5}{@7&_4_ _
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accept video and audio played'back at 1.5 times normnal

speed for a

br i ef ti”E,1Ebr5§ggahF§eP§g%h%ke&%eﬁ%s%nﬁﬁb:materiﬁ@ceﬁéylﬁeadperiods at

such pl aybac

r at studi es show that there Iis a

surpri si ngl yngkeBthhadnl the infeemtitiod tabriterd (&f i Widebaghabkeki delity.

Even i f

users did accept accel erated playback, the information

transfer rahetwotll¢ £hindinbethe teleMdnt catdemidkdobly presentihg system

Whi |l e video and audi o data types are constant 10 rate, continuous-tine,

t he informathat doficamatdonnin usefulhdiwrims.not. I n fact, the granularity

of the

may e&sily have one hfnredledha¥eabeesalareat@shitna £acilitaeguardiothe chunks
may- be linguistic or visual in 15 nature. They may range from sentences

~information content is such that a one-half hour video

to paragraph%ouﬁéng whichfpgﬁppﬁggggapyigﬁgnggpresentatlons of the
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. audio waveform to the user to aid identification of

locations of interest. However, studies have shown
that those techniques are useful only for audio
segments under three minutes in duration.

Accordingly, the need exists for a tool

adaptable to a multimedia environment for skimming

digital audio-and video data. Such a tool should be
based on content‘éf'thé digital video data instead of
being based merely on.image'Statistics. Moreover; the
skimmihg rate musﬁ be.such as to account for different
informaﬁion content of.video segmenﬁs; Finally, the
video and audio searches should be independent with
respect to each other to improve information content éf

the skim.

SUMMARY OF THE PRESENT INVENTION

The present invention is directed to a system

‘and method for skimming digital audio / video data
.Wherein said video.daté is pattitidned into video

‘segments. The methqd’includés selecting representative

frames from each of the video segments, combining the

representative frames to form a compressed video

-~ 6 -
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Under st andi ng the information contained in video is essential to
successful |
VAct | ar et

when

| nting the digital video library s 3&1ae
Yo SR L Y SYPERUBSI13EN

Application. Returning a full one-half hour video
only one mnute is relevant is nmuch worse than returning

. a conpl ete book, when only one chapter is ' needed. Wth a book

~electronic or pgeghentahl eradberibing ediel entdio idatiaes,iddimibiying and
. reading rates permt 25 users to quickly find the chunks they need.
- Since the
than the real tinme of the video, a digital video

keywoedbocensaiaedi deo thenoanssxikadEaudio \datrr t er

- 5- Wsebetp2ag portions of the audio data identified as
PCT/ US95/ 13574 Aibrary nust give users just the material they
need. UkeEverdsding thie idensdfating stoR &7 TATWiHSPHRERFRR

not only finding the rel evant mat

rigl b

i orml Gn'y Gudhe) SFagls. andopieying thd Siiectha rigen wifiense o
acllitate audl o . (
t he audi gn\,ﬁ%p}}pﬁ[;%%'t Fr,‘(gtgg'gﬁ,et %Q%Sp%nelts&%:f%dl%g{ i%rﬁé)% sentations of
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Accordingly, it is an object of the present
invention to establish a system whereby digital audio_-
video libraries may be easily skimmed based on content
of the audio and video data. It is a further object of
the invention that the playback rate, and thus the
information content, of audio and video data from a
digital library be controllable by a user. It is a
further object of the invention'that digital video data
and transcriptions of audio data be independently
searched and skimmed. It is yet another feature that
the most important video.segments and the- most
important audio segments are selected for the skim.

It is an advantage of thetpfesent invention
that content-based video images are presented to the
user. It is a further advantage that audio key words
yvand phrases, independent of the video image skim, are
‘presented to the user. It is another advantage of the

'present invention that textual keywords are identified
and can be preéénted along with video or still images.

It is another advantage of the present invention that a



| ocations of interest. However, studies have shown t hat those _
t echni q%ﬁm‘wseful only for audio 10 segment s undey, Cf,{}g&ﬁ#%nut es in

durati on. Accordi ngly, the need exists for v
adaptable to a nultinedia environnment for skinmmng digital audio and
vi deo data. Such a tool should be based on content of the digital

vi deo dat a rasg@tieadoaf oflEime lofi myp lasdwerdnel (2on timge oramoseéi ts.

Mor eover, the skinmi ng rate nust be such as to account for different
|nfornat|onachmevad whiledretadgimg most rdaifiormation contentdeo and audio
searches shoul d be i ndependent with respect to each other to inprove

i nf or mat i onTheaeeandopthey advanéaslesfnand benefits will bec@upMARY OF THE
PRESENT | NVENTI ON resent invention is dlrected to a

system  apPar@nfefrem £be Qﬁtmqlﬁe SFAAPLARR PF YheBreberred

hethod i nol HEBSIZBRBE: PRGSABBRLSH Nt ati ve . framss fromeach of the

vi deo segnents, conbi “'ﬁgggsgﬂg;f&ﬁ”@ﬁ%ﬁtbﬁﬁwiﬁég‘as to forma

conpr essed vi deo- )

PCT/U595[;3574 ' The various objects, advantages, and novel
features of the present invention will be descfibed, by
way of'example only, in the.following detailed

10 description, when read in conjunction with the appended ‘
drawings, in which:

FIG. 1 is-block diagram illustrating an
overview of a digital video library system with which
the present invention may be used;

15 o FIG. 2 is a flow diagram.illustrating the

. process of generating a digital video skim;

FIG. 3 ié.a:schemétic_diagram showing frames
of digital video in sequence with key frames .
highlighted;

20 "FIG. 4 is a schematic diagram showing frames
of digital video wherein only the key frames identified
in FIG. 3 are included; |

FIG. 5 is a schematic diagram showing
‘transcriptions of audio data with key words

25 highlighted; |

FIG. 6 is a scheﬁatic-diagram showing

transcriptions wherein only the key words of the audio



sequence, transcribing the audi o data, identifying keywor ds

contai ned | nscri bed audi o dat a, sel ecti ng porpepaseRizsise
. audi o data igvtﬁe%k?llz%‘f'ﬁd as keywords in the identifying step to forma

- conpr essed 5 audi o track, and playing the conpressed vi deo sequence

In conjunction with the conpressed audi o track

Accordingly, itdataainoPfectsoarehénpleded; and invention to establish a
system whereby digital audio - video |libraries may be easily ski mred
based on content 10 oFIGhe7aidi 8 snllematdc ddmgram showing drheher

obj ect of the invention that the playback rate, and thus the

i nf or mat i on consehemabicadiagrams 9fdEECHat 4 RPGMSaand the gigital |ibrary
be controllable by a user, It is a further object of the invention
that digital vi whership thexgleEWsRBcriptions of audio data be

I ndependent | y searched and skinmred. It is yet another feature that

the nost inportant yj he._. | o]
segments re sel ect FEO 8 PokN6r ™k pPREFERREDP SMERMTMEHF 2ge of

the present inventi 20..., .t hat t-based vid Nt ed
et on g BERPURLETLMIES L ISh P didyprasent o0

to the user. It € vant agé that 0 key wor

Yanc 0 %e%, |QoEReEnbech BGIKAMED REBOT BKAEY Maten, ceriamen o Lo
textual keywor dsepspridepbi biefhe numeral 10, constructed according to
the teachings of the Wactlar et al. application. Like
10 reference numerals wiil be used among the various
figures to denote like elements. In FIG. 1, the
digital video library system 10 is shown to have two
portions 12, 14. The offline portioﬁ 12 involvés the
creation of a digital library 36. The online portion 14
15 includes the functions used in the'exploration of the
video digital library 36. As used hereih, the term
digital video library system 10 refers to the entire
system, while the term digital library refers to the
database created by'the offline portion 14. It will be
20 understood by those skilied ih the art.that while thé
present invention will be described in conjuhction with
the video digitai library syétem 10 described herein,
.£he éystem_and method of the present invention aré
adaptable to any type of digital video and digital
25 audio system. | |
‘The offline portion 12 receives raw video

material 16 comprising audio data 18 and video data 20.

-9 -



25 and can be presented along with video or still images. It is

agot her %v g/ (ifzzzge present invention that a EP—
PCT/ US95/ 13574 : reduction of time of up to tmenty (20) tines or

nore is

achi eved while retaining nost information content.

Those and otfigs aghvaniaeesmabdrhanchist ama gﬁ Illnéamudlo vidEPPRESRt from

the Detail ed Description of the Preferre

Enbodi nent her el nbel ow.

BRI EF DESCRI&y GbhéFofHr RRAMENGSE various sources. Ithgg/ari ous objects,

advant ages,

and novel features of the present invention will be

descri bed, hyreferablewkyatftbeanmpwevidep matettialf dld ducwrptataided 10

descri ption,
whi ch:
overV|em10f

when read in conjunction with the appended dr awi ngs,
not only teleyizignjfopragk @Ragbuin allsestthat iumpdited
a digital V|deo i brary systemw th which t he present

i nvent Pon mﬁP g dprterials, shown generﬁéﬂyzasSeztﬁﬁo@qmuayeua4

roce s of ratin digital video skim
||IUStratlm%£dﬁawhlch tf ev£s1 n %ootagg_zz w%s derived. Such

10

15

20

25

extra footage 24 enriches the digital video library 36
significantly such that the raw video material 16 may
be used as reference resources and for uses other than
those originally intended. The extra footage 24 also
enlarges the amount of raw v1deo materlal 16
significantly. _For example, typlcal source-footage
Iruns fifty (50) to one hundred (100) times longer than

the correspondlng broadcast telev151on footage 22.

_ Obv1ously, new v1deo footage 26 not created for -

broadcast telev181on may also be 1ncluded.

| Raw material may also include pure.text,
audio only, or_yideo only; | o

| The audio data 18 is subjected'to the
functions of speech and language 1nterpretatlon 28 and
speech and language 1ndex1ng 30, each of which will be
described in conjunction with the skimming function
described herein. The v1deo data 20 is subjected to
the functions of v1deo segmentatlon 32 and v1deo
compression 34. The resultant indexed video llbrary 36
includes indexed, text transcripts of.audlo data 38

indexed, transcribed audio data, and segmented,

- 10 -
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FIG 3 is a schematic di agram show ng franes of digital video in

sequence W th key franes hi ghlighted; 20 LS, a
schematic dWé’g?‘ how ng frames of digital video V\hergﬁ:&?ﬁl}vgi‘he
key franmes identified in FIG 3 are included, FI G
5 is a schematic diagram show ng transcriptions of audio data with

key words 25 oomBh-gRkk@N! 8ddio video data 40. Flihe Gii§i @aBCOEBRELY
di agram show ng transcriptions erein only the key words of "the

- audi o also includes indexed text dhd segmentél &&mpZE4Bed

PCT/ US95/ 13574 data in FIG 5 are included; and

FIG 7 is a schadibi Gadaagr aies @ddyitalt Ndbrary 36 dEntiié cowtpgt aos of

FIGs. 4 and 6 and the rel ati onshi p t herebetween. 5

DETAI LED DESCRtRe| 6EfDEnéHpoPREBBRRED EVEHE MENfital video libraryWoh
reference to FIG 1, there is shown an overview of a digital video
library $ystenftgésethel yideo libmafrar 3éd whidly isheisedrévnl the, onbimer uct ed

according to
- portion 14 and which, in a commercial environment, is
accessed or otherwise made available to users.
Turning now to the online portion 14 of the
digital video library system 10, the video digital
i0 library database 36 is made available to a user
workstation 42. The workstation 42 preferably
recognizes both voice commands and textual natural
language queries, either of which will invoke a natural
language search function 129. Through an interactive
15 video segmentation function 46, video segments 48 are
retrieved. The video segments 48 may be viewed at the
workstation 42 and selectively stored for future use.
No matter how precise the selection of wvideo
segments 48, the ability to skim through video and/or
20 audio is desired and provided by the present invention.
Video segmentation 32 is used in the skimming process.
By creating video paragraphs on scene boundaries, a
high-speed scan of digital video files by presenting
ouick representations of scenes is provided.
25 With reference to FIG. 2, there is shown a
process flow for the creation of the skim output 80.

The video data 20 is input into an image processing

- 11 -



the teachings of the Wactlar et al. application. Like 10 ref erence

nuner al ] used anong the various figures to denote like

el enent ?VWP#]AEPE 1, the digital video library sysftpéﬁqq%sflgs"éhom to
.+ w:have two portions 12, 14. The offline portion 12 involves the

creation of a digital library 36. The online portion 14 15 I l!BcLude§6the

functions ugesdriddle reptdaitad W bieck 231, VirHgoifdhgktal library 36.

As used herein, the term (ﬂ%ﬁtal video library syStem 10 refers to

the entire processiﬂgfﬁﬁnddﬂdﬁé23E3géné&éﬂﬂyiﬂh¢lﬁaé§rHi%&&&&&t&%n?he
dat abase created by the offline portion 14. It will be 2 ~understood by
those skill ef thet videc ddtat 2thidsindiecechniquesckrowni iveghieoare | |1 be
described in conjunction with the video digital library system 10
descri bed hendi fhen segmemtdng dthat abipitetsed videbedataseéntoi nvention are
adaptable to any type of digital video and digital 25 audi o system
The of¥ i nePASABFERIE2 O3 WS qantentdeo See Wactkdarretl alé conpri sing
3;958/23520 gn%@%tv g%%dQ%%%;a%aphing_avoids thepgﬁmgﬁggpggging, -9
' conventional procedure of reviewing a video file
frame-by-frame around an index entry point. To
identify.segment boundaries, the image processing
10 function 231 locates beginning and end points for each_ - ‘
shot, scene, conversation, or the like by appiying
machine vision methods that interpret image sequences.
. We prefer, however, to use content-based
video paragraphing méthods because-the-ultimaté-user is
15 interested in content Qr'subjéct-retrieval,-not simply
image retrieval. The subject of video consists of both
image content, textual content,-and.text transcripts of
audio, the combination of which specifies the subject.
The textual information attached is useful-to.quickly
20 filter video segments locating potential items of
intgrest. A subsequent visual query, referring to
image content, is preferred. For‘exampie, gueries such
as "Find video with similar scenery,ﬁ "Find.the same -
'scene with different camera motion," and "Find video:
25 with the same person," are important considerations

from a user’s perspective. Part of those queries may

be realized by content-independent methods, such as

- 12 -



The raw video material 16 may i ncl ude audi o-video from any one or a

nunber of v .ﬂﬁﬁ ources. It is preferable that the gﬁb
nat eri al 166{dncorp@r at es not only tel evision footage g %sﬂ 240

t he unedited 5 source-materials, shown generally as extra footage 24,
fromwhich the tel evision footage 22 was derived. Such ~extra
footage 24 enrikbesoyhamdtginpakrisdbfeo |ibrary 36 significantly such
that the raw video naterial 16 may be used as reference resources
-and for uses other than @Grrentheffortieginalimagentdatdddhsesiharexact,
footage 24 al so enl arges the anount of raw video material 16
significantly. #oe wBeabdycbasedi onl indireectf doigge statistiaaumetfidds). (50)
to one hundred (100) tines |onger than t he corresponding broadcast
tel evi si on foot 2Pail 180 exphoibudapguae® infermpsioagasmaiatest eat ed
for broagdcast tel evision may_al so_be_incl uded.

Raw mat er Pal na"fll%\]i‘sbm?ﬂ%?uﬁﬁ Bﬂr@e?éxwlth threeag&mgn&yoyxalo,ewg% only.

The audio data 18 is subjected to nctiqQn eec
| anguage interpretation 2% ah%® muiplp%ﬁe@@ﬁhgaﬁ IE&&%&& ﬁl y'3(5’reach

o 1011 411 B ot EESH,UES SOBRUOEL A BE T et
video segment atg O 3mdfbd ! #€%he use of comprehensive image
statistics for segmentation and indexing. This initial
10 segmentation cah be performed by monitoring coding
coefficients, such as Discrete Cosine Transform
("DCT"), and detecting fast changes in them. This
analysis also allows for identifying the key frame (s)
- of each video paragraph; the key frame is usually at
15 the beginning 6f the visual sentence and is relatively
static. | |
Once a video paragraph is identified, we
extract image_features'such as color and shape and
define those as attributes. A comprehensive set of
20 image statistics such.as color histograms and Kalman
filtering (edge detection) is created. While these are
"indirect statistics" to image content, they have been
proven to be useful in quickly comparing and
éategorizing images, and will be used at the time of
25 retrieval.
| We prefer the concurrent use of image, sbeech

and natural language information. 1In addition to image

- 13 -



25 conpression 34. The resultant indexed video Iibrary'36

I ncl udes_j ndexed, text transcripts of audio data 38 I ndexed,
_transcriB'é)cP‘&ﬁgﬁoo_dat a, and segnent ed, o P?_l'__’US9§’_13574_ -
10 - WD 96/ 12240 _ e L Gl i e
PCT/ US95/ 13574 conpressed, audio video data 40. The digita
library ' bncbfes 08xCgull et M SRUP Uit AP ERRaM,
- audi o dat a. %ﬂ%pg#g??gf {)Fﬂrary g isut%‘)e( Sutput o & t he of'g% ne

portion 12 obft&eassohhd)ori BEEkGFBLARY mb@ic, &nd él’farig%%hfh video library
36 which is used by the online portion 14 and Wi ch, In a comrerci al
envi ronnent ,céstent of spokenedopdsothar wesaseadEody aidiahimad 0 users.
Turning now to the online portion 14 of the digital video library
system 10, tsegnenieatiomital 10 library database 36 is made avail abl e
to a user : wor kst ation 42. The workstation 42 preferably _
recognbzes both voi ce Beemments imtegrated! meshodako determiargusgieajueri es
either of which will invoke a natural ~ ~|anguage search function 129.
Through an iRREASEAIRPR Poundarigs gie §@gnéhmans@nna&n@§gara4a;1du deo o

[ ' ' nts may be viewed a
fﬁgnents 48égf%ct motigéﬁrlﬁggg'tgyg Xégﬁgd??gggual'segméétation

is based on interpreting and follOwihg smooth camera
motions such aS'zooming, panning,'and fOrﬁard'camera
10 motion. Examples include the surveying of a large | ‘
panoramic scené,lthe focusing of a viewer’s éttention
on a small area within a iarger-scené;'or a moving
camera mounted on a vehicle such as a boat orréirplane.
A more important kind of video segment is
15 defined not by motion of the camera, but'by motion or
action'of the objects being viewed. For example, in_an
interview segment, once the interviewer or interviewee
has been located by speech recognition,'the user may
desire to see the entifé clip cqntaining'the interview
20 with this same person. This can be done by looking
forward or backward in the video sequence to locate the
| frame at which this person appeared or disappearedzfrom
. the scene.
We also prefer to incorporate developing
25 techniques to track high degrée-of—freedom objects, -
such és a human hand (having twenty-seven (27) degrees

of freedom), based on "deformable templates" and the

- 14 -




wor kst ation 42 and selectively stored for future use.

No
~matter how ' he sel ection of video - segnents 48, ldeh] Y
W&gdn\??‘u p%@lglsg{,)iitsz%

t¢ skimthroug eo and/or 20 audio is desired and provi

present invention. Vi deo segnentation 32 is used in the skinmm ng

. process. By creating video paragraphs on scene boundaries, a

- high speed scaneErtedtgdt #almadeFiflitled Ny natdrent i /Buch a tedhihidue
representations of scenes is provided. 25 Wth reference to
" FIG 2, there iproWbdesaa tool tpr ahesvifdenyvdamabdse dreatrack cdindhe ski m

out put 80. The video data 20 is input into an inage processing
WO 96/ 12240 classify motions of highly articulpCrRdIRUGiaEET4

function, represented by block 231. The image processi ng function
231 general |y includes di §eemeating video by,Appearanfe atdm 20 using

g K e bahe oF i harS e S 1ol Sy 2o

Contont based DERAg B IGR BT RnE ek 15 SRR Bremnmeet o 0 RS 002,

centry point. 19 powerfull 88811 b¥aSGETBRE FRYRAATRY udd God TR PESSEESSI Ng
doing so. While this is difficult for a general three-
dimensional object for arbitrary location and

10 orientation, the technique of the KL Transform has
proven to work to detect a particular class of object.
Among object presence, human content is the most
important and common case of object presence detection.

- Finally, the techniques discussed so far are

15 applicable to two-dimensional scenes, but video
- represents mostly three-dimensional shape and motion.
Adding a threeedimensional'understanding capability to
the paragraphing function greatly expands the abilities
of the.video'segmentation function 32. The

20 "factorization" approach, pioneered at Carnegie Mellon
University, is used in our approach wherein in each
image frame an "interest point" operator finds numerous
corner points and other points in the image that lend
"themselves to unambiguous matching from frame to fraﬁe.

25 All the coordinates of these interest points, in all
frames of the video sequence, are put into a large

array of data. Based on a linear algebra theory, it

- 15 -



10 function 231 | ocates begi nning and end points for each : shot

scene, GRyVE3alion, or the like by applying mac hipggrososyf&Hs Met hods
that i.nterpret | mage sequences. W prefer, however, to

use content-based vi deo par agraphi ng net hods because the ultinmate
user is 15 ° interested in content or subject retrieval, not sinply

i mage retribaal begheprovpacthat thdeo agray st whdséorank is alwawpsge
content, textual content, and text transcripts of . audio, the

conbi nat i oneghahkhtehorpdessi Eharhd sulsjasctbe decomposed imkeughapef or mati on
attached is useful to quickly 20  filter video segnents |ocating
potential i8BfsMeFion informplioRy,. iaesubLRARKMARIMA =gBRRDe Xeferring to
i mage content, .is preferred. For exanple, queries such as "Find
video with ¥R PBr scenery,” "Find the same - scene with different

consi derations  OFR8m sinse semszAlsd i FRERRAGE handifete ay.
Pelge?l'Zediﬂ¥e€§?%§?&%éﬂgEﬂﬁEQQBE.ﬂﬁ&hgg§uégfﬂliﬁb content-based '
PCT/U595/13§Zfagraphing, h#6E°Gk§mb§Q¢p§%@WB¥as;of "football" and
| - "scoreboard" may be used to identify éceneSQin a
football gamé segmented by the showing of the
10 scdreboard; —_— e _ ' - |
Moreover, the present invention also provides
the ability to segment based on time. .
It_wi;l be understood by those skilled in the
art that any of those methods méy'be:employed inlthe
15 paragraphing function, either sepérately-or in
combination with otherlmethods,_to meet the
requirements of particular applicationsr'
After time-stamping at step 233, each video
paragraph may then be reasonab1y~abstracted by a
20 repxesentative,frame and-thus be treated as a unit for
context sizing or for an image content search. At
~least a portion of this task is done by
 contenﬁ-independent statistical methods which detect
image changes, for example, key frame detection by
25 changes in the DCT.éoefficientf Alternatively,.
representative frames may be selected as those which

correspond to the most important audio segment selected

- 16 -



Cirrent efforts in i mge dat abases, in fact, are nostly. based on

I ndi rect i %%ﬁ% stics nethods : They fail to explob %@
ipf ormati on A3 with inages or to deal with threée dimensiona

' events. Vé use multiple nmethods, either separately or

I n conbi nation, for the paragraphing function. The - first method is
the use of conpgehgpepvel7MBHE as describeld hlerein/.0r segnmentation and

. indexing. This initia 10 . segnentation can be perforned by nonitoring

' codi ng coef fi ci enWgthspefiepenbesebeFEGCOSi, e HBaNSfHIghown a

("DCT"), and detecting fast changes in them This anal ysis al so
allows for idensetieagofheillep framegsrollectiveldly emflernnedttcpdnadgitaph;
the key frame is usually at 15 t he begi nning of the visual sentence and
is relatively numeradt@fic.Clips 64a, 64b, 64Cncend Widdea@ansarsagheqied s
identified, we extract image features such as col or and shape and
define th8se aswWai€Riaxeecserrees ﬁEhEﬁsP§ee§§P S e@OParﬁgﬁﬁﬁﬁsnzﬁq%hlcs

such as color histo %rans and ﬁa ilterin e det ¥$ﬁ|s
created. Wile YHERR BREagrap 1S|FHW?e§Fa§P§9|§F|§ e Fnagg'

LheY nave, heen svamp sRrSHER, A8.8R.LRGLY phENTERCEDE SRRV A,
and may -also be used for loose correlation with the
audio portion of the skimming fuﬁction. _

10 o Thereafter the representative clips 64a, 64b,
64c, and 64d are compressed and assembled at step 235.
The step 235 removes the nonrepresentative frames 62
from the seriee of video frames 60 to create a skimmed
video 68 as shown in FIG. 4. The skimmed video 68
15 comprises the'representative frames 64a, 64b, 64c, and
64d.
Likewise, the audio data 18 is processed to
derive the audio portion of the skim output 241.
Referring to FIG. 2, audio data 18 is transcribed by
- 20 the audio tfanscription function 228. The audio
transcription function may be performed in any manner
known in the are and may, for example, be performed by
the Sphinx-II program as described in Wactlar et al.
Other known methods include, but are not limited to,
25 transeription and close captioning techniques. Once

the audio data 18 is transcribed, it is time-stamped at

step 229.

- 17 -



We prefer the concurrent use of image, speech and natural | anguage

informatjon. | n _addition to inmge : ; -
WO 96/ 129Rpsim2die PCT/ Usos/ RSEPES/13574

properties, other cues, such as speaker changes, tim ng ' of audio
and/ or background nusic, and changes in content of spoken words can
be used for reliable ar gtepSe8fENkdiwrds are identified ieHeX!
i ntegrated nethod to determ ne video par agr aph boundaries is
t wo- di mensi oppdnserEbhadadddio data 28j.eCWeplrdeFer WHdt tdHtsuret hod, visual
~segnentation I's based on interpreting and foll ow ng snooth canera
noti ons suchlasguagsl pgoceasbhggrechdiboesabsd cae o Heterniitie on.
Exanpl es include the surveying of a large panoram c scene, the
focusi ng of keyverds.s attention .on a snall area wi-thin a |arger
scene, or a noving canera nmounted on a vehicle such as a boat or
airplahe. Anothernfuactipor ednthe matarral denswmgeent is 15
defined not by notion of the canera, but b{ noti on or ., action of the
obj ects bei rRFFHRIT PRY RRadpfinednagy "tagging" mhexedn #sjRsht, once

the intervieyer or intervi ewee . ,
_ &gia extractybn techniques known in the art, the names

of people, places; companies, organizations and other
entities mentioned in the sound tréck may be

10 determined. This will allow the user to find all ‘
references to a.particular entity with a single query.
Such tagged information may be used to identify
keyWords for_audio skim production.

Our natural language processing functions

15 applied at steps 129 and 230 are based on kﬁown .
techniques and may, for example, apply statistical
techniques or expert systeﬁs. _Natural language
processing is described in Mauldin, Conceptual
Information-Rgtfieval, Kluwer Academic'Publishers,-

20 1991, ISBN 0-7923-9214-0, which is hereby incorporated
herein by reference. For example, a natural language
interpreting function is embodied-in the Scout-sysﬁem
‘"developed at Carnegie Mellon University. Other-natﬁfal

'language'interpreters or.proéessoré are known in the

25 art and may be employed therefor. The Scout system is

a full-text information storage and retrie#al.system

that also serves as a testbed for information retrieval

- 18 -



has been | ocated by speech recognition, the user may desire to see

the entire ¢l aining the interview 20 wth this sa
This can bqugﬁg 5ﬁlooking forward or backward in thgggﬁ 5%9E574

 sequence to |l ocate the frame at which this person appeared or
. di sappeared from the scene. Ve also prefer to
| incorporate devendpidata &ktradtddmit#dndlody ACkTHe OfaEeBaEelfhghiagedom

. obj ect s, such as a human hand (having twenty-seven (27) degrees
~of freedom, badatemprietefdon flundtdng aias alss bdeapplied to the
- 14 - WO 96/ 12240 - . - _
PCT/ US95/ 13574 transcriptBxigemeadtiéal imn thd taudiw tmahecriSutdna t echni que
- provides a tool to the video database to track and classify notions
of highly articfuacsédophRd8t and time stamping furgimmi229 e dbdepyify
. appearance of a. 5 particul ar _object or a conbinatjon object, known by
those skilfed i Ke¥WOTae: aks Stepy @30 -pr BeGause RLOGRasing at thispeabrtul
tool and we prefer to i% yde ne%hods for doiqg:so. VWhile this is
difficult for a°§8H§FaP % ABg, the natural language interpretation
function 230 has the advantage of more processing time
which fosters understanding and allows the correction
of transcription errors.
10 Continuing with reference to FIG. 2, a term
weighting process, such as Term Frequency-Inverse
Document Frequency ("TF-IDF"), is used for keyword
identification 230. The TF-IDF process accumulates
statistics relating to term frequency as stated above.
15 These term weights may be modified according to an’
original user query 50 to customize the keyword
selection for the user’s context. Those identified
keywords are used to extract the most relevant portions
. of the audio 18 at step 237.
20 The TF-IDF process assigns weights to
~particular terms based on the frequency which those
terms appear in a short segment i.e., audio
corresponding to a video paragraph, in relation to the
'frequency those terms appear in an entire transcript.
25 As will be appreciated by those skilled in the ért, TF-
IDF is a standard technique in information retrieval

and information theory to determine the relative
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di mensi onal object for arbitrary location and 10 orientation, the
techni qu KL Transform has proven to work to_detect .
parti cul Q&J(:qlég@ of object. Anong obj ect presence, ﬁﬁ%’ﬁg“lﬂ}%?‘%nt is

the nost i nportant and conmmon case of object presence detection

Finally, the techni ques discussed so far are 15 applicable to

t wo- di mensi ofmboBE8ALE, oBUR WosaQ _represents nostly .

t hr ee- di nensi onal shape and noti on. Addi ng a three-di nensi onal
~understandi ng capabi|ihAy beep 239, the RUHY dRhidbdnbkdd Gndreat!ly

expands the abilities of the video segnentation function 32. The 20

"factorizatiooftipappsedch, Ipi whdér béd andexstegide Byeltdlwse skillédifgrsity,

is used in our approach wherein in each i mge frane an "interest

poi-nt" operatke &rhdshatinbheusompressioor may pei e fannesd Heefqoe nos in the
“image that |end - themsel ves to qnanbi%uous_natching-fron1frane to
frame. 5 25 afper keywerdrifdpptéfisntipnas@30nt eMish msifigrence m} |

frames of the_vyideo sequence, are put .into a large . array of data.

Based on a I§H&3r 2I3R%r&- tkeyryorpe from step 237 included i the 15

has been pygéégg%ﬁéég?hiZoa?rﬁyigeﬁﬁégéeﬁaﬁRdi§§B§ﬁ5ﬁ¥téd g¥j7LEES/13574

numerals 76a, 76b, 76c, 764 and 76¢. The digitized

audio transcripts for each of these keywords are
10 identified by segments 72a, 72b, 72¢c, 72d, and 72e, "

respectively. Nonkeyword segments are identified by

segments 74. |

The audio assembly and.cémpression function

239 uses the time stamp of each keyword to 76a, 76b,
15 76c, 76d, and 76e to retrieve audiq data on either side

of each keyword 76a, 76b, 76c, 76d,. and 76e and order

that retrieved audio data. The resultaﬁt audio track 78

comprising the keywords is shown in FIG. 6.

The video sequénces 68 and audio track 78 are

20 combined at step 241 to produce the ékim cutput 80 as

shown in FIG. 7. To improve the ovérall information

content of the skim output 80, the videé sequences 68

and audio track 78 are selected so as to correspbnd to

‘one another but dﬁring playback-thé video sequences and
25 audio track 78 are not. necessarily synchronized in

their original form.

We have found that the skim output 80 will

- 20 -



equal to or less than 3 - can be deconposed i nto shape and notion
I nformati Onwd%‘?lz gbservations = Shape x : Mot i on. 5 C’{I.US95/I3574

Q her rules generated by the natural |anguage interpretation
function may be useful to content-based ‘paragr aphi ng. For exanpl e,
keywords of "football" and "scoreboard" may be used to identify
scenes in a workl @et Bpldedyane plegiadke ath)rdthes sy agtwéntpe (249

scor eboar d. - Moreover, the present. invention also provides
the ability to tégeent Besasisénwe mxrack the most significamt|ppeces, a
understood by those skilled in the ' art that any of those nethods may
be enpl oyed i n skdm Wy beppragussid @f fanktdesired tkrngtlepar ik eshowtdi n
conbination with other nethods, to neet the requi renents of

particul ar appl PeaPPERe that the informatign gontent stwhirhratesninesss,

each vide aragraph mgy .t hen be reasonably abstracted, by a_ 20
' represe-nt%(ive Fpﬁgﬁc’ &'et%ﬁﬁ??lﬁéaﬁté(atoéd it ¥Hrd PunCtl%%n?Ex’t%‘e

sizing or for aaeggggg content search. At | east a portion of this

~task is done by g8t Nt -i ndependent statistical methods which detect
(imge changes, for exanpl g, kekchbaTeHlCRRldP Uy v have BANHES 14 the
y, :

DCT coefficient. Alternative
simulated slide switch, or alternatively, an analog

rotary dial or other interface means. The slide switch
10 interactively controls the rate of playback of a given
retrieved segment, at the expense of both informational
and perceptual quality. The user typically selects a
piayback rate and the skim output 80 is created based
on the selection. Slower playback rates result in more
15 comprehensive skims while the information content is
less for skims using higher playback rates. One could
also set this dial ﬁo skim by content, e.g.; visual
scene changes. Video segmentation will aid this
process. By knowing where scenes begin and end, high
20  speed scans of digital wvideo segménts 48 may be
performed by presenting quick representations of
scenes.
It will be understood that variations and
‘changes in the details of the present invention as
25 herein described and illustraﬁed may be made by those
skilled in the art without departing from thé spirit,

principle and scope of the present invention.
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representative frames may be sel ected as those which correSpond to
t he nost ngortant audi o segnent sel ected WO 96/ 12240
PCT/ US95V 9384 at step 237 and as descri bed her]»'s(rvlf*ﬁuss’s’l:*574

Wth reference to FIG 3, there is shown a series of video franes - -

collectively referred to by the numeral 60. Cips 64a, 64b, 64c,

and 64d are e t 0 agh,of deo
par agr aph. éﬁﬂf?&fﬁbly,5%$dg%h%§§€§%§%g Pge§?§%ast§%ﬁe 1 %R%ep 233. The

tine FBFE dit 815 O6fh PiFa Boh £ 08%d baBkngest Eﬁe&*@?%rﬁ%h‘i‘diﬁo

and may also e used for loose correlation with t audi o portion
of the ski mfBaid fwithirmrthe g¥inciple and scdpere ﬂftﬁé pegesipr esentati ve
clips 64a, 64b, 64c, and 64d are conpressed and assenbl ed at step
235. : 1ﬁﬂanuman>aﬁnﬁesnnnhﬂdtherannrapdedeﬁtaédvenftaeeslaams
fromthe series of video frames 60 to create a ski nmed - video 68 as
shown $n Fl &e embmacedthaxeby deo 68 15  conprises the representative
frames 64a, 64b, 64c, and 64d. - Li kewi se, the
audio data 18 is processed to derive the audio portion of the skim
out put 241.

- 22 - .



Referring to FIG 2, audio data 18 is transcribed by 20
transcrlptlgp t on 228.
pa¥

t he audi o

anscription ?gﬁﬁé%gﬂﬁﬁzy

be perfornme nanner he art and nmay,
be perfornmed by t he Spt”m", ill .described in Wactl ar et
al . O her known nethodS*lneI ," -not limted to, 25
transcription and cl ose captioning techni ques. Once the audi o data
.18 is transcribed, it is tine-stanped at step 229.
- 17 - _ WhatoG/sl 224imed is:
. PCT/ US95/ 13574 At step 230, keywords are identified in
- the transcri bed audi o Adatethil fax psleimmindadigital ahudio (18)

. | anguage processing techni ques be used to determ ne

keywor ds. 5

- Anot her functi omng¥ vidlecnastateal (3Wngtherein said prideesfatanig be defined

~as "taggi ng" wherein usi data extractlon techn
art, the names Partlthﬂn%auiﬂQP SeqRefi e3aid,

h

ues known in the
9@ti ons and ot her

entities mentioned in the sound track nay be 10 deterntned. This wll

“allow the Rser COMPLIFIRG:

selecting representative frames (64, 64b,

64c, 64d) from each of the video segment

8;

combining (235) said representative frames to

form an assembled video sequence;

10 identifying (230) keywords contained in a

transcription of the audio data;

extracting (237) portions of said audio data

identified as keywords in said identifying step;

assembling (239) an audio track in response

15 to said extracting step; and

outputting (241) said assembled video

sequence in conjunction with said assembled audio

track.
2. The method of claim 1 additionally
20 comprising the step of time stamping (233) said video
segments.

3. The method of claim 1 wherein said

'representative frames (64a, 64b, 64c, 64d) are selected

using content-independent statistical methods which

25 detect image changes.

4. The method of claim 1 wherein said

This Sheet Has Been Repl - 23 -
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references to a particular entity with a single query Such tagged

Ipp](c)glrjg?fgﬁagmwe used 1o 'd%ﬂ"ﬂn Ill"l"""lllﬂmgredzrLgresgtj?g (lﬂ% |ons 15

applied at steps 129 and 230 ar€ bdsed oh khovin t echni ques and nay,

for exanpl e,
| anguage
I nf or mati on

0- 7923- 9214- G0 wWeinrespontsbcertatpohit said extrahéedipohyibabebfnce. For

exanpl e, a natural |anguage interpreting function is enbodied in the
Scout systemsaid au%éég@d at- Ca

apply statisti cal -+ -techni ques or expert systens. Natural"
represeresi ive | Rrahessr (deal, | eebhubdin, sfancapeugklected
Retrieval, Kluwer Academ c Publishers, 20 1991, |1 SBN

rnegie Mellon University. O her natural

| anguage interpreters or processqrs_are known in the 25 art and may be
enp?oygd there?or The -Sc® merhednek claim 1 ;addiriesallynf or mati on

storage. and retrieval
i nforned i on ngpféﬁépg'¥%e step of- tlme stamping

96/ 12240

that al so serv?gzgf gﬁ%estbed for "o

PCT/U895/13574 and

dat a extractlgﬁn ggﬁ Fbgudlﬂmgﬁﬁﬁural Ianguage

10

15

20

25

_—

6. The method ‘of claim 1 wherein said
keywords contained in said transcribed audio data are

identified (230) using natural language_processing

A

techniques. B s ‘

7. The method of claim 6 wherein said natural
language proéessing_teghniques are statistical
“techniques.

8. The method of claim.s wherein said natural
language processing techniqﬁes are expert systems.

9. The method of claim 1 wherein said
kéywor&s containedﬁiﬁﬁgéid“Eranscribed.audib data are
identified (230)-using a term weighting process.

10. The method of claim 1 further comprising
the step of compressing said assembled audio track
(239) and said assembled video sequence (235) before
outputting said assembled video sequence in conjunctioﬁ
‘with said assembled audio track.

11. An épparatus-for skimming digital audio
and video data wherein said video data is partitioned
into video segments, said apparatuS'comprising:

means for selecting representative frames

This Sheet Has Been Re | - 24 -
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3 .
interpretation

function may al so be’ applied to the transcripts

Panct ron 2o9ve Sl 7, "5 P UMMM UIINRRMLS" “5c.nseciesis

those terns app&aazbndaaaeﬂ&eneltﬁaasaslanwozas byAsalid mdahsamyeci a

by those skilled in the art, TF-

is a standard techni que in

cinformation retidentifying keywords;

10

15

means for assémbling (239) an assembled audio
track in response to said means for extracting (237);
and

means fof outputting (241) said assembled video
sequence in cohjunction with said assembled audio
track. |
| 12. The apparatus of claim 11 additionally

comprising means for time stamping (233) said video

‘segments.

20

13. The apparatus of claim il wherein said
means for selecting representative frames (64a, 64b,
64c, 64d) uses'cdntent-independent statistical methods
which detect image changes.

14. The apparatus of claim 11 wherein said

‘means for selecting representative frames (64a, 64b,

25

qﬁlng

at this point occurs of flire, ‘t he ntt utral* | anguage interpretation

function 230 has the advantage of nore processing tine whi ch

fosters understanding and allows the correction ) of transcrléélon

errors. 10 . (64a, 64b,Ce4ci.nGiddy from each afc saigd Midey segnen

wei ghting process, such as Tern1Fre% ency-l nverse -~ Docunent. Fre uency

(" TF-1DF"), is used for k®@A§EJLor combindng r(23%) GrissFeryrs

process accunul statistics N 0 tern1frequency as stated

above. ﬁ §@e§eFﬁlﬁQF&hP§ Hé&ﬁgd F%@@ Sff to an

original user query 50 to 0 e, on for the

user's context. Those |den§g§ts g‘oé 15Q%té.%§r s(zgrog ﬂggééextract t he

most_rel egant pgphtQfed in a BkahBEripd anl%fatm%_t g&ﬁ%? datd

The TF-1I process assi gns melg ar terns 'based on the

frequency which those meanheEGE éﬁﬁfﬁﬁthﬁga(QBQB iofe.gadi O

corresponding to a video paragraph, in relation to'the frequency
ted

64c, 64d) selects said frames to correspond to certain

of said extracted portions of said audio data.
15. The apparatus of claim 11 additionally

comprising means for time stamping (229) said
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and information theory to determne the relative

pcr) usodasezze L UITNIMBHMIII - rorsssaage

239, the audio is assenbl ed and * ¢ ‘korprsséd. It will be understood
by those skilled in the art that the conpression may be perforned
before or +3ansc3fitda sy Gdedentification 230. Wth reference to
FIGS. 5 and 6, key words fromstep 237 included in the. : audi o track
70 are identified and1eepmerRenipphditus of claiwelnl whebein76hid76¢c, 76d
and 76e. The digitized audio transcripts for each of these keywords
are 10 maanisi fficed ildentddiyinies (220) 7&did ReywdPds eontdred in
respectively. Nonkeyword segnments are identified by '~ segnents 74.
The audi 0 aseddbityamstribed esxlion datwtuses naturalkibangeagehe tine stanp
of each keyword to 76a, 76b, 15 76c, 76d, and 76e to retrieve audio
data dh eit PEPCEBEANG technyqugﬁﬂq keymnrd 76a, 76b, 76c, 76d, and 76e and

or der t hat retrleVe%-audlo dat a. EPe Jresul t ant audlo tragk 78
e apparatus o clalm 16 whereln sal

natural language processing techniques are statistical

techniques.
18. The apparatus of claim 16 wheréin said |
'io natural language processing.techniques are expert | ‘
systems. |

| 19. The apparatus of claim 11 wherein said
means for identifying (230) éaid keywords contained in
said transcribed audio data uses a term weighting _.
15 : process. _
| 20. The apbaratus of claim ll‘fﬁrther,
comprising means for cohpressing said assembled audio
track (239) and said assembled video sequence (235)
before.said assembled video sequence in conjunction

20 ~with said assembled audio track are outputted.
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cbrrprl sing the keywords is shown in FIG 6. The vi deo
sequences 68 and audl otrack 78 are 20 conbi ned at step 23’@2‘%’?’5'&9‘*’%

~the skim out‘BBt’ a4 shown in FIG 7. To inprove the
~information content of the skimoutput 80, the video sequences 68
~and audio track 78 are selected so as £t/ correspond to one anot her
but during playback the video sequences and 25 audio track 78 are not
necessarily synchronized in their original form e
have found thapathe skim output 80 will 16 -
20 - .
PCT/ US95/ 13574
20 i
gki )m may be %o‘tr_;?iq EX!\@&?EOW@GE esj hat
the informati on-t CREW SADEQ FOOTAGE Df
the skim is OmCtT O of L e 32 To
control the speed up, we have created Iprrru AND i fulat ed 517 de Sswitch,|or
alternatively, an anal og aﬁgﬁ a&%@q g er |WﬂE@rfac¢' nmeans. [The
slide switch 10 I nteractively O S[’GMENWWCIf of a giyen
' |_ ______ i (R -
30 T eoreAT aun I —|3|4
VU SPEECH AND | VlDEO [ 1
4 LANGUAGE 1 1 | f
| i 1 COMPRESSION
L _INDEXING _ T T 4
~ B ! v
| INDEXED TEXT SEGMENTED
TRANSCRIPT OF COMPRESSED
363 AUDIO DATA | AUDIO/VIDEO DATA
: - : - I'l !
\. . | ]
DISTRIBUTION OR _——~—
SALE TO USERS "
B 3 OFFLINE -
e A R
EXPLORATION AN ONLINE
AUDIO DATA | AUDIO/VIDEO DATA
i 1

|

VIDEO LIBRARY . =

1 Y

46
120 | NATURAL INTERACTIVE
- LANGUAGE Voo |
SEARCHING SEGMENTATION 14
A
50 ! - L—Jr
~— SPEECH AND 48
| NATURAL VIDEO |/
LANGUAGE QUERY SEGMENT
A 'R’
- VIEw | | STORE
. | J

§ FIG.1 h
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retri eved segnment, at the expense of both informational and

per cept ual The user typically selects a pl ay nd
the skim oumm%‘ol s created based on the sel ection. b‘gﬁgumges'rgh%ﬁ

pl ayback rates result in nore 15 £opr ehensi ve skins while the
information content is | ess for skinms using higher playback rates.
One coul d ' al so set this dial to skimby content, e.g., visual

scene changes. Video segnentation w aid this process. By know ng
~where scenes begin and end, high peed scans of digital video

segnents 48 may be : per f oEpgd bye8pnesenting qui ck representations of
scenes. It will ezmge st god L'nat vari ations and
changes in the details of the preerﬁr‘,a_n ention 25 herei n descri bed
and illustrated may be made by thgse g skllled,,;n tﬁ-'é art w t hout
departing fromthe spirit, [ and >,§5@ c’j he present
i nventi on. - 2ll@ae | WD 96/ 12240
PCT/ US95/ 13574 Accordi ngly, express ogt ended that all such
L
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equi val ents, variations and changes therefrom which fall within the

principle a of the pr esent I nvention as describ nd
[ [ 8%’?%? be enbraced thereby. %&R&BE]B}-;?

3/4

d@flned int

6;10 Gfb ‘ 64c 6:\1d
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v 22 - WO 96/ 12240

PCT/ US95/ 13574 VWhat is clainmed is: . A nmet hod
for skinmm n&%ﬂ“&i’?‘@l audi o (18) and vi deo data (20) wd’e%!lwsga#"a
video data is partitioned into video segnents, said nethod 5
conpri si ng: sel ecting 4ébresentat|ve frames (64, 64D,

64c, 64d) fronleach of the video segnents; conbi ni ng (235)
sai d representative frames to form an assenbl ed vi deo sequence; 10
i dentifying (230) keywords contained in a transcription of the audio
dat a; extracting (237) portlons of said audio dﬂ}a

identified as keywords in said ide t|fy|
assenbl i ng (239) &nhaddigliibe4 edpd
and

;itractlng st ep;

Iy
5 . y
e ¢7472b¢ W 726 ¢ m v My
SPACE  AGENCY  TOMORROW  COMMERCIALIZATION  PLANET
76— 766" T6c— 764 \76e
7207 72b (72c r72d (723

I lI L Il I

b 8
SPACE AGENCY TONORROW COMMERCIALIZATION PLANET |
T60— 7607  T76c’ %0 “The

FIG.6

r80

1”” 1%4 1“& 01%4 [ 1’{”1 ‘%//’78

SPACE AGENCY TOMORROW COMMERCIALIZATION PLANET

FIG. 7
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- keywords contained, in sai

dtr nsvrrbed—ggdro ata.are
(230) using natuFéP'Iéﬁ&uaéédgrSEQQSFﬁﬁ ST chd' $1368 segments;

Y

sequence in | t i,th said assenbl ed audio I

2. The net hﬁgm!ﬂm*mugﬁm' ti onaf REPLRCEMENT BYEEY gﬁEPiéE‘éﬁEW §HEE'[’”E
stanping (2 * sgpnent s. 3. The t hod
of claim 1 wherein said r epriepant.al #vAPRII89E 64a S®UR T 04 ldud
are sel ected WhatUSkNg16gnkant siladependent s atis jcal met hods whi ch~ 25
det ect inmage changes.

4. . The net.hod, of cl ai.m erei.n
sai d This Shéet HésmB&@HdRéﬁFaégﬁmm}nﬁsﬁlgltaa auatPgéF%gzﬂﬁd

. PCT/ US95/ 13574 video datme[redcwhatiein themwide64dat@ihs BactiGddhedr e

selected 1hRo° 9 6ERP LU 82 LLA Trlf 28R sxianbedaaptions of
. said audi o dat a. 5 tionally

5 conpri sifhg thenscapbefl,t smddsmeibodg cOmPY) sdagd transcri bed

audi o dat a. selecting®atTheagRt Bod ebpsbaeRtitwher ¢irdmedi(@aa,
I demnt+ed

combining (235) said representative frames to form
an assembled video sequence;
10 identifying (230) keywords contained in the

transcribed audio data;

extracting (237) those portions of the audio data
identified as keywords; _
assembling (239) an audio track from said extracted

15 audio data; and
outputting (241) said assembled video sequence in

conjunction with said assembled audio track.

2. The method of claim 1 additionally comprising

the step of time stamping (233) said video segments and

20 time stamping (229) said transcribed audio data.

..\\ B

3. The method of claim 1 wherein said
representative frames (64a, 64b, 64c, 64d) are selected
using content-independent statistical methods which
detect image changes.

25 4. The method of claim 1 wherein said
representative frames (64a, 64b, 64c, 64d) are selected
to correspond. to certéin of gaid extracted portions of
the audio data.

L=

5. The method of claim 1 wherein said keywords

30 contained in the transcribéd audio data are identified

(230) usinglnatural language processing techniques.

6. The method of claim 5 wherein said natural

language processing techniques are statistical
techniques. !

35 7. The method of claim 5 wherein said natural
language processing techniques are expert systems.

8. The method of claim 1 wherein said keywords

- 23 -



0 techni ques.

od of claim6_wherei gﬁ;
| anguage proce Hl“ﬁl BB wg are statisti

nat ur al

t echni ques.
15 | anguage processi ng technlques are expert systens.
9. The net hod of
transcri bed audi

process.

claim6 wher Sa'{jlgnﬁﬁﬁrﬂm

d ¢ Pa}? .I."I:\.";:”':-\ ..................
Sopfdisd S U Pinaonines SR ot R T EIRd ng
(230) using).a Hermetdighting |prosdss ur t her conprising 20

| the step of conpré&ssing, Samk %?%@@He&faéﬂﬂntfaﬁfrther con(ﬁ @:& @I' d
. assenbl ed vi deo Setcc]’r?hergiﬁi (235 essell'?gi: e%%% %%ﬁ%“%hﬂ &k t 233 and

- vi deo sequence if

11. An appar asus gadrd sé@s"ﬁiﬂbﬂgadil@ldé& sitflichce?5(23 5 )arsk fob e oretad e ties ei n

n sal d, ar at us
said video data I%l%?lratslstel q%v&daq\slnto Vi 0€0 segne tsE aEp i

conpri si ng:
WO 96/1224Q . Lec@ldd, 04 (
- each of said video Segﬁﬁntib.apparatus for skinfRHY diY: OMIHNY (835

- said representative

10

15

20

25

30

35

assemble@ﬁﬂdisgajfﬂﬁrm (64a, 64b, 64c, 64d) from

v1deo data wherein the ‘video data is- partitioned into

‘v1deo segments and the audio data has been transcribed,

said apparatus comprising:

means for selecting representative frames (64a, 64b,

64c, 64d) from each of the video segments;

means for combining (235) said representative frames

-
to form an assembled video sequence;

means for identifying (230) keywords contained in

the transcribed audio data;

means for extracting (237) portions of the audio

data identified as keywords by said means for identifying

keywords;

means for assembling (239) an audio track in

' ;espbnse to said means for extracting (237); and

means for outputting (241) said assembled video

-

'sequence in conjunction with said assembled audio track.

11. The apparatus of claim 10 additionally

comprising means for time stamping (233) said video

segments and means for time stamping (229) said

transcribed audio data.

12. The apparatus of claim 10 wherein said means
for selecting representative frames (64a, 64b, 64c, 64d)

Tuses content-independent statistical methods which detect

image changes.

13. The apparatus of claim 10 wherein said means
for selecting representative frames (64a, 64b, 64c, 64d)
selects said frames to correspond to certain of said

extracted portions of the audio data.

14. The apparatus of claim 10 wherein said means

- 24 -
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ﬂranes to forn1an a ' eé sequeﬁ
I denti fyi ng (2 aﬁ E 1“ cont ai
dat a; ¥H“IH I wOr extract

neans for

ed t| n1 4 APBABB? Lpt ?rﬂggﬂﬂmwgﬂ&]’
audi o data |dent|f|ed as keywords by sai d neans for i denti fying

keywor ds; for ideReNSying asseEaig XePhdrds eoseabhed fwdike 10
track in responsg

+0 d Y eExXtractrm )

means for output?¥ ?5ﬁ3ﬁ S%T%l é%ﬁ%l%%eﬁlﬁg%&rgf lan%%%a%ﬁggg?%SSlng
conj unction w t htechuigssenbl ed audi o track. 15 12.
The apparatus of claipg 11 pgldi éwa@@éws Qf clafRPAi$hofelR08id Hathsll
st anpi ng (233) said video
appar at us of5clal%@gﬂagmeP€@¢ﬁ%%#@B teChnl%%%ﬁsaF%rS%%Wb%?%?@ﬂ
representative f@gﬁﬁﬁi&@ég 64D, 20 64c; 64d) uses content-i ndependent
statistical nmetheds————— which detect | page. ¢ ﬂg s% E l14
The apparatus of clailf 11 TherFPRRERFEE © a%%a Yherein Seiqpatura

representative flam@sagédlprotddsing techbilqueblaie sekpetts spsidehsanes to

correspond 10 CETtaiTy 25 rpe Ol p SR GRS ELPUTHOLY RSy Ol o SELIaARLL B dat A
15. The apparatus of cYa|n1Qi I onal g _____——genpﬁisﬁﬁg—neansgég?

st anpi ng (229) s&bd identifying (230) said keywords contained in the
transcribed audio data uses a term weighting process.

18. The apparatus of claim 10 further comprising

means for compressing said assembled audio track (239)

and said assembled video sequence (235) before said means

15 for outputting.

19. A method of preparing data for skimming,

comprising the steps of:

partitioning video data (231) into video segments

based on content;

20 time stamping (233) said video segments;

' selecting at least one representative frame (64a,

§4b, 64c, 64d) from each of the video segments;

combining (235) said representative frames to form

an assembled video sequence;

25 transcribing audio data (228);

time stamping (229) said transcribed audio data;

identifying (230) key words contained in said

transcribed audio data;

extracting (237) those portions of said audio data

30 identified as key words; and

assembling (239) an audio track in response to said

extracted audio data.

20. An apparatus for preparing data for skimming,

comprising:

35 means for partitioning video data (231) into video

segments based on content;

means for time stamping (233) said video segments;
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gg;ﬁé for ident MI{!‘{N‘ mwﬂml pﬁg;az)lrjgsoz:oﬁ![ :: MENT SHEET
transcri bed audi @ dat atus®s hat*ural | anguage g| Date ni ques.

17. The appar at us Ofmgkﬁé”k§ariqié8£$n§aaé least —H33' > '4-“w“—

processing techni ques“are s hni auac
18. The apparatﬁsamé ¢64am S6bwhEAei n64d) dETOD- eaCHa9ﬁr§Pe|gﬁaaage

processi ng techg%gmgﬁggre EXPETt Systens. 19. The
apparatus of cl erein sa

ns_f ifyi 2 id
keywor ds cont ai ned i §eans forsﬁPHbFPéﬁgcﬁgggg ﬁﬁaﬁoranggﬁEééggvé §9£m2§
weighting ¥ toPfEegfsSan assembled video séQueﬁbe,apparatus of cIa|n111

further g cvup1.J1” FRans—ie . agseghl.ed audio
frack (239) and sa.d_&§§5#5254_£L&§S£§n ggéé 3 §1?before sai d
assenbl ed vi deo sequeeessi fiorohjimacstenping (Zﬁﬁﬁtﬁa§§|8r§§§éﬁﬂpéé audite
track are outpu&g@g'

means for identifying (230) key words contained in

10 sald transcribed audio data;
means for extracting (237) those portions of said
audlo “data identified as key words; and
means for assembling (239) an audio track in

response to said extracted audio data.
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A system and method for skimming digital audio (18) and video data (20) wherein the video data is partitioned into video segments.The
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