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IMETHOD AND APPARATUS FOR CREATI NG A SEARCHABLE Dl 3 TAL
VIPDEO LI BRAFWOASIL2239 SYSTEM AND METHOD OF USI NG REFAUSS(IBHRARY
IBACKGROUND OF THE INVENTION 5 Field of the Invention - The
present invention is directed generally te a - digital video library
isystem and nore particularly, to a systemintegrati ng speech
recognition, imge recognition and | anguage understandi ng for creating,
indexing and 10 sediETHOD ANDi ARPARATYS FOBr SREATING A SEMIGHABIF of the
Background of the Invention DIGITAL VIDEQa&{BRARYt &ND iPhraries will soon

becone available - onSYSEBEMaRNBnMETHERDoPHaUSINCSEYErhAgHARRARY a resul t
of energi ng mul ti medi a technol ogi es. Those libraries will 15 have a
prof ound i npact on the conduct_of business profeSS|onaI and personal

activities. However, due to th5@L———Eﬁﬁﬂ#—i&#iﬂ%*%ﬁzgﬂﬁggﬂﬂat|on avai | abl e,
it is not suffFieleniof thesimgigg rstore I nformati on and repl ay that
cormer ai &l vi deo- on- demke EHSATYS LAFRRYEOT o & prepgted S8HERRLY 8"
technol ogy i sdigdded mdercealuéqrax}gasymmamd mo.’sgapentn-nulaatév d&paa
urint 1y, Sudy R SR Wipen SIS it Shbomiion
cl osed- capt i oR84, lemguase ungesstanding Heor creating, indexing and
10 searchlng digital video libraries.
- Description of the Background of the Invention
Vast digital libraries will soon become available
on the nation’s Information Superhighway as a result of
. emerging multimedia technologies. Those libraries will
'15 have a profound impact on the conduct of business,
professional and personal activities. However, due to the

sheer volume of information available, it is not sufficient
simply to store information and replay that information at
a later date.  That, in essence, is the concept of

20 commercial video-on-demand services, and is relatively
simple. New technology is needed to create, organize, and
search the vast data libraries, and then to retrieve and
reuse them effectively. |

Currently, even though much of broadcast .

25 television is closed-captioned, the vast majority of the
nation’s video and film assets are not. Because of this,
any type of digital video library must employ some type of
audio transcription. A number of sources of error and

' variability arise naturally in the context of the audio

30 tfanscription. For example, broadcast video productions,
whether they afe documentary style interviews or theatrical
préductions, must record speech from multiple speakers
standing in different locations. This results'in speech
signal quality with different signal to noise ratio

35 pfoperties. Further compounding the problem are the effects
of different orientations of the speakers and particular



nation's video and fil massets are not. Because of this, any type of
digital video library nust enploy sone type of audlo transcri ption:=A
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‘well for. spontaneous, fluent speech. Moreover, unlike the
Wall Street Journal,dlctatlon-models wherein the domain
15 1limits the size and nature of the vocabulary likely to be
used in sentences, audlo transcriptions from broadcast:
video generally tend not to have such. constralnts
Accordingly, there are many problems and challenges
~ - presented by the audio portion of raw videotaped footage
20 which mnst be addressed by any digital library system.
Likewise, there are problems and challenges
presented by the video portion of raw videotaped footage.
For. example, to effectively store wvideo. in digital.format'
so that it is usable, the video'should_be segmented. _
25 Traditional methods of segmenting involve counting frames
prior to and following a time reference:. That type of
content-independent'segmentation'may'result in segments
which are either not complete or contain two or more
concepts or scenes. Accordingly, any digital library
30 system must be capable of segmenting the video into useful,
comprehensible segments based on content. :
| In addition to the problems assoc1ated with
creatlng a dlgltal video llbrary, -there are also problems
with effectlvely acce981ng the library. The two standard
35 measures of performance in 1nformatlon retrieval are recall
and precision. Recall is the proportlon of relevant
documents that are actually retrieved, and precision is the



15' limts the size and nature of the vocabulary likely to be used in
isentences, audio transcriptions from broadcast - video generally tend not
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Li kewi se, there are probl ens and chal | enges presented by the video
portion of rawprbﬁentapndoEomeagéeved deaunertsthatt ;e fasttuakly store
video in digit , %
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cont ent - i ndepepdeft psgfiTent ati on may result in segnents whi ch are
ei ther not conplete or contain.,two or nore concepts or scenes
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the video int Okéﬁﬁéﬁhs or, Qﬁﬁﬁbﬁabe&itrb:hﬁlstw s IRyl Mimited emdtural
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i at t
library, ther elﬁ?%ugggolﬂggﬁggﬁggl’a %\‘i\ﬁrfﬁné"f ﬁ?&rcr SR 1 acccg'ggoqu]’ wgf]ggo
library. The weablstantextud’ mataruaésfmbmp@EMmpamamsﬁ mleﬁurommcon
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rel evant ocUMBNtS that_are actua retrieve recision is the
pCT/U395/1@573proggrb3/§p§3@ed written content Furthermore, natural

proportlon of I&ﬁéﬁ&gédqﬂéﬁﬂgﬁnhilbhabtiﬁﬁg%QLwaﬂwérd description by the
user of the subject matter desired. However, the video
retrieval task, based upon searching transcripts containing
a finite set of errors, challenges the state of the art.
15 Even understanding a perfect transcription of the audio
would be too complicated for current natural language
technology
When the modality of communication, such as
- multimedia, has intrinsic temporal rates associated
20 therewith, such as audio or wvideo, searchlng becomes
increasingly difficult. For example, it takes 1000 hours
to review 1000 hours of video. Detailed indexing of the
video can aid that process. However, users often wish to
peruse'video similar to the manner in which they flip
25 through pages of a book. Unfortunately, mechanisms for
doing so today are inadequate. Scanning by jumping a set
number of frames may skip the target information
completely. Conversely, accelerating the playback of
motion video to twenty (20) times the normal rate presents
30 information at an incomprehensible speed. Even if users
could comprehend such accelerated playback, it would still
take six minutes to scan two hours of videotape. A two
' second scene would be presented in only one-tenth of a
second.
35 Similar to the problems with searching video,
< there is an analogous problem with searching audio, only
more acute. Playing audio fast during a scan is



rel evant. These two neasures nmay be traded off one for the . other _and ¢
t he go formation retrieval is to nmaximze t hem bot h. Faae
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review 1000 hours of video. Detailed indexing o eo can aid that
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ggkgh1éﬁttﬁ8%§r¥ﬁ?ﬁa + afli Houg ff%teen pages of text. A person

skimming the text may be_able to find relevant sections
relatively quickly. However, if one was to search for a
specific topic contained in a videotaped lecture, the
seafching p?oblem is acute. Even if a high playback rate
20 of three (3) to four (4) times normal speed was
compréhensible, continuous play of audio and video is a
totally unacceptable search mechanism. Assuming the target
information. was half-way through a one hour video file, it
would still take approxlmately seven (7) to ten (10)
25 minutes to find. _ :
_ 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 advantage of
the information bandwidth much less the capabilities of a
30 multimedia, digital video and audio environment. Today’s
designs typically employ a VCR/Video-Phone view of
multimedia. In_this'simplistic model,.video and audio can
be played, stopped, their windows positioned on the screen,
ahd, possibly, manipulated in other ways such as by
35 displaying a_graphic synchronized to a temporal point in
the multimedia object. This is the traditional analog
interactive video paradigm developed almost two decades
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frequencies to the I naudi bl e ranges. Mhile digital signal processing
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: information holistically, that is, come to an understanding
of complex information nearly at once.

However, to convey almost any meaning at all,

15 ' video and audio must be played at a constant rate, the rate
at which they were recorded. While, a user might accept
video and audio played back at 1.5 times normal speed for a
brief time, it is unlikely that users would accept long
periods at such playback rates. In fact, studies show that

20 there is surprisingly significant sensitivity to altering
playback fidelity. Even if users did accept accelerated
playback, the information transfer rate would still be
principally controlled by the system.

While video and audio data types are constant

25 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 nature. They may range from sentences to

30 paragraphs and from images to scenes.

Understanding the information contalned in video
is essential to successfully implementing a digital video
library. Returning a full one-half hour video when only one
minute is relevant is much worse than returning a complete

35 book, when only one chapter is needed. With a book,
electronic or paper, tables of contents, indices, skimming,
and reading rates permit users to quickly find the chunks
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Today' sipﬁeyénnﬂngltheox@ﬁﬁﬁMagﬁbnlﬂnsusefpl formsl.ti medi a- obj ects nore
as text with a termloc% dﬁg@gsbggn cr § ;_)Pf %ﬁ%ﬁ&&%ﬁt@e%‘{ﬁq%[ noti on vi deo

and ot her nedia, suc t EXF mages,” are attributed to
t he fact hmmtngmvhlch presmst agpaplaneabr represgnsakionsudifo thaovever, in

the hand%uam waveﬂ’%rﬂ 45 ne SYEEY £BJAYE haBntikamaRian REUIe. It t akes

time_to read (process), a text docunent or a still 1mage. 10
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own rat e.tHome NRsclRYVRfueS Saré | @sefyi sealy for audio segments under
three minutes in duration. When searching for a specific .
piece of information in hours of audio or video, other
search mechanisms are required. For example, in previous
15 . research at Carnegie Mellon University, the assignee of the
present.invention,,a multidimensional model of multimedia
objécts including text, images, digital audio, and digital
video was developed. With this model, developed duriﬁg the
Advanced Learning Technologies Project (the "ALT project"),
20 variable granularity knowledge about the domain, content,
image Structﬁre, and the-apprdpriate use of the multimedia
object'is embedded with the object. Based on a history of
current interactions (inputs and butputs), the system makes
a judgement on what to display and how to display it.
25 Technigques using such associated abstract representations -
have been proposed as mechanisms to facilitate searches of
large digital video and audio spaces. The ALT Project is
.described in Stevens, Next Generation Network and Operating
System Requirements for Continuous Time Media, Springer-
30 Verlag, 1992, which is hereby 1ncorporated herein by
réference. _ _
_ Moreover, simply searching for and viewing video
clips from digital video libraries, while useful, is not
enough. Once users identify video objects of interest,
35 théy'must_be abie to-manipulate, organize, and reuse the
video. Demonstrations abound where students create video
documents by the association of video clips with text.
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PCT/U895/135731ntelllgence with respect to cinematik knowledge. This
would make possible context sensitive assistance in the
15 reuse of video and its composition into new forms.

- SUMMARY OF THE PRESENT INVENTION
The present invention is directed to a method and

apparatﬁs for creating a searchable digital video library
and a system and method of using such a library which
20 overcomes the many obstacles found in the prior art. The
method includes the steps of transcribing audio data,
marking the transcribed audio data with a first set of
time-stamps and indexing the transcribed audio data. The
steps of digitizing the video data and marking the
25 digitized video data with a second set of time-stamps
related to the first set of time-stamps are performed,
_ prior to segmenting the digitized video data into
| paragraphs according to a set of rules. The method further
includes the step of storing the indexed audio data and the
30 digitized video data with their respective sets of time-
stamps. The method may also include the step of passing
the transcribed audio data through a natural Ianguage
interpreter before indexing the transcribed audio data.
The natural language interpreter updates the set of rules.
35 The method may be practiced in a manner such that the
digital library is automatically created.
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The present invention is also directed to a
method and apparatus whlch utlllzes natural language
technlques to formulate searches used to retrleve_

20 information from the dlgltal llbrary The search method
- may be implemented in a stand alone mode or in a network
environment. ' .

It is an object of the present 1nventlon to

establlsh a system including a large, on- line, dlgltal

25 video llbrary which allows for full- content and knowledge-
based search and retrleval via desktop. computers and data
communication networks It is a further object of the
present invention to develop a method for creatlng and
organlzlng the dlgltal video library. It is yet a further

30 object of the invention to develop technlques for _
effectlvely searchlng and retr1ev1ng portions of the
dlgltal video llbrary in view of the unlque demands
presented by multimedia systems. _

It is a feature of the present 1nventlon that

35 speech, natural language and image understandlng
technologies are integrated for the creation and .
exploration of the digital library. It is another feature
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than sinply editing a selection and linking it to text.

Wil e some excefl ehe poebentr énventtdoni dnl Fhag a digih Bals toai PR t al

vi deo, there apgcgupsenbhY et ion! 98 SraYAded! e vt iaioddenddyure ot n

the creative desrg and use QP vi deo though cingmatic know edge. One

reason f or theepuearnk dnvepbion §hafge Hﬁ%“ﬁﬁ%; %ﬂﬁﬂﬁ%ﬁuuQé%é%tan 109
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THE PRESENT | Nefse@Nis adaptable toTwaniousemetivardntaxihitecfiyeR®fed to a

met hod and appar at US%PQEnE% i bF dnEeyreihite idiviidtloise® hadyary

&
and a system and net hod using_such a library which, 20 _ avercones_the
many obst 3@ esTheuddgikath¥igepolikrary syftem provides full” content

search of, and retrieval from, an on-line database. Speech
recognitibn functions provide a user-friendly human
interface. Image understanding functions provide
meaningful video segmentation based on context and not

15 merely time. Multimode searching techniques provide for a
more comprehensive and accurate search. Various network
architectures support multiple users and increase searching
efficiency. Finally, the ability to access unedited video
permits the further exploitation of information.. Those and

20 other advantages and benefits will become apparent from the
Detailed Description of the Preferred Embodiment
hereinbelow.

BRIEF DESQRIPTION OF THE DRAWINGS

The various objects, advantages, and novel
25 features of the present invention will be described, by way
of example only, in the following detailed description,
when read in conjunction with the appended drawings, in
which: '
FIG. 1 is block diagram illustrating an overview
30 of the method for creating a searchable, digital, video
Iibrary and of a system for the use or exploration thereof
according to the teachings of the present invention;
FIG. 2 is a flow chart illustrating the
processing flow used for the creation of the digital wvideo
35 database; '
FIG. 3A is a flow chart illustrating one
impleméntatibn'of the audio transcription function



v

nmet hod includes the steps of transcribing audio data, narkingdthe' :
transcrd, lo data with a first set of time-stanps and in eX|ng the
transcri @gg %Hgl o data. The steps of digitizing the HE8S9848H3and
marking the 25 digitized video data with a second set of tinme-stanps

related to the first set of tine-stanpkOare perforned, prior to
segnentln the d|g|t|zed vi deo data into paragraphs according to-a set
rul es.t YR ¥ ¥Her2;  includes the step of storing the indexed.

audlo dat a and t he Bf. cbmliszgdfybde@hdgfaémaﬁgtka?hhgrggggct|ve setstﬁf
tinme- ~ , st.anps., The may_al so, i ncl ude e assi ng e
transcri B&® t?ﬁﬁ?Pt?#lékﬁl BT at a Fgﬂaﬁﬁgéng rB @EﬁPQter bef or e
|ndeX|ngﬁnnyunqnumﬁluﬁnraazﬁcnwaEBG 2; The natural |anguage interpreter.
updatgs the set Ofli%€*2 3 a %%g£¥@c %Pgmpi?igbﬁggtiﬂg omanner such

that the ital  Tibrary IS a 96/ 12239
pCT/U595pF@gﬁyentatlon of the data and networking. grchitecture of The

i nvent i OftheS pHegferd rlq-ﬁ;é}q-_i&arh@@par at us . for creating a.digital
library from audio nd V|de‘§%ﬁ The_appar at ys i ncl udes mneans
for transcribing t %ﬁuﬁc? @F%&Ei ﬁ?%@ %%EUFFﬁﬁEéng@Heaudlo dat a

with a impﬂemanbaﬁlaﬁ dﬁransﬁnﬂﬁmnerﬂ&g&tibrzi@deglﬂﬁgab? g
transcri r digitizing the video data an
| B B o

mar ki ng the a with a second set of time-stanps .
related to the f|r§ﬂGbe5<ﬁstannﬁxampﬁ§;ofm£hg integfatienhoofng a set of -
rules andeyBedl t@cr2AYRY i, dRRed in video segmentatlon ‘l-

In an appendix hereto, o _
FIG. A-1 is an example of a.computer screen
15 showing icons presented in response to a search request;
and _ . _ : . _
FIG. A-2 is an example of video paragraphing as
defined in the present invention.

DETAILED DESCRIPTION OF THE -_PREF_ER_-E_ D EMBQDIMEEI
20 ' L _ System Overview '

With reference to FIG. 1, there is shown an
overview of a digital video library system, generally
referred to by the numéral 10, constructed acdording to the
present invehtion. Like reference numerals will be used

25 among the various figures to denote like'eiements.. In FIG.
1, the digital video library system 10 is shown to have two
portions 12, 14. The offline portion 12 involves the
creation of a digital library 36. The online portion 14
includes the functions used in the exploration of the

30 digital library 36. As used herein, the term digital video
library system 10 refers to the entiré system, while the
term digital library refers to the database 36 created by
the offline portion 12. _ _

The offline portion 12 receives raw video

35 _mater1a1 16 comprising audio data 18 and video data 20.

' The raw video material 16 may include audio- v1deo from any



10’ digitized video data into paragraphs according to the stored set
iof rules. Additionally, nmeans for storing the I ndexed audi o data and
It he digitizeWowesdezsodat a w t h their respective sets of ti RET/US2EN3S73 S
prOV|ded .The appar at us -additionally includes a natural |anguage
interpreter for 15 processi ng the transcri_hged audi o data before the audio
'dat a I s indexed and for updating the set of rules. The
present inventppa bg al aAmBereefedalkiots souridind ay iappareferabile cthat

utilizes natur | angua echniqyes ,to fornmul.ate searg .
retrieve 20 ﬁ]!f‘% ng‘?f’oﬁ‘?%ﬁﬁlﬁhgﬂ‘?allnﬁorﬁpfﬁ?tesrﬁﬁo e%ﬁ %‘%f%é%&on
may be- inpleneﬂbedaga 22st bud alspethedanedited seinug knaterisnhs + osewn .

bl nding s FobeBtrbfyPRESERELILRRILER B0, £x ?ﬁrary%ﬁ%ﬁms on

including a la ,
ful | -cont eft af\qomgem edgwas derbargdd séallcé‘ih%ar daqtags 24 £ %?) the

conputers and gpkdral 1$BPHVY 68t b@@n&?&‘é‘&h‘ﬁ%y éch thad LtfHéﬂQFa@b&ﬁIéo of
t he present Tnvention to devel op a net had

tl
or gani zi ng thémﬂF%F%él 9§d@BYIPSr&?§d aﬁtregeggp. Creaqﬂgé%ﬁ)aQﬂu§Rﬁ wyes

the invention ¢eh€evehap thebai qu&glhaaly inleineied v elThes enrtafd npatrabe 24
retrieving por i.tal video |ihr cg t he uni que

ons_Q r
demands %js%‘ﬁt88£3§gﬁﬁl Fpﬁeaﬂguwsfbgnfaw video maq:e\{rllalvit I's a feature
of the pr e@ents1gneﬁicantilyat Bbrspmaupl enattypdicalampunpe. fabtiageeruns

under st andi ng £1£eb P800 £6! BfieahEnkBLA0NA0R] imd' fctAl IR ¥he
expl oration of t a 'S anot her_feat
96/ 12239 correspondlng broadcast televisipnr/figodsoes$23 By way of

further example, an interview with Arthur C. Clarke for the
"Space Age" series, described in detail in the Operational
15 Summary hereinbelow, resulted in two minutes of airtime
even though over four hours of videotape were created
during the interview. Finally, new video footage 26 not
created for broadcast television may also be included. Raw
material could also include pure text, audio only, or v1deo
20 only.
' The audio data 18 is subjected to the functions
of speech and language interpretation 28 and speech and’
‘language indexing 30, each of which will be described in
greater detail herein. . The video data 20 is subjected to
25 the functions of video segmentation 32 and video
compression 34, which will also be described in greater
detail herein. The resultant digital library 36 includes
indexed, text transcripts of audio data 38, and segmented,
compressed, audio / video data 40. The digital library may
30 also include indexed text and segmented compressed video
déta. The digital library 36 is the output of the offline
portion 12 of the digital video library system 10. It is
the digitél library 36 which is used by the online portion
14 and which, in a commercial environment, is accessed or
35 otherwise made available to users. '
Turning now to the online portion 14 of the
digital video library system 10, the digital iibrary 36 ig



- 9- of the present invention in that a high quality speech
recognition function is provided. Yet another feature of the present.._

i nvent W961323® a natural | anguage understandi ng syst BET(USIYIISI ded for :
a full-text search and retrieval 5 system It is yet another feature of the~
I nvention that | mage under st andi rg2f-unctions are provi ded for '
segnenti ng vi deo sequences. Finally, it is another feature that the
syst em i sadeapvalilable tarrousenewmrkistatclon &2 ur €he workstation
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pernlts FUrther | ortatiron-o ornatlon osean 0 ot her
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Description of thepRrefgnaed ﬁﬁ@dhﬁﬁ@rstandl%&ﬁiﬂlttﬁﬂep‘%fflm%
BRI EF DESCRI PTI ON. OF_THE DRAW vari ous ect s,

advaft aRRTtIPR hdvef bhe p¥atamedOomaphepiapdameniachtin Paktrare
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t he net hbibfaryc3éat i Omce tbherdhglhkel didprealy, 36 deo creatdedrimy and of a
system fpicdfeatice PLcAXPhe 8bheR1MGE" 83 the pReRUL Mhvdhd N ! epehi ngs of

t he resent I nvent _
1 may be stored in any conventional storage media.  The

online portion 14 of the system 10 may be 1mplemented in
software_and run on various dlfferent.machlnes_hav1ng
access to digital library,36_through;various network
configurations as described hereinbelow, Alternatively,

20 the "online" portion may be implemented in a standalone
mode, although the networked environment would allow for
much greater access to the digital library-36

' Creation of the Digital Library
Content is conveyed in both narrative (speech and

25 language) and image. Only by the collaborative interaction

of image, speech, and natural language . understanding
_-technology can the present invention automatically'
populate, segment, index, and search diverse video
collections with satisfactory recall and precision.- dur

30 approach uniquely compensates for problems of . _
interpretation and search in error-full and ambiguous data
environments. . :

Image understanding plays a crltlcal role in
organizing, searching, and reus;ng_dlg;tal video. The

35 digital video library system 10 must annotate digital iideo

~ automatically by speech and language understanding, as well
as by using other textual data that has been associated



FIG 2is a flow chart il lustrating the processing flow used for the

creation of the digital video 35 database; FIG 3Ais a f|ow
ichart il usWQ9¢/1283%ne i npl enentation of the audio transcﬁcﬂl{q%ﬂnsn
function WO 96/ 12239 '

PCT/ US95/ 13573 -13- -10- illustrated in
FIG 2; - FIG 3Bis a flowchart illustrating one

i mpl enent at i owivh tdhe natdecl |Spokenyevorderpr esemtences sheyhdt ben

illustrated in FEl ' hed : ' schig@utrsadtasnam
Il lustrating % &a%he% itr?gltehrreeln aat'slscﬁ\c o%%%zelﬁc.iéartngs éndﬁﬁgtv\or an

architecture database meanatdy kewmoRdsn; whepe images are °n9VIG. 5is a

schemati ¢ di agle3@idrded f At thedirect1yPbeaBEhedi poxr of isnnoe- | i ne
digital video library, 1d commﬂuéﬁglgn structure. 6 is

. I
an “exanpl €5 of APREF P EFROHI O% QWY AL BER ﬁhggaﬂ{vﬁy\%gﬁl E\'éo\ii deo
segment ati on. Rather, digital lwideo appeelf xmhet ebe, segmented, searche@ A-1

Lo a search r Qe menTBUIAEES (i (presdRilaleof *GEnRl E2ERY atEpagHONSE
vi deo paragr aplaivajlel presiwitatsibnn amd gortexnt shyéngi while preserving
image content. : ' '

10 The integration of speech recognition, natural
language processing, and image understanding technologies
enables a digital library 36 to be created which supports
the inteliigent searching of large corpora of digital video
and audio.

15 = Audio Transcription & Time Stamping Function 27
' With reference to FIG. 2, it is seen that the

speech and language interpretation function 28 of FIG. 1 is
implemented by an audio transcription and time stamping
function 27 and a natural language interpretation function
20 29. The audio transcription portion of the audio .
transcription and time stamping function 27 operates on a
digitized version of the audio data 18 using known
techniques in automated speech recognition to transcribe
narratives and dialogues automatically.' For example, the
25 Sphinx-I1 speech recognition system may preferably be used.
The Sphinx-II system is a large-vocabulary, '
speaker-independént, continuous speech recognizer developed
at Carnegie Mellon University. The Sphinx-II system
currently uses a vocabulary of approximately 20,000 words
30 to.recognize connected spoken utterances from'many
different speakers. The Sphinx-I1I speech recognizer system
is described in more detail in Huang, The SPHINX-II Speech
Recognition System, An Overview, Computer and Speech
Language, (1993) which is hereby incorporated herein by
35 reference. However, as will be appreciated by those
skilled in the art, other transcription methods may be
employed, including human transcription or, in the case of



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT 20 _ _
Systen1CNerV|em/ ' Wth reference to FIG 1, there is shown an
overV|éMP3f'€5%|g|tal video library system generally PCRUISNSH3t 0 by - .
t he nuneral 10, constructed according to the present invention. Like
reference nunerals will be used 25 anbsng the various figures to denote
li ke elenments. In FIG 1, the digital video library system 10 is shown to
have tw00108qﬁnqanﬁmpnﬁﬁ Hﬂpgﬂamsofmerebypustngnthé icapdlives threm .
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feggﬁges ¥am1video#%? Qgﬁgﬁ %Hﬁqﬁ?ﬁ?ﬁgrﬁﬁﬁlﬂaHagﬁ PLiFAPRLESL data

20. Age musly mfde:dlerrm:eiemlfdcﬁ:amg/ umfwﬂefaﬁdedumadienhaomsany |
WD 96/ 12 . : PCT/ U 27 _
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raM/V|dewlﬁﬁt§ﬁ|éﬁr@@ﬁﬁ@uhﬂuﬁﬂﬂkﬁﬁdunrQﬁﬁ§Sxemebsswbmch fatddtisgeed2, but
al 50, t helowed b&&o&oltrx%sr&tﬂfﬂﬁrfs shiever, %&é&ééyofstﬁﬁ”a foot age

i OTBRiEReRted B A Mriged TUEKrion 2 amryen kncait rvedemy o
Vi deo antiitépaakedlt By ivsedlfsd tife nefd¥EUEbF¥£5PUS CESrgad for uses
vocabulary may tend to degrade recognition rate and ‘
increase errors. In response, several innovative
techniques have been develeped and are exploited to. reduce
15 errors in the audio transcriptionjfunctiOn ,

The use of program-speczflc 1nformat10n, such as
topic-based 1ex1cons and 1nterest ranked word lists are
preferably employed by the audio transcrlptlon portion of
function 27. Word hypotheses are 1mproved by using known

20 adaptlve, "long-distance" language models - Moreover,
' multi-pass recognition processing is performed such that
multi-sentence contexts may be considered.
Additiohally, the transcript will be
time-stamped'by function 27 using any known -technique for
25 applying a time stamp, The audio time stamps will be
aligned with time-stamps associated with the processed
video for subsequent retrieval as discussed below.
' We expect our digital video library system 10
will tolerate higher error rates than those that would be
30 required to produce a human-readable transcript. Also,
on-line scripts and closed-captioning, where available, may
preferably be used to provide base vocabularies for
 recognition and searchable texts. _

In a preferred embodiment, the audio

35 transcription portion of function 27 generally processes an
utterance in four known steps as illustrated in FIG. 3A.
The first step, represented by box 52, is a forward



other than those originally intended. The extra footage 24 al so
|enlarges the amount of raw video material 16 10 significantly For
exanpl e, typWVOA6/133r ce f oot age runs fifty (50) to one hunﬂ?@@s%qfﬁﬂ?
times longer than the correspondi ng broadcast tel evision footage 22. By
way of further exanple, an interview wih-Arthur C. Carke for the
"Space Age" series, described in detail in the Cperatlonal 15 Summary

her ei nbel ow, resmétsynchronousi pasesusing between-woxge BeNRRkFh over four
hours of vi deokape- %ﬁ@lﬁﬁSﬁEeggo}gstﬂér hBAlel B wikte Do - degealdent new
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segnent ati on 32 and vl de c e lehy Al Fasg) | bed
in greater gﬁﬁga?yhgﬁgonous ﬁggéegérggﬁgﬁ thugqu gﬁﬁ?iéggp?%cludes ,
i ndexed, text confitgurptionf 1auahgnd§e§f93‘meénd Thenmamsadt of thenkearse

audio / video @fﬁé-éanﬂP@nghg'babs|EQh&Eloﬁﬁ$43Qs ﬁﬁ%&ﬂpﬂé|§BESﬂHE§€d
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36 is synchronous pass 52 and reverse time-synchronous pass 54.

15 Any one of a number of language models can be applied at
step 56. We prefer that the default be a trigram language
model. This approximate A* algorithm is not guaranteed to
produce the bést-scoring hypothesis first. Finally, at
step 58, the best-scoring hypothesis is selected from

20 among the N-best list produced. The best-scoring
hypotheSis is output'from step 58 as the output from the
audio transcription function 27. The time-stamped'
transcripts thus generated are passed to the natural
language interpretation function 29 described below.

25 The audio transcription portion of function 27
may address many of the sources of error and variability
which naturally arise. For example, with respect to the
problem posed by multiple signal to noise ratios, the audio
transcription function uses signal adaptation techniques,

30 iﬁcluding preprocessing and eariy detection of signals,
which automatically correct for such variability. With
respect to the problem caused by the multiple unknown .
microphones, the audio transcription function may utilize
dynamic microphone adaptation techniques to reduce the

35 error without having to retrain for the new microphone.
With respect to the problems associated with fluent speech,
at present the only known technique is for manual
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-12- woe/i®d¢ avail able to a user workstation 42. The Wﬁ% f’a
preferably recogni zes both voice conmands and text ual ' ura Ianguage-

queries, either of which will invoke natural |anguage search
function 129. Through an 5 interactTVe video segnentation function 46,
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t hr ough égggl t Jdesghib i nbel ow.
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Digital ntent:.is COHVE%_%?%}FbOth narrative (speech
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i_brar
and 25 bﬁ 8é€Fraﬁ§-ﬁﬁhé&iORaﬂ%F%ﬁP?$ﬁ?co| 82t nPeFLct i on of
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15 describing the program, and captions. In- comblnatlon,
those resources provide valuable additions to dictionaries
used by the audio transcrlptlon functlon
Because the creatlon portion 12 of the dlgltal v1deo
library system 10 is typlcally performed off- llne,

20 processing time may be traded for hlgher accuracy, thereby
permlttlng the use of larger, contlnuously expandlng
dlctlonarles and more computational intensive language
models. We estimate that the error rates achlevable by our
techniques, even with the 1ncreased vocabulary _

- 25 requirements, will approach twelve (12) to fifteen (15)
‘percent and with advances in computer technology, search
technology and speech process1ng techniques, five (5) to
six (6) percent

30 . _ Natural_language proceSSing ispused in two parts

of the digital video library system id,'in the offline
portion 12 for creating a final transcript which is used in
the creation of the 1ndexed text transcrlptlon of audio 38,
and in the onllne portlon 14 for the formulatlon of natural
35 language search queries 129. While exlstlng retrieval
research typlcally focuses on newspapers, electronlc
.archlves, and other sources of "clean" documents, natural



interpretation and search in error-full and anbi guous data

envi ronnents. | mrage understanding plays a critical role in
organi zi ng, WOAEM2MNg, and reusing digital video. The 35 di gi RCA/USASHIS3

i brary system 10 nust annotate digital video automatically by speech
and | anguage under standi ng, as wel | ©as iy using other textual data that
has been associ at ed WO 96/ 12239

PCT/ US95/ 13573anguage queries, as opposed to compgBex queryilanghagesdeo.

Spoken words Qr._sentences sho ed to-their | at ed
frames. The t PR&Mto &ralg%tdgto%g%g:éi &eﬁ%%%y%-r%gé, "\}\%éeégflé%ages are

only r ef edescardpeldut not directly searched for, is not 5 appropriate or
useful for our digital ki zﬁ:%é%t ; L g | i pgel f
nmust be segnented, searg‘ﬁ%{i%%>£ or?@%é%ﬁgﬁeﬁéﬁﬁféﬁﬁfiﬁgg%ﬁ%%,b ggn ]
sinilarityb maPeNfRyms sevexadl kaowsn dfiurdtoionaind Tt Bl¥ss| 26 ngalhfte
preseryihg "sPﬁﬁﬁ?i&QﬁHFﬁ@-l@@ in FIG..3B-Uﬁtﬁfﬂﬁ¥ﬂﬁ?|§ﬁa9§%5ﬁ§?€He
recognition, natuyral, angyage prQcessing, .and, i e under st an

t echnol ogi es WO¥SEnaH E?eaaéﬁ%dﬂ é'rlr%q?‘bréﬁ/ e%bc}f ov’(%‘rgfe%?’é%gmﬁh?éﬁgports
the intelligesbngeptcbhing okilsmade pavgeyaplof iB gidsdribettoin thandeation.
15 Audio Tra :LRLIL0 ' t i u L VY . .t h
reference to Eﬁ&ﬁkg%di?0§§£é§§§§ﬁ€§)#ﬁ%§é'Hﬁééﬁﬁﬁﬁp%ﬁﬁp|%$§ﬁ%g@913%?'

i nt er pr et i onhtusubjest28red ANd theme of thepirswrativeyfon bhatovideo
transcriptionpgdgthfh $652@ekR9mined. Summarization may be used to

generate headlines or summaries of each video paragraph or

segment for use in the creation of icons, tables of
contents, or indexing. _
. 15 : The second function is defined as “tégging" 152
| wherein using data extraction techniques known in the art,
the names of people, places, companies, organizatidns and
other entities mentioned in the sound track may be
determined. This will allow the user to find all
20 references to a particular entity with a single query.
The third function is transcript correction 154.
Using semantic and syntactic constraints, combined with a
phonetic knowledgé base, which may, for example, be the
Sphinx-II dictionary or an analogous dictionary from
25 another audio transcription function, recognition of
certain errors and correction of such errors is achieved.
Thus, the transcript correction function 154 is capable of
automatically generating final transcripts of the audio
with speech recognition errors corrected. _
30 . Our natural language interpreting functions 29,
129 are based on known techniques and may, for example,
apply statistical techniques or expert systems. For
example, a natural language interpreting function 29 is
embodied in the Scout system developed at Carnegie Mellon
35 University. Other natural language interpreters or
processors are known in the art and may be employed
therefor. The Scout system is a full-text information



function 27 and a natural |anguage interpretation function 20 29. . The_ )

audi o t
st anpi

ranscription portion of the audio transcription and tine
2% on 27 operates on a digitized versi onPET/USA¥IIZAI o data . _

18 usi ng known t echni ques in automated speech recognition to transcribe”

narrati
speech

ves and di al ogues autonaticalt+y¥8- For exanple, the 25 Sphinx-II _
recogni tion systemmay preferably be_used. ~ The Sphinx-11 system
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recogni
system
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2Rr AV Radion réﬁrf@ﬁ&?gaﬁdNﬁatanek@rﬁétibhyteE%ﬁo&EEan '

currently uses a vpcabul ar roxi matel y 20, 000 "Wwords 30 to
The, SRR MRS o SHRES A FOAR HEHGCt 100G RPr TRYnALESHer o, The
Blppdpieet ito ety iranscyipesn generaté@sbyi bhe haddere detail in

na pe et ion SRE e, SCRABRY EQRRESR "R £ PABRKLEY (O S
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yeonEede of more processing time which foggers . cl osed

Capt i OnedderetEARILNGTRIM Yallowl) e SoPké@foh! O transbPepBiegr ams as is.

func i on~27

5
~of the

15

20

éed not be vi ewed by users,” and may be: hi dden therefrom
npr@mmﬂnatnnaitl&ngnagg rnuerpmqtb61ontfnnoaiod 29 as nuch

¥éQ89vtagots@%1‘a&ef&fo Lécéat 'r?riﬂ{e art. First, the ' ‘

natural language 1nterpretatlon functlon 29 enhances

ranscr&%t ‘generated by the audio transcription portlon of !
i
|

pattern matching and parsing to recover from and correct
errors in the token string Using the phonetic similarity
measures produced by the audio transcrlptlon portlon of .
function 27, a graded string 91m11ar1ty measure is used to
retrieve and rank partial matches. . S

A basellne measurement system has been designed
to address the issue of the 1nadequacy of current retrieval

' algorlthms We first document the retrieval algorithm’s

25

30

35

performance on transcribed video. A test collection of
queries and relevant video segments from the digital
llbrary 36 are created Using manual methods we establlsh
the relevant set of video segments 48 from the digital '
llbrary 36. We then use the test collection to evaluate
the retrieval performance of our exlstlng retrieval
algorlthms in terms of recall and preclslon. o
The results of the basellne performance test may
be used to improve the natural language 1nterpretatlon
function 29 by elaboratlng on current pattern sets, rules,
grammars and lex1cons to cover the additional complexlty of
spoken 1anguage by u81ng large, data driven grammars. = To
provide efficient 1mplementatlon,and h;gh_development
rates, we use regular expression'approximations to the
context free grammars typically used:for:natural language;
By extending'thie_technique to an automatically recognized




apblications will typically be of high audio quality and wll be
narrated by trai ned professionals which facilitates | ower error
transcri pt i W096/12239vwever, because of the 10 anticipated sizePEI/USPHIST3
libraries, a larger vocabulary S anticipated. By itself, the video
library's |arger vocabul ary may tend-ig-degrade recognition rate and
increase errors. In response, several innovative t echni ques have been -
](cjeve![ oped anchili> exfdck | esbdeptaitliecldbelsar obr seralihaenduprectisdercdimpt i on
unction u o cific informati on, such as
t opi c- basedIW%Q?&NEF%R&!?%k%ﬁ%géfranéegéag}ggﬁlsts are preferably
enpl oyed by the audi o tThesceswlisnoporhechageline peyfermagRcer Leshy My
hypot heses ar, Gﬁ.é%\i%&’yté'si éf@v‘f'hgoaua@.ap{:k!ﬁsc ripRGodl PoFtadn of

| anguage modél ass_recognition progessing is
per f or med5 sudiwngfiion 27 R tthakerbaste EBEPG%FS ARG BB BRS BErEFNS

Addi tional | y,ailte- 1t 18 diPdtmake | rélBust ahdnEuatetipadihy spinet iodn 12wersi ng

k t ech f
a1 Da S rareas R CetRRte SRk P ARE AR L IRe” Syt AP
vi deo for suheeimemion efsr evldosingli setwsen bmbdguous interpretatienssmdct
our digital \ideq harary sysLem 10 por Milhei) Ckibe shsgbR Rekdr rates
a % fo P _

than those th required rotducé human- r eadabl e
transcripl. étsuieval swstl:qameus@s.@tsaahaaélag‘éshcaéspamthgl tRher e

avai |l abl e, ﬁ?éﬁ#éif@aU@@ﬁdgolﬁrQékgg base vocabul ari es for
recognition ané:searc a exts referre ggbodlnent

the audio 35 transcri gf® *RRdi Bhe ?xiﬁﬁépgoﬁlg?réé 5P PA5FScédses an
utterance ingHitetd®Vspstepss asell | a8t takedaln FFEr 8kample,ThHa tmestof

:step, repreS%r&reqcxb 1rl1):f)ng 5\?idégt§pégr\’\g{1dArthur Clarke interview, Clarke

.15 uses the phrase "self-fulfilling prophecies." In our early
prototypes of the digital video library system 10, because
of the limited vocabulary of the audio transcription
portion of function 27, the audio transcription portion of
function 27 created the term "self-fulfilling profit

20 seize". To maintain high performance recall, video
segments must be retrieved in spite of such
mistranscriptions.

A natural language query is converted in phonetic
space as follows:

25 Query: P R AAl F AHO S IY0O Zz2 - "prophecY"

Data: PR AA1 F AHO T S IY1 Z - "profit seize"
which deviate only by one insertion (T) and one change in
stress (IY0 to IY1l). Such a technique permits the
retrieval of "self-fulfilling prophecies" and its phonetic

30 equivalent of "self-fulfilling profit seize."

' Boolean and vector-space models of information
retrieval have been applied to the digital video library
system 10. A test collection to measure recall and
precision, and establish a base line performance level is

35 also provided for evaluation of the digital video library
system 10. Users are provided options for ordering the
returned set of "hits," and for limiting the size of the
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- 15- ~_tinme-synchronous pass using between-word senonic

seni - coMA 961323 acoustic nodel s with phone- dependent PEEAISAHISTNd a’
bi gram | anguage nodel. The forward ti me- ~ synchronous pass function 52
produces a set of possible 5 word oceaorences, with each word occurrence
havi ng one start time and multiple pOSSIb|e end tinmes. A reverse
time-synchivsoas wedd.function 54 using the sane system configuration

o then performed. Zhoss eauliaptal 6 KT se che NS VKE oRUG-RTSS

function 54 is nmul tlga 055| in times for each en
pr edi ct ed-3noEpge f R FﬁretatﬁpﬁefblFFF@HP@n&?s exiendy to ghetep 56, an

appr oxi rrqsaerﬁraphl 9eiih&DRbhS 39S €t en&ewd%e ddte 3. ofa Nsdessds
hypot heses utter nce.fro esults of the forward time-

e
synch ondﬂ%l%%si9 %rﬁnﬂr?§5% s8I KBS ﬁ - 1@PgYRge one of a
nunber ofinterpeeeatboel funaniba appli E‘ﬂo&b rulaﬁ 7 %e \éppl Bédred hat the

ot ouar S0 At SRR 0GB G8or son 04! 1Tl BOSMLAEIBIE AindlABL AT °

at St"é’pllég)et@%s%?beécbmMgrﬁyﬁgf-HGQI bereigelbedioad from 20 anong the
N-best |ist pr OduceﬂlsoTh@th§ﬁt§ﬁQEh.Egsummag‘)iQQttll%ﬁ Sf Sré:l'}:gl@’c}%ci rom step
58 as the ougput fromt audi o transcription function 2

ti met@t afifhs 1alt’~?%n‘%‘é+3r‘§t§ PRdUlgehBREL é&S§F‘P1§§s§@& Vi dar SRARARE

| anguage zlrni@raprﬁr@él@méetﬁ%.‘?ﬂ?neaddeiaébbédqhéh@‘ﬂ 5?5 provided 1]3y tTEe

audi o trgnsc t tion o uncti o may address many o e

sour ces 3?1 %ﬁuié;ﬁikﬁ$%&ﬁ?l%9t rprﬁEthzﬁaturally ari se. For exanpl e,
eF BO nmultiple signal to noise ratios,

the audio  transesiPlhing WELAOPeBSESAShORE £26AR! 3! 1o techpgues,

15 speech and language indexing function.30 is applied to the

final-transcript'produced by the natural language
'interpretation function 29. ' The indexing function 30 uses
téchniques generally known in the art. For example, an
inverted index is created containing each term and a list

20 of all locations where such tefm is used. Pointers, i.e.,
the time stamps, to each occurrence of the term are
provided for retrieval. N - o

The speech and natural language indexing function
30 is also useful in providing a video skim capability.

25 The video skim capability is the subject of a U.S. Patent
Application entitled "System and Method for_Skimming
Digital Audio/Video Data", being filed concurrently
herewith in the names of Mauldin et al. ("Mauldin et al."),
and which is hereby incorporated herein by reference. Both

30 the instant application and the Mauldin et al. appllcatlon
are owned by the same entity.

The end result of the processing flow of the
audio data 20 is the indexed transcrlpt.of text 38 which is
stored in the digital library 36 for future use.

35 Cdngegt—Baged Imége Understanding.

With reference to FIGs. 1 and 2, the v1deo data
20 will be processed in parallel, and, in certain




30’ I ncl udi ng preprocessing and early detection of signals, whi ch
automatically correct for such variability. Wth respect to the problem
‘caused by t 'W0o®eM228pl e unknown m cr ophones, the audi o tr an®CEU$ASI135Y3
function may utilize dynam ¢ m crophone adaptation techniques to reduce
the 35 error without having to retrain for-2ihe new m crophone. Wth
respect to the problens associated with fluent speech, at present the
only known tecBiirgumstantes @snwdlll be noted\VheéX#ikP23n interaction with,

PCT/ US95/ 13573 agggg tio f
t he | exi con usFHS Pﬁ8ﬁF§5§8§bF§ Fhﬁb&qglo data lﬁig%s%fl ?ranscr?ptlgﬁg
portion of funfirsh BEepnjisegenerally defemres o thexeinms conteptsbaged

formilate a !a3ksdd Boimentaridned dHoud hd i Cilihe- Siied boR0YRSIA PG

that automati clation earnlng can_take pl ace.

ron
Wth resped t8: pwgbpénﬂrsaﬂ"é‘é@l ape @Enitdras fameidons - VER&Ei 58t cEunghion
research in | opg ﬁé%tamedl am%@@ md%irﬁi is thedipiteizdtitdn aofvwehey (20)

to thirty (30) rce oV Jn acg may., be, r eal

dynani cal | y 1OVE§88pBF‘ﬁ@ £Re %3@ %F‘?%’r% %ﬁa’ts I*%%é?gggnt |y
been observed thrpughr techaigmess known a:q;dltthm ghoistled imrtolzelcast.vi deo
prograns have significan esar Ma | %§§§ﬁ§

early descriptions of thgh%r%%F%%?‘%a lon s (ﬂjég¥%g ts mggt?ﬁ§°n
scripts, afstradts The ueecpifthithg mqgwggamg dnatEnn ohs. avejds the
conbi nati on, tlméh86ﬁsﬁﬁ§ﬁgrC%%d@éﬁﬂﬁ3hd¥ﬂ§¥33éad¥ghdﬂCEEViéwihgtaoﬁﬂaéQS

used by the audio transcrij pfion functio
file frame-by-frame aroula an index entry point. To
'1dent1fy paragraph boundaries, the paragraphing function 33
locates beginning and end points for each shot, Scene,

15 conversation, or the like by applying machine vision
methods that interpret image sequences. The paragraphing
function 33 is able to track objects, even across camera
motions, to determine the limits of a video paragraph. The
resulting paragraphing or segmentation process is faster,

20 more precise; and more easily controlled than any previous
manual method. ' |

Each paragraph may be reasonably abstracted by a
"representative frame," as is known, and thus be treated as
a unit for context sizing or for an image content search.

25 At least a portlon of this task is done by
content-independent methods that detect big "image
changes", for example, "key frame" detection by changes in
the Discrete Cosine Transform ("DCT") (compression)
coeff1c1ent

30 We prefer, however, to use ‘content-based video
péragraphlng methods because the ultimate user is
interested in content or subject retrieval, not simply
image retrieval. The subject of video consists of both
image contenf, textual content, and text transcripts of |

35 audio, the combination of which specifies the subjéct. The
textual information attached is useful to quickly filter



Because the creation portion 12 of the digital video Iibraré Zy?ten110 ‘
IS typi erformed off-line, 20 processing tinme may _be trade or

hi gher "act y, thereby permtting the use of | argelp ASF D us| y
expandi ng dictionaries and nore conputational intensive |anguage .

nodels. W estimate that the error r&Res achi evable by our t echni ques,:
even Wwth, the increased_vocahulary 25 requirenents, will approach twelve

(12) to Yifegcregments loggrdpgr Pek@ntialh @Ml intesddlit erft echnol ogy;

search subé@q\héﬂtoﬁisﬁam gheeoh) peFessSingg e dmidh aSontérne, (H3 tﬁla t raISI X
u

I t
fgﬁgﬁgéggﬁé%‘%@é@?ng #é%uggg{ﬁg a?\iﬂu%tge re aﬁ’o?anst ﬁ%’tﬁ%l‘fla‘?e‘?n"&%‘bhl i brary
systen1lsnmllarhecehéryné "Flnﬂotheosamﬁ h@enewmmuhuﬁrfﬁerenttranscrlpt
whi ch i éﬁ@iﬁ'ﬁbtlontheaﬁaea?iﬂa ?dkgeﬂfﬁh t Orhﬁﬁﬂflohptaf@ of

audi 0 38 the online porfion hat ur al
35 Iang’d%@fé'f%%%\? cﬂoaﬁéd%at;ggs fypm & wsest’ mg:ermecz;mre Paxear ch

typi cal |of Teese Sq@ér NEWSRAPEDE réhi&’.&é&nbg cont%rrfévl\ff&pé}faﬂerpé her sources

" ) al 12239
PCT/Egggﬁﬁgggégnentgh ggtﬂistogram comparlsons -17- "I anguage

queries, as opposeCutvenvnpfsroseiy hgageaﬂatabases¥ﬂﬂﬂtﬁaﬁﬁéﬂfﬁ%“formﬁrd
deost UL BASedhE" B e 5985 BRari st ce, mnshnian ey
subfummﬁayk;to'pr1¢x@tlanguageeunformatlon associated with images
or to deal with three dimensional events. ‘
We use multiple methods, elther separately or in
comblnatlon, for the paragraphing function 33. The first

15 method is the use of comprehensive 1mage statistics for
segmentation and indexing. ThlS initial segmentatlon can
be performed by mpnitoring,chlng coe£f1c1ents, such as
~DCT, and detecting fast changes.in them. This analysis
also_allowe for_identifying,;he key frame(s) of each video

20 paragraph- the key frame is usually at'the beginning of the

) visual sentence and is relatively static.
Once a video paragraph is 1dent1f1ed we extract
1mage features such as color and shape and define those as
| attributes. A comprehensive set of image statistics such

25 as color hiStograms and Kalman filteriné (edge detection)
is created. While these are "indirect statistics" to 1mage
content, they have been proven to be useful in quickly
comparing and categorizing images, and w111 be used at the
time of retrieval.

30 ) We prefer the concurrent use of 1mage, speech and
natural language information. In addlt;on to image _
properties, other cues, such_as speaker changes, timing of
audio and/or background music, and changes in content of
sboken words can be used for reliable segmentation. Figure

35 6 illustrates how the information previously identified may
be used to increase the reliability of segmentation. As
seen in FIG. 6, the coincidence in change in the histogram,



."sUnnarization" 150 in FIG 3B wherein, by analyzing the words in the
audi o track for each visual paragraph (the concept of, a "vi sual
payagraph” w0 gepas¢ bed in the section entitled Content - BEYAISIS/MISGS
‘Under st andi ng her ei nbel ow), v10 the subject area and thenme of the narrative
for that video paragraph is determ nedgaSunmari zation may be used to
generate headlines or summari es of each video paragraph or segnent for
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transcript correctiqgn, unct| 15 ahl e of aut o ic

generating fi RavVe: FARdLAL, taﬁ’éi iﬁdﬁ%g‘laq pWE?F%’peesechr?re%%%%ﬁ(?l and
errors cQo ectempolal relatlonshaps ettwesdn vaidpm Eegmerrprean ngléankei ons
29, 129 aLe gg%%gdp%'%pqgaifggwnques -and may, for exanple, = apply

statistical tgc ues exper Systens. For exanpl e, a natural
| anguage interpreting fdhet next2dntegrateshimafihad ite tdrtSapine syidem
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interpreters rocessors are known in the art an empl o ed
therefor. TheMgEdgr sy¥i&h ithig math QQDdV¥%H%%rﬁﬁ9WﬁPtatlgh bRsed o

15 interpreting and following smooth camera motions such as
zooming, panning, and forward camera motion. ExampleS'
include the surveying of large panoramic scene, the
focusing of a viewer’s attention on a small area within a
larger scene, or a moving camera mounted on a vehicle such

20 as a boat or airplane. '

_ A more'important kind of video segment is 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

25 1located by speech recognition, the user may desire to see

~ the entire clip containing the interview 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 diéappeared from the scene.

30 ' We also prefer to incorporate developing
techniques to track high degree-of-freedom objects, such as
a human hand (27 degrees of freedom), based on "deformable
templates" and the Extended Kalman Filtering method. Such
a technique prpvides a tool to the video database to track

35 and classify motions of highly articulated objects.

Segmenting video by appearance of a particular
object or a combination object, known by those skilled in
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- 18- storage and retrieval systemthat also serves as a testbed
for infW@R61323N retrieval and data extraction t echnol ogy .PCT/US95/iBsY3nat ur al
| anguage interpretation function 29 may al so be - applied to the
‘transcripts generated by the audio 5 -g4anscription and tinme stanping
function 27 to identify keywords. Because processing at this point
occurs of thenart as "dhejewt meésém@uagfs,ials_a_spa:gpat:eﬁﬁunune:b&ogna9 haz_
the vant f 0Gess| t} ich fosters. .under st andi ng -
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correct 15T3PFEGFE MRS RFQETeFHaTly. o (AekrCt R PABRECHEAE ALRAFI ty
measur es bfodbgeebtlby W&b@d:ibziédtﬁwéegﬁd@ﬁ mﬁﬁanoisbﬁéent igf HH@L I on t27, | a
raded string sinmlarity sure is used to .., retrieve and rank partia
%atches. hoE Tnfortbnt ﬂgﬁgﬁﬁqqﬂ?rﬁﬁﬁﬁn?#&ﬁhj%@%t%ﬁ?ﬁ%@cﬁeen desi gned 20
to addresdetketiosue of the inadequacy of current retrieval algorlpgnﬁ.
We first docunent t LehL) evs 14 ' r gan o] ranscri be
video. A test coll egﬁf‘gﬁhé? \?ﬂe' ?l%riﬂels&]{agn% dr]'e %18%% 8y%%e§§§e§ﬁ%nt s from
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25 the rpbaYap! thekeotiineddq orRAMYHapet tarld B #h di Pdd@ng a~£h?éé£y 36.
We then uge the,test collection to eval yate, ~the retrieval per or mance
of our exPIPPRFIPBA; BREPTrStanging | 31 %% %R e (RRBITIPLRFeci si off

function 33 greatly expands the abilities of the video

segmentation function 32. The "factorization" approach,

+ 15 pioneered at Carnegie'Mellon University, is used in our

| approach wherein in each image frame an "interest point"

operator finds numerous corner points and others in the

image that lend themselves to unambiguous matching from
frame to frame. All the coordinates of these interest .

20 points( in all frames of the video.sequenée, are put into a
large array of data. Based on a linear algebra theory, it
has been proven that this array - whose rank is always
equal to or less than 3 - can be decomposed into shape and
motion information, i.e., Observations = Shape x Motion.

25 . Other rules 37 generated by'the natural language
interpretation function 29 may be useful to content-based
paragraphing. For example, keywords of "football" and
"scoreboard" may be used to identify scenes in a football
game segmented by the showing of the scofeboard.

30 ' It will be understood by those skilled in the art

" that any of those methods may be employed in the
paragraphing function 33, either separately or in
combination with other methods, to meet. the reQuirements of
particular applications. Moreover, the present invention

35 also provides the ability to segment based on time.

_ After the paragraphing function 33 is complete,

“icons are generated by function 35. Icons are a




The results of the baseline performance test may 30 be used to inprove the
|natural | anguage i nterpretation function 29 by el aborating on current
‘pat tern set WOP612339 grammars and | exicons to cover the ag’ 73
!conp!eX|ty of spoken | anguage by using |arge, data-driven grammars. To
provide efficient inplenentation and hi gh -8+l opnent 35 rates, we use
regul ar expressi on approximations to the context free granmars

typi cal | y useddminastiomlof saregtagand viday, exitnelr ngtihlsOreBRELGBe to an

automatically e
PCT/U895/1357§&8&&9@£%(£reated fé%DéE%éééﬁéht presentatlon tootﬁfagﬁer

accept abl e | epgirfoyming & |seanrlpr e Vel i jrons %¥%e8r§gﬁﬁ§g#¥tﬁleval are
realized. representathi® 68 W twiddo iherdasaph ner paulofpbeceochedguoag

al so be used tg rove the audi q transcripty on_portj tion 27
so that ba3icV ﬂé#gg Eéifﬁﬁﬂ%l "the %ﬁ%% ??ﬁﬁgégrgaﬁggg robust
and function iExamplies @ff I:mmrs ret:i-mvsédrmognseamhearershpynusnné‘lg

m ni mal dlver%gqpe criterion for choosing between anbi guous

interpretatio t he spoken utterance. For exanple, CMJ s SCOUT text
10 retrieval system us@oth mtilikliicenit andonicomi¢orepresenbghisns of

m sspel | ed “DW$E%§1fﬂ?8fhatlon can a31l Vel ead éhﬁséflstﬂgeﬂhﬁplbthm
to match in onetic space as we as_textual . e of

For
our tralnlﬁg'ﬁQﬁﬁﬁhn§9¥ QQtﬁﬁﬁuQ§%ﬁ%ér?}ﬁEﬁ ﬂ/tf?ﬁ?Rggigtlﬁgeggthe
phrase "self-figdddd lduriny e eLsly 1amnosnrmae,ari—eyturn pwehbyy®as)of the

digital video ] Iltc)arv%tr t Slytsé[n?sm ]lof tq'?cafl st twenty (20) seconds of several
sequences are "talklng head" introductions, icons and
micons pfovide no significant visual clue about the content
15 of the video; the information after the introduction may qr
may not be interesting to the user. However, intelligent
moving icons, imicons, overcome some of those limitations.
Image segmentation technology creates short sequences that
more closely map to the visual information contained in the
20 video stfeam. Several frames from each new scene are used
. to create the imicon. This technique allows for the
inclusion of all relevant image information in the video
and the elimination of redundant data. See Mauldin et al.
. For a video containing only one scene with little
25 motion, a micon may be the appropriate representation. If
video data contains a single scene but with considerable
motion content, or multiple scenes, the imicon is preferred
to display the visual conﬁent. To determine the imicon
content, the optimal number of frames needed to represent a
30 scene, the optimal frame rate, and the requisite number of
scenes needed for video representation are determined.
Heuristics for imicon creation are data dependent and take
into account such factors as the number of unique scenes
needed to represent a video chunk; the effect of camera
35 movements and subject movements on the selection of images
to represent each scene; and the best rate of presentation
of images. Because the human visual system is adept at



of the limted vocabul ary of the audio transcription portion of
function 27, the audio transcription portlon of function 27 created the
term " S¥OPEHI29 i | | | ng profit 20 seize" To mai ntain hi g#cmenMnce

““recall, video " segnents nust be retrieved in spite of such :
nistranscriptions A natgeal Ianguage query is converted in
phoneti c space as follows: 25 Query: PR AAL F AHOS IYO Z

- "prophepydckly finding a @Qesire® Riddé SfAH@fBrﬁatﬂonZ the' profit seize"

. _ i o
Yo 1v1). RhR ey, BPBechEat16f ot 'lnBdR 2080010 BFeubon naliidH i ng |
pr opheci deongh Witk Jg#u*én*éh$ cuger aqti aal anfidtersébf choosie high profit '

sei ze." 4interest mateﬁggdean and. vect or-space nodels of information
video. library system 10. A

retrigval have been_ap to the digital

t est gollection tovﬁﬁdgﬂ?€e¥eEE§F BFecess flevi sppiinusg witdpitheh a base
line perhmdmccmrﬁm@ésimsﬁm@ts@npwyldzdhéagheztaleua&aea of Ej he di glt L éell
video |i S rs_are provi ons faor or erlng

r et ur ned SZ'@Q%SS'%&%/ fﬂ@%ﬁbq Lfflrpﬂt?‘ﬁ u’fh%tsY?EEBf“st Rgsitions  yp
96/ 12239within FIG.2. The video compression fﬁﬁbtﬁ&ﬁ/iZSﬁay

- 20- utﬂTﬂéé‘Eh?MaJallable commergi f6c6+% %éf&ﬁd Ekg' %F%IPﬁeUSG

of the natural | anguage | nterpreta 17 on on 2 ends
par & apFFAFPLerc i 3 LT ronprReStRR af Qomat A sbusorequlrlng

only 10 Mbytes per source video minute to achieve VHS |
quality playback, i.e., 256 x 260 pixels. Other - _ .
compression techniques may also be employed which, may, for
- example, be MPEG'or MPEG-II. Using compression techniques,
' 15 we anticipate“that one terabyte of storage will hold over
1000 hours of segmented compressed videoc 40.
Exploration of the Digital Library
Intgragtlvg User Stations 42 o -
The interactive user statlons 42, see FIG. 1, are
20 preferably instrumented to keep a global-hlstory of each
session. That includes all of the original digitized
speech from the session, the associated text as recognized
by audio transcription portion of function 27, the queries
generated by the natural language.prpcessing function 129
25 and the video objects returned, compositions created by
| users, and a log of all user interactions. . In essence, the
station 42 will be able to replay a complete session
permitting both comprehensive statistical studies and
detalled individual protocol analyses o
- 30 An initial qQuery may be . textual, entered either
through the keyboard, mouse, or. spoken words entered via
‘microphone at workstation 42 and recognized by the online
portion 14 of the system 10. Subsequent refinements of the
. query, or new, related queries may relate to visual
35 attributes such as, "find me scenes with similar visual
backgrounds.” The natural language processing function 129
exemplified by the Scout'program is used to process a query



5 'rules 37 are created and updated by the natural |anguage

interpretation function 27. Those rules 37 are applied to t he

'‘par agr aphi n§vo 96i2239n 33. The paragraphing function 33 - \BICTYUS98/13573
described in nore detail herei-n bel ow. Al so, the autonatic
sunmari zation of retrieved 10 nmaterial to-pgild a nodul e that assenbl es
the video segment into a single user-oriented video sequence is
provided by in ﬁﬁ&hfﬁﬁéwééméa@ﬂyaﬂé theéenpeetral 2anguage PreceEEsmy

Language | ndexi ng 30 nui.ng ©elo FIGs. 1 and
2, the 15 speéit}ﬁ9 PR AY it ?ﬁ%e&?nﬁr?ﬁﬁéFlgﬁagscrg app%ﬁl 3%0 t he
final transcript produceThéyinteractivel usengstigtions U2t dnglads tde

function 29. cgﬁéxa Q$$quiwgftﬁﬂgverfgggén andtﬁﬁ@BEﬁﬁﬁgcQ?@%ﬁﬂéﬁk kgyown

in the art. I ndeX i s create contal nin each
term and a5l i metzmewcﬂd asegmente i and tmeadivashther Anformasdon pdiay

e, the tive 54 3051 48 @écé)dj)ﬁét”ﬁﬁécﬁeafiat taysEEkaate. MR ded
for retrieval The ch a nat ur a ang&gge i ndexi ng

function :ﬁF%%FQﬂ?RPQE%H%Im?ﬁYprQ§d|E e, 5YPLER < pability. 25 The
vi deo skim ca;ﬁbﬁdlﬁa/neéuém pﬂ@sent DEonslafd Patieohs (fuldpmiotdicmon

titled "S ' : "
ot ng 111 ed cATRRHARAEEY ERbesk FRiinere) aibh8, pAH RpéiiCRe @
("Maul di n1et asunngrizationl. mhﬁbmtlsshéeébyednaerparaﬂé@lh@mg&¢n®ﬁtl°n
ref erence. BOtEkhrﬁ.Ocn.cSﬁ?liﬁg ﬁf%e sa %iﬁ@daeg Eﬂﬁbﬁukﬂb“u%terako

application - are owned resul t

d
of the procesﬁ’%}'ﬁcﬂbvﬁ‘éﬁsQ%&ences aﬁﬁ?‘ﬁ EHFadEélVgr?ﬁesleﬁﬂ‘@%& %5&9%
of text 38 whitten SFor oth&F eﬂxtﬁoéég $hovhel obisbEakms3Gntioapbltivat iwsss . 35

gﬁgtg?ttﬁgsﬁﬁfé&”ﬁaﬁy BE A arTibed tpogsescar Rehath PELOWand. i n certai
The interactive user station 42 allows the user

to adjust the "size" (duration) of the retrieved
video/audio segments for playback. Here, the size may be
time duration, but more likely will be abstract chunks
where information complexity or type will be the

20 determining measure. The appropriate metaphors to use when
the size the user-ié adjusting is abstract are chosen based
on empirical studies. For example, it is well known that
higher production value video has more shot changes per
minute than, for examplé, a videotaped lectufe. And

25 although it is visually richer, it may be linguistically
less dense. The unique balance of linguistic and visual
information density appropriate for different types of
video information is selected. |

The interactive user station 42 allows the user

30 :o'interactively control the rate of playback of a given
retrieved segment, at the expense of both informational and
perceptual quality. Video paragraphing will aid this
process. By knowing where scenes begin and end, high speed
scans of digital video segments 48 may be performed by

35 presenting quick representations of scenes. This method is
an improvement over jumping a set number of frames, since
scene changes often reflect changes in organization of the
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circunstances as will be noted herein, in interaction with, -
the pr%g‘gﬂﬁff of the audi o data 18 descri bed above. The PCT/US9541&73step is
generally referred to herein as content based vi deo segmentation, shown”
as the dashed-line box 32 in FIG 5-28-which is made up of three
functions. The first function  is perfornmed in step 31 and is the

di gi ti zatideo adfugthelike secleioniatin28. bdhk.di npiziicglf wwtdises 3day s
performgg yged *H&%éﬁ&imé LIRS f&ﬁ&‘“o?ysbgﬂéeﬁ:?%gleg%gtﬁ o R AT T

The second function 1s the paragraphi functi o e use of the
paragraﬂmﬁﬁ;QQﬁRﬁ§§nP§E¥zﬁ&ﬁ%@h@%eand thﬁnél§§ﬁ§8ﬁpﬁ§: dén@eti ona

prOCGdUthfeerrﬁ\&ln%@élgse’ié/dﬁjﬂm forfé €iha2NBehist ABE idagend an i ndex
boundaries, the paragraphing

entry paql nt i o
func |oﬁ4;?°t103(§9ﬁ iﬁ%é: %ﬂﬁcﬁﬁﬁnts for each shot, scene, 15
conversation, or1ﬂn£d|deeﬂ§/zd§nqiﬁg whdéonebyestsnof 1nme&h@ds t hat

T aok oGSy, Hec T b1 o MEASEERAEY orarhiRS! B8R BRER U 1 of o

track obje ts, even across. camera I bns
vi deo pHﬁé&P&phEVﬁﬂathe &kﬂﬂﬂ%l&@ﬁbamﬁge@phlng bs Saynémomt i on process is

faster, c2Qvi@Ne PHRSicHFe I d 1Y eré@éélvl&ﬁatagg%eg t bR ﬁ% hb\@d%us
nanual nethod Each paragra e feasona stracted by
a 10 rFgproubing itexth, dmagesys *fﬂsd%omg %ml?hag pevt ABg: ed as . -a

uni t foereattiest waiyai.ng Tie ftola mapdse CAMNEDNG §@aféb tBe Akekeast a

d - dent t hods that detegt -
AR e i Bk ; 3%e§£ce+”§ﬁm8§§ehaﬁgese. 4

knowledge to integrate the output of the content based
video segmentation function 32 with the language
15 interpretation function 28 to create semantic understanding -
of the video. For example, the contraposition of a high
quality, visually rich presentation edited together with a
selection from a college lecture ongthe_séme material may
be inappropriate. However, developing a composition where
20 the lecture material is'available for those interested, but. -
not automatically presented, may create a richer learning
environment, With deep understanding,of:the video
materials, it is possible to more intelligently assist in
their reuse. . o
25 Data and. Ne;worklng Architecture
Fundamental to. prov1d1ng contlnuous media from
remote storage systems is the ability to sustain sufficient
data rates from the file system and over the network to
provide pleasing.audio_and video fidelity in terms of frame
30 rate, size and resolution-on'playback for the receiving
user. The ability to continuously transmit thirty. (30)
frames/second -of full-color, full-screen, television
quality images even to a single user is limited by network
- bandwidth and allocation. For current compression ratios
35 yielding 10 Mbytes/min. of video, a minimum 1.3 Mbit/s
dedicated link would be required to deliver continuous
videc. Those rates are not commonly achievable across the



the Discrete Cosine Transform ("DCT") (conpression) coefficient. 30

We prefer, however, to use content-based video par agr aphi ng net hods
because t he WOO$/1228% user i s interested in content or subjREGYUSISIISTI
retrieval, not si nply i mage retrieval. The subject of video consists
of both I mage content, textual content,2@hd text transcripts of 35
audi o, the conbination of which specifies the subject. The t ext ual

| gfr ;)r mat i on atiraeheret S URes Wbibitwithl geiiverrthe same videoomagezdal
PCT/ US95/ 13573 Y g ts
| ocati ng pot er’ﬁﬁ“&*]‘qﬁrﬁ%uso]ryl n? er esltlmbeﬁ of usgh s%gugﬁftefgu%?ﬁg&%?yw
referring to idisge tomansfey rates. preferred. For exanple, queries such

as "Find video with feﬂnféfefa%@%"n@ ngl taﬁe§en§ssgaaanwath
different 5 canera notion," and nd video wt

i npor t ant 5 ongrefentash NtrwRRk %P%‘é"iu%eﬁ%‘l"é%ecgﬂ}%ra]e‘bsfggf %rr‘sagPtf’hg

gueri es may bQ;Hgaiunmpyg@pntnmrd; nfepgndegital videsvlfladdiosackhisve 82
hi st ogr am conpa.rl son

ff
"t actare M SO HHPTRRTH A 1R Fached ThhE SrAbFL.  wetRoaRsaERe They
fail to expl oididimmipededatd catratheontgs stwediadserver! nagde 84 andr cagheeal

with three di rgiiln%{ cgkalreeé'eermﬁé Jaccessed me 1a %ﬁ tRE @EE&QEEﬁEhoﬁﬁdes

ei ther separately of e paragraphi ng function
The firstlQ5 &fot B %2 ¢ héﬂmsmrﬁeto"n%&%h’éhgl vepi Rragéasearveri BedeyBe

segnentatlon Mdrd RdgUbity b ot (8] €€88Bptat4AA €aBh of the site-
server nodes 88, 90 and 92 have a capacity of forty (40) to
fifty (50) gigabytes. The top media-server node 84 is
preferably implemented as a'multi-threaded.user-lével
15 process on a UNIX system, with a fixed priority policy

- scheduler which communicates continuous media data on
standard network connections.

The "site-server" nodes 88, 90, 92 sit on a local
area net with end-user local interactive user workstation
20 42. The searchable portions of the digital library 36,

" i.e., the transcripts and auxiliary indices, exist at the
top media server node 84 and are replicated at each site.
This permits the CPU-intensive searches to be performed
locally, and media to be served either from the local cache

25 at the site-servers 88, 90, 92 or from the top media server
node 84. The local interactive user workstation 42 can
either be a buffering display station, a display plus
search engine, or the latter plus media cache 98 with a
capacity of approximately 2 gigabytes, depending upon its

30 size and performance class. Caching strategies will be
imblemented through standard file system implementations,
for example Transarc’s Andrew File System (AFS) and OSF's
industry standard Distributed File System (DFS).
Concentration of viewing strongly influences system

35 architecture and thus is application dependent. Where and
how much to cache depend on "locality of viewing."

The stringent continuous stream network data



be perfornmed by nonitoring coding coefficients, such as DCT, and
detectl changes in them This analysis also allows f
i denti fyﬁﬁé{ﬁh key franme(s) of each video 20 paragraph; PW%@%ﬂan\e s

usual Iy at ‘the begi nning of the visual sentence and is relatively
‘static. Once-a video par3@raph is identified, we. extract
| mage features such as col or_ and shape and define those as attributes.

A conpr eFairenant st YpacRL stQ¥ | Cide-cncrAensnd, syssens Hiss t6daxes and
Kal man fisld u:nd {ineae, @@émq&plemenﬁaeieﬁt Bécaulbi I(a)t kewe are

"indirect statlstlcs" to | A have bee oven to be

Lberul 1 PeRRRgeR Bre A bR SonbEgEhPEE 1P RE BBk | | be used

at the mlnuUEskﬁ 2t manylwiBD be deliveredéfpomf ehet hecaddyurrent use of

| mageg Spf I 0&a i NEQN e} l,ayadditi to i mage
:ﬁ&ﬁh s:.té‘aééa%ﬁe HOEL5 98 ! %B ”95 ?nd (9) gﬁ d%a

propertles cues as speaker udi o and/ or

backgrouﬁ’d—sml-@i}t igral wawm pert Wmtémmothe buﬁﬁgkeﬁomﬁdé;u@&ﬂ b used

for reli emeeuwrwtmdﬂn dléitgte;ﬁpﬁéalﬁy iLyS§£§asgtaeW1hheaﬂ rmation
previ ousl |dent fied be uUsed to increase the reliabjl of

segment a plo i n $ierertly nised AePRERBELPR ERSHGAINRS: he

hlstogrameduce the\ﬂaﬁ&ﬁfﬁﬁﬁﬂkement to approximately 10
- 23- scene change

PCT/ US95 7 |
|nfdﬂ§at@%ﬁé %&Eﬁﬂﬂf qqﬁ%ﬁ4581on conbine to increase the reliability

i n determ ning theﬂhnﬂﬁkgmuai(ﬁldeo likkaryasygtephll. is FIG
A2 1S ag er3TRIG e %d@ﬁ%é}& A fol Sat Oforthcom:.ng commercial ' ‘

file systems structured for delivery of continuous media
and video-on-demand which addresses the problems of

15 achieving sufficient server performance, including the use
of disk striping on disk arrays to enable continuous
delivery to large numbers of simultaneous viewers of the
same material, may be incorporated when available. A
one (1) to ten (10) terabyte archive 82. ia representative

20 of ant1c1pated commercial environments. L '

The server network 80 may transmit to other gites
via commercially available switched multi-megabit data
service (SMDS) 99 at currently eeonomically priced.data
rates (1.17 Mbits/sec). Frame relay services (not shown)

25 from 56Kbps to 1.5 Mbps are also provided for remote
satellite services. Communication interfaces to interface
local interactive user worketation 42 Ethernet to the SMDS
clouds 99 are in place.

A key element of the on- llne dlgltal llbrary is

30 the communication fabric, shown.schemat;cally as 100 in
FIG. 5, through which media-servere 109 and satellite
(user) nodes 110 are interconneqted. Traditional
modem-baeed_access.ever voice-grade phone lines is not
adequate for this multi-media application. The fabric 100

35 preferably has the following Characteristics. First,

- communication preferably is transparent to the user.
Special -purpose hardware and software support is preferably



5 locate itens of interest and then inmage statistics (notion) are used
Fo sel ect representative figures of the video paragraph. In this
iexanpl e, thevoosgimse"toy” and "ki nex" have been used as kepowushsiisibe
initial and closing frames  have simlar color and textual properties.
Structural and 10 tenporal-relationships bgfween video segnents can al so
be extracted and i ndexed. he next integrated nmethod to

determ ne vi dggnimi N a0K AREE D sEERE S eénasswoedhaaagl ongkcearkr a and
obj ect notiron. Wth this nmethod, visual segpent IS base%ﬁon 15

a
i nterpreting ARFRHHAEIRP SRR IF s rEhau i PER Eegaleiya e CostoFhifRgEive.
panni ng, and13mp&¥ihgkﬂﬁﬁﬁiIﬁﬁk(&hpéiﬁﬂﬁtﬁs(bandWﬂdthuebéhscamab&¢|M@ of

| ar ge anoran1c s e ocusin [
areg mfthln a™ (hrg%ﬁan?ﬁgﬁlogcﬁ 9t %E%VIe rﬁ%ﬁn%ége% 92782ﬁ?bfga-
such 20 a5 aebwatple, areqliare.the highest bandwidth bapeusgnthhynang

i deo segment dinA dithg o AedY SPIAL0eP1L0%EAEE! 2100U! PEKATRY, ORY

action of the ng vi ewed xanp In an intervie
segment, once mqm@mu@ﬁ/\e& ISLIM FUMBHRECAREORBALYOTK| BugEeRShy speech

re;:ognitlon tt#%:.léi%ﬂi Mph&lagdde é&@-_ﬁffecti@% eﬂﬁaretﬁé%p,cganawbag é he
intervi ew wi erson is can pe don ooki n rward or
backward in thgﬂvﬁﬂgdng ?%F*%Raf%th%e?r%ﬁﬁe%@ymﬁvéﬁgﬁh?§ Fé&r son
appear ed Do le.S‘ﬁ[ﬂ'J'.@ﬂIda-CtésftDm tA e slbensommit ing Wide-Ar¥é Heswopkef(WAN)O

i ncorporate d%¥§5¥%g§]#l am;%é%;%é%té@f§e$ ?grdggéegn031£568QBQEal

obJects such r'ees
"def or mabl e VldﬂanixhnﬁrYehﬂstbﬁﬁﬁbd@yn&mDQQJnan Fllterlng met hod. Such

a technique provides a t dcgbabtglg}y ggotﬁ@t@g@s‘getgs&rggksﬁgwnagﬁ ghassify

not i ons of hl%hly artlcu qbf%Jects Segment i ng vi deo by
appear ance of qﬂents jtehe ?ﬁm@P%hﬁ%Fh%ﬁlgﬂbBb?eEFe KﬁbmHSSy°f

t hose Skii$fﬂjcdﬁtral Office Local-Area Networks (CO-LANs) 102 to provide
‘unswitched data services to workstations over digital
subscriber loop technology 105 and (2) use of a Sw1tched
Multi-Megabit Data Serv1ce (SMDS) "cloud" 104 to
interconnect the CO-LANs 102 and high-bandwidth server

20 riodes 107. |
' . High-bandwidth server nodes 107 are directly
connected into the SMDS cloud 104 through a standard 1.17
Mbit/s access line 108. The SMDS infrastructure provides
_ for higher bandwidth connections (from 4 Mbit/s through 34
25 Mbit/s) should they be required. '

OPERATIONAL SUMMARY
The following example explains the processing of
the present invention in conjunction with a hypothetical
search. It is assumed that the digital library 36 has been
30 created by the offline portion 12.
Our student begins by speaking to the monitor,
"I’ve got to put something together on culture and
satellites. What are they?" | '
Transparent to the uéer;.the user workstation 42
35 has just performed highly accuraﬁe, speaker independent,
continuous speech recognition on her query. The online
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- 24- the art as "object presence", is also a power ful tool and _
we preMQ2¢B2Mnc| ude met hods for doing so. V\hl le this | PCTUSISIIST| cul t
for a general three-dimensional object for. .- . arbitrary |ocation and
orientation, the technique of the KL- 38‘Transforn1has proven to work to
detect a partlcular cl ass of object. Anmpong object presence, human
content P@rthen 14 Oﬁoéﬂgiﬁﬁérﬂéﬁﬁaﬁﬁjﬁﬁﬁﬁﬁﬂ1kﬁﬁ#h%ﬂ appLiespresence
detecti Ogop hlstlcated natukbalahlangudie HRACHESBIRRy dhardesells SPabatcare 10
appllcable to tmo gen5|onal scenesﬁﬁﬁut qu} re resents © postly
t hr ee- di WRAe¥8HaRdshEBe IHRTYn AP £ T2 ry intp %ekrayupl

under st agoimgndapabi llobatteofetlevmmawoa:nmdw of s‘egwéf ntoed 33 greatT Ihy
expagds | 0 i.on fu ct: n e

"fac orlégﬁ?ggéggépggggé h? Eg%n€§ﬁ&§§ﬁ¥5§§4ﬁ§f%§%&a| %%r%?ty, i s
used in %ﬂﬁrChEdapplnﬁchhﬂhesspnlamedaamdexgﬁaﬁranﬁcznpﬂsrmérbextp0|nt" '
oper at orz4| ndfh@u%ﬁfagrszaeeege@eb@&%na&% @dg%r Her kdf¥hed i that lend
t hensel ves to upa

yous_nmat from rane.

coor di nateRNYS1FERG ?lﬁYS{LQEFdZBY ABRges | uqdergqanq%steghnqpeogy deo
sequences2are put into a - large array of data. Based on a |inear
-al g Bra theory, it been pLoyen that this array , whose rank is

al ~ equal %Pg?arégg PRaRPE SCEESHE G S }GARE s RS and
nDtlon |shqwxng|mwmlonecl1pbsefvaheonadaoSbamtanﬂdd|(ﬁollﬁhed by

Q her 1 g Fopnegal deQﬂehB@d”E&Hﬁ.%'/a&)%@%@Q% of t'H?a:fir:&"o%#_n?éé exa&pl -4

function 29 may to content aragraphing
keywor dscceﬁta#w!bhmlthanuldeo (see Figure A- 2>

Maklng this p0551ble, 1mage process1ng helped

15 select representative still 1mages for 1cons and sequences
' from scenes for 1nte111gent moving icons. Audlo '

transcrlptlon functions 27 created transcrlpts whlch are
used by the natural language function 29 to summarize and
abstract the selections. , _

20 Through either a mouse or a spoken command ‘the
student requests the second icon. The screen fills with a
video of Arthur Clarke descrlblng how he did not try to
patent communlcatlons satellltes, even though he was the
first to describe them Next the student requests the

25 third icon, and sees v1llages in India that are using
satellite dishes to view educational programmlng.

Asking to go back, Arthur Clarke reappears. Now,
speaklng dlrectly to Clarke, she wonders if he has any
thoughts on how his invention has shaped the world.

30 Clarke, speaklng from h1s offlce, starts talking about his
childhood in England and how different. the world was then
Using a sklmmlng control she flnds a partlcularly relevant
section to be 1ncluded in her multlmedla compos1tlon

Beyond the requisite search and retrleval to

35 give our student such functlonallty requlres image
understandlng to 1nte111gently create scenes and the
ability to skim them. The skimming funct;on is descrlbed



"scor eboard" may be used to identify scenes in a f oot bal | gane
segnented by the showi ng of thé scoreboard. 30 It will be
under st ood bWO9688289skilled in the aft ~: that any of those nﬂﬂi’é@%ﬂﬁﬁ'{? be
enpl oyed in the par agr aphi ng function 33, either separately or in

conmbi nation with other nethods, to neet theszequirenments of . particul ar
applications. Mreover, the present invention 35 also provides the ability
to segnent basiad Mauldire.et al. After the paragraphing function 33

3 SOmLEt e TEOnS ki QR el VESEARR S 98, Sebcher scomed'®

- 25- conlimdienprdieci: dfereithan ai shepletpressentasdosnof a f§W ch

are created fqr fIPSEGUEN! &5@8&1&&&9%&@ theatsd’ a vidaee fiabdrdtory
search. Visual .1cons are pref erably a representative of a video

paragraph ®r miiah fan RmiexERiRKeS %@Ie@%ﬁ?aﬁFﬁBﬁEuFﬁl 38 h§S€dti he sane
subj ect matterindicatixadeld stwdent eérundedstandingarch are shown in

FI G A-1. Bot til]

of © video i nformati o R RLA FERESAE b8 EpOLERESy, SR TR R
search for vi dedlsdng muds ingdiadhectanshatt ancdudef assisgende dav ithe
the early 180(13%%13@@% e%fej\rléesirg#ﬁn yaéép%%n]éatéehggagk {,&gg& g*dt he first

twenty (20) seco es are ng
i nt r oduct+9ns sHsHIMY COI“PF?%J&#%OIEN ovheking %b@nﬁﬁ?@&ﬁt t@psaénstaﬂu@as

about the contgriattll Pipidweid dse;ndhechal PiaBsi Rasahikes, t Be stRibotieig on
ey or that information to the library’s accounts."
While the present invention has been described in
conjunction with preferred embodiments thereof, it will be
15 understood that variations and changes in the details of
the present invention as herein described and illustrated
may be made by those skilled in the art without departing
- from the spirit, principle and scope of the present '
invention. Accordingly, it is expressly intended that all
20 such equivalents, variations and changes therefrom which
- fall within the principle and scope of the present
invention as described herein and defined in the claims be

embraced thereby.



el I'i gent novi ng i cons,
| mrage segnentation

‘may not be interesting to th ,
i m cons, overcome some of thfSEHIBISHBEAtHASIBEEN A
technol%?ﬁ‘ 228Ut es short seqilencesREPLACED norie cl osel y RERUSSS/I8SY@ vi sual
i nformati on contained in the Several franmes fromeach

new scene are used to create the id<con. This twllmm'"a ngm Hor t he
inclusion of all relevant image information in the I “

el i mi nat Wbatofisr cd@didest i®st a. See Maul din et . sFor a vid
containing only ong.scene ntsd idf it quvtml ftmcmgagyb% rbe

appr opri representatiqn, |If a con alns singf e scene but
mf?h Eon§P ePafRE2 an@ﬁﬁﬁqﬁ?timﬂgﬁﬁ CQWPW&E¥¢$I%h%C%ﬁ%BS ©fe imcon is

preferred to dtli‘ah&)r?brﬁhﬂ.ﬁg wadld w&wt%ari@ Qeae:ﬁai-ﬁtfnéh%wsggﬂe he
e o represen
ggtnlt (:?glt n‘%gg?ﬁ’gﬁ Fhaon he al?" 1%%?@ %ﬁ?& of SRR e8tABRBed for video

represen(&?)on are determ ned. . Fburlstlcs for |n1con creatlop are data
dependent and take; i B0 53 t gg er of unique
scenes needed %gdre}e:pr sesntq'amt% €0 c & ci % t (:arrera 35

nmovenents and subj@églﬁéﬁéﬁ€h§§1§nVﬁﬁ@QﬁQ&&ﬁ|and(markm@essald to represent

each scecmﬁglaﬂﬂeahelaéét daehewcii:hphe%@&af\i\io %8365 fzfzgjgmé%pgecause the

nﬁgsglsqg%v%asggnggida g gtaget of time-stamps _(&l) ; qui ckly flndlng
a desired piece of seghenthhgosaitihdigitizeid wildeite Qs Prapent ati on of

intelli g%%é%ﬂ%ﬁgt ?5'35“351388rd1ng kgonssvemtl lotj tultehe Hﬁe)r act as a fil ter‘
to choo '
storing said indexed audio data and said

digitized video data with their respective sets of time-

15 stamps (36). _ _ | _

2.. The method of claim 1 additionally
comprising the step of passing said transcribed audio data
through a natural langﬁage interpreter (29) before indexing
said transcribed audio data. _ '

20 3. The method of claim 1 wherein said natural
language interpreter (29) updates said set of rules (37).

4. An apparatus for creating a digital library
from audlo data and video images, comprising:
means for transcribing said audio data and

25 marking said transcribed audio data with a first set of
time-stamps (27); o
' means for indexing said transcribed audio data
(30) ; | | | |

means for digitizing said video data and marking

30 said digitized video data with a second set of time-stamps

related to said first set of time-stamps (31);

means for storing a set of rules (37);

means for segmenting said digitized video data
into paragraphs (33) accordlng to said stored set of rules

35 (37), and

~means for storing said indexed audio data and
said digitized video data with their respective'sets of
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JLIU

interest material . 5 —A—pFEer T hat r&cess fl ow conti nues
with the vi deo conpression u‘hIdlS|Sj1|EE§4HA9Lr RYulyh the video

coppr essi onWIA6HR239n 34 may occuil| at vBEPBACER i 1 i Bns WPEHURISA3ED
The video conpression function 34*Huy ' Gti11ze a any avalléﬁﬂ?YTRﬁﬁﬁ§7;7;

conpression formats, for 10 ‘exanple, InteB5s DVi[err] c

thus requiring only 10 Moytes per source video m nuam{m ‘m““mmm
qual ity pl aybaidke-stamps2586%.260 pixels. O her conpr egsi én "

techni ques may al so be gl oygd gsgat{myoff @aim 4 VAR iSnAIAPPEG or
MPEG- Il . Using corTresm on techni antici ate tha%gsne t erabyte
of storage wi¢ompwviaingenatural]dapgnages istesad <A deo 40.
Expl orat i on %ré@éspiﬂ?t 8hidl b¥ah¥cribed! ahari@cwa\ta uworsx ddighdaAa is
The |nteract|ve user stations 42, see FIG 1, are 20 preferably

i nst runenfed +8A%%¥eP-a gl obal hi story of each sessi on. That incl udes
all of the origi naI di g6ti zethe appapeaeaks bforlialim desdiegein lsaigbsoci at ed
text as recogn | gy O f e
queri o - RFEFar hendtedd 1rkrBrFR HesRa N Chetin AR o 35
and the vi deorubgaecl(sﬂeturned conpositions created by users, and a
log of all user interacyioffie hBcSACBECcIbAh 1 addlitlicRdd Wdrphimnt e

to replay a conpl ete session permtting bqth corrpr |ve statlstlcal
studies afd thedatep| ef gRAEVRBURE Br 885cAE 4R FsdSS % Frer segmentyng

initial querysaay @Egi@lkéé'v1aébeﬂ&daehhh6rv1dedi@u@aﬁrdﬁh& kiedjoar d,
nouse, or spoken V\grds entereg g £ n#roagolge at workstation 42 and
recogni zed by?¢RITIRPINEC S21fHoPEFORT1EY ystem 10. Subsequent

refinements of t he gueThe method, ofekdadth qumhee@umy?aﬂd &ex taf vi sual
35 attribut es; d h al
backgr ounds. ur a%épaﬁgﬁé%gggggggggl rr{%’kllf'{ln cti \gﬁw exenplified

by the Sabut pr ogram i s9usThet vephodeof glgday p wherein said set o
intelligent moving icons is generated using data-dependent

heuristics.
10. The method of claim 1 additionally comprising
the step of compréssing said digitized video data (34)
20 before storing said indexed audio data and said digitized
video data with their respective sets of time-stamps.
. 11. The method of claim 1 wherein the step of
transcribing said audio data and marking said transcribed
audio data with a first set of time stamps (27) includes
25 the steps of: '
producing a set of possible word occurrences
(52), with each word occurrence having a start time and a
plurallty of possible end times;
producing a plurality of p0381ble begin times
30 (54) for each of said end times; -
. generating a set of N-best hypotheses (56) for
said audio data; and
selecting a best-scoring hypothesis (58) from
said set of N-best hypotheses to produce said transcribed

35 audio data.
12. The method of claim 11 wherein said set of

possible word occurrepges—is produced using a forward time
KEPLACEMENT SHI:ET
his Sheet Has Been Replaced ’
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-27- in much the sane

functi o0/ 12B%sed to pro

APISSHERRHASMEEN |

ss_t PERVACERed auf

i nteractive user

stations 42 includé the

PCT/ US95/ 13573

| anguage processing
i 0. PCT/USIS/135e3

ption to adjust the dur;tlil'dn: "

and informati on content of
I nformati on pl ayback.
When a 8

rate as well
yrehrencusrpasfstwaayiant §52)he system 10 witl ¢ ¢

5 retrievedésegnents and
as to adjust t

T .

A ms taneously

present icons and i{A cOfRe (et hodPbEOBlaim hAt Ghler@ant |94 i9IR SEAUENCES)

~al ong mntq%thelr t
present at9

t, 10 nmari zati on
poasibfd nedis FTnes are BrornaeiuBaing & mevedtt his® 1o

I's defined as paral] el

t hem f or

extract syrschgrommes fumetide (84) vered. segnents and reUSﬁ o
ot herzpurposes in vaJi nd.applicati o ch:.w e
Shed el EY |'9%%$%§I g& 812’ & er?ﬁg Fﬁteersa‘\zﬁﬂ \Peg)user

described in great€r’ de] _
station FAsgingwsaid transcribed avfietdahe thirpugh(dumattiomal of t he

retrieved angu agout L xloefé[g”?f'éflﬁgfoP axha&%&mﬁg bgid Q%avﬁd]s%%@éa be

time duratign, strac
i nf or mat PSS AR ¥ReInd Q%d@th$¢eE% ®fe 20 determ ning neasure. The

appropri ate net aphaigmix isthg\henso) sabe ﬁtiﬁséﬂgbéaeéuﬁioa@a:tsgt' ng :2
For exanp

bst t h based rical studies
oo 1 TG noun thar ERRERE (Al VreeStibed hudino e ane tasnges per
m nut e tlda!t,a ferxtracamﬁm technitpeapeandecture. And 25 although it is
visual ly richer, it.dmy n%fi %n@l}%é)t 'Qﬂéytaggeéeéff‘agggrlbeghe udic4® ‘

bal ance of IlngU|st|c a
data using semantic and syntactic constraints and a

phonetic knowledge base. :
15 15. The method of cla1m 1 wherein sa1d digitized -
video data are segmented into video paragraphs (33) using '
comprehensive image statistic rules. _
16. The method of claim 1 wherein said digitized
video data are segmented into video paragraphs (33) using

20 camera motion rules.

_ 17. The method
 video data are segmented
object motion rules.

18. The method
v1deo data are segmented
deformable templates and

12. The method

- video data are segmented

25

object presence rules.
20. The method
video-data are segmented

30

of claim 1 wherein said digitized
into video paragraphs (33) using

of claim 1 whérein said digitized
into video paragraphs (33) using

filtering rules. ' ' .

of claim 1 wherein said digitized
into video paragraphs (33) using

of claim 1 wherein said.digitized
into video paragraphs (33) using

three- dlmen81onal understanding rules.
21. The apparatus of claim 4 addltlonally
comprising means for generating a set of icons (35) after
.35

_____.__w_maccssé
FPLACEMENT SHEET)

said digitized video data is segmented 1nto paragraphs (33)
ing to sa1d set of rules (37).
22. The apparatus of cla1m 21 whereln said set of
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"! This Sheet Has Been Reﬁlaced




i nt or mat i on density appropriate for_different types of vi deo
information is selected. Ve user station 42
alJows the wems@s23po interacti veI e |pf pl aybmlusgsassysven

retrieved segnent, at the expense A-tptoeaaiteral and perceptuat

quality. Video paragraphing will aid this_z7. process. By kn
scenes begin and end, high speed scans of digital video Mumml,
be performed byoas at@e&eryeltn@mwnﬂelrle:@te&&ﬁnﬁcwi:@sl@éngcenes
i's an i nprovenment oyer et n scene
changes oftgﬁ reflect cégnggigp Hﬁnﬁgﬁgiﬁlﬁréé “Whérein's sﬁ&?Q%?iﬁﬁSQ
PCT/ US95/ 13578or generating said set of intelligemft8-moving icades (B8h |ike
sections in a QggkdaEgpd%§%ﬁgéﬂfﬂﬂéﬁ%¥§ﬁ1 be used to determ ne the

e

rate of scene presentat 0 Ehabl es user searches and the
differencéds, if any, 24 .p Thee apranafals @fe @liasim foradpit Fenall¥ns and

image 5 sel e6mpeR sh ol h@%n%r Sy %u&i‘réégﬁfﬁ‘s(34 sa:Ld d:. l 12@0918156“

identify vide ] ects i nterest, ey. nee

mani pul at e, 3@5%}. gsfaﬁ& Fadse ipdexed aqﬁ%@a tarand t#?e@ Oized of
editing is faviBeomdata akel tared Wt fimdiy elespettsiore/ i gkeos asE et Smet he
user needs 10 tto conbi ne text, imges, video and audio in new and

creative ways. AFRE "t 0ol s may be devel oped for the user . workstation 42
to provi d® expert assi sR&nc&henappagaasc of claddwowl edpreain i sabdrmeans he

out put . of theggant2ahsh238dng sai¥l LGRS UTY HrdPhdHAGld Waip Wi th the

I anguage

transcribed audio data with a first set of time stamps (27)
comprises: '
! _ -means for producing a set of possible word
| 15 occurrences (52), with each word occurrence having a start
time and a plurality of possible end times;
means for producing a plurality of possible begln
times (54) for each of said end times;
means for generating a set of N-best hypotheses
20 (56) for said audio data; and
' means for selecting (58) a best-scoring
hypothesis from sald set of N-best hypotheses to produce
said transcribed audio data.
26. The apparatus of claim 25 wherein said means
25 for producing said set of possible word occurrences uses a
forward time synchronous pass function (52). _
27. The apparatus of claim 25 wherein said means
for producing said plurality of possible begin*times uses a
reverse time synchronous function (54).
30 . - 28. The apparatus of claim 5 wherein said means
for passing said transcribed audio data through a natural
- language interpreter (29) before indexing said transcribed
audio data comprises: . -
means for summarizing (150) said transcribed
35 audio data;

means for tagging (152) said tra mgi‘iﬁﬁwgﬂﬁﬂi“

. - data using data extraction techniques; and
—_— '
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nti c understandi ng of the’
hi gh quality, visually
sel ection fﬂ@m@ﬁéiﬁnege

15 interpretation function 28 to cr.

vi deo. For exanple, the j BN
rich pMA812389 on edited u%%%f&%m ;

|l ecture on the same mater —=ge—trappropri ate. However,

lmuﬂm:ﬂmr’m‘ osition V\/nere 20 th&d-ecture material is available for:
nmr but not automatically presented, nay create a richer

I'earni hg " S ertvi r oesmst fomy mmmeﬂsﬁ%cﬁa@dotawedw deo -

material grahbok3nRASELALS WRAUPLBINY YddRd Yaidd ShPhcaBeic Lheir reuse.

25 Data and hbtmorklng Archltecture _‘Fundanental to providing
cont i nuoGeRAEHRANEEoANd a phepetig dngieledds HASSs the ability to sustain
sufficient dat gor.atthe Gpparidted ld& cSMs:‘tnem ailte Py $88daésAEK to

provide pleasin dio and wvideq, f.i d t.ya I N [ s, of fra 30 rate, size
Bnd. FesobF BROBREELRG, BaR Y Siouhd sea o iies data tudho VG 11ty 1o
cont i nuopatggraphsnaseshi(a3sy c&mpreheﬂEmﬂeﬂmmagnnstaﬁ1étd¢ roles,

full-screen, telev élo?ﬁe Eﬁgﬁ gdgldga fﬁﬁﬂ]&ﬁé{bfﬂrggfaLﬁgg és I|n1ted.

by networ k ‘ban ocatlon or-curren ression ratios 35
yi el di ngfQd SegueBLing. saﬂdvidésétlaaéi Videa da-asinge v1de@|ed| cated |ink

woul d bepspaytagHst @38¢! ek eamerdUtistion Mildep. Those rates are not

co nly achi evabl acr ss t he 6/122

pCTASos 13673 §1° THE® apparatus of Claim “g'é?reln 533 FFRES The

ability f@rdsegmentihg satd dng&almeaemxﬂeo datarmﬂﬁdumxmséy to a nunber

of “SerSpéfaéyéﬁﬁsr(SEV‘ESstSbJect motion rules. : .
|

32. The apparatus of claim 4 wherein sald means
for segmenting said digitized video data into video

15 paragraphé (33) uses,defbrmable'templates and an.filtering
rules. | ' _ _

33. The apparatus of claim 4 whereln sald means
for segmenting sald digitized v1deo data into video
paragraphs (33) uses object presence rules.

© 20 34. The apparatus of claim 4 wherein said means
for segmenting said digitized video data into video
paragraphs (33) uses three-dimensional understanding rﬁles.

35. A method of performing a search in a digital
video library storlng segmented video and indexed

25 transcrlpts of text associated therew1th said method
comprising the steps of: = . _

receiving a user entered query (42);-_

~ translating said user entered query into
retrieval commands (129); _

30 C searching said indexed transcrlpts of text (38)
associated with said stored_segmented_v1deo (40) and_
selecting one or more of said stored video .segments

.accordlng to said retrieval commands;

selecting a representative image from each of

35 said selected stored video segments to act as an icon for

"ﬁthat video . segment, and '

This Sheet Has Beg,
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disk transfer rates. |G 4, there is shown
a 5 preferred network architectureg fcefr fid to by t he
numeral 80. Wbe6/e22388 a digital vide wi t PCI/USIS/13573
hierarchically cached file system =g#giti zed data at the

top e 84 and cache .(3‘9-rmst recently accessed nedi a.
at tlluu“mmmmmll mrjodes 10 88, 90, 92. W prefer that the top nedia
serverr n6delt84" s have 3 capmcinethdd i ¢ll3in 3 wherain sat@ uvserhe
site- server s 88, 90 9 of forty (40) to
fifty (50) gi W@? ?‘?e%pao%%?ver %Rﬁg%ﬁa preferably

i npl enented as a rrul ti -tZWr.eéRiaj netdrod mﬂélchﬁ‘pr%‘ée’s%eﬁﬂl% W@( 4§s¥em

with a fixed RLjQrL ﬁjﬂ Yig a W e MW ClomRamaNi cat es conti nuous
nedl a data on stan netvvor connections.

"site-server" nodes 88, 3 T Jiathad oF glaim 35 yherein WH-’I[ Bfiffuser
| ocal lnteraCTén\t%ﬂé%fqu%Sitsata Qdféy%ba&ﬂd &t@eﬁ@&r@m:edportlons of the

atthe | top media seriflr TR IRD b B 1B 13 Y utr 47 aafd ffRy S

This pernits idmtedd iniensiie tommslatsed o psaidrretrieval oeemmgmdénd

nmedia to be ser £ fr ite-servers 88,
90, 92 or froma \ﬂ‘?{% %ﬁ‘?eadl 1%%4 %%o%%zéﬁ'ﬁﬁn{'%ga i nteractive ser
wor kst atib®h 42 can d @ hdthehanethngd feff | plaim s afusEher oROmRT §F ipFaf e

plus - Sear“slﬁe?‘%fqesesﬁfcﬂﬂfg|s9éfcfrdi§i§am&e§afpﬂ§r8§y%§hn§ scene
capacity of apprOxi mately 2 gl gabyt es fend n

u
perf or mance clBigdntarhRiignRefiue Felepein %‘r‘glﬁ‘?@ﬁ?ﬁﬁn{:ﬁgb"ﬁh
standard fil e:.%té'gfeerﬁfrdiﬂ)@a&&{lts?él_lé&tﬁed v:.dé@rs@gmem‘.e Transarc's Andrew

File S AFS) and OSF' dar o Distri
(DFS) ™ eoncont rat i oot TeMRAE (95, o PR Fz ek B FE18, 1 6ort/ ST

architectls e atdlilhusnage arqﬂri.cation dependent Wher e and how.rmuch to

cache depend on "local ity ofpyd GMiYhd of claim 35 whdP€istsafdedéon is a
conti nuous stream network data

moving icon.
43. The method of claim 35 further comprising the
step of selecting representative text from audio
20 trahscripts to produce a title and abstract which is

Q

d:.splayed to the user. _
44. The method of claim 43 wherein sald

representative text is selected using natural language
processing techniques.
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- 30- requi rements typical for video-on-denmand systens is rel axed

in our |ibrV99422338m i npi ement ati on because (1) nost seRISHESN3F7E -
anticipated to be short (less than two m nutes), (2) many will be
delivered fromthe locally 5 networked gi/Fe-server nodes 88, 90, 92, and.

(3) the data display is always perfornmed fromthe buffer constituted by
the user's local disk, typically 1-2 gigabytes in early system
depl oynments. Currently used conpression techniques . reduce the data

requirenment to approximately 10 10 Moytes/ m nute of video.

The digital video 15° rary system 10 is architecture. i ndepé@t ch
that forthcom ng co {7 Edotabe fil e sysierEAREIEEECEIEILEC | | very of
continuous nedi ay, ____gg,g;:yd%aggo- an- denn - i ch RayideaNatadal; e bor obl ens (of 15
achi eving sufficrent g c| iy tlhe W® T-3P dis

b i
striping on di skﬁr/r‘éys A coRt | FBOUS Jel1 xerh, 10_ ar. mz¢bers

[}
f 't f Shesen s enggce agreiatial, Nigse SepRaDAIET o Lwh
1 s aneons el o e R N g

representative 20 of anticip d co r-e«al ervi r onnentls _
The server network 80 may transmt to TE lpusict @8t S naud‘igﬁew:ial

avai l abl e switched multi-negabit dat sepasiretet((S ~eBEP gt currently
economical ly priced data rates (1) VAR S O5BL )| R/ UARSFY| ay ser|vi ces
(not shown) 25 from 56Kbps to 1.53Wb F ' '

renote
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satellite services. Comunication interfaces to interface | oca

interactive user workstation 42 Ethernet to the SMDS clouds 99 are in
place. WO096/12239 A key el enent of the on-line digital |ibrBEWUSES/ITH he
conmmuni cation fabric, shown schemati.cally 100 in FIG 5, through

whi ch nedi a-servers 109 and satellite user) nodes 110 are

i nterconnected. Traditional nodem based access over voi ce-grade phone
lines is not -adequate for this nulti-media application. The fabric 100
35 preferably has the follow ng characteristics. First, °~ conmmunication
preferably is transparent to the user: " Speci al - pur pose hardware and
software support is preferably ' WO 96/ 12239

PCT/ US95/'13573 | | $-31- m ni nmized in both
server and sl ave nodes. Second, conmuni cati Qn_servi ces shoul d
preferably be cost effective, i npl yi ng t hat capability (bandw dt h)
be scalable to mat ch the needs of a given ng¢ erver nodes 107, for

5 exanple, require the«pighest bandw dt h becausg gy are shared anong

2 | oyment of a custom

a nunber of satellite nodes 110. Finally, the
k& *dost - ef f ecti ve, and

communi cati on network st be avoi ded. The
ild on comunications8ryices already avail abl e

timely, solution wi (A
or 10 in field-test. kel e-comuting Wde-Areaetwork (WAN)
t opol ogy fabric 100 idepbkw suited for the dﬁ-linp igital vi deo
| i brary has been devel o Pg.m The N\pol’éogy of the WAN we use is
shown in FI G LI %
lzﬁ b
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5."Two el enents of the comunication fabric are (1) use of 15

Central -Ofice Local -Area Networks (CO LANs) 102 to provide unswi t ched
data servi c®O 96012239 kst ati ons over digital subscri ber | ooPCTUSIIIS Ty
105 and (2) use of a Sw tched Mul ti - gabit Data Service (SMDS) "cl oud”
104 to i nterconnect the CO LANs 102 hi gh- bandwi dt h server 20 nodes
107. H gh- bandw dt h server nodes 107 are directly

connected into the SMDS cloud 104 through a standard 1.17 Moit/s access
| ine 108. The SMDS infrastructure provides for higher bandw dth
connections (from4 Mit/s through 34 25 Miit/s) should they be required.
OPERATI ONAL SUWMMVARY The foll owi ng exanpl e explains the
processi ng of the present invention in conjunction with a hypotheti cal
search. It is assuned that the digital library 36 has been 30 created by
the offline portion 12. _ Qur student begins by speaking to the
noni t or, "lI'"ve got to put sonething together on culture and

satellites. Wat are they?" Transparent to the user, the user
wor kstation 42 35 has just performed highly accurate, speaker independent,

conti nuous speech recognition on her query. The online WO 96/ 12239
- 22
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pottion 14 of digital library system 10 then applies sophi sti cat ed

nat ural | anguage processing functions 129 to understand the query and
transl ate t hWQR6d293% nto retrieval commands to | ocate rel BROHYSIS/N3ST3
portions of segmented 5 conpressed vi g 40. The segnented conpressed
video 40 is searched using the associated i ndexed transcripts of text
38. The appropriate selection is further refined t hr ough scene sizing
devel oped by i nage understandi ng technol ogy 32. 10

Appearing on the screen are several icons, sone showi ng notion clips
of the video contained, followed by text form ng an extended
title/abstracts of the information contained in the video (see Figure
A-2). Maki ngf thls possible, |nage processi ng hel ped 15

BHuenges.., 180 scenes

i i Olde@d@=f UNCE | ONS/ 27 created
.-----*5 unction {29{to

sel ect representative stiI LA w

transcripts which are fu edVIdagpahhwvaatur

sumari ze and abs e Imnumf Through eift her a
nouse or a spoken comm e eque e segqng The
screen fills with a V|deo of Arthur C arke depdf iy Ag<how hg did not
try to pat ent communi cat-+ atellites, V‘l”;e @l he/ h

first to describe them ‘qﬂ_&h- stodsqQt reque ~~L=he ﬁ@%kﬂ d i¢gon, and
sees villages in India thg ylﬂ:: usi ng at el | i t eCdj ¥hes i
educational programm ng. & )ﬁ;:; A Aski ngN\t o go fack, 77N, @ ar ke
reappears. Now, speaki nF&=¥ ectly to C arke) @Qﬁumnnders if hg has any
t houghts on how his invention has shefee==s@ wor |y 30 darl peaki ng

fromhis off ice, starts talking ab

different the world was then. Ui a_tdi "m ng cyntrol ds a
particularly rel evant section t! T uded in b&r nulti

conposi tion. Beyond t he reqU|S|te search\and retfieyal, to 35
give our student such functionali @

q
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understanding to intelligently create scenes and the ability to skim
them The skinmm ng function is described WO 96/ 12239

PCT/ US95/ 135WD 96/12239 - 33- i n MROT/US9S/1673al .
The next day the student gives her teagjgr access to her project. Mre
than a sinple presentation of a few - video clips, our student has
created a video | aboratory 5 that .can be explored and whose structure is
itself i ndi cative of the student's understandi ng. - Hel pi ng
this student be successful are tools for bui | di ng nmul ti nedi a obj ects
that include assistance in the | anguage of cinema, appropriate use of
video, and 10 structuring conposition. Behind the scenes the system has
created a profile of how the video was used, distributing t hat
information to the library's accounts. - Wil e the present

i nvention has been described in conjunction with preferred enbodi nents
thereof, it will be 15 understood that variations and changes in the
detail s of the present invention as herein described and illustrated
may be made by those skilled |qwgﬂﬂmart mnthout ~departing fromthe
spirit, principle and scope of Felgatopr eqe : ﬁmﬁgrdingly,it

is expressly intended that aF Z7 LS Qﬁﬁﬂ% v#gri ations and changes
t her ef rom whi ch fall Mﬂt[ 2 543 - W@§%@¢e pr esent
i nvention as descrlbedzhgr-ln%wzé enbraced
t her eby. == Satclhte
' Demare Site

Interface
Device

Addltional
4—smmu Node
Connections

/o4

/oL N Reutr

Local CO

/08'¢

R

WQED-P
/CMU-SCS

DSWCSU

[ 07




WO 96/ 12239 PCT/ US95S/ 13573

- 34- VWhat is clainmed is: 1. A method of creatin

digital |ibrWgwenzasm audi o data and video inmages conpri sW@‘fUmng’éps
of : transcribing said a%ggo data and marking said 5
transcri bed audio data with a first set’8f tine- st anps (27);

I ndexi ng said transcri bed audi o data (30); digitizing said

vi deo data and marki ng said digitized video data with a second set of
time-stanps 10 related to said first set of time-stanps (31);
segnenting said digitized video data into par agr aphs (33) according to
a set of rules (37); and storing said i ndexed audi o data and
sai d digitized video data with their respective sets of time- 15
stanps (36). ' 2. The nethod of claim1l additionally
conprising the step of passing said transcribed audi o data t hrough a
nat ural | anguagée= Bk Mk Sbefore ihdexing I d nscri bed
audi o data. 20 met hod pf claim 1l pwhiglei n s id natural
| anguage i nt er prete s gaigl set] of rules (B7EM b 4,
An appar at us f or—¢reaiH # al brarly fromp ‘dﬁt Jgnd vi deo
| mages, conpri siHage me&ns fc# transcri sai | 0 data
and 25 marki ngF=s et addih detm with a fi set| of_§
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tife-stanps (27);. means for indexing said transcribed audio

data (30); means for digitizing said video data and .
mar ki ng 30 waind23giti zed vi deo data with a second set of tinBEHUSIHIIST3
related to said first set of tinme-stanps (31); means for
storing a set of rules (37); ;7%- means for segnenting said
digitized video data I nt o paragraphs (33) -according to said stored set
of rules 35 (37); and means for storing said i ndexed audio
data and said digitized video data with their respective sets of

1 2 MAY 1997 : 11111111 2112122 011 Jil1 WO
96/12239 PCT/ US95/ 13573

-35 - - time-stanps (36). : 5. The apparatus of claim4
addi tional ly conprising natural |anguage interpreter means (29) for

processing said transc
6. The appar &
means (29) upd
of claim1l ado

g Fa is 5 indexed.
guagel i nterpreter
7@ The net hod

i bed audio d
2T

Se

RO

Figure A-1 Sample User Display

i Do you have information about cultural changes and communications satellites? :
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100 the step of generating a set of .icons (35) after segnenting said
digitized video data into video paragraphs (33) according to said set
of, rul es (370 96/12239 8. The method of claim 7 wherein REHUSISA3S73¢
icons is a set of intelligent noving icons. 15 9. The net hod of
claim 8 wherein said set of intelligent noving icons is generated using
dat a- dependent heuri sti cs. 8/8 10. The nethod of claim1l
additionally conpri sing the step of conpressing said digitized video
data (34) 20 before storing said indexed audio data and said digitized
video data with their respective sets of tine-stanps. 11. The
nmet hod of claim 1 wherein the step of transcribing said audio data and
mar ki ng sai d transcri i B da awth a flrst set of tlne st anps

(27) includes 25 the &
word occurrences (1.
and a plurality ofj§E

a start tine
oduci ng a

B
@

plurality of possible §s §€§§) gnd tines;
generating a set of N -s§§§§) i® data; and
sel ecting a best-scor (8®cf N- best :
hypot heses to produce el &5 : 12.

g geccurrences is

The nmethod of claim 1%
produced using a for
PCT/ US95/ 13573
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synchroneus pass function (52). “ 13. The nmethod of claim 11

wher ei n sai dpfuratity —of—possi bl e begin tinmes -are produ sin
reverse tine unction (54). 5 ﬁfﬂﬂg ﬁm&mEEr'
lof claim2 whey Ig," "mqwgﬂ@]am passi ng %gd transcri bed audi o data
tthrough a natur I nterpreter ? ) bet exing said
itranscri bed audi o data includes the steps of: REPLACEMENTSHEET
'summari zing (150) said transcribed audio data; 10 ggbgg (152)
said transcri bed audi o data using data extracti rnahechtﬁﬁ ........... nd
correcting (15gp.gaid tpg9Reqat £a0scribed audio ss-ng—SERERTLY and

syntactic constralnts and honetic know edg

‘The nethod of claim1 mh%reinAsﬁ?Ehﬁﬁg?FlEEﬁatlngv?HebnﬁﬁPﬁnﬁ?Ets@bﬁ%ﬁ?éd
iinto video pagI agbaahﬁ fis&)n Wﬁii_:ﬂﬂ_lng aadmsreheaszud rhage smages|i comptesing
|16. The met ho rern_s igitiyz . vl deo_da L e ,
lsegnent ed i nt ot 6Fd8 eBir%ﬁra ﬁ%nf§§} %g gabﬂ g%gﬁ%rgah%t?gﬁ %%Fgéng said
117. The net hodtovénstaibed ahdiei dataiwithgatfirdt setvoflebivetatamps (27);
segment edsi Nt 0, 4lsdeenRaE208PhM LRI Baio aBPhCesolD APBIEN:ERg said

18. The nethod 0 whereirn sard diglit ata ar
segment ed i nt ovide@oipeR agRdpRarkiny sa3idgdigitized rvhdee dakpl wikB angecond

filtering rul eset of tlme stampsreThceAet 508208 £iakth éewhsfetﬂméasdamps

digitized ngﬁ a are_se ment ed . i gto gtdeﬁ ara &g? %33% usi ng

obj ect presenc rei——Sﬁegmen ng salgd dIgEtHEtRodAFC cfarm +RhRePRFRILAPRS

digitized . WBEboadeoadamg.3egaeaeEdofnrulesdeoh@aaageapbed(ﬁg)sa$dnget of

thrfﬁ}d1TB“S'OP@ieEnggiﬁéaﬂgégg 4pbfiSscene characterization of said video

; _ images and the processing of said audio data (37), said

| indexed audio data and said segmented digitized video data
being stored with their respective sets of time-stamps (36) to
form the digital library which can be accessed through said

15 indexed audio data without returning to the existing audio

data and video images. _
2. The method of claim 1 additionally comprising
the step of passing said.transcribed audio data through a
natural 1angﬁage interpreter (29) before indexing said
20 transcribed audio data.
3. The method of claim_2 wherein said natural
language interpreter (29) updates said set of rules (37).
o 4. An apparatus for creating an independent
digital library from existing audio data and video images,
25 comprising: means for transcribing said audio data and marking
said transcribed audio data with a first set of time-stamps -
(27) ; means for indexing said transcribed audio data (30);
means for digitizing said video data and marking said
digitized video data with a second set of time-stamps related
30 to said first set of time-stamps (31); means for storing a set
of rules; means for segmenting said digitized video data into
paragraphs (33) according to said stored set of rules (37),

"PI11-606193.1



21. *The app |W%EMENTW i ng means for
generating a S filer 351 f?'ﬁ g tijzed vi deRERIACEMENT SHEET;
segnent ed inq 1 l I --------- Q- S&L set of rules (37).
22.-The appar mhereln Sard bﬁ% WD 96/ 12239
'PCT/ US95/ 13573 [ cons | s a set of” eTI I gent novi ng icons. 4
'23."- The appar at,us_of_ cl.ai 2. wh al nean erating sai
'set of intell |°3&ﬁ rac?? nssa( )rul % z)a(faetdaué)eo ehs(f%ﬁ% heuri sti cs.
5 bharmea:p{mtmrs off sdlid midlemidimagesaland the proswssing mf

means f or CONpY; (d_;'Fi' g'ag-idz%a‘ﬂsd%&‘e st rlrfyj‘ts%.llaafl g:?x%ﬁi Gudio

li ndexed audi o 5&%5 an sal digit are stor
't heir respectidpEasand faig ,ﬁggmente digirpized nggieo el withythefi

|appar at uss of qle@padtdlwrs%us oF d:lﬁﬁ%aell;ﬁtdamps (3630ftd FUYRC U 1 giiadad audl 0
‘dat a and marki.,ng_sai nscribe Q0 _data w.,t rs

time stanps (2]'7’§> ary Whl(?&"rrﬁﬁl 3’5 accesseaqu:hr° th ﬁtﬂ?‘#gﬁ’ée’ﬁ%cﬁﬁ gd:fta
set . of possi biwe bimyut re;tﬁlrmmgntroertdxs et ing Auddac hlawer dingk sideendmages.
having a start tigre ﬁgﬂeﬁo@b&%ﬁﬂ{ ! %d%l‘i’;ltdﬂéﬁ?%)  or

means for producing a pl ural |t possi
each of said EARPRGLFERNT natural 1an9uage mprr@teg&ams g% d&r of

N-best hypot hgsRressdthg 8 tdansdird viidiaddd Fatdbefore said data is

s indexed.
' - 6. The apparatus of claim 5 wherein said natural
W, language interpreter means (29) updates said set of rules
(37).
15 7. The method of claim 1 additionally comprising the

step of generating a set of icons (35) after segmenting said
digitized video data into video paragraphs (33) according to
said set of rules (37), each of said icons being

representative of the video contents of the video paragraph to

20 which they correspond.

8. The method of claim 7 wherein said set of icons
is a set of intelligent moving icons.

9. The method of claim 8 wherein said set of
intelligent moving icons is generated using data-dependent

25 heuristics. -

o 10. The method of claim 1 additionally comprising
the step of compressing said digitized video data (34) before
storing said indexed audio data and said digitized video data
with their respective sets of time-stamps.

30 11. The method of claim 1 wherein the step of
transcribing said audio data and marking said transcribed
audio data with a first set of time stamps (27) includes the
steps of:

producing a set of possible word occurrences (52),

35 with each word occurrence having a start time and a plurality

of possible end times;

producing a plurality of possible begin times (54)



means for selectinmg(58)—a—best- scojf iIREPLACEMENTISHRRThdlsi s from sai d set of

N-best hypot h sai dgqt W7ed qudi o daREPLACEN :
26. The appar-'Fgﬁamg” Wﬂgﬂ wher e mﬂéx al.!ns%---% for produci n“gﬂs'EFHEETJ
set of possib L S es us = Torward time synchronous
pass function (52). : 27. The  apparatus of claim25 wherein

sai d neans for JéHhFHf“%#ﬁdﬂ£ﬁ§”€1d¥é+rality of pgssible begin tinmes uses

a reverse time synchronous function 4).

5 30 28. The
apparatus of claim5 whEen&¥ading mesey of (N'befsé'—r hyaesihegesai G &)r firsc sl

audi o data thrQigh &t ur=ald | anguage interpreter (29) before
indexing said transcri bed ) audi o data conpri ses: \ ,
means for summarizing (BSHeEING ﬁ%ﬁss&'lsﬁ'é’tfln RYRRFhesis A58) from said
nmeans fors t ag@ety dfl Mbesal hyipcthetadd e pitiduce saidatransiridpedhtandio
extraction tecdgyaques; and 1l 1111211212121211 .iilltl WO
96/ 12239 ) | PCT/ US95/ 13573 - 38-

transcribed audio data d&i.nFheemetticd afd Gypimadli swherein et siett ©fand a
phonetic knowRdas faS§ord occurrences 4% pldthRRARALYYy & FIRISPS tihey ei n

isai d nmeans .
LT synchronous pass function (52).

10 13. The method of claim 11 wherein said plurality of
possible begin times are produced using a reverse time
synchronous function (54).

14. The method of claim 2 wherein the step of
passing said transcribed audio data through a natural language

15 interpreter (29) before indexing said transcribed audio data
includes the steps of:

summarizing (150) said transcribed audio data;
tagging (152) said transcribed audio data using data .
extraction techniques; and

20 correcting (154) said tagged transcribed audio data
using semantic and syntactic constraints and a phonetic
knowledge base.

| 15. The method of claim 1 wherein said digitized
video data are segmented into video paragraphs (33) using

25 comprehensive image statistic rules.

\_/ 16. The method of claim 1 wherein said digitized

video data are segmented into video paragraphs (33) using

camera motion rules.

L crnEBRERgUNEaRE AL A

17. The method of claim 1 wherein said digitized
30 video data are segmented into video péragraphs (33) using
object motion rules. ' .

18. The method of claim 1 wherein said digitized
video data are segmented into video paragraphs (33) using
deformable templates and filtering rules.

35 19. The method of claim 1 wherein said digitized
video data are segmented into video paragraphs (33) using
object presence rules.



5 for segnmenting said digitized vi

f)f?’)u ;?gpaec\ﬁg l"lnl Wmm&’!gt ' digitized video data

i nto video *pafagr aphs (3 use s. 10 31.
iThe apparatus of claim4 wherein said neans “for segrrentl ng said

digitized video data i nt@o Vi tied meth@&r@ﬂrélpé):ﬁm(f’?a}hélﬁéﬁnoé)éf&tdi@itﬁﬂed
irul es. The a 4 wherein sai ans,

|
for segnenting videQ ?ﬁ‘rg?t?’i%ds %%t%‘it%?‘?%tgi%ﬂe%a’i@’ﬁ%?% gigg 889 ses

ndeformabl e-t enphe¢esd amenaiodal tendemgstanding esules. 33. The

japparatus of claim4 V\/n ey fi %ﬁélwléﬁ off&aﬁﬁ%@&af@l&?éﬁﬂl g,ébgmg

video data into video paragr ect presence Tr
34. The appar dtern®dffer generaihingia it dfrebeens (35bra§@grresmd1gisgnbllzed

digitized vi de@ld’é’é Aty Q.g'é’@élnente&aiﬁ% aé:?aq}}héjs | &S A iy S%&”@éld

understanding rul e per o mng a searc

di gi.t al V|§E§)?§tﬁ%&%§ (3 ne ' Jirgrresentative of
transcripts ofthextidescortetts hef ettid hvld;‘@cb Cbanﬁghﬂa:bh to GeHEEH Sty t he
steps of: receiving a user entered query (42),;

transl ating séﬁﬁgﬁggfag%tered query into retyieval'connpnds §129)?_30
sear chi P sai d i ndexed t32ansthe rﬁmpalfat@(wi 3Paim 2hwwerairdaid sasaiof

stored segnentgdhyd 0gp a(ggtadp 1nted15fi | %C%ge of said stored

vi déo segnents according to sal
sel cting a representati&® i éHHﬁﬁﬁ%W%fC]@S‘ms?aﬂ ¥herein &nid greans for

vi déo segment gereetins sHlid et foff intelliddent AeSriSRYMINrs A¥5) uses
dlsbbaylng Smd%d ‘ﬁéﬁéhééﬁ%‘ﬁéﬂrlé§9cs
3 15 24. The apparatus of claim 4 additionally comprising
means for éompressing (34) Said.digitized video data before

30, RN L

said indexed audio data and said digitized video data are
stored with their respective sets of time-stamps.
25. The apparatus of claim 4 wherein said means for’
20 transcribing said audio data and marking said transcribed
audio data with a first set of time stamps (27) comprises:
means for producing a set of possible word
occurrences'(sz), with each word occurrence having a start
time and a plurality of possible end times;
: 25 means for producing a plurality of possible begin
:1_, times (54) for each of said end times;
means for generating a set of N-best hypotheses (56)
for said audio data; and
means for selecting (58) a best-scoring hypothesis-
30 from said set of N-best hypotheses to produce said transcribed
audio data.
26. The apparatus of claim 25 wherein said means for
producing said set of possible word occurrences uses a forward
_ time synchronous pass function (52).
35 27. The apparatus of claim 25 wherein said means for
producing said plurality of possible begin times uses a
reverse time synchronous function (54).



WO 96/42239 || MEPLASEMENTSMEET |36, The nethod of
claim 35 wherein said user ent e}l ed q‘l!eéyApﬁ 1997 polten V\ormﬁﬁ@@mﬁ[ SHEET

:37. The met hod of claim 35 wherein ga{&P rses e =entefied que nouse
.entered coommand. 5 38. et noa of clrarm 35 wherein said user
ientered query is a keyboard entered conmmand38 - 39. The net hod

of claim 35 wherein said user ent ered translated into sa
retrieval commands i %ﬁwaq%ﬁéé%ﬁ"b&&‘?ﬁ%%cﬁﬁﬁ%d'&anﬁ
40." The net hqsheafimd aiamBX fatisdmibeaxbrprdio rirtthechrough ep et wer dingpage
said digital vj de Si t

9 z%):.leé)e:&aaelzé\j ﬂ&osrc r!&de%xr (5% Zé 2] stgﬁqe}{(;g[e &5 ezfnfgfo data

sel ecting- sai P EEH i mage VI deo segnent
41. The met hozbmyfricdesdm 35 wherein said icon is a 15 still image icon.

42.- The grethod of cl ai ek gl dhinlah 4160 41%@ saidWWdHkdXiMed audio
i43." The met hod of claim35 further conprising th step of selecting

representatnﬁ?-ttae'xt fromaudio 20 transcripts to produce atitle and

abstract which is me%ai@m ttaddithgISEIs2) said transcridked HiRlietihah
of .claim 43 wher ei pr e%enthat Jve text d s sel ected using natural
1 anguage ﬂﬁﬁi‘?g echniques;

means for correctlng (154) said tagged transcribed

10 audio data using semantic and syntactic constraints and a
phonetic knowledge base.
29. The apparétus of claim 4 wherein said means for
.\./ segmenting said digitized video data into video paragraphs
uses (33) comprehensive image statistic rules.
15 30. The apparatus of claim 4 wherein said means for
segmenting said digitized video data into video paragraphs
(33) uses camera motion rules.
31. The apparatus of claim 4 wherein said means for
segmenting said digitized video data into video paragraphs
20 (33) uses object motion rules.
32. The apparatus of claim 4 wherein said means for
segmenting said digitized video data into video paragraphs
(33) uses deformable templates and an filtering rules.
33. The apparatus of claim 4 wherein said means for
25 segmenting said digitized video data into video paragraphs
—/ (33) uses object.presénce rules;
34. The apparatus of claim 4 wherein said means for
segmenting said digitized video data into video paragraphs
(33) uses three-dimensional understanding rules.
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(54) Title: METHOD AND APPARATUS FOR CREATING A SEARCHABLE DIGITAL VIDEO LIBRARY AND A SYSTEM AND

METHOD OF USING SUCH A LIBRARY

(57) Abstract

An apparatus and method of creating a
digiml library (36) from audio data (18) and video
images (20). The method includes the steps
of transcribing the audio data and marking the
transcribed audio data with a first set of time-
stamps (27) and indexing (38) the transcribed
audio data. The method also includes the steps
of digitizing the video data and marking the
digitized video data with a second set of time-
stamps (31) related to the first set of time-stamps
and segmenting the digitized video data into
paragraphs (33) according to a set of rules (37).
The steps of storing the indexed audio data and

of time-stamps is also provided. The method aiso
includes the step of passing the transcribed audio
data through a natural language interpreter (29)
before indexing the transcribed audio data (30).
A'method and apparatus for searching the dlgml
library is disclosed.
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