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ABSTRACT

As the use of applicationsemplgying video contentsbe-
comeswidespreadit is crucial for representatiosystems
to be ableto handlevideo effectively andflexibly. In this
papertheauthorsproposea methodthathasenrichedvideo
contentsand an applicationfor future interactve TV ser
vice, calledAdvancedDatabasdV (ADTV).

Thesystenrequireghreebasicmethods:oneis avideo
handlingmethodbasedon video objects;anotheris a con-
structionmethodof avideoobjectdatabasachieredby fea-
tureextractionandtrackingof objects;andthethird is apro-
tocolfor delivery annotation®f objectswhich aregivenby
users.Theobjectiveis to provide amulti-layervideoobject
databasbasednusersinteractive descriptiorof videoob-
jects. Thedatabasevill have the ability to organizeincom-
plete descriptionsof video objectsin eachframe, mainly
annotationpositionandmotion. We have implementedhe
prototypesystem,which provides usersfunctionssuchas
semi-automatienrichmentf annotationssimilarity retrieval
of objectsandsemantidndexing, basednthevideoobject
database.

1. INTRODUCTION

Dueto thehugeamountof videocontentwhich hasbecome
obtainablehroughTV Broadcastindpy Satellite CATV and
the Internet,multimediaapplicationsusing video have be-
comepopular especiallynon-linearvideo editing systems
andPC video recorderdike VCRs. Whenusingtheseap-
plications,we are always aware that, while the amountof
raw video datais very large, it neverthelesdrasno context
or indexes. As aresult,peopleexperiencdlifficultiesin ac-
cessingnecessary

In future TV broadcastingadditional information on
eachframewill be given asenhanced:lectronicprogram
guides(EPGs).It is naturalto usetheinformationfor mak-
ing adatabasehowever, suchinformationis notalwayssuf-
ficient for a video databaseln the future broadcastingn-
viroment, it is expectedthat real-timevideo which is not

edited or processedvill be more widely distributed than
ever before. And we assumehat obtainingadditionalin-
formationfrom thesereal-timevideoswill be still difficult
in thefuture.

In this paper we describehow we concentrateon the
objectsin video frames. The objectsare setsof regions
which are extractedfrom the video streambecausef their
spatio-temporafeaturesimilarity. Up to now, the achieve-
mentof automaticobjectsegmentatiormethodshasbeena
challengingtask, andthe methods’performance$ave not
beenrobust; howvever someof themcansegmentandtrack
objects[2 with reasonabla@ccurag. And furthermore the
newly establishedPEG—-4standard[Bhasproposednew
object-basedramework for efficient multimediarepresen-
tation.

For more effective representatiolit is necessato con-
structsometypeof object-basedideodatabase[4 But do-
ing sois not easy becauseutomaticdndexing of objectsis
not usuallyperformedcompletely Therefore we proposea
constructiommethodfor avideodatabasavhich is not fully
automatic,in thatit needshe assistancef humaninterac-
tion suchasannotationfor example.

In thispaperwediscusgheautomaticstructuringmethod
of thedescriptionof objectsin rally videosourcesFurther
more, we describehow we constructecdh prototypeof our
proposednteractive systemto demonstratéhow it allows
usersto participatein the broadcastingervicesand obtain
informationandimagesinteractvely.

2. VIDEO OBJECT DATABASE

Generally video sourcesconsistof setsof physicalvideo
clips, namely shots, and logical video segments,namely
scenes.Much work hasbeendonealreadyin decompos-
ing andclassifyingvideo databasedon shotanalysis[5 7].
Shotsconsistof sequencesf frames.Theseframescontain
collectionsof regions, namelyvideo objects. Fig.1 shavs
thatall of the layershave somephysicalfeaturesandsome
semanticones. Featuresat the variouslayersare usedac-
cordingto thetypesof applications For instance someau-



thoringsystemaisesomefeaturesatthe ObjectLayer, some
editing systemsnustusefeaturessuchasthe cutting point
atthe SggmentlLayer
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Figurel: Multi layerrepresentationf videostructure

In ourwork, wefocusonvideoobjectswhichhave spatio-
temporalcontinuousstructurein videoframes.An efficient
object-basedepresentatiohasbeenproposedn the nenly
establishedMPEG—4standard.This representatioenables
semanticobject sgmentation,called “Video Object” and
content-basedbjectsearchingor generakourcesFurther
more,MPEG-7standardlefinesanvideoobjectdescription
interface[].

2.1. Video object model

In this paper we discussvideo objectswhich have the fol-
lowing threefeaturesandtheir respectre parameters:

Static: colors,texture,contour edge
Dynamic: position,motion,transformationco-relation
Semantic: description

However, it is difficult to extractthesefeatureswith high
accurag, especiallyfrom generattarget objectsratherthan
from specificones. Therefore,we considerthat, even if
the methodsextract featureswith errors, the video object
databasshouldallow themasfeaturesof objectsandmalke
correctionsasappropriateaspossible.

We proposea video objectdatabaséasedon the video
objectmodel. The modelis describedoy BoundingBox
Motion Vector of centioid, andAnnotationasshowvn in Fig.
2. All objectshave suchBounding\Volumg 1) with annota-
tion thatis expresseds

V(oid) = (Bounding Boz(t), Motion Vector(t)), (1)

where,

Bounding Box = (z, y, width, height)

oid: objectidentifierassignedy the system.
t : time from startingone of the objects’ ap-
pearance.

In addition,BoundingBoxandMotion Vectoraresome-
times calculatedby someimage processingnethod;how-
ever, annotationis almostalways describedby users;in a
few casesit is automaticallydescribed.

Eachsetof videoobjects( VO) is describedas

VO(oid) = {(Vi(oid), Annotation; ;(0id))},  (2)
where,

1 . shotidentifierwhenobjectappears.
j : annotatioridentifierwheneachobjecthasa
differentone.

Bounding Box

Figure2: Proposediideoobjectdescriptionmodel

2.2. Query and Retrieval function

In this way, we constructa video objectdatabasdasedon
motionandannotation.The databasg@rovidesmary possi-
bilities for the selectionof queryfunctions.

For example we useasimplefunctionto selecinforma-
tion aboutanindicatedobject;this is oneof the mostbasic
functionsof interactve TV. If theusersindicatedpoint P; is
definedas(z;, y;, t;), the systenffirst providescorrespond-
ing BoundingBoxandoid with P;, althoughtherearesome
case®f missingcorrespondin@bjectsor takingsomeoids.
In theformercasethe systemprovidesa nearesBounding
\olumeor informationin a correspondingrameasthe an-
swer In thelatter case userscanselectfrom someobjects
providedastheanswer

The systemalso provides somefunctionsof similarity
retrieval. If the userindicatesthe BoundingBox area,the
systemextractspropertiesjmagefeaturesand annotations
from this area. Thenin the next step, objectscan be re-
trieved from the databaseusing eitherannotation,or simi-
larity retrieval usingtheimage.



3. INTERACTIVE VIDEO SYSTEM

In the nearfuturethe Digital TV will provide additionalin-
formationaboutvideoson eachprogramand frame. The
otherhand,Videodatastreamdlistributedthroughthelnter-
netcanhave moreinformationandlinks to othercontentdy
useof SMIL.If theaccompaniment® videoare provided,
wewill beableto construcamoreadwancedvideodatabase
thanthe currentone. Viewerscanselectandretrieve infor-
mationusingit.

If thevideoinformationis not providedby somary in-
formationproviders, the lack of the necessarynformation
will be animportantproblemfor viewersselectingandre-
trieving the information. So, it is an essentiamechanism
for TV that not only information providers but also users
candistributetheir own information.

3.1. Advanced Database TV (ADTV)

We proposedaninteractize video system called Advanced
Databas@V (ADTV)[8]. Thesystemhasthe capabilityto
provide functionssuchasreal-timequerying,indexing and
describingcontentinformationfor userswho watchTV. In

a previous paper we chosevideo sourcesfrom whichwe
recordedsomebuildings from a car asan indexing target.
Videoindexing is performedbasedndigital mapsandspatio-
temporalstructure.

In this paper we describehov we developedthe sys-
tem. Amongthesenerfunctionsare:to collectannotations
aboutvideo objectsfrom usersandproviders;to sendback
the resultto users;andto broadcasfundamentalannota-
tionsandindex which areneededht client sideinteraction.
Eachclient hasthe ability to displayinformationreceved
from the sener at the indicatedpoint andto make queries
of manipulatingobjects. This informationaboutvideo ob-
jectsis keptin databassystem.

The systemacceptsnformationaboutvideoobjectsnot
only fromindividualusershut alsofrom informationproviders
or a serviceproviders, called“mediator” who give precise

andrichinformation.As mentionedabore, sincevideosources

consisiof somephysicalunitslike “cut” or“scene”,we pro-
poseanev methodwhich makesastructurebasedn video
objectsin frames.

3.2. Protocol of database access

Userscansharebroadcastingideo sourceshut in the cur
rentbroadcastingystem dataattachedo video cannotbe
shared.Fig.3 shaws the architectureof ADTV. The infor-
mationsener makesindexesfor objectsin all frameswhich
have somefeatures,e.g., colors, region, location, motion
andannotationWe constructhevideoobjectdatabaseased
ontheseindexes.

In the query processingat eachclient, a userindicate
objectsaboutwhich he or sherequiresinformation. Some
requestsare sentto the information sener; the sener pro-
cessedhem as describedabore and sendsback resultsof
queries. The sener distributessomeinformation or a part
of the databasé¢o eachclientin responséo otherrequess.
Finally, all theclientsdisplaytheresultto theuser
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Figure3: Architectureof ADTV

We useoriginal formatin protocolbetweenclient and
sener now. We considerusingdescriptionbasedon XML
suchasSMIL at the protocol,becauset is easyto display
and procesdor clients. In this case,query parserand de-
scriptiongeneratorsener is neededo parselient requests
and corvert queriesfor the databaseindto then generate
descriptiondor clientsasaresultof their queries.

3.3. Databasefor real-world video objects

As mentionedabore, we proposea video object database
usingfeatureextraction, trackingand description. We dis-
cussa constructionmethodof an objectdatabasdor real-
world video sources.It is well known thatalmostall real-
world objectshave 3-dimensional3D) structure. In other
words, if we preparespecific modelsfitted for target ob-
jects, it is effective to trackthemmeetingthe conditionsof
spatio-temporatontinuity. In this processmotion track-
ing is performedautomatically For example this processs
referedto in amethodproposedn [6].

Ontheotherhand,it is hardto assumeeighboringvideo
objectsspatiallyand automaticallyfrom informationgiven
for video objects. However, if there are obvious models
of videosequenceghey canbe assumedrom modelsspa-
tially andautomatically

We have developedaprototypesystenthathandlewideo



sequences which moving automobilesarerecorded.We
considerthat spatio-temporahssumptiormethodsalsoap-
ply to generalsportsvideo sequenceskig.4 shows 3 cases
of extractionaccordingto cameraoperationsmotion com-
pensatiorvectorswhichlook lik e opticalflow arecharacter
istic in eachcase.We canextract somevideo objectsfrom
video sourceausingfeatureof vectorswith high speedand
someaccurag.

(a) Zooming (b) Pan

(c) Fixed

Figure4: Automaticvideo objectextractionusing Motion
Compensationaluein MPEG stream

3.4. Implementation of prototype system

As mentionedn the previoussectionwe haveimplemented
a prototypesystemwhich provides basicfunctions: “tak-
ing annotatiomboutvideoobjects”,“video annotatiorbase
on similarity retrieval”. (In outdoorsceneswe consider
the automobileto be a typical exampleof a video object;
carsandbuildingsin the framesarelooked uponasnoise.)
In this case,the targetis somevideo sequence®sf “The
World Rally ChampionshigWRC)". Somevideo shotsare
recordedby the samecamerasat somepoints; therefore,
videoshotshave similar frameswith differentautomobiles.

The top of Fig.5 shavs a video framewith arally car,
called“LANCIA DETLA". Forexample,if thevideoobject
databaséasthe carnameasAnnotationandBounding\ol-
umeof the car, someondakesinformationof carindicated
in theframe. The procedurds the samein anotherframes
usingsimilarity retrieval.

In addition, the samecar appeardsn anothershots,so
new VO canbecreatedrom V' of sameoid.

4. CONCLUSIONS

In this paper we proposeda framework of a video object
databaséor ainteractve videosystem AdvancedDatabase
TV (ADTV). We definedthevideoobjectasBounding\ol-
umewhich is describedoy BoundingBox and Motion Vec-
tor with annotation.Furthermore somebasicfunctionsof

gueriesandretrieval weredefinedn thevideoobjectdatabase.

Similarity Retrieval

Figure5: Users’interactionin theimplementatiorsystem

Thereremainseveralproblemsin the ADTV; for exam-
ple, it is hardto distribute only raw information given by
usersto the others. We discussedn indexing methodof
video sequencdby featureextraction and tracking of ob-
jects.Concretelywe proposedmethodof automaticstruc-
turing of real-world video, especiallyrally video, basedon
objectfeaturesn the prototypesystem.We have presented
somefunctionsthatperformedwell in the system.

We plan to develop the techniqueof featureextraction
andtracking methodnot only for automobilesbut alsofor
otherobjectsin generavideosourcesFurthermorewe will
male a representationf the video objectbasedon the ac-
quired VO.
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