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ABSTRACT

As the useof applicationsemploying video contentsbe-
comeswidespread,it is crucial for representationsystems
to be ableto handlevideo effectively andflexibly. In this
paper, theauthorsproposeamethodthathasenrichedvideo
contentsand an applicationfor future interactive TV ser-
vice,calledAdvancedDatabaseTV (ADTV).

Thesystemrequiresthreebasicmethods:oneis avideo
handlingmethodbasedon videoobjects;anotheris a con-
structionmethodof avideoobjectdatabaseachievedby fea-
tureextractionandtrackingof objects;andthethird is apro-
tocol for deliveryannotationsof objectswhich aregivenby
users.Theobjective is to provideamulti-layervideoobject
databasebasedonusers’interactivedescriptionof videoob-
jects.Thedatabasewill have theability to organizeincom-
plete descriptionsof video objectsin eachframe, mainly
annotation,positionandmotion. We have implementedthe
prototypesystem,which providesusersfunctionssuchas
semi-automaticenrichmentof annotations,similarity retrieval
of objects,andsemanticindexing,basedonthevideoobject
database.

1. INTRODUCTION

Dueto thehugeamountof videocontentwhichhasbecome
obtainablethroughTV BroadcastingbySatellite,CATV and
the Internet,multimediaapplicationsusingvideo have be-
comepopular, especiallynon-linearvideo editing systems
andPC video recorderslike VCRs. Whenusingtheseap-
plications,we arealwaysawarethat, while the amountof
raw videodatais very large, it neverthelesshasno context
or indexes.As a result,peopleexperiencedifficultiesin ac-
cessingnecessary.

In future TV broadcasting,additional information on
eachframe will be given as enhancedelectronicprogram
guides(EPGs).It is naturalto usetheinformationfor mak-
ing adatabase;however, suchinformationis notalwayssuf-
ficient for a videodatabase.In the future broadcastingen-
viroment, it is expectedthat real-timevideo which is not

editedor processedwill be more widely distributed than
ever before. And we assumethat 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 areextractedfrom thevideostreambecauseof their
spatio-temporalfeaturesimilarity. Up to now, theachieve-
mentof automaticobjectsegmentationmethodshasbeena
challengingtask,andthe methods’performanceshave not
beenrobust; however someof themcansegmentandtrack
objects[2] with reasonableaccuracy. And furthermore,the
newly establishedMPEG–4standard[3] hasproposedanew
object-basedframework for efficient multimediarepresen-
tation.

For moreeffective representationit is necessarto con-
structsometypeof object-basedvideodatabase[4]. But do-
ing sois not easy, becauseautomaticindexing of objectsis
not usuallyperformedcompletely. Therefore,we proposea
constructionmethodfor a videodatabasewhich is not fully
automatic,in that it needstheassistanceof humaninterac-
tion suchasannotation,for example.

In thispaper, wediscusstheautomaticstructuringmethod
of thedescriptionof objectsin rally videosources.Further-
more,we describehow we constructeda prototypeof our
proposedinteractive systemto demonstratehow it allows
usersto participatein the broadcastingservicesandobtain
informationandimagesinteractively.

2. VIDEO OBJECT DATABASE

Generally, video sourcesconsistof setsof physicalvideo
clips, namelyshots,and logical video segments,namely
scenes.Much work hasbeendonealreadyin decompos-
ing andclassifyingvideodatabasedon shotanalysis[5, 7].
Shotsconsistof sequencesof frames.Theseframescontain
collectionsof regions,namelyvideo objects. Fig.1 shows
thatall of the layershave somephysicalfeaturesandsome
semanticones. Featuresat the variouslayersareusedac-
cordingto thetypesof applications.For instance,someau-



thoringsystemsusesomefeaturesattheObjectLayer, some
editingsystemsmustusefeaturessuchasthecuttingpoint
at theSegmentLayer.
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Figure1: Multi layerrepresentationof videostructure

In ourwork,wefocusonvideoobjectswhichhavespatio-
temporalcontinuousstructurein videoframes.An efficient
object-basedrepresentationhasbeenproposedin thenewly
establishedMPEG–4standard.This representationenables
semanticobject segmentation,called “Video Object” and
content-basedobjectsearchingfor generalsources.Further-
more,MPEG–7standarddefinesanvideoobjectdescription
interface[1].

2.1. Video object model

In this paper, we discussvideoobjectswhich have the fol-
lowing threefeaturesandtheir respectiveparameters:

Static: colors,texture,contour, edge

Dynamic: position,motion,transformation,co-relation

Semantic: description

However, it is difficult to extractthesefeatureswith high
accuracy, especiallyfrom generaltargetobjectsratherthan
from specificones. Therefore,we considerthat, even if
the methodsextract featureswith errors, the video object
databaseshouldallow themasfeaturesof objectsandmake
correctionsasappropriateaspossible.

We proposea videoobjectdatabasebasedon thevideo
object model. The model is describedby BoundingBox,
Motion Vectorof centroid, andAnnotationasshown in Fig.
2. All objectshavesuchBoundingVolume����� with annota-
tion thatis expressedas

���������������� !��"$#%����#%&' !��()�+*,�.-0/1��23�+�4#6507�892:�4;<�+*,�3=<- (1)

where,

 !��"$#%����#%&' !��(>�?�+@A-�BC-%D��+�42:EC-%E47F��&9E�2G��4�+� : objectidentifierassignedby thesystem.* : time from startingoneof the objects’ ap-
pearance.

In addition,BoundingBoxandMotionVectoraresome-
timescalculatedby someimageprocessingmethod;how-
ever, annotationis almostalwaysdescribedby users;in a
few cases,it is automaticallydescribed.

Eachsetof videoobjects�F5IH�� is describedas

5IH��������C����J � �<KL����������-�MI#N#%�42:O�23�+�4#�K3P Q9�������C� =NR - (2)

where,S
: shotidentifierwhenobjectappears.T
: annotationidentifierwheneachobjecthasa

differentone.

t
U

yV

x

FraW me

Bounding Box

Motion Vector

X X XX X XY Y Y
Annot

Z
ation

Figure2: Proposedvideoobjectdescriptionmodel

2.2. Query and Retrieval function

In this way, we constructa videoobjectdatabasebasedon
motionandannotation.Thedatabaseprovidesmany possi-
bilities for theselectionof queryfunctions.

Forexample,weuseasimplefunctionto selectinforma-
tion aboutanindicatedobject;this is oneof themostbasic
functionsof interactiveTV. If theuser’sindicatedpoint [!K is
definedas �+@CK�-LBNK\-L*.KL� , thesystemfirst providescorrespond-
ing BoundingBoxand �4�+� with [!K , althoughtherearesome
casesof missingcorrespondingobjectsor takingsome�4�+� s.
In theformercase,thesystemprovidesa nearestBounding
Volumeor informationin a correspondingframeasthean-
swer. In the lattercase,userscanselectfrom someobjects
providedastheanswer.

The systemalsoprovidessomefunctionsof similarity
retrieval. If the userindicatesthe BoundingBox area,the
systemextractsproperties,imagefeaturesandannotations
from this area. Then in the next step,objectscan be re-
trieved from the databaseusingeitherannotation,or simi-
larity retrieval usingtheimage.



3. INTERACTIVE VIDEO SYSTEM

In thenearfuturetheDigital TV will provide additionalin-
formationaboutvideoson eachprogramand frame. The
otherhand,VideodatastreamsdistributedthroughtheInter-
netcanhavemoreinformationandlinks to othercontentsby
useof SMIL.If theaccompanimentsto videoareprovided,
wewill beableto constructamoreadvancedvideodatabase
thanthecurrentone. Viewerscanselectandretrieve infor-
mationusingit.

If thevideoinformationis not providedby somany in-
formationproviders,the lack of the necessaryinformation
will be an importantproblemfor viewersselectingandre-
trieving the information. So, it is an essentialmechanism
for TV that not only informationproviders but also users
candistributetheir own information.

3.1. Advanced Database TV (ADTV)

We proposedaninteractive videosystem,calledAdvanced
DatabaseTV (ADTV)[8]. Thesystemhasthecapabilityto
provide functionssuchasreal-timequerying,indexing and
describingcontentinformationfor userswho watchTV. In
a previous paper, we chosevideo sourcesfrom whichwe
recordedsomebuildings from a car asan indexing target.
Videoindexing isperformedbasedondigitalmapsandspatio-
temporalstructure.

In this paper, we describehow we developedthe sys-
tem.Amongtheserver functionsare:to collectannotations
aboutvideoobjectsfrom usersandproviders;to sendback
the result to users;and to broadcastfundamentalannota-
tionsandindex which areneededat client sideinteraction.
Eachclient hasthe ability to display informationreceived
from the server at the indicatedpoint andto make queries
of manipulatingobjects.This informationaboutvideoob-
jectsis keptin databasesystem.

Thesystemacceptsinformationaboutvideoobjectsnot
only from individualusersbut alsofrom informationproviders
or a serviceproviders,called“mediator” who give precise
andrich information.Asmentionedabove,sincevideosources
consistof somephysicalunitslike“cut” or “scene”,wepro-
poseanew methodwhichmakesastructurebasedonvideo
objectsin frames.

3.2. Protocol of database access

Userscansharebroadcastingvideosources,but in thecur-
rentbroadcastingsystem,dataattachedto videocannotbe
shared.Fig.3 shows the architectureof ADTV. The infor-
mationservermakesindexesfor objectsin all frameswhich
have somefeatures,e.g., colors, region, location, motion
andannotation.Weconstructthevideoobjectdatabasebased
on theseindexes.

In the queryprocessingat eachclient, a userindicate
objectsaboutwhich he or sherequiresinformation. Some
requestsaresentto the informationserver; the server pro-
cessesthemasdescribedabove andsendsback resultsof
queries.The server distributessomeinformationor a part
of the databaseto eachclient in responseto otherrequess.
Finally, all theclientsdisplaytheresultto theuser.
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Figure3: Architectureof ADTV

We useoriginal format in protocolbetweenclient and
server now. We considerusingdescriptionbasedon XML
suchasSMIL at theprotocol,becauseit is easyto display
andprocessfor clients. In this case,queryparserandde-
scriptiongeneratorserver is neededto parselient requests
and convert queriesfor the databaseand to then generate
descriptionsfor clientsasa resultof their queries.

3.3. Database for real-world video objects

As mentionedabove, we proposea video objectdatabase
usingfeatureextraction,trackinganddescription.We dis-
cussa constructionmethodof an objectdatabasefor real-
world videosources.It is well known thatalmostall real-
world objectshave 3-dimensional(3D) structure. In other
words, if we preparespecificmodelsfitted for target ob-
jects,it is effective to trackthemmeetingtheconditionsof
spatio-temporalcontinuity. In this process,motion track-
ing is performedautomatically. For example,thisprocessis
referedto in a methodproposedin [6].

Ontheotherhand,it ishardtoassumeneighboringvideo
objectsspatiallyandautomaticallyfrom informationgiven
for video objects. However, if thereare obvious models
of videosequences,they canbeassumedfrom modelsspa-
tially andautomatically.

Wehavedevelopedaprototypesystemthathandlesvideo



sequencesin which moving automobilesarerecorded.We
considerthatspatio-temporalassumptionmethodsalsoap-
ply to generalsportsvideosequences.Fig.4shows 3 cases
of extractionaccordingto cameraoperations;motioncom-
pensationvectorswhichlook likeopticalflow arecharacter-
istic in eachcase.We canextractsomevideoobjectsfrom
videosourcesusingfeatureof vectorswith high speedand
someaccuracy.
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Figure4: Automaticvideo objectextractionusingMotion
Compensationvaluein MPEGstream

3.4. Implementation of prototype system

As mentionedin theprevioussection,wehaveimplemented
a prototypesystemwhich providesbasicfunctions: “tak-
ing annotationaboutvideoobjects”,“video annotationbase
on similarity retrieval”. (In outdoorscenes,we consider
the automobileto be a typical exampleof a video object;
carsandbuildings in theframesarelookeduponasnoise.)
In this case,the target is somevideo sequencesof “The
World Rally Championship(WRC)”. Somevideoshotsare
recordedby the samecamerasat somepoints; therefore,
videoshotshavesimilar frameswith differentautomobiles.

The top of Fig.5 shows a video framewith a rally car,
called“LANCIA DETLA”. For example,if thevideoobject
databasehasthecarnameasAnnotationandBoundingVol-
umeof thecar, someonetakesinformationof car indicated
in the frame. Theprocedureis thesamein anotherframes
usingsimilarity retrieval.

In addition, the samecar appearsin anothershots,so
new 5IH canbecreatedfrom � of same�4�+� .

4. CONCLUSIONS

In this paper, we proposeda framework of a video object
databasefor a interactivevideosystem,AdvancedDatabase
TV (ADTV). We definedthevideoobjectasBoundingVol-
umewhich is describedby BoundingBoxandMotion Vec-
tor with annotation.Furthermore,somebasicfunctionsof
queriesandretrievalweredefinedin thevideoobjectdatabase.
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Figure5: Users’interactionin theimplementationsystem

Thereremainseveralproblemsin theADTV; for exam-
ple, it is hard to distribute only raw informationgiven by
usersto the others. We discussedan indexing methodof
video sequenceby featureextraction and tracking of ob-
jects.Concretely, weproposedamethodof automaticstruc-
turing of real-world video,especiallyrally video,basedon
objectfeaturesin theprototypesystem.We have presented
somefunctionsthatperformedwell in thesystem.

We plan to develop the techniqueof featureextraction
andtrackingmethodnot only for automobilesbut alsofor
otherobjectsin generalvideosources.Furthermore,wewill
make a representationof the videoobjectbasedon theac-
quired 5IH .
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