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ABSTRACT

MPEG-7 cameraextendsthe capabilitiesof conventional
camerasbyanalyzingitsscenein ordertogenerateacontent-
baseddescriptionaccordingto therecentlyapprovedMPEG-
7 standard.This givesto thecameraa largevarietyof cur-
rent and potentialapplications,suchas surveillance,aug-
mentedreality, andvirtual display. This paperprovidesan
overview of whatis meantby anMPEG-7camera,discusses
the above mentionedapplications,andprovidesan imple-
mentationexampleof sucha camerausing existing hard-
wareproducts.

1. INTRODUCTION

Recentadvancesin the fields of networking, dataprocess-
ing, storage,andacquisitionaredriving thecreationof large
amountsof audio-visualdata.Suchdatais oftenconsumed
directly by the userin its original form (modality). In this
case,thestandardsMPEG-1andMPEG-2,basedonasample-
basedrepresentation,can be usedto efficiently and com-
pactlyrepresenttheaudio-visualinformation.In orderto al-
low interactivity with theaudio-visualdata,anobject-based
representation,asadoptedin MPEG-4,wasdevelopedto be
usedin a broadrangeof multimediaapplications. There
is howeveranincreasingnumberof applications,wherethe
audio-visualdatais furtherprocessedin ordertoberetrieved,
filtered,andidentifiedby bothusersandcomputationalsys-
tems.For example,in a surveillanceapplication,thescene
is analyzedwith thegoalto detectingalarmsituations.

Dependingon thetargetedapplication,theaudio-visual
datais representedby a specificcontent-baseddescription.
In orderto avoid transmissionor storageof irrelevantinfor-
mationpresentin theaudio-visualdata,we proposeto per-
form the extractionof the content-baseddescriptionat the
acquisitionstage,i.e. at the camera.Furthermore,the use
of the standardMPEG-7for the content-baseddescription
of theaudio-visualdataallowsmoreflexibility andinterop-
erability in thedesignof complex andpowerful multimedia

systems.Theabove approachalsofits adequatelythetrend
from datato informationand from information to knowl-
edgeprocessing.An MPEG-7cameracanbeenseenasan
interfacefrom datato knowledge.

In this paper, we presentsomeresultsobtainedafter
a study motivatedby the advantagesof processingaudio-
visual dataat cameralevel. To do so,we reporta working
implementationof an MPEG-7camera,developedby aug-
mentinga conventionalcamerawith dataprocessingcapa-
bilities. Sucha cameradeliversasoutputa content-based
descriptionof thesceneaccordingto theMPEG-7standard.

2. WHAT IS A CAMERA?

Camerasareamongcommondevicestocaptureaudio-visual
informationfrom therealworld. A cameracanbeseenasa
convertertransforminganaudio-visualdata(comingfrom a
realscene)to anelectricsignal(cameraoutput). Theelec-
tric signalcanbestoredor transmittedandwould needan-
otherconverter( for instanceadisplayor aprinter)in order
to reconvert (render)it backto its original form (modality)
hopefully representingtheoriginal sceneascloselyaspos-
sible.Many effortshavebeenmadein orderto improvethe
efficiency of theaboveprocess.Amongthemonecanmen-
tion progressin sensortechnology, transmission,storage,
displayandprint.

Early camerasperformedall the processingin the ana-
log world wherethe actualdegreeof intensityof the out-
put signalwould representtheactualinformation.With the
progressof digital technologyandfastandcheapdigital to
analogconversion,a new generationof camerasknown as
digital startappearing.This openedthe door to a plethora
of new innovationsandapplications.Becauseof the large
volume requiredto representaudio-visualdata,compres-
siontechnologieswereincorporatedinsidecameras,allow-
ing a more efficient I/O. Simple processingsuchasauto-
maticgaincontrol, jitter cancellation,andpictureenhance-
mentalsostartedto appearin bothanaloganddigital cam-



eras.
One important featurein most consumerand profes-

sional camerasis the format of their output. In fact, for
obviousreasons,theoutputof variouscamerasproducedby
differentmanufacturersfollow a samestandardizedformat
in orderto allow efficientuseof thelatterin thelargestpos-
siblesetof applications.A standardizedoutputis therefore
oneof thekey issuesin cameras.Basedon theabove con-
siderations,cameraswith outputscompliantwith standard
compressionalgorithmshave appeared.Among the most
popular, onecanmentionJPEGstill imagecameras,aswell
asMPEG-1andMPEG-2cameras[1].

More recently, an MPEG-4 camerawas introducedto
themarketwhichaimedatlower-endandconsumerapplica-
tionsin streamingof videoover theInternet[2]. Although,
thiscamerahasmany merits,herewewould like to propose
an extendeddefinition of an MPEG-4camerabeyond this
specificproductandits targetedapplication.

2.1. MPEG-4 camera

As explainedearlier, MPEG-4codingis basedonanobject-
basedapproachto datarepresentation.This meansthatan
MPEG-4cameracould selectspecificobjectsin an audio-
visual scene(AVO) andoutputonly thoseselected, disre-
gardingtherest.Moresophisticatedprocessing,suchasvar-
iousspatio-temporalprocessingof AVOs,or eveninsertion
of other naturalAVOs canalsobe part of the capabilities
of suchan MPEG-4camera.An MPEG-4camera,thanks
to its object-basedrepresentation,is thefirst camerawhich
doesnot reproduceanentirescenefrom therealworld, but
rathera device capableof outputtingspecificaudio-visual
objectsin averyflexible fashion,notnecessarilyreflectinga
realscene.Suchacamerawouldtriggerefficientimplemen-
tationsof many applicationsbeyond thoseachievablewith
today’s conventionalcameras.Sucha discussionhowever
goesbeyondthescopeof thispaper. Wewould justmention
that by our definition, generationand coding of synthetic
AVOs,althoughpossibleby MPEG-4standard,is not con-
sideredaspartof theoperationsof anMPEG-4camera,but
a laterstage.

2.2. MPEG-7 camera

Following thesamephilosophy, anMPEG-7camerawould
obviouslyconvertanaudio-visualsceneintoacontent-based
representationwhichis thebasisuponwhichMPEG-7stan-
dard is built. In addition to featuresof an MPEG-4cam-
era,(thanksto the fact that an object-basedrepresentation
is a sub-setof a content-basedrepresentation),anMPEG-7
cameracanoffer anumberof extendedfunctionalities.One
of the most importantfeaturesof an MPEG-7 camerare-
sidesin the fact that it is independentof the modality of
the captureddata. In all othercamerasmentionedabove,

theoutputrepresentationis intimately linkedto themodal-
ity of the original scenecapturedby the camera. For ex-
ample,a scenecapturedby a JPEGor MPEG-2camerais
representedandthereforecanbedirectly reproducedasan
approximationof thesamescene.An MPEG-4cameracan
selectspecificobjectsin thatsamescene,but it will always
representobjectssimilar to thosecapturedby thecamera,if
no othersophisticatedprocessingis applied. An MPEG-7
camerahowever would be capableof converting the scene
into a descriptionwhich couldbelaterusedor convertedto
morethanits original form.

Anotherimportantfeatureof anMPEG-7camerais the
elegant and relatively easyway to replaceor extend the
conventionalsensors(audio-visual)in a cameraby others.
Pushingthis approachfar enough,it is not even necessary
to have a camerawith optical sensorsin order to capture
andto displaythe movementof a person,asa motion de-
tector could suffice. A multi-modalcameracanbe easily
realizedby multiplexing themodality independentdescrip-
tions coming from eachsensorin a ratherstraightforward
manner. It is obvious that an MPEG-7camerain the way
describedabovecouldrequiresomedegreeof sophisticated
processinginside of the cameraitself. Suchcamerasare
usuallyreferredto assmartcameras.

In short,anMPEG-7cameracanbeseenasasmartcam-
erawith ananMPEG-7compliantformatasoutput.It is im-
portantto mentionthatanMPEG-7cameradoesnot neces-
sarilyexcludeintegrationwith amoreconventionalcamera,
nor requiresautomaticandcomplex processing.A simple
MPEG-7cameracouldbeaconventionalcompositecamera
enhancedwith MPEG-7compliantmeta-dataabouttheout-
put(eitherenteredastext by auseror extractedfrom camera
parameters),adequatelymultiplexedwith thelatter.

Thecamerausedwithin this work, hasbeendeveloped
by the company FASTCOM Technology. It integratesin
a singledevice the hardwarefor capturingvisual informa-
tion, imageprocessing,andnetwork connection.It consists
mainly of a digital signalprocessor(DSP),a high dynamic
CMOSimagesensor(120dB), a flashmemory, anddiffer-
entRS-232andRS-485interfacesfor interactionsbetween
thecameraandoutside(e.g.aPC).

2.3. MPEG-7 standard

The Moving PictureExpertsGroup (MPEG) hasinitiated
a new work item known as MPEG-7: Multimedia Con-
tent DescriptionStandard[3]. The goal of this work is to
standardizecontent-baseddescriptionfor multimediadata
thatcanenableapplicationssuchasmultimediainformation
search,filtering, managementandprocessing.

MPEG-7specifiesa standardsetof Descriptors(D) for
the representationof a feature,a set of pre-definedstruc-
turesof Descriptorsandtheir relationshipscalledDescrip-
tionSchemes(DS),aDescriptionDefinitionLanguage(DDL)



that definesdescriptionschemes,and a codedrepresenta-
tions of a descriptionfor efficient storage,streamingand
fastaccess.

Becauseof thepopularityof theExtensibleMarkupLan-
guage(XML), the availability of tools, and the common
goals,theXML SchemaLanguagehasbeenadoptedasthe
MPEG-7DDL. Sincethe XML SchemaLanguagehasnot
beendesignedspecificallyfor audio-visualcontent,certain
extensionsarenecessaryin orderto satisfyall of theMPEG-
7 DDL requirements.Theseextensionsarecurrentlybeing
discussedthroughliaisonactivities betweenMPEGandthe
World WideWebConsortium(W3C),thegroupstandardiz-
ing XML.

2.4. MPEG-7 camera structure
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Fig. 1. Structureof theMPEG-7camera.

A typical processingchain of the MPEG-7 camerais
shown in Fig. 1. It includestheimageanalysisblockwhich
consistsof a set of algorithmsfor changedetection,fea-
ture extraction,andobject tracking. Oneof the most im-
portantcriteriaby theselectionof thesealgorithmsis their
low-complexity. This makesthe implementationof the al-
gorithms on the DSP feasible. Of course,only the fea-
turesrelevantto thetargetedapplicationsareextractedfrom
the audio-visualdata. Then, theseextractedfeaturesare
usedfor the instantiationof MPEG-7descriptionschemes
in the MPEG-7coderblock. TheseMPEG-7descriptions
arecodedeitherasbinaryor textual andsentto anMPEG-
7 compliantdevice. In someapplicationslike video edit-
ing systems,theMPEG-7descriptionis associatedwith the

audio-visualdata,representedfor exampleby the MPEG-
4 standard.At theapplicationside,anMPEG-7decoderis
usedto decodetheMPEG-7descriptions.Dependingonthe
application,this descriptionis consumedin a specificway.

3. EXAMPLES OF APPLICATIONS

A numberof potentialapplicationswereidentifiedby using
theMPEG-7camera.For eachof theseapplicationsthere-
latedMPEG-7DS’s areselected[4]. Then,the algorithms
for the extractionof the features,neededfor the instantia-
tion of theselectedMPEG-7DS’s, areimplementedon the
MPEG-7camera.

In a surveillancescenario,thedeliveredMPEG-7Mov-
ing Region DS canbeusedto recognizechangesin a given
scenery. In thecaseof traffic monitoring,theMPEG-7Mo-
tion Trajectory D [5], which is part of the Moving Region
DS, is usedto detectalarmsituationsuchastraffic jam and
accidents.

Anotherinterestingapplicationisaugmentedreality, where
a virtual objectis addedto a realscene.Trackingtheposi-
tion of the userin an augmentedreality systemis one of
the importantissuesfor virtual objectinsertion.According
to the estimatednew positionof the user, the visualization
systemrendersa new view of the scenein a way that the
userhastheimpressionthatthevirtual objectis partof that
scene.TheMPEG-7cameracanbeusedfor thetrackingof
the userpositionrepresentedby the MPEG-7Moving Re-
gion DS.

Within this work, we focusedon theapplicationvirtual
display. For many surveillancescenarios,only the motion
of theobjectsis of interest.Therefore,only thepositionsof
themoving objectsareextracted.For this purpose,we im-
plementedanefficientchangedetector[6] ontheDSPof the
MPEG-7camera(seeFig. 2). Thepositionsof themoving
objects,describedby the MPEG-7Moving Region DS, are
thensentto thesurveillanceoperator. Thisapproachallows
usto fulfill oneof themostimportantrequirementthatwill
encouragethedeploymentof surveillancesystems,namely
privacy. In surveillanceapplicationsmany personsfeel un-
comfortableto befilmed. At thesurveillanceoperatorside,
thevirtual objects(in Fig. 2 representedby theblobs)per-
fectly follow themovementof thepersons.

4. CONCLUSIONS

We have developedanMPEG-7camerawhich canbeused
for a numberof potentialapplicationssuchassurveillance
andaugmentedreality. Oneof the main advantagesof the
MPEG-7cameraascomparedto aconventionalcameracon-
sistsin delivering only the relevant informationto the tar-
getedapplications. Furthermore,the useof the MPEG-7



(a)Realscene (b) Detectionof moving objects

(c) Virtual objects

Fig. 2. Virtual display.

standardfor therepresentationof thecontent-baseddescrip-
tion allowsamodulardesignof applicationsthanksto inter-
operabilitybroughtby this standard.

Weareworkingonanumberof extensionsto theMPEG-
7 camera.Among these,the developmentand implemen-
tation of algorithmsallowing the useof MPEG-7 camera
for amixedrealityapplicationcalledCyberGlasses. Cyber-
Glasses is referredto awearabledisplaysystemin theform
of glasses,capableof displayingvirtual andnaturalobjects
in a mixedreality environment.
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