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ABSTRACT

MPEG-7 cameraextendsthe capabilitiesof corventional
camerady analyzingts scendn orderto generat@content-
basedlescriptioraccordingo therecentlyapproredMPEG-
7 standard.This givesto the cameraa large variety of cur-
rent and potentialapplications,suchas surwillance, aug-
mentedreality, andvirtual display This paperprovidesan
overview of whatis meanthy anMPEG-7cameragdiscusses
the above mentionedapplications,and providesan imple-
mentationexample of sucha camerausing existing hard-
wareproducts.

1. INTRODUCTION

Recentadvancesn the fields of networking, dataprocess-
ing, storageandacquisitionaredriving the creationof large
amountf audio-visualdata. Suchdatais oftenconsumed
directly by the userin its original form (modality). In this
casethestandard8PEG-1andMPEG-2,basednasample-
basedrepresentationgan be usedto efficiently and com-
pactlyrepresentheaudio-visualnformation.In orderto al-
low interactvity with theaudio-visuadata,anobject-based
representatiorasadoptedn MPEG-4,wasdevelopedto be
usedin a broadrangeof multimediaapplications. There
is however anincreasinghumberof applicationswherethe
audio-visuabatais furtherprocesseth orderto beretrieved,
filtered,andidentifiedby bothusersandcomputationasys-
tems. For example,in a suneillanceapplication,the scene
is analyzedwith the goalto detectingalarmsituations.
Dependingon the targetedapplication the audio-visual
datais representedtby a specificcontent-basedescription.
In orderto avoid transmissioror storageof irrelevantinfor-
mationpresenin the audio-visualdata,we proposeo per
form the extraction of the content-basedescriptionat the
acquisitionstage,i.e. atthe camera.Furthermorethe use
of the standardMIPEG-7 for the content-basedescription
of theaudio-visuadataallows moreflexibility andinterop-
erability in the designof comple< andpowerful multimedia

systems.The above approactelsofits adequatelyhetrend
from datato information and from informationto knowl-
edgeprocessing An MPEG-7cameracanbeenseenasan
interfacefrom datato knowledge.

In this paper we presentsomeresultsobtainedafter
a study motivatedby the advantagesof processingaudio-
visual dataat cameraevel. To do so, we reporta working
implementatiorof an MPEG-7 cameradevelopedby aug-
mentinga corventionalcamerawith dataprocessingapa-
bilities. Sucha cameradeliversas outputa content-based
descriptionof thesceneaccordingo the MPEG-7standard.

2. WHAT ISA CAMERA?

Cameragreamongcommondevicesto captureaudio-visual
informationfrom therealworld. A cameracanbe seenmasa

convertertransforminganaudio-visualdata(comingfrom a

real scene}o an electricsignal (cameraoutput). The elec-

tric signalcanbe storedor transmittedandwould needan-

othercorwverter( for instancea displayor a printer)in order

to recorvert (render)it backto its original form (modality)

hopefully representinghe original sceneascloselyaspos-

sible. Many efforts have beenmadein orderto improve the

efficiengy of theabove processAmongthemonecanmen-

tion progressin sensortechnology transmissionstorage,
displayandprint.

Early cameragperformedall the processingn the ana-
log world wherethe actualdegreeof intensity of the out-
put signalwould representhe actualinformation. With the
progresf digital technologyandfastandcheapdigital to
analogcorversion,a new generatiorof cameraknown as
digital startappearing.This openedthe doorto a plethora
of new innovationsandapplications.Becauseof the large
volume requiredto representaudio-visualdata, compres-
siontechnologiesvereincorporatednside camerasallow-
ing a more efficient /0. Simple processingsuchas auto-
matic gaincontrol, jitter cancellationandpictureenhance-
mentalsostartedto appeaiin both analoganddigital cam-



eras.

One important featurein most consumerand profes-
sional camerass the format of their output. In fact, for
obviousreasonsthe outputof variouscameragproducecdy
differentmanufcturerdollow a samestandardizedormat
in orderto allow efficientuseof thelatterin thelargestpos-
sible setof applications. A standardize@utputis therefore
oneof thekey issuesn camerasBasedon the above con-
siderationscameraswith outputscompliantwith standard
compressioralgorithmshave appeared.Among the most
popular onecanmentionJPEGstill imagecamerasaswell
asMPEG-1andMPEG-2cameragl].

More recently an MPEG-4 camerawas introducedto
themarketwhichaimedatlowerendandconsumeanpplica-
tionsin streamingof video overthe Internet[2]. Although,
this camerahasmary merits,herewe would lik e to propose
an extendeddefinition of an MPEG-4 camerabeyond this
specificproductandits targetedapplication.

2.1. MPEG-4 camera

As explainedearliey MPEG-4codingis basedn anobject-
basedapproacho datarepresentationThis meangthatan
MPEG-4 cameracould selectspecificobjectsin an audio-
visual scene(AVO) and outputonly thoseselected disre-
gardingtherest.More sophisticateghrocessingsuchasvar-

ious spatio-temporaprocessingf AVOs, or eveninsertion
of other natural AVOs can also be part of the capabilities
of suchan MPEG-4 camera.An MPEG-4 camerathanks
to its object-basedepresentationis the first camerawhich

doesnotreproduceanentirescendgrom therealworld, but

rathera device capableof outputtingspecificaudio-visual
objectsin averyflexible fashionhotnecessarilyeflectinga
realscene Suchacameravouldtriggerefficientimplemen-
tationsof mary applicationsheyond thoseachiezablewith

today’s corventionalcameras.Sucha discussiorhowever
goesbeyondthe scopeof this paper We would justmention
that by our definition, generationand coding of synthetic
AVOs, althoughpossibleby MPEG-4standardjs not con-
sideredaspartof theoperationof an MPEG-4cameraput

alaterstage.

2.2. MPEG-7 camera

Following the samephilosophy an MPEG-7 camerawould
obviouslycorvertanaudio-visuakcendnto acontent-based
representatiowhichis thebasisuponwhich MPEG-7stan-
dardis built. In additionto featuresof an MPEG-4 cam-
era, (thanksto the fact that an object-basedepresentation
is a sub-sebf a content-basedepresentationan MPEG-7
cameracanoffer anumberof extendedfunctionalities.One
of the mostimportantfeaturesof an MPEG-7 camerare-
sidesin the fact thatit is independenbf the modality of
the captureddata. In all other camerasmentionedabove,

the outputrepresentatiors intimately linked to the modal-
ity of the original scenecapturedby the camera. For ex-
ample,a scenecapturedby a JPEGor MPEG-2 camerais
representedndthereforecanbe directly reproducedhsan
approximatiorof the samescene An MPEG-4cameracan
selectspecificobjectsin thatsamesceneput it will always
represenbbjectssimilar to thosecapturediy the cameraijf
no othersophisticategrocessings applied. An MPEG-7
camerahowever would be capableof corvertingthe scene
into a descriptionwhich could be later usedor corvertedto
morethanits original form.

Anotherimportantfeatureof an MPEG-7camerais the
elggant and relatively easyway to replaceor extend the
corventionalsensorgaudio-visual)in a cameraby others.
Pushingthis approachfar enoughiit is not even necessary
to have a camerawith optical sensorsn orderto capture
andto displaythe movementof a person,asa motion de-
tector could sufice. A multi-modal cameracan be easily
realizedby multiplexing the modalityindependentlescrip-
tions coming from eachsensoiin a ratherstraightforvard
manner It is obviousthatan MPEG-7 camerain the way
describedhborve couldrequiresomedegreeof sophisticated
processingnside of the cameraitself. Suchcamerasare
usuallyreferredto assmartcameras.

In short,anMPEG-7cameraanbeseemsasmartcam-
erawith ananMPEG-7compliantformatasoutput. It isim-
portantto mentionthatan MPEG-7cameradoesnot neces-
sarily excludeintegrationwith a morecorventionalcamera,
nor requiresautomaticand complex processing.A simple
MPEG-7cameracouldbeacornventionalcompositecamera
enhanceavith MPEG-7compliantmeta-databoutthe out-
put(eitherenteredhstext by auseror extractedrom camera
parametersiadequatelynultiplexedwith thelatter.

The camerausedwithin this work, hasbeendeveloped
by the compaly FASTCOM Technology It integratesin
a single device the hardwarefor capturingvisualinforma-
tion, imageprocessingandnetwork connectionlt consists
mainly of a digital signalprocesso(DSP),a high dynamic
CMOSimagesensor120dB), a flashmemory anddiffer-
entRS-232andRS-485interfacesfor interactionshetween
thecameraandoutside(e.g.aPC).

2.3. MPEG-7 standard

The Moving Picture ExpertsGroup (MPEG) hasinitiated
a new work item known as MPEG-7: Multimedia Con-
tent DescriptionStandard3]. The goal of this work is to
standardizecontent-basedescriptionfor multimediadata
thatcanenableapplicationsuchasmultimediainformation
searchfiltering, managemenandprocessing.
MPEG-7specifiesa standardsetof DescriptorgD) for
the representatiomf a feature,a set of pre-definedstruc-
turesof Descriptorsandtheir relationshipscalled Descrip-
tion Scheme¢DS),aDescriptionDefinition Languagé€DDL)



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

Becaus®f thepopularityof theExtensibleMarkupLan-
guage(XML), the availability of tools, and the common
goals,the XML Schemd.anguagehasbheenadoptedasthe
MPEG-7DDL. Sincethe XML Schemd.anguagehasnot
beendesignedspecificallyfor audio-visualcontent,certain
extensionsarenecessarin orderto satisfyall of theMPEG-
7 DDL requirementsTheseextensionsarecurrentlybeing
discussedhroughliaisonactuvities betweerMPEG andthe
World Wide Web Consortium(W3C), thegroupstandardiz-
ing XML.

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

A typical processingchain of the MPEG-7 camerais
shavnin Fig. 1. It includestheimageanalysisblock which
consistsof a set of algorithmsfor changedetection,fea-
ture extraction, and objecttracking. One of the mostim-
portantcriteria by the selectionof thesealgorithmsis their
low-complexity. This makesthe implementatiorof the al-
gorithms on the DSP feasible. Of course,only the fea-
turesrelevantto thetargetedapplicationsareextractedfrom
the audio-visualdata. Then, theseextractedfeaturesare
usedfor the instantiationof MPEG-7 descriptionschemes
in the MPEG-7 coderblock. TheseMPEG-7 descriptions
arecodedeitherashinary or textual andsentto an MPEG-
7 compliantdevice. In someapplicationslike video edit-
ing systemsthe MPEG-7descriptionis associatedavith the

audio-visualdata, representedor exampleby the MPEG-
4 standard At the applicationside,an MPEG-7decodelis
usedto decodeghe MPEG-7descriptionsDependingnthe
application this descriptionis consumedn a specificway.

3. EXAMPLESOF APPLICATIONS

A numberof potentialapplicationsvereidentifiedby using
the MPEG-7camera.For eachof theseapplicationghe re-
lated MPEG-7DS's areselected4]. Then,the algorithms
for the extractionof the features neededor the instantia-
tion of the selectedMIPEG-7DS’s, areimplementedn the
MPEG-7camera.

In a suneillancescenariothe deliveredMPEG-7 Mov-
ing Region DS canbe usedto recognizechangesn a given
sceneryIn the caseof traffic monitoring,the MPEG-7Mo-
tion Trajectory D [5], which is part of the Moving Region
DS is usedto detectalarmsituationsuchastraffic jam and
accidents.

Anotherinterestingapplicationis augmentedeality, where

avirtual objectis addedto areal scene.Trackingthe posi-
tion of the userin an augmentedeality systemis one of
theimportantissuedor virtual objectinsertion. According
to the estimatecdhew positionof the user the visualization
systemrendersa new view of the scenein a way thatthe
userhastheimpressiorthatthevirtual objectis partof that
scene.The MPEG-7cameracanbe usedfor thetrackingof
the userpositionrepresentedy the MPEG-7 Moving Re-
gion DS

Within this work, we focusedon the applicationvirtual
display For mary suneillancescenariospnly the motion
of theobjectsis of interest.Therefore pnly the positionsof
the moving objectsareextracted. For this purposewe im-
plementednefficientchangedetectof6] onthe DSPof the
MPEG-7cameraseeFig. 2). The positionsof the moving
objects,describedby the MPEG-7 Moving Region DS, are
thensentto the suneillanceoperator This approachallows
usto fulfill oneof the mostimportantrequirementhatwill
encouragehe deploymentof sureillancesystemspamely
privacy. In sunwillanceapplicationamary persondeelun-
comfortableto befilmed. At the suneillanceoperatorside,
thevirtual objects(in Fig. 2 representetby the blobs)per
fectly follow the movementof the persons.

4. CONCLUSIONS

We have developedan MPEG-7 camerawhich canbe used
for anumberof potentialapplicationssuchassurwillance
andaugmentedeality. Oneof the main advantagef the
MPEG-7camerascomparedo acornventionalcameraon-
sistsin delivering only the relevantinformationto the tar
getedapplications. Furthermore the use of the MPEG-7
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Fig. 2. Virtual display

standardor therepresentationf thecontent-basedescrip-
tion allows a modulardesignof applicationghanksto inter-
operabilitybroughtby this standard.

We areworkingonanumberof extensiongo the MPEG-
7 camera. Among these the developmentand implemen-
tation of algorithmsallowing the use of MPEG-7 camera
for amixedreality applicationcalledCyber Glasses. Cyber-
Glassesis referredto awearablaisplaysystemin theform
of glassescapableof displayingvirtual andnaturalobjects
in amixedreality ervironment.
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