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1 Project summary

The easewith which we make senseof our environmentbeliesthe complex processingrequiredto
convert sensorysignalsinto meaningfulcognitive descriptions.Computationalapproacheshave so
far madelittle impacton this fundamentalproblem. Visual andauditoryprocesseshave typically
beenstudiedindependently, yet it is clear that the two sensesprovide complementaryinformation
whichcanhelpasystemto respondrobustly in challengingconditions.In addition,mostalgorithmic
approachesadopttheperspectiveof astaticobserveror listener, ignoringall thebene�tsof interaction
with theenvironment.This projectproposesthedevelopmentof a fundamentallynew approach,per-
ceptionon purpose,thatputsforwardthemodellingof perception(visualandauditory)asacomplex
attentionalmechanismthat embodiesa decisiontaking process.The taskof the latter is to �nd a
trade-off betweenthereliability of thesensorialstimuli (bottom-upattention)andtheplausibility of
prior knowledge(top-down attention).Thescienti�c andmethodologicaldevelopmentsarebasedon
� ve principles. First, visual andauditory informationshouldbe integratedin both spaceandtime.
Second,active explorationof theenvironmentis requiredto improve theaudiovisualsignal-to-noise
ratio. Third, theenormouspotentialsensoryrequirementsof theentireinputarrayshouldberendered
manageableby multimodalmodelsof attentionalprocesses.Fourth, bottom-upperceptionshould
be stabilizedby top-down cognitive functionandleadto purposefulaction. Finally, all partsof the
systemshouldbe underpinnedby rigorousmathematicaltheory, from physicalmodelsof low-level
binocularandbinauralsensoryprocessingto trainableprobabilisticmodelsof audiovisual scenes.
Theseideaswill be put into practicethroughbehavioural and neuroimagingstudiesas well as in
theconstructionof testablecomputationalmodels.A demonstratorplatformconsistingof a mobile
audiovisualheadwill be developedandits behaviour evaluatedin a rangeof applicationscenarios.
Projectparticipantsrepresentexpertisein computational,behavioural andcognitive neuroscienti�c
aspectsof vision andhearingneededboth to carry out the POPmanifestoandto contribute to the
trainingof anew communityof scientists.
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2 Project objectives

2.1 Objectives,approach,and originality

Wheneverresearchersattemptto investigateandbuild anintelligentsystem,they areconfrontedwith
theproblemof modellingtheinteractionsbetweenthesystemanditsphysicalenvironment.Theworld
that surroundsarti�cial and/orbiological agentshasthreedimensionsand its geometrical/physical
structurevariesover time. Thereforeit is not surprisingthatoneof theprimarily goalsof perception
is to createan internalspatio-temporalrepresentationof theexternalenvironment.Onereasonwhy
both thespatialandtemporaldimensionsof sensoryprocessingareso importantis becauseinternal
representationsof spaceandtime areneededto guidebehaviour suchasmovementsandtherefore
they allow thesystemto interactwith thephysicalworld.

In therecentpast,visualandauditoryprocesseshave beenstudiedalmostindependently. Cross-
modalintegrationof visualandauditorydataandinteractionbetweenauditoryandvisualprocesses
arebene�cial becauseeachmodality providespartial informationaboutdifferentaspectsof world
objectsandevents,andcombinationof thesemodalitiescanbevery importantin understandinghow
they complementeachother to provide unambiguousworld information,how they transformtheir
inputsinto knowledgeandmeaning,andhow they controlbehaviour.

Theobjectiveof this project is to put forward the modellingof perception(visual and
auditory)asa complex attentionalmechanismthat embodiesa decisiontaking process.
Thetaskof thelatter is to �nd a trade-off betweenthereliability of thesensorialstimuli
andtheplausibilityof prior knowledge.

For example, the systemshouldbe able to localize in space,identify, and track over time an
objectthatcanbeseenandheardsimultaneously, i.e.,crossmodalintegration.Fromthepointof view
of auditoryanalysis,binaural cue detection may be usedfor soundlocalizationand for building
a spatialmapof auditorysources.From the point of view of visual analysis,visual cuessuchas
stereoscopicvision may be usedfor producingan observer-centereddepthmapof the 3-D layout.
However, crossmodalintegrationcannotbeperformedat that level becausethereis no obviousway
to associatedepthandsoundsources.Temporalprocessingof bothsoundandvision enhancethese
spatialdescriptions.Sequentialprocessingof audiodatamaygroup eventsinto streamsandproduce
setsof distinct soundsperceived as arising from a single source. Similarly, optical �o w may be
extractedfrom imagesequencesandthevisualdatacanbesegmentedinto staticanddynamic,into
fastandslow motions,andinto rigid anddeformablemotions. Thereforewe have additionalaudio
and visual descriptors,yet this is not suf�cient to associateaudio and visual events. Crossmodal
integration,followedby decisionandaction,necessitatesa higherlevel associationprocess,beyond
thephysicalandgeometricalformatsthatdescribesoundandlight stimuli. We �rmly believethatthe
perception-actioncycleneedssomeform of cognitivemodelling.

The integrationof visual and auditory cueswith control of behaviour will be oneof our cen-
tral topicsof investigation.In particular, webelieve that the interactionsbetweenthesensorylevel
processes(bottom-up)andthecognitive level processes(top-down)resideat thecore of a cognitive
systemandtheseinteractionsdistinguishthelatter froma classicalcomputersystem.

Theapproachthatwill beadvocatedin this projectandimplementedwithin its associatedwork-
packagesrelieson thefollowing principles:

� Auditory and visual cuesmust be integrated both in spaceand time. We will encapsulate
variousperceptualprocessesfor enablingthe fusion of the processeddata. We will develop
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theoreticalandalgorithmicmodelsbasedon imageandsignalprocessing,ongeometricfusion,
onprobabilisticmodellingof boththeinputandtheprocesseddata,andonstatisticalmodelling.

� Physicalinputs mustbeconfrontedwith prior knowledge. Thisdata-to-meaningassociation
problemwill bethoroughlyaddressedandits computationalcomplexity will bemodelledand
investigated.Probabilisticmodels(BayesiandecisiontheoryandhiddenMarkov models,in
particular)will becombinedwith ef�cient optimizationtechniques.

� Visual sensorsmust actively explore the world. The�eld of view of a visualsensoris inher-
ently limited. Thereforea staticsensorcannotbuild a completeandreliablerepresentationof
theworld. Furthermore,whenthe attentionof an observer mustfocusonto a speci�c region,
thenarrownessof the�eld becomesadesirablefeature.Therefore,activevisionplaysacrucial
roleatall levelsof informationprocessing:thereis astronglink betweenattentionandsensory-
motorcontrol.Wewill thoroughlyinvestigatetheseissuesfrom theview pointof controltheory
andin synergy with neurophysiologyandpsychophysics.

� Computational modelsfor active listening will be thoroughly investigated.Thefreedomto
orientandmovethelocationof theauditorysensorshastremendouspotentialfor improving the
signal-to-noiseratio of theattendedsoundsource.Orientationallows for directionallistening
andblocking of unwantedsourcesby head-shadowing, while movementenablesthe listener
to avoid hardre�ective surfaces,move closerto the target, andget an unobstructedview of
information-bearingfeaturessuchaslip movements.

� Wewill build a proof-of-conceptrobotic platform whichwill includethefollowing elements:
thedesignof anactiveaudiovisualheadmountedontoamobilerobot,algorithmsandsoftware
that implementvisual and audiocue extraction, cross-modalintegration,endsensory-motor
decisionalloops.

� Biological attention mechanismswill bequantitati vely studiedusingthemostmoderneye-
trackingdevicesin conjunctionwith advancedbrain imagingtechniques.In particularwe will
studythe relationbetweencross-modalstimulusintegrationandattentionalselectionat a be-
havioural level. Key areasin thebrainwherecrossmodalintegrationoccursmustbeidenti�ed.
Theseexperimentswill guidetheimplementationof theactiveaudio-visualrobotichead.

� Neurophysiological and psychophysical �ndings will be cast into an abstract computa-
tional model that is implementablewith today'scomputers. Thetaskof modellingthebrain
from a computationalpoint of view is tremendous.It is possibleto modelgroupsof neurons
asa dynamicsystemusingpartial derivative equations.But thesemodelscannotyet be gen-
eralizedto complex brain functionssuchasthoseinvolved in perception.We believe that an
intermediatereachablegoal is to consideranabstractmodelbasedon modernstatistics.This
typeof approachhasbeensuccessfulin many cognitive-systemrelated�elds suchasarti�cial
intelligence,computervision,speechrecognition,etc.

� In the past, computational models for vision and hearing have been studied indepen-
dently by distinct researchcommunitieswith almostno interaction.We will adopt a multi-
disciplinary approachinvolving abroadrangeof methodologiesfrom computationalandbio-
logicalvision,roboticsandcontrol,computationalauditorysceneanalysis,speechrecognition,
psychophysics,andpsychology.
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� The simultaneousstudy of visual and auditory processesand their relationship with at-
tention and motor control is a novel scienti�c endeavour. We feel that the time to combine
researchresultsfrom all thesedisciplineshascome.

� More precisely, we will addressthe dif�cult problemsof integrating spatial and temporal
audio-visual stimuli usinga geometricalandprobabilisticframework andwe will attackthe
problemof associatingsensorial descriptions with representationsof prior knowledge.
Moreover, wewill designan audio-visualactive robotic headandwewill build modelsfor
sensory-motorcontrol.

� The fact that computer scientistsare trying to build an arti�cial systemthat modelsbio-
logical systemsmadeout of neuronsis often ignored, anduntil recentlytherewasnoanswer
to thequestionof biologicalplausibility: how a givenalgorithmmaybe implementedin a bi-
ologicalbrain? Equally importantis the issueof computationalneuroscience:how onecould
implementwith hardwareandsoftwarerecentneuro-physiological�ndings which model the
wayourbrainfunctions?

� Nevertheless,the structure of today's computers and their common programming lan-
guagesis very far removed fr om the brain' s architecture. Moreover, there is a lack of
formalismandof commontheoreticalandpracticalmethodologiesallowing the above men-
tioneddisciplinesto work togetherandto producecommonresearchresults.This gap(andits
impactontobothcomputationalandbiologicalmodels)maybereducedin thenearfuturebut
it is obviousthatthis cannotbedonewithin asingleresearchproject.

� The contribution of the POPproject will be to addressa speci�c research topic and to set
up a commonsetof formal models(uponwhich bothcommunitiesagree),andto combinea
broadrangeof methodologiesin orderto both(i) implementthesemodelswith computersand
(ii) verify themthroughthemeasuringandinterpretationof human-brain activity.
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3 Participant list

Part. Part. Participantname Part. Ctry Dateenter Dateexit
role no. Sh.name Project Project
CO 1 InstitutNationaldeRecherche INRIA F month1 month36

enInformatiqueetAutomatique
CR 2 Universityof Osnabrück UOFM D month1 month36
CR 3 UniversityHospitalHamburg-Eppendorf UKE D month1 month36
CR 4 Fac.deCienciasetTec.Univ. Coimbra- ISR FCTUC P month1 month36
CR 5 TheUniversityof Shef�eld USFD UK month1 month36

Table1: List of participants
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4 State-of-the-artand scienti�c and technologybaseline

Theprimarily objectiveof thePOPprojectis to addressaspeci�c researchissue,namelytheproblem
of modelling, implementing,and testingan arti�cial systemthat gatherssensorialinformation on
purpose– accordingto the taskat hand– andthat controlsits attentionandbehaviour. Therefore
we will addressscienti�c andtechnologicalissuesassociatedwith anarti�cial cognitivesystemthat
interactswith thephysicalworld. In our speci�c casetheseinteractionswill bematerializedthrough
theuseof sensorsandactuators.

Wewill considerbothvisualandauditorysensorsandwewill addresstheproblemsof how these
sensorialmodalitiesintegrateand complementeachother, how they interactwith task-dependent
higher-level knowledge,andhow they arecombinedwith actuatorswithin sensory-motorfeedback
loops.Thedevelopmentof systemsableto transformperceptionof sensorialstimuli into meaningis
at thecoreof futurecognitivesystems.Thein depthunderstandingof theprocessesallowing to map
light andacousticphysical signalsinto symbolic descriptions is thekeystonefor thedevelopment
of intelligentagentsableto communicatewith peopleandto takedecisions.

Neuroscienceresearchershave recognizedfor a long time thatperceptionis a high-level cogni-
tive function. Although we have alreadyaccumulateda greatdealof knowldege aboutthe brain's
anatomy, physiology, andneuralmechanisms,this knowledgeis notnearlyenoughto determineana-
lytic equationsthatdescribelargesystemsof neurons.Evenif preciseknowledgeof neuraldynamics
is available,it would yield only partial understandingof how brain functions. Therefore,directap-
proachesbasedon studyingthebrainmust be augmentedwith informationprocessingapproaches
thatattemptto modelperception(andintelligencein general)at amoreabstractlevel.

The POPprojectwill thereforecontribute to establisha unifying theoryof auditoryandvisual
perceptionthat is quanti�able (i.e., mathematicalformulation, computeralgorithmsand software,
andthoroughexperimentalvalidation).

Whenviewing andanalyzingcomplex naturalscenes,humansdo not processall the sensorial
informationhomogeneouslyandsimultaneously. Attention is rapidly directedto small partsof the
scenethatareprocessedin greaterdetail.Thisattentivebehaviour, however, goeswell beyondsimple
stimulus/actuatorloops.A decisionhasto bemadeconcerningwhichpartof theenvironmentshould
beattendedto, andsubsequently, appropriatemovementsof thesensorshaveto bemade(thesemove-
mentsraisedif�cult inverse-kinematicanddynamicissuesthatareworth to bestudiedin their own
right). Thus,attentioninvolvesa completeperception-decision-actioncycle in closedloop with both
theinternalrepresentationsandtheenvironment.

In contradictionwith thebiologicalprocessjustdescribed,currentcomputerizedvisualandaudi-
tory sceneanalysissystemsoperatein amuchmorestaticway. Snapshotvision hasbeenthe major
paradigm studiedworldwide andresearchersexhaustively investigatedgeometric,photometric,and
statisticalmethodsfor recoveringworld informationfrom a setof �x edcameras.Similarly, compu-
tational hearing hasbeendominated by speechrecognition, which hastypically beenstudiedin
theabsenceof competingsourcesthatcharacterizeeverydaylisteningsituations.

ThePOPprojectwill �ll in an importantgapby attemptingto reducethedistancethatseparates
currentaudio/visualprocessingparadigms,on oneside,from higher-level skills, on the otherside,
suchastheability of anarti�cial systemto takedecisions,to interactwith theworld, andon a longer
term,to communicatewith peopleatanabstractlevel.
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4.1 The stateof the art

In thepast,neurobiologicalstudiesrecognizedthe importanceof multisensory(or cross-modal)in-
tegration and its links to attention. Substantialknowledgeis available, within individual sensory
channels,regardinghow thebrainextractsinformationfrom environmentaleventsandconvertsit to
perceptions,memories,andactions.Eventsandobjectsin thetheoutsideworld areoftenjointly de-
tectedby two or moresensorysystemsandtheperceptualandbehavioural consequencesarenot just
thesumof eithersensorycomponentalone[104].

Two mainviewsexist abouthow multisensoryintegrationmaybeaccomplished:(i) multisensory
interactionscouldreston a convergenceof differentpathwaysin higher-orderassociationareas,pos-
sibly with feedbackconnectionsto earliersensoryareas[43], or (ii) multisensoryintegrationcould
beachievedby dynamicinteractionsbetweensensorymodules.The role of dynamicbindingof by
changesin thecoherenceof neuralactivity within sensoryareashasbeenshown to be importantin
unimodalfeaturebinding[102],[46] andis yet underexploredin thecontext of multisensorypercep-
tion.

While substantialevidenceis availablesupportingthenotionof temporalbindingwithin individ-
ualmodalities,nothingis known aboutthepotentialrelevanceof suchmechanismsfor dynamiccross-
modalintegration.Thepredictionthatcanbederivedfrom thetemporalbindingmodelis thatneural
modulesinvolvedin theprocessingof differentsensoryaspects(e.g.,visualandauditoryfeaturesof
an object)shouldchangetheir dynamicinteractionand,speci�cally, their coherence,dependingon
thecross-modalrelationof objectfeatures.As onepossibleconsequenceof suchanenhancedcoher-
ence,higher-ordermultimodalareasreceiving synchronizedinputsmight thenbecomemorestrongly
activated.Thesehypotheseswill betestedin theprojectsuggestedhere.

While bottom-upfactorscertainlyplay a key role in determiningsuchdynamicinteractions,top-
down factorsalsocanbeexpectedto beof crucialimportance[45]. These�ndings lead,in thecontext
of assemblydynamics,to thehypothesisthatattentionfacilitatesthejoint processingof multi-modal
stimuli by synchronizingresponsesacrossseparateduni-modalbrain areasin a similar way ashas
beenobservedin theunimodal(visual)casefor spatiallyseparateneuronalpopulations[53].

Mechanismsof attentionalgating have so far mostly beeninvestigatedin visual areasand re-
vealedthatthestrengthof neuronalresponsesis increasedwhenthereceptive �eld of thecellsunder
studyareencompassedby the focusof attention[84], [85], [97]. For cross-modalshifts of atten-
tion, no particularmechanismhasbeenidenti�ed, but thegeneralhypothesisthusfar hadbeenthat
enhancedresponseamplitudesexpressedasincreased�ring ratesat the neuronallevel serve to in-
creasethe saliency of certainrepresentationswhich enablesthemto take control over behaviour or
inducememoryformation. Thereis evidencefrom ERPstudies[82] thatacoustically-inducedfeed-
backfrom multimodalsuperiortemporalcortex in�uencesvisualprocessingsome15 to 25 mslater.
Althoughthe latterexampleis reminiscentof re�ex behavior, it representssomekind of expectancy
of thesystemwhichhasin themotor-cortex beenobservedat theneuronallevel [95]. Oneof the�rst
studiesthatclearlywentbeyondtheconceptof responseenhancementasa mechanismfor attention,
describedthatchangingof thetask-relevantsensoryinput from somatosensoryto visual information
reducesspike synchrony in secondarysomatosensorycortex [105]. The conceptof biasedcompe-
tition for explaining the processesunderlyingselective attentionwithin the visual domain[93] has
led to the direct investigationof neuronalsynchronizationasa possiblemechanism[53]. A recent
textbook[98] dedicatedto thecomputationalneuroscienceof vision proposesa mathematicalmodel
for visualattentionbasedon theconceptof biasedcompetition.

Computervision researchershave beendeeplyin�uencedandinspiredby thework of Marr [81]
andtotally ignoredthe role (andhencethe modelling)of attentionalmechanismsin vision [51]. A
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recentEuropeanworkshopdedicatedto visualattentiongatheredan interestingcollectionof papers
that proposeseveral computationalapproachesto visual attention[56], [109], [2], [38], [60], and
others.

In anattemptto modelneurobiological�ndings andpsychophysicalexperimentsrelatedto cross-
modalintegration[26], [108], [18], [101], moreabstractmodelshave beensuggestedthatarebased
on Bayesiandecisiontheory [15], [78], [70], [40], to cite just a few. A recentpaper[79] reviews
variousattemptsfor modellingthecomputationsin theearlyvisualcortex.

It is only veryrecentlythatscientistshavestartedto addresstheproblemsof audio-visualintegra-
tion andperceptualattentionfrom analgorithmicpointof view. Severalauthorsproposedinteresting
solutionsto combinea monocularvisual tracker with speechlocalization[89], [106], [58, 57]. It is
interestingto noticethatthevastmajorityof theseapproachesandmethodsconsidermonocularvisual
cuesonly. Thefactthatgazecontrolmaybecombinedwith stereopsisandthattheactiveexploration
of depthcuesmayin�uence auditoryanalysishasbeencompletelyignored[108].

Thereexistsawell developedaccountof auditoryperceptualorganisation,̀auditorysceneanaly-
sis' (ASA), whichdescribeshow listenersbuild aninternalmodelof theiracousticenvironmentfrom
the raw acousticdataarriving at the earusinga mixture of primitive andschemadriven processes.
TheASA accounthasbeenbuilt using`listeningexperiments'(i.e. with no visual input). As a result
mostcomputationalmodelsof ASA arecurrentlyblind to the fact that hearingis profoundlyin�u-
encedby visual information[16], [83], [42]. Therehave beenrecentattemptsintegratevisual input
with modelsof audiosceneanalysis,[103], but thereis little humanbehavioural dataon which to
basesuchmodels.Althoughmuchattentionhasbeenpaidto thein�uenceof visionontheperception
of speech,theroleof visualinformationhasnotbeensystematicallystudied.

Stateof the art audio-visualspeechrecognitionsystems[92] usethe visual input primarily to
provide supportfor discriminatingbetweenspeechunitswhentheacousticinformationbecomesun-
reliable.They donotusethevisualinformationin the`POP'sense,thatis, they do notusethevisual
informationasacueto aid thesegregationof thecompetingsoundsources,andhenceto improvethe
reliability of theacousticinformation.Existingmodel-basedASA approachesto speechrecognition
[3] canbereadilyextendedto incorporatevisualspeechinformationin a mannerthatwould exploit
bothits valueasanorganisationalcueandits phonetic(visemic)content.

4.2 The stateof the art of the POPteams

Partner1 (INRIA) developedvariousstatisticalmethodsbasedon HMM (HiddenMarkov Models)
andon EM (expectation-maximization).In particular, the problemof imagesegmentationby un-
supervisedlearningwasaddressed.[50], [27], [28], [49]. INRIA researchersdevelopedmethods
for vision-basedrobotcontrolusingcalibratedor uncalibratedcameras[65], [99], [39], [77], [100].
The problemof imagematchingwasaddressedusinggraphs[67] andusingpointsof interest[44].
Bottom-upattentionwasaddressedasa �gure-grounddiscriminationproblem[62], [63], or within
anactivestereosystemableto focuson a singleobject[66]. Othercomputervision issuesaddressed
were3-D reconstruction[29], interpretationof surfacecontours[64], andtop-down recognitionof
objectsusinggraphspectra[68].

Active vision issuessuchassensory-motorcontrol,active stereosensing,andpanoramicvision
wereaddressedin thepastby partner4 (FCTUC)[12], [11], [13], [41], [7], [14], [8], [9], [10], [90],
[6], [91], [5], [30], [4].

Partner5 (USFD) is the POP's expert in computationallyauditory sceneanalysisand speech
recognitionandUSFD researchersdevelopedmethodsable to recognizespeechin the presenceof
othersourcesof soundandwith missingor uncertaindata[3], [33], [34], [32], [31], [35], binaural
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interaction[61], andmethodsfor handlingconvolutionaldistorsion[88].
Neurophysiologicalmodelsweredevelopedby partners2 (UOFM) and3 (UKE). Their join work

on oscillatory neuralsynchronizationis wellknown. This basicmodel lead UOFM and UKE re-
searchersto establishcognitiveandneuronalmodelsfor stimulusattention,selectivevisualattention,
overtattention,top-down processingof information,[59], [47], [86], [54], [96], [20], [21], [71], [72],
[19], [46], [48], [52], [73], [55], [74], [36], [75], [87], [22], [37], [76], [94], [17], [24], [69], [1],
[107], [23], [25], [80].
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5 Potential impact

Fromascienti�c pointof view, themainchallengeof POPis to addressthespeci�c problemof mod-
elling attentionalmechanismsby integrationof threeingredients:interactionsbetweenprior knowl-
edgeandsensorialdata,cross-modalintegrationof visualandauditorystimuli, andthecoordination
betweensensorialinformationprocessingandmotorcontrol.

The POPpartnerswill be committedto build a commontechnologicalplatform. The latter will
basicallyconsistin both hardware and software components.It will gatheran audiovisual active
head– a stereoscopiccamerasystemanda binauralmicrophonesystem– mountedonto a mobile
roboticplatform,aswell assoftwarethatwill implementbothexisting algorithmsandalgorithmsto
bedevelopedby thePOPpartners.Thisplatformwill bedesignedby thePOPpartners.Thesoftware
librariesandpackageswill beopensourcecode. We will exploit bothour hardwaredesignandour
open-sourcesoftwaredevelopments(throughpatentsandsoftwarelicenses)andwe will disseminate
them suchthat they impact onto technologytransfer. Moreover, the raw and processeddatasets
producedby thisplatformwill bedisseminatedaswell in orderto allow otherresearchersto testtheir
own methodsand/orfor bench-markingpurposes.

POP's outcomeswill alsobelikely to have an important impact on a wide spectrum of appli-
cation developmentsandthis impactis detailedbelow.

Thereareincreasingneedsfor human activity recognition basedon video andaudioanalysis.
Theseneedsspanfrom security and safetyapplications (traf�c, airport,andbuilding surveillance)
to medical monitoring of peoplewith specialneeds.In orderto copewith somelegal regulations
andto protecttheprivatelife of peopleundermonitoring,it is crucialnot to communicateimagesbut
higher-level abstractdescriptions.Therefore,acognitiveapproachis crucial.

AnotherchallengingapplicationdomainonwhichPOPwill haveimpactis thedomainof human-
to-human and human-to-machinecommunication. Videoconferencingsystemsareprominentex-
amplesof systemsthatheavily rely on visualandaudioprocessingandinterpretation.Thesesystems
arein their primitive stageof development.Currentprototypesandcommercialproductsuse�x ed
camerasandmicrophones.In thenearfuture we predictthat theaudio-visualcapturingdevice will
(andshould)act like a autonomousand intelligent cameramanrobot that selectsa speaker among
severalpeople,andpurposively movestowardsthis speaker to avoid occlusions,to increasethesig-
nal to noiseratio for reliablespeechrecognition,andto zoomontothespeaker's facefrom theright
viewpoint.

Anotherexamplewhereanaudio-visualcognitivesystemthatselectively processesandinterprets
the sensorialinformationis important,is the exampleof a dri ving assistant. In the long term, all
Europeancar manufacturersforeseethat visual sensorsand their associatedsoftwarewill become
partof standardequipment.Cameras'�elds of view will spanbothoutsideandinsidethecar. The
systemwill beableto detectandrecognizeobstaclesandto verballyalertthedriver. Otheraudioand
visualsensorswill bedispatchedinsidethecarfor therecognitionof thedriver'sstateandbehaviour.

Themethodologicalandalgorithmicdevelopmentsto becarriedoutwithin POP'swork-packages
will allow integrationof vision andhearingin complex situations.It will bepossible,for example,
to observe a scenewith severalpeople(moving aroundandspeaking)andto associatea voicesignal
to eachoneof thepersonsin thescene.This will have a dir ect and practical impact onto the de-
velopmentof hearing aids. State-of-arthearingaidsgivegoodunderstandingof individualspeakers
but fail in clutteredandmulti-sourceenvironments.For this reason,theacceptanceof hearingaidsby
patientsis still poor. Theability to focustheauditoryattentionontoa target that is visually selected
couldsolve this fundamentalproblem.

TheEuropeanimpact of POPwill beeffective throughcollaborationswith otherprojects.
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5.1 Contribution to standards

Not relevantto thisproject

5.2 Contribution to policy developments

Not relevantto thisproject

5.3 Risk assessmentand relatedcommunicationstrategy

Not relevantto thisproject



POPIST 027268 Annex I Final VersionECapproved30September2005 14/63

6 Project managementand exploitation disseminationplan

6.1 Project management

The managementwill be organizedas follows. First of all a Steering Committee will be created
(SC).TheSCwill betheconsortium'smaindecisionmakingandarbitrationbody. TheSCwill have
onerepresentative from eachcontractorandwill bechairedby a representative of thecoordinator–
The project coordinator.

The SteeringCommitteeis the decisionmaking body of the project. All contractualissues,
changesin technicalspeci�cationsof workpackages,IPR issues,risk management,etc. will bedis-
cussedanddecidedby theSteeringCommittee.Thedecisionswill betakenwith amajorityvote,one
voteperpartner.

TheSCwill holdavideo-conferencemeetingeverymonthandaphysicalmeetingevery6 months
in orderto monitortheprogressof theproject,anticipatedif�culties, andtake decisions,throughthe
following tasks:

� Appoint thesite- andworkpackagemanagers. Provisionally, thesite managerswill the fol-
lowing persons:

– INRIA – RaduHoraud.

– UOFM – PeterKönig.

– UKE – AndreasEngel.

– FCTUC– HelderAraujo.

– USFD– Martin Cooke.

� Deciderevisionsandtheiruseof projectresourcesfor work-packages;

� Be in chargeof risk management,monitoringtheprogressof theprojectandensuringthatany
changesarediscussedandimplementedin a timely fashion;

� Takeactionsin caseacontractormakesdefault;

� Anticipateandsuggestsolutionsin caseof acon�ict;

� ElaboratetherulesgoverningtheIntellectualPropertyRights(IPR);

Underthe directionof the SteeringCommittee therewill be the site managersandthe work-
packagemanagers(or work-packageleaders).Sinceeachpartnerwill havetheleadershipof at least
oneworkpackage,thesitemanagerswill bethesamephysicalpersonsasthework-packagemanagers.

TheProject coordinator appointedby thecoordinatingpartnerandby theSCwill beresponsible
for theoverallday-to-dayprojectadministrationand�nancial management.He will:

� Organisethe relation betweenthe Contractorsand the EuropeanCommissionacting as the
contact-pointfor theproject;

� Collect, monitor and integrateall the technical,administrative, and �nancial data from the
partnersandprepareappropriatedocumentsfor theEuropeanCommissionandfor theauditors:
managementreports,progressreports,�nal report,coststatements,�nancial statements,audit
reports,etc.;
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� Organisethetechnicalaudits,and;

� Chairthesitemanagers'andwork-packagemanagers'sessionsandmeetings;

� Play a pivotal role betweenthe Steering Committee on onesideandthe projectresearchers
andengineerson anotherside,bothtop-down andbottom-up.

TheWork-packagemanagerswill beresponsibleof thescienti�c andtechnicaladvancementof
theproject.They will:

� Hold a video-conferencemeetingon a monthlybasisor asoftenasit is requiredfor advancing
thework;

� Hold a technicalmeetingevery6 months;

� Coordinatethework carriedout within the individual work-packagesandtasksandensureits
adherenceto thepre-de�nedwork-planandtimetable;

� Anticipatedeviationsfrom theplannedwork andmonitoractionsto correctthesedeviations;

� Reportto the Project coordinator any foreseenproblemsandsuggestpracticalsolutionsto
overcometheseproblemsin orderto allow smoothexecutionof theplannedtasks;

� Coordinatethe preparationof projectdeliverablesandassistthe Project coordinator for the
preparationof thetechnicaldocumentsto bedeliveredto theEuropeanCommission;

Risk, problem, and con�ict management. Under the leadershipof the project coordinator, the
work-packagemanagersandthesitemanagerswill beresponsiblefor smoothlycarryingout thework
during the durationof the project,at both the work-packagelevel andat the site level. Whenever
neededthey will take the initiative to organizemanagementmeetingsat the work-packageor site
levelsin orderto anticipateany risks,problemsand/orcon�icts:

� Detectscienti�c andtechnicaldif�culties in achieving awork-packageor awork-taskandpro-
videalternativesandsolutionsto theproblemsencountered.

� Anticipateproblemswith theterminationof awork-packageandoffer suitablesolutionsbefore
thesituationresultsin delaysor dead-ends.

� Foresee�uid informationsharingbetweenthe partners(backgroundresearch,outcomesof a
work-task,etc.)andavoid technicalandbureaucraticbarriersto informationaccess.

� Anticipate the end of contractof a researcher, changesin personnel,reallocationin human
resourcesby a partner, leave of absenceof a researcher, temporarilyabsenceof a researcher,
con�icts betweenresearchers,etc.

If asatisfactorysolutioncannotbefoundona rapidandcordialbasis,thework-packagemanager
will referto theprojectcoordinatorandto thesitemanagerswho will asktheSteeringCommitteeto
meetandto takeadecision.
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6.2 Plan for usingand disseminatingknowledge

Themanagerof work-package5 will actastheExploitation-Dissemination Manager andwill co-
ordinateall theexploitation,training,anddisseminationactivitiesof theproject.His speci�c respon-
sibilities include:

� Coordinatethepromotionof theresultsof theprojectthroughthePOPwebsite;

� Promotethepreparationandpresentationof POPpapersat internationaljournals,conferences,
andspecializedworkshops.

� Organizetutorialsandthematicschoolsbothat theprojectlevel andin collaborationwith other
parties(Universitydepartments,Europeannetworks,Marie-Curieactions,etc.);

� Promoteandestablishbi-lateralcontactswith other IST projectsandinstrumentsrelevant to
POP;

� Assistprojectresearchersfor theorganisationof workshopsandtutorialsaimedat promoting
theprojectandat collaboratingwith othersimilar Europeanconsortia;

� Establishandmaintaina list of Europeancompaniesinterestedin theoutcomesof theproject.

� Periodicallyadvertizetheprojectachievements;

ThePOPpartnerswill becommittedto launchanambitiousinterdisciplinarytrainingprogramme.
ThePOPthemesandteamswill beattractive to talenteddoctoralandpostdoctoralresearchers.How-
ever, very few will possessthe requiredinterdisciplinaryskills from the outset. The applicationof
bio-inspiredapproachesto engineeringproblemsrequiresthe integrationof ideasfrom a numberof
disciplines,rangingfrom cognitive scienceandpsychologyto computation,mathematicsandneu-
robiology. Few individualscanclaim expertisein morethanoneof theseareas,andeven within a
singledisciplinesuchasneurobiology, far too little work crossestraditionalboundaries.Auditory
andvisualprocessingaretypically tackledin isolationby differentcommunities,andhardlyany en-
gineeringwork straddlestheboundarybetweenhearingandvision. A solutionto theproblemswhich
will be tackledin POPwill requireintegrationof work in hearing,vision andothermodalitiesat
every level of theproject,from low-level salienceto high-level sceneunderstanding.Consequently,
all project researchers will be given the opportunity for cross-training in disciplines in which
project partners haveexpertise. They will beencouragedto developthetechnicalandcollaborative
skills neededto solve complex problems.Thetraining impactof POPwill beampli�ed throughthe
Europeannetworking thatis planned(seebelow).

The POPprojectwill play an inter-disciplinaryandtraining role. Indeed,noneof somerelated
projects(VISITOR,VISIONTRAIN, andAMI) coversall thescienti�c disciplinesspannedby POP.
For instance,thereis no robotics,computervision, andneuroscienceresearchin AMI andthereis
no robotics,neuroscience,speechandauditoryresearchin VISIONTRAIN. POP will act asa link
betweentheselargeprojectsand will contribute to their training and disseminationactivities.
Moreover, it will addacognitiveandneurosciencedimensionto theseIST projects.

Managementof knowledgeand intellectual property rights. IntellectualPropertyRights(IPR)
will behandledin line with thegeneralpolicy of theEuropeanCommissionregardingownershipand
exploitationof rightsandcon�dentiality. Managementof IPR issueswill have two aspects:manage-
mentof IPRinternalto theConsortiumandmanagementof IPRin relationwith externalactors.While
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theprotectionof IPR againstexternalactorsis in mostof thecasesthecompetenceof theindividual
organisations,theConsortiumwill offer several initiativesin thatrespect.TheSteeringCommittee
will be responsiblefor the designof the overall IPR protectionpolicy of the project. The general
policy will include,amongothers: ruleson security, proceduresfor informationexchange,recom-
mendationsfor safedisseminationof results,advicefor IPR protection,de�nition of usecasesand
procedures,etc. TheSteeringCommittee will adviceindividualpartnerson thebestIPR protection
methodat every stageof the projectdevelopment. The Committeewill also take the responsibil-
ity to leadandcoordinateprotectionof resultsjointly ownedby several of the partnersin the POP
consortium.

In a �rst approach,background information andbackground patents will be madeavailable
to theconsortiummemberson favorableconditions,if they arenecessaryto performtheresearchin
this projectand if no major businessinterestof the owner of the backgroundinformationopposes
the disclosureor grantof licencesfor suchpatentsor information. Foreground information and
foreground patentsareownedby thecontractorgeneratingsuchinformation.Eachcontractorshall
make availableits foregroundinformation,on a royalty-freebasis,to othercontractorsto theextent
that such information is necessaryfor the executionof their own researchwithin the project. If
proprietaryinformationismadeavailable,theinformationshallbedulymarkedascon�dentialandthe
recipientwill preserveits con�dentiality. Non-disclosureagreementswill bepreparedif sorequested.

IPR issueswill bedetailedin theConsortiumAgreement.Particularemphasiswill beput on the
coordination of disseminationand IPR policiesin orderto makecompatibleamplediffusionof the
projectresultswith thenecessaryprotectionof rights.

In theparticularcaseof thePOPproject,theconsortiumis formedof academicpartners.There-
fore, therewill beno IPRrestrictionsconcerningthepublicationsof scienti�c articlesandreports.

6.3 Raisingpublic participation and awarness

ThePOPpartnershavetheirown “scienceandsociety”programmesaimedatdisseminatingacademic
researchresults.Theteamsinvolvedin POPwill contributeto theseprogrammesduringthelifetime
of theproject.
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7 Workplan – for the wholeduration of the project

7.1 Intr oduction – generaldescription and milestones

The work will be carriedout in six work-packages.Therewill be four scienti�c andtechnological
work-packages,onework-packagededicatedto training and to the exploitation anddissemination
of the project's results,andonemanagementwork-package.In orderto maximizeinteractionsbe-
tweendisciplinesandpartners,all work-packagesarea “mixture” of computational/algorithmicand
cognitive/biologicalapproachesandmethods.

WP1 – Cognitive mechanismsof attention,will addressthe problemof attentionof perceptionat
a fundamentallevel, usingthemostmodernneurobiologicalandpsychophysicalinvestigation
techniques,andproposingcomputationalmodels.

WP2 – Integrationof visualandauditorycues,will studyandimplementmethods,algorithmsand
software for cross-modalintegration, as well as the experimentaltestingof neurobiological
hypotheses.

WP3 – Sensory-motorcoordination,will addressthe link betweenperceptionandactionfrom bio-
logical, computational,andalgorithmicpoint of view. TheWP's outputwill bebothmethod-
ologicalandpractical,i.e.,softwarelibraries.

WP4 – Developmentof methodologicalandexperimentalplatforms,will build andintegratesoft-
wareandhardwarecomponentswithin a audiovisualrobotplatformthatwill beusedfor tests,
validations,andapplicationsscenarios.

WP5 – Exploitation, training, anddisseminationof results,will coordinatea numberof activities
aimedat trainingandatpromotingtheresultsof theproject.

WP6 – Management,will coordinatethemanagementactivities to bejointly carriedout by thepart-
ners.
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Milestone Month Description
M1 1 Interdisciplinarytutorial session

Expectedresults: Bring togetherbackgroundknowledge
andestablishbilateralcollaborations

M6 6 Tutorial sessionwill include�rst resultsof WP1.
Workshopon audiovisualattention
Expectedresults: Bring togetherPOPandother
researchersandcommunicatethe�rst results.

M12 12 Neurophysiologicalbasesfor audio-visualmechanismsof attention
Computationalmodelsbasedon neurophysiological/psychophysical
�ndings will beproposedby POPpartners.
Expectedresults: scienti�c reportsonpreliminaryresults:
cognitiveandcomputationalmodelsdescribedin detail.
First prototypeof audio-visualhead(hardware)available.

M18 18 Methodsandalgorithmsfor cross-modalintegration
(audioandvideo)basedonstimulus(soundandlight) processing
First prototypesof algorithmsfor sensory-motorcontrol
Expectedresults: Algorithmsaredemonstratedusing
datagatheredwith theaudiovisualhead.

M24 24 Secondprototypeof audiovisualhead(hardware/software)
Thecouplingbetweenrecordedpsychophysicaldata
andanaudiovisualrobotichead.
Computationalmodelsof attentionfully completed.
Expectedresults: Scienti�c publications,
First versionof demonstratoravailable.
A workshopwill disseminatebothmethodologicaland
experimentalresults.

M30 30 Final resultson neurophysiologicalandcomputationalmodels.
An abstractmodelfor cross-modal
integrationbasedon statisticalmethods
Final resultson sensory-motorcontrol.
Expectedresults: Descriptionof algorithms,
Descriptionof methods.Descriptionof softwarepackages.

M36 36 Final demonstratoravailable:Audiovisualheadselects
a personin a crowdedroombasedonPOP�ndings.
Expectedresults: Descriptionof hardwareandsoftware,
publicationsbasedon interdisciplinaryinvestigations,
a workshopwill disseminatethe�nal results.

Table2: Themilestonesof thePOPproject.
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7.2 Work planning and timetable

Thework planningandthetimetablearedetailedon �gures 1 and2.

7.3 Graphical presentationsof workpackages
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Figure1: Twework-plangantchart.
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Figure2: Thework-planpert chart.
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7.4 Workpackagelist/overview

WPNo. Workpackagetitle Leader Person-months Start End
WP1 Cognitiveattention UKE (3) 112 1 30
WP2 Audio/visualintegration USFD(5) 94 6 30
WP3 Sensory-motorcoord. UOFM (2) 72 6 30
WP4 Platformsandexperiments FCTUC(4) 84 1 36
WP5 Expl., train.,diss. USFD(5) 17 1 36
WP6 Management INRIA (1) 17 1 36

Total 396

Table3: Workpackage list for thefull durationof theproject.
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7.5 Deliverableslist

WP Del. no. Date Name Lead PM Type/Diss.
WP1 D1
T1.1 D1.1 12,24 Bottom-upattention UOFM 24 R/PU
T1.2 D1.2 12,24 Multi-featureinteractions UOFM 12 R/PU
T1.3 D1.3 12,24 Attentionon purpose INRIA 7 R/PU
T1.4 D1.4 12,24 Multimodal interactions UKE 11 R/PU
T1.5 D1.5 12,24 Overtattention UKE 13 R/PU
T1.6 D1.6 12,24 fMRI analysis UKE 10 R/PU
T1.7 D1.6 12,24,30 Computationalmodels USFD 35 R/PU
WP2 D2
T2.1 D2.1.a 12,24 Algorithms/software INRIA 14 P/PU

D2.1.b 24 Extractionof visualcues INRIA 2 R/PU
T2.2 D2.2.a 12,24 Algorithms/software USFD 7 P/PU

D2.2.b 24 Extractionof auditorycues USFD 1 R/PU
T2.3 D2.3.a 24 Algorithms/software USFD 7 P/PU

D2.3.b 24 Spatialfusion USFD 1 R/PU
T2.4 D2.4.a 24 Algorithms/software UKE 6 P/PU

D2.4.b 24 Temporalfusion UKE 6 R/PU
T2.5 D2.5.a 24 Algorithms/software INRIA 18 P/PU

D2.5.b 24 Cross-modalintegration INRIA 14 R/PU
T2.6 D2.6. 30 Biologicalmodels UOFM 18 P/PU
WP3 D3
T3.1 D3.1 12 Algorithms/software FCTUC 6 P/PU
T3.2 D3.2.a 24,30 Algorithms/software UOFM 6 P/PU

D3.2.b 24,30 Oculomotorcontrol UOFM 13 R/PU
T3.3 D3.3.a 24,30 Algorithms/software USFD 20 P/PU

D3.3.b 24,30 Audiomotorcontrol USFD 8 R/PU
T3.4 D3.4.a 24,30 Algorithms/software UOFM 6 P/PU

D3.4.b 24,30 Crossmodalcontrol UOFM 13 R/PU
WP4 D4
T4.1 D4.1.a 24 First Demonstrator INRIA 1 O/PU
T4.2 D4.1.b 36 Final Demonstrator INRIA 2 O/RE

D4.2.b 12 Hardwarecomponents FCTUC 30 P/RE
D4.2.b 24,36 Softwarepackages FCTUC 46 P/RE

T4.3 D4.3 12 Experimentalplatform UOFM 3 P/RE
T4.4 D4.4 6 Annotateddatasets UOFM 2 O/PU
T4.5 D4.5 36 Experimentalplatform UOFM 2 P/PU

Table4: Thelist of projectdeliverables:WP1,WP2,WP3,andWP4.
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WP Del. no. Date Name Lead PM Type/Diss.
WP5 D5
T5.1 D5.1 1–36 Webpages INRIA 2.5 O/PU
T5.3 D5.3 32 Industrialworkshop USFD 0.5 O/PU
T5.6 D5.6a 1,6 Tutorials USFD 6 O/PU

D5.6.b 12,24 Thematicschools USFD 6 O/PU
T5.7 D5.7 6–36 Workshops USFD 2 O/PU
WP6 D6
T6.1 D6.1a 12,24,36 Periodicand�nal reports INRIA 4 R/RE
T6.1 D6.1b 6,18,30 Interimreports INRIA 1 R/RE
T6.2 D6.2 12,36 Audit certi�cates INRIA 1 O/RE

Table5: Thelist of projectdeliverables:WP5andWP6.
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7.6 Workpackagedescriptions

WP1: Cognitivemechanismsof attention

WP1 INRIA UOFM UKE FCTUC USFD Total
Person-months 25 25 30 12 20 112

Start/End 1/30
Leader UKE (partner3)

Description of work. Thegeneralobjective of this workpackageis to studya modelof perceptual
attentionatafundamentallevel (behaviroualandcognitive)usingthemostmoderninvestigationtech-
niquesandto proposea computationalparadigmfor audiovisualattention.More precisely, we will
investigatethecontributionof majorvisualandauditoryfeatures,interactionof features,cross-modal
interactionsand the nitration of bottom-upand top-down signalsin the control of overt attention.
Usingthecombinedexpertisein theconsortiumwe will applypsychophysical,electrophysiological,
andimagingmethodsto thesameparadigmsandusetheoreticalmethodsto arrive at a quantitative
computationalmodelof this centralhumancognitiveability.

Task1.1. Attentionalselectionin thevisualandauditorydomainby singlefeatures.[INRIA 10PM,
UOFM 4PM,USFD10PM]

This taskwill characterizethecontributionof visual(luminance,colour, motion,orientation,spa-
tial frequency and stereoscopicdepth)and auditory featuresin guidanceof overt attention. This
coversall visual featureswherestrongexperimentalevidenceis availablethat they contribute to the
guidanceof attentionin humansperformingpop-outtasks. In most modelsof overt attentionlu-
minancecontrastis a major contribution to saliency. With respectto colourcarefulcalibrationand
relevantnaturalstimuli areanimportantaspect.Althoughtheoutstandingimportanceof motioncues
in capturingattentionit is well recognized,little datais available. Here,we will usenaturalmotion
stimuli andapplythealgorithmsdevelopedin WP2for determinationof motionvectors.Thefeature
of orientationwill be investigatedwith well establishedprocedures.All thesefeatureswill be con-
sideredat differentspatialscalesin a resolutionhierarchy. Binoculardisparity is an importantcue
for depthestimationandparticularlyeffective at closedistances,i.e. in the rangewhereobjectcan
bemanipulated.A comparisonwith theselectionof �xation pointsundernormalconditionsallows
separatingthe contribution of disparity informationandpictorial depthcues. Importantly, absolute
disparity, disparitycontrastanddepthinformationavailablefrom thelaserscandatawill beevaluated
andcompared.Very little behavioural or computationalwork hasinvestigatedthenatureof attention
in audition.We will investigatewhetherattentionalprocessesin thetwo modalitiesbehavesimilarly,
andwhattherelevantauditoryfeaturesareguidingovertattention.

Task 1.2. Multi-featureinteractionsduringattentionaltasks.[INRIA 2PM, UOFM 4PM, FCTUC
6PM]

The interactionof different featuresis investigatedby information theoreticmethods.We will
determinethein�uence of any singlefeatureon therelationof anotherfeatureto gazemovementsin
termsof the conditionalprobabilitiesandmutualinformation. This modelfree approachfacilitates
comparisonto experimentaldata(Tasks1.5and1.6)andtechnicalimplementations(WP4). We will
factorout correlationsof featuresin naturalstimuli by computingthe partial correlations.Finally,
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matchingthepsychophysicaldataagainsttheimagestatisticswill leadto aquantitativedescriptionof
theprobabilityto �xate a regionasa functionof local features.

Task1.3. Attentionon purpose.[UOFM 4PM,INRIA 3PM]

This taskinvestigatesthecontext dependenceof overt attentionandits relationto consciousper-
ception. Firstly we studythemodulationof bottom-upsignalsto theguidanceof overt attentionby
a setof differenttaskinstructions.We have alreadyidenti�ed a numberof differenttasksthatresult
consistentbehaviour acrosssubjects.We will compareglobal statisticsof eye movements,suchas
averagesaccadelatency andlengthandareacovered,andthe relationto local featuresin different
contexts. An emphasiswill be placeon the role of depthcueslike binoculardisparity in the inter-
actionwith taskinstructionsof manipulatingobjectswithin reach.This will elucidatethedegreeof
semanticprocessingbeforevisualinformationfeedsasaliency map.Secondlyweexploit thesetupfor
stereoscopicpresentationto inducebinocularrivalry with simultaneousmeasurementsof eye move-
ments.We will determinethecontributionof thesuppressedimageto theselectionof �xation points
andcomparethis with physicalsuperpositionsof images. In this way we determinethe degreeof
semanticprocessingof visualstimuli whencontributing to thecontrolof overtattention.

Task1.4. Multimodal interactionsin overtattention.[UOFM 3PM,UKE 8PM]

Herewe studythe integrationof simultaneouslypresentedauditoryandvisualcuesfor thecon-
trol of humanovert attention.We will presentmulti-modalstimuli developedin WP4 in congruent,
concongruentandisolatedconditions.Simultaneouslywe recordeye tracesof participantsby a high
precisionoptically basedsystem(EyeLink II). Upon combinedpresentationof auditoryandvisual
cuesthe spatialdistribution of �xation pointsareexpectedto be biasedto the sideof the auditory
cue. However, doesthepatternof �xation pointsadhereto thespatialstructureof thesalientvisual
stimulus?Or colloquially, whenI look to thesideof anauditorystimulus,doI look atvisuallysalient
regionsthere?Wewill compare�ts of thedatatoweightedsumsof patternsof �xation pointsrecorded
with isolatedauditoryandvisual stimuli, andmatchthis to a multiplicative model. The amountof
varianceexplainedleadsto aquantitativemodelof thedominance(purelyauditory, A(x), dominated
distributionof �xation pointsandpurelyvisually, V (x), dominated),or integration(weightedsumof
auditoryandvisualpatterns(a1A(x) + a2V(x))) andmultiplicativemodels(a3A(x) � V(x)). Hence,
theseexperimentsallow comparingandevaluatingdifferenthypothesespertainingto thekind of in-
teractionof multi-modalsignals(additive,multiplicative,maximum).Integratingtheresultswe will
constructthe �rst multimodalmodelof attention. The combinationof auditorycuesto new events
with visual cueswill help to producea morerobust attentionalcomponentwhich is capableof be-
haviourssuchaspreemptive visualorientingbasedon unseenbut heardauditorycuesaswell visual
identi�cation of novel auditorystimuli.

Task1.5. Neuronalinteractionsduringovertattention.[UOFM 3PM,UKE 10PM]

Herewestudytheintegrationof simultaneouslypresentedauditoryandvisualcuesfor thecontrol
of humanovert attention. Attentionaleffectswill be testedusing128-channelEEG recordingsor,
alternatively 275channelMEG which is currentlybeinginstalledby partnerUKE. Dataanalysiswill
put particularemphasison so-calledinducedrhythms,i.e., electricor magneticactivity components
whicharenotphase-lockedto stimulustransients.
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We will comparetwo differenthypothesesof cross-modalinteractionsduringperceptionandat-
tentive stimulusprocessing.First, visual - auditoryinteractioncould occur in a distributedfashion
andbemediatedby synchronizationbetweenmodal-speci�careas.This leadsto thepredictionthat
congruentand incongruentstimulationdo not differ fundamentallyin regional activation, instead
uponcongruentmultimodalstimulationthe coherencebetweenlow-level andmid-level modalspe-
ci�c areasshouldbe increased.The secondhypothesispredictsa localizedintegrationof sensory
informationwith no majoreffect of modalspeci�c preprocessing.This would leadto changesin the
distribution of cortical activity, but not to large scalechangesin interactionbetweenearly andmi-
dlevel sensoryareas.Thesetwo opposingpredictionscanbeevaluatedby theexperimentalapproach
describedbelow.

Auditory andvisualstimuli will beimplementedusingcommerciallyavailablestimulus-presenta-
tion packages.Prior to physiologicalmeasurements,perceptualandattentionaleffectsof thestimuli
will be testedin behavioural measurements.While in part of the experiments,subjectswill view
stimuli with central�xation, in laterseriesof measurementswe will allow freeviewing andperform
asaccade-triggeredanalysisof thedata.This is of particularinterestwhenmoving from moresimple
to complex visualstimuli. Thiswill requiremethodologicalpreparatorysteps,sinceacombinedsetup
allowing EEGrecordingandsimultaneouseye trackingneedsto bedeveloped(WP 4). In detail,the
experimentsplannedarethefollowing: Experiment1: Imagesof naturalobjectsandnaturalsounds,
both without background;successive presentationof visual and auditorystimuli; subjectshave to
decideby button-pressaboutsemanticcongruency or categorizethesecondstimulus.Experiment2:
Naturalobjectsandsoundsappearembeddedin complex backgroundsin differentspatiallocations;
subjectshave to maintain�xation; covert attentionis directedby stimulussaliency (bottom-up)or
by spatialcueing(top-down); subjectshave to decideby button-pressaboutsemanticcongruency or
spatialcongruency. Experiment3: Naturalobjectsandsoundsappearembeddedin complex back-
groundsin differentspatiallocations;subjectsareallowedto make eye movements(overt attention);
otherwiseidentical to exp. 2. Experiment4: Cross-modalmatchingof dynamicmoving stimuli;
subjectshave to attentively evaluatecoherenceof visualandauditorymotion. Dataanalysiswill be
carriedout jointly with partnerUOS andwill involve time-frequency-analysis,coherenceanalysis,
autoregressive modellingandinformationtheoreticanalysis.The physiologicalresultswill be em-
ployed to develop(i) behavioural constraintsfor the robot experiments(task3.4), (ii) heuristicsfor
computationalstrategiesandalgorithmsusedin themodels(tasks1.4,2.3-2.5).

Task 1.6. Identi�cation of brain regionsinvolved in multisensoryattentionalcontrol usingfMRI.
[UOFM 4PM,UKE 6PM]

We will carryout MR measurementsto maplocationanddegreeof activationof low-level uni-
modalcortical areasaswell aspoly-modalassociationareas.In addition,we will testwhich sites
areundergoing attentionalmodulation. This will be achieved by replicatingexperiments1,2 and4
asdescribedin task1.5 usingfMRI measurementsthat areappliedto the samesubjectsthat EEG
or MEG hasbeenrecordedfrom. This approachwill clarify wheresaliency mapsarelocatedin the
brain that subserve attentionalcontrol, andwhethersuchcandidatesitesareinvolved in attentional
control irrespective of sensorymodality. Moreover, theseexperimentswill be usedto guidesource
localizationfor the EEG/MEGdataobtainedin task1.5. The resultswill be employed to develop
guidethedevelopmentof computationalstrategiesandalgorithmsusedin themodels(tasks2.3-2.5).
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Task1.7. Computationalmodelof visualandauditoryattention[INRIA 10PM,UOFM 3PM,UKE
6PM,FCTUC6PM,USFD10PM]

Attentionservestwo rolesin perception.First, it is requiredto directprocessingcapacitytowards
new events.Second,it helpsto trackanongoingacousticor visualsourcesuchastheutterancesof a
speaker in a backgroundof competingsourcesof bothvisualandauditorynature.This taskwill de-
velopacomputationalmodelcapableof bothrespondingto new visual/acousticstimuli andfollowing
existingonesin amixture.Thebottom-upcomponentof themodelwill utilize an"old+new" principle
in determiningwhetherincominginformationshouldbeconsideredaspartof anongoinghypothesis
or asthestartof anew event.For thetop-down component,anexistingprobabilisticdecodercapable
of trackingsinglevisualandaudiosourcesin a mixturewill beextendedto handleattentionalfocus
via thedynamicloadingof detailedprior modelsfor theattendedsourcetogetherwith amoregeneric
modelfor thebackground.

List of milestones.

M12: Neurophysiologicalmodelsfor audio-visualmechanismsof attentionbasedon quantitative
modellingof psychophysicalexperiments.

Associatedcomputationalmodelsbasedon neurophysiologicalmodelsand psychophysical
�ndigs.

M24: Furthervalidationof theneurophysiologicalmodels.

Thecouplingbetweenrecordedpsychophysicaldataandanaudiovisualrobotichead.

Computationalmodelsof attentionfully completed.

M30: Final experimentalvalidationandquantitativemodellingof audiovisualattention:neurophys-
iologicalandcomputationalmodelsareavailable.

List and content of deliverables.

D1.1: [REPORT] Scienti�c reports(interim at m12and�nal at m24)on bottom-upattentionin the
visualandauditorydomainsusingsinglefeatures.

D1.2: [REPORT] Scienti�c reports(interim at m12 and�nal at m24) on the interactionsbetween
severalfeaturesduringattention.

D1.3: [REPORT] Scienti�c reports(interim at m12 and�nal at m24)on top-down attention,or at-
tentionon purpose.

D1.4: [REPORT] Scienti�c reports(interim at m12 and �nal at m24) on the correlationbetween
audio-visualinteractionsandovertattention.

D1.5: [REPORT] Scienti�c reports(interimatm12and�nal atm24)on themeasurementsof neural
interactionsduringovertattentionwith EEC/MEG.

D1.6: [REPORT] Scienti�c reports(interim at m12and�nal at m24)on thebrainrepresentationof
multisensoryattention.

D1.7: [REPORT] Scienti�c andtechnologicalreports(interimatm12andm24,and�nal atm30)on
computationalmodelsof attentionderivedfrom tasks1.1to 1.6.
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WP2: Integration of visual and auditory cues

WP2 INRIA UOFM UKE FCTUC USFD Total
Person-months 30 20 18 6 20 94

Start/End 6/30
Leader USFD(partner5)

Description of work. Extractionandintegrationof visualandauditorycuesarefundamentalbuild-
ing blocksfor understandingperception.Cuesmustbeproperlyextractedfrom theraw dataandtheir
individual merit andreliability mustbecharacterizedandquanti�ed. Eventuallythey mustbecom-
binedtogetherwithin a probabilisticframework basedon their geometricandtemporalproperties.
Wewill concentrateon bothvisualandauditorycuesand,moreover, on theinteractionof spatialand
temporalstimulusfeatures.First, we will studystimuli individually, secondwe will proposetheo-
retical modelsfor spatialfusion and for temporalfusion, third we will devise a statisticalmethod
for sensoryintegration,andfourth we will studythe biological mechanismsof sensoryintegration.
Regardingpossiblebiologicalmechanisms,this WP aimsat testingthehypothesisthatcoherenceof
neuralsignalscanchangeduringtheformationof cross-modalconjunctionsor duringcross-modalin-
terferencein humansubjects.Weassumethatchangesof neuralsynchrony betweenareasprocessing
differentstimulusmodalitieswill occurin instancesof cross-modalfeaturebinding and,moreover,
thattemporalpatterningwill bein�uencedby cross-modalshiftsof attention.

Task2.1. Extractionof visualcues.[INRIA 10PM,FCTUC6PM]

Partner1 andPartner4 will makeavailablealgorithmsandsoftwarefor extractingvisualcues.In
particularPartner1 hasrecentlydevelopeda stereomethodthat computesa densedepth(disparity)
map underthe form of a 3D set of surfacepatches. Partner4 hasrecentlydevelopedan optical
�o w methodthat computesa 2D velocity �eld in real time. Theseapproachesareembeddedinto a
probabilisticframework suchthatareliability measureof thedepthandmotionmapswill beprovided
aswell.

Thecomputingpoweravailabletodayallows,in principle,fastimplementations(at15 framesper
second)of thesealgorithms.Therefore,particularemphasiswill bebut on achieving anddelivering
ef�cient softwarelibraries.

The novel work alsoto be carriedout within this taskwill be to combinea 3D depthmapwith
a 2D velocity �eld in order to hypothesizea 3D velocity �eld. This instantaneousdepth-velocity
temporal/geometricrepresentation,with its associatedmeasureof con�dence,will beusedto build a
primarystimulus-basedvisualsaliency mapwhich in turnwill beusedasinputby tasks2.3and2.4.

Task2.2. Extractionof auditorycues.[USFD8PM]

Startingfrom anexisting modelof peripheralauditoryprocessing,thegoalof this taskis to form
adescriptionof theincomingbinauralsignalsin termsof dominantspectro-temporalelementstagged
with their spatialposition. Interauraltime andlevel differenceswill beusedto localisetheacoustic
energy at a given time and frequency. However, thesecuesare unreliablein natural reverberant
conditions,androbustestimatescanonly beachievedby integratingacrosstimeandfrequency. Cues
suchasonsettime andharmonicitywill beusedto groupenergy into larger time-frequency regions
which canberobustly localized.Prior knowledgeof the locationof sources,gainedby trackingthe
sourcesin the audio-visualdomain,will be fed backinto the primitive processingstagesto reduce
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ambiguityandimprove theclarity of acousticeventdescriptions.Attentionprocessingandsensory-
motorcoordination(describedin WPs1 and3) will ensurethatfor muchof thetimethesoundsource
of interestwill beata known locationwith respectto thehead(typically atanazimuthof 0 degrees).
Active audiovisual strategies to improve the acousticsignal-to-noiseratio for the soundsourceof
interestwill feedinto this task.

Task 2.3. Geometricandprobabilisticfusion of spatialvisual and auditorycues. [INRIA 4PM,
USFD4PM]

The goal of this task will be to representboth visual and auditory cuesin a commonsensor-
centeredreferenceframeandto hypothesizeassociationsbetweenvisual events(suchasa moving
object)andauditoryevents(suchasthepresenceof a soundsource).This will consistin anoptimal
estimation(usingthe maximumlikelihoodestimator)of the geometrictransformationbetweenthe
3D visualspaceandthe3D auditoryspace,giventheinitial estimatesprovidedby Tasks2.1and2.2.
This will allow to associatesoundsourceswith a visual depthmapandto predictspatiallocations
wherebothmotioncuesandauditorycuesarelikely to besimultaneouslypresent.

Task 2.4. Synchronizationandfusionof temporalvisual andauditorycues. [INRIA 4PM, USFD
2PM,UKE 6PM]

This taskwill take input from tasks2.1,2.2,and2.3andwill takefrom grantedthefactthatvisual
andauditoryinformationhasbeenspatiallyintegrated.Thegoalof this taskis to investigatemethods
andalgorithmsallowing to correlatetemporalauditoryeventswith visualmotiondetection.If several
sourcesof soundarepresentin the scene,thenthe taskof groupingauditoryeventsemittedby the
samesourceinto a coherenttemporalauditorysignal (suchasa speechsignal) is a tremendously
dif�cult problem.On oneside,thereis evidencefrom neurobiologicaldataandfrom psychophysical
experimentsthatauditoryattentioncanbepositively biasedby visualmotiondetection.On theother
side,thevisualinformationis evenlyandcontinuouslydistributedin spaceandit is dif�cult to decide
whethera visual object is more relevant thananothervisual object; this is thereforea casewhere
localizationandidenti�cation of auditorysourcesmayhelpvision.

It is thereforecrucial to developa formalismallowing thesynchronizationbetweentime-varying
motioneventsandauditoryevents.Theoutputof this taskwill beanaudiovisual"tracker" – ableto
provide the3D trajectoryof anaudiovisualobject.

Task 2.5. Developmentof statisticalmethodsfor cross-modalintegration. [INRIA 12PM, UKE
6PM,UOFM 8PM,USFD6PM]

An appealingapproachfor cross-modalintegrationcouldbe to rely on statisticalmethodsonly.
Thishasbeenasuccessfulapproachin speechrecognitionwhere1D hiddenMarkov models(HMM)
haveextensively beenusedto associatesoundsignalsto identitiesof phonemes.2D HMMs havealso
beenapplied,with somesuccess,to visualdatain orderto associate"labels"andvisualcues,where
labelsmayreferto objectparts,humangestures,facialexpressions,etc.Researchersin computational
neurosciencebelievethatstatisticsunderliemany mentalprocesses,suchasperception,thinking,and
acting.

In moredetail,cross-modalintegrationcanbeachievedby modellingthecorrelateddynamicsof
theacousticandvisual featuresof an event. An approachbasedon factorialHMMs, developedfor
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modellingacousticmixtures,will be extended.Here,an independentHMM is employed to model
theenergy contributionof eachsoundsource.By employing primitiveprocessesto segmentthetime-
frequency planeinto a small numberof sourcefragments(task2.2), the decodingsearchspacecan
becontrolled.Thesetechniqueshavebeendemonstratedin simultaneous-speakerspeechrecognition
tasksand work well when the speakers are acousticallydistinct. However, performancemay be
greatlyenhancedif the acousticmodelsare supplementedwith featuresfrom the visual modality.
The associationsbetweenmodalitiesthat are learntby training on isolatedspeakersmeanthat the
acousticfragmentsareboundto the sourcewith the matchingvisual model. Although techniques
for thevisualparameterizationof speecharewell developed,it is lessclearhow othersoundscanbe
describedvisually. Oneof thechallengesin this taskis to generalizeto non-speechevents.

Thesedevelopmentsshouldleadto suchparadigmsasseeinga soundwhich form thebasesof the
interactionsthatexist betweenvisualattentionandauditorysceneanalysis.

Task2.6. Biologicalmechanismsfor multi-sensoryintegration.[UOFM 12PM,UKE 6PM]

Objective of this task is to identify biological mechanismsunderlyingmultisensoryintegration
andto deriverelevantalgorithmicprinciplesthanwill beusedin thetechnicalimplementation.Cross-
modalintegrationwill be investigatedat thecellular level usingmulti-electroderecordingsin anes-
thetizedanimals.Ferretswill serveasamodelsystem.Theexperimentswill addressputativesaliency
mapsites,correspondingto thesuperiorcolliculus(SC)andtheanteriorectosylviancortex (AEV), a
multi-modalcorticalarea.Multi-electroderecordingswith visual-auditorystimuli will beperformed
to characterizeneuronalreceptive�elds, responsepropertiesanddynamicneuralinteractionsin these
putative saliency maps.Thestimulationparadigmswill includeuni-modalstimuluspresentationsas
well ascross-modalsettingswherethe spatialand temporalrelationbetweenthe visual andaudi-
tory stimulusarevaried. Propertiesof themulti-modalintegrationprocesswill be investigatedwith
information-theoreticmethods. As a baseline,we will usecorrelationanalysisandautoregressive
modelsthat are linear methods. As a next stepwe usenon-linearmethodsincluding entropy and
mutualinformation. Thesewill beappliedto thephysiologicaldataandthesignalsof bothmodali-
ties. Importantly, we will partition the informationcontentwith respectto rates,signalcorrelations
andnoisecorrelations. Thesemeasuresallow a characterizationof the integrationof information
while keepingthemodalityspeci�c informationaccessible.Theresultswill beemployedto guidethe
developmentof computationalstrategiesandalgorithmsusedin themodels(Tasks2.3–2.5).

List of milestones.

M18: Elaborationof methodsandalgorithmsfor cross-modalintegration(audioandvideo)basedon
stimulus(soundandlight) processing.

M30: Elaborationof anabstractmodelfor cross-modalintegrationbasedonstatisticalmethods.

List and content of deliverables.

D2.1a: [PROTOTYPE] Algortihmsandsoftwarefor extractingvisualcues(interim and�nal proto-
types).

D2.1b: [REPORT] Descriptionof modelsandmethodsusedin D2.1.a

D2.2a: [PROTOTYPE] Algortihmsandsoftwarefor extractingauditorycues(interim and�nal pro-
totypes).
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D2.2b: [REPORT] Descriptionof modelsandmethodsusedin D2.2.a

D2.3a: [PROTOTYPE] Algortihms andsoftwarefor spatialfusion of auditoryandvisual cues(in-
terimand�nal prototypes).

D2.3b: [REPORT] Descriptionof modelsandmethodsusedin D2.3.a

D2.4a: [PROTOTYPE] Algortihms and software for temporalfusion of auditory and visual cues
(interimand�nal prototypes).

D2.4b: [REPORT] Descriptionof modelsandmethodsusedin D2.4.a

D2.5a: [PROTOTYPE] Algortihmsandsoftwarefor cross-modalintegrationusingstatisticalmeth-
ods(interimand�nal prototypes).

D2.5b: [REPORT] Descriptionof modelsandmethodsusedin D2.5.a

D2.6: [REPORT] Biologicalmodelsfor multi-sensoryintegrationandtheircomputationalmodelling.
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WP3: Sensory-motorcoordination

WP3 INRIA UOFM UKE FCTUC USFD Total
Person-months - 25 3 24 20 72

Start/End 6/30
Leader UOFM (partner2)

Description of work. Thegoalof this work-packageis thedesignanddevelopmentof principles,
methodsandalgorithmsto allow the coordinationof the motor activities with the sensormeasure-
ments.Therationaleis to beableto directattentiontowardssceneareaswith activity relevantto the
taskathand.In thisprojectwedealwith two sensormodalities,namelyvisionandhearing.Thecon-
trol of thepositionsandorientations/posesof theroboticdevicewill beperformedusingtheresultsof
work-packages1 and2. Theinformationusedto locatethefocusof attentionwill beextractedfrom
bothsoundsandvideos.Sincethemotionof thecamerasandmicrophonesis known, it will beused
to predictthe positionsandorientationsof the relevantsceneelementsin the images.Suchpredic-
tionsareanessentialelementin processessuchassmoothpursuit.Predictionin this typeof systems
canberegardedasperforminga kind of informationfeed-forward. Active listeningwill beusedto
improve the robustnessof the motor coordination.Gazeandoculomotorcontrol will be performed
usingsaccades,smoothpursuitandvergence.As aresultof thework developedin thiswork-package
theroboticdevicewill beableto respondto boththevisualandtheauditorystimuli. Coordinationis
obtainedby synchronizingtheimageandsoundmeasurementswith themotorcontrol.

Task3.1. Sensor, geometric,anddynamiccalibration.[FCTUC 6PM]

To performthe control of the robotic device the sensorshave to be calibrated.That meansthe
estimationof theintrinsicparametersof thecamerasandtheir relativepositionsandorientations.The
controlof theactive systemrequirestheknowledgeof theinversekinematics.Theestimationof the
inversekinematicsimplies the geometriccalibrationof all the system.The overall systemhasalso
to be dynamicallycalibratedso that the estimatesfor the overall bandwidthcanbe computed.The
outputsof this taskare: –Software/algorithmsfor geometriccalibrationof the cameras(including
intrinsicparametersandrelativepose)and–Theinversekinematicsof theroboticdevice;

Task3.2. Oculomotorcontrol. [UOFM 13PM,FCTUC6PM]

Theoculomotorcontrolwill beperformedusingoutputsof work-package2. Feedbackandpre-
dictive feedforward control will be used. The motionsof the audiovisual headwill be madeup of
threevisualbehaviours: –Saccadicmotions;thesearefastresponsesto thedetectionof aneventand
areperformedin openloop, i.e., visual informationwill not beusedto controlmotion. At low-level
the motor bandwidthswill be usedto de�ne maximumspeedsandaccelerations;–Smoothpursuit;
thesearemotionsthatusevisualmeasurementsto de�ne thepositionsandvelocitieserrorsonafeed-
backloop. On the otherhandto compensatefor the delaysdueto the visual processingpredictive
controlwill beusedto updatethepositionsandvelocitiesof themotors;–Vergence;thegoalof this
behaviour is to have theeventor elementthat is thesourceof attentionlocatedin thecenterof both
imagesin abinocularactivesystem.Position(stereo)andvelocity(motion)disparitieswill beusedto
guaranteevergenceon thesamevisualelement.Thereforecontrol is performedusingbothmeasured
positionsandestimatedvelocities.

Theoutputsof this taskwill betheimplementationsof thevisualbehavioursdescribedabove.
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Task3.3. Audio-motorcontrol. [UKE 2PM,FCTUC6PM,USFD20PM]

Active listeninghasenormouspotentialto improve the robustnessof both auditoryandvisual
sceneanalysis.Within the constraintsimposedby the active audiovisual head,this taskwill inves-
tigate,both behaviourally andcomputationally, a rangeof hypothesizedactive listeningstrategies.
Possiblestrategiesinclude: moving to a locationwhich maximizesthe signal-to-noiseratio (SNR)
(e.g. moving towardsa sourceof interest);orientingthe headto a positionwhich maximizesSNR
(e.g. usingheadshadow to attenuatethestrongestcompetingsource,or moving theheadto facethe
sourcein orderto reduceambiguitiesin cuesto location);moving to getanun-occludedview of the
target source(e.g. for speechreading);andmoving away from walls andhardsurfacesto reduce
the effect of reverberation.Sincerelatively little is known aboutthe strategiesusedby humansto
improve theidenti�ability of a target in noise,thebehaviour of participantsin adverseenvironments
suchascrowdedmeetingswill beobservedandannotatedin anattemptto betterunderstandthetypes
of activestrategiesusedandthesituationsin which they areemployed.Findingsfrom this investiga-
tion will feedinto algorithmdevelopmentfor active listeningwhich in turn will beimplementedand
demonstratedin theactiveaudiovisualhead.

Theoutputsof this taskwill bethedevelopmentandimplementationsof: –active listeningstrate-
gies;–asetof auditorybehavioursfor directingtheheadtowardsthesourceof interest;

Task3.4. Cross-modalmotorcontrol. [UOFM 12PM,UKE 1PM,FCTUC6PM]

In this tasktheresultsof work-packages1 and2 aswell astheresultsof tasks3.1,3.2,and3.3will
beusedto developmethodsfor motorcontrolusinginformationfrom bothvisionandaudition.In this
taskthecontrolalgorithmswill bedesignedtakinginto accountthespeci�c natureof thecross-modal
measurements.Problemsto bedealtwith in this taskare:

� Identi�cation of thebehaviours for actively directingtheattentionof theroboticdevice using
both vision andaudition. Thesebehaviours canbe basedon the visual behaviours adaptively
changedto useaudition.Attentioncanbedirectedto a visually occludedtargetaswell asto a
silent target. Whenmeasurementsfrom bothmodalitiesoccurandareassociatedto theevents
feedbackcontrolwill usethemeasurementsestimatedfrom bothmodalities;

� Developmentof thefeedbackcontrolwhosetaskis to directtheattentiontowardsthepositions
andvelocitiesof selectedworld events.

� Feedforward strategies to accountfor processingdelays. Sincethesedelayswill be highly
variableadaptivepredictive techniqueswill beused;

List of milestones.

M18: Elaborationof methodsandalgorithmsfor occulo-motorcontrolandfor audio-motorcontrol.

M30: Elaborationof methodsfor cross-modalmotorcontrol.

List and content of deliverables.

D3.1: [PROTOTYPE] Softwarefor audiovisualheadcalibration.
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D3.2.a: [PROTOTYPE] Algorithmsandsoftwarefor occulo-motorcontrol (interim and�nal proto-
types).

D3.2.b: [REPORT] Descriptionof modelsandmethodsusedin D3.2.a.

D3.3.a: [PROTOTYPE] Algorithms andsoftwarefor audio-motorcontrol (interim and�nal proto-
types).

D3.3.b: [REPORT] Descriptionof modelsandmethodsusedin D3.3.a.

D3.4.a: [PROTOTYPE] Algorithms andsoftwarefor cross-modalmotor control (interim and�nal
prototypes).

D3.4.a: [REPORT] Descriptionof modelsandmethodsusedin D3.4.a.
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WP4: Developmentof methodologicaland experimentalplatforms

WP4 INRIA UOFM UKE FCTUC USFD Total
Person-months 22 5 3 36 20 86

Start/End 1/36
Leader FCTUC(partner4)

Description of work. Thiswork-packagewill integratethetheoretical�ndings andmethodological
resultsof tasksin work-packages1, 2, and3 andwill build aproof-of-conceptdemonstratorwithin a
well-speci�edapplicationscenario.Therewill beanaudiovisualrobot-headprototypefully designed,
developed,andbuilt by thepartners.This prototypewill integratebothneurophysiological�ndings
(testedon special-purposeplatforms– tasks1.1-1.6,2.6, and3.4) andcomputationaldevelopments
(tasks1.7,2.1-2.5,and3.1-3.3).Wefollow atwofold approachintegratingbothengineering(methods
andalgorithms)andneurophysiologicalandpsychopysicalmodelsandexperiments.Ononehandwe
attemptto quantifyandformalize(from acomputationalpointof view) theexperimentalresults(tasks
1.5,2.6,and3.4),sothatthey aresuitableto beimplementedin anarti�cial system.Next wesubject
theexisting (or theappropriatesuccessorat thattime) controlsystemof thearti�cial sensorysystem
to the sametype of experimentasthe humansubjects,andcompareperformance.We will analyse
to what extent feedforward predictive andfeedbackcontrol contribute to systemperformance.An
importantbreakthroughwill beto demonstrateadynamicsystemratherthanastaticone.A mid-term
(month24)anda �nal demonstrator(month36)will bedeveloped.

Task4.1. Mid-termand�nal demonstrators.[INRIA 1PM,FCTUC1PM,USFD1PM]

Underthistaskwewill specifyin detailtheinterimand�nal projectdemonstratorsbasedonWP1,
WP2,andWP3andwhich will beimplementedontothehardwareandsoftwareplatformsdescribed
below. First we will conducta survey in orderto target thesetof applicationsthatarelikely to take
advantageof thePOP's results.Thecoreof thedemonstratorwill show thebehaviour of theaudio-
visualheadin a situationlike a crowd of peoplewherethePOPsystemshouldbeableto associated
(bottomup) auditoryandvisual cuesandlocateoneor several speakers. Next, the headshouldbe
ableto concentrateits attention(topdown) to onespeakerandfollow hisbodyandheadmotions.An
ambitiousgoalwouldbeto enhanceautomaticspeechrecognitionin thesedif�cult conditions.

Task 4.2. Developmentof an audio-visualrobotplatform. [INRIA 21PM,UOFM 1PM, FCTUC
35PM,USFD19PM]

Theplatformwill becomposedof hardware– anaudio-visual“head”(cameras,microphones,and
actuators)andof software– developedwithin WP2 andWP3 andcombinedwith existing software
librariesandpackagesfrom thePOPpartners.Thehardware(audio-visualhead)will bemadeup of
two pan&tilt units in a stereocon�guration. Eachpan&tilt unit will have two rotationaldegreesof
freedom.In eachunit thedegreesof freedomwill move a cameraanda microphone.Theactuators
of the pan&tilt units areDC motors. Positionandvelocity feedbackwill be obtainedby meansof
encoders.A generalpurposecontrolboardwill beusedon a PCto control themotionof theaudio-
visual head. Low level control softwarewill be developedallowing the control of all the degrees
of freedom. The audiovisual headwill be built by FCTUC (partner4) andthe technicalspeci�ca-
tionswill beprovidedto partner1 suchthat it caneasilyduplicatetheprototype.USFD(partner5)
will specifytheauditoryequipmentandwill provide thesoftwarepackagesnecessaryto operatethis
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equipment.INRIA (partner1) will specifythevisualequipmentandwill provide thecorresponding
softwarepackages.UOFM (partner2) andUKE (partner3) will providespeci�cationsfor thetypeof
datasetsthatsuchaplatformshouldprovide for theirexperiments(seetask4.5below).

The performanceof the platform will be characterizedby meansof a setof demonstrations.In
oneof thecasesa singlesourceof attention(with both visualandauditorycontent)will beusedto
testthe bandwidthof the robot unit by usingthe encodersmeasurements.To testthe responseto a
complex setof stimuli the audio-visualheadwill be testedin a situationwheremutiple peopleare
present,alongscenariosde�ned in Task4.1.

Task4.3. Methodologicalplatformfor investigationof biologicalmechanisms.[UOFM 2PM,UKE
1PM]

In this taskthe techniquesfor simultaneouseye trackingandEEGrecordingaredeveloped.We
will modify themechanicalsetupof thehead-mountedeyetrackingsystemandapplyelectricalshield-
ing to makeit compatiblewith multichannelEEGrecordings.As eyemovementsinducelargesignals
into theEEGrecordings,in asecondequallyimportantsteptechniqueshave to bedevelopedto sepa-
ratethesefrom theEEGsignalsproper. Thesewill bebasedon on-linefeedbackof thetrackedeye-
position to the electrophysiologicalrecordings,independentcomponentanalysisand time-delayed
autoregressivemodels.This taskis aprerequisitefor theexperimentscarriedout in task1.5.

Task 4.4. Developmentof a stimulusdatabasefor multisensorystudiesin electrophysiology, psy-
chophysicsandrobots.[UOFM 1PM,UKE 1PM]

Thestimulusmaterialsusedin WPs1 and2 comprisephotographs,videosandsoundsof isolated
objectsandnaturalisticscenes.Importanttechnicalaspectsarefaithful color calibration,inclusion
of disparity informationby stereoscopicimagesandvalidationby laserrangescans.For the later
experimentsareratingsof theemotionalvalence,associationwith differentpossibleactionsandsub-
jective similarity for eachrecordin the database,andthe option to usecongruentand incongruent
multi-modalstimuli. "Normalized"stimuli arematchedin 2ndorderstatistics,but retaindifferences
in higherorderstructure.Developmentof thestimuli is aprerequisitefor theexperimentscarriedout
in tasks1.1-1.6,2.1-2.2,and3.3-3.4.

Task4.5. Developmentof aplatformfor testingbiologically-basedalgorithms.[UKE 1PM,UOFM
1PM]

The modelsandalgorithmshypothesizedasa resultof the psychophysicsandneurophysiology
will be testedwith theaudiovisualhead(task4.2). For thatpurposetherobotplatformwill beable
to respondto sequencesof imagesandsoundsrecordedthroughpsychophysicalexperiments.These
experimentsusingthe robot platform will be conductedjointly by partners1, 2, 4, and5. This in-
cludes,asdescribedin task3.1,sensorgeometricanddynamiccalibration.Furthermore,therecorded
datawill be input to thesystemandthesystemresponse(themotorencoders)will berecorded.As
a result,theeffectsof thealgorithmsactingvia theroboticplatformcanbeevaluatedandcompared
to the psychophysicaldata. A similar problemarisesin the joint aquisitionof stereoscopicimages
andlaserscanningdata.Herewewill strive for a joint softwareplatformfor interoperabilityof robot
head,stereocamerasandlaserscanner.
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List of milestones.

M12: Firstprototype(hardware)of theaudiovisualhead.

M24: Secondprototype(hardwareandsoftware)of theaudiovisualhead.

FirstPOPdemonstrator.

M36: Finalprototypeof theaudiovisualhead.

FinalPOPdemonstrators.

List and content of deliverables.

D4.1a: [DEMONSTRATOR] The�rst POPdemonstrator.

D4.1b: [DEMONSTRATOR] ThesecondPOPdemonstrator.

D4.2a: [PROTOTYPE] Thehardwarecomponentsof theaudiovisualPOPhead.

D4.2b: [PROTOTYPE] Thesoftwarecomponentsof theaudiovisualPOPhead(�rst and�nal demon-
strators).

D4.3: [PROTOTYPE] Platformfor simultaneouseye-trackingandEEGrecording.

D4.4: [DATABASE] A stimulusdatabasefor studyingcross-modalintegration with humansand
robots.

D4.5: [PROTOTYPE] Experimentalplatformfor testingtherobotheadusingpsychophysicaldata.
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WP5: Exploitation, training, and disseminationof results

WP5 INRIA UOFM UKE FCTUC USFD Total
Person-months 3 3 3 3 5 17

Start/End 1/36
Leader USFD(partner5)

Description of work. This work-packageimplementstheexploitation,training,anddissemination
activities throughthefollowing tasks.

Task5.1. Creationandmaintenanceof awebsite.

Task5.2. Consortiumpublicationactivities.

Theexploitation-disseminationmanagerwill coordinatethepublicationefforts of theconsortium
by making surethat the scienti�c resultsgo out for publicationand that papersare submittedto
appropriatejournalandconferences.Thework-package5 managerwill alsohavetheresponsibilityto
verify thatthematerialto bepublishedis consistentwith theIPRpolicy asagreedby theconsortium.

Task5.3. Industrialliaison.

This taskwill coordinatethetransferof knowledgeandof technologyfrom thepartnerstowards
companiesthat manifesttheir interestin the projects' outcomes.The work-packagemanagerwill
make surethat thesepartner/company relationshipsarein line with the managementof knowledge
andintellectualpropertyrights.

An industrialworkshop(at month32) will be organizedin order to show the demonstratorsto
potentialusers.

Task5.4. Links with otherprojectsandconsortia.

Thedisseminationandtrainingactivities will not becarriedout in isolationbut in collaboration
andcoordinationwith otherECandnationalprojects,suchas:

� Thecoordinator(partner1, INRIA) is currentlyinvolvedin aMarieCurieEarlyStageTraining
action(VISITOR, MEST-CT-2004-008270).VISITOR is a single-partneraction that started
in December2004for 4 yearsandthat is coordinatedby the INRIA Rhone-Alpescomputer
visiongroupinvolvedin POP. Within ESTVISITORtherewill be8 full-time PhDstudentsand
8-10PhDvisiting students(for 3-6 monthperiodsof time). VISITOR's objectivesandtopics
of research(perception,learning,andautonomy)arestronglyrelatedto thePOPproject.

� The ResearchTraining Network action VISIONTRAIN (MRTN-CT-2004-005439),coordi-
natedby INRIA (RaduHoraud)and that involves11 partnersfrom 11 countries,startedin
May 2005for 4 years.RTN VISIONTRAIN'sobjectivesandtopicsof researchareto establish
cognitiveandcomputationalmodelsfor vision systems,andthereforeVISIONTRAIN is fully
relevantto thePOPproject.
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� The University HospitalHamburg-Eppendorf(partner3) is involved in coordinatingthe EU
Network of ExcellenceNeuro-IT (IST-2001-35498),which providesa Europeanplatform for
coordinationanddisseminationof researchin the �eld of neuroengineering,bioroboticsand
computationalneuroscience.AndreasEngelis actingasa steeringcommitteememberin the
boardof Neuro-IT.

� TheUniversityof Shef�eld (partner5) participatesto theAMI integratedproject(Augmented
Multi-Party Interaction)thatstartedin January2004for a durationof 4 years.TheUniversity
of Shef�eld' s speechandhearinggroupis theAMI trainingcoordinator. AMI is composedof
9 academicpartnersand5 industrialpartnersfrom 7 Europeancountries.

� ThePOPpartnerscommitto participateto theactivities likely to beorganizedby theeuCogni-
tion coordinatingaction.

Thework-package5managerwill contacttheseprojectsandconsortiae,will organizemeetingswhen-
ever appropriate,andwill establishbi-lateralandmulti-lateralformal activities suchasworkshops,
tutorials,seminars,andthematicschools.

Task5.5. Exploitation.

The POPresearchersand engineerswill develop software,hardware, an integratedrobot plat-
form, as well as variouslaboratorydevices for carrying out psychophysicalexperiments. Proper
exploitationanddisseminationof theseoutcomesneedsprotectionof intellectualpropertyrights.The
latterswill be effective throughlicensingandpatentingandtheseactivities will be coordinatedby
the exploitation-disseminationmanagerin coordinationwith the steeringcommitteeandwith legal
of�ces of eachoneof thepartners.

Task5.6. Training.

ThePOPdouble-culturaltopicsof researchwill beattractive to talentedpostdoctoralresearchers.
However, veryfew will possesstherequiredinterdisciplinaryskills from theoutset.Consequently, all
projectresearcherswill begiventheopportunityfor cross-trainingin disciplinesin whichprojectpart-
nershaveexpertise.They will beencouragedto developthetechnicalandcollaborativeskills needed
to solvecomplex problems.A trainingprogrammewith thefollowing elementswill beimplemented:

� Postdoctoralresearcherswill beexpectedto spendasigni�cant proportionof the�rst 18months
outsidetheirnominalhomeinstitutionin orderto transfertheirexpertiseandresourcesto other
partners,andto complementandbroadentheirexistingskills set.

� Doctoralstudentswill have theopportunityto spendpartof their time in a partnerinstitution
andto attendthethematicschoolsorganizedby thePOPpartners.

� Seniorscientistsinvolvedin POPwill beencouragedto spendperiodsrangingfrom shortvisits
to longersabbaticalsin otherpartnerinstitutions.

� A seriesof tutorialswill beorganisedanddeliveredattheinternalanddisseminationworkshops
that areplanned. Tutorialswill cover foundationalelementsof the discipline(e.g. auditory
sceneanalysis,visualattention,active stereo)andwill offer trainingin relevanthardware(e.g.
activevisionhead)andsoftware.
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In particulartherewill be2 thematicschools(at months12 and24) thatwill beorganizedby the
POPcoordinatorin conjunctionwith the thematicschoolsplannedwithin theRTN actionVISION-
TRAIN.

Task5.7. Workshops

Thework-package5 managerwill coordinatetheorganizationof a numberof workshops:3 in-
ternalworkshops(at months6, 18, and24) and3 workshopsin collaborationwith otherEuropean
projects(atmonths12,24,and36).
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WP6: Management

WP6 INRIA UOFM UKE FCTUC USFD Total
Person-months 3 3 3 3 3 15

Start/End 1/36
Leader INRIA (partner1)

Task6.1 Communicationwith theEC.

Collect,monitorandintegrateall thetechnical,administrative,and�nacial datafrom thepartners
and prepareappropriatedocumentsfor the EuropeanCommission:managementreports,progress
reports,�nal report,costand�nancial statements,deliverables,etc.

Task6.2. Organisationof EC reviewsandaudits.

The projectcoordinatorwill be responsiblefor organizingthe auditsconcerningall the aspects
of theproject: technicalauditsincluding theannualprojectreviews, �nancial audits,aswell asany
otherauditsthattheEC wishesto organize.

Task6.3. Organisationandpreparationof internalmeetings.

Theprojectcoordinator, in coordinationwith thesitemanagersandwith thework-packageman-
agerswill prepareandorganizetheSteeringCommitteemeetingsandthetechnicalmeetings.

Task6.4. Legal, �nancial, andadministrativemanagement.

The projectcoordinatorwill be responsibleof this task: receive paymentsfrom the EC, trans-
fer payementto the partners,preparethe consortiumagreement,obtain the audit certi�cates when
required,etc.

Task6.5. Technicalmanagement.

Thework-packagemanagers,supervisedby theprojectcoordinatorwill bein chargeof themon-
itoring, the coordinating,andthe controlling of the scienti�c andtechnicalprogressof the project.
They will be responsiblefor preparingthe technicaldeliverablesof theprojectaswell asof thean-
nualtechnicalreportsand�nal reportof theproject.
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8 Project resourcesand budgetoverview

8.1 Efforts for the project

Work-package INRIA (1) UOFM (2) UKE (3) FCTUC(4) USFD(5) Total

Research& innov.
WP1 25 25 30 12 20 112
WP2 30 20 18 6 20 94
WP3 - 25 3 24 20 72
WP4 22 5 3 36 20 86
WP5 3 3 3 3 5 17

Sub-total 1 80 78 57 81 85 381

Management
WP6 3 3 3 3 3 15

Sub-total 2 3 3 3 3 3 15

Total per part. 83 81 60 84 88

Overall total 396

Table6: Thebreak-downof efforts (in personmonths)for each partnerandfor each work-package.

8.2 Overall budget for the project

Forms A3.1 and A3.2 fr om the CPF are included at the endof the document.

8.3 Managementlevel description of resourcesand budget

Thetablebelow indicatestheown resourcesfor theAC contractorsexpressedin person-months.

AC contractors UOFM (2) UKE (3) FCTUC(4) USFD(5) Total
Person-months 12 18 27 18 75

Table7: Ownresourcesfor theAC contractors.

Themajorcostsof theprojectarethefollowings:

� Personnel costswill represent72% of the requestedEC funding. POPwill hire 2 PhD re-
searchersand6 post-docresearchersfor the whole durationof the project. In addition,there
will be17person-monthsdirectly allocatedto theexploitationandtrainingactivities.

� Consumableswill represent6%of therequestedECfunding.Theseresourceswill beusedfor
the developmentof the robotic platform, for interfacingthe audioandvideosensorswith the
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computersandwith theactuators,andfor fMRI sessions(subjectcosts,maintainance,micro-
electrodes).

� Durable equipment will represent11% of the requestedEC funding. Theseresourceswill
be usedfor the developmentof an audio-visualhead,the acquisitionof a mobile robot, the
acquisitionof aneye tracker for usewith anexisting EEGandfor psychophysicsexperiments,
andcomputers.

� Travel will represent5.3%of the requestedbudget. Theseresourceswill be usedfor cross-
visitsbetweenthepartners,projectmeetingsandaudits,participationto thematicschoolsandto
trainingactivitiesorganizedbyotherECprojects,andfor attendingworkshopsandinternational
conferences.
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9 Ethical issues

In-vivo dataonneuronaldynamicswill beusedto developalgorithmsfor interfaceprogrammingand
robotcontrol. Studyingtheinteractionsbetweenneuronsprocessingvisualandauditoryinformation
will provide critical insightsinto mechanismsunderlyingmultisensoryintegration. WP 2 (Integra-
tion of visual andauditorycues)will conductin-vivo experimentswith anesthetizedferrets. These
experimentswill beconductedby partner3 (UKE). All experimentalprocedureswill beconductedin
accordancewith thelatestrevisedversion(12April 2001)of theGermanAnimal ProtectionLaw. Ex-
perimentswill comply fully with EuropeanCommunityguidelines(EUVD 86/609/EEC)regulating
thecareanduseof laboratoryanimals.Everyin-vivo experimentwill besubmittedfor approval to the
local authority(RegierungspräsidiumHamburg) who will assess(i) whethertheanticipatedbene�ts
justify the useof animals;(ii) the numberof animalsusedin eachexperiment;(iii) the procedures
adoptedto ensurethatanimalsuffering is minimised.Mostexperimentswill beperformedusingpro-
ceduresthataresimilar to thosealreadyin useat UniversityHospitalHamburg-Eppendorf,andthat
have alreadybeenapprovedby the local authoritiesin Hamburg. We certify thatwe will inform the
ECof local authorityapproval beforethestartof thein-vivo experiments.

As partof WP1andWP4,measurementsareperformedonhumansubjectsusingEEG,fMRI and
psychophysicalmethods.All techniquesarenon-invasiveanddonot involveany risk for participants.
All participantsarevolunteers.They areinformedaboutthegoalsandproceduresof thestudyand
givetheirwrittenconsent.Participantsalwayshavethepossibilityto terminatetheexperimentwithout
given reasons.All studiesareperformedin accordancewith the ethicalstandardslaid down in the
1964declarationof Helsinki (mostrecentpass:Edinburgh,Scotland,October2000).
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A Consortium description

A.1 Participants and consortium

Partner 1: INRIA

Contribution to the POP project. Therewill betwo researchgroupsinvolvedin thePOPproject
– thecomputervisiongroupandthestatisticsgroup.Thecomputervisiongroupwill provide thesci-
enti�c andtechnologicalexpertiseneededto integratevariousvisionmodulesinto aworkingsystem,
i.e., everythingfrom cameraacquisitionandcameracalibrationsoftware,to methodsfor recovering
depthusingstereo,motionsegmentationmethods,andobjecttrackingmethods.Thestatisticsgroup
will provide theoreticalinsightsfor the developmentof robust statisticalmethods.Thesemethods
will beusedfor the3-D reconstructionandtrackingalgorithmsthatmustoperatein thepresenceof
noisy, bad,or partiallymissingdata.

Theexpertiseonreal-time3-D reconstructionof humansfrom imagecontourswill beusedwithin
thecontext of theactive stereosensorto bedevelopedby thePOPpartners.Theimmenseexpertise
oncameracalibrationusinggenericcameramodelswill beusedfor thecalibrationof theativestereo
head.

Both the statisticsandthe vision groupswill contribute to the developmentof a theoreticaland
methodologicalmodelof perceptualattention,in particularthey will investigatetogetherthe most
robustandef�cient way to modelinteractionsbetweenhigh-level knowledgeandlow-level sensorial
information.Thestatisticsgroupis particularlycompetentin thedomainof Bayesiandecisiontheory
andthereforewill haveamajorcontribution to modeltheintegrationof auditoryandvisualcues.

Ourexperimentalanddevelopmentplatform/laboratorywill bemadeavailabletoPOPresearchers.
Onein-housedevelopmentengineer(HervéMathieu,memberof thevision group)will supervisethe
softwaredevelopmentactivities of POPin orderto integrateandbuild thePOP's experimentalplat-
form.

Personnelinvolved in POP.

FlorenceForbes: 8PM.http://mistis.inrialpes.fr/index.html

Radu Horaud. 7PM.http://perception.inrialpes.fr/

Frédéric Devernay. 8PM.

EmmanuelPrados. 8PM.
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Partner 2: University of Osnabrück

Contribution to the POP project. Thepartnerat theInstituteof CognitiveScienceat theUniver-
sity of Osnabrückwill contributepsychophysicalexperimentsonhumanovertattentionundernatural
conditions;advancedtoolsfor dataanalysis;developmodelsof sensoryprocessingandsensori-motor
couplingin themammalianbrainandinterfacewith thedevelopmentof behaving artefacts. Firstly,
we will studythecontribution of low-level featuresandhigh-level tasksto theguideof humanovert
attentionundernaturalconditions.Controlledmodi�cationsof stimuli allow dissectingpurelycorrel-
ativeeffectsfrom causalin�uencesthatcanbedescribedby quantitativemechanisticmodels.This is
complementedby aninvestigationof effectsof context andtask.

Theinvestigationof theinteractionof suchtop-down effectswith thebottom-upsignalsformsthe
secondcontribution. It will bebasedon advancedmathematicaltoolslikeauto-regressive techniques
andan informationtheoreticanalysis.Theresultswill bematchedto an implementationsuitableto
guideabehaving artefact.

Thirdly, the adaptationof receptive �eld propertiesto the propertiesof naturalstimuli comple-
mentstheformerstudies.Usingtechniquesof unsupervisedlearningover thespaceof naturalvisual
andauditorystimuli westudytheemergenceof cross-modalintegration.

Personnelinvolved in POP.

Peter König. 6PM.http://www.cogsci.uni-osnabrueck.de/NBP/peterhome.html

SelimOnat. 6PM.
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Partner 3: The University Hospital Hamburg-Eppendorf

Contributions to the POPproject. Within POP, theUKE researchteamwill contributein thearea
of neurophysiologyandcarryout experimentalwork on visual-auditoryinteractionandthe relation
of suchinteractionsto attentionandscenesegmentation.Experimentswill becarriedout usingEEG
and fMRI in humans. Complementingthe humanexperiments,microelectroderecordingswill be
performedin animals,using the ferret asa modelsystemto studycellular mechanismsof visual-
auditoryinteractions.In addition,theUKE teamwill contributetheoreticalknowledgefrom the�eld
of neurophysiologyandneurobiologyto themodellingandroboticswork of theotherPOPpartners.

Personnelinvolved in POP.

AndreasK. Engel. 3PM.http://www.40hz.net/index.html

Andrej Kral. 5PM.

StefanDebener. 5PM.

Gerhard Engler. 5PM.
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Partner 4: FCTUC (University of Coimbra)

Contributions to the POP project. FCTUC will contribute to several of the scienti�c topicsof
theprojectand,in particular, to theaspectsrelatedto sensory-motorcoordinationanddesignof the
roboticdevices. The ComputerVision Lab at FCTUC hasdevelopedseveralactive vision systems,
two of whicharecurrentlybeingusedto studyperception-actioncoordinationin Robotics.TheCom-
puterVisionLabhasmadeseveralrelevantcontributionsin activevisionnamelybedevelopingvisual
controlmethodsbasedon optical �o w andby integratingthemwith mobilerobots.Thesystemsthat
will bedevelopedwithin theframework of thisprojectwill beactiveandwill beusedto developand
testmodelsof focusof attention.Thatwill imply thatthemechanicaldeviceswill beorientedtowards
thefeaturesdeemedto besourcesof attention.Thescienti�c problemsto besolvedinvolve theinte-
grationandcoordinationof thevisualandauditorymeasurementsandthecontrolof themechanical
devices.Sincethemechanicaldeviceshavemultipledegreesof freedomthey haveto besynchronized
andcoordinatedsothatthey generatetheexpectedbehaviour. TheFCTUCteamwill contributeto the
designanddevelopmentof theroboticdevicesandalsoto thealgorithmsto coordinatethemotions
andactivitiesof themechanicalsystems.

In additionFCTUCwill contributeto thedesignanddevelopmentof algorithmsfor extractingthe
visual cues,andto their evaluationaswell asto aspectsrelatedto the integrationandfusion of the
visualandauditorycues.Theprocessesandalgorithmsfor visualandauditoryinformationextraction
will betightly coupledto thecontrolalgorithms.

FCTUCwill alsocontribute to thedevelopmentof a platformenablingthe testof thebiological
modelsandalgorithmsontheroboticdevices.Thisplatformwill allow theuse,ontheroboticdevices,
of the imagesandsequencesof imagestestedin the psychophysicalexperiments.The mechanical
responseof themechanismwill berecordedandasa resulttheperformanceof thebiologicalmodels
andalgorithmscanbeevaluated.

Personnelinvolved in POP.

Helder Araújo. 6PM.http://www.usr.uc.pt/helder

JoaoBarreto. 8PM.http://www.usr.uc.pt/jpbar

Paulo Peixoto. 10PM.http://www.usr.uc.pt/peixoto

JorgeBatista. 9PM.http://www.usr.uc.pt/batista
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Partner 5: University of Shef�eld

Contributions to the POPproject. TheUniversityof Shef�eld will contributeexpertisein speech,
hearingand audiovisual speechprocessing,both at the level of computationalmodelling and be-
havioural experiments.Drawing on an existing collectionof softwaretools, audioandaudiovisual
corpora,Shef�eld will leadthedevelopmentof algorithmsfor acousticcueextractionin noiseandro-
bustspeechdecodingin thepresenceof multiple talkers,andmodelsof auditoryattention.Shef�eld
will contribute to work on multimodal integrationof auditoryandvisual processesat all levels of
theproject,includingthedesignof behavioural experiments,developmentof thetheory, algorithmic
implementationandintegrationwith hardwareandsoftwarefor anactiveaudiovisualhead.

Shef�eld will lead a detailedcomparisonof auditory andvisual attentionandproducerecom-
mendationsfor modellingwork on both auditoryattentionandmultimodal attentionalintegration.
Shef�eld will alsoextendexisting algorithmsfor cueextractionandintegratethemwith visualcues
in a principledfashion.A multi-sourcedecoder, which allows bottom-upandtop-down information
to becombinedwithin asingleprobabilisticframework, will beaugmentedto dealwith visualinputs.
Shef�eld will work on active listeningstrategiesfor improving therobustnessof machinecognition,
andcontributeto algorithmswhichcombineauditoryandvisualinformationin asynergisticmanner.

Personnelinvolved in POP.

Martin Cooke. 9PM.http://www.dcs.shef.ac.uk/martin/

Jon Barker. 9PM.http://www.dcs.shef.ac.uk/jon/
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