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1 Projectsummary

The easewith which we make senseof our ervironmentbeliesthe complex processingequiredto
convert sensorysignalsinto meaningfulcognitive descriptions.Computationabpproache$fiave so
far madelittle impacton this fundamentalproblem. Visual and auditory processe$ave typically
beenstudiedindependentlyyet it is clearthat the two sensegprovide complementarynformation
which canhelpa systento respondobustly in challengingconditions.In addition,mostalgorithmic
approacheadopttheperspectie of astaticobsereror listenerignoringall thebene tsof interaction
with the ervironment.This projectproposeshe developmentof a fundamentallynen approachper
ceptionon purposethatputsforwardthe modellingof perceptionvisualandauditory)asa complec
attentionalmechanisnthat embodiesa decisiontaking process.The taskof the latteris to nd a
trade-of betweerthereliability of the sensoriaktimuli (bottom-upattention)andthe plausibility of
prior knowledge(top-davn attention).The scienti c andmethodologicatievelopmentsarebasedn

ve principles. First, visual and auditory information shouldbe integratedin both spaceandtime.
Secondactive explorationof the ernvironmentis requiredto improve the audiovisual signal-to-noise
ratio. Third, theenormougotentialsensoryequirementsf theentireinputarrayshouldberendered
manageabldy multimodal modelsof attentionalprocesses.Fourth, bottom-upperceptionshould
be stabilizedby top-davn cognitive function andleadto purposefulaction. Finally, all partsof the
systemshouldbe underpinnedy rigorousmathematicatheory from physicalmodelsof low-level
binocularand binauralsensoryprocessingo trainableprobabilistic modelsof audiovisual scenes.
Theseideaswill be putinto practicethroughbehaioural and neuroimagingstudiesaswell asin
the constructionof testablecomputationamodels. A demonstratoplatform consistingof a mobile
audiovisual headwill be developedandits behaiour evaluatedin a rangeof applicationscenarios.
Projectparticipantsrepresenexpertisein computationalpehaioural and cognitive neuroscienti ¢
aspectof vision and hearingneededboth to carry out the POPmanifestoandto contritute to the
trainingof anew communityof scientists.
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2 Projectobjectives

2.1 Objectives,approach,and originality

Wheneerresearcherattemptto investigateandbuild anintelligentsystemthey areconfrontedwith
theproblemof modellingtheinteractiondetweerthesystermandits physicalenvironment. Theworld
that surroundsarti cial and/orbiological agentshasthreedimensionsandits geometrical/physical
structurevariesovertime. Thereforeit is not surprisingthatoneof the primarily goalsof perception
is to createan internalspatio-temporatepresentationf the externalernvironment. Onereasorwhy
boththe spatialandtemporaldimensionsof sensoryprocessingre soimportantis becausenternal
representationsf spaceandtime are neededo guide behaiour suchas movementsandtherefore
they allow the systemto interactwith the physicalworld.

In therecentpast,visualandauditoryprocessebave beenstudiedalmostindependentlyCross-
modalintegrationof visualandauditorydataandinteractionbetweerauditoryandvisual processes
are bene cial becauseeachmodality provides partial information aboutdifferentaspectsof world
objectsandevents,andcombinationof thesemodalitiescanbe very importantin understandingpow
they complementachotherto provide unambiguousvorld information, how they transformtheir
inputsinto knowledgeandmeaning andhow they controlbehaiour.

The objectiveof this projectis to put forward the modellingof perception(visual and

auditory) as a comple attentionalmedianismthat embodies decisiontaking process.
Thetaskof thelatter isto nd a trade-of betweerthereliability of the sensorialstimuli

andtheplausibility of prior knowledg.

For example,the systemshouldbe able to localize in space,identify, and track over time an
objectthatcanbe seenandheardsimultaneouslyi.e., crossmodaintegration. Fromthe point of view
of auditory analysis,binaural cue detection may be usedfor soundlocalizationand for building
a spatialmap of auditory sources. From the point of view of visual analysis,visual cuessuchas
stereoscopicvision may be usedfor producingan obsenrer-centereddepthmap of the 3-D layout.
However, crossmodaintegrationcannotbe performedat thatlevel becauseghereis no obvious way
to associatelepthandsoundsources.Temporalprocessingf both soundandvision enhancehese
spatialdescriptionsSequentiaprocessingf audiodatamaygroup eventsinto streamsandproduce
setsof distinct soundsperceved as arising from a single source. Similarly, optical o w may be
extractedfrom imagesequenceandthe visual datacanbe sggmentednto staticanddynamic,into
fastandslow motions,andinto rigid anddeformablemotions. Thereforewe have additionalaudio
and visual descriptorsyet this is not sufcient to associateaudio and visual events. Crossmodal
integration,followed by decisionandaction,necessitatea higherlevel associatiorprocesspeyond
the physicalandgeometricaformatsthatdescribesoundandlight stimuli. We rmly believethatthe
perception-actiorycle needssomeform of cognitive modelling.

The integration of visual and auditory cueswith control of behaiour will be one of our cen-
tral topicsof investigation.In particular, we believe that the interactionsbetweerthe sensorylevel
processegbottom-up)andthe cognitive level processegtop-down)resideat the core of a cognitive
systemandthesenteractionsdistinguishthe latter froma classicalcomputersystem.

Theapproachhatwill beadvocatedn this projectandimplementedwithin its associatedavork-
packageseliesonthefollowing principles:

Auditory and visual cuesmust be integrated both in spaceand time. We will encapsulate
variousperceptualprocesses$or enablingthe fusion of the processedlata. We will develop
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theoreticalindalgorithmicmodelsbasednimageandsignalprocessingpn geometridusion,
on probabilisticmodellingof boththeinputandtheprocessedata,andon statisticaimodelling.

Physicalinputs mustbe confrontedwith prior knowledge Thisdata-to-meaningssociation
problemwill bethoroughlyaddressedndits computationatomplexity will be modelledand
investigated. Probabilisticmodels(Bayesiandecisiontheory and hiddenMarkov models,in

particular)will becombinedwith ef cient optimizationtechniques.

Visual sensorsmust actively explore the world. The eld of view of avisualsensolis inher

ently limited. Thereforea staticsensorcannotbuild a completeandreliablerepresentatioof

theworld. Furthermorewhenthe attentionof an obsener mustfocusonto a speci c region,

thenarravnessof the eld becomes desirabldeature.Thereforeactive vision playsa crucial

roleatall levelsof informationprocessingthereis a stronglink betweerattentionandsensory-
motorcontrol. Wewill thoroughlyinvestigatehesassuedrom theview pointof controltheory
andin synepgy with neurophysiologyandpsychophysics.

Computational modelsfor active listening will be thoroughly investigated.Thefreedomto
orientandmovethelocationof theauditorysensorfiastremendougpotentialfor improving the
signal-to-noiseatio of the attendedsoundsource.Orientationallows for directionallistening
and blocking of unwantedsourcesby head-shadweing, while movementenablegshe listener
to avoid hardre ective surfaces,move closerto the target, and get an unobstructedsziew of
information-bearindeaturessuchaslip movements.

Wewill build a proof-of-conceptrobotic platform whichwill includethefollowing elements:
thedesignof anactive audiovisualheadmountedontoa mobilerobot,algorithmsandsoftware
that implementvisual and audio cue extraction, cross-modaintegration, end sensory-motor
decisionaloops.

Biological attention mechanismswill be quantitati vely studied usingthemostmoderneye-
trackingdevicesin conjunctionwith advancedbrainimagingtechniquesin particularwe will
studythe relation betweencross-modattimulusintegrationand attentionalselectionat a be-
haviourallevel. Key areasn the brainwherecrossmodaintegrationoccursmustbeidenti ed.
Theseexperimentswill guidetheimplementatiorof the active audio-visuakobotichead.

Neurophysiological and psychoplysical ndings will be castinto an abstract computa-
tional modelthat isimplementablewith today's computers Thetaskof modellingthebrain
from a computationapoint of view is tremendouslt is possibleto modelgroupsof neurons
asa dynamicsystemusing partial derivative equations.But thesemodelscannotyet be gen-
eralizedto comple brain functionssuchasthoseinvolvedin perception.We believe thatan
intermediateeachablegoal is to consideran abstractmodelbasedon modernstatistics. This
type of approacthasbeensuccessfuin mary cognitve-systenrelated elds suchasarti cial
intelligence computervision, speechrecognition etc.

In the past, computational models for vision and hearing have been studied indepen-
dently by distinct researcicommunitieswith almostno interaction. We will adopt a multi-
disciplinary approachinvolving a broadrangeof methodologiesrom computationabndbio-
logical vision, roboticsandcontrol,computationabuditorysceneanalysis speecltrecognition,
psychophysicsandpsychology
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The simultaneousstudy of visual and auditory processesnd their relationship with at-
tention and motor control is a novel scienti c ende&our. We feel thatthe time to combine
researchesultsfrom all thesedisciplineshascome.

More precisely we will addresghe dif cult problemsof integrating spatial and temporal
audio-visual stimuli usinga geometricaland probabilisticframenork andwe will attackthe
problemof associatingsensorial descriptions with representationsof prior knowledge
Moreover, we will designan audio-visual active robotic headandwe will build modelsfor
sensory-motorcontrol.

The fact that computer scientistsare trying to build an arti cial systemthat modelsbio-

logical systemsmadeout of neuronsis often ignored, anduntil recentlytherewasno answer
to the questionof biological plausibility: how a givenalgorithmmay be implementedn a bi-

ological brain? Equally importantis the issueof computationaheurosciencehow onecould

implementwith hardware and software recentneuro-physiologicalndings which modelthe
way our brainfunctions?

Neverthelessthe structure of today's computers and their common programming lan-
guagesis very far removed from the brain's architecture. Moreover, thereis a lack of
formalismand of commontheoreticaland practicalmethodologiesallowing the abore men-
tioneddisciplinesto work togetherandto producecommonresearchresults. This gap(andits
impactonto both computationakndbiological models)may be reducedn the nearfuture but
it is obviousthatthis cannotbe donewithin a singleresearcltproject.

The contribution of the POP project will beto addressa speci ¢ reseach topic and to set
up a commonsetof formal models(uponwhich bothcommunitiesagree) andto combinea
broadrange of methodologiesn orderto both (i) implementhesemodelswith computes and
(ii) verify themthroughthe measuringandinterpretationof human-bain activity.
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3 Participant list

Part. | Part. Participantname Part. Ctry | Dateenter| Dateexit
role | no. Sh.name Project Project
CO 1 Institut Nationalde Recherche INRIA F monthl | month36
enInformatiqueet Automatique
CR 2 Universityof Osnabriick UOFM D monthl | month36
CR 3 UniversityHospitalHamhurg-Eppendorf UKE D monthl | month36
CR 4 | Fac.deCienciasetTec.Univ. Coimbra- ISR | FCTUC | P monthl | month36
CR 5 TheUniversityof Shefeld USFD | UK | monthl | month36

Tablel: List of participants
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4 State-of-the-artand scienti ¢ and technologybaseline

Theprimarily objective of the POPprojectis to address speci ¢ researclissue hamelythe problem
of modelling, implementing,and testingan arti cial systemthat gatherssensorialinformationon
purpose— accordingto the taskat hand— andthat controlsits attentionand behaiour. Therefore
we will addressscienti ¢ andtechnologicaissuesassociateavith anarti cial cognitive systenthat
interactswith the physicalworld. In our speci c casetheseinteractionswill be materializedhrough
theuseof sensorandactuators.

We will considembothvisualandauditorysensorandwe will addresshe problemsof how these
sensorialmodalitiesintegrate and complementeachothet how they interactwith task-dependent
higherlevel knowledge,andhow they are combinedwith actuatorswithin sensory-motofeedback
loops. The developmentof systemsableto transformperceptiorof sensoriaktimuli into meanings
atthe coreof future cognitive systemsThein depthunderstandingf the processeallowing to map
light andacousticphysical signalsinto symbolic descriptionsis the keystonefor the development
of intelligentagentsableto communicatevith peopleandto take decisions.

Neuroscienceesearcherbave recognizedor a long time that perceptions a high-level cogni-
tive function. Although we have alreadyaccumulatedh greatdeal of knowldege aboutthe brain's
anatomyphysiology andneuralmechanismshis knowledgeis not nearlyenoughto determineana-
lytic equationghatdescribdarge systemsf neuronsEvenif preciseknowledgeof neuraldynamics
is available,it would yield only partialunderstandingf how brainfunctions. Therefore directap-
proachesasedon studyingthe brain must be augmentedwith informationprocessingapproaches
thatattemptto modelperceptionandintelligencein general)at a moreabstractevel.

The POPprojectwill thereforecontritute to establisha unifying theory of auditory andvisual
perceptionthat is quanti able (i.e., mathematicaformulation, computeralgorithmsand software,
andthoroughexperimentalalidation).

Whenviewing and analyzingcomple< naturalsceneshumansdo not processall the sensorial
informationhomogeneouslyand simultaneously Attention is rapidly directedto small partsof the
scenghatareprocesseth greatedetail. This attentve behaiour, however, goeswell beyondsimple
stimulus/actuatoloops.A decisionhasto be madeconcerningvhich partof the environmentshould
beattendedo, andsubsequentiappropriatanovementf thesensorhiave to be made(thesemove-
mentsraisedif cult inverse-kinemati@anddynamicissueshatareworth to be studiedin their own
right). Thus,attentioninvolvesa completeperception-decision-actiatycle in closedloop with both
theinternalrepresentationandtheervironment.

In contradictionwith the biological procesgust describedgcurrentcomputerizedrisualandaudi-
tory sceneanalysissystemsperatdn amuchmorestaticway. Snapshotvision hasbeenthe major
paradigm studied world wide andresearcherexhaustvely investigatedyeometricphotometricand
statisticalmethoddor recoveringworld informationfrom a setof x edcamerasSimilarly, compu-
tational hearing hasbeendominated by speechrecognition, which hastypically beenstudiedin
theabsencef competingsourceghatcharacterizeverydaylisteningsituations.

The POPprojectwill Il in animportantgapby attemptingto reducethe distancethat separates
currentaudio/visualprocessingparadigmspon oneside, from higherlevel skills, on the otherside,
suchastheability of anarti cial systemto take decisionsto interactwith theworld, andonalonger
term,to communicatevith peopleatanabstractevel.
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4.1 The stateof the art

In the past,neurobiologicaktudiesrecognizedhe importanceof multisensory(or cross-modal)n-
tegration and its links to attention. Substantiaknowledgeis available, within individual sensory
channelsregardinghow the brain extractsinformationfrom ervironmentaleventsandcornvertsit to
perceptionsmnemoriesandactions.Eventsandobjectsin the the outsideworld areoftenjointly de-
tectedby two or moresensorysystemsandthe perceptuabndbehaioural consequencesrenot just
the sumof eithersensorycomponentlone[104].

Two mainviews exist abouthow multisensoryintegrationmaybeaccomplished(i) multisensory
interactionscouldreston a convergenceof differentpathwaysin higherorderassociatiorareaspos-
sibly with feedbackconnectiongo earliersensoryareaq43], or (ii) multisensoryintegrationcould
be achieved by dynamicinteractionsbetweensensorymodules. The role of dynamicbinding of by
changesn the coherencef neuralactiity within sensoryareashasbeenshavn to beimportantin
unimodalfeaturebinding[102],[46] andis yet underaploredin the context of multisensorypercep-
tion.

While substantiakvidenceis availablesupportingthe notionof temporalbinding within individ-
ualmodalities nothingis known aboutthepotentialrelevanceof suchmechanismgor dynamiccross-
modalintegration. The predictionthatcanbe derivedfrom thetemporalbindingmodelis thatneural
modulesinvolvedin the processingf differentsensoryaspectge.g.,visualandauditoryfeaturesof
an object) shouldchangetheir dynamicinteractionand, speci cally, their coherencegependingon
the cross-modatelationof objectfeatures As onepossibleconsequencef suchanenhanceaoher
ence higherordermultimodalareageceving synchronizednputsmightthenbecomemorestrongly
activated.Thesehypothesewvill betestedn the projectsuggestediere.

While bottom-upfactorscertainlyplay akey role in determiningsuchdynamicinteractionstop-
down factorsalsocanbeexpectedo beof crucialimportancgd45]. Thesendings lead,in thecontext
of assemblydynamicso the hypothesighatattentionfacilitatesthe joint processingf multi-modal
stimuli by synchronizingresponsescrossseparatedini-modalbrain areasin a similar way as has
beenobseredin theunimodal(visual) casefor spatiallyseparat@euronabpopulationd53].

Mechanismsof attentionalgating have so far mostly beeninvestigatedn visual areasand re-
vealedthatthe strengthof neuronakesponsess increasedvhenthereceptve eld of thecellsunder
study are encompassety the focus of attention[84], [85], [97]. For cross-modakhifts of atten-
tion, no particularmechanisnhasbeenidenti ed, but the generalhypothesighusfar hadbeenthat
enhancedesponseamplitudesexpressedasincreasedring ratesat the neuronallevel sene to in-
creasehe salieny of certainrepresentations/hich enablegshemto take control over behaiour or
inducememoryformation. Thereis evidencefrom ERP studies[82] thatacoustically-inducefeed-
backfrom multimodalsuperiortemporalcortex in uencesvisual processinggomel5 to 25 mslater.
Althoughthe latter exampleis reminiscenbf re ex behaior, it representsomekind of expectanyg
of the systemwhich hasin the motorcortex beenobseredatthe neuronalevel [95]. Oneof the rst
studiesthatclearlywentbeyondthe conceptof response&nhancemerdsa mechanisnior attention,
describedhatchangingof the task-rel&#antsensoryinput from somatosensorp visualinformation
reducesspike synchrory in secondarysomatosensorgortex [105]. The conceptof biasedcompe-
tition for explaining the processesinderlyingselectve attentionwithin the visual domain[93] has
led to the directinvestigationof neuronalsynchronizatioras a possiblemechanisni{53]. A recent
textbook[98] dedicatedo the computationaheurosciencef vision proposes mathematicamodel
for visualattentionbasedon the conceptof biasedcompetition.

Computervision researcherbBave beendeeplyin uenced andinspiredby the work of Marr [81]
andtotally ignoredthe role (andhencethe modelling) of attentionalmechanismsn vision [51]. A
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recentEuropearworkshopdedicatedo visual attentiongatheredan interestingcollectionof papers
that proposesereral computationalpproacheso visual attention[56], [109], [2], [38], [60], and
others.

In anattemptto modelneurobiologicalndings andpsychophysicaéxperimentgelatedto cross-
modalintegration[26], [108], [18], [101], moreabstracimodelshave beensuggestedhatare based
on Bayesiandecisiontheory[15], [78], [70], [40], to cite just a few. A recentpaper[79] reviews
variousattemptdor modellingthe computationsn the earlyvisual cortex.

It is only very recentlythatscientisthave startedo addresshe problemsof audio-visuaintegra-
tion andperceptuahttentionfrom analgorithmicpoint of view. Severalauthorsproposednteresting
solutionsto combinea monocularvisual tracker with speecHocalization[89], [106], [58, 57]. It is
interestingo noticethatthevastmajority of theseapproacheandmethodsconsideimonoculawvisual
cuesonly. Thefactthatgazecontrolmaybe combinedwith stereopsisndthatthe active exploration
of depthcuesmayin uence auditoryanalysishasbeencompletelyignored[108].

Thereexistsawell developedaccountof auditoryperceptuabrganisation, auditorysceneanaly-
sis' (ASA), whichdescribediow listenersbuild aninternalmodelof their acousticenvironmentfrom
the raw acousticdataarriving at the earusinga mixture of primitive andschemadriven processes.
The ASA accounthasbeenbuilt using listeningexperiments'(i.e. with no visualinput). As aresult
mostcomputationaimodelsof ASA arecurrentlyblind to the factthat hearingis profoundlyin u-
encedby visualinformation[16], [83], [42]. Therehave beenrecentattemptsntegratevisual input
with modelsof audio sceneanalysis,[103], but thereis little humanbehaioural dataon which to
basesuchmodels.Althoughmuchattentionhasbeenpaidto thein uence of vision ontheperception
of speechtherole of visualinformationhasnot beensystematicallystudied.

Stateof the art audio-visualspeechrecognitionsystemg92] usethe visual input primarily to
provide supportfor discriminatingbetweerspeechunitswhenthe acoustianformationbecomesun-
reliable. They do notusethevisualinformationin the 'POP'sensethatis, they do not usethevisual
informationasa cueto aid the segregationof the competingsoundsourcesandhenceto improve the
reliability of the acoustianformation. Existingmodel-based®SA approache$o speechrecognition
[3] canbereadily extendedto incorporatevisual speechnformationin a mannerthatwould exploit
bothits valueasanorganisationatueandits phonetic(visemic)content.

4.2 The stateof the art of the POP teams

Partnerl (INRIA) developedvariousstatisticalmethodsbasedon HMM (HiddenMarkov Models)
andon EM (expectation-maximization).In particular the problemof image segmentationby un-
supervisedearningwas addressed [50], [27], [28], [49]. INRIA researcherslevelopedmethods
for vision-basedobot control usingcalibratedor uncalibrateccamerag65], [99], [39], [77], [100].
The problemof imagematchingwasaddressedisinggraphs[67] andusingpointsof interest[44].
Bottom-upattentionwasaddressedsa gure-grounddiscriminationproblem([62], [63], or within
anactie sterecsystemableto focuson a singleobject[66]. Othercomputervisionissuesaddressed
were 3-D reconstructior29], interpretationof surfacecontours[64], andtop-donvn recognitionof
objectsusinggraphspectrd68].

Active vision issuessuchas sensory-motocontrol, active stereosensingand panoramicvision
wereaddresseth the pastby partner4 (FCTUC)[12], [11], [13], [41], [7], [14], [8], [9], [10], [90],
[6], [91], [3], [30], [4].

Partner5 (USFD) is the POPS expert in computationallyauditory sceneanalysisand speech
recognitionand USFD researchersglevelopedmethodsable to recognizespeechn the presenceof
othersourcesof soundandwith missingor uncertaindata[3], [33], [34], [32], [31], [35], binaural
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interaction[61], andmethoddor handlingconvolutionaldistorsion[88].

Neurophysiologicamodelsweredevelopedby partner2 (UOFM) and3 (UKE). Theirjoin work
on oscillatory neural synchronizationis wellknown. This basicmodellead UOFM and UKE re-
searcherso establisicognitive andneuronaimodelsfor stimulusattention selectve visualattention,
overtattention top-dovn processingf 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 ¢ pointof view, themainchallengeof POPis to addresshespeci ¢ problemof mod-
elling attentionalmechanismdy integrationof threeingredients:interactionsbetweenprior knowl-
edgeandsensoriabdata,cross-modaintegrationof visualandauditorystimuli, andthe coordination
betweersensorialnformationprocessingandmotorcontrol.

The POPpartnerswill be committedto build a commontechnologicaplatform. The latter will
basically consistin both hardware and software components.It will gatheran audiovisual active
head- a stereoscopicamerasystemanda binauralmicrophonesystem— mountedonto a mobile
robotic platform,aswell assoftwarethatwill implementboth existing algorithmsandalgorithmsto
bedevelopedby the POPpartners.This platformwill bedesignedy the POPpartners.Thesoftware
librariesandpackagesvill be opensourcecode. We will exploit both our hardware designandour
open-sourcaoftwaredevelopmentgthroughpatentsandsoftwarelicenseslandwe will disseminate
them suchthat they impactonto technologytransfer Moreover, the raw and processedlatasets
produceddy this platformwill bedisseminatedswell in orderto allow otherresearcherto testtheir
own methodsand/orfor bench-markingurposes.

POPSs outcomeswill alsobelikely to have an important impact on a wide spectrum of appli-
cation developmentsandthisimpactis detailedbelow.

Thereareincreasingneedsfor human activity recognition basedon video andaudioanalysis.
Theseneedsspanfrom security and safety applications (traf ¢, airport,andbuilding surweillance)
to medical monitoring of peoplewith specialneeds.In orderto copewith somelegal regulations
andto protecttheprivatelife of peopleundermonitoring,it is crucialnotto communicatémagesbut
higherlevel abstractdescriptionsTherefore a cognitive approachs crucial.

Anotherchallengingapplicationdomainonwhich POPwill haveimpactis thedomainof human-
to-human and human-to-machinecommunication. Videoconferencingystemsareprominentex-
amplesof systemghatheaily rely onvisualandaudioprocessingndinterpretation Thesesystems
arein their primitive stageof development. Currentprototypesand commercialproductsuse x ed
camerasaandmicrophones.In the nearfuture we predictthat the audio-visualcapturingdevice will
(andshould)actlike a autonomousand intelligent cameamanrobot that selectsa spealker among
several people,andpurposvely movestowardsthis spealer to avoid occlusionsto increasehe sig-
nal to noiseratio for reliablespeeclrecognition,andto zoomontothe spealer's facefrom theright
viewpoint.

Anotherexamplewhereanaudio-visuakognitive systenthatselectvely processeandinterprets
the sensorialinformationis important,is the exampleof a driving assistant In the long term, all
Europeancar manufcturersforeseethat visual sensorsand their associategoftware will become
partof standardequipment.Cameras'elds of view will spanbothoutsideandinsidethe car The
systemwill beableto detectandrecognizeobstaclesandto verballyalertthedriver. Otheraudioand
visualsensorsvill bedispatchednsidethe carfor therecognitionof thedriver's stateandbehaiour.

Themethodologicaandalgorithmicdevelopmentgo be carriedout within POPS work-packages
will allow integrationof vision andhearingin complex situations. It will be possible for example,
to obsenre a scenewith severalpeople(moving aroundandspeaking)andto associata voice signal
to eachoneof the personsn the scene.This will have a direct and practical impact onto the de-
velopmentof hearing aids. State-of-arhearingaidsgive goodunderstandingf individual spealers
but fail in clutteredandmulti-sourceervironments For thisreasontheacceptancef hearingaidsby
patientsis still poor. Theability to focusthe auditoryattentiononto a targetthatis visually selected
couldsolve this fundamentaproblem.

TheEuropeanimpact of POP will be effective throughcollaborationswith otherprojects.
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5.1 Contribution to standards

Not relevantto this project

5.2 Contribution to policy developments

Not relevantto this project

5.3 Risk assessmenand relatedcommunication strategy

Not relevantto this project
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6 Project managementand exploitation disseminationplan

6.1 Project management

The managemenwvill be organizedasfollows. First of all a Steering Committee will be created
(SC).The SCwill betheconsortiums maindecisionmakingandarbitrationbody. The SCwill have
onerepresentatie from eachcontractorandwill be chairedby arepresentatie of the coordinator—
The project coordinator.

The SteeringCommitteeis the decisionmaking body of the project. All contractualissues,
changesn technicalspeci cationsof workpackagesiPR issuesyisk managemengtc. will bedis-
cussedinddecidedby the SteeringCommittee. Thedecisionswill betakenwith amajority vote,one
voteperpartner

TheSCwill holdavideo-conferenceneetingevery monthanda physicalmeetingevery 6 months
in orderto monitorthe progressof the project,anticipatedif culties, andtake decisionsthroughthe
following tasks:

Appoint the site- andworkpackage managers Provisionally, the site managerwill the fol-
lowing persons:

— INRIA — RaduHoraud.

— UOFM — PeterKonig.

— UKE — AndreasEngel.

— FCTUC-HelderAraujo.

— USFD- Martin Cooke.

Deciderevisionsandtheir useof projectresourcesor work-packages;

Be in chage of risk managementnonitoringthe progressof the projectandensuringthatany
changesrediscusse@ndimplementedn atimely fashion;

Take actionsin casea contractormakesdefault;
Anticipateandsuggessolutionsin caseof acon ict;
ElaborateherulesgoverningtheIntellectualPropertyRights(IPR);

Underthe directionof the Steering Committee therewill be the site managersandthe work-
packagemanagers(or work-packagdeaders) Sinceeachpartnemwill have theleadershipf atleast
oneworkpackagethesitemanagersvill bethesamephysicalpersonsasthework-packagenanagers.

TheProject coordinator appointedby thecoordinatingoartnerandby the SCwill beresponsible
for the overall day-to-dayprojectadministratiorand nancial managementie will:

Organisethe relation betweenthe Contractorsand the EuropeanCommissionacting as the
contact-poinfor the project;

Collect, monitor and integrate all the technical,administratve, and nancial datafrom the
partnersandprepareappropriatalocumentgor the EuropearCommissiorandfor theauditors:

managementeports,progresgeports, nal report,coststatementsnancial statementsaudit
reportsetc.;



POPIST 027268  Annex | Final VersionEC approred 30 SeptembeR005 15/63

Organisethetechnicalaudits,and;
Chairthe site managers'andwork-package managers' sessiongndmeetings;

Play a pivotal role betweenthe Steering Committee on one side andthe projectresearchers
andengineer®n anotherside,bothtop-davn andbottom-up.

The Work-package managerswill beresponsiblef thescienti ¢ andtechnicaladvancemenof
the project. They will:

Hold a video-conferenceneetingon a monthly basisor asoftenasit is requiredfor advancing
thework;

Hold atechnicalmeetingevery 6 months;

Coordinatethe work carriedout within the individual work-packagesndtasksandensureits
adherenceo the pre-de nedwork-planandtimetable;

Anticipatedeviationsfrom the plannedwork andmonitoractionsto correctthesedeviations;

Reportto the Project coordinator arny foreseernproblemsand suggestpracticalsolutionsto
overcometheseproblemsn orderto allow smoothexecutionof the plannedasks;

Coordinatethe preparatiorof projectdeliverablesandassistthe Project coordinator for the
preparatiorof thetechnicaldocumentgo be deliveredto the EuropearCommission;

Risk, problem, and con ict management. Underthe leadershipof the project coordinatoy the
work-packagenanagerandthesitemanagersvill beresponsibldéor smoothlycarryingoutthework
during the durationof the project, at both the work-packagdevel and at the site level. Whenerer
neededhey will take the initiative to organizemanagemenieetingsat the work-packageor site
levelsin orderto anticipateary risks, problemsand/orcon icts:

Detectscienti ¢ andtechnicaldif culties in achieving a work-packager awork-taskandpro-
vide alternatvesandsolutionsto the problemsencountered.

Anticipateproblemswith theterminationof awork-packagendoffer suitablesolutionsbefore
thesituationresultsin delaysor dead-ends.

Foreseeuid informationsharingbetweenthe partners(backgroundesearchputcomesof a
work-task,etc.) andavoid technicalandbureaucratidarriersto informationaccess.

Anticipate the end of contractof a researcherchangesn personnelreallocationin human
resourcedy a partney leave of absencef a researchetemporarilyabsencef a researcher
con icts betweerresearcherstc.

If asatishctorysolutioncannotbefoundon arapidandcordialbasis thework-packagenanager
will referto the projectcoordinatorandto the site managersvho will askthe SteeringCommitteeto
meetandto take adecision.
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6.2 Planfor usingand disseminatingknowledge

The manageiwof work-packages will actasthe Exploitation-Dissemination Manager andwill co-
ordinateall the exploitation,training,anddisseminatioractvities of the project. His speci c respon-
sibilitiesinclude:

Coordinatehe promotionof the resultsof the projectthroughthe POP website

Promotethe preparatiorandpresentatioof POPpapersatinternationajournals,conferences,
andspecializedvorkshops.

Organizetutorialsandthematicschoolsbothatthe projectlevel andin collaborationwith other
parties(Universitydepartments-uropeametworks, Marie-Curieactions.etc.);

Promoteand establishbi-lateral contactswith otherIST projectsandinstrumentselevant to
POP;

Assistprojectresearcherfor the organisationof workshopsandtutorialsaimedat promoting
the projectandat collaboratingwith othersimilar Europearconsortia;

Establishandmaintaina list of Europearcompaniesnterestedn the outcomeof the project.
Periodicallyadwertizethe projectachierements;

ThePOPpartnerswill becommittedto launchanambitiousinterdisciplinarytrainingprogramme.
ThePOPthemesandteamswill beattractve to talenteddoctoralandpostdoctoratesearcherd-ow-
ever, very few will possesshe requiredinterdisciplinaryskills from the outset. The applicationof
bio-inspiredapproache$o engineeringoroblemsrequiresthe integrationof ideasfrom a numberof
disciplines,rangingfrom cognitive scienceand psychologyto computationmathematicsand neu-
robiology. Few individualscanclaim expertisein morethanone of theseareas,andevenwithin a
singlediscipline suchas neurobiology far too little work crossedraditionalboundaries.Auditory
andvisual processingretypically tackledin isolationby differentcommunitiesandhardly ary en-
gineeringwork straddleghe boundarybetweerhearingandvision. A solutionto theproblemswhich
will be tackledin POPwill requireintegrationof work in hearing,vision and other modalitiesat
every level of the project,from low-level salienceto high-level sceneunderstandingConsequently
all project reseacherswill be given the opportunity for cross-training in disciplinesin which
project partners have expertise They will beencouragetb developthetechnicalandcollaboratve
skills neededo solve complex problems.The training impactof POPwill be ampli ed throughthe
Europeametworking thatis plannedseebelow).

The POPprojectwill play aninter-disciplinaryandtrainingrole. Indeed,noneof somerelated
projects(VISITOR, VISIONTRAIN, andAMI) coversall the scienti ¢ disciplinesspannedy POP
For instance thereis no robotics,computervision, and neuroscienceesearchin AMI andthereis
no robotics,neurosciencespeechandauditoryresearchn VISIONTRAIN. POP will act asa link
betweentheselarge projects and will contribute to their training and disseminationactivities.
Moreover, it will adda cognitive andneurosciencedimensionto theselST projects.

Managementof knowledgeand intellectual property rights. IntellectualPropertyRights(IPR)
will behandledn line with thegenerabpolicy of the EuropearCommissiorregardingownershipand
exploitationof rightsandcon dentiality. Managemenof IPR issueswill have two aspectsmanage-
mentof IPRinternalto the Consortiumandmanagemerdf IPRin relationwith externalactors.While
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the protectionof IPR againstexternalactorsis in mostof the caseghe competencef the individual
organisationsthe Consortiumwill offer severalinitiativesin thatrespect.The Steering Committee
will be responsibldor the designof the overall IPR protectionpolicy of the project. The general
policy will include,amongothers: ruleson security proceduredor information exchange recom-
mendationdor safedisseminatiorof results,advicefor IPR protection,de nition of usecasesand
proceduresetc. The Steering Committee will adviceindividual partnerson the bestIPR protection
methodat every stageof the projectdevelopment. The Committeewill alsotake the responsibil-
ity to leadand coordinateprotectionof resultsjointly ownedby several of the partnersin the POP
consortium.

In a rst approachpackground information andbackground patentswill be madeavailable
to the consortiummemberson favorableconditions,if they arenecessaryo performthe researchn
this projectandif no major businessanterestof the owner of the backgroundnformationopposes
the disclosureor grantof licencesfor suchpatentsor information. Foreground information and
foreground patentsareownedby the contractorgeneratingsuchinformation. Eachcontractorshall
make availableits foregroundinformation,on a royalty-free basis,to othercontractorgo the extent
that suchinformationis necessaryor the executionof their own researchwithin the project. If
proprietaryinformationis madeavailable theinformationshallbeduly markedascon dentialandthe
recipientwill presereits con dentiality. Non-disclosuregreementwill bepreparedf sorequested.

IPR issueswill bedetailedin the ConsortiumAgreement.Particularemphasiwill be putonthe
coordination of disseminationand IPR policiesin orderto make compatibleamplediffusionof the
projectresultswith the necessarprotectionof rights.

In the particularcaseof the POPproject,the consortiumis formedof academigartners.There-
fore, therewill beno IPR restrictionsconcerninghe publicationsof scienti ¢ articlesandreports.

6.3 Raisingpublic participation and awarness

ThePOPpartnerdavetheirown “scienceandsociety”programmesimedatdisseminatingicademic
researchiesults.Theteamsinvolvedin POPwill contrituteto theseprogrammesluringthelifetime
of theproject.
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7 Workplan —for the whole duration of the project

7.1 Intr oduction —generaldescription and milestones

The work will be carriedout in six work-packages.Therewill be four scienti ¢ andtechnological
work-packagespne work-packagededicatedto training andto the exploitation and dissemination
of the project’s results,and one managemenivork-package.In orderto maximizeinteractionsbe-

tweendisciplinesandpartnersall work-packagearea “mixture” of computational/algorithmiand

cognitive/biologicalapproacheandmethods.

WP1 — Cognitve mechanism®f attention,will addresghe problemof attentionof perceptionat
a fundamentalevel, usingthe mostmodernneurobiologicabind psychophysicainvestigation
techniquesandproposingcomputationamodels.

WP2 — Integrationof visualandauditorycues,will studyandimplementmethodsalgorithmsand
software for cross-modalntegration, as well as the experimentaltestingof neurobiological
hypotheses.

WP3 — Sensory-motocoordinationwill addresghelink betweenperceptionandactionfrom bio-
logical, computationalandalgorithmicpoint of view. The WP's outputwill be both method-
ologicalandpractical,i.e., softwarelibraries.

WP4 — Developmentof methodologicabnd experimentalplatforms,will build andintegratesoft-
wareandhardwarecomponentsvithin a audiovisualrobotplatformthatwill be usedfor tests,
validations,andapplicationsscenarios.

WP5 — Exploitation, training, and disseminatiorof results,will coordinatea numberof actvities
aimedattrainingandat promotingtheresultsof the project.

WP6 —Managementwill coordinatehe managemenrdctuvitiesto bejointly carriedout by the part-
ners.
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Milestone | Month | Description

M1 1 Interdisciplinarytutorial session
Expectedresults: Bring togethebackgroundknowledge
andestablistbilateralcollaborations
M6 6 Tutorial sessiorwill include rst resultsof WP1.
Workshopon audiovisualattention
Expectedresults: Bring togetherPOPandother
researcherandcommunicatehe rst results.
M12 12 Neurophysiologicabasedor audio-visuamechanismsf attention
Computationamodelsbasedon neurophysiological/psychophysic
ndings will be proposedy POPpartners.
Expectedresults: scienti ¢ reportson preliminaryresults:
cognitve andcomputationamodelsdescribedn detalil.
First prototypeof audio-visuahead(hardware)available.
M18 18 Methodsandalgorithmsfor cross-modaintegration
(audioandvideo)basedn stimulus(soundandlight) processing
First prototypesof algorithmsfor sensory-motocontrol
Expectedresults: Algorithmsaredemonstratedsing
datagatheredvith theaudiovisualhead.
M24 24 Secondorototypeof audiovisualhead(hardware/softvare)
The couplingbetweerrecordedpsychophysicatiata
andanaudiovisualrobotichead.
Computationamodelsof attentionfully completed.
Expectedresults: Scienti ¢ publications,
Firstversionof demonstratoavailable.
A workshopwill disseminatédothmethodologicabnd
experimentakesults.
M30 30 Final resultson neurophysiologicahndcomputationamodels.
An abstracmodelfor cross-modal
integrationbasedon statisticalmethods
Final resultson sensory-motocontrol.
Expectedresults: Descriptionof algorithms,
Descriptionof methods Descriptionof softwarepackages.
M36 36 Final demonstratoavailable: Audiovisualheadselects
apersonin acrowdedroombasedn POP ndings.
Expectedresults: Descriptionof hardwareandsoftware,
publicationsbasedn interdisciplinaryinvestigations,
aworkshopwill disseminatéhe nal results.

2

Table2: Themilestone®fthe POP project.
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7.2 Work planning and timetable

Thework planningandthetimetablearedetailedon gures 1 and2.

7.3 Graphical presentationsof workpackages
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7.4 Workpackagelist/overview

| WPNo. | Workpackageitle | Leader | Person-months Start| End |
WP1 Cognitive attention UKE (3) 112 1 30
WP2 Audio/visualintegration | USFD(5) 94 6 30
WP3 Sensory-motocoord. 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: Workpadkage list for the full duration of the project.
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7.5 Deliverableslist

| WP | Del.no.| Date |Name | Lead | PM | Type/Diss.|
WP1 D1
T1.1| D11 12,24 | Bottom-upattention UOFM | 24 R/PU
T1.2| D1.2 12,24 | Multi-featureinteractions | UOFM | 12 R/PU
T1.3| D13 12,24 | Attentionon purpose INRIA | 7 R/PU
T1.4| Dl1l.4 12,24 | Multimodalinteractions UKE 11 R/PU
T15| D15 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| Computationamodels 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
T25 | D2.5.a 24 Algorithms/software INRIA | 18 P/PU
D2.5.b 24 Cross-modaintegration INRIA | 14 R/PU
T2.6 | D2.6. 30 Biological models UOFM | 18 P/PU
WP3 D3
T3.1| D31 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 | Crossmodatontrol UOFM | 13 R/PU
WP4 D4
T4.1 | D4.1.a 24 First Demonstrator INRIA 1 O/PU
T4.2 | D4.1b 36 Final Demonstrator INRIA | 2 O/RE
D4.2.b 12 Hardwarecomponents FCTUC| 30 P/RE
D4.2.b | 24,36 | Softnarepackages FCTUC | 46 P/RE
T4.3 | DA4.3 12 Experimentaplatform UOFM | 3 P/RE
T4.4 | D4.4 6 Annotateddatasets UOFM | 2 O/PU
T45 | D4.5 36 Experimentaplatform UOFM | 2 P/PU

Table4: Thelist of projectdeliverables:WP1,WP2 WP3,and WPA4.
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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: WP5and WPG
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7.6 Workpackagedescriptions

WP1: Cognitive mechanismsof 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. The generalobjectve of this workpackages to studya modelof perceptual
attentionatafundamentalevel (behairoualandcognitive) usingthe mostmoderninvestigatiortech-
niquesandto proposea computationaparadigmfor audiovisual attention. More precisely we will
investigatehe contribution of majorvisualandauditoryfeaturesjnteractionof featurescross-modal
interactionsand the nitration of bottom-upandtop-davn signalsin the control of overt attention.
Usingthe combinedexpertisein the consortiumwe will apply psychophysicalelectrophysiological,
andimagingmethodsto the sameparadigmsand usetheoreticalmethodsto arrive at a quantitatve
computationamodelof this centralhumancognitive ability.

Task1l.1l. Attentionalselectionn thevisualandauditorydomainby singlefeatures[INRIA 10PM,
UOFM 4PM,USFD10PM]

Thistaskwill characterizeéhe contritution of visual (luminance colour, motion, orientation,spa-
tial frequeng and stereoscopiaepth)and auditory featuresin guidanceof overt attention. This
coversall visualfeatureswherestrongexperimentalevidenceis availablethatthey contrituteto the
guidanceof attentionin humansperformingpop-outtasks. In mostmodelsof overt attentionlu-
minancecontrastis a major contrikution to saliengy. With respecto colour carefulcalibrationand
relevantnaturalstimuli areanimportantaspect Althoughthe outstandingmportanceof motioncues
in capturingattentionit is well recognized|ittle datais available. Here,we will usenaturalmotion
stimuli andapplythe algorithmsdevelopedin WP2for determinatiorof motionvectors.Thefeature
of orientationwill beinvestigatedwvith well establishegroceduresAll thesefeatureswill be con-
sideredat differentspatialscalesin a resolutionhierarchy Binoculardisparityis animportantcue
for depthestimationand particularly effective at closedistancesi.e. in the rangewhereobjectcan
be manipulated.A comparisorwith the selectionof xation pointsundernormalconditionsallows
separatinghe contritution of disparityinformationand pictorial depthcues. Importantly absolute
disparity disparitycontrastanddepthinformationavailablefrom thelaserscandatawill be evaluated
andcomparedVery little behaioural or computationavork hasinvestigatedhe natureof attention
in audition.We will investigatewhetherattentionalprocesses thetwo modalitiesbehae similarly,
andwhattherelevantauditoryfeaturesareguiding overtattention.

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

The interactionof differentfeaturesis investigatedoy informationtheoreticmethods. We will
determinethein uence of ary singlefeatureon therelationof anotherfeatureto gazemovementsn
termsof the conditionalprobabilitiesand mutualinformation. This modelfree approachfacilitates
comparisorto experimentaldata(Tasksl.5and1.6) andtechnicalimplementationgWP4). We will
factorout correlationsof featuresin naturalstimuli by computingthe partial correlations. Finally,
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matchingthe psychophysicallataagainstheimagestatisticswill leadto a quantitatve descriptionof
theprobabilityto xate aregionasa functionof local features.

Task1.3. Attentiononpurpose[UOFM 4PM,INRIA 3PM]

This taskinvestigateshe context dependencef overt attentionandits relationto consciousper
ception. Firstly we studythe modulationof bottom-upsignalsto the guidanceof overt attentionby
a setof differenttaskinstructions.We have alreadyidenti ed a numberof differenttasksthatresult
consistenbehaiour acrosssubjects.We will compareglobal statisticsof eye movementssuchas
averagesaccaddateng andlengthandareacovered,andthe relationto local featuresin different
contexts. An emphasiswill be placeon the role of depthcueslike binoculardisparityin the inter-
actionwith taskinstructionsof manipulatingobjectswithin reach. This will elucidatethe degreeof
semantigrocessingpeforevisualinformationfeedsasalieny map.Secondlywe exploit thesetupfor
stereoscopipresentatiorio inducebinocularrivalry with simultaneousneasurementsf eye move-
ments.We will determinethe contribution of the suppressednageto the selectionof xation points
and comparethis with physicalsuperposition®f images. In this way we determinethe degree of
semantigrocessingf visual stimuli whencontrituting to the control of overtattention.

Task1l.4. Multimodalinteractionsn overtattention.JUOFM 3PM, UKE 8PM]

Herewe studythe integrationof simultaneouslyresentecguditoryandvisual cuesfor the con-
trol of humanovert attention.We will presentmulti-modalstimuli developedin WP4in congruent,
concongruenandisolatedconditions.Simultaneouslyve recordeye tracesof participantsy a high
precisionoptically basedsystem(EyeLink Il). Upon combinedpresentatiorof auditoryand visual
cuesthe spatialdistribution of xation pointsare expectedto be biasedto the side of the auditory
cue. However, doesthe patternof xation pointsadhereto the spatialstructureof the salientvisual
stimulus?Or colloquially, whenl look to thesideof anauditorystimulus,do | look atvisually salient
regionsthereWewill comparets of thedatato weightedsumsof patternof xation pointsrecorded
with isolatedauditory andvisual stimuli, and matchthis to a multiplicative model. The amountof
varianceexplainedleadsto a quantitatve modelof the dominancepurelyauditory A(x), dominated
distribution of xation pointsandpurelyvisually, V (x), dominated)pr integration(weightedsumof
auditoryandvisualpatternga; A(x) + a,V (x))) andmultiplicative models(asA(x) V(x)). Hence,
theseexperimentsallow comparingandevaluatingdifferenthypothesegertainingto the kind of in-
teractionof multi-modalsignals(additive, multiplicative, maximum). Integratingthe resultswe will
constructthe rst multimodalmodelof attention. The combinationof auditory cuesto new events
with visual cueswill helpto producea morerobust attentionalcomponentvhich is capableof be-
haviours suchaspreemptve visual orientingbasedon unseerbut heardauditorycuesaswell visual
identi cation of novel auditorystimuli.

Task1.5. Neuronalinteractiongduringovertattention.JUOFM 3PM, UKE 10PM]

Herewe studytheintegrationof simultaneouslypresentecuditoryandvisualcuesfor thecontrol
of humanovert attention. Attentional effectswill be testedusing 128-channeEEG recordingsor,
alternatvely 275channeMEG whichis currentlybeinginstalledby partnetUKE. Dataanalysiswill
put particularemphasisn so-calledinducedrhythms,i.e., electricor magneticactivity components
which arenot phase-lockdto stimulustransients.
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We will comparetwo differenthypothesesf cross-modainteractionsduring perceptiorandat-
tentive stimulusprocessing.First, visual - auditoryinteractioncould occurin a distributedfashion
andbe mediatedby synchronizatiorbetweenmodal-speci careas.This leadsto the predictionthat
congruentand incongruentstimulationdo not differ fundamentallyin regional activation, instead
uponcongruenimultimodal stimulationthe coherencédetweenow-level and mid-level modalspe-
ci ¢ areasshouldbe increased.The secondhypothesispredictsa localizedintegration of sensory
informationwith no major effect of modalspeci ¢ preprocessingThis would leadto changesn the
distribution of cortical actiity, but not to large scalechangesn interactionbetweenearly and mi-
dlevel sensoryareas.Thesetwo opposingpredictionscanbe evaluatedoy the experimentalpproach
describedelow.

Auditory andvisualstimuliwill beimplementedisingcommerciallyavailablestimulus-presenta-
tion packagesPrior to physiologicalmeasurementgerceptuabndattentionaleffectsof the stimuli
will be testedin behaioural measurementsWhile in part of the experiments,subjectswill view
stimuli with central xation, in laterseriesof measurementse will allow freeviewing andperform
asaccade-triggereahalysisof thedata.This s of particularinterestwhenmoving from moresimple
to comple visualstimuli. Thiswill requiremethodologicapreparatonstepssinceacombinedsetup
allowing EEGrecordingandsimultaneougye trackingneedso be developed(WP 4). In detail, the
experimentplannedarethe following: Experimentl: Imagesof naturalobjectsandnaturalsounds,
both without background;successie presentatiorof visual and auditory stimuli; subjectshave to
decideby button-pressaboutsemanticcongrueng or cateyorizethe secondstimulus. Experiment2:
Naturalobjectsandsoundsappearmbeddedn complex backgroundsn differentspatiallocations;
subjectshave to maintain xation; covert attentionis directedby stimulussalieny (bottom-up)or
by spatialcueing(top-dawvn); subjectshave to decideby button-pressaboutsemanticcongruenyg or
spatialcongruenyg. Experiment3: Natural objectsandsoundsappearembeddedn complex back-
groundsin differentspatiallocations;subjectsareallowedto make eye movementgovert attention);
otherwiseidenticalto exp. 2. Experiment4: Cross-modamatchingof dynamicmoving stimuli;
subjectshave to attentvely evaluatecoherencef visualandauditorymotion. Dataanalysiswill be
carriedout jointly with partnerUOS andwill involve time-frequeng-analysis,coherenceanalysis,
autorg@ressve modellingandinformationtheoreticanalysis. The physiologicalresultswill be em-
ployedto develop (i) behaioural constraintdor the robot experimentgtask3.4), (ii) heuristicsfor
computationaktratgyiesandalgorithmsusedin the models(tasksl.4,2.3-2.5).

Task 1.6. Identi cation of brainregionsinvolvedin multisensoryattentionalcontrol usingfMRI.
[UOFM 4PM, UKE 6PM]

We will carryout MR measurement® maplocationanddegreeof activation of low-level uni-
modal cortical areasaswell as poly-modalassociatiorareas. In addition,we will testwhich sites
are undegoing attentionalmodulation. This will be achiered by replicatingexperimentsl,2 and4
asdescribedn task 1.5 usingfMRI measurementthat are appliedto the samesubjectsthat EEG
or MEG hasbeenrecordedrom. This approactwill clarify wheresalieny mapsarelocatedin the
brain that subsere attentionalcontrol, and whethersuchcandidatesitesare involvedin attentional
controlirrespectve of sensorymodality. Moreover, theseexperimentswill be usedto guide source
localizationfor the EEG/MEG dataobtainedin task1.5. The resultswill be employedto develop
guidethe developmentof computationaktratgiesandalgorithmsusedin the models(tasks2.3-2.5).
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Task1l.7. Computationamodelof visualandauditoryattention[INRIA 10PM,UOFM 3PM, UKE
6PM,FCTUC6PM, USFD 10PM]

Attentionsenestwo rolesin perceptionFirst, it is requiredto directprocessingapacitytowards
new events.Secondijt helpsto trackanongoingacoustioor visualsourcesuchasthe utterance®f a
spealer in a backgroundf competingsourcesof bothvisualandauditorynature. This taskwill de-
velopacomputationaimodelcapableof bothrespondingo new visual/acoustistimuli andfollowing
existingonesin amixture. Thebottom-upcomponenbf themodelwill utilize an"old+newn" principle
in determiningwhetherincominginformationshouldbe consideredspartof anongoinghypothesis
or asthe startof a new event. For thetop-dovn componentanexisting probabilisticdecodercapable
of trackingsinglevisualandaudiosourcesn a mixturewill be extendedto handleattentionalfocus
via thedynamicloadingof detailedprior modelsfor the attendedourcetogethemvith amoregeneric
modelfor the background.

List of milestones.

M12: Neurophysiologicamodelsfor audio-visualmechanism®f attentionbasedon quantitatve
modellingof psychophysicagxperiments.

Associatedcomputationalmodelsbasedon neurophysiologicamodelsand psychophysical
ndigs.

M24: Furthervalidationof the neurophysiologicamodels.
Thecouplingbetweerrecordedpsychophysicatlataandanaudiovisualrobotichead.
Computationaiodelsof attentionfully completed.

M30: Final experimentalalidationandquantitatve modellingof audiovisualattention:neurophys-
iologicalandcomputationamodelsareavailable.

List and content of deliverables.

D1.1: [REPOR] Scienti c reports(interimatm12and nal at m24)on bottom-upattentionin the
visualandauditorydomainsusingsinglefeatures.

D1.2: [REPORI] Scienti ¢ reports(interim at m12 and nal at m24) on the interactionsbetween
severalfeaturegduringattention.

D1.3: [REPOR] Scienti c reports(interimatm12and nal at m24)on top-dovn attention,or at-
tentionon purpose.

D1.4: [REPORI] Scienti ¢ reports(interim at m12 and nal at m24) on the correlationbetween
audio-visuainteractionsandovertattention.

D1.5: [REPOR] Scienti ¢ reports(interimatml12and nal atm24)onthe measurementsf neural
interactiongduringovertattentionwith EEC/MEG.

D1.6: [REPORI] Scienti ¢ reports(interimatml2and nal atm24)on the brainrepresentationf
multisensoryattention.

D1.7: [REPOR] Scienti c andtechnologicaleports(interimatml2andm?24,and nal atm30)on
computationamodelsof attentionderivedfrom tasksl.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 (partners)

Description of work.  Extractionandintegrationof visualandauditorycuesarefundamentabuild-
ing blocksfor understandingerception Cuesmustbe properlyextractedfrom theraw dataandtheir
individual merit andreliability mustbe characterizeédindquanti ed. Eventuallythey mustbe com-
binedtogetherwithin a probabilisticframewvork basedon their geometricand temporalproperties.
We will concentrat®n bothvisualandauditorycuesand,morewer, ontheinteractionof spatialand
temporalstimulusfeatures.First, we will study stimuli individually, secondwe will proposetheo-
retical modelsfor spatialfusion and for temporalfusion, third we will devise a statisticalmethod
for sensoryintegration,andfourth we will studythe biological mechanism®f sensoryintegration.
Regardingpossiblebiological mechanismsthis WP aimsat testingthe hypothesighatcoherencef
neuralsignalscanchangeduringtheformationof cross-modatonjunctionsor duringcross-modain-
terferencan humansubjects We assumehatchange®f neuralsynchrory betweerareagrocessing
differentstimulusmodalitieswill occurin instancef cross-modafeaturebinding and, moreover,
thattemporalpatterningwill bein uenced by cross-modashifts of attention.

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

Partnerl andPartner4 will make availablealgorithmsandsoftwarefor extractingvisualcues.In
particularPartnerl hasrecentlydevelopeda stereomethodthat computesa densedepth(disparity)
map underthe form of a 3D set of surface patches. Partner4 hasrecently developedan optical

o w methodthatcomputesa 2D velocity eld in realtime. Theseapproacheareembeddednto a
probabilisticframewvork suchthatareliability measuref thedepthandmotionmapswill beprovided
aswell.

Thecomputingpower availabletodayallows, in principle,fastimplementationgat 15 framesper
second)f thesealgorithms. Therefore particularemphasiswill be but on achiezing anddelivering
ef cient softwarelibraries.

The novel work alsoto be carriedout within this taskwill beto combinea 3D depthmapwith
a 2D velocity eld in orderto hypothesizea 3D velocity eld. This instantaneouslepth-\elocity
temporal/geometricepresentationyith its associateeneasuref con dence,will beusedto build a
primary stimulus-basegisual salieny mapwhichin turnwill beusedasinputby tasks2.3and?2.4.

Task2.2. Extractionof auditorycues.[USFD 8PM]

Startingfrom an existing modelof peripheraluditoryprocessingthe goal of this taskis to form
adescriptionof theincomingbinauralsignalsin termsof dominantspectro-temporalementsagged
with their spatialposition. Interauraltime andlevel differenceswill be usedto localisethe acoustic
enegy at a giventime and frequeng. However, thesecuesare unreliablein naturalreverberant
conditions,androbustestimatesanonly beachiaredby integratingacrosgime andfrequeng. Cues
suchasonsettime andharmonicitywill be usedto groupenenpy into largertime-frequenyg regions
which canbe robustly localized. Prior knowledgeof the locationof sourcesgainedby trackingthe
sourcesn the audio-visualdomain,will be fed backinto the primitive processingstagedo reduce
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ambiguityandimprove the clarity of acousticeventdescriptions Attention processingndsensory-
motorcoordination(describedn WPs1 and3) will ensurehatfor muchof thetime thesoundsource
of interestwill beataknown locationwith respecto the head(typically atanazimuthof O degrees).
Active audiovisual stratgjiesto improve the acousticsignal-to-noiseatio for the soundsourceof
interestwill feedinto thistask.

Task 2.3. Geometricand probabilisticfusion of spatialvisual and auditory cues. [INRIA 4PM,
USFD 4PM]

The goal of this taskwill be to representboth visual and auditory cuesin a commonsensofr
centeredreferenceframe andto hypothesizeassociationdetweernvisual events(suchasa moving
object)andauditoryevents(suchasthe presencef a soundsource).This will consistin anoptimal
estimation(using the maximumlik elihood estimator)of the geometrictransformatiorbetweenthe
3D visualspaceandthe 3D auditoryspacegiventheinitial estimateprovidedby Tasks2.1and2.2.
This will allow to associatesoundsourceswith a visual depthmapandto predictspatiallocations
wherebothmotioncuesandauditorycuesarelik ely to be simultaneouslyresent.

Task 2.4. Synchronizatiorandfusion of temporalvisualandauditorycues.[INRIA 4PM, USFD
2PM, UKE 6PM]

Thistaskwill takeinputfrom tasks2.1,2.2,and2.3andwill take from grantedhefactthatvisual
andauditoryinformationhasbeenspatiallyintegrated.The goalof this taskis to investigatemethods
andalgorithmsallowing to correlateemporalauditoryeventswith visualmotiondetection If several
sourcesf soundare presentin the scenethenthe taskof groupingauditory eventsemittedby the
samesourceinto a coherenttemporalauditory signal (suchas a speechsignal) is a tremendously
dif cult problem.Ononeside,thereis evidencefrom neurobiologicablataandfrom psychophysical
experimentghatauditoryattentioncanbe positively biasedby visualmotiondetection.Ontheother
side,thevisualinformationis evenly andcontinuouslydistributedin spaceandit is dif cult to decide
whethera visual objectis more relevant than anothervisual object; this is thereforea casewhere
localizationandidenti cation of auditorysourcesnayhelpvision.

It is thereforecrucialto developaformalismallowing the synchronizatiorbetweertime-varying
motion eventsandauditoryevents. The outputof this taskwill be anaudiovisual"tracker” — ableto
provide the 3D trajectoryof anaudiovisualobject.

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

An appealingapproachfor cross-modaintegrationcould be to rely on statisticalmethodsonly.
This hasbeena successfuapproachn speechrecognitionwherelD hiddenMarkov models(HMM)
have extensvely beenusedto associatsoundsignalsto identitiesof phonemes2D HMMs have also
beenapplied,with somesuccessto visual datain orderto associatélabels"andvisual cues,where
labelsmayreferto objectparts,humangesturesfacialexpressionsetc. Researchelis computational
neuroscienceelieve thatstatisticaunderliemary mentalprocessesuchasperceptionthinking, and
acting.

In moredetail, cross-modaintegrationcanbe achiezed by modellingthe correlateddynamicsof
the acousticandvisual featuresof an event. An approachhasedon factorialHMMs, developedfor
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modellingacousticmixtures,will be extended. Here,an independenHMM is employed to model
theenegy contrikution of eachsoundsource By employing primitive processet sggmentthetime-
frequeny planeinto a small numberof sourcefragmentgtask2.2), the decodingsearchspacecan
be controlled. Thesetechniquedhave beendemonstrateth simultaneous-speakspeechrecognition
tasksand work well when the spealers are acousticallydistinct. However, performancemay be
greatly enhancedf the acousticmodelsare supplementedavith featuresfrom the visual modality.
The associationbetweenmodalitiesthat are learntby training on isolatedspealers meanthat the
acousticfragmentsare boundto the sourcewith the matchingvisual model. Although techniques
for the visualparameterizatioof speecharewell developed,it is lessclearhow othersoundscanbe
describedvisually. Oneof the challengesn thistaskis to generalizeo non-speeclevents.

Thesedevelopmentshouldleadto suchparadigmsasseeinga soundwhich form thebaseof the
interactionghatexist betweervisual attentionandauditorysceneanalysis.

Task2.6. Biological mechanism$or multi-sensoryintegration.[UOFM 12PM,UKE 6PM]

Objectie of this taskis to identify biological mechanismsinderlyingmultisensoryintegration
andto derive relevantalgorithmicprinciplesthanwill beusedin thetechnicaimplementationCross-
modalintegrationwill be investigatedat the cellular level usingmulti-electroderecordingsn anes-
thetizedanimals.Ferretswill seneasamodelsystem.Theexperimentswill addresputatve salieny
mapsites,correspondingo the superiorcolliculus (SC)andthe anteriorectosylviancortex (AEV), a
multi-modalcorticalarea.Multi-electroderecordingswith visual-auditorystimuli will be performed
to characterizeeuronareceptve elds, respons@ropertiesanddynamicneuralinteractionsn these
putative salieny maps.The stimulationparadigmswill includeuni-modalstimuluspresentationss
well as cross-modakettingswherethe spatialand temporalrelation betweenthe visual and audi-
tory stimulusarevaried. Propertieof the multi-modalintegrationprocesswill beinvestigatedwith
information-theoretianethods. As a baseline we will usecorrelationanalysisand autorgressve
modelsthat are linear methods. As a next stepwe usenon-linearmethodsincluding entrory and
mutualinformation. Thesewill be appliedto the physiologicaldataandthe signalsof both modali-
ties. Importantly we will partitionthe informationcontentwith respecto rates,signalcorrelations
and noise correlations. Thesemeasureallow a characterizatiorof the integration of information
while keepingthemodalityspeci c informationaccessibleTheresultswill beemployedto guidethe
developmenbf computationattratgiesandalgorithmsusedin the models(Tasks2.3-2.5).

List of milestones.

M18: Elaboratiorof methodsandalgorithmsfor cross-modaintegration(audioandvideo)basecbn
stimulus(soundandlight) processing.

M30: Elaborationof anabstracmodelfor cross-modaintegrationbasedn statisticaimethods.

List and content of deliverables.

D2.1a: [PROTOTYPE] Algortihms andsoftwarefor extractingvisual cues(interim and nal proto-
types).

D2.1b: [REPORI] Descriptionof modelsandmethodausedin D2.1.a

D2.2a: [PROTOTYPE] Algortihmsandsoftwarefor extractingauditorycues(interimand nal pro-
totypes).
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D2.2b: [REPORI] Descriptionof modelsandmethodsusedin D2.2.a

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

D2.3b: [REPORI] Descriptionof modelsandmethodausedin D2.3.a

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

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

D2.5a: [PROTOTYPE] Algortihms andsoftwarefor cross-modaintegrationusing statisticalmeth-
ods(interimand nal prototypes).

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

D2.6: [REPOR] Biologicalmodelsfor multi-sensoryntegrationandtheircomputationaimodelling.
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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. The goal of this work-packages the designanddevelopmentof principles,
methodsand algorithmsto allow the coordinationof the motor actiities with the sensormeasure-
ments.Therationaleis to be ableto directattentiontowardssceneareaswith actiity relevantto the
taskathand.In this projectwe dealwith two sensomodalities hamelyvisionandhearing.Thecon-
trol of thepositionsandorientations/posesf theroboticdevice will be performedusingtheresultsof
work-packaged and2. Theinformationusedto locatethe focusof attentionwill be extractedfrom
both soundsandvideos. Sincethe motion of the camerasandmicrophoness known, it will beused
to predictthe positionsand orientationsof the relevant sceneelementsn the images. Suchpredic-
tionsareanessentiaklementin processesuchassmoothpursuit. Predictionin this type of systems
canberegardedasperforminga kind of informationfeed-forward. Active listeningwill be usedto
improve the robustnesf the motor coordination. Gazeand oculomotorcontrol will be performed
usingsaccadesmoothpursuitandvergence As aresultof thework developedin thiswork-package
theroboticdevice will beableto respondo boththevisualandthe auditorystimuli. Coordinationis
obtainedby synchronizingheimageandsoundmeasurementsith the motor control.

Task3.1. Sensorgeometricanddynamiccalibration.[FCTUC 6PM]

To performthe control of the robotic device the sensorshave to be calibrated. That meansthe
estimatiorof theintrinsic parametersf the camerasndtheirrelative positionsandorientations.The
control of the active systemrequiresthe knowledgeof theinversekinematics.The estimationof the
inversekinematicsimplies the geometriccalibrationof all the system. The overall systemhasalso
to be dynamicallycalibratedso that the estimatedor the overall bandwidthcanbe computed.The
outputsof this task are: —Software/algorithmdor geometriccalibrationof the cameragincluding
intrinsic parameterandrelative pose)and—Theinversekinematicsof theroboticdevice;

Task3.2. Oculomotorcontrol.[UOFM 13PM,FCTUCG6PM]

The oculomotorcontrolwill be performedusingoutputsof work-package?. Feedbackandpre-
dictive feedforward control will be used. The motionsof the audiovisual headwill be madeup of
threevisualbehaiours: —Saccadienotions;thesearefastresponseo the detectionof aneventand
areperformedin openloop, i.e., visualinformationwill not be usedto controlmotion. At low-level
the motor bandwidthswill be usedto de ne maximumspeedsand accelerations-Smoothpursuit;
thesearemotionsthatusevisualmeasurement® de ne thepositionsandvelocitieserrorson afeed-
backloop. On the otherhandto compensatéor the delaysdueto the visual processingpredictve
controlwill be usedto updatethe positionsandvelocitiesof the motors;—Vergence;the goal of this
behaiour is to have the eventor elementthatis the sourceof attentionlocatedin the centerof both
imagesn abinocularactive system Position(stereo)andvelocity (motion)disparitieswill beusedto
guarante&ergenceon the samevisualelement.Thereforecontrolis performedusingbothmeasured
positionsandestimatedrelocities.

Theoutputsof thistaskwill betheimplementation®f thevisualbehaioursdescribedbore.
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Task3.3. Audio-motorcontrol. [UKE 2PM,FCTUC6PM, USFD 20PM]

Active listening hasenormouspotentialto improve the robustnessof both auditory and visual
sceneanalysis. Within the constraintdmposedby the active audiovisual head,this taskwill inves-
tigate, both behaiourally and computationally a rangeof hypothesizedctive listening stratgies.
Possiblestratgiesinclude: moving to a locationwhich maximizesthe signal-to-noiseatio (SNR)
(e.g. moving towardsa sourceof interest);orientingthe headto a positionwhich maximizesSNR
(e.g. usingheadshadav to attenuatehe strongestompetingsource or moving the headto facethe
sourcein orderto reduceambiguitiesin cuesto location); moving to getanun-occludedview of the
target source(e.g. for speechreading);and moving away from walls and hard surfacesto reduce
the effect of reverberation. Sincerelatively little is known aboutthe stratgies usedby humansto
improve theidenti ability of atargetin noise,the behaiour of participantan adwerseervironments
suchascrowdedmeetingswill be obsenedandannotatedn anattemptto betterunderstandhetypes
of active stratgjiesusedandthe situationsin which they areemployed. Findingsfrom this investiga-
tion will feedinto algorithmdevelopmentor active listeningwhichin turn will beimplementedand
demonstrateth the active audiovisualhead.

Theoutputsof this taskwill bethe developmentandimplementation®f: —actve listeningstrate-
gies;—asetof auditorybehaioursfor directingthe headtowardsthe sourceof interest;

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

In thistasktheresultsof work-package4 and2 aswell astheresultsof tasks3.1,3.2,and3.3will
beusedto developmethodgor motorcontrolusinginformationfrom bothvision andaudition.In this
taskthecontrolalgorithmswill bedesignedakinginto accounthespeci ¢ natureof thecross-modal
measurement$roblemdo be dealtwith in this taskare:

Identi cation of the behaioursfor actively directingthe attentionof the robotic device using
both vision andaudition. Thesebehaiours canbe basedon the visual behaiours adaptvely
changedo useaudition. Attention canbedirectedto a visually occludedtamgetaswell asto a
silenttaget. Whenmeasurementsom both modalitiesoccurandareassociatedo the events
feedbaclkcontrolwill usethe measurementsstimatedrom bothmodalities;

Developmentf thefeedbackcontrolwhosetaskis to directthe attentiontowardsthe positions
andvelocitiesof selectedvorld events.

Feedforvard stratgjies to accountfor processingdelays. Sincethesedelayswill be highly
variableadaptve predictive techniquesill beused;

List of milestones.
M18: Elaborationof methodsandalgorithmsfor occulo-motorcontrolandfor audio-motorcontrol.

M30: Elaborationof methoddor cross-modamotorcontrol.

List and content of deliverables.

D3.1: [PROTOTYPE] Softwarefor audiovisualheadcalibration.
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D3.2.a: [PROTOTYPE] Algorithms andsoftwarefor occulo-motorcontrol (interimand nal proto-
types).

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

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

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

D3.4.a: [PROTOTYPE] Algorithms and softwarefor cross-modamotor control (interim and nal
prototypes).

D3.4.a: [REPOR] Descriptionof modelsandmethodsusedin D3.4.a.
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WP4: Developmentof methodologicaland experimental platforms

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-packagewvill integratethetheoreticalndings andmethodological
resultsof tasksin work-packaged, 2, and3 andwill build a proof-of-conceptiemonstratowithin a
well-speci edapplicationscenario.Therewill beanaudiovisualrobot-heagrototypefully designed,
developed,andbuilt by the partners.This prototypewill integrateboth neurophysiologicalndings
(testedon special-purposelatforms—tasks1.1-1.6,2.6, and 3.4) and computationabevelopments
(tasksl.7,2.1-2.5,and3.1-3.3).Wefollow atwofold approachntegratingbothengineerindmethods
andalgorithms)andneurophysiologicaandpsychopysicalmodelsandexperiments Ononehandwe
attempto quantifyandformalize(from acomputationapointof view) theexperimentatesults(tasks
1.5,2.6,and3.4),sothatthey aresuitableto beimplementedn anarti cial system.Next we subject
the existing (or the appropriatesuccessoat thattime) control systemof thearti cial sensorysystem
to the sametype of experimentasthe humansubjectsand compareperformance We will analyse
to what extent feedforward predictive and feedbackcontrol contrikute to systemperformance.An
importantbreakthrougtwill beto demonstrate dynamicsystenratherthanastaticone.A mid-term
(month24) anda nal demonstratofmonth36)will be developed.

Task4.1. Mid-termand nal demonstratordINRIA 1PM,FCTUC1PM,USFD1PM]

Underthistaskwe will specifyin detailtheinterimand nal projectdemonstratorbasedbnWP1,
WP2,andWP3andwhich will beimplementedntothe hardwareandsoftwareplatformsdescribed
below. Firstwe will conducta surey in orderto tamgetthe setof applicationghatarelikely to take
adwantageof the POPS results. The core of the demonstratowill shav the behaiour of the audio-
visualheadin a situationlik e a crowd of peoplewherethe POPsystemshouldbe ableto associated
(bottomup) auditoryandvisual cuesandlocateone or several spealers. Next, the headshouldbe
ableto concentratéts attention(top down) to onespealer andfollow his bodyandheadmotions.An
ambitiousgoalwould beto enhanceutomaticspeechrecognitionin thesedif cult conditions.

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

Theplatformwill becomposeaf hardware—anaudio-visual'head” (camerasmicrophonesand
actuatorsjandof software— developedwithin WP2 and WP3 and combinedwith existing software
librariesandpackaged$rom the POPpartners.The hardware (audio-visuahead)will be madeup of
two pan&tilt unitsin a stereocon guration. Eachpané&tilt unit will have two rotationaldegreesof
freedom.In eachunit the degreesof freedomwill move a cameraanda microphone.The actuators
of the pané&tilt units are DC motors. Positionandvelocity feedbackwill be obtainedby meansof
encodersA generalpurposecontrol boardwill be usedon a PCto controlthe motion of the audio-
visual head. Low level control software will be developedallowing the control of all the degrees
of freedom. The audiovisual headwill be built by FCTUC (partner4) andthe technicalspeci ca-
tionswill be providedto partnerl suchthatit caneasilyduplicatethe prototype. USFD (partner5)
will specifytheauditoryequipmen@andwill provide the softwarepackagesecessaryo operatehis
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equipment.INRIA (partnerl) will specifythevisualequipmen@andwill provide the corresponding
softwarepackagesUOFM (partner2) andUKE (partner3) will provide speci cationsfor thetype of
datasetsthatsucha platformshouldprovide for their experimentqseetask4.5 below).

The performanceof the platform will be characterizedy meansof a setof demonstrationsin
oneof the casesa single sourceof attention(with both visualandauditory content)will be usedto
testthe bandwidthof the robot unit by usingthe encodersmeasurementslo testthe responsdo a
comple setof stimuli the audio-visualheadwill be testedin a situationwheremutiple peopleare
presentalongscenariosle nedin Task4.1.

Task4.3. Methodologicaplatformfor investigatiorof biologicalmechanismg.UOFM 2PM,UKE
1PM]

In this taskthe techniquedor simultaneougye trackingandEEG recordingaredeveloped. We
will modify themechanicasetupof thehead-mountedyetrackingsystemandapplyelectricalshield-
ing to make it compatiblewith multichanneEEGrecordings As eye movementsnducelargesignals
into the EEGrecordingsjn asecondequallyimportantsteptechnique$ave to be developedto sepa-
ratethesefrom the EEG signalsproper Thesewill be basedon on-line feedbackof the tracked eye-
positionto the electrophysiologicatecordings,independentomponentanalysisand time-delayed
autoregressve models.This taskis a prerequisitdor the experimentscarriedoutin taskl1.5.

Task 4.4. Developmentof a stimulusdatabasdor multisensorystudiesin electrophysiologypsy-
chophysicsaandrobots.[UOFM 1PM, UKE 1PM]

Thestimulusmaterialsusedin WPs1 and2 comprisephotographsyideosandsoundof isolated
objectsand naturalisticscenes.Importanttechnicalaspectsare faithful color calibration,inclusion
of disparityinformation by stereoscopiémagesand validationby laserrangescans. For the later
experimentsareratingsof the emotionalvalence associatiorwith differentpossibleactionsandsub-
jective similarity for eachrecordin the databaseandthe option to usecongruentandincongruent
multi-modalstimuli. "Normalized"stimuli arematchedn 2nd orderstatistics but retaindifferences
in higherorderstructure .Developmenbf the stimuliis a prerequisitdor the experimentscarriedout
in tasksl.1-1.6,2.1-2.2,and3.3-3.4.

Task4.5. Developmenbf aplatformfor testingbiologically-basedlgorithms [UKE 1PM,UOFM
1PM]

The modelsandalgorithmshypothesizedsa resultof the psychophysic&ind neurophysiology
will betestedwith the audiovisual head(task4.2). For that purposethe robot platformwill be able
to respondo sequencesf imagesandsoundsecordedhroughpsychophysicaéxperiments.These
experimentsusingthe robot platformwill be conductedointly by partnersl, 2, 4, and5. Thisin-
cludesasdescribedn task3.1,sensogeometricanddynamiccalibration.Furthermoretherecorded
datawill beinputto the systemandthe systemresponsdthe motorencodersill be recorded.As
aresult,the effectsof the algorithmsactingvia the robotic platform canbe evaluatedandcompared
to the psychophysicatlata. A similar problemarisesin the joint aquisitionof stereoscopitmages
andlaserscanningdata.Herewe will strive for ajoint softwareplatformfor interoperabilityof robot
head stereccameragndlaserscanner
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List of milestones.
M12: Firstprototype(hardware)of theaudiovisualhead.

M24: Secondorototype(hardwareandsoftware)of theaudiovisualhead.
FirstPOPdemonstrator

M36: Final prototypeof theaudiovisualhead.
Final POPdemonstrators.

List and contentof deliverables.
D4.1a: [DEMONSTRATOR] The rst POPdemonstrator
D4.1b: [DEMONSTRATOR] ThesecondPOPdemonstrator

D4.2a: [PROTOTYPE] The hardwarecomponent®f the audiovisualPOPhead.

D4.2b: [PROTOTYPE] Thesoftwarecomponentsf theaudiovisualPOPhead( rst and nal demon-

strators).

D4.3: [PROTOTYPE] Platformfor simultaneougye-trackingandEEG recording.

D4.4: [DATABASE] A stimulusdatabasdor studying cross-modaintegration with humansand

robots.

D4.5: [PROTOTYPE] Experimentaplatformfor testingtherobotheadusingpsychophysicatlata.
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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 (partners)

Description of work.  This work-packagemplementghe exploitation, training,anddissemination
actiities throughthefollowing tasks.

Task5.1. Creationandmaintenancef awebsite.

Task5.2. Consortiumpublicationactvities.

The exploitation-disseminatiomanagewill coordinatehe publicationefforts of the consortium
by making surethat the scienti ¢ resultsgo out for publicationand that papersare submittedto
appropriatgournalandconferencesThework-packagé® managewill alsohavetheresponsibilityto
verify thatthe materialto be publisheds consistentvith the IPR policy asagreedy the consortium.

Task5.3. Industrialliaison.

This taskwill coordinatethe transferof knowledgeandof technologyfrom the partnersowards
companieghat manifesttheir interestin the projects' outcomes. The work-packagemanagewill
make surethat thesepartner/companrelationshipsarein line with the managementf knowledge
andintellectualpropertyrights.

An industrialworkshop(at month 32) will be organizedin orderto shav the demonstrator$o
potentialusers.

Task5.4. Links with otherprojectsandconsortia.

The disseminatiorandtraining activities will not be carriedoutin isolationbut in collaboration
andcoordinationwith otherEC andnationalprojects suchas:

Thecoordinator(partnerl, INRIA) is currentlyinvolvedin aMarie Curie Early StageTraining
action (VISITOR, MEST-CT-2004-008270).VISITOR is a single-partnemactionthat started
in December2004 for 4 yearsandthatis coordinatedoy the INRIA Rhone-Alpescomputer
visiongroupinvolvedin POP Within ESTVISITOR therewill be8 full-time PhDstudentsand
8-10PhDvisiting studentqfor 3-6 monthperiodsof time). VISITOR's objectvesandtopics
of researcl{perception|earning,andautonomy)arestronglyrelatedto the POPproject.

The Researchlraining Network action VISIONTRAIN (MRTN-CT-2004-005439),coordi-
natedby INRIA (RaduHoraud)andthatinvolves 11 partnersfrom 11 countries,startedin
May 2005for 4 years.RTN VISIONTRAIN's objectvesandtopicsof researclareto establish
cognitve andcomputationamodelsfor vision systemsandthereforeVISIONTRAIN is fully
relevantto the POPproject.
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The University Hospital Hamhurg-Eppendorf(partner3) is involved in coordinatingthe EU
Network of ExcellenceNeuro-IT (IST-2001-35498)which providesa Europearplatform for
coordinationand disseminatiorof researchin the eld of neuroengineeringhioroboticsand
computationaheuroscienceAndreasEngelis actingasa steeringcommitteememberin the
boardof Neuro-IT.

The University of Shefeld (partner5) participatego the AMI integratedproject(Augmented
Multi-Party Interaction)that startedin January2004for a durationof 4 years. The University
of Shefeld' s speeclrandhearinggroupis the AMI training coordinator AMI is composedf

9 academi@artnersaand5 industrialpartnerdrom 7 Europearcountries.

The POPpartnerscommitto participateto the activities lik ely to be organizedby the euCogni-
tion coordinatingaction.

Thework-packagé managewill contactheseprojectsandconsortiaewill organizemeetingsvhen-
ever appropriateandwill establishbi-lateraland multi-lateralformal actvities suchasworkshops,
tutorials,seminarsandthematicschools.

Task5.5. Exploitation.

The POPresearcherand engineerswill develop software, hardware, an integratedrobot plat-
form, aswell asvariouslaboratorydevices for carrying out psychophysicakxperiments. Proper
exploitationanddisseminatiorof theseoutcomeseedgrotectionof intellectualpropertyrights. The
latterswill be effective throughlicensingand patentingandtheseactvities will be coordinatedoy
the exploitation-disseminatiomanagelin coordinationwith the steeringcommitteeand with legal
of ces of eachoneof the partners.

Task5.6. Training.

ThePOPdouble-culturatopicsof researctwill beattractveto talentedoostdoctoratesearchers.
However, veryfew will possesgherequiredinterdisciplinaryskills from theoutset.Consequentlyall
projectresearchemwill begiventheopportunityfor cross-trainingn disciplinesin which projectpart-
nershave expertise.They will beencouragedo developthetechnicalandcollaboratve skills needed
to solve comple problems A trainingprogrammewith thefollowing elementswill beimplemented:

Postdoctoratesearcherwill beexpectedo spendasigni cant proportionof the rst 18 months
outsidetheir nominalhomeinstitutionin orderto transfertheir expertiseandresourceso other
partnersandto complementandbroadertheir existing skills set.

Doctoralstudentswill have the opportunityto spendpart of their time in a partnerinstitution
andto attendthethematicschoolsorganizedby the POPpartners.

Seniorscientistanvolvedin POPwill beencouragetb spendperiodsrangingfrom shortvisits
to longersabbaticalén otherpartnerinstitutions.

A seriesof tutorialswill beorganisecanddeliveredattheinternalanddisseminationvorkshops
that are planned. Tutorialswill cover foundationalelementsof the discipline (e.g. auditory
sceneanalysisyisual attention active stereo)andwill offer trainingin relevanthardware(e.g.
active vision head)andsoftware.
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In particulartherewill be2 thematicschools(at months12 and24)thatwill be organizedby the
POPcoordinatorin conjunctionwith the thematicschoolsplannedwithin the RTN actionVISION-
TRAIN.

Task5.7. Workshops

The work-packages managewill coordinatethe organizationof a numberof workshops:3 in-
ternalworkshops(at months6, 18, and 24) and 3 workshopsin collaborationwith other European
projects(atmonthsl2,24,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 (partnerl)

Task6.1 Communicatiorwith theEC.

Collect,monitorandintegrateall thetechnicaladministratve,and nacial datafrom the partners
and prepareappropriatedocumentdor the EuropeanCommission: managementeports,progress
reports, nal report,costand nancial statementsjeliverablesetc.

Task6.2. Organisatiorof EC reviews andaudits.

The projectcoordinatorwill be responsibldor organizingthe auditsconcerningall the aspects
of the project: technicalauditsincluding the annualprojectreviews, nancial audits,aswell asary
otherauditsthatthe EC wishesto organize.

Task6.3. Organisatiorandpreparatiorof internalmeetings.

The projectcoordinatoyin coordinationwith the site managerandwith the work-packagenan-
agerswill prepareandorganizethe SteeringCommitteemeetingsandthetechnicalmeetings.

Task6.4. Legal, nancial, andadministratve management.

The projectcoordinatorwill be responsibleof this task: receve paymentsdrom the EC, trans-
fer payemento the partners preparethe consortiumagreementpbtainthe audit certi cates when
required etc.

Task6.5. Technicaimanagement.

Thework-packagananagerssupervisedy the projectcoordinatomwill bein chage of themon-
itoring, the coordinating,andthe controlling of the scienti ¢ andtechnicalprogressof the project.
They will be responsibldor preparingthe technicaldeliverablesof the projectaswell asof the an-
nualtechnicalreportsand nal reportof the project.
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8 Projectresourcesand budgetoverview

8.1 Efforts for the pro

ject

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

Researcl& 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-dowrof efforts (in personmonths)or ead partnerandfor ead work-padage.

8.2 Overall budgetfor the project

Forms A3.1 and A3.2 from the CPF areincluded at the end of the document.

8.3 Managementlevel description of resourcesand budget

Thetablebelow indicatesthe own resourcesor the AC contractorexpressedn person-months.

AC contractors|

UOFM (2)

UKE (3)

FCTUC(4)

USFD(5)

Total

Person-months

5 12

18

27

18

75

Table7: Ownresoucesfor the AC contractors.

Themajorcostsof the projectarethe followings:

Personnel costswill represen72% of the requested=C funding. POPwill hire 2 PhD re-
searcheraind 6 post-docresearcherfor the whole durationof the project. In addition,there
will be 17 person-monthdirectly allocatedo the exploitationandtrainingactiities.

Consumableswill represen6% of therequestedC funding. Theseresourcesvill be usedfor
the developmentof the robotic platform, for interfacingthe audioandvideo sensorawith the
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computersandwith the actuatorsandfor fMRI sessiongsubjectcosts,maintainancernicro-
electrodes).

Durable equipment will representl1% of the requested=C funding. Theseresourceswill
be usedfor the developmentof an audio-visualhead,the acquisitionof a mobile robot, the
acquisitionof aneye tracker for usewith anexisting EEG andfor psychophysicexperiments,
andcomputers.

Travel will represenb.3% of the requestedudget. Theseresourcewill be usedfor cross-
visits betweerthepartnersprojectmeetingsandaudits participationto thematicschoolsandto
trainingactiitiesorganizedoy otherEC projects andfor attendingvorkshopsandinternational
conferences.
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9 Ethical issues

In-vivo dataon neuronakdynamicswill beusedto developalgorithmsfor interfaceprogrammingand
robotcontrol. Studyingthe interactionsbetweemeurongrocessingisualandauditoryinformation
will provide critical insightsinto mechanismsinderlyingmultisensoryintegration. WP 2 (Integra-
tion of visualandauditory cues)will conductin-vivo experimentswith anesthetizederrets. These
experimentswill beconductedy partner3 (UKE). All experimentaproceduresvill beconductedn
accordancevith thelatestrevisedversion(12 April 2001)of the GermanmAnimal ProtectionLaw. Ex-
perimentswill comply fully with EuropeanrCommunityguidelines(EUVD 86/609/EECYegulating
thecareanduseof laboratoryanimals.Everyin-vivo experimentwill be submittedor approval to the
local authority (Regierungsprasidiundamburg) who will assesgi) whetherthe anticipatedoene ts
justify the useof animals;(ii) the numberof animalsusedin eachexperiment;(iii) the procedures
adoptedo ensurghatanimalsuffering is minimised.Most experimentswill be performedusingpro-
cedureghataresimilar to thosealreadyin useat University HospitalHamlurg-Eppendorfandthat
have alreadybeenapproved by the local authoritiesin Hamhurg. We certify thatwe will inform the
EC of local authorityapproval beforethe startof the in-vivo experiments.

As partof WP1andWP4,measuremeni@reperformedon humansubjectausingeEG,fMRI and
psychophysicainethods All techniquesrenon-irvasive anddo notinvolve ary risk for participants.
All participantsarevolunteers.They areinformedaboutthe goalsandprocedure®f the studyand
givetheirwritten consentParticipantaalwayshave the possibilityto terminateheexperimentwvithout
givenreasons.All studiesare performedin accordancevith the ethicalstandardsaid down in the
1964declaratiorof Helsinki (mostrecentpass:Edinkburgh, Scotland October2000).
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A Consortium description

A.1 Participants and consortium
Partner 1: INRIA

Contribution to the POP project. Therewill betwo researctgroupsinvolvedin the POPproject
—thecomputewision groupandthe statisticsgroup. The computervision groupwill provide thesci-
enti ¢ andtechnologicakxpertiseneededo integratevariousvision modulesinto aworking system,
i.e., everythingfrom cameraacquisitionand cameracalibrationsoftware,to methodsfor recovering
depthusingstereomotion segmentatiormethodsandobjecttrackingmethods.The statisticsgroup
will provide theoreticalinsightsfor the developmentof robust statisticalmethods. Thesemethods
will beusedfor the 3-D reconstructiorandtrackingalgorithmsthat mustoperaten the presencef
noisy, bad,or partially missingdata.

Theexpertiseonreal-time3-D reconstructiorof humandrom imagecontourswill beusedwithin
the context of the active stereasensotto be developedby the POPpartners.Theimmenseexpertise
on camereacalibrationusinggenericcameramodelswill be usedfor the calibrationof the ative stereo
head.

Both the statisticsandthe vision groupswill contritute to the developmentof a theoreticaland
methodologicalmodel of perceptuahttention,in particularthey will investigatetogetherthe most
robustandef cient way to modelinteractionsbetweerhigh-level knowledgeandlow-level sensorial
information. The statisticsgroupis particularlycompetentn the domainof Bayesiardecisiontheory
andthereforewill have amajorcontributionto modeltheintegrationof auditoryandvisualcues.

Ourexperimentabnddevelopmenplatform/laboratoryvill bemadeavailableto POPresearchers.
Onein-housedevelopmentengineel(Hervé Mathieu,memberof the vision group)will supervisehe
software developmentactiities of POPin orderto integrateandbuild the POPS experimentalplat-
form.

Personnelinvolvedin POP.

FlorenceForbes: 8PM.http://mistis.inrialpes.fr/indehtml
Radu Horaud. 7PM.http://perception.inrialpes.fr/
Frédéric Devernay. 8PM.

Emmanuel Prados. 8PM.
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Partner 2: University of Osnabriick

Contribution to the POP project. The partneratthe Instituteof Cognitive Scienceat the Univer-
sity of Osnabruchkvill contribute psychophysicatxperimentonhumanovertattentionundernatural
conditions;advancedoolsfor dataanalysisdevelopmodelsof sensoryprocessingndsensori-motor
couplingin the mammaliarbrain andinterfacewith the developmentof behaing arteficts. Firstly,
we will studythe contribution of low-level featuresandhigh-level tasksto the guideof humanovert
attentionundernaturalconditions.Controlledmodi cations of stimuli allow dissectingourelycorrel-
ative effectsfrom causain uencesthatcanbe describedy quantitatve mechanistienodels.This is
complementedby aninvestigationof effectsof context andtask.

Theinvestigatiorof theinteractionof suchtop-dowvn effectswith the bottom-upsignalsformsthe
secondcontritution. It will bebasedn advancedmathematicatoolslik e auto-rgressve techniques
andan informationtheoreticanalysis. Theresultswill be matchedo animplementatiorsuitableto
guideabehaing artefact.

Thirdly, the adaptatiorof receptve eld propertiesto the propertiesof naturalstimuli comple-
mentsthe former studies.Usingtechnique®f unsupervisedearningover the spaceof naturalvisual
andauditorystimuli we studythe emegenceof cross-modaintegration.

Personnelinvolvedin POP.
Peter Konig. 6PM. http://www.cogsci.uni-osnabrueck.ddBP/peterhome.html

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

Contrib utions to the POP project. Within POR the UKE researclieamwill contritutein thearea
of neurophysiologyandcarry out experimentalwork on visual-auditoryinteractionandthe relation
of suchinteractiongo attentionandscenesggmentation Experimentswill be carriedout usingeEG
andfMRI in humans. Complementinghe humanexperiments microelectroderecordingswill be
performedin animals,usingthe ferret asa model systemto study cellular mechanism®f visual-
auditoryinteractionsIn addition,the UKE teamwill contributetheoreticaknowledgefrom the eld

of neurophysiologyndneurobiologyto the modellingandroboticswork of the otherPOPpartners.

Personnelinvolvedin POP.

Andreask. Engel. 3PM. http://www.40hz.net/inde.html
Andrej Kral. 5PM.

StefanDebener 5PM.

Gerhard Engler. 5PM.



POPIST 027268  Annex | Final VersionEC approred 30 SeptembeR005 50/63

Partner 4: FCTUC (University of Coimbra)

Contributions to the POP project. FCTUC will contribute to several of the scienti ¢ topics of
the projectand,in particular to the aspectselatedto sensory-motocoordinationanddesignof the
robotic devices. The ComputerVision Lab at FCTUC hasdevelopedseveral active vision systems,
two of which arecurrentlybeingusedto studyperception-actiocoordinationn Robotics.The Com-
puterVision Lab hasmadeseveralrelevantcontributionsin active vision namelybe developingvisual
controlmethodshasedon optical o w andby integratingthemwith mobile robots. The systemghat
will be developedwithin the framework of this projectwill beactive andwill beusedto developand
testmodelsof focusof attention. Thatwill imply thatthemechanicatleviceswill beorientedtowards
thefeaturesdeemedo be sourcesf attention.The scienti ¢ problemsto be solvedinvolve theinte-
grationandcoordinationof the visualandauditorymeasurementandthe control of the mechanical
devices. Sincethemechanicatleviceshave multiple degreesof freedomthey haveto besynchronized
andcoordinatedothatthey generatéhe expectedbehaiour. TheFCTUCteamwill contributeto the
designanddevelopmentof the robotic devicesandalsoto the algorithmsto coordinatethe motions
andactiities of themechanicabkystems.

In additionFCTUCwWiIll contributeto thedesignanddevelopmenbf algorithmsfor extractingthe
visual cues,andto their evaluationaswell asto aspectgelatedto the integrationand fusion of the
visualandauditorycues.Theprocesseandalgorithmsfor visualandauditoryinformationextraction
will betightly coupledto thecontrolalgorithms.

FCTUCwill alsocontrituteto the developmentof a platform enablingthe testof the biological
modelsandalgorithmsontheroboticdevices. This platformwill allow theuse,ontheroboticdevices,
of the imagesand sequencesf imagestestedin the psychophysicaéxperiments. The mechanical
responsef themechanisnwill berecordedandasaresultthe performancef the biologicalmodels
andalgorithmscanbeevaluated.

Personnelinvolvedin POP.

Helder Aradjo. 6PM. http://www.ustuc.pt/helder
JoaoBarreto. 8PM.http://www.ustuc.pt/jpbar
Paulo Peixoto. 10PM.http://www.ustuc.pt/peixoto

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

Contributions to the POP project. TheUniversityof Shefeld will contributeexpertisein speech,
hearingand audiovisual speechprocessingpoth at the level of computationaimodelling and be-
havioural experiments. Drawing on an existing collection of softwaretools, audio and audiovisual
corporaShefeld will leadthedevelopmenbf algorithmsfor acoustiaccueextractionin noiseandro-
bustspeechdecodingn the presencef multiple talkers,andmodelsof auditoryattention.Shefeld
will contribute to work on multimodalintegration of auditory and visual processest all levels of
the project,includingthe designof behaioural experimentsdevelopmenif the theory algorithmic
implementatiorandintegrationwith hardwareandsoftwarefor anactive audiovisualhead.

Shefeld will leada detailedcomparisonof auditory and visual attentionand producerecom-
mendationgor modellingwork on both auditory attentionand multimodal attentionalintegration.
Shefeld will alsoextendexisting algorithmsfor cue extractionandintegratethemwith visual cues
in a principledfashion.A multi-sourcedecoderwhich allows bottom-upandtop-donvn information
to becombinedwithin asingleprobabilisticframenork, will beaugmentedo dealwith visualinputs.
Shefeld will work on active listeningstrateiesfor improving the robustnesof machinecognition,
andcontributeto algorithmswhich combineauditoryandvisualinformationin a synegistic manner

Personnelinvolvedin POP.
Martin Cooke. 9PM.http://www.dcs.shef.ac.ulghartin/

JonBarker. 9PM. http://www.dcs.shef.ac.ukbn/
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