CUAVE: A NEW AUDIO-VISUAL DATABASE FOR MULTIMOD AL HUMAN-COMPUTER
INTERFACE RESEARCH

E.K. Patterson,S.Gurbuz,Z. Tufekci,andJ.N. Gowdy

Departmenbf ElectricalandComputerEngineering
ClemsonUniversity
ClemsonSC29634,USA
epattersabrig,ztufekci,jgowdy @eng.clemson.edu
http://ece.clemson.edu/speech

ABSTRACT

Multimodalsignalprocessindnasbecomeanimportanttopic of re-
searcHor overcomingcertainproblemsof audio-onlyspeectpro-
cessingAudio-visualspeechiecognitionis oneareawith greatpo-
tential. Dif culties dueto backgroundhoiseandmultiple speakrs
aresigni cantly reducedy theadditionalinformationprovidedby
extra visual features.Despitea few efforts to createdatabasem
this area,nonehasemegedasa standardor comparisorfor ses-
eralpossiblereasons This paperseekgo introducea new audio-
visualdatabaséhatis e xible andfairly comprehense, yeteasily
availableto researchersnoneDVD.

The CUAVE databasés aspealkr-independentorpusof over
7,000 utteranceof both connectecand isolateddigits. It is de-
signedto meetseveral goalsthatarediscussedn this paper The
mostnotableareavailability of the database g xibility for useof
the audio-visualdata, and realistic considerationsn the record-
ings (suchasspeakr movement).Anotherimportantfocusof the
databasés theinclusionof pairsof simultaneouspeakrs,the rst
documentediatabasef this kind. The overall goalof this project
is to facilitate more widespreadhudio-visualresearchthroughan
easilyavailable database For informationon obtaining CUAVE,
pleasevisit our webpagghttp://ece.clemson.edu/speech).

1. INTRODUCTION

Overthepastdecademultimodalsignalprocessindgiasbeenanin-
creasingareaof interestfor researchersThe power of computing
hasincreasedo the level whereseparatenodalitiessuchasaudio
andvideocanbeusedin acomplementarynethodto improve de-
siredresults.Audio-visualspeectprocessindiasshavn greatpo-
tential,particularlyin areasuchasspeechrecognitionandspealr
authenticationFor speechrecognitionthe additionof information
from lipreadingor other featureshelpsmale up for information
lost due to corruptingin uences. Becauseof this, audio-visual
speectrecognitioncanoutperformaudio-onlyrecognizersn en-
vironmentswherethereare backgrounchoisesor otherspealkrs.
Researcherbave demonstratedhe relationshipbetweenlipread-
ing and humanunderstandindl, 2] aswell asproducedperfor
manceincreasesvith multimodalsystemg3, 4, 5, 6].

Becausef therelative novelty of theresearctareaaswell as
dif culties associatedvith the high volumesof datanecessaryor

simultaneousideoandaudio,thecreationof audio-visuablatabases

hasbeenlimited. Becaus®f this, mostresearchers theareahave

hadto recordtheir own data. In orderto allow for bettercompar
ison and for researcherso enterthe areaof study more easily
available databaseare necessaryhat meetcertaincriteria. This
papermpresentshe ClemsonUniversity Audio Visual Experiments
(CUAVE) databasehat hasbeendesignedo help meetsomeof
thesecriteria. It is a speakr independentlatabasef isolatedand
connectedligits of high quality videoandaudioof arepresentatie
groupof speakrsandis easilyavailableon one DVD. Section2
of thispaperndiscusseabrief suney of audio-visualdatabaseand
presentsnotivationfor a new databaseNext, Section3 presents
designgoalsof the CUAVE databas@ndspeci csof thedatacol-
lection and corpusformat. Section4 presentssomeof our work
in audio-visuakpeectrecognitionaswell assomepreliminaryre-
sultsanddiscussioraboutthe databaseFinally, Section5 closes
with someobsenations and suggestionaboutpossibleareasof
researchn audio-visuakpeeclprocessing.

2. AUDIO-VISUAL DATABASESAND RESEARCH
CRITERIA

There hasbeensomeeffort in creatingdatabasesor the audio-
visualresearcltommunity Tulipslis atwelve subjectdatabasef
the rst four Englishdigits recordedn 8-bit grayscaleat 100x75
resolution[7]. AVLettersincludesthe Englishalphabetecorded
threetimes by ten talkersin 25 fps grayscale[8]. DAVID is a
larger databaseéncluding variousrecordingsof thirty-one speak-
ersover vesessionincludingdigts,alphabetsyowel-consonant-
vowel syllable utterancesand somevideo conferenceeommands
distributed on multiple SVHS tapes[9]. It is recordedin color
andhassomelip highlighting. The M2VTS databasendthe ex-
pandedXM2VTSDB are gearedmore toward personauthentica-
tion andinclude37 and295speakrs,respectiely, includinghead
rotationshots two sequencesf digits, andonesentencdor each
speakr [10]. The M2VTS databasas available on HI-8 tapes,
andXM2VTSDB is availableontwenty 1-hourMiniDV cassettes.
Therehave alsobeensomeproprietaryefforts by AT&T and by
IBM [11, 6]. The AT&T databasevasto includeconnectedligits
andisolatedconsonant-ewel-consonantvords. Therewerealso
plansfor large-vocalulary continuoussentences. The database
wasnever nished norreleasedhowever. Front-endfeaturesrom
the IBM databasearebecomingavailable,but therearecurrently
no plansto releasehevideos[11].
Large-vocalulary, continuousspeechrecognitionis an ulti-

mategoal of researchBecauseaudio-visualspeectprocessings



Fig. 1. Samplespeakrsfrom thedatabase.

a fairly youngdiscipline,though,thereare mary importanttech-
niguesopento researchthat can be performedmore easily and
rapidly on a medium-sizedask. To meetthe needfor a more
widespreadestbedor audio-visuabevelopmentndtesting, CUAVE
wasproducedasaspeakrindependentlatabaseonsistingof iso-
lated and connecteddigits in different situations. It is e xible,
representatie, andeasilyavailable. Section3 discusseshedesign
goals,collectionmethodsandformatof the corpus.

3. DESIGN GOALS AND CORPUSFORMAT

The major designcriteriawereto createa e xible, realistic,eas-
ily distributabledatabasé¢hat allows for representate andfairly
comprehense testing.BecausédVD readerdor computershave
becomeveryeconomicatecently thechoicewasto designCUAVE
to t ononeDVD-datadiscthatcould be madeavailablethrough
contactinformation listed on our website. Aside from being a
speakr independentollection of isolatedand connecteddigits
(zerothroughnine), CUAVE is designedio enhanceresearchn
two importantareas:audio-visuakspeechecognitionthatis robust
to speakr movementandalsorecognitionthatis capableof dis-
tinguishingmultiple simultaneouspealers. The databasés also
fully, manuallylabeledto improve training and testingmethods.
Thissectiondiscussethecollectionandformattingof thedatabase
performedto meetthe aforementionedoals.

Thedatabaseonsistof two majorsectionspneof individual
speakrsandoneof spealer pairs. Thepartwith individual speak-
ersconsistsof 36 speakrs. The selectionof individualswasnot
tightly controlled,but waschosersothatthereis anevenrepresen-
tationof maleandfemalespealers,ararity in databasesndalso
sothatdifferentskintonesandaccentarepresentaswell asother
visual featuressuchasglassesfacial hair, andhats. SeeFigure1
for asampleof imagesirom someof the speakrs.

Fig. 2. Samplespealkr pair from thedatabase.

Eachspealer was framedincluding the shouldersand head
andrecordedspeakingdigits in several differentstyles. Initially,
50 isolateddigits are spolen while standingnaturally still (not
forced). This s for generatraining andtestingwithout very dif -
cult conditions.Videois full color with no aidsgivenfor facel/lip
segmentation. Secondly eachindividual speakr was asled to
move side-to-side back-and-forth,or tilt the headwhile speak-
ing 30 isolateddigits. Thisis animportantpartof the databasé¢o
allow for testingof af ne-invariantvisual features.In additionto
this isolatedsection,thereis alsoa connected-digisectionwith
movementaswell. Sofar, muchresearctasbeenlimited to low
resolution,pre-sgmentedvideo of only thelip region. Including
the spealer's upperbody andsegmentswith movementwill allow
for morerealistictesting. The third and fourth partsspolen by
eachindividual include 20 isolateddigits with bothpro le views,
andthen 60 connectedligits facingthe cameraagain. The nal
60 connectedligits includetelephone-numbdik e sequences30
while standingstill and30 while moving.

The secondmajor sectionof the databasencludes20 pairs
of speakrs. Its goalis to allow for testingof multispealer solu-
tions. Theseinclude distinguishinga single spealker from others
aswell astheability to simultaneouslyecognizespeeclrom two
talkers. This is obviously a dif cult task, particularywith audio
informationonly. Video featurescorrelatedwith speechfeatures
shouldallow solutionsto this problem.In addition,techniquesan
be testedherethat will help with the dif cult problemof speech
babble. (One suchapplicationcould be a shopping-mallkiosk
thatdistinguishes userfrom othershoppersearbywhile giving
voice-guidednformation.) The two spealkrsin the groupsection
arelabeledpersonsA andB. PersonA speaksa connected-digit
sequencefollowed by speakr B and vice-versaa secondtime.
For the third sequenceboth speakr A andB overlapeachother
while speakingeachpersonseparateligit sequenceSeeFigure2
for animagefrom oneof the spealker-pair videos.

Thedatabas&vasrecordedn anisolatedsoundboothatares-
olution of 720x480with the NTSC standardof 29.97 fps, using
a l-megapiel-CCD, MiniDV camera.Several microphonesvere
tested. An on-cameranicrophoneproducedthe bestresults: au-
dio thatwasclearfrom clicking or poppingdueto speakr move-
mentandvideo wherethe microphonedid not block the view of
the speakr. Thevideois full color with no visual aidsfor lip or
facial-featuresggmentation.Lighting wascontrolled,anda green
backgroundwas usedto allow chroma-leying of different back-
grounds. This senestwo purposes.If desired,the greenback-



Fig. 3. Exampleof variedvideobackgroundgor spealers.

groundcanbe usedasan aid in sggmentingthe faceregion, but
moreimportantly it canbe usedto addvideo backgroundgrom
differentscenessuchasamall, or amoving car, etc. SeeFigure3.
In this manner not only canaudionoisebe addedfor testing,but
video“noise” suchasotherspealers' facesor moving objectsmay
be addedaswell thatwill allow for testingof robust featureseg-
mentationandtracking algorithms. We plan to include standard
videobackgroundg¢suchasrecordedn a shoppingmall, crovded
room,or maving automobile)in anupcomingrelease.

Nearlythreehoursof datafrom about50 spealerswererecorded
ontoMiniDV tapesandbroughtinto thecomputemsingthe IEEE
1394interface.Therecordingsvereeditedinto theselectionof 36
representate speakrs(17 femaleand19 male)and20 pairs. Dis-
ruptive mistalkes were removed, but occasionalocalizedpauses
andmistalesin speechwerekeptfor realistictestpurposes.The
datawasthencompressedéhto individual MPEG-2 les for each
speakr and group. It hasbeenshavn thatthis doesnot signi -
cantly affect the collectionof visual featuresfor lipreading[12].
The MPEG-2 les areencodedat a data-rateof 5,000kbpswith
multiplexed 16-bit, sterecaudioat a 44 kHz samplingrate.An ac-
companing setof dowvnsampledwav” formataudio les checled
for synchronizatiorareincludedat a 16-bit, monorateof 16 kHz.
Thedatais fully-labeledmanuallyat the millisecondlevel. HTK-
compatiblelabel les areincludedwith the databasd13]. The
data-rateand nal selectionof speakrsandgroupswaschoserso
thatamedium-sizedlatabasef high-quality digital videoandau-
dio, aswell aslabeldata(andpossiblysomedatabasé¢ools)could
bereleasedn one4.7 GB DVD. This helpswith the dif culty of
distributingandworking with theunruly volumeof dataassociated
with audio-visuabatabasesThenext sectiordiscussesomework
in preparatiorof collectingthe databasendpreliminarywork on
theactualcorpus.

4. PRELIMIN ARY WORK RELATED TO CUAVE

Beforerecordingthe databasewe conductedesearchn thearea
of visual featuresand datafusion relatedto audio-visualspeech
recognitionusing a single spealkr for a 10-word isolatedspeech
task[14][15]. Theaudio-visuatecognizeusedwasalate-intgration
systemwith separate@udioandvisual HMM-basedspeechrecog-
nizers. The audiorecognizeusedsixteenMel-frequeng discrete

audio% | video% | av %
clean 100 87 100
18db 96.5 87 99.3
12db 80.9 87 96.9
6db 52.6 87 92.9
0db 29.1 87 89.8
-6db 21.0 87 88.4

Table 1. RecognitionRatesAveragedOver Noisesfor a Single
Spealer

waveletcoefcients extractedrom speeclsampledat 16 kHz [16].
Thevideorecognizeusedred-greerplanedivision andthreshold-
ing beforeedge-detectiomf the lip boundaried17]. Geometric
featuresbasedon the oral cavity and af ne-invariant Fourier de-
scriptorswere passedo the visual recognize{14]. (We believe
thatthe new databasevill provide a goodtestbedfor furtherre-
searchon af ne-invariantmethods.)Speecmoisewasaddedrom
the NOISEX databas§18] at variousSNRs,andthe systemwas
trainedon cleanspeechandtestedundernoisy conditions. Initial
resultsfor the single spealer weregoodandled usto choosethe
databasealesigngoalsmentionedin Section3. SeeTable4 for a
summaryof theseresults.(Here,the eld-of-view wascroppedo
lips-only to easepreliminarywork).

We have beguninitial work usingthecompletedCUAVE database
andincludesomebaselineesultshere.Our rst experimentshave
beenon the audio of the 36-spea&r isolateddigit task. The 36
speakrsweredivided arbitrarily into a setof 18 trainingspealers
and18 differenttesttalkersfor a completelyspealr independent
grouping. With a simple, MFCC-basedHMM recognizerimple-
mentedn HTK using8-statemodelsandonly onemixture,we ob-
tained92% correctrecognitionwith anaccurag of 87% (slightly
lowerduemostlyto insertionshetweeractualspolendigits). With
sometuning andthe addition of more mixtures,recognitionnear
100% shouldbe attainable. The next task areasfor baselinere-
sults consistof visual-featureextraction, lipreading,and datafu-
sion. We planto begin testingwith the af ne-invariantFourierde-
scriptorvisual featuresusedin our earlierwork [14] andpossibly
expandfor comparisorto othertechniquesuchasprincipalcom-
ponentsanalysis,snales,or B-splines. An arbitrarythresholding
of red/greerdivision usedto initially segmentthe lips in our ear
lier work is notsufcient for adatabasef mary speakrs.For this
reasonwe have manuallyseggmentedhe faceandlip regionsfor
all 36 speakrs,suchasdemonstrateéh Figure4, to obtainGaus-
sianapproximationf thefaceandlip color distributions. These
have shavn promisinginitial resultsfor face/lipsegmentatiorover
thewhole databaseWe are performingMPEG-2decodingunder
Linux alongwith animplementatiorof our visual featureextrac-
tion routines.Basedon developmentakesults we believe thatour
nal algorithmswill executein nearrealtime,includingthedecod-
ing. In upcomingrelease®f the databasewe planto male the
colordistribution informationavailable,aswell assourcecodefor
MPEG-2-basedbolsto facilitateuseof theincludedvideos.

5. CONCLUSIONS AND RESEARCH SUGGESTIONS

Thispapempresents e xible, speakr-indpendentaudio-visuakpeech
corpusthat is easily available on one DVD-datadisc. The goal
of the CUAVE databasés to faciliate multimodal researchand



Fig. 4. Manuallysegmentedaceandlips for distributiontraining.

to provide a basisfor comparisonaswell asto provide testdata
for af ne-invariantfeaturemethodsand multiple-speakr testing.
Our website,listed in the title section,containssampledataand
includescurrentcontactinformation for obtainingthe database.
Hopefully, thedatabasenaybeusedto progressudio-visuakpeech
recognitionmethods As it is arepresentatie, medium-sizedlig-
its task,it mayalsobe usedfor testingin otherareasaswell, such
asspealkr recognition Jip synchronizationetc.

There are several areasthat are wide-openfor audio-visual
speectrecognitionresearchthat may be testedon this database.
A very importantareais visual-featureextraction. A variety of
speakrs and speakr movementhasbeenincludedfor this end.
Also, datafusionis animportantareaof researchimprovedtech-
niguesfor multimodal,multistreamHMMSs couldalsoprovide im-
portantstrides particularlyin continuousaudio-visuabpeechecog-
nition. Finally, the ability to distinguishandseparatespealkrsis
importantfor powerful interfacesthatmay be desiredwheremul-
tiple speakrsarepresentsuchasin public areasor automobiles
with passengersHopefully, the CUAVE databasewill facilitate
morewidespreadesearchn theseareas.
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