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ABSTRACT

3Dhumandancegenerationfrommusicisaninterestingandchallengingtaskinwhichtheaimisto
estimate3Dposefromvisualandaudioinformation.Existingmethodsonlyuseskeletoninformation
to complete this task, which may cause jittering results. In addition, due to lack of appropriate
evaluationmetrics for this task, it is difficult to evaluate thequalityof thegenerated results. In
thispaper,theauthorsexploremulti-modalitydancegenerationnetworksthroughconstructingthe
correspondencebetweenthevisualandtheaudiocues.Specifically,theyproposea2Dprediction
moduletopredictfutureframesbyfusingvisualandaudiofeatures.Moreover,theyproposea3D
conversionmodule,whichisabletogeneratethe3Dskeletonfromthe2Dskeleton.Inaddition,
somenewhumandancegenerationevaluationmetricsareproposedtoevaluatethequalityofthe
generatedresults.Experimentalresultsindicatethattheproposedmodulescanmeettherequirements
ofauthenticityanddiversity.
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INTRoDUCTIoN

Danceisaperformingartthatusesthebodytoperformgracefulordifficultmovementsinwhich
rhythmicmovementsarethemainmeansofexpressionthroughmusic.Anexcellentdanceperformance
requiresaprofessionalchoreographer,whichmaybetime-consumingandexpensive.Althoughitcan
ensureahighdegreeofcompletion,theresultingchoreographycanonlybeusedforsinglemusic,
whichhasgreatlimitations.Therefore,howtolearncreativechoreographybycapturingrepetitive
motionconnectionsandintrinsiccharacteristicsofdanceismeaningful.Inthispaper,weaimto
exploremulti-modalitydancegenerationnetworksthroughconstructingthecorrespondencebetween
thevisualandtheaudiocues.

Generatingdancefrommusicisachallenginggenerativetask.Firstly,tokeepdanceandmusicin
synchronization,theresultingdancemovementsmustfollowgivenmusicalstyleandbeats.Secondly,
danceisdiverseinnature,thatis,thedancingposturecanfolloweverypossiblemovement.Thirdly,
thespatialstructureofbodymovementindancewillleadtohighcomplexity,soit’schallengingto
searchfortheconnectionsbetweenmovements.

Toaddresstheabovechallenges,GrooveNet(Alemietal.,2017)firstlyinvestigatesavarietyof
audiotomovementmappingmethodsfordescribingaudioinformation.Thesemethodscanprovide
somelineofthoughtforsolvingtheproblemofthetask.However,duetothesmalltrainingdataset,
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their proposedmodels lackuniversal applicability.After that, somemethods (Tanget al., 2018;
Yaltaetal.,2019)alsoconvertthetaskintoamusictodancemappingproblem,inwhichtheaudio
informationisinputintomodelsthroughaseriesoffeatureextractionandthenturnedintotherequired
skeletoninformation.Webelievethatit’sdifficulttolearntheinnerconnectionofthemovementsby
learningtherelationshipoftheaudiothandirectly.

Basedontheaboveanalysisandhumandanceinreality,threebasicobservationsmotivateour
research.(i)Importantfeaturespickedoutfromaudioinformationhavesufficientexpressivepower.
(ii)Aseriesofmovementsfromdancerareinherentlycoherent.(iii)Someexperienceisneededto
coordinatemusicanddancemovementsreasonably.Therefore,thetaskisnolongeramappingof
musictodance,butafusionofthetwobasedonmovementinourproposedmodel.

Inthispaper,wetakemusicandinitial2Dhumanskeletonasinput.Wethencombinemultiple
modalinformationanduseLSTM(LongShort-TermMemory)andMDN(MixtureDensityNetworks,
(Richter,2003))togenerate2Dskeletonpredictionsequenceandimagepredictionsequenceofhuman
body.Moreover,convolutionblocksareused togenerate3Dskeletonfrom2Dskeleton, thereby
obtainingtheoutputdancingmovements.Finally,newevaluationmetricsareproposedforevaluating
theoutputsofdifferentmodalitiesandmethods.

Thecontributionsofthispaperareasfollows:

• Novel multi-modality dance generation networks are proposed through constructing the
correspondencebetweenthevisualandtheaudiocues;

• Weproposenewevaluationmetricsofhumandancegeneration,basedonwhichthegeneration
resultsofdifferentmodalitiesandmethodsareinterpretable.

RELATED woRK

Multimodal Deep Learning
Eachsourceorformofinformationcanbecalledamodality.Forexample,humansensesinclude
touch,hearing,sight,andsmell;themediumofinformationincludesvoice,video,text,etc.;various
sensorsincluderadar,accelerometer,etc.Withthedevelopmentofdeeplearninginrecentyears,many
researchhotspotshaveemergedinthecombinationofmultimodallearninganddeeplearning.Itcan
beroughlydividedintothefollowingdirections:Representation,whichusesthecomplementarity
betweenmultiplemodalitiestoeliminatetheredundancybetweenmodalities,soastolearnbetter
feature representation (Kiros et al., 2014; Mroueh et al., 2017); Translation, which converts the
informationofonemodal into the informationofanothermodal(Pengetal.,2016;Antoletal.,
2015);Alignment,tofindthecorrespondencebetweendifferentmodalinformationbranchesfrom
thesameinstance(Meutzneretal.,2017;Neverovaetal.,2015);Fusion,tocombinestheinformation
ofmultiplemodalsforclassificationorregressiontasks(Bahdanauetal.,2014;Karpathy&Fei-Fei,
2015).Theabovetasksarethemostbasicmultimodaldeeplearningtasks,andalsopointoutthe
directionforfuturedevelopment.

Audio-Visual Task
Asweallknow,acompleteinformationsourcecontainsvisual,audioandothermodalinformation,
which not only contains common information, but also contains complementary information. If
theinformationbetweenthemodalitiesisfullyintegrated,thecorrespondinginformationwillbe
betterunderstood.Inrecentyears,therehavebeenmanyaudio-visualtasks.Forexample,thetask
ofjudgingaudio-visualconsistency,howtodeterminewhetherthesoundandvisionareconsistent
(Arandjelovic&Zisserman,2017;Korbaretal.,2018);Useauditoryinformationtohelpclassify
visualtasks(Naranchimegetal.,2018);Audio-visualinformationcanbeusedtolocatethesound
sourceintheimage(Arandjelovic&Zisserman,2018;Senocaketal.,2018);“Cocktailproblem”,
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