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AHHOTaNMsA

IIpencraBnen aHamuTHYECKOH 0030p COBPEMEHHBIX M aKTyalbHBIX 3afad, CTOSIIMX B OOJACTH KOMITBIOTEPHOM
TapaJMHTBUCTHUKH, @ TAKXKe IOCIESIHNX JOCTIKEHUH aBTOMaTHYECKAX CHCTEM MapaIMHIBUCTUYECKOTO aHATIHN3a Pa3srOBOPHOI
peun. IlapanuHrBHCTHKA WU3ydaeT HeBepOaJbHBIC ACIEKTHI YEJIOBEYECKOH KOMMYHUKAIUHM M PEYH: €CTECTBEHHBIE HSMOLUH,
aKIEHTBI, IICUXO(U3HUOIIOTMYECKUE COCTOSHHS, OCOOCHHOCTH IIPOW3HOLICHHS, IapaMeTphl Trojioca JUKTOpa U T.JI.
Ipencrasnena apxutekTypa 0a30BOH KOMIIBIOTEPHOM CHCTEMBI aKyCTHYECKOTO MNapajJMHTBUCTHYECKOTO aHalIM3a, ee
OCHOBHBIC KOMIIOHEHTBl M HCIIONb3yeMble MeToAbl 00paboTku peun. [lpuBenena uHQoOpMaLys O MEXIYHAPOIHBIX
COPEeBHOBaHHsX MO KOMIbIOTepHOW mapanuureucTuke Computational Paralinguistics Challenge (ComParE), kotopsie ¢
2009 rozma mpoXomsAT eKEroHO B pamkax mexayHaponHoi koHpepeniun INTERSPEECH, opranu3yemoii MexayHapOaHOM
accormanueii mo pedeBoit kommyHukauun ISCA. Ilpencrapnens! 3aga4n (KOHKYPCHI), KOTOPBIE PELIATICH B paMKaX TaHHOTO
copeBHOBaHUs B mepuoxa ¢ 2009 mo 2016 rr., a Takke KOMIBIOTEPHBIC CUCTEMBI, MTOOEIUBIINE B KaXKIOM M3 MPOBEACHHBIX
KOHKYPCOB, ¥ TOJy4eHHBIC pe3ynbrarsl. [locnennue 3aBeprieHHsle copeBHoBaHust ComParE-2015 mpoxoxmmu B ceHTSIOpe
2015 roma B I'epmanuu u comepkany ciemyromme 3 KOHKypca: 1) pacrmo3HaBaHHE AUKTOPOB, KOTOPHIE TOBOPAT HA POTHOM
st Hux si3eike (DN); 2) npenckasanue Hanuaus 6omne3nu [lapkuacona no peun (PC); 3) aBromarndeckoe onpeesneHue, ect
JIM 4eJIOBEK (IMKTOp) BO BpeMsl TOBOPEHMS WIIM AMAJIora, M Kiaccudukanys BUaa MUIM (ONpeiesieHue OXHOTO U3 7 THIIOB),
KOTOpYIO OH NpHHHMaeT B 3T0 BpeMs. B mociennem xonkypce («Eating Condition Sub-Challenge», EC) nobeny onepskana
COBMECTHAsl TYpELKO-pOCCHiicKas KOMaH/a aBTOPOB IaHHOH CTaTbd, KoTopas paspaborana Hauboaee >3(P(EKTHBHYIO
KOMITBIOTEPHYIO CHCTEMY IJISI ONpPEAENeHHs M KIACCH(PHUKAIUK COOTBETCTBYIOIINX aKYCTHYECKHX IapaJMHIBHCTHYECKHX
ABIEHNH. B cTaThe mpencTaBneHa apXUTEKTypa JAaHHON CHCTEMBI H OCHOBHBIE MOAENU M METOIbI, OIHMCAHBI HCIOIb3yEeMbIe
oOyJarolmye ¥ TECTOBBIE ayIHOJAaHHBIC, a TAKKe HAWIydlNe IOTyYeHHBIE PEe3yJIbTaThl 10 MAIIMHHOIN KiIacCU(HKAINU
AKyCTUYECKHX MapaIHHIBUCTHYESCKUX SIBICHUM.
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Abstract

We present analytical survey of state-of-the-art actual tasks in the area of computational paralinguistics, as well as the recent
achievements of automatic systems for paralinguistic analysis of conversational speech. Paralinguistics studies non-verbal
aspects of human communication and speech such as: natural emotions, accents, psycho-physiological states, pronunciation
features, speaker’s voice parameters, etc. We describe architecture of a baseline computer system for acoustical paralinguistic
analysis, its main components and useful speech processing methods. We present some information on an International
contest called Computational Paralinguistics Challenge (ComParE), which is held each year since 2009 in the framework of
the International conference INTERSPEECH organized by the International Speech Communication Association. We present
sub-challenges (tasks) that were proposed at the ComParE Challenges in 2009-2016, and analyze winning computer systems
for each sub-challenge and obtained results. The last completed ComParE-2015 Challenge was organized in September 2015
in Germany and proposed 3 sub-challenges: 1) Degree of Nativeness (DN) sub-challenge, determination of nativeness degree
of speakers based on acoustics; 2) Parkinson's Condition (PC) sub-challenge, recognition of a degree of Parkinson’s condition
based on speech analysis; 3) Eating Condition (EC) sub-challenge, determination of the eating condition state during
speaking or a dialogue, and classification of consumed food type (one of seven classes of food) by the speaker. In the last
sub-challenge (EC), the winner was a joint Turkish-Russian team consisting of the authors of the given paper. We have
developed the most efficient computer-based system for detection and classification of the corresponding (EC) acoustical
paralinguistic events. The paper deals with the architecture of this system, its main modules and methods, as well as the
description of used training and evaluation audio data and the best obtained results on machine classification of these acoustic
paralinguistic events.
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BBenenue

[TapajuHrBUCTHKA M3y4YaeT pa3iiMyHble HeBEpOAIbHbBIE aCIEKThl B peYM U KOMMYHHKAIIMH, HAITPUMEp, IMO-
[IUM, MTHTOHALIMH, TICUXO(HU3NOIOTHYECKHE COCTOSIHUS, 0COOEHHOCTH IPOM3HOLIEHHS U TTapaMeTphl rojoca JIMKTO-
pa. CoBpeMeHHasl NapaIMHIBUCTHKA KacaeTcs, B OCHOBHOM, BOIIPOCOB OTHOCHUTEJIBHO TOTO, KaK pedb (BepOasbHast
nH(OpManys) NPOU3HOCUTCSI, HEXKEIIN TOT0, YTO UMEHHO Npou3HocuTcs. B cpennem venosek rosoput 10—15 mun
B JIeHb (ducTas peub). MHbopMarys, nepeaaBaemMas JIOABMH CIOBaMH (BEpOAIbHO), COCTABISET JIMIIb OKOJIO 7%
0T 00mero ooreMa HHPOPMAITHH, MTOTYIAeMOl YETIOBEKOM B TIPOIECCEe MEKUIETOBEUSCKO KOMMYHHKAIIMY, TOTAA
KakK Ha JOJIF0 HeBepOATBHBIX CHTHAIOB MPUXOOUTCS 10 93%, MUMHKA, MO3BI, KECTHI, KACAHMs, 3allaxd U T.J. CO-
CTaBJISIIOT CBBIIIE TTOJIOBUHBI BCEro 00beMa MH(M)OPMAITNH, a HA JOJIO TOJIOCOBON MAPaMHIBUCTHIECKONH COCTaB-
JSTIOLIEH TPUXOIUTCS He MeHee TpeTH Beel uHpopmaruu [1]. TlapanuHreuctiuyeckyto HHOOPMALIUIO TAKKe 00bIY-
HO OTJIMYAIOT OT SKCTPAJIMHIBUCTHYECKOH, C KOTOPOI aCCOIMUPYIOT HE CBSI3aHHBIE C PEUbI0 aKyCTHUECKHE SBICHHS
(xarernb, cMeX, B3JI0XH, I1J1a4, 3aMKaHKe U JpYTUe UHAMBUYalIbHbIE 0COOCHHOCTH ITPOU3HOILICHNUS).

KommnbloTepHass mapaiuHrBucTHka (computational paralinguistics) siBisieTcsi OHOW U3 CaMbIX aKTyalb-
HBIX M JUHAMHYHO Pa3BUBAIOLINXCS 00JacTeil COBpeMEHHBIX peueBbIX TexHosorui (speech technology). Pacno-
3HaBaHUe dMonuii B peun (POP) venoBeka sBnsercs Hanboee BOCTPEOOBAHHOM 00IACTHIO KOMITBIOTEPHOW Ta-
PATMHTBUCTUKH, OHO TECHO CBS3aHO C TAKUMH HAIIPABICHUSMH, KaK PACIIO3HABAHUE COCTOSIHUS TUKTOPA M aHa-
3 ero ocobeHHocTel. O0IIIee coCTOsTHIE TUKTOpa (YeTI0BeKa), KaK IIPaBIIIO, COOTBETCTBYET TWHAMHYHO H3Me-
HSIOIIAMCS OKPY’KAIOIIAM yCIIOBUSM M MOXKET OIIHCHIBAThCA TAKHMH MapaMeTpaMHu, KaK SMOIIMOHAIBFHOE U TICH-
XO(U3NOJIOTHIECKOE COCTOSHHE, COCTOSHHE 3I0POBBS, YCTAJIOCTh, cTpece U T.A. OcCOOEHHOCTH ke TUKTOpa COo-
OTBETCTBYIOT HEM3MEHHBIM WJIH OTHOCHUTEIHFHO MOCTOSIHHBIM XapaKTEePUCTHKAaM YeJOBeKa, TAKUM Kak II0JI, BO3-
pacT, 3THHYeCKas NPUHAAIC)KHOCTD, TApaMETPhl HHANBHAYAIBHOCTH (XapaKTep), BHEITHUHN B U T.A.

ApXuTeKTYpa 6230B0ii CHCTEMBI MAPATHHIBUCTHYECKOT0 AHAIN3A PeYn

OO1mas apxurekTypa 0a30BOi aBTOMAaTHYECKON CHUCTEMBI, MPEIHa3HaYeHHOMN AJIsl TapaMHIBUCTHYECKOTO
aHanu3a peud [2] ¥ A7 pacro3HaBaHUS COCTOSIHMS TUKTOpA, MIpefcTaBieHa Ha puc. 1. DTa nuarpamMMa aHainza
peYu COMEepKUT METOABI U(PPOBOW 00pabOTKH CHTHAIIOB U pacro3HaBaHus oOpa3oB. B pabore [3] ObUIO Takke
MIOKa3aHO, YTO, KOT/Ia CHCTEMa aBTOMAaTHYEeCKOro pacro3HaBanus pedn (APP) Bkirouena B uuki POP, npumense-
MBbI€ B HUX MOJIEJH SI3bIKa MOTYT IIOMOYb YJIYYIIUTh TOYHOCTH Paclio3HaBaHMs sMouunii. OfHaKO Takoe He BCeraa
BO3MO)KHO, W, COOTBETCTBEHHO, PACIIO3HABAaHWE YMOIMOHAIEHON (a(EKTHBHOW) pedn SBISCTCS HE3aBHCUMOU
3HaYMMOM 3a1aueii [3].
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Puc. 1. Obwas aApPXUTEKTYpa aBTOMaTUYECKOW CUCTEMbI KOMMBIOTEPHOIrO NapasiMHrBUCTUYECKOrO aHanmaa peyn
Aana pacno3HaBaHUA COCTOSIHUN OUVKTOopa

[Tpob6aembr 06pabOTKH IMOIIMOHATEHON PEYH, B YaCTHOCTH, BKJIFOYAIOT B ce0s (HO HE OTPaHUYNBAIOTCS) H
aHaJN3 IEPCOHANBHBIX, KyIbTYPHBIX W HAIlMOHAIBHBIX OTIMYWH, a TaKkKe U MPEeAHAMEPEHHOE U HelpeaHaMe-
PEHHOE BBIpKCHHUE SMOIIUI B TIOBCEAHEBHON Xu3HU [4—6]. bazbr nanabpix (B/1) saMorroHansHON pedn 3a4acTyio
cOOMpPAIOTCsl B M30JMPOBAHHBIX OT ecTecTBeHHOM xku3Hu ycioBusix (RUSLANA [7], EMODB [8], BUEMODB
[9]), u B HUX SMOIMOHAIBHAs COCTABJISIIONIAs PEYM YaCTO OKa3bIBAETCs MPEYBEINYECHHOH (HanpuMep, HaurpaH-
HOW npodeccroHaTbHBIMU akTepamu). C Ipyroi CTOPOHBI, UCCIICAOBAHMS B 3TOM 00JaCTH HEOOXOIUMBI 110 JIBYM
IpUYUHAM:

1. coBpeMeHHbIe MeTO/BI MamMHHOTO 00y4enus (Machine Learning) u pacriosHaBanus 06pa3oB (KOTOpbIE ax-
TUBHO HMCHOJIB3YIOTCS, HAIPUMeEp, AU 337a4 00pabOTKH M300pa)KEeHU) IToKa HEJ0CTaTOYHO IPHUMEHSIFOTCS
JUISL 3TOH 3aJ1auM, IOATOMY HX HCIIOJIb30BAaHHE ITO3BOJISAET MOIYYNTh 3HAUUMbIE PE3yIbTaThl;

2. XOTs CYIIECTBYIOT OTHEJIbHbIE MH()OPMATHUBHBIE NMPHU3HAKK (ITApaMeTphl) IS aHAIN3a SMOLMH B pedu, HO
MIOKa HET XOPOLIEr0 YCTOSBILIETOCs HaOOpa NMPH3HAKOB AJS TapaHTHPOBAHHOTO PAclO3HABAHUS SMOIMH B
pa3HBIX peueBBIX 0a3ax JaHHBIX [5].

CoBpeMeHHbIE CUCTEMBI JJIs1 TAPATMHIBUCTHYECKOTO aHAIN3a UCTIONB3YIOT MPOCTPAHCTBA MPU3HAKOB OT-
POMHOTO pa3Mepa Ul MHTETPaIbHOTO ONUCAaHMs LenbX (pa3, a He OTAENBHBIX CJIOr0oB WK (oHeM, HanmpuMep,
TaK HaspiBaeMble HU3KOypoBHeBble onmcarenu (Low Level Descriptors, LLD). Takuwm siBisieTcs Habop npu3Ha-
koB ComParE [10], koTopblii coneput 0ojiee 6 ThIC. AIEMEHTOB [UIsl Ka)K/I0H NPOU3HECEHHON TMKTOPOM (pasbl,
U BBIYHCIISIETCS 3TOT HAOOp MPH MOMOIIU CPEACTB MporpaMMHoOro uHcrpymenrapus openSMILE [11], pa3pabo-
TaHHOTO HeMelkol kommanuer audEERING.

B obnactn maremMarnueckod NapajJMHIBUCTHKM YacTO HMCHONB3YIOT BeraucieHne LLD-npusnakoB ams
OIMCAaHUs PeYeBbIX CUTHAIOB. Takoll HaOOp mapamMeTpoB MOXKET BKJIIOYATh B ce0s, B TOM YHUCIIE, YACTOTY OCHOB-
Horo ToHa (FO), dopmaHTH (pe30HAHCHBIE YaCTOTHI TOJIOCOBOTO TPAKTa), MEI-YaCTOTHBIE KETICTPaJIbHBIE KO-
¢ummentsr (MFCC), MoxynipoBaHHBIN CIIEKTP CHUTHAJA, KOA((GHUIMEHTH NepIENTUBHOTO JIMHEHHOTO TpeacKa-
3aaus (RASTA-PLP), sHepretudeckue MpU3HAKA CHTHAJA M WX BapUATUBHOCTU (TaK HAa3BIBAEMBIC JDKUTTEP H
mummep) U T.0. MFCC u RASTA-PLP-nipu3naku n3BectHsl B APP 10BOIBHO JaBHO M OBIIM 3aUMCTBOBAHBI B
POP wu3 3710i#i 3amau, HEAABHO K HUM I00ABHIIMCH Tarkke dacTtoTHble npusHaku peun LSF (Line Spectral Fre-
quency) [12]. Haubonee pacnpoctpaHeHHbIMH U 3((HEKTUBHBIMA METOJAMH MOJAEIUPOBAHUS U KiIacCU(UKALIUK
B obnactu POP, kak u B APP, Ha ceropHsHuN IeHb SIBISIOTCS CMECH rayCCOBCKUX pacmpezencauii (Gaussian
Mixture Models, GMM), ckpsitbie MapkoBckue monenu (Hidden Markov Models, HMM), uckyccTBeHHbIE HEH-
pounbie cetu (Artificial Neural Networks, ANN), meton omopHsix BekTopoB (Support Vector Machines, SVM)
[5]. TIpaktuyecku Bce coBpeMeHHbIe cucteMbl POP crposites ¢ ucnons3zoBanuem metonoB SVM u ANN, npu
9TOM IOCJIEJHHE TOYyYHIIN HEAABHO CBOIO «BTOPYIO )KU3HB» IOCIIE MOSBICHHUS METOJIOB ITyOOKOro 00yueHus u
n1ybokux HelpoHHBIX ceteld (Deep Neural Networks, DNN) [2]. CemeiictBo DNN-ceTei cocTaBisIIOT Taknue ux
Pa3sHOBHUIHOCTH,KaK: cBepTouHble HelpoHHBIE ceTu (Convolutional Neural Networks, CNN), pexyppeHTHbIE
HeiiporHsie cetn (Recurrent Networks RNN) u T.a. [13], koTOpBIe ceifyac yCHemHO MPUMEHSIOTCS TS 3a1ad
pacmiozHaBaHus peun. 113 cemelcTBa HEHPOHHBIX CETEeH BBINUIA TAKKE M MOJENb JKCTPEMAIBHOTO OOyUCHHS
(Extreme Learning Machines, ELM), xotopast coeZiuHsIeT BO3MOKHOCTH OBICTPOro 00y4eHHs MOJIEIH U TOYHOTO
npenckasanns gaHHBIX. Mozens ELM HemaBHO OBLIa YCHEIIHO HCIIONB30BaHA UL 3aaddl MHOTOMOJAIIBHOTO
(aynmuoBU3yasbHOTO) pacrio3HaBaHUs dMOLMI B peanbHbiX ycioBusx (in the wild) [14]. B HenaBHe#t 0030pHOi
CTaThe TAK)K€ OTMEYAIOCh [5], 4TO HEKOTOPbIE METOIBI, YCTOSIBIIMECS B 00IACTH MAaIIMHHOTO 00y4enus [15], He
04YeHb 00JlyMaHHO NMPHUMEHSIOTCS K 3anade POP, HanpumMep, 00beilMHEHNE MHOXECTBEHHBIX MOJIEJIE Ha yPOBHE
MO3/THET0 00BeTMHEHHS NH()OPMALIIH.
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MesxayHapoaHbie copeBHOBaHMs 0 koMnbloTepHOo# napanunreuctuke INTERSPEECH Computational
Paralinguistics Challenge

C 2009 roga B pamkax mexayHaponHor koHpepeHmr INTERSPEECH npoxonmsT exeromHsie COPeBHO-
BaHMsl aBTOMaTH4ECKHUX CHCTeM mapajiuHreucruueckoro ananmza Computational Paralinguistics ChallengE
(ComParE, http://compare.openaudio.cu), MOCBAIIEHHBIC PA3JIUYHBIM HAPABICHUSIM HCCICIOBAHHA B 00JacTH
KOMIIBIOTEPHOIN HapaJMHIBUCTUKU U TpoBoaumbie coodmectBoM AAAC (Association for the Advancement of
Affective Computing, ona .ke HUMAINE accormanus: http://emotion-research.net/sigs/speech-sig).

B 2009 rony nepssie copeproBanus INTERSPEECH 2009 Emotion Challenge ObLin MOCBSIIIEHBI aHAH-
3y OMOILMI B pedr AUKTOPOB (0a30Basi cTaThs 10 ’TOMY COPEBHOBaHHMIO [16]) 1O IByM KOHKYpcam/HanpaBlIeHUIM
(sub-challenges): naubonee tounas xnaccudukanus smoruid B peun (Classifier Performance Sub-Challenge)
[17] (3mech m nmanee MpHUBEAEHBI CCBUIKM Ha CTAaThH, ONMKCHIBAIOIINE CHCTEMBbI, OOEANBIINE B KAKIOM W3 KOH-
KypCOB) M KOHKYPC OTKPBITHIX IPOSKTOB IO aBTOMAaTHYECKOMY IapaJMHIBHCTHYECKOMY aHaim3y peun (Open
Performance Sub-Challenge) [18].

B 2010 rony copesroBanus Paralinguistic Challenge mpoxonumu 1mo Tpem HampaBIeHUsIM (0a30Basi CTaThs
M0 JIaHHOMY copeBHOBaHuio [19]): pacnosnaBaHue o peun AuKTopa ero Bo3pacra (Age Sub-Challenge) [20],
nona (Gender Sub-Challenge) [21] u cocrosinus addekra (Affect Sub-Challenge) [22].

B 2011 roay copeBnoBanust Speaker State Challenge nmpoxonuiu o AByM HanpasiieHUsiM (0a30Basi CTaTbs
M0 ATOMY COpeBHOBaHHIO [23]): pacrmo3HaBaHWE MHTOKCHKAIIMKM YEIOBEKa (COCTOSHUS OMbSHEHUS) IO pPeyud
(Intoxication Sub-Challenge) [24] u coctosinus comnuBocTu Aukropa (Sleepiness Sub-Challenge) [25].

B 2012 rony copeBHoBanust Speaker Trait Challenge mpoxomunu 1o HampaieHHsM (06a30Basi cTarhbs
[26]): pacno3HaBaHue MHAMBHIYaIsHOCTH JuKTOpa (Personality Sub-Challenge) [27], oneHka npuBiekarenbHO-
ctu ronoca auktopa (Likability Sub-Challenge) [28] u ompenemenue mnaromoruu peun (Pathology Sub-
Challenge) [29]. B Ta6n. 1 npeacraBnena nagopmaius o pedyiasrarax 1 padorax rnodeaurenei u Npu3epoB AaH-
HBIX TPEX KOHKYPCOB, a TaKKe CpaBHEHHE ¢ 0a30BBIMHU Pe3yJbTaTaMH OpraHU3aToOpoB. B 1aHHOM COpeBHOBaHUH
BCE Pe3YJBTaThl (KauecTBO pabOThl aBTOMATHYECKHX CHCTEM KJIACCU(PUKALUH aKyCTHYECKHX HapadHIBHCTHYC-
CKUX SIBIICHUI) OIICHUBAIOTCS U CPABHHUBAIOTCS C MPUMEHEHHEM OCHOBHOM MeTpuku moiaHOTH (Unweighted Av-
erage Recall, UAR) [26].

Komkype Personality Likability Pathology
Sub-Challenge Sub-Challenge Sub-Challenge
[oGenurenn 69,3 [27] 65,8 [28] 76,8 [29]
2-e MecTo 68,4 [28] 64,0 [31] 73,7 [33]
3-e MecTo 68,1 [30] 62,5 [32] 71,9 [34]
ba3zoBas 68,3 [26] 59,0 [26] 68,9 [26]

Tabnuua 1. Pesynetathl copeBHoBaHua Computational Paralinguistics Challenge B 2012 rogy

B 2013 rony copesHoBanusi ComParE npoxoannu no nanpasnenusm (6asosbie crareu [10] u [35]): pac-
NO3HaBaHUeE cTeneHu 3aboseBanus ayTusmMoM (Autism Sub-Challenge) [36], onpenenenne Hannuus KoH(IMKTa
mexay aukropamu (Conflict Sub-Challenge) [37], pacnio3HaBaHHe SMOLMOHANBEHOTO COCTOsIHUSA AukTopa (Emo-
tion Sub-Challenge) [38], ananu3 comumansHbix curHanos (Social Signals Sub-Challenge) [39]. Tyt crout Takxe
YHOMSIHYTB, YTO Pe3yJbTaThl MOCIEeTHETO0 KOHKYpca OBLTH BITOCIIEICTBUH TpeB30ineHsl B padoTte X. Kaifa u ero
kosuter [40]. B tabmn. 2 mpeacrasieHa nHPOPMAIUS O pe3yinbTarax u padoTax modennuTeneil M Ipu3epoB JaHHBIX
YeThIpeX KOHKYPCOB, a TAK)KE CPABHEHUE ¢ 0A30BBIMU PE3YIbTATAMHU.

Komkype Autism Conlflict Emotion Social Signals
Sub-Challenge Sub-Challenge Sub-Challenge Sub-Challenge

IMo6emurenn 69,4 [36] 83,9 [37] 42,3 [38] 91,5 [39]
2-¢ MecTo 66,1 [41] 83,1 [43] 41,0 [42] 89,8 [45]
3-e MecTO 64,8 [42] - - 35,7 [44] 89,7 [38]
bazoBas 67,1 [10] 80,8 [10] 40,9 [10] 83,3 [10]

Tabnuua 2. Pesynetathl copeBHoBaHusa Computational Paralinguistics Challenge B 2013 rogy

[pennocnenune copeHoBanust ComParE B 2014 romy npoxonuiiu 1o cieayromuM HarpasieHusM (6a3o-
Basl CTarhs 110 ’TOMY COPEBHOBAHHMIO [46]): onpesenenHne okaszanus Gpusndeckoil Harpy3ku Ha aukropa (Physical-
Load Sub-Challenge) [47] u onpeneneHne okazaHus yMCTBeHHOW Harpy3kd Ha mukrtopa (Cognitive Load Sub-
Challenge) [48]. JlaHHBIIT KOHKYPC COpEBHOBaHUS OBLI BEINTPaH KOJUIEKTHBOM Typerkoro bocdopckoro yauBep-
curera, . CramOyn1. B pa3paboTaHHO MMH cHCTeMe TS OLEHKH CTETeHH (U3NIeCKOr Harpy3Ku (KOHTPOIHPO-
BaJIaCh MOCPEACTBOM YaCTOThI CEpALIEONEHNS), HAKIIAIbIBAEMON HA AUKTOpA, UCIIOIb30BAINCH MHOTOIIOTOYHbIC
npu3Haku ayauocurnana (multi-view discriminative projection), Bbruucisiembie n3 LLD-HaOOpOB NpU3HAKOB
[47, 49]. Pa3paboTanHas cucTemMa MO3BOIMIA IPEB30MTH Oa30BYI0 CUCTEMY pPacIO3HABAHMS, TIOKa3aB HAITyYIee
cpennee 3nauenue nonHothl 75,4% (Unweighted Average Recall, UAR=75,4%). B Ta0i. 3 mpencraBieHa HH-
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(bopmanus o pesyisrarax U padorax modemuTeNieid U MpU3epoB TaHHBIX JBYX KOHKYPCOB, a TAK)Ke CpPaBHEHHUE C
6a30BBIMH pe3yJIBTaTaMH.

Komkype Physical-Load Cognitive Load
Sub-Challenge Sub-Challenge
TToGemuTeInn 75,4 [47] 68,9 [48]
2-¢ MecTo 73,9 [48] 63,7 [50]
3-e MecTO 73,0 [51] 63,1 [51]
bazosast 71,9 [46] 61,6 [46]

Tabnuua 3. Pesynetathl copeBHoBaHua Computational Paralinguistics Challenge B 2014 rogy

[Mocnennne  3aBepuieHHble  MexayHaponHole — copeBHoBaHus  ComParE-2015  (http://emotion-
research.net/sigs/speech-sig/is15-compare) npoxomwim B Hauane ceHTsops 2015 rona B Jpe3nene, [epmanus, B
pamkax koH¢pepenunun INTERSPEECH-2015 mo ciemyromuM TpeM HampaBieHusM (OasoBast craresi [52]):
pacrio3HaBaHAE IUKTOPOB, KOTOpPHIE TOBOPAT Ha pomHoM amsi HuXx s3bike (Degree of Nativeness (DN) Sub-
Challenge) [53]; npenckazanne Hammuwst Oone3nn [lapkmHcoHa mo peun (Parkinson's Condition (PC) Sub-
Challenge) [54]; aBToMaTH4eckoe OIpeeNieHre, eCT JIH YelI0BeK (IHKTOp) BO BpEeMs TOBOPSHHS HWIIH AUAJIOTa, U
kiaccudukanys Buia MUIIK, KOTOpYIo oH npuHuMmaet B 310 Bpems (Eating Condition (EC) Sub-Challenge) [55].
B T1abn. 4 mpexacraBneHa mH(pOpMamMa O pe3ydasTarax M paborax moOenuTened W MPU3EPOB JAHHBIX TpPEX
KOHKYPCOB, a TaKXe CpaBHEHHE ¢ 0a30BBIMH Pe3yJIbTaTaMH OpPraHH3aTOPOB.

Komkype Degree of Nativeness Parkinson's Condition | Eating Condition (EC)
(DN) Sub-Challenge (PC) Sub-Challenge Sub-Challenge
IMoGeaunTens 0,745 [53] 0,649 [54] 83,1 [55]
2-e MecTo 0,580 [56] 0,430 [57] 75,9 [58]
3-e MecTO 0,510 [54] 0,349 [59] 74,6 [57]
bazoBas 0,425 [52] 0,390 [52] 65,9 [52]

Tabnuua 4. Pe3ynsratel copeBHoBaHusA Computational Paralinguistics Challenge B 2015 rogy

Cucrema aBTOMaTHYeCKOI KJIacCH(PUKAIUN aKyCTHYECKUX MAPATHHIBUCTHYECKHX SIBJICHUMH
JJISl MeakIyHapoaHoro copesHoBanns ComParE-2015

B 20151 A.A. Kapnos (mpeacrasistrontnii CITMMPAH n Yauepcurer UTMO) y4acTBOBasl B JaHHOM
MEXXIYHAPOIHOM COPEBHOBAaHHUHM COBMECTHO C TypeUKHMH Kojureramu m3 bocgopckoro yauBepcurera (X. Kaiia
n A. Canax). Typemko-poccuiickas KOMaHAa pa3padoTana aBTOMATHYECKYIO CHCTEMY MapajllHTBUCTHYECKOTO
a"anu3a peun. [IpemioxenHas cucreMa KiacCH(UKALMY MapaJMHIBUCTHYECKUX COOBITHH 3aHsua 1-e MecTo B
copesHoBanuu INTERSPEECH 2015 Computational Paralinguistics Challenge B Homunanuu «Eating Condition
Sub-Challenge», rae nporpaMMHO 10 pedH HYXKHO ObLIO ONPEAEIHTh, €CT JIM YeJI0BeK, B TO BpeMsi KaKk OH rOBO-
PpUT, U €CJIA €CT, TO KaKoM THUIT Ay OH MPUHUMACT.

B aynuodaiinax u3 6a3el nannsix iHEARU-EAT [52, 60], npenocraBneHHoii opranusatopamu u3 Iepmanuy,
MPUCYTCTBOBAJI OJJMH M3 6 THIIOB IHILH, KOTOPYIO YEJIOBEK €J1 BO BPEMs pa3roBopa, M OHa OTCYTCTBOBAJIA:
s0110K0 (’KeCTKHH PpYKT), Kinacc «Applex;

OanaH (MATKHH QpYKT), Kinacc «Bananay;
HEKTapHH (MOIyMATKHH GpyKT), Kiaacc «Nectariney;
OMCKBHT, Ki1acc «Biscuity;
YUIICH (XpycTsmas ena), kiaace «Crispy;
JKeBaTenbHBIe KOH(eTHI, kiacc «Hariboy, a Takxke
6e3 nuiy Bo pry, kinacc «No Foody.
B oroif 0a3ze maHHBIX CcOIEp)KaTCsA 3amUCH HeMeUKoW peun/muanorn 30 aHOHMMHBIX JTUKTOPOB (IO
15 My>X4MH ¥ JXeHIIUH); 00mas JUINTEIFHOCTh PEUEBBIX JaHHBIX COCTaBIIIET OKOJIO 3 9acoB, OHA COAECPKHUT 00-
nee 1400 ¢aiinoB-BhICKa3bIBAHUH.

Ha puc. 2 npencrasieHa apxuTekTypa pa3paOb0TaHHOH aBTOMAaTHYECKOW CUCTEMBI KiaccH(uKaluy napa-
JIMHTBUCTUYCCKUX COOBITHH, a Ha PUC. 3 JeTajbHee MOKa3aHa cXxeMa MpPEeJIOKECHHOW TPEXYPOBHEBON KacKaIHOM
HOpMaJIM3aluy JaHHBIX. CHCTeMa OCHOBaHAa Ha BBIYMCICHWH HHU3KOYPOBHEBBIX aKyCTHUECKHMX IPH3HAKOB C HX
Hocieayole HopMaiau3aneld Ha ocHoBe BekTopoB @umiepa (B®). [lnst knaccupukanmy aKyCTH4eCKuX rapa-
JUHTBUCTHYECKUX SIBICHWH TPUMEHSIOTCS HMCKyCCTBEHHBIE HelpoHHBIe ceTtH Extreme Learning Machines
(ELM) u metop Partial Least Squares (PLS). JlanHast cicremMa AeTajdpbHO ONMHCaHA B MPEIBITYIINX CTAThAX KOJ-
JIEKTHBa aBTOPOB [55, 61, 62].

[IpennoxeHHas! TypeLKO-pOCCHMCKNM KOJUICKTHBOM aBTOMATHYECKash CHCTEMa aHaJIN3a PEdYd MO3BOJIMIIA
JOCTUYh HAWIYYIIETO IMOoKa3aress Kiaccuukaruu mapanuHreuctauueckux spieanii UAR=83,1%. Ilpu stom
6a3zoBas cucTeMa, MPEAJIOKEHHAs] OPraHU3aTOPaMi COPEBHOBAHMSI 1 OCHOBAaHHAS HAa HU3KOYPOBHEBBIX IPH3HA-
Kax, BeIYHCIsIeMbIX TocpenctBoM cpeactBa OpenSMILE u mammuax omopHbix BekTopoB (SVM), nokasaia pe-
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synasratT UAR=65,9%, T.e. paspaboTaHHas cucTeMa MO3BOJIMIA TOJNyYUTh OTHOCHTEIBHOE YITydIlIEHHUE 110 CPaB-
HEHHIO ¢ 6a30B0ii cucTeMoit B 26% M HAMHOTO IPEB30MTH KOHKypeHTOB. Ha puc. 4 mpencrapieHa MaTpuia Ciy-
teiBaHus (Confusion matrix) Hammydmeil mpemIoKeHHON aBTOMAaTHIeCKOH CHCTEMBI KITacCU(PHUKANN TTapaluH-
TBUCTHYECKHX SIBJICHHIA.

’/ Peuenas b1 / \ Beluncienue ayimonpu3HaKkoB
T d |

*l'll I _ * 'I" \\ / RASTA-PLP MFCC
\ !

Merton rnaBHbIX O0y4eHune Hepapxudeckas
KOMIIOHEHT =  Mopjenei KJIaCTepHU3alust
(PCA) GMM nukropos (HAC)
, , | |
‘,/ BexTopa \‘ GMM MNupexcebt
\@uuiepa (BD)/ MOJEIb JUKTOPOB

Kacxazu{aﬂ HOpMan3anus

I
- °\ Knmaccuduxarus
f HopMangsé())BaHHmeJ— (ELM/PLS) 7 Kimaccel

/
Puc. 2. ApxutekTypa aBTOMaTUYECKOM CUCTEMbI A5 KNaccuukaumm peueBblx NapanuHreBucTM4eckux
ABMNEHNN
< HaGop nanubix > Hopmanusanus 3HaueHUH
I be3 nHopmanuzanuu
Hopmanu3zanus npusHakos
Hopmanuzanus no
be3 nopmanuzauuu SHEprun
CurmoungaabHas
MunumakcHas — HOpPMaIIH3aLHs
HOpMaJIU3anus

v

Hopmanu3zauust aneMeHToB

Z-HopManu3zanus
(o mukTOpam)

be3 Hopmanuzanuu

Hopmanus3oBaHHbIE L2-nopmanusanus
JTaHHBIC (eBkIHIIOBA)

Puc. 3. Cxema npeanoxeHHOW TpeXypoBHEBOW KackagHON HOpManu3aummn AaHHbIX

[To wmHpOpMammu ot oprarm3atopoB, Bcero B copeBHoBanmr INTERSPEECH 2015 Computational
Paralinguistics Challenge npuasinn yaactie 30 HayqHBIX KOJUISKTHBOB U3 Pa3HBIX CTPaH MHUpa, a B KoHKypce EC
y4acTBOBaIM 15 pa3iMYHbIX MEXIYHAPOIHBIX KOJUIEKTHBOB. [IpM 3TOM BTOpPOE MECTO C pe3yJbTaroM
UAR=75,9% 3ansn Hemeukuil kojulekTHB TexHmueckoro YHumBepcurera Jlapmmranrta [58], a TpeTpuM cran
aMepUKaHCKUH KouieKTHB n3 YHuBepcureta IOxuoi Kamdopuuu [57] ¢ pesynsrarom UAR=74,6%.

Crout cka3aTh, 4TO BO3MOXKHAsl IIPAKTHYECKasi M0JIb3a OT TaKOW CHUCTEMbI 3aKJIIOYAETCSl B CIIEAYIOLIEM.
AKTyaJIbHO €€ NpPUMEHEHHE B IEPCIEKTHBHBIX CHUCTEMax aBTOMaTHYEeCKOrO pacllO3HABAHUSI PEUd, TaK Kak
H3BCCTHO, YTO MHOTJIa HEKOTOPBLIC CHCUUATUCTBI €4T, B TO BPpEMA KaK MOHOTOHHO HAaAWKTOBBIBAIOT AJIMHHBIC
TEKCTBI, IPOTOKOJIBI WM 3aKJIIOUEHMs (HampuMmep, cieloBaTelld, Bpaud M T.J.). Kpome Toro, Tak kak npu
NPUHSTUH MU U3MEHSIOTCS ITapaMeTpbl PEeUeBOro TPAaKTa M XapaKTEPUCTUKH TOJ0ca 4YeJIOBEKa, TO CHCTEMBI
nieHTHUKAUK/BepU(UKALUN JTUKTOPOB II€PECTalOT HA/JEXHO paboTarh B TakuWX CilydasX, MHOITOMY
HEOOXO0IMMO CO3/1aBaTh TAKUE CHCTEMBI, [IAlITHPYIOIMECS K YCIOBHSM M MAPATHHIBUCTHYCCKUM SIBICHHUSIM.
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Puc. 4. MaTpuua cnyTbiBaHMSA HaumyyLlen cMcTeMbl Knaccudukaumm
3akJoueHue

B crarbe mpeacTaBiieH aHAIUTHYECKOW 0030p COBPEMEHHBIX M aKTyalbHBIX 3ala4, CTOSMIMX B 0OJIAaCTH
KOMITBIOTEPHOM ITapajIMHTBUCTHKH, a TAK)KE MOCIECAHUX NOCTHKEHUI aBTOMATHYECKHX CHCTEM IapajMHIBUCTHU-
YeCKOro aHain3a pasroBopHoi peun. [IpuBenena nndopmaryst 0 MEXAYHAPOIHBIX COPEBHOBAHHAX 110 KOMITBIO-
TepHO# napanuHreuctuke Computational Paralinguistics Challenge (ComParE), npencragiens! 3a1auu, KOTOpble
pelanyich B paMKax JaHHOro copeBHoBaHMA B nepuof ¢ 2009 nmo 2016 rr, a Takke KOMIBIOTEPHBIE CHCTEMBI,
noOeAMBIINE B KOKAOM U3 NPOBEJCHHBIX KOHKYPCOB U IOJyYEHHBIE pe3yNbTaThl. B mocieqHeM copeBHOBaHUM
ComParE-2015 ywacTBoBasia 00belMHEHHAsI TypELKO-POCCHIICKasi KOMaH/a aBTOPOB JaHHOW CTaThH, IPEJICTaB-
nsromast bochopekuit Yausepcuret, Typuus, CIIMUPAH u Yausepcurer UTMO, Poccuiickas @enepanus. Ko-
MaHza ofepxkaia nodeny B omHoM u3 KoHKYpcoB («Eating Condition Sub-Challenge», EC) copeBHOBaHUS, 3a1a-
Yya KOTOPOTO 3aK/II0Yanach B TOM, YTOObl aBTOMAaTHYECKH MO aKyCTHKE ONPEAEIUTh, €CT JIM YEJIOBEK BO BPEMs
TOBOPEHUsI/JUANIOTa, ¥ KJIacCU(DUIIMPOBaTh BU MUK (OJHOrO U3 7 THIIOB), KOTOPYIO OH IPHHMMAET B 3TO Bpe-
M. [IpemmoxkeHHass cucTeMa Mo3BOJIrIa JOCTHYb mokasarens kiaccubukannn UAR=83,1%. B HacTosimeit cra-
ThE MPEJCTABIICHA aPXUTEKTypa JAaHHOW CHCTEMbI U OCHOBHBIE MOJIENIM M METOJbI, @ TAK)KE OIMHCaHBl HCIIOJb-
3yeMble 00y4arollie 1 TeCTOBbIE ayANOAaHHbIE, U HAWIYYIIHEe MTOJy4YEeHHbIe Pe3yJbTaThl 10 MALIMHHOMN KI1acch-
(uKanuy aKyCTHYECKHUX MapaTMHIBUCTHUECKHX SIBJICHUI.

B spiremHeM, 2016 rony copeBroBanus ComParE-2016 o0bsiBIEHBI M POXOIAT B HACTOSIIEE BPEMS T10
TpPEM HarpaBJeHHsIM: OOHapy)XeHHE JIOKHOCTH/UCTUHHOCTH pedeBbix coobuienuit (Deception Sub-Challenge);
OIIpezieIeHNe CTENEeHN NCKPEeHHOCTH roBopsiuiero (Sincerity Sub-Challenge), a Taxxe onpezneieHue 1O aHIIION-
3BIYHON PEeYN WHOCTPAHIIEB, KaKOH SI3BIK (3amMcaHbl JIIOMU U3 11 pa3inu4HBIX CTpaH) AJS HUX SBISETCS POAHBIM
(Native Language Sub-Challenge). YcnoBus gaHHOTO KOHKypca IpeACTaBICHBI B CTaThe OpraHu3aropos [63], a
pe3ynbTaTsl OyayT HoaBeneHk! B ceHTs0pe 2016 1. B xome 17-i mexxayHaponHoi koHpeperm INTERSPEECH-
2016 B CHIA. Typeuxo-poCCHICKHIA KOJUIEKTHB aBTOPOB CTAaThH TAKXKE NPUHUMAET y4acTHe B COPEBHOBAHHU
ComParE 2016 rona [64].
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Aunexceii AnatonbeBud KapnoB — 3aBenyrommii naboparopueil  pedyeBBIX U
MHoromonanbHeix  uHTepdeiicoe  O®I'BYH  Canxr-IlerepOyprckoro  HHCTHTYTa
nHpopMatuku u aromarmsauuu Poccuiickoit Axamemun Hayk (CIIMMPAH), a taxxe
npodeccop Kadeapsl pedeBbIX HWHPOpMANMOHHBIX cucTeM YHuBepcutera UTMO (mo
COBMECTHTEIBCTBY), HOKTOP TeXHHYecknX Hayk (2014 ), IOIEHT HO CHEenHaTbHOCTH
(2012r). B 2002 r. oxonumn Cankr-IlerepOyprckuii rocyqapcTBEHHBIH YHUBEPCUTET
aspokocmuueckoro mpudopoctpoenus (CIIOI'YAIT). C 2002 r. mo Hacrosiiee Bpems
pabotaer B CIIMMPAH B naGoparopuu pedeBbIX ¥ MHOTOMOJAIBHBIX HHTEepdeiicoB (10
2008 . — B rpynme pedyeBoil nHdopmatuku), ¢ 2015 r. BO3MIAaBISA JaHHYIO J1aOOPATOPHIO,
a taoke ¢ 2014 r. — B YauBepcutere UTMO. [To6enun B MeXayHapOIHOM COPEBHOBAHHU
0 KOMIbIOTEepHOW MmapanuHreuctuke Computational Paralinguistics Challenge (koHKypc
«Eating Condition Sub-Challenge») B paMkax MEKIyHapOAHOH KOH(EPECHINH
INTERSPEECH-2015 (I'epmanust) u B koukypce Loco Mummy Contest 2006 (bensrus).
Brin mpurnanieHHBIM penakTopoM MexIyHapomHbIX KypHanoB Speech Communication u
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Journal of Electrical and Computer Engineering, 6611 npencenarenem cemunapa SLTU-2014, siBisiercs compencenarenem
oprrkomureta cepun KoHpepeniuii SPECOM. Arop 6Gonmee 220 craredl, omyOJMKOBaHHBIX B MEXKAyHApOAHBIX U
OTEYECTBCHHBIX HAYYHBIX JXKypHalaX W Tpyaax koHdepeHuui, 3 moHorpaduii. IIpusHaHHBIH SKCHEpT B 00NACTH PEYeBBIX
TEXHOJIOTU U MHOTOMOJAJIBHBIX II0Jb30BAaTENbCKUX HHTEp(eiicoB. OOnacTh Hay4YHbIX MHTEPECOB — PEYEBBIC TEXHOJIOTHH,
ABTOMATHYECKOE paCllO3HAaBaHME peyH, 00paboTKa ayIHOBHU3YaJbHOH pEYH, MHOTOMOJAJBHBIC YEIOBEKO-MAIIMHHBIC
uHTepdEHCHI, KOMITBIOTEPHAs TapaIHHIBUCTHKA.

Alexey A. Karpov is the Head of the Speech and Multimodal Interfaces Laboratory of St. Petersburg Institute for Informatics
and Automation of the Russian Academy of Sciences (SPIIRAS) and Professor of the Speech Information Systems
Department at the ITMO University, Dr.Tech.Sc. (2014), Ph.D. (2007), Associate Professor (2012). He has graduated from
St. Petersburg State University of Aerospace Instrumentation (SUAI) in 2002. He has been working since 2002 in the Speech
and Multimodal Interfaces Laboratory (until 2008 in the Speech Informatics Group) of SPIIRAS, leading this laboratory
since 2015, as well as he is the Professor of ITMO University since 2014. He won the Computational Paralinguistics
Challenge Award in «Eating Condition Sub-Challenge» at the International Conference INTERSPEECH-2015 (Germany)
and Loco Mummy Contest 2006 (Belgium). He served as a Guest Editor for special issues in Speech Communication, Journal
of Electrical and Computer Engineering. He was the chairman of SLTU-2014 and co-chair of organizing committee of
SPECOM series. He has published more than 220 articles in International and Russian scientific journals and proceedings,
including 3 monographs. He is an expert in the scientific domains of speech technology and multimodal (audio-visual) user
interfaces. His research interests are: speech technology, automatic speech recognition, audio-visual speech processing,
multimodal human-computer interfaces, and computational paralinguistics.

Xeiicem Kaiia 3ammtin goktopckyto auccepranuio (Ph.D.) Ha xadeape koMnbroTepHON
nmkeHepun bocopckoro Yameepcutera (Bogazici University), CramOyn, Typous B
2015 romy no TeMaTuKe KOMIBIOTEPHOU MapaIMHIBUCTUKH U MHOTOMOJAJIBHOTO aHalIu3a
smonmit. [lomyumn murmuiom OaxamaBpa B bochopckom VYrmsepcutere (B obmactu
KOMITBIOTEPHBIX M 00pa3oBaTeNIbHBIX TexHoyoruit) B 2006 rogy M IMIUIOM Marucrpa B
VuuBepcutere baxuemexup (Bahgesehir University) B 007acTH KOMIBIOTEPHO#
nmxeHepud B 2009 roxy COOTBETCTBEHHO. BB HarpaxieH MOYETHBIMU AUINIOMAMH 3a
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ir i j MEXIYHApOIHBI CEMHUHAp IO paclio3HaBaHMIO denoBeueckoro nosexeHus (HBU) u

Hay4yHOo-TexHU4eCckuii BECTHUK MHCDOPMALMOHHBIX TEXHOSOMMIN, MEXaHUKN U ONTUKM, 591
2016, Tom 16, Ne 4



AKTYAJIbHBIE 3A0AYU N AOCTMXKEHNA CUCTEM MAPANMHIBUCTUYECKOIO ...

aBysICs ero conpencenareneM B 2010-2016 r.r. beut npumiameHHbIM peJakTOpOM psAa CHEHUATBHBIX BBIITYCKOB Pa3IHYHBIX
MeXIyHaponHbix xkypHanoB, Takux kak IEEE Trans. Affective Computing, Journal of Ambient Intelligence and Smart
Environments (JAISE), Journal on Multimodal Interfaces, IEEE Trans. Autonomous Mental Development, IEEE Pervasive
Computing. Ynen penakunonHbx koyternit xypHanoB JAISE EAI Endorsed Transactions on Creative Technologies, JAISE
and IEEE Trans. Cognitive and Developmental Systems. fIBnsiercs meiictButenpHbiM wicHoM acconuanuii ACM, IEEE,
texanueckoro komurera IEEE AMD Action & Perception u 6nomerpuueckoro cosera IEEE Biometrics Council.

Albert Ali Salah received the Ph.D. degree from the Computer Engineering Department of Bogazi¢i University, Istanbul,
Turkey. Between 2007-2011 he worked at the CWI Institute, Amsterdam and the Informatics Institute of the University of
Amsterdam. He is currently an assistant professor at Bogazi¢i University, Computer Engineering Department and the chair of
the Cognitive Science program. He works on computer vision, multimodal interfaces, pattern recognition, and computer
analysis of human behavior, with more than 150 publications in related areas, including an edited book on computer analysis
of human behavior. He received the inaugural EBF European Biometrics Research Award in 2006, INTERSPEECH
Computational Paralinguistics Challenge awards in 2014 and 2015, and Bogazi¢i University Foundation's Outstanding
Research award in 2014. He is a member of the eNTERFACE Steering Committee and ICMI Advisory Board. He initiated
the International Workshop on Human Behavior Understanding in 2010 and acted as a co-chair between 2010-2016. He
served as a Guest Editor for special issues in IEEE Trans. Affective Computing, Journal of Ambient Intelligence and Smart
Environments (JAISE), Journal on Multimodal Interfaces, IEEE Trans. Autonomous Mental Development, and IEEE
Pervasive Computing. He is an editorial board member of JAISE EAI Endorsed Transactions on Creative Technologies,
JAISE and IEEE Trans. Cognitive and Developmental Systems. He is a member of ACM, IEEE, the IEEE AMD Technical
Committee taskforce on Action & Perception, and the IEEE Biometrics Council.

592 Hay4HOo-TexHU4eCcKuii BECTHUK MHEDOPMALMOHHBIX TEXHOOMMIN, MEXaHUKN U ONTUKMK,
2016, Tom 16, Ne 4



