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Havemotiuo Oeoouhiliog

Turpa Hiextpohdywv Mnyoavindv & Mnyavixdy Troloylotody
/
[epiAnyn

H axouotny avdivon oxnvric otoyeler otny enelepyoaoio xar Ty epunvelo Tng mymuxic
TAnpogoplag Tou dddUnxe 0To TEPBAALOY Ko T OYEUPHUNXE ATd TOAU-UIXPOPOVLXES OU-
otorylec. H avoryvdpion xon 1 TaEvounoy Tev axouUoTIXGY YEYOVOTGY UE YPNoT AVamTUY-
HEVDY 0AY0pIIUmY Xt LOVTEAWY AmoTEAOUY Baotxd epeuvnTind {NTALATA YL TNV AX0U0 TLXN
oxnvh. Trdpyouv morhol telwvountés 6nee to mohueninedo perceptron (MLP multilayer
perceptron-MLP), HMM (hidden Markov models), Bayes xtin, oAl oto TAcioww authc
e epyaotog Vo TELRUUUTIO TOVUE UE EVOY OUVOUICUO VEURGVIXMDY OLXTOWY XL XPUPOY UO-
viéhwy Markov, Snuroupydvtog €10t €var UBEOd VEUPKWIXG BiXTUO.

Kotd tn Sudpxewa tou oyediou epyaciog, yenowomotoous Ty ToAuxavokixy| Bdon 6edo-
pEvey tou gpeuvnTol xévipou UPC-TALP mou nyoypagpriinxe and 24 uxpdpmvo Tono-
Yetnuéva oe éva €Eunvo tepBdihov. To apyela éyouv Tunuatoromel oM and tponyoiuevn
gpyaota. To Baowd epyaieio tou yenowonojooue eivoe To HTK yio va ovteromotioouye,
VoL EXTOEVo0UUE xon Vo e€eTdooupe TN Bdon Sedopévev e yeron Batidv veupmvindy Ot
%©T0WY. 270 TEAOG, ouYXpivaue Tor amoTEAECUOTA Xott SLoxpivoue TTotd pédodog avTamoxpiveTo

HAAVTERY OTO TEOBANUS HoC.
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University of Thessaly

Department of Electrical & Computer Engineering

Abstract

The acoustic scene analysis aims at processing and interpreting the audio information
that was propagated in a environment and recorded by multiple microphones. Devel-
oping algorithms and models that recognize and classify a set of acoustic events is a
research topic of high interest in the acoustic scene analysis. There are many classifiers
such as perceptron-MLP, HMM (hidden Markov models), Bayes etc., but in the aspect
of this thesis, we will experiment with a combination of neural networks and HMMs,
creating a hybrid architecture.

During the work plan, we used the UPC-TALP multi-channel database of 24 microphones
embedded in an intelligent environment. The files have already been documented by pre-
vious work. The basic tool we used for modeling, training and testing our system with
neural networks is HTK. In the end, we compared the results of HMM and DNN to find

which solution method suits better for our problem.
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Buyapiotieg

Kot apyhy Yo fileha vo euyopto THOw TOV ERIXEQUAT) ETOTTY AUTHE TNG HETATTUYLOMNS EQY -
otog %.I'epdoo Hotoudvo, avarinewt| xednyntd Tou turuatog Hietpohdywy Mnyavinomy
& Mrnyavixdv Trohoyiotdv otov Boho, yio ty mapamdve and yerowr Borded tou. H
#0081y noy| Tou Ntav e&éyouoag onuaciog xoog xatdgepa xatovonoe Baditepa Ty e-
TLOTAUY) TOV YEUPOVIX®Y OXTUny. Emnpdoleta, Yu fleha va suyoplotiow amd xupdLdg
TNV OXOYEVELS XL TOUS PiAOUS oL Yl TNV aydmn xon TNy utoo THEEY] Toug Tou e Borin-
oe mvevpotixd. Téhog, Yo Hleha vor exppdow TV EUYVEOUOCHVY HOU GTOUS AVUTANEOTES
nodnyntée Nuxdhoo Mréhho xor Avidvio Apyuplou vy Ty xododhynor, toug. Xopls o

TpoavapeRUEYTOL dToUa UTH 1) METAmTUY AT epyaota dev Yo umrpye.
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Kegpdiowo 1

Eiwcaywyn

1.1  AxovoTtixh avdAuor oxnvig

H axovotindc avdiuorn oxnvic avopépeTton YeEwxd otr otadixasin oTny ool évo axouc Tnd
oevdplo aviyvebeton 1 Tadvousiton. Ye YeVIxE YOoUPES, TO UXOUOTIXG OEVIPLO amOTEAETOL
OO UXOUCTIXE YEYOVOTY TOU TURAYOVTHL ATO OLUPOPETIXES TNYES, HEON OF Eva TEPBAAAOY
T0 ornofo elvor ouviUwe SwUATIO 1) omowdrroTe dAlo avTryto tepBinua. H avdiuon g
oxoLOTIXNG oxNVE Uropel var tepthopBdver Ty exTtiunom ¥ Ty Tavounon Tev TopoUETEmY
TOU 00Uc TWwoU TEPBdAAOVTOE Tou ouuPaivel oTo axouoTixd cevdpto. To orua eioddou oe
Evol oy avaAvoNng oxnvic umopel vou efvar OTOLBHTOTE YOp(T) OUATOS TOU EXTEUTETIL
amd €vo TNYT 0TO OWUATIO, 1) omola xoTaypdgnxe elte amd €va uovo Uxpdpevo, eite and
o ouototyior peopedvey[6]. ‘Oneg yivetow avTiinmtd, autds 0 xhdog Ynopel Vo hertoup-
YHOEL 00 BEATIWTIXOC TopdYOvVTaS O TAZWOUNTES TOU YENOWOTOOUVTOL YLOL 0VOY VOELOT)
povic [5]. Tupdho mou 7 ophic amoterel T0 O TANPOYOELIXG UXOLVOTXG YEYOVOS, To
BLopopeTIXd YEYOVATH Tou hauBdvouy pépog oe €va Ympeo umopel vo pépouy e&ioou onua-
vy TAnpogoplio. Kot autd yatl péoo and autd tor oupfavTtor avtavaxAdtar 1 avioomivn
Spao bt eite and duueoes mupepBdosc 010 Yipw mepBdlhov (Hyoc Prudtev), elte
péEou amd T yeNon aVTIKEWEVOY (AY0C TATXTEOAOYIOU). LUVETMS, UE TNV avory vOELoT) Xt
AATNYOPLOTOINOT) TETOLY YEYOVOTWY, UTopEl va yapToyeagnUel 1 avipdmvn xat xowemvix
SpaotnedTnTe o éZumva tepBdhhovTa [7]. H avaryvideion oxouo Tindy YEYOVOTWY OE To-
Auxavohixd meptBdhhovta amoTehel Topuxhddr e emotTiune e Avoayvapetong Hpotiney,
#nordég T My TKd orpata enelepydlovTon Hote vo e&aytoly YupaxTNELo TS TOU UTOEoUY
VoL oL TERLY PAPOUY. LOUQOVYL UE oUTA ToL YoRUXTNEIO TIXd, EXTOUOEUOVTOL TUEVOUNTES (HOTE
VO XUTHOTOUY IXUYOL VoL EVIOTHOOUY XL VoL AVOY VEOREGOUY UEUOVGUEVH UXOUC TIXG YEYOVOTA

(HepOVOUEVH TELRdUT) 1 aXONOUDIES (EVOWUATWUEVY TELOSUNTA).
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Kegdioo 1. Fioaywyn

1.2 Xyetuxr| epyacio

H petantuyond auty epyaota Baolletor otr Soulela Tou 0hOXANEGUTKE XoUTd T1) OTUOUe-
vio tng dumthepotinic epyaoioc 7 Avayvipton axovo Y YEYOVOToV Y Badid veupmvixd
dixtue” [8]. Tdéoo 1 Vewpio, GO0 X0t TO TEQLEYOUEVO TV IXOUCTIXMY BEBOUEVHY TP~
gvouv 010 B eninedo. Emmpdoleta, 1 Bdorn 6ed0uévmy OTOU TEAUYUATOTOLUTXAY T
ue ot eninedo. E U 3 OEOOUEVEY o Ornay T
nepdpate, €yer ypnowonoumlel ooy ulhixd exmaldevorg xur wStOAGYTIONG 01O OYEdo Ep-
vaoiue " Multi-microphone fusion for detection of speech and acoustic events in smart
spaces” [9]. [lewpdpota mdver otny Bur axp3ae Bdon mpayputonoinoay o Taras Butko,
Fran Gonzalez Pla x.o mou npoondinouy vor avaryvegioouy To axouc TiXd YEYOVOTo HECE
HMM to€wounty) xae vo evtonicouy tnv nyntxd mnyn. H por| epyaotug nou axohobinooy,

dnutoupYhvTaS éva TETOW olo TR goivetor oto Xynue 1.1 [1].

1 mic AE

2-source |—

Audio |

acquisttion [

Visualization

2-source
24 mic |_ASL | (x:3) coordinate(s)

YXHMA 1.1 Avenopdotaor tou rpotewvduevou guothuatos. Afgpdnxe oand to (1]

Hewdpoto méve ota uPedixd veupwwxd dixtua mpayuatornolnoav ot George E. Dahl,
Dong Yu [2] x.0, agol yenowonoinouy éve npo-exnondeupévo contect-dependent veuvpove-
%6 dixTuo Yyt vor Tpooeyyioouy To TEOBANUA TG avory vapLong pwviic HE Yeydho AeZihdyto.
1 % : gk o : TTT i P 7 L. sl = + s
Yuyxexpréva, xatdgepay de yeron GPU va dnuoupyfoouy éva povtého 5 xpupmy et
mEdwv Ye 2000 xouBouc To xaéva 1oL vor ETTU0UY axpiBeld 0TV vy VORLOT] TROTACEMY

Gihoug 70.3%.

1.3 Bodid padnon xor veupwvixd dixtuo

To vevpwvind dixTtua elvar eumveuouéva and o Brohoyixd Hovtého Tou TeoTtdinxe oand Tov
H. Hubel xo Torsten Wiesel to 1959 [10]. Ané Bioloyns| dnodn o eyxéparog amoteleiton
umG veuptxd x0OTTopa Tou ovoudlovTon veupdveg xon elvor ouvdedepévor petall Toug de Oe-
opoUs. AutodC 0 PMUVIoUOS ETLTEETEL TOV NASXTRONO Vol XURAYL BLHECOU TOU EYXEPEAOU
o€ G0 10 obua xor €tor xahoTd wavh T emxovevia Yetadld v xuttdeny. Eyovtag
0 EYXEQUNOG QUTOV TOV UNYVIOMO, AauBaver amogdoetc xo EMITEEREL OOUUTIXES Bpdoek.
To teyvntd vevpwvixd dixtua Teoonaldoly Vo TROCOUOUDOOUY QUTH T1] CUUTERLEORE O1-

G Py ol — S s . e . :
HLOURY OVTAS €val oUC TR XOUBeV Slonpeuévo o ouvdedeuéva enineda. XTr OUYXEXPLUEVT)
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Kegdhoo 1. Fioaywyn 3

epyaota, yenoworonotinxe éva eldog UPBELdtxol veupmwxoy BLxTU0U ToU TEPVEEL £Va OTHOLO
TPO-EXTOEBEUONG UE OXOTO TNy XoAUTERY ap)ronoinoy Twy Baptv ot xpupd enineda. Xto
Yyfua 1.1 mopouotdleTor Topdderypo EVOS VEUPGVIXOU BxTO0U GTOU QuiveTaL 1) 0PYAVKIOT)

TV EMTEOWY KoL 0L CUVOEDELS YETHE) TOUG.

/ Transition Probabilities

| HMM

~ Observation
‘vﬂ Probabilities

DNN

b[l] |
I:w

¥

!_} “_.-L_ * !i ﬁ .‘_ ;_ : bservation

YXHMA 1.2: Awdypopua ueduaic apyitextovxrc. To uéyedog trc eioddou oto veupwwind
dixtuo cuunintel we tn didoTaon TV YapuxTnEIETIXGY.[2]

1.4 H petantuyioxn spyocio os pio potid

1.4.1 Xxo0mndég NG RETANTUYLAXYG Epyaciog

H nopotoa epyaoio anoterel enéxtaon ng HEAETY TOU TEOBARUATOSC TNC AVAY VMELOTC UXOU-
OTXOY YEYOVOTWY Tou AapBdvouv ydpo oe évo €€unvo nepBdrhov. Ta yeyovéta €youv
nyoyeapniel Tautdypova and 24 updgpove. O oxomde autol Tou oyediou epyuciuc e-
o vor povtehonotioer 10 TpdPAnua pe éva UBpid veupemwxd dixtho, va YeheThoer TRy
enidoon Toug péoo and plo oepd Telpaudtwy, vo e€dye o anoteAéopata oL TEAOG VoL TaL
HE auTd TV papxoBlvey poviéhwy. Emmiéov, péon twv mewpoudtov BAémouus Tty o-
nédoor tou Aoytouxoy HTK oe oyéorn ye o Kaldi[8]. Tlpéner vor onpereydel ot 1o 800
epyoheio EMTEENOUY TNV HOVTIENOTOMOY VEUGWVIXGY BIXTOMY Yot T AmoTEAéoUATS Toug Vot

TUEOUCLIC TOUY avahuTtixd oto Kegdhawo 5.
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Kegdhao 1. Fwoaywyn 4

1.4.2 3uvewogopd tng cspyaciog

H nlpro cuvetopopd autiic tTng ueTamTuylomnG epyaolag EYXELTaL TNV EQUQUOYT TNG Ue-
V600U TV Botidy UBELBIKOY VEURGVIXGDY BIXTUMY 0T GEB0UEVH TNG TOAUXAVAAXAC Bdong
dedopévewy UPC-TALP e oxond vo extiuniel n amodotxdtnta oTny aviyVeuoT Tey oxou-
OTXGY YEYOVOTwY ot €Cunva mepBdiiovta. Iho edxd, n emotnuoviny| ouvelo@opd Tng

gpyaolug urnopel va ouvodrotel otoug axdrofoug Touelc:

o T'n yeYiom SLapopeTindy YeTptx®y Adboug Ye oxond Ty xaAitepn xon 0plotepn olto-

AOYNOY) TRV TOUEWOUNTEY.

o Edpeon tou anodotxndtepou povtérou uBplotxol Batol veupmvixol StxThou Y TNy

HovieAoTonoY TOU TEOBAUATOS.

o BEZayoyn TeNxdy oUUTEQUOUATEY xot AELOAOYNOT) TNG EPUPUOYTIC VEURGVIXGY OIXTOWY

OTIV NYOYPAPNUUEYT) BAom BEBOUEVHV.
o AZwhdynon tou HTK ©¢ evodlhoxTind hAoyiopnd Snoupylag VEURGVIXGY BIXTOWY.

o AZwhdynon tov yapaxtnetotixey MFCC o¢ tpog Ty anodoTxdtnTo Tng EQupuoy g

Tou oTo Bordid veupewird dlxTud.

o AZwhdynon g enidpaong Twv woviéhwy Markov otn Snutoupyio evdg amodotinol

UBEOLXOD VEUPGWLXOY BLXTVOU.

o Ylyxpion YETEAOY yior TNy avddeln Tou xohitepou miovotixol yoviéhou ye Bdon

TOL TELOGUOLTAL.

1.4.3 TIlepieybpevo xepahoiwy

Extd¢ e sroayoyn, auth 1 epyacio anoteheiton and TEVTE axOUA XEQPIAAULNL TTOU CUUTERL-

hoBavouy o axdhovlo TEQLEYOUEVO:

o KepdAaro 2: mepiéyer Ohn Ty TAnpogopia oYeTxd Ye Tov TedTo enthuong Tou
TpofAfuaTog, plo ouvorTiny avapopd ota wovtéda Markov, tn Jewplio dnou Bacile-
TOL O OUVOLAONOC Toug Ue Bardtég apytTexTonés, TNy €aywyr) TOV YoQUXTNELO TLXMY
MFCC mou yenotomotiin oy YLt TNV avory VORLOY| OXOUCTIXGY YEYOVOTWY %ot TIC
woTNTéS Toug. Emmiéoy, nopodétovTon padnuotixol Tomor ue oxond Ty TAYeY Xo-

TUVONOY] TWV TULATEVE) OLABLXAOLODV.

o KepdAaio 3: oc autd TO TUAUY TopouotdleTon 1) TOAUXavaALXY) Bdorn dedopévey

UPC-TALP, teywixéc mhnpogopies oyxetnd ye 10 undBoadpo oto onoto nyoypeaprdnxe
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Kegdhao 1. Fwoaywyn 5

now opyoveydnxe. Axdurn, avapteitar xon Thvoxog 6mou T 8edouéva g Bdong €youv
xaTnyopomomnUel 0T 8 cUVEDPLES UVIAOYU UE TO YEYOVOG TTOU TEQLYPAPOUY. DE AUTO
T0 onuelo mpEner var onuetwdel 6Tt To omTiXd TR TG Bdong Bev TEprypdpeTon o

oev ypnowonoinxe oto Thaioo NG pyaoiog.

o KepdAaio 4: 10 T0 eXTEVES X0 avohuTind xe@dhono g spyoaolug, apol teprypdipe-
Ton T0 Baowd epyareio-hoytopmnd HTK nou yenowonowinxe yio v Siexnepolnon
¢ epyaoiug. ‘Eneita, nupadétovion avalutinée TAnpogopieg v 10 gpyaheio SoX
ue to omofo éywe N enelepyaoion TV AXOVOTIXGY apyelwy ot plo xowr Yopey. X0
Téhog Tou xepohalou, TeptypdpeTon 1 dtadwacior TG eEaYWYNC YUPUXTNPLO TGV, T
xerion tou xarbtepou HMM-GMM povtéhou v tny mpoexnaideuon xon exnaideuor)
evog veupwvixol dutbou. Téhog, meprypdpetar 1 Swadtxacior TG AmoXWOLXOTONoNG

TV BE0OUEVLY UE YENoT Tou UPBpLotxol wovtéhou DNN-HMM.

o KepdAaio 5: €66 napouodloviar oe Tivaxeg Tor anoteAéopata mtou e&yinouy and
0 HTK yiot my avayvoOeon Tov axousTiney YEYOVOTwY Pe To uPBplotnd Yovtéro
Tou Onuovpynoope. Trdpyer TAYENG OYONACUOS %ot OUYXELIOY TV AMOTEAEOUATWY

210G AL YRUPHUATO YL TNY EUXOAOTERT) XATAVOT|OY| TOUC.

o KepdAaio 6: o010 Teheutodio xe@diato Tpoypotonoteitor oulhtnon oyetixd ye To
amoteréopota Tou Kegohaiou 5 xon mpotetvovton yedhovinol odol Beitiwong tov o-
TOTEAEOUATODVY PEOU amd TNV €CUYWYY| SLOUPOPETIXMY YUPUXTNPLO TGOV 1) CUVBLUOUO

HOVOALDY.
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Kegpdiowo 2

Xapaxtnetotixd MFCC -

YBerowxd Nevpwvixd Alxtua

H emhoyn Tov %o TdAATAGY YOpoXTNPI0 TIXGY TOU AVTITPOOKOTEDOLY To OEBOUEVH HoG, UTO-
pel va yopotnelo Tel ¢ plot BUOXOAT) dAA ONUOVTLXY| OLadaotor Yl TNV XATAOXEUT] EVOS
AmOBOTIXOU TUEWOUNTY OTNY VoY VOELOT] UXOUOTIXGY YEYOVOTKY. Koadde ta Sedopévor houg
€YOUY TNV UOPPT OXOUCTIXAV UPYEIDY, TA YUQUXTNOLO T TOU YPNoWoTOminXay YLl Ty
exnaideuon, HMM xor DNN tadwountédv ebvar ov goopatixol ouvieheotés Tng wAlpoxag
Mel ¥ o MECC vy ouvtopoypagio. Metd and my tunuatononoy tov apyelov g
Bdong, oxohoudiinxe pio awotney| dtaduxacior Yoo TNV e€aywyr) TV SLayUoPdTLY Yopo-
ATNELO TGV, Ou anoteholoe 0oBupy| Tapdherdn va uny avapeptel OTL oL YoEaX TNELO TLXG,
MFCC e€éyovton otaduxd and €va Ny nTixd onuo Ue TN YeHoT EVOS XUAMOUEVOU Tapadipou.
Ieproodtepeg Thnpogopie oyeTind pe auTh Tn Stadixaoia, Yo TUpOUCIAOTOUY GTOL UXOAOU-
Yo umoxepdiate. Y otepo and TN UEAETY) TOU TUTOU YOQUXTTPLO TIXMY, AXOAOUVEL EXTEVTG
OVEAUOT TV 800 TUTGY TaVoUNTOY Tou Yenotoro|inxay 010 TAHo TNg SITAGUATL
1S, TOV xEUEGOY PovTEAwyY Markov xon twv Badidv veupovixmy Sxtimy xadde xon Ty

TEOCUPUOYY) TOU TROBANUATOC Hog O aUTOUC.

2.1 dPoocpatixol cuvteAeoctéc xAlpaxag Mel

To avlpomvo autt avtihopBdveTton o e0xoAd T AAAAYES OF Evay Y0 0TI YAUTAES OU-
xvotnTee mopd oTic ugmiée. H xhipaxo Mel oyedidotnxe GoTe Tl SLavGoPATA YULUXTNPLO TL-
OV VO OVTITPOOGTEVOLY AUTY) T1) BUVITOTNTA.  2THY OVOYVOELOT] OXOUC TIXMY YEYOVOTWY
70 emuUNTO UTOTEAECUN EIVOL O EVIOTLOUOG XL 1) AVAYVOPLOT] TV YEYOVOTWY TOU UTORE
VoL oxovoeL o avipwnog, anoxislovtog dhheg ouyvotntes. H yetatponty tng ouyvotntag amd

v xhlpoxa Hertz otny shipona Mel mpoyportonoweiton pe tov axdrovdo padnuatind timo:

6
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Kegdhao 2. Eéaywyn yapaxtnpotikor - Talvountés 7

[
M = 1125In(1 2.1
(/) = n23In(1 4 =) (2.1)
H avtiotpogn yetatpony) yivetar og e&hc:
M~Y(m) = 700(exp —2— — 1) (2.2)
1125

omou f xow m elvon 1 ouyvotTo 0Ty xAlyoxo Twv Hertz xon Mel avtiotouyo.

Or ouvteheotéc MIFCC mpotdinxoy tn dexoetior Tou ‘80 and toug S. Davis xot P. Mermel-
stein [11] xow €XTOTE YENOWOTOLOOVTOL GOV YULUX TNPLOTEXS TOU TIERLYPSPOUY My TTeXS ORLoToL
oV MYNTY xon povnTe avoryvepetor. To Bructa mou meéner vo axohouintoly yio Tov

UTOAOYLOUO TV cuvTereoT®y Mel nopovotdlovton Topodte: xar oto Xyhue 2.1:

1. Opiletor évar mapdiupo-mhaciov (mpoxadoprtopévn T ta 25ms). To mynuxd orua
eVl OPLOUEVO OTOV YPOVO XL UETUBUAAETOL OE CUYXEXPWEVES YPOVIXES OTIYUES. €
TANOOEo MY NGOV ONUdTEY, TEToeg ahiayée ouuBaivouv xdlde ms. ‘Eyovtog autd
2T Vou, %o TaTon TANPOE XATAVONTO TS ToL OLUVOOUATA YUPUXTNRLO TIXGDY Vol €-
Eay oy o autd T Ypovixd Slo ANt (Tic YPOVKES TEELOd0UE TOU TO ORu dev
oANdler). ‘Etor howmdy to ofa tunpoatonoeiton oe 25ms miaiowr. To miaicwo mou
opilouue mpEner v Eyer ypovixn dudo o 20-40ms, ool wxpdtepeg TyéS and 20 Vo
HOG TEEY OUY OVETUEXT) TANPOQOpLa, eved TWES ueYaAUTepeg Tou 40 Yo avTimpoowne-

UOUY TOANATAEG AAAAYES OTO OTUAL.

2. T xdde mholoto unohoyileton o Braxprtde petaoynuoatiopos Fourier (discrete Fourier
transform ¥ DFT).

3. Egopudleton 1o gihtpo Mel oto @dopa woybog o adpolleton 1 evépyetn oe xdie
TAEOL0. LUYHEXQWEVA, TO TEOTO QIATPO UTOBEVUEL TNV EVERYELX XOVTY O UNOEVL-
®é¢ ouvyvotneg. H xiipoxor Mel xadopiler néco eupl Va eivon xdde pihtoo yia va

UTOAOYLOTEL 1) EVEQYELXL.

4. Trmohoyileton 0 Aoydprduog OAWY TV EVERYELDY UE OXOTO TO YUPUXTNELOTLXd Tou Vo

eCoyolv v tpooeyyilouy L axoler To avipomivo autt.

5. Egopudletar o Sromprtd petaoynpatiopds ouvnuetévou (discrete cosine transform
f DCT) twv mponyoluevey anoteheoydtov. Auth n evépyewr amooxonel oto vo
eCulfer Tne emxahUeic-ovoyetioes Ty pihtowy. O DCT yenowonoeitor oo uéoo
ouunieong TN TANEogopiac Tou ofuaTog 0Toug ouvteAeoTtég Mel xon amoouoyetile
TG EVEQYELES, TRAYUO TOU ETLTPETEL TNV XUTUOXEUT) OLOLY DVLGY TVEXWY OUVBLLOTORAS

(xehowo otny exnaidevon HMM) [12].
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Kegdhuo 2. Efaywyn yapaxtnpotucdy - Tawountés 8

6. Yoy SLAvUOUa YUPAXTNELO TIXGY XPaTdUE Toug ouvteieoTés 1 éng 13 xon amoppinto-
vt ot utéhowot. Autd oupBatver yuatl udmidtepot ouvteheoéc DCT ouvendyovto
Yeryopes ahhayés otny evépyeld Tou OfuaTog, dea xat Tou Bou NynTixol ofuaro,
Tpdypa Tou uroPoduiler Ty andd00T CUC TIUATGY GOVNTXAC Xo NYTTLXAC VALY VHEL-

org.

Waveform

'

Convert to Frames

'

Take discrete
Fourier transform

'

Take Log of
amplitude spectrum

'

Mel-scaling and
smoothing

'

Discrete cosine transform

/

MFCC Features

YXHMA 2.1: Po# epyacioc v Ty eZayoyrh Tov yogaxtnootixdy. Afpdnxe ard 1o [3].

Y10 ouyxexpuévo oyédo epyaotug yenowonowmooue Toug ouvtereotés Delta-Delta MFCC,
Yveotol xou k¢ duupoptxol ouvtereotéc. To drdvuopa yapaxtnpto ey MFCC neprypdgper
H6Vo To oy toyog evhs Thatolou, ohAd palveton OTL Ta MYNTIXA YeYOovOTa Yo £Youy et
mhéov TAngogopla 0T duvapxy Toug. Amodederyuéva 0 utoloylopds Tov Teoyiky MFCC
XoL Y| TPOOKPTNOY TOUS OTO dpytxG SLAVUCUO YopaXTreto TiX®y ouidver Ty anddoor g
VLY VOIRLOT|G. LUyXEXpLUEva, av €youue 13 ouvteieotéc MFC, Yua tpooiléoouye 13 ouvte-
heotég delta, Bdoer Tou timou 2.3, ot omolot Yo cuvdudlovtay yio VoL 0Goouue Eva Btdvuoua

HE 26 yopoxTNELo TLHd.

. - Z,?_l ??-(Cf,-{—n == Ct—-n.)
|f_ —

T

IR

(2.3)
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Kegddhowo 2. E&ayoyn xapaxtnpotikagy - Tabwvopuntég 9

omou To dp sivan évog ouvteheotrc delta and to mhaicw ¢ xa umohoyiopévog amd Toug
otanxols 6poUS Crin EWS Cr—pn. Tumxd Th yia to N eiver 2. Ov ouvtedeotéc delta-
delta(emtdyuvorg) urohoyilovia pe tov bo axpBdc Tpdmo, ahhd ot Véor TV oTaTXOY

bpwv Totovetolye Toug ouviehsotés delta.

2.2 Kpugpd Movtéla Markov

Ta xpupd poviéha Markov anoteholv éva epyaheio yia Ty povichomoinon dedopévmy Tou
£youv undotaor atov yedvo. Ta HMM yenowonotodvia xuging oty myntxy o Govn

)4 = | ¥ X§ ‘ & 1(\““‘ L ¥ tupleg ot AT AL r
T avary vdptor) xa xaho Tl TNV avamaedoTaoT) TS xaravopic mlavatnTag oe Yid axo-
hovdia Tapatnericewy. Oewpmviag 6Tt uia mapathenor cuuBoiiletar ye Y xar n xatdotaon
ue S, téte N mupatrenon xu N xardotaon T ypovuh otryun t utopel va oupPolotel Vi xon
Sy avtiotoya. Ta xpupd poveéla Markov Sratngolv tig ibtrteg v poviéhov Markov,

: BB FramEseTan e Sio | T
alhd 1) AESrrherdi kpuod avagéeetan og 800 Buoixés hidtrtes:

1. Mia napatienon tn yeovixt| oty ¢ mapiydn oty xatdotaorn St nou elvar xpugn

and Tov TapaTNENTH.

o

H xdie xatdortaon axohoulel tic widtnteg Markov, to onolo onuaiver nwg ot Tués
TV YETUBANTOV OTNV XaTdoTaor) Sy eCapTOVTH UGVo ond TNV XaTdoToarn Sy xo

oyt ané T ¢ — 2 mporyoluevec.

O tirog yia v and xowvol xatavour| mlavotntoag Tng axohoudiag TOV XATAOTATEGY Eivar

o efhc:

T
P(S17,Yir) = P(S1)P(Y1|S1) [ ] P(S:|Si1)P(Yr|Sr) (2.4)

t=2

Lo

To povtého miavétntag HMM ragovoialetan oto Liyfhua 2.:

YXHMA 2.2: TTopdderypa xpugot) yovréhou Markov., A¥jpidnxe and 1o [4).

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 00:26:45 EEST - 3.145.115.136



Kegdhao 2. Eéaywyn yapaxtnpotikor - Talvountés 10

2.3 Bodid vevpwvixd dixtua

2.3.1 Apyitextovixég Badidg wddnong

Kotd v viomoinon autic T yetamTuytaxnc epyaoiog, TEWUUATIO THXAUE UE TNV UQYLTE-
xTovint| TG Batide uddnong xon ouyxexptuéva Tor veupowixd oixtua. ‘Evo Bodl veupwmwind
BixTuO amoTehel Evor TEYVNTO BIXTUO UE TOAAATAY xpupd etineda YETHED TNG ELOGBOU XAt TNG
e€6o0ou. Ta Bodid veupewwixd dixtua ) DNN exnatdetovton ye tn yenorn tou ohyopiduou omt-
oBoduddoong. "Totepo amd xdlde enovdindm, Ta Bdpn avoavedvovTtar UEoo amd Tov axOAoUV0

TOTO:

w(t+1) =w(t) + nAw (2.5)

émou 1 ebvor 0 pUduGe exnaidevong, w(t) n tpéyouoa extiunon v Bupdy xour Aw 1 avtiotor-
X1 Subplwon dote vo tpoxider 1 exduevn extiunon w(t + 1). H emhoyh tng ouvdptnone
%OOTOUG EYUELTOL OMOXAELOTIXE, 0TOV TUTO TV Bedouévmy (Ue eniBhedn, ywplc eniBiedn)
XoL 0TV ouvdeTnoY evepyornoinone (Brpatind, ovypoednc). o mopdderypa, oto HTK

xenowonotinxe 1 ouvdptnon dievtponiog (cross-entropy) ooy cuvdETNoY *kGOTOUG:

~

Y& (1)
Joe = — ; ,; Yy (i) In () (2.6)

xon ooty ouvdptnon e€édou Tou DNN 7 softmax:

_ exp(vp)

k= m (2.7)

omou N elvor 0 TAY0¢ TV Blavuoudtwy exnoldcuons, L 1o TARU0g TmvV xpup®y ETTESKY
xot v 1) ouvapTNoY evepyomoinong. Téhog, ov ueTaBANTES Yk 1o Y SNAGVOUY Ty embuunT
Ho TRy oLTixY) v TloTotya €£600 TOU VEUpLYIXOU B TOoU. Extdc amd tny mupandve €youue
XL TNV CUVERTNOY HECOU OQIAINTOS TETpayGVLY (mean square error 1§ MSE), n onofu

dtveton amd Tov TtoTO:
N kg

Jse = =7 37 S (li) — (0))? (2.8)

Lt k=1
Ov tée xon Ty 600 OUVIPTACEWY xO0TOUG efvar VeTinég ot xELThELd Toug €lvor vou &-
AUYLOTOTOMAOOUY TNV ouvdeTNnon (elyYog TOUG.  LUYKEXQWEVY, 1) OuVAETNOoT dteviponiog
xenowonoweitar ye T ouvdptnon e£6dou Softmax. ‘Otav hotmdv €youpe tétoo Lebyn ou-

VOPTAOEWY, 1) Topdy Yo TN ouvdptnong J oe oyéon ye Ty Ty e ouvpetnong e£6d0u
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Kegdhao 2. Eéaywyn yapaxtnpotikor - Talvountés 11

Vo elvo: e
= = Uk() — Jr(i) (2.9)

AJut (i)
To onolo egunnpetel 0TOV UTOAOYLONG TNE BLoPORE UETUED TNG EXTHIMUEVNS XL TN TROLY-

nohe e e€66ou mou Buolletor o akydpriyos e omododiddoong|13].

2.3.2 Xuvdpnorn evepyonoinong

YT TUPUTAVE TEQLTTMOELS To XpuUpd ENiTeda dev HToy TapdvTa. Av o €val veupmvixd dixTuo
UTdpyouy xpu@d eminedu YeTa) elo6d0u xar €£000U, XAUE VEURKOVISC TOU {—0TOU XpUpPOos
emnédou Yo ebvar 0 1) 1, To omofo orpaiver OtL xdAMoTH 1 cuvdpTnon BAuatog uropel vo
yenowonomlel yioo auth Ty evorhoyny Twev. H ouurepipopd tne ouvdptnong Bruatog
Tpouotdletor 010 Lyhue 2.3. T var amogeuydel dume auty) n armdtourn yetdBuorn and To
0 070 1, yprnowonowjinxe 1 otydoedric ouvdpTnoy Tou Tapouctdletar oto Xy rua 2.4. Ot

pordnuaticol TOmoL Tou TEPYYRAPOLY TIC TEE Buctxéc cuvVapTAOEL evepyoroinorg elvon:

0, <0
step(x) = (2.10)
1, x>0
gmia) = —— (211)
sigm(2) = = = )
1—e 2
tanh = —F 2.12
anh(e) = 1 2.12)
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Kegdhoo 2. Eéaywyn) xapaxtnpotucdy - Talwountés 12

heaviside(x)

06~ 8

04f

0.2 .

I I I I I I I
-2 -1.5 -1 -0.5 0 05 1 1.5 2
X

YXHMA 2.3: Xuvéptnon Buatoc

sigmaid(x)

-5 -4 -3 -2 -1 0 1 2 3 4 5

YXHMA 2.4: Xvypoedfic ouvdptnon

Ye éva onhady] veupwwxd 8ixtuo ue 8U0 xpupd enineda, 1 el0000g 0TOUG YEUEHVES TOU 20U

emmédou Ya €youv Twée mou aviiouv ato ddotnua [0, 1].
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Kegdhowo 2. Eéaywyn xapaxtnpiotucdy - Ta&vountés 13

tanh{x)
2 R =

06 ’( 1

0.4 /

o2 / 4

-5 -4 =3 -2 -1 Q 1 2 3 4 5

YXHMA 2.5: Yuvdptnor unepBolxric epuntogévng

H ouwvdptnon unepBoluxric eguntopévre (hyperbolic tangent function tanh) petoronile

v €€0do oo [—1,1].

2.4 YBewixd poviédo pnddnong

2.4.1 H Jewpia

To uBpdud vevpwyixd dixtuo amoteholyv uio axdun TEooEy Yo oty UEYTAN MENETY Tou
agopd Tic apyrtextonxés Badide pdinong. Ewbixdtepa, o oUCTAUUTH QUTE, TOU EVOOUIL-
TOVoLY To Pardud veupmwixd dixTud xa Tot xpupd povtéha Markov, £youv emtiyel npdopota
aZoonuelo Ty anddoor oe Véuata avayvoptone opthiug pe yeydha AeZihdyte. To ouotrhpota
autd, wotéoo, eduxohoudoiy va Baoilovtar ata xpupd povtéha Markov xow utoloyilouv
T axovotixés Baduoloyies yio To mopalupwuéva Thalow, aveddptnTa T £var and 1o dAAO,

ndoyovTag €Tot and TNy B duoxohio oneg ota ouo thuate GMM-HMM][14].
H yevixr ba €xer g e€c:

o ot évo poviého HMM, avtixadiotolue ta yrooouotovd Jovtéha wieng, Tou urohoyLoy

L ooTh TUXVOT wdoavdTnToc, Ue T A00UC TV KOV KTV,
TS CUVOPTAOEK TUXVOTYTAS TdavoTNToS, ME TS S£000UG TMV VEURMVIXMY BiXTUmY

® UETUTRETNOUNE T EXTWAOEK TOV €X TV uoTépwy miavotitev o xhiuuxa miavo-

ey (scaled likelihood), Stpdvtoc pe Tic oyetinés ouyvOTHTEC TV SEdOUEVLV
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Kegdhao 2. Eéaywyn yapaxtnpotikor - Talvountés 14

exnaldeuong Yo xdde xAdon.

P(Crlee)
P, trainok b trainok

P2 Cr) o (2.13)

o TAEOV Ot €£000L TOU VEURGVIXOU BIXTOOU avTIOTOW 00V OTIC XAAOEW TGV POVIUATGY.

Y10 ouyrexpyévo oyédo epyaoctog, To uéyedog tng e€ddou oy 13 xAdoe.

2.4.2 DNN-HMM evavziov GMM-HMM
To TAcovexThiuaTa TOU TEOUVUPERUEVTOC HOVTEAOU elvou:

o Evooudtworn ToAMamAGyY Thactioy 8edouévey otny £lcodo.

o Eivor mo suéhnto and 1o yovtéro twv GMM, xadog to debtepo dev elvon amod0Tid

YO UTFYPOUULXES XABOELC.

Extd¢ duwe and o mopandve to DNN-HMM povtéha yapoxtneilovton and 1o axdrouvda

petovexThuato[15]:

o To yovogwvixd povtéha etvor aveldetnta ond To TepBEihoy.

ABGvopor oy beriuor TeoouPUOYHS OUIANTGY.

Trohoyiotind x00T0B0p0 - Mo BUOXOAO VoL TUPUAATALOTEL UG TA YXAOUCLAVE, LOVTERX

uicne.

Efvar 80oxoho vo Srroupyntoly TepltAoxo HOVTEANL OTOE GTOL YHAOUCLUVE, LOVTEAX

uigng.

2.5 IlpoPArpoata pe ta Poadid vevpwvixd dixTuo

To Bordd vevpwwind dixtua yopontneilovton and 6o Buowd tpofiruata. To mp®To elvon
oUTO TNG UTER-eXTaldEVOT)E Ko TO OeUTERO efvar 0 Ypdvog utoioyiopol Toug. Kotd trn oudp-
newo exnafdevorng evog DNN ye 1o HTK, oxdya xon ye tetpanienvo enelepyao Ty, 0 Yedvog
ohoxAfpwong Hray 9 wpeg. Meydheg BeAtidoeg €xouv yivel GUmE Ye TN YPHOY TNE TEYVO-
hoyiog mohuvnpatiopot xow CUDA otic xdpteg ypagpixoy. Koo to epyalela-cuvaptioeig
€youv vhoromOel yia vo Te€youy o TOAUTUEVOUC EMEEpYUOTES, YENOWOTOOUUE TUG o-
viiotoyeg BiBao0rixeg yior auth Tny gpyoacia. e autd To onueio TeEneL vo avopeplel Twg 1
#orduo TEPMOT NG BLATEEENC TWV YEUPOVIXGOY BixTiWY dev ogelieton oTo uéyedog e Bdong

BEBOUEVLY, UANG 0TI eMTAEOV enavohfers Tou AauBavouy ydpa xotd Tn dradwaoior Tng
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Kegdhao 2. Eéaywyn yapaxtnpotikor - Talvountés 15

exnaideuong, dnuoupy VTS €ToL avemrdiunteg upTHoE.

O ahydpriyoc omoBodiddoons oe ouVBUNOUS KE aUTOY Trg amdToung Xatdduorg [16] (gra-
dient descent) amotehel ToV TEOTEWAOUEVO TEOTO EXTUBEUOTC TWV VEUPGVEXWY BIXTUMY, v
%L TO XOO0TOC OTWE avopépinxe elvon €var petovexTnua. 201600, To Botid veupwvixd dixTun
Telvouv Vo ebvan To amoB0TLXd Y AT OTNY AtYOTERY, ovayXT) Yol TURUUETPOUS KoL UTOAOYL-
oTxd oTotyela, Yoplg OUmE auTd Vo onpodver OTL ATOTEAOUY TAVTOTE XUAUTERY AUOT| Omd TG
enyéc pedodoue. H exnaideuon evog Badod veupmvixol dixtiou elvar Yoo td 0Tt amoTehel
o SUoxoAn Sudixactio. Kotd tov mpoxatoplopévo tpdmo exnaideuong to Bdpn Tou dixthou
UEYLXOTIOLOUVTOL UE TUYAEES TLUES Xt EQupUOlETaL O oAy ORLINOC amOTOUNG XATABUONS, TEdY-
uot Tou ofver ToyEg ADOES Yior vEupwvIxd OixTua Ye 3 1) teptoodTEpa xpupd enineda. '
auUTh TOV AGYO0, Ta vevpwwixd dixtua meptopilovtor 0To éva ¥ 600 xpugd enineda [17]. H
0Awomn auth o yiver To xatovonTy xatd Ty dadtxactior a&tohdynong Tou Tadvounty oTo

Kegdhao 5 omou nopovordlovion avohutind 1o ATOTEAEOUAT.
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Kegpdiowo 3

H ITohuv-xovoiixn Bdon
Aedopeveoy UPC-TALP

3.1 Booweécg ITAnpogopisc

H ouyxexppévn Bdon Sedouévemy xoatorypdgnxe xutd ) ddpxeo tou CHIL Project (Com-
puters in the Human Interaction Loop) 010 mAaicio tou OAOXATPOUEVOL TEOYEIUUATOS
gpyaotag European Commission’s Sixth Framework xor oty ovolo tepiéyer plo ostpd and
oxouo T apyela PE YEYOVOTa TOU UToROUY Vo SUUBOUY ot €va SLUATIO cuvedptdoewy [18].
To mymrnd apyeior Tng Baong nyoyeaprinxay and 24 ocuvokixd uxedpwva, To omola oy
OUYYQPOVIOUEVAL XL 0pYaveUéva oe ouddec. Méou otny affouca ouvedprdoewy unpyay 6
tétoeg T-oyUatog ouddes WxpopOvVeY, OTKG galvetar 0To Ly 3.1 %o 3.2 6Tou Tapou-
oLdleTon 1) ®%4TOPTN TOU BWUATIOU TOU EYVOY 0L NYOYEAUPNOELS X0t 0 TUTOE TWY BEBOPEVELY TOU
Tpoomadfoupe vo Tadvouroouue avtiotoyo. H emmpdotetn mhnpogopla tévey oTo oyrua
ebvor 1) O€om Ty 600 ouppetdyoviwy P1 xow P2, Metall tmv Btadoytxdy YeEYovoTwy Uthp-
XE TAOOY) PEPWODY DEUTELOAENTWLY, (OTE 0 TUEVoUNTAC Tou Va exmondeutel vor avayvepller
XL THY omouoior XEmowou NynTol yeyovotoe (nouyia). Extdc tne mymunic xdhudng, to
dwudTo Ytay e€omhiopévo pe €8 xduepeg Tou xutéypapay Ty OAN Swdixaola. H ouyxe-
%EWEVY Bdor Sedouévewy unopel vo yenoworotniel ooy LAXO exmaldeuong Yot TEYVOROYTeg
OVOLY VOPLOTIG UXOUO TLXMY YEYOVOTWY, OIS %ot Yiot ahyopliduoug anoxmdixonoinong, ot o-

molot doxdloviar o Houyo TEPBEIOVTA Ywpelc Loviues emxahidelc YeTaE) TV Yy ov.
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Kegdhoo 3. H IoAv-kavadwcr) Bdon Acdopévwvr UPC-TALP 17
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YxHMA 3.1: Kérothn tou UPC-8wpatiou. Iougousidlovian ol VETelC %o 1 XUTaVOUT TV
24 wxpogmvov. H eixbve Mgdnxe and o [5].

_— e ————

FEF BES B

YXHMA 3.2 Atoywptopos 1wy dedouévey avdhoya ue tov ydpo tou dopatiou. H exdva
Mpdrxe and to [5].

3.2 Teyvuxéc IIAnpogopicg

‘Onwe mpoavagépdnxe, 1 Bdor dedouéveoy UPC-TALP nepiéyer uepoveuéva xa audopunta
nynrxd ouBdvto og évor €€unvo mepBdihov. H Sour tng amodnxeuévng Bdong napouot-

ACEToL TAPOXATR:

1¥* DVD: S01, S02

2nd DVD: S03, S04

3" DVD: 805, S06

4th DVD: 807, T02, T03, T04

5t DVD: S08, TO1

6/ DVD: T05, T06, T07, T08, T09
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Kegdhowo 3. H IHoAv-kavarixr) Bdon Aedopévwr UPC-TALP 18

To oxovouxd yeyovota oe xdie ouvedpior (S01-SO8) mopyOnxay and €€ SraupopeTind dto-
po. e #«dde mpoondield Toug, 0TOY0C NTAY VoL VOmoEdy ouy ol CUYHEXPUEVT) axohoudin
amd Yyoug mou Vo xatorypdpovToy and o 24 uxpdpova. 1o edind, 1 ouyvotnTa 0Ty ono-
loa mporypoaTomoinxay o nyoyeugprioe fray ta 44.1kHz xon to opyetor amodnxetbtnxay oe
nopeY) *.wv. Ytn Bdon dedopévev Exouy xatryopotowmiel 12 xAdoes nynTindy YEYovOTev
TOU Unopoly Vo ouPBoUY pEXALOTIXG OF évol BWUATIO ouvedpldoewy. And autd, To yelpo-
HEOTTUA %At TO YEALO CUVEBNOUY OTAY 0TO SWUATIO YTOY TURUTANVE AO EVIG CUUUETEYOVTEC.
To miloc TV YEYOVOT®Y OTWE %ot 1) XAUTUYOUY) TOUG XAUTA TO TEQUS TNEG XATUYPUPHS NG

Bdong dedouévemy Tapouctdletor otov Tlivexa 3.1.

Hymmwd I'eyovdg S01 | S02 | S03 | S04 | S05 | SO6 | SO7 | SO8
Xrimnpo Hoptog 9 8 10 | 10 | 10 8 1 | 13
Kieiowo [opToag 17 1 15 | 19 | 20 | 40 | 37 | 56 | 52
Brjuota 10 | 10 | & | 23 | 43 | 34 | 28 | 50
Meroxivnon Koapéxog 19 37 32 22 23 38 34 40
Koutéh/Koudoiviopa gittloviol 10 11 13 11 10 15 11 15
TOnypa Xoptiob Egyaotag 9 11 | 10 8 17 112 | 12 | 12
Hyoc Khedidyy 11 11 11 8 0 13 10 18
"Hyo¢ IIanxtpohoyiou 10 ] 10 | 13 | 12 | 10 | 13 | 10 | 11
Hyoc Trhepdvou/Movown 11 ] 18 | 11 | 14 | 8 11 | 13 | 15
XeponpoTnua 9 5 9 11 | 12 9 14 | 14
Briyog 10 | 10 | 12 13 9 13 11 12

Ourhia 0 0 0 0 8 | 20 | 12 | 34

IINAKAY 3.1: Koatavour tov xhdoewv e Bdorne dedouévey UPC-TALP avd cuvedpla.

To olpfora v xhdoewy (MNTxdy Yeyovotey) uall pe T Sudpxets Toug XoTorypdgpovTat

avd ouvedpla oe éva *.csv apyelo.
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Kegdiowo 4

Pon epyacioag & meipopotind

Epyoieia

4.1 HTK

To HTK (epyodetotninn xpugpdy poviéhwy Markov) avartiydnxe oto epyaotipo Mrya-
vixnic Matnong tou Turuatog Mrnyavixéy oto Tavemotiuo tou Cambridge ye oxond
onutoupyia xon T Sayelpton oy povtéhey Markov [13]. To olvoho tou epyohelou €xet
LRy | A . Y X
vhoroundel oe yAdooo C, ogolte xou 1o exteréoa apyela xou o BiBhwirixec tou. Ta
TEOUVaPELVEVTY, Elvor YWELOUEVY O QUXEAOUS YLat TNV EUXOANGTERT EUREOT) ald TOV YEHOTY).
Yyetind e Ty eyxatdo oo, dpxel 1) NETUYAMTTION XA TOpAYWYY| TOU EXTEAEOLIOU XOBLXA
C (reproodtepeg TAnpogopiec €0k http://htk.eng.cam.ac.uk). [lupdho mou to HTK
eZELOLXEVETOL OE EPEUVES OYETIXE UE TNV POVITIEXY| AVOY VOPLOT], £XEL TOAUGPLIUES EQUPHOYES
ouuneptAUBUVOUEVELY TNE YuYNTIXC oOVIEONS Xat Aoy VORLONE YRUUUATIXGMY YoUpux THEGV.
Méoo and 0 HTK, o yeriotng dnuoupyel HMM povtéha, enelepyaletor Tic tBOTNTEG TV
I'xot0uotaviv %aTavoumy, To EXTLOEVEL UE BIXES TOU TUPOETOLXOTOROE XotL TENOC YpNot-
ponotel Tov aryopriuo Viterbi yio vo avaryvepiost ta myntixd yeyovota. Ytny teheutaio Tou
éxdoon 3.5 (2015 beta) divetan 1 SuvatdTTa 0TOV YERO TN VoL drutoupyrioet povTéLs. Badiy
UPYLTEXTOVIXMY OTeG To veupmwixd dixtua. H yerjon tou Baoiletar oe seript apyeio mou

OteuxoAlvouy Tr) otadixactio Tng extaldeuong xou xoutnyoptonoinong tng Bdong dedouévay.

4.1.1 Ilpoctowaocia dcdopévwy

Ye autd o 0Tddo Tou oyediou epyaoiug Ta axouoTiXd apyeia g Bdorg Sebopévey Exouv
enelepyootel xon yoprotel oe EexweloToug Quxéhous avdhoyo Ye T ouvedpia 0Ty omola
avixouy. ‘Etot, dnwoveyiinxe o gdxehog train ye 800 uno-guxéhouc mfcc xo wav mou
TEPLEYOUY Tl DLavOOUUTH YOPUXTNELO TUXMY KoL T AXoUoTikd apyela avtiotowya. Apyxd,

0 MFCC yupaxtnprotind e&iydnoay and xdlde oxouotixd opysio xor tomodetiinxay

19
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(owTtdpoTa TéVTa) 6T0 XATEAANAO @dxeho. [V autd tov Adyo dnuoupyRinxe v apyeio pul-

uloewy pe to 6voua config. To nepteyduevo autod TopouotdleTar TUpUXdTe 0TO Xy ua 4.2.

SOURCEFORMAT = WAV
TARGETKIND = MFCC_OD_A
TARGETRATE 100000.0
SAVECOMPRESSED = T
SAVEWITHCRC = T
WINDOWSIZE = 250000.0
USEHAMMING =T
PREEMCOEF = 0.97
NUMCHANS = 26
CEPLIFTER = 22
NUMCEPS = 12

Yxuma 4.1: Apyelo pudploewy

To mopumdve TEQLEYOUEVO OUCLAO TIXA TIEPLYPAPEL TIC LOLOTNTES TWV YUQUXTNPLO TIXMY UE TIC
omofeg Vo e€ory ol o yopoxtnetotixd MFCC. Kpatdvtag Tic mo onuavTinés ond auTé,

€Y OLUE:

e SOURCEFORMAT, onAcver Tov 0o Tou axouoTixol apyeiou eioddou, WAV

OTNV TERIMTOOY| Yag.

e TARGETKIND MFCC_0_D_A, eZdyet to Sravbopato MECC 8ido taong 39 avi-
2o NO TOVTAC TOV TEAEUTHLO UE TOV UNOEVIXO CUVTEAECTY) TOU AVTLOTOLYEL 6TV evépyela
Tou x&e mopatveou. H mapduetpog auty| amontel pio ostpBohooespd tou tpoodiopllet
Ut Ty W Te. Me oxond ) Beitiwon Tou cuvdiou exnaideuong yenorlotoun-
noy xon ot 39 ouvvteheotéc MFCC. ‘Etor ) napdpetpoqc TARGETKIND dioie oe

MFCC_0_D_A, 7o onofo tpboteoe toug delta xor delta delta ouvtereotéc.

o WINDOWSIZE, 1o yéyedog Tou mhoeciou Ye T0 0Tolo GupOVOUUE TO N NTind oY

H 7wr) tou etvon mpoxadopiopévn ota 25ms xan amontel plor Vetiny| mporypotiny) Ty,

o TARGETRATE, oni®vel xatd 1660 xvoluaoTe Téve 010 onfua. 1o mapdderyya,
T0 apyLx0 Toediupo Swpxel amd Tn ypovixy oTiyur) 0 u€yper 25ms %o To ETOUEVO amd

10 éwc 35ms.

o NUMCHANS, amontel €voy axépono apriud mou dniover Tov optiud tov filter-bank

channels mou ypnowonowoivton oty avaiuon.
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Kegdhao 4. IHepapaticd Fpyaieia 21

o NUMCEPS, anotehel tr) uetoBANTY) TOU UTOYPEMVEL TNV SLaTenoT Ty 13 TedhTwy
ouvteheoTt@y. And T oty mou €youpe onivoer 1o TARGETKIND yuwx Delta
Delta MFCC, Yo Seopeutoly ot 39 ouvteAeoTég.

Me Bdomn tnv napandve odnyia, dnuiovpyriooue ta axdroudo olvora apyetoy MECC:
o usuoveuéva apyeio exnaideuong and Tig ouvedplieg 1 €wg 7.
® UEUOVOUEVH apy el Yiol amoxmdonoinon and T ouvedpia 8.

® SVOoLUUTOUEVY apyela extaldevong (€va apyelo yopuxneloTixdy i xdbe uxpdpopvo)

amd Tic ouvedpieg 1 wg 7.

® SVOWUUTOUEVY apyeiol yia amoxwoixotoinoy and Tn cuvedplio 8.

Téhog, Tomovetiinnay opyela eTxetdY ot axovoTind opyelo.  Méoa amd To apyeia
ETMETOVY ONAGVETH 0 Toto ouulBdy avTioToyel To apyeiou you 1 yapaxtneto Txwy. '

TUEABELYUY, TO TUAUA EVOS dpyElou ETIXETMY EYEL TN MOP@PY| Tou Myfuatog 4.2.

#IMLF!#
"%/S01-eventid _0.lab"
kn
"%/S01-eventid_1.lab"

si

"x/S01-eventid_2.lab"
ds

"x/S01-eventid_3.lab"

si

"x/S01-eventid 4.lab"
ds

"x/S01-eventid 5.lab"

si

YxuMA 4.2: To apyelo anoterel éva Kipto Apyelo Enxetdv Master Label File (MLE).

4.1.2  Anpovpyia eLILYRAUULONG XATACTACTG-Tapadbpou

To mpoTo Brue otn druovpyie Tou UBEWLXOYU veupwvixol BThou elvor 1) ToEUYOYN

Ty evduypoupioswy xutdotaong-tapadlpou ota dedouéva exmaldeuong. Me dhha Adyia
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Kegdhao 4. IHepapaticd Fpyaieia 22

OVTLO TOLOUNE TO xdle Topddupo-yeyovog otny xatdo taor tou HMM and émou mhipaue v
TavOTNT TOU. TN CUYXEXPWEVY) TERITTLOT], Ol XATAO TAOELS TOU EXTEUTOUY THAVOTNTEC,

elvor n 2, 3 won 4, OTHC TUEOUCLELETOL O0TO TUPAUXATH OYRUAL.
b b

) ) e

1 0.4 0.4 0.3

YxHMA 4.3: Hewtétuno yoviého HMM.

Boowy| mpoundieon yia tor Topomdve eivon 1 Oapdn evOg TEO-EXTOLOEUUEVOU HOVTEAQU
pe o govipata.  ‘Oneg avagépeton xon ot Bfloypugpio [13], doo xuhltepo elvor To
TEO-EXTOMOEUMEVO WOVTEAD, TOOO xaAUTepeg Vo elvor oL euduypauuloelc XoUToo THOEWY
Tou 00MYoUy of €va UBEwd YoVTEAD PE YaunAd mocootd Addouc. H euvduypduuion

TpoypaToTotelTon ue Ty xAror g evioaric Touv HTK, HVite:

HVite -C config.align -H pretrainedModel -S train.scp -I train.ref.mlf
-i train.aligned.mlf -f -o MW -b sil -a -y lab dictionary modelList

e 6mov, pretrainedModel, civor 0 oplopds Tou Tpo-exnatdeuPévoy Yovtéhou GMM-
HMM.

o modelList, tepiéyel 10 0UVOAO TV XALTEWY.

o config.align, mepiéyel Tig Puowég puiioec TOU TPOEXTUOEUUEVOU HOVTEAOU

H €€0b0c tng eviorrc pag diver apyeior Tou axdhoudou tonou:

#I1MLF ' #

"S0001.1ab"

0 100000 sil[2] -31.289440

100000 200000 sil[3] -50.577595

200000 300000 sil[4] -52.500790

300000 400000 sil[2] -51.115330

400000 500000 sil[3] -49.983665

500000 800000 sil[4] -150.454163

800000 2000000 sil-w+ah[2] -735.791443
2000000 2500000 sil-w+ah[3] -125.901878
2500000 2800000 sil-w+ah[4] -124.215851

YxuMA 4.4: Apyelo e€680u and wifor e HVite
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Kegdhao 4. IHepapaticd Fpyaieia 23

4.1.3 Kataoxeuy npotonov DNN-HMM

oo Priua oc autd T0o 0TddW0 elvor var 0plooude €V apynd MOVTERD UE UNOEVINES TOQU-
HETEOUC O OA ToL ETUTESA TOU VEURMVIXOU B TUou. i€ auTd To onpeio Tpénel va avapepUet
6T oploope 800 Boowd mpdTuma, éva peyédoug 39x128x39 xar v 39x256x39. Avahbovtag

TIC TEOVUPEPVEVTES TWES EYOUUE:
® 39, wolTon pe 10 PEYEVOC TNG LGB0, BNAUDT, TV BLUVUCUATOY Y AU TNPLOTIXAY.
o 128 1) 256, civor to Yéyedoc Tou xpuol emmédou (apriud (OUBLY).

o 39, enewdh €youue 13 xhdoee (pall ye to yeyovde silence) TOAMUTAUCLOUEVES PE TLC

3 exméumovoeg miavotnés HMM xataotdosic.

Onwg xdde apyeio tou HTK, ov apyinéc ypopués tou opyeiou poviehomoinong Tou
DNN-HMM reprypdpouy Tov TOTO NG €L0000U, TOU OTNY TEOXEWEYY Tepintmorn eivar to

yapaxtneio txd Delta Delta MFCC. Ondte €youye:

o
<STREAMINFO> 1 39

<VECSIZE> 39<NULLD><MFCC_D_A_0><DIAGC>
M "layer2_weight"

<MATRIX> 128 39 (128x39 times)

V "layer2_bias"

<VECTOR> 128

0.000000e+00 (128 times)

M "layerout_weight"

<MATRIX> 39 500

V "layerout_bias"

<VECTOR> 39

0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
YxuMA 4.5: Iepieyduevo apyelou dnn.initialModel

Mropel va nopatnenldel mog 1 61doTooT Tou PElyHoTog YapaxTnolo Tixey etvay (o Ye Tov

aprdpd g oTHANG Tou Tivaxa Bdpoug, o onofog eivar 0 aptiuds TV LoVEd®Y EL0OB0U auUTOD
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TOU EMTEDOU KoL O UELIUOC YRoUUOY Tou Tivoxa Bdpoug Tarptdler pe o PEYEUog Ty TOVY
bias xa etvon {oog pe Tic povddeg e£6dou. Eyovtag o mopandve, To veupmvixd dixtuo €xet

TOV TOPUXATE OPLOUO.

N "DNN"
<BEGINANN>
<NUMLAYERS> 3
<LAYER> 2
L "layer2"
<LAYER> 3
L "layerout"
<ENDANN>

YxHMA 4.6: Aopr npdTunon veupwwixod dixtiou

Xenowonotdvtag To ToAveiTeSo perceptron, umopolue TAEOvV vo ouoyeticouue xdie
#xOuPo €£660uU Tou Veupwvixol dwTiou pe Tic utdpyouoeg HMM xataotdoe yio vor opyt-
xomonoly oL TapdueTeol Tou UBeool povtéhou. e autd To onueio yenoworominxe 7
eviony HHEd touv HTK.

HHEd -H hmm_mono/model -M dnn/init connect.hed class_list
omou, model xou class_list eivor ov povogovntinég xataotdosig HMM xon 1 Alota e Ti¢
whdoe avtiotorya. To ouvdedeuévo povtého, ooy €£0080¢ Tng EVIOAAC, anounxeleTton 0To

pdxeio init. Téhog, To apyeio connect.hed mepyer Tic androvleg anapaitnTes EVIOREC:

CH proto/dnn proto/foolist N "DNN"
<HYBRID>

SW 1 39

SK MFCC_OD_A

EL L "layer2"

EL L "layerout"

YXHMA 4.7: Aour| apyeiou connect.hed

H evtoh CH ouvdéer Tic povddeg ££600u Tou VEUupWIX0U BIXTO0U UE TS HOVOPOVLXES
xotaotaoerc HMM. To apyeio proto/dnn eivor to tpwtéturo MLP yovtého nou oplooye
xou proto/foolist eivor évo xevd apyelo, agpol proto/dnn dev mepelye xotaodosic HMM.
Ov evtoréc EL opywxomowlyv tuyoale ta eninedo layer2 xou layerout. To povogwvind
novtého DNN-HMM etvor 1 éZ0d0c.
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4.1.4 Exraidcuorn uPeidixod woviéhou oe eninedo napadlpou

To axovotind yovtéha DNN exmondebovton YpnoulomotmyTag o xpLTiipLol eTmESou-TAaciou.
Acdoyévou OTL TO 0ptopévo YovTéNO yenowomotel ooy ouvdptnon €£68ou Tn softmax, 7
ouvdpTnoT x6oToug Tou TarpLdler elvor auTY TG SlevTpoTiag i Ty exnaideuon oc eninedo
rpadipou. To 0tddo autd g exnaldeuong unopel vo ywetotel o emuépoug 6Uo Bruata,
autd e mpo-exnaideuornc (pre-training) xor thoc tng BeAtiotonoinong mopuuéTemV

(fine-tuning).

Ipw ™ yerion tng HNTrainSGD, yio tnyv exnaideuon tou DNN-HMM yovtéiou, ot yéoot
OPOL oL 0L OLUOTORES UTOAOYLOTIXOY, XIS OTAY Tot BLotvOOUATI YoQOXTNRLO TIXMY Elvon
AAVOVLXOTIOUNUEV O UNOEVLXY| UEOT) TN %ot povodtaior SlaoTopd umopoly va BeEATLHOoouY
™y ToyvTnTee exmaidevonc.  To owdvuoua Swomopds unoloyiletar amd TN cuUVEETNOY
HCompV:

HCompV -p *%%% -k *.%%% -C cvn.cfg -q v -c cvn -S dnn.hv.scp
émov, dnn.hv.scp anotehel éva yoio 10% tou ouvéhou exnaidevone. To undhoimo ano-

Unuedetor oto apyeio dnn.train.scp.

4.1.4.1 X=ddio pre-train

Brpa 1

‘Eyovtag oplost to mopondve, Eexivnoe 1) extaldeuon xutd eninedo Tou uBedxod LovTELoL.
To emdpeva xpupd eninedo Tpoo TEUMMUY TS UEYEL TO BIXTUO VoL ATOXTHOEL TO emVu-
unto péyedoc. llpénel va avepepiel mwg dtay npoctidetar €va véo entnedo 1 HNTrainSGD
xenowonoelton yioo var exnondeutel To wovtého v plo 8wdteeln (epoch). ‘Eyovtuc oov
avapopd To MOVTERO Tou oplooue oty Topdypapo 4.1.3, exnudeloaue TO apytnd UBetdnd

OIXTUO HAADVTOG TNV:

HNTrainSGD -C config.basic -C config.pretrain -H dnn/init/model -M
dnn/1layer -S dnn.train.scp -N dnn.hv.scp -1 LABEL -1
mono.aligned.mlf hmm_mono/monolist
6mov, To PovTéLo oty €£080 amolnxedtnxe otov @dxeho dnn/llayer, ov euxéteg exna-
devong mpoitay and To apyeio mono.aligned.mlf xo o mapduetpor Tng exmaldeuong

fTay:
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HANNET: MINIBATCHSIZE = 200
CRITERION = XENT

LEARNRATE = 0.001

MOMENTUM = 0.5

UPDATECLIP = 0.32
NMKLTHREADS = 4

YxHMA 4.8: Ilepieyduevo apyelou config.pretrain.

H zeheutaio napduetpoc mpootédnue ex v uoTépwy. Ewdudtepn, ool yetayhonttiooue
o HTK pe g Birodinec MKL tng Intel pye oxond my duvavdtnto TOAUVNUaTiopnod.
Kadde o eneZepyuothc tou H/T elvon tetpanipnvoc ye 8 viAuoata, Sdooue Ty avdloym
Tn ot petoBint) NMKLTHREADS.

Brpo 2
Aol 10 UBEd POVTEND exondelTrne e évor xpu@d eninedo, oAAGEaue Tn Sour Tou
Tpoo¥éTovTag Eva axodua eninedo pe tny eviory HHEd xon emavohopuBavovtog to Brpoa 1

xot 2 PEYPL TO MOVTEAD VoL PTAOEL TO LXAVOTONTLXO PEYEVOC.

HHEd -H dnn/llayer/model -M dnn/2layers/ addlayer2.hed

hmm_mono/monolist

4.1.4.2 3<ddio fine-tuning

Ohoxhnpwvovtag 10 0tddlo Tou pre-train, mpoywerooue oe autd Tou fine-tuning xatd
70 omofo BehtudvovTar ot TWES TV Bap®dy TOU VEUPGVIXOU OtXTOOU. MUYXEXQUEVY, OTAY
n axpifBetr 610 oUVOAO TV BedouEvey, Tou avoagépovTon oTo apyeio dnn.hv.scp, eivon
peyarvteen and 0.001 x 100%, o pubude exudinone pewdveton xon ov 1 axpiBetor yerdvetar
e€loou, T0 OTABLO oUTO CAOXATEGVETOL. 2oy OUVERTNOY EVERYOTONoNG Yenowonominxe 1
ovypoewnc. H eviodn mou yenowonouinxe eivon avéhoyn ye tnv mapdypago 4.1.4.1. H

uovr dapopd Eyxerton oTo apyelo puduloswmy:

HNTrainSGD -C config.basic -C config.finetune -H dnn/4layer/model
-M dnn/finetune/ -S dnn.train.scp -N dnn.hv.scp -1 LABEL -I

mono.aligned.mlf hmm_mono/monolist

omov, o config.finetune rray:
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MINIBATCHSIZE = 200
MINEPOCHNUM = 10
MAXEPOCHNUM = 15

LEARNRATE = 0.01
CRITERION = XENT
LEARNRATE = 0.001
HIDDENACTIVATION = SIGMOID
OUTPUTACTIVATION = SOFTMAX

NMKLTHREADS = 4

YxHMA 4.9: Ilepieyduevo apyelou config finetune.

4.1.5 Arnoxwduxonoinon guvnudteny

Hpwtol ouveyloouye, mpémer vo avagepldel 6Tt VYo mopovotactel povo 1 orodwaotia Tou
Hog 0drynoe oto amoTeEAéopuTa, xadeg autd avoiboviar oto Kegdiowo 5. Metd to
TENOG TN exmofOEUONS TOV UOVTEAWY pog, oploUnxe 1 ypouuotiny) mou Vo mopdyel TiC
Aéec-yeyovota. To Brpa autd ebvor unoypewtind xadde to HTK €yer dropoppaidel dote
VO YENOWOTOLETOL 08 pevnTiny| avayvéoplon onou Aédelg sivor To avTixelyevo Tou Teénet
vo evtomovel xon vo xatryoptonomnUel. Ye autd ToV ¥AG00 TNG AVIYVMELOTE TEOTUTMY T
novtéha Markov amoteholv Ty mo amodotiny| Abor. X1n Sur) pog TepinTomon, 0ev £xouue
AéZetg oG yeyovoTa. LUVETOC, 1) YPUUMOTIXY) Tou oplo Tnxe Tapyoye TETOW YEYOVOTY,

elte peyovouéva, eite axoroudies.

H ypoppotiny) mou napdyer yepovepéva yeyovota opiletar ToAY e0x0Ao OTKE 0T0 My Tud
4.11.

|S: EVENTS

YxHMA 4.10: Optoude g ypouuotixAc oto apyeio smartplaces.grammar

%o TO AeEIAGYLO TIERLYRAPEL UE TOWL (POVANATA UTORPOUY VoL Ay TIXATOO THdoUY To YEYOvOTL.

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 00:26:45 EEST - 3.145.115.136



Kegdhao 4. IHepapaticd Fpyaieia 28

% EVENTS
KNOCK kn
DOORSLAM ds
STEPS st
CHATIRMOVING cm
SPOON c1
PAPERWORK pw
KEYJINGLE kj
KEYBOARD kt
PHONE pr
APPLAUSE ap
COUGH co
SPEECH spe
SILENCE si

YxHMA 4.11: Oploudc tou Aedlhoyiou oto apyelo smartplaces.voca,

H mopory oy mpotdosny opileton 610 apyeio gram:

$events= KNOCK | DOORSLAM | STEPS | CHAIRMOVING | SPOON | PAPERWORK |
KEYJINGLE | KEYBOARD | PHONE | APPLAUSE | COUGH | SPEECH | SILENCE;

($events)

YXHMA 4.12: Ilepieyduevo apyelou gram

Me ) dnuoupyio Ty Topumdve apyeiwy, xhinxe 1 eviolr Tou HTK:

HParse gram wdnet

dnutoupy®vTag €Tol To opyelo duxtiou Aéfewv wdnet mou elvor yprowo otn Sraduaotio

NG AmoxmdxoTonorg.

To tehevtaio apyeio mou ypewldtay Aty 1o heZwé (lexicon). To Ae&ixd omotehe-
{ton and dheg Tig Aé€etc 1) oUVBLNOUG aUTGY Tou ugioTavtor ot pio yheooo. To HTK €&
optopol Teptéyel To Askixd tou voxforge Omou elvan XAUTAYEYPOUPEVES N TAEWOTNTA TLV
Ay YAV AéEewy. XT0 dxd pog TROBANUA OUGS, TOU AOYOAELTIL UE OXOUOTLXE, YEYOVOTY,
oL pOVNTIXE 6ebopéva Oev uploTavTar. I'iveton Aomdy avTAnmtd, Tewe To apyelo lexicon Yo

€yeL To (010 mepLeyduevo Ye To smartplaces.voca.
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H evtol mou yenoworomdnxe yia Ty amoxwoixoroinor etvou:

HVite -A -D -T 1 -H macros -H epoch11/dnnDef -C config.basic -S
decodeData.scp -1 '*’ -i decoding/recOut.mlf -w wdnet -p 0.0 -s 5.0
voxforge_lexicon tiedlist
T0 onolo diver ouv €Zodo To opyeio recOut.mlf. H ypron Ttou avorletar xahiTepo
oto Kegdharo 5. Ilupdderypo tou mepieyopévou tou mopaétetar oto Lyrue 4.13. To
VOUUEQX AVTITPOOWTEDOUY TN} YPOVLXY) OTVYUY) EVIOTLOMOU, T1) SLUOXELL TOU VLY VOELOPEVOU

yeyovoTtog xon 1 Aoyoptiuixy) miuvoTtntd Tou.

#IMLF'#
"x/S08-eventid-0.rec"
0 2200000 ds -803.827332

"x/S08-eventid-1.rec"

0 3600000 ds -1316.290039

"x/S08-eventid-2.rec"
0 4400000 ds -1754.076294

"x/S08-eventid-3.rec"
0 2200000 ds -809.735901

"x/S08-eventid-4.rec"
0 4100000 ds -1460.559570

"x/S08-eventid-5.rec"
0 10000000 kn -3700.865234

"x/S08-eventid-6.rec"
0 3300000 ds -1223.540161

...and so on...

YxHMA 4.13: Ilepieyduevo apyeiou recout.mlf

Axohouirinxoy 600 080l xatd TNV Bradixacior TG XUTNYoploTonong:

o To oUvoho exmaldeuong xon oLOAGYNOYNG AMOTEAQUTOY UO PEMOVGOUEVO YEYOVATO-

axovotxd apyeio (isolated training-testing).
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e To olvolo exnuideuons anoTtehoUTaY ARG UEMOVOUEVY YEYOVOTY, EVK OV OEbopéva

doxuv yenoworotfinxe ohdxineo to apyeio e ouvedpluc 8 (embedded testing).

[t Mg v anoteheoudtoy, Yoplkc dume va tapoucialovia €8k, ¥AAlnxe 1 evioly
Tou HTK:
HResults -I testref.mlf tiedlist recout.mlf

Ye autd To onuelo Teherdver 1) Teprypagy| Trg Topeiag Tou axorouifiouue oto HTK.

4.2 SoX

To SoX oamotelel plo mhotpopuo pEow ypuuuns EvIOAGY Tou emefepydleton opyela
fixou N T PETHTPENEL o DtopopeTixd qoppa. EmnAiéov, umopel v epapudoe. didpopeg
TPOTOTOLTOELS TS VoL TEOYUATOTOMOEL NYOYPdPNOT, Vot ahAdiet To pulud deryuatohnlog
1 VoL TUNRATOTOLROEL %o VoL ouyywvédet Ta oxouvotixd agyeia. ‘Ooov apopd tn StmAeuaTxy
gpyaoio, 10 SoX yenowonofinxe oty TUNUATOTOMON TGV UXOUCTXOV dPYElWY BOTE
xde éva va amotehel éva ouuPBdy. Emniong, éywe adhayy tou puduod e derypatolndlog
ot 16kHz. Téhog and .wv to apyela uetatpdnnxay os gogua .wav. Xeewdletor eniong va
onpeniel Teg oL eviorég Tou SoX cuoowpeltnxay ot script apyeia Python pe oxond vy

EQUPUOYY, TOUC O OAOXATEY TN Bdor) DEBOUEVGV.
Or evtohég mou yprotpononjinxay Htav oL eZrg:
o ovaxhnor Thnpogopluc oyetind ye to apyeto, sox filename -n stat.
o odlayr Tou pulpol derypoutohnpiog, sox input.wav -r 16000 output.wav .

o cZuyoyr TWAMNTOC and axouoTd dpyelo, sox inpul output trim start duralion.

4.3 Xnpewwnoelg

O xalde yprotre dev yperdleton vo TEOBANUUTIOTEL PE TOV XMOXa VAOTOMOTRE, orhd va
XEMOWOTOOEL OO TY T XANOES TwY ouvopThoewy omwg opller to APIL Ilagdho mou
0 HTK onotehel éva xorvotopo spyaheio, dev avavemvetar eUXoAd Ye amoTEAEOUN AN
Aoyiouxd oneg 1o Tensorflow g Google va yivovtor mo supéng otadedouéve. Térog, to

HTK unogel va petapoptewdel and to http://htk.eng.cam.ac.uk/.
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KegpdAiowo 5

ITewpdpota & AnoteAsocuata

5.1 Ilespopoatixd miaicto

[o Ty oy paTOTONoT) TRV TEWRUUATOY OYETE YE TO TEOBANUO TNE XAUTNYOoploToinoNng
yveyovotwy yenowonoininxe 1o epyureio HTK oe ocuvbuaoud pe tn Bdon dedouévey
UPC-TALP Multimodal nou neprypddope oto Kegdhoro 3. Xuyxexpyéva, pe o HTK
onuovpyhiooe €va UBEWIG veupwvixd dixtuo amd éva undpywy Beitiototomnuévo HMM
HOVTEND, ETEXTEIVOE X0t EXTOUOEUOUUE TO OiXTUO oL EMETH TO OELONOYHOUIE WS TEOC
TN BUVATOTYTA OVOLYVOPLOTC TV YEYOVOTWY PE Tov amoxndwonomty| Viterbi. Kotd vy
oradixoota NG exmodBeUoTE YETOWOTOUTXAUY PUEUOVOUEVH dpyElo YYOouU Tou To xaUéva Te-
PLEYPOpE Eva YEYOVOS. dE avTiletn TEpInTwoT, oTNyY AmoxmdXononoy yenothoTotinxay
TO00 PEPOVOUEV dpy el YY0U, 600 xou OAOXANEO TO oxoucTd apyeio Tng ouvedpiaong 8.
To yopuxtneio Tind Tou YenoWoTonmUnxoy Yol Vo OQUBOTOMo0UY To YEYOVOTH eivar oL ou-
vieheoé¢ DELTA-DELTA-MFCC. Eniorng, mpénet va emonpaviel 6T and Ti¢ 8 oUVORLXE,
ouvedpleg, oL TEKTES 7 AmOTENEOUY UAXG eXTUBEUOTC TWY TaVOUNTOY, eV 1) ouvedpio 8
YENOWOTOMUNKE Yior TNY XUTNYORLOTOiNoT Ty yeyovotwy. Téhog, yenowonowinxay xou

To 24 xovdaLa.

Kotd tn 6udpreia Ty mepaudtoy Yenowonomjlnxe éva utohoyto Tid obotrue Tutou desk-
top. . H oloxhnpopévn dwbiaoia Tng exnaldeuong %ot Tou EAEYYOU UTOTENEOUATHDY Tudt-
vounong oe Bodid veupwwind dixtua dtjpxnoe 6to oUvoréd tng mepitou 60-90 Aemtd avdhoyo
ue Tic mopouéTeoug mou elyay doxaoTel. Tpéner va onuewwiel 6Tt ypnowonominxoay ot
pordnuatiég BBaotixeg MKL tng Intel, mou emtpénouy tov mohuvnuatiopd. To yopaxtn-

PLO TUHE, TOU UMy oVAATOS ebvor:

e Ubuntu 16.04 LTS 64bit
e 12GB DDR3 RAM @1666MHz
e Intel Core i7 870@2.93GHz

31
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e GeForce GTX 750Ti

e 60GB Kingston SSD

Téhog, O nivoxag 5.1 mapouoidlel tig 13 xhdoeg otic onoleg PooloTnxoy To TELWAUUTH, UE

137 vo etvor awt| g novytoc.

Hymtwd I'eyovdg Y 0uPBoio
Xtomnuo Hoptag kn
Kielowo 1épTog ds
Briuato st
MeToxivnon Kapéxhog cm
Koutdh/Koudoiwiopa ghutlovio) cl
TOhypa Xoptiol Epyoaotug pw
Hyoc Khetduopv kj
"Hyo¢ Ianxtporoyiou kt
‘Hyoc Trhepovou/Mouowr pr
Xepoxpdtnua ap
Briyog co
Ourhio sp
Houyta si

IINak Az 5.1: ¥0voro xhdoewy e UPC-TALP Multimodal Database

5.2 Metpuxeg allohdynong

[ Ty 0&rohdynon 1oy anotekeoudtony yenouotominxay 800 Baowmés peteixés. H npdtn
peTexy) etvon avdaoyn tou WER otov xhddo e Autdpatng Avayvopiong Ouilog, dtou o
AEZELC NG YROUMOTIXAC ovapépovTaL O0Ta axouoTXd yeyovota. ‘Oumg, auth 1 ueTewr| dev
hopBdver UTOYLY TN YpOVIXY BLEEXEL TOU YEYOVOTOC, AAAS TNy axelf3r) yeovixr) avTio TolyLom
¢ TeoBhedmne Tou Tadvounty o oyéon ye to ground truth. Xuyxexpwéva, ameuduvoua-
07Te 0€ aUTH WS T0000TO AdUoUS avayvapons akouoTikoy yeyordtwy acoustic event error
rate Y} AEER) xou ypnowonouiinue xatd t Sdpxeto tng epyooiog dtov to dedopévor Aoy
HELOVLUEVR Ywpelc emxollder. XTn Teplntwon Tou 1 Tadvounon TEayRATOTOWUNXE Ue
ahhnhouyto yeyovotwy yenowonotiinxe 1) petexr) tooooté Adous taéwdunong oe eninedo
mAaioiov (frame misclassification rate 4 FMR). H axpifeia evoe talvount [19] oe oyéon

HE To AOYO o@dhuatoc AMEng Sivetar amd Tov axdroudo ToTO.

Acc=1—-AFEER (5.1)

ITo ouyxexpwéva, 10 AEER opiletar ©¢ axohotdwg
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AppR -SSP+ (5.2)
N
ﬁ S+D+1
AFFR = —— 5.3
S+D+C (5:3)
OTOU

S eltvar 0 opride TV AV TIXATAOTACERDY

D eivon 0 apriude Ty Sraypapdy

I etvor 0 apriuds TV eLooyHYOY

C' elvor 0 apriudc TV 06OTOY TUEWOUNUEVLY TUQUTNEOEWY

N etvor 10 TA00¢ TV TopaTERoEwY

To mapandvey oOUBoAN CUVELOPEROLY GTOV UTOAOYLOUO XATOLY ETWEROUS HETEXGOY Addoug
TOU YPNOOTOUVTAL EUREMS OTNY avayVORLoT ywy xat Yeyovotwy. o avehutid o-

oilouye ©¢:

o AdBoc sloaywynhc (insertion error). To Addoc mou urohoyiletor dtav o Tali-

vounTg avory vepllel TeptocdTEpa YEYOVOTH UTO OO0 ETPETE.

o AdBoc Sraypapng (deletion error). Amotehel oucwotixd tny avtidetn me-

eintwon and to Addog etouywyrg.

o AdBoc aviixatdotacrc (substitution error). Anotedel Ty mo amhy| woper
Adoug xadoe avopéoetar 6T0 AYog Tou TUEWOUNTH VoL XA TN YOPLOTOMOEL TO YEYO-
VoG 0woTd. ot Topdderyua, evéd ETpERE VoL avary vepeto Tel To YEyovog Brjuato, TeAxd

VALY VOELo TIXE YELROXPOTNU.

5.3 Amrnoteiéopata petprioewy HTK

270 Top®Y TUARO TOU XEPUANLOU Vol TUEOUOLIGTOUY Tl ATOTEAECUIUTH TWY TEWUUITWY TOU
TpoyaTOTOMUnXoY Téve oTn Bdon dedouévey. Apyixd, yivetar avapopd 0T ATOTEAECULOTO
Tou gpyareiov HTK 1600 pe 11 yehor HEUOVOUEVHDY YEYOVOT®Y, 000 ot PE oxOAouVieg
ouufavtey. H Swdiaola mou odfynoe otn AMn TwY amoTEAEOUATHY TEQLYpapETAL avohu-
Tixd 070 Kegdhono 4, evéd umopotv va Beetolv xo olvdeopor oto tuiue Ilapaptiuata oe

Boowd TUAUOTH XOOLXA.
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To yopoxtnpotind mou yenoworominxay, onwg Teptypdpetar xou oto Kegdioo 2, ftay
ot owvteheotéc DELTA-DELTA-MFCC. Méoo and autd to anoteAéopota yivetar uio
exTiUNON TNE AmOB00TNG TV ETAEYUEVWY YULUXTNELO TIXOY UAAL %ot TV EQYUAEIMY GCOV
QPOPEL TNV OVOLY VORLOT) UXOUC TIXMY YEYOVOTOY. XNy evotnta auty) Ya yiver napoucioor
v extioeny Tou yoviéhou DNN-HMM yenowonowwvtag 1o gpyoreio HTK. ‘Oneg
TEOAVAUPEQUNKE, TOL THNTLXS XOUMATLH TG CUVEDRLNG 8 amoTEAOUY To O ToLyEld oVapOpds TOU

TOEVOUNTY.

Apyixd, Sonpdotrxay o Yegoveuéva xouudtia Hyou (xdbe xoppdte fyou amotehel évo
oupfdv) xon ¢ validation data v ocuvedpio 8 tunuatonoinxe e Ty Bro pédodo. Aoxt-
HGo Ty SLdpopes THES YioL TNV TopdueTeo Ados cwoaywyris Aééng (word insertion penalty
f WIP). Kadde avZdveton n petoAntd auth, 1 ypoupotixs tou nopdyet Tic AéZewg-ouuBdvTto
UTOYpEGVETHL Vo €xeL oav €£000 pepovouéve Aélec. Auth n mapouetetxomoinor Bondder
OTNV XUTAXOPLQT) UELWOT) TOU A oUg ELO0Y WY TG ot BLYQUPTC UE ATOTEAEOUA TNV XUAUTERT
aLoAGYNOY) ToU TagVOUNTY O PEMOVGUEVE YEYOVOTA 1) YVeooTO ¢ isolated validation.
‘Eyovtag ooy yvouove tng dwdoaoia mou pre-train xar Ttou fine-tuning, oty €Zodo
Tou SevTepou 1 axpifet 0Ty exmoldeuoy) evOg HovTEAOU PE 4 xpugpd enineda, ue ypriom
SIGMOID, égtaoe 10 67.56%, evéy pe RELU oto 67.17%.

Epoch 11 sokkokskokrokkokk

Processing training set...

Train accuracy = 67.56% Training time cost = 1786.60s
Processing validation set...

Validation Accuracy = 66.52%

Validation time cost = 75.86s

YxHMA 5.1: Anotéieopa fine-tuning pe SIGMOID

Epoch 11 sokkokskokrokkokk

Processing training set...

Train accuracy = 67.17% Training time cost = 1855.44s
Processing validation set...

Validation Accuracy = 66.13}

Validation time cost = 77.06s

YXHMA 5.2: Anotéieopo fine-tuning ye RELU
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YXHMA 5.3: [lgdodoc atny axpiffewn tne exnaideuonc ue yphor 000 BLOQORETIXGY oUVE-
thoswv evepyonolnone.

Aol howndy 1 sigmoid pag €8woe xahutepa ATOTEAEOUATH, ETAEYOUUE TO AVEAOYO HOVTENO.
Téhog emavodauBavouue tny (Bror Sradixaoto Yo €va VEUpwviXG 6ixTuo pe 8 xpugpd emineda,
omou 1 uxpiBeto exnaidevons égptace 1o 68.48%. Ilpéner va avagepiel 6t doxudoTmay
1ot VEupwwixd 8ixtuot ye 16 xaw 32 xpupd enineda, oAAd emedy| Sev oy anodoTXGTERY, BEV

nopovotalovtor oty epyaoia. H dtapopd twv 600 tetpapdtoy gpouivetor oto oyrua 5.4.

685 Fine-tuning stage
: T T JIF S— + + + + + +
il
/
Fd
/
68
v
/'/
x_F i #* * * #* *
675 %
> ;
o
pm |
8
<
o
=
.E &7
(=
66.5 /
* R
—a— 4 hidden layers
< 8 hidden layers
&6 L L L L L L L L L
1 2 3 4 5 7 8 9 10 iRl

&
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YXHMA 5.4: H emndéov npoodrixn 4 emnédov Behtivos v axpifewa tng exnaldevornge.
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[ T Sudtpedn xou ohoxAfiemaon Tou oTadiou TG ATOXMOIXOTOMONG YEELAC TAXAUE To TA-

poXdTw apyeta:
e To povtého Tou veupwvixol dixtiou oo téhoc Tou 1lou epoch (apyeio dnnDef).
o Tic nopapétpouc Tou DNN-HMM (apyeio config.basic).

o Ta yeyovota mou avayvapeloe o poviého oe xde opyelo Zeywprotd (apyeio
recOut.mlf).

e To FSM xou w0 AeZthdyio tne yhwooug pac (apyeto wdnet xou lexicon).
o Tn Ao pe Tig xotayeypoppéveg xhdoeig (opyeio hmmlList).

O éheyyoc anddoone Tou Yoviéhou TpayHaUTonotAINXE TAVEL OTA HEHOVKUEVA apyEeid Tou
lou pixpogavou tng ouvedplag 8 xat o0 obvoho exmaldevong pe tn cuvigtnor HVite, 6mewg
nogovotdleta oto Kepdhao 4. Eniong o poviéha nou reigopatiothxoape rav 4 enineda x
mineba x 25 niteda x 256. Tucoxdte napovoidlovion o anoTeAéouata DoTERY
128, 4 enineda x 256, 8 exninedu x 256. Ilupax o o ehéop €p

and TNy extéleon TG EVIOANC:

HResults -I s08micl.mlf hmmList recOut.mlf,
omou, s08micl.mlf, eivon 7o ground truth, hmmkList mepiéyer Tic xhdoewc »xou 7o

recOut.mlf negiéyet dha T YEYOVOTH TOU oVaLy VEIOE TO VEURGWIXG BiXTUO.

HTK
DNN GMM-HMM
Layers x Nodes Correct Words (% 8 HMM states
Correct Words (%
4x128 78.56
4x256 78.74 93.73
8x256 | 78.41

YXHMA 5.5: Ipdodog tng anddoong tou tadwounth DNN-HMM ce oyéon pue tov GMM-
HMM oe anoxmdxonoinon UEUOVOUEVOVY YEYOVOTODV.

Onwe¢ mogatneodue omd 1o XyAua 5.5 n anddoon tou towvounti DNN dev etvan o-
VEAOYT| TOU TEONYOUUEVOU YXoouctavol tadvopuntr, mapdho mou 1o uBedixd vevpmwixd
dixtuo éyel yTiotel ye Bdon to xahirego GMM-HMM.

Kheivovtag tnv yepovewpévn amoxwdixonoinon weéner va yiver Zexddougog o Tpdmog ye
tov onolo eZfjydnoav o mpandve anoteréopata and to HTK. Katd tnv extéheon tou
anoxwdixorowmntr Viterbi, o HTK azodnxedet duvauwnd oo agyeio recOut.mlf <o yeyovog

TIOL AVAYVAORIOE 0 TaZvouNnTAS oe xdle Nyntixd andonacua tng ouvedgiog 8. IMupdderypa
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autol Tou apyeiou uropel vo Peedel oto tunua Hapaptripata 6t0 TEAOC TNE BIMAGUUTINAG
gpyootag. ‘Eyoviag Aowmdy dnurovpyrost autd to apyeio, To HTK ouyxpiver to ground
truth mou tou €yer opiolel ota apyela eTxeTodVY Ye 0 TEpteyduevo Tou recOut.mlf. Eneldy
OUGEC TOL OEBOUEVO UG AMOTEAOUVTOL oMO PEUOVOUEV oxoucTd cuufdvta, to Addog
SLOUY WY N xot Brorypopnc Teéner vor Tebver 0To 0, omwe xon ouBoiver, agol pe Ty dudteedn

OL8POP®Y TEWUUATMY Of TWES TOUG TapEUEvayY oTo 1.

Yie dettepn @dorn doxudoopue o ovotrpa tou HTK oe evowpatmpéves doxwéc (embedded
testing). Enlong, yio var evioyloouye 10 povtého tng nouyiag (si) eZoydyoue neproodtepa
HOUPETLL Hiyou amd Tor ¥ON umdpyovta. Autd emtelytnxe apol oTic TemTeg 7 ouvedpleg
eppovilovTon Ypovixd xevd ueTadl Tou TEAoUG eVAE YEYOVATOC Ko TG UpYNic TOU ETOUEVOL.
Trohoyilovtoag €10 quTY TN YeovixY| Swpopd ue Tn) yenorn Tou epyaisiou SoX, oe xdie
ouvedplor avTIoTOL Loy TOUAdYtoToV 150 xouudtior wixpol Prxoug Tou BevV avixoy o€
xdmow ambd e 12 xhdoeg.  Xperdleton emione vo onpewwdel ot €yovtae (embedded
testing), ¢ onuelo avagopdc yir v afohdynorn Tou Tedvounty yernowonotiinxe
OhOXATPO TO a0V TG apyEelo Tng cuvedplug 8. Molutadta, autd To axovoTxd apyeio Vo
uropotoe vo Tunpatononomiel oe 4 emuépous xouudTr avd Ye TN YPHon Tou epyoheiou
SoX. Kdt tétoto dumg dev mporyatomotinxe apol 10 XOPUo TeY axouo Tixey apyeioy Ya
ENEPEPE ATOAEL OF axoLo Tixd Tapdupa. ‘Olo Tor TpoavapepUEvTa o Totyela draTuTGUnXay
OaV ELOUYOYT YL THY TEQLYPUPT, TWY ATOTEASOUATWY dAAd xor tng petpwnc FMR mou

avapépUnxe 0To uToxEpdAuo 5.2,

o mpoyweooude 0Ny Teptypapy| eEay®YNE TGV ATOTEAEOUATOY TRETEL Vo, ovapepUel Tt
0 apyeto recOut.mlf yetd ) Srdixaoio Tou decoding etye oyeddv tny Bor woppT Ye auTh
TV UELOVOUEVEY TELWUUATOY, TEPLEYOVTIG OULE €va apyelo, Tng ouvedplog 8, StutpéyovTtdg
TO Ypowxd xat avoryvepilovTog Tor yeyovota oc eninedo ms. Me oxond Aowmdv T yerion

QUTAC TNG METEWNS, YedpTnxe xGOxog ot python mou mpayuatonotoboe Tig edeic evépyete:

1. Avofyet to apyeio S08.csv xon availer o yeyovota oe mhaioto. o mapdderypa, ov éva
veyovog dopxel and 0 €ncg 2,7 deutepdienta, ToTE UTdEy oLy 270 Tapdtupa Ty 10ms
TOU TEPLYPAPOUV AUTO TO YEYOVOG. 2TO OUVOAO TG SLIOXELNG TOU AXOoUOTXOU apyElou
g ouvedplag 8, unohoyilovton 149991 mupdiupa. Xuvenae, and o apyeio e£6dou
tou HTK e€aydyoue to avdhoyo madog mapadlony. Ta ypovind xevd mpogoveg
oupTATEGUNXaY e To Yeyovde g owwthc (si).

2. Avolyel 10 apyeio €€660u recOut.mlf xon enavohouBdver v B dradixacto.

#matched_frames

#total_frames
nd, éyer xatuo el cowéc AT aUTAC 0 AOYOC TEPLY pdpEL TO TG00 TO Addouc Tavdulonc
b

3. Yuyxptver To topdiupa 1-1 xon unoroyilel Tov Adyo . YUUTEQUOUOTL-

ot eninedo TAcolou.
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‘Eyovtag cuviéoer autédv Tov puxcd ahydeuipo xaholue tic eviorés tou HTK nou avapée-
Unxay oto Kegpdhato. Xto mhaioo autd xatavooius 4Tl 0V UTOgOUUE VoL YPNOWOTONCOUUE
pla ypoppatixr wou wopdyer i AéZn, apol to axouctixd apyeio yw tnv allohdynon
Tou ToZwounth anoteAsiton and pio medTaon UE TNV axoloulist OALY TV YEYOVOTKV
Tou ouvéfinouv oty ouvedgio 8. Xuveng, Yéox and T doxéc DlapdemY TYWMY, 6K
nogouotdleta 0to Lyfua 5.6, xatohfiyouue 010 BEATIOTO anoTéAEOUA TOU HUTOEEL VoL BKOEL
o HTK. ' Adyouc olyxpiong, avapéooute T ARoTEAECUUTH TMV YXUOUCIAVEY LOVTEAWY
uigne o HTK xot tov veugwvixdyv duxtiemy tou sgyaheiou Kaldi and to mponyoluevo

oyEdlo epyacioc 7 Avaryvielon axouoTixdy YeEYovotwy Ue Badid veugmvind dixtua” [8].

HTK KALDI
DNN GMM-HMM DNN GMM-HMM
Layers x Nodes FER(% 8 HMM states | 1 hidden layer | 5 HMM States
FER(% FER (% FER (%
4x128 29.09
4x256 26.77 16.02 20.58 20.58
8x256 26.85

EXHMA 5.6: Anédoorn todwvountiv ot ENINEDO EVOOUATOUEVOY YEYOVOTOV.

40 ~
I 125
I 4255
a5 I 5256

30}

FMR error rate (%)
-] &

o

(3.}

layers x neurons

YxXHMA 5.7 Tpogpuer avanapdotaoy anoteieopdtewy tou Lyfuatog 5.6

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 00:26:45 EEST - 3.145.115.136



Kegdhuo 5. Hepdpata & AnoreAéopata 39

40 ~
| 4 layers x 256 nourons |
I © HMM stales
I 1 hidden layer
35 - [ 5 HMM stales.
a0 L
325 -
2
]
520
B
@
E 15 +
10 +
S
Q

HTK-DNN HTK-GMM KALDI-DNN KALDI-HMM

YXHMA 5.8: XuyxevipoTiroc mivoxoc anoteEAeopud oy

Me avapopd Tov tapamdves Thvaxat, TopaTneelton TG T0 T0000To Addoug yio To UBedd pog
Hovtélo ayyiler To 26.77%, Tou elvon apxeTd avOTOmTIXG oV aveAOYtoTOUUE HTL Xodie To
yeyovoTe oulBauivouy 0ToV Ypdvo, UTdeyouy THOOE TOU UTOEEL Vo AELTOURYOUY (¢ EUTOBLY
oty axeB3r opodétnon tou yeyovitog péou o autév. To amotéheopa autd Eyve @xtod
ME TNV XoAt exnaibevor) Tou wovtéhou owwtig. iveton, enopévig, elxoha avTAnTTo 6Tt 1|
evépyeld pog ndve ota bedouéva exnoideuorg Behtivoe oe peydho Badud v andboor tou
DNN-HMM to&wvounty.
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Kegpdiowo 6
P VUTEQACUNTA

6.1 3uVeloPopd TNG SITAVUATIXNG epyacioc

Méoo and tny exndvnon authc TNG HETUATTUYIUXTC EQYAUOLUC TRUYUUTOTOUNKE CUC TNUATL
% PEAETT TNG amOB00TNE TV Bodiidy VEUROWIX®Y OtXTOWY 0TO TEOBANU TNG oVoLY VOELOTG
AL XATTYOPLOTOMNONG UXOUCTIXAY YEYOVOTWY TOU AouBdvouy Yopa o €val SwUdTo ou-
vedploong. Emlong, éywe olyxpton uetolld tng amddoong tou DNN ta€wvounty xar tev
%xpupoY povtéhwy Markov. Méoa amd to TEWRUUATING ATOTEAECUATY TOU TUEOUCLEO TNXALY
07O TEOYNYOUPEVO XEQPUAALO, 1) ETLO THOVIXY CUUBOAY NS SIMAGUATIXTC XUAUTTEL Toug e€Xg

dEovec:

o T'n uerétn g moAuxavaxc Bdong dedopévey UPC-TALP mou dnuovpyrinxe and
™V NYoyedgnon 12 SwpopeTinty yeyovdtwy oe éva €Eumvo mep3diioy.  Emiorng,

€ywe enelepyaoio TV aXOUOTIXMY BEBOUEVLY YE TN XPNom Tou Aoyiouxol SoX.

o Ty eaywyr) TV XUTEMIAGY YopaxTNELOTIXGY Tou Yo UTopoUoay Vo TERLY SOy
Tot OEBOUEVA HOG XUAUTERA. LTV 0pYY| TWV TERUUATRY, OTOE AVUPEPOUUE KoL OTA
Tponyolueve xepdiona, yenowonowinxay o 39 (MFCC, D-MFCC, DD-MFCC).

o T yerom SLUPOPETIXOY PETPLXMY EXTOG TV TEOXUVOPLONEVMY, XIOE UE T1) UEAET
OHOVO LAY YEYOVOTGV xat Oyl Aé&ewy, To word error rate dev elye undéotoaon. Erot,
€ywve ypfion e HeTewnc mooootd AddBoug talwdunong akovotikdy yeyovitwr (yio
Hepovopéva ouuBdvTa) xo mooootd Adfous akodouvBiag yeyovdtwy e eminedo mAar-
olov. Me Tov 0ptopd aUTGY TGV PETEIXGY, UTORECUUE VoL AEIOAOYHOOUUE XAAUTERY
Toug TadvouNTéS ot SLopopeTixés @doelc Tou meoBAruatoc. H petpuy FMR eivon
ouTY Tou Tapousiaoe Wialtepo evdlipépoy agpol e&étale T ouvedpla 8 o8 AeTTOUERES
eninedo ypdvou. lupdho mou xow ta 800 epyareion (HTK, Kaldi) yenowwonowidv toug
Bloug akyopidpoug exnaldeuong xon amoxwdwonoinong, auty 1 dwupoponoinon oTo
amoTEAEOUN THHUVOY OPElAETAL OTO OLPOPETIXG OYEBLUOUO TV EPYUAElwY Tapd 6TNY

vhormoinon Ty oahyopldumy.

40
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o Télog, 1 TO ONUAVTIXY] CUVELGPOEE TNG OIMAWUATIXAC QAUTAC TV TOL TELRAUUTA UE
OLoLpOPETIXES PUINIOELS VLol ToL VEUpGVIXG OixTu, dAAS %o 1) Ontovpyia UBELOXGY op-
YETEXTOVIXWY OOTE Vo heAeTriel xohlTepa 1) ouuneptpopd Toug. ‘Omewe avapépouy
xon oty epyaoiug toug oo Hugo Larochelle, Yoshua Bengio x.o0 [17], n otpotnyixs
expdinong tou aiyopiduou omoVodiddoorg diver un-txavomomntixéc AUOES Yol VEU-

POVIXE BiXTUL YE TOAAS xpupd emtineda.

Yyohdlovtug To amoTEAEOUA T UTY, polveTar OTL o wovtéha Markov cuunepupépovton xa-

AOtepo 070 TEOBANUE pog, an” ot T Bardid veupmvixd 6ixTua.

6.2 MeAhovTixég gpeuvrnTixeg xateLIOVOoELS

Meztd 1 Sexnepaiowon trg moupoloog epyaciog umopoly vo axoiovinoly emmpdodeTtor

BehtiwTixol 0dol o yeAhovTixég €psuveg. Mepég amd autég TopouotdlovTon TopuXdTe::

o Me oxomd ) BeAtioon Ty axous TGV YopuxTELo TGy Yo utopoloe va yivel Tepat-
Tépw €peuva Tave oty yeron Ty MFCC os cuvbuaoud pe ti twée TDOA. Me auty
™ Sradixactor Yo dnpoupynioly ueyaAlTeEpa SLayUOUOTH YULUXTNELO TIXDY ToU Tdo-
VOC Vo TEpYpdpouy xahUtepa o yeyovota. Emlong, obugwva ye v BiShtoypagpio
anddooT Tou TadvounTh urnopel vor aundel ue TNV EQUEUOYY UN-(PUOUATIXOY YORUXTY-
PLO TV PE VETind CUVEAXTIXO Tiivao TapayovToToinong poll e To YopoxTNoLo TiXd
MFCC[20].

o ‘BEva dhho medio uehAhovTXrc €pEuvag AMOTEAEL O EMUVUTROOBLOPLONOC TWV APy ElY €-
TXeTOVY e Bdong dedouévey UPC-TALP, ye oxond tny enavalétoorn e anddoorg
TOU OUCTAUATOC Bordidy VEUPGVIX®Y SIXTUMY OF QUTH. DUYXEXQWEVH, TO YEYOVOTX
Tou ouuBoivouy oTr cuvedpia 8 elvor TEQLOGOTERA AMO TH HATUYEYPUUUEVOL XL AELTOUE-

yoiv oav Bopuog Tapaoxnviou.

o Axdun, éva nedlo mou mpénel vo emxevipeiolue elvar 0 CUVBUNOUAS TGOV XAVOALDY,
elte 070 0TAOW0 TNg exnUidevoN Tou TadvounTy, elte 0T @dor TNg XATNYORLOToiNoTS.
Anhody), xdmow yeyovoto unopel vo €xouv nyoyeuendel xolitepa and ®Imoo dAAo
uedpovo. Autd Go evioyue apxetd To xdie YovTéNo-xhdorn xatd TN draduxaoio TG
expdinone tou tadwounty. Me autdv Tov Tpdno Vo anogelyoe TV uEp-exnaideuo,

%o m¢ Bev Vot YeNOULOTOLOUVTOY OAOXANPES OL 1Y OYPUPTIOELS Kol OO To 24 KEOQLVAL.

o Télog, xadng 1 Bdor 6edouévmy euneptéyet xonw omTxd UAXO Yo umopoloe Vo Tpay-
poTomoel ouVBLAOUOS TG OTTXOUXOUC TIXAG TANPOgOoRiag. Aniady| va emtteuydel
ouvduoouds Teomxotitoy (modality fusion) ye oxond v adZnom e oxpifeloc
Ty Badidv veupevixdy dixtiny ooy tadvountéc. Iupadelypota TéToUdY TEQUUETELY

epgaviCovton ot TeEtpduaTe Twy Samira Ebrahimi Kahoul, Christopher Pal x.o
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émou ouvdlooay Batid cuvehintixd veupwwind dixtua (deep convolutional neural net-

works), DNN xat SVM pe oxond tny avayvepeton xivrong oe Bivieo [21].
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