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NEPINAHWH

H avayvwpton outAntn amoteAel tn Stadikaoia TNE AUTOMATNG AVOYVWPLONG TOU
OTOMOU TIoU MIAAEL, UE BAon KATOLA XOPAKTNPLOTIKA TOU €€AyovTal amd To crua
dwvnc. Eva eupl paoua edbappoywyv EXEL WG TUPNAVA TOU TNV AVOYVWPELON OUANTN,
omnou ouvnBwg n mapouoia neptBarlovtikol BopuPou oto onua dwvig SuokoAevEl
™V e€aywyn owotwyv eKTLUROEWV. Evag emumpdoBeTog mapdyovtag mou cuUBAAeL oTn
SuokoAia ocwoTAG avayvwplong amoteAel n TEPLOPLOUEVN TtooOTNTA SESOUEVWV
eknaidevong kat bedopévwy aglohdynong.



ZTNV MPOOTIABELA MG VO QVILHETWTIIOOUME TIG Ttapamdvw SuokoAieg, n mapolvoa

epyooia xwpiletal oe SU0 HEPN. ITO MPWTO PEPOG, TO MPOPBANUA TNG AVAYVWPLONG
OMANTA avayetal o€ €va TPOPANUa taflvopnong. 2tnv  katevBuveon auth
QVATITUOOOUE KOl LEAETAE TN CUMTEPLPOPA TEXVIKWYV TAfLlvOuNnong mou Baacilovtat
o€ UTODECELG apali¢ avamapdotaons, OMoU ETUKEVIPWVOUAOTE OtnV edappoyn
Tautomnoinong olANTA e xpron oAU Teploplopévwy Sedopévwy ekmaibeuong kal
afloAoynong, os meptBarlovta pe vPnAa enineda BopuBou. H Baoikr) umobeaon mou
OLETIEL TIG OUYKEKPLUEVEG TEXVIKEG Elval WG TO UTIO TaUTOonoinon onpa Gwvng, Kat
€L6IKOTEPA TA XOPAKTNPLOTIKA TIou €xouv €€axBel amd auto, umopel va ypadel wg
0paLOC YPOAUMLKOG cUVOUAOHUOC WG TIPOC €val UTEPTANPN TiivaKka, O Omolog cuyxva
avadépetal otn BiPAloypadia pe tov 0po Agéiko. Ta BEATIOTA EKTILWUEVA apOLA
Bdpn TWV YPAUUKWY CUVOUAOUWY, OL €MOVOUAlOUEVOL Kal apotol KWSOIKEC, TIOU
TIPOKUTITOUV WG AUOELG €VOC poBAnuatog BeAtiotomoinong, xpnoLlomolouvTal yLo
NV TEAKN TaUTOmoinon Tou OWIANTA HEow €VOG Kavova €AAXLOTOU OGAAUATOC
OVAKOTOOKEUNG.

Enexteivovtag tnv mapanavw pEBodo taflvopnong HEow apaLg avamopacTaong,
e€etalouvpe Vv edpopuoyn piag pebodou Stakpitiknc exkuadnong Agétkov. Me tnv
HEBOBO QUTH EKTLUATOL ATTO KOWVOU TO A£ELKO TIOU TEPLEXEL TOL SESOUEVA EKTTALOEVONG
pall e éva KataAAnAo ypap ko taflvounth. To MAEOVEKTNUA QUTA G TNG TIPOCEYYLONG
elval otL 0bnyel otnv mapaywyn apolwv Kwdikwv oL omoiol xapaktnpilovratl anod
pHeyoAUTepn SLakpLtik tkavotnta. Ol EKTEVELG CUYKPLOELG TTOU TIpayOTOTOLOnKav
TO00 Me TIBAVOTIKA pOVTEAQ, Ta omoia Paocilovtal otnv umobeon oOTL Ta
XOPAKTNPLOTIKA TNG PwVrG akoAouBoUV yeVIKEUEVN TKAOUGLAVH KATAVOWN), OG0 Ko
HE MEPIKEG €K TwV Kopudaiwv peBodwv Ttaflvopnong, OMwg HOVIEAQ WIiENG
MKOLOUGOLOVWY KATAVOLWV KOl KOLVAG TIAPAYOVTLIKNG avaAuong, avéSeLfav TNV UTIEPOXN
NG MPOTELVOUEVNC LeBOSOU.

To 6eUTtepOo HEPOC TNG SLATPLBAG HEAETAEL TN XPAON TEXVIKWV XAUNANC Taénc wg Eva
EPYaAEl0 yla TNV EKTIUNON aflOMIOTWY XOPAKTNELOTIKWY ¢wvngc. Eldikotepa,
epapuoleTal pia TEXVIKA avAKTNoNng mivaka XaunAng Taéng yla TNV OVAKOTOUOKEUN
EKEIVWV TwV GOOUATIKWY TIEPLOXWV TOU onpato¢ ¢wvng, ol omoieg dev eival
aflomoteg efattiag ¢ €viovng mopouciag BopuBou. H avokaTaoKeur) TwV UNn
afloToTWY GOCUATIKWY TIEPLOXWV TpayHaToToLleital péow tou Singular Value
Thresholding (SVT) aAyopiBuou, PBdosl tng umdébesong otL n  AoyaplOuikn
avanapadotacn MAATOUG evog onpatog ¢wvng oto medio xpovou-cuxvotnTag PECW
tou short-time petaoyxnuatiopol Fourier (STFT) elvat xapnAng taéng. Katd tn
SLApKELD TNG TIELPAUATIKAG afLoOAOYNONG N POTELWVOUEVN HEBOSOG ouyKplvETAL UE TNV
EUPEWG XPNOLUOTIOLOUHEVN TEXVLKA TNG APALiG CUUMARPWONG, avadelkviovtag TNV
LoV TNG OTOV UTTOAOYLOMO QLOTILOTWY XOPOAKTNPLOTIKWV.

Eniong, mpoteivetal pia eméktaon tng neBOdou cuumAnpwong mivaka n omoia
EKUETAAAEVETOL TNV EK TWV TIPOTEPWV YVWON OTL 0 TiivakaG S€Sopévwy elval XapunAng
taéng, kKabwg kal TN yvwon otL ta dedopéva pmopouv va avamapootabolv e
OTTOTEAECLLOTLKO TPOTIO WG MPOC £va Ae€LKO. ELOIKOTEPQ, TPOTEIVOUE £vav alyoplOuo
oo KOLWVOU avamopaotaong XoUNAOTepNnC Taéng Kat cupmAnpwong mivaka (J-SVT). O
J-SVT unepéxel Tou KAaotkoU SVT GToV UTTOAOYLOMO TNG AVATIAPA0TOONG XOUNAOTEPNC



TaéNng evog Tivaka SeS0UEVWV WG TIPOC €Val SOOUEVO AEEIKO XPNOLUOTIOLWVTAC AlyEC
TIAPATNPNOELG ATIO TOV OpPXLKO Tiivaka. MEOw TMPOCOUOLWOEWV Tapatnpeital n
BeAtiwon Tou OPAAUATOC AVOKATACKEUNG TIOU ETLTUYXAVEL 0 J-SVT o€ avtiBeon pe
TOV TUTIKO SVT, yia dladopa MEPAPATIKA CEVAPLAL.

Enomng Awdaktopikig AtatpBng: Emikoupog KaBnyntig, ABavdoiog Mouxtdpng

Abstract

Speaker recognition is the process of recognizing a speaker automatically, based on
specific features extracted from the speech signal. A broad range of applications
exploits at its core the process of speaker recognition, where usually the presence of
environmental noise in the speech signal impedes the inference of correct decisions.
An additional factor, which contributes to the difficulty of recognizing a speaker
correctly, is the limited amount of available training and evaluation data.

Focusing on overcoming the above limitations, this dissertation is divided in two main
parts. In the first part, the problem of speaker recognition is reduced in an equivalent
classification problem. To this end, we develop and study the performance of
classification techniques, which are based on the framework of sparse
representations, where we focus on the task of speaker identification by employing
highly limited amounts of training and evaluation data, in environments with high
levels of noise. The main assumption that governs these techniques is that the
identified speech signal, and specifically the features that have been extracted from
this signal, can be expressed as a sparse linear combination in terms of the columns
of an overcomplete matrix, which is often referred in the literature with the term
“dictionary”. The optimally estimated sparse weights of the linear combinations, the
so-called sparse codes, which are obtained as the solutions of an optimization
problem, are then employed for the final identification of the speaker based on a
minimum reconstruction error criterion.

Extending the previous classification method based on sparse representations, we
study the efficiency of a method for discriminative dictionary learning. This method
estimates jointly the dictionary comprising of the training data in conjunction with an
appropriate linear classifier. The advantage of this approach is that it results in sparse
codes, which are characterized by enhanced discriminative capability. Extensive
comparisons with probabilistic models, which are based on the hypothesis that the



extracted speech features follow a generalized Gaussian distribution, as well as with
some of the state-of-the-art classification methods, such as Gaussian mixture models
and joint factor analysis, revealed the superiority of the proposed method.

The second part of this dissertation focuses on the use of low-rank techniques as a
powerful tool for extracting reliable features from a speech signal. More specifically,
a technique for recovering a low-rank matrix is designed, which is employed for the
reconstruction of those spectral regions of a speech signal, which are unreliable due
to the presence of noise. The reconstruction of the unreliable spectral regions is
performed by adopting the Singular Value Thresholding (SVT) algorithm, based on the
assumption that the logarithmic magnitude representation of a speech signal in the
time-frequency domain, obtained via the short-time Fourier transform (STFT), is of
low rank. The comparison against the widely used method of sparse imputation, which
is based on sparse representations, reveals the superiority of our proposed approach
in terms of producing more reliable features.

Finally, we propose an extension of the matrix completion method, which exploits the
prior knowledge that the data matrix is low rank, as well as the knowledge that the
data can be represented efficiently in terms of a dictionary. In particular, we proposed
an algorithm for joint low-rank representation and matrix completion (J-SVT). J-SVT is
superior when compared with the standard SVT with respect to the computation of
the low-rank representation of a data matrix in terms of a given dictionary, by
employing a small number of observations from the original matrix. Through extensive
simulations, we observed an improvement of the reconstruction error achieved by the
J-SVT, in contrast to the typical SVT, for several distinct experimental scenarios.
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