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NEPINAHWH

H oupia elval o TlO amMOTEAECUATIKOG TPOMOG Emkowwviag Wewv Tou
dnuoupyouvtal oto avBpwrivo Huald. Qotooo, n MPodOopLKA EMKOWVWVIO OTNV
npayuatiky wn ouxva ennpealetal and tov 80puPo oto meptfaiAov, o omoiog
UTTOPEL va PELWOEL ONUAVTIKA TNV KATAANTITOTNTA KOL TNV AVTIANTITA ToOLOTNTA TOU
onuatog. TexVikég yia tn BeAtiwon tng emkowvwviog €xouv mpotabel oto mapeABov
Kol £X0UV SOKLUAOTEL Pe eTtuXia o oUYXPOVEG CUCKEUVEC OMwWC To Amazon Alexa,
ETUTPEMOVTAC TNG vVa Aettoupyel o avti€oeg ocuvOnkec. O BopuBog mepParlovtog
uropet va dtatapagel tooo tn ANYPn orfUatog anod o CUGKEUT 000 KoL Tnv avtiAnyn
NG oA lag oo tov akpoath. Ot Texvikeg BeAtiwonc opiag (SE) avamtuooovtal yla
TNV AMoKATAoTAoN TNG OUALG aTto TIG BopuBWEELG TTAPATNPIOELG TNC KOL OL TEXVIKEG
BeAtiwong tng akpoaon¢ (LE) £€xouv oxebiaotel ywa va PeAtlwvouv TNV
KataAnmrotnta aAAGlovtag TNV opAia pLv amod tnv £kBeor) tng o B6pufo, kKabwe N
duoKa mapayopevn ophia dev eival mavta moAU katavonTtr). Q¢ ek TOUTOU, TOCO TO
SE 600 kot To LE elval amapaitnta ot cUYXPOVEG CUCKEUEC YLl VO AELTOUPYHOOUV
og 810PopeC AKOUOTIKEG OUVONKEC. Juxva Tta cuotrnpata SE kot LE Aettoupyouv wg
6V0 avefaptnteg povadeg O OCUYXPOVEC OUOCKEUEC, OL OTOLEC Teplopilouv TNV
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anddoony tou¢. H mpoomdBela oe aut T SUTAWUATIKA gpyacio elval va
ouvbuaoToUV oL TEXVIKEG BeAtiwong SE kal LE wote va €xoupe €va clOTNUA Qo
AKpN-0g-aKpn yla ePpapuoyEC emkovwviag. Mpooegyyilovpe to MPORBANUA amo T
OKOTILA TWV VEUPWVIKWV SIKTUWV. Q¢ €K TOUTOU, emwvonBnkav TOAAMAEG VEEC
QPXLTEKTOVLIKEG yLa SE kat LE, kal oL LEEEG amo auTA Ta LOVTEAQ £XOUV XpNnoLomoLn el
yla TNV KOTAOKEUN TOU TEALKOU CUOTHUOTOC amd akpn-os-akpn. Ta mapadoolakd
ouotAuata mou Paocilovtal O OTATIOTIKA €YV TEPLOPLOMOUG yla TNV TANPN
povtehomoinon tng SuVapLKNG TNG opAiag kat Tou Bopufou. Ta veupwvika Siktua
€xouv pokUPEL wG EVAANQKTLKNA TIPOCEYYLoN yLa TN povieAomnoinon dedopévwy. Qg
€K ToUuToU, auth n dlatpPfn emavetetalel Ta mpofArnuata SE kat LE and tnv omtikn
TWV VEUPWVIKWV SIKTUWV.

‘Ooov agopa tn BeAtiwon opthiag (SE), €xouv epeupebel TPELG VEEC OPXLITEKTOVLKEG,
600 amno TIG omoieg Bplokovtal 0TO XWPO TWV XAPOKTNPLOTIKWY KoL £€va oto medio tng
Kupatopopdns. Ol OPXITEKTOVIKEC oto Tedlo  Twv XOPOKTNPLOTIKWVY
TipayUaTonolouv tnv epyacia BeAtiwong tng ouAiag otnv  avamopactacn
Bpaxuxpoviou petaoxnuoatiopol Fourier (STFT), emopévwe, elval TAPOUETPLIKA
Alyotepo mepimAokeg. Xapaktnplotika amno tn dtodidotatn (2D) avamapdotacn tng
OouAlag g€ayovtal pe TN Xprnon veuplkoU kuttdpou gruCNN, to omoio Ppébdnke
OTOTEAECUATIKO OTNV amopovwon BopuBwv pe vPnAn Stakvpavon. To poviélo
gruCNN-SE £€xeL femepdoel ta umepoUyxpova cuothpata PeATiwong oplAiag pe
TUTILKA OUVEALKTIKA VeEUPpwVIKA Siktua (CNN) kat diktua pakpdg Bpaxumpobeoung
uvAuNG (LSTM). Ztn ouvéxela, mpoteivetal pa apudidpoun enMEKTAcn TNG EVOTNTAC
gruCNN (BigruCNN) pe tn cuunepiAnn e€aptioewv mpog ta miow HeTaty Twv 2D
mAaloiwv. EmutAéov, mapouotdletal éva véo diktuo mediou kupatopopdng e
XOPaKTNPLoTIKO  potifo  SlaotoArig (SE-FFTNet). To SE-FFTNet PBpéBnke
QTMOTEAECUATLKO OTNV EKUAONON TNG OTATIOTIKAG AVOLOLOTNTAC TNG OMIALAG Kal TOU
BopuBou oe pa BopuPwdn mapatipnon.

Oocov adopd t™ BeAtiwon tng akpoaong (LE), mpotelvetal plo vEa apXLTEKTOVIKN
napopola pe to WaveNet yia tn BeAtiwon tng KAtaAnmrotnTag TOU AKPOATH OTO
B06puBo (WSSDRC). To cuotnua WSSDRC ektelel téoo daopatikn Stapdpdwaon (SS)
000 kot ouprmieon 6&uvapwkou evpoug (DRC) tng €wddou yla PeAtiwon tng
EUKpIVELOG. Bp€Bnke OTL TO LOVTEAD €XEL WG ATIOTEAECUA [La LEN amoAuTn avénon
kataAnmrotntag 39% yla Kavovikr akon kot 38% yla akpootég Pe mpoBAnpata
0KONG 0€ oTAoLUo BOpUPo KATA TN SLAPKELD TNG KN EMEEEPYAOUEVNG OUIALOG.

2Tn OUVEXELQ, TIPOTEIVETAL €VOl VEO CUOTNUA OO AKPN-OE-AKPN TO OToilo cuvoudalel
TOUG 0TOX0UG Tou SE Kal tou LE yla va evioxUoeL Tnv kataAnmtotnta Twv BopuBwdwv
napatnpnoswyv. To cUoTNUO Ao AKPN-0e-akpn BpEOnke va aufdavel To MOCOOTO
OWOTWV AEEEWV-KAELSLWV TWV 0KPOATWYV O€ oTAoLUo B0puBo amo 2,5\% oe 60\% otnv
eloodo SNR 0 dB kat amno nepinmov 10\% oe 75\% o SNR €10060u 5 dB, os cUykplon
HE TNV un emnefepyaocpévn OpAla, evw EeMepVOUOE CNUAVTLIKA TO CUOTNUO HE
Stadoxikn edpappoyn tne SE akoAouBolpevn amno LE.

EruBAénwy: Kabnyntng, lwavvng ZtuAlavou



ABSTRACT

Speech is the most effective way to communicate ideas generated in human minds.
However, spoken communication in real life is often affected by noise in the
surroundings which can substantially reduce the intelligibility and perceived quality
of the signal. Techniques to enhance the communication have been proposed in the
past and successfully tested in modern engines like Amazon Alexa, allowing it to
operate in adverse conditions. The ambient noise can disrupt both signal acquisition
by a device as well as speech perception by the listener. Speech enhancement (SE)
techniques are developed to restore speech from its disrupted observations, and
listening enhancement (LE) techniques are designed to improve the perceived
intelligibility by altering the speech before its presentation in noise as the naturally
produced speech is not always very intelligible.

Often SE and LE systems are operated as two independent modules in modern
devices , which limit their performance. The effort in this thesis is to combine the SE
and LE enhancement techniques to have an end-to-end system for communication
applications. We approach the problem from the neural networking perspective. As
such, multiple novel architectures for SE and LE were invented, and the concepts from
those models have been used to build the final end-to-end system.

Regarding speech enhancement (SE), three new architectures have been invented;
two of which are in the feature domain and one in the waveform domain. The feature
domain architectures formulate the enhancement task in the short-time Fourier
transform (STFT) representation of speech, therefore, are parametrically less
complex. Features from the two-dimensional (2D) representation of speech are
extracted with the use gruCNN neural cell, which is found effective in isolating noises
with high variance. The gruCNN-SE model has outperformed state-of-the-art speech
enhancement systems with standard convolution (CNN) and long short-term memory
(LSTM) cells. Subsequently, a bidirectional extension of gruCNN module (BigruCNN)
is proposed with the inclusion of backward dependencies among the 2D frames.
Besides, a novel waveform domain network with a characteristic dilation pattern (SE-
FFTNet) is presented. The SE-FFTNet is found efficient in learning the statistical
dissimilarity of speech and noise in a noisy observation.

Regarding listening enhancement (LE), a novel WaveNet-like architecture to improve
the listener's intelligibility in noise (WSSDRC) is proposed. The wSSDRC system
performs both spectral shaping (SS) and dynamic range compression (DRC) of the
input for intelligibility enhancement. The model is found to produce a median
absolute intelligibility boost of 39% for normal hearing and 38% for hearing-impaired
listeners in stationary noise over the unprocessed speech.

Subsequently, a novel end-to-end system which combines the objectives of SE and LE
is proposed to enhance the intelligibility of noisy observations. The end-to-end
system was found to increase the listeners’ keyword correct rate in stationary noise
from 2.5% to 60% at 0 dB input SNR, and from about 10% to 75% at 5 dB input SNR,
compared with the unprocessed speech, while substantially outperforming the
modular setup with SE followed by LE.
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