npPoOz
1) OAa ta péAn AEN tou TuApatog EmotApng YoAoyLlotwv

2) Tou¢ ekmpoowmou¢ Twv Merantuyiakwv ¢ortntwv Ttou TpRpato¢ EmotApng
YnoAoylotwv

3) Tnv Entapeln E€etaotikr) Enttponn

4) OAa ta péAn tng Naveniotnuiaking Kowotntog

NpookAnon os Anudoia Napouoioon TG ASAKTopLKrG AlatpLBrg TnG

KaG. MoauAidn Aéomnowvag

Tnv Aeutépa, 26 OeBpovapiou 2018 kat wpa 12:00 otnv aibBouca TnAediaokePng K206 tou
Tunuatog Emotung YmoAoylotwyv tou Mavemiotnuiov Kpntng oto HpdkAelo, Ba yivel n
dnuoolwa mapouciaon kal umootneEn tng Aldaktopikng Awatpng tng umoyndiou
S18aktopag tou TuRpatog Emotiung Yrohoylotwy Kag. NMauAidn Aéomowvag pe B€pa:

"DRACOSS: éva oAokAnpwHEVO TAaioLo yia ektipnon mMARBoug kot katevBuvong adpLeng
TOAAQTA WV NXNTIKWV TNYWV KE GUOTOLXIEC LIKpOPWVWV"

NEPINAHWH

OL texvoloyikég e€elifelg €xouv SlelodUOEL OTNV KABNUEPLVOTNTA HOC OTWG TIOTE
aA\ote. ZuokevEG uPNAAG vonuoouvng, EOMALOUEVEG e aAyopiBuoug TeAeuTtaiag
texvoloyiag, SleukoAUvouv, evioxUouv KoL avuPwvouv Tov TPOomo {wAG HaG, KAVOVTAG
T0 MEMOV va davtdlel mopov. IUCTAUOTO QUTOMATIOMOU yla €Eumval oTtitia,
OKOUOTLKA Bapnkolag EMOUEVNC YEVLAG, POUTIOT UE LUTOVOLOL CUCTAUATA TTAOYNCNG
dEPVOUV OTO MPOOKAVLO TNE EMLOTNHOVIKAG KOwotnTac mpoPAnuata snefepyaaciag
oNUATWYV AXou. Eva amo autd ta npoPARpata eival n eKTipnon tou MANRBoug Kot Twv
KATEUOUVOEWV MO TIG OTOLEC TIPOEPYETOL O AXOG, AUTO TOU cuvhBwW¢ ovoualou e
extiunon katsuBuvaong apiénc.

To mpoPAnua tnG ektipnong katevBuvonc adenc eivat evepyo yla mAvw oo TPLAVTA
Xpovia, cuVvenw¢ MANBwpa alyopiBuwv £xel mpotabel otn oxetikn BiBAloypadia.
Mepwkol amd autol¢ Tou¢ oAyopiBuoug mpogpxovtal amd TNV TEPLOXN TwV
TNAETUKOLWVWVLWV. Z€ AUTAV TNV KATNYOPLO AVIKOUV OL TEXVIKEG Slapopdwong SEoung,
OTLG OTIOLEG Xpnotpomolwvtag KatdAAnAa Badapn, €va dBpoloua TwV ONUATWY Hiag



ocuotolyiag Uikpodwvwy oxnuatilel pio Séoun SEKTN TOU CAPWVEL TO XWPO Kol
OVLXVEUEL TIEPLOXEG OKOUOTIKN G Spaotnplotntag. OL mpooeyyloelg umoxwpwy, 0w o
Sdlaonuog aAyoplBuog MUSIC, Sdapopdwvouv pia XwpLlK ocuvaptnon n onoia
LEYLOTOTIOLE(TOL OTA ONpela TOU avixveUeTal §pactneLOTNTA XPNOLLOTIOLWVTAG TNV
anoolvBeon TG SELYMATIKAG UATPAC €TEPOSLAKUMAVONG TNG cuotolxiag. AAAol
aAyoplBuol €xouv avadubel péoa amd TG mpoomdbeleg SlaxwPLOUOU UELYUATWY
NXNTIKWV CNUATWV. X€ QWUTAV TNV Katnyopia avrikouv ot uéBodol mou otnpilovrat
otnv avdAuon avefdptnTwv OTolKElwv, OTOXEVOVTIAG OTNV EKTIMNON Wiag HATPAS
SloxwpLoPoU Tou epmeplexel TAnpodopia yla tnv katevBuvon adleng, kabwg Kot ot
pHEBodol avaluong apalwv OTOLXELWV TOU eKUETAAAEVOVTAL TNV OPALOTNTA TNG
6paoctTnPLOTNTAG TWV TINYWV Of KAMolov KOTAAANAa emileypévo xwpo. Mia
T(POCEYYLoN Tou €xeL TpaPnéel mpoodarta to evdladEépov lval auTr TNG EKTIUNONG
Tou SLavUoPATOG £vTtaong Tou nxntikou mediou, To omolo £xelL kateuBuvon MPOG TV
kaBapn pon NXNTIKAG EVEPYELOG, CUVETWG UITOPEL va TTapEXEL TNV KaTteLBUvVon adLeng
TNG YEVVATPLAG NXNTIKAG TINYHAG.

Ye autnv tn dlatppn npoteivoupe Eva oAoKANPpwWHEVO TAALOLO Yl TNV eMAuch Tou
npoPANUaAToC ekTinong mARBoug kat katevBuvong adEng moANamAwy, TAUTOXpOoVa
EVEPYWV TINYWV HE TN XPNOn oucotollwv HIKpodwvwy. To mAaiolo, To omoio
ovopaloupe edpefric DRACOSS, avamtuoostal o€ SL8L1A0TATOUG Kal TPLSLACTATOUG
XWPOUG, XPNOLUOTIOLWVTOG Ui opolopopdn, KUKALK cuoTolXiol Kal pio odapikn
ocuoTtolyia pikpodpwvwy avtiotorya. To DRACOSS amnoteAel ouolaotikd pia Stadikacia
TECCAPWY EUKPWVWV PBnuatwy: (o) EKUETAAAEUON TNG APALOTNTOG TWV NXNTKWV
onuatwy, (B) tomikn extipnon katevBuvong adlEng piag mnyng, (v) oxnUATLONOG
Lotoypappatog, kat (8) eme€epyaoia Tou LOTOYPAUUATOC. AVLXVEUOULE TNV 0paLoTnT
TWV NXNTIKWV ONUATWV OTO TESIO TWV XPOVO-CUXVOTATWV XPNOLLOTOWWVTAC Mia
XoAopn UTOBeon apaldTNTAC MOV oTNnPIlleTal OTNV EKTIUNON €VOG OUVTEAEOTH MEONG
OUOXETIONG METAEU onUATWV (EUywV UIKpOoPWVWV. e €MOUEVO Bripa cUAEYoOUUE
TOTUKEG €EKTIMNOEL KatevBuvong Aadng amod OAeg TIC TeploxEC Hovadiaiag
6paoTnpLOTNTAG, TG OTIOLEG KAl XPNOLLLOTIOLOU LLE YLOL VOL OXNULATIOOUE LOTOYPAATA.
Ze SLOLAOTATOUCG XWPOUG, WG TOTIKO EKTLUNTH KATELOBUVONG XPNOLULOTIOLOUME Evav
oAyoplOuo €l8lkA OXeOLOOMEVO Yyl KUKALKEG ouoTolXieG Kal oxnuoatiloupe
HOVOSLACTATA LOTOYPAMUATA, EVW VLA TOUC TPLOLACTATOUC XWPOUC XPNOLLOTIOLOUE
EKTIUACEL TOU OlavUOHATOC NXNTIKAG £vtaong Kot oxnuatiloupe didlaotata
lotoypappata. Kot ot SU0 TEPUTTWOELC HE TIEPALTEPW EeMefepyaoia Twv
LOTOYPAUUATWY TIOPEXOUE EKTIUAOELC TOU TIANBOUC Kol TwV KateuBuvoswv adLéng
OAwV TwV evepywv NXNTKWV mnywv. To DRACOSS mapouoialel elpwotn anddoon
TOOO O€ TIPOCOUOLWHEVA, 000 KAl OE TIPAYUATIKA oEVAPLA, yla SLAdopeC CUVONRKEC
BopuBou kat avakAdoswv Kat yia dtadopa MARON eumAekopevwy minywv. Eniong, to
TIPOTELVOUEVO TIAQLOLO UTIEPEXEL TTOAAWY, YEVLKWE QVOYVWPLOUEVWY UEBOSWV TNG
BBAloypadiac. EmumpooBETwg mpoteivoupe tnv avamtuén dVo KAaoWKwv peBodwv
ektipnong adieng, tnc uebodou oxnuatiopol §€oung Kat tou aiyopiBuouv MUSIC,
UTIO TO TIPOTELVOUEVO TTAaiolo DRACOSS, BeATLWVOVTOG £TOL GNUOVTIKA TNV anodoon)
TOUC. ATTOOKOTIWVTAG OTN GUVEXN BEATIWON TN TPOOEYYLONG paG, akoAouBwvtag, &g,



TIC TeAeutaleg TEXVOAOYLKEG TAOELG, mapouctaloupe mpoodata Kot TIOAAG
UTTOOXOMEVO QTTOTEAECUATO AVOPOPLKA E TNV EKTLUNON TTANBOUG EVEPYWV TINYWV,
Xpnotpomnolwvtog Babld veupwvika Siktua.

Enomntng Awdaktopikng Alatplpng: AvamAnpwtng Kabnyntig ABavaciog Mouxtapng

“DRACOSS: a framework for direction of arrival estimation and counting of
multiple sound sources with microphone arrays”

Abstract

Technological advances have infiltrated our everyday life more than ever before. High
intelligence devices and gadgets, equipped with cutting-edge technology algorithms,
facilitate, empower, and elevate our lifestyle, bringing the future to the present.
Smart-home automation, next generation hearing aids, robots with autonomous
navigation systems have brought to the foreground of the research community audio
signal processing problems. One such problem is the estimation of the number of
sources and the directions from which sound originates, what we most frequently call
direction of arrival (DOA) estimation.

The problem of DOA estimation is active for more than thirty years, consequently a
plethora of algorithms have been proposed in the literature. Some of them can be
considered classic and frequently come from the telecommunications research area.
Beamforming techniques belong in this category, where an appropriately weighted
sum of the signals of a microphone array is used to form a receiving beam, which scans
the space and detects areas of activity. Subspace approaches, such as the famous
MUSIC algorithm, formulate a spatial function that gets maximized when activity is
detected, relying on the decomposition of the array sample covariance matrix. Other
algorithms stemmed from research activity on blindly separating mixtures of audio
signals, i.e., the blind source separation (BSS) problem. Independent component
analysis methods, where the goal is to estimate a demixing matrix, which reveals DOA
information, and sparse component analysis methods, which exploit the sparsity of
activity of the sources in some appropriately chosen domain, both fall into the BSS
category. A recently emerging category is that of estimating the intensity vector,
which points towards the net flow of sound energy, hence, revealing the
corresponding DOA of the generating sound source.



In this thesis we propose the DRACOSS framework, i.e., an integrated framework for
tackling the problem of DOA estimation and counting of multiple, simultaneously
active, sound sources utilizing microphone arrays. DRACOSS is developed in two-
dimensional (2D) and three-dimensional (3D) spaces, using a uniform circular array
and a spherical microphone array respectively. DRACOSS constitutes a procedure of
four distinct steps: (a) sparsity of sound signals, (b) local single-source DOA estimation,
(c) histogram formation, and (d) post-processing of the histogram. We detect the
sparsity of involved sound signals in the time-frequency domain by utilizing a relaxed
sparsity assumption, which relies on the estimation of a mean correlation coefficient
between pairs of microphones. We proceed with the collection of local DOA estimates
in detected single-activity areas, which will then be used to form histograms. For the
2D case we employ a local DOA estimator, designed specifically for circular arrays and
form one-dimensional histograms. For the 3D case we use an intensity vector
estimator and then form two-dimensional histograms. In both cases, by post-
processing the histograms we provide counting and DOA estimation results for all
active sound sources. DRACOSS performs robustly under a wide collection of
simulated and real scenarios in terms of noise and reverberation conditions, in terms
of the number of simultaneously active sources and in comparison with state-of-the-
art methods. We also propose the formulation of two classic DOA methods, i.e.,
beamforming and MUSIC, through the DRACOSS framework, which manages to
significantly improve their performance. Aiming at constantly improving our approach
and following the vivid technological stream, we show recent, very promising results
on counting by utilizing deep neural networks.
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