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NEPINAHWH

Ta AcUppata Aiktua AKouoTikwv AoBntApwv amoteAolv pla véa Texvikn Aqding
OKOUOTIKWV onUATwV. NMoAAarmAol akouoTikol aloBNnTAPEG e EMeEEPYAOTIKN LOXU Kall
LKavotnTeG petadoong mAnpodopiag Slavépovtal oe Eva ePLBAAAOV OTIOU TUTIKA
TIOAAEG NXNTIKEG TINYEC €lval EVEPYEC. Z€ TETOLEG TIEPUTTWOELG, N EKTLUNON TNG B€oNng
TWV TINYWV OTO Xwpo nAtav mavta éva evlladépov epeuvnTKO TPOPAnua. H
mAnpodopia tnG B€ong Twv MOAAATAWY EVEPYWV NXNTIKWYV TINYWV €lval ONUAVTLKA O€
gt MAnBwpa epoappoywv OMwG n mapakoAouBbnon tng dyplag mavidag kol n
BeAtiwon moldtnTag yia TV eVpwotn AN NXNTIKWY CNUATWV.

Me tnv mapodo twv Xpovwv avamntuxdnkav dtadopeg péBodol eupeong BEong Ue
TEAKO OTOXO TNV emiteuén tou xapnAotepou Sduvatol opaApatoc. Evw €xel yivel
ONUAVTLKA TPOodo¢ MPOG auTh TNV KatevBuvaon, €vag AANOG TOHEAC TTou Sev €XeL
EUPEWG HeAETNOel adopd TOUC TIPAKTLKOUC TEPLOPLOUOUG TIOU TIPOKUTITOUV amd TO



Siktuo alobntrpwv, oL onoiot eplopilouv TNV MPAKTLKI EPAPUOYH TETOLWV HEBOSWY
O€ TPAYUATIKA SIKTUO AKOUOTIKWV altontipwv. TEtolol meploplopol adopouv tnv
TIEPLOPLOUEVN EMEEEPYAOTIKNA LOXU TWV aLoBNTpwWyY, TIG AMALTHOEL 0 €UPOC {wvng
TIOU TIPETEL VAL (VAL XOUNAEG, TLG ATTALTAOELG YLO EQAPHUOYES TIPAYLATIKOU XPOVOU Kall
Ta {NTAMATA CUYXPOVIOUOU HETOEU TwV NXNTIKWV onuatwyv. e auth Tt Swatplpn,
HEAETAUE TO TPOPANUA TNG €UpeonG BEong TOAAATMAWY TAUTOXPOVOL EVEPYWV
NXNTKWV TINYWV € €va S{KTUO OKOUOTLKWV aLoOnTApwV Kol EPEUVOUE TNV QVATITUEN
HEBOSWV elpeanG BEong ou elval LKAVEG OXL LOVO va TtTuyxavouy uPnAn akpifela
o€ peaALloTika tepLBaAlovta, aAAd emiong €xouv XaNAEC amaltroelg o eupog lwvng,
UMOPOUV VO AELTOUPYNOOUV HE HUN-CUYXPOVIOUEVN €(0080 KoL €lval UTIOAOYLOTIKA
QIMOTEAECHATIKEG, WOTE va KaBlotouv duvatr) tnv ebopuoy TOUG OE TPAYHOTLIKA
SlkTuOL AKOUOTIKWY aLoOnTpwV.

OewpoUUE €va aoUPUOTO SIKTUO AKOUOTIKWY alodntripwyv 6mou o kabe kOuPog eival
gL cuotolyia pikpodwvwyv n omola eKTLUA Kal petadidel mAnpodopia OXETIKA UE TNV
KatevBuvon adenc Twv NYNTIKWV CNUATWY TWV EVEPYWV NXNTIKWV TINYWV OTO
meplBaAlov. AuTA n MPOCEYYLON EMITUYXAVEL XOUNAEG amaLtioelg o eVpog Lwvng,
0poU OpKEL LOVO N HETAS00N TWV EKTIUNCEWY TWV KATELOBUVOEWV APLENG. EmutAcoy,
Ol TEXVIKEC elpeong Béong mou PBaoilovral o ekTUNOELG KateuBUvoewv AadLEnc
UITOPOUV VOl AELTOUPYROOUV OTAV T NXNTIKA onfpata LeTafl Twv Stadopwv KOUPwY
Tou OkTUou Oev elval TEAELD OUYXPOVIOUEVO. APXIKA ETUKEVIPWVOUAOTE OTO
MPOPANUA eKTiPNONG BEONC HLOG EVEPYNG NXNTIKAG TINYNG KOl TIPOTEIVOUUE £vav
UTTOAOYLOTIKA. QTTOTEAECUATIKO HN-YPAUULIKO eKTIUNTr) B€0ng mou eival Lkavog va
EVTOTILOEL TN B€0N TNG TINYNG LE AKPIBELO XPNOLUOTIOLWVTOG UL ETAVOANTITIKA HEB0SO
Baolopévn o€ mMAEyua. Emelta, aocXoAoUUAOTE YE TNV TEPLTTWON OMOU TTOAAATIAEG
NXNTIKEG TINYECG €lval TAUTOXpova €VePYES, Bewpwvtag OtL 0 aplBuog toug eival
YVwotoc. To Bacikd mpoBAnua mou MPOKUTTEL OTNV MEPIMTWON TWV MOAAATAWY
mnywv elval 0Tl 0 KeVIPIKOG KOUPoG mou AapBavel TiG TOANQTAEG EKTLUNOELG
KateuBuvoewv adLEng dev yvwplilel oe mola tnyn avtiotolyouv. To MpoPAnua autd
elval yvwoto wg mpoPAnua aviiotoixiong dedopévwy (data-association problem). MNa
va EMAUCOUUE aUTO To TIPOPANUA poteivoupe SU0 MPooeyyioELG: N mpwtn adopd
TNV EMEKTAON TNG BACLOPEVNG O€ TIAEY A TEXVLKNG 0€ TIOAAATAEG TINYEC Kal n 6eUTePn
xpnotuorolel emumAéov mAnpodopia (ekTO¢ Twv KateubBuvoewv Addleng) amd toug
aoBNnTApeg pe okomo va Bpebel n cwotn avrlotoixlon twv KateuBUvoswv aAdLEng
oo Toug KOUPBOUG OTIG NXNTIKEG TINYEC. Emelta, BewpoU e OTL 0 aplOUOC TWV TNYwWV
elval emiong ayvwotog kat mpoteivoupe pla pEBodo kavr va eKTIUNOEL TOV aplOuo
TWV TINYWV Tou elval evepyEg oto meplBarlov kat tig B£oelg toug. H pébBodog pag
Baoiletal otnv opadomnoinon eKTIHACEWV B€0NC TTOU TIPOKUTITOUV yLa KABe cuyvotnta
TWV NXNTIKWV ONUATWY Kal £XOUV EKTLUNOEL XPNOLLOTMOLWVTOC TIG AVO-CUXVOTNTA
EKTIUAOELG KATEUOUVOEWV APLENG.

JTN OUVEXELA HEAETAUE TO TWE UMOPOUUE vo BEATIWOOUPE TNV OKpifela otnv
ekTipnon twv KateuBuvoswv aditng, adol autry amoteAel £vav ONUAVIKO
TapAyovta Tou emnpealel Vv okpifela ¢ ektipnong B€ong. MNpoteivoups pia
TEXVLKI) TIOU UTtopEL va cuvSuaoTel e omotadnmote pEBodo ektipnong kateuBUvVoewv
apeng ywoo mo akppeic kalt aflomoteg ekTUNOelG. TEAOG, €PEUVOUUE  Kal
neplypadoupe dVo mapadeiypata yla Tnv SuvnTikn Xprion T mAnpodopiac oXETIKA



HE TN B€on Twv NYNTIKWV Nywv o€ dladopeg epapuoyeg enefepyaciog nyxov. To
npwto napadelypa adopd tn xpron tng nAnpodopiag tng B€ong yla TNV mapaywyn
AXOU HE XwpPLKA TAnpodopia Kal to SeUtepo adopd tn oxediaon €vog oxnUATLOTA
AoBou (beamformer) mou xpnowuomnolel tnv mAnpodopia twv B€ong yLa tnv evioxuon
TOU ONUOTOC KLOG NXNTIKAG TINYAG. ApXLKA amoteAéopata ot SU0 auTEG ePapUOYEC
Selyvouv OTL péBobdoL mou PBacilovtal otn B€on TwWv NXNTIKWV TINYWV HUMOPOUV
SuvnTika va xpnotpomnolnBouv o epapUOYEG SLaxwpLopoL TNywv Kal BeAtiwong tng
ToLOTNTAG TWV AAUBAVOUEVWY NXNTIKWVY CNUATWV.

EruBAENWV: AvamA. KaBnyntrg, ABavaoio¢ Mouyxtapng

ABSTRACT

Wireless acoustic sensor networks (WASNs) represent a new paradigm for acoustic
signal acquisition. Multiple acoustic nodes that feature processing and
communication capabilities are distributed in the environment where typically
multiple sound sources are active. In such a setup, inference of location information
has always been an attractive research problem. Enabling machines to estimate the
locations of the multiple simultaneously active sound sources from their acoustic
emissions is crucial in many applications, such as wildlife monitoring and speech
enhancement for robust signal acquisition.

Throughout the years, different localization methods have been proposed with the
everlasting goal to achieve the lowest possible localization error. Although significant
steps have been made towards this direction, another unexplored field concerns the
practical limitations posed by the sensor network that restrict the application of such
methods to real-life WASNs. Such limitations include the limited processing power and
battery life of the nodes, the communication bandwidth that has to be attained at low
levels, the real-time requirements and synchronization issues. In this thesis, we
consider the problem of multiple source localization and we investigate the
development of methods that not only achieve high accuracy in realistic scenarios but
also attain low communication bandwidth, tolerate unsynchronized input and are
computationally efficient to facilitate their application in real-life WASNSs.

We consider a WASN where each node is a microphone array that estimates and
transmits information related to the directions of arrival (DOAs) of the active sound
sources. Such a scheme attains very low communication bandwidth, as only the DOAs
need to be transmitted. Moreover, DOA-based localization methods can tolerate
unsynchronized input, thus the acoustic signals need not be perfectly synchronized.



We first focus on the single source case and propose a computationally efficient non-
linear least squares estimator that can accurately estimate the source's location using
an iterative grid-based approach. We then proceed to the multiple sources case,
assuming that the number of sources is known. In this case, a core problem for DOA-
based approaches is that the fusion center that receives the multiple DOA estimates
from the nodes cannot know to which source each DOA belongs. This is known as the
data-association problem. To address this problem we propose two solutions: the first
concerns the extension of our grid-based approach to multiple sources and the second
utilizes additional information, apart from the DOA estimates, in order to find the
correct association of DOAs from the nodes to the sources. We then relax the
assumption of known number of sources and propose another method that can jointly
perform source counting and location estimation. Our method is based on clustering
narrowband per-frequency location estimates which are inferred using narrowband
per-frequency DOA estimates from the nodes.

Since a determinant factor that affects localization performance is the accuracy in
which the DOA estimates are obtained, we also investigate how we can improve DOA
estimation performance and we propose a methodology to infer more accurate and
reliable DOA estimates. Finally, we investigate the potential use of location
information to audio processing applications. We provide two examples of how
location information can be used for spatial audio capturing and for the design of
beamformers that leverage location information in order to estimate the steering
vector of the target source. Our preliminary results reveal the potential of location-
based approaches to provide improved performance.
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