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“ METAL - Zuotnpa mopakoAovOnong Kat EVIONLOUOU MOAAANAWVY TTOUnwy”

NEPINAHWH

To npoPAnua tou evtomopol B€ong avayetal otV EUPECH TWV CUVTETAYUEVWVY EVOG
KLvnToU oToXoU o€ £€vav pokaBoplopévo xwpo. Ot epappoyEC mou aflomolouv TETOLOU
eldoug mAnpodopia pmopouv va moikilouv, and §opudoplkd CUOTAUATO TTAONYNONG
UEXPL ouoTAaTa TTapakoAouBnong acBevwy oe voookopeia Kol GAAOUG E0WTEPLKOUC
Xwpoug. H e€amAwon cuokeuwv Tou aflomololv TOUAAXLOTOV KATola popdr acUpUaTng
ETUKOWVWVLAG €XEL avoléel TO SpOUO TIPOG OAO KAl TIEPLOCOTEPO EVEALKTA KAl ATOSOTIKA
ocuotnuata svpeong Béong. Autd odeiletal oto yeyovog OTL T OHUATA OUTWV TWV
ouokeuwv, Ta omola Stadidovtal eAelBepa oToV A€pa, UMOPOUV va Xpnotpomnotnbouv
wote va e€axBel amod avta n mAnpodopia Tng O€ong Tou amooTtoAéa.

e auti tnv gpyacia mapouotdaloupe to Multiple Emitter Tracking and Localization
(METAL), éva cuotnua eviomiopol B€ong yla EcwTEPLKOUG Xwpous. To METAL pmopet
duvntika va epappooTel TAvw oo Nén uMAPXOUCEG UTTOSOUEC YLOL TNAETILKOLVWVLOKA
TIPWTOKOAAQ. XPNOLUOTIOLEL LNXAVIOUOUC KOl TEXVLKEG TIOU £lval EUPEWC EPAPUOCUEVEG



0€ TNAETKOWVWVLAKA CUCTHMOTA, LE OKOTIO TNV gVpecn BEong evog oTdXou Ue G600 TO
SUVATOV TILO ATIOTEAECUATLKO TPOTIO.

Mtua tétola texvikn amotelel n MoAlamAn Eicodog MoAlamAn E€odog (Multiple Input
Multiple Output - MIMO). Ta GUGTHOTO TIOU XPNGOLUOTIOLOUV TN CUYKEKPLUEVN TEXVLKN
ETULOTPATEVOUV TN XPNon MOAAMAWY Kepalwyv ya AnPn kot petadoon avti ywa pia, pe
OoTOX0 TNV avfénon NG XwpnTkotnTag Tou KavaAwol i tn PBeAtiwon tou AndBEvtog
onuatog. To METAL ekpetalAevetal tnv texvoloyia MIMO pe okomo tnv eupeon B€ong
TOAAMAWY TIOUMWY, XPNOLUOTIOWWVTAC Hia cuotolxia kepalwv, TMOAATAEG SnAadn
KEpAleEC opyavwuEVEC o€ pia doun.

Mo To MPWTOTUTIO CUCTNUA HaC XPNOLLOTIOCOE TIOUMOSEKTEG SlapopdoUpevouC amo
Aoylwouiko (Software Defined Radios - SDRs). Me tov 6po autdv avadpepOUAOTE OF
CUCTAMOTA TWV OMOlwV Ta EMUEPOUC KUKAWMOTA TO omola mapadoolokda ntav
vAomotnuéva o€ UAkO (hardware) mAéov ulomolouvtal o€ Aoylopiko (software). H
gvel€ia TETOLWY CUOTNUATWY Elval TEPAOTLA, KABWE UTTOPOUV VA TPOCAPLOCTOUV OE EVal
TIOAU PEYAAO €UPOG TNAETIKOLVWVLAKWY CUXVOTITWV KAl VO UAOTIOLIOOUV OTtoloSAmote
TIPWTOKOAAO ETUKOWVWVIAC. AUTA T TIAEOVEKTHUOTO £XOUV PEPEL HEYAAN SNUOTIKOTNTA
ota SDRs ta teAeutaia xpovia, divovtag tn Suvatdtnta o cuotipata onwc to METAL va
uAormotnBouv Kal va eEETAOTOUV.

Ye auth TN SOUAELA EPEUVAUE TO TTAEOVEKTAMOTO KOl MELOVEKTHLATA TNG OUVEPYATIKAG
xpnong SDR kat MIMO texvoloylwwv HE OKOMO tnv elpeon B€ong otoxwv. 2tnv
MPOOoTABOELd pag va SNULOUPYACOUUE TNV KATAAANAN cuoToLyia KEPALWY YLA TLG OVAYKEG
HoG xpnolwuomolwvtag ToANamAéC ouokeuéG SDR, katadépvoupe va €MIAUCOUUE TO
ONUAVTLIKO {ATNUO TOU CUYXPOVIOMOU TWV CUCKEUWV TOU CUCTAMATOC Hag. Autd to
ETTUYXAVOUUE epapudlovtag pia aocUuppatn, XapnAol KOOTOUC TEXVLKN TToU aloToLEl
™V €181\ onuatooslpa long2 training sequence tou mpwTtokoAAou IEEE 802.11, kATl mou
HOG ETILTPETIEL VAL CUYXPOVIOOUE Evav PeYAAo aplOpo cuoKeuwV TauTtoxpova. EmutAéoy,
efetdalovpe mola Soun yla TN OUCTOLXlOL KEPOLWV HOG TOPOUCLATEL TG KAAUTEPEG
emdooelg o€ epapUoyEC eUpeanG BEoNnG, CUYKPILVOVTOG LEPLKEG ATTO TLG TTILO SLaSESOUEVEG
otn BBAloypadia Sdopéc. TEAOG, o alyoplOuog supeong B€ong mapAaAAnAa LE TOUG
HUNXOVIOUOUG OVTIUETWITLONG TWV OMOTEAECUATWY TIOU €XEL OTO AQUBAVOUEVO CAUA N
mapoucia  TMOAMAMAWV — aVAKAQOUEVWYV  avIlypaddwv TOU  apxlkol  OHUOTOC,
napouotalovrtal. Asixvoue OTL TO CUOTNUA LG UTIEPTEPEL EVOVTL TOPOUOLWY AOYW TOU
YEYOVOTOG OTL umopel va edappootel pe €va HEYAAO €UPOC TNAETUKOLVWVLAKWY
TIPWTOKOAAWYV, XWPLG va meplopiletal povo ot éva.
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“METAL - Multiple Emitters Tracking And Localization system”

ABSTRACT

The concept of localization refers to the estimation of a target’s position. Applications can
range from geolocational services, to the tracking of patients’ whereabouts inside a
hospital. The spreading of devices utilizing at least some form of radio frequency
communication, has opened the door to even more flexible and robust localization
systems. This is due to the fact that their signals, traversing the air, can be used to infer
the transmitter’s position.

In this work we present Multiple Emitters Tracking And Localization (METAL), a
localization system for estimating users’ positions in indoor environments which can
potentially be used alongside existing infrastructure for telecommunication protocols like
IEEE 802.11. METAL utilizes mechanisms and technologies employed widely, in order to
perform target position estimation efficiently, such as Multiple Input Multiple Output
(MIMO). Systems employing this technique utilize multiple antennas for transmission and
reception instead of one, with the purpose to increase the capacity of the communication
channel or to improve reception. METAL exploits the MIMO technology in order to infer
the position of a transmitter using an antenna array with multiple elements.

For proof of concept we employ our system utilizing Software Defined Radios (SDRs). By
the term SDR we refer to systems on which components which were traditionally
implemented in hardware, such as filters, modulators/demodulators are instead
implemented in software. The flexibility of such systems is enormous since they can easily
adapt to almost any communication protocol and any radio frequency. This trait has



brought great popularity to the SDR domain over the past years and has enabled systems
like METAL to be much easier implemented and tested.

In our work we explore the benefits and drawbacks of combining SDR and MIMO
technologies for localization purposes. In our quest for creating an antenna array using
multiple SDR devices, we successfully combat the essential problem of time-synchronizing
the receiving streams of the SDR devices of our system. This is done by employing an over-
the-air, low-cost technique using the long training sequence of the IEEE 802.11 protocol,
which is capable of synchronizing a large number devices at the same time. Furthermore
we examine the type of array that presents the best performance in localization scenarios
by comparing some of the most widely used array geometries.

Finally, our localization algorithm, along with the mechanisms for dealing with multiple
reflected signals, is presented. We demonstrate that our system is superior to similar
ones, based on the fact that it can be used with a large number of telecommunication
protocols, without being restricted to a single one.



