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“ E€epeuvwvrag ta opLa anodoong twv emunédwv PHY kat MAC tou LoRaWAN”

H ZAtnon yla ouvdedepuéveg cUOKEUES, oL WVA [LE TO LOVTEAO TOU SLASIKTUOU TWV TPOYUATWY
(1oT), avapévetal va auénbel onUavtikd oto ausco péAAov. Aladopa mpotumna aywvilovral va
EEMEPAOOUV TOV OVTAYWVLOLO KOL VO TIPEXOUV TNV pallkn cuvSeaudtnta mou Ba anatteital anod
£vav KOO0 OTIOU KOONUEPIVA QVTLKELEVO OVAUEVETAL VAL ETILKOWVWVOUV UETAEL TouC. Ta Siktua
XapNANg oxvog kat eupeiag meploxnc (LPWANSs) epdavidovral wg AUon oTLg anattiosLg ouTtés. Ta
Siktua autd napéxouv BeATIwHEVN EUPBEAELA KaL UKPOTEPN KATAVAAWGON LoXUOG, UE aVTAAAQyLa
XapnAoug puBuolg petadoong Sebopévwy, Yeyovog Tou ta kaBlotd daviko urtoPndLlo yia Tig
ouokevgg loT.

YTnv gpyaocia autr eéetdloupe éva VEO MPWTOKOAO duaoikoU emumédou mou ovopaletal LoRa
KaBwg Kal To oXeT{OMEVO TPwTOKoAAo MAC erunédou LoRaWAN. O otoxog Tng epyaciag autng
elvat va peletnBolv Sladopeg omtikég Twv SU0 aUTWV emMESwWV péoa amd EKTEVEIS
T(POCOUOLWOELG KOL TIPOYHATIKA TIELPARATA £TOL WOTE va GTACOUE OE XPr OO CUUTEPACHOTA
OXETIKA HE TNV amodoan evOg TETOLOU SIKTUOU.

‘Evag amhonolnuévog mopnodektng LoRa ulomowibnke oe padlomound SlapopdoUpevo amo
Aoylopko (SDR) £T0L woTe va HEAETACOUUE Kal va avoAUooupe th HéBoSo cuyxpoviopou oto
XPOVO KOl 0TN OUXVOTNTO OE MPAYUATIKEG CUOKEUEG. To podnuatikd umoBabpo tng puebddou
ouyxpoviopol Kal amodlapopdwong ywa Tto LoRa e€epeuvniBnke evw avamtuxbnke évog
oAyoplOpog mou pmopel va xpnotpomnolnBel and muAeg Siktvou LoRaWAN yia t 810pObwon
AaBwv katd tn petadoon pe uPnAd pubud kwdikomoinong. EmumAéov, éva (eUyog CUOKELWV



xapnAou kdotoug LoRa/LoRaWAN KOTOOKEUAOTNKE, ETULTPETIOVIAC MO VO TIPAYLOTOTIOL)COU E
TELPAUOTO OXETIKA LE TNV EUPEAELO LETASOONG, TNV KATOVAAWGN LOXUOG KOL VO GUYKPLVOULLE TNV
cupumnepldopd dtadopwv pubuwv petadoons. H BLBALOOAKN avoltol KwdLka Kal ol ePpapUOYES
TIou SnuoupynBnkav KaL xpnoomnoBnkav otnv SouAeld autr, SteukoAUvouv tnv SLapdpdwaon
TWV GUCKEUWV Ko TNV cUANoyn Sedopévwy yla tnv Snuloupyla xaptwy KAAuyng.

‘Evag mAnpng mpooopowwt¢ LoRaWAN &nuoupynbnke kol €va eKTevéG oUVOAO Qro
OMOTEAECHATA TIPOCOUOLWOEWV Ttapouatdletal kot e€etaletal. O MPOCOUOLWTNG MO EXEL HLa
TAELAS 0 LETABANTWVY TTAPAUETPWY KL XpNOLUOTIOLEL Tpia povtéAa Sladoong £ToL WOoTe va eival
Suvartr n akpLBhg MapapETPONoincn TwV MPOCOUOLWOEWY KAl VA GTACOUE OE TILO OTOXEUUEVA
CUUTEPAOKOTA. JUVETMWG, UMOPel va Bondrnosl otnv katavonon tng emidpacng mou £xouv
Sladopec emhoyég katd tnv oxediaon evog LoRaWAN SiktUou, OMwe n TUKVOTNTA TWV
OUOKEUWV, N emoyn Twv pubuwv petddoong, Ta TMOCOOTA KOUBWVYV TOU TEPLUEVOUV
emBeBalwon, N LOXUG EKTTOUMAC, AKOUA KOL N TOTIOBETNON TWV KOUBWV Kol TwV TUAWY SLIKTUOU
OTOV MIPAYUATLKO KOOO.

Méoa amo auth tnv SoUAELd, emiBeBalwoape po LEBoS0 GUYXPOVIOOU YLa TO IPWTOKOAAO LoRa
EVW amoKaAU P aUE ONUOVTIKEG AEMTOUEPELEC OXETIKA e Evav TPOTO S10pBwaong Aabwv Katd tnv
petadoon amo Uia GUCKEUN O€ Lo TTOAN SLKTou e XaunAn emiBdapuvon Kal tnv umdapxouaa Soun
TIOKETOU. € OUYKPLON HE TIAPOMOLEG SOUAELEG, O TPOCOUOLWTNAC Hag Olvel mio aflomiota
anoteAéopata AOYwW TNG TPOCEYYLONG TIPOYHOATIKWY SIKTUWV eVW HEAETAONKE KOL N EVEPYELAK
ouTtovopia Tou diktuou.
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ABSTRACT



The demand for connected devices, according to the Internet of Things (1oT) paradigm, is expected
to grow considerably in the immediate future. Various standards are currently contending to
surpass the competition and provide the massive connectivity that will be required by a world in
which everyday objects are expected to communicate with each other. The Low Power Wide Area
Networks (LPWANSs) appear as a solution to these demands. LPWANS provide improved range and
less power consumption, at the expense of lower data rates, making them ideal candidates for
loT devices.

In this thesis we examine a recently introduced PHY layer called LoRa (Long-Range) and the
accompanying MAC layer protocol LoRaWAN. The aim of our work is to study several aspects of
the LoRaWAN PHY and MAC layers, through extensive simulations and real-world experiments in
order to reach to fruitful conclusions regarding the LoRaWAN performance.

A simplified LoRa transceiver was implemented on Software Defined Radio (SDR) in order to study
and analyze the time and frequency synchronization procedure of real devices in detail. The
mathematical background of the synchronization and demodulation process of Lora was
explored, while a potential algorithm that may be used by LoRaWAN gateways to correct
transmission errors with high coding rate was also developed. Moreover, a pair of low-cost
LoRa/LoRaWAN capable devices was assembled that allowed us to perform real-world
experiments regarding the transmission range, power consumption and compare the behariour
of several data rates. The open-source library and applications that were created and used during
this work, facilitate the configuration of the devices and the collection of uplink/downlink data to
create coverage maps.

Furthermore, a complete LoRaWAN simulator was created and an extensive set of simulation
results is presented and examined accordingly. Our simulator has a large number of tunable
parameters and uses three distinct path loss models in order to be able to fine tune the
simulations and reach to more solid conclusions. Therefore, it can assist in the understanding of
the effects that several choices can have during a LoRaWAN network design, such as network
density, choice of data rates, percentages of nodes with confirmed uplinks, transmission power
and even the positioning of the nodes and gateways in the real world.

Through this work, we verified a synchronization method for LoRa while also revealed important
details regarding a way to correct LoRa uplink transmission errors with low overhead, keeping the
existing packet structure. Moreover, our simulator compared with similar works, provides more
reliable results which are closer to real-world network deployments, taking also the battery life
into account.



