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“ Zuvumapén twv IEEE 802.15.4g kot LoRa Awktuwv otnv 868 MHz neploxn
ouxvotTwv, availuon Kot aloAdynon Twv Gpuoikwv ernédwv”

NEPINAHWH

To Awadiktuo twv mpayuatwv (loT) avadépetar oe éva Siktuo ouvdedepévwv
dUOLKWY QAVTIKELWLEVWY TIOU WTMOPOUV VOl ETUKOWVWVOUV. H avamtuén OLKOVOULKWV
enefepyaoctwyv KabBwg kat n €€EAEN Twv aoUppatwv SIKTUWV Katéotnoe Suvatn
TNV UETATPOTI OMOLOUSATIOTE QVTLKELWWEVOU, amd €vav AAUMTAPA UEXPL €val KTipLo,
oe MEPoC¢ Tou loT. Q¢ ek TOUTOU, N ONUAVTLKOTEPN TPOKANGCN eival n avamtuén
QoUPUATWY TIPWTOKOAWY TIoOU Yopaktnpilovtal amd xaunAn XU Kol HEYAAN
euBéAela. Meta tnVv kKablEpwon NG Wéag tou loT, avamtuxbnkav MOAAEG TeEXVOAOYIES
TIPOKELMEVOU  va  umootnpiéouv  autd 10  egyxelpnua. Qotdoo,  KUPLWG
ta Siktua xapnAng wyvog kat supeiag mepoxng (LPWAN) daivetat va eivat n
TIO KATAAANAN AUon.

Ye auti tnv epyacia, eotialoupe to evlladEpov pag o Vo amd autd TaA
MPWTOKOA O TO omoila ewvat to |EEE 802.15.4g kat to Long Range (LoRa).



To LoRa mpwtokoAo Paociletat otnv teXVoAoyla SLAOKOPTILOUEVOU PACUATOC
(CSS) kat xoapaktnpiletat amd xapnAo pubud petadoong Oebopévwy. Amd tnv
GA\n mAeupd, to |EEE 802.15.4g Paociletal kuplwg otV TEXVIKN TNG Slapdp-
dwong petaromong ouvyxvotntag (FSK) kat €xel ugPnAotepo pubud OSebSopévwy.
Ta 600 autd MPWTOKoOAAa AettoupyoUlv oto (6l0 EUPOC CUXVOTHTWV TPAYUA TIOU
nipokaAel apolBaia mapepBoAn.

O kUplLO¢ OTOXOG QAUTAG TNG epyoociag eival va afloloynoel tnv amodoon Twv
¢uokwv (PHY) emutébwv twv U0 TPWTOKOAAWV KAl va €eKTIUACEL TNV €midpaon
™G mopeUBOARG oTNV emnuépoug aflomiotn Asltoupyla Tou KABe TPWTOKOAAOU.
Eniong, mpoteivoupe TPOMOUC WOTE VA UETPLOOTOUV Ol TaPEUPOAEC Kal va BeAtiw-
Bel n aflomiotia tou kABe MpwTtokOAAou. A va yivel autod, mpwTta SnULOUPYNCALE
€vav TIPOOOMOlWTH Yyl To ¢uolkd PHY emninedo ypnowomnowwvrtag MATLAB
KOl OTNV OUVEXELX EKTLUNCOUE TNV AmOS00N XPNOLLOTIOLWVTAS TIPAYUATIKEG CUOKEUEG
LoRa «kat |EEE 802.15.4g wote va enaAnBelooupe TA  QMOTEAEOUOTA
NG MPOCOUOLWONC.

EmutAéov, petpnoape tnv euPélela tou |IEEE 802.15.4 TmpwTOKOAOU OTnV
efwtepkn) meploxy Tou ITE mpokelpévou va SNULOUPYHOOUMPE XAPTEC KAAuyng
KoL vaL UTIOAOYIOOUE TOV EKBETN aMWAELWV LOYXVOG.

TéNog, mpoteivoupe €vav TPOMO KATAOKEUNCG HLaG TOANG  OSiktuou  (GW),
n omoia pmopel va efumnpetel Tautoxpova TOoO TO LORa 600 kot to IEEE
802.15.4g. O moumnodéktng Poaoiletal oe padlomound Siapopdpolpevo amd Aoyt-
OoukO (SDR) kaBwg Kol o€ UAOTIOLNOELG O AOYLOUIKO TWV QUOIKWV ETMESWV
TwV 5U0 MPWTOKOAAWV.

Nikolaos Karamolegkos
M.Sc. Thesis

Computer Science Department
University of Crete
Master's Thesis Supervisor: Assistant Professor, X. Dimitropoulos

Wednesday 06/03/2019, 11:00
Room B108, Computer Science Dept., University of Crete



“Coexistence of IEEE 802.15.4g and LoRa Networks at 868 MHz band, PHY layer
analysis and evaluation”

ABSTRACT

Internet of Things (loT) refers to a network of connected physical objects
that can communicate. Thanks to cheap processors and wireless networks,
it's possible to turn anything, from a lightbulb to a building, into part of the
loT. Therefore, the most important challenge is the development of wireless
protocols that are characterized by low power and long range. Since the
introduction of the loT paradigm, many technologies have been developed in
order to support this venture. However, the Low Power Wide Area Networks
(LPWANS) appear to be the most promising solution.

In this thesis, we focus our interest on two of these protocols: the IEEE
802.15.4g and the Long Range (LoRa). The LoRa protocol is based on spread
spectrum modulation and is characterized by low data rate. On the other
hand, |EEE 802.15.4g is based mainly on Frequency Shift Keying (FSK)
modulation and has higher data rate. Both protocols are operating at the
same frequency band which leads to mutual interference.
The main objective of this work is to evaluate the Physical (PHY) layers
of IEEE 802.15.4g and LoRa and to estimate the effect of the interference
to the performance of these two protocols. Also, we suggest solutions and
configurations to mitigate the interference and enhance the performance of
each protocol. In order to do so, we firstly, implemented a PHY simulator in
MATLAB and, secondly, we built a testbed with LoRa and IEEE 802.15.4g
devices to verify the results.

Furthermore, we investigated the range and the Received Signal Strength
Indication (RSSI) of the IEEE 802.15.4 protocol in the FORTH outer area in
order to create coverage maps and to calculate the area’s path loss exponent.
Finally, we propose a way to build a multi protocol Gateway (GW) which
can serve LoRa and IEEE 802.15.4g at the same time based on a Software
Defined Radio (SDR) transceiver which was implemented for each protocol.



