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I. What is Long-Range (LoRa)?

To LoRa cival pia texvoAoyia mou aglornolel €va veo puotlko otpwpa (PHY)

Slraortopdg pdopatog, oxeSl1aoPEVO Yid EMKOIVAOVIEG BeyaAng epPéAciag, .%

XAPNANG 10XU0g Kal XapnAou puOpou dedopevav S E M T E C H@

To PHY Baoifetat otnv texvikr 6apop@aong Chirp Spread Spectrum (CSS).
To chirp eival éva nuutovoeldeg piag ypappika petaaidopevng ouxvotntag
Kal otafepr)g 61apkelag, 1o oroio PUIopetl va xXprnotpornoinBet yia n 6iadoon

—
NG MAnPo@opiag oe €va €UpUTEPO (PACHA TIOU UIO KAavovikeG ouvOnkeg Oa —~ ”
ETIPETIE VA KATAAdPet. LO Ra
~
S

Autr) n opolopop®n Katavourn &vog oupfolou oe peyadutepo €Upog {wvng
rapexel avtiotaon o B0puPfo eMMAEKTIKIG OUXVOTNTAG Kal Iapspfoleig pe to

, . : : Long Range Wireless’
Tipnpa g XapnAotepng eACUATIKIG artodoong.

\
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I. Pros & Cons of LoRa

LTE-M(Rel.13) EC-GSM NB-10OT SigFox LoRa NR-5G
Frequency Band 700-900 MHz | 800-900 MHz | 700-900 MHz 868,902 MHz Sub-GHz ISM FR1(Sub-6 GHz)
’ FR2(24.25-71.0 GHz)
Data Rate 375 kbps 70 kbps 20-65 kbps 0.100 kbps 0.3 - 37.5 kbps 20 Gbps
Bandwidth 1.08 MHz 200 kHz 200 kHz 100 Hz 125 - 250 MHz 5 - 100 MHz
- Rural: 30 - 50 Km | Rural: 10 - 15 Km Rural: <450 m
Transmission Range <15 Km <15 Km <3S Km | yrhan: 3-10Km | Urban: 3-5 Km | Urban: City Block

Metadoon kat Anyyn peyaAng epPeAeiag

XapnArn katavadmor 10xuog (ouokeueg turtou Class A)

AvOekTikOTnTa evavil tapepolav otevng (wvng Kat rtapepfoiwv
YrioAoyiotika amloikog aro rnmiAeupag enefepyaoiag onpatog

Avtoxt) otnv €§acBevion rmoAAarnmAwv dtadpopav kat oto gawvopevo Doppler



https://wirelesspi.com/understanding-lora-phy-long-range-physical-layer/
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I. Pros & Cons of LoRa

LTE-M(Rel.13) EC-GSM NB-10OT SigFox LoRa NR-5G
Frequency Band 700-900 MHz | 800-900 MHz | 700-900 MHz 868,902 MHz Sub-GHz ISM FR1(Sub-6 GHz)
’ FR2(24.25-71.0 GHz)
Data Rate 375 kbps 70 kbps 20-65 kbps 0.100 kbps 0.3 - 37.5 kbps 20 Gbps
Bandwidth 1.08 MHz 200 kHz 200 kHz 100 Hz 125 - 250 MHz 5 - 100 MHz
- Rural: 30 - 50 Km | Rural: 10 - 15 Km Rural: <450 m
Transmission Range <15 Km <15 Km <3S Km | yrhan: 3-10Km | Urban: 3-5 Km | Urban: City Block

XapnAog pubuog petadboong dedbopevav
Eualwto oe mapepPoreg padloouxvotiov (1610g 08 aA0TIKEG TTEPTOXEG)
Ileprpeperakeg anattrjoslg: [eplopiopoi KUKAoU Asttoupyiag

[T18avr) uwnAr kabuotepnon _

IIpooeKTiKL] S1apOPP®OT| TG OUCKEUTG KAl EQAPHOYT] AOPAAEIAg



https://www.loriot.io/blog/LoRaWAN-coverage-issues.html
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I. EUS63-870MHz Band

L§Ra Alliance

Modulation | Bandwidth Channel LoRa DR Number Duty
[kHz] Frequency | Bitrate of Cycle DataRate Configuration Indicative physical
[MHz] Channels bit rate [bit's]
868.10 0 LoRa: SF12 /125 kHz 250
LoRa 125 86830 | Dpowo DR 3 < 1% 1| LoRa: SF11/125kHz 440
868.50 -7 KOp 2 LoRa: SF10/ 125 kHz 980
3 LoRa: SF9/ 125 kHz 1760
- LoRa: SF8/ 125 kHz 3125
Sub-Band | Frequency (MHz) | Power (mW,dBm) | Duty Cycle (%) 5 LoRa: SF7 /125 kHz 5470
L 867 - 868 25, 14 1 6 LoRa: SF7 /250 kHz 11000
M 868 - 868.6 25,14 1 7 FSK: 50 kbps 50000
N 868.7 - 869.2 25,14 0.1
P 869.525 500, 27 10



https://resources.lora-alliance.org/technical-specifications/rp002-1-0-4-regional-parameters
https://lora-alliance.org/
https://www.rfwireless-world.com/terminology/iot/lorawan-spreading-factor-range-data-rate#lorawan-data-rate-vs-spreading-factor-conversion-calculator
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I. What is a chirp?

H ouxvotnta ekkivnong evog chirp evtog tou d1aBeotpou eupoug {OvNG, AVIIITPOOMIIEVEL €va OUN[0AO

O ap1Bpnog tav bits mou kwdikornotel to LoRa oe éva oupBolo sivat 1}
pa puBplopevn mapaperpog rou ovopadetal Spreading Factor (SF) i ' r

|"| I' “ '1 ”‘ IM ”” ‘l
M ll m:lm utl‘..
VR '“H ll‘J.“m'”JL

AVIUTPOOMITEUEL QSF bits xprnowponolwviag eva cupfoldo \| '_' 'I || | IJ [ |

. L . . 0¥
Auto onpuaivet ot éva chirp rou xpnoworotet SF,

—
—

Kkat ot urtapxouv  f — 25F mbavég ouxvotnteg yia éva
chirp.

SF
To SF kaBopilel kat ) diapkela evog ouppoAou TS — 23


https://www.sghoslya.com/p/lora-is-chirp-spread-spectrum.html
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I. Encoding

Data Whitening , Tuxaia pubuion ng pong bit yla va eSaocpalAiotel evac 10opportnuevog apibpog 1
kat 0. XOR with whitening sequence w: p, =p @ w

Forwarc.i Error ITpooO11kn rAeovadoviwv bits ota dedopeva wote 0 HEKTNG va PIOPEL va avixveuet
Correction (FEC) Kkat va 61opBavel ta opaipara.

Avadiatadn tng ospag twv bits mpv amno t petadoor) yia v KAtavoun tov

Interleaving O@AAPATOV o€ TIOAAATTIAEG K@d1KOoTIoINpEVES AeCelg, au§avoviag tnv adlormotia
KaO1otwviag ta tormkda opaipata (Aoyw rapepfolwv) Atyotepo ermlnuia. O dekng
artodtartAerel ta bits mpv anod v anoKmd1KoIoino, avaki®viag IV apX1Kr)
axkoAoubia.

Grey Mapping —— M p€bobog avtiotoixiong aro duadiko oe oupfodo, £101 WOt Ta YEITOVIKA
oupPolda va ditagpepouv povo rata eva bit:
a-=[ a; (j, k) fork =0
7 e GLR) @ a; (k—1) else
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De-chirping: To Aappavopevo onjpa chirp nmoAAlarndaociadetat pe eva
onpa avagopag (down-chirp) yia va apalpebei n 6aApworn cuxvotntag.

X1 ouvexela e@appodetal evag ypryopog petaoxnpatiopog Fourier (FFT)
oto anodtataypevo onpa. O FFT exe1 M bins, pe kaBe bin va avtiotowxet
oe eva mBbavo ocupolo.

AappBavoviag sruxkadurttopeva napaBupa FFT kat ermAeyoviag to 6oxeio
HE T PEY10T 10XU, 0 6eKING 1poodlopidet to o mbavo petadidopevo
oupPodo yua kaBe xpoviko mAaioto.

Fast Fourier Transformation


https://www.researchgate.net/figure/Fast-Fourier-Transformation-2-Fast-Fourier-Transformation-To-increase-the-performance_fig6_323281289

HAROKOPIO UNIVERSITY

OF ATHENS

I. Pseudo-Orthogonality

Pseudo-orthogonality avagepetal otnv ikavointa t@v onpuatev pe dtagopstika SF va ouvuriapxouv
Kadl va arnokmd1Kkortolouvial avedapintd, akoun Kat otav petadidoviatl oto 1610 kavadl ouxvotntag.

[Tapadewypa:
Mia LoRa ITUAn (Gateway) puropet tautoxXpova va aroK®@O1KoItolel makea aro:
- Node A using SF7 (fast, low range)
-  Node B using SF10 (slower, longer range)
AKOUN KAl av EKIEPIIOUV otV ibta ouxvotnta, eQOoov Ta ertireda 10XUog €ival KatdAAnAa kat ot
XPOVIKEG PETATOITIOE1S S1axelpiotpeg.
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II. What is LoRaWAN?

T LORA
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https://www.sciencedirect.com/science/article/pii/S2542660520301359
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II. What is LoRaWAN?

Mua turukr End-to-End apxitektoviki), to LoRaWAN (Long-Range Wide Area Network) opilel v apXITeKTOVIKT)
EMMKOVOVIag Kat ouotrpatog yia to 6iktuo. H dopr evoopatwvel pia tortodoyia star-of-stars, mou mepldapPavet
teAkeg ouokeueg (ED), mudeg (GW), evav diakopiotr) dOiktuou (NS) kat S iakopioteg epappoynv (APS).

End-device

.
— [
[t
Ml

LoRaWan gateway

e
.
=

Network server

Broadband link

al
.
L.
al
ey
.
|

lj RN [j lj ! lj ----  LoRAWAN link



https://jooby.eu/blog/lora-and-lorawan-revolutionizing-iot-connectivity/
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II. Components (1/3): EDs

-~ . Three types of EDs

- Blowe 1. Class A (All) : ITio artobotikeg og 10XU, TApPAPEVOUV adpaveig
" : HeExXPl va evepyortotnOouv yla petadoon.

2. Class B (Beacon) : [lapopoileg pe v KAaon A, aAda £xouv
& rpooBeta npoypappatiopeva rmapadbupa Anyng,

Vater mete - Irtain motot 1. Class C (Continuous) : Eivail mavia evepyeg, 18avikeg yua
. 4 oevapla orou 1n Anyn 6edopevev pe euvaioBnoia otnv
v kaBuotepnon eival kpiotun, aAAa €ivat ol mo evepyoPopeg.

0 : >



https://grobotronics.com/waveshare-lorawan-and-gnss-hat-for-raspberry-pi-sx1262-868mhz.html
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II. Components (2/3): GWs

e O1 1UAeg evepyouv G @UOKL Olerta@r) ywa to NS,
napakoAouBwviag TO0 padlogacpa  Kat  npowdavrag
naketa rnpog (Downlinks, DL) 1) arntd (Uplinks, UL) EDs.

e XYuvoheetal pe to NS péow IP (Ethernet, Wi-Fi, Cellular).

e Half-Duplex: H tautoxpovn Anuwn kat petadoon eivat
AVEPIKTN

e Applications: E§urniveg mmoAelg, mapakoAouBOnon yewpyiag,
OTTOU TIOAAEG OUOKEUEG TIPEIEL vad d®WOOUV ava@opd OTov
1610 Slakopiotn



https://www.pusr.com/products/industrial-lora-gateways-usr-lg220_de.html?lang=de

HAROKOPIO UNIVERSITY

OF ATHENS

II. Components (3/3): LNS

Role Use-Cases

Device Registration, MAC \ Collects usage data from
commands, DL scheduling, sensors and adjusts
routing. configurations.
Provides 128-bit AES and Monitors asset locations and
authenticated sends updates via GW.
communications.

Emergency management for
Security checks, DR VANETsS.
adjustments (ADR),

\icknowledgments (ACK) / \ /
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II. Components (3/3): LNS

e DRO « DR1 « DR2
» DR3 - DR4 DRS5
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https://ieeexplore.ieee.org/document/8863372
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II. PHY & MAC Layers

ZuUvtoun nepiAnyn:
1. To emimedo PHY xepidetatl in padlopetadoon Kat i ANYn PEO® TOU agpd.
‘ 2. Xpnoworotlei CSS yia avhekukotnta, peyddn epPedela kar xapnir) 1oxu.
3. EAg&yxetl 1o oupPipaopo petaSu DR kat epfelreiag (SF7-SF12).
4. Axatepyaota dtapop@apeva oupfola - kapia 6ieubBuvoilodotnon, kapia enavaAnyrn, kapia ouvedpia.

To npwtokoAAo semuneSou MAC Aettoupyei nave ano to PHY LoRa:

Addressing — ‘OAeg 01 OUOKEUEG €XOUV POVAOIKA AvAyVOP10TIKA

Message Framing — Headers, Message Integrity Code (MIC), UL/DL separation
AES-128 encryption with two session keys (Network & Application keys)
Defines Class A/B/C

Confirmed/Unconfirmed messages

ADR, Duty Cycle Management (Ocuppop@®orn pe TG IEPLPEPEIAKES ATIATTLOE1G)

QPN
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II. PHY & MAC Layers

Encryption — AES cipher kat Message Integrity Code
(MIC) yia v artotport| ertfepevav

Activation — Over The Air Activation (OTAA) or
Activation By Personalization (ABP)

MAC

Duty Cycle — AOyog TOU HEY1IOTOU XPOVOU «EVEPYOTIOINONG»
TOU TIOUITOU Katd Tr 61apKela plag ®pag 0 OXEON PE pua
repiodo pag wpag

MAC Commands — Link Checking, ADR, Duty Cycle, RX
params, Device Status and new radio creation.
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II. LoRaWAN Packet

Preamble PHY Header PHY Header CRC PHY Payload CRC LoRaWAN Packet
PHYPayload
_--’/’ \‘\
_ﬂ/
"’/‘_J \\\\\
_’_,,.»-"" \
MAC Header MAC Payload Message Integrity Code | pHy Payload
MHDR MACPayload MicC
e
/ \\\\\\
\\
Frame Header Frame Port Frame Payload MAC Payload

FHDR FPort FRMPayload

RR\\
e e
s
End-Device Address Frame Control Frame Counter Frame Options Frame Header

DevAddr FCtrl FCnt FOpts

_,——’fﬂ—/’ \\\\\
_,-”'-/_f R\
-‘__'__,,—o-'—"- R
7 6 5 4 [3..0] Bits
Adaptive data-rate ADR Acknowledgement ADR Acknowledgement Bit Class B Enabled Bit Frame Options Length

Frame Control

control Request Bit
ADR ADRACKReq ACK ClassB FOptslen



https://ieeexplore.ieee.org/document/8589188
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https://www.mokosmart.com/lora-technology/
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III. Emergency Management

Simulation includes

Real Buildings — Realistic Channel Formulation
Transmission overlapping avoidance mechanism
Iterative GW availability check
Three distinct PathLoss experiments:
A) Log-Distance Propagation
B) Okumura-Hata Propagation
C) Random Propagation
e Two Completely Mobile Vehicle populations
A) ~ 1200 EDs & B) ~2500 EDs
Both Class C EDs and Class A sensor (on the edge of the coverage area)
Parity Bits - Error transmission check (as MIC was not implemented)
Energy Monitoring for EDs
Discovery & Emergency Broadcasting (custom LoRa packets)
Initial SF allocation | Geocasting Approach | ADR
Custom Metrics: ACK% and Number of Endangered Informed EDs
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III. Emergency Management

ParameteSirhtild&ieon) Configurabeeaription
Tsim s Iﬂtﬂl time of Simulation
Tem S Total duration of an emergency cvent
Scenario N Total population of EDs
LoRaWAN Module M Total population of GWS
Ps bytes Packet Size for ULs
LoRaWAN: A GW Integration of NS3 & dp m Distance between EDs and GWs
Emergency Broadcasting for SUMO r m Coverage radius around the GWs
VANET in near real world J MHz | Channcl Frequency
. (C++ and Python) ST [7.12] | Spreading Factor
environment % Channcl modo
Pr, dBm Transmission Power
Binary variable to denote if a device
TN 0.1] is accepted to the network
recy 5 Time Interval for recursive function

GOAL: Na toviotouv ta opla Kat ot duvatotnteg tou LGW oe €va oevaplo 61axeiplong KAtaoTpop®v Katl
va 1rpotabel pia mpoogyylon rnmou potadetl pe to geocasting yia SuvapikeG IPooapHoVES TRV TTAPAUETIPDV
ToU KavalAilou, ouprninpopatikn s ADR kat ting apxikrng katavour s SF pe Baon v evaicdnoia.
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III. Emergency Management Communication
Sequence Diagram

Vehicle End Device (ED)
Class C
Athens Road Network LoRa Network LoRa Gatewa
Server (LNS) (GW) ﬁ
Sumo Generated ; ; ,
Loop : 1. DBR Packet Broadcasting L i
ks i DER Packet Forwarding N
il 1
[ Devioe ks mot Reglstened | Already received
alt ,J ACK packet
L 2. UL Confirmed-Data -+
“______‘?_-!"'_l—_(_;f'_"‘_ﬁ ---- +-Data I_:?[\l\l'_a_ﬂ_i_'_g_ ------ R e T
ACK Preperation [m:Dstate !
B Update ED Forwarding r 9
2. ACK Packet
A [ SO ACK Packet Forwarding == . o
Edge Device Criical Packet
| @
EBR Packet
Preperation
Y55 4. EBR Packet Broadcast
KNG [ | FPRPacketforwarding 4
SEK T s
@(\g.zl\/ & ’\/\ [ Device b5 amected | ms ED
7590 a‘ — |+
R Take appropriate Actions
)
........... (Oh i ) T
aicled —
Ig'mremassaf_)

el
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III. Emergency Management

PDR GW

No TX Rate
Interference Rate

02 03 04 05 06 07

PLR GW
PER GW

Lost Rate

Results

m®=m S_Log B_IA
== S_Log B_I_G_A
m®== S_Log B_G_A
e S_Log B_ILG
S_Oku_B_I_A
m# S_Oku_B_I_G_A
s#== S Oku B | G
S_Ran_B_I_.G_A
S_Ran_B_G_A
S_Ran_B_IA
== S Ran_B_| G
o S_Oku_B_G_A

GW PDR(%) | PER(%) | PLR(%) | ACK(%)
S-Log-B-I-G 82.93 17.06 16.83 91.27
SLogBIG-A | 8096 19,03 18.75 83.89
S-Log-B-IA 80.27 19.72 19.95 82.45
S-Log-B-G-A 81.37 18,62 18.42 86.19
L-Log-B-I-G 66.99 33.00 33.40 4472
L-Log-B-I-G-A 66.63 33,30 33.80 40.49
L-Log-B-I-A 64.89 35,10 35.65 37.44
L-Log-B-G-A 66.64 33.31 33.68 40.45
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IIl. Emergency Management

Results
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III. EDGEAI Use-Case

For VC4 (Mobility)

O opyaviopog pag ouppetexetl oto VCD4.2 pe otoxo tnv avartudn pudpiocenv
Road-Side-Perception-Units (RSPU) oxeb0v og mpaypatiko Xpovo yia tyv
ene§epyaoia rmoAAanAev alcdntrpwv.

YAoroteitatl pia otoifa nmpwtokoAAou LoRa Mesh pe untootrpi§n e§owkovopnong
EVEPYELAS V1A TEAIKEG CUOKEUEG e pratapia.

/o 7 KaBe RSPU eivat e§ormAtopevo pe pia kapepa 360 polpwv yia v rmapakoAoudnon

EDGE //AI NG KUKA0O@OPiag, Tov emavarpoodloptopd oXNUAT®OVv KAt v avayvoplon

\;Koo eprnodiv. EmmAcov, exouv evoopatewBel 4 aiobnirpeg ya v eKTipnon mg
rolotntag tou agpa pe Baorn tov npoyvootry LSTM & to mAaiolo Flower yua

opoortovolak:n pabnon.

To LoRa xpnowortoteital yia t) yepupwon tev {exaplotwv RSPU. Av kat dev

unootnpidetat n por) dedopevav ekovag/Pivieo, ol AVIXVEUOELS TIOU

ocuAAapfavoviat arto 1o YOLOv8n pmnopouv va petaBifactouv oe €vav peoitn

MQTT oe poper) JSON 1) keaevou.
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III. EDGEAI Use-Case

Our Role

Avartuén ouotrpatog eneSepyaoiag Pivieo yla evoopatopeveg MAATQOPUES TEXVI TG
vonpoouvng rou Ba avarttuxBouv otnv akprn (RSPU).

[TeptdapPavoupe epappioyr) pong rou urnopei va ouvdebel pe onoradnrote 61absoun {wvravr) porn,
yia rtapadetypa Live-Attika, yia tov evioropo oXnpai®v KAl AVIKEIPIEVRV TTOU XPNO110ITo10uVvTal
€MMIONG y1a TNV KATAPETIPN O OXNPIAT®V. Xprotporoloupe ta povieda YolovS kat Yolov8.

/O.E DGE //A I [Tepvape tig avixvevoelg oe pa Custom Ultralytics Results kAdon ya va
o

\) Tpo@odotnooupe ta dedopeva tou bounding box peow evog peoitn MQTT oto poviedo
EMAvaIpPood10p100U OXIATOG TTOU TTAPEXETAL ATTO £vaV £1AipO TOU £PYOU.

O1 MAnpo@opieg auteg Ba petagepovial peon twv RSPU, €101 wote og nepimwon mmou

pla povada otapatrjost va Asttoupyeil owotd, pia aAAn RSPU va pmopet va napet

0¢on NG, XwPig anwAsia mAnpogoptav. ITapalAnAa pe auvta ta 6edopéva, propouv va

petadibovratl MANPoEoPieg yia TV KUKAOQOP1aK:] CUIQOPN O 1) TNV atpoopalpd. .
e uitralytics
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III. EDGEAI Use-Case

Stop Deploy

Configuration added successfully!
Real-Time Intersection
Traffic Monitoring

Select Video Source

® LocalVideo

Live Stream

Select Object Detection Model

Select a model

Yolov5n (Nano)

# Show Real-Time Inference

Use MQTT to send data to server

Start

Stop/Close
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III. LoRaW AN in HUA

NL
ssiborg

- R\ TT
LgRaWA N e

@ .

*® " Rabbit
e ° Node-RED
*0 © © o o @Thingssoard
°
o

. IoT Gateway ° o
o (] .
° ata of Sensor Nodes °
o °

End Devices or S e

sensor Nodes ®ie o ”" IoT Cloud

° : % 90 e e Platform

®:° ° B Y.

o g [+] 4§ ? °
. . @ o— °
W ;JW- . o (X ) 5G
@:e . .° m ERabbit
L§Ra WA N i foT Device Sending

* Data Directly [oT Mobile

Application

HTTP
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coz2 B IAQ Timeseries table o mB
@ Mpaypankde Xpévog - TeAeutaiog day
® F1.1.1-1AQ-2 533ppm  805ppm 632.2ppm 533 ppm F1_1.1-1AQ-2 F1_1.1-1AQ-1 F-1_Kitchen-1AQ F3_3.7-1AQ
1 1 S . ® F1_1.1-1A0-1 357 ppm 620 ppm  454.8 ppm 357 ppm
Mu tlp e ensors ° ® F-1_Kitchen-1AQ 360 ppm 790 ppm 4347 ppm 360 ppm Timestamp 4 temperature humidity pressure co2 pm2.5 pm10
43 qR7- r 277 nnm 34 nnm  5A7 § nnm 377 nnm 03-
- Desk pOSItlon SENSor _Iznwm EV(XPE]’] 7 e e 7 ;gfﬂf‘ﬁ” 212°C 59.5% 1016.4 hPa 22;'0 32.0 ppm sgni
. 1400 r 2025-03-14 . 539.0 35.0
_ N()]-Se SenSOr .I??D I-laeﬂ }.lO(TOC 10:51:16 21.2°C 59.5% 1016.4 hPa opm 32.0 ppm opm
: I;E o fgfg";m 212°C 60.0% 1016.3 hPa ;::f 32.0 ppm siri
- Person counting sensor ool —7 " Lo L e o
. . 400 — —— - = 19:3147 21.3°C 60.0 % 1016.3 hPa pom 32.0 ppm ppm
- Meteorological Station Wl mmn gy L.
1 Items per pag 10 v 1-100f12 b
- Climate sensors

Are all deployed in campus to monitor the
universities overall quality, attendance and
study conditions
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Thank you!

Any questions?
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