2021

[oT LoRa Y EY A A Overhearing 7| &S &83F AA 2 X &&
HHst s F &

>
It
[t
f
rikg

Mugerwa Dick, 2=,
=5 gt

B
Eia)
o
>,
oo
2
-
o
>,

{dmugerwa, imnyj, hschoi, yjshin, eslee}@cbnu.ac.kr

The multi—~hop communication scheme optimizing the reliability and
the efficiency of energy based on Overhearing in IoT LoRa Networks

Mugerwa Dick, Youngju Nam, Hyunseok Choi, Yongje Shin, Euisin Lee
Chungbuk Univ.

ok

8 <

Internet of Things (loDellA L7k A&, Aujg 2 FAD A5 UEH I g 43
© 7 Low Power Wide Area Networks (LWAN)7} thF% a1 it 913 54 HY e 42
24 AE 2 53849 o]F =2 LoRa 7|2 B2 A7 A ot a2y, o] 7|2 2 71X
dAZ ste] oH S FHu Jut wEkbd, B =E-& Overhearing 71ES &83to] $54 Al57}
kgl o] WAXE AlEdoldAl dEstr] fg wWeks AA g} o] Wk F4al A7) ofst
Lo HAIRE BAFsto 2 FAlo AFAdS g AAK =5l wHE W= A
Bt UEN T FX AFS F7HAZA & dth

e AS ZREZLS oL gol a9%E 4 9t} LoRa ©
WMZE 98le] Chirp spread spectrum (CSS) 7]&<&

<10 | B 4 A AFEYE S B3t 3 Aol 2 AbgalE B8 AlSold. Chirp & 53 dYZ UoA
Asst =dERer, oyg dHEulez IoT 9 Folz At whel Figrt WEkE Alarh o] JEe
A3 AL w89 Aol FFHET A1, 2], ~uE AT AFel AdHe o)]dE 7HA A dukl5, 6], T, 7
oA, IoT & AM&3te] HAstd ALbd, 14 4% LoRa A& AMgH = AZEA] F8 WH5s 7 oA 12

At FA A, gZFe AEst 22422 2 Ve Aol & &e THA = Spreading Factor(SF),
&3t HAl 71ES Fsin) o]y 3 Aol TAF, BA, Bandwidth(BW), Code rate(CR)o]t}. #&d 744

Q, 2nkE AlE B Az Sol TR LWAN & J%, of #4 /% 2 A#4 xe B4 W

FAS Fale] AN wmESol AolEdeldA  wway] Qa4 o WSS A% 2Nk At
Hox doly A2 Aset MEHY e A5

LoRaWAN MAC A= ZZEZS e d- wrr}

€ vEAA wiA, AFd A &6 2 FA FH LoRa WXE A}&3to] Alo|Edo|e} Faled 5 YA gt}

4 7PsdlA Sz 1oT Mo 245w U3]. /Y7l LoRaWAN & 28} EERAS Algete] Aud]

dESZe] g Holn  E&HM WA @ BE AS wmse] Falo] Ao Ede]E a6,

LPWAN 7]%9o] tW3le] LoRa, Sigfox, NB-IoT % LoRaWAN MAC & ALOHA MAC % TDMA RE=ZE

Ingenu ¢} 722 7|&E0] A Qri4, 7]. ol =A Wl Zske] A kel HF Ad NS Yheth

Aol Al 5km, HEAAHo|A  40km o]l AAH ueba], 2 =R AE 0T 9 Ay Fx F

FAE B WHYAE ATy wFEol, A ujgo= A 7171 98] Overhearing 71&S 83 WA A
W=7} 758tttk ®3 LoRa HEYIE 9 eks AAgY, AIME Sste]l FRE Aol Eg ol Al

H g0 2 & YEHYIE AL F Je o0& 2 ¥ BHUlE d= == 9 A7 Hok Ao]Edgo] 2 5E

H|H3E ISM 3% GHz W& AR&3l7] wol LPWAN ANs2 Wy 9ad A Sdo] FAFEo Yt}

o Z Aol FELsHA wiR 7} 7FEste] ~nlE AJE], AE gl F£A BHol AF HolygEr wEUf

2utE @ 2 2uE F3 22 [oT ofZAo] A AolEgeol2RE g ¢o] £ o] oFF =9

o.3ko] JhFslt[5]. HAAE EE 7]€< Overhear 7|5 AF&3Ho]

LoRaol| W3 72& LoRa9 &2 A53 LoRaWAN 9 rro FAS HErY RE 2D Y wBE
MAC Aol diste] WEs] WAsta vk, WAN MAC A9, w=Ee] HEE g A7d gAS =9

1092



71 miEel,  AlelEdlold A FAE EE =SS
deste] ARk 71gskA @k o8 Fate], HAwe
dux xrs wgez FA T fF =9
AFES FINE & Ao

o. &£

B =82 Overhear 715§ #83te] $4 soo] kgt
A ==l AR HdEE Fsigomyn RS
P e AATT FA o] oF wmE9
Al vE3t g

D Al wm=e] F4l dEo] HHF A

2) C

4) AlEdelet AA w= ko] Ayt YR | 4
olglgt olf= WA= AlclE el 4 %—Jﬁ—t—
ANHo 2 AN Azl FFEAHE @194 CRIE
walo g Qlste] ZxE 4 gt uhehA, Al A
AAE A5, AolEd ol AN mE=E2] Blt Error Rate
(BER) Axe} ezl #F AR, A ARE F3}o
A9 Overhear 715 &4 AA =25 HAA3
A, QA ARE B AEed A9d wmxef
AolEge] 7ke] XS AAFo 7 JHE A4S 28 2 ok
A w25 $H2 MAgt, 1 o]F BER % HiEE
g ARy A #gET W =EES THA
Al €1ttt BER % wiE 2] &=FS 0 7 0.5 Abol9] #to=
g8y F e NtEHE B 0 1 Afole
WA= s WgE BEdct B3d %?‘: A5
M ls AEH AZE ez FalAH, 7F AlA %Oﬂﬂl
AsdAn. =, wEe #go] 7MY won BER o] =
==7h 7}” 2o Abe WA "ok A e ‘ﬂ%
LEES E‘rollﬂe gg3te] g Azte] o HAS
Overhear & &3t 7HAa @ 521 Azt ==9
R R= HIOIE Jololl Al AE3t}, 7 oA FolAE
Azl digh g A (DY 2
t; = toax X (@ x 225 100- El +(1-a)x m)(l)

x~Lmin

L
ﬂ
o

Overhear ==7}F Alo]Edolo Al F4l Asfjg wWAAE
agd Ag, 9 Fuow A WAAE

CE o

Overhear 3}7] W&o, RFAE2] Eo]WZ & A 3t} 7+
Mg e wEsh ~AEYY olft hde olfw
Ade] A9t A9, F9 FERE =3 ST AAAE
Overhear 3tA] &3}7] wiiel, o FE7} i wAAE
Ay,
m A2

B oRlAE F4 FHol ok A4 wmEe] WAAE
Overhear =552 Alo|E9o]l7} AA s} Ao At
MAXE ASATFoRA AL BHAE W
AAFT AClEdel= AA wrEo]  AHr|Ho=

/\ﬂ‘” ARE EYE 93X, 2
AHE Fr7HHoR HolEd AAsta #Este] FAlsHA]
23 wA Aol thste] Overhear =255 AAS}
AAE =252 Zxte] 7] uE AIZF g vHA I
Akl weE) glolWE AA S MY =2
L7t 7 WA AASE AlEskH dEel 7
s $H7F AFES AEsHA Hr ]i"ﬁ el
BER & 7|Wtez dF Ao figh H75 &7] wol
T WEYAY duya A2RE AA stdA 2AFAPS
EIEAREAREER =

al

e

il

M

[1] G.C. Patry, D.C. Tranca, C. M. Costea, D. Rosner and R.V.
Rughinis, “LoRA based, low power remote monitoring and
control solution for Industry 4.0 factories and facilities,” in
[EEE 18th RoEduNet Conference: Networking in Education
and Research (RoEduNet), pp. 1-6, October 2019.

[2] L. U. Khan, M. Alsenwi, I. Yaqoob, M. Imran, Z. Han, and
C. S. Hong, “Resource optimized federated
earningenabled cognitive internet of things for smart
industries,”in IEEE Access, no. 8, pp. 168854-168864,
September 2020.

[3] E. Sisinni, D. F. Carvalho, and P. Ferrari, “Emergency
communication in IoT scenarios by means of a transparent
LoRaWAN enhancement,” in IEEE Internet of Things
Journal, vol.7, no.10, pp.10684-10694, July 2020.

[4] M. Rady, M. Hafeez and S. A. R. Zaidi, “Computational
Methods for Network-Aware and Network—-Agnostic [oT
Low Power Wide Area Networks (LPWANSs),"in IEEE
Internet of Things Journal, vol.6, no.3, pp.5732-5744,
March 2019.

[5]J. P. S. Sundaram, W. Du and Z. Zhao, “A survey on lora
networking: Research problems, current solutions, and
open issues,” in IEEE Communications Surveys &
Tutorials, vol. 22, no.1, pp. 371-388, October 2019.

[6] L. Leonardi, F. Battaglia, G. Patti and L. L. Bello,
“Industrial LoRa: A novel medium access strategy for LoRa
in industry 4.0 applications,”. In IECON 2018-44 * Annual

Conference of the I[EEE Industrial Electronics Society, pp.

4141-4146, October 2018.

[7]1 D. Bankov, E. Khorov and A. Lyakhov, "On the Limits of
LoRaWAN Channel Access," 2016 International Conference
on Engineering and Telecommunication (EnT), 2016, pp.

10-14, doi: 10.1109/EnT.2016.011.

1093





