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Abstract Recently, there have been increasing interests in researches to apply wireless
communication technologies for smart farm. This paper introduces the problems in the smart farm
for the outdoor culture and technical considerations to solve the problems. As candidate
technologies, this paper selects LoRa, Sigfox, NB-IoT, and Wi-Fi and then determines that LoRa is
a suitable technology based on the CAPEX, coverage, transmission rate, battery, and the price. To
provide technical analysis, this paper introduces technologies related to the physical and medium
access control (MAC) layers as well as the security. Specifically, this paper includes the modulation
technology in the physical layer, Class (Class A, B, and C) based protocol operations in MAC layer,
and security architecture based on the LoRa version.

Key Words : Smart farm, LoRa, Physical layer, MAC layer, Security

1. M2 2 2ntEgo] AEHI HH1-3]. AT A V&

FE3 B4 HE 59 £AZ A8 dubEel A

20109 7E =it o} S ANERE  E, I FE 5 WAL NTE @)l AvteEde] d
HEsp] sl HERY, vidsheaet 22 AE fiF F ol8HA Rl JUtH4-5].

*This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea Government
(MSIT) (No.2020R1G1A1100493)

"Corresponding Author : Yeunwoong Kyung(ywkyung@kongju.ac.kr)

Received November 29, 2022 Revised February 2, 2023

Accepted March 21, 2023 Published March 30, 2023



2 027 28%=8X HM2d M3

2ntER £9] IgofA HL 7FY 2 o232 Table
10741 VreRd vie} o] MAH|&(=pEH) et 7]t 4
%9 ofgR(QIEY ) G0l FH YJACE TofE| 1 glrt
[6]. o] 22 EAEo] YEAA kA5 ARfER Y
FXo] wi2A] o]FojX|A] REotal Gl= Ao @Ao[th

by, 2 =2 @4 Aok EeE sk WL
Tolol, o]& 7uto g W B4l 7|&ES H|walal 7}
& HA3Pt A ElofSls B4l 710l FARIA BAFT

1.1 gerd

I 191AM & 4= Sl%o] B7F AARolA A A Ant
EY #89] ooz Agylo] 7ks3t 7HAlAde]
HAoF A2 vl8-S EAQ] A= & 4 UtHe) ETH
71EH 0 Y2 FAE Y3t B4l WY, sAA o
o] MAES 4ot st A, fAIEE ] Aakst
AL A 4%, J21 4G HolE g £EE H
got= Zlo] 87Eh o] o, £ 9 AES I3t A
Al AntERO] dlojes =9t 59| G EEFL A
A(AngZd 532 Aofstr| gt tlole & 73tk

Table 1. The biggest difficulties in introducing smart

farms
Securin Difficult tofP o o r
: "N 9lhiild  additional understanding
installation .
foundations(suc|of smart farm
c o s ts
(seff-paying) as the |technology and
Internet) equipment
Facilities Horticulture |38.3 6.5 28.8
an open-air fruit 1.9 23.0 30.0
an open-air station |- 4.1 47.8
animal husbandry 38.7 7.2 27.8

1.2 ADEEHS 2ot SA 4 H|w

A AntER ARl @] AR F91 SAAS H#A
OF LoRa, Narrow Band Internet of Things (NB-IoT),
Wi-Fi, Sigfox 47HIE 92 5 4 329 Table 20f412}
Zo] 541 H9|(Coverage), A545(Data rate), HIEIE] A
£ A7KBattery life) AHES Faf vlwe & Qlck

Table 2. Comparison of loT communication standards

LoRa Sigfox NB-loT Wi-Fi
Coverage ~15Km ~15Km ~25Km ~100M
Data rate ~50Kpbs ~100bps ~200Kbps ~54Mpbs
Battery life ~10 Years | ~10 Years | ~10 Years {200mwW
module cost 5% 5% 10$ 2%
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Fig. 1. LoRa PHY and MAC protocol stack [7]
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Fig. 2. Block diagram of an LUT-based CSS
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Fig. 3. Network topology of LoRaWAN [11]
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Fig. 4. Class A receive slot timing [13]
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2.3 LoRaQ| Hot
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2.3.2 LoRaWAN version 1.0.2
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2.3.3 LoRaWAN version 1.1
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