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[Abstract]

LPWA is a cost-effective and time-saving technology with wide coverage. However, the LPWA is an ISM band that uses UHF radio
waves, and its performance is very poor indoors because of its strong linearity. But, because of the possibility of achieving high
performance compared to other communication in the room, this paper has studied the indoor communication performance by applying
LoRa in LPWA technologies. After installing the data receiving module on the 4th floor, the transmission module was placed at the end
of the building from the same floor to the 1st floor, and the data was collected. As a results, it installed on the 1st floor can be collected
data with 98 ~ 99% probability, and the lowest RSSI is about - 116dBm. Thus, considering the specification of LoRa with a maximum
reception sensitivity - 136dBm when the spreading factor is 12, the application of LPWA in the industrial field can be fully considered.
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w2} 9144841, A BAL Ak Wi T 9 el = g AL
|5)= i)t

ISM t o2 2k, 8, e]58- 717]ellx AM87 Vs gk Falr o
dom A 7] B4 AFITU)}RAAME ISM tido=
13.553~13.567 MHz, 26.975~27.283 MHz, 40.66~40.70 MHz,
433.05~433.79 MHz(14]%}), 902~928 MHz(24|%}), 2.4~2.48 GHz,
5.725~5.875 GHz, 24~24.25 GHz, 61~61.5 GHz, 122~123 GHz,
244~246 GHz= #17d31aL Atk 1efu 2| Hol| whe} 2% gHISM T
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E 1. M &7

Table 1. Classification of radio waves.

Abbre Freq. Wavelengt .
viation Range Band h Range S
VLF 30 Khzor | Super-lon 10,000 m Maritime
less g wave or more communication
LF 30 Khz ~ Long wave 1,000 ~ Aviation
300 Khz e 10,000 m communication
300Khz | Middle | 100~ 1,000 | Mntcrnational
MF short wave
~3Khz wave m B
communication
Maritime
3 Mhz ~ .
HF 30 Mhz Shortwave | 10~100m | communication
, amateur
30 Mhz ~ Micro .
VHF 300 Mhz wave 1~10m TV, FM radio
300 Khz Decimeter .
UHF ~3Ghz wave 0.1~1m Mobile phone
3 Ghz ~ Centimeter Satellite
SHE 30 Ghz wave I~10cm communication
30 Ghz~ | Millimeter Space
EHF 300 Ghz wave 1~ 10 mm communication
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Table 2. LoRaWAN™ Features.

4) SigFox
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Fig. 1. The Private LoRa module used in the experiment.
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Communication speed 0.3 ~ 5 kbps Table 3. RF Parameter Setting.
Radio wave reaching distance | 5 ~45km ETEiE? -
Spread spectrum based SF7 918.3 Mhz
. Frequency
Improved sensitivity than FSK SF12 919.3 Mhz
Resistant to noise and jamming Spreading Factor SF7, SF12
Spreading codes orthogonal Bandwidth 125 Khz
Multiple signals use the same channel codmg Rate 4/5
Stronger to frequency offset than DSSS Transmit Power 14 dBm
Antenna Gain 2 dBi
packet length 12
Tx Period(s) 3




TS LoRat= Al 714 2] Sell2~E A Y3sHA =H, 2t Sell2~
o) E2e o} Pk
- A class

LoRa t]H}o]2=9} LoRa AlIO]E 0] Alo]2] A class 41
2 LoRa tjufo] 227} Alo] ESo]of| Al up-link HE-S 535
o] o] BMI ZAA down-linkZ 213 = 9t} o] LoRa
ulo] 2= Tx Aol &= Tx$F Rx & 71707} Tx )% 43
2 A 7P0ﬂ A7k Rx N5 5 ZAGT) =, A class S AHEEHA

S FAE] S18A TxE ARgElok @t) 137] ulEe]
Tx $15°2] AH|2u), A LS ARSlA] efal wiEjg =
F-Foh= 7350l ARSI 19 2= A class®] 29 EE

RURNG)
& Aol

- Bclass

A Class”7} up-link 915+2] classZ}H B class+ down-linkE
1S}l A classol] B8} W2 X AA7HS 74| = classo]th
I AIZE 7HARY RxE A1 5 3l e
Tl

B class+
=11, 39 Efo]™ ol LoRa gateway Z5-E] H|o|E1E 4
2= 9Jt} B classt= A class©F @] Rx 952] AH|AE 4=3)
a17] wlol wiE ] 8-S aefsiokgith 19 3 B class

o2& FHT Aotk

- Cclass
C classi= Rx 7Fs AHIE §-41817] WiiZoll €} classol] ¥
3 H A& A AAE 2L 7P B A EE AH|g w
FEe d¥o] FHEHE

24 C classE AR fl8liA = a4
Arsle- siEsfjof ot A Rx 7S o]7] W&ol LoRa
= 0135} 2utE Zel, 94 Ao] & AFroolE] &
class©|t}. 19 4= C class 2] =9 &3 Zlo|th

-
s &

<)
o
o

LoRa
Gateway

LoRa
Device

J8 2. LoRa Class A2| S&+ 4l
Fig. 2. Behavior of LoRa class A.

| - | -

93

LoRa
Gateway -

I8 3. LoRa Class B2| &=+ 44l
Fig. 3. Behavior of LoRa class B.

LoRa I
Gateway

LoRa
Device

T8 4. LoRa Class C2| S&F 44
Fig. 4. Behavior of LoRa class C.

A Ui A2 =7 sago st 158l A

Z18eR3iet. diole g 3sh= Aol ESo] o] Jahs
S a9 AE S 5% 9 2 m ol A3 e
dlolHE A3l 913 wERI A48 AX 5 4
T2 A5S AFT

dlelelE 7% A= Al Ego] 25 7W
Aelste] 7 Fof F BA ] A el v gk 5 F 100719] dle]
HE A2 W59 37 3T

ruz

I3l
=
3}

_/[\__
£l

e
%t

_ELIU

_>i r,
o

|

O

H A rE

stairs J\‘ stais stairs i L
— —— 8407
i v w0t [T N
A : e
MOT i —
s 8402 o
— — B8 — can
a2 A0 8403 e
w3 ]
i 8409 [
v - [
- 8410 s
Ao
— 8405 w0
Jve3 — 5
e 811
— niz 8406 s
A8 o
We ] e we stairs welfl |

33 5. A dE R FME 3 25 Hix| fIK
Fig. 5. Structure of the experimental building and location
of module placement.

www.koni.or.kr



J. Adv. Navig. Technol. 23(1):90-96, Feb. 2019

V. M5 24

27 624504 HioJHE % Aol 424 e
= 919l 2327} Al Z5H2-H](SNR: signal to noise ratio)S
YERM, ofelle] 17} 424120 S M) 7)(RSSI: receive signal
strength indicator)& WEF 32, T 1327} tolE] HAE &
< UER Aolth At FellA Agsk Av Fakixrr 7Y
] 215 FA1M7 1= 2 fIA[Rc) 34 -78 dBm ~ -107 dBm2.
2 yepgon, AEEH]E 20 dB ~ 26 dBE LFEFRLTE 8
2127124 W) AR S M7= 7 $]A]Rl) -81 dBm~ -110
dBm, A Z 521 =21 dB ~ 33 dBO.Z SF7H T S-S 32
HIARE dlo|e] A4 AFES SF7o] WA 2 o2 Ht 98%
Sl A0l ¥kal] SF12+= 99.75% 2 1l-$- 358 A& o = Qi

I 75E 9= 717 35 25 150l S A9E ek
T 3zolrt,

359 A5 FaRIAE 7Y w) 22lal A 7 |= ZF $1A]mf)
B3t -82 dBm ~ -109 dBm o2 UERom, AEi-gH|=
17 dB ~ 26 dB= YEFSITE SHEIA7E 124w 412154 7]
= 7+ YA]vlc} -86 dBm ~ -105 dBm, A ZTHHSH] =29 dB ~
32 dBO.E A% Mgl Wef| a4t WolAn, 545 A% 4
Z}o} vl L P8 wf SF7 Bk AA| FolEH, HgH o= 2157}
A= 3 & 5 Aok T3 vlolE AF 352 SF70]
AA| Ao Hit 98.25%0]H, SF12+= 99.5% = SF72] 3%
FoHAARE, SF125= 2F1F Yozl 218 ER1e 4= girh

259] A9 FRRIAL 7 wf A S A7 = 2 YR et
1t 92 dBm ~ -113 dBm o= YEPGon, AStldH]=6
dB ~ 26 dBE YElRh BRIz} 124 W A2 EAH 7=
Z} $1x]vlt} 92 dBm ~ -115 dBm, Al & tH3-SH]+= 5 dB ~ 36
dB=E el 847t wolAn EhRIAPL w575 Aol At
H| 2l A= RS & Tk Solgk "2 2359 A5 vloly A
£ ATEL I 7Y W) 100%] 0.1, kel 124
] 99.75%= EatR1A7F 7Y W BE Hlo]E 7} o4 glo] A

L 3lo)E) 2= o)
Fx"]_ Zﬂ\ = :°—:|]'x_] =T M
4 Floor
&0 100%
) _ - 95%
o 20 . 20%
2 BS%
£ . i
3 20 =
= 5% &
= 0% o
Y50
o 65%
< B 60%
-100 55%
-120 50%
41 42 43 a4
Position
m— SF7_PER m— SF12_PER g SF7_RSSI_AuT

g SF7_SNR_AVT. g SF12_RSSI_Aur SF12_SNR_Avr

a8 6. 7o|EQIolet S & A¥ 2ot
Fig. 6. The same floor experiment results as the gateway.

https://doi.org/10.12673/jant.2019.23.1.90

94

3 Floor
100%

60

0 90%
85%

75%
0%
65%
60%
55%
50%

FSS1, SNR (dBm, dB)
&
PER[%)

Position

m— SF7_PER m—SF12_PER —e—SF7_RSSI_Aur.

== SFT_SNR_Avr. ==g==SF12_RSSI_Awr. SF12_SNR_Avr.

a8 7. 33
Fig. 7. 3rd floor experiment result.

A Zut

2 Floor

60 100%

0 - 0%

] 85%
20 80% =
-40 5% &
&
&

-60 0%

-80 65%

-100 60%

-120 55%

-140 50%
2-1 22 23 24

FSS1, SNR (dBm, dB)

Position

m— SF7_PER m—SF12_PER —e—SF7_RSSI_Aur.

== SFT_SNR_Avr. ==g==SF12_RSSI_Awr. SF12_SNR_Avr.

g 8. 25
Fig. 8. 2nd floor experiment result.

A Zut

1 Floor

100%
95%
90%
85%

40
—
20

-20

75%
0%
65%
60%
55%
50%

PER[%)

-80
-100
-120
-140

FS51, SNR (dBm, dB)
2

Position

m— SF7_PER m—SF12_PER —e—SF7_RSSI_Aur.

== SFT_SNR_Avr. ==g==SF12_RSSI_Awr. SF12_SNR_Avr.

a8 9. 15 A Znt

Fig. 9. 1st floor experiment result.

npAuke 2 135-2] A4 FMRIAE 7Y W AR EAH 7=
7} x]ubc} B4 -107 dBm ~ -116 dBm O UEREoH, A%
5H1= 4 dB~ 20 dBE YERTE ERXRRIZZE 124 W) 5=
AN ZA7]+= Z2F A7) -104 dBm ~ -111 dBm, Al S-S
H]3= 16 dB ~ 30 dBO-2 SF7HU} 1§ & 4] 5 Ho|u, b
olE] AFE Gl FaklrE 7Y 9 98.75%, FAIA7} 12
A 79 100%2 vil§- =2 tlolE] dF 35S Bl

Sx1276 Ho[E] A Eof|A] tjeke] AE RER t]eZo] 125
KhzE 7HA= B4l A Ehllxlzk 74 A Hdl A7 e
—123 dBme|H, EARIx7} 12 ] -136 dBmO.E o] 419
S 58 538 125 7] A EA gkl 7Y wi} 12
A wf B4 o de] AWEAIE 7 E A ERIE 4= 9
T3 UHF Aoke] 54 A Adlst 350 EAlshs A5 Ui
o Apoll= 7 A E 7HE 5 7] Wil O] Bl Al A]



E7H 4 S AR AtsH. diojE
A o7 A7 7Y ) 98.75%%1 01, 12 w] 99.75%
A8 AE Ul A ol algo] FetelA WA o
], 19 L A FES VA= A S ERIE S 9k

S = B Ry =
AeE sk g

<
M

oA At do] LPWAES A-&317] 918l 7
LoRa<] C classE %8¢t private LoRa &5
oA UHF Aate] 540w laf BAw =
PWA F41& 1= Ui 28A1717] 91
]*— A& 21 ]’O’]‘jr 4% ol A& -
a zsgé].t = 0 H;d—zs} “6 501
ety /}jxgg].oq z} % }‘jr H]O]HE

HlolelE ¥-Ashoic

.
p
rir

AN

>~
R

X 01:0
gﬂ
rir

o Sk o
Kl
r\l
e
S
01' 5 4,1

o
e

N A R
oZi

o

o
[ ofr 4y

J_

)
e
o
m°"

2
>
N
N,
o
)
i
S

T

=
B

o = o b X

i)
ols
bt
=

===

= _M,

3l

<

ol e
> E o
o

i

rlr

Py

tilo

o o

o

Lo
)
td
=2
)

N
oo
&
e
dot
5
o 12
)
3
AL
tilo
=)
f

ol

o,

]
)
W & o

ot o
=2
=

o,
ols
o1
N
fo
:%
@
E
L
2
ofy
4
!
i
l'F

= 350l
W2 Class C2] 41 HH& 7)1 A g]—t al_ﬂ;/] =
2] Egol) A435}7] 98k weks i

o

N
—s—‘

Mo 2 2 rE oo o N 12

(I
(o}
L

X
ok
9

Acknowledgement

H AFE=20180 % S| nSsinl
sAle] 2|910] efao] o] ol ATRA, PARA
Hue.

References

[1] G. Peralta, M. Iglesias-Urkia, M. Barcelo, R. Gomez, A.
Moran, and J. Bilbao, “Fog computing based efficient IoT
scheme for the Industry 4.0,” in Proceeding of 2017 IEEE
International Workshop of Electronics, Control, Measurement,
Signals and their Application to Mechatronics(ECMSM),
Donostia-San Sebastian: Spain, pp.1-6, 2017.

95

>

F

112
ol
0

ol LPWA

r
il
0f0
o
d
o
Y
THo
=
Bl
o
B
0x
or
it

Jal

[2] C. Scheuermann, S. Verclas, and B. Bruegge, “Agile factory -
An example of an Industry 4.0 manufacturing process,” in
Proceeding of 2015 IEEE 3 International Conference on
Cyber-Physical Systems, Networks, and Applications, Hong
Kong: China, pp.43-47, 2015.

[3]1 X Li, D. Li, J. Wan, A. V. Vasilakos, C. F. Lai, and S. Wang,
“A review of industrial wireless networks in the context of
Industry 4.0,” Wireless Networks, Vol. 23, No. 1, pp.23-41,
2017.

[4] R. S. Sinha, Y. Wei, and S. H. Hwang “A survey on LPWA
technology: LoRa and NB-IoT,” Ict Express, Vol. 3, No. 1,
pp.14-21, 2017.

[5] U. Raza, P. Kulkarni, and M. Sooriyabandara, “Low power
wide area networks: An overview,” [EEE Communications
Surveys & Tutorials, Vol. 19, No. 2, pp.855-873, 2017.

[6] P. Thubert, A. Pelov, and S. Krishnan, “Low-power wide-area
networks at the IETF,” IEEE Communications Standards
Magazine, Vol. 1, No. 1, pp.76-79, 2017.

[7] C. S. Yoon, Performance Improvement of the UHF-Band RFID
Reader System in Fading Channel Environments, M.S.
dissertation, Hanyang University, Seoul, Korea, 2008.

[81 J. G. Lee and Y. S. Lee, “A study on the technology
development of user-based home automation service,” Journal
of the Korea Academia-Industrial Cooperation Society, Vol.
18, No. 3, pp.327-332, 2017.

[9] U. Noreen, A. Bounceur, and L. Clavier, “A study of LoRa low
power and wide area network technology”, in Proceedings of
the Advanced Technologies for Signal and Image
Processing(ATSIP), 2017 International Conference,
Morocco, 2017.

[10] G. A. Akpakwu, B. J. Silva, G. P. Hancke, and A. M.

Abu-Mahfouz, “A survey on 5G networks for the internet of

things: communication technologies and challenges,” [EEE

Access, Vol. 6, pp. 3619-3647, 2017.

D. Ismail, M. Rahman, and A. Saifullah, “Low-power

Fez:

(1]

wide-area  networks:  opportunities, challenges, and
directions,” in Proceedings of the 19th International
Conference on Distributed Computing and

Networking(ICDCN), Varanasi: India, 2018.

[12] SK Telecom 5G Tech Lab., Low power IoT LoRa device
technical requirements, SK Telecom, Technical Requirements

LoRa-1.8, July 2016..

www.koni.or.kr



J. Adv. Navig. Technol. 23(1):90-96, Feb. 2019

A 3 (Hyuk Kwon)

19874118 ~ 20161 78 | MM} BT A AL 5 Test Engineer
2003 28 : SACHEtm MALZEtn} (ZEH4AA}

2015 38 ~ &l : s=7|suSoistn W ER Y AZ S} gty
20161 109 ~ & : ADVANTEST 2R Tester

HEALEOE I ASIC M, ZEAl, 2M W ELT, LPWA

Zl 8 5 (Kyoung-Bog Jin
19854 28 : stetli st XM7|@sta} (ZEAD), 1987'A 28 : sttt sty T7|Setnt (SEAA
19994 29 : 2 3}El7 |22 (ZEtbAp), 19874 28 ~ 2001 18 : MHTRF) 7|&

2 & 8l (Chang-Heon Oh)

1988 2¢ : k=8t 5t S8 S4l3 e (SEHA}), 19904 28 : Sh=atdrfsn S8 sANME S
1990 28 ~ 19931 8¢ @ SHEIMANF) 7|ad 74 HeldT g, 19934 108 ~ 19994 22 : AMFXK(F)
1996 2¢ : sk st &t SF MRS &t} (SEHEAL, 1999 38 ~ i : sh=7|snsHsn ™

2006 88 ~ 2007 7€ : @21 (University of Wisconsin-Madison)
EAEOF: 2M/0|SEAL, IoT, 7|H s 7|8k SAIAIAH

https://doi.org/10.12673/jant.2019.23.1.90 96



