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Cooperation Using IT Tools: Accelerating Potato Research in Refugee Camps
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1. Fr
1.1, WFEER
i B RAREERN 1 75% 251k C 2 D AEICEER L H 5. JRRFHRRFN L T 2 CRE.
HOMNRIZESM 2 ETRINOEMZ S > Tw 25, OIS 4 2 ool
DEERFEI MR v, HREN TR, BKED 20184 1 HICKKL 72 [ HEEH OB
X T X B L, BRI 200 (EHATER & RA BRI CTnw B, ERMEL, 7= v
% AR M s &L RETDON T 2 MEEN RO R 2L 5 icbhs, 2 o
b BEMEER LD 72 0 1 fiEak & iz BESMHTRR T 2GR R A L WG H Y,

2

ABlICR S LAV H D, otz [5F2] OBPENE L 35lic THF2575 ]
DEPENKD H 5, ZNIFMEREFzR/NRICHZ 272D IC3EM bR 028 THh0
T 2020, IWKNICE T 2875 OfTEIZ BT 2 R H 5. 53 5L, B
HELCTITEI N Z — v 2oL e XRAL VTRV ZESTHS.

LA L. RN OMBE Y A7 LFBEPEP R ODOIREETH S, ZhiCX>sTT—%
IEBRATEECEN 7= b DITE 2 B OFE IR L 75E DO TH 5. RIS 21138 7= (3
koo s X Hiciko 7.

ZZT, Bl L ORI CIHMRHEE ) - R ffiEERA e L TR I T
\»% LPWA(Low Power Wide Area)® 5 5, 774 _— 1 LoRa £ffi% v CILFRIC 3
EL7 IoT £ v H—IC X3 imBEE=2 ) v 7 EEZITV, MEEICX Y LoRa ofFHE
97 B b ERICHE S LTI OE R T X 5 & fEER kIC w387 b 0T %
BERDSAIREIC 72 .
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1.2.  BffFE D LoRa BEAC A IC B 3~ 2 W9t

LoRa i3 LPWA (Low Power Wide Area) ®—ffT, *KE®» SEMTECH +L2557E L 7-
MOBE AN TH S, BHREAFHICTF Yy —7 - A7 P 7 LIEEEHHAT 2 2 L CHIRES
THEENTE, KHEE) CRIFHHEETETH 5.

74—} LoRa i MAC J§ (MAC J& 3BV v ZH#lfl & F v + 7 — 2 o WHifE DR
DAVET7 2= LCEMET Z) ICRHBOMEOEFE 71 b a2 L w2, #fE
Zu bt arpsMETH LD, BRABT TV T —va vy OHRICN L AR X~ A XHAJFET
HY, BEAY P77 OB EREE B, — . F— bt o 4 DIEAPHER
HofToERH 5. HL, HEOA Y P 7 —2ZIC0 LE@ERGITICT — 7 = 4 ZXE
TEB2A) v oH%. 794_—F LoRa DIRDKEVAY v MI, TAALApLT —
FY A ECOMBBITOBE IR P BALELELZIFHETH L. (FL— 2% DR
b A HE)

IoT (Internet of Things) OHIIIC LV, WREHMDA~— T4 29+ v I — Tl
MENBH LWL AL 7OBEREFEILEL ShTw2, fEkoMEHEME 138% b,
VI =3P BEOT — 2 ZIEEICRVEN (XRIC ] 3 2 B O BB MK ) T
Bikd b, 72, b0 v —0% 3Ny T Y —EEITH 520, KHEE
RIBEEOBE S LA L 25, 2D X ) RERICIGZ 5729, &4, LoRa, LTE-M,
SigFox & »» 72 LPWAN (Low Power Wide Area Network) HERGE{SHAMT2SEA X T
%. 205 bH, LTE-M B#wEEEE AT 272032 F 23 <, SigFox I3FEH IR\
F—ZL—HMZL2MIGL Ty, 72, LoRa BAFFAEOHIKT, #HEETH I km
Ot KHEENCEECE 3L THILNATEY, FHEh TS
LoRa J#fEF v 7CRAMEHTE * v F 23845 L LIk, LoRa ® PHY (#B) J§& MAC
(BHAT 7 & AHIH) & O PEREHT A3 2A A ICfT T\ 5. LoRa % FEHICH T 2RI
ERGE D ICEIET 2 & RIS 220 TH S, PHY ETiE, () EIRECE
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WESPMelcE 2mAR, (i) NEESL N7 AL o@EYNEEY L ERES IC5 2 2%
BIE D2 HPHET -~ LTI BTFOLRTWE, MACEICEET 2> 32— 3 Viff
T, X{HAIONAEAY T =0T XA=% ()= FPT—ZEEOIA kL) BE
DX ICHREGFIZE L, ZOkE, MAC 2ROMRICEEL 52 22 ICERBYTH
NTwz, BEFEOWIIC XY, LoRa OEARNLRFHELZHL»ICT 5 2 iclthLz. LaL,
WL O DOFREIRGEOE L TH Y, FEHMFT LoRa A v b7 — 27 27§ 2 BUTILfifk
Ladiide o,

WA Y b7 — 2 RERIC L o C, AN —HIPITFIHME T R R L b s, E7,
IRV RAF2> &5 2>, RSSI (ZAEESME) (3085 ERN 5 FHEEREDO 1 >Th 5.
BHiERIC 35 1F % LoRa MGk % 57l L 72 Zhao et al. (2018) DIfFED IR V 73 @Yk
MB% b)) 7DD, INLDEEVEZZ T ETHRTZY) T2 LI ETHAN— T
% 5 OIFHEERFHEERE L & 5,

W72 T Cldza <, Rk s X RS EZZ LE W CTiEwid v, Tan et al
(2012) 13HTHEE, 2B4bE X EMHISICEH 1T 2 LoRa BHEMOFHNER%Z1T>. 2o 3
DDOLY T TlE, MR O DR X 255 L, LoRa F 7 X1 v X5 5 LoRa L
= N~DIEFEZERIC RSSI INE I L2, ZDFER. LoRa OfE503E#ET X 2 ik
% RSSI CTH/RL, 320D Y T THRA G ANNX—VEIRLT.

LML 72 & DAREN D LoRa DEHEMEICH 2 2B ZRET WL fTbh T
5. PlziE, LoRa + 7 vy — "N—DHERIRICEAZ BT 5 2 &, RSSI ICH3 2D
MR B3 EERD T T 3 (Boano et al.2018, Cattani et al.2017). Boano et al.(2018),
Cattani et al.(2017) Dfiff%% 1%, LoRa 754 Ricxid 24 v KR — NiREOHELFHES 7~
»IZ TempLab 7 Z F X v F(Boano et al,2018) % F v 7= HllfHI FZER I BR & T s 3 23,
SouzaBezerra et al. (2019), Jeftenic et al. (2020, Ameloot et al. (2019) 1%, LoRa#fgV v 2

X35 KAIRE DB O W TR 278 LT\ 5. (SouzaBezerra et al, 2019) , Jeftenic
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et al. (2020)Clk, KXUREEA LoRa ® RSSI ICHEE%2 5.2 25 2 LAVRI N TV 35,
Ameloot et al. (2019) T, HEELCIEE & 3FIC, WREOZIC X 2o HEZE D%
BEZTDLIEBHDLENREINTVE, 72, ROERFTFHIRICE T2+ v F—F,
KA, H4fo LoRa ~DfZE% RSSI @ HEAZHICET 258G s nhTnb,. 20
R, (DH& @ RSSI ~0#IcBT 25t Tld, 4 v A —FBXORGIRE L EOMHR
BB, L, FEFOAREFICI2bDEZLNS. Q4 vF— FilE L KAIR
EA LRI 5L, XViEw RSSI 2554, H2mEHIE T LY BWikrEx RiET 5.
Q)NDOFELFE L 7-45E, MWNEN%TD LoRa Vv 7 OfREICKE g E % 5 2 7
V. (@)MHRE O E R A L 725558, RSSI{E%5 L HHBIA 72\~ (0. Elijah et al. 2021) 2 &
Do 77,

PLED X 5 ic#iiiiBic B 205813 #EA TW» 528, IR TD LoRa & RSSI B3 2%
WA OFHHOMIZC IIME I N TR, ZoF v v 72D 3700, [N TEER%E

T\, BREGIRFEDS LoRa BEIEICG 2 2508 2 BT 20 ENH 5.
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1.3. #iEHm

AWFETlE, IIARPEIEE AT 75% T H 2 R BRI © ToT € v ¥ —Ic X 3 iR E £ = X
Vv 7 EEEERITY, OIRT LoRa 13fliz 2 02, @ERHIHE & iE WM, GEER Y
TRV VITEZ S, @OUMKTOD LoRa OBE5REIZMICGHEEI N DPFEITDONWTOD
U RS L ZANE L.
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2. LoRa j8{5 5%
2.1, WBEv AT LD

LoRa DfSHEi 2 o 72 LM OIRIBEE=2 ) v 7o AT L %ilff L7z, v AT LI
K2-1 DY, WEILE 0T & v 4 —F#% (ES920LRTH2, EASEL #) - #°— } 77 = 4 SHiJF)
L ik (ES920GWX2, EASEL &) « Ky — J — N4 V2G5 % Feth e FH A IR (R 3
Fry V=) - EWROF -2 E2ZETEF—
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Y EfAHEDEZE 2=y FTHDL. REEL Y P 2= v }(ES920LRTH2) ® T 7 Ff
e LTUT TN,

LERELRERREET — £ BBEr vy Fice Yy VA vEISHT3 2L, N7 v
DY CEREE R T — 2 kiRt cE 3,

25084 v b7 — 7 : LoRa RIFEEMMROREEEL L, 7= v = 4 Bl : v
2=y F(FHE) =1 : N DRI A 2 =3 v b7 — 7 ORI ATRE

3.miEE = = v b (ES920LRTH2) ¥, LoRaWAN fI:f 1.0.2 ic il 3~ 2%
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BHEE - Bk

AN IZMRES
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ES920LRTH2

2-2 (f) WEEL ¥ 2=y} ES920LRTH2 (/) &ILbkicHliE & hr-kkT
WRE v 2=y POANTA—2%K2 -2 IORT, BELGOMELRBIRT 2720,

e vy a=y F 2o BE~D LoRa XfEMMEIZ 1 00fRET1HE L, FHEE»H 2
7-%, 1@< Ji { spreading factor (JEELE) 1212 L 7=,

3% 2 — 2 ES920LRTH2 D&% E

NTRA—=R i

Band Width 125kHz

Spreading Factor 12

Effective Bitrate  293bps

Channel 1

Acknowledge ON

Output Power 13dBm

Send Interval 600

Mode Application
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2.1.2. KHiE CGEES)
ES920GWX2 (¥, # 7> =2 T PCI Express Mini Card 1 3G j@if§ € = — v %7213 LTE
BEETY 2 — A ZHEE T 2EHBAEERL D, Aiffsecli iR T2 = — v ES920LR &

Ethernet ##&5#{L 7z LoRa 79 A RX— bty VY —2HT7— b o fiC L7, EREITE2

— 3.
& 2 — 3 ES920LRTH2 D {t#%
RN
4 ES920GWX2
fmefip7 =0 920MHz % LoRa 234
JHAS R P 1 ~5KmGEEBRBICKEL £ T)
TVTF WMFTFEAR=1T v T 5
LoRa@fE7w b an 79 4 X—} LoRa
Ethernet 100Mb1t/5
SIM 7 — ZB{EM nano SIM 71— F
XI3GHEEY 2 — 1, LTEBEEY 2 — V2T 2856
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iR PoE (Power over Ethernet)
(ﬂﬁ;@]ﬂf%ﬁ -20~+80°C(ﬁi'§§§7§: Efd é’_)
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CASIAA RS
KIEBhK % A4 7):420g
7 VT Fil2g
HE

XERT — 7 1%L

ES920GWX2 % IoT [ &Mt A v b 7 — 7 O EZ KT 2 BEX A TOT 74—}

LoRa 7 — b v oA (k& EEEY 2 —AEER)CTH 5. BMHEBEHRO T 4 =L T
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DHAZMEL, 727V FOKBMY —F— "I AhbB hHE2MHBLEZ (M2 —-3) &
TIEER2 -4 IR IEYTH 3.

» 2
ES920GWX2

| k
i EASEL a_

N LTSy

K2-3 () 771 ~g@r Loy 7 — }
FHA4 P ICRRE S kT

#* 2 —4 ES920GWX2 DFXIE

NTRA—=2Z fill
DHCP ON
Band Width 125kHz
Spreading 7,10,12
Factor
Channel 1-2
Acknowledge ON
Retry count 1
Output Power 13dBm

AES Key 00000000000000000000000000000000
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2.1.3. FHbE (hikE%)
BIME L A Ui (ES920GWX2) Z Ik TE FIcRE L (K2—4) . ZodiksRo
BWIRIEY =T —"ALTRELKETE Ny 7V —Th 5. IIKNO HEREIZ/NE < EIH

B2 {if T 5 7-0I1C &2 4 ~v—T 30 53ICON-OFF 32 /57L& L 7=,

B2 — 4 [LtkDTH FICECE & 7z hikds

214, =T —ZXDFKRY 7}

EASEL th#2fftd> WebUI v 7 b CHEHIR OIMBE 7 — 2 % 10 /rfilfEclZc& 5. 2o
Ul CIHREE 7 — 2 oftuc, HEiE@E (RSSD), mittiksE, ZEFRANEZR2ZERTED.
KCMBERS O AEITERE, K, &G, AL vyyahikafhmcrs 7 —22%E
LTw3Zexmnd., ElafEs e, RETERREXLA T CEETCE Ty

(B chrzerwrd. (K2—5)
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2.2. FERIIG DG
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BEBEL EEBEbN I T HEE2ERE L 77,
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3. TR & E
3.1. HikE D AW

202147 H 11 H2 bR L, LoRa A v M7 — 75 H7- > CT. FFHHEIC T 5 Hikk
BRELE. 20, YIal—ia Ik VERIELS EEDNS ALY RE
L7-. BitkL BRAEIEEEICH 2 1D Node 1 25 Node 9 ¥ ClEFICHKEL 7-. BlEIZX 3
— 1@y & L7,

Gateway, Node1l
®

X3—1HEE 950 FHEOEE
3.1.1. Ty TrFomziy

HET TR, YIalb—vavick VEEIEL EEbN2 133D 9 Hifke oEEHEE
Hk o7z, AR, JRRIZT v 7 F DM E LD FITHED > T iz O TAEY] 72 &
b o7z, ESR20GWX2 It nwT Wb 7 v 7 FofHIZ XA K—1T v T+ -7
DTEMEICHKETRETHY, KED L IFHFEICH L CEEICARS X O ICRKEL &R
N onwZ otz (M3 —-2) . zokricdnil, BT 2HLyd )
TICRRKDIZALT 2B CTEL L5, XX —vOFulicHh b XVIiF ETICEH)
5.

A=

(a) Dipole Antenna Model (b) Dipole 3D Radiation Pattern

240 300

(c) Dipole Azimuth Plane Pattern (d) Dipole Elevation Plane Pattern
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K3 -2 ZAR=NTVvTFRE—V
il vs &, ZoT7 v T FREFAET v T FOERCHEE»LTH S, K3 -2
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3.1.2. HfSFEHE
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Theme: Smart Irrigation Quantity and Quality Technologies

Evaluation of LoRa Radio Propagation and Optimization
Method of LoRa Network Construction in litate Village,
Fukushima

Riko Ahmad Maulana*, Masaru Mizoguchi
The University of Tokyo, Japan
Keywords: Smart Agriculture, 10T, LoRa network construction, Environment data
ABSTRACT
litate Village has a lot of agricultural fields and main crops are rice, livestock, tobacco, vegetables,
and flowers. The rapid development of the Internet has brought various advantages to various fields
in litate Village too, and aims to improve the efficiency and profitability of farming. But, the coverage
of large areas based on reduced infrastructure and low energy consumption is desirable. Low Power
Wide Area Network (LPWAN) plays an important role. In this paper, we investigate LoRa, a low-
power technology offering large coverage, but low transmission rates. The concept of this work is
based on the LoRa communication technology and a wireless sensor network using environment data.
It aims to provide a smart agriculture service that can support the monitoring and management of farm
equipment. LoRa's node placement, antena position, environment data such as temperature and
humidity is also an important part of LoRa network design. However, due to the radio propagation
features of LoRa, especially when applied to a rural area with many obstacle trees, we need to rethink
LoRa's node placement approach. In this paper, we get environment data, and utilize map data to find

a node placement solution that is able to guarantee the required coverage and RSSI.
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