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Development of soil moisture and salinity sensor network with Arduino and XBee

— Investigation of soil moisture and salinity at a tsunami-affected field in Miyagi —
Yohei ISHIKAWA !, Takuro NOGUCHI!, Hideki MIYAMOTO? and Ieyasu TOKUMOTO?

Abstract: We developed a wireless communication net-
work system with Arduino, XBee, and TDT sensors to in-
vestigate soil moisture and salinity. The sensor network
system was installed to monitor soil moisture (6) and bulk
soil electrical conductivity (ECp) at three locations in a
soybean field converted from a paddy field of tsunami-
damaged farmland, Miyagi. Measured data was available
to download through a Web server. Our sensor network
system allowed us to collect all data without power sup-
ply and communication problems after using sleep power-
saving mode. Our finding was local spatial variability of
high salinity, influencing soybean growth at the field.
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74—V R —& (FR) %&H\W7z LEKSEHIS 2T A
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Photo1 Arduino (a) & & UVlE#iE(E €Y 2 — )L (XBee (b),
3GIM (c)).

Arduino (a) and wireless communication module (XBee (b),
3GIM (¢)).
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25081 PO02 23.86 0.28 27.24 021 36.36 0.58
25880 PO01 27.45 021 2475 0.08 4173 0.65
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Diagram of the sensor network system.
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EEEM (Fig. 2 (a)) %47 L T Arduino UNO 2 ##i
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B AREE T Y 2 — ) (XBee) ZHWTHBIZT —
KX EEET D (Fig. 1). #AEICEALT, BEERIZ
Arduino UNO O A H 185 (GP-10) IZ##i T &,
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Fig. 2 Arduino UNO (Z#ifii 5 2 B/EEROMEN : 7D
TDT & > Y HHEM (a), kD 3GIM B FHEEMNR (b).
Self-made printed circuit board (PCB) mounted on Arduino
UNO: PCB for the extension unit to connect with TDT sensor
(a) and PCB for the base unit to connect with 3GIM (b).
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Flowchart of the operating command for data communication
between the extension unit, the base unit, and the cloud server
in our developed sensor network system.
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Fig. 4 =R EA 58 Sz B0 2 3l 27 L OREIEX.
Schematic figure of our measurement system at a tsunami-
affected field in Miyagi.
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TFT—RDREZFERToM. T—REZEFEHRITIE, AU —
TE— NIZ LB EHEBE I EM S .

HEARW 22 ¥ Y AT LDFIFIZIE Arduino UNO %
TR RIAETE D, ZOB, AR ZEEEY 2 —
WVOEER Y AT LRKROBEE I DORED D AW HEL
BB, AVFMIIBTBPEERLREEZRL, GED
iR7s% Arduino UNO T B b &1 TE2EZ L VWS Z &
IIBEREEEE (Proof of Concept) DB S HEEIZRD
ZeEFHLTEEZ.
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Temporal changes of 0 and ECy, at the three different depths of three locations (P1, P2, and P3).
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BEZ TS50, 2014 4F 12 HITHENRSEIZ X B RE
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Table1l ARt>¥xv b¥AT LOHIAE X OBEENIC

B 57— 2 ik

Percentages of data missing at observed depths and locations in the sensor network system.

g Pl Mg P2 gl P3
T — R RIER HrX wrX R’ ®’x HrX B’ b/ Y HrX wX
10cm 20cm 40 cm 10cm 20cm 40 cm 10cm 20cm 40 cm
9/20 18 HELAHT (%) 2.9 2.9 2.9 0.0 0.0 0.0 0.0 0.0 0.0
9/20 18 HELARE (%) 74.4 74.4 74.4 0.0 0.0 0.0 0.0 0.0 0.0

Photo 2 FEER[EIS D P1 M D X2
.

Growing conditions of soybeans at the sensor location P1.
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6 R TRE DY 20 mm 123 EL 7=, FNDUE» S, T
Pl @ XBee €Y 2 —VIZBIF BT —XRDRENEL /.
ZOBRA XY MRIRIZB I 2 &M A B & OFER]
DF =R KRR (=F = XOREH | REWHOF— &
) % Table 1 1IZRT. FHEP2, P3 TIITF— X RELE
{ho=DIZR LT, Pl DRERIIERIIZTENT
N29%, 744 % TH-o7- (Table1). 7z, Pl DEE
MOTF—XR\FFE LU THY, TORKE LT, XBee
EVa2-VOEREPEIAARNEZ SN, b, Kt
Az BEWT, FEEPI DEYa—VEXHL, [
Ut vyt s & O Arduino 2 HWTLZE L7727 —
REERAREIZ e o 72, HIZ L D XBee EV 2 —)LD
[EEEZMRTE RN >0, T—ZREDFEKIL XBee
DOEERR L RE Xz,

YRy N7 — 27 O PR [ 5% E R
XBee #%EY 7 bz T7TH5 XCTU 2T, %%k
£B 1:n BIERKE2MHELL. XBee lZFAY Y2 Ry
MU —O DEEREEHENIZEE ST 2720, D+
BN L CH B OEBEE RO TR REH L 72
FEEEEN TS IMREE2ET 5. ZOBKEICLD, T8
DT — R REMIZENTH TF— ZWGOZEMR[ LI2EF
U eI NZ, £/, REBRTIE, REBLO
BWEBERMIZEWT, BikE 7R mikaE OB ik
300m IEETH o720, U Y EFEOHEARNIZ L > T
1, BEREOHBEEIZLS T —XREDY 27 KRE

MRBEAFEINS.

MEEHOFEIZELT, V==L Q0W) &
Ny 51— (20 Ah) ZHW=5E, BSOHESMACE
WTHLE L ki@ A e ch o7z, A —TE—
REARTDFMERIZELY, SWDY—=F =K )IT
OIS TH > 72, BRTEA—N—ZARYy 7D
BV ATLER>TWVWE, A —TE—RDEAIZL
D, YHBELZSWEAFDY —5 =83 L TOEMD
HREIZ AL, AV AT LADONELL, bbb, @G
B AHEEREOREER LA RAENS. 7L, ¥
AT DNEEFTIRBIE - #rk - SRS R BRI R e B D
HEPRRDRMERBEIZEEY =T =RV DFEEED
PHEEERE WD, Ny T ) —KEDER DML
BWTHhD. £/, Avyazxry bI—7DHRIZES,
TG -k YOS L OFHISE OB &

D, MBEEBHENKE KRB, #2723l E O
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FERES TIX, 2014 FEICHENRBIC L DMIES L O
2015 FEDHKEHHRENTT LZIcbBb 5T, 2016
F£9 A LI DN RREOEERRVERI N
(Photo 2). & <12, M4ME%GD P1 OXE (Fig. 4) Tl
KGWFIHHNIRETH =2 & h S, BERIBEDOL
TR I N,

Fig. 5 1%, HHIZL D, REDOMLBMNIE U ZXHE
(P1,P3) EHEUTWARWKH (P2) 128135, 3FED
0 BXUEC, DRREATH S, FHUARM A Iz I3E G
TR A Ry MDD, AFHBEKEIX 100 mm (2L 7.
X NAEZT 10em @ 6 13 032 ~ 0.52m? m3 (K
HFVEIARIZ & % pF #1% T pF 2.5 ~ pF 1 IZ4H2Y) Dl
FCcLHET5—4 (Fig. 5a), HZ 20cm BAETIZIZ L

—ED 0 fli%z R U7 (Figs. 5b, 5¢). ECy (%, #Hill
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mAHIZON, MU (Figs. 5d, Se, 5f). & b b, Ff
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5 ENBRINT VS,

HARBEHRIC L 2RERZ2 M T 2720, Ldhoifis
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Vertical distribution of 6(a), ECy(b), and 8 - ECy/(c) at the location P1.
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% (Radcliffe and Simdnek, 2010). 4 I 124 EC
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A5 (Fig 60). LU, KT 0EIEA LSS
bonzP2ORED L SI1Z, KEOREFZEFITIX
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ThHdEEILND.
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