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Multipoint soil moisture measurements in an agricultural field with a sensor network system

using a FieldRouter

Yuki KOJIMA!, Ayaka YAMASHITA?Z, Tetsu ITO?, Shoichi MITSUISHI* and Masaru MIZOGUCHI?

Abstract: A FieldRouter (FR) is equipment which wire-
lessly connects a variety of sensors and dataloggers, col-
lects measured data, and transfers the data to a webserver
via mobile telephone communication. The FR has an ad-
vantage of having a small power requirement so that it can
work stably in harsh environments. The FR and adequate
multiple soil moisture sensors work as a sensor network
system to measure multipoint soil moisture in a small farm
field. In this study, multipoint soil moisture in a cold up-
land cabbage field during winter season were measured
with a sensor network system using the FR that included
eight dataloggers and thirty soil moisture sensors. The ef-
fectiveness of the system was evaluated. Dynamic changes
in soil moisture due to soil freezing and thawing, and dif-
ferent trends of soil moisture at each point due to differ-
ent freezing and thawing rates were observed with the sen-
sor network system using FR. The overall data collection
rate was 86 % since some data were lost because of power
supply problem of the datalogger and the network adapter.
The FR sensor network system was found to be enough ef-
fective for multiple soil moisture monitoring, however, the
improvement is in progress for precise water management
in small scale farmlands.

Key Words : soil moisture, sensor network system, Field-
Router, soil freezing and thawing
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Fig. 1 (a) ML OAHEIRRERTT (Google Earth (2N%),
(b) Em5b & EC-5 ofiiEREt%. A, B, C, F, G, HH#im®
Em5b 1213 4 &AD EC-5 %, D & E #1450 Em5b 1213 3 AD
EC-5 # H\ /-,

(a) Locations of equipment in the experimental field (information
added on Google Earth), and (b) locations of EM5b and EC-5 at
each site. Four sensors were used at sites A, B, C, F, G, and H,
and three sensors were used at sites D and E.
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Fig. 2 AWIETHALEZ T 4 —/L FA—FZ 2N YRy b U 2T A, BRI EERGRIE 254
The sensor network system with the FieldRouter applied in this study. The broken lines indicate wireless communication.
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2T, FRIZEDT—ZEINFIEOFEMEBHT 5.
FR 1%, BHIEFNS 30 OB ERNBAL L HI2H
A —THREINTWA. BB A-7Z FRIE, WHN
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(a-h) volumetric water contents (VWC) at site A—H, (i) Daily cumulative solar radiation estimated from sunshine duration provided by
the AMeDAS, (j) air temperature measured with a Davis weather station , and daily mean air temperature, and (k) daily precipitation

(AMeDAS).

B sh- B R 3 E I 208 LT L Tn
L EBRROMoTT, BIGILIMET DT A X A
EAKGE I O B IREERI 25, Allen et al. (1998) 12
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R T AFARRRREOT — X Az, g,
Davis K& FHIITME RO b —4 —BRNESLTE LT,
BERBIOBREHFA EREICAE T 2ho /e T
H5. WEHEF, KIEN 0CE FE-7=7-8, T
FEREZ - TWZEEZOND. KOWFHERILI T
WK D ELFEEER 80 2% L T T/ & (Noborio,
2001). =0, HERIEET S L, LEOLFEESR
hEL 2%, HEFIZH O TITHRADFET DT
W, HEEREGE L7254 BEC-5 28 HIE T 5 AR E K RIX
RRRY 720 OWRAKBEL 72D, KOLFEEROZEL L

WIEET 5728 (Watanabe and Wake, 2009), = (1) %
AT 2L, WIRKREIIETRREHMIi S EE2 b
B, SENFBREMa o 1) 2@EALE. Zhi
B, RBEEAKRITHEMAERE Y720 ORRKELZERT D
T LTHREEDD.

F e A E oM TTHE L CHERLA% 2 B 3
BE L CHRIE ARRIE 0.10 m® m™3 (1L E THEBIAA,
A S HHSTIZ 2010 451 A 20 A& BRI, £hnlL
SRS TIZ 2010 4 2 H 23 H ZBEIC# LW a2 R L
7. ZDOt%, 201044 A 8 ALK, 2 CEWVAES
KR ZHEFE UTe, JEBRLA 2 ~ 3 BRE% OREE KERD
BEMAETIE, HEEMECLIboLEDND.

FEMNCA D &, MEBMERZ D B RIEIL 0 °C (T
L, EEIZIE —5°CES ETTFR->TWeled, £
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Air temperature and volumetric water content (VWC)
at site A from 1/29/2010 to 2/1/2010.

< O TES 72 THERAS 12 X DIRFEE KFEOHE HIA
APNELTEZEZLND. £72. BEHRIESADHEIC
72% 2009 4F 12 A 13 AL, HEEEGREICRR T 54K
BEEKEBOBEBIAHN —FIZEIT L2, L LIKFESE K
RO HIAHDOEITEAITEHE, £ FHERTEIC
LoTHRARY, FIZIFARMATITA2, ABI2H15H
ARG KRN 0.1 U TIRTF Lzoicxt L, Ad X
12430 HET, Al TIZ 20104 1 A 11 B £ THES
KE 0.1 FHE~DIRTAR SN2 oT-. —J7, B #iR
T A HE LD b RIS KEOTE HIAL DT
2NV, B3 TiX 12 A 30 HEE THRREE AR 0.1 171
T~ TR RN oTc, TDXIIZ Al, A4, B3
DY Y THEREE KRN 0.2 ~ 0.3 (3Ol T Lz
DI, WRSAIHEDS 3 A& £ THEIZFA L7 EC-5 O
YU TEROVERE (49 cm) WNTER L Z & NRK
LEZbND. E7-, D3REL T, KEaKROAR
R HIAFZIL 2010 FF D 3 A% EE TR TZ.
ZOZENDL, ZRHOME TITERERTRRS EC-5 07
n—7HERETHD4em T TELTWWARM-T2EE
ZABZDB.

A, HH#ii0 2010 45 1 A 20 HLK, 5L OB, C, D,
E, F, G #1500 2010 452 A 23 B LD EREEKED
UG, B oRiE EFICrES LR & Ao
FHRSOBVIRLICE A2 b0 L Bbns. Fig 4122010
FE1TA9B252H1 HETO A HEOEREKE
ERIEEHTRT. 203 AEOKIRIE, HEIKET
7Zofady, BRI 0°C @1 CT\\Wa. £z, BEILIZ
EAERL, BT Uy VARSIV 1I0MIm—2d!
BOBSIMEAEH-T Fig. 3 (). BEIXkro7tb
D@, Davis [EFHEFFTIZH 5 Bluetooth 7 A Z
BTIE, BEND-Z PR TER Fig. 5 ().
EoT, EHICHSICEEREZ BN, @S LR

ANEZ > TWebDLBbnd., ZOZEnb, &
RTTIHABLLLIE2 AL RO LWMETEE KR D
HEOE, WO RIR (2002) OfFIR & [EER, HUE O A28
BPE D THOK OGRS - @i OEkEd L OR S K 0RE
LD b0 L Hmr LT,

%Iz, 201044 A 8 HUBEORM R KHEE KED
EHIE, BHEO LFICHE-s TR EHKIEN EDOME
MERFLIZ U2 Sic kv D’ —KUICHEST L 7-
e B s, HEFESEY, EIXEEICE -
THEAREREL 22D (McCauely et al., 2002), 7=~
U w7 RT U VBNR T 5 2 &b s AT
WK AR 384 % (Gieselman et al., 2008) . = D 7=
W, HEAMERHZIT S O T L B WS KRR S
hi-t#%z5h%. FR @ Bluetooth 7 A 712 XY &
SNFcHEmEmEA D, 20104F2 AETERIZEEAEOH
MESGIES CEON TV =Dlcxk LT, 3 A LIBEITRE
GREPEFICBEDLNIIREBERFICL Y HEREN
L7ZRERRAIZHE Y IEREN TV EERLTEY
(Fig. 5 (b—e)), LTHEOREN 3 Ab 4 APIICHT
THAZZ EEHBAMAFTTND. 728, 4B FR #HWi
TRy NVRT ATE SN LT —F13A ¥ —
Fv b ETHERRETH S (http://data0l.x-ability.jp/cgi-

bin/FieldRouter/FRReport.cgi?dir=/FieldRouter/vbox0005/) .

ZoXHIT, FREMR, S HIIEERA— MVBENT
BV TH- T, WEEKELZOEMERITRE
SHBIpABZ Enbhotz. Fiz, HEEE - BRI b
B E KB DO BHIAHFE RO HIALZOHEIT EE & HUS
Lo TREL B 2D Z /RS NTZ. FR @ Bluetooth
HATIZE > THRE SN 201043 A 27 B6 4 A
3HECTOMGOMREHTG,OH, FEN 4 H 3 A
WAy o Toxy FARICHR 2 (R DT 3 R T & 72
(Fig. 5 (e-h)). #FHROALERMRZ IR E KEE
Bl 5 L, BGPRMFiTiced S D3, El, Fl 2228
W, iR & R TEWERERBI ST &
Nbonsd., ZOFEKE LT, BrxElEEick s 5
DOIEMERFT OND. B VikErRE, BEPRIcERL
TEL OBV ERE LD, FRATOEICHHEE N
<Y, ZOZETHENEREINTZEEZLNS.
T ERE SN D LBMBEEREL D, 0D, #
S g AT T OB IR 1T < A B D R0 d < e
D, TERENER SN EEZOND.

32 L RTLOBEKRET—2 RIEBORR

FR IZHEMM A48 L THEZE L THEH L T\
N, T—HORE, DATHEEOLRGRENLIZLIE
FAEL., REEKEOT —Z TlIi/NT 1 KGO
TR KEPL, HRTH—HIZEDT —F KIEE TR
Ronf=. FREHWEE YRy N AT AT, T—
ZOENUZKIE LIATH, B HUBEOT — & B
WCHERET —ZBEINEND LOREINTND. Lo
THRBRICR N7 —# KB, BE-7—ICk2bD
TiERWEEZBND. FR 2Vt oy by A
T LTI, T—FEIEZ EmSb Oy T U —EE
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(a) 1/30/2010 | |

‘*'rzd;3/1e/zo1o

() 3/31/2010

Fig. 5 FR #HWictr ¥y b AT AT K o THREE S - BHiE .
(h) 1% FR @ Bluetooth 7 A 7 THgs Lo iR . HEOIEEE, BOILHED 58

AT Thesg LT2EY, (b) ~

~ (b)3/6/2010 (c) 3/9/2010

(e) 3/27/2010 (f) 3/28/2010

: (hr)' 4/3/2010

(a) 1% Davis K& &R E(TITIZH % Bluetooth

Selected images of the (a) field and (b—h) soil surface captured with the sensor network system using the FieldRouter.
The image (a) was taken with the Bluetooth camera with the Davis weather station, and the others were taken with the

Bluetooth camera with the FR.

FFkSND. FEMSb O TV —HREERHER LT LD
A, EOEmMSb b +oikEEsRm L TWeled, Ny T
U—DHEEIC LD KBTI E¥bhoTlz, CHis
@ Em5b TiE 1 2 6 3 HEEFEE (2009 412 A 6 H
~12H 1408, 12H16 H ~2010%1H 11 H, 4 H
8H~4HI9HRE) O, i &g L TR
T2 REPEWEE TR N, C A O EmSb Tl
E@mkmﬁﬁﬁwﬁmfﬂﬂ%ﬁénttb Em5b
DEIPEHE B ARLENT &orwtambné roT
AR At oD HL s oD R IR 43 C b HL T wHR
— IR AR ELD &ottbk@bt&%z%ﬂé %
il R R O FE 2R FHA X, EmSb OEHA v 7 A DE RO A
REMEA EW. — 5T, D AT 2010 45 4 A 20 HLEL
M, GHATIX20104E3 A 14 HUARE, £ L CH ST
1£2010 42 A 23 HEARET —# BRI L7c. FEBRK T H
FTT—FPFERIRIND Z ERRhoTzizd, ZD
zmﬁfi*ykvu77ﬁf5’ﬁﬁﬁictkmb
5. AEEMEE LT, KEE v EORE R LT
D, Xy NU—ITHEZTEZDONyT J— ﬂﬁ%%@ﬁﬁ
TEIRRBIZIHR Y, BHRE LR ERNETHND. Bk

2725 &, FHEREGEm SR X D HEN TN
J: L'C’B NNy 7V —RnREINR <75, Emdb
DXy VT —7 T HT2IZE, FRIZEBE#H I Tz &
YRTFry—Yarhe—F =N Ao TWNWRNrosTZIZD,
ZOWECENRAE LT E bbb,

Z o Bluetooth 77 A 7 THF L BIHmig &, R 1
AN S4B BEALTOXREN RSN, Davis [ G aTa%E
fHHTIZ & % Bluetooth 77 A 7 OE{RRIBOEHE & L TIX
KI5 SRV DFEEEARRICH KT D FR OF ﬁTE
H L < X Bluetooth # A F Dy NI —07 T X T X DE
NERRD2OMEBZLND, T—HEFHLLABE, Z
OHEGRBITITEBE RO BN M THAE L T D5EE
L FRICK D27 —# OREULS RIREZHEA L TWDIEE
ORIFHRHEFR T E 7=, #i4& 1% Bluetooth 7 A D F v k
U — 77&7&@*ﬁ7ﬁ %HEITLFR OBHFRETH

LEBbnD, Fio. \ZH5#H & 7= Bluetooth 7 A
1% FR R EhRF T FR&H%LTE@T%&O o T
DB, TORBPRLEETHT2Z ERgmoTz, Lo
T, FR @ Bluetooth 7 A 7 D4 K IEITHEI O LIS L
CIHEFROENRRIZED DO TH S EBbivs. Davis
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Table 1 ([ZEBRIF P OTF — 2 BiFHE L, FROT —
A RIBRIZOWTE L H72. Bluetooth 7 X T 135 —#
EENCERDoEGHICEHBET — ¥ 2 RTFTHV AT
ADEH SN TR0, 50 % AT DRV B
L 7ol FRICEH I 72 Bluetooth 7 A 1%, 4K
2 FR (CHK LTz, —J5 T Davis K& & IR T
IZFR & L7 Bluetooth 7 # 7 (Optieyes) 1%, KT —#
DRI ET=D 28% By NT—I T X T HOE
RIBICHEL, B0 DI M7=5 23 % N FRICHEKL
TW., —F T, EmSb 7 —¥ a H—07 — X BEEE
FORBIEAE, BEEZEPRKRESHD/ERERoT7. A,
B, D, E, F#SDF —& 0 —TlI B o & ik
ICHRT DT —F OREN 1 % RiOEETRE T\
B, HERFoIREETCoT—2%RINTEL. 72, G
EHHETHLENEN3% & 2% O/NSREIETT—
ZuH—HEORENEE Tz, — 5T, gEhsm
B DAEfAR B AN R - 7= CHUETIE, 31 % & K& 7%
BT, TFul—HKkOXRENAONZ., F7-, *v
N — 2T BT BBIREIC Lo THREIE IR Lz & B
n5D, G HMETIE, *y hNI—I T X T HZHKD
FT—HRKENENZEN3 %, 29 %, 43 % L7z-7=. =
DT EMOHLEMDHEME Xy NT—0 T X T ZDREE
BESFR #HWet YRy RURATAIZIIEETH
LEZLND.

33 VRTLOEBEEMLEIZHIT-5EDOXE

32 THOMNZ R o TS EZ I, 74— FLb—
HOWENED LN TWD., SERXy NU—I T XTI H
DIEREIT (IR o 7ol BRI R, Fr—Yar br—
T—DEFEEEDTND. AR TIET—Xa b —0
Ny T ) —BROHEE=H—LTNER, Xy hT—
JTHRTEZEFR Oy T —FEabf X —3Fy Mk
THDOZLINTELLIVATLARLERPTHDS. %
72, Ry MU= T ZTHZOMREEEE VSR
7202, FAMBESREZTSAIL, BEERETD

VAT L% FRICEHTETHD. 61, D LD
RFEE AT COLFREICIL, KB SRV OREE
DANEL R HMENREFSF OGNS, ZHICK LT, £V
RE R KIGEM ARV EHEHT L, KB S rL i
BAT T %, FBERCHmEIC T 72 KER S
FNENET D2 EORRNARETH D, HEMIZLD
B HHE 23RN T EmSb O K PINAE U7X LT
I%, EmSb ® BN EHICH 725 EmS0 i+ 52 LT
[ % 2 & NATRETdH 5. EmSb & EmS0 T, i
Ry 7 2AOREEIEWH Y, EmSb Tid=a A vidhaz,
Em50 TidfidhzdEmmsz S HICER L Tns. i
XA ER L R U CEERRRETME < RISV [
RO AT LA TEMS0 2 L7256 TIE, Zokok
BGUIA s T,

4. 5HYIZ

ABFFE T, FR ZH W= Ry b AT LA0H
it & RE A 2 BT 2 72012, 2009 4542 |40 ]
W TAT OV T ERERBR 2 FHZ 3T 21T > 7. FR & H
WU Ry hU AT AL ST, AFEOLEO 5
KA BOEBERZ D Z ENTE TV, FRCEHEOH
fE - BRI XD EEK S BEOE(LITESENICB N T, &
HEREPE & MR R OB K o TIEFICHEMEC 7 D &
BRGNS T,

FR # ek v 3y b AT AT, T—Fr i —
DHLEMIC X DB DAL EIT e o T BRI KB N
BZDZE, FlRxy NI—ITHXTENNNy TV —D
WEREIC L > TSI 22 8, O SOERNTT —
HREPELE D Z Enyhole. T—XOEIRIZ =S
@ Bluetooth & # Z, 72 Em5b ¥ — & 11 H—DEA K
WXL o THE - 7278, F¥3 % & Bluetooth 77 A5 T 53

Tablel FR ZH\W\-t o ¥Ry F AT AOMEREOTF — 2 IVESR L KERI|Z L 5 KIER.

NA T T LEENFE LR N L EERT D,

Percentages of data collection and missing of each equipment in the sensor network system using the FieldRouter.

The missing rates are listed with the causes. Hyphens indicate that there is no corresponding content.

Bluetooth camera
FR Optieyes

Soil moisture logger (Em5b)
A B C D E F G H

%

Collection rate 55 49
missing due to datalogger

missing due to Network Adapter - 28
missing due to FieldRouter 45 23

9 9 69 9% 100 99 68 55
1 1 31 1 0 1 3 2
0 0 0 3 0 0 29 43
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