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Abstract: Recent advances in sensor technologies have been able to observe various environmental data and
develop an agricultural environmental control system using these sensing data. However, wired sensor net-
work system needs wiring cost, while wireless sensor network system has difficulty of high reliable operation
due to obstruction. Moreover, the system should run stable under high temperature and humidity in hor-
ticulture environment. We propose a highly reliable wireless environmental control system for horticulture
environment using 2.4 GHz wireless sensor network which can maintain high operating ratio and low packet
error rate (PER) even though the system is under severe conditions. Experimental results showed the system
operation rate was 100% during the culture period, although the 3.95% packet loss was occurred in 2.4 GHz
wireless communication. Additional analysis revealed that tuning down the radio communication frequency
to 429 MHz decreases the data loss by diffraction due to increase in wavelength.
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Fig. 8 The result of temperature control experiment.
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4.3 HEEROIEIL

X 8 |2, EIAMTH A 201443 H 4 H~201446 H
3HOMEE L Y CINELLRET -7 0B L RT.
NI AR Y MEBREZ T 2 2 X 2IRERIEO T, &
BB X BIRD % ENTB Y, HEHE TORIELRIZ 10
FELDEW, SHI4HTIRES0EL L > TN
L5, MEOBEEMITMICE D R IEEICL > THE Y
AT AHMEI LS EHERTH Y, BEFROFHE S B
Mg B, HIEREEICED W ARy NGRS T I
PWIEFICERINTW2Z & EFMELT 5729012, 2014 4F 3
H 8 H 18 A o/NE=E B (IRiZEE -+ » 4 ID : 3003, 3004,
A<= 1% v 7ID:.0002) OPET—5 2L
ZE 9 \RT. £ 125 FEREHTIXEE 24°C OfF%E L L
TWiziz®, 24°C %M 9 PIZHERTRLZ. 2D 24°C %
5E % HIAPI B AR (ID @ 3003) 75 kAl - 72 18:05 &4,
HE®|)) (ID 2 0002) 2SEHL, ARy VB 7a 0
BIRR O 1> 722 Vb, /2, ¥ 7 Mikim&in
(ID : 3004) PMETF L7722 ET, BEADSEH SN LD
MRTED. Dk, 18:45 TAHIZ, WA E IR
BFRED 24°C Z Fllo 72720, ARy VEBEZT7TICD
BEAOf L 2 VHBEBNIMET LTS, 20k, ¥
MERRIADPEA I EH L TWAL I b b ARy MEKE
I7aYOEMERDEIL LS e300 s. 2F ), #
WEMEMHZLToes 10 5DHICARy MR 7 3~
DBEFBAY, FHEEGELZM-S % hoTH5 10
SUHNIZARY NGB 7 a2 M= LTHB Y, Floil

15



RIS LHYEE 121 -7 FNA1R& Y X574 Vol.5 No.d 10-20 (Oct. 2015)

5.00%

4.00% 3.870%
. 6

X 3.00%
o

& 2.00%
1.00%
0.004% 0.070%
0.00%
v — kK 2o )—R > HGwW
~Z2O)—R ~t>HGW ~DBMS

10 SBEHFO/ST v b RIEE
Fig. 10 The packet loss rate in each channel.

FEREOLUEHI-LTWDZ LS h s, W8 D
AR OEE LR E, KV AT L I3FEIEERLH
HREA 7 SR Ly, mENRERHED > A7 28 H
HOFREZ 723 10 5 AN OGIEH KM 2 EH L 722 &
5, BEHIHET DY AT LAHBEFE100% TH o7z V2 5.

4.4 N7y NRIEBEREOSH

KIZ, 77 KEDBMS ~NEEENS F TOBEHKP
TRbhiry MRIBEOGF I L. o/ —
K, Yr 7 /—F, % GW 707 J LI2TFRENM
SL7ey =0y AN A 2 & T, DBMS NE RS
NG olzT = INBERF O &2 Thb 2050 L7,
WELZT—=5 D27 7 K4 = il DBMS TO/37 v k
KIEFE (PER) &, ARFEFFEEEIIM 90 H TV 3.95% TH
h, &ET—% 1,528 818 D) © 62,820 lHD 7 — & 7%
KIFL Tz, REEBEHIE S 2 7 2103, PUEL BT —
IO TT 7 F 2=l ZIT) 74— RNy o
AT L ThH D720, HiROBRME=ESRE TIIHREZ 100% %
FER L7205, TV REPELIETHILITLEFE L BV,

B 10 ISBEBRTTY — 7 v AF S ORITAE U 72T
DNy NRIERERT. Sy MR, kU —F
L3y — FHT61,688 M (237 v MR 3.8T%) &
wbEhro7z. Y /)= Kby GW BTD 6218
(3% v FRIEER 0.004%), LY H CGW 527 T K4 —
M DBMS CH 1,070 @ (287 v M RIEZE 0.07%) DX
A HERR T & 7.

Lo —FEYrr ) — FMOKIEIZ, 24GHz
IEEE 802.15.4-2006 B E XM TO X7 v M RIFLEH
ZoNE. ¥y —FktrH4 GW BOXRBIL, ¥
7 )= FTOZENTy MPHHEL W 72GA1, 2o
GW 7075507 —% 7+ —<v MAEIIZTARIEZ
T =7 LI NI N EPREKTH L. T2, b
Y GW &7 T K4 — 3l DBMS M COXRIEIE, 75
%7 K4 — 3l DBMS A5 —BFAYIC E Y —IREE & 2 o 72
RET — 4 OIERBGVSFETTET, EIV—IRED» SR
BIZRD T =7 OB EN AR TEEL TWzD
EHEBSRTE R o T = PHE L T2 LN L
2. FOR, £ GW 7075 AEENY 77 F
Wy, 797 FEDBMS 2K Y —IRBEIZ 2 V) IE# 27—

© 2015 Information Processing Society of Japan

30
25
20

-e-PER  -%-Avg.RSSI

PER [%]
P
w
[=))
o
RSS! [dBm]

=
S)

o wn

12 3 4 5 6 7 8 9 10 20 30 40 50 60 70 80 90 100
Distance [m]

11 R LIXHToO PER 5 X 0° RSSI (2.4 GHz)
Fig. 11 The PER and RSSI at the line of sight (2.4 GHz).

i b

3001 3002 3OCS)3 3004 3005 3006

ensor ID

O AEYD RS HARIS |

12

PER [%]

o N A

[ EY RS AR

12 fERERESEERICRE L 72 ¢ 9 0 PER (2.4 GHz)
Fig. 12 The PER in horticulture (2.4 GHz).

T DBERSTE o 72 THHESSEEL FETTE
HEIWBEL. M5 DY AT AR L TR NNy 7 7
DOREEWE L2 2AH, By GW &7 T R —
DBMS M TOXIFIL 233,488 DT — # 12 LT3 TH
D, PER I 0.0013% & e o7z, L7z2ho T, FNy 77
V2T T K=l DBMS 288 ¥ —IRFE &
Lol GEOT — R IHAEETH L LR RT L
NTE T,

4.5 2.4GHz % IEEE802.15.4-2006 /X7y N RIED
R

bty —FEY Yy — FE® 24GHz % IEEE
802.15.4-2006 #5158 12 [X 8] T D KN 2 THEM - H7
L7z, RIBERD 1212, WPERLEEERE 2 SIREND
FEEMC & B MALAEREDRTrIEL NS, B 11 12,
B 2 (a) DIRIEE L > Y & BEY O %RV 22 GES)Y)
IZRRE LT, %%E/ — F% 1lm~100m L T RSSI ®
HiEE I & PER OBMRZEHI L 724G R 2R, HEEsm
I2D 4 RSSI 254> L, RSSI A% —70[dBm] % F[a] % &
PER 28 10%FEELL FIC LR LT 2 e nb.
—77, ARFEIEFEBR TR RSB CHE L 7 S
O PER ICB LT, MRS & Ay s ©
HEL7:77 728 12 12873, 11 &M 12 2T 5
&, FOBUIXEICERE L2 a L 0 b sk S B |
L7 aDJ5hs, &KIZ PER SE o 722 L 55500 5
TR, K12 25 Kl ~ 90 PER &, fio
AL o TRRDMEMNEZRLTWD Z D505, FEIC
/NIZE C OREYIAA IZFEE LT\ 5 3005 HD+L v/ —
NI, ¥ 77— FEDOWEEAH 7.32m L2 2D

16



RIS LHYEE 121 -7 FNA1R& Y X574 Vol.5 No.d 10-20 (Oct. 2015)

59, MYERIEHETIE PER 2T 10% %A TH Y, KW
HBEEIAAL T3 6% D PER TH o7z, 2 F ), MiskhEzs
BT 2R @R ICE 7 &0V EHLRE 1S LT
BEEY L 2D, RSSIDETRZNICE bR )87 v bR
BAELDOTE WP EEZDLIENTED,

5. NGy MRIBERIEINEREOFM ST

5.1 KAPDFEIZDWT

Y% R 2 BB 4R U 7o s 1 i o PER ¥4
DERE LT, HMWKRIZEINLIRGOERIEZ LN
B, AREEBCHH LW IIRD S/ R 89% L <,
WP RERIZL L ORGEAR LTS, 2.4GHz 47 M E
BIZBIT HKDHFHFERIIF 80 TH Y [17], ZHIIKD
2.4 GHz # MBI ORI EH W L 2R LTWA, £
D7D, FWPRICE ENDKGITEEHSTIL S, FEHRA
W27 ) — FTOZEEIVMET L PER 2380 L 7277
REMED D 5. T/, RFEFEBTIHIRENO/NLE %X 55
JAES, R)FL 74 74 VARBEHLTEY, /MNi
BRO ARy NEFELT 22X BIRERBEICE > T, /A
IRENNTIREESE L TWE, FORE, KUt L 74
VELT 4V ARIEICREBZT AL, ORI L D REIBEIIN
IZX > TRSSIAMET L, PER2SHEINL 72l fgtE b £ 2 5
ns.

Z0720, FHNOBEERE (K2 9.6m x 534 3.3m) N
T, {2 1278 L7z 2.4 GHz 4 IEEE 802.15.4-2006 i+ >
¥ —F, A e LT 2.4GHz % IEEE 802.15.4e-TSCH
ML 9 — F, 429 MHz 77 IEEE 802.15.6 J5 2UHE# €
Va— VEERLEGSE Y ) — Fosr y MEER S
FHIIL 72, &/ — NI, HiER» S OB OREL%
BLOWIFNLM EASES 1.2m I%EL, Y27 /—F
E DB EORE Y EZEE L T 11 OMHIORK
WREEE SR Im & L7z, ko /) —Fed vy ) — R
FhERE SR A L, BEEY LR L, (a) RUA L 74
YELTANVLHY, (b)MBEEEEELTT A AICERE
TKIED Y, () Wik a B LT AM (8 60%K5) *1n
W ICELE O 4 FEORE A HE L2, B 18 ITRT#
BS, RUFL 74 T4V LADOEBEIIZLEAL W

Z'gg 4.22
4.00
350
* 3.00
E 2.50
B
1.00 0.45, 067 o,
0.22 0.220.23 450,22 }
833 mm0.000.00 s 0.00 | o

pEEIR L TV TA)LI+IKE PN
m 2.4GHZzHIEEE802.15.4-2006 IR E 1 —/L

m 2AGHZHFIEEE802.15.4e-TSCHEEFREZ 1 —IL
m 429MHZzHIEEEB02.15.6 A @B AR EZ 1—)L)

13 7 4 IV ARKGFDE

Fig. 13 The influence of film and moisture.
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