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WSN Layout Experiment Based on Radio Frequency
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Abstract : The layout of wireless sensor network ( WSN) in citrus orchards was analyzed concerning radio
frequency (RF) signal strength attenuation and packet loss rate of WSN based on radio wave propagation
characteristics. Accordingly, a simply equipped WSN network was deployed and tested. The attenuation
of radio wave was studied in the tests with the carrier frequencies of 433 MHz and 2.4 GHz in the
circumstance of different combinations of impact factors including data rate, packet length, transmission
distances, etc. The two RF signal strength linear models (433 MHz and 2.4 GHz) were built in citrus
orchards with the related determination coefficients for fitting-curves ranging from 0. 957 031 to 0. 971 218
and 0.954 6 to 0.986 3. Signal attenuation tests showed that the CC1110 (433 MHz) had a better
performance in long distance communication with data rate lower than 1. 2 kb/s and the average received
signal strength was higher than the 2.4 GHz’ s with the same output power. While the CC2530
(2.4 GHz) provided lower packet loss rate compared with the CC1110 (433 MHz) in transmitting in the
same data rate. For WSN configuration, short data packet and low data rate were recommended according
to the test results. A ZigBee star network was constructed and experimented with the guidance provided
by signal attenuation tests. Statistics showed that the average success rate for communication was higher
than 84 % .
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Fig. 11 Schematic diagram of star sensor network

PRI D ZigBee W25 J2 4 M 52 i 1K 56 3 15
R0, He B AR R A RS %70
A WSN i1 1 RS S 4 D2 S, R
M2 1T R R 2 s 5 IO R AR R T 4R A
[l (L 58 6 T HE s A LQT DRSS . P2k 2o
P B O EAZ LT Windows R MR ML,
RIGHFLE 2.5 h, MR WX 584 1A 2 fE
1500 P00
4.2 AMIRESHIES

Ge it W DA IS 3 Y 5CH A, g 2% Y 3
{5 )5 S 4 i o A 2 iR, MR 2
19 %5 T MNALE R4 F A E A /N WSN W25 PE g
AT AR S A el AR A 75 5K B 7R ) 24 ] 5 4o

BB AR R R s

x2 ARKBFITER
Tab.2 Results for networking test

W GRS WAF T/ % - LQT
1 84.41 107. 34
2 91.08 106. 75
3 99. 59 106. 64
4 96. 64 106. 78
5 HERIE

R A T R R R A /N R WS i e TRk A%
TR P45 (WSN )RR 5 R 350 28 ) AL, A7 e+ i
2 WA J0 2R A% IR A% 1Y A (433 MHz 1Y CC1110 5
2.4 GHzIY CC2530) #4715 18 M, e i #1138 5 1
H, ST S o2k i P A 32l 5 % R4 25 A
P BEa K EMEEEEZHNEEAT
S3HT WSN S5U05 5 e AR el (9 0, 20 Sl S T 2
PUR(E 5 R BCAR R 2 H 25, & R i
JIME S ERRAES 314 0.957 031 50.971218,0.9546 5
0. 986 3 ; AR AN A el IR A i AT — e R L

R RGO 68U, AR 35 RS TR
il 77 EF AP ANE  RSSIEAE AR T 3 A5 5 %%
SERRIRE G VA AR | A B R R
RS

K 2% B, FE A B OA bR b, Ol S OR AR
1.2 kb/s HE i B3 {5 ), 433 MHz /Y CC1110 HA7
e KGR 5 KL 1 25 AR IR B, 433 MHz 3915
SUREE T 2. 4 GHz; (5 R AR R I}, CC2530 %
AR T CCL110 ;38 15 Pr sl s 11981 3k 5 J B ol 0
SRE F SR, % ZigBee WM ¥EFT A & WSN
R R, WSN £ 97 s (5 o F 5 1
84% , FWAE LB LTS IEEE 802. 15. 4 F5
THE 118 S AU e 2 A7 A7 el B3 SR el WSN 4 I, £ 2 i

PR AUR 4%

& % x W
1 k5 Skoehr, PR T DRSSV R0 R AL AR A 2L [ T ] Al MU ,2009,40( 1) 256 ~59.

Feng Youbing, Zhang Rongbiao, Shen Min. Construction of wireless sensor networks for precision irrigation [ J]. Transactions of
the Chinese Society for Agricultural Machinery, 2009, 40(1) : 56 ~59. (in Chinese)

2 WK AT R, AF. BT IO AR IR 9 2% (i 2k el oA sCHE B R E L) ] ARSI ,2012,42(9) 1174 ~ 180.
Han Antai, He Yong, Chen Zhigiang, et al. Design of distributed precision irrigation control system based on wireless sensor[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2012, 42(9); 174 ~180. (in Chinese)

3 BT IRER BN, A, A MG SN )], Al TR ,2005,21 (#41) 2) ;232 ~234.

Qiao Xiaojun, Zhang Xin, Wang Cheng, et al. Application of the wireless sensor network in agriculture [ J]. Transactions of the
Chinese Society of Agricultural Engineering, 2005, 21 (Supp.2) : 232 ~234. (in Chinese)

4  Buckley J, Aherne K, OFlynn B, et al. Antenna performance measurements using wireless sensor networks [ C ] // 2006
Proceedings 56th Electronic Components and Technology Conference, San Diego, CA, 2006. 145 ~150.

5 Ziade Y, Roussel H, Tabbara W. A theoretical model of propagation in forest compared with experimental results[ C] // TEEE



218 P A R = 4 20134

10

11

12

13

14

15

16

Geoscience and Remote Sensing International Symposium, Seoul, South Korea, 2005 1357 ~1 360.
Alan Mainwaring, David Culler, Joseph Polastre, et al. Wireless sensor network for habitat monitoring[ C] // Proceedings of the 1st
ACM International Workshop on Wireless Sensor Networks and Applications, New York: ACM, 2002, 88 ~97.
SCRE, LRI, 20 45 A1l oA St I 28 AN ] 35 i B8 05 2T IO SRPUE SA8ia [ ) ] ARl TR %412, 2010,26(6) -
211 ~215.
Wen Tao, Hong Tiansheng, Li Zhen, et al. Test of wireless sensor network radio frequency signal propagation based on different
node deployments in citrus orchards[ J]. Transactions of the Chinese Society of Agricultural Engineering, 2010, 26 (6): 211 ~
215. (in Chinese)
P fk, EILR PMESS AF. RESE A 45 A0 R P 7 BOR SR AR IR P 235 5 B3 [T, AQlk TR %41, 2012,28 (9) : 153 ~
158.
Jiang Sheng, Wang Weixing, Sun Daozong, et al. Design of energy self-sufficient wireless sensor network node for orchard
information acquisition[ J]. Transactions of the Chinese Society of Agricultural Engineering, 2012, 28 (9): 153 ~ 158. (in
Chinese )
THEE LA, R NE IR RAER XS 2.4 GHz TCAAFEAARFFERMFm[J]. £l TRA,2009,25 (1))
184 ~189.
Li Siyu, Gao Hongju, Jiang Jianzhao. Impact of antenna height on propagation characteristics of 2. 4 GHz wireless channel in wheat
fields[ J]. Transactions of the Chinese Society of Agricultural Engineering, 2009, 25( Supp. ) : 184 ~189. (in Chinese)
SROEHL, Eae, R AF. SETRENIMATRER WN (S A 0 [ 1], DR 41 B2 iR, 2008 ,43 (11)
44 ~47.
Zhang Xianyi, Wang Jinlong, Zhao Honglei, et al. WSN channel fading model analysis based indoor office environment [ J].
Journal of Shandong University;: Natural Science, 2008, 43(11) : 44 ~47. (in Chinese)
JrRE A SO 45 35T RSSIWMBAMIELD]. FE AR 2007, 20(11) 52 526 ~2 530.
Fang Zhen, Zhao Zhan, Guo Peng, et al. Analysis of distance measurement based on RSSI[J]. Transactions of Sensors
Technology, 2007, 20(11) : 2526 ~2 530. (in Chinese)
Li Zhen, Wang N, Franzen A, et al. Development of a wireless sensor network for field soil moisture monitoring [ C] /2008
ASABE Annual Meeting, 2008 .22 ~32.
SRS e, RN, A BT I AL T AR A A M SR R G5 [ 1], AR HU IR ,2010,41 (H§ ) 2257 ~262.
Zhang Chengtao, Tan Yu, Wu Gang, et al. Parameters measurement and control systems of agricultural equipment similarity
based on various wireless transmission modes [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2010,
41(Supp. ) : 257 ~262. (in Chinese)
XUZRLT, JEI A, 5 . Ik O AR e 1 Bk = P S R AR SR R [ )] A AL 4] ,2012,40( 1) ¢ 146 ~ 152.
Liu Donghong, Zhou Jianwei, Mo Lingfei. Applications of internet of things in food and agri-food areas[ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2012, 40(1); 146 ~152. (in Chinese)
INESC, R A R, 55, AR IO AL IRAR M 25 1910 iR O B SB[ )] Al TAES241R,2010,26(8) 1211 ~215.
Sun Yuwen, Shen Mingxia, Zhou Liang, et al. Simulation and realization of farmland wireless sensor networks nodes deployment
[J]. Transactions of the Chinese Society of Agricultural Engineering,2010,26(8) : 211 ~215. (in Chinese)
XV, e R 25 AR, A ST LU TS F) A T3 M 0 A SRR A iR B Tk [ 0] ARl TR 417, 2011,27(8) 1265 ~270.
Liu Hui, Meng Zhijun, Xu Min, et al. Sensor nodes deployment based on regular patterns in farmland environmental monitoring
[J]. Transactions of the Chinese Society of Agricultural Engineering, 2011, 27(8) : 265 ~270. (in Chinese)



