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Experiment of Propagation Characteristics Based on Different Frequency
Channels of Wireless Underground Sensor Network in Soil
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Abstract; To explore wireless underground sensor network ( WUSN ) node deployment, signal
transmission and the channel characteristics in the soil, the relationship among radio frequency signal
propagation characteristics of AG — UG, UG — AG and UG — UG communication mode under wireless
channel and node burial depth, horizontal inter-nodes distance and soil water content were studied with
240, 433 and 868 MHz carrier frequency for configuring wireless underground sensor networks in the soil.
The experiment demonstrated that the maximum and minimum determination coefficient R* of 24 models
for goodness of fit were 0. 997 and 0. 910, respectively, which was the effect of node burial depth and soil
water content on RSSI and BER in AG — UG and UG — AG communication. And that maximum and
minimum R of 12 models for goodness of fit were 0. 971 and 0. 866 , respectively, which was the effect of
horizontal inter-nodes distance and soil water content on RSSI and BER in UG — UG communication.
Besides, three-dimensional surface of RSSI was built with frequency of 433 MHz, which could reflect the
exact wireless signal propagation characteristics in the soil environment, and the model verification

experiment was conducted through SPSS software. In the AG — UG and UG — AG communication, the
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minimum R® of goodness of fit was 0. 954, the maximum was 0. 998, and root mean square error was in

the range of 0. 729 ~3. 198 dBm. In the UG — UG communication, the minimum R* of goodness of fit was

0. 854, the maximum was 0. 960, and root mean square error was in the range of 3. 238 ~6.553 dBm.

Validation results showed that the model could better predict the received signal strength in different

communications. The results can provide technical support for building of wireless underground sensor

network system in the soil.
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868 AG-UG 0.973 0.945
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T KA % WA R 17 R B 2 /dBm
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15 0.983 1.872
20 0.985 1.987
25 0.992 1.415
30 0.979 2.139

x5 UG-AGEBEHRAALESKELINHES
MNERTEEROUSREMBFTIRIRE
Tab.5 R’ and root mean square error between measured
and computed data at different soil water contents

in UG — AG communication

EHEAKE/ % BAMLE R B R iR/ dBm
5 0. 963 2.906
10 0. 995 1.072
15 0. 984 1.966
20 0. 998 0.729
25 0. 994 1.223
30 0.979 1.987
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Effects of horizontal inter-nodes distance on

RSSI and BER

—+-240MHz RSSI

- 433MHZRSSI 5 40MHZ BER 4 1.0

50
{ -a-868MHz RSSI —-433MHz BER | 0.9
—60 —+—868MHz BER |
0.8
g .
35 70 107
= 10.6 Ei-
= ‘
) {0sE
] oo
ﬁ A
= -9 1os
i
o 02
40.1
-110 0
5 10 15 20 25 30
TIEEIKFE%

12 e K S0 Bl £ 5 0 5 AR A 2 1 22 TR
Fig. 12 Effects of soil water content on RSSI and BER
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Tab.6 R’ in the effect of horizontal inter-nodes

distance on RSSI and BER

R R/ W55 s B LA PRIE S0
MHz B R? R?
240 0. 894 0.971
433 0. 866 0. 958
868 0. 970 0. 967
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Tab.7 R’ in the effect of soil water content

on RSSI and BER

RS/ M e RS R A R R RIS R E R

240 0.903 0.870
433 0.932 0. 887
868 0.923 0. 966
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Fig. 13 Curved surface of RSSI in UG — UG

communication
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Fig. 14 Comparison between computed and measured RSSI
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Tab.8 R’ and root mean square error between

measured and computed data at different soil water

contents in UG — UG communication

EHE KR % WAE R )5 iR 22/ dBm
5 0. 854 6.553
10 0.932 4.390
15 0.939 4.063
20 0.955 3.463
25 0. 950 3.708
30 0. 960 3.238
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