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Simulation and Experiment on Soil Moisture Profile Sensor Probe

YAN Hua'? XING Zhen'? XUE Xuzhang'? WANG Lichun'?
(1. Beijing Research Center for Information Technology in Agriculture, Beijing 100097 , China
2. Key Laboratory of Agri-informatics, Minisiry of Agriculture, Beijing 100097, China)

Abstract; In order to accurately grasp soil moisture content information, the problem of real-time
observation of soil moisture change in different crop root areas under farmland environment is difficult to
observe. The structure of probe was researched and analyzed in detail by modeling simulation analysis,
and the optimal sensor structure was determined through experimental verification. Through establishing
the trace amount planar capacitance probe two-dimensional model, the influence of change of sensor
probe structure on the change of electric field intensity and the capacitance value around the trace amount
planar capacitance probe was analyzed by using the finite element analysis, and then the probe structure
was determined. The sensitivity and the detecting depth of the probe was optimal when the outer diameter
of the probe copper ring electrode was 40 mm, the inner diameter was 38.4 mm, the axial length was
20 mm, and the axial spacing was 15 mm. The sensor probe can be applicable to various types of soil
moisture measurement. The measurement accuracy reached =+ 1.42% with better stability and
consistency. The results showed that the sensor probe can be designed according to the actual
measurement depth and satisfy the soil moisture measurement requirements of the root zone of different
crops.

Key words: soil; moisture sensor; probe; profile; simulation; experiment
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Tab.1 Capacity values of micro-scale planar capacitance

of probe for different values of a/b and ¢ pF

&

3.2 6.3 10.2  16.8 20.3 25 43.6
0.5 74.3 107.1 149.0 220.5 258.6 309.8 513.0
1.0 90.0 129.7 180.2 266.3 312.0 373.6 617.7
1.5 99.8 143.6 199.2 293.8 344.2 411.9 680.3
2.0 107.9 154.9 214.5 315.8 369.7 442.2 729.2
2.5 116.2 165.2 227.6 333.5 389.9 465.7 766.3
3.0 118.5 169.6 234.2 343.9 402.1 480.5 790.9
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Tab.2 Adjacent capacity differences of micro-scale

planar capacitance of probe pF
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Fig. 12 Test results of sensor probe stability

2.2.3  fRiRdg— sk

— B A A 1 AR RR AR AR, R AP RY— 2L
4PN B ) & i R e S ST IR 1 <O 798
HI T A SCHITSE 9 1 S e I 1h 22 16 TR 1 K 4145
B, — SO A JC O T B SR AR E MR IR BT

) - SR i, BE LA 3 A2 AR 4R Sk, X B4 £ 1
FEahI B S W, K BR e R fe/ME, SR A BOF B
# 3 MR L — B e 25 2R, R X s AT
AL S AR ) B R A AL 1O 157 %, Ul T AR I A 4R
K HA R — 2k

®3 EEBRLIESAERRBER

Tab.3 Test results of sensor probe consistency %

LTS it
1 2 3
1 8.05 7.76 8.28
2 14.03 13.58 13.07
3 21.96 21.18 22.16
4 26. 80 25.23 25.76
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Fig. 13 Locations of sensors embedded and sampling points
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Tab.4 Comparison of moisture results obtained by standard drying method and soil moisture profile sensor %
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