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Abstract

This study was conducted to design an cone penetrometer type impedance sensor that could measure soil water content

in realtime. The best width between electrical probe was determined as 5 mm. For optimization about realtime application

device, linear regression analysis was applied between soil water content and impedance signal. It was concluded that proper
combination of excitation frequency, impedance parameter, and model would provide acceptible performance of a soil waler
content sensor. Best model was obtained at a 36.5 MHz with | Z| as a predictor variable, with a coefficient of determination

of 0.96 (RMSE=1.35, RPD=4.98).
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Table 1 Specification of the soil samples used in the experiment (Lee et al., 2008)

Room temperature Room humidity Soil particle size Range of soil water content No. of sample
24T 55% 025-0.5 mm 4-22% 43
medium sand

Table 2 Specification of the E4991A RF impedance analyzer and description for parameters obtained with the impedance analyzer

Model name Frequency (Hz) Basic impedance accuracy
E4991A 1M ~3GHz + 0.8%
Parameter descriptions
|Z| Impedance absolute value Ix Real part of reflection coefficient
& Impedance phase ¥y Imaginary part of reflection coefficient
R Resonance resistance Cp Equivalent parallel capacitance
X Equivalent series reactance Cs Equivalent series capacitance
|Y] Absolute value of admittance Lp Equivalent parallel inductance
& Phase of admittance Ls Equivalent series inductance
G Equivalent parallel conductance Rp Equivalent series resistance
B Equivalent parallel susceptance Rs Equivalent parallel resistance
r Reflection parameter D Loss coefficient
Gy Phase of reflection parameter [¢] Q value
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Fig. 1 16094A probe supplied from the manufacturer of the im-
pedance analyzer.

(1): 05 mm
(2):10 mm
(3):15 mm

Fig. 2 Design of the probe for measuring water content in soil (A:
electrodes, B: insulator parts).
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Table 3 List of model function for linear regression analysis

Regression model
Model Predictor Response
description Model function signal signal
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Fig. 3 Plots of impedance response signal with respect 16094A probe.
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Fig. 4 Plots of impedance response signal with respect to designed
probe.
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Fig. 5§ Plots of regression coefficient from 3 regression analysis
between impedance(|/Z]) and water content.
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Table 4 Summarized results of linear regression analysis with Agilent (16094A)
R? (paramcater)T Regression model
Frequency (MHz) Linear Poly2 Poly3 Exp(x) 1/x
20 0.95 (YD) 0.98 (B) 0.99 (B) 0.99 (B) 0.95 (1Z))
40 0.95 (Y] 0.98 (B) 0.99 (B) 0.99 (B) 0.95 (X)
60 0.95 (R) 0.98 (B) 099 Ty) 0.99 (B) 0.95 (X)
80 0.94 (I") 0.98 (B) 0.99 (I'y) 0.99 (B) 0.94 (X)
Table 5 Summarized results of linear regression analysis with designed probe (5 mm)
R? (parameter) Regression model
Frequency(MHz) Linear Poly2 Poly3 Exp (x) 1/x
20 0.89 (Ls) 0.95 (X) 0.96 (Cp) 0.93 (Rs) 0.89 (Cs)
40 0.95 (12) 0.97 (Q) 0.97 (Rp) 0.97 (Q) 0.95 (YD
60 0.87 (Ls) 097 (I'y) 0.97 (I'y) 0.90 (R) 0.88 (Cs)
80 0.86 (Ls) 0.93 (Ls) 0.93 (Ls) 0.88 (Rp) 0.86 (Cs)
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