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Measurement of Soil Moisture Content Using RF Impedance in the
Range of 1 to 30MHz

A " T L

Kim, Ki Bok :Lee, Nam Ho -Noh, Sang Ha

Abstract

This study was conducted to measure the moisture content of soil using RF impedance in
the range of 1 to 30MHz. Considering the water potential flow in the soils, two types of sen-
sor such as parallel cylinder and perpendicular plate type were fabricated and tested. The ca-
pacitance and resistance of sensors for soil samples having moisture content range of 2 to
27% were measured by Q-meter(HP4342). The higher soil moisture content was and the
larger soil bulk density was, the more the capacitance of sensors increased. To eliminate the
effect of bulk density on measuring soil moisture content using RF impedance, two kinds of
model having the density independent functions such as the ratio of capacitance change to
conductance change and weight of water and dry soils respectively were developed and esti-
mated by regression analysis.
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Fig. 1. Grain size distribution curve of soils
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Table 1. Capacitance of sensors in frequency
range of 1.0 to 30MHz.

Frequency(MHz) | 1|5 [10] 152030

Parallel .
af‘a ¢ 4.514.4/14.6/14.78/4.213.95
cylinder

Capacitance

dicul
(pF") | Perpendicular|, 1o\ 16516 1 |5.9/5.7
plate
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Table 2. Regression analysis expressing relationship between the ratio of capacitance change to con-
ductance change of each sensor and moisture content of soil samples at different frequencies

Regression coefficients

Item Model R
a b c
borallel ovlind I : MC(%)=axDIF(5)+b 20.3007 | 23.1542 0.917
araliel eymneer | 1 s MC(%)=axDIF(5) +bxDIF(10)+¢ | -0.4735 | 0.1991 | 20.5298 | 0.928

type sensor

I : MC(%)=axDIF(5)+bxDIF(20)+¢ | -0.3616 | 0.0970 | 21.2648 | 0933
Perpendioular NV : MC(%)=a x DIF(10) +b 0.6537 | 5.6922 0.944
e op| V1 MC(%)=axDIF(10) +bxDIF(20) +c | 0.8885 | 02508 | 56180 | 0.945
plate typ VI : MC(%)=axDIF(10) +bxDIF(30)+c | 0.8279 | -0.2145 | 56199 | 0.945

*DIF (1) stands (Cm-Ca)/Gm—Ga) at i MHz.
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Fig. 7. Relation between measured moisture
content and predicted moisture content
by model V
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Table 3. Regression analysis expressing between the capacitance of each sensor and weight of water

and dry soils at different frequencies

Item Model

Parallel cylinder

type sensor

_— Ch)=axWd+bxWw+c
Perpendicular

plate type sensor

Frequency‘ Regressilon coeffiae[nts R
a , b j c -
5 MHz 0.1760 0.4131 | -22.8222 0.983
10 MHz | 0.1143 0.4560 | -14.2124 | 0.979
20 MHz | 0.0468 0.0399 -2.3334 0.981
5 MHz | 0.0410 0.3568 -3.0210 | 0.974
10 MHZ 0.0254 0.3041 0.0183 0.976

*C(1) stands capacitance(pF) at 1 frequency.
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