’m Check for updates

Journal of Sensor Science and Technology
Vol. 30, No. 6 (2021) pp. 415-419
http://dx.doi.org/10.46670/JSST.2021.30.6.415
pISSN 1225-5475/eISSN 2093-7563

Z2HE 7|t

0
lon
T

A=

0.

1
HI
X

1 =2
ul' - FolE’

A

S|+
Ul

Lzl -

Refractive index-based soil moisture sensor

Eun-Seon Sim', Su-Bin Hwa', Ik-Hoon Jangz, Jun-Hee Na®, and Min-Hoi Kim""

Abstract

We developed a highly accurate, yet inexpensive, refractive index (RI)-based soil moisture sensor. To detect the R1, a light guide was
set with a light-emitting diode and photodiode. When the air fills the space between the soil particles, most of the incident light is
reflected at the interface between the waveguide and the air because of the large RI difference. As the moisture of the soil increases,
the macroscopic soil RI increases. This allows incident light to pass through the interface. The intensity of the light reaching the pho-
todiode was simulated according to the change in the soil RI. Using the simulation results, we designed and manufactured a curved glass
waveguide. We evaluated the performance of the Rl-based soil sensor by comparing it with a commercially available, high-cost and
high-performance time-domain reflectometer (TDR). Our sensor was 96% accurate, surpassing the costly TDR sensor.

Keywords : Soil moisture sensors, Refractive index, Total reflection.
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Fig. 1. Schematic diagram of refractive index-based soil moisture
sensor operation.
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Fig. 2. (a) U-shaped optical waveguide. (b) EC-5 Sensor. and
(c) sensor system with driving circuit and microcon-
troller.
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Fig. 3. Optical simulation; (a) in contact with air (b) in contact with
water. (c) Relative intensity of received optical power mon-
itored with increasing refractive index.
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Fig. 4. (a) Moisture content and relative light quantity data
measured for 30000 minutes. Red arrow indicates the
water supply. (b) Moisture content monitored by rel-
ative light power.
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