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Few studies have investigated soil management policy and soil erosion measurement, whereas the occurrence of
climate change requires the establishment of robust soil management systems and appropriate control of soil ero-
sion. In this study, we developed a smart sensor for real-time quantitative measurements of soil erosion at the
watershed scale. The smart sensor consists of an ultrasonic sensor, a rainfall meter, a solar cell, an RTU (remote ter-
minal unit),and a CDMA (code division multiple access) and it was programmed to take a measurement every 30
minutes. The depths measured by the smart sensor were compared with data from terrestrial LIDAR. Experimental
results showed a strong correlation in the depth of soil erosion between LiDAR and the ultrasonic sensor for the
period from 22 August to 11 October 2013. Furthermore, the correlation coefficient between soil erosion depth
(mm) and soil erosion volume (m®) was 0.9063 in the lower region of the watershed and is 0.9868 in the upper
region. The proposed ultrasonic sensor technique can provide high-quality data for soil conservation and manage-
ment systems in the future.
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Fig. 1. Test bed for monitoring soil erosion.

Table 1. Physical properties of the study area.

. Slope Water Specific Density Ground No.
Geology Size (°) |content (%)| gravity (t/m®)  |water level (m) 200 (%) Ce Cu
Granite | 3\ i6m | 5 125 2.68 1.462 1.8 13 1.54 | 15.90
weathering soil
Transmitted Pulse
Transmitted Reflected Echo
Waveform
Amplified
Echo
TRANSMIT
WAVEFORM RECEIVER THRESHOLD
GENERATION AMPLIFIER CIRCUIT
Time of
Reception
—>| TIMER -—
Time of Transmission i
Time of Flight

Fig. 2. Typical structure of the ultrasonic sensor.
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Sensor

RTU & CDMA

Fig. 3. Schematic figure and photographs of the soil-erosion monitoring device.

Table 2. Soil erosion of each unit considering rainfall.

Rainfall 0 05| 1 [15] 2 ]25|3 |35| 4 |45| 5 |55]|65]|75]|85]30] 33
(mm/h)
Unitl1 | 6 | 2 |1 |1 ]| 22311 ]o05[5 a1 ]a]1]15]1
Soil Myunit2 | 0 | -8 | -8 [55] 8 [-115]-12] 15|10 [-15] 28 [-12] 10|19 [-12] 7 | -8
erosion
(mnm) | Unit3 [ 15 [ 10 [ 10 [ 14 [105[ 9 | 14 9 1| 14 5 |29 [ 10
Unit 4 | 48 | 71| 74 |34 |77 |74 |77 2 | 2 |57 2 |77 8 | 4 |-77] -66 | -77
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Fig. 4. Change in the Pattern of soil erosion after a rainfall
event, and a cross-section used for erosion measurement.
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Fig. 6. Correlation of soil depth derived from ultrasonic
sensor and LiDAR.

Table 3. Estimated soil depth and soil erosion.

Date Soil depth (mm) | Soil erosion (ton/ha/yr)
2013/09/11 5.45 259
2013/09/24 6.06 17.2
2013/10/08 7.88 15.7
2013/11/02 12.12 15.9
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