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Soil Water Content Measurement Technology Using Hyperspectral Visible
and Near-Infrared Imaging Technique
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Abstract

In this study, a simple method to estimate the soil water content variation in a wide area was proposed using
hyperspectral near-infrared images. The reflectance data of a sand, granite soils, and a kaolinite were measured by
reflecting the soil samples with different wavelengths in the visible and near-infrared (VNIR) regions using hyperspectral
cameras. The measured reflectances and parameters were used to build a water content prediction model using the Partial
Least Square Regression (PLSR) analysis. In the water content prediction model, the Area of Reflectance (Near-infrared,
NIR) parameter was the most suitable parameter to determine the water content. The parameter was applicable regardless
of the soil type, as the coefficient of determination (R?) exceeded 0.9 for each soil sample. Additionally, the mean
absolute percentage error (MAPE) was less than 15% when compared with the actual water content of the soil. Therefore,
the predictability of water content variation for soils with water content lower than 50% was confirmed. Accordingly
through this study, the predictability of water content variation in several soil types using the hyperspectral near-infrared
images was confirmed. For further development, a model that incorporates soil classification would be required to improve

the accuracy of the model and to predict higher range of water contents.
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(b) Granite soil (Mt.Umyeon)

(e) Granite soil (Mt.hwangryeong) (f) Kaolinite
2ZEY OIS B
=5 ﬂ‘i“iﬂk
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Fig. 2. RGB image of (a) Jumunijin sand, (b) Granite soil (Mt.Umyeon), (c) Granite soil (Mt.Guryong) (d) Granite soil (Mt.Daemo) (e) Granite
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soil (Mt.hwangryeong) (f) Kaolinite samples
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Sample name Specific Coeff. of Coeff. of Water content Dry unit weight
p gravity uniformity curvature (%) (kN/m?)
Jumunjin sand 2.65 1.39 7.76 6.5 13.6
Granite sail
(Mt.Umyeon) 2.95 10.73 0.79 27 13.15
Granite sail
(Mt.Guryong) 2.5 5.09 1.62 21 12.0
Granite soil
(Mt.Daemo) 2.4 12.86 1.20 23 12.0
Granite soil 26 - . 5 4
(Mt.Hwangryeong) ‘ : . .
Kaolinite 2.57 - - 5 16.4
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Table 2. Water content of 66 samples

Sample name

Weight of soil (g)

Weight of water (g)

Water content (%)

56.19 0 0
56.19 2.83 5.0
56.19 5.64 10.0
56.19 7.75 13.8
56.19 8.48 15.1
Jumunjin sand 56.19 11.47 20.4
56.19 14.38 25.6
56.19 16.51 29.4
56.19 20.3 36.13
56.19 22.52 40.08
56.19 27.38 48.70
24.74 0 0
24.74 1.05 4.2
24.74 2.33 9.4
24.74 3.36 13.6
Granite soil 24.74 4.78 19.3
(Mt.Urnyeon) 24.74 5.39 21.8
24.74 6.27 25.3
24.74 9.57 38.7
24.74 11.01 44.5
24.74 12.89 52.1
24.74 13.56 54.8
34.27 0 0
34.27 1.47 4.3
34.27 2.81 8.2
34.27 5.41 15.8
Granite soil 34.27 7.95 23.2
(Mt.Guryong) 34.27 10.21 29.8
34.27 12.13 35.4
34.27 13.74 40.1
34.27 15.83 46.2
34.27 17.27 50.4
34.27 20.15 58.8
33.14 0 0
33.14 1.86 5.6
33.14 3.94 11.9
33.14 5.57 16.8
Granite sail d3.14 7.13 21.5
(Mt.Daemo) 33.14 9.08 27.4
33.14 11.17 33.7
33.14 12.99 39.2
33.14 13.38 43.4
33.14 16.87 50.9
33.14 19.09 57.6
30.79 0 0
30.79 1.45 4.7
30.79 2.52 8.2
30.79 4.86 15.8
Granite sail 20.79 7.14 23.2
(Mt.hwangryeong) 30.79 8.87 28.8
30.79 10.90 35.4
30.79 12.90 41.9
30.79 14.23 46.2
30.79 16.50 53.6
30.79 18.10 58.8
23.00 0 0
23.00 1.50 6.5
23.00 2.45 10.7
23.00 3.40 14.8
23.00 4.54 19.7
Kaolinite 23.00 5.63 24.5
23.00 6.87 29.8
23.00 7.76 33.7
23.00 8.97 39.0
23.00 11.23 48.8
23.00 13.57 59.0
Tz 2HM g4 D=2 0188t ]2 &=l EF Jls 55
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Fig. 13. Measured versus predicted water content using Area of reflectance (Near-infrared)
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