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Inversion of Soil Moisture Content Based on Multispectral Remote
Sensing of UAVs
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Abstract: To get the soil moisture of the large scale rapidly and the best monitoring depth in bare soil by
UAYV multispectral remote sensing technology the clay loam soil was prepared into two different depths
(5 ¢cm and 10 ¢cm) and the soil moisture ranged from 3% to 30% of the different samples. The UAV was
equipped with a Micro-MCA multispectral camera to monitor the soil samples at 3 p. m. for three
consecutive days. The soil spectral reflectance values of six bands (490 nm 550 nm 680 nm 720 nm

800 nm and 900 nm) were collected. The surface moisture content ( about 1 cm) and overall moisture
content of soil samples of two different depths were also measured. The regression models between soil
moisture and the reflectance of different bands were established by the regression methods of partial least
squares regression stepwise regression and ridge regression. Quantitative relationship was analyzed of the
regression modes and the methods. The results showed that the three regression models had statistical
significance ( P < 0.001) for predicting soil moisture content. The accuracy evaluation of the model
through the validation set showed that the stepwise regression model had good prediction ability ( R* were
0.775 0.764 0.798 and 0. 694 RMSE were 0. 028 0.042 0.037 and 0. 038 and RPD were 2. 22

2.04 2.20 and 1.75) followed by ridge regression method and partial least squares method. The
regression models of the surface soil had good inversion effect in monitoring depth. The inversion effect
was decreased as the increase of monitoring depth. The relationship between the soil moisture and the
wavelength of 720 nm 680 nm and 550 nm band was better among the six bands. The results showed that
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the best regression method was stepwise regression method and the best monitoring depth was the surface
layer ( about 1 cm) of the soil samples. The research result can provide reference for the rapid monitoring
of soil moisture in the area by using multispectral remote sensing of UAVs and promote the further
development of precision agriculture.

Key words: soil moisture content; multispectral remote sensing; UAV; regression analysis; stepwise
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Fig.5 Relationship curves of soil spectral reflectance with moisture content
5 15: 00 1 S5cm
6 Tab.1 Spectral correlation coefficient matrix of 5 cm
3 29 3 30 3 31 thickness flowerpot soil sample
1 2 3 4 5 6
0.14 ~0.27.0.13 ~0.28 0.10 ~0. 18
1 1 0.96 0.97 0.94 0. 96 0.90
° 2 0.96 1 0.97 0.98 0. 96 0.93
3 0.97 0.97 1 0.97 0.99 0. 86
4 0.94 0.98 0.97 1 0.97 0.89
¢ 3( ) 1 ( ) 5 0.96 0.96 0.99 0.97 1 0. 87
° 6 0.90 0.93 0. 86 0.89 0. 87 1
31-33
2.2 2 10 cm
: Tab.2 Spectral correlation coefficient matrix of 10 cm
thickness flowerpot soil sample
° 1 2 3 4 5 6
1 1 0.96 0.93 0.92 0.97 0. 86
2 0.96 1 0.97 0.94 0.96 0.82
3 0.93 0.97 1 0.95 0. 96 0.76
4 0.92 0.94 0.95 1 0.95 0. 68
H-3 6 5 097 09 0.9 0.95 1 0.79
6 0. 86 0.82 0.76 0. 68 0.79 1
35
( VIF) 6 2
2.2.1 0
SPSS 22.0 5 cm 6 R 0.8
10 cm 6
1 2, VIF °
2 R 1 2 2.2.2
o 0.9 SPSS 22.0 2
0.8 3,
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3 VIF
Tab.3 Spectral variance expansion factor VIF statistics
of flowerpot soil samples .
5 em 10 ¢cm .
VIF VIF
1 0.043 23.193 0.029 34.519
2 0.015 66. 926 0.035 28.57 3
3 0.012 80. 134 0. 047 21.368 > °
4 0. 021 47.054 0. 058 17. 105 2.3
5 0.017 57.51 0. 027 36. 447 SPSS 22. 0 DPS 7. 05
6 0. 081 12.318 0. 163 6. 154
3 29 —31 3d 2/3
VIF 10 1/3 o
5 cm 10 cm
35 VIF 60 30 ( 4) . 3
10 cm 6 VIF 10 ~ 5 °
VIF 10, 6 5 4
4
Tab.4 Statistical characteristics of soil moisture content
1% 1% 1% /% 1%
90 1.20 35.65 6. 54 8.43 129
5 cem (1 cm) 60 1.20 34.55 6.55 8. 60 131
30 1.35 35.65 6.51 8.20 126
90 1.33 27.90 10. 97 6. 46 59
5 em 60 1.33 27.90 10. 88 6. 60 61
30 2.18 27. 61 11.15 6.28 56
90 1.23 38.43 7.46 9.14 122
10 ecm (1 cm) 60 1.23 38.43 7.59 9. 36 123
30 1.39 35.35 7.20 8. 80 122
90 1.87 29. 36 13. 60 7.20 53
10 cm 60 1.87 29. 36 13. 54 7.28 54
30 2.19 29.32 13.70 7.14 52
5 3
Tab.5 Results of three regression models of different band reflectivity factors
R? F P
5 cm (1 cem) Y=-0.21X, -0.92X, -0.62X; +0.88X, +0.01X5 +0. 56X, +0.42 0.802 61.35 <0.001
5 cm Y=0.67X, -0.65X, -0. 13X; +0.41X, -0.30X5 -0. 03X4 +0. 36 0.725 27.59 <0.001
10em  (1cm) Y=0.16X, =0.94X, — 1. 11X, +0. 88X, +0. 24X, +0. 42X, +0. 63 0.799 36.33 <0.001
10 cm Y=1.67X, -0.50X, —0.94X; +0. 52X, +0.34X; -0. 53X, +0.75 0.753 13.94 <0.001
5 c¢m (1 cm) Y=-0.68X, -0.79X, -0.63X; +1.09X, +0.62 0.833 68.62 <0.001
5 e¢m Y= -0.78X, +0. 59X, -0. 25X5 +0. 38 0.761 59.46 <0.001
10 ecm (1 cm) Y=-0.51X, -1.03X; +0. 80X, +0.75 0.824 47.99 <0.001
10 cm Y =0.39X, - 1.20X; +0. 53X, +0. 67 0.757 20.28 <0.001
S5em (1cm) Y= —1.00X, —0. 82X, +1.22X, +0. 64 0.829 42.42 <0.001
5 cm Y=-0.08X, -0. 17X, +0. 02X; -0.35X, +0.39 0.684 35.32 <0.001
10 em (1 cm) Y=-0.69X, - 1.22X; +0.76X, +0.50X5 +0.78 0.807 30.57 <0.001
10 cm Y=0.81X, -0.57X, —1.02X; +0. 62X, +0. 66 0.716 11.22  <0.001
1Y VX 1 Xy 2 3 v Xy 4 y Xs 5 s Xg 6
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Tab.6 Comparison of predicted and measured soil moisture contents under different modeling methods
R? Rysp Rp)
5 cm (1 cm) 0.742 0. 029 1.99
5 cm 0. 747 0.043 1. 81
10 ecm (1 cm) 0.743 0. 040 1. 80
10 ecm 0. 681 0. 044 1.74
5 em (1 cm) 0.775 0.028 2.22
5 cm 0.764 0. 042 2.04
10 ecm (1cm) 0. 798 0. 037 2.20
10 ecm 0. 694 0.038 1.75
5 cm (1 cm) 0. 744 0. 028 2.08
5 cm 0.762 0.043 1. 84
10 ecm (1 cm) 0.772 0.043 2.15
10 cm 0. 634 0. 042 1.58
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