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Abstract The rapid estimation of soil moisture content (SMC) is of great significance to precision agriculture in arid
and semi-arid areas. Using Organ River-Kuqa River delta oasis as research area, we adopt wavelet transform to
realize 1-8 layer wavelet decomposition for reflectance spectrum. The maximum number of decomposition layers is
determined by correlation analysis, nine routine mathematical transformation methods are used for conducting
characteristic spectrum of each layer from original reflectance to maximum number of decomposition layers, and the
correlation analysis between reflectance of soil and SMC is carried out. Waveband with maximum correlation
coefficient is taken as sensitive waveband filtrated from all kinds of transformation of characteristic spectrum of each
layer. Optimum waveband combination is filtrated by grey relational analysis (GRA). SMC prediction model is
developed and analyzed by partial least squares regression. The results show that, with the increase of the number

of decomposed layers, the correlation between soil reflectance and SMC increases and then decreases, and L6 is the
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most significant band at 0. 01 level. In general, the characteristic spectrum of L6 can maximally preserve the

spectral details while denoising, so the maximum decomposition order of the wavelet is 6 order decomposition; In

general, it is shown that the combination of wavelet transform and differential transform can deepen the spectral

potential information and improve the correlation between reflectance of soil and SMC. Comparing the predictive

effects of SMC estimating models, the model based on I.-GRA is much better than others, and it has better

performance in predicting SMC in the study area (root mean square error of calibration is 0. 026, determination

coefficient is 0.710, root mean square error of prediction is 0.030, determination coefficient is 0.965, and residual

predictive deviation is 2.800). It is shown that the combination of wavelet transform and GRA makes it possible to

lose the spectral details as little as possible and remove the noise more completely when the model is established, at

the same time, it can effectively remove the non-information variables.
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# 1 RS SMC e HFE
Table 1  Statistical characteristics of SMC in soil samples
Sample Number of Mean Standard Maximum Minimum oV
set samples value deviation value value
Whole set 39 0.147 0.057 0.339 0.015 0.388
Calibration set 27 0.146 0.050 0.211 0.020 0.342
Validation set 12 0.148 0.084 0.339 0.015 0.568
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Fig. 2 Reconstruction spectra of original spectrum at 1-8 wavelet levels
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Table 2 Correlation analysis between SMC and characteristic spectrum in each level
Maximum positive correlation Maximum negative correlation
Wavelet Number of - -
Correlation Correlation
level sensitive band Band /nm o Band /nm o
coefficient coefficient
L1 393 852 0.610 2350 —0.714
L2 402 854 0.561 2351 —0.620
L3 429 860 0.618 2364 —0.690
L4 486 853 0.619 2363 —0.675
L5 505 849 0.585 2341 —0.648
L6 602 858 0.557 2351 —0.573
L7 278 524 0.458 1985 —0.486
L8 254 438 0.382 1827 —0.431

9 b R R e, BT AR A T SO A B
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Table 3 Maximum correlation between SMC and different mathematical transformation of
characteristic spectrum of each level and position of band
Wavelet

level Variable R lg R 1/R lg(1/R) 1/UgR) R’ (g R)' /R’ [Ig(1/R>]" (1/1g R)'
Band /nm 2229 2244 2190 2243 2165 407 409 407 407 831
Lo r —0.724 0.729 0.584 —0.729  —0.667 —0.728 —0.757 —0.685 —0.739 0.685
Band /nm 2244 2244 2286 2194 2186 407 1199 407 407 1199

L r —0.723 0.728 0.784 —0.728 —0.667 —0.780 —0.762 0.792 —0.792 —0.662
Band /nm 1924 2242 2186 2242 2171 488 768 2155 1417 2147

= r —0.548 0.728 0.583 —0.728 —0.667 —0.686 —0.735 —0.726 —0.699 —0.582
Band /nm 1962 2147 2182 2134 2161 1951 1760 2174 2160 1860

L3 r —0.560 0.762 0.621 —0.762 —0.707 —0.669 0.758 —0.760 —0.682 —0.624
Band /nm 2196 2191 2184 2191 2104 2157 1761 2177 1877 1761

LA r —0.723 0.728 0.582 —0.728 —0.666 —0.680 0.761 —0.757 0.757 —0.602
_ Band /nm 2197 2197 2192 2109 2197 1953 1874 2172 2172 1773

ko r —0.724  0.729 0.583 —0.729 —0.668 —0.725 0.758 —0.746 0.746 —0.597
Band /nm 2144 2136 2201 2140 2107 1441 1780 2262 2262 1780

L6 r —0.722  0.728 0.582 —0.728 —0.665 —0.676 0.753 —0.743 0.743 —0.560

Note: the "band" in the table is the band where the correlation is the largest, "r"

"

is the correlation maximum, and "L0" is a

spectrum that has not been decomposed by wavelet (the rest can be deduced by analogy).
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Table 4 Gray relational analysis of different mathematical transformation of characteristic spectrum of each level
Wavelet
level Item R lg R 1/R  Lg (1/R) 1/lgR R’ (lgR)'" (1/R>' [1g(1/R>] (1/1g R)’
GCD 0.700 0.747 0.819 0.750 0.786 0.806 0.851 0.839 0.775 0.815
L0 Order 10 9 3 8 6 5 1 2 7 4
GCD 0.805 0.858 0.898 0.800 0.799 0.870 0.887 0.955 0.890 0.881
t Order 9 7 2 8 10 6 1 1 3 5
GCD 0.753 0.796 0.824 0.772 0.808 0.868 0.881 0.870 0.831 0.867
L Order 9 8 6 10 7 3 1 2 5 4
GCD 0.759 0.819 0.823 0.755 0.865 0.821 0.916 0.842 0.833 0.887
- Order 9 8 6 10 3 7 1 4 5 2
GCD 0.788 0.800 0.862 0.875 0.809 0.884 0.895 0.893 0.892 0.842
t Order 10 9 6 5 8 4 1 2 3 7
_ GCD 0.745 0.831 0.827 0.803 0.806 0.818 0.881 0.835 0.873 0.867
ko Order 10 5 6 9 8 7 1 4 2 3
GCD 0.770 0.828 0.870 0.779 0.787 0.815 0.903 0.889 0.856 0.816
Lo Order 10 5 3 9 8 6 1 2 4 7

Note: "GCD" is the gray relational degree in gray relational analysis, "Order" is the gray relational rank in gray relational

analysis, and identification coefficient p=0.5.
3.5 SMC RERBEHHESIIE

PUR ARG TS AR AE G35 S H 9 M fla AR i s 5
SMC AH 2 2 85 5 K1 I B CRI AR % B 1 A SMIC
A D B 2 R, SMC i PR 38 L # EE SMC 5
BT, O T HE b R 3 SMC 4 45 )2 R AE G 1% J2 e 9
FhE2E A5 4 5 SMC HEAT K €6 G B 4 B, 9 N L1~
L6 5 J22 Hh sk 5 K €0 DGR B A R 1 i T A A2 A Dy 72

A L-GRA, BK L1-(1/R)' L1-1/R.L2-(lg R)',
L2-(1/R)".L3-(Ilg R)' . 13-(1/1g R)'.14-(Ilg R)' .14~
(1/R)".L5-(lg R)' . L5-[1g(1/R)] . L6-(lg R)',L6-
(1/R)" BT xef g (v SRR gt B A Ay el A5 ipd Bt O A A AL
R HARYESR 5 iy @R YoE R AL AR Y Uy
HR R 22 B0 IFAE P RE FR B0 TR0 349 7 A 152 2 R AH X 43
BT 1R 22 K 43 BT 45 T2 R AE G RS B R RS 1

25 SMC T 45 5

Table 5 Estimation results of SMC
Variable selection Number of Calibration set Validation set
method variable R? € RMSEC R: € RMSEP €RpPD
LO 10 0.750 0.024 0.926 0.045 1.867
L1 10 0.769 0.023 0.912 0.042 2.000
L2 10 0.692 0.027 0.890 0.035 2.400
L3 10 0.748 0.024 0.884 0.033 2.545
L4 10 0.670 0.053 0.875 0.034 2.471
L5 10 0.675 0.028 0.872 0.049 1.714
L6 10 0.672 0.028 0.911 0.032 2.625
L-GRA 12 0.710 0.026 0.965 0.030 2.800
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