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Abstract: [Objective] The aim of this study was to find the reflection law of Vis-NIR spectra of different soil texture types in
red soil region, and to quickly and accurately predict the soil texture type by the spectrum. [Method] Taking the north of Fengxin
County in Jiangxi Province as the research area, 245 soil samples were taken as the research objects. Under the 4 groups and 12
levels of international soil texture classification standards, the spectral reflectance of different soil texture types was analyzed first,
then the data mining models combining 9 mathematical transformation methods and 5 machine learning algorithms were used to
classify the soil texture, and finally analysis of the confusion matrix with the highest modeling accuracy and the triangular coordinate
distribution map of prediction results. [Result] (1) There were many overlaps and overlaps in the spectral reflectance between
different soil textures, and the law between the soil texture and the spectral reflectance was more complicated. (2) Fractional
derivative transformation was an extension of the integer derivative, which was helpful for the classification of soil texture, but the

original spectral data had more abundant feature information and was more suitable for the classification of soil texture. (3) Both

ks BEA: 2020-02-22; $#EZ HHEE: 2020-03-18
BEEWH: EKARFAIEESTH (41361049 « FxRE A& HRITHE (2017YFD0301603)
BEZEAR: B5E, E-mail: zhongliang1007@163.com. A5/EF HEEL, E-mail: xigd35@163.com



4450 goE kW R % 53 %

ensemble learning methods and neural network methods were good choices when modeling unbalanced data sets. (4) It was difficult
to distinguish the categories near the boundary of soil texture by using the model. Among them, clay loam group was the most likely
to be predicted wrongly under the four classification standards, and clay loam and loamy clay were the two most likely to be
predicted wrongly under the 12 classification standards. (5) Among the four groups of classification standards, the highest prediction
accuracy (at 0.68) was obtained by the combination of normalization treatment and MLP model, and the prediction accuracy of clay
loam group could reach 0.84. After subdivision to 12 levels classification, the best classification result came from combination of

original data and MLP model, and the classification accuracy of loamy clay was 0.89. [Conclusion] The results of this study could

provide a reference for soil texture classification by using hyperspectral data.
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Table 1 Statistical results of soil texture
4 4153k 12 %533k A WIZRREA IEREA
4 groups of classifications 12 levels of classifications All samples Training samples Validation samples
141 WL Sandy loam 29 21 8
Loam group Bt Loam 9 6 3
FE+A %%+ Sandy clay loam 22 16 6
Clay loam group Fi+t Clay loam 81 60 21
Fib gL Silty clay loam 16 12 4
it FbiiE L Silty clay 13 9 4
Clay group B JTF 1 Loamy clay 75 56 19
#it Total 245 180 65
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Table 2 Accuracy comparison of four groups of soil texture classification by nine data processing and five models

Method SVM DT AdaBoost RF MLP
R 0.63 0.60 0.63 0.60 0.65
Normalization 0.57 0.54 0.63 0.60 0.68
Standardization 0.60 0.55 0.63 0.60 0.62
FOD (0.5) 0.65 0.52 0.55 0.58 0.66
FOD (1) 0.52 0.55 0.62 0.55 0.63
FOD (1.5) 0.57 0.57 0.60 0.65 0.65
FOD (2) 0.54 0.57 0.60 0.60 0.63
ILR 0.51 0.58 0.63 0.63 0.63
LDR 0.52 0.58 0.58 0.55 0.62
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Table 3 Normalization and MLP model confusion matrix
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Table 4 Accuracy comparison of soil texture classification of twelve levels by nine data processing and five models

Method SVM DT AdaBoost RF MLP
R 0.48 0.46 0.52 0.51 0.55
Normalization 0.49 0.48 0.49 0.51 0.52
Standardization 0.46 0.48 0.51 0.51 0.52
FOD (0.5) 0.48 0.46 0.43 0.42 0.51
FOD (1) 0.40 0.42 0.48 0.46 0.49
FOD (1.5 0.43 0.49 0.49 0.49 0.51
FOD (2) 0.42 0.42 0.46 0.48 0.49
ILR 0.45 0.49 0.51 0.46 0.49
LDR 0.40 0.46 0.49 0.48 0.49

x5 JRIAEIEFN NP fRBREBEEMG
Table 5 Raw data and MLP model confusion matrix

12 Zior2k W+ Bt
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gL WL R BmEt A

12 levels of classifications Sandy loam Loam Sandy clay loam Clay loam  Silty clay loam Silty clay Loamy clay  Total
b JitHE 1 Sandy loam 3 0 0 3 0 1 1 8
Hi 1 Loam 1 0 0 2 0 0 0 3
b A+ Sandy clay loam 0 0 1 2 0 1 2 6
FIE L Clay loam 1 0 0 14 0 3 3 21
Wb iR Silty clay loam 0 0 0 4 0 0 0 4
¥ gL Silty clay 0 0 0 2 0 1 1 4
HeJiiZh 1 Loamy clay 0 0 0 2 0 0 17 19
it Total 5 0 1 29 0 6 24 65
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Fig. 6 Raw data and MLP model prediction result distribution
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