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Spectral Detection of Chromium Content in Desert Soil
Based on Fractional Differential

WANG Jingzhe'> TASHPOLAT:-Tiyip'> ZHANG Dong'”’
(1. College of Resource and Environment Sciences, Xinjiang University, Urumgi 830046, China
2. Key Laboratory of Oasis Ecology, Ministry of Education, Xinjiang University, Urumgqi 830046, China)

Abstract; To solve the problem in prediction of soil heavy metal content at trace levels by hyperspectral
data and improve the accuracy of prediction in soil chromium (Cr) content, fractional order differential
algorithm was brought in to preprocess hyperspectral data. With 168 samples of soil taken from the open
coalmine area in Eastern Junggar Basin, China, the soil heavy metal Cr contents and the reflectance of
these samples were measured by indoors experiments. The hyperspectral data were preprocessed by using
fractional order differential algorithm, all of the wavelengths among 401 ~2 400 nm were used to calibrate
the hyperspectral estimation models of soil Cr content by partial least squares regression ( PLSR) and the
predicted values were used in visualization analysis. Finally, the possibility of prediction of chromium
content in soil with hyperspectral data preprocessed by fractional differential in coalmine area was
discussed. The results showed that fractional order differential model of the raw reflectance and the
absorption rate transform both achieved the best performance at the 1. 8-order derivative. Among all of the
models through fractional order differential preprocessing, the model based on 1. 8-order derivative of
absorbance transform (RMSEC was 7. 68 mg/kg, R’ =0. 83, RMSEP was 8. 39 mg/kg, Ri =0.78 ,RPD
was 2. 14) was much better than others, and had better performance in predicting Cr content in desert
soil. Then the spatial distribution of the actual Cr content and its estimation values in soil of the study
area were obtained by inverse distance weighted (IDW ) algorithm. Moreover, the spatial distributions
showed the same trend. The results showed that quantitative inversion of soil Cr content and the spatial
distribution of large scale were feasible by this method. This research would provide scientific basis and
technical support for the application in monitoring heavy metal contamination by hyperspectral data.
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Fig.1 Location of study area and sampling points
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Fig.2 Spectral reflectance of soil samples after smoothing
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Tab.1 Descriptive statistics of soil organic matter and Cr content
28 fR/ME PN - (H PRfEDR2E  FRifEf 2 i £ U J3E GEasicl
HHUEE R/ (g kg™") 0.26 95.90 6.35 0.78 10. 15 5.19 37.54
AR/ (mg-kg™") 14.31 110. 07 53.67 1.41 18.32 0.11 0.12 49.30
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Fig.3 Spectral reflectance of soil samples with

different Cr content levels
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Tab.2 Assessment statistics for modeling and predictions

of raw reflectance model by partial least squares regression
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0.4 0.03 18.38 0.02 17.79 1.01
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0.8 0.12 17.53 0.01 17.92 1.00
1.0 0.13 17. 40 0. 05 17.50 1.03
1.2 0.18 16.89 0. 06 17.45 1.03
1.4 0.21 16.53 0.08 17.24 1.04
1.6 0.38 14.71 0.45 13.35 1.35
1.8 0.82 7.90 0.77 8.59 2.09
2.0 0.76 9.12 0.72 9. 60 1.87
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Tab.3 Assessment statistics for modeling and predictions

of absorbance model by partial least squares regression

R SRS

K % &2 MEIE 105 1R 1R 22 &2 TR E O ARAR 2 A4

‘ /(mg-kg™") /(mg~kg") B iz 22
0 0.02 18. 46 0.03 17.76 1.01
0.2 0.02 18. 47 0.03 17.74 1.01
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Fig.4 Comparisons of measured Cr contents and estimated values of modeling and

testing samples through 1. 8-order derivative absorbance transformation
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Fig.5 Distributions of measured Cr contents and predicted values of soil in study area by IDW
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