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Table 1 Descriptive statistics of soil heavy metal contents

"R e/ ME BRME ¥ilE brifii2: 5 5 Z AN
Heavy metal Minimum Maximum Average Standard deviation Coefficient of variation
Fe (gkg™) 4.76 21.31 13.957 2.933 0.210

As (mgkg™) 4.72 12.96 9.053 1.627 0.180

Cr (mgkg™") 5.96 24.10 14.298 4.060 0.284
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Fig.1 Correlation between different spectral data and soil heavy metals
R2 BRHFEXABIFHERERIER
Table 2 Pearson correlation coefficient feature band extraction
R B PN
LA FHIEVERL FEEIEBE (nm)
Feature band g
Heavy metal Characteristic band
number
Fe 17 460, 490, 500, 510, 530, 570. 580, 590. 740, 750, 770, 790, 890, 1700, 2200, 2220, 2270
As 8 440, 490, 500, 510, 530, 540, 1010, 2120
Cr 9 460, 490, 500, 510, 530, 540, 570, 580. 590
&3 SD BHLIEEMOFHEE. TR S Rit suikE
Table 3 Principal component characteristic value, contribution rate and cumulative contribution rate
%
Ingredient PG, PG, PG, PC, PCs PCs PG, PGy PG, PCy, PC,, PC,,
FEIE(E 44.871 16.754 11.059 8.885 5.257 3.225 2.842 2.551 2.187 1.755 1.289 1.086
TURRAE (%) 41.547 15.513 10.240 8.227 4.867 2.986 2.632 2.362 2.025 1.625 1.193 1.005
FaToikE (%) 41.547 57.06 67.299 75.526 80.393 83.379 86.011 88.373 90.398 92.023 93.216 94.221

i SD il PC, (i=1, 2, 3---12) FR ML
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Table 4 SVM regression model estimation
PCA-SVM PCC-SVM
R HRER? B IESER? AR KUESER?
Heavy metal = SUESR PR Lrallas
Calibration set R* RMSE Validation set R? RMSE Calibration set R RMSE Validation set R? RMSE
Fe 0.766 0.090 0.737 0.096 0.864 0.070 0.831 0.079
As 0.716 0.117 0.447 0.128 0.668 0.127 0.469 0.128
Cr 0.764 0.123 0.713 0.113 0.691 0.133 0.533 0.135
S GA-SVM [ElVIHERE
Table 5 GA-SVM regression model estimation
PCA-GA-SVM PCC-GA-SVM
R IR BUEER? AR WUEAER?
Heavy metal xR Sl PR Liva? 2
Calibration set R* RMSE Validation set R? RMSE Calibration set R* RMSE Validation set R? RMSE
Fe 0.951 0.057 0.963 0.049 0.964 0.045 0.968 0.046
As 0.884 0.092 0.821 0.084 0.772 0.102 0.638 0.105
Cr 0.982 0.047 0.976 0.049 0.824 0.102 0.6 0.122
12, DUPKS BERCGT, T Cr 78 FE LS RFAESLIRCT 1Y PO A 2
[ ] .
o y=136220-3.1383 e
~ol0} 2o . " . vy A
L fmosiz 2.3.2 GA-SVM w28 A w3 sk % — k28
> R
e ® .o N 4 S N
=28 o GG FEAT TR BRI K R RAFIE B B i,
=3 %o N NS 2 > N
=¥ {0 P PR P RR A B B DG 1 R 23 i A AR B, FE
= 6F
* SR EEARA R, 5 SVM [RIHRALA [F] 1) gt
4 - T — BOREAHI 2 GA-SVM [T (% 5) . F4JR As

S (g kg ™)
Measured value
2 PCA-GA-SVM %% As & =8=E
Fig.2 Scatter diagram of PCA-GA-SVM soil As content
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El 3 PCC-GA-SVM TiE As S EHEE
Fig.3 PCC-GA-SVM soil As content scatter plot
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RMSE 3 0.045, #% T SVM B 9K As Fil Cr %
HEO R2 43 455 T 0.168 1 0.218, RMSE 435Il
filk 7 0.025 #1 0.076, HE 48 Fe H P&/ T 0.1,
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The Hyperspectral Inversion Method of Heavy Metal Contents in
Cultivated Soils Based on GA-SVM

GUO Yun-kai"?, ZHANG Si-ai"*, XIE Xiao-feng" 2, XIE Qiong**

(1. School of Traffic and Transportation Engineering, Changsha University of Science and Technology, Changsha 410076, China;
2. Institute of Surveying and Mapping Remote Sensing Applied Technology, Changsha University of Science and Technology,
Changsha 410076, China; 3. Department of Surveying and Mapping Geography, Hunan vocational college engineering,
Changsha 410151, China; 4. Engineering Laboratory of Spatial Information Technology of Highway
Geological Disaster Early Warning, Changsha University of Science and
Technology, Changsha 410114, China)

Abstract: In order to improve the accuracy of hyperspectral inversion model for heavy metal content in cultivated soil,
a genetic algorithm (GA) optimized support vector machine (SVM) was proposed to retrieve the heavy metal content
of cultivated soil in a certain area of Yueyang County. After SG smoothing and 10 nm resampling, the first-order /
second-order differential, reciprocal logarithm and continuum removal spectral transformation methods were used to
enhance the spectral characteristics. The optimal transform spectra were selected by correlation analysis. Pearson
correlation coefficient and principal component analysis were used to extract the spectral characteristic variables of
heavy metals. SVM and GA-SVM were used to establish soil heavy metal hyperspectral inversion models and their
accuracies were verified. The results showed that the correlation between the second-order differential transform
spectra and the contents of heavy metals was the most prominent. The visible light bands of 490 nm, 500 nm, 510 nm
and 530 nm were the most prominent compared with the SVM regression model. The prediction accuracy was
significantly improved, and the verification set R? values of Fe, As and Cr were 0.968, 0.821 and 0.976, respectively.
The research results could provide a new reference for the application of remote sensing technology to retrieve the
content of heavy metals in cultivated soil.

Key words: Soil heavy metal; Hyperspectral remote sensing; Spectral transformation; Genetic algorithm; Support

vector machine
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