20184510 A Z?ﬂ[im‘ *ﬂﬁi’iﬂi %49 % 5B 10

ET SGA RF &M R HIFRREREWR

IHE HRAER AEXR & R OIHA 2EE
(1. o R0 A5 7 5 5 2 A AT A, 05 2661005 2. 75 5 R L P T2 50 UM% B L 7485 266109,
3. s 44 (2 L 5986 B 9 4 2500005 4. 1L 7 TR A B 13 6L T 5 1 Sh A
5L 045000 5. [ 072 5 TR S EM o, 75 B 266033)

FE  TEARO 3 8 R 6 I A I T, SR T R AT £ AP T Y R AR R TUAR R 2 7 R R e D 0 S T A A
BV A P AR P o R T A R b [, AR SCAR Y — i B T 0T Bz K A S5E O3 A Y g 1 B DL R bR R A B 4 B 0k
(SGA = RF) o ZH1: 1 Jo X 00 4 45 1L 4 5 (02T 7 0 B /R 42 A5G 20 T 9 450 I T8 Uy 96, 97 308 1 R DT A e B, R
B 5 7 0 3R O 11 A B8 ) P AT 98¢ B 5 L U TR R A 32 B B, 8 ) — b 2 1 B BIL 3R AR ) 35 B2 o BV k% T
T H5 5 I8 AR SR B O I 42 JR) 48 X BE 0 M BETL AR MR Bk s Y SO RE T B R T O AR LS AR Y IX O3 BE O, B AR A
A R /NTUAR BE A R X A3 PE Y B (R AR AR B 7R o A T B0 TE AT 4R 55 0k A 38, R TBUSS I8 i DRt v i B R A AR
PERG 124 4> L3R AL SR X R A SCA — RF SK7 IR 2 051 AN BEA 126 28 37 /> d HLAC R P 19 Ui B, JF
5 U FRAL B PR T A R AT LU A A o B 5 R AR I AL B % 5 TR S RE AL AR AR [ B R AR 45 5 B
B B T 349 J5 KRR 22 (0..060 1), %52 o Y #5622 4 (0. 950 2) ALl 4 X 70 7 2 22 (2. 03) o A1 0 BL I ] L/ 3T 41410
TR AR E B ST AN L R U 1 FE P IR, SCA — RF B39k LU/ 1) MU e B 3k B T v 1 S R, AT oA
R R T G DR B — 5 B B AR A

R A 5 U FRAEPICHESE s W R R 2 PR T s R BEPLAR AR

FE4S5ES: X53; X87 XHERARIRAD: A X ZE %S : 1000-1298(2018)10-0261-09

Inversion of Cadmium Content in Agriculture Soil Based on
SGA — RF Algorithm

WANG Xuanhui'?>  CHEN Jianyi’ ZHENG Xilai' ZHU Cheng’ WANG Xuanli* SHAN Chunzhi’
(1. Key Laboratory of Marine Environmental Science and Ecology, Ministry of Education
Ocean University of China, Qingdao 266100, China
2. Science and Information College, Qingdao Agricultural University, Qingdao 266109, China
3. Project Management Department, China Unicom Ji'nan Software Research Institute, Ji’nan 250000, China
4. Information Engineering and Automation Department, Shanxi Institute of Technology, Yangquan 045000, China
5. The Environmental Monitoring Center of North China Sea, Qingdao 266033, China)

Abstract; In the field of hyperspectral detection on heavy metal pollution levels in agricultural soils, the
accuracy and stability of hyperspectral inversion model for soil cadmium were seriously affected by the
high dimensional and high redundancy characteristics in visible/NIR spectra. In order to solve the above
problems, Spearman’s rank correlation analysis-based genetic algorithm by using random forest ( SGA —
RF) was proposed to select the characteristic wavelength from hyperspectral data. On the first-layer of
feature selection stage, Spearman correlation analysis-based feature selection method was applied to
remove redundancy between all spectra features and retain the characteristic wavelength which was the
most relevant to the cadmium content. On the second-layer of feature selection stage, a new fitness
function based on random forest was proposed, which perfectly combined the strong global search ability
of genetic algorithm and the high inversion ability of random forest. With the proposed fitness function to

evaluate the viability of individuals, the distinguishing ability between similar individuals was improved
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and a subset of optimal spectra feature set with minimum redundancy and maximum differentiation were

obtained. In order to verify the validity of the proposed algorithm, totally 124 representative soil samples

collected from the Dagu River Basin were chosen as samples. The optimal feature subset which contained

37 sensitive wavelengths was chosen and used to build soil available cadmium content inversion model,

and its performance was compared with that of current feature selection methods. Results indicated that

the minimum numbers of wavelength features was selected and meanwhile the prediction performance had

lower predictive root mean square error of 0. 060 1, higher correlation coefficient of 0. 950 2 and residual

predictive deviation of 2. 03. As an important step for the quantitative inversion of cadmium concentration

by using visible/NIR spectra, the research could provide some theoretical basis for monitoring soil heavy

metal pollution.

Key words: agriculture soil; cadmium content; characteristic wavelength selection; Spearman’s rank

correlation analysis; genetic algorithm; random forest
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Tab.1 Prediction results of RFR modeling by using

different pre-processing methods
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Fig.2  Soil reflectance spectra of 124 soil samples
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Fig.4 Evolution curves of fitness function during

feature selection process of SGA — RF
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Fig.5 Visible/NIR spectra distribution diagrams for soil Cr based on variables selected by SGA — RF

(shown in red hollow circle markers)
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Tab.3 Impact of algorithm 1 on predictive effect
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Tab.4 Comparison of performance between proposed and other feature selection methods

Ny PUSIURIN e X oS

A RIS PRS- s B ST 7 R 2% AR A 50715 22
2565 N/A 2051 3.13 0.894 5 0.079 3 1.08
N GA - PLSR 38 0.34 0.5390 0.1294 0. 65
AR R Spearman Rank 108 0.38 0.883 I 0.088 I 1. 19
7R [v 3% 37 B R 5K SGA — KNN 39 0. 34 0.649 0 0.1236 0. 49
ARSI SGA - RF 37 0.32 0.9502 0.060 1 2.03

i 4 AT, 5 At 3 SRR AE e BRI A 1L, A
SCEE % it AR I (] dr R, AR 5% 2R J0OR U A X 23 B
DR 28 e, S R AR O AR o A A Bk 2
S5 R 5 o3 B A ) T AR X 23 BT IR 22 T 1. 4 LU

L UEHIIX 2 Bl 7 12l S b SR S TR R
RERL 22, JRU R A0t & A KB TUAR AL R 15
K5 3 B IR B S R O o Hr HURE 25 B RR AL D B 2 1)
(9 TUAR , TG A BRAR £ 5 1 0 25 70 6 2% 9 e Ak A, &



268 & o Bl B ¥ iR

2018 4

OB ADRS BE K. GA — PLSR .36 F1 SGA — KNN 52
T2 R AL 1 T A X A MR 25 B HE 1.0 LA, BB LA
GA — PLSR Z 1 SGA — KNN 22 B /F B AF I8 B ik
BEOT L TCI S R S WA R, Ry D
GA — PLSR 1 AN Z2 1% T A AH <18 U B =2 (8] 1) AH 5
M ] A 25 SRR AE I B 5 1 0 4 9 22 ) 1 A
KM HZ S B O AS B A Y A 1R 1) PLSR AL
R MR, @ T KNN S35 S50 K i Ui,
| PSS o B | R v R S G B
XHRFAE ) IR0 U5 B ) 45 22, OF A8 A 140 3t 3 4% B8 ik

385 10 J3E PR K. DSGA — RF B33 8 2 R T 37 B /R
5 SO S o3 M BEAT R AR TR , 25 4 T A R E 0 B
Z IR TCA AR B K 45 B AL Rk i 2 R 1% R BE
JIFn RER {2 s S RE 0, DG 1 3 L2 o AR 114
4o b, £ 28 Ik eR R SR AR 2k 5 T
RFR PPAL AR PERE , 110 RFR X T2 80 E 5
2 F AL L IR A SRR

TE SGA — RF 55 ¢ AIE 0 16 45 SR i S Ak 1, D
RFR A Sy [m] U670, A6 TR0 A 56 £ 0 i 4 A AR ) i
I 0S5 0 L 2 ) ) S AR AN 6 s

=
W

-kg")

N

/(mg

=

7x+0.0670 (R*= 0.9029)

0.9

Kl 6 SGA—RF Sik4545 RER MRS BIRE A A6 30 A A Y S 00 {855 A 0011 b A
Fig.6  Comparison of measured Cd contents and estimated values of modeling and testing samples through

SGA — RF algorithm with RFR model
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