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Abstract
spectral imagery data of greenhouse rice leaves. [ Method] After double factor variance analysis, the characteristic bands for diagnosis were
selected, and two models of SVM and BP neural network were compared in terms of diagnostic ability. [ Result] The results showed that with
the pretreatment of 2nd spectral derivative, SVM could achieve very good diagnostic effect for Cd and Pb stress. 6 characteristic bands were i-

[ Objective | This study aimed to diagnose specific stress categories and stress gradients from the cross-stress of Cd and Pb with high

dentified sensitive to Cd stress, and 10 characteristic bands were identified sensitive to Pb stress. The accuracy of diagnostic Cd stress based on
SVM was 86% , and the diagnostic accuracy of three gradients were 75% , 90% and 96% , while the accuracy of diagnostic Pb stress based on
SVM was 85% , and the diagnostic accuracy of three gradients were 83% , 85% and 88% . The diagnostic accuracy of Pb stress based BP neu-
tral network was 88% , and the diagnostic accuracy of three gradients were 69% , 75% and 75% , while the diagnostic accuracy of Pb stress
was 88% , and the diagnostic accuracy of three gradients were 81% , 69% and 69% . [ Conclusion] It is feasible to diagnose heavy metal Cd

and Pb stress from hyperspectral spectral imaging data of vegetation, and the accuracy of SVM is satisfied.
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Table 1 Details of heavy metal stress mg/L
[rE% Gradients Cd Pb
%5 1 BBEE The 1st gradient 2 50
%5 2 B The 2nd gradient 5 100
%5 3 B The 3rd gradient 8 500

1.2.2 Bkt . BiRALAHE A #E [ Cubert 23 /)4
(1) UHDI85 , E R EE i A 450 ~ 950 nm , KA 8] B 4 nm,

TP B 8 nm  SEIEHCN 125, FE/KRR 7 BEI 2l RE

F2 HWGITSANEEE
Table 2 Details of each group in the experimental design

ikl AN B vl AAN AL B

Groups Treatments Groups Treatments

1 25 OO IR 2 fi& Cd JE Pb
3 1 Cd 7t Pb 4 i Cd JG Pb
5 Jt Cd % Pb 6 Ji Cd # Pb
7 76 Cd 15 Pb 8 {I% Cd I Pb
9 % Cd # Pb 10 1% Cd & Pb
11 H Cd ik Pb 12 1 Cd # Pb
13 1 Cd = Pb 14 i Cd ik Pb
15 = Cd # Pb 16 =5 Cd & Pb

TE XTI 0CAOPb, Cd R A W BE 215314 2 .5 8 me/Ls Pb iR\
e FE 435124 50,100,500 mg/L

Note : The control group was 0CdOPb ;the low ,middle and high gradient of

Cd were 2 mg/L,5 mg/L and 8 mg/L, respectively; the low, middle

and high gradient of Pb were 50 mg/1,100 mg/L and 500mg/L,re-

spectively
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Fig.1 Instrument and experiment site
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B T CdEAAEL Sample number of zero Cd
O ACAFm|E#H/444 The correct and forecast number of zero Cd samples
B A CAEEAASL Sample number of Cd
O A CdFum| E4%/4k The correct and forecast number of Cd samples
28
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Zero Cd and low Cd Zero Cd and middle Cd Zero Cd and high Cd

4L 32 Treatments

2 ETF SVM ZHifaEBX (K. H.5 Cd iHEisHER
Fig.2 Diagnosis results of zero,low,middle and high Cd stress
based on SVM and 2nd derivate
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Table 3 Heavy metal diagnostic details of rice leaves based on hyperspectral images

FEF SVM (W2 Wik FET BP ML IS WTRS B
Diagnostic accuracy based on SVM Diagnostic accuracy based on BP neural network
Cd BT P TR Cd PIPA P TR
AL FE 5k Diagnostic accuracy of Cd Diagnostic accuracy of Ph Diagnostic accuracy of Cd Diagnostic accuracy of Pb
Pretreatment method S BN cd ,[i i B pr? i Cde‘ e PbTi‘ ﬁ': IS
Feature band Cd ree Feature band ree Cd ree Pb ree
number gra(lhents number gradients gradlenls grat‘henls
of Cd of Pb of Cd of Pb
1st — Derivative 10 0.83 0.73 9 0.76 0.67 0.88 0.75 0.91 0.81
0.92 0.71 0.69 0.50
0.96 0.69 0.69 0.50
2nd - Derivative 6 0.86 0.75 10 0.85 0.83 0.88 0.69 0.88 0.81
0.90 0.85 0.75 0.69
0.96 0.88 0.75 0.69
Mmax 0 0
Mmax — 1st 16 0.83 0.83 9 0.80 0.83 0.75 0.75 0.78 0.75
0.83 0.75 0.69 0.50
0.88 0.73 0.63 0.56
Mmax - 2nd 8 0.82 0.67 3 0.77 0.63 0.88 0.63 0.81 0.69
0.73 0.63 0.69 0.31
0.77 0.69 0.44 0.44
MS 0 0
MS - Ist 31 0.90 0.85 9 0.79 0.69 0.81 0.81 0.81 0.69
0.88 0.69 0.56 0.63
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BT SVM YISk JET BP ML (IS Wi
Diagnostic accuracy based on SVM Diagnostic accuracy based on BP neural network
Cd SRS Pb 2 Wik Cd iSRS Pb 2 Wik

Ay Diagnostic accuracy of Cd Diagnostic accuracy of Pb Diagnostic accuracy of Cd  Diagnostic accuracy of Pb
Pretreatment method . Cd =HbpE . Ph = k4 cd =haps Pb =k
B EDEL AT P i P N UG

. Three Three . Three Three

Feature band Cd . Feature band . Cd . Pb .

ber gradients number gradients gradients gradients

i of Cd of Ph of Cd of Pb

0.96 0.85 0.63 0.50

MS -2nd 18 0.83 0.73 6 0.77 0.54 0.88 0.69 0.88 0.81

0.83 0.63 0.75 0.69

0.96 0.75 0.75 0.69

SG 40 0.71 0.67 2 0.68 0.60 0.84 0.81 0.78 0.69

0.60 0.63 0.56 0.50

0.60 0.69 0.63 0.69

SG —1st 12 0.85 0.73 7 0.73 0.65 0.81 0.81 0.91 0.69

0.94 0.63 0.63 0.57

0.98 0.73 0.63 0.56

SG -2nd 8 0.84 0.73 8 0.74 0.67 0.88 0.69 0.78 0.81

0.75 0.71 0.63 0.50

0.96 0.73 0.44 0.63

7 : 1st — Derivative 2nd — Derivative 435l 3 7Rn— | {43 ; Mmax 278 I3 —4k mapminmax; MS /R FRUEIL mapmstd ; SG IR Savitzky — Golay -3 5

= 1stAl —2nd 735 FRTERI N AR BRS PEAT I — . sty

Note : 1st-Derivative and 2nd-Derivative indicated the 1st and 2nd spectral derivative ,respectively ; Mmax represented the normalized mapminmax ; MS represen-
ted standard mapmstd ; SG represented Savitzky-Golay smooth; — 1st 1 —2nd represented the 1st and 2nd spectral derivative after corresponding process-

ing, respectively
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BP #2224

B T CdEAAEL Sample number of zero Cd
O ACAFm|E#H/444 The correct and forecast number of zero Cd samples
B A CAEEAASL Sample number of Cd
O A CdFum| E4%/4k The correct and forecast number of Cd samples
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4L 32 Treatments

B3 ETBP #HEMK MO LEL K. H.5 Cd B2 HT
TR
Fig.3 Diagnosis results of zero,low, middle and high Cd stress
based on SVM and BP neural network
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Table 4 Classification diagnosis of zero, low, middle and high Cd

stress based on BP neural network

o 3 L
i ot o 123
0 5 0 1 0
1 3 8 0 1
2 0 2 2 3
3 0 0 0 7
WG EE Diagnostic accuracy 0.69

H:0.1.2.3 435 Rm e A% e Cd Brid
Note:0,1,2 and 3 represented zero,low, middle and high Cd stress, re-
spectively
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Table 5 Multi-level Cd stress diagnostic accuracy based on BP neural

network
Cd 2 Wik & Diagnostic Pb 2 Wik Diagnostic
AL TR accuracy of Cd accuracy of Pb
Pretreament P UEEL K FHIE T B
method Feature band Cd Feature band Pb
number number
1st — Derivative 10 0.56 9 0.56
2nd - Derivative 6 0.69 10 0.59
Mmax 0
Mmax — 1st 16 0.47 9 0.41
Mmax —2nd 8 0.47 3 0.38
MS 0
MS - st 31 0.65 9 0.50
MS -2nd 18 0.59 6 0.50
SG 40 0.47 2 0.44
SG - 1st 12 0.63 7 0.44
SG -2nd 8 0.53 8 0.47
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