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Identification of Pesticide Residues on Mulberry Leaves Based on
Hyperspectral Imaging
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Abstract; A non-destructive testing method was studied to rapidly and accurately detect pesticide
residues on mulberry leaves. Six groups of mulberry leaves were chosen as experimental samples, which
contained pesticide residues of dichlorvos, chlorpyrifos, acephate, dimethoate and phoxim as the first to
fifth groups, respectively, and the sixth group without pesticide residues was taken as control.
Hyperspectral images of samples in 390 ~ 1 050 nm were acquired by hyperspectral imaging devices. The
region of interest from hyperspectral image was selected, and ten characteristic wavelengths, which were
452.51, 469. 88, 517.28, 539.85, 578.92, 643.72, 727.24, 758.34, 785. 67 and 819. 67 nm, were
selected by the successive projections algorithm ( SPA). Based on RBF kernel function of SVM and 10
fold cross-validation methods, the detection models of pesticide residues on mulberry leaves were
established. The impacts of three parameter optimization algorithms ( grid search, genetic algorithm and
particle swarm optimization ) on the model performance were discussed. The results showed that

performance of SVM model by using grid search was the optimal one, and its cross-validation accuracy
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was 63.89% and forecast accuracy was 78.33%.

In order to further enhance the classification

performance of the model, the adaptive algorithm ( Adaboost) was introduced into the SVM model, and

Ada— SVM algorithm was used to build classification model, which can detect pesticide residues on

mulberry leaves and identify the kinds of pesticide residues. The results showed that the prediction
accuracy of Ada — SVM model reached 97.78% , which was increased by 19.45% compared with the
original SVM model. Therefore, hyperspectral imaging technology combined with Ada — SVM algorithm

can accurately identify the pesticide residues on mulberry leaves.
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Fig.2 Raw reflectance spectral curve of mulberry leaves
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Fig.3 Average reflectance spectral curve of mulberry leaves

2.2 RMREEEmE

1o TS B AN AN ) 32 A BT i HL 2 B R
Mg 75 B AL 15 2 1) 52 W, 3 2 7™ o R AT R T R
BEo N T IHBRGIE M SRS E ML, RIS -G 2
T A0 S T v AL OIS B . S - G 2 Wik
P14 -1 1 Savitazy 1 Golay J: [ 45 Hy | Jii P 2 i 4
Z IO R ) % 1 1 s 54T 22 0 X iR
AU IT LR S J R A R L O R B AR
G AR OGS E B A S B A, B TRt
TSR TE T Sk R 0 40 A W LA, TR 0k 3 31 )
Brk 45 50 MK T BB EE AR 3] 412 4
P L B G A W 4 R .

B4 S5 6 2k

Fig.4 Reflectance spectral curve of mulberry

leaves after smoothing
2.3 HFERKIER
e T TR 1 i R dl R B B R S



254 & A Hl

L

2015 4

ARG HR P AR K R U AR R R
Wi LR R ARG BE o O B e FERE RE AU T A
TEAE R, SCRE D/ 2 BE 8] AR 5 A4 4 AL 9 1 L O
2o ESPUY M (SPA) | RERE MO £ B 5873
THREARARE RN ICR G BN EA, G2 E
1) B S K B /) 5[] I 3LRE R R s D A A
FA A8 B 0 AN, 412 v RS 1 B AR AR SCR
FI SPA & FERFAE B, R AR PR B (V) S Bl e
1 ~20. 4018 S Frs, 508 B A9 A2 5 S B0 1 39 5]
10 i, B ik 44 7 KR 5% 2 T8 I W 3 K5 24 78 e A B0k
210 LUs Sk 0y RIRZE 1 TR E o R Bk 2
T MR 22 m] B8 /N A i 0SS 1Y U AT R i Ak 4 S0
N BUE S 10, B RS 5 R 22 1194 3, N [E S
T 5 B R

PS5 SRR U5 MR R 22 B A2 A B0 22 A 1 B
Fig.5 Change of RMSE with variables under

different numbers
N A12 AP R SPA fEE 10 S FEAE I
K,k 452. 51 469. 88 517.28 .539. 85 .578.92
643.72 .727.24 758. 34 [785. 67 .819. 67 nm, Ul 6
Hh 8] AR

Bl 6 SPA fifi ik i 1% K

Fig.6 Reflectance spectral curve by SPA

2.4 SVM #EEE

S EEL (SVM) 73 580 1 — Fh & T 4E it
SR KA. SVM g R A F | i
Bl o R4 PR, H SVM AR GE Y 73 R B 1 73 2Rt
REEEAE ™ .l T SVM [ S5 B0 I SVM 43 2%
R 2, AT 306 % Fe (10 19 2 U 1 57 SVML 73 A5
% TR [

T 55 ) A B 2 v REATLE I 2 R AR A D I 2
FEASE (£ 30 A, JE31 180 4> ) , A2 T A9 JU A g il
UREA AR (5126 30 A4S, JE3F 180 4~) o AR )5 FI ]
SVM B335 3 F 5 Ak 4 T B O 35 K008 X B AR AT
IrE o RFRAC S M N I A 1k 2 B4 ) RBF A% bR XK
PE 0 SVM B eR 8. (e A8 B i Sl AR v, 23 33l R
10 477 58 SR TE AN SR R 7 A Tk RRL T
BESEIR " MIGE & 10 7 ik 3 BT S 5 AT 540, AT
KA E SVM G T N T ¢ Al RBE R B S8y
dJ A PO A AR R 23 218 M 3 RS A i o
[, MR DG 30 ) — A d i A T 5 A 24 5k B 2
BRI S BT . R 1 N BAS R 3
ZRF LT NLHY SVM KR 45

F1 TEAIFREETSVM EERHHELER

Tab.1 Classification results of SVM model under

different optimization algorithms

LK UE4E (10 ) HER 3R/ %
FRE B BREC BHE XK B
HFec Sy s JESE S

T (BAS%0 1 1/10 0.08  48.89 47.78
4] A% 18 22 147. 03 1 22.90 63.89  78.33
PR AR 85.97 1.21 103.85 63.89 78.33

LT BER 92.77 0.78 117.90 60.56 76.11

I 1B T LA Y, DB 1) 43 28 o ff 320K
B HERHBRANSHE LR SVM B BB i 25, 28 X
IS 3F W B AL 48.89% , T I ok B R 2
47.78% , 1 R FH S 500007 1 )5 BT i SVM B2
2 X F fE B R 1k 60.56% , M dE B R Ik
76.11% , P REPA BAL TR 4 S 5031 Br g4 A i
AE , Uk IR S 803 0805 T LUA AR R SVM R 7Y
(R VEBE 5 D\ 85 i 55 B[R] SR &, 1T BN 2 8 o7
SVM H Br 75 1) B o) de /0, SR 3 Fh S 5030 7 ik
(PR 8 2R 38t 1 B v ROk 7 B 5 1% ) el 5 Jr 5 1 i)
A3 S 22.90,103.85 . 117.90 s, (W #% 18 & )7 1 %
Moo LA B 43 24 Y 1 3 R AR i 75 B[R] 5K T R
AR IS R 1 7 R AT SRS SR G T
SVM 7Y, I FH o X 3000 4 A A 300 47 43 2%, ML gy
Bl s A F PR SVM AR,
2.5 Ada—-SVM HKgE&E

Adaboost J& Ft F 7E £k 73 Bid B3k 09 — AP AR E
A AR R AR A U R A S P A
FEAR [ 43 282 15 IR 1, LA B b WA s 1R 40 28 ) o g
R OB AR AU, BB AUE R 4T 2
I3 AR HEAT NG, J0n B R U 245 B 1 55 40 R A
G — ARy Kds . R Ada— SVM ALy K E
B RN Adaboost HIA SVM B3k 1 SE FIH



6 1

MR AF 0 TR OBIE R Y 58 AR 25 50 B A R K A WF T 255

SVM Jr 26l 25 55 o K s HUOHH B 40 8 22, 14
YRR 55 43 28 2% 1 W00 452 22 TSR R . I JiE BT A
FL 40 TRER)G, 858 238 R, AR oL
b, R RBF & R EUVE SN SVM 4% o6 %5, I F1 HI
WA Rk AL RSB (¢ B y) IR ALAE (¢ =
147.03 fly = 1) , AR BN T =15, 435847
SVM F1 Ada — SVM 2 Fli43 25 8% , 15 FI] 9 T 45 5
TR o

B 7 AREERRET Ada— SVM A T AE i R
Fig.7 Prediction accuracy of Ada— SVM under

different iterations

AL 7 r iy 326 R 1 B50RT T oE il 2 0T LU
51 A Adaboost J5 1) Ada —SVM 34 Y MEREFS 3| T
W1 4 T, S AR EON 2 FF IR, Ada — SVM 1 il
IV R T AE S SVM 2688, Mk Rk
BB, MR BN 3 T 4 B4R P BE 42 T B b, T
I HER SRR A TE T 20% A2 47, BE A AR IR B AN

W, Ada — SVM A BY (1 o Ay 38 52 R ARARE,
BENEEERES FRE SRR EENRE T — &
AR TE o 4 kAR R Bl 13 B, B R T AE A B A
o, T E R IR B T 97.78% o 5 &4 SVM A
TP 0 6 B R A HE L Ada — SVM 4 28 45 R Y 5 3
VERARAEE T 19.45 NH 005, X 2 K Adaboost
B LIRSS A my KR 22, B FIEHES
I3 28 R, AT A0 75 S 2 A0 8010 5 O 28 B AT
AR oy B PERE

3 &XRiE

HF e 1 R SR A AR 51 6 4 Z i =Dt i
5, 9% Ja A ENVE B0 D 63 B R b 5 B
JEREE R o RJT SPA X R ot 1 K H A7 AL P BL
fR L, AR >R 1 10 37 28 SUBRIE A 77 32 R0 3 A 340
BEIE TR SVM S ik B PR S B8 o JE i
Bl SR AR B (8] 2 4> 1 25 18, e T — A R A Y
0, R RTZ S 808 S 58 04k 24 5k BR 48 0] SVM
B, O TR SVM 73 2 (19 HEH 4, K Adaboost
FIA SVM 7326 dn v, s o oy B L, 45 2R R W,
Ada—SVM I SVM A TR KW &, H Ada — SVM
RETEIAARUCE Ty 10 B 15 B0, T30 of 6 < i 15 5
97.78% . MW eil R HOR 4545 Ada — SVM 5.
P T DL ARAR Ry SR v i A 25 5% B A T DL B A 2
U B BLTT 1

& % x Wt

U ARl iy, EIRLL, I HZ 45 n] T 5 Bl 0 3% SRR /R PR i B g e g sk #E 9 (0] b Z2ll,2005,26 (4) :49 - 50.
2 BEURME,FRZE, Wang Ning, &5, BTGl AR ER SR BIGHEI [J]. Rl TR ,2007,23(2) (151 - 154.

Hong Tiansheng, Qiao Jun, Wang Ning, et al. Non-destructive inspection of Chinese pear quality based on hyperspectral imaging
technique [ J]. Transactions of the CSAE, 2007,23(2) :151 - 154. (in Chinese)

Sanchez Maria Teresa, Katherine Flores Rojas, Jose Emilio Guerrero, et al. Measurement of pesticide residues in peppers by near-
infrared reflectance spectroscopy[ J]. Pest Management Science,2010,66(6) : 580 — 586.

WREE, k2, 25/ . BRI 2 5% B AT I3 20 40 S i 4 5 20 BRI WE AT [ ). g~ 50 i 40, 2012,32(5) ¢
1230 - 1233.

Chen Rui, Zhang Jun, Li Xiaolong. Study on the detection and pattern classification of pesticide residual on vegetable surface by
using visible/near-infrared spectroscopy [ J]. Spectroscopy and Spectral Analysis, 2012, 32(5) ;1230 - 1233. (in Chinese)
e, B XU ARAE | 45 B A I I A e T SO R AR B R T S [T ] YEVG ARl o224, 2011,33(2) « 394 - 398.

Xue Long, Li Jing, Liu Muhua, et al. A study on detection of dichlorvos residue on navel orange surface by means of fluorescence
spectrum [ J]. Acta Agriculturae Universitatis Jiangxiensis, 2011, 33(2): 394 -398. (in Chinese)

WS, B, R 2SOt B BRI AR R[], &IuER,2014,35(6) :748 - 753.

Lei Peng, Lii Shaobo, Li Ye, et al. Multispectral fluorescence imaging technology for pesticide residues detection [ J]. Chinese
Journal of Luminescence, 2014 ,35(6) ;748 —753. (in Chinese)

SRTT, ERLL. BRSRAK R BB 2 e pr st (], ek 5258 % ,2010,27(4) 11389 - 1392.

Zhang Dan, Wang Junhong. Study on laser micro-raman spectra of vegetables and fruits[J].
Laboratory, 2010, 27(4) :1389 - 1392. (in Chinese)

XUSCH, TETF AT AT, 4. OBRLE GRS AR IR E ZLAORER 1T A A 5k Y B s R [ 1], i 90 38, 2012,29(4) « 2059 -2062.

Liu Wenhan, Zhang Dan,He Huali, et al. Determination of pesticide residue chlorpyrifos methyl on surface of red pepper by laser

Chinese Journal of Spectroscopy

raman spectroscopy with internal standard method[ J]. Chinese Journal of Spectroscopy Laboratory, 2012, 29 (4) . 2059 -2062.
(in Chinese)
R RNRIS  REREE, S 50T B BRI B R Ak 2 5k B IR AT e [T ] dba TR R AR AR i B AR AR, 2011,



256 & ol HLOM ¥ R 20154

10

12

13

14

15

16

18

19

20

21

22

23

24

25

26

29(6) .73 -77.
Suo Shaozeng, Liu Cuiling, Wu Jingzhu, et al. Detecting pesticide residue on crystal crown pear surface by hyperspectral imaging
technology combined with artificial neural network [ J]. Journal of Beijing Technology and Business University: Natural Science
Edition, 2011,29(6) :73 —=77. (in Chinese)
BEJE B, XUACHE . T 5 o6 PEG H R A 7K R R T A 245 4% B2 A X 38 9 [T ] D6 % %% 41,2008 ,28 (12) ;2277 —2280.
Xue Long, Li Jing, Liu Muhua. Detecting pesticide residue on navel orange surface by using hyperspectral imaging[ J]. Acta
Optica Sinica, 2008, 28(12) :2277 —2280. (in Chinese)
MNEE  BRIEZE W AR AR 40% 1 UL Il 7 S bl i TG S R A M PEAG (0], AR 2527241t ,2009, 11(2) : 255 —260.
Lin Xiaoli, Shan Zhengjun, Han Zhihua, et al. Effect of 40% chlorpyrifos emulsifiable concentrates to silkworm with spraying
application in mulberry field [ J]. Chinese Journal of Pesticide Science, 2009, 11(2) :255 —=260. (in Chinese)
RICH, B, M, % ETROGEEAEARMENMN A RRERSH ] ILH R4 BARBLAM,2014,35(4)
290 -294.
Zhu Wenjing, Mao Hanping,Zhou Ying, et al. Hyperspectral imaging technology of nitrogen status diagnose for tomato leaves [ J].
Journal of Jiangsu University: Natural Science Edition, 2014,35(4) :290 —294. (in Chinese)
Ko, WEEAR, ) Ih, AE. NIRRT AR ST A A 60 09 e oG i TR AR T [0 ] RO LB 41,2013 ,44(7 ) 1165 ~ 169.
Zhu Rongguang, Yao Xuedong, Gao Guangdi, et al. Hyperspectral imaging detection of beef color under different storage time
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2013 ,44(7) :165 - 169. (in Chinese)
INAR R A . R R M R A AR 2 A3 BB M R ARAE Z AT [T ] OB A 50t 447 ,2010,30(11) 13025 - 3031.
Sun Lin, Cheng Lijuan. Analysis of spectral response of vegetation leaf biochemical components[ J]. Spectroscopy and Spectral
Analysis, 2010, 30(11) :3025 -3031. (in Chinese)
BT LT, ST, S5 RO ROBIE R AR AR S R AR R R W AT [T ] b AR AR 2 4, 2010, 18 (4) ¢
804 - 809.
Liang Shouzhen, Shi Ping, Ma Wandong, et al. Relational analysis of spectra and red-edge characteristics of plant leaf and leaf
biochemical constituent[ J]. Chinese Journal of Eco-Agriculture, 2010, 18(4) . 804 —809. (in Chinese)
VLA, BHE AR, 2080, 4. RGN T R Wil T /A 4 AR B A AR R PR RS2 [T ] TETR RO A4 ,2007 (3) < 16 - 19.
Shen Yan, Feng Chaonian, Li Shao, et al. Effect of pesticide stress on physiological and biochemical characteristics of wheat
seedlings to drought[ J]. Jiangsu Agricultural Sciences, 2007(3) :16 —19. (in Chinese)
De L M, Terouzi W, Kzaiber F, et al. Classification of moroccan olive cultivars by linear discriminant analysis applied to ATR -
FTIR spectra of endocarps[ J]. International Journal of Food Science and Technology,2012,47(6) :1286 - 1292.
FLARS BT, AL B IR HT. JE T Savitazy — Golay 2 Hil 2 9 = 4k 9256 Y6 1% #4 il 1 F 35 5 6 LI ] S 3% %% 5 0% 3% 43 #r , 2010,
31(2) :440 -443.
Du Shuxin, Du Yangfeng, Wu Xiaoli. The surface smoothing methods for three-dimensional fluorescence spectrometry based on
Savitzky — Golay ploynomial smoothing [ J]. Spectroscopy and Spectral Analysis, 2010,31(2) ;440 —443. (in Chinese)
Bazi Y, Melgani F. Toward an optimal SVM classification system for hyperspectral remote sensing images [ J]. IEEE Transactions
on Geoscience and Remote Sensing, 2006, 44 (11) :3374 -3385.
HOF BEE M, T % % OB AR RO ¥ P BB T DL 2 A TR [T ] R E HLAR = 41 ,2011,42(4) 1133 - 138.
Dai Feng, Hong Tiansheng, Yue Xuejun, et al. Nondestructive examination of sugar content of intact ‘ Shatangju’ with visible-
near infrared spectroscopy based on variables selection [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2011,
42(4) :133 = 138. (in Chinese)
Nelson J D B, Damper R I, Gunn S R, et al. Signal theory for SVM kernel design with application to parameter estimation and
sequence kernels [ J]. Neurocomputing, 2008,72(1 -3) ;15 - 22.
AE R, R 5L PRBTF 5. BT RS 4% 2R S ) S WL B s T [ ] YT~ 244l T2, 2011 ,45(12) <2181 - 2187.
Li Qingyi, Zhou Hao, Lin Aping, et al. Predition of ash fusion temperature based on grid search and support vector machine[ J].
Journal of Zhejiang University: Engineering Science, 2011,45(12) : 2181 —2187. (in Chinese)
FEAEM S A E R, S BT SR ) i B g B R s TR [T ] b L AR A 4R 2007 ,27(8) < 11 - 15.
Wang Chunlin, Zhou Hao, Li Guoneng, et al. Combining support vector machine and genetic algorithm to predict ash fusion
temperature [ J]. Proceedings of the CSEE, 2007,27(8) : 11 —15. (in Chinese)
R, VO, AR, 45 . N 20 A0t 1 AR e BN R & B T [T ] 06 2 5556 3% 2047 ,2013,33(8) :2079 - 2082.
Song Zhiqiang, Shen Xiong, Zheng Xiao, et al. Low carbon number fatty acid content prediction based on near-infrared
spectroscopy [ J]. Spectroscopy and Spectral Analysis, 2013, 33(8) : 2079 —2082. (in Chinese)
FeRE, ETCR, AL 5. Adaboost 3 ZE MBI BRIGHE R [T]. ZRBE R 24 4 B AABLFRR,2011,41(4) :700 - 705.
Yan Chao, Wang Yuanqing, Li Jiuxue, et al. Theory deduction of Adaboost classification[ J]. Journal of Southeast University :
Natural Science Edition, 2011,41(4) :700 —705. (in Chinese)
MR, & E W, B, 5. 5T Adaboost K i 635 9 A= 3 0 R KPR A5 [T ], Je 2% 50615 40 #7,2013,33(12) .
3372 -3376.
Sun Jun, Jin Xiaming, Mao Hanping, et al. Identification of lettuce leaf nitrogen level based on Adaboost and hyperspectrum[ J].
Spectroscopy and Spectral Analysis, 2013, 33(12) :3372 -3376. (in Chinese)


http://dx.doi.org/10.6041/j.issn.1000-1298.2013.07.028
http://www.j-csam.org/ch/reader/view_abstract.aspx?flag=1&file_no=20110427&journal_id=jcsam

