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Fig. 1 Hyperspectral imaging system
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Fig. 2 Hyperspectral images of leaves

of five citrus species
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Fig. 4 Average spectral curves of five types of leaves
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Fig. 6 Sample distribution scatter diagram

Figure (a), (b), (¢) and (d) respectively represent the scatter plots of sample distribution using original spectra and the spectra after preprocess-

ing by 1%t Der, MSC and SNV
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RN AE S UE A 5 R [ AL B IS RS AR SVML R AL 1Y B
SR C RGN R, FARSHREN TR, ok, Fx
BMAREZ ML, 54 . gamma & RBF # A i 1Y
SR, POE T AR W R 09 R AE 25 18] 5 0 43 A B, (E A
Ko LR |, &SRR RESSE T, C 16,
gamma & 128; 1° Der ${#t F. C & 8, gamma N 8 192;
MSC %42 F, C 3/ 8, gamma & 512; SNV ¥ T, C H 4,
gamma Jy 16, RF #EATAT, 364 g St 4l 500, & 10K
7 90 A 3 3k T 4 Uk B A AR A IR N A R R 1 ]
ARG IEH IR L B R AR Lk R A AL R
ROBIATE 98% , 97 % H1 96 %6 . B F I A U AR bR AL
PEAZ 1% Der WAL FBE M SVM BRI T & 35 90% ., 1 Der-
FS-SVM K11 81 %% 91.05% . 76347 RF @4 )5 11 5 %
YRR, i R A EOR T 84. 91% . X HEARE I A, HTE S
1" Der FiAb BE A0 85 BB B R 45 B i IR0 45 S, 1% Der-FS-
SVM #E R F1 2 7 94.09% , 1% Der-FS-RF 45 #5151 % 4
93.29%, (H5IE® . 5 K MLL 8wk ok H A7, IR B RR 48
FasE o BRELFIM A8 T o v U 25 SR e 25 RO I
W2, HoAh =Rk AN SR R E A E 9602 |
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Table 1 Modeling results of full-band data
WU/ %

g PR T waw mwm ams
-y - -y -y L

JE AR 100.00  99.78 90.03 100.00 92.08

SVM 15t Der 100.00  99.78 91.05 99. 58 94. 09
MSC 99.73 99.78  80.69 97.35 88. 38

SNV 100. 00  99.78 79. 80 98. 60 87.17

JE 4R 99. 46 98. 44 84.91 98. 74 93.19

RF 15t Der 99. 46 99. 33 74.04 98. 74 93.29
MSC 98.91 97.10 72.76 96.23  85.97

SNV 98.91 97.10 73.40 96. 37 87. 17

2.3 PCA HfERKEIER &

X PCA FRE S KERIEFT SVM A RF &AL, )
o A 4 2R 12 R A IR IR B A5 B A W] AL 3 S BHE AE SVM
ARt S BUIREHET . CH 128, gamma 3§ 512; 17
Der (48 F, C y 4 096, gamma & 8 192; MSC $(## F, C
S 4, gamma Ky 4 096; SNV (4 F, C 2y 4, gamma i 256,
RF #B, Pt % 500, 3 2 4 PCA HAE 3 K %%k
P A B UM EE 2R, 0 TR, R AR I L B R
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I R L R R, B R SR 4 G AT ik 97 %, 9626 Al
93%% . [ F M B 7E 22 1% Der TAb B K HE 1 L F A5 45 55 30
FLEH, 19 Der-PCA-SVM #1 1% Der-PCA-RF 1 %11 51| % 43
FH 79. 28 % F1 80. 05% , WHIHIRAME, HE 6 fBR AR nf
HEEARKEES FHERRI ALY A, SRR A
AR TA] . K A 28 19 Der i 4b BEECIR AOBE R F 4 B 5

OA 4 90.82% , Kappa &%} 0.8816; 1° Der-PCA-RF 1%
OA H 91.79% , Kappa Z%M 0. 894, [F B} 3 3 7] 01 & %
% Kappa R 4EfFAE 0.8 LI F, T H BRI,

x2 PCARERKBIFEERER

Table 2 PCA characteristic wavelength modeling results

WA L5 R, 1 Der-PCA-SVM #5151 2 3% 87.27%, 1 LY E
DerPCA-RF BB N 91.58% ., sra nient s gl oo P00 T e mew ame sowm
PRS2, BRI K H A S R A WA WA WA WA
BB R A E 93 I JE 0 100.00 99.11 72.51 98.46  81.66
S BOSR (PSR PCA I K BUR 6 AR BUL B ik T sym L Der 918 9978 79,28 98,46 8T 27
FORUR BB AR 02 3 7, 40 BOR ISR T SVM AL VSC U I0SR AL TR0 90T ST 00
W B ks B COA) B T 91% . 19 Der-FS-SVM 4 #1 24 43 Syv 98.10  98.66 72.51 94.83 81.16
= R = 0> . PR A JE G 98.64  96.65 74.30 98.46  85.97
FRGRECOAY B, h 95.98% . Kappa B %N 0. 948 2; RF 1% Der  99.18 96.65 80.05 98.04 91.58
PR OA #7351 88% » JAAEIR T FS-RF #5 OA fii, A RE MSC 97.55 97.32  68.80  93.85  80.96
93.84% , Kappa &% K 0.9205, X} PCA H#E K, SVM & SNV 97.28 97.32  68.41 93.72  81.06
B OA ¥ F 86%, RF M OA ¥ |+ 84%, & 1
Der T4k # 5 85 1 8 B3R e, 1 Der-PCA-SVM #51 #l
R3 FSAPCAREKEEARNMLEFETEELER
Table 3 Modeling results under different pretreatment methods of all-band and PCA wavelength data
B i B FS PCA
o b J IR 15t Der MSC SNV J5 15 Der MSC SNV
VM OA 95.23% 95.98% 91.30% 91.03% 87.53% 90.82% 86.50% 86.32%
Kappa 0.9385 0.948 2 0.887 9 0. 884 4 0.839 2 0.881 6 0.826 0 0.823 6
RF OA 93.84% 91.42% 88.01% 88.56% 88.77% 91.79% 84.93% 84.81%
Kappa 0.920 5 0.889 2 0.845 3 0.8523 0. 855 0 0.894 0 0. 805 6 0.804 0

LA ORE . SVM BT R GIBUR LT RF, FS B4 dt il
ORI T EAE G . 00T PCA BRAF I K F a1 4% R4 4 Uk
Begm 22 0 R . PCA 2 BURY R AF U K K 2 8 v 7 700 ~
770 nm. PAKTEE A 20 T X4 2R B 58 Hfb 9 K
BB R E R BCR R D, WE BRI, NEEMR I
e R TR oI5 SR TR A v SR IBURR AE K AT 4 28

P
3 45 ik

S T LA IE B . W R B L L0 ik B
FLHHE R I A R SOCTIOVP i85 )t 3 AR A% UR: 4 12
WA 6% % 7E 478~900 nm {5 [ Py 4RI ROT 78 5
WA . R 1 Der, MSC A1 SNV Hi4b 397 i %4 5 76 3%
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Study on the Identification Method of Citrus Leaves Based on
Hyperspectral Imaging Technique

WU Ye-lan', CHEN Yi-yu', LIAN Xiao-qin', LIAO Yu*, GAO Chao', GUAN Hui-ning' ., YU Chong-chong'

1. Key Laboratory of Internet and Big Data in Light Industry., Beijing Technology and Business University, Beijing
100048, China

2. Institute of Agricultural Engineering, Jiangxi Academy of Agricultural Sciences, Nanchang 330200, China

Abstract To monitor citrus growth and realize nondestructive identification of pests and diseases, the leaf classification of citrus
diseases was studied using hyperspectral imaging technology and machine learning method. Using hyperspectral imager to collect
hyperspectral images of 46 normal citrus leaves, 46 canker leaves, 80 herbicide-damaged leaves, 51 red spider diseased leaves,
and 98 soot diseased leaves. A 5X5 regions of interest (ROI) were extracted from one or more diseased areas of each leaf in the
478~900 nm spectral range. Taking the reflectance value of each pixel in the ROI as the spectral information, one ROI would
get 25 spectral information samples, and finally the five types of leaves get a total of 13 250 spectral samples. The samples were
divided into 9938 training sets and 3 312 test sets by random method. The first derivative (1% Der), multiple scattering
correction (MSC) and standard normal transformation (SNV) were used to preprocess the original spectral information, and
principal component analysis (PCA) was used to extract the characteristic wavelength of the data after different preprocessing
methods. After 1st Der pretreatment, 7 characteristic wavelengths were obtained, which were 520. 2, 689,704. 83, 715. 38,
731.2, 741. 75 and 757. 58nm respectively. After MSC and SNV pretreatment, 7 identical characteristic wavelengths were
obtained, which were 551. 85, 678.45, 704.83, 710.1, 725.93, 731.2 and 757. 58 nm, respectively. The original spectrum
obtained seven characteristic wavelengths, which were 525.48, 678.45, 710.1, 720.65, 725.93, 757.58 and 762.85 nm,
respectively. The scatter plot of sample distribution after PCA analysis showed that there was a certain degree of clustering of
normal leaves, canker leaves and starscream leaves, and a large amount of overlap between herbicide leaves and soot leaves, so
the identification of pest and disease leaves could not be completed only based on PCA. Support vector machine (SVM) and
random forest (RF) were used to model the all-band spectrum (FS) and PCA characteristic wavelength data under different
pretreatment methods, and the results showed that: The OA of 1* Der-FS-SVM model was 95. 98% , the Kappa coefficient was
0.948 2, the OA of 1* Der-FS-RF model was 91.42%, the Kappa coefficient was 0. 889 2, the OA of 1% Der-FS-SVM model
was 90. 82% , and the Kappa coefficient was 0. 881 6, OA and Kappa coefficient in 1% Der-PA-RF model was 91. 79% and 0. 894
respectively. For PCA characteristic wavelength data modeling, the recognition rate of SVM and RF models reached 84% , and
the recognition rate of the full-band spectrum model was above 88%. The FS data modeling effect was better than that of PCA

characteristic wavelength. The results show that it is feasible and effective to classify citrus leaves by hyperspectral imaging
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technique combined with machine learning method, which provides a theoretical basis for the accurate and nondestructive

identification of citrus pests and diseases.

Keywords Hyperspectral imaging; Principal component analysis; Support vector machines; Random forest
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