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Identifying Anthracnose and Black Spot of Pear Leaves on Near-infrared
Hyperspectroscopy

LIU Li' TAO Hongyan' FANG Jing' ZHENG Wenjuan' WANG Lianglong’ JIN Xiu®
(1. College of Horticulture, Anhui Agricultural University, Hefei 230036, China
2. College of Information and Computer Science, Anhui Agricultural University, Hefei 230036, China)

Abstract; Pear anthracnose and pear black spot are serious diseases that occur during the growth of
pears. The symptoms of these two diseases are very similar and it is difficult to distinguish, which leads to
the inconvenience of prescribing the right medicine to these two kinds of leaves in actual production. In
response to the status quo, taking ‘ Dangshan’ pear leaves as the study object, the feasibility of using
hyperspectral technology to identify anthracnose and black spot on pear leaves was explored. First of all,
the hyperspectral imaging system was used to collect the hyperspectral images of the normal leaves,
anthracnose leaves and black spot leaves of ‘ Dangshan’ pear, and extract the average spectral reflectance
of the images. The multiplicative scatter correction method ( MSC ), Savitzky — Golay convolution
smoothing method and standard normal variate method (SNV) were used respectively to preprocess the
original spectral data. Then the principal component analysis (PCA), successive projections algorithm
(SPA) , uniformative variable elimination ( UVE) , competitive adaptive reweighted sampling algorithm
(CARS), and shuffled frog leaping algorithm ( SFLA) were used to extract characteristic wavelengths,
respectively, and totally 27, 12, 15, 26 and 20 characteristic wavelengths were obtained, and using
them as input variables for later modeling. After comparison, it was found that in the support vector

machine ( SVM ) classification and recognition model based on characteristic wavelength and the BP
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neural network classification and recognition model based on characteristic wavelength, the SPA — SVM

recognition model had the best effect during all models, the accuracy rate of the model’s test set was

93.25% , and the accuracy rate of the model’s modeling set was 94. 80% . The test results proved that

hyperspectral technology can effectively identify the black spot and anthracnose of ¢ Dangshan’ pear

leaves.

Key words: ‘ Dangshan’ pear; anthracnose; black spot; hyperspectral; characteristic wavelength
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Fig.4  Flow chart of extracting region of interest
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Leaf spectral reflectance diagrams
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Original average spectral reflectance of all leaves after preprocessing by different algorithms
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Tab.2 Characteristic wavelength selected by different algorithms
Wik R B 5 X LA R K/
401.77,403. 54,407. 08 ,410. 62 ,412. 39 ,414. 16 ,415.93 ,417. 75,
1,2,4,6,7,8,9,10,13,16,27,73,92,96,99,
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202,221,230
791.17,792. 94 ,826. 57
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SFLA 20 596.47,601. 78 ,605. 32 ,607. 09 ,630. 12, 642. 49 ,732. 76 ,785. 86,
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819. 49 ,824. 85 ,877. 28 ,909. 76
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Tab.3 Prediction results of SVM models

ok FEAE B/ %
K5 AR RS
PCA 27 93.71(300/320) 90. 83(109/120)
CARS 26 91.43(292/320) 88.75(106/120)
SPA 12 94.80(303/320) 93.25(111/120)
UVE 15 87.14(279/320) 86.23(103/120)
SFLA 20 85.71(274/320) 84.26(100/120)
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AR 236, B 2R AR Y SCH ) A 198, LR
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Fig.7 Classification results of SVM model test set based on different algorithms
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Tab.4 Prediction results of BP models

X4 W=/ %
. KB AR T A
PCA 27 85.94(275/320) 73.33(88/120)

CARS 26 84.69(271/320) 79.17(95/120)
SPA 12 86. 88(278/320) 76.67(92/120)
UVE 15 78.44(251/320) 75.83(91/120)
SFLA 20 79.69(255/320) 75.00(90/120)

(1) PCA — BP il i 4 1) 552 s 43 24 0 F5T 0 13- 2 445
RULIE 8a, MAAIRY2E ] K 0.1, W EE L5462 27 —
20 =3 (4 AJZA 27 A A BRIEUZE A 20 A A
EA 3 AT ) o AL JLF AT ORI BT A Y IE
B R ARAE s JE e R L, R ELRE ) K AE, AR
£ 40 A BN M R REA T A 29 R Bl I R B
Wt R o

(2)SPA — BP il i &2 1) 52 Bk 43 28 R 3 2 445
RULE 8b, ARz 5] Ry 0. 1, 48 25 44 Oy 12 —
50 -3, SPA — BP B 4E HEH %l 86.88% , 5 4~

PR T fe £, AT AU BT A B IR R i iR 2 AR
TE 2 Ab K 16 R o JE o i )k B BE e i K 9
i PR B I R R S I

(3) UVE — BP il 2 £ (1) 52 B 43 28 RS0 4 25 45
RILIE 8c, MALRLIE ] A 0.2, M 45 451 Oy 15 —
16 =3, UVE — BP 7E iR 5l 1E % it |7 5 i R B A
38 R IER MR A R IER UK 2 IEE I R R A
BB R o AR SRR R 5 T, UVE — BP J
28 By o JEAE I R A E R (K AR R 12 iR A
BBERT T R FESRBERT I R AN 1,25 R E
ERf, JA L R R EE M R A 14 R
I Bk 158 R R BE R T Ao

(4) CARS — BP il X 45 119 552 B 43 28 R0 43 2%
SEAL UL P 8d, L E R 2% ) Ak 0.2, N 4% 45 4 R
26 —40 —3,CARS — BP i RN 79. 17% ,
5 AR B, RO T RE A IEE i A AU
6 A Fr B iR Sy IR I . AR 2R R AR
HFE i S s i R BB B i R L {H CARS -
BP AR GIPKE 3T 75% (%) s A i R, LA & 80% 1) B
B I o

(5) SFLA — BP Il i 48 19 S s 43 28 R0 F30300 4 2
G5 UL B 8e, LAY 2E 5] RO 0.1, [ 4% 45 44 Ky
20 —50 =3, SFLA — BP JL-F- 0] LATE I Fir 45 9 1E & it
0,40 AR E I R AEAS AU 2 g A, SFLA —
BP P51 75% W BE R I A, AR R B AR AR B
DR R BRBER I o SR T AR AL 7E BB R AR AR
AITE 7 T % 26 BOR, 40 DA A 18 i Bk
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Fig. 8 Classification results of BP model test set based on different algorithms
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Tab.5 Test set classification prediction results of BP models

160 120 20 100 120

PCA - BP SPA — BP UVE - BP CARS - BP SFLA — BP
PR IEAS MR RADN REDN M sl REBODW R SOEW REBDW R REDW RBDN B ORI REDN
e M D U S S L U S oM R D U Sl VS -
HEH R/ % 97 85 57 93 71 65 97 67 64 97 69 74 97 62 67
B A K/ % 95 28 97 100 55 75 95 70 62 85 72 80 95 75 55
F1 {5/% 96 42 72 96 62 70 96 68 63 91 71 77 96 68 60
A 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40
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Tab.6 Training set classification prediction results of BP models
PCA - BP SPA — BP UVE - BP CARS - BP SFLA — BP
PR EEAS MR RADN O REDN M sl REBODW R SOEW REOW R DN RBDN B ORI REDN
M DS U S S L U S ST S DS E U S VS ey
HEH R/ % 99 92 73 94 82 85 93 71 71 91 78 86 92 75 73
BEHE/% 100 65 95 98 81 83 99 68 70 97 82 76 99 72 70
F1 {5/% 100 76 83 96 81 84 96 70 70 94 80 81 95 73 71
A 100 110 110 100 110 110 100 110 110 100 110 110 100 110 110
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TEFAT A 5 4~ SVM BERL 3 4 o 1 R K T
85% [1) 15 % % SPA — SVM, PCA — SVM . CARS —
SVM \UVE — SVM, H v 3T SPA B9 L %k 19 R AE
A g ST SVMASE A M BB S5 -, 7E U/ R AR i
[ BF B v 1 AR RUORG B SPA AR T AR A AR AE
Wkt 339 N BT 12 A MRS R B T
93.25% , HAHXS F & B, SPA — SVM 1] L) #E

TG 5 K fgkt e 0 7 AR SR Ok, 6 B SPA JA B
fily 4 FfrAp A O 4 R IO 3 B KRR R b S B TR R
Bl BEAR T A S/ B Y T TR T Ok
TER) R ILAE Sy . 7E BT A 45 BP B AL h ) R A
B 2R d5 = 9 BB Sl SPA — BP ORI R, i A R
86. 88% , M 2t £ ¥ i 8 i o Y B AL Sl CARS — BP £
B HERG R 79.17% 25 F TR, SPA — SVM £ 7l
eSS e
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