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Recognition of four different alfalfa leaf diseases
based on image processing technology
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Abstract  Automatic recognition of four different alfalfa leaf diseases was investigated based on image processing
technology. The sub-images (lesion images) with one typical lesion or multiple typical lesions were obtained for further
recognition by artificial cutting from the acquired digital disease images. Lesion segmentation was conducted by using a
segmentation method integrating with K_median clustering algorithm and linear discriminant analysis. For the
aggregated image dataset consisting of the lesion images of the four different alfalfa leaf diseases, the mean and the
median of the scores were 0. 877 1 and 0. 899 7, respectively, those of the recalls were 0. 829 4 and 0. 851 4,
respectively,and those of the accuracies reached 0.924 9 and 0. 942 4, respectively. A total of 129 color, shape and
texture features were extracted from the lesion images for further analysis. The Naive Bayes method and linear
discriminant analysis were combined with sequential forward selection method to build disease recognition models.
respectively. And the disease recognition models using support vector machine (SVM) were built based on the two

optimal feature subsets consisting of the features optimized by using the two methods. Comparing the efficiency of those
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four models, the disease recognition SVM model built based on the optimal feature subset obtained by linear

discriminant analysis was found to be the best model for the image recognition of alfalfa leaf diseases. The recognition

accuracy of the training set was 96. 18% and that of the testing set was 93. 10% . The results indicated that the image

recognition of the four different alfalfa leaf diseases could be implemented with high accuracy by using the model

proposed.
Keywords alfalfa; leaf disease; image recognition;
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Table 1 The list of image features extracted and their ID numbers
1D 5 1D 5 D5 1D 5
A M A M M A M
. Identity . Identity . Identity . Identity
Feature Feature Feature Feature
number number number number
= FrJ Lab_L
Lab_L1 1 RGB_G6 34 shape2 67 - 100
Pab- ¢ - pshape The third moment Lab_L
- =4 Lab_b
Lab_1.2 2 RGB_G7 35 shape3 68 - 101
Pan- ¢ - pshape The third moment Lab_b
=Rr4E Lab_a
Lab_L3 3 RGB_B1 36 shape4 69 - 102
Pab- ¢ - pshape The third moment Lab_a
Xt EE RGB_R
glLab_L4 4 ¢RGB_B2 37 @shape5 70 T 1 g - 103
Contrast RGB_R
feit RGB R
Lab L5 5 RGB_B3 38 shape6 71 - 104
glab_ PRGD_ pshape Energy RGB_R
B i RGB_R
¢lab_L6 6 ¢RGB_DB4 39 gshape? 72 e T 105
Homogeneity RGB_R
—Br4E RGB_R XL EE RGB_G
Lab L7 7 RGB_B5 40 - ) 73 o 106
Prab- ¢ - The first moment RGB_R Contrast RGB_G
— RGB_G fiti® RGB_G
¢Lab_al § | ¢RGB_B6 | PRERGE o 74 | PR ERE 107
The first moment RGB_G Energy RGB_ G
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— M4 RGB B [q] 5 RGB_G
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Color ratio RGB_B Homogeneity RGB_B
— HSV_H X7l E HSV_H
¢oLab_a6 13 oHSV_H4 46 M%E - 79 ?LH:};: - 112
The first moment HSV_H Contrast HSV_H
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k4 RGB_B A ik HSV_V
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Table 2 Characterization of the effects of lesion segmentation on the images of the four diseases

by combining the K median clustering algorithm and linear discriminant analysis

H 8] % Recall HERM R Accuracy 2545184y Score
CREEEITES
Jmage dataset TR BE PHE b PHE b
Mean Median Mean Median Mean Median
A 18 B 0.7905 0.8199  0.9220 0.9366  0.8562  0.8810
Alfalfa common leaf spot
1559 0.851 6 0.859 6 0. 960 6 0.967 1 0.906 1 0.913 7
Alfalfa rust
R U G AU R 0.928 7 0.949 5 0.963 6 0.969 0 0.946 2 0.958 3
Alfalfa Leptosphaerulina leaf spot
A 2 A TR B 0.778 6  0.7938  0.8951  0.9109  0.8369  0.8496
Alfalfa Cercospora leaf spot
T B8 B0 4R 0.8294 0.8514 0.9249 0.9424  0.8771  0.8997

Aggregated image dataset

2.2 HEMHBRETRINEMNNBEISIRNER
bk 4%

G350 I AN 28 DL Hir 5 i R e M 0 531 o B O 1k
ST U B I 25 G T i 1) 3% 86 3 07 8
Ik 2 F 7 ik i e A AN (g 1R 25 S 3k 3 IraR . Ab
2 D0 AR e B T 8 ANERAE L 43 Sk [ L — B
% RGB_G.—¥r% Lab_ b, =4 HSV_H., =4
HSV_S.fig&# RGB_R.fit&# RGB_B.fig & Lab_b, ¥
HH X 8 /N HEAE ZH B S5 DL R AIE - B i 44 R R AIE 1 4R
Lo X5 T BT g Ab 22 DU S A8, 11 2k A2 U0 E B 22y
85. 00 %0 » M A U IE B R Sk 82. 40 %6, Lk A3
SIATRE AL L PR T 18 ANHFAE, 430 R eLab L5,
eLab_bl,eRGB_R5,oHSV_HI1 [ Ji & 25, —
Mo HSV V., B4 RGB_R. K4 RGB_G.—
Mr4E RGB_B., Z K4 HSV_H. X b RGB_G.fig
 RGB_B.JA itk RGB_B.fg& HSV_H. A &M
HSV_H.fg& HSV_S.[[iit: Lab_L, ¥ X 18 4
FEAE A B R IR 1 S 24 MR IE T 42 2. X T

FIT 2R 0 500 43 e A4S YL 11 4 R 0 T A S R 0
EPUNER RN 92.25%,

O3 R R AE T4 1 AR AR 148 2, #E ST
P SVM B 1 H1 SVM A6 2, 46 50 30 51 25 5 4
FAFIR, XFRERN SVM R 1, I ghdz 1051
IERRA 92. 27 %, MK 4 R 50 1IE B %0 88. 3804,
B (1) e I 2 B0 Coewr 1 grew 53 51 4 48, 503 Al
0.574, X T39I SVM B AL 2, Il 2k 4 - 1] 1E
R 96. 18 %6, M3 4 PR 1E 5 2R ky 93. 10 %, 45
R R E S BT Crea M oo 53512 9. 190 F1 1. 000,

BT HAEF4E 1 # 7 A9 SVM BRI 50 858148
TR AN ZR DL S A A, I 2 A TR OE B R 4R
T 7279 R AR R IE R R T 5. 98% ., BT
FRAE T4 2 #E 7 A9 SVM AR AL R ) 5 R w A T BT 2t
2R ) ) 0 B B R HL I A R OE B R R T
3.93 %0, MK AR U IE A S/ 1 0.85% ., [iR4s
SR, BT A R B SVM B A - Br g AN 2 I
I 30 A5 T 0 2 ) 0 3 A R
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RIS N O S 2016 4F 45 21 %

(&) (h)

Ca) T 75 #8 B 98 BE I 1% Lesion image of alfalfa common leaf spot; (b) & 1 #8 B 95 ik BE 4% 20 # 45 2 Image after lesion
segmentation of alfalfa common leaf spot; (¢) F 75 %59 i BEK 12 Lesion image of alfalfa rust; (d) B & 45 9% ik BE % 4 #) 45
Image after lesion segmentation of alfalfa rust;(e) & 75 /N6 5¢ M BEJG 9 BE {2 Lesion image of alfalfa Leptosphaerulina leaf
spot; (D) B 15 /N 5T i BEG 9 BE 1% 40 #) 25 5 Image after lesion segmentation of alfalfa Leptosphaerulina leaf spot; (g) B 15 &
0B I BE R 9% BE K44 Lesion image of alfalfa Cercospora leaf spot; (h) 1 45 B2 78 B i BEG 9k B 181 4% 4 #) 45 S Tmage after lesion
segmentation of alfalfa Cercospora leaf spot

1 FEKHERXEZTMEEHANSMHNFEREGSE T ENEIFEER

Fig. 1 Automatic segmentation of lesion images using the segmentation method by combining the

K _median clustering algorithm and linear discriminant analysis
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Table 3 Recognition of the four alfalfa diseases using Naive Bayes model and linear discriminant analysis model, respectively

A EFRE ID 5

WAL BER /0 ML E R R/ X%

i FAE T4 . .
ID of the selected Recognition accuracy  Recognition accuracy
Model Feature subset o )
feature of the training set of the testing set
AN EE DL 7 A5 TR 64,74,83,97,98,104,110,128 EAE T4 1 85.00 82.40
Naive Bayes model
2 1 0 1) 0 i A AR 5,15,26,43,64,65,81,85, 86, FiF T4 2 92.25 92.25

87,88,106, 110,111,113, 114,
116,123

Linear discriminant

analysis model

x4 NANETEEFEINBEFE2AESVMBEFIRFNERIAFNER

Table 4 Recognition of the four alfalfa diseases using the SVM models based on the

optimal feature subsets obtained by the feature selecting methods

hest Recognition accuracy

YIl 25 A U IE A 2%/ Do T AR PR E B R/ 26
Recognition accuracy

of the training set of the testing set

. BT AR IE T 4R
e 3
Feature subset used Chest
Model
for modeling

SVM A1 1 FRAE T4 1 48.503
SVM model 1
SVM #E# 2 FAE T4 2 9.190
SVM model 2

0.574 92.27 88.38

1. 000 96. 18 93.10
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