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Recognition of Tomato Foliage Disease Based on Computer Vision
Technology
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Abstract Computer vision combined with digital image processing and pattern recognition
techniques were evaluated for the detection of diseased tomato leaves infected with leaf mold Fulvia
fulva early blight Alternaria solani late blight Phytophthora infestans  and leaf spot Corynespora
cassiicola . An image acquisition system was established to acquire leaf images. The image pre-processing
techniques were applied to segment the lesion regions from the diseased leaves. And then nine color
characteristics five texture characteristics and four shape characteristics of the lesion regions were
extracted. To classify the four kinds of tomato foliage diseases stepwise discriminant analysis combined
with Bayes discriminant analysis and principal component analysis combined with Fisher discriminant
analysis were executed to develop the discriminant models. By the stepwise discriminant analysis we
selected 12 characteristics from the original 18 variables to develop the Bayes discriminant function, and

results showed that the classification accuracies for the training and testing sets achieved 100% and
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94.71% respectively. By principal component analysis the 18 variables were reduced to two principal
components PCs . The classification model based on the two PCs achieved classification accuracy of
98.32%. These results indicated that it is feasible to identify and classify tomato diseases using computer
vision technology. This preliminary study, which was done in a closed room with restrictions to avoid
interference of the field environment, showed that there is a potential to establish an online field
application in tomato diseases detection based on computer vision and image processing techniques.

Key words computer vision tomato disease feature extraction stepwise discriminant principal

component analysis discriminant model
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1 A B C D
Fig.1 Imagesof tomatoearly blight A  tomatolateblignt B  tomatoleaf mold C
and tomato leaf spot D

E F G

Fig.2 Image pre-processing
A Color image of lesion region B Gray image in R channel C Gray image in G channel
D Grayimage in B channel E Extraction of lesion profile F Binary image of

disease spot G Segmentation of disease spot
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Tablel Bayesdiscriminant function of thefour classes

Name Discriminant function

Y1 = 15738 + 88.45 x Cp+ 14.94 x Cg — 11.77 x Cp+ 2.60 x Cy+ 26.53 x Cs— 78.75 x C;+ 159.52 x Cg+
Tomato early blight 180.08 x Cp — 3.50 x Scir+ 812.73 x Teon- 6.62 % Teog +32.05 % Ty

Y2 = 15736 + 89.19 x Cp+ 14.18 x Cg — 12.27 x Cp+ 2.58 x Cy+ 2644 x Cs— 78.73 x C;+ 159.62 x Cy+
Tomato late blight 181.25 x Cy- 2.69 X Seip+ 942.57 X Teon- 6.58 X Teop+31.27 X Tpnr

Y3 = 16146 +90.32 x Cp+ 16.74 x Co— 10.25 x Cg+4.74 x Cy+ 28.86 x Cg- 83.21 x C;+ 158.04 x C,+ 182.68 x
Tomato leaf mold Cb — 2.51x% S(71R+ 813.38 x Tcon — 5.90 x Tcor + 27.62 x Tent

Y4 = 15493 + 87.72 x Cg+ 10.37 x Cg— 9.85 x Cp+ 0.65 x Cy+ 26.86 x Cs— 75.34 x C;+ 158.66 x C; +

Tomato leaf spot 177.74 % Cy— 3.13 x Seip+ 1928.00 x Teoy — 7.17 * Teor +46.58 x Tpyr
Bayes 4 30
4 100%
4 120
100%
76.67% 6 1
Bayes 94.17%
4
2 4

Table2 Bayesdiscrimination resultsof training and testing samples

Sample Correct number /% Correct rate
Name
Training set Testing set Training set Testing set Training set Testing set

30 30 30 30 100.00 100.00
Tomato early blight

30 30 30 30 100.00 100.00
Tomato late blight

30 30 30 30 100.00 100.00
Tomato leaf mold

30 30 30 23 100.00 76.67

Tomato leaf spot

Total 120 120 120 120 100.00 94.17
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Fig. 3 Scatter plot of four classeswith two PC scores
3 4
Table3 Fisher discriminant functions and their discrimination results
/%
Name Discriminant function Sample Correct number Correct rate
Y1=-— 9.95- 1.64 PC1- 4.15 PC2 60 57 95.00
Tomato early blight
Y2 = 6.87— 3.21 PC1- 1.85 PC2 60 59 98.33
Tomato late blight
Y3 = 41.24+9.03 PC1- 4.18 PC2 60 60 100.00
Tomato leaf mold
Y4 = 21.56— 4.18 PC1 +5.06 PC2 60 59 98.33
Tomato leaf spot
Total - 240 235 98.32
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