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Fig.1. Images of walnut tree leaf damages by anthracnose
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Anthracnose spots
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Fig.5. Processing image to detect anthracnose: a) Original image, b) The image segmentation based on color
features in the HSV space, ¢) Noise removal, spot counting and area calculation and percentage of contamination
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Table 1- The main axis coefficients of the regression in the RGB color space

e ol Woei b ygme g5 ) il o g5 5 ol jgm0 4 G s
I8 X . Regression coefficients Error from regression axis RMSE
Sampling  Axes of — -
Segment oints color b b Positive average  negative average
P 0 ! distance distance
GR -0.142 0.85 0.135 -0.115 0.053
I“;; 1086 GB -0.135 13 0.199 -0.165 0.088
BR 0.104 0.573 0.112 -0.273 0.326
) GR 0.09 149 0.0356 -0.0378 0.088
3951 1037 GB -0.04 0.813 0.0234 -0.017 0.049
Anthracnose

BR 0.087 0.93 0.047 -0.052 0.057

1- Root mean square error
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Fig.6. The histogram of leaves and anthracnose in the HSV color space, a) Histogram of H, S, and V indices in areas
containing leaf image, b) Histogram of H, S, and V indices in areas containing anthracnose image, c) Histogram of R,
G, and B indices in areas containing leaf image, d) Histogram of R, G, and B indices in areas containing anthracnose

image.
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Table 2- Classification matrix of the method for diagnosis of anthracnose

Bly S
Actual class
ol 595151
Intact Anthracnose
[72]
%) & el 50 2
) S Intact
3 = »
5 ol
5 @ 3951 0 48
ig Anthracnose

598151 gilaw (s gy 5,Sles =Y Jeas
Table 3- efficiency of the diagnosis of anthracnose disease

Sensitivity Specificity Accuracy Precision
595141 0.96 1.00 0.96 0.98
Anthracnose
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Table 4- Paired t-test to determine the difference between the severity of actual pollution and the intensity obtained by
the image processing method

oV a0 Nk 3yl biw! G ool t p-value
Variable Level Average Standard deviation
o 2 ) 0.003953 0.003365
Sy 539l aop Manually -0.078 0.938
Percentage of leaf contamination R9as (Bildy 0.004002 0.004846

Image processing
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Fig.8. Detecting image noise as anthracnose-infected spots while proving the contamination of these points is not
possible
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Introduction

Control of walnut diseases and pests requires the mapping of the extent of contamination within possible

shortest time. Therefore, it is necessary to develop systems to detect and determine the prevalence and location
of contamination for researchers and gardeners. Image processing has been proposed as an approach to
determine the extent and type of damage to different products in farms and gardens. The aim of this study was to
design an algorithm based on the processing of walnut leaf images under natural light conditions in order to
provide a rapid and non-destructive detection of diseases for the protection of trees using imaging methods. In
this research, the possibility of detecting Anthracnose disease was investigated by processing walnut leaf images.
The disease was detected using in situ images taken from the leaves to provide the basis for designing
application software on smart mechatronic systems.

Materials and Methods

Images of leaves on walnut trees were taken under outdoor light conditions. Color and morphological
properties extracted from the images were used to detect the pest on the leaves. Gnomonia leptostyla disease
diagnostic algorithm was based on process of color and morphological characteristics, leaves background and
disease-stained spots. The range of changes in R, G, and B indices was obtained in histograms and then two-
dimensional spaces were analyzed statistically on GR, GB, and BR planes. All points from these regions were
used as statistical samples, for which bivariate regressions of GR, GB, and BR were obtained as y = by + byx.
Segments containing anthracnose spots from the leaves were segregated by extracting the coordinates of the
points in each side on the RGB color space cube. Finally, anthracnose content was detected based on the number
of spots detected by the algorithms. The percentage of contamination was used to determine the amount of
contamination in each imaged area.

Results and Discussion

Examination of the colored spaces indicated that the domain of the anthracnose color components on the GR
side has nothing in common with the color components of the leaves. The analysis of color space data revealed
that the leaves and anthracnose were more distinguishable on the GB and RB sides, respectively.
According to the histogram of the HSV color space, anthracnose spots were isolated from the leaves by
determining the H range. In the evaluation of the proposed method for diagnosis of anthracnose, the infection
severity calculated by the algorithm with the true infection intensity. T-test results for comparing the mean of the
two infection intensity samples showed no significant differences between the two groups at 1% probability
level.

Conclusions

The evaluation of the proposed method showed a 98% segregation accuracy for G. leptostyla detection
method. Based on the results, the proposed method for detecting anthracnose spots is suitable for determining the
contamination severity in the imaged areas.
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