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Color Grading of Walnut Kernel Using Combination of Machine Vision
and Artificial Neural Networks
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Fig. 1. USDA standard for walnut kernel grading, (a) Extra light, (b) Light, (c) Light amber, (d) Amber.
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Fig. 2. Imaging chamber of walnut kernel.
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Table 1. Ranking model of color features in walnut kernel grading.
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Fig. 6. Effect of number of features on accuracy of walnut kernel grading.
935 e (Saaz ;0 85 p la Sy Jled 565 S0

2 955 e oW Sl 6l VY LSl L ane (spian (oras AL iy C80 GlaanS T g 0
(o903 ooty sl oolaiwl b 90 )5 550 (oS Jloz (gl (smas 4SS (guiuaz ;0 s .l oad &l lacél o sl CJB
emas &S 3l eolainl b ag (gaisaz )0 10 4S 0y g ) Sen g (5 00ad g gloaidl b asl pl g 1A0/A
99,5 jxe Sy gl guaz o B0 ¥ Jgaz jo e (V) Woged 55,155 1) 1AD/A gaidaz o B8 p Leae
gy azyd JAVIVY gy az 0 Ve by LS az o gl gamaz o cBo el pl el sads &l wlElas
De i Ver SbS a0 97.94/4Y SbyeS

(O305] slaosls) Eas gmac aSd | oolaiul b 90,8 e gamaz o Blasél uw b ¥ Jsax
Table 2. Confusion matrix of ANN classifier for walnut kernel grading (test data).
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Research article

Color Grading of Walnut Kernel Using Combination of Machine Vision
and Artificial Neural Networks

M. Kasraei, A. Khoshroo® and M. Hajizadeh!

This paper aims at color grading of walnut kernels using a machine vision system. In this
study, 159 kernels were divided into four color class of 'Extra Light', 'Light', 'Light Amber'
and 'Amber' based on international standard. In image processing step, the Laplacian of
Gaussian filter was used to remove the background of the image. Twelve color features were
extracted from images including mean and standard deviation of red, green and blue as well
as hue, saturation and intensity. The level of contribution of color features were determined
using Average Squared Canonical Correlation values. The intensity mean had the highest
contribution followed by saturation mean and intensity variance. Various neural networks
architectures were developed with different number of inputs from one to 12 features based
on the ranking model. Using the nine most important features as input for ANN, the highest
grading accuracy of 95.8% obtained in the optimum structure of 9-20-4. The grading accuracy
for walnut kernels in the classes of 'Extra Light', 'Light', 'Light Amber' and 'Amber' were
100%, 92.31%, 90.91% and 100%, respectively. The results show high potential of the
machine vision combined with artificial neural network for color grading of walnut kernel.
Keywords: Image Processing; Features ranking; Laplacian of Gaussian filter; Multi-layer
perceptron.
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