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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. 5. Performance of artificial neural networks for different number of neurons in hidden layer.

Ol Y )3 b9 Dglite jled (gl (eoran (orae slaaSid o Slee -0 S5

A (59959 Slass alidl b IS8 Bllas mae ol 1) anaz ;s CES p (699) slaShy Sh b £ S
Gz ;> 285 53 1 Shs O B 35)5 (il b o 51 ey sy LAWY @ (gatpaz jo 80 Shs ¥ 4 (£5hae mae
s e o b bl (pSike 5 Ky Sl (eSilee e (S5 59 O s (Krod O Jds & wtd ol (65
s (59955 4 (e (S Geoded) S5y ol aSlie 535381 L 092 S 5eSils 5 (2 eSilee oS5y Sl il
Wil Coll (gaigaz 0 C85 « Shg A L (69959 slo Sy olows Sl L ol 51 s g dp, AVTY 4 (gaisaz 1o C8d eac
ol S5 I3l L ol 5l e g el s ZABIA b plp (gamaz,0 83 cp Vb Jow 48 Pt Sy Al eoliwl b
S Sy dw Om Vb (Suen 5539 ganax 0 Cds Huile <ol s aile ol gussas o s as 4SLD (60959
» xS SRy 5l a5 38 Sl g je 8 lly bl (bl Jold saas, Joe 3 Slgesl
<83 VL St (Sho Vol eoliiul b oulid cou;y slaShis el D )0 gaaz o )0 pelie loaz
ol o YU (Saad 0929 ] Judo a5 0,55 o iol38l s o Sy Gialidl b ol 5l e g ol Cavots (gaiax o
V) 292 St S V0 9 S

&


https://dor.isc.ac/dor/20.1001.1.16807154.1398.20.4.3.6
http://journal-irshs.ir/article-1-322-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-06 ]

[ DOR: 20.1001.1.16807154.1398.20.4.3.6 ]

o Sy el 50,5 e sz 0

100 -
& . o5 -
4
éq 90 -
g 4
g;z 85 -
g2
& 3 801
c ~
§S 5
s
70 T T T T T T T T T T T 1
01 2 3 45 6 7 8 9 10 11 12

b Sy olass
Number of features

Fig. 6. Effect of number of features on accuracy of walnut kernel grading.
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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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