
 ��� ����� 	
���� ���� � ���� ����20  �����4 �� ! "�#457  �&466 )1398( 

./ �0�1�	2#�  

  

�������	  �
��  �����	 ����� ����� �� ������� �	 ���  ��� �	 ��! "#�

�$%�&� ��&$1  

Color Grading of Walnut Kernel Using Combination of Machine Vision 

and Artificial Neural Networks 
  

����� ���	
� ������ ����* � ���� ��� ����2  

  

���
(  

 �� 3#�./ 4�� �5���5 ��6���5�7 89� 	:
� "��� ������� 	���
� 4;� 5���
�<=� >�? 	���0�	�;@ ���5 ��AB ��   C4���

4��� C4���  � 	����AD 	����AD C159 �� "��5�����E& �
�7��� F� �# G� � H�I<
� �5�7 89��J�� �5 .���E& LG�5�/ �C �� 

G� �5� <=� 4;=M/N �<�;�   � �� "G�=��� ��;�G 	=�712 ��;O� P���
� � 4;:
�;� Q��� 	:
� 	7.�� R
� � 8�= C8��S "�#

	�T  �U#4;�B  ���5 CR
� Q!� ��;O� P���
� � 4;:
�;� V�� � W����R
�  .�� X��I<=�����&� ��6��	7.�� "��� G� �#

Y@�� 	
�
�D 	:<Z��# V�O��� 4;:
�;�  4;:
�;� [�=� 4�� �� �D �� �5� <=�R
� V�� � �;\]& 4��<2;��� �5 � ^

��&� _��5 "��� � `
����� � W���� 4;:
�;� �T G� `/R
� V�� UA�	7.�� 4��&��&� ^�� �5 �#�
5�� "���. �& ��^�� �� �� 

��&�	7.�� "����a�� C�# 	�E� "�#"5��� �� �& F� G� V�� <� "�#12 �� 	J��? "5���.  G� �5� <=� ��9 UA� 	7.�� �&

�����5 _S5 4��&N�� C	�E� �a�� "5��� ����� �� ����� "���8/95% ��;A� ��<@�= �5 4-20 -9 ��_=5 ��T  _S5 �D

���5 4��� 	�;@ ���5 �� �5�7 89� "��� "���100% 4��� ���5 C31/92% 	����AD 4��� ���5 C91/90%  �5 	����AD ���

100%  .5����;<
  4��3#�./ ��2
� 	�E� �a�� �� e;D�& �5 	���;� 4;��� "N�� 	��
��& ���#5���5 "�� �5�7 89� "���� �

	� R
� [�=�.���� 

���� �����	
�:  C���E& LG�5�/��N ��B ���<g=�/C ��&� "���	7.���#C 4;=M/N �<�;� 	=�7.   

���)�  

  4;� hi= �5 �5�7 �;0�& �5 	�A� ��:��� ����� �5�jj7 	
�jjA� ����D�;0�& 4;��= �a���T � 4;B G� `/ � 5��5 	���0�_jj=� .

 3��8�� ����� �5 �5�7 �
N�= �;0�& C�<�k7 �#5 �5 �5"�;:�2B  G� � _=� �<��5110  ^�jj= �5 4& ��8#1372  �jj�349  ��8jj#

 ^�= �5 4&1396 _=� �<��� 3��8�� )5(4;��<�� "5��G ���1� 4<��5 �� �5�7 . B ��jjZ
� _�M= �5 "�; � 31
  5��5)8(.  8jj9�

�� �<2;� �5�7	� �5� <=� ���a2@ V��!5�� � ��5 "�<jj2� _��l� e�� �5 	�A� 31
 �T 4��� R
� Q;05 4;�# �� 8jj9� .5

 m���! �5 �� � 	��k m���! �5 ����5�/ V��! �� C�
���
 	�=��� _; ;D �D 	��#�5�7"G�=���5 	� �5� <=� C���jj�� �5 .�
�jj�

���5"���  �5�7 89���^��O� ��? 	� ��jj�
� 	<=5 L�� ���jj� �jj��& �jj� .5�jj� "���jj�5#"� �� 4jj�� G� 	jj��
 G� �5� <jj=� CL

U<Z;="�# ���5"��� 	� 	���;� 4;��� �� 	�<��^�jj= �5 .�jj��� 	�jj=��� 4�8:��jj� �
��& �jj;@� "�#��jj2;/_"�#  �5 "5�jj�G

���5 "��� 	���;� 4;��� 5����D ��;�G "���^�E��"�#  �<��7 V��! "G���2D_jj=� )22 C23.( ^�n��jj#5����D 4jj�� G� 	��jj#C 

��
� 	7�;=� )14( ���5 � �<Z/ "���)20( 	�.�����  

 

1 -  :_����5 o���&25/9/97                                             :L��k/ o���& 1/7/98  

2 - �����5�<=� e;&�& ��2D ��a2
�5 CU<Z;=�;� 	=��A� 3I�V�&��
 pM!� � _���G ���7 ���5�<=� CG��;� ��:2
�5 C"G�C ��2D ��a2
�5��:2
�5 C"G� 

 � X�=��
�54;2;/ "��2 G��;� ��:2
�5 C"G���2D ��a2
�5 CU<Z;=�;� 	=��A� ���� 	=�����D.����� CG��;� C  

) :F;
��<a0� _Z/ C^�qZ� ���Z��
 *khoshroo@yu.ac.ir.( 



����a�# � 	���ZD 

458 

    UA� QJ��� G� 	a����5"��� ^�E��"�#  H�I<
� C"G���2D	7.��"�#  �6
 5��� ���5 � _; ;D 4;;O& "��� e=���

	�����.  4;� �5	7.��"�# �O0�i� 5��� UA� )^�E�� Qa� � _��� CR
�( �5�<Z7 �5� <=� R
� 	7.�� �5 "�&3#�./"�# 

�<��5 "G���2D _=� )24.( ���54;� "�#5���
�<=� >��i� �5�7 89� "���	� 	���0� � "��Z/ "�<2� 3��8�� �5 �
��&

L�<Z7  	���@ 	<��S� "�#��G�� �5 ^�E�� 4�� V��5�!�\s� .���� [�=� �� 5���
�<=� 4;� 	���0����5�5�7 89� "���  �D

 t=�& "G���2D V��G��a���T  C_=� ��� �u���G� �5�7 89� �6
  ��AB �� R
� ���74��� 	�;@14��� C2	����AD 4��� C3  �

	����AD4 Z1&U;"��� 	�55�7 )3 C4(���7 ��AB 4�� Y;I2& "��� . 	� �5� <=� 5���
�<=� ����E& G��
��
 �D 5�� �5 �T G� "�

 Qa�1 ._=� ��� �u��� 

  

  
Fig. 1. USDA standard for walnut kernel grading, (a) Extra light, (b) Light, (c) Light amber, (d) Amber. 
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1 - Extra light                    2 - Light              3 - Light amber               4 - Amber             5 - Multi-layer Perceptron 
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Fig. 2. Imaging chamber of walnut kernel. 
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Fig. 3. Neural network structure. 
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Fig. 4. Image pre-processing steps: (a) main color image, (b) Edge detection using LoG, (c) Filling the holes and 

background removing, (d) Red channel, (e) Green channel, (f) Blue channel. 
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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. 
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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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Color Grading of Walnut Kernel Using Combination of Machine Vision 

and Artificial Neural Networks 
 

M. Kasraei, A. Khoshroo* and M. Hajizadeh11 
 

 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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