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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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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). 

  
��� ��#�2�  
Observed 

3;/	�;� ��� 

 Predicted  
4��� 	�;@ ���5  

Extra light grade 
4��� ���5  

Light grade 

	����AD 4��� ���5 

Light amber grade 
	����AD ���5  

Amber grade 

4��� 	�;@ ���5 )15 (�
��
  

Extra light grade (15 samples) 

15 
(100%) 

0 0 0 

4��� ���5 )14 (�
��
  

Light grade (14 samples) 
1 

12 
(92.31%) 

1 0 

	����AD 4��� ���5 )12 (�
��
  

Light amber grade (12 samples) 
0 1 

10 

(90.91%) 
1 

	����AD ���5 )9 (�
��
  

Amber grade (9 samples) 
0 0 0 

9 

(100%) 

Grading accuracy = 95.8% 

��	
 ��
   =����8/95%  

  �� ���&��_S5 ���5 H��i� C"�����;<
"�# ��_=5  ���T��2
���#5  �a�� �� e;D�& �5 	���;� 4;��� "N�� 	��
��&

���5 "��� 	���E� 	�E�	� �5�7 89� "���	� � ���� �� �
���= 4�� ���& 4�� _; ;D ^�<�D "��� e=��� ��8�� F� ����� ��

5�� ��D �� ^�E�� .  

�/������!  

  4�� �53#�./ �� L�� F�  "��� 	���;� 4;��� G� �5� <=����5"���  ��AB �� �5�7 89�[MD  [�=� �� 	:
�

5���
�<=�USDA   �u�����. ��;<
"�# ��&�	7.�� "����#  4;:
�;� �D 5�5 ��2
R
� V��C UA�4��& 	7.��  ^�� �5

70

75

80

85

90

95

100

0 1 2 3 4 5 6 7 8 9 10 11 12

M
e

a
n

 g
ra

d
in

g
 a

cc
u

ra
cy

 (
%

)

 "
��

� �
��

5 
_

S5
 4

;:

�;

�
(%

)

�# 	7.�� 5��O&

Number of features

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
98

.2
0.

4.
3.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-1

0-
20

 ]
 

                             9 / 11

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


����a�# � 	���ZD 

466 

��&�5�� "��� )255/0=ASCC� V�� `
����� � W���� 4;:
�;� �T G� `/ � (R
 �5 �� _;�#� 4��<2;� ��&� ^�� "���

��<��5C ��&� ^�� �5 _;�#� 4��<�D "���5 8��S R
� 4;:
�;� �D 	0�J �5) 5�� "���431/0=ASCC.( �� 	�E� �a�� �5 �5 

���5 _S5 C"5��� �� "���7/91% �� � �;=� ���
 3��8��"5��� "�#  C���
 3� ��_S5 ���5"��� 7/93% ��_=5 ��T. 

���5 _S5 4��&N����:�# 	�E� �a�� "���	 ��_=5 G� �D ��T 9 UA� 	7.��.�� �5� <=� 	�E� �a�� "5��� ����� �� �& 

	7.�� 3��8�� �� �T G� `/S5 C	�E� �a�� "5��� �5 �#���5 _.�
�� _��\ "���  "��0�/�& �� 	�E� �a��4-20 -9  4��<A�

 �5 �� 5�a������5"��� _0�J 4�� �5 �D 5�5 ��2
 ���5 _S5 "���8/95% ��_=5 ��T �D ���5 _S5�5�7 89� "��� "��� �� 

 4��� 	�;@ ���5100% 4��� ���5 C31/92% 	����AD 4��� ���5 C91/90%  	����AD ���5 �100% .5��  [�=� ��

��;<
�# 	��=��� 	��
��& 	���E� 	�E� �a�� �� e;D�& �5 	���;� 4;��� C�;;9&�#  �5�7 89� _; ;D �5 �� R
� [�=� ��

 5���
�<=� >�?USDA .5��5  

0	���                                                                                                                                  References 

1�5�G 	��J .� C .1387 .���5"���  .	���;� 4;��� G� �5� <=� �� �5�7 ��;�����/���
�<�� ���� 	=�����D "  F;
�a� 	=��A�

4;���"�# .G��;� ��:2
�5 C"G���2D ��a2
�5 C"G���2D 98 .�  

2 .�5�G 	��JC .� � .�  .	���ZD1387 .���5"��� �.�� ��� [�=� �� 	���;� 4;��� G� �5� <=� �� �5�7 . 	=��A� 	�� ��:�D 4;���/

4;���"�#  	=��A� 4��
� .��;=�8;
�a� � "G���2D4;���"�# ����� ��;=�8;
�a� � "G���2D .�A2�.  12  .�  
3. Anonymous. 1997. United States standards for Grades of Shelled Walnuts (Juglans regia). Provided by: 

United States Department of Agriculture, Agricultural Marketing Service, Fruit and Vegetable Division, 

Fresh Products Branch. 6 p.  

4. Anonymous. 1994. Descriptors for Walnut. International Plant Genetic Resources Institute, Rome, Italy. 54 p.  

5. Anonymous. 2013. FAO production yearbook. Food and Agriculture Organization, Rome. 

6. Bishop, C. M. 2006. Pattern recognition and machine learning. Springer-Verlag, New York. 738 p. 

7. Dousti, A., M. A. Ghazavi and A. Maleki. 2013. Grading of empty walnut using signal processing and 

artificial neural network techniques. Int. J. Agr. Crop Sci. 6:1072-1078. 

8. Ebrahimi, A., A. Zarei, R. Fatahi and M. G. Varnamkhasti. 2009. Study on some morphological and physical 

attributes of walnut used in mass models. Sci. Hort. 121: 490-494. 

9. Funes, E., Y. Allouche, G. Beltrán and A. Jiménez. 2015. A Review: Artificial Neural Networks as Tool for 

Control Food Industry Process. J. Sens. Technol. 5:28-43. 

10. Ghazanfari, A., J. Irudayaraj and A. Kusalik. 1996. Grading pistachio nuts using a neural network approach. 

Trans. Amer. Soc. Agr. Engin.39: 2319-2324. 

11. Gonzalez, R. C. and R. Woods. 2002.  Digital image processing. Prentice Hall Press.793 p.  

12. Haykin, S. 1999. Neural Networks A Comprehensive Introduction: Prentice Hall, New Jersey. 842 p.  

13. Hagan, M. T., H. B. Demuth and M. H. Beale. 1996. Neural network design. Pws Publishing. Boston. 736 p. 

14. Khoshroo, A., A. Keyhani, S. Rafiee, R. A. Zoroofi and Z. Zamani. 2009. Pomegranate quality evaluation 

using machine vision. Acta Hort. 818:347-352.  

15. Khoshroo, A., A. Emrouznejad, A. Ghaffarizadeh, M. Kasraei, M. Omid. 2018. Sensitivity analysis of energy 

inputs in crop production using artificial neural networks. J. Cleaner Prod. 197:992-998. 

16. Mahmoodi, M., J. Khazaei, K. Vahdati, N. Mohamadi and Z. Javanmardi. 2013. Chlorophyll Content 

Estimation Using Image Processing Technique. World Appl. Sci. J. 13:1-8. 

17. Majumdar, S. and D. Jayas. 2000. Classification of cereal grains using machine vision: I. Morphology 

models. Trans. Amer. Soc. Agr. Engin. 43:1669-1675. 

18. Mirzabe, A. H., A. Ráufi, A. Mansouri and K. Vahdati. 2014. Physical properties of walnut (Juglans  regia 

L.) nuts and kernels. Adv. Crop Sci. 4(1):24-40. 

19. Nakano, K. 1997. Application of neural networks to the color grading of apples. Comput. Electron. Agric. 

18:105-116. 

20. Omid, M., A. Mahmoudi, and M. H. Omid. 2009. An intelligent system for sorting pistachio nut varieties. 

Exp. Syst. Appl. 36:11528-11535. 

21. Russ, J. C. 2016. The Image Processing Handbook. CRC Press. 885 p. 

22. Sun, D.-W. 2012. Computer vision technology in the food and beverage industries. Woodhead Publishing, 

Cambridge, UK. 498 p. 

23. Vithu, P. and J. Moses. 2016. Machine vision system for food grain quality evaluation: A review. Trends 

Food Sci. Technol. 56:13-20. 

24. Zhang, B., W. Huang, J. Li, C. Zhao, C. Fan, J. Wu and C. Liu. 2014. Principles, developments and 

applications of computer vision for external quality inspection of fruits and vegetables: A review. Food Res. 

Int. 62:326-343. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
98

.2
0.

4.
3.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-1

0-
20

 ]
 

                            10 / 11

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


���5... R
� [�=� �� �5�7 89� "��� 

467 

Iranian Journal of Horticultural Science and Technology 20 (4): 457 - 466 (2019) 
Research article 
 

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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