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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.
93,5 330 §,0 ppgal alaioes -V SO

o3y S
oo (nl 3 09 i) 5l 905 he lalaz g poal anide Jold &5 0 ploxl polai (A3l (gam al>pe 40

2
L) sl 28,5 1 50 b gy (owsS credlY ooliisl 500 2Ld i oslinl & Lagiets sla s,

20°

O b dwlre ) Sygo @ (1 as Camih pgs 3t h uwdbY il oo jlxe Slysl 0 g r2=x>+ 2 o] o

a5 h(r)=—exp(—

2

2 2|
Vzh(r):{r ;f }e 2 )

el (omgS &l p 8 4 () 1) 395 o0 00sal (oS DY & 0

s 2855 ol (1 59y G310 5 08 oz (S s S| g jo8 Y il o it 5 (B3l e 4l e 40
Lol (3 cand i) b 50 50 4 (Stwg 4 4z Lo gl pgai slaad cwsS Y &b 5l eslawl b
2O Al B g a0 (S S5y 4 die) g Dy dubs S5, L MATLAB I3l 5 0 bao,a> 0,5 5 b, 5l eolaiul
9 jw o8 sloaY polar g o lox aiwe) Lol pgal ol g e o8 sloaY o pgai ol 3 Gyo b am ad> e
D 318 solatul 0550 () B30 g i B o] die a5 o]
) B S R gl

polie 5l olgs oo 1, HST polis .o bl S5, 5JUTHSI g RGB (K5, (slad 90 40 90,5 pglad 5l ae; Bdo 5l e
A7) 0505 dlee T U Y sladloles 5l oolaiw! L RGB blis

t5.


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 2025-07-20 ]

[ DOR: 20.1001.1.16807154.1398.20.4.3.6 ]

o Sy el 50,5 e sz 0

R1[03333 03333 03333] [
Gl| 1 -05 -05|=|1, )
Bl| 0 0866 0866 |7,

\»)

v
H=arc tan(—z)
4

s=(V12+V22)0‘5 )

il oo SOy o [ g glasl ol S o5 Jol H w¥oleo ol o a5

s gl (5 S H B G R) g 55, ol cloUS 51 Jlomn Sl 5 0o (S 59 95 52 51 ol
A oolazwl MATLAB R2015b 138l 5 pguas i5lo 5l a3l calols polad 51 G 0 () o yial b s (6l
SE gt (ot 4o

S Jols U 0l 25 b MLP (om0 31 o3 ez % 59,5 3o sk 42,9 sl sy cnl 5o
ool U peyine some 4K b Sl (F S0 w8 dliial s 5 Y 5 pley 4 K wsnys &Y
Gy g VY aras 45D el sly sl A (K5, psa VOR .05 slxil MATLAB R2018 3l 5
nsbal (53l 3l edel uwsay () sla Sy ol eoliiul gras 4SS (5e5l Sl ngal TA 5 aSS (o Liel
IS H jlne Slpzil 5 :8le (g 4 g RGB slad 3 By G R JLwe Slyzl 5 (n50le (Sg b ol 905
3eass awseis |, Jas e el wilgny aSll oSl (ol ol colail MLP  oeac 4l (604,9 oylgie 4 HSI glad (o
Al b )0 mae Jolse 5l oles Y lays s olaws oo 5 eolatul Hlein Y gl Sdgspne SAlEE g5l el &L
g b g, Y ol e i lasl gl aneS wlel 5 sl Y 5o agyg s dlaws L(VY) alil oo MLP ac
Sl Sl 53 25 S 1 e o i ke ST 95 5 45 03 55 Jler Jeld 35,5 sie O e 4
Al Ll (2 S plpie A (g e (a ISR SIS 9 g Wl alie S0aSu L baggp ) (2
Rg bt g e (:Sle w0sd (b e 4Gl 3 S ) Jlore iz

oS s ylas lacél e le giw o ol oolatwl! plasél e sle 5l gamdas e o Shee 4 @l gl

diges oaipd)lis (o ile o, a5 o o wldl oo ool oolaiwl gunaz 10 g, (bl 5 bdiged ol  J sien
css (YY) Sloas God> )0 oo O jgo A J.:‘A.A.S; )Ijs uﬂ.)).)Lo &a‘ ).!a.é S9y as @Lﬁb:\aw .).ubso ‘515‘5 UAW L)
Sl i J5 Sl el oo (i S5 b plp g Sl e e (04250 Gl Sl gonaz s
B » e lizel G il Lol jlad (gg) olasl ggamme cds K0 Sle a4 wliligo Voo 0 o 0alds pll
3y Gl IS 52 o guudz 0 liee cdimlid WIS e B aibioe Voo j0 po addlhae 550 sladiges
OF) Wl oo Cawdts WIS ] 00 (g slodiges Slans  Wiloads (goaz o Tuwo a5 S sladiges Slaed pands
S g Ll

(ASCC) Sl (Stan logsye (nSloe (a3Ls I o Sy Copdl 42,0 03,5 (asine 5 e jslaton;
1258 5 Sy o oz b o) p joliteds (izes Al re Dyge 4 paLE (ol Jaie o5 W3S ol
29 b amlbe ] 51 ASCC asli 5 8,5 |18 Ldow 0,50 Aoz & g0 0 Sy, (gamaz o o ol cosal
ol Sy e 3 Bl Y Sian sl Sy a1z 5 ige 5 cdF ol b Sy sanad, Ll
V) 35,5 ganad, Jow o o] casal zals cel g ail asls i ).ub wilgy oo v Sg

Average Squared Canonical Correlation -Y Confusion matrix -

£


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 2025-07-20 ]

[ DOR: 20.1001.1.16807154.1398.20.4.3.6 ]

OHes g s

Ol Y .
s ey
P Hidden layer

Cutput layer

By i

Red mean

- 4
o T
g = g & ok

Redvariance A
Walnut Class

LT

Intensity variance
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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.
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Table 2. Confusion matrix of ANN classifier for walnut kernel grading (test data).

ool odnline Predicted
Observed NESTRE LSS gy 420 SRS Oy 4z bR 4z
Extra light grade Light grade Light amber grade Amber grade
(903 VO) (g, oo a0 15 0 0 0
. 0,
Extra light grade (15 samples) (100%)
(€903 1 F) (35, azyo 12
. 1 o 1 0
Light grade (14 samples) (92.31%)
(£59031Y) (2l (pbg a0 10
. 0 1 . 1
Light amber grade (12 samples) (90.91%)
(4503 1) (2linS 4z o 0 0 0 9
Amber grade (9 samples) (100%)

Grading accuracy = 95.8%
TAO0/A =gk 4,5 s

4 b ewS 5 0 ol omdle oYL SUlss sasmolis sdwl cusods sloams (sanaz o walhe cdod ax g b

ol CedeS IS lp conlin Jll SO plsie | allebe Gl s 9 2Bbo 595 she a0 lp (Egkan (orac

D 84 Jeams

-

S 3 A

bl 2 S5 oW Lz 4 938 e sz Gln el Gedle el b s, So gl cnl e
Jde 50 (S et o5, Gud Sl a5 ol i b She gumad; gleass ol &l USDA o lalsl

70


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 2025-07-20 ]

[ DOR: 20.1001.1.16807154.1398.20.4.3.6 ]

Ohan g S

Gonasy Jae o 1y Coesl (i S5y Db pully 5 eledl (Sile T 5l ey 5 (ASCC=21Y00) 551 s,
90 b smas a0 0 (ASCC=-/FYY) 05 (gaiad, Joo ;0 Comedl 0 5eS GlIs 508 S5 (ke a5 Jb> o casziisls
el Cawody LAYV (goinaz ;0 EB3 (g Gikd 4 (63959 Soygr el b g e, LAV 4 gaiaz 0 B (5859
O ool ras AL (69959 Olaie 4 Sete (S Al aS del Cavoty BBl ras AL (goax 0 By o 5V

Ot =Y o-F G5edasi b omae oSl aile ol gusuaz 0 S« cmas 4SS (6949 50 b Sy L8l L QT 3o
L 99,5 a0 sl p gamam 0 35 aS aal Cawods TABA (gaiax o 8 > cpl j0 a5 sls lis gamas o o1y 0 Slee

ool 0g TN QbS aze 5 LAY QlgS GBg) 4z JAVIVY (phsy ax s Ve Gy (o ez
2,10 USDA o, lailiwl 3ub

References &bw

Sle owadigee ady abyl cwlid IS gasbobl . ole udle 5l colaiwl b 99,5 ogme (gaimaz o AYAY 5 olj b )
02 A s oBails (65 ,5liS caSiidls «(g5,0laS slapils
(ewgo ‘_A.a o)i;S B ars) 0)45 I3 d wL.ul » ‘stLa.u u,wLo )‘ oola l) 5.5; RS STE ST AYAY ‘s)lf..S 9P soé‘} L_‘>'>L> Y

P WV e Gl el iilSe 5 (55)0liS Sl atile (it ol aenl e 5 (55)5LiS slartile
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.
. Anonymous. 1994. Descriptors for Walnut. International Plant Genetic Resources Institute, Rome, Italy. 54 p.
. Anonymous. 2013. FAO production yearbook. Food and Agriculture Organization, Rome.
. Bishop, C. M. 2006. Pattern recognition and machine learning. Springer-Verlag, New York. 738 p.
. 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. Beltrdn 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. Trudayaraj 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. Raufi, 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.

~N N B

\i2s


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 2025-07-20 ]

[ DOR: 20.1001.1.16807154.1398.20.4.3.6 ]

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. 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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