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Fig. 1- Samples 1) Coarse white wheat, 2) Small white wheat, 3) Barley, 4) rye, 5) Red wheat, 6) Broken white wheat,
7) Shrunken white wheat
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Fig. 2- System configuration: 1) computer, 2) illumination chamber, 3) industrial digital camera, 4) sample board and
rail drawer, 5) photo resistor sensor and display, 6) fluorescent lamp, 7) camera stand and table
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Fig. 3- a) Schematic of the seed and its peripheral rectangle, b) equivalent second moment ellipse of the seed image
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Fig. 4- Influence of feature rankings on the classification accuracy results of the statistical classifiers, obtained in
respect to the number of ranked features
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Table 1- Ranked features by relief F algorithm; [Morphological (M); Color (C), Texture (T)]

Ranking Feature Weight Ranking Feature Weight
4y SR 039 4y SR 039
1 Area Ratio (M) 96 19 Red GLCM Contrast (T) 55
2 Area (M) 91 20 Red GLCM Entropy (T) 53
3 First invariant moment (M) 91 21 Blue GLCM Entropy (T) 50
4 Minor Axis (M) 88 22 Haralik Ratio (M) 47
5 Mean Radius (M) 87 23 X2 GLCM Entropy (T) 45
6 Major Axis (M) 83 24 X3 GLCM Entropy (T) 44
7 Radius Standard Deviation (M) 80 25 Sixth Fourier descriptor (M) 44
8 Solidity (M) 80 26 Blue GLCM Correlation (T) 44
9 Maximum Radius (M) 77 27 X GLCM Entropy (T) 44
10 Perimeter (M) 75 28 Hue Mean (C) 44
11 Saturation Mean (C) 74 29 Green GLCM Entropy (T) 42
12 Minimum Radius (M) 73 30 Blue Mean (C) 42
13 First Fourier descriptor (M) 71 31 Sixth invariant moment (M) 42
14 Third Fourier descriptor (M) 66 32 Red Standard Deviation (C) 42
15 Saturation Standard deviation (C) 64 33 Green GLCM Contrast (T) 41
16 Red Mean (C) 61 34 X GLCM Homogeneity (T) 40
17 Green Mean (C) 61 35 Red GLCM Homogeneity (T) 40
18 Saturation Variance (C) 59
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Figure 5- Classification accuracy results obtained in respect to the number of ranked features employed, using five
classifiers (LDA, QDA, ANN1, ANN2, and KNN)
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Table 2- The results of classification accuracy produced by five models on test data, using the 35 first features; kernel
classes are: 1) coarse white wheat, 2) small white wheat, 3) barley, 4) rye, 5) red wheat, 6) broken white wheat, 7)
shrunken white wheat.

kernels classes & classification accuracy

average of classification

classif:iczition ENgaib Cono g il gauaib accuracy [%]
moaels
Soigaib Jao 1 2 3 4 5 6 7 gigsheb Eou ik
(M)-’)

LDA 99.7 93.7 99.7 95.7 98.7 94.7 83 95

QDA 98 98.3 100 98 98.3 97.7 83.3 96.7

ANN1 99 96.7 100 97 99.7 99.7 89.3 97.3

ANN2 100 96.7 99.7 98 99 99.3 90.3 97.6

KNN 98 95 100 97 98.7 84 68.3 91.6
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Table 3- Confusion matrixes of ANN2 classifier using the 35 first features on test data; kernel classes are: 1) coarse
white wheat, 2) small white wheat, 3) barley, 4) rye, 5) red wheat, 6) broken white wheat, 7) shrunken white wheat.

Target Test Output classes
classes samples =9y b aib classification[/]
o aiib sl digod (1) ooy b
Gun rlogl 1 2 3 4 5 6 7
1 300 300 0 0 0 0 0 0 100
2 300 0 290 0 0 0 0 10 96.7
3 300 0 0 299 1 0 0 0 99.7
4 300 0 1 3 294 2 0 0 98
5 300 0 1 0 2 297 0 0 99
6 300 0 0 0 0 0 298 2 99.3
7 300 0 11 0 4 1 13 271 90.3
classification accuracy of model
97.6
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Abstract

The acquisition of basic knowledge in quality control of wheat seed using machine vision
technology is important. The objective of this research was to develop hardware and appropriate
software to determine seven-grain groups in wheat seed samples. Ninety-one features were
extracted through 21000 single seed images and the shape, texture and color features were
ranked. Five classification models were investigated. The highest classification accuracy was
obtained by artificial neural network with two hidden layers and the first 35 superior features. In
the test run of this model with independent data, classifying accuracy for big white wheat, small
white wheat, broken white wheat, wrinkled white wheat, red wheat, barley and rye were 100,
96.7, 99.3, 90.3, 99, 99.7, and 98 percent respectively with the average of 97.6 %. Shape features
were more prominent and textural and color characteristics followed it respectively. Average
classification accuracy in models of linear discriminant analysis, quadratic discriminant analysis,
K- nearest neighbor and artificial neural network with a hidden layer were 95, 96.7, 91.6 and
97.3 % respectively. In the context of this study, the machine vision system comprising an
industrial digital camera and artificial neural network with two hidden layers was identified as a
valuable system in the investigation of the visual qualities of wheat seeds.

Keywords: Data Mining, Feature Reduction, Grain Classification, Quality Control, Seed
Certification
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