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Table 1 Extraction ofsurface texture characterizatitom GLCM.

descriptor Formula

Description

p \
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ENR=~ASM
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HOM = Z].‘-_'J—]l
L P

Entropy ENT = — Z Z P(i.[) log(P(i. J))

Energy

Homogeneity

Returns a measure of the intensity contrast betwgsrel

and its neighbor over the whole image.
Contrast is 0 for a constant image.

Returns a measure of how correlated a pixel isstneighbor

over the whole image.
Range =[-1 1]

Correlation is 1 or -1 for a perfectly positivelymegatively
correlated image. Correlation is NaN for a constanatge.

Returns the sum of squared elements in the GLCM.

Range = [0 1]
Energy is 1 for a constant image.

Returns a value that measures the closeness distidution

of elements in the GLCM to the GLCM diagonal.

Range = [0 1]
Homogeneity is 1 for a diagonal GLCM.

Entropyis a measure of statistical randomness, it isedlat

to a measure of the image disorder.

i and j: row and column numbers in the GLCM matpixmeansg:standard deviatiorg (i, jith entry in a
normalised grey-level co-occurrence matrix.
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2. Coefficient of determination

3. Adjusted coefficient of determination
4. Coefficient of variation
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Table 2 Statistical indices of measured values for astiertrand image properties of wheat flour

samples.
- . . Standard Coefficient of
Index n Mean Minimum Maximum Variance deviation variation
Ash content 32 1.01 0.50 1.76 0.18 0.42 41.87
L 32 61.74 60.38 62.94 0.41 0.64 1.04
a 32 -1.49 -2.26 0.07 0.39 0.63 -41.93
b 32 6.29 0.61 14.90 15.53 3.94 62.67
Contrast 32 247.65 38.38 667.20 29517.97 171.81 3869.
Correlation 32 -0.01 -0.06 0.04 0.00 0.02 -155.91
Energy 32 0.00 0.00 0.01 0.00 0.00 92.54
Homogeneity 32 0.17 0.11 0.31 0.00 0.05 27.84
Entropy 32 5.27 4.10 6.19 0.30 0.54 10.31
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Table 3 Correlation coefficients between the ash contadtimnage properties of wheat flour.

Image properties

L a b Contrast Correlation Energy Homogeneity Entropy
Ash content -0.78" -0.75° 0947 0.937 0.10ns -0.68~ -0.85" 0.977
"> No significant.
* Significant at px 0.05.
 Significant at p< 0.01.
™ Significant at p< 0.001.
" Significant at p< 0.0001.
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Fig 1. Linear (red line) and quadratic (blue line) relaship between image properties and ash contenheétv

flour.
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Table 4. ANOVA for quadratic models: estimated regressioodels of relationship between ash content

(Y) and image properties (X) of wheat flour.
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Source L’ a b’ Contrast Corr:'latio Energy Homt(;lgenei Entropy
Model (p-value) <0.0001 <0.0001 <0.0001 <0.0001 0.86"® <0.0001  <0.0001  <0.0001
Bo 611.13 0.517 0.26" 026" 0.86"™ 1.697" 4.43"" 6.347"
By 1920 007" o014 0904 g4 T8OI3 500 280"
B> 0.15™ 0.23 000 SE06 5 4gns 106149 g1 51 034
R? 0.63 0.62 0.90 0.90  16.68™ 0.76 0.90 0.90
Adj- R? 0.61 0.60 0.89 0.89 0.01 0.74 0.89 0.89
CV (%) 26.22 26.57 13.84  13.84 -0.06 21.20 13.93 14.10
RMSE 0.27 0.27 0.14 0.14 42.08 0.21 0.14 0.14

"> No significant.

" Significant at px 0.05.
 Significant at p< 0.01.

™ Significant at p< 0.001.
" Significant at p< 0.0001.
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Fig 2 RGB images of different types of wheat flour (ackand d) used to validation of the developed rfsode
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Table 5 Experimental and predicted values of the wheair flsing developed models.
Wheat flour  Experimental Predicted value
sample value b’ Contrast Energy Homogeneity Entropy

al 1.66 1.72 1.49 1.43 1.57 1.72

a2 1.71 1.84 1.41 1.39 1.45 1.58

bl 1.30 1.39 1.02 1.17 1.06 1.13

b2 0.96 1.17 1.02 1.16 1.04 1.13

cl 0.78 0.98 0.70 1.76 0.67 0.80

c2 0.71 1.08 0.73 0.81 0.69 0.83

di 0.48 0.53 0.51 0.36 0.48 0.63

d2 0.51 0.50 0.62 0.63 0.60 0.73
Mean 1.01 £0.49 1.15+0.49 0.94 +0.36 0.96 + 0.38 0.95 +0.40 1.07 £0.40
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1. Reliability of the model
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Table 6 Accuracy and bias factors of developed regressiotets.

Model performance indices b’ Contrast Energy Homogeneity Entropy
Accuracy factor 1.16 1.13 1.18 1.11 1.16
Bias factors 1.15 0.96 0.97 0.96 1.10
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In this study a computer vision system was empldgethvestigate the relationship between the image
features and ash content of wheat flour. Imageufeatof flour surface included color properties, @

and b) and gray level co-occurrence matriGLCM) parameters (contrast, energy, correlation,
homogeneity and entropy). Results of correlationlysis revealed that there were significant linear
relationships between image features of surfacer flexcept for correlation) and their ash content.
However, because of low coefficient of determimat{R2) of linear models, quadratic models wereditt

to data in order to predict ash content of wheairfl Analysis of variance showed that the fitteddpatic
models, except for the correlation, were significdys well, the Rvalues of significant models, except
for L*, a* and energy were satisfactory%®.75). Results of models validation showed thaippsed
quadratic models had good performance to predictastent of new wheat flour samples.
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