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1. Milling

2. Percentage extraction rate
3. Ash content

4.Manual operation
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4. Grey-level co-occurrence matrices
5. Angular Second Moment

6. Energy

7. Contrast

8. Correlation

9. Homogeneity

10. Entropy
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1. American association of cereal chemists
2. MATLAB
3. Gray level co-occurrence matrix
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Table 1 Extraction ofsurface texture characterizatitom GLCM.

descriptor Formula Description
2| \ Returns a measure of the intensity contrast betwgerel
Contrast CON = Z n* ( ZZPG-;‘." ] and its neighbor over the whole image.
n=0 4o 5'|!'-J-'|=.-_ / Contrast is 0 for a constant image.
T.5 () — u Returns a measure of how correlated a pixel isstngighbor
COR = —— 73— over the whole image.
Correlation ) Range = [-1 1]
B= Z () Correlation is 1 or -1 for a perfectly positivelymegatively
b correlated image. Correlation is NaN for a constienatge.
ASM = Z Z p2(i. ) Returns the sum of squared elements in the GLCM.
Energy T Range = [0 1]
ENE =-A5M Energy is 1 for a constant image.
o Returns a value that measures the closeness distinution
: HoM = S ) of elements in the GLCM to the GLCM diagonal.
Homogeneity FOM = Z 1+ i—j| Range = [0 1] ’
=
' Homogeneity is 1 for a diagonal GLCM.
Entropy ENT = —F Z P(i.[) log(P(i. J)) Entropyis a measure of statistical randomness, it isadlat
T5 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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1. ANOVA

2. Coefficient of determination
5. Accuracy factor 3. Adjusted coefficient of determination
6. Bias factor 4. Coefficient of variation
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Table 2 Statistical indices of measured values for astiesdrand 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 contadtinage properties of wheat flour.

Image properties

*

L a b

Contrast Correlation

Energy Homogeneity Entropy

FFF FHF

Ash content -0.78"  -0.75

0.94 0.93

FFFF

FFE

0.10ns -0.68

£33 FFFF

-0.85 0.92

"> No significant.

* Significant at px 0.05.

™ Significant at p< 0.01.

™" Significant at p< 0.001.
" Significant at < 0.0001.
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3. Girolami
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Fig 1. Linear (red line) and quadratic (blue line) relaship between image properties and ash contenhe&iv
flour.
\Ve


https://fsct.modares.ac.ir/article-7-649-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-01-15 ]

WA e M oy VY ol

&l.,\.o@ujc)l&

ol 00 Kosp b oplaly [YA] cd nels ine Sl i
s Al el e 3 Sk Ay 4
oale [TV] apd ooy med g O S5 ladie dbses
Loasls 53 ol Bl b a5 BB b i ok 5
s dly e Dk o Sle 5l g Olssw |
b Gt SRS (e Ll ity e 7] S e
Vol N Sl e ISosbe nld el
e S$oslyp 5 el J..<’L:.a 3 YL Ol s sdasplis
ot ke (Easn ol s N ces ieculs
Sl asms ol bsg Vo5l Y0 die aen (6l Ol s
A 5 S e b et @ et 51 slado

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

(Y) and image properties (X) of wheat flour.
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* *

Source L a b’ Contrast n Energy

Correlatio Homogenei

ty 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°  0.26" 0.86"™ 1.697 4.43™" 6.34"
By 1929 007" o014 0004 1.04 78013 3100 2807
B 015™ 023 0007 E08 ugn 108149 g gpem g gy
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 p< 0.05.

™ Significant at p< 0.01.

™" Significant at p< 0.001.
" Significant at < 0.0001.
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Fig 2 RGB images of different types of wheat flour (actand d) used to validation of the developed rsode
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Table 5 Experimental and predicted values of the wheairflsing 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 1.84 141 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

dl 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+049 1.15%x049 094+036 096+038 095040 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 matriGLLCM) 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 determinaiR®2) of linear models, quadratic models wereditt

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