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Abstract

Introduction: In sugar factories, control of sugar crystals growth in the crystaliation stages is very
important to produce sugar grains with a special and required size. Machine vision systems can
determine the size of sugar crystals. The main challenge of image processing systems is the lack of
powerful algorithms to separate contact and overlap crystals accurately. So far, various algorithms
have been developed to detect crystals and remove their overlapping. However, these methods have
not been able to fully detect and separate the overlap of crystals. The purpose of this study was to
provide an appropriate image processing algorithm for determining the size of crystals in sugar
baking solution (massecuite), which gives us the characteristics of size and shape for the particles
in the baking pot instantly to evaluate and improve the quality of the final product.

Materials and Methods: The massecuite samples were provided from Debal Khozaei Sugarcane
Agro-industrial Company, Ahvaz, Iran. After preparation of the sugar crystals samples under lam
and lamer (microscope slides), a digital camera with two Megapixel resolution, attached to a ZS9
Olympus microscope, was used for image capturing. Then, using MATLAB image processing
toolbox, the color image (RGB) transferred to grey scale. A mixture of structural operations such as
erosion and expansion with spatial filters including median filter were used to remove the image
noises. The function of histogram local adjustment was used to improve image contrast. Three
methods of segmentation including convexity, fuzzy clustering, and multiplicative intrinsic
component optimization (MICO), along with their combination were used to segment the image of
massecuite crystals. A reference image was used to determine accuracy of the image processing
algorithms. To do this, the massecuite crystals image was manually segmented by Image J
software. All segmentation algorithms were applied on the reference image, and seven geometrical
parameters, including the mean aperture (MA), coefficient of variation (CV), and standard
deviation (SD) were calculated for all the sugar particles in the image. Finally, the percent of MA
measurement error was calculated for each sugar crystal to find the best algorithm.

Results and Discussion: In manual segmentation, the number of sugar crystals in the selected
image was 26. In the manually segmented image, the average of MA, SD and CV for sugar grains
were 0.422 mm, 0.157 mm and 37.18% respectively. The relatively large CV of the calculated
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geometrical parameters indicated the non-uniformity of the sugar particles size inside the
massecuite. The convexity method was able to perform well in some areas of the image, and in
some other areas, it could not detect the contact between the crystals. The value of the SD and CV
of all the geometric parameters determined by the convexity method were greater than the
reference values determined by the manual segmentation. This indicates the weaker performance of
this method in determining the sugar crystals size compared to the manual method. The values of
SD and CV of all geometric parameters determined by the combined fuzzy-convexity method were
greater than the reference values, but lower than the values of the convexity method alone. So, the
combination of the fuzzy clustering method with the convexity method improved the segmentation
performance of crystal images. The SD and CV values of all geometric parameters determined by
the combined MICO-convexity method were greater than the reference values, but lower than the
values of convexity and fuzzy-convexity methods. This point shows the better performance of the
combined MICO-convexity method in segmenting the images of sugar crystals compared to the
other two methods. The average of MA, SD and CV for sugar crystals in the image were 0.382
mm, 0.150 mm and 39.23% respectively and had no significant difference with the reference
method values in 5% probability level. The mean error of MA determined by the combined MICO-
convexity algorithm was 13.24% and Pearson correlation factor was 0.88. As a result, the
combined MICO-convexity method was proposed to determine the size of sugar crystals in
massecuite.

Conclusion: After applying different algorithms on the selected image of sugar crystals in
massecuite, it was found that the combined MICO-convexity method can separate sugar crystals
well. Also, the CV obtained for this image segmentation algorithm was not much different from the
CV of the manual reference method, so this algorithm can be used in the image processing system
of the massecuite crystals.

Keywords: Massecuite, digital microscope, image processing, convexity method, fuzzy clustering
method, MICO method.
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(1)
Figure (1) Preparation and image acquisition from the sugar crystals in massecuite by OLYMPUS digital
microscope
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Figure (2) Image processing steps of the massecuite sugar crystals
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Table(1) The geometric parameters values of the massecuite sugar crystals by various algorithms

Jolee ks z G5 0 )iﬂ
< dsb o i8a S Jsb 58 e L T
<2 Projected . . ? = " Segmentation
Minimum Maximum . o
Curvature area Perimeter Area Method
. length length 2 Index
(%) diameter (mm) (mm?°)
(mm) (mm)
(mm)
.Sl .
10.48 1.741 0.377 0.536 1.541 2.6761 o =
Average Manual
2.66 0.623 0.158 0.167 0.528 1.7155 SD
25.44 35.78 41.80 31.07 34.27 64.10 CV (%)
10.38 1.821 0.382 0.575 1.618 3.1152 oSl s
Average Convexity
2.94 0.822 0.187 0.258 0.773 2.2799 SD
28.37 45.15 48.93 44,78 47.78 73.18 CV (%)
Sl b oS 5
0.67 0.309 0.268 0.403 1163 30139 JEmEs
Average Sl
0.21 0.121 0.125 0.147 0.489 2.2521 SD Fuzzy-
31.07 39.39 46.53 36.49 42.06 7472  CV (%) Convexity
9.47 1.705 0.338 0.503 1412 2.4824 oSl 9SS 5
Average Sl
2.98 0.647 0.150 0.170 0.488 1.5935 SD MICO-
31.49 37.98 44.48 33.76 34.56 64.19 CV (%) Convexity

MA comni 38 Ko S Sl 5 9 9lal (S sy Lalisro (S 95 & SKhow dus o (Y) J9o
Table (2) Comparing the performance of segmentation methods in determining MA

(V4 SD MA GRS )
0
(%) (mm) (mm) Segmentation method
0.157 0.422 s
37.18 .
Manual
0.199 0.435 o
45.87 '
Convexity
0.125 0.304 Clos- (536 ;
41.01 et
Fuzzy-Convexity
0.150 0.382 o ;
2023 o= S (oS 5

MICO-Convexity
MA= Mean aperture, SD= Standard deviation, CV= Coefficient of variation
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