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3. Image Pro Plus (IPP)
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1. The International Commission for Uniform Methods of Sugar
Analysis Ltd. (ICUMSA)
2. Mean aperture
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1. Multi-layer perceptron (MLP)
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Fig 1. Determining the size of white sugar crystals with standard sieve test
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Fig 2. Machine vision system for taking images of sugar crystals (right) and a sample of white sugar crystals images (left)
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1. MATLAB Image Processing Toolbox
2. Markers
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Fig. 3. Schematic of the image processing steps to identify white sugar crystals

Fig 4. Applying the threshold function to convert gray images to black and white (right) and labeling of crystals after identification (left)
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Fig 5. Result of image segmentation by foreground-background (a), ultimate erosion (b) and distance transform (c) markers
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1. Foreground background
2. Ultimate erosion
3. Distance transform



g mls Y
03051 b i ;S8 gld Jliw 5 gusuails gl )Y
I

2SI 5go3T b s S (sla Jls S (samails jloged

4 D60 5 D30 D10 ,olie xSilos el sutal (V) S
Laslbge /A MM g «/OY mMm /YO mm ,ly o5 3
5 (CU) 2515y o polie (V) 5 (V) Lalg, 5l oolica]
Cews a3 AR G VIOV byl oo 5 4y (CC) slisil oy
90 ool Hlade 3 leSs Gl ol aSul 4 axgr b il
Sl iy S 85 25 oo W el S bl yrally
b o3l L 51 gty ol 5 oads oalisiul s S
5 D50 D16 ,olie il frizman il oo clgSy
Y MM Ll S A ganaly Llosed g9, 5l D84
e O U Y Lalg, 5l 1A sl oo VY MM 5 < /YA mm
5 /YY MM - /YAmMmUL ply sy 4 CV 4SD MA

oolatul  paal  hilo dme.';.i”le o,8les 2Ll

W9l o

110 ~

particles passed through the sieve (%)

PR, o) o )lods o0 o alié (s cslags 5lid alilad O Vof

9 4 (MA) G,y Sl s denle i 13310 5
OlrsS cyd g pgad ;0 S8 Sl )5 ojluil lavgie
ol (mysd) 216 byl $lp sokxe (CV)

IR N PN

9 29ad 310 G HeNl o ySes b 5,1.0.Y
mlioo ity o1 oo

5 UE FBouidn slapiy o8l e b)) jslaie
O ) o el pagal (55105 w5l sl g DT
5 el i S g Vo oles 6l CV 5 MA slie
solie b ol mlis qgangicn glagsy, ool Jleel b

By g Al awglie gwws e iy g, CV GMA
() ably JIE ez sojo :50ke Sjg0 4y (550l
vl 20,5 awle

Q)

Goisu peal MA jlade Pi ¢ polal slass Nl o oS
A odd Gau ity peal MA lude Dig b, Slid b sus

ol o (S Ojge

Sieve opening (mm)

A S sl )57 gassasls loges (V) Sl
Fig7. The gradation chart of white sugar crystals



Q‘)Lio_h 9 (GOFn (ya>

Ve 0 S S gaks &l (gl pgal (B8 a5

SR LY ojled Sl sy, 2 owlendl S8 slaJlns S
odal (V) Jga ,0 FB [Kilis Jleel L </AD mMm &34,
ol S gleal MA L Lo i)l .Sl ool
bgye MA s8ly Jlade b oS ol /AT MMl eas
Sl oglas (TAO L ply) S ygesl 5o diged ol @

RPN

L osdw ,0 Sl 5 o3luil ppuad gulis V.Y
ygad iy

2 Bl &S gl 1o 3 S92ge SO Al Ve 2 ol

et pgal 3lop b Jsb 5SS g Jsb o 5Sn

)l )JB..aJ & st.‘ od.n] Cowd C.ul...) 443.:,.) ub...c LE] RES O

FB 0L 5l ooliial b g S5 53 55 sl Sl 5 sl ol slo el b +(1) Jgor
Table 1. Size parameters of sugar crystals in an image with FB marker

JooySojled colue hme b nyS,n Jsb (2SS Jolse jLb L9, ool
Crystal number Area Perimeter Max. length Min. length Mean diameter MA
(mm?) (mm) (mm) (mm) (mm) (mm)
1 12.12 2.67 0.96 0.74 3.93 0.81
2 20.97 3.64 1.32 0.93 5.17 1.05
3 13.19 2.78 1.02 0.75 4.10 0.83
4 10.71 2.46 0.82 0.77 3.70 0.79
5 24.53 2.85 1.34 1.08 5.59 1.16
6 14.15 2.87 1.01 0.82 4.25 0.88
7 17.50 3.21 1.16 0.88 4.72 0.95
8 18.46 3.38 1.32 0.81 4.89 0.95
9 23.88 3.82 1.50 0.93 5.52 1.09
10 12.18 2.65 0.91 0.78 3.94 0.82
11 10.34 2.40 0.86 0.69 3.63 0.74
12 21.56 3.60 117 1.08 5.24 111
13 10.94 247 0.86 0.74 3.73 0.78
14 15.89 3.07 111 0.83 4.50 0.91
15 27.35 4.15 161 0.99 5.90 1.16
16 15.27 3.05 1.16 0.77 441 0.88
17 10.20 2.39 0.83 0.70 3.60 0.74
18 9.45 2.35 0.87 0.64 3.47 0.71
19 2381 3.90 1.46 0.96 5.50 1.10
20 12.90 2.70 0.92 0.81 4.05 0.85
Average 16.27 3.07 111 0.83 4.48 0.92
SD 5.61 0.58 0.24 0.12 0.77 0.14
cv 34.55 19.06 22.07 14.85 17.17 15.73
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Table 2. Comparison of the results of three image processing algorithms with sieve test and manual method results

S o, Lo S g, FB Sl UE Slis DT Slus S b,
Sieve Sieve method FB marker UE marker DT marker Manual method
number MA CcVv MA cVv MA cVv MA CcVv MA cVv
(mm) (%) (mm) (%) (mm) (%) (mm) (%) (mm) (%)
10 2 19.09 2.58 17.17 272 19.30 2.78 23.40 273 17.55
16 1.18 19.09 1.47 17.08 1.39 16.47 154 19.67 1.37 16.89
20 0.85 17.70 0.96 16.69 092 18.85 1.02 17.21 0.92 17.05
30 0.60 19.58 0.69 16.84 0.66 18.39 0.67 19.04 0.63 17.51
40 0.425 20.52 0.47 19.18 045 18.76 0.52 19.43 0.44 18.31
50 0.30 19.61 0.33 15.93 032 16.56 0.37 15.93 0.33 15.96
>50 0.25 18.90 0.22 18.36 021 18.27 0.23 20.15 0.19 18.50
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Table 3. Analysis of variance of MA results of different methods for determining the size of white sugar crystals

BT df SS MS
Source of variation
RIS 6 182.80 30.466 3574.24 **
Sieve size
9 (G E b9, 3 0.25 0.082 9.58 **
Image segmentation method
G i Lds, x Sl o5l 18 0.32 0.018 2.09 **
Sieve size x Segmentation method
ot 252 2.15 0.009
Error
Js 279 185.51
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Fig 8. Comparison of mean values of MA obtained by different markers with Duncan's test
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Table 4. Error of each segmentation algorithm (%)
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Abstract

Sieve test is a standard method widely used in sugar factories to determine the size of sugar particles. Needing
for relatively large samples, time-consuming, limited measured parameters, being not automatic and offline
are main disadvantages of the sieve test. Image processing technique can determine the parameters related to
size and shape of sugar particles, quickly, automatically and instantly and is a good alternative to the sieve
test. The objective of this study was presenting a suitable image processing algorithm for online determination
of white sugar crystals size. First, the sugar mass crystals were sorted according to size using the standard
sieve test (with 7 sieves at 10 replications). Then, the crystals images were taken by a digital microscope with
5 megapixels image sensor. Three marking methods, including foreground-background (FB), ultimate erosion
(UE) and distance transform (DT), were used for images segmentation and determination of the crystals
morphological parameters in the image processing toolbox of MATLAB software. The analysis of variance of
mean aperture (MA) values was performed based on factorial experiment in a completely randomized design
and the mean of MA values was compared with Duncan's multiple range test. The effects of both sieve size
and segmentation method factors as well as their interaction on the MA value were significant. The MA of FB
and UE markers were not significantly different from the reference MA value that obtained manually at 1%
level. Since, the UE marker showed the best performance in MA determination due to a lower error (equal
10.13%), so it is recommended for online determination of white sugar particles size by image processing.

Key words: White sugar, Particle size determination, Image processing algorithm, Machine vision,
Sieve test.
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