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IMPEAT'OBOP

U oBe roamHe, Kao W MET MPETXOJAHUX, HHOBAIMje Cy Hall IMOKPETay pa3Boja W TMOBOJ Ja JaMO
HOBHM JIOTIPHHOC OBOj HEHUCIPIIHOj M M3a30BHOj TeMu. HeroBame Tpaauivje HMIIEPATUBHO
o0aBe3yje da 3a CBaKy HOBY KoHQepeHIH]y OyaemMo O0JbHM U MO KBAIMTETY PaJoBa, HBHUXOBO]
OpojHOCTH W MUPHHHA. VICTOBpEeMEHO, M3MEHEHE >XMBOTHE OKOJIHOCTH Hamehy akTyemHocT
TpeHnyTKka. lHOBanMje W 03Ha4yaBajy W reHepuinry OyayhHOCT, ajld MOYUEbY y CaJalllbOCTH Koja
Mopa OUTH OCBETJbEHA, aHAJIM3UpaHa M pa3MmarpaHa. DakyiTeT 3a NPUMEHCHU MEHAlIMEHT,
E€KOHOMH]Y U (PMHAHCHje Y IIUJbY APYIITBEHO OATOBOPHOT TOCIOBamka U Opure 3a 37paBibe 300T
MaH/AeMHje je OPraHu30Ba0 OBE TOMHE KOH(EPEHIIN]y cCaMO Ha OCHOBY MPHUCTUTIIUX pajioBa, 0e3
(GU3MYKOT TPUCYCTBA yueCHHKa. MelyTuM, ayTopu Cy MOKa3ajad 3auHTEPECOBAHOCT U TOpEN
OTeXaHe CUTYyallje U mmperma Bupyca Covid 19, a u Opoj mpuCTUIIINX PajoBa je MOTBp/a Tora.
VYnpaBo cy yTHIIaj U TIOCJIEIHIIEC IIUPEHa BUpyca eIadopupaHu U HCTPAKUBAHU y BHIIE PaJloBa U
TO W3 PA3IMYUTHUX YIJIOBA: TypU3Ma, JUTHTAIHE TpaHchopMaluje paga M paJHOT OKpYKemba,
MOJbOIIPUBPE/IC, HHOBATUBHOI CEKTOpA, 3aTUM Ca MEIUIIMHCKOI acIeKTa KOjU je MMaHCHTaH
emuaemuju. [lopen Tora, aHanmuM3upaHe Cy COIHMO-EKOHOMCKE IOCIENWIE BUpyca, yTHUIA] Ha
MEHA[IMEHT, aJld W Ha TPrOBUHCKH OwiaHc y EBpOINCKOj yHHjU, Ka0 W KOMYHHKAIH]y Y
Manonponaju. OBaj cmmwcak y TEMAaTCKOM CMHCIY JONYHYjy W JIYKCY3HAa HWHIYCTpHja H
TexHosoruja uuaycrpuje 4.0. OBako cBeoOyxBaTaH TEMATCKH acIeKT je J0Ka3 Jla e HJie Y KOpaKk
ca BpeMeHOM. To Jasbe MMILTUIMpA J1a Cy HHOBAIIH]j€ CBY/Ia OKO HAC.

Ta napamurma pa3sHOIMKOCTH KOjy HMHOBaIlMja HOCH, Hamehe W TOTEHIMpa Aa/bH TEMAaTCKH
CrieKTap Koju je mpucyraH mely pamomma. Jlakiie, HHje caMO YTHIQ] W IOCICIUIE KOPOHA
BUpyCa 3a0KyIJbaO TMaXby YYeCHHKa, Beh Cy WX HWHCIUpUCATHM W JPYTd acleKTH |
npobiemMaTuka.

[Tpumepeno Temu ,,JIHOBaIMje Kao MOKpeTay pa3Boja“ U MUJby HAYYHOT CKYIa YCTAHOBJHEHE CY
nBe cecuje: I cecuja: Muomanuje y ¢dynkuuju paspoja (Temarcku 30opuHuk) u Il cecuja:
WNuoBanujama no mocnoBHor ycnexa (30opHuK pagoBa ca mehyHapomHor ckyma). M36op teme
CKyIla U CBENIPUCYTHOCT MHOBAIMja, Kao U MoHyhenu Behu Opoj TeMaTCKuUxX o0lacTu yTHIAO je Aa
Cy y OBUM myOnMkamyjamMma paJoBH MHOTUX YITEAHHX YHHBEP3UTETCKHX IMpodecopa,
WCTaKHYTHX HWCTpakMBaya, €Kcliepara W HaydHUX paJHUKa, Kako u3 CpOuje, Tako W u3
WHOCTPAHCTBA.

360pHuUIK pajoBa ca Mel)yHapoaHOT cKyma, Kao pe3yaTar KoHpepeHiuje, ¢y y popMu TurutaiHe
enuuuje 1 6uhe TOCTYNHU MIMPO] HAy4HO] jaBHOCTH. [1yOnMKOBaHU paJoOBHU Yy OBUM 300pHUIIMMA
3HayajHO JIOTMpUHOCE yTBphHUBamy HepackuauBe Be3e u3Mel)y HHOBalUMja W pas3Boja.
HcToBpeMeHO cMO THME MOKa3alu Ja MojApydYje MHOBalMja NePUHUTUBHO BHIIE HUjE BE3aHO
caMo 3a TEXHUYKO — TEXHOJIOUIKHU Mporpec. Y CKIaAy ca TUM, PaJJOBH MOTY OMTH KOPHCHU KaKo
HAy4HOj, TAaKO U CTPYYHO] JABHOCTU M CBUM 3aMHTEPECOBAHUM 3a YTHUIlQ] HHOBALIK]a HA Pa3BO)j.

beorpan, Ypenuuim
Henembap, 2020. Hp Hapjan Kapabamesuh
Hp Csetrnana BykoTtuh

Hp I'abpujena [Tonosuh



FOREWORD

This year, as well as the previous five, innovations are our driver of development and an occasion
to make a new contribution to this inexhaustible and challenging topic. Nurturing tradition
imperatively obliges us to be better for each new conference in terms of the quality of papers,
their number, and breadth. At the same time, changed life circumstances impose the topicality of
the moment. Innovations both mark and generate the future, but they begin in the present that
must be illuminated, analyzed, and considered. Faculty of Applied Management, Economics and
Finance, for the purpose of socially responsible business and health care due to the pandemic,
organized a conference this year only on the basis of the submitted papers, without the physical
presence of the participants. However, the authors showed interest despite the difficult situation
and the spread of the Covid 19 virus, and the number of papers received is a confirmation of that.
The impact and consequences of the spread of the virus have been elaborated and researched in
several papers from different angles: tourism, the digital transformation of work and work
environment, agriculture, innovation sector, then from the medical aspect that is immanent to the
epidemic. In addition, the socio-economic consequences of the virus, the impact on management,
but also on the trade balance in the European Union, as well as retail communication, were
analyzed. This list is thematically complemented by the luxury industry and Industry 4.0
technology. Such a comprehensive thematic aspect is proof that we are keeping up with the times.
This further implies that innovation is all around us.

This paradigm of diversity that innovation carries, imposes, and emphasizes the further thematic
spectrum that is present among the articles. Thus, not only did the impact and consequences of
the coronavirus capture the attention of the participants, but they were also inspired by other
aspects and issues.

Appropriate to the topic "Innovation as the initiator of development™ and the goal of the scientific
conference, two sessions were established: Session I: Innovations in the function of development
(Thematic Proceedings — Thematic Monograph) and Session Il: Innovations as the key to
business success (International conference proceedings). The choice of the topic of the meeting
and the ubiquity of innovations, as well as the offered number of thematic areas, influenced the
works of many eminent university professors, prominent researchers, experts, and scientists, both
from Serbia and abroad.

Proceedings of the international conference, as a result of the conference, are in the form of a
digital edition and will be available to the general scientific public. The papers published in these
collections significantly contribute to establishing the unbreakable link between innovation and
development. At the same time, we have shown that the field of innovation is definitely no longer
related only to technical - technological progress. Accordingly, the papers can be useful to both
the scientific and professional public and all those interested in the impact of innovation on
development.

Belgrade, Editors
December, 2020 Darjan Karabasevi¢, PhD
Svetlana Vukoti¢, PhD

Gabrijela Popovi¢, PhD
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Modified artificial bee colony algorithm applied to multilevel
image thresholding

Ivona Brajevié', Miodrag Brzakovi¢?, DuSan Rajéevi®
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Abstract: Multilevel image thresholding is a widely used image segmentation technique.
High computational cost of an exhaustive search for the optimal thresholds leads to the use
of metaheuristic optimization algorithms to set the optimal thresholds. In this paper a new
multilevel thresholding method based on a modified artificial bee colony (MABC)
algorithm is proposed. The optimal thresholds are found by maximizing Kapur's
thresholding function. Artificial bee colony (ABC) algorithm is also implemented and
compared to our proposed method. Both algorithms have been tested on standard
benchmark images. The experimental results obtained by our proposed MABC method
have been found to be better than those obtained by ABC algorithm.

Keywords: maximum entropy thresholding, image thresholding, artificial bee colony
algorithm, nature inspired metaheuristics

1. INTRODUCTION

Image segmentation is the process of partitioning an image into non-overlapping, homogenous regions
containing similar objects. The goal of segmentation is to simplify the representation of an image into
something that is more meaningful and easier to analyse. The problem of digital image segmentation is
an important research field and some practical applications include: computer vision (Heikkonen &
Mantynen, 1996), recognition tasks (Zhang et. al., 2008), medical imaging (Li et. al., 2017) etc.
Thresholding is one of the most widely used approaches for performing image segmentation. It tries to
identify and extract a target from its background based on the distribution of grey levels or texture in
image objects. If the image is split into two classes, such as the background and the object of interest,
it is called bi-level thresholding. Bi-level thresholding is extended to multilevel thresholding to get
more than two classes.

The global thresholding methods select thresholds by maximizing or minimizing some criterion
functions defined from images. Among the enormous amount of image thresholding techniques,
entropy-based approaches have interested many researchers. Computational inefficiency of the
traditional exhaustive methods leads to the use of metaheuristic algorithms to set the optimal
thresholds. In (Yin, 2007) a new method that adopts the particle swarm optimization (PSO) algorithm
to select the thresholds based on the minimum cross-entropy is proposed. Horng employed the honey
bee mating optimization (HBMO) (Horng, 2009) and the firefly algorithm to search for the thresholds
using the maximum entropy criterion (Horng & Jiang, 2010). The efficiency of the artificial bee
colony (ABC) algorithm in solving multilevel thresholding problem was investigated in (Akay, 2013).
The experimental results obtained on standard test images showed that the ABC can produce
comparable or better performance with respect to PSO algorithm.

In this paper, the modified artificial bee colony (MABC) algorithm recently proposed with the aim to
enhance the performance of the ABC for integer programming problems (Brajevi¢ & Brzakovi¢, 2018)
is adopted and applied to solve multilevel thresholding problem. The MABC employs two different
modified ABC search equations in employed and onlooker phases, with the aim to enhance the
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exploitation ability of both phases. This paper employs the MABC algorithm to search for the
multilevel thresholds using the maximum entropy criterion. The basic ABC algorithm is implemented
for purposes of comparison. In addition, the exhaustive search method is conducted for deriving the
optimal solutions for comparison with the results generated from ABC and MABC methods.

The rest of the paper is organized as follows. Section 2 introduces the ABC algorithm. Section 3
presents the multilevel thresholding using MABC algorithm. Comparative results of the implemented
ABC and MABC algorithms are presented in Section 4.

2. ABRIEF INTRODUCTION OF ABC ALGORITHM

The ABC algorithm is a metaheuristic technique based on the foraging behavior of honeybees for
numerical optimization problems (Karaboga, 2005). A swarm of artificial bees include employed bees,
onlooker bees and scouts. Employed bees are all bees that are currently exploiting a food source,
meanwhile they share their information about food sources with the onlooker bees. Onlookers select
good food sources from those found by the employed bees and further search the foods around the
selected food sources. Employed bees that leave their food sources to search for new ones become
scout bees. In the ABC algorithm usually one half of the population of artificial bees consists of the
employed bees, while the other half include the onlookers and scouts. The framework of the ABC
algorithm is given as follows:

Initialization Phase
REPEAT

Employed Phase

Onlooker Phase

Scout Phase

Memorize the best solution achieved so far
UNTIL (Cycle = Maximum Cycle Number (MCN))

In the ABC algorithm there are three control parameters: the maximum cycle number (MCN), the size
of the population which is equal to the sum of humbers of employed and onlookers (SP), the limit
which represents the number of trials for releasing food source. In the initialization phase of the ABC,
the population of solutions is generated randomly in the search space.

In the employed phase, every solution i, i =1, 2,...,SP is updated by:
Vij = X5 + @ [Iz'j - xkj) ’ (1)

where xij denotes the jth parameter of x;, j is a random index, ¢i is a uniform random number in range
(-1,1), x« represents the other solution selected randomly from the population. The update process is
ended when the greedy selection is applied between x; and vi.

In the onlooker phase, the solutions which will be subjected to the update process are chosen
according to the fitness proportionate selection. The update process in this phase is the same as in the
employed phase. In the scout phase, a solution that does not change over a certain number of trials is
again randomly generated in the search space.

Nowadays the ABC algorithm represents one of the most prominent metaheuristic algorithms due to
its successful performance. There are numerous ABC variants for solving numerical optimization
problems, as well as the extended ABC versions also have been described for the discrete and
combinatorial types of problems (Karaboga et al., 2014; Brajevi¢ and Ignjatovi¢, 2019; Brajevi¢ et al.,
2020).

In this paper, the recently proposed modified artificial bee colony (MABC) for integer programming
problems is adopted to solve multilevel image thresholding problem (Brajevi¢ & Brzakovi¢, 2018).
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The MABC introduces additional control parameter called modification rate MR and uses modified
search strategies in employed and onlooker phases. The search equation used in the employed bee
phase of the MABC is given as follows:

o—x50), If Ry = MR
o= (O e @

X;; otherwise

where ¢; is a uniform random number in range (-1, 1), x« represents the other solution selected
randomly from the population, Rjj is a randomly chosen real number in range (0,1), and j = 1,2...D.
The introduced control parameter MR controls possible modifications of optimization parameters and
it can take value between 0 and 1.

The search equation used in the onlooker bee phase of the MABC is inspired by the variant of the
ABC proposed to solve numerical optimization which is presented in (Zhu G. & Kwong S., 2010). It is
given as follows:

UJ.-'I;.' =

{I;}-w!}.(x;}-— xi) +o{y; —xy) I Ry < MR @3)

Xy otherwise
where gjj is a uniform random number in range (-1, 1), w;j is a uniform random numbers in range (0,

1.5), x« represents the other solution selected randomly from the population, y; is the jth element of the
global best solution, Rjj is a randomly chosen real number in range (0,1), and j = 1,2...D.

3. PROPOSED APPROACH

The proposed algorithm has two phases. The first phase implies generating the objective function
based on image entropy. The second phase introduces the MABC algorithm for multilevel image
thresholding.

3.1.  Entropy criterion method
The multilevel thresholding problem can be defined as a k-dimensional optimization problem, for

determination of k optimal thresholds [t tz e ] which optimize an objective function. Entropy
criterion method is proposed to perform bi-level thresholding (Kapur et al., 1985). This method
considers the image foreground and background as two different signal sources. The image is
optimally thresholded when the sum of the two class entropies reaches its maximum. Therefore, the
goal is to find the optimal threshold yielding the maximum entropy. Kapur has proposed the algorithm
for bi-level thresholding, which can also extend to solve multilevel thresholding problems. It can be
presented as follows.

Let there be L gray levels in an image | which has M pixels and these gray levels are in the range
{0,1,...L —1}. The Kapur’s objective function is determined from the histogram of the image,
denoted by h(i), i = 0,1...L — 1, where h(i) represents the number of pixels having the gray level i.
The normalized probability at level i is defined by the ratio P, =h(i)/M . The goal is to maximize the
objective function:

f(ltyta, ..., t.])=Hy + H, + H,... +H,, (@)
where
_ et -1P, P _ oty —1
H, = E;'io onn wo,wo —Z!.;O P;,
t,-1P P; t.—1
Hy=—-XZ, —:In:‘l, wy =22, P,
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3.2.  Image thresholding based on MABC

Our proposed MABC algorithm based on maximum entropy criterion aims to provide this optimum k-
dimensional vector [t;,t,,...,t, ] which can maximize Eq.(3). The objective function is also used as the
fitness function for the proposed approach. The details of the developed algorithm are introduced as
follows.

Step 1. (Create the initial population of solutions)

The MABC algorithm creates a randomly distributed initial population of SP solutionsx; (i =1, 2, ...,
SP ) with k dimensions denoted by matrix X,

X =[xy%,,...xy] and x; = (x; 1, X;2,...X; 1), (5)

where X; is the jth component value that is restricted into [0,...,L-1] and the X; <X, forall j. The

fitness values of all solutions x; are evaluated, the parameter cycle is set to 1 and the trail number of

each solution is set to 0.

Step 2. (Employed phase)

In this step, each employed bee produces a new solution vi by using Eq. (2). Then the new solution is
evaluated. If the objective function value of the new candidate solution is higher than that of the
previous

one X;, memorize the new solution and forget the old one. Otherwise the old solution is kept.

Step 3. (Onlooker phase)

In this step, we first calculate the the probability values pv; for solutions x; (i =1, 2, ..., SP) by using
the following equation:

pv; = 0.1 + 0.9(fit;/maxfit) (6)

where maxfit is the best fitness value of the population and fit; is the fitness value of the ith solution in
the population. Then, we generate new solutions v; for the onlooker bees from the solutions x; selected
depending on pvi by using the Eq. (3), evaluate them and apply the greedy selection process.

Step 4. (Scout phase)

If the solution x; is not enhanced through Steps 2 and 3, the trail value of solution x; will be increased
by 1. In this phase, the solution with the highest trail value that exceeds predetermined limit value (if
such solution exists) is replaced with a new randomly generated solution.

Step 5. (Record the best solution)

Memorize the best solution so far, i.e. the solution vector with the highest objective function value.
Step 6. (Check the termination criterion)

If the cycle is equal to the maximum cycle number MCN then finish the algorithm, else go to Step 2.

4. EXPERIMENTAL STUDY

In this study the proposed MABC algorithm was compared against the basic ABC metaheuristic
method. The tests were done on four standard images where the optimal multilevel threshold values
were searched for. The exhaustive search method was conducted first to derive the optimal solutions
for comparison with the results generated by the ABC and MABC algorithms.

38



Figure 1. Test images: (a) Barbara, (b) Living room, (c) Boats, (d) Goldhill.

(d)

Figure 2. Gray-level histograms of test images: (a) Barbara, (b) Living room, (c) Boats, (d) Goldhill.
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Both algorithms have been implemented in Java programming language on a PC with Intel(R)
Core(TM) i7-3770K 4.2GHz processor with 16GB of RAM and Windows OS. Well-known images,
namely Barbara, Living room, Boats and Goldhill with 256 gray levels are used as the test images. All
the images are of size (512 x 512). These original images and their histograms are shown in Fig 1 and
Fig 2.

The number of thresholds k explored in the experiments were 2—5 and each experiment were repeated
50 times for each image and for each k value. The run of each algorithm was stopped when the fitness
value of the best solution f(t ) reached the optimal value of the known objective function (), i.e.

|f(t *)—f;,pt|£ £=10"% where & is a threshold value which fixes the accuracy of the

measurement. Therefore, the stopping criteria for the ABC and MABC is based on the value of the
fitness and not of the maximum iteration number. In all experiments these algorithms use the same
size of population of 40 and the maximum iteration number of 100. In addition, in the ABC and
MABC the value of parameter limit was set to 50 and the value of parameter MR was set to 0.8.

Thresholds, objective function values and time processing provided by the exhaustive search is
presented in Table 1. To analyze the solution quality of the ABC and MABC algorithms, the mean and
standard deviations for 50 runs have been calculated and these results are presented in Table 2.
Obtained mean values can be compared to the optimal values of the corresponding objective functions
found by an exhaustive search. In addition, computational times for the algorithms have been
analyzed. Table 3 presents the mean number of iterations and the average of the CPU time taken by
each algorithm to satisfy the stopping condition.

Table 1. Thresholds, objective function values and time processing provided by the exhaustive
search for Kapur’s method

Image k Kapur — - -
Threshold values Obijective function Time (ms)

2 96, 168 12.668336540 28
Barbara 3 76,127,178 15.747087798 1812
4 60, 99, 141, 185 18.556786861 122087
5 58, 95, 133,172, 210 21.245645311 5647294
2 94, 175 12.405985592 40
- 3 47,103, 175 15.552622213 1949
Living room =147 "9g, 149, 197 18.471055578 135259
5 42, 85, 124, 162, 197 21.150302316 5875781
2 107,176 12.574798244 32
Boats 3 64, 119, 176 15.820902860 2063
4 48, 88, 128, 181 18.655733570 126690
5 48, 88, 128, 174, 202 21.401608305 5840989
2 90, 157 12.546393623 23
Goldhill 3 78, 131, 177 15.607747002 2097
4 65, 105, 147, 189 18.414213765 110650
5 59, 95, 131, 165, 199 21.099138996 5064697

From Table 2 it can be noticed that MABC algorithm performs equal or better than ABC algorithm
both in terms of accuracy (mean fitness) and robustness (small standard deviation). The only exception
is the case of image Living room for k = 2, where the ABC obtained better mean result and standard
deviation value. The mean values obtained by MABC algorithm are close to optimal values provided
by the exhaustive search and obtained standard deviations are low in all cases.

From the Table 1 it can be noticed that the computation time of exhaustive search method is
exponential and for threshold number 4 it is not acceptable. The results from Table 3 indicate that for
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the ABC and MABC also the number of iterations and the run time increase with the threshold
number, but not in the same manner.

Table 2. Comparison of the mean values and standard deviations obtained from the ABC and MABC
based on Kapur’s entropy criterion for four test images over 50 runs

ABC MABC
Image k
Mean value St. Dev. Mean value St. Dev.
2 12.668337 5.32E-15 12.668337 5.32E-15
Barbara 3 15.747088 1.42E-14 15.747088 1.42E-14
4 18.556507 6.63E-4 18.556783 1.39E-5
5 21.245036 1.08E-3 21.245645 1.42E-14
2 12.405985 5.32E-15 12.405952 9.97E-5
Living room 3 15.552622 1.06E-14 15.552622 1.06E-14
4 18.470996 3.01E-4 18.471056 2.48E-14
5 21.144698 5.12E-3 21.149825 1.18E-3
2 12.574798 1.42E-14 12.574798 1.42E-14
Boats 3 15.820903 8.88E-15 15.820903 8.88E-15
4 18.655641 2.92E-4 18.655729 3.42E-5
5 21.400693 2.21E-3 21.401589 6.63E-5
2 12.546394 7.11E-15 12.546394 0
Goldhill 3 15.607747 1.42E-14 15.607747 0
4 18.413758 5.73E-4 18.414214 0
5 21.098357 8.34E-4 21.099139 0

Table 3. Mean of the CPU times (in milliseconds) and mean of the iteration numbers obtained
from the ABC and MABC based on Kapur’s entropy criterion for four test images over 50 runs

ABC MABC

Image Kk Time (ms) Iteration Time (ms) Iteration

number number
2 5.26 10.74 4.02 5.7
Barbara 3 11.18 38.9 7.74 11.02
4 15.28 76.4 17.28 37.3
5 16.88 90.64 18.78 33.04
2 5.02 15.08 10.54 28.96
Living room 3 10.02 27.74 7.44 12.96
4 13.92 57.44 12.86 19.86
5 22.08 96.46 31.08 48.72
2 5.54 11.2 34 6.72
Boats 3 6.16 27.02 5.16 11.92
4 15.84 65.52 18.16 36.46
5 18.56 81.08 22.82 35.26
2 5.74 12.04 2.8 6.0
. 3 8.96 36.98 6.2 11.6
Goldhill 4 175 86.16 9.6 19.0
5 20.08 92.68 15.6 254

The computation times of the ABC and MABC are faster than those of the exhaustive search. By
comparing the computational times for the MABC with respect to the ABC, it can be noticed that the
computational times of these algorithms are not significantly different. From Table 3 it can be also
observed that the MABC converges in less iterations compared to the ABC.
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CONCLUSION

In this paper the modified artificial bee colony algorithm (MABC) for multilevel thresholds selection
using the maximum entropy criterion is proposed. Compared to the basic ABC, the segmentation
results show that the MABC algorithm performs better with respect to the solution quality and
robustness. Experiments on the running times of the ABC and MABC show that both methods are
suitably efficient and practical in terms of time complexity for high-dimensional problems. The
segmentation results of the MABC are advantageous and encourage further research for applying it on
complex image segmentation and recognition problems.
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