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Abstract

Recently, nature-inspired metaheuristic optimization algo-
rithms such as Artificial Bee Colony Algorithm (ABC) is de-
veloped. ABC is based on the feeding behavior of bee herds.
ABC can not solve for time-varying function.

In this study, we offer a new ABC for time-varying func-
tion. We propose ABC in which the scout bee is improved
probability by normal distribution. We compare the best so-
lution with ABC, previous method and the proposed method.
Object function which optimal solution moves circle of shape
is used. We investigate characteristic of proposed method ac-
cording to variance of normal distribution. Best value and
orbit of solutions for proposed method are better than those
of other method.

1. Introduction

Optimization is to search optimal solution under condition.
Benefit of optimization is high efficiency. Optimization is
needed in various scenes. Combinatorial optimization prob-
lem is often solved by metaheuristic optimization algorithms.

Many combinatorial optimization problems often results
in local optima. Metaheuristic optimization algorithms are
solved high performance in these problems. These algo-
rithms are developed to solve more efficiency and larger prob-
lems. Metaheuristic optimization algorithms have Evolution-
ary Algorithm (EA), Swarm Intelligence (SI) algorithm, local
search, etc. In our study, we choose the SI.

SI is one of the artificial intelligence techniques. SI was
born from swarm of insect. Examples existing in nature are
ant, bee and firefly, etc. In insect colonies, each insect has
its the group in total appears to be highly organized. The ap-
plications of SI technique are a self-driving car and data min-
ing. The good points of this technique are smaller control sys-
tem and multi control by simple systems. SI algorithms have
Artificial Bee Colony Algorithm (ABC), Ant Colony Opti-
mization (ACO), Particle Swarm Optimization (PSO), Firefly

Algorithm (FA), etc [1]. The ABC is used by our propose
method.

ABC is idealized the social behavior of bees based on their
feeding characteristics. ABC was proposed by Karaboga
Dervis in 2005 [2]. Artificial intelligence algorithms have
been demonstrated to show effectiveness and efficiency to
solve difficult optimization problems [3]. ABC performs
higher ability in high dimensional optimization problem than
other SI algorithms. However, demerit of ABC is that it can
not search time-varying function.

In previous study, we modified ABC for time-varying func-
tion (ABCTV) [4]. However, we can not find accurate solu-
tion.

In this study, we propose ABCTV in which the scout bee is
improved by normal distribution. We compare the best value
and the orbit of the solution with ABC, ABCTV and the pro-
posed method.

2. Artificial Bee Colony Algorithm

Karaboga has proposed an Artificial Bee Colony (ABC)
algorithm in 2005. The ABC algorithm is based on real bee
behavior and consist of 3 kinds of honeybee, employed bee,
onlooker bee and scout bee. It is suitable when the object
function is high dimension [5]. The procedure for solving an
optimization problem in the ABC algorithm is shown below.

Step0.
Initialize each total number of employed bees ne and
onlooker bee no , the colony size N = ne + no and the
total number of iterations tmax .

Step1.
(1) Set the locations of the xi . i is the number of the
employed bee.
(2) Calculate the fitness fi in the initial arrangement by
Eq. (1). The best fi and initial arrangement are stored.
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Step2.
(1) New locations vi is generated and calculated the fit-
ness function value.
(2) Based on the fitness, the best location and fitness up-
date.

step3.
(1) Based on the fitness, the probability pi is calculated
by Eq. (2).
(2) Select the number of employed bee i based on pi ,
and Step1 is applied. When this procedure has been re-
peated no times.

step4.
If function value of each i is better than function value
of all bees, the solution and the function best value are
updated.

step5.
The employed bee which has not been generated the new
location.

Step6.
Repeat steps 1 to 4 and output the solution.

Fitness function fi and probability pi are given by follow-
ing equations:

fi =


1

1 + g(xi)
if g(xi) ≥ 0

1 + |g(xi)| otherwise
(1)

pi = fi/

ne∑
i=1

fn , (2)

where, g(xi) expresses the objective function. Figure 1 shows
flowchart of ABC.

Figure 1: flowchart of ABC.

3. Previous method

The most of algorithms exclude time-varying solution.
However, when we search optimal solution, we need to ap-
ply the both solutions (time-varying and not time-varying).

In case of ABC, it can not be adapt fitness function to chang-
ing object function. The artificial bee colony algorithm for
time-varying solution (ABCTV) is proposed. ABCTV was
modified 2 points. First, when employed bee compares fit-
ness function values between 2 locations, previous location is
reevaluated for each simulation count. Second, we calculate
best fitness function value for each simulation count.

According to these modification, ABCTV can search time-
varying solution. However, ABCTV can not search accurate
solution than the standard ABC. Figure 2 shows flowchart of
ABCTV.

Figure 2: Flowchart of ABCTV.

4. Proposed method

We propose ABCTV in which the scout bee improves by
normal distribution. The scout bee searches a new location
randomly in the standard ABC. However, ABC has prob-
lem point that the employed bee which was able to search
along the orbit is repositioned outside the orbit. Therefore,
we modify that the scout bee searches new location by nor-
mal distribution. From the beginning of the simulation scout
bee searches new location by using Eq. (3).

f(x) =
1√
2πσ2

exp

(
− (x− µ)2

2σ2

)
(3)

where σ2 corresponds to the variance of normal distribution
and µ denotes the mean of normal distribution. Figure 1
shows some examples of probability density functions of nor-
mal distribution.

From Fig. 1, variance of normal distribution σ2 means
range of probability and mean of normal distribution ex-
presses the position with the highest probability. In this sim-
ulation, we set µ as position of employed bee which has the
best fitness value. According to this modification, we expect
that proposed method can search more accurate best solution
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φ(x)

x

Figure 3: Normal distribution.

and orbit. We compare 6 kinds of variance by changing the
parameter σ2(σ2=1.0, 10.0, 30.0, 50.0 and 100.0). We inves-
tigate best value and orbit of solutions by variance of normal
distribution.

5. Simulation result

In order to evaluate the performance of the propose
method, we compare the result of Eq. (4).

g(x1, x2, k) = 1− exp[− (x1 − 250− 125 sinαk)2

2 · 402

− (x2 − 250 + 125 sinαk)2

2 · 402
].

(4)

Equation (4) simulates a visual tracking problem. The opti-
mal function value is 0, and position along a circle of radius
125 centered at (x1, x2) = (250, 250), then return its original
position in (2π/α) steps. k means time that is approximated
by simulation count. We express the constant value to use for
simulation in Eq. (5).

ne = no = 50, tmax = 100000, α = 0.01 (5)

First, we investigate the orbit of each algorithm. The re-
sults of orbit are summarized in Figs. 4 to 10.

Figure 4: Orbit of ABC.

Figure 5: Orbit of ABCTV.

Figure 6: Orbit of propose method (σ2 = 1.0).

Figure 7: Orbit of propose method (σ2 = 10.0).

Figure 8: Orbit of propose method (σ2 = 30.0).
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Figure 9: Orbit of propose method (σ2 = 50.0).

Figure 10: Orbit of propose method (σ2 = 100.0).

Figure 4 shows that ABC can not search optimal orbit.
However, ABCTV and proposed method can search optimal
orbit. From Fig. 5, ABCTV can search to rough out optimal
orbit. From Figs. 6 to 10, the orbit of proposed method can
search accurate optimal orbit as variance σ2 decrease. When
σ2 is 100, dispersion of orbit is biased compared with that of
ABCTV. The reason is that there is no diversity in determin-
ing the mean of the normal distribution.
Next, we compare best value for each method. We show best
value of solution for each method by Table 1. This simulation
shows the best solution out of 10 times. The best solution is
the smallest value in results of 10 times simulations.

Table 1: Best solution of each method (α = 0.01).

method best value
ABC 1.93010e-09

ABCTV 2.29477e-07
propose method (σ2 = 1.0) 3.73631e-07

propose method (σ2 = 10.0) 9.92083e-08
propose method (σ2 = 30.0) 3.06453e-07
propose method (σ2 = 50.0) 2.30944e-07
propose method (σ2 = 100.0) 6.78707e-08

From Table 1, it is clear that the best value of proposed
method better than best value of ABCTV. Furthermore, pro-
posed method has good effect for best value as variance σ2 in-
crease. However, proposed method when σ2 = 10.0 is good
performance without depending on that trend. The reason is
we estimate that there is a proper range of probability for nor-
mal distribution when employed bee is initialized.

6. Conclusion

This paper shows the ABC modified that scout bee is
changed probability because this algorithm do not applied
for accurate time-varying solution. We tried improvement
of ABC, where scout bee searches new position by proba-
bility based on normal distribution. We set 5 kinds of vari-
ance of normal distribution and mean by position of best em-
ployed bee. We compared the best values and orbit of pro-
posed method, previous method and ABC. As a result, when
variance of normal distribution is small, proposed method
could search better orbit than other algorithms. When vari-
ance of normal distribution is large, proposed method could
search better value than other algorithms. Therefore, propose
method is better performance than other methods.

In the future work, we would like to investigate the mech-
anism of the proposed method in detail. Furthermore, we try
to search high dimensional problems.
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