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Abstract - Robot path planning has been one of the favorite
areas for many Machine Learning researchers from the past
up to date. The trajectory designed for a robot can be simple
or complex. The robot must pass through obstacles which are
either movable or fixed. One of the considerable ways for robot
path planning in the dynamic and unknown environment is a
combination of Evolutionary algorithm and Fuzzy logic. There
are different kinds of evolutionary algorithms such as Genetic
algorithm, Ant Colony algorithm, Colonial Competitive
algorithm, etc. A new approach has been proposed in this
paper for robot path planning in the dynamic and unknown
environment based on both the Colonial Competitive
algorithm and fuzzy rules. The implemented results of the
proposed method present its superiority over previous
methods which used only fuzzy logic method.
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1. INTRODUCTION

Robot path planning in a trajectory has been one of the
interesting areas for many Machine Learning and Pattern
Recognition researchers from the past till date. Robot path
planning can be simple and somewhat complex. The
obstacles which are passed by the robot are either movable
or fixed. Automated robot path planning for only one
environment is one of the unsolved robotic challenges.
Several methods that have been presented to solve these
issues should be considered in two: classic and heuristic
categories [1]. In the first twenty years of the advent of this
field, scientists generally used classic routing method. But,
this method had a notable problem named NP-Complete for
robot path planning [2]. Thus, in order to overcome this
issue, evolutionary method was designed. Evolutionary
method is not performable in spite of its popularity because,
in the beginning, all the paths are not accessible for the
unknown environment with a movable obstacle. The method
based on fuzzy logic is much appropriate for this type of
problem. On the other hand, the table of the fuzzy rules has
many rows in most of the cases.

This paper presents a method for detecting a trajectory in a
dynamic and unknown environment. In this technique,
colonial competitive algorithm has been carried out to
optimize a number of the rules in the fuzzy table. This
project also has been used another new method presented in
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[3, 4] to obtain the number of optimized fuzzy rules. Path
planning has been defined offline just once in the mentioned
environment by using these optimized rules. Section 2 is the
first stage of this project which reviews the previous studies.
In addition, studied environment for path planning has been
introduced in section 3. Moreover, in section 4, brief
descriptions of the required colonial competitive algorithm
and fuzzy logic have been mentioned. Eventually, the
simulation results of the proposed method will be dedicated.

2. PREVIOUS STUDIES

Robot path planning research began in 1960. Over the last
few years, numerous studies have been conducted on control
and path planning of robots [5-7]. After 30 years, robot path
planning method can be classified into two: classic and
heuristic categories [8, 9]. In other words, path planning
method is grouped into four main classifications. 1- Path
planning in a known environment with fixed obstacles, 2- An
unknown environment with fixed obstacles, 3- A known
environment with dynamic obstacles, 4- An unknown
environment with dynamic obstacles. It is obvious that path
planning in an unknown environment with dynamic
obstacles is amuch more real environment [10]. On the other
hand, some of the most important methods in the classic
category are Cell Decomposition, Voronoi diagram, and
Reaction method, and Collocation method [11]. In cell
decomposition algorithm, the environment is divided into a
number of cells and then an appropriate path is created by
using a graph-searching method. Moreover, in reaction
method, a proper path is determined based on the local and
current information. In addition, path planning has NP-
complete problem in the classic technique [2]. Thus, several
methods have been given attention in order to solve this
problem. Generally, heuristic methods include Neural
networks, Genetic algorithm, Colonial Competitive algorithm,
Ant Colony, Particle Swarm Optimization, and Fuzzy logic
[12-17]. Environmental factors can have a significant effect
on some systems such as the mobile robot. The effect of
different environmental factors on photovoltaic systems have
been studied with the experimental system in [18, 19] and
then, optimum tilt angles of the photovoltaic system are
obtained. Gracia et al, presented a method based on ant
colony algorithm for complex environments. In that paper,
the track of the ants’ movement will be kept for
determination of path planning [1]. However, there are some
studies use classic method to solve the optimization
problems [20, 21]. In addition, all of the classic methods are
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not capable of path planning in this environment due to a lot
of calculations. Likewise, the methods based on the
evolutionary algorithm are offline and cannot be performed
for online path planning because the whole path should be
known from the beginning. On the other hand, path planning
methods based on fuzzy logic are not appropriate because of
its many rules [22]. In this project, a method based on a
combination of colonial competitive algorithm and fuzzy logic
will be presented for online path planning in the dynamic and
unknown environment.

3. PROPOSED METHOD
3.1 Explanation of Issue in Fuzzy Logic

Fuzzy theory was first introduced by Zade in 1965 [23].
There are three significant steps in fuzzy logic. The first step
is fuzzification of input, the Second step is creating fuzzy
rules table which is usually determined by specialists and
the final step is called the defuzzification step [24]. For Path
planning in fuzzy logic, at any moment, the next node will be
selected from among the eight available options by using the
angle difference to the target and its distance to the nearest
obstacle. Afterward, a selective preference coefficient is
obtained as the next node, for each of those eight available
nodes. After applying fuzzy logic, a defuzzified or final output
is created for the inputs of each node. Eventually, when the
node has the most defuzzification preference coefficient, it
will be the next selective node in that procedure.
Membership functions have been demonstrated in Fig. 1 for
two inputs and fuzzy output (selective preference
coefficient). In addition, a number of fuzzy rules for this issue
are specified in Table I.

Table -1: A number of fuzzy rules for path planning
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. nearest
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Fig -1: (a) Fuzzy functions for input of the angle difference,
(b) Fuzzy functions for input of the distance to the nearest
obstacle, (¢) Fuzzy functions for output (selective
preference coefficient)

Table I shows the fuzzy rules for selecting the next node in
the momentum path planning that is regulated via node by
node. In this table, generally for every node, if the distance to
the nearest obstacle is much higher and also the angle
difference to the target is much lower, that node will be more
likely to be chosen as a next node along the path. This paper
utilized weighted average method to create a final and
defuzzified output [25, 26].

3.2 Colonial Competitive Algorithm

Colonial competitive algorithm was inspired by the idea of
the socio-political evolution of humans via E. Atashpaz-
Gargari and C. Lucas in 2007 [3, 27]. This algorithm began
with arandom primary population that each member of this
population is only one country. The position of each country
in the N-dimensional space represents a possible solution for
optimization issue and “N” is the number of optimization
variables. After evaluation of primary population, the
number of population members with the least amount of
cost function is considered as colonial countries which are
equivalent to parents in genetic algorithm. Other members of
the population are colonies that each of them belongs to an
empire. In this research, a possible solution for this issue is
defined as a string with N length that is considered as a
country. In addition, N is the total number of fuzzy rules and
its numerical value is 5. According to Fig 2, if to find a
possible solution, the j-th membership function is specified
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for thei-th rule, then “i” element is equal to the value of "j" in
the corresponding string.

1 2 3 45 6 7 .. N

Solution [ 4 |1 (31243 ..|1

Fig -2: The structure of a country for path planning

Initially, the random primary population is generated from
countries in the N-dimensional space where N is the total
number of fuzzy rules. The values of parameters are
continuously determined in the [0, Nout], where Nout is the
number of membership functions considered for
fuzzification of output. The suitability (power) evaluation of
each country and overall power of each empire have been
assessed by using (1). In other words, in this level, the power
of the created solution via i-th country is evaluated by using

(1).
1

fit =— 1

it = (1)

In the above equation, Li is the length of the traversed path
via dynamic robot by using fuzzy rules table for i-th country

and i is the power of i-th country. The total power of every
empire in each repetition is equal to the sum of the power
(suitability) of colonial countries and power average of the
dominated countries in that empire. Therefore, after
determining the power of all countries, the power of k-th
empire will be obtained as stated by (2).

(Power), = fit(imp), +mean( fit(empire), ) (2)

In the above equation, fit(imp), isthe colonial suitability in

k-th empire and mean( fit(empire), is an average of the

colonial countries suitability in k-th empire. Meanwhile, to
update the colonial countries and after determination of all
current countries power in each empire, if one of the
colonies has more power than colonialism, then that colony
will be specified as a new colonialism in the empire. The
total power of k-th empire is obtained by (3).

N _ (power), 3)

imp—k M
D (power),
j=1

In the above equation, Nimp-k states the number of dominated
countries of k-th empire. Inaddition, (power), isthe power

M
of the k-th empire and Z(power)j represents the total
j=1
powers of all empires. The study of the termination
condition for the above steps will be repeated as long as the
termination condition is established. In this project, the end
of number of algorithmic repetitions is considered as the
termination condition of colonial competitive. Fig. 3 shows
the main schematic of the proposed system.

4. SIMULATION

4.1 Introducing the Workspace

A 2D environment of the dynamic robot’s workspace is
created, which includes the dimension of 500x500 square
network with the same length. There are fixed obstacles with
a variety of shapes, numbers, and coordinates. Moreover,
movable obstacles are demonstrated with different speeds
and directions via blue circles [28]. The target and starting
points are also located in different positions. These
diversities are selected due to the fact that the robot’s
workspace becomes the same as the real world. According to
a number of the fixed and movable obstacles, a workspace
can be considered simple or complex. Therefore, in this
paper, a complex environment with a robot as a moveable
point has been designed. The starting point and end point
are in the lower left corner and the upper right corner,
respectively. The following Figure shows an example of a
complex workspace with a number of fixed and movable
obstacles at various speeds. In Fig. 4, the black and blue
shapes represent fixed and moveable points at different
speeds, respectively.

4.2 Simulation Results

When the path is known from the beginning, evolutionary
algorithm will have an appropriate performance. In this
article, the trajectory is unknown, so this algorithm will not
work properly. On the other hand, fuzzy logic method which
is fast and greedy will be performed as the best option. The
fuzzy rules table is a critical point of fuzzy logic method that
is often determined by specialists. But rows of the fuzzy
rules table are not optimal and the use of colonial
competitive algorithm solves this problem. In other words,
colonial competitive algorithm is proposed to optimize a
number of rows in the fuzzy rules table which are used for
effective path planning. Likewise, colonial competitive
algorithm has been used once as an offline path planning to
optimize rows of the fuzzy rules table. According to Fig. 5,
path planning using fuzzy logic is indicated and also, the
rules of the table are defined manually.
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Fig -3: General schematic of the proposed system

Fig -6: Path planning by using combination Colonial
500 ; ; ‘ g ; ; ; ‘ Competitive algorithm and Fuzzy logic
450 : :

Finally, the system has been repeated 15 times. Moreover,
colonial competitive algorithm has been implemented in
each level and then optimal fuzzy rules are extracted. Fig. 7
shows the process of obtaining the cost function in these 15
levels. All other parameters of colonial competitive
algorithm have been defined like [3]. In Fig. 7, the vertical
axis is final value of the best cost function and the horizontal
axis is a number of the algorithm repetitions.
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Fig -4: A view of the workspace
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Fig -7: 15 different level of the system
5. CONCLUSION

The application of evolutionary algorithm for path planning
in an unknown environment with movable obstacles has
been widely considered. Evolutionary method is not capable
of path planning in the unknown environments, because in
the beginning, roadmap must be specified [1, 2].
Furthermore, the number of rules in path planning is much
when using Fuzzy logic method. Thus, this method is not
qualified alone to be used in path planning. Afterward, a
method which is a combination of colonial competitive
algorithm and fuzzy logic was presented for online path
planning in a dynamic and unknown environment. The
implementation results of the proposed method states that
colonial competitive algorithm for optimization of the fuzzy
rules table reduced the length of the path and also this
algorithm optimized a number of the fuzzy rules. Moreover,
reduction of the number of fuzzy rules will diminish the
computational complexity.
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