=

|
| Modern Education
| and Computer Science

PRESS

I. J. Mathematical Sciences and Computing, 2021, 1, 20-25
Published Online February 2021 in MECS (http://www.mecs-press.org/)
DOI: 10.5815/ijmsc.2021.01.03

A Robotic Path Planning by Using Crow Swarm
Optimization Algorithm

Mohammed Yousif
Directorate of Regions and Governorates Affairs, Ministry of Youth & Sport, Iraq.
E-mail: mohammed.alyousif1991@gmail.com

Ahmad Salim
Middle Technical University, Baghdad, Iraq
E-mail: ahmadsalim@mtu.edu.iq, pro.ahmadsalimig@gmail.com

Wisam K. Jummar
University of Anbar, Anbar, Iraq
E-mail: wisamkhalidé@uoanbar.edu.iq

Received: 28 December 2020; Accepted: 18 January 2021; Published: 08 February 2021

Abstract: One of the most common problem in the design of robotic technology is the path planning. The challenge is
choosing the robotics’ path from source to destination with minimum cost. Meta-heuristic algorithms are popular tools
used in a search process to get optimal solution. In this paper, we used Crow Swarm Optimization (CSO) to overcome
the problem of choosing the optimal path without collision. The results of CSO compared with two meta-heuristic
algorithms: PSO and ACO in addition to a hybrid method between these algorithms. The comparison process illustrates
that the CSO better than PSO and ACO in path planning, but compared to hybrid method CSO was better whenever the
smallest population. Consequently, the importance of research lies in finding a new method to use a new meta-
humanistic algorithm to solve the problem of robotic path planning.

Index Terms: Robotic, Path planning, Meta-heuristic, Crow Swarm Optimization (CSO), Optimization.

1. Introduction

Nowadays, robotic takes many human’s roles in many fields such as military, agriculture and industry [1]. Due to
the rapid growth in technology, robots are getting done the human tasks where the robots have proven to be better in
terms of speed and accuracy [2][3]. One of the biggest problem in the robotic technology is the process of move from a
source to destination without collision and with minimum cost in terms of distance and time [4], it is called robotic path
planning or plano mover’s problem. The robotics world is a hybrid between artificial intelligence and mechanical
science [5]. Robots are now able to make decisions on their own and without the intervention of the human factor, as
they can move, monitor and make decisions in many vital areas that facilitate human life [6]. In the robotic technology,
there are two types of environments: the local and the global environment.

In a local environment, the obstacles’ position changes permanently so the robotic must be chosen their next
movement carefully in order to avoid collision. In contrast, the positions of obstacles static and never change in global
environment, that means the robotics’ path from the source to the destination known previously. Recently, meta-
heuristic optimization algorithms popularly is used to solve many problem instead of heuristic techniques to overcome
the local minimum problem. Meta-heuristic algorithms not greedy in nature and balance between local and global of the
optimal solution for these reasons they utilize to solve robotic path planning.

There are many researches employed to address the robotic path planning problem those used meta-heuristic
algorithms. The main objective of this paper is to use CSO in solving the robotic path planning problem and measuring
the efficiency of the algorithm in solving problems of this type. The main contribution of this research is the use of CSO
[7] algorithm to solve robotic path planning. Moreover, comparing the results of many meta-heuristic algorithms to
know the behaver of these algorithms in solving this problem. The CSO was more efficient in finding the robotic path in
the smaller the population.

The remain of this paper arranged as follows: in section 2 shown the most related works, section 3 illustrates CSO
algorithm, section 4 explain the suggested method to overcome the search problem, section 5 discusses the results of
paper and section 6 concludes the paper.
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2. Related Work

Today, meta-heuristic optimizers utilize to solve many kinds of problem, one of them is the robotic path planning.
There are many researchers used meta-heuristic algorithms to minimize the cost of robotics’ path and to find the free
obstacles path.

Gigras et. al. in [8], proposed a very interested hybrid method that has been used to overcome robotic path
planning problem by merge between two common meta-heuristic algorithms, these are: Ant Colony Optimization (ACO)
[9] and Particle Swarm Optimization (PSO) [10], the suggested method get a very good results compared with each
algorithm alone but it is very complex method. Chen in [11], proposed an improvement on ACO to make it suitable to
the robotic path planning problem, the main idea to change ACO id to split the algorithm into two steps: preprocessing
and path planning, the suggested changes obtained good performance to find best path for robot.

Salawudeen et. al. in [12], proposed an new method for robotic path planning. The proposed method used three
meta-heuristic algorithms: Smell Agent Optimization (SAO), PSO and Smell Detection Agent (SDA) to explore the
robotic path with least cost and free obstacle. The result shows that the SAO gets a better fitness than other algorithms.
In addition to that, there are many researchers who have used Meta-heuristic algorithms hybrid with other methods to
solve the path planning problem, such as using whale optimization algorithm (WOA) with fuzzy [13].

Dao et. al. in, presented a robotic path planning method that depends on modified Whale optimization algorithm
(WOA) [14] called multi-objective whale optimization algorithm (MWOA, the proposed technique used the obstacles
and target point to calculate a fitness of WOA and provide good results. All the aforementioned works used meta-
heuristic algorithms to solve the robotic path planning problem, but the results were different between each work and
the other as each search had improvement in a specific area and failure in another area within the robotic search
environment.

3. Crow Swarm Optimization (CSO)

CSO is a meta-heuristic optimization algorithm inspired from the behavior of American Crow, processed by
Yousif [7]. Initially, CSO proposed to overcome Traveling Salesman Problem (TSP) but in this work that uses to
process the robotic planning problem in addtion to time table problem and robotic path problem. The idea of CSO is
that each crow randomly searches in the problem space to find the optimal space or target by adjusted its parametrs
based on its own memory and the information collected from other crows.

There are many parameters must be initialize before start search with CSO, these parameters are: number of crows,
number of groups and number of iterations. First of all, the population initializes randomly, then the fitness of solutions
in the population must be calculate. Equation 1 represents the inspired of crow’s behavior.

S=(R*S5)+ (Ppest + P) *R (1)

where i is a counter indicates the current iteration, R is random value between (0,1), Pbest is the position vector of the
best solution obtained so far, Pi is the position vector and Si is the velocity value, it is between (-6,6). The solution must
be updated during every iteration, the updating of solutions aims to improve the worst solutions by conveying the effect
of the best solutions. Equation 2 is used to update and to improve the solutions, where P is represented the position of
crow and O represented the crow’s angle. The angle of worst solution changes based on equation 3.

Piy1 = P + S;4q + cos(0) 2

Oy = 200t 3)

4. Methodology

Path planning is used to choose the optimal path from source to target point in search space without collision and
with a minimum cost. Robot uses a path planning to find the best path with avoiding collision with any of the obstacles,
when robot collided it must be stopped and take some steps back. In this work to achieve this search process CSO meta-
heuristic algorithm is used. The difficulty of the robotic path planning problem is finding the least cost path without
colliding with obstacles. Figure 1 shown an example of robotic path planning search space.

CSO is a meta-heuristic searching algorithm, to use it in robotic path planning problem especial list used to save
the path from source to destination that is called path-list. Initially, path-list contain one point only before fist iteration
start it is a source point. Circularly, each iteration the best solution adds to the list of points. Algorithm 1 shown the
function that calculates the fitness of population solutions, where the optimality of solutions depends on the distance of
the candidate point and the target point, provided that it does not collide with any of the obstacles within the search
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space. Best solution (point) it is most nearest point to target point (that is get less distance from fitness function),
Manhattan distance [15] in equation 4 explains how to calculate the distance between candidate and target point.
Moreover, each iteration the best solution (it is a solution with lest fitness value in the population) uses to optimize the
worst solutions rely on equation 1, 2 and 3.

MD (P, P,) = |x1—x;| + |[y1—2| 4)

Target point
(X2,Y2)

Sounrce point

(X1,Y1)
° O

Fig.1. Example of Robot’s search space.

Algorithm 1: fitness function

Input:
Target-point
Candidate-point

Stepl: Check to positions of obstacles (Candidate-point) < true or false

Step 2: if (Step 1 = true)

Step 3: MD = Calculate the distance between Candidate-point and target-point (Eq. 4)
Step 4: Return MD

Algorithm 2 illustrates the complete search process from source to destination point. The proposed method to find
robot’s path do not need a mechanism to return from collision because it avoids collision before moving by knowing the
position of the obstacles before each movement, and if the two bodies move at the same time to the same point, the
robot back to the last point in which they do not collide with any object.

Algorithm 2: Robotic Path Planning

Initialization:
No. crows
No. groups
Initialize population randomly
Path-list < add (source-point)
Command! best-point: it is a point in the population that has less fitness value.
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Step 1: Calculate fitness function (population (algorithm 1))

Step 2: Loop
Step 3: if (not collided (best-point) and (target-point # best-point))
Step 4: add to path-list(best-point)
Else
Step 5: back to last not collided point in the path-list
Step 6: if (target-point = best-point))
Step 7: add to path-list(best-point)
Step 8: stop Loop

Step 9: Optimize solutions (population) (Eg.1, Eq.2 and Eq.3)
Step 10: Calculate fitness function (population)

End loop
Step 11: Return path-list

5. Results and Discussion

In this section, the proposed robotic path planning technique is investigated. The robotic path planning through the
simulation of CSO gave impressive results indicating the importance of applying this approach, which outperforms
other methods. As shown in Table 1, the number of repetitions is at a minimum through the application of this approach,
through which the optimal path of movement is also drawn. Likewise, while moving in the path that is chosen to move
from the starting point until reaching the end point, the existing obstacles are avoided and collision with them is
prevented.

Table 1. Comparison between CSO, PCO and ACO.

No_population Algorithms and number of iterations
PSO ACO ACO&PSO CSO
10 2025 480 160 115
20 2070 395 160 143
30 2100 316 160 157
40 2310 316 158 177
50 2400 316 158 194

As we note from the above table, the results obtained from the proposed technique are better than PSO and ACO,
but in the case of comparison with ACO&PSO, we see the superiority of the proposed algorithm also, but when the
population increases, this algorithm will give slightly better results than the proposed algorithm.

This algorithm can be greatly utilized if applied to moving obstacles. Thus, it will turn into a fully dynamic
environment. This is not an easy topic, but it can be worked on in the future. Robots' movement paths can be drawn
through a fair number of areas of application, and these paths are very useful for human life in various fields, the most
important of which is medical science. Recently, several hospitals have used robotic devices in their surgeries, with
good success. Finally, the use of CSO in solving the robotic path planning problem gave competitive results compared
to the rest of the algorithms and was much better than other algorithms separately, but it was better compared to the
hybrid methods in case the population was small only.

6. Conclusion

This work used CSO meta-heuristic algorithm to present a new robotic path planning technique. The results
analysis of proposed technique showed that it has a good performance and CSO algorithm can effectively find the
optimal robot’s path with minimum cost and without collision with any obstacles.

CSO was better than other meta-heuristic algorithm such as PSO and ACO used individually to solve the robotic
path planning problem and comparison to hybrid techniques the suggest method was very comparative especially when
the population size was small. Therefore, we expect the combination of CSO and other meta-heuristic algorithms may
be given very excellent results. In the end, the contribution of the research in employing CSO lies in solving the robotic
path planning problem, and the results of this proposed method were good compared to the rest of the methods used to
solve this problem.
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