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Abstract

Solving the path planning problem considered as one of the most important aspects in the navigation of the
robot, which should involve with any optimization method to get the best path. This paper presents a mixing
approach of modified robot path planning, by applying first particle swarm optimization (PSO) to find the best
values of Artificial Potential Field (APF) factors in order to make an iteratively enhancement till reaching the
shortest path. This path will be smoothed by spline equation. The result clearly shows the high performance and
strength of this mixed approach between the PSO method and APF.
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1. Introduction

Motion planning is an important affair in robotics. In an environment which filled by obstacles, the purpose of
path planning is to find an acceptable collision-free path to ensure the movement of the robot from the initial
point to the final destination. Also is to locate a set of points for the robot to go away from the obstacles and
prevent it from any possible collisions till reach the goal. The previous algorithms deal with path planning

problems of robots by the navigation in a totally known environment filled with static obstacles [1-7].

* Corresponding author.
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The artificial potential field (APF) technique is commonly applied for path planning to many types of robots. In
the APF theory, the field of forces affect on the robot. The total force came by combination of to two types of
forces: first type is the field of attractive force and second type is the repulsive field force. In this method, each
obstacle can create a repulsive force to the robot which its magnitude is proportional inversely to the distance
measured from the robot to the obstacles. If the distance greater than the influence area the force will not affect
the robot otherwise if the robot in this area, then it will be repelled. The direction of all obstacles forces is
pointing away from the robot. In the same time the target point has attractive force that has an effect in all the
environment to attract the robot to the goal. The summation of these two force components will create a field
with whole magnitude and direction in which the robot moves to the goal with avoiding any possible
collision [8]. The potential function used in this method has two values, a minimum value, when the robot is
very near or at the final destination and a highest value on each obstacle. The function tends down and
converges the robot to the final destination [9]. Khatib’s who gave the basic definition of the method in the
configuration space where the minimum forces at the target point but the highest on the obstacles so the whole
environment will represent as valleys which are the goals and hills which are obstacles. The goal point in the
potential field is attract the robot while it is repelling by obstacles in the environment. The gradient has followed
by the robot till reaching the target point and in the same time avoid any possible collisions with the obstacles
[10]. A navigation method was proposed to find suitable path. The main idea behind this method is to combine
the virtual obstacle with potential field to make the cylindrical mobile robot movement flexible in totally

unknown environments.

The Simulation results of the experiments show acceptable performance and ability to find suitable solve to the
commonly problem in Artificial Potential Field theory, especially the local minima problem. In the function of
the classic artificial potential field approach, there is no optimization method was deal with [11]. An

Evolutionary Artificial Potential Field (EAPF) for path planning introduced.

The artificial potential field theory in this method was combined with the genetic algorithm, to reach the best
potential field functions. This proposed approach had the ability of pointing the robots that deal with dynamic
obstacles. The functions of potential field for obstacles and target are also known which contain a changeable
factors. The performance strength of this methodology is clear after taking in consideration the dynamic

obstacles and dynamic goal [12].
2. Artificial potential field theory

In case of mass point let q referred to the robot position to move in a environment with two-dimension. The

robot current position represented by g=[x y] while the position coordinate of obstacle denoted by

Qobs :(‘xObSYYObS)’ and the goal pOSitiOﬂ is qgoal :(xgoal’ ygoal)v
2.1 Attractive Surface of Potential Field

The parabolic form is the very commonly style of potential field function. The attractive potential that grows up

quadratic way proportional with the distance to the goal shown in (Figure 2).
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Figure 1: Attractive Surface
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where K, is the relative factor of the attractive potential surface , d (g, q404:) is the Euclidean distance from
the robot to the desired point (goal) q4.q;. The attractive force is measured as the negative gradient of the

attractive potential field:
Fore(@) = —VUq(q) = — K, d(q, qgoal) 2
2.2 Repulsive Potential Field

The repulsive force has a relative relationship between the distances of the obstacles to the position of robot.
The repulsive potential surface was introduced by the repulsive forces of all the obstacles. The equations (3-4)

represent the repulsive potential function and figure (2) shows the repulsive surface.
Urep @@= Urepi(q) (3)

Where U,.p,;(q) referred to the repulsive potential field created by obstacle i, where i is number of obstacles.

Repulsive Surface

Figure 2: Repulsive Surface
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1 1 12 n .
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Where q is the robot current position, n is a real integer number, the position of obstacle is q,,s and d,, is the
positive number referred to the distance of effective obstacle, the distance between the robot and the obstacles is
d (q,q.ps) and the factor of the repulsive potential surface is K., which is an adaptable constant. The total

repulsive force is negative slope as shown in equation (5) [13]:

1 1 (q'qobs) .
Kren(ar - ) i ¢ @<
TP\ d(q.q0ps) _ 0 d3(q'qobs) f d(q.90bs)<do

F‘rep(q) = _VUrep (@ = {0 if d(@.dops)> do ®)

The combination of the two surfaces of attractive potential U,,, and a repulsive potential U, result the total

potential field. Which is represented by the equation (6).

U(q) = Uatt(Q)"'Urep(Q) (6)

All forces that applied to the robot is came by the negative gradient and use the steepest descent method to lead

the robot direction to final destination.
F(Q) = —VU(Q) = _VUatt(q) - VUrep (7)

Where the gradient vector of U is AU, the influence force that act on the robot is expressed as the summation of
two components first one is the attractive vector and the second is the repulsive vectors force, F,., and F.p,

respectively. [14]
FA)= Faee(Q) + Frep(a) ©)
3. Particle swarm optimization method (pso)

The basic ideas of particle swarms, was to find computational intelligence by employing simple analogues of
social interaction, rather than purely individual cognitive abilities. Searching for corn by bird swarm were the
first samples of their simulation. The method after 5 years was developed till become more powerful. The
number of particles was added to the research space to some cases and each one solves the problem function at
own current location. The movement of each particle should measure its position in the search field, this done
by summation of some information of the previous position and new position which may considered as the best
locations with one or more members of the flocks. and with some random perturbations. After the total particles

have been gone, the next iteration will take a place.

At the end flock totally, like a swarm of birds collectively foraging for food, it should search near the optimal
place which represent the fitness function [15]. PSO play important role in path planning research. A Multi-
robot cooperation was proposed to find the performance for some hard tasks can be developed by the

collaboration between the robots in totally unknown environment. A group of robots search cooperatively to

319



American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2017) Volume 37, No 1, pp 316-328

reach the goal points. The PSO fitness function is the potential function, in this research employs the PSO
method to discover the unknown area, but even the appropriate cooperation not lead the robots to find the
optimal path [16], Rainer Palm presence the safe navigation of multiple hon-holonomic mobile robots in shared
areas. Artificial potential fields used to avoid obstacle for mobile robots. and the attitude of mobile robots is

optimized by particle swarm optimization (PSO).[17]
4.Proposed method: apf factors optimization based on pso

The first modification is on the force and its directions ,In The normal Artificial Potential Field the environment
will be grid of points, every point in this grid has force that came from two sources the attractive force from the
target point and repulsive force from the obstacle (if the points in the range of the influence ) , and every point
has two type of force one towards X axis and the other towards Y axis, some of researcher play with these

forces to inforce the robot to find one lonely path with this equations :

Fx_tutal = Fx_att + Fx_rep + Fy_rep (9)

Fy,total = Fy,att + ijep - ijep (10)

Fx_total = Fx_att + Fx_rep - Fy_rep (11)
Fy,total = Fy,att + ijep + ijep (12)

The equations (9,10) result (Figure 3) and equations (11,12) result (Figure 4) which shows that the forces in one

direction around the obstacle as shown :
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Figure 3 Figure 4

In this work proposed to remove the third term in equations ( 9-12 ) and add a term which found by try and error
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and it is suitable to these cases, the term was added to each equation to make the total force in X, Y axis goes

towards goal and in the same time insure the path will be free collision as shown in equations (13,14) and figure

Q)

Fx,total = Fx,att + Fx,rep -0.75 (13)
Fy_tutal = Fy_att + Fy_rep +05 (14)
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The second modification on the factors of APF, the attractive and repulsive factors (K, K, ) play an important
role in the proposed potential field method. If the attractive value is very large, then only the effectiveness of the
attractive force will take in account. On the other hand, if its value is small, then the attractive force will be
ignored. However, there is no methodical technique to determine it. Therefore, the PSO is used to serve for this
purpose, the repulsive factor has an effect in specific area, which is, represent the influence around the obstacle

so it is important to be optimized, the mathematical expression of PSO is as the follow:

Lets suppose S represent the search domain, n referred to the particle number, the position of all particles
represented by this vector X;= (x;1, x;2,...x;p) , the global best position till now is P,;= (p;1, piz,---Pip) sthe
best position in the all flock’s represent as Py= (pg1,Pg2,---Pgp) » the rate of changing the position by

i, particle is the vector V;= (v;1, v, ... v;p) - the particles update their positions according to the equation (15-
16) [18]:

Via(k+1)=w X vig(K) + ¢, % rand()x( Pia(K) - x;a(k)) + c; x rand()x( Pya(k) - xia(k)) ~ (15)
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Xiq(k+1)= xiq(K) +viq(k+1) (16)

Where c1, c2 are positive constant factors called acceleration factores and w is called the inertia weight which

represent the value given according to the equation (11):

w<l 17)

The cost function of PSO algorithm is the path length and defined as :

L= Si((Pfrathyes) = Plrathny ) + (PFoathysn — Phoatnyg ) (18)

Where (P fpath x Pfpatn y) 1S the XY axis coordinate of the path .

The details of the determination of the attractive and repulsive factors can be summarized as follows

Define PSO Parameters, APF factors(K,, K.,) and their ranges.

Generate randomly factors within the proposed ranges.

Apply APF algorithm based on randomly generated factors as soon as APF construct and find possible
path with the cost function calculation.

Update the local and best global factors of PSO algorithm according to acceptable path.

Repeat steps 2, 3, 4 for the selected number of particles.

Update the velocity and position equations for the next factors of APF

vi(k+1) =w x v; (k) + ¢ % rand()%( Piaee (K) - Xiqee (k) + 2 X rand()%( Pgqee(K) - Xiqerr (k) (19)

xy(k+1) = x; (k) + v;(k+1) (20)

vy(k+1) =w x v; (k) + ¢ % rand()%( Pirep (K) - Xirep (K)) + ¢z X rand()x( Fyrep(K) - Xirepr (K))  (21)

x;(k+1) = x;(K) + vy(k+1) (22)

Where the P,,is the best position for the i;; particle for the attractive factors, x;, is the current position,

Xiq. 1S the local best position and the letters (att) refer to attractive factors, it is the similar definition to the

equations (21-22) where the letters (rep) refer to repulsive factor.

7-

8-
O-

10-

Apply APF based on the updated values of the attractive and repulsive factors and calculate the cost
function.

Update the local and global values to find the best global value for the factors.

Repeat the steps 6, 7, 8 for the updated factors according to number of population and number of
iterations.

After find the Global values of each factor as the best value the corresponding generated path as best

constructed path.
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The flowchart explain the whole process :

Set PSO parameters

l

Define k vectors range

l

Generate within k rage

l

Apply APF for constructer a path

v

v

Calculated cost function

NO

Number of
population

Update global and local values

A

P Update velocity and position equations for k parameters

A

Apply APF for constructer path

v

Calculated cost function

v

Update global and local

NO

Max iteration
number

Define best constructed path

Figure 6

323



American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2017) Volume 37, No 1, pp 316-328

The final path that came from PSO ( Global path) which have the shortest length will deal with spline equation ,
first the positions of via points will found by ‘linspace’ function they will be (6) points distributed along the
path, the piecewise also created by the same function and they are (50) , these to vectors and the Global path are

the input of spline to get the path shown in figures (7,9)
5. Simulation result
5.1 The First Proposed Environment

Figure (6) shows the first environment of robot navigation employing “Artificial Potential Field” as a path
planning algorithm after optimization, and figure (7) shows the path after using spline method, in this proposed
environment the robot goes from starting point (2,4) to goal (-1, -6) where seven stationery obstacles in the

environment with 7 by 7 dimension:
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5.2 The Second Environment

Figure (8) represent the normal path of Artificial Potential Field but figure (9) is the smoothed path by spline

method, this environment include seven static obstacles, the start point at (-6,6) and goal point is (6,-6), the

dimension is 7 by 7
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Table (1) explain the results of two environments in three cases

Table 1

Environment 1 2
Path length of APF(m) 15.9458 23.4030
Path length after optimization(m) 14.2544 22.4598
Path length after optimization and spline(m) 11.6636 20.0215
Suitable Range of attractive factor (600-1100) (1000-4000)
Suitable Range of repulsive factor (5-20) (20-40)
Number of populations 60 60
Number of Iterations 500 500

6. Conclusion

This paper presents an approach of modified path planning using APF and PSO. First by applying Particle
Swarm Optimization method (PSO) to find best values of the Artificial Potential Field factors after each
iteration of PSO the APF applied till reach the shortest path, this path will be smoothed by spline equation. The
result clearly proves the advantage of using the mixed approach which is APF based on PSO for factors
optimization. The length of the generated path after optimization processes was best and shortest path which

traditional APF method could not find such a path.

References

[1] Shahab Sheikh-Bahaei, "Discrete Event Modeling Simulation and Control with Application to Sensor
Based Intelligent Mobile Robotics", M.Sc. Thesis, Electrical Engineering, The University of New
Mexico,

December, 2003.

[2] Conte G, Longhi S, Zulli R, “Robot motion planning for unicycle and car-like robot”,.
International Journal of Systems Science 27: 791-798 , (1996)

[3] Ge SS, Cui YJ, “New potential function for mobile robot path planning”. IEEE Trans. On Robotics and
Automation 16(5):615-620 (2000).

326



American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2017) Volume 37, No 1, pp 316-328

[4] Tsourveloudis NC, Valavanis KP, Hebert T .”Autonomous vehicle navigation utilizing
electrostatic potential fields and fuzzy logic”. IEEE Trans. on Robotics and Automation 17(4):490-
497, (2001).
[5] Song P, Kumar V, A potential field based approach to multi-robot manipulation. Proceedings
of the IEEE International Conference on Robotics and Automation 2:1217-1222,(2002).

[6] Ahmed T. Sadiq, Firas A. Raheem, Noor Alhuda F. Abbas, “Optimal Trajectory Planning Of 2-D Robot
Arm Using The Integration Of PSO Based On D"* Algorithm And Cubic Polynomial Equation”, The
First International Conference For Engineering Research, Middle Technical University, Baghdad, Iraq,
March 2017.

[7] Firas A. Raheem, Asmaa A. Hussain, "Modified C-Space Analysis And Construction For Two-Link
Robot Arm”, The First International Conference For Engineering Research, Middle Technical
University, Baghdad, Irag, March 2017..

[8] Hui Miao, “Robot Path Planning in Dynamic Environments Using a Simulated Annealing Based
Approach”, M.Sc. Thesis, Queensland University of Technology, March 2009.

[9] Luciano C. A. Pimental, Alexandre R. Fonseca, and Guilherme A. S. Pereira, “On Computing Complex
Navigation Functions”, Proceedings of the 2005 IEEE International Conference on Robotics and
Automation

Barcelona, Spain, April 2005

[10] Khatib O.,"Real-Time Obstacle Avoidance for Manipulators and Mobile Robots", International Journal
of Robotic Research, vol. 5, pp. 90-98, 1986.

[11] Liu Chengging, Marcelo HAng Jr, Hariharan Krishnan and Lim Ser Yong, “Virtual Obstacle Concept
for Localminimum-recovery in Potential-field Based Navigation”, Proceedings of the 2000 IEEE

International Conference on Robotics & Automation San Francisco, CA ¢ April 2000

[12] P. Vadakkepat, K. C. Tan, and W. Ming-Liang, “Evolutionary Artificial Potential Fields and their
Application in Real Time Robot Path Planning”, Congress on Evolutionary Computation (2000) 1256 —
263.

[13] Jinchao Gue, Yu Gao and Guangzhao Cui, “Path planning of mobile Robot base on Improved Potential
Field”, Information Technology Journal 12(11) 2013

[14] Guanghui Li, Atsushi Yamashita and Hajime Asama Yusuke Tamura, “An Efficient Improved
Artificial
Potential Field Based Regression Search Method for Robot Path Planning”, Proceedings of the 2000
IEEE

International Conference on Robotics & Automation San Francisco, CA ¢ April 2000

327



American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2017) Volume 37, No 1, pp 316-328

[15] Riccardo Poli - James Kennedy - Tim Blackwell “Particle swarm optimization
An overview “ Springer Science 1 August 2007

[16] Yifan Cai and Simon X. Yang. “A Potential Field-based PSO Approach for Cooperative Target
Searching of Multi-robots” in the 11th World Congress on Intelligent Control and Automation
Shenyang, China, June 29 - July 4 2014.

[17] Rainer Palm and Abdelbaki Bouguerra. “Particle Swarm Optimization of Potential Fields for

Obstacle Avoidance “ in conference of Orebro University SE-70182 Orebro, Sweden, September 2013.

[18] Kennedy J, Eberhart R ,“Particle swarm optimization”. IEEE International Conference on
Neural Network, (1995), pp. 1942-1948.

328



