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ABSTRACT

This paper deals with the navigation of a mobile robot in an
unknown environment by using artificial potential field (APF)
method. The aim is to develop a method for path planning of
mobile robot from start point to the goal point while avoiding
obstacles on robot’s path. Artificial potential field method will
be modified and optimized by using particle swarm
optimization (PSO) algorithm to solve the drawbacks such as
local minima and improve the quality of the trajectory of
mobile robot.
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1. INTRODUCTION

The goal of the path planning method is to determine a
sequence of configurations for the robot to move around
obstacles and avoid collisions while reaching a desired goal
[1]. The artificial potential field (APF) method is widely used
for planning the path of mobile robot. In the artificial potential
field method, a mobile robot is considered to be subjected to
an artificial potential force. The potential force has two forces:
first one is attractive force and second one is repulsive force.
In the artificial potential field method, we can imagine that all
obstacles can generate repulsive force to the robot that is
inversely proportional to the distance from the robot to
obstacles and is pointing away from obstacles, while the
destination or goal has attractive force that attracts robot to the
goal. The combination of these two forces will generate a total
force with magnitude and direction, the mobile robot should
follow that direction to avoid obstacles and reach to the target
in a safe path [2]. Actually the artificial potential field method
uses a scalar function called the potential function [3]. This
function has two values, a minimum value, when the robot is
at the goal point and a high value on obstacles. The function
slopes down towards the target point, so that the robot can
reach the target by following the negative gradient of the total
potential field.

The rest of the paper is organized as follows: Section 2
presents related work in the field of robot path planning.
Section 3 discusses functions of the Artificial Potential Fields.
Section 4 discusses Motion Control of mobile robot. Section 5
presents optimization PID controller by Particle swarm
optimization Algorithm. Section 6 discusses Limitations and
Proposed Solutions for Artificial Potential Field method.
Simulation results are described in Section 7 to demonstrate
the effectiveness of the path planning scheme. Section 8
concludes this paper with final remarks.
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2. RELATED WORK

In this section, we review some of researches in the field of
mobile robot path planning methods. Khatib’s work [4]
defined a potential field on the configuration space with a
minimum at the target point and potential hills at all obstacles.
The mobile robot in the potential field is attracted to the goal
point while being repelled by obstacles in the environment.
The robot should follow the gradient of the total artificial
potential to goal point while avoiding collisions with
obstacles. Chenggqing et al. [5] have introduced a navigation
method, which combined virtual obstacle concept with a
potential-field-based method to maneuver cylindrical mobile
robots in unknown environments. Simulation by computer and
experiments of their method illustrates accepted performance
and ability to solve the local minima problem related with
potential field method. Evolutionary Avrtificial Potential Field
(EAPF) for real-time robot path planning has proposed by
Vadakkepat et al. [6]. Combination between genetic algorithm
and the artificial potential field method is introduced to derive
optimal potential field functions. With the proposed method in
this work, the mobile robot can avoid static and dynamic
obstacles. A new potential function is proposed by Ge and Cui
that function take into consideration of dynamic environments
that contain moving obstacles and goals. In this work
positions and velocities of robots, obstacles, and goals are
considered in the functions of potential field [7]. GNRON
problem (goals non-reachable with obstacle nearby), which is
a common drawback in most potential field methods, is
identified by Ge and Cui [8] and Volpe and Khosla [9].
GNRON problem can be solved using their proposed potential
field method. Detailed studies of these local potential
methods, their characteristics and their limitations were
discussed in [10].

3. FUNCTIONS OF ARTIFICIAL
POTENTIAL FIELD

Assume that the robot is of point mass and let g represents the
position of the robot moves in a two-dimensional (2-D)
workspace. The position of mobile robot in the workspace is
denoted by q = [x y]", position of obstacle Gops = (Xobs: Yobs):
and position of goal dgea = (Xgoal: Ygoar)-

3.1 Attractive Potential Field

The most commonly used form of potential field functions
proposed by Kathib is defined as a parabolic form [11]. Figure
(1) shows attractive potential that grows quadratically with the
distance to the goal.
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Figure 1: Attractive Potential Field.

Uatt (CI) = % ( dz (q' 9goal ) (1)

where ¢ is the proportional coefficient of the attractive
potential filed function, d(g,qq.a) is the Euclidean distance
between the robot g and the position of the target ggou. The
attractive force on robot is calculated as the negative gradient
of attractive potential field and takes the following form:

Fore (@) = — VUq (@)= — Td(q, qgoal) (2

3.2 Repulsive Potential Field

The repulsive force is inversely proportional to the distance
from the obstacle. The repulsive potential results from the
combination of the repulsive forces of all the obstacles. The
equation of repulsive potential field is shown in Figure (2).

Urep (Q) = Zi Urepi (Cl) (3)
Where U,.i(0) represents the repulsive potential generated by
obstacle i, where i is no. of obstacles that influence the

environment of robot
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Figure 2: Repulsive Potential Field

The repulsive function is [12]:

1 1 12 no
Uyep (@) =1 21 (m - H) d(q,4goa)” i d(q,dons) < do ()
0 if d(q,qops) > do

Where q is the robot position and s iS the obstacle position.
d, is the positive constant represents the distance of influence
of the obstacle, d(g,q.ps) is the distance between the robot and
obstacle. n is an adjustable constant represents the
proportional coefficient of the repulsive potential filed
function. The repulsive force is the negative gradient of this
repulsive potential fields function.

1 1) (9 — obs) )

- , if d(g, qops) < d

1 (d(q.qm) &) @ = 4 @ fons) < o
0 , i d(q, Gons) > do

®)

The total potential field is defined as the combination of
attractive potential U, and a repulsive potential Uy,. Then the
composition attractive potential with repulsive potential will

Frop (@) = =VU,q (@) = {
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generate the total potential fields [13]. Then the total potential
fields can be described by:

U(q) = Ugee (@) + Urep (@) (6)

The total force that applied to the mobile robot is obtained by
the negative gradient of a total potential field which is the
steepest descent direction for guiding robot to target point.

F(q) =-VU(q) = — VU — VUrep (7

Where AU is the gradient vector of U at the robot position, the
force that effected robot is defined as the sum of the two
attractive and repulsive force vectors, Fu; and Fpp,
respectively.

F(Q) =Fa (@) + E“ep (@ (8)
4. MOTION CONTROL

In this paper, PID control is considered as a motion controller
for controlling movement of mobile robot. PID control is one
of the classical control methods and widely used in the
industrial applications. The majority of industrial control
system still uses PID controllers for many applications in
most systems. In the PID control, the difference between the
set point or desired input value ref(t) and the actual output y(t)
is represented by the e(t) error signal given by [e(t) = ref(t) —
y(t)], This signal is applied to PID controller to get control
signal u(t) as follows [14]:

de(t)
dt

u(t) = Kye(t) + Kq +K [ e(®)dt ©)
Kp = proportional gain , K; = integral gain and K4= derivative
gain.

PID parameters (K, K;and Kg) should be chosen carefully to
obtain fast rise time, no steady state error and smaller
overshoot. In this paper PID controller parameters are tuned
using Particle swarm optimization Algorithm “PSO” to get
optimal response of PID Controller. The block diagram of
control system for mobile robot with two PID controllers is
shown in Figure (3).
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Figure 3: Block diagram of control system with two PID
controllers

5. OPTIMIZATION OF PID
CONTROLLER BY PARTICLE SWARM
OPTIMIZATION ALGORITHM

Particle swarm optimization (PSO) is optimization method
developed by Dr. Eberhart and Dr. Kennedy, the work of PSO
resembles behavior of fish schooling and bird flocking [15].
In the PSO algorithm the system is initialized with a
population of random solutions and searches for best solution
by updating generations. In PSO, the potential solutions,
called particles, these particles follow the current optimum
particles in the problem space. Each particle keeps track of its
coordinates in the problem space which are related with the



best solution and that solution called pbest. Particle swarm
optimizer is also keeping track another value called the best
value that get by particle in the neighbors of the particle. This
location is called lbest. When one of particles takes all the
population as its topological neighbors, the best value is a
global best and it is named gbest [16]. The PSO algorithm is
used to find the optimal parameters for the two PID
controllers, one for controlling velocity and another for
controlling angle of mobile robot. Figure (4) shows the block
diagram of PID-PSO controller for the mobile robot.
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Figure 4: the block diagram of optimal PID controller for
the mobile robot.

The PSO algorithm will be used to tune two PID controllers
by searching for their optimal value in the six dimensional
search space [i.e. Kp1,Kj1,Kp1, Kp2,Kj2,Kp,], three dimensions
specified for first controller (velocity controller) and another
three dimensions for second controller (angle controller), for
each controller there are three parameter to be tuned. By
doing several experiments using different values for
population size and number of iterations, it is observed that
the following parameters values of PSO algorithm shown in
Table (1) yield acceptable parameters for PID controllers to
give a good performance to control the movement of mobile
robot.

Table (1): PSO parameters

Size of the swarm 100
Maximum iteration number 200
Dimension 6
PSO parameter ¢, 2
PSO parameter c, 2
Winax 0.9
Wiin 0.3

Mean Square Error MSE criterion has been used as a fitness
function to evaluate the performance of the system to compute
the acceptable parameters by PSO algorithm. The formula of
MES error is shown below:

MSE e = (5 Zi(eo ()?) + (5 T (k)?) (10)

n: represents number of samples, k: sample time. The
parameters in the Table 2 give the best (lowest) MSE in order
to build the PID controllers
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Table (2): PID controller parameters

Parameters for PID
controller to control angle

Parameters for PID controller
to control velocity

KPl KIl KDl KPZ KIZ KDZ

110.44 | 50.24 1.0022 60 100.59 | 2.213

6. LIMITATIONS AND PROPOSED
SOLUTIONS

Artificial Potential Field algorithm suffers from some
drawbacks in implementing it for real time applications. The
local minima problem is the most common problem, a local
minima problem occurs when sum of all forces is zero. The
most three conditions in which local minima occur are:

(1) When robot, obstacle and target are set on the same line
and the obstacle is at the middle of the robot and the target
[17]. The diagram in the Figure (5) below shows this case.

Obstacle

Repulsive Force Attractive Force

& -

Target

Robot

Figure 5: Robot, obstacle and target are located on the
same line

(2) When the target is within the effected region of an
obstacle such that the repulsive force of the obstacle will push
the robot away from the goal point. The problem in the third
condition is known as “Goals non-reachable with obstacle
nearby” [18]. Diagram in the Figure (6) below illustrates this
case.
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Figure 6: Goals non-reachable with obstacle nearby
problem

The drawbacks of traditional method can be solved by
modifying repulsive potential functions.

6.1 Modified Repulsive Potential Field

Function

As seen in the problem (1) & (2) which occur as the robot
approaches the target, that repulsive force increases when
robot approach the goal due to presence of obstacle near the
target, so the total force at target point is not global minimum,
and then the mobile robot can’t reach to the goal. To solve
this problem, it is need to form a new repulsive potential
function that make the goal point has a global minimal
potential force, the modified artificial potential field
introduces the distance between the mobile robot and goal
into the repulsive force function to guarantee the global




minimum is at the target position [12]. The redefinition of
repulsive potential function can be described by

1 1 1 2 n .
Upep (@) =421 (d(q.qnbs) _E) (@ agow)", i d(4.q,) < do (11)
0 if d(q,q,,,) > do

where d(q,0.s)" represents the distance between the robot and
the goal , where n is a real number greater than 0 . So now
when the mobile robot is close to the goal, the attractive
potential field is reducing; the repulsive potential field is also
reducing accordingly, until the robot reaches the goal point,
then the attractive and repulsive field reduced to 0. The
repulsive force is the negative gradient of repulsive potential
fields function, and the composition of repulsive forces can be
decomposed into two forces [17]. The composition of
repulsive forces Fr, can be described by:

Frepl + Frepz if d(q' ngs) < dO

0 if d(q,q,,,) > do (12)

Frep = _VUrep(q) = {

Both Frep and Frep, are the decomposition of Frep , Frepy and
Frepz Can be described as below:

1 _ L d(quQoal )n

Frep 1((1) =1 (d(q'qobs) dO) d(q_qobs)z (13)
1 1 n—-1

Frep 2 (Q) =1 21(‘1(‘7'%175) - %) d(q» qgoal ) (14)

Where Fep and Fep are two components of F,. The
direction of F, points to the mobile robot from the point,
which is closest to the robot. The direction of Fp, points to
the goal from the mobile robot.

6.2 Optimization the Parameters of
Artificial Potential Field Method

In this section the PSO algorithm will be used to tune the
parameters of artificial potential field parameters (i.e. C:
proportional coefficient of the attractive potential filed
function and n: proportional coefficient of the repulsive
potential filed function) to increase the efficiency of artificial
potential field method. The two parameters will be tuned in
the same search space of PID controller in section 5. So the
number of parameters that will be tuned by PSO algorithm are
eight parameters [Kpl,K.l,KDl,sz,K.z,KDZ,Kg,KqKn]. Same
parameters values of PSO algorithm shown in Table (1) will
be used in this section. Table (3) illustrates gain parameters
that yielded from PSO algorithm for PID controllers and APF.

Table (3): PID and APF parameters

Parameters for PID controller to Parameters for PID controller ¢ n
Control velocity to Control Angle

K= K= Kpi= Kpz K= Kpo= 0.5 0.0047
110.44 50.2 1.0022 =60 100.59 2.21

7. SIMULATION RESULTS

7.1 First Environment

Figure (7) illustrates the simulation of mobile robot navigation
by using “Modified-Optimized Potential Field Method” as a
path planning algorithm. In this environment the mobile robot
moves from start point (0,0) to target point (6,14) where three
static obstacles in the environment.
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Figure 7: mobile robot movement in first environment.

7.2 Second Environment

Figure (8) illustrates the simulation of mobile robot navigation
by using “Modified-Optimized Potential Field Method” as a
path planning algorithm in the second environment. In this
environment the mobile robot moves from start point (0,0) to
target point (14,16) where many static obstacles with different
sizes speared in the environment.

— — —— -— —

Y[m)

X [m]

Figure 8: Mobile robot movement in second environment.

Table (4) shows the elapsed time (sec) and path long (m) of
mobile robot in the environments before and after
optimization by PSO algorithm.

Table (4): Elapsed time and path long results

Before Optimization

First Second
Environment | Environment
Total Elapsed Time(sec) to 3.8 4.16
reach goal
Distance of path (m) 21.9 25
After Optimization
First Second
Environment | Environment
Total Elapsed Time(sec) to 3.6 412
reach goal
Distance of path (m) 216 24.72




8. CONCLUSION

A modification for the functions of potential field method can
solve the problem of local minima and enable mobile robot to
navigate in the environment from start point to the goal point
while avoiding obstacles. The scaling parameters of the
attractive and repulsive potential functions ({ and ) determine
the relative intensity of the attractive force and the repulsive
force, so an optimization for these two parameters by using
Particle Swarm Optimization (PSO) method gives the optimal
motion and grantee fast and smooth robot path. The
simulation in matlab program shows that modified-optimized
potential field method enables mobile robot to navigate in
environment from start point to the target with less time and
short path. Actually in the future work the potential field
method need to combine with an intelligent technique (for
example Fuzzy logic) to produce a robust method for path
planning of mobile robot to navigate in complex and dynamic
environment.
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