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Abstract— This paper deals with the path planning for autonomous mobile robot in cluttered and bounded environment. It focuses on a
reactive path planning method which is the artificial Potential Field (PF). Its principle idea is to assimilate the robot to a particle
subjected to an attractive force created by the target and repulsive force created by the obstacles. Several works have stemmed from
this method to ameliorate the potential function performance such as the navigation function. The aim of this paper is to compare the
traditional artificial PF with the navigation function and to investigate the performance of each method for well-chosen case studies.
The performance criteria taken into consideration are: oscillations, obstacle avoidance, elapsed time, convergence to the goal and
trajectory length. The advantages and shortcomings of each method are presented and discussed.
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I.  INTRODUCTION

Path Planning is an important task for robot navigation. It
aims to enable the robot to move from its starting point
towards a destination point while avoiding obstacles
encountered in his path [1-2]. Therefore, the basic function of
the path planning is to compute a valid collision-free path
when getting the robot to seek the goal. Several methods have
been developed, typically classified into deliberative (local
path planning) and reactive approaches (global path planning)
[3].In the deliberative approach, information about the
environment is already known using map, cells, grid etc.
Firstly, this information are regrouped and stoked in the robot
path planning program. Then, the path is constructed to join
the initial point to the goal such us Visibility Graph [4],
Voronoi Graph [5] and Cell Decomposition [6]. These
methods are capable of finding the path in static environment
if it exists. However, in dynamic environment, they can lose
the effectiveness if an unpredicted obstacle appears suddenly
in the path. This problem is a result of not including the
obstacle information in the known map, so this requires a re-
planning witch needs a high computational power and causes
a slow response times. In the reactive approach, the robot's
sensors and actuators generate directly the navigation behavior
without using maps. Therefore, the robot has to sense the
environment and then decides either to avoid obstacles or to
generate path planning toward goal. Thus, this approach is real
time obstacle avoidance since it takes into consideration
contingency measures that may affect the safe navigation of
the robot [7]. Artificial PF [8] is one of the successful reactive
algorithms. It has been widely used for autonomous mobile
robot path planning due to its elegant mathematical analysis.
It is firstly proposed by Khatib in [8]. The main idea behind
this approach is to assign an attractive potential field to the
target to attract the robot, and a repelling potential field to the
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obstacles to repel it. The function in which these two
potentials are combined represents the energy of the system.
Being under the influence of the total force generated by the
negative gradient of this energy, the robot moves to its
destination while avoiding the obstacles on its way. Several
works have stemmed from this approach. In [9], a virtual
escape potential is introduced and activated once the robot is
trapped in a local minimum. This method enhances the
trajectory by raising the chances of reaching the goal, but does
not eliminate the risk of being trapped in a local minimum
situation. In [10] an adaptive PF approach is proposed for
obstacle avoidance of unmanned aircrafts. For that, a rotating
potential field around the obstacle is used. In [11], authors
proposed an improved PF method in dynamic environment.
This proposed method introduced velocity vector to PF which
enables the robot to avoid obstacles while locate and track
dynamic target. In [12], a combined strategy of the improved
PF and navigation potential function is introduced to
accelerate the convergence speed and optimize the path. In
[13], a novel repulsive function of robot orientation and
angular velocity is proposed to ameliorate the performance of
avoiding obstacles. In [14] a deadlock free PF based path
planning algorithm is presented. This method enables the
robot to escape from deadlock and non-reachability problems
of mobile robot navigation.

In this set-up, the traditional PF method [8] [17], and the
navigation function [15-16] are to be investigated in a
bounded environment with spherical obstacles, and a
comparative study is done to evaluate the performance of each
approach.

The outline of this paper is as follows: the traditional PF is
defined in section II. The navigation function is given in
section I11. Simulation results and discussions are proposed in
section 1V. Finally, section V concludes this paper with some
prospects.
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II. TRADITIONAL POTENTIEL FIELD

In this section we introduce the approach of traditional
artificial PF which is firstly proposed by Khatib in [8]. The
main idea is to assume that the robot is immersed in a total
potential field generated by superposing two effects into one
resultant force. These effects represent an attractive force
created by the target and a repulsive force created by the
obstacle. This combination of two forces is dedicated to
control the motion of the robot in a safer path while avoiding
obstacles.

A. Attractive potential function

The attractive field between the robot and its target is
constructed to pull robot to the goal area. The attractive field
U .. () should increases as the robot rolls away from the goal

(equation 1).

1 2
U att (q) = E K att qgoal_q" (1)
Where :
Ky IS a positive parameter, 0= (Xpas Ygou) 1S the

position of the target,, q=(x,y)"' is the position of the robot
and [y, —d is the Euclidean distance between the robot

and the target
Therefore, the force created by the goal is defined as :

Fatt (q) = —VUau (q) - _aUa—tt(q)

aq
F..(@) is a vector pointed toward g, Wwith magnitude
linearly related to the distance from q to g,

2

B. Repulsive potential function

The repulsive field between robot and obstacles is
constructed to repel the robot from the bothering obstacles.
However, when the robot is far from obstacles, robot’s motion
must be unaffected. The repulsive function [8] has the
following equation (3)

1 1 1 .
K, (——-=) ifd(g)<d

Urepi(q)= 2 rep(di(q) do) | I(q)< ’ 3)
0 if d () > d,

Where :
U ., (q) is the repulsive potential field of each individual

obstacle i, K, is a positive parameter, d,is the influence

distance of the obstacle, d,(q) is the distance from the robot

to the closest point in each individual obstacle .
The force is the negative gradient of repulsive potential
function as follows :

I:repi (q) = _VU repi (q) (4)
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1 1,1

Koy~ )VA (@) if d(@)<d,
Fei (@)= fep(di(q) do)(diz(q)) (@) ifd(a) < -
° it d(0)> 4,
Or,
vd, (@)=
”q_qc”

Where g, =(X,,Y,)"is the position of the closest point in the

obstacle. If the environnement contains n obstacles, than the
total repulsive potential field is:

Uy (@ = 32U, @ ©

The total potential function is obtained by superposing the
attractive and the repulsive force:

U (@) =U (@) + D U (9) ()
i=1
Thus, the result potential force is:
F(a) =-VU(a) = F, (4) + D Fr (@) (8)
i=1

The traditional artificial PF method can be used in real-
time obstacle avoidance and trajectory control. However, it
has fatal problems: When the robot is far away from the target,
the attractive force will become very great. It makes the robot
moving too close to the obstacles. Therefore, the robot has the
risk of collision with obstacles. Moreover, when the position
of the target is very close to obstacles, robot is not able to
reach the target. This phenomenon is called Goals Non-
Reachable with Obstacle nearby (GNRON). Also, when the
attractive and the repulsive forces are equal but on the
opposite direction, the potential force of robot is zero, then the
robot will be trapped in local minima and strong oscillations
appears. These disadvantages will be proved by simulation
results in section V1.

I1l.  NAVIGATION FUNCTION

The navigation function represents also another kind of a
potential function [15-16]. It is introduced to solve some
problems caused by the traditional PF. The gradients here are
defined via distance functions. The navigation potential
functions can be constructed as follows:

d 2 (q’ qgoal )

7(@)= . ©
(47 (0, Oy )+ ()"
p@ =115

Where: e

_dZ(quobsi)+n2 if i=0
02(Q, Q) 17 i 150

/ﬂ(Q)={

r. is the radius of the obstacle, Qs is the center and I is

1
the radius of the work space and k is a positive parameter.
The gradient of the navigation potential function is:
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2(q_qobs)[d(qlqgoal)2k +ﬁ)(Q)]E _
[d (9, Ggoar ) + B@)]*
2 1 2k 1—|(
d (q,qgoa.)i[d(q,qgoa.) +ﬂ(q)]TS(q)

Vy(q) =

(10)

[d (0, Ggoet ) + BA)]
Where:

s(q) = 2kd (4, Ggom )** 2 (A — Ugou ) + VB(Q)

vA@ =>VA@ [] 5@

_[-2(@-ag) ifi=0
V‘ﬁ(Q)_{zm—qom) if i >0

The parameter k makes the navigation function has the
form of a bowl near to the goal. To have a successful free-path
planning from a starting point to the goal position, the value of
the parameter k must be well chosen. Fig 1 shows the effect of
changing the parameter k for the case of having four
obstacles in front of the robot and a goal position beyond the
obstacles. It is clear that after a certain value of k (k =6), the
navigation potential doesn’t be effected.

K=4 K=5 K=6
v I v - l
K=7 K=38 ¥=3

Figl: Navigation potential functions with different value of K

Although the navigation function could solve the problem
of local minimum and oscillation in most of the cases, it has
some major problems: It requires an intensive calculation.
Also, the performance in the term of real time is bad and the
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Local minimum problem in some situation is not solved.
Moreover, there is no rule to choose the proper value of k .

IV. SIMULATION RESULTS

The traditional artificial PF and the navigation function are
tested according to four different cases. The environment used
for all cases is bounded by a sphere located at [10, 10] with a
radius of 10. The environment contains also obstacles having
spherical forms. We have chosen the required parameters for
the two functions. For the traditional artificial
PF:K,, =05,K,,, =1,d,=1 and for the navigation function, the

parameters are as follows: k =1 for the first case, k = 3for the
third case and k =2 for the rest.

Rep

A. Case : One-obstacle direct-free path
In this case, the environment contains a unique obstacle
located at [10, 10] with radius 2. The robot is initially placed
at [8, 6] and the target has the coordinate of [15, 16].

1. Traditional Potential function:

In this simple case, the algorithm of path planning based
on the traditional PF has succeeded in finding a direct-free
path from the initial position to the end position without
collision with the obstacle (Fig 2). As for Fig 3, it shows that
repulsive forces change smoothly without sudden changes.
The convergence time for the robot to reach the target is
0.248849 sec and the length of the path found is 12.8132 m.
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Fig 2: Robot trajectory in [O, X,Y] reference with the traditional PF
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Fig 3: repulsive force with traditional PF
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2. Navigation function
The navigation function enables the robot to reach its
target without collision with the obstacle (Fig 4). The
repulsive force which, repels the robot from the obstacle,
changes smoothly without sudden change (Fig 5). The
convergence time is 0.019787sec and the length of the path
found is 20.5935 m.
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Fig 4: Robot trajectory in [O,X,Y] reference with the navigation function
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Fig 5: Repulsive force with the navigation function

B. Case : two-obstacles direct-free path
Now, we chose an interesting case where the
environment contains two obstacles nearby. The first obstacle
is located at [7, 10] and the second at [13, 12] with radius
respectively 2 and 3. The robot is initially placed at [8, 2] and
the coordinate of the target is [7, 18].

1. Traditional Potential Field

In this case, the algorithm of path planning using the
traditional PF has given a free-direct path from the initial
position to the target without collision with obstacles (Fig 6).
However while avoiding both of the two obstacles, many
oscillations appear at t= [20, 25] (Fig 7). The convergence
time is 0.253439 sec and the length of the path found is
16.6339 m.
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Fig 6: Robot trajectory in [O,X,Y] reference with the traditional PF
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Figure 7: repulsive force with the traditional PF

2. Navigation function

By choosing a properk, the navigation function
enables the robot to reach its target without collision with
obstacles nearby (Fig 8). The repulsive force which, repels the
robot from the obstacle, changes smoothly without sudden
change (Figure 9). The convergence time is 0.084496sec and
the length of the path found is 28.1302m.
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Fig 8: Robot trajectory in [O,X,Y] reference with the navigation function
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Fig 9: repulsive force with the navigation function

C. Case: three-obstacle direct-free path
This case presents another interesting situation where the
environment contains three obstacles and the last obstacle is
near the goal. The obstacles are located at [8, 8], [14, 8], [10,
15]. The robot is initially located at [8, 2] and the goal is at
[10, 18].

1. Traditional Potential function
When using the traditional artificial PF, the robot
avoids the two first obstacles with strong oscillation and then
it trapped in local minimum (Fig 10 and Fig 11). This problem
appears because the robot position at this point, the center of

the obstacle and the target are aligned.
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Fig 10: Robot trajectory in [O,X,Y] reference with the traditional PF
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Figure 11: Repulsive force with the traditional PF
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2. Navigation function
When using the navigation function in this case, the
robot avoids all the obstacles and reaches the target (Fig 12).
The path found is smooth without oscillations (Figl3) In this
case, the convergence time using the traditional APF is
0.528094seconds and the length path is 28.6948.
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Fig12: Robot trajectory in [O,X,Y] reference with the navigation function
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Fig 13: Repulsive force with navigation function

D. Case : Particular case

Now, the environment is built with a unique obstacle located
on the direct line from the robot to the goal. In this case, the
two potential functions fail to reach the target, and the robot is
trapped in local minimum situation (Fig 14 and Fig 15).
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Fie 14: Robot trajectory in [O,X,Y] reference with the traditional PF
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Figure 3: Robot trajectory in [O,X,Y] reference with the navigation function

E. Discussion

From all the previous simulations, we can notice that:

Navigation function succeeded in reaching the target
and avoiding obstacles in all cases except in the last case
where the robot, the obstacle and the target are aligned. In this
case the robot trapped in local minimum. For the traditional
PF ,it succeeded in reaching the target in the simple case and
the second case where obstacles are nearby with oscillation.
However in the third case when the obstacle is near the goal,
the APF succeeded in avoiding only the two first obstacles and
failed in reaching the target. For the last case the robot trapped
in local minimumand can not reach the goal.

V. CONCLUSION

In this paper we have detailed and implemented two
potential methods for path planning. Simulation results show
the advantages and limits of each function. As it is seen, we
can say that the navigation function is the most efficient for
path planning in term of reaching target, avoiding obstacles
and smooth path near obstacles. But it couldn’t solve the
problem of local minimum and the length of the path traveled
is a little bit huge. In future works we aim to solve the
problem of local minimum and optimize the path of the robot.

REFRENCES

[1] Hong, Z., Y. Liu, G. Zhongguo and C. Yi, 2011. The dynamic path
planning research for mobile robot based on artificial potential field.
Proceedings of the International Conference on Consumer Electronics,
Communications and Networks, April 16-18, 2011, Xianning, China, pp:
2736-2739.

[2] Hachour, O., 2008. Path planning of autonomous mobile robot. Int. J.
Syst. Appl. Eng. Dev., 2: 178-190

[3] Mohanty, P. K.; Parhi, D. R., “Controlling the motion of an autonomous
mobile robot using various techniques: a review,” Journal of Advance
Mechanical Engineering, vol.1, no.1, 2013, pp.24-39.

[4] D. Bilo', Y. Disser, M. Mihala’k, S. Suri, E. Vicari, and P. Widmayer,
“Reconstructing visibility graphs with simple robots,” Theoretical
Computer Science, vol. 444, pp. 52-59, 2012.

[51 S. K. Ghosh, D. M. Mount, “An output sensitive algorithm for
computing visibility graphs”, IEEE Symposium on Foundations of
Computer Science, Los Angeles, Etats-Unis, 1987

[6] R. Siegwart, LR. Nourbakhsh, “Introduction to Autonomous Mobile
Robots”, A Bradford Book, The MIT Press, Cambridge, Massachusetts,
London, Englan

CopyrightIPCO-201
ISSN2356-5608

[71 Kumar, E.V., M. Aneja, D. Deodhare,. Solving a Path Planning Problem
in a Partially Known Environment using a Swarm Algorithm,. in IEEE
International Symposium on Measurements and Control in Robotics.
2008. Bangalore, India.

[8] O. Khatib, “Real-time obstacle avoidance for manipulators and mobile
robots,” The international journal of robotics research, vol. 5, no. 1, pp.
90-98, 1986

[9] Park, M. G., Lee, M. C. 2003. « Artificial Potential Field Based Path
Planning for Mobile Robots using a Virtual Obstacle Concept ». In
Proceedings of the IEEE/ASME International Conference on Advanced
Intelligent Mechatronics. (Kobe, Japan, 20-23 Jul. 2003), pp. 735-740

[10] Rezaee, H.; Abdollahi, F., “Adaptive artificial potential field approach
for obstacle avoidance of unmanned aircrafts,” Advanced Intelligent
Mechatronics (AIM), 2012 IEEE/ASME International Conference on,
vol., no., 11-14 July 2012, pp.1-6

[11] C. Tingbin and Z. Qisong. 2013. Robot Motion Planning Based on
Improved Artificial Potential Field. pp. 12081211

[12] Jinchao Guo, Yu Gao and Guangzhao Cui, 2013. Path Planning of
Mobile Robot Based on Improved Potential Field. Information
Technology Journal, 12: 2188-2194

[13] Yingchong Ma, Gang Zheng, Wilfrid Perruquetti, Zhaopeng OQiu.
Motion planning for non-holonomic mobile robots using the i-PID
controller and potential field. IEEE/RSJ Conference on Intelligent
Robots and Systems (IROS), 2014, Sep 2014, Chicago, United States

[14] Tharindu Weerakoon, Kazuo Ishii and Amir Ali Forough Nassiraei 2015
An Atrtificial Potential Field Based Mobile Robot Navigation Method To
Prevent From Deadlock Journal of Artificial Intelligence and Soft
Computing Research JAISCR, 2015Vol. 5, No. 3, pp.189-203

[15] Yagnik, D., J. Ren and R. Liscano, 2010. Motion planning for multi-link
robots using artificial potential fields and modified simulated annealing.
Proceedings of the IEEE/ASME International Conference on
Mechatronics and Embedded Systems and Applications, July 15-17,
2010, Qingdao, ShanDong, China, pp: 421-427.

[16] Rimon, Elon and Koditschek, Daniele; Exact robot navigation using
artificial potential functions IEEE Transactions on Robotics and
Automation. Vol. 8, no. 5, pp. 501-518. Oct. 1992

[17] Sabudin E. N, Omar. R and Che Ku Melor C. K. A. N. H , Potential field
methodsand their inherent approches for path planning .ARPN Journal
of Engineering and Applied Sciences VOL. 11, NO. 18,September 2016


admin
Texte tapé à la machine
Copyright IPCO-2017
ISSN 2356-5608

admin
Texte tapé à la machine
5 th International Conference on Control & Signal Processing (CSP-2017)
Proceeding of Engineering and Technology –PET
Vol.25 pp.63-68




