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Abstract - Path planning field for autonomous 

mobile robot is an optimization problem that 

involves computing a collision free path between 

initial location and goal location. In this text, we 

present an improved artificial potential field 

based regression search method, by analysing the 

shortcoming of the artificial potential field 

methods for robot path planning, we propose an 

obstacle avoidance method based on gravity 

chain, which can obtain a global sub-

optimal/optimal path efficiently without local 

minima and oscillations incompletely known 

environment information. 
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I. INTRODUCTION 

Mobile robot path planning problems have been an 

important research topic since the 80’s. Mobile 

robots are expected to work in many places such as 

factories, offices and so on. Jiang Xinsong [1] defined 

path planning problem as, “The path planning is a 

vital part of mobile robot, according to some 

evaluation standards, it finds a collision-free path 

from original state to target state in obstacle 

environment” that is the mobile robot path planning 

problem is typically defined as, generating a 

collision free path in an environment with obstacles 

and optimize it with respect to some criterion [2, 3] 

so we need to plan a path between two specified 

locations, a start and end point. The path should be 

free of collision and satisfies certain optimization 

criteria (i.e., more global optimal/near optimal, 

collision-free and safety path) [4]. According to this 

definition, the path planning problem is categorized 

as an optimization problem. 
Now a day, autonomous mobile robots used in the 

environment where many human beings are working, 

cooperating with robots. In these situations, the 

collision-free path planning is one of the major 

problems to realize autonomous mobile robots. 

A considerable number of researchers have been 

working extensively to develop efficient methods to 

overcome these problems. The major research took 

place in this area on the potential field method which 

has been studied a lot in the past decade [1–24]. The 

basic concept of the potential field method is to fill 

the robot’s workspace with an artificial potential 

field in which the robot is attracted to its goal 

position and is repulsed away from the obstacles [7]. 

This method is particularly attractive for path 

planning in stationary environments because of its 

elegant mathematical analysis and simplicity but 

show poor performance for dynamic environment.  

Till then, a large number of research results have 

been achieved in the path planning, such as: artificial 

potential field [6], D*arithmetic [8], neural network 

[10], fuzzy logic [11], genetic algorithm [19, 23, 24]. 

The artificial potential field (APF) method is widely 

used for autonomous mobile robot path planning due 

to its efficient mathematical analysis and simplicity 

[18]. However these methods were also suffering 

from local minima problem which occur when the 

total force acting on a robot is summed up to zero. 

In order to solve the problem, some previous 

researches have been done in constructing potential 

fields free from local minima problem. Such as 

transforming the Gaussian function of potential [14]. 

Another solution is to develop the strategies of APF 

[9-12]. A random sampling scheme that applies 

random APF force vectors to move away from local 

minima. But that may cause the robot follow a 

longer path or does not guarantee to get rid of local 

minima in one shot [13]. 

As the total force acting on the robot is calculated by 

summing up all the force components of the 

environmental Based on the electric charge 

modeling, the repulsive potential of obstacles is 

defined as a function of the relative position and 

electric charge. 

In order to overcome the problem investigate above 

we proposed a novel method, where the parameters 

are optimized & decide through particle swarm 

optimization, solves the problem of local minima 

and finally avoids oscillatory movement and 

unreachable problems. The Simulation experiments 

verify that this algorithm is not bound to the limits 

as is the case with traditional APF methods, which 

can overcome the disadvantages of the artificial 

potential field method.   

 

II. PROPOSED ALGORITHM 

A. Artificial Potential Field 

The main idea behind artificial potential field 

methods is finding a function that represents the 

energy of the scheme, and producing a force on the 
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robot so that the energy of the system is minimized 

and reach its least value, at the goal position. Hence, 

moving to the goal position can be supposed as 

moving robot from a high-value state to a low-value 

state by succeeding at, “downhill” path. 

Basic Concepts of APF 

 

APF mainly consists of force vectors, produced by 

the difficulties or target positions, which may be 

linear or tangential and they may have 

characteristics of repulsive, attractive or random 

depending on the state of the agent with respect to 

its environment. An example of a potential field 

force function is as follows; 

𝑈 = 𝐾 × 𝑒𝑥𝑝
− 

𝑥−𝑥0
𝛼

+
𝑦−𝑦0

𝛽  
(1) 

 

Direction of the potential Field force can be 

determined by considering its gradient; 

 
−𝑑(𝑈)

𝑑(𝑥)

=  −𝐾 × (− 
2 × (𝑥 − 𝑥0)

𝛼
)

× 𝑒𝑥𝑝
− 

𝑥−𝑥0
𝛼

+
𝑦−𝑦0

𝛽 × 𝑑(𝑥) 

 
−𝑑(𝑈)

𝑑(𝑦)
=  −𝐾 × (− 

2 × (𝑦 − 𝑦0)

𝛼
)

× 𝑒𝑥𝑝
− 

𝑥−𝑥0
𝛼

+
𝑦−𝑦0

𝛽 × 𝑑(𝑦) 

(2) 

 

 

 

Figure 4: Single direction tangential potential 

Fields [25] 

 

 

Figure 5: Blending of attractive and repulsive 

Linear potential Fields [25] 

 

 

 

Figure 6: Path of a robot in the environment, 

    Containing obstacle and a target [25]. 

 

B. Particle swarm optimization 

Kennedy and Eberhart develop PSO founded on 

analogy of the swarm of birds and fish school. PSO 

as an optimal device supplies a community based 

search method in which individuals called particles 

change their place with time. In a PSO, particles fly 

in multi-dimensional search space. Throughout their 

flight each particle corrects its location according its 

own skill and the skill of the neighbouring particles, 

making use of the finest location come across by 

itself and its neighbours. 

The steps encountered during particle swarm 

optimization method are as follows: 

Step 1: make a selection of the required parameters 

of PSO. 

Step 2: Set a population of particles with random 

velocities and positions in the problem space. 

Step 3: Calculate the suitable optimization fitness 

function for each particle. 
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Step 4: For each individual particle, compare the 

particles fitness value with its𝑃𝑏𝑒𝑠𝑡. If the current 

value is better than the 𝑃𝑏𝑒𝑠𝑡 value, then set this 

value as the 𝑃𝑏𝑒𝑠𝑡 for agent i. 

Step 5: Identify the particle that has the best fitness 

value. The value of its fitness function is given as 

𝐺𝑏𝑒𝑠𝑡 

Step 6: Calculate the new velocities and positions of 

the particles according to equation (4) & (5). 

𝑉𝑖𝑗
𝑡 = 𝑤 × 𝑉𝑖𝑗

𝑡−1 + 𝐶1 × 𝑟1 × (𝑃𝑏𝑒𝑠𝑡𝑖𝑗
𝑡−1 − 𝑋𝑖𝑗

𝑡−1)

+ 𝐶2 × 𝑟2 × (𝐺𝑏𝑒𝑠𝑡𝑖𝑗
𝑡−1 − 𝑋𝑖𝑗

𝑡−1) 

(4) 

Where 𝑖 = 1,2, . . 𝑁𝐷  ;    𝑖 = 1,2, . . 𝑁𝑝𝑎𝑟  

𝑋𝑖𝑗
𝑡 = 𝑋𝑖𝑗

𝑡−1 + 𝑉𝑖𝑗
𝑡  

(5) 

𝑉𝑖𝑗
𝑡  Dimension i of the velocity of particle j at 

iteration t, 𝑋𝑖𝑗
𝑡  Dimension i of the position of particle 

j at iteration t, w Inertia weight, 𝐶1, 𝐶2Acceleration 

coefficients, 𝑃𝑏𝑒𝑠𝑡𝑖𝑗
𝑡 Dimension i of the own best 

position of particle j until iteration t, 𝐺𝑏𝑒𝑠𝑡𝑖𝑗
𝑡  

Dimension i of the best particle in the swarm at 

iteration t, 𝑁𝐷Dimension of the optimization 

problem, 𝑁𝑝𝑎𝑟  Number of particles in the swarm, 

𝑟1, 𝑟2Two separately generated uniformly distributed 

random numbers in the range [0, 1] 

Step 7: Repeat steps 3-6 till the stopping criterion of 

maximum generations is met [10]. 

 

III. RESULTS 

 
Figure 7: Path follow by mobile robot in both the 

cases (using only artificial potential field method 

and artificial potential field method with particle 

swarm optimization) for 7 robots 

 
Figure 8: Path follow by mobile robot in both the 

cases (using only artificial potential field method 

and artificial potential field method with particle 

swarm optimization) for 10 robots 

 

Figure 9: Path follow by mobile robot in both the 

cases (using only artificial potential field method 

and artificial potential field method with particle 

swarm optimization) for 15 robots 

 

Figure 10: Path follow by mobile robot in both the 

cases (using only artificial potential field method) 

for 10 robots 
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Figure 11: Path follow by mobile robot in both the 

cases (using artificial potential field method with 

particle swarm optimization) for 15 robots 

IV. CONCLUSION 

A novel potential field method has been proposed for 

mobile robot motion planning in a static 

environment where both the goal and the obstacles 

are fixed. Once the potential field has been 

generated, the path proceeds very fast, since it only 

involves the calculation of gravity factors. The path 

generated by the proposed approach has various 

favourable features such as freedom from local 

minima, no shaking problem, smoothness and 

collision avoidable. The experiments presented in 

this paper confirm the power of Particle swarm 

optimization Algorithms (PSOs) for solving multi-

criterion optimization problems. Most importantly, 

unlike various learning techniques, PSO can 

gradually evolve the control system of an 

autonomous robot by exploiting the variations in the 

interactions between the environment and the robot 

itself.  

References 

1. Jiang xin-song, Robotics Introduction. Liaoning 

technological publishing firm, 1994. 

2. A. Howard, M.J Matari and G.S.Sukhatme,” An 

Increme-ntal Self-Deployment Algorithm for 

mobile Sensor Networks, autonomous robots”, 

special Issue on Intelligent Embedded Systems, 

13(2), September 2002, pp. 113-126. 

3. S. Florczyk, “Robot Vision Video-based Indoor 

Exploration with Autonomous and Mobile 

Robots “, WILEY-VCH Verlag GmbH & Co. 

KGaA, Weinheim, 2005. 

4. K. H. Sedighi, K. Ashenayi, T. W. Manikas, R. 

L. Wainwright, and H. M. Tai, “Autonomous 

Local Path Planning for a Mobile Robot Using 

a Genetic Algorithm,” in Congr. Evol. Comput. 

2004. CEC2004., Vol. 2, pp. 1338-1345. 

5. Borenstein, J. and Y. Koren, “Real-time 

obstacle avoidance for fast mobile robots,” 

IEEE Trans. Syst., Man, Cybern., Vol. 19, No. 

5, pp. 1179–1187 (1989). 

6. Borenstein, J. and Y. Koren, “The vector field 

histogram-fast obstacle avoidance for mobile 

robots,” IEEE Trans. Robot. Autom, Vol. 7, No. 

3, pp. 278–288 (1991). 

7. Latombe, J., Robot Motion Planning. Kluwer, 

Norwell, MK (1991). 

8. Chuang, J. H. and N. Ahuja, “An analytically 

tractable potential field model of free space and 

its application in obstacle avoidance,” IEEE 

Trans. Syst., Man, Cybern., Vol. 28, No. 5, pp. 

729–736 (1998). 

9. Rimon, E. and D. E. Koditschek, “Exact robot 

navigation using artificial potential functions,” 

IEEE Trans. Robot. Autom, Vol. 8, No. 5, pp. 

501–518 (1992). 

10. N. Sadati, J. Taheri, “Hopfield Neural Network 

in Solving the Robot Motion Planning 

Problem”, IASTED Intl. Conf. on Applied 

Informatics (AI2002), Innsbruck, Austria, Feb 

2002. 

11. Meng, Rui, Su, Wei-Jun, Lian, Xiao-Feng. 

”Mobile robot path planning based on dynamic 

fuzzy artificial potential field method” 

Computer Engineering and Design, Vol. 31, no. 

7, pp. 1558-1561. 16 Apr 2010. 

12. Khatib, O., “Real-time obstacle avoidance for 

manipulators and mobile robots,” Int. J. Robot. 

Res., Vol. 5, No. 1, pp. 90–98 (1986). 

13. Rimon, E., “Exact robot navigation using 

Artificial potential functions,” Ph.D. 

Dissertation, Yale University, New Haven 

(1990). 

14. Kim, J. O. and P. K. Khosla, “Real-time 

obstacle avoidance using harmonic potential 

functions,” IEEE Trans. Robot. Autom, Vol. 8, 

No. 3, pp. 338–349 (1992). 

15. Ko, N. Y. and B. H. Lee, “Avoidability measure 

in moving obstacle avoidance problem and its 

use for robot motion planning,” Proc. IEEE/RSJ 

Int. Conf. Intell. Robot. Syst., Vol. 3, pp. 1296–

1303(1996). 

16. Hussien, O., “Robot path planning and obstacle 

avoidance by means of potential function 

method,” Ph.D. Dissertation, University of 

Missouri, Columbia (1989). 

17. Khosla, P. and R. Volpe, “Superquadric artificial 

potentials for obstacle avoidance and 

approach,” Proc. IEEE Int. Conf. Robot. 

Autom, pp. 1778–1884 (1988). 

18. Veelaert, P. and W. Bogaerts, “Ultrasonic 

potential field sensor for obstacle avoidance,” 

IEEE Trans.  Robot. Autom, Vol. 15, No. 4, pp. 

774–779 (1999). 

0 2 4 6 8 10 12 14
0

2

4

6

8

10

12

14

16

 

 

Obstacles

Target

Robot

IJD
ACR



IJDACR 

 ISSN: 2319-4863 

 
International Journal of Digital Application & Contemporary research 

Website: www.ijdacr.com (Volume 2, Issue 5, December 2013) 

19. Warren, C. W., “Global path planning using 

artificial potential fields,” Proc. IEEE Int. Conf. 

Robot. Autom, pp. 316–321 (1989). 

20. Warren, C. W., “Multiple robot path 

coordination using artificial potential fields,” 

Proc. IEEE Int. Conf. Robot. Autom, pp. 500–

505 (1990). 

21. Canny, J. F. and M. C. Lin, “An opportunistic 

global path planner,” Proc. IEEE Int. Conf. 

Robot. Autom., pp. 1554–1559 (1990). 

22. Ge, S. S. and Y. J. Cui, “Dynamic motion 

planning for mobile robots using potential field 

method,” Proc. IEEE Int. Conf. Autom. Robots, 

Vol. 13, No. 3, pp. 207–222 (2002). 

23. H. Mahjoubi, F. Bahrami, and C. Lucas, “Path 

Planning in an environment with static and 

dynamic obstacles using Genetic Algorithm: A 

Simplified Search Space Approach,” IEEE 

Congress on Evolutionary, pp. 2483-2489, 

2006. 

24. Cosio A. F., Castaneda P. A. “Autonomous 

robot navigation using adaptive potential 

fields”, Mathematical and Computer 

Modelling. – 2004. – Volume 40. – P. 1141–

1156. 

25. roboturk.googlecode.com/files/apf.pdf 

 

IJD
ACR




