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Abstract— In this paper, a mobile robot path planning ap- proach is proposed for known dynamic environments. This 
approach is a combination of the famous A* approach and our previously introduced PSO-DVSF2 approach. A* "A-star" is 
the famous path planning approach used in the generation of an optimised pre-planned global path in known static 
environments. PSO-DVSF2 is a mobile robot path planning approach for static and dynamic environments that generates a 
continually changing parameterized Force Field for the robot based on the characteristics of all objects presents in the 
environment.  In some environments, the complex ones especially, the robot could not reach its destination using the PSO-
DVSF2 alone. In such cases, A* is used before PSO-DVSF2 to dress the plan to help PSO-DVSF2 to drive the robot until its 
destination avoiding the obstacles. In this case, PSO-DVSF2 is used for a local planning modification to avoid unknown 
obstacles. Simulation results prove the efficiency of this combination of the two approaches to find the optimal path 
whatever the complexity of the environment. 
 
Keywords- Robot path planning, PSO-DVSF, A*, Known dynamic environments. 
 
I. INTRODUCTION 
 
In 2005, D. Wang et al. [7] suggested the Force Field 
(F 2) method for multi-robot path planning and 
collaboration. This 
method is defined as a virtual field of repulsive force 
in the vicinity of a robot when it travels in a working 
space [5-9]. The magnitude and orientation of a force 
field depend on the robot’s status. This virtual 
repulsive force increases with the 
decrease of the distance to the robot. The basic 
concept of the F 2 method is to generate a force field 
for every robot during 
its movement towards its goal. Force Field 
parameters continuously change with the changing of 
environmental factors. 
A* [3] is the famous approach developed by P.Hart et 
al. in 1968 to define the global path in static known 
environments. 
In this paper, A combination between PSO-DVSF2 
and A* approaches is introduced to get the powerful 
A*PSO-DVSF2 path planning approach. PSO-
DVSF2 approach is the particle swarm optimization 
(PSO) optimized dynamic variable speed force field 
(DVSF2). This approach is used to find the optimal 
path to the target. Also, A* is used to define the 
pathfinding and graph traversal. In this work, A* will 
be used to define the global path and if there is an 
unknown obstacle in the map, PSO-DVSF2 estimates 
the reaction of the robot. This paper is organized as 
follows. Section II introduces the 
A* algorithm. Section III defines the analytical model 
of a robot in its environment and reminds the 
Dynamic Variable 
Speed Force Field (DVSF2) method and the 
formulation of its implementing rules. Section IV 
introduces the concept of the PSO-DVSF2 algorithm. 

Experimental result of the application of A*PSO-
DVSF2 is shown in section V. The conclusion and 
some perspective will be given in section VI. 
 
II. A* ALGORITHM 
 
In 1968, P.Hart et al. of Stanford Research Institute 
(now SRI International) developed the A* algorithm 
[2][3]. It is an extension of Edsger Dijkstra’s 1959 
algorithm. A* is one of the well known path planning 
algorithms, which can be applied on metric or 
topological configuration spaces. This algorithm uses 
a combination of heuristic searching and searching 
based on the shortest path to find a path from the 
starting node to the goal node in a graph. In this 
study, the environment is divided into 1m. by 1m. 
square grids. The center point of each square is 
considered as a node of the graph. Then the A* 
algorithm uses this graph to construct the path. f 
measures the cost of a path from the start position to 
the goal through a node n (1). 
 

 
where g(n) is the cost of the first segment (from the 
starting node to the node n) , and h(n) is the cost of 
the second segment (from the node n to the goal 
node) and it is the heuristic distance which is the 
estimated cost of the closest path from n to goal, f(n) 
is the estimated cost of the shortest solution through 
node n. The A* algorithm is an optimal search 
strategy if h(n) is an admissible heuristic provided 
that h(n) never overestimates the exact cost of the 
goal. The input of the A* search algorithm is the 
graph and the output is a back-pointer path which is a 
sequence of nodes starting from the goal and back to 
the start. If O is the open set priority queue and C is 
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the closed set containing all processed nodes, A* 
search algorithm are given in Table 1. 
 
III. DYNAMIC VARIABLE SPEED FORCE 
FIELD (DVSF2 ) 
 
Dynamic Variable Speed Force Field (DVSF2) [10] 
is an improved version of the basic Force Field (F 2) 
[14] robot path 

Table 1. Step of the A* search algorithm 

 
Parameters of the Force Field continuously change 
according to the status: dimension, traveling velocity, 
priority, location and environmental factors, etc. In 
the Canonical Force Field (CF²), a robot is assumed 
to travel with a constant speed and the direction of its 
motion is that of the resultant force (denoted by 
FTotal). But for DVSF², a robot travels with a 
variable speed 
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V. SIMULATIONS 
 
In the first part of simulations, we show the efficacy 
of A*PSO-DVSF2 to find the suitable collision-free 
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path in easy environments. In these simulations, the 
robot travels only in static and dynamic 
environments. In the second part of 
simulations, A*PSO-DVSF2 is used in complex 
environments. In these simulations, the robot travels 
in static environments. In the last part, A*PSO-
DVSF2 is used in multi-robot environment. For all 
simulations, we assume that all robots are identical 
and characterized by: vmax=0.1m/s, Tp=1 and 
Rr=0.3m. For PSO, the maximum number of 
iterations is itermax=30 and the number of particles is 
NP articles=20.  
A. Simple Environments 
For this part of simulations, A*PSO-DVSF2 is tested 
in simple environments with 3 static obstacles. The 
programs are 
written in M-files Matlab. The robot, in these 
simulations, starts from initial position (1,1) and 
moves to the corresponding 
goal (9,9).  
Simulation1: After 26 iterations, PSO achieves its 
objectives with k=2.32, P=20, Q= 15.777, c=3 and φ0 
=0.219. 
Figure 3 presents the calculated robot trajectory. In 
this case, the robot reaches its destination by 
following the trajectory of A* and reacts if the path is 
closed to obstacles. 

 
Fig. 3. Simulation1 : The robot trajectory 

 
Simulation2 : As shown in the figure 4, the robot 
succeeds in avoiding the non expected obstacle and 
achieves its goal following a short and safe path. 
PSO-DVSF2 updates its parameters, they become 
k=2.32, P=20, Q= 15.777, c=3 and φ0 =0.219. 

 
Fig. 4. Simulation2: The robot travels with one unknown 

obstacle 

 

 
Fig. 5. Simulation3 : The robot travels with one unknown 

dynamic obstacle 
 
As a conclusion of these three first simulations: 
Whatever the type of the obstacle present in the 
environment, PSODVSF2 
is able to find the optimal trajectory without collision.  
B. Complex environments 
In this part of simulations, we used 
’exampleMaps.mat’ for Matlab Toolbox (figure 6). In 
these simulations, the robot 
moves from (2,2) to (49,35). The trajectory in figure 
6 is that of A* algorithm. 

 
Fig. 6. The A* trajectory in the complex environment 

 

 



International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 
Volume-6, Issue-2, Feb.-2018, http://iraj.in 

A*PSO-DVSF2: An Optimized Mobile Robot Path Planning Approach 
 

67 

 
Fig. 7. Simulation4: Complex environment with two static 

obstacles 
 
In the last simulation, A*PSO-DVSF2 proves its 
effective- ness to change the path and the speed of the 
robot in the  
presence of the two types of obstacles (circle and 
rectangle) in the environment. 

 

 
Fig. 8. Simulation5: Two robots navigation 

 

 

 
 
VI. CONCLUSION AND FUTURE WORK 
 
In this paper, two approaches were combined: A* and 
PSO- DVSF2  to get a powerfull  mobile robot path 
planning  
approach. A local obstacle avoidance controller 
(PSO-DVSF2) is integrated within an optimised path 
planner (A*) to counte-  ract the effect of 
uncertainties arising from planning in an ever 
changing environment. Based on perceptive data  and 
the kinematic status of the robot and surroundings,  
varying families of virtual force fields are  generated 
around the moving platform in response to objects in 
the environment. The effect of this repulsive force 
(null in the absence of obstacles) is to maximize the 
safe motion of the robot towards the local way- points 
provided by the planner, "shielding" the platform in 
an optimal manner and preventing collisions with the 
objects in the  local area:   static and dynamic  
objects. An array of challenging simulated scenarios 
have been presented to demonstrate the good results 
of the proposed reactive behavior in cluttered 
environments. This was made  
even more dangerous given the dimensions and 
mobility of the robot with respect to its surroundings. 
In a future work, we will use A*PSO-DVSF2 in real 
environments where obstacles are unknown and 
unpredictable, and show the capacitance of A*PSO-
DVSF2 to drive directly and securely the robot to its 
destination. 
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