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ABSTRACT: 
 
The use of robots had increased widely in various fields, such as air transport systems, search and rescue, and agriculture, necessitating 
the need for path planning and obstacle avoidance systems to ensure safe and autonomous navigation toward the intended goal. Many 
Path-planning techniques are used to guide the mobile robot toward its goal with an optimized path and time. Among these techniques, 
the Artificial Potential Field (APF) algorithm stands out as one of the effective approaches, capable of operating in both static and 
dynamic environments to achieve optimal path planning. The APF is built by fusing two forces that attract the robot toward a goal 
location and repulsive forces that repel the robot away from the obstacle. Despite its effectiveness, the APF algorithm faces a major 
challenge, which is falling into a local-minimum issue. This paper presents a hybrid approach that combines the modified APF 
algorithm global optimization capabilities with the A-Star path-planning technique's real-time adaptability to overcome traditional APF 
local minimum issues. The transition back and forth between the two algorithms where carried out by a manager that can determine 
the adequate algorithm to be used instantaneously. Several experiments are presented to demonstrate the hybrid algorithm's 
effectiveness in various environments. The results show that the enhanced APF reach an optimal path to goal  50% faster compared to 
A-star, and managed to get out of local minimum compared to traditional APF and find a path shorter than A-star.  
 

1. INTRODUCTION 

Path planning is a fundamental problem in robotics. Path 
planning aims to find a safe and efficient path for a robot to move 
from one point to another in an environment that may contain 
obstacles. Two of the most well-known path-planning algorithms 
are the A* algorithm and the artificial potential field (APF) 
algorithm. A* algorithm is a pathfinding algorithm that is used to 
find the shortest path between two points on a graph. It was first 
described by Peter Hart, Nils Nilsson, and Bertram Raphael of 
Stanford Research Institute (now SRI International) in 1968(Hart 
et al., 1968). The algorithm uses a heuristic function to estimate 
the cost of the cheapest path from the start node to the goal node. 
The heuristic function is an estimate of the remaining distance 
between the current node and the goal node. The algorithm then 
expands the node with the lowest estimated cost, until it reaches 
the goal node. A* algorithm is widely used in various domains 
for pathfinding and optimization problems. It has applications in 
robotics, video games, route planning, logistics, and artificial 
intelligence. In robotics, A* helps robots navigate obstacles and 
find optimal paths. In video games, A* is used to find the shortest 
path between two points on a map(“A* search algorithm - 
Wikipedia,” n.d.). In route planning, A* is used to find the 
shortest path between two points on a map. In logistics, A* is 
used to optimize delivery routes. The A* algorithm can solve 
very complex problems as it can find the shortest path through 
the search space using the heuristic function, this search 
algorithm expands fewer search trees and provides optimal 
results faster. The main drawback of the A* algorithm is memory 
requirement as it keeps all generated nodes in the memory, so it 
is not practical for various large-scale problems. However, the 
APF algorithm is a path-planning algorithm used in robotics that 
was first introduced by Oussama Khatib in 1986(Khatib, 1985). 
The algorithm is based on the idea of creating a virtual potential 
field around obstacles and guiding the robot toward the goal by 
minimizing the potential energy. The artificial potential field 
algorithm has been examined by several researchers for various 
applications such as mobile robots, wheelchairs(Matsuura et al., 
2022), underwater vehicles(Cheng et al., 2015; Zhu et al., 2021), 
humanoid robots(Zhong et al., 2015), walking robots(Igarashi 

and Kakikura, 2004), planetary rovers(Sancho-Pradel and Saaj, 
2014), autonomous sailboats(Plumet et al., 2013), and bio-
fish(Iswanto et al., 2019). The artificial potential field algorithm 
has some advantages such as it is simple to implement and 
computationally efficient. It is also robust to sensor noise and can 
handle dynamic environments. The artificial potential field 
algorithm has some limitations such as it can get stuck in local 
minima and maxima. Also, it is difficult to tune the parameters 
for complex environments(Koren et al., n.d.). The fusion of A* 
and APF algorithms aims to combine the strengths of both 
algorithms.  The fusion of A* and APF algorithms has been a 
topic of research in robotics for many years. Several different 
methods have been proposed, and the performance of these 
methods has been evaluated. There are several different ways to 
fuse A* and APF algorithms. (Ju et al., 2020) proposed a path-
planning algorithm that fuses A* and APF algorithms. Their 
algorithm first uses A* to generate an initial path, which is then 
refined by the APF algorithm. They showed that their algorithm 
can generate shorter paths and higher success rates than A* or 
APF alone. This can lead to more efficient and robust path-
planning algorithms. (Chen et al., 2021) propose a three-neighbor 
search A* algorithm combined with artificial potential fields to 
optimize the path-planning problem of mobile robots. The 
algorithm integrates and improves the partial artificial potential 
field and the A* algorithm to address irregular obstacles in the 
forward direction. The artificial potential field guides the mobile 
robot to move forward quickly. The A* algorithm of the three-
neighbor search method performs accurate obstacle avoidance. 
The current pose vector of the mobile robot is constructed during 
obstacle avoidance, the search range is narrowed to less than 
three neighbors, and repeated searches are avoided. To evaluate 
their algorithm in the matrix laboratory environment, grid maps 
with different obstacle ratios are compared with the A* 
algorithm. (Liu et al., 2022) proposed a fusion algorithm that uses 
A* to find an initial path and then uses APF to smooth the path. 
The paper also proposed a method for incorporating obstacle 
avoidance into the path-planning algorithm. This paper proposes 
a novel method for fusing A* and APF algorithms. Our method 
uses a combination of A* and APF to find a safe and efficient 
path for a robot to move from one point to another in an 
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environment that may contain obstacles. We evaluate the 
performance of our method using several simulation scenarios 
that incorporate different obstacles. 
 

2. METHODOLOGY 

 The focus of this paper is to address the main limitation of 
the traditional Artificial Potential Field (APF) algorithm in path 
planning, which is the tendency to fall into a local minimum and 
fail to reach the intended goal. To overcome this challenge, an 
enhanced APF approach incorporates the Modified APF 
algorithm, the Fusion Manager Algorithm, and the Modified A-
Star algorithm to achieve optimized path planning. 
 The modification sequence of the Artificial Potential Field 
(APF) starts with  Fusion Manager which serves as the central 
coordinating component of the system. That contains the start 
point and the goal point. Fusion Manager starts by sending the 
start point and the goal point to the modified APF. The modified 
APF algorithm returns two types of responses to the Fusion 
Manager. The first case: is when the algorithm reaches its aim, 
and returns an optimized full path to the goal. In the second case 
if it encountered a local-minimum point,  so, the modified APF 
returned to the Fusion Manager with the local-minimum point 
and the optimized path to this local-minimum point. The Fusion 
Manager in this 2nd case triggers the A-Star algorithm which 
starts searching for the goal or the point just outside the local-
minimum border. The A-Star algorithm returns to Fusion 
Manager with the goal or a point on the local-minimum border 
whichever is nearest. In case the A-Star reaches the goal point,  
the Fusion Manager concatenates the path returned from the 
modified APF with the path returned from A-Star. In case the A-
Star reaches the local-minimum border, The Fusion Manager 
calls the modified APF again to start from the local-minimum 
border point as a starting point to reach the goal. 
2.1 Modified APF 

This section illustrates the modification in APF, which used 
traditional APF with three sequential steps needed for each point 
in the path: 

1- Check if the current point equals the Goal point. 
2- Check oscillation. 
3- Check Local-minimum. 

 
Figure 1. APF Modification Flowchart 

 

Fig 1 illustrates the APF Modification Flowchart. According to 
the executed experiments, it’s observed that when the local 
minimum occurs, there are 2 criteria happens, oscillation and Go 
back steps (moving in a direction opposite to the intended goal). 
As shown in Fig 2 the local minimum happens after the 
oscillation as a first step then go back. That’s why there are 2 
steps that were added to the traditional APF. 

 

 
Figure 2. Local-minimum Detection 

 
The oscillation check algorithm is based on the Trigonometry 
calculation. This step is used to detect the behavior of the APF 
algorithm in case there is oscillation by drawing a triangle using 
the last 3 points. 

 
Figure 3. a) Last 3 Points in Path b) 8 points surrounding the 
current point to get the mean of the field. 
 
This triangle is based on the last 3 points on the Path as shown in 
Fig 3. a) First, calculate the length of each side of this triangle 
using Euclidean Distance eq. (1). 
 
   𝑙𝑒𝑛𝑔𝑡ℎ = ඥ(𝑥ଶ − 𝑥ଵ)ଶ + (𝑦ଶ − 𝑦ଵ)ଶ  (1) 
 
where  𝑙𝑒𝑛𝑔𝑡ℎ = distance between two points 
 x, y = image coordinates 
 

Algorithm 1 Check Oscillation 
1: 
 
2: 
3: 
4: 
5: 
6: 
7: 
8: 

Initialize oscillation parameter with a false value 
Then start calc all triangle sides length 
a = sqrt((x3 - x1)^2+ (y3 - y1)^2) 
b = sqrt((x2 - x1)^2+ (y2 - y1)^2) 
c = sqrt((x3-x2)^2+ (y2- y3)^2) 
Ɵ = cos -1 ((b^2 + c^2 - a^2)/(2*b*c)) 
IF ( Ɵ < 35 ) then  
        Oscillation = True 
End if 

 
After calculating the length of three sides, start calculating Theta 
angle with eq. (2) 
 
 𝑏ଶ = 𝑎ଶ + 𝑐ଶ − 2𝑎𝑐 ∗ cos (𝐵)  (2) 
Where  a, b, c = triangle sides 
            B = angle between side a and side c 
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The angle value between the 2 lines describes the path linearity, 
a bigger value close to 180 degrees means a straight line. A small 
angle value means a hesitated path. For now, the angle value can 
be adapted experimentally. In this case, the Angle limit used in 
this test was 35 degrees. If the angle between those 3 points is 
less than 35 degrees, that means the path is hesitating around a 
line and consumes more distance and more time so this 
Algorithm will return true, to notify the modified APF the 
existence of oscillation and calculate the mean value of point the 
last 2 points and then move to the next step in the flowchart which 
is check local-minimum. 
This check local-minimum step checks eight points around the 
current point as shown in Fig 3.b), to get the field values of the 
surroundings and then calculates the mean value of those eight 
points if the normalization value of the mean is less than the 
positive 1 and greater than negative 1, that means this point is the 
in equilibrium point in the field, so APF cannot solve this 
situation because it’s a local minimum. So, the modified APF 
returns to the fusion manager with the local minimum point value 
and the path to the local minimum, then the fusion manager will 
use A-Star Algorithm to overcome this issue. 
 
2.2 A-Star check criteria 

Fig 4 illustrates the A-Star flow chart. A-Star Algorithm starts a 
normal search for the goal point using Approximation Heuristics 
(Manhattan Distance which was tested), After completing a 
search and before starting to Construct the route, A-Star 
Algorithm checks each point on the route if this point is out of 
the local-minimum area or not using Algorithm 2. While 
checking the route, if there is a point outside the local-minimum 
area, A-Star Algorithm will stop and then send this point to the 
fusion manager, if not A-Star Algorithm will continue to reach 
the goal. 
 

 
Figure 4. A-Star modification flowchart 

 
This step will start to measure the direction of the field at this 
point and then compare this direction with the goal direction. if 
the measured field direction is not toward the goal, this means it 
is still inside the local minimum. While if the measured field 
direction points towards the goal point, so now we are outside the 
local minimum. Once we are outside the local minimum the A-
Star modification stops and then returns the current point as a 
local minimum border point.  
 

Algorithm 2 Check if out of the local-minimum area 

1: 
 
2: 
3: 
4: 
5: 
6: 
7: 
8: 
9: 
10: 

Initialize the out_of_local_mini parameter with a false 
value. 
Initialize the direction matrix 3*3  by zero  
Set center of direction matrix = 1  
set y-axis cell leads to the goal  = 2  
set x-axis cell leads to the goal  = 2  
set the goal cell  = 3  
get field direction for this point 
IF (field direction == goal direction) then  
        out_of_local_mini = True 
End if 

 
2.3 Fusion Manager Criteria 

This is the main part, which switches from APF to A-Star and 
returns to APF if needed. Fig 5 illustrates the Fusion Manager 
flow chart which starts the modified APF Algorithm until reaches 
the goal or returns the local minimum point. In case APF reaches 
the goal the Fusion Manager uses the modified APF path, in case 
the modified APF detects the local minimum point, the Fusion 
Manager swaps to A-Star to reach the goal instead of APF or 
reach the local minimum border. In case A-Star reaches the goal 
Fusion Manager will concatenate the first APF route with the A-
Star route and then return this route as one path. 

 

 
Figure 5. Fusion Manager Flowchart 

 
In case A-Star returns the local minimum border point, the Fusion 
Manager will reduce the repulsive force first and then, use this 
point as a current point and the current point as a goal to find the 
optimized path by the modified APF. Then the second stage is to 
use the local minimum border as a current point again and the 
goal point by the modified APF to find the next path, then 
increase the repulsive force again, the aim of changing the 
repulsive force is to reduce the path length Fig 6 shows the 
optimized path (due to changing the repulsive force) and Fig 7 
shows the non optimized path. 
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Figure 6. Optimized path 

 

 
Figure 7.Non-optimized path 

 
3. EXPERIMENTS AND RESULTS 

This section discusses the experiments carried out to verify the 
proposed approach and compares the result with the traditional 
APF and the traditional A-Star algorithms, in two different 
scenarios.  
3.1 Case I 
In this case, the start point will be at (50,300) and the goal point 
will be at (400,50). The simulation will start with the traditional 
A-Star Algorithm. Fig.8 illustrates the search area painted with 
red color and the path with blue color. Table 1 illustrates the total 
time consumed by A-Satr Algorithm to reach the goal. the total 
time was 1.163 S and the path Length was 929 units.  
 

 
Figure 8. A-Star Search Algorithm 

 
Function Name Calls Total 

Time 
distance 

AStarGrid 1 1.163 s 929 
Table 1. A-Star Time Timetable. 

 
The second Algorithm will be the traditional APF, and the third 
one is the modified APF, with the same start and end points. Fig 
9 shows the Attractive forces, Fig 10 shows the repulsive forces, 
Fig 11 and Fig 12 illustrate the path for the traditional APF and 
the modified APF. It can be noticed that the same path and 
approximately the same time are achieved during the absence of 
the local minimum. The experiment results shown in Table 2 and 
Table 3 reveals that the total time consumed by the traditional 
APF is 0.032 Second, and the total time consumed by the 
modified Algorithm is 0.046 Second. and the distance is 669.7 
units in both 
   

 
Figure 9. Attractive force 

 
 
 

 
Figure 10. Repulsive Force 
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Figure 11. final Path with Obstacles 

 

 
Figure 12. Total field 

 
Function Name Calls Total 

Time 
distance 

Traditional Potential 
Field Script 

1 0.032 s 669.7 unit 

Table 2. APF Timetable 
 
The third test in case I will be the fusion between APF and A-
Star 

Function Name Calls Total 
Time 

distance 

Modified Potential Field 
Script 

1 0.046 s 669.7 unit 

Table 3. Traditional APF Timetable 
 
3.2 Case II 

During this experiment, some changes were made to the scene by 
adding obstacles to introduce a local minimum test case. Also, 
the three algorithms will be tested to find the Goal. First: A-Star 
Algorithm, second APF only then APF fused with A-Star. 
Fig 13 shows the search Area with red color, and the final path 
with blue color, and Table 4 illustrates the consumed time by A-
Star to reach the goal of 2.084 sec.. Fig 14 shows the Attractive 
forces, Fig 15 shows the repulsive forces. Fig.16 proves that APF 
only failed to find the goal due to falling in a local minimum. 

 

 
Figure 13. A-Star Search Area with Path 

 
Function Name Calls Total 

Time 
distance 

AStar 1 2.084 s 951 unit 
Table 4. A-Star Timetable 

 

 
Figure 14. Attractive force 

 
Figure 15. Repulsive Force 
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Figure 16. Path with Traditional APF Algorithm 

 
This is the second experiment to reach the goal with the modified 
APF. The modified APF starts with APF which detects the local 
minimum. Then the modified APF swap to A-Star to find the goal 
or the local minimum border. During A-Star starts, it finds the 
local minimum border first. Fig 17 illustrates the generated path 
by the A-Star algorithm, which consume more time and more 
distance than expected, so the modified APF uses the final point 
at this path as a current point and the local minimum point as a 
goal to find the optimized path. the two paths (the first path start 
from the start point to the local minimum point which is 
generated with APF, and the second path starts from the local 
minimum point to the local minimum border point which is 
generated with A-Star) are merged to generate one path. The 
modified APF starts again from the local minimum border point 
to the goal. The modified APF reaches another local minimum 
point. The A-Star algorithm starts again but it reaches the goal 
this time. Fig 18 shows the A-Star path. The modified APF 
merges the A-Star path with the previous path to create the total 
path which is illustrated in Fig 20. The modified APF consumed 
1.621 sec to find the optimized path. The total distance planned 
by the modified APF was 748.4 units. 
 
 
 

 
Figure 17. First A-Star Path 

 

 
Figure 18. Second A-Star Path 

 
Figure 19. Search Area with A-Star 

 

 
Figure 20. Total Path with the Modified APF 

 
Function Name Call

s 
Total 
Time 

distance 

Modified Potential Field 
Script 

1 1.621 s 748.4 unit 

Table 5. Modified APF Timetable 
 

4. CONCLUSION 

The focus of this paper is to address the main limitation of the 
traditional Artificial Potential Field (APF) algorithm in path 
planning, which is the tendency to fall into a local minimum and 
fail to reach the intended goal. To overcome this challenge, the 
paper proposes an enhanced APF approach that incorporates a 
Modified APF algorithm, a Fusion Manager Algorithm, and a 
Modified A-Star algorithm to achieve an optimized path planning 
algorithm. To verify the proposed enhanced APF approach two 
experiments were carried out, each experiment was assessed with 
traditional APF, traditional A-star, and the proposed enhanced 
APF approach. The experiments revealed the superiority of the 
proposed approach to overcome the limitation of traditional APF 
as it managed to get out of the local minimum, also better timing 
when compared with traditional A-Star. The proposed approach 
managed to reach an optimized path to the goal in 1.62 sec with 
a path length of 748 units, while the A-star required 2.04 sec with 
a path length of 929 units, finaly the APF did not manage to reach 
the goal due to falling in a local minimum.  
   

 Algorithm Time distance 
Case I A-Star 1.163 s 929 unit 

the Traditional APF 0.032 s 669.7 unit 
the Modified APF  0.046 s 669.7 unit 

Case II A-Star 2.084 s 951 unit 
the Traditional APF - - 
the Modified APF  1.621 S 748.4 unit 

Table 6 Final result conclusion 
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