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Abstract— The A* Algorithm is a path-finding algorithm that primarily uses weighted graphs and focuses on the heuristic 
values of nodes. However, while effective in generating a near-optimal path in a static environment, the traditional 
algorithm faces limitations in navigating dynamic environments, often resulting in collisions due to its inability to 
recognize dynamic and moving obstacles. This limitation makes it inefficient especially in complex environments with 
real-world scenarios. To address these limitations, an Enhanced A* Algorithm is proposed. This algorithm utilizes 
Navigation Mesh data structure to generate a more optimal route with local path planning and to dynamically adjust the 
parameters in two-dimensional non-grid environments. The performance of the algorithms was evaluated using 12 
benchmarks, each corresponding to a distinct test case and levels of complexity. Then, in terms of dynamic obstacle 
avoidance, a comparison between the Enhanced A* Algorithm and the traditional algorithm was conducted. Statistical 
analyses were also performed to assess the consistency and validity of the findings. The results demonstrated that the 
Enhanced A* Algorithm successfully avoided all dynamic obstacles and moving objects encountered along the path in 
all distinct test cases. In contrast to the traditional algorithm, which achieved an average obstacle avoidance rate of 8.33%, 
the enhanced algorithm consistently demonstrated a 100% average obstacle avoidance rate. The enhanced algorithm 
outperformed the traditional A* algorithm in generating a path in a complex environment by exhibiting optimal dynamic 
obstacle recognition and avoidance. The Enhanced A* Algorithm is subsequently applied to autonomous vehicle parking, 
following standard parking restriction laws. 

Keywords— A* Algorithm, Automated Vehicle Parking, Dynamic Environment, Navigation Mesh, Path-finding 
Algorithm. 

I. INTRODUCTION 
The A* algorithm is a graph traversal path planning and 
heuristic search algorithm that can be used in finding 
optimal or near-optimal paths to take a system from a 
starting point to a final goal point within a specified 
environment (Karur et al., 2021). This algorithm uses 
weighted graphs in its implementation making it very 
efficient in taking a path with the least cost and in 
finding the best route in terms of distance and time 
traveled. It is primarily used in static environments 
where the conditions or obstacles do not change over 
time.  

The A* algorithm works by evaluating the shortest path 
based on the information regarding the obstacles present 
in the environment (Karur et al., 2021). The algorithm 
primarily considers the combination of two factors when 
searching for optimal paths: first is the g(n), which is the 
cost of the path from the start node to node n, and the 
second is the heuristic estimate of the cost from node n 
to the destination node, or h(n). In each iteration of the 
main loop, the algorithm determines the node with the 

smallest evaluation function or f(n) to select the node 
that will be explored next (Baroud et al., 2019). 

With the development of artificial intelligence, the A* 
algorithm has been used and tailored to different 
applications, such as in the gaming industry where it is 
used to optimize the pathfinding of a game map (Zhang 
et al., 2020). It is also widely used in urban intelligent 
transportation, and robot path planning (Dharmatti et al., 
2021).  

Multiple studies related in enhancing the A* algorithm 
relates to finding the shortest path in only a short time. 
In return, this disregards the generated paths of the 
algorithm which is unsmooth and jagged (R. Song, et. 
al, 2019). Another problem by the algorithm is when it 
is applied in land vehicles, it cannot perceive road turns. 
A study by S. Erke, et al, (2020), has a figure that shows 
the use of A* in land vehicles where it almost hits or it 
is too close to the obstacle which are unsatisfactory in 
real life applications. Furthermore, a problem with the 
A* algorithm is that it needs several key parameters 
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selected first before the algorithm is applied. These 
parameters are what affects the performance of the 
algorithm in terms of quality and time-consumed (S. 
Erke, et. al, 2020). There are still some defects on the 
A* algorithm even though it has been studied by 
multiple scholars proving its performance. Some of 
these defects are the small distances between the path 
and the obstacles, and the slow speed due to right-angle 
turns. These defects decrease the robustness of the 
planned path output by the algorithm (H. Wang, et. al, 
2022).  

Presently, some studies modified and improved the A* 
algorithm, but all are for particular problems and 
applications. A study by C. Ju, et. al (2020), improved 
the algorithm by the use of the shortest line segment 
between two points for the path planning. H. Wang, et. 
al (2022) introduced an improved A* algorithm called 
the EBS-A* algorithm where they used expansion 
distance, bidirectional search, and smoothing in the 
algorithm’s path planning.  

Nowadays, finding a suitable parking space has become 
a significant concern for many individuals, particularly 
in urban areas where the number of car users is 

constantly increasing. This also poses challenges in 
acquiring efficient parking slots as it will cause 
congestion, wasted time, and aggravation for drivers. 
That is why integrating an efficient algorithm into 
automated vehicle parking is very essential.  

A. Statement of the Problem 
The algorithm can be inefficient to use in dynamic 
environments as previously feasible node pairs might 
not always be valid, making it challenging to compute 
the shortest path. 

In order to generate the path, the start, goal, and 
obstacles must be predetermined. Meaning, it must be 
placed already in the map or grid. Once computation 
starts, the user is unable to add or remove obstacles in 
the grid. This does not take into consideration the 
parking space closure and other moving obstacles that 
might hinder the travel to the end destination. According 
to Karur et. al, A* algorithm is not efficient in dynamic 
environments as it only generates a path based on the 
information regarding the obstacles that are already 
present in the environment. This means that once there 
are abrupt changes in the environment, the algorithm 
might generate an impractical or suboptimal path. 

 
Figure 1: Generated path being inefficient in dynamic environments 

B. Objective of the Study 
The general objective of this study is to analyze and 
enhance the performance of A* algorithm to be able to 
maximize the limited capacity of a parking facility. 
Specifically, it aims to: 

To be able to utilize the A* Algorithm efficiently in both 
static and dynamic environments by implementing 
artificial intelligence using Navigation Meshes to the A* 
Algorithm. 

II. METHODOLOGY 
A. Requirement Analysis 
In enhancing the capabilities of A* algorithm for 
maximizing the limited capacity of a parking facility, 
three key requirements are addressed. The first 
requirement is to ensure the capability of the algorithm 
to have a continuous and smooth pathway by reducing 
the redundant traversal nodes. The aim is to apply a 
technique that can adjust the trajectory of the generated 
path and remove the unnecessary jagged lines to create 
a more optimal route, especially in complex 
environments. The second requirement is to add an 
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expansion zone in the path planning to aid the problem 
of risking collision to the obstacles. This can be achieved 
by incorporating the rules of LTO regarding how far a 
car should be positioned from certain structures, such as 
walls or curb lines, and then adjusting the car’s radius 

from the obstacles accordingly. The third requirement is 
to implement local re-planning, which allows the 
algorithm to operate efficiently in both static and 
dynamic environments. This involves the integration of 
the algorithm with Artificial Intelligence using 
Navigation Mesh (NavMesh), which provides a 
structured representation of walkable surfaces in an 
environment. This combined approach would help the 
traditional A* algorithm not only handles static 
environments, but also in dynamically changing 
environments to get the shortest path to the end node. To 
assess the enhanced algorithm's effectiveness, the 
researchers will limit their analysis to two domains 
which would include a two-dimensional parking lot 
layout with dynamic and moving obstacles. 

B. Research Design 

AI using Navigation Mesh (NavMesh) 
The application of artificial intelligence employing 
Navigation Mesh (NavMesh) will be used to make the 

algorithm effective when operating in a dynamic 
environment. NavMesh is used to represent the walkable 
geometry within a virtual environment. By specifying 
the traversable regions, this technique helps the 
algorithm to efficiently determine the optimal path in a 
complex environment. Once the optimal path was 
determined, NavMesh also allows for smooth local 
movement by adjusting to obstacles or moving agents 
without recalculating the entire path. 

C. Methods and Performance Metric 
An input-process-output structure served as the 
framework in completing the objectives of this thesis. It 
has three inputs, which are the dynamic parking 
environment data, which includes real-time data about 
the obstacles, available parking spaces, and parked cars; 
the start node, which is the car’s initial position; and the 

goal node, which is the predetermined destination of the 
car. To achieve the objectives of the study, three key 
steps will be employed such as implementing Navmesh, 
expanding obstacle radius to car, and implementing 
post-process path smoothing. The enhanced algorithm’s 

output is the optical path generation and dynamic re-
calculation of path anytime it comes across a dynamic 
or moving obstacle. 

 
Figure 2: Conceptual Framework for the Enhancement of A* Algorithm in Automated Vehicle Parking 

Obstacle Avoidance Rate 
It evaluates the algorithm’s efficiency, considering the 

number of dynamic obstacles and moving objects it 
avoided. The researchers will analyze and assess the 
differences between the obstacle avoidance rate of the 
traditional and enhanced algorithm by using the 
confusion matrix, which consists of four main 
components — true positive, true negative, false 
positive, and false negative. The value that would 
determine the obstacle avoidance rate would be the total 
number of true positives and true negatives divided by 
the total number of true positives, false negatives, true 
negatives, and false positives. 

III. RESULTS AND DISCUSSION 
This chapter presents the findings from the proposed 
enhanced algorithm. One of the objectives of this study 
is to make the algorithm generate a path efficiently in a 
dynamic environment. It will provide comparisons of 
the traditional A* algorithm and the enhanced A* 
algorithm applied in a two-dimensional parking lot to 
assess the enhanced algorithm’s efficiency in path 

planning. For the experiment, both the traditional and 
enhanced algorithms underwent a series of simulations 
in a two-dimensional parking lot environment with a 
varying number of dynamic obstacles. 
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Figure 3: Performance of the Traditional and Enhanced A* Algorithm Under Various Conditions (Dynamic Obstacles) 

Figure 3 shows the comparison of having dynamic 
obstacles in the traditional and enhanced algorithm. The 
proponents have pre-determined the start node and goal 
node, then position the obstacles in such a way as to 
block the initial path that is generated by the algorithm. 
The results have shown that the enhanced algorithm has 
performed better than the traditional algorithm in 
generating a path with abrupt dynamic obstacles. In the 
figure, it has shown that the enhanced algorithm has the 

capability to anticipate possible dynamic obstacles and 
immediately recalculate the path before the direct 
interference occurs between the car and obstacles. 
Unlike in the traditional algorithm, the generated path 
did not consider the obstacles’ movements, leading to 

inefficient navigation. The enhanced algorithm also has 
shown that while avoiding the abrupt dynamic obstacles, 
it also considers the new optimal path that it generates 
to reach the goal node or destination. 

 

 
Figure 4: Performance of the Traditional and Enhanced A* Algorithm Under Various Conditions (Moving Objects) 
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In order to further assess the efficiency of the enhanced 
algorithm, the researchers also did a series of 
simulations incorporating moving objects in the running 
program and compared the performance of the 
traditional algorithm and the enhanced algorithm under 
these conditions.  

In Figure 4, it shows the comparison of the performance 
of traditional and enhanced A* algorithm when it 
encounters a moving object. When a moving object was 

encountered, the traditional algorithm was unable to 
recalculate the path and instead the path still tends to 
pass through it rather than creating a more optimal path. 
This performance is inefficient and may result in vehicle 
collisions. Using the enhanced algorithm, on the other 
hand, it automatically generates a more optimal path 
when it comes into range with a moving object. Based 
on this comparison, the improved A* algorithm 
outperforms the traditional one. 

Table 1: Number of Dynamic Obstacles Avoided by the Car Using the Existing and Enhanced A* Algorithm 

 

The researchers ran two sets of simulations to determine 
how many dynamic obstacles the generated path 
avoided by using the traditional algorithm and enhanced 
algorithm and to compare the performance of both 
algorithms. The first set of simulations is in an 
environment with an increasing number of dynamic 
obstacles without moving objects, whereas an increasing 
number of dynamic obstacles with moving objects are 
included in the second set. The results are measured 
using the obstacle avoidance rate and have found out 
that while the traditional algorithm struggled with local 
path planning with an average obstacle avoidance rate of 
8.333%, the enhanced A* algorithm consistently 
avoided all dynamic obstacles and moving objects that 
the path encountered with an average obstacle avoidance 
rate of 100%, as shown in the record presented in Table 
1. 

IV. CONCLUSION 
This study presented the enhanced A* Algorithm for 
path planning which aims to improve the traditional 
algorithm’s efficiency by avoiding dynamic obstacles 

and moving objects in a complex environment. Since the 
traditional A* Algorithm was utilized for shortest path 
determination, particularly on a static environment, we 
have presented a strategy to enable the enhanced 
algorithm to function in a dynamic environment for 
improving efficiency. The researchers integrated the 
Navigation Mesh data structure on the traditional A* 
algorithm and simulated a series of tests to evaluate its 
effectiveness in solving the problem of the existing 
algorithm. In 12 out of 12 benchmarks with various test 
case scenarios, the experiments have shown that the 
Enhanced A* Algorithm outperforms the traditional 
algorithm by avoiding all the dynamic obstacles as well 
as the moving objects that it encounters along the path. 
This makes the enhanced algorithm efficient to navigate 
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in both static and dynamic environments with moving 
objects. 

V. RECOMMENDATIONS 
For future research papers and further exploration of the 
enhancements made in this study, the researchers 
advised to further optimize the algorithm by supporting 
multi-level parking structures. This includes assessing 
the performance of the algorithm in an environment with 
elevation variations, including ramps or inclined planes 
to ensure the path finding efficiency of the algorithm. 
Additionally, the study should be extended to address 
various road conditions, such as road humps, in order to 
further ensure vehicle performance and safety.  
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