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Abstract—The A* algorithm is well-known for its use in 

numerous applications, including robots and GPS systems, for 

the purpose of route planning. The algorithm, despite its 

usefulness, has several restrictions regarding its operational 

efficiency and the length of its paths. This article makes a 

suggestion for improving the standard A* algorithm in order to 

overcome these constraints. Compared to the A* algorithm's 

standard performance, the findings showed that the improved 

algorithm reduce the amount of time needed for route planning 

by 9.11% on average, while also cutting the path length by 

9.29% on average. The A* algorithm's performance can be 

significantly improved with the help of the method that we 

propose, both in terms of its operational efficiency and the 

length of its paths. 

Keywords — UGV, agricultural path planning, A* algorithm, 

enhanced A* algorithm, unmanned ground vehicles 

I. INTRODUCTION 

The employment of robots has increased dramatically over 
the last several decades, especially in circumstances that are 
thought of as commonplace. Industrial mobile robots that are 
have become more popular more quicker than those that are 
fixed or traditional. Autonomous navigation is a critical 
capability found in unmanned ground vehicles (UGV). 
Developing autonomous navigation that is trustworthy, safe, 
and successful is one of the most popular yet, challenging 
research subjects, in the field of robotics. The four main 
difficulties that emerge during navigation are localization, 
perception, route planning and motion control [1]. One may 
argue that, out of all these factors, route planning is the one 
that is most important for the navigational processes. A 
common technique in route planning research is symmetry. 

The A* approach, which is based on graph search, is used 
for route planning. The present node serves as the center of a 
symmetrical scan of the surrounding nodes throughout the 
search process. Bidirectional search is a search methodology 
in addition to being a symmetric route search tool. If this 
symmetric search strategy is used, the algorithm's efficiency 
might be improved by a factor of two. Path planning refers to 
the act of selecting a route across a particular area that is 
devoid of potential hazards. Given how chaotic real life is 
most of the time, this process may be challenging [2]. Whether 
or not an autonomous mobile robot can perform reliable and 
effective navigation, depends on the path that has been 
planned. As a result, route planning is a crucial component of 
mobile robot navigation. Route planning research is now 
receiving more attention than ever before as a direct 
consequence of the rise of mobile robot applications. 

Depending on how they are utilized, route planning 
algorithms may be classified into a wide range of groups. 
Diagram search-based schedulers contain, among others, the 
Dijkstra algorithm [3], the A-star (A*) technique, and the state 
lattice algorithm [4]. One kind of research that uses sampling-
based research is the Random Rapid Exploration Trees (RRT) 
[5]. Other forms of path planning include artificial 
intelligence-based path planning, path planning based on 
vision, and other technologies. 

By taking into consideration the knowledge of the 
obstacles that are present in the static environment, the A* 
algorithm is employed to calculate the shortest path feasible. 
The selection of viable node pairs and subsequent assessment 
of the shortest route based on the acquired feasible node pairs 
make up the two layers of the issue of determining the shortest 
path in a given static environment [6]. Only by utilising the 
knowledge that derived from the preceding layer this issue can 
be addressed. The approach cannot be utilized in dynamic 
settings since it is inefficient and cannot be employed in such 
circumstances because a dynamic environment does not meet 
any of the aforementioned requirements. We chose the A* 
algorithm since it is one of the main algorithms used in 
modern real-time route planning applications for static 
settings. Recent work focuses on the algorithm and seeks to 
discover further advances in efficiency and performance. 

The effectiveness and resilience of route planning 
algorithms are their two most crucial features. Resilience is 
crucial for mobile robots since it signifies the algorithm's 
reliability and is a need for secure, stable, and quick 
movement. One of the key requirements for good assignment 
performance in mobile robots is the algorithm's efficacy for 
path planning and route search. Efficiency takes into account 
the algorithm's speed. This study examines possible 
improvements to the algorithm's effectiveness and strategies 
to make it more resilient. In order to reduce the number of 
orthogonal turns, it is necessary to find solutions to the 
research challenges of minimizing the algorithm's execution 
time, the amount of search nodes, as well as the avoidance of 
collisions. 

The following is a list of the major contributions that this 
paper makes:  

• This article presents a suggestion for a new and 
enhanced version of the A* algorithm by 
including the stages and function that optimize 
the first version of the A* technique. The 
smoothing and the extension distance are both 
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used in order to achieve the goal of improving 
the overall resilience of the route.  

• We use a method known as two-way search, as 
well as a procedure for heuristic optimization 
and expanding the distance, in order to make 
the algorithm more efficient. This allows us to 
find solutions more quickly. In order to put the 
enhanced A* algorithm through its paces, it is 
evaluated in conjunction with a number of 
different algorithms.  

• According to the findings, the revised version 
of the A* algorithm has significantly enhanced 
efficiencies regarding its performance and 
robustness. 

This work's remaining sections are structured as follows: 
Section II presents similar study articles. In Section III, we 
describe our enhanced A* algorithm. In Section IV, we 
explain the experimental effects. Finally, in Section V, we 
summarise our study's impacts. 

II. RELATIVE WORK 

A geometric model of a given complexity must be 
processed by the algorithm in order to construct a route for a 
robotic system. Google Maps and different traffic routing 
approaches often employ the Dijkstra algorithm and its 
variations. Modern methods for usage in static situations are 
provided as A* and its derivatives [7]. 

It is feasible to utilize the A* technique to draw the shortest 
route on a map; however, in order to do so, the method has to 
iterate over each node of the route and choose the alternative 
that will result in the lowest possible route cost. Due to this, 
the approach performs a substantial number of computing and 
takes a significant amount of time completing calculations. 
Moreover, the algorithm's effectiveness decreased as the 
magnitude of the map increased [8], which is a consequence 
of the aforementioned. 

The A* algorithm has been the subject of extensive study, 
with a primary emphasis on obstacle avoidance, a variety of 
application situations, and improving the system's 
performance as it develops. A common route planning 
approach involving graph traversal is the A* algorithm. A* 
uses a heuristic function to direct its search in the direction of 
the states with the shortest paths. The A* algorithm has been 
extensively used in a variety of industries, including the 
transportation sector [9]. Since then, developments in artificial 
intelligence have allowed for improvements to be made to the 
A* algorithm, one of which is the planning of routes for 
automated guided vehicles (AGVs) or unmanned surface 
vehicles (USVs), as well as robot route planning. As the A* 
approach is more straightforward and employs fewer search 
nodes than certain other route planning algorithms, it is better 
suited to more constrained situations [10]. 

Before moving on with its search, the A* algorithm has to 
get some guidance from a heuristic function so that it can 
choose which way to travel in order to discover the shortest 
path on a map. The most essential components of the heuristic 
procedure are the Manhattan distance, the Euclidean distance, 
the Chebyshev distance, and the diagonal distance [11]. In 
order to finish the work, a heuristic function could be used to 
guide the execution of an algorithm all the way through the 
calculation or execution time. 

A solution that recommends employing an A* 
optimization strategy that has been enhanced in two different 
ways [12] is presented as an answer to the issues of slow 
explore rate and poor algorithm performance. To begin, 
weights are assigned to the evaluation procedure to confirm 
that the heuristic function can be dependent upon. This was 
done to ensure that the function could be trusted. After that, 
the maps are brought up to date by adding a cluster of nodes 
that are organized around a certain focal point on the map. If 
the collection of nodes contains nodes that represent 
difficulties, then this node is regarded as an untrustworthy 
point, and as a result, it will not be sought. As a consequence 
of these modifications to the procedure, the A* algorithm may 
become a more effective computational tool. Nevertheless, the 
optimization strategy is only one of many possible tactics, and 
using it results in an increase in the amount of computation 
that the program is required to carry out. In addition to that, 
the optimization strategy being discussed here does not take a 
thorough approach. 

Some researchers focused their attention on storing 
traversed nodes and suggested an enhanced A* storage array 
strategy [13]. This action was taken in order to achieve the aim 
of improving the performance of the A* algorithm. When 
accessing a particular element of the array, the storage 
mechanism requires scanning the sequence number in order to 
locate that element. This is done in order to locate the element. 
In contrast to the traditional A* approach, which requires 
traversing through numerous nodes in order to find the needed 
element, this may be completed with only a single operation 
by using a more efficient algorithm. This method does not 
result in an improvement to the algorithm's route design; all it 
does is optimize the storage and access of nodes. Moreover, it 
does not result in a decrease in the amount of processing that 
is needed by the algorithm.  

In order to reduce the amount of time required for the A* 
algorithm to do calculations, an improved strategy has been 
proposed [11] and given the name A* time-efficient 
algorithm. In the approach that is the subject of this 
discussion, finding the importance of the heuristic procedure 
does not take place during the phase devoted to initialization; 
rather, this step takes place before the collision phase. The fact 
that this is the case contributes to the method's increased 
efficacy in terms of the amount of time it requires to be 
computed. This method of optimization does neither reduce 
the number of search nodes nor does it optimize the heuristic 
procedure; instead, it maximizes the potential of finding the 
value of the heuristic function. As a result, there is not a lot of 
space for improvement in terms of how efficiently things are 
done. 

In contrast to similar efforts by other authors, we 
present an improved version of the A* algorithm in terms 
of average path length. In our work, we experimentally 
validate the results of running and using the enhanced A* 
algorithm which is shown to improve the path quality and 
time. 

III. IMPLEMENTATION 

The tried-and-true A* algorithm is the one to use for 
designing routes in unchanging environments.  

 f (a)=k (a) + p(a)  (1) 
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The above cost operation from the present point where the 
robot is to the point where the robot is to move is represented 
by k(a). p(a) is the heuristic procedure that is executed from 
the present node to the end where the robot is to move. The 
robot's position points are obtained through the sensors, and 
the path cost is extracted from the heuristic function, namely: 

�(�) = �(�_	 − ��	)
 + (�_� − ���)
 (2) 

�(�) = �(��� − ��	)
 + (��� − ���)
  (3) 

In the Equalizations (2),(3), ((�_	) − (n_�))  are the 
abscissa and ordinate of the current point ((�_	) −(r_�))  are the abscissa and ordinate of the starting point ((�_	) − (w_�))  are the abscissa and ordinate of the target 
point. 

A. Evaluation function design 

When the UGV constructs a non-linear path, it requires a 
certain amount of time to do the rotation operation. Hence, if 
you want to reduce the time it takes to operate the robot, 
decreasing the amount of time spent spinning is essential. 
According to the first eight nodes around the present node, the 
standard procedure known as A* calculates the cost value of 
the matching node. To reduce the time it takes the UGV to 
perform the turn we need to implement, the evaluation 
procedure described in this research involves a floating 
function. Calculating the line between the two ends of the 
evaluation gives the value of the function. 

 f (a)=k (a)+p (a)+t (a) (4) 
 �(�) = �0,     �! − �"#∗ 	! − 	"# = 0

�∗|�(�)|,     �other�  (5) 
The parameter for the time factor is  *~,  and that is a 

general definition of the robot's angle of rotation. When the 
UGV's angle of rotation becomes more pronounced, the 
function's value rises. The precision of the cost function might 
be greatly improved by include the time variable, which 
would boost the efficacy of route planning [13]. 

B. Cost and weight improvement estimates 

 - (�) = � (�) + ./
0 + 12 � (�) + � (�) (6) 

The distance from the point where the UGV is to the point 
designated as the target is denoted by k(a), p(a). The distance 
that the UGV starts moving to the first target point is denoted 
by p(a). The following is a list of the precise stages that the 
modified A* algorithm takes in order to find the shortest route 
even when there are obstacles in the way: 

1) Initialize the start point as well as the endpoint. Also, 
the creation of a list of obstacles in the environment. Starting 
point to the target point.  

2) Creation list of open and closed routes.  

3) If the list of open points is empty, it means that the route 
was not found and will have to be recalculated. 

4) Having defined the beginning location, search for nodes 
in the area around the starting point. 

5) The node with the lowest value is found by referring to 
the result of the evaluation function. 

6) The node is selected according to the closed list. 

7) Combination nodes of the path are finally acquired and 
placed in the closed list.  

C. Threshold setting 

The distance from the moving route to the top of the static 
barrier is known as the “safety threshold”. Assuming that the 
current node is connected, the distance between the current 
node and the top of the static barrier along the line segment 
has to be more than or comparable to the protection threshold. 
If the segment that connects the previous node and the current 
node to the top of the static block has a length that is less than 
the safety threshold when it reaches the static obstacle, the 
node in question is removed from the route, and the next node 
in the route is picked. The process will continue until the 
safety threshold is achieved, which is when there is a larger 
space between the top of the static barrier and the segment line 
between the prior node and the present node. Once this point 
has been reached, the operation will come to an end. 

Alterations are made to the path, beginning at the previous 
node, and the processes outlined above are repeated until the 
distance separating the starting and ending points corresponds 
with the criteria specified before. Since the present node 
serves no use, it will be removed shortly. The procedure is 
repeated up to the point when the distance between the starting 
place and the destination point satisfies the requirements that 
were presented before. 

IV. EXPERIMENTAL FINDINGS 

In order to improve the evaluation function, this research 
makes use of the algorithm A*, which allows it to acquire the 
best possible results for route planning in a number of 
different settings. The researchers that wrote up this study 
came up with the algorithm themselves. The simulation tests 
were developed in such a manner that both the traditional 
version of the algorithm A* as well as the updated version of 
the algorithm A* were used. This was done so that an 
evaluation of the superior algorithm's performance could be 
carried out. 

We made use of a VELOS unmanned ground vehicle 
(UGV) so that we could achieve the objectives of our 
experimental studies. It is a mobile robot that was designed to 
collect photos while traveling autonomous across agricultural 
fields in order to diagnose diseases. It was discovered that 
barriers were rough locations that the height of the robot 
would make it difficult for it to approach. To confirm the start 
and end point, the simple algorithm A* is used to derive the 
three path planning experiments, where the start and end point 
of each experiment are the same.  

Both algorithm was executed in an Intel NUC i5 16gb ram. 
Implementation was done in Python programming language. 
To compare the performance of algorithms, we use metrics 
such as execution time and path length. Execution time 
measures the time it takes for the algorithm to generate a path 
from the starting location to the goal location. Additionally, a 
shorter path length is preferred as it minimizes the distance the 
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robot needs to travel and reduces the risk of collisions with 
obstacles. The experiment findings are presented in Table I. 

TABLE I. EXPERIMENTAL FINDINGS OF STANDARD A* ALGORITHM 

Path planning  

experiment 

Path Length 

(m) 

Time 

(s) 

1 14.41 142.78 

2 13.68 142.42 

3 12.17 142.16 

 

In the same way as the standard A* algorithm experiment, 
the enhanced A* algorithm is used in the same way and run 
with the same conditions in order to have a comparison when 
conducting the three experiments. In this experiment, the same 
variables that were controlled in the prior one are used. 
Because of this, the soundness of comparing the data and 
findings shown in Table II is ensured, as well as the stability 
of the conclusions themselves. 

TABLE II. EXPERIMENTAL FINDINGS OF ENHANCED A* ALGORITHM 

Path planning  

experiment 

Path Length 

(m) 

Time 

(s) 

1 13.74 133.16 

2 12.46 129.31 

3 11.24 127.24 

 

Table III compares the results of route planning systems 
using the standard A* and the enhanced A* method. Table III 
illustrates that the enhanced A* algorithm suggested in this 
study has a route length that is 9.29% shorter on average than 
the standard A* technique and that the required amount of 
time has been reduced by 9.11% on average. Figures 1-2 show 
the average path length and the average time for the three path-
planning experiments with the standard A* and enhanced A* 
algorithm. 

 
Figure 1.Comparison of the average path length for the three path 

planning experiments 

 
Figure 2. Comparison of the average time for the three path 

planning experiments 

TABLE III. COMPARISON OF EXPERIMENTAL OUTCOMES OF STANDARD A* 

ALGORITHM AND ENHANCED A* ALGORITHM 

Algorithm Average Path Length 

(m) for three path-

planning experiments 

Average Time (s) for 

three path-planning 

experiments 

Standard A* 13.42 142.45 

Enhanced A* 12.48 129.90 

V. CONCLUSIONS 

The A* algorithm is famous for path planning in many 
applications, including robotics and GPS systems. Despite its 
effectiveness, the algorithm has some operating efficiency and 
path length limitations. This article proposes enhancing the 
standard A* algorithm to address these limitations. The results 
showed that the enhanced algorithm reduced the time required 
for path planning by 9.11% on average and the path length by 
9.29% on average, compared to the standard A* algorithm. 
The A* method's performance can be significantly improved 
with the help of the algorithm that has been suggested, both in 
terms of how efficiently it operates and how long its paths are. 
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