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Abstract:

This paper explores the use of the A-Star algorithm to construct an optimal
route for a mobile robot, taking into account obstacles using Python. The developed
program allows you to generate a map with an arbitrary location of obstacles and
automatically find the optimal path from the start to the end point, taking into
account the complexity of the route. The paper presents the results of implementing
the algorithm under various scenarios for the location of obstacles, which allows us
to evaluate the effectiveness and reliability of the algorithm in various conditions.
Experiments have shown that the A-Star algorithm provides fast and accurate route
generation even in complex environments with many obstacles. The results of the
study can be used to improve the autonomous navigation of mobile robots in real
working conditions.
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INTRODUCTION

Mobile robots are now playing an increasingly important role in a human life,
including industrial, medical, transportation and household tasks [1]-[12]. Effective
route planning for mobile robots is a key element of their operation, especially in
environments where obstacles such as walls, furniture, people and other objects are
present [13]-[23]. Various methods and approaches can be used here [24]-[32].

The A-Star (A*) algorithm is one of the most widely used and effective
algorithms for finding the optimal path in a space with obstacles. Its use allows
mobile robots to find the shortest path from the start to the end point, taking into
account the location of obstacles and other conditions along the way. The
implementation of the A* algorithm in Python provides simplicity and flexibility in
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developing software for controlling mobile robots. This is especially true in the

rapidly evolving field of robotics and automation, where effective path planning
plays a critical role in improving the productivity and safety of mobile robots. Thus,
the development and implementation of the A* algorithm in Python for constructing
travel routes for mobile robots taking into account obstacles is an urgent task with
practical significance in the field of robotics and autonomous systems.

Related works

The A-Star algorithm is very popular for constructing routes in various fields.
Many scientists are exploring the possibilities of its application, as well as its
advantages and disadvantages; and trying to improve it in order to achieve defined
goals. Let's look at some recent works on this topic.

Erke, S., and co-authors in [33] propose a novel variable-step based A-Star
algorithm that allows them to reduce the computing time. They also developed the
heuristic function to overcome the shortcoming of traditional A-Star algorithm.

Authors in [34] also note that the path planned by the A-Star algorithm is not
the shortest path under certain conditions. And they developed an improved A-Star
algorithm to solve path planning under certain conditions, which can find a shorter
path in contrast of other related methods.

The paper [35] proposes an improved A-Star algorithm improves the search
direction to 12 search directions. Such algorithm expands the traditional A-Star
algorithm, because square A-Star algorithm has 8 search directions, regular hexagon
A-Star algorithm has 6 search directions.

Scientists in [36] work with another problem of A-Star algorithm. They try to
overcome the limitation of poor processing times for long-distance off-road path
planning, Compared with the conventional A-Star algorithm, the path planning
efficiency of their improved A-Star algorithm was accelerated by at least 4.6 times,
and the maximum acceleration reached was 550 times for long-distance off-road
path planning.

Tang, G., & et al. in [37] researched A-Star algorithm using for an Automated
Guided Vehicle in order to avoid the problems of many nodes, long-distance and
large turning angle, and these problems usually exist in the sawtooth and cross paths
produced by the traditional A-Star algorithm. The simulation results of the path
planning confirmed the effectiveness of the geometric A-Star algorithm.

The study [38] note that compared with other path planning algorithms, A-
Star occupies a large memory space. To solve this problem, this paper proposes three
new concepts such as the bidirectional search, a guide line and a list of key points.
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The authors [39] propose A-Star algorithm to solve the path planning problem

of the amphibious hull cleaning robot, which can clean the bottom of the ship and
store the bottom condition for professional inspection.

A-Star algorithm, namely Dynamic Anti-collision A-Star (DAA-Star)
algorithm, is proposed for the complex multi-ship encounter scenarios in [40].

Researchers in [41] focuse on finding the optimal route to tourism places in
West Java Province. The A-STAR algorithm is implemented using Python so that
the optimal route to tourism places in West Java Province is obtained.

The article [42] analyzes of A-Star, ThetA-Star, and Lazy ThetA-Star path
planning strategies is presented in a 3D environment.

Thus, we see that research in the field of application of the A-Star algorithm
for path determination. Later in this article we will look at using this algorithm to
plan a robot's trajectory.

A-Star algorithm implementation for the route planning

The A* (A-Star) algorithm is an effective method for finding the optimal route
from a starting point to an ending point on a map, taking into account obstacles. Its
operating principle is based on a combination of heuristic and greedy approaches.

In its simplest form, the work of the A* algorithm can be represented as
follows. Let S be the initial vertex, then g(S)=0 is the distance from the initial

vertex S to itself is 0. Let's place the vertex S in an open list O containing vertices
that have not yet been checked.

Let's search for the optimal path, let the open list O to be not empty, perform
the following actions:

— select the vertex n with the smallest value of the evaluation function f(n)

f(n)=g(n)+h(n), ((1)
g(n) — path length from the starting vertex S to the vertex n,
h(s) — heuristic estimation of the distance from the vertex n to the final vertex G.

At the next step, we check, if n is the final vertex G, then the algorithm ends,
otherwise for each neighbor m of the vertex n we check whether m belongs to an
already open or closed list of vertices. If m is already in the public list, we check if
its current estimation f(m) can be improved, and if it is neither the public nor
private list, we add it to the public list and calculate the values g(m) and f(m) for

it.
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The heuristic estimate (h) is usually calculated as the distance from the current
cell to the target cell, but can be adapted to take into account additional factors such
as obstacles.
The algorithm selects the cell with the smallest sum g and h for further

research, which allows it to go to the goal in the most efficient way.

Obstacles on the map prevent the algorithm from moving through the
corresponding cells, causing it to take an alternative path around the obstacles.

The efficiency of the algorithm is ensured by the use of a priority queue (heap)
to store and select the next cell to explore, which allows it to quickly find the optimal
path.

After reaching the end point, the algorithm reconstructs the optimal route by
following the parent links back from the goal to the starting point.

Thus, the A* algorithm ensures that the optimal route is found taking into
account obstacles on the map, which makes it widely used in robotics, games, path
planning and other fields.

It is important to note that the effectiveness of the algorithm may depend on
the choice of heuristic function and the characteristics of the terrain map.

With the right choice of parameters and heuristic function, the A* algorithm
provides high accuracy and speed in finding the optimal route, making it the
preferred method for navigation in difficult conditions.

Software implementation and experiments

To check the correctness of the reasoning, we will develop a program in
Python in the development environment PyCharm 2022.2.3 (Professional Edition).
Let us give an example of software implementation of the above described
mathematical expressions.

class Cell:

def __init__ (self, x, y, obstacle=False):
self.x =x
selfy=y
self.obstacle = obstacle
self.parent = None
self.g = float('inf")
self.h = float('inf")
self.f = float('inf")

This code snippet defines a Cell class, which represents a cell on an area map.

Class attributes: x and y: cell coordinates on the map; obstacle: Indicates
whether the cell is an obstacle. Default is False; parent: reference to the parent cell
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in the path search tree. Used to restore the path; g, h, f: values of the cost functions

for the path finding algorithm. By default they are set to infinity.

The __init__ method initializes the object's attributes when it is created. The
x and y parameters specify the cell's coordinates on the map, and the obstacle
parameter specifies whether the cell is an obstacle. The attributes g, h, f are
initialized to infinity (float('inf")).

# Overriding the comparison operator "<" to compare Cell objects

def It (self, other):
return self.f < other.f

This code snippet is an override of the < operator for Cell objects.

The < operator is used in Python to compare objects. Overriding this operator
allows you to define comparison rules for class objects. In this case, the It
method is overridden to compare Cell objects by their f value.

The return value of self.f < other.f means that if the f value of the current
object (self.f) is less than the f value of the other object (other.f), then the current
object will be smaller than the other object when compared.

The following hardware was used for research: CPU Intel(R) Core(TM) i5-
9300H CPU @ 2.40GHz, RAM 16 Gb, GPU NVideo GeForce GTX 1660Ti (Ram
8Ghb), Web-camera HD WebCam, OS Windows 10 Pro ( Version 22H2). A program
for implementing route finding and avoiding obstacles based on the A-Star algorithm
was developed in the PyCharm 2022.2.3 (Professional Edition) environment in
Python. The results of the program are presented in Figure 1.
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Figure 1: Results of the program for finding a route and avoiding obstacles
based on the A-Star algorithm

However, for the successful application of the A* algorithm for mobile robots,
several important points must be taken into account. First, it is necessary to correctly
select the heuristic function for estimating the cost of achieving a goal so that it is
informative and effective. Secondly, it is important to take into account the
environmental features and dynamically changing conditions in order to avoid
collisions with obstacles and ensure the safe movement of the robot. It is also
recommended to use optimizations such as path caching and computation reduction
to improve the performance of the algorithm.

Conclusion

The A* algorithm is an effective method for finding the optimal route and
avoiding obstacles for mobile robots. It is based on finding a path in a state graph,
where vertices represent possible robot positions and edges represent possible
movements between these positions. The advantage of the A* algorithm is its ability
to take into account both the cost of moving to the current position and a heuristic
estimate of the cost of reaching the goal, which allows it to find the optimal path
taking into account obstacles and constraints.

One of the key advantages of the A* algorithm is its ability to find the optimal
path while using computing resources wisely. This makes it suitable for real-time
applications on mobile robots. In addition, the A* algorithm has the optimality
property, which means that it always finds the shortest path to the goal if such a path
exists.

Overall, the A* algorithm is a powerful tool for finding the optimal route and
avoiding obstacles for mobile robots. Its efficiency and optimality make it one of the

most popular path planning methods in robotics.
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