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Abstract 

Path planning is the cornerstone of the mobile robot localization and navigation 
problem. In this paper, we study a variety of path planning algorithms for mobile robots 
and compare the commonly used A* algorithm and Dijkstra algorithm in simulation 
experiments using Matlab software, and find that the A* algorithm is much better than 
Dijkstra algorithm in terms of computational savings. After that, the global path planning 
algorithm of the mobile robot is established as the A* algorithm and the local path 
planning algorithm is the dynamic window method. Finally, through experimental 
verification, the combined algorithm can help the mobile robot reduce the driving 
distance and time, keep a certain distance from the obstacles, and make it complete the 
path planning work more accurately, safely and quickly. 
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1. Introduction 

Path planning is the cornerstone of the robot localization and navigation problem. Path 
planning of mobile robots refers to the process of moving from the starting point to the target 
point without contacting obstacles in an indoor environment full of various obstacles, according 
to the path budgeted in advance. It has become an important research direction in the field of 
intelligent navigation to shorten the robot path, accelerate the robot's reaction speed to avoid 
obstacles, and effectively reduce the robot's arrival time at the target point. 

Although some progress has been made in the study of robot path planning in China, there are 
still some difficulties in the study of small indoor environments, and many problems need to be 
solved. In particular, in specific situations, robots need to carry some devices with certain 
height and width, and need to consider their own volume size, speed, inertia characteristics, 
etc., and keep a certain safety distance from obstacles to ensure the safety of their operation; 
furthermore, robots with special functional requirements emphasize more on the smoothness 
of motion, so the smoothness and flatness of the path become an important issue in path 
planning. In addition, the existing common algorithms often have their own limitations, and 
they cannot fully achieve low-cost, efficient and accurate navigation in practical applications, 
so improving and optimizing path planning algorithms for the application environment of 
mobile robots has become a key research route. 

Global path planning algorithms contain graph-based, sampling-based, and intelligent path 
planning algorithms, among other methods. The history of graph-based path planning methods 
can be traced back to the last century. The Dutch scholar E.W. Dijkstra [1] proposed Dijkstra's 
algorithm. The algorithm's operational logic is similar to that of a water wave, which will reach 
the target location at a certain point when the waveform is diffused from the inside out to 
determine the relevant parameters, but the algorithm is less efficient and computationally 
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intensive to solve. Based on Dijkstra's algorithm, P.E. Hart et al. [2] proposed the A* algorithm, 
which introduces a heuristic strategy and can effectively solve the problem of lack of efficiency. 
In the planning process, it has a more targeted selection of expansion points, however, the 
computational volume becomes a major problem when the map is more complex. In response 
to these problems, experts and scholars are also making continuous improvements, and 
subsequently, algorithms such as IDA*, LPA*, etc. Stentz et al. [3] proposed the D* algorithm, 
which can complete path planning in complex dynamic situations. 

Khatib et al. [4] proposed the artificial potential field method, which is based on the concept of 
"field". The robot's trajectory is analyzed for path planning by considering the surrounding 
environment as a force field, where the robot is attracted by the target and repelled by the 
obstacles. Fox et al. [5] proposed the Dynamic Window Approach (DWA), which samples a set 
of velocities in space, then simulates the robot trajectory at this velocity, then evaluates and 
compares these trajectories, and finally selects the velocity of the optimal trajectory. This 
algorithm is influenced by the evaluation function. 

There are many types of existing algorithms, and each single algorithm has certain advantages 
and disadvantages. Some algorithms can quickly find the shortest path, but it is difficult to adapt 
to the complex and changing environment; some algorithms have good local obstacle avoidance 
effect, but it is difficult to play the role of global obstacle avoidance, so the improvement and 
fusion of algorithms form an important research trend [7, 8] . 

2. Control system design 

2.1. Software Control System 

With the rapid development of the robotics field, the robotics software system has also been 
greatly challenged. Ordinary open-source systems have become difficult to meet user needs, 
and as a result, a large number of software frameworks have emerged that have become 
popular in academic research circles and startups, and the ROS (Robot Operating System) 
system is one of the best performing software frameworks among these frameworks. 

ROS is a unique distributed framework designed by Stanford University, and it is a robotics 
framework that can perform similar functions as a computer by writing robot programs in 
various languages and managing communication and functional packages of each node [9] . ROS 
can abstractly describe the robot hardware, control the chassis drive, give feedback to the 
sensor information, and realize the sharing of information transfer between the map building 
and navigation function packages. 

From the perspective of implementation, the ROS system architecture is divided into three 
levels, each representing a hierarchical concept: the level of the file system reflects how the 
program works, the level of the computational graph reflects how the program is organized and 
constructed, and the level of the open source community reflects the decentralized 
management of the project implementation, as shown in Figure 1. 

 
Figure 1: ROS system architecture 
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Move_base is the central hub about robot path planning under ROS. It subscribes to data such 
as LIDAR, map map, and amcl's localization, then plans global and local paths, and then converts 
the paths into robot speed information to finally realize robot navigation, as shown in Figure 2. 

.  

Figure 2: move_base navigation framework 

2.2. Hardware control system 

The lower controller for mobile robots usually uses programmable logic controllers (PLC), 
STM32, etc. Programmable controllers are characterized by high reliability and stability, but 
their architecture is not open, and the hardware, language, and instructions vary from company 
to company; STM32 is widely used, has rich integrated interfaces, comprehensive development 
tools, rich development materials, many optional models, strong real-time performance, and 
supports major embedded operating systems [10] . 

The lower controller is the backbone of the robot movement, which mainly completes the 
motion control, sensor data processing and data communication with the upper computer, 
considering the practicality and cost of the hardware, STMicroelectronics STM32 series was 
finally selected as the lower core of the mobile robot, which can convert the control commands 
sent by the upper computer into PWM signals and then transmit them to the motor drive to 
control the robot movement. It converts the control commands sent by the upper computer 
into PWM signals and then transmits them to the motor drive to control the robot movement, 
as shown in Figure 3. 

 
Figure 3: STM32 Lower Controller 

3. Path planning algorithm research 

3.1. Global path planning algorithm 

In the 1960s, the Stanford Research Institute proposed the A* algorithm, based on Dijkstra's 
algorithm, which is capable of searching using a core partial valuation function. The search node 
and time as well as the path are also influenced by the valuation function [11] . The valuation 
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function is selected optimally when the error between the valuation and the actual value is 
minimal, and the A* algorithm is expressed by the following equation. 

𝑓(𝑛) = 𝑔(𝑛) + ℎ(𝑛)                                                               (1) 

𝑓(𝑛) is the total cost of node 𝑛 to reach the target node; 𝑔(𝑛) is the true cost from the starting 
point to the 𝑛 point; and ℎ(𝑛) is the estimated cost of the optimal path at the 𝑛 point to the 
target node. The total cost of the current vertex is obtained by 𝑓 and the vertex to be reached 
next is evaluated until the optimal path is obtained. 

Simulation of Dijkstra's algorithm and A* algorithm is performed in Matlab, where the two-
dimensional matrix represented by the two-dimensional occupancy network map is simulated 
on a 10 x 10 raster map for Dijkstra's algorithm and A* algorithm, as shown in Figure 4. 

        
Figure 4: Simulation of Dijkstra's algorithm and A* algorithm 

It is easy to see that Dijkstra's algorithm has significantly more iterations than A*'s algorithm, 
and the difference is more obvious the more map grids there are. When both find the optimal 
path, Dijkstra's algorithm has 4234 iterations, while A*'s algorithm has only 1935 iterations. 
Therefore, A* algorithm is much better than Dijkstra algorithm in terms of computational 
savings. 

3.2. Local path planning algorithm 

Local path planning can improve real-time path planning and timely response capability of 
mobile robots. It helps mobile robots to operate safely and smoothly in dynamic and complex 
unknown environments [12] . 

The dynamic window method is a local path planning algorithm with good stability and 
reliability. As shown in Figure 5 it performs velocity sampling and simulates driving trajectories, 
and performs cost estimation for these trajectories. The speed corresponding to the smallest 
trajectory is then selected to drive the robot. 

 
Figure 5: DWA algorithm 
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3.3. Path planning algorithm fusion 

The path planning method for the escort robot uses a combination of the improved A* algorithm 
and the dynamic window method (DWA) to create a simulation map environment in the ROS 
system using the Gmapping algorithm for simulation experiments, as shown in Figure 6. 

 
a.Plan the global path                          b.Add temporary obstacle  

 
c.Smoothly pass the temporary obstacle and local path change 

Figure 6: Fusion of A* algorithm and dynamic window method 

As can be seen by the a and b plots in Figure 6, the path trajectory of the escort robot changes 
somewhat when temporary obstacles are added to simulate the dynamic environment, which 
is caused by the replanning of the local path by the dynamic window method, enabling the robot 
to bypass the temporary obstacles to reach the target point. 

4. Path planning experiments 

4.1. Experimental map construction 

The Gmapping algorithm based on particle filtering requires fewer computational parameters 
for map construction to ensure high accuracy, and it is most suitable for this experiment 
because it requires lower frequency and higher robustness of LiDAR. To simulate the working 
environment of the mobile robot, an indoor laboratory is selected as the experimental 
environment, which is "U" shaped, as shown in Figure 7, and the Gmapping algorithm builds 
the indoor environment map. 
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Figure 7: map construction 

4.2. Path planning algorithm validation 

The path planning experiment is conducted in the map that has been constructed above. As 
shown in Figure 8, the mobile robot starts from the designated starting point and travels to the 
target end point, and carries out path planning by A* algorithm, and travels through three 
obstacles numbered 1, 2 and 3, and finally arrives at the end point along the outer edge of 
obstacle 3. The specific running action of the robot is shown in Figure 8, and achieves the 
expected result with a time of 105s. 

 
Figure 8: A* algorithm path diagram 

 
a. Robot passes obstacle 1                 b. Robot passes obstacle 2 
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c.Robot passing obstacle 3 

Figure 9: Robot specific operation diagram 

From the above, the mobile robot starts from the designated starting point and travels to the 
target end point, and the path planning is carried out by the A* algorithm, and travels through 
three obstacles numbered 1, 2 and 3, and finally reaches the end point along the outer edge of 
obstacle 3, achieving the desired effect with a time of 105s, which meets the requirements of 
robot path planning in indoor environment. 

The above experiments show that the improvement of the A* algorithm can help the mobile 
robot to plan the driving path, time and keep the distance from the obstacles in the indoor 
environment work. Due to the difference between the actual environment and the simulation 
environment, the trajectory of the robot running in the actual environment cannot well show 
the existence and optimization of the folding point, but the overall basically satisfies the 
expectation. 

5. Conclusion 

In this chapter, the mobile robot experimental platform, the map is constructed indoors with 
Gmapping algorithm, the real environment is simulated by introducing several obstacles, the 
A* algorithm is used for global path planning, and the DWA algorithm is used for local path 
planning. The experiments show that the combined algorithm can help the mobile robot reduce 
the driving distance and time, keep a certain distance from the obstacles, and make it finish the 
path planning work more accurately, safely and quickly. 
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