2022 International Conference on Computer, Electronic and Materials Engineering (ICCEME 2022)

Research on Mobile Robot Navigation Algorithm based on Ant Colony
Optimization Neural Network
Yahui Huang
College of Electronic Engineering, Hunan College of Information, Changsha, 410200, China

Keywords: Ant colony optimization neural network; Mobile robot; Navigation algorithm
Abstract: The birth of mobile robot can not only improve the production efficiency of automation
industry and reduce the production cost, but also replace human beings to work in some dangerous
environments or inaccessible areas, which greatly promotes the social development and progress. In
order to improve the efficiency of the robot to complete the task, we hope that the robot can have
the function of autonomous and safe pathfinding. Path planning is an important and indispensable
part of the research field of robot navigation technology. The so-called robot path planning refers to
finding a safe path from the starting point to the end point in an unknown environment. There are
many branches of artificial intelligence research, among which the research of intelligent robot has
been paid more and more attention with the continuous progress of technology. The method
adopted in this paper is ant colony optimization neural network. The best weights found by ant
colony algorithm are used as the initial weights of BP algorithm, and the error between the network
output and the actual output is calculated to adjust the weights. The feasibility and high efficiency
of this method are proved by the research in this paper.
1. Introduction
Robot, simply explained, is a machine that can automatically complete the corresponding work.
With the emergence and continuous development of robots, the automation degree of industrial
production has become higher and higher, which has changed the situation that industrial
production relied on people in the past. At the same time, many robots have entered human life and
changed people's lifestyle [1]. Robot is one of the greatest inventions of the 20th century. The
emergence and development of robot technology not only fundamentally changed the traditional
industrial production, but also had a profound impact on the emergence and development of human
society [2]. In the research field of artificial intelligence, robot research can definitely be called an
important branch. In the early industrial era, scientists made industrial robots to save people from
complicated labor and improve work efficiency [3]. With the rapid development of robot
technology, from the original heavy robot that can only perform a single repetitive action to the
lightweight intelligent robot that has certain artificial intelligence and can complete a series of
complex actions, robots have been widely used in all walks of life for many years [4]. In the
research field of intelligent robots, there are many intelligent research topics involved, among
which path planning is the most important one [5]. Through the efforts of researchers, the 3D path
planning of mobile robots has made great progress [6]. Intelligent path planning for robots is a longstanding problem. It is one of the most fundamental requirements for robots to complete tasks in
any scene to plan the path in a known or unknown, static or dynamic task space through their
environmental awareness [7].
2. Path planning and environmental modeling
2.1. Path planning of mobile robot
How to find an optimal route in the working environment, and make the mobile robot reach the
target point safely and reliably, only the path planning algorithm is not enough, but also the
corresponding "carrier" is needed to realize it, that is, navigation technology to move autonomously
Copyright © (2022) Francis Academic Press, UK

16

DOI: 10.25236/icceme.2022.004

[8]. The research of driverless car technology includes the research of robot navigation technology,
and path planning plays an important role in robot navigation technology [9]. The problem of
mobile robot path planning is also called collision avoidance planning. The mobile robot uses
various sensing devices to convert the collected data into its recognizable environmental
information, quickly process, calculate and analyze the optimal solution of the current feasible path,
and realize its independent, safe and reliable walking from one place to another. The research
framework of robot technology is shown in Figure 1.

Figure 1 Research framework of robot technology
The navigation modes of robots mainly include inertial navigation, magnetic navigation and
visual navigation. Among them, the path planning research belongs to the map-based robot
navigation technology in visual navigation [10]. The two-dimensional and three-dimensional path
planning problem of robot is to find an optimal (or suboptimal) collision-free path from the starting
point to the target end point according to specific evaluation criteria (such as shortest path length,
minimum energy consumption, shortest travel time, etc.) in the environment with obstacles.
Vision technology collects environmental data information through images, then converts it into
environmental information that can be recognized by mobile robots, and then analyzes and
calculates the current position to establish global environmental information [11]. Among the
problems of path planning, the first thing to consider is the search for collision-free paths. Secondly,
in order to distinguish the advantages and disadvantages of the found paths, some indexes can be
used to distinguish the algorithm of the found paths [12]. Optimal technology is the application
technology that uses mathematical tools to solve the optimal solution in practical engineering. From
the mathematical point of view, the obstacle avoidance path planning problem can be expressed as
the problem of solving the extreme value of the objective function: the cost of the planned path is
taken as the objective function; Avoiding collision with all obstacles is a constraint.
2.2. Environmental modeling
Map construction is the basic premise of mobile robot driving, and it is necessary to know the
environmental information such as terrain, obstacles and working points in the workspace of mobile
robot. If you don't know the surrounding environment, mobile robot is like a blind person, unable to
perceive and plan its path. Robot path planning includes the determination of the robot's own
position and how to avoid obstacles under the given environmental information. Robot path
planning is an optimization problem with multiple constraints. Designing a reasonable
representation method of environment model is a prerequisite to solve the robot path planning
problem. We usually use a data structure that can reflect the possibility of collision between mobile
robot and obstacles in the environment at a certain position. Aiming at the path planning of robots,
it is the first step to establish a space model suitable for robots, and the workspace model of robots
is called environmental modeling. The whole map information of the robot is known, in other words,
the obstacle distribution of the robot's working environment is determined. In this case, it can be
seen that the map information is fixed and does not change with the robot's movement. The
situation corresponding to such static map information is called global path planning.
According to the principle of connectivity concept in mathematics and the connectivity of the
data structure, a connected graph corresponding to the model is drawn. In this process, we often
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eliminate the connectivity that has nothing to do with path planning, and only keep the elements
related to connectivity, so as to minimize the interference and increase the difficulty of planning.
This connected graph is the state space model of path planning. Compared with the modeling
method based on network or graph, the modeling method based on grid model has a great advantage,
because its implementation is much simpler. This kind of model can be divided into consistent grid
model and hierarchical model. The path planning of mobile robot has to face some complicated
situations, such as the express robot in the city. The environment it faces during the process from
the starting point to the end point is very complicated, including pedestrians, road conditions,
vehicles, etc. Therefore, the calculation amount of path planning is quite large.
3. Research on Mobile Robot Navigation Algorithm Based on Ant Colony Optimization
Neural Network
3.1. Ant colony algorithm
Artificial neural network (ANN) is a bionic optimization algorithm based on the study of
biological neurons. The most widely used neural network is the multilayer feedforward neural
network model, among which error back propagation (BP algorithm) is widely used because of its
simple calculation and strong universality. The learning algorithm of ANN can be divided into local
search algorithm (such as error feedback algorithm, Newton method and conjugate gradient
method), linearization algorithm, random optimization algorithm (such as genetic algorithm,
evolutionary algorithm and simulated annealing algorithm), etc. The outputs of neurons in each
layer are transmitted to the next layer, which is enhanced, weakened or inhibited by connection
weights. Except for the neurons in the input layer, the net inputs of neurons in the hidden layer and
the output layer are the weighted sum of the outputs of the previous layer.
Ant Colony Algorithm (ACA) is a newly developed bionic optimization algorithm that simulates
the foraging behavior of ants in the insect kingdom. It is a random search algorithm that seeks the
optimal solution through the collective evolution process composed of candidate solutions. The
performance evaluation of ACA focuses on the quantitative calculation performance of the time
complexity and space complexity of the algorithm. There are roughly two ways to improve the ant
colony algorithm. One is to optimize the setting values of the parameters in the ant colony
algorithm, including the number of ant colony, pheromone importance factor, heuristic function
importance factor, pheromone volatilization factor and pheromone release amount. It is a
combination of ant colony algorithm and other algorithms to optimize the ant colony algorithm. In
the ant colony algorithm, the information about the advantages and disadvantages of the path
among ant groups is shared according to the pheromones released by ants. In the case of multiple
targets, the mother ant needs to measure the satisfaction degree between targets to release
pheromones, and measure the path from many aspects.
Simply using ANN to solve TSP still has many shortcomings, such as low generalization ability,
long training time to converge, easy to fall into local minima, etc. If ACA is introduced, the above
problems can be greatly improved. The best weights found by ant colony algorithm are used as the
initial weights of BP algorithm, and the error between the network output and the actual output is
calculated, and the weights are adjusted. In this paper, ACA is used to train the weights of neural
network, and the trained neural network is used to solve the problem. Experimental results show
that the algorithm is feasible and efficient.
3.2. Three-dimensional path modeling
Global path planning is to find a safe path from the start point to the end point in a static working
environment, which is the shortest global path. Mobile robots, such as unmanned cars, airplanes,
underwater snake robots and deep space probes, are developing constantly. Most of the robots work
not only in a two-dimensional plane, but also in a three-dimensional space. Compared with twodimensional space, the robot path planning problem in three-dimensional space is more complicated
in space and time, and has more constraints. Most path planning studies are based on 2D plane
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environment, which has some limitations for 3D space with complex environment and large scale.
Moreover, due to the special landform of 3D environment, the difficulty of path planning is also
increased. The mobile robot path planning problem includes two sub-problems: environment
modeling and path search technology based on this model. Therefore, the establishment of
environmental model is a prerequisite and an important link to solve the path planning problem of
mobile robot. The simulation results are shown in Table 1.
Table 1 Simulation results
Find a short path
Number of iterations required
to complete path finding.

Traditional algorithm
267.156

Algorithm in this paper
216.564

29 generations

70 generations

The existence of obstacles makes it impossible for nodes to communicate directly with each
other. At this time, according to the principle of the shortest straight line between two points, the
most reasonable choice is to make the robot move straight at the corner. However, in practical
problems, if the robot turns through an arc tangent to a straight line and keeps the smallest distance
from obstacles, it can find the shortest path. Compared with the two-dimensional environment, the
three-dimensional environment is more complex, so it is the key for mobile robots to work
independently in the three-dimensional environment by abstracting the three-dimensional
environment reasonably. For the convenience of operation, the mobile robot is assumed to be
spherical. In the aspect of ensuring the feasibility and safety of the robot's moving radius, the
boundary after the convex treatment of obstacles in three-dimensional space forms a new feasible
area.
4. Conclusions
With the pace of human exploration of nature, the scope of exploration space is gradually
expanding, the difficulty of exploration is also increasing, and the field of mobile robot replacing
human work is constantly expanding. Mobile robot, as a branch of machine enrollment, has
developed rapidly in recent years because of its large workspace and strong adaptability. The
research on mobile robot should first solve the problems of obstacle avoidance and path planning.
The intelligent degree of mobile robot is required higher and higher. As one of the key parts of
mobile robot navigation technology, path planning has always been an important research direction
for researchers. It is not only required to plan a path for the mobile robot in the workspace, but also
to make this path meet the standards of the shortest travel time, the shortest distance and the lowest
energy consumption of the mobile robot. It is very important to maximize the work efficiency and
choose the appropriate method. This paper focuses on the path planning of mobile robots, mainly
using ant colony optimization neural network.
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