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Abstract: Path planning of mobile robots is one of the core contents of intelligent 

control and robotics. Current research on mobile robots mainly solves the problem of 

path planning algorithm and Optimization in static and dynamic environments. This 

paper summarizes the main contents and development trends of the research on path 

planning methods for mobile robots. From the perspective of algorithm strategy, path 

planning methods are divided into classical methods and Intelligent Heuristic methods. 

Then the principles of various algorithms are analyzed concretely, and the advantages 

and disadvantages of various path planning methods are discussed. Finally, the future 

development trend of robot path planning technology in multi-robot coordinated 

operation, hybrid algorithm improvement, complex environment and high-dimensional 

environment is pointed out. 
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1.Introduction 

With the rapid development of modern science and technology, autonomous mobile 

robots are widely used in various fields, such as terrain detection, disaster relief, public 

services, factory operations and indoor cleaning. As a new tool for human beings, it 

effectively reduces labor intensity and improves productivity and safety. With the 

continuous improvement of social demand and the enhancement of intelligence, 

autonomous mobile robots are paid more and more attention. Autonomous navigation 

and mobile is one of the most basic and important functions of autonomous mobile 

robots. Path planning technology is an important guarantee for the autonomous and 

safe completion of tasks of autonomous mobile robots, and also a key technology in 

the navigation of autonomous mobile robots. 

The path planning of mobile robot is that the robot collects the information of the 
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surrounding environment through its own sensors, and chooses a collision-free optimal 

path quickly and accurately through the planning algorithm, so that the robot can 

reach the target position efficiently and safely from the starting position. In many 

static and dynamic environments, mobile robots are used more and more. Normally, 

there are various feasible paths for a robot to reach the target from the start location, 

but in circumstance, the best feasible path is selected according to some guideline 

such as shortest distance, smoothness of the path, minimum energy consumption etc. 

At present, path planning can be divided into local planning and global planning. In 

local path planning, robots have limited (partly known or unknown) knowledge of the 

map environment. However, in the global path planning, the robot is fully aware of the 

map environment, so the robot can reach the target position through the planned path. 

However, due to the uncertainty of environment and terrain, the application of global 

path planning method is limited, while the local path planning method shows greater 

flexibility in some known/unknown environments and can plan an optimal path in real 

time [1]. Path planning methods can be further divided into classical methods and 

Intelligent Heuristic methods. 

At present, the research of path planning technology is mainly in the following three 

aspects: (1) When a mobile robot walks in a given global environment, it must avoid 

all kinds of static (or dynamic) obstacles so as to reach the target safely；(2) In the 

course of the robot moving towards the target position, sensors and other devices are 

used to detect the uncertainties in the forward path, which can deal with the errors 

caused by various reasons in a short time and correct them；(3) According to people's 

specific requirements, an optimal path is planned. 

 

2.Current Situation of Path Planning Methods 

Path planning is an important aspect of mobile robot navigation control behavior 

design. The robot must reach the final target position in the shortest time, and the 

distance should be the smallest, and the computational complexity and power 

consumption should be low. According to the different characteristics of path planning 

principles, the planning methods are divided into traditional methods and Intelligent 

Heuristic methods, as shown in Figure 1. This section lists many planning methods 

proposed by many researchers, and lists and analyses the advantages and limitations 

of these methods. 
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Fig 1. The classification of robot path planning algorithms 

 

2.1 Classical Approaches 

At first, classical methods were very popular in solving the problem of robot path 

planning, because artificial intelligence technology had not been developed at that 

time. In path planning, the classical method is relatively simple and easy to implement, 

but the calculation cost is high, and it can not respond to the uncertainty in the 

environment in real time. Classical planning methods include raster map method, 

artificial potential field method (APF), probability roadmap method (PRM), fast 

exploring random tree method (RRT), etc. 

 

Fig 2. Grid Method 

 

2.1.1 Grid Method 

Grid Method (GM) is the most commonly used environmental modeling method in 

traditional path planning. This method was first proposed by W. E. Howde [2] in 1968. 

Now the grid method has been widely used in robot path planning. The grid map 

method divides the environment information of the robot into many small grids, and 

codes each grids. Then the grids are classified according to the corresponding 

environment information, and different values are given to the grids to indicate 

whether the grids are obstacle areas or free passage areas. This method is simple to 
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use and easy to implement, but it has high computational complexity, long running 

time and low search efficiency. It is only suitable for simple environment. As shown in 

Figure 2, the black grid represents the obstacle area, the white grid represents the 

free area, and the solid line represents the walking path of the robot. 

2.1.2 Artificial potential field method (APF) 

Artificial potential field method [3] is a virtual force field method proposed by Khatib 

in 1986. The principle is to create a virtual artificial potential field with gravity and 

repulsion in the working environment of the robot. The virtual attraction field is created 

at the target point, which increases with the decrease of the distance between the 

target point and the robot. The virtual repulsive force field is created near the obstacle, 

which increases with the decrease of the distance between the robot and the obstacle. 

In path planning, the robot is controlled by the combined force of gravity and repulsion, 

so as to avoid obstacles and reach the target point to find the path, as shown in Figure 

3. This method has simple structure, small computation and good real-time 

performance, and can generate relatively smooth paths. It has been widely used in 

robot path planning. However, this method also has some drawbacks. When obstacles 

are near the target point, it is easy to cause the target to be unreachable and fall into 

local minimum. In recent years, in order to solve this problem, many scholars have 

made a lot of research improvements. Zhang et al. [4] proposed the evolutionary APF 

method. The feasibility and effectivity are verified by simulation. Zhou et al. [5] 

proposed an adaptive APF method for the path planning of robot obstacle avoidance. 

The results show the method can avoid falling into the local optimal solution. Zhang 

[6] combines chaotic optimization algorithm with artificial potential field, and proposes 

a new method of robot path planning based on chaotic artificial potential field method, 

which effectively solves the problem that traditional artificial potential field method will 

oscillate in trap area. 

 

Fig3. Mobile robot navigation by APF approach 

2.1.3 Probabilistic Road Map Method (PRM) 

Kavraki et al. [7] proposed the probabilistic roadmap method in 1994. The main 
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principles of the probabilistic road map method are as follows. Based on random 

sampling, the undirected road map R= (N, E) is established, where N is the milestone 

node obtained by random sampling and E is the edge connecting these nodes. Given 

the starting point S and the end point G, the probabilistic roadmap method is to find 

two nodes S' and G' satisfying S and S' are directly connected, G and G' are directly 

connected. In undirected road map, an optimal path is obtained by continuously 

searching the edge sequence directly connected with S' and G'. 

2.1.4 Rapidly Exploring Random Tree Method (RRT) 

Rapidly-exploring Random Tree(RRT) is a sampling-based search algorithm, which can 

solve the problem of incompleteness constraints in multi-dimensional space, and 

provides a new idea for path planning in high-dimensional complex environment. The 

basic principle of this method is as follows: the starting point of path planning is 

defined as the root node of the search tree, and an existing node of the search tree is 

determined according to the prescribed criteria. Then, according to the constraints of 

path planning, a new node is extended and stored in the search tree, and the steps 

mentioned above are repeated until the destination is found. This method has the 

advantages of fast processing speed, strong search ability and no requirement for map 

preprocessing, so it has been widely used in path planning research in recent years. 

However, this method has some drawbacks, such as blindness, high computational 

complexity, easy to fall into dead zone and local minimum problems. Kalisiak et al. 

proposed a RRT-blossom algorithm [8], which generates new nodes by regression 

constraint function, thus reducing the probability of repetitive region search in the 

early stage of random tree and avoiding falling into the local optimum of search space. 

Frazzoli et al. [9] proposed a RRT* algorithm with asymptotic optimality. The core idea 

of this method is to apply random geometric graph and pruning optimization theory 

to the expansion of random number nodes, so as to ensure that the nodes of random 

tree can converge to the current optimal value. In 2017, Jia Lihong [10] proposed an 

improved method based on the combination of artificial potential field method and 

RRT algorithm. The basic idea of this method is that in the early stage of path planning, 

artificial potential field method is used to predict a path in the initial environment. If 

there are new obstacles in the path, RRT algorithm is used to plan the current local 

path, so as to achieve obstacle avoidance. This algorithm effectively solves the 

problem that RRT algorithm is easy to fall into local minimum, and improves the 

efficiency of path planning. 

 

2.2 Intelligence Heuristic Approaches 

In recent years, with the continuous development of technology, many intelligent 

heuristic methods have been widely applied in path planning. At present, commonly 
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used intelligent heuristic algorithms such as genetic algorithm, ant colony optimization, 

neural network, particle swarm optimization, artificial bee colony algorithm, etc. They 

have a strong ability to deal with uncertainties in the environment. This section will 

discuss various intelligent heuristics. 

2.2.1 Genetic Algorithm (GA) 

Genetic Algorithms (GA) is an intelligent algorithm proposed to simulate biological 

evolution in nature. Its application to the field of computer science was presented first 

by Holland [11] in 1975. The basic process of this method is as follows. First, the path 

group is initialized, then the crossover, mutation and selection operations are carried 

out. Finally, after several generations of evolution, the solution space is searched and 

the current optimal solution is output according to the requirements of the planning 

objectives. The advantage of GA is that it is simple, robust, and has strong search 

capability and high search efficiency. However, it is prone to premature convergence. 

When it approaches the optimal solution of the problem, the convergence speed of 

the algorithm will decrease. It is usually used in the global path planning. In recent 

years, the path planning of mobile robot based on genetic algorithm has been widely 

studied by many scholars. Shi et al. [12] proposed a path planning algorithm based 

on genetic simulated annealing to solve the problem of premature convergence speed 

of traditional genetic algorithm. Xu et al. [13] presented adaptive GA to solve the path 

planning of unmanned aerial vehicle. Example simulation shows that the new 

algorithm satisfies the requirements in the computation efficiency and the precision of 

the solution. Wang et al. [14] proposed a Double global optimization method 

combining genetic algorithm and particle swarm optimization. This method improves 

the efficiency of the algorithm and solves the problem that it is difficult to obtain the 

optimal solution for path planning. Wang et al. [15] proposed a method based on 

adaptive crossover and mutation probability. The traditional genetic algorithm was 

optimized by hybrid selection, which effectively improved the convergence speed and 

evolution efficiency of the genetic algorithm. 

2.2.2 Ant Colony Optimization (ACO) 

The ACO is proposed by Marco Dorigo in 1992. The ACO algorithm originated from the 

behavior of ants and its ability to find the shortest path from their nest to a food source 

(Figure 4). The basic principle of the ACO is each ant will release a secretion on the 

path it walked as a reference and will also perceive the secretions released by other 

ants while it is searching for food.This secretion is usually called pheromone. Under 

the action of pheromones, the ant colony can communicate with each other and 

choose paths. When the pheromone on a path is more than other paths, the ant colony 

will spontaneously move to this path, and release more secretions during the 

movement, so that the concentration of the pheromone becomes higher to attract the 
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latter ants which forms a mechanism of positive feedback. After a period of time, the 

concentration of pheromone on the shorter path is getting higher and higher, then the 

ants that choose it are gradually increasing, while the pheromones on other paths are 

gradually reduced until there is no. Finally， the whole ant colony is concentrated in 

the optimal path. Nowadays, the ACO is used to handle the mobile robot navigation 

problem for obstacle avoidance and path planning. In path planning, ant colony 

algorithm has the advantages of good global search ability, good stability and easy 

integration with other algorithms, but in the early stage of the algorithm, its 

convergence speed is slow, and it is easy to fall into local optimum in more complex 

environment. In recent years, many scholars have studied the optimization and 

improvement of traditional ant colony algorithm. X. Chen et al. [16] proposed a two-

stage ACO model which has ability to overcome the main inconsistency problem 

between premature convergence and the optimal path. In [17], an optimal path 

planning method is introduced based on Ant Colony Optimization Meta-Heuristic (ACO-

MH). The algorithm has the adaptive capability of changing in the environment so that 

it can perform a global robot path planning with dynamic obstacles.  Zhang et al. [18] 

initialize pheromones by random values and cross-operate pheromones, which 

improves the search ability, but reduces the convergence speed of the algorithm. Li et 

al. [19] combined the parameters of ant colony algorithm by bacterial foraging 

algorithm to improve the overall performance of the algorithm, but this method is 

limited to some fixed scenarios. 

 

Fig4. The behavior of ants while searching the food 

 

2.2.3 Particle Swarm Optimization (PSO) 

Particle Swarm Optimization (PSO) is a nature-based metaheuristic algorithm which 

adopts the social behavior of creatures. It is proposed by Eberhart and Kennedy [20] 

in 1995. Basically, PSO is initialized with a set of random solutions and then updated 

each generation based on optimal schema. Then, the global optimum is achieved by 

changing the collection of particles in a search space toward a promising area. The 

particle position updating process of the algorithm is shown in Fig. 5. Nowadays, this 
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algorithm is widely used to solve the robotic path planning with the advantages of 

easy implementation, high precision and fast convergence. Gong et al. [21] proposed 

a global path planning method based on multi objective PSO. This method effectively 

improves the efficiency of global path planning. Tang X. et al. [22] addressed the 

mapping and localization issues of mobile robot navigation in the unknown 

environment by using a multi-agent particle filter. This method reduces the 

computational complexity and accelerates the convergence speed. Cheng et al. [23] 

proposed an improved chaos PSO to solve the path planning for unmanned aerial 

vehicle. The efficiency of this algorithm was superior to the traditional PSO, especially 

in the three-dimensional environment. Yusof et al. [24] proposed a predetermined 

waypoints method. The algorithm is fast and efficient, but it is easy to fall into local 

optimum. 

 

Fig5. Depiction of a particles position update in PSO 

2.2.4 Artificial Bee Colony Algorithm(ABC) 

The artificial bee colony (ABC) algorithm was presented by D. Karaboga [25]. It is a 

swarm based meta-heuristic algorithm utilized for enhancing numerical issues. The 

food search cycle of ABC consists of the following three rules: First, sending the 

employed bees to a food source and evaluating the nectar quality; Second, onlookers 

choosing the food sources after obtaining information from employed bees and 

calculating the nectar quality; Third, determining the scout bees and sending them 

onto possible food sources. The algorithm is simple, easy to implement and has strong 

robustness, but its development ability is poor, and it may fall into local optimal solution, 

especially in dealing with complex problems, which takes a long time and has low 

precision. In recent years, a large number of researchers have optimized and improved 

the traditional bee colony algorithm. Luo et al. [26] proposed a chaotic artificial bee 

colony algorithm, which combines chaotic mechanism with bee colony algorithm to 

find the optimal parameters, effectively improving the local optimal solution of 

traditional bee colony algorithm. Contreras-Cruz et al. [27] proposed a path planning 

method based on improved bee colony algorithm. This method uses artificial bee 
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colony algorithm for local search, and uses evolutionary programming algorithm to 

refine the local solution, so as to obtain the optimal solution. Moreover, the method 

has high accuracy and fast speed, and effectively improves the efficiency of path 

planning. Ma et al. [28] proposed a hybridized approach by combining the ABC 

algorithm with a time rolling window strategy. Thus the path planning of mobile robot 

in real-time dynamic environment is realized. 

 

3.Development Trend of Path Planning 

With the continuous development of science and technology, mobile robot path 

planning technology research has achieved a lot of research results, but in the specific 

path planning algorithm design, each algorithm still has certain limitations, there are 

many theories and methods need to be improved. From the current development 

direction, the future development direction of path planning technology for 

autonomous mobile robots includes the following aspects: 

(1) Multi-robot coordinated operation. With the increasing complexity of task and 

working environment, it is very difficult for a single robot to complete the task. At this 

time, multiple robots need to coordinate and cooperate to complete the task. Multi-

robot coordination operation has good security, reliability and coordination. 

(2) Multi-sensor information fusion technology. The stability and accuracy of robot 

path planning can be improved by utilizing multiple sensors to collect and process 

information reasonably. 

(3) Improvement of new intelligent heuristic algorithm or hybrid algorithm. Path 

planning method requires good real-time and responsiveness, and can be suitable for 

different environments. At present, any single algorithm will have some shortcomings, 

such as weak global search ability, easy to fall into local optimal solution and so on. 

Therefore, a variety of algorithms are effectively integrated, which can produce a 

better kind of algorithm and improve the effect of path planning by learning from each 

other's strengths and weaknesses. In addition, exploring new intelligent algorithms is 

one of the directions of the development of path planning technology. 

(4) Path planning technology in complex environment and high-dimensional 

environment. Path planning of mobile robots is mostly to solve the path planning 

research of intelligent robots in terrestrial working environment, such as logistics 

robots, service robots, explosion-proof robots, etc. However, there are relatively few 

studies on flying robots and underwater robots in three-dimensional space. With the 

need of future space exploration, the research of path planning technology in high-

dimensional space and more complex environment will gradually become an important 

direction. To sum up, enhancing the research and development of robot path planning 

in real environment is an inevitable problem for practical application, and it is also an 
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important development direction of path planning technology in the future. 

 

4.Conclusion 

Path planning technology of mobile robots has always been one of the key contents 

of robotics research at home and abroad. The path planning problem is an important 

research field of the mobile robot which has aroused the interest of many researchers 

both at home and abroad. Good path planning technology of mobile robot can not 

only save a lot of time, but also reduce the wear and capital investment of mobile 

robot. In this paper, the research status of path planning for mobile robots is briefly 

described. Path planning methods are divided into traditional methods and Intelligent 

Heuristic methods. The advantages and disadvantages of various methods are 

described, as well as the main research results. Finally, the future research direction 

of path planning algorithm is prospected, which has a certain reference significance 

for the research and development of mobile robot path planning technology. 
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