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Abstract. In order to solve the problem of low path planning efficiency in complex obstacle environment, 
an improved Rapidly-exploring Random Trees (RRT) algorithm is proposed. It utilizes artificial potential 
field to guide the fast expanding random tree to growing towards the target and away from obstacles. 
Considering the gravitational field of the target node and the repulsion field of the obstacle in the artificial 
potential field, a certain number of random nodes generated in one iteration are evaluated and selected. The 
simulation results show that the improved RRT algorithm has strong advantages over the basic RRT 
algorithm in search ability and computation time. 
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1. Introduction 

The goal of path planning is to plan an optimal or suboptimal obstacle avoidance path that connects the 
starting point and the target point and satisfies the constraint conditions of the robot itself in the working 
environment with obstacles [1]. At present, common path planning methods mainly include A* algorithm, 
artificial potential field method, neural network, and rapidly expanding random tree algorithm RRT[1-2]. 
Among them, RRT algorithm has flexible and powerful search ability and can be used for path planning in A 
variety of complex environments [3]. However, in the search process, the comprehensive cost of path is not 
considered. Due to the randomness of nodes in expansion, the planned path has strong randomness and the 
obtained path is not optimal. In fact, the optimal path planning algorithm is particularly important for the 
practical application of robots [4]. 

In view of the deficiencies of RRT algorithm, two-way search is adopted to speed up the solution process 
[5]. In Literature [6], K nodes closest to the target point were selected from the existing search tree during 
node expansion, and the evaluation function was used to guide node expansion. In reference [7], on the basis 
of reference [6], multiple random sampling strategy was adopted to reduce the influence of randomness of 
RRT method. Literature [8] improved the random sampling strategy by dynamically adjusting the sampling 
area of random points, and improved the node expansion efficiency of the RRT method. 

In order to overcome the above problems, combined with the idea of artificial potential field, this paper 
makes use of the gravitational effect of the target point and the repulsive effect of the obstacle to make the 
random tree closer to the target and away from the obstacle. The simulation experiment shows that, 
compared with the basic RRT algorithm, the improved algorithm has enhanced the adaptability to the 
environment and improved the search efficiency. 

2. Basic RRT Algorithm 

2.1. The principle of Basic RRT Algorithm 
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The main idea of the basic RRT algorithm is to generate a random extension tree gradually through 
random sampling. As the tree grows until the target points are included, then the path formed by connecting 
the nodes between the root node of the random tree and the target points is the planned path. The growth 
process of the random tree is shown in Figure 1. Set the starting point to the root of the random tree. From 
this root node, the new leaves are extended outward. The way of extension includes random sampling, step 
size restriction, and collision detection. In each iteration, RRT will generate a random sampling Node. If the 
Node is located in the free region, then we can traverse all the existing nodes in the random tree and find the 
ClosestNode nearest to the Node. The distance between the two nodes is obtained by using the distance 
function. If the step size limit is satisfied, we will then carry out collision detection on the two nodes. If the 
step size limit is not satisfied, we need to find an intermediate point along the direction of the connection 
between the two points that meets the step size limit to replace the Node. Finally, if Node and ClosestNode 
pass collision detection, Node can be added to the random tree. The final planned path is shown in the green 
line in the Fig. 1. 

 

Fig. 1: RRT algorithm basic principle diagram. 

2.2. Shortcomings of the Basic RRT Algorithm 
(1) Strong randomness and lack of target directivity in the search process. RRT algorithm is based on 

random sampling algorithm, the growth of random tree nodes is random, which leads to the random tree 
growth has no direction, and the calculation is large.  

(2) Planning path may not be optimal. There is no comprehensive consideration in the search process, 
and the path obtained is not always optimal 

3. Improved RRT Algorithm 

On the one hand, due to the disadvantages of the basic RRT algorithm, such as strong randomness and 
no target directionality in search, the idea of target point generating gravity in artificial potential field 
algorithm is introduced into the RRT algorithm. On the other hand, in order to better avoid the interference 
of obstacles, improve the search efficiency, reduce the amount of computation and reduce the time cost, the 
repulsive effect of obstacles in the artificial potential field is introduced into the RRT algorithm. 

For n nodes randomly generated in each iteration, the selection of new nodes is determined by 
comprehensive analysis of their gravitational and repulsive forces, as shown in Equation (1). 
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Where, iP  is the generated random node, ( , )idis P goal  is the distance between iP and the goal point, 
min ( , )idis P obstale  is the minimum distance between iP  and obstacles, and   is the corresponding impact 
factor. Of course, according to the actual needs, we can change the relative influence degree of the target 
point and the obstacle by adjusting the   value. It can be seen that the smaller the ( )if P  value, the better the 
superiority of the corresponding point.                                             

As shown in Fig. 2, the current node is P , and three nodes 1P , 2P  and 3P  are randomly generated. 
Therefore, the applicability of the three subsequent nodes needs to be evaluated. After calculation, the 
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corresponding values of the three nodes are 1 2 3( ) 92.90 ( ) 84.29 ( ) 99.84f P f P f P  ， ， respectively，where 
=0.3 .Therefore, 2P  is taken as the optimal selection point. 
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Fig. 2: Selection of node. 

4. Experiment and Analysis  

Based on the algorithm designed above, the algorithm simulation experiment is carried out on the 
Intel(R) Core(TM)i5-10210U CPU@1.6GHZ 2.11GHz CPU and 12.0GB memory laptop computer using 
MATLAB R2018b.  

4.1. Simulation Experiment 
In order to verify the performance of the improved RRT algorithm, the simulation comparison was 

conducted in different environments. The map scale of all environments is [600,400], the starting point of 
path planning is set as [50,150], and the target point is set as [550,250]. Due to the randomness of the RRT 
algorithm, 50 repeated tests were performed for the basic RRT algorithm and the improved RRT algorithm in 
each environment. Finally, the planned path was given and the average value of each indicator was counted. 
The planning results under the three environments are shown in Fig. 3-5，where the blue nodes are not on 
the red obstacles, and which can be seen clearly after magnification. 
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      Basic RRT algorithm                            Improved RRT algorithm 

Fig. 3: Planning results in environment 1  
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        Basic RRT algorithm                            Improved RRT algorithm 

Fig. 4: Planning results in environment 2 
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       Basic RRT algorithm                            Improved RRT algorithm 

Fig. 5: Planning results in environment 3 

In the figure: the green line represents the optimal path planned; The magenta lines are branches of the 
extension tree; start is the starting point. goal is the target point. Based on the planning results of the three 
environments, it can be seen that compared with the basic RRT algorithm, the path search of the improved 
RRT algorithm is more targeted and directional, which greatly reduces the ineffective extended search and 
improves the efficiency of path search. 

4.2. Planning Efficiency Analysis 
   In general, if the iterations times of the successful path searched by the algorithm is less, the running 

time and path length are shorter, and the ratio of effective nodes is higher, the efficiency of path planning is 
higher. Therefore, the planning efficiency is measured by the average iterations times, the average running 
time, the average path and the ratio of effective nodes. The path planning result parameters in the three 
environments are shown in Table 1 respectively. 

Table 1:  Path planning results of two algorithms in different environments 

Environment Algorithm 
Shortest 

path /km 

Average 

path /km 

average iteration 

times 

Effective 

node ratio 

Average 

time /s 

1 

(General) 

Basic RRT 599.32 639.51 38 0.43 1.95 

Improved 

RRT 
551.44 598.91 25 0.86 1.75 

2 

(Dense obstacle 

Basic RRT 641.79 682.34 55 0.41 1.87 

Improved 

RRT 
595.96 660.32 31 0.72 1.75 

3 

( Narrow channel) 

Basic RRT 686.89 701.61 49 0.35 2.71 

Improved 

RRT 
630.84 689.35 27 0.72 2.13 

From Table 1, it can be seen that the average path length of the basic RRT algorithm in three 
environments is 674.39km, while the improved RRT algorithm is 649.53km, a decrease of 3.7%. The 
average iteration times of the basic RRT algorithm in the three environments is 47, while the improved RRT 
algorithm is 28, which is reduced by 41.5%.  Meanwhile, the average running time of the basic RRT 
algorithm in the three environments is 2.18s, while the average running time of the improved RRT algorithm 
is 1.88s, reducing the average running time by 13.8%. 

5. Conclusion 

In this paper, an improved RRT algorithm is proposed to solve the problem that the basic RRT method 
has too much randomness in the path planning, and can not quickly obtain a path close to the optimal path. 
The proposed algorithm inherits the diversity of the basic RRT method, increases the number of random 
nodes in a single expansion, and selects nodes by integrating the gravity of the target point and the repulsion 
of obstacles. Simulation results show that the improved algorithm achieves good results in different 
environments. 
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