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Abstract. At present, path-planning algorithms in the field of robotics is a problem of research value. 
Especially in the field of robotics, it has great significance. A good algorithm can improve the 
efficiency of the robot and ensure the safety of the robot in complex environments. In addition, the 
path planning algorithm can improve the autonomy and intelligence of the robot, help the robot to 
realize autonomous navigation and decision-making, and through different algorithms, the robot can 
also play different roles in different fields. In the past few years, many relatively perfect algorithms 
have been formed and used. Such as A* algorithm, Q-learning, ant colony algorithm, RRT algorithm, 
etc. After consulting the relevant literature, the author mainly researches the applications of RRT 
algorithm and its improved algorithms (RRT*, RRT*-smart, Informed RRT*). There are also some 
examples of combined algorithms in this article. Therefore, the author will focus on RRT algorithm 
and its improvements and analyze the common target of these algorithms through examples and 
comparisons, which is to find a shorter and more accurate path. In addition, the algorithms also need 
to run faster. In the end, the advantages, and disadvantages of these algorithms in different 
environments and fields are summarized. In the future research, scientists can further optimize the 
performance and applicability of these improved algorithms for specific fields or application scenarios. 
Resulting in better improvements to solve path planning problems, improve efficiency and reduce 
costs.  
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1. Introduction 

From the creating of the computer, automation control and robotics have had a very important impact 

on human beings in agriculture, transportation, machinery manufacturing, etc. From the initial motion 

planning problem (Move a piano from one room to another room and collision is banned), scientists 

began to build algorithms. With the fast development of robotic, path-planning is getting much more 

important applications in various fields. In the field of autonomous vehicles, Q-learning algorithm is 

important in the safety and efficiency of vehicle obstacle avoidance and path planning [1, 2]. Besides, 

in the field of robotics and automatic control, Rapidly-exploring Random Tree algorithm (RRT) is a 

typical path-planning method, which is widely utilized in helping robot navigate obstacles and find a 

better route. For instance, there are already wheelchairs on the market that can intelligently plan paths 

based on RRT algorithm and its improvements to better help people with disabilities [3]. Compared 

with other algorithms, RRT algorithm has strong adaptability to the location environment and is 

suitable for space of higher dimension. However, there are still some limitations in facing complex 

environment and dynamic obstacles [4]. Thus, exploring and improving RRT algorithm are important 

and have theoretical significance and application value. In short, the RRT algorithm still needs to be 

improved. 

Rapidly-exploring Random Trees algorithm (RRT) was first pointed out in 1998. It is a search 

algorithm which is based on probability. In a randomly environment, the algorithm designs an optimal 

path from initial point to the goal point, and the searching progress is just like a tree grows branches 

by random sampling. Just as the author’s statements, RRT algorithm is a simple and effective method 

for formulate route not only in two dimensions but also in three dimensions because it has few 

parameters, simple obstacle modeling, strong searching ability and simple structure. However, 
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because it is random sampling, it cannot converge to the most optimal path [5]. To work out this 

limitation, more new algorithms based on RRT are proposed. One of these improvements is RRT*, it 

can find a shorter and smoother path, which is an optimal path in the whole environment instead of 

partial environment by backtracking and backdating [3]. Based on RRT*, RRT*-smart is formed, 

which optimizes on the path found by RRT* to make it as straight as possible. Besides, RRT* -smart 

also introduces the smart sampling method, which is neither random sampling of RRT*, but sampling 

over a range [5]. Another more precise algorithm is Informed RRT* algorithm, The core of this 

algorithm is to use a suitable ellipse region to include a path that can avoid obstacles to reach the end 

point. The sampling space is included in the range of the ellipse, and the region of the ellipse is 

reduced again with each shortening of the path, and a good planned path is obtained in the same time 

as possible through continuous iterative convergence [6]. 

This article aims to give a comprehensive review in path planning of RRT algorithm and its optimized 

algorithms. The author will focus on the basic principle of RRT algorithm, RRT* algorithm, RRT*-

smart, Informed RRT* and give some examples of their applications in formatting a path for robot to 

get to the target point and avoid the surrounding obstacles safely and efficiently. The author will also 

give a deep analysis in their advantages and disadvantages, as well as the range of adaptability. In 

addition, this article will discuss the challenges and the future directions of RRT algorithm and its 

improvement in solving path planning problems of complex environment and obstacle. In the future 

of artificial intelligence and automatic control, how to apply RRT and its improved algorithms to 

complex real situations (vehicle planning in logistics management, drone flight trajectory design, 

submersible to avoid ocean currents and reefs) and find an efficient and simple path is quite important 

[5, 7]. 

2. RRT Algorithm and Its Improvements  

2.1. RRT algorithm 

It has been mentioned in the introduction part that the RRT algorithm was initiated by professor 

LaValle in the 1990s. RRT algorithm can efficiently and simply plan paths in a multidimensional 

environment. RRT searching is very similar to how trees grow and their branches spread out. The 

following describes the principle of RRT algorithm: Consider the starting point to be the root node, 

and then use random sampling to construct many leaf nodes from the base node. From these leaf 

nodes, form a random extended tree until a leaf node in the random tree reaches the goal point. The 

random tree may then be used to select a path between the beginning and target points. Of course, if 

the contact between the leaf node and its parent node passes the obstruction during the growth process, 

the growth is considered illegitimate. The pseudo-code of the RRT algorithm and its annotations was 

shown in the Figure 1.  

In the process of running the code, the last step is that go back to the random tree, starting from the 

target point to mark the last parent node, and then continue the loop process until the root node is 

marked (found). Thus, a path is formed from the initial point to the goal point and there is not hitting 

any obstacles [8].  

Here are the parameters required by the RRT algorithm:  

The configuration space itself, including: Initial and target points, Obstacles (including kinematic 

constraints).  

Expansion step: the maximum distance that the tree expands from on parent node to its neighbors in 

each iteration. 

Maximum number of iterations (expansions).  

Decision parameters: parameters that affect the selection of the next expansion node, may encourage 

goal-oriented and exploration behavior.  
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Fig. 1 The pseudo-code and annotation of the RRT algorithm (Photo credited: Original) 

From the code and the parameters, comparing RRT algorithm with other algorithms, the advantages 

of RRT are summarized as follows: RRT algorithm has fewer parameters, its configuration is simpler, 

and its ability of searching is better. Besides, to make the process of path planning more efficient and 

more rapid, RRT algorithm can be easily combined with other algorithm. Also, it can work out the 

problems of high dimensional and complex environment. However, in the later running process of 

RRT algorithm, the rate of using nodes is low, as well as the calculation amount is too large, so it will 

consume more time. And because of random sampling, its path will be unstable. However, in the later 

process of running RRT algorithm, the rate of node utilization is low. And it will spend more time to 

calculate and figure out the complex environment. And because of random sampling, it may occur 

the condition of path instability. To sum up, the RRT algorithm is suitable for global offline and local 

online path planning, and can complete high-dimension and complex path planning when resources 

are sufficient [8]. Therefore, RRT algorithm has important research significance in solving the motion 

planning of unmanned vehicles. It can solve the feasible path of unmanned vehicles under kinematic 

constraints through some methods based on the generation of parameterized nodes in the guidance 

domain, and quickly cope with the changing environment, that is, update the path in real time during 

driving. And it also has a certain degree of universality, can cope with different traffic driving 

situations. It provides strong support for the wide application of autonomous vehicles [9]. 

In conclusion, RRT algorithm has a great impact on path planning, has a wide application prospect, 

and is suitable for many aspects. However, because of its random sampling principle, the shortest 

route cannot be accurately found, and there will be a lot of unnecessary calculation, thus affecting the 

algorithm running speed, making the whole path planning process inefficient. Therefore, RRT 

algorithm needs to be further explored, to make greater contributions to the development of the path 

planning field.  

2.2. Improvements of RRT Algorithm 

It is of huge challenge to further improve the RRT algorithm. Because the random of paths which 

were founded by the RRT algorithm, that is, the tree growth starts from the starting point and ends as 

soon as the end point is found, it cannot guarantee that the path found is the shortest. To further 

simplify the path planning process, make the calculation process of the initial RRT algorithm more 

efficient, and make the RRT algorithm have a wider application range, more and more improved 

algorithms have been proposed by scientists. According to the time order, the author introduces the 

principle, advantages and disadvantages, and applications of three improved algorithms RRT*, 

RRT*-smart and Informed RRT*. 

2.2.1. RRT* Algorithm 

Frazzoli and Karman pointed out RRT* algorithm in 2001 [10]. The RRT* algorithm is to find an 

optimal path. The search process of RRT* algorithm is the same as that of RRT, that is, the target 
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point is found in the process of tree growth is the same. However, RRT* has two major improvements 

in the later period. Based on RRT algorithm, RRT* algorithm makes the following improvements. 

The first one is that the process of reselecting the parent node in the RRT* algorithm. In RRT 

algorithm, target point ends up being connected to its closest point on the tree, but that may result the 

path is not the shortest one. Therefore, after the random tree grows to the target point, RRT* algorithm 

takes it as the center of the circle, specifies a radius, and chooses a better parent node within the 

sphere of the circle, and then search in loop the parent of the parent node until find the best path. 

Another improvement is rewiring, in which the original connection is removed and the new parent 

node is went together after a more suitable parent node has been selected.   

The pseudocode for RRT* selecting parent nodes and rewiring was shown in the Figure 2.  

 

Fig. 2 The pseudo-code and annotation of the RRT* algorithm (Photo credited: Original). 

RRT* specifically generates the path as follows: 

1) Reselecting a parent node is to set a range near node xnew and find an area with r as radius c as 

center, and find a point within this area to replace xnew's parent node. After finding nodes, it 

calculates whether the total cost of replacing from starting point to neighboring nodes with xnew is 

lower than the original total cost in order [11]. 

2) The rewiring process follows the reselection of parent nodes, which aims to decline the cost 

between the nodes in the random tree [11]. 

The RRT* algorithm has following advantages. First, it has a certain optimality, because it is an 

improved RRT algorithm, it also considers the length of the path when finding a path, that is, it selects 

a shorter path, to generate an optimal or almost optimal path. Second, RRT* has a wide range of 

applications, which is the same as RRT algorithm for a variety of environments, including unknown, 

partially known, dynamic, etc. However, since the RRT* algorithm needs to consider the path’s 

length while searching the path, the calculation is relatively large, which may influence the 

performance of the algorithm. Moreover, it is sensitive to the parameters: the results of the RRT* 

algorithm also relay on the choice of the parameters, which may result in the degradation of the 

algorithm performance if the parameters are not chosen properly. 

RRT* algorithm also has many applications in the field of automation, which realizes more efficient 

and accurate path planning than RRT by optimizing node selection and path construction. In 

intelligent wheelchair applications, RRT* can help the wheelchair to plan the kinematic constraints 

and help it navigate in complex environments, to achieve accurate path trajectory control. By applying 

the RRT* algorithm in the trajectory planning of intelligent wheelchair, it can effectively avoid 

obstacles and even moving pedestrians, make the intelligent wheelchair solve the problems by using 

less time and promote the effectiveness. This provides a great help for the intelligent wheelchair to 

assist the disabled and elderly people and make the path smoother. 
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2.2.2. RRT*-smart algorithm 

RRT*-smart is a further improvement of RRT* proposed in 2013 [12]. Although RRT* can converge 

asymptotically to the optimal solution, it converges very slowly. RRT*-smart gives path optimization 

and smart sampling methods based on RRT*, to improve the speed of convergence of path 

optimization. The core idea is that after an initial path is obtained, starting from the target point, it 

connects its parent node in the opposite direction, looking for the node with lower cost, and stops the 

connection until the collision is calculated or the cost becomes higher. Then it starts from the stopped 

node and connects directly to its new parent node in the reverse direction. In the process of iteration, 

the path tree is updated if it is less costly to find a new parent node to connect with this node. This 

new parent node is called Xbeacons. After finding Xbeacons, several points called Xrand will be 

sampled within the radius of the Rbeacons centered at that point. However, in the subsequent 

iterations, the RRT*-smart algorithm is not randomly sampled but added to the smart sampling 

method. In general, RRT*-smart is a process of optimizing the path and straightening the curve. The 

pseudocode and its annotation for RRT*-smart was shown in the Figure 3 and Figure 4 [12].  

 

Fig. 3 The pseudo-code and annotation of the RRT*-smart algorithm (Photo credited: Original) 

 

Fig. 4 The pseudo-code and annotation of the RRT*-smart algorithm (Photo credited: Original) 

In conclusion, RRT*-smart has the following advantages: it can make the final route shorter and 

smoother. Redundant inflection points are removed so that fewer path inflection points are obtained. 

However, under the same sampling times, the effect of smart sampling is not ideal, the convergence 

rate of the path is reduced due to node aggregation, so the inflection point position will be far away 
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from the obstacle, and the Angle at the inflection point is too large, so it is easy for robot escape when 

going through the path. Moreover, the optimization effect of the path is not very good, and the path 

quality may deviate from the optimal solution. 

At present, RRT*-smart is helpful for path planning of USV in complicated and dynamic 

environments, and it is improved under smart sampling, which uses an elliptical sampling point range 

to avoid invalid sampling. In the face of dynamic obstacles, a constraint on the Angle at the node is 

added to satisfy that the path is smooth enough [13]. This method makes USV in the path planning 

efficiency, optimization, security has been greatly improved.  

2.2.3. Informed RRT* Algorithm 

Informed RRT was proposed in 2014. Informed RRT is a heuristic way of planning path for robot 

algorithm based on sampling method, which aims to generate shorter and more optimal paths by 

intellectively selecting nodes [14]. The Informed RRT* algorithm is a process-optimized algorithm 

that aims to optimize the sampling of RRT*. It uses an ellipse that iteratively converges for sampling, 

that is, the sampling points are in the ellipse rather than in the whole environment. In Informed RRT*, 

its ellipse has two focal points: the initial point and the goal point. Focal length is cmin, major axis is 

cbest (the length of the initial path) and minor axis is b. As shown in the Figure 5, these are the 

parameters of the ellipse. In each later iteration, after each shorter path is traversed, the secondary 

path is taken as the new major axis, from which the shape of the ellipse is updated [14].   

 

Fig. 5 Schematic diagram of the ellipse parameter solution [15] 

The pseudocode and annotation for the Informed RRT* algorithm was shown in the Figure 6. 

 

Fig. 6 The pseudocode and annotation for the Informed RRT* algorithm (Photo credited: Original) 

Informed RRT* has the following advantages and disadvantages. Informed RRT* has a certain target-

oriented, high search efficiency and wide application range. It can quickly find the goal point in the 

process of building the path, and through the imported information, it can select nodes more 

intelligently, to generate shorter and better paths faster and more efficiently. However, Informed 

RRT* has higher requirements on the environment to make the robot get certain environmental 

information more accurately. The parameters of this algorithm impact the effectiveness and 

smoothness terribly, such as the improper step size, the samples will lead to the degradation of the 

running performance of the algorithm [15]. 
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Intelligent robots based on Informed RRT* algorithm can complete more accurate work. At present, 

an anti-collision path planning algorithm for head and neck surgical robots has been designed. The 

algorithm also incorporates a regression filtering mechanism to prevent local optima that may occur 

in the path planning process [16]. Informed RRT* can also be used in many other applications, such 

as autonomous driving, logistics distribution, and drone flight, making the process of selecting the 

better path and operation safely and effectively. 

3. Discussion 

In the facets of speed in generating paths, the initial RRT algorithm is relatively slow because its 

random sampling-based procedure means that each extension may not be toward the goal, increasing 

the time needed to find a valid path. However, RRT*, RRT*-Smart and Informed RRT* which are 

promoted from RRT significantly improve the effectiveness in path generation through introducing 

heuristic search and optimization strategies. 

In the facets of efficiency, RRT* algorithm improves the quality of the path by introducing the idea 

of local optimization, that is, it can process the generated path again after each time to remove 

redundant nodes. RRT*-Smart further combines the idea of Smart (Sampling-based Roadmap 

Augmentation with Refinement Trees), and further improves the efficiency and quality of path 

generation through local resampling and refinement process. Informed RRT* introduces the concept 

of sampling region, which only samples in the region that may contain the optimal solution, thus 

greatly improving effectiveness of searching of the algorithm. 

Since RRT* and its modified algorithms continuously optimize in the process of generating paths, 

the generated paths are usually shorter than the traditional RRT algorithm. This is because these 

algorithms can use the known information more efficiently and avoid generating unnecessarily long 

paths. In addition, because they are optimized after generating the path, the generated path is usually 

smoother, which reduces the abrupt changes and unnecessary steering during the robot motion, which 

is conducive to the smooth movement of the robot. 

In conclusion, the promoted algorithms RRT*, RRT*-SMART and Informed RRT* outperform 

conventional RRT on terms of speed, efficiency, path length and path smoothness in generating paths. 

RRT*, RRT*-SMART, and Informed RRT* are three sample-based path planning algorithms 

commonly used in robot path planning and navigation. RRT improves the path quality by optimizing 

the structure of the tree, but it is computationally expensive. RRT-SMART improves the efficiency 

by introducing heuristic search and node optimization. Informed RRT* uses prior information to limit 

the search space and further improves the efficiency. In application, the three are widely used in 

unmanned driving, unmanned aerial vehicle and other fields. Promising, but the trade-off between 

computational efficiency and path optimization still needs to be addressed. 

In summary, the four algorithms have their own advantages and disadvantages, and the appropriate 

algorithm should be selected according to the application scenarios and requirements. 

4. Conclusion 

This article reviews RRT based path planning algorithms, introduces the basic principle of RRT and 

three improved algorithms: RRT*, RRT*-smart, Informed RRT*. RRT and its improved algorithms 

have a profound impact in the field of path planning, which provides a basic idea for future 

generations to propose new improved algorithms and the integration of multiple algorithms. To solve 

the problems of locally optimal solution and large amount of calculation of RRT, to improve the 

effectiveness and accuracy of planning paths for robots to a certain environment, these improvements 

of RRT algorithm were created by lots of scientists. However, author found that these improved 

algorithms have their own advantages and disadvantages in different environments and application 

scenarios, and they cannot completely find the optimal route. Future research directions can further 

optimize the performance and practicability of these algorithms for specific fields or application 
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scenarios. For example, improving the characteristics and constraints of specific robots or unmanned 

vehicles, combining machine learning and various algorithms for promoting the accuracy and 

smoothness of path-planning. Thus, the effectiveness of computer and resource consumption are 

declined. Although RRT algorithm has been developed for more than 20 years, and the results and 

models are very simple, it still has great research value, which is worth scientists to continue to 

explore in the future, scientists can continue to optimize the algorithm, and combine other algorithms 

with RRT and its improvements, to apply path planning to more fields, to further improve the 

operational efficiency of human society. 
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