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Abstract 

This study aims to present an effective local path-planning strategy for Autonomous 

Vehicles (AVs) operating in a dynamic urban environment. The method combines 

bi-directional rule templates, configuration time-space, and RRT-ACS algorithm 

(hybridization of rapidly exploring random tree star with ant colony system). The 

use of RRT-ACS accelerates the convergence of feasible pathway planning. Path 

quality is improved using bi-directional rule templates derived from dynamic urban 

environment traffic scenarios and combining the RRT-ACS algorithm with 

configuration time-space. The resulting technique, RRT+BRT+CTS (RRT-ACS 

with two-way rule template and configuration space-time), emerged as a major 

research breakthrough. Several simulations of dynamic urban environmental 

conditions are used to validate the effectiveness of the RRT+BRT+CTS. 

Comparisons were made with two well-known path-planning algorithms used in 

dynamic urban environments: Fast RRT and Closed Loop RRT (CL-RRT). The 

simulation results demonstrate the superior performance of the proposed strategy 

for local path planning in dynamic environments regarding speed and efficiency for 

AVs. As a result, the proposed strategy is a suitable choice for addressing the 

complex challenges of Avs's urban navigation. 

Keywords: Autonomous road vehicles, Bi-directional rule templates, 

Configuration time-space, Path planning, RRT-ACS algorithm. 
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1. Introduction 

Autonomous Vehicles (AVs) can operate without a human driver [1]. AVs can have 

a big impact on human life [2]. Some of the contributions of AVs include 

autonomous taxis that are free from human driver crime [3], becoming a tourist 

attraction [4], increasing travel safety [5], reducing traffic jams [6], and reducing 

the need for parking spaces [7]. Some important processes that the AVs system 

must carry out are generating a global path consisting of waypoints, detecting 

objects around the vehicle, predicting the movement of dynamic objects, and 

generating local paths [8]. This research focuses on developing local path-planning 

algorithms in dynamic environments. 

Many literature-based path-planning methods for dynamic environments exist. 

Rapidly exploring random tree (RRT) algorithms has attracted much attention in 

dynamic path-planning research. Previous research revealed another innovative 

approach using the MOD-RRT* algorithm, which involves path planning and 

replanning [9]. However, MOD-RRT* is only used in mobile robot navigation, not 

AVs. In previous research the Closed Loop RRT (CL-RRT) has been introduced. 

Another research introduces AV-specific path-planning strategy called Fast RRT 

[11]. Traffic-based rule templates and aggressive search tree expansion are 

introduced in Fast RRT. Fast RRT is faster than standard RRT. However, the above 

methods use the basic RRT* algorithm and have not been tested with more 

advanced RRT* improvement algorithms. 

Many RRT* algorithm improvements have been developed. The RRT*-connect 

technique [12] optimizes pathways but requires a full state search. This is in line with 

previous research on informed RRT* approaches [13]. breakthrough. However, it 

encounters difficulties when a tiny route obstructs the target node. To overcome this 

restriction, one of the solutions is to use informed RRT*-connect technique [14]. 

Alternatively, another solution is to use RRT-ACS algorithm [12]. The RRT-ACS 

algorithm outperformed RRT*-connect, RRT*, informed RRT*-connect, and 

informed RRT* in Friedman's nonparametric test. Despite these advances, no prior 

research has used the RRT-ACS algorithm for AV path planning. 

This study proposes an effective technique for local path planning designed for 

AV navigating in dynamic urban environments. Our solution integrates the RRT-

ACS algorithm, bidirectional rule templates, and configuration time-space into the 

path planning framework. The following is the novelty of this study. 

i) We propose using the bi-directional rule templates. These templates differ 

from previously proposed [11], which only uses a one-directional rule 

template. These templates also differ from another previous research [15], 

where they used it for the mobile robot case. In this study, we used the rule 

templates for the AV case with different constraints than the mobile robot. 

ii) We propose a path-planning implementation strategy to solve complex road 

environment cases in a space-time configuration. Although previous research 

has integrated path planning and configuration time-space [11], their 

experiment is limited to a straight line with three vehicles. In contrast, the 

experiments in this study will be carried out on various road cases. 

iii) We propose employing the RRT-ACS to speed up the search tree expansion 

to achieve the goal state. RRT-ACS accelerates the search tree expansion 

compared to RRT* [15]. However, they implemented RRT-ACS in mobile 
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robotics. According to the authors, no previous studies have used the RRT-

ACS algorithm for on-road AV path planning. 

Various simulations of dynamic urban scenarios are used to demonstrate the 

RRT+BRT+CTS efficiency. Two well-known path-planning algorithms for 

dynamic urban environments, Fast RRT and Closed Loop RRT (CL-RRT), are 

compared to RRT+BRT+CTS. The results show that the proposed technique is 

faster and more efficient, especially for dynamic on-road autonomous driving. 

Thus, the proposed method suits AVs' navigation in complex urban environments. 

2. Proposed Algorithm: RRT+BRT+CTS 

The core of our approach is using the RRT-ACS algorithm, bi-directional rule 

templates, and configuration time-space in the path planning process. We introduce 

a set of bi-directional rule templates in Section 2.1. Section 2.2 will thoroughly 

discuss the path-planning process in a configurable time-space framework suitable 

for dynamic urban environments. And finally, the complete proposed algorithm 

RRT+BRT+CTS is detailed in Section 2.3. 

2.1.  Bi-directional rule templates 

Path for AVs has manoeuvre characteristics that follow the geometric structure of 

environments. Common manoeuvres for AV are going straight, turning right/left, 

lane merging/switching, roundabouts, and U-turns. Therefore, template rules for 

AV can be generated based on those categories. The rule templates consist of 

several templates based on AV manoeuvre categories. 

Previous research has proposed using rule templates in path planning but only 

proposed four maneuvers (going straight, turning right, turning left, and U-turns) 

[11]. In this study, as proposed by the National Highway Traffic Safety 

Administration, we add two more templates: lane merging and roundabouts, as 

shown in Fig. 1. 

 

(a) (b)  (c)  (d) 

Fig. 1. Example rule templates for (a) straight forward,  

(b) left turns, (c) lane merging, and (d) roundabouts.  

In this study, we also proposed bi-directional rule templates, as illustrated in Fig. 

2. In the bi-directional templates method, two rule templates are used, which act as 

search trees. One template tree started from the starting node (red tree in Fig. 3), and 

another started from the goal node (blue tree in Fig. 2). Both trees aggressively seek 
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a connection. If these two trees establish a connection, the process is complete. If 

these trees cannot connect, the RRT-ACS algorithm will be implemented to speed up 

these trees' growth to connect. A smooth and feasible path can be generated if these 

two trees are connected, as shown in the green curve in Fig. 2. 

 

Fig. 2. A proposed path planning using bi-directional rule templates. 

2.2. Configuration time-space for path planning 

Using the configuration time-space framework for the path-planning process can 

enhance the path-planning results in dynamic environments. While conventional 

AV path planning uses 2-D spatial maps, incorporating configuration time-space 

adds time as an extra dimension. The static and dynamic obstacles can, therefore, 

be mapped. Consequently, the algorithm can adjuster each state's arrival time to the 

new node to avoid collisions with obstacles. 

Figure 3 shows an example of implementing path planning in a configuration 

time-space. The yellow area shows the dynamic obstacles moving forward. The red 

and blue curves show the bi-directional rule templates. The final trajectory is 

represented in the green curve. 

 

Fig. 3. A proposed path planning in the configuration time-space. 

2.3.  RRT+BRT+CTS algorithm 

The RRT+BRT+CTS algorithm is shown in Fig. 4. First, the system will detect any 

dynamic objects around the AV. Path planning in the configuration time-space will 

occur if dynamic objects exist. However, if there are no dynamic objects, the path 

planning will be carried out without configuration time-space (lines 1-8). This 

procedure will reduce the computational overhead. 

After that, two rule templates suitable for the environment around the AV are 

loaded (lines 3-4). If any nodes within these templates encounter collisions, they 

are pruned, leaving only collision-free nodes in the root structure (lines 9-10). The 
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procedure is complete when these two trees are connected  (lines 11-14). When a 

connection cannot be made, the RRT-ACS algorithm comes into play to speed up 

tree growth (lines 15-35). 

 

Fig. 4. Proposed method: RRT+BRT+CTS. 

3. Results and Discussion 

To assess the performance of the RRT+BRT+CTS algorithm, we executed it within 

five dynamic environment simulations. These scenarios replicated previous 

researches testing conditions [11, 16, 17]. The simulations were run on a 3.4 GHz 

Core i3 Central Processing Unit with 4 GB RAM. The compilation environment 

employed was LabVIEW 7.1. 

The initial scenario is depicted in Fig. 5. The ego vehicle (depicted in red) is in 

the process of overtaking the lead vehicle (yellow) when a faster vehicle (grey) 

approaches from the ego vehicle's side. Subsequently, the ego vehicle waits, allowing 

the faster vehicle to pass the lead vehicle. After the adjacent lane is clear, the ego 

vehicle overtakes the lead vehicle, following the trajectory outlined by the red and 

blue curves. The red curve indicates the ego vehicle's path generated using the first 

rule template (initiating from the starting node), whereas the blue curve indicates the 

path generated by the second rule template (initiating from the goal node). 



Efficient Autonomous Road Vehicles Local Path Planning Strategy . . . . 2393 

 
 
Journal of Engineering Science and Technology          October 2023, Vol. 18(5) 

 

 

Fig. 5. First test scenario: The ego vehicle (red vehicle) is  

about to overtake the front vehicle (yellow vehicle) when a faster- 

moving vehicle (grey vehicle) appears beside the ego vehicle. 

The next scenario is illustrated in Fig. 6. In this second scenario, the ego vehicle 

endeavors to switch lanes to an area occupied by multiple vehicles. The ego vehicle 

waits for numerous faster-moving vehicles in the target lane to pass before 

changing lanes. A slightly upward-sloping red line indicates slower movement 

during this delay. When there is enough space in the intended path to manoeuvre 

and occupy, the ego vehicle changes lanes, as shown by the nearly parallel blue 

curve to the horizontal axis - indicating that the car is moving fast. 

In the third scenario, the ego's vehicle moves straight into the lane merging area. 

At the time, a vehicle from the side was moving around to do lane merging on the 

ego vehicle lane. Then, the ego vehicle adjusts its speed to allow the side vehicles 

to do lane merging. Then, the ego vehicle moves forward behind those vehicles. 

This scenario is shown in Fig. 7. 

The fourth scenario is shown in Fig. 8. In the fourth scenario, the ego vehicle 

wants to go through a four-way intersection when another vehicle comes from 

another lane. Because that other vehicle is moving faster, the ego's vehicle adjusts 

speed to allow it to pass the intersection (the green line with an upright position 

means that the vehicle is stopped). Once it is safe, the ego's vehicle moves forward 

to pass through the intersection. In this fourth scenario, the complete path of the 

vehicle consists of three colours: red, green and blue. The bi-directional rule 

templates algorithm generates the red and blue paths. The RRT-ACS algorithm 

generates the green line because the two existing rule templates cannot connect. 

 

Fig. 6. Second test scenario: The ego vehicle wants  

to switch lanes where several vehicles occupy the target lane. 
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Fig. 7. Third test scenario: The ego's vehicle moved directly  

into the lane merging area when a side vehicle was merging. 

 

Fig. 8. Fourth test scenario: The ego vehicle wants to go through a  

four-way intersection when another vehicle comes from another lane. 

Table 1 compares the planning times required for the RRT+BRT+CTS, Fast 

RRT [11], CL-RRT [10], and RRT* algorithms in the first to fourth scenarios. 

Table 2 shows that the RRT+BRT+CTS average time to carry out the planning 

process is 98.6% faster than the RRT* algorithm. RRT-ACS planning time was 

59.4% faster than the RRT* algorithm in achieving the optimal path [15]. Bi-

directional rule templates allow the RRT+BRT+CTS algorithm to plan a path 

without starting from an empty root, making it faster than the RRT-ACS algorithm. 

The RRT+BRT+CTS algorithm can also produce an optimal path faster than the 

Fast RRT because the RRT+BRT+CTS algorithm uses bi-directional rule 

templates, while the Fast RRT employs one directional rule template. 

Table 2 shows that the Fast RRT and CL-RRT algorithms reduce planning time 

by 93% and 52.3%, respectively, compared to the RRT* algorithm. The results 

match the performance of the previous research [11], which indicate that the Fast 

RRT and CL-RRT algorithms have speed improvements of 91.4% and 51.4%, 

respectively, compared to the RRT* algorithm. Table 2 shows that the 

RRT+BRT+CTS algorithm outperforms in terms of computation time in a dynamic 

environment than other algorithms. 

This study can be used as a reference for current issue in the vehicle with its 

automation and urban environment, as discussed in previous studies [18-24]. 
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Table 1. Comparison of each algorithm's planning time.  

 Computation time (in milliseconds) 

Scenario RRT+BRT+ CTS Fast RRT CL-RRT RRT* 

First Scenario:     

1. Best time 1.4 15.2 60.8 158.5 

2. Mean time 2.3 24.4 88.7 191.6 

3. Worst time 3.9 39.4 505.1 508.0 

Second Scenario:     

1. Best time 4.8 21.0 135.6 247.8 

2. Mean time 7.8 33.1 293.1 659.8 

3. Worst time 11.8 48.0 535.9 993.1 

Third Scenario:     

1. Best time 3.6 16.1 205.8 426.0 

2. Mean time 8.3 36.4 266.6 574.3 

3. Worst time 15.0 63.2 631.1 585.5 

Fourth Scenario:     

1. Best time 12.1 26.4 435.8 675.1 

2. Mean time 20.0 41.2 564.6 1055.5 

3. Worst time 31.5 59.1 1125.2 1292.0 

Table 2. Comparison of each algorithm’s  

average time relative to the RRT* algorithm. 

Scenario RRT+BRT+ CTS Fast RRT CL-RRT 

First 98.8% 87.3% 53.7% 

Second 98.8% 95.0% 55.6% 

Third 98.6% 93.7% 53.6% 

Fourth 98.1% 96.1% 46.5% 

Average 98.6% 93.0% 52.3% 

4. Conclusion 

This research introduces local path planning in an environment with dynamic 

obstacles using the RRT+BRT+CTS strategy. Several simulations of dynamic urban 

conditions are used to validate the efficiency of the RRT+BRT+CTS strategy. Fast 

RRT and CL-RRT, well-known path-planning algorithms used in dynamic urban 

contexts, were compared to RRT+BRT+CTS. The simulation findings reveal that the 

suggested strategy outperforms speed and efficiency when applied to local path 

planning in an environment with dynamic obstacles. As a result, the proposed 

technique is an option for AVs to navigate complex urban situations. 
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