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ABSTRACT The Path planning problem is one of the most researched topics in autonomous
vehicles. During the last decade, sampling-based algorithms for path planning have gained
significant attention from the research community. Rapidly exploring Random Tree (RRT) is a
sampling-based planning approach, which is a concern to researchers due to its asymptotic
optimality. However, the use of samples close to obstacles in path planning and the path with
sharp turns does not make it efficient for real-time path tracking applications. For overcoming
these limitations, this paper proposes a combination of RRT and Dijkstra algorithms. The
RRT-Dijkstra reliefs a shorter and collision-free path solution. It is measured by various factors
such as path length, execution time, and the total number of turns. The aim here is review and
performance comparison of these planners based on metrics, i.e., path length, execution time,
and the total number of turning points. The algorithms are tested in complex environments
structured with obstacles. The experimental performance shows that RRT-Dijkstra requires
less turning point and execution time in 2D environments. These are advantages of the
proposed method. The proposed method is suitable for off-line path planning and path-
following.
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1. INTRODUCTION

Mobile robots have been effectively adapted to perform a number of tasks in various fields over
the past decade. Mobile robots gain more intelligence with machine learning technologies so they can
increase productivity with their navigation features. Path planning is the basis of navigation that
consist of a collision-free feasible path.

Several algorithms have been used for mobile robot path planning. These are A* [1] which is an
extension of the Dijkstra algorithm [2-4], Rapidly Exploring Random Tree (RRT) [5-7], Artificial
Potential Fields (APF) [8, 9], visibility graph [10, 11], grid based methods [12, 13], Bidirectional-
RRT (BRRT) [14, 15], Probabilistic Road Map (PRM) [16], Genetic algorithm (GA) [17-19], Fuzzy
Type 1 and Fuzzy Type 2 [20, 21] planning algorithms. In global and local path planning, real-time
applications, and solutions of high-dimensional problems, each of them has its own advantages and
disadvantages. Several path planners can be used together to obtain a numerical value that represents
the expected performance from path planning methods and techniques. The focus in this study is not
only to provide a standard path planning test procedure but also to propose a solution to the path
planning problem that an autonomous robot can follow in real-time in a low-cost environment. Here,
RRT and Dijkstra, one of the best known/used algorithms, are examined, implemented, and tested.

The Dijkstra algorithm [2], which searches for the destination in all directions and searches for the

most suitable route, is one of the most used routes planning algorithms. Using the grid map, the path
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created with Dijkstra between the start and the target finds the optimum path where all the corners of
the neighboring nodes are known as the edge of the straight connected link. The specific visibility
points (collision-free points) are added to the map to construct the path. The vertices of the graph
represent the set of configurations that are used by the planner as waypoints [22]. Dijkstra's algorithm
is used in almost all path planning studies in recent years. This is because this algorithm is defined in
the literature as a quick and simple route planning method [23].

RRT is a path planning techniques based on growing a random tree to search for the target
position. This technique is suitable for identifying paths in uncomplicated environments without
hitting obstacles to the desired target location regardless of path characteristics (ie shortest, softest
etc.). RRT performs the starting path quickly and improves the quality of consecutive iterations.
Thanks to its asymptotic optimal feature, it has become suitable for local path planning applications.
Although the RRT algorithm is successful in navigation, convergence and real-time global path
planning can also make it difficult for the mobile robot to track. This is because it has many turns and
nodes close to obstacles. As a solution to this problem, the path coordinates obtained with RRT were
chosen as the search area of the Dijkstra algorithm and a new path was created. Thus, the cost of the
path is decreased and real-time path tracking is simplified by reducing the number of turning points.

This paper proposes an improvement over the algorithm (RRT, Dijkstra), for the optimal path
planning for wheeled mobile robots. The proposed algorithm generates a better solution and shorter
path with low cost. While reducing the cost of the path and reducing the turning points is the
advantage of the algorithm, the increase in the computational complexity is the disadvantage.
Comparative results are carried out in seven environments that confirm the effectiveness of the
proposed methods. The purpose of this paper is to perform a comparative analysis of RRT and RRT+

Dijkstra based planning algorithms in a 2D environment as per stated metrics.

The rest of the paper is as follows: Section Il addresses the problem methodology and explains the
proposed algorithm. Section Il presents the simulation results and analysis of performance. Section

IV includes conclusion and future recommendations.
2. METHODOLOGY

The proposed methods were conducted in a dispersed environment with different forms of
obstacles. The experimental environments used here, and the image processing processes applied to
achieve these environments, were detailed in our previous study [24]. These are an extended version
of the work presented in [24] with a detailed evaluation of performance parameters for RRT and
Dijkstra. MATLAB and LabVIEW software were used to perform numerical and graphical for
comparison and analysis. Under the same conditions, the execution time, path length, and the number
of turns performance parameters have compared and tested. As input to the respective planner, 2D
environment maps of different cases are provided throughout tests. The proposed algorithms are

described in the following subsections.



A. RRT ALGORITHM

A rapidly exploring random tree (RRT) is a search algorithm with a single-query tree structure
based on uniform random sampling, which is the start and goal point are certain known. The RRT
algorithm grows based on the configurations of construction, a tree seeking the target point from a
starting point, where each node of the tree is a point (state) in the workspace [25]. This algorithm was
introduced by LaValle [26]. The RRT method first starts a roadmap configuration with a starting point
(Ostart) @s a tree root [27]. Next, the algorithm selects a random point (qrang) for each next iteration in
the configuration space, and the nearest node (Qnear) from the existing graph is searched. A new sample
(gnew) is generated with a pre-defined distance (€), namely a distance of step size, from qnear tO Qrand. A
collision is considered in the newly selected node (gnew). If @ collision occurs, a new step (Qrew) iS
discarded. Otherwise, it is added to the search tree so that for each new point, the distance between the

newly generated node and the target point is considered [28]. The procedure is illustrated in Figure 1.

Figure 1. Extension of the RRT graph using the straight-line local planner with a resolution (g).

Due to the random growth of the RRT, it is very time consuming when searching in the wider
configuration area. The search for the growth of the tree will continue according to the predetermined
threshold. The path is found if the distance is less than or equal to the set threshold. Otherwise, the
distance is repeated until the distance is less than or equal to the specified threshold value, or the call
times exceed the number of iterations. It can be considered using the forward tree expansion motion
model, which allows the RRT to find viable trajectories even under differential constraints. That is
one of the advantages and reasons for the extensive use of RRT in robotics for motion planning of
systems such as mobile robots [29].

B. DIJKSTRA ALGORITHM

Dijkstra’s algorithm was published by Edsger W. Dijkstra in 1959 [2]. It is a graph search
algorithm for finding the shortest path between nodes with a positive edge. It is separated from the A*
algorithm by not using the heuristic function [30]. Starting the calculation from the root node, the
route with the lowest cost is selected, excluding routes with high-costs. The Dijkstra algorithm uses
"infinite" for nodes that are marked as unvisited, and the starting point is marked as "0" (qinit). From
the current node, the temporary distance is calculated to all the unvisited neighbors. If the newly

calculated distance is shorter than the previously saved temporary distance, this is selected as a new



node. By linking the shorter distances between the nodes, the most cost-effective path in the search
area given between the start and the target is determined. The algorithm’s pseudo-code is given

below.

Dijkstra (Graph G, Vertex s)

Initialize (G,S);
Priority_Queue minQ={all vertices in V };
while (minQ # @) do
Vertex u=ExtractMin(minQ);//minimum est(u);
for (each v e minQ such that (u,v) ¢ £
Relax (u,v);
end for
end while

0 N G~ DNERE

The algorithm maintains a priority queue minQ order that used to store the shortest path estimates
(v) as key values for unvisited nodes and repeatedly extracts the minimum est(u) from minQ and

relaxes all edges incident from u to any vertex in minQ.

3. PERFORMANCE ANALYSIS

A. DATA SET

The experiments have been conducted in seven configuration spaces represented by M1to M7 as
shown in Figure 2. M1, M2, M4, M5 and M6 represents a basic environment with static obstacles.
However, another scenario of the complex concave environments for testing the robustness of the
proposed approach and safe passage is also represented by M3 and M7 maps, respectively. These are
convex hull [31] technique applied environments. These environments are adopted from [24]. The
proposed method is evaluated graphically and numerical comparative analysis are implemented and
tested in LabVIEW+ MATLAB. The criteria to be considered when determining the optimal path for
a mobile robot are measured by various factors such as path length, collision-free area, the total
number of turns, and execution time. The experiments have been performed in cluttered and complex
unstructured environments with obstacles of different shapes. The results of all algorithms provided in
same place for comparing performance parameters in path length, execution time, and the number of
graphs.

B. EXPERIMENTAL RESULTS

In this section, we present the experimental results of the proposed algorithm and the comparison
of their results. All approaches are shown for maps M1 to M7 in Figure 2. Path length, execution
time, total number of nodes used in the path grid with comparison are also shown in Table 1 and
Table 2. The visual comparison of RRT and RRT+ Dijkstra algorithms are shown in Fig. 3 (a) and
(b). From these Figures it is clear that the proposed approaches has generated shorter paths and less
turning points than RRT methods. It was seen that the execution time of the algorithm increased. This

is because the two algorithms worked consecutively. The node-set (number of cells) generated by



RRT algorithm created the search space of the Dijkstra algorithm. The proposed approach is flexible
enough to generate safe and shorter path with less turning points. Reducing the number of nodes

processed also reduced the path length by eliminating extra path points on the path.

Exp. RRT Tree RRT+ Dijkstra Path

M1

M3

M4

M5

M6

M7

Figure 2. Experimental results of environment maps M1 to M7 using RRT and RRT+ Dijkstra
The path created with RRT is not possible to follow because of the dynamic and kinematic

constraints of mobile robots. This requires the robot to perform complex movements to track sharp



turns, resulting in high energy consumption, controller use, and premature aging of the robotic parts.

The proposed method is presented as a solution to such situations in global path planning
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Figure 3. Plot of path length (b), execution time and total path nodes (a) of all planners for all environment
maps (PL: Path Length, ET: Execution Time, TPN: Total Path Nodes).

Plots of experimental results of the all planners are shown in Fig. 3. It is obvious from the results
that the proposed methods generate shorter and relatively better solution paths for the densely
cluttered environments. The proposed methods require fewer nodes, which makes the algorithm more
efficient. From comparisons with RRT and RRT+ Dijkstra, we draw a conclusion that the
performance of proposed methods in PL and TPN is best overall. However, the proposed algorithm
had significantly lower performance, mainly due to the high computational time. For smoother routes
and greater security levels, the proposed methods can be selected. It is suitable for wheeled mobile
robot applications in offline path tracking. The numerical equivalent of the values of the above graph
is given in Table 1.

Table 1. Experiments result for all planners (PL: Path Length, ET: Execution Time, TPN: Total Path Nodes)

Algorithm M1 M2 M3 M4 M5 M6 M7
PL-(pX) 829,24 898,68 899,95 1048,7 893,76 902,20 912,45
ET-(sc) 11,45 13,95 11,05 25,47 22,90 16,03 18,67
RRT TPN-(nodes) 50 50 45 52 48 45 45
Z-Score 0,554 -0,155 0,257 0,454 0,168 0,327 0,119
PL-(pX) 736,78 768,07 767,99 801,29 730,30 741,68 735,05
rRTDiksra ) 15,95 17,54 1321 29,38 27,21 17,67 20,59
) TPN-(nodes) 55 53 49 56 53 49 50
Z-Score 0,127 0,818 -0,063 0,302 -0,015 0,179 0,263

Table 2 presents statistical analysis of results. PL, ET and TPN in all environments maps for all

planner are listed in this Table. RRT+ Dijkstra algorithms generate better path with less PL and TPN.

M1 M2 M4 M5 M6 M7



11,15% 14,53 % 14,66 % 23,59 % 18,29 % 17,79 % 19,44 %

PL-(px)
less less less less less less less
39,30 % 25,73 % 19,55 % 15,35 % 18,82 % 10,23 % 10,28 %
ET-(sc
(sc) more more more more more more more
90,00 % 94,00 % 91,11 % 92,31 % 89,58 % 91,11 % 88,89%
TPN-(nodes)
less less less less less less less

Table 2. Statistically, comparison of all approaches for ET, PL, and TPN (PL: Path Length, ET: Execution
Time, TPN: Total Path Nodes

Both algorithms (RRT and RRT+ Dijkstra) are efficient at finding an obstacle-free path in different
experimental environments. However, it has been observed that the proposed planner reduces PL and
TPN compared to traditional RRT and also increases ET. It is made possible by the proposed method
to obtain values that can further reduce the path length and the number of path nodes and result in a

flattened path. It is relatively better solution.

4. CONCLUSIONS

In this paper, image-based RRT and Dijkstra algorithms are presented to find collision-free path
planning in a cluttered environment. The performance of RRT was compared with the algorithms of
RRT + Dijkstra for different scenarios.

The experimental results show that the path obtained only using RRT is not suitable for the mobile
robot to follow because it has sharp transitions and a curved structure. Considering the dynamic and
kinematic constraints of mobile robots, it is desirable to develop an appropriate algorithm for global
path planning and path tracking. Because performing complex movements to follow sharp turns can
result in the robot's high energy consumption, controller use, and premature aging of the robotic parts.

In order to improve this situation or obtain more suitable path coordinates, RRT and Dijkstra
algorithm have been applied together. It is clear that due to the use of Dijkstra and RRT together, the
total length of the path decreases while the time spent in path planning is prolonged. The method we
propose is mainly aimed at creating a costly and traceable route. It has been proven that RRT +
Dijkstra effectively produces shorter paths. In addition, computing efficiency and less memory
requirements are important criteria for small robots. Experiments are carried out in different 2D
environments. The results obtained also show the effectiveness and applicability of the proposed
method. In future research, we plan to carry out path tracking application of mobile robots on the

planned route in real time.
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