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Abstract. The advancement of robot technology in mobile robots is quickly evolving and
being utilized in various sectors such as industries, military, medicine, and public services.
Challenges consist of perception, localization, motion control, and path planning. The aim
of Dijkstra's algorithm, which is a greedy algorithm, is to optimize path planning to
improve movement efficiency. Dijkstra's algorithm is a useful method in graph theory to
find the shortest path between two nodes in a weighted graph, utilizing an iterative
approach to compute the distance. The algorithm being suggested speeds up the initial
process by simultaneously determining the shortest route from the starting point to all other
points, utilizing various paths or continuing on the same path to reach additional nodes.
Nonetheless, it begins at the central node, utilizing data that is not influenced by the route
taken. The author experimented with Dijkstra's algorithm using a Service Robot,
successfully navigating past three obstacles without any collisions. The robot demonstrated
success in finding the shortest and fastest path by maintaining an average speed of 0.23
m/s and average errors of 0.021 metres on the x-axis and 0.017 metres on the y-axis.
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1 Introduction

The advancement of robotic technology is currently accelerating, particularly in the domain of
mobile robots, which are extensively utilised across diverse sectors including industry, military,
healthcare, and public services[1]. This shows that the robot has to navigate its environment
effectively and avoid any obstacles in its path[2]. The development of dependable, secure, and
efficient mobile robots is an important research area in robotics, yet it presents significant
challenges[3]. The typical issues include perception, localization, controlling motion, and
planning paths[4]. Out of all these domains, path planning is possibly the most crucial[5].
Effective and efficient path planning algorithms are crucial for mobile robots to navigate
optimally in dynamic and complex environments[6].

Dijkstra's algorithm is a greedy algorithm that chooses the smallest overall cost along the path
by considering various distances and offering multiple ways to find the shortest route[7]. This
particular algorithm is famous for its capability to discover the most efficient route between two
nodes in a weighted graph with no negative weights[8]. Implementing Dijkstra's algorithm on
mobile robots is intended to offer the best path planning solutions, enabling the robots to
navigate effectively while steering clear of any obstacles in their surroundings[9].
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2 Research Method

This research employs techniques such as reviewing literature and gathering data. Research was
carried out in the field of literature to gather required information from sources. Data collection
was conducted to gather and examine data on path planning.[10]. The aim of this research is to
optimize, expedite, and find the shortest route planning[11] and can avoid obstacles so that the
robot can navigate with the control system using ROS[12] and ESP32 microcontroller[13] with
a communication system using rosserial[14]. In this regard, the result of this research is to move
the robot from the starting point to the destination along the path created based on the input data.

2.1 Overview

The robot used in this research is the Service Robot. The robot has 4 mechanical wheels
designed to move in any direction, the wheels consist of a central wheel surrounded by a number
of rollers that move freely to form a 45° angle with the circumference of the wheel[15]. A3
Lidar sensor[16] used for mapping and obstacle detection. The Lidar sensor is interfaced with
Jetson Nano[17] as the map and obstacle access system, which is then integrated with ROS and
ESP 32 microcontroller as the robot controller[18].

2.2 Robot Design

In this study the writer designed hardware for robots using 2- level aluminium panels, where the
1st level serves to place hardware such as ESP32, motor drivers, DC motors and voltage
reducers on the robot's aluminium plate. On the second level were placed Jetson Nano and Lidar
sensor. The dimension of robot is 300 mm long, 270 mm wide, and 250 mm high. The Service
Robot prototype can be seen in Fig. 1.
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Fig. 1. The Service Robot Prototype.

2.3 Path Planning

Path planning is a method of finding a route to get a mobile robot to its goals[19]. This is a
simple algorithm for the single-source shortest path problem that can efficiently determine the
shortest path to any goals[20]. Because the optimal path is not always the shortest, path planning
can also be used to determine the shortest or optimal path between two points[21]. There are
things to consider, such as the number of rotations and stops required for the robot to
operate[22]. The algorithm that will be used in this research is Dijkstra's algorithm.



Dijkstra's algorithm may be a exceptionally successful strategy to decide the shortest way to a
goal point[23]. This algorithm is utilized in graph theory to discover the shortest path between
two nodes in a weighted graph, accepting that the weight of each path is positive[24]. This
algorithm works in an iterative method, calculating the shortest distance from the starting point
to all other points in the graph. The flowchart of this algorithm can be seen in Fig. 2.

Fig. 2. Dijkstra's Algorithm Flowchart.

The proposed algorithm parallelizes the initial process: it starts by finding the shortest paths
from the first node to all other nodes, allowing them to use different paths in the best case and
the same path to additional nodes in the worst case. The best case for this may be less than 1,
but it is still applicable in certain situations. The drawback is that the algorithm presented for
comparison starts the calculation directly from the central node of all other nodes, and therefore
uses information independent of the path traveled[25].

1 for each node v in G:

2 d(v) = infinity;

3

4 D= {sh

5 U= {G-s};

6

7 for each node u neighboring with s:

8 d(u) = w(u, s);

9

16 while U is not empty:

11 Let v be the node from U with minimum d(v);
12

13 U=U - v;

14 D = D union v;

15

16 for each node u neighboring with v:
17 if d(u) > w(u, v) + d(v)

18 then d(u) = w(u, v) + d(v);

Fig. 3. Dijkstra's Algorithm Pseudocode.



On Fig. 3 describe about pseudocode of Dijkstra algorithm for determining, given a directed
network with non-negative weights, the shortest path between a source node and every other
node. Here is a breakdown of every part of the pseudocode:

1) Distance Initialization: For all node v in graph G, initialize the distance from the source
node s to v as infinity. This indicates that initially all nodes are considered unreachable
from the source as we can see in equation(1).

VVEG:d(v)=w (1)

2) Set Initialization: In equation (2), set D is initialized to contain only the source node s.
And, in equation(3), set U is initialized with all other nodes in graph G except the
source.

D={s} 2
U=G\{s} ®)

3) Distance Initialization for neighbor Source: For all node u that is a direct neighbor of
source s, initialize the distance d(u) with the edge weight w(u,s), at equation(4).

v u € adj(s) : d(u) = w(u,s) (4)

4) Main Process of Algorithm: Select node v from U with minimum distance d(v).
Remove v from U. Add v to set D. For all nodes u neighboring v, check if the current
distance to u(d(u)is greater than the distance through v (w(u,v)+d(v)w(u,v)+d(v)). If
yes, update d(u) with the new value. Do the iteration as long as the set U is not empty.
The equation of process of algorithm can be seen at equation(5).

Vv u € adj(v) :if d(u) > d(v) + w(v,u) then d(u) = d(v) + w(v,u) (5)

To ensure that every node is processed once with the current minimal distance, the algorithm
updates the distance based on the edge weights between the nodes and updates the distance from
the source to each node. The final result is the shortest path between each node in graph G and
the source.

3 Result and Discussion

Testing the Dijkstra algorithm in determining the shortest path and the number of points to be
travelled is tested 3 times with same initial position at x = 0 and y = 0. The obstacles for testing
the robot were varied to generate different data for each different environment. This is done in
order to get data that varies according to the environment tested on the robot.

In the first test, the robot will move from point A to point B through randomly placed obstacles.
The target is that the robot can move to avoid obstacles with the shortest distance and fastest



time possible. Then the path planning will be projected on the Rviz visualisation. The first test
on the robot can be seen in Fig. 3.
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Fig. 3. First Test. Real-world Obstacle (a), and Path Planning Visualization in Rviz (b)

In the first test, the robot can move from point A to point B, avoiding obstacles that have been
placed in a particular way with a distance of 4.958 metres in 17.18 seconds. in this test the robot
can go through obstacles without experiencing collisions.

In the second test, the robot will move from point A to point B through randomly placed
obstacles. But in the second test, the obstacles are placed differently from the first test. Then the
path planning will be projected on the Rviz visualisation. The first test on the robot can be seen
in Fig. 4.

Fig. 4. Second Test. Real-world Obstacle (a), and Path Planning Visualization in Rviz (b)

In the second test, the robot can move from point A to point B, avoiding obstacles that have
been placed in a particular way with a distance of 4.642 metres in 20.73 seconds. in this test the
robot can go through obstacles without experiencing collisions.

In the third test, the robot will move from point A to point B through randomly placed obstacles.
But in the third test, the obstacles are placed differently from the previous test. Then the path
planning will be projected on the Rviz visualisation. The first test on the robot can be seen in
Fig. 5.
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Fig. 5. Third Test. Real-world obstacles (a), and Path Planning Visualization in Rviz (b)

In the third test, the robot can move from point A to point B, avoiding obstacles that have been
placed in a particular way with a distance of 4.867 metres in 18.91 seconds. in this test the robot
can go through obstacles without experiencing collisions.

After testing the path planning carried out previously, the data results include the target position,
the actual robot position, margin error, the distance travelled by the robot, the time taken for the
robot to travel to the target, and the speed of the robot. The following are the test results shown
in Table 1.

Table 1. Test Result
Test Target Pos. Actual Pos. Error Margin ~ Distance Time Velocity
No. (m) (m) (m) (m) (s) (mis)
X y X y X y
1 4.027 0.007 3.997 0.021 0.030 0.014 4.958 17.78 0.27
2 4.004 0.013 3.989 0.011 0.015 0.025 4.642 20.73 0.21
3 4352 0.021 4332 0.033 0.020 0.012 4.867 18.91 0.22

In this table presents data from three tests involving measurements of the target and actual
positions on the x and y axis. The error measured as the difference between the target and actual
positions. In addition, the average distance, time, and speed are also calculated and presented
for each test. For the average distance travelled, the robot travelled an average distance of 4.822
metres, with an average robot speed 0.23 m/s. For the error margin, the data obtained for the x-
axis 0.021 metres, and for the y-axis 0.017 metres.

4 Conclusion

In this journal, the writer has tested Dijkstra's algorithm as a path planning with Service Robot
as the device. In this study, the writer tested with three different obstacles. In this test, the robot
can pass through obstacles without experiencing collisions in each different obstacle scenario.
The robot moves at an average speed of 0.23 m/s with an average error of the x-axis = 0.021
metres and an average error of the y-axis = 0.017 metres. The writer concludes that testing the
robot using Dijkstra's algorithm succeeds in getting the shortest and fastest path on different
obstacles without hitting them. This can be proven by doing three test scenarios with different
obstacles.



5 Footnotes and Acknowledgements

Footnotes. For future research, the writer recommended to paying attention to the limitations
that exist in this study, and can develop more effective and safety path planning methods.
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