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Abstract  
Robot technology has recently been applied to many applications to 
help human activities. Mobile Robot is one of the most flexible robot 
technology. This research uses a mobile robot designed using an 
omnidirectional wheel for the movement mechanism. Coordination 
and control of multi-robots can be assigned to perform any task from 
a different kind of field. Therefore, this paper aims to develop a multi-
robot system to form a formation to do the task. The multi-robot 
system consists of three units Mobile Robot. The formation system 
will be built based on a coordinate point determined by a consensus 
point. The leader-follower topology is used to determine the 
orientation of the robot. ROS (Robot Operating System) is used as 
middleware to create a multi-robot system. The Open Base package 
in Gazebo Simulator is also used to simulate the movement of the 
multi-robot. From three test scenarios, this research results show that 
all the robots can do and follow the tasks simulated in the Gazebo 
with an average accuracy of 88.14%. Furthermore, no feedback from 
the robot to the Gazebo Simulator affects the robot's accuracy 
average below 90%.  
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INTRODUCTION 

In recent years, the development and 
knowledge of robotics have greatly increased 
especially for the common people. Therefore, 
robotics can help humans to do tasks even in our 
households. Therefore, developing robotics 
technology is important due to chasing extremely 
fast robot improvement. 

Nowadays, robotics is also used to do 
special tasks with special intelligence required, 
such as integration between several robots to do 
the tasks. Furthermore, several robots' 
interactions are also developed in many 
applications due to advances in computing, 
communication, sensing, and actuation devices. 
These interconnected robots can be assigned to 
perform civil or military tasks [1, 2, 3]. 

In implementing an interconnected robot, 
one of the most implemented interconnected 
robots is a cooperative logistic robot in industries. 

In many industries, logistic robots are now 
included in a production lines. Therefore, those 
robots are needed to increase productivity by 
replacing repetitive horizontal transport tasks.  

There are several research areas in 
interconnected robots, such as swarm robotics 
and multi-agent system. Tan et al. in [4] distinguish 
those two systems into several categories. Swarm 
robotics vary in population size, unknown 
environment, decentralized and autonomous 
control system, and homogenous. Multi-robot 
systems have a small range of population size, 
known environment, and centralized or 
hierarchical control systems. Multi-robot systems 
have homogenous or heterogeneous robots. For 
instance, robot football is a typical multi-robot 
system application. Each one of the robots has 
different tasks to get the same purpose which is to 
get a score. Implementing logistic robots is 
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somehow needed to form a formation when the 
goods are two times larger than the robots. 

One of the steps to implement the multi-
robot system is forming a formation. The robots 
have to move from various points to the point that 
formed the formation. Multi-robot formation control 
system for various implementations, such as 
cooperative area exploration, autonomous 
vehicles, and security patrols, is a problems that 
researchers often face [5]. In conventional 
systems, before producing a formation, each robot 
has an initial position that is not always the same. 
Therefore, the robots must communicate with 
each other so that each robot can find the location 
of its neighboring robots to overcome the 
problems. Then, the formation will be easily 
formed without the misplacement of each robot.  

Conceptually, a consensus algorithm [6, 7, 
8, 9] can solve forming a multi-robot formation. 
Consensus means the decision of all agents on 
certain information based on the reciprocity of 
decisions and agreements between agents [9]. 

Network communication is required to 
control the movement of multi robots from a PC. 
Anggraeni, in her research [11], researched multi-
robots with wireless communication using Multi-
master ROS (Robot Operating System). The goal 
is to implement a multi-master system to manage 
the communication network between robots 
wirelessly. It supports to control of the movement 
of multi robots using only one computer. 

Maghenem, in his research [10], 
researched formation problems consisting of 
several non-holonomic mobile robots. His 
research proposes consensus algorithm that 
consider the kinematic and the dynamic model to 
move the N agents to formation goal with a given 
orientation. The closed-loop system is calculated 
using strict Lyapunov function. As a result, the 
formation can be formed at a desired consensus 
point with predetermined orientation. 

Another approach to solving forming 
formation problems is using the leader-follower 
approach [12, 13, 14, 15, 16, 17, 18]. Widyotriatmo 
et al. in [13] used a leader-follower approach to 
control a formation of Nonholonomic Mobile 
Robots Team. Widyotriatmo proposed a role 
assignment algorithm to move the mobile robots 
following individual virtual trajectories in a leader-
follower formation. The pole-placement method is 
used to design control parameters for mobile 
robots to track their own virtual trajectories. 

This research focuses on the control of 
forming multi-agent robot’s formation considering 
the problems and research identification above. 
The implementation of the consensus algorithm 
will be combined with the leader-follower 
approach to solving forming a formation problem. 

METHOD 
Mobile Robots 

Mobile robots are one of the fastest-growing 
fields in scientific research. The capabilities of 
mobile robots can replace humans, for example, 
in moving goods, surveillance, industrial 
automation, industrial construction, entertainment, 
and others [11, 19, 20, 21, 22]. The problem of 
driving on a mobile robot can be solved by 
understanding the mechanism, kinematics, 
dynamics, and control. Perception of mobile 
robots involves signal processing, such as 
computer vision and sensors. Meanwhile, 
cognition results from sensor data input analysis 
to generate action so that the mobile robot can 
achieve a goal (object). Navigation on a mobile 
robot requires knowledge of algorithms and the 
required information. There are three types of 
mobile robots, namely UGV (Unmanned Ground 
Vehicles), UAV (Unmanned Aerial Vehicles), and 
AUV (Autonomous Underwater Vehicles) [9]. 

Polebot 
A mobile robot used in this research is 

Polebot, which has a UGV mobile robot with three 
omnidirectional wheels, as shown in Figure 1. 
Polebot has three omni wheels construction which 
is installed with 1200 between each wheel, where 
each wheel axis intersects at the center of the 
robot. The omni wheels installed type can move 
freely in all directions on a flat surface in either 
translation or rotation. 
 
Kinematics Model of The Robots 

The wheel configuration for the movement 
of the robot is shown in Figure 2. 

 

 
Figure 1. Three Omni Wheel Construction on 

Polebot  
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Figure 2. Omni Wheel Robot Movement [23] 

 
As shown in Figure 3, the robot's kinematic 

model is illustrated. Each motor wheel's speed 
(rpm) is needed to move this robot in the exact 
direction. The inverse kinematic of the robot is 
needed to obtain the rpm. We have already 
studied this robot and obtained the forward 
kinematic equations relative to its frame as 
follows. 

𝑉𝑥
𝑚 =

2𝑉2 − 𝑉1 − 𝑉3

3
  

(1) 

𝑉𝑦
𝑚 =

√3𝑉3 − √3𝑉1

3
 

(2) 

⍵𝑝 =
𝑉1 + 𝑉2 + 𝑉3

3L
 

(3) 

Then, here are the inverse kinematic 
equations for this robot: 

 

 
Figure 3. Illustration Geometric Constraints of 

Polebot 
 

𝑉1 = −
𝑉𝑥

𝑚

2
−

√3𝑉𝑦
𝑚

2
+ 𝐿⍵𝑝  

(4) 

𝑉2 = 𝑉𝑥
𝑚 + 𝐿⍵𝑝 (5) 

𝑉3 = −
𝑉𝑥

𝑚

2
+

√3𝑉𝑦
𝑚

2
+ 𝐿⍵𝑝 

(6) 

whereas, V1 is left-side wheel, V2 is back-side 
wheel, and V3 is right-side wheel. 

Odometry System 
Odometry uses data from actuator 

movements to estimate changes in position 
coordinates over time [24, 25, 26, 27]. Odometry 
is used to estimate position coordinates relative to 
the initial position. In the wheeled robot odometry 
system, the sensor used is a rotary encoder to 
detect the number of wheel rotations. There are 
three main parameters in calculating the 
coordinates of the robot's position, namely the 
diameter of the wheel (dW(𝑖)), the number of 
encoder resolutions (𝑟𝑒𝑠𝑒𝑛𝑐), and the number of 
generated rotary encoder pulses per millimeter 
(𝑝𝑝𝑚(i)). To calculate the circumference of the 

freewheel (C(𝑖)) and (𝑝𝑝𝑚(i)), can be used (7) and 

(8) [23][24]. 
 

𝐶𝑊(i) = π 𝑑𝑊(𝑖) (7) 

𝑝𝑝𝑚(i) =
𝑟𝑒𝑠𝑒𝑛𝑐

𝑑𝑊(𝑖)

 (8) 

On omnidirectional wheel robot, (1) to (3) 
can be used to calculate the X and Y coordinates 
by replacing the velocity of each wheel (𝑉(i)) with 

a travelled distance of each wheel (𝑆(i)) so that 

equations are obtained as follows [24][25].: 

𝑆𝑥
𝑚 =

2𝑆2 − 𝑆1 − 𝑆3

3
  

(9) 

𝑆𝑦
𝑚 =

√3𝑆3 − √3𝑆1

3
 

(10) 

⍵𝑝 =
𝑆1 + 𝑆2 + 𝑆3

3L
 

(11) 

(9) to (11) be used to obtain X and Y-traveled 
coordinates. Those equations also can be used to 
obtain the position of each robot. 

Method 
The wheel speed data which have been 

calculated are sent to the controller. Thus, the 
controller will generate the Pulse Width 
Modulation (PWM) to the motor based on the 
speed of each motor wheel.  

In general, the description of the system 
that will be made is shown in Figure 4. In the 
designed system, Polebot will follow the robot's 
movement in the Gazebo Simulation. The figure 
describes the relationship between several 
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components that exist in the system. The 
computer connected to the Gazebo Simulation will 
be connected to the three Polebots via a wireless 
network (WiFi) with the help of the multimaster 
ROS on the laptop/computer and each Polebot. 
This system uses ROS multi-master to create a 
communication system between the PC and three 
robots. The ROS multi-master system consists of 
more than one ROS network with its roscore node 
each. A package called multimaster_fkie is 

needed to implement this purpose [11]. This 

package has a set of nodes to build and manage 
a multi-master network. No or minimal 
configuration is needed. All of the changes in the 
system are automatically detected and 
synchronized. This package also allows the 
system to send multicast messages periodically to 
the ROS networks and select which hosts, topics 
and services should be synchronized or ignored 
between different roscore. Those two merits are 
running simultaneously by the multi-master 
system.  

Polebot will receive data in the form of 
wheel speed set points. The wheel speed data will 
be processed on Arduino using PID so that the 
wheel can rotate at the desired speed. After the 
data is processed, the data will be republished by 
Arduino to LattePanda to drive the motor. 

The system created aims to control three 
Polebot robots to move to a destination coordinate 
point by forming a triangular formation from each 
different initial position. The coordinates of the 
triangular consensus will be determined based on 

the average of the three robots' initial positions. To 
obtain a consensus, the system requires 
communication that occurs between agents. 
Communication is carried out as shown in Figure 
5. 

In Figure 5, the communication is carried 
out using a leader-follower topology. Polebot1 
acts as a leader, and Polebot2 and Polebot3 act 
as a follower. Polebot2 and Polebot3 will 
subscribe to the position of Polebot1 to determine 
the orientation of the isosceles triangle. The initial 
position of Polebot1 determines the orientation of 
the triangle concerning the consensus coordinate 
point on the Y axis. If the position of Polebot1 is 
more positive or equal to the consensus point, the 
consensus point on the base of the isosceles 
triangle will be on the lower side. Therefore, 
Polebot1 will be in the top corner, Polebot2 will be 
in the left corner, and Polebot3 will be in the right 
corner. Conversely, if Polebot1's position is more 
negative, the consensus point at the base of the 
isosceles triangle will be on the upside. Therefore, 
Polebot1 will be in the bottom corner, Polebot2 will 
be in the right corner, and Polebot3 will be in the 
left corner. 

The environment used is 3 m x 3 m, where 
the length and width of the environment are 
divided into three squares on the X-axis and three 
squares on the Y-axis, each measuring 1 m. A 
square in the Gazebo Simulation represents one 
meter in the environment. The system description 
will be explained in Figure 6. 
 

 

 
Figure 4. Architecture Diagram of Polebot System 
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Figure 5. Communication of the Robots 

 
Figure 6. Uses Environment Layout 

 

 
Figure 7. The Expected Formation Result 

 

Figure 6 illustrates the system description 
where Polebot1, Polebot2, and Polebot3 
represent each robot. The point (0, 0) on the lower 
left side of the work area, in Figure 6 indicated by 
a black dot. In this case, the initial position of 
Polebot1 is at coordinates (2, 1), Polebot2 is at 
coordinates (2, 0), and Polebot3 is at coordinates 
(2, 3). A green dot indicates the coordinates of the 
goal for the formation of the triangle formation with 
coordinates (2, 1). This green dot point results 
from a consensus between the three robots. This 
point, the average of the X-axis and Y-axis 
coordinates of the three robots, is calculated by (7) 
and (8). 

𝑥 =  
𝑥𝑖1 + 𝑥𝑖2 + 𝑥𝑖3

3
 

(7) 

𝑦 =  
𝑦𝑖1 + y𝑖2 + y𝑖3

3
 

(8) 

Figure 7 shows the triangle formation result 
formed from the robot's initial position (see Figure 
6). The movement and initial position of Polebot1 
are marked in red. The movement and initial 
position of Polebot2 are marked in blue. Finally, 
the movement and initial position of Polebot3 are 
marked in green. The movement of the robot 
formed is holonomic. Because Polebot1's initial 
position is more positive or equal to the consensus 
point on the Y axis, Polebot1 will be at the same 
point as the coordinates of the consensus point on 
the X-axis, and one meter more positive than the 
consensus point on the Y axis. Polebot2 will be 
one meter more negative (on the left) of the 
consensus point on the X-axis, and will be at the 
same point as the coordinates of the consensus 
point on the Y-axis. Polebot3 will be 1m more 
positive (on the right) than the consensus point on 
the X-axis, and will be at the same point as the 
coordinates of the consensus point on the Y-axis. 

Figure 8 is a flow chart for the formation 
program. The formation program begins with 
knowing the initial position of each robot in the 
Gazebo Simulation. Next, each Polebot will 
subscribe to the robot's position in the simulation. 
Finally, each Polebot will subscribe to the position 
data in the simulation to determine the position of 
the Polebot in the actual situation. The consensus 
point can be determined after the robot's initial 
position in the simulation is known. The 
consensus point is obtained from the average 
starting position of each robot member on the x-
axis and y-axis. After the consensus coordinates 
are obtained, each robot will move to its respective 
position to form a triangle. 
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Figure 8. Formation Program Flowchart 

 
In general, the system flow diagram as 

shown in Figure 9, can be explained that the 
system starts by running a Gazebo Simulation on 
a laptop/computer. Then, run ROS Multimaster on 
a laptop/computer and each LattePanda on a 
Polebot. If Multimaster is connected, then every 
LattePanda on each Polebot is connected to 
Arduino using Rosserial. Then the program for the 
formation is run on the laptop/computer. The 
system is considered complete if all Polebots have 
stopped at the destination point according to the 
predetermined formation. The flow chart for the 
formation program in the above sub-process will 
be explained in Figure 9. 

 
RESULTS AND DISCUSSION 

This test is conducted to prove that 
Polebot1, Polebot2, and Polebot3 can form a 
triangle formation from different starting positions. 
The data to be taken is the x-axis and y-axis 
coordinate data in the Gazebo Simulation. Figures 
10, Figure 11, and Figure 12 are the graphs of the 
coordinates generated by the movement of each 
robot in the Gazebo Simulation. A lined circle 
indicates the starting position of each robot at one 
end of the line on the graph. A colored circle 
indicates the robot's destination position at the 

other end of the line. A red line indicates a blue 
line indicates the movement of Polebot1, the 
movement of Polebot2, and the movement of 
Polebot3 is indicated by a green line. Finally, the 
consensus points formed are marked with a yellow 
circle (see Figure 10). 
 
Formation Test 1 

In test 1, the three robots are on the same 
y-axis coordinates. Table 1 describes the position 
data taken from the Gazebo Simulation in test 1. 
Figure 10 illustrates how robots can form a triangle 
from the initial position of each robot being on the 
same y-axis. Based on the initial position of each 
robot, the consensus points formed are (2, 1). 
Polebot1 will move and stop at coordinates (2, 2), 
1 m away from the meeting point on the y-axis. 
Polebot2 will stop at coordinates (1, 1), located on 
the left as far as 1 m from the meeting point on the 
x-axis. Polebot3 will remain in its position and will 
not move at the coordinates (3, 1), being on the 
right as far as 1 m from the meeting point on the 
x-axis. 

Table 2 explains the measured result 
coordinates of the Polebot's destination point in 
the environment. The test was carried out five 
times and was carried out on a ceramic floor using 
a measuring instrument in the form of a measuring 
tape with an accuracy of 0.1 cm.  

The resulting Polebot movement accuracy 
is still considered good when the Polebot body is 
still in the destination point area in the actual 
environment.  

 
 

Table 1. Coordinate Data in Formation Test 1 

Robot 

Initial 

Position 
(x,y) 

Consensus 

Point (x,y) 

Destination 

Position 
(x,y) 

x y x y x y 

Polebot1 2.5 1 

2 1 

2 2 

Polebot2 0.5 1 1 1 

Polebot3 3 1 3 1 

 
Table 2. Average Results of Formation Test 1 

Robot Axis 
Averages 

Error (%) Accuracy (%) 

Polebot1 
X 8.88 91.12 

Y 6.68 93.32 

Polebot2 
X 11.2 88.8 

Y 7.56 92.44 

Polebot3 
X 0 100 

Y 0 100 
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Figure 9. Flowchart of Polebot Formation System 
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Figure 10. Position Graph Coordinates of 

Formation Test 1 Results 
 

 
Figure 11. Position Graph Coordinates of 

Formation Test 2 Results 

 

 
Figure 12. Position Graph Coordinates of 

Formation Test 3 Results 

Table 3 shows the measurement results of 
the coordinates of the Polebot destination point. 
From the measurement results, it is found that 
Polebot1 has an average accuracy of 91.12% on 
the x-axis and 93.32% on the y-axis. Polebot2 has 
an average accuracy of 88.8% on the x-axis and 
92.44% on the y-axis. Finally, because Polebot3 
remains in position and does not move, Polebot3 
has an accuracy of 100% on the x-axis and 100% 
on the y-axis. 

From these tests, the precision value of 
Polebot1 with movement on the x-axis is 0.038 
and the precision value of movement on the y-axis 
is 0.047. The precision value of Polebot2 with 
movement on the x-axis is 0.080 and the precision 
value of movement on the y-axis is 0.052. The 
precision value of Polebot3 with movement on the 
x-axis is 0 and the precision value of movement on 
the y-axis is 0. 

 
Formation Test 2 

In test 2, the three robots are on the same 
x-axis coordinates. Table 4 explains the position 
data taken from the Gazebo Simulation in test 2. 

Figure 11 illustrates the formation of a 
triangle from the initial position of each robot on 
the same x-axis. Based on the initial position of 
each robot, the consensus points formed are (2, 
1). Polebot1 will move and stop at coordinates (2, 
2), one meter away from the meeting point on the 
y-axis. Polebot2 will stop at coordinates (1, 1), 
located on the left as far as one meter from the 
meeting point on the x-axis. Polebot3 will stop at 
coordinates (3, 1), located on the right as far as 
one meter from the meeting point on the x-axis. 
 

 

 
Table 3. Measured Position of Polebot in Formation Test 1 

No Robot 

Destination Point Coordinates 
Error (%) Accuracy (%) 

Correct Point Meas. Point 

X Y X Y X Y X Y 

1 

Polebot1 2 2 2.185 2.05 9.1 2.5 90.9 97.5 

Polebot2 1 1 0.95 0.851 5 14.9 95 85.1 

Polebot3 3 1 3 1 0 0 100 100 

2 

Polebot1 2 2 2.164 2.167 8.2 8.35 91.8 91.65 

Polebot2 1 1 1.111 0.998 11.1 0.2 88.9 99.8 

Polebot3 3 1 3 1 0 0 100 100 

3 

Polebot1 2 2 2.232 2.154 11.6 7.7 88.4 92.3 

Polebot2 1 1 1.124 0.913 12.4 8.7 87.6 91.3 

Polebot3 3 1 3 1 0 0 100 100 

4 

Polebot1 2 2 2.126 2.156 6.3 7.8 93.7 92.2 

Polebot2 1 1 1.141 0.928 14.1 7.2 85.9 92.8 

Polebot3 3 1 3 1 0 0 100 100 

5 

Polebot1 2 2 2.184 2.141 9.2 7.05 90.8 92.95 

Polebot2 1 1 1.134 0.932 13.4 6.8 86.6 93.2 

Polebot3 3 1 3 1 0 0 100 100 
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Table 4. Coordinate Data in Formation Test 2 

Robot 

Initial 

Position 
(x,y) 

Consensus 
Point (x,y) 

Destination 

Position 
(x,y) 

x y x y x y 

Polebot1 2 1 

2 1 

2 2 

Polebot2 2 0 1 1 

Polebot3 2 2 3 1 

 
Table 5 explains the measured result 

coordinates of the Polebot's destination point in 
the environment. The test was carried out five 
times and was carried out on a ceramic floor using 
a measuring instrument in the form of a measuring 
tape with an accuracy of 0.1 cm. The resulting 
Polebot movement accuracy is still considered 
good when the Polebot body is still in the 
destination point area in the actual environment. 

Table 6 shows the measurement results of 
the Polebot coordinates destination point. From 
the measurement results, it is found that Polebot1 
has an average accuracy of 96.26% on the x-axis 
and 98.28% on the y-axis. Polebot2 has an 
average accuracy of 75.56% on the x-axis and 
95.16% on the y-axis. Because Polebot3 remains 
in position and does not move, Polebot3 has an 
accuracy of 97.6% on the x-axis and 80.78% on 
the y-axis. The accuracy of 75.56% in Polebot2 is 
caused if the set point given by the simulation is 
sometimes too small in the forward diagonal 
movement. Because of the difference in the 
number of passive omni-wheels between the 
simulation robot model and the Polebot model, the 
minimum output set point from the simulation must 
be limited to 3 rad/s to overcome unnecessary 
wheel rotation in a forward movement. 

From these tests, the precision value of 
Polebot1 with movement on the x-axis is 0.0108 
and the precision value of movement on the y-axis 
is 0.0098. The precision value of Polebot2 with 

movement on the x-axis is 0.009, and the 
precision value of movement on the y-axis is 
0.0038. The precision value of Polebot3 with 
movement on the x-axis is 0.0061 and the 
precision value of movement on the y-axis is 
0.021. 

 
Formation Test 3 

In test 3, the three robots are on different x-
axis and y-axis coordinates. Table 7 shows the 
position data taken from the Gazebo Simulation in 
test 3. 

Figure 12 describes the formation of a 
triangle from the initial position of each robot on a 
different x-axis and y-axis. Based on the initial 
position of each robot, the consensus point formed 
is (2, 1.67). Polebot1 will move and stop at the 
coordinates (2, 0.67), one meter away from the 
meeting point on the y-axis. Polebot2 will stop at 
the coordinates (3, 1.67), located on the right as 
far as one meter from the meeting point on the x-
axis. Polebot3 will stop at the coordinates (1, 
1.67), located on the left as far as one meter from 
the meeting point on the x-axis. 

Table 8 explains the measured result 
coordinates of the Polebot's destination point in 
the environment. The test was carried out five 
times and was carried out on a ceramic floor using 
a measuring instrument in the form of a measuring 
tape with an accuracy of 0.1 cm. The resulting 
Polebot movement accuracy is still considered 
good when the Polebot body is still in the 
destination point area in the actual environment. 

Table 9 shows the Polebot coordinates 
destination point measurement results in 
Formation Test 3. From the measurement results, 
it is found that Polebot1 has an average accuracy 
of 88.6% on the x-axis and 73.134% on the y-axis. 
 

 
Table 5. Measured Position of Polebot in Formation Test 2 

No Robot 

Destination Point Coordinates 
Error (%) Accuracy (%) 

Correct Point Meas. Point 

X Y X Y X Y X Y 

1 

Polebot1 2 2 2.025 2.04 1.25 2 98.75 98 

Polebot2 1 1 1.242 1.043 24.2 4.3 75.8 95.7 

Polebot3 3 1 2.911 1.204 2.97 20.4 97.03 79.6 

2 

Polebot1 2 2 2.028 2.021 1.4 1.05 98.6 98.95 

Polebot2 1 1 1.232 1.048 23.2 4.8 76.8 95.2 

Polebot3 3 1 2.949 1.18 1.7 18 98.3 82 

3 

Polebot1 2 2 2.26 2.029 13 1.45 87 98.55 

Polebot2 1 1 1.257 1.047 25.7 4.7 74.3 95.3 

Polebot3 3 1 3.071 1.16 2.37 16 97.63 84 

4 

Polebot1 2 2 2.05 2.047 2.5 2.35 97.5 97.65 

Polebot2 1 1 1.244 1.051 24.4 5.1 75.6 94.9 

Polebot3 3 1 2.924 1.212 2.533 21.2 97.47 78.8 

5 

Polebot1 2 2 1.989 2.035 0.55 1.75 99.45 98.25 

Polebot2 1 1 1.247 1.053 24.7 5.3 75.3 94.7 

Polebot3 3 1 2.927 1.205 2.433 20.5 97.57 79.5 
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Table 6. Average Results of Formation Test 2 

Robot Axis 
Averages 

Error (%) Accuracy (%) 

Polebot1 
X 3.74 96.26 

Y 1.72 98.28 

Polebot2 
X 24.44 75.56 

Y 4.84 95.16 

Polebot3 
X 2.4 97.6 

Y 19.22 80.78 

 

Table 6. Coordinate Data of Formation Test 3 

Robot 

Initial 
Position 

(x,y) 

Consensus 
Point (x,y) 

Destination 
Position (x,y) 

x y x y x y 

Polebot1 3 0 

2 1.67 

2 0.67 

Polebot2 0 3 3 1.67 

Polebot3 3 2 1 1.67 

 

Table 7. Measured Position of Polebot in Formation Test 3 

No Robot 

Destination Point Coordinates 
Error (%) Accuracy (%) 

Correct Point Meas. Point 

X Y X Y X Y X Y 

1 

Polebot1 2 0.67 2.128 0.795 6.4 18.65 93.6 81.34 

Polebot2 3 1.67 3.225 1.298 7.5 22.27 92.5 77.72 

Polebot3 1 1.67 1.192 1.887 19.2 12.99 80.8 87.01 

2 

Polebot1 2 0.67 2.116 0.78 5.8 16.42 94.2 83.58 

Polebot2 3 1.67 3.151 1.301 5.03 22.10 94.97 77.90 

Polebot3 1 1.67 1.128 1.87 12.8 11.98 87.2 88.02 

3 

Polebot1 2 0.67 2.118 0.798 5.9 19.10 94.1 80.90 

Polebot2 3 1.67 3.154 1.289 5.13 22.81 94.87 77.19 

Polebot3 1 1.67 1.187 1.869 18.7 11.92 81.3 88.08 

4 

Polebot1 2 0.67 2.151 0.816 7.55 21.79 92.45 78.21 

Polebot2 3 1.67 3.147 1.295 4.9 22.45 95.1 77.55 

Polebot3 1 1.67 1.174 1.854 17.4 11.02 82.6 88.98 

5 

Polebot1 2 0.67 2.123 0.785 6.15 17.16 93.85 82.84 

Polebot2 3 1.67 3.157 1.297 5.23 22.33 94.77 77.66 

Polebot3 1 1.67 1.186 1.849 18.6 10.72 81.4 89.28 

 
Table 8. Average Results of Formation Test 3 

Robot Axis 
Averages 

Error (%) Accuracy (%) 

Polebot1 
X 6.36 93.64 

Y 18.62 81.37 

Polebot2 
X 5.56 94.44 

Y 22.39 77.60 

Polebot3 
X 17.34 82.66 

Y 11.72 88.27 

 
Polebot2 has an average accuracy of 

79.167% on the x-axis and 77.724% on the y-axis. 
Because Polebot3 remains in position and does 
not move, Polebot3 has an accuracy of 70.8% on 
the x-axis and 95.029% on the y-axis. 

From these tests, the precision value of 
Polebot1 with movement on the x-axis is 0.014 
and the precision value of movement on the y-axis 
is 0.0139. The precision value of Polebot2 with 
movement on the x-axis is 0.0327 and the 
precision value of movement on the y-axis is 
0.0044. The precision value of Polebot3 with 
movement on the x-axis is 0.0262 and the 
precision value of movement on the y-axis is 
0.0149. 

Those three formations tests prove that the 
consensus point algorithm can solve the formation 
problem on Polebots. All of the robots can move 
to make a triangle formation. The leader-follower 
approach can also solve the orientation problem 
so that all the robots can form the formation with 
the same orientation as the leader. 

CONCLUSION 
In this research, we can conclude that each 

Polebot can follow the movement according to the 
simulation on the Gazebo Simulation. The 
coordinates of the formation are obtained from the 
consensus between each robot. The consensus 
point is obtained from the average initial position 
of the three robots. A leader-follower topology is 
used to determine the orientation of the triangular 
formation. Polebot1, which acts as the leader, will 
determine the formation's orientation by 
comparing its initial position with the consensus 
coordinate point on the Y axis. Then Polebot2 and 
Polebot3, which act as the follower, will fill the 
formation according to the predetermined position. 
The results show that the Polebot1 has 90.67% 
accuracy on x-axis and 89.21% accuracy on y-
axis. Polebot2 has 83.32% accuracy on x-axis and 
86.17% on y-axis. Polebot3 has 89.27% accuracy 
on x-axis and 90.2% accuracy on y-axis.  
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