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Design, Construction and Performance
Comparison of Fuzzy Logic Controller and PID
Controller for Two-Wheel Balance Robot

Mehrdad Esmaeilipour® & Mohammad Hossein Zalzar®

ABSTRACT

In this article, the design, construction and
control of a two-wheeled balancing robot was
carried out with two PID controllers and fuzzy
logic. This type of robot has advantages such as
lower energy consumption and the ability to be
used in small spaces with the ability to navigate
in the entire workspace and rotate in place
compared to other wheeled robots. Therefore, the
need for research on the knowledge of building a
two-wheeled balancing robot and controlling its
balance optimally is felt to enter fields such as
medical robots (assistant and military and
robotics of humanoid robots), etc. For the design
and modeling of the robot, SolidWorks software
was used, and for programming, Arduino
software was used along with the Arduino
microcontroller board. In this research, the robot
system is nonlinear and is considered as a black
box, and two linear PID and nonlinear fuzzy
controllers have been used. After conducting
investigations and obtaining numerous results
for both controllers in the results section, the
performance of the fuzzy controller was observed
to be much more optimal than the PID controller.

The PID coefficients have been obtained
experimentally, and the membership functions of
the fuzzy controller have also been adjusted
experimentally, and the Mamdani method and
trapezoidal functions have been used. All the
results have been obtained from the Arduino
software and with a serial port connection
between the computer and the Arduino
microcontroller, all of which are presented in the
results section.
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| INTRODUCTION

Modern control is based on the time domain
analysis of differential equation systems. Modern
control has simplified system design because this
theory works based on a model of the real control
system. However, the stability of the system is
sensitive to the model error, that is, when the
controller designed based on the model is applied
to the real system, the system may not be stable.

In order to prevent such a situation from
occurring, the range of possible errors is first
determined during design, and then the control
system is designed so that it remains stable if the
error is within this range. The design method
based on this principle is called robust control.
Both frequency response and time domain
approaches are used in this theory, and this
theory has a lot of mathematical complexity [1].

Two-wheeled balancing robots that act like
inverted pendulums are naturally unbalanced,
nonlinear, and loaded [2] and consist of two
moving wheels, each located on one side of its
body and driven by direct current actuators. As a
model of an inverted pendulum, the robot's
balance is achieved by controlling the rotation of
its wheels. Since the introduction of the
two-wheeled balancing robot [3], this type of
robot has attracted great interest due to its many
application opportunities in the field of design,
controller, and signal processing of distributed
control systems. Simple design and use in tight
spaces, resulting in a small footprint, are also
other reasons for the popularity of this type of
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robot. However, the inherent tendency of the
robot to be unbalanced indicates the need for
dynamic control of the system.

Even with a higher height, they can accelerate
quickly without falling over. On the other hand,
not having more than two wheels means that they
can use larger wheels to cross uneven surfaces [4].
Given the characteristics and features mentioned,
this type of robot is used in fields such as
agriculture, transportation, etc. [5, 6]. Also, due to
its self-control, flexibility, and small size, this type
of robot has high usability in dangerous and small
workspaces [7]. In some studies, they are used for
educational purposes [8].

The study of two-wheeled balancing robots
emphasizes more on the robot balance control
technology. The first researcher in this field is
Professor Yamafuji, who works at the University
of Electrical Communications in Japan. In 1987,
he was working on an invention called a (parallel)
two-wheeled robot that incorporated two-wheeled
robot technology [9]. Soon after, Sony Electric
developed a two-wheeled self-balancing robot
called the Feelsro and demonstrated it at the June
2002 Robot World Cup. The world's first
humanoid two-wheeled self-balancing robot was
developed by ATR Research Laboratory in Japan.
Any instability and instantaneous movement of
the robot's upper body must be compensated
immediately and the balance maintained [10].
Various techniques have been proposed for
controlling two-wheeled robots, which require a
good understanding of the mathematical model,
which is represented by Lagrange's equations [3,
11, 12], Newton-Euler equations [13], Gibbs-Eppel
equations of motion [14, 15], or the Ken method
[10]. In general, such a device is affected by
external disturbances. Also, the lack of a dynamic
model, errors in parameter estimation, and noise
related to the measurement of input parameters
through sensors are other influencing factors that
need to be considered [16]. To In order to
effectively control the two-wheeled balancing
robot, linear and nonlinear control strategies have
been used. Among the linear controllers, PID
controller [11, 12, 17-19], LQR [13] and LQG [15]
have been used. These linear controllers offer a
limited range of performance due to linear

processing, thus limiting the performance of the
robot. As a result, the use of nonlinear controller
techniques can overcome these limitations. In a
study conducted by Slavo et al. in 2014 on the
control of two-wheeled balancing robot with LQR
controller. One of the reasons cited for using the
controller is the lack of an accurate mathematical
model for the robot [20].

Zhang et al. [20] proposes a fuzzy fractional-order
PID (FFOPID) controller for the motion control of
a TWSBR system in an inclined environment. The
control goal of TWSBR is to realize the wheel
position control and to stabilize the non-vertical
direction of intermediate body (IB). Finally, we
compare the control effect of the proposed
FFOPID controller with that of the integer-order
PID controller, the fuzzy PID (FPID) controller,
and the fractional-order PID (FOPID) controller
when TWSBR moving on the inclined plane. The
simulation results show that the FFOPID
controller has better control performance and
anti-interference ability.

Mudeng et al. [21] apply a Proportional Integral
Derivative (PID) controller as a control system in
a self-balancing robot with a working principle is
similar to an inverted pendulum. An Inertial
Measurement Unit (IMU) sensor is utilized to
detect the angular acceleration and angular
velocity of the self-balancing robot. The phase
design is constructed by planning the robot
dimension, mechanical system, and an electronic
system. Particularly, this study performs
mathematical modeling of the robot system to
obtain the transfer function. In addition, we
simulate the PID parameter with multiplication
between the basic parameter and several fixed
constants. The simulation results indicate that the
robot can maintain its balance and remains
perpendicularly stable for balancing itself.

Kumar et al. [22] investigates a novel
coupling-based mixed interval type-2 fuzzy logic
controller (MIT2FLC) for trajectory tracking
problems of highly nonlinear and complex robot
manipulator  plants.  For checking the
performance, the MIT2FLC approach is compared
with its type-1 fuzzy counterparts, namely mixed
type-1 fuzzy logic controller (MT1FLC), type-1
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fuzzy logic controller (T1FLC) and PID
controllers. Robustness analysis of the proposed
controller is  investigated for external
disturbances, varying system parameters, and
random noise.

Il ROBOT DESIGN

In this section, items such as design and selection,
structure dimensions and materials used in the
construction of the robot are described in detail.

2.1 Selecting the Appropriate Design

The first step in designing a balancing robot is to
select the appropriate structure according to the
purpose of its controller. For this purpose, in this
research, a platform-type two-wheeled balancing
robot has been built in order to apply controllers
and study the efficiency of each of them on the
balance of the robot. The prototype was designed
in the 3D design engineering software SolidWorks
45. The remaining steps, including the selection of
electronic  parts, construction = materials,
construction methods, etc., are described step by
step.

2.2 Robot Dimensions

Since the robot was built solely to study control
methods, an attempt was made to design a robot

with small dimensions and, as a result, low cost,
so that the robot operators have the ability to
apply appropriate torque to maintain the balance
of the robot. This robot was designed with a
simple floor plan to place the robot's electronic
components, so that the dimensions and spacing
of the floors and the selection of components for
each floor were carried out taking into account the
principle that the center of mass of the robot
should be in its upper part and the aim is to
control the imbalance of the two-wheeled robot.

2.3 Robot Shape

In order to achieve optimal performance of the
robot, a solid and symmetrical framework has
been used in its structural design in SolidWorks
software. This platform has the ability to increase
floors and place various sensors and electronic
components, as well as cameras for image
processing. Therefore, this robot will have the
ability to increase capabilities in all fields,
including automatic navigation and recognition of
the surrounding environment, which in this
research is only concerned with controlling the
balance of the robot. The final model of the
two-wheeled balancing robot that was carried out
in SolidWorks software is shown in Fig. 1.

Fig. 1: Designed Structure of Two-Wheeled Balancing Robot in Solidworks Software

2.4 Material Selection

Based on the ability to cut with a laser cutting
machine and easy drilling to place robot parts,

Plexiglass 46 material was used to make it. The
advantages of this material include low density,
good resistance to thickness, and accurate cutting
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based on the output map from SolidWorks
software for use in two-wheeled balancing robot.

25 Selecting Electronic and Mechanical Parts of
the Robot

To build a high-performance robot, selecting the
right parts that have the best performance in a set
is one of the most important parts of building a
robot. The selection of electronic and mechanical
parts of the robot should be based on the defined
performance for that part, and if the performance
is similar, the best part can be selected based on
their strengths and weaknesses. Ultimately,
excellent choices can create a high-performance
robot. Of course, cost is also an important factor
in selecting parts because a cheap part can
partially meet the performance of an expensive
part.

2,51 Selecting the Type of Actuator

In selecting the right actuator for the two-wheeled
balance robot, DC motors with a gear box and a
Hall effect encoder have been used to build the
robot. High-speed DC motors, if used with a
gearbox, provide high torque with a small volume
to the robot. High torque with high reaction speed
is needed by two-wheeled balancing robots to
maintain their balance. On the other hand, to
adjust the speed and find out the speed of the tires
and calculate the linear speed of the robot, it is
necessary to use an encoder on the output shaft
axis of the robot so that the robot can move at the
desired speed. The initial position and distance
traveled can also be one of the encoder outputs,
which in this research we only need to maintain
balance and the distance, speed and initial
position are not design considerations. So, the
geared high-speed DC motor is the best option to
be in the built robot set, but to continue the
research and practical development of the robot,
geared DC motors with Hall effect encoders have
been used to build the robot.

2.6 Construction

After designing the three-dimensional model of
the two-wheeled balancing robot and also
choosing the material, we used plexiglass material

here for ease of cutting and complete compliance
with the output design from the design software.

To make the platform prototype, various parts of
the robot are cut. Due to the choice of plexiglass,
the need for high precision in cutting parts, and
the elimination of machining operations, laser
cutting has been used in cutting various parts of
the robot. The laser cutting machine is very
important in carrying out specific cutting orders
because this machine is used with the most
up-to-date systems for laser operations. Laser
cutting machines are among the most popular
machines and are used in most cases for precise
cutting. After cutting the parts and assembling
them all with electronic and mechanical parts
such as tires and robot shafts, the finally built
model is shown in Fig. 2, which are displayed side
by side to match the output design from the
design software.
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Fig. 2: Example of a Two-Wheeled Balancing Robot Platform

2.7 Control

Two control methods have been used to control
the balance of the two-wheeled robot to compare
the efficiency of these methods in controlling the
robot and the results obtained show which
method shows the desired performance in which
conditions.

The methods used are one PID method assuming
the linearity of the problem and the other fuzzy
logic considering the nonlinearity of the problem.
The principles that we have considered in
controlling the robot are as follows:

e The two-wheeled balancing robot system is
considered as a black box without considering
the equations governing the balance of the
robot.

e The surface intended for robot navigation is
an uneven surface.

e Obtaining PID coefficients and the range of
input and output values in fuzzy logic has been
done experimentally

e The method used in fuzzy logic is Mamdani
method

2.71 PID Controller

In this method, considering the availability of the
built platform of the two-wheeled balancing robot,
we obtained PID values by trial and error, then by
entering the impact type input, we plotted the
robot's balance graph with the output data from
the MPU 6050 sensor and communicating with
the computer via the serial port in the Arduino
software. The steps for obtaining the optimal PID
coefficients experimentally are as follows: first, we
started with the proportional coefficient (P), as we
know, the effect of this coefficient is that it
increases the speed of the system and reduces the
steady-state error to some extent, but does not
make it zero. We know that to maintain the
balance of the built two-wheeled balancing robot,
the error must tend to zero, so the speed
coefficient P alone will not be effective and other
coefficients will need to be adjusted. Using a large
coefficient. It increases the tendency to maintain
balance, so the torque applied by the motors for
even a small impact will be large and at high
speed to create imbalance in the robot, and this in
itself is a factor in creating imbalance in the robot.
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The integral coefficient or I also makes the
steady-state error zero, but it adds a large amount
of unwanted oscillations to the transient response,
and this in turn causes imbalance in the robot
itself in situ. The derivative coefficient also
weakens the oscillations of the transient response,
so in addition to using the integral coefficient, we
will need to use the derivative coefficient.

2.7.2 Fuzzy Controller

The Mamdani method has been used to
implement the fuzzy logic controller. In this
method, according to Figs. 3 to 5, the membership
functions must be defined at first. We have
considered two inputs as inputs for fuzzy control;
One is the angle value at any moment and the
other is the change in angle at any moment, which
Fig. 3 shows three membership functions, and one
is the negative angle (ND) which is a trapezoidal
membership function from negative infinity to -2,

and the other is the angle near zero (ZD) which is
again defined as a trapezoidal function from 5 to
-5. There is a range between these two functions,
and if the angle is in that part, that is, between -5
and -2, depending on the membership level, from
a value between zero and one, it may be 0.7 of a
negative angle and 0.3 of a zero angle, which is
the same logic as the logic of human reasoning,
and uncertainty is involved here, and its
difference from zero and one or binary logic is
evident here. The membership function of the
positive angle (PD) is also considered from zero to
infinity. In fact, for the angle input at any
moment, we have considered three membership
functions that are overlapping functions. The
more or less the overlap, the different results of
the fuzzy logic. This case, Fig. 3, provides the best
result for the defined fuzzy logic controller
through trial and error for the first input.

i ND 7D PD
r
0.5
0 = L L 1 i i 1
-40 -30 -20 -10 0 10 20 30 40
Angle(deg)

Fig. 3: Narrator Input Membership Functions

Fig. 4 show the amount of angle change at any
moment, which is measured by the MPU 6050
sensor in a fraction of a second and with the
smallest angle change and is used by the fuzzy
logic controller. Here, the size of the upper side of
the trapezoid is considered to be much smaller,
which means that with this small value, the robot
does not show any reaction. If this value is taken
large, the robot oscillations will be greater.

Design, Construction and Performance Comparison of Fuzzy Logic Controller and PID Controller for Two-Wheel Balance Robot

Volume 25 | Issue 1 | Compilation 1.0

(© 2025 Great Britain Journals Press



PDW |

NDW
% S b
0.5
U L 1 1 1 I 1
50 -40 0 || 25l -1 0 10 20 30 40 50

Change angie(deg)

Fig. 4: Membership Functions of the Angle Change at any Moment

Fig. 5 shows the output membership functions to
be applied to the actuators. These functions are
trapezoidal in type and the values of the
horizontal axis indicate the output of the fuzzy
logic controller due to the reasoning that is
written from the rules. These values are the same
values that must be sent to the actuator driver so
that the drivers can send the required speed and
torque to the actuators with the PWM wave and
the robot can maintain its balance. It is worth
mentioning that the program written for the MPU
6050 sensor uses the I12C interface and is taken by
the Kalman filter of the sensor noise and

calculations are performed at high speed so that
the robot can react quickly. Here, three
membership functions are defined: the first is
negative speed, which means the direction of the
speed is counterclockwise, and the second is zero
speed, which if we look carefully is considered to
be completely zero in a very small range, and in
the rest of the zero-speed membership function,
the membership rate is raised. For positive speed,
the function is again trapezoidal and its overlap
with the zero-speed membership function is
symmetrical with the overlap of the negative
speed membership function and the zero function.

T — -3

L NV zv PV
1 p— ~— _
0.5
250 =200 -150  -100 30 0 s 100 150 200 250

output Variable(bir)

Fig. 5: Velocity Membership Function
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. RESULTS

In this section, the performance comparison of
two PID controllers and fuzzy logic is used for the
robot that was built. This robot, as described in
the details of the construction in the third chapter,
has the ability to apply two controllers through
the Arduino software on the Arduino
microcontroller. To adjust the coefficients and
values of the controllers manually and
experimentally, by trial and error and observing
the equilibrium output diagram of the angle-type
robot, we tried.

3.1 Results of the PID Controller

In the first stage, we use only the P coefficient for
the PID controller and the rest of the coefficients

10+

N

are given zero, which is completely related to the
physics of the system and we obtain the
coefficients empirically and we have no problem
with the complexity of physics.

Fig. 6 shows the fact that the robot actually falls
and using the P coefficient alone cannot control
the balance of the robot.

In the second stage, by increasing the
proportional coefficient, we tried to test the
balance response of the robot with respect to the
value of this coefficient, the result of which is
plotted in Fig. 7.

<

Angel(deg)

]
—_
e

Time(sec)

Fig. 6: Control Diagram of the Robot in the First Stage
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Fig. 7: Robot Control Diagram in the Second Stage

In Fig. 7, it can be seen that the presence of the P coefficient on the output graph of the MPU 6050
coefficient without other coefficients and simply sensor.

increasing the P coefficient value to 100 causes

the robot to oscillate sharply and fall. Although it

has an initial balance of up to 2 seconds, we

eventually have the robot fall.

Considering that in the controller, the
proportionality of the P coefficient alone causes a
large error and, as a result, a large signal to the
input, therefore, in Fig. 7, an equilibrium is
initially created, which, as the error increases or
the difference between the angle value and the
angle, a large signal reference is created and
applied to the wheels, and therefore the robot
falls.

London Journal of Engineering Research

Therefore, we must also use other coefficients,
and for now, we will suffice with this 2-second
equilibrium for the P coefficient value and observe
the effect of other coefficients on the robot
balance control.

In the third step, we use the integrator coefficient
or I with a value of 60 for the controller and set
the coefficient value to 100 and the derivative
coefficient or D to zero to measure the effect of the
integrator coefficient along with the proportional
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Fig. 8: Robot Control Diagram in the Third Stage

Fig. 8 shows the robot's strong oscillation again
around the balance point and the possibility of the
robot falling with the slightest impact. In this
stage, along with the proportional coefficient, the
integral coefficient was also used. The desired
result, which is the robot's balance around the
zero point, was not observed and severe
oscillations were applied to the robot and the
controller could not maintain the robot's balance.
In the fourth stage, we use the value 100 for the

6_

proportional coefficient and 400 for the integral
coefficient. Fig. 9 shows the robot's balance
diagram around the balance point. It is true that
the integral coefficient creates the robot's balance
around the robot's balance point with a
permanent oscillation, but in a two-wheeled
robot, the goal of balance is to settle down and the
robot's balance angle tends to zero, which is not
possible with the proportional-integral coefficient
according to the results obtained.

QO/\/\/\/\/\//\\//\
3
=3
&
.61
12]
-180 3

Time(sec)

Fig. 9. Robot Control Diagram in the Fourth Stage
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In this stage, by adding a derivative coefficient to
the proportional-integral controller, we seek to
reduce the robot's oscillations and the robot's
ability to respond to impact input to maintain
balance.

For fast response and large torque against impact,
we increased the proportional coefficient to 120
and used the same integral coefficient of 400 so
that oscillations do not increase, and we applied a
derivative coefficient of 1. The equilibrium
diagram in Fig. 10 is drawn for the robot with
these control values, which shows the reduction of

oscillations and the robot's tendency to maintain
balance.

In the sixth stage, by only increasing the
derivative coefficient to 3.5 and keeping the other
values constant, we see in Fig. 11 that the robot
has found a smaller amplitude of oscillations
around the equilibrium point. But it still has not
found complete equilibrium around the
equilibrium point, meaning it has oscillations in
place. We used all the coefficients in the stage, but
we still need to modify and change the coefficient
whose high value can cause the robot to oscillate.

6
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Fig. 10: Control Diagram of the Robot in the Fifth Stage
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Fig. 11: Robot Control Diagram in the Sixth Stage

In the last stage, by reducing the value of the Fig. 12, the robot even reaches equilibrium. At this
integral coefficient to 3.5, the amplitude of stage, the remaining coefficients have the same
oscillations is greatly reduced and according to value as before.

o
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Angel(deg)
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Fig. 12: Robot Control Diagram in the Seventh Stage

Using the trial-and-error method and repeated seen in Fig. 13, and brought better stability and
iterations, we finally reached a desirable result for stability to the two-wheeled balancing robot.
the PID coefficients, the results of which can be
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Fig. 13: Robot Control Diagram in the Best Result Obtained for PID

In Fig. 13, the output is the final output and the
balance angle of the robot, and the reference
diagram is the balance line. The control signal is
the PWM signal sent from the Arduino
microcontroller to the motors. As can be seen, the
control signal is in the opposite direction of the
control signal at any moment, and this process
will continue until equilibrium is reached.
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Fig. 14: Balance Diagram of PID Controller on Two-Wheeled Balancing Robot with External
Disturbance

Fig. 14 shows the reaction of two-wheeled
balancing robot to impact with PID controller and
the coefficients obtained in Fig. 13. As can be seen
from the diagram, by applying impact to the
robot, the robot takes about 12 seconds to reach
equilibrium, but it does not overturn and regains
its balance due to the movement and torque of the
motors opposite the angle of the robot.

According to the output diagrams from the MPU
6050 sensor of the robot with PID controller, the
result obtained is that we need all three

coefficients to control the robot, and all three
coefficients must be obtained by trial and error or
by other methods that can optimize the PID
coefficients. The experimental method is a very
tedious method and may not achieve the desired
result, and it is better to use the PID method
together with other methods. On the other hand,
the type of motors used, the gearbox backlash,
and the design of the structure can be other
factors that complicate the control of the robot.
On the other hand, this method is not resistant to
impacts and uneven surfaces, despite not
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reducing the control error to below one degree,
but it has the ability to control and respond
quickly to impacts.

3.2 Result of the Fuzzy Controller

By applying a fuzzy logic controller that has a
nonlinear nature, we have tried to compare the
results of the linear PID controller with the
nonlinear fuzzy controller. In this controller, we
used the Mamdani method with trapezoidal
functions and obtained the values of the functions
by trial and error according to the PID controller.
Here, we have presented the graph of the best
results for the fuzzy controller.

Fig. 15 is the result of the fuzzy control on the
balance of the two-wheeled balance robot. As can

be seen, the robot reached equilibrium within two
seconds. This controller, with its nonlinear
nature, has been able to balance the nonlinear
system of the two-wheeled balance robot well.

Fig. 15 is the initial balance of a two-wheeled
balancing robot on which the fuzzy control
algorithm has been applied.

3.3 Comparison of Results

In the research, we want to make a comparison
regarding the performance of two PID and fuzzy
controllers applied to the robot because two
controllers on the robot cannot perform the
control action at the same time.

-Output(deg)
- refrence(deg)

Signal(deg)

Time(sec)

—refrence(deg)
—Cantrol signal

-10- l

-12 [ [ I

—

4
Time(sec)

Fig. 15: Fuzzy Control Balance Hairpin on a Two-Wheeled Balancing Robot
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In Fig. 16, we have brought both balance diagrams
of the robot from Figs. 13 and 14 together so that
the comparison can be done easily and accurately
and the result of the comparison between the two
fuzzy and PID controllers can be easily seen.
Therefore, it can be seen that although the PID
controller has been able to maintain the balance
of the robot, this balance is not complete and
sometimes the robot goes out of balance and the
robot is oscillating and vibrating around the

2.5

o
L%
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L S~

&

o

n
=)
na-
w

balance angle and even compared to the fuzzy
controller whose result is shown in Fig. 14, it has
not reached balance quickly. This is because the
fuzzy controller reaches equilibrium much faster
and stands completely still and without oscillation
at the equilibrium point. This is because the fuzzy
controller uses human logic (but) and (if) in the
control discussion and has inherent flexibility in
controlling nonlinear systems.
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Fig. 16: Comparison Diagram of Balance of Two-Wheeled Robot with Fuzzy and PID Controllers and in
Initial Start Mode

V. CONCLUSION

The two-wheeled balancing robot system is such
that it is involved in many factors to achieve the
balance of the robot, including the unevenness of
the surface below, the tilt of the robot, the friction
surface between the wheels and the surface below
the wheels. All of these factors cause a mismatch
between the output and input applied to the
wheels (the same torque applied by the motors.

Therefore, despite the nonlinear nature of the
system in this study, we have considered the
system in a linear range. However, due to the
nonlinear nature of the two-wheeled balancing
robot system, as can be seen, the fuzzy logic
controller shows much better performance than
the PID controller in the results section and the
balance of the robot is maintained without

oscillation. On the other hand, the adjustment of
values in the fuzzy controller is done much faster
than the PID controller in this study, and this is
one of the other advantages of the controller. It is
fuzzy. The fuzzy controller, with its nature of
being close to human logic, shows high flexibility
in behavior and decision-making, just as humans
are very successful in maintaining their balance
when walking, standing, or receiving an impact,
etc. Because it does not operate in a zero-one logic
in decision-making and has a logic similar to fuzzy
logic, in fact, fuzzy logic reflects the logic of
human behavior when making decisions, and this
research shows this issue well by comparing the
results that only three fixed coefficients in PID
have less ability than fuzzy logic in controlling the
balance of a two-wheeled robot.
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A two-wheeled balancing robot uses less energy
than other wheeled robots and has advantages
such as high maneuverability in a small space due
to rotation, the ability to increase capabilities such
as recognizing the surrounding environment and
other unique capabilities. The need for study in
the field of balance control is still felt. Therefore,
this research focuses more on the balance of the
robot, and the research results show that the
balance of the robot can be well maintained by
applying optimal controllers.

These types of robots can function as humanoid
robots by upgrading the robot structure and
adding processing and images to identify the
surrounding environment and various sensors
and sound recognition algorithms, and can be
used as assistants for the disabled, or by changing
the shape of the tires and using powerful
actuators, they can also be used in uneven
environments. One way to increase the ability to
maintain balance in two-wheeled robots is to use
learning algorithms along with a controller to
increase the flexibility of the robot and the ability
of the robot to encounter balance-disrupting
factors each time.
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