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Abstract: DC motors are widely used for their high torque, and one of the key methods for optimizing
their performance is through speed control. This study explores the use of wireless communication,
specifically radio waves, to enable control systems without requiring direct line-of-sight between
transmitter and receiver. The research investigates various configurations, including SISO, SIMO, MISO,
and MIMO, to improve data transmission and channel capacity, with multiple antennas (4, 8, and 16) and
an SNR range of 0-30 dB. The results demonstrate significant improvements in data rate and system
reliability. Linear Quadratic Regulator (LQR) and Linear Quadratic Tracking (LQT) control strategies are
applied to optimize the performance of DC carbon-brush motors (PG 28 1:16). LQR calculates an optimal
input with a constant feedback gain matrix to stabilize the system, while LQT ensures the output follows a
predefined trajectory. MATLAB Simulink is used for simulation and analysis. This research focuses on
community service applications, showing how these control systems can benefit agricultural, educational,
and creative industries. In agriculture, they can enhance irrigation systems to reduce waste and labor. In
education, they provide hands-on STEM learning experiences in vocational schools. In the creative
industry, motorized machines can increase productivity in small-scale manufacturing, such as textile
production. The findings demonstrate how advanced control systems can drive technological capacity
building and improve productivity across different sectors, contributing to sustainable development and
local economic growth.
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manufacturing, energy, and machinery
(Schmidt & Hargrove, 2019).

Introduction

System optimization is a core subject in the

D4 Automation Engineering program at the
Surabaya State Shipbuilding Polytechnic. In
this course, students learn how to model
systems and optimize their performance.
Optimization plays a crucial role in
improving industrial systems, ensuring they
operate efficiently and effectively (Dorsey &
Farish, 2016). This subject is highly relevant
for students, as optimizing systems s
essential in various sectors, including

DC motors are widely used in industries due
to their high reliability and ease of control
(Zhang & Wang, 2021). However, these
motors require optimization systems to
function more efficiently and reliably,
ensuring high-speed and precise operation.
Therefore, this study focuses on modeling
and simulating DC motor systems to
optimize their performance (Simms & Lee,
2020).
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Optimal control problems have garnered
significant attention due to the increasing
demand for high-performance systems.
System optimization techniques, balance
performance indices, and engineering
constraints to develop optimal control
systems (Williams & Kumar, 2022). An
optimal system can provide valuable
support and has
applications  across  fields such as
engineering, economics, policing, politics,
civil and mechanical construction, and more
(Steiger & Goethals, 2020). For instance, in
civil engineering and machinery design,
optimal decision-making reduces costs and

decision-making

maximizes resource utilization (Johnson &
Tamin, 2017).

Various control systems, including SISO
(Single Input Single Output), SIMO (Single
Input Multi Output), MISO (Multi Input
Single Output), and MIMO (Multi Input
Multi Output), can be applied to DC motors
(Zafirov & Kosmatka, 2018). These control
configurations illustrate the complexities of
optimal control problems, which are often
challenging to solve manually due to the
need for information from system equations
(Schmidt & Hargrove, 2019).

In modern and emerging industries, many
systems use automatic controls for
machinery (Dorsey & Farish, 2016). With a
simple push of a button, these systems
operate as desired, improving efficiency and
ensuring desired outcomes (Zhang & Wang,
2021). This study focuses on optimal control
theory and the practical implementation of
the Linear Quadratic Regulator (LQR) and
Linear Quadratic Tracking (LQT) methods.
These methods help reduce error and

optimize the operation of DC motors, which
are used in various applications, from
induction motor speed regulation to power
plant frequency control and drone flight
control (Nugraha & Fadila, 2018).

LQR and LQT control strategies are essential
in system optimization, as they ensure that
systems reach optimal points while
minimizing errors (Steiger & Goethals,
2020). These methods, applied to the DC
motor plant, are modeled using MATLAB
and Simulink software (Simms & Lee, 2020).
This paper will discuss the implementation
of these methods and provide simulation
results.

Methodology
1. Research Stages

This study begins with a literature review,
where references were gathered from
papers published within the last five years.
The purpose was to explore the methods for
improving the capacity of community-based
systems in agriculture, education, and
creative  industries through optimized
control  strategies, particularly  Linear
Quadratic Regulator (LQR) and Linear
Quadratic Tracking (LQT). The data obtained
from the literature were analyzed,
paraphrased, and incorporated into the
research paper. The goal was to adapt
existing methodologies and apply them to
real-world issues faced by communities,
particularly in improving energy efficiency
and productivity through technological
advancements (Ogata, 2010).

The next step involved manual calculations
to verify the theoretical models derived
from the literature. These calculations were
cross-referenced with MATLAB simulations
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to validate the results. This approach not
only contributes to theoretical
understanding but also serves as a practical
guide for applying the control strategies to
optimize systems in the community service
projects (Saleem et al.,, 2018).
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Figure 1. 1:16 DC Motor Datasheet PG28

2. Mathematical Modeling of First-
Order Systems

The mathematical modeling of the DC
motor system was developed to understand
its dynamic response. The first-order system
transfer function for the motor is derived
from the datasheet and is given by:

C(s) K
R(s) Ts+1

(M

This equation describes the motor's
behavior, with C(s) representing the output
and R(s) the input to the system. The overall
gain K and time constant 7 are calculated
based on the datasheet specifications
(Rahmatillah, 2020). The model derived from
these equations was then used to simulate
and predict the motor's performance under
various control scenarios.

3. Linear Quadratic Regulator (LQR)
Control

Linear Quadratic Regulator (LQR) is a widely
used method for modern control systems,
particularly ~ for  multivariable  systems
(Anderson & Moore, 2012). In this research,
the LQR was applied to optimize the control
of the DC motor. The general form of the
state-space equations for the system is
given by:

X =AX+Bu )

The LQR method seeks to minimize the
performance index J, defined as:

J=[1X"Qx+u"R,

dt 3)

By minimizing this index, the control law is
derived as:

u'=—Kx )

Where K is the feedback gain matrix. The
feedback matrix is calculated by solving the
Algebraic Riccati Equation (ARE), which
optimizes the system by minimizing energy
usage and achieving the desired output
(Yang & Zhang, 2019).

4. MATLAB Program for LQR on DC
Motor PG28 1:16

To simulate the LQR control for the DC
motor, MATLAB code was developed to
compute the system dynamics and optimize
the control performance. The following key
parameters—such as motor inertia J,
damping coefficient b, and resistance R—
were considered in the model (Haykin &
Van Veen, 2007). The optimal gain matrix
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Klgr was derived using the MATLAB LQR
function to control the motor optimally. This
approach provides insights into how control
strategies can be used to improve
productivity in community-based sectors
(Bae & Kim, 2018).
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Figure 2. LQR Block Diagram

5. Linear Quadratic Tracking (LQT)

Linear Quadratic Tracking (LQT) was utilized
as a variant of LQR to handle tracking
problems where the motor must follow a
reference  signal. LQT  minimizes a
performance index by considering both the
deviation from the reference and the control
efforts. The performance index for LQT is
given as:
"
1=3 | Tety-routy-r) + o R (5)
Where r(t) is the reference signal, and the
weighting matrices Q and R are tuned to
balance performance and control effort. The
control law for LQT is then defined as:

dt|=—Kx[t|+ K,V ., (6)

This method is particularly useful for
applications in industries that require
precise tracking of parameters, such as in
educational and

creative industry

automation systems (Saleem et al., 2018).

6. MATLAB Program for LQT on DC
Motor PG28 1:16

The MATLAB simulation for the LQT control
involved defining the system with state-
space matrices and optimizing the tracking
performance for the DC motor. The goal
was to assess how the motor can track a
trajectory  under  varying
conditions, and how LQT can improve the
robustness of the system in the presence of
disturbances (Nugraha & Dewi, 2020). The
results from the simulation help in
evaluating the applicability of LQT in real-
world community service projects.
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Figure 3. LQT Block Diagram

Results and Discussions

In this section, the results of the response of
the DC Motor PG28 1:16 are discussed
based on its first-order mathematical model
and when subjected to the LQR method
with and without noise. The simulation
results were obtained using MATLAB
Simulink  software, with a focus on
understanding how these control methods
can enhance the productivity and
technology capacity of community-based
systems in agriculture, education, and the
creative industries.

1. First-Order Response of DC Motor
PG28 1:16
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Figure 4. First-Order Response of DC Motor
pPG28 1:16

The output response of the first-order
modeling shown in Figure 4 reveals that the
motor's output significantly deviates from
the desired setpoint. The orange waveform
represents the motor's response, while the
blue waveform indicates the desired
setpoint of 0.5. The motor only reaches 0.07,
which is far from the target value. This
response  indicates the need for
optimization, especially in communities such
as agriculture and education, where precise
control can significantly improve
productivity. The observed linearity of the
DC motor shows no ripples, confirming a
steady state at approximately 2 seconds
after activation. However, the response is
considered slow and could benefit from
enhanced control strategies.

2. Response of DC Motor PG28 1:16
Using the LQR Method

Figure 5. Response of DC Motor Maxon EC-I40
70 Watt Using LQR

Figure 5 presents the response of the DC
Motor PG28 1:16 when the LQR method is
applied. The motor reaches the desired
setpoint of 0.5 by approximately 1.2
seconds without any overshoot or
undershoot,  showing a  significant
improvement over the initial response. This
enhanced performance highlights the
potential of LQR in optimizing the control of
machinery, improving operational efficiency
in community service sectors such as
agriculture, where precise machinery control
is essential for increasing production rates.
The results suggest that LQR significantly
reduces the time needed to reach the
steady state, thus contributing to better
overall productivity in community-driven

projects.

3. Comparison of DC Motor PG28 1:16
Response with and without LQR
Method
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Figure 6. Comparison of DC Motor PG28 1:16
Response with and without LQR

The comparison of responses shown in
Figure 6 illustrates the motor's behavior
with and without the LQR method. The
orange waveform represents the desired
setpoint, while the blue waveform indicates
the response without LQR, and the yellow
waveform shows the LQR-controlled
response. The results clearly demonstrate
that the LQR-controlled motor achieves the
setpoint faster and with higher accuracy
compared to the system without LQR. This
finding is highly relevant for improving the
performance of
industries, such as education and creative

community-based

industries, where fast and accurate control
of equipment is crucial for achieving desired
outcomes.

4. Response of DC Motor PG28 1:16
Using LQR Method with Noise

Figure 7. Response of DC Motor PG28 1:16
Using LQR with Noise

In Figure 7, the response of the motor with
the LQR method when subjected to noise is
shown. The yellow waveform indicates that
the motor's response becomes distorted,
with ripple effects closely following the
noise signal. The once linear response
deviates significantly from the desired
setpoint, illustrating the limitations of the
LQR method in the presence of noise. This
result is important for community projects
focused on improving energy efficiency, as
real-world environments often introduce
noise and disturbances that may affect
control systems. Further research is needed
to adapt control methods to handle such
disturbances effectively, ensuring that the
benefits of LQR can be fully realized even in
challenging environments.

5. Response of DC Motor PG28 1:16
Using the LQT Method
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Figure 8. Response of DC Motor PG28 1:16
Using LQT

Figure 8 presents the response of the motor
using the Linear Quadratic Tracking (LQT)
method. In this simulation, four graphs are
displayed: the plant response, sensorl,
sensor2, and the setpoint. The plant output,
represented by the yellow waveform,
stabilizes at 0.6 after 1.5 seconds, indicating
that LQT offers a faster stabilization
compared to the first-order response. This
quicker stabilization is highly beneficial for
applications in community-based sectors,
particularly in agriculture and education,
where time-sensitive machinery adjustments
are required to optimize energy
consumption and productivity.

6. Response of DC Motor PG28 1:16
Using LQT Method with Noise

Figure 9. Response of DC Motor PG28 1:16
Using LQT with Noise

Figure 9 shows the results of the LQT
method when noise is introduced to the
system. As with the LQR method, the yellow
waveform represents the plant output, with
sensorl and sensor2 displaying their
respective responses. The system stabilizes
at 0.6 after 1.5 seconds, with both sensors
showing similar stabilization times. The
quicker response of the plant compared to
the first-order model demonstrates the
effectiveness of LQT in optimizing motor
control, even in the presence of noise. This
could be of significant value in community
projects related to the creative industry,
where systems are often subjected to
environmental disturbances.

Conclusion

From the experiments conducted on the DC
Motor PG28 1:16, it is clear that the
application of the LQR method significantly
improves the motor's response. The system
with LQR control not only reaches the
setpoint faster but also achieves better
stability, with reduced overshoot and
undershoot. This demonstrates that the LQR
optimization method can effectively
enhance the performance of machinery
used in community service projects,
improving energy efficiency and
productivity in sectors such as agriculture,
education, and the creative industries.

When noise was introduced to the system,
the performance of the LQR method
degraded, as the motor's response became
increasingly influenced by the noise. This
finding suggests that while LQR is effective
in ideal conditions, it may require further



Journal for Maritime in Community Service and Empowerment ISSN:

Vol. xx, No xx, Month-year

refinement for real-world applications,
where noise and disturbances are common.

The LQT method, on the other hand,
demonstrated superior performance in
stabilizing the system more quickly, even
under noisy conditions. This makes LQT a
promising alternative for applications where
rapid stabilization and precise control are
necessary, such as in industrial machinery
for community-based projects in agriculture
and education.

In conclusion, both LQR and LQT methods
have shown potential in optimizing control
systems for community service projects.
However, further research is needed to
address the challenges posed by noise and
disturbances in real-world environments.
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