J-COSINE (Journal of Computer Science and Informatics Engineering)

Vol. 8, No. 2, December 2024

Accredited Sinta-4 by RISTEKDIKTI Decree No. 79/E/KPT /2023

E-ISSN:2541-0806
P-ISSN:2540-8895

Comparative Analysis of the Performance of
Linear Quadratic Regulator and State Feedback
Control on DC-DC Shunt Boost Converter

I Ketut Wiryajati®, Ade Safitra, Muh. Izzul Islam

Dept Electrical Engineering, Mataram University
JI. Majapahit 62, Mataram, Lombok NTB, INDONESIA
Email: kjatiwirya@unram.ac.id

*Corresponding Author

Abstract In recent years, DC-DC converters, particularly
the shunt boost type, have become essential components in
power systems, especially for applications requiring efficient
voltage and current regulation. Proper control of these
converters is crucial to ensure optimal performance. This
study analyzes two commonly used control methods: Linear
Quadratic Regulator (LQR) and State Feedback Control for
shunt boost DC-DC converters. LQR is recognized for its
ability to minimize a cost function and optimize system
performance, while State Feedback Control provides a
simpler yet effective approach for controlling system states.
Using MATLAB/Simulink-based simulations, this study
evaluates the performance of both methods in terms of
transient response, stability, and energy efficiency. The
results reveal that LQR delivers faster and more stable
responses compared to State Feedback Control, with a rise
time of 0.8 seconds and a smaller overshoot of 5%. However,
the complexity of implementing LQR makes it less practical
than State Feedback Control, which is easier to apply in real-
time applications. These findings highlight the practical
significance of LQR as a superior control method for
converters in renewable energy applications requiring rapid
response and high efficiency. Conversely, State Feedback
Control proves more suitable for straightforward
implementations in power systems relying on simpler
technologies. This research provides valuable insights into
selecting appropriate control methods for shunt boost DC-
DC converters, emphasizing the trade-offs between
performance and practicality in real-world applications
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1. INTRODUCTION

In recent years, DC-DC converters have become
essential components in electrical power systems,
particularly for applications requiring efficient voltage and
current regulation. One of the most widely used types of
converters is the shunt boost converter, which has the
capability to step up the input voltage to a higher level. [1]

These converters are critically important, especially in
supporting the rapidly advancing renewable energy
technologies, such as photovoltaic systems and wind

turbines. In this context, the demand for converters that can
operate with high efficiency, good stability, and
adaptability to system dynamics has become increasingly
urgent. However, the primary challenge in utilizing these
converters lies in implementing proper control strategies
to ensure optimal performance. Although various control
methods have been developed, two commonly employed
approaches are the Linear Quadratic Regulator (LQR) and
State Feedback Control.

Previous studies, such as those conducted by [2], have
highlighted the importance of energy efficiency in DC-DC
converter applications but have not provided an in-depth
analysis of how these two methods can be directly
compared in specific applications, particularly in the
context of renewable energy. With the growing need to
understand the strengths and weaknesses of each method,
this study aims to bridge that gap through a comprehensive
evaluation [3][4]

This study provides a unique contribution through an
in-depth comparative evaluation of the Linear Quadratic
Regulator (LQR) and State Feedback Control in managing
shunt boost DC-DC converters. The research not only
analyzes the theoretical foundations of these two methods
but also employs MATLAB/Simulink-based simulations
to evaluate various performance parameters. These
parameters include transient response, stability, energy
efficiency, and ease of implementation. With a focus on
practical applications in renewable energy, this study
offers new insights into how these two methods can be
applied under different operational conditions.[5].

The Linear Quadratic Regulator (LQR) demonstrates
significant advantages in enhancing system performance
through feedback calculated based on a detailed
mathematical model. In simulations, LQR delivers a faster
transient response with a rise time of 0.8 seconds and a
smaller overshoot of approximately 5%. The stability of
systems controlled by LQR also proves superior when
facing external disturbances. These strengths make it an
attractive choice for applications requiring high levels of
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accuracy, such as photovoltaic systems that often
experience fluctuations in sunlight intensity or wind
turbines affected by changes in wind speed. However, its
implementation complexity, including the need for precise
parameter tuning and advanced software, makes this
method less practical for real-time applications or systems
with limited resources.

Conversely, State Feedback Control offers a simpler
solution by relying solely on direct measurements of the
current system state. This approach is easier to implement
and well-suited for systems requiring quick control using
straightforward technology. With lower implementation
complexity, this method is often employed in smaller-scale
applications or where simplicity and cost are primary
considerations. However, its limitations in managing more
complex system dynamics make it less effective compared
to LQR for applications that demand high stability and
efficiency.

The results of this study provide specific
recommendations for engineers and researchers in
selecting the appropriate control method based on
application needs. For example, in renewable energy
applications such as photovoltaic systems or wind
turbines, where stability and efficiency are top priorities,
LQR can be an optimal choice despite its more complex
implementation. On the other hand, for simpler
applications requiring practical solutions, State Feedback
Control serves as a more effective alternative. In the
context of small to medium-scale industries, where
technical resources are limited, State Feedback Control
offers an efficient approach without significantly
compromising performance.

Additionally, this study includes an in-depth analysis
of how parameters such as the Q and R matrices in LQR
are determined. This explanation provides practical
guidance for users in adopting the LQR method, which is
often considered complex. By incorporating a process flow
diagram, the paper further aids readers in gaining a clearer
understanding of the methodology used, thereby enabling
the replication and validation of results in other research
contexts or applications.

According to research conducted by [4], the DC-DC
shunt boost converter finds numerous applications in the
renewable energy sector, especially in photovoltaic and
wind turbine systems. In photovoltaic systems, for
example, fluctuating sunlight results in variations in output
power, requiring a converter that can efficiently regulate
and step-up voltage as needed. Similarly, wind energy
systems also benefit from the shunt boost converter's
ability to manage varying input voltages, allowing these
systems to maintain stable and optimized output. As the
demand for energy efficiency grows, particularly in green
energy systems, the importance of evaluating and selecting
control methods that can maximize the performance of
converters becomes increasingly clear [6].

The Linear Quadratic Regulator (LQR) is recognized
for its robustness in optimizing system performance. LQR
minimizes a cost function, which typically includes terms
related to system state deviations and control input
magnitude. By balancing these terms, LQR can achieve a
desired trade-off between tracking performance and
control effort, leading to an optimized response. This is
particularly advantageous in applications where energy
efficiency and precision are crucial, as LQR can limit
control actions that would otherwise result in excessive
energy consumption. Furthermore, LQR is highly
adaptable, as it allows engineers to adjust the cost function
weights to achieve different performance objectives, such
as faster response or reduced energy consumption [7].

On the other hand, State Feedback Control is often
appreciated for its simplicity and effectiveness in
controlling system states. Unlike LQR, which requires
solving an optimization problem, State Feedback Control
relies directly on the measurement of system states to
produce the control signal. This feedback approach makes
it relatively easy to implement and can offer reliable
performance in many practical applications. State
Feedback Control is especially useful in applications
where computational resources are limited or where a
simpler control architecture is desired. It provides a
straightforward means to adjust system states without the
need for complex computations, which can be beneficial
in real-time applications[8].

In this study, it is critical to understand how each
control method works in practice and how they impact
converter performance. LQR generates optimal feedback
based on a mathematical model of the system, which
allows it to anticipate system behavior and adjust control
actions accordingly. This predictive capability is valuable
in scenarios where system dynamics are well-understood,
and where a high level of precision is required. However,
LQR's reliance on an accurate mathematical model can be
a drawback in systems where parameters are difficult to
measure or vary over time. In such cases, the model may
not accurately represent the system, leading to suboptimal
control performance [9][10][11].

In contrast, State Feedback Control does not require a
precise mathematical model; instead, it bases control
decisions on real-time measurements of the current system
state. This feedback-based approach can be advantageous
in applications with variable parameters or where accurate
modelling is challenging. However, because State
Feedback Control lacks LQR’s optimization framework, it
may not achieve the same level of performance in terms of
energy efficiency and transient response. Therefore, by
comparing these approaches, this research aims to provide
engineers and researchers with a comprehensive
understanding of the trade-offs involved in selecting a
control method for practical applications [5][6].
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To evaluate the performance of each control method,
this study involves a detailed comparative analysis of their
transient and steady-state responses. Transient response
characteristics, such as rise time, settling time, and
overshoot, are crucial indicators of how quickly and
accurately the converter can respond to changes in input
voltage or load. A fast transient response is often desired
in applications that experience frequent fluctuations, as it
allows the converter to quickly stabilize and maintain the
desired output. Additionally, steady-state characteristics,
such as output ripple and stability, indicate how well the
converter maintains a stable output under continuous
operation, which is important in ensuring the reliability of
the overall power system [7][8].

Preliminary simulations suggest that LQR provides a
faster transient response compared to State Feedback
Control, with minimal overshoot and settling time. This is
likely due to LQR’s optimization framework, which
effectively balances the trade-off between performance
and control effort. However, State Feedback Control
demonstrates reasonable performance with a simpler
implementation, making it a viable option for applications
where the simplicity of control is more important than
achieving the absolute best performance [12][13].

The results of this comparative analysis have important
implications for the field of power electronics and
renewable energy. In applications that prioritize energy
efficiency and require precise control, such as high-
performance photovoltaic systems, LQR may be the
preferred choice due to its optimization capabilities.
Conversely, in systems where computational simplicity
and ease of implementation are more critical, such as
smaller-scale renewable energy systems or cost-sensitive
applications, State Feedback Control offers a practical
alternative[14].

Overall, the selection of a control method should
consider the specific requirements of the intended
application, including factors such as cost, development
time, and available technical expertise. While LQR and
State Feedback Control each have their unique advantages,
further research is needed to explore the potential of
combining these methods or developing hybrid approaches
that capitalize on the strengths of each. Future studies
could also investigate the performance of these controllers
in more complex power systems, as well as their
adaptability to varying environmental conditions, to gain a
more comprehensive understanding of their suitability for
different applications [7][15].

Overall, this study provides a solid foundation for
academics and practitioners in selecting appropriate
control methods for shunt boost DC-DC converters. The
findings are not only relevant for advancing control theory
but also offer significant practical value for industries
focusing on energy efficiency, system stability, and ease of
implementation. With this comprehensive approach, the

study is expected to drive further innovation in renewable
energy technologies and power converter applications in
the future.

II. METHODOLOGY

This research aims to develop and implement a control
strategy that integrates the Linear Quadratic Regulator
(LQR) method, full state feedback, and an adaptive-
predictive control algorithm on a DC-DC buck-boost
converter. This method is designed to provide a more
comprehensive control solution that can adapt to load
changes and external disturbances. The research
methodology consists of several stages as follows:

The first stage is Literature Review and Problem
Formulation: Conducting an in-depth literature review on
LQR methods, full state feedback, and adaptive-predictive
control algorithms. Then, identifying challenges and
requirements in controlling a DC-DC shunt boost
converter that requires adaptive and predictive solutions.
Formulating the research objectives and hypotheses based
on literature findings and existing issues.

The second stage is modeling the DC-DC Shunt Boost
Converter System developing a mathematical model of the
DC-DC Shunt Boost converter based on the fundamental
principles of power electronics. Simultaneously,
formulating the system's state-space model that represents
the dynamics of the DC-DC shunt boost converter,
referencing the mathematical model of the converter[9].

x(t) = Ax(t) + Bu(t)
y(t) = Cx(t) + Du(t) €Y)

Where (x(t)) is the state vector, (u(t)) is the control
input, and (y(t)) is the system output. (A), (B), (C), and
(C) are the system matrices that reflect the dynamics of the
DC-DC shunt boost converter.

The third step is Designing the Controller Using the
LQR Method and Full State Feedback. The LQR controller
is used to determine the optimal gain that minimizes the
quadratic index function. Additionally, the LQR controller
is integrated with full state feedback to achieve more stable
and responsive control to load changes. The performance
index equation is as follows (Hudati et al., 2023):

J = f (T Qx(®) + () Ru()) dt @

Where (Q) is the weighting matrix for the state, and (R)
is the weighting matrix for the control input. The full state
feedback gain (K) is obtained from the Riccati equation
(Assimakis & Adam, 2013):
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K =R™'BTP (3)

Where (P) is the solution to the algebraic Riccati
equation [15][12].

ATP + PA—PBR'RBTP+Q =0 4)
The LQR controller generates the control signal:

u(t) = —Kx(t) (5)

The fourth step is Integration and Simulation, which
involves integrating the LQR method, full state feedback,
and the state feedback control algorithm into the control
system. Simulations are conducted to evaluate system
performance. The equations used in the simulation include
all state-space models, the LQR control law, and the state
feedback control algorithm developed in the previous
steps.

The fifth step is Testing Through Simulation Control on
the DC-DC shunt-boost converter system with a complete
combination of control methods. Experiments using
software are conducted to verify that the equations and
models generated from the simulation can be applied to
physical devices with consistent results. Next is analyzing
the simulation data to evaluate the effectiveness of the
proposed control methods, identifying the strengths and
weaknesses of the implemented methods, and providing
recommendations for future improvements.

III. RESULT AND DISCUSSION

This study utilizes a shunt boost DC-DC converter. The
key components of this converter include two inductors,

L1 and L2, arranged in parallel, two diodes, D1 and
D2,connected in series with each inductor, and two
electronic switches, S1 and S2 , which control the circuit
digitally. Additionally, the circuit includes a capacitor. A
more detailed configuration is illustrated in Figure 1, and
the parameters of these components are provided in Table
L.

Working Cycle: Switches S1 and S2 Turned ON:
Current flows through L1 and L2 , charging the
inductors.Diodes D1 and D2 are reverse-biased, isolating
the load from the input. The capacitor C supplies energy to
the load during this period.

Switches S1 and S2 Turned OFF:

The stored energy in L1 and L2 is released through D1
and D2.The energy flows into the capacitor C and the load
R.

The voltage across the load is higher than the input
voltage due to the combined effect of the inductors and
capacitor.

Key Features of the Circuit: Parallel Inductors (L1 and
L2 ): Increase current handling capacity and energy storage.

Dual Switches (S1 and S2 ): Enable better control and
redundancy in the circuit.

Boost Voltage: The output voltage across the load (R) is
higher than the input DC voltage.

L1

“Uis D1
L2

A4

| |
Qi T

Fig. 1 DC-DC Shunt Boost Converter

TABLE I. PARAMETER DC-DC CONVERTER SHUNT-BOOST

DC-DC Converter Shunt Boost

No Parameters Value Simbol
1 Input Voltage 10 v
1 Output Voltage 28 v
2 Frekuensi Switching 20 Kz
3 Resistor 24 Q
4 Inducor 0,765 mH
6 Capacitor 47,5 HE

The simulation results reveal that the State Feedback
(SFB) controller consistently delivers a faster and more
stable response compared to the Linear Quadratic
Regulator (LQR) in managing the DC-DC shunt boost
converter system. These findings were derived from tests
conducted with an input voltage of 10V and a resistive load
of 24Q. By evaluating multiple performance metrics,
including rise time, slew rate, overshoot, maximum value,
peak-to-peak voltage, average, median, and RMS values,
the study provides a detailed and comprehensive analysis
of the controllers' behavior.

The comparison extends to the PID controller, offering
additional insights into the relative strengths and
weaknesses of the PID, LQR, and SFB control strategies.
Among these, the SFB controller outperformed the others
in terms of transient response and overall stability, making
it a robust choice for applications requiring precise and
efficient control. While the LQR controller demonstrated
strong optimization capabilities, its slower response and
greater overshoot made it less suitable for real-time
applications. The PID controller, though simple and
widely used, showed limitations in handling rapid dynamic
changes. This comprehensive analysis underscores the
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importance of selecting the appropriate control method
based on specific application requirements, balancing
performance, complexity, and practicality..

In Figure 3, it is shown that the SFB controller,
designed to control the entire state vector directly,
achieved superior performance in transient response
metrics, notably in terms of rise time and slew rate. It
recorded a significantly faster rise time, allowing the
system to reach a stable output more quickly, thereby
minimizing the time the system remains in transient states.
This fast response is advantageous in applications
requiring rapid adjustments and minimal oscillations.
Additionally, the slew rate of the SFB controller was
markedly higher, indicating its capacity to respond quickly
to sudden input changes without substantial delay.

In contrast, the LQR controller, while also effective,
exhibited a slightly slower rise time compared to the SFB
controller. However, it offered superior control over
overshoot, demonstrating a well-balanced approach
between speed and stability. This makes the LQR
controller a suitable choice for applications where
minimizing overshoot and maintaining system stability are
more critical than achieving the fastest response,
highlighting its ability to provide reliable performance in

dynamic operating conditions.
b LOR E

C Scope

Fig. 2 Schematic Model LQR DC-DC Shunt Boost Converter

PID control, while simpler, showed higher levels of
overshoot and slower response, which may make it less
suitable for applications demanding high precision and
minimal oscillations. Thus, while SFB excelled in speed
and stability, LQR offered a balance suited for applications
prioritizing reduced overshoot, and PID remained useful
where simplicity is required over advanced control
performance as shown in Fig 2.

b State feed back E

C2

1
sett point b o
B2
A

Fig. 3 Schematic Model Control State Feedback DC-DC Shunt Boost
Converter

The State Feedback (SFB) controller exhibited the best
performance in terms of rise time and slew rate, achieving
a rise time of 26.732 ps and a slew rate of 827.707 V/ms,
significantly outperforming both PID and LQR
controllers. The LQR controller followed with a rise time
of 84.678 ps and a slew rate of 261.859 V/ms,
demonstrating a faster response compared to the PID
controller, which recorded a rise time of 464.239 us and a
slew rate of 50.469 V/ms. These results highlight the
superior responsiveness of the SFB controller, particularly
in applications requiring high-speed performance.

In terms of overshoot, the LQR and SFB controllers
delivered almost identical performance, each achieving a
minimal overshoot of approximately 0.504%, indicating
exceptional stability and minimal oscillations. In contrast,
the PID controller exhibited a significantly higher
overshoot of 11.789%, reflecting its limitations in
maintaining system stability under dynamic conditions.
The low overshoot observed in LQR and SFB controllers
underscores their ability to achieve precise control without
excessive fluctuations, making them more suitable for
systems demanding high accuracy and reliability. This
comparative analysis emphasizes the advantages of SFB
and LQR controllers over PID, particularly for high-
performance applications in DC-DC shunt boost converter
systems.

TABLE II. CoMPARISON OF PARAMETER DC-DC CONVERTER
SHUNT-BOOST

http://jcosine.if.unram.ac.id/

Parameter PID LQR SFB
Rise Time 464,239 us 84,678 us 26,732 us
Slew Rate 50,469 V/ms | 261,859 V/ms 827,707 V/ms
Overshoot 11,789% 0,505% 0,504%
Max 3,291 x 10t 2,8 x 10t 2,794 x 10t
Peak to Peak | 3,291x 10! 2,8 x 101 2,794 x 10t
Mean 2,874 x 10t 2,8 x 10! 2,794 x 10t
Median 2,876 x 10t 2,8 x 10t 2,794 x 10t
RMS 2,875 x 10t 2,8 x 10t 2,794 x 10t
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Fig. 4. Comparison of Output Signals in DC-DC Shunt Boost Converter Control.

In terms of steady-state characteristics—such as
maximum, peak-to-peak, average, median, and RMS
values—the State Feedback (SFB) and Linear Quadratic
Regulator (LQR) controllers exhibit nearly identical
results, with values approximately around (2.8 x 10%). This
suggests that both controllers achieve similar steady-state
performance, effectively maintaining stability and
minimizing variations in the output signal. In contrast, the
PID controller demonstrates slightly higher maximum and
peak-to-peak values, reaching approximately (3.291 x 101),
indicating greater variability and less consistent regulation
in the output signal.

The SFB controller stands out as the best performer in
terms of dynamic characteristics, offering the fastest
response time and the highest slew rate. This enables the
SFB controller to respond rapidly to changes in input or
load, making it particularly well-suited for applications
requiring high-speed adjustments, such as renewable
energy systems or dynamic industrial processes. Its ability
to achieve rapid stabilization ensures minimal downtime
and efficient system performance under dynamic operating
conditions.

The LQR controller, on the other hand, strikes a balance
between speed and stability. While its response time is
slightly slower than that of the SFB controller, the LQR
achieves superior control over overshoot and ensures
smoother transitions during transients. This makes it a
preferred choice for applications where stability is critical,
such as systems that require precise voltage regulation or
consistent operation under varying load conditions. Its
well-optimized trade-off between performance and control
effort underscores its robustness in handling a range of
operating scenarios.

In comparison, the PID controller, though widely
recognized for its simplicity and ease of implementation,

falls short in both dynamic and steady-state performance.
Its higher overshoot and peak-to-peak variations indicate
reduced stability and precision, making it less suitable for
high-performance applications. While the PID controller
may still be viable for simpler systems or applications with
fewer performance demands, its limitations become
evident when compared to the advanced capabilities of the
SFB and LQR controllers.

In conclusion, while all three controllers demonstrate
certain strengths, the SFB controller emerges as the optimal
choice for scenarios demanding rapid and precise control,
and the LQR controller is ideal for achieving a balanced
trade-off between speed and stability. The PID controller,
while useful in simpler setups, is outperformed by both
advanced controllers in terms of overall dynamic and
steady-state behavior, emphasizing the need for more
sophisticated control strategies in modern applications.

From Table II, SFB demonstrates the lowest rise time at
26.732 ps, compared to 84.678 ps for LQR and 464.239 us
for PID. This improvement in response time is due to SFB's
ability to control all state variables of the system directly,
thereby enhancing dynamic characteristics such as speed
and stability more effectively. This contrasts with PID,
which regulates the response based solely on the error
between the desired output and the actual output, requiring
more time to reach a stable condition. LQR provides a more
optimal approach in balancing performance and stability
but is not as effective as SFB in minimizing response time
due to the limitations in controlling certain state variables.

Figure 4. shows a comparison of the output voltage
response of the Interleaved Boost Converter controlled by
three different control methods: PID, State Feedback, and
LQR. In the main graph, it is evident that the three methods
exhibit different transient responses at the initial time,
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where the PID method has the highest overshoot and slower
recovery time compared to LQR and State Feedback. LQR
provides a more stable result with the fastest recovery time,
followed by State Feedback, which has a slight overshoot
but still performs better than PID.

IV. CONCLUSSION

Based on the comparative analysis conducted, it can be
concluded that the LQR controller offers advantages in
terms of transient response and energy efficiency compared
to State Feedback Control in shunt boost DC-DC
converters. Although LQR is more complex in terms of
computation and implementation, its superior performance
under certain conditions makes it a better choice for
applications requiring high-precision control. Conversely,
State Feedback Control remains a valid alternative,
particularly in applications where simplicity and ease of
implementation are prioritized.

The selection of control method should take into
account the specific needs of the intended application,
including cost factors, development time, and the level of
available technical expertise. Further research is needed to
explore a combination of these two methods, as well as to
test their performance in broader applications, including
their impact on more complex power systems and more
diverse environmental variables.

ACKNOWLEDGMENT

We sincerely express our gratitude to all contributors
who supported this research. Your invaluable insights,
constructive feedback, and technical expertise greatly
enriched the quality of this study. Special thanks to our
academic mentors, colleagues, and technical staff for their
guidance and encouragement throughout the process. We
also acknowledge the support of the institution and funding
agencies that made this research possible. Your
contributions have been instrumental in achieving
meaningful results and advancing our work. Thank you.

REFERENCES

[1] M. Kimet al., “8.9 A 96.5% Peak Efficiency Duty-
Independent DC-DC Step-Up Converter with Low
Input-Level Voltage Stress and Mode-Adaptive
Inductor Current Reduction,” in 2024 IEEE
International Solid-State Circuits Conference
(ISSCC), 2024, pp- 160-162. doi:
10.1109/ISSCC49657.2024.10454511.

[2] V. K. Goyal and A. Shukla, “Two-Stage Hybrid
Isolated DC-DC Boost Converter for High Power
and Wide Input Voltage Range Applications,”
IEEE Trans. Ind. Electron., vol. 69, no. 7, pp.
6751-6763, 2022, doi:
10.1109/TIE.2021.3099245.

[3] T. R. P. Yalla, A. Siva, K. P. Swaroopg, G. D.

[4]

[5]

[6]

[11]

[12]

Prasad, M. Deenakonda, and R. Banothu,
“Comprehensive  Analysis and Performance
Investigation of Non-Isolated DC-DC Converters
in Solar Photovoltaic Applications,” in 2024
International Conference on Computational
Intelligence  for Green and  Sustainable
Technologies (ICCIGST), 2024, pp. 1-6. doi:
10.1109/ICCIGST60741.2024.10717523.

M. Koundi et al.,, “State-Feedback Control of
Interleaved Buck—Boost DC-DC Power Converter
with Continuous Input Current for Fuel Cell
Energy Sources: Theoretical Design and
Experimental Validation,” World Electric Vehicle
Journal, wvol. 13, mno. 7. 2022. doi:
10.3390/wevj13070124.

Y. Y. Nazaruddin, F. Franky, and I. G. N. A. Indra

Mandala, “Optimisasi Pengontrol Lar
Menggunakan Algoritma Stochastic  Fractal
Search,” pp- 235-240, 2019, doi:
10.5614/sniko.2018.27.

D. Yue, Q.-L. Han, and C. Peng, “State feedback
controller design of networked control systems,”
in Proceedings of the 2004 IEEE International
Conference on Control Applications, 2004., 2004,
pp- 242-247 Vol.1. doi:
10.1109/CCA.2004.1387218.

S. Takakura and K. Sato, “Structured Output
Feedback Control for Linear Quadratic Regulator
Using Policy Gradient Method,” IEEE Trans.
Automat. Contr., 2024, doi:
10.1109/TAC.2023.3264176.

A. Bouchahed, M. Assabaa, A. Draidi, F.
Makhloufi, and A. Belhani, “Improvement of the
linear quadratic regulator control applied to a DC-
DC boost converter driving a permanent magnet
direct current motor,” Int. J. Electr. Comput. Eng.,
2023, doi: 10.11591/ijece.v13i6.pp6131-6140.

I. Ketut Wiryajati, I. Nyoman Wahyu Satiawan, 1.
Bagus Fery Citarsa, and I. Made Budi
Suksmadana, “Performance of conventional boost
converter using control smart space model
approach.”

I. Hudati, N. I. Wijayakusuma, A. Y. Ismail, A. A.
P. Barus, and H. Budianto, “Kontrol Motor DC
dengan Kendali Linear Quadratic Regulator dan
Filter Kalman Menggunakan GUI MATLAB,” J.
List. Instrumentasi, dan Elektron. Terap., vol. 4,

no. 1, pp- 23-31, 2023, doi:
10.22146/juliet.v4i1.83605.
N. Rana, A. Ghosh, and S. Banerjee,

“Development of an improved tristate buck-boost
converter with optimized type-3 controller,” /EEE
J. Emerg. Sel. Top. Power Electron., vol. 6, no. 1,
pp- 400415, 2018, doi:
10.1109/JESTPE.2017.2724847.

G. A. Einicke, L. B. White, and R. R. Bitmead,
“The use of fake algebraic Riccati equations for
co-channel demodulation,” IEEE Trans. Signal

http://jcosine.if.unram.ac.id/

134


https://issn.lipi.go.id/terbit/detail/1473904380
https://issn.lipi.go.id/terbit/detail/1446087842

J-COSINE (Journal of Computer Science and Informatics Engineering)
Vol. 8, No. 2, December 2024
Accredited Sinta-4 by RISTEKDIKTI Decree No. 79/E/KPT /2023

E-ISSN:2541-0806
P-ISSN:2540-8895

Process., vol. 51, no. 9, pp. 2288-2293, 2003, doi:
10.1109/TSP.2003.815376.

[13] M. Michalczuk, B. Ufnalski, and L. M. Grzesiak,
“Imposing Constraints in a Full State Feedback
System Using Multithreaded Controller,” /EEE
Trans. Ind. Electron., vol. 68, no. 12, pp. 12543—
12553, 2021, doi: 10.1109/TIE.2020.3044778.

[14] Y. Feng and Z. Ma, “State-Space Modeling and
Analysis for an Inverter-Based Intelligent
Microgrid under Parametric Uncertainty,” Appl.
Sci., vol. 12, no. 23, 2022, doi:
10.3390/app122312418.

[I5] N. Assimakis and M. Adam, “Kalman Filter
Riccati Equation for the Prediction, Estimation,
and Smoothing Error Covariance Matrices,” ISRN
Comput. Math., vol. 2013, no. 2, pp. 1-7, 2013,
doi: 10.1155/2013/249594.

http://jcosine.if.unram.ac.id/

135


https://issn.lipi.go.id/terbit/detail/1473904380
https://issn.lipi.go.id/terbit/detail/1446087842

