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Abstract: The implementation of Linear-Quadratic Regulator (LQR) and Linear-Quadratic Tracker (LQT) is
an effective method for optimizing the performance of DC motor control systems. This study aims to
evaluate the performance of LQR and LQT in controlling the speed of DC motors using microcontrollers.
The control system comprises a speed sensor, a microcontroller, and a DC motor, integrated to ensure
efficient and reliable operation. The results indicate that the implementation of LQR and LQT significantly
enhances the stability of DC motor control systems by reducing overshoot and achieving faster settling
times  compared to  the  PID control  method.  Additionally,  LQT demonstrates  superior  speed tracking
accuracy over LQR, as evidenced by a lower mean squared error. These findings are particularly relevant
for  community  empowerment  programs  where  energy-efficient  and  cost-effective  technologies  are
crucial. For example, implementing LQT-controlled DC motors can optimize energy usage in agricultural
tools,  creative  industries,  and  education-focused  initiatives  in  underserved communities.  By  bridging
advanced control technology and practical applications, this research contributes to the development of
sustainable,  energy-efficient  solutions  that  support  community  development  programs.  These  results
serve as a reference for further applications of LQR and LQT in other DC motor control systems within
community service projects.
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Introduction

Control  systems  are  mechanisms  used  to
regulate  and  manage  the  operation  of
systems to achieve desired performance. In
DC motor control systems, motor speed is a
critical  variable  that  must  be  precisely
managed. A commonly used method is the
Proportional-Integral-Derivative  (PID)
control. However, PID controllers often face
challenges in addressing the complexities of
dynamic  systems  (Ogata,  2010).  Linear-
Quadratic  Regulator  (LQR)  and  Linear-
Quadratic  Tracker  (LQT)  methods  have
emerged  as  alternatives  capable  of

optimizing  the  performance  of  DC  motor
control systems.

LQR is an optimal control method based on
minimizing  a  quadratic  cost  function  over
dynamic systems, focusing on stability and
energy efficiency (Astrom & Murray, 2012).
On  the  other  hand,  LQT  extends  LQR  by
introducing  trajectory  tracking,  ensuring
that  the system output closely  follows the
desired reference input with minimal energy
use  (Nugraha  et  al.,  2020).  The  equations
underlying  the  LQT  method  define  the
optimal  control  law  through  Riccati
equations,  ensuring  precise  state  feedback
and minimizing error (Doyle et al., 1992).
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The ability to effectively implement LQR and
LQT  methods  can  significantly  impact
various  fields,  including  industrial
automation,  robotics,  and  community-
focused applications such as agriculture and
renewable energy systems. For instance, by
optimizing  energy  consumption  in  DC
motor-driven machinery, these methods can
contribute  to  sustainability  goals  and
empower  underserved  communities  with
reliable,  energy-efficient  technology.  This
aligns  with  the  principles  of  community
service  programs  that  emphasize
sustainable technology transfer (Smith et al.,
2021).

However,  one of  the limitations  of  LQR is
the  complexity  of  tuning  the  weighting
matrices Q and R to achieve optimal closed-
loop  performance  (Nugraha  et  al.,  2023).
Unlike  PID  controllers,  which  offer
systematic tuning methods such as Ziegler-
Nichols and Cohen-Coon, LQR relies heavily
on  heuristic  approaches  for  matrix
optimization (Ogata, 2010). To address this
challenge,  meta-heuristic  algorithms,  such
as the Stochastic Fractal Search (SFS), have
been proposed to improve the accuracy and
efficiency of  matrix  optimization processes
(Trisna  et  al.,  2022).  SFS  offers  superior
convergence  speed  and  adaptability
compared  to  traditional  optimization
algorithms like Particle Swarm Optimization
(PSO) and Artificial Bee Colony (ABC) (Yang,
2014).

DC motors,  known for  their  simplicity  and
efficiency,  are  commonly  used  in  various
applications,  including  household
appliances,  mobile  devices,  and  industrial

tools (Hughes & Drury, 2019). By integrating
LQR  and  LQT  methods  with  advanced
optimization techniques, this study aims to
develop  a  DC  motor  control  system  that
enhances  energy  efficiency  and  system
stability. Moreover, this research emphasizes
its  relevance  to  community  empowerment
programs,  particularly  in  implementing
energy-efficient technologies for agricultural
tools,  creative  industries,  and  educational
facilities  in  rural  and  underserved  areas
(Nugraha et al., 2020).

Methodology

1. Research Stages

The  research  stages  were  systematically
structured  to  align  with  the  objectives  of
improving energy efficiency and enhancing
the  performance  of  DC  motor  control
systems.  The  following  steps  were
undertaken:

a. Problem  Identification  and  Research
Objectives

This  research  aims  to  evaluate  the
performance of Linear-Quadratic  Regulator
(LQR)  and  Linear-Quadratic  Tracker  (LQT)
methods  in  optimizing  the  control  of  DC
motor systems, particularly for applications
supporting  community  empowerment
programs  in  agriculture,  education,  and
creative industries (Trisna et al., 2023).

b. Literature Review

A comprehensive review was conducted on
LQR,  LQT,  DC motor  control  systems,  and
alternative control methods such as PID. The
review  focused  on  identifying  gaps  in
current research and potential  applications
in  community  service  programs  (Ogata,
2021; Hughes & Drury, 2019).
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c. Control System Design

A control system was designed comprising
speed sensors, a microcontroller, and a DC
motor.  The  design  considered  energy-
efficient configurations to address the needs
of  rural  and  underserved  communities
(Smith et al., 2022).

d. Implementation of LQR and LQT

LQR and LQT methods were implemented
on  the  designed  control  system.  MATLAB
Simulink was used for simulation, followed
by  hardware  testing  to  validate  system
performance under various load conditions
(Nugraha et al., 2021).

e. Control System Testing

The control system was tested to evaluate
its ability to maintain optimal motor speed
and  energy  consumption  using  LQR  and
LQT.  These  tests  aimed  to  assess  the
system's  suitability  for  community-based
applications,  such  as  low-cost  agricultural
machinery and energy-efficient educational
tools (Trisna et al., 2023).

f. Analysis of Test Results

The results  were analyzed to compare the
efficiency  and  stability  of  LQR  and  LQT
implementations.  The  findings  were
evaluated based on their  relevance to  the
goals  of  community  service  projects  and
technological  sustainability  (Yang  et  al.,
2018).

2. Research Components and Tools

Research Components:

a. DC motor control system
b. Speed sensors
c. Microcontroller (e.g., Arduino or STM32)
d. DC motor.

Research Tools:

a. A  computer  equipped  with  MATLAB
Simulink for system simulation (Hughes
& Drury, 2019).

b. A prototyping board for microcontroller-
based system implementation (Trisna et
al., 2023).

c. Oscilloscope  for  monitoring  output
signals in real-time.

d. Power  supply  to  provide  the  required
voltage for the DC motor.

e. Tachometer  or  encoder  for  measuring
motor speed.

f. Jumper  cables  for  connecting  system
components.

g. Digital  Multimeter  (DMM)  for  voltage
and current measurements.

h. Soldering  tools  for  assembling
components on the prototyping board.

i. Writing  materials  for  recording
experimental data.

This methodological framework ensures that
the  research  aligns  with  the  goals  of
empowering  communities  through
technology  transfer,  enabling  them  to
benefit  from  energy-efficient  and  cost-
effective solutions tailored to their  specific
needs.

Results and Discussions

1. Research Analysis

The implementation of the Linear-Quadratic
Regulator  (LQR)  and  Linear-Quadratic
Tracker  (LQT)  methods  on  a  DC  motor
control system was evaluated using Arduino
microcontrollers. Below is an example of the
LQR implementation program:

CONSTANTS
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const int Kp = 1;  Proportional
control constant
const  int  Ki  =  0;   Integral
control constant
const int Kd = 0;  Derivative
control constant

VARIABLES
int  setpoint  =  50;   Desired
setpoint value
int  processValue;    Sensor
reading
int error;          Difference
between  setpoint  and  process
value
int lastError;      Previous
error value
integral int;       Integral
error
int  derivative;      Error
derivative
int output;         Output
value sent to the motor

void setup() { 
  pinMode(9, OUTPUT);  Pin 9 as
output to motor
}

void loop() { 
  processValue  =
analogRead(A0);   Read  sensor
value
  error  =  setpoint  -
processValue;  Calculate error
  integral += error;  Calculate
error integral
  derivative  =  error  -
lastError;   Calculate  error

derivative
  output = Kp * error + Ki *
integral  +  Kd  *  derivative;
Calculate output
  analogWrite(9, output);  Send
output to motor
  lastError  =  error;   Store
error for next iteration
  delay(100);   Wait  for  100
milliseconds
}

The  LQT  implementation  program  on  the
Arduino microcontroller is as follows:

CONSTANTS
const int A = 1;  Matrix A in
dynamic system
const int B = 1;  Matrix B in
dynamic system
const int Q = 1;  Matrix Q in
cost function
const int R = 1;  Matrix R in
cost function

VARIABLES
int x;       State variable
int u;       Control variable
int reference;  Reference value

To display the results of the control system
tests,  the  data  can  be  presented  through
graphs or  charts  using the control  system
simulation software.  The  data  can also  be
organized  in  a  tabular  form,  as  shown
below:
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Table 1. Test Data Recap Results

Graphs displaying the setpoint and process
value,  as  well  as  error,  integral,  and
derivative  parameters,  are  included  to
facilitate understanding and analysis of the
control system's performance with LQR and
LQT. These graphs also serve as visual aids
for  presenting  research  findings  in
community-focused applications.

2. Discussion

The results indicate that both the LQR and
LQT  methods  effectively  improved  the
stability of the DC motor control system by
reducing  overshoot  and  achieving  faster
settling  times  compared to  traditional  PID
control  methods.  Furthermore,  the  LQT
method  demonstrated  superior  speed
tracking accuracy over LQR, with a smaller
mean squared error.

From the test results, it is evident that LQR
successfully controls the DC motor's speed
with a smaller overshoot and faster settling
time when compared to PID. However, LQT
outperformed  LQR  in  providing  more
accurate speed tracking, as evidenced by its
smaller  mean  squared  error.  These  results
suggest  that  LQT  is  the  more  optimal
control  method  for  controlling  DC  motor

speed,  especially  in  applications  requiring
precise tracking, such as in energy-efficient
machinery  for  community  empowerment
programs.

This  finding  is  especially  relevant  to
community  service  projects  in  rural  or
underserved  areas,  where  low-cost  and
energy-efficient  technologies  can  provide
significant benefits. The ability to implement
these  control  methods  on  simple
microcontroller  platforms  such  as  Arduino
makes  them  accessible  to  community
members, facilitating technological inclusion
and  local  capacity  building.  The  research
supports the potential for utilizing LQR and
LQT  to  improve  the  efficiency  and
performance  of  technologies  used  in
agricultural  machinery,  educational  tools,
and creative industry applications that serve
community needs.

Conclusion

Based on the results of this study, it can be
concluded that the implementation of LQR
and LQT methods is an effective approach
to optimizing the performance of DC motor
control systems. The LQR method was able
to  reduce  overshoot  and  achieve  faster
settling  times,  while  the  LQT  method
demonstrated  superior  speed  tracking
accuracy  with  smaller  mean  squared  error
values. These results highlight the potential
of  LQR  and  LQT  as  advanced  control
techniques  that  can  be  leveraged  for
energy-efficient  applications  in  community
empowerment programs.

In  the  context  of  community  service
projects, particularly in rural or underserved
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areas,  the  implementation  of  such
technologies can contribute significantly to
the  optimization  of  systems  used  in  local
industries,  such  as  agriculture,  education,
and  creative  industries.  By  utilizing  cost-
effective  and  scalable  solutions  like  DC
motors  controlled  through  LQR  and  LQT
methods,  these  communities  can  improve
their  energy  efficiency  and  operational
effectiveness.

Moreover,  this  research  provides  valuable
insights  that  can  be  referenced  for  the
application of LQR and LQT in various other
DC  motor  control  systems,  facilitating  the
integration  of  these  methods  into
sustainable community-driven development
initiatives.  Through  such  innovations,
technology  can  play  a  crucial  role  in
enhancing the  productivity  and welfare  of
local  populations,  supporting  long-term
development goals.
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