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ABSTRACT

Technological developments occur very quickly, and in the manufacturing process, various
methods are applied by each developer. One method commonly used in technology creation
is system opfimization. System opfimization is an approach used to achieve the best results on a
particular technology. There are various methods for system optimization, such as SISO, MISO,
SIMO, MIMO, and Noise. In this context, we will explore system opftimization using SISO, MISO,
SIMO, and MIMO circuits using the RS PRO 834-7641 DC Motor as a plant. The RS PRO 834-7641
DC motor is one of the plants that is easily accessible in the control system. The LQR optimal
control method, which is state space based, is used in this system. The LQR controller has two
main parameters, namely the weight mafrices Q and R, which must be determined to create
optimal control actions. In addition, the Linear-Quadratic Tracker (LQT) method is used as the
main solution for tracking problems in linear systems. LQT is designed to design optimal control so
that a linear control system can track a preset reference frajectory.
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I.INTRODUCTION

requirements. Examples of applications of
the LQR method involve speed regulation in
induction motors, frequency control in
generator power plants, and applications in
drones[4].

The challenge of optimal control has
become a significant focus of attention
today, especially due to increasing demands
for high-performance systems [2]. The

concept of optimization in control systems By using LQR, the system will maintain the

state at zero from the set point that has
been set. This allows the system to remain
stable even when interference or noise
occurs. The LQR method uses a DC motor

involves  balancing the selection of
performance indices and engineering to
achieve an optimal control system, taking
into account existing physical constraints. In

dealing with optimal control of a system,
the goal is to find decision-making rules for
the control system that can minimize the
difference between the system's behavior
and its ideal behavior [1][3].

LQR is an optimal control method in
systems that uses a state space approach
[3]. The LQR controller requires determining
two main parameters, namely the weight
matrices Q and R, in order to produce
optimal control actions according to

plant which is included in the datasheet [5].
To see the step response, the datasheet is
entered into a MATLAB script and then
simulated using MATLAB Simulink software
[6]. The DC motor used is the BN-42 type,
which has values for moment of inertia,
motor constant, damping ratio, resistance
and inductance.

System optimization involves various types
of circuits, including SISO (single input
single output), SIMO (single input multiple
output), MISO (multiple input single output),


mailto:elmihidayana06@gmail.com

Conference of Electrical, Marine and Its Application

Vol. xx, No xx, Month-Year

MIMO (multiple input multiple output),
noise, LQR, LQT, and others[7][8]. In this
research, the author uses a closed loop
control system to evaluate the response of a
DC motor type RS PRO 834-7641 with first
order mathematical modeling as a plant in a
system. The simulation was carried out
using the LQR and LQT methods on a DC
motor type RS PRO 834-7641. LQR (Linear-
Quadratic Regulator) is a state space control
method that requires information from the
entire system. To achieve optimal gain
values, weighting of the Q and R values in
LQR is required [9][10]. Meanwhile, LQT
(Linear-Quadratic Tracker) is the main
method for tracking problems in linear
systems[11]. LQT is designed to design
optimal control so that a linear control
system can track a predetermined reference
trajectory. Optimal control is achieved by
minimizing a specified quadratic value
function. LQT consists of feedback and feed-
forward parts which are calculated using the
Algebraic Riccati Equation (ARE)[12].

In this research, the author uses Simulink to
produce a system simulation built using the
LQR and LQT methods. Simulink is a
graphical extension of Matlab which is used
to model and simulate a system. In the
Simulink  environment, the system s
represented as a block diagram, including
elements such as transfer functions,
summing junctions, as well as including
virtual input and output devices such as
function generators and oscilloscopes.

Mathematical modeling is a method for
describing a complex system in the form of
a mathematical model. Thus, it is hoped that
the formulated mathematical model can
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explain the complex situation being
observed. The author carried out
calculations by referring to the RS PRO 834-
7641 DC motor datasheet to produce a 1st
order mathematical model which was used
as a plant transfer function. This transfer
function is a mathematical representation of
the relationship between the input and
output of the control system components.

IILMETHODOLOGY

2.1 Research Stages

1. Literature Study
Reference searches are carried out
to make it easier for writers to
compose papers, where references
function as the writer's literature and
also increase understanding of the
problems discussed in the paper.
Apart from that, references are also
used as the main reference in the

process of preparing a paper [13].

2. Making Mathematical Models

In this step, the author carries out
mathematical calculations to
theoretically support the results of
the literature study that has been
collected. The author will produce a
mathematical model which will then
be integrated into the circuit
created[14].

3. Circuit Creation

The LQR circuit and LQT circuit
were created using a DC motor plant
RS PRO 834-7641 and assisted by
MATLAB software [15]. This process
involves implementing a
mathematical model into a control
system to understand and analyze the
system's response [16].
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4. Results and Discussion
This section contains the results of
the circuit that has been created
using MATLAB. Displays an overview
of the circuit and the wave results
produced by the scope. The
discussion involves a comparison
between the results of the LQR circuit
and LQT circuit with the RS PRO 834-
7641 DC motor plant.

5. Drawing Conclusions

This stage involves drawing
conclusions based on the results and
discussions that have been carried
out. Several important points were
conveyed by the author as a summary
or findings from the research that has
been carried out.

2.2 Problem Solving Methods
1. RS PRO 834-7641 DC Motor Modeling
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Figure 2. Datasheet Motor DC

2. Specification

1. Motor
PRO 834-7641
T

Motor DC RS

1,8 N/m

No load current =900 mA =09 A
Rated Current = 5500 mA=55A
Voltage =12V

Speed = 14,97 m/s
Reduction Ratio = 1:49

Order 1

General form of 1st order transfer function
[15]

e NOoO ULk~ WwWDN

Gls|= K
s+1

Order 1 DC motor

Based on the DC motor datasheet, the 1st
order equation is obtained:

Where T = Ki

K

_T_
i 55
order 1 motor dc:
G(s): K __ 0,32
s+1 1,8+1
e Program Script Matlab LQR
% OPTIMASI SISTEM LQR PADA
MOTOR DC
clear; clc;
% Model Motor DC
J=0.00000242 ; b=0.1 ; K=0.0167 ;
R=0.343; L =0.00018;

=0,32




Conference of Electrical, Marine and Its Application

Vol. xx, No xx, Month-Year

% J = Momeninesia, b = Rasioredam,
K= konstanta, R= resistansi, L=
% Induktansi

A = [-b/J K/J; -K/L -R/L];
B =[0; 1/L];
C=1[10]

AA =[ A zeros(2,1); -C 0];-
BB = [B;0];

% Pole Placement
J=1[-3-4-5];

K = acker(AA,BB,))
KI = -K(3);

KK = [K(1) K@)I;

% Matrix LQR
Q=[100;
010;
0 0 1000];
R=[1];

K_lgr = Iqr(AA,BB,Q,R)
KI2=-K_Igr(3);
KK2=[K_Igr(1) K_Igr(2)];
e Program Script Matlab LQT
clear
clc

%parameter sistem MSD
m=2;
k=8;
b=6;
%Matriks pada state
A=[0 1;k/m -b/m];
B=[0;1/m];
C=[10];
%bobot
Q=[10,01];
R=10;
[SeigG] = care(ABG) %riccati
0=A'S+SA-SB(inv R)B'S+Q
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Kx=inv(R)*B'*S %feedback Gain Kx
Kr=(Kx*(inv(A))*B-
eye(1))*(inv(C*(inv(A))*B))
Ahat=[0 1 0;-k/m -b/m 0;1 0 0]
Bhat=[0;1/m;0]
%bobot hat
Qhat=[100;010,00 1];
Rhat=6;
[Shat,eighat,Ghat] =
care(Ahat,Bhat,Qhat) %Riccati
0=A'S+SA-SB(inv R)B'S+Q
Khat=inv(Rhat)*Bhat'*Shat
Kw=Khat(;,3)
3. Tools Simulink
Table 1. Simulink Tools

; b Add

} Step
N I Random Number
)I>) Gain

X é b3 Integrator

p D Scope

2.3 Optimal control LQR (Linear
Quadratic Regulator)
Linear Quadratic Regulator (LQR) is a
method applied in modern control
theory[16]. System analysis uses a state
space approach in this method[17]. Due to
its simple approach, this method can be
applied to multi-input multi-output systems.
The general state space equation for the
system is written as follows:

x=AX+Bu
In principle, the LQR method looks for a
control signal u that minimizes the
performance index J.

J=[(X"Q,;+U"R,)dti
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LQR finds the optimal input control law u*.
Constraints arising from the Q and R
matrices aim to minimize the performance
index. The optimal closed loop control law is
defined as:
u'=—Kx

Where K represents the optimal feedback
gain matrix. The gain matrix functions to
minimize the performance index[18]. This
determines the optimal closed-loop pole
placement to minimize that index. The
feedback gain matrix K depends on the
matrices A, B, Q, and R [19]. The feedback
gain matrix K is obtained by solving the
Algebraic Riccati Equation (ARE), where P is
a symmetric and positive definite matrix
which is a solution of ARE and is defined as:

A"P+PA—PBR 'B" P+Q=0
K=AX-BK,=(A—BK]|x
substitution (8) and (9) .
x=AX—-BKx=|A—BK|x

2.4 Optimal control LQT (Linear
Quadratic Regulator)

Linear Quadratic Tracker (LQT) involves the
usual state feedback of a linear dynamical
system along with additional feedforward
control terms [20]. The feedforward control
term depends on the reference signal
vector, r(t). The vector r(t) is expressed as:

rltl=¢ 9)

A reference voltage signal, Vref, that varies
over time. The Linear Quadratic Tracker
(LQT) scheme minimizes the quadratic
performance index to produce optimal
control decisions, which can be formulated
in the following equation:

1 T
J==fc (10)
2 0
The state (Q) and control (R) weighting

matrices are intermediate  weighting
matrices, respectively. These matrices are
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chosen in such away; Q = QT 2 0andR =
RT > 0. Due to the quadratic nature of the
cost function, the control signal is correlated
with the quadratic variation of the equation.
Therefore, if the state variation is large,
minimization occurs, and as a result, the
convergence rate becomes faster. The
optimal affine control decision is evaluated
via the mathematical expression shown in,
dlt|=—Kx|t|+Kyv,(t) (11)
K=R'B'P (12)
K;=R 'B'{ (13)

The gain vector, K, plays a role in relocating
system poles to synthesize an optimal
controller. Obtaining the optimal vector
depends on the positive definite symmetric
matrix, P, as explained in equation (12). The
matrix P for a given system can be obtained
by solving the Algebraic Riccati Equation, as
shown in.

A"P+PA—PBR 'B'P+H' QH=0 (14)
25 Simulation System Matlab
2.5.1 Linear Quadratic Regulation
(LQR) Motor DC RS PRO 834-7641

The first order circuit is used to see the
output response of the RS PRO 834-7641
DC motor without any influence from
optimization methods and noise.
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Figure 2. Linear Quadratic Regulation (LQR)
Motor DC RS PRO 834-7641

The diagram in Figure 2.4 depicts a first
order circuit for a DC motor with one input
and one output. The input used is the step
type. The transfer function in this circuit
includes first order RS PRO 834-7641 DC
Motor modeling. The output response is
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displayed on the scope to visualize the
response results.

2.5.2 linear Quadratic Regulation
(LQR) Motor DC RS PRO 834-7641

The LQR block diagram for the DC Motor RS
PRO 834-7641 is used to evaluate the
output response of the DC motor when the
LQR optimization method is applied via the
Matlab Simulink tool.

Figure 3. LQR Motor DC RS PRO 834-7641
2.5.3 linear Quadratic Regulation
(LQR) Motor DC RS PRO 834-7641
With Noise
The LQR block diagram for the RS PRO 834-
7641 DC Motor with noise is used to
observe the output response of the DC
motor when the LQR optimization method
and additional noise are applied in the
Matlab Simulink environment.

Figure 4. LQR Motor DC RS PRO 834-7641With
Noise

2.5.4 linear Quadratic Tracker (LQT)
Motor DC RS PRO 834-7641

The LQT DC Motor RS PRO 834-7641 circuit
is used to determine the response results of
a DC motor if a DC motor is added using
the LQR Matlab Simulink optimization

method.

Figure 5. LQT Motor DC RS PRO 834-7641

ISSN:

2.5.5 Linear Quadratic Tracker (LQT)
Motor DC RS PRO 834-7641 With
Noise

The LQT block diagram for the RS PRO 834-
7641 DC Motor with noise is used to
observe the output response of the DC
motor when the LQT optimization method
and additional noise are applied in the
Matlab Simulink environment.
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Figure 6. LQT Motor DC RS PRO 834-7641With
Noise

I1l. RESULT & DISCUSION
3.1 LQR Circuit

-

Figure 7. LQR circuit

3.2 Subsystem LQR Without Noise
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Figure 8. Subsystem LQR Without Noise

3.3 Subsystem LQR with Noise

LaR

Figure 9. Subsystem LQR With Noise
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3.4 First Order Response Results for
DC Motor RS PRO 834-7641

The first order response graph shows that
the motor response has a significant output
away from the targeted set point. The
orange wave line represents the motor
response, while the blue line shows the
desired set point, namely 0.5. The motor
response only reaches 0.07, which is quite a
big difference from the set point. The RS
PRO 834-7641 DC motor exhibits linear
characteristics, indicated by the lack of
ripple in the signal. The motor response
reaches steady state at 2 seconds, which can
be considered relatively slow in the context
of optimization.

Figure 10. Response Results for DC Motor RS
PRO 834-7641

3.5 RS PRO 834-7641 DC Motor
Response Results using the LQR
Method

The response results from the LQR circuit
show that the 37-GB500 motor response
graph has an output that is consistent with
the desired set point value. This set of
points has a value of 0.5. The motor
response managed to reach the set point at
1.2 seconds without any overshoot or
undershoot. The motor response of the RS
PRO 834-7641 DC Motor with the
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application of the Linear Quadratic
Regulation (LQR) method outperforms the
motor response of the order model.

Figure 11. DC Motor Response Results using
the LQR Method

3.6 Comparison Results of RS PRO
834-7641 DC Motor Response with
LQR Method and Without Method

Response output compared with the LQR
method and without the method. Different
graphs are created based on the response
results. The orange wave shows the desired
set point, the blue wave shows the motor
response without using the LQR method,
and the yellow wave shows the motor
response using the LQR method. It can be
seen that, when compared with no method,
the motor response using the LQR method
has a higher response rate. The motor
response becomes faster to reach the
steady state value and corresponds to the
set point.

3.7 RS PRO 834-7641 DC Motor
Response Results LQR Method with
Noise

The results of the LQR control system in the
presence of disturbances show that the
yellow signal experiences deformation
before being affected by the disturbance.
The signal experiences a lot of distortion



Conference of Electrical, Marine and Its Application

Vol. xx, No xx, Month-Year

and creates duplication of the noise in the
signal. The resulting signal is no longer
linear and is far from stable at a
predetermined set point.

Figure 12. DC Motor Response Results LQR
Method with Noise

3.8 RS PRO 834-7641 DC Motor
Response Results using the LQT
Method

The output of the LQT circuit response
shows that the 37-GB500 motor response
graph has an output that is parallel to the
desired set point value. This set of points
has a value of 0.5. The motor response
managed to reach the set point at 1.2
seconds without any overshoot or
undershoot. The response of the RS PRO
834-7641 DC Motor using the Linear
Quadratic Tracker (LQT) method is superior
to the motor response of the first order
model.

Figure 13. DC Motor Response Results using
the LQT Method
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3.9 RS PRO 834-7641 DC Motor
Response Results with LQT Method
and Without Method

The comparison response output between
the application of the LQT method and
without its use shows differences in the
response graph. The orange color wave
represents the desired set of points, the
blue color reflects the motor response
without the application of the LQT method,
and the yellow color wave reflects the motor
response with the application of the LQT
method. In Figure 3.3, it can be seen that
the motor response using the LQT method
has better performance compared to the
response without applying any method.
Apart from having a response that
corresponds to the set point, the motor
response also reaches steady state values
more quickly.

| - (= R B R N ~Gemw e

Figure 14. DC Motor Response Results with
LQT Method and Without Method

3.10 RS PRO 834-7641 DC Motor
Response Results LQT Method with
Noise

The results of the LQT circuit response in the
presence of noise show that the yellow
signal undergoes a change in shape before
the noise is added. The signal shape
experiences a lot of ripple and reflects the
shape of the input noise signal. The
resulting signal is no longer linear and is far
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from the steady state condition at the
predetermined set point.
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Figure 15. DC Motor Response Results LQT
Method with Noise

IV. CONCLUSION

From the simulation results on the RS PRO
834-7641 DC Motor in several series, it can
be concluded that the two methods, namely
Linear Quadratic Regulation (LQR) and
Linear Quadratic Tracker (LQT), have a
significant influence on the motor response.
A striking difference can be seen in the form
of signal output between circuits using LQR,
LQT and first order methods. However, it
should be noted that when noise is added
to the circuit, there is a lot of ripple in the
signal. This research only focuses on
comparative analysis of signal output results
using the LQR and LQT methods.
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