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Abstract: DC motors are indispensable across various industrial sectors due to their numerous advantages, 

including high torque output, absence of reactive power losses, non-disruptive impact on electrical supply 

harmonics, and superior control accuracy. In the realm of technological advancement, automatic control 

systems play a pivotal role in ensuring operational efficiency. A robust control system must adhere to 

predefined criteria, particularly those related to performance indices such as accuracy, stability, and 

response speed. Optimal control systems are designed based on the principle of performance index 

optimization, ensuring that system parameters are configured to achieve maximum or minimum values of 

desired operational metrics. In the context of DC motor speed regulation, the Linear Quadratic Regulator 

(LQR) optimal control technique offers a sophisticated approach by optimizing the performance index 

through precise calibration of the Q matrix. This process generates the K feedback amplifier matrix and the 

optimal L tracking matrix, which collectively enhance the motor's performance. This research emphasizes 

the integration of LQR in community engagement programs, demonstrating its potential for application in 

renewable energy systems, such as solar-powered water pumps or automated machinery for local 

industries. By bridging technical innovation with societal needs, the study highlights the role of advanced 

control techniques in fostering sustainable development and improving the quality of life in underserved 

communities. 

Keyword: DC motor, modeling, optimation, Linear Quadratic Regulator, Linear Quadratic Tracking

Introduction  

Direct Current (DC) motors are among the 

most widely used types of electric motors 

across various industries due to their 

excellent regulation characteristics. These 

motors play a crucial role in many 

applications, as they effectively convert DC 

electrical energy into mechanical energy in 

the form of rotational motion[1][2]. To 

analyze a DC motor system, a mathematical 

model of its variables is necessary, typically 

expressed as transfer functions. These 

transfer functions, often of the first or second 

order, are simulated using tools like MATLAB 

Simulink to study the motor's behavior and 

optimize its performance. 

 

The physical structure of a DC motor 

resembles that of a DC generator and 

consists of three main components: field 

windings located in the stator, armature 

windings situated in the rotor, and an air gap 

between the field and armature windings. 

This structure is fundamental to the motor's 

function, as it allows electrical energy to be 

converted into mechanical energy through 

the interaction of these components[3][4][5]. 

 

Control systems are designed to manage a 

system's output to produce desired 

responses effectively. To develop an accurate 

model of a control system, simulations are 

often used because they are more cost-
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effective and efficient compared to direct 

operations on physical systems. These 

simulations provide engineers with valuable 

insights into the system's behavior and 

performance, allowing them to optimize the 

control design before real-world 

implementation. Automatic control systems 

have become an integral part of modern 

science and technology, offering significant 

advantages such as reducing monotonous 

human tasks and increasing production 

capacity[6][7]. In particular, optimal control 

systems can enhance performance and 

precision by minimizing deviations from 

ideal conditions. The optimization process is 

guided by performance indices that serve as 

benchmarks for evaluating the system's 

performance[8]. 

 

An effective control system ensures rapid, 

stable responses without excessive energy 

consumption. By adjusting the performance 

index, the system can be fine-tuned for 

optimal control[9]. Such systems are 

essential in various community engagement 

initiatives, such as renewable energy projects 

or the development of low-cost automation 

tools for local industries, as they ensure 

sustainable and efficient operation[10]. 

 

This study focuses on using DC motors as the 

plant system to be controlled with the Linear 

Quadratic Regulator (LQR) method. The 

optimization of the performance index is 

achieved by calibrating the Q matrix, which 

generates the feedback gain matrix 𝐾 and 

the optimal tracking matrix 𝐿. These matrices 

are key to ensuring the optimal performance 

of the DC motor. Before applying the LQR 

method, the transfer function of the DC 

motor must first be determined and 

converted into state-space representation. 

This step is critical for accurately calculating 

the LQR parameters, which are then used to 

achieve the desired system performance. 

 

Integrating advanced control methods like 

LQR into community engagement programs 

has profound implications. For instance, DC 

motors optimized through LQR can be 

employed in community-driven renewable 

energy projects, such as solar-powered water 

pumps for irrigation or automated machinery 

in small-scale industries. These applications 

highlight how technical innovations can 

directly address societal needs, enhance 

productivity, and contribute to sustainable 

development, especially in underserved 

communities. By leveraging simulations and 

control design, this study not only explores 

technical solutions but also emphasizes their 

applicability in real-world, community-

focused initiatives. The findings highlight the 

importance of aligning technological 

advancements with societal impact, fostering 

a collaborative approach to problem-solving 

in community engagement programs. 

Through such efforts, technology can 

improve lives and contribute to growth in 

communities, demonstrating the valuable 

connection between engineering 

advancements and social progress. 

 

Methodology  

1. Research map  

The research process begins with 

identifying the DC motor model to be 

tested and analyzing the procedures for 

the Linear Quadratic Regulator (LQR) and 

Linear Quadratic Tracking (LQT)[11]. This 

involves selecting the weight matrices 𝑄 

and 𝑅, which play a crucial role in 

determining the system's performance. 

Once the weight matrices are chosen, the 

feedback value 𝐾 is calculated. This 
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calculation enables simulations to be 

conducted, allowing the closed-loop 

system response to be determined and 

analyzed to evaluate overall system 

performance. 

 

The system's characteristics in this study 

are defined as the unique traits or 

performance specifications that describe 

how the system responds to a given 

input[12]. When an input signal is applied, 

the system generates an output response, 

which can be classified into two main 

types: time response characteristics and 

frequency response characteristics[13]. 

This research focuses on the time 

response characteristics of the DC motor, 

aiming to observe how the system's 

output response evolves over time. This 

observation provides critical insights into 

the system's stability, speed, and 

efficiency in reaching the desired state 

following disturbances or input signals. 

 

By understanding and analyzing the time 

response characteristics, this study seeks 

to offer a comprehensive understanding 

of the DC motor's performance, 

particularly in the context of 

implementing LQR and LQT procedures 

for system control optimization[14]. The 

findings from this analysis will serve as a 

foundation for subsequent steps in 

developing more efficient and effective 

control models. 

 

2. Mathematic model 

A simple representation of a problem or 

phenomenon that occurs and is presented 

in mathematical concepts. After that, from 

the problems that occur, a problem will be 

formed. The existence of this 

mathematical model makes it easier to 

solve a problem. 

• LQR method 

• Cost Function  

𝐽 =  ∫(𝑥𝑇𝑄𝑥 + 𝑢𝑇𝑅𝑢)𝑑𝑡

∞

0

 

Q = state weighting factor (positive 

semi-definite matrix) 

R = Control variable factor weight 

(positive definite matrix) 

u = control signal 

 

optimal K value of the performance 

index 

𝐾 = 𝑅−1𝐵𝑇 𝑃 

Where the matrix P in the equation 

above must satisfy the reduced equation 

𝐴𝑇𝑃 + 𝑃𝐴 − 𝑃𝐵𝑅−1𝐵𝑇𝑃 + 𝑄 = 0 

The transfer function of a DC motor is 

using the Ziggler Nichols Tuning 

method approach. 

Laplace transform: 

𝜏𝑠𝑇(𝑠) + 𝑇(𝑠) = 𝑇𝑖(𝑠) 

𝑇(𝑠)

𝑇𝑖(𝑠)
=  

1

𝜏𝑠 + 1
 

Electric characteristic 

𝑑𝑖𝑎
𝑑𝑡

=  
𝑅

𝐿
𝑖𝑎 −

𝐾

𝐿
𝜔𝑟 +

1

𝐿
𝑉𝑎 

 

𝑑𝜔𝑎

𝑑𝑡
=  

𝐾

𝐽
𝑖𝑎 −

𝐵

𝐽
𝜔𝑟 
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Mechanical Characteristic 

𝑇 = 𝐾𝑖𝑎 

State Space model 

[

𝑑𝑖𝑎
𝑑𝑡

𝑑𝜔𝑎

𝑑𝑡

] =  

[
 
 
 −

𝑑𝑖𝑎
𝑑𝑡

−
𝐾

𝐿
𝐾

𝐽
−

𝐵

𝐽 ]
 
 
 
[
𝑖𝑎
𝜔𝑟

] + [
1

𝐿
0

] 𝑉𝑎 

=  𝐴𝑥 +  𝐵𝑢 

𝑦 =  [0 1] [
𝑖𝑎
𝜔𝑟

] + [0]𝑉𝑎 

=  𝐶𝑥 +  𝐷𝑢 

𝑢 =  − 𝐾𝑥 

Ordo 1 model 

A first order system has a variable s 

with the highest power being one. 

The mathematical model of the first 

order system of a DC motor can be 

written as follows: 

𝐺 (𝑠) =
𝐾

𝑇 + 𝐾
 

𝐾 =
𝑇

𝑖
 

Information : 

K = coefficient  

τ = DC motor torque 

I = DC motor current 

 

𝐾𝑠 =  
0,19

5.1
 

𝐾𝑠 =  0.372 𝑁𝑚/𝐴 

𝐺(𝑠) =  
0,0372

0,19𝑠 + 0,0372 
 

 

 
3. DC Motor 

Direct current motors (DC motors) are one of 

the types of electric motors most widely used 

in industry and in the future these machines 

will continue to be used because of their 

good regulatory characteristics[15]. The 

working principle is based on the interaction 

between two magnetic fluxes called the field 

coil and the armature coil. The form of 

energy produced will be in the form of 

rotation. 

4. Linear Quadratic Regulator (LQR) 

Linear Quadratic Regulator (LQR) is a method 

for designing modern constraint systems 

based on state space[16]. The LQR controller 

has two parameters, namely the weight 

matrix Q and R, which must be determined 

so that it can produce optimal control actions 

as expected. LQR controls the process/plant 

using a linear combination of the plant 

states. To design an LQR controller, the first 

step that must be taken is to choose a weight 

matrix of Q and R values[17]. The input R is 

heavier than the state while the state weight 

value is more than the input. Then the 

feedback K can be calculated and the closed 

loop response of the system can be found by 

simulation[18][19]. LQR controller design 

where the selection of the Q and R weight 

matrices is guided by the greater the value of 

Q, the closer it will be to the minimum point 

and the greater the value of R, the 

smaller/minimum the energy used[20]. 

5. Block Diagram 

It is part of a diagram of a simulation process 

in which each component, part, or function 

of each process is depicted in a system of 

blocks connected by lines as a guide to the 

simulation. The block diagram contains 

input, process and output from the 

simulation process being run. 



Journal for Maritime in Community Service and Empowerment ISSN: 
Vol. xx, No xx, Month-year  

 

Figure 1. LQR block diagram 

Results and Discussions  

Table 1. specifications for DC motor type C23-

L50 

Performance data  

Rated voltage (V) 12 Vdc 

Speed 1600 RPM 

Average Torque  0.19 

Reduction rate 22 

Nominal current (A) 5.1 Amps 

 

 

Table 2. Parameter for DC motor type C23-L50 

Parameter Motor DC tipe C23-L50 

Parameter Symbol Size and unit 

Inertial rotor Jm 0.0000459 Kg.m2 

Damping B 0.001 

N.m/(rad/s) 

Rated Torque  Kt 0.19 N.m/A 

Back EMF KE 0.0519 V/(rad/s) 

Resistance  RT 0.63 Ohm 

Induktance L 0.00077 H 

 

 

 

 

 

1. LQR circuit 

• Without Noise 

 
Figure 2. LQR circuit without noise 

Figure 2 shows the LQR circuit with 

FCN transfer of order 1 obtained from 

the calculation above, the results on 

the scope can be seen in Figure 3 

 

 
Figure 3. Waveform of LQR circuit without 

noise 

 ̀The results in Figure 3 show that the 

DC motor used to test the optimal 

system with LQR is still not stable to 

order 1, as shown by the results of the 

overshoot that occurs and the stability 

value that does not occur immediately 

within a few seconds. 

• With Noise 

 

 
Figure 4. LQR circuit with noise 

In figure 4 is an LQR circuit with added 

noise to find out how the circuit works if 

there is a problem 
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Figure 5. Waveform of LQR circuit with 

noise 

The noise effect causes the waves in the 

system to fluctuate, which means the system 

cannot reach a stable condition or fixed 

point. Noise, which can be random 

interference or unwanted signals, affects the 

system's input and output signals, giving rise 

to unpredictable variations in its response. 

These fluctuations can result in difficulties in 

controlling the system precisely, because the 

signals received or processed do not 

represent actual conditions. 

The impact of this noise can be very 

significant, especially in systems that require 

high stability, such as in DC motor control or 

other automated systems. Systems that are 

exposed to noise tend to experience 

oscillations, slow response, or even failure to 

reach the desired steady-state value. In more 

complex scenarios, noise can amplify errors 

in the control system, cause performance 

that is far from optimal, or even damage 

hardware if not handled properly. 

Conclusion  

Based on the results of simulation tests carried 

out using MATLAB, it can be concluded that 

the application of a Linear Quadratic 

Regulator (LQR) controller with order 1 has 

not been able to produce optimal 

performance in the DC motor system being 

tested. The simulation results show that 

although the LQR controller has an influence 

on motor control, the system response 

obtained still shows quite significant 

fluctuations, which indicates a lack of stability 

in a relatively short time. 

In this test, the DC motor system controlled 

with LQR order 1 did not succeed in reaching 

a stable condition quickly. Delays in reaching 

the desired fixed point as well as oscillations 

or fluctuations in the motor output indicate 

that the LQR controller with order 1 has not 

been able to optimize the motor speed or 

position settings in an efficient time. This 

indicates that although the LQR controller can 

reduce errors, its performance is not sufficient 

to provide a fast and stable response 

according to the needs of a more complex DC 

motor system. 

Thus, this system cannot be said to be optimal 

because the resulting DC motor control still 

shows significant instability in a shorter time. 

To achieve optimal performance, further 

development is needed, such as increasing the 

order of the LQR controller or using other 

control methods that can reduce fluctuations 

and increase the stability of the DC motor 

system in a shorter time. 
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