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Abstract: This article presents the design of a graphical user interface (GUI) application on MATLAB for comparing the 

performance of two popular control techniques, Linear Quadratic Regulator (LQR) and Pole Placement, for DC motor speed 

control. The GUI app allows users to input system dynamics, desired speed references, and controller gains to visualize and 

analyze the behavior of the controllers in real-time. The app provides dynamic plots and performance metrics, enabling users to 

evaluate settling time, overshoot, steady-state error, and control effort. The GUI app serves as an educational tool and aids in the 

selection of the optimal control strategy for DC motor speed control. Through its user-friendly interface and real-time analysis 

capabilities, the GUI app contributes to the advancement of control systems engineering and promotes efficient and accurate 

control of DC motors. The simulation result shown from this paper depends on the parameters of LQR and Pole placement 

controllers (PPC). When the weighting matrices of the Q matrices is high, the speed response is good and when the location of 

poles are far from the origin of s plane the simulation result is good compared to the poles near to the origin and when the poles 

are purely real the performance of the result is better than when poles are the combination of both real and imaginary parts has 

been tested. From the simulation result the rise time and settling time is low for pure real and negative poles than complex 

conjugate poles. 
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1. Introduction 

DC motors are widely used in various industries, ranging 

from robotics to electric vehicles, necessitating the 

development of efficient control strategies for precise speed 

control [1, 2]. This article focuses on designing a MATLAB 

based graphical user interface (GUI) application that 

facilitates the comparison of LQR and Pole Placement 

controllers for DC motor speed control and enables users to 

compare the performance of these control techniques in 

real-time. In a study the GUI app allows users to input 

system parameters, analyze the real-time response, and 

evaluate performance metrics to determine the most effective 

control strategy [3]. 

The GUI provides an intuitive platform for users to input 

system parameters, such as the motor's dynamics and desired 

speed reference, as well as the gains for the LQR and Pole 

Placement controllers. 

Control systems engineering plays a vital role in achieving 

accurate and stable control of various systems, including DC 

motors. Two popular control techniques used for DC motor 

speed control are the Linear Quadratic Regulator (LQR) and 

Pole Placement. The GUI app provides an intuitive platform 

for analyzing the behavior and effectiveness of LQR and 

Pole Placement controllers, facilitating the selection of the 

optimal control strategy for DC motor speed control. By 

offering a user-friendly interface and real-time analysis 

capabilities, the GUI app contributes to the advancement of 

control systems engineering and promotes efficient and 

accurate control of DC motors. 

By integrating dynamic plots, such as the motor speed 

response and control effort, the GUI offers users a visual 
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representation of the controllers' performance [3]. 

Additionally, performance metrics like settling time, 

overshoot, steady-state error, and control effort are displayed, 

enabling a comprehensive comparison between the LQR and 

Pole Placement controllers. 

2. Literature Review 

Control of DC motors using various control techniques has 

been extensively studied in the field of control systems 

engineering. In particular, the comparison between Linear 

Quadratic Regulator (LQR) and Pole Placement controllers 

for DC motor speed control has garnered significant attention 

among researchers. Comparing the performance of Linear 

Quadratic Regulator (LQR) and Pole Placement controllers 

for DC motor speed control has been a topic of interest among 

researchers. Several studies have investigated the 

effectiveness and performance of these control techniques, 

providing valuable insights into their advantages and 

limitations. 

Conducting an experimental investigation to compare the 

performance of LQR and sliding mode controllers for a DC 

motor speed control system. The authors implemented the 

controllers evaluated their performance using step response 

analysis [4]. The study revealed that the LQR controller 

provided better transient response characteristics with reduced 

settling time and overshoot compared to sliding mode 

controller. 

The study compared the performance of LQR and PID 

controllers for a DC motor speed control application [32]. The 

authors implemented the controllers using MATLAB and 

evaluated their performance based on metrics such as settling 

time, overshoot, and control effort. The results indicated that 

both control techniques exhibited satisfactory performance, 

but the LQR controller demonstrated better response in terms 

of settling time and overshoot [5-7]. 

Some papers considered various performance metrics, 

including settling time, overshoot, and control effort, and 

applied a weighted sum optimization technique to determine 

the optimal controller gains. The results demonstrated that the 

LQR controller achieved superior performance in terms of 

settling time and overshoot, while the Pole Placement 

controller exhibited better control effort characteristics [8-11]. 

Overall, these studies [12, 13] emphasize the importance of 

comparing the performance of LQR and Pole Placement 

controllers for DC motor speed control. While the LQR 

controller often demonstrates better response characteristics in 

terms of settling time and overshoot, the Pole Placement 

controller may offer advantages in terms of control effort. 

Therefore, the choice between these control techniques 

depends on the specific requirements and objectives of the DC 

motor speed control application. 

The performance of LQR controllers for a DC motor speed 

control system under varying load conditions. The authors 

examined the controllers' response in terms of stability, 

tracking accuracy, and disturbance rejection. The study 

revealed that the LQR controller maintained stability and 

accurate tracking performance under various load 

disturbances [14-16]. 

Several other studies have explored the performance 

comparison between LQR and Pole Placement controllers for 

DC motor speed control. These studies have highlighted the 

importance of considering factors such as settling time, 

overshoot, control effort, stability, and robustness when 

selecting the optimal control strategy for a specific 

application. 

In summary, the literature review indicates that both LQR 

and Pole Placement controllers have been extensively studied 

for DC motor speed control. While the LQR controller [20] 

often demonstrates better response characteristics in terms of 

settling time and overshoot, the Pole Placement controller 

may offer advantages in terms of control effort and robustness. 

3. Mathematical Modelling of DC Motor 

The mathematical model of a separately excited DC motor 

typically consists of two main components: the electrical 

equation and the mechanical equation [16]. 

Consider a simplified model for the DC motor is shown in 

Figure 1. 

 

Figure 1. Separately excited DC motor. 

Electrical Equation: The electrical equation describes the 

relationship between the voltage applied to the motor and the 

current flowing through its armature. This relationship is 

governed by the following equation: 

�� � ���� � �� �	
�� � �
            (1) 

Where, ��  is the applied voltage to the motor armature, �� 

is the armature resistance, �� is the armature inductance, �� 

is the armature current, 
�	
��  represents the rate of change of 

armature current with respect to time and �
 is the back 

electromotive force (EMF) generated by the motor, which is 

proportional to the motor speed (��) and can be expressed as �
 � �
��. 

Mechanical Equation: The mechanical equation 

characterizes the relationship between the motor's angular 

velocity ( �� ) and the torque ( �� ) it produces. This 

relationship is defined by the following equation: 

�� � ��� � � �����              (2) 

But the mechanical torque of the DC motor 
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�� � ���� 

Where, ��  represents the motor torque, ��  is the torque 

constant, which relates the motor current to the generated 

torque, � is the moment of inertia of the motor's rotor and � is 

the motor damping coefficient, which accounts for mechanical 

losses. 

The state space representation of a DC motor provides a 

concise mathematical description of its dynamics in terms of 

state variables and input/output relationships [17-19]. The 

state space model consists of a set of first-order differential 

equations that describe the evolution of the system states over 

time. For a separately excited DC motor, the state space 

representation can be derived based on the electrical and 

mechanical subsystems mentioned earlier. �� � �� � �� � � �� � ��                 (3) 

By combining the electrical and mechanical equations, the 

complete dynamic model of the DC motor [21-24] have three 

states ��  �� & �� , one input signal voltage applied to the 

motor armature (�� ) and one output signal motor angular 

velocity (�� ). Therefore the state space representation of 

separately excited DC motor is 

�	
�� �  !
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 ��  #$"
  �� � %"
 ��         (4) 
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The transfer function of the above state space representation 

can be determined using 

         ��:;< =
:;< � �:>?  �<@%� � �            (8) 
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Figure 2. Block diagram of DC motor. 

 

Figure 3. General block diagram for DC motor with LQR controller. 

By utilizing the state space representation, control 

algorithms such as the Linear Quadratic Regulator (LQR) can 

be applied to design control strategies for the DC motor. The 

LQR control algorithm involves formulating an optimal 

control problem based on the system's state space 

representation and solving it to obtain the optimal control 
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input that minimizes a cost function, typically associated with 

achieving desired performance criteria. 

The state space representation allows for analysis, 

simulation, and control design of the DC motor system using a 

range of control techniques, including LQR, state feedback, 

and observer-based control. 

4. General Block Diagram and Controller 

Design 

The Linear Quadratic Regulator (LQR) is a well-known 

method that provides optimally controlled feedback gains to 

enable the closed-loop stable and high performance design of 

systems ��  or the derivation of the linear quadratic regulator 

for a linear system state-space representation. 

4.1. LQR Controller Design 

The Linear Quadratic Regulator (LQR) is an optimal 

control technique that minimizes a quadratic cost function. It 

calculates control signals based on system state and desired 

behavior, aiming to minimize both control effort and tracking 

errors simultaneously [20]. 

To design an LQR (Linear Quadratic Regulator) controller 

for the separately excited DC motor system described by the 

state space representation. 

�� = �� + �� 

� = �� + �� 

It need to define the state feedback gain matrix (K) that 

minimizes a quadratic cost function, typically associated with 

achieving desired performance criteria [25-29]. 

The cost function in LQR control can be formulated as: 

� = B (�CD� + �C��)E
F GH          (9) 

Where D is the state weighting matrix, typically chosen as 

a positive definite symmetric matrix, to assign relative 

importance to the states � is the control weighting matrix, 

also a positive definite symmetric matrix, to assign relative 

importance to the control input. 

The LQR controller design involves solving the algebraic 

Riccati equation to obtain the optimal feedback gain matrix 

(K). 

The Riccati equation for the DC motor system can be 

expressed as: 

�CI + I� − I��@%�CI + D = 0      (10) 

Where, A is the system matrix in the state space 

representation, B is the input matrix in the state space 

representation, P is the symmetric positive definite matrix 

solution of the Riccati equation and R is the control weighting 

matrix. 

Once the symmetric positive definite matrix P is obtained, 

the optimal feedback gain matrix K can be calculated as 

 �J∗J = [ �% �L �J] = �@%�CI       (11) 

Finally, the control input M can be computed as � = −�� 

that produces the lowest cost. 

The LQR controller uses the state feedback gain matrix K to 

compute the control input that minimizes the cost function J 

and drives the system towards the desired performance 

criteria. 

It is important to note that the choice of Q and R matrices in 

the cost function and the resulting feedback gain matrix K can 

significantly impact the control system's performance. The 

tuning of Q and R matrices is typically based on system 

requirements and desired trade-offs between control effort and 

state tracking. 

Control signal for reference tracking using linear quadratic 

regulator (LQR) is given by 

� =  �NO −  �P�            (12) 

Where, �P ↔ �D� �WXHOWYYZO [\�X & 

 �N ↔ �Z]ZOZX^Z [\�X 

Substituting the reference control signal to the open loop 

state space equation. The resulting state space equation would 

be 

�� = �� + �_ �NO −  �P�` = _� − ��P`� + ��NO =
 �abc� +  �abc�  

� = �� + �_ �NO −  �P�` = _� − ��P`� + ��NO
=  �abc� +  �abc� 

Where,   �abc = � − ��P ,  �abc = ��N,  �abc = � −
��P  & �abc = ��N 

The overall closed loop transfer function of the new state 

space representation of DC motor can be determined using 

 ��(;)

d(;)
=  �N[ �abc(>? − �abc)@% �abc +  �abc]   (13) 

)�(;)

d(;)
=  #e

;
[ �abc(>? − �abc)@% �abc +  �abc]     (14) 

4.2. Pole Placement Controller 

Pole Placement Controller: Pole Placement is a control 

technique that involves placing the closed-loop system poles 

at desired locations in the complex plane. This technique 

enables engineers to shape the system's response by 

strategically selecting pole locations based on desired 

performance characteristics. 

The mathematical expression for a pole placement 

controller depends on the specific system dynamics and 

desired pole locations. Consider a single-input, single-output 

(SISO) system with transfer function G(s) representing the 

open-loop transfer function of any linear system. The desired 

closed-loop characteristic equation can be represented as: 

>a + \a@%>a@% + \a@L>a@L + ⋯ + \%> + \F = 0 

where X is the order of the system and \	  are the desired 

coefficients. 

To design the pole placement controller, the closed-loop 
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transfer function is given by: �:>< � �:>< K g:>< 

where �:><is the controller transfer function. 

The general form of the pole placement controller transfer 

function is: 

�:>< � :;@hi<:;@hj<…:;@hl<m:;<            (15) 

Where n	  represents the desired pole locations. 

To obtain the specific values for n	 , it needs to solve the 

characteristic equation with the desired pole locations and 

obtain the corresponding controller gains. The calculation of 

the controller gains depends on the chosen pole placement 

technique, such as the Ackermann's formula or other pole 

placement algorithms. 

Control signal for reference tracking using pole placement 

controller (PPC) is given by � �  �NO   �o�              (16) Where �o V IWYZ IY\^pZXH �WXHOWYYZO [\�X &   �N V �Z]ZOZX^Z [\�X 

Substituting the reference control signal to the open loop 

state space equation. The resulting state space equation would 

be �� � �� � �: �NO   �o�< � :�  � �o<� � ��NO � �abc� �  �abc�  � � �� � �: �NO  �o�< � :�  ��o<� � ��NO � �abc� �  �abc�  

Where,   �abc � �  ��o ,  �abc � ��N,  �abc � �  ��o  & �abc � ��N 

The overall closed loop transfer function of the new state 

space representation of DC motor can be determined using 

 ��:;<d:;< �  �N8 �abc:>?  �abc<@% �abc �  �abc9  

)�:;<d:;< �  #e; 8 �abc:>?  �abc<@% �abc �  �abc9    (17) 

5. GUI App Design on MATLAB 

Graphical User Interfaces (GUIs) have revolutionized the 

way engineers and researchers interact with complex systems 

and analyze their behavior. In the context of comparing the 

performance of LQR and Pole Placement controllers for DC 

motor speed control, the development of a GUI becomes 

particularly valuable. This article focuses on designing a GUI 

application on MATLAB that enables users to conveniently 

assess and compare the effectiveness of these control 

techniques [3]. 

The GUI application serves as a powerful tool for engineers, 

researchers, and students in the field of control systems 

engineering [30-31]. It simplifies the process of evaluating 

control strategies for DC motor speed control, allowing users 

to assess the behavior of LQR and Pole Placement controllers 

in real-time. Ultimately, this GUI contributes to the 

advancement of control systems research and facilitates the 

development of efficient and accurate control techniques for 

DC motors. 

 

Figure 4. The general GUI block diagram on MATLAB for this paper. 

The GUI App design on MATLAB for this paper is designed with the following components. 
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Desired Speed Reference: Numeric input field to set the 

desired speed reference for the motor. 

Run Simulation Buttons: Upon clicking this button, the GUI 

app initiates the simulation using the specified parameters and 

displays the motor's response in real-time. 

Compare Controllers Buttons: This button triggers the 

comparison of the LQR and Pole Placement controllers' 

performance based on the specified reference speed, 

displaying the results in terms of settling time, overshoot, 

steady-state error, and control effort. 

Clear Buttons: This button is designed to clear all figure 

from GUI App axes. 

Clear Buttons: This button is designed to remove the figure 

and close the GUI App. 

BY LQR Button: This button is designed to calculate and 

display the closed loop transfer function of DC motor using 

linear quadratic regulator (LQR) controller. 

BY PPC Button: This button is designed to calculate and 

display the closed loop transfer function of DC motor using 

pole placement controller (PPC). 

Motor Speed Response plot (Axes1): A dynamic plot that 

shows the speed response of the motor over time for both the 

LQR and Pole Placement controllers. 

All three State Response plot (Axes2): Another plot 

displaying the control effort exerted by each controller (PID 

and LQR controller) during the simulation. 

Static Text field: The function of this field on GUI App 

design is just display the closed loop transfer function of DC 

motor both using LQR and PID controllers. 

These components within the GUI will allow users to input 

relevant parameters, run simulations, visualize the motor's 

response, and compare the performance of the LQR and Pole 

Placement controllers. 

6. Result and Discussion 

To simulate and analysis of the effectiveness of LQR 

controller for DC Motor on MATLAB Software is based on 

the Table 1 DC motor parameters. 

Table 1. DC Motor Parameters. 

Parameter  Symbol Value and Unit 

Armature Resistance  �� 1.1Ω 

Armature Inductance  �� 0.00891u 

Back EMF Constant �
 0.22 �/O/> 

Friction Coefficient � 0.011 x. p/O/> 

Motor torque Constant �� 0.22 x. p/� 

Moment of Inertia � 0.0044�[. p2 

The simulation result for DC Motor have been tested and 

analysed for variation of reference speed, different LQR 

parameters and different pole location. 

 

Figure 5. Use of GUI button for DC Motor response graph. 

Condition 1: When the desired poles are the combination of real and imaginary poles 

Case 1: The DC motor response for reference speed =1000RPM with LQR parameters D � 41 0 00 1 00 0 105 , � � 0.1 

& �Z>�OZG nWYZ> W] zWHWO � 8 1 � 10�,  10  10�,  109 
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Figure 6. DC Motor response with a reference speed =1000RPM for case 1 using LQR Controller. 

 

Figure 7. DC Motor response with a reference speed =1000RPM for case 1 using Pole Placement Controller. 

Case 2: The DC motor response for reference speed =2000RPM with LQR parameters D � 41 0 00 1 00 0 105 , � � 0.1 

& �Z>�OZG nWYZ> W] zWHWO � 8 1 � 10�,  10  10�,  109 
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Figure 8. DC Motor response with a reference speed =2000RPM for case 2 using Pole Placement Controller. 

 

Figure 9. DC Motor response with a reference speed =2000RPM for case 1 using LQR Controller. 

Condition 2: When the desired poles are real poles only with different weighting 

Case 3: The DC motor response for reference speed =1000RPM with LQR parameters D � 41 0 00 1 00 0 105 , � � 0.1 

& �Z>�OZG nWYZ> W] H{Z >�>HZp � 8 10,  10,  109 
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Figure 10. DC Motor response with a reference speed =1000RPM for case 3 using Pole Placement Controller. 

Case 4: The DC motor response for reference speed =2000RPM with LQR parameters D � 41 0 00 1 00 0 105 , � � 0.1 

& �Z>�OZG nWYZ> W] H{Z >�>HZp � 8 10,  10,  109 

 

Figure 11. DC Motor response with a reference speed =2000RPM for case 4 using Pole Placement Controller. 

Case 5: The DC motor response for reference speed =1000RPM with LQR parameters D � 41 0 00 1 00 0 1005 , � �
0.1 & �Z>�OZG nWYZ> W] H{Z >�>HZp � 8 10,  10,  109 
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Figure 12. DC Motor response with a reference speed =1000RPM for case 5 using LQR Controller. 

Case 6: The DC motor response for reference speed =2000RPM with LQR parameters D � 41 0 00 1 00 0 1005 , � �
0.1 & �Z>�OZG nWYZ> W] H{Z >�>HZp � 8 10,  10,  109 

 

Figure 13. DC Motor response with a reference speed =2000RPM for case 6 using LQR Controller. 

Generally the simulation result shows that the effectiveness 

of the simulation result highly depends on the LQR 

parameters and the desired location of poles for various 

reference speed of DC motor. 

When the location of poles are far from the origin of s plane 

the simulation result is good compared to the poles near to the 

origin and when the poles are purely real the performance of 

the result is better than when poles are the combination of both 

real and imaginary parts. The simulation result also depends 

on the Q and R parameters of the LQR controller. When the 

weighting matrices of speed state is high the performance is 

very good and when the weighting matrices of the R matrices 
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is low that is 0.1 the simulation result is very good this means 

that practically we don’t worry about the fuel required by the 

motor. When the weighting matrices of the speed is low the 

simulation result also low so the performance of the system 

depends on the parameters of the controller. 

Generally the simulation result enhances when the 

weighting matrices of the Q matrices is high and the location 

of poles should be far from the origin and the poles should be 

real part. 

7. Conclusion 

In this paper, the design of a graphical user interface (GUI) 

application on MATLAB for comparing the performance of 

LQR and Pole Placement controllers for DC motor speed 

control offers a valuable tool for control systems engineers, 

researchers, and students. By providing an intuitive platform 

to input system parameters, visualize real-time responses, and 

analyze performance metrics, the GUI facilitates informed 

decision-making regarding the selection of the optimal control 

strategy. The comparison between LQR and Pole Placement 

controllers allows for a comprehensive evaluation of settling 

time, overshoot, steady-state error, control effort, and 

robustness. This GUI application contributes to the 

advancement of control systems engineering by promoting 

efficient and accurate control of DC motors. 

By empowering users to make informed decisions, this GUI 

app contributes to the advancement of control systems 

engineering and promotes efficient and accurate DC motor 

speed control. The development of a GUI app on MATLAB 

for comparing LQR and Pole Placement controllers for DC 

motor speed control will be a valuable tool for control systems 

engineers, researchers, and students. 

The simulation result shown from this paper depends on the 

parameters of LQR and Pole placement controllers (PPC). 

When the weighting matrices of the Q matrices is high, the 

speed response is good and when the roots of the system are 

real poles with far from the origin the performance of the 

system has been increased. 
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