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DC motors are widely used electronic components commonly found in 

everyday applications. Typically, when a load is applied, a DC motor 

tends to decelerate and fails to maintain a constant speed. To address 

this, motor speed can be controlled by adjusting the input voltage. 

However, to maintain consistent speed under varying loads, a control 

system is necessary. LQR works by adjusting the motor response to 

closely approach the desired setpoint, while minimizing both overshoot 

and undershoot within the system. On the other hand, LQT is a linear 

control strategy designed to ensure that the system output closely 

follows a time-varying reference or setpoint. When implemented, LQR 

yields a motor response that aligns with the target setpoint without any 

overshoot or undershoot. In contrast, if LQR is not applied, the motor 

response deviates significantly from the desired target and takes a 

longer time to settle. Meanwhile, the LQT method produces a quicker 

response reaching steady state in approximately ±0.5 seconds 

although it does introduce some overshoot and slight ripple in the 

signal. Despite these minor drawbacks, LQT is often favored over LQR 

for applications involving the MG-16B DC motor due to its superior 

speed in reaching the setpoint. 
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1. Introduction  

 DC motors are among the most widely used electromechanical actuators in various industrial 

and technological applications. These motors operate based on electromagnetic principles, wherein 

the interaction between the magnetic fields of the rotor and stator produces a repulsive force that 
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drives rotation. When electric current flows through the armature windings, it generates a magnetic 

field that induces mechanical motion proportional to the input voltage. However, DC motors 

inherently tend to decelerate under varying load conditions, resulting in non-constant rotational 

speeds. Therefore, precise speed regulation is essential to ensure consistent motor performance, 

particularly under fluctuating loads. 

 In control systems, the primary function of a controller is to compare the actual system output 

with the reference input (setpoint), calculate the resulting error, and produce a control signal that 

minimizes this error. To achieve optimal control performance, strategies are required that can 

maintain system stability, accuracy, and responsiveness, even in the presence of disturbances. 

 Two widely recognized optimal control methods employed to improve DC motor performance are 

the Linear Quadratic Regulator (LQR) and the Linear Quadratic Tracker (LQT). LQR is a state-

feedback control technique designed to minimize a quadratic cost function, thereby yielding a fast 

and stable system response without overshoot or undershoot. It is particularly effective in multi-input 

multi-output (MIMO) systems due to its efficiency and robustness. In contrast, LQT extends the LQR 

approach by incorporating a feedforward term that enables the system output to follow a time-varying 

reference trajectory. This method combines conventional linear feedback with reference-based 

optimization, making it suitable for tracking applications. 

 This study investigates and compares the effectiveness of LQR and LQT in regulating the 

speed of a DC motor model (RS 550 type). Simulations were conducted using MATLAB and Simulink 

to model the control system and analyze its output response. Additionally, noise was introduced into 

the system to evaluate how well each control method maintains performance under external 

disturbances. The findings provide insight into the robustness and adaptability of each method when 

applied to dynamic and non-linear system conditions. 

2. Research Method  

2.1.  DC Motor Identification  

 At this stage, identification is carried out regarding the specifications of the DC Motor that 

will be researched. The form of the DC Motor that was researched was a brushless motor with the 

name and type MG-16B. The following is the datasheet of the MG-16B DC Motor. 

 

 

Figure 1. Datasheet Motor DC MG-16B 
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 The second order DC motor model can be written mathematically as follows. 

 𝐺(𝑠)  =  
𝜔𝑛2

𝑠2 + 2ϛ𝜔𝑛𝑠 + 𝜔𝑛2        (1) 

Description:  

ζ = Damping Ratio (dB)  

ωn = Natural Frequency (rad/s) 

 

Where:  

 𝜔𝑛 = 2𝜋𝑓  (2) 

          𝜔𝑛 = 2 × 3,14 × 50 = 314 rad/s 

So the calculation of the MG-16B DC motor based on the specifications from the datasheet 

obtained is: 

𝐺(𝑠)  =  
𝜔𝑛2

𝑠2 + 2ϛ𝜔𝑛𝑠 + 𝜔𝑛2       (3) 

𝐺(𝑠)  =  
2𝜋𝑓2

𝑠2 + 2ϛ(2𝜋𝑓)𝑠 + 2𝜋𝑓2       (4) 

(𝑠)     =  
2𝜋502

𝑠2 + 2.30.(2𝜋50)𝑠 + 2𝜋502       (5) 

𝐺(𝑠)  =  
98596

𝑠2 +18840𝑠 + 98596
       (6) 

 

2.2.  Linear Quadratic Regulator (LQR) 

The Linear Quadratic Regulator (LQR) is a technique widely employed in modern control theory. 

This method analyzes system behavior through the state-space approach. Due to the simplicity and 

efficiency of this framework, it is particularly well-suited for systems with multiple inputs and outputs 

(MIMO). In general, the state-space representation of such a system can be formulated as follows: 

𝑋̇ = 𝐴𝑋 + 𝐵𝑢  (7) 
 

In principle, the LQR method searches for a control signal u that minimizes the performance index 

J. 

𝐽 = ∫(𝑋𝑇𝑄𝑥 + 𝑢𝑇𝑅𝑎)𝑑𝑡  (8) 
 

LQR finds the optimal control input law u*. The constraints imposed by the Q and R matrices 
minimize the performance index. The closed-loop optimal control law is defined as: 

𝑢∗ = −𝐾𝑥  (9) 

Here, K represents the optimal feedback gain matrix. This gain matrix is designed to minimize the 
performance index by appropriately placing the closed-loop poles to achieve the desired system 
behavior. The feedback gain matrix K is determined based on the matrices A, B, Q, and R. To 
compute K, the Algebraic Riccati Equation (ARE) must be solved. The matrix P, which is symmetric 
and positive definite, is the solution to the ARE and is defined as: 

 

𝐴𝑇𝑃 + 𝑃𝐴 − 𝑃𝐵𝑅−1𝐵𝑇𝑃 + 𝑄 = 0       (10) 

𝐾 = 𝐴𝑋 − 𝐵𝐾𝑥 = (𝐴 − 𝐵𝐾)𝑥       (11) 
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By substituting equations (8) and (9), the expression becomes: 

 

𝑥 = 𝐴𝑋 − 𝐵𝐾𝑥 = (𝐴 − 𝐵𝐾)𝑥                  (12) 
 

The block diagram illustrating the LQR configuration is shown in Figure 2. 

 

 

Figure 2. Block diagram LQR 

2.3.  Linear Quadratic Tracker (LQT) 

 The LQT consists of the usual state feedback of a linear dynamic system together with an 

additional feed-forward control term. The feed-forward control term depends on the reference signal 

vector, r(t). The vector r(t) is given by: 

 

𝑟(𝑡) = [𝑉𝑟𝑒𝑓(𝑡)  0]𝑇  (13) 

 

Where, Vref is a time-varying reference voltage signal. The LQT scheme minimizes the 

squared performance index to produce the optimal control decision which can be formulated in the 

following equation. 

𝐽 =
1

2
∫ [(𝑥(𝑡) − 𝑟(𝑡))𝑇𝑄(𝑥(𝑡) − 𝑟(𝑡)) + 𝑑(𝑡)𝑇𝑅𝑑(𝑡)]𝑑𝑡

𝑇

0
  (14) 

 

Where, Q and R are the intermediate state and control weighting matrices, respectively. They 

are chosen such that; Q = QT ≥ 0 and R = RT ˃ 0. Due to the quadratic nature of the cost function, 

the control signal is proportional to the quadratic variation of the equation. Thus, if the state-variations 

are large; minimization and, hence, the convergence rate is faster. The optimal affine control decision 

is evaluated through the mathematical expression shown in 

 

𝑑(𝑡) = −𝐾𝑥(𝑡) + 𝐾𝑓𝑓𝑣𝑟𝑒𝑓(𝑡)      (15) 

 
Where, 

 

𝐾 = 𝑅−1𝐵𝑇𝑃  (16) 

𝐾𝑓𝑓 = 𝑅−1𝐵𝑇((𝐴 − 𝐵𝐾)𝑇)−1𝐻𝑇𝑄  (17) 
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 The gain vector, K, helps to relocate the system poles to synthesize the optimal controller. 

The optimal gain vector depends on the symmetric positive definite matrix, P, shown in equation 

(14). The matrix, P, for a given system can be obtained by solving the Riccati Algebra Equation, 

shown in. 

𝐴𝑇𝑃 + 𝑃𝐴 − 𝑃𝐵𝑅−1𝐵𝑇𝑃 + 𝐻𝑇QH = 0            (18) 

 The block diagram showing the LQR configuration is shown in Figure 3. 

 

 
Figure 3. Block diagram LQT 

2.4.  Block Diagram System 

 The motor block diagram aims to determine the original response results of the DC motor if 

the MG-16B DC motor is not added to the method used in the Simulink software. 

 

Figure 4. Block diagram DC Motor  

 Figure 4 shows a second-order block diagram of a DC motor consisting of an input and an 

output. The input used is a step response type. The transfer function in the diagram can contain a 

second-order DC motor modeling. The response results will be displayed on the scope and display 

to find out the maximum response value produced. 

• Subsystem block diagram LQR in DC motor MG-16B 

 
Figure 5. Subsystem block diagram LQR in DC motor MG-16B 

• Subsystem block diagram LQR in DC motor MG-16B with noise 

 
Figure 6. Subsystem block diagram LQR in DC motor MG-16B with noise 

https://doi.org/10.71225/jstn.v2i1.85


  

           

62 

DOI: https://doi.org/10.71225/jstn.v2i3.105 

• Subsystem block diagram LQT in DC motor MG-16B 

 
Figure 7. Subsystem block diagram LQT in DC motor MG-16B 

 

• Subsystem block diagram LQT in DC motor MG-16B 

 
Figure 8. Subsystem block diagram LQT in DC motor MG-16B with noise 

3. Results And Discussion  

 This section discusses the results of the MG-16B DC motor response in the first-order 

mathematical model and when given the LQR and LQT methods with and without noise. The 

response results were obtained using simulations in the Simulink Matlab software. 

3.1.  Second Order Response Results of MG-16B DC Motor 

 

Figure 9. Second Order Response Results of MG-16B DC Motor 

 In the second-order modal response output seen in Figure 9, the second-order motor 

response graph shows that the output is very far from the desired set point. The yellow wave is the 

result of the motor response while the blue wave is the desired set point. The desired set point is 0.5 

while the motor response is only at a value of 219 with high ripples in the motor response rise time. 
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The observed MG-16B DC motor has linear characteristics as indicated by the signal shape that has 

no ripples. The motor response is in a steady state condition at ±0.27 seconds.  

3.2.  MG-16B DC Motor Response Results Using LQR Method 

 

Figure 10. MG-16B DC Motor Response Results Using LQR Method 

 Figure 10 shows the step response display of the MG-16B LQR DC motor without noise. It 

can be seen that the step response output of the MG-16B LQR DC motor reaches an amplitude of 

1.033 which can be rounded to 1 so that it has reached the setpoint. It has a minimum rise time of 

3.940 s and has a fairly small overshoot and undershoot of 0%.  

3.3.  MG-16B DC Motor Response Results Using LQR Method With 

Noise 

 

Figure 11. MG-16B DC Motor Response Results Using LQR Method With Noise 

 Figure 11 shows the step response display of the MG-16B LQR DC motor with noise. It can 

be seen that the step response output of the MG-16B LQR DC motor only has a fluctuating graph 

due to the noise given. The system reaches an amplitude of 8.059 so that the system has not 
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reached the setpoint. It has a fairly maximum rise time at 52.720ms and has an overshoot of 82.454% 

and an undershoot of -64.563%.  

3.4.  MG-16B DC Motor Response Results Using LQT Method 

 

Figure 12. MG-16B DC Motor Response Results Using LQT Method  

 In the output of the modal response in Figure 12, it can be seen that the response graph of 

the MG-16B DC motor using LQT has the same output as the desired set point value of 0.5 with a 

very fast response time to steady state of 8.364us. However, the resulting response has an 

overshoot of 3.646% and an undershoot of 0.477%. 

3.5.  MG-16B DC Motor Response Results Using LQT Method With 

Noise 

 

Figure 13. MG-16B DC Motor Response Results Using LQT Method With Noise 

 From the results of Figure 13, it can be seen that the yellow signal which is the result of the 

response of the MG-16B DC motor with the LQT method has changed shape from before the noise 

was given. The signal shape experiences a lot of ripples and imitates the shape of the noise signal 
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given. The resulting signal is no longer linear and far from stable conditions or steady state at the 

given set point.  

4. Conclusion  

 Experimental results from the MG-16B DC motor demonstrate that applying the LQR method 

yields a system response that precisely matches the desired setpoint, without any overshoot or 

undershoot. The system reaches steady state approximately 1.2 seconds faster compared to 

operation without the LQR controller. In the absence of LQR, the motor's response deviates 

significantly from the target value and requires more time to stabilize. However, when noise is 

introduced into the system, the response of the MG-16B DC motor using LQR tends to follow the 

noise signal, resulting in a nonlinear output. In contrast, when the LQT method is applied, the motor 

reaches steady state in just 8.364 microseconds, a notably faster response. Nonetheless, the system 

experiences an overshoot of 3.646% and an undershoot of 0.477%. Similar to LQR, the motor’s 

output under LQT also follows the noise input, making the system behavior nonlinear when 

disturbances are present. Despite these imperfections, LQT is considered more advantageous than 

LQR due to its faster response time in reaching the setpoint for the MG-16B DC motor. 
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