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1. Introduction 
Electric motors play a critical role in modern industry, where they are used in more than 70% of 

equipment [1]. They are widely used in various applications, ranging from industrial automation, 
electric vehicles, robotics, home appliances, and precision manufacturing systems [2]-[4]. Based on 
the type of electrical current supplied, electric motors are generally categorized into two types: Direct 
Current (DC) motors and Alternating Current (AC) motors [5], [6]. Among these, DC motors, one of 
the earliest forms of electric motors, remain widely used due to their linear characteristics, simple 
modeling, and ease of speed and torque regulation [7]-[9]. Despite their control advantages, DC 
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 This tutorial paper presents a foundational introduction to Model Predictive 
Control (MPC) using DC motor speed control as a practical case study. 
While Proportional-Integral-Derivative (PID) controllers remain widely 
used in industry due to their simplicity, they often lack the ability to 
manage system constraints or anticipate future behavior. In contrast, MPC 
offers a predictive, optimization-based approach that considers such 
constraints over a finite prediction horizon. To evaluate its effectiveness, 
MPC is compared with PID across three simulation-based tests: unit step 
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performance, reducing settling time by 75%, overshoot by 76.6%, and 
Integral of Absolute Error (IAE) by 49% in step response tests. Under input 
disturbances and dynamic set-point changes, MPC also achieves lower IAE 
and faster recovery than PID. Although MPC requires slightly more 
computational time (0.83 s vs. 0.68 s), this trade-off is manageable in many 
control applications. Nonetheless, these findings are limited to simulation 
and do not yet account for real-time implementation challenges, such as 
tuning complexity, hardware limitations, or model uncertainty. Future 
work should address these practical concerns to assess MPC’s viability for 
real-world DC motor systems. 
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motors do have certain drawbacks, most notably in maintenance [10], [11]. The presence of brushes, 
which are prone to wear and tear, leads to higher maintenance costs compared to brushless AC motors. 
Nevertheless, DC motors remain popular in both research and industrial applications where precise 
control and fast response are essential, such as in robotic [12], [13], automotives [14]-[16], conveyor 
[17]-[19], and laboratory test setups [20]-[22]. 

In terms of control strategies, the Proportional–Integral–Derivative (PID) controller is still the 
most used method in industrial systems. According to [23], [24], approximately 90% of industrial 
control applications continue to rely on PID controllers due to their simplicity, ease of tuning, and 
broad applicability. However, PID controllers often struggle to handle constraints and model 
uncertainties, especially in systems with multivariable dynamics or significant time delays [25]. 
Moreover, the performance decreases when the system condition changes [26].  

Model Predictive Control (MPC) has emerged as a powerful alternative to classical control 
techniques like PID, especially in applications where constraints on control inputs and system states 
must be explicitly addressed [27], [28]. It was first introduced in the 1970s and was adopted in many 
industries [29]. Originally developed for chemical process industries, MPC has since been 
successfully applied in robotics [30], [31], motor control [32]-[34], automotive systems [35]-[37], and 
other domains. MPC offers several benefits, such as its formulation in the time domain, inherent 
flexibility, capability to handle multiple objectives, suitability for multi-input multi-output (MIMO) 
systems, and straightforward integration of constraints and nonlinear dynamics [38]-[40]. Besides 
that, it also has weaknesses, such as high computational time due to online optimization [41], [42], 
and require accurate system modeling [43], [44]. 

MPC solves an optimization problem in real-time over a finite prediction horizon, using a system 
model to predict future behavior and determine optimal control actions. MPC falls under the broader 
category of optimal control and is closely related to Linear Quadratic Regulation (LQR). The key 
difference lies in their approach: LQR solves for a single optimal control law over the entire time 
horizon, while MPC solves a new optimization problem at each time step, adapting to real-time system 
conditions [45]. Moreover, MPC can accommodate constraints where the LQR cannot [44]. MPC is 
generally categorized into two types: linear and nonlinear [46]-[48]. Linear MPC uses a linear model, 
a quadratic cost function, and linear constraints, and is solved via quadratic programming. In contrast, 
nonlinear MPC incorporates nonlinear models, possibly non-quadratic cost functions, and nonlinear 
constraints, and requires nonlinear programming techniques. 

The objective of this article is to provide a basic tutorial on Model Predictive Control using a DC 
motor speed control problem as a case study. Previous studies, such as in [49] give the MPC tutorial 
for complex systems. The authors in [50], give a tutorial on the MPC implementation related to the 
computer architecture with customization in the field programmable gate array (FPGA). While the 
application of MPC in the DC motor drive system has already been proven by [51]-[54]. 

The main contribution of this article lies in its educational and practical value, providing a step-
by-step and intuitive tutorial on implementing MPC for DC motor speed control. By applying MPC 
to a simple and well-understood control task, this article aims to offer readers an accessible 
introduction to MPC principles, including system modeling, prediction horizon setup, constraint 
handling, and cost function formulation. The tutorial is intended for students, researchers, and 
engineers seeking a foundational understanding of MPC through a practical and intuitive example. 

This paper is organized as follows. Section II presents the theoretical review of MPC. In section 
III, the design of MPC for speed control of the DC motor is presented. In section IV, the simulation 
results are discussed. Finally, the conclusion is in section V. 

2. Model Predictive Control (MPC) 
The basic structure of the MPC algorithm is depicted in Fig. 1. It shows that the MPC algorithm 

consists of a Model and an Optimizer. The model is used to get the predicted output. The difference 
between the reference signal and the predicted output is sent to the optimizer to get the future input.  
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The MPC works in the matrix domain. For more details, the prediction and optimization concept will 
be discussed in this section. 

 
Fig. 1. Model predictive control (MPC) process [46] 

2.1. Prediction Concept 

Fig. 2 shows the prediction concept in MPC, specifically, how future process outputs are 
predicted, and control actions are calculated accordingly. Along the horizontal time axis, the diagram 
is divided into three regions: the past, the present (denoted by time step 𝑘), and the future (from 𝑘 + 1 
to 𝑘 + 𝑁!, where 𝑝 is the prediction horizon). The green line represents the predicted output based on 
the system model and the current state information at time 𝑘. The dashed line represents the desired 
set-point or reference trajectory that the system aims to follow. 

 
Fig. 2. Receding horizon concept in MPC [55] 

Below the predicted outputs, the stepped line illustrates the control inputs or manipulated 
variables that the MPC algorithm optimizes. These inputs are calculated to minimize the deviation 
between the predicted outputs and the reference target, subject to system constraints. Although MPC 
computes a sequence of control actions for the entire prediction horizon, it only applies the first control 
input (𝑢(𝑘)) at the current time step. At the next step (𝑘 + 1), the process is repeated with updated 
system measurements, a concept known as the receding horizon strategy. This predictive and iterative 
nature allows MPC to anticipate future behavior, handle constraints, and optimize performance over 
time. 
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The next step state (𝑘 + 1) is calculated using (1), continuing for 𝑥(𝑘 + 2) state, etc. The same 
way is used to calculate the future output as in (3). For the 𝑁 steps, the future output can be written as 
(4). 

	 𝑥(𝑘 + 1) = 𝐴𝑥(𝑘) + 𝐵𝑢(𝑘) (1) 

	

𝑥(𝑘 + 2) = 𝐴𝑥(𝑘 + 1) + 𝐵𝑢(𝑘 + 1)	

= 𝐴"𝑥(𝑘) + 𝐴𝐵𝑢(𝑘) + 𝐵𝑢(𝑘 + 1)	

Etc.	

(2) 

	

𝑦(𝑘 + 1) = 𝐶𝑥(𝑘 + 1) 

𝑦(𝑘 + 2) = 𝐶𝑥(𝑘 + 2) 

Etc. 

(3) 

	

𝑌 = 	Φx(k) + Γ𝑈 

𝑌 = [𝑦(𝑘), 𝑦(𝑘 + 1),… , 𝑦(𝑘 + 𝑁)]# 

𝑈 = [𝑢(𝑘), 𝑢(𝑘 + 1),… , 𝑢(𝑘 + 𝑁 − 1)]# 

(4) 

where 𝑌, 𝑈, 𝛷, and Γ are predicted outputs for 𝑁 steps, predicted input for 𝑁 steps, matrix predicted 
state, and matrix predicted input, respectively. 

2.2. Optimization Concept 

After the prediction of future output is done, it is subtracted from the reference signal in the case 
of tracking control. The objective function of tracking control is in formula (5), the first term is related 
to tracking error, while the second term is related to the control effort required. 

Since the MPC algorithm works in the matrix domain, the objective function in (5) is converted 
to the matrix domain as (6). Then, the weighting matrix 𝑄 for output error and 𝑅 for input effort are 
added. Substitute (4) for (7) to get (8). Convert it into Quadratic Programming (QP) form to get (9) 
and rearrange to get (10). Lastly, the final objective function of MPC in the matrix form, which 
accommodates the prediction, is obtained as (11). 𝐻 and 𝑓 are quadratic cost matrices for input penalty 
and linear cost matrices for tracking error, respectively. With the objective function as in (11), the task 
of the optimization is to find the input (𝑈) that can minimize the objective function. It can be written 
in the mathematical equation as in (12). 

	 𝐽(𝑈) = F(𝑦(𝑘 + 𝑖) − 𝑟(𝑘 + 𝑖))"
$%&

'()

+F 𝑢(𝑘 + 𝑖)"
$%&

'()

 (5) 

	 𝐽(𝑈) =∥ 𝑌 − 𝑅 ∥*"+∥ 𝑈 ∥+" 	 (6) 

	 𝐽(𝑈) = (𝑌 − 𝑅)#𝑄(𝑌 − 𝑅) + 𝑈#𝑅𝑈 (7) 

Substitute Y to get 

	 𝐽(𝑈) = (𝛷𝑥 + 𝛤𝑈 − 𝑅)#𝑄(𝛷𝑥 + 𝛤𝑈 − 𝑅) + 𝑈#𝑅𝑈 (8) 

Write in QP form 

	 𝐽(𝑈) = 𝑈#𝛤#𝑄𝛤𝑈 + 2𝑈#𝛤#𝑄(𝛷𝑥 − 𝑅) + (𝛷𝑥 − 𝑅)#𝑄(𝛷𝑥 − 𝑅) + 𝑈#𝑅𝑈 (9) 

	 𝐽(𝑈) = 𝑈#(𝛤#𝑄𝛤 + 𝑅)𝑈 + 2𝑈#𝛤#𝑄(𝛷𝑥 − 𝑅) + (𝛷𝑥 − 𝑅)#𝑄(𝛷𝑥 − 𝑅)	 (10) 
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𝐽(𝑈) = 𝑈#𝐻𝑈 + 2𝑓#𝑈 + (𝛷𝑥 − 𝑅)#𝑄(𝛷𝑥 − 𝑅)	 

𝐻 = 𝛤#𝑄𝛤 + 𝑅 

𝑓 = 𝛤#𝑄(𝛷𝑥 − 𝑅)	

(11) 

	 𝑈∗ = argmin(𝑈#𝐻𝑈 + 2𝑓#𝑈 + (𝛷𝑥 − 𝑅)#𝑄(𝛷𝑥 − 𝑅)	)	 (12) 

In the MPC optimization, constraints can be added. The constraints in the MPC are: 

a) Input constraint (e.g., actuator saturation) : 𝑢-'. ≤ 𝑢(𝑘 + 𝑖) ≤ 𝑢-/0 
b) Output constraint (e.g., system safety limit)  : 𝑦-'. ≤ 𝑦(𝑘 + 𝑖) ≤ 𝑦-/0 
c) States constraint (e.g., physical bounds) : 𝑥-'. ≤ 𝑥(𝑘 + 𝑖) ≤ 𝑥-/0 

3. Design of MPC for Speed Control of DC Motor 
This section discusses the step-by-step design of DC motor speed control using MPC, including 

the simulation setup. 

3.1. Control Design 

We follow a three-step approach to design the MPC for DC motor speed control, as illustrated in 
Fig. 3. The steps include modeling the DC motor, incorporating a state estimator, and solving the 
optimization problem inherent in the MPC formulation. Fig. 4 depicts the conceptual block diagram 
of the MPC-based speed control system with a Kalman Filter estimator. The MPC uses a prediction 
model and optimization solver to compute control inputs subject to constraints. The Kalman Filter 
estimates unmeasured states required for MPC operation based on output feedback. 

 
Fig. 3. Design flow of MPC for speed control of DC motor 

 
Fig. 4. Block diagram of the MPC-based speed control system with a Kalman Filter estimator 

3.1.1. DC Motor Model 
The DC motor is modeled using a discrete-time linear time-invariant (LTI) state-space 

representation adopted from [19], derived using the black-box system identification method. This 
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modeling approach is commonly used in MPC applications due to its simplicity and compatibility 
with prediction-based control strategies [56]. The system matrices are defined in (13) as: 

	 𝐴 = R0.91 0.04
1 0 V;     𝐵 = R10V;     C= [1 0];   𝐷 = [0] (13) 

To ensure zero steady-state error for tracking control, an integrator is added to the system. The 
integrator in the discrete model is a pole at 𝑧 = 1 for the transfer function model or an eigenvalue at 
𝑧 = 1 for the state space model. Based on (14), there is no eigenvalue of the DC motor equation in 
(13) with 𝑧 = 1. Therefore, the system has no integrator, and hence, the integrator needs to be added. 
The integrator is appended via model augmentation to enhance closed-loop performance and 
guarantee asymptotic tracking. While this approach improves tracking, its robustness to modeling 
errors or disturbances will be further investigated in future work. 

	

det(𝑧𝐼 − 𝐴) = 0 

det \R𝑧 − 0.91 −0.04
−1 𝑧 V] = 0 

𝑧(𝑧 − 0.91) − (−0.04)(−1) = 	 𝑧" − 0.91𝑧 − 0.04 

𝑧 =
0.91 ± √0.91" + 4 ∙ 0.04

2
 

𝑧& = 0.952;	𝑧" = −0.042 

(14) 

Then we add an integrator as an augmented state (𝑥/) as 

	 𝑥/ = R
𝑥
𝑥1V (15) 

	 𝐴/ = R 𝐴 0
−𝐶 1V;    𝐵/ = R𝐵0V;     𝐶/ = [𝐶 0]	 (16) 

	 𝐴/ = c
0.91 0.04 0
1 0 0
−1 0 1

d;     𝐵/ = c
1
0
0
d;     𝐶/ = [1 0 0]	 (17) 

3.1.2. Estimator 
MPC requires full state information for prediction. When not all states are measurable, an 

estimator is necessary. In this study, a Kalman Filter (KF) is used due to its widespread use in MPC 
and its optimality properties under Gaussian noise assumptions [57], [58]. This also refers to Linear 
Quadratic Gaussian (LQG), which combines LQR as state feedback control and KL as estimator. The 
KF will not be discussed in this study, because it is not the focus; instead, MATLAB is used to get the 
KF gain as show in Code 1. 

Code 1. Kalman Filter gain calculation 

[Kf, ~, ~] = dlqe(A, eye(2), C, Vd, Vn); 

Kf = [0.1265; 0.0087] 

 

In Code 1, 𝑉2 = 0.01 ∗ 𝑒𝑦𝑒 (2); and 𝑉. = 	0.01; are process noise covariance and measurement noise 
covariance, respectively. 

3.1.3. Solve the Optimization Problem 
The MPC cost function is defined as in (5). To get the minimum objective, optimal control input 

(𝑈 ∗) is required as in (12). To solve this optimization problem, Quadratic Programming (QP) is 
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commonly used in MPC. For this basic tutorial, the analytical solution is used in which the optimal 
input is when the derivative is zero, as in (18). Therefore, the optimal control input is (19). Since the 
control input is in the matrix form, for the current input, only the first component is used (𝑢)) as in 
(20). Then, at the next step, repeat the process using the updated state 𝑥(𝑘 + 1). 

	
𝑑𝐽(𝑈)
𝑑𝑈

= 2𝐻𝑈 + 2𝑓 = 0 (18) 

	 𝑈∗ = −𝐻%&𝑓	 (19) 

	 𝑢(𝑘) = 𝑢)	 (20) 

In this tutorial implementation, input constraints of ±12 VDC (based on motor specs) are applied using 
a saturation function: 

	 𝑢-'. ≤ 𝑢 ≤ 𝑢-/0 (21) 

Although this “clipping” approach does not handle constraints during optimization, it simplifies 
implementation. For a more rigorous treatment, constrained QP solvers like quadprog should be used 
to enforce constraints within the optimization loop. 

3.2. Simulation Design 

The proposed control system is evaluated through simulation and compared to a standard PID 
controller. Fig. 5 shows the Simulink block diagram, with the DC motor modeled using the state-space 
block. Two input scenarios are considered: a step input and a reference-tracking signal generated via 
Signal Builder. The use of Simulink provides a practical environment that closely resembles real-time 
hardware systems. The MPC code is encapsulated in the MPC block and written as shown in Code 2. 

 
Fig. 5. Simulink model of control system 

The MPC code in Code 2 starts from the constants and system matrices definition. Next, the 
augmented model is developed to add an integrator in the system model. The estimator uses KF with 
precomputed gain, and then the augmented state is calculated. Next, a prediction model is developed 
with prediction matrices. Finally, the QP problem is solved, and the KF is updated. 

3.3. Parameter Tuning and Performance Metric 

The performance of MPC in the speed control of the DC motor will be compared to that of the 
PID. In the MPC method, the tuned parameters are the prediction horizon (𝑁), cost matrices (𝑄 and 
𝑅), and Kalman Filter gain. All parameters are tuned manually. More details about the Kalman Filter 
gain are already explained in Section 3.1.2. All the final parameters value of MPC is listed in Code 2. 
On the other hand, the PID gain parameters (𝐾𝑝, 𝐾𝑖, and 𝐾𝑑) are derived from MATLAB auto-tuning. 
The final PID gain used is 𝐾𝑝 = 0.08, 𝐾𝑖 = 0.25, and 𝐾𝑑 = 0.16. 

The integral absolute error (IAE), which is the accumulated absolute error at the end of simulation 
time, will be used as the performance metric. The 𝐼𝐴𝐸 formula is in (22) [59]. The control tolerance 
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used is ± 1%. The other parameters, such as settling time, overshoot, undershoot, and computational 
time, are also used in the analysis. 

	 𝐼𝐴𝐸 = m |𝑒(𝑡)|𝑑𝑡
3

)
 (22) 

Code 2. MPC control method 
function u = MPC_AugKF(y, r) 

% === Constants === 

nx = 2;         % number of states 

ni = 1;         % integrator 

nxa = nx + ni; 

nu = 1; 

ny = 1; 

N = 10;         % prediction horizon 

% === System matrices === 

A = [0.91 0.04; 1.00 0]; 

B = [1;0]; 

C = [1 0]; 

% === Augmented model === 

Aa = [A, zeros(nx, ni); -C, 1]; 

Ba = [B; 0]; 

Ca = [C, 0]; 

 % === Cost weights === 

Q = eye(N * ny) * 20; 

R = eye(N * nu) * 5; 

% === Persistent variables === 

persistent x_hat x_i 

if isempty(x_hat) 

    x_hat = zeros(nx,1); 

    x_i = 0; 

end 

% === Precomputed Kalman Gain === 

Kf = [0.1265; 0.0087]; 

% === Update integrator === 

x_i = x_i + (r - y); 

 

% === Augmented state === 

x_a = [x_hat; x_i]; 

% === Input constraint === 

umax = 12;  umin=-12; 

% === Prediction model === 

F = zeros(N * ny, nxa); %F for phi 

G = zeros(N * ny, N * nu); %G for 
gamma 

ref = repmat(r, N * ny, 1); 

Ai = eye(nxa); 

for i = 1:N 

    Ai = Ai * Aa; 

    F(i,:) = Ca * Ai; 

    for j = 1:i 

        Aij = eye(nxa); 

        for k = 1:(i-j) 

            Aij = Aij * Aa; 

        end 

        G(i,j) = Ca * Aij * Ba; 

    end 

end 

% === QP problem === 

H = G' * Q * G + R; 

f = G' * Q * (F * x_a - ref); 

u_opt = -H \ f; 

u = u_opt(1);  % apply only first 
input 

uk = max(min(u, umax), umin);  
%constraint 

u = uk; 

% === Kalman Filter update === 

x_hat = A * x_hat + B * u + Kf * 
(y - C * x_hat); 

end 
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4. Results and Discussion 
4.1. Unit Step Response 

The unit step response is the basic test to determine the performance of the controller [60]. Fig. 
6 shows the step response of the system, which is PID and MPC control. It shows that MPC is better 
than PID in terms of settling time and overshoot. Both controller responses have zero steady-state 
errors. Detailed controller performance parameters can be seen in Table 1. 

Table 1 presents a comparative analysis of unit step response performance between PID and MPC 
controllers. The results demonstrate a clear advantage of MPC over PID across all evaluated metrics. 
MPC significantly reduces the settling time from 24.5 seconds (PID) to 6.1 seconds, representing a 
75% improvement in response speed. Additionally, MPC achieves a much lower overshoot of 1.5% 
compared to 6.4% for PID, indicating better transient response and improved system stability. The 
IAE, which measures overall tracking accuracy, is also considerably lower with MPC (191.0) than 
with PID (374.2), suggesting more accurate setpoint following. Although MPC requires slightly more 
computational time (0.83 s) compared to PID (0.68 s), the marginal increase is justifiable considering 
the substantial performance gains in speed, stability, and accuracy. These findings highlight MPC’s 
superior control characteristics and reinforce its suitability for applications requiring precise and 
responsive behavior. 

 
Fig. 6. Performance of unit step response 

Table 1.  Unit Step Performance 

Control method Settling time (s) Overshoot (%) IAE Computational Time 
PID 24.5 6.4 374.2 0.68 
MPC 6.1 1.5 191.0 0.83 

 

4.2. Disturbance Response 

To evaluate the controller's response to system disturbances, an input disturbance is applied. The 
disturbance is added to the control signal before entering the DC motor, with an amplitude of 5 and a 
duration of 1 second. The resulting speed response is depicted in Fig. 7. It shows that the speed of 
both controllers increases during the disturbance, but once the disturbance ends, the system controlled 
by MPC returns to the reference speed more quickly and with minimal undershoot. In contrast, the 
system using the PID controller shows a slower recovery and a larger undershoot. The quantitative 
results are summarized in Table 2. 

Table 2 presents a comparative analysis of the disturbance response performance between PID 
and MPC controllers. The results highlight the superior capability of MPC in handling disturbances. 
While the overshoot values for both controllers are comparable (12.45% for PID and 12.39% for 
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MPC), the MPC controller demonstrates a significantly lower undershot of 1.10%, compared to 2.85% 
for the PID controller. This indicates that MPC is more effective in minimizing deviation below the 
setpoint after a disturbance occurs. Additionally, the IAE, which quantifies the total deviation from 
the setpoint, is much lower for MPC (205.70) than for PID (428.70). This substantial reduction in IAE 
further confirms that MPC provides more accurate and stable performance under disturbance 
conditions. 

 
Fig. 7. Performance of disturbance response 

Table 2.  Disturbance response performance 

Control method Overshoot (%) Undershoot (%) IAE 
PID 12.45 2.85 428.70 
MPC 12.39 1.10 205.70 

4.3. Signal Tracking 

The next test is signal tracking. In this test, setpoint changes are given to the system. Fig. 8 and 
Table 3 collectively illustrate the signal tracking performance of PID and MPC. The figure shows the 
response of each controller to a varying reference signal. Visually, the MPC (blue line) closely follows 
the reference trajectory (red dotted line) with minimal delay and overshoot, whereas the PID controller 
(black dashed line) exhibits noticeable lag and overshoot, especially at points where the set-point 
changes abruptly. 

 
Fig. 8. Performance of signal tracking 

This visual interpretation is quantitatively supported by Table 3, which presents the IAE for both 
methods. MPC achieves a significantly lower IAE value of 166.8 compared to PID’s 596.6. The lower 
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IAE confirms that MPC offers better tracking accuracy, responding more effectively to reference 
changes while minimizing deviation over time. Overall, both the figure and table highlight MPC's 
superior performance in terms of precision, responsiveness, and stability during dynamic signal 
tracking. 

Table 3.  Signal tracking performance 

Control method IAE 
PID 596.6 
MPC 166.8 

5. Conclusion 
This tutorial paper introduced the basic implementation of MPC for DC motor speed control, 

with PID used as a benchmark to highlight MPC’s advantages. Through three simulation-based tests, 
unit step response, input disturbance rejection, and signal tracking, the effectiveness of MPC was 
demonstrated in comparison to the widely used PID controller. In the step response test, MPC 
achieved a 75% reduction in settling time, a 76.6% reduction in overshoot, and a 49% improvement 
in tracking accuracy (IAE), demonstrating superior transient performance. Although MPC requires 
slightly more computational time (0.83 s) compared to PID (0.68 s). In the disturbance response test, 
MPC yielded lower undershoot and a 52% improvement in IAE, confirming its better recovery and 
disturbance attenuation. Finally, in the signal tracking scenario, MPC closely followed dynamic 
reference changes with a 72% lower IAE than PID, indicating greater adaptability and precision. 
Despite these promising results, the study is limited to simulation and does not address practical 
implementation aspects such as real-time performance, hardware constraints, or robustness under 
modeling uncertainties. These limitations suggest that further work is necessary before MPC can be 
widely adopted in real-world DC motor systems. 
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