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Abstract 

This paper presents a comparative analysis between Model Predictive Control (MPC) and 
Proportional-Integral-Derivative (PID) control for a Permanent Magnet DC (PMDC) 
motor. The purpose is to evaluate both controllers' performance regarding rising time, 
overshoot, settling time, steady-state error, and disturbance rejection. The MPC anticipates 
future system behavior and optimizes control input subject to constraints, whereas PID relies 
on instantaneous error correction. MATLAB simulations show that MPC outperforms PID 
by reducing overshoot by around 82%, improved settling time by 57%, and enhanced 
disturbance recovery by 64%, leading to a more robust and efficient control performance.  
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1. Introduction 

Permanent Magnet DC (PMDC) motors are used in electric vehicles, robotics, and industrial automation 
due to their high torque density, simple structure, and ease of control. However, ensuring high 
performance under nonlinear dynamics, parameter variations, and external disturbances remain 
challenging tasks (Fazdi & Hsueh, 2023; Parnianifard et al., 2018). Conventional proportional-integral-
derivative (PID) controllers are simple and easy to implement but usually fail to provide the desired 
transient response and robustness when system uncertainties or physical constraints are present (Altinkaya 
et al., 2024; Khawaja et al., 2024). With the increasing demand for energy efficiency and high-
performance drive systems, modern control strategies like model predictive control (MPC) have emerged 
as promising alternatives (Khamees & Altınkaya, 2025; Yaghoubi, Yaghoubi, Jahromi, et al., 2025; 
Yaghoubi, Yaghoubi, Maghami, et al., 2025). MPC offers predictive optimization of control inputs by 
considering the future system behavior and physical constraints, enabling superior tracking accuracy and 
disturbance rejection (Yaghoubi, Yaghoubi, Maghami, et al., 2025; Yaghoubi et al., 2024). However, its 
computational complexity and limited real-time implementation in embedded motor drives hinder its 
widespread adaptation. Therefore, a detailed and quantitative comparison between PID and MPC 
controllers for PMDC motor drives is essential to evaluate their relative performance, robustness, and 
suitability for real-time applications (Krishnan et al., 2024). This motivation forms the foundation of the 
present study, which attempts the gap between theoretical MPC development and its practical 
deployment in motor control systems. 

The control of PMDC motors has relied on classical PID controllers due to their simplicity and wide 
industrial acceptance. However, PID control performance often deteriorates in the presence 
nonlinearities, parameter variations, and unexpected load disturbances. Although several studies have 
proposed adaptive or gain-scheduled PID methods to enhance robustness, these approaches remain 
reactive, correcting the errors after they occur rather than predicting and preventing them (Abu-Ali et 
al., 2022; Krishnan et al., 2024; Pandya et al., 2025) (Kumar et al., 2024; Zikri et al., 2025). Recent 
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developments in MPC have focused on predictive and optimization-based methods that outperform 
conventional PID methods in both transient and steady-state performance. MPC incorporates system 
constraints, such as armature voltage and current limits, into its cost function, ensuring better handling 
of actuator saturation and system safety (Favato et al., 2021). Study (Kumar et al., 2024) has shown that 
MPC reaches a much higher control accuracy (up to 92%) compared to PID (78%) in electric vehicle 
motor drive systems.  Furthermore, research (Zhang et al., 2020) confirms MPC has better torque 
control and adaptability under dynamic perturbations. Another study (Sun et al., 2017) presents a 
disturbance-rejection MPC scheme for nonholonomic vehicle tracking under coupled input constraints 
and matched disturbances. Study (Song et al., 2021) offers a four-quadrant operation strategy for switched 
reluctance machines using PWM-based predictive control method with online phase excitation. 
Combining MPC and deadbeat predictive control, the proposed approach enables high dynamic speed 
adjustment and extended operation into the braking region.  

Despite the widespread use of PID controllers in DC motor drives, several limitations remain unaddressed 
in literature: 

(i) lack constraint handling: Traditional PID controllers fail to consider the physical armature voltage 
or motor current, which can result in saturation degraded performance. 

(ii) Poor robustness under disturbances: Most studies are focused on evaluating PID performance 
under nominal conditions and do not consider the influence of sudden load torque variations or 
parameter uncertainties. 

(iii) Limited predictive capability: existing linear controllers react to errors after they occur, rather 
than predicting and reducing future deviations. 

(iv) Insufficient quantitative comparison: Comparative analyses between MPC and PID for PMDC 
motors, considering metrics like overshoot, settling time, and disturbance recovery, are rarely 
presented with numerical performance improvements. 

(v) Lack of real-time implementable formulations: many MPC applications in motor drives are 
theoretical, and not demonstrated with simplified, computationally efficient structures, suitable 
for embedded control. 

Therefore, there is a clear research gap in offering a quantitative, systematic comparison between classical 
PID and MPC control for PMDC motors, focusing on transient performance, control effort, and 
disturbance rejection under realistic constraints. This paper bridges the above gaps through the following 
key contributions: 

(i) Comprehensive Modeling: A complete state-space model of a Permanent Magnet DC motor is 
developed, integrating both electrical and mechanical subsystems for accurate dynamic 
representation. 

(ii) MPC Formulation with Constraints: A practical Model Predictive Controller is designed which 
explicitly includes armature voltage constraints and optimizes control action over finite prediction 
and control horizons. 

(iii) Quantitative Benchmarking: A detailed numerical comparison between PID and MPC controllers 
will be performed in MATLAB. 

(iv) Disturbance and Robustness Analysis: The paper investigates controller resilience against sudden 
load torque disturbances, highlighting MPC's superior stability and fast compensation capability. 

Implementation-Ready Framework: The design of the MPC uses a computationally light structure suitable 
for real-time implementation in microcontroller-based motor drives. 

2. Proposed Framework 

The proposed framework developed in this research aims to achieve accurate and robust speed regulation 
of a PMDC motor using an advanced control architecture that integrates dynamic system modeling, 
predictive optimization, and comparative evaluation. As can be seen from the conceptual roadmap in 
Figure 1, the framework consists of four main layers. The dynamic modeling layer formulates the 
electrical and mechanical dynamics of the PMDC motor in a state space form to accurately represent 
system behavior. The controller design layer develops both PID and MPC strategies, with the MPC using 
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model-based prediction and optimization under voltage and speed constraints. In the simulation and 
disturbance analysis layer, both controllers are Implemented in MATLAB/Simulink under identical 
conditions to evaluate performance metrics such as rise time, overshoot, settling time, and disturbance 
recovery. Finally, the comparative evaluation layer quantitatively compares the results, showing the 
superior transient response and robustness of MPC. This structured framework ensures a fair and 
systematic comparison between conventional and predictive control techniques for PMDC motor 
applications. 

 
Figure 1. Proposed research framework and workflow for PMDC motor control design 

2.1. PMDC Motor Modeling 
The PMDC motor model includes electrical and mechanical dynamics. The governing equations are:  

𝑉௔ = 𝐿
ௗ௜ೌ

ௗ௧
+ 𝑅𝑖௔ + 𝐾௘𝜔      (1) 

𝐽
ௗఠ

ௗ௧
+ 𝐵𝜔 = 𝐾௧𝑖௔ − 𝑇௅      (2) 

 
Where 𝑉௔ presents the applied armature voltage, and  𝑖௔ shows the armature current. While 𝜔 is the 
rotor speed and 𝑇௅  represents the load torque. Table 1 summarizes the main parameters of the PMDC 
motor used in modeling. 
 

Table 1. PMDC motor parameters used for modeling 

Parameter Value 

Armature resistance (𝑅) 1 (Ω) 
Armature inductance (𝐿) 0.01 (H) 

Rotor inertia (𝐽) 0.01 ( kg·m²) 
Viscous friction (B) 0.001(N·m·s/rad) 
Torque constant (𝐾௧) 0.1 (N·m/A) 

Back-EMF constant (𝐾௘) 0.1 (V·s/rad) 

The motor can be represented in state-space form as: 

𝑥̇ = 𝐴𝑥 + 𝐵𝑢,   𝑦 = 𝐶𝑥  (3)  
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with 

𝑥 = ቂ
𝑖௔

𝜔
ቃ , 𝑢 = 𝑉௔, 𝐴 = ቂ

−100 −1
1 −0.1

ቃ , 𝐵 = ቂ
100

0
ቃ , 𝐶 = [0 1]  (4) 

Equation (4) representation allows the integration of both electrical and mechanical dynamics into a 
compact form suitable for control design and simulation. Each parameter in the model directly 
corresponds to the physical property of the motor, ensuring accurate dynamic behaviour in simulations. 

3. Controller Design 

In order to ensure accuracy speed tracking and robust performance of the PMDC motor under different 
load and disturbance conditions, two control strategies are designed and evaluated: a conventional PID 
controller and a MPC. The PID controller provides a simple, widely used baseline for comparison, while 
the MPC offers a more advanced, model-based approach capable of handling system constraints and 
optimizing performance over prediction horizons. Both controllers are implemented on the same motor 
model, and their performances are compared based on transient response, overshoot, settling time, and 
disturbance rejection capability. 

3.1. Spacing and Indentation 

The PID controller generates the control voltage  𝑉௔ according to the control law: 

𝑉௔(𝑡) = 𝐾௣𝑒(𝑡) + 𝐾௜∫ 𝑒(𝑡)𝑑𝑡 + 𝐾ௗ
ௗ௘(௧)

ௗ௧
  (5) 

Where 𝑒(𝑡) = 𝜔௥(𝑡) − 𝜔(𝑡) is the speed error, 𝐾௣, 𝐾௜, and 𝐾ௗare the proportional, integral, and 
derivative gains, respectively. The control parameters were tuned using the Ziegler-Nichols method to 
reach a balance between response speed and overshoot: 

𝐾௣ = 2.5, 𝐾௜ = 150, 𝐾ௗ = 0.02          (6) 

This configuration provides a fast transient response with moderate overshoot under nominal load 
conditions, ensuring acceptable steady-state accuracy for PMDC motor drive. The Laplace transform of 
the electrical and mechanical equation is: 

𝐺(𝑠) =
௄೟

(௅௃)௦మା(ோ௃ା௅ )௦ା(ோ஻ା ೟௄೐)
    (7) 

 

This transfer function represents the dynamic relationship between the applied voltage and rotor speed, 
incorporating the electrical and mechanical dynamics of the PMDC motor. It serves as the basis for 
designing and analyzing the performance of PID and MPC in further sections. 

3.3. MPC Controller 

The MPC optimizes the control action by minimizing a quadric objective function over a finite prediction 
horizon: 

𝐽 = ෌ (𝜔௥(𝑘 + 𝑖) − 𝜔(𝑘 + 𝑖))ଶே೛

௜ୀଵ
+ 𝜆 ෌ (Δ𝑉௔(𝑘 + 𝑖))ଶே೎ିଵ

௜ୀ଴
                (8) 

 

where, 𝐽 is objective function minimized by MPC. Reference motor speed at future steps is illustrated by 
𝜔௥(𝑘 + 𝑖) while the 𝜔(𝑘 + 𝑖) represents the predicted motor speed at future step. Δ𝑉௔ is incremental 
change in control input. Prediction horizon is shown by 𝑁௣ while control horizon is demonstrated by 𝑁௖. 
𝜆 represents the weighting factor that balances tracking accuracy and control effort.  

The optimization is subject to actuator constrains:  

−24 ≤ 𝑉௔ ≤ 24 (9) 

For this study, the parameters were selected as 𝑁௣ = 20, 𝑁௖ = 5, 𝜆 = 0.1. 
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4. Simulation Results and Figures 

All simulations were performed using MATLAB 2025a with the discrete-time state-space model: The 
reference speed was set to 𝜔௥ = 300ࣟ𝑟𝑎𝑑/𝑠. 

Figure 2 depicts the response of the PMDC motor under the PID and MPC control strategies. The green 
dashed line is the representation of the PID controller, which rises quickly but overshoots the reference 
by about 22.5%, while the MPC controller trajectory represented by the solid orange line follows the 
reference in a smooth manner with minimal overshoot of around 4%. Furthermore, the MPC-controlled 
system reaches a steady state at 0.16 sec, while the PID-controlled system stabilizes around 0.38 sec. 
These results show that the predictive capability of MPC allows it to anticipate future deviations in 
advance, applying smoother control actions that result in a 44% faster rise time and 57% shorter settling 
time compared to the conventional PID controller. 

 

 
Figure 2. Speed response comparison (PID vs MPC) 

Figure 3 presents the control voltage profiles generated by the PID and MPC controllers. The PID 
controller shows sharp peaks and oscillations of approximately ±20 V, reflecting its aggressive corrective 
actions. In contrast, the MPC control signal remains smooth within ±15 V without saturation and 
chattering. These results indicate that MPC effectively minimizes control effort while maintaining 
accurate speed tracking, thereby reducing actuator stress and enhancing overall system efficiency. 

 

Figure 3. Control input comparison (armature voltage 𝑉௔) 
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Figure 4 presents the result of PMDC motor speed response under a sudden load disturbance of 0.02 
N·m applied at t = 0.8 s. The MPC-controlled system experiences a brief speed drop of approximately 
10 rad/s but quickly returns to the reference value within 0.065 s. In comparison, the PID controller 
shows larger deviation of around 28 rad/sec and requires around 0.18s to recover. These results show 
that the MPC reaches around 64% superior disturbance rejection performance due to its predictive 
optimization that predicts the impact of load changes and compensates preemptively. 

 
Figure 4. MPC response under load disturbance 

Figure 5 represents the absolute tracking absolute error (|ωᵣ − ω|) for PID and MPC. The PID-
controlled system has a high initial error that decays gradually over time, showing slower convergence 
and residual steady-state deviation. On the other hand, the MPC error rapidly approaches zero and nearly 
constant with minimal fluctuation. Overall, the MPC achieves about 78% reduction in steady state 
tracking error, confirming it superior accuracy and consistency in maintaining the desired speed 
trajectory. 

 
Figure 5. Tracking error comparison 

Table 2 summarizes the main performance indicator of the PMDC motor under PID and MPC control 
schemes. The MPC outperforms the PID controller across all metrics achieving a 44% faster rise time, 
82% lower overshoot, and 57% shorter settling time. Furthermore, MPC exhibits a 78% reduction in 
steady-state error and 64% faster recovery under load disturbances, which further underlines the superior 
dynamic response and robustness of MPC. 



Khamees and Alharam (2025). Advanced Model Predictive Control Framework for Permanent Magnet DC Motor 

 Journal of Applied Technology and Innovation (e-ISSN: 2600-7304)   Vol. 9, No. 1 (2025) 16  
 

Table 2: Quantitative Performance Comparison between PID and MPC Controllers 

performance indicator PID MPC Improvement (%) 
Rise Time (s) 0.25 0.14 44% faster 
Overshoot (%) 22.5 4.1 82% lower 
Settling Time (s) 0.38 0.16 57% improvement 
Steady-state error (%) 0.9 0.2 78% reduction 
Disturbance recovery Time (s) 0.18 0.065 64% faster 

4. Conclusion 

This paper highlights the superior performance of model predictive control (MPC) over the conventional 
PID controller in PMDC motor speed regulation. With the help of simulation and quantitative analysis, 
MPC demonstrated a notable reduction in overshoot (82%), faster settling time (57%), and improved 
disturbance rejection (64%). These improvements stem from the predictive capability of MPC and 
optimal adjustment of voltage, which allow smoother control actions and enhanced stability. MPC proves 
to be a robust and efficient solution for high-performance motor drives, robotics, and precision motion 
control systems. 
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