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Abstract: - This paper explores the implementation of a Sliding Mode Predictive Control (SMPC) strategy 

using a Model Reference Adaptive System (MRAS) for a Permanent Magnet Synchronous Motor (PMSM). 

The study aims to achieve accurate speed tracking and reduced torque ripple in PMSMs using SMPC and 

MRAS. The model predictive control depends on estimating the prediction currents to obtain the voltage 

vectors to control the inverter pulses. Further, by using the cost function the selection of the best voltage 

conductor is obtained. The disturbance in the PI controller affects the speed efficiency, so a sliding mode is 

added to reduce the speed disturbance and get a better convergence. Therefore, the speed of the machine 

extracted from the sensor remains unacceptable, and to enhance the results, MRAS is used to estimate the new 

speed. Simulation results indicate that the proposed control approach effectively improves the performance of 

the PMSM in terms of both speed regulation and torque ripple reduction. The findings of this study offer 

significant insights into the potential of SMPC with MRAS as a control strategy for PMSMs in various 

industrial applications. 
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1  Introduction 
Permanent Magnet Synchronous Motors (PMSMs) 

have been extensively studied over time because 

these motor configurations are omnipresent in 

industrial applications due to their reliable 

performance, high efficiency during operation, low 

sound, and superior control during operation. 

Therefore, PMSM motors are always utilized in the 

background for anything from electric cars to 

industrial automation to the motors used for 

generating renewable energy, [1], [2], [3]. 

This motor is characterized by high power 

density, high torque-to-inertia ratio, and a simplified 

construction scheme usable across various 

environments. Moreover, an artificially configured 

induction motor of like configuration provides less 

efficiency and not as effective dynamic response 

compared to a PMSM, [4].  

The past years have seen a rise in many 

different control methods to optimize PMSM such 

as Field Oriented Control (FOC) , Direct Torque 

Control (DTC) [5], Sliding Mode Control (SMC) 

[6], Model predictive control (MPC) [7], [8], [9] and 

Adaptive Control, [10]. Yet control methods from 

the past such as Proportional-Integral-Derivative 

control have been established for some time and are 

not successful in controlling permanent magnet 

synchronous motors. For instance, the PID is 

ineffective because the dynamics of the system are 

highly nonlinear with parameter uncertainties and 

external disturbances. Yet one type of control that is 

contrary to this is called Model Predictive Control, 

which is a control method that considers a 
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mathematical model of the process to predict future 

responses and thus imposes suitable control efforts 

within a finite control horizon, [11], [12], [13]. 

Compared to conventional control strategies, 

MPC can take care of barriers on top of things 

inputs and device outputs, ensuring the secure 

operation of the machine. The MPC is likewise 

greater robust and adaptable for different working 

conditions, capable of taking care of parameter 

uncertainty and external disturbances. Recent 

research has proven the effectiveness of MPCs on 

numerous applications of PMSMs together with 

electric automobiles, wind turbines, and robots, 

[14], [15], [16].  

Model predictive control strategy (MPC) and 

observer-based total control techniques have 

emerged as famous methods for controlling 

PMSMs. MPC is a command technique that uses the 

dynamic model of the device to expect the future 

behavior of the device and generates control inputs 

accordingly. This allows MPC to handle system 

nonlinearities and disturbances extra effectively. 

Studies have shown that MPC can manipulate 

PMSM. For example, in reference [17], researchers 

present an MPC-primarily based control scheme for 

PMSM which progressed accuracy and robustness 

below special running situations, and in [18], the 

authors used a modified MPC set of rules to 

improve the control speed of PMSM and accuracy. 

Direct torque with a modified MPC was delivered 

[19] to reduce the torque wave and glaringly 

advanced the robustness of the system. Fault-

tolerant control strategy based on Finite Control Set 

MPC (FCS-MPC) with kalman filter, [20]. The 

proposed technique combines the Model Predictive 

Control (MPC) for the speed and current control 

loops, and an almost error-free Unscented Kalman 

Filter (UKF) to estimate the PMSM inter-turn fault 

ratio. Authors in [21] proposed a Nonlinear MPC 

(NMPC) to suggest different sampling times in the 

prediction process and increase the prediction 

horizon. DTMPC has been extensively used due to 

its simplicity and good performance. FCS-MPC is a 

more recent approach that reduces the 

computational burden of DTMPC by using a smaller 

control set, [22]. In [23], a control scheme utilizing 

fuzzy logic in conjunction with a multi-vector finite-

control-set model predictive control (MV-FCS-

MPC) approach. In reference [24] the authors 

propose a nonlinear model predictive speed control 

(NMPSC) with prediction horizon self-tuning 

method applied to a permanent magnet synchronous 

motor (PMSM) rotor position. In [25], [26], an 

adaptive integral sliding-mode predictive control 

(AISMPC) and Advanced Dual-Loop Control have 

been designed to control the speed and the current 

of the PMSM. 

Replacing the traditional PI controller with a 

sliding mode controller (SMC) for the speed loop of 

PMSM has been proposed in this paper due to its 

performance and robustness. The proposed SMC 

approach provided a better dynamic response with 

less overshoot and shorter settling time compared to 

the PI controller. This new approach demonstrated 

better tracking accuracy and robustness in the 

presence of load disturbances and parameter 

uncertainties. 

Observers are feedback control strategies which 

provide estimates of the states of the system from 

the available measurements. They can be updated on 

disturbances and improve supervision of entire 

performance. In PMSM control, many observers 

are used to estimate the rate. Of these, the most 

commonly used observer is the Extended Kalman 

Filter (EKF) in [27]. This observer is constructed 

based on the mathematical model of the PMSM and 

is able to accurately estimate the rotor velocity and 

position. In addition, [28] proposed the second type 

of observer used for velocity estimation, known as 

the Sliding Mode Observer (SMO). 

The SMO itself is insensitive to the structure 

parameters versions and external disturbances of 

the entire system. Alongside the EKF and SMO, the 

High-Gain Observer (HGO) has been applied to 

PMSM manipulation for speed estimation. The 

HGO transitioned to the proposed in [29] and has 

the advantage of being simpler and stronger than 

other observers. The Adaptive Observer (AO) 

proposed in [30] is another observer used for 

velocity estimation used in the PMSM command. 

AO can estimate the speed and if rotor operate 

normally regardless of unknown load disturbances. 

Moreover, in [31] the Unknown Input Observer 

(UIO) has been proposed in combination with 

definition for PMSM command used for speed 

estimation. Unknown disturbance does not affect 

the UIO-based estimation rate. 

Thus, MPC and Observers have been used in 

conjunction to control PMSM to improve both 

performance and robustness of the device. Mixed 

strategies: MPC and Observer type, integration of 

DTMPC with EKF, FCS-MPC with SMO and 

NMPC with HGO. The integrated methods are able 

to manage limitations, uncertainties, and 

nonlinearities of the PMSM device while at the 

same time imparting accurate estimation. The model 

reference adaptive system (MRAS) is one of the 

well-known approaches for the sensorless velocity 

control of PMSMs. MRAS is a model reference 

adaptive system which estimates the rotor state and 
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speed of the motor using the input of stator currents 

and voltages. The important advantage of the 

MRAS method is that it may offer accurate velocity 

estimation without requiring additional hardware 

sensors, which can lessen the fee and complexity of 

regulating the motor. Many researchers have studied 

the software program of MRAS in PMSM control. 

For example, authors in [32] proposed an MRAS-

based completely pace estimation approach for 

PMSMs that makes use of an excessive-frequency 

signal injection method to improve the accuracy of 

the estimation. In [33] advanced strategy was 

proposed involving an adaptive observer based on 

MRAS to estimate the rotor speed of a PMSM 

within the presence of parameter variations and 

burden disturbances. Another study by [34] 

introduced an MRAS-primarily based method for 

estimating the rotor velocity and position of a 

PMSM with a hybrid excitation shape.  Overall, 

MRAS is an extensively used approach for 

sensorless velocity regulation of PMSMs. Its 

capacity to appropriately estimate the rotor speed 

and function without requiring additional hardware 

sensors makes it an appealing option for plenty of 

business applications. 

The present paper targets to explicate the 

attributes and contributions of Sliding Mode 

Predictive Control (SMPC) that employs Model 

Reference Adaptive System (MRAS) for Permanent 

Magnet Synchronous Motor (PMSM) drives. The 

limitations of the Proportional Integral-Model 

Predictive Control (PI-MPC) technique, when 

implemented on PMSM, can be overcome by 

substituting the PI controller in the outer loop with a 

sliding mode controller, which results in reduced 

speed disturbance and enables better convergence. 

Furthermore, augmenting the SMPC with MRAS 

leads to a significant improvement in the PMSM’s 

performance with respect to both speed regulation 

and reduction of torque ripple.  

This paper is structured as follows. Firstly, 

Section 2 introduces the mathematical model of 

Permanent Magnet Synchronous Motor (PMSM) 

and Model Reference Adaptive System (MRAS). 

Subsequently, Sections 3 and 4 outline the 

development of the SMPC-MRAS framework. 

Furthermore, Section 5 presents the simulation 

results that effectively demonstrate the efficacy of 

the proposed approach. Finally, Section 6 succinctly 

summarizes the key findings and conclusions of this 

study. 

 

 

 

2  Modeling MRAS of PMSM 

The PMSM mathematical model is represented by 

currents id and iq, and the final form of the torque 

equation is as follows [35], [36]:    

{
 
 

 
 

𝑑𝑖𝑑

𝑑𝑡
= −

𝑅𝑠

𝐿𝑑
𝑖𝑑 +𝑤𝑟𝑖𝑞 +

𝑢𝑑

𝐿𝑑
𝑑𝑖𝑞

𝑑𝑡
= −

𝑅𝑠

𝐿𝑞
𝑖𝑞 −𝑤𝑟𝑖𝑑 −

𝜙𝑓

𝐿𝑞
𝑤𝑟 +

𝑢𝑞

𝐿𝑞

𝑇𝑒 =
3

2
𝑝 𝜙𝑓 𝑖𝑞

                         

(1) 

 

In the dq reference frame, stator voltages (ud, uq) 

and stator currents (id, iq) are represented in volts 

and amperes, respectively. The stator resistance (Rs) 

is measured in ohms. Ld and Lq represent the 

inductance of the direct and quadrature axes, 

respectively, with both measured in henry. wr 

represents the electrical speed of the rotor in radians 

per second, and p corresponds to the pole-pair 

number. Electromagnetic torque (Te) is measured in 

Newton meters [N.m]. Φf permanent magnet flux 

linkage. 

The Model Reference Adaptive System 

(MRAS) constitutes a monitoring technique 

premised on the principle of stability. Its operational 

modality is predicated on three fundamental 

components, namely the reference model, 

adjustable, and adaptive mechanism, as illustrated in 

Figure 1. This technique finds utility in the 

estimation of both the speed and angle of the rotor, 

[37], [38]. 

 

 
Fig. 1: schematic Block of MRAS 

 

In the adjustable part, the currents 𝑖𝑑̂ and 𝑖q̂ are 

generated using equations 1, but with the presence 

of the speed estimate 𝑤r̂  derived from the adaptive 

mechanism. 

{

𝑑𝑖𝑑̂

𝑑𝑡
= −

𝑅𝑠

𝐿𝑑
𝑖𝑑̂ + 𝑤𝑟̂𝑖𝑞̂ +

𝑢𝑑

𝐿𝑑

𝑑𝑖q̂ 

𝑑𝑡
= −

𝑅𝑠

𝐿𝑞
𝑖q̂  − 𝑤𝑟̂𝑖𝑑̂ −

𝜙𝑓

𝐿𝑞
𝑤𝑟̂ +

𝑢𝑞

𝐿𝑞

                   (2) 

 

The expression for the speed estimate generated 

by the adaptive mechanism is as follows, [39]: 

𝑤𝑚̂=(𝑘𝑝+ 
𝑘𝑖

𝑠
)[𝑖𝑑𝑖q̂ − 𝑖𝑞𝑖d̂- 

𝜙𝑓

𝐿𝑞
(𝑖𝑞 − 𝑖q̂)]            (3) 

WSEAS TRANSACTIONS on ELECTRONICS 
DOI: 10.37394/232017.2025.16.3

Ibrahim Farouk Bouguenna, 
Said Benkaihoul, Mohammed Benmadani Debbat, 

Abdelghani Zabel, Tahour Ahmed

E-ISSN: 2415-1513 24 Volume 16, 2025



 

Where kp, ki are the coefficients of the regulator PI.  

 

 

3  Sliding Mode Control 
Sliding mode control is a robust control 

methodology well suited for application in the speed 

outer loop of permanent magnet synchronous 

motors (PMSMs). Its use complements overall 

performance and resilience, even in the presence of 

uncertainties and disturbances. 

The sliding mode strategy is a sturdy control 

technique designed to overcome parameter 

modifications, versions, and disturbances. 

Permanent magnet synchronous motors (PMSMs) 

are susceptible to variations in motor parameters 

such as resistance, inductance, and rotor inertia. But 

regardless of those variations, the sliding mode can 

provide reliable overall performance of the system 

followed by an accurate control of the velocity. This 

control strategy shows rapid transient response and 

settling time, rendering it well-ideal for applications 

requiring precise and short speed control, along with 

high-overall performance drive structures and 

robotics. The sliding mode method would help the 

algorithm to handle the PMSM nonlinearities and 

maintain overall performance stable and precise 

regulation. 

To develop the sliding mode control in the 

speed outer loop of a PMSM, some steps are 

required: * Formulate a mathematical model of the 

PMSM which represents its electrical and 

mechanical dynamics. Second, it is necessary to 

describe a sliding region that represents the motion 

of the drive system to achieve the desired response. 

The sliding region is a mathematical equation that 

characterizes the connection between the system 

states and control inputs. In the velocity outer loop, 

the sliding surface is generally defined in terms of 

the desired velocity reference and the actual velocity 

of the motor. Finally, a control law that propels the 

system states towards the sliding surface should be 

designed. The control law typically comprises the 

reaching law and the sliding mode control law, [40], 

[41]. 

The equation of the sliding surface is 

determined according to the equation of the speed 

error. 

s(t) = e(t) = 𝑤𝑚𝑟𝑒𝑓(𝑡) − 𝑤𝑚(𝑡) = 0                     (4) 

 

By deriving Equation 4 and substitution in 

Equation 6, we obtain the derivative of the slip 

equation as show in Equation 7. 

𝑠(𝑡)̇  = 𝑤𝑚𝑟𝑒𝑓(𝑡)̇ − 𝑤𝑚(𝑡)̇                (5) 

𝑑𝑤𝑚

𝑑𝑡
 = 

1

𝐽
 ( 𝑇𝑒 − 𝑇𝐿 − 𝐹 𝑤𝑚)              (6) 

𝑠(𝑡)̇  =
1

𝐽
(−

3

2
 𝑝 𝜙𝑓 𝑖𝑞𝑟𝑒𝑓 +𝑇𝐿+𝐹 𝑤𝑚 )     (7) 

 

TL in N.m is the mechanical load torque applied. 

J and F are the rotor inertia in kg/m2 and the viscous 

friction coefficient in N.m.s respectively. 

To calculate the reference current iqref, the SMC 

characteristic using Equation 8. 

Where the current iqeq was calculated from 

Equation 7 with 𝑠 =̇s = 0 

As for the current iqm, it is related to the 

discontinuous part, as in the equation 10, to obtain 

the reference current equation as follows: 

𝑖𝑞𝑟𝑒𝑓 = 𝑖𝑞𝑚+ 𝑖𝑞𝑒𝑞                               (8) 

𝑖𝑞𝑒𝑞= 
2( 𝑇𝐿+𝐹 𝑤𝑚)

3 𝑝 𝜙𝑓
                           (9) 

𝑖𝑞𝑚= k1 * sign(e) + k2 * e            (10) 

𝑖𝑞𝑟𝑒𝑓 = k1* sign(e) + k2 * e +
2( 𝑇𝐿+𝐹 𝑤𝑚)

3 𝑝 𝜙𝑓
     (11) 

 

Where k1, k2 are SMC gains 

 

 

4 Finite Control Set Model Predictive 

 Control  
In this study, a generally utilized three-stage source 

inverter is joined with a PMSM, as shown in Figure 

3 (Appendix). The inverter incorporates eight 

specific trading vectors, resulting in the production 

of eight voltage vectors, namely u0 - u7. Among 

these, six are nonzero vectors while the remaining 

two are zero vectors. The size of the dynamic 

voltage vectors inside the fixed reference frame 

alpha-beta is presented in Figure 2 and Table 1. In 

order to devise the conventional FCS-MPC 

approach, it is crucial to employ a discrete-time 

model for predicting future currents. To achieve 

this, we employ the forward Euler technique on the 

continuous-time model, using a testing time span Ts 

[in seconds]. For Ts << 1, the subsequent equation 

is valid: x(k)= x(kTs) ≈ x(t) and 
𝑑

𝑑𝑡
𝑥(𝑡) =

𝑥(𝑘+1)−𝑥(𝑘)

𝑇𝑠
 for all t ∈ [kTs,(k + 1)Ts] and k ∈ ℕ Ս 

{0}. As a result, the PMSM's discrete-time 

representation in the pivoting dq-reference casing 

can be communicated as follows:  

 

{
𝑖𝑑(𝑘 + 1) = (1 −

𝑅𝑠𝑇𝑠

𝐿𝑑
) 𝑖𝑑(𝑘) + 𝑇𝑠 𝑤𝑟 𝑖𝑞(𝑘)

𝑇𝑠

𝐿𝑑
 𝑢𝑑(𝑘)

     

(12) 
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{
𝑖𝑞(𝑘 + 1) = (1 −

𝑅𝑠𝑇𝑠

𝐿𝑞
) 𝑖𝑞(𝑘) + 𝑇𝑠 𝑤𝑟 𝑖𝑑(𝑘)

𝑇𝑠

𝐿𝑞
 𝑢𝑞(𝑘) −

𝜙𝑓 𝑇𝑠

𝐿𝑞
 𝑤𝑟(𝑘)

   (13) 

 
The cost function is used to evaluate the seven 

expected voltage vectors in Figure 2 during the 

sampling period, and the lowest cost function is 

chosen. 

g=|𝑖𝑑𝑟𝑒𝑓(𝑘 + 1)-𝑖𝑑(𝑘 + 1) u0,..,7| 

             +|𝑖𝑞𝑟𝑒𝑓(𝑘 + 1)-𝑖𝑞(𝑘 + 1)u0,..,7| 

+{
0    𝑖𝑓 √𝑖𝑑(𝑘 + 1)

2 + 𝑖𝑞(𝑘 + 1)
2 ≤ Imax

∞   𝑖𝑓 √𝑖𝑑(𝑘 + 1)
2 + 𝑖𝑞(𝑘 + 1)

2 ≥ Imax
               (14) 

 

 
Fig. 2: Voltage vector diagram in α-β frames 

 

Voltage vectors are represented by each case as 

illustrated in the data presented in Table 1. 

 

Table 1.  Switching modes along with the 

corresponding voltage vector of the voltage source 

converter 

Conducting Modes              Sa    Sb     Sc                Uα             Uβ 

            U0                             0      0      0                  0                0                                          
            U1                             1      0      0                2Vdc/3         0 

            U2                             1      1      0                Vdc/3         √3Vdc/3         

            U3                             0      1      0               -Vdc/3         √3Vdc/3         
            U4                             0      1      1                2Vdc/3         0 

            U5                             0      0      1               -Vdc/3        - √3Vdc/3         

            U6                             1      0      1               Vdc/3         - √3Vdc/3         

            U7                             1      1      1                 0                0 

 

Depending on the mode of the switching vector 

(sa,sb,sc) the stator voltage udq of the PMSM is 

calculated: 

𝑢𝑑𝑞(k)=

2 𝐴 𝑣𝑑𝑐

9
[
1 −

1

2
−
1

2

0
√3

2
−
√3

2

] [
2 −1 −1
−1 2 −1
−1 −1 2

] [

𝑠𝑎
𝑠𝑏
𝑠𝑐
]        (15) 

 

A=[
cos𝜙𝑟 sin𝜙𝑟
−sin𝜙𝑟 cos𝜙𝑟

]                 (16) 

 

 

5   Results and Discussion 
The proposed technique MPC-SMC-MRAS is 

shown in Figure 3 (Appendix), where the speed is 

estimated based on the MRAS technique and the 

disturbance is removed. The role of the SMC 

technique allows approximating the speed to the 

reference speed, in addition to improving the 

reference current used in MPC.  

Finally, the cost function based on the rated 

currents is used. In determining the best position for 

voltage vectors. 

The results shown under various operating 

conditions with machine parameters are shown in 

Table 2. 

 

Table 2. PMSM parameters 

Parameter                                                                           Value 

dq axis inductance [H]                                                   0.0058 

Flux induced by magnets [Wb]                                     0.1546 

Number of poles                                                                3 

Rotor inertia [kg*m2]                                                   0.00167 

Viscous friction [N m]                                                0.000388 

Stator resistance [Ω]                                                         1.4 

Sampling time [µs]                                                             4 

MRAS gains                                                       kp=60, 

ki=3000000 

SMC  gains                                                          k1=0.0176  

,k2=1  

 

Figure 4 shows that at the start, the PMSM 

motor is running at a constant speed of 100 RPM. 

The load torque (TL) is relatively low at 0.5 Nm. 

The motor current is at 1A, indicating that the 

control system is maintaining the desired 

performance under this load condition. This stable 

current response suggests that the control algorithms 

are effectively regulating the motor operation. At t = 

0.2 seconds, there is a sudden change in load torque 

from 0.5 Nm to 2 Nm. This change in load torque, 

particularly when it happens abruptly, can cause a 

transient response in the system 

The motor current values become close to 2A, 

which is an expected response to the increased load. 

The increase in current is necessary to maintain the 

motor's speed at 100 RPM under the higher load 

condition. The control system shows flexibility to 

changes in load conditions. The model predictive 

control and model reference adaptive system give 

off an impression of being successful in answering 

burden disturbances. The sliding mode control 

might assume a part in keeping up with the system 

strength during transient states, like the unexpected 

change in load. 
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Fig. 4: Stator currents 

 

Figure 5 gives significant bits of knowledge into 

the control system's performance, exhibiting its 

capacity to direct current and answer load changes 

while keeping a constant current id in accordance 

with commonplace PMSM control techniques. The 

convergence of quadratic current iq and iqref is a 

positive indication of the control system's capacity 

to successfully regulate current effectively. The 

expansion in iq to 3A will be an immediate reaction 

to the expanded burden force, as most would 

consider normal.  

 

 
Fig. 5: Currents id ,iq ,iqref  

 

The constant value of id at zero A indicates that 

the motor is operating in a state where there is no 

need for additional magnetizing current, which is 

consistent with typical PMSM control strategies. 

In Figure 6, the speed error initially peaks at 

100 RPM and gradually reduces to 0 RPM, 

indicating successful speed regulation under the 

initial load condition. When the load abruptly 

changes to 2 Nm, the speed error increases to 0.02, 

demonstrating a transient response to the load 

change. This small speed error shows that the 

control framework rapidly adjusts to the expanded 

burden, demonstrating effective speed control and 

stability. 

Tweaking the control boundaries might 

additionally limit transient deviations, advancing 

overall performance. 

 

 
Fig. 6: Torque of PMSM 

 

 
Fig. 7: Error of PMSM speed 

 

 
Fig. 8: Rotation speed of PMSM 

 

In Figure 7, torques values for various control 

methods, incorporating PI with MPC, MPC with 

Sliding Mode Control (SMC), MPC with SMC, and 

Model Reference Adaptive System (MRAS), 

intently match the reference torque. This 

demonstrates the adequacy of these control 

techniques in tracking and keeping up with the ideal 

torque yield. The comparability between the actual 

torque and reference torque indicates well control 
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execution for various strategies. Therefore, it 

indicates good adaptability of the control system to 

load disturbance and external disturbance and good 

torque control accuracy: These findings suggest the 

chosen control methods successfully maintained 

motor performance throughout the experiment. 

Speed responses with various control techniques 

PI with MPC, MPC with SMC, MPC and MRAS in 

the respective presentation are shown in Figure 8. 

At first, speed holds at 100 RPM at a 0.5 Nm load. 

The speed reduces momentarily when the load 

instantly changes to 2 Nm at 0.2 s, then steady's out. 

At 0.3 s, speed surges to 150 RPM and stabilizes 

again. Clearly, these techniques are stable and 

adaptive to the load variations, which are much less 

stable comparing with the PI regulator. It follows 

that advanced control methods are essential for 

keeping speed as desired and for quickly adapting to 

changing loads. 

 

 

6   Performance of the System 
The basic experiences into the presentation and 

effectiveness of the proposed control techniques are 

given by Figure 9. The settling time, as an indicator 

of speed stability, is also an important metric to 

evaluate the control systems. The settling time for 

the PI regulator is substantially longer when 

contrasted with alternate techniques, which finds 

much slower reactions and probably less 

productivity. The observed speed fluctuations due to 

load changes are expected and reflect the system's 

adaptability to external disturbances.  

 

 
Fig. 9: Settling time of PMSM speed 

 

The ability to recover and return to a stable 

speed signifies the robustness of these control 

techniques. Both the magnitude of the speed drop 

during load changes and the settling time are 

indicative of motor performance. Smaller speed 

drops and shorter settling times, as seen in the 

advanced control methods, imply better 

performance and faster response to load variations. 

This underscores the advantage of employing 

sophisticated control strategies over traditional ones 

like PI control in achieving more efficient and 

responsive motor operation. 

Figure 10 shows that the speed drop is small, 

and the settling time is small in the MPC-SMC-

MRAS technique at load 2 Nm at time 0.2 s 

 

 
Fig. 10: speed drop of PMSM 

 
The comparison results between specific control 

techniques for motor performance are shown in Table 3. 

 

Table 3. Performance. 

Dynamics                      MPC-PI      MPC-SMC        MPC-SMC-MRAS 

Settling time[s]                0.06856      0.02178                   0.0175 

Overshoot [rpm]                 22.7         0.002                       0.001 

Steady state error [%]         0.05         0.01                         0.01 
Speed drop [rpm] with        2.77         0.023                       0.028 

settling time [s]                   0.03         0.002                       0.001 

Adding TL=2 

 

 

7   Conclusion 
The introduced work shows a unique control system 

that joins Model Predictive Control (MPC) and 

Sliding Mode Control (SMC) while overriding the 

standard PI controller with SMC for current taking 

care of and assumption. Besides, the Model 

Reference Adaptive System (MRAS) is united to 

assuage speed aggravations. The MPC-SMC-MRAS 

model displays tremendous advantages over elective 

control plans. The key discoveries are as per the 

following: The proposed MPC-SMC-MRAS 

approach really lessens force-unsettling influences, 

guaranteeing exact control of engine force, and the 

blend of MPC, SMC, and MRAS prompts areas of 

strength for a responsive speed control system. The 

control system can rapidly adjust to changes in load, 

as shown by diminished settling times and limited 

speed drops. A similar examination uncovers that 

WSEAS TRANSACTIONS on ELECTRONICS 
DOI: 10.37394/232017.2025.16.3

Ibrahim Farouk Bouguenna, 
Said Benkaihoul, Mohammed Benmadani Debbat, 

Abdelghani Zabel, Tahour Ahmed

E-ISSN: 2415-1513 28 Volume 16, 2025



the MPC-SMC-MRAS model beats both MPC-SMC 

and MPC-PI setups as far as force and speed 

control, exhibiting its superior performance and 

robustness. Experimental validation will allow us to 

fine-tune the SMPC with MRAS for real-world 

conditions, and it can provide valuable data on its 

effectiveness in dynamic settings. 

To resume MPC-SMC-MRAS can enhance 

precision, adaptability, and energy efficiency in 

sensor networks and power grids. It offers robust 

disturbance rejection and real-time adaptability, 

crucial for dynamic load management and stability. 

This technique supports fault tolerance and efficient 

power management, making it ideal for applications 

requiring reliable and adaptive control. 
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APPENDIX 

 

 
Fig. 3: PMSM diagram
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