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This paper presents an advanced control strategy to improve the performance of 

scalar (V/f) induction motor control by incorporating a robust controller based on 

the super-twist sliding mode control (STSMC) approach. The proposed method 

aims to improve stability, speed tracking accuracy, and robustness to disturbances 

and load variations, while retaining the simplicity of traditional scalar control. 

The model of an induction motor is simulated via MATLAB/Simulink, and the 

STSMC controller is optimized using a criterion operating as a function of the 

ITAE to minimize dynamic error. In order to validate the performance of the 

solution, real-time implementation is carried out on an experimental test bench 

on a 0.37 kW induction motor via a dSPACE 1104 board. Experimental results 

verify the contributions of STSMC to conventional scalar control, such as speed 

response, speed ripple reduction, and effective disturbance rejection. This hybrid 

approach is therefore an effective and easy-to-implement solution for the robust 

control of induction motors.  
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1. INTRODUCTION

Induction motor control is essential for most industrial 

drives due to its performance, ease of installation, and 

relatively low cost. Among control strategies, the scalar (V/f) 

method is the most widely used due to its low complexity and 

ease of implementation, particularly in areas where precise 

values are not essential. However, this method has some major 

drawbacks, such as poor dynamic performance, sensitivity to 

disturbances, and an inability to provide good control accuracy 

under different operating conditions [1-3]. 

In view of these constraints, various means have been 

explored to improve the performance of scalar controls. The 

most widespread is undoubtedly the use of PID correctors, 

appreciated for their simplicity of form and their performance 

in linear regimes. The problem is that they require very precise 

tuning, which may be inappropriate in a non-linear or 

disturbed setting [4]. To overcome this limitation, smarter PID 

optimization methods such as GA, PSO, or even swarm 

optimization exist to make them more dynamically responsive 

[5, 6]. In parallel, approaches based on artificial intelligence 

have also been considered. 

Fuzzy logic controllers have made control more flexible by 

managing signal uncertainty and imprecision, but their 

operation is highly dependent on rule design [7]. Artificial 

neural networks (ANNs) have been used for motor dynamics 

estimation and online control tuning with satisfactory 

performance, particularly in the presence of nonlinearities [8]. 

Hybrid approaches have been used in other studies, for 

example with Fuzzy-PID or ANN-PID, with the aim of 

exploiting the strengths of both methods [9, 10]. 

Although these methods have enabled significant advances, 

they generally present limitations, either in terms of design 

complexity (for ANNs), or in terms of guaranteed theoretical 

stability (for fuzzy or purely heuristic techniques). It is in this 

context that sliding mode control (SMC), and more 

specifically its super-torsional sliding mode controller, 

presents itself as an effectively robust and theoretically sound 

solution. The use of STSMC minimizes the chattering effect, 

guarantees final convergence to the sliding surface and ensures 

robustness to uncertainties and disturbances. 

Recently, several studies have focused on the investigation 

and optimization of STSMC controllers. For example, Usha et 

al. [11] propose a variable gain VGFOST-SMC strategy 

involving a disturbance observer, applicable to permanent 

magnet synchronous motors with real-time validation. In 

addition, the development of third-order STSMC (TO-

STSMC) enhances the approach phase and ensures better 

disturbance rejection [12]. In comparison, the reference work 

[13] laid the foundations for the field, while these more recent

contributions broaden the fields of application to new motor

topologies, new control structures, and advanced experimental

validations, highlighting the added value and originality of our

research.
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Nevertheless, the performance of the STSMC controller 

depends to a large extent on the fine-tuning of its parameters, 

and it is therefore reasonable to use intelligent optimization 

algorithms to find the best offline values [14]. For this reason, 

this paper proposes a new hybrid control strategy, which 

combines traditional scalar V/f control with an STSMC 

optimized by an optimization algorithm, with the aim of 

significantly improving the dynamic behavior and robustness 

of the system. The proposed control mode was implemented 

in the MATLAB/Simulink environment, followed by 

experimental validation. Simulation and experimental results 

show a qualitative improvement in response time, transient 

stability, and resistance to mechanical disturbances [15]. 

The rest of the article is structured to guide the reader 

progressively from system modeling to overall performance 

evaluation. Section 2 is devoted to modeling the induction 

motor, with an explanation of the scalar (V/f) control principle. 

Section 3 highlights the design of the super-twisting sliding-

mode controller, its integration into the speed control loop, and 

the optimization method chosen for the automatic adjustment 

of its parameters, aimed at optimizing system efficiency. 

Section 4 describes the experimental test rig in full, 

highlighting the technical specifications and hardware choices 

adopted. Section 5 describes and presents the results obtained 

by means of simulations and experimental tests in various 

scenarios, clearly demonstrating the performance 

enhancement introduced by the proposed method. Section 6 

concludes the study by summarizing the main contributions 

and proposing practical lines of improvement and extension 

for future research. 

 

 

2. SYSTEM MODELING 
 

2.1 Induction motor model 

 

In this section, a mathematical electromagnetic model of the 

asynchronous squirrel-cage motor is developed in order to 

accurately reproduce its dynamic behavior. This model 

provides an essential basis for comparing the performance 

results obtained from control simulations with the 

experimental results measured on the test bench [16]. Given 

the complex geometry and electromagnetic phenomena 

characteristic of such a machine, it is necessary to make a 

number of simplifying assumptions that allow for a usable 

model while maintaining a good approximation: 

• The machine is symmetrical (balanced three-phase 

structure). 

• Magnetic saturation, hysteresis and eddy current 

phenomena are neglected. 

• Winding resistances are assumed constant (no thermal 

effect). 

• The skin effect is neglected. 

• The magnetomotive force created by each phase is 

sinusoidally distributed in the air gap. 

• The air gap is uniform and the gearing effect is neglected. 

• Self-inductances are considered constant, and mutual 

inductances vary sinusoidally with the electrical angle θ 

between stator and rotor. 

The electrical and magnetic equations of an induction motor 

can be represented by a system of equations characterizing the 

electromagnetic interaction of the system, as shown in Figure 

1 [17]. 

 
 

Figure 1. Electrical diagram of induction motor 
 

The stator and rotor voltages of the induction motor are 

given by applying Ohm-Faraday's law to this mesh: 

In stator: 

 

𝑉⃗ 𝑠 = 𝑅𝑠 ⋅ 𝐼 𝑠 +
𝑑Φ⃗⃗⃗ 𝑠
𝑑𝑡

 (1) 

 

In rotor (cage, not powered): 

 

0⃗ = 𝑅𝑟 ⋅ 𝐼 𝑟 +
𝑑Φ⃗⃗⃗ 𝑟
𝑑𝑡

 (2) 

 

Magnetic fluxes are defined by inductance matrices, 

assuming material linearity and parameter constancy: 

Stator flux: 

 

Φ⃗⃗⃗ 𝑠 = 𝐿𝑠𝑠 ⋅ 𝐼 𝑠 + 𝑀𝑠𝑟(𝜃) ⋅ 𝐼 𝑟  (3) 

 

Rotor flux: 

 

Φ⃗⃗⃗ 𝑟 = 𝐿𝑟𝑟 ⋅ 𝐼 𝑟 + 𝑀𝑟𝑠(𝜃) ⋅ 𝐼 𝑠 (4) 

 

Assuming a symmetrical three-phase machine: 

Matrix of stator inductances: 

 

 𝐿𝑠𝑠 = [

𝐿𝑠 𝑀𝑠 𝑀𝑠

𝑀𝑠 𝐿𝑠 𝑀𝑠

𝑀𝑠 𝑀𝑠 𝐿𝑠

] (5) 

 

Matrix of rotor inductances: 

 

𝐿𝑟𝑟 = [

𝐿𝑟 𝑀𝑟 𝑀𝑟

𝑀𝑟 𝐿𝑟 𝑀𝑟

𝑀𝑟 𝑀𝑟 𝐿𝑟

] (6) 

 

Matrix of mutual inductances: 

The sinusoidal dependence of Msr (θ) comes from the 

distribution of the fem. in the air gap: 

 

𝑀𝑠𝑟(𝜃) = 𝑀 ⋅ [

cos(𝜃) cos(𝜃 + 2𝜋 3⁄ ) cos(𝜃 − 2𝜋 3⁄ )

cos(𝜃 − 2𝜋 3⁄ ) cos(𝜃) cos(𝜃 + 2𝜋 3⁄ )

cos(𝜃 + 2𝜋 3⁄ ) cos(𝜃 − 2𝜋 3⁄ ) cos(𝜃)

] 

 

𝑀𝑟𝑠(𝜃) = 𝑀𝑠𝑟
⊤ (𝜃) (7) 

 

By injecting the flows (3) and (4) into the voltage Eqs. (1) 

and (2), we obtain: 

Stator equation: 

 

𝑉⃗ 𝑠 = 𝑅𝑠 ⋅ 𝐼 𝑠 +
𝑑

𝑑𝑡
(𝐿𝑠𝑠 ⋅ 𝐼 𝑠) +

𝑑

𝑑𝑡
(𝑀𝑠𝑟(𝜃) ⋅ 𝐼 𝑟) (8) 
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Rotor equation: 

 

0⃗ = 𝑅𝑟 ⋅ 𝐼 𝑟 +
𝑑

𝑑𝑡
(𝐿𝑟𝑟 ⋅ 𝐼 𝑟) +

𝑑

𝑑𝑡
(𝑀𝑟𝑠(𝜃) ⋅ 𝐼 𝑠) (9) 

 

Rotor dynamics follows Newton's law of angular 

momentum: 

 

𝐽 ⋅
𝑑Ω

𝑑𝑡
= 𝐶𝑒𝑚 − 𝐶𝑟 − 𝐾𝑓 ⋅ Ω (10) 

 

J: rotor moment of inertia 

Ω: angular velocity 

Cem: electromagnetic torque 

Cr: resistive torque (load) 

Kf: coefficient of viscous friction 

 

2.2 Scalar V/f control 

 

Scalar V/f control, also known as constant flux control, is an 

open, non-vector control strategy applied to asynchronous 

motors. It is based on maintaining a constant ratio between the 

supply voltage V and the mains frequency f in order to keep the 

stator magnetic flux at a nominal value [18]. According to the 

fundamental induction motor equations, the stator flux is 

approximately given by: 

 

Φ𝑠 ≈
𝑉𝑠

2𝜋𝑓𝑁𝑠

 (11) 

 

where: 

Φs: the stator magnetic flux 

Vs: The stator voltage 

f: The supply voltage frequency 

Ns: The number of turns 

Thus, to avoid saturation of the magnetic circuit at low 

frequency or torque drop at high frequency, we adjust the 

voltage proportionally to the frequency according to the law: 

 

𝑉𝑠(𝑓) = 𝑉𝑛 ⋅
𝑓

𝑓𝑛
 (12) 

 

where, Vn and fn are the nominal values. Below a certain 

threshold frequency, a boost voltage is often added to 

compensate for the voltage drop across the stator resistance Rs. 

V/f control is extremely simple to implement, with no need 

for complex mathematical transformations. It's economical, 

too, thanks to the absence of current or speed sensors. This 

method is ideal for applications with constant torque or low 

dynamic demand, such as fans or conveyors. It is a reliable 

solution for simple, low-cost systems [19]. 

In contrast, V/f control has poor dynamic performance, is 

very slow, and is sensitive to rapid load changes. It does not 

respond well to external disturbances or changes in motor 

parameters. In addition, it causes speed errors in steady state, 

especially at low frequencies. Finally, its energy efficiency is 

reduced, mainly when operating at low speeds. 

While scalar V/f control is easy to implement, its power is 

not sufficient under disturbed conditions or with high dynamic 

requirements. Hence the interest in reinforcing its robustness 

with advanced controllers, such as STSMC, while maintaining 

the structural simplicity of V/f [20]. 

 

3. CONTROLLER DESIGN 
 

3.1 Overview of the sliding mode control  

 

Sliding mode control (SMC) is a nonlinear control method 

designed to force the system’s trajectory onto a predefined 

sliding surface 𝑠(𝑥, 𝑡) = 0  and maintain it there despite 

disturbances and uncertainties [21]. It typically works in two 

phases: 

Reaching phase: The controller drives the state towards the 

sliding surface. 

Sliding phase: Once on the surface, the system slides along 

it, with dynamics defined by the surface itself.  

The system model is given by: 

 

𝑥̇ = 𝑓(𝑥, 𝑡) + 𝑔(𝑥, 𝑡)𝑢 + 𝑑(𝑡) (13) 

 

where: 

𝑥 ∈ ℝ is the state (e.g., speed error), 𝑢 ∈ ℝ is the control 

input, 𝑓(𝑥, 𝑡)  is the known nonlinear system dynamics, 

𝑔(𝑥, 𝑡) ≠ 0  is the known input gain, 𝑑(𝑡)  is a bounded 

disturbance. 

The sliding surface is typically defined as: 

 

𝑠(𝑡) =
𝑑

𝑑𝑡
𝑒(𝑡) + 𝜆𝑒(𝑡) (14) 

 

where, 𝑒(𝑡) = 𝜔∗(𝑡) − 𝜔(𝑡) is the tracking error and 𝜆 > 0 is 

a design parameter. 

Sliding mode control offers certain advantages that explain 

its use in highly uncertain systems. SMC is very robust in the 

face of modeling uncertainties and external disturbances, 

forcing the system to maintain a specific trajectory despite 

internal dynamic fluctuations. Secondly, the discontinuity of 

the control signal allows for an instantaneous response, which 

significantly improves dynamic performance, particularly in 

systems that require precise and rapid regulation. Finally, 

SMC allows the system to be stabilized even in the event of 

significant parameter variations, making it an effective control 

scheme for nonlinear or poorly modeled systems [22]. 

Despite its advantages, SMC has some serious drawbacks. 

One of these is chattering, i.e., high-frequency oscillations 

caused by discontinuous switching of the control signal, which 

tend to cause premature wear of mechanical actuators. 

Furthermore, in order to deliver good performance, SMC 

requires precise knowledge of the system's limits so that 

control gains can be fully tuned, a requirement that can be 

difficult to meet in uncertain or complex systems. Finally, this 

strategy is sensitive to noise measurements, as periodic 

switching can amplify interference from sensors and thus 

deteriorate control quality [23]. 

 

3.2 Super-twisting sliding mode controller 

 

STSMC is a second-order Sliding Mode Control method 

that overcomes the chattering problem by employing a 

continuous control law. It does not require the time derivative 

of the sliding variable 𝑠(𝑡), making it advantageous for real-

world systems where derivative information is noisy or 

unavailable [24]. 

The control law is defined as: 

 

{
𝑢(𝑡) = −𝑘1|𝑠(𝑡)|

1/2 ⋅ sign(𝑠(𝑡)) + 𝑣(𝑡)

𝑣̇(𝑡) = −𝑘2 ⋅ sign(𝑠(𝑡))
 (15) 
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where, 𝑘1, 𝑘2 > 0 are the STSMC gains, 𝑣(𝑡) is an adaptive 

internal variable, sign(𝑠(𝑡)) ensures control action direction. 

Super-twisting control, as an extension of second-order 

sliding mode control, has several crucial advantages. Firstly, it 

eliminates chattering while retaining the robustness of 

conventional SMC, making it more compatible with practical 

implementation. By having a continuous control input, it is 

more compatible with real actuators, limiting mechanical wear 

and facilitating hardware integration. Simultaneously, the 

command law guarantees the finite-time convergence of the 

sliding variable s(t)→0, resulting in greatly improved dynamic 

performance and speed of the response. Last but not least, the 

STSMC is not dependent on the derivative of the sliding 

surface and is therefore less sensitive to the measurement 

noise, preventing its growth during the calculation of the 

command [25]. Despite its many advantages, STSMC does 

have some limitations to consider. Firstly, setting the gains k1 

and k2 is more complex than with conventional SMC, as it 

must be done rigorously to guarantee both system performance 

and stability. Secondly, the efficient application of this method 

requires a differentiable sliding surface, as well as a 

perturbation whose derivative is bounded, which may not be 

verified in all physical systems. Finally, due to the introduction 

of the additional dynamics associated with the integral term 

v(t), STSMC generates a slightly higher computational cost 

than first-order SMC control, which can be a constraint in 

resource-constrained embedded systems. 

 

3.3 Optimizing STSMC controller parameters 

 

In order to improve the dynamic performance of the BLDC 

motor speed control system, the STSMC controller 

parameters, in this case the feedback coefficients k1 and k2, 

are optimized using a genetic algorithm. The main objective 

of this optimization is to minimize speed tracking errors by 

reducing certain performance criteria that are well established 

in the literature [26, 27], such as: 

Integral of Absolute Error (IAE): 

 

𝐼𝐴𝐸 = ∫ |
𝑇

0

𝑒1(𝑡)| 𝑑𝑡 (16) 

 

Integral of Squared Error (ISE): 

 

𝐼𝑆𝐸 = ∫ 𝑒1
2

𝑇

0

(𝑡) 𝑑𝑡 (17) 

 

Integral of Time-weighted Absolute Error (ITAE): 

 

𝐼𝑇𝐴𝐸 = ∫ 𝑡
𝑇

0

⋅ |𝑒1(𝑡)| 𝑑𝑡 (18) 

 

In this study, the ITAE index is preferred as the objective 

function, as it strongly penalizes prolonged errors, thus 

favoring rapid response with reduced overshoot. The cost 

function to be minimized is therefore defined by: 

 

𝐽 = ∫ 𝑡
𝑇

0

⋅ |𝛺𝑟𝑒𝑓(𝑡) − 𝛺(𝑡)| 𝑑𝑡 (19) 

 

The genetic algorithm is applied to find the optimal values 

of k1 and k2 that minimize this function. The optimization 

process follows the following steps: 

Generation of an initial random population of candidate 

solutions, where each individual encodes a pair of payoffs 

(𝑘1, 𝑘2) . The genetic algorithm was configured with the 

following parameters: population size = 50 individuals, 

maximum number of generations = 100, crossover probability 

= 0.8, and mutation probability = 0.05. Each individual was 

evaluated based on the cost function 𝐽, and the best solutions 

were selected according to their performance. Genetic 

operators such as crossover and mutation were then applied to 

generate new candidate solutions. This evolutionary process 

was repeated iteratively until convergence toward the optimal 

coefficient values, which were found to be 𝑘1 = 85.24689 

and 𝑘2 = 105.56482. 

 

 

4. EXPERIMENTAL VALIDATION  

 

This section is devoted to an exhaustive description of the 

equipment used for experimental validation. It is divided into 

two major parts. The first concerns the strict identification of 

the parameters of the chosen induction motor, a fundamental 

step in guaranteeing the accuracy of the model. The second 

describes the various equipment used, highlighting their 

technical characteristics and the reasons for their choice. This 

methodological structuring ensures a clear traceability of the 

experimental approach, and provides a better understanding of 

the actual implementation conditions of the system studied. 

 

4.1 Identification of induction motor parameters 

 

To ensure reliable validation of the proposed approach, this 

study begins by identifying the parameters of the 

asynchronous motor used in the system. The motor under test 

is a three-phase squirrel-cage induction motor. The motor 

nameplate ratings are given in Table 1. In the present 

experiment, a star (Y) connection was used. 

 

Table 1. Induction motor nameplate 

 
Designation Value 

Nominal output power 0.37 KW 

Rated frequency 50 Hz 

Rated stator voltage 220/380 V 

Rated stator current 1.12 A 

Rated speed 1370 rpm 

Rated power factor 0.86 

Number of pole pairs 2 

 

In order to precisely define the parameters of the 

asynchronous motor, several experimental tests were carried 

out. These are essential for rigorously defining the electrical 

and mechanical parameters of the motor, and constitute an 

important step in the experimental validation of this research. 

The tests carried out include a no-load test, a short-circuit test, 

and measurements of the stator resistance. These experiments 

enable us to determine fundamental quantities such as winding 

resistance, inductance and internal mechanical losses. Precise 

knowledge of these parameters is crucial to the development 

of a reliable dynamic model, which forms the basis of the 

control strategies developed later. This methodical process 

guarantees consistency between simulated results and 

observed experimental performance (see Figure 2). 

The values of the electrical and mechanical parameters of 

the identified induction motor used in this study are presented 

in Table 2. 
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Figure 2. The various tests carried out to identify induction motor parameters  

 

 
 

Figure 3. The experimental bench with the various materials used 
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4.2 Equipment and experimental setup 

 

Experimental validation was carried out on a complete test 

bench incorporating electromechanical equipment, energy 

conversion modules, measurement systems, and a real-time 

control platform. The main actuator is a three-phase 

asynchronous motor with a rated power of 0.37 kW, 

mechanically coupled to an alternator producing direct current 

voltage, as well as a DC Tachogenerator ensuring accurate 

measurement of rotational speed. The motor is powered by a 

Semikron inverter, controlled by PWM signals generated by 

the dSPACE DS1104 real-time card. The latter, integrated into 

a dedicated computer, simultaneously generates commands 

and acquires data, using dSPACE ControlDesk software for 

supervision, parameter adjustment, and real-time 

measurement recording. Electrical quantities are measured 

using specialized measurement cards: a current sensor card, 

used to record the intensity of the currents supplying the 

motor, and a voltage sensor card, which exploits the 

proportional relationship between the speed of rotation and the 

voltage generated by the DC generator, acting here as a 

tachometric speed sensor. These cards are powered by a 

dedicated source to ensure the accuracy of the measured 

signals. The entire system is powered by several separate 

sources: a high-power EA-PS 9360-80 programmable DC 

power supply to provide power to the inverter, and a +15 V 

stabilized power supply for the control circuits and PWM 

cards. The DC Tachogenerator converts the rotational speed 

into a proportional voltage that can be directly used by the 

dSPACE card, thus enabling the control loop to be closed. 

Thanks to its modular, instrumented, and highly flexible 

configuration, this test bench faithfully reproduces real 

operating conditions, providing an optimal environment for 

the implementation and rigorous validation of the control 

strategies developed (see Figure 3). 

 

Table 2. Motor parameter values after identification 

 

Parameters 

Identified 
Values 

Rs 25.5 Ω 

Rr 17 Ω 

Ls 0.7948 H 

Lr 0.7948 H 

M 0.6786 H 

J 0.00331 Kg.m2 

Kf 0.00285 m2/s 

 

 

5. RESULTS AND DISCUSSION 

 

The purpose of this section is to present and analyze, on the 

one hand, the results obtained from simulations performed in 

Matlab/Simulink and, on the other hand, the results obtained 

from experimental validation for the control of an 

asynchronous motor using a scalar control approach with a 

Super Twisting Sliding Mode Control controller. The 

simulation results are analyzed according to two distinct 

scenarios in order to thoroughly evaluate the performance and 

robustness of the proposed controller. The first scenario is 

devoted to evaluating the system's ability to accurately follow 

the imposed speed reference, while the second examines the 

robustness of the control by varying the load torque in order to 

observe the dynamic response of the system. With regard to 

experimental validation, the study focuses mainly on 

analyzing the performance of the motor's reference speed 

tracking.  

 

5.1 Simulation results 

 

5.1.1 First scenario: Tracking performances 

 

 
 

Figure 4. Variation in motor speed during a reference speed 

change under load conditions 

 

 
 

Figure 5. Speed error when varying the reference speed with 

a constant load torque 

 

 
 

Figure 6. Controller output during speed reference variations 

with constant load torque 

 

In this first simulation scenario using Matlab/Simulink, the 

analysis focuses on the motor speed response relative to a 

predefined setpoint, with a constant load torque set at 1 N.m. 

The reference speed varies successively according to the 

sequence [200, 400, 800, 1000, 800, 400] rpm (Figure 4). The 

1772



 

results show that in the first step, the motor speed reaches 200 

rpm in just 4 seconds, while in subsequent variations, the 

response time is reduced to 1 second in the case of an increase 

and 0.8 seconds in the case of a decrease. The tracking error is 

completely eliminated, as confirmed by Figure 5, which 

demonstrates the accuracy of the setpoint tracking. 

Furthermore, the controller output shown in Figure 6 

highlights the rapid and effective action of the STSMC 

controller, which is capable of maintaining the requested speed 

despite sudden reference variations. All of the results, obtained 

with a constant load torque (Figure 7), demonstrate the 

robustness and responsiveness of the control implemented 

under these steady-state conditions. 

 

 
 

Figure 7. Load torque applied to the motor 

 

5.1.2 Second scenario: robustness performances 

 

 
 

Figure 8. Speed response during load torque variation 

 

 
 

Figure 9. Speed error when varying load torque 

 

In the second simulation scenario, which focused on 

evaluating the controller's robustness in the face of external 

disturbances such as load torque variations, two tests were 

carried out to analyze its performance in depth. Figure 8 

illustrates the motor speed response to these disturbances, 

where the peak variation exceeds only 0.75% of the reference 

speed, with a stabilization time of 0.2 s. Figure 9 confirms that 

the tracking error is completely eliminated after each variation, 

also in 0.2 s, demonstrating the speed of the system's 

correction. Figure 10 shows the controller output, which 

adjusts dynamically to compensate for disturbances and 

maintain the desired speed. The tests were performed under a 

variable load torque following the sequence [0, 0.5, 1, 1.5, 1, 

0.5, 0] N.m, as shown in Figure 11, highlighting the 

controller's ability to maintain optimal performance despite 

changing load conditions. 

 

 
 

Figure 10. Controller output under constant speed reference 

with varying load torque 

 

 
 

Figure 11. The variation of the load torque applied to the 

motor 

 

5.2 Experimental results 

 

With regard to experimental validation, this step aims to 

confirm the effectiveness of the improvement made to the 

scalar control of the induction motor by integrating the 

optimized STSMC controller. After validation in simulation, 

the actual implementation was carried out on a test bench in 

the laboratory, under no-load conditions, in accordance with 

the equipment available. Figure 12 illustrates the motor's 

response to a sequence of reference speeds [0, 200, 400, 600, 

800, 1000, 800, 600, 400] rpm, with a stabilization time of 

between 4 and 6 seconds depending on the variations. Figure 

13 highlights the complete cancellation of the tracking error 

approximately 5 seconds after each setpoint change, 

confirming the system's ability to quickly correct deviations. 

Figures 14-16 show the supply current consumed by the 

motor, with an average value of 0.3 A, well below the nominal 

current of 1.2 A indicated on the nameplate, demonstrating 

both the energy efficiency and operational reliability of the 
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developed control system. 

 

 
 

Figure 12. Experimental validation of motor speed response 

with reference speed variation 

 

 
 

Figure 13. Experimental validation of speed error during 

speed reference variation 

 

 
 

Figure 14. The supply current consumed by the motor phase 

A 

 

 
 

Figure 15. The supply current consumed by the motor phase 

B 

The quantitative results illustrated in Table 3 provide a clear 

indication of the performance of the optimized super twisting 

sliding mode command strategy in comparison with traditional 

PID and SMC controllers. More specifically, the proposed 

STSMC achieves an overshoot of less than 2%, which 

represents a reduction of approximately five times compared 

to PID controllers and two to three times compared to SMC 

controllers. Similarly, the stabilization time is significantly 

shorter, from 0.5 s to 0.9 s, compared to PID and SMC with 

values ranging from 1.6 to 2.2 s and 1.0 to 1.4 s, respectively. 

In addition, the steady-state error in STSMC is always 

negligible (≤ 0.2%), indicating that speed tracking is very 

accurate, even at sudden load changes. These improvements 

are consistent with the results duly presented in the literature 

[28, 29], which state that STSMC not only improves dynamic 

performance but also robustness to system uncertainties and 

external disturbances. Therefore, this optimized control 

approach is well suited for industrial applications where 

accuracy, stability, and fast response are important. 

 

 
 

Figure 16. The supply current consumed by the motor phase 

C 

 

Table 3. Quantitative performance comparison between PID, 

SMC, and optimized STSMC 

 

Controller 
Overshoot 

(%) 

Settling 

Time (s) 

Steady-State 

Error (%) 

PID [28] 10–15 1.6–2.2 0.8–1.5 

Classical SMC 

[29] 
4–8 1.0–1.4 0.3–0.8 

Optimized 

STSMC 
≤ 2 0.5–0.9 ≤ 0.2 

 

 

6. CONCLUSIONS 

 

In this work, the design, implementation, and experimental 

validation of a scalar control strategy on a 0.37 kW 

asynchronous motor, optimized by a super-twisting sliding 

mode control algorithm, were highlighted. The optimization of 

STSMC parameters played an important role in the robustness 

of the system, which is highly tolerant to disturbances and 

uncertainties commonly encountered in industrial 

environments. The proposed approach was first confirmed by 

simulation in MATLAB/Simulink, then tested experimentally 

on a dedicated test bench. The comparison between the 

simulation results and those of the experiment was very 

satisfactory, confirming the accuracy and reliability of the 

control model developed. The optimized STSMC offers the 

following main advantages: high dynamic response, accurate 
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tracking of the reference command speed, and high robustness 

against sudden load variations, while effectively minimizing 

oscillations and torque ripple. Compared to conventional 

scalar control strategies, the optimized STSMC is more robust 

and flexible, without requiring complex flow measurement or 

estimation. The results confirm that the new control strategy is 

very well suited for practical industrial implementation, 

particularly in systems where performance stability under 

uncertain operating conditions is of the utmost importance. 

Looking ahead to further improvements, one potential 

research direction involves the integration of adaptive artificial 

intelligence techniques to further enhance the autonomy and 

flexibility of the system. More specifically, approaches such 

as reinforcement learning for real-time gain programming or 

fuzzy logic systems for rule-based adaptation can be applied 

for dynamic adjustment of STSMC parameters in response to 

changes in load, temperature, or motor aging. This 

combination would enable the development of intelligent, self-

optimizing drive systems capable of ensuring optimal 

performance throughout the engine's life cycle. 
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