
Cite this article as: Brahami, S., Ghedamsi, K., Achour, A., Hamoudi, Y. "Robust Model Predictive Current Control for Dual-Star Induction Machine", 
Periodica Polytechnica Electrical Engineering and Computer Science, 69(3), pp. 251–267, 2025. https://doi.org/10.3311/PPee.40127

https://doi.org/10.3311/PPee.40127
Creative Commons Attribution b |251

Periodica Polytechnica Electrical Engineering and Computer Science, 69(3), pp. 251–267, 2025

Robust Model Predictive Current Control for Dual-Star 
Induction Machine

Sofiane Brahami1*, Kaci Ghedamsi1, Abdelyazid Achour2, Yanis Hamoudi1

1	Université de Bejaia, Faculté de Technologie, Laboratoire de Maîtrise des Energies Renouvelables (LMER), 06000 Bejaia, Algeria
2	Université de Bejaia, Faculté de Technologie, Laboratoire de Technologie Industrielle et de l’Information (LTII), 06000 Bejaia, 

Algeria
*	Corresponding author, e-mail: sofiane.brahami@univ-bejaia.dz

Received: 09 February 2025, Accepted: 16 July 2025, Published online: 29 July 2025

Abstract

Predictive current control (PCC) is considered as an effective and efficient strategy for controlling multiphase drives, offering superior 

flexibility, fast dynamic response, and reduced computational complexity compared to conventional control methods. This paper 

presents a robust PCC approach for a dual-star induction machine (DSIM), integrated with direct field-oriented control (DFOC), using 

proportional-integral (PI) controllers to control mechanical speed and flux to analyze the efficiency of the drive system's behavior in 

complex challenging scenarios caused by motor's external perturbations and parameters uncertainties. The proposed PCC algorithm 

incorporates a two-step-ahead prediction horizon to evaluate a cost function that minimizes the deviation between reference and 

predicted stator currents. The control signal is selected from a finite set of voltage vectors (VVs) provided by a two-level voltage source 

inverter (2L-VSI), and the optimal switching states combination is selected to ensure precise control and improved performance. The 

proposed framework is validated through comprehensive simulations conducted in the Simulink/MATLAB environment. The findings 

achieved superior disturbances rejection capabilities, and minimized steady-state error. Furthermore, the system highlights an effective 

performance and robustness against simultaneous extreme parameters variations, especially under full load for very low speed scenario.
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1 Introduction
Polyphase machines have attracted significant interest 
from researchers, manufacturers, and high power indus-
trial applications due to their ability to mitigate the inher-
ent limitations of traditional three-phase machines. By 
increasing the number of phases, these machines provide 
a more balanced distribution of power and current, thereby 
alleviating the limitations on switches and windings. 
Moreover, polyphase machines have numerous advantages 
not only minimize torque ripples but also reduce the peak 
amplitude of the generated torque, enhanced reliability, 
reduced rotor losses and improved efficiency, resulting in 
substantial improvements in dynamic performance [1, 2].

Classified as a six-phase induction machine (SPIM), 
the DSIM is one of the most widely used models, recog-
nized for its cost-effectiveness and the additional degrees 
of freedom it offers. However, its nonlinear structure pres-
ents major challenge for control, making the decoupling 
of torque and flux essential for achieving independent 

control. To ensure this, and also to achieve precision and 
control  for speed and torque, advanced  control techniques 
such as field-oriented control  (FOC) and direct torque 
control  (DTC) have been widely adopted  [3]. DFOC has 
emerged as an effective approach. This advanced control 
technique enables variable speed functionality through 
the use of a power electronics inverter. DFOC allows the 
DSIM to be controlled in a manner similar to separately 
excited DC motors, offering regulation of both speed and 
flux using conventional PI controllers [4, 5].

Unfortunately, these control methods often struggle to 
deliver precise tuning of PI controllers, leading to per-
formance degradation in the presence of external distur-
bances and parameter variations. As a result, the back-
stepping control (BSC) approach has been investigated in 
literature. Motivated by its success in three-phase induc-
tion motor applications [6, 7], the BSC has been extended 
and applied to DSIM  [4,  8], demonstrating improved 
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tracking performance and disturbances rejection capa-
bilities. Nevertheless, a notable disadvantage of this 
method remains in the complex gain adjustment process. 
In response to this challenge, sliding mode control (SMC) 
has gained attention. It  is a nonlinear control technique 
that uses a discontinuous control law to drive the system 
dynamics to slide into a predetermined switching sur-
face [9]. In [1] the SMC method was implemented on both 
a three-phase DSIM and a double open-winding induc-
tion motor (DOEWIM), with the aim of enhancing control 
precision and dynamic response across both topologies. 
In [10], a novel control scheme was proposed by combining 
indirect field-oriented control and third-order sliding mode 
control with the grey wolf optimization algorithm (IFOC-
TOSMC-GWO) for DSIM, yielding notable improvements 
in overshoot reduction and robustness over parameter vari-
ations. Despite its advantages, its main drawback is the 
chattering phenomenon, caused by the high-frequency 
switching nature of the control law. Consequently, this 
leads to undesirable effects such as torque pulsations, cur-
rent harmonics, and mechanical vibrations [11].

With the development in microprocessor technology, 
model predictive control (MPC) has evolved into a highly 
efficient and widely adopted control strategy for polyphase 
drive systems and power inverters. Unlike conventional 
techniques that require frequent tuning of PI controllers to 
address system uncertainties, MPC offers superior flexibil-
ity by allowing easy handling of nonlinear constraints such 
as significant internal and external disturbances [12, 13]. 
The  continuous-set model predictive control  (CS-MPC) 
faces challenges related to high computational demands 
and implementation complexity  [14]. To overcome these 
issues, the finite-set model predictive control (FS-MPC) 
was introduced, leveraging the discrete nature of the con-
verter's switching signals. FS-MPC operates by optimiz-
ing a cost function that calculates the deviation between 
the desired reference values and predicted future values 
at the next sampling time, the most optimized VV that 
achieves minimal errors is directly implemented to the 
inverter. This approach eliminates the need for modula-
tion, simplifying the control process [15, 16]. A compara-
tive study of FS-MPC and CS-MPC approaches for speed 
control of induction motor is implemented in [17].

Moreover, FS-MPC includes two main strategies: pre-
dictive torque control PTC and PCC, both designed to 
efficiently managing torque, flux, and motor speed. PTC 
directly regulates torque and flux, enabling faster torque 
response. The optimization process minimizes a cost 

function defined by torque and flux errors. However, 
because this cost function involves these variables with 
distinct physical units, determining appropriate weight-
ing factor can be complex and challenging, increasing sys-
tem design difficulty. In contrast, PCC adopts an indirect 
approach by controlling the stator currents to influence 
torque and flux. This approach simplifies the control pro-
cess through the elimination of weighting factor. By min-
imizing the error between reference and measured stator 
currents through an optimized cost function, PCC deter-
mines the optimal inverter switching states, ensuring accu-
rate current tracking and effective motor control  [18–23]. 
In [24], a multivariable generalized PTC was implemented 
for DSIM to minimize transient effects and mitigate mea-
surement noise. Moreover, enhance performance espe-
cially under parameters variations in no-load condition.

Furthermore, an experimental study of PTC and PCC 
was implemented in [25, 26], highlighting that PCC excels 
in efficiency with reduced computational time, minimal 
tuning requirements, reduced current harmonic distortion, 
and enhanced resilience to stator resistance uncertain-
ties. In contrast, PTC demonstrates superior performance 
in minimizing torque ripples and exhibits greater robust-
ness against variations in magnetizing inductance. Despite 
these distinctions, both approaches achieve comparable 
and high-performance. PCC approach is more commonly 
used for SPIM providing a simplicity, reliability and a high 
performance control alternative against limitations associ-
ated with weighting factor design, variable switching fre-
quency and high computation burden [27]. In [28, 29] PCC 
effect on current quality across different winding configu-
rations layouts of SPIM, mainly double three-phase (D3P), 
asymmetrical (A6P) and symmetrical (S6P) was explored.

In [30, 31], a double d-q modeling approach was pro-
posed as an alternative to the voltage space decomposi-
tion method. This strategy removes the requirement for 
weighting factor within the cost function, thereby simpli-
fying the control system's design. In [32] modulated PCC 
was implemented to achieve a fixed switching frequency, 
enhancing steady-state performance and reducing x-y cur-
rent components. A  simplified PCC algorithm was pro-
posed in [33], which effectively reduces the number of iter-
ations needed during the optimization process.

A tailored PCC strategy for nine-switch inverter (NSI)-
fed SPIM was implemented recently in  [34], optimizing 
winding configurations D3P and A6P to reduce x-y currents 
and maximize α-β voltage, comparing it with  FOC, and 
addressing post-fault performance under open converter 
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leg (OCL) conditions. However, as the complexity of the 
inverter rises, the number of possible VVs increase, lead-
ing to greater computational requirements, consequently 
contribute to larger current ripples, negatively impacting 
drive efficiency. Moreover, the requirement of fast digital 
processors can drive up costs, limiting industrial adoption 
if cost-effective implementation is not achievable [35, 36]. 

This paper proposes a robust PCC approach for a 
DSIM, integrated with DFOC, where rotor speed serves as 
the reference input variable. The algorithm incorporates 
a control law that optimizes a cost function by evaluating 
the errors between the measured and reference stator cur-
rents. Each stator set of the DSIM is powered by a 2L-VSI, 
renowned for its simplicity and reduced modulation 
requirements due to the limited number of semiconductor 
components. The 2L-VSI generates 23 which means 8 pos-
sible VVs, thereby reducing computational demands and 
cost. The primary contributions of the suggested approach 
are detailed in the following:

•	 Delivered a comprehensive evaluation of the sys-
tem's dynamic performance, highlighting precise 
trajectory tracking and disturbances rejection while 
maintaining stability. This approach characterized 
for its simplicity, by eliminating the need for sophis-
ticated design processes or weighting factor.

•	 Provided an in-depth analysis of the proposed 
approach, demonstrating its robustness and reli-
ability against combined extreme parameters mis-
matches, particularly under full load conditions for 
both high and very low speed reference operations.

This paper is divided into several sections as follows: 
First, Section 2 represents the mathematical modeling of 
DSIM in the d-q referential frame. Section  3 elaborates 
the DFOC strategy for DSIM. While, Section 4 describes 
the 2L-VSI and the possible VVs it generates. Section 5 
outlines the proposed of PCC algorithm applied for DSIM. 
Section  6 discusses the obtained simulation results and 
provides a technical comparative analysis between the 
proposed method and other approaches used in prior stud-
ies. Finally, conclusions are depicted in Section 7.

2 Mathematical modeling of the DSIM
The DSIM has two balanced three-phase stator wind-
ings: stator  1 and stator  2. The  magnetic axes of the 
stators are separated by an electrical angle δ(δ  =  30°). 
The  motor features a standard squirrel-cage rotor wind-
ing. Due to the distribution of its windings and its complex 

geometry, analyzing its exact configuration is challenging. 
Therefore, it is essential to adopt simplifying assumptions, 
such as assuming that the motor windings are distributed 
sinusoidally and neglecting magnetic circuit saturation. 
Both stators have identical parameters and feature a linear 
flux path [5]. In Fig. 1, the machine has two stator wind-
ing sets (as1, bs1, cs1) and (as2, bs2, cs2) shifted by δ, with iso-
lated neutral points and a three-phase squirrel-cage rotor 
(ar, br, cr). θ is the angle shift between the rotor and star 1, 
and (θ − δ) is the one between the rotor and star 2.

The electrical equations for modeling the DSIM in 
the d-q referential frame are [1, 37]:
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where, Vds1, Vqs1, Vds2 and Vqs2 are the d-q voltage compo-
nents of the dual stator three-phase systems. ids1, iqs1, ids2 
and iqs2 are the d-q stator current components of the dual 
stator systems. idr and iqr are the d-q current components of 
the rotor. Rs, Rr are the stator and rotor resistances. ωs is the 
speed of the synchronous reference frame, ωr is the rotor 

Fig. 1 Representation of DSIM windings in the d-q referential frame
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electrical angular speed. The stator and rotor flux compo-
nents Φds1, Φqs1, Φds1, Φds2, Φdr, and Φqr are expressed by: 

�
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where, Ls, Lr are the stator and rotor leakage inductances 
and Lm is the mutual inductance.

The electromagnetic torque is expressed by:
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The mechanical dynamic equation is expressed by:

J d
dt

C C Kem r f
�

�� � � , 	 (4)

where, P defines the number of pole pairs, J is the total 
moment of inertia, Kf denotes the viscous friction coeffi-
cient and Cr is the load torque.

Therefore, the model of DSIM in d-q subspace can be 
formulated as follows:
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With, x (t) = [ids1 iqs1 ids2 iqs2 idr iqr]
t expresses the state vector, 

u (t) = [Vds1 Vqs1 Vds2 Vqs2 Vdr Vqr]
t the control input vector, and 

y (t) = [ids1 iqs1 ids2 iqs2 idr iqr]
t the output vector of the system.

With, [A] =  [L]−1{−ωsl [A1] −  [D]}, [B] =  [L]−1 [B1]
 and 

ωsl = (ωs −ωr) is the slip speed.
The matrices L, A1, D, B1, and C are defined by:

L

L L L
L L L

L L L
L L L

L L L
L

� � �

1

1

2

2

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0

t m m

t m m

m t m

m t m

m m rt

m LL Lm rt0

�

�

�
�
�
�
�
�
�
�

�

�

�
�
�
�
�
�
�
�

	

A

L L L
L L L

1

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0

0 0 0

� � �

� � �
�

�

�

�
�
�

m m rt

m m rt

��
�
�
�
�

�

�

�
�
�
�
�
�
�
�

	

	

D

R D D D
D R D D

D R D D
L D R D

R

� � �

� � �

� � �

s m m

s m m

m s m

s m s m

r

1

1

2

2

0 0

0 0

0 0

0 0

0 0 0 0

��
00

0 0 0 0 0 Rr

�

�

�
�
�
�
�
�
�
�

�

�

�
�
�
�
�
�
�
� 	

B
1

1 0 0 0 0 0

0 1 0 0 0 0

0 0 1 0 0 0

0 0 0 1 0 0

0 0 0 0 0 0

0 0 0 0 0 0

� � �

�

�

�
�
�
�
�
�
�
�

�

�

�
�
�
�
�
��
�
�

	

C� � �

�

�

�
�
�
�
�
�
�
�

�

�

�
�
�
�
�
�

1 0 0 0 0 0

0 1 0 0 0 0

0 0 1 0 0 0

0 0 0 1 0 0

0 0 0 0 1 0

0 0 0 0 0 1
��
�

,	

where, L1t = (Ls + Lm), L2t = (Ls + Lm), Lrt = (Lr + Lm): are respec-
tively the total inductance of stator 1, stator 2 and rotor.

Moreover, D1 = ωsL1t, D2 = ωsL2t and Dm = ωsLrt.

3 DFOC strategy for DSIM
In an ideal DFOC scenario, the rotor flux linkage axis is pre-
cisely aligned with the d-axis, enabling precise and indepen-
dent control of both torque and flux, it follows that [38]:
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By substituting Eqs. (6) and (7) into Eqs. (1) and (2), the 
following is given:
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The rotor currents in terms of the stator currents are 
derived from Eq. (2) as follows:
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Substituting Eqs. (10) and (11) into Eqs. (8) and (9), obtain:
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Furthermore, the substitution of  Eqs. (6) and (7) into 
Eq. (3), the electromagnetic torque is given by:
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The two stator's windings are identical, so the powers 
provided by this two windings system are the same, hence: 
i ids ds1 2

� ��  and i iqs qs1 2

� �� .

3.1 Determining of speed controller parameters
The speed control loop is a crucial component of this con-
trol system [37]. It manages the speed through an external 
loop, and the output of the regulator determines the refer-
ence electromagnetic torque Cem

∗ , as shown in Fig. 2.
The speed loop's PI controller transfer function is 

given by:
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where, Kps: is the proportional gain and Kis: is the integral 
gain, both are the parameters of the PI controller to be 
determined, and S is the Laplace operator.

The drive system's closed-loop transfer function is 
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With the rotor electrical time constant of the system, 
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defined by:
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where, the maximum adopted torque for the DSIM is 
Cem
max = 40 Nm .

3.2 Rotor Flux estimation
By substituting Eq. (2) into Eq. (1), the rotor flux's compo-
nents can be estimated by:
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where the rotor flux amplitude is given by:

� � �rest drest qrest� �2 2 	 (20)

3.3 Determining of the flux controller parameters
The diagram of the flux control loop is provided in Fig. 3, 
and its closed-loop transfer function is expressed as:
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Fig. 2 Speed control loop Fig. 3 Flux control loop
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4 Inverter model
Each 2L-VSI independently supplies one of the dual sta-
tors winding sets of the DSIM, both connected to a shared 
DC bus constant voltage source. For high-power applica-
tions, semiconductor devices such as IGBTs or thyristors 
are used. The operating principle involves modulating the 
voltages applied to the stator windings through specific 
switching sequences. The  generated voltages are deter-
mined by the states of the power converters legs, denoted 
as Sij, where i = a, b, c and j = 1, 2. Sij = 1 identifies that the 
upper switch is activated and the lower switch is disabled, 
while Sij = 0 means the opposite case. The switches operate 
in bipolar mode, with control signals directing the inverter 
output, as shown in Fig. 4 [39]. The voltages supplied to the 
first set of windings of the DSIM are expressed as:
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Similarly, the voltages supplied the second set of wind-
ings are given by:
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The 2L-VSI has double switches per phase, resulting in 
eight possible switching states (23 = 8) as in Table 1 [16]. 
Although the switching combinations for both inverters 
are identical, but the phase shift ensures that the second 
star's VVs are appropriately displaced in time as shown in 
Fig. 5. Two switching states, {Sas1,2, Sbs1,2, Scs1,2} = {0, 0, 0} 

and {Sas1,2, Sbs1,2, Scs1,2} = {1, 1, 1} are null VVs that effec-
tively short-circuit the output, resulting zero voltage.

5 Proposed robust PCC application for DSIM
In this section, the structure of the suggested robust PCC 
approach for DSIM under DFOC is described , as shown 
in Fig. 6, where the superscript * represents the reference 
values. The control process begins with the measurement 
of stator currents and voltages, followed by the estima-
tion of the machine's stator and rotor flux, both reference 
and measured values are rotated into the stationary α-β 
frame utilizing the inverse Park transformation and Clarke 
transformation. These flux estimations are then used by 
the algorithm model to predict the behavior of control 
variables over a two-step horizon (k + 2) for all possible 
switching states. The most appropriate optimized VV is 
then chosen by optimizing the cost function that aligns the 
predicted currents with the reference values, determining 
the switching state to be applied in the next sampling time. 

The PCC algorithm is structured around three main 
stages: estimation, sub-space current prediction, and opti-
mization of the cost function, which are outlined in these 
subsequent subsections [28, 29].

5.1 Estimation
The non-measured rotor and stator values are calculated 
using forward Euler discretization which can be described 
as follows:

dx
dt

x x
T

k k

s

�
��1

, 	 (25)

where, Ts is the sampling time.

Fig. 4 The topology of the 2L-VSI

Table 1 The possible switching states for a 2L-VSI

V0 V1 V2 V3 V4 V5 V6 V7

Sas1,2 0 1 1 0 0 0 1 1

Sbs1,2 0 0 1 1 1 0 0 1

Scs1,2 0 0 0 0 1 1 1 1

Fig. 5 Output space possible voltage vectors
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In the stationary α-β frame where ωs = 0, the estimated 
stator and rotor fluxes can be obtained using Eqs. (1) and 
(2) from Eqs. (26) and (27) respectively, as follows:
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.

5.2 Prediction step
The one step ahead α-β currents are predicted based on 
stator and rotor corresponding dynamic equations by 
using the estimation step provided by Eqs. (26) and (27) 
and the measured stator voltage and current as defined by:
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The two step-ahead (k + 2) prediction is defined by con-
sidering the computational delay caused by the controller, 
as follows [15]:
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5.3 Optimization step
Lastly, the optimization process involves selecting the 
optimal VV from the predefined subset of possible VVs. 
The control algorithm evaluates each vector using the cost 
function defined in Eqs. (30) and (31) and determines the 
one that minimizes this function, ensuring the best possi-
ble control action.

g i i i ik k
1 1 1

2
2

1 1

2
2

� �� � � �� �� �
� � � �
* * 	 (30)

g i i i ik k
2 2 2

2
2

2 2

2
2

� �� � � �� �� �
� � � �
* * 	 (31)

where, i��1
�  and i�� 2

�  are the α-β reference values derived 
from the specified torque and flux references.

With: V g V V VSopt
k

1 2 1 2 1 2

1

0 7, , ,
argmin , ,� � � �� �� �� .

Fig. 6 General scheme of the proposed approach composed by an outer DFOC based speed and flux loops and an inner PCC loop for DSIM
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6 Simulation results 
To evaluate the effectiveness of the proposed PCC 
strategy, a comprehensive simulation study was car-
ried out in the Simulink/MATLAB environment  [40]. 
The  DSIM's parameters used are provided in Table A1 
in the Appendix. A sampling time of Ts = 10 μs was cho-
sen to ensure adequate resolution and accuracy in captur-
ing system's dynamic behavior under various challenging 
scenarios. Moreover, the suitability and efficiency of the 
proposed robust PPC are evaluated in contrast to the pre-
vious control approaches applied for DSIM.

6.1 Tracking performance and disturbance rejection
For the first set, while operating under fixed param-
eters, the system is tested under reference speed of 
Ω* = 300 rad/s, which is reversed to −300 rad/s at t = 3.5 s. 
Starting at  t = 1.5 s, a nominal load torque of 14 N.m is 
introduced, the flux amplitude is kept constant at 1 Wb.

Fig. 7 illustrates that the speed promptly reaches the refer-
ence value at t = 0.53 s. When the load torque is introduced 
at t = 1.5 s, the speed experiences a minor drop but quickly 
recovers to the desired target after 0.005 s, demonstrating the 
PCC algorithm's effectiveness in rejecting disturbances and 
ensuring rapid convergence to the desired value. At t = 3.5 s, 
the control strategy achieves a quick deceleration for the 
speed reversal tracking, reaching −300 rad/s by  t = 4.19 s, 
highlighting the system's dynamic response. Figs. 8 and 9 
show the DSIM's electromagnetic torque which initially 
reaches a peak value of 39.3 N.m and achieves steady-state at 
t = 0.53 s, settling to zero as the motor operates without load. 
Starting from t = 1.5 s the motor's output torque increases to 
accommodate the applied load. Upon the reversal of speed, 

the torque reaches its maximum and then adjusts to match 
the estimated load torque at t = 4.19 s, confirming the con-
troller's capability to handle dynamic changes effectively. 

Fig. 10 presents the stator currents, which reach a peak 
value of 16.5 A during transient state. The currents increase 
during load application and speed reversal, reaching mag-
nitudes similar to those observed during start-up phase, 
while ensuring a high-quality sinusoidal waveform. Fig. 11 
demonstrates that the rotor flux's direct-axis Φdr accurately 
tracks the target value of 1 Wb throughout the process, effec-
tively rejecting perturbations. The quadrature-axis rotor flux 
component Φqr remains null, confirming the accurate orien-
tation and decoupling provided by the DFOC.

Fig. 12 depicts the tracking speed error of the sug-
gested control strategy which converges to zero over time, Fig. 7 Speed trajectory tracking response under load condition

Fig. 8 Electromagnetic and load torque

Fig. 9 Tracking response of the electromagnetic torque
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the system exhibits an overshoot of 0.0032 rad/s in no-load 
condition and an overshoot of less than 0.006 rad/s from 
t = 1.5 s.

Table 2 shows the quantitative resume of PPC's perfor-
mance under nominal external disturbance and speed rever-
sal test. The modest overshoot of 0.03 rad/s observed during 
reversal operation is a consequence of the abrupt change in 
rotational direction, which generates transient electromag-
netic fluctuations, resulting in a slight increase in electro-
magnetic torque, stator current, and rotor flux ripples values 
to 0.32 N.m, 0.13 A, and 0.00012 Wb, respectively.

6.2 Robustness test 
In this section, considering that the parameters of the 
DSIM are often linked to the machine's operating con-
ditions (such as heating, load variations, magnetic cir-
cuit saturation, skin effect, etc.), it is crucial to evaluate 
the system's drive robustness under extreme significant 
electrical and mechanical parameters variations from 
their nominal values: 75% reduction in mutual induc-
tance (Lm = 0.0918 H), 150% increase in stator resistance 
(Rs = 9.3 Ω) and augmenting the total inertia moment by 
100 times (J = 6.25 kg.m2). The system is simulated under 
Ω*  =  150  rad/s with both individual and simultaneous 
parameters variations. Moreover, combined parameters 
variations are tested under Ω* = 10  rad/s for a very low 
speed scenario. All tests are conducted at full load torque 
of 14 N.m introduced starting at t  = 1.5  s. Variations in 
parameters were implemented progressively with a slope 
of 60° starting at t = 2 s. Fig. 13(a) illustrates a 75% reduc-
tion in mutual inductance from the nominal value.

Fig. 13(b) shows the rotor speed tracks the target value 
of 150  rad/s, a slight dip was observed at t  =  1.5  s due 
to 14  N.m load torque application. At t  =  2  s, the rotor 
speed experiences a minor drop due to parameter variation 
but stabilizes near the reference with a small overshoot of 
0.023 rad/s. Fig. 14 shows that at t = 1.5 s, fluxes norms 
experience a transient due to the applied load torque but 
recover quickly. Following the 75% reduction in Lm, Φdr 
drops slightly with minimal overshoot before stabilizing, 
while Φqr deviates persistently from zero, indicating slight 
flux decoupling deterioration. This demonstrates minor 

Fig. 10 Stator currents

Fig. 11 Fluxes norms

Fig. 12 Speed error response

Table 2 Quantitative resume of PCC's performance under nominal 
disturbance and speed reversal

Cr
(N.m)

Ω*

(rad/s)
Overshoot

(rad/s)

Torque
ripples
(N.m)

Current
ripples

(A)

Flux
ripples
(Wb)

14 300 0.006 0.29 0.08 0.00011

14 −300 0.03 0.32 0.13 0.00012
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PCC's sensitivity to severe Lm variation, typically caused 
by magnetic saturation, which also affects the reference 
currents, degrading control accuracy.

Fig. 15 shows the increase of Rs by 2.5 times from the 
nominal value. This increase typically caused by wind-
ing temperature variations, results in a negligible speed 
reduction with insignificant impact on the performance, 
as depicted in Fig. 16(a). Similarly, Fig. 17(a) illustrates the 
increase of J by 100 times from the nominal value, leading 
to unaffected speed with reduced oscillations, as shown in 
Fig. 17(b). The flux norms in Fig. 16(b) and Fig. 17(c) also 

demonstrate insensitivity to these variations, despite the 
drop at t = 1.5 s due to the load torque application. These 
observations highlight the system's exceptional stability 
despite severe variations in Rs and J. 

Fig. 18(a) illustrates the speed trajectory tracking under 
combined parameters variations under Ω*  =  150  rad/s. 
At  t  =  1.5  s, the nominal torque application introduces a 
transient response, but the system recovers to accurately 
track the desired speed value. Following the parame-
ters variations introduced at t  =  2  s, the speed exhibits a 
slight overshoot but successfully rejects the perturbations 
and recovers gradually over time. The corresponding elec-
tromagnetic torque in Fig.  19(a) exhibits a steady behav-
ior, where the measured torque closely tracks the applied 

(a)

(b)

Fig. 13 Simulation results of reducing the mutual inductance by 75% 
from the nominal value under Ω* = 150 rad/s, (a) signal variation of 

−75% Lm, (b) speed trajectory tracking

Fig. 14 Fluxes norms results of −75% Lm under Ω* = 150 rad/s

Fig. 15 Signal variation of +150% Rs
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load torque. In Fig. 20, for the very low speed  scenario  a  
slightly   higher   sensitivity is observed  to the parameters 
variations, resulting in a marginally greater impact on the 
overshoot. Nevertheless, as shown in Fig.  21(b), the elec-
tromagnetic torque remains stable and the minimal ripples 
identified highlights the PCC's efficient capability to effec-
tively overcome the applied perturbations. Fig.  18(b) and 
Fig. 21(a) depict the speed tracking errors under the influ-
ence of both the torque application and parameters varia-
tions. The errors converge toward zero over time, with final 
values of approximately 0.014 rad/s for the first test and 
0.017 rad/s for the second one. These results demonstrate the 
PCC's robustness and the capacity to reject perturbations 

(a)

(b)

Fig. 16 Simulation results of increasing the stator resistance by 150% 
from the nominal value under Ω* = 150 rad/s, (a) speed trajectory 

tracking, (b) fluxes norms

(a)

(b)

(c)

Fig. 17 Simulation results of increasing the total inertia moment 
100 times from the nominal value under Ω* = 150 rad/s, (a) signal 

variation of + 100 times J, (b) speed trajectory tracking, (c) fluxes norms
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effectively and ensure precise speed tracking even under 
the compounded effects of load application and significant 
parameters variations. The stator currents in Fig. 19(b) and 
Fig. 21(c), in both scenarios evolve in response to the appli-
cation of load torque starting from t = 1.5 s. Then, the stator 
current exhibit a gradual increase in consumption due to 
the combined parameters variations of −75% Lm, +150% Rs 
and +100 times J. Furthermore, the 120° phase difference 
between the currents is maintained throughout, ensur-
ing stable and consistent waveform characteristics despite 
the perturbations. The fluxes norms in both Fig. 19(c) and 
Fig. 22 exhibit a transient response induced by the applied 

(a)

(b)

Fig. 18 Simulation results of combined variations, −75% Lm, +150% Rs 
and +100 times J under Ω* = 150 rad/s, (a) speed response tracking, 

(b) speed error

(a)

(b)

(c)

Fig. 19 Simulation results of combined variations, −75% Lm, +150% Rs 
and +100 times J under Ω* = 150 rad/s, (a) electromagnetic and load 

torque, (b) stator currents, (c) fluxes norms
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load torque and the subsequent combined parameters varia-
tions. Despite these perturbations, the flux norms gradually 
recover and stabilize at their reference values. However, the 
quadrature-axis rotor flux demonstrates a persistent slight 
deviation nearly −0.06 Wb, indicative of minor flux decou-
pling degradation attributed to the variation in Lm. 

The effectiveness of the proposed method under extreme 
combined parameters uncertainties for wide  range speed, 
which is the second objective of this study, is highlighted 
through an in-depth resume analysis presented in Tables 3 
and 4. Furthermore, despite a slight increase particularly 
in current and flux ripples by 0.21  A and 0.00034  Wb,  
respectively which are observed for the very low speed 
tracking of 10 rad/s . The robust PCC guarantees powerful 
performance for various scenarios. 

6.3 Comparative analysis
In this section, a comparative analysis is provided between 
the proposed method and recent approaches that have been 
investigated in the technical literature to improve DSIM’s 
performance under challenging conditions, as summa-
rized in Table 5. The conventional BSC strategy presented 
in [8] achieved a faster dynamic response compared to the 
traditional rotor field-oriented control (RFOC). However, 
this came at the expense of increased torque, current, and 
flux ripples, which negatively affected overall system sta-
bility and precision. In  [4], an adaptive BSC integrated 
with an extended kalman filter (BSC-EKF) was pro-
posed to enhance robustness by estimating speed, flux, 
and torque. While this approach improved adaptability to 
parameter uncertainties, it suffers from electromagnetic 

Fig. 20 Speed trajectory tracking under combined variations, −75% Lm, 
+150% Rs and +100 times J for a very low speed under Ω* = 10 rad/s

(a)

(b)

(c)

Fig. 21 Simulation results of combined variations, −75% Lm, +150% Rs 
and +100 times J for a very low speed scenario under Ω* = 10 rad/s, 

(a) speed error, (b) electromagnetic and load torque, (c) stator currents
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torque fluctuations, current oscillations, and exhibited 
a high sensitivity to observer tuning. The novel hybrid 
IFOC-TOSMC-GWO strategy was introduced in [10] 
demonstrates superior tracking accuracy, robustness and 
ripples suppression compared to conventional IFOC-SMC 
technique. Nevertheless, its implementation remains com-
putationally intensive, and the optimization algorithm 
requires complex tuning of numerous parameters.

In contrast, the robust PCC approach proposed in this 
study offers well-balanced advantages. It provides strong 
disturbance rejection and consistent performance across 
a broad speed range, including very low-speed operation, 
while handling severe variations in electrical and mechan-
ical parameters. The PCC demonstrates better results com-
pared to works presented in [4, 8, 10], without relying on 
complex design algorithm or weighting factor. This simplic-
ity aligns with the main goal of the study. While its main 
limitation lies in sensitivity to system modeling, this can 
impact control accuracy and potentially lead to instability.

7 Conclusion 
This paper investigates a comprehensive analysis of a 
robust PCC strategy application for a DSIM, highlighting a 
compelling alternative to conventional control methods due 
to its inherently simpler design. The approach leverages a 
two-step-ahead prediction algorithm to effectively over-
come time delays. Optimal switching VVs for the 2L-VSI 
are determined by minimizing a cost function that accounts 
system constraints. Moreover, flux and electromagnetic 
torque decoupling are preserved through the integration of 
DFOC. Compared to previous control methods presented 
in  [4, 8, 10], the proposed approach offers several advan-
tages, ensures precise trajectory tracking, achieves a 60% 
improvement in disturbance rejection under nominal con-
ditions and exhibits faster dynamic response. The robust 

Fig. 22 Fluxes norms under combined variations, −75% Lm, +150% Rs 
and +100 times J for a very low-speed scenario under Ω* = 10 rad/s

Table 3 Quantitative resume of PCC's performance under individual 
parameters uncertainties

Parameter 
variation

Cr
(N.m)

Ω*

(rad/s)
Overshoot

(rad/s)
Flux ripples

(Wb)

−75% Lm 14 150 0.023 0.00014

+150% Rs 14 150 0.0133 0.00014

+100 times J 14 150 0.0133 0.00015

Table 4 Quantitative resume of PCC's performance under combined 
parameters uncertainties

Metric Combined 
variations

Combined
variations

Ω* (rad/s) 150 10

Cr (N.m) 14 14

Overshoot (rad/s) 0.014 0.017

Torque ripples (N.m) 0.33 0.36

Current ripples (A) 0.13 0.21

Flux ripples (Wb) 0.00016 0.00034

Table 5 A comparative analysis of the proposed method with previous approaches applied for DSIM

Publication
reference Approaches

Dynamic 
response

(s)

Overshoot 
(rad/s)

Torque 
ripples 
(N.m)

Current 
ripples

(A)

Flux
ripples 
(Wb)

Sensitivity 
to external 

disturbances
Robustness 

Model 
changes 
response

[8] RFOC 0.42          High High High High High  Very low   Sensitive  

[8] BSC 0.17 Low Medium Medium Medium Low Medium Medium

[4] BSC-EKF 0.33 Very low Medium Medium Medium Very Low High Sensitive

[10] IFOC-SMC 0.226 0.4 2.99 1.2343  0.0126 Low Medium    Medium

[10]
IFOC-

TOSMC-
GOW

0.2015 0.015 0.46 0.221 0.0025 Very low High Sensitive

Proposed Robust PCC  0.195 0.006 0.29 0.08 0.00011 Robust Robust Sensitive
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PCC significantly reduces ripples effect of  electromagnetic 
torque,  stator currents, and rotor flux by 36.95%, 63.8%, 
and 95.6%, respectively. Furthermore, the robustness of the 
demonstrated technique has been validated under severe 
simultaneous electrical and mechanical parameters mis-
matches, even −75% in Lm,+150% in Rs, and +100 times J. 
The strategy remains effective and demonstrates satisfac-
tory performance across a wide range of mechanical speed 
reference, from high to very low at full load condition. 

Future extensions of this study include experimental val-
idation of the proposed method, integrating nonlinear con-
trollers to overcome limitation of PI controllers to improve 
control flexibility, and examining the system's behavior 
under fault conditions.
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Table A1 DSIM parameters

Parameter Value 

Pn : Nominal power 4.5 kW

Vn : Nominal voltage 220 V

f : Frequency 50 Hz

N : Nominal Speed 3000 rpm

Lm : Mutual inductance 0.3672 H

Lr : Rotor leakage inductance 0.006 H

Ls : Stators leakage Inductance 0.022 H

Rs : Stators resistance 3.72 Ω

Rr : Rotor resistance 2.12 Ω

Kf : Viscous friction coefficient 0.001 N.m.s/rad

J : Total inertia moment 0.0625 kg.m2

P : Number of pole pairs 1

Vdc : DC bus voltage 600 V
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