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ABSTRACT 

This study proposes a fault-tolerant method for controlling multilevel inverters using predictive control 

strategies to tackle semiconductor valve open circuit problems, making a substantial step towards ensuring 

smooth functionality and sustained performance. The proactive error detection mechanism, based on 

analyzing differences between the output voltage and the H-bridge control signals, offers a sophisticated 

approach to fault management. With an advanced SVM voltage modulation algorithm, the system 

efficiently handles potential faults by optimizing switching combinations to achieve standard voltage 

vectors. This method ensures maximum output voltage and maintains balanced operation across three 

phases, resulting in an optimal operational state. The viability and effectiveness of the proposed solution 

are conclusively established through a comprehensive analysis and rigorous testing. MATLAB simulations 

confirmed the integrity of the proposed method, demonstrating its ability to accurately address current, 

torque, and speed requirements. The findings highlight the competence of multilevel inverters in practice, 

presenting them as user-friendly, secure, and capable of meeting diverse quality standards. 

Keywords-MPC; IM; FOC; cascaded H-bridge; SVM 

I. INTRODUCTION  

This study examines a motor powered by a multi-level 
inverter and controlled deploying the vector method based on 
rotor flux and direct torque. The multilevel inverter plays a 
crucial role in the structure of this drive system, controlling its 
speed, torque, and position and ascertaining the necessary 
performance quality [1-3]. This is a research field that attracts 
the interest of scientists who explore advanced and intelligent 
control solutions. Multilevel inverters facilitate the use of small 
semiconductor devices, improving accessibility in the device 
thermal design process and providing an output voltage with 
low total harmonic distortion and dv/dt voltage variation rate 
[4-6]. However, the employment of multilevel inverters 
requires significant computational time, complexity, and 
extended durations for hardware and software development [7]. 
Furthermore, as the number of levels increases, the probability 
of failure in one or more semiconductor valves also increases, 
accounting for 38% of the errors in multilevel inverters [8-10]. 
In a multilevel inverter failure, the protective device 
disconnects it from the power grid, halting the motor [11]. 
Abrupt engine stopping can lead to issues such as water 
hammer in high-head pumping systems [12]. The prolonged 

operation of a faulty multilevel inverter can lead to an 
unbalanced output voltage, posing a risk to the motor [13]. 
Therefore, a fault-tolerant control solution with swift, reliable, 
and efficient computation time is essential. 

MPC helps to address lingering issues of space vector 
modulation, such as optimizing the switching frequency as 
simultaneous cutting and suppressing of standard mode voltage 
is unattainable [14-15]. Moreover, to improve the reliability of 
the proposed solutions in multilevel inverter control, 
considering semiconductor valve failures is crucial. The 
relevance of these solutions in theoretical and practical research 
is evident in medium-pressure transmission systems and high-
capacity motors [16-18]. In light of these advancements, 
integrating fault-tolerant control mechanisms becomes 
paramount to ensure the stability and longevity of power 
systems relying on multilevel inverters. By incorporating 
predictive control strategies, such as MPC and FCS-MPC, 
operators can mitigate the risks associated with inverter failures 
as well as optimize system performance and efficiency. The 
adaptability and versatility of these control methods make them 
well-suited for a wide range of applications, from high-head 
pumping systems to medium-pressure transmission setups. 
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Continuing research and development in this area will be 
instrumental in shaping the future of multilevel inverter 
technology and its applications in various industrial sectors 
[19].  

This study proposes a strategy to address open circuit issues 
in semiconductor valves implementing a novel model 
predictive control algorithm to enhance the reliability of an 
asynchronous motor drive system powered by a cascaded H-
bridge inverter [20-22]. The system proactively identifies errors 
by comparing the output voltage with the control signal of each 
H-bridge, employing an enhanced SVM voltage modulation 
algorithm. By analyzing the impact of faulty H-bridges, an 
optimal switching combination is chosen to generate the 
standard voltage vector, achieving objectives, like maximum 
output voltage, balanced three-phase operation, and optimal 
standard mode. Subsequently, this study evaluates the effects of 
errors, with and without the predictive control algorithm for 
error correction. The results demonstrate a significant 
improvement in system performance by applying the novel 
model predictive control algorithm, effectively reducing open 
circuit issues in semiconductor valves [23]. The enhanced 
SVM voltage modulation algorithm plays a crucial role in error 
detection and correction, leading to enhanced reliability and 
efficiency of the asynchronous motor drive systems. In general, 
the suggested strategy exhibits promising results in mitigating 
errors and optimizing the operation of a cascaded H-bridge 
inverter [24]. This study presents two main advancements in 
managing medium-voltage transmission systems for 
asynchronous motors using multi-level H-bridge inverters: 

 Initially, an enhanced predictive controller is devised to 
confine the common mode voltage, optimize the switching 
frequency, and operate seamlessly even in semiconductor 
valve malfunctions within the rotary transmission system. A 
multilevel H-bridge inverter fuels the asynchronous 
direction. 

 Furthermore, both the simulation and experimental results 
showcase the efficacy of the enhanced predictive controller 
in an AC drive system concerning speed, torque, and 
current responses. The proposed method is validated 
through practical models, affirming its applicability in the 
real world. This contribution facilitates the practical 
implementation of multilevel inverters, making the process 
straightforward, secure, and capable of meeting various 
quality standards. 

The findings of this study can help engineers design and 
operate medium-voltage electric drive systems with motors 
powered by multilevel inverters under fault conditions. 
Specifically, the proposed solution can enhance the reliability 
of the AC transmission system. The results were validated 
through experimental models that illustrate practical feasibility. 
This study helps simplify, secure, and meet various technical 
needs when applying multilevel inverters, providing valuable 
insights for engineers working on medium-voltage electric 
drive systems, and offering a robust solution to improve system 
reliability and performance under fault conditions. In general, 
this study contributes to the advancement of electric drive 
systems and multilevel inverter technology, offering practical 
benefits to engineers and practitioners in the industry. 

II. THE DISCRETE MODEL OF AN INDUCTION 

MOTOR 

The asynchronous motor is controlled using Flux-Oriented 
Control (FOC). Based on [19], the system of equations in (1) 
describes the asynchronous squirrel cage rotor written on the 
dq coordinate system. This method allows precise control of 
the motor's speed and torque, making it suitable for various 
industrial applications. Additionally, the FOC control method 
offers improved efficiency and performance compared to 
traditional control techniques. 

⎩⎪⎪
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⎪⎪⎧
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��� + 
����� � ��� + 
����� ���′ + 
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��� ��������	 = − � 
��� + 
����� � ��� − 
��� ����′ + 
����� ���′ + 
��� ���
����′�	 = 
�� ��� − 
�� ���′ − ����′
����′�	 = 
�� ��� + ����′ − 
�� ���′
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The rotor flux reciprocation angle �� , when the angular 
speed �� of the rotor flux is known, is calculated using: 

�� = � ��	 → �� = ��" + # ��. %&	"   (2) 

The motion equation is represented by: 

'( = '� + )*+ . �,�	     (3) 

The moment equation is expressed by: 

'( = -. �/0�� 1*���′ ��2    (4) 

Considering a case when there is an error. For the system to 
continue working, it is necessary to detect the error, restructure 
the system, and perform modulation with the new structure. For 
transmission systems, when a semiconductor valve error 
occurs, the output voltage of the multilevel inverter will change 
(decrease). Thus, for the transmission system to continue 
working safely or stop actively, it is necessary to change the 
amount set to the engine. Based on the condition of constant 
overload capacity and ignoring stator resistance, the following 
relationship is extracted: 

3′434 = 5′454 . 6(′( = ,′, 6(′(     (5) 

where 78, ', and � are the voltage, torque, and motor speed, 

respectivelly, when the power supply frequency is 98. 7′8, '′, 
and �′ are the voltage torque and motor speed when the power 
supply frequency is 98. Thus, with the maximum voltage that 
the inverter can modulate (6), the maximum speed that the 
motor can achieve for the blower load is (';~�.). 

�>634/?@34A BCD     (6) 

where 78E  and �E  are the voltage amplitude on the stator 
phase and the motor speed when working in rated mode, and 78BCD  is the maximum voltage amplitude on the phase that the 
inverter can modulate. Proceeding to discretize (1) by 
approximating the signal, the system of equations for the 
intermittent state model of the IM motor is written as: 
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�����	 F ���GHI
J����GHJ� ,  �����	 F ���GHI
J����GHJ�  (7) 

����′�	 F ���M GHI
J����M GHJ� , ����′�	 F ���′ GHI
J����′ GHJ�  (8) 

The equations that predict the stator current �� and the rotor 
flux �� at time k+1 are written as : 

⎩⎪⎪
⎨
⎪⎪⎧ ���(N + 1) = �1 − ���� − P 
����� � ���(N) +   

 P 
����� ���Q (N) + P 
��� �(N)���Q (N) + P 
��� ���(N) 
���(N + 1) = �1 − ���� − P 
����� � ���(N) −

P 
��� �(N)���Q (N) + P 
����� ���Q (N) + P 
��� ���(N)
  (9) 

The rotor flux quasi-coordinate system is written as: 

R���Q GNJ = ��� ���GN − 1J + �1 − ���� ���Q GN − 1J
S�GNJ = S�GN − 1J + P T ��UGH�
J��.��VM GH�
J � �GN � 1JW

 (10) 

III. DESIGN MODEL PREDICTIVE CURRENT 

CONTROLLER  

Figure 1 depicts the predictive control structure with a 
multilevel inverter powering the asynchronous motor, 

combined with error detection and handling, built according to 
the rotor flux-like control principle. Figure 1 portrays an 
enhanced FCS-MPC control structure encompassing additional 
objectives, involving common mode voltage suppression and 
switching optimization. In addition, the multilevel inverter 
combines the strategy of detecting and handling errors when 
the voltage drops. At the same time, this control structure needs 
to adjust the flux and torque controller as required. The stator 
current controller ensures the smallest current deviation 
through the objective function. 

The FCS-MPC controller for an 11-level load-connected 
inverter system with an asynchronous motor has the following 
objective function: 

X" 
 :��∗ GN � 1J � ��GN � 1J=. � Z��∗ GN � 1J �
��GN � 1J[.

     (11) 

where Z��∗ GN � 1J; ��∗ GN � 1J[ is the value of the components of 

the reference current, Z��GN � 1J; ��GN � 1J[ is the value of the 

components of the predictive current GN � 1J, and P�  is small 

enough, thus ��∗ GN � 1J F ��∗ GNJ and ��∗ GN � 1J F ��∗ GNJ. 

 

 

Fig. 1.  The control structure of the improved FCS-MPC algorithm for the multilevel inverter system connected to the motor load. 

In the objective function (11), each potential voltage vector 
of the system will be evaluated. The 11-level H-bridge 
cascading inverter comprises a total of 331 standard voltage 
vectors. Consequently, (1) will be assessed 331 times during 
each sampling cycle. The inverter's modulation will include the 
voltage vector that minimizes the objective function. 
Subsequently, the valve switching state is determined to 
achieve the desired output voltage vector based on the H-
bridge's modulation involvement. Therefore, this meticulous 

evaluation ensures that the optimal voltage vector is selected to 
drive the inverter's modulation, leading to precise control over 
the switching state of the valves. The system can achieve the 
desired output voltage vector with high accuracy and efficiency 
by iteratively analyzing the potential voltage vectors and 
selecting the one that minimizes the objective function. This 
systematic approach forms the backbone of the H-bridge 
cascading inverter's modulation strategy, allowing for effective 
control and regulation of the output voltage to meet the 
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system's specific requirements. However, to streamline the 
calculation of 331 standard voltage vectors, the FCS-MPC 
predictive controller integrates an additional objective function 
that focuses on common mode voltage suppression and 
structural switching optimization. This added function boosts 
the controller's performance by efficiently handling standard 
mode voltages and optimizing structural switching patterns. By 
integrating these aspects into the control strategy, the controller 
can effectively reduce the computational load linked to 
numerous standard voltage vectors, thus enhancing overall 
system efficiency and performance. The proposed objective 
function for the enhanced MPC control method for a multilevel 
inverter with a cascaded H-bridge structure is: 

X 
 X" � ]^BX
 � ]�_X.   (12) 

where ]^B is the weight of common mode voltage suppression, 
and ]�_ is the weight of the switching optimization. Thus, the 
objective function includes three requirements: 

 Optimizing the difference between the set current and the 
predicted current is performed by following (12). 

 Common mode optimization is performed by:  

X
 
 |abAGHJ|
cV+

     (13) 

where deEGNJ is the common-mode voltage at the k. 

 Switching optimization is performed by X.: 

X. 
 |NfGNJ � NfGN � 1J| � |NgGNJ � NgGN � 1J| � 

        |N;GNJ � N;GN � 1J|   (14) 

where Nf, Ng, and N; is the three-phase output voltage level 
of the inverter. 

These weights are used according to the algorithm shown in 
Figure 2. In case a semiconductor valve error occurs, for the 
controller to continue working, it is necessary to detect the 
error, restructure the cascading H-bridge multilevel inverter 
circuit, and eliminate the faulty voltage vectors by relimiting or 
setting the amount of the input quantity. The proposed method 
detects the error location based on the abnormality of the 
output voltage on the H-bridge. The output voltage of the H-
bridge is measured, normalized, and then compared with the 
corresponding control signal. These two signals are observed 
responding to that demand. When there is an abnormal 
deviation beyond the given conditions, the H-bridge is 
considered faulty and needs to be removed from the system to 
maintain stability. Figure 3 illustrates a block diagram of error 
detection. 

Figure 3 presents the block diagram of the CHB-MLI open 
circuit fault detection method. The actual output voltage 

hij	_^lmm_�   of the ith
 H-bridge is measured for normalization. 

The normalized output signal ĥ _^lmmD  is compared with the 

conditioning signal no^lmmD  (voltage level on the bridge 
according to modulation) of that H-bridge. When monitoring 
two signals, if the conditions of the two counters P1 and P2 are 
exceeded, the fault signal is set to 1, and the H-bridge is 
considered faulty and is removed. 

 

Fig. 2.  Algorithm flowchart for implementing the FCS-MPC method. 

 

Fig. 3.  Block diagram of error detection. 

IV. SIMULATION RESULTS 

A. Simulation Results in the Case of No Semiconductor Valve 
Error 

The correctness and efficiency of the improved MPC 
algorithm were examined for a three-phase 11-level H-bridge 
cascade inverter supplying power to the motor connected to the 
blower and elevator loads. The simulation scenarios were 
verified by simulation in MATLAB-Simulink. The simulation 
was performed with sampling cycle P 
 50  μs and inertial 
moment of the IM motor s = 10 kg.m

2
. 

1) Simulation with Fan Load 

The simulation scenario includes the stages of motor 
magnetization, acceleration, and stabilization. Table I discloses 
the setting values for the flux and speed controllers. 

TABLE I.  SETTING VALUES FOR THE FLUX AND SPEED 
CONTROLLERS 

Time (s) 0 0.7 

Flux reference 7.4  

Speed reference 0 1470 

 
With the load being a fan, the load moment is determined: 

'	 = T(V/tV/0 W . u.    (15) 
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where '�B and u�B are the rated torque and rated speed of 
the motor, and n is its instantaneous speed. During the 
acceleration phase, the error value of the current is very large, 
so the weighting components that optimize the common-mode 
voltage and the number of semiconductor valve switching 
times are only used when the motor has reached stable speed. 
Table II provides the detailed values of the weights in each 
survey period. Figures 4, 5, and 6 display the response results 
of the flux, speed, and torque controllers. 

TABLE II.  WEIGHT VALUES IN SURVEY PERIODS 

Time (s) 0 – 0.9 0.9 – 1.3 1.3 – 1.5 1.5 – 1.9 

Optimal weighting of 

common-mode voltage 
0 50 0 50 

Time(s) 0 – 1.1 1.1 - 1.3 1.3 - 1.7 1.7 – 1.9 

Optimal switching weight 0 6 0 6 

 

 

Fig. 4.  Flux response. 

 

Fig. 5.  Speed response. 

 
Fig. 6.  Torque response. 

Figure 4 demonstrates that the transient time of the motor 
flux is 0.47 s. Meanwhile, Figure 5 shows that when the motor 
rotates forward, its speed does not appear to have an overshoot, 
the transient time is 0.1 s, and the speed of the motor responds 
very well. Figure 6 indicates that the torque response of the IM 
motor is very good with a maximum pulse rate of 1%.  

Figures 7 and 8 display the phase current and voltage 
responses. Figure 7 reveals that the current closely follows the 
set value. According to Figure 8, utilizing the optimal 
weighting component for common mode voltage completely 
eliminates it. This success signifies the effective execution of 
the control strategy, substancially minimizing the common 
mode voltage. The robust performance observed emphasizes 
the efficiency of the proposed approach in achieving the 
desired control goals. 

 

 
Fig. 7.  Phase current response. 

 
Fig. 8.  Phase voltage response. 

2) Simulation with Constant Load 

The simulation scenario involving a constant load consists 
of four stages: motor magnetization, acceleration, stabilization, 
and rotation reversal. Table I depicts the setting values for the 
flux and speed controllers. During acceleration, the current 
error value is significant, so the weighting components 
optimizing the common mode voltage and semiconductor valve 
switching times are applied only after the motor reaches a 
stable speed. Table II portrays the weight values for each stage. 
Initially, the motor's load torque is set to 0 until 0.5 s after 
which it equals the motor's rated torque value. 

TABLE III.  SETTING VALUES FOR THE FLUX AND SPEED 
CONTROLLERS 

Time (s) 0-0.5 0.5-1.9 

Torque (Nm) 0 6906 

 
The response results of the flux, speed, torque, and current 

controllers are spotted in Figures 9-12. 

 
Fig. 9.  Flux response. 

 
Fig. 10.  Speed response. 
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Fig. 11.  Torque response. 

 

Fig. 12.  Voltage response. 

The simulation results in Figure 9 showcase that the 
transient time of the motor flux is 0.47 s. Meanwhile, in the 
simulation results of Figure 10, when the motor rotates 
forward, the motor speed has an overcorrection of 2.1% and the 
transient time is 0.17 s. When the motor rotates in reverse, the 
motor speed appears overcorrected by 3% and the transient 
time is 0.05 s. Therefore, it is noticed that the speed of the 
motor responds very quickly. The simulation results displayed 
in Figure 11 demonstrate that the motor torque has a very 
favorable response, reaching a maximum pulse rate of 1%. 
Figure 12 indicates that when utilizing the optimal weighting 
component for the common-mode voltage, a complete voltage 
suppression occurs. This phenomenon is crucial to ensure the 
integrity and efficiency of the system, particularly in scenarios 
where common-mode interference can significantly affect 
performance. By effectively utilizing the optimal weighting 
component, as observed in Figure 12, the system exhibits a 
remarkable ability to mitigate common mode voltage 
disturbances, thus enhancing overall operational stability and 
reliability. 

B. Simulation Results with Semiconductor Valve Failure Case 

The IM motor transmission simulation scenario is governed 
by the MPC control algorithm, as shown in Table IV.  

TABLE IV.  THE SETTING VALUES FOR THE FLUX AND 
SPEED CONTROLLERS 

Time (s) 0 - 0.4 s 0.4 - 1 s 1 - 1.5 s 1.5 - 2 s 2 - 2.5 s 

Speed (rmp) 0 0→1470 1470 1470 1470 

Errors of H-bridges 0 0 0 HA1 HA1, HA3, HB1 

 

1) Evaluation of Transmission System Speed 

Figure 13 illustrates the IM motor speed response in case of 
semiconductor valve error. There is no CHB-MLI error in the 
range of 0 to 1.5 s. The engine speed sticks to the set value and 
operates stably at the rated speed of 1470 rpm, and the FOC 
algorithm operates normally. In the range of 1.5 to 2s, when a 
problem occurs at HA1, as the error voltage vector is eliminated 
and the voltage value that can be generated by CHB-MLI is 
greater than the motor's rated voltage, the system works 
normally. Between 2 and 2.5 s, bridges HA1, HA3, and HB1 had 

errors at the same time, but the speed was stable because the 
voltage was limited, thereby limiting the speed. 

 

 
Fig. 13.  Speed response with current predictive control method under 

power valve fault conditions. 

2) Evaluation of Torque 

Figure 14 presents the motor torque generated in the three 
scenarios. Figure 14 shows the torque response results from the 
current prediction control method, indicating that the torque 
response of this method is quicker when the speed response 
following the quality limit is enhanced. 

 

 
Fig. 14.  Torque response with current predictive control method under 

power valve fault conditions. 

Based on the findings provided in Figure 14: 

 Between 0 and 1.5 s, the torque remains steady at 7380Nm 
in the absence of errors. 

 From 1.5 to 2 s, with an error in the HA1 bridge, the 
controller eliminates the error voltage vector, causing the 
inverter's output voltage to exceed the motor's rated voltage, 
therefore maintaining stable torque. 

 Between 2 and 2.5 s, bridges HA1, HA3, and HB1 
experience simultaneous errors. The controller restricted the 
torque due to speed limitations imposed by the voltage cap. 
Despite the decrease in torque, the pulse rate remained 
nearly constant. The torque response analysis from the 
current prediction control method indicates that this 
method's torque response is quicker when the speed 
response improves after reaching the quality limit. 

C. Evaluation of the Output Voltage 

As observed in Figure 15, the line voltage response ensures 
balance when an error occurs. The simulation results disclose 
that:  

 During about 2 to 2.5 s, when there is a simultaneous HA1, 
HA3, and HB1 error, the status level of phase A is only [-3, 
3] because the HA1 bridge on phase A has been removed. 
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Phase B is only [ -4, 4] due to the removal of bridge HB1, 
and phase C is not defective in this error. 

 From 1.5 to 2s, the HA1 bridge has an error but the output 
voltage exceeds the inverter's rated voltage, maintaining the 
voltage. 

 Around 2 to 2.5s, with simultaneous errors in HA1, HA3, 
and HB1, the inverter's voltage output falls below the 
motor's rated voltage, leading to a limitation and equivalent 
reduction in voltage. Operating speed drops below standard 
levels. 

Figure 16 depicts the phase voltage pattern. 

 

 
Fig. 15.  Shape of line voltage with current predictive control method under 

power valve fault condition. 

 
Fig. 16.  The shape of phase voltage with current predictive control method. 

The simulation results in Figure 16 manifest that:  

 Between 1.5s and 2s, an error in the HA1 bridge limits 
phase A to [-4, 4] as the HA1 bridge is disconnected. Phases 
B and C remain at zero change to [-5, 5]. 

 At approximately 2 to 2.5s, HA1, HA3, and HB1 errors lead 
to phase A being restricted to [-3, 3] due to HA1's removal. 
Phase B is limited to [-4, 4] because of HB1's removal. 
Phase C is unaffected by the error and is also constrained to 
[-4, 4]. 

The CHB-MLI prediction controller considers the problem 
when powering the asynchronous drive system and obtains the 
following results: voltage and current are limited to ensure the 
smallest drop is equally balanced. Speed is limited through 
voltage limitation. From there, the transmission system can 

maintain operation or actively stop the system. The results 
acquired are equivalent to the case applied in the FOC-IM 
control method because they are limited by the space vector 
modulation method for CHB-MLI error conditions. During 
about 2 to 2.5 s, when there is a simultaneous HA1, HA3, and 
HB1 error, the status level of phase A is only [-3, 3] because the 
HA1 bridge on phase A has been removed. Phase B is only [ -4, 
4] due to the removal of bridge HB1 and phase C is not 
defective due to the influence of the error and is also limited to 
only [-4, 4].  

V. CONCLUSIONS 

This study successfully developed an improved MPC 
controller with integrated error detection and handling 
algorithms for an asynchronous motor drive system powered 
by an 11-level H-bridge inverter to enhance reliability and 
sustainability during operation. Simulation results 
demonstrated the effectiveness of the upgraded predictive 
controller in terms of speed, torque, and current responses. This 
advancement streamlines operations, enhances security, and 
meets various quality standards for multilevel inverters. 
Moreover, it assists engineers in designing and managing 
electric drive systems with multilevel inverter-powered motors, 
even under fault conditions. Simulation models confirmed the 
research results, highlighting practical applicability. 
Additionally, the seamless integration of the 11-level H-bridge 
inverter optimizes energy efficiency and reduces harmonic 
distortions, aligning with contemporary sustainability 
objectives. However, for enhanced reliability, deployment of 
this controller to real devices and comparative evaluation 
against other common control methods are necessary. 
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