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Abstract—This article describes the design of a fully fault-
tolerant inverter configuration specifically for grid-connected and
constant speed drive applications. The approach focuses on main-
taining fault tolerance without increasing the device count in
existing isolated configurations. The proposed topology employs a
common cell and standard cells, each divided into operational and
redundant half-bridge legs. Under normal operating conditions,
the output voltage generates from operational legs. But, in the
event of a switch fault, the corresponding switch in the redundant
leg activates and replacing the fault switch. Besides, the proposed
fault-tolerant control scheme operates within a single fundamental
cycle of the output voltage waveform. During this cycle, each switch
undergoes four rounds of scrutiny before any isolation occurs which
significantly reducing the chances of misidentifying faults or trig-
gering gate misfires. The fault detection and response are managed
using only two output sensors (one for voltage and one for cur-
rent), which streamlines the system and enhances its efficiency. The
article includes a comparative study that demonstrates the effec-
tiveness and practicality of this fault-tolerant approach compared
to similar topologies and techniques. The proposed fault-tolerant
topology and method will be validated through MATLAB Simulink
simulations and confirmed with a hardware prototype.

Index Terms—Fault diagnosis method, isolated fully fault
tolerant multilevel inverter (MLI), open circuit faults, postfault
operation.

I. INTRODUCTION

MULTILEVEL inverters (MLIs) have been at the fore-
front, emerging as an innovative solution to address the

demands of high-power applications. Owing to high quality
output voltage with lower switch ratings [1], [2], [3], MLIs
are extensively used in wide variety of applications such as
traction, grid integration, high voltage dc transmission (HVDC),
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Fig. 1. Conventional Isolated CHB-MLI.

flexible ac transmission (FACTs), electric vehicles (EV), re-
newables, and drives [4], [5], [6]. These applications need a
reliable operation of the MLIs for uninterrupted performance.
Conventionally, MLI topologies based on their structural con-
figuration are classified as neutral point clamped (NPC), flying
capacitor (FC), and cascaded H-bridge (CHB) [7], [8], [9].
Among these, CHB-MLIs have gained significant attention due
to their modular design, symmetrical structure, and ease of
control [10]. CHB-MLIs require more number of dc sources and
photovoltaic systems can provide easily as per the requirement of
the topology [11]. However, Major PV-grid connected industries
are recommending the isolated configurations for the safety rea-
sons and resilient operation. Thereby, many transformer-based
CHB-MLIs are introduced in the literature and most popular
topology [12] is depicted in Fig. 1 where secondaries of the
transformers are connected in series with the load.

Based on findings from an industry-based survey [13], semi-
conductor switches and capacitors are identified as the most
susceptible components to faults among all power electronic
components. Therefore, to get resilient operation under any
fault condition is becoming a challenging job. Among all the
possible converter faults, switch faults are the most likely to
happen due to the scalable nature of converter to obtain high
voltage levels. More broadly, switch faults can be categorized
as OCF and SCF. SCF causes sudden effects to the system
and thus, requires quick diagnosis. To protect the converter
against SCFs, hardware solutions such as di/dt feedback and
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desaturation methods are adopted [14], [15]. In OCF, current
path gets broken and neglecting it over a longer period turns
out to be dangerous as dc current starts flowing in the converter.
Various software solutions are provided for OCFs where addi-
tional components are not required. A fault is generally identi-
fied based on sensing output quantities. The method described
in [16] detects and locates a single-switch OCF by inspecting
the current path during zero-voltage switching and analyzing
it’s slope. But, it requires more than two fundamental cycles for
diagnosis the fault. Similarly, authors in [17] reported about the
behavior of inner and outer switch performance when the OCF
occur in the semiconductor switch. On other hand, voltage-based
methods extract fault features from terminal voltages, such as
frequency harmonic analysis in [18] and PCA in [19], where
complicated mathematical analysis are involved. The authors
in [20] proposed the fault operation techniques based on SPWM
through single voltage sensor at grid side by compromising the
magnitude of the output voltage. A hybrid approach taking both
voltage and current for single-switch fault detection in CHB
was proposed in [21]. In [22] and [23], the authors presented an
advanced fault detection and diagnosis approach for asymmetric
CHB-MLIs and 3L-NPC systems, respectively, employing artifi-
cial neural networks (ANNs) within binary and trinary network
architectures. Although the strategy is efficient for fault iden-
tification, the first paper does not address postfault operation,
while the second is specific to NPC converters. In [24], authors
introduced a phase shift PWM (PS-PWM) based fault-tolerant
approach for the CHB battery energy storage system, enabling
resilience to single switch faults. Upon fault detection, the
faulty cell is initially bypassed, followed by compensation of
the missing voltage levels from the remaining healthy cells to
maintain balanced line-to-line voltages. Nevertheless, certain
configurations do not maintain the same rated voltage in post-
fault conditions, [25] provides only two-thirds of the output
rated voltage. To retain the output voltage effectively without
increasing the dc link, auxiliary modules are used which can be
a switch, group of switches [26], or a two-level voltage source
inverter with a capacitive bank [27]. In [28], postfault operations
were implemented using an auxiliary CHB cell and in [26], the
output voltage was preserved with the help of auxiliary switches.
However, many popular topologies incorporate auxiliary cells
that offer fault tolerance (bypass the entire faulty cell) for either
a single or multiple faults within the same cell. This becomes
problematic when the fault occurs in different cells, leading to
low output voltage levels that disrupt the overall system. To
address aforesaid issues, the article proposes an inverter that
is designed to operate with the same number of switches as
required in conventional fault-tolerant inverter topology and
effectively preserves the output voltage by managing multiple
OCFs located on any combination of the switch/cell of the
converter. The key contributions of this article are as follows:

1) The proposed inverter topology necessitates a comparable
number of cells to that of existed fault-tolerant configura-
tions.

2) Fault tolerance operation is set up to address multiple
switch faults.

3) Fault diagnosis procedure is fast and an independent of
switching technique.

Fig. 2. Generalized fault-tolerant behavior of inverter.

Fig. 3. Proposed isolated fully fault tolerant topology (IFFT).

4) Fault verification (FV) is done to ensure the inverter
doesn’t interpret gate misfires as faults.

Herein, the generalized timeline illustrating fault-tolerant
power inverter circuits is depicted in Fig. 2, wherein, Tfi repre-
sents the fault identification time, Tfl indicates fault localization
time followed by Trsa denotes the activation time for redundant
switch fault identification. The rest of this article is organized as
follows, In Section II, the working topology of the converter is
explained in detail. The proposed fault-tolerant methodology
is given in Section III, followed by experimental results in
Section IV. Finally, Section V concludes this article.

II. WORKING TOPOLOGY

The proposed isolated fully fault tolerant topology (IFFT)
consists of H-bridge cells and internal midpoint of each cell
is shorted between the legs (see in Fig. 3). The configuration
consists of (M+1) H-bridge cells per phase, where one is a
common cell and the rest of M are standard cells. Herein, the
legs of each cell are specifically named as operating leg and
redundant leg since operating leg is contributing the output
voltage under normal conditions whereas redundant leg will be
activated under fault conditions or vice versa. The upper switch
in operational leg of a common cell is denoted as Cx and its
complementary switch as Cx while the switches of redundant
leg are represented by RCx and RCx. Similarly, operating and
redundant leg switches of the standard cells are denoted as
Skx and Skx, RSkx, and RSkx, respectively. The subscript x
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TABLE I
NOMENCLATURE

represents the phase in which the corresponding switch resides
and k denotes the serial number of a standard cell.

In addition, the presented topology is having single dc supply
and cascaded on the grid with the help of M injection trans-
formers. Herein, one primary terminal of the each transformer is
connected to the common cell and the other terminal is connected
to the corresponding standard cells and all secondary windings
are cascaded at the load to obtain the required output voltage.
The kth transformer turn ratio is 1:ηkx, where x represents the
phase. According to the above nomenclature, the output phase
voltage of the proposed inverter is

ve(t) =
M∑
k=1

(
CxSkx − CxSkx

) ∗ ηkx ∗ VDC(t). (1)

The levels of the output voltage (N) is depending upon the
number of standard cells M and the turn’s ratio of the trans-
formers ηkx (secondary turn’s) and it is expressed as follows:

N = 2 ∗
(

M∑
k=1

ηkx

)
+ 1. (2)

Table I displays promising number of levels of the proposed
configuration for both symmetrical and asymmetrical turn’s
rations of the transformers. Table I considers only four trans-
formers and it confirms that the maximum number of output
voltage levels can be achieved when the transformers turn’s ratio
are selected in the binary nature and the same is generalized for
M transformers in the following equation:

Nmax = 2m+1 − 1. (3)

III. PROPOSED METHODOLOGY

The proposed inverter’s switching table as shown in Table II is
considered for establishing the presented methodology. Herein,
IFFT maintains seven-level (symmetrical) output voltage under
normal operating conditions where as in the event of an OCF, the
output waveform cannot be maintained at seven levels and the
deviation will occur based on the location of the faulty switch.
There are switches for providing the positive and negative cycle
of the output voltage waveform, when the fault occurs in a
positive cycle then the corresponding positive level contributing
switches may have the fault and similarly the fault in a negative
cycle occurs due to the negative cycle contributing switches. The

TABLE II
OUTPUT VOLTAGES LEVELS WITH COMBINATIONS OF TRANSFORMER

TURNS RATIO

proposed scheme starts in the sequence of A) Fault identification,
B) Fault localization, and C) Fault Verification.

A. Fault Identification

During this operation, the estimated voltage (ve(t)) will be
compared with the measured voltage (vo(t)), and any nonzero
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TABLE III
SWITCHING STATES OF THE PROPOSED SEVEN-LEVEL CONFIGURATION

TABLE IV
OUTPUT VOLTAGE DEVIATION WHEN OCF OCCURS

deviation will confirm that a fault has occurred. The proposed
technique needs an output voltage and current sensors to op-
erate effectively. Herein the current sensor is required only to
identify the direction of current in an each switch. The voltage
deviation of the output voltage waveform due to the OCF at
the switch is presented in Table III. Suppose the OCF occurs
in Cx (which is conducted only for positive current) then the
deviation will become +aVDC . Similarly, if the OCF occurs in
Skx then the deviation voltage will be become +VDC since
it is allowing positive current through it. At the same time,
Cx and Skx provide the deviation−aVDC and VDC sequentially
under the faulty conditions. In the Fig. 4, the detailed iden-
tification procedure is explained by considering the following
equations:

i(t) > 0 & vo(t)− ve(t) + a ∗ VDC(t) < τ (4)

i(t) < 0 & vo(t)− ve(t)− a ∗ VDC(t) < τ. (5)

A tolerance voltage drop, τ , is defined as half of the minimum
voltage level to prevent fault misidentification. Eq. (4) confirms
a fault in the positive switches, while (5) confirms a fault in
the negative switches. If neither equation is satisfied, the system
operates normally without any faults.

TABLE V
SIMULATION PARAMETERS

B. Fault Localization

In this section, a faulty switch is identified from two pre-
defined groups, the positive and negative switch groups, as
illustrated in Fig. 4. A switch is randomly selected from the
suspected faulty group and isolated. The remaining switches are
then activated using Fault Detection Pulses (FDP) and it will
generates new v∗e(t). Now, if (v∗e(t) – vo(t)) < τ , it confirms
either gate misfiring of the switch or locating a faulty switch.
Otherwise, another switch is selected, and the process is repeated
until the defective switch is found. For an M+1 cell IFFT, the
maximum number of FDP applied is M+1.

C. Fault Verification

At this stage, the faulty switch undergoes a second time FI and
FL process. If the same switch is not identified in the FI stage
for the second time, then it will be treated as gate misfiring,
and then the system will go into normal operation. If the same
switch is identified and, it will be forwarded from FI stage to FL
stage. If it successfully completes the FL process and confirms
the fault switch, it will be isolated. Once the faulty switch is
isolated immediately, the corresponding redundant switch will
be activated. Most of the switches can complete the whole FI,
FL, and FV process within a quarter cycle of the output voltage
waveform. However, a few switches take more than a quarter
cycle of the output voltage waveform since they are working
with high voltage levels.

IV. SIMULATION RESULTS

The proposed IFFT is validated using MATLAB/Simulink
software. The simulation parameters such as input supply, num-
ber of cells, transformer turns ratio, sampling time, operating fre-
quency, and loads are shown in Table V. The simulation results
are confirming the robustness of the proposed configuration with
novel control technique as follows by considering symmetrical
(seven-level) and asymmetrical (11-level) operation.

Fig. 5 illustrates the characteristics of the load voltage, load
current, and gate pulses of the switches when a fault occurs
in a cell. A switch fault occurs in S1 at 0.033 s as shown
in Fig. 5(a). The proposed fault-tolerant methodology initiates
the Fault Identification (FI) procedure to pinpoint the faulty
switch. Once identified, the Fault Localization (FL) procedure is
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Fig. 4. Flowchart of the proposed methodology.

Fig. 5. Characteristics of the load voltage, load current of the proposed topology when fault occurs in (a) S1, and S1, (b) S2, and S2,(c) S3, and S3,(d) when
the fault occur in C, and gate misfire occurs at S1.
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Fig. 6. Characteristics of the load voltage, load current when fault occur in different cell (a) S1, and S2when the fault occur in S1 and gate misfire occurs at S2.
(a) when fault occur in different cells S1, and S2, (b) when the fault occur in 1 and gate misfire occurs at 2

triggered. A test pulse (FDP) is activated in place ofGS1, and the
FI and FL procedures are repeated to verify the fault location.
Upon confirmation, the corresponding redundant switch RS1

gate pulses GRS1 are activated at 0.038 s. Similarly, Fig. 5(b)
and 5(c) depict fault events and their clearance for the remaining
switches (S2, S2, S3, and S3). Fig. 5(d) presents fault scenarios
and their mitigation for the common cell, including gate misfire
cases.

Fig. 6 illustrates the characteristics of the load voltage, load
current, and gate pulses of the switches when a fault occurs
in different cells. A switch fault occurs in S1 at 0.033 s and
is cleared at 0.038 s and the second fault occurs at switch
S2 at 0.064 s which is cleared at 0.068 seconds. As stated in
the previous cases, the redundant switches RS1, RS2 will be
activated once the faults are confirmed as depicted in Fig. 6(a).
Similarly, Fig. 6(b) presents fault scenarios and their mitigation
for the a cell, including gate misfire cases.

Fig. 7 illustrates the characteristics of the load voltage, load
current, motor speed, torque and gate pulses of the switches
pre and postfault conditions as similarly to the previous cases.
Herein, the single phase induction motor is treated as load,
62 V is considered as input voltage, and turns ratios of trans-
formers are considered as 1:1, 1:1, 1:3. At instant of 0.45 the
motor is loaded and faults are occurred at different intervals
like 0.6 s and 1.05 s. From speed waveform, it may be ob-
served that the speed is maintained constant at pre and postfault
conditions.

V. EXPERIMENTAL RESULTS

The experimental validation of the proposed work is verified
with the hardware parameters as mentioned in Table VI. In this
work, Programmable dc Source (IT6006C-800-25(800 V,25 A))
is used for the dc power supply, and OP4510 serves solely as
the controller. The proposed fault-tolerant technique is demon-
strated using the 11- level asymmetrical configuration. However
it can be validated with any level of the proposed topology.
Fig. 8 illustrates the hardware characteristics of the load voltage,

Fig. 7. Characteristics of the load voltage, load current, motor speed, and
torque of the proposed topology when fault occur in S1, and S1.

TABLE VI
HARDWARE PARAMETERS
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Fig. 8. Hardware Characteristics of the load voltage, load current of the proposed topology with R-load when fault occurs in(a) C, and C,(b) S1, and S1,
(c) S2, and S2,(d) S3, and S3.

Fig. 9. Hardware Characteristics of the load voltage, load current of the proposed topology with RL-load when fault occurs in(a) S1, and S1, (b) S3, and S3.

Fig. 10. Hardware Characteristics of the load voltage, load current of the
proposed topology with Fan load when fault occurs in S2, and S2.

load current of the proposed topology with R-load. The fault
in C occurred at 0.017 s and cleared at 0.025 s and second
fault occur in C) at 0.075 s and cleared at 0.082 s as shown in
Fig. 8(a).

Similarly, Fig. 8(b), (c), and (d) depict fault events and their
clearance for the remaining switches (S1, S1, S2, S2, S3, and
S3).

Fig. 9 illustrates the hardware characteristics of the load
voltage, load current of the proposed topology with RL-load.
The fault in S1 occurred at 0.02 s and cleared at 0.032 s and
second fault occur in S1) at 0.072 s and cleared at 0.078 s as
shown in Fig. 9(a). Similarly, Fig. 9(b) depict fault events and

Fig. 11. Experimental setup of the proposed configuration.

their clearance for the switches S3, S3. Fig. 10 presents the
experimental voltage and current waveforms of standard ceiling
fan load under pre and postfault conditions as similarly to the
previous cases.

Table VII is describing the superiority of the proposed method
over existing methods interms of the fast detection, addressing
multiple faults without any deviation in input voltage and modu-
lation signal, and fault verification. The experimental prototype
is depicted in Fig. 11.
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TABLE VII
COMPARATIVE ANALYSIS OF THE PROPOSED METHODOLOGY WITH WELL-ESTABLISHED FAULT TOLERANT TECHNIQUE IN THE LITERATURE

VI. CONCLUSION

This article presented an isolated fully fault-tolerant con-
figuration for single phase grid connected and constant speed
applications with an optimized device count. The proposed fast
fault-tolerant methodology is validated using the proposed (sym-
metrical and asymmetrical) configuration. The performance of
the proposed work is simulated with a RL-load and Motor
load using MATLAB simulink. The experimental validation is
done with different power ratings and loads such as R, RL,
and standard ceiling fan. The simulation results, experimental
results and comparative analysis are confirmed that the fault
identification, localization, verification, prefault and postfault
operation were executed more quickly compared to existing lit-
erature irrespective. Moreover the methodology is independent
of the switching technique.

ACKNOWLEDGMENT

Thanked by the authors for providing support.

REFERENCES

[1] J. Rodríguez, J. S. Lai, and F. Z. Peng, “Multilevel inverters: A survey of
topologies, controls, and applications,” IEEE Trans. Ind. Electron., vol. 49,
no. 4, pp. 724–738, Aug. 2002, doi: 10.1109/TIE.2002.801052.

[2] J. Venkataramanaiah, Y. Suresh, and A. K. Panda, “A review on symmet-
ric, asymmetric, hybrid and single DC sources based multilevel inverter
topologies,” Renewable Sustain. Energy Rev., vol. 76, pp. 788–812, 2017,
doi: 10.1016/j.rser.2017.03.066.

[3] C. T. Rao, A. N. Suthar, and J. Venkataramanaiah, “A 23-Level hybrid
inverter with HFL,” in Proc. Conf. IEEE Silchar Subsection Conf., 2023,
pp. 1–6, doi: 10.1109/SILCON59133.2023.10404718.

[4] S. K. Patro and A. Shukla, “Modular directed series multilevel con-
verter for HVDC applications,” IEEE Trans. Ind. Appl., vol. 56, no. 2,
pp. 1618–1630, Mar./Apr. 2020, doi: 10.1109/TIA.2020.2964639.

[5] B. Novakovic and A. Nasiri, “Modular multilevel converter for wind
energy storage applications,” IEEE Trans. Ind. Electron., vol. 64, no. 11,
pp. 8867–8876, Nov. 2017, doi: 10.1109/TIE.2017.2677314.

[6] P. R. Bana, K. P. Panda, R. T. Naayagi, P. Siano, and G. Panda, “Recently
developed reduced switch multilevel inverter for renewable energy inte-
gration and drives application: Topologies, comprehensive analysis and
comparative evaluation,” IEEE Access, vol. 7, pp. 54888–54909, 2019,
doi: 10.1109/ACCESS.2019.2913447.

[7] M. S. Kim, J. Pribadi, and D. C. Lee, “Six-level hybrid diode-clamped
inverter topology and DC-link capacitor voltage balancing control,”
IEEE Trans. Power Electron., vol. 39, no. 6, pp. 7192–7205, Jun. 2024,
doi: 10.1109/TPEL.2024.3378009.

[8] M. Wu, K. Wang, K. Yang, F. Zhao, Y. W. Li, and Y. Li, “Full range
operation of simplified flying capacitor three-cell inverters with five to
eight output voltage levels,” IEEE Trans. Power Electron., vol. 39, no. 10,
pp. 12224–12234, Oct. 2024, doi: 10.1109/TPEL.2024.3379858.

[9] S. P. Gautam, “Novel H-bridge-Based topology of multilevel in-
verter with reduced number of devices,” IEEE J. Emerg. Sel.
Top. Power Electron., vol. 7, no. 4, pp. 2323–2332, Dec. 2019,
doi: 10.1109/JESTPE.2018.2881769.

[10] N. Bisht and A. Das, “A circuit topology of cascaded H-bridge
STATCOM to operate with multiple faulty bypassed cells,” IEEE
Trans. Ind. Appl., vol. 57, no. 5, pp. 5345–5355, Sep./Oct. 2021,
doi: 10.1109/TIA.2021.3093838.

[11] S. Bazyar, H. Iman-Eini, and Y. Neyshabouri, “A fault-tolerant method
for cascaded H-bridge-based photovoltaic inverters with improved ac-
tive and reactive power injection capability in postfault condition,”
IEEE Trans. Ind. Electron., vol. 69, no. 9, pp. 9029–9038, Sep. 2022,
doi: 10.1109/TIE.2021.3111577.

https://dx.doi.org/10.1109/TIE.2002.801052
https://dx.doi.org/10.1016/j.rser.2017.03.066
https://dx.doi.org/10.1109/SILCON59133.2023.10404718
https://dx.doi.org/10.1109/TIA.2020.2964639
https://dx.doi.org/10.1109/TIE.2017.2677314
https://dx.doi.org/10.1109/ACCESS.2019.2913447
https://dx.doi.org/10.1109/TPEL.2024.3378009
https://dx.doi.org/10.1109/TPEL.2024.3379858
https://dx.doi.org/10.1109/JESTPE.2018.2881769
https://dx.doi.org/10.1109/TIA.2021.3093838
https://dx.doi.org/10.1109/TIE.2021.3111577


12778 IEEE TRANSACTIONS ON POWER ELECTRONICS, VOL. 40, NO. 9, SEPTEMBER 2025

[12] J. S. Lee, H. W. Sim, J. Kim, and K. B. Lee, “Combination analysis and
switching method of a cascaded H-bridge multilevel inverter based on
transformers with the different turns ratio for increasing the voltage level,”
IEEE Trans. Ind. Electron., vol. 65, no. 6, pp. 4454–4465, Jun. 2018,
doi: 10.1109/TIE.2017.2772139.

[13] S. Yang, A. Bryant, P. Mawby, D. Xiang, L. Ran, and P. Tavner,
“An industry-based survey of reliability in power electronic converters,”
IEEE Trans. Ind. Appl., vol. 47, no. 3, pp. 1441–1451, May/Jun. 2011,
doi: 10.1109/TIA.2011.2124436.

[14] Z. Wang, X. Shi, L. M. Tolbert, F. Wang, and B. J. Blalock, “A di/dt
feedback-based active gate driver for smart switching and fast overcurrent
protection of IGBT modules,” IEEE Trans. Power Electron., vol. 29, no. 7,
pp. 3720–3732, Jul. 2014, doi: 10.1109/TPEL.2013.2278794.

[15] R. Picas, J. Zaragoza, J. Pou, and S. Ceballos, “Reliable modular
multilevel converter fault detection with redundant voltage sensor,”
IEEE Trans. Power Electron., vol. 32, no. 1, pp. 39–51, Jan. 2017,
doi: 10.1109/TPEL.2016.2526684.

[16] H. W. Sim, J. S. Lee, and K. B. Lee, “Detecting open-
switch faults: Using asymmetric zero-voltage switching states,”
IEEE Ind. Appl. Mag., vol. 22, no. 2, pp. 27–37, Mar./Apr. 2016,
doi: 10.1109/MIAS.2015.2459096.

[17] M. Chen and Y. He, “Open-circuit fault diagnosis method in NPC rectifiers
using fault-assumed strategy,” IEEE Trans. Power Electron., vol. 37,
no. 11, pp. 13668–13683, Nov. 2022.

[18] P. Lezana, R. Aguilera, and J. Rodríguez, “Fault detection on mul-
ticell converter based on output voltage frequency analysis,” IEEE
Trans. Ind. Electron., vol. 56, no. 6, pp. 2275–2283, Jun. 2009,
doi: 10.1109/TIE.2009.2013845.

[19] T. Wang, H. Xu, J. Han, E. Elbouchikhi, and M. E. H. Benbouzid,
“Cascaded H-bridge multilevel inverter system fault diagnosis using
a PCA and multiclass relevance vector machine approach,” IEEE
Trans. Power Electron., vol. 30, no. 12, pp. 7006–7018, Dec. 2015,
doi: 10.1109/TPEL.2015.2393373.

[20] N. Gorla, S. Kolluri, M. Chai, and S. Panda, “A novel open-circuit fault
detection and localization scheme for cascaded H-bridge stage of a three-
stage solid-state transformer,” IEEE Trans. Power Electron., vol. 36, no. 8,
pp. 8713–8729, Aug. 2021, doi: 10.1109/TPEL.2019.2918148.

[21] J. Lamb and B Mirafzal, “Open-circuit IGBT fault detection
and location isolation for cascaded multilevel converters,” IEEE
Trans. Ind. Electron., vol. 64, no. 6, pp. 4846–4856, Jun. 2017,
doi: 10.1109/TIE.2017.2674629.

[22] N. Raj, G. Jagadanand, and S. George, “Fault detection and diag-
nosis in asymmetric multilevel inverter using artificial neural net-
work,” Int. J. Electron., vol. 105, no. 4, pp. 559–571, Apr. 2018,
doi: 10.1080/00207217.2017.1378382.

[23] P. Han et al., “Fault diagnosis and system reconfiguration strategy
of a single-phase three-level neutral-point-clamped cascaded inverter,”
IEEE Trans. Ind. Appl., vol. 55, no. 4, pp. 3863–3876, Jul./Aug. 2019,
doi: 10.1109/TIA.2019.2901359.

[24] H. Xue, J. He, Y. Ren, and P. Guo, “Seamless fault-tolerant control
for cascaded h-bridge converters based battery energy storage system,”
IEEE Trans. Ind. Electron., vol. 70, no. 4, pp. 3803–3813, Apr. 2023,
doi: 10.1109/TIE.2022.3177789.

[25] M. D. Siddique, M. Seyedmahmoudian, S. Mekhilef, and A. Stojcevski,
“Open-circuit fault-tolerant high gain multilevel inverter topology with
minimum of 2/3-Level in post-fault condition,” IEEE Trans. Power
Electron., vol. 39, no. 10, pp. 12013–12017, Oct. 2024, doi: 10.1109/
TPEL.2024.3425468.

[26] A. Chappa, S. Gupta, L. K. Sahu, K. K. Gupta, and H. Vahedi, “Fault-
tolerant asymmetrical multilevel inverter with preserved output power
under post-fault operation,” IEEE Trans. Ind. Electron., vol. 69, no. 7,
pp. 6764–6773, Jul. 2022, doi: 10.1109/TIE.2021.3102480.

[27] M. Fathi and S. A. Khajehoddin, “A fault compensation scheme
for cascaded H-bridge inverter with reduced common mode voltage,”
IEEE Trans. Ind. Electron., vol. 70, no. 4, pp. 3257–3267, Apr. 2023,
doi: 10.1109/TIE.2022.3177798.

[28] A. A. Stonier and B. Lehman, “An intelligent-based fault-tolerant
system for solar-fed cascaded multilevel inverters,” IEEE Trans.
Energy Convers., vol. 33, no. 3, pp. 1047–1057, Sep. 2018,
doi: 10.1109/TEC.2017.2786299.

[29] S. P. Gautam, M. Prakash, M. Jalhotra, L. K. Sahu, A. H. Chander, and
V. V. S. K. Bhajana, “A highly resilient fault tolerant topology of single
phase multilevel inverter,” IEEE Access, vol. 11, pp. 136934–136946,
2023.

[30] M. Siddique, P. D. Sundararajan, and S. P. Kumar, “Reliability assessment
of power semiconductor devices for a 13-level boost inverter topology,”
IEEE Trans. Power Electron., vol. 38, no. 6, pp. 6811–6817, Jun. 2023.

Gulshan Yadav was born in Raigarh, India, in 1998.
He received the B.Tech. degree in electrical engineer-
ing from Government Engineering College, Bilaspur,
India, in 2020, and the M.Tech. degree in power sys-
tems, in 2023, from the Sardar Vallabhbhai National
Institute of Technology (SVNIT), Surat, India, where
he is currently working toward the Ph.D. degree in
power electronics with the Department of Electrical
Engineering.

His current research interests include multilevel
converters, fault tolerant operations, and advanced
switching techniques.

Deep Gohil was born in Surat, India in 2000. He
received the B.Tech. degree in electrical engineering
and the M.Tech. degree in power systems from the
Sardar Vallabhbhai National Institute of Technology,
Surat, India, in 2022 and 2024, respectively.

He is currently working on multilevel converters,
fault localization, fault identification, fault verifica-
tion techniques and advanced switching techniques
for power system applications such as reactive com-
pensation, and active filter operations.

Jammala Venkataramanaiah (Senior Member,
IEEE) was born in Nellore, India, in 1990. He re-
ceived the B.Tech. degree in electrical and electronics
engineering and the M.Tech. degree in power elec-
tronics from Jawaharlal Nehru Technological Univer-
sity, Anantapur, India, in 2012 and 2014, respectively,
and the Ph.D. degree in high power converters from
NITK, Surathkal, India, in 2019.

In 2019, he joined the Sardar Vallabhbhai National
Institute of Technology, India, as an Assistant Profes-
sor with the Department of Electrical Engineering. He

is handling one ANRF project. His current research interests include the design
of high-frequency power conversion circuits, multilevel converter topology, fault
tolerant operations of high power converters, and advanced switching techniques
for power system and electric vehicle applications.

Suresh Lakhimsetty (Senior Member, IEEE) re-
ceived the B.Tech. degree in electrical and electronics
engineering from the Vignan Engineering College,
Vadlamudi, India, and the M.Tech. degree in com-
puter controlled industrial power from the National
Institute of Technology, Calicut, India, in 2008 and
2010, respectively, and the Ph.D. degree in power
electronics and drives from the National Institute of
Technology, Warangal, India, in 2019.

In 2021, he joined the Sardar Vallabhbhai National
Institute of Technology, India, as an Assistant Pro-

fessor at the Department of Electrical Engineering. He is handling two ANRF
projects. His current research interests include multilevel inverters, induction
motor drives, and Z-source inverters.

https://dx.doi.org/10.1109/TIE.2017.2772139
https://dx.doi.org/10.1109/TIA.2011.2124436
https://dx.doi.org/10.1109/TPEL.2013.2278794
https://dx.doi.org/10.1109/TPEL.2016.2526684
https://dx.doi.org/10.1109/MIAS.2015.2459096
https://dx.doi.org/10.1109/TIE.2009.2013845
https://dx.doi.org/10.1109/TPEL.2015.2393373
https://dx.doi.org/10.1109/TPEL.2019.2918148
https://dx.doi.org/10.1109/TIE.2017.2674629
https://dx.doi.org/10.1080/00207217.2017.1378382
https://dx.doi.org/10.1109/TIA.2019.2901359
https://dx.doi.org/10.1109/TIE.2022.3177789
https://dx.doi.org/10.1109/TPEL.2024.3425468
https://dx.doi.org/10.1109/TPEL.2024.3425468
https://dx.doi.org/10.1109/TIE.2021.3102480
https://dx.doi.org/10.1109/TIE.2022.3177798
https://dx.doi.org/10.1109/TEC.2017.2786299


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


