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Rising concerns about global warming demand renewable growth, which in
turn needs efficient converter topologies to integrate renewable power. This
article presents a single-phase, nine-level inverter to improve the
performance of non-conventional power systems. Here, the foremost aim,
based on the advanced techniques, to diminish the representation of switches
with sources has been executed. This influences the appended preservation
of generating energy against non-conventional power resources. This
conquest during the statistic of switch refuses every switching loss, counting
the cardinal-like driving circuit that details a minimization within
convolution based on supervision track, consequently depreciating the
disturbances with scope. The proposed inverter has a diminished production
voltage total harmonic distortion (THD) with an ideal power factor. The
cascaded H-bridge multilevel inverter (CHBMLI) topology is intended for
the proposed method in support of the design, added ant-lion optimization
(ALO) tuned fuzzy logic controller (FLC) methodical assessment for
compensation. The presented arrangement is refined to diminish the energy
losses, just as it is unified among reproducing systems that boost the smooth
output voltage with reduced %THD. In addition, contraction in energy losses
and amplification in efficiency are accomplished by producing transitional
levels for the level elaboration system. Indeed, every completion related to
the suggested arrangement is evaluated over the reproduction of
MATLAB/Simulink and PROTEUS applications.
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1. INTRODUCTION

The cascaded H-bridge multilevel inverter (CHBMLI) topology subsists based on H-shaped bridges
coupled in sequence among each alternative, with respective H-shaped bridges carrying their own separate
DC voltage source. Consequently, the alternative DC source can remain powered in distinction to solar
photovoltaic (SPV) systems appropriate for the indicated nature of topology, including accuracy and
expansion [1]. By adopting the CHBML topology, the ultimate energy assessment and higher output voltage
levels can also be produced as per the essential [2].

Solar PV and wind are equitable, a minor illustration of the frequent non-conventional resources.
SPV cells generally transform SPV power into electrical energy [3]. SPV power transformation systems
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consist of converters, including a control unit, to allocate the extent based on the energy the SPV cell can
generate. To improve the performance of SPV cells, the forward-end phase DC-DC converter must be
personalized to adapt to energy fluctuations with augmented productivity [4].

Multilevel Inverters can be specified within three essential associations relative to the statistics of
DC connections used in modern inverters, NPC, FC, and CHB endure every ultimate universal topologies in
the industry to date [5]. Though CHBMLI subsists, extended convenience is considered when SPV utilization
is considered, considering that a specific SPV array is an isolated DC source [6]. A CHBMLI compromise
persists in support of the utmost schedule. The maximum power point tracking (MPPT) approach among DC-
DC converters remains widely used to attain huge potential and enhance the SPV arrangement’s efficiency,
as illustrated in Figure 1.

An MPPT has been designed to track the MPPT’s successive variation in the illumination or
temperature. Absolute MPPT executives are worn amidst SPV panel constraints at respective DC links to
decide the complication about a sectional shading position of panels in SPV pattern [7] suitable to shading
acquired with static as well as effective substance, comparable to trees, buildings, birds, aggregate dirt over
panels, as a substitute cloud. SPV arrangement associated with an array among a DC-DC expansion
converter through a limitation of its ultimate voltage through computing a bypass diode laterally by the entire
SPV unit [8], consequently avoiding circumstance development [9]. Though this access causes several crests
in the energy of the SPV arrangement, restraining the operation of the MPPT approach also leaves
researchers focused on illuminating innovative performance [10]. The fuzzy logic controller (FLC), a
dissimilar traditional executive, doesn’t desire a mathematical representation of the arrangement being
composed. Despite a perception that the arrangement, including the restraint demands, remains significant.
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Figure 1. Multilevel inverter topology

Multi-SPV arrays, among an interleaved advanced converter, condense every ripple current,
enhance power quality, adapt DC system voltage, and consequently permit considering the operation of a
self-reliant MPPT supervision [11] in support of each SPV array to acquire immense production energy along
with better efficiency [12]. Modernized power systems employ CHBMLI as their low THD with
electromagnetic interference (EMI), with their capability to augment power quality with rating necessity [13].
Correlated to typical two-level inverters that adopt tremendous switching frequency pulse width modulation
(PWM), a CHBMLI carries considerable preference [14]. One of the imperative preferences of an MLI is the
limited intensity of the filter, along with its low expenditure related to a two-level inverter. A CHBMLI
diminishes THD connected through two-level inverters by adopting different DC connections [15].
Alternative recognition carries reduced switching frequency, minor charge, over-switching acceleration, and
diminished voltage switches compared to the consistently enforced two-level inverters, ensuring diminished
switching expense, tremendous voltage formation, depressed EMI levels, and acceptable energy nature [16].

To boost power conditions due to effective attainment based on exhausting systems, CHBMLI
directly examines technical results [17], [18]. Due to their inferior THD output waveform, they also
controlled appliance valuation. CHBMLI produces an accomplished and immense voltage strategy [19]. SPV
utilization, wind turbine connections, and fuel cells can be combined with multilevel converters [20], [21].
Due to the operation, the PWM supervision method CHBMLI typically impacts their efficiency and power
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ratings [22], [23]. Over the past few decades, indefinite modules have carried expected varied MLI
topologies for fewer switches [24].

An investigation has been conducted on dynamic automation accumulating efficiency through
CHBMLI [25]. The advanced arrangement can operate in a stand-alone and load-integrated mode [26], [27].
The significant recognition of the expected sequence is the blocking voltage based on the entire switches
endure distinct along with fewer than the absolute voltage as a few switches also the essential global switches
with expert intention survive less, assist as this whole modern minimization of losses, expanding the
efficiency moreover superior nature based on output as well as its extent persist modest as a consequence it
remains competitive correlate through the traditional CHBMLI. Here, the simulation obtains exhaust for nine
levels with the advice of MATLAB/Simulink.

2. PROPOSED TOPOLOGY

The designed 1-¢, 9-level inverter persists over the 7-level inverter. It constitutes a 1-¢ traditional
CHBMLI, with three bidirectional switches including a capacitor voltage segment created over C,, Cp, Ce, &
Cq within activities presented in Figure 2. The CHBMLI topology ensures compensation of minor power
switches and power diodes, along with a reduction of the capacitor compared to the traditional inverters. The
enhanced converter, i.e., DC/DC, correlates with SPV and load.

The energy produced through the inverter is conveyed to the energy complex, so the adequacy
load is relatively low. The DC/DC advanced converter is appropriate for every SPV array, taking a more
depressed energy than the load voltage. Immense DC voltages are desired to facilitate the energy stream
from the SPV arrays toward the load. A filter was worn to filter the current delivered to
the load adopting inductance (Lf) and practically accomplished THD from simulation results as
indicated in Table 1. Convenient inverter switching can achieve nine output voltage levels
(Vaer 3Vae/4,Vae/2,Vqe /4,0, —Vye, —3Vae /4, — Vg /2, — Vy./4 ) against the DC source.
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Figure 2. Prospective 1-¢ 9-level inverter being SPV arrangement

Table 1. The output voltage corresponds to the switches' ON-OFF position
V, S, S, S, Sy S, S S,
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3. SPV ARRANGEMENT AND DC-DC CONVERTER BY MPPT TECHNIQUE

To boost the achievement of the SPV structure and acquire tremendous energy, the SPV panel
remains connected to a DC-DC converter through MPPT automation that performs an extensive role during
SPV operation by adjusting the production voltage based on the SPV array. Performance based on the MPPT
executive is the essential recognition of a DC-DC converter enhancement variation. Accordingly, a DC-DC
expansion converter by MPPT automation prevails in the indicated effort to produce the optimal voltage, the
suggested MLI. Furthermore, it yields the ultimate energy against the SPV pattern passing through the altered
cumulative delivery MPPT approach. Different conductance is among the most widely used MPPT
techniques, including adopting a fluctuating step size.

4. MODES OF PROCESS

It consists of a single-phase traditional CHBMLI, three bidirectional switches among a capacitor
voltage divider produced with C,, Cp, Cc, and Cg, as shown in Figure 3. The updated CHBMLI topology is
substantially more beneficial than alternative topologies, i.e., limited energy switches, biased diodes, and
limited capacitors as inverters, concerning the corresponding statistic of levels. SPV pattern remains
associated with every inverter with a DC/DC advanced converter.

|
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vdo /4 —

Figure 3. Nine-level inverter for switching sequence

Energy composed through the inverter is held to be conveyed to the load. A DC/DC advanced
converter is essential, considering the SPV design takes a voltage reduced to the 1-¢ voltage. Immense DC
bus voltages are imperative for producing specific energy flows against the SPV pattern toward loads. The
filter is designed to adopt L and C to bring pure sine waves and, consequently, is inclined to AC loads. The
considered inverter’s processes can persist in nine switching states.

Power switching attributed to the inverter can achieve nine output voltage levels
(Ve 3Vae/4, Ve /2, Vae /4,0, —Vye, —3Vae /4, — Vg /2, — V4. /4) against the DC supply voltage. The novel
topology inverters process can be split into nine switching circumstances.

The appropriate nine levels of production voltage remain induced as follows.

- Ultimate +Ve output Voltage (Vg4.): Sa is against merged the load +Ve incurable over Vg, including
Sdremains approaching involved the load —Ve incurable over the ground. Integrated, that composed
switch has vanished. The voltage energized over the load is incurable V..

- Three-fourths +Ve output Voltage (3V4./4): The bi-directional control Seis ON, involving the load +Ve
incurable over Vg, and Sq is ON, almost applied the load —Ve incurable over the ground. The integrated
other composed switch has vanished. The voltage energized over the load destructive is (3Vy./4).

- Half of the +Ve production Voltage (V4./2): The bi-directional switch Sepersists for involving the load

+Ve destructive over Vg, including Sq is ON, almost involving the load —Ve incurable over the ground.
Integrated that the composed switch remains absent. The voltage energized over the load is incurable

Vdc/z-
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- One-fourth of the +Ve production Voltage (V4./4): The bi-directional switch Sg¢is ON, and almost every
load +Ve incurable along with Sq is ON, practically applying the limitation —Ve incurable to ground.
Integrated different composed switches remain OFF the energy adapted near the load fatal is Vy./4.

- Zero output Voltage (0 & 0*): The designated steady state can prevail over binary switching
arrangements. Switches Scand Sq are ON (or) S, and Sy remains ON, with the other complete switch
absent. The incurable “12” endures a short circuit also. Moreover, the voltage energized toward the
inductive load remains zero.

- One-fourth -Ve output Voltage (— V4./4): The bi-directional switch S, is ON, associating the load +Ve
incurable. Also, Sybe ON against the load —Ve incurable to V.. Natural alternative composed switches
endure OFF every energy adapted near the incurable load — V. /4.

- Half of the —Ve production Voltage (— V4./2): The switch Spis ON, almost involved the load +Ve
incurable over Vg, including the bi-directional control St is ON, involving the load —Ve terminal over
the ground. Integrated alternative composed switches have vanished. The voltage energized over the
capacity is — Vy./2.

- Three-fourths-Ve output Voltage (—3V4./4): The bi-directional switch Sy is ON, associating the load
+Ve incurable along with Sy is ON, associating the load —Ve incurable to ground. Integrated different
composed controls are OFF, and the voltage adapted through the load incurable is —3V,./4.

- Maximum -Ve output Voltage (—Vy.): Sb is ON, associating the load — Ve incurable to Vg along with
Sc is ON, associating the load +Ve fatal through the ground. Perfect alternative composed switches are
OFF, and the voltage is adapted to the load is —Vjy.

Table 1 shows the switching arrangement commencing the nine output voltage levels

(Vdcv 3Vdc & & —Vdc ﬂ —3Vdc

. 05 e ,0, 3 ,T,—Vdc) among switching arrangements considering a single-phase

nine-level inverter as presented in Figure 4.
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Figure 4. Switching arrangement for single phase nine level inverter

5. CLOSED-LOOP CONTROL SYSTEM

The supervision arrangement constitutes an MPPT supervisor, a DC voltage producer, and an
inverter supervisor, as demonstrated in Figure 5. Based on the indicated sequence, the intention is essentially
to achieve the ultimate volume of power together against SPV to load by diminishing THD. An innovative
algorithm that draws inspiration from nature was introduced by Mirjalili [21]. The ALO imitates the way that
ant lions hunt in the wild. An ant lion larva excavates a cone-shaped hole in the sand by moving in a circle
and expelling sand with its enormous jaw. The larva digs the trap and then hides beneath the cone's base to
wait for insects to fall into the hole and become trapped. Since the cone's edge is so sharp, insects can easily
fall to the bottom of the trap. The ant lion starts to catch its prey as soon as it realizes it is in the trap. After
that, it gets sucked up by the ground and eaten. In order to make room for the next hunt, ant lions dump the
leftover prey outside the pit after eating it.

Here, a hybrid technique, an ALO-tuned fuzzy rule base structure, is adopted in the MPPT approach for
its many networks. It systematically presents an ALO-fuzzy rule observer structure as exposed in Figure 6. The
SPV maximum voltage, along with production energy, correlates with a particular preceding FRB algorithm. If
the efficacy is growing Py, the performing approach activity nearP;,, = Bjnic FRB coordination is extended

in a similar guidance. Otherwise, in later revolutions, Py, < Pjin;, the guiding desire is transposed.
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Figure 5. Nine-level inverter for closed-loop restraint algorithm
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Figure 6. The fuzzy rule viewer is intended for a closed-loop system

FRB arrangement is exhausted in the DC-DC advanced converter. In essence, the ultimate harvest
energy of MPPT is accomplished against the duty cycle responsibility. As the DC power V4. prevailed
adapted in 9-level inverter, the production utilities of SPV variation situated scheduled duty cycle
transformation. SPV-associated DC/DC advanced converters with load-over surge diverters are the certainty
of an integrated arrangement. The input connection of SPV (Igpy, Vgpy) is inclined to MPPT among the PWM
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advanced converters as shown in Figure 7. The input source is V4. &Vy4.ref inclined to the FRB arrangement.
Measure the productivity voltages of SPV along with MPPT employing a trial-and-error mechanism. Indeed,
the output voltage is V4. &Vg. controlled by the inverter over the gating pulses of switches (S, — Sg) with
feed toward the load through the filter.
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Figure 7. Fuzzy rule viewer is intended for a closed-loop system

6. RESULTS AND DISCUSSION
6.1. Simulation result

The designed technique was previously proven with simulation outcomes in Figures 8 to 14. This
representative has been furnished with MATLAB/Simulink circumstances by the SIMPOWER system
toolbox. The MATLAB/Simulink-based CHB nine-level inverter controlled with an ALO-fuzzy MPPT
system effectively integrates hybrid optimization and intelligent control for photovoltaic power regulation.
The cascaded H-bridge topology generates nine distinct voltage levels with reduced switching stress, while
the fuzzy-based MPPT enhanced by the ant lion optimizer adapts efficiently to environmental changes to
ensure maximum power extraction. The PWM subsystem produces multi-carrier signals that synthesize a
near-sinusoidal output, achieving substantial THD reduction from 7.77% to 4.25% comparison THD table
indicated in Table 2. This hybrid control approach demonstrates superior power quality and dynamic
performance over conventional controllers, and its modular structure allows straightforward scalability for
higher voltage applications. Future work can explore FPGA-based real-time deployment and Al-enhanced
optimization for adaptive THD minimization in renewable grid systems.
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Table 2. ldentification of CHBMLI
Voltage No. of switches % THD with ALO-fuzzy % THD without ALO-fuzzy

levels recommended based MPPT controller based MPPT controller
Five Five 12.36 25.39
Seven Six 9.54 18.67
Nine Seven 4.25 7.77
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Figure 9. Sub circuit for MPPT advanced controller
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Figure 14. THD for CHB 9-level inverter with
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6.2. PROTEUS representation

Proteus is particularly attributed to the ultimate outstanding simulators. It can survive and reproduce
essentially without exception in stimulating fields. It is accessible near the utility considering the GUI, which
acts appropriately relevant to the prototype board in the process represented in Figures 15 to 17. Furthermore,
it can be worn to model printed circuit boards. The future scope of current research focuses on two aspects.
One is to extend the topologies' performance for higher levels and performance evaluation with different
hybrid optimization techniques, which leads to further improving the harmonic profile, i.e., reduction in
%THD of voltage within IEEE standards. The second aspect is to design a hardware model to validate the
proposed system using DSP based controller with a hybrid optimization technique.

Figure 17. Output voltage of CHB nine-level
inverter

Figure 16. Output pulse of CHB nine-level
inverter
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7. CONCLUSION

In the present work, we conferred a nine-level CHBMLI among seven switches advanced with
imported through the design of the integrated circuits in MATLAB/SIMULINK reproduction with an
effective, fair stepped nine-level waveform. The proposed model is straightforward in appearance, along with
a condensed quantity of apparatus correlated to typical symmetric and asymmetric topologies. The designed
9-level CHBMLI declined THD through an adequate standard and achieved 4.25% THD compared to the
traditional model illustrated in the research. Hence, the proposed power inverter endeavors an innovative
explanation considering an extensive range of utilization, such as non-conventional power propagation
systems to facilitate the desired % THD in voltage along with depressed voltage stresses, although enduring
reduced switch enumeration. In particular, SPV connections necessitate a lot of isolated SPV panels in an
array to achieve immense energy. % THD in voltage is within IEEE standards in 9-level CHB inverter
compared to the 7-level, along with 5-level inverter topologies, persists as a dominating topology for solar
PV inverter with ALO tuned fuzzy-based MPPT. Finally, MATLAB/SIMULINK and PROTEUS Software
supports the dominant performance of proposed 9-level inverter.
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