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Abstract: The energy supply for the multilevel inverter is a chain combination of three PV arrays. In this paper, we compare 

the outputs of a 3-segment bridge inverter and a 7-stage multilevel inverter for the entry of a PV device. Here, cases are 

considered. In the first case, PV module output is carried out by a three-section full-bridge inverter. In the second case, PV 

module output is carried out by a symmetrical seven-stage inverter. The greater the variety of PV modules, the greater the 

range of voltage degrees, the more trustworthy the output sinusoidal waveform is. Multi-stage inverters (MLI) are being 

preferred over traditional two-degree inverters as the former topologies have minimal harmonic distortion, electromagnetic 

interference, and higher DC hyperlink voltages. On the other hand, these gadgets have a few inherent drawbacks, like an 

expanded number of switches, complex manipulative strategies, and the requirement of many voltage sources. A 

conventional topology uses 12 switches for a 7-stage MLI layout. 
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I. Introduction: 

Renewable electricity aid (RES) has become more 

attractive and charming because of the advancement 

of technology. Traditional resources such as solar 

energy, wind electricity, biomass, hydropower, 

geothermal, and so on are less appealing in meeting 

client demands than RES such as solar energy, wind 

electricity, biomass, hydropower, geothermal, and so 

on.By monetary factor, these RESs are contributing a 

lot because of the valuable nature of solar energy. The 

implementation of RESs in hybrid devices gives 

upward thrust to a tremendous regime within the 

domain of energy. The collective gain of most 

efficiency and minimal losses is accomplished via 

photovoltaics, wind turbines, and fuel cells. Power 

digital gadgets like MLI, converters, choppers, etc. 

play a crucial position in the collaboration of those 

RESs and allotted grid devices. The concept of 

optimization of micro grids with distributed gadgets is 

a good possibility for gaining flexibility, reliability, 

manipulating mechanisms and green energy. DC to 

AC electricity conversion is a key technology within 

the present day set-up of the era, transmission, 

distribution, and usage of electric power. With the 

advent of the latest energy electronics gadgets, digital 

controllers, and sensors, the position of electricity 

inverters is also envisaged and stated in frontiers 

inclusive of futuristic clever grids and extra 

penetration of renewable energy sources-based totally 

electricity technology. Conventional two-stage 

inverters have been used. However, these inverters 

give pulsating waveforms of cutting-edge and voltage 

at their outputs, and filters are needed to get 

fundamental frequency sinusoidal waveforms. The 

efficiency of this method is low since electricity 

contained inside the higher order harmonics is wasted. 

Keeping in view the disadvantages of conventional 

level inverters, it's essential to plot new inversion 

methodologies. 
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There has been a boom in demand for electric power 

everywhere in the world. With an increase in the 

population, industrialization, and globalization, the 

electrical power demand is extra. To meet the 

expanded demand, there is a boom in the requirement 

for the set up of alternative electricity resources. As a 

result, renewable energy assets (RES) were required 

and installed at the distribution level in the electricity 

device to assist in delivering the electricity required 

for the balance equation. Solar energy plants are 

extensively used nowadays to help the electricity 

system. But the principal problem is the dynamic 

nature of entry for RES. In high-movement-based 

mills, mills are circled at a regular pace to maintain a 

steady frequency. The frequency mismatch is the main 

issue when a solar power plant is mounted and related 

to the grid. Rated frequency may be acquired by using 

the right inverter. A photovoltaic (PV) module is 

modelled and the output is supplied to inverters. 

Conventional inverters produce two ranges in the 

output voltage that have excessive harmonic content. 

The concept of multilevel production emerges within 

the output of the inverter. There are many multilevel 

inverters in use; however, they're operating at an 

excessive switching frequency. Therefore, a brand 

new symmetrical multilevel inverter is designed to 

perform at a line frequency of 50Hz so that switching 

losses are reduced. The pulse width modulation 

(PWM) method is used wherein section and stage-

shifted reference modulation methods are 

implemented. 

II. Literature Survey: 

M.S. Sivagamasundari et al. (2013) proposed 

photovoltaic power conversion as an important 

research focus due to its promising ability as a source 

of future strength and has many more benefits than 

alternative energy sources such as wind, sun, ocean, 

biomass, geothermal, and so on. In photovoltaic 

power era devices, multi-level inverters may be used 

as an alternative configuration for the DC to AC 

inverter. Multilevel inverters have three widely used 

configurations: diode clamped inverters, cascaded H-

bridge inverters, and flying capacitor inverters. 

Among these three configurations, the cascaded H-

bridge multilevel inverter is typically used for 

photovoltaic machines due to the fact that every 

mobile of the cascaded H-bridge multilevel inverter 

calls for separate DC resources, which may be without 

difficulty provided via person PV arrays and each H-

Bridge mobile will be contained in a single module. 

This research paper compares harmonic evaluation in 

various ranges of symmetrical cascaded H–bridge 

multilevel inverters employing a multicarrier pulse 

width modulation approach for photovoltaic 

machines. From this look, it is found that the overall 

harmonic distortion is low for higher levels of the 

Symmetrical Cascaded H-bridge multilevel inverter 

and, for this reason, the performance of the gadget will 

be stepped forward. The harmonic content in output 

voltage and load today has been studied using 

MATLAB/Simulink and has been analysed up to 

seventh harmonics in exclusive stages of symmetrical 

cascaded h-bridge multilevel inverters. The simulated 

output shows very favorable outcomes. 

S. Umashankar et al. (2013) supplied though the 

multilevel inverters keep attractive capabilities, 

utilization of extra switches inside the conventional 

configuration poses a dilemma to its extensive range 

application. Therefore, a renewed 7-degree multilevel 

inverter topology is delivered incorporating the least 

wide variety of unidirectional switches and gate cause 

circuitry, thereby making sure the minimal switching 

losses, lowering length and installation value. The 

new topology is properly suited for drives and 

renewable electricity programs. The overall 

performance great in terms of THD and switching 

losses of the brand new MLI is in comparison with 

traditional cascaded MLI and other existing 7-level 

decreased switch topologies the usage of service-

primarily based PWM strategies. The results are 

established the use of MATLAB/SIMULINK. 

Sathish Kumar et al. (2014) provided a unique fuzzy 

PWM switching scheme for the proposed multilevel 

inverter. It utilizes three reference indicators and a 
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triangular carrier signal to generate PWM switching 

signals. The three reference signals are received by 

means of a fuzzy controller. The conduct of the 

proposed fuzzy logic controller multilevel inverter 

was analyzed in detail. By controlling the modulation 

index, the desired range of stages of the inverter ‘s 

output voltage can be carried out.  

Mohana Sundar Manoharan et al. (2017) proposed a 

brand-new architecture for a fee-effective energy 

conditioning system (PCS). The use of an unmarried-

sourced uneven cascaded H-bridge multilevel inverter 

(MLI) for photovoltaic (PV) packages is proposed. 

The asymmetric MLI topology has a wide variety of 

parts in comparison to the symmetrical type for an 

equal quantity of voltage stage. However, the 

modulation index threshold related to the drop inside 

the number of levels of the inverter output is higher 

than that of the symmetrical MLI. This hassle results 

in a modulation index predicament that is fairly higher 

than that of the symmetrical MLI. Hence, an 

additional voltage pre-regulator will become an 

essential factor inside the PCS under an extensive 

running bias version. In addition to pre-level voltage 

regulation for the consistent MLI dc-hyperlinks, any 

other auxiliary pre-regulator must provide isolation 

and voltage stability for most of the multiple H-bridge 

cells inside the asymmetrical MLI as well as the 

symmetrical ones. The proposed PCS makes use of a 

single-ended DC-DC converter topology with a 

coupled inductor and rate-pump circuit to satisfy all 

the aforementioned necessities. Because the proposed 

included-type voltage pre-regulator circuit employs 

only a single MOSFET transfer and a single magnetic 

thing, the size and cost of the PCS are the primary 

trade-offs.In addition, the voltage balance between the 

separate H-bridge cells is automatically maintained by 

means of the wide variety of turns in the coupled 

inductor transformer regardless of the responsibility 

cycle, which gets rid of the need for an additional 

voltage regulator for the auxiliary H-bridge in MLIs. 

The voltage stability is likewise maintained under the 

discontinuous conduction mode (DCM). Thus, the 

PCS is also operational at some point in mild load 

situations. The proposed architecture can follow the 

module-integrated converter (MIC) concept to carry 

out the allotted MPPT. The proposed structure is 

analyzed and validated for a 7-stage uneven MLI 

through the use of simulation results and a hardware 

implementation. 

In this paper, K. Dhineshkumar et al. (2018) discussed 

in this paper the sun-primarily based enhanced 

converter integrated nine-stage multilevel inverter 

offered. It makes use of seven switches to provide a 

nine-level output stepped waveform. The intention of 

the paintings is to produce a 9-level wave through the 

use of solar panels and improved converters. The 

traditional inverter has more than one asset and has 16 

switches required, as well as a greater variety of 

voltage sources required. The proposed inverter 

required an unmarried solar panel and decreased 

variety of switches and included a boost converter, 

which increased the input voltage of the inverter. The 

proposed inverter was simulated and, in comparison 

with R load, the prototype model was experimentally 

tested. The proposed inverter may be used in a variety 

of sun packages. 

In Maham Fatima et al. (2018)'s proposed cascaded 

module of multilevel inverter is proposed. The 

proposed topology produces a huge number of degrees 

with reduced overall harmonic distortion (THD). This 

module consists of a limited range of MOSFETs and 

gate drivers, which optimizes the layout of MLI in 

terms of time, complexity, value, manipulation and 

installation. The performance analysis of the proposed 

module is achieved through the use of a modulation 

approach. Simulation effects for the 17-level are 

evaluated in MATLAB/SIMULINK. 

B. Dorothy Mercy Carol et al. (2020) described in this 

paper supply three PV arrays which might be related 

in series in which the voltage and modern-day of PV 

arrays are maintained at popular operating conditions. 

The output of the PV module is given to the 

symmetrical multilevel inverter. The output voltage of 

the proposed multilevel inverter is symmetrical and 
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has seven tiers. The harmonic content material is 

greatly reduced from the 3-segment bridge inverter to 

the multilevel inverter. For the proposed symmetrical 

multilevel inverter, there are much fewer switches 

compared to other topologies. As the switching 

velocity of the multilevel inverter is reduced, 

switching losses are reduced. The low frequency 

switching reduces the inverter strength losses, leading 

to a higher performance of the proposed topology. 

Total harmonic distortion is decreased to an amazing 

extent by using the proposed multilevel inverter. Thus, 

the proposed seven-degree inverter improves energy 

efficiency. The proposed MLI topology could be an 

awesome strategy to feed microgrids from RESs. 

Hassan Salman Hamad (2020) offered the multilevel 

inverters (MLI) as a result of the low total harmonic 

distortion (THD) associated with their output voltage, 

as well as their low electromagnetic interference 

(EMI). The MLI represents an effective and possible 

answer for reinforcing energy demand and 

minimizing AC waveforms’ harmonics as they 

generate a favored degree of output voltage as inputs 

from varying tiers of DC voltages. In this paper, the 

overall performance of a seven-degree cascaded H-

bridge MLI with an asymmetrical number of strength 

switches is evaluated. The simulation overall 

performance is shown to validate the running principle 

of the single-segment cascaded H-bridge inverter. To 

manage the MLI, a pulse width modulation method 

was applied. The running principle of the MLI is 

established via simulation through the usage of the 

PSIM software program. 

Johny Renoald Albert et al. (2020) provided the first 

rate-lift technique as a first-rate contribution to the 

DC–DC conversion era. A replacement technique for 

symmetrical fantastic-raise multilevel inverter 

(SLMLI) DC/AC generation is proposed with a 

discounted wide variety of factors compared with the 

conventional multilevel inverter. In this method, the 

firefly set of rules conveys the main assignment for the 

SLMLI topology for solar-photovoltaic packages. It 

generates low-distortion output and consumes the 

harmonic band of the short Fourier remodel 

framework by the employment of the proposed 

algorithm. The simulation circuit for 15 levels of 

output makes use of a single-switch first-rate-carry 

inverter feed with special forms of load (R, RL, and 

RLE) conditions. The electricity quality is stepped 

forward in SLMLI with minimized harmonics under 

the various modulation indices at the same time as 

numerous from zero.1 to as much as 0.Eight. The 

circuit is designed in a field programmable gate array, 

which incorporates the firefly rule to assist the 

multilevel output, reduce the lower order harmonics, 

and discover the high-quality switching attitude. As a 

result, minimal total harmonic distortion from the 

simulation and hardware circuit is achieved. Due to 

the absence of cumbersome switches, inductor, and 

filter out factors, the effectiveness of the proposed 

gadget is revealed. 

Ahmed Ismail M. Ali et al. (2021) discussed a simple 

single-segment new pulse-width modulated seven-

stage inverter architecture for photovoltaic (PV) 

structures helping the domestic-grid with electric 

powered automobile (EV) charging ports. The 

proposed inverter includes a reduced wide variety of 

energy additives and passive factors length, at the 

same time as showing much less output-voltage total 

harmonic distortion (THD), and cohesion electricity 

factor operation. In addition, the proposed inverter 

requires simple control and switching techniques 

compared to recently published topologies. A 

comparative study was conducted to compare the 

proposed inverter structure with the current inverter 

topologies primarily based on the variety of 

components within the inverter circuit, quantity of 

additives according to output-voltage level, average 

range of active switches, THD, and operating 

performance as powerful parameters for inverter 

overall performance assessment. For design and 

validation functions, numerical and analytical 

fashions for a grid-tied solar PV machine driven by the 

proposed seven-degree inverter were advanced in 

MATLAB and Simulink environments. When 

considering grid-integration and stand-alone home 
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with a level-2 AC EV charger (three–six kW), the 

inverter performance changed. Compared with 

recently published topologies, the proposed inverter 

makes use of a discounted number of power 

components (7 switches) for seven-stage terminal 

voltage synthesis. An experimental prototype for the 

proposed inverter with the related controller was 

constructed and examined for a stand-on my own grid-

included device. Due to the lower wide variety of ON-

switches, the inverter's working efficiency became 

more desirable at 92.86% with a load modern-day 

THD of three.43%, which follows the IEEE standards 

for DER applications. 

 

III. Proposed work: 

 

Figure 3.1: Block diagram 

An ideal solar cell can be considered as a current source. 

The current produced by it is proportional to solar 

irradiation intensity falling on it. The recombination losses 

are represented by the diode connected parallel to the 

current source but in the reverse direction. The ohmic 

losses in the cell occur due to the series and shunt 

resistances denoted by 𝑅𝑠 and 𝑅𝑝 respectively. 

 

Figure 3.2: Electrical equivalent of PV cell 

Where, 𝐼𝑝ℎ = 𝑝ℎ𝑜𝑡𝑜𝑛 𝑐𝑢𝑟𝑟𝑒𝑛𝑡  

𝐼𝐷 = 𝑑𝑖𝑜𝑑𝑒 𝑐𝑢𝑟𝑟𝑒𝑛𝑡  

𝐼𝑠ℎ = 𝑠ℎ𝑢𝑛𝑡 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 

 𝑅𝑝 = 𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙 𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒  

𝑅𝑠 = 𝑠𝑒𝑟𝑖𝑒𝑠 𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐e 

7-Level Multilevel Inverter Configuration: 

An MLI is a kind of power electronics tool that 

produces a large number of degrees from a single or a 

couple of DC sources on the input terminal. The DC 

source furnished at the entrance of MLI is obtained 

from special resources consisting of PV gas, 

capacitors, DC batteries and many others. MLI 

consists of semiconductor switches like MOSFETs, 

IGBTs, BJTs, and gate drivers, etc. The principal 

purpose of MLIs is to acquire an output waveform that 

is carefully associated with a reference sine wave. 

The design of cascaded MLIs can be made easy by 

means of designing an easy-to-gate pulse era scheme. 

The cascaded MLIs use bridges cascaded with each 

other. For a 5-degree inverter, two bridges are 

required, for a seven-stage inverter, three bridges are 

required, for a nine-degree inverter, four bridges are 

required and so on. One bridge consists of four 

semiconductor switches, so the range of switches 

increases with the extent and voltage steps. As a result, 

switching losses and the cost of MLIs rise in tandem. 

Therefore, an initiative has been taken to reduce the 

number of semiconductor switches, and consequently, 

the fee for MLI, and a less difficult switching 

technique has been advanced to control the MLIs. In 

this section, a way has evolved to reduce the number 

of switches for a seven-degree inverter by using only 

seven switches or six switches. A simplified gate 

management circuit is also advanced for the proposed 

topologies. 
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Figure 3.3: Seven level seven Switch Topology 

IV. Conclusion: 

Multi-stage inverters (MLI) are being considered 

as the most famous approach to synthesizing 

nearly sinusoidal waveforms using multi-steps. 

Out of 3 traditional topologies, cascading H-

bridge sorts of MLIs with one-of-a-kind dc 

sources are confirmed to be more dependable in 

generating higher voltage with relatively fewer 

harmonics because of their modular nature. These 

types of MLIs are also very appropriate for Sun 

programmed because the separate DC source 

requirement is evidently to be had. However, there 

are positive drawbacks to these MLIs, such as the 

large number of switches and the related gate 

power circuit design as required by means of the 

corresponding semiconductor switches, which 

create more complexity in the electric and 

mechanical layout of the inverters. 
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