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Multilevel inverters (MIs) are gaining attention and have emerged as an important technology in the field
of power electronics, playing a critical function of converting direct current (DC) to alternating current (AC)
with high efficiency and superior output waveform quality [1]. Unlike traditional two-level inverters that
produce a binary voltage output, multilevel inverters generate a stepped waveform that closely approximates a
sinusoidal wave, resulting in reduced harmonic distortion and lower electromagnetic interference [2]. An M
is a power electronic device designed to synthesize a desired AC voltage output from several DC voltage
sources. Unlike traditional two-level inverters that produce a square wave output with two distinct voltage
levels, Mls generate a more sinusoidal output by utilizing a number of voltage levels. In this way, harmonic
distortion is reduced and the overall quality of the output waveform is enhanced [3][4].

Renewable energy sources (RES) such as solar photovoltaic (PV) and wind are increasingly being used
in the supply of the ever-growing electricity demand resulting, in part, from urbanization [5][6]. Solar PV
generates DC power which needs to be converted into AC for most applications [7][8]. This can be achieved
using cascaded H-bridge MlIs with low total harmonic distortion (THD). The performance of such inverters is
generally analyzed based on their output active power, reactive power as well as the THD level in the output
voltage. There are two main classes of Mls namely current source inverter (CSI) and voltage source inverter
[9][10]. The CSI has a drawback of high fault current capable of damaging the connected appliance or
equipment whenever a short circuit occurs. Hence, multilevel VSls are more commonly employed than the
CSI in high power applications. Multilevel VSlIs are further classified into three main categories namely
cascaded H-bridge (CHB), Neutral point clamped (NPC) and Flying capacitor (FC) Mis [11]. Among all the
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three, Cascaded H-bridge M1 is more widely due its numerous capabilities. Hence, it is the focus of this paper.
CHBs have been identified to have a wide area of industrial applications due to their high reliability, efficiency,
scalability, flexibility, high output voltage, and ease of control. In all such applications, the main aim is to
provide a higher operation efficiency. Some of such applications are concisely described below [12]-[14]:
Electric vehicles- due to their high efficiency and reliability, CHBs are usually employed in the development
of high-power charging stations for EVs in order to achieve increased efficiency through fast charging. They
can also be used for propulsion purposes in the EVs.

Motor Drives — multi level CHBs can be adapted to motor drives in variety of areas such as multi-motor
control, high-torque applications. They can also be integrated with advance control algorithms such as model
predictive control.

Renewable Energy Systems- Multi-level CHB inverters are also used in RES such as solar and wind for the
efficient conversion of DC power to AC before feeding it to the grid.

The CHBs can also be used in Uninterruptible power supplies (UPS) and Power quality improvement- in order
to provide stable power supply, reduce harmonics and enhance grid stability.

1.1. Literature Review

Several researches have been carried out in the area of multilevel inverters. The authors in [3] focused on
five level cascaded H-bridge MI having small number of switches using sinusoidal pulse width modulation
(SPWM) and carried out simulation of the multilevel inverter on a MATLAB/SIMULINK. A prototype of the
inverter was also constructed and the output waveform was monitored and measured using an oscilloscope.
The constructed inverter was found to have higher quality output waveform compared to conventional DC to
AC inverter. A 7-level cascaded H-Bridge MI, based on SPWM and multicarrier sinusoidal pulse width
modulation (MSPWM) strategies, was designed and constructed in [15]. The output waveforms of the two
strategies were observed both on proteus software and an oscilloscope. The results, in terms of THD, before
and after filtering were compared. It was clear that the THD obtained in the MSPWM technique was lower
than that of the SPWM technique with a value of 18.3% and 24.93% respectively. A model of 5-level cascaded
H-bridge MI with three and six phase voltages were developed by [16]. The simulation results with respect to
THD show that the six-phase 5-level inverter is slightly similar to the three-phase 5-level inverter with value
of 16.02% and 16.05% respectively. The 2-level inverter has the advantage of low weight and cost compared
to the other topologies. However, it is non-practical due to the high THD associated with its output voltage.
The design of the 5-level MI, on the other hand, seems to be more optimal than that of 9-level Mls. This can
be associated with the increased cost and weight that are proportional to the number of levels in the inverter.
Hence, this topology is good for industrial drives applications. The work in [17] involved simulation-based
investigation of the voltage performance of some distinct three-phase 5-level CHMI with different numbers of
switches and DC sources. The results show that the inverter with eight switches has the highest THD value of
38.82% while the inverter with five switches and two DC sources has the least value of THD of 21.95%.

2. THEORETICAL BACKGROUND
2.1. Multilevel Inverter

Multilevel inverters were introduced in 1975 beginning with the three-level and other multilevel
topologies were subsequently developed [17]. Generally, the primary function of a multilevel inverter is to
ensure higher power through the use of series of power semiconductor switches alongside several lower voltage
dc sources which perform the power conversion through synthesis of a staircase voltage waveform [18]. In
modern electrical engineering and power electronics, multilevel inverters have become an essential technology
for efficient and reliable power conversion. These inverters, that can produce multiple voltage levels, offer
significant advantages over traditional two-level inverters, especially in high-power and high-voltage
applications. The growing demand for renewable energy integration, industrial drives, and electric vehicles
underscores the importance of advanced inverter technologies, making multilevel inverters a focal point of
research and development.

Among the different types of inverters, Mls are of particular interest because of their high-quality AC
waveforms production capability. Unlike traditional two-level inverters, which switch between two voltage
levels, MlIs use multiple voltage levels to synthesize a more sinusoidal output. This results in improved power
quality, higher efficiency, and lower electromagnetic interference [19]. There are several types of multilevel
inverters, each with its unique topology and operational characteristics over the last two decades.
Contemporary research has engaged novel converter topologies employing unique modulation techniques.
three major multilevel inverters topologies have been reported in the literature as discusses below:

2.2.1. A.Diode-Clamped Multilevel Inverters (DCMLI)
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These inverters, depicted in Figure 1, are also called Neutral Point Clamped (NPC) inverters, use diodes
to clamp the voltage levels, providing a straightforward design suitable for medium voltage applications. They
are employed in medium to high voltage applications due to their ability to generate multiple voltage levels
with reduced harmonic distortion [11]. DCMLIs are designed to produce a staircase waveform with multiple
voltage levels. A typical three-level NPC inverter has three voltage levels (Vdc, 0, and -Vdc). The key feature
of this topology is the use of clamping diodes to fix the intermediate voltage levels, ensuring that the voltage
stress on each power device is limited to a single voltage level (Vdc). Figure 1 depicts an NPC inverter.

vdc/2

-vdc/a

a4 =

“vdc/2

Figure 1. Neutral Point Clamped (NPC) Inverter Topology

2.2.2. Flying Capacitor Multilevel Inverter (FCMLI)

FCMLIs use capacitors to produce multiple output voltage levels. This topology is known for its
modularity and capability to produce high-quality output waveforms with less THD. FCMLIs produce a
staircase waveform with multiple voltage levels. the number of capacitors and switches used in the design
determine the number of voltage levels of the inverter. The capacitors are charged to specific voltages to create
the required output levels.

Insulated Gate Bipolar Transistors (IGBTs) and Metal-Oxide-Semiconductor Field-Effect Transistors
(MOSFETS) are mostly used for the switching operations in FCMLI. These capacitors are used to generate
intermediate voltage levels. They are placed between the power switches and are crucial for voltage balancing.
The inverter operates by switching the power devices in a specific sequence to charge and discharge the flying
capacitors, thus generating the desired output voltage levels. For an n-level FCMLI, (n-1) capacitors are
required. Each capacitor is charged to a fraction of the total DC voltage, creating intermediate voltage levels.

2.2.3. Cascaded H-Bridge (CHB) Multilevel Inverter

Cascaded H-bridge inverters are particularly noted for their modularity and ability to produce high-
quality waveforms with reduced harmonic distortion [6]. The basic building block of this inverter type is the
H-bridge cell, that consists of four switches that are typically either transistors or IGBTSs arranged in an "H"
configuration. Each H-bridge cell can produce three voltage levels: positive, negative, and zero. Figure 2
depicts an n-level CHB inverter topology. Each H-bridge cell is connected to a particular isolated DC voltage
source which could be batteries, solar panels, or other DC power supplies. A control system manages the
switching of the H-bridge cells to produce the desired AC output waveform.

Multiple H-bridge cells are connected in series, and their outputs are combined to form the overall
output voltage of the inverter (Figure 2). By controlling the switching of each cell, the inverter can produce a
stepped approximation of a sinusoidal waveform. The inverter achieves high-quality AC output by synthesizing
the desired waveform through pulse-width modulation (PWM) or other modulation techniques. The more H-
bridge cells used, the closer the output waveform can approximate a pure sine wave, reducing harmonic
distortion. The main advantage of the CHB inverter is its ability to produce a multilevel output voltage. This
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allows for higher voltage operation with lower THD compared to the conventional two-level inverters [15, 20-
22].

The ratio of all harmonic components to the fundamental component is known as THD [23]. Total
voltage harmonic distortion (THD,) is expresses in equation 1 [24].
1/2
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Figure 2. Cascaded H-bridge Multilevel Inverter Topology
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3. METHODOLOGY
This section presents the method used in designing the five-level CHB inverter via simulation and
experiment.

3.1. MATLAB/SIMULINK DESIGN

The designed inverter model is simulated using MATLAB/Simulink. The 5-level CHB inverter consists
of two H-bridge cells connected in series, each powered by independent DC voltage sources. For generating
five voltage levels, two H-bridge cells are needed, each capable of producing three voltage levels (-V, 0, +V).
The five-level CHB inverter is modeled along with a PWM. Eight switches are used with two DC sources. The
parameters for PWM and the 5-level CHB inverter are provided in Table 1. The Simulink model of 5level CHB
is shown in Figure 3, while Figure 4 shows the Simulink model for the SPWM that will drive the 5-level CHB
inverter.

Table 1. Simulation specification for the 5-level CHB inverter

Specification Value
Rated inverter output frequency Modulating frequency) 50Hz
Dc link voltage of H-bridge 12v

Carrier frequency (fc) 100Hz
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The 5-level CHB inverter model has eight switching transistors to produces the 5-level output voltage of

the inverter. A gate signal generation unit is required to drive the inverter. Sinusoidal pulse width modulation
(SPWM) is used in generating the gate signals for the inverter as shown in Figure 4.
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Figure 3. Simulink Model of Five-level CHB Inverter
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Figure 4: SPWM model
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3.2. Five-Level CHB Inverter Prototype Design

The validation of the simulation is done by constructing a prototype with eight MOSFET transistors as
switches, the gating signal are generated through a microcontroller and opto-coupler. Other components are
carefully selected to ensure that the inverter operates efficiently and meets system requirements. After
considering the parameters used in the simulation, the following components were selected to construct the
inverter as indicated in Table 2.

Table 2. Components Specifications

Components Rating
MOSFET 4NG60
Microcontroller [25] 16F877A
Diodes 1N4001
Capacitor 1000uF 25V
Transformer 12V *2
Resistor 1Q
Crystal oscillator 16mHz
Opto-coupler TLP250
Voltage regulator 7805
LEDs 1.8v

4. RESULTS AND DISCUSSION

The construction of a 5-level cascaded H-Bridge multilevel inverter involves several key components and
subsystems that work together to convert DC power into high-quality AC output with multiple voltage levels.
The following are detailed results obtained from the simulation and construction of the inverter.

4.1. Simulation Results

The simulation of the 5-level cascaded H-Bridge inverter was performed using MATLAB/Simulink. The
voltage output waveform of the inverter is as shown in Figure 5 and the total harmonic distortion (THD) results
was found to 33.12% as depicted in Figure 6.

Valtag

Figure 5. Voltage output waveform of the five-level Inverter
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Figure 6. THD spectrum result of five-level CHB inverter

4.2. Experimental Results

The hardware of the 5-level CHB inverter was constructed as shown in Figure 7. Testing was carried out
using oscilloscope to capture the output of voltage waveform of the multilevel inverter and to also measure the
THD of the prototype of the inverter.

Figure 7. Constructed Five-level CHB inverter prototype

The results of the prototype inverter obtained from the oscilloscope show that a 5-level voltage output is
produced by the inverter as shown in Figure 8 is similar to that produced in the simulation as depicted in Figure
5. The magnitude of the output voltage is 24V which correspond to the voltage value of the simulation model.
THD measured from the oscilloscope for the prototype CHB inverter is found to be 10dB which is equivalent
to 33% which is slightly similar to the simulation result in Figure 9 that has THD value of 33.12%.
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Figure 8. Experimental Voltage Output Waveform of the 5-Level CHB Inverter

The developed hardware on cascaded H-bridge five level inverter using SPWM method has high quality
output waveform compared to conventional direct current to alternative current inverter. From the result
obtained above the total harmonic distortion of the simulated inverter is same as that of the constructed inverter.
The THD is at 33% due to the microcontroller (L6F877A) used, as it cannot produced more than 100 Hz carrier
frequency. A higher carrier frequency will have less THD value. The main advantage of the cascaded H-bridge
inverter is less cost and weight compared with other type inverters. This method is well suited for industry’s
drives. By having a less filter circuit in the network and still have less THD value. This circuit implementation
decreases the usage of switches. The developed hardware is able to operate in both symmetrical and
asymmetrical modes.

5. CONCLUSION AND LIMITATION

This paper modeled a single phase 5-level cascaded H-Bridge multilevel inverter using
MATLAB/Simulink and its prototype was also constructed. Results of both the simulation and experimental
set-up were obtained and compared. The total harmonic distortion in the simulated inverter is closely similar
to that of the constructed prototype. In both cases, the inverter has achieved significant reduction in THD value
and an improved voltage of five level as compared to the 2-level produced by the conventional inverter.
Microcontroller that can produce high carrier frequency could be adopted to improve in reducing THD value.
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