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Abstract—This paper focused on reviewing the main types 

of topologies and control strategies employed for the 

operation of multilevel inverter. Advantages and 

disadvantages of the topologies and the control techniques 

in relation to one another are equally reviewed. Recent 

proposed methods employed to improve the harmonic 

performance, reduce electromagnetic interference (EMI), 

lower stress on the power switches, eliminate DC link 

voltage imbalance and simplify the pulse width modulation 

control algorithms are fully reviewed. Selective harmonic 

elimination modulation technique is used in generating the 

11-level of output voltage. It is aimed at reducing the total 

harmonic distortion as low as possible. 

 

Index Terms—harmonic distortion, multilevel inverter, 

modulation techniques, topology 

 

I. INTRODUCTION 

The concept of multilevel inverters (MLI) has been 

introduced since mid-1970. The term multilevel 

originated with the three-level inverter. Subsequently, 

several multilevel inverter topologies continue to emerge, 

especially in the last two decades. They are power-

conversion systems composed by an array of power 

semiconductors and DC voltage sources that, when 

appropriately connected and controlled, can generate a 

multiple-step voltage waveform with variable and 

controllable frequency, phase and amplitude [1]. The 

staircase voltage waveform is synthesized by selecting 

different voltage levels generated by the proper 

connection of the load to the different DC voltage sources. 

This connection is performed by proper switching of the 

power semiconductors [2]. 
1

Owing to the increased power rating, improved 

harmonic performance, reduced electromagnetic 

interference (EMI), lower stress on the power switches 

and reduced voltage derivatives (dv/dt) [1], multilevel 

inverter has continually draws the industrial and 

academic attention as preferentially one of the leading 

electronic power conversion mechanism for high power, 

medium voltage applications [2] and renewable energy 

interface; such as in photovoltaic (PV) [3], [4], wind [5] 

and fuel cells [6]. Multilevel inverters have been widely 

applied to chemical, liquefied natural gas plants, water 
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treatment plants, transportation system (hybrid-plug-in 

vehicle), power generation, transmission and distribution 

systems [1]. Intuitively, this is why researchers are 

spending much efforts trying to improve multilevel 

inverter through control simplification, reducing the 

number of DC sources and enhancing the total harmonic 

distortion (THD) of the output signal [7]. 

However, for any advantage there usually be a 

corresponding disadvantage, multilevel inverter is not an 

exceptional case as it employ higher number of electronic 

components compared to conventional two-level inverters, 

introduce complexity in control and DC link capacitor 

voltage imbalance [8], [9]. Some approaches are 

developed to reduce the number of switches [8], eliminate 

DC link voltage imbalance [10], [11] and simplify the 

pulse width modulation control algorithms [12]. 

The operations, power ratings, efficiency and of course, 

applications of multilevel inverter depends majorly on its 

topology and the type of control algorithm used in its 

PWM controller [13]. The most commonly known 

multilevel inverter topology is [2], [7], [14]-[16]: 

 Neutral-point-clamped (Diode clamped) MLI  

 Flying capacitor (Capacitor clamped) MLI 

 Cascaded H-bridge MLI 

By combining these topologies with one another, 

hybrid inverter topologies have been developed. Similarly, 

by applying different DC voltage levels, an asymmetric 

hybrid inverter topology has equally been in achieved. 

Moreover, MLI control techniques which are based on 

fundamental and high switching frequency includes [2]: 

 Space vector control 

 Selective harmonic elimination 

 Space vector PWM 

 Sinusoidal PWM 

As the paper is structured, after this introductory part, 

Section II and III of this paper give detailed account on 

the topology and control techniques of MLI. Section IV 

presents some discussions on the results obtained from 

the simulation carried out, while the last section 

concludes the paper. 

II. MULTILEVEL INVERTER TOPOLOGY 

Generally, these inverters can be classified as voltage 

source or current source inverters as shown in Fig. 1. 
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Figure 1. Multilevel inverter topologies [1]. 

Three major multilevel inverter configurations applied 

in industrial applications and mentioned in several 

literatures; cascaded H-bridges inverter with separate DC 

sources, neutral-point clamped, and flying capacitors 

used virtually in low, medium and high power 

applications are briefly discussed. However, there are 

“hybrid” circuits that are achieved through the 

combinations of two or more major multilevel topologies 

or slight reconfigurations to the original one. Some this 

MLIs has modular structures. 

A. Cascaded H-Bridge Multilevel Inverters(CHBMI) 

 

Figure 2. Cascaded bridge multilevel inverter 

The CHBMI conventionally requires separate DC 

sources, but recently a single source is analyzed both are 

well suited for various renewable energy sources such as 

photovoltaic [3], [4], fuel cell [6] and biomass. This 

configuration has recently become very ubiquitous in AC 

power supply and adjustable speed drive applications [17]. 

A single-phase n-level configuration of such inverter is 

shown in Fig. 2. Each module consists of a separate DC 

source associated with a single-phase full-bridge inverter. 

The terminal voltage of each module is connected in 

series to form an output voltage Vout. The output voltage 

is synthesized by the sum of each DC source from each 

module [2]. The number of module (m), which is the 

same as the number of DC sources required, depends on 

the number of levels (n) of the CHBMI. n is taken as odd, 

so as to give an integer-valued number of output phase 

voltage levels, m given by (n-1)/2 [18]: 

In another literature, the number of output phase 

voltage levels m in a cascade inverter is defined by 2s+1, 

where s is the number of separate DC sources [19]. This 

topology has the advantages of automatic voltage sharing 

across the switches in a module due to the usage of 

independent voltage sources. The series of H-bridges 

makes for modularized layout and packaging. This will 

enable the manufacturing process to be faster, easier and 

cheaper. The disadvantage of the topology is that separate 

dc sources are required for each of the bridge [20]. 

B. Neutral Point Clamped Multilevel Inverters(NPCMI) 

The NPCMI uses capacitors in series to divide up the 

DC bus voltage into a set of voltage levels [21]. An 

example of a single-phase, four-level diode-clamped 

inverter is shown in Fig. 3. To produce n-levels of the 

phase voltage, an n-level NPCMI needs n-1 capacitors on 

the DC bus. Thus, for a four-level inverter, the DC bus 

consists of three capacitors C1, C2 and C3. For a DC bus 

voltage of Vdc, the voltage across each capacitor is Vdc/3. 

Consequently the voltage stress for each power device is 

limited to one capacitor voltage level Vdc/3, through the 

clamping diodes [22].  

 

Figure 3. Single-phase four-level NPCMI 

This topology has the following advantages; phases 

share a common DC bus, which minimizes the 

capacitance requirements of the inverter. This allow 

back-to-back implementation for high-voltage inter-

connection or adjustable speed drive application. The 

capacitors can be pre-charged as a group. Efficiency is 

high for fundamental frequency switching. 

The main drawback of this topology includes difficulty 

in real power flow for a single inverter because the 

intermediate DC levels will tend to overcharge or 

discharge without precise monitoring and control. The 

number of clamping diodes required is quadratically 
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related to the number of levels, which can be 

cumbersome for units with higher number of levels and 

not suitable for redundancy [23]-[25]. 

C. Flying Capacitor Multilevel Inverter (FCMI) 

The structure of this inverter is similar to that of the 

diode-clamped inverter except that instead of using 

clamping diodes, it uses capacitors in their place, hence 

the name implies. The circuit topology of the flying 

capacitor multilevel inverter is shown in Fig. 4 [23]. This 

topology has a ladder structure of DC side capacitors, 

where the voltage on each capacitor differs from that of 

the next capacitor. The voltage increment between two 

adjacent capacitor legs gives the size of the voltage steps 

in the output waveform [22]. 

 
 

Figure 4. Single-phase four-level FCMI  

Unlike the NPCMI, the flying capacitor inverter does 

not require all of the switches that are ON (conducting) 

be in a consecutive series. Moreover, the flying-capacitor 

inverter has phase redundancies [24]. These redundancies 

allow a choice of charging and discharging specific 

capacitors, and can be incorporated in the control system 

for balancing the voltages across the various levels.  

One advantage of the flying-capacitor-based inverter is 

that it has redundancies for inner voltage levels. In 

another words, two or more valid switching combinations 

can synthesize an output voltage. Another merit of FCMI 

is the availability of phase redundancies for balancing the 

voltage levels of the capacitors. Real and reactive power 

flow can equally be controlled. The large numbers of 

capacitors enable the inverter to ride through short 

duration outages and deep voltage sags. It requires a 

single isolated dc supply voltage source [23], [24]. 

Like other topologies it has disadvantages of 

complicated control in tracking the voltage levels for all 

of the capacitors. Also, pre-charging all of the capacitors 

to the same voltage level and startup are complex. 

Switching utilization and efficiency are poor for real 

power transmission. The large numbers of capacitors are 

both more expensive and bulky than clamping diodes in 

multilevel diode-clamped converters. Packaging is more 

difficult in inverters with higher number of levels [25]. 

D. Other Multilevel Inverter Structures 

Besides the three basic multilevel inverter topologies 

previously discussed, other multilevel converter 

topologies have been proposed [26], however, most of 

these are “hybrid” circuits that are combinations of two of 

the basic multilevel topologies or slight variations to 

them. Additionally, the combination of multilevel power 

converters can be designed to match with a specific 

application based on the basic topologies. 

 Generalized Multilevel Topology 

The generalized converter topology called P2 topology 

proposed by Peng [27], as illustrated in Fig. 5. 

 

Figure 5. Generalized P2 multilevel converter topology 

The basic 2P cell is conjoined in cascade to develop 

this inverter. The topology can balance each voltage level 

by itself regardless of load characteristics, active or 

reactive power conversion and without any assistance 

from other circuits at any number of levels automatically. 

Thus, the topology provides a complete multilevel 

topology that embraces the existing multilevel converters 

in principle [26], [27]. 

 Mixed-Level Hybrid Multilevel Inverter 

The configuration has mixed-level hybrid multilevel 

units because it embeds multilevel cells as the building 

block of the cascade inverter. To reduce the number of 

separate DC sources for high-voltage, high-power 

applications with multilevel inverters, diode-clamped or 

capacitor-clamped inverters could be used to replace the 

full-bridge cell in a cascaded inverter. Fig. 6 shows the 9-

level cascade inverter integrating a 3-level diode-clamped 

inverter as the cell [26]. The original CHBMI requires 

four separate DC sources for one phase leg and twelve for 

a three-phase inverter [26], [28]. The advantage of the 
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topology lies in less separate DC sources requirements, 

while the disadvantage of this topology is the complexity 

in its control strategy due to its hybrid structure. 

 

Figure 6. Mixed-level hybrid configuration  

 Back-To-Back Diode-Clamped Inverter 

Two multilevel inverters can be connected in a back-

to-back procedure and then the arrangement can be 

connected to the electrical system in a series-parallel plan 

as shown in Fig. 7. Both the current needed from the 

utility and the voltage supplied to the load can be 

controlled at the same time simultaneously. This series-

parallel active power filter has been referred to as a 

universal power conditioner when used on electrical 

distribution systems and as a universal power flow 

controller when applied at the transmission level [22], 

[29]. 

 

Figure 7. Back-to-back inverters 

 Soft-Switched Multilevel Inverter 

The soft-switching methods can be realized for diverse 

multilevel inverters to reduce the switching loss and to 

increase efficiency [26]. For the cascaded inverter, 

because each inverter cell is a bi-level circuit, the 

implementation of soft switching is not at all different 

from that of conventional bi-level inverters. For a flying 

capacitor or neutral point clamped inverters, soft-

switching circuits have been proposed with different 

circuit arrangements [27]. One of the soft switching 

circuits is zero-voltage-switching type which includes 

auxiliary resonant commutated pole (ARCP), coupled 

inductor with zero-voltage transition (ZVT), and their 

combinations [22], [29]. 

III. MULTILEVEL INVERTER MODULATION TECHIQUES 

Sequel to the increased number of level, higher level of 

complexity is experienced while controlling MLI. 

However, this complexity could be used to add additional 

capabilities to the modulation technique, namely; 

reducing the switching frequency, minimizing the 

common-mode voltage, or reducing the DC link voltage 

imbalance [10], [30]. Several modulation techniques have 

been proposed for cascaded multilevel inverters which 

are usually an extension of the two-level modulations. 

These techniques can be classified based on switching 

frequencies, as shown in Fig. 8. 

 

Figure 8. Classification of multilevel inverter modulation [31] 

A. Sinusoidal Pulse Width Modualtion. 

SPWM involves the superimposing a sinusoidal 

modulating signal (reference) on to a high frequency 

triangular carrier signal (the most common and easiest 

technique) per phase. (k-1) carrier signals are required k-

level inverter. The instantaneous intersections between 

these two signals switch the switching device ‘ON’ if the 

modulating signal is greater than carrier signal assigned 

to that switch. The ratio of these signals’ amplitude and 

frequency called amplitude modulation index, ma and 

frequency modulation ratio, mf defined in (1) and (2). 

              sin
a

tri

A
m

A
            (1) 

          3 ? 2 1tri
f

sin

f
m k k N

f
                   (2) 

where Asin, Atri, fsin and ftri are amplitudes and frequencies 

of the modulating signal and carrier signal respectively. 

Table I summarizes the implication of this modulation 

indices to the output of the inverter.  
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TABLE I.  IMPLICATION OF MODULATION INDEX TO SPWM 

Modulation 

Index 

Modulation Consequences 

0 1am   Linear 

Modulation. 

The output, Vo is a linear function of 

ma and the inverter DC input, hence is 

the desired region of operation. 

1am   Over 

Modulation. 

The output no longer possess that 

linearity, and causes the carrier signal 

to undergo phase reversal. 

3fm k  

 2 1k N   

--- It is advisable to choose large ftri 

(range of 2-15 kHz) and odd triple 

multiple of the fsin. This minimize the 
harmonic content and prevent high 

frequency components to prevail. 

 

Fig. 9 illustrates one of the three carrier-based 

techniques used in conventional inverter that can easily 

be applied to MLI. It is achieved by comparing a 

sinusoidal reference with a triangular carrier signal. Modulating Signal (Phase A)  and  Carrier Signal
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Figure 9. Sinusoidal PWM schematics 

Other interesting carrier-based multilevel PWM are 

sub harmonic PWM (SHPWM) and switching frequency 

optimal PWM (SFO-PWM) [7]. By super-imposing the 

carrier signal on one another as shown in Fig. 10, level 

shift PWM and phase shift PMW are achieved. This 

method is further classified into three as shown in Fig. 3 

based on the carrier signal orientation.  

 

Figure 10. Multilevel phase-shifted carrier-based techniques [30] 

B. Multilevel Space Vector Modulation (MSVM) 

(MSVM) algorithm is basically a PWM strategy with 

difference switching times, which are computed based on 

three phase space vector representation of the reference 

and the inverter switching states instead of the per-phase 

in time representation of the reference and the output 

levels [1]. It involves expressing a reference voltage (Vref) 

in a vector form and by matching it with discrete 

switching states, the reference voltage simulated at the 

inverter output [31]. With increasing n, redundant 

switching states and the complexity in the algorithm 

(selecting the switching state) and mathematical 

computation also increase significantly [32]. Vref as 

depicted in Fig. 11 can be obtained by computing the 

corresponding duty cycles Tj, Tj+1, and Tj+2 [31]. 

 

Figure 11. Multilevel SVM [31] 

1 1 2 2
 

j j j j j j

ref
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   (3) 

1 1 2 2j j j j j jT V T V T V        is the PWM total period. 

C. Selective Harmonic Elimination PWM (SHE-PWM) 

SHE-PWM is a low switching frequency PWM 

method developed for traditional inverters in which a few 

switching angles per quarter fundamental cycle are 

predefined and pre-evaluated via Fourier series expansion 

described in (5), to ensure the elimination of undesired 

low-order harmonics [18]. 

 
1

4
cos ?

        ,? 

          , ?0,

m

k k

k

V n for odd n
Hn n

for even n









 



        (4) 

where Hn is the amplitude of n
th

 harmonic of the 

waveform, Vk is the k
th

 level of DC voltage and αk is the 

switching angles. The condition: α1 < α2 <…< αm < π/2 

must be satisfied, so as to set the harmonics that will be 

eliminated to zero [32]. With this operation, a voltage 

depict in a staircase. In this regard, SHE-PWM provides a 

narrow range of modulation index, which is its main 

drawback.  

IV. SIMULATION RESULTS AND DISCUSSION 

A case study simulation of single phase single source 

multilevel inverter is considered in this paper. The 

proposed cascaded H-Bridge inverter model used, 

consists of three parallel connected H-bridge modules, 

fed through a single DC voltage source supply. Each of 

the H-bridge modules has four semiconductor switches 

and is configured in such a way, that it generate a quasi-
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square voltage waveform (+E, 0, -E) at its output terminal. 

E is the main DC source from the supply unit. S1, S2, 

S3 …S12, are the semiconductor switches VP1, VP2, and 

VP3 are the output terminals of the respective bridges. The 

total output voltage of the inverter in the Fig. 12 is  

1 2 3out p p pV V V V      (5) 

The modulation technique employed on any kind of 

the inverter topology plays a major role in determining 

the properties of its output waveform. The selective 

harmonic elimination method is the modulation technique 

used in generating the 11-level of the output voltage. 

Therefore, the switching angles need to be carefully 

chosen such that the selected odd harmonics are 

eliminated [33], [34]. 

This technique apart from producing a power quality 

output with a lower total harmonic distortion THD, it also 

reduces the amount of electro-Magnetic interference EMI 

and switching losses caused by high switching frequency 

modulation [2], [35]. Specifically in this paper the 

switching angle used is proposed in [36]. In an effort to 

verify the proposed multilevel inverter design procedure 

were set up in PSIM software platform package, both 

circuit was supply with 100V DC as an input voltage 

supply, and switching frequency of 5 kHz, details are 

presented in [37]. 

V

VP1

V

VP2

V

VP3

E
H-Bridge 1 H-Bridge 2 H-Bridge 3

 

Figure 12. Proposed topology 

 
Figure 13. Simulated output terminal voltage for H-bridge 1 (VP1) 

 

Figure 14. Simulated output terminal voltage for H-bridge 2 (VP2) 

 

Figure 15. Simulated output terminal voltage for H-bridge 3 (VP3) 

 

Fig. 13, Fig. 14, and Fig. 15 are the terminal voltage 

waveform (VP1, VP2, and VP3) which depict the 

contribution given by each respective bridge. The total 

output voltage is obtained by combining these signals as 

given in (5). From the above terminal voltage, it can be 

clearly seen that, each respective H-bridge is capable of 

producing constant output signal without distortion. 

The circuit configuration in Fig. 12 is simulated using 

a load of 100 Ω to avoid floating of the system output 

terminal during the simulation, and the following results 

are obtained. 
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Figure 16. Voltage output waveform of the inverter 

 

Figure 17. FFT analysis of the inverte

From the Fig. 16 and Fig. 17 it can be seen that an 11-
level staircase output signal was obtained with total 
harmonic distortion (THD) of 5.5%. The voltage 
waveform and FFT analysis spectrum shows the 
magnitude of fundamental component and that of 
harmonic at the above frequencies. The fundamental 
component amplitude is much higher than that of 
harmonic order component. It can also be observed that 
the triple harmonics are concealed out automatically, only 
the non-triple harmonics are present at lower amplitude. 
A combination of resistor-inductor, resistor-capacitor, 

inductor-capacitor, and combination of both was 

simulated in each case at nominal values as in Fig. 18.  
The value was selected arbitrarily to represent 

approximate value for the purpose of design and 
simulation. The actual impedance may vary considerably 
depending application, in this study nominal impedance 
is implicitly referring to the frequency response of the 
circuit under consideration, in which the change in 
voltage or current waveform, and harmonic level of the 
inverter is observed. Form Fig. 18 it clearly shows that 
combination of resistor-capacitor has the lowest THD 
compare to the rest, meaning for filter design capacitor 
filter will be of significant choice for this inverter type. 
For RL, LC, and RLC loads are having almost similar 
harmonic contain level. 
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Figure 18. Different load combination against THD 

Finally all the simulation result obtained are within 

theoretical expectation and provided us with detail 

characteristic of multilevel inverter performance 

characteristic under different load condition prior to 

implementation. 

V. CONCLUSION 

Multilevel inverters have matured from being a 

growing technology to a sound-established practical 

approached solution for low to medium voltage and high 

power application. The three major reported topology are 

cascaded H-bridge with separate DC source, neutral point 

clamp and flying capacitor. While in this paper a 

proposed cascaded H-bridge with a single DC source was 

proposed and simulated and various hybrid multilevel 

inverter was also presented. Various Multilevel control 

strategy and application are also discussed. Due to 

numerous applications of multilevel inverter and 

flexibility to design the hybrid topologies, and switching 

control especially in the digital era with numerous 

simulation software, this paper cannot cover all the area, 

but an insight to the useful literature. 
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