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Abstract— Multilevel inverter is a promising inverter that 

offers many benefits for high power applications. This paper 

presents a Symmetrical Multilevel Inverter (SMLI) topology 

with Hybrid Pulse Width Modulation (HPWM) technique. 

SMLI topology reduces the number of isolated DC sources. 

This implemented modulation technique reduces the Total 

harmonic distortion of output current. This paper also 

presents analysis of single phase output phase voltage and 

three phase output current in terms of THD. An elaborate 

simulation study of the implement. The simulation has been 

carried out in MATLAB / Simulink. 
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I. INTRODUCTION 

An Inverter is a device which converts DC power to AC 

power. The two level inverter requires high switching 

frequency, its efficiency is less and switching losses are very 

high. Multilevel inverters were introduced to overcome these 

disadvantages [1]. Multilevel inverters are able to synthesize 

output voltages with reduced harmonic distortion and lower 

electromagnetic interferences. The concept of multilevel 

inverters has been introduced since 1975 and the term 

multilevel begun with three level inverter. Multilevel 

inverters consist of large number of power semiconductor 

switches in order to perform the power conversion in small 

voltage steps. Multilevel inverter output is a staircase 

waveform and it closely resembles sinusoidal waveform. The 

advantage of multilevel inverters are improvement in 

staircase waveform quality, less input current distortion and 

lower electromagnetic interferences. Many topology have 

been introduced for multilevel inverters [2], [3]. Multilevel 

inverters are widely used in electric drives, PV systems and 

automotive applications. The harmonic content of the output 

decreases as the number of level increases. Multilevel 

topologies are widely used with different modulation 

techniques [4]-[5] . 

Classifying the multilevel inverter according to the 

type of voltage synthesis leads to basically three types of 

inverter namely, 1) Diode Clamped Multilevel Inverter 2) 

Capacitor Clamped Multilevel Inverter 3) Cascaded 

Multilevel Inverter with Non Isolated DC Source[6],[7]. 

Cascade multilevel inverter are further subdivided into 

hybrid/non-hybrids and symmetrical/asymmetrical type 

topology. Symmetrical multilevel inverters are inverters with 

symmetrical DC sources. The control method of Symmetrical 

multilevel inverter is more convenient than other topologies 

because it does not have any clamping diodes and flying 

capacitors. 

  This paper presents a symmetrical multilevel 

inverter concept in its single phase and three phase 

connection with hybrid modulation technique. Symmetrical 

multilevel inverter generates the five level output phase 

voltage and nine level output line voltage. Hybrid modulation 

technique reduces the THD of the output phase current.  As 

compared with a H – Bridge Cascaded multilevel inverter, the 

number of isolated DC source are reduced in the SMLI[8], 

but, the number of semiconductor device remain the 

same[9],[10],[11],[12]. Thus, the SMLI is useful and suitable 

for medium voltage application[13] ,[14]. Therefore by 

reducing the number of insulated DC supplies. The number 

of cables connecting the input transformer terminal to the 

rectifying bridge is reduced. 

II. SYMMETRICAL MULTILEVEL INVERTER 

Single phase SMLI, shown in figure. 1 (a) which gives five 

output voltage levels. Switches S5 to S8 are connected as a 

full bridge inverter that is responsible for switching the load 

terminals according to the gate signals. Figure. 1(b) shows the 

possible load voltage Van levels for the specified switching 

condition. It is seen that the pairs S5 / S8 and S6 / S7 are 

turned on in complimentary order to generate the negative 

and positive voltage. The three level inverter switches S1 to 

S4 are switched according to a proper modulation pattern in 

order to generate a desired load voltage.  

 
(a) Topology 

 
(b) Output Phase voltage 

Fig. 1: Single Phase Symmetrical Multilevel Inverter 

The inverter shown in figure 1(a) is a five level singe 

phase inverter where, all switches operate with high 

frequency. 

In cascaded H-bridge multilevel inverter output 

voltage is given by 2N+1 [1] ,[15] similarly, output voltage 

for SMLI can be obtained by expression  2N + 1 where N is 

the Number of DC sources[11] 
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VAN S1 S2 S3 S4 S5 S6 S7 S8 

+2Vdc 1 0 0 1 1 1 0 0 

-Vdc 
1 0 1 0 1 1 0 0 

0 1 0 1 1 1 0 0 

0 
0 1 1 0 1 1 0 0 

0 1 1 0 0 0 1 1 

-Vdc 
0 1 0 1 0 0 1 1 

0 1 0 1 1 1 0 0 

-2Vdc 1 0 0 1 0 0 1 1 

Table 1: Switching States and Respective Voltage Levels 

Per Inverter Leg 

Table 1 is shown to explain how the staircase 

voltage is synthesized across the load AN.  The five-level 

phase-leg ‘a’ output with respect to the neutral point ‘n’, Van 

can be obtained by following switching combinations. 

1) For voltage level VAN = + 2 Vdc , turn on S1 , S4, S5, 

S8 

2) For voltage level VAN = + Vdc there are two 

combinations , turn on S1, S3, S5, S6 or S2, S4, S5, S6 

3) For voltage level VAN = 0, turn on S2, S3, S6, S8, or S2, 

S3, S7, S8 

4) For voltage level VAN = - Vdc there are two 

combinations, turn on S1, S3, S7, S8 or S2, S4, S7, S8 

5) For voltage level VAN = - 2 Vdc, turn on S1, S4, S7, S8 

For voltage level + Vdc, 0 and – Vdc the redundancy 

conditions are available. 

Three phase SMLI is formed by connecting the 

single phase module in a Y – configuration supplying a three 

phase load through terminals A, B, and C, as shown in figure 

2.  

 
Fig. 2: Three Phase Symmetrical Multilevel Inverter 

The common point of the inverters is called “O”, 

whereas the common point of the load star connected will be 

named “N”. In three phase SMLI the number of isolated DC 

Source reduces from six to three as compared to the three 

phase cascaded multilevel inverter. Each one of the 

modulating signals of the three phase inverter is displaced by 

120O with respect to each other.  

III. MODULATION TECHNIQUE 

The modulation technique used for the single phase SMLI 

topology is hybrid PWM techniques. In this technique 

combination of two PWM techniques is applied. The output 

signal is obtained from the comparison of modulating signal 

and carrier signal. Hybrid PWM technique requires four 

carrier signals Vc1,Vc2,Vc3,Vc4 for five level symmetrical 

multilevel. Carrier Vc1 and Vc2 are triangular signals and 

carrier Vc2 and Vc3 are inverted sinusoidal signal with 

different frequency. VM is modulating signal, where the gate 

signal generated by the comparing the VM with  

Vc1,Vc2,Vc3 and Vc4.This modulation scheme of the carrier 

and modulating signals is shown in figure 3. 

The modulation strategy used for the three phase 

SMLI topology is obtained from the single phase modulation 

technique by employing three modulating signal displaced by 

120o from each other. 

 
Fig. 3: Wavaform of Hybrid Modulation Technique 

IV. DESIGN SPECIFICATION 

Design parameter for simulation is as follows 

Vdc = 220 V 

R0 = 33.4 ohms 

L0 = 234.4 mH 

Mf = 0.9  

Mi = 32 

fs = 1600 Hz 

f0 = 50 Hz 

where, 

Vdc = supply voltage 

f0 = load fundamental frequency 

Mi = modulating index 

Mf = modulation frequency 

fs = switching frequency 

R0 = load equivalent resistance 

L0 = load equivalent inductance  

V. SIMULATION OF THE SINGLE PHASE SYMMETRICAL 

MULTILEVEL INVERTER 

Simulation are done figure 1 with design data of section IV. 

Simulations are performed with all ideal components. In 

figure 4 the output phase voltage waveform of the single 

phase SMLI is shown. It is possible to see that the voltage 

have five levels 440 V, 220 V, 0 V, -220 V, and -440 V. figure 

5 shows frequency spectrum of this output voltage with THD 

1.24%. [12] 

 
Fig. 4: Single Phase Output Phase Voltage 
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Fig. 5: Frequency spectrum of Output phase Voltage 

VI. SIMULATION OF THE THREE PHASE SYMMETRICAL 

MULTILEVEL INVERTER 

This section presents the simulation results of the three phase 

five level inverter. The simulation specifications are given in 

section IV. Figure 6 & figure 7 shows the Output Line-to-

Line Voltage & output phase currents obtained in the 

simulation. Each current is 1200 phase shifted from other. In 

figure 7 the frequency spectrum of this current in fundamental 

frequency percentages is shown where THD is 3.00%. 

 
Fig. 6: Output Line-to-Line Voltage 

 
Fig. 7: Three phase output phase current 

 
Fig. 8: Frequency spectrum of Output phase Current 

VII. CONCLUSION 

In this paper presents the single phase and three phase 

symmetrical multilevel inverter circuit with hybrid 

modulation techniques is analysed. Both single and three 

phase circuit switches S1 to S4 are characterized by high 

frequency operation and switches S5 to S8 are operated at low 

frequency, to transfer the energy to the load, this circuit do 

not required clamping diodes or capacitors. The switching 

cells are feed by isolated DC supply for equal value. The five 

level SMLI has been thoroughly analysed.  

From the achieved results and analysis, it is 

observed that the system is able to supply high quality 

alternating voltage to three phase system. This is achieved 

with a modulation techniques based on the S-PWM patterns. 

With this, the low frequency switches with stand the full DC 

link voltage and fast frequency switches semiconductors 

blocked only half of it.  

It has been shown how standard multilevel control 

technique can be applied to this multilevel inverter and is 

analysed for the three phase system of the SMLI. The 

advantages of this techniques are reduced THD and switches 

losses. This paper single phase SMLI analyse the output 

phase voltage its five level output achieved. Three phase 

system the reduced the output current THD and also analyse 

the frequency spectrum of both single phase five level voltage 

and three phase output current.  
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