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Abstract 

Nowadays for high-voltage applications, the Multi-level 

inverters (MLI) are used extensively and the operation 

& analysis is easy to that of conventional inverters, 

because of lower harmonic distortion, switching losses, 

EMI and lesser number of switches. In conventional MLI, 

most of the topologies are required more number of 

switches with High THD and also having more 

switching losses with voltage equalizing problems. In 

order to overcome the mentioned drawbacks, the 1-φ 

seven-level Hybrid H-bridge inverter for Off-Grid 

application with asymmetrical configuration is 

presented in this work. Further, the DC source voltage 

is generated by using solar photovoltaic system. The 

presented inverter topology having six number of 

switching components, to develop a seven levels across 

the load from two different ratings of solar PV systems. 

Further, low frequency pulse width modulation control 

strategy is utilized for the switching operation of 

proposed inverter topology presented in this work. The 

simulation results of the proposed novel seven- level 

inverter topology is validated with MATLAB/Simulink 

software tool. 

Keywords— Multi-Level Inverter (MLI), Low 

Frequency Pulse Width Modulation (PWM), 

Asymmetrical Configuration, Total Harmonic 

Distortion, Solar PV and Off-Grid. 

INTRODUCTION 

Day to day increment of utilization of electrical 

energy and for the future generation of electrical energy 

it should be focused on Non-Conventional energy 

sources (NCRS). Due to shortage of fossil fuels and 

without any pollution effect, the NCRS are more 

predominant in generation of electrical power. Different 

types of NCRS are available in the nature, but due to the 

advantages of solar and wind energy sources are more 

predominant and also pollution free energy sources [1]-

[2]. Due to rapid development of power electronic 

control techniques in electrical power generation and 

more advantages of solar PV systems, they are used in 

many industrial and residential applications [3]. The 

design of PV cells is more demand and popular due to 

effective use of PV panels [4]. The output of the PV cells 

are DC Voltage, so if we want to connect to the Grid the 

power conversion is required [5], for that Inverters are 

required. In general for industrial application, the 

voltage Source inverters are effectively utilizing for 

conversion of energy from dc to ac [6]. But the 

conventional inverters are having non sinusoidal 

waveform in nature, with high THD and more switching 

losses. The fundamental magnitude is also very low [7].  

To overcome the above mentioned drawbacks, the 

multilevel inverters (MLIs) are more attractively 

developed by researchers in high power and high voltage 

applications as compared to conventional inverters [8]. 

It consisting of stepped voltage waveform with low 

harmonic contents. And increasing the number of 

voltage levels across the load, it minimizes the total 

harmonic distortion (THD). For switching operation of 

the power semiconductor switches in the MLI 

configuration, pulse width modulation control strategies 

are introduced to reduce the switching loss. Multi level 

inverter are having different type of topologies [9], 

which are Diode Clamped [10], Flying Capacitors [11], 

Neutral point [12], Cascaded H-Bridge [13]. When 

compared to all these types of inverters the cascaded 

Hybrid Multi level Inverter requires a few number of 

switching devices and also low THD. Generally, in 

industrial applications, the required number of phases is 

more. Then the number of switching 

devices/components increases in cascaded bridge 

inverter configurations, so the operation is difficult with 

higher number of switches and conductional losses 

increase. Which results the inverter will become more 

complex and costly.  

Hybrid multi level inverter topologies are 

introduced to overcome above mentioned drawbacks 

with fewer switching devices [14]. The hybrid MLIs are 

basically consisting two type of configurations, which 
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are symmetrical and asymmetrical configuration [15]-

[16]. To increase the number level with reduced 

switching count the asymmetrical configuration is best 

suitable for different rating of PV panels. As compared 

to different configuration of hybrid inverters the 

proposed inverter configuration is consisting of lesser 

switching devices for seven levels. And also the 

harmonic content is reduced along with its low 

switching losses and the fundamental component 

magnitude is increased by using low switching 

frequency [17]. Further, the module of addition and 

subtraction of source principle operation based MLI are 

introduced to overcome the voltage balancing problems 

across the source side [18]-[19].  

The paper is organized as follows. The proposed 

solar PV fed Hybrid MLI with asymmetrical system 

configuration is described in section II. In Section III 

generation of voltage levels across the load for proposed 

inverter is explained. Switching signal generation of the 

7-level Hybrid H-bridge inverter is described in section 

IV. The MATLAB simulation results of the proposed 

inverter configuration is analysed in section V. The 

conclusion of the research work with future scope is 

mentioned in section VI. 
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Figure 1 Block diagram Solar PV fed Seven 

Level Hybrid H-bridge Inverter 

 

HYBRID H-BRIDGE INVERTER 

CONFIGURATION 

The proposed Solar PV fed 1-φ Seven- Level Hybrid H-

bridge inverter block diagram is shown in Figure 1. The 

proposed inverter topology consisting six number of 

power semiconductor switches (IGBT / MOSFET) of 

Q1-Q6. And the inverter is fed from the two 

asymmetrical dc voltage sources; the input dc power is 

generated by the solar photovoltaic system. In this novel 

inverter configuration, the two DC voltage sources are 

connected in series through the IGBT device (Q2 &Q4). 

The same polarity (positive or negative) /potential 

(lower or higher) of sources are connected in the same 

point at the power semiconductor device. And for the 

generation of seven number of voltage levels across the 

load, two isolated asymmetrical DC voltages are 

selected as twice of the other (i.e.V2=2V1). And the 

entire power semiconductor switches in the 

configuration are connected in the same way as shown 

in figure 1, and out of 6 devices 2 devices are connected 

in opposite direction to remaining switches with series 

connection for polarity reversal. By using pulse width 

modulation control strategy, the power semiconductor 

devices of proposed inverter are turned on and off, then 

by the addition and subtraction of voltage sources the 

different voltages levels are produced. The mode of 

operation of proposed topology explained in section III. 

MODES OF OPERATIONS  

To understand the principle operation of proposed 

seven–level Hybrid H-bridge inverter, the direction of 

flow of current from source to load is explained in 

different modes with generation of different voltage 

levels. Each mode of operation with active devices 

appeared in Figure 2. For analysis of switching mode of 

operations in place of solar PV panel, the DC voltage 

sources are considered. The eight modes of operations 

as follows,   

Mode 1: The combination switches Q1, Q2, and Q3 

are enable to activate and remaining switches are 

deactivated, then the produced load voltage is equal to 

zero volts. Because of one leg of switches are short 

circuited. The operation of active circuit with direction 

of flow of current is appeared in Figure 2(a). 

Mode 2: The combination switches Q1, Q5 and Q6 

are enable to activate and remaining switches are 

deactivated, and then the produced load voltage is equal 

to source voltage of V1 volts. The magnitude level of 

load voltage is equal to Vdc. The operation of active 

circuit with direction of flow of current is appeared in 

Figure 2(b). 

Mode 3: The combination switches Q4, Q5 and Q3 

are enable to activate and remaining switches are 

deactivated, and then the produced load voltage is equal 

to second source voltage of V2 volts. The magnitude 

level of load voltage is equal to 2Vdc. The operation of 

active circuit with direction of flow of current is 

appeared in Figure 2(c). 
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Mode 4: The combination switches Q1, Q5 and Q3 

are enable to activate and remaining switches are 

deactivated, and then the produced load voltage is equal 

to the addition of two voltage source of V1+V2 volts. 

The magnitude level of load voltage is equal to 3Vdc. The 

operation of active circuit with direction of flow of 

current is appeared in Figure 2(d). 

Mode 5: The combination switches Q4, Q5, and Q6 

are enable to activate and remaining switches are 

deactivated, then the produced load voltage is equal to 

zero volts. Because of one leg of switches are short 

circuited. The operation of active circuit with direction 

of flow of current is appeared in Figure 2(e). 

Mode 6: The combination switches Q2, Q3 and Q4 

are enable to activate and remaining switches are 

deactivated, and then the produced load voltage is equal 

to source voltage of V1 volts with opposite polarity. The 

magnitude level of load voltage is equal to -Vdc. The 

operation of active circuit with direction of flow of 

current is appeared in Figure 2(f). 

Mode 7: The combination switches Q1, Q2 and Q6 

are enable to activate and remaining switches are 

deactivated, and then the produced load voltage is equal 

to second source voltage of V2 volts. The magnitude 

level of load voltage is equal to -2Vdc with opposite 

polarity. The operation of active circuit with direction of 

flow of current is appeared in Figure 2(g). 

Mode 8: The combination switches Q2, Q4 and Q6 

are enable to activate and remaining switches are 

deactivated, and then the produced load voltage is equal 

to the addition of two voltage source of V1+V2 volts 

with opposite polarity. The magnitude level of load 

voltage is equal to -3Vdc. The operation of active circuit 

with direction of flow of current is appeared in Figure 

2(h). 

 

Q1

Q2

Q3

Vdc

2Vdc

Q4

Q5

Q6

Vo= 0 Volts

 
(a) 

Q2

Q3

Q1

2Vdc

Vdc

Q5

Q6

Q4

Vo= Vdc Volts

(b) 

Q3

Q1

Q2

Q6

Q5

Q4

Vo=2Vdc Volts

Vdc

2Vdc

 
(c) 

Q1

Q3

Q2 Vo=3VdcVolts

2Vdc

Vdc

Q4

Q5

Q6

 
(d) 

http://www.ijreat.org/
http://www.prdg.org/


IJREAT International Journal of Research in Engineering & Advanced Technology, Volume 7, Issue 3, June - July, 2019 
ISSN: 2320 – 8791 (Impact Factor: 2.317)    

www.ijreat.org 

 

 

www.ijreat.org 
                             Published by: PIONEER RESEARCH & DEVELOPMENT GROUP (www.prdg.org)                   48 

Q1

Q2

Q3

Q4

Q5

Q6

Vdc

2Vdc

Vo= 0 Volts

 
(e) 

Q2

Q3

Q1
Vdc

2Vdc

Q6

Q5

Q4

Vo= -Vdc Volts

 
(f) 

Q3

Q1

Q2

2Vdc

Vdc

Q6

Q4

Vo= -2Vdc Volts
Q5

 
(g) 

Q1

Q3

Q2

Q4

Q6

Q5
Vo= -3Vdc Volts

Vdc

2Vdc

 
(h)

Figure . 2 (a)-(h) Different modes of operations of proposed seven level inverter

SWITCHING SIGNAL TECHNIQUE 

For the operation multilevel inverters 

switching/triggering signals are required for the power 

semiconductor devices. The switching/triggering 

signals are generated based on pulse width modulation 

control strategies. Depends upon the carrier switching 

frequency the modulation control strategies are 

classified in to two types, they are low and high 

switching frequency PWM control 

strategies/techniques. To reduce the switching losses 

and harmonic content in the proposed 1-φ seven-level 

hybrid H-bridge inverter, low switching frequency 

modulation control strategy is implemented. 

Figure 3 switching sequence of low frequency PWM control scheme
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In this presented work, for generation of 

switching/triggering signals for the proposed hybrid h-

bridge inverter, a square wave form is used as a 

reference waveform with fundamental frequency (= 

50Hz). The reference waveform is compared with two 

triangular signals each triangular waveform is phase 

opposition to other. From the comparison of these 

signals, two signals G1 & G2 are generated as shown 

in Figure 3. 

Therefore, the required switching/triggering pulses 

for the power semiconductor switches of Q1 &Q4 of 

proposed inverter can be generated by using the 

following mathematical analysis. Similarly, for the 

Switches signals are generated for Q3 &Q6 with half of 

the switching frequency of triangle signals used in 

generation of signals of Q1 & Q4. Table 1 shows that 

the switching sequence states of all power switches of 

proposed inverter configuration. 

QG1 = G1+G4 

  G4 = G2*G3 

QG1 = G1+ (G2*G3) 

QG4 = QG1’ 

Where (+) stands for logical OR  

 (*) stands for logical AND  

 (’) stands for logical NOT. 

TABLE I 

STATES OF SWITCHING 

S. 

No 

Switching  operations 
Voltage 

Levels 

Q1 Q2 Q3 Q4 Q5 Q6  

1 1 0 1 0 1 0 3Vdc 

2 0 0 1 1 1 0 2Vdc 

3 1 0 0 0 1 1 Vdc 

4 1 1 1 0 0 0 
0 

5 0 0 0 1 1 1 

6 0 1 1 1 0 0 -Vdc 

7 1 1 0 0 0 1 -2Vdc 

8 0 1 0 1 0 1 -3Vdc 

 

SIMULATION RESULTS & ANALYSIS 

The Solar PV array fed 1-φ seven-level hybrid H-

bridge inverter configuration shown in Figure 1 has 

been implemented with MATLAB/Simulink software 

shown in Figure 4 and performance of the proposed 

system is analysed is this section. And the switching 

signal modulation techniques has been explained in 

section IV, the simulation of the switching signal model 

as shown in figure 5. 

 
Figure 4 MATLAB/Simulink model of seven-level 

hybrid H-bridge inverter 

 

 
Figure 5 MATLAB/Simulink circuit of low 

frequency PWM technique for generation switching 

signals for Q1 & Q4 

 

 
Figure 6(a)-(f) switching signals for different switches 

(Q1 to Q6) 
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Figure 6 shows the gate triggering signal obtained 

during simulation of control logic for Hybrid H-Bridge 

seven-level inverter. Figure 7 and Figure 8 respectively 

shows that the results of presented single phase seven-

level inverter load voltage and current simulation 

waveforms with low frequency pulse width modulation 

technique. 

In the Figure 9 & Figure10, FFT analysis of the 

Hybrid H-bridge seven-level inverter with low 

frequency PWM scheme is shown. From that it 

observed, the THD of load voltage is 17.97% with 

fundamental magnitude of 304.9 volts and THD of load 

current is 17.97% with fundamental magnitude of 

1.016 Amperes respectively for R-Load without filter.

 
Figure 7 Load voltage  

 
Figure 8 Load current 

 

 
Figure 9 Load voltage THD 

 
Figure 10 Load current THD 

CONCLUSIONS 

In this work, the Solar PV array fed 1-φ seven-level 

hybrid H-bridge inverter topology has been 

implemented with MATLAB/Simulink software and 

performance of the proposed system is analyzed. From 

the simulation results it was observed that, the 

performance of presented inverter configuration as 

improved for Off-Grid application fed solar PV array. 

In this type of multi-level inverter the output voltage 

becomes more smooth and sinusoidal with an increase 

in levels. Then the harmonic content reduces with 

reduced dv/dt stress. And also the switching losses 

reduced with improved fundamental component. 

Moreover, the improved performance of low frequency 

PWM control strategy seven-level hybrid inverter with 

reduced harmonic content, the design cost & size of the 

filters are reduced.  

 

FUTURE SCOPE 

In this presented work, the seven levels Hybrid H-

bridge inverter topology is explained. The fault 

tolerance ability is very low for the proposed inverter 

topology. To improve the fault tolerance ability, the 

novel multi level inverter configuration is to be 

designed with lesser number switches and THD.  

 

APPENDIX 

SIMULATION PARAMETERS 

 

Carrier switching Frequency  F = 100Hz, 50 Hz 

DC input voltage  V= 100 V, 200V 

Reference signal frequency  F=50Hz 

Output voltage rating    300V 

Load Current rating   1Amp 

Resistive load   

 R=300ohms 
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