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Recent advances and development in power electronics and control technologies have made the multilevel 

concept practical. Much research has been done on the advanced control and modulation algorithm for 

increasing the level of inverter output and decreasing Total Harmonic Distortion (THD). In this paper Dual 

Cell three phase seven level inverter has been investigated, modeled and analyzed. Digital simulation has 

been performed on MATLAB Simulink platform in SimPower System blockset to verify the model and 

analysis. The results obtained are discussed and shown that the THD of the system is coming 3.12% for 

voltage and 1.96 % for current (a very low THD and under the limit given by IEEE standards).  
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1. Introduction 
Multilevel inverters are widely used in power industry and renewable energy industry nowadays. Multilevel 

means level more than three. Recently researches related to Multi-level inverters are of much interest to researchers, 

reason being its high application in power and renewable energy [1-3]. Merits of Multi level inverter are better 

harmonic performance, good power rating, and less EMI emission. Some of the most common multi-level topologies 

known are Cascade, Diode-clamped, and flying capacitor. For switching of the switches involved in these topologies, 

many modulation strategies have been already done and reported in the literature.  Among the reported literature the 

Carrier-based method and Space Vector Modulation (SVM) method are the most sought and most popular ones [4-

8]. Application of multilevel inverters is now in every field. In power system and transmission area, active control of 

reactive power (var) is essential to stabilize the frequency and to stabilize the supply voltage. In DC transmission 

application of multilevel inverter is very important as it helps in reducing harmonics [9, 10]. 

 In renewable energy, application of Power electronic converters is developed to integrate the photovoltaic (PV) 

arrays and utility grid. Inverters are needed to convert the DC electricity produced by the PV array into AC 

electricity required for loads. Multilevel inverter gained so much popularity in photovoltaic systems as multilevel 

inverter has a lot of advantages over conventional inverter which includes better harmonics since multilevel inverter 

generate nearly sinusoidal output voltage waveforms and the total harmonic distortion (THD) is also low [11-17]. 

Fig 1 shows Dual cell three phase multilevel inverter. As can be seen from the figure that 12 switches are used in 

this topology. Two separate DC sources are also used of the same value. Two capacitor of same value are used. 

Presently dual cell multilevel inverter is a very interested topic for researcher owing to its advantages like less THD, 

high power rating etc.  

 

 
Fig-1. Dual Cell Three Phase Multi Level Inverter 

 
Fig-2. Output waveform of a 7-level converter 

 

Fig 2 shows output waveform of a 7 level converter/ inverter. As can be seen from the figure the waveform is 

more symmetrical to sinusoidal waveform. Hence it will be having very less THD.  
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In this paper modeling and simulation of multilevel dual cell inverter has been performed in SimPower System 

blockset of MATLAB Simulink. Section II gives the detail regarding modeling of the topology. Section III discusses 

about the simulation. Section IV presents results and discussion. 

 

 
Fig-3. Simulink model of Dual Cell Series Cascaded 7 Level Inverter. 

 

2. Modeling 
The investigated dual cell 3 phase 7 level multilevel inverter has been modeled in MATLAB Simulink. The 

model is shown in figure 3. In the model, 24 switches are used. 8 switches are there in one phase and hence 3 phase 

has 24 switches. Special PWM generation scheme has been used for generation of switching signals for all these 24 

switches. 

As can be seen in the model the switching pulses for up cell and lower cell are same. In effect one has to generate 

only 12 switching signals. For phase A, 4 switches are in upper cell and 4 switches are in lower cell. Special PWM 

generation block generates 4 switching signals for these 4 switches. The 1
st
 switch in 1

st
 leg of upper cell has same 

PWM signals as the 1
st
 switch in 1

st
 leg of lower cell. 

Figure 3 clearly shows that two loads has been placed, one for upper cell and another for lower cell. Upper cell 

output will be two levels having high total harmonic distortion. Whereas lower cell will have less total harmonic 

distortion as the output is seven levels. 

Total harmonic distortion which is a measurement of the harmonic distortion is generally defined as the ratio of 

the sum of the powers of all the harmonic components to power of fundamental frequency.  

Total harmonic Distortion is used to characterize the linearity of a system of electric power systems and also its 

resemblance with the sinusoidal waveform. As per IEEE standard of Total Harmonic Distortion limits, total 

harmonic current distortion must be less than 5% of the fundamental frequency current at the rated inverter output. In 

the next section he Total Harmonic Distortion for simulated model will be shown and will be discussed also. 

 

3. Results and Discussion 
The results of the model are shown here and discussion is made here, figure 4 shows the output voltage of dual 

cell inverter. As can be seen from the figure it has seven levels. The Values are 200, 120, 80, 0, -80, -120, -200 V. 

 
Fig-4. Output Voltage of Dual Cell Series Cascaded 7 Level Inverter. 
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Fig-5. Voltage and Current Output of Upper Cell Series Cascaded 2 Level Inverter. 

 

 
Fig-6. Voltage and Current Output of Lower Cell Series Cascaded 7 Level Inverter. 

 

 
Fig-7. FFT of Output Voltage of Upper Cell Series Cascaded 2 Level Inverter, THD = 44.61% 
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Fig-8. FFT of Output Voltage of Lower Cell Series Cascaded 7 Level Inverter, THD = 3.12% 

 
Fig-9. FFT of Output Current of Upper Cell Series Cascaded 2 Level Inverter, THD = 8.64% 

 

 
Fig-10. FFT of Output Current of Lower Cell Series Cascaded 7 Level Inverter, THD = 1.96% 

 

Figure 5 shows the Voltage and Current Output of Upper Cell Series Cascaded 2 Level Inverter. As can be seen 

from the figure it has two levels of 200 and -200. The harmonics in current waveform can be seen from the figure 

very clearly. The output current is 80 amperes. Figure 6 shows the Voltage and Current Output of lower Cell Series 

Cascaded 7 Level Inverter. As can be seen from the figure it has seven levels of 200, 120, 80,0, -80,-120, -200. The 

output current is 6 amperes for dual cell as the load has been increased in this case. The waveform for both current 

and voltage are more near to sinusoidal waveform. 

Figure 7 shows FFT of Output Voltage of Upper Cell Series Cascaded 2 Level Inverter. It clearly shows the 

THD = 44.61%, for two level inverter. Figure 8 shows that on increasing the level of inverter to seven, its THD 

reduces to 3.12 %. The reduction in THD is so prominent that it is very clearly visible from the waveform itself. 

Figure 8 waveform is almost sinusoidal in its nature whereas figure 7 is square in its nature. By comparing these two 

figures one can very easily understand the advantages of multilevel inverter. 

Figure 9 and figure 10 shows the FFT of output current of two level and seven level inverter. THD of 2 level 

inverter output current is 8.64%, whereas THD of 7 level inverter output current is 1.96%. Hence the output current 

as well as output voltage of seven level inverter is much below the standards given by IEEE which is below 5%.  

Table 1 shows THD for different levels of the investigated inverter. The table clearly shows that reduction in 

THD in voltage was 1430 %. Whereas the reduction in THD in current was 441 %. 

 
 

Table-1. THD results for different levels 

Total  No. of Level THD 

2 Level Voltage 44.61% 

2 Level Current 8.64% 

7 Level Voltage 3.12% 

7 Level Current 1.96% 

 

4. Conclusion 
This paper has investigated a dual cell series cascaded 7 level inverter. The results shown and discussed above 

are of prominent importance as it shows that the harmonic can be reduced to less than 2% THD. The paper was also 

successful in showing the waveforms pertaining to 2 level and 7 level very clearly so that the advantages of 

multilevel can be understood very easily. On seeing and observing these waveform, one will very easily say that 

multilevel has very less THD as the waveform resembles more symmetry to sinusoidal wave. These results are very 

interesting and are very important for industry, especially for the application of power electronic converter in the area 

of transmission (FACTS etc.), renewable energy (integration of PV cell with the grid). Future study can be made for 

the integration of this dual cell 7 level inverter with PV cell and a combine investigation of MPPT and THD can be 

analyzed.  



Asian Engineering Review, 2014, 1(1): 13-18 

 

 

 

 

 

18 

 

5. Acknowledgements 
The authors are grateful to the Director, Maulana Azad National Institute of Technology, Bhopal, India for 

providing all facilities for completion of this work. The work was done in the laboratory of Electrical Engineering 

Department, MANIT. 

 

References 
[1] J. Rodriguez, "Multilevel inverters: A survey of topologies, controls, and applications," IEEE Trans. Ind. Electron., vol. 49, pp. 724-

738, 2002. 

[2] C. L. L. Dariusz, L. Yaguang, and P. Pragasen, "Multilevel selective harmonic elimination PWM technique in series-connected 

voltage inverters," IEEE Trans. Ind. Electron., vol. 36, pp. 160-170, 2000. 

[3] B. Singh, N. Mittal, and K. S. Verma, "Multi-level inverter: A literature survey on topologies and control strategies," International 

Journal of  Reviews in Computing, vol. 10, pp. 1-16, 2012. 

[4] S. A. Gonzalez, "Five-level cascade asymmetric multilevel converter," Power Electronics, IET, vol. 3, pp. 120-128, 2010. 

[5] X. Yuan and I. Barbi, "Fundamentals of a new diode clamping multilevel inverter," IEEE Trans. Power Electron., vol. 15, pp. 711-

718, 2000. 

[6] M. D. Manjrekar, "Hybrid multilevel power conversion system: A competitive solution for high-power applications," IEEE Trans. 

Ind. Applicat., vol. 36, pp. 834-841, 2000. 

[7] G. Sinha and T. A. Lipo, "A four-level inverter based drive with a passive front end," IEEE Trans. Power Electron., vol. 15, pp. 285-

294, 2000. 

[8] F. Iturriz and P. Ladoux, "Phase-controlled multilevel converters based on dual structure associations," IEEE Trans. Power Electron., 

vol. 15, pp. 92-102, 2000. 

[9] F. Z. Peng and J. S. Lai, "Dynamic performance and control of astatic VAr generator using cascade multilevel inverters," presented at 

the Conf. Rec.  IEEE-IAS Annual  Meeting, 1996. 

[10] L. T. Moran, "Analysis and design of a three-phase current source solid-state VAR compensator," IEEE Trans. Ind. Applicat., vol. 

25, pp. 356-365, 1989. 

[11] N. A. Rahim and J. Selvaraj, "Multilevel inverter for grid connected PV system employing digital PI controller," IEEE Transactions 

on Industrial Electronics, vol. 56, pp. 149-158, 2009. 

[12] Z. Pan and F. Z. Peng, "Harmonics optimization of the voltage balancing control for multilevel converter/inverter systems," 

presented at the Industry Applications Conference, 2004. 39th IAS Annual Meeting. Conference Record of the 2004 IEEE, 2004. 

[13] G. Sinha and T. A. Lipo, "A four level rectifier inverter system for drive applications," Industry Applications Magazine IEEE, vol. 4, 

pp. 66-74, 1998. 

[14] M. Shen, F. Z. Peng, and L. M. Tolbert, "Multilevel DC-DC power conversion system with multiple DC sources," IEEE Trans. 

Power Electron., vol. 23, pp. 420– 42, 2008. 

[15] Z. Pan, F. Zhang, and F. Z. Peng, "Power losses and efficiency analysis of multilevel DC-DC converters," presented at the IEEE 

Applied Power Electronics Conf., 2005. 

[16] B. S. Suh and D. S. Hyun, "A new n-level high voltage inversion system," IEEE Trans. Ind. Electron., vol. 44, pp. 107-115, 1997. 

[17] K. Ding, "Novel hybrid cascade asymmetric inverter based on 5-level asymmetric inverter," presented at the Power Electronics 

Specialists Conference, 2005. PESC '05. IEEE 36th, 2005. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Views and opinions expressed in this article are the views and opinions of the authors, Asian Engineering Review shall not be responsible or answerable 

for any loss, damage or liability etc. caused in relation to/arising out of the use of the content. 

 


