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ABSTRACT 

 
Multilevel inverter topologies are mostly used in industrial power applications without use of transformers 

and filters. This paper proposes three multilevel inverter topologies: the topologies are five level flying 

capacitor multilevel inverter and two five level hybrid multilevel inverter topologies. This paper analyses 

the total harmonic distortion of the three types of multilevel inverter topologies. The performance of the 

Multilevel Inverter is increased by using the embedded switching pattern. This inverter produces the pulses 

by using the embedded controller. This scheme reduces the switching loss. These proposed topologies have 

the ability of producing the high quality output voltage which is nearer to the sinusoidal waves. The 

simulation output can be obtained through MATLAB/SIMULINK. 

 

KEYWORDS 

 
THD, FCMLI, CMLI, Embedded controller.   

 

1. INTRODUCTION 

 
The conventional multilevel inverter topologies are categorized into three types: diode clamped, 

flying capacitor and Cascaded H bridge type. Conventional inverters can either produce the 

output levels as zero or maximum. So it is called a two level inverter. For a high power 

application, these types of inverters are not used. Because of it consists of losses with ripple 

content, frequency deviations, switching losses and device ratings. Multilevel Inverters are 

tremendously interest to use in Power inverters. In multilevel inverter, semiconductor switches 

are connected in series to achieve high power with several dc voltage sources which is used to 

perform the power conversion. Embedded controller is a device that is used to perform the 

embedded control. The main feature of an embedded controller is that the operation of the system 

is not controlled by external PC. Embedded controllers has major role in modern machine and 

automobile than power control systems. Embedded system is used to specific tasks such as digital 

watches, MP3 players, traffic lights and factory controllers. Krishna Kumar et al [1] proposed a 

multilevel inverter topology with input DC sources which are connected in opposite 

polarities with one another through power switches. This approach results in reduced number 

of power switches as compared to classical topologies. Prasad, K.N.V. et al [2] proposed three 

topologies of cascaded H bridge multilevel inverter. Farhadi K.M et al [3] developed a new 

topology for multilevel inverter is with reduced number of switches without using high 

voltage switches. Beigi L.M.A. et al [4] proposed a multilevel inverter topology which is used 

to improve the performance of the system.  Jacob James Nedumgatt et al [5] discussed a new 
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topology of a cascaded multilevel inverter that utilizes less number of switches than the 

conventional topology. Javad Ebrahimi et al [6] proposed topology which reduces the number 

of dc voltage sources, switches as the number of output voltage levels increases. K.K. Gupta et al 

[7] developed a topology for multilevel inverters which increases the number of levels as number 

of switches and conduction losses can be reduced.  Ahmed et al [8] presented two types of 

multilevel inverters with reduced number of switches, losses. Arif Al-Judi et al [9] proposed a 

Cascaded Multilevel Inverter with reduced number of Switches. Tehrani et al [10] proposed a 

new multilevel inverter topology. Alian Chen et al [11] developed a topology that can balance DC 

link capacitor voltages by itself without additional circuit and separated DC voltage sources. 

Rodriguez. J et al [12] made different topologies of multilevel inverter. Leon M et al [13] 

proposed a multilevel inverter using carrier based PWM methods. G.Carrara et al [14] developed 

a multilevel inverter based on PWM method. N.S.Choi et al [15] proposed multilevel inverter can 

realize any multilevel pulse width modulation (PWM) scheme which leads to harmonic reduction 

 

2. PROPOSED SYSTEM 

 
A Multilevel inverter is an electronic device which is used to produce a desired A.C voltage from 

the DC voltage sources. The proposed topologies are simulated under the MATLAB Simulink 

environment. 

 

2.1. Five level Flying Capacitor Multilevel inverter  

 
The flying capacitor inverter structure is similar to the diode clamped inverter. The main 

difference of these two topologies is instead of using clamping diodes, the flying capacitor 

inverter uses capacitors in their place. The flying capacitor inverter consists of number of 

capacitors which are connected in series connection. The voltage difference between two 

capacitor legs gives the voltage step size in the output waveform. The input voltage value of this 

proposed system is Vdc=200 and the load R=100ohms. 

 

 
Figure 1.  Simulation circuit of five level flying capacitor multilevel inverter using R load 

 

This proposed five level flying capacitor multilevel inverter consists of eight switching devices. 

The switching states of the multilevel inverter are given as the input for the embedded controller 
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based proposed system. This proposed system can able to provide the five output levels 2Vdc, 

Vdc, 0, -Vdc, -2Vdc. At the level of 2Vdc, the first four switches should be turn ON and the 

remaining switches will be turned OFF. In the Vdc level P1, P2, P3, P5 switches will be turned 

ON. At the level of 0Vdc P1, P2, P5, P6 should be turned ON. The –Vdc level contains P1, P5, 

P6, P7 will be turned ON. At the level of -2Vdc the lower four switches should be turned ON.  

This proposed system used to obtain the five level output, which are nearer to the sinusoidal 

output. The Total Harmonic Distortion (THD) of the  proposed system is reduced than the 

conventional system  and the performance of the system also can be increased. It also can be used 

to reduce the switching losses. The schematic diagram of five level flying capacitor multilevel 

inverter is shown in fig. 1. 

 
Table 1.  Switching states of five-level flying capacitor multilevel inverter 

 

Switching states 
Output  

voltage  

P1 

 

P2 

 

P3 

 

P4 

 

P5 

 

P6 

 

P7 

 

P8 

 

1 

 

1 

 

1 

 

1 

 

0 

 

0 

 

0 

 

0 2Vdc 

 

1 

 

1 

 

1 

 

0 

 

1 

 

0 

 

0 

 

0 Vdc 

 

1 

 

1 

 

0 

 

0 

 

1 

 

1 

 

0 

 

0 0 

 

1 

 

0 

 

0 

 

0 

 

1 

 

1 

 

1 

 

0 -Vdc 

 

0 

 

0 

 

0 

 

0 

 

1 

 

1 

 

1 

 

1 -2Vdc 

 

 

The above table represents the switching states which are given as the input for the proposed five 

level flying capacitor multilevel inverter. By using the embedded controller the five level output 

can be obtained for this proposed system. The simulation output of the five level flying capacitor 

multilevel inverter is shown in figure 2.  

 

 
 

Figure 2.  Five level output voltage of FCMLI 
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The total harmonic distortion (THD), which is a measure of closeness in shape between a 

waveform and its fundamental component. The harmonic content of the output voltage waveform 

is inversely proportional to the voltage levels of the topologies. 

 

                                                  THD= √V2
2
+V3

2
+...+Vn

2⁄ V1                                                     (1) 

 

The THD value for the proposed system is shown in figure 3. 

 

 
 

Figure 3.  FFT plot for five level output voltage 

 

2.2. Hybrid Multilevel Inverter 

 
The next proposed system is embedded controller based five level hybrid cascaded inverter with 

reduced number of switches is shown in Figure 4.  

  

 
 

Fig. 4 Five level hybrid multilevel inverter using embedded controller  

 

The input voltage sources Vdc1, Vdc2, Vdc3 is connected in series with the other sources through 

H-bridge circuit associated with it. The most important advantage of multilevel inverters is 

reliability, small circuit size, low cost and small installation area. The first H-bridge circuit 

consists of four switches and the second H-bridge circuit consists of two switches that is used to 
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make the output voltage either positive or negative; or it can also be zero volts. At the level of 

2Vdc, P2, P3, P5 switches should be turned ON. In the Vdc level P1, P2, P5 switches will be 

turned ON and the other switches will be turned OFF. The 0Vdc level contains P2; P3 and P6 

switches will be turned ON. At the level of -Vdc, P1, P2 and P6 switches will be turned ON and 

the -2Vdc level contains P1, P4 and P6 switches should be turned ON. In this proposed system 

the switching states are given as the input by using the Matlab/Simulink. The input voltage value 

of this proposed system is Vdc=200 and the load R=100ohms. 

 
Table 2.  Switching States For Five Level Proposed Hybrid Cascaded Multilevel Inverter 

 

 

Switching states 

 

Output 

Voltage  

P1 

 

P2 

 

P3 

 

P4 

 

P5 

 

P6 

 

0 

 

1 

 

1 

 

0 

 

1 

 

0 

 

2Vdc 

 

1 

 

1 

 

0 

 

0 

 

1 

 

0 

 

Vdc 

 

0 

 

1 

 

1 

 

0 

 

0 

 

1 

 

0 

 

1 

 

1 

 

0 

 

0 

 

0 

 

1 

 

-Vdc 

 

1 

 

0 

 

0 

 

1 

 

0 

 

1 

 

-2Vdc 

 

The switching states of the proposed hybrid multilevel inverter are shown in table 2. These 

switching states are given as the input and the proposed system produce the five levels of output. 

The simulation output of hybrid multilevel inverter is shown in figure 5. 

 

 
 

Fig 5.  Simulation output of proposed hybrid multilevel inverter  

 

The total harmonic distortion of the proposed system is shown in figure 6. 
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Fig 6.  THD for hybrid multilevel inverter using embedded controller  

 

The third proposed embedded controller based hybrid multilevel inverter is shown in figure 7. 

This type of proposed system contains five switches which produce the five levels of output by 

using the embedded controller based Matlab/Simulink. The input voltage value of this proposed 

system is Vdc=200 and the load R=100ohms. 

 

 
 

Fig 7.  Five level Embedded controller based hybrid multilevel inverter 

 

This proposed system contains five switches which produce the desired five level output. In the 

level of 2Vdc, P1 and P4 switches should be turned ON. In the Vdc level P4 and P5 will be 

turned ON. The 0Vdc level contains P2 and P4 switches will be turned ON. At the level of         -

Vdc, P3 and P5 switches will be turned ON and the -2Vdc level contains P2 and P3 switches 

should be turned ON. The switching states of the above proposed system are shown in table 3. 
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Table 3.  Switching States for Embedded controller based hybrid multilevel inverter 

 

 

Switching states 

 

Output  

voltage  

P1 

 

P2 

 

P3 

 

P4 

 

P5 

 

1 

 

0 

 

0 

 

1 

 

0 

 

2Vdc 

 

0 

 

0 

 

0 

 

1 

 

1 

 

Vdc 

 

0 

 

1 

 

0 

 

1 

 

0 

 

0 

 

0 

 

0 

 

1 

 

0 

 

1 

 

-Vdc 

 

0 

 

1 

 

1 

 

0 

 

0 

 

-2Vdc 

 

By using these switching states the Hybrid MLI can produce five levels of output. The simulation 

output of the proposed embedded controller based hybrid multilevel inverter is shown in figure 8. 

 

 
 

Fig 8.  Simulation output of Embedded Controller based hybrid multilevel inverter  

 

The total harmonic distortion of the proposed five level hybrid multilevel inverter is shown in 

figure 9. 
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Fig 9.  THD for five level hybrid multilevel inverter 

 

Root-mean-square (rms) is defined as the square root of the average value of the squared 

function of the values. The symbol used for defining the RMS value is Vrms or Irms. 

 

                                                Vrms=Vp ⁄√2                                                                     (2) 

 
Table 4.  Parameters of three proposed topologies 

 

 

Topology 

Number 

of 

switches 

Total 

Harmonic 

Distortion 

 

Vrms 

 

Five level flying capacitor multilevel 

inverter 

 

8 

 

20.47% 

 

197 

 

Five level Hybrid multilevel inverter 

 

6 

 

20.47% 

 

197 

 

Five level Hybrid multilevel inverter 

 

5 

 

20.77% 

 

196.3 

 

3. CONCLUSION 

 
In these paper three types of embedded controller based multilevel inverter topologies are 

proposed. The topologies are five level flying capacitor multilevel inverter and two five level 

hybrid multilevel inverter topologies. The most important advantage of hybrid multilevel inverter 

is the number of output levels will be increased with reduced number of switches. The switching 

losses also reduced and the performance of the system will be increased. The total harmonic 

distortion (THD) value of the embedded controller based proposed topologies will be reduced. 

The total harmonic distortion value of proposed topologies are 20.47%, 20.47% and 20.77%.  

 

 

 

 



Electrical and Electronics Engineering: An International Journal (ELELIJ) Vol 3, No 2, May 2014 

 89 

 

REFERENCES 

 
[1] Krishna Kumar Gupta and Shailendra Jain, “Multilevel Inverter Topology based on series connected 

switched sources,” IET Power Electron., 2013, Vol. 6, Iss. 1, pp. 164–174. 

[2] K. N. V. Prasad, G. Ranjith kumar, T.Vamsee kiran, G. Satya Narayana Radan, A.H.,Shahirinia and 

M.Falahi, “Comparison of Different Topologies of Cascaded H-Bridge Multi-level Inverters,”  IEEE 

conf. Rec: 978-1-4673-2907-1,  pp.389-394, Jan. 2013. 

[3] Farhadi Kangarlu, M. ; Babaei, E., “Cross-switched multilevel inverter: an innovative topology,”IET 

Power Electron., 2013. Vol. 6, no. 4, pp. 642–651.  

[4] Beigi, L.M.A., Azli N.A., Khosravi F., Najafi E., Kaykhosravi A., “A new multilevel inverter 

topology with reduced number of power switches”, Power and Energy conf., 2012, pp.55-59.   

[5] Jacob James Nedumgatt, Vijayakumar D., A. Kirubakaran, Umashankar S., “A Multilevel Inverter 

with Reduced Number of Switches”, Process. IEEE conf Rec. 978-1-4673-1515-9,2012. 

[6] Javad Ebrahimi, Ebrahim Babaei, Ebrahim Babaei, “A new multilevel converter topology with 

reduced number of power electronic components”, IEEE Transactions on industrial electronics, vol. 

59, no. 2, 2012, pp.655-667.  

[7] K.K. Gupta, S. Jain, “Topology for multilevel inverters to attain maximum number of levels from 

given DC sources”, IET Power Electron., 2012,  vol. 5, no. 4, pp. 435–446. 

[8] Rokan Ali Ahmed,S.Mekhilef and Hew Wooi Ping, “New Multilevel Inverter Topology With 

Reduced Number of Switches”, Process. IEEE conf Rec. 978-1-4244-6890-4/ 2010, pp.1862-1867.  

[9] Arif Al-Judi, Hussain Bierk and Ed Nowicki, “A Modified Cascaded Multilevel Inverter With 

Reduced Switch Count Employing Bypass Diodes”, Process. IEEE conf Rec. 978-1-4244-2601-0/09, 

pp.742-747. 

[10] K. Arab Tehrani, H. Andriatsioharana, I. Rasoanarivo, F. M. Sargos, “A Novel Multilevel Inverter 

Model”, Process. IEEE conf Rec. 978-1-4244-1668-4/08, pp.1688-1693. 

[11] Alian Chen ; Xiangning He., “A hybrid clamped multilevel inverter topology with neutral point 

voltage balancing ability”, Power Electron., 2004,  vol. 5, pp. 3952 - 3956.  

[12] Rodriguez, J. ; Jih-Sheng Lai ; Fang Zheng Peng, “Multilevel inverters: a survey of topologies, 

controls, and applications ”, IEEE Transactions on industrial electronics, vol. 49, no. 4, 2002, pp. 724 

- 738.  

[13] Leon M. Tolbert and Thomas G.Habetler, “Novel multilevel inverters carrier based PWM methods”, 

Process IEEE Conf. Rec.: 0-7803-4943-1/98, 1998, pp.1424-1431. 

[14] G.Carrara, S.Gardella, M.Marchesoni, R.Salutari and G.Sciutto, “A new multilevel PWM method: A 

theoritical analysis”, IEEE Trans. on Power Electronics, vol.7, no.3, pp. 497-505, 1992.  

[15] N.S.Choi, Jung G.Cho and Gyu H.Cho, ‘A general circuit topology of multilevel inverter’, in IEEE 

Conf. Rec.: 0-7803-0090-4/91, 1991, pp.96-103.  

 

 

 
 


