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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.
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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

82



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

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 O0Vdc P1, P2, PS5, 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.

Time in secs

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= V24V 2+..+V, 7V, (D)

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

Fundamental (50Hz) = 197 , THD= 20.47%
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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.
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Fig. 4 Five level hybrid multilevel inverter using embedded controller

The input voltage sources Vdcl, 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 OVdc 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=1000hm:s.

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

Switching states Output
Voltage
P, P, P; P, Ps P
0 1 1 0 1 0 2V,
1 1 0 0 1 0 Ve
0 1 1 0 0 1 0
1 1 0 0 0 1 Ve
1 0 0 1 0 1 -2V,

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.
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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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Fundamental {50Hz) = 197 , THD= 20.47%
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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=1000hm:s.
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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 PS5 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 PS
1 0 0 1 0 2V
0 0 0 1 1 Ve
0 1 0 1 0 0

0 0 1 0 1 -V
0 1 1 0 0 -2V

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.
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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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Fundamental (50Hz) = 196.3 , THD= 20.77%
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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 V ,,; or L.

Vims=VpA2 (2)

Table 4. Parameters of three proposed topologies

Number Total
Topology of Harmonic Vrms
switches Distortion
Five level flying capacitor multilevel 8 20.47% 197
inverter
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%.
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