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 Background: The multilevel inverters have drawn tremendous interest in the 
renewable power industry. It is easier to produce a high power, high voltage inverter 
with the multilevel structure as the device voltage stresses are controlled in the 
structure. Objective: Without the use of transformers the structure of multilevel 
inverters allows them to reach high voltages with low harmonics with the help of GA. 
Results: The output voltage and current waveforms of seven-level cascaded multi-level 
inverter was obtained with low Harmonics distortion. Conclusion: The optimized 
switching angles are obtained by using the proposed algorithm. The THD level of is 
reduced for seven-level cascaded multi-level inverter. 
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INTRODUCTION 
 
 Numerous industrial applications have begun to require higher power apparatus in recent years. Some 
medium voltage motor drives and utility applications require medium voltage and MW power level. Therefore 
high power and medium voltage inverter has recently become a research focus. Multilevel inverters have 
attracted much research interest, particularly in high power applications. It provides significant advantages over 
the typical two-level converter, such as lower harmonic distortion and lower Electro Magnetic Interference 
(EMI) and reduces the stresses of the semiconductor switching devices. The advantages of using multilevel 
inverters are twofold. Firstly the voltage stress across each converter will get reduced because of its series 
connection of power semiconductor modules, making the inverters suitable for high voltage applications. 
Secondly the quality of the generated voltage increases with the number of voltage levels. Therefore the 
resolution of the waveform will get increased and the filtering efforts can be reduced as a result of the improved 
resolution in the voltage harmonic content. 
 Nowadays, there exist three commercial topologies of multilevel voltage-source inverters: neutral point 
clamped (NPC) Nabe, A., et al. (1981), cascaded H-bridge (CHB), and flying capacitors (FCs) Meynard, T.A., 
et al. (2002). Among these inverter topologies, cascaded multilevel inverter reaches the higher output voltage 
and power levels and the higher reliability due to its modular topology. Cascaded multilevel inverters are based 
on a series connection of several single-phase inverters. This structure is capable of reaching medium output 
voltage levels using only standard low-voltage mature technology components. Typically, it is necessary to 
connect three to ten inverters in series to reach the required output voltage. These converters also feature a high 
modularity degree because each inverter can be seen as a module with similar circuit topology, control structure, 
and modulation Mariusz Malinowski et al. (2010). 
 There are many types of Pulse Width Modulation (PWM) techniques for multilevel inverter. In this 
fundamental switching frequency strategy are used for cascaded multilevel inverter. The fundamental switching 
strategy used here is Selective Harmonic Elimination PWM (SHEPWM) Li Li et al. (2000). This is a 
modulation strategy which is used to eliminate the specific low order harmonics. The solution of SHEPWM 
contains non linear transcendental equations. The equations are solved by numerical iterative methods in the 
literature. This method is very complex and time consuming. The methods used are Newton Raphson and 
resultant theory Jagdish Kumar et al. (2009). Nowadays the optimization algorithms are used for solving the 
equations which are used to obtain the switching angles. The optimization algorithms used in the literature are 
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Genetic Algorithm (GA) Shi, K.L., and Hui Li (2005), Ant colony optimization Kinattingal Soundareswaran et 
al. (2007) and particle swarm optimization Mehrdad Tarafdar Hagh et al. (2009).  
 This paper uses the proposed GA for harmonics minimization in seven-level cascaded multilevel inverter. 
The paper is organized as follows: CASCADED MULTILEVAL STRUCTURE section describes the multilevel 
structure used; FUNDAMENTAL SWITCHING FREQUENCY SCHEME section describes the fundamental 
switching frequency strategy, GENETIC ALGORITHM section explains the genetic algorithm and its 
implementation and section five and six presents the results obtained.  
 
CASCADED Multilevel structure: 

The general structure of the multilevel converter is to synthesize a near sinusoidal voltage from several 
levels of DC voltages. As number of voltage levels increases, the harmonic content of the output voltage 
waveform decreases significantly. The commercial topologies of multilevel voltage source inverter are diode-
clamped multilevel inverter, flying capacitors multilevel inverter and cascade multilevel inverter. In this paper 
seven-level cascaded multilevel inverter is taken for implementation due to modular structure. The general 
structure of seven-level cascaded multilevel inverter is shown in Fig.1. 
 

 
 
Fig. 1: General Structure of seven-level cascaded multilevel inverter. 
 
 It consists of three full bridge inverters connected in series. Each full bridge consists of four switching 
devices that can make the output voltage either positive or negative polarity, or simply zero depending on the 
switching condition of the switches in the circuit. This multilevel inverter employs three voltage sources of 
equal magnitude. The numbers of sources S are related to number of levels n in the output voltage by, 
 

12Sn +=            (1) 
 
 Here number of sources equal three, hence number of levels in the output voltage is seven. The output 
waveform of seven-level multilevel inverter is shown in Fig.2. 
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Fig. 2: Output waveform for seven-level multilevel inverter. 
 
Fundamental Switching Frequency Scheme For Switching Angles: 
 There are two types of switching frequency schemes. One is fundamental switching frequency scheme and 
the other is high switching frequency scheme. The fundamental switching frequency scheme involves switching 
angle selection and each switch turn on and off only once per half cycle. It also reduces the switching losses. 
The fundamental switching frequency scheme used here is SHEPWM. The objective of SHEPWM is to satisfy 
the fundamental component and also to reduce the low order harmonics. The low order harmonics selected here 
is fifth and seventh. The number of harmonics eliminated here is equal to S-1 i.e., 2. For 7-level cascaded 
multilevel inverter for three dc sources the harmonic component from general Fourier series is given as, 

 
                                   (2) 
 
 

 
 Where n=1, 5, 7 and S=3 which represents number of dc sources. The objective of SHEPWM is to 
eliminate lower order harmonics while remaining harmonics can be removed with filter. So, to satisfy the 
fundamental harmonic component and eliminate the fifth and seventh harmonics, three nonlinear equations with 
three angles are provided in, 
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 To eliminate fifth and seventh harmonic V5 and V7 are set to zero in the equation (4) and (5). To determine 
the switching angles the following equations must be solved, 
 

)cos(α)cos(α)cos(α 321 ++ =
dc

1

4V
πV

=3M       (6) 

)cos(5α)cos(5α)cos(5α 321 ++ =0        (7) 
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 The above equations are used to find switching angles for fundamental switching frequency scheme. 
 
Genetic Algorithm: 
 A genetic algorithm is subset of evolutionary algorithm which is used to solve complex problems and based 
on the natural evolution. It is a computational model that solves optimization problems. It imitates biological 
evolution by using genetic operators referred to as reproduction, crossover, mutation etc. The GA is simple and 
applicable to problems with any number of levels, without the extensive derivation of analytical expressions, for 
both eliminating and minimizing harmonics. This algorithm is used for optimizing switching angles. 
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 The structure of a simple GA consists mainly of three operators. A selection operator, a crossover operator 
which acts on a population of strings to perform the required reproduction and recombination, and a mutation 
operator which randomly alters character values, usually with a very low probability. GA technique is used for 
its ability to deal with complicated problems where analytical formula is not yet possible. In the multi-objective 
SHE problem, if there is no set of angles that will satisfy the SHE equation, the analytical approach will not 
return an answer. The GA, on the other hand, will always return an answer that will not solve exactly all 
variables but instead will give answers that are very close. Thus instead of eliminating harmonics it minimizes 
them. The implementation of GA in SHEPWM for solving equations is shown in Fig.3. 

 
Fig. 3: Flowchart of the proposed GA. 
 
 The algorithm starts with a population of individuals that represent a set of possible solutions to the 
problem. The fitness function will return a value that gets closer to zero as the three set of SHE equations (out of 
Equations (6) to (8)) gets closer to zero. A fitness equal to zero means that an exact solution was found. Next, 
the genetic operators will act in the current population to generate the next population using decision rules, so 
that on average, the solutions (individuals) will be improved. The new population is again evaluated (fitness), 
and if a satisfactory solution is found, the algorithm stops. In case the stop criteria are not satisfied, the 
algorithm keeps evolving its population until this occurs. The fitness function used for evaluation is given by, 

 
                       (9) 
 
 

 The objective function (obj) is the function that wants to be minimized. Here the objective is to minimize 
the fifth and seventh order harmonic. Hence the objective function is given by, 
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Simulation Model: 
 The simulation model of cascaded multilevel inverter is shown in Fig.4. The simulation model is the model 
implemented in the MATLAB software. It consists of three full bridge inverter connected in series. The single 
phase output is taken from the inverter. The pulses for the switches are given from the switching circuit. The 
switching circuit uses the switching angles obtained from GA for giving pulses. The three full bridge inverter 
uses the equal DC sources. The output voltage is the sum of three inverter outputs. 
 

 
Fig. 4: Simulation model of seven-level cascaded multilevel inverter.  
 
Simulation Results: 
 The GA is implemented by MATLAB software. The switching angles are obtained by running the program. 
The angles obtained for various values for M from 0.4-0.8. When modulation index is increased, THD is 
reduced. Here M=0.8 is taken for presenting the simulation results. The input voltage given for inverter is 
100V.The switching pulses for S1, S5 and S9 are shown in Fig.5 which is for positive half cycle of the output 
voltage. Similarly the switching pulses for negative half cycle are shown in Fig.6. 

 
 
Fig. 5: Switching pulses for S1, S5 and S9. 
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Fig. 6: Switching pulses for S3, S7 and S11. 
 
 The output voltage waveform of seven-level cascaded multilevel inverter is shown in Fig.7. The output 
voltage consists of seven levels of output 0, +100, +200, +300, -100, -200, -300.  
 

 
 

Fig. 7: Output voltage waveform of seven-level cascaded multilevel inverter. 
 
 The output current waveform is shown in Fig.8. The FFT analysis of output voltage is shown in Fig.9. The 
THD obtained for seven-level cascaded multilevel inverter is 7.72%. 
 

 
 
Fig. 8: Output current waveform of seven-level cascaded multilevel inverter. 
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Fig. 9: FFT analysis of output voltage. 
 
Conclusion: 
 This research proposes the genetic algorithm for solving nonlinear transcendental equations. The genetic 
algorithm is simple, free from derivation and can be used for any number of levels. The optimized switching 
angles are obtained by using the proposed algorithm. The THD is reduced for seven-level cascaded multilevel 
inverter. This can also be extended with reduced number of switches in future work. 
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