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Abstract:-In present work, optimization techniques genetic algorithm (GA) and particle swarm optimization 

(PSO) are used to compute switching angles for the cascaded multilevel inverter for selective harmonic 

elimination and the results are compared. Switching angles obtained from PSO produced better output with less 

harmonic content. Due to better performance PSO results are used further to obtain training set for Artificial 

Neural Network (ANN). Hence implementation of ANN for the elimination of low order harmonics is 

presented. Output voltage for nine level inverter is obtained for both single phase and three phase Cascaded 

Multilevel Inverter (CMLI). Switching angles are calculated through GA and PSO for various modulation 

indices and for minimum Total Harmonic Distortion (THD). Simulation results are presented using MATLAB 

and m file program. Through ANN real time implementation is possible with significantly reduced lower 

harmonics and improved performance.  

 

Keywords:-artificial neural network, fitness value, modulation index, multilevel inverter, genetic algorithm, 
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I. INTRODUCTION 
High voltage transmission has become very important concern for the power electronic industries 

which needs to be handled at both transmission and distribution levels. Conventional two-level inverters cannot 

be used for this purpose since the semiconductor devices must be connected in series to obtain the required 

high-voltage which can cause the failure of the device. This high voltage can be achieved by summing the 

outputs of several two-level converters with transformers or inductors, or by more complex topologies such as 

multilevel inverters [1]–[3]. Multilevel inverters include an array of power semiconductors and voltage sources, 

the output of which generate voltage with stepped waveforms. The commutation of the switches permit the 

addition of the input voltages to obtain high voltage at output, while the power semiconductors withstand only 

reduced voltages [1]-[2]. 

H bridge topology of the multilevel inverter is particularly attractive because of their modularity and 

simplicity of control [5]. The output voltage obtained from a multilevel inverter contains harmonics which has 

to be eliminated for better performance. Harmonic content can be reduced with proper switching angles which 

can be obtained using several methods. Methods like Resultant Theory and Newton Raphson involves nonlinear 

transcendental equations which are complex to solve and requires initial guess [4]-[8].  

In this paper GA and PSO are used to obtain switching angles to minimize THD. These techniques are 

suitable for higher level of multilevel inverters where other conventional methods fail to compute the switching 

angles due to more computations [8]-[9]. These schemes are implemented in such a way that all possible 

solutions are obtained without assuming any proper initial solution and hence control over magnitude of output 

voltage for a multilevel inverter is achieved [11]-[13].The cost function used is a minimization function which, 

with the help of MATLAB program, provides the angles for optimized switching.  

In photovoltaic applications, the inverter is fed by the DC electrical energy output of a photovoltaic 

module or array. The inverter then converts it into an AC voltage which is to be interfaced with either a load or 

the utility grid. These renewable energy sources which are connected to input side to feed the inverter are not 

always a source of constant supply since their output depends on the environmental factors which cause 

variation in their supply. In order to maintain the output voltage at fundamental level it is necessary to control 

the switching angles [18]. These angles can be varied through Artificial Neural Network (ANN) to regulate the 

output voltage at fundamental level. In this paper a feed forward ANN is used for the nonlinear input output 

mapping. The control of output voltage for different modulation indices becomes simple and more efficient with 

the ANN implementation [19]-[21]. Due to better performance of PSO as compare to GA, PSO is used to obtain 

the initial dataset for the training purpose of ANN. Back Propagation Algorithm is used at the training stage. 

Switching angles thus obtained are used to obtain the CMLI output. Output voltage obtained has very less 

harmonic content and also voltage magnitude shows very less variation which is verified through MATLAB 

simulation results. 
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II. CASCADED MULTILEVEL INVERTERS 
Cascaded multi-level inverter synthesizes a desired voltage from several independent sources of dc 

voltages, which may be obtained from batteries, fuel cells, or solar cells. This configuration has recently become 

very popular in ac power supply and adjustable speed drive applications [6]-[8]. This inverter can avoid extra 

clamping diodes or voltage balancing capacitors [6]. A single-phase m-level configuration of such an inverter is 

shown in Figure 1. Each DC source is associated with a single-phase full-bridge inverter. The ac terminal 

voltages of different level inverters are connected in series. By different combinations of the four switches, S1-

S4, each inverter level can generate three different voltage outputs, +Vdc, -Vdc, and zero. The ac output of each 

of the different level of full-bridge inverters are connected in series such that the synthesized voltage waveform 

is the sum of the inverter outputs. The number of output phase voltage levels is defined by m = 2s+1, where s is 

the number of dc sources [3]. 

 

 
Figure 1. Single-phase structure of a multilevel cascaded inverter [3] 

 

 
Figure 2.  A general three-phase Wye-configuration cascaded-inverters based inverter [3]. 

 

Appropriate switching angles result in a sinusoidal output waveform. Switching angles α1, α2, α3, α4 

shown in figure have to be selected appropriately to eliminate the certain lower order harmonics. Three phase 

configuration can be formed by connecting three numbers of these inverters in Y or Δ [1] as shown in figure 2. 

The Fourier series of the quarter-wave symmetric s H-bridge cell multilevel waveform is written as follows: 

Vout 𝜔𝑡  =   [ 
4𝐸

𝑛𝜋

∞
𝑛=1  cos(𝑛𝛼𝑘)]𝑠

𝑖=1 sin(𝑛𝜔𝑡)       (1) 

Where,  

αk is the switching angles, which must satisfy the following condition  

α1, α2,…, αs <  π/2. 

s is the number of H-bridge cells. 

n is odd harmonic order and 

E is the amplitude of dc voltages. 

The harmonic components in the waveform can be described as follows:  

1) The amplitude of dc component equals zero.  

2) The amplitude of the fundamental component, n =1 and odd harmonic component are given by: 
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h1= 
4𝐸

𝜋
 cos(𝛼𝑘)𝑠

𝑖=1           (2) 

hn= 
4𝐸

𝑛𝜋
 cos(𝑛𝛼𝑘)𝑠

𝑖=1           (3) 

3) The amplitude of all even harmonics equals zero. 

Thus, only the odd harmonics in the quarter-wave symmetric multilevel waveform need to be eliminated. The 

switching angles of the waveform will be adjusted to get the lowest output voltage THD. 

THD = 
  ℎ𝑛

2∞
𝑛=2

h1
          (4) 

From the waveform shown in Figure 1, s switching angles, namely α1,α2,…αS, need to be known. 

Mathematically, s equations obtained from (1) are set up. These are: 

cos(α1)+ cos(α2)+ cos(α3)+cos(α4) = s*M          (5) 

cos(5α1)+ cos(5α2)+ cos(5α3) +cos(5α4) = 0          (6) 

cos(7α1)+ cos(7α2)+ cos(7α3) +cos(7α4) = 0          (7) 

cos(11α1)+ cos(11α2)+ cos(11α3) +cos(11α4) = 0         (8) 
From above equations (5) to (8) it can be seen that for a nine level CMLI the number of variables is four 

therefore equations required for a unique solution are four. Here, the harmonics which can be taken into account 

are 5th, 7th and 11th. Hence the number of harmonics which can be eliminated selectively is ‘s-1’. Here ‘s’ is no. 

of dc sources or no. of full bridge cells in CMLI. Triplen harmonics are eliminated in three-phase balanced 

system. 

` These nonlinear equations (5) to (8) have multiple solutions. The main problem is of discontinuity at 

certain points where no set of solution is available. This limitation is addressed in methods presented in this paper 

i.e. GA and PSO. 

  

III. GENETIC ALGORITHM (GA) 
 Genetic algorithm is a computational model that is used to solve optimization problems. It imitates 

biological evolution by using genetic operators like reproduction, crossover, mutation, etc. To minimize a 

function f(x1, x2, x3…., xk), using GA each xi is coded as a binary or floating-point string. The set of {x1, 

x2,….,xk} is called a chromosome and xi are called genes.  

Below are the steps for formulating a GA problem:  

1- Select binary or floating point strings.  

2- Find the number of variables specific to the problem which is equivalent to number of genes in a 

chromosome. In this paper, the number of variables is the number of H-bridges, which is the number of 

switching angles in a cascaded multilevel inverter. A nine bridge multilevel inverter will have four switching 

angles, i.e. {α1, α2, α3, α4}.  

3- Set a population size and initialize the population. Higher population might increase the rate of 

convergence but also increases the execution time. The population is initialized with random angles between 0 

and 90 degrees. Quarter-wave symmetry of the output voltage waveform is taken into consideration for selecting 

angles. 

4- A cost function is used to evaluate fitness of each chromosome. The objective is to minimize harmonics; 

therefore the cost function has to be related to these harmonics. Since 5th, 7th and 11th harmonics at the output 

of a 9-level inverter have to be minimized, the cost function [13], f can be selected as sum of these three 

harmonics normalized to the fundamental, 

f(α1,α2,α3,α4)=100*[|M-
|𝑉1|

|𝑠𝑉𝑑𝑐 |
|+

 𝑉5 + 𝑉7 + 𝑉11 +⋯..+|𝑉3𝑠−2 𝑜𝑟  3𝑠−1|

𝑠𝑉𝑑𝑐
]     (9) 

 

Where, αi are the switching angles and Vn are the nth order voltage harmonics.  

 A multilevel output voltage is created for each chromosome using corresponding switching angles and 

harmonics magnitude is calculated using FFT in MATLAB. The fitness value, FV is calculated for each 

chromosome using equation (9). Switching angle set producing the max FV is the best solution of the first 

iteration.  

 GA is set to run for a certain number of iterations to find final solution. GA can converge to a solution in 

the iterations much before maximum number of iterations is completed. In this work, the iterations have been 

stopped when the cost function goes below 1 in which case the sum of selected harmonics is negligible as 

compared to the fundamental. MATLAB GA Optimization Toolbox is used which has to be run as many number 

of times as the number of modulation indices to get individual solution [9].  

    

IV. PARTICLE SWARM OPTIMIZATION (PSO) 
 Particle swarm optimization (PSO) is a population based stochastic optimization technique developed 

by Dr. Eberhart and Dr. Kennedy in 1995, inspired by social behavior of bird flocking or fish schooling. PSO 
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shares many similarities with Genetic Algorithms (GA) [14]. The system is initialized with a population of 

random solutions. Optimization is achieved through searching and subsequent update of variables for next 

generation. Unlike GA, PSO has no evolution operators such as crossover and mutation. In PSO potential 

solutions are called particles which fly through the problem space by following the current optimum particles. 

Each individual is represented by a vector in multidimensional search space. This vector which determines the 

next movement of the particle is called velocity vector. Each particle updates its velocity based on current 

velocity and the best position it has explored so far; and also based on the global best position explored by 

whole population [13-15]. In past several years, PSO has been successfully applied in many research and 

application areas [15]. It is demonstrated that PSO gets better results in a faster and cheaper way compared with 

other methods [16],[17]. Another reason that PSO is attractive is that there are few parameters to adjust.  

 

Formulating the problem:  

 Let θi = [θi1, θid…, θis] be a trial vector representing the ith particle of the swarm to be evolved. The 

elements of θi are the solutions of the harmonic minimization problem, and the dth element is corresponding to 

the dth switching angle of the inverter. The steps to formulate the problem and applying PSO are as follows:  

1) Get the data for the system.  

At the first step, the required parameters of the algorithm such as population size M, maximum iteration 

number itermax, etc. are determined and the iteration counter is set to iter = 1.  

2) Generate the initial conditions of each particle.  

Each particle in the population is randomly initialized between 0 and π/2; similarly, the velocity vector of 

each particle has to be generated randomly.  

3) Evaluate the particles.  

 Each particle is evaluated using the fitness function of the harmonic minimization problem. The 

switching angles θ1, θ2 . . . , θs in a multilevel inverter for the output waveform can be calculated such that odd 

and non-triple low-order harmonics up to the 3s − 2th order when s is odd and up to the 3s − 1th order when s is 

even can be eliminated from the output phase voltage of the inverter to minimize the cost function.  

4) Update the personal best position of the particles.  

If the current position of the ith particle is better than its previous personal best position, replace personal best 

position with the current position. If the best position of the personal bests of the particles is better than the 

position of the global best, replace global best position with the best position of the personal bests.  

5) Update the velocity and position vectors.  

It is done using governing equations in PSO algorithm. 

6) Termination criteria.  

 

 If the iteration counter iter reaches itermax, stop; else, increase the iteration counter iter = iter + 1 and 

go back to step 3.  

 Fitness function used is same as GA. All the possible set of solutions is obtained for the angles θ1 to θs. 

The angles obtained are such that the values of low order harmonics are lowest or within the permissible limit. 

 

V. ARTIFICIAL NEURAL NETWORK (ANN) 

 Artificial neural networks are used in many applications in engineering, such as pattern recognition, 

control and classification, and others [18- 20]. One of the main factors for choosing this technique is its 

generalization ability in nonlinear problems that are complex in nature and calculation intensive [21]. Artificial 

neural networks are computational models that were inspired by biological neurons [22]. They use a series of 

nodes with interconnections where mathematical functions are applied to do an input/output mapping. Hence 

information contained in a lookup table can be stored in an ANN. The challenge is to know how many neurons 

will be needed to train an ANN for a specific application. This will be dependent on complexity of the 

input/output relation, number of inputs and number of outputs and requires some trial and error in initial until a 

suitable ANN is found [23-24]. 

 For a change in input voltage, it is necessary to control the switching angles in order to maintain the 

output voltage at fundamental level. Neither GA nor PSO alone are helpful to achieve this, therefore, ANN is 

used. ANNs are time consuming to train but fast to run. Its most important feature is generalization of output. 

An increase in the number of DC sources in the problem will exponentially increase the size of look-up table 

[25]-[28]. There is no such problem with ANN. In this paper, network used is multi layered feed forward 

propagation network. ANN is trained in MATLAB using different set of conditions for this application. Various 

sets containing different number of neurons are made and their performance is evaluated. The number of hidden 

layers and activation functions which optimize the performance are used for the training. For this application the 

number of hidden layers used is two with TANSIG activation function. PURELIN activation function is used 

for output layer. Performance is judged with the help of most significant error (MSE).  
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 The network model is integrated with nine level CMLI to generate the switching angles in real time. 

This system has ability to update the angles in real time at speeds higher than the line frequency (50 Hertz), but 

the angle update is done at the end of a cycle to avoid even harmonics. The simulations are carried out for nine-

level CMLI for both single phase and three phase. Initial solution is created using PSO and then training is done 

in MATLAB. The change in switching angles is done by ANN during the simulation upon change of input 

voltage to maintain the fundamental at desired value. It is observed that ANN output comes close to the desired 

output and the THD is minimized.  

Performance is measured by calculating the mean squared error (MSE) as shown in Equation (10). 

 

e =
1

𝑝
  𝑦𝑖 − 𝑑𝑖 

2𝑝
𝑖=1           (10) 

Where, 

p: number of training data entries  

y: ANN output vector  

d: desired output vector  

 

 
Figure 3. ANN structure used in Simulink 

 

 
Figure 4. ANN matlab model generated 

 

 Here, the 5th, 7th and 11th harmonics are minimized using the angles provided by the ANN. The 

individual voltage harmonics are less than one percent of fundamental. 

 

 

VI. SIMULATION RESULTS 
A. GA Result 

Table I shows switching angles for cascaded multilevel inverter at different modulation indices. By 

using these angles switches of CMLI has been triggered. For nine level CMLI 5th, 7th and 11th order 

harmonics are suppressed. Table II shows the values of harmonic factor of 5th, 7th and 11th harmonic 

component with corresponding modulation index for single phase nine level CMLI and table III shows the 

same for three phase nine level CMLI. 
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TABLE I. Modulation index versus switching angles 

Modulation Index α1  α2  α3  α4  

0.70 15.23 41.93 73.12 87.55 

0.75 12.23 35.34 68.22 86.12 

0.80 10.44 29.71 52.71 86.90 

0.85 10.21 27.22 48.14 80.91 

0.90 9.48 24.63 44.56 71.83 

0.95 8.11 23.98 41.92 65.55 

1.00 7.56 22.15 37.28 61.87 

1.05 6.34 20.08 32.33 53.23 

1.10 4.46 18.04 31.50 45.86 

1.15 2.11 16.34 26.59 41.90 

1.20 1.87 15.84 24.31 41.41 

 

TABLE II.Modulation Index versus THD for single-phase CMLI using GA 

Modulation Index 5th harmonic 7th harmonic 11th harmonic 

0.70 2.12 2.74 2.91 

0.75 1.45 1.19 2.22 

0.80 0.18 0.21 2.73 

0.85 1.79 0.58 1.43 

0.90 1.34 1.12 1.21 

0.95 0.87 0.91 0.98 

1.00 1.87 0.03 0.37 

1.05 0.98 0.23 0.34 

1.10 0.25 1.19 0.12 

1.15 0.32 0.41 0.11 

1.20 0.11 0.18 0.22 

 

TABLE III. Modulation Index versus THD for three-phase CMLI using GA 

Modulation Index 5th harmonic  7th harmonic 11th harmonic 

0.70 2.12 1.76 0.98 

0.75 2.01 1.09 1.11 

0.80 0.18 0.21 2.73 

0.85 1.91 2.12 0.86 

0.90 1.12 0.54 1.05 

0.95 0.87 0.26 0.98 

1.00 0.65 0.98 0.23 

1.05 0.34 0.65 0.11 

1.10 0.18 0.06 0.19 

1.15 0.16 0.18 0.76 

1.20 0.09 0.10 0.12 

 

B. PSO Result 

  Table IV shows switching angles for cascaded multilevel inverter at different modulation index. 

By using these angles switches of CMLI has been triggered. For 9 level CMLI 5th, 7th and 11th order harmonics 

are suppressed. Table V shows the values of harmonic factor of 5th, 7th and 11th harmonic component with 

corresponding modulation index for single phase 9 level CMLI and table VI shows the same for three phase 9 

level CMLI. 
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TABLEIV.  Modulation index versus switching angles 

Modulation Index α1  α2  α3  α4  

0.70 15.01 40.55 73.23 86.92 

0.75 12.02 34.22 67.55 85.32 

0.80 10.31 29.13 51.05 86.15 

0.85 10.02 26.43 48.84 79.63 

0.90 9.23 24.21 45.55 70.18 

0.95 8.04 23.01 40.97 64.29 

1.00 7.32 21.87 36.46 60.83 

1.05 6.15 19.83 33.33 53.45 

1.10 4.45 17.32 32.61 44.06 

1.15 2.54 16.44 26.18 42.22 

1.20 1.76 15.03 24.33 40.54 

 

TABLE V. Modulation Index versus THD for single-phase CMLI using PSO 

Modulation Index 5th harmonic  7th harmonic 11th harmonic 

0.70 2.32 2.13 2.04 

0.75 1.16 1.64 1.01 

0.80 1.71 0.66 0.87 

0.85 1.01 0.35 0.44 

0.90 0.95 1.11 0.72 

0.95 0.76 0.76 0.43 

1.00 0.69 0.77 1.32 

1.05 1.55 0.24 0.23 

1.10 1.24 0.11 0.53 

1.15 0.52 0.28 0.05 

1.20 0.33 0.12 0.09 

 

TABLE VI. Modulation Index versus THD for single-phase CMLI using PSO 

Modulation Index 5th harmonic  7th harmonic 11th harmonic 

0.70 1.82 1.63 0.99 

0.75 1.56 1.14 1.08 

0.80 1.11 1.01 0.87 

0.85 0.95 1.13 0.57 

0.90 1.05 0.56 1.02 

0.95 0.72 0.24 0.72 

1.00 1.01 0.99 0.25 

1.05 0.62 0.74 0.54 

1.10 0.29 0.22 0.42 

1.15 0.13 0.10 0.61 

1.20 0.06 0.11 0.22 

 

Nine level single phase CMLI 
Figure 5 shows the overall output voltage and output current of nine level single phase CMLI. 

Harmonic spectrum of output voltage and output current of single phase nine level CMLI is shown in figure 6 

and 7 for GA. Harmonic spectrum of output voltage and output current of single phase nine level CMLI is 

shown in figure 8 and 9 for PSO. It is evident from this figure that the selected 5th, 7th and 11th harmonics are 

reduced significantly. The total harmonic distortion in the output voltage is 12.98% when switching angles are 

calculated through GA algorithm and 12.25% when switching angles are calculated through PSO algorithm. The 

total harmonic distortion in the output current is 8.46% when switching angles are calculated through GA 

algorithm and 8.04% when switching angles are calculated through PSO algorithm. In this work the M.I. has 

been varied from 0.7 to 1.2 and the simulated waveforms and harmonic spectra are for a particular case 

(M.I=0.95). Input voltage for each H bridge is 200V DC. 
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Figure 5. Output voltage and output current of single phase nine level CMLI 

 

 For switching angles calculated from GA 

 
Figure 6. Harmonic spectrum of output voltage of single phase CMLI at M.I. = 0.95 

 

 
Figure 7. Harmonic spectrum of output current of single phase CMLI at M.I. = 0.95 
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 For switching angles calculated from PSO 

 
Figure 8. Harmonic spectrum of output voltage of single phase CMLI at M.I. = 0.95 

 

 
Figure 9. Harmonic spectrum of output current of single phase CMLI at M.I. = 0.95 

 

Nine level three phase CMLI 

     Figure 10 shows the line to line output voltage and output current of three phase nine level CMLI. It 

consists of sixteen switching devices with four separate DC sources per phase. 

 

 
Figure 10. Line to Line output voltage and current of three phase nine level CMLI 
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 The harmonic spectrum of line voltage of CMLI for phase A is shown in Figure 11 and 13 for 

switching angles calculated from GA and PSO respectively. The harmonic spectrum of line current of CMLI for 

phase A is shown in Figure 12 and 14 for switching angles calculated from GA and PSO respectively.  The THD 

for line voltage is 9.76% for GA and 8.43 % for PSO. It is evident from this figure that the selected 5th, 7th and 

11th harmonics are significantly reduced. The THD for line current is 5.02% for GA and 4.49 % for PSO. 

• For switching angles calculated from GA 

 

 
Figure 11. Harmonic spectrum of line voltage at M.I. = 0.95 

 

 
Figure 12. Harmonic spectrum of line current at M.I. = 0.95 
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 For switching angles calculated from PSO 

 
Figure 13. Harmonic spectrum of line voltage at M.I. = 0.95 

 

 
Figure 14. Harmonic spectrum of line current at M.I. = 0.95 

 

Comparison between results obtained through GA and PSO: 
 Figure 15 and 16 shows the graphical representation of total harmonic distortion versus modulation 

index for nine level single phase and three phase CMLI using GA and PSO. From this figure it is clear that as 

modulation index increases total harmonic distortion in output voltage decreases for both GA and PSO. Also the 

total harmonic distortion in output voltage using PSO is less as compared to GA.  
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(a) Single phase CMLI 

 
Figure 15. Total harmonic distortion versus modulation index for single phase CMLI 

 

(b) Three phase CMLI 

 
Figure 16. Total harmonic distortion versus modulation index for three phase CMLI 

 

C. ANN Result 

 Figure 17 shows that after one cycle of the output waveform angles are adapted to the new condition. 

The ANN placed a small increment in the angles to adapt to the new condition. Due to the low computation time 

required by the neural network, the angles are always available long before a cycle ends, but they are updated 

only at the end of the cycle. 

 The input voltage set changes from V = [75 78 78 80] to V = [75 78 80 80] and change in 

corresponding angle set is [9.26 19.58 36.68 59.62] to [9.72 19.83 37.87 61.59]. The fundamental output voltage 

changes from 229.13 V to 230.98 V. 
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Figure 17. Output Voltage and current waveform of nine level CMLI 

 

 The change in switching angles is done by ANN during the simulation upon change of input voltage to 

maintain the fundamental close to 230 volts. Voltage THD is 9.44% of fundamental for single phase CMLI as 

shown in the figure 18. This includes triplen harmonics which will be cancelled out in the line to line voltage for 

three phase CMLI. THD is now reduced to 5.97% of fundamental for three phase as shown in the figure 20. The 

THD of the current waveform is 3.76% for single phase as shown in figure 19 and 2.95% for three phase as 

shown in figure 21 which is in the acceptable range. 

 

 
Figure 18. Voltage profile of single phase nine level CMLI 
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Figure 19. Current profile of single phase nine level CMLI 

 

 
Figure 20. Voltage profile of three phase nine level CMLI 

 

 
Figure 21. Current profile of three phase nine level CMLI 
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VII. CONCLUSIONS 
Firstly the comparison between results obtained from GA and PSO algorithms has been made for nine 

level CMLI for both single phase and three phase. It is observed that PSO reduces THD more as compare to GA 

due to its better convergence. The harmonics eliminated with the help of these techniques are lower order 

harmonics and high order harmonics can be further reduced with the help of appropriate filter. The main 

advantages of these algorithms are that an output with acceptable range of harmonics can be obtained without 

use of a bulky filter and hence the overall cost of the system can be reduced. Then an approach for real time 

computation of switching angles using artificial neural networks is presented. The solutions are found off line 

using particle swarm optimization to obtain a data set to use during the training process of the neural network. 

PSO is also used so as to explore the advantages of approximate solutions. The trained neural network was 

simulated in MATLAB for online real-time determination of the angles. Output angles returned by ANN may 

not provide a satisfactory result, or harmonic elimination, at some points as it generalizes; however, a fast result 

can be obtained and more angles can be easily added to provide a better output waveform. Parallel networks can 

be used to accomplish better performance. The angles are updated at same frequency of the fundamental output 

voltage due to the low computation time required for the neural network. 
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