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ABSTRACT—Harmonic minimization in multilevel inverters is a complex optimization problem 

that involves nonlinear transcen- dental equations having multiple local minima. In this paper, a 

solution to the harmonic minimization problem using a novel par- ticle swarm optimization (PSO) 
approach based on species-based PSO (SPSO) is presented. The original SPSO is modified, which 

increased the robustness of algorithm to find global optimum of the search space. The proposed 

method is able to find the optimum switching angles when their number is increased, while it is not 

possible to determine them using either conventional iterative tech- niques or resultant theory method. 
Theoretical results are verified by experiments and simulations for an 11-level H-bridge inverter. 

Results show that the proposed method effectively minimizes a large number of specific harmonics, 

and the output voltage results in very low total harmonic distortion and switching frequency. 
Index Terms—Multilevel inverter, selective harmonic elimina- tion (SHE), species-based particle 

swarm optimization (SPSO). 
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More recently, real-time calculation of 

switching angles with analytical proof is presented 

to minimize the total harmonic dis- tortion (THD) 

of output voltage of multilevel converters [17]. 

However, the proof is given for staircase voltage 

waveform, and the equation derived to calculate the 

switching angles is valid only for fundamental 

switching frequency method. Also, the presented 

analytical proof is valid for minimizing all har- 

monics, including triples, and not only for 

minimizing nontriple harmonics, which are suitable 
for three-phase applications. 

In order to increase the degrees of 

freedom (DOFs) and elim- ination of more 

harmonics without changing the physical hard- 

ware of inverter, SHE-PWM was proposed [18], 

[19]. In this method, each active device can be 

switched more than once per cycle, and more 

harmonics than in the case of fundamental fre- 

quency switching method can be eliminated. The 

main problem associated with the SHE-PWM 

method is that when the num- ber of switching 
angles is increased, none of aforementioned 

methods can be used to calculate the switching 

angles. 

In [20], a general formula to the SHE-

PWM problem was presented, and a hybrid GA 

was employed for harmonic elim- ination of PWM 

voltage waveform. However, the results are 

provided only for six and nine switching angles in a 

quarter of cycle, and the efficiency of the presented 

algorithm is not ex- amined for larger number of 

switching angles as this makes the algorithm more 

complicated. 

Obviously, by effectively solving the 
harmonic elimination problem with large number 

of switching angles, the SHE-PWM method can 

generate high-quality voltage waveform as well  as 

less switching frequency as compared to other 

modulation techniques. 

In this paper, an algorithm based on 

species-based PSO (SPSO) is developed to deal 

with the problem where the number of switching 

angles is increased and their determination using 

conventional iterative methods in addition to GA 

and simple PSO techniques is not possible. Also, 
the original SPSO algorithm is modified, which 

increases the robustness of the algorithm to find the 

global optimum of search space. Sim- ulation and 

experimental results are provided for an 11-level 

cascaded multilevel inverter to show the validity of 

the proposed method. 

 

 
Fig. 1. Structure and the staircase output 

voltage waveform of a single-phase cascaded 

H-bridge inverter. 

 



International Journal of Engineering Research and Application            www.ijera.com ISSN: 2248-

9622 Vol. 7, Issue 03 (Series -VI) March 2017, pp 164-175 

 
www.ijera.com                                                                                                                    166 | P a g e  

 

 

 
 

 

 
Fig. 2. Output phase voltage of inverter by 

using the SHE-PWM method. 
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3) Evaluation of particles: Each particle is 

evaluated using the fitness function of the 

harmonic minimization problem to minimize 

the cost function given by (9) or (10). 

4) Determination of species and species seeds: 

The cur- rent population is divided into 

species, as described in Section IV, and after 

this, the species seed of each species is 

assigned as lbest of all particles that belong to 

this species. 

5) Update the personal best position of particles: 

If the cur- rent position of the ith particle is 
better than its previous personal position best 

Pi, replace the Pi with current posi- tion Xi. 

Note that the lbest of each particle is updated 

in the previous step. 

6) Adjustment of niche radius rs: Desired number 

of species is updated by (7); afterward, rs is 

adaptively adjusted by using the procedure 

described in Table I so that the number 

of current species ns follows n∗s . 

7) Update the velocity and position vectors: 
Particles in any 

species always follow a pure PSO position and 

velocity update rules. 

8) Termination criteria: If the iteration counter 

iter reaches to itermax , stop; else increase the 

iteration counter iter = iter + 1 and go back to 

step 3: 
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Fig. 8. Experimental results, k = 3 and M = 0.634. 

(a) Experimental output phase voltage. (b) 

Corresponding FFT analysis 

IX. CONCLUSION 
An MSPSO algorithm with adaptive 

adjustment of niche ra- dius has been proposed to 

determine the optimum switching angles of 

multilevel inverters. This algorithm has been suc- 
cessfully applied to the SHE-PWM problem that 

involves large number of switching angles, where 

other conventional methods are not able to solve it. 

Simulation and experimental results are provided 

for an 11-level cascaded H-bridge inverter to val- 

idate the accuracy of computational results. Results 

show that all undesired harmonics up to 50th order 

have been effectively minimized at the output 

voltage waveform of inverter. Compari- son of 

results with active harmonic elimination technique 

shows that the THD and the switching frequency of 

output voltage de- creased dramatically. 
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