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ABSTRACT

Multi level inverter is a device used for convegtibC voltage to AC voltage. Multilevel inverterseaa
source of high power, often used in industrial aapions and can use either sine or modified siages.
Generally IGBT switches are used in the invertecdatrol this switching operation. Instead of usorge
converter to convert an AC current into a DC curenmultilevel inverter uses a series of semicataiu
power converters (usually two to three) thus geimegahigher voltage. At the output of the multiléve
inverter the sine wave form produces large harn®riio reduce these harmonics at the output sigmal,
corresponding THD of switching angles must be redu6Generally genetic algorithm is used for harmoni
optimization. But the drawback is the cost functibecomes more difficult to optimize and requires
increased number of iterations. Hence to reducentimeber of iteration we proposed a hybrid of Geneti
algorithm and Particle swarm optimization algorithim optimize the switching angles. Hence the
corresponding THD value is also reduced. The pregodechnique is implemented in the
MATLAB/simulink working platform.

Keyword: Total Harmonics Distortion (THD), Genetic Algorithm (GA), Particle Swvarm Optimization
(PSO)

1. INTRODUCTION High-pitched magnitude sinusoidal voltage with
enormously little deformation at basic frequency
It has been an amazing aspect of the last decaden be formed at output using multilevel inverters
that multilevel inverters have riveted keen atemti by linking adequate number of dc levels at input
with their paramount and potential applications irside. [6] There are principally three kinds of
power techniques and industrial drives. [1]They arenultilevel inverters such as a) diode- clamped, b)
capable of being effectively applied in theflying capacitor and c) cascade multilevel inverter
disseminated power techniques where output dEMLI). Of the three, CMLI possesses a modular
voltage is derived by linking dc sources likeconfiguration and needs only little number of
batteries, fuel cells, solar cells, rectified windcomponents when compared to the other two
turbines etc at input segment of the inverterdopologies, and consequently, it is extensively
[2]The ac output voltage derived from the inverter@mployed for numerous applications in electrical
can be nourished to a load straight oengineering [7]
interconnected to the ac grid devoid of voltage .
h o : To create multilevel output ac voltage by means
armonizing issues. [3] Moreover, the multilevel : : - .
: : f various intensities of dc inputs, the
inverters are employed as voltage source invertefs . ; .
: . semiconductor devices must be switched on and off
(VSIs) in the static synchronous compensator
(STATCOM), a reactive power balancing metho
made use of for controlling voltage in power,
technologies [4]

o0 that the basic voltage is attained as expecitid w
he eradication of several number of superior order
harmonics so as to have slightest harmonic
deformation in the ac output voltage. [8] For
The multilevel inverters glisten with various switching the semiconductor devices, appropriate
glittering qualities in relation to the hard-swiezch choice of switching angles is essential. The
two-level pulse width modulation inverters, switching angles at basic frequency, as a rule, are
evidenced by their competency to perform at loftgerived by solving non linear transcendental
voltage with lesser dv/dt per switching, elevateegquations typifying harmonics substance in the
efficiency, little electromagnetic hindrance etd [5output ac voltage. These equations are called
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selective harmonic elimination (SHE) equations. In 2009, Mehrdad Tarafdar Haghal. [16] have

[91 As the SHE equations are non lineadetailed a solution to the harmonic minimization
transcendental in character, their solutions can lillemma making use of an innovative particle
either a simple root or compound root and even rewarm optimization (PSO) method based on
root at all for a specific value of modulation éxd species-based PSO (SPSO). The initial SPSO was
(m). Moreover, it is very hard to find a solutiom t altered, which enhanced the strength of algorithm
these equations. The major issue focuses on howtto locate global optimum of the search space. The
derive the entire likely solution sets where avdéda technique could spot the optimum switching angles
employing easy and less mathematically intricateshen their number was enhanced, which was not
procedures. After arriving at these solution setsyithin the reach of the traditional iterative medko
the switching angles yielding least total harmonior resultant theory technique. Academic outcomes
deformation (THD) in the output ac voltage arewere tested by investigations and replicationsfor a
chosen for switching of the power electronicsll-level H-bridge inverter. Outcomes prove that the
systems. [10] new technique efficiently reduces a huge number of
exact harmonics, and the output voltage results in
ery low total harmonic deformation and switching
frequency.

In [11]-[12], iterative statistical methods have
been executed to find solutions to the SH
equations having only one solution set, where
suitable initial conjecture and initial value of for In 2009, R.N. Rayet al. [17] have introduced
which the solutions subsist are essential. Ade ru switching angles for selected harmonic elimination
it is hard to estimate the preliminary solution andqSHE) in a multilevel inverter employing the
the value of m for which solution is available particle swarm optimization method. For a chosen

. fundamental voltage, the switching angles were
In [13], theory of resultants of polynomials anddetermined by the designed algorithm while

the theory of symmetric polynomials has bee'?emoving the lower-order harmonics. Also, the

recommended to find roots of the polynomial hosen higher-order harmonics are removed by
Zqﬂzggg: Adens\,/r?: V{/Eﬁm thégz I;;?Qgggngsen; upplementary switching to put in least total
sgveral H;brid es Iigked in succession, the Ord’er%armonic distortion (THD) for the output voltage.
ag L P€T She switching angles calculated for most favorable
the polynomials tends to be too high, resulting " HD at changing modulation index were saved as a

the calculations of roots of these polynomial . 2 .
highly intricate. In addition, these methods haviOOk up table in digital signal processor (DSP)

been made functional up to 11-level multilevef"€Mery for online application, thereby decreasing

inverters only because of the complication iqthe online calculation load of resolving the non-
calculation related to these methods. [14] inear equations of SHE problem. Direct solution of

non-linear transcendental equations of SHE

2. RELATED WORKS problem could pave the way for discontinuity at

definite modulation indices. Here the switching

In 2013, Gobinath.ket al. [15] have propounded angles were calculated offline taking into effect

the method for finetuning the proficiency of themost favorable voltage THD whereas chosen

multilevel inverter and excellence of output voktag harmonics are removed at all likely modulation
waveform. Seven level abridged switches topologindices including the point of discontinuity

had been run with only seven switches. In 2012, M.Murugesast al. [18] have suggested

Fundamental Switching scheme and Selectiv . : ,
. LS . ; new technique which dwindled the number of
Harmonics Elimination were executed with a view . . o : -
estricted switches utilized in conventional

to decrease the Total Harmonics Distortion (THD ultilevel inverter. To set up a single phase syste

value. Selective Harmonics Elimination SteF)pe(%he multilevel inverter needed one H-bridge and a

Waveform (SHESW) method was put |n_to prac“.c‘?nulti conversion cell. A multi conversion cell
to ward off the lower order harmonics. Basic

switching scheme was used to check the po consists of three equal voltage sources with three

electronics switches in the inverter. The to Olow%stricted switches and three diodes. In traditiona
' X g¥echnique, twelve controlled switches were

. ; S .%mployed to derive seven levels. Because of the
harmonic decrease was attained by choosing fitting_ .. .~~~ . :
o rticipation of twelve switches the harmonics,
switching angles. It portends hope to decrease .. L .
switching losses, cost and total harmonic distartio

preliminary overhead and intricacy, hence bein
; . . o et enhanced. The topology also goes up the level
suitable for industrial applications. In the pape 0 seven with only seven restricted switches. It
third and fifth level harmonics have been wiped off '
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radically decreased the intricacy of control citcui with the three-level converteAn inverter used for
cost, and lower order harmonics and thusonversion of DC power to AC power, usually at a
successfully dwindles total harmonic deformation. controlled frequency and voltage. These work by

. controlling a switching device like an IGBTAn
In 2012, Carlos Alberto Lozano Espinostaal. IGBT inverter uses four IGBT switches in an "H-
[19] have given birth to an epoch-making algorith

to determine the switching angles of a c:’;\scaded”dge configuration to convert a DC voltage to a

. : . - Sguare wave ac voltage for driving motors.
multilevel inverter reducing the total harmonic . . .

: . Nowadays, there exist three commercial topologies
deformation. The execution was used a cascad% : . : .
multilevel voltage-source inverters: neutralgoi

multilevel inverter with only one battery feedingclamped (NPC), cascaded H-bridge (CHB), and

o et e Ring copaciors (FCs). Among these iverter
9 PP { pologies, cascaded multilevel inverter reaches th

transformers. A contrast of total harmonic, .
; . . X . “higher output voltage and power levels (13.8 kV,
distortion (THD) with choosy harmonic exclus|on30 MVA) and the higher reliability due to its

Qegtﬁﬁmwgretgfhig?gées computation - with th(Fnodular topology. The cascaded H-bride multi
9 ' level inverter is to use capacitors and switchewe O

3.MULTI LEVEL INVERTER of the advantages of this type of multi level irteer
is that it needs less number of components
The concept of multilevel converters has beenompared with diode clamped and flying capacitor
introduced since 1975. The term multilevel begamverters.
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Figurel: Multi Level Inverter

The multilevel inverter has better workinginductors. The harmonic elimination is the difficul
performance compared to the conventional Pulgasks of the multilevel inverter, because the linea
Width Modulation (PWM) inverters. It provides and non linear load causes harmonics in the output
even voltage sharing, both statically andsoltage.
dynamically; reduce the size and volume due to the
elimination of the bulky coupling transformers or
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Harmonicsin multi level inverter computed. Triplen harmonics ie, unbalanced
Output voltage of multi level inverter is harmonics are eliminated in a three-phase balanced
expressed in Fourier series as: system and these are not considered in above
equation.

o .
V(x) = Z n:l(sn Sinnfin +Tp cosnfin) (1) Total harmonic distortion
Total Harmonic Distortion (THD) is an amplifier

Where, ) or pre-amplifier, which compares the amplifiers
Vi) - output voltage of multi level oytpyt signal with the input signal. This compariso
inverter _ measures the harmonic frequencies of the two
Sh - odd harmonics signals to find the level difference. This diffecen

Th - even harmonics . _ is called total harmonic distortion. Generally THD
Pn - switching angle of fiharmonic is measured in terms of percentage (for example:

At output voltage the even harmonics are abse@{no59, THD). THD with lower percentage are the
because of the falling edge of the staircasgetter result. THD with lower percentage allows the
waveform (ie, F= 0). Hence only the odd-order components in the loud speaker; amplifier or other
harmonics are present at the output voltageca®  equipment produces accurate output by reduction of
be expressed with only first quadrant switching,armonics which are added by electronics and other
anglesBy, Pz....m. medium. THD with <1% is inaudible to human ear

Sp = (4V /nﬂ)z M cos(ngi) @ and highly fidelity.
n dc i=1 I Total harmonic distortion can be calculated using

also, the given formula

0 <Br<Po<....... Bn< (n/2)
where m is the number of variables corresponding THD =
to switching angles3; through B,, of the first
guadrant.
In selected harmonic elimination (SHE), & nwrleéie; 1 = 123 )
assumed as the desired value for the fundamental = ~ ™ = 777

component and its value is equated to zero. In order to minimize the THD of the output
voltage; it should characterize the output power

quality of multilevel inverter. The controlled
switching pulses are used to minimize the THD
present in the multilevel inverter output voltage
S3 = (Vg /3,,)2:_m (cos(38;)) =0 since the reduction of THD leads to eliminate the
i=1 harmonics present in the inverter output voltage an

S1= (WVae 1) (cos(pi) = L

m improve the power quality. The determined voltage
Sph = (Vyc /ﬂﬂ)z ., (cos(nfi)) =0 and switching angles are the input of the proposed
- method. Finally, the output of this process is
Here L is the fundamental componentsoptimized switching angle and corresponding THD
amplitude. value.

Non-linear transcendental equations are formed
and after solving these equationgttrough a are
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Overall flow chart
~ START O
Generate Py through Py by considering number of
population and number of generation.
L J
‘ Index generation ‘
[ Population mdex J
L
*
l Calculate S1.55.....Syand objective function
l Minimize F(P) related to Si=L and S3gA; SseAr.....SqmE4, 1
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Flow chart explanation

and number of generation switching angles are
generated. Next index generation is done b
calculation the modulation index. Modulation index_.
indicates how much the carrier's amplitude ca
change due to modulation. When dealing wit
multiple harmonics, the modulation result will be a

Compute crossover function to
produce new optimized fi.

R
Develop velocity computation with

newly formed Bi1. fa.......

—“:—'-'_____d_______ Optimal solution ________:_Z_---

Yes

any calculations must be done separately for each
Initially by considering the number of populationinput harmonic.

Each harmonic should be treated has a single
put signal and in the end the several output
ﬁlgnals should be summed. Modulation index does
ot account for input signal's amplitude directly.

sing these population indexes is found which

signal with multiple harmonics as well. Thereforerepresents the harmonics. Compuie $...... Sy
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and find the objective function ) In general $is  as its topological neighbors, the best value wcall
assigned as the desired value for the fundamentadst and is called Ibest.

component. The values of switching angles must e N

be between 0 and 90. If the switching angles do nd 1=V[l+Grrd () (pbest[]-pre[ )+ G5'rd ()" (gbest [ ]-pre[ ]
exist between these values then our proposed€l |= pre[ [+v[]

method is adopted. Where

. V[ ] = particle velocity
Generation of chromosome Pre [] = current particle

Initially random solution is generated using th(%,d () = random number between (0, 1)
switching angle. Generally switching angles ares g = learning factors '
taken from the output of the multi level inverter.U;’ugIIy G=G,=2
Each single group of switching angle is set aslsing

chromosome. Thus initial population is generated. Final solution

Calculation of fitness Generally the output of the velocity computation
Fitness value is evaluated from this set ofives the optimized switching angles. If the optima
chromosome. Select the chromosome witlsolution is not produced then the process is #erat
minimum fitness value as the solution of currentill the desired optimal solution is obtained. The
generation. If the current generation is greatanth value of the switching angles lies between 0 td 90
the minimum generation then find new populationThese optimized switching angles give the
by genetic operator; or else stop the process. Tleerresponding THD value. Depending on the
chromosome with minimum fitness value is set aswitching angles their corresponding THD of the
optimal solution for the next stage. output voltage gets reduced. Thus we get optimized

switching angle as the output for this process.
Crossover gang P P

After the parents have been selected by th& RESULT AND DISCUSSION

selection method, crossover takes place. Crossover

is an operator that mates the two parents This section discussed the experimental results of
(chromosomes) to produce two offsprings. The twour proposed method for optimized THD value
newborn chromosomes may be better than theiising hybrid GA and PSO technique.

parents and the evolution process may continue.
The crossover in carried out according to th%f
crossover probability.

Our proposed method highlights on the reduction
the THD value by optimizing the switching

angle value. The table given below shows the
output of the method which calculates the THD

Parent 1 Spring
Orpmne value without any optimization method,
N ] [] B optimization method done by GA, PSO, and the
Pareut 2 \ > Offipring2 hybrid of both GA and PSO. The experiment was
done with three different switching angles and the
E* [ corresponding THD value is calculated. It clearly
explains that our proposed method
Figure 2: two point cross over Table No 1: Switching Angles Based THD Values
Velocity computation Process| 1 p2 B3 THD
Mutation is the function of the generating new | No™al | 5583 | 69675 963 | 44.3768

. . L output
offspring from the single parent and maintained the—ga 178709 | 32.9047 813066  10.087

diversity of the each chromosome. In our propose PSO 52218 | 49.0919 76.0699  6.711
method we are using velocity computation instead| Hybrid | 0.3283 | 31.2717] 68.3999  2.196
of mutation.PSO is initialized by a group of random

particles. It also searches for optima by updating

generations. In Each lIteration, the values are

updated using the two values such as pbest and

Ibest. The first value is the best value it hasreve

achieved and it is stored in the memory. It was

named as pbest. Another best value tracked by the

particle swarm optimizer, the location is calleé th

gbest. When a particle takes part of the population

I\Jl\)m
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Total Harminic Distorfion ~ The graph represents the relation between
“ iteration and the corresponding THD value. Inigiall
15 considering the GA technique which shows that the
0 THD value varies till the 18 iteration; after 18

: iteration it remains a constant value of 10.0876. O

% considering PSO technique; THD value varies
2 UTHD . .

o steeply_ at_flrst and de_creases gradually t|_|| an
1 approximation of 72 iteration and remains

5 constant. While focusing on our hybrid method the
THD value varies till an approximate of 8
iteration and after that remains constant with the
THD value of 2.1962.thus from the iteration graph
Figure 3: Bar Graph Showing That Our Proposed it is clear that the proposed method produces lbwes
Method Provide Reduced THD Value THD value at an approximation of 8

5. CONCLUSION

In this paper we have discussed about the
hybridization of Genetic algorithm and Particle
swarm optimization method for the harmonic
elimination in multilevel inverter and it is simuial
in the MATLAB platform the switching angles are
calculated for the normal output, GA based output ,
PSO based output and th corresponding THD
values are also calculated. The proposed method
performances were compared to the multilevel

GA

Normal output GA PSO Hybrid

o0

0

80

TOR

60 -

FError %

50

40}

30

20

inverter output voltage done by two separate
PSO  Hybrid (GA-PSO) algorithms. The simulation result reveals that the

Total Harmonic Distortion

Normal output

proposed hybrid GA +PSO gives better THD value.
The above figure mentions the relation of theThe comparison result shows th"?‘t the pr_op_osed
THD value for different set of experiment. Inmethod is the well enhanced technique to eliminate

considering the output without any normalizatio fhe harmonics, which is competent over the other

method we get an output with 44.37% reduction i echniques.
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