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Comparative Review of Modulation Techniques for
Harmonic Minimization in Multilevel Inverter
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Abstract—This paper proposed the comparison made between
Multi-Carrier Pulse Width Modulation, Sinusoidal Pulse Width
Modulation and Selective Harmonic Elimination Pulse Width
Modulation technique for minimization of Total Harmonic Distortion
in Cascaded H-Bridge Multi-Level Inverter. In Multicarrier Pulse
Width Modulation method by using Alternate Position of Disposition
scheme for switching pulse generation to Multi-Level Inverter.
Another carrier based approach; Sinusoidal Pulse Width Modulation
method is also implemented to define the switching pulse generation
system in the multi-level inverter. In Selective Harmonic Elimination
method using Genetic Algorithm and Particle Swarm Optimization
algorithm for define the required switching angles to eliminate low
order harmonics from the inverter output voltage waveform and
reduce the total harmonic distortion value. So, the results validate that
the Selective Harmonic Elimination Pulse Width Modulation method
does capably eliminate a great number of precise harmonics and
minimize the Total Harmonic Distortion value in output voltage
waveform in compared with Multi-Carrier Pulse Width Modulation
method, Sinusoidal Pulse Width Modulation method. In this paper,
comparison of simulation results shows that the Selective Harmonic
Elimination method can attain optimal harmonic minimization
solution better than Multi-Carrier Pulse Width Modulation method,
Sinusoidal Pulse Width Modulation method.

Keywords—Multi-level inverter, Selective Harmonic Elimination
Pulse Width Modulation, Multi-Carrier Pulse Width Modulation,
Total Harmonic Distortion, Genetic Algorithm.

1. INTRODUCTION

OWADAYS, the concern of many ongoing researches

showing the multilevel inverters can be assimilating into
many medium and high voltage industrial applications such as
Flexible AC transmission system (FACTS) equipment,
HVDC, motor drives, and renewable energy systems [1].
Multi-level inverter is a well-known power conversion process
to provide the Step output voltage thus it similar as sine wave
with minimum value of THD [2]. Advantage of multi-level
inverter is mainly related with the traditional two-level voltage
inverter, it produce step output voltage, it provides high power
quality, lower harmonic value, enhanced electromagnetic
compatibility and lower switching losses [3]. Generally multi-
level inverter has been categorized into three types: Diode-
Clamp Multi-Level Inverter (DCMLI), Flying Capacitor
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Multi-Level Inverter (FCMLI), and Cascaded H-Bridge Multi-
-Level Inverter (CHBMLI) [4].

In multi-level inverter, harmonic problem is the important
one with distress the output voltage and increased level of
switching strategy [5]. Consequently numerous methods like
Sinusoidal Pulse Width Modulation (SPWM), Multi-Carrier
Pulse Width Modulation (MCPWM) and Selective Harmonic
Elimination Pulse Width Modulation (SHE-PWM) are
implemented for harmonic elimination in multi-level inverter
[6]. Multi-Carrier Pulse Width Modulation (MCPWM)
strategies is widely used, because it can be easily implemented
to low voltage modules [7]. Normally MCPWM can be
categorized as Level Shifted PWM (LS-PWM) and Phase
Shifted PWM (PS-PWM) methods [8]. The LS-PWM is
characterized into Phase Disposition (PD), Phase Opposition
Disposition (POD) and Alternative Phase Opposition
Disposition (APOD) [9]. Equate the above all methodology,
APOD method is the most major process to express harmonics
are centered as sidebands around the carrier frequency [10].
Merits of APOD approach in MCPWM have no harmonics
occur at the carrier frequency and higher band width [11].
Among all the above method, SHEPWM is only method for
selecting proper switching angles to eliminate low-order
harmonics and minimize the THD of output voltage [12]. The
main objective of SHEPWM method is to determine the
switching angles to specific lower order harmonics suppressed
in the output voltage of the inverter to achieve desired
fundamental component with possible minimum THD [13]. In
SHEPWM method operate a set of non-linear transcendental
equations as the fitness or objective function that includes
many local optimal solutions [14]. Moreover SHE problem
can be solved in three ways such as analytical approach based
on resultant theory method [15], numerical iterative
techniques, such as Newton-Raphson method [16] and
evolutionary algorithms [17] such as Genetic Algorithm (GA),
Particle Swarm Optimization (PSO) [18] and etc. As clarified
before, evolutionary algorithm such as GA and PSO algorithm
can be programmed with SHE for employs to find the fitness
function for achieve the desired fundamental component and
remove selective harmonics in the waveform of output voltage
effectively [19]. Various fitness functions can be employed for
SHE problem [20], which the purpose of all approach is the
same.

In this paper, presented the comparative analysis on
MCPWM, SPWM and SHEPWM method for valuation of
harmonic elimination and shown the THD result in CHBMLI.
In consequence simulation results can be processed in 7-level
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CHBMLI using MCPWM method, 9-level CHBMLI using
SPWM and 9-level, 1l-level CHBMLI using SHEPWM
method to show the validity of the modulation techniques.
Simulation result of MCPWM, SPWM and SHE method can
be done through in MATLAB/Simulink tool box.

II. MULTI-LEVEL INVERTER TOPOLOGY
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Fig. 1 Single Phase Cascaded H-Bridge Multi-Level Inverter
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Fig. 2 Staircase Output Voltage Waveform of Cascaded H- Bridge
Multi-Level Inverter

A CMLI equated with capacitor clamped and diode
clamped multilevel inverter, it shown that the benefits such as
modularity layout, fewer components, absence of extra
clamping diodes or voltage balancing capacitors and the
number of output voltage levels can be easily adjusted [21]. In
CHBMLI, the period of switches turn ON and OFF process
can be done in only once per cycle so it simply solving the
switching loss problem [22]. Fig. 1 shows the CHBMLI have
series of H bridge (single-phase full-bridge) inverter units.
Each full-inverter bridge can provide three different voltage

outputs: +Vy, 0, and —Vy. Although, CHBMLI produce
staircase output voltage waveform as shown in Fig. 2. As a
result, the voltage level of CHBMLI is measured in 25 + 1,
where S is the number of dc sources [23]. Fig. 2 shows the
output voltage waveform of a 7-level CHBMLI with three
isolated dc sources (S = 3).

III. CONFIGURATION OF MULTICARRIER AND SELECTIVE
HARMONIC ELIMINATION PWM METHOD

A. Multicarrier PWM Method

The main principle of the multicarrier PWM method is
obtained on the comparison of a sinusoidal reference
waveform with triangular carrier waveforms [24]. As a result
m-1 carriers have required to producing m levels of carrier
waveform and also the carriers are present in the continuous
bands are consider as almost Zero reference value. Hence
carriers have the same amplitude A, and the same frequency f,
in the required waveform. The sine reference waveform takes
a frequency f, and A, for the peak to peak value of the
reference waveform [25]. Therefore this method can be
considered by the two subsequent parameters called amplitude
modulation index m, and frequency modulation index (my):

24,
Mo = M
mg = ZA_AcT 2
my =L 3)

And so in the MCPWM, APOD can be instigated in the
CHBMLI for the switching generation scheme. Consequently
APOD-PWM, all carrier waveform is obtainable along with
phase and its neighboring carrier wave by 180 degree as
exposed in Fig. 3. Altogether the carrier waveform have same
frequency, same amplitude but compare each carrier
waveform to neighbor carrier waveform is phase shifted 180
degree. Likewise Even carrier waveforms are in phase but
compare to Odd carrier waveform are out of phase shift 180
degree in odd carrier waveform.
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Fig. 3 Carrier and Sinusoidal Waveform of APODPWM

1939



International Journal of Electrical, Electronic and Communication Sciences
ISSN: 2517-9438
Vol:8, No:12, 2014

B. Sinusoidal Pulse Width Modulation Method

Although the SPWM method, the waveform contains
several number of harmonics order in the phase voltage
waveform, the dominant ones other than the fundamental are
of order n and n+2 where n can be described as

n = fo/fm “

In the SPWM method, generation of the desired output
voltage is completed by relating the desired reference
waveform (modulating signal) with a high-frequency
triangular carrier wave [26]. Fig. 4 shows that the switching
pulse generation can be formed completely for made the
combination of carrier pulse and sinusoidal pulse waveform.
While the modulating signal is a sinusoid of amplitude A,
and the amplitude of the triangular carrier is A, the ratio is
given by

m=An/A (5)
where m is known as the modulation index. Therefore, in

SPWM methods have to control the modulation index for
controls the amplitude of the applied output voltage.
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Fig. 4 SPWM with /£,

The subsequent square waveform contains a model of the
desired waveform in its low frequency components, with the
higher frequency components presence at frequencies of a
close to the carrier frequency.

C. Selective Harmonic Elimination PWM Method

In this paper SHE-PWM method, GA and PSO algorithm
are implemented for calculating the non-linear transcendental
equation for determine the proper switching angels to
CHBMLI. Using SHE-PWM method, CHBMLI produces
output phase voltage with proper switching angles. To begin
with output phase voltage have harmonics is presented [29].
Furthermore in case of output phase voltage, even harmonics
is zero but odd harmonics are critical to calculate. Therefore
SHEPWM method can used Fourier expansion for the purpose

of to calculate the odd harmonics in the phase voltage.
Accordingly Fourier analysis of output phase voltage is given

by

V(wt) = Yp=q Vy cos(nwt) + V,sin(nwt) (6)
Considering the output voltage and amplitude of dc sources is
shown in Fig. 2, it would be written as:

V(wt) = ¥3-1 Vy sin(nwt) (7

where V, is the amplitude and voltage waveform of ny
harmonic component. In SHE-PWM method switching angles
can be limited in zero and /2. Consequently V, develops to
describe odd and even function is given as,
V, = :—anc Yi_icos(ng), n=odd and V, =0, n=even. The
purpose of SHEPWM method in CMLI is used to eliminate
low order harmonics while other harmonics are eliminated by
using filter [27]. In this paper SHEPWM can be implemented
for eliminate 3,4 5y 74 harmonics [28]. Similarly low order
harmonics can be solved the transcendental nonlinear equation
of switching angles are provided as follows,

Vo = 2Vae(ar) + Vae(az) + Vae (a3) ®)
Vs = =Vac(5a1) + Vac(5a,) + Vac(5as) ©
Vy = ==Vae(7a;) + Ve (7a,) + Vac(7a3) (10)

In equation (9) and (10) are fixed to be zero to eliminate
fifth and seventh harmonics respectively. Using modulation
index to represent the fundamental voltage of V| is given as

A

M= @ (1 ])

Substituting (8), (9), (10) in (11) to get nonlinear equation
(12) is given by,

4
M= 3—ncos(a1) + cos(az) + cos(as)

0 = cos(5a,) + cos(5a,) + cos(5a3)
0 = cos(7a,) + cos(7a;) + cos(7a3) (12)

Now optimal switching angles can be named a; a,, a; must
be found depend upon modulation index. Therefore, PSO
algorithm can be programmed for finding optimal switching
value for eliminating lower order harmonics and maintained
their fundamental voltage value.

D. Genetic Algorithm

A GA is a computational model to find the precise solution
for the optimization problems based on genetics and evolution.
In GA approach, Effortlessness of the operation and Power of
effect are two of the main attractions for calculate the
optimization problem. GA can be used to enhance the order of
carrier waveform in the PWM so result can be shown to
minimize the Total Harmonic Distortion [30]. Moreover GAs
can use probabilistic evolution rules to attendant their search
toward regions of the entire search space. Fig. 5 shows that the
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GA flow chart for measuring the quantity of optimal switching

angles for eliminating the lower order harmonic and

minimizing the THD valve. Though GA is a tool can be used

as random select, they have been theoretically and empirically

established to deliver robust solution in complex search

spaces. The GA can be applied as follows:

. Proper Selection of binary or floating string.

ii. Estimate the number of definite variables to the
optimization problem. And the specific variables can be
related to the number of controlled switching angles.

ii. Set the initial population size depend upon the rate of
convergence.
iv. The fitness of every chromosome is assessed by the cost

function. Since, the objective of the cost function
depend upon the minimization of harmonics order with
relates the switching angles

V. The cost function for a nine level inverter is,
Vo |+ Ve
f(91792:93) = % (13)

E. Particle Swarm Optimization Algorithm

The particle swarm optimization (PSO) is an optimization
technique first introduced by Kennedy and Eberhart was
inspired by the sociological behavior of food searching
principles such as group of birds and fish manner. [17].And
PSO is an effective and fastest optimization algorithm for
define the optimal solution of the non-linear problems. Every
time particles can be modernized for finding the feasible
solution with respect of position and velocity vectors. In enter
search space, position vectors said to be X; =[xy, X,. . . Xp] and
the velocity vector V; = [v}, v,, . . ., vp] [13]. Each particle
can develops the search criteria depend upon the present best
value, previous best value and experience of neighboring best
value. Using (13) and (14) modify the particles with respect of
velocity and position vectors. Therefore the velocity and
position equation is given as

vkt = vk + Clrlk(p{fibestll‘fi - x{fi) + Czrzk(gbest{fi - xi"fi) (14)

Xig™ = xig + V" (15)

where ¢, and c, are the constraints of cogitative and social task

respectively. And rl and r, are random values for the initial

solution of PSO and its range is within 0 to 1.

Step 1.Initialize the population with proper locations and
Range of velocities.

Step 2.Estimate the fitness of the individual particle in the
entire swarm (PBest).

Step 3.Calculate the fitness of individual global particles in
the entire swarm (GBest).

Step 4.Modify PBest and GBest Position based on updating
velocity constraints

Step 5.Update the particles position at the end of every
iteration.

Step 6.Terminate the iteration process if the condition can get
the Optimal value

Step 7.Go to Step 2.

In above all steps to show the estimation of optimal
switching value by PSO and its process can be defined in
subsequent flow chart. Fig. 6 shows that the PSO algorithm
flow chart for determining the quantity of optimal switching
angles for eliminating the lower order harmonic and
minimizing the THD valve.

Initialize GA Parameters and Iteration numbers

v

Initialize the population size

v

. o S
> Iteration size = Iteration + 1

v

Estimate the objective function

v

Calculate the fitness values of entire chromosomes

v

Select best values based on the fitness function

v

Recombination to exchange information in N values

v

Mutual operator to overcome local minimum

v

Required operator to keep population size as m

Fig. 5 GA Flow Chart

IV. INVESTIGATION OF SIMULATION RESULTS

Here compare and analysis the simulation result of
MCPWM method, SPWM method and SHEPWM method of
CHBMLI with using MATLAB/Simulink system. In
MCPWM technique can be used APOD approach in 7-level
CHBMLI, SPWM can be exposed 9-level CHBMLI,
SHEPWM can be demonstrate the result of using GA and PSO
algorithm in 9-level, 11-level CHBMLI respectively.
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Initialize the random population for switching angle
between 0 tog

v

Enter the range of iteration count and velocity value

v

Satisfying the nonlinear constraints based on pseudo code

k

Evaluate the Gbest and Pbest value in the entire swarm and
Undate the varticle in the everv iteration

v

Estimate the optimal switching angle and Update the Gbest
and Pbest value

In
optimum
Criteria
reached?

Select the best optimal solution on the iteration process

Fig. 6 PSO Flow Chart
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Fig. 7 Output Carrier and Sinusoidal Waveform of APOD approach
for 7-level CHBMLI

A. Multi Carrier Based Seven Level CHBMLI

Fig. 7 shows output carrier and sinusoidal waveform of
APOD approach for 7-level CHBMLI. Fig. 8 shows the
switching pulse waveform of APOD approach used in 7-level
CHBMLL In Fig. 9 shows that the magnitude of output phases
voltage of 7 level CHBMLI by using MCPWM method. In

Fig. 10 shows that the THD value of 7 level CHBMLI by Fast
Fourier Transform analysis using MCPWM method.

Fig. 8 Switching Pulse Waveform of 7-level CHBMLI using APOD
approach

le ‘l l | M“WH

Fig. 9 Output Phase Voltage of 7-Level CHBMLI using MCPWM

Fundamental (50Hz) = 24.08 , THD= 25.32%
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Fig. 10 THD result of 7- Level CHBMLI using MCPWM

B. Sinusoidal PWM Based Nine-level CHBMLI
Figs. 11 and 12 shows that the 9-level CHBMLI output
waveform and harmonic spectrum of 9-level CHBMLI by

SPWM method. From the harmonic spectrum, result shows
that the THD value by SPWM is 36.17%.

C.SHEPWM Method-Genetic Algorithm Based Nine-level
CHBMLI

Figs. 13 and 14 shows that the output waveform and the
frequency spectrum of 9- level CHBMLI by using SHEPWM
method with GA approach.
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D. SHEPWM  Method-PSO  Algorithm Based 9-level
CHBMLI

Fig. 15 shows that the harmonic order for the output phase
voltage of CHBMLI using PSO. Fig. 16 shows that the output
pulse voltage of CHBMLI for the given Modulation Index=
0.5 and Load Phase Angle=120 degree. Fig. 17 shows that the
output current for the given modulation index value MI=0.3 at
Load Phase Angle =120 degree
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Table I shows that the simulation result of PSO algorithm in
SHEPWM method, it shows RMS voltage and THD value for
the various modulation index values.

Fig. 14 Harmonic spectrum of 9-level inverter by SHEPWM with GA

Fig. 14 shows that that the harmonic spectrum of THD
value by SHEPWM is 10.27%.
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TABLE I
THD AND OUTPUT VOLTAGE VALUE AT VARIOUS MODULATION INDEX
RMS value of output

Modulation RMS output
index | volags (Vo) 0128 fondamental % Vo
0.2 40.8855 16.7162 222
0.3 50.2887 25.2896 17.8
0.4 58.1488 33.8128 13.9
0.5 65.1517 42.4474 11.4
0.6 71.1688 50.6500 9.80
0.7 76.7500 58.9139 8.30
0.8 82.1900 67.5671 6.98
0.9 87.4450 76.4662 5.57

Table II shows that the THD value of MCPWM, SPWM
and SHEPWM based GA, PSO algorithm for the CHBMLI.

TABLE I
THD VALUE OF CHBMLI USING MCPWM, SPWM, SHEPWM METHOD
BASED GA AND PSO ALGORITHM

METHODS Levels of CHBMLI VorHp %
MCPWM 7-level CHBMLI 25%
SPWM 9-level CHBMLI 36%
SHEPWM based GA 9-level CHBMLI 10%
SHEPWM based PSO 11-level CHBMLI 5.5%

In Fig. 18 shows that the THD value of MCPWM, SPWM,
and SHEPWM method based GA, PSO algorithm in the
CHBMLIL

VoTHD %

MCPWM 7-levellipl74
CHBMLI
407%

30%
20% ¥

SHEPWM based 10%
PSO 11-level 0%8, O SPVé/FI:/éfaM-ILerel
CHBMLI e
5,50% 36%

[SHEPWM based GA{0FAA
9-level CHBMLI
Fig. 18 THD value of Modulation Techniques in the CHBMLI

V.CONCLUSION

In this paper, proposed the comparison and analysis the
simulation result of modulation techniques such as MCPWM,
SPWM and SHEPWM Based GA, PSO approach has been
suggested in the CHBMLI. In this comparative review to
illustrate the MCPWM, SPWM and SHEPWM based GA,
PSO algorithm can be used to solve the optimized harmonics
problem and enhanced the power quality for the high power
application system. As a result, this all modulation method can
demonstrate proficient results for attain the global solution and
also give better THD results in the CHBMLI.
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