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Abstract

Distributed generation (DG) sources often interfaced with grid by a Cascaded H-bridge multilevel inverter with a remote D.C
source. The interface inverter has to adapt voltage on the either side of the grid and DG source while it has a control of active
and reactive power exchange. The inverter terminal voltage is maintained based on frequency switching technique. However,
in applications like micro grids are based on quality of output voltage at the point of common coupling. The present paper
discusses an optimal frequency switching methodology that generates optimal fringing angle based on an evolutionary
computing technique while maintaining the voltage level at PCC with a reduced harmonic distortion. Efficacy of the proposed
method is illustrated by simulating a 9-level cascaded H bridge in MATLAB environment.

Keywords: Multi Level Inverter, Cascaded H Bridge, Particle Swarm Optimization, Most Valuable player Algorithm,
Switching Angle Minimization

1. Introduction

Many of the high-power applications are developed based on Multi Level Inverters (MLI). MLI can synthesize
near sinusoidal voltage [1] by selecting suitable number DC voltage sources.Different MLI topologieswere
developed based on input supply that can be either a battery or an isolated source like PV, fuel cell [2-7]. Cascaded
H-bridge (CHB) converters [8--10] in particular gained attention of many researchers in facilitating high and
medium power application with an appropriate modulation technique towards an efficient switching control.

Sinusoidal Pulse Width Modulation (SPWM)and Selective Harmonic Elimination (SHE) [11] are the control
techniques that generates output voltage with a reduced harmonic distortion. In SHE the number of pulses per half
cycle are likely to less than SPWM resulting in lower switching losses. This feature is very much helpful in
switching a solid-state device in high power application due to low switching loss.

In SHE [12] technique the switching angles derived are based on unconstrained equations that characterizes
the harmonics. Theses equations are highly nonlinear and quite difficult to get exact solution for a chosen value
of modulation index. Solution for this method is derived base on numerical iterative techniques with proper initial
guess. In [13-18] proposed the solution for the SHE technique using the soft computing approaches to have fewer
harmonic levels at the output.

Many researchers consider fundamental frequency switching method as an alternative to SHE technique as it
generates better output voltage wave form and a fundamental component. However, voltage at Point of Common
Coupling (PCC) is the main concern in a grid connected systems rather than the inverter output voltage.

SHEPWM switching method proposed for the grid connected multilevel inverters is based on injecting the
specific harmonic by one inverter and absorbing the same by another inverter so that specific harmonics are
eliminated at PCC in view of voltage quality. This method may result in reduced line voltage, THD at PCC but
does not meet the standard limit of grid code.

This paper presents an enhanced fundamental frequency switching based harmonic mitigation for a grid
connected cascaded MLI. The main motto is to determine the optimum switching angles for a MLI so that it
moderates the THD, individual harmonic components of voltage waveform at PCC in accord with the standard.
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2. Cascaded Multilevel Inverter

CHBMLI are constructed from succession connection of single-phase H-bridge MLI [19] . The CHBMLI
construction known to be modular because of their circuit, control and modulation technique adopted. The
modular structure enables CHBMLI [20-21] to operate reliably at higher power level, voltage and less
maintenance compared with the other MLI techniques that are commonly adopted such as diode clamped and
flying capacitor MLI’s. In CHBMLI number of DC link voltages (P) or switching angles governs the associated
levels with the output voltage waveform that are given by 2P+1. Fig. 1a shows CHBMLI that generates a 9-level
output With, P =4. Each switch in an H-bridge alters its state twice over a cycle period. Fig 1b depicts the phase
output voltage of a 9 level CHBMLI with each H bridge altering its state twice over a cycle.
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Fig.1. (a) Structure of a 9-Level CHBMLI. (b) Output voltage

Each DC link is connected to a single phase full-bridge inverter and can generate three different voltage
outputs, +Vdc, 0 and -Vdc. each level’s full-bridge inverter is connected in succession such that the synthesized
voltage waveform is the sum of all of the individual outputs.

2.1. Selective Harmonics Elimination

A 9- level output voltage from CHBMLI for a single phase as shown in Fig. 1(b) the output voltage waveform
that is having quarter-wave symmetric with P number of steps that are generated from equal magnitudes V1 = V2
=V3=...=VDC. The fundamental component of the inverter output voltage has particular magnitude and phase
angle are represented as V1 and 8. Then the Fourier analysis of the inverter output voltage waveform is given by,

Vi (@) = 7 155 [B2 55 cos(nay)| « sin(noot +n8) (1)

Where ak is the kth inverter switching angle and n is the harmonic order.

When the switch angles are zero then the inverter output voltage yields the maximum voltage (V1max) given
4Vpc
asVlv (— (2)

T )1max
The ratio of Fundamental output voltage and maximum output voltage is defined as The modulation
index(M) and is represented as

M= 3*(‘”’#) @)
For the 9-level CHBMLI the set of nonlinear equations that helps in mitigating the lower order harmonics like
3rd ,5th and 7th in achieving the desired output voltage at distinct values of M (from O to 1) are given by
cos(0,) + cos(6,) + cos(03) + cos(6,) = 3M
cos(36,) + cos(36,) + cos(303) + cos(36,) =0
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cos(56,) + cos(50,) + cos(565) + cos(560,) =0 4)
cos(70,) + cos(76,) + cos(763) + cos(76,) =0

The solutions of equation (4) give the switching angles for the CHBMLI. Solution of equation (4) might not
be achievable for certain values of M in mitigating the targeted harmonics. In order to obtain a feasible solution
using SHE technique an objective function is formulated and is represented as

y= min{ (1007529 52573 (505 .

V1
Subject to 0 < 6; <m/2

The objective function is formulated to sustain the error in fundamental from reference lie within 1% and
harmonics are limited to the 2 % of fundamental value to meet the IEEE-519 harmonic standard. V,is given by

v,=1

V:C Zliv:"f K; cos(n@;) (6)

n

V;,is the nth harmonic voltage. K;is the ratio of (';DTCC‘) Where i is the no. of D.C voltage sources, 8;switching
angle limited to 90° and N dc =4.

3. Most Valuable Player Algorithm (MVPA):

Optimization of real-world problems can be categorised into convention and heuristic algorithms. The
conventional algorithm showed their potential with continuous objective function like gradient method. But, failed
to prove with discontinuities in the objective function where meta heuristic algorithm can cope of with such
problems. Metaheuristic algorithms are flashed out nature. Few of the algorithm shown their potential like Genetic
Algorithm (GA), Differential Evolution (DE), Particle Swarm Optimization (PSO),Firefly Algorithm (FA)
Teaching—Learning-Based Optimization (TLBO), Artificial Bee Colony (ABC), and Gray Wolf search
algorithm(GWO), become popular.

Most Valuable Player Algorithm (MVPA) is stochastic optimisation algorithm invented by H. R. E. H.
Bouchekara [23]. Players having proficiencies are e considered as population, where proficiencies correspond to
dimensions of the problem. The competence of a player or a team corresponds to fitness. Each team consist of
finest player and the tournament valuable player is finest player of league.

The proposed (MVPA) comprises of the following steps (i) Initialization and formation of team where the
players initialised randomly and teams are formulated randomly (ii) Competition phase : In this phase, players
try to progress their proficiencies individually by playing in the matches with the other teams and try to emerge
as most valuable player in the team as well as tournament. (iii) Termination phase: when the algorithm runs for
maximum number of iterations it terminates
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3.1 Algorithm To Calculate Switching Angles
i
?—
Criteria

Fig.2. Flowchart to calculate the switching angles

Stepl: The algorithm started with initialization of the players ( 4 switching angles) for the 4S-9L MLI
randomly. For example, with 20 player and 5 teams each team have 4 players.

Step2: The objective function J is evaluated for each set of switching angles with the subjected constraint for
each value of M.

Step3: Teams are formulated randomly.
Step4: Completion is held among the team members and proficiencies are update among the player and teams.

Step5: Repeat till the maximum number of iterations. Otherwise, increase the iteration counter and go to step2
for the range of M,i.e.0-1.

4, Simulation Results

The sample system employed for 9-level CHBMLI is shown below figure 3. The PWM technique used for
switching the devices is selective harmonic elimination technique. The simulation parameters required for the
pulse generation are calculated based on the switching angles generated by NR method PSO algorithm and MVP
algorithm. The grid parameters and inverter parameters are given in table 1. IGBT switches are triggered according
to the switching angles generated by the NR, PSO and MVPA algorithm.
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Figure 3 Sample System of Grid Connected Inverter for Switching Methods

Table 1Grid Parameters And Inverter Parameters

Grid parameters Inverter parameters

RMS of the 230V Dc voltagel 57.5v
phase Voltage source

Equivalent 0.60hm Switch type IGBT

resistance

Equivalent 0.1Mh Internal 0.001

. resistance ohm

inductance

A MATLAB program-based NR-method is applied to the differential equations with the different values of
modulation indices. The initial guess to run simulation MATLAB program are a3 = 20°, az = 40°, 03 = 60°, a4 =
80°. Whereas the other two methods are based on stochastic optimization initial values are randomly generated.
From the switching angles the required simulation parameters like time period, pulse width and the phase delay
were calculated to give switching instants for the pulse generator. Table 2 shows the comparative results generated
using the three methodsconsidered for the generation of switching angles. PSO algorithm[22] is applied with 4
particles, population size of 50, cognition parameter c1=2, social parameter c2=4-c1, Vq. = 57.5V, Vref =400 V
and maximum number of iterations =250. MVP algorithm is implemented with 20 players and 4 teams with

maximum number of iterations = 250.

Table 2 Three Phase Inverter Switching Angles

An NR Method PSO Algorithm MVP Algorithm
le
g R-phase(degrees) Y-phase(degrees) B-phase(degrees)

o 235 2.85 1.95 1435 122.8 121.9 263.5 242.8 241.9
59° 8° 80 590 58° 58° 59° 58° 58°

02 39.2 27.2 25.8 159.2 147.2 145.8 279.2 267.2 265.8
59° 80° 20° 590 80° 20° 59° 80° 20°

a3 48.9 41.6 374 168.9 161.6 157.4 288.9 281.6 277.4
6° 420 64° 6° 420 64° 6° 420 64°

04 89.2 68.3 63.1 209.2 188.3 183.1 329.2 308.3 303.1
240 27° 170 240 27° 17° 240 27° 17°

The three-phase inverter is designed from the obtained switching angles with inverter connected in star
configuration. The output of three phase inverter is shown in figure 4. With NR method the output voltage between
the two lines at fundamental frequency(50Hz) is 298.9V. PSO algorithm resulted in output voltage between the
two lines at fundamental frequency(50Hz) is 382.4V and with the MVP algorithm output voltage between the two
lines at fundamental frequency(50Hz) is 390.7 V for a reference voltage of 400V between lines.

1923



Generation of Optimal Switching angle for Nine Level Cascaded H Bridge MLI Using Most Valuable Player Algorithm

336
Fundamental Line voltage 334

450 332
400 382.4 3s0.7 3298

350 298.9
300
250
200
150
100
50
0

1 2 3
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Fig. 4. Three Phase Line Voltages

The % of THD between obtained NR, PSO algorithm and MVP algorithm are compared and tabulated in table
3. Voltage of the three-phase inverter from the MVP algorithm is better compared to NR method and PSO
algorithm. FFT analysis the THD values between line to line in three phase inverters is observed to be 17.75%
with NR method, 13.98% with PSO algorithm and 5.74 %MVP algorithm resulting in lower value. It also observed
from the table that with MVP algorithm THD of 12.46 % resulting out of set of optimal switching angles that
generates the output voltage with less hormonic and better voltage magnitude when compared with the other
existing techniques. Figure5 give the FFT analysis of 3 phase inverters.

333.9

325.7

Table 3 Performance Comparison of a Three phase inverter

Parameter NR Method PSO Algorithm MVP_Algorithm
InverterLine | PCC InverterLine | PCC InverterLine | PCC
voltage line voltage line voltage line

voltage Voltage voltage

Fundamental | 298.9 325.7 329.8 3824 333.9 390.7

output voltage

Rms output 211.35 230.30 233.20 270.39 236.10 276.27

voltage

THD(%) 17.75 10.33 13.98 6.95 12.46 5.74
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Fig.5. FFT Analysis of 3 Phase Inverter

The quality of the output voltage waveform at the PCC is more important compared to the inverter voltage in
the grid connected multilevel inverters. PCC plays a vital role to regulate the voltage profile and the harmonic
control. The output voltage at PCC with the designed 9 -level CHBMLI using MVP algorithm is shown in figure
6. Table support the proposed MVP algorithm as it mitigates the lower harmonic with optimal switching angles
and results improved quality of output wave from in comparison to the other two methods adopted.

Voltage

Fig. 6.Voltage at PCC with MVVPA.

The fig. 7 demonstrates the harmonic spectrum at the PCC output voltage with NR Method, PSO algorithm
and MVPA algorithm.

1925



Generation of Optimal Switching angle for Nine Level Cascaded H Bridge MLI Using Most Valuable Player Algorithm

Fandarmental [S0Hz) = 3824 , THD= 6:35%

Fondamental S0k} = 357 . THO= 1630%

a) MNR Method

i

onic order

PIPSO Algorithm

FFT analysis

Fund | (50Hz) = 390.7 , THD=5.74%
T T T

T
02
015

01

pE B BE DR BN DR PR DR SR BE B

(] 2 4 6 8 10 12 14 16 18 20
Harmonic order

¢) MVP Algorithm
Fig.7. FFT Analysis at PCC

Mag (% of Fundamental)

5. Conclusion

In this paper a nine level CHBMLI is presented with an objective of improving voltage quality at PCC and
reduced harmonic levels. The CHBMLI technique yields in a better output voltage with a modularized circuit and
packing layout. CHBMLI also results in better control, low switching losses and less no of power semiconductor
switches in comparison to other MLI techniques. The nine level CHBMLI is designed based on SHE with an aim
of reducing, 5th, 7th and 11th harmonics at the output of inverter terminals. The firing angles for the nine level
CHBMLI are derived using NR, PSO and MVPA algorithms. Simulation results shows that voltage magnitude
obtained using MVPA algorithm results in a closed magnitude with PCC voltage. FFT analysis of NR, PSO and
MVPA algorithms indicates that MVVPA algorithm validates with a minimum THD in comparison with other
method. Hence, the proposed MVPA algorithm results in an optimal solution with respect to harmonic distortion
and accuracy.

Further the proposed CHBMLI can be extended with suppression of more harmonic levels. It can also be
implemented to any number of levels with the different applications in near future.
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