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Abstract—This paper proposes an application of ant colony 
optimization for harmonic elimination in single-phase seven level 
grid tied inverter for residential applications. Also the derived 
equation for total harmonic distortion (THD) of the output voltage of 
inverter is used as the objective function in the ACO algorithm. This 
proposed scheme consists of grid-tied H- bridge inverter along with 
Solar PV Cell and DC-DC boost converter. The fundamental 
switching method is used for inverter. With suggested current control 
technique grid synchronization condition (i.e. grid voltage and grid 
current) can be obtained. Harmonic elimination in inverter is a 
major issue which is solved by ant colony optimization (ACO) 
method. The switching angles for inverter are calculated using ACO 
optimization which will not only improve the harmonic profile but 
also reduce the size of filter inductor. The performance of the 
proposed system is simulated in MATLAB/Simulink environment and 
the results are validated through experimental results.  

1. INTRODUCTION 

Recently power generation using photovoltaic is gaining much 
interest in the field of power sector as it is a source of clean 
and pollution free power. Also it is showing significant growth 
in grid-connected applications [1]. The solar energy cannot be 
directly interfaced with the utility grid due to economic 
constraints. Thus the power electronic devices are employed to 
interface the solar systems to the grid. The grid inverter plays 
very important role in PV system. The main characteristic of 
the grid inverter is that, it should deliver the current 
drawn from the inverter to the utility grid at unity 
power factor. Recently there are inverters having adjustable 
power factor. Most of the grid inverter technologies for PV 
applications are available such as centralized inverter, string 
inverter, multi-string inverter and modular inverter [2].In this 
paper, the work mainly focuses on the multilevel inverter 
modelling and its control. Multilevel inverters are increasingly 
used in grid tied application for distributed generation. Also, 
the other applications in field of chemical plant, oil, LNG 
plants, water plants, marine propulsion, power generation-
transmission, power-quality devices, and FACTS devices are 
accountable [3]. Because of these advantages, power quality 

of the system, voltage capability can be enhanced with 
minimum switching losses [4]. Also it is applicable to 
transformer less system at the distribution side with lower 
cost. For synchronization of inverter to the grid closed loop 
current controlled method is mostly used. The limitation with 
this method is that the modulation index (M) is not certain and 
further, particular harmonics cannot be eliminated. 

If modulation index, M, is fixed, then harmonic elimination 
with Ant colony optimization method, can be properly 
investigated in closed loop grid tied inverter system. 

2. MATHEMATICAL MODELING OF HARMONIC 
EQUATIONS 

In inverters, bipolar output voltage waveform is shown in Fig. 
1. The output voltage obtained from fourier series is a set of 
nonlinear transcendental equations containing trigonometric 
terms given by equation (1).  

 
Fig. 1: Bipolar Output Voltage Waveform 

The generalized harmonic equation of inverter is given by  
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where 

V = Voltage output of inverter 
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Vdc = Magnitude of the DC input voltage 

α = Switching (Notching) angle of the inverter 

N = Number of Harmonic equations 

K = Switching angle number (from 0 to N-1) 

Number of harmonic equations (N) = Number of harmonics to 
be eliminated (N+1). The constraint to be satisfied by the 
waveform is that 	0 …

π
  . 

When equation (1) is expanded for N=3, the three equations 
can be given by 

(2) 

(3)                                                                           

(4) 

Total Harmonic Distortion (THD ) is given by 
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Magnitude of fundamental voltage is given by equation (2) 
whereas fifth harmonic voltage and seventh harmonic voltage 
is given by equation (3) and equation (4). Solution to these 
equations can be given by conventional methods like iterative 
methods. One of the iterative methods is Newton–Raphson 
(N–R) method [5]. But the major disadvantage of this method 
is dependency on initial guess along with divergence 
problems. Also, it is possible to find one set of solutions for 
feasible M. The initial guess should be exact close to the 
solution for obtaining the desired output. The theory of 
resultant polynomial is proposed in [6], [7]. This method is 
applicable only for finding all possible solutions with feasible 
Modulation index M.  But when voltage level or input dc 
voltage level is changed, then this method becomes 
complicated and time-consuming. Also it requires new 
expression for new voltage level. These methods can not only 
find solutions, but they can also find solutions for infeasible M 
with optimum switching angles. These methods are simple and 
can be used for problems with any number of levels. They are 
derivative free. But the drawback of finding solutions by 
conventional method is that the process is complicated and 
time consuming. 

In recent years, optimization techniques become very popular 
in many engineering applications. These methods are 
population based methods. The population is randomly 
generated in search space. The main advantage is that they do 
not require any suitable initial guess as compared to 
conventional methods. The computation time required is very 
less and convergence is very fast. Also probability of finding 
global minima is more. But these techniques have some 

constraints also. For example, for solving SHE-PWM problem 
with a differential evolution (DE) algorithm the constraint is 
that any two consecutive solutions are well separated [8]. 
Speed of finding solution of SHE problem is given by Genetic 
algorithms (GA)[9],[10]. Particle swarm optimization (PSO) is 
a evolutionary technique discovered through simplified social 
model viz. bird flocking, fish schooling, etc. [11], The ant 
colony algorithm is first proposed by Dorigo et al. [12]. It is a 
stochastic combinatorial optimization approach based on 
population with ants as cooperating artificial agents. The ants 
generally cooperate among themselves and get the optimum 
solution for the problem. The blind ants move randomly in 
search of food by selecting the shortest or optimized path, and 
it deposits pheromone trails on the edges. While the follower 
ant can detect the pheromone laid by first ant and follow the 
same path with high probability. More ants following the same 
trail path is the collective behaviour of all ants. The 
probability of selecting the same path increases with the 
number of ants that previously selected the same path. The 
flowchart for ACO algorithm is shown in Fig. 2. ACO 
algorithm is presently being used in many applications for 
optimization of nonlinear equations. On many applications 
ACO has been reported having better performance than GA, 
DE, PSO [13]. Moreover ACO is capable of producing the 
optimum solution with a very small population size. 
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Fig. 2: Flow Chart of Ant Colony optimization Algorithm 
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3. HARMONIC ELIMINATION USING ANT 
COLONY OPTIMIZATION ALGORITHM 

Following steps are involved for implementation of Ant 
colony optimization Algorithm 

Step I :   Initialization 

While (termination not satisfied) 

 Create ants 
 Find solutions 
 
The initial step is deploying the ants in a feasible solution 
space with the constraint  0 …

π.	 Here, the position of an ant refers to one complete 

solution set to the problem.  

Step II :  Transition probability 

The ants are moving based on the level of pheromone content 
at its location. The transition probability Pij of an ant at the jth 
location is computed using 
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where    τij = Quantity of pheromone 

dij = Heuristic distance 

α, β = constant 

Step III :   Pheromone update 
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where      ρ = Evaporation constant 

Q = Pheromone laid by each ant that uses edge (i,j) 

Lk = tour length of the kth ant. 

     (8) 
 
Where T is the tour done at time t by ant k. 

Step IV :  Pheromone decay 

)()().1()( ttt ijijij    (9) 

Where ρ is evaporation constant and it is assumed between 0 
and 1. When all ants complete Steps I - IV, it is termed as one 
iteration.  

Step VI  :   Apply Stopping Criteria 

The stopping criterion can be applied when the objective 
functions’ value reaches to reasonably low value after a finite 

number of iterations. In this paper, the program was stopped 
after 200 iterations. 

4. PROPOSED METHODOLOGY APPLIED TO GRID 
TIED INVERTER  

In this paper, seven levels Cascaded H Bridge (CHB) 
multilevel inverter is investigated for effective demonstration 
of the proposed scheme. Fig.3 shows the block diagram of 
application of proposed algorithm for grid connected 
household application. In grid tied inverter system, the 
sinusoidal output of the inverter must be synchronized with 
the grid frequency for unity power factor. PLL is mainly used 
for synchronization of Grid voltage (Vg) and Grid current (Ig). 
The voltage magnitude of the inverter output (Vinv) needs to 
exceed the grid voltage, (Vg) to enable the inverter current 
(Iinv) to be supplied to the grid. 

Low Pass L-C Filter Design  

To synchronise the grid voltage and current the output of the 
inverter should be sinusoidal. But practically this output 
voltage contains harmonics. According to the IEC 61727 
standard (PV System, characteristics of the utility interface), 
the maximum allowed THD for the output current is 5 %. 
Therefore an LC filter plays very important role in achieving 
minimum THD value[14]. It should be able to generate a 
sinusoidal output current with THD less than 5 %. Table 1 
shows specifications used for Grid connected system [15]. 

Fig. 3: Block diagram of grid tied system. 

Table 1: Specifications 

Parameters Values 

Grid voltage 230Vrms 

Supply frequency 50Hz 

Current limiting inductor 3mH 

3 DC sources  for inverter 100V each 

Load 1000W 

.0)(),()(/ elsetTjiiftLQ kkk
ij 



14

5.

4

. SIMULAT

10

20

30

40

50

60

70

80

90

Sw
it

ch
in

g 
A

ng
le

s 
(d

eg
)

 

0.2
0

50

100

150

200

250

T
H

D
(%

)

0
-300

-200

-100

0

100

200

300

V
ol

ta
ge

 (
V

)

p-ISS

TION RESUL

0.2 0.4
Modul

al

2 0.4
Modula

0.005

Advanc
SN: 2349-580

LTS 

(a) 

(b) 

(c)  

4 0.6
lation index(M)

lpha3 alpha

0.6
ation index (M)

0.01
Time (sec)

ced Research i
04; e-ISSN: 23

0.8 1

a1 alpha2

0.8 1
)

0.015 0.0

 

in Electrical an
349-5812 Vol

 

 

 

Fig
m

Fig
ind
tot
Fig
gra
pe
syn
Ta
cu

6.

1

02

nd Electronic 
ume 6, Issue 

g. 4: Simulatio
modulation inde

g. 4 (a) shows
dex using AC
tal harmonic d
g. 4 (c) shows
aph for curren
r IEEE 519 s
nchronized to

able 2  shows 
urrent wavefor

Ta

M 
0.8 

5th Harmon
0.64%

EXPERIM

0
0

5

10

15

20

M
ag

 (
%

 o
f 

Fu
nd

am
en

ta
l)

Sarik

Engineering 
1 January-Ma

on results of (a)
ex (b) % THD
of the Inverte

s variation of s
CO Algorithm
distortion with
s output of inv
nt waveform w
standard. The
o the inverte
% harmonics 

rm.  

able 2: Switchi

θ1 
14.32˚ 

 
nic 

MENTAL RES

5
Ha

Fundamental (

h5=0.64%

h

ka D Patil and 

arch, 2019 

(d) 

) variation of s
 with modulat
r (d) FFT Ana

switching ang
m. Fig. 4 (b) in

h respect to m
verter. Fig. 4 
with THD of 

e grid current 
er output by 

(5th and 7th) a

ing Angles for 

θ2 
28.64˚ 

7th Harmonic 
0.95% 

SULTS 

(a) 

(b) 

10
armonic order

(50Hz) = 100.01 

%

h7=0.95%

d Sumant G Ka

switching angl
ion index (c) O
lysis  

gles with modu
ndicates varia

modulation i
(d) indicates t

f 2.16 % whic
and voltage 
using PLL c

as well as % T

M=0.8 

θ3 
41.25˚

THD 
2.16

15 20

, THD= 2.16%

adwane 
 

 

es with 
Output 

ulation 
ation of 
index. 
the bar 

ch is as 
that is 
circuit. 

THD of 

 

6% 



A
 

F

7.

Th
al
H
el
A
im
Fi
flo
re
co
sim
0.
ac

R

[1]

[2]

Application of 

Fig. 5: Experim

. CONCLU

his paper is a
lgorithm for h

Harmonic Elim
lectronic inve

ACO algorithm
mportant adva
irstly we can 
ow of active 

educe the TH
oupling. Bot
mulation and 
8 the THD va

ccordance with

REFERENCE

] W. Xiao, F
approach fo
system” IEE
508, Jan. 20

] S. Shaari, A
Photovoltaic
Technology
Photovoltaic

 

Optimization 

p-ISS

mental results o
level inverte

USION 

an attempt to
harmonic elim
mination is 
erters which 
m. It is found t
antages in g
control the m
power to the

HD of current
th the adva

experimental
alue of curren
h IEEE 519 st

ES 

. F. Edwin, G.
for modelling 
EE Journal of p
013. 
A. M. Omar, A
c Power: Fund

y and Water, M
c Project, 2010.

Technique in

Advanc
SN: 2349-580

(c) 

of (a) Gate Puls
r (c) FFT Anal

o apply Ant C
mination in th

an importan
is properly i
that the propo

grid tied inve
modulation ind

e grid side an
t waveform a
antages are 
l results. For 

nt is found to b
tandards. 

. Spagnuolo, J.
and simulatin
photovoltaics., 

A. H. Haris, and
damentals: Mini
Malaysia/Malays

. 

 Grid Tied Inv

ced Research i
04; e-ISSN: 23

ses (b) single p
lysis 

Colony optim
he grid tied in
nt aspect in 
investigated t
osed method h
erter based 

dex and therea
nd secondly 
at point of co

validated t
modulation i

be 2.16% whi

. Jatsvevich, “E
g photovoltaic
vol. 3, no. 1, p

d S. I. Sulaima
istry of Energy
sia Building In

verter

 

in Electrical an
349-5812 Vol

 

phase 7-

mization 
nverter. 

power 
through 
has two 
system. 

after the 
we can 
ommon 
through 
index = 
ich is in 

Efficient 
c power 
pp. 500-

an, Solar 
y, Green 
ntegrated 

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10

[11

[12

[13

[14

[15

nd Electronic 
ume 6, Issue 

M. Malinow
“A survey o
Indus  Elect.
L.G. Franqu
and M.A. M
IEEE Trans 
J. Kumar, B
technique fo
608-613. 
H. S. Patel, R
Voltage Con
Elimination,”
9, pp. 310-31
H. S. Patel, 
Voltage Con
Control Te
Applications
H. Huang, H
for constrain
Society Ann
2705. 
A.I. Maswo
generate PW
in: Proc. IEE

0] B. Ozpinec
optimization
in: Proc. IEE

1] J. Kennedy, 
IEEE Interna
IEEE Servic
1948. 

2] M. Dorigo, 
Optimization
Syst., Man, 
1996. 

3] K.Sundaresw
Harmonic E
Exploring A
54, No. 5, Oc

4] Y. Liu, W. W
“An efficien
based grid-ti
effect rejecti
pp. 956-936,

5] M. Samarth 
reduced swi
PCITC, Bhub

Engineering 
1 January-Ma

wski;  K. Gopaku
on cascaded mu
., Vol. 57, No. 

uelo; J. Rodrigu
. Prats, “ The a
on Indus Elect.
. Das,P. Agarw
r a  multilevel 

R. G. Hoft, “Ge
ntrol in Thyris
” IEEE Transa
17. May/June 1
R. G. Hoft, Ge
ntrol in Thyris
echnique,” IE
s, vol. 10, pp. 66

Hu Shiyanand, D
ned optimal P
ual Conf., vol. 

ood, S. Wei, M
WM-SHE switch
EE Appl. Power
ci, L.M. To

n of multilevel 
EE Power Electr

R. Eberhart, P
ational Conf. on
ce Center, Pisc

V. Maniezza
n by a colony 
Cybern. B,Cyb

waran, K. Jay
Elimination Th

Ants,” IEEE  T
ctober 2007. 

Wu, Y. He, Z. L
nt and robust h
ied inverter wit
ion.”,  IEEE Tr
, 2016. 
and S. G. Kad

itch for photo
baneshwar, IND

arch, 2019 

umar, J.  Rodri
ultilevel  inver
7,pp. 2197-220

uez, J. I. Leon, 
age of multileve
, Mag, Vol.2, N

wal. “Selective 
inverter”. NPS

eneralized Harm
stor Converter

actions on Indu
973. 

eneralized Harm
stor   Convert
EEE Transac
66-673.Sept. /O
D. Czarkowski, 
PWM, in: IEE
3, 2–6 Novemb

M.A. Rahman
hing patterns us
r Electron. Conf
olbert, J.N. 
converters usin
ron. Spec. Conf

Particle swarm o
n Neural Netwo
cataway, NJ, IV

a, and A. Co
of cooperation 

bern., vol. 26, n

yant, T. N. 
hrough a Colo

Trans, on Indus

Lin, F.  Blaabjer
hybrid damper
th strong grid-

Trans on Indus. 

dwane, “Single 
ovoltaic system
DIA, pp.136-14

guez and M. A
rters”, IEEE Tr
06,  July 2010.

S. Kouro, R. P
el  Converters a
No. 2, pp 28-39
harmonic  elim

SC 2008, IIT B

monic Eliminat
s: Part I – ha
stry Applicatio

monic Eliminat
ters: Part II –V
ctions on I
Oct. 1974. 

Harmonic elim
EE Indus. Elec
ber, (2004), pp

n, A flexible 
sing genetic alg
f.,2001, 1130–1
Chiasson, Ha
ng genetic algo
f., 2004, 3911–
optimization, in
orks (Perth, Au
V, (1995), pp.

olorni, “Ant 
agents,” IEEE

no. 1, pp. 29–4

Shanavas, “I
ony of Contin
strial Electronic

rg and H. S. H.
r for LCL- or 
side harmonic 
Elect.,Vol.63,I

phase grid con
m,” IEEE Conf
41,15-17 Oct 20

15 

A. Perez, 
rans on 

Portillio 
arrives”, 
,  2008. 

mination  
Bombay: 

tion and 
armonic 
ons, vol. 

tion and 
Voltage 
Industry 

mination 
ctronics 
. 2702–

way to 
gorithm, 
1134. 
armonic 
orithms, 

–3916. 
n: Proc. 

ustralia), 
. 1942–

system: 
E Trans. 
41, Feb. 

Inverter 
nuously 
cs, Vol. 

. Chung 
LLCL-
voltage 
Issue 2, 

nnected 
nference 
015. 


