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Introduction

Background and motivation

In this paper, the optimal determination of the location and the size of the
active power harmonic filters in the distribution of electric energy distribution
networks is studied in through a comprehensive approach. The main purpose
of this approach is to improve the power quality indices in electric power
distribution network. Total voltage harmonic distortion, loss of function of
electric motors, harmonic loss of power transmission lines and sum of the
currents injected by active harmonic power filters using appropriate weighted
coefficients are considered as the objective function of the problem. Whereas
individual and total harmonic distortion and maximum permissible capacity of
active power filters are considered as limitations of the problem. Optimal
determining of problem and size of active harmonic power filters is essentially
a non-convex optimization problem that has a nonlinear character and is mixed
with integers. Thus, an improved harmony search algorithm has been used to
determine the optimal solution. The harmonic search algorithm is an
optimization algorithm that mimics the music playing process by musicians.
The problem of optimizing the location and size of active harmonic power
filters is implemented on a 69-bus test system. Also, the performance of the
proposed algorithm is compared with genetic algorithm and particle swarm
optimization. The results indicate the usefulness of the proposed approach as
well as the proposed algorithm in improving the power quality indices in the
electricity distribution networks.

loss, shortening of the useful life of the facts and more [1].
Therefore, companies involved in the distribution of
electrical energy have a serious challenge in evaluating
harmonics and providing appropriate strategies to reduce

Nowadays, the widespread development and application
of power electronics facts and nonlinear loads, such as
electric arc furnaces, have made the voltage and
harmonic currents in power systems more noticeable.
Harmonic currents caused by these nonlinear loads can
lead to severe distortion of the voltage waveform at the
point of common coupling, torque oscillations, increases

Doi:

or eliminate them. Traditionally, the solution to reduce or
eliminate harmonic-related problems is to use passive
R-L-C power filters [2].

The defects of PPFs are the large size, the series and
parallel resonance, and the application of only specific
harmonics. Therefore, active power filters have been
developed to solve the above problems. Generally, AHPFs
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can play an effective role in eliminating current and
voltage harmonics, power factor correction, reducing
imbalances, and more [3]. Generally, AHPFs inject equal-
sized, but opposite-current currents into PCCs from
electrical energy distribution networks, which collect
nonlinear loads with nonlinear components to eliminate
non-sinusoidal components [6-4]. The purpose of utilizing
AHPFs in power systems in particular power distribution
networks, harmonics compensation, reactive power,
flicker, negative sequence and more. Due to the capability
and abilities of AHPFs, in particular the elimination of
harmonics, many studies have focused on AHPFs in recent
decades [4-12].

Research background

There are many mathematical models to solve the
optimal location and size of AHPFs in power system
sources. The proposed models can be classified as two
types of objective functions and two types of constraints
[7-12]. The first type of target functions tries to minimize
the voltage distortions in order to reduce the adverse
effects of harmonic distortion in electric power
distribution networks. The other type of objective
functions is to use harmonic standards on voltage
harmonic distortions and THD levels to minimize the
AHPFs capacity.

The optimal allocation problem and the size of AHPFs in
electric power distribution networks are basically a
complex optimization problem that can be studied in
different target functions such as total harmonic
distortion, total current harmonic distortion, harmonic
transmission line losses, and total power filter currents,
the losses of electric motors and so on [7-12]. The
constraints are divided into two categories. First, the
constraints associated with the harmonic standards
applied on the harmonic-voltage levels of the IEEE - 519
standard and the second is the constraints associated
with the maximum current of AHPFs [7-12].

On the other hand, optimization of optimal location and
particle size in electric energy distribution networks is a
very complicated optimization problem that has been
used in the recent decade, many evolutionary
optimization techniques to solve AHPFs planning problem
such as algorithm Genetics9 [8], discrete particle swarm
algorithm10 [7-10-13], modified discrete particle swarm
algorithm11 [9], improved discrete firewall algorithm12
[12] and others have been used. These studies show that
there are some weaknesses in the modeling front-such as
the use of inadequate objective functions, disregard for
technical and economic constraints, and the frontier of
evolutionary optimization techniques-such as inadequate
precision, premature convergence, and inflexibility.

This paper focuses on presenting an efficient approach to

solve the problem of optimally determining the location
and size of AHPFs in power distribution networks with the
aim of improving power quality indices. In the proposed
approach, THDV, MLLF, HTLL, and IAHPFs as indicators of
the problem of optimizing the location and size of AHPFs
in the electric energy distribution network as well as
individual and total voltage harmonic distortions as well
as the maximum permitted AHPFs are considered as
limitations of this problem. In order to increase the
flexibility of the proposed approach to solve the optimal
scheduling problem and AHPFs size, four different types
of AHPFs are considered with different nominal current
rates. The improved harmonic search algorithm is used to
obtain an optimal solution. The remainder of this paper is
organized into seven sections. Section 2 describes the
modeling of electrical energy distribution networks and
AHPFs. The objective functions and constraints of the
problem of optimizing the location and size of AHPFs are
presented in Section 3. In addition, the proposed solution
algorithm is reported in Section 4. The simulation results
are presented in Section 5. Finally, Section 6 is devoted to
the conclusion.

Modeling of electric power distribution networks
and active power filters

Modeling of electric power distribution networks

In order to model the entire system, consider a EPDNs
network with B bus, which, each bus can consist of one or
more non-linear loads, and can also be a candidate bus to
install one or more AHPFs. In addition, nonlinear loads are
modeled as harmonic generating sources and electrical
energy distribution network as admittance elements. The
voltage in the B-bus electrical energy distribution network
for h-rank harmonics in the presence of nonlinear loads
and AHPFs can be calculated using equations (4)-(1).
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In equations (1) to (4) we have:

H An indicator for the order harmonic.
H A set of harmonics of the intended order.
B Indicator for bus number.
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B A set of buses of the intended candidate. Location and Size of Active Harmonic Power Filters

VAL ) ] ) In the proposed approach for optimal determining
The network voltage matrix for h-order harmonic. problem and AHPFs size to improve power quality indices

y® in electric power distribution networks, four different
The network admittance matrix for h-order harmonic gpjective functions including THDV, MLLF, and HTLL and

[ I, are considered. The objective functions are collected

nl Nonlinear load current matrix for h-Order harmonic. using appropriate weighting coefficients and are
considered as the objective function of the optimal
determination of location and size of AHPFs. Thus, the
objective function of the problem is to determine the
optimal location and size of the AHPFs using Eq. (7).

af  APFs current matrix for h-order harmonics.

(b).r Real voltage part in b-bus for h-order harmonics.

h) L ) OF = Wrpv OFripy + Wiie OFuie +
Vipyi The imaginary part of the voltage in b-bus for h-order )
harmonics. Wi OFgr + W, OF

(h) . .
i,y The real part o.f the nonlinear load current in b-bus forfe, o one objective functions are described in the
order harmonics. optimal determining problem and the AHPFs size is
Irgmb)’iThe imaginary part of the nonlinear load current at b-bexplained below.
for h-order harmonics.

armonic distortion of the total voltage
Ia(lfh')(b)erhe real part of the APF current in b-bus for h-orcﬂar f g

h ics.
armonics Basically, the THDV adjoin function is a common formula
(h)
|

afY(b)’ilmaginary part of APF current in b-bus for h-ordered by many in the field [7-12]. Therefore, the THDV

harmonics. index is defined using Eq. (7):
B
OF, = » THDV,,;vb=12,..,.B
Modeling Active Power Filters THDV ; (®) (8)

where:

In this paper, the model considered for AHPFs is a current - ;
source that injects harmonic current into the PCC from  THDV,.. = E ’\/(h)‘ v .
(b) (b) (b) (9)
h=2

the electrical energy distribution network [7-12]. The

phasor model from AHPFs is presented using Equation (5). vh=2,3,.,H,vb=12,..B
Iép,)(b) = Ia(P’)(b)’r + jléfhv)(b)’i; (5) In relations (7) and (8) we have:
vh=2,3,.,H,vb=12,..B
e T Total voltage harmonic distortion. THDV
Total voltage harmonic distortion in the b-  THDV
In equation (5) we have: bus (b)
] ) ") Voltage amplitude in b-bus for h-order ’V(h)‘
AHPF current in b-bus for h-order harmonics. |af’(b) harmonics. (b)
The real part of the AHPF current in b-bus for |(fh)(b) Voltage amplitude in b-bus for main (gl))
ar, r
h-order harmonics. frequency.

The imaginary part of the AHPF currentinb- | (")

f’ b " . .
bus for h-order harmonics. af, (b).i Loss function of electric motors

The RMS current rate of AHPF can be defined by equation ~ Voltage harmonics have adverse effects on induction

(6): motors such as increased losses, increased operating

o " ; temperatures, reduced lifetimes and others [7]. From the

Lat (o) :\/Z(I;P’)(b)vr) +(|§PY)(b)Yi) : ) predicted and measured results, the relationship

= between engine losses and voltage harmonics can be
vh=2,3,.,H,vb=12,..,B summarized as follows:

1) The losses are almost proportional to the harmonic
order contrary.
Modeling the Problem of Determining the Optimal 2) The losses are approximately proportional to the
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square of the harmonic domain.
Thus, in order to investigate the above effects, the MLLF
index is described using Eq. (9).

B
OF s = ZMLLF(b);vb ~1,2,...B (10)
b=1
where:
) .
MLLF,, = / Mb | /h /’v( an
vh=23,.,H,vb=12,..B

In Equation (9) and (10) we have:
Loss function of electric motors.
Loss function of electric motors in b-bus.

MLLF
MLLF,

Harmonic losses of transmission lines Harmonics also
have detrimental effects, such as occupying transmission
capacity, increasing casualties and more on power
systems [7]. Thus, in this section, in order to investigate
these effects, HTLL index is defined based on Eq. (11):

!
OF iy = ) HTLL(y¥h=12,..H (12)

where:

(13)

Sl Ry o o
HTLLgy = 2 D 2 e NG Vi) |
S (Z(b) (b))

vb,b'=1,2,..,B,vh=2,3,...,H

In Equation (11) and (12) we have:
Harmonic losss transmission lines.
Harmonic losses Transmission lines for h-
Harmonic
An indicator of the bus number. b'
Ohmic resistance between bus b and forh- g

. (b)(b)
order harmonics.
Impedance between b-bus and for h-order Z((Q))(b-)
harmonics. '

HTLL

HTLL

Total currents of active power filters

In the problem of optimally determining the location and
size of AHPFs, one of the main objectives is to respond to
standard harmonic levels, while the sum of the injection
currents is minimized by AHPFs. Therefore, the IAHPFs
index is defined using Eq. (13) [7-12]. It is worth noting
that the cost of an AHPF is proportional to the injection

flows. Therefore, the above indices will minimize the cost
of AHPFs installed on the electric power distribution
network.

B
= (la)yi¥b=12,...B (14)
b=1
where:
B H 2
_ (h)
(1t ) _Z Z‘(Iaf o)
o1\ (15)
vh=2,3,.,.H,vb=12,..,B
In Equation (13) and (14) we have:
The sum of AHPFs flows. laf

The sum of AHPFs flows in the b-bus.

(Iaf )(b)

Constraint with programming the problem of active
power filters

The proposed approach for optimal determine problem
and AHPFs size in order to improve the power quality
indices in electrical energy distribution networks are as
follows by constraints such as total and individual
harmonic distortions of voltage and maximum permitted
APFs.

1900 <l y: VD =12,...B,Va=12,.,A  (16)

18y €Divb=12,..,B,¥a=12,...A (17)
r\/(,([,h))kv(g)ﬁb 12,..,B,vh=2,3,..H (18)
THDV,p, <THDV(b),Vb 1,2,. (19)

In Equation (18)- (15) we have:

An indicator of AHPFs. A
A set of AHPFs. A
AHPF current in b-bus. | @
af ,(b)
Maximum AHPF current in b-bus. I
af (b)
a set of different types of AHPFs D
considered.
Maximum allowed voltage in b-bus for h V(h)
order harmonics. (®)
Maximum permissible amount of total THDV(b)

harmonic distortion at b-bus.

Equation (15) shows the maximum permissible a AHPF in
b-bus of the power distribution network. The size of
AHPFs can be continuous or discrete. Given that the DC
source in the AHPFs structure is implemented by



inductors and / or capacitors that are discrete devices,
ignoring this limitation leads to impractical results. The
value of AHPFs measures the smallest value of set D,
according to Equation (16) is equal, D is a set of discrete
values of zero and permitted, whenever AHPFs are
discrete, and also D is a set of The values are true and non-
negative, provided the AHPFs are continuous. Equations
(17) and (18), describe the constraints associated with
single harmonic and total voltage distortions in the b-bus
of the electric power distribution network, respectively.

Solution algorithm
Harmony search algorithm (HSA)

The harmonic search algorithm is a meta-heuristic
algorithm inspired by musical phenomena, first
introduced in 2001 [14]. The HSA algorithm is based on
the process of music improvisation, in which musicians
play stage by stage to gain more harmony and better
sound. The above process is similar to the optimization
process in which the optimal solution can be searched by
evaluating the objective function. This algorithm is called
the harmonic solver vector. In other words, every
harmony is a vector whose components are the values
assigned to the decision variables of a problem. If the
optimization problem has variable I, then the harmonic
vector will also have component I.

The main stages of the HSA algorithm are as follows.

1) The initial determination of the problem and the
parameters of the algorithm.

2) The initial determination of the harmony with the
random resolution vectors.

3) Improvisation or the production of a New Harmony
vector.

4) To update the memory of harmony.

5) Check the stopping criterion of the algorithm and the
iteration of steps 3 and 4.

First Step:

In this stage, the optimization problem and parameters of
HSA algorithm are determined. These parameters include
size of the harmonic memoryl6, the number of
improvisations17 (stop criterion), the bandwidth
intervall8, the harmonic memory reflection ratel9, and
the volume adjustment rate20.

Second step:

At this stage, the HM matrix is filled with a large number
of randomly generated response vectors considering to
HMS according to Equations (33) and (43).

Paper Title

xij =X, +rand (0,1)>< (in - XiL);

Vi=12,..,1,¥j=12,..,HMS

(20)

HM = : :
HMS—1 _ HMS-1 (21)
X|_1 I

Vi=12,..,1,Vj=12,.., HMS

In Equation (33) and (34) we have:

Index of decision variables considered. i
The set of all decision variables considered. |
Index of harmonic vectors stored in HM. j
A set of all harmonic vectors stored in HM.
Theientries of the harmonicvectorjstored ]
in HM.

Lower limit of decision variable i. X:

Upper limit of decision variable i. X:

A random number between zero and one.  rand (0,1)

Third step:

The new harmonic vector is generated on the basis of
three rules called improvisation: 1) memory
considerations; 2) sound regulation, and 3) random
selection. In memory considerations, new harmonic
vector values are randomly selected from the HM vectors
with the probability of HMCR. In other words, the value of
the first decision variable for the new vector is chosen

( 1 HMS)

from any value in the HM TR range. Other
values of the decision variables are also selected in a
similar way. It should be noted that the HMCR, which
values between zero and one, is the rate of selection of a
previously calculated value stored in the HM.

Where (1-HMCR) the random selection rate is a value of
the possible range of values. This process is expressed
using the relation (35):

with Pr(HMCR) = x™ e {x'}:
new . |Vi=12,..,1,j =rand {,2,..,HMS}
| with Pr(1- HMCR) = x™™ e [x, x|
Vi=12,.,1

(22)

Each component is tested by memory considerations to
determine whether proper sound is suitable. This
operation is done using PAR parameter based on relation
(36).
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with Pr(PAR) = x™" = x"* £ BW x¢;

vi=l2,...,1
X'new : (23)

with Pr(1-PAR) = x'™ = x*;
vi<l2,..|

In relation (36) we have:
Theientries of the HM vector selected from HM. ,old

A random number between 1 and -1. &

In the stage of improvising or producing a new harmonic
vector, memory considerations, sound adjustment, and
random selection are applied to each new harmonic
vector decision variable. The process of improvising or
producing a new harmonic vector is as follows.

Foreach | =121 pg
r rand1(0,1) < HMCR Do

Xinew :XiJ

It rand2(0,1) < PAR Do

Id
X' = x"" £ BW x &

End If

Else
new

X; :xi" xrand 20) < (X;, —X;.)

End If
Done

Four step:
W

is better than the

worst
X

ne
If the new harmonic vector of X

worst harmonic vector in HM, i.e. based on the
selected objective function, the new harmonic vector is
inserted into the HM and the worst harmonic vector is
excluded from the HM set. This process is expressed by
Relation (37):

Xworst — x"®Vif § (Xnew) <f (Xworst) (24)

Step Five:

If the stop region of the algorithm (the maximum number
of improvisations) is satisfied, the computations are
completed and steps 3 and 4 are repeated.

Improved harmonic search algorithm

In order to improve the performance of the HSA
algorithm, the IHSA algorithm was introduced in 2007
[15]. PAR and BW parameters in the HSA algorithm are
important parameters in fine tuning the optimal response
vectors, and can potentially be useful in adjusting the
convergence rate of the algorithm to the optimal solution.
Therefore, accurate and proper tuning of these

parameters is very important. In the HSA algorithm, the
PAR and BW values are set in the initial stage and cannot
be changed over the next generations. The main
disadvantage of this method is in the number of iterations
required for the algorithm to find the optimal solution. In
the IHSA algorithm, the PAR and BW values will be
dynamically changed in terms of the number of
generations. This process is applied to the IHSA algorithm
using Equations (38) and (39):

(PARmax - I:)ARmin )

PAR,, = PAR , + N x gn (25)

BW,, = BWmaX.exp[ L (BWo, /B, ) .gnj (26)
NI

In relations (38) and (39) we have:
Rate of sound tuning in the gn generation. PAR,
Minimum sound tuning rate. PAR, ;i
Maximum sound tuning rate. PAR, .,
The bandwidth distance in the gn generation. BW,,
Minimum bandwidth distance. BW,i,
Maximum bandwidth distance. BW

Simulation

The proposed approach for the problem of optimal
location determination and size of AHPFs is implemented
on the 69-bus test network shown in Figure (2). The full
information associated with the above network is
available in [16]. This network has multiple linear and
thirteen nonlinear loads as 6 pulse of MW2/5 converters
in bits 6, 19, 24, 29, 33, 40, 45, 48,51, 55, 61 and 69, which
are harmonicorderof5,7,11,13, 17,19, 23 and 25 create
in network.

The harmonic contents of nonlinear loads (sources of
harmonic currents) in terms of peritonitis are given in
Table (1). It is also illustrated in Figure (3) for further
explanation.

The THDV, MLLF, and HTLL indices are calculated before
solving the proposed approach for the optimal location
and size problem of AHPFs by performing the harmonic
power distribution program in the test network under
study, these values are obtained for each indicator in
accordance with Table (2). It should be noted that all the
values given in the table above are rounded to 4 decimal
places.



Table 1: Harmonic content of nonlinear loads
Currentv(p.u)
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Fig. 2: Harmonic contents of nonlinear loads
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Fig. 1: The 69-bus test network under study The first case study

The proposed approach for optimal determining problem
and AHPFs size in order to improve the power quality
indices in electrical energy distribution networks in two
studies will be investigated with the following
assumptions:

1) Case Study 1: The algorithm does not consider the
AHPF current limit.

2) Case Study 2: The algorithm considers the AHPF current
constraint.

The proposed approach is implemented for optimal
location determination and AHPFs size using IHSA
algorithm. The regulatory parameters of the IHSA
algorithm are presented in Table 4. The above parameters
are the best values obtained after several performances.
Table 2: IHSA algorithm tuning parameters

Value Parameters No.
0.4 BWmin 1
0.9 BWmax 2
0.01 PARmiIn 3
0.99 PARmax 4
200 HMS 5
0.98 HMCR 6
800 NIl 7

In the case of a first study, the current limitation of the
AHPF is not considered. In other words, the size of an
AHPF is constantly considered. This assumption is
impractical and non-economic because the size of the
AHPFs has a discrete nature due to the discrete nature of
inductor and capacitors.

Table 3: Proposed approach indicators for the problem of
optimal location and size of AHPFs (before problem

solving)
Value Index No.
18.2562 THDV (%) 1
3.4125 MLLF (%) 2
0.3564 HTLL (p.u) 3

The results obtained in Table 2 indicate the excessive
harmonic pollution in the test network under study. In
other words, the levels of harmonic distortion obtained
are beyond the limits provided by IEEE 519. In order to
increase the flexibility of the proposed approach to the
optimal determining problem and the size of the power
harmonic filters, four types of AHPF are used in
accordance with the table (3).
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Table 4: Types of AHPFs (current rates based on MVA10
and kV12)

Max current AHPFs(%) AHPFs No.
7 Typel 1
6 Type2 2
5 Type3 3
4 Typed 4

Also, optimal determination problem indicators of
location and size of AHPFs in the 69-bus network for the
first case study are presented in Table (6).

Table 5: Problem indicators of optimal location
determination and size of AHPFs before and after
problem solving based on the first study case

IAHPFs HTLL  MLLF  THDV

Indices
(p-u) (p-u) (%) (%)
18.34
0 0.347 3.927 Before
0.68630 0.024 0.162 0.648
After
8 2 8 3

The results presented in Table 6 indicate the fact that the
THDV, MLLF and HTLL are included in the first study within
the allowable limits set by the standard of 519 IEEE.
Consequently, after implementing the proposed
approach for the problem of optimally determining the
location and size of AHPFs in the 69-bus network, the
network is at an optimal level of harmonic contamination.

The second case study

M7 WY
round | 100 x [('af)(b)l{(laf)(b)l

(o) 100 x ([(Iaf )E;i]? + [( » )EE;DM
vh=2,3,..,H,vb=12,..,B
(R
[(Ialf )Esil xmax (1)
o] [0n])

;vh=2,3,..,H,vb=12,..,B

(] =

J02)
w{{esT 0]

In this section, the algorithm considers constraints on the
current of AHPFs (size of AHPFs). The size of an AHPF is
considered as a discrete variable. The problem of
determining the optimal location and size of AHPFs is a
practical one, given the constraints on AHPF current. In
this case, the algorithm uses integers of the size of AHPFs
which are limited to the values presented in Table 6. In
order to apply these assumptions, the real and imaginary
portions of the harmonic currents in the harmonic vectors
are modified using equations (25) and (26).

[(10@] -[008)] <y

vh=2,3,.,Hvb=12,.,B

[(Iaf )EE;]I - [(Iaf )EE;], *M(v) >

vh=2,3,.,H,vb=12,.,B

(27)

(28)

In equations (25) and (26), "®) is the correction factor for
correcting the real and imaginary parts of the AHPF
current located at b-bus. This coefficient is defined as an
integer multiple of the AHPF current located at b-bus. The
correction factor considered is expressed by using (27)
[5]. Consequently, in order to maximize the AHPF current
located at b-bus, modifications to the harmonic vectors in
accordance with (28) and (29) have to be made [5]. In
relationships (28) and (29) we have:

Maximum permitted AHPF current max(l )
at bus b-bus h order. af
(29)
0P 12
(b)l j <max (1)
(30)

> max (1)
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[('af)m xmax (1)

(L] -

;vh=2,3,..,H,vb=12,..,B

The optimal results related to the location and size of the
designed AHPFs in the problem of determining the
optimal location and size of the AHPFs in the 69-bus
network under second study are presented in Table 7.

Table 6: Optimal results related to location and size of
AHPFs designed in the problem of optimal location and
size of AHPFs based on the second study case

+] (1)

Tl

Injected Current {Bus} AHPFs  No.
{29}:0/066412,{24}:0/068754

Typel 1
(61}:0/070000 ype
{48}:0/056852 {66}:0/060000, «{6}:0/057840 Type2 2
{69}:0/059880
{51}:0/042650 Type3 3
{55}:0/035325 Typed 4

Also, problem indices for determining the optimal
location and size of AHPFs in the 69-bus network for the
first case study are presented in Table 9. It is worth noting
that the problem of optimal location and size
determination of AHPFs in electricity distribution
networks is more realistic, practical and economical in
view of the limitations of AHPFs.

Also, problem indices for determining the optimal
location and size of AHPFs in the 69-bus network for the
first case study are presented in Table (8). It is worth
noting that the problem of optimizing the location and
size of AHPFs in electricity distribution networks is a
practical and economical problem considering the
limitations of AHPFs.

Table 7: AHPFs programming problem indicators, before
and after problem solving in all scenarios based on the
first study case

IAHPFs HTLL MLLF THDV Indices
(p-u) (p-u) (%) (%)

1/344
0 0/347 3/927 Before
/585867 /0253 /1745 /8723 After
0 0 0 0

The results presented in Table (8) indicate the fact that
the THDV, MLLF and HTLL indices are in the second study

Paper Title

" 2\V/2
(b)}j smax(laf)

r i

0T [00T) > mastra) 2

within the permissible limit set by IEEE 519.
Consequently, after implementing the proposed
approach for the problem of optimal location
determination and size of AHPFs in the 69-bus network
under study, this network is in a very desirable state in the
presence of AHPFs in terms of harmonic pollution. The
flow of APFs with and without current constraints in both

cases is shown in Fig. (4).
@ Total AHPFs current-ignoring the current constraints
| Total AHPFs current-considering the current constraints
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Figure (4): AHPFs current with and without current
limitation

The results plotted in Fig. 4 illustrate the fact that, for the
second study that considers the limitation associated with
the current of AHPFs, the value obtained for the current
of APFs is far less than the value obtained in AHPFs. This
is the first case study. This means that the second case
study, in which the problem of optimizing the location
and size of AHPFs is implemented considering the current
constraints of AHPFs, is a fully economical, cost-effective
and practical approach.

Improved harmony search algorithm performance

In this section, the performance of the IHSA algorithm is
compared to the genetic algorithm and the particle
swarm optimization algorithm based on the second case
study considering the current constraint of AHPFs. The
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regulatory parameters of GA and PSO algorithms are
presented in Tables (9) and (10), respectively.

Table 8: GA Algorithm tuning Parameters

No. Parameter GA Value

1 Mutation 0/9
probability

2 Probability of 0/1
intersection

3 Selection rate 0/95

4 Population 100

5 generation 500

Table 9: tuning Parameters of PSO Algorithm

No. Parameter PSO  Value

1 Inertia 0/9-0/1
coefficient

2 Learning 2
coefficient

3 Population 100

4 generation 500

The values of the objective functions considered in the
problem of optimizing the location and size of AHPFs
including THDV, MLLF, HTLL, and IAHPFs based on the
second case study (taking into account AHPFs current
constraint) and IHSA, GA and PSO algorithms are
presented in Table (11). The optimal results presented in
Table 11 indicate that the implementation of the
proposed approach using IHSA algorithm has achieved far
more desirable results than its implementation using GA
and PSO algorithms. Thus, the proposed approach based
on the IHSA algorithm may be an appropriate and well-
designed method to optimally determine the location and
size of AHPFs to improve power quality indices in electric
power distribution networks. Also, in order to examine
more accurately the performance of IHSA, GA and PSO
algorithms, the convergence diagram of these algorithms
is plotted in Fig. (5).

Table 10: Comparison of IHSA, GA and PSO algorithms
based on the second case study

Problem laf HTLL MLLF THDV
Indicators  (p.u) (p.u) (%) (%)
Before 0 0347 3927 18344
solving

After

settling 0.585867 0.0253 0.1745 0.8723
with IHSA

After

settling 0.609581 0.0272 0.1828 0.9438
with PSO

After

settling 0.634512 0.0301 0.2065 1.0495
with GA

By analyzing Fig. 5, it can be seen that the IHSA algorithm

has much faster speed and convergence rate than the PSO
and GA algorithms. In other words, this algorithm
performs better than PSO and GA algorithms.
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Figure 5: Convergence diagram of IHSA, PSO and GA
algorithms

Conclusion

This paper focuses on presenting an approach to
optimally determine the location and size of AHPFs in
order to improve power quality indices in electric power
distribution networks. The THDV, MLLF, HTLL and IAHPFs
functions are collected by appropriate weighting
coefficients and are considered as predominant problem
function. Also, total and individual harmonic distortions
of voltage and maximum permitted AHPFs are also
considered as problem constraints. In addition, the
flexibility of the proposed approach is enhanced by
utilizing four different types of active filters. Replacement
and measurement of active harmonic power filters were
performed and implemented on two 69-bus network
under two different case studies. The difference between
the first and second case studies is in ignoring or
considering the limitations associated with harmonic
currents injected by AHPFs.

The proposed approach has been successfully
implemented on the 69-bus network. According to the
results, it can be seen that the power quality indices
considered after solving the problem and in the presence
of AHPFs are within the permissible range and the target
network is in optimum condition for harmonic pollution.
It is also observed that the results obtained from the
proposed approach using IHSA algorithm are more
desirable and effective than the results of GA and PSO
algorithms. In the other word, the proposed approach
based on IHSA algorithm achieves lower values for THDV,
MLLF, HTLL and IAHPFs compared to GA and PSO
algorithms.
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