IOSR Journal of Electrical and Electronics Engineering (IOSR-JEEE)
e-1SSN: 2278-1676,p-1SSN: 2320-3331, Volume 11, Issue 4 Ver. I (Jul. — Aug. 2016), PP 33-43
www.iosrjournals.org

Optimal Location of IPFC for Improving Power System
Performance Using Cuckoo Search Algorithm

Dr. Arul S, Chellaswamy C?

'Department of Electronics and Communication Engineering, Jeppiaar Institute of Technology, Chennai, India.
“Department of Electronics and Communication Engineering, Rajalakshmi Institute of Technology, Tamil Nadu,
India,

Abstract: This paper presents a new scheme based on cuckoo search algorithm (CSA) for enhancing the
performance of interline power flow controller (IPFC) under multiline transmission for reducing the
transmission line congestion to a great extent. Optimal placement of IPFC is done by subtracting line utilization
factor (SLUF) and CSA-based optimal tuning. The multi objective function consists of active power loss,
security margin, bus voltage limit violation and capacity of installed IPFC. The multi objective function is tuned
by CSA and the optimal location for minimizing the congestion in transmission lines is obtained. The simulation
is performed using MATLAB for the case study using an IEEE 30-bus test system. The performance of CSA has
been studied under different loading conditions and compared with two other optimization techniques such as
particle swarm optimization (PSO) and differential evolution algorithm (DEA). The result shows that the
proposed CSA outperforms the other two methods and it best suits the power system security.
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. Introduction

There is an enormous increase in power transaction due to power system renovation and different
factors such as environmental, right-of-way and high cost, which forms the hurdle for the expansion of power
transmission network. With the advancement in flexible Ac transmission system (FACTS), several innovative
concepts turn the system into more flexible and have control over power flow without altering the generation
schedule. Optimal location identification and allocation of FACT devices improve various parameters of the
system [1], [2]. FACT is based on power electronics and other stationary tools which control one or more
parameters of AC transmission system thereby increasing the power transfer capability and controllability [3].
Various FACT tools has been used for this purpose such as static Var compensator (SVC), static synchronous
compensator (STATCOM), static synchronous series compensator (SSSC), thyristor controller series capacitor
(TCSC), unified power flow controller (UPFC) and interline power flow controller (IPFC) [4].

IPFC combines two or more FACT controllers in series and can control power flows of a group of lines
and sub-networks. On the other hand the UPFC can control power flow of single transmission line only. The
IPFC also has the capability to directly transfer real power between compensated lines and transfer power
demand from over loaded to under loaded lines [5], [6]. To solve power system state estimation problem
Taguchi differential evolution algorithm is used. For improving the accuracy and reliability of state estimation
problem the positive properties of Taguchi method is combined with the differential evolution [7]. Application
of differential evolution algorithm for transient stability with different constrains to get optimal power flow has
been introduced by Cai et al [8]. A modified differential evolution algorithm with fitness sharing for increasing
the stability, reduce overload and voltage violations of power system [9]. A particle swarm optimization (PSO)-
based algorithm is used to estimate exact location and sizing of unified power flow controller to perform
congestion management. The impact of load variations, system reliability and congestion cost of the system has
been studied [10]. Automatic human motion tracking in video sequences using PSO technique is proposed by
Sanjay et al [11]. Computer vision and pattern recognition is used to identify the motion of human and high
search space is used for high variability in human appearance.

CS algorithm is the nature inspired algorithm for optimization heuristics to solve difficult optimization
problems. The obligatory brood parasitism with levy flight is a unique behavior of CS algorithm [12].
Comparison of several FACT devices using CS algorithm for three unequal areas of thermal systems has been
studied in [13]. Distributed network reconfiguration for power loss minimization, load frequency control,
voltage profile improvement for nonlinear interconnected power system using CS algorithm has been studied
[14], [15]. Multi-objective short-term scheduling and non-convex economic dispatch considering system
characteristics including valve-point effects, multiple fuels, prohibited zones and power loss using CS method
has been studied [16], [17]. Line utilization factor (LUF) is used to determine the percentage of loading by
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considering real and reactive power flowing in the line [18]. LUF is used for estimating congestion of a single
transmission line whereas IPFC is connected to multiple transmission lines. Hence LUF is not sufficient for
estimating the location of IPFC

In the above survey, no generalized approach is available for placing any FACT devices. Number of
methods has been formalized for finding the optimal location for a particular type of FACT device. In this
paper, the optimal location of IPFC is estimated by subtracting LUFs between two lines and the line pairs are
ranked based on congestion and the priority has been allotted. The optimal tuning of IPFC is carried out by
formulating a multi objective function. The multi objective function includes minimization of load voltage
deviation, Maximization of VSM and reduction of active power loss. Optimal tuning is done to reduce loss and
which in turn leads in reduction of transmission line congestion. The performance of CSA has been compared
with two other optimization techniques such as particle swarm optimization (PSO) and differential evolution
algorithm (DEA) under IEEE 30-bus test system. The performance of proposed method is tested under different
loading conditions. The remainder of this paper is organized as follows: section 2 describes the modeling of
IPFC; section 3 describes optimal sizing of IPFC, section 4 explains about optimal allocation of IPFC, section 5
describes the proposed CSA algorithm; section 6 explains the simulation results and discussion; and finally,
conclusion is discussed in section 7.

I1.  Model of IPFC
The basic schematic of IPFC is shown in Fig. 1. It consists of at least two back-to-back DC-AC
converters connected through a common DC link and the DC link between each VSC can be represented by
bidirectional link, for exchanging active power between them [19, 20]. The bus i,j and k has the complex
voltages V;, Vj, and V and the series compensation of series converter voltage, Vsej, is the controllable series

injected voltage source which can be defined as V. =V, Z6,, (n=], K). Fig. 1 consists of three buses i, |

and k and two transmission lines are connected with i™ bus in common. The equivalent circuit of two converters
IPFC is shown in Fig. 2. It has two series injected voltages (Vse) and series with thr transfer impedance Zsej,. Pi
and Qi are the sum of real and reactive power flow from i" bus is given in (1) and (2).

i vV,

VSC 1 e VSC 2

o)
R Vi

Vse
Fig. 1. Basic schematic of IPFC.
F’i = \/izgii - z\/lvn (gingi + bingj )_ z\/ivsein (ginek + binem) (1)
Q =-Vi2bii - Zvivn (ginej —bi6; )_ zvivsem (ginem _binek) (2)
n=jk n=j.k
Where g, =cos(6,—6,). 6, =sin(6,-6,), 6, =cosl@ -8, ) 6 =cosld -0, ) 6,=sin(6-0, )
n=j.k.
Similarly the real and reactive power flow from n" bus, P,; and Qni can be expressed as:
Pi=V/d,, - ViV, [g,, cos(8, —6,) +Db, sin(6, — 6)]+V,V,, [gm cos(d, — 6., ) — by, sin(6, —6,, )] 3)
Qni =" Vnzbnn - Vi Vn [gin Sin( gn - HI) - bin COS(@H - gi )] -’_VnVse,n |_gin Sin( Hn - esem ) - bin COS(en - Hsei,, )J (4)

According to the principle operation of IPFC [19] the active power can be exchanged between VSCs through
DC link is given as:

P

= Zn:{Re(vseijhj)}: 0 5)

L
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Where g+ jb_ :}ése L 0i= 2.0 s bi= D b v Gt by, :}/Zse_

n=j,k n=j,k
I1l.  Optimal Sizing of IPFC

The optimal sizing of IPFC minimizes load voltage deviation (LVD), active power loss and total
capacity of installed IPFC. Optimal sizing is determined by formulating an objective function.

BUSI Vse; Zse. BUS|

i +//\>“-i E— —
V.Ii < I

i Receiving
Sending end-1
end
Vse Zse, BUSk
- I, _
: —__
Vik Receiving
end-2
Fig. 2. Equivalent circuit of IPFC.
3.1 Objective Function
The multi objective function can be described as:
3
min F(x) =min > f,(x) w, (6)
i=1

Where w; is the weight factor of individual objective function, i=1,...,3. The weighting factor is used in the
objective function to replicate its relative importance. In this work, all the individual weighting factors are
considered as equal. So that wy+ w,+ w3 =1,

3.1.1 Minimization of load voltage deviation
The voltage deviation at each bus should be as small as possible and the LVD for each bus can be expressed as

[17]:
() = min (iv v 2] ©)

where V; magnitude of voltage at bus i.

3.1.2 Active power loss reduction
The first objective function is the active power loss reduction and it can be applied based on [13] as:

min f,(x) = Z Py — Z P, )
j=1 i=1

where Pg; is the active power generated by the j-th generator with the constraint Pajmin <Pg; <Ps and Py is

jmiax
the active power consumed by the i-th load bus with the constraint p, . <P. <P, -
3.1.3 Maximization of VSM

The Maximum Loadability Index (MLI) define the voltage stability margin. The risk of voltage
collapse can be reduced by increasing the value of MLI and it leads to increase the voltage stability margin. The
MLI can be determined based on [39] and it can be expressed as:

LI, = Vi
AP, Ry + X, Qp+RE + X2 [Pz + X2
iR+ X3 Qi |+ [Rii + X5 IPye + X |

where Ry is the resistance and Xjy is the reactance between the bus j and k. Py and Qj are the real and reactive
power flow between the bus j and k respectively. When load increases, the value of MLI decreases and the third
objective function can be expressed as:

f,(X) = max (i MLI (i)] (10)

where N is the number of buses.

M

©)
)
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3.1.4 Minimization of total capacity of IPFC
It is necessary to determine the total capacity for solving overloading of line. The total capacity of
placed IPFC in the optimal location can be expressed by the multi-objective function as [21]:

f,(x) = min (PQ? + PQ?) (11)
- 2 - 2
V, —Vse, -V, +V%{m—w%—wj

ik

PQ + PQ; =| Vse, (12)

ij
where PQ is the capacity of each VSCs of IPFC. The eqn. (12) is subject to various constraints given in the
following sub section.

3.2 Contingency Constraints

The main objective of this study is to determine the optimal location of IPFC and congestion
management for enhancing the power system security. Contingency event occurs if the outage of a generator or
transmission line becomes unstable. The preventive and/or corrective action should be taken before the
transmission line enters into an insecure state. Contingency analysis is one of the important functions to solve
this state. In this paper, we considered multiline outage contingencies for IEEE 30-bus test system. We
considered a voltage limit violation present in the buses; overloaded lines and flow limit for determine each line
contingency. The constraints are:

Voltage constraints: V™" <V, < V™ ; Vi loadbus
Line flow limit: F™"<F < F™; keN
Power generation limit: P™ <P, < P/™ ; Vij
L min max min max

IPFC constraints: Vo, <V, < Vg~ and 6, <6,< 6

After finding the violations, the severity order is allotted for the lines. The CSA is applied for the
critical contingency and to find out the optimized location and other parameters of IPFC. Installing IPFC in the
optimized location is determined by CSA which is used to eliminate or minimize the overloading and bus
voltage violation limits. The real and reactive power flow constraints can be taken from equation 1 and 2.

IV.  Optimal Allocation of IPFC

LUF is used to determine the percentage of utilization of a line and estimate the congestion efficiently

[21]. It can be expressed as:
MVA,

MVA, (13)

where LUF;, MVAIj, MVAijmax are the LUF of the line connected to bus i and j, MVA rating of the
line between bus i and bus j, maximum MVA rating of the line between bus i and j respectively. LUF is not
sufficient for placing the IPFC because it is required that at least two lines should be connected to a common
bus. Hence another approach is proposed for optimal placement of IPFC. In this approach the difference
between utilization of lines (SLUF) are considered and it provides the difference in the percentage of line being
utilized for the power flow. SLUF specify that there is a possibility of active power exchange between the IPFC
converters as a result exact allocation of IPFC is done. SLUF can be expressed as:

MVA; -MVA,,
MVA .. | (14)

where SLUF )iy, MVAj;, MVA, MVA. are the SLUF of the line set i-j and i-k, MV A rating of the
line between bus i and bus j, MVA rating of the line between bus i and bus k, and the maximum MVA rating of
the lines connected between bus i and bus j respectively.

LUF, =

SLUF). = I

V.  Overview of CSA
CSA obliges brood parasitism of cuckoo species by laying their eggs in the host birds’ nests. CSA is a
stochastic global search meta-heuristics with random walk based on population. This algorithm is a mixture with
the Levy flight behavior of some birds [22] and motivated us to calculate the location and other parameters such
as overloaded lines, voltage violation limit, and congestion management of IPFC. CSA follows three important
rules which are: 1) each cuckoo can choose the location randomly and lay their eggs one at a time. 2) The
highest quality eggs present in their nest are founded by Elitist selection process and carry over to next
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generation. 3) The host nest number cannot be adjustable and the egg laid by the cuckoo can be founded by the
probability Py € (0,1) proposed in [23].
At first, the objective function value F;(x) for the i-th population is F, (x) =f(x,;, X5, Xy X )s ¥; =1,2,...,10 -
where n is the number of control variables and m is the total number of populations. It can be expressed as:

Fl(x) f(xll'X21""’Xn1)

FZ (X) — f(X12'X22""'Xn2) (15)

F,(x) T Xy s Xom s e Xoun)

Initialize and randomize the

upperand lower bounds of
the generator

Define objective function F{x)

!

Read power flow and
IPFC data

l

Calculate the flow limits of
congested transmission line

SetKi to Kees, for each nest
and the best for all Keesy, to
M best

Is Generate new
lteration=1 solutlon.usmg Levy
Flights
No
Find best Get the location of
environmentand IPFC by Random
move the values walk
Find nest with Caleulatethe
endurance rate eongastion
management cost

criteria

Find the optimal
valueof IPFC
(minimum F(x))

Fig. 3. Flowchart of the implemented CSA algorithm.

The size of population of the each control variable can be randomly generated as:
X =X +rand(02) x (x> —x{™) (16)
where i is the number of host nests; i=1,2,3,....,n and j is the number of control variables; j=1,2,3,...,m.

X" and X are the lower and upper limits of i-th control variable respectively. rand(0,1) is uniformly
distributed and the solution of parameter estimation is feasible because they are initialized within the feasible
range and we have to find the optimal one. For generating new solutions levy flight is performed [23]. For
calculating the location and setting other parameters of IPFC we have chosen simple scheme where each nest
has only one egg. The Cuckoo, K generates a new solution X,V using Levy flight is based on the following
equation:

X (K +1) = % (k) + SZ;; x B D levy(4) (17)

Where SZ;j; is the step size (SZij = Xii; - X:j( ), B represents the step size and we assume that the step size is 1

and & represents the entry wise multiplication. Equation (17) shows that the stochastic equation for random
walk. Random walk is based on Markov chain whose next status depends on the current location and the
transition probability. CSA has high speed of convergence compared to other optimization techniques such as
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PSO and DEA. The success rate and efficiency is also high in CSA. In this paper, a continuous, multi objective
optimization problem has been considered for optimal tuning of IPFC and congestion management. Based on
the three rules, the optimal tuning using CSA has been given in the flowchart as shown in Fig. 3.

The fitness value of the radial topology can be calculated using eq. (8). In the simulation the common
control parameters such as maximum generation and number of cuckoo are considered as 50 and 20
respectively. The minimum values less than 10 are not included and assumed to be zero. On the other hand the
algorithmic control of PSO is set according to [24] and the values C;=C,=1.8, and ®=0.6 have been used. The
generating cuckoos and alignment steps are alternatively performed until it reaches the maximum iteration

( I tmax).

VI.  Results and Discussion
To demonstrate the performance and effectiveness of the proposed CSA technique, the standard IEEE
30-bus test systems is considered and the result is compared with two optimization techniques such as PSO and
DEA. The simulation was developed using MATLAB R2014a in Intel core i5, 2.3 GHz with 6 GB RAM
personal computer. The lower voltage limit (Vy,=0.95 p.u), the upper voltage limit (V=1 p.u), and the
threshold value of power flow analysis is 0.006 has been set. The voltage magnitude and angle of two converters

of IPFC is taken in the range 0<V,, < 1 and — 7< 6, < 7 respectively. In IEEE 30-bus system, bus number
4 is a slack bus, bus numbers 1, 2, 8, 9, and 11 are considered as PV buses and all other buses are considered as
load buses. The single line diagram of IEEE 30-bus system with IPFC between buses 25-29 and 29-30 is shown
in Fig. 4. The network topology and data for simulating above systems are taken from the University of
Washington [25]. The performances of CSA, PSO and DE algorithms are studied together for comparison.
Different initial parameters have been used for implementing CSA, PSO and DEA to find the optimal values of

IPFC are presented in Table 1.

6.1 Optimal allocation of IPFC

To demonstrate the performance of the proposed CSA technique, a large scale of distributed network
with 30 nodes are considered. The initial minimum bus voltage was 0.95 p.u and total load power is 21953.4W.
The series inductive reactance is 2.73% p.u. The coupled pi-section inductive reactance is 5.79% p.u, the
susceptance is 5.62% p.u, and resistance is 1.89% p.u. The series coupling transformer has 30.32 MVA with
leakage reactance is 1.0% p.u, and has a winding ratio of 22.73 kV/9.21 kV.

The voltage limit range of 0.95-1.1 P.U is considered for (easy calculation) determining voltage
violation and 100% loading is considered for determining overloaded lines. The total overloaded lines (TOL),
total violation buses (TVB), and the priority of the line is presented in Table 2. Based on these considerations 14
lines comes under severe contingency scenarios. From Table 2 one can easily understand that the line connected
between 4 to 5 is most congested lines between the load buses. Hence, the first and second converter of IPFC
can be inserted between the lines 25-29 and the line has a bus common with line 25-30respectively.

Table 1. Initialization parameters for implementing CSA, PSO and DEA techniques.

CSA Technique Value  PSO Technique Value DEA Technique Value
Number of cuckoos 50 Number of swam 50 Maximum number of 400
generations
Maximum number 400 Maximum number 400 Mutation Rate 0.2
of generations of flights
Minimum number 20 Wmax 09 Fraction of population 0.5
of eggs for each kept
cuckoo Crossover rate 0.2
Maximum number 40 Wmin 0.4 Number of variables 15
of eggs for each
cuckoo
Motion coefficient 9 Termination 1.exp-6
criteria
Number of cluster 1 Weighting factors  ¢,=2,
c,=1.5

Termination criteria  1.exp-6 Deviation
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30

— o

Fig. 4. Single line diagram of IEEE 30-bus system with IPFC placed between buses 25-29 and 29-30.

Table 2. Contingency analysis and priority fixing for IEEE 30-bus system.

Tripped Lines Total Total TOL Priority

: overloaded voltage +

Line From  To lines (TOL) violation TVB

Number bus bus buses

(Tve)

2 1 2 6 5 11 6
4 3 5 6 3 9 10
5 2 6 7 5 12 5
8 12 15 1 4 5 15
9 3 5 2 2 4 17
10 3 4 5 4 9 9
11 7 10 5 3 8 11
14 3 6 3 5 8 12
21 14 17 7 3 10 8
23 9 11 2 2 4 18
24 6 8 5 6 11 7
25 16 19 5 1 6 14
27 25 27 7 6 13 3
29 14 17 3 2 5 16

6.2 Optimal tuning of IPFC

The voltage profile before after utilizing IPFC for IEEE 30-bus system is shown in Fig. 5. It is
observed that after the placement of IPFC the bus voltage of the system has improved significantly.

The multi objective function F(X) is used to tune the IPFC and the values are shown in Fig. 6. From
Fig. 6 one can easily understand that the number of cuckoo and number of generation increases, the value of
objective function decreases. Hence, to minimize computation time, the number of cuckoo can be chosen 50 and
number of generation in the range 100 to 400. Comparison of power loss, VD, and capacity of inserted IPFC has
been performed for different cases such as un-tuned IPFC, IPFC with PSO-tuned, IPFC with DEA-tuned and
IPFC with CSA-tuned under different loading condition are presented in Table 3.
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Without IPFC —— With IPFC
Fig. 5. Comparison of voltage profile with and without IPFC.
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Fig. 6. Objective function value for various parameter setting of the CSA.

Table 3. Comparison of objective function values for un-tuned, tuned IPFC using PSO, DEA and CSA under
different loading condition.

Parameters Normal loading 110% loading 120% loading
Untuned  Tuned Tuned Tuned Untuned  Tuned Tuned Tuned Untuned  Tuned Tuned Tuned
IPFC IPFCusing IPFCusing IPFCusing IPFC IPFCusing IPFCusing IPFCusing IPFC IPFCusing IPFCusing IPFCusing
PS5O DEA CSA PSO DEA CSA PSO DEA CSA
Real power loss, MW 22.429 21.845 21.703 21.203 27.374 27.045 26.935 25.528 34.15 33.924 33920 32717
VD of all buses, pu 2.5380 2.5234 2.5257 2.5125 2.5859 2.5684 2.5698 2.1053 2.6267 2.6015 2.6002 2.5623
SM of all lines, pu 19.5951 16.3754 16.3483 16.3261 19.7369 16.7350 16.6943 16.1053 21.3842 18.2781 18.2798 18.1634
Total capacity of 0.000582 0.0000063 0.0000061 0.0000060 0.000253 0.000217 0.000213 0.000182 0.000240 0.000209 0.000203 0.000172

installed IPFC, pu

Table 4. Real and reactive power loss with and without IPFC, tuned IPFC using PSO, DEA and CSA for IEEE
30-bus test system under different loading condition.

Condition Normalloading 110% loading 120% loading
Realpower Reactive Real Reactive Real power Reactive
losses, power power power losses, power
MW losses, losses, losses, MW losses,

MVAR MW MVAR MVAR
Without IPFC 23.143 108.539 28.552 128.583 37.537 163.367
Untuned IPFC 21.845 102.627 27.395 119.459 35.628 149.936
Tuned IPFC using PSO 21.6386 101.238 27.021 118.158 34.137 149.027
Tuned IPFC using DEA 21.5279 100.927 26.925 118.118 33.943 148.847
TunesIPFC using CSA 21.1205 99.364 24.374 115.175 30.264 148.035
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The voltage deviation is reduced from 2.53 to 2.31 pu after inserting the IPFC at the optimal location. It
is noted that after placing IPFC at the optimal location, the congestion in line 4 and 5 has been reduced from
0.8524 to 0.8382. The real and reactive power loss of the system with and without IPFC and optimally tuned
IPFC with PSO, DEA and CSA under different loading conditions is presented in Table 4. It is observed from
Table 4 that the real and reactive power loss is very less using CSA compared with PSO and DEA for all the
loading conditions.

Voltage (p.u)

-------- Without IPFC

Tuning with PSO

| |- Tuning with DEA
<<<<<<<<<<<<<<<< Tuning with CSA

0 5 10 15 20 25 30
Bus number

Fig. 7. Comparison of voltage profile without IPFC and tuned IPFC using CSA, PSO and DEA for IEEE 30-bus
test system under normal loading condition.
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Fig. 8. Convergence characteristics with and without IPFC under normal loading condition.

6.3 Results for various loading

The voltage profile for the buses after tuning of IPFC using PSO, DEA and CSA under normal loading
condition is shown in Fig. 7. It is noted from Fig. 7 that the tuning of IPFC reduces VD, reduction in loss helps
in congestion management of the system and reduction in SM protects the system against collapse. The
convergence results of with and without IPFC under normal loading condition is shown in Fig. 8. The minimum
fitness after 106 iterations. Even the initial population set of all the algorithms are equal, the CSA initiate the
best solution with the fitness value of 1.031 at the first iteration because CSA generates two solution sets
through Levy flights and alignment of eggs. On the other hand, PSO and DEA have the fithess value of 1.106
and 1.091 respectively.

The load is increased to 110% and the simulation is carried out on IEEE 30-bus system. It is noted that
when load increase the real and reactive power losses increases. From Table 3 and 4 one can easily understand
that optimal placement of IPFC with tuning reduces the loss, VD and capacity of installed IPFC. The voltage
profile of 30-bus system without IPFC and IPFC tuned with CSA, PSO and DEA are shown in Fig. 9. It is
observed from Fig. 9 that optimally tuned IPFC performs better than without IPFC. On comparing CSA with
PSO and DEA, the CSA method performs better than other two methods. The convergence results of CSA, PSO
and DEA under 110% loading condition are shown in Fig. 10. It is noted that, after 32, 50 and 122 iterations, the
CSA, DEA and PSO attain the minimum fitness respectively. The load is increased to 120% and the simulation
is carried out on IEEE 30-bus system is shown in Fig. 11. It is observed from Fig. 11 that optimally tuned IPFC
performs better than without IPFC.
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Fig. 9. Comparison of voltage profile without IPFC and tuned IPFC using CSA, PSO and DEA for IEEE 30-bus
test system under 110% loading condition.
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Fig. 10. Convergence characteristics with and without IPFC under 110% loading condition.

-------- Without IPFC
0.66[- Tuning with PSO |
| === Tuning with DEA .
008 e Tuning with CSA
= L L 7 I :

Bus number

Fig. 11. Comparison of voltage profile without IPFC and tuned IPFC using CSA, PSO and DEA for IEEE 30-
bus test system under 120% loading condition.

On comparing CSA with PSO and DEA, the CSA method performs better than other two methods.
The convergence results of CSA, PSO and DEA under 120% loading condition are shown in Fig. 12. It is noted
that, after 40, 63 and 140 iterations, the CSA, DEA and PSO attain the minimum fitness respectively.

140, ‘ ; . . . :

-e- Without IPFC
12005, -+ With IPFC |

Objective function value

Iterations
Fig. 12. Convergence characteristics with and without IPFC under 120% loading condition.
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VII.  Conclusion

In this paper a new method is proposed for proper placement of IPFC based on cuckoo search
algorithm. Subtraction of line utilization factor is proposed for optimal placement of IPFC for congestion
management. The IPFC is placed according to the value of SLUF with optimal tuning using CSA. Before
inserting the IPFC in the optimal location, the percentage of overloading of some line is very high which leads
to trip the line and continuous failure in the system and nearby system as well. After utilizing IPFC in the
optimal locations, voltage violations are eliminated and overloading is reduced with considerable amount. The
performance of CSA is done using IEEE 30-bus test systems and is compared with two other optimization
techniques such as PSO and DEA and the results show that the effectiveness of CSA for tuning of IPFC. The
multi objective function is formulated and tuned using CSA and the performance shows that tuning of IPFC
reduces the real power loss, and voltage violation of transmission lines. In addition, optimal tuning much
reduces the capacity of installed IPFC. It is also noted that the performance of the system improved significantly
with IPFC.
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