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In this  document,  the  Firefly  Algorithm  (FA)  and  Cuckoo  Search  (CS)  algorithm  based  on optimal  location
and  the  capacity  of  UPFC  to  improve  the  dynamic  stability  of the  power  system  are  proposed.  The  novelty
of  the  proposed  method  is  exemplified  in  the  improved  searching  ability,  random  reduction  and  reduced
complexity.  In  this  regard,  the  generator  fault  affects  the  system  dynamic  stability  constraints  such  as
voltage, power  loss,  real  and reactive  power.  Here,  the  FA  technique  optimizes  the  maximum  power
loss  line  as  the  suitable  location  of the  UPFC.  The  affected  location  parameters  and  dynamic  stability
constraints  are  restored  into  secure  limits  using  the  optimum  capacity  of  the  UPFC,  which  in  turn,  has
been  optimized  with  reduced  cost  by  using  the  CS algorithm.  The  attained  capacity  of the  UPFC  has  been
ower loss
oltage
SA
ynamic stability
PFC
eal power

located  in  the  affected  location  and  the  power  flow  of  the  system  analyzed.  The  proposed  method  is
implemented  in  the  MATLAB/Simulink  platform  and  tested  under  IEEE  30 and  IEEE  14 standard  bench
mark  system.  The  proposed  method  performance  is  evaluated  by  comparison  with  those  of different
techniques  such  as ABC-GSA,  GSA-Bat,  Bat-FA  and  CS  algorithms.  The  comparison  results  invariably  prove
the effectiveness  of the  proposed  method  and  confirm  its potential  to solve  the  related  problems.

©  2016  Elsevier  B.V.  All  rights  reserved.

eactive power

. Introduction

Electric power systems have been forced to work to more or
ess their full capacities around the world due to the environmen-
al and economic limitations to upright new generating plants and
ransmission lines [2,3]. The amount of electric power by safety
nd steadiness restraints, that can be passed on between two posi-
ions via a transmission network is limited [1]. Power flow in the
ines and transformers should not be allowed to increase to a level

here an arbitrary incident could cause the network fall down as
ascaded outages [4,5]. The system is assumed to be blocked when
uch a limit attains. Managing obstruction to decrease the restric-
ions of the transmission network in the forceful market has, thus,
urn into the central movement of systems operators [6]. It has
een analyzed that the insufficient management of dealings could

ncrease the congestion cost which is an extra burden on customers
7].
For managing the power transmission system, Flexible Alter-
ating Current Transmission System (FACTS) is a fixed device that

s applied [8,9]. FACTS is recognized as “a power electronic based

∗ Corresponding author.
E-mail address: bairuvijaykumar@gmail.com (B.V. Kumar).

ttp://dx.doi.org/10.1016/j.asoc.2016.09.031
568-4946/© 2016 Elsevier B.V. All rights reserved.
system and other fixed device that present control of one or more
AC transmission system parameters to develop controllability and
magnify power transfer capability” [10]. The different types of
FACTS devices available for this purpose includes Static Var Com-
pensator (SVC), Thyristor controlled series Capacitor (TCSC), Static
Synchronous series compensator (SSSC), Static Synchronous Com-
pensator (STATCOM), Unified Power Flow Controller (UPFC) and
Interlink Power Flow Controller (IPFC) [12]. UPFC is one of the FACTS
devices among them, that can administer the power flow in trans-
mission line by including active and reactive voltage component in
chain with the transmission line [11,13].

New opportunities for controlling power and enhancing the uti-
lizable capacity of surviving transmission lines are discharged up
by the look of FACTS tools [14]. An optimal location of UPFC device
allows to control its power streams for an interconnected network,
and as a result to increase the system load ability [15]. Alternatively,
a limit number of devices, away from which this load ability can in
no way  be improved, has been analyzed [16]. The optimal location
and optimal capacity of a particular number of FACTS in a power
system is a hinder of combinatorial revise [18,19]. Different types

of optimization algorithm have been used to effort out this kind of
problem, such as genetic algorithms, reproduced annealing, tabu
search and etc [17,20].

dx.doi.org/10.1016/j.asoc.2016.09.031
http://www.sciencedirect.com/science/journal/15684946
www.elsevier.com/locate/asoc
http://crossmark.crossref.org/dialog/?doi=10.1016/j.asoc.2016.09.031&domain=pdf
mailto:bairuvijaykumar@gmail.com
dx.doi.org/10.1016/j.asoc.2016.09.031
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This paper the Firefly algorithm and Cuckoo Search (CS) algo-
ithm based optimal location and the capacity of UPFC to improve
he dynamic stability of the power system is proposed. Here, the FA
echnique optimizes the maximum power loss line as the suitable
ocation of the UPFC. The affected location parameters and dynamic
tability constraints are restored into secure limits using the opti-
um capacity of the UPFC, which in turn, has been optimized with

educed cost by using the CS algorithm. The attained capacity of the
PFC has been located in the affected location and the power flow
f the system analyzed. Rest of the paper sorted by the following:
he recent analysis works is usually reviewed throughout Section
; the proposed work elaborate the evidence is usually described
hroughout Section 3; the suggested techniques approach good
esults effects as well as the related discussions receive throughout
ection 4; as well as Section 5 finishes the paper.

. Recent research work: a brief review

Numbers of related works are available in literature, which
ased on improving the power transfer capability of power system.
ome of them are reviewed here. Shaheen et al. [21] has been scruti-
ized the competence of the optimal location of UPFC for enhancing
he safety of power systems under single line contingencies. For-
itudes of the severest possibility scenarios were performed based
n the emergency option and ranking process. One of the newest
omputational intelligence techniques, namely: DE has been suc-
essfully used to the problem under distress. Maximization of
ower system security was considered as the optimization rule.
he appearance of DE was compared with that of GA and PSO.

Shaheen et al. [22] has presented an approach based on differen-
ial evolution technique under single line contingencies, to identify
he optimal placement and parameter setting of UPFC for enhancing
ower system security. At first, to detect the most accurate line out-
ge contingencies considering line overloads and bus voltage limit
iolations as a presentation index, they implement an emergency
tudy and ranking process. Secondly, they employ differential evo-
ution technique to identify the optimal location and parameter
etting of UPFC under the decided contingency scenarios.

Seyed Abbas Taher et al. [23] have presented the demands of
ybrid immune algorithm to get the optimal location of UPFCs

or accomplishing minimum total active and reactive power pro-
uction cost of generators and minimizing the installation cost of
PFCs. The UPFC can provide control of voltage magnitude, voltage
hase angle and impedance. Accordingly, it was utilized effectively

n this paper to increase power transfer capability of the presented
ower transmission lines, and reduce operational and investment
osts. UPFC in addition offers a mechanism that might help tra-
itional congestion mitigation methods and in some cases might
urn away generators to run in out of merit order, and thus may
top load shedding or restriction that was commonly required to
aintain system security.
Nireekshana et al. [24] have checked the use of FACTs devices,

ike SVC and TCSC, to take full benefit of power transfer transac-
ions during normal and emergency situations. Using Continuation
ower Flow (CPF) technique, ATC was worked out considering both
hermal limits and voltage profile. Real-code Genetic Algorithm
RGA) was used as an optimization tool to detect the location and
ontrol-ling parameters of SVC and TCSC.

A.R. Phadke et al. have proposed a strategy for engagement and
izing of shunt FACTS controller by means of Fuzzy logic and Real
oded Genetic Algorithm [25]. A fuzzy appearance index based on

istance to impede node bifurcation, voltage profile and capacity
f shunt FACTS controller is proposed. The proposed technique can
e used and optimal size of the shunt FACTS devices in order to
iscover the most competent location.
 Computing 52 (2017) 974–986 975

Hassan et al. [26] have demonstrated the application of Genetic
Algorithm (GA) technique for the simultaneous stabilization of
power systems using a Unified Power Flow Controller (UPFC). The
GA was applied to find the optimal location of the UPFC and to tune
its control parameters under different operating conditions. The
problem was formulated as a multi-objective optimization problem
which aims at maximizing the damping ratio of the electromechan-
ical modes using different lines fitted with the UPFC.

Hagh et al. [27] have presented a novel method to solve security
based optimal placement and parameter setting of unified power
flow controller (UPFC) problem based on hybrid group search opti-
mization (HGSO) technique. Firstly, HGSO is introduced in order to
solve mix-integer type problems. Afterwards, the proposed method
is applied to the security based optimal placement and parameter
setting of UPFC problem. The focus of the paper is to enhance the
power system security through eliminating or minimizing the over
loaded lines and the bus voltage limit violations under single line
contingencies.

The discrete multiple facility location problem (DMFLP) is an
advance method proposed by Davood et al. [44]. It was mainly
describing the location of different multiple facilities and location
of customers to be placed on these facilities. In this problem mainly
indicating the mathematical model to these facilities and the diffi-
culties to solve the mathematical model, particularly in large scale.
For this problem, they proposed a new hybrid algorithm based on
tabu search algorithm.

For dynamic optimization problems, Karimi et al. [45] pro-
posed a new hybrid technique with constant search places. In
this method used to hybridize efficient features of the particular
swarm optimization with a new evolutionary process. In pro-
posed dynamic hybrid PSO (DHPSO) algorithm the swarm size
will change in self-regularity method. The particles can replicate
infants and the mature one will expire, in the microbial life. Using
of quadratic interpolation method, the infants were particularly
replicated by high possible particles and situated near the limited
optimum points. The algorithm was modified to execute in con-
stant search places, utilizing constant movement of the particles.
By using Euclidian norm to describe the locality in the replication
process.

The Parallel hybrid intelligence optimization algorithm (PHIOA)
based on the qualities of particle swarm optimization with genetic
algorithm (GA) proposed by Deng et al. [46]. Based on the fit-
ness values, the projected algorithm separates the individuals into
two equation groups. The peak fitness values of the derived group
were developed by GAs and the further derived group was devel-
oped by the PSO algorithm. The finest number was  chosen as a
global optimum at every movement which gives improved out-
come than both PSO and GAs. It also develops the complete process
of the algorithm. To optimize the formation and parameters of the
fuzzy neural network was  used by PHIOA. The PHIOA could develop
the fault accuracy whereas speeding up the convergence method
and efficiently remove the early convergence to evaluate with the
obtainable processes.

Deng et al. [47] have explained a book two-stage hybrid swarm
intelligence optimization algorithm called GA-PSO-ACO algorithm
that integrats the developed thoughts of the genetic algorithms,
particle swarm optimization and ant colony optimization based on
the return for solving the roaming salesman criteria. The complete
procedure of hybrid algorithm separated into two  ways. On the first
way, they formulate use of the randomness, swiftness and integrity
of the genetic algorithms and particle swarm optimization to find
the substandard resolutions to regulate the allotment of smell in the

ACO. On the second way, they formulate use of this compensation
of the aligned, clear response and high accuracy of result to apply
solving of complete problem.
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Fig. 1. UPFC installation between the buses.
76 B.V. Kumar, N.V. Srikanth / Appli

To develop the active stability, Vijaya kumar et al. [48] have pro-
osed a hybrid method based best location and allocation of UPFC.

n this place, the greatest power loss bus was recognized at the most
greeable place for fixing the UPFC, because the generator outage
isturbs the power flow force constraints such as power loss, real
nd reactive power flow. The Artificial Bees Colony (ABC) algorithm
sed for to decide the optimum place. Rely upon on the violated
ower flow quantities, to improve the initial operating condition;
he Gravitational Search Algorithm (GSA) optimizes the necessary
mount of the UPFC.

In power systems, the heavily loaded lines maintain the bus
oltage at preferred level, and improve the consistency of the
ower are amplified uncontrolled interactions. For that cause, the
ower system requires to be directed in sequence to make use
f the available network effectively. FACTS device depends on the
dvance of semiconductor technology released optimistic newest
orecast for maintaining the power flow and extending the load
bility of the available power transmission system. Between the
ACTS devices, the UPFC is one of the most capable FACTS devices
or load flow control considering as it can either simultaneously
andle the active and reactive power flow besides the lines in
odal voltage. Some of the uniqueness of the UPFC is, prepar-

ng the implementation, it has some realistic responsibilities for
iscovering the optimal location. In reality, the optimal location
f UPFC tends not by erratically, and the matching methodical
xploration is not regularly enough. A number of researches have
ttempt to resolve the optimal location of UPFCs with respect to
ifferent intensions and methods like differential evaluation(DE)
echnique, genetic algorithm(GA), real coded genetic algorithm,
ybrid group search optimization(HGSO) method, dynamic hybrid
SO (DHPSO) algorithm, parallel hybrid intelligence optimization
lgorithm (PAIOA), Artificial bee colony (ABC), Algorithm and grav-
tational search algorithm(GSA) etc. However, GA has raised one of
he important methods for solving the optimization problems but
nfortunately, it fails to solve some variant optimization problems.
his problem mainly occurs due to ineffectively known fitness func-
ions, it produces awful chromosome blocks even though that only
ood chromosome blocks traverse. There is no complete proof that
A will get the global optimum. Besides, the PSO technique undergo

rom the drawbacks of weak local search and slow convergence
roblem. In addition, ABC techniques need a large number of itera-
ions to make more perfect solutions by that leading to increase the
omputational cost. The hybridization of ABC algorithm includes
omputational complexity and unreasonable random generation
n that way consuming extended time and getting only low level of
ccuracy. These mentioned methods cannot be applying to get the
uantity and location at the same time for that the hybrid approach

s needed. The projected method is explained briefly in the Section
.

. Proposed methodology

.1. UPFC model and power flow equation

In two machine system, Fig. 1 displays the conceptual repre-
entation of UPFC. The UPFC contains two switching converters,
hich are activated from a common dc link offered by a dc stor-

ge capacitor [28]. The power flow for a two-bus system depends
n the magnitude of bus voltages, their phase difference and the
mpedance of the transmission line in a power system. At the UPFC
erminals the UPFC permits concurrent control of the active and

eactive power flow and voltage magnitude. On the other hand, the
ontroller may  be placed to control one or more of these parame-
ers in any combination or to control none of them [29]. In Fig. 1,
he UPFC is connected between the buses i and j, where shunt con-
Fig. 2. UPFC equivalent circuit model.

verter and series converters are connected to the transmission line
via shunt and series transformers. By the shunt converter through
the common DC link, the real power demanded by the series con-
verter is delivered from the AC power system. The shunt converter
is proficient to deliver or absorb controllable reactive power in both
operating modes (i.e., inverter and rectifier) [30]. At a specified
value, the independently controlled shunt reactive compensation
can be applied to sustain the shunt converter terminal AC voltage
magnitude. The equivalent circuit of the UPFC is described in the
following Fig. 2.

As shown in Fig. 2, based on the equivalent circuit, the active
and reactive power equations are described in the following Eqs.
(1) and (2). Using the power flow equations, the power injection at
each node can be obtained from the equivalent circuit model. The
power flow equations from node i to j and j to i are described in the
following equations [31,32].

Power flows from i to j:

Pij(t) =
(

Vi
2 (t) + Vkl

2 (t)
)

Gij
(t) + 2Vi

(t)Vkl
(t)Gij

(t) cos(˛kl − �j)

−Vj
(t)Vkl

(t)
[

Gij
(t) cos(˛kl − �j) + bij

(t)(sin ˛kl − �j)
]

−Vi
(t)Vj

(t)
(

Gij
(t) cos �ij + bij

(t) sin �ij

) (1)

Qij(t) = −Vi
(t)I(t) − Vi

2 (t)(bij
(t) + B/2)

−Vi
(t)Vkl

(t)
[

Gij
(t) sin(˛kl − �i) + bij

(t)(cos ˛kl − �i)
]

−Vi
(t)Vj

(t)
(

Gij
(t) sin �ij − bij

(t) cos �ij

) (2)

Where, Gij + jbij = 1
Rij+jXij

; Vi and Vj are the voltage of the buses i
and j respectively and Vkl is the voltage of the compensating device,
similarly the real and reactive power flow from the bus j to i is given
by the following Eqs. (3) and (4) [33].
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Power flows from j to i:

Pji(t) = Vj
2 (t)Gij

(t) − [Vj
(t)Vkl

(t)Gij
(t) cos(˛kl − �j) − bij

(t)G(t) sin(˛kl − �j)]

−Vi
(t)Vj

(t)
(

Gij
(t) cos �ij − bij

(t) sin �ij

) (3)

Qji(t) = −Vj
2 (t)(bij

(t) + B/2) − Vj
(t)Vkl

(t)[
Gij

(t) sin(˛kl − �j) − bij
(t)(cos ˛kl − �j)

]
+Vi

(t)Vj
(t)

(
Gij

(t) sin �ij − bij
(t) cos �ij

) (4)

The UPFC power flow equations are used to find the capacity
f the UPFC, which is based on the affected location requirements.
he UPFC location and capacity selection depends on the dynamic
tability constraints or control variables such as power balance con-
ition, voltage stability, power loss, UPFC cost, real and reactive
ower flow equations. Because the dynamic stability is achieved
y maintaining the dynamic stability constraints at secure limits.
he required dynamic stability constraints are described as follows
40].

.3. Power balance equation

The demand of the system and the power loss should get assured
y the power generated from the power system. The generators
xisting in the system may  get outage, which means the power loss
f the buses is raised, which breaks the power balance condition.
n the Eq. (5), the necessary power balance condition is described.

NG

i=1

Pi
G = PD +

NL∑
j=1

(Pj
L + jQ j

L) (5)

here, Pi
G is the power generated in the ith bus; PD is the demand;

L is the total number of transmission lines; NG is the total number
f generators; Pj

L and Q j
L are the real and reactive power loss of the

th line. The generators generation limits and demand of the system
re described in the following Eqs. (6) and (7) [33].

i(min)
G ≤ Pi

G ≤ Pi(max)
G (6)

(min)
D ≤ PD ≤ P(max)

D (7)

here, Pi(min)
G and Pi(max)

G are the minimum maximum range of the

enerators generation limits, P(min)
D and P(max)

D are the minimum
aximum range of the load demand limits. The bus power loss

onstraint is discussed in the following section.

.4. Power loss equation

By the subsequent Eqs. (8) and (9) [33], the real and reactive
ower loss can be devised.

j
L = |Vi||Vj||Yij|

NL∑
j=1

cos(˛ij − ıi − ıj) (8)

j
L = |Vi||Vj||Yij|

NL∑
j=1

sin(˛ij − ıi − ıj) (9)
here, ViandVj are the voltage of the buses i and j; Yij is the bus
dmittance matrix; ˛ij is the angle between the buses i and j; ıi

nd ıj are the load angle of i and j. The real and reactive power flow
etween the buses is calculated in the following Section 3.3.
 Computing 52 (2017) 974–986 977

3.5. Real and reactive power flow

The real and reactive power at bus ican be described by the
following Eqs. (10) and (11) [33].

Pi = |Vi||Vj|
NB∑

n=1

(
Gij cos ıij + Bij sin ıij

)
(10)

Qi = |Vi||Vj|
NB∑

n=1

(
Gij sin ıij − Bij cos ıij

)
(11)

Where, Vi and Vj are the voltage of i and j buses respectively; NB

is the total number of buses; ıij and ıij are the angle between iand
jbuses respectively; Gij and Bij are the conductance and susceptance
values respectively. The voltage stability constraint is described in
the following Section 3.4.

3.6. Voltage stability

The voltage stability of each bus is the main factor of the dynamic
stability, which can be described by the following Eq. (12) [33].

�Vi = 1√
l

√√√√ l∑
i=1

(
Vi

k
)2

(12)

Where, Vi
k = Vslack −

n∑
i=1

Zi

(
Pi−jQi

Vi

)
With,Vslack is the slack bus voltage, �Vi is the voltage stability

index of the bus i, Vi is voltage of the bus, where i = 1, 2, 3. . .n, Zi

is the impedance of the ith bus, Pi and Qi are the real and reactive
power of bus i andj is the number of nodes. The UPFC cost constraint
is explained in the following.

3.7. UPFC cost equation

The UPFC cost can be determined by the following Eq. (13) [34].

CUPFC = 0.0003S2 − 0.269S + 188.22 ($/KVAR) (13)

Where, S is the operating range of the facts devices in MVAR. For
making out the optimum location of the UPFC and CS algorithm the
suggested hybrid technique is employed into two categories such
as FA algorithm for finding the optimum capacity of the UPFC at
decreased cost. The FA algorithm based on optimum location of the
UPFC determination is briefly described in the following Section
3.6.

3.8. Optimization of UPFC location using FA technique

FA is invented by Xin-She Yang for solving multimodal opti-
mization problem, which works based on the flashing behavior of
fireflies [35,36]. The IEEE standard bench mark system load flow
analysis has been done by using the Newton Raphson (N-R) method
[48]. Initially the normal power flow of the system is analyzed. Then
different types of generator fault are introduced in the generator
bus, which ensures the dynamic stability constraints away from
the secure limit. Meanwhile this state, the FA technique optimizes
the position to put the UPFC based on the pointing function, i.e.,

maximum power loss line. In this method, the maximum loss line
is the mainly appropriate line to situate the UPFC. The FA method
gets the best position of the UPFC using the input voltage and power
loss parameters of the bus system. At the commencement, the input
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reflies like voltage at each bus and the power loss are initialized,
hich is demonstrated in the subsequent Eq. (14).

d
i = [(Vi, PLi)

d], i = 1, 2. . .n  (14)

here, Md
i

is the input firefly; the input bus voltage is randomly
enerated with the required n dimensions search space (In every
refly assign the light absorption coefficient �). The objective func-
ion is evaluated for every firefly, using the following Eq. (15).

 = Max

{
|Vi||Vj||Yij|

N∑
n=1

cos(˛ij − ıi − ıj)

}
(15)

According to the objective function, the best fireflies are chosen.
fter that the solution can be optimized by reorganizing the firefly

ocation by means of the subsequent updating Eq. (16) [37,38].

i
t+1 = xi

t + ˇoe−� vij
2
(xi

t − xj
t) + ˛�i

t (16)

here, ˇois the attractiveness at v = 0, the first term is the old
refly position, second term is due to attraction, third term is ran-
omization with vector of random variables �i being drawn from

 Gaussian distribution,  ̨ is the random movement factor and
istance between two fireflies i and j at xi and xj be a Cartesian
istancevij = ||xi − xj||. Here, initially ˛o and ˇo is varied from 0.1
o 1.0 with a step increase of 0.1, � is varied from 0.01 to 100 with

 step increase of 0.01 up to 1 and then 5 up to 100 [38]. The algo-
ithm steps to find the optimum location of the UPFC is described
n the following.

Steps to find the optimum location
Step 1: Initialization of the fireflies.
Step 2: Input fireflies are randomly generated at n dimension.

ere, the bus voltage and line losses are the input fireflies.
Step 3: Evaluate the fitness function for the random number of

he fireflies.
Step 4: Into two groups the solutions are divided, the first groups

ave the least good solutions and one more group has maximum
est solutions.

Step 5: According to the objective function the best solution
ould be found out and accumulate the current population.

Step 6: Arbitrarily revise the current firefly’s population to
pdate position vector and velocity vector of the micro-bats.

Step 7: Assess the objective for the novel firefly’s population and
mong the solution choose the best solution.

Step 8: Find the power loss, voltage, real and reactive power
ow of the best solution.

Step 9: Check the termination criterion. If it is satisfied terminate
r else go to step 10.

Step 10: Generate the new agents to generate new solutions. Go
o Step 3.

Once the above process is over the system is to provide the opti-
um location of the UPFC at the corresponding generator fault

onditions [41]. The affected location parameters were analyzed
sing the N-R load flow analysis. Based on the optimum location
arameters the UPFC capacity is selected using the CS algorithm,
hich is briefly described in the following Section 3.7.

.12. UPFC capacity optimization using CS algorithm

In 2009 [37], Xin-She Yang and Suash Deb proposed a CS algo-
ithm which is an optimization algorithm. On the basis of cuckoo’s
ehavior, it functions and the mechanism of Levy flights [38,39]
ave guided to design searching of optimal solutions. The UPFC

apacities at various generator faults conditions with reduced cost
re optimized by using the CS algorithm with the help of an objec-
ive function. The minimum voltage deviation and UPFC cost is

easured as the ideal function for best capability problem. At dif-
t Computing 52 (2017) 974–986

ferent fault conditions, the CS algorithm optimization process is
allocated on the best position load flow parameters. The CS algo-
rithm produces the different UPFC capacities and those capacities
implemented into the best position. The promising capacity for ful-
filling the purpose of the function is elected as the best capacity. By
using the optimized UPFC capacity is used to restore the dynamic
stability constraints at a secure limi [42]. The steps for optimization
of UPFC capacity is described in the following.

Steps to find the optimum capacity
Step1: Initialize the input host nest and cuckoo parameters such

as power flow equation of the UPFC and bus system voltage.
Step 2: Generate the random population of n host nests using

the following Eq. (17).

Xi = [X1, X2. . .Xn] (17)

Step 3: Set the iteration count k = 1.
Step 4: Evaluate the objective function for each parameters

using the following Function (18).

Fitness = {f1, f2} (18)

Where, f1 =
NB∑
i=1

(
VNormal − V

i

)
and f2 = CUPFC

With V
i
is the voltage of the bus and VNormal normal voltage.

Step 5: Determine the maximum and minimum fitness of the
initial population. From the solutions minimum values are selected
as the best solutions [43].

Step 6: Generate the new solution Xt+1
i

for cuckoo i using levy
flight, which can be represented as follows

Xt+1
i

= Xt
i +  ̨ ⊕ Levy (�) (19)

Where,  ̨ > 0 is the step size, which should be related to the scale
of the problem of interest, and the product ⊕ means entry-wise
multiplication. In this work, we  consider Levy flight in which the
step-lengths are distributed according to the following probability
distribution

Levy (� ) = t−�, 1 < � ≤ 3 (20)

Step 7: Find the worst nests based on the probability (pa) and
replace the worst nests by new set of solutions.

Step 8: Check the termination criteria. If it is met, then go to step
9, otherwise go to step 3.

Step 9: Terminate the process.
Once the process is completed the network is ready to give

the optimum UPFC capacity according to the generator fault. The
structure of the proposed hybrid method for optimizing the UPFC
location and capacity is described in Fig. 3. The proposed tech-
nique is tested in the MATLAB/simulink platform and the results
are analyzed in Section 4.

4. Results and discussion

The proposed hybrid method is implemented in MAT-
LAB/Simulink 7.10.0 (R2012a) platform, 4GB RAM and Intel(R)
core(TM) i5. The proposed method is tested under different IEEE
benchmark systems such as IEEE 30 bus system and IEEE 14 bus sys-
tem. The effectiveness of the proposed method is observed from a
comparative analysis between GSA-Bat, Bat-FA and CS techniques.
The FA [51] implementation process consists of following param-
eters settings like number of fireflies is 5, maximum generation is
100, light absorption coefficient (�) is 0.5, attractiveness (ˇ) is 0.2

and step size (˛) is 0.5. The CS algorithm [53] consists of the follow-
ing parameters like nest population size is 50, Maximum generation
is 100 and the levy flight search constant (�) is 1. The ABC algorithm
[50] modeled based on the parameters like number of bees are 20,
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opulation size is 50 and maximum generation is 100. The GSA
52] parameters are defined like population size is 30, Initial gravi-
ational constant (Go) is 30 and Constant (ˇ) is 10. The Bat-inspired
lgorithm [54] parameters are defined like maximum generation is
00, population size is 50, minimum constant value (Lo) is 0, Large
onstant value (Lm) is 1, Minimum frequency (fmin) is 0, Maximum
requency (fmax) is 100, Constant (ˇ) is 0.9 and Positive constant (�)
s 0.9. The proposed method is applied in the IEEE 30 bus system
nd discussed in the following Section 4.1.

.1. Validation under IEEE 30 bus system

In the section, the performance analysis of proposed method
hen applied in IEEE 30 bus system is discussed. Fig. 4 gives the

ayout of the IEEE 30 bus system. It consists of 6 generator buses, 21
oad buses and 42 transmission lines. Initially, normal load flow in
he IEEE 30 bus system is investigated using N-R load flow analysis.
onsequently, generator outages such as single generator problem
nd double generator problem are arbitrarily introduced in the gen-
rator buses, 1, 2, 6, 13, 22 and 27. Such generator faults lead the
EEE 30 bus system to lose its dynamic stability. Load flow analysis
an be used to determine the degree of loss of dynamic stability
ccurs due to generator outage. Table 1 gives the details of power
ow induced by the proposed method after the occurrence of single
enerator problem. The power loss and the cost of UPFC at required
apacity are given in Table 2.

Fig. 5 illustrates the normal bus voltage profile of the IEEE 30 bus
ystem. It was obtained from the bus system using N-R method
t normal condition. The bus voltage profiles at normal condi-
ion obtained after introducing the second bus generator outage

nd proposed method are illustrated in Fig. 6. This states that N-R
ethod is able to maintain the bus voltage at the stability mar-

in while the power flow constraint is normal. However, instability
ccurs when there is an issue in the generator. Hence, the proposed
Fig. 4. IEEE 30 bus system structure.

method is used to determine the optimal location and capacity for
UPFC to minimize the voltage instability. Fig. 7 illustrates the bus

voltage profile after the generator outage in bus 13, when the pro-
posed method is employed. It shows the efficacy of the proposed
method in maintaining the voltage profile at the stability mar-
gin. Further, the total power loss of the IEEE benchmark system
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Table 1
Power flow analysis at single generator problem using the proposed method.

Generator bus no. Best location Power flow

From bus To bus Normal Generator outage Proposed method

P(MW)  Q(MVAR) P(MW)  Q(MVAR) P(MW) Q(MVAR)

2 2 4 27.410 3.121 26.387 3.708 27.702 4.219
6  8 28 2.971 1.398 1.963 1.3691 5.103 0.841
13  12 16 9.529 4.077 5.564 4.766 10.837 9.411
22  24 25 1.453 3.584 1.380 1.404 3.184 6.9699
27  10 22 4.046 6.617 0.6402 4.803 4.357 8.552

Table 2
Power loss and UPFC cost at single generator problem using the proposed method.

Generator bus no. Best location Power loss in MW UPFC cost($/KVAR)

From bus To bus Normal Generator outage Proposed method

2 2 4 10.809 13.912 6.446 184.9449
6  8 28 13.724 6.433 187.0702
13  12 16 12.795 6.461 189.6639
22  24 25 13.119 6.399 189.9507
27  10 22 13.211 6.446 182.1467

Fig. 5. Normal bus voltage profile.

Fig. 6. Voltage profile under second bus generator outage.
Fig. 7. Voltage profile under 6th bus generator outage.

is determined in identical generator outage environments. Simi-
larly, outages are introduced in other generators of the bus system
and the corresponding outcomes are plotted in Figs. 8–10.

Power losses in IEEE 30 bus system at different conditions such
as normal condition, fault condition and with proposed method are
described in Fig. 11. It shows the dominating performance of the
proposed method. The proposed method effectively reduces the
single generator fault power loss. Subsequently, double generator
problem is introduced in the IEEE 30 bus system. At this juncture,
the power flow of the bus system is affected because of occurrence
of generator problems at different instants of time. Table 3 gives
the details of double generator problem with proposed method and
Table 4 gives the power loss and cost of UPFC with required capac-
ity, when the proposed method is implemented in the bus system
having double generator problem.

At various conditions of double generators outage, the voltage
profile variation in the bus system with proposed system is deter-
mined and plotted in Figs. 12–16. Comparison is made between the
voltage profiles of the system with proposed method and fault con-

ditions. The occurrence of double generator fault leads the normal
bus voltage profile of the bus system to increase beyond the sta-
bility margin. According to the fault range, the proposed method
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Table  3
Power flow analysis at double generator problem using the proposed method.

Generator bus no. Best location Power flow

From bus To bus Normal Generator outage Proposed method

P(MW) Q(MVAR) P(MW)  Q(MVAR) P(MW)  Q(MVAR)

2 and 6 6 7 47.479 2.110 44.327 1.292 46.898 3.715
2  and 13 12 15 19.674 7.796 14.813 8.708 24.454 7.528
6  and 13 12 15 19.674 7.796 16.202 8.216 20.936 3.666
22  and 27 10 20 7.665 3.278 6.801 3.866 8.722 3.762
13  and 27 5 7 23.744 13.824 17.948 11.419 26.427 20.810

Table 4
Power loss and UPFC cost at double generator problem using the proposed method.

Generator bus no. Best location Power loss in MW UPFC cost($/KVAR)

From bus To bus Normal Generator outage Proposed method

2 and 6 6 7 10.809 16.015 6.4548 194.5189
2  and 13 12 15 15.017 6.4317 185.7369
6  and 13 12 15 16.107 6.4693 187.1121
22  and 27 10 20 14.367 6.7082 193.3527
13  and 27 5 7 15.264 6.4313 176.8064

Table 5
Power loss comparison at single generator problem using different techniques.

Fault Generator bus no. Best location Power loss in MW

From bus To bus Normal Generator outage Firefly ABC-GSA GSA-Bat Bat-FA FA-CS

2 12 15 10.809 14.005 9.884 9.498 8.718 7.3961 6.646

i
c
p
t
n
M
t
s
u
T
p
G
w

a

Fig. 8. Voltage profile under 13th bus generator outage.

dentifies the location and the capacity of the UPFC with reduced
ost. The approach has been used to resolve the voltage instability
roblem. The power loss of the IEEE 30 bus system at fault condi-
ion and using proposed method is explained in Fig. 17. In the figure,
ormal power loss of the IEEE 30 bus system is observed as 10.809
W.  It may  rise to 16.107 MW,  when there is a double genera-

or outage problem. The increased power loss can be mitigated by
electing the optimal capacity and location for UPFC at reduced cost
sing the proposed method, i.e. 6.4313 MW with 176.8064 $/KVAR.
hen the effectiveness of the proposed method is analyzed by com-
aring its numerical results with the techniques such as ABC-GSA,

SA-Bat, Bat-FA, CS and FA. The power losses in IEEE 30 bus system,
hile using different techniques, are described in Table 5.

Diverse methods such as ABC-GSA, GSA-Bat, Bat-FA and CS are
pplied in IEEE 30 bus system with single generator problem. The
Fig. 9. Voltage profile under 22nd bus generator outage.

voltage profiles and power losses are obtained and compared in
Figs. 18 and 19, respectively. From the graphs, we come to know
that the proposed technique efficiently chooses the optimum loca-
tion and capacity of the UPFC in relation to the other optimization
methods. By preserving the dynamic stability, the proposed tech-
nique maintains the voltage profile of the IEEE 30 bus system at the
stability margin and reduces its power loss, almost to 6.646 MW.
The efficiency of the proposed is also demonstrated in IEEE 14 bus
system and it is discussed in Section 4.2.

4.2. Validation of IEEE 14 bus system
The section details the employment of proposed technique in
IEEE 14 bus system, which has two generator buses. One among the
two generators is in slack bus and the remainder is in the second
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Table 6
Power flow comparison using different techniques.

Technique Fault Generator bus no. Best location Power flow during
normal condition

Power flow during
fault condition

Power flow after
fixing the UPFC

From bus To bus P(MW)  Q(MVAR) P (MW)  Q(MVAR) P (MW)  Q(MVAR)

Bat-FA 2 6 11 8.287 8.898 8.232 7.928 6.265 7.856
Proposed 2 2 3 73.396 5.9362 72.6441 0.82124 77.7233 5.5308

Table 7
Power loss comparison using different techniques.

Fault Generator bus no. Best location Power loss in MW

From bus To bus Normal Fault Firefly ABC-GSA GSA-Bat Bat-FA FA-CS

2 4 5 13.592 15.428 12.924 11.175 10.275 9.623 8.720

Fig. 10. Voltage profile under 27th bus generator outage.
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Fig. 12. Voltage profile during generator outage at buses 2 and 6.
Fig. 11. Power loss comparison at single generator outage.

us. Fig. 20 illustrates the structure of IEEE 14 bus test system. The
oad flow solution at normal condition is estimated by means of N-

 load flow analysis, which recognizes the entire system load flow
arameters and the dynamic stability constraints. The single gener-
tor problem is introduced in the IEEE 14 bus system. This increases
he complexity of the system power flow and control variables and
o voltage instability and increased power loss occur. However,
he problem can be overcome by identifying the fault location and
y connecting UPFC with appropriate capacity. Table 6 compares
he power flow using different techniques, when single generator
roblem is introduced. The single generator problem power loss
omparison is tabulated in Table 7.
The normal voltage profile of IEEE 14 bus system obtained using
-R load flow analysis is illustrated in Fig. 21. The voltage profile
f the IEEE 14 bus system at single generator problem under dif-
erent type of topology is described in Fig. 22. In the figure, voltage
Fig. 13. Voltage profile during generator outage at buses 2 and 13.

profile from the proposed method is compared with the ABC-GSA,
GSA-Bat, Bat-FA and CS techniques. It is clearly shown that the
novel technique considerably enhances the voltage profile from
the normal value. The power loss by means of the proposed tech-

nique is analyzed with the different techniques such as ABC-GSA,
GSA-Bat, Bat-FA and FA shown in Fig. 23. The figure demonstrates
that the proposed technique preserves the voltage profile at the
dynamic stability margin, when compared with the conventional
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Fig. 14. Voltage profile during generator outage at buses 6 and 13.

Fig. 15. Voltage profile during generator outage at buses 13 and 27.

Fig. 16. Voltage profile during generator outage at buses 22 and 27.

Fig. 17. Power loss comparison at double generator outage.

Fig. 18. Voltage profile comparison at single generator problem.

Fig. 19. Power loss comparison at single generator problem.

Fig. 20. IEEE 14 bus system structure.
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Fig. 21. Normal bus voltage profile.

Fig. 22. Voltage profile comparison at single generator problem.

Fig. 24. VDP of IEEE 

Fig. 23. Power loss comparison at single generator outage problem.

Table 8
Performance evaluation of the proposed method.

Techniques RA in (%)

Bat-GSA 9.665

Bat-FA 11.995
CS 10.721
Proposed 20.115

techniques. The proposed technique decreases the power loss of
IEEE 14 bus system to 8.720 MW.  It is relatively better than GSA  and
Bat algorithms. The voltage graphs dataset given in Figs. 18 and 22
are utilized to find the Voltage Deviation Percentage (VDP) of the
techniques. The voltage stability performance of different tech-
niques is calculated using the following Eq. (21).

VDP(i) = VN(i) − VST (i)
VN(i)

× 100, i = 1, 2, 3. . .NB (21)

Where, VDP(i) is the voltage deviation percentage of bus i; VN(i) is
the normal voltage of the bus i and VST (i) is the solution technique
voltage of the busi. Based on the VDP calculation, Figs. 24 and 25
are plotted.

The calculating time and the recital of the projected algorithm
are better that those of the Bat-GSA, Bat-Firefly and CS technique
for these two criteria, which are describes in Fig. 26. The Bat-GSA
has high number of calculated time between the illustrated opti-
mization algorithms. The calculated time of the Bat-FA algorithm is
30 bus system.

8.4412 s and 14.2232 s for IEEE 14 and 30 bus systems simultane-
ously. The computation time for IEEE 14 bus system as 6.6642 s and
for IEEE 30 bus system for 14.2214 s, in CS techniques. In this man-
ner, the projected method shortens the calculated time compared
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Fig. 25. VDP of IEEE 
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Fig. 26. Computational time comparison.

o the remaining techniques. The calculated reduction time verified
he reduced difficulties of the projected method. From the acquired
esults, the Results Accuracy (RA) is driven for all the techniques
sing Eq. (22).

A = ML  − NL

NL
× 100 (22)

here, ML  and NL are the best minimum power loss and normal
ower loss simultaneously, the RA for various methods are indi-
ates in the Table 8. In the IEEE 30 bus system, we  have to get
he fraction correctness of the solutions at the time of optimiza-
ion process. The usefulness is recognized by the high RA values.
n this equation, the Bat-GSA has 9.665% RA value from the best

inimum power loss and normal power loss, when in fact Bat-FA
as somewhat higher RA value than the remaining techniques i.e.,
1.995%. But the projected hybrid technique contributes high RA
alue in the optimization process i.e., 20.115%. In these things, we
an easily examine that the projected method includes minimum
ower loss at the time of fault situation. It was clearly explaining
hat the projected method successfully minimizes the fluctuations
rom the normal condition. The solutions acquired from the com-
arative analysis confirm the controlling process of the projected
echniques over the typical techniques in terms of preserve the
igorous support of power system.

. Conclusion
The paper proudly proposes the hybrid approach based dynamic
tability enhancement of the power system using the UPFC. The
dvantage of the proposed method was highlighted in the enhanced

[

[

14 bus system.

searching ability and the lesser complexity in achieving the optimal
solutions. The IEEE 30 bus and IEEE 14 bus systems were utilized for
testing the proposed method performance. In the bus system dif-
ferent types of generator faults were created and the most affected
location was determined by using the FA technique. The affected
dynamic stability constraints such as voltage, power loss, real and
reactive power were restored into secure limits by locating the
optimum capacity of the UPFC, which, in turn, was optimized by
using the CS algorithm. The dynamic stability specifications were
founded by the applying of different experiment bus systems into
projected method. The dynamic stability specifications were deter-
mined for normal condition, fault condition and projected method.
The projected method arithmetical solutions were corrected by the
comparison analysis with those of the various techniques like ABC-
GSA, GSA-Bat, and Bat-FA and CS algorithms. The VDP calculation
also evaluated by the projected hybrid approach dynamic stability
enhancement. The comparison analysis confirms that the projected
method is a useful technique to elaborate the dynamic stability of
the power system and is capable over the remaining techniques.
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