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(e selection of positions for unified power flow controller (UPFC) placement in transmission network is an essential factor,
which aids in operating the system in a more reliable and secured manner. (is paper focuses on strengthening the power system
performance through UPFC placement employing self-adaptive firefly algorithm (SAFA), which selects the best positions along
with parameters for UPFC placement. (ree single objectives of real power loss reduction, voltage profile improvement, and
voltage stability enhancement are considered in this work. IEEE 14, 30, and 57 test systems are selected to accomplish the
simulations and to reveal the efficacy of the proposed SAFA approach; besides, solutions are compared with two other algorithms
solutions of honey bee algorithm (HBA) and bacterial foraging algorithm (BFA). (e proposed SAFA contributes real power loss
reduction, voltage profile improvement, and voltage stability enhancement by optimally choosing the placement for UPFC.

1. Introduction

Power system stability is the most challenging for power
system engineers due to the ever increasing load demand; as
a result, the power system network falls to stressed condi-
tion, which leads to loss reduction and voltage instability.
Moreover, it is a challenge to widen the existing network to
satisfy the growing power demand by setting up new gen-
eration and transmission networks owing to economic and
environmental constraints. Installation of flexible alternat-
ing transmission system (FACTs) controllers in transmission
network is a possible solution to overcome the stability
issues.

FACTs controller is classified into series, shunt and
blending of series and shunt controller. Static var com-
pensator (SVC) belongs to shunt controller, thyristor con-
trolled series compensator (TCSC) comes under series
controller, and UPFC associates with a combination of series
and shunt controller. UPFC has the capability to serve as a

series and shunt controller simultaneously; thereby, it
controls the power flow, bus voltages, and phase angle with
altering transmission line impedance [1–3].

Power system researchers have been paying their at-
tention to carry out their research on optimal FACTs
placement in transmission network for the last three decades
to strengthen the existing power system performance.
Nonconventional optimization algorithms of GA, DE, PSO,
Honey Bees Algorithm (HBA), Ant Colony Optimization
(ACO), Bacterial Foraging Algorithm (BFA), Firefly Algo-
rithm (FA), Whale Optimization Algorithm (WOA), and
Gravitational Search Algorithm (GSA) are commonly
employed to solve power system optimization problems as
they offer high-quality solutions [4–24].

Power system available transfer capability has been
improved by the FACTs placement using HBA [4]. Evolu-
tionary algorithms have been proposed to select the feasible
locations and parameters of TCSC for increase of the power
flow, reduction of losses, and enhancement of stability of the
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system, and also performances are tested in IEEE 14 bus
system [5]. A fuzzy lag-lead controller has been used to
control the parameters of TCSC and SVC for oscillation
damping, stability enhancement, and ant colony optimiza-
tion algorithm applied for setting of parameters of TCSC
and SVC [6].

Particle swarm optimization was employed to improve
power transfer capability and economic power system op-
eration through proper SVC and TCSC placement [7]. A
complete review of application of particle swarm optimi-
zation for FACTs placement in power system network has
been reported [8]. A new Honey Bee Algorithm (HBA) has
been proposed to overcome the limitation of conventional
HBA, which offers near optimum solution for economic
dispatch problem. (e proposed algorithm improves mat-
ting process by combining chaotic local search, which has
been applied in order to solve economic dispatch problem
[9].

Bacterial foraging algorithm (BFA) has been applied to
solve optimization problem more than it has been employed
for minimizing loss and enhancing voltage profile through
UPFC placement [10]. BFA has been employed for capacitor
placement in radial distribution system in which BFA de-
termines the optimal locations and size for capacitor
placement in order to improve the performance of the
system in terms of reducing power loss and improving
voltage profile [11]. Dr. Yang developed firefly algorithm
(FA) for solving optimization problem [12].(e FA has been
attracting power system researchers for solving power sys-
tem optimization problems of economic dispatch and unit
commitment [13, 14].

(e limitation of FA includes slow process, lower
convergence rate, and offering suboptimal solution. In order
to overcome the limitations of FA, SAFA has been applied
for placement of SVC, UPFC, and TCSC. (e research work
has addressed only one objective of loss minimization
through SVC, UPFC, and TCSC placement [15–17]. Con-
sequently, the author has considered multiobjectives for
FACTs placement using SAFA in which SVC, TCSC, and
UPFC have been chosen as FACTs devices for their place-
ment to strengthen the power system performance by loss
reduction, VP improvement, and VS enhancement [1].

(e shunt-connected FACTs devices of SVC and
STATCOM have been considered to compare their oper-
ating characteristics, and the solutions reveal that STAT-
COM provides better advantages than SVC [18]. (e whale
optimization algorithm has been proposed for SVC and
TCSC placement in IEEE 30 and 57 test systems. (ey re-
ported objectives of loss reduction and voltage profile im-
provement through shunt- and series-connected FACTs
devices placement. In addition, WOA has been used for
designing multi-input single-output controller of SSSC for
stability enhancement [19, 20].

An evolutionary algorithm of teaching-learning-based
optimization was addressed for loss reduction, cost mini-
mization, and voltage deviation reduction through TCSC
placement. However, the author failed to address the way of
selecting the number of TCSC for their placement [21]. A
gravitational search algorithm has been presented for TCSC

placement for controlling congestion management in
deregulated environment and analysed by considering
normal and contingency conditions [22].

Ant colony optimization has been proposed for tuning
the gain parameters of PI controller, which has been used to
control the gate signal of SSSC in order to damp oscillations
and deviations in voltage of multimachine power system.
Subsequently multimachine system stability has been en-
hanced by the application of ACO [23]. Artificial bee colony
algorithm has been presented for solving reactive power
dispatch problem aiming at loss minimization and voltage
stability enhancement [24].

UPFC has been considered to improve the transmission
capacity by optimal placement and the solutions are pre-
sented with comparisons [25]. An updated complete review
has been presented for multitype FACTs devices placement
and different metaheuristic techniques employed for their
placement [26]. Artificial neural network has been applied
for monitoring online voltage of power system. In addition
voltage stability enhancement and loadability have been
increased by optimally placing FACTs devices in IEEE 14 bus
system [25–34].

In recent years, the FACTS devices attract the system
engineers and researchers for providing better adaptation to
varying operational conditions and improving the usage of
existing installations. (e placement of FACTS devices can
be described as an optimization problem with the objective
of minimizing the network loss. Based on the above findings,
the researchers failed to concentrate on the placement of
UPFC with different single objectives.

(ere is thus a need for developing better strategies for
optimally selecting the parameters with a view of obtaining
the global best solution besides achieving better conver-
gence. So, in this work, Self-Adaptive-FA- (SAFA-) based
strategies have been proposed to minimize the transmission
loss through placing TCSCs [14] and UPFCs effectively.

(us, our work provides the following:

(i) Real power loss reduction

(ii) Voltage profile improvement

(iii) Voltage stability improvement

(iv) A strategy of new SAFA employed to identify
feasible positions for UPFC placement

(v) (ree IEEE 14, 30, and 57 bus systems considered

(vi) Simulated results are compared with other two
metaheuristic optimization algorithm solutions

(vii) (e self-adaptive scheme attempts to prevent
suboptimal solution and enhance the convergence
of the algorithm

2. Firefly Algorithm

It is a firefly-based metaheuristic optimization algorithm for
solving power system optimization problem [12]. (e light
intensity of two fireflies’ r and s decides the movement of
attraction of two fireflies.

Light intensity (LI) of rth firefly is represented by vector
(Xr) as in
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LIr � Fitness xr( ) � x1r , x
2
r , . . . , x

nd
r[ ]. (1)

(e attractiveness parameter between two fireflies of r
and s is represented as

βr,s � βmax ,r,s − βmin ,r,s( )exp −crr
2
r,s( ). (2)

(e Cartesian distance between fireflies’ r and s is as
follows:

rr,s � xr − xs
  �

������������
∑nd
v�1

xmr − x
m
s( )2

√√
. (3)

Firefly position is being updated at the end of each it-
erative step by their movement towards brighter firefly. (e
movement of firefly “r” towards firefly “s” at mth iteration is
presented in

xr(m) � xr(m − 1)+

βr,s xs(m − 1) − xr(m − 1)( ) + α(rand − 0.5).
(4)

2.1. Self-Adaptive Firefly Algorithm (SAFA). In SAFA, in-
dividual firefly decision variables include firefly parameters
such as random movement factor (α), attractiveness pa-
rameter (βmin), and absorption coefficient (c). In previous
studies, the researchers have used firefly algorithm for
placement of FACTs devices. In firefly algorithm, the firefly
parameters are fixed.(e firefly parameters need to be tuned
manually to obtain feasible solutions after each iteration. In
this proposed SAFA, the parameters are tuned by self-
adaptive mechanism in each iterative step by inclusion of
three parameters namely αr, βmin ,r, c with the number of
decision variables of representation of firefly equation (1)
and the firefly is represented as

xr � x1r , x
2
r , . . . , x

nd
r , αr, βmin ,r, cr[ ]. (5)

Each firefly with their parameters undergoes a whole
search process; however, (2) is modified based on the
brightness of fireflies as follows:

βr,s � βmax ,r,s − βmin ,r,s( )exp −crr
2
r,s( ) + βmin ,r,s. (6)

(e advantage of SAFA includes less computational
effort, avoiding the suboptimal solution and convergence
enhancement.

3. Mathematical Modelling of UPFC

Real and reactive power flow between the buses i and j are
represented by [1]

Real power, Pij �
ViVj

xij
sin δij,

Reactive Power, Qij �
1

xij
V2
i − ViVj cos δij( ).

(7)

UPFC is modelled by combining series and shunt FACTs
controllers. TCSC belongs to series controller, and its re-
actance (Xtc) is decided by the compensation factor and
transmission line reactance (Xline) in which they are con-
nected. (e modelling of TCSC is formed by its reactance
and is presented as

Xtc � ctcXline, (8)

Xij � Xline +Xtc. (9)

SVC is one of the shunt controllers and is used to
modify/control bus voltages through reactive power gen-
eration/absorption. SVC alter the reactive power (ΔQi) of
the bus at which they are connected as follows:

ΔQi � Qf � −V2
i BSVC. (10)

In order to model the UPFC, the conventional con-
verters of the UPFC are replaced through voltage/current
sources, which alter Jacobian elements based on active and
reactive power injections in the buses. In this work SVC and
TCSC are combined to make UPFC model using (8) and (9)
to evade alterations in power flow and Jacobian structure.

3.1. Proposed Strategy/Problem Formulation. (e UPFC
placement is chosen as an optimization problem and an
objective is given by the following expression:

minimizeΦ(x, y),
subject tog(x, y) � 0,

h(x, y)≤ 0.
(11)

x is the set of dependent variables consisting of active
and reactive power of slack bus, reactive power of generator
bus, and real power loss. y is the vector of independent
variables comprising location for UPFC placement and their
parameters.

(e equality constraint is the set of nonlinear power flow
equations, which is presented as follows:

P(V, δ) − Psp � 0, for generator and load buses,

Q(V, δ) − Qsp
� 0, for bus.

(12)

Inequality constraints are defined by the following
expressions:

−100MVAR≤Qf ≤ + 100MVAR,

−0.8≤ ct csc ≤ 0.2,
Qmin
Gi ≤QGi ≤Q

max
Gi , for generator buses,

Vmin
i ≤Vi ≤V

max
i , for load buses.

(13)

In this work, three different single objectives (cases) are
chosen through UPFC placement as follows.
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Case 1. Real power loss (Ploss)
(e real power loss (Ploss) minimization is expressed as

follows [1]:

minimize J1(x, y) � Ploss � ∑
k∈I

gij Vi
∣∣∣∣ ∣∣∣∣2 + Vj∣∣∣∣∣ ∣∣∣∣∣2 − 2 Vi

∣∣∣∣ ∣∣∣∣ Vj∣∣∣∣∣ ∣∣∣∣∣cos δij( ).
(14)

Case 2. Voltage profile improvement
Total voltage deviation (TVD) is minimized to improve

the bus voltage profile as per the following equation [1]:

minimize J2(x, y) � ∑
j∈Φ

Vj − 1
∣∣∣∣∣ ∣∣∣∣∣. (15)

Case 3. Voltage stability enhancement
(e objective is formed to enhance voltage stability by

minimizing L-index as per the following equation [1]:

minimize J3(x, y) � ∑
j∈Φ

Lj,

where Lj � 1 −∑
i�Ω
Fij
Vi
Vj

∣∣∣∣∣∣∣∣∣
∣∣∣∣∣∣∣∣∣.

(16)

Values of Fij are obtained through bus admittance
matrix.

3.2. Illustration of SAFA Variables. Table 1 gives the infor-
mation about the SAFA variables. (e first row of Table 1
represents the transmission line number for the placement
of UPFC and the subsequent rows represent reactive power
injection, Qf, compensation factor, and parameters of
firefly.

3.3. Fitness Function. (e SAFA maximizes the fitness
function of light intensity function in order to provide the
optimal solution.

Maximize LI �
1

1 + Ψ,

whereΨ � w1J(x, u) + wv ∑
nload

i�1

Vdi + wQ∑
ngen

j�1

QGi − Q
lim it
Gi

∣∣∣∣∣ ∣∣∣∣∣2.
(17)

4. Simulation and Discussion

(e simulation is performed on MATLAB software to an-
alyse feasibility of SAFA for three-single-objective optimi-
zation through UPFC placement in standard IEEE 14, 30,
and 57 test systems. Figure 1 demonstrates the flow of SAFA
approach for UPFC placement.

Step-by-step procedure of SAFA for UPFC placement.

Step 1: read the considered system data.

Step 2: initialize the firefly parameters such as random
movement factor (α), attractiveness parameter (βmin),

absorption coefficient (c), number of fireflies, and
maximum number of iteration.

Step 3: generate the initial population of fireflies and
firefly position is initiated using (5).

Step 4: set iteration counter and run the simulation to
calculate the brightness of all considered fireflies.

Step 5: firefly position is modified based on the
brightness of firefly. (e new position of firefly is
obtained by using (6).

Step 6: obtain the firefly parameters from rth and sth
firefly.

Step 7: place the UPFC devices according to the lo-
cation and parameters available in the rth and sth
fireflies.

Step 8: run the load flow and compute the perfor-
mances and light intensity of rth and sth fireflies.

Step 9: the firefly with highest light intensity in the
population is the optimal solution.

Initially the SAFA approach is run considering diverse
number of UPFCs for Ploss minimization to select the
number of UPFC for placement; besides, the solutions are
presented in Table 2. It is possible to observe from Table 2
that the Ploss reduced significantly from 13.2663MW to
13.2112MW after three UPFCs are placed in 14 bus system.
Likewise, Ploss reduction is 17.1600MW from 17.5028MW
when four UPFCs are placed in IEEE 30 bus system. Also, in
the IEEE 57 bus system, Ploss is reduced from 27.2233MW to
26.3094MW while choosing five UPFCs for placement. If
any other numbers of UPFC are chosen, the Ploss reduction is
insignificant; henceforth, three, four, and five UPFCs are
chosen for 14, 30, and 57 bus systems, respectively, for the
other two cases too.

Tables 3–5 provide information about the performances
gained through simulations like Ploss, TVD, Maximum
Voltage Stability Index (MVSI), and voltage magnitudes
limits for all three cases of before and multiple UPFC
placement of IEEE 14, 30, and 57 bus systems. It is possible
to observe from Case 1 of Table 3 that the Ploss is reduced
significantly in 14 bus system from 13.2663MW to
13.2112MW through SAFA, whereas HBA and BFA de-
crease to 13.2220MW and 13.2369MW, respectively, when
three UPFCs are placed. Likewise, in 30 bus system (Table 4),
Ploss decreased considerably from 17.5028MW to
17.1600MW via SAFA, though HBA and BFA decreased to
17.1893 and 17.1916, respectively, when four UPFCs are
placed. Similarly in IEEE 57 bus system (Table 5), Ploss is
reduced from 26.2233MW to 26.3094MW by SAFA,
whereas HBA and BFA reduces to 27.0199MW and
27.0701MW, respectively, when five UPFCs are considered.
Moreover, all three algorithms provide the solution of bus

Table 1: Firefly illustration for UPFC placement.
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Q1
f

Q2
f Q3

f . . . Q
nf
f

c
1
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2
tc c

3
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nf
tc

α βmin c
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voltages to rest within the limits because voltage constraints
are included in improved objective function. Since Ploss
reduction is an objective, the TVD rises and MVSI reduces

while minimizing Ploss. (e solutions clearly reveal that Ploss
is reduced significantly through optimal placement of UPFC
by SAFA.

Start

Read the IEEE 14, 30 
and 57 system data

Choose SAFA parameter, number 
of fireflies (nF) and mmax

Generate the initial population 
of fireflies

Set the iteration counter m = 0

for r = 1: nF

for s = 1: nF

Place the UPFC devices according to 
the location and parameters available 

in rth firefly

Run load �ow, evaluate the 
performances, and compute the LIr

Run load �ow, evaluate the 
performances, and compute the LIs

Place the UPFC devices based on
location and parameters available in 

sth firefly

s

r

The firefly with highest LIr

in the population is the 
optimal solution

Stop

Yes

No

Yes

No

Obtain the parameters αr , βmin,r, 
and γr from rth firefly

Is
LIr > LIs

?

Is
m > mmax

?

Evaluate rr,s and βr,s by equations. (3)
and (2). Move sth firefly

towards rth firefly by equations. (4)

m = m + 1

Figure 1: Flow of the SAFA for UPFC placement.
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Table 2: Ploss reduction for diverse number of UPFC placement.

System UPFC no. Ploss

IEEE 14
0 13.3663
2 13.2365
3 13.2112

IEEE 30

4 13.2099
0 17.5028
2 17.2321
4 17.1600
5 17.1470

IEEE 57

0 27.2233
3 27.0701
4 26.6395
5 26.3094
6 26.2842

Table 3: Performance solutions of the IEEE 14 bus system.

Method Ploss(MW) TVD MVSI Vlow/Vhigh (p,u)

Before UPFC placement 13.3663 0.3822 0.0751 1.014/1.057

Case 1
SAFA 13.2112 0.5629 0.0750 1.005/1.045
HBA 13.2220 0.4679 0.0651 1.009/1.040
BFA 13.2369 0.5255 0.0620 0.990/1.041

Case 2
SAFA 15.7226 0.0603 0.0934 0.996/1.024
HBA 15.7233 0.0657 0.0950 0.991/1.023
BFA 15.5517 0.0694 0.1005 0.994/1.028

Case 3
SAFA 13.3066 0.4956 0.0488 1.016/1.073
HBA 13.4155 0.4764 0.0512 1.019/1.069
BFA 13.2930 0.4692 0.0538 1.023/1.068

Table 4: Performance solutions of IEEE 30 bus system.

Method Ploss (MW) TVD MVSI Vlow/Vhigh (p,u)

Before UPFC placement 17.5028 0.4562 0.1420 0.989/1.082

Case 1
SAFA 17.1600 0.9984 0.1211 1.009/1.040
HBA 17.1893 0.8373 0.1323 0.993/1.050
BFA 17.1916 1.0762 0.1237 0.952/1.048

Case 2
SAFA 17.8501 0.1640 0.1475 0.985/1.026
HBA 18.0404 0.1871 0.1464 0.983/1.029
BFA 17.7850 0.1974 0.1507 0.976/1.031

Case 3
SAFA 18.4370 1.3456 0.0772 1.021/1.067
HBA 18.4987 1.2669 0.0832 1.014/1.117
BFA 18.1363 1.3546 0.0844 1.017/1.089

Table 5: Performance solutions of IEEE 57 bus system.

Method Ploss (MW) TVD MVSI Vlow/Vhigh (p,u)

Before UPFC placement 27.2233 1.2195 0.2914 0.936/1.061

Case 1
SAFA 26.3094 0.9932 0.2644 0.960/1.059
HBA 27.0199 1.1651 0.2845 0.952/1.048
BFA 27.0701 1.0981 0.2705 0.950/1.051

Case 2
SAFA 28.5457 0.8194 0.2716 0.958/1.050
HBA 27.8055 0.9753 0.2739 0.961/1.049
BFA 27.3661 0.9854 0.2817 0.957/1.051

Case 3
SAFA 27.5225 1.3687 0.2233 0.970/1.058
HBA 27.9907 1.0686 0.2483 0.958/1.057
BFA 27.1042 1.0333 0.2683 0.954/1.054
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In Case 2, an objective is chosen for the improvement of
bus voltage profile by reducing total voltage deviation
(TVD). It is possible to notice from Case 2 of Table 3 that
TVD in 14 bus system reduced drastically from 0.3822 to
0.0603 by SAFA, whereas HBA and BFA decreased to 0.0657
and 0.0694, respectively. Likewise, TVD decreased dra-
matically from 0.4562 to 0.1640 via SAFA in 30 bus system
(Table 4); however, HBA and BFA decreased to 0.1871 and
0.1974, respectively. In addition, TVD in 57 bus system
reduced significantly from 1.2195 to 0.8194 by SAFA (Ta-
ble 5), while HBA and BFA dropped off TVD to 0.9753 and
0.9854, respectively. In addition to this it can be seen from
Case 2 of Tables 3–5 that all three algorithms provide so-
lution of load bus voltage magnitudes to be nearer to one per
unit as the chosen objective is voltage profile improvement.
(us, the solutions reveal that SAFA selects the best posi-
tions for UPFC placement with suitable parameters to
improve VP more than HBA and BFA approaches.

(e objective chosen in Case 3 is the enhancement of
voltage stability (VS) by minimizing MVSI. It is possible to
notice from Case 3 of Table 3 that MVSI in 14 systems is
reduced substantially from 0.0751 to 0.0488 by SAFA, while
HBA and BFA lessen to 0.0512 and 0.0538, respectively.
Likewise, in 30 bus system (Table 4), MVSI considerable
reduction is 0.07772 from 0.1420 by SAFA; however, HBA
and BFA decrease to 0.0832 and 0.0844, respectively. Sim-
ilarly, in 57 bus system (Table 5), MVSI is reduced signif-
icantly from 0.2914 to 0.2233 by SAFA, whereas HBA and
BFA reduce MVSI to 0.2483 and 0.2683, respectively. In
addition to this, it is possible to notice from Case 3 in
Tables 2–5 that voltage magnitudes are resting within the
range offered by algorithms. Since Ploss and TVD minimi-
zations are not considered as objective in this case, Ploss and
TVD are higher in three test systems. (us, the solutions
reveal that SAFA selects best positions for UPFC placement
with suitable parameters to enhance VS more than HBA and
BFA approaches.

Figures 2–4 demonstrate the percentage of Ploss savings
rendered by optimization algorithms after UPFCs placement
in 14, 30, and 57 bus systems, respectively. SAFA renders
power loss saving as 1.16%, whereas HBA and BFA offer
1.08% and 0.97%, respectively, in 14 bus system. Similarly, in
30 bus system, Ploss savings are 1.96%, 1.79%, and 1.78% by
SAFA, HBA, and BFA, respectively. Likewise, in 57 bus
system Ploss savings are 3.35%, 0.75%, and 0.56% by SAFA,
HBA, and BFA, respectively. Figures 2–4 demonstrate
clearly that SAFA approach offers higher power loss savings
than HBA and BFA approaches.

Figures 5–7 illustrate the percentage of voltage profile
(VP) improvement rendered by optimization algorithms
after UPFCs placement in three test systems. In 14 bus
system SAFA renders VP improvement as 84.22%, whereas
HBA and BFA offer 82.81% and 81.84%, respectively.
Similarly, in 30 bus system, VP improvements bestowed by
SAFA, HBA, and BFA are 64.05%, 58.99%, and 56.73%,
respectively. Likewise, in 57 bus system VP improvement
offered by SAFA, HBA, and BFA is 32.81%, 20.02%, and
19.2%, respectively. It can be seen from Figures 5–8 that the
SAFA offers higher VP improvement than other techniques.

Figures 8–10 indicate the percentage of VS enhancement
rendered by optimization algorithms after UPFCs placement
in three test systems. In 14 bus system, SAFA renders a VS
enhancement percentage of 35.01%, whereas HBA and BFA
offer 31.82% and 28.36%, respectively. Similarly, in 30 bus
system percentage VS enhancements are 45.63%, 41.41%,
and 40.46% by SAFA, HBA, and BFA, respectively. Likewise,
in 57 bus system SAFA offers VS enhancement percentage of
23.36%, while HBA and BFA present 14.79% and 7.93%,
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respectively. It is possible to see from Figures 8–10 that
SAFA offers higher VS enhancement percentage than other
approaches.

Load bus voltages of IEEE 14, 30, and 30 bus systems
attained through SAFA for considering all the three cases
before and after UPFC placement are presented in
Figures 11–13, respectively. It should be noted from the

graphs that curiously all the load bus voltage magnitudes are
resting within the range between 0.95 and 1.1 p.u. for all the
three cases of IEEE 14, 30, and 57 bus systems.

Figures 14–16 illustrate the convergence characteristic
bestowed by SAFA for Case 1 of 14, 30, and 57 bus systems. It
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can be seen from the figures that SAFA takes only 40 it-
erations to converge the optimal solution for both test
systems. Moreover, the SAFA shows a stable and quick
convergence with a global optimal solution for UPFC
placement. In summary of the above discussions, SAFA

identifies the best positions with appropriate parameters for
UPFC placements to minimize Ploss, improve VP, and en-
hance VS of the existing system.

Tables 6–8 show information about the line locations
and parameters for UPFC placement offered by SAFA.
Table 9 provides information about control variables used
for SAFA. One line diagram of IEEE 14, 30, and 57 test
systems are shown in Figures 17–19.

It is very clear from the above discussions that the
proposed SAFA-based strategy is able to reduce the loss to
the lowest possible value than those of other strategies. In
addition the self-adaptive nature of the algorithm avoids
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Figure 12: IEEE 30 bus system voltage magnitudes before and after
UPFC placement.
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UPFC placement.

13.22

13.23

13.24

13.25

13.26

13.27

13.28

13.29

13.3

1

1
4

2
7

4
0

5
3

6
6

7
9

9
2

1
0

5

1
1

8

1
3

1

1
4

4

1
5

7

1
7

0

1
8

3

1
9

6

Iteration number

P
lo

ss
 (

M
W

)

Figure 14: Convergence characteristic of 14 bus system.
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UPFC placement.
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Table 6: UPFC location and parameter obtained by SAFA of 14 bus system.

UPFC no. 1 2 3

Case 1
Line number 9 20 17
Injected VAR 9.992 7.854 12.696

Compensation factor −0.448 −0.191 −0.800

Case 2
Line number 15 18 19
Injected VAR −50.000 −18.677 −32.519

Compensation factor −0.270 −0.582 −0.021

Case 3
Line number 9 15 17
Injected VAR −25.539 13.386 31.955

Compensation factor −0.800 −0.800 −0.800

Table 7: UPFC location and parameter obtained by SAFA of 30 bus system.

UPFC no. 1 2 3 4

Case 1
Line number 24 4 29 37
Injected VAR 7.043 21.718 17.280 7.661

Compensation factor −0.398 −0.555 0.101 −0.130

Case 2
Line number 24 33 28 17
Injected VAR 12.341 16.716 −27.11 −50.00

Compensation factor −0.310 −0.552 0.099 −0.212

Case 3
Line number 41 12 17 36
Injected VAR −38.60 34.941 82.140 45.825

Compensation factor −0.420 −0.797 −0.049 −0.800

Table 8: UPFC location and parameter obtained by SAFA of 57 bus system.

UPFC no. 1 2 3 4 5

Case 1
Line number 52 4 49 61 60
Injected VAR 12.820 57.122 5.04 −5.485 −15.409

Compensation factor −0.396 −0.328 −0.617 −0.425 −0.512

Case 2
Line number 38 79 37 47 46
Injected VAR 16.761 −49.160 5.040 16.675 5.488

Compensation factor −0.334 −0.406 −0.275 0.018 −0.169

Case 3
Line number 46 49 60 19 71
Injected VAR 0.987 52.644 −37.150 50.309 −19.690

Compensation factor −0.774 −0.487 −0.750 −0.050 −0.523

Table 9: Control variables.

Minimum Maximum

Power system variables
Voltage magnitude (PM) 0.95 1.1

QSVC (MVR) −100 100

Self-adaptive parameters
Random movement factor (α) 0 0.5
Attractiveness parameter (βmin) 0.2 1

Absorption coefficient (c) 0 1

Number of iterations 0 200
Computation time in sec 0 316
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repeated runs for fixing the optimal FA parameters through
a trial-and-error procedure and provides the best possible
parameters values.

5. Conclusion

In this work, self-adaptive firefly algorithm (SAFA) is
employed for optimal placement of UPFC in transmission
network. SAFA seeks the optimal positions and parameters
of UPFC for their installation in IEEE 14, 30, and 57 bus
systems. (e simulations are performed on MATLAB
software for three single objectives (cases) of real power loss
minimization, voltage profile improvement, and voltage
stability enhancement. (e solutions are presented in terms
of Ploss, TVD, MVSI, and lower and higher voltage mag-
nitudes for three cases of three test systems with comparative
results in Section 4. SAFA offers less computational effort,
avoiding the suboptimal solution and convergence en-
hancement. It is evidenced from the solutions that SAFA
renders healthier performance than HBA and BFA for
UPFCs placement with appropriate parameters; thereby,
power system can be operated in reliable and secured
manner. (e proposed SAFA approach owing to its simple
computations has been able to provide practical imple-
mentation of any size of power system.

(is study opens several lines for future work. Analysis
of the existing tradeoffs and evaluation of other metrics are
some of the future works of this research. (is work can be
extended by following the same fashion for large-scale bus
systems. Other performance parameters can also be analysed
in future works. Various improvements of the proposed
SAFA for engineering applications can also be investigated
and compared in detail in the future.

Nomenclature

BSVC: Susceptance of SVC
gij: j conductance of line between buses i and j
g(x, y): Equality constraints
h(x, y): Inequality constraints
LIr: Light intensity of the rth firefly
nload: Number of load buses
ngen: Number of generator buses
nd: Number of decision variables
Ploss: Net transmission loss
Psp: Specified real power at PV and PQ buses
P(V, δ): Set of real power expressions at PV and PQ buses
Qmin
Gi ,

Qmax
Gi :

Minimum and maximum reactive power
generation by the ith generator, respectively

QGi: Reactive power generation at ith generator
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Figure 19: One line diagram of IEEE 57 bus system.
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Qsp: Specified reactive powers at PQ buses
Q(V, δ): Set of reactive power expressions at PQ buses
Qf: Reactive power supplied by SVC
rr,s: Cartesian distance between fireflies r and s
Vi

min,
Vi

max: Minimum and maximum ith load bus voltages
xij: Transmission line reactance between buses i and j
Xtc: Reactance of TCSC

Greek Symbols
δij: Voltage angle between buses i and j
I: A set of generator and load buses
Ψ: A set of load buses
α: Random movement factor
βr,s: Attractiveness parameter between two fireflies
cr: Absorption coefficient
ctc: TCSC line compensation factor.
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