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The fast increase of loads around the world has made electrical networks
more and more complex and difficult to operate close to its capacities. This is
has led to many problems such as voltage collapse and energy losses.
Therefore, flexible alternating current transmission systems (FACTS) are
considred as a best solution for solving these problems. Unified Power Flow
Controller UPFC is one of the most important and powerful FACTS devices
due to its ability to increase the transmission capacity of the power system
and reduce the total line losses. The problem of optimizing its number,
location and size has become an important requirement for best advantages
of this device. In this paper, a proposed relationship to identify the maximum
number of FACTS devices that can be installed for a given power network is
introduced in the search process code to determine the optimal number,
optimal placement and size of UPFC device to enhance voltages profile and
reduce overall system losses in the standard IEEE 14 bus test system using
genetic algorithm (GA). The obtained results show clearly that all control
parameters of UPFCs in each case are within their limits, and whenever the

number of UPFCs installed increases, both voltage deviation and total losses
well decreases. They also show that the application of the proposed
relationship in the search process code facilitates greatly the search for
optimal number, optimal placement and size of UPFC devices and reduces
the calculation time. On the other hand, the obtained results has been
scientifically justified and compared with other works reported in the
literature.
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1. INTRODUCTION

In recent years, and with the continued growth in energy demand, electrical networks around the world
have become suffer various problems such as voltage collapse incidents and increased power system losses [1, 2].
It is of a great probability that voltage instability can occur if the power system is heavily charged, or there is a
deficiency of reactive energy in a local area of the power network [3]. Therefore, Flexible Alternating Current
Transmission Systems called FACTS is one of the best solutions for solving the voltage collapse problem and
minimizing line losses by its provided compensation. These devices use modern power electronics
technologies that offer to the electrical networks the ability to control with efficiency the various electrical
quantities (real and reactive powers, bus voltage, phase angle, etc), and to improve stability and powers
transfer capacity [4]. Unified Power Flow Controller UPFC is one of the most important and powerful
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FACTS devices [5] in view of the possibility of installing it in the electrical networks in order to
simultaneously control bus voltage, line impedance and phase angle [6]. Furthermore, UPFC can increase the
transmission capacity of the power system and reduce the total line losses through the power oscillation
damping [7-9].

The problem of optimizing the location, number and size of FACTS devices have become an
important requirement for a best advantages of these devices in order to achieve a number of a desired
objective functions [10, 11]. The optimization strategy is crucially used to specify secure states and economic
accounts [12, 13], and from which controllable quantities are adjusted in order to optimize one or more
objective functions provided that a set of physical and operational constraints must be respected [14, 15].
In the early eighties, and in order to get round the disadvantages of conventional optimization methods,
researchers developed other more efficient and robust techniques called heuristic optimization methods
characterized by their ability to quickly find the global optimality of a larger solution space, among them:;
Particle Swarm Optimization (PSO), Bat Algorithm, Cuckoo Search Algorithm [16], Genetic Algorithm, etc.

In the literature, there are several works on the research field of optimal location and setting of
FACTS devices using different optimization methods. In [17], the optimal location and sizing of combination
of two FACTS devices (TCPST and TCSC) is studied using PSO algorithm to control the voltage profile and
power losses problem in the standard IEEE 30 bus test system. The optimal location and settings of SVC and
TCSC devices have been investigated in [10] as a real multi-objective optimization problem using
Non-dominated sorting particle swarm optimization method (NSPSO). Firstly, the optimization problem has
been formulated as a bi-objective optimization problem considering only the minimization of real power
losses (RPL) and the maximization of static voltage stability margin (SVSM). Inthe second step, the problem
has been formulated as a three-objective optimization problem, considering also, the minimization of voltage
deviation in load buses (LVD). Authors in [5] has used genetic algorithm (GA) to determine the optimal
location and values of UPFC device to achieve the following objectives: improve voltages profile, reduce
power losses, treatment of power flow in overloaded transmission lines and reduce power generation, in the
iraki local network (Diyala 132 kV). Authors in [7] have proposed the use of genetic algorithm to determine
the optimal location and parameter setting of UPFC devices in order to minimizing active power losses in the
transmission lines for three standards electrical networks as follows: 3 UPFCs for the IEEE 14 bus, 5 UPFCs
for the IEEE 30 bus and 7 UPFCs for the IEEE 57 bus.

The originality of this paper is represented in the application of the relationship of the proposed
approach: "Maximum number of FACTS devices that can be installed for a given power network", in the
search process to determine the optimal number of UPFC devices as well as the optimal placement and
setting of their three parameters (voltage magnitude, phase angle and shunt reactive current) in each case
(number of UPFCs) to enhance the voltages profile and reduce overall system losses in the standard IEEE 14
bus test system. It should be mentioned that the search for the optimal number of UPFCs in this paper is
based purely on the technical enhancement of the two previous objectives and does not take into account the
costs related to the number of UPFCs. Genetic algorithm (GA) is applied in the studied power system in the
heavy load condition. In the search process, the step size of the load factor is chosen small (0.01) to obtain a
hight quality results.

The obtained results show that all control parameters of UPFCs in each case are within their limits
and there is no any violation, which confirms the capacity of each UPFC device installed in its position to
operate safely, and this is what strengthens the performance indicator of GA search process in finding the
optimal locations of UPFC devices with respecting its limits. On the other hand, it can be seen that whenever
the number of UPFCs installed increases, both voltage deviation and total losses well decreases. In addition,
the comparison of our results to those reported in the literature indicates that are very close. Furthermore,
the application of the relationship of the proposed approach in the search process code makes the calculations
limited within a narrow space and therefor facilitates the search for optimal number, optimal placement and
size of UPFC devices and reduces the calculation time. Moreover, the proposed calculation method can be
very useful especially in case of complex and large scale networks, multi-type FACTS devices...etc.

2. MODELING OF UPFC

In 1991 Gyugyi was proposed the Unified Power Flow Controller concept called UPFC [18].
UPFC is a power electronics-based system which can provide simultaneous control of the transmission line
impedance, phase angle, voltage magnitude and active and reactive power flow [19, 20].

As it is shown in Figure 1(a), the basic structure of UPFC device is a combination of two
compensators: one connected in parallel called STATic COMpensator (STATCOM) and the other in series
called Static Synchronous Series Compensator (SSSC). Both compensators are coupled via a common "DC"
link to exchange the real power between the output terminals of STATCOM and SSSC [18]. The real power
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demanded by SSSC is drawn by STATCOM from the AC network and supplied to bus j through the DC link.
Furthermore, the output voltage of SSSC is added to boost the nodal voltage at bus j. in addition to the role of
SSSC in the exchange of active power with the AC network, the shunt converter (STATCOM) generate or absorb
reactive power in order to provide independent voltage magnitude regulation at the bus where it is connected with
the AC network [20].
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Figure 1. (a) Basic structure of UPFC connected to the AC network; (b) UPFC equivalent circuit

The equivalent circuit of UPFC is presented in Figure 1(b). The series part is modeled by a controllable
voltage sourcel;,, and the shunt part is modeled by a controllable current source I, [7]. UPFC has three
controllable parameters namely: voltage magnitude V;,, phase angle @, of the voltage V,, and shunt reactive
current Ig,. Vg is injected in series with the transmission line with the ranges [0,V;._,.q.] @and provides the
voltage regulation while the angle @, is used for the phase regulation with the ranges [0,2rr] and I, with the
ranges [_Ish—max'lsh—max] [71 20, 21, 22]-

Based on the equivalent circuit of UPFC shown in Figure 1(b). above, the active and reactive power
injection equations at buses i and j are given by the following expressions [23]:

P inj = GV + 2V;Vie G cos(8; — @) — ViV (G cos(§; — @) — Bsin(5; — @) (1)

Qi_inj = —Vilsp + ViVee (G cos(8; — ®g,) — B sin(8; — @) 2

P inj = —ViVie (G cos(8; — @) + B sin(8; — ®g.)) A3)

Qj inj = —V;Vee(G cos(8; — @5, ) — Brsin(8; — @,)) (4)
with:

Gr=9ij+G (5)

Bp = b +B (6)

—Vilsp = Qsn )

Qg is the reactive power injected by shunt current source in bus i.

3. GENETIC ALGORITHM PROCESS AND PROBLEM FORMULATION
3.1. Genetic algorithm process

Genetic Algorithm (GA) is considered as one of the most important evolutionary algorithms based on
mechanism of natural selection and genetics for solving the constrained and unconstrained optimization problems
[24, 25]. It is worth noting that GA can search simultaneously several possible solutions without require to prior
knowledge or special properties of the objective function [24, 26, 27]. The individuals are simplified to a
chromosome and the strength of an individual is the objective function that must be optimized. The main steps of
research mechanism by GA are explained as follows:
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3.1.1. Initialize a population of chromosomes

Firstly, the algorithm generates an initial population of a random size [7, 24]. For more explanation,
assume two individuals (chromosomes) as an initial population as shown in Figure 2(a). Each individual
(chromosome) is designated by a string in binary or real coding, for example if we search for the optimum of
a function of n variables f(x, x5, ..., x,_1, X,) We can simply use a chromosome containing the n variables
as depicted in Figure 2(b). With this coding type (real coding), the chromosomes evaluation procedure is
faster thanks to the absence of the trans-coding step (from binary to real).

[ 2]13]9]019f0.04]031] String1l Lo I Lo [ Ly [ %, | String

: : : Real coding

[10]20 6002 073 0i1] String2 ~—
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(@) (b)

Figure 2. (a) Two original chromosomes (individuals); (b) Real coding of one chromosome with n variables

3.1.2. Creating new chromosomes by mating current chromosomes
In this step, the genetic algorithm uses the individuals in each current generation to produce the next
population (new population) by performing the following steps:

a. Fitness calculation: Calculation of the fitness value for each individual of the current population.

b. Selection: The algorithm performs the selection of individuals based on their fitness value. The individuals with
better fitness in the current population are more likely to be copied in the second generation. The selected
individuals are called parents in the current population or called also elite children to the next population [28].

c. Genetic Operations: In these operations children are generated from parents by one of the following methods:

1) Crossover: Like in the nature, in order to create new chromosomes or children a pairs of parents (original
chromosomes) in the current population are combined as depicted in Figure 3(a). The crossover between the
pairs of parents generate new individuals (chromosomes or children) that have randomly some parts of both
parent's genetic material [5, 28, 29].

2) Mutation: Mutation children are created by changing randomly the genes of a single individual parent as seen
in Figure 3(b). Mutation introduces in the population some diversification to avoid premature convergence to
the local optimum [24, 26].

d. Replacement: In this step the current population must be replaced with the selected children to form the next
generation.
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Figure 3. (a) Crossover operation; (b) Mutation operation

3.1.3. Stop criteria
The stopping of the algorithm rely on if one of the stopping criteria is met such as the number of
generations, fitness limit and time limit [28, 30].
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3.2. Problem formulation

The main aim of the proposed method is to optimize the number, placement and size of UPFC devices in
order to enhance voltage profile and to reduce total line losses of the considered power system. In this respect, the
considered optimization is relying on the maximization of the system loadability in which all thermal and voltage
constraints are respected. In order to achieve this goal the load factor (1) of the network will be increased in an
iterative optimization process.

In the optimization process, generators are modeled as PV buses while loads are modeled as PQ buses.
The increase in the active and reactive loads of the power system leads to the voltage collapse [10].

P, = APy, 8
QL =40Q ©)

where:
P, & Q,, are the initial active and reactive loads.
P, & Q, arethe active and reactive loads at PQ buses.
To obtain a high quality results, the step size of the load factor is chosen small (2 =0.01) for each
iteration. The initial load factor is considered as A, = 1, therefore in the iteration process:

Anext = Acurrent +0.01 (10)
The objective function that maximizes the loadability of the power system can be formulated as follows:
f = max(1) (11)
In order to keeping a stable operation of the power system, the voltage, active and reactive powers at

the outputs of all generators including the slack bus must be restricted by the lower and upper limits indicated
as follows:

VI < Ve, < V9% € NG (12)
PIn < Py, < PMOY € NG (13)
QMm < Qg < QMex; € NG (14)

with:
NG is the number of generators.

On the other hand, the security constraints means the restriction of voltage magnitude at all load
buses within its lower and upper operating limits as well as the restriction of transmission lines loading by its
maximum capacity limits as expressed in the following equations:

VR <V, S VY e NL (15)
Sy < Sme%; i € NB (16)

with:
NL is the number of load buses.
NB is the number of buses.
Furthermore, in the optimization strategy for the placement of UPFC devices using GA, the number
of individuals is calculated for a population according to the following equation [7, 31]:

Nipg = 3 * Nyppc * Npiemt 17)

where:
nyprc 1S the number of UPFC devices taken on the current optimization process.
Npieme 1S the total number of locations where UPFC devices can be installed.
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On the other hand, the relationship of “the limit number of FACTS devices” approach (maximum
number of UPFC devices) that can be installed for a given power network used in the search process code in
our study is given by [32]:

nyesc = Nbr —NB + 1 (18)
where:

Nbr is the total number of branches (lines) of the network.
Finally, the optimization strategy of our study according to GA is summarized in the Figure 4.

Inputef fiyppe, Mg ad load fackr 4

|
¥
[ Ezad system and natwork data. ]

'

[ (enerate initial population for GA ]

[
v -
[ Evaluate objeetive function for sach mdrvidual. ]
Create naw
generation {by
CIO350%Er or
Mutation).

No

Inerease load factar

Objective
funetion 7

[ Output of the best UPFC placement and their values. ]

Figure 4. Optimization process flowchart of UPFC placement according to GA

4.  APPLICATION RESULTS AND DISCUSSION

As it has been clarified in the abstract, the proposed genetic algorithm (GA) and the limit number of
FACTS devices” approach are applied to the 14-bus test power system in order to find the optimal number,
size and location of UPFC devices for reaching both objectives: minimize voltage deviation (enhance
voltage profile) and total losses.

As it is described in [1, 33] and [34], IEEE 14-bus test system consists of five generators at buses 1,
2, 3, 6, and 8, twenty transmission lines, three transformers with off-nominal tap ratio at lines (4-7), (4-9)
and (5-6), and nine loads at buses 4, 5, 7, 9, 10, 11, 12, 13 and 14. The line data, bus data, load data,
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generator data and minimum and maximum limits are detailed in [35].The single line diagram of IEEE 14-
bus test system is depicted in Figure 5.

Genetic algorithm technique was implemented in a developed code written in MATLAB
environment with the tunable parameters summarized in the Table 1. In this study the limit parameters of one
single UPFC are taken from [22] and are tabulated in the Table 2.

(c) eERaTORS

(€) SYNCHRONOUS 12
“—' CONDENSERS

THREE WINDING =
(c

TRANSFORMER. EQUIVALENT Py

Figure 5. Single line diagram of IEEE 14-bus test system [1]

Table 1. Appropriate Parameters Used in GA Technique  Table 2. Limits Parameters of One Single UPFC

Parameter Value Min Max
Number of generations 120 Vie(p- 1) 0 0.3
Initial population size 15 D (p.u) 0 2m
Number of elite children 5 I, (p. 1) -0.15 +0.15
Crossover fraction 0.8
Fitness limit le~®
Time limit ®

where

Min: Lower limit value;
Max: Upper limit value;
.. Voltage magnitude (of the series part of UPFC);
@, : Phase angle of the voltage V,;
I, Shunt reactive current; p.u: per unit.
On the other hand, the application of the relationship of “the maximum number of UPFC devices”
approach considered in the optimal number search process for the studied network yields:

nmeX. = Nbr —NB+1=20—14+1=7

Therefore, the maximum number of UPFC devices used in the search process code of our study is 7.

In order to verify the performance of UPFC device on the minimization of voltage deviation and
total losses as well as the effect of increase of number of UPFCs on the studied network, GA search
procedure is started from the initial load factor A, = 1 (normal state), then the power system loading
increases with a precise step size (Asp, = 0.01) until reaching 1 = 1.7 (heavy state) to obtain a better
outcomes. After running the search process code, the obtained results of optimal location and size of UPFCs
for each case (each case designates a number of UPFCs) are organized in Table 3.
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Table 3. Optimal location and controllable parameters according to
the number of UPFCs in the 14 bus power test system

Number Optional Optimal settings Number Optional Optimal sethings Number Optional Optimal settings
of UPFCs locations (sizng of parameters) of UPFCs  locatwas  {sizing of parameters) of UPFCs locations (s1zzng of parameters)
1 Branch 7 Vie = 0064 p.u 5 Branch 19 Vie = 0.063 p. 1 Branch 4 Ve = 0127 p.u
&,, = 234697 deg ®,, = 128,351 deg @, = 320924 deg
Iy =0.013 p.u Iy = 0.088 p.u = 0.097 p.u
2 Branch 2 Ve =0.16p. 1 Branch 9 Ve =0172p.u 7 Branch 14 V,=013%9p.u
&, = 350674 deg ®,, = 313455 deg &, = 131324 deg
Iy = 0042 p.u I =—0082p.u I = 0068 p.u
Branch 15 W, =0036p.u Branch 10 Ve =0.108p.u Branch 17 1, =0105 p.u
¢, = 141965 deg ¢, = 71.885deg P, = 253477 deg
Iw = —007%p.u Iy = 0039p.u Ia=—0031p.u
3 Branch 1 Ve = 0163 p.u Branch 1 Vie = 0196 pou Branch 9 Ve = 0,057 p. 1t
&,, = 160.441 deg ®,, = 109.685 deg ®,, = 129.828 deg
Lyw=-0033pu Iw=0073p.u Ly, =0002p.u
Branch 15 Ve = 0.002 p.u Branch 14 V,, =0.061p.u Branch 18 V, =0075p.u
$,, = 333383 deg d,, = 13626deg @, = 253935 deg
I =0016p.u In = —0035p.u Ia = —0039p.u
Branch 13 ¥, =0023p.u 6 Branch 1 Ve =0.18%9p. u Branch | V,=0152p.u
®,, = 96,888 deg ®,, = 166.046 deg ®,, = 153356 deg
Iy =—0028p.u Iy = =004 p u Ia=-0036p.u
K Branch 1 ¥, = 0.186 p.u Branch 8 Ve =0042p.u Branch 13 Ve = 0.109 p. 1
&,, = 229.070 deg ®,, = 359.194 deg ®,, = 121.690 deg
Iy =0.035p.u I = 0.06 p.u L, =0032pu
Branch 7 ¥, = 0001 p.u Branch 9 Ve =0023p.u Branch 10 V, =009 p.u
®,, = 318635 deg ®,, = 152.138 deg ®,, = 212812 deg
Iy =0034p.u I = —0.097 p.u Ia =—0055p.u
Branch 12 Ve =0132p.u Branch 13 Ve =0.18%9p.u
@, = 46,856 deg ¢, = 6746%9deg
Iy = 0029 p.u Iy = 0,009 p, u
Branch 9 ¥, = 0.048 p.u Branch 2 Vie = 0199 p.u
®,, = 69,202 deg ®,, = 80438 deg
Iy =—0012p.u L =—0016p.u

From Table 3, it appears clearly that all control parameters (V;,, ®,, and Ig,) are within its limits
mentioned in Table 2, and there is no any violation in the three parameters, which confirms the possibility
and the capacity of each UPFC device installed in its location to operate safely, and in addition this is what
strengthens the performance indicator of GA search process in finding the optimal location of UPFC devices
with respecting its limits. It is worth to mention that in the optimal placements results found in Table 3 by
GA search process it is remarked that no more than one UPFC is installed in only one branch.

In order to highlighting the influence of number of UPFCs devices on voltage deviation and total
lines losses in the studied network, the obtained results after the maximum loading (1 =1.7) of the power
system without FACTS and with each number of UPFCs devices installed in their optimal locations found in
the previous Table 3 are summarized in Table 4.

Table 4. Voltage Deviation and Total Active Losses for Different Number of UPFCs Devices

Number of UPFCs 0 (Without FACTS) 1 2 3 4 5 6 7
VD (p.u) 0.017 0.015 0.006 0.005 0.003 0.003... 0.003... 0.003...
TL (MW) 64.15 63.13 6255 62.02 61.64 61.6... 61.6... 61.6...

VD: Voltage Deviation; TL: Total Losses.

At the first glance of Table 4, it appears obviously that both voltage deviation and total losses are
well minimized by using a single UPFC compared to case 0 (without FACTS), which indicates the good
effect of the device on the enhancement of voltage profile (without FACTS VD = 0.017 pu and become
0.015 pu with 1 UPFC) and especially on total losses minimization with an important value of (1.02 MW).

It can be seen also that whenever the number of UPFCs (n,, ) installed in the network increases,
the voltage deviation (VD) and total losses (TL) decrease, i.e. that n,, . is inversely proportional with VD
and TL. Quantitatively, e.g. when n,,r. = 2, VD is greatly decreases to 0.006 p.u with a percentage of
64.7% compared to the initial case without FACTS while the percentage in the case where n,,;. = 1 is only
11.76%. Likewise, TL is decreased nearly to 2.5% for n,,,;. = 2 and only 1.6% when n,;,, ;. = 1.

The influence of one single UPFC on bus voltages and on real losses in each line of the system at
the maximum loading and for different system load-ability is depicted in Figure 6, 7 and 8 respectively.
From Figure 7 it appears clearly that the majority of real losses minimization effect was occurred in line
number 7, exactly where the UPFC device is installed (Case of 1 UPFC, see Table 3).
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On the other hand, the results of optimal locations and the three control parameters values for the
case of 3 UPFCs as well as the voltage deviation and total losses are compared to that obtained in

reference [7]. The comparison results are summarized in Table 5.

Table 5. Comparison of the simulation results for Case 3 (n,,r. = 3)

Obtained results Ref [7]
Optimal location ~ Control parameters ~ Optimal location ~ Control parameters
Ve = 0.163 p.u V,e = 0.189 p.u
Branch 1 D, = 160.441 deg Branch 1 ®,, = 66.153 deg
Iy, = —0.033p.u I, = 0.084 p.u
- - Vee = 0.002 p.u Ve = 0.178 p.u
Optimal focations & control parameters Branch 13 ®,, = 333.383 deg Branch 9 @, = 240.683 deg
I, =0.016 p.u I, = —0.053 p.u
Vee = 0.023 p.u Ve = 0.022p.u
Branch 15 P, =96.888 deg Branch 14 ®,, =57.468 deg
I, = —0.028 p.u I, = 0.023p.u
VD (p.u) 0.005 0.004
TL (MW) 62.02 61

From Table 5, it appears that despite the existence of some differences between our results and that
obtained in reference [7] on the control parameters values, but the locations results of the three UPFCs as
well as the voltage deviation and total losses remain near, and that's which validates indirectly our results for

the other numbers of UPFCs.
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As it is mentioned previously through Table 4, whenever the number of UPFCs (n,,f) installed in
the network increases, the voltage deviation (VD) and total losses (TL) decrease untill the case of 4 UPFCs
where VD and TL became almost constant despite the increasing of the number of UPFCs. Hence, it is
obviously easy to conclude that technically the optimal number of UPFCs devices that must be installed in
the 14-bus test power system is 4 UPFCs devices and the optimal locations are the branches: 1, 7, 9 and 12
(i.e. in lines: 1 -2, 4-5, 4-9 and 6-12) with the corresponding control parameters indicated in Table 3. It is
noted that the optimal number of UPFCs obtained in this paper is based purely on the technical enhancement
of the two previous objectives and does not take into account the costs related to the number of UPFCs.

The influence of the 4 UPFCs on bus voltages and on real losses in each line of the system at the
maximum loading and for different system load-ability is depicted in Figure 9, 10 and 11 respectively.
With comparing these figures with the previous Figures 6, 7 and 8, we observe the great enhancement of
voltage profile which became near to the nominal bus voltages with a small value of voltage deviation
(VD = 0.003 pu), as well as that the total losses became more reduced (around 61.6 MW while with a single
UPFC is 63.13 MW). On the other hand, it is also shown that the application of the proposed approach
relationship makes the calculations limited within a narrow space and therefor facilitates greatly the search
process and reduces the calculation time.
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5. CONCLUSION

This paper presents the application of genetic algorithm technique and a proposed approach
relationship of identification of maximum number of FACTS devices that can be installed for a given power
network in the search process code to determine the optimal number, optimal placement and size of UPFC
device in order to minimize voltage deviation and reduce overall real losses in the standard IEEE 14 bus
test system.
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The obtained results show that despite the fact that more the number of UPFC devices increase the
voltage deviation (VD) and total losses (TL) decrease, there are a limit number of UPFCs devices where
these quantities (VD and TL) become constant. This limit number presents technically the optimal number of
UPFCs which must be installed. The optimal number of UPFCs devices found in this study is four devices
must be installed in branches: 1, 7, 9 and 12. According to these locations, voltage profile became more
enhanced and near to the nominal bus voltages and the total lines real losses became more reduced.

On the other hand, it appears that the obtained results are very near to existing papers which
validates our results. It is also shown that the application of the proposed relationship facilitates greatly the
search process and reduces the calculation time. This work can be extended by relying on the proposed
calculation method that can be very useful especially in case of complex and large scale networks, multi-type
FACTS devices...etc.
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