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ABSTRACT

logic and genetic algorithm. The conventional of FACT
distributed power system with the learning efficiently,

maximum capacity of transmission lines and,
normal conditions, become more difficult. This

of active and, reactive powers, can be considered viable options
straints and their feasibility in power systems, simultaneously,
ainst perturbations in urgent circumstances, flexible performance

possible to consider bal voltage stability indicator in FACTS devices allocation problems. In
order to allocate the BACTS devices according to their characteristics, various objectives have been
considered. For instance, static voltage stability enhancement [1-4], violation diminution of the line
thermal constraints [5], network load-ability enhancement [6,7], power loss reduction [8], voltage
profile improvement [6] and the fuel cost reduction of power plants using optimal power below [9]
are some objectives for tasks reported in the literature. Furthermore, to approach these objectives,
some simplifications, such as using single objective optimization, neglecting the investment budget

as a part of the objective function, and allocation, based on decoupled active and reactive
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components in the presence of a multi-objective function [9], have been made. These assumptions
cause some problems such as, an inability to use the powerful advantages of FACTS devices,
impractical allocation results and inaccurate solutions of the problem. It is noted that each of the
mentioned objective improves the power system network operation and approaching them is the
aim of all power system networks. It is obvious that minimum power loss leads to the optimum
operation of power system lines. Therefore, none of the mentioned objectives can be neglected for
FACTS devices allocation. On the other hand, the allocation of u ited FACTS devices,
according to one or more objectives, without considering the cost of dggfces cannot be justified [6].

power loss reduction and voltage profile improvement
the reduction of power loss and FACTS devices 4

pensator (TCSC) and the
Static Var Compensator (SVC) in : igel solution of allocation is to
satisfy the mentioned objectives i i-obj imizati ne of the necessities of a multi-

objective imi i providing a
nto a single optimization problem. The

the predetermined objective values by the

evaluation technique [10], combined with a

mise bet#Ween contradictory objectives. Also, in order to

i accurately find the optimum location and capacity of

ows: First the mathematical concept of multi-objective allocation

CSC and SVC are described that have been used for static security
enhancement. The zy evaluation technique into GA, to replace the fitness function for
constituting a multi-g@jective optimal model and implemented optimization procedure, has been
described. After that, the results of the proposed method, on the IEEE 14-Bus test system and the
Fars regional electric network, are presented and analyzed. The locations and amounts of the
nominated devices that satisfy the mentioned objectives are also determined and finally, the
conclusion of the paper is presented.
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Il. FACTS MODELS

A. FACTS Devices

Four FACTS devices have been selected for the usage of implementation namely TCSC
(Thyristor Controlled Series Capacitor), TCPST (Thyristor Controlled Phase Shifting Transformer),
UPFC (Unified Power Flow Controller), and SVC (Static Var Compensator). The reactance of the
line can be changed by TCSC. TCPST varies the phase angle between the terminal voltages and
SVC can be used to control the reactive compensation. The UPF@”1s the most powerful and

parameters of power systems so that the power fl
machine network according to the diffe tlization

B. Mathematical Modeling
The mathematical mo

er injection method [4]. Furthermore, for the

TCSC, TCPST i model is integrated into the model of the

transmission lirfe. js only incorporated into the sending end as a shunt
i atical models of FACT is as shown in Fig. 1,

FAEY AL J) P

(a) ()
Fig. 1. Mathematical models of the FACTS devices.

(@) TCSC. (b) TCPST, UPFC and SVC.
The TCSC can serve as the capacitive or inductive compensation respectively by modifying the
reactance of the transmission line. In this simulation, the reactance of the transmission line is
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adjusted by TCSC directly. The rated value of TCSC is a function of the reactance of the
transmission line where the TCSC is located:

where Xiine IS the reactance of the transmission line and rtcsc is the coefficient which represents the

compensation degree of TCSC. To avoid overcompensation, the working range of the TCSC is

rese, =07, rese =02
The voltage angle between the sending and receiving end of the

by TCPST. It is modeled as a series compensation voltage AUga
between the sending and receiving end of the transmissigmli

q capacitive

1. COST

As mentioned a e main objective of this paper is to find the optimal locations of FACTS
devices to minimize jfe overall cost function consisting of generation costs and FACTS devices
investment costs. For minimizing the generation costs in power systems, algorithms are well
developed and being used for unit commitment and operation. The cost functions incorporated for
GA modeling are:

» Generation costs.
* Investment costs of FACTS devices.

A) Generation cost function
20
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The generation cost function is represented by a quadratic polynomial as follows:
o B )=+ B 'I"ﬂ-rz-F'-:'.‘2
Where Pg is the output of the generator (MW), and ay,0; and ay are constant coefficients.
B) FACTS devices cost functions

Based on the Siemens AG Database [8], the cost functions for SVC, TCSC and UPFC are

developed: The cost function for UPFC is:
e = 0.00035% —0.2601s + 1B 2INTSE ! BV A
Feor TCSC:
Cuse = 0.00155° — 0.71305 + 153.75TSS  EVar)
For 5VC:
Cue =0.00035° —0.3051s +127 380758 ¢ kFar)

TCPST respectively. Pprax is the ther
For the optimization of the FAC

Based on the
search techniq

blem. The GAs start with random generation of initial population

and mutation are proceeded until the best population is found.
Particularly, i orithm and easy to be implemented in the power system analysis.
A). Encoding
The objective is to the optimal locations for the FACTS devices within the equality and
inequality constraing#” Therefore, the configuration of FACTS devices is encoded by three
parameters: the location, type and its rated value [1]. Each individual is represented by FACTS n
number of strings, where FACTS n is the number of FACTS devices needed to be analyzed in the
power system, as shown in Fig. 2.
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Fig. 2. Individual configuration of FACTS devic
The first value of each string corresponds to the location informatigh. It Ts the number of the

is selected in this simulation.
The second value represents the types of FACTS

SC Installgd.
equation:

m magnitude of m x 0.1 V, where m V is the
PFC is installed. The angle of UUPFC can be

converted into the working angle rupfc using the

rupfe =rf ®180 (degress’
PST is between — 5° and 5° . Then rf is converted into the real
following equation:

ricpst=1f %3 (degreer)

real compensation value using:

rve=rf x100 (MVar)
B. Initial Population

The initial population is generated from the following parameters [1]:
FACTS n : the number of FACTS devices to be located. Type n : FACTS types.
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Location n : the possible locations for FACTS devices.

Ind n : the number of individuals of the population. First, as shown in Fig. 3, a set of FACTS n

numbers of strings are produced. For each string, the first value is randomly chosen from the

possible locations Location n . The second value, which represents the types of FACTS devices, is

obtained by randomly drawing numbers among the selected devices [1]. Particularly, after the

optimization, if there is no FACTS device necessary for this transmission line, the second value will

be set zero.

The third value of each string, which contains the rated values of the TS devices, are randomly
ve operations are

ﬂ-lt ENEEREE
e

A L LA
CIalel 1717

HEEFE FEEE
,“"l-iﬂl-ﬂillﬁltﬂl'ﬂfq
AR EREE R
L [ -

IENERE

of the enti

C. Fitness Calcul
) will be evaluated for each individual of the

, Which is used to compare different solutions [1, 11].

Fimgsz=m-re, _

the maximum positive value of the objective function, a large
positive constant lected to convert the objective function into a maximum one.
Then reproduction, ¢ er and mutation are applied successively to generate the offspring.
D. Reproduction
Reproduction is a process where the individual is selected to move to a new generation according to
their fitness. The biased roulette wheel selection [1] is employed. The probability of an individual’s
reproduction is proportional to its part on the biased roulette wheel [11].
E. Crossover
The main objective of crossover is to reorganize the information of two different individuals and

produce a new one [1, 11]. A two-point crossover [1] is applied and the probability pc of the
23
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crossover is selected as 0.95. First, two crossing points are selected uniformly at random along the
individuals. Elements outside these two points are kept to be part of the offspring. Then, from the
first position of crossover to the second one, elements of the three strings of both parents are
exchanged [1, 11].

F. Mutation

Mutation is used to introduce some sort of
premature convergence to local optimum
successful in a number of studies [11], i

For a given parent | X = X3 Xp ;... X

is [U*ninUmax] then the result X i

C_[xA8leUin) i random(0)=
=M -UE ) i random (0) =

search the space un initially (when t is small), and very locally at later stages [11]. In (19), r
is a random value ipPthe range of [0,1] and b is a parameter determining the degree of non-
uniformity. In this simulation, b=2 is applied. The above-mentioned operations of selection,
crossover and mutation are repeated until the best individual is found.

The proposed optimization strategy is summarized in Fig. 5.
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Arrangement of the FACTS locations

¥
Calculate the fitmess of each individusl

S 08f

0.75

071

0.65

0 5 10 15 20 25 30
generation

Fig 6. As can be seen in the figure which shows the evaluation of fitness function during GA
optimization observation shows that the fitness value gets stabilizes at certain point after it is

dropped to a limit.
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fitness value
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generation

Fig 7. Fitness function evaluation during GA opti i i s where fitness
values can be observed is s [
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VI. CONCLUSIONS

This paper presents a hybrid approach for fact placement in distributed electrical system based on
the incorporation of genetic algorithm and fuzzy logic. It is observed that suggested UPFC based
technique is comparatively better performing in cost evaluation than the conventional TCSC
method. The variation over different range of MVAR reduces the usage cost with increase in
required operating range.
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