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Power System Oscillations Damping Using UPFC Based on an Improved
PSO and Genetic Algorithm

Ebrahim Babaei*, Amin Mokari Bolhasan*, Meisam Sadeghi **and Saeid Khani***

Abstract — In this paper, optimal selection of the unified power flow controller (UPFC) damping
controller parameters in order to improve the power system dynamic response and its stability
based on two modified intelligent algorithms have been proposed. These algorithms are based on a
modified intelligent particle swarm optimization (PSO) and continuous genetic algorithm (GA).
After extraction of UPFC dynamic model, intelligent PSO and genetic algorithms are used to select
the effective feedback signal of the damping controller; then, to compare the performance of the
proposed UPFC controller in damping the critical modes of a single-machine infinite-bus (SMIB)
power system, the simulation results are presented. The comparison shows the good performance of
both presented PSO and genetic algorithms in an optimal selection of UPFC damping controller

parameters and damping oscillations.
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1. Introduction

Power system stability is defined as the ability of an
electric power system, for a given initial operating condition,
to regain a state of operating equilibrium after being
subjected to a physical disturbance [1]. When large power
systems are interconnected through weak tie lines, low
frequency oscillations are observed. These oscillations may
sustain and grow to cause system separation if no adequate
damping is available [2]. Recent development of power
electronics devices introduces the use of flexible ac
transmission system (FACTS) controllers in power systems.
FACTS controllers are capable of controlling the network
condition in a very fast manner and this feature of FACTS
can be exploited to improve the stability of the power system
[3]. In addition, these devices further improve the dynamic
performance of the power system in coordination with
damping controllers. They can improve system operation
because they allow for more accurate control of the power
flow, and better and faster control of voltage and system
stability. As a result, one of their applications is the damping
of power system oscillations, which recently has been
attracting the interest of many researchers [3]. The UPFC is
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the most versatile FACTS device that has emerged for the
control and
transmission
systems. Its primary function is to control real and reactive
power flow in the line, voltage and current at the UPFC bus.
This is achieved by regulating the controllable parameters of
the system such as: line impedance, phase angle, and voltage
magnitude. Its secondary function is to improve the transient
stability and damping of oscillations. Recently, several
researchers have been developed for steady state and
dynamic models of UPFC. A comprehensive and systematic
approach for mathematical modeling of UPFC for steady
state and small signal (linearized) dynamic studies has been
presented in [4-8].

A modified linearized Heffron-Philips model of a power
system installed with UPFC has been presented in
[9]and[10].Excellent damping can be achieved via proper
controller design for UPFC parameters. By designing a
suitable UPFC controller, an effective damping can be
achieved. The controllers adjust the UPFC inputs by
appropriate processing of the input error signal (speed

optimization of power flow in electrical power

deviation, Aw ) and consequently provides an effective
damping. Eigenvalue
used in the design of power system controllers [11-13].
However, these techniques only consider the critical modes in
the calculation of feedback gains that can introduce a
significant deterioration in damping of the non-critical modes.
To avoid such problems, the following important issues must
be addressed in the selection of controller gains [14]:

techniques have been commonly
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eImprovement in damping of lightly damped and
undamped modes without significantly deteriorating damping
criteria of other modes,

*QOperation limits of UPFC.

One way for achieving the required performance is to
consider controller design as a constrained optimization
problem. The constraints include limits of controller gains.
The most traditional optimization methods move from one
point in the decision hyperspace to another using some
deterministic rules. Therefore, probability of getting stuck at
a local optimum is a main problem with these methods [14].

The GA is a near global optimization technique that starts
with a diverse set (population) of potential solutions
(hyperspace vectors). This allows for exploration of many
optimums in parallel, lowering the probability of getting
stuck at a local optimum [15-17]. This technique is used for
optimal design of UPFC based damping controllers.

Recently, PSO technique appeared as a promising
algorithm for handling the optimization problems. PSO is a
population based stochastic optimization technique, inspired
by social behavior of bird flocking or fish schooling. PSO is
similar to the continuous GA begins with a random
population matrix. Unlike the GA, PSO has no evolution
operators such as crossover and mutation [18]. One of the
most promising advantages of PSO over GA is its algorithmic
simplicity as it uses a few parameters and easy to implement
[19].In this paper, the overall model of UPFC in SMIB power
system is presented. After that we use PSO for an optimal
design of UPFC based damping controllers and then its
performance is compared with continuous GA under same
condition and with same objective function. The simulation
results are used to confirm the ability of the proposed
algorithm.

2. Dynamic Model of UPFC

Fig. 1 is a SMIB power system installed with a UPFC
which consists of an excitation transformer (ET), a boosting
transformer (BT), two three-phase GTO based voltage source
converters (VSCs) and a dc link capacitor. In this
figure,m, ,m,, ands,, §, are the amplitude modulation ratio
and phase angle of the control signal of each voltage source
converter, respectively, which are the input control signals of
the UPFC.

The three-phase dynamic differential equations of the
UPFC, where transformers resistances and reactances are
rand x=Iw respectively, can be written as follows:
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Fig. 1. A UPFC installed in a SMIB power system.

The dynamic model of the UPFC is required in order to
study the effect of the UPFC on enhancing the small signal
stability of the power system. For the study of power system
oscillation stability, the resistance and transient of the
transformers of the UPFC can be ignored. So, the above
equations can be written as:

[('m,v, cosd, |
Ve | | O e | e + 2 (7
Vi x, 0 ||, mgv, cosd,
L 2 J
[ myv, cosd, |
Vha | | O | T + 2 (®)
Vi, x, 0 ||y, MgV, COSO,
L 2 J
From Fig. 1:
Vi=jxgl, + Ve, )
Vi = Vo + %ol +V, (10)
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These equations can be expressed in the d-q reference

frame as follows:
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The linear model of a SMIB power system is:
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Fig. 2. Modified Heffron—Phillips transfer function model.
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The state-space equations of the power system can be
represented as:

3. Damping Controller Design
+x,,V, cosd

In order to improve the damping ratio of a machine torque,
a modified damping controller must be designed. A sample
block diagram of the UPFC damping controller is illustrated
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in Fig. 3 that contains of three main parts: gain block, signal
filter, and phase compensators.

Aﬁ’l K N ST, X[’I (1+5T}) le (1+sT) |
' (1+sT) (1+5T) (1+sT)

Fig. 3. Simplified UPFC damping controller block
diagram.

The signal filter is a high pass filter that modifies the
UPFC input signal and prevents steady changes in active
power. Also 7, should have a large value but this amount is

not critical and may be in the range of 1 to 20 seconds.

With application of the above dynamic controller, the
number of state variables increases from 5 to 8. In this paper,
two main intelligent algorithms (PSO and GA) have been
used to find the optimized values of compensator block’s
gain and phase parameters. Then their capability in
controlling and damping of oscillations have been
investigated and compared.

In order to calculate the closed loop state matrix with
damping controller two state variables (X, and X, ) have

been chosen as shown in Fig. 3. According to Fig. 3:

X _ KT,
Ao 1+sT, 34)
X, +T, & =K T, Adk
Therefore
- KSTWATC&— X, 35)

By replacing A«  form (33) in (35), X can be

obtained as follows:

s

K, K . K
Xk (—ﬁA& —%Aw—ﬁzAEq —ﬁAVdC —KpEAmEJ

(36)
X6

T

w

X%land A can be also obtained from the mentioned

above equations. Finally, with adding these three state
variables into state matrix, the closed loop matrix will be
[8x8].Now, in order to determine the optimized values of
damping controller parameters (7,, 7,, 7,, I, and K )
two intelligent algorithms, modified PSO and GA have been
used as described in the following.

3.1 Application of PSO

The PSO is a swarm intelligence class method proposed by
Kennedy and Eberhart (1995).The PSO is a probabilistic
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optimized technique based on swarm behavior which is
resulted from birds or fishes swarm behaviors. In the PSO,
each potential solution is referred to as a particle and each set
of particles composes a population. Each particle maintains
the position associated with the best fitness it ever
experiences in a personal memory called pyey. In addition, the
position associated with the best value obtained so far by any
particle is called gpes. In any iteration, the ppes and gpe values
are updated and each particle modifies its velocity to move
toward them stochastically. This concept can be formulated
as

+

vt =we 4 ~(pbest[ —x[‘)+czr2 -(gbest—x[‘) (37)

(38)

where v is the particle velocity, x 1is the particle
position, n is the number of particles, ¢ is the number of

iterations, w 1is the inertia weight factor, ¢, and ¢, are the
cognitive and social acceleration factors, respectively, and
and r,are the uniformly distributed random numbers in the
range (0, 1).

Fig. 4 shows the flow chart of the PSO algorithm for the
coordinated design of the power system stabilizer (PSS) and

UPFC problem [20].

Spicify PSO Parameters
{n, m, C1, C2, W, and itermax)

!

Generate Initial Population

I

.| Time-domain Simulation
Or eigenvalue analysis

!

Calculate fitness of particles in
The Current population

l

Update pbest and
gbest values

Iter=iter+1

A

Update particle position and
Velocity using PSO equations

Fig. 4. Flow chart of the (PSO) algorithm for coordinated
design of the (PSS) and UPFC problem.
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3.2 Application of genetic algorithm

The GA wuses the principle of natural evolution and
population genetics to search and arrive at a high quality near
global solution [15-17]. The required design variables are
encoded into a binary string as a set of genes corresponding
to chromosomes in biological systems. Unlike the traditional
optimization techniques that require one starting point, they
use a set of points as the initial condition. Each point is called
a chromosome and a group of chromosomes are called a
population [17].In this paper, the continuous GA has been
used to find the optimized damping controller parameters.
The continues GA is faster and more accurate than binary GA
and also this algorithm uses less memory.

3.3 Objective Function

Main goal of control system is increasing of critical modes
damping without destroying uncritical modes. Real part of
closed-loop eigenvalues indicates the critical modes of
system and must be inserted in goal function [21]. As a result,
the goal function can be expressed as below:

minC =) P (39)
i=1
where P*is given as:
, 0 . [S id
pi=y T ffo'<o (40)
o' —o" otherwise

where o'and o“ are modified and desired values of real
part of i-th eigenvalue.

4. Simulation Results

In this section, the SMIB power system installed with
UPFC (Fig. 1) is investigated. Digital simulation has been
carried out with Modified Heffron Phillips model in
MATLAB environment. The simulation result of the
Modified Heffron Phillips model with four different input
control signals under different load conditions in mechanical
power input is considered for analysis.

Here, we use one of input signals (m, ) which is controlled

by PSS parameters obtained from PSO or GA. First, the
open-loop eigenvalues that obtained from equations (15)-(18)
are calculated and given in Table I.

Power System Oscillations Damping Using UPFC Based on an Improved PSO and Genetic Algorithm

Table 1. System eigenvalues without damping controller

Open loop eigenvalues

-0.0166+ 2.37041 -85.3113 -14.8888 -0.0092

Now, in order to move the eigenvalues to desired place, the
system will be equipped with damping controller using PSO
and GA algorithms.

4.1 Closed-Loop System using Modified PSO Algorithm

The closed-loop eigenvalues of system when PSO
algorithm is used to find the damping controller parameters
are shown in Table II. Because the objective function of PSO
algorithm has been modified, the parameters have been
founded so faster. Damping controller parameters based on
UPFC are given as below:

K,=19.1937, 7,=0.9544, T,=2.6880),
7,=1.1145, 7,=0.9418

Table 2. Closed-loop eigenvalues using PSO algorithm

Closed-loop eigenvalues

-0.8894

+2.46i -85.29

-14.99 | -0.009 | -0.08 | -0.048 | -0.05

4.2 Closed-Loop System using Genetic Algorithm

Table III. illustrates the closed-loop eigenvalues of system
when GA has been used. Damping controller parameters
based on UPFC which are specified by GA are given as
below:

K =18.5666, T,=0.715139, T,=0.17221,
1,=0.222375, T,=1.52679

Table 3. Closed-loop eigenvalues using GA algorithm

Closed-loop eigenvalues

-0.36468

184.72
+0.8884i o7

-37.83 13.65 |-1.20 |-0.087 |-0.0094

A sample step distortion has been exerted on the input of
system block diagram at t=1 sec and simulated. Fig. 5.shows
the simulation result of the power system implemented by
MATLAB according to the dynamic model. As shown in Fig.
5.the intelligent algorithm based on damping controller of
UPFC can noticeably damp the speed variation and improve
the dynamic response of the system.
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Fig. 5. Speed variation without and with PSO or GA
based controllers.

5. Conclusion

This paper presents the overall model development of
UPFC in SMIB power system. The model has been used to
design the optimal damping controller with the concept of
eigenvalue assignment technique. In order to find the
optimized values of the controller parameters, two main
modified intelligent algorithms (PSO and GA) have been
used. Using these two modified intelligent algorithms, the
damping ratio is increased as well as the variations are
omitted in one and half of a cycle. In this paper, we assume
one of the UPFC inputs (m,) as an output for damping

controller which is optimized by both PSO and GA. 1t is
observed that PSO algorithm, in addition to its simplification
and high speed calculations, has better results to transfer the
unstable modes to the left side of imaginary axes and
oscillation damping than GA. The proposed design also
minimizes deterioration of noncritical modes while keeping
constraints within the permissible limits.
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