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Abstract:
This paper presents a procedure to coordinated design of PSSs and SVCs in a
multimachine power system. The aims of the proposed method are to find the best
location and the optimal parameters of these compensators in order to improve the
steady state and transient performances and also to increase the system damping over a
wide range of operating conditions. The objective function of the GA allows the
selection of the PSSs and SVCs to shift critical closed loop eigenvalues to the left-hand
side in the complex s-plane. The multimachine power system considered in this study
consists of nine buses, three generating units (steam, hydro and nuclear) and three static
loads. Digital simulation studies show that the proposed design procedure provides good
damping for the power system at different operating conditions, and moreover improves
steady-state and transient performance of the system.
Keywords:
Power System Stabilizer, Static VAR Compensator, Genetic Algorithm, Control,
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1. Introduction:
The design of power system stabilizers (PSSs) and static VAR compensators (SVCs) in
multimachine power systems has found a considerable attention in recent decades. PSSs
proved to enhance damping of electromechanical oscillations in power systems [1-3].
Static VAR compensators [4-9] have proven to be very efficient to support both voltage
and reactive power, and can be used to effectively improve both steady state and
transient voltage performance [5]. Various control methods have been applied to design
SVCs in power systems [10-15]. Application of adaptive control SVCs is presented in
[10]. Robust control design of SVCs is investigated in [11] and [12]. Fuzzy logic control
techniques are used in [13] and [14] to design SVCs controllers to improve power
system stability. A genetic algorithm is employed in [15] to design an SVC control
system.
This paper concerns with the application of GA to the design of PSSs and SVCs in a
multimachine power system. The proposed genetic algorithm is employed to find the
best location and optimal control parameters of the PSSs and SVCs in order to improve
the steady state and transient performances. Also, it is required to increase the system
damping over a wide range of operating conditions. The objective functions of the GA
allow the selection of the PSS and SVC parameters to shift critical closed loop
eigenvalues to the left-hand side of a vertical line in the complex s-plane. PSS and SVC
are designed and tested separately. Then, system performance with these controllers is
investigated over a wide range of operating conditions and when it is subjected to
various types of network disturbances.
The power system considered in this study consists of nine buses, three generating units
and three loads. A full order nonlinear model is used to simulate the power system. A
linear model is obtained by linearizing the system equations around a quiescent
operating point for eigenvalue analysis. Digital simulation studies of the power system
following various types of disturbances are performed to demonstrate the effectiveness
of the selected PSS and SVC. The results show that the proposed GAPSS and GASVC
provide good damping for the power system at different operating conditions and
moreover improve the transient and dynamic performance of the system. The GA is
capable of accurately determining the best location and the optimal parameters of the
PSS and SVC in the power system.

2. System Modelling:
The multimachine power system considered in this study consists of three generating
units (steam at bus 1, hydro at bus 2 and nuclear at bus 3) interconnected through a
transmission network and three constant impedance loads [16]. The one line diagram of
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the system is illustrated in Figure (1). The system parameter values can found in [17]
and [18]. Each synchronous generator is represented by a 7th-order nonlinear model
based on Park's equations. Figures (2) and (3) show the block diagram representation of
the turbines, speed governor, and excitation systems used in the study [18].

Figure (1): Single line diagram of the multimachine power system

(a) Steam and nuclear units
(a) Steam unit

(b) Hydraulic unit

(b) Hydraulic and nuclear units

Figure (2): Turbine and governing systems

Figure (3): Excitation systems
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The power system stabilizer (PSS) considered here is a speed stabilizer applied on the
voltage regulator loop of the synchronous generator. A signal from the generator shaft
speed is added through the PSS to the reference of the voltage regulator. The transfer
function of the PSS is given in Eq. (1). It consists of a gain Kg, washout filter, and a
lead-lag network.

G (s) = K g

sT5 (1 + sT1 )(1 + sT3 )
1 + sT5 (1 + sT2 )(1 + sT4 )

(1)

The Static VAR compensator (SVC) presented in this paper is of FC-TCR type [19].
Figure (4) shows the block diagram of the SVC [20]. It can provide variable current or
susceptance BSVC. When the voltage at load terminals decreases under the lower
voltage limit (under voltage case) the SVC provides reactive power, or the BSVC is
capacitive. When the voltage increases over the upper voltage limit (over voltage case)
the SVC absorbs reactive power from the system, or the BSVC is inductive. Thus, the
closed loop SVC control system maintains constant terminal voltage at the load busbar.

Figure (4): Block diagram of SVC
3. Genetic Algorithm
During the last decades there has been a growing interest in problem solving system
based on principles of evolution and hereditary. The genetic algorithm is a type of
evolution-based computer program to search for the fit solution of a particular problem
[21-23]. Genetic algorithms are attractive techniques that employing natural evolution to
solve problems in a wide field of complex applications. The GA is an iterative
optimization technique, working with a number of candidate solutions (known as a
population). If knowledge of the problem domain, is not available a priory, the GA
begins its search from a random population of solutions [24]. A suitable coding (or
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representation) for the problem to be solved, must be defined first. I addition, a fitness
function should be defined to assign a figure of merit to each coding solution. During
the run, if the termination condition is not satisfied, parents must be selected for
reproduction. Then, these are recombined to generate offspring using the reproduction,
crossover and mutation operators to update the population of candidate solutions.
Usually, a simple genetic algorithm consists of three operators: selection, crossover, and
mutation. The application of these operations produces new strings (offspring), new
population, and new generation, respectively. The overall process is then repeated with
the new generation until the appropriate criterion is clearly satisfied.

4. Problem Formulation
4.1. Eigenvalue analysis
The nonlinear differential equations that describe the multimachine power system can
be linearized about any particular operating point. A linearized model of the
multimachine power system is obtained in the standard state-space form [18]:
•

Χ = AΧ + BU

(2)
Where X is the state vector, U is the input vector, A is the state coefficient matrix, and B
is the input coefficient matrix. The model can be derived by linearizing the nonlinear
equations of the system (generators, exciters, AVR, speed governors, and SVC). The
components of X and U are the deviations of the variables from their corresponding
steady-state values.
The eigenvalues of the matrix A in Eq. (2) contain the necessary information on the
small-signal stability of the multimachine system [18]. The system is stable if all the
eigenvalues lie on the left-hand side of the s-plane. The real eigenvalues are related to
exponential components in the time response. The complex conjugate pairs of
eigenvalues are associated with the oscillatory modes in the time response. They have
the form:

λ = −α ± jβ

(3)

β gives the frequency of the oscillations in rad/sec and the value of 1 α defines the
time constant by which the magnitude of the oscillation is decayed. Studies of the
effects of changes in operating conditions and system parameters lead to the
identification of the eigenvalues which may cause instability. The most important
eigenvalues are those related to rotor oscillations. In this case the eigenvalues are
constrained to lie to the left of a vertical line corresponding to a specified damping ratio.
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4.2 Selection of PSS and SVC
The problem is to design suitable PSS and SVC controllers for the multimachine power
system. The goals of this approach are to provide voltage and reactive power support
and to improve the damping of system oscillations by selecting the best location and
parameter values of the PSS and SVC controllers.
First, we design the required GA-PSS for the power system using GA techniques. The
objective functions of GA-PSS and eigenvalue analysis allow determining the best
location and selecting the optimal parameters of GA-PSS. Then, the GA-SVC is
designed using the same design procedure. The performances of the power system with
both GA-PSS and GA-SVC are investigated over wide operating conditions and various
types of network disturbances.
5. Design Procedure
The search of any genetic algorithm starts with a random generation of a population of
strings. Each generation consists of a group of population. Also, each population
consists of a group of strings. The number of strings in a population must be even. Each
string is divided into a number of sub-strings equal to the number of the problem
variables. Each sub-string consists of a number of genes to represent one of the
variables in a certain coding system. Floating point, decimal point, and binary coding
systems could be used. In this study, the binary coding system is used. Evaluation of
each string in the population is performed by using the fitness function which maps the
problem objective function.
The GA selects the optimal location and parameters of the PSS by shifting eigenvalues
of the matrix A to the left hand side. The objective function (O. F.) which is used in the
genetic algorithm can be written as:
O. F. = - Real {dominant eigenvalues}

(4)

The optimization problem, namely, the selection of parameters and location of
compensators is easily and accurately solved using the genetic algorithms. The
eigenvalues of the closed loop system are computed, and the objective function is
evaluated using only those eigenvalues that need to be shifted. In a typical run of the
GA, an initial population is randomly generated.
This initial population is referred to as the 0th generation. Each individual in the initial
population has an associated objective function value. Using the objective function
information the GA then produces a new population. The flowchart of the genetic
algorithm is shown in Figure (5). The GA calculates the value of objective function for
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each of the individuals in the current population. To do this the system eigenvalues must
be computed.
Also the GA then produces the next generation of individuals using the selection
crossover and mutation operators. These steps are repeated from generation to
generation until the population has converged producing the optimum location and
optimum parameters.
The design procedure is repeated to select the appropriate GA-SVC for the
multimachine power system. Now, the objective is to find the best location and the
optimal parameters of the static VAR compensators, assuming no PSS. This is to isolate
the effect of the SVC.

Figure (5): Flow chart of the GA
design procedure.
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6. Simulation Results
Simulation results are presented to illustrate the effectiveness of the proposed GAPSS and GA-SVC in the power system under different operating points and different
disturbances such as overload, line opening, and three phase short circuit. Three
operating points are considered as shown in Table (1).

Table (1): Operating points
Item
VG1
VG2
VG3
PG2
PG3

Operating
point 1
1.04
1.012
1.022
1.63
0.85

Operating
point 2
1
1.012
1.022
1.75
0.75

Operating
point 3
1
1
1
1.63
0.85

The first stage in the digital simulation of the multimachine power system is to obtain
complete information on the network. The information comprises the magnitude and
phase angle of the bus voltages and real and reactive power. To determine the complete
nodal information of the network, the Gauss Siedel load flow method is used. Table (2)
shows the initial values of the generators variables at the operating point 1.

Table (2): Initial values at operating point 1
Quantity (PU)
P
Q
Vt
Vd
Vq
Id
Iq

Generator 1
0.717
0.316
1.040
0.646
0.814
0.667
0.352

Generator 2
1.63
0.008
1.012
0.960
0.32
1.530
0.503

Generator 3
0.85
0.076
1.022
0.913
0.46
0.709
0.441
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The GA selects the optimal location of the PSS to be at load bus 2, and finds the optimal
parameters of the stabilizer. It is assumed that T2 = T4= 0.05 s and T5 = 10 s, the values
of the remaining PSS parameters (Kg, T1 and T3) are to be optimized by the genetic
algorithm. The GA design procedure described in Section 5 above is employed.
The small signal stability of the power system is investigated by eigenvalue analysis.
The system eigenvalues are calculated and dominant ones are listed in Table (3). It is
seen that the introduction of a GA-PSS at bus 2 significantly improve the system
damping. The linearized model studies are also supported by simulation of the nonlinear model when the system is subjected to various types of disturbances.

Table (3): Dominant eigenvalues with PSS
PSS Location
Without PSS
PSS at bus 1
PSS at bus 2
PSS at bus 3

Operating
point 1
-0.8845 ± j2.0389
-1.1318 ± j1.9039
-4.8560 ± j2.8550
-1.2670 ± j1.3960

Operating
point 2
-1.0904 ± j2.0268
-1.2327 ± j1.7952
-4.8922 ± j3.9005
-2.0199 ± j1.3659

Operating
point 3
-0.8563 ± j1.8451
-0.9889 ± j1.7452
-5.4231 ± j3.7938
-2.3007 ± j1.6534

Table (4) shows the effect of the static VAR compensator on the system damping. The
GA selects the optimal location of the SVC to be at load bus 4 and finds the optimal
parameters ( KC , TC1 and TC 2 ) of the SVC. Bus 4 is heavily loaded compared to other buses
in the system and has the lowest voltage level. In addition to support voltage and
reactive power the genetic algorithm SVC at bus 4 provides good damping as shown
from the real parts of the dominant eigenvalues listed in the table. It is also noted that
the well tuned GASVC significantly improves the damping at the three different
operating points considered here. In the results of Table (4) the PSS is excluded to
concentrate on the effect of the SVC.
Now, the GAPSS and the GASVC are applied to the power system simultaneously. The
GAPSS is located at bus 2, and the GACVS at load bus 4. The system performance is
investigated when it is subjected to severe disturbance at different operating conditions. In
these simulation studies, we use the full order nonlinear model of the complete power
system. The non-linear differential equations of each machine are solved using the 4thorder Rung Kutta technique for a step of integration equal to 0.1 ms. Then, the currents
Id and Iq of each machine are calculated with respect to the machine reference frame by
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using the states which are obtained from the integration of the differential equations.
Next, the machine voltages Vd and Vq are computed through the common reference
machine. Machine 1 is selected as a reference machine. Finally, the results are used to
process the next step of integration. This process is continued until we reach the final
simulation time which is 5 s in this study.
Figure (6) shows the system responses to 10% sudden increases in demanded active and
reactive powers at bus 5 at operating point 1. Figure (7) shows the system response to a
sudden decrease 10% in the load power at bus 4 at operating point 2. Figure (8) shows
the system response to a line outage between buses 4 and 7 at operating point 3. Figure
(9) shows the system response to a three phase fault at bus 5 at operating point 1.

Table (4): Dominant eigenvalues with SVC

SVC Location
Without SVC
SVC at bus 4
SVC at bus 5
SVC at bus 6

Operating
point 1
-0.8845 ± j2.0389
-2.5890 ± j2.0936
-0.9718 ± j1.9365
-1.2372 ± j1.0453

Operating
point 2
-1.0904 ± j2.0268
-2.9817 ± j2.155
-1.3346 ± j1.1794
-2.9957 ± j2.5156

Operating
point 3
-0.8563 ± j1.8451
-2.7894 ± j2.1102
-1.0648 ± j0.9306
-2.103 ± j1.6839

7. Conclusions:
This research has described an artificial intelligence method to design power system
stabilizers and static VAR compensators in a multimachine power system. This method
is based on a genetic algorithm technique. The genetic algorithm method has been used
to select the best location and optimal parameters of the PSS and SVC. The objective
functions allow the selection of the parameters to shift critical closed loop eigenvalues
to the left hand side of a vertical line in the complex s-plane. The GA selects the best
location of the PSS to be at the generator bus 2 and the SVC at load bus 4 in the
multimachine power system considered here. The simulation results have shown that the
selected PSS and SVC are capable of providing sufficient damping to the system
oscillation and improving the steady state and transient voltages performance over a
wide range of operating conditions and various types of disturbances.
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Figure (6): System response to 10%
sudden increases in load power at bus 5
at operating point 1.
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Figure (7): System response to 10%
sudden decrease in load power at bus 4
at operating point 2.

Proceediings of thee 6th ICEE
ENG Confe
ference, 277-29 May, 2008

Figure (8): System respponse to a
4
completee line outaage betweeen buses 4&7
at operatiing point 3.
3

1
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Figure (99): System
m response to a thrree
phase fauult for 1120 ms at
a bus 5 at
operatingg point 2.
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The following notations have been used in the results shown in Figures (6) to (9).
Without PSS & SVC
With PSS on bus 2
With PSS on bus 2 & SVC on bus 4
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