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Abstract: One of the most common issuesin studies of
dynamical power systems is stabilization using power
system stabilizers. There is an introduction about
design of state feedback controller using GSA
algorithm, afterwards it has been designed a power
system stabilizer (PSS) in this method. Further more,
purpose of using this way of control is the guarantee
of closed loop system stability in presence of the
possible uncertainties. Consequently, these
uncertainties may be caused by non-linearity of the
real system in the effect of load, turbulences and
other variation. Also its resistance will be evaluated
after designing the controller in order to evaluate its
effectiveness with applying the load variation in
power system model. Despite the results of simulation
and implementation of sample system according to
the proposed algorithm, it shows the stability and its
proper performance.
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Introduction

In power systemsproper design of controller for
controlling the frequency load and electric voltage
is done with two independent control loops [1,2].
In practice the existence of low-frequency
oscillations in the absence of appropriate damper
torque in system will cause poor performance and
even system instability. Thereforéespite the two
loops, power stabilizer is used to increase damping
and removing low-frequency oscillations improper
effects[3-5]. To implement the controller stabilizer
with attention to the mechanical elements in the
frequency load loop control, designing of controller
will be done on the voltage loop control [6,7]. On
the other hand, we consider the load variation
nature in system and direct relation between

system performance and its load for designing
well-functioned system and range of load
variations for designing the output feedback
stabilizer controller.

Then according to the nominal model systdtn,
will be discussed about nominal load to robust
controller design into load variatidn the desired
range In order to model the load variations beside
the nominal loading performance, two heavy and
light loading situations are considered for the
changing ranges [8,9].

2-The state feedback design of controller

According to the algorithm proposed in the paper
[6] with free desired controller degree of designing
method, the design of controlling signaldoneon

a way that systenpoles are replaced under the
mentioned controller on the left side of axis
"s=2" instead of left side of imaginary

axis[10,11] .

In result the following inequality is formed:

P(A+BFC)+(A+BFCJ Pa P+Q < 1)

If we find a negative“a , the stabilization problem
is solved [12] .Solving the nonlinear equation
matrix will be difficult because of being non-
convex [14] However, we can simply convert
these inequalities to a linear matrix inequality with
defining a new variable and we can minimize the
variable“a by providing an iterative algorithm as
long as the negative value is ob&inTo robust
system due t@ uncertainty parametric values and
designing controller with free desired degree
methodwe must find a link between values and
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parametriauncertaintyof system [5]. The algorithm

for designing the controller is provided as below:

1- At first we choose a randomiy. value:
P=2"Z

2- The primary Lyapunov is defined.

3-By solving the following linear matrix inequality

for minimum alpha, we have minimum alpha d@nd
values.

P(A+BFC)+(A+BFC) Pa P+Q <
4- By solving the following optimization

problem, we obtain new P. Consequently, with
using GSA algorithm we have:

J=min, & (z) )
It will be continued as long as the prop@r will
be obtained.
(The proper Z is the value that J is hid in it)

In last part the designed system is able to maintain
system in constant situation.

Static state feedback (SSF-PSS)

While applying the controller on the linear syste
and heavy load process, system performance is
evaluated. The obtained parameters are:

F=[-14125 -0.1353 -8.1281 -0.66
a=-1.e+0¢

(3
(4)

And the closed loop system eigenvalues are:

{-6.8625 -+ 0.0000i, -0.0017 + 0.0668i,-0.0017 -668i,-0.0224 + 0.0000i(5)

Figure number 2-1 shows the minimization process
of “a* by GSA algorithm.

Also the controller on the non-lineaystemis
examinedon heavy load. Furthermore, the result of
this shape can be seen in figure one.
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2-1-Figure one: The obtained values ain the
algorithm iteration
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2-3- Figurethree: The state outputswith PSS

3-System simulation

In order to design PSS controller, the lineate-
model that is discussed will be considered around
the equilibrium four-order points [6The model is
obtained due to equilibrium points with type of
load systemThe “k1-k6 parameters are shown in
the paper. These parameters are related to load
system situation andQ , P powers. Furthermore

the operating points are shown in range of (0.4,1)
and (0.1, 0.5).

Simulated linear system:

x=[AS Aw AE, AE.] (6)
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4- GSA

GSA optimization is usechithis kind of

simulation. In this algorithm the optimization is
done with gravity laws and moving in an artificial
system with discrete time.

According to the law of gravity each mass
understand location and situation of other masses
through the gravitation of gravity law. So it can be
used as a tool for exchanging the information.
Designed optimized finder can be used for solving
any optimization problem in which the solution of
the problem is definablasa position in space and
its similarity to other solutions as a definable
distance [15L7].

The masses are determiwith objective function.
The objective function in here is ILMI that include
solving the equation (1) by numerical method.
The aim of minimization is“ o value and
reaching to a negative value for it.

Robust SOF-PSS

The successf the controller in system stabilization
can be stated in using Lyapunov theorem indirectly

even though the design was based on a linear

system.So the theorem of real nonlinear behavior
system is very similar to its linear estimation that
none of its eigenvalues is not on the imaginary
axis Meanwhile the designed controller shows
proper resistance® operating points changing.

Conclusion

In conclusion a new algorithm is proposed to
stabilize linear time-invariant systems via static
output feedback. The iterative algorithm combines
the GSA and LMI. Also the algorithm is effective
and convergent. The numerical procedure may be
useful to solve this kind of bilinear matrix
inequality matrix problem. In this paper, the
essential part is to obtain an iterative condition. The
proposed GSA-ILMI algorithm has low dimension
because no additional variable is imposed. A
sufficient condition has been suggested for
feedback controller desidmy using GSA algorithm

& LMI iterative solution. This method obtains the
PSS for linearized model of a single machine
infinite bus system. The cost function mentioned
before is made in Bllab. In this function, it has
been used CVX toolbox for solving linear matrix
inequality [18,19]. The advantage of this tool is
solving LMI in a simple and well-performance
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method in solving numerical solution of these
inequalities. In order to run the algorithm
completely it is needed to install CVX software in
Matlab.
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