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Abstract-- In this paper the Parameters of the classic
PSS and STATCOM internal AC and DC voltage
controllers and ACdamping stabilizer are designed in
order to damp the Low frequency Oscillations (LFO).
The STATCOM is used for adjusting the voltage in line
and the dynamic effect of STATCOM is considered. The
design of PSS and STATCOM parameters is considered
as an optimization problem and GA is used for searching
optimized parameters. The introduced objective function
in this paper is based on the system modes of oscillation
considering all modes in the objective function. The
participation factors method is used for identifying the
type of each mode. The study is performed on the
linearized power system model with presence of
STATCOM and PSS. The analysis of the eigenvalue
method is used for optimal parameter adjustment. These
studies are performed for five operating points. The
designing results are performed using nonlinear
simulation. The results show that the design according to
simultaneous optimization is an effective procedure for
power system stability improvement.

Index Terms-- Dynamic Stability, Optimization, Genetic
Algorithm, STATCOM, PSS

I. INTRODUCTION:

The low frequency oscillations have become the
main problem for power system small signal
stability. They restrict the steady-state power
transfer limits, which therefore affects operational
system economics and security. Using PSS create
change in oscillation stability. To increase power
system oscillation stability, the installation of
supplementary excitation control, power system
stabilizer (PSS), is a simple, effective and
economical method. The recent advances in power
electronics have led to the development of the
flexible alternating current transmission systems
(FACTS).These devices in addition to main control

duties similar to voltage regulation and reactive
power injection should be able to damp power
oscillations. From the power system dynamic
stability viewpoint, the STATCOM provides better
damping characteristics than the SVC as it is able to
transiently exchange active power with the system,
so it can improve oscillation stability better than
SVC. The method of phase compensation and
damping torque analysis method are conventional
methods for design and control of power system
stabilizers. Also multivariable design method has
been performed on coordination between internal
AC and DC voltage controllers. In this study, to
improve power system dynamic stability and
voltage regulation, coordination among internal AC
and DC voltage controller of STATCOM and AC-
damping stabilizer and also PSS are performed. The
studies are performed on a single machine infinite-
bus power system. The linearized power system
model is used for the studies. The parameters design
is considered as an optimization problem and the
genetic algorithm is used for searching optimized
parameters. The parameters should be designed so
that the eigenvalues of system move to the left part
of the jw axis as much as possible. The participation
factors method is used for identifying of modes
type. The eigenvalues analysis and the nonlinear
simulation results show the importance of the
parameters design for dynamic stability
improvement of the system.

II. POWER SYSTEM MODEL
The power system is represented by a single
machine infinite-bus system. The generator is
equipped with a PSS and the system has an installed
STATCOM in transmission line as shown in
Fig.1.The STATCOM is used at the middle point in
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transmission line for voltage regulation and power
oscillations damping. The system is modeled for
low frequency oscillations studies and the linearized
power system model is used for this purpose.

Fig. 1. Single machine infinite bus power system
with PSS and STATCOM

A. Generator
The generator is represented by the third-order
model comprising of the electromechanical swing
equation and the generator internal voltage
equation. Swing equations can be expressed as:

B. Exciter

The IEEE Type-ST1 excitation system shown in
Fig. 2 is considered in this work. It can be described
as:

C. Power System Stabilizer (PSS)
As usual, the PSSs are designed mainly to stabilize
local and inter area modes. Depending on system
configuration the objective of PSS design can
differ. If the local mode of oscillation is of major
concern (particularly for the case of a generating
station transmission power over long distances to a
load centre), the analysis of the problem can be
simplified by considering the model of a single
machine (the generating

Station is represented by an equivalent machine)
connected to an infinite bus (SMIB). The objective
of PSS is to produce the additional damping torque
without affects on the synchronizing torque.

D. STATCOM
As shown in Fig.1, The STATCOM consists of a
three phase gate turn-off (GTO) – based voltage
source converter (VSC) and a DC capacitor. The
STATCOM model used in this study is founded
well enough for the low frequency oscillation
stability problem. The voltage difference across the
reactance produces active and reactive power
exchange between the STATCOM and the
transmission network. The STATCOM is one of the
important FACTS devices and can be used for
dynamic compensation of power systems to provide
voltage support and stability improvement. The
VSC generates a controllable AC voltage given by:

For PWM inverter c = mk, where m is the
modulation ratio defined by pulse width modulation
(PWM), k is the ratio between the AC and DC
voltage depending on the converter structure. DC V
is the DC voltage, and ψ is the phase defined by
PWM. The magnitude and the phase of Vo can be
controlled through m and ψ respectively. By
adjusting the STATCOM AC voltage Vo, the active
and reactive power exchange between the
STATCOM and the power system can be
controlled. Capacitor voltage dynamic has big
influences on power system, so capacitor voltage
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dynamic should be considered. If converter is
assumed to be lossless, the exchanged active power
between converter and system is equal to the active
power that exchange among capacitor and
converter. So with these assumptions the
relationship between voltage and current of
capacitor, it can be expressed as:

.i. STATCOM control system

As shown in Fig.1, the converter and step down
transformer in STATCOM can be modeled with a
voltage source and a reactance for an operating
point. Changing modulation ratio can change the
amplitude of the output voltage of converter and so
the active power absorbed by the system. By
changing the converter voltage angle, reactive
power exchanging with system can be controlled. In
this study, the P-I controllers are used for voltage
regulation. i. Terminal voltage controller AC
voltage controller regulates the voltage of terminal
according to requested reference that it
accomplishes through changing of converter output
voltage magnitude. is input signal for
auxiliary damping stabilizer. The terminal voltage
controller is introduced in Fig.3. The proposed
damping stabilizer of STATCOM is shown in Fig.
4. This stabilizer has a structure similar to PSS. In
this stabilizer and are the stabilizer inputs and
output signals respectively. This stabilizer is used to
create an additional damping signal for STATCOM.

ii. Capacitor voltage controller
The inner DC voltage controller regulates the
voltage of capacitor. The converter phase angle is
calculated according to capacitor voltage of
reference with capacitor voltage. The capacitor
voltage controller is introduced in Fig.5.

III. LINEARIZED MODEL
A. The Linearized Power System Model
In the design of PSS parameters, the linearized
model around operating point is usually employed.
The power system linearized model with
STATCOM is introduced in Fig.6. With
STATCOM connection to power system the
operating point of system changes. Accordingly in
this state, the model should be linearized in new
operating point.

Using vector representation, the above equation can

be written as

The system has 5 state variables. 7 new state
variables are added to system with consideration of
STATCOM internal voltage controllers and also
AC-damping stabilizer. Three new state variables
are added to the system with consideration of PSS
model, so the system has 15 state variables totally.
In Table I the related state variables of power
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system is introduced respectively

B. Initial Conditions Calculation

Considering the operating point of system, the
initial conditions can be calculated. Initial
conditions are used for calculating the coefficients
of the Heffron-Phillips modified model. In this
study a power flow program is used for calculation
of initial conditions. These studies are performed
without STATCOM and with STATCOM for 5
operating points. The amount of Q (output reactive
power of generator) in each operating point is
calculated with a Power Flow program. The
considered operating point and the results of power
flow are shown in Table II. Also the calculated

initial Conditions with STATCOM are shown in
Fig.7

TABLE I:Power Flow Results Without and With
STATCOM

TableII: Calculated initial conditions in
operating points (With STATCOM)

OPERATING POINT

Paramete
r

1 2 3 4 5

0.118
3

0.227
1

0.319
7

0.370
9

0.390
1

0.993
0

0.973
9

0.947
5

0.982
3

1.081
8

0.035
6

0.138
3

0.297
7

0.519
6

0.760
5

0.197
2

0.378
5

0.532
8

0.618
2

0.650
2

1.003
7

1.015
4

1.036
8

1.138
2

1.310
0( ) 0.238

9
0.471

5
0.693

7
0.835

8
0.895

0

Fig 7: Calculated initial conditions in operating
points with STATCOM
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Vtd Vtq ItLd ItLq Eq' delta(rad)

OPERATING POINT

Parameter 1 2 3 4 5

1.0 1.0 1.0 1.05 1.15

0.2 0.4 0.6 0.8 1.0

0.012 0.048 0.112 0.281 0.569

0.006 0.024 0.054 0.267 0.708

1.002 1.007 1.016 1.003 0.967( ) 0.061 0.120 0.181 0.242 0.304
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A. Objective Function
The objective function consists of two individual
objective functions with weighed coefficients. The
advantage of this function is consideration of all
modes in stability evaluation. In other word, it can
move the eigenvalues to the left part of jw axis
with parameters optimization. Also, the damping of
oscillation mode can be increased. Flowchart of the
proposed objective function is introduced in Fig.8.
The objective

function can be expressed in 3 parts:

i .In the first part, two coefficients are defined. If
ith eigenvalue of system became as an
electromechanical mode, the coefficient, K is a
weight coefficient that is used in part of ii and iii for
Objective Function.

ii. In the second part, the real parts of eigenvalues
are evaluated. more.

iii. In the third part, the damping ratios of
eigenvalues are evaluated. Like to second part, the
amount of 2 n is calculated with (10). To limit
maximum overshoot, the parameters of the
stabilizer may be selected with evaluation of J2 .



iv. The single objective problem described maybe
converted to a multiple objective problem by
assigning distinct weights to each objective. With
attention to flowchart in Fig.9 the objective function
consists of two individual objective functions with
weighted coefficient w, so a unified objective
Function J is created. . The parameters of stabilizer
may be selected to minimize the following objective
function:

In Fig.8 the considered area for eigenvalues
evaluation by objective function has been shown.
As shown in Fig.9 the left area of jw axis is
divided to small areas. So the objective function can
evaluate stability easily.

B. Optimization Problem
In this study, the proposed objective function J is
minimized. The design problem can be formulated
as the following optimization problem:

The proposed approach employs genetic algorithm
to solve this optimization problem and search for
optimal set of STATCOM and PSS parameters
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C. Electromechanical Mode Identification
The state equations of the linearized model can be
used for eigenvalues calculation of matrix A. Out of
these eigenvalues, there is a mode of oscillation
related to machine inertia. To ensure an effective
operation of the stabilizers, it is extremely
important to identify the associated eigenvalues
with the electromechanical modes. In here, the
participation factors method is used.

D. Genetic Algorithm
The genetic algorithm is used for optimization of
system parameters. This algorithm has been
programmed in MATLAB software based on
continuous search algorithm. The algorithm
considers many search points simultaneously, so the
probability of converging to local minimums is
decreased. For all of operating points the
Generation and Population are considered, 50 and
1500 respectively. Also Crossover and Mutation is
considered, 0.6 and 0.02 respectively.

V. RESULTS AND DISCUSSIONS
A. Setting of Parameters
The analysis and assessment of STATCOM for
power system stability has been studied .The
coordinated design of AC-damping stabilizer and
internal PI voltage controllers of STATCOM and
also PSS has been performed. The results illustrate
that the power system stability has been improved.
The design of PSS and STATCOM parameters is
discussed in following cases:

i. Design of STATCOM parameters without PSS

ii. Design of PSS parameters (only PSS) with
considered previous parameters of STATCOM

iii. Simultaneous design of PSS and STATCOM
parameters

The proposed approach has been implemented on a
weakly connected power system as shown in Fig.1.
The detailed data of the power system used in this
study is given in Appendix In this study, design of
PSS and the STATCOM controller parameters is
accomplished in individual and coordinated form.
The final setting of the optimized parameters for 5
operating points is given in Table III (coordinated
design). The eigenvalues of electromechanical
oscillation mode for each operating point have been
shown in Table IV

Table III:Optimal parameter setting in
coordinated design(STATCOM &PSS)

OPERATING POINT

Parameter 1 2 3 4 5

6.07 6.32 6.54 5.13 4.57

85.57 81.27 62.79 77.85 35.74

12.35 11.76 12.95 3.26 2.57

95.75 87.48 92.63 43.64 19.21

5.98 4.75 10.98 11.74 11.95

3.07 1.52 1.36 4.75 3.53

9.34 11.83 8.97 4.11 10.65

15.43 10.98 17.64 7.34 4.74

12.07 8.09 5.06 1.26 2.37

49.74 47.15 10.07 8.05 13.46

TABLE IV: THE EIGEN VALUES OF SYSTEM
WITHOUT PSS

WITHOUT STATCOM WITH STATCOM

OP EM ζ f EM ζ f

1 -0.175 ±
7.356i

0.0237 1.1711 -0.870 ±
7.852i

0.1101 1.2573

2 -0.171 ±
7.436i

0.0229 1.1837 -0.919 ±
6.926i

0.1315 1.1119

3 -0.152 ±
7.542i

0.0201 1.2006 -1.126 ±
4.376i

0.2491 0.7191

4 -0.135 ±
7.739i

0.0174 1.2318 -1.276 ±
3.120i

0.3785 0.5364

5 -0.093 ±
7.862i

0.0118 1.2513 -1.326 ±
2.098i

0.5342 0.3951
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Table : Eigen values of System with PSS

B. Nonlinear Simulation Results
Nonlinear simulation has been used for checking
the results of design. This work has been
accomplished with a disturbance creation in system.
In here, a 10% pulse disturbance in input
mechanical torque is considered and the simulation
time is considered equal to 3 seconds. The results in
two cases, Without STATCOM and with
STATCOM have been shown for 3 operating points
in Fig.10 to Fig.16. In these simulations for
instance, with attention to Table II the points of 1,
3, and 5 are considered.

Case i. Without STATCOM: The variables
deviation for a pulse disturbance in mechanical
torque has been introduced in Fig.10 and Fig.11
respectively. In here, with attention to Table IV, the
amount of (damping ratio) and
electromechanical oscillation frequency can be
calculated. For example in the last operating point
the oscillation frequency is equal to 1.243 Hz and

is equal to 0.012. Also we observe without
STATCOM with increase in output active power
generator (changing operating point), the amount of

is decreased, because with increase in active
power the amount of power angle is increased. So
power system dynamic stability has been decreased.

Case ii. With STATCOM: The system response for
a Pulse disturbance in mechanical torque has been
introduced in Fig.12 to Fig.16. As mentioned in part
A, the design of PSS and STATCOM parameters is
simulated in three cases and also for 3 operating
points. For example in Fig.12 till Fig.29, the system
response for third case (iii) and three operating
points have been drawn Also for two other cases the

curves have been drawn. In here, like to previous
case, with attention to Table IV, the amounts of
damping ratio and electromechanical oscillations
frequency can be calculated. Also we can observe
with an increase in output active power of
generator, the amount of damping ratio is
increased because the amount of power angle is
increased with an increase in output active power.
But the STATCOM can control the amount of
output reactive power of generator. So in this case
with attention to increase of power angle the
amount of generator output reactive power is
controlled with STATCOM. In result, the dynamic
stability is improved. These results with comparison
two cases can be observed. In Fig.12 to Fig.16 the
influence of designed STATCOM and PSS
parameters for three cases have been shown with
nonlinear simulation. As shown in figures, these
simulations are performed for 3 operating points.

So added PSS to system increases the amount of
damping ratio related to electromechanical
oscillation mode. Also with attention to Table IV ,
in the third case that in this case the PSS and
STATCOM parameters have been redesigned in
coordinated form , the amount of damping
ratio in each operating point is more than two
others cases Oscillations have been decreased and
the system stability has been improved.

Fig10: Time response of without PSS and
STATCOM
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0
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0.15
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Time(sec)

de
lta

(ra
d)

1 2 3 4 5

WITH PSS

WITH STATCOM

(designed PSS)

WITH STATCOM

(redesigned PSS and STATCOM)

OP EM ζ f EM ζ f

1 -0.875 ± 7.629i 0.1139 1.2221 -1.376 ± 8.765i 0.1551 1.4121

2 -0.917 ± 6.745i 0.1347 1.0833 -1.495 ± 6.963i 0.2099 1.1334

3 -1.346 ± 4.893i 0.2652 0.8076 -1.679 ± 4.614i 0.3419 0.7814

4 -1.622 ± 3.695i 0.4019 0.6422 -1.942 ± 2.752i 0.5765 0.5361

5 -1.832 ± 2.782i 0.5499 0.5301 -2.519 ± 2.816i 0.6667 0.6013
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Fig 11: Time response of without PSS and
STATCOM

Fig12: Time response of without PSS and
STATCOM

Fig 13. Time response of with STATCOM

Fig14:Time response of with STATCOM

Fig15: Time response of with STATCOM

WITH STATCOM

Fig 16. Time response of  with STATCOM

Fig 17. Time response of with STATCOM

Fig 18 Time response of with STATCOM
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Fig 19. Time response of with STATCOM

Fig 20. Time response of with STATCOM

WITH PSS
In these simulations for instance, the operating
points of 1, 3, and 5 are considered

Fig 21. Time response of with PSS

Fig 22. Time response of with PSS

Fig 23Time response of with PSS

Fig 24. Time response of with PSS

WITH PSS AND STATCOM
In these simulations for instance, the operating
points of 1, 3, and 5 are considered

Fig 25. Time response of with PSS and
STATCOM

Fig 26. Time response of with PSS and
STATCOM
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Fig 27. Time response of with PSS and
STATCOM

Fig 28. Time response of with PSS and
STATCOM

Fig 29. Time response of with PSS and
STATCOM

VI. CONCLUSION
In this study, the coordination among PSS and
STATCOM was presented and discussed for power
system dynamic stability improvement. The design
problem was formulated as an optimization problem
and the GA was used for searching optimized
parameters. The design results are performed for 5
operating points and 3 cases. Also the nonlinear
simulations are performed for 3 operating points in
three cases. The design results are confirmed with
nonlinear simulations. The results of coordinated
design show dynamic stability improvement .With
nonlinear simulation in coordinated design case has
been shown that the oscillations are damped
properly.
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