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a b s t r a c t

This paper proposes a Takagi–Sugeno (TS) fuzzy gain-scheduling PI stabilizer to damp the power system
low-frequency oscillations and enhance power system stability. The work describes the construction of
appropriate fuzzy membership functions and rules for a Power System Stabilizer (PSS) so that its propor-
tional and integral gains can be automatically tuned in real-time to react to changes in the system oper-
ating conditions. To find the optimal number and locations of required stabilizers, this paper uses the
participation factor method. Simulation results on a practical power system demonstrate that the pro-
posed stabilizer is effective in damping low-frequency oscillations as well as improving system dynamic
stability and voltage profile. In addition, the proposed approach provides superior performance when
compared to a conventional PI PSS.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Low-frequency oscillations in a power system affect the system
stability, the operating efficiency of the power system and restrict
the operating capability of power transmissions [1]. In order to
solve this problem, engineers and researchers have been continu-
ally tasked to find simple, effective and economical strategies of
stabilizing the power system. Hence, the Power System Stabilizer
(PSS), by which a supplementary stabilizing signal is added to
the excitation system, emerged as a simple and cost-effective
approach [2,3].

Different control techniques such as modern and conventional
control have historically been utilized by many researchers for
designing PSS. By using these techniques, PSS can provide optimal
performance for the nominal operating condition and nominal sys-
tem parameters. However, a modern power system is a large, non-
linear and complex system and it is subject to different kinds of
events which result in many uncertainties. Considering their limi-
tations, it is difficult to effectively solve low-frequency oscillations
problem when one depends only on these conventional and linear
optimal control approaches.

To avoid these limitations, other types of modern control tech-
niques like adaptive controller [4] and H1 control system [5,6]

were proposed to improve damping. By using these techniques
the system response will not be affected by system parameter vari-
ations and this in turn will result in a robust performance.

Fuzzy logic system as an artificial intelligence technique has
efficiently been proposed by researchers to design PSS [7]. It has
been reported that fuzzy logic-based adaptive stabilizers outper-
form conventional stabilizers [8,9] and standard fuzzy logic stabi-
lizers [10]. Lu et al. [8] proposed an adaptive stabilizer using a
Takagi–Sugeno (TS) type fuzzy logic signal synthesizer to combine
the stabilizing signals obtained from two designed linear stabiliz-
ers based on two system operating condition. In Ref. [9], Two fuzzy
logic systems were developed to approximate two unknown non-
linear differential equations which represent the power system
model. Lyapunov’s synthesis method governs the adaptation of
the fuzzy logic systems. In Ref. [10], a direct adaptive fuzzy logic
stabilizer with a small rule-base was proposed. The controller
parameters were estimated using the variable-structure algorithm.
However, [8–10] applied to a single machine infinite bus system,
and small multi-machine power systems [8,10]. In Ref. [8], the
large power system was installed with only one stabilizer.

TS fuzzy system is computationally more efficient than Mamda-
ni fuzzy system [11] and Gain-scheduling controllers as an adap-
tive controllers are robust and also well suited to practical
applications [12]. Therefore, in this paper the two approaches have
been combined to develop a TS fuzzy gain-scheduling PI stabilizer
for damping low-frequency oscillations. As direct measurement of
a generator rotor speed is not available and to protect against
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Fig. 1. Membership functions for the proposed controller of error and its time derivative.

Fig. 2. Three dimensional plot for rule base of KP.

Fig. 3. Three dimensional plot for rule base of KI.
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