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Abstract: - Power system stabilizers (PSSs) are utilized in order to make power systems stable after a large or
small disturbance. Therefore PSSs must be capable of providing appropriate stabilization signal over a broad
range of operational conditions and disturbances. Due to the fact that PSSs are widely used in power industry,
any appropriate improvements in controlling methods of PSSs are important as well. Recently, Fuzzy logic is
used as a robust control design method and FPSS is proved to have a good answer for generating appropriate
control signal. However fuzzy logic controllers (FLCs) are based on empirical contract rules, however there is
no systematic method known for designing of a FLC. A self learning adaptive network based fuzzy inference
system (ANFIS) type power system stabilizer (ANFPSS) is presented in this paper.

In this approach, the fuzzy rules and membership functions of the fuzzy PSS is tuned automatically by the
learning algorithm. The proposed technique is illustrated on a 9-bus, 3-machine power system. Results show
that ANFPSS has a satisfactory performance under various and different conditions of power systems and
related faults.
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1 Introduction

Power systems are usually large non-linear systems,
which are often subjected to low frequency
electromechanical oscillations. Power System
Stabilizers (PSSs) are often used as an effective and
economic means for damping the generators’
electromechanical oscillations and enhance the
overall stability of power systems. Power system
stabilizers have been applied for several decades in
utilities and they can extend power transfer stability
limits by adding modulation signal through
excitation control system. They provide good
damping;  thereby contribute in  stability
enhancement of the power systems.

Designing PSS is an important issue from the
viewpoint of power system stability. Conventional
PSSs (referred to as CPSS) use transfer functions
designed for linear models representing the
generators at a certain operating point [1,2].
However, as they work around a particular operating
point of the system for which these transfer
functions are obtained, they are not able to provide
satisfactory results over wider ranges of operating
conditions. In other words, according to the fact that

the gains of the mentioned controller are determined
only for a particular operating condition, they may
not yet be valid for a wide range around or for other
new conditions [3].

This problem is overcome by using Fuzzy logic
based technique for designing of PSSs. Fuzzy logic
systems (FLCs) allows us to design a controller
using linguistic rules without knowing the exact
mathematical model of the plant[4,5]. The
application of Fuzzy Power System Stabilizers
(FPSSs) has been motivated because of some
reasons such as improved robustness over that
obtained using conventional linear control
algorithm, simplified control design for difficult-to-
be-modeled systems and simplified
implementation[3,6]. FLCs are very useful in the
case a good mathematical model for the plant is not
available; however, experienced human operators
are available for providing qualitative rules to
control the system. In some paper to improve the
performance of FPSSs a hybrid FPSS is presented.
In [7] a FLC is used with two CPSS, also Hybrid
PSSs using fuzzy logic and/or neural networks or
Genetic Algorithms (GA) have been reported in
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some literature [8,9].

However, there is no systematic procedure for
designing FLCs. The most common approach is to
define Membership Functions (MFs) and IF-THEN
rules subjectively by studying an operating system
or an existing controller. So, an adaptive network
based approach presented in [10] to choose the
parameters of fuzzy system using a training process.
In this technique an adaptive network is used to find
the best parameter of fuzzy system.

In this paper, an adaptive neuro fuzzy inference
system (ANFIS) based PSS is developed, which
uses the speed, and its deviation as the inputs. The
ANFPSS uses a zero order Sugeno-type fuzzy logic
controller whose membership functions and
consequences are tuned by back-propagation
method. Fuzzy rules and MFs of the controller can
be tuned automatically by learning algorithm.

The proposed technique is illustrated on a 9-bus, 3-
machine power system. MATLAB/SIMULINK and
fuzzy logic toolbox have been used for system
simulation. The results demonstrate that the
proposed self-learning ANFPSS provides a good
damping over a wide range of operation conditions
and improves the stability margin of the system as
well.

2. Adaptive Network Based Fuzz

Inference System

In this article, an Adaptive-Network based fuzzy
structure is employed to design a fuzzy logic power
system stabilizer (FPSS). The FPSS considered,
have two inputs that are components of the speed
and its deviation. In this method, input parameters
change to linguistic variable and suitable
Membership Functions (MFs) should be chosen for
them. Moreover, the rule base contains the fuzzy if-
then rules of Takagi and Sugeno type, in which the
output of each rule is a linear combination of input
variables added by a constant term [10].

I. Structure of ANFIS

In this part, the structure of ANFIS for tuning
parameter of a fuzzy inference system with two
inputs and one output is explained. The structure of
ANFIS which is shown in fig (1) consists of five
layers [10]:
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Fig.1 The structure of ANFIS with two inputs

Layerl:

Each node in this layer is an adaptive node with a
node function shown in the following equation (1),
and performs a membership function (MF):

d=( (1
, where O is membership function of W, (x) and A is

the linguistic label associated with this node. In this
layer parameter of each MF are adjusted. In this
work, MFs of these nodes are bell-shaped function.

Layer 2:

In this layer the output of each node represents the
firing strength of each rule. Hence, the nodes
perform the fuzzy AND operation, that its output is
multiple of inputs as shown in equation (2):

Wi :HAi(X)*“’Bi(Y)ﬂ i:152533 (2)
Layer 3:

As shown in equation (3), the nodes of this layer

determine the normalized firing strength of each
rule:

®; = 3)

Layer4:

Each node in this layer is an adaptive node and in
this layer parameters of output are adjusted. This
output usually is a linear function of input.

Layer 5:
This layer has only one node and calculates the
overall output as a summation of all input signals:

f= i f, 4)
i=1

Hence, an adaptive Network has been constructed,
which is functionally equivalent to a fuzzy logic
fault locator. This structure can update the MFs and



rule base parameters.

3. ANFIS Based PSS

The ANFPSS is initially trained off-line. For this,
typically disturbances under various operation
conditions were applied to simulated Multi-Machine
Power System. The main effective characteristic and
condition of the power system by which the PSS
operations could be distorted are assumed to be one
of the fault positions, level of system load, and
clearing time of protection devices. In other words a
useful PSS should be able to generate proper, so an
effective PSS must be able to generate suitable
damping signals under various position of fault and
different levels of load. Furthermore, if the
protection system has not a proper operation and
failed to clear fault in the shortest time, the backup
protection would be activated after a determined
time delay, so the PSS should be enable to send
proper damping signal under this conditions.

For this, further to normal operation of power
system, we simulated other critical conditions and
used the obtained data in training process of
ANFPSS, therefore the proposed PSS is able to
damp oscillations under normal condition of power
system and also conditions described bellow:

A. Various position of fault on power system:
the ANFPSS can damp oscillation due to fault
on different bus or along each line of power
system.

B. Fault clearing time: the ANFPSS has good
performance even if the main protection
system failed and fault clearing time increases
until backup protection operates with a
determined time delay.

C. Level of load: the proposed ANFPSS has a
nice operation when power system faces with
a maximum %20 overload.

Initial parameters of MFs and IF-THEN rules are
selected in a random manner and after training
process the obtained MFs and rules are applied to
power system as an ANFPSS.

3.1 ANFPSS Scheme

Figure (2). Shows the scheme of proposed ANFPSS
and its application in a Multi-Machine power
system.

A zero order Sugeno fuzzy controller with 18 rules
is used for ANFPSS. The controller rules are of the
form:

IF Aw is Ai and P is Bi then u=Ki
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Where Ai and Bi are fuzzy sets and Ki is a constant
value.
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Fig.2 Proposed ANFPSS for Multi-
Machine Power System
The MFs of two inputs of controller represent the
triangle membership functions for each linguistic set
and each input. These MFs, after training process,
are shown in fig (3).

4. Simulation Result
The 3-Machine 9-Bus power system, shown in fig
(4), is used for testing the proposed technique. All

simulations ~ were  performed  using  the
MATLAB/SIMULINK [11].
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Fig.3 MFs of two inputs of controller in proposed
technique

Performance evaluation of the ANFPSS was done
by applying a large disturbance caused by a three-
phase fault to ground on different positions and in
various condition of load level and time delay of
protection system.
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Fig.4 3-Machine 9-Bus Power System

Some different simulations are done and illustrated
bellow:

4.1 Casel:

A 3-phase to ground (3PG) fault was applied to bus
6. In this case the load level is in normal condition
and the main protection system can operate in the
minimum time. The results are shown in Fig (5) to

Fig (8).

4.2 Case 2:

A 3PG fault was applied to bus numbered 8 and the
power system has % 20 overloads. The results are
shown in Fig (9) to Fig (12).

4.3 Case3:

A 3PG fault was applied to bus numbered 2 and the
main protection system failed to clear the fault, so
the backup protection operates with a normal time
delay. Therefore in this case fault clearing time is
longer than the two previous cases. The results are
shown in Fig (13) to Fig (16).

5. Conclusions

This paper described an ANFIS based power system
used for damping oscillation in Multi-Machine
power systems. In this method FPSS, which uses
Takagi-Sugeno type FLC, is trained in a systematic
approach to set on proper parameters. The
parameters of proposed PSS (such as MFs and
Fuzzy IF-THEN rules) are tuned off-line using an
adaptive network; consequently the proper damping
signal can be generated in wide range condition of
power system in on-line operation.

The proposed PSS is tested on a 3-Machine 9-bus
system under different conditions such as change on
load level, change on position of fault and the time
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of fault clearing. The simulation results and
ANFPSS’s responses to various disturbances have
demonstrated that the proposed ANFPSS can
effectively enhance the damping of low frequency
oscillations.
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Fig.11 Variation of m, (case 2)
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Fig.12 Variation of Py (case 2)
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Fig.13 Variation of 9, (case 3)

Fig.14 Variation of m, (case 3)
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Fig.15 Variation of 65 (case 3)

Fig.16 Variation of ®; (case 3)
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