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Abstract: In this paper, the fuzzy logic controller (FLC) based power system stabilizer (PSS) with compressed / reduced rule is
presented. The FLC rule base is generally based on empirical control rules. In this method, the fuzzy system with a large number
of fuzzy rules is compressed to a fuzzy system with a reduced number of rules by removing the redundant and inconsistent rules
from the rule base which doesn’t affect the performance of the fuzzy logic controller. The FLC based PSS has two input signals
as speed deviation and derivative of speed deviation with an appropriate number of linguistic variables. The number of
compressed rules in the rule base through the proposed dominant rule algorithm is reduced to a number as low in the number of
selected linguistic variables to represent input and output signals. The application of the FLC with compressed rules as a power
system stabilizer (CR-FPSS) is investigated by simulation studies on a single-machine infinite-bus system (SMIB). The superior
performance of this compressed rule based fuzzy PSS (CR-FPSS) as compared to conventional PSS and proves the better
efficiency of this new CR-FPSS. The reduced CPU computational time and storage space as compared to the fuzzy power system
stabilizer (FPSS), proves its applicability in control.

Keywords: Fuzzy Logic Controller, Rule Base Compression, Compressed Rule FPSS, Single Machine Infinite Bus System,
Power System Stabilizer, Dominant Fuzzy Rule Compression

(PSO) [4, 5], genetic algorithm (GA) [6, 7], bat algorithm [8]
and differential evolution (DE) [9] algorithm, have been
applied to complicated and large dimensional power system
problems. As a very new optimization method named as
Harmony Search Algorithm has been introduced by Geem et
al. in 2001 [10], is inspired from the process of the
improvisation used by musicians to achieve the harmony. The
HS algorithm [11, 12] is a meta-heuristic optimization
algorithm which is similar to the PSO [4] and GA [6]. It has
been implemented extensively in the fields of engineering
optimization [11], in recent years. It became an alternative to
other heuristic algorithms like PSO [4], Tabu search [13],
simulated annealing [14, 15], evolutionary programming [16],
rule based bacteria foraging [17] and type-2 fuzzy power

1. Introduction

The electric power demand is increasing with time resulting
in extension to the power system network & constraints. These
large networks are operated close to their dynamic stability
even though it may lead to major system black-outs because of
small signal oscillations (0.1-3Hz). These can be
damped-out by using conventional power system stabilizers
(CPSS) because of their flexibility, easy implementation & of
low cost [1, 2]. These CPSSs are the fixed parameter
controllers, designed over a nominal operating point to get
desired performance at this point as well expect over a wide
range of operating conditions and varying system conditions.
The CPSSs constitutes a gain amplifier block, lead-lag e
network and washout block [1]. These CPSS are limited in  System stabilizer [18, 19]. ) o
performance because these may lose effective damping for a In case of adaptive PSS, with poor initialization, the

wide range of operating conditions within a power system [3].  Performance during learning phase is not satisfactory.
In 1960 - 70, the classical optimization methods were Continuity of the objective function is a prerequisite for

introduced but not able to converge for non-linear and ~ &radient algorithm used in such applications [20]. As
non-differential engineering problems. Recently, some of the alternative control theories such as the variable structure, the

optimization methods such as the particle swarm optimization ~ 2daptive and linear optimal control theory has been used to
design Power System Stabilizers with improved performance
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in [20, 21]. Fuzzy logic applications to design of the PSS have
emerged as a powerful technique which outperforms the CPSS
over a wide range of operating conditions of the power system
[22]. The special aspect of Fuzzy PSS is its application to
ill-defined systems because of its model-free ability as in [22,
23].

In 1970s [24], the applications of fuzzy control in the
engineering field were introduced by design of a pilot
boiler-steam engine. The application of systematic rule base as
a controller is described in [25, 26]. The construction of a
fuzzy controller is simpler to its tuning and analysis [27, 28].
The major concern of the researchers is to obtain the high
interactivity of the rules, completeness and inconsistencies of
the fuzzy rules as reported in [21, 29, 30]. The inconsistency
and completeness conviction is being used for the
study/analysis of the fuzzy controllers. Therefore, a
methodology is carried out to analyze the consistency of rule
base for FPSS. The inconsistencies of a rule base are
determined by equalities of two fuzzy sets. This method is an
alternative to the possibility approach proposed in [31, 32].
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The refinement in the rule base is carried out by redundancy
approach as proposed in [31]. As the redundant rules do not
participate/contribute to the performance analysis of the fuzzy
controller, therefore, the rule base can be modified by
removing these redundant rules. The main considerable
aspects of a fuzzy control are performance criteria and cost
factors, which affect the size of rule base [31]. The only
problem associated with the fuzzy systems is the large number
of rules depending upon the number of inputs. The increased
number of rules leads to complexity of quality in terms of poor
transparency and unclear/vague interpretation of the fuzzy
rules, while the quantitative complexity vests in terms of the
high number of rules. The variation of a number of rules with
the number of linguistic variables for a particular number of
inputs is shown in Figure 1 and may be concluded that the
number of rule's increases exponentially with the increase of
linguistic variables. If the number of inputs is %’, if the
number of linguistic variables is V', then the number of rules
7’ is given by r=v'
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Figure 1. Variation of number of rules for a fuzzy system with two, three and four inputs.

It is well established that fuzzy control is applicable to the
systems which are not well defined, complex, possesses
uncertainties and cannot be described by mathematical
modelling [12, 33].The uncertainty is the part of decision
making units and is inherent to the systems, where the
information is  gathered. The reliability of the
information-gathering process and the quality of decisions
may be seriously affected by these uncertainties. However, it
suffers from serious concern to non availability of a standard
design procedure, reducibility, optimality and partitioning of
the fuzzy rule set. A rule base can be generated by some
learning process, identification scheme and more generally
from the expert operators can have weakly been contributing
rules, redundant rules or inconsistent components of the rules.
It is also notable that enlarged rule base suffers from the higher
computational time and large storage space. Therefore, an
optimal rule base is the requirement of fuzzy systems, thus the

present work is an attempt in this direction by using rule
compression strategy as suggested in [12, 29, 32, 34, 35].

This paper presents a new fuzzy PSS with compressed rule
base for the system data at a nominal operating condition of
the power system and applied to different eight operating
conditions with fault based disturbance to examine the
robustness of it. The performance with this CR-FPSS is
compared to conventional PSS and the original FPSS. The
special aspect of this method is to partition the input space in a
resilient manner [32, 34].

The rest of this paper is organized as follows. In Section 2,
the review of the fuzzy system is incorporated. The rule base
compression algorithm is presented in section 3. In section 4,
the considered test system for small signal stability
improvement using SMIB power system model and dynamics
is incorporated. The system is tested with CPSS, with FPSS
and with proposed CR-FLPSS. Finally, the observation based
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conclusion is carried out in section 5.

2. Operation Stages in Fuzzy Systems

The pioneer work on fuzzy logic was introduced in 1960°s
by Prof. Lofti Zadeh [36]. In fuzzy logic, a programmer deals
with the natural, “linguistic sets” of states, such as a large
negative medium negative, negative, positive, medium
positive, large positive, etc. The main parts to the fuzzy logic
process are fuzzification (crisp value to fuzzy input), rule
evaluation (fuzzy control), and defuzzification (fuzzy output
to crisp value) /37, 38]. The FLC has the following main
elements as in Figure 2.

1. Rule-Base: It contains fuzzy logic quantification (a set of
If-Then rules) of the expert’s linguistic description to the
system to get good control.

2. Inference Mechanism: It is also called as “inference
engine” or “fuzzy inference” module. It emulates the
decision making of expert in interpreting and applying to
control the plant.

3. Fuzzification Interface: It converts controller inputs into
the fuzzy input, which is used by the inference
mechanism to activate and apply rules. The crisp value
inputs are converted to fuzzy inputs as the basis of

Power System Stabilizer Design Using Compressed Rule Base of Fuzzy Logic Controller

membership functions defined for the fuzzy system.

4. Defuzzification Interface: It converts the
output/conclusions of the inference into crisp inputs to
the plant.

The purpose of the fuzzy control system is to replace a
human expert by a fuzzy rule-based system. The FLC can
convert the linguistic control based on expert knowledge into
an automatic control strategy. The heart of Fuzzy Systems is a
knowledge base, which is formed by the if-then rules of
fuzziness.

Fuzzy sets in fuzzy systems are used to map input to output
as in Figure 2. The FIS system based on Mamdani as in [24], is
considered in this paper. The major stages of mapping involve
as fuzzification process, inference process and defuzzification
process. The triangular membership functions are used in
fuzzification stage [24, 34, 39]. The major parts of an
inference system are application, implication and aggregation
[34]. The conjunctive process (MIN) is applied in application
part, the truncation process on the implication part while a
disjunctive process (MAX) is applied in the aggregation part
as in Figure 2. There are many defuzzification methods as
centroid, bisector, LOM, MOM, SOM but most widely used
centroid method is considered in the defuzzification stage
[34].
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Figure 2. Input to Output mapping in a fuzzy system.

3. Review on Rule Base Compression
Algorithm

The efforts are made for the rule base reduction in fuzzy
control like interpolation algorithm in [32, 40, 41]. In

interpolation algorithm, only minimal numbers of necessary
rules remain at the rule base. Another approach is boolean
used for measuring equivalence and inconsistency in the rule
base. This method of rule base reduction with application as a
robot manipulator control is proposed by Bezine in [42].
Xiong and Litz [43] have proposed an application of genetic
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algorithm to premise learning methodology for rule base
reduction resulting to efficient control of an inverted
pendulum.

In this paper, the inconsistency and redundancy as in [31]
and dominant rule selection as in [32, 34] are used to eliminate
highly redundant rules and design of compressed rule base. It
is established that the rule's redundancy or non dominant do
not contribute to the performance of the controller as FPSS.
Therefore, it is necessary to reduce/compress the rule base for
fuzzy inference system (FIS) computations in real time. The
term redundancy is the measure of the degree to which the
input and output fuzzy rules tend to overlap are introduced in
[32, 34]. Therefore, the input and output spaces of any two
fuzzy rules closely similar to each other are termed as highly
redundant. Thus, the identical rules have redundancy values as
1.0 and totally different rules have a redundancy value as 0 (no
value). Asin[32], the fuzzy rules in a rule base possess a high
degree of redundancy levels may be removed to reduce the
size of rule base and maintaining the almost similar
performance as with original FIS system.

As the rules having the similar linguistic value of their
outputs are called as monotonic rules and are commonly found
in fuzzy systems. In the proposed method, monotonic rules are
arranged in groups, and the dominant rules are determined for
each group. The rules with highest firing strength are called
dominant because all other rules from the same group don’t
have an appreciable impact on the output. The phenomenon is
termed as redundancy and would be the basis to rule base
compression process. An algorithm for rule base compression
can be described as.

Creation of rule base integer table: The rule base integer can
be created in two ways: (a) creation by user input, (b) creating
from the existing FIS system.

(a) Creation by user input: the user is required to enter
information such as the number of inputs and outputs along
with the number of linguistic variables for each input and
output. The entry for the output values for each possible
combination of input linguistic values. According to the
entries of input, output and rules, an integer table is created.

(b) Creation from an existing FIS system: in another option,
the pre-defined FIS system is loaded and the linguistic
variables for inputs and output are assigned by integer
numbers. According to the rules within the FIS system, an
integer table is created.

1. Input system information: In case of 1(a), the user is
required to enter all the information regarding the fuzzy
inference  system. The information regarding
membership function and names for linguistic variables
are entered.

2. Creation of the fuzzy rule base with the original rules: In
case of 1 (a), according to the entries in step land 2, the
FIS system is created and saved with innovative details.

3. Rearrange the rules into groups: This step is related to
aggregation and is an entirely off-line process. The
integer rule table created in step-1 is rearranged in
groups and is sorted in ascending order with respect to
the chosen output. In a group say output as 2, then in the

second group all rules in terms of integers should be
accommodated and similarly for others. If a 7x7 fuzzy
relation matrix (FRM) is created or loaded, afterwards
there would be seven groups with outputs as 1, 2, 3, 4, 5,
6 and 7.

4. Find dominant rule and compressed rules: In this step,
dominant rue for each group is determined. Since the
dominant rules can be determined after the completion of
application and fuzzification stages, therefore, the
process is only possible on-line. The determination of
dominant rules from each group and arranging in a table
is called as reduced/compressed integer rule table.

5. Creation of fuzzy rule base with compressed rules: The
reduced rule table found in step 5, for an original rule
table either by creating or by loading is saved in this step
by different names with *.fis as an extension. Let
created/loaded FIS system is pss.fis then the reduced
should be saved as pssr.fis.

6. Apply fuzzification, inference and defuzzification: This
Step is concerned with the evaluation of the file saved in
step six. It evaluates the output of a pssr.fis for given
inputs like speed as 0.05, acceleration as 0.005 then the
output voltage comes as 0.68.

7. Generate the solution surface: In this step output-surface
is generated for original and reduced FIS system by an
applied number of points (generally 30-50) for the crisp
input values and the defuzzified output values. It
validates the compressed system with respect to the
original system.

On application of the algorithm as in [32, 34] and following
as mentioned above, the monotonic rules remain in the fuzzy
rule base. It should be cleared that the number of monotonic
rules as the number of linguistic variables or number of groups
in the original fuzzy rule base.

It is suggested in [32, 34], that the non-monotonic rules
should be completely removed from the new rule base. It
should also be taken into consideration that the aggregation
process to determine the inconsistent rules should always be
off-line, while, that of filtering process for determining
non-monotonic rules should be carried out on-line. In above
algorithm step 1 is carried out off-line while the steps 2-3 are
carried out online. The rule with maximal firing strength out
of a group is called as a dominant rule. The other rules don’t
have adequate effect. If a group has more than one dominant
rule than random selection can be done to select powerful rule.

The rule base compression is carried out in the MATLAB
Fuzzy Logic Toolbox. The algorithm is applied for 7x7 fuzzy
rule matrix with 49 rules. The corresponding rule base is being
represented by integer tables in which the linguistic values of
inputs and outputs are replaced by integers. The rule-base
compression method with the dominant rule method is applied
because of its systematic nature and wide applicability. The
considered case of 49 rules with speed and acceleration as
input and voltage as output being evaluated for rule
compression as per algorithm stated above. The procedure is
illustrated in the next section.
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4. Case Study

4.1. Test System Description

The system under consideration consists of the single
machine connected to an infinite bus (SMIB) through a
tie-line. The infinite bus can be represented by the Thevenin’s
equivalent of a large interconnected power system.
Synchronous generator control components as schematic are
shown in Figure 3.

The combinations of a turbine and governor are being used
to drive the synchronous generator. The generator is being
excited by an external excitation system. The excitation

Turbine Generator

Power System Stabilizer Design Using Compressed Rule Base of Fuzzy Logic Controller

system is controlled by AVR and PSS to control the
low-frequency oscillations arise due to lack of damping of the
system’s mechanical mode. In case of inadequate damping
torque, the system may lose stability. Since the high gain, fast
acting AVR leads to generate negative damping, therefore, to
provide additional damping supplementary excitation control
like PSS is developed. The stability to the system may be
improved by adding a control loop with the governor, but is
limited because of overheating problem and large time
constant. Hence, the PSS is the best choice to improve stability
[1,2,44].

Vi
Transmission Line

RetjXe k‘

Governor

Fault

Inf. Bus, V,

CR-FPSS

*

Figure 3. Single Machine Infinite Bus Representation with fault.

Design of conventional PSS is based on a linearized model
around a certain operating point. Since the actual power
system operates over a wide range of operating conditions and
nonlinear characteristics. The tuning of CPSS to cope with
most of the operating conditions is very difficult. The change
in rotor speed is taken as input to PSS as shown in Figure 4.
The structure of PSS is mainly composed by a gain, wash out
filter and the phase compensator block [1, 2]. The gain block
is used to ensure the required damping factor in the
consideration of practical aspects (operating conditions) of the
power system as in [2, 45]. The washout filter behaves as a
high-pass filter; therefore, the PSS only responds to the speed
deviation of generator and not responds to the steady-state
operation within the system. The criterion to select the
washout time constant 7, is to pass required PSS signals
intact [1, 2, 46]. The main concern of the damping issue is the
lag compensation in between excitation input and the air gap
electrical torque is provided by third block of CPSS, called as
the phase compensator block and showed in Figure 4. The

output of the PSS is controlled by the limiting block to prevent
the over excitation and concerned block is called as limiting
block with bounds generally as + 0.12 to £ 0.15 pu [1, 2, 47].
The transfer function the conventional PSS (CPSS) is given
by.

sT, 1+sT)

=K
Gpgs () =K, T4sT, 14T, (D

In the SMIB representation, the dynamic interference
between the several machines in the power station is neglected,
but it is still an appropriate to various types of studies,
especially for identical machines, operating at similar load
levels. The linearized model of SMIB was the result of a first
serious investigation by DeMello and Concordia in 1969 [48].
This model is used in the study of PSS design and is also
adopted illustrating the proposed design method. The static
exciter of a single time constant automatic voltage regulator
(AVR) is connected to the synchronous generator and is
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represented by. __K,
Gz (s) 1+5T, (2)
Aa sT, 1+ sT, AVS
—» Kpss > >
1+ STw 1+ ST2
Gain Washout Lead-Lag Limiter

Figure 4. Conventional Power System Stabilizer.

The small perturbation model of the system as in [12],
includes the IEEE-type ST1A exciter and the PSS. The
linearised differential equations can be written as follows

K g5 Ko pp

Aw= ! 3
2H 2H 1 )
Ad = Dhw 4)
AE! =~ ! ~AE! ——K;‘ A5+L,AE,H (5)
KT, Ty a0
K K K K 1

NE, =—-"4LS5N-—4CF —— AV

fd TA TA q TA ref (6)

By using equation (3)-(6), state space form of the system
can be arranged as follows

The FLPSS rules are determined by using the proposed rule
compression method. Eight operating points of SMIB power
system (i.e power system pants as 01—8 and shown in Table 1).
The plants of SMIB power system with FLPSS are simulated
in an SIMULINK working environment of MATLAB.

Table 1. SMIB Power System Plants.

Power System Active Power, Reactive Reactance. Xe
Plant Pg0 Power, Qg0 i

1 0.50 0.0251 0.2

2 0.75 0.0566 0.2

3 1.00 0.1010 0.2

4 1.25 0.1588 0.2

5 0.50 0.0505 0.4

6 0.75 0.1152 0.4

7 1.00 0.2087 0.4

8 1.10 0.2550 0.4

4.2. Development of Compressed Rule Table

x(1) = Ax(1) + Bx(t) (7 L . .
The number of Linguistic Variables is taken as 7 to each
. T input. The input signals are taken as Speed Deviation (Error
x(=[bw A5 AE, AE,] ®) P put sig as Speed Deviation (Error)
: and rate of change of Speed Deviation (derivative of Error)
_ - while the output is taken as Change in Voltage. For simplicity,
K, _K _K 0 these three signals are being represented as Speed,
2H 2H 2H Acceleration and Voltage. The seven linguistic variables are
0 0 0 0 defined by LN, MN, N, Z, P, MP, and LP as in Table 2.
= K 1 1
4 0 ——'4 - - — (9) Table 2. Representation of Linguistic Variables (7%7 FRM).
7:1' 0 K3 ]:1' 0 7:1' 0
S. No. Symbol Linguistic Variables Integer
0 KAKS _ KAKG _i 1 LN Large Negative 1
TA TA TA 2 MN Medium Negative 2
- - 3 N Negative 3
4 Z Zero 4
_ K A 5 P Positive 5
B= |:O 00 T} (10) 6 MP Medium Positive 6
4 7 LP Large Positive 7
> Rule Reduction
° > Process
g 5 [
? G 2 T i
22| 28< Lo S
»n Q ;.9 A P &
<~ I g_e'
K A Power
p > W
Wret ra L—»  System v,
Aw Kd _ Model

Figure 5. Rule reduction process.
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Table 3. Input and Output Linguistic Variables.

Acceleration
LN MN N Z P MP LP
LN LN LN LN MN MN N z
specd  MN LN LN MN MN N zZ P
vt N LN MN LN N zZ P MP
z MN MN N z P MP MP
on P MN N zZ P Lp MP LP
MP N zZ P MP MP LP LP
LP z P MP MP LP LP LP

As per the Table 3, the number of output rules is 49 and the
table is called as fuzzy relation matrix (FRM) or simply rules
table. As per step-5, the dominant rules (only in online process)
for selected inputs, i.e. speed as 0.008929 pu and accelerations
as 0.08929 pu are determined from the groups as in Table 4.
The procedure of speed and acceleration is determined as in
Figure 5. The rules are written in the form of IF-THEN rules.
The rule table for the original FIS system is arranged by an
integer as in step-3 and is shown Table 5(a). The same integer
table is being re-arranged into a group rule table and is
represented in Table 5(b). The number of groups is equal in the
number of linguistic variables. Generally, one dominant rule is
selected from each group and resulting in the compressed rule
number as 7 in Table 6. A case may exist that a particular
group is having more than one powerful rule then a single rule
should be selected on a random basis. As stated above, the
reduced rule table for 7x7 FRM in Table 6 can be written as
the linguistic variables as in Table 7. The dominant linguistic
variables enlisted as a result of the online process and resulting
rules as in Table 7 is shown by bold and italic in Table 3.

Table 4. Speed and Acceleration for creation of compressed rule base for
plant 1t0 8.

Plant Speed Acceleration
Plant-1 0.004464 0.04464
Plant-2 0.006696 0.06696
Plant-3 0.008929 0.08929
Plant-4 0.01116 0.1116
Plant-5 0.004465 0.04465
Plant-6 0.006697 0.06697
Plant-7 0.008929 0.08929
Plant-8 0.009821 0.09821

The representation of the bold-italic in Table 3 is same in
terms of output linguistic variable as in Table 6 (in integer
form) and Table 7 (in LV form). It is the rule base saved with
* fis extension and used for the performance analysis of FPSS
using reduced rule FIS. To look into the validation of the
primary and decreased rule table, the output surface is
generated and the similarity of the output surfaces proves the
mimics operation of the reduced rule system to its first
counterpart.

4.3. Test System Response Analysis

The system considered in the PSS design using a reduced
number of rule base of 7x7 FRM is applied to plants 1-8 as in
Table 1. In this case, the plants being tested with Fuzzy PSS
(reduced rule base) and compared to the system response with

CPSS and with FPSS; presented in Figure 6 to 9. In all
responses, the system under different operating conditions is
stable with CR-FPSS. The computation time taken by CPU,
with CPSS, FPSS and proposed CR-FPSS is recorded in Table
8; resulting least with CR-FPSS as compared to FPSS for all
plant conditions (lightly loaded to heavy loaded). Here, it
should be noted that the computational time in case of CPSS is
least in comparison to FPSS and CR-FPSS, but is not able to
stabilize on heavy loading conditions like plant-8, shown in
Figure 9(b). For further clarification of the system response,
the generator speed, control voltage, terminal voltage, air-gap
electric torque, angle and excitation voltages are shown in
Figure 10(a), 10(b), 11(a), 11(b), 12(a) and 12(b), respectively
for nominal operating conditions of the SMIB power system
as in plant 3.

Table 5. Integer Table for Original PSS rule base.

(a) Complete integer Rule table (b) Grouped integer Rule table

Rule Speed Acc. Vol. Rule Speed Acc. Vol
1 1 1 1 1 1 1 1
2 1 2 1 2 1 2 1
3 1 3 1 3 1 3 1
4 1 4 2 4 2 1 1
5 1 5 2 5 2 2 1
6 1 6 3 6 3 1 1
7 1 7 4 7 3 3 1
8 2 1 1 8 1 4 2
9 2 2 1 9 1 5 2
10 2 3 2 10 2 3 2
11 2 4 2 11 2 4 2
12 2 5 3 12 3 2 2
13 2 6 4 13 4 1 2
14 2 7 5 14 4 2 2
15 3 1 1 15 5 1 2
16 3 2 2 16 1 6 3
17 3 3 1 17 2 5 3
18 3 4 3 18 3 4 3
19 3 5 4 19 4 3 3
20 3 6 5 20 5 2 3
21 3 7 [ 21 [ 1 3
22 4 1 2 22 1 7 4
23 4 2 2 23 2 6 4
24 4 3 3 24 3 5 4
25 4 4 4 25 4 4 4
26 4 5 5 26 5 3 4
27 4 6 6 27 6 2 4
28 4 7 6 28 7 1 4
29 5 1 2 29 2 7 5
30 5 2 3 30 3 6 5
31 5 3 4 31 4 5 5
32 5 4 5 32 5 4 5
33 5 5 7 33 6 3 5
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(a) Complete integer Rule table (b) Grouped integer Rule table Table 7. Reduced Rule Table in LV form for PSS.
Rule Speed Acc.  Vol. Rule  Speed Acc. Vol ..
34 5 6 6 34 7 b 5 Rule No. Linguistic Rules
35 5 7 7 35 3 7 6 1 If (speed is LN) and (acceleration is LN) then (voltage is LN)
36 6 ! 3 36 4 6 6 2 If (speed is LN) and (acceleration is Z) then (voltage is MN)
37 6 2 4 37 4 7 6 3 &
38 6 3 5 38 5 6 6 3 If (speed is LN) and (acceleration is MP) then (voltage is N)
39 6 4 6 39 6 4 6 4 If (speed is Z) and (acceleration is Z) then (voltage is Z)
40 6 5 6 40 6 5 6
41 6 6 7 41 7 3 6 5 If (speed is P) and (acceleration is Z) then (voltage is P) )
42 6 7 7 42 7 4 6 6 If (speed is N) and (acceleration is LP) then (voltage is MP)
43 7 1 4 43 5 5 7 I dis P)and leration is P) th | s LP
44 7 2 5 44 5 7 7 7 (speed is P) and (acceleration is P) then (voltage is LP)
45 7 3 6 45 6 6 7
46 7 4 6 46 6 7 7 Table 8. CPU Computational Time.
47 7 5 7 47 7 5 7 " g 2
48 7 6 7 48 7 6 7 Power System CPU time for CPU time for CPU time for
49 7 7 7 49 7 7 7 Model CPSS Fuzzy PSS CFPSS (Prop.)
Plant-1 0.7958 130.1118 23.0398
Table 6. Reduced Rule Integer Table for PSS. Plant-2 0.7256 127.3183 22.1662
Plant-3 0.7159 128.7899 22.3365
Initial Parameters of FPSS for Compressed Rules
Plant-4 0.7486 155.4953 24.8997
Speed Acceleration Voltage
) ) . Plant-5 0.5609 137.367 21.6231
) 4 5 Plant-6 0.6083 140.6716 22.2323
Plant-7 0.73 138.4199 25.0446
! 6 3 Plant-8 1.3983 141.1053 26.4898
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Figure 6. Speed response with CRFPSS, FPSS and CPSS for (a) Plant-1, and (b) Plant-2.
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Figure 7. Speed response with CRFPSS, FPSS and CPSS for (a) Plant-3, and (b) Plant-4.
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Figure 9. Speed response with CRFPSS, FPSS and CPSS for (a) Plant-7, and (b) Plant-8.
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Figure 10. Response with CRFPSS, FPSS and CPSS at nominal operating point for (a) Speed, and (b) Control Voltage.
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Figure 11. Response with CRFPSS, FPSS and CPSS at nominal operating point for (a) Terminal Voltage, and (b) Electric air-gap torque.
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5. Conclusion

A novel rule reduction algorithm is applied to design a
fuzzy logic based power system stabilizer. The reduced rule
based FLC is applied to a single-machine infinite-bus system
as the power system stabilizer for small signal stability
improvement.

The proposed method (dominant rule reduction) based
designed CR-FPSS is applied by considering 7x7 FRM with
49 rules, which is compressed to 7-rules. The application of
the reduced tables of FIS system can stabilize the SMIB
system for wide operating conditions (as plant 1-8) with
decreased settling time as compared to CPSS, while as
reduced computation time and memory storage as compared
to FPSS. The superior performance of this compressed rule
based fuzzy PSS (CR-FPSS) as compared to conventional PSS
and proves the better efficiency of this new CR-FPSS.

This method is applicable to the Mamdani type of fuzzy
systems and pertinent irrespective of the number of inputs,
outputs, linguistic values, membership functions and
concerned rules. The dominant rule compression algorithm
manages the complexity in the fuzzy systems. In this paper,
the algorithm is applied only for a single cycle from original
FIS system creation/loading of the reduced FIS system. It can
be applied to another number of cycles, but the complexity
would be increased. The complexity associated to an increase
in cycles is a further scope of research.
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