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ABSTRACT

A fuzzy logic — based controller has been considered to be a feasible and effective control strategy for a
numerous number of complex control problems. To design such an effective fuzzy logic controller, it is
necessary to determine proper scaling factors which significantly affect the control quality of the system. This
study concentrates on applying well-known bio-inspired optimization methods, i.e. PSO, GA and DE, to deal
with this determination. A typical PD-type fuzzy logic architecture is chosen to be a traditionally intelligent
controller. Then, the bio-inspired optimization methods will be applied for such a fuzzy logic controller to
optimally determine its three scaling factors. The simulation results provided for the load — frequency control
issue of a two-area interconnected hydropower system verifies the applicability of the proposed control

strategy. Comparative simulations are also to decide which is the best choice of the bio-inspired optimization

methods in the determination of significant scaling factors regarding the PD-type fuzzy logic controller.
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I. INTRODUCTION

A fuzzy logic technique -based control strategy is one
of the most successful applications of fuzzy logic
theory. The fuzzy logic-based control is highly
suitable for designing effective controllers of complex
control systems. It is clear a fuzzy logic — based
control system may not require whole defined
parameters, but it should be dependent on the
knowledge of experts [1-4].

Theoretically, the following three issues need to be
considered when designing a fuzzy logic — based
controller [4]:

(i) Establishment of the

functions is implemented to change a set of crisp

suitable membership
values into fuzzy logic domain;

(ii) It is necessary to decide a fuzzy logic rule base to
control rules based on

process and evaluate

experiences of experts;

CSEIT206344 | Accepted : 10 June 2020 | Published : 20 June 2020 | May-June-2020 [ 6 (3) : 749-755 ]

(iii) To convert a set of fuzzy logic values into the
corresponding crisp set to make the control signal for
the system, a defuzzification process is activated.

For a designed fuzzy logic architecture, one of the
most  significant  implementations is  the
determination of the scaling factors which quite
affects the control quality of the system. This is
highly meaningful in a typical fuzzy logic-based
controller such as PI- or PD-type fuzzy logic
regulator in which there are theoretically three
scaling factors: two for the inputs and one for the
output. There also exist a number of methods to
determine these scaling factors. One of the most
efficient methods 1is to apply bio-inspired
optimization technologies such as GA (genetic
algorithm), PSO (particle swarm optimization) and
DE (differential evolutionary). These methods have
been testified to be much better than the other

counterparts when solving control problems.
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This paper presents a comparative study about the
effectiveness of the above methods in determining
scaling factors of a PD-type fuzzy logic controller.
Specifically, the study results will be applied for a
typical control problem example: the load-frequency
control of a two-area interconnected hydropower
system. It is a fact that the LFC against continuous
load changes is one of the most vital control problem
in power system operation and stability [5-8]. When
applying the fuzzy logic-based control strategies, it is
demonstrated that the results are much better than
those of the other conventional control schemes, i.e.
PI and PID regulators [8-9].

This study is structured as follows. Section II provides
an overview of the PD-type fuzzy logic controller
which needs to add three scaling factors as
mentioned earlier. Section III then presents the
procedure to apply bio-inspired optimization
methods to determine such scaling factors. Next,
Section IV provides simulation processes to verify the
effectiveness of the proposed control strategies. The
last section will consider conclusions and discussion

raised from this study.

II. AN INTRODUCTION TO PD-BASED FUZZY
LOGIC CONTROLLERS

It should be obvious that the PD — based fuzzy logic
controller is one of the most popular intelligent
control strategies which is able to obtain good control
quality. The basic type of a PD — type fuzzy logic
strategy applied to a control plant is presented in
Figure 1. The output of the given controller u(t) is
related to the control signal of the control plant by
the proportional factor Gu. In most cases, each fuzzy
logic controller is an input/output static nonlinear
mapping, therefore the principle of such a fuzzy logic
architecture could be indicated as follows [4]:

u(t) =G,.9,[G..9.e(r) +G.g,.ce(r)]

Where g, gce and gu are internal gains for the fuzzy

logic inference. Meanwhile, Ge, Ge and Gu are
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external gains, which can be tuned to design such an
effective fuzzy logic controller. In Laplace domain,
the equation (1) can be expressed as:

U (s) =(K, +K,.8)E(s) (2)
Where: {Kl =G 0,500

K, =G,.0,G. 9.
The above two factors, K7 and K>, correspond to the
proportional and derivative gains of a traditional PD
regulator. Similar to such a PD regulator, these two
factors strongly affect control performances of a
control system and therefore, they should be
successfully tuned when designing an efficient PD-

type fuzzy logic controller.

Fuzzy rule

Fuzzification
E(t) interface

Defuzzification
interface

Decision- ¥

. Control
making

plant

Figure 1: A PD-type fuzzy logic model — the typical

principle diagram

The PD-type fuzzy logic controller used in this study
has two inputs and one output. The typical
configuration of such a fuzzy logic controller is
depicted in Figure 2. It is noted that the two inputs
include error signal e and the derivative of error ce.
The membership functions applied for inputs and
output are presented in Figure 3. Here, triangular
membership functions are employed because they are
linear and popular in designing fuzzy logic-based
controllers for control systems in practice. The 3D
surface describing the corresponding fuzzy logic rule
base is shown in Figure 4. The next section will
present a procedure to determine three scaling

factors, thereby further improve control quality of

(l)such a fuzzy logic controller.
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Figure 4: PD-type fuzzy logic model — a 3D surface
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ITII.DESIGN OF BIO-INSPIRED OPTIMIZATION
TECHNIQUES-BASED PD-TYPE FUZZY LOGIC
CONTROLLER

The bio-inspired optimization techniques such as
PSO, GA and DE have been widely applied for
determining meaningful parameters of control
systems [10-12]. From a huge number of existed
reports, it is clearly found that these optimization
techniques are effectively used to tune parameters
which strongly affect control performances of a
control  system applying the  bio-inspired
optimization techniques — based control strategies. In
this section, these optimization methods will be
employed to optimize three scaling factors as
mentioned in the previous section. It is noted that
the PD-type fuzzy logic topology shown in Figure 1
will be employed as the core of the proposed control
strategy.

The proposed block control diagram is depicted in
Figure 5. Obviously, the bio-inspired optimization
techniques with efficient mechanisms are able to
successfully determine three updating factors, namely
ke, kce and ku, thereby the three scaling factors of the
PD-type fuzzy logic controller can be optimally
derived. Typically, such three updating factors are
multiplied by certain scaling factors of the PD-type
fuzzy logic controller. Then, they are able to change
the values of three scaling factors when calculating
two coefficients of the PD-type fuzzy logic controller
as indicated in (2).

According to the principle of the proposed control
scheme as shown in Figure 5, the bio-inspired
techniques will be applied to optimally determine the
three updating factors. The most important point
when applying the bio-inspired algorithms is to
establish a suitable fitness or objective function. Such
a candidate of objective functions can be selected as

given below:

J =]|e(t)|dt:]|r(t)—y(t)|dt—>min 3)
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The effectiveness of the proposed control strategies
when applying the objective function indicated in (3)

will be testified in the next section.
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Figure 5 : The proposed bio-inspired-based PD — type
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fuzzy logic control strategy

IV. AN EVALUATION OF SIMULATION
RESULTS

Consider an interconnected hydropower system
consisting of two control-areas. In fact, each control-
area is defined as a typical hydropower plant which is
connected to the other one by a tie-line. Load-
frequency control (LFC) is one of the most important
control problems in power system operation and
stability. In principle, the LFC strategy is mainly to
maintain both the system frequency and tie-line

power flow at desired values.
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Figure 6: Block diagram of a two-area interconnected

hydropower system

The diagram presenting the working principle of a
LFC control system for a two-area interconnected

hydroelectric power grid is shown in Figure 6. When
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loads continuously change in each area, it is clear the
system frequency and tie-line power flow area are
also deviated from their nominal values. The tie-line
power flow change can be calculated from the
frequency deviations as follows [5]:

t
BPio 1 (0= (j) 27T, (Afl(r) - Afz(r))dr (4)

Where 7i2 is a synchronizing factor of the power
network. The control signal which is taken to each
fuzzy logic controller is [5]:

ACE, (t) = AP, (1) + B, .Af, (t), k=12 5)

Using the above control signals as the inputs of the
proposed fuzzy logic controller, it is clear the
oscillations of both the frequency deviation and tie-
line power change are able to be successfully
eliminated. That is the technical control goal of the
LFC strategy.

Now, consider a typical simulation case to testify the
effectiveness of the proposed control scheme for the
LFC problem of an interconnected hydropower
system. In this scenario, a two — area interconnected
hydropower network applying the PSO-based PD-
like fuzzy logic controller applying different
evolutionary optimization techniques, i.e. PSO, GA
and DE.

The simulation parameters are given in [6-8]. A
candidate of the fitness functions selected for three

optimization mechanisms is:

J :j(| Af (1) [+ A, () [ +] AR, 1, (t) [Jdt > min  (6)

where T denotes the simulation time. In this section,
T is set to be 400 seconds.

The simulation results are shown in Figure 7 and
Figure 8. It is clear from these figures two continuous
load variation scenarios are embedded in the two-
area power system (see Figure 7(a) and Figure 8(a)).
Figures 7(b)-(d) describe the dynamic fluctuations of
frequency deviations and tie-line power flow for each
generation area. It should be obvious that three bio-

inspired —based fuzzy logic controllers are able to
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eliminate these fluctuations, thereby they can bring
the system back to the stability after the continuous
load changes. To evaluate the different efficiency
between them, Figure 8(b) shows the objective
function given in (9) for these controllers. As shown
in Figure 8(b), all objective functions are driven to be
zero when time is increasing. Moreover, it is clear the
PSO-based fuzzy logic controller obtained better
control performance compared to the other two
counterparts. Therefore, it should be the feasible
control strategy for solving the LFC problem of an

interconnected hydropower grid.
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Figure 7. Dynamic responses of the two-area
hydropower system in case of applying the proposed
PD-like fuzzy logic controller
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Figure 8. A comparison of the objective functions for

three bio-inspired optimization techniques

V. CONCLUSION, DISCUSSION AND FUTURE
WORK

This paper has fulfilled a comparative study on
designing the PD-type fuzzy logic controller applying
different bio-inspired optimization techniques,
namely PSO, GA and DE. The designing procedure of
these optimization mechanisms is to focus on the
determination of three updating factors related to
three scaling factors of such a PD-type fuzzy logic
controller. Through control simulation results on a
typical two-area hydropower system having the LFC,
it is found that the PSO — based PD-type fuzzy logic
controller obtained better control performances in
comparison with the other two bio-inspired
controllers. For future work, the PSO algorithm will
also be applied to determine more parameters of the
PD-type fuzzy logic controller, such as membership
functions and rule base to design an optimal and
robust controller in dealing with a nonlinear and

complex control system.
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