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Introduction

This study presents a control technique for the load frequency control (LFC) for a multi-area power
system. This paper presents particle swarm optimization (PSO) based on the study of multi area power
network. Fuzzy logic (FL) system and PSO have been used to get the PID controller gains. Frequency
protection relays will mal-function when the load demand changes leading to a lower speed of
generator’s shaft. Matlab/Simulink is used to model a three-area power system and study the PID
controllers to control the frequency deviations one of these areas is a nuclear power plant. The presented
PSO technique is compared with traditional PID controller and FL system controller to show the
accuracy of the presented PSO technique. Also, the results indicated the ability of the presented PSO
technique over FL system and traditional system.
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List of Abbreviations

APB Active power balance
CLPSO Comprehensive learning particle swarm optimization

FL Fuzzy logic
GA Genetic algorithm
GWO Gray wolf optimization

ICA Imperialist competitive algorithm
ITAE Integral time multiplied absolute error
LCOA Lozi map-based chaotic algorithm
LFC Load frequency control

PID Proportional integral-derivative

PSO Particle swarm optimization

SOA Seeker optimization algorithm

TPPs Thermal power plants

economic stability. Therefore, there is a need to

To ensure the continuity of power supply,
proficiency of power system stability has to be up
to the mark. With an ever-increasing dependence
on electric energy, interruption of power for a long
duration can substantially weaken social and

reliable LFC schemes. Several blackout scenarios
that have occurred throughout the world had a
chain of events which led to the cascaded outages.
Few of the key events responsible for such
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undesired tripping were load encroachment, power
swing and voltage instability condition [1].

In power system, any disturbance can lead to a
mismatch between generation and load demand.
This can further cause acceleration or deceleration
of the rotor and finally initiate swing phenomenon.
To control in generations output power due to
change in frequency of the power system, this
control is known as LFC. In large interconnected
power system, LFC is very important task to keep
frequency of power system in a scheduled value
[2].

Recent growth and development of power system
industry and increased power demand have
necessitated intelligent methodologies for practical
control of the power system. To provide the
stability of the electric network, constant frequency
and active power balance (APB) are required.
Frequency is based on APB. If power generation
or power demand change, the frequency will
change. Therefore, disturbance will occur in both
frequency and power leading to instability
problem. In this case, LFC should be used to solve
this problem

A previous study [2]presented a new LFC scheme
for multi-area power system. In this paper, the
LFC is based on indirect adaptive FL control
scheme. T.Hussein [3] proposed a PID controller
scheme based on GA to solve LFC problem. In
addition, PID controller scheme based on lozi
map-based LCOA was proposed to solve LFC
problem [4]. Guha et al. [5] presented a new LFC
scheme for multi-area power system based on
GWO. The GWO employing ITAE is based fitness
function. Also, the presented scheme in the current
study was compared by CLPSO. Parvaneh et al.
[6] presented a LFC scheme for multi-area power
system based on SOA. The SOA is applied for two
thermal power plants.

In an earlier publication [7], the authors presented
a LFC scheme for high wind energy penetration
power system based on FL controller scheme. a
LFC controller scheme based optimal output
feedback was suggested, where state variables are
put input for feedback process[8]. Yousef et al. [9
presented a LFC based on FL controller scheme
adaptive FL scheme. A previous study [10
presented a LFC scheme for single-area power
system based on ICA. Other researchers [11]
presented a LFC scheme for multi-area power
system based on combination between PSO and
FL scheme. In another study [12], the authors

presented a LFC scheme for multi-area power
system based on ICA scheme.

Particle Swarm Optimization (PSO) is an
Evolutionary computation (EC) method for solving
optimization problems [13, 14]. These schemes get
optima solutions faster than conventional schemes
[14]. PSO is used to probe the search space of the
problem under consideration [15-17].

In this study, a new PSO technique is used for LFC
in multi-area power system. Soft computing
techniques such as PSO and FL systems are
becoming of a considerable importance in the
power system. It is found that a traditional scheme
is inadequate to provide correct action for all
situations. In this study, depending on the PSO
technique; the problem of load change will be
solved. Study cases of various situations have been
addressed for verifying the proposed PSO scheme
characteristics and they are found to be accurate.
This paper is organized as follows: Section 1
describes the recent techniques for LFC in in
multi-area power system. Section 2 presents the
system under study. Section 3 demonstrates the
main features of the presented PSO technique.
Section 4 introduces a comparison between the
presented PSO technique and other schemes
reported in the literature. Section 5 is dedicated to
the conclusions.

System model

Matlab Simulink software is used to model the
three areas of power generation including Gas,
thermal in addition to the anticipated first nuclear
power plant The particle swarm optimization is
used to tune the PID to optimize the control
actions of the load frequency of multi area
including nuclear power plant [18-19].

Figure 1 shows the model of power system. It
consists of non-reheat type thermal power system,
gas power system and nuclear power plant. In
Figure 1, parameters of frequency bias are B1, B2
and B3. Governors speed regulations are R1, R2
and R3, Governors time constants are Tgl Tg2 and
Tg3, and turbines time constants are Ttl, Tt2 and
Tt3, power systems gains are KP1, KP2 and KP3.

Particle Swarm Optimization Technique

Equations 1 and 2 mean that each bird’s speed is
determined by a momentum term and two
attractions terms [18]. The momentum term is
equal to its previous speed multiplied by the scalar
a. It represents the tendency of the bird to continue
on its own direction. The first attraction term
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represents the tendency of the bird to approach the previous trajectory. The second attraction term
best position found by the bird itself within its represents the
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Figure (1): Simulink model of the three area
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tendency of the bird to approach the best position
found within the swarm. A simpler PSO model
named cheap PSO where birds are attracted only to
the global best, moreover, the random number r, is
not used, and hence the bird’s motion in PSO is
characterized by the following vector equations:

Vi (k +1) =y, (k) + r1b1 ( P (k) =X (k)) + rzbz ( pgb (k) =X (k))

1)
X, (K +2) =x (k) +v, (k) @)
Where:
i=1,2...N: is the swarm size.
a, b1, b2: are constant.
rl, r2: are random numbers.
k=1,2...: number of iteration.
v(k +1)=av(k)+b(pg(k)—x(k)) 3
X(k +1)=x(k)+v(k +1) (@)

Where v is a vector representing the speed of each
bird, x is the bird position vector, (a, b) are
learning parameters and py is the ‘best’ previous
position found so far in the neighborhood [14].

The presented PSO technique is used to determine
the PID parameter. Figure 2 shows the structure of
the PID — PSO. Also the presented PSO technique
flowchart is illustrated in figure 3.

Results and Discussion

Three-multi area included the Egyptian first
nuclear power plant LFC system is designed to
simulate the integration of the tie of different
power generation systems and test the frequency
control system. Figure 1 shows the simulation
model of the three areas included the three-
controller based design, fuzzy, PID and PID based
tuning system with PSO and the presented
optimization methodology applied to the three area
interconnected power system. The PSO based
tuning controller improves the system performance
in comparison when no tuning. The optimized
control system performance indicates that it is
minimizing the over and down shoot errors and

eliminating steady state frequency errors. Three
cases are studies.

—H PSO Technique

AL
") » (Kp-Ki-Kd —{Controlled Plant

Figure (2): The proposed PID — PSO

Case 1: Changing load in area-1

When load is raised by 10% at area-1, the
frequency will oscillate in three areas (area-1, area-
2 and area-3). Figures 4 shows the frequency
deviation (Af;) in area-1. Also Figures 5 and 6
show the frequency deviation (Af,, Af3) in area-2
and area-3, respectively.

Figures 4, 5 and 6 clearly reveal that the presented
PSO technique controller proves its supremacy in
terms of minimum undershoot, overshoot and
settling time from fuzzy, PID schemes controller.
Case 2: Changing load in area-2

When load is raised by 10% at area-2, the
frequency will oscillate in three areas (area-1, area-
2 and area-3). Figures 7 shows the frequency
deviation (Af;) in area-1. Also Figures 8 and 9
show the frequency deviation (Af,, Af3) in area-2
and area-3, respectively.

Figures 7, 8 and 9 clearly reveal that the presented
PSO technique controller proves its supremacy in
terms of minimum undershoot, overshoot and
settling time from fuzzy, PID schemes controller.
Case 3: Changing load in area-3

When load is raised by 10% at area-3, the
frequency will oscillate in three areas (area-1, area-
2 and area-3). Figures 10 shows the frequency
deviation (Afy) in area-1. Also Figures 11 and 12
show the frequency deviation (Af,, Afs) in area-2
and area-3, respectively.

Figures 10, 11 and 12 clearly reveal that the
presented PSO technique controller proves its
supremacy in terms of minimum undershoot,
overshoot and settling time from fuzzy, PID
schemes controller.
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Figure (3): Flowchart of the presented PSO technique controller
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Figure (4): Area-1 frequency change for 10% change in area-1
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Figure (7): Area-1 frequency change for 10% change in area-2
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Figure (10): Area-1 frequency change for 10% change in area-3
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Figure (11): Area-2 frequency change for 10% change in area-3
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Fig (12): Area-3 frequency change for 10% change in area-3

Conclusion

In this work, a PSO technique is presented for
automatic LFC of multi area power systems. The
presented PSO technique provides a tuning
derivative controller. This proposed technigue
depends on PSO algorithm. Matlab/Simulink is
used to model a three-area power system and study
the PID controllers to control the frequency
deviations. It is concluded that the presented PSO
technique controller proves its supremacy in terms
of minimum undershoot, overshoot and settling
time from fuzzy, PID schemes controller. The test

results validated the effectiveness of the presented
PSO technique for any disturbance and load
changes. Also, the comparison of the results
indicates that the presented PSO technique
achieves a remarkable behavior for each area from
traditional scheme and FL system scheme. The
presented PSO technique has a high potential of
implementation in practical applications in real
time field.
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