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1. Introduction

The power system is a system that produces electrical energy from nature or other methods.
The power system contains a number of generation units connected to each other through
transmission lines connecting them[1-3]. And that one of the most important things that must be
taken into account or paid attention to is achieving a balance between thepowers generated and the
power required, as we know that the electricity cannot be stored.In order to maintain the balance
and deliver the power to the customer with the best values, we must maintain the power in the
transmission lines in a stable manner, by preserving two main parts, which are frequency and
voltage[4].And as we know that the loads are not fixed and that they change from time to time, and
this leads to disturbances in the system, so in this research we will talk about the Load Frequency
Control system [5].

Automatic Generation Control (AGC) or Load Frequency Control (LFC) is an important

part of the power system that helps maintain stability and increases the reliability of the system and
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delivers production at the best values.This is done by monitoring transmission lines and always
searching to keep the value of the Area Accuracy Error equal to zero or the lowest value that can be
reached.Therefore, a lot of research was conducted to reach the aforementioned goal by using
several methods to maintain the frequency in multiple areas[6-7].

There are several control strategies that have been used in the interconnected system of the
power grid over the years to reach the goal that has been mentioned[8-9].The one of the most
common methods is proportional integral (PI) control.PI control is very easy to implement and
work and gives a good response, but performance begins to decline when the system becomes more
complex and leads to disturbances whenlLoads change [10]. Therefore, research required more
sophisticated and comprehensive ways to work with complex systems. Therefore, Artificial
Intelligent controllers are more stable such as Fuzzy, as well as Neural control [11], neuro — fuzzy
controller [12, 13], sliding mode control [14, 15] One of the frequently used methods is the PID
with optimization techniques, which are more robust and reliable, and an example of these
techniques such as Ant Colony Optimization [16], Genetic Algorithms [17], Practical Swarm
Optimization [18]. In this work, a comparison was made between two methods of controlling a
system consisting of three regions, in which the PID method was used with different techniques to

maintain the stability of the system from sudden frequency changes.

2.Modeling System
Each area in the power system contains major parts, which are generator, governor,
turbineand the system controls and connects this region to the other region through transmission

lines, and accordingly, the transfer function will be mentioned for each of what has been mentioned.

1-T/F of control systemi‘;:((g = KD?E;(QT%’)‘: ps (1)

2-TIF of governorAPy(s) = ﬁAPg(s) (2)

3-T/F of turbine

Non reheated turbinei’;';'((:)) = 1+1Tts(3)

Reheated turbine’” ':(“)) - (HT”t’;ggirrs)m)
AP,(s) _ 1-sT, ,

Hydro turbine

APy(s) ~ 14+05sT," )

Vol. 71 No. 4 (2022) 11109

http://philstat.org.ph



Mathematical Statistician and Engineering Applications
ISSN: 2094-0343
2326-9865

4-Tie — Line

[VillV;|
Pi' =—

sin(®, - §)  (6)

ij
V1, V5, V3 @ Voltage for each area
x;; - Reactance of tie line

6,:Power angles of end voltages

3.0Objective Function
The input to the control system is area control errors (ACE), which are found in each area by
finding a result between the frequency and tie - line error.
ACE; = APtie; + B;F; 7)
I: represent number of areas.

Control input to the power system is:
u; = Kp'iACEi + KI,L' fACEldt + KD,i c(ii_t (ACEl) (8)
Now performance index can be selectthe integral time of square error (ITSE)

ITSE = [™™ t « [(Afy + Afy + APyio1,?)] de(9)

4. Control Methodology

4.1. Particle Swarm Optimization (PSO)

This technique depends on the intelligence of the bird and its movement
v = wok + c;rand; x (pbestl- — s[‘) + crand, X (ghest; — sK)

(10)

Where,v¥ velocity of agent i at iteration k

w =Weighing function

¢; =Weighing factor

rand; =Random number between 0-1

pbest; =P-best of agent i

s¥ =Current position of agent i at iteration k

gbest; = g-best of the group

maxiter — iter

w = ]
maxiter

Iter:current number of iteration
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Axiter: maximum number of iterations

Generate initial population randomly and set initial
parameters (€3.€3,w)

N

[ Run the AGC model at initial PID ]

!

Evaluate J(Kp,Ki,Kd) for each particle according to
objective function(ITSE)
Ay

Objective
—— S imne > e ]

APy;
the Kp.Ki,Kd

L
J

ter = fer+1

1

>

is the termination
criteria met?

optimized PID
parameters

calculate P’k for each particle and P® of population
and
update the velocity. position of particle

- *_.

Iteration # O Iteration # N

Fig (1) Flow diagram illustrating the particle swarm

4.2.Sine Cosine Algorithms

The SCA is a mathematical algorithm in which the main reliance is on the mathematical
properties of the sine and the cosine, and as we know that these functions work within the space of
the circle, so it has been used and developed so that the researcher can determine his
whereabouts[19]. The equation of the function is:
X = X! 47 xsin(r) X [P — XFI(LD)XE = XF + 11 X cos(ry) X |rsPf — X[ |
(12)

g+l _ Xt =X+ xsin(ry) X |r3Pf — XF|r, < 0.5

= 13
' {Xf+1 = X! +r X cos(ry) X |[r3Pf — X1y = 0.5 (13)
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Fig (2) Graphical Illustration the Sine Cosine Algorithm Outline

5.Simulation and Results

In this paper, a three areaspower system was used. The thermal non reheat and reheat and
hydraulic generation plants were employing. As the work was designed on the MATLAB program,
in which a disturbance in the load was projected on the area in which the thermal reheat is located
only.The waves generated in each area are drawn as well as the wave lines connecting the
regions.As shown in the fig. from (3-8) and the values were as in Table No. (1-2)

> A2

scA
— — — -PSO

Frequecy Deviation 1[ HZ ]
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Figure (3) Frequency deviations for region 1
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Figure (4) Frequency deviations for region 2
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Figure (5) Frequency deviations for region 3
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Figure (6) Power deviations for Tie-Linel2
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Figure (7) Power deviations for Tie-Line23
Table NO. (1) Comparative performance of overshoot.
Controlle Overshoot
rs AF, AF, AF3 APtielZ APtieZS
SCA 0.001293 | 0.0015 | 0.001336 | 0.002544 0.00006613
32
PSO 0.000928 | 0,0010 | 0.000942 | 0.002133 0.00006171
5 46 0
Table No. (2) Comparative performance of setting time.
Contro Setting Time
llers AF, AF; AF; APierr APier3
SCA | 27.72 25.589 26.655 13.024 43.535
0
PSO | 26.05 24.981 25.715 13.799 48
6

6. Conclusions

To solve the LFC problem, two distinct optimization strategies are used to determine the

best PID controller values. PSO and SCA are the implemented algorithms for the three systems of
turbines. For designing the PID controller parameters, the ITSE is used as an objective function, and

it has also been used to solve LFC problems. The algorithms deliver close results and perform well
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when compared to traditional PID controllers. SCA responds more quickly in tie lines than PSO

does in rural areas. PSO also outperforms SCA in terms of overshoot values.
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