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Abstract. This study presents the solution to the frequency oscillation problem in Two zu‘eae rconnected power system
using the PSO and Quantum Behaved PSQQPSO) methods. These two methods are used to tune the parameters on the
PID and CES (Capacitive Energy Storage) in Two area interconnected power system. The simulation is done by comparing
the system frequency response with PID, system frequency response with PID-CES with manual parameter tuning, and
system frequency response with PID-CES optimized using PSO and QPSO. The simulation result shows that using the
PSO and QPSO applications to set parameters on the PID-CES can reduce overshoot and accelerate the settling time of
freque ncya'ld power oscillations in Two area interconnected power system. Optimization with PSO resulted in an
overshoot of -0.00183 p.u. in 83 1,-0.00053 p.u. in Area 2 and -0.00092 p.u. in Two area Meanwhile, optimization with
QPSO results in an overshoot of 0.00207 p.u. in Area 1,-0.00088 p.u. in Area 2 and -0.00165 p.u. in Two area. The final
results show that in case of Two area power system, PSO can reduce oscillations better than QPSO, but it produces ripple.
Meanwhile, the QPSO optimized system produces smoother and has no ripple responses.

INTRODUCTION

Electricity is one of the most important needs in human life. The increasing demand for electric power causes an
increase in the electric power supplied by the generator. Changes in electrical power can disrupt system stability. So
that system stability is included as part of the quality of the electric power system [1].

Unexpected load changes can cause voltage and frequency oscillations in the generator. This phenomenon can
reduce the quality of electricity delivered to consumers. Oscillation in electric power systems can be suppressed by
using electrical energy storage ices [2,3]. This equipment can assist the rotor's ability to adjust rotation to the
loading conditions. The use of Magnetic Energy Superconducting Storage (SMES) and Battery Energy Storage to
improve the dynamic performance of electric power systems has been widely used and has given satisfactory results
[4,5.6]. However, the application of these two tools in the electricity system actually has several disadvantages in
terms of maintenance and costs.

Capacitive Energy Storage (CES) can be an alternative option to reduce oscillations in electric power systems. In
practical elpplicel, CES does not require operational costs and also does not have a negative impact on the
environment [7]. The operation of CES is also quite simple and cheaper when compared to SMES. SMES requires a
liquid helium cooling system during operation, but CES does not [7].




Optimization methods that commonly used for power system include such as are Genetic Algorithm (GA), Particle
Swarm Optimization (PSO), and Ant Colony Optimization (ACO) [8,9,10]. This study presents the results of
optimization using PSO and the development of PSO, namely QPSO to optimize PID and CES parameters in Two
area interconnected power system in order to obtain reliable control coordination in reducing oscillations in electric
power system.

MODELLING SYSTEM

LFC Modeling in Two Area Electric Power System

In a multi area electric power system, generators are connected as one (interconnection), all machines work
synchronously so that they must operate at the same frequency [11,12]. Changes in load can cause dynamic
disturbances. This causes frequency oscillation to occur in the generator. In a multi area electric power system, big
changes in load can cause the generator to become out of synchronous. Therefore, we need a load and frequency
regulation called Load Frequency Control (LFC)EEFC is done by adjusting the response of the governor of each area.

In this study, system data from [11] for LFC model of the Two area power system were used. The system model
can be seen in Fig. 1 and the system parameters are shown in Table 1.
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FIGURE 1. LFC System Two Area [11]
TABLE 1. System parameters [11]
Areal Area2
Speed Drop (R) 0.05 0.0625
mping Constant (D) 0.6 09

Inertia Constant (H) 5 4
Base Power (MVA) 1000 1000
Governor Time Constant (Tg) 02 03

Turbine Time Constant (Tt) 0.5 0.6




In the system simulation in Area 1, one cases of disturbance were given, namely changes in the load of 0.1 p.u. A
change in load in Area 1 will result in the system in Area 2 being disrupted, this is because all areas are interconnected.
After that, we observed the change in frequency (Af) for each area and the power between the Ptie areas.

CES Modeling in Two Area Electric Power System
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gs is a device that can store and release large amounts of fffler simultaneously. The purpose of using CES is to
reduce power frequency oscillations in a power system [13]. A CES consists of a mige capacitor and a Power
Conversion System (PCSmith control and safety functions. The configuration of the CES is shown by Fig. 2. From
Fig. 2 it can be seen that the storage cmcit()r is connected to the AC grid via a power conversion system consisting
of an inverter / rectifier. This storage consists of several capacitors connected in parallel, with a lumped capacitance
'C". The leakage losses and dielectric capacitor bank for CES eu‘cmdelled by the resistance R parallel to the capacitor
[13]. The process of operating in and ()ulcurl‘enl, at CES i1s controlled by applying the correct voltage aje
capacitor. The applied voltage is controlled by controlling the ignition angle on the converter bridge [2,13]. The linear
model of the CES is shown in Fig. 3.
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Systems with PID controllers will be added with CES. CES adjusts the frequency change signal for each area (Af).
The output from CES is the power that is injected into the system. CES installed in each area. A sample of system
with PID and CES controllers in Two area system can be seen in Fig. 4. The CES data are in Table 2.




TABLE 2. CES parameter data

CES Hameter Value

Kees 70
Kvp 0.1
T 0.05
C 1
T 0.026
R 100
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FIGURE 4. Systems with PID and CES controllers

QUANTUM BEHAVED PSO (QPSO)
20

In 1995, PSO is gtmducm)y Kennedy and Eberhart [14]. This algorithm has several advantages, such as simple,
easy in implementation, and has been successfully used to solve various optimization problems [15,16]. By mimicking
the behaviour of a group of birds and fish in search of food, the optimal value is searched by PSO. A group or
population of the birds and fish are called swarm. While each individual of bird and fish are called particle.
Furthermore, there has been a significant development of the PSO method, e.g. QPSO. QPS50 is a method that provides
an innovation to the position function of particles dispersed in the PSO method. The difference between them lies in
the nature of the position function being used.

QPSO is an integration between quantum computing and PSO. In PSO, the particle state is characterized by
position and speed functions. Meanwhile, in QPSO, the particle state is characterized by the wave function W(x,t).
[¥(x,t)|2 is the position's probability density function. Weaknesses in the standard PSO are tend to achieve
convergence in local optima and cannot guarantee global convergence [17]. To overcome this problem, QPSO can be




used which can guarantee global convergence. By applying the Monte Carlo method, the position update function of
each particle in the QPSO is written in Equations 1 and 2 as follows [18,19].

X, (1+1)=p, (t)+ p(1)x(mbest, (1)- X, [t]]xln(l}'f k=05 (1)
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where,

t = [teration

Xu(t) = Position of 1" particle in “d” dimention when “t” iteration
Xid (t+1) = Position of 1" particle in “d” dimention when “t+1” iteration
Pid () = local attractor

g = Acceleration constant 1 (cognitif constant)

c2 = Acceleration constant 2 (social constant)

ria (1) = Random number between 0-1 when “t” iteration

rag (1) = Random number between 0-1 when “t” iteration

N = Number of particles

pbesti (t) = Local best position

ghesty ( = Global best position

mbesty, (1) = Mean value of local best position

Another parameter known in the QPSO algorithm is the contraction-expansion coefficient, This parameter is used
to adjust the convergence speed of the particles. A higher initial beta value can give greater population diversity,
whereas at a later stage a lower beta value makes exploration more focused on space search. The initial value fmax is
used to accommodate more global initial searches and decreases to fmin. It aims to end the QPSO algorithm with
better local search. The contraction expansion coefficient (beta) function is written in Equation 6 as follows [20,21]:

3 o — B
(1) = o —| Do Poin | iter (1) ©)
EIerl]\.'lK
where,
Hr) = contraction—expansion coefficient (beta)
B = Initial value of contraction—expansion coefficient
Drnsin = Initial value of contraction—expansion coefficient
itermax = maximum iteration
iter(t) = [teration
SIMULATION AND ANALYSIS
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In the system simulation in Area 1 there is a disturbance, namely ?change in load of 0.1 p.u. Simulations are
carried out to analyze system responses. The system responses analyzed were changes in Area 1 frequency (Af1),
changes in Area 2 frequency (Af2), and inter-area power (Ptie). The system response with PID and CES which has
been optimized using QPSO and PSO is compared with the system with PID and systems with PID and CES. In
addition, a simulation was also carried out to determine the effect of the capacitor on CES on the system response.




Figure 5 is the frequency response of Area 1 (Afl). It can be seen in Fig. 5 that a system with a PID controller has
an oversh@t of -0.00358 p.u. and a settling time of 21 seconds. Then after installing the PID and CES, the overshoot
decreases [l -0.00197 p.u. while the settling time became 19 seconds. While optimization using PSO, the overshoot
decreasesf§ifl -0.00183 p.u. and the settling time became 11.2 seconds. And lhm)plimizing using QPSO, the overshoot
increases to -0.00207 p.u. and the settling time became 11.2 seconds. The comparison of the overshoot and settling
time of the Area 1 frequency response is shown in Table 3.
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TABLE 3. Frequency change response in Area 1 (Afl) with load change 0.1 p.u

PID PID CES PID CES PSO PID CES QPSO
Overshoot (p.u) -0.00358 0.00197 -0.00183 -0.00207
Settling time (sec) 21 19 11.2 11.2
x 107
0.5 :
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FIGURE 5. Frequency change response in Area 1 (A1) with load change 0.1 pu

The frequency response of Area 2 (Af2) is shown in Fig. 6. It can be seen that a system with a PID controller has
an oversh@i of -0.000368 p.u. and a settling time of 30.5 seconds. Then after installing the PID and CES, the overshoot
decreelsesﬂ -0.000291 p.u. while the settling time was 36.5 seconds. While optimization using PSO, the overshoot
decreases to -0.00 p.u. and the settling time became 24.5 seconds. And then, optimization using QPSO, the
overshoot increelse%.OOOSS p-u. and the settling time became 24.5 seconds.

For more details, the overshoot and settling time of the Area 2 frequency response are given in Table 4.

0 5 0 15 0 25 @ a5 40
FIGURE 6. Frequency change response in Area 2 (Af2) with load change 0.1 pu




TABLE 4. The response data for the change in frequency Area 2 (A1) with changes in load 0.1 p.u

PID PID CES PID CES PSO PID CES QPSO
Overshoot (p.u) -0.000368 -0.000291 -0.00053 -0.00088
Settling time (sec) 305 365 245 245

Power between Area | and Area 2 (Ptie) is shown in Fig. 7. From Fig. 7, the system with a PID controller has an
oversh f-0.00585 p.u. and a settling time of 31 seconds. Then after installing the PID and CES, the overshoot was
reduced ¥ -0.0057 p.u. while the settling time was 40 seconds. While optimization using PSO, the overshoot was
reduced t§R0.00092 p.u. and the settling time became 21 seconds. And then, optimization using QPSO, the overshoot
increases to -0.00165 p.u. and the settling time became 21 seconds. For more details, the overshoot and settling time
between areas of power (Ptie) can be seen in Table 5.
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FIGURE 7. Power response between areas (Ptie) with a load change of 0.1 p.u.

TABLE 5. Power response data between areas (Ptie) with a load change of 0.1 p.u

PID PID CES PID CES PSO PID CES QPSO
Overshoot (p.u) 000585 -0.0057 -0.00092 000165
Settling time (sec) 31 40 21 21

From the simulation results, it can be seen that systems using PID and CES controllers optimized with PSO have
the lowest overshoot responses even when compared to QPSO. However, they both have the same settling time.
However, in more detail, the results of the system response with PID and CES optimized with PSO have ripples, while
the simulation results with QPSO produce a smooth system response. From several simulations, the Optimization with
PSO produces lower overshoot values than the optimization with QPSO, but it produces ripple. While the system
response to the optimization with QPSO is softer and obtains several faster settling times and has no ripple. Finally,
these two types of ()pgﬁzelli()n techniques have their own advantages and disadvantages in the application of PID and
CES optimization on Two area interconnected power system.

CONCLUSION
The application of the PSO and QPSO methods to obtain the values of PID and CES in Two area interconnected
power system can reduce the oscillations of Area 1 (Afl) frequency, Area 2 (Af2) frequency and inter-area power
(Ptie) better than systems without PID CES and PID CES system with manual setting of constant values. The PSO
and QPSO PID CES optimization methods resultin a faster settling time and lower overshoot. Optimization with PSO
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resulted in an overshoot and settling time of -0.00183 p.u.and 11.2 secondsgAma 1,-0.00053 p.u. and 24.5gonds
in Area 2 and -0.00092 p.u. and 21 seconds in Inter area p()'e: Meanwhile, optimization wiPSO results in an
overshoot and settling time of -0.00207 p.u. and 11.2 seconds in Area 1, -0.00088 p.u. and 24.5 seconds in Area 2 and
-0.00165 p.u. and 21 seconds in Inter area power. The final results show that in case of Two area interconnected power
system, PSO can reduce oscillations better than QPSO, but it produces ripple. Meanwhile, the QPSO optimized system
produces smoother and no ripple responses.
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