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ABSTRACT

In this paper an attempt has been made to control frequency deviations using Particle Swarm Optimization
(PSO) in a two area system. and PSO technique has been compared with GA. This study also involve
analysis of AGC with energy storage unit like super-conducting magnetic energy storage system.
Parameters of super conducting magnetic energy storage unit (SMES) have been optimized using PSO to
obtain better result.
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1. INTRODUCTION

The main objective of power system operation and control is to maintain continuous supply of
power with an acceptable quality, to all the consumers in the system. The system will be in
equilibrium, when there is a balance between the power demand and the power generated. Present
interconnected power system is a vast, bulky associated with number of machines and governor-
turbine control system. Interconnected power system will be in equilibrium, when there should
not be power imbalance. Basically, the change in real power is less affected by the change in bus
voltage magnitude but more sensitive to change in power angle and change in reactive power is
more sensitive to change in bus voltage magnitude. Thus, two control loops exist in the analysis
of interconnected power system. First control loop maintains the system frequency to its nominal
value, called Automatic Generation Control (AGC) and second control loop stabilized the voltage
magnitude, commonly referred as Automatic Voltage Regulator (AVR) [1]. In an AGC scheme
frequency can be controlled by speed-governor action (primary control) and by utilizing an
integral controller (secondary control). The essential requirement of secondary controller in the
system is to control the real power output generating units and minimizes Area Control Error
(ACE). One of the important elements of an AGC scheme is a controller which is used in the
secondary control to eliminate the frequency error. In this paper, PID controller has been used for
this purpose. There are many methods available in the literature to obtain the parameters of PID
controller.
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A. Automatic Generation Control: Fundamentals

The main objectives of AGC are to regulate the frequency (using both primary and supplementary
controls). The Automatic Load Frequency Control (ALFC) is use to control the frequency
deviation by maintaining the real power balance in the system. The ALFC loop shown in figure is
called the primary ALFC loop. It achieves the primary goal of real power balance by adjusting the
turbine output to match the change in load demand [3]. This objective is met by using integral
controller which makes the frequency deviation zero [2].
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Figl: Block diagram representation of AGC unit

Many researchers have been presented different optimized techniques for PID controller, includes
artificial techniques like fuzzy logic, artificial neural network etc and some evolutionary
techniques like Genetic Algorithm, PSO, Differential Evolution (DE).Genetic algorithm are a part
of evolutionary computing, which is a rapidly growing area of artificial intelligence. Genetic
Algorithms (GAs) are search algorithms based on the mechanics of natural selection and natural
genetics. They combine survival of the fittest among string structures with a structured
randomized information exchange to form a search algorithm with some of the innovative flair of
human search. In every generation, a new set of artificial creatures (strings) is created using bits
and pieces of the fittest of the old; an occasional new part is tried for good measure. (GA) is a
numerical optimization algorithm that is capable of being applied to a wide range of optimization
problems, guaranteeing the survival of the fittest.

Particle swarm optimization (PSO) is one of the modern heuristic algorithms, which can be
effectively used to solve nonlinear and non-continuous optimization problems. It is a population
based search algorithm and searches in parallel using a group of particles similar to other Al-
based optimization techniques.

Eberhart and Kennedy suggested a Particle Swarm Optimization (PSO) based on the analogy of
swarm of bird and school of fish [5]. In PSO, each individual makes its decision based on its own
experience together with other individual’s experiences. Particle Swarm Optimization (PSO) is a
population based stochastic optimization technique, inspired by simulation of a social
psychological metaphor instead of the survival of the fittest individual. In PSO, the system
(swarm) is initialized with a population of random solutions (particles) and searches for optima
using cognitive and social factors by updating generations. The particles are drawn stochastically
toward the position of present velocity of each particle, their own previous best performance, and
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the best previous performance of their neighbors [6], [7]. PSO has been successfully applied to a
wide range of applications, mainly in solving continuous nonlinear optimization problems. PSO
also keeps the track of the all the best values that the particles have achieved so far.

2.SYSTEM MODELING

The proposed PSO technique based PID controller has been implemented in the linearized model
of two area system. This system includes hydro and thermal unit with superconducting magnetic
energy storage system.

2.1. Linearised model of two area system using SMES:

In this we have considered a two area system with SMES. The PID controller used in this system
is being optimized using PSO, also the control variables of SMES system is optimized using PSO
.For the dynamic performance of the test system 10% load change is considered.

2.2. Mathematical model of SMES:

The structure of frequency stabilizer for SMES is modeled as the second order lead-lag
compensator [4] and is shown in Fig. The objective of AGC is to reestablish primary frequency
regulation, restore the frequency to its nominal value as quickly as possible and minimize the tie-
line power flows. In order to satisfy above requirements, the parameters of SMES are needed to
be optimized, which is done by using PSO.
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Fig.2 SMES Control scheme
2.3. Calculation of Area control error:

In the control strategy each area of an interconnected system tries to regulate its area control error
(ACE) to zero [2].

This error signal can be used to generate the Area Control Error (ACE) signal as:
ACE, = BAf, + AP,

ie—i—error ( 1 )

Where, Bi is the frequency bias factor and Afi is the frequency deviation in area-i.
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Fig. 3: linearised model of two area AGC system using SMES

3. PSO WORKING:

The position of each particle is represented by P and also its velocity is expressed by V. Each
particle knows its best value so far pbest and its position. Moreover, each particle also knows the
best value so far in the group gbest among pbest. The modified velocity and position of each
particle can be calculated using the current velocity and the distance from best previous position
of each particle ( Pb; ) to best particle among all the particles in the group (Gj). Velocity and
position of each particle can be modified by the following equation:

D’:-"'-_i = u-'Lf’:-i} + 0 R (Pb - Pj + U5 h, (GJ;'-' - F‘ Wi=1.2,...,NP;j=1.2,...,NG)
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Where, P is the velocity of 1 member of ! particle at T iteration.
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Pi; is the current position of [/ member of ! particle at ¥ = iteration

W is the weighing function or inertia weight factor, £152 are the acceleration constants, F17: is

random number between 0 and 1

NP is the number of particles
NG

is the number of members in a particle

The velocity is usually limited to a certain maximum value. PSO using Eq. (3) is called the

gbest model. The particles in the swarm are accelerated to new positions by adding new
velocities to their present positions. The new velocities are calculated using Eq. (3) and positions
of the particles are updated using Eq. (4)

Vs = wl + CyRy (PBYT — Pj) + C,R, (67" — P, )(i= 1,2,...,NP;j
=1,2,..,NG)

4)
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Suitable selection of inertia weight *' provides balance between global and local explorations,
thus requiring less iteration on average to find a sufficiently optimal solution. In general inertia
weight is set according to the following equation:

Woax = Wiin
w=w, ———————=]T
JT mex (6)

Where,

IT max

IT s the current number of iterations

is the maximum number of iterations (generation) and

1
The maximum and minimum velocity limit in the /~ dimension is computed as:

pma¥ _pmin pinax _ pinin
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/ = and 7 o« (7
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Where & is the chosen number of intervals in the ] dimension [7].

Figure shows the initial state of a four-particle PSO algorithm seeking the global maximum in a
one-dimensional search space [6].The PSO algorithm simply uses the objective function to
evaluate its candidate solutions, and operates upon the resultant fitness values.

Solution

Fig.4: Initial PSO State

Each particle maintains its position, composed of the candidate solution and its evaluated fitness,
and its velocity. Additionally, it remembers the best fitness value it has achieved, referred to as
the individual best position or individual best candidate solution. The PSO algorithm consists of
just three steps, which are repeated until some stopping condition is met

1. Evaluate the fitness of each particle

2. Update individual and global best fitness’s and positions
3. Update velocity and position of each particle

The first two steps are fairly trivial [7].

Updated velocity of particle in the swarm given by:

Vi(tHD) =w vi () + ¢y [Xi () = X (D] + c2 12 [g (D) = X (D] (®)
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Fig. 5 — Flow Chart of particle swarm optimization

4. Simulation Results and Discussion:

PSO based PID controller replaced the GA based PID controller, simulation result showed best
solution. Further, an SMES unit is introduced to the above system, its parameters have been

optimized using PSO technique and we saw that an SMES based PSO PID controller gave better
results.

4.1. Comparative operational results of PSO-PID & GA-PID:

Firstly simulation is done on a two area system. Control parameters of its PID controller are tuned
by using PSO technique. Result so obtained is shown below:
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Fig.6: Frequency Deviations in area-1 using PSO based PID controller without SMES

Optimization was performed on a two area system with GA tuned PID controller the simulation
result is show below.
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Fig.7: Frequency Deviations of a GA based PID controller without SMES

From the above two plots it can be seen that the PSO based PID controller has low value for error
and a better settling time as compared to GA tuned PID controller.

4.2. Simulation Results of Two area system with SMES unit:

Inclusion of SMES unit in area-1, effectively suppressed the system frequency n the respective
area. Further, by applying the PSO technique to optimize the parameters of SMES unit gives
more accurate results and it has been shown in Fig.11. The optimized parameter of SMES has
been given in appendix table-II.
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Fig. 8: Frequency Deviations in area-1

A comparison of the transient responses of two area system with & without SMES can be seen in
Fig 9.From the above plot it is clear that the system with SMES gives much better dynamically
stable response as compared to system without SMES unit.
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The Tie-line power deviation for PSO Based test system has been in shown in Fig.10.1t is clear
that the tie-line power deviations settled more quickly with PSO based PID controller as
compared to GA based PID controller.
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Fig.9: Tie-line power deviations

S. CONCLUSIONS
Significant conclusions of this paper are as follows:

(a) This paper presents design method for determining the PID controller parameters using the
PSO method.

(b) A comparative study is made between PSO based PID controller and GA based PID
controller. The results show that the proposed approach had superior features, including easy
implementation, stable convergence characteristic, and good computational efficiency. Fast
tuning of optimum PID controller parameters yields high-quality solution.

(c) Compared with the genetic algorithm (GA), the proposed method was indeed more efficient
and robust in improving the step response of an AGC system.

(d)Incorporation of tuned SMES system in the above test system is able to stabilize the test
system. SMES can yield dynamic stability and effectively suppress the frequency oscillations
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APPENDIX
Pri=Pr2 1000 MW
Kpl=Kp2 120Hz/PubW
R1=R2 2.4Hz/PuMW
B1=B2 0.425
D1=D2 0.0083
Tpl=Tp2 20S
Ti2 0.0707
Tgl=Tg2 0.2
T11=Tt2 0.3
Table-I: System data (capacity of each area is 1000MW)
OPTIMIZED SMES PARAMETERS
Kowes | Tomrs | T1 T2 T3 T4
0.2907 | 0.027 | 0.1119 | 0.8654 | 0.0132 | 0.1229
Table-II: Optimized parameters of SMES units
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