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ABSTRACT

In this paper, Time Varying Acceleration Coefficients with Dominant Social Component (TVACDSC), Time
Varying Acceleration Coefficients (TVAC) and Fixed Acceleration Coefficients (FAC) Particle Swarm Optimization
(PSO) techniques are proposed to optimize the proportional, integral and derivative gains of PID controller for two equal
area interconnected power system. The performance index is considered as minimization of Integral of Time weighted
Absolute value of Error (ITAE). Main purpose of this interconnected power system is to provide better quality of power to
consumers. For this reason, the responses are analyzed and compared with the responses of Gravitational Search Algorithm
(GSA) in terms of rise time, settling time, peak overshoot, peak undershoot and peak time. Finally, suggested the better
optimization technique to provide better quality of supply to consumers in interconnected power system.

Keywords: interconnected power system, PID controller, PSO, acceleration coefficient, cognitive, social components.

INTRODUCTION

The importance of interconnected power system
is to meet continuous power supply without deviating
frequency and tie line power flow thereby all the
consumers will have been obtaining continuous power
supply. The interconnected power system consists of
several control areas. If any sudden perturbations occurred
in the load of interconnected power system then frequency
deviations occurred in all areas.

For achieving better quality of power system, the
frequency must be maintained at constant. If any
deviations happened in frequency of interconnected power
system, it will lead to reduce the reliability and efficiency
of system. So, frequency deviations must be eradicated as
soon as possible. If the frequency deviation is not
eradicating with control action then high frequency
deviation arose for every next load perturbations. During
high frequency deviations occurred in interconnected
power system, it will disgrace the performance of load,
distress the performance of system protection schemes and
harm equipment. These high frequency deviations leads to
the interconnected power system crumble. Discrepancy in
frequency harmfully affects the operation and speed
control of induction and synchronous motors. In domestic
area, when the power supply frequency retards,
refrigerator’s efficiency goes down; television and air
conditioners reactive power consumption increases
considerably. For this reason, it is very significant to
maintain the frequency at rated value or within tolerable
range. The adjustment of generation for continuous load
change, the system frequency has to maintain within
adequately small tolerance level. So, Load Frequency
Control (LFC) plays a very vital role in an interconnected

power system for supplying electric power with better
quality.

The real power flow between the different control
areas are regulated by the Load Frequency Control (LFC)
at constant frequency. The ancient method to control the
balance between the net generation and load demand by
using one generating unit designed as the regulated unit
and it was manually adjusted to Control. At present,
several units are involved in load frequency control and it
leads to improve the regulation, efficiency and economy in
overall system.

Initially, speed governor adjusts the input to the
turbine, will try to reduce the frequency deviation and tie
line power flow deviation to zero when load is subjected
to changes itself. Results were not tolerable one when the
high obstacles implied on the frequency constancy. In this
circumstance it is very essential to attain much better
frequency constancy than obtained by the speed governor
system. The additional control techniques have been
developed in accompanying with speed governing
mechanism to minimize the frequency deviation and make
tie line power flow deviation to zero.

Many control strategies for Load Frequency
Control in interconnected power systems have been
proposed by researchers as follows. O.LElgerd and
C.E.Fosha [2] developed a dynamic system model of multi
area interconnected power system. Integral gain (K;) and
frequency bias (B) parameters discovered from classical
optimization theory in the astuteness of minimizing the
Integral Square Error (ISE) criterion. C.E.Fosha and
O.LElgerd [3] again developed state variable model of the
multi area interconnected power system MW - frequency
control problem. Modern control techniques were used to
develop optimal controllers for interconnected power
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system that significantly improved the transient response
for corresponding load perturbations. C.T.Pan and
C.M.Liaw [4] presented an adaptive controller for load
frequency control. Aleksandar M.Stankovic et al., [5]
presented a physically motivated augmentation of the
standard integral controller in LFC. Janardan Nanda et al.,
[6] investigated continuous discrete mode interconnected
hydro thermal system using conventional integral and
proportional integral controllers (system works in
continuous mode, controller works in discrete mode).
Seyed Abbas Taher and Reza Hematti [7] presented
quantitative feedback theory for load frequency control. 1.
A. Chidambaram and B. Paramasivam [8] designed a
Genetic Algorithm (GA) based controllers with Integral
Square Error criterion for the decentralized load frequency
control of two area interconnected thermal reheat power
systems with and without Redox Flow Batteries (RFB)
considering Thyristor Controlled Phase Shifter (TCPS) in
the Tie-line. H. A. Shayanfar et al., [9] described a Multi
Input Multi Output (MIMO) design technique based on the
Characteristic Loci (CL) method applied to load frequency
control of interconnected power system. Wen Tan [10]
discussed a unified PID tuning method for load frequency
control of interconnected power system. Gayadhar Panda
et al., [11] presented a modified genetic algorithm based
optimal selection of integral gain and frequency bias
constant for load frequency control of multi area
interconnected power system. K. P. Singh Parmar et al.,
[12] presented output feedback controller design for two
area interconnected power system. Armin Ebrahimi Milani
and Babak Mozafari [13] presented new genetic algorithm
based method for achieving optimal gains in two area
interconnected power system. Serhat Duman and Nuran
Yorukeren [14] presented GSA method for determination
of optimal PID parameters in two area interconnected
power system. Rita Saini et al., [15] presented Bacterial
Foraging Optimization (BFO) method for two area
interconnected power system.

Mostly, many researchers followed the Integral,
PI and PID control strategies. The dominance of Integral,
PI and PID control strategies have a simple structure,
long-standing, successful design technique, high ability of
solving many practical control problems. Among these
strategies, PID control strategy gives better response than
Integral and PI control strategies. So, the PID controller
parameters are tuned by using different tuning techniques.
The Ziegler—Nichols technique is one of the most well-
known ancient PID tuning techniques. This tuning
approach works fairly well for a wide range of practical
processes. However, sometimes it does not provide good
tuning and tends to produce a vast overshoot. Therefore,
this method usually needs retuning before applied to load
frequency control.

Several intelligent approaches such as Genetic
Algorithm [8, 11, 13], Particle Swarm Optimization [20,
21, 22, 23], Bacterial Foraging Optimization Algorithm
[15] and etc. have been suggested to enhance the
capabilities of traditional PID parameter tuning

techniques. Rania Hassan et al., [16] investigated the
superiority of PSO over GA and statically proved that 99%
confidence level in 7 out of 8 test problems. Emad
Elbeltagi et al., [17] investigated that the PSO method was
generally found to perform better than genetic algorithm,
memetic algorithm, ant colony optimization and shuffled
frog leaping algorithm in terms of success rate and
solution quality. M.A.Panduro et al., [18] investigated that
the particle swarm optimization and differential evolution
algorithm gave a better performance in terms of the side
lobe level with respect to the genetic algorithm under
equal computational time. Rega Rajendra and Dilip K.
Pratihar [19] investigated the performance of PSO
algorithm and it gives better results due to its inherent
ability to carry out the global and local searches
simultaneously. On the other hand, the GA is a potential
tool for global search, although it may not be so much
powerful in local search. From the above investigations,
PSO is better optimization technique than GA.

Some advantages of PSO algorithms are
derivative free algorithm, easy to implementation, limited
number of parameters, simple calculation and simple
concept compared from other optimization algorithms like
BFO algorithm [15].

PSO Algorithm can be applied to the tuning of
PID controller gains (K, K;and K4q) to ensure optimal
control performance. The best values of PID controller
parameters can yield a best system response and its values
are obtained from the performance index. Many number of
performance indices are used in load frequency control.
Fernando G. Martins [24] investigated about ITAE
criterion based PID parameters tuning gave better
performance than Ziegler-Nichols tuning. Serhat Duman
and Nuran Yorukeren [14] demonstrated that ITAE
criterion gave better performance of convergence than ISE
criterion. Gayadhar Panda et al, [11] found that
superiority in responses are obtained from minimizing the
ITAE criterion compared from ISE criterion. R. Krishna
kumar [25] observed that the performance index ITAE
criterion gave better dynamic performance compared from
ISE criterion. Jeevithavenkatachalam and Rajalaxmi. S
[26] demonstrated the superiority of the ITAE criterion in
the damping and settling of the transient responses
compared to ISE criterion. From the above investigations,
it is concluded that the minimization of ITAE criterion
gives better performance compared from minimization of
ISE criterion and Ziegler-Nichols tuning.

In this paper, TVACDSC, TVAC and FAC PSO
techniques are proposed for tuning the proportional,
integral and derivative gains of PID controller in two equal
area interconnected power system with 10% step load
perturbation in area 1. The proposed TVACDSC PSO and
TVAC PSO techniques increases the acceleration
coefficients from initial value to final value (constriction
factor is decreased) and FAC PSO algorithm acceleration
coefficients are fixed (constriction factor is constant).
These proposed PSO technique responses are compared
with responses obtained from GSA in ref. [14] and
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analyzed in terms of rise time, 5% of settling time, peak
overshoot, peak undershoot and peak time.

MODELING OF TWO AREA INTERCONNECTED
POWER SYSTEM

Frequency deviation (AF,)

The net surplus power in the area following a
disturbance AP, equals AP; — AP, MW, and the power
will be absorbed by the system in three ways:

a) By increasing the area kinetic energy Wy, at the rate

2 *
Wi _ d gy [ L] o Wi 4 (Af) (1
dt dt £ £ dt

b) By increased load consumption: All typical loads
(because of the dominance of motor load) experience
an increase D = 0P,/ df MW/Hz with speed or
frequency. This D parameter can be found
empirically;

¢) By increasing the export of power, via tie lines, with
the total amount AP; MW defined positive out from
the area.

From the above aspects, the power equilibrium

equation in i area is given in equation (2).

%
AP, —AP,, = 2&3%(&%@@ L AP )

tiei
f

From equation (2), all terms dimensions are in
MW. These dimensions are converted into per unit
representation by dividing the total rated area power (Py)
expressed in MW in i™ area. Equation (3) represents the
dimensions in per unit.

APGi —AP,, = 2Hi di(Af, )+DiAfi +APtiei S
t

k
f
Where,

Inertia constant H; = Wy;,, ; /Py in sec.

* indicates the nominal values

The equation (3) is simplified into equation (4).

Ko “
[APg, (s) — APy, (s)—AP,.; ()] P — AFE (s)
1+sT;
Where,
K. = Hzpumw 2nd
pi D,
2H,
i = 5 Sec.
£'D,

Block diagram model of equation (4) is shown in
Figure-1.

APp;

APg;
+ _

1+sT, —» 40

APye
Figure-1. Block diagram model of control area.

Incremental generated power (APg;)

Real power generation in a synchronous machine
is controlled by changing the prime mover torque. This
change in torque is based on opening or closing the steam
valve in a steam turbine. Process of opening or closing the
steam valve is based on the functional diagram. Functional
diagram is shown in Figure-2.

Steam

flow
T Decrease j—

Turbine
Speed changer

o

Increase

\Hl%

Generator

3
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High — 2 I

pressure oil ) Qpen

Speed

Governor

Figure-2. Functional diagram of turbine control
arrangement.

From this Figure-2 incremental generated power
is obtained from change in speed changer position and
speed governor. This functional diagram of Figure-2 is
modified into block diagram model. The block diagram
model of turbine control arrangement is shown in Figure-
3.

i AF;

1
Ry
n 1 1 | ARy
>
ﬂ_F(Pm T sTgi [ 7] 1+sTy[ »

Figure-3. Block diagram model of turbine control
arrangement.

In this block diagram has been represented by
two time constants T, and Ty. The former represents the
time constant of the governor, and the latter represents the
time lag of the turbine in i" area.
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Incremental tie-line power (APye;)

The total real power exported from i area (Pye )
is equal to sum of all out flowing line powers (Pijeiy) in
the lines connecting i area with v areas, i.e.,

Piei ZZVPlieiv o)

If the tie-line losses are neglected, then the
individual tie-line powers expressed in mathematical form
is shown in equation (6).

‘Vz 4\/v :
Ptieiv = X P Sln(6i _8\/) ~ Pl

wTn

sin(§, -8,) (60

ie max iv

Where, V; = |V;|edi, V, = |V, |e}® are the terminal bus
voltages of the tie-line and X, is reactance between i"
area and v"" area. The maximum value Py qay iy represents
the maximum real power (here expressed in per unit of the
rated area power (P,;)) that can be transmitted via the tie-
line. The tie-line is termed as “weak” because Pye maxiv <K
P;. A8; and AS, are phase angle deviation from their
nominal values &; and &j. If the phase angles deviate from
its nominal values, then the tie-line power flow is also
deviate from its nominal value. Deviation of tie-line power
flow is mathematically expressed in equation (7).

v, P
AP, =——t (A5 —AS) =" Teosd, -5, )(A8, —A8,) (7)

tieiv — a6, —3.) X p

oP, y

The relationship between the phase angle
deviation and area frequency deviation is expressed in
equation (8).

A3, =2n[ Afdt and A§ = 2x[Af dt (8)
From equations (7) and (8),

AP, =T, (JAfdt—[Af,dt) ©)

tieiv

* V.|V, ® %
°T,, =2n———cos(§;, —95,)

ive o

Taking Laplace Transform of equation (9)

Where

sk

AP, (s) = %[AE (5)— AF, (s)] (10)

The total increment in exported power from i"

area is finally obtained from equation (10) is expressed in
equation (11).

AP, (5) = L Xy TUIAE(S) - AF, (5)] (11)

The total increment in exported power from i®
area in two area system is obtained from equation (11) is
expressed in equation (12).

sk

AP, (s)= Tf[AE(s) —AF, (s)] (12)

Diagrammatic representation of the equation (12)
is shown in Figure-4.

AF(s)
: +
T;
APye i(s) =
S

AF,(s)

Figure-4. Block diagram model of incremental tie-line
power exported from i" area.

The total increment in exported power from v
area in two equal area interconnected power system is
obtained from total increment in exported power from i"
area is expressed in equation (13).

AP, (s):—iAPA (s)=—AP,,(s) (13)

tie v P tiei
v

Because, two equal area interconnected power
system, the rated area powers P, and P, are equal.

Area Control Error (ACE)
When systems are interconnected, tie-line power
flows as well as frequency must be controlled. The sum of

tie-line and frequency errors can be expressed as Area
Control Error (ACE) in equation (14).

ACE, = AP,

tiei

+b,AF, (14)

Diagrammatic representation of equation (14) is
shown in Figure-5.

b < AFi(s)
+
ACE;(s)
_I_
APse i (s)

Figure-5. Block diagram model of Area Control Error.
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Two area interconnected power system model is
obtained from the block diagram models of Figures-1, 3, 4
and 5 is shown in Figure-6.

™ 1+ 7,y

APy

™ T+sT.,

Figure-6. Block diagram representation of uncontrolled
two area interconnected power system.

PID CONTROLLER AND PERFORMANCE INDEX

The classical PID controller can be expressed in
two area interconnected power system as given in
equations (15) and (16).

K.

AP (s) = —(Kp +—+ K s)ACE)) (15)
s
K.

AP, (s) = —(Kp +— + K s)ACE,) (16)
S

K,, K; and Ky are the proportional, integral and
derivative gains respectively. Individual performance of
each controller has some individual characteristics i.e.,
integral controller nullify the steady state error and
reduces the rise time, proportional controller reduces the
rise time and steady state error and derivative controller
improves the transient response, reduces the settling time
and overshoots.

These PID gain parameters are optimally tuned
by using particle swarm optimization technique. The
optimization process is based on the performance index.
The performance index is considered as the ‘Integral of the
Time multiplied Absolute value of Error’ (ITAE). The
performance index (J) commonly used for optimizing the
PID gain setting of the supplementary controller and it is
based on the frequency deviations of two areas and tie line
power flow deviation between two areas. Performance
Index is given in equation (17).

J = [t(AP,, .| +|Af | +]Af,dt 17

PARTICLE SWARM OPTIMIZATION (PSO)
ALGORITHM

Particle swarm optimization (PSO) algorithm was
invented by Dr. James Kennedy and Dr. Russell Eberhart

in 1995 and its elementary idea was originally inspired by
mock of the social behavior of birds flocking. It is based
on the natural process of group communication to share
individual knowledge. When a group of birds search food
in a searching space, although all birds do not know where
the best position is. But from the nature of the social
behavior, if any member can find out a desirable path to
g0, the rest of the members will follow quickly.

In PSO, each member of the population is
considered as particle and the population is considered as
swarm. All particles are initiated randomly and moving in
randomly chosen directions, each particle goes through the
searching space to find the personal best (best position of
each particle) and the position yielding the lowest value
amongst all the personal best that is global best (best
position of particle in the entire swarm). Particles velocity
is updated by using personal and global best positions and
then each particle positions are updated by the present
velocity. The process is repeated up to the stopping
criterion while predetermined in advance.

Positions of particle are updated by using
equation (18).

itr+1 __ _itr itr+1
X;  =X; tV; (18)

Velocity of particle is updated by using equation (19).

itr+1 __ _itr itr pitr itr itr p~itr itr
Vi =Vi o [Poegi — X5 14600 [Gpe =% 1 (19)

Where,
It = Position of particle i at iteration itr.
vt = Velocity of particle i at iteration itr.

P . = Personal best position of particle i at
iteration itr.

GIT . = Global best position at iteration itr.

¢; and c, = Cognitive and Social parameters
respectively.

ri" and riff = Random numbers in between 0 and
1 at iteration itr.

In this optimization technique, updated velocity is
increased over iteration. The high value of updated
velocity respond poor optimization result (skipped the
optimal value). Due to this reason, velocity clamping,
inertia weight factor and constriction factor are introduced.
Velocity clamping is limiting the total velocity only.
Inertia weight is only concentrate the previous iteration
velocity but unable to concentrate the acceleration
components.  Constriction factor concentrates the
acceleration components and limits the total velocity. For
this reason, constriction factor is taken as main role of this
paper. This algorithm is discussed in to three ways.

Fixed Acceleration Coefficients (FAC)

Constriction factor ‘y’ is extremely important to
control the exploration and exploitation tradeoff, to ensure
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convergence behavior, and also to exclude the inertia
weight ® and the maximum velocity vy, .x-

Velocity updates equation of the particle i is
modified from equation (19) and is given in equation (20).

itr+1 itr itr pitr itr itr itr itr
Vi =0 o Poegi —Xi 14650 [Geg = X5 1) (20)

2
‘Z—CP—\/<P2—4(P

From the above expressions, constriction factor is
obtained from acceleration coefficient. If ¢ < 4, then all
particles would slowly spiral toward and around the best
solution in the searching space without convergence
guarantee. If ¢ > 4, then all particles converge quickly
and guaranteed. For this reason, c; and c, are taken as 2
and more than 2. This paper suggests the values for
¢; and c, as 2.25. For this reason, 50% updated velocity is
controlled by each iteration.

Where, y = , 9=cC|+¢Cy

Time Varying Acceleration Coefficients (TVAC)

Time (or Iteration) varying acceleration
coefficients are to enhance the global search in the
beginning of the optimization and to move forward the
particles to converge towards the best optimum solution at
the end of search. The variable accelerating coefficients
are obtained from the equations (21) and (22) and discover
the updated velocity using equation (20).

itr

Cp=cp +(Cyp —Cj)—— 21
116 -
itr
Cy =Cyi +(Cop —Co)) ——— (22)
max

Where, c;; and c;¢ are initial and final values of
cognitive acceleration factors, c,; and c,¢ are initial and
final values of social acceleration factors, itrp,; is the
maximum number of iterations, itr is the number of
current iterations.

In this paper, the suggested initial values of
cognitive and social parameters 2 and final values of
cognitive and social parameters are 2.5. Because at the
initial stage the constriction factor is high and then
gradually reduced to reach low value for final stage. This
strategy controls the updated velocity.

Time Varying Acceleration Coefficients with Dominant
Social Component (TVACDSC)

Compared with the social component, high value
of the cognitive component will result in excessive
wandering of individuals through the search space. In
contrast, a relatively high value of the social component
may lead particles to hurry prematurely toward a local

optimum. For this reason, proper control action of these
two components is very important to discover the
optimum solution exactly and efficiently. So velocity
update equation is slightly modified from equation (20)
and is given by equation (23).

itr+1 itr

i =alvyp +o (flm —fn 1)[Pli)t;sti -x{"]

v
) o ! (23)
+6, (0" + )G =X 1)

Where, frn; and frn, - fractional values incorporated in
cognitive and social components.

In this paper, the suggested fractional values 1
and 2 are 0.25. These values dominate the social
component compared from cognitive component. The
updated velocity is found from equations (21), (22) and
(23). The initial and final values of cognitive and social
parameters are same in TVAC.

SIMULATION RESULTS AND DISCUSSION

The Simulation was carried out using MATLAB
programming and simulink toolbox. In this simulation 50
iterations are taken. Population size of particle swarm
optimization is taken as 10. The system parameters are
given in appendix.

The proportional, integral and derivative gains of
PID controller with occurrence of 10% of step load
perturbation in area 1 of two equal area interconnected
power system are optimized by using proposed particle
swarm optimization techniques with ITAE criterion.

Fixed Acceleration Coefficients (FAC)

Cognitive and social parameters c; and c, are
considered as 2.25. Constriction coefficient is obtained as
0.5 from the values of cognitive and social parameters.
Incase c; and c, are considered as 2, the constriction
coefficient is obtained as 1.

0.45

<
~

0.35

<
w

0.25

Performance Index
o
[\ &)

0.15
0.1

5 10 15 20 25 30 35 40 45 50

No. of iterations

Figure-7. Fitness function for FAC PSO with 10% step
load perturbation in area 1.

If ¢ is 1, then the current velocity increases over
iteration and particles can hardly change their direction to
move back towards optimum, and the swarm diverges. If
¥< 1, then the current velocity increases as a fractional
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value of previous velocity and then quickly changes its
direction to move towards optimum. For this reason, y is
set to 0.5; this situation gives the velocity update 50%
only. So the optimal performance is obtained moderately.
Figure-7 shows fitness function for 10% step load
perturbation in area 1.

Time Varying Acceleration Coefficients (TVAC)

Cognitive and social parameters c;and c, are
obtained by using initial and final values of cognitive and
social parameters. The initial values of cognitive and
social parameters c;; and c,; are 2. The final values of
cognitive and social parameters c;5 and c,¢ are 2.5. If the
initial values c;; and c,; are 2 and final values c,¢ and c,¢
are 2.5, then the constriction coefficient is obtained as
0.8682 at first iteration and 0.3820 at 50" iteration. The
constriction coefficient is gradually reduced from 0.8682
to 0.3820. At 25" iteration, the constriction coefficient is
0.5. For the first 25 iterations, the constriction coefficient
is gradually reduced from 0.8682 to 0.5. This value is
higher than that of FAC. For the next 25 iterations, the
constriction coefficient is gradually reduced from 0.5 to
0.3820. This value is lower than that of FAC. Figure-8
shows fitness function for 10% step load perturbation in
area 1.

. 065
S 0.55
zo
§0.45
g 035
= \
o
& 0.15 \
005510 15 20 25 30 35 40 45 50

No. of iterations

Figure-8. Fitness function for TVAC PSO with 10% step
load perturbation in area 1.

Time Varying Acceleration Coefficients with Dominant
Social Component (TVACDSC)

The fractional number is taken as 0.25. This
value reduces the effect of cognitive component and
increases the effect of social component. Among the three
terms (previous iteration velocity, cognitive component
and social component), social component is more
dominant compared from other two terms. This dominance
effect gives better response. Figure-9 shows fitness
function for 10% step load perturbation in area 1.

S e e N
— D W R oo

\
N—

5 10

Performance Index

=)

15 20 25 30 35 40 45 50
No. of iterations

Figure-9. Fitness function for TVACDSC PSO with 10%
step load perturbation in area 1.

The responses obtained from TVACDSC PSO,
TVAC PSO and FAC PSO techniques are compared with
the responses obtained from gravitational search algorithm
in ref. [14]. Figures-10, 11 and 12 show the comparative
responses of frequency deviations in area 1, frequency
deviations in area 2 and tie line power flow deviations in
two equal area interconnected non-reheat thermal power
system.

0\ ———
/ /
N ,/ _—
e
£ -0.05 — TVACDSC PSO PID
= K\// ~——TVAC PSO PID
3 o1l / ——FAC PSO PID
e ~— GSAPD
0 1 2 3 4 5
Time in sec.
Figure-10. Frequency deviation in area 1.
0 — —
N '0.02 J,’
T \ /
= /
= -0.04 | — TVACDSC PSO PID
3 0.06 \/ ——TVAC PSO PID
e ——FAC PSO PID
-0.08 ~— GSAPID

0 1 2 3 4 5 6
Time in sec.

Figure-11. Frequency deviation in Area 2.
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Figure-12. Tie line power flow deviation.

Figures-13

and

14 show

the comparative

responses of Area Control Error in Area 1 and Area 2.
Figures-15 and 16 show the comparative responses of PID
Controller Output in Area 1 and its closest view. Figures-
17 and 18 show the comparative responses of PID
Controller Output in Area 2 and its closest view.
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Figure-13. Area Control Error in Area 1.
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Figure-14. Area Control Error in Area 2.
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Figure-15. PID Controller Output in Area 1.
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Figure-16. Closest view of PID Controller Output
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Figure-17. PID Controller Output in Area 2.
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Figure-18. Closest view of PID Controller Output in
Area 2.

Table-1 shows the frequency deviation in area 1
comparative responses of 5% tolerance of settling time,
peak overshoot, peak undershoot and peak time in the
TVACDSC PSO, TVAC PSO, FAC PSO and
Gravitational Search Algorithm techniques for two equal
area interconnected non-reheat thermal power system.

From Figure-10 shows TVACDSC, TVAC and
FAC PSO reduce the frequency deviation within one
second than Gravitational Search Algorithm. Gravitational
Search Algorithm takes more than 2 seconds.

From Figures-10, 11 and 12 show the FAC PSO
improves the response than GSA. TVAC PSO slightly
improves the response than FAC PSO. TVACDSC PSO
drastically improves the response than TVAC PSO.

From Figures-10, 11, 12 and Table-1 show the
reduction of rise time, settling time, peak overshoot and
peak time in the order of GSA, FAC PSO, TVAC PSO and
TVACDSC PSO.

From Figures-15, 16, 17 and 18 show the Speed
Changer Position input from PID Controller output based
on ACE in area 1 and 2 of Figures-13 and 14.

CONCLUSIONS

Optimization of PID controller for Interconnected
Power System wusing Time Varying Acceleration
Coefficients with Dominant Social Component Particle
Swarm Optimization technique gives better performance
compared from Time Varying Acceleration Coefficients
PSO, Fixed Acceleration Coefficients PSO and
Gravitational Search Algorithm in terms of rise time, 5%
of settling time, peak overshoot, peak undershoot and time
taken to reach peak overshoot.

TVACDSC, TVAC and FAC PSO techniques are
given better response than Gravitational Search Algorithm.
Time Varying Acceleration Coefficients with Dominant
Social Component Particle Swarm Optimization technique
is better optimizing technique for PID controller parameter
optimization in Interconnected Power system.

Table-1.Frequency deviation responses for Area 1.

line ti
Controller types Sett' ing time Peak overshoot Peak Peak time in sec.
in sec. undershoot

TVACI]?ISDC PSO 0.5421 -0.0556 0.0063453 0.1554

TVAC PSO PID 1.973 -0.0916 0.0106 0.2616

FAC PSO PID 2.1932 -0.1051 0.0058017 0.3109

GSA PID 2.3267 -0.1276 0.0010331 0.3964

APPENDIX REFERENCES

Two areas interconnected power system parameters
P,; = P, = 2000 MW

H,; = H, =5 Sec.

D, = D, = 8.33X1072 puMW/Hz
Tg1 = Ty, = 0.08 Sec.

Ty = Ty, = 0.3 Sec.

Tpy = Tp, = 20 Sec.

Kp; = Kp, = 120 Hz/puMW

R, =R, = 2.4 Hz/puMW

Piie max = 200 MW

T,, = 0.545 puMW /Hz

b, = b, = 0.425 puMW/Hz

[1] O.I. Elgerd. 1983. Electric Energy Systems Theory an
Introduction. McGraw Hill.

[2] O.LElgerd and C.E.Fosha. 1970. Optimum Megawatt-
Frequency Control of Multi area Electric Energy
Systems. IEEE Trans. on PAS.PAS-89(4): 556-563.

[3] C.E.Fosha and O.LLElgerd. 1970. The Megawatt-
Frequency Control Problem: A New Approach via
Optimal Control Theory. IEEE Trans. on PAS. PAS-
89(4): 563-5717.

1944



VOL. 11, NO. 3, FEBRUARY 2016

ISSN 1819-6608

©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved.

ARPN Journal of Engineering and Applied Sciences i :ﬂ\-

www.arpnjournals.com

[4] C.T.Pan and C.M.Liaw. 1989. An Adaptive Controller
for Power System Load Frequency Control. IEEE
Trans. on Power Systems. 4(1): 122-128.

[5] Aleksandar M.Stankovic, Gilead Tadmor and Timoor
A.Sakharuk. 1998. On Robust Control Analysis and
Design for Load Frequency Regulation. IEEE Trans.
on Power Systems. 13(2): 449-455.

[6] Janardan Nanda, Ashish Mangla and Sanjay Suri.
2006. Some New Findings on Automatic Generation
Control of an Interconnected Hydrothermal System
with Conventional Controllers. IEEE Trans. on
Energy Conversion. 21(1): 187-194.

[71 Seyed Abbas Taher and Reza Hematti. 2008. Robust
Decentralized Load Frequency Control Using Multi
Variable QFT Method in Deregulated Power Systems.
American Journal of Applied Science. 5(7): 818-828.

[8] I.A.Chidambaram and B.Paramasivam. 2009. Genetic
Algorithm Based Decentralized Controller for Load
Frequency Control of Interconnected Power Systems
with RFB Considering TCPS in the Tie-Line.
International Journal of Electronic Engineering
Research. 1(4): 299-312.

[9] H.A.Shayanfar, M.Ghazal and M.Karami. 2009. Load
Frequency = Control  using  Multi ~ Variable
Characteristic Loci Method in Power Systems. IJTPE.
1(1): 5-11.

[10]Wen Tan. 2010. Unified Tuning of PID Load
Frequency Controller for Power Systems via IMC.
IEEE Trans. on Power Systems. 25(1): 341-350.

[11] Gayadhar Panda, Sidhartha Panda and C. Ardil. 2010.
Automatic Generation Control of Multi-Area Electric
Energy Systems Using Modified GA. International
Journal of Electrical and Electronics Engineering.
4(6):419-4217.

[12]K.P.SinghParmar, S.Majhi and D.P.Kothari. 2011.
Optimal Load Frequency Control of an Interconnected
Power System. MIT International Journal of Electrical
and Instrumentation Engineering. 1(1): 1-5.

[13] Armin EbrahimiMilani and Babak Mozafari. 2011.
Genetic Algorithm based Optimal Load Frequency
Control in Two Area Interconnected Power Systems.
Transaction on Power system optimization, Global
Journal of Tech. and Optimization. 2: 6-10.

[14] Serhat Duman, Nuran Yorukeren. 2012. Automatic
Generation Control of the Two Area Non-reheat
Thermal Power System using Gravitational Search
Algorithm. Przeglad Elektrotechniczny (Electrical
Review), R. 88, NR. 10a. pp. 254-259.

[15]Rita Saini, Dr. Rajeev Gupta and Dr.Grish Parmar.
Dec.12-Feb.13. Optimization of LFC using Bacteria
Foraging Optimization Algorithm. IJETCAS. 3(2):
133-138.

[16]Rania Hassan, Babak Cohanim and Olivier de Weck.
2004. A Comparison of Particle Swarm Optimization
and the Genetic Algorithm. American Institute of
Aeronautics and Astronautics. pp. 1-13.

[17]1Emad Elbeltagi, Tarek Hegazy and Donald Grierson.
2005. Comparison among Five Evolutionary-Based
Optimization Algorithms. ELSEVIER, Advanced
Engineering Informatics. 19: 43-53.

[18]M.A.Panduro, C.A.Brizuela, L..Balderas and
D.A.Acosta. 2009. A Comparison of Genetic
Algorithms, Particle Swarm Optimization and the
Differential Evolution Method for the Design of
Scannable Circular Antenna Arrays. Progress In
Electromagnetics Research B. 13: 171-186.

[19]RegaRajendra and Dilip K. Pratihar. 2011. Particle
Swarm Optimization Algorithm vs Genetic Algorithm
to Develop Integrated Scheme for Obtaining Optimal
Mechanical Structure and Adaptive Controller of a
Robot. Scientific Research, Intelligent Control and
Automation. pp. 430-449.

[20]James Kennedy and Russell Eberhart. 1995. Particle
Swarm Optimization. Proc. IEEE Int’l. Conf. on
Neural Networks. IV. pp.1942-1948.

[21] Asanga Ratnaweera, Saman K.Halgamuge and Harry
C.Watson. 2004.  Self-Organizing
Particle Swarm Optimizer with Time-Varying
Acceleration  Coefficients. IEEE  Trans. on
Evolutionary Computation. 8(3):240-255.

Hierarchical

[22] Daniel Bratton and James Kennedy. 2007. Defining a
Standard for Particle Swarm  Optimization.
Proceedings of the 2007 IEEE Swarm Intelligence
Symposium.

[23]Dian Palupi Rini, SitiMariyam Shamsuddin and Siti
Sophiyati ~ Yuhaniz.  2011. Swarm
Optimization: Technique, System and Challenges.

Particle

1945



VOL. 11, NO. 3, FEBRUARY 2016 ISSN 1819-6608

ARPN Journal of Engineering and Applied Sciences i :a\-

©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved.
www.arpnjournals.com

International Journal of Computer Applications. (0975
- 8887). 14(1): 19-27.

[24]Fernando G. Martins. 2005. Tuning PID Controllers
Using the ITAE Criterion. IJEE. 21(3): 1-7.

[25]R. Krishna Kumar. 2012. Performance Comparison of
LFC of Two Area Interconnected Power System for
the Performance Indices ISE and ITAE with Optimum
Integral Controller Gain Designed Using Genetic
Algorithm. International Journal of Applied
Engineering Research and Development. 2(1): 30-39.

[26]Jeevithavenkatachalam and Rajalaxmi. S. 2013.
Automatic Generation Control of Two Area
Interconnected Power System Using Particle Swarm
Optimization. IOSR Journal of Electrical and
Electronics Engineering. 6(1): 28-36.

1946



