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Abstract: - Corrective action for voltage stability is one of the issues which the electrical utilities care most
about. This paper deals with the development of optimization model that is capable of performing corrective
control action. Though the preventive control approach is preferred for the secure operation of the system,
corrective control can also be carried out as it is considered economical. Corrective control actions would
maintain voltage stability of the system in case of severe and unforeseen contingencies. Under the corrective
control strategy, control actions are not taken until the contingency actually occurs. But a contingency plan is
prepared in advance for the identified severe cases. Corrective control is activated when a contingency has
occurred endangering voltage stability. The objective of this paper is to achieve maximum voltage stability
margin in the contingency state while satisfying system and equipment constraints. Also the generator ramp
rate constraints are taken into account for the system’s corrective control capabilities after the outage has
occurred. Particle Swarm Optimization (PSO) algorithm is applied to solve this optimization problem. The
effectiveness of this algorithm is demonstrated through the Voltage Security Enhancement in the IEEE 30-bus

and IEEE 57-bus test systems.
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1 Introduction

Corrective action is an indispensable part of the on-
line voltage stability monitoring system. It is to
stabilize an unstable power system, directing the
system trajectory onto a new stable equilibrium point
shortly after a severe contingency, such as the
tripping of a heavily loaded transmission line or the
outage of a large generating unit. It can be formulated
as a static nonlinear optimization problem which can
be solved by the OPF. Generator ramp rates can
significantly restrict the speed with which active
power is rerouted in the network. Hence they are
taken as the additional control variable constraint of
the optimization problem for the corrective action.
The use of ramp rate constraint to simulate the unit
state and generation changes is an effective and
acceptable approach in theoretical developments of
industrial processes. This constraint ensures that
output from each unit is within ramping range. The
corrective control is activated when a contingency
has occurred endangering voltage stability. Most of
the security constrained OPF problems has assessed
the voltage security based on the indices which
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depends on load bus voltage magnitudes. However
voltage instability problems have been shown to
occur in systems where voltage magnitudes never
decline below acceptable limits. To measure the
severity level of voltage stability problems, a lot of
performance indices have been proposed [1]. They
could be used on-line or off-line to help the operators
to determine how close the system is to collapse. In
general, these indices aimed at defining a scalar
magnitude that can be monitored as system
parameters change with fast computation speed. They
include sensitivity factors [2,3], second order
performance index [4,5], voltage instability proximity
index[6], singular values and eigen values [7,8,9] and
so on. A methodology of control against voltage
instabilities based on singular value decomposition is
developed and presented in [10]. One of the
disadvantages of this methodology is that large
amount of CPU time is required in singular value
decomposition. Song et al presented a new concept of
reactive reserve based contingency constrained OPF
for enhancement of voltage stability margin by
increasing the minimum eigen value of load flow
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Jacobian so as to maintain desired voltage
profile[11]. A nonlinear least square optimization
algorithm for voltage stability margin improvement
using L-index method is presented in [12]. A voltage
stability index called L-index based on the power
flow solution is discussed in [13]. This index ranges
from 0 to 1. The bus with the highest L-index will be
the most vulnerable bus in the system. The modal
analysis technique to compute the voltage stability
level of the system is developed in [14]. The
corrective control for the voltage stability of complex
power systems based on Primal- Dual Interior point
method is discussed in [15]. The control actions to
counter the ill effects of sudden disturbances are dealt
in [16]. Wang et al solved both preventive and
corrective control problems for satisfying a certain
level of the voltage stability margin, but the condition
at the base solution after applying the controls is not
taken into account. A sensitivity based heuristic tool
to determine corrective action, so as to help the
system operator in the reactive power flow control
problem is stated in [17]. The corrective action for
coupling optimization and dynamic simulation of
voltage instabilities with an iterative approach is
presented in [18]. Several evolutionary algorithm
based techniques have been proposed to solve OPF
and voltage security enhancement problems [19-22].
In this paper, PSO algorithm is used to solve the
corrective control of voltage security enhancement
problem formulated as an optimization system, with
the minimization of the maximum L-index as the
objective function. The PSO algorithms are
insensitive to scaling of the design variables. They
are easily parallelized for concurrent processing and
are derivative free. It has very few algorithms
parameters and is very efficient in global search
algorithms [23-27].

2 Voltage Security Enhancement

There are various methods of determining the voltage
collapse proximity indicator. One such method is the
L-index of the load buses in the system proposed in
[13]. It is based on load flow analysis and its value
ranges from 0 (no load condition) to 1 (voltage
collapse). The bus with the highest L index value will
be the most vulnerable bus in the system. The L-
index calculation for a power system is briefly
discussed below:

Consider a N-bus system in which there are Ny
generators. The relationship between voltage and
current can be expressed by the following expression:
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|G}: Yee YeL |:VG:| 1
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where lg, 1. and Vg, Vi represents currents and
voltages at the generator buses and load buses.
Rearranging the above equation we get,

BL} :ﬁu ';LG :||:\I/L } @

G oL Yee || Ve

where F o = _[YLL ]_1 [YLG] ®)
KLG = _[YLL ]71 [YGL] (4)

The L-index of the j-th node is given by the
expression,
Ng
1- ) Fj
=1

L, = i
J
v,

Vi A0, +5, -5, * (5)

where V; voltage magnitude of i-™ generator

V; Voltage magnitude of j-" generator.

0;; Phase angle of the term F;;.

8; Voltage phase angle of i-" generator unit.

dj Voltage phase angle ofj-th generator unit.

Ny Number of generating units
The values of Fj are obtained from the matrix F .
The L indices for a given load condition are
computed for all the load buses and the maximum
of the L indices gives the proximity of the system
to voltage collapse. It was demonstrated that when
a load bus approaches a voltage collapse situation,
the L-index approaches one. Hence for a system-
wide voltage stability assessment, the L-index is
evaluated at all load buses and the maximum value
of the L indices gives an indication of how far the
system is from voltage collapse. Contingencies
such as transmission line or generator outages
often result in voltage instability in power system.
The system is said to be secured if none of the
contingencies causes voltage instability in the
system. The maximum L-index of the system
under a contingency gives a measure of severity of
that contingency.

3 Ramp rate Constraint

While considering the corrective action formulation,
ramp constraints or coupling constraints are of the
general form:

h(u,u, )>0 (6)
Corrective control action involves changing the
control variables of the system in response to
contingency occurrence within pre-specified limits.
This process is also known as post contingency
corrective rescheduling. The use of ramp rate
constraints to simulate the unit state and generation
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changes is an effective and acceptable approach in
the view of theoretical developments. In practical
systems, the operating range of all on-line unit is
restricted by their ramp rate limits due to physical
operating limitations. These constraints recognize
that the range of adjustment of certain control is
determined by their setting at the time of
contingency. They act as a ‘bridge’ between the base
and the post contingency case. In the algorithm they
are modelled as
égu—quZ

()
where A and A are the lower and upper ramp rate

limits. The ramp rate of the generator is usually
defined as the percentage of the generator capacity.
where k-1...c represents the post contingency state.
Ug is the preventive control variable.
Ty is the assumed time for corrective control.
du/dt|max represents the ramp rate of corrective
control.

4 Mathematical Problem Formulation
Enhancing voltage stability under contingency can be
achieved through minimizing the voltage stability
indicator L-index values at every bus of the system
and consequently the global power system L-index.
This is achieved through rescheduling of control
variables. L-index gives a scalar number to each load
bus. This index uses information on a normal power
flow and is in the range of zero (no load case) to 1
(voltage collapse).

This is mathematically stated as
Minimize L™

Subject to

(8)

4.1 Equality Constraints

NB
P -V; > V;(G;Cosd; +B;Sing;) =0,ieNg -1 (9)
j=L

N 10
Q, V3.V, (G,Sing, ~ B,C0s6,) = 0.i < Ny (10)
j=

The equality constraints are satisfied by running the
power flow program.

4.2 Inequality Constraints
The inequality constraints are the physical and
operating limits which must be satisfied by corrective
control solution. These constraints are

Voltage limit

V™ <V <V ™G e Ny (11)
Generator reactive power limit
Qa" <Qg <Qg™;ie N (12)
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SVC reactive power generation limit

ch?ing ciS g]ax ;ieNc (13)
Transformer tap setting limit

" <t, <t™;k e N; (14)
Transmission line flow limit

S, <S™ 1 eN, (15)
Ramp rate constraint

|uk - u0|STk *?j_l: |max (16)

From the above formulation it is found that the
voltage security enhancement problem is a
combinatorial non-linear optimization problem. The
active power generation (Pg;) and generator terminal
bus voltages (V) are the control variables and they
are self restricted by the optimization algorithm. The
active power generation at the slack bus (Py) load
bus voltage (Vi) and reactive power generation
(Qqi) are the state variables and are restricted by
adding a quadratic penalty term of the objective
function.

5 Particle Swarm Optimization (PSO)
The PSO is a population based optimization
algorithm. Its population is called a swarm and each
individual is called a particle. The PSO algorithm
works on the social behavior of particles in the
swarm. It finds the global best solution by simply
adjusting the trajectory of each individual toward its
own best location and toward the best particle of the
entire swarm at each time step [23,24]. The particle
updates its velocity and position with the following
equations
VK 2w K 4 € *rand (), * (pbest; —SF)+C, *rand (), * gbest, — S¥)

w. . —-W._. .
W=W,_ ——" T *jter (18)
iter, ..
Sik+1 — Sik +Vik+1 (19)

Usually the constant weighting factor or the
acceleration coefficientsC, ,C, =2, control how

far a particle moves in a single iteration. The inertia
weight W is used to control the convergence
behavior of the PSO. The suitable selection of the
inertia weight provides a balance between global
and local exploration, and the exploitation of results
in a lesser number of iterations on an average to find
a sufficient optimal solution. As originally
developed, Wpax and Wy, are often set to 0.9 and
0.4. rand( ); and rand( ), are two separately
generated uniformly distributed numbers in the
range [0,1]. pbest; is the best previous position of the
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ith particle. gbest; is the global best position among
all the particles in the swarm. iter is the current
iteration number. itern. IS the maximum iteration
number. The velocity of the particle on each
dimension is clamped to the range [-Vmax, Vimax ] tO
reduce the possibility of the particle leaving the
feasible space. It determines the resolution or
fitness, with which the regions between the present
position and the target position are searched. If V ux
is too high, particles may fly past good solutions. If
Vmax 1S too small, particles may be trapped in local
optima, unable to move far enough is only one
population in an iteration that moves towards the
global optimal point to reach the better position in
the problem space [25-27].

5.1 PSO Algorithm

Step 1: Initial search points and velocities are
randomly generated for each of the three
variables between their upper and lower
bounds.

Step 2: The objective for each set of particles is

evaluated based on the fitness function.
If the constraints are violated, penalty is
added.

Step 3: Assign the particle’s position to the pbest
position, and its fitness to the pbest
fitness. Identify the best among the
pbests as the gbest.

Step 4: New velocities and new search points
(directions) are formulated using the
equations (17) to (19).

Step 5: Objectives corresponding to the new
search points and velocities are
evaluated.

Step 6: Compare the best current fitness
evaluation with the population’s gbest. If
the current value is better than the gbest,
reset the gbest to the current best position
and fitness value.

Step 7: If the iteration reaches the maximum
number, then exit. Otherwise go to step
4.

5.2 PSO implementation

5.2.1 Representation

Each individual in the PSO population
represents the candidate solution. The elements of
that solution consist of all the optimization variables
of the problem. With direct representation of the
solution variables, the computer memory required to
store the population is reduced.
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5.2.2 Evaluation function

The function of each individual in the population
evaluated according to its “fitness’, which is defined
as the non-negative figure of merit to be maximized.
It is associated mainly with the objective function. In
this problem, the objective is to maximize voltage
stability margin; i.e, minimize the L™ while
satisfying the equality and inequality constraints
equation (9) to (16). For each individual, the equality
constraints are satisfied by running the Newton-
Raphson algorithm, and the constraints on the state
variables are taken into consideration by adding the
penalty function to the objective function. Since the
PSO maximizes the fitness function, the
minimization objective function f is transformed into
a fitness function to be maximized as

Fitness = k/f where k is a large constant

6 Simulation Results

The proposed PSO-based approach was applied to
the IEEE 30-bus and IEEE 57-bus test systems for
voltage security enhancement, under normal and
contingency states. The real and reactive loads are
scaled up according to predetermined weighting
factors to analyze the system under a stressed
condition. The L-indices for a given load condition
are computed for all the load buses and the
maximum of the L-indices gives the proximity of
the system to a voltage collapse. Generation
excitation, static VAR compensators and
transformer tap settings are considered as control
variables for voltage stability improvement. The
details of the IEEE test data are taken from [28].

6.1 Case 1 PSO-OPF for base case

The IEEE 30- bus system has 6 generator buses, 24
load buses and 41 transmission lines of which four
branches are (6-9),(6-10),(4-12) and (28-27) with
tap setting transformers. The upper and lower
voltage limits at all buses except the slack bus are
taken as 1.10 p.u and 0.95 p.u respectively. The
slack bus voltage is fixed at its specified value of
1.06 p.u. The PSO based algorithm was tested with
different parameter settings and the best results are
obtained with the following setting

No: of generations . 50
Population size . 50
Cl . 2
Cz . 2
W nax ;09
W in . 0.4
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The optimal values of the control variables from the
algorithm are given in the Table 1. The algorithm
took 77 sec to reach the optimal solution.
Corresponding to these control variables, it was
found that there was no limit violation. The
convergence characteristics are given in Figure 1.

+  Best
x Mverage

1.4

121

1k

08r

Fitness

04r

0z2r

1 1 1 1 1 | 1 1 1
0 8 10 15 20 25 30 35 40 45 a0
Generations

Fig.1 Convergence diagram of IEEE 30-bus system

Table 1 Results of PSO-OPF optimal control
variables

Control variables | Variable setting
Py 165.8568
P, 55.8505
Ps 28.0625
Ps 19.4378
P11 20.0513
P13 12.5989
Vy 1.0500
V, 1.0393
Vs 1.0019
Vs 1.0368
Vi 1.1000
Vi3 1.0363
Tu 0.9828
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T, 1.1

Tis 0.9587
LED 1.0612
Qcio 3.3842
Qc1z 0.9679
Qcis 2.1739
Qe 1.2539
Qczo 2.1675
Qca1 1.0973
Qc2s 4.0890
QC24 5

Qc20 2.5253
Cost($/hr) 802.1137
LM 0.1192

6.2 Case (ii) Contingency state scheduling

The PSO algorithm reaches a minimum L-index
value of 0.1192 for the base case. To analyze the
system under disturbance, contingency analysis was
conducted for all the lines. From the contingency
analysis, the first five severe line outages L-index
values are determined. After identifying the severe
contingency lines the ramp constraint values are
included and the L-index values are determined. With
the inclusion of generator ramp rate constraint the
voltage security enhancement values are tabulated in
Table 2. From the table, it is found that the L-index
value decreases rapidly in the corrective control
approach without any violations. This shows that the
voltage stability is improved after the application of
this algorithm. As an illustration the optimal values
with corrective control for line outages 1-2, 9-10, 4-
12 and 6-7 are given in Table 3. In order to analyze
the system under stressed conditions, active and
reactive powers of each bus are multiplied by 1.25.
Corresponding to this setting, the L-indices of all the
load buses are computed. From the contingency
analysis, line outage 1-2 and 9-10 with the L™
values of 0.3041 and 0.2768 has been found to be
severe. The PSO algorithm was applied to enhance
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the voltage stability under contingency state. The
voltage stability enhancement values before and after
the contingencies are stated in Table 4. From the
table, it is found that the value of L™ decreases and
voltage stability is improved after the application of

P. Aruna Jeyanthy, D. Deveraj, J. D. Darwin

Table 3 Results of optimization under
contingency state for IEEE 30-bus

system for base case loaded condition

the algorithm.

Contingency | L™ value L™ value

line (Before (After
optimization) optimization)

1-2 0.2862 0.1805

9-10 0.2052 0.1708

4-12 0.1993 0.1604

6-7 0.1898 0.1403

Table 4 Results of optimization under

contingency state for IEEE 30-bus
system for 125% loaded condition

Contingency | L™ value L™ value

line (Before (After
optimization) optimization)

1-2 0.3041 0.2017

9-10 0.2768 0.2355

Table 2 Results of PSO-based optimal control
variables

Control Contingency (line

variables 1-2 outage)
Corrective control

Py 131.1165

P, 68.4393

Ps 24.2967

Ps 35

P1 17.7414

P13 20.4728

\'1 1.05

V, 1.0058

Vs 0.9731

Vg 0.9884

Vi 0.9979

Vi3 0.9534

SVC, 4.576

SVG, 4.875

SVGC; 1.7027

SVC, 1.9457

SVCs 2.6125

L™ 1.2080

Cost($/hr) 853.4595
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6.3 IEEE 57-bus test system

The IEEE 57-bus system has 7 generators, 50 load
buses, 80 transmission lines, 5 synchronous
condensers and 17 tap changing transformers. The
base load of the system is 1272 MW and 298 MVAR.
The PSO based algorithm was tested with different
parameter settings and the best results are obtained
with the following setting:

No: of generations : 70

Population size :50
Cl 2
Cz 2
W :0.9
wm 0.4

The optimal settings for the base case are listed in
Table 5. The single line contingency analysis is
performed in IEEE 57-bus system. Based on the
contingency study line outage (46-47) was identified
as severe case with L™ value of 0.4778 respectively.
Buses 30, 31, 32, 33 and 34 were selected for reactive
power injection. The result of the PSO-based
algorithm for wvoltage security enhancement is
summarized in Table 6. From the table it is found that
voltage stability level of the system has improved
after the application of the proposed algorithm. This
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shows the effectiveness of the proposed algorithm in
solving the contingency constrained voltage security
problems. Figure 2 represents the convergence
diagram.

Table 5 Control variable settings for IEEE 57-bus
system

control variables Variable settings
P, 477.6638
P, 377.5064
Ps 15.4749
Ps 87.1025
Ps 133.2654
Py 71.9430
P12 550

V; 1.06

V, 1.06

Vs 1.0502
Vs 1.0585
Vs 1.0600
Vg 1.0461
Vi, 1.0417
Tio 1.0038
T 1.0392
Ta 1.100

Tss 1.100

Tss 1.100

Ty 1.0256
Tu 1.0439
Tus 1.1000
Tsy 1.1000
Tss 1.0988
Tso 1.100

Tes 1.100

Tes 1.100

Tn 1.100

T 1.0984
T 10561
Teo 1.0988
Q20 4.1045
Qs 4.3871
Q31 5

Qss 2.4363
Qa4 5

L™ 0.2456

Table 6 System Performance for IEEE 57-bus test
system

‘ Line | Before After optimization
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outage | optimization
46-47 | 0.4778 0.3801
25-30 | 0.3242 0.2985

1000

cred 0 Dest ¢
w Average |

900 F

800+

700+

600 -

500 F

Fitness

400 F

300 F

200

100+

D 1 1 L 1
1] 10 20 30 40 a0 60 70

Generations

Fig.2 Convergence diagram of IEEE 57-bus system

Table 7 Comparison of optimal values in previous
work in the literature

Method Optimal
Value ($/hr)

Gradient Approach[28] 802.43
Hybrid Evolutionary | 802.62
Programming[19]
Refined GA[20] 804.019
Improved Evolutionary | 802.465
Programming [21]
Proposed method 802.1137

7 Conclusion

The voltage security enhancement problem is solved
by PSO algorithm with minimization of L™ value as
the objective function. The algorithm was proposed
to identify the optimal control variable setting under
normal and contingency state.  The proposed
algorithm was demonstrated on IEEE -30 bus and
IEEE 57-bus test system with generator ramp rate
limits as an additional constraint. Results show that
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the PSO algorithm is well suited for obtaining the
best solution and is effective for voltage security
enhancement in the normal and contingency states.

References:

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Mansour, Y. “Voltage Stability of Power
Systems: Concepts, Analytical Tools and
Industry Experience”, IEEE Press, 1990.
Carpinelli, G., Lauria, D. and Varilone, P.
“Voltage stability analysis in unbalanced
power systems by optimal power flow”, IEE
Proc. Generation Transmission Distribution,
Vol. 153, No. 3, 2006, pp.261-268.
Aumuller, C. and Saha, T. K. “Analysis and
assessment of large scale power system
voltage stability by a novel sensitivity based
method”, Proc. of IEEE/PES Summer
Meeting, Vol. 3, 2002, pp. 1621-1626.
Berizzi, A., Bresesti, P., Marannino, P.,
Montagna, M., Corsi, S. and
Piccini, G. “Security enhancement aspects in
the  reactive-voltage  control”, IEEE
Transactions of Power Systems, 1995, pp.
674-679.

Berizzi, A., Finazzi, P. and Dosi, D. “First
and second order methods for voltage
collapse assessment and security
enhancement”, IEEE Trans. Power System,
Vol. 13, No. 2, 1998, pp.543-551.

Nanba, M., Huang, Y., Kai, T. and lwamoto,
S. “Studies on VIPI based control methods
for improving voltage stability”, Proc. PSCC,
Vol.2, 1996, pp. 651-657.

Cai Li-Jun and Erlich Istvan, “Power system
static voltage stability analysis considering
all active and reactive power controls -
singular value approach”, Proc. of IEEE
Power Tech, 2007, pp.367-373.

Schlueter, R.A., Liu, S. Z. and Kilani, K. B.
“Justification of the voltage stability security
assessment and diagnostic procedure using a
bifurcation subsystem method”, IEEE Trans.
Power System, Vol. 15, No. 3, 2000, pp.
1105- 1111.

Wang, Y., Da Silva, L. C. P., Xu, W. and
Zhang, Y. “Analysis of ill-conditioned
power-flow problems using voltage stability
methodology”, IEE Proc. — Gener. Transm.
Distribution, VVol.148, No. 5, 2001, pp. 384-
390.

Tiranuchit, A. and Thomas, R.J. “A posturing
strategy against voltage instability in Electric
power systems”, IEEE Transactions on
Power Systems, Vol. 3, No. 1, 1998, pp. 87-
93.

E-ISSN: 2224-350X

276

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

P. Aruna Jeyanthy, D. Deveraj, J. D. Darwin

Song, H. “Reactive  Reserve-Based
Contingency Constrained optimal Power
Flow for Enhancement of Voltage Stability
Margins”, IEEE Transaction on Power
System, Vol. 18, No. 4, 2003.

Banislal, Thukaram, D. and Parthasarathy, K,
“Optimal reactive power dispatch algorithm
for voltage stability improvement”, Electrical
power and energy systems. Vol. 18, no.7,
1996, pp.461-468.

Kessel, P. and Glavitch, H. “Estimating the
voltage stability of a power system”, IEEE
Trans. Power Delivery, Vol.1, No. 3, 1986
pp. 346- 354.

Gao, B., Morisan G.K. and Kundur, P.
“Voltage Stability Evaluation using Modal
Analysis”, |IEEE Transactions on Power
Systems, VVol.7, N0.1992, pp. 1529-1542.
Yue Yuan, Kejun Qian and Xuehong Wen.
“Discussion about the corrective control
for voltage stability of complex power
systems based on Primal — Dual Interior
point method”, Int. Conference on PST, ,
2006, pp. 1-6.

Sarosh TaluMar and Ramesh, V. C. “A
multi-agent  technique for  contingency
constrained optimal power flows”, IEEE
Transactions on Power Systems, Vol. 9, No.
2,1994, pp. 855-861.

Angel, L.Trigo, Jose, L.Martinez, Jesus
Riqueline and Esther Romero. “A heuristic
technique to determine corrective actions for
reactive power flows”, Electric Power
System Research, Vol. 81, issue 1, January
2011.

Florin Capitanescu, Thireey Vancutsen, and
Loiyis Wehenkel, “Coupling optimization
and dynamic simulation for preventive,
corrective control of voltage instability”
Transactions on power systems, Vol. 24,
No.2, 2009.

Paranjothi S R, and Anburaja K,”Optimal
power flow using refined genetic algorithm”,
Electric power components and systems,
V0l.30,2002, pp.1055-1063.

Yuryvich J and Wong K P,”Evolutionary
programming based optimal power flow
algorithm”, IEEE Transactions on Power
System, Vol.14, No.4, 1999, pp.1245-50.
Somasundaram P , Kuppusamy K and
Devi,R.P.K,” Evolutionary programming
based security constrained optimal power
flow”, Electric power system research,
Vol.72, 2004 pp.137-145.

Volume 12, 2017



[22]

[23]

[24]

[25]

WSEAS TRANSACTIONS on POWER SYSTEMS

Ali E and ABD-Elazim S ,”Power system
stability Enhancement Via Bacteria foraging
optimization  algorithm”, International
Arabian Journal of Science and Engineering,
Vol.38,No.3,March2013, pp.599-611.
Kennedy J. “The particle swarm: social
adaptation of knowledge,” Proc 1997 IEEE
International Conf. Evolutionary Computing.
ICEC, 97, Indianapolis, IN, USA, 1997 pp.
303-308.

Kennedy, J. and Eberhart, R. “Particle
Swarm Optimization, Proc. IEEE Int. Conf.
Neural Networks”, Vol. 4, 1995, pp.1942-
1948.

Oshaba A S and Ali E S “Speed control of
induction motor fed from wind turbine via
PSO based PI controller,” Research Journal
of Applied Sciences, Engineering and
Technology (Maxwell Science Publications),
Vol, 5 No.18, May 2013, pp.4594-4606.

E-ISSN: 2224-350X

277

[26]

[27]

[28]

P. Aruna Jeyanthy, D. Deveraj, J. D. Darwin

Oshaba A S and Ali E S ,”Swarming speed
control for dc permanent magnet drive via
pulse width modulation technique and dc/dc
converter”, International Research journal

of Applies sciences, Engineering and
Technology(Maxwell Science
Publication),Vol. 5 No.18,May 2013,

pp.4576-4583.

Abd -Elazim S and Ali E,”Synergy of PSO
and Bacteria Foraging for TCSC Damping
Controller Design”, International journal of
WSEAS Transactions on Power Systems,
Vol.8, No.2, April 2013, pp.74-84.

Alsac O and Scott B,” Optimal load flow
with steady state security”, IEEE Transaction
on Power Systems. PAS -1973, pp. 745-751.

Volume 12, 2017





