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Optimal Relocating of Compensators for Real-Reactive Power 
Management in Distributed Systems

Jagadeeswar Reddy Chintam†, V. Geetha* and D. Mary**

Abstract – Congestion Management (CM) is an attractive research area in the electrical power 
transmission with the power compensation abilities. Reconfiguration and the Flexible Alternating 
Current Transmission Systems (FACTS) devices utilization relieve the congestion in transmission 
lines. The lack of optimal power (real and reactive) usage with the better transfer capability and 
minimum cost is still challenging issue in the CM. The prediction of suitable place for the energy 
resources to control the power flow is the major requirement for power handling scenario. This paper 
proposes the novel optimization principle to select the best location for the energy resources to achieve 
the real-reactive power compensation. The parameters estimation and the selection of values with the 
best fitness through the Symmetrical Distance Travelling Optimization (SDTO) algorithm establishes 
the proper controlling of optimal power flow in the transmission lines. The modified fitness function 
formulation based on the bus parameters, index estimation correspond to the optimal reactive power 
usage enhances the power transfer capability with the minimum cost. The comparative analysis 
between the proposed method with the existing power management techniques regarding the 
parameters of power loss, cost value, load power and energy loss confirms the effectiveness of 
proposed work in the distributed renewable energy systems.

Keywords: Congestion Management (CM), Distributed Energy Resources (DER), Flexible 
Alternating Current Transmission System (FACTS), Optimal Power Flow (OPF), Optimization

1. Introduction

Recently, the transition of minimum carbon-energy 
consumption and the evolution of Renewable Energy 
Sources (RES) increase the utilization of weather-driven 
sources utilization such as solar and wind energy resources. 
The introduction of the smart grid concept facilitates the 
demand responsiveness, ability of load shift and the 
low-price elasticity of the electricity demand. The 
dependency of wholesale price with the instantaneous 
load and electricity production increases the decorrelation
between the electricity demand and the wholesale price. 
The employment of high wind or solar energy generation 
reduced the wholesale price with the increase in demand. 
Hence, the cost minimization, regulation of the operating 
frequencies and the provision of balancing services under 
the grid constraints are the major issues in smart-grid 
applications [1].

The existence of network constraints dictates the flow of 
finite amount of power among the grid points. Besides, the 
violation of the operating constraints (voltage and power 

flow limits) affects the delivery of the power among the 
bilateral and multi-lateral contracts to meet the electricity 
demand. The presence of above limitation (a violation of 
operating conditions) in smart-grids is referred as 
congestion. The preservation of relationship between the 
generation and transmission companies plays the major 
role in congestion management. The reconfiguration of 
the network and the operation of the transformer taps and 
the Flexible Alternating Current Transmission System 
(FACTS) relieve the congestion effectively. In addition to 
the trust in the changes of electricity prices, the demand 
response is modeled by the two factors such as incentives 
and the penalty factors. With these factors, the reliability 
and the response rate are increased with minimum cost
[2]. The Optimal Power Flow (OPF) calculations are 
highly critical to model the modern power system 
engineering nowadays in the RES. The OPF formulation 
concentrated into the economic-security processes in the 
power system operations and they can be considered as the 
sub-function of a large problem in security constrained 
environment. The anticipation of the requirements for 
modeling and solution for the prospective power system 
users increases the system complexity. The formulation of 
traditional OPF deterministic problems as the single static 
objective [3] requires the optimization in control variables. 
The system operational limits and their sensitivities, 
infeasible problem constraints and the convergence of 
solution are the major implications in the secure OPF 
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formulation. The operation of controllable loads and the 
Distributed Energy Resources (DER) with the OPF 
formulation in the islanded or grid-connected modes makes 
the energy management as the non-linear optimization
problem. The solution to the demand-supply matching 
problem requires the following assumptions [4]:
� All the generations and the loads are connected to one 

bus
� Ignoring the power distribution network, associated 

power flow and the system operational constraints

Practically, these assumptions are not feasible due to the 
violation of constraints adversely. The consideration of 
underlying power distribution with the constraints provides 
the solution to the above issues. The deployment of the 
flexible and adaptive transmission networks enables the 
implementation of the smart grid for the dynamic 
optimization of transmission assets. The major impact of 
the FACTS devices on the transmission system is the 
maximum set point which is dynamically controllable in 
nature. The enhancement in power transfer capability does 
not require any changes in set point. Hence, the regulation 
of operational abilities of FACTS devices in addition to 
the controlling of the transmission assets to maximize the 
system benefit [5]. Besides, the replacement of vertical 
structure of power system industry with the market 
assessment models [6, 7] supports the utilization of 
transmission system by the multiple generation and 
distribution entities. The tracing of power flows in the 
transmission lines using two major methods such as 
commons and node are not perfect and more time 
consumption. The sharing principle-based power flow 
tracing models with the assessment topology also consume 
more time. Hence, the power flow tracing is performed 
with the matrix manipulation based on directed path 
increases the complexity. The employment of evolutionary 
optimization techniques allocates the losses and the 
application of generated power to the loads under the 
satisfaction of power constraints. But, the identification of 
the origin of losses (transmission line responsible) was 
the difficult task. The controlling of transmission system 
by periodical observation of transfer limits (congestion 
management) is the major problem in the competitive 
power markets [8]. With the increasing number of links 
between the buses, the joint and power admission control 
problem is formulated as the NP-hard problem and then 
devised it into the linear program. The removal of 
interfering links via joint optimization problem [9, 10]
reduces the computational complexities that minimize 
the time consumption effectively. The brief review of 
traditional models conveys that the optimal usage of real 
and reactive power flows with the enhanced transfer 
capability is the major requirement [11] to meet the 
demand under minimum cost. The technical contributions 
of proposed work are listed as follows:
� The provision of proper controlling to the system 

based on the parameter estimation and the reactive 
power utilization yields the better power management 
compared to the existing power flow models. 

� The periodical extraction of bus parameters and the 
computation of best fitness by using the Symmetrical 
Distance Travelling Optimization (SDTO) algorithm 
with the new objective function formulation handle the 
power demand conditions effectively.

� The index estimation corresponds to the best optimal 
reactive power usage is helpful to place the energy 
sources at the desired location maintains the power 
usage with the reactive power charging capacity 
effectively. 

� The analysis of power loss, cost, load power and the 
energy losses in bus and lines of IEEE-bus systems (14 
and 30) highly contributes to the transfer of real power 
capability if the reactive power is greater than the real 
power flow. 

The paper organized as follows: The detailed description 
about the related works on optimal power flow strategies 
with the merits and demerits is discussed in section II. 
The implementation process of Symmetrical Distance 
Travelling (SDT) optimization algorithm and update in 
index corresponds to the optimal power usage is described 
in section III. The comparative analysis of proposed 
approach with existing approaches under various IEEE bus 
systems provided in section IV. Finally, the conclusions 
about the proposed SDT optimization algorithm for the 
location prediction and their analysis presented in section V. 

2. Related Work

Selling more power to the customers with high profit 
to the consumers is the major task in the competitive 
electricity markets. The violations in the operational 
constraints made the transmission network were unable 
to accommodate the market desired actions. Esmaili et al
proposed the multi-objective framework [12] to manage 
the congestion in three aspects such as total cost, 
optimization of voltage and transient stability margins. The 
location and the number of FACTS devices were predicted 
on the basis of Locational Marginal Prices (LMP) under 
the multi-objective framework. The lack of integrated 
methods to derive the closed loop solution depends on 
the demand elasticity and the shifting characteristics. Li 
et al [13] extended LMP into the Distributed LMP to 
alleviate the congestion generated by the Electric 
Vehicles (EV). With the consideration aggregators and 
price takers in the Distribution System Operator (DSO) 
market, the derivation of the solution to the social welfare 
optimization model achieved the required efficiency. In 
traditional assessment models, the transmission assets of 
bulk power flow are modeled as fixed models did not 
allow the reconfiguration of the transmission grid for 
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performance improvement. Hedman et al [14] provided 
the overview of the optimal transmission switching to 
demonstrate the substantial benefit according to the 
reliability requirements. The implications causing from 
network topology co-optimization on the LMPs. The 
hierarchical control paradigm for optimal transmission 
switching was unsuitable with an increase of the network 
complexity, hardware redundancy and the data storage 
resources. Loia et al [15] addressed the voltage control 
problem in the smart grids by the integration of fuzzy 
agents with the theoretically distributed parameters. The 
controlling of agents decided the injection of the useful 
reactive power flow effectively. The unbalanced nature of 
distribution network caused the overload and voltage 
violation risks. Cao et al formulated the chance constrained 
optimization-based multi-objective OPF model [16] which 
considered the forecast errors in the Renewable Energy 
Generation (REG). The minimization in contingencies and 
the inequality constraints in the normal state are under the 
pre-defined probability level. Hence, the profitability and 
the security were balanced in presence of stochastic REG. 

The divergence in the centralized DSO optimization 
and the decentralized aggregator optimization models 
addressed the multi-solution issue, unique solution to the 
optimization problem. Huang et al [17] presented the 
DLMP method through the Quadratic Programming (QP) 
alleviated the congestion under the flexible demands. 
The employment of convex optimization theory with the 
aggregator optimization problem in Karush-Kuhn-Tucker 
(KKT) conditions provided the unique solution. The 
extensive sensing and communications increased the 
numerous complexities such as high-cost, deployment 
and operational risks. Sansawatt et al [18] offered the 
alternative and decentralized approach to manage the 
real-time voltage and thermal constraints. The controlling 
process of real and reactive power flows alleviated the 
voltage and thermal issues for the near-end connection. 
The utilization of the time-series analysis revealed the 
effectiveness of the decentralized approach. In addition 
to the active and reactive power flow controls, the 
prediction of location for placement of devices was also the 
major task. Reddy and Singh [19] utilized the two major 
approaches such as sensitivity-based and the pricing-based 
to determine the specific location for the compensator 
called Unified Power Flow Controller (UPFC). With 
these two methods, the losses in the total system and the 
determination of suitable location for UPFC were achieved. 
The effective congestion management depends on the 
minimization of rescheduling cost in various operating 
conditions respectively. The mathematical modeling of 
the evolutionary approaches and the provision of balance 
between the global and local exploitations were the 
difficult processes. Ling et al [20] presented the novel 
Fuzzy Particle Swarm Optimization with Cross-Mutated 
(FPSOCM) in accordance with the swarm intelligence to 
determine the inertia weight. The improvement in quality 

and robustness of the two real-world systems called 
economic load dispatch and self-provisioning system was 
achieved. The operation of the generation and consumption 
systems beyond the limits leads to the congestion problems. 
Ushasurendra et al [21] proposed the fuzzy technique to 
determine the optimal location for the compensators. The 
congestion level measurement was dependent on the two 
factors namely, line utilization factor (LUF) and real power 
performance index (RPPI) factor. 

The evolution of restructuring process in the electric 
power market leads to the congestion problems. Besides, 
the instant power exchanges and the power flow 
scheduling were the major issues in the congestion 
management systems. Mishra et al [22, 23] proposed the 
factor called Disparity Line Utilisation Factor (DLUF) to 
search the optimal place for the Interline Power Flow 
Controller (IPFC) in order to manage the congestion in 
transmission lines. The optimal tuning by the differential 
evolution algorithm provided the minimum power loss, 
voltage deviations, security margin and the installed 
IPFC capacity. With the increase in multi-objectives, the 
variables involved in the circuit design were large that 
leads to the design problems. Yang [24] extended the 
optimization algorithm to solve the multi-objective problems. 
The selected subset of the test functions and application 
of them to solve the design optimization benchmarks 
validated the optimization algorithm effectively. The 
optimal ranges for the various optimization problems were 
identified by using the parametric studies. Transmission 
congestion management plays the significant role in the 
deregulated energy market. The lack of proper modeling 
according to the voltage and transient limits caused the 
vulnerable power to the system. Hosseini et al [25]
included the cost of congestion management and stability 
margins and modeled the problems as the multi-objective 
problem. Under the Normalized Normal Constraint 
(NNC), the new and effective Multiobjective Mathematical 
Programming (MMP) generated the well-distributed and 
the Pareto Frontier for congestion management. The 
convergence point of the multi-objective formulation was 
high-sensitive to the starting point and its computational 
effort was high. Hence, the integration of local and global 
search methods was the major issue in the power flow 
handling problems. Joorabian and Afzalan [26] provided 
the solution to the optimal power flow problem by 
combining the Particle Swarm Optimization (PSO) with 
the Nelder-Mead (NM) algorithm which is called as Hybrid 
formulations. 

The solutions to the optimal power flow under normal 
and contingency conditions with the consideration of 
benchmark mathematical formulations and the successive 
objective functions. Nesamalar et al [27] extended the NM 
into the fuzzy adaptive method to solve the Multi-Line 
Congestion Management (MLCM) problem. Based on the 
power sensitivity factor, the generators were rescheduled 
through the hybrid methods. The utilization of fuzzy 
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inference system updated the inertia weight dynamically to 
avoid the premature convergence problem in PSO. The 
quantification and the mitigation of risks of congestions 
occurred in distributed network by the penetration of the 
DER. Huang et al [28] designed the Dynamic Tariff (DT) 
method to handle the uncertainty problem due to the high 
penetration of distributed sources. The aggregators-based 
day ahead energy planning with forecasted parameters lead 
to problems in uncertainty management. Koukoula et al 
[29] proposed the gossip algorithm-based architecture to 
manage the power flows on the radial distribution grids. 
The critical physical quantities by reaching the global 
consensus were estimated by using the gossip algorithm. 
The congestion-free transmission without degrading the 
security level depends on the post-deregulation schemes. 
The Independent System Operator (ISO) enabled the 
correct methods by using the reliability and security 
maintenance relieved the transmission congestion effectively.
Gope et al [30] presented the optimization model for the 
congestion management based on the two factors like
Generator Sensitivity Factor (GSF) and the Bus Sensitivity 
Factor (BSF). Based on these factors, the optimal location
for the pumped storage element was identified with 
minimal computation cost. Even though the congestion 
cost was minimum, the voltage and active power loss 
were maximum by using the factors-based congestion 
management. The trade-off between the effective congestion
management and the minimal cost was the major deficiency
in the restructured power system. Verma and Mukherjee 
[31] proposed the generation rescheduling-based approach 
for the congestion manage-ment in electricity market using 
the nature-inspired algorithm called Ant Lion Optimizer 
(ALO) algorithm. The load bus voltage and the line 
loading impact were considered for ALO-based congestion
management. The rapid, secure and reliable operation was 
achieved with lesser fitness evaluations. The brief review 
of traditional methods conveyed that the proper bus location
prediction for the compensators placement to minimize 
the losses and provide the necessary compensation to the 
reactive power with minimum cost is the major issue in 
distributed systems. This paper discusses the new 
optimization technique to select the best bus for 
compensators to alleviate the issues in existing studies.

3. Symmetrical Distance Travelling Optimization-

based Relocating of Compensators

This section illustrates the implementation process of 
the proposed Symmetrical Distance Travelling Optimi-
zation (SDTO)-based bus selection for the relocating 
compensators. The prior estimation of bus parameters 
decides the reactive power usage limit and provides the 
proper controlling of real-reactive power flows in the 
transmission lines. Fig. 1 shows the workflow of proposed 
optimal relocating compensators. The overall workflow 

comprises the following major processes to locate the 
compensators in the suitable location. 
� Power loss estimation for each bus
� SDTO-based best fitness selection

To validate the effectiveness of proposed relocating 
strategy, the IEEE-39 [30], 30 [22] and 14 [21] bus 
system is considered without and with compensators. 
The modification in the fitness function in terms of 
power loss and the cost of installed FACTS device assures
the effective compensation with minimum cost. 

3.1. Modeling of FACTS devices

3.1.1. Modeling of TCSC

The controllable reactance inserted in series with the 
transmission line monitors the power flow in the network. 
The active power flow through the compensated transmission
line maintained in the specified level over the wide range 
of operating conditions. The static model is formed by 
using the set of mathematical formulations for TCSC are 
investigated in this section.

The firing angle ( a ), inductive ( )LCX  capacitive 
reactance ( )CX and their relationship decide the TCSC 
reactance as follows:

2
2

{2 sin[2( )]}-

cos ( ){ ( ) tan( )}

TCSC c 1X =-X +C (π-α)+ π-α

C π-α ω π-α - π-α
(1)

Fig. 1 Overall flow of proposed work
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where,

TCSCX : TCSC Reactance

CX : Capacitor Reactance

LCX : Inductor Reactance
a : Firing Angle

3.1.2. Modeling of SVC

The appropriate power system models and the 
corresponding study methods are needed to handle the 
SVC application. The load flow studies, small or large 
disturbance studies, harmonic studies, electromagnetic
transient studies and the fault studies are the necessary 
studies in SVC modeling. The provision of initial conditions
for transient analysis, prediction of appropriate locations of 
FACTS devices and the information of effects SVCs on 
the voltage and power flows was the necessary stage in 
the load flow studies. The rating of SVC and the control 
parameter variations to achieve the transient and damping 
performance was the necessary stages in the small and 
large signal disturbances. 

The rated line-to-line inductive reactance LratedX

depends on the ratio of square of rated line-to-line voltage 

LratedU 2  and the MVA rating of Thyristor Controlled 
Reactor (TCR) LratedQ as follows;

2
rated

Lrated
Lrated

U
X

Q
=   (2)

Similarly, the transformer inductive reactance LtransX

depends on the ratio of square of rated line-to-line voltage 

LratedQ with the MVA rating of the transformer transQ .

2
rated

Ltrans
trans

U
X

Q
= (3)

The total inductive reactance for the TCR is expressed as 

( )L TCR Lrated LtransX X X= - (4)

The capacitance value used in TSC (Thyristor Switching 

Capacitor) is determined based on the ratio of rated line-to-
line voltage variations LratedU with the MVA rating of the 
capacitor CratedQ as follows:

2
rated

Crated
Crated

U
X

Q
= (5)

Crated

C
fXp

=
1

2
(6)

3.1.3. Modeling of STATCOMM

The static replacement of synchronous condenser is 
the basic principle for STATCOMM. The modelling of 
STATCOMM depends on the following assumptions
� The switches used in STATCOMM are identical
� Balanced source voltage
� The losses occurred in converter and coupling inductor 

are modelled as SR .
� Harmonic contents are negligible. 

The imaginary part in the mathematical representation of 
voltage-impedance relationship decides the reactance of the 
STATCOMM as follows:

.Z
Im

.
sh sh

Statcom
i sh

V
X

V V

æ ö
= ç ÷

è ø
(7)

where, shV Shunt Voltage

shZ Shunt Impedance

iV Input Voltage

The major objective of the proposed approach is to find 
the suitable bus location for the compensator placement for 
proper controlling with minimum congestion cost. The 
mathematical formulation for the Congestion Management 
(CM) problem with the minimum cost [32] is as follows:

( )
G

t tG Gj tG Gj
j N

C C P D P $ / hD D+ -

Î
= +å (8)

where

tC : Total cost incurred for the change in real power 
flow

tGC : Incremental price bids by the generator company

tGD : Decremental price bids by the generator 
company

Gj
P+D : Real power increment of j th generator

Gj
PD -

: Real power decrement of j th generator

GN : Total number of generators

The cost optimization should satisfy the equality and 
inequality constraints listed in the following subsections.
Prior to the overview of constraints, the table 1 shows the 
description of the symbols used in the proposed work.
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Equality Constraints
The mathematical formulation of equality constraints 

corresponding to the CM to represent the power flow 
equation is stated as follows:

| ||| | | Y | cos( );

j 1, 2...

Gk Dk j k kj k j kj

j

b

P P V V

N

d d q- = - -

=

å
(9)

sin( );Gk Dk j k kj k j kj
j

Q Q |V |||V ||Y | d d q- = - -å

j 1, 2... bN= (10)

1, 2

C +
Gk Gk GK GK

g

P = P + ΔP ΔP

k = ...N

--
(11)

; j 1,2...C
Dj Dj dP P N= =   (12)

The equations discussed from (9) and (10) show the 
balancing of real and reactive power flows in the 
transmission line and (11) and (12) show the final power 
estimated value. 

Inequality Constraints
The specification of operating and the physical limits by 

the constraints of inequality defined as the set of following 
equations

min max
Gk Gk GK gP P P k N£ £ " Î  (13)

min max
Gk Gk GK gQ Q Q k N£ £ " Î  (14)

min min max

max

( )

( )

Gk Gk GK GK GK

Gk GK

P P P P P

P P

- = D £ D £ D

= -
 (15)

min max
n n nV V V£ £  (16)

max
ij ijP P£ (17)

With the above constraints, the proposed work performs 
two major processes such as power loss estimation and the 
optimum bus location prediction for compensators. 

3.2. Power loss estimation 

The total power loss in the transmission line depends on 
the combination of complex power injected from current 
bus to next bus, next current and the voltage at the swing 
bus. Hence, the mathematical formulation of power loss in 
the current bus placed at the transmission line is expressed 
as 

ij ij jiS S S WD = + +  (18)

where 

ijSD : Power loss variation between i  and j buses
,ij jiS S : Complex power injected from bus i  to bus j

and vice versa
W : Power supply at the swing bus

The addition of all the losses defined in (18) for each bus 
decides the total power loss in the transmission line. But, 
the loss depends on the injected complex power. The polar 
form of the complex power containing voltage magnitude 
( magV ) and phase angle (q ) (deg) represented as 

( )magU V * cos j sinq q= + (19)

With the combination of real, reactive power, admittance 
variables, the complex power is reformulated for the 
successive iterations as 

n
( k )i i

ij j( k )
j(k ) i

i
ii

P jQ
Y U

U
U i j

Y

=+

-
- å

= ¹
11 (20)

where

i iPQ : Real and reactive power in i th bus

iiY : Self admittance value for i th bus

ijY : Mutual admittance between i th and j th buses
( k )

jU : Complex power estimate of current state
( k )

jU +1
: Complex power estimate of future state

The algorithm to estimate the power loss is listed as 
follows:

Power Loss Estimation

Input : Bus data and Line Data i.e. B and L 

Output : Total Power Loss, S

Table 1. Symbols and description

S. No Symbols Description

1 GkP Generated active power at kth bus

2 DkP Active power at kth bus

3 GkQ Generated reactive power at kth bus

4 DkQ Reactive power at kth bus

5 Vj Voltage at j th bus

6 Vk Voltage at kth bus

7 Ykj Mutual admittance between j th and at kth buses 

8 jδ Bus voltage angle at j th bus

9 kδ Bus voltage angle at kth bus

10 kjθ Admittance angle of the line connecting j th and 
kth buses

11 Nb Number of buses

12 Ng Number of generators

13 Nd Number of loads used

14 C
GkP Real power produced by kth  generators

15 C
DjP Active power consumed by the j th load bus 
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Step-1: Calculate bus and line admittance matrix calculation

1

n

kk ki

i

Y Y
=

=å \\ kkY = Self Admittance at bus k 

n

ki ki
i k

Y Y
= ¹

= - å
1

\\ kiY = Mutual Admittance between bus k

and bus i

Step-2: lineZ R jX= + \\ Line Impedance Matrix 

Step-3: line lineY / Z=1 \\ Line Admittance Matrix 

Step-4: Represent the complex power in polar form

magU V * (cos jsin )q q= +

Step-5: 1 11 1 12 2 13 3 1( ... )n nW V Y V Y V Y V Y V= + + +

bN  : Total number of buses; W- Power supply in swing bus

Step-6: Compute the power estimate 
n

( k )i i
ij j( k )

j(k ) i
i

ii

P jQ
Y U

U
U i j

Y

=+

-
- å

= ¹
11 \\kàiteration count,

Step-7: Estimate the injected power among the buses
2

0*ij i ij i j i ijS U Y Y U U Yé ù= + -ë û // Injected Complex Power 

from bus ‘ i ’ to bus ‘ j ’ 

Step-8: ij i ij i j i jiS U * Y Y U U Yé ù= + -ë û
2

0 // Injected Complex Power from bus ‘

Step-9: Estimate the power loss for transmission Line 
connecting two buses 

ij ij jiS S S WD = + +

Step-10: All the transmission line power losses are added 
to get the total line power loss.

b

ij
i , j N

S SD
Î

= å

Initially, the data (bus and line) from the IEEE bus 
system are extracted and the admittance value for the line 
is calculated. The self and mutual admittance among the 
buses are estimated which play the major role in the power 
loss estimates. The complex power is estimated using the 
equation (11) with real, reactive power flows. Then, the 
injected complex power between the buses is estimated and 
the power supply on the swing bus estimated as follows:

1 11 1 12 2 13 3( )1n nW=V Y V +Y V +Y V +...Y V (21)

Finally, the injected complex power estimates ( ,ij jiS S ) 
and the power supply corresponding to the swing bus ( W ) 
are added together to get the power loss among the two 
buses ( ijSD ). The total power loss is the algebraic sum of 
all the losses occurred between the buses computed further 
to predict the location.

3.3 SDTO-based bus location information extraction

The suitable bus location prediction depends on the 
forecast details of bus data, FACTS device used and the 

cost of FACTS device. Here, the objective is to minimize the
cost incurred and the loss. The objective or fitness function 
to represent the minimization problem represented as 

2

2

( ) ( )

( )

Sin s Max s

S Max
g

-
=

- ¶
(22)

where 
g : Fitness value
S : Total power loss in transmission line
¶ : Cost of FACTS device

The algorithm to predict the bus number for the 
compensators is listed as follows:

SDTO-based bus location prediction

Input: Bus data (B), Cost of FACTS device ( ¶ ), FACTS 
data ( F ), Power loss ( S )

Output: Best bus number ( bestb )

Step 1: Initialize the total number of buses as particle 
size ( )Ps , coefficient for update ( coeff ) and 
maximum number of iterations ( max )

   Ps Total number of buses=
1coeff =

50max =
Location prediction through power injected by FACTS 
device by SDTO
Step 2: for ( 1i to max= )

Step 3: for (j = 1 to TF ) // TF - Total FACTS devices

Step 4: Initialize the maximum loss as previous value for 
the optimization

Prev = maxS

Step 5: for (k=1 to TL ) // TL – Total number of lines

Step 6: Extract the real ( PF ) and reactive power ( QF ) 
value injected from the FACTS data ( F )

Step 7: Extract the real ( PS ) and reactive power loss ( QS ) 
before injection from total power loss estimate ( S )

Step 8: Compute the real and reactive power loss after the 
injection

( )P P PI k S F= -å
( )Q Q PI k S F= -å

Step 9: ( ) real reactivek I jIb = +å
Step 10: If ( ( ) Pr )k evb <

Pr ( )ev kb=

2

2

sin( ) Max(s)

( )

s

S Max
g

-
=

- ¶

End if
Step 11: End for
Step 12: End for
Step 13: End for

Step 14: bestb g= \\ bestb - Best fitness for bus number 

corresponding to FACTS placement
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Initially, the total number of buses in the transmission 
line is regarded as the size of particles traveled. Then, the 
variables governing the optimization are initialized. The 
real and reactive power injected by the FACTS devices are 
extracted from the FACTS data, total power loss estimates 
before injection. The real and reactive power loss after the 
injection is estimated by using the following equations

( )P P PI k S F= -å (23)

( )Q Q QI k S F= -å (24)

The values estimated from the above equation are 
organized into the single term as follows:

( ) real reactivek I jIb = +å (25)

Then, the value from (18) is compared with the previous 
maximum loss estimated value. If it is less than the 
maximum value, then the current estimated value is 
regarded as the previous value and estimate the fitness 
value. The fitness value after the maximum iteration is 
reached decides the bus number for compensator 
placement. The placement of FACTS device at this 
location assures the effective congestion management with 
minimum cost.

4. Performance Analysis

The proposed SDTO is tested with the three IEEE bus 
systems such as 14 [21], 30 [22] and 39[30] with the 
objective of cost minimization. The algorithms are 
implemented in MATLAB R2013b programming language 
and the code is executed in 2.70 GHz, 2 GB RAM, Intel 
(R) Pentium (R) CPU. 

4.1. Case study 1: IEEE 14-bus system

The IEEE-14 bus system is the approximate American 
Electrical Power System that contains the 14 buses, 5 
generators and 11 loads. Besides, it contains the 5 
synchronous machines with IEEE type-I exciters. The real 
and reactive power losses for the IEEE-14 bus system 
with and without FACTS devices (series capacitor, a shunt 
capacitor, Static Volt-Ampere Reactive Compensators 
(SVC), Thyristor Controlled Series Compensator (TCSC) 
and Static Synchronous Compensator (STATCOM)) are
discussed in Table 2.

Table 2. Real and reactive power loss

Power Loss
Without FACTS 

Devices
With FACTS 

Devices
Real power loss 0.046 0.044

Reactive power loss 0.031 -0.016

Table 3. Real power loss with load variations

Real Power Loss (MW)
Load

Without FACTS With FACTS

+5% 0.050 0.042

-5% 0.041 0.035

+10 % 0.055 0.045

-10 % 0.037 0.027

Table 4. Reactive power loss with load variations

Real Power Loss (MW)
Load

Without FACTS With FACTS

+5% 0.034 -0.028

-5% 0.028 -0.004

+10 % 0.037 -0.071

-10 % 0.025 0.007

The real power loss without FACTS devices is 0.046 
MW and the application of FACTS devices reduces the 
loss into 0.044 MW which confirms the 4.34 % reduction 
in loss. Similarly, the reactive power loss reduction with 
FACTS devices is 48.39 % compared to the absence of 
FACTS devices. The individual real and reactive power 
loss variations according to the load variations ( 5 %,±

10 %± ) are illustrated in Table 3 and 4 respectively. 
With the increase or decrease of the load along the lines, 

the power loss variation depicts that the proposed SDTO-
based location prediction for compensators reduces the real 
and reactive power loss variations effectively. The Line 
Utilization Factor (LUF) is the factor or index ( ijLUF ) 
denotes the congestion in the transmission line which is 
defined as the ratio of actual Mega Volt Ampere (MVA) 
rating ( ijMVA ) of the line between the buses to the 
maximum MVA rating ( ijmaxMVA ) of the line between 
the two buses ( ,i j ) as follows:

ij
ij

ij max

MVA
LUF

MVA
= (19)

The line 4-2 in the IEEE-14 bus system has the LUF 
values of 0.04 and 0.012 corresponding to before and after 
compensator placement. The type of FACTS devices with 
corresponding locations in the line and the reduction of line 
losses are presented in Table 5.

Table 5. Reduction of line losses with location

Line Before placement After placement Facts device

1-2 0.055 0.009 STATCOM

2-3 0.040 0.003 TCSC

1-5 0.037 0.003 STATCOM

3-4 0.034 0 SVC

5-6 0.087 -0.004 Series Capacitor

7-8 0.046 -0.004 Shunt Capacitor

4-9 0.002 -0.002 SVC

6-11 0.020 -0.020 Shunt Capacitor

2-4 0.029 0.007 TCSC

4-7 0.046 0.004 Series Capacitor
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Fig. 2. Voltage profile analysis for IEEE -14 bus system

Table 6. Real and reactive power loss

Power loss
Without FACTS 

devices
With FACTS 

devices
Real power loss 0.064 0.056

Reactive power loss 0.180 -0.225

Table 7 Real power loss with load variations

Real Power Loss (MW)
Load

Without FACTS With FACTS

+5% 0.071 0.066

-5% 0.058 0.046

+10 % 0.078 0.018

-10 % 0.052 0.036

Table 8. Reactive power loss with load variations

Real Power Loss (MW)
Load

Without FACTS With FACTS

+5% 0.199 -0.254

-5% 0.163 -0.197

+10 % 0.218 -0.285

-10 % 0.146 -0.171

From the Table 5, it is observed that the combination of 
FACTS devices placed on the suitable location reduces the 
line losses, congestion with the minimum cost effectively. 
The voltage profile before and after the SDTO algorithm is 
illustrated in Fig. 2.

The prediction of suitable location using SDTO provides 
the good extent (blue line) compared to the before 
optimization (red line) in the IEEE-14 bus system. 

4.2. System case study 2: IEEE-30 bus

The equivalent model for IEEE-30 bus system includes 
the set of 15 buses, 2 generators and 3 synchronous 
condensers with 11 kV or 1 kV base voltages. The real and 
reactive power losses for the IEEE-30 bus system with and 
without FACTS devices are discussed in Table 6.

The real power loss without FACTS devices is 0.064 
MW and the application of FACTS devices reduces the 
loss into 0.056 MW which confirms the 12.5 % reduction 

in loss. Similarly, the reactive power loss reduction with 
FACTS devices is 17.78 % compared to the absence of 
FACTS devices. The individual real and reactive power 
loss variations according to the load variations ( 5 %,±

10%± ) are illustrated in Table 7 and 8 respectively. 
The prior power loss estimation to the location 

information prediction in proposed SDTO-based reduces 
the real and reactive power loss variations corresponding 
to the load variations effectively. The line 2-3 in the IEEE-
30 bus system has the LUF values of 0.076 and 0.005 
corresponding to before and after compensator placement. 
The type of FACTS devices with corresponding locations 
on the line and the reduction of line losses for IEEE-30 bus 
system are presented in Table 9.

From the Table 9, it is observed that the combination of 
FACTS devices placed on the suitable location reduces the 
line losses, congestion with the minimum cost effectively. 
The voltage profile before and after the SDTO algorithm is 
illustrated in Fig. 3.

The prediction of suitable location using SDTO 
provides the good extent (blue line) compared to the before 
optimization (red line) in IEEE-30 bus system.

4.3. Case study 3: IEEE-39 bus system

The well-known 10-machine New-England power 
system known as IEEE-39 bus system and this is used to 
study both static and dynamic problems in power system 

Table 9. Reduction of line losses with location

Line Before placement After placement Facts device

1-2 0.054 0.009 STATCOM

3-4 0.039 0.005 TCSC

2-5 0.039 0 STATCOM

5-7 0.020 0.001 SVC

6-8 0.007 0.002 Series capacitor

4-12 0.001 -0.001 Shunt capacitor

12-13 0.036 -0.036 SVC

6-9 0.002 -0.002 Shunt capacitor

9-11 0.032 -0.032 TCSC

1-3 0.025 0.003 Series capacitor

Fig. 3 Voltage profile analysis for IEEE-30 bus system
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effectively. The IEEE-39 bus system is organized into three 
areas as follows:

Area-1 : 2230 MW of generation and 2380 MW of load
Area-2 : 790 MW generation and 1120 MW of load
Area-3 : 3180 MW of generation and 2650 MW of load

The IEEE-39 bus system includes the 10 generators, 19 
loads, 36 transmission lines and 12 transformers which are 
used to validate the proposed SDTO algorithm. The real 
and reactive power losses for the IEEE-39 bus system with 
and without FACTS devices are discussed in Table 10.

The real power loss without FACTS devices is 0.049 
MW and the application of FACTS devices reduces the loss 
into 0.020 MW which confirms the 72.5 % reduction in 
loss. Similarly, the reactive power loss reduction with 
FACTS devices is 83.26 % compared to the absence of 
FACTS devices. The individual real and reactive power 
loss variations according to the load variations ( 5%,±

10%± ) are illustrated in Table 11 and 12 respectively. 
The prior power loss estimation to the location information 
prediction in proposed SDTO-based reduces the real and 
reactive power loss variations corresponding to the load 
variations effectively. The line 3-4 in the IEEE-39 bus 

system has the LUF values of 0.0535 and 0.007 
corresponding to before and after compensator placement.

The type of FACTS devices with corresponding 
locations in the line and the reduction of line losses for 
IEEE-39 bus system are presented in Table 13.

From the Table 13, it is observed that the combination of 
FACTS devices placed on the suitable location reduces the 
line losses, congestion with the minimum cost effectively. 
The voltage profile before and after the SDTO algorithm is 
illustrated in Fig. 4.

The prediction of suitable location using SDTO provides 
the good extent (blue line) compared to the before 
optimization (red line) in the IEEE-39 bus system.

4.4. Overall cost analysis

The proposed optimization-based location prediction 
focuses on the cost minimization for hybrid compensators 
used in the respective locations of the bus system. The 
cost spent for the utilization of individual compensator 
and the hybrid compensators are analyzed in detail in 
this sub-section. Table 14 presents the cost ($/h) analysis 
corresponding to the compensators used in the bus system.

From the table 14, it is observed that the single 
compensator used in the suitable locations either increases 
the cost or it provides the less compensation. For E.g., the 
TCSC provides the high-compensation with maximum cost 
and less cost shunt capacitor provides low compensation. 

Table 10. Real and reactive power loss

Power loss
Without FACTS 

Devices
With FACTS 

Devices
Real power loss 0.049 0.020

Reactive power loss 21.362 3.577

Table 11. Real power loss with load variations

Real Power Loss (MW)
Load

Without FACTS With FACTS
+5% 0.054 0.027
-5% 0.044 0.013

+10 % 0.059 0.034
-10 % 0.040 0.007

Table 12. Reactive power loss with load variations

Reactive Power Loss (VAR)
Load

Without FACTS With FACTS
+5% 23.551 3.937
-5% 19.279 3.234

+10 % 25.848 4.315
-10 % 17.303 2.908

Table 13. Reduction of line losses with location

Line Before placement After placement Facts device

1-2 1.521 0.009 STATCOM

3-4 0.426 0.006 TCSC

2-25 0.318 0.004 STATCOM

5-6 0.086 0 SVC

1-39 1.602 0.006 Series Capacitor

4-14 0.276 -0.004 Shunt Capacitor

12-13 0.005 -0.005 SVC

12-11 0.004 -0.004 Shunt Capacitor

10-32 0.057 -0.057 TCSC

2-3 0.535 0.007 Series Capacitor

Fig. 4 Voltage profile analysis for IEEE-39 bus system

Table 14. Overall cost analysis

Overall Cost ($/h)
Bus system Series 

capacitor
Shunt 

capacitor
STATCOM SVC TCSC

Individual 2800 736 4450 3200 7800
IEEE-

14 SDTO-
hybrid

728

Individual 2980 688 4550 3200 8480
IEEE-

30 SDTO-
hybrid

1954

Individual 2040 368 2000 1440 6120
IEEE-

39 SDTO-
hybrid

1394
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Hence, the proposed optimization alleviates this issue 
effectively by placing these five compensators in ten 
different locations. The overall cost spent for the FACTS 
devices deployment in IEEE-14, 30 and 39 bus system for 
the proposed SDTO algorithm are 728, 1954 and 1394 
$/h which are comparatively less to the individual 
devices utilization. Besides, the compensation provided to 
the reactive power is also high to provide the better output. 
Thus, the proposed system efficiently finds or relocates the 
FACTS devices on the respective bus locations responsible 
for the minimal real/reactive power loss, line losses and the 
cost spent on the design.

4.5. Comparative analysis

The effectiveness of the proposed approach is further 
investigated against the existing methods of Hybrid 
Nelder-Mead-Fuzzy Adaptive Particle Swarm Optimization
(HNM-FAPSO)-based Multi-Line Congestion Management
(MLCM) [27] and absence of MLCM in terms of real 
power losses. Table 15 presents the variation of line losses 
for the three methods.

Table 15. Line Loss Analysis for IEEE 30 bus system

Parameter Before MLCM HNM-FAPSO SDTO

Line loss (MW) 12.353 11.811 10.809

From the Table 15, it is observed that the existing HNM-
FAPSO offers 4.3876 % reduction in line losses and 
proposed SDTO offers 12.5 % reduction compared to the 
absence of MLCM. Table 16 shows the variations of real 
power losses for existing methods of pre-rescheduling, 
Firefly Algorithm (FA)-based post rescheduling[30] and 
proposed method of SDTO in detail. 

Table 16. Line loss analysis for IEEE 39 bus system

Parameter Pre-Rescheduling FA SDTO

Real Power loss (MW) 59.057 57.24 55.56

From the Table 16, it is observed that the existing FA-
rescheduling offers 3.08 % reduction in real-power losses 
and proposed SDTO offers 5.92 % reduction compared to 
the absence of pre-rescheduling methods respectively.

5. Conclusion

This paper addressed the issues involved in CM 
topologies with FACTS devices employment. The 
challenging issues observed in the CM topologies are the 
lack of optimal power (real and reactive) usage with the 
better transfer capability and minimum cost. The prediction 
of the suitable place for the energy resources to control the 
power flow is the major requirement for power handling 
scenario. This paper proposed the novel optimization 

principle that selected the best location for the 
compensators or FACTS devices and achieved the real-
reactive power compensation. The parameters estimation 
and the selection of values with the best fitness through the 
Symmetrical Distance Travelling Optimization (SDTO) 
algorithm established the proper controlling of optimal 
power flow in the transmission lines. The modified fitness 
function formulation based on the bus parameters, index 
estimation correspond to the optimal reactive power usage 
enhanced the power transfer capability with the minimum 
cost. The comparative analysis between the proposed 
method with the existing power management techniques 
regarding the parameters of power loss, cost value, load 
power and energy loss confirmed the effectiveness of 
proposed work in the distributed renewable energy systems.

References

[1] R. A. Verzijlbergh, et al., “Renewable energy sources 
and responsive demand. Do we need congestion 
management in the distribution grid?,” IEEE Trans-
actions on Power Systems, vol. 29, pp. 2119-2128, 
2014.

[2] A. Yousefi, et al., “Congestion management using 
demand response and FACTS devices,” International 
Journal of Electrical Power & Energy Systems, vol. 
37, pp. 78-85, 2012.

[3] B. Stott and O. Alsaç, “Optimal power flow-basic 
requirements for real-life problems and their solutions,”
in SEPOPE XII Symposium, Rio de Janeiro, Brazil, 
2012.

[4] W. Shi, et al., “Distributed optimal energy manage-
ment in microgrids,” IEEE Transactions on Smart 
Grid, vol. 6, pp. 1137-1146, 2015.

[5] M. Sahraei-Ardakani and S. A. Blumsack, “Transfer 
capability improvement through market-based 
operation of series FACTS devices,” 2015.

[6] S. Chellam and S. Kalyani, “Power flow tracing 
based transmission congestion pricing in deregulated 
power markets,” International Journal of Electrical 
Power & Energy Systems, vol. 83, pp. 570-584, 2016.

[7] C. Luo, et al., “Assessment of market flows for 
interregional congestion management in electricity 
markets,” IEEE Transactions on Power Systems, vol. 
29, pp. 1673-1682, 2014.

[8] M. Esmaili, et al., “Congestion management in hybrid
power markets using modified Benders decomposi-
tion,” Applied Energy, vol. 102, pp. 1004-1012, 2013.

[9] M. Azam, et al., “Joint admission control, mode 
selection and power allocation in D2D communi-
cation systems,” 2015.

[10] Y.-F. Liu, et al., “Joint power and admission control 
via linear programming deflation,” in 2012 IEEE 
International Conference on Acoustics, Speech and 
Signal Processing (ICASSP), 2012, pp. 2873-2876.



Optimal Relocating of Compensators for Real-Reactive Power Management in Distributed Systems

2156 │ J Electr Eng Technol.2018; 13(6): 2145-2157

[11] J. R. Chintam and M. Daniel, “Real-Power 
Rescheduling of Generators for Congestion Manage-
ment Using a Novel Satin Bowerbird Optimization 
Algorithm,” Energies, vol. 11, p. 183, 2018.

[12] M. Esmaili, et al., “Locating series FACTS devices 
for multi-objective congestion management im-
proving voltage and transient stability,” European 
Journal of Operational Research, vol. 236, pp. 763-
773, 2014.

[13] R. Li, et al., “Distribution locational marginal pricing 
for optimal electric vehicle charging management,”
IEEE Transactions on Power Systems, vol. 29, pp. 
203-211, 2014.

[14] K. W. Hedman, et al., “Optimal transmission switch-
ing: economic efficiency and market implications,”
Journal of Regulatory Economics, vol. 40, pp. 111-
140, 2011.

[15] V. Loia, et al., “A self-organizing architecture based 
on cooperative fuzzy agents for smart grid voltage 
control,” IEEE Transactions on Industrial Informatics, 
vol. 9, pp. 1415-1422, 2013.

[16] Y. Cao, et al., “Chance-constrained optimization-
based unbalanced optimal power flow for radial 
distribution networks,” IEEE Transactions on Power 
Delivery, vol. 28, pp. 1855-1864, 2013.

[17] S. Huang, et al., “Distribution locational marginal 
pricing through quadratic programming for con-
gestion management in distribution networks,” IEEE 
Transactions on Power Systems, vol. 30, pp. 2170-
2178, 2015.

[18] T. Sansawatt, et al., “Smart decentralized control of 
DG for voltage and thermal constraint management,”
IEEE Transactions on Power Systems, vol. 27, pp. 
1637-1645, 2012.

[19] S. P. Singh, “Congestion mitigation using UPFC,”
IET Generation, Transmission & Distribution, 2016.

[20] S. H. Ling, et al., “Quality and robustness improve-
ment for real world industrial systems using a fuzzy 
particle swarm optimization,” Engineering Applications 
of Artificial Intelligence, vol. 47, pp. 68-80, 2016.

[21] S. Ushasurendra and S. Parathasarthy, “Congestion 
management in deregulated power sector using 
fuzzy based optimal location technique for series 
flexible alternative current transmission system 
(FACTS) device,” Journal of Electrical and Elec-
tronics Engineering Research, vol. 4, pp. 12-20, 2012.

[22] A. Mishra and V. N. K. Gundavarapu, “Line 
utilisation factor-based optimal allocation of IPFC 
and sizing using firefly algorithm for congestion 
management,” IET Generation, Transmission & 
Distribution, vol. 10, pp. 115-122, 2016.

[23] A. Mishra and G. N. Kumar, “Congestion man-
agement of power system with interline power 
flow controller using disparity line utilization 
factor and multi-objective differential evolution,”
CSEE Journal of Power and Energy Systems, vol. 1, 

pp. 76-85, 2015.
[24] X.-S. Yang, “Multiobjective firefly algorithm for 

continuous optimization,” Engineering with Computers, 
vol. 29, pp. 175-184, 2013.

[25] S. A. Hosseini, et al., “A new multi-objective solution 
approach to solve transmission congestion management
problem of energy markets,” Applied Energy, vol. 165, 
pp. 462-471, 2016.

[26] M. Joorabian and E. Afzalan, “Optimal power flow 
under both normal and contingent operation conditions
using the hybrid fuzzy particle swarm optimisation 
and Nelder-Mead algorithm (HFPSO-NM),” Applied 
Soft Computing, vol. 14, pp. 623-633, 2014.

[27] J.J.D. Nesamalar, et al., “Managing multi-line power 
congestion by using Hybrid Nelder-Mead-Fuzzy 
Adaptive Particle Swarm Optimization (HNM-
FAPSO),” Applied Soft Computing, vol. 43, pp. 222-
234, 2016.

[28] S. Huang, et al., “Uncertainty Management of 
Dynamic Tariff Method for Congestion Management 
in Distribution Networks,” IEEE Transactions on 
Power Systems, vol. 31, pp. 4340-4347, 2016.

[29] D. I. Koukoula and N. D. Hatziargyriou, “Gossip 
Algorithms for Decentralized Congestion Manage-
ment of Distribution Grids.”

[30] S. Gope, et al., “Rescheduling of real power for 
congestion management with integration of pumped 
storage hydro unit using firefly algorithm,” Inter-
national Journal of Electrical Power & Energy Systems, 
vol. 83, pp. 434-442, 2016.

[31] S. Verma and V. Mukherjee, “Optimal real power 
rescheduling of generators for congestion manage-
ment using a novel ant lion optimiser,” IET 
Generation, Transmission & Distribution, 2016.

[32] N. Kamaraj, “Transmission congestion management 
using particle swarm optimization,” J. Electrical 
Systems, vol. 7, pp. 54-70, 2011.

Jagadeeswar Reddy Chintam
received his B.E degree in Electrical 
Engineering from GRT Institute of 
Engineering and Technology in 2012 
under the Anna University, Chennai, 
Tamilnadu, India. and M.E degree in 
Power Systems Engineering from 
Arulmigu Meenakshi Amman College 

of Engineering in 2014 under the Anna University, Chennai, 
Tamilnadu, India. Currently working towards the Ph.D. 
degree at Anna University, Chennai, India. His main areas 
of interests are Power Systems, Soft computing techniques 
for the application of power system, Power electronics, 
Renewable energy conversion systems and Distributed 
power generation



Jagadeeswar Reddy Chintam, V. Geetha and D. Mary

http://www.jeet.or.kr │ 2157

V. Geetha received her B.E degree in 
Electrical Engineering from A.C. 
Government College of Engg. & Tech., 
Madurai Kamaraj University in 1989, 
Madurai, Tamil Nadu, India and M.E 
degree in Applied power electronics 
from Government college of technology 
under Bharathyar University in 1999, 

Coimbatore, Tamil Nadu, India and her Ph.D. degree in 
Electrical Engineering from Anna University in 2013, 
Coimbatore, Tamilnadu, India. She is currently Professor 
of Electrical and Electronics Engineering in Government 
College of Engineering, Salem, under affiliated to Anna 
University, Chennai, India. Her research topics are Power 
systems, Applied power electronics, Digital electronics and 
Renewable energy conversion systems. 

D. Mary received her B.E degree in 
Electrical Engineering from Madurai
Kamaraj University in 1981, Madurai, 
Tamil Nadu, India and M.E degree in 
Electrical Engineering from Bharathyar
University in 1988, Coimbatore, Tamil 
Nadu, India and her Ph.D. degree in 
Electrical Engineering from Bharathyar 

University in 2002, Coimbatore, Tamilnadu, India. She is 
having more than Thirty three years of teaching experience 
in various Government Engineering Colleges under 
Directorate of Technical Education, Chennai. Currently, 
she is Retired Professor of Electrical Electronics Engineering 
in Government College of Technology, Coimbatore, 
Tamilnadu, India. Her area of research includes Power 
system, Power Electronics, Intelligent Techniques, Dis-
tributed generation, Micro grid, Renewable energy, Power
quality, High power converters and Control systems, 
Renewable energy and Power quality.


