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ABSTRACT

This paper introduces a new approach the nonlinear dynamic
model of an SMIB power system incorporated with an
interline power flow controller (IPFC) to improve the
damping oscillations of a power system. The performance of
the IPFC was tested with a PSOMSF DC voltage regulator,
compared with the genetic algorithm-based POD (GAPOD)
and genetic algorithm-based DC (GADC) voltage regulator
under various operating conditions. Time-domain simulation
analysis revealed that the newly developed GA-POD and
GA-DC voltage regulator has good capability for dampening
low-frequency oscillations in power systems.

Key words : Interline power flow controller (IPFC), particle
swarm optimization-based multistage fuzzy DC voltage
regulator (PSOMSF DC voltage regulator), genetic
algorithm-based POD and DC voltage regulator (GAPOD and
GADC voltage controller).

1. INTRODUCTION

FACTS devices, such as SVC, STATCOM, UPFC, and IPFC,
can be utilized for damping of low-frequency (LFO)
oscillations in the power systems. SF Kodad, Anubhaprajapati
and Kanchan Chaturrvedi etc all. used a UPFC supplementary
controller to dampen low-frequency oscillations [1] — [15].
The IPFC is a completely new FACTS device that adds
supplementary controllers, giving it the distinctive ability of
damping low-frequency  oscillations. In 2011, genetic
algorithms were considered by S.F.Kodad, B.V. Sankar Ram,
etc all to regulate DC link voltages [16]-[32].

Being universal search techniques, gene tic algorithms can
help solve optimization problems by utilizing the method of
natural selection and genetics. Jitendra Veeramalla and
Sreerama Kumar R. proposed a GA-based lead-lag
supplementary damping controller and used an SMIB power
system to investigate the efficacy of the IPFC [7]. In 2008, the
linearized Phillips—Heffron model of power system and
damping oscillations studied at the nominal operating point
was recommended by Alivelu M. Parimi [8]. In 2011, the PSO
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technique was employed by N. Rezaei, A. Safari, and H.A.
Shayanfar to examine the damping control function of IPFC
in an SMIB power system, and the performance index, based
on the system dynamics, was utilized as a function to evaluate
the potential of different IPFC control signals on the different
operating situations of the power system [9]. In 2016, S.N.
Dhurvey et al. put forward a simple method to dampen
low-frequency oscillations using a fuzzy logic-based IPFC.
To help achieve superior damping performance by choosing
selecting efficient control signals, the IPFC performance was
demonstrated with PI controllers compared with fuzzy
logic-based controllers on a modified Phillips—Heffron power
system model [10].

2. MOTIVATION AND RELATED WORK

Fuzzy logic controllers are employed for IPFC generally, for
the improved functionality, performance, reliability,

adaptability, and robustness they provide. Fuzzy sets are
produced using speculative methods. To mitigate these
shortcomings, a multistage fuzzy controller with a fuzzy
switch for IPFC DC voltage controllers is considered in this
paper to help improve the dynamic stability of power systems.

Accurately constructing the membership functions is one of
the most critical steps toward the design of any successful
fuzzy control. But obtaining an appropriate set of membership
function is a tedious and time-consuming process. It is
because of these reasons that GA is employed — to reduce
automatically the fuzzy system effort required to attain
optimum tuning of membership functions in the MSF

controller. Genetic algorithms engage a heuristic search and
optimization technique inspired by natural evolution, favoring
attractive features like robustness, simplicity, and so on. Yet,
they cannot guarantee that the best solution will be established.
Because it can sometimes converge to local, rather than global,
optima, a modified GA based on the hill climbing method is
proposed in this paper to improve the optimization method in
order to assure global optima and to improve the speed of the
algorithm’s convergence to a large extent

The aim of this paper is to design a PSO-based MSF-DC
voltage regulator and a GA-POD and GA-DC voltage
regulator for IPFC FACTS devices. The efficacy of the
proposed controllers is assessed under different operating
conditions.
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3. PROPOSED MODEL WITH THE IPFC FACTS
DEVICE

Studying Fig. 1, it can be inferred that the current induced
during low-frequency oscillations in damper windings is
negligible, due to which one can ignore damper windings in
system modeling. The d and q armature windings of a
synchronous machine should greatly raise natural oscillating
frequency; accordingly, their Eigenmodes will not modify the
low-frequency oscillations. So algebraic equations are enough
to explain them.

However, a differential equation must describe the field
winding circuit of the machine considering its low Eigen
mode frequency and for the reason that it is connected directly
to the excitation system to which the supplementary excitation
controller is used. Further, it is crucial to integrate the
synchronous machine’s torque differential equation in the
model.
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Figure 1: SMIB power system with the IPFC FACTS device

4 . PROPOSED CONTROLLERS
4.1PSO-Supported Fuzzy Damping Controller

The PSO algorithm was presented by Kennedy J and
Beernaert R in 2001 [11] and by Dakka Obulesu et al. in 2011
[12-15], which is based on the metaphor of human social
interaction. Capable of processing knowledge, this algorithm
is based on two component methodologies: artificial life such
as bird flocking and fish schooling, and evolutionary
computation. PSO The optimization flowchart, as shown in
Fig. 2, chooses the fitness function with suitable coding being
imperative. In this study, a and b parameters for AV ,

A(AVDC) , I AVpc , and output membership functions are

expressed in terms of a string that consists of 0 and 1,
determined using binary coding. For optimization purposes,
the following fitness function is recommended in this work:
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t
Fitness =———— . IATE = [t]av, Jar
10* ITAE )

The generation number of 5 and population size of 10 are
taken to attain an improved carrying into action. Thus, the
PSO evolution procedure was applied to the exact time of
membership functions of the proposed MSF controller for

designing the proposed MSF DC voltage regulator.

4.2 GA-Supported Fuzzy Damping Control

Measuring uncertainties in power system operating conditions
is the objective of employing the proposed GAMSF controller.
This control strategy consists of a sequence of fuzzy PD and

the integral controller having fuzzy switches
Start

Specify the parameters for PSO

Generate population (initial)

Gen=1

Time domine simulation

Gen=Gen-1 J/

Find the fitness of each particle in the
current population

Modify the particle position
&velocity

Yes

Figure 2: Flowchart of the PSO approach for optimization

the fuzzy PD level to rectify fact changes resulting from the
corresponding practical constraints and integral stage to reject
zero steady-state error.

To achieve good performance of the fuzzy rule-based control
system, it is imperative to design and organize the fuzzy sets
carefully.
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The complexity of accurate and automatic tuning of the
membership functions controls the efficient utilization of this
method.
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Figure 3: GAMSF DC voltage regulator for the IPFC
FACTS device.

This optimization problem is computationally expensive,
which renders the extracting of a the suitable set of
membership functions tedious, slow, and challenging. GA can
address this problem because it is suitable to tackle the dearth
of experience or diligence as compared to other methods of
searching. The phenomenon, analyzed thus, can be expressed
in terms of rules for action and learning processes. The fuzzy
system’s effort can be reduced by optimally tuning the
membership functions in the proposed MSF controller by a
new GA based on the hill climbing method. Fig. 3 shows the
structure of the proposed strategy for the GAMSF DC voltage
regulator

5. SIMULINK MODELS OF POWER SYSTEMS WITH
THE PROPOSED CONTROLLERS

Simulating the Phillips—Heffron linearized transfer function
model utilizing the MATLAB/Simulink toolbox validated the
results obtained in this study.

Figure 4:SMIB (three-line) Simulink power system along with
the IPFC FACTS device and the MSF DC-voltage controller.

The Simulink models are shown in Fig. 4 and Fig. 5. Fig. 4
shows the Simulink model of the SMIB (three-line) power
system, including the IPFC, the damping controller, and the
MSF DC voltage controller. Fig. 5 shows the Simulink model
of the SMIB (three-line) power system with the IPFC, the
POD controller, and the DC voltage regulator.

The Simulink models comprise a mechanical part, typified by
an inertia block, and electrical parts, typified by an exciter and
generator blocks along with k-constants.
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Figure 5: SMIB (three-line) Simulink power system along with the
IPFC FACTS device, the POD controller, and the DC voltage
controller

6. RESULTS AND DISCUSSIONS

The disturbance is given as a step input; however, the output
response is derived from ‘A °, ‘Aw@’, *AP,’,and ‘ AV, ",
denoting the rotor angle deviation, the angular frequency
deviation, the deviation in Pe >, and the deviation in capacitor
voltage “ V., respectively. Simulink models shown in Fig .4

and Fig. 5 are simulated with a step disturbance of 0.1 pu at
low—heavy operating conditions, under the following
conditions:

GAPOD and GA DC-voltage regulator
— — — PSODC & PSOMSFDCVR

Deviation in Omega (pu)

Figure.6: Effect of A@ with the GAPOD and GADC voltage
controller and the PSOMSF DC voltage controller at nominal load
point

Nominal load point: P,=0.8; O,=0.15; V', =1.032.

Heavy load point: P,=1.15; Q,=0.3; V,=1.032.
The results obtained are shown in Fig. 6 to Fig. 13.
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Figure.7: Effect of A0 with the GAPOD and GADC voltage
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Figure.8: Effect of AP, with the GAPOD and GADC voltage

controller and the PSOMSF DC voltage controller at nominal load
point
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Figure.9: Effect of AV, with the GAPOD and GADC voltage

controller and the PSOMSF DC voltage controller at nominal load
point
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Figure.10: Effect of A @ with the GAPOD and GADC voltage controller
and the PSOMSF DC voltage controller at heavy load point
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Figure. 11: Effect of AO with the GAPOD and GADC voltage controller
and the PSOMSF DC voltage controller at heavy load point
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Figure.12: Effect of APQ with the GAPOD and GADC voltage

controller and the PSOMSF DC voltage controller at heavy load
point
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Figure. .13: Effect of AV, with the GAPOD and GADC voltage

controller and the PSOMSF DC voltage controller at heavy load
point

7. CONCLUSION

This work examined the performance of the IPFC-based
damping controllers in damping low-frequency oscillations. It
simulated the power system with an IPFC-based PSOMSF
DC voltage controller and compared it with the GAPOD and
GADC voltage controller under various operating conditions.
The GAPOD and GADC voltage controller validates robust
performance under different operating conditions.

REFERENCES
[1] Dakka Obulesu, S.F.Kodad etc all “Low-Frequency
Oscillations Damping by UPFC with GAPOD and

GADC-Voltage regulator”, Published in the Journal of
Electrical and Electronics Engineering, JEEE, ISSN: 2320-3331,
2013.

Dakka Obulesu S.F.Kodad, B.V.Sankar Ram. “GAMSF-Based
Unified power flow Controller for Damping Low-Frequency
Oscillations in Multi-Machine Power System”, Published in
the International Conference on Modern Trends in
Instrumentation and Control ICIC-2011@PSG College of
Technology, September 2011.

Dakka Obulesu, S.F Kodad, B.V.Sankar Ram, “Low Frequency
Oscillations Damping by UPFC with a Multistage Fuzzy
Supplementary Controllers”, Published in the International
Review of Modelling and Simulation IREMO, ISSN: 1974-9821,
2013.

Dakka Obulesu, S.F.Kodad, B.V Sankar Ram “Optimal
Supplementary Controller Design for UPFC in Order to
Dampen Low-Frequency Oscillations in Power Systems”,
revised research paper published in “Journal of ATTI DELLA
FONDAZIONE GIORGIO RONCH)I,” Italy, ISSN: 03912051, 2014.
Dakka Obulesu, S. F. Kodad, B. V. Sankar Ram, “GAMSF and
PSOMSF based UPFC, Supplementary Controllers for
Damping Low Frequency Oscillations in Multi-machine
Power Systems”, revised research paper accepted in “Journal
of ATTI DELLA FONDAZIONE GIORGIO RONCHI”, ltaly, ISSN:
03912051, 2014.

(2]

(3]

(4]

(5]



Manjunatha S C et al., International Journal of Emerging Trends in Engineering Research, 8(8), August 2020, 4262 - 4268

(6]

(7]

(8]

[0l

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Anubhaprajapati and Kanchan Chaturrvedi “Interline Power
Flow Controller-Based Damping Controllers for Damping
Low-Frequency Oscillations”, International Journal of
Electronics and Computer Engineering 2(1):83-87(2013), ISSN
No0.2277-2626.
Jitendra Veeramulla and Sreeram Kumar .R “Application of
Interline Powerflow Controller (IPFC) for Damping
Low-Frequency Oscillations in Power System”, Modern
Electric Power System, Wrocla, September 2010.
Alivelu. M Parimi, “Interline Power Flow Controller
(IPFC)-Based Damping Controllers for Damping Low
Frequency Oscillations in a Power System”, /EEE-ICSET, 2008.
https://doi.org/10.1109/ICSET.2008.4747027
N. Rezaei, A. Safari, and H. A. Shayanfar, “Robust Design of
Power System Oscillation Damping Controller for IPFC using
Particle Swarm Optimization”; JTPE Journal June 2011 Issue7,
Volume 3, Number 2, pp. 10-16, ISSN2077-3528.
S.N. Dhurvey, V.N. Chandrakar, “Performance Comparison of
Pl and Fuzzy Logic Based IPFC on Damping of Power System
Oscillations”, Journal of Power and Energy Engineering, 2016,
4, pp.78-98.
https://doi.org/10.4236/jpee.2016.44008

Dakka Obulesu, Dr. S.F.Kodad, Dr. B.V. Sankar Ram, “PSOMSF
Based UPFC Supplementary Controller for Damping Low
Frequency Oscillations in Power Systems”, published in the
International Journal of Eng. Research and Industrial
Applications IJERIA Vol 04, No. 3, August 2011, pp.189-202.

Kennedy J, Eberhart R, “Particle Swarm Optimization”, Proc
IEEE Int. Conference Neural Networks 1995, 4, pp. 1942—-1948.
Belsam Jeba Ananth.M, Ravi Chandran C.S. et al., “Design of
PID Controller for a Linear Brushless DC Motor Using Soft
Computing Techniques”, International Journal on Information
Sciences and Computing, Vol.5, No.2, July 2011, pp.17-21.
Amin Safari and Hossein Shayeghi, “Optimal Design of
UPFC-Based Damping Controller Using Iteration PSO”,
International Journal of Electrical and Electronics Engineering
3:11 2009, pp.672-677.

Sudheer H, Kodad S.F., Sarvesh B, “Improved Sensorless
Direct Torque Control of Induction Motor Using Fuzzy Logic
and Neural Network Based Duty Ratio Controller”, /AES
International Journal of Artificial Intelligence Vol.6, No.2, June
2017, pp.79-90.

https://doi.org/10.11591/ijai.v6.i2.pp79-90

Jahnavi, Koganti Srilakshmi,P. Ravi Babu and P.Aravindhababu
“Unified Power Quality Conditioner for Power Quality
Enhancement of Distribution System Using Space Vector
Pulse Width Modulation Based Fuzzy Controller”,
International Journal of Emerging Trends in Engineering
Research,Vol 8,No 6,June,2020.
https://doi.org/10.30534/ijeter/2020/99862020

Shubham Shukla, Imran Khan and Mohd. AsifAli “Smart ANN
Controller for TCR/TSC Devices used in Power System
Applications”, International Journal of Emerging Trends in
Engineering Research, Vol 8, No 7,July,2020.

Narayan Nahak, Omkar Satapathy and Aadarsh Naik etc all,
“Optimal setting of governor parameters of a grid connected
micro grid to damp power system oscillations”,, International
Journal of Emerging Trends in Engineering Research,Vol 8 No
7,July,2020.

https://doi.org/10.30534/ijeter/2020/57872020
Mubeena.M.M, Baratraj E and Reshma.C.K, “Optimal
Placement of STATCOM in system Power “,International

[20]

[21]

[22]

Journal of Emerging Trends in Engineering Research (IJETER),
Vol. 3 No.1, pages : 30 — 33 (2015).

M. Spandana and K.Tirupathi Rao, “Dual Damping Controller
using Interline Power Flow Controller”, International Journal
of Emerging Trends in Engineering Research (IJETER),Vol. 3 ,
No.1, Pages : 363 — 368 (2014).
Dr. Dakka Obulesu, Dr. Shankarappa.F.Kodad ‘“Optimal
Supplementary Controller Design for IPFC to Damp
Low-Frequency Oscillations in Power Systems, CVR Journal of
Science and Technology, Volume 18,June, 2020.
D0i:10.32377/cvrjst 1813
DakkaObulesu, Dr. S. F. Kodad, Dr. B. V. Sankar Ram “PSOMS
Based UPFC Supplementary Controller for Damping Low
Frequency Oscillations in Power Systems” published in
International Journal of Engg. Research and Industrial
Applications IJERIA ,vol-04, no.3, August 2011 pp: 189-202.
ISSN: 0974-1518.

[23] DakkaObulesu, Dr. S. F. Kodad, Dr. B. V. Sankar Ram “Design

[24]

and development of a fuzzy coordinated control strategy for
faults occurring at different buses in an interconnected
power system”, International Journal of Computer
Applications in Technology.Volume 42,Issue 1,2011.

DOI: 10.1504/1JCAT.2011.043884

B Chandra sekhar , Prof Dr.N Visali “Optimal Placement of
SVC with Cost Effective Function Using Particle Swarm
Optimization”,published in International Journal of Engg.
Research and Industrial Applications IJERIA,Volume 1, No.2,
October 2013.

http://warse.org/pdfs/2013/ijeter02122013.pdf

[25] Vimala Kumar, P. Chandra Anand “Placement of shunt FACTS

Devices for maximum power transfer capability in a Series
Compensated LT Line”, published in International Journal of
Engg. Research and Industrial Applications IJERIA,Volume 1,
No.2, October 2013.

http://warse.org/pdfs/2013/ijeter03122013.pdf

[26] G.Arun Sekhar,M. Poornachandra Reddy and MCV. Suresh

“Ideal Implementation of Facts Device in Shunt for Series
Compensated Transmission Line”,,published in International
Journal of Engg. Research and Industrial Applications
IJERIAVol. 3 No.6, Pages : 477 - 482 (2015).

http://warse.org/IJETER/static/pdf/Issue/NCTET2015sp84.pdf

[27] David Aregovich Petrosov, Roman Alexandrovich Vashchenko

[28] Ch.Lokeshwar

and Alexey Alexandrovich Stepovoi etc all “Application of
Artificial Neural Networks in Genetic Algorithm Control
Problems”,published in International Journal of Engg.
Research and Industrial Applications IJERIAVol. 8 No.1,
Pages :177-181,jan 2020.

https://doi.org/10.30534/ijeter/2020/24812020

Reddy ,P.Rajesh kumar, “Study of star
connected Cascaded H-Bridge STATCOM using Different
PWM  Techniques”,CVR  Journal of Science and
Technology,volume no 13,pp. 61-66,Dec-2017

[29] S.Venkateshwarlu,BP.Muni,AD.Rajkumar, “Analysis of VF-DPC

PWM Converter based STATCOM”, 2008 Annual IEEE Indian
Conference 2,431-436.


https://doi.org/10.1109/ICSET.2008.4747027
https://doi.org/10.4236/jpee.2016.44008
https://doi.org/10.11591/ijai.v6.i2.pp79-90
https://doi.org/10.30534/ijeter/2020/99862020
https://doi.org/10.30534/ijeter/2020/57872020
http://warse.org/pdfs/2013/ijeter02122013.pdf
http://warse.org/pdfs/2013/ijeter03122013.pdf
http://warse.org/IJETER/static/pdf/Issue/NCTET2015sp84.pdf
https://doi.org/10.30534/ijeter/2020/24812020

Manjunatha S C et al., International Journal of Emerging Trends in Engineering Research, 8(8), August 2020, 4262 - 4268

[30] Alivelu,M.Parimi, IrraivanElamvazuthi et al., “Interline Power
Flow Controller Application for Low Frequency Oscillations
damping”, Wseas Transactions on Systems, Issue 5, Volume 9,
May 2010,PP.511-527.

[31] Soumya deep Maity,R.Ramya, “A Comprehensive Review of
Damping of Low Frequency Oscillations in Power system” ,
International Journal of Innovative Technology and Exploring
Engineering(IJITEE)ISSN: 2278 - 3075, Volume8, April2019.

[32] H. Shayeghi, H.A. Shayanfar, etal.,“GA Based Multi Stage
Fuzzy Controller for the UPFC”, University of
PITESTI-Electronics and Computer Science, Scientific Bulletin,
No. 8, Vol. 2, 2008, ISSN-1453-1119.

4268



	1.INTRODUCTION
	Being universal search techniques, gene tic algori

	2. MOTIVATION AND RELATED WORK
	5. SIMULINK MODELS OF POWER SYSTEMS WITH THE PROPO
	6. RESULTS AND DISCUSSIONS 
	7. CONCLUSION

