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ABSTRACT

To improvise IPFC performance, Crow Search Algorithm (CSA) has developed. At first, the Renewable energy
resources (RES) like Photovoltaic (PV) and Wind are taken in to account for the power supply. From that, either
non-linear load or grid is connected through the VSI to determine the power flow of the system. Now this
proposed method is undergone for investigation with PQ issues like voltage sag, swell and distortion problems.
At last, the Fast Fourier Transform (FFT) is also applied to analyze the THD performance of the proposed
system and it is compared with some existing algorithm like Artificial Bee Colony (ABC) and Particle Swarm
Optimization (PSO) under the platform of MATLAB/Simulink.
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I. INTRODUCTION

Now-a-days, PQ is the prevalent problems
in the power system. The intensity of PQ issues
leads to raise of power electronics usage in
distribution area and industries. The PQ issues were
divided on the basis of current and voltage. The
flicker, unbalanced source, voltage sag/swell,
interruption and notches are the class of voltage
based issues in PQ. The current related from PQ
problems in become unbalanced load, reactive
power demand, lagging, power factor and total
harmonic distortion (THD) [1-3]. The lightning
strikes in transmission lines, harmonics, switching
of capacitor and different faults in a network can
also find PQ issues like interruption and transients
[4]. In these view, PQ problems like voltage sag
acts directly on diminish the efficiency of power
system network. Therefore it leads to reduce the
life span of the power electronics equipment that
connected in the network. It can be overcome by
conditioning them with suitable devices such as
active filter. The compensation of PQ disturbances
is done only when the Flexible AC transmission
system (FACTS) are connected to the power
system network. [5-8].

Ordinarily, the FACTS create the real
power and reduce the PQ issues on the power
system. The fundamental kinds of the FACTS
controllers can be categorized into shunt controller,
series controller, combined series-series controllers
and combined shunt-series controller [18].
However the controllers of FACTS can be
clustered into two main categories: Voltage Source
Converter (VSC) based FACTS controllers and
thruster controlled FACTS controllers [18].Thus,
the unified power quality conditioner (UPQC) turns
into the mainstream control gadgets for PQ

compensation. Essentially, the Dynamic Voltage
Restorer (DVR) and Static Synchronous series
Compensator (SSSC) are used to breakdown the
PQ issues. In this manner the Distribution
STATCOM (DSTATCOM) executes fast control of
the reactive power and it allows the flicker
suppression, stabilization of voltage and other types
of PQ disturbance compensation. IPFC is mostly
focus on PQ issues, which is usage for the control
of both the reactive power and active power in
multi-line network. The arrangement of IPFC
FACTS controller is packed by on' number of
SSSC. In this manner the terminals of dc converters
are connected mutually by means of a common dc
link. The voltage sourced converter of SSSC injects
the series voltage with the line transmission. The
total estimation of SSSC voltage is not associated
with the line current and it might control
independently [19]. The procedure of IPFC is
capable to transport active power between the line
compensation [17].

Il. LITERATURE REVIEW: A
RECENT ANALYSIS

Numerous works are presented to solve
the PQ issues in Distribution System with various
kinds of FACTS devices. Some of them are
reviewed here,

Asit Mohanty et al. [21] advocated the
robust fuzzy-sliding mode based autonomous
wind-diesel-photovoltaic in unified power flow
controller (UPFC) which are depends on the hybrid
system (HS).The small signal model linearization
with the different components of the HS was noted
for the stability investigation of transient in the HS
under various loads. Their proposed controller was
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planned to improve the exhibition of transient. The
simulation analysis of reflects that proposed fuzzy
sliding mode controller are utilized in well
appropriate administration of the reactive power
and it upgrade the voltage stability in contrast with
the fuzzy - PI controllers and ordinary PI.

P. Kannan et al. [22] suggested an
artificial neural system (ANN) with gravitational
search algorithm (GSA) controller to improving a
performance of UPQC and remunerating the PQ
issues. They have produced the control signals of
the Active Power filter (APF) and decrease the
issues in PQ. The shunt APF was also used for the
decrease in harmonic disturbances. The dc link
voltage was synchronized by their recommended
controller technique. Subsequently, the
recommended system was implemented in the
platform of MATLAB/Simulink and the THD
value of system was estimated.

Behnam Tamimi et al. [23] showed that
the Hybrid Power Flow Controller (HPFC) can be
investigating the PQ issues in the distribution
system. Their proposed control strategies were used
for the correct the activity of distribution controller
and suggest applications like simple and effective
procedure to starting-up the machine. Their
suggested mechanism was utilized to uncover the
controller effectiveness for solving issues in
distribution systems like voltage sags associated
with the power flow fluctuations and feeder faults
due to inexhaustible case.

Mehdi Bagheri et al. [24] concluded an
online reference control procedure for PQ issues in
microgrid. Their proposed control technique is
utilized the reinforcement learning algorithm for
distribution static compensator. Their controller
was hypothetical to repay the harmonics, reactive
power and unbalanced load current in a micro grid
utilization of current and voltage parameters. Their
proposed control idea was practical with self-
governing microgrid with a weak AC supply (non-
firm source) distribution system with different
loads in three-phase fault conditions are obtained.

S. Mani Kuchibhatla et al. [25] carried out
a recurrent neural network (RNN) algorithm with
Cuttle fish algorithm (CFA) for decreasing the PQ
issues in distribution system. Their proposed
technique was dealing with the irregular switching
procedure in shunt capacitor banks that were tuned
on the SSFC devices of arm filter. Their
recommended technique was improved the energy
efficiency and grid utilization process with the
manageable demands. Subsequently, the switching
way was banned by producing unbalancing control
signal by pulse width modulation (PWM)
technique. The modulation of PWM was used by
the both regulators and it was bottom on a tri-loop
real error controlled by the amalgamation of
adjusted weighted proportional to the integral
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derivative controller. Their upgraded SSFC device
was proposed and simulated in the stage of
MATLAB/Simulink. Consequently, the
performance is confirmed by utilizing few existing
devices like SSFC and the unified power flow
controller.

Most of the progressing investigates are
looking into PQ issues in distribution system. Here,
two sorts of ways used to direct the PQ issues. At
first, it acquired from customer side and from
opposite side utility. The essential strategies are
given as the state of load and it is ensures that the
apparatus is less sensitive to power disturbances.
The elective course of action is to include a line
molding network that neutralizes or smother the
power system network. Devices like super-
capacitors, flywheels, constant voltage
transformers, other energy storage systems;
isolation transformer, transient voltage surge
suppressor, harmonic filters and noise filter are
utilized for the alleviation of explicit PQ issues.
The Different FACTS devices like DSTATCOM,
UPQC, UPFC, and DVR are prepared for directing
the characteristic of PQ related with utility
conveyance and the end user appliances. Here, the
participation of harmonics is strikingly risky in
both connected loads and addition with the
connected power system network owing to current
harmonic flow. Subsequently, the complexities
expanding enormously in large unified networks
with fluctuations in power supply reliability; it is
resulted in instability system and it is tricky in
power flow stream and security issues with huge
number of power outages in different region around
the world. The reasons for the above deficiency
groupings might be expected to the automatically
blunders in arranging and task, feeble connection of
the power framework, absence of support or
because of over-burden of the system. The
procedure to defeat the issues and it to give a
preferred power flow the system length reliability,
stability and installations of advanced controllers
become needed. Likewise, PQ issues associated
with renewable distributed systems generation and
it customize power gadgets (CPD) such as DVR,
UPQC and STATCOM provides a huge job in PQ
improvement. By this way, the establishments of
advanced FACTS devices with the power system
are controlled to some factor like control
parameters and error functions related with PQ
issues. The Reactive power control of RES
integrating a wind and source of photovoltaic has
many technological difficulties. This development
needs control electronic devices with a propelled
technique. These issues are inspired to do the
assessment in the field of PQ examination with
Renewable Energy Sources (RES). Here, the
recommended strategy used to improve the
performance of IPFC so as to moderate the PQ
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issues in distribution system. The detailed analysis
of the proposed method is mentioned as below,

I1l. ANALYSIS OF IPFC

In the FACTS devices, the IPFC is one of
the most recent controllers which were utilized to
regulate the power flow of various transmission
lines. The IPFC comprises with a minimum of two
SSSCs. The generalized Unified Power Flow
Controller (GUPFC) utilizes a STATCOM and at
least two SSSCs. The basic element of the device
referenced the probability to exchange dynamic
power between their shunt and series or between
arrangements in the IPFC. The rating of the IPFC
can be indicated by methods for two amounts, most
extreme voltage that can be injected and the volt-
ampere rating. The IPFC achieves its appraised
power just when the injected voltage magnitude
and the line current are equivalent to the evaluated
qualities. The line current depends upon the power
flow through the line. Along these lines, regardless
of whether the IPFC can infuse the evaluated
capacity to the line depends upon the first power
flow in the line (with no infusion). The IPFC can
be completed the general real and the reactive
power compensation of the entire transmission
system. This ability makes it is possible to adjust
both real and reactive power flow between the
lines, move control from over-load and increase the
reasonability of the compensating structure against
dynamic disturbances.

The IPFC can achieve the level of real
transmission lines. It’s engages reactive power flow
between the power transmission lines and
transform to under load one and to the over-
disturbances. This controller can also control the
power flow of various lines. In this paper IPFC
converters are considered and after that they are
directed with the PQ issues.

Crow Search Optimization Algorithm

Alireza Askarzadeh [32] created a meta-
heuristic algorithm, of crow search optimization
algorithm (CSOA) and resolving the constrained
optimization issues which are based on the
intelligent behaviors of crows. However, the
working and operational attitude of CSOA is
supported by the idea of crows that it can hide the
excess foods as well as retrieve at the time of they
required. The crows are also behaves in the commit
stealing, thievery and bird’s food. The crows are
committed by this, which act extra precautions to
avoid being a future victim and can in fact;
determine the safest hide that carried out to protect
their food items and being stolen by others. The
CSOA concept with basic structures is given as
below:

»  The crows live in the appearance of flock.
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» The positions are memorized by crows
and their hiding places.

»  The crows follow with each other to do
thievery.

»  The crows are protects with their caches
are pilfered by using the probability
function.

IV. RESULTS AND DISCUSSIONS
In the section, CSA based IPFC device is
utilized to analyze the PQ issues in distribution
system. The proposed method is implemented in
MATLAB/Simulink platform. The proposed CSA
method is work as the optimal control algorithm of
IPFC device. Then evaluate the optimal gain and
pulse capability of the IPFC device. Finally, the
results were compared with traditional methods
PSO and ABC methods. It works as a quick and
fast reimbursing source for reactive power and the
functionality on the distribution power system to
moderate the voltage deviations like voltage sags,
swells, and voltage flicker. This is carried out with
unsteadiness produced by quickly changing
reactive power demand. The PQ enhancement
reliability predictions are continued throughout the
development procedures are beneficial to promote
the capability establishment of IPFC device and
guaranteed as more dependable controller.

Analysis of Case 1:

In the subsection, the voltage sag and swell are
analyzed and depicted in the Fig.8. In the figure,
the voltage sag is occurred in the time instant t=1-
2.5sec and the swell is occurred in the time instant
t=2.5-3sec.It is clearly mentioned about the sag and
swells appearances. To exactly view the voltage
sag, this is created at the particular time instant t=0-
0.1sec. The corresponding grid voltage, source
voltage is also analyzed.

V. CONCLUSION

This paper deals with CSA based
IPFC controller designed to diminish the PQ issues
in distribution system. They some PQ issues, such
as voltage sag, swell and flicker conditions are
tested under this proposed method in
MATLAB/Simulink platform. Normal supply
source and RES are considered to given in the
inputs to the IPFC. In addition, compensating
reactive currents and the dynamic response of the
system will help the mitigation of voltage sag,
swell and flicker. The corresponding analysis of the
real and reactive power, dc link voltage is also
analyzed. Finally, the FFT transform was utilized
to analyze the THD performances of the system.
The proposed method achieved the THD by 0.81%
and the other methods are 6.20% and 8.76%
respectively. It shows that the proposed method is
given the less THD computation and optimal
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results when compared with the traditional PSO
and ABC methods.
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