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Multi-Objective Flower Pollination Algorithm
Based Controller for UPQC Including Hybrid

Power

K. Hussain,

Abstract: This paper presents a new control method for
Unified Power Quality Conditioner (UPQC) for effective
management of the power-sharing and improvement of the quality
of power. The voltage disturbances produced in the source side
due to non-linear load conditions can be protected using the
UPQC model. Flexible Alternating Current Transmission System
(FACTYS) devices were fed through a hybrid power generator that
had the primary source, a Proton Exchange Membrane Fuel Cell
(PEMFC) and a secondary source, a supercapacitor. In this
paper, a multi-objective function (power factor, voltage sag, and
the total harmonic distortion (THD)) with different control
strategies have been considered. An optimization algorithm
named Flower Pollination Algorithm (FPA) has used for
optimizing Proportional Integral (Pl) coefficients. A suitable
fitness function has been developed for the FPA method and the
simulation performed. The performance of the FPA method has
been compared with three different algorithms, namely, particle
swarm optimization algorithm (PSOA), Differential Evolution
Algorithm (DEA), and Ant Colony Optimization Algorithm
(ACOA). The result obtained shows the proposed FPA providing
the best result compared to other methods.

Keywords. multi objective function, flower pollination
algorithm, UPQC, total harmonic distortion, power sharing.

I. INTRODUCTION

I n recent years, the quality and the stability of power have

been on the increase due to the semiconductor devices that
have seen introduction in various electrical power systems.
These devices include uninterruptible power supply,
adjustable speed drives, lighting drives, and computer power
supplies. The non-linear current and voltage was introduced
by theload lead for harmonic distortion. It had an effect on al
the electrical and electronic equipments due to the poor
quality of power. Occurrence of voltage unbalance was seen
among the three phases due to load detaching and sudden
load activation.
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Maintenance of power quality and steady-state voltage is
an important issue in any electrical power system [1].

Various researches have been performed and the results
have shown the UPQC as an inexpensive and traditional
device used for the protection of the load from the power
quality distortion at the common coupling point [2]. The
control loops of the UPQC consist of various controllers
while the synchronous reference frame (SRF) contains the
voltage control loop of the UPQC. The design of UPQC is
very simple but cancels the steady-state error. However, the
effectiveness of the controller is poor when the harmonic
components are included in the signal [3].

The of} stationary frame that consists of a voltage control
loop isimplemented using a proportional -resonant controller.
On the other hand, the dq rotating frame contains another
resonant controller [4]. The conventional Proportional
Integral (PI) controller is used for controlling the current,
implemented in the abc stationary reference frame [5]. The
quarter of the Series Converter (SC) switching frequency is
set at the O dB of the crossover frequency of the control
system for discarding the harmonic components. The
rejection of the harmonic is not effective when the noise of
the converter switching is not properly attenuated [6,7]. The
SRF that contains the conventional Pl controller isused when
the UPQC operates at a dual compensating strategy [8]. The
THD of the grid current is considerably higher when the
UPQC is supplied distorted voltage and the grid current is
lesswhen the UPQC is supply at pure sinusoidal voltage. The
single-phase UPQC is modeled as a single multivariable
system and disturbances are refused with the help of the
feed-forward signal. The Kaman filter is used for obtaining
the signal in the harmonics up to the 29" order [9].

Resonant controllers are widely used to suppress harmonic
components and provide efficient performance in electrical
power applications [10,11]. This system can be represented
by a second-order system with a specifically tuned frequency
for ensuring steady-state error. Multi resonant controllers are
used when the disturbance has multiple frequencies of the
fundamental frequency. Typically, the multi resonant
controllers are connected in parallel with the conventional Pl
or P controllers[12]. A PI-multi resonant controller was used
for getting an adequate and robust performance of a system.
A low pass filter was connected in series with the controller
to avoid switching frequency and when the operating
frequencies of the controller are very close. This provides a
phase delay in the operation of the controller [13].
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Literature [11], shows employment of multi resonant
controller and estimation of the state matrix and the
state-feedback gain. Moreover, the controller does not have

an integrator. It is therefore difficult to ensure the zero
steady-state error in the continuous reference frame.
Although it provides robust
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Fig. 1. Structure of UPQC including PEM FC/SC

output, the gain of the controller is not adjusted to
compensate for the disturbance. A constrained controller was
used for minimizing external disturbance and model
uncertainty [14]. The control parameters were updated on the
basis of the learning technique used. This helped ensuring the
stability of the system under external disturbance and/or
uncertainty. A novel robust controller proposd by Zhang et al.
provides guaranteed stability under the unstable condition
with some delay [15]. Thus, the performance of the system is
enhanced with the introduction of the controller using
optimization and mirror-mapping methods. Different
controllers such as active disturbance rejection controller
(ADRC) [16] and modified ADRC were used for
compensating for the disturbances seen in the grid-connected
system [17]. Adaptive control with simple structure has been
sugessted by Kanjiya et a. to control dynamic voltage
restorer including high capability [18].

The optimization technique is widely used in the power
system for the globa optimum problem. The flower
pollination algorithm (FPA) has been recognized as an
efficient method for solving complicated power system
problems. FPA also provides a better solution in the power
quality analysis compared to other classical methods [19].
The main contribution of this paper is the evaluation of the
performance of the proposed FPA method for improving the
quality of power by solving a multi-objective function. The
voltage sag, power factor, and the THD have beenincluded in
the objective function [20]. Increase in the stability of the
controller, it should respond properly under critical situations
(fault). The multi-objective DEA agorithm [21] also used in
power system analysis. In this paper, a multi-objective
function has been developed to enable achievement of
accurate load current, reduced voltage, and THD [22]. During
this work, the optimization method FPA was introduced and
a study of the performance was made. A comparison of these
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optimization algorithms was made for the evaluation of the
effectiveness of the proposed FPA controller. The
environmental friendly electrochemical energy sources such
as a high power source called supercapacitor (SC) and the
high energy source called fuel cell wereused [23]. The hybrid
source (fuel cell and supercapacitor) is an economically
feasible and emerging option for the UPQC system. The
remaining of this paper is organized as follows: Section 2
describes the structure and the configuration of UPQC. The
mathematical model of the hybrid power source is presented
in Section 3. The optimization algorithm with an objective
function is described in Section 4. In Section 5, ssimulation
and performance comparison are presented. Conclusions are
presented in Section 6.

II. STRUCTURE AND CONFIGURATION OF UPQC

The proposed configuration of UPQC including PEMFC
and SC shown in Fig. 1.

It consists of back to back connected two 3-phase Voltage
Source Inverters (VSIs) for sharing supply from the hybrid
source and a series and shunt active filter. The UPQC was
used for compensating voltage fluctuations, voltage
fluctuations of power supply, and avert the harmonics of the
load current.

It is a traditional power device used for obviating
disturbances that have a direct effect on the performance of
the critical loads [24,25]. In addition, it has the capability to
compensate series and shunt harmonics, power flow control,
reactive power, and voltage disturbances including flicker,
swell, sag, etc. [2]. The shunt and series active devices were
used for the removal of the harmonic current produced by the
nonlinear load and adjusting the load voltage respectively.
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Fig. 1 shows the Crs and Lgspresent in the series device
acting as a low pass filter (LPF) and filters the output of a
series  Pulse  Width Modulation (PWM)  converter.
Conversely, the Cr_ and L, present in the shunt device act as
a LPF and filter the output voltage of the shunt PWM
converter. The supercapacitor, interconnected between the
fuel cell and the UPQC was shared by the shunt and the series
devices. The structure of UPQC including PEMFC/SC is
shown in Fig. 1.

The integration of non-linear loads affected the electrical
distribution due to the current harmonics and the reactive
power of the load. The transformation technique was used for
controlling the active-reactive current of the 3-phase shunt
converter [26]. The abc-dq0 transformation was used for
converting the 3-phase load current into 2-phase active and
reactive current components. The load current of the d-axis
(ILg) consists of oscillating and average components. A high
pass filter was used for filtering the average part and the load
current of the g-axis [27].
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Fig. 2. Equivalent circuit model of PEMFC.

The main aim of the proposed strategy was the estimation
of an exact switching for the inverter based on the reference
current calculation and voltage sag detection. The supply
voltage (V4(t)) that produces the load current (I, (t)), contains
the harmonic components of h;, and the next set of
components h,does not have the current components. The
non-linearity of the load, resulted in having a set of current
components, hs. Now, V(t) and I (t) can be expressed as:

Vi(t) =
\/7[221:1 Ven sin(hwt + ap) + 222:1 Ve sin(hwt + ah)] Q)

I(t) = \/7[221:1 o SinChot + ap, —Yp) +
h=1h3/s/sinhwt+alt—yh 2

Where V4, and | 4 represent the rms voltage and current of
the h™ component. oy, y, represents the supply voltage
random angle and phase angle of the ™ harmonic current
respectively. In this work, PEMFC and SC were used with
UPQC for mitigating electrical perturbation of all kinds
associated with the quality of power. Moreover, the shunt
active power filter excerpt power from the hybrid source
(PEMFC/SC) and provided the required load current. The
abc-dq0 transformation was used for converting the 3-phase
load current into two-phase active and reactive current
components. The |4 consists of both the oscillating and
average components. The high pass filter was used for
averaging parts and the oscillating active current was added
to the UPQC loss current (ig). Thisis expressed based on [28]
as:
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The oscillating g-axis current was used to generate the
compensating current. The dq0-abc transformation was used
for converting the g-axis compensating components into
3-phase compensating current. This can be expressed based
on[29] as.

[ | @
Iy

cos wt —sin (wt)

cos |wt —?) —sin (wt ——

-

The switching pulse required for the shunt converter
produced by the PI controller was compared with the actual
compensating current to the reference compensating current.
The series device was used for adjusting the voltage exerted
on the load voltage by filtering the utility voltage for
producing good sinusoidal voltage and eliminating utility
harmonic voltage. The three-phase reference of the series
converter load voltage is given by:

lcos wt + ) —sin wt+

Vi = VdrefSin (wt +7y) Q)
Vip = Varessin (wt +y — 120) (6)
Via = Varersin (wt +y — 240) @)
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Fig. 3. Relationship between the current and the
voltage of the fud cell

. MATHEMATICAL MODEL OF HYBRID
POWER SOURCE

A. Modeling of PEMFC

PEMFC, aso known as polymer electrolyte membrane
fuel cell, is a type of electrochemical energy conversion
device. It converts chemical energy to electrical energy and
thermal energy to a chemical reaction. The simulation model
developed revealed the presence of the relationship between
the output voltage and partial pressure of hydrogen, current,
and oxygen [30]. The output voltage of the stack (V¢) can be
expressed based on [31] as:

Vs = Erv — Vovie = Veve — Van (8)
Vse = Exy = N [Ronm (i + i) + 21 (52) +
RTPFniLiL—i+in (9)

Where Egry represents the reversible voltage, Voy, is the
Ohmic voltage loss,
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Vevl is the concentration voltage loss, Vay is the
activation voltage loss. The reversible voltage at varying
pressure and temperature can be expressed as:

02)"/2 | ASzeaa
Ery = N[E° +Zin (”’“(” ) 4 52;‘; (1 -298.15)]  (10)

Pyj0

The equivalent circuit of PEMFC was developed on the
basis of equation 1 and 2. This is shown in Fig. 2. C
represents the equivalent capacitor produced by the
double-layer charging effect; R, Ra, @and R, represent the
activation resistance, concentration resistance, and Ohmic
resistance respectively.

Oxygen and hydrogen were fed at suitable rates to the
PEMFC based on the current and voltage drawn from the
load. The reaction of the anode was higher than that of the
cathode. This enabled supply of lower stoichiometric flow of
air at the anode side. The PEMFC voltage depends on the
stoichiometric flow rate of the air, and hence a fan was
incorporated to maintain the airflow through the system [32].
An optimal speed controller with three fans and a thermal
controller were used for controlling the variable amount of air
and maintaining the internal temperature [33]. Moreover, the
stack output power (Pg) can be expressed as.

Py = Vg I (11)

Where V4 and | represent the output voltage and current of
the stack respectively. The relationship between the current
and the voltage of the fuel cell isshowninFig. 3.
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Fig. 4. Equivalent circuit of a supercapacitor.

B. Modeling of Super Capacitor

The fuel cells were connected with the electrochemical
energy storage device, the supercapacitor. The SC is a
reversible storage device that has high energy density
compared to conventiona capacitors [34]. So, the feasibility
of auxiliary devices based on supercapacitor was high and
provide the best solution. Therefore, linking with the PEMFC
was found suitable for getting a fast response. Conversely,
the fuel cell is called the principal source, whereas the SC
bank is the secondary source.
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Fig. 5. Relationship between the voltage and current of
a super capacitor.
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The basic RC model of the supercapacitor is shown in Fig.
4. This model consists of a variable capacitor (Cy) that is
connected in series with the resistance Rgs. The relation
between the voltage and the current of the supercapacitor is
shownin Fig. 5.

C. Multi-Objective Function

Optimization techniques were used in the designing of the
controllersfor perfect reaction under various fault conditions.
In this study, three different objective functions were
considered based on the requirement of the problem.

Objective 1. Voltage Sag

In order to minimize the difference between rea bus,
voltage and the reference bus voltage was led for speedy
mitigation of the voltage sag. The deviation present in the
voltage can be expressed as:

Vy = max|Vg — Vil (12)

There isthe requirement for the bus voltage to follow the
|EEE-519 standard and the value between 0.95 and 1.05. So
the membership function (Lgym) can be developed and it can
be expressed as.

Kmax—K
—_—, for Kpin < K < Kiax
Kmax—Kmin

Hem = 1 for K < Kpin
0 for K = Kpax

(13)

Objective 2: Power factor

A reduction in the phase difference between the current
and voltage leads to improvement in the power factor. Most
of the real-time loads require some amount of reactive power
asthe mgjor loads areinductive in nature. The capacitor bank
connected in parallel to the load provided reactive power.
There was an increase in the power factor and the total
apparent input power. Therefore, the apparent power was
taken as a fitness function, minimization of apparent input
power leading to minimization of power factor [35,36].

The apparent power for single-phase can be expressed as.

Po= Vil SN Vi X Nl (19

Where V4,1 and | g1 represent the rms voltage and current of
the n™ components of phase 1. The objective function of the
shunt active filter can be expressed as:

— N 2 N 2 2
Ogh1 = \/Zn=1vdv1 X Zn=1RGc1- Vivi

Where 141=Ryc1-Vaer- The optimization method should
satisfy the following equality and inequality constraints.

(15)

Equality constraints:

The source supplies the mean value of the instantaneous
real power based on the demand for the load when
compensation is achieved by the shunt active power. The
compensating circuit supplies the remaining power. The
equality constraint for the mean value of instantaneous real
power for a single-phase can be expressed as:

=1 Vavt X laer =Xh=1 Vi1 X Rger (16)
The equality constraint for the shunt active filter (Eq,) can
be expressed as.
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P
Esp = 3 Yn-1Vgn XRaer =0 (17)

I nequality constraints
The THD present in the current should be limited. So the
inequality constraint for the THD can be expressed as:

— \'n 2 2 2 2 2
Eshz = Zn:z Rdcl' Vdvl - ITHD'RdCIVdvl <0

Objective 3: THD

Total harmonic distortion minimization is very important
when voltage sag occurs. The THD provides undesirable
effects on the connected loads and the membership function
can be expressed by the following equation as:

(18)

Mmax_M
et ST Miin S M < My,
HrHD = 1 for M < M, (19)
0 for M = Mp,qy

Multi-objective functions such as GM, sh, and THD uses
the FPA optimization algorithm. Getting optimum value
requires the maintenance of aminimum value of the objective

function.

Initialize parameters of FPA, Number
of pollens, scaling factor, probability
switch, and PI coefficients

)

Generate the model of
PEMFC/SC for 20 pollens

=T

Using equation (20) evaluate
the quality of every pollens

Perform local
pollination

Perform global
pollination

Update the set of pollen
with new values

Optimal
fitness
eached ?

Set optimum
PI coefficient

Termination
condition
reached ?

T=T+1

Set the optimum
value

Fig. 6. Flow diagram of FPA algorithm

IV. FPAALGORITHM

FPA optimization agorithm was developed in the year
2012 by Yang et a. The fundamental process of the FPA
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algorithm involves the handing over of the pollens from one
species to another. Typically, cross-pollination (abiotic) and
self-pollinations (biotic) occur in this process. Pollination
that occurs from the pollen of different plants is called
cross-pollination and pollination that happens between the
pollen in the same species is caled self-pollination [19].
Cross-pollination is more widely used than self-pollination.
The multi-objectives can be formulated as M=[gy, P, O,
Mrhp]- FPA adopts different rulesto achieve the best solution
for the optimization problem is listed below:

Rule 1: The global pollination (exploration) process is
characterized by cross-pollination. Levy flight is used by the
cross-pollination process for transfer of the pollen from one
flower to another. It can be mathematically expressed based
on [20] as.

ME = MF + BL(Gese = MP)  (20)

Where Gy represents the global best solution achieved by
the pollens, B and L represent the scaling factor and Levy
factor respectively.

Rule 2: Thelocal pollination also called self-pollination is
characterized by [21]:

Mt = MY+ 5(MF — My) (21)

Mand My represents different pollens of the same
species, § is the uniform distribution for the local search,
6€[0,1].

Rule 3: The switching between the global and local
pollination control factor is caled the probability switch
Pe[0,1]. 0.8 has been chosen as the optimal value of the P
based on the findings seen in the relevant literature. The flow
diagram of FPA agorithm is shown in Fig. 6.

A. Proposed Approach

In this study, the FPA optimization algorithm has been
used for minimizing the objective function. During electrical
fault conditions such as voltage and current harmonic
distortion, swell voltage, and sag voltage, the behavior of the
power system becomes complex. Single objective function
problems are less complex than multi-objective function
problems. In this paper, the FPA algorithm has been used for
solving the problem efficiently. The proposed UPQC control
configuration and the control strategy discussed in the
previous section provide the indication of the active
component by the d-axis, while the g-axis indicates the
reactive component of the load current. The high pass filter
was used for filtering both the components. DC-link
capacitor voltage was produced by combining both the loss
component current of UPQC and the oscillating active
current [29].

The shunt was not taking part in the reactive component
when the oscillating Q axis current alone was utilized for the
generation of the compensation current. Conversely, the
phase-locked loop was used for the derivation of the phase
angle of the d-axis. The UPQC provided the injected voltage
vector when voltage swell or sag occurred in the source.
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The reference component of the g-axis was set to ‘0’
whereas the reference component of the d-axis was set to the
rated voltage. The transformation block was used for
converting the stationary frame to aff frame while the output
was connected to the phase-locked loop. The off frame was
converted into another transformation block into the dg
(rotating) frame, which determined the changes in the axis
and phase of the load voltage.

V. RESULT AND DISCUSSION

Simulations were carried out to ensure the performance of
the proposed UPQC with FPA wunder different fault
conditions. In this study, two different scenarios, namely, 1)
swell and sag voltage and 2) the

Table- |: Different valuesused for different faults

Scenarios | Fault points | Fault Type Fault duration Fault resistance () | Fault resistance (Q)
1 P,Q R Swell voltage 0.12-0.22 33 0.11

P,QR Sag voltage 0.42-0.53 33 0.11
2 P,Q R Sag voltage 0.1-0.2 33 0.11

P,QR Non-linear load 0.3-04 33 0.11

harmonic distortion and the sag voltage have been
considered. The optimized Pl controller with UPQC was
implemented in MATLAB/SIMULINK and performed in
Intel Corei5 with 32 GB RAM compulter.

A. Simulation Setup

Two electrical fault conditions have been considered to
enable a study of the performance of the proposed method are
listed in Table 1. In the first scenario, the swell and sag
voltage occurred between (0.12-0.22 s) and (0.42-0.53 s)
respectively. The sag voltage and harmonic distortion that
occurred between (0.1-0.2 s) and (0.3-0.4 s) were considered
for the second scenario. Various parameters indicated in
Table 1, simulated and examined in this study revea the
proposed optimized method rather than that of any other
method. Different evolutionary algorithms such as PSO, DE,
and ACOA have been used for comparison. Various
parameters used in the simulation for the above agorithms
are listed in Table 2. The maximum number of iterations is
set to 100 for al the algorithms. A dedicated study of the
performance of UPQC including PEMFC/SC was made
using a classical Pl and then applied to the optimization
algorithm under different fault conditions. Three Pl
controllers were used for the g-axis, d-axis, and Vi
respectively.

Table- I1: Parametersused for different algorithms

PSO DEA ACOA FPA
C=14 F=0.5 p=10 P=0.8
Cumin=1 CR=05 p=0.6 B=1.5
C=18 PS=50 0,=0.4

CZmin=1

Wina=1

Wmin:0-3

Table- 111: Simulated valuesfor scanario-1

Controller Average Average | Power | THD
voltagesag | voltage factor (%)
swell
Before
compensation 04572 1.4924 0.879 2.345
Compensation
with classical Pl 0.0301 1.0321 0.879 1.092
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B. Performance of UPQC including PEMFC/SC

Simulation was performed. The results of not using
compensation and compensation with the classical Pl
controller for the first scenario are presented in Table 3.
These show provision of an improvement in voltage sag and
THD after the use of classical Pl. The power quality index
indicated the compensation with classical Pl increasing the
quality of the power. The simulation result of scenario-2 for
not using compensation and compensation with the classical
Pl controller is shown in Table 4. Table 4 shows that after
compensation with classical Pl provides an improvement in
sag voltage, THD, and an increase in power quality.

The membership function was tuned using the FPA
optimization algorithm and the performance was studied.
Implementation of Pl controller for UPQC with
multi-objective function FPA under voltage swell and sag is
shown in Fig. 7. The three-phase source voltage was set with
50% of swell and 50% sag occurred in the duration 0.12 sto
0.22 sand 0.42 s to 0.53 s respectively. The source voltage
was distorted due to swell and sag in the particular time
duration. This is shown in Fig. 7(a). The UPQC acted as a
dynamic voltage restorer and injected voltage, V ypoc Of 0.5
p.u in the swell duration and 0.5 p.u in the sag duration as
shown in Fig. 7 (b). The load voltage and the DC voltage
across the hybrid source are shown in Fig. 7 (¢) and (d)
respectively.

Table- 1V: Smulated values for scanario-2

Average | Average Power THD
voltage voltage factor (%)
sag swell
Before 0.9834 0758 | 18517
compensation
Compensationwith | 5 5439 0826 | 5928
classical PI

3498 & Sciences Publication

The sag voltage was set to 60% and non-linear |oad was
applied for evaluating a study of the performance of the
proposed multi-objective FPA method. The three-phase
source voltage was set with a 60% sag and non-linear load
occurred in the duration 0.12 sto 0.22 sand 0.42 sto 0.53 s
respectively.
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The optimized Pl controller used for UPQC with
multi-objective function under voltage sag and non-linear
load is shown in Fig. 8. The source voltage was distorted in
the duration 0.1 sto 0.2 sand 0.3 sto 0.4 s due to sag and
non-linear load. This is shown in Fig. 8(a). The UPQC
injected avoltage of 0.6 p.u and the inverter compensated the
current in the duration from 0.3 sto 0.4 sis shown in Fig.
8(b).

International Journal of Innovative Technology and Exploring Engineering (1JITEE)
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The load voltage and the DC voltage across the hybrid
source are shown in Fig. 8(c) and (d) respectively. The
DC-DC boost converter was used for increasing the DC
voltage generated by the hybrid source.

C. Performance comparison

The multi-objective optimal controller using the FPA
method was implemented in UPQC and analysis with
different loads was made for the analysis of the performance
of the proposed method.
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Fig. 7. Performance of multi-objective FPA PI controller based UPQC under 50% sag and swell voltage (a) distorted
sour ce voltage dueto swell and sag (b) injected voltage by UPQC during swell and sag (c) L oad voltage (d) DC voltage

of the hybrid source.

Retrieval Number: C8433019320/2020©BEIESP
DOI: 10.35940/ijitee.C8433.019320
Journal Website: www.ijitee.org

Published By:
Blue Eyes Intelligence Engineering
3499 & Sciences Publication

Exploring Innovation


https://www.openaccess.nl/en/open-publications

Multi-Objective Flower Pollination Algorithm Based Controller for UPQC Including Hybrid Power Source

Two cases have been considered: 1) inductive load and 2)
resisive load. The harmonic spectrum using PSO, DE,
ACOA, and the proposed method are shown in Fig. 9. Fig. 9
shows the proposed multi-objective optimized controller
making successfully compensation for the THD under
0.73%. The other optimization technique, DE had THD of
1.03% while ACOA had the THD of 1.48%. Consequently,
the multi-objective optimal controller based UPQC provided
asmaller THD compared to other optimization algorithms.

A comparison of the performance with power quality
indices of the proposed multi-objective optimization
algorithm was made with other optimization algorithms. This

resistive load condition. The IEEE-519 standard range was
considered during the simulation. After compensation, the
value of THD was 5% less and the proposed algorithm
provided the best compensation followed by the PSO that
provided

ispresented in Table 4. Table 4 shows considerable reduction
in the voltage sag and the THD in the proposed
multi-objective optimization algorithm. The result shows the
effective handling of the compensation problem under
different fault conditions by the proposed method.
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Fig. 8. Perfor mance of multi-objective FPA PI controller based UPQC under 60% voltage sag and non-linear loads (a) distorted
sour ce voltage due to swell and sag (b) injected voltage by UPQC during swell and sag (c) L oad voltage (d) DC voltage of the hybrid
source.
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Table 4. Comparison of power quality indicesfor case-1.

Fundamental (50 Hz) =
v v

308, THD=0.49%

Harmonic order

Fundamental (50 Hz) = 308, THD=0.45%

Harmonic order
(d)

Controllers Average Average Power THD (%)
swell voltage | sagvoltage | factor
Classical Pl 1.0427 0.0319 0.861 1.084
Multi-objective PSO 1.0427 0.0208 0.861 0.763
Multi-objective DE 1.0427 0.0183 0.861 0.495
Multi-objective ACOA 1,0427 0.0214 0.861 0.473
Improvement (%)
Improvement PI-PSO versus Pl (%) - 29.69 - 31.937
Improvement PI-DE versus Pl (%) - 38.37 - 40.372
Improvement PI-ACOA versus Pl (%) - 32.72 - 42.836
Improvement PI-FPA versus Pl (%) - 47.732 - 52.187
Table 5. Comparison of power quality indicesfor case-2.
Controllers Averageswell | Average Power THD (%)
voltage sag voltage | factor
Classical Pl - 0.0572 0.892 5.836
Multi-objective PSO - 0.0381 0.924 4.621
Multi-objective DE - 0.0293 0.918 2.382
Multi-objective ACOA - 0.0312 0.908 1.683
Improvement (%)
Improvement PI-PSO versus Pl (%) - 16.37 331 3.37
Improvement PI-DE versus Pl (%) - 32.19 3.58 3.72
Improvement PI-ACOA versus Pl (%) - 25.23 4.36 4.24
Improvement PI-FPA versus Pl (%) - 42.82 4.48 4.82

Table 5 shows a comparison of performance with power
quality indices of the proposed multi-objective optimization
algorithm with other optimization algorithms. Table 5 shows
the proposed multi-objective optimization method providing
a noticeable improvement in the power quality indices
compared to other optimization techniques.

VI. CONCLUSION

In this paper, multi-objective optimization UPQC
including the hybrid power source (PEMFC/SC) that actsas a
compensating device for the electrical distribution system has
been presented. Two different scenarios, namely, swell and
sag voltage and the harmonic distortion and the sag voltage
have been considered in the study of the performance of the
proposed method. Simulation was carried out and the result
was compared with three of the different algorithms. The
simulation result indicated the multi-objective FPA method
based UPQC injecting the desired voltage during the
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electrical perturbation situation. During the first scenario, the
proposed method managed the voltage of both the swell and
sag by 50% and, in the second scenario, the sag voltage by
60%. Finally, the comparison result shows improvement in
the power quality indices such as swell and sag voltage,
THD, and power factor through use of the proposed method.
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