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ABSTRACT This paper presents a Hybrid Shunt Active Power Filter (HSAPF) optimized by hybrid
Particle Swarm Optimization-Grey Wolf Optimization (PSO-GWO) and Fractional Order Proportional-
Integral-Derivative Controller (FOPIDC) for reactive power and harmonic compensation under balance and
unbalance loading conditions. Here, the parameters of FOPID controller are tuned by PSO-GWO technique
to mitigate the harmonics. Comparing Passive with Active Filters, the former is tested to be bulky and design
is complex and the later is not cost effective for high rating. Hence, a hybrid structure of shunt active and
passive filter is designed using MATLAB/Simulink and in real time experimental set up. The compensation
process for shunt active filter is different from predictable methods such as (p-q) or (iz-iy) theory, in which
only the source current is to be sensed. The performance of the proposed controller is tested under different
operating conditions such as steady and transient states and indices like Total Harmonic Distortion (THD),
Input Power Factor (IPF), Real Power (P) and Reactive Power (Q) are estimated and compared with that of
other controllers. The parameters of FOPIDC and Conventional PID Controller (CPIDC) are optimized by
the techniques such as PSO, GWO and hybrid PSO-GWO. The comparative simulation/experiment results
reflect the better performance of PSO-GWO optimized FOPIDC based HSAPF with respect to PSO/GWO
optimized FOPIDC/CPIDC based HSAPF under different operating conditions.

INDEX TERMS Fractional order proportional-integral-derivative controller (FOPIDC), harmonic compen-
sation, hybrid shunt active power filter (HSAPF), particle swarm optimization-grey wolf optimization (PSO-

GWO), power quality.

I. INTRODUCTION

Nowadays in almost all applications, power electronics based
loads such as uninterruptible power supply (UPS), switched
mode power supply (SMPS), adjustable speed drives (ASD)
etc. are being used. All of these power electronics based
equipments draw the current from the supply which is of
non-linear in nature and produce a lot of harmonics [1]. Due
to this non-linear current, the utility system has to supply
a quite large amount of reactive power from the supply.
Since, the current drawn from the supply is not at all sinu-
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soidal, and the source voltage and current are not in phase,
the systems and loads connected at the Point of Common
Coupling (PCC) are affected due to the harmonics [2], [3].
In order to overcome the bad effects of harmonics, vari-
ous solutions exist; out of which one is passive filter [4].
Regardless of many advantages, passive filters are not so
much effective in some conditions like transients, presence of
higher order harmonics, resonance issues and have large size,
and fixed compensation characteristics [S]-[7]. A new power
electronics interfacing device is developed by the researchers
called Active Power Filters (APFs) for reactive power and
harmonic compensations and to overcome the demerits of
passive filters [4], [8].
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The basic concept of active power filters (APFs) is that they
inject the compensating current with equal magnitude and
opposite sign, into the power system in order to cancel out the
harmonics [9]-[11]. Comparing with various APF topologies,
SAPF [12], [13] is the most popular one as compensation of
current harmonics is vital in all most all industrial applica-
tions [14], [15]. For a SAPF controller, the researchers have
developed many control strategies [16]-[23]. The controller
used in SAPF has two most important parts, one of them
is extracting the reference current [24]-[28] and the other
is PWM pulse generation for inverter [29]. In this paper,
a HSAPF is designed by a low rated shunt active power
filter (SAPF) and a low cost shunt passive filter. To extract the
reference current for the SAPF, many control techniques such
as instantaneous power theory (p-¢q) or synchronous reference
frame theory (i4-i,) are available in the literature [30]. Present
paper focused on a novel control method to estimate the
current references which do not require the load reactive
volt-ampere [31]. To control the inverter dc voltage of the
capacitor and to extract the maximum value of current ref-
erences, CPIDC or FOPIDC is applied [32]. CPIDC is the
most extensively utilized controller in industries as it can
easily applicable and its design is simple [33]. It doesn’t
generally give a powerful control to non-linear, dubious, and
coupled systems. With a lot of advantages, it sometimes fails
to give its robustness and disturbance elimination proper-
ties [34]. Traditionally, the integer order controllers domi-
nate the entire field of control theory. Due to the research
interest in fractional calculus, FOPID is tested to be more
effective in different applications as compared to CPIDC.
Compared to the CPIDC, the five parameters (Kp, Kd, Ki,
o, B) where o and B are fractions for providing an improved
tuning and performance. The aim of the tuning technique is
to locate the ideal parameters of the CPIDC and FOPIDC as
per requirements. In the literature, various tuning methods
are available for optimizing the parameters of CPIDC and
FOPIDC [35]-[39].

Nowadays evolutionary and swarm methods are used
for controller parameter optimization which are encouraged
by animal’s nature and evolution concept like PSO algo-
rithm [40] to optimize the parameters of SAPF [41]. Grey
Wolf Optimization (GWO), which are inclined by hunting
process of Grey Wolfs recently published in [42], and is
used to optimize the UPFC controller parameters [43]. PSO
is a basic and powerful method and can be executed effec-
tively. Yet, when dealing with a heavy constraint optimiza-
tion, it may get trapped in local minima. Whereas, GWO
can balance between exploitation and exploration very effec-
tively, it can also avoid trapping in local optima. So, hybrid
PSO-GWO algorithm is proposed in this work for optimal
setting of the parameters used in CPIDC and FOPIDC [44].
Similarly, different current control methods are proposed for
SAPF to generate the switching pulse [45], [46], but for
better controllability and fast response, Hysteresis Current
Control (HCC) PWM method are very popular [47]. Hence,
in this work, HCC PWM method is used.
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The highlights of the current work are to:

« Develop a Simulink model of a HSAPF.

o Design FOPIDC for estimation of the maximum value
of current reference.

o Optimize the control parameters of CPIDC/ FOPIDC
using PSO/GWO and PSO-GWO techniques.

o Estimate the control actions of the FOPIDC under
steady state, transient, balanced and unbalanced loading
conditions.

o Compare the performances to certify the better response
of the optimized FOPIDC based HSAPF.

o With the obtained optimized controller parameters,
a laboratory prototype of HSAPF system is developed
with analog based FOPIDC to verify the simulation
results.

This paper is structured in the following manner. Section II
discusses the structure and modeling of HSAPF system. The
control algorithms and optimization techniques are given in
Section III. Section IV gives the detailed simulation results
and analysis under balanced and unbalanced loading condi-
tions. Prototype hardware results are presented in Section V.
Conclusions and future scopes are given in Section VI.

Il. MODELLING OF HYBRID SHUNT ACTIVE POWER
FILTER

The HSAPF is formulated by the help of passive and active
filters. The hybrid structure improves the compensation char-
acteristics of the filter that minimizes the demerits of active
and passive filters while providing the advantages of both.
Hence, a robust HSAPF is proposed in this paper by incor-
porating voltage source PWM converter and LC passive fil-
ter. The HSAPF connected to power system is shown in
the Figure 1.

The laboratory prototype is designed and tested under
various conditions. The parameters of the shunt LC filter
are optimized to reduce the harmonics present because of
the non-linear loads. It is observed that the existing 5%, 7t
and 11" order harmonics are reduced to great extent. Here,
compensating filtering characteristics of passive and active
filters are coordinated to provide better performance under
different operating situations. In this work, a unity power fac-
tor along with reduction in current harmonics is taken as the
compensation objective. A combination of storage system,
DC link capacitor and switches with anti-parallel diodes are
structured so as to filter out the harmonics contents. Based
on the requirements, a compensating current by the voltage
source converter (VSC) is injected at point of common cou-
pling (PCC) to eliminate the harmonics. If only active filters
are used, then the power rating required for PWM converter is
more, hence, a passive filter is used in addition to active filter
to compensate the dominant harmonics. In order to reduce the
cost, PWM converter is designed using power MOSFETs in
place of IGBTs.

At PCC, equal magnitude with opposite polarity harmonic
current has to be injected in order to accomplish harmonic
compensation. This in turn improves the power quality in
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FIGURE 1. Schematic diagram of hybrid shunt active power filter.

the distribution systems by cancelling the original distortions.
Basic configuration of shunt active power filter (SAPF) con-
nected with the power system at PCC is shown in Figure 2.
As shown, the inductance L. helps to suppress the harmonics
in the system. The instantaneous source current can be repre-
sented as:

is(t) = i (1) — iqr (1) ey
The source voltage is represented as:
Vi(t) = V,, sin wt 2)

In case if the load is nonlinear, load current is having
harmonic component as well as fundamental component that
can be represented as:

[o,0]
i (t) = Y _ Iysin (not + ;) = Iy sin (wt + ¢1)
n=1
o
+ Z I, sin (nwt + ¢,) (3)

n=2
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The instantaneous load power can be calculated as:

pL () = vs (1) *iL (t)
Vi sin it *cos @1+ Vinl| sin wt *cos wt *sin ¢

+ Vi sin ot * Z I, sin (nwt + ¢y) 4)
n=2
pL ) =pr () +p- () +pr(t). ©)

This load power is having harmonic, reactive and active
power. From Eq. (4), the real power drawn from the load is
represented as:

pr (1) = Vil sin® ot % cos g1 = vy (1) * iy (1) (6)

If the active filter gives the harmonic and reactive power, then
the source current i; (#)will be purely sinusoidal and in phase
with the source voltage. The three-phase source currents after
compensation can be expressed as:
t . .
iy, (1) = pr® = I cos g1 sinwt = I sinwt.  (7)

vs (1)

where Imax = I cos ¢1 = peak value of reference current.
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FIGURE 2. Basic configuration of shunt active power filter.

Similarly,

i, (1) = Imax sin (wt — 120°) 8)
i (1) = Imax sin (ot + 120°) 9)

PSO/GWO/PSO-GWO optimized FOPIDC/CPIDC is used to
estimate Iyaxand regulate the dc link capacitor voltage.

lIl. OVERVIEW OF CONTROLLERS AND OPTIMIZATION
TECHNIQUES

A. CPIDC

The Proportional, Integral, and Derivative actions are applied
to e(t) (error signal) in a PID controller, again which is
applied to the plant model. Mathematically, PID controller
is represented in Eq. (10).

t
u(t):er(t)+Ki/e(t)+Kd
0

de (1)

(10)

The above control parameters (K, K;, K;) are optimized
using PSO, GWO and hybrid PSO-GWO techniques.

B. FOPIDC

The basic block diagram of HSAPF with FOPID controller
is as shown in Figure 1. Here, the error signal e () helps to
produce the control signalu (z). The Transfer Function (TF)
of the proposed FOPID controller is [32]:

Ki 5
TF = K, + — + Kys (11)
Sa

where, o and B represent the fractional orders of the integrator
and differentiator andK),, K; and K, denote the proportional,
integral, and derivative gains of the proposed of FOPID con-
troller respectively.

The steps required for designing the controller are:

1. Regulate K, for reducing the rise time and steady-state
error.

2. Regulate K; for reducing the overshoot and settling
time.

3. Regulate K; for eliminating the steady-state error.
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Kgd d%u/dt>
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Gain

Fractional derivative 1

FIGURE 3. Simulink diagram of FOPIDC.
TABLE 1. The optimal values of control parameters (for PSO-GWO).

K. a B

1

K[? Kd

18 6 1.5 0.7 0.9

4. Regulate K, K;, K4, @, and f8 to get the desired output.

The configuration of FOPIDC is presented in Figure 3.

6. The optimal parameters of FOPIDC are obtained using
PSO, GWO and hybrid PSO-GWO techniques and are
presented in Table 1 (for PSO-GWO).

e

C. PARTICLE SWARM OPTIMIZATION (PSO) TECHNIQUE
One of the simplest and popular optimization is PSO. In this
technique, a number of particles are allowed to move in a
multidimentional search space [40]. Each particle velocity is
to be updated while searching:

k+1 k k k pk —xk
v, =V +crrand; (Pl-’Pbm X; >+Czrand2< i gbest xl-)
(12)

where w is the initial weight which varies between 0.4 to 0.9,
two random variables are selected rand; and rand,that are
varying in the range of [0,1] and the acceleration coefficients
are c¢1 and c¢;. The swarm position is updated by

X = x; + v (13)

With more iteration, the most excellent solution can be
obtained that is given by

xi,newlﬁ‘ (xi,new) <fx)

k+1 _
x T = -
x;otherwise

(14)

D. GREY WOLFS OPTIMIZATION (GWO) TECHNIQUE

This GWO is a recent metaheuristic technique based on the
swarm cleverness which is motivated by the mind set of
Grey-Wolf while they are hunting a prey [42]. Grey wolves
stay in a pack and are placed in a position to execute the
hunting procedure. To model the hunting process mathemati-
cally, the best fittest solution is given to the o group of wolves
which are followed by 8, y and & groups. The wolves make
a loop around the victim to initiate the hunting of the prey,
which is given as:

D=|C.Xr0-X0) (15)
)?(t+1):‘§p(r)—Z.B] (16)
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FIGURE 4. Flow chart for PSO-GWO algorithm for finding the optimal controller parameters.

In equation (16) ‘¢’ represents the current iteration. X and
Xp vectors represent the Grey wolf and the victim position
respectively where A and C are the coefficient vectors given
in equations (17) and (18).

- - - —

A=2.a.r—a a7
d —

C=27 (18)

In equations (17)-(18), r; and r, represent the random vec-
tor which varies in the range of [0, 1] and the component
‘a’ decreases from 2 to O during the iteration. The hunting
process can be formulated as

— — — — - g —> —
Daz‘C].Xa—X',DﬁZ C . Xg—X|,

— - -

Ds = C3.X5—X‘ (19)
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— —

X = Xy — A (Da> Xo=Xp—As. (Dﬁ),

—Az. (D5>

The average value of positions of «, 8 and § wolves are found
to be the most excellent position of prey which is given as

X3 =X (20

— Xi1+Xo+X
X(t+l)=% 1)

E. HYBRID PSO-GWO TECHNIQUE

The PSO technique has the demerit of being trapped to
the local minima when it is subjected to a heavy con-
straint, though it has some advantages such as its simplicity,
robustness and it can be implemented easily. On the other
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TABLE 2. THD, real, reactive power and power factor in various cases.

Different Parameter
. . P Q Cos O
o,
Different Condition THD % (kW) (VAR)
Phase-a Phase-b Phase-c
Without any filter 25.47 25.48 25.47 8.631 511.1 0.9671
Passive filter connected alone 15.27 14.34 17.20 8.679 -1637 0.9712
PSO-CPIDC HSAPF System 3.75 2.82 4.24 9.156 19.16 0.9921
GWO-CPIDC HSAPF System 3.57 3.17 3.19 9.173 34.39 0.9979
PSO-GWO-CPIDC HSAPF System 3.52 342 3.33 9.157 23.35 0.9921
PSO-FOPIDC HSAPF System 2.58 2.48 2.48 8.731 18.29 0.9919
GWO - FOPIDC HSAPF System 1.89 1.95 1.96 8.718 8.583 0.9966
PSO-GWO - FOPIDC HSAPF System 1.64 1.69 1.71 8.718 0.3022 0.9982
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FIGURE 5. Load current waveform and its harmonic spectrum without
any filter.

hand, GWO avoids being trapped locally and it keeps a bal-
ance between exploration and exploitation. In this way, both
these extraordinary highlights of PSO and GWO are com-
bined in the algorithm of hybrid PSO-GWO. Figure 4 rep-
resents the flow chart of Hybrid PSO-GWO algorithm and
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FIGURE 6. Source current waveform and its harmonic spectrum when
passive filter connected alone.

the following steps explain the execution of PSO-GWO
method.

1) PSO OPERATION

Stepl: The fitness function of all the particles are evaluated.
Step2: Individual Pps and global G, are computed.

0.1* Vsa &
sa

Source
Current

Load
Current

Passive Filter
Current

FIGURE 7. Various waveforms with passive filter system.
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optimized CPIDC based HSAPF.

Step3: Using equation (12), each swarm velocity is
updated.

Step4: Using equation (13), swarm position is being
updated.

Step4: Fitness values of each particle is computed.

Step5: Using equation (14), the best solution is selected for
the next iteration with the comparison of fitness value of each
particle.
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2) GWO OPERATION
Step6: The initial population of GWO is the final population
of PSO.
Step7: Using equations (17), (18) the parameter A, C and
a are updated.
Step8: Random position is generated for each search agent.
Step9: For the Grey wolves, the fitness values are calcu-
lated using the objective function.
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FIGURE 9. Various waveforms for PSO-GWO optimized CPIDC based HSAPF system.

Step10: The position of Grey wolves are updated and also
the parameters A, C and a are updated.

Stepl1: By comparing the fitness functions, best solution
is choosen for next iteration.

Step12: The best solution is to be choosen for further
iteration by comparing with the fitness functions.

Step13: Xy, Xg and X5 are updated.

Stepl4: The above steps are repeated till the stopping
criterion is reached.

Step15: Final optimal controller parameters are obtained.

F. OPTIMIZATION PROBLEM FOR DC LINK VOLTAGE
REGULATION

At steady state, the VSI of the SAPF should not deliver any
reactive power or it should not take up any reactive power.
The fundamental concern lies here is to get an optimized
CPIDC or FOPIDC which makes the dynamics of the dc
link voltage (V) very low. Ziegler-Nichols tuning method is
popularly used for tuning of CPIDC and needs wide-ranging
experimentation. Hence, there is always possibility of better
tuning of CPIDC or FOPIDC to improve the settling time
and overshoot. This intention can be consummated by using
PSO-GWO optimization technique which reduces the devia-
tion of V. from the reference valueV,.*. The rise time (¢,),
Maximum Overshoot (AV,max) and the steady state error
(Es) are the imperatives that infer the optimality of a CPIDC
or FOPIDC. To decrease the dc link voltage deviation (AV,)
is the main objective here which is given as

AVye = V;c — Ve (22)

A non constrained type optimization problem with the objec-
tive function (J) given in equation (23) is chosen in this
paper with performance criteria of integral square error (ISE).
In equation (23), o, t; represent the starting and settling
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time respectively where o, f are the weighing factors. The
importance of o weighing factor is to reduce E the steady
state error whereas 8 decides the value of AV,.pax and .
Smaller 8 value indicates that the settling time is reduced and
large B value results in less overshoot.

t
J:f(AVdc)zdtzﬂAVdcmax + (1=p8) (ts—to)+a-|Egl
0
(23)

IV. SIMULATION RESULTS AND ANALYSIS

For the simulation analysis of Hybrid Shunt Active Power
Filter (HSAPF), a Simulink model is developed to investi-
gate the performance under balance and unbalance loading
conditions. Here, a three phase diode bridge rectifier with
resistive load on its DC side is taken as the non-linear load
for which filtering is required. For unbalance loading, a resis-
tive load is connected between phase-a and phase-c, and for
complete unbalance case phase b is open. First shunt passive
filters are designed based on the characteristic of the load
current. Then, a shunt active power filter is connected for
better compensation. The inverter with a DC link capacitor
and energy storage system helps during the transients. Resis-
tance is connected in series with the inductance for better
compensation. For designing the passive filters, the reactive
power requirement is taken as 2kVAR which is taken as
1000 VAR for single tuned 5™ harmonic filter and 500 VAR
each for single tuned 7™ harmonic filter and double tuned
filter. The various parameters of the hybrid filter are given
in Table 3 in Appendix. The load current waveform and its
harmonic spectrum are as shown in the Figure 5. The load
current is having a THD of 25.48% with dominant 5, 7%,
11" and 13" harmonics. For this load, analysis is performed
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FIGURE 10. Source current waveform and its harmonic spectrum for a) PSO optimized, b) GWO optimized c) PSO-GWO

optimized FOPIDC based HSAPF system.

in three cases. Case 1: when passive filters are connected
alone. Case 2: when HSAPF is connected to the system
with optimized CPIDC for estimating the maximum value
of reference current. Case 3: when HSAPF is connected to
the system with Optimized FOPIDC used for estimating the
maximum value of reference current.

A. WHEN PASSIVE FILTER ARE CONNECTED ALONE

Now, for this load, the designed passive filters are shunted
and the source current wave shape is as shown in the Figure 6.
From Figure 6, it can be seen that the THD is reduced from
25.47% to 15.27%. The source voltage, current, load current
and passive filter current waveforms, obtained under balance
and unbalance loading conditions, are shown in the Figure 7.
Itis analyzed that the source voltage and current are improved
by the action of the passive filter.
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B. OPTIMIZED CONVENTIONAL PID CONTROLLED
HSAPF SYSTEM

The THD of the source current and the performance can be
improved by appending the SAPF into the existing passive
filter system. From Figure 6 and Figure 7, it is clear that
the performance parameter (THD) is not satisfactory, hence
PSO/GWO/PSO-GWO Optimized CPIDC based SAPF is
connected to the system. Source current along with its har-
monic spectrum is given in Figure 8 (a)-(c). Among dif-
ferent optimized CPIDC, PSO-GWO optimized one gives
better result, with THD of 3.52 %, as compared to PSO or
GWO Optimized CPIDC, with THDs of 3.75 % and 3.57 %
respectively. The waveforms of source current, load current,
active and passive filter currents for this case are depicted
in Figure 9 (a)-(d) respectively.
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FIGURE 12. (a) Experimental set up (b) source voltage and (c) source current without any filter.

C. OPTIMIZED FRACTIONAL ORDER PID CONTROLLED

HSAPF SYSTEM

The different waveforms with THD using PSO, GWO and
PSO-GWO optimized FOPIDC based HSAPF is shown
in Figure 10 (a)-(c). From Figure 10, we can see that the THD
of the source current is reduced from 25.47% to 1.64% by
installing PSO-GWO optimized FOPIDC based HSAPF as
compared to 2.58 % and 1.89 % respectively for PSO and
GWO optimized FOPIDC based HSAPF. The source current,
load current, filter current and dc link voltage waveforms,

74506

under both balance and unbalance condition, are obtained as
shown in Figure 11 (a)-(d).

For unbalance condition at t=0.3 secs, a load resistance
of 40€2 is connected between phase-a and phase-c, and at
t=0.5 secs, phase-b is opened to check the single phas-
ing condition. From Figure 11(a)-(b), we can see that after
t=0.3 secs, load current is unbalanced, but the load draws
a nearly balance current from the source due to the presence
of HSAPF. From Figure 11(d), we can analyze that the capac-
itor voltage is regulated at 680V which is the reference value
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FIGURE 15. (a) Performance parameters HSAPF (b) Injected filter current using PSO-GWO Optimized FOPIDC based HSAPF.

under balance and unbalance loading conditions. We can also
observe that the THD of the PSO-GWO optimized FOPIDC
based HSAPF is 1.64% when compared to PSO-GWO opti-
mized CPIDC based HSAPF of 3.52% and that of passive
filter case with THD of 15.27%. The source currrent THD,
Real power (P), Reactive power (Q) and Power factor Cos@®
are calculated for different cases and are given in Table 2.
These results indicate that the reactive power is compensated
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and power factor is improved by HSAPF and hence improves

the power quality in the distribution system.

V. EXPERIMENTAL RESULTS AND ANALYSIS

With the obtained optimal value FOPIDC, an analog con-
troller based prototype of the HSAPF system is developed,
as shown in Figure 12 (a), by integrating the power cir-
cuit and the control hardware, and tested in the laboratory
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FIGURE 18. (a) In phase source current and voltage after compensation using the proposed hybrid filter (b) Injected filter current.

to verify the simulation results. The performance of the
system is investigated experimentally for various loading
conditions. Parameters selected for the experimental veri-
fication are given in Table 4. All experimental results are
recorded with the help of a fluke power quality analyzer.
For these experiments, the load used is a diode bridge with
lamp load on its DC side. Figure 12 (b)-(c) shows the
three phase source voltage, source current without any filter.
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From Figure 12, it is clear that the current drawn by the
diode rectifier is non-sinusoidal. The frequency spectrum is
as shown in the Figure 13 (a), which consists of significant
5t 7t 11t and 13™ harmonics. Figure 13 (a)-(b) shows
the THD of phase-a source current and the performance
parameters. THD of the three phases are found to be 29.2%,
28.4%, 27.8% respectively for phase-a, phase-b, phase-c
respectively.
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FIGURE 21. (a) Injected filter current (b) Regulated capacitor voltage using the proposed hybrid filter.

The power and power factor before filtering is given
in Figure 13 (b). Now, to improve the system performance,
PSO-GWO Optimized FOPIDC based HSAPF is connected
to the system. Figures 14(a), (b) give the three phase source
current of the hybrid filter system and the harmonic spectrum
of phase-a current. THD of the source current is reduced from
29.2% to 5.7%. The power and the power factor are given in
the Figure 15 (a) which shows that before filtering the power

VOLUME 8, 2020

factor is 0.95 (from Figure 13(b)) and this is improved to 0.99
after the proposed hybrid filter is connected. Injected active
filter current is also shown in Figure 15 (b).

A. UNBALANCE LOADING CONDITION

For creating unbalance condition, a single phase lamp load
is connected between two lines at the input of the diode
bridge rectifier, so that the currents drawn by one phase is
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TABLE 3. System parameters for simulation.

TABLE 4. System parameter for experimental set up.

PARAMETERS VALUES
SOURCE VOLTAGE(VRMS) 230V
SYSTEM FREQUENCY (F) S50 Hz
SOURCE IMPEDANCES:
SOURCE RESISTANCE (RS) 0.1 OHMS
SOURCE INDUCTANCE (LS) 0.5MH
NON-LINEAR LOAD:
DIODE RECTIFIER 6-DIODE
LOAD RESISTANCE (RL) 40 OHMS
UNBALANCED LOAD:
LOAD RESISTANCE (RL) 40 OHMS

SHUNT ACTIVE POWER FILTER:

POWER CONVERTER 6-MOSFETS/6-DIODES
FILTER RESISTANCE (RC) 0.4 OHMS
FILTER INDUCTANCE (LC) 1.35MH
DC-SIDE CAPACITANCE (CDC ) 2000 pF
REFERENCE VOLTAGE (VDC, 680V
REF)
SHUNT PASSIVE POWER
FILTER: KVAR =1, QUALITY FACTOR Q=50
5TH HARMONIC FILTER KVAR =0.5, QUALITY FACTOR
7TH HARMONIC FILTER Q=50

11TH AND 13TH HARMONIC KVAR = 0.5, QUALITY FACTOR
FILTER Q=50

different from that of the other two phases. Before compen-
sation, the currents in three phases are 2.6A, 2.6A and 2.0A
respectively and seen to be unbalanced as shown
in Figure 16 (a)-(b).

After compensation, the currents are 2.4A, 2.5A and 2.3A
which are nearly balanced around 2.4A with THD value as
shown in the Figure 17(a), (b). Figure 18 (a) depicts the in
phase-c source voltage and current while Figure 18 (b) shows
the injected active filter current.

B. COMPLETELY UNBALANCE LOADING CONDITION

One of the phase is opened to investigate the performance
of the proposed hybrid filter for completely unbalanced load.
Here, phase-c is opened so that the load current in phase-c
is zero, the current in remaining two phases are 2.1A. Here,
the power factor in one phase is lagging and the other is
leading before compensation as shown in the Figure 19(a),(b).
After the filtering, the currents are seen to be 1.4A, 1.4A
and 1.3A in A, B and C phases respectively, and the power
factor is improved to almost unity in all the three phases with
help of the hybrid filtering as shown in the Figure 20 (a)-(b).
Under unbalance condition, active filter current and the dc
capacitor voltage is shown in Figure 21 (a)-(b) respectively.
In this case, the capacitor voltage is seen to have more voltage
ripples compared to the previous cases as the capacitor needs
to compensate not only harmonics but also to provide reactive
power.

VI. CONCLUSION

In this research work, the implementation of a hybrid shunt
active power filter for three phase three wire system has been
carried out. The prototype has been designed and developed
to eliminate the load generated harmonics and to improve
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PARAMETERS VALUES PARAMETERS VALUES
Vs 20V(PEAK) CF5,LF5 50UF, 8.10MH
F 50Hz CF7,LF7 20UF, 8.27MH
Lc 3MH CFl11,LF11 40UF, 8.63MH
CDC 2200UF CF13,LF13 30UF, 8.84MH
VDC.REF 42V

the input power factor to unity. The developed system is
cost effective, simple and easy for implementation for elim-
inating the load generated harmonics. The simulation and
the hardware case studies able to decrease the harmonics
and THD level of the source current. It is observed that
the proposed hybrid PSO-GWO optimized FOPIDC based
Hybrid Shunt Active Power Filter provides better harmonics
compensation as compared to the PSO and GWO optimized
FOPIDC/CPIDC based HSAPF under different operating
scenarios.

APPENDIX
See tables 3 and 4.
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