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Abstract: The Central Force Optimization Technique (CFOT)is used in this research to provide a novel way for compensating reactive
powers and reducing harmonics in shunt active power filters (SAPF), resulting in a better proportional and integral (Pl) gain.CFOT
provides better accuracy than swam intelligence techniques and other optimization methods. It also gives better and easier computational
procedures. The performance of the proposed controller is validated using results obtained through Matlab. In order to prove the efficacy
of the technique the results achieved are compared with nature-inspired controllers like Ant Colony optimization Algorithm (ACA) and
Particle Swam optimization (PSO) techniques. Various parameters such as total harmonic distortion (THD), active & reactive powers are

utilized for the comparison purposes.
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| Introduction

The gap seen between quality of power delivered and the
quality of power necessary for the load apparatus to
operate consistently can be regarded as a power quality
problem. Over the years, a variety of power enhancement
devices have been created to safeguard equipment against
power outages [1]. The following are some examples of
effective and cost-efficient measures namely devices for
power conditioning and specialized power sources.
Lightning and surge arrestors, Transient Voltage Surge
Capacitors, Filters, Isolation transformer, Voltage
Regulators and Uninterruptible Power Supply are some of
the power conditioning devices. SAPF is one of such
power conditioning device which provides better power
quality [2]. The pollution of AC supply systems can be
caused by a variety of factors, including natural ones like
lightning, flashover, equipment failure, and faults, as well
as forced ones such voltage distortions and notches.
Because they draw non-sinusoidal current and behave as
nonlinear loads, a lot of customer's equipment pollutes the
supply system. As a result, power quality is measured in
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terms of the supply system's voltage, current, or frequency
deviance, which can lead to equipment failure or
malfunction. Voltage harmonics, surges, spikes, notches,
sag/dip, swell, unbalance, fluctuations, glitches, flickers,
outages, and so on are typical power quality issues related
to the voltage at the point of common coupling (PCC)
where multiple loads are connected [3]-[6].

These issues might occur in the supply system as a result
of various system disruptions or the existence of nonlinear
loads such as furnaces, uninterruptible power supplies
(UPSs), and variable speed drives. Poor power factor,
reactive power burden, harmonic currents, unbalanced
currents, and an excessive neutral current in poly phase
systems due to unbalancing and harmonic currents created
by some nonlinear loads are some power quality issues
connected to the current pulled from the AC mains. These
power quality issues result in capacitor bank failure,
increased distribution system and electric machine losses,
noise, vibrations, over voltages and excessive current due
to resonance, negative sequence currents in generators and
motors, especially rotor heating, dielectric breakdown,
communication system interference, relay and breaker
malfunctions, false metering, interferences to the motor
controllers and digital controllers among other things [7].
During each half cycle, however, some loads cause the
current to change disproportionately with the voltage
Non-linear loads are what they're called. These non-linear
loads cause current and voltage harmonics to be created.
Non-sinusoidal current causes a variety of issues for
utilities and power supply companies, including low power
factor, low energy efficiency, electro-magnetic interference
(EMI), power system voltage fluctuations, and so on. To
avoid the harmful effects of harmonics, a perfect
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compensator is required [8].The gap seen between qualities
of power delivered and the quality of power necessary for
the load apparatus to operate consistently can be regarded
as a power quality problem. Over the years, a variety of
power enhancement devices have been created to
safeguard equipment against power outages. The following
are some examples of effective and cost-efficient measures
namely devices for power conditioning and specialized
power sources. Lightning and surge arrestors, Transient
Voltage Surge Capacitors, Filters, Isolation transformer,
Voltage Regulators and Uninterruptible Power Supply are
some of the power conditioning devices [9]-[12]. SAPF is
one of such power conditioning device which provides
better power quality. The SAPF is controlled by any one or
combinations of controllers to draw or supply
compensating current from or to the load respectively to
cancel out current harmonics on the AC side, and to keep
the DC link voltage constant by keeping the real power
flow in the system and reactive power flow from or to the
source, putting the source current in phase with the source
voltage [13].The active power filter's basic compensation
principle is shown in Figure 1, and it acts as an energy
storage element to supply the real power difference
between the load and the source during the transient
period. The real power in the system, i.e. the power
between the mains and the load, changes as the load state
changes. The faulty functioning of the system occurs as a
result of the real power imbalance, and the real power
disturbance is cleared by the DC link capacitor, causing the
voltage across the DC link capacitor to change away from
the reference voltage [14]-[16].

Lu L Non-

@ (VI 11LL Linear
L) Load
L,

Active

Filter

Figure 1. General Structure of Active Filters

The CFO Tmetaheuristic optimization is a new
optimization evolutionary algorithm (EA). CFOT looks for
the extrema of an optimization problem to maximize in a
multivariate search area. It is based on a gravitational pull
similarity to classical particle kinematics. A metaheuristic,
by definition, is a set of algorithmic notions that can be
used to build heuristic techniques for a variety of
situations. To put it another way, a metaheuristic is a broad
sense computational architecture that may be used to solve
a variety of optimization problems with few changes. A
metaheuristic is usually proposed without any
mathematical proof, and it is frequently inspired by a
biological metaphor, with ACA and PSO being notable
instances [17]. CFOT is proposed in the same way,
however it is based on an analogy drawn from the motion
of masses in a gravitational field rather than biology. Not
much applications of CFOT in the power system network
are available in the literature. This paper will be focusing

on exploration of a new area for the CFO methodology. It
is used in the SAPF as a novel controller, which enhances
the power quality as compared to the other methods viz.
ACA & PSO.

11 Central Force Optimization Methodology

Unlike other extensively used metaheuristics, CFOT is
fundamentally deterministic. By analogy to masses moving
under the influence of gravity, it models probes that fly
through the decision space. Using the example of particle
motion in a gravity pull, models characterizing the probes'
locations and accelerations are derived. Objects travelling
through three-dimensional space become locked in close
orbits around highly gravitational masses in the physical
universe, which is similar to finding the maximum value of
an objective function.

The algorithm is deterministic since CFOT lacks
randomization properties. CFOT models are based on the
concept of probes moving through space. One probe will
be attracted by another probe of equal or larger mass, but
the heavier probe will be unaffected. The probes are
modelled using known equations with a focus on physical
features, allowing their journey to be duplicated with no
subsequent random modifications. The probes positions
and accelerations will be updated on a regular basis. The
procedure will be repeated until a global optimum solution
is discovered [18]-[22].

A group of probes is represented as a potential solution in
CFO, with each probe ‘p’ having a position vector Pp(t) &
an acceleration vector Ap(t) at time t.

The acceleration vector is updated using the following
equatlon.n . ' « (- r0)
a0 =6370(Fo-Fro)(Fo-rro) —  -(1)

j B
j(t)- PP
j£p "P - P (t)"

Probe p’s position is updated using the following equation.

AP (t) Ae?

PP(t+1)= PP(t) + .

-(2)
Here

G - represents the Gravitational constant

Fk(t) = fit(R*(t)) gives the fitness value of the
probe k’s position at time

‘t’, where (k=1,2, ....,np)

np— number of initial probes

a, B —are CFOT parameters

U — Unit step input, U(s) = 1 for s > 0 or else it is equal to
zero.

At — represents the unit s P INcrement o

> (- ro)

i=1
ng — represents the number of variables in the decision
space (Ds)

D, = {al, a,, .....and}, within the limits given by

Pimin < a; < Pimax

Ime.

IP’@® = PP =

If the generated probe is beyond the Ds, then positions of
the probes are reassigned as given by the following
equations (3) and (4).
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If the position is below the lower limit P/*™, then it is
repositioned as gi_ven by the equation (3), _
PP(t+1) = P+ By [FP(t =D = P™"] - (3)

If the position is above the upper limit P/***, then it is
repositioned as given by the eqqation (4),
Pip(t+1)= Pimax_Pnew[Pimm_ Pip(t_l)] '(4)

Here Prew is known as the reposition factor.

The steps involved in the CFOT process is given below

1. For each probe, define an initial position and zero
acceleration.

2. For each probe, calculate the value of P and choose the
place with the highest P.

3. Compute the new position of the probes, PP (¢ + 1). If it
exceeds the Ds limit then adjust the position by the
equations (3) & (4).

4. Update P and locate the probe with the highest value.

5. Using Equation (1), update the acceleration of each
probe.

6. Determine whether the convergence requirements are
met. Return to step 3 if it does not fulfill.

The general flowchart of the proposed CFOT is described
in the figure 2.

Start
€L
Initialize the
parameters a, B, n.,
n, and ...

NP

Initialize the position
vector P & acceleration A

Compute the initial Fitness
P & melect the best probe
fitness

L

1= step

time = N

b
Update fitness

function & best probe

e — |

Final optimal

i= the probe

position of the global
best fitness.

1

Figure 2. Flowchart of the proposed CFOT

111 Design of Active Power Filter

After nonlinear application into the system, the p-q theory
is used to improve the source current index. It essentially
decreases lower-order harmonics in the power system. The
instantaneous p-gq theory creates compensatory signals
based on the non-linear loads (NLL) actual and reactive
power.

P-g theory is used to generate the reference signal. Clarke's
transformation is used to convert a three-phase system to a
two-phase system (abc- ap). The real and reactive power of

the NLL are calculated using the converted numbers
discussed below. The p-q quantities include both AC and
DC components. The AC Component is extracted using the
HPF, and the reference signal is calculated using the
inverse transformation.

SN T |
Vso VZ V2 V2 [
Vsa | = 211 — 1y
vsa = 5 > 2 va -(5)
sp
o & 5
1 1 1
fLo > ‘/f l/il l/—zl l:La
;La - g 2 2 l_Lb - (6)
l
LB l 0 ? _ gJ Lc

The instantaneous active power (p), reactive power (q),
and zero sequence power (p0) are all expressed in equation

™).

Po Vso 0 0 iro

p ] = 0 v Vsg | |iLa -
q 0 Usg ~VUsa iLB

The following equations (7) & (8) gives the active and

reactive power using the p-q approach from Clarke
translation

p=p+7p - (8)
q=q+ g -(9)

Here, p and qrepresents the DC average value of
instantaneous real & imaginary part of the signal
and p and grepresents AC value of instantaneous real &
imaginary part of the signal.

The reference currents in a —f coordinates are given by the
following equation number (10)

(9 _ 1 VUsa Usp [—ﬁv + E]
[i:B] - v52a+vszﬁ [vs[? _vsa] —q (10)
Additional average power is required to compensate for
VSI losses caused by the switching of power electronics
switches, and it is given as
Ap = Po + Dioss - (11)
Herepross represents average losses in the inverter. The
error is passed to the Pl controller for further processing
once the actual DC-link capacitor voltage (Vdc) and
reference value (Vdc*) are compared.
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vsa’, vsb’, and vsc’ are used in transformations for 3-phase
three wire system, which is given by equation (13), va’,
vp’ are used in transformations for three phase four wire
system, which is given by equation (14).

. 1 0

VUsa -1 V3 |[v

vip|= 5|7 Z [v‘i‘] -(13)
vl e L

} 2 2

(v, 1 i _il’f [p’]

|\ = Tz | .y ! - (14
_”ﬁ] i+ g [lﬁ ‘a] q 4

The proposed control schematic of the CFOT methodology
is shown in the figure 3.
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Figure 3. Block diagram of proposed CFO-PI Controller

IV Results and discussions

The simulation results obtained through Matlab are
discussed in this section. Simulation is carried out for the
proposed CFOT based controller and also for PSO and
ACA based controllers and all the results are compared.
The parameters used for the simulation purposes are
tabulated in table 1.

Parameter Values

Grid Voltage 415 Volt

Source Resistance (Rs) 0.1 ohm
Source Inductance (Ls) 0.15 milli Henry

Load Resistance (RI) 100 ohm
Load Inductance (LI) 200 milli Henry

Table 1: Simulation parameters

The following figures depict the waveforms obtained from
the simulation results.Various graphs like source current,
source voltage, output current, output voltage, THD, active
& reactive powers and filter capacitance voltage were all
recorded for the comparison parameters in order to prove

the efficacy of the proposed CFOT controller against the
PSO and ACA controllers

The three phase source current, i.e. the grid current and
output current of the PSO, ACA and CFOT based systems,
are shown in figures 4, 5 & 6 respectively and is sinusoidal
in all the three cases. The changes of the output three phase
voltages and currents for all the three types of controllers
are depicted in Figures 7 to 9. The three phase input
voltages and currents for PSO, ACA and CFOT controllers
are shown in Figures 10, 11 and 12 correspondingly. It can
be seen that the oscillations settle fast, resulting in a
reduction in THD.

Grid Current
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——agiid Curent P30 (A)

begrid Current-PSO (A)
| ——cgrid CurentPSO () ||

Grid Current (V)
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output current
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b-Load Curent-PSO (A)
|—— c-Load Current-PSO ()

—

Load current (A)

I |
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time (sec)

Figure 4. Waveform of a) source current and b) output current
for PSO based controller

-
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Figure 5. Waveform of a) source current and b) output current
for ACA based controller
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Figure 6. Waveform of a) source current and b) output current
for CFOT based controller
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Figure 7. Waveform of O/p voltage & current for PSO
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Figure 8. Waveform of O/p voltage & current for ACA
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Figure 9. Waveform of O/p voltage & current for CFOT

Figure 10. Waveform of input voltage and current for PSO
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Figure 11. Waveform of input voltage and current

for ACA based controller
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CFOT based controller

ot Aciio Powsr

B B

g0 s’

H G

< 32

)
time (sec)

o Rearve Pow §

B _

g, £,

£ 5

i g

- i

£ 22

g H

4 $1

, g

o o1 oz o .‘alns o8 o oe oa N ] 01 02 03 04 05 06 o7 08 09 1
ime (sec) time (sec)

Figure. 13 a)

Figure. 13 b)

Active Power

——— Active Power (W)-CFO

Active Power (W)

005 01 0

15 02 025 03 03 04 045 05
time (sec)
Reactive Power

[—— Reaciie Pover (W)-CFO

Reactive Power (W)

o 005 01 o

5 02 025 03 035 04 045 05
time (sec)

Fig. 13 ¢)
Figure 13. Waveforms showing the active and reactive
powers for a) PSO b) ACA c) CFOT

Figures 13 shows the active and reactive powers corresponding to
each controllers.Figure 14 shows the source current waveforms
and their accompanying THD for the PSO trained controller. The
PSO-based controller has a THD of 2.48 percent, which is

substantially below the

IEEE standard. Similarly the source

currents waveforms and its corresponding THD for the ACA and
CFOT controllers are displayed in the figures 15 and 16
respectively. The THD for ACA controller seems to be 2.15 %

and for that of the propos

ed CFOT method it is 1.95 % which is

less than the other two techniques. Table 2 lists the comparative
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performances parameters of all the 3 methods taken in this

e

Mgl

Figure 14. Waveform of a) source current and b) THD of
source current for PSO based controller

PR

|.|||Iu.|..|...... s

Figure 15. Waveform of a) source current and b) THD of
source current for ACA based controller

Figure 16. Waveform of a) source current and b) THD of
source current for CFOT based controller

Type of % THD Active Reactive

Controller power power

PSO 2.48 % 5579 198.4
controller

ACA 2.15% 5860 125.4
controller

CrOT 1.95% 6061 25.02
controller

V Conclusions

A novel Central Force Optimization Technique is proposed for
the power quality improvement in the SAPF based power
network which contains non-linear loads. The harmonics

generated due to the presence of the non linearities are
compensated and the corresponding THD values are well below
the standards. The robustness and the effectiveness of the
proposed controllers are also well proved with the help of
simulation results, as compared with that of the other
optimization methods namely PSO & ACA based controllers.
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