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Nowadays, active power filter (APF) is the most popular device for harmonic
compensation. This paper presents the soft computing techniques for
compensation of currents harmonics using a shunt active power filter
(SAPF). The method includes a 3-phase supply system with a current-
controlled voltage source converter (CC-VSC) having an input coupling
inductor and output tank capacitor for a self-supported DC bus. The
performance of the active power filter can be enhanced by using soft
computing techniques such as artificial neural network (ANN) controller and
gravitational search algorithm (GSA) for generating control signals of the
SAPF. The current reference is calculated to compensate source current THD
with synchronous reference frame (SRF) technique with proportional
integrator (PI) controller. From the result, it is evident that both the soft
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Shunt active power filter

computing techniques reduce the computational time & fast convergence
which improves the filter performance during the transient period and makes
it self-tuned. The proposed structure is simulated using MATLAB/Simulink
and subsequently experimentally verified. The presentation of the system is
originated to be suitable for numerous features of power quality enhancement
structure.
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1. INTRODUCTION

With the use of power electronic-based devices, various power related issues such as load unbalance
and harmonics are injected in modern distribution systems [1], [2]. These loads are termed non-linear loads.
There are two types of non-linear load, current & voltage fed loads. To understand with the example that
phase-controlled converter with an inductor as the load is nonlinear in nature and the converter with resistive
load are voltage source type loads [3]. Due to the unbalanced operation and non-linearity, these devices draw
an instantaneous reactive power and inject harmonics current. The unbalanced operation increases neutral
current [4]. The unbalanced voltages, need of reactive power, voltage sag and swell, current and voltage
harmonics are the power quality issues that are common due to power electronics-based nonlinear loads.

It is essential to change and applied resolution to expand the quality of power in the system.
Traditionally to overcome such PQ issues passive power filters are used but due to their drawbacks like fixed
compensation, retuning, series/ parallel resonance & filtering characteristics strongly affected by source
impedance, etc. To overcome such problems, APFs are presented in electrical systems. Several compensation
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techniques have been stated to regulate APF’s with the advancement in power electronics[5], [6]. To achieve
the goal of power quality using APF, the main task is the exact estimation of compensating current &
generation of the reference current [7], [8]. PDF controlling based on soft computing techniques are also
known as artificial intelligence (Al) is well known due to its capability to handle complex & non-linear
systems without much information about exact mathematical models [9]-[11]. The ANN is the most popular
out of these techniques as it is having many advantages like after training it works with incomplete
knowledge, even provide an output if one or more cells of ANN may be corrupted, It is having a distributed
memory [12].

SAPF generates compensating current of similar degree but of reverse sign to that the harmonic
current is produced by loads which is nonlinear in nature. In this article, the performance of SAPF has been
improved using Al techniques. The DC-link voltage of VSI topology of APF regulated by GSA tuned Pl
controller and ANN controller which are applied for optimal PWM generation to reduce losses and make the
system more robust. PLL synchronization is used for reference current generation. Hysteresis current
controller is applied for producing switching signals for switches. It is generated by a comparison of
reference signals and sources current. Pl controller is most widely adopted in commercial applications as they
are having simple structure, ease to design, and low cost [13]-[16]. Under sag conditions, conventional
approaches use constant gain Pl controllers to raise the fault between the reference voltage and the DC
connection voltage [17]-[21]. As a result, compensation for PQ distortion at the point of typical coupling is
robbed (PCC) [22].

2.  GSA BASED SAPF OPTIMIZATION
Figure 1 presents the proposed model of SAPF using GSA tuned PI controller. Figure 2 presents the
proposed Flowchart for proposed GSA optimization. Gravitational search algorithm (GSA) [23], [24] is a
process constructed on Newton’s law of gravity. It revealed that every particle interest’s other particle using
gravitational force [25] The gravitational force (F) is clear by (1),
M; M,

where,

M;and M,=Mass of the particles,
G=Gravitational constant,
R=Particles distance
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Figure 1. Block diagram of proposed SAPF based on GSA tuned PI controller

As per Newton’s second law which states that acceleration of particle is ratio of force applied on a
particle to its mass as state in (2).
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To describe GSA, each mass (agent) is represented by its inertial mass, position, submissive
gravitational mass, and dynamic gravitational mass. Inertial mass is an impact rate of a body changing its
motion when force is providing. Dynamic gravitational mass is the amount of gravitational field forte for a
specific object and submissive gravitational mass is the interaction of a body with gravitational field strength
measurement.

Let the structure of ‘n’ agents (masses) the i location of an agent S; is given by (3).

Si:(SiI...,Sid...,Si") (3)
whereiis 1, 2,..n

S; ¢ shows the location of i mediator (mass) in d™ length. The force exerted on mass i from mass j at a
precise time is characterized by (4).

F5 (k) = G(k) % (x]d k) — x{i(k)) (4)
Rij(k) = ||5i(k):5j(k)”2 (5)

Fi‘} (k) is a force working on ‘i’ from mass ‘j’ at a specific time k, G(k) is the gravitational constant & it
depends on time, M,;(k) is the dynamic gravitational mass of agent j, My,; (k) is a submissive gravitational
mass of agent i, £ is a minor constant and R;;(k) is the Euclidean distance among two mediators i and j as
distinct by (5).

In GSA, G(K) is given by (6), where Go is the primary value for G, T is the total count of iterations
and o is a parameter.

G ()=G0 exp (-a %) (6)

The complete force F? (k) which acts on parameter i in d" dimension is at random weighted
addition of d-th components of the forces exerted from other agents (7). In this equation, randj is an arbitrary
number lies between [0, 1].

F{' (k) = I, j.irand; Fff (k) )

By the Newton’s second law, a? (k) is the acceleration of the agent i at time t in d direction &
given by (8), where M;; is the inertial mass of it agent.

Fl)
@ () = 31 ®)

V& (k + 1) is the velocity & S{* (k + 1) is the position of an agent at time (k + 1) characterized by
(9) and (10) respectively.

V& (k+1) =af (k) + V@ (k) x rand,; 9)
SEk+1)=V2k+1)+ St (k) (10)

The active, passive & inertial masses are given by using (11)-(13), where fit; (k) gives the fitness
value of an agent at time k.

(Mai = Mpi = Mii = Mi’ i:1,2,.....n) (11)
_ fitj(k)—worst (k)
my (k) " best (k)— worst (k) (12)
Where, M, (k) = —=i®d
00 = o ®

For minimization/maximization, worst (k) & best (k) are characterized by (13) and (14).
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best (k) = min (. max )flt (k) (13)
Jj€E{1,..n} je{1
worst (k) = g{llaagl}(jemm )fit;(k) (14)

For obtaining good coordination between examination and exploitation, the numbers of agents are to
be reduced with time elapse and the best agents will interact with the other agents. Therefore (7) can be
rewritten as (15).

Fid(k)zz::lev m(mnd 4(k)) (15)
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Figure 2. Flowchart for proposed GSA optimization

3. ANN BASED SAPF OPTIMIZATION

Artificial neural network (ANN) is an iterative approach based on human brain neuron training
[26]-[29]. The basic structure of the developed ANN has been shown in Figure 3(a). Neurons in multi-layer
artificial neural networks are structured closely to those in the human brain. Each neuron has a set of
coefficients that bind it to other neurons. Knowledge is transmitted to these access points during preparation
so that the network can be understood. Levenberg—Marquardt backpropagation training algorithm is used to
renew the weight & bias values. Output & input layer consist of 1 neuron & hidden layers are 20 neurons.
For a given search problem the input & output layers remains constant, and the number of hidden layers
dictates the precision of ANN. The proposed model of 3 phase, VSI with the R-L element as the nonlinear
load is shown in Figure 3(b). Phase lock loop is used for reference current generation. The error between link
voltage (DC) & reference voltage (Vi) is fed to ANN controller. As the DC link supplies switching losses of
VSI, hence its voltage regulation is done by ANN Controller. THE proposed ANN controller is a multilayer
neural network. It is trained to get reference current to generate reference 3-phase source current & generate
gating pulse using 6 IGBT switches for SAPF. It consists of APL loss component to keep the average DC
link voltage unchanged. In this ANN controller based on a multilayer, the feed-forward type is used.
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Figure 3. These figures are: (a) Developed ANN, (b) Proposed ANN based SAPF

4. RESULTS
MATLAB/Simulink prototypical of SAPF with projected controllers is established and tested.

Three-phase

shunt active power filter arrangement has been represented in Figure 1 and Figure 3. The

proposed model consists of a 3-phase ac source, SAPF, R-L type nonlinear load & proposed controllers. A Pl
controller is used to maintain the DC bus voltage of the VSC to 200 V. Figure 4 and Figure 5 are the present

performance

of the system. Simulation time is applied as 0.0 sec to 0.40 sec.
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Figure 4. SAPF performance with: (a) GSA tuned PI, (b) ANN
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Figure 5. Harmonic spectra of source current: (a) Compensation with GSA tuned PI, (b) Compensation with

Simulation is performed by proposed GSA & ANN algorithm & obtained results are compared APF
is switch on 0.1 seconds. Figure 4 depicts the system's complex output for the nonlinear load. It presents the
waveform of PCC voltage (Vi), Source voltage (Vsac), load current (lLanc), input supply current (Is),
compensator current (lca, lcp, lcc), and DC link voltage (V). It can be detected that under the dynamic &
steady-state process of the system, the supply current is balance and sin wave. The supply current is in phase
with PCC voltage with unity power factor.

Figure 5 shows the harmonic spectrum of supply current (lsa, lsh, Isc). It is evident that harmonic
distortion of supply current (lss, s, lsc) are 02.41%, 02.43%, and 02.43% correspondingly with GSA tuned Pl
and 1.14%, 1.16%, and 1.16% for ANN tuned. The source current is specified by the IEEE-519 standard.
Without compensation total harmonic distortion (THD) is 28.05% which is reduced to 2.41% by GSA tuned
PI controller & 1.14% from ANN controller.

The presented structure is subsequently experimentally verified. Figure 6 shows the source voltage
waveforms, load, and compensating currents. It has been demonstrated that the presented technique works
well even under unbalanced load conditions.

Both soft computing techniques are applied to provide optimal PWM generation. The primary
advantage of PWM is that it minimizes the losses occurred due to switching. When the switch is closed (off)
there is no current and when it is open (on) the current flows towards load, therefore there is no voltage drop
across the switch. Hence power loss in both conditions (on/off) is almost zero [28]. Figure The harmonic
analysis of supply and load current is depicted in Figure 7. THD values in the source present are 2.04 percent
and 1.20 percent, respectively. The load current has a THD of 26.8%. For harmonic reduction and load
unbalancing, the VSC has been properly regulated.
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5. CONCLUSION

In this paper, SAPF performance has been analyzed by using soft computing techniques such as
GSA tuned Pl & ANN-based controllers. The proposed models are implemented on MATLAB/Simulink &
their performance results are compared. The results obtained from GSA tuned PI controller show good
compensation as well as less deviation in DC link voltage with faster settling time. ANN controller improves
SAPF performance during the transient state as it having self-learning ability with parallel computation.
Hence less computational time & fast convergence obtained from both but in GSA the convergence rate

becomes slow down in the next iteration and it may fall into the local optimal solution. The % THD obtained
from both are within IEEE standards.
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