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1. INTRODUCTION

In recent years, the increasing use of power @pitts based non linear loads continuously
deteriorated quality of power. Many of the impottamernational standards define power quality @s t
maintain purely sinusoidal current waveform in ghasth purely sinusoidal voltage waveform. Therefa
power quality problem exists if any of the voltageyrent or frequency deviation from sinusoidalunat
occurs. Power quality problems are common in ingalstcommercial and utility networks as power
electronics appliances are widely used in thedesfieThese appliances generate harmonics and veacti
power. Therefore it is very important to compenste dominant harmonics and thus Total Harmonic
Distortion (THD) below 5% as specified in IEEE 3i&monic standard [1].

To lessen the effect of harmonic distortion twofediént filters are provided namely Active and
Passive filters. The passive filtering is the siegplconventional solution to eliminate the harmatigtortion
and power factor improvement in the power systeilities. Although with various advantages such as
simplicity of construction, easy to implement arfbaper, the passive filter suffer from many disattvges
such as tuning problems due to tolerance, resonéired compensation characteristics for fixed eatf L
& C and their bulky size. To overcome this problantive Power Filter (APF) is brought in effect.

Active power filter is a dynamic and flexible sobrt for the mitigation of harmonic current due to
their compact size, no requirement of tuning arablst operation. Active power filter acts as harmoni
current source to provide emphatic result to corsptenfor harmonic currents as well as reactive poive
has the capability to inject harmonic current itite ac system with the same amplitude but in opp@éiase
of the load [2]. As the HAPF is complex with coffeetive parameter control, the hybrid active pofiker
has been preferable in the subject of harmonictisoluHybrid active power filter gives the efficacis
combination of passive and active filter, which liap the advantages of both and eliminates thet-sloones
of each one shown in figurel.
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Figure 1. Hybrid Filter Configuration

Accuracy of this hybrid active power filter is deykng upon the calculation of harmonic current
and generation of reference current. In this papdhree phase three wire neural network contratasht
hybrid active power filter is proposed [3], [4],][5To make the shunt active power filter model more
dynamic and robust in nature in this paper an AMNtmller has been used to facilitate the calcotatf
reference currents. ANN controller is used to gateefundamental from non-ideal voltage source. The
extracted fundamental currents are then subtrdioted source current to evaluate the reference bigna
harmonic currenfThe proposed controller has self-learning with ragburacy and simple architecture and it
can be successfully applied for harmonic filterungder various power system operating conditiongs Th
paper, therefore, presents a hybrid power filteangisieural network-controller to control the harriusn
under different non-sinusoidal and unbalanced sgla@d conditions for its performance.

2. PROPOSED TOPOLOGY

Three phase three wire hybrid power filter is ussdprototype shown in figure 2. Shunt active
power filter is used to generate compensation atiireopposite phase. Power circuit for APF is msgd as
an IGBT based three-phase voltage source inveritir DC storage capacitor for better compensation of
non-linear unbalanced /balanced loads. Active pdilter has two different control schemes; one ésitnal
network controller that accounts for reference entrrgeneration and second Pl controller for DCagst
regulation.ANN comprises three adaptive linear oasrto extract the fundamental components of treeth
phase voltages from non-sinusoidal supply [6]. Tapacitors are designed to limit the dc voltagpleo a
specified value, typically 1 to 2 %. In this cake tapacitor should be designed for the worst &isee the
active filter will operate in several modes (bakhor unbalanced load), then the injection of campéon
current is done in order to nullify or mitigate tharmonic currents. Injection of this compensatarrent
gives improved power quality. The performance & Httive power filters is dependent to a greatrexte
upon the method used for the calculation of refegesurrent.

Design of Hybrid filter

The requirement of reactive power is must for dasig of hybrid power filter. The proposed
control scheme generates the reference compensatioent for the active power filtering with lowdar
harmonics and VAR being taken care of, by the pasiined filter [7], [8], [9]. As a result, ho haomic
resonance occurs and no harmonic current flowshé qupply. Following equations can be used for
designing passive filter-
Let VAR requirement of load is (VAR)s0 VAR supplied by passive filter is

VAR
(VAR)s = S50t (1)

Capacitance, inductance and resistance of theveafiisér element can be calculated as

(VAR)
C= m.st (2)
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Figure 2. Proposed topology of shunt active power f

L=— (3)
wL
R=- (4)

Where, Q is the Quality factor. Value of R, L & @ries with different values of VAR and Q. After tluer
analysis following equation is obtained

Bp = (5)

1
Q
Where, B is the bandwidth of the passive filter. With higddue of Q the bandwidth is narrow therefore it is
difficult to obtain the tuning.

The total impedance of system is given by the egoat

— ZsZ7Zs (6)
ZgZ7+ZgZs+Z7Zg

Where, Zis the source impedance ang&Z- are the 8 and 7' tuned passive filter impedances.

3. CONTROL STRATEGY

The main function of control scheme is shown irufig 3 to maintain supply current waveform
sinusoidal, identification of harmonic content, ukgion of DC voltage and controlling scheme of HFAis
compulsory which provides compensating currenhogower system as well as supplies harmonic cisrren
to the three phase non-linear load at the samannsEor the proper response of APF the extraatibn
fundamental component of current from non-sinudoidput, reference current generation, DC voltage
regulation and injection of compensation curremésessential tasks [10]. These tasks can be achiavy
by using various controlling schemes. The indireethod of current/voltage sensors is used. The thinase
unit voltage vectors (4 Ve, Voo are obtained from the supply voltages. These wettors, when multiplied

ANN based Hybrid Active Power Filter for Harmoniglimination with Distorted Mains (Laxmi Devi Sahu)



244 O ISSN: 2088-8694

with reference supply current ), result in three phase reference supply currénts I's,, I's). The
reference supply currents and sensed supply car(eptl, ls) are the inputs for the pulse generator, which
generates the firing pulses for the gating sigt@mkhe IGBT's of the active power filter[11], [L2{lysteresis
current control is a method of controlling a vokagpurce inverter so that the output current issgead
which follows a reference current waveform.
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Figure 3. Block diagram of control strategy for shactive power filter

3.1. Neural Network Controller

One important issue that assesses and evaluatgsiahty of the delivered power is the estimation
or extraction of fundamental components from disircurrent or voltage waveforms. In order to pdevi
high-quality power supply electricity, it is essahtto accurately estimate or extract time varying
fundamental components, both the magnitude angliase angle, to mitigate harmonic component using
active power filters. There is harmonic estimattenohnique reported based on Atrtificial Neural Netgo
(ANN) controller. ANN is found to be most advantage so therefore ANN used in this work. Usually, a
low pass filter is utilised for separating fundat@rcomponent from voltage which is inefficient actual
conditions proposed earlier. Moreover, it has profd related to accurate phase and gain tuninghaed t
additional current sensors are required for senkiag currents. We know that the decision of patc
order and cut-off frequency plays a major role é&signing a filter. Hence, in the proposed methodearal
network is employed for extracting fundamental comgnts from each phase of source currents instead o
load currents for non-ideal mains supply and re@syiteal power due to fundamental components aecits
is calculated. The architecture of proposed ADALINEural network has two layer (input and output)
network having n-inputs and a single output shawfigure 4.

Outpu
-

Linear T. F.

Figure 4. Internal blocks of proposed Neural Networ
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Figure 5. Input/Output relationship of purlin trégrsfunction

The basic blocks of this network are input sigrelhg vector, a purelin transfer function, weighttrixaand
bias is shown in figure 5. The input output relasibip is expressed as:

yzzgilwn*in+b (7

Where ‘b’ is bias, ‘W’ is weight, and ‘i’ is the jout to the NN. The input to the network is a time-
delayed series of the signal whose fundamental coentt is to be extracted. The length of this dskyes
is 61, which has been decided considering expectaximum distortion and unbalance in 3-phase input
signal. The input of the ANN system is supply vgiaand current and the output of the system is APF
reference current. The weight adjustment is peréatrduring the training process of the ADALINE using
Widrow-Hoff delta rule [6]. The mean square erreivizeen desired output and the actual output wascest
to 3.2€ by repetitive training with the learning rate 09006.

3.2. Proportional Integral Controller

PI controller algorithm involves two separate pagtars; the Proportional and the Integral. The
Proportional value determines the reaction to timeenit error; the Integral determines the reactiased on
the sum of recent errors. A comparison of the @gend the reference values of the dc bus voltagthé
shunt AF results in a voltage error, which is fedtproportional integral (PI) controller and theput of the
PI1 controller is multiplied by the mains voltageweform Vs, Vs, Vscin order to obtain the supply reference
currents 4, i, isc
A PI controller used to control the DC-bus voltageshown in Figure 6 whose transfer function can be
represented as

H(s) =k + 7 8)

Where, k is the proportional constant that determines §mathic response of the DC-bus voltage control,
and ks the integration constant that determines ittding time.

<
a,
\ 4
|

Vdc

Figure 6.PI controller for DC-bus voltage control

It can be noted that ifkand k are large, the DC-bus voltage regulation is domtiramd the steady-
state DC-bus voltage error is low. On the hand, iind k are small, the real power unbalance gives little
effect to the transient performance. Therefore,gtaper selection of kand k is essentially important to
satisfy above mentioned two control performances.

The computed three-phase supply reference curegatsompared with the sensed supply currents
and are given to a hysteresis current controllagetioerate the switching signals to the switcheth@fshunt
AF which makes the supply currents follow its refeze values [13].

4, RESULT
The system parameters: Load resistance=RLOQQ, Load inductance [=37mH, Supply Phase
voltage = 240 V(rms), Supply line parameters RQ=Is = 3mH, Filter coupling inductance Rc=0.5
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Lc=3mH, Inverter DC bus capacitor =2000uF, Refegevioltage = 480V, Hysteresis band limit =0.5A and
Switching frequency =10kHz, PI controller parametare K=10, K, = 0.5.

The Active Power Filter with proposed neural netwopntroller was modeled and simulated in
MATLAB. The proposed controller simulated with badégd and unbalanced nonlinear loads with
sinusoidal/distorted, balanced/unbalanced conditioh source voltages. Figure7 shows the three phase
source current when a load is suddenly increase®®¢ at the time t=0.12 sec. The waveforms are
maintained sinusoidal in spite of such large vamain load. Figure 8 shows the filtering perforrnarunder
unbalance load condition. In this simulation studyl- phase rectifier load is connected betweeseha
and ‘b’ in addition to three phase rectifier. Thigates an unbalance of 60% in line currents. TRE /S
starting at t = 0.06 sec. It can be seen that tbpgsed neural network controller keeps currenteaoh
phase nearly sinusoidal and THD less than 4%. Ei§ushows the performance of the shunt activerdilte
when the source voltage is unbalance and distoetgokctively. In Figure 8 the three phase unbalanoece
voltages are 240, 200 and 160Vrms. At t = 0.06 ABE starts and THD of source current in each phase
reduced to 4%. In Figure 8 the source voltage igarninated with § and %" harmonics with THD of 12%.
After filtering the THD of source current in eachgse becomes 4%. Figure 10 shows the voltage across
charging capacitor. The results shown in Figure detnonstrate the excellent steady state and dynamic
performance of proposed neural network controlledan AC source distortion and unbalance and noaine

loading conditions.
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Figure 10. Voltage across Capacitog, V

CONCLUSION
The In this paper, an analysis has been carrietbotie estimation of the reduction in size andt:

of the active filtering unit with the passive turiters inserted for partial compensation. Thareation has
been done for varying VAR compensation of the pasdilters. The novel approach which based
intelligent neural techniques has been proposed.penformance of the proposed ANN was verified ulgit
simulation studies with MATLAB. Proposed controllgrcvides the fundamental component from disto
supply accurately. The estimation further strengshihe fact that the shunt active filtering systeased or
the ANN control scheme can be made quite-effective with the addition of a passive countet, as
required in practical applications, for power gtyalimprovement in retrofit systen
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