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Abstract

This paper describes the applicatiba movel neuro-fuzzy based control strategy whéalsied in order to improve the
Active Power Filter (APF) dynamics to minimize therhonics for wide range of variations of load curramder various
conditions. To improve dynamic behavior of a thpease four-wire shunt active power filter and itsuetmess under range of
load variations, adaptive hysteresis band with insaeous p-q theory is used with the inclusion afralenetwork filter for
reference current generation and fuzzy logic cdfgrofor DC voltage control. The proposed controlheme for “split-
capacitor” converter topology is simple and alsgaéle of maintaining the compensated line curréatsnced, irrespective of
unbalancing in the source voltages & deviationhia tapacitor voltages. The results presented in M¥BFSIMULINK software
in this paper clearly reflect the effectivenesshef proposed APF to meet the IEEE-519 standardmesendations on harmonic
levels.
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1. Introduction

The need for effective control anflogdnt use of electric power has resulted in masgiroliferation of
power semiconductor processors/converters in alrmlbsireas of electric power such as in utilitydustry and
commercial applications. This has resulted in seripower quality problems, since most of these ineat
converters contribute to harmonic injection inte ghower system, poor power factor, unbalance, ikeapower
burden etc. The vulnerability of equipments in awited processing industry to poor power qualityléetp heavy
losses. Conventionally, passive L-C filters weredut eliminate line harmonics. However, the passiters have
the demerits of fixed compensation, bulkiness aonduoence of resonance with other elements. Thentec
advances in power semiconductor devices have eekift the development of Active Power Filters (AHR&)
harmonic suppression [2]. Various topologies ofvacfilters have been proposed for harmonic mitaa{3]. The
shunt APF based on Voltage Source Inverter (VSlicstre is an attractive solution to harmonic carngroblems.
The shunt APF is a pulse width modulated (PWM)agdt source inverter that is connected in paralil the load.
It has the capability to inject harmonic currernbithe ac system with the same amplitude but irosje phase of
the load [4]. The principal function of shunt aetifilter is compensation of the load harmonic cairies. it confines
the load harmonic current at the load terminalsgdéring its penetration into the power system.

The principal components of the ARE the VSI, a DC energy device that in this casmpacitor and the
associated control circuits. The performance ddetive filter depends mainly on the technique usecbmpute the
reference current and the control method usedj¢éetithe desired compensation current into the Mdéh respect
to three phase four wire shunt APF two more thigets added especially with “split capacitor” congetopology
that is the control of voltage deviation betweea tit capacitors & total DC bus voltage regulationoss the
capacitors connected to the inverter in order suemsuitable transit of power to supply the inmert

In this paper to improve dynamicfpemance of proposed Shunt APF an ANN controlles heen used to
facilitate the calculation of reference currentsréiby making use of Instantaneous real-reactivg) @ireory. This
theory deals with 8(a-b-c) to 2&(a-p-0) conversion. Among the various current contemhniques available,
hysteresis current control is the most popular fonactive power filter applications. Hysteresisremt control is a
method of controlling a voltage source invertertisat the output current is generated which folleveeference
current waveform. In this paper a dynamic offsetlés added to both limits of the hysteresis bandrder to make
it more adaptive & to control the voltage deviatidiis dynamic offset level is obtained by measweirof DC
capacitor voltages. In this work a very simple cohtircuit is used for generating dynamic offsegngl. Also in
this work Fuzzy logic controller (FLC) has been dige maintain constant DC voltage across the camaci
connected to the inverter. FLC has been used ineptasf conventional Pl controller because of itsioss
advantages over the latter such as, no need facamate mathematical model, facility to work withprecise
inputs, capability to handle non linearity and lgeinore robust than conventional non linear corgrell By using
all these techniques neutral current of the loaddeen compensated.
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2. Proposed Topology of Shunt Active Power Filter
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Fig. 1. Proposed topology of shunt active powlégrfi

A system with nonlinear three phase load supplied boltage source is considered as shown in Fig. 1
shunt active power filter is used to generate tiapensation currents. The target is to get a saunaent without
harmonic and reactive components. The APF poweuitiproposed is a three phase IGBTSs bridge invevith a
“split-capacitor” converter topology in the DC sitte compensate for three phase four wire unbalancatinear
loads. The APF control circuit consists of a NEUROZZY controller in which neural network controllaccounts
for the reference current generation and fuzzy rodiet along with dynamic offset block accounts the DC
voltage control. The proper functioning of these=éhblocks result in the generation of gate sigfaalshree phase
inverter which in turn is responsible for genergttompensating currents. These compensating caro@nnjection
through the three phase inverter results in harmeoimpensation of source currents and load neatraknt
thereby leading to improvement of power qualitytio® connected power system [4-5].

3. Control Strategy of Shunt Active Power Filter

For efficient performance of the shactive filter there are four main tasks for tremtroller-(i) identify
the harmonic contents and to form the synchronieéetence (ii) provide close loop control to fotbe current of
the VSI to follow the reference (iii) regulate theltage deviation between the DC capacitors (igutate the VSI
total DC link voltage in the face of power losseghe VSI and the erroneous real power exchangddthe line
[5]. In this work first one i.e. to calculate red@ce current has been achieved by using a neurabriecontroller
thereby implementing p-g theory in it. The secoaskthas been achieved by using a hysteresis cuoentol
technique. For the third task a dynamic offset &ig#) created from measurement of DC capacitor voltdgess
been added to both the limits of hysteresis bamdvé¥er the last one has been implemented by usihgay logic
controller.

3.1. Reference current calculation

For reference current calculation instantaneousheqry has been used [6-16]. Instantenous p-qythiso
one of the best methods for calculating the refegequrrents. According to this theory 3 phase(ab@ phasey-p-
0) conversion(i.e. Clarke’s Transformation) takéce for source voltages and line currents andageltand current
components in two phase system are then usedtéinaleal and imaginary power components whichthea to
produce reference currents in two phase. Theseerefe currents are then transformed to three ptisegh
inverse Clarke’s transformation which are then usedgrovide the appropriate gating signals to itererThe
inverter thus produces suitable current which ajected back to supply and thus line currents arepensated. In
this work a fundamental positive sequence detéstosed so as to limit the effects of supply disbor.
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Fig. 3. Contorl block diagram of shunt active pofiker
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The instantaneous p-g theory is based @fi™transformation (or Clarke’s transformation) ofltage and
current signals to derive compensating signals.shewn in Fig. 2 first the fundamental positive seme
components of three phase source voltages ar@edtdly using a fundamental positive sequence aetdutreby
using a ANN based filter. The voltage componentlaad currents then undergo thef-0" transformation using
“Clarke’s transformation”. The transformed voltagad current signals i.e.oy VB, ia and ip are then used to
calculate instantaneous real and reactive powecande written as:

p=(Vo . ia) + (VB . ip). @)
g=(Vp.ia) + (-Va. . ip). )

where p is the instantaneous real power and g dsifBtantaneous reactive power. The alternatedevafu
instantaneous real poweg)(is obtained by using an ANN based filter. T#isnd g are then used to calculate
reference currents iri“f” coordinates as shown below:

e B M i o

where to* and icp* are the reference compensation currents in thg”“‘coordinates. The reference currents in abc
coordinates are then obtained by applying inversek€'s transformation on thex*3-0" coordinates as shown in
Fig. 3. As shown in Fig. 3 dynamic hysteresis aurmntrol technique is used to compare the reteremurrents
(ica¥) and the filter currents #) so as to generate suitable gate pulses for thertar. The word “dynamic” comes
from the fact that a dynamic offsel) (is created from the measurement of the DC capawiltages and this offset
level is added to both limits of hysteresis ban@soo control the capacitor voltage difference.
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The filtered voltage differenc&V=Vdc2— Vdciproduces according to following limit function generator:

-1 — AV < -0.05Vef,
AV [ (-0.05Vref) <> -0.05VWef <AV < 0.05\ef;
1 — AV > 0.05Vef;

Mmmm
oIl

where Mef is a predefined voltage reference, and +58t¥as arbitrarily chosen as an acceptable margiokbdge
variation.

3.2. Neural network controller

In this work a neural network catigr comprising of an ANN based filter is usedftutain the alternated
value of instantaneous real powg) (vhich is used as an input for calculating thesrefice currents as shown in
Fig. 3.
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Fig. 4 shows the architecture of the proposed AINE neural network. It is a two layers (input and
output) network having n-inputs and a single outfiie basic blocks of this network are input sigihalay vector,
a purelin transfer function, weight matrix and bias
The input output relationship is expressed as:

61
y=> w,i, +b ©)
=1

where ‘b’ is bias ‘W’ is weight and ‘i’ is the inptio the NN. This output 'y’ is fed to the pureliransfer function,
whose input output relationship is shown in FigThe input to the network is a time delayed seoiethe signal
whose fundamental component is to be extracted. [€hgth of this signal is 61, which has been deatide
considering expected maximum distortion and unlza@an 3-phase input signal. Fig. 6 shows the imtiestructure

of delay block. The proposed NN receives 61 sampieimput signal at a time and produce single outphe input

is sampled at 6KHz i.e. 120 samples per fundameyiek of voltage. Target datép) required for training the
proposed NN was generated using decomposition iggebinThe weight adjustment is performed duringtth&ing
process of ADALINE using Widrow-Hoff delta rule. @mean square error between desired output andlactu
output is reduced to 3.2dy repetitive training with a learning rate of 006.

3.3. Fuzzy logic controller

In this section we present the main ideas undaglfihC. Fuzzy logic uses fuzzy set theory, in which
variable is a member of one or more sets, withexifipd degree of membership. Fuzzy logic allowtagmulate
the human reasoning process in computers, quaimifyecise information, make decision based on vaajc
incomplete data, yet by applying a defuzzificatpracess, arrive at definite conclusions.
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Fig. 8. Membership functions for the input andpauat
variables

A fuzzy logic controller comprises of four princlpeomponents: a fuzzification interface, a knowledg
base, decision making logic, and a defuzzificatiterface. The fuzzification interface involves iears functions
such as it measures the values of input variapk$orms a scale mapping that transfers the rahgaloes of input
variables into corresponding universe of discoarse performs the function of fuzzification that gerts input data
into suitable linguistic values which may be viewas labels of fuzzy sets.The knowledge base coewris
knowledge of the application domain and the atteahdantrol goals. It consists of data base andgulstic control
rule base. While the data base provides necesgfdinjtibns, which are used to define linguistic troh rules and
fuzzy data manipulation in an FLC, the rule basaratterizes the control goals and control policyhef domain
experts by means of a set of linguistic controésulThe inference mechanism uses a collectiomgfiistic rules to
convert the input conditions into the fuzzified putt Finally, defuzzification is used to converé tluzzy outputs
into control signals [17-18].

To design the FLC, variables which can represemtdymamic performance of the system to be conttolle
should be chosen as the inputs to the controlteis tommon to use the error (e) and the rate airel) as
controller inputs. In the case of the fuzzy logased DC voltage control, the capacitors total gatdeviation and
its derivative are considered as the inputs ofRh€ and the very small amount of real powesgrequired for
voltage regulation is taken as the output of th&€ FThe input and output variables are converted linguistic
variables. In this case, seven fuzzy subsets, Njdtiee large), NM(negative medium), NS(negative I§ma
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ZE(zero), PS(positive small), PM(positive mediumdaPL(positive large) have been chosen. Membership
functions used for the input and output variablesduhere are shown in Fig. 8. As both inputs haverssubsets, a
fuzzy rule base formulated for the present appbeoais given in Table 1.

Table 1. Fuzzy control rule table

e
é NL NM NS ZE PS PM PL
NL NL NL NL NL NM NS ZE
NM NL NL NL NM NS ZE PS
NS NL NL NM NS ZE PS PM
ZE NL NM NS ZE PS PM PL
PS NM NS ZE PS PM PL PL
PM NS ZE PS PM PL PL PL
PL NL NM NS ZE PS PM PL

4. Resultsand Analysis

The Active Power Filter and the proposed controNas modeled and simulated in MATLAB/SIMULINK
simulation software. The proposed neuro-fuzzy aletr simulated with balanced and unbalanced nealidoads
with sinusoidal/distorted, balanced/unbalanced itmm$ of source voltages. The system parametemadL
resistance R100Q, Load inductance E37mH, Supply Phase voltage=240V(rms), Supply liammeters Rs €1,

Ls=3mH, Filter coupling inductance Rc=Q@5Lc=3mH, Inverter DC bus capacitor =2200uF, RefeecVoltage
=250V, Hysteresis band limit =0.5A and Switchingduency =12kHz.
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Fig. 9. Steady state filtering performance: (ggh3source currents (b) neutral current (c) THD

Fig. 9 (a), (b), (c) shows the smurcurrent, neutral current and total harmonicodigtn (THD)
waveforms respectively before and after the startihactive filter. At t=0 sec. the rectifier loéglconnected to the
AC supply. Initially the source currents are highlgtorted and in transient condition. Active filie started at time
t=0.1 sec. It can be seen that source current besimisoidal immediate after starting the actilterfi The neutral
current is compensated as shown in Fig. 9 (b). THB in individual source current after filtering isund to be
less than 3% shown in Fig. 9 (c).

Fig. 10 shows the three phase soeworrent when a load is suddenly increased by 40%e time
t=0.1sec. In this case the shunt active powen fitarts at t=0.04sec.The waveforms are maintasiasoidal in
spite of such large variation in load as shownim EO (a). The THD comes below 5% at t=0.25 seshemsvn in
Fig. 10 (b). Neutral current compensation is shamifrig. 10 (c). Fig. 11 shows the filtering perfante under
unbalance load condition. In this simulation stuall,- phase rectifier load is connected betweesghaand ‘b’ in
addition to three phase rectifier. This createsuabalance of 60% in line currents. In this caseARE starts at
t=0.1 sec. It can be seen that the proposed neamy-tontroller keeps currents in each phase nesarlysoidal and
THD less than 4% in time t=0.12 sec. As shown i Fil (a) currents become sinusoidal as soonea8Rik starts

Neuro-Fuzzy based Controller for a Three-Phase Flire Shunt Active Power Filter (Mridul Jha)
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at t=0.1 sec. The neutral current of the load $8 @bmpensated as shown in Fig. 11(b). Inspitenbalancing the

THD comes below 5% in time t=0.12 sec as shownigrnl&(c).

The results shown in Fig. 9-1Imdestrate the excellent steady state and dynamiorpgance of
proposed neuro-fuzzy controller under AC sourc¢odi®n and unbalance and nonlinear loading coowiiti The

neutral current of the load is fully compensatedlirnthe cases.
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Conclusion

In this paper a new control tegluai based on neuro-fuzzy logic has been presemtesl.simulated
results demonstrate its effectiveness under varigpesating conditions. Some of the advantages @fptloposed
controller are: It is independent of the sourcetage distortion and unbalance; fast and accurateinyy of
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fundamental component under balanced and unbalancglinear condition; simple architecture and eémy
implementation; and active filter controller compates the whole neutral current of the load.
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