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Abstract: Problem statement: Now days, power quality has been given attentios th the intensive
use of power electronic equipments in all typemdfistries such as steel, paper, textile industares
so on. These power electronic devices induce haiobstortion into the supply lines which giveseris
to many undesirable effect&pproach: This study presents a new method for harmonicreadtive
power compensation with a Fuzzy logic controlled @annew control algorithm for active power filter
to eliminate harmonics and compensate the reaptiveer of three phase diode bridge rectifier with
RL load. The Fuzzy logic controller was used todfzethe reference current values and the firing
pulses were generated using hysteresis currentotient The system was modeled and simulated
using MATLAB/SIMULINK power system toolboxResults: The total harmonic distortion for the
system is reduced from 29.16-1.08% using the pmbdazzy logic controller based shunt active
filter. Conclusion: The simulation results found were quite satisfacto eliminate harmonics and
improve the power factor for non linear loads.

Key words: Total Harmonic Distortion (THD), Insulated-Gate Bigr Transistor (IGBT), Fuzzy
Logic Controller (FLC), Voltage Source Inverter (Fulse Width Modulation (PWM)

INTRODUCTION currents (Singh and Singhal, 2007; Sirgtal., 2007;
Chatchanayuenyong, 2009) and also minimize the
Power quality is the ability of an electrical iijilto  reactive power. Active filters have the ability adjust
provide electrical power without interruption and i the amplitude of the synthesized ac voltage of the
encompasses any deviation from a perfect sinusoidahverters by means of PWM by control of dc link
waveform. This includes transients, surges, sags/oltage, thus drawing either leading or lagging pow
brownouts and harmonics. The growth in the use ofrom the supply. The active filter attempts to oest
non-linear loads has caused power quality problemghe sinusoidal characteristics of the line curremt
like high current harmonics and low power factorinjecting the opposite harmonics demanded by the
(Chandra et al., 2000; George and Basu, 2008;load. In order to produce the harmonic cancellation
Asiminoaei et al., 2006). As it is becoming too effect, the APF is connected in parallel with tbad.
important to prevent harmonic related problemsesslv  The objective is to force the source current to be
harmonic standards have been developed and beirginusoidal and in phase with the source voltage to
followed by utilities worldwide. To avoid the effscof  have zero Total Harmonic Distortion (THD) and
harmonics the passive filters and active filtes ased. unitary power factor at the source line.
A passive filter has been a viable approach becatise Generally, the performance of APF is based on
low cost and high efficiency. However, the passivedesign of VSI, type of the firing circuit and metiso
scheme has limitations such as interference with thused for calculating the reference current (Shalarete
system impedance causing resonance with otheal., 2006). Several control algorithms and perforneanc
networks and the inability to adapt to network analysis were implemented using shunt active filter
characteristic variations (Wei al., 2006). (Ajami and Hosseini, 2006; Kukrer and Komurcugil,
Active filters have advantages over passive Blter 2008; Singh and Solanki, 2009; Zaveti al., 2009;
by utilizing a switch mode power electronic coneert Rahmaniet al., 2010; Santiprapan and Areerak, 2010;
to supply harmonic currents equal to those in te@ll Rani and Porkumaran, 2010). For power quality
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control, a Fuzzy Logic Controller (FLC) Model gives current controller is employed in the inner loomizol
comparatively better harmonic reduction than theto perform the reference current calculation.
conventional Pl Controllers (Singh and Solanki, 200

Zaveri et al., 2009; Ahmedet al., 2009; Rathika and PROPOSED CONTROL ALGORITHM

Devaraj, 2010). The advantages of fuzzy contrel ar

that it does not require accurate mathematical inode  The proposed control system of shunt active filter
can work with imprecise inputs, can handle nonliitiga 1S concise and requires less computational effibrds
and are more robust than other conventional noaline Many others found in the literature. It is formey @
controllers (Ghasemiet al., 2008; Kerrouche and DC volta_ge regulator_and reference current estimato
Karim, 2009: Reddy and Subramanyam, zoog;l-!ysterems controller is used for generating S\_/mtgh
Moinuddin and Ram, 2010). The main objective o$ thi :I)?srt]glri tf')rrlesp?u':rptgs;cs)rg? ut:iﬁgdﬁzrggtisgrgﬁgtn;”%? t
study is to improve the power quality by developang correct the power factor, (ii) regulate the DC agk

lcor_ltrol altgolrllthrr; folr_ S.huTt ?ﬁt'vﬁ filter using e and (iii) eliminate the line harmonics. The flowachof
ogic controller to eliminate the harmonics in pewe . ool algorithm is given Fig. 2.

systems. A hysteresis qontrol_ler based currentrobhert The compensating currents of active filter are
was used and the 5|_mulat|0n results are presenteghiermined by sensing the load currents, DC busgel
followed by the conclusion. and peak voltage of AC sourcesfy The instantaneous

voltages of AC source can be represented as ith:EqQ.
SYSTEM CONFIGURATION
V(1) =V xsin(wt)
The basic system configuration of the shunt activeV(t) =V, xsin(wt -120) (1)

power filter is shown in Fig. 1. The Insulated-Gate v_(t) =V, xsin(wt - 240)
Bipolar Transistor (IGBT) based Voltage Source ftafe
(VSI) bridges with a common DC bus capacitor ardus The basic function of the proposed shunt active
as the SAF. A hysteresis rule based carrier lessePu filter is to eliminate harmonics and compensate the
Width Modulation (PWM) current control is employted ~ current unbalance and reactive power of load. After
generate the gating signals to the switching devithis compensating, the AC source feeds fundamentaleactiv

. : : .. power component of load current and losses of tever
sys:_?m cqtmhpgies three ph?se sulppg/ vél:th d|o| degeérid for regulating the DC capacitor voltage and heree t
rectimer wi as a non linear load (Chan N peak of source reference currentgfl has two

2000) and the proposed shunt active filter is cotate components. The first component represents the
parallel to the system. average load active power {i¥) and the second

Only the load currents and source voltage areomponent of AC source current {}%) is obtained
measured to force the line currents to be sinusaidd from DC capacitor voltage regulator. Instantaneous
in phase with the supply voltage. A proportional- Power of load (at kth sample) is given by Eq. 2:

integral voltage controller is used in the outesdao

maintain the dc bus voltage constant. The FLC base@e (K)= Vaa(K)I (k) +V k)1 (k) +V (Kl (k) (2)
' 1
T 20 Zshy  ZEh) j
- - o T e Sl e e - ;J: Rl
e T . St e e - o
‘ l l I I o T e it e A e ] ] ] EF' L1
Jsap AP D
'*_,' o L_’i«‘:-_. - 8 :J,: rp Controller ~T~_¢D ij 2 jj 5 “
]Lll“—ll\g i:J=- Lf Prylses)

Woltage source inverter

Fig. 1: Basic system with non-linear load and staative filter
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Vo Vo Vi I, , P 3 where the difference between the reference valdettan
I W I 4 ¢ actual value is calculated and is given as:

Calculating instantaneous power of load
V* o =V

cde —

-V

cdc (7)

dcref

P, . . .
Y ' This (V*.9 will be given to the controller to

Estimating the average load power obtain I*,4 The desired peak current of AC source is
then obtained by the following expression Eq. 8:

v Pirs
" . . " I*sm :|* smp+ smd (8)
Calculating desired peak current of ac source

The AC source current must be sinusoidal and in-
Lo phase with source voltages. Therefore the desiredris
Finding the desired source current of AC source can be calculated by multiplying psaisrce
current with unity sinusoidal signal and theseyusignals
are obtained by the following Eqg. 9:

v Pa e P

Calculating reference current of saf u, = Vsa/ V.,
l Inm- ]*{b- I:|:_:L Ub = Vsb/vsm (9)
UC = VSC/ Vsm

Fig. 2: The flow chart of the control algorithm ) o
The desired source current is given as Eq. 10:

The average power of load (R) is obtained by
passing RBaq (K) to low-pass filter. The average power |*_ =|*

of load (Ravg can be written by means of Eq. 3 and 4: *,, =I* Sm>U : (10)

9]

m

I*, =I*
sc sm c

PIavg = 1/ nZEzl poad(k) (3)
Finally, the reference currents of active filtenc

n=Tf T=1/f (4)  be obtained by subtracting the load current from th
reference source current and given as follow Eq. 11

Where:
f = The fundamental system frequency * =1 4 .
fs = The sampling frequency = 4, (11)
In order to compensate the current harmonics ande =" st e
reactive power of load, the average active powek@©f
source must be equal to PLavg. Considering they uni These reference currents will be given to the
power factor for AC source currents the averagveict Switching circuit of carrier-less hysteresis colférofor
power of AC source can be represented as Eg. 5: producing the necessary PWM pulse to the voltagecso
inverter. So the voltage source inverter with thesed
P =3/2V, 1* =P, (5) loop system acts as a controlled current source and

produces the exact reference waveform at the output
This output of the shunt active filter compensates

From the average power of the load the flrstline harmonics and the line current becomes sidakoi

component of AC side current is obtained nameg,|*

and given as follows Eq. 6: Role of DC side capacitor: When the APF is
compensating the harmonic and reactive power
components, the dc capacitor voltage Vdc variesicle
Vdc is also sensed and regulated at a referenee val
The second component of AC source curregh@lfs  V*dc in order to establish a self-sufficient eneajythe
obtained from DC capacitor voltage regulator aEdn7,  dc bus. DC side capacitor serves two main purpgises
739
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it maintains a dc voltage with small ripple in stga ambiguous, imprecise, noisy, or missing input
state and (ii) serves as an energy storage eletnent information. FL approach to control problems mimics
supply real power difference between load and surchow a person would make decisions, but much faster.
during transient period. The concept of Fuzzy Logic (FL) is a way of procegs

In steady state, the real power supplied by thelata by allowing partial set membership rather than
source should be equal to the real power dematideof crisp set membership or non-membership. FL
load plus a small power to compensate the losst#®in incorporates a simple, rule-based IF X AND Y THEN Z
active filter. Thus, the capacitor voltage can beapproach to solve a control problem rather than
maintained at a reference value. However, when thattempting to model a system mathematically.
load condition changes the real power balance hetwe The FLC mainly consists of three processes viz.,
the mains and the load will be disturbed. This realFuzzification, Inference and Defuzzification as who
power difference is to be compensated by the din Fig. 3.

capacitor. This changes the dc capacitor voltagayaw o ) )
from the reference voltage. Fuzzification: The fuzzy logic controller requires that

In order to keep a Satisfactory Operation of theeach input/output Variablle Wh|Ch defineS the CdntI’.O
active filter, the peak value of the reference entr Surface be expressed in fuzzy set notations using
must be adjusted to proportiona”y Change the real'ngl.usuc IeVelS. The |InngtIC Va|ueS Of eaCIpllm and
power drawn from the source. This real poweroutput Variable d|V|de ItS uniVerse Of diSCOUI’SdBOin
charged/discharged by the capacitor compensates ti@éljacent intervals to form the membership functions
real power consumed by the load. If the dc capacitoThe member value denotes the extent to which a
voltage is recovered and the reference voltage i¥ariable belongs to a particular level. The process
attained, the real power supplied by the source i§onverting input/output variable to linguistic ldvds
supposed to be equal to that consumed by the loatermed as fuzzification.

Thus, in this fashion the peak value of the refegen
source current can be obtained by regulating th
average voltage of the dc capacitor.

When the dc capacitor voltage is smaller than th

énference: The behavior of the control surface which
relates the input and output variables of the sysiee
(governed by a set of rules. A typical rule wouldib¥

reference voltage, it indicates that the real powenls A Then Y is B. When a set of input variablesaad,

supplied by the source is not enough to suppl Ioac‘f‘%h.mc t_he_rules that ha\_/e any degree of _truthsin
delr3r1pand a)er hence the source cu?rent (i.e?ptt){e reB[EMISE 1S fired and contributes to the formingthut

power drawn from the source) needs to be increase&Ontrol surface by approximately modifying it. When

On the other hand, a larger value of dc capacito?" the rules are fired, the resulting control aud is

voltage tries to reduce the reference source curEd exgretss_?ﬁ. as a fuz;y lfet to repr?sent the corttrain
capacitor design can be represented as Eq. 12-14: output. ThiS process IS known as inference.

Defuzzification: Defuzzification is the process of

C=20E/V -V, (12)  converting a fuzzy quantity into a crisp quantifhere
are several methods available for defuzzification,
Where: centroid method being the most prevalent one which
uses the following formula for defuzzification Ekp:
Vre :Vmax +V min/2 (13)
f J(xax (15)
AE=1/2C\Pref- 1.2 (14) [uC0)dx
FUZZY LOGIC CONTROL where, U is the membership degree of output x.
Fuzzy Logic (FL) is a problem-solving control . .. . i o\ G v

system methodology that lends itself to implemeortat
in systems ranging from simple, small, embeddec .
micro-controllers to large, networked, multi-chahR€ 1

or workstation-based data acquisition and contro Mebership Fuzzy (F THEN) ules
systems. It can be implemented in hardware, soétwar £ I

or a combination of both. FL provides a simple way

arrive at a definite conclusion based upon vaguefig. 3: Block diagram of FLC
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N zZ P Ifref or viref /j) Erroe 4¢7 Fasing gl ,\_‘ If or vf
1 Active power filter
/\ /\ Hysteresis band comparator
[\ /
\ / \ /’
\ / \\ / Fig. 6: Hysteresis current control
< / \
0.5 /
\ / / Table 1: Fuzzy rule representation
/ Y, Negative Zero Positive
[ (N) 2 P)
Negative (N)  Big negative Positive Big positive
(BN) P (BP)
0 Zero Negative Zero Positive
200 4150 2100 S0 0 50 100 150 200 2) (N) 2) (P)
Positive Big negative Negative Big positive
P) (BN) (N) (BP)

Fig. 4: Input membership function

S Mamdani type fuzzy model was used for the
ak 5 o 5 Hp implementation of the system. The input variablds V
, V2 and V3 (ranging from -240-240V), 11, 12 and I3
/\ I\ (ranging from-10-10A) and the output variable i
[\ / '\ / (ranging from 0-10) were chosen. At the output
defuzzification is done to obtain the crisp valiée
» "\\ /’ \ / \ ;" \ / relationship between the input and the output Wéeiss

\ \ / VW \ / chosen based on the Fuzzy rules representation &bl

\yf" i A \f shown in Table 1.

[\ ] [\ /\ SWITCHING STRATEGY OF CONVERTER

L O Hysteresis current control is a method of
i : ) generating the required triggering pulses by compgar
Fig. 5: Output membership function the error signal with that of the hysteresis band iais
used for controlling the VSI so that the outputrent is
generated from the filter will follow the referencerrent
waveform is shown in Fig. 6. This method contrdie t
switches in an inverter asynchronously to ramp the
current through the inductor up and down to folline
reference. Though the hysteresis current contrahés
asiest method to implement, it has a disadvantdge
controller side, the capacitor voltage deviation is aving no "F“'t t_o the switching frequ_en_cy; howe\@m
considered as the input of the FLC. The real powefdditional circuitry can be used to limit the maxim
requirement in terms of the reference currentkeniaas  SWitching frequency. When the current through the
the output of the FLC. The input and output vagabl [nductor exceeds the upper hysteresis limit, a inega
are in crisp form and they have to be converted int voltage is applied by the inverter to the inductehich
linguistic variable form. causes the current in the inductor to decreasee @

Gauss membership function is chosen as the inpi@urrent reaches the lower hysteresis limit, a pasit
varies in the sinusoidal form and it has three stshs Voltage is applied to increase the current andciiuge
(shown in Fig. 4). Since the crisp value from teasor ~ repeats. The switching frequency can be altered by
cannot be given as input to the fuzzy logic cogrgpl changing the width of the hysteresis band, the size
the membership functions are used to convert tlsp cr the inductor and the DC voltage applied to the @tolu
value into linguistic value. The output values varyby the inverter. Hysteresis current control leads t
within a small range and hence triangular membprshiasynchronous switching which produces a band of
function is chosen (shown in Fig. 5). switching frequencies.
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Fig. 7: Hysteresis band . . .
g y Fig. 8: Source voltage and current without filter

Hysteresis band is shown in Fig. 7. If upper switc |, . . System parameters

is OFF and Iower_ swi_tch is ONin first-leg_. _ _ Parameters value
If upper switch is ON and lower switch is OFF in"sypply peak voltage 56V
the second-leg. Supply frequency 50 Hz
Similarly the switching logic of other two phases Ve gorg:"':
(b and c) of the SAF is formulated, using the width F\:ff 01Q
hysteresis band. Ko, Ki 0.001, 0.1
Rs 0.25Q
Ls 2.5mH
MATERIALSAND METHODS R 10Q and 5Q
Ly 5 mH
Average switching frequency f 20 kHz

Simulation was carried out to demonstrate the

effectiveness of the proposed control strategyther |, c s- Comparison of results

active filter to reduce the harmonics. The testesys THD (%)
used to carry out the analysis (Fig. 1) consisis thfree
phase voltage source and a three phase diode bridffthod Rphase Y phase B phase
rectifier with RL load. The active filter is conrted to ot e it a2 291
the test system through an inductor L. The valddb®  \yith ELC based filter 1.08 1.12 1.06
circuit elements used in the simulation are givan i
Table 2. MATLAB/SIMULINK is used to simulate the To reduce the harmonics further, the active filter
test system and the proposed shunt active filter. was simulated with fuzzy logic based controllegufe
11 shows the compensating current to be generated b
RESULTS using the proposed algorithm and the actual filter

current that is injected in to the system is shawhig.

The three phase source voltage and current which2. After the filter current is injected into thied, the
is same as that of the load waveform without shunsource voltage and current waveforms are as shown i
active filer is shown in Fig. 8. Fig. 13 and the frequency spectrum of the compedsat

The frequency spectrum of the distorted waveforncurrent is shown in Fig. 14.
is shown in Fig. 9 where Total Harmonic Distortion The performance of the active filter with the
(THD) of the distorted line current is 20.75%. Frtime  proposed control algorithm is found to be satisfact
harmonic spectrum, it is evident that, the suppiyent  and the source current is eventually sinusoidal iand
is distorted due to the harmonics especially dhfénd is in-phase with the supply voltage as shown in. Fig
seventh order. 13. The THD has decreased from 20.75-1.08% with

An active filter with fixed hysteresis band curren fuzzy logic controller. Figure 15 shows the DC
control (HB = 0.5A) and a PI voltage control is capcitor voltage for the shunt active power filtard
connected in parallel with the load. Figure 10 shithe it is clear that the controller is able to regulahe
source voltage and source current of the systerh witvoltage requirement of the active filter. The TaBl
the Pl based conventional controller. The THD iis th shows the percentage THD of supply current for PI
case has decreased from 20.75-1.27%. based controller and FLC controller.
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