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ABSTRACT

Now-a-days the power quality problems in the power system caused more reasonable effect on the generation
and distribution side. The harmonic is one of the issues in power quality due to Non Linear Load (NLL) and it can
be resolved by Shunt Active Power Filter (SAPF). The active filter provides higher efficiency when compared with
passive filters. The Pl control strategy with indirect current control technique is used and modified Space Vector
Pulse Width Modulation (SVPWM) control scheme has been used to produce a required switching signal for load
compensation. In this paper, the Fuzzy Logic Controller (FLC) is proposed to eliminate the ambiguity in the system.
The performance of the fuzzy logic controller is compared with different membership functions (Trapezoidal,
Triangular and Gaussian) and the simulation is designed in MATLAB/Simulink tool to support the feasibility of
proposed control strategies.

KEY WORDS: Power Quality, Harmonic Elimination, Shunt Active Power Filter, Fuzzy logic controller,
Membership Functions.

1. INTRODUCTION

In recent years, switching devices are currently used in a wide variety of domestic and industrial loads. This
introduces serious issues to the utility side. The interruptions, voltage sag, voltage swell, harmonics, noise and
switching transients are some of the power quality issues occurred in the system. Among these power quality issues,
the harmonics is the major contribution for polluting the power grid. To avoid the effects of harmonics, passive filters
have been used. They are used to create a resonance at a particular frequency. There are some of the problems arising
in passive filters is resonance, fixed compensation and huge size. These problems are overcome by active filters by
replacing inductors using op-amp based equivalent circuits. They can be used to address more than one harmonic at
a time.

Among the active filters, the SAPF is a device which cancels the reactive and harmonic currents from a
nonlinear load and that is connected in parallel to the system. The SAPF is Voltage Source Inverter (VSI) with DC
side capacitor (Cqc). It is used to produce the compensated current (i) and is injected into the utility power grid. This
cancels the harmonics drawn by the nonlinear load and keeps the standard form of utility line current (is). It carries
only the filter current and small quantity of fundamental current supplied to compensate the system losses.

The Vg is regulated by maintaining a constant value using Pl controller and improves the system
performance effectively. Several techniques are available to generate the compensation current for the Active Filter.
Bhim Singh (1999), proposed single phase SAPF and PI control algorithm is implemented to regulate the DC side
capacitor.

In order to improve the performance of the PI controller in SAPF, genetic algorithm, bacterial foraging
technique, particle swarm optimization, ACO, Artificial Neural Network and FLC technique are employed. The
SAPF is optimized by bacterial foraging (BF) technique for load compensation in and Ant colony optimization
(ACO) in. The conventional Pl and FLC for pq strategy are compared in of pq strategy. The TS-FLC and mamdani
FLC are compared in. The FLC with different membership functions for pq strategy are compared in.

In this paper, the FLC is used for controlling SAPF. The performances of percentage peak overshoot (%Mp),
DC link voltage settling time (Vq_Ts) and Total Harmonic Distortion (%THD) are analyzed by comparing
conventional PI controller. The proposed method offers an efficient control and gives better dynamics response and
the results are compared with different membership functions.

Reference Source Current Estimation Method: Due to NLLs, the harmonics is generated and injected in the
supply system and other loads which are connected from the same supply get distorted due to the harmonics. Hence
the SAPF is connected at point of common coupling (PCC) across the main supply system. Fig.1 shows the basic
principle of a SAPF. It is controlled to generate a compensating current to the generation side, so that it makes the
source current and the source voltage are in phase with each other and cancels current harmonics on the ac side.
From Fig.1, the instantaneous current can be written by Eq. (1):

is(t) = i, () —ic(t) )
The source voltage is given in Eq. (2):
vg(t) = V. sinwt (2)

If a NLL is applied to the system, then the load current will have a real component and harmonic distortion
components, which can be expressed as in Eq. (3):

i,(t) = Lsin(t + ¢1) + Y. I,sin(hwt + ¢y,) 3)
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The instantaneous load power can be assumed in Eq. (@)

pL(t) = vs(t) * i (t) -
pL(t) = VI sin?wt * cos@y + Viplisinwt * coswt * sing, + V,, sin wt * anz I;sin(nwt + @) (4)

p() = pr() + pr(O) + P (5)
From Eg. (4) and (5), the real fundamental power drawn by the load is given by:
pr(t) = Vplisin®wt * cospq = vs(t) * is(t) (6)
From Eq.(6), the current delivered by the source, after reparation is
t
i;(t) = pr (D = I;cos¢, * sinwt = I, sinwt

vs(t)
Where, I¢,, = I,cos@,
There are certain switching losses in the filter and so the generation must supply the capacitor leakage and
switching losses as well to the real power of the load. The total current provided by the source (Ig,) is given by
Eq.(7):

Isp = Igm + Iy (7)

_5’ PCC —
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Figure.l. Basic principle of SAPF

If the APF provides the reactive and harmonic power, then it will be in phase with the source voltage which

is purely sinusoidal. At this time, the APF should provide the filter current as Eq. (8):
ip(8) = iy (t) —is() (8)

Hence, for accurate compensation of reactive and distortion power, it is necessary to estimatei(t). The value
of the reference current can be assessed by monitoring and regulating the DC side capacitor voltage. The preferred
source currents, after compensation can be written as in Eq. (9):

isq = Ispsinwt
lsq = Igpsin(wt — 120) 9)
Isq = Ispsin(wt + 120)

Where Iy, is the peak of the preferred source current, while the phase angle can be attained from the source
voltages.

Hence the I, is essential to be determined. The value of the reference current has been assessed by
monitoring the Cq voltage of the PWM converter. The capacitor voltage and the reference value are compared and
the error is processed in FLC controller. The output of the FLC has been measured as the peak of the desired source
current and the reference currents are assessed by multiplying this peak value with the unit vectors which is in phase
with the source voltages. The modified SVPWM current control scheme is used to generate switching pulse of VSI.
The designing of PWM inverter is detailed in.

The conventional method of PI controller yields inadequate results. In this paper, FLC is proposed for SAPF
to improve the performance of SAPF.

uuuuuuu

Figure.2. Schematic diagram of SAPF using FLC controller
Design of Fuzzy Logic Controller: For amendable and sustaining the Cq voltage constant, the power flowing into
the active filter needs to be controlled. The losses inside the filter get compensated by controlling the active power
flowing into the filter. Then, the V4. can be sustained at the desired value. The FLC is employed to control the Cgc
voltage created on handling of the DC voltage error e(t) and its deviation Ae(t) in order to develop the dynamic
performance of SAPF.
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The input variables are given in Eq,

e(t) = Ve ret— Ve (10)
Ae(t) = e(t) —e(t-1) (12)

A FLC consists of four stages: Fuzzification, Knowledge base, Inference mechanisms, Defuzzification.

To obtain good dynamic response under uncertainty process, the data base and rule base is designed to form
a knowledge base. The fuzzy data base consisting of input and output membership functions. It provides information
for the fuzzification operations, the fuzzy inference mechanism and defuzzification.

The fuzzification is used for the conversion of signals to fuzzy input. The fuzzy inference system uses a

collection of rules to produce a fuzzified output. Finally, defuzzification is used to convert the fuzzy outputs into
control signals. Fig.3, shows a block diagram of the FLC for DC voltage control of SAPF.
Control Rule formation: The design of the control rule set of FLC plays an important role in improvement of the
system performance. In the fuzzy logic based DC voltage control method, the capacitor voltage deviation (e) and its
derivative (Ae) are considered as the inputs of the FLC and the voltage regulation is taken as the output of the FLC.
The input and output variables or error signals are converted into membership functions.
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Figure.3. FLC for DC voltage control
Design of Different Membership Function: Figs.4, 5 and 6 shows the trapezoidal, triangular and gaussian
membership functions for input and output of FLC.
Trapezoidal Membership Function: The trapezoidal curve is a role of a vector x and rest on four scalar parameters
a, b, cand d as given in Eq. 10.

pa(x) = max (min (ﬂ 1 d_x) ) 0) (10)

b-a’ d-c
u(E(D)

\

NB NM NS PS

0.5

4 08 06 04 02 0 02 04 06 08 1
Input Variable Error E

Figure.4. Input variable error ‘E’ Trapezoidal MF
Triangular Membership Function: The triangular curve is a role of a vector x and rest on three scalar bounds a, b
and c as given in Eq.11.
Us(x) = max (min (g, %) , 0) (1)
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Figure.5. Input variable error ‘E’ Triangular MF
Gaussian Membership Function: The gaussian membership function is formulated by the Eqg.12.

1
uas(x,c,s,m) = exp [_E . ] (12)
Where c is the center, s is width and m is the fuzzification factor.
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Figure.6. Input variable error ‘E’ Gaussian MF
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Conventional Pi Control Parameters: The performance of the proposed FLC of SAPF is evaluated by comparing
with the conventional Pl controller. The conventional PI controller is designed based on the parameters in. The values
of conventional PI controller proportional gain and integral gain are selected as 0.57 and 10.3 respectively.
Simulation Results and Discussion: The Simulink model was developed using MATLAB Sim Power Systems
toolbox as per parameters given in. The FLC is designed by using MATLAB fuzzy toolbox. The performance of the
FLC is analyzed and dynamic performances are detailed below.

Dynamic Performance of SAPF: The three-phase input source voltage is balanced and sinusoidal. The load for the
system is taken as diode bridge rectifier nonlinear load. The Total Harmonic Distortion (THD) before SAPF is
29.01%. The performances of SAPF are V. settling time (Va_Ts), Percentage peak overshoot (%Mp) and %THD
with the conventional controller and proposed FLC have been evaluated for the following two cases which is listed
in Table.1.
Switch-on Response: The performance of DC capacitor voltage of SAPF which is switched on at t=50ms is shown
in Fig.7. The various parameters related to conventional Pl controller and FLC controller are Vqc settling time
(Vac_Ts), Percentage peak overshoot (%Mp) and %THD which is shown in Fig.8 and Fig.9 respectively.

The capacitor voltage of FLC settles at 10ms compared to conventional Pl method takes 310ms.In this
cases, % THD is within the IEEE 519-1992 standard.
Transient Response: The load resistance is improved from 6.7 Q to 10 Q at t=0.3s to perform the transient analysis
of SAPF. The various parameters related to conventional Pl controller and FLC controller are V. settling time
(Vac_Ts), Percentage peak overshoot (%Mp) and %THD which is shown in Fig.10 and Fig.11 respectively.

When compared to conventional Pl with FLC, V¢ is larger in conventional Pl and takes large time to settle
down. The FLC takes just 10ms to settle down at V. Source current THD spectrum is shown in Fig.12.

Table.1. Performance Analyses of SAPF for FLC with different MFs

Parameters Triangular MFs Trapezoidal MFs Gaussian MFs
(switch_on (transient (switch_on (transient (switch_on (transient
response) response) response) response) response) response)

Settling time 20ms 20ms 50ms 50ms 8ms 8ms

%THD 3.6 3.9 3.39 3.43 2.54 2.66

Peak 0 0.5 0 0.6 0 0

overshoot (%)
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Figure.7. V4 during Switch-on Response for Figure.8. Vsa, lsa, ILa, lca and Vg Conventional Pl
conventional Pl and FLC controller
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Figure.9.Vsa, lsa, ILa, lca and Vg of FLC Figure.10.Vs,, lsa, lLa, lca and Vgc of Conventional
PI controller for varying RL (6.7Q to 10Q)
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Figure.11.Vsa, lsa, ILa, lca @nd VgcFLC for varying Figure.12. Source current Harmonic Spectrum

RL (6.7Q to 10Q)
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Figure.13. Source current with filter controlled by ~ Figure.14. Source current with filter controlled
FLC with trapezoidal MFs by FLC with triangular MFs

Figure.15. Source current with filter controlled by FLC with gaussian MFs
Figs.13, 14 and 15 gives the details of the source current with filter which has FLC with different MFs
(trapezoidal, triangular and gaussian). Hence, the dynamic performance FLC is compared with conventional Pl
controller. The performance of FLC is more improved than conventional Pl controller. The FLC has a settling time
of 10ms, which is much better than conventional Pl controller. Among the comparison of FLC with different MFs,
gaussian MF shows better compensation in terms of THD.

2. CONCLUSION

For improving power quality in NLLs, the FLC is used. The simulation results and analyses are carried out
to regulate Vg constant by using FLC used in SAPF with switch_on response and transient response case. The
performance of SAPF using PI control algorithm with FLC with Gaussian MF show enhanced compensation abilities
in terms of THD compared to conventional Pl controller and FLC with Trapezoidal MFs, Triangular MFs. While
considering this approach using FLC with Gaussian MF, the SAPF has been found to meet the IEEE 519-1992
standard approvals on harmonic levels, creating flexible to dynamic response.

Thus, FLC with Gaussian MF’s provide better load compensation and harmonic elimination with improved
dynamic response.

Hence, the FLC is an effective controller for improving power quality.
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