International Journal of Emerging Technology in Computer Science & Electronics (IJETCSE)
ISSN: 0976-1353 Volume 20 Issue 2 - FEBRUARY 2016.

PERFORMANCE COMPARISON OF ANN, FLC
and PI CONTROLLER BASED SHUNT ACTIVE
POWER FILTER for LOAD COMPENSATION

Lincy Luciana.M'Sunandha.S?Sarasvathi.K®

123 pssistant Professor, Department of EEE,M.Kumarasamy College of Engineering, Karur

Abstract — To reduce the power quality issues, it is important to
eliminate the harmonics in the power systems. The harmonic
elimination through Shunt Active Power Filter (SAPF) provides
higher efficiency when compared with other filters.Nonmodel-
based controllers have been designed for the control of a SAPFto
reduce the distortion which is created by the non-linear loads.An
Avrtificial Neural Network (ANN) is becoming a deterioration
technique in many controlapplications due to its parallel
operation and high learningcapability. In this paper, the Least
Mean Square (LMS) based ADALINEANN is proposed to
regulate the DC bus voltage (Vg to eliminate harmonics and
load compensation in the system. The Simulink model of the
proposed system is developed using MATLAB/SIMULINK tool.
The performance of anANN controller is compared with FLC
and conventional Pl controller.The proposed method offers a
better dynamic response and efficient control in varying load
conditions.

Index terms: Power Quality, Harmonic Elimination, Shunt
Active Power Filter, Neural Network controller.

I. INTRODUCTION

Many domestic and industrial non-linear loadsare power
electronic switching devices such as television, personal
computers, business and office equipment namely copiers,
printers, industrial equipment such as Programmable Logic
Controllers (PLCs), Adjustable Speed Drives (ASDs),
rectifiers, inverters, CNC tools. The power quality issues like
interruptions, voltage sag, swell, harmonics, noise and
switching transients are occurred in power system and
introduces serious power pollution to the utility side. Among
these power quality issues, the harmonics are the major
contribution for polluting the power grid. Traditionally,
passive LC filters have been used to avoid these effects [1].
The resonance, fixed compensation and huge size are the
problems arising in passive filters. These problems are
overcome by the introduction of active filters which addresses
more than one harmonic at a time.

Among the active filters, the SAPF is a power electronic
converter that is connected in parallel and cancels the reactive
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and harmonic currents due to non-linear load [2]. Ideally, the
SAPF needs to generate reactive and harmonic current to
compensate the non-linear loads in the supply line. The SAPF
is Voltage Source Inverter (VSI) with DC side capacitor (Cg)
and used to generate the filter current (i) and is injected into
the utility power grid. This cancels the harmonic components
by the non-linear load and keeps the utility line current (i)
sinusoidal [3]. It has the advantage of -carrying the
compensation current and small amount of active fundamental
current supplied to compensate for system losses.

The V. is regulated by using PI controller. This improves the
system performance effectively. Several techniques are
available to generate the switching current for the APF [4]-[6].
Bhim Singh et al proposed Pl control algorithm for single
phase SAPF [7]. In PI control strategy, reference current is
calculated by sensing only line currents [8]. The PI controller
requires accurate linear mathematical models, which fails to
perform satisfactorily under non-linearity, load disturbances
and parameter variations [9].

The conventional control requires mathematical analysis of the
system so soft computing is an alternate solution to control the
APF. Soft computing is a technology to extract information
from the process signal by using expert knowledge. In order to
enhance the performance of SAPF, genetic algorithm, bacterial
foraging technique, particle swarm optimization, Ant Colony
Optimisation (ACO), fuzzy logic controller and ANN
technique are employed. The SAPF is optimized by bacterial
foraging (BF) technique for load compensation in [4] and Ant
colony optimization (ACO) in [5]. The APF is controlled by
ANN technology in [10]-[11]. The adaptive neural network
compensation algorithm is used to compensate harmonics and
reactive power for PQ and DQ strategy [14]-[15]. The Takagi
Sugeno-FLC and mamdani FLC are compared in [16]. The
FLC with different membership functions are compared in
[17]-[18]. The conventional PI, FLC and ANFIS are compared
in [12]-[13] based on PQ strategy.
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Fig.1 Basic principle of SAPF
In this paper, an ANN is used for controlling SAPF.
The performance indices considered are percentage peak
overshoot (%Mp), DC link voltage settling time (V4._Ts) and
Total Harmonic Distortion (%THD). The proposed ANN
controller offers improved dynamic response by comparing
with FLC and conventional PI controller.

Il. REFERENCE SOURCE CURRENT ESTIMATION
METHOD

Due to non-linear load, the harmonic distortion occurs in
the supply system and in other loads which are connected from
the same supply. Hence the SAPF is connected across the

phase with the source voltage [3].
From Fig.1, the instantaneous current is given by Eq. (1):
i(6) = i, (6) — i (8) 1)
The utility source voltage is given in Eq. (2):
v,(t) =V, sinwt 2
If a non-linear load is applied, then the load current will
have a fundamental component and harmonic components,
which can be expressed as in Eq. (3):
i, (t) = I;sinifwt + @) + Z:zz IL,sin(nwt + ¢,) (3)
The instantaneous load power can be given in Eq.(4):
pL(6) = v (£) * i, (0)
p.(t) = V, I;sinwt * cosp, + V,I;sinwt * coswt * sing,
+V, sin wt * Z:::z L,sin(nwt + ¢,) (4)
pL(t) = pr(©) + pr(6) + Py (5)
From Eqg. (4) and (5), the real power drawn by the load is
given by:
pr() = V,Lisin*wt * cosp; = v(t) *is(t)  (6)
From Eqg. (6), the current supplied by the source, after
compensation is

(o) =2

v (t)
where
Ign = Licosgq
There are also some switching losses in the PWM
converter and so the utility must supply a small overhead for

= [jcos@q * sinwt = I, sinwt

main supply system at Point of Common Coupling (PCC). the capacitor leakage and converter switching losses
Fig.1 shows the basic principle of SAPF. It controls and accumulated  with  real power of the load.
cancels the current harmonics on the utility side by supplying
a compensating current which makes the source current in
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Fig.2. Schematic diagram of ANN controller based SAPF

The total peak current supplied by the source (I,) is given

by Eq. (7)
Isp = Ism + Isl (7)

where, [, is the peak value of the loss current

If the active filter provides the total reactive and harmonic
power, then it will be in phase with the utility voltage and
purely sinusoidal. At this time, the active filter must provide
the compensating current as in Eq. (8):

ip(6) = i, (t) —i5(8) (@)

Thus, for accurate and instantaneous compensation of
reactive and harmonic power, it is necessary to estimate i, (t)
(i.e., the fundamental component of the load current as the
reference current). The peak value of the reference current can
be estimated by controlling the DC side capacitor voltage.
Ideal compensation requires the main current to be sinusoidal
and in phase with the source voltage, irrespective of the load
current nature. The desired source currents, after
compensation, can be given as in Eq. (9):
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lsq = I Sinwt
i = Igp sin(wt — 120)(9)
lso = I sin(wt + 120)

where I, is the amplitude of the desired source current,
while the phase angle can be obtained from the source
voltages.

Hence the Iy, needs to be determined. The peak value of
the reference current has been estimated by regulating the Cgy.
voltage of the PWM converter. The capacitor voltage is
compared with a reference value and the error is processed in
ANN controller. The output of the ANN controller has been
considered as the amplitude of the desired source current and
the reference currents are predicted by multiplying this peak
value with the unit sine vectors in phase with the source
voltages. The detailed schematic diagram of ANN controller
based SAPF is shown in Fig.2. The modified Space Vector
Pulse Width Modulation (SVPWM) current control scheme
[19] is used to generate switching pulse of SAPF. In this
paper, the performance of proposed ANN controller is
compared with FLC and conventional PI controller of SAPF.

1. DESIGN OF ANN CONTROLLER

An ANN is implemented to control the Cg4. voltage based
on processing of the V. error i(n) is used to improve the
dynamic of SAPF. An ANN consists of a large number of
strongly connected elements. The artificial neurons represent a
biological neuron conceptconceded in a computer program.
The artificial neuron model is shown in Fig.3.

Inputs i(n) enter into the processing element from the left.
The first step is to multiply each of these inputs by their
respective weighting factor w(j). These modified inputs are
then fed into the summing function X(w(j)*i(n)and the
information flow to the output through a transfer function
which may be the threshold function, sigmoid function,
tangential function, Gaussian function, hyperbolic function,
linear function or pure linear function. [20]
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Fig.3.Artificial Neuron model
Inputs i(n) enter into the processing element from the
left. The first step is to multiply each of these inputs by their
respective weighting factor w(j). These modified inputs are
then fed into the summing function X(w(j)*i(n)and the
information flow to the output through a transfer function
which may be the threshold function, sigmoid function,
tangential function, Gaussian function, hyperbolic function,
linear function or pure linear function. [20]
A. Adaline Based Control Algorithm

The basic concept of proposed ANN is based on the
LMS algorithm and it is trained through ADALINE tracks the
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unit vector templates to maintain minimum error. The initial
weight is set to zero whereas the learning rate is the
coefficient of convergence and its value lies between 0 and 1.
It is used as 0.001 in the LMS algorithm. The LMS based
ADALINE control algorithm is shown in Fig.4.The initial
output pattern is compared with the current output and the
weights are updatedusing LMS algorithm until the error

becomes small.
wij

&

Target (T!

i(n)
wﬂ)F
[z |

Fig.4.LMS based ADALINE control algorithm
The amplitude of the desired source current is estimated
by ANN is given in Eq. (10)

Y= % i (10)
The updated weighted equation is given in Eq. (11)
w(j+1)=w(j)+ae(n)i(n) (11)
where Y is the amplitude of the desired source current, a is
learning rate, e(n) iserror between output equation and target
value, i(n) isinput values and w(j) is weights of the
ADALINE network.
An ADALINE is used to extract the amplitude of desired
source is shown in Fig.5. The input of the ANN block i(n) is
the errorsignal by comparing the capacitor voltage and
reference value.The desired peak value of source current is
estimated by using LMS based ADALINE ANN.

The reference currents are estimated by multiplying
this desired peak value with the unit sine vectors in phase with
the source voltages. The modified SVPWM current control
scheme is used to generate switching pulse of SAPF by
comparing actual source current and desired source current
which is estimated by ANN.

LMS adoption algorithm w(j+1)

w(j+1) = w(j) + o { T- i(n) w(j)} i(n)

V. DESIGN OF FUZZY LOGIC CONTROLLER

In order to keep Cg. voltage constant [20], the active power
flowing into the filter needs to be controlled. If the active
power flowing into the filter can be controlled, losses inside
the filter get compensated. Then, the V4. can be maintained at
the desired value. The FLC is implemented to control the Cgy,
voltage based on processing of the V4. error e(t) and its
derivative Ae(t) is used to improve the dynamic of SAPF.

The input variables are given in Eq. [12] & [13],

E(t) = Ve ret—Vec
Ae(t) = e(t) —e(t-1)

(12)
(13)
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Fig.5. ADALINE is used to extract the amplitude of desired source current

A FLC consists of four stages:

(i) Fuzzification

(if) Knowledge base
(iii) Inference mechanisms
(iv) Defuzzification

The knowledge base is composed of a data base and rule
base, and is deliberated to obtain good dynamic response
under  improbability in  process  parameters and
peripheralturbulences. The data base, consisting of input and
output membership functions, provides information for the
suitablefuzzification operations, the inference technique and
defuzzification.

The inference technique uses a collection of linguistic
rules to transform the input conditions into a fuzzified output.
Finally, defuzzification is used to transform the fuzzy outputs
into control signals [12]. Fig.6 shows a block diagram of the
FLC for DC voltage control of SAPF.

ZOHHEOHY ARG

A.Design of Control Rule

To propose the control rules of FLC, the formulation
of rule set plays a key role in improvement of the system
performance. In the case of the fuzzy logic based DC voltage
control, the capacitor voltage deviation (e(t)) and its derivative
(Ae(t)) are considered as the inputs of the FLC and the
requirement for voltage regulation is taken as the output of the
FLC. The input and output variables are transformed into
linguistic variables as given in [17].

In this case, the knowledge of the systems behavior is put
in the form of rules of inference. The rule table which is
shown in Table I contains 49 rules. To convert crisp variables
into fuzzy sets, the seven fuzzy sets are NL (Negative Large),
NM (Negative Medium), NS (Negative Small), ZE (Zero), PS
(Positive Small), PM (Positive Medium) and PL ( Positive
large) have been chosen. Normalized triangular membership
functions are used for the input and output variables used here
are shown in Fig.7.

Fig.6. FLC for DC voltage control

TABLE |
RULE SET OF FUZZY SYSTEM
AE NB NM | NS z PS PM | PB
E
NB | NB NB NB NB [NM [NS [Z
NM | NB NB NB NM | NS z PS
NS NB NB NM [ NS z PS PM
z NB NM | NS z PS PM | PB
PS NM [ NS z PS PM PB_| PB
PM | NS z PS PM_| PB PB_| PB
V. CONVENTIONAL PI CONTROLLER
PARAMETERS

By using conventional PI controller, the performance of the
proposed ANN controller of SAPF is evaluated. The SAPF
system parameters are presented in Table 11. Parameters of the
conventional PI controller are designed based on the model in
[2]. The values of conventional PI controller proportional gain

and integral gain are selected as 0.57 and 10.3 respectively.
TABLE Il
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The FLC of SAPF is characterized as follows:
(i)  Seven fuzzy MFs for each input and output.

(i)
(iii)
(iv)
V)

Fuzzification using continuous universe of discourse.
Implication using Mamdani’s ‘min’ operator.
Aggregation using Mamdani’s ‘max’ operator.
De-fuzzification using the ‘centroid of area’ method.
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SAPF System Parameters
V, — AC supply voltage 100V(peak)
R, — Source resistance 0.1Q
L, — Source inductance 0.15mH
Vueo — Steady state operating point on Vg 220V
Cqc — DC side capacitor 2000 pF
Ir, — Steady state operating point of I; 2357 A
L¢ — Filter inductance 0.66 mH
R¢ — Filter resistance 0.1Q
R_ — Load resistance 6.7Q
L. — Load inductance 20 mH
Ve ret — Reference DC link voltage 220V

VI. SIMULATION RESULTS AND DISCUSSION

The Simulink model was developed using MATLAB
SimPower Systems toolbox. The FLC and ANN are
designed by using MATLAB fuzzy and neural toolbox. The
performance of the FLC and ANN are detailed below.

A. Dynamic Performance of SAPF

The balanced and sinusoidal three-phase input source
voltages are considered. The diode bridge rectifier is
considered as load for the system. The Total Harmonic
Distortion (THD) before SAPF is 28.01%. The performance of
SAPF with the proposed FLC, ANN controller and
conventional PI controller has been analyzed for the following
three cases.

1. Switch-on response

The SAPF is switched on at t=50ms. The concert of DC
capacitor voltage of conventional Pl controller and FLC
controller is given in Fig. 8. The performance of SAPF in
terms of V4T, %Mp and %THD are listed in Table.lll. The
supply voltage (Vs), supply current (lg,), load current (I..),
filter current (l.,) and Vg related to phase-A of conventional
Pl controller ANN and FLC controller are shown in Fig. 9 to
Fig. 11 respectively.

The capacitor voltage of ANN settles at 6ms and FLC
settles at 10ms. ANN settles faster compared to conventional
Pl method takes 310ms. In all the cases, %THD is within the
limit of IEEE 519-1992 standard.

N NS ZE

-0.2 0 0.2
input variable “error”

(a)
Nb NI NS ZE PS mfG mff
: 1 1 1 1 1 1 1 1 1
0 04 02 02 04 0
input variable "changeoferror”
(b)
Nb N NS ZE PS PK PB

U

output variable "outputi”

(©)
Fig.7. Normalized triangular membership function of FLC for: (a) input
variable (e(t)), (b) input variable (Ae(t)) (c) output variable (Irr)

UL

2.Transient response
To execute the transient analysis, the load resistance is
increased from 6.7 Q to 10 Q at t=0.3s. The supply voltage
(Vsa), supply current (Ig), load current (I.,), filter current (lc,)
and V. related to conventional Pl controller, ANN and FLC
controller are shown in Fig. 12 to Fig. 14 respectively. The
performance indices are listed in Table.lll.

When compared to conventional Pl with FLC and ANN,
rise or dip in Vg is larger in conventional Pl and takes more
cycles to settle down. In conventional method, the %THD in
source current settles after 3-4 cycles. The FLC takes 10ms

and ANN takes 6ms to settle down at Vg
TABLE Il
PERFORMANCE ANALYSES OF SAPF BASED ON CONVENTIONAL PI, ANN AND FLC CONTROLLERS
Parameters Conventional Pl Controller FLC ANN
SHeR—eR——FFaRstet———SwHeh—en———FFanstent Swrteh—er Franstent
response response response response response response
Settling time (ms) 310 310 10 10 6 6
%THD 3.88 43 3.7 3.9 3.65 38
Peak overshoot (%) 0 0 0 05 1.3 1.8
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Fig.15. Comparison of settling time for Conventional PI, FLC and ANN
controllers
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Fig.16. Comparison of %THD for Conventional PI, FLC and ANN controllers

The comparison of settling time, %THD and peak
overshoot for Conventional PI, FLC and ANN controllers is
shown in Fig.15 to Fig.17. The ANN controller settles at 6ms
compared to FLC and Conventional PI controllers. The %THD
is reduced in ANN compared to FLC and Conventional Pl
controllers. But the peak overshoot produced in ANN is larger
compared to FLC and Conventional PI. Thus, the dynamic
performance of ANN is compared with FLC and conventional
PI controller. The performance of ANN is improved than FLC
and conventional PI controller. The ANN has a settling time of
6ms, which is much better than the FLC and conventional PI
controller.

VII.CONCLUSION

In this paper, the Nonmodel-based controllers are
designed to achieve better utilization and reactive current
compensation. The soft computing techniques were applied to
control the switching of the SAPF. The LMS based ADALINE
network is trained online to extract the fundamental load
active current magnitude. The performance such as settling
time, %THD of the ANN-based SAPF controller is better than
FLC and conventional PI controllers and it is found to provide
much better response under dynamic conditions.

REFERENCE

[1] Akagi H, Fellow, “New trends in Active filters for power conditioning”,
IEEE transactions on industry applications, Vol. 32, No.6, pp.1312-
1322, 1996.

139

Comparison of Peak
overshoot (%)

- 2
g 15
= 1 .
8 05 M Switch_on
Y response
(]
3 M Qa'b\ B Transient
v N Q
© <> response
a

Controllers

Fig.17. Comparison of peak overshoot for Conventional PI, FLC and ANN
controller

[2] Mishra S, Bhende C.N, “Bacterial Foraging Technique-Based Optimized
APF for Load Compensation”,IEEE transactions on power delivery, Vol.
22, No. 1.pp.457 — 465, 2007.

Sakthivel. A, Vijayakumar. P, Senthilkumar.A, “Design of Ant Colony
Optimized Shunt Active Power Filter for Load Compensation”,
International Review of Electrical Engineering, vol.9, No.4. pp.725-734,
2014.

Bhim Singh. Kamal Al-Haddad, AmbrishChandra,”A Review of Active
Filters for Power Quality Improvement”, IEEE Trans. On Industrial
Electronics, Vol. 46, No.5, pp.960-971,1999.

El-Habrouk M, Darwish M K, MehtaP, “Active power Filterrs: A
Review.”, Proc. IEE Electric Power Applications,pp.403-413, 2000.
ZainalSalam, Tan Perng, Awangluosh. “Harmonics Mitigtion using
Active Filter: A Technical Review”, Elektrika, pp.17-26, 2006.

Bhim Singh, Ambrish Chandra, Kamal Al-Haddad, “An Improved
Single Phase Active Filter with Optimum DC capacitor”, Proceedings of
the IEEE IECON 22" International Conference, pp.677-682, 1996.

C. N. Bhende , S. Mishra, S. K. Jain, “TS-Fuzzy-Controlled Active
Power Filter for Load Compensation”, IEEE Transactions On Power
Delivery, Vol. 21, No. 3, pp.1459-1465, 2006.

S.K. Jain, P. Agrawal, H.O. Gupta, “Fuzzy logic controlled shunt active
power filter for power quality improvement”, IEEE Proc. Electronics
Power Applications. Vol. 149, No. 5, pp.317-328, 2002.

J.R.Vazquez and P.Salmeron, “Active Power Filter Control using Neural
Network Technologies”, IEE Proc. Electr. Power Appl. Vol.150, No.2,
pp. 139-145, 2003.

Bhim Singh, Ambrish Chandra, Kamal Al-Haddad, “Computer-aided
modeling and simulation of active power filters”, Electrical Machines
and Power systems, pp. 1227-1241, 1999.

Parmod Kumar, AlkaMahajan, “Soft Computing Techniques for the
Control of an Active Power Filter”, IEEE Transactions On Power
Delivery, Vol. 24, No.1, pp. 452-461, 2009.

Brahmaiah.routhu, N.Arun, “PI, FUZZY and ANFIS Control of 3-phase
Shunt Active Power Filter”, International Journal of Engineering and
Technology, Vol. 5, No. 3, pp.2163-2171, 2013.

(3]

(4]

(5]
(6]
(7]

(8]

(]

[10]

[11]

[12]

[13]



[14]

[15]

[16]

[17]

International Journal of Emerging Technology in Computer Science & Electronics (IJETCSE)
ISSN: 0976-1353 Volume 20 Issue 2 - FEBRUARY 2016.

Bhim Singh, JitendraSolanki, “An Implementation of an adaptive
control algorithm for a three-phase SAPF”, IEEE Transactions on
Industrial Electronics, VVol.56, No.8, pp.2811-2820, 2009.

Bhim Singh, Jayaprakash, “Implementation of Neural Network
controlled three leg VSC and transformer as three-phase four-wire
DSTATCOM?”, Vol.47, No. 4, pp.1892-1901, 2011.

FatihaMekri, BenyounesMazari and Mohammed Machmoum, “Control
and Optimisation of Shunt Active Power Filter parameters by Fuzzy
Logic”, Can. Journal. Elect. Comput. Eng., Vol. 31, No.3, pp.127-134,
2006.

Suresh Mikkilli, A.K.Panda, “Real time implementation of PI and fuzzy
logic controllers based shunt active filter control strategies for power
quality improvement”, ELSEVIER Journal Of Electrical Power And
Energy Systems 43, pp.1114-1126, 2012.

140

[18]

[19]

[20]

[21]

K. Sundararaju, A. Nirmal Kumar, “Cascaded and Feed forwarded
Control of Multilevel Converter Based STATCOM for Power System
Compensation”, International Review on Modelling and Simulations
(LRE.MO.S.), Vol. 5, No. 2, pp . 609 -615

Anup Kumar Panda, Suresh Mikkilli, “FLC based Shunt active filter (p-q
and Id -1g) control strategies for mitigation of harmonics with different
fuzzy MFs using MATLAB and real-time digital simulator”, ELSEVIER
Journal of Electrical Power and Energy Systems 47, pp.313-336, 2013.
Microsemi User Guide, Space Vector Pulse Width Modulation Hardware
Implementation, 2014.

Dhuliya A, Tiwary U.S, “Introduction to Artificial ANN”, IEEE
transaction in Electronic Technology. pp. 36 — 62, 1995.



