N
N

N

HAL

open science

A New Learning and Fuzzy Strategy for Active Power
Filtering
Hichem Laib, Abd Elaziz Chaghi, Patrice Wira

» To cite this version:

Hichem Laib, Abd Elaziz Chaghi, Patrice Wira. A New Learning and Fuzzy Strategy for Active Power
Filtering. International Journal on Electrical Engineering and Informatics, 2016, 8 (3), pp.518-527.

10.15676 /1jeei.2016.8.3.4 . hal-01510274

HAL Id: hal-01510274
https://hal.science/hal-01510274
Submitted on 19 Apr 2017

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NoDerivatives 4.0 International License


https://hal.science/hal-01510274
http://creativecommons.org/licenses/by-nd/4.0/
http://creativecommons.org/licenses/by-nd/4.0/
https://hal.archives-ouvertes.fr

A New L earning and Fuzzy Strategy for Active
Power Filtering

Hichem LaiB, Abd Elaziz Chaghiand Patrice Wira

!Department of Electrical Engineering, LSPIE Laborgt
Batna University, Algeria, Emaihichem_elt@yahoo.fr
’MIPS Laboratory, University of Haute Alsace,
Mulhouse, France

Abstract: in this paper, an enhanced control scheme is gegbto improve the performances of a
three-phase shunt active power filter. The objeciv to compensate for current harmonics and
reactive power in three-phase power distributiod.gfFhe proposed control scheme is inserted in
the active filter in order to regulate the DC lio&kpacitor voltage. This control scheme is based on
the combination of a fuzzy logic controller and ADALINE network (Adaptive FLC). The
ADALINE is used to filter the measured DC voltage error is than calculated and with its
derivative are injected in a fuzzy controller. Tonatput of this controller is used to generate the
compensating currents that are injected in the paligribution grid. The controller’s outputs are
combined with calculated reference currents. Tlaeebtained for each phase with an ADALINE
network which yields to a precise decompositiothef measured currents. Based on Fourier series,
this neural approach provides in real time eaclividdal harmonic component of the measured
currents without any additional reference framadfarms. Simulation tests show that the proposed
approach is able to significantly reduce the flatians of the DC voltage. The results also show
that the proposed control approach can compensateghly distorted line currents in a better way
than with more traditional techniques.

Keywords: Neural Network, Fuzzy Logic Control, Active Poweltér, Power Quality.

1. Introduction

Nowadays there has been a rapid increase in théemaf power electronic loads
resulting in alarming levels of harmonic distortion the distribution systems. These
harmonics circulate in the electrical network, waibt the correct operation of the
components and even it may damage them [BR{int Active Power Filters (APFs) are
recognized solutions to compensate for harmoniidisns, to correct the power factor
and to recover the balance in power distributiost@ysby injecting compensating
currents [3-4]One importanfactor which influences the performance of the ARRhe
speed and accuracy of the detection tool for thegpdine harmonic currents. APFs can
be used with different control strategies. Onehsf most widely used is based on the
conventional instantaneous power theopg-ihethod) initiated by Akagi [3]. This
approach works in thexf reference frames, calculates the real and imaginary
instantaneous powers and separates their alteenptivts from their continuous parts.
The alternative parts of the powers are then usatdktiuce the compensation currents.
This principle has been efficiently achieved througeural approaches in [5-6-7]. The
main drawbacks of th@g-method for identifying harmonic terms are essdgtithe
following [8]:

- Itis not effective under distorted and unbalaneedn voltage conditions.

- The time delays introduced by pass filters, which @sed to separate the
average and oscillating parts of powers, degrdueslynamic performance of the
active filter.



- This method requires more computational calculation

Recently, Artificial Neural Networks (ANNs) have dye successfully applied to
power systems [4]. With their learning capabiliti@dNNs are able to take into account
time-varying parameters [9-10]. Inserted in an AB¢fheme, they can appreciably
improve its performance compared to the one obdawiéh traditional methods. Several
methods have been proposed in [5] where ADALINErakenetworks have been used to
on-line learn the expressions of the signals, egher instantaneous powers or currents.
The ADALINE is a simple and fast adaptive schemectvhs suitable for on-line
applications [11].

In this paper, a neural network and a fuzzy logipraach are proposed to enhance
the performances of an APF. The adaptive neuralorktis used in an open-loop and
extracts with high precision the fundamental congms of the distorted line currents
directly from theabc axis. The output of the ADALINE is compared withsidirted
supply current to obtain the reference current. Maaptive Fuzzy Logic Controller
(Adaptive FLC) is used in a closed-loop to maintie DC-bus voltage constant at the
reference value and minimize the fluctuations m E'C bus voltage [1-2]. The output of
the closed-loop and the open-loop is summed totraisthe modulating signals as
shown by Fig. 1. These modulating signals are usedyenerate the Pulse-Width
Modulation (PWM) pulses to be fed into the APF nder to generate theompensating
currents. This allows maintaining the electricapo to be in a good shape when
transported to end-users

2. Proposed Control Approach

The schematic diagram of the proposed control ambrdor a shunt APF is shown in
figure.1. Where, the main function of the controlie to create the PWM switching
signals for the connected Voltage Source InveM&).
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Figure 2. The ADALINE network
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Our proposed control system consists of two combapbs, an open and a closed loop.
In the open loop, the signal containing the harm®j,, is obtained from the output of
the ADALINE and then its value is summedb¥; * I,;,,. The output of the FLOy;4,
is used to maintain the DC-side voltage at itsrezfee value. The opposite of this signal
is used as a current reference signal. The surheobpen loop control signal and the
closed-loop control signal is used as a modulatiggal for each of the three phases. The
PWM control strategy then uses them to create IWdIPswitching pattern for driving
the switches of the power converter.

In the next section, we describe the ADALINE apptoand more specifically the
direct method and the design of the FLC applieth¢cAPF system.

3. ADALINE AsHarmonic Estimator

The ADALINE network is used in order to identifyetlcurrent harmonics [15]. In our
application, this is achieved according to the airenethod which means that the
ADALINE works directly the space of the measuredrent of the electrical supply
network. So, three ADALINE networks must be useditifie@ three phases of an electrical
supply network. Each one can be decomposed intoidfageries in the following way
[14-15]:

() = Ip (£) + Lsn (£)
I;(t) = I;; cos(wt — a) + I, sin(wt — @)

+ Z Lipcos n(wt — a) + I,,sin n(wt — a) (D
n=2
In this expression represents the current sourtg,is the fundamental component of

current source ang,, is the harmonics current. Currei{s and I, can be expressed
by:

Lif(t) = I;; cos(wt — a) + I, sin(wt — a) (2)
Isp = z Ipicos n(wt — a) + Lsinn(wt — a) €)
n=2

In the previous expressions, is the fundamental frequenay,is the phase shift
between the current and the load voltdgeandl,, are the cosine and sine frequency
components of the fundamental currdpi, andl,, are the cosine and sine frequency
components of the harmonics current. The identificaof the harmonics components is
achieved with an ADALINE for each phase [14-15]isTis shown by Fig. 2.

The expression of the current expressed in (1)beawritten as a linear combination
which can be learned by an ADALINE network:

L) = WTx(t) 4)

Wherex(t) is the network input vector aiti” is the ADALINE weight vector. The
input vector is chosen as follow:

x(t) = [cos(wt — a) sin(wt — @) ...cos.n(wt — a) sin.n(wt — a)] (5

The weight adjustment, or adaptation, is performedng the training process of the
ADALINE using a nonlinear adaptation algorithm.



In order to update the weight vector and minimtze inean square error between the
desired signal output,;(t) and the estimate outpuf.(t), the Widrow-Hoff learning
delta rule is used [11-12-13]:

e(k) * X(K)
wk+1) =w)+ 'uXT(k) X0
This expression uses the following parameters:
k is the time index of iteration,
w(k) is the weight vector at time k,
X(k) is the input vector at time k,
e(k) = y4(t) — yest (1), is the error at time K,
u Represents the learning rate of the weight update
Then, after learning and convergence, the weighttsso)oADALINE correspond to
WT=1y Iz ... .. In1 Inz] (7)

The amplitude of continuous component of the fumelatal current will be
determined by the weight,(k) of a first neural network ADALINE multiplying by
cos(wt) andsin(wt) as follows [13]:

Isf = I cos(wt) + I, sin(wt) (8)

Once the fundamental current is determined, thenbaic current can be obtained by
subtracting the fundamental component of curretinesed by the ADALINE from the
measured current. This can be expressed by:

[ (8) = I5(8) — Is¢ () ®)
This harmonic current;, (t) for one phase will then be injected phase-oppaaitthe
electrical network via a controlled device, i.eg VVSI.

(6)

4. Design of DC-Bus Controller

The DC capacitor voltage must be maintained atsiretd value, to compensate the
losses in the active filter. The voltage controltied DC bus is achieved by adjusting a
small amount of the real power flowing into the D&pacitor. Several methods are used
like PI, PID, RST or FLC controllers. In our apglimn, we utilize a novel approach
contain a Fuzzy logic controller including anoth&daptive Linear Neural Network
(ADALINE) algorithm.

The first controller (FLC) is practically usedrmintain the DC capacitor voltage at a
reference value and the second estimator (DC_ADA)INsed to minimize the voltage
fluctuations; this approach is used in a closeg.loo

So, the DC-bus capacitor voltage is sensed andpbseses through DC_ADALINE
to filter the higher voltage fluctuations and passaly the fundamental component, then
this componen{V/,.)is compared with a desired reference value. Ther evignale(t)
and a variation of it given bfe(t) = e(t) —e(t —1) are used as the inputs of the FLC as
shown in Fig. 3 [1-2]. The output of the fuzzy aafier estimates the magnitude of the
peak reference currehf,,. This current takes into account the active posamnand of
the non-linear load for harmonics and reactive poveenpensation. This peak reference
current is then multiplied with the system voltagé/; ,,.) to output a synchronized
reference current as shown by Fig. 1. These are:(mgative big), NM (negative
medium), NS (negative small), Z (zero), PS (posiswmall), PM (positive medium), and
PB (positive big) [1-2-22-23-24-25]. The seven fyzets are for each inp(#, Ae) and



for the outputly,, with triangular and trapezoidal membership funwdiowith are
characterized by:

- Fuzzification step using a continuous universeist¢alrse;

- an implication using Mamdani’s ‘min’ operator;

- adefuzzification step using the ‘centroid’ method.

The membership functions used for the input anguwuvariables used here are

shown by Fig. 4. As both inputs have seven subadiszzy rule base formulated for the
present application is provide by Tahle
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Table 1. The fuzzy sets for the design of the FLC

e

de 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 P< PM PL

5. Simulationsand Analysis of The Results

In order to evaluate our compensation approachdoaseADALINE and a Fuzzy
logic controller including another ADALINE, a digit simulation is carried out. This
study examines an electrical distribution netwohks/ing an unbalanced three-phase
voltage source, a nonlinear load that generateghalével of harmonics and a shunt APF
to compensate for them. Fig. 5 shows the electachéme of the system and the values
of the main parameters are given in Table 2.

Obviously, the proposed control scheme must beuated under changing and
varying conditions. Thus, the nonlinear load isrded at = 0.125s and the converter
is set up with a firing angle @0° 20 .

The performances of the proposed approach are giyé&ig. 6, fig. 7 and Fig. 8. The
steady state and transient behaviors of the céedirslystem can be seen. Fig. 6 shows the
load current without compensation with its harmospectrum, and the source currents
with its harmonic spectrum after compensation giated in fig.7. Fig. 8 shows for one



phase, a) the measured and estimate load currgnihbaADALINE Estimator, b) the
first weight Wy where it represent the amplitude of the fundammmtent, c) the
compensating current issued by the APF, d) theltregusource current and source
voltage, and e) the DC capacitor voltage. The dvpmformance of the compensating
strategy can be seen with the active and reaciowveefs on the source side. They are
represented by Fig. 8f, and can be compared tortken the nonlinear load side without
compensation.
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Figure 5. Overall scheme of the compensation gfydbased on a shunt
APF inserted in the electrical distribution netw

Table2. VALUES OF THE ELECTRICAL PARAMETERS

PHASE TO NEUTRAL | Vig = 2502, Vy, = 230V2,V;:270v2
SOURCE VOLTAGE
System Frequency f=50Hz
Source impedance R, = 3.5mQ, L; = 0.05uH
Filter impedance R, =0.82mQ, L, = 0.1mH
Load impedance R ; = 1.5Q,R;, = 3Q,L;, = 6mH
DC side capacitance C = 8mF
DC-bus voltage reference Vi = 850V
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Figure 6.Load currents and its harmonics spectrum beforgpemsation (THD=28%)

Figure 6 and 7 shows the Load currents and its dxaica spectrum before and after
compensation where the THD has been reduced fradv28without compensation to
1.23% with the compensation strategy. It can ba $emm the previous figures that the
propose compensation technique of the APF is abteduce the harmonics generated by
the nonlinear load. Indeed, the resulting currerts sinusoidal and in phase with the
source voltages, even under nonlinear load charfes. Total Harmonic Distortion
(THD) rate and the Power Factor (PF) have beenrdedo Finally, by using the
ADALINE as an estimator of the current harmonitsan be seen from the figures 8 that
this technique gives good results,
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Figure 7.Load currents and its harmonics spectrum after emsgtion (THD=1.23%)
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Figure 8. Simulation results, a) the load curesrd its estimation bay ADLINE algorithm
b) the first weight wc) reference and compensation currents from the, APvoltage
and current source waveforms before compensafjahedC capacitor voltage

By using the FLC including an ADALINE in a closeabb control, the DC-bus
voltage is maintained at the desired value, whemn tbnlinear load changes. The
fluctuation and transient response is also exdellBms can be observed from Figure. 8
where the active and reactive powers fast evolatame depicted. The reactive power is



almost cancelled. The real power from the AC sowicke is practically free of the
alternating part due to the nonlinear propertyheflbad.

6. Conclusion

Practically a shunt active power filter has beesdu® compensate for harmonics and
reactive power produced by the nonlinear load teslen a power distribution grid.

In this paper the identification of the harmoniareats is achieved by an adaptive
neural network approach. The ADALINE is made disett the measured current frame.
This is called the direct method. In order to mamthe DC voltage at the desired value
the adaptive fuzzy logic controller (adaptive FLi€)ised in closed loop, where it will be
also able to minimize the DC voltage fluctuationsd #he settling time.

The effectiveness of the approach has been ilkestiay the simulation results with
the Matlab/Simulink toolbox Power System.

The results show that the proposed control apprasech compensate for highly
distorted line currents by generating and injectipgropriate compensation currents. In
the various test cases simulated with differentlinear loads, the THD of the supply
current is always reduced to a value which iseas 5%. The performances obtained by
the proposed method are better than those obtaietbre traditional techniques.

In future work we plan to expand the use of aitfineural networks. We will intend
to use other active compensation schemes and djeadteeir control strategies.
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