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Résumé — Cet article présente un syst¢éme de commande
d’un filtre actif paralléle utilisant deux réseaux de
neurones artificielles, I’un remplagant le contréleur a
hystérésis classique générant les impulsions aux
interrupteurs du FAP, ’autre pour la régulation de la
tension du bus continu. Les filtres actifs paralléles
(FAPs) sont trés utilisés dans les applications
industrielles pour la compensation des harmoniques de
courant générés par les charges non-linéaires en
particulier les convertisseurs AC/DC. La configuration
habituelle d’un FAP est basée le plus souvent sur un
contrdleur a hystérésis pour le pilotage du convertisseur
formant le FAP et d’un régulateur PI pour le maintien
de la tension continue fixe aux bornes du condensateur
de stockage. Avec Dl’intégration de plus en plus des
techniques de contréle intelligente dans les systémes
d’électronique de puissance, un double contrdleur a base
des réseaux de neurones est utilisé pour le contréle du
filtre actif. Les résultats de simulation obtenus en régime
permanent en utilisant le Logiciel Matlab_Simulink en
association avec le Toolbox SimPowerSystem montrent
la faisabilité et les performances de ce double contrdleur
utilisant les réseaux de neurones.

Mots clés — Filtre Actif Parallele, Charges non-linéaires,
Réseaux de neurones artificiels, Distorsion harmoniques

Abstract-This paper presents a shunt active filter control
system using two artificial neural networks, one
replacing the conventional hysteresis controller
generates pulses for inverter switches, the other for
regulating the DC bus voltage. The shunt active filters
(SAF’s) are widely used in industrial applications to
compensate current harmonics generated by nonlinear
loads especially AC/DC converters. The wusual
configuration of the SAF is based on the hysteresis
controller for controlling the converter and a PI
regulator for maintaining a fixed voltage across the
capacitor storage. With the increasing integration of
intelligent control techniques in power electronics
systems, a dual-controller based on neural networks is
used to control the active filter. The simulation results in
steady-state conditions using Matlab_Simulink program
in combination with SimPowerSystems Toolbox show
the feasibility and performance of the dual controller
based an neural networks.

I. INTRODUCTION

La prolifération des charges non-linéaires utilisant
des commandes électronique dans les différentes
branches d’une installation industrielle engendre des
harmoniques qui ont des effets néfastes sur les
équipements et appareillages de contréle-commande
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[5]. Ceci nous ameéne a trouver des solutions pour les
compenser. Les solutions traditionnelles a base de
filtres passifs ont montré leurs insuffisance d’ou la
nécessite d’introduire de nouvelles techniques de
compensation des harmoniques [1],[2]. Parmi ces
solutions on trouve les filtres actifs réalisés autour de
convertisseurs d’électronique de puissance ayant
I’aptitude de réaliser un filtrage fin et obtenir un
courant  source  presque  sinusoidale.  Les
performances de ces filtres dépendent de la nature de
’alimentation, le type de la distorsion a compenser, la
stratégie de controle adoptée, etc...

En fonction de I’application envisagée et de la
puissance mise en jeu, on peut utiliser différentes
topologies de filtres. Le Filtre Actif Paralleéle est
considéré comme la solution la plus utilisée pour
I¢limination des harmoniques en courant et améliorer
ainsi la qualité d’alimentation d’une installation
industrielle. Plusieurs travaux ont été réalisés autour
du FAP en mati¢re de 1’identification des courants
harmoniques et de la stratégie de controle utilisés qui
ont donnés des résultats trés satisfaisants. Ces
dernicres années nous avons assisté a la pénétration et
a lutilisation des techniques de [I’intelligence
artificielle dans la commande de différents systémes a
base d’électronique de puissance
[11,[2],[9],[10],[11],[12], en particulier dans les
aspects controle et régulation. Les avantages qui
motivent ’utilisation des RNAs dans les différents
processus de commande et/ou de régulation sont la
simplicité d’utilisation, la non nécessité¢ d’avoir un
modele mathématique, la facilité d’apprentissage et
plus particuliérement un temps de calcul faible lors
d’une implémentation pratique [2].

Cet article présente 1’application des réseaux de
neurones dans la commande et la régulation de la
tension continue d’un filtre actif paralléle en utilisant
le Logiciel Matlab_Simulink en association avec le
Toolbox SimPowerSystem et ceci en vue de
remplacer le contrdleur classique a hystérésis et le
régulateur de tension classique PI. Les résultats de
simulation obtenus montrent la faisabilité et
’efficacité des réseaux de neurones dans 1’imitation
des fonctions d’un contrdleur a hystérésis et de
régulation de tension en régime transitoire ou
permanent avec un courant presque sinusoidale coté
source et un THD respectant les normes standards.
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II. FILTRE ACTIF PARALLELE

Le schéma de principe d’un filtre actif parallele est
donné par la Fig.1, la charge non linéaire est formé
d’un convertisseur AC/DC alimentée par une source
triphasée (vsa, vsb, vsc), I’impédance de la source est
représenté par (Rs,Ls). Le filtre actif et constitué¢ d’un
convertisseur de tension (VSI), d’une inductance Lf et
d’une source de tension continue provenant d’un
condensateur Cdc alimenté via les diodes
antiparalléles du méme convertisseur [7].
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Fig.1 Schéma de principe d’un FAP
II.1 TOPOLOGIE DU CIRCUIT DE PUISSANCE

Différentes topologies sont utilisées pour
implémenter le FAP, la configuration standard
consiste au PWM-VSI (Pulse Width Modulation
Voltage Source Inverter),[6]. L’avantage principale de
cette configuration c’est qu’elle ne nécessite qu’un
seul élément de stockage comparé au FAP a quatre
files ou utilisant un convertisseur multi-niveaux. Les
performances du FAP a base d’un VSI afin de
compenser la distorsion harmonique dépend de
plusieurs parametres telque la valeur de 1’inductance
de filtrage Lf, I’élément de stockage de 1’énergie Cdc,
la méthode adoptée pour extraire les courants de
référence de compensation ainsi que la technique de
controle utilisée pour la régulation des trois courants
du filtre et de la tension aux bornes de Cdc [7],[12].

11.2 MODELE ANALYTIQUE DU FAP-VSI

Les tensions et les courants au point de connexion
du FAP dans un repére « abc » sont données par [4]:

Vsa :Rf lfa +Lf d7t+Vfa +VMN

. difb
Vsb =Ryig +Lg d—t+Vﬂ) +V N (1)

Vse :Rf lfC +Lf d7t+Vfc +VMN

Les tensions phase-neutre du FAP sont données par :

Vf1 =V +V
sz ey +V @)
Vf3 =V +V uw
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La somme de ces trois tensions donne la tension

masse-neutre V
1
Vv = §(Vfa +Vfb +Vfc) 3)

En remplagant (3) dans (2) on obtient :
2 1 1

v, =Yy, v, Ly 4

2= 5 e @
1 1 2

Vf3:_§Vfa_§Vfb +§VC‘

Ces ¢équations réécrites sous forme matricielle
donnent :
14 2 -1 1|V
VR Ja
Vf 2| = 3 -1 2 -1 th %)
Vf 3 -1 -1 2 Vfc

Les tensions V. peuvent prendre les

V..,V
Ja’ fb7 fe
valeurs 0 ou &/ 4o S dépendance de la fonction de

. ieme .
commutation C, pour la k bras du convertisseur

(k =1,2,3),C, est définie comme suit :

C, =114 Skis ON andSp,3 is OFF
(6)
Ck =0 if Spis OFF andSp43 is ON
Par conséquent :
Vfa Cl
Vfb = gz Vo 7
Vfc 3

En remplacant (7) dans (5), les tensions phase-
neutre sont données alors par :

Vfl 1 2 -1 -1||C
Vf 7= 3 -1 2 -1||C2 Vdc (®)
Vf3 -1 -1 2||C;3

En utilisant (8), on peut déduire les tensions
Vf1 ,Vf 5 ,Vf3 données par le tableau (1).
De méme on peut définir 1’état de la fonction de

commutation d ke définie par :

da | [2 -1 ]G
dpa|=5|-1 2 -1]|C2 )

dy3 -1 -1 2|[Cs
Dans ce cas, les tensions phase-neutre sont
données par la relation suivante:
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Vel dnl

VfZ =|dn2 Vdc (10)
Vf3 dn3
En remplagant (10) dans (1) on obtient :
di
Jfa _ _p
Lf ="Rrlg _dandc +Vsa
dt
di
So — _p o
Lf ” =—Rpig _dn2Vdc +Vsb 1
di
fe — _p o
Lf =hylg _dn3Vdc +Vsc
dt
n Cl C2 C3 Vfl sz Vf3
0 0 0 0
2 1 2 1 1
EVdc _EVdc _EVdc
3 0 1 0 lV 2V lV
T3 de 3" de "3 de
4 0 1 1 1 1 2
§Vdc §Vdc _EVdc
5 1 0 0 lV lV 2V
"3 de "3 de 3 de
6 1 0 1 lV 2 1
3 de T3 de 3 de
7 1 1 0 2V lV lV
T3 de 3 de 3 de
8 1 1 1 0 0 0
Tableau (1)

Pour le coté continu du FAP, nous avons 1’équation
suivante :
dv 1 1
de _ 1 _ . L .
—E=a 2d  —d )i, o d  +2d )iy (12)

I1I. COMMANDE DU FILTRE ACTIF PARALLELE

La commande du filtre utilise une technique
inspirée de la méthode des courants de référence [3]
basé sur la mesure des tensions d’alimentation

(v, VoV, ) et la détermination de I’amplitude du

courant maximale & fournir par le filtre / o donnée

par (13):
2 Pmoy

smax 3 Vem

(13)

Les courants de référence sont calculés suite a la

multiplication de 1’image des trois tensions source par
le courant / mar La différence entre ces courants de

références avec les courants absorbés par la charge
permet de générer les trios courants de compensation

(I sDypet 1)

Ly =1y ~1a
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Lye =Ly ~Lpp (14)

Icf = [cref _[cL
La Fig.2 donne le schéma bloc du modéle simulink
d’extraction des courants de références du FAP.

Fig.2 Modg¢le simulink d’extraction des courants de
référence

Nous utilisons pour la commande du convertisseur
la technique de modulation a hystérésis caractérisée
par une facilit¢ d’implémentation et une grande
stabilit¢, la logique de commutation peut étre
formulée de la fagon suivante [7],[8] :

Si ic < icref-HB : I’interrupteur supérieur est OFF et
I’interrupteur inferieure est ON,

Si ic > icreftHB : linterrupteur supérieur est ON et
I’interrupteur inferieure est OFF.

Le bloc simulink permettant la génération des signaux
de commande du convertisseur est donné par la Fig.3.
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Fig.3 Commande a hystérésis du FAP
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IV.CONTROLEUR RNA-FAP

Le systeme de commande et de régulation a base
des réseaux de neurones du filtre actif parall¢le utilisé
dans ce travail est congu autour de deux MLPs (Multi-
Layer Perceptron). Le premier réseau permet de
réguler la tension aux bornes du condensateur Cdc afin
de la maintenir constante autour d’une valeur de
Udc=700V, le deuxiéme réseau donné par la Fig.4,
permet d’imiter le contréleur classique a hystérésis
générant les signaux de commande du convertisseur
composant le FAP. L’architecture adoptée pour ce
réseau consiste en un MLP trois couches: couche
d’entrée correspondant aux entrées Ec-a, Ec-b, Ec-c,
une couche caché formé de m neurones et une couche
de sortie correspondant aux signaux de commande Sa,
Sb, Sc des interrupteurs du demi-pont supérieur du
convertisseur. Le nombre des neurones de la couche
caché peut étre choisi en réalisant plusieurs tests
d’apprentissage pour notre cas m=20, certains auteurs
utilisent des méthodes intelligentes tel que les
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algorithmes génétiques pour déterminer ce nombre
[1],[8]. L’apprentissage de ce réseau est réalisé¢ avec
I’algorithme de  retro-propagation  Levenberg-
Marquardt en  utilisant 10000  exemples
d’apprentissage (off-line) obtenu par simulation. Cette
méthode est recommandée dans le cas ou la fonction
performance “Mean square error” est utilisée [2]. Les
neurones de cette couche utilisent la fonction
Sigmoide alors que pour les neurones de la couche de
sortie la fonction linéaire.

Z—F
Z#F
Z sa
Ec-a #— M
Ech a—3p Z—F o ST
" s+
Z 3¢
3

Fig.4 Structure du contréleur RNA FAP

Le schéma bloc du filtre actif a base de deux
contrdleurs a RNAs est donné par la Fig.5.

T —

F{g.S FAP a base de controleurs 8 RNAs
V. SIMULATIONS

Les travaux de simulation sont élaborés en
utilisant le Logiciel Matlab Simulink et le Toolbox
SimPowerSystem en considérant le cas d’une source
d’alimentation triphasée équilibré alimentant une
charge (Rch,Lch) a travers un pont a diodes triphasé.
L’avantage principal qui motive l’utilisation de cet
outil de simulation est sa capacité d’intégrer dans un
méme modéle le bloc commande et la structure de
puissance a simuler. Les paramétres utilisés pour la
simulation sont donnés par le tableau (2).

Source Tension Vs 220V
Fréquence Fs = 50 Hz
Resistance Rs = 0.1mQ
Inductance Ls = 0.0002 mH
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Charge non- Resistance Rech = 48.6 Q
linéaire Inductance Lch = 40 mH
Filtre actif Tension Ude = 700V
paralléle Capacit¢ Cde = 1100 uF
Resistance Re = 027 m Q
Inductance Lc = 0.8 mH

Tableau (2)
La Fig.6 montre le courant de la source en absence
du filtrage, ce courant n’est pas sinusoidale est riche
en harmoniques avec un THD de 27.72%.
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Fig.6 Courant source sans FAP

Le spectre des harmoniques correspondant est
donné par la Fig.7.
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Fig.7 Spectre des harmoniques sans FAP

La Fig.8 et la Fig.9 donnent le courant source et
son spectre aprés filtrage. Ce courant est sinusoidal
avec un THD nettement réduit, environ 1.49%.
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Fig.8 Courant source avec FAP
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Fig.9 Spectre des harmoniques du courant source avec
FAP

La Fig.10 donne I’allure de la tension aux bornes
du condensateur de stockage. Au départ le
condensateur est chargé par une tension Vi=500V, la
tension suit parfaitement sa valeur de référence
Vdc=700V stabilisée a I’instant t=0.13sec.
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Fig.10 Tension continue Vdc

La tension et le courant source apres filtrage sont
données par la Fig.11, le courant et en phase avec la
tension.
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Fig.11 Tension et Courant source avec FAP

Les performances du double contrdleur proposé
pour la commande et la régulation de la tension du
bus continu du filtre actif parallele en terme
d’élimination des harmoniques sont trés satisfaisantes,
par analyse du spectre, on constate que le THD du
courant source passe de 27.72% a 1.49% ce qui
respecte énormément les normes standards IEEE519
& IEC61000.

VI. CONCLUSION

La commande d’un filtre actif paralléle en utilisant
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deux controleurs a base des RNAs est présentée dans
cet article. La technique de commande adoptée utilise
une stratégie de contrdle en courant. Le modéle de
base développé nous a permet de construire la base de
données nécessaire a I’apprentissage des deux réseaux
de neurones. Les deux controleurs utilisent une
architecture congue autour de deux MLP (Multi-Layer
Perceptron). Les résultats de simulation obtenus en
utilisant le Logiciel Matlab Simulink et le Toolbox
SimPowerSystem montrent la faisabilit¢ de
I’approche suivie et permettent de conclure sur
I’importance de cette technique d’intelligence
artificielle dans la commande du convertisseur
composant un filtre actif. Le THD obtenu apres
filtrage est de 1.49% respectant ainsi les normes
standards internationales IEEE 519 & IEC61000.

VII.REFERENCES

[1] Guiying Liu; Shiping Su; Peng Peng, "Intelligent
Control and Application of All-function Active Power
Filter", IEEE, International Conference on Intelligent
Computation Technology and Automation, 2008, pp.
1078-1081.

[2] Wenjin Dai Yu Wang, "Active power filter of three-
phase based on neural networks ", IEEE, 2008, pp.
124-128.

[3] Kerrouche Soumia, Krim Fateh, "Three-phase active
power filter based on fuzzy logic controller",
International Journal of Sciences and techniques of
automatic Control & Computer engineering, Volume
3,N°1, 2009, pp. 942-955.

[4] Abdelaziz Zouidi; Farhat Fnaiech, Kamal Al-Haddad, "
Voltage source inverter based three-phase shunt active
power filter :Topology, Modeling and
control strategies", IEEE, ISIE, 2006, pp. 785-790.

[5] Chakphed Madtharad, Suttichai
Premrudeepreechacharn, "Active power filter for three
phase four wire electric systems using neural
networks", ELSEVIER, Electric power System
Research, pp. 179-192, 2006.

[6] Bimal K. Bose: Modern Power Electronics and Ac
Drives,Pearson Education Inc, 2002.

[7] Murate Kale and Engin ozdemir,"An adaptive
hysterisis band current controller for shunt active
power filter", Elsevier, Electric power system research
73,2005, pp. 113-119.

[8] Tong Mei; Tong Jie; Jiang Jing ping, "Active Power
Filter with a Nerual Network Controller", Transactions
of China Electrotechnical Society, Vol. 2(1), 2000, pp.
57-60.

[9] Bor.Ren Lin and Richard G.Hoft, "Power electronics
inverter control with neural networks”, IEEE, 1993, pp.
128-134.

[10] Bor.Ren Lin and Richard G.Hoft, "Power electronics
inverter control with neural networks", IEEE, 1995, pp.
900-906.

[11] Tzong-chen Wu and Yuh-Shihing Chang, "Optimised
PWM inverter using artificial neural networks", IEE,
1995, pp. 1739-1740.

[12]B.Sing, K.Haddad, A.Chandra, "A new control
approach to three-phase active filter for harmonics and
reactive power compensation", /EEE, Trans. Power
Syst.13(1), 1998, pp. 133—138.

156



Al S it Guald) A gad) i lal)

6™ International Conference on Electrical Engineering 11- 13 October 2010

Utilisation des Reseaux de Neurones dans I’ mplementation de la
Technique de Commande SVPWM sous Matlab-Simulink

Chennai Salim*, Rezaoui M.M* , Benchouia M.T**, Goléa.A** and S.E. Zouzou**

* Département du Génie Electrique, Centre de Recherche Nucléaire de Birine, Algérie
Email: chenaisalimov(@yahoo.fr
** Laboratoire L.G.E.B., Département de Genie Electrique, Université de Biskra, Algérie

Résumé— Cet article présente I’étude, 1a modélisation et
la simulation de la technique de commande SVPWM a
base des réseaux de neurones artificiels en utilisant le
Logiciel MATLAB_Simulink. C’est I’une des techniques
les plus avancée de controle en PWM (Pulse Width
Modulation), elle peut &tre utilisée pour la commande
des machines électriques afin d’avoir des performances
dynamiques plus meilleurs ou pour le contrdle d’un
filtre actif de puissance utilisé pour éliminer les
harmoniques coté source. Dans une premiére partie,
nous avons présenté le principe de la SVPWM poursuivi
de D’établissement d’un modéle de simulation. Ensuite
nous avons présenté D’architecture du contréleur
SVPWM ANN qui est un MLP (Multi-Layer
Perceptron). 1l recoit les entrées SXYZ et génére a
sortie les signaux de commande au convertisseur de
tension deux niveaux. Ce contrdleur a pour avantage
principal la réduction du nombre de calcul en
particulier pour les fonctions trigonométriques utilisées

pour la détermination des temps 7' . et T i Pour

+1°
tester la faisabilité et la fonctionnalité du controleur
SVPWM_ANN, nous avons élaboré différentes
simulations. Les résultats obtenus sont tres
satisfaisantes.

Mots clés—ANN-SVPWM, Convertisseur de Tension deux
Niveaux, Réseaux de Neurones Artificiels,
Multi-Layer Perceptron

Abstract—This paper presents the design, modeling and
simulation of the SVPWM control technique based on
artificial neural networks using MATLAB_Simulink
program. It is one of the most advanced PWM (Pulse
Width Modulation) techniques control, it can be used to
control electrical machines in order to have better
dynamic performance or control an active power filter
to eliminate current harmonics in source side. In the
first part, we have presented the principle of SVPWM
pursued with establishment of a simulation model. In
second part, we have presented the architecture of the
SVPWM_ANN’s controller based an MLP (Multi-Layer
Perceptron) network. The ANN receives inputs and
generates SXYZ output control signals to the two levels
voltage source. The major advantage of proposed
controller is reduction of the calculation number
especially for trigonometric functions used to determine

T i and T 4l times. To test the feasibility and

functionality of the SVPWM_ANN’s controller, we have
developed different simulations. The results obtained are
very satisfactory.
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I. INTRODUCTION

La machine asynchrone est largement utilisée dans
les applications industrielles, pour la plupart des
processus elle nécessite la vitesse variable [1]. Ces
performances sont dégradées aux basses vitesses et
influencée par la présence des ondulations dans le
couple [2]. Différentes techniques de génération des
signaux de commande ont été utilisées pour le
contrdle du convertisseur de puissance qui alimente la
machine, mais la plus importante est la SVPWM
(Space Vector Pulse Width Modulation), elle offre
des performances plus meilleurs que les autres
techniques [3],[4].

L”’inconvénient majeure de la SVPWM est les
temps de calcul énormes nécessaire a son
implémentation due aux fonctions trigonométriques

utilisées pour la détermination des tempsT . et
T, ,,d’ou I'intérét d’utiliser les réseaux de neurones.
Les applications des RNAs dans le domaine de
I’électronique de puissance a connu ces derniéres
années une grande pénétration en particulier le MLP
FeedForward qui peut implémenter n’importe quelle
fonction non-linéaire [6].

Cet article présente la modélisation et Ia
simulation de la technique de contréle SVPWM
classique en vue de I’implémenter avec un réseau de
neurones artificiels en utilisant le Logiciel
MATLAB Simulink, ceci afin de I'utiliser pour la
commande des machines électriques ou le controle du
convertisseur d’un filtre actif parallele. Afin de tester
la faisabilité du controleur SVPWM-ANN différentes
simulations ont été réalisées, les résultats obtenus
concordent parfaitement avec ceux obtenus avec un
contrdleur SVPWM classique.

II. PRINCIPE DE LA SVPWM

La tension de référence statorique pour un moteur
asynchrone peut étre définie par :

Uy =20 4 +Vgye! ™ Ve’ ™13 (1)
Avec (V 4y sV gy Yy )sont les tensions de phase.

Le convertisseur de tension triphasé pouvant
alimenter la machine asynchrone est représenté par la
Fig.1, il est constitué¢ de six interrupteurs IGBTs.
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Les vecteurs tensions Vet de vV B du vecteur
" " B tension sortie U dans le plan (a — f)sont données

e = . ) par les expressions suivantes :
& Vy=TU,IT +TU, cos(x/3)/T 4)

Vg =TUg sin(z/3)/T

eE) T4 16
@ D’aprés 1’équation (1), nous avons :
Fig.1 Convertisseur de tension triphasé U,=U,, =2Wdc/3

. \ . B’ tensi V etV t
Ce convertisseur possede huit états de Dans ce cas les vecteurs tensions a (& ﬁpeuven

fonctionnement donnés par la Fig.2. étre écrites sous la forme :

T =31V /2, 3TV W
1 o de de

B
T, = J—XZ’Vﬂ v, )
T =T-T, -T,

On peut généraliser les temps d’opération7, ,

T, 4 correspondant a U o Ct de U k41 dans les autres

secteurs par :

T, = (3T v, )W, sin(k/3) =V cos(kn/3)]

(6)
Fig.2 Vecteur espace d’état Tpp =BTV W cos((k =Dz /3) =V sin((k =1z /3)]

Pour chaque période de commutation, le vecteur

tension de sortie U peut €tre calculé en utilisant les IV. MODELE SIMULINK DE LA SVPWM

deux vecteurs tensions adjacents de la fagon suivante : I Etape : Détermination des tensions de
références V.,V ,:

Us =TkUsk /T +Tk+lka+1/T+ (2) o B

T,U oo ir +T7U 137 /T V=V N2.sin(wt)
Ou T est la période d’échantillonnage, T, , T, ,, sont V,=V N2.sin(wt —2.7/3) @)
respectivement le temps d’application de U et de vy =V J2sin(r +2.7/3)
U, de méme T ,T7 sont le temps d’opération de Ve \/5'(21/1 vy
UOOO et de U777. ; &
Avec U et U sont les deux vecteurs tensions Vp= Z'(V2 =V3)

000 777

nul. Le bloc simulink calculant Va et V _est donné

B
I1I. ALGORITHME DE LA SVPWM par la Fig.3.

. .

Selon la Fig.2, U et T sont dans le premier %c)';L > * ) 2>

h 4

secteur, ils peuvent étre écrites sous la forme : :
U,=TU, /T +TU, /T 3) =]
T =T +T,+T,
[<] "
Ou T est la période du signal PWM, T,et T, sont .

respectivement les temps d’application de U_ et de

Ugo -

Fig.3 Bloc simulink calculant Vet V/ 2°™ Etape : Détermination du secteur de U g

B
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Soient les

grandeurs tensions intermédiaires

B,B,,B,, ils peuvent €tre calculés en utilisant les
deux composantes Vet de v B donnés par (9), le

secteur est déterminé en fonction de P calculé selon
(10) et en utilisant le tableau (1).

B, =V B
B, = +sin(z/3)V, —sin(ﬂ/6)Vﬂ C)
B, =—sin(z/3)V, —sin(ﬂ/6)Vﬂ
Connaissant B,, B, B, , il est possible de calculer
le secteur [5] dans le quel est localis¢ le vecteur
U, selon (10) :

Valpha

Fig.5 Bloc simulink calculantX ,Y , Z

4°™ Etape : Calcul des Temps T’ et Ty

Pour chaque secteur, le calcul de T)et T, se fait en

fonction deX ,Y , Z selon le tableau (2). La Fig.6
donne le schéma simulink implantant le bloc calculant

T)etT,.

P=4B, +2.B,+B, (10)
SiB.>20 = 1
gt e{0,1,2}
Si non =0
P 1 2 3 4 5 6
Secteur 2 6 1 4 3 5

Tableau (1) Relation entre P et le Secteur S

Le bloc simulink calculant le secteur S en fonction
de B, B,,B, est donné par la Fig.4.

Fig.4 Bloc calculant le secteur S

3% Etape : Calcul de des temps intermédiaires
X,Y ,Z:

T
X =—\5Vﬂ
T 3
Y = (\/_.Vﬂ+ Va) 11
Vdc
T 3
Z = (\/7‘Vﬂ —Va)
Ve 2

Le modéle simulink permettant de calculer les
temps X ,Y ,Z est donné par la Fig.5.

Sixth International Conference on Electrical Engineering CEE 2010

Secteur 1 2 3 4 5 6
T1 Y Z X Y -Z -X
T2 Z X Y -Z -X Y

Tableau (2)

5™ Etape : Génération des signaux de modulation
T, TyetT,:
T, =@ T, -T,)/4
T, =T, +T,/2
T, =T, +T,/2

(12)

0

2 ja% A
T

§

éj%

-

g

Fig.6 Bloc simulink calculant les temps 7' etT,
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Gainz

Fig.7 Bloc Simulink générant les signaux de
modulation

6°™ Etape : Génération des signaux T 1 L

17 “em?2
etT m3
S1 S2 S3 S4 S5 S6
Teml Ta Tb Tb Tc Tb Tb
Tem?2 Tb Tb Ta Tb Tb Tc
Tem3 Tb Tc Tb Tb Ta Tb

7" Etape : Génération des signaux de commande:

o=

tem 1

.
L

L Relay

2
e

— Relayl

3
e
Se
— Relayz

Repeating
Sequence

¥

¥

h 4

¥

Fig.8 Bloc simulink générant les signaux de
commande

V. RESEAUX DE NEURONES-SVPWM

Les équations calculant 7 et T, données par

(6) utilisent des fonctions trigonométriques complexes
qui nécessitent des calculs énormes [6]. L’utilisation
d’un réseau de neurones peut réduire énormément ce
temps. Le schéma bloc du contréleur ANN-SVPWM
développé est donné par la Fig.9, il permet d’imiter et
de remplacer tous les blocs utilisés dans la SVPWM
classique. L’architecture adoptée pour ce réseau
consiste en un MLP quatre couches: une couche
d’entrée correspondant aux entrées SXYZ, deux
VI. SIMULATIONS

Les travaux de simulation sont élaborés en
utilisant le Logiciel Matlab Simulink dans le cas d’un
convertisseur de tension triphasé a deux niveaux.

6

5.5

5

4.5

4

3.5

3

Partition S of Position

2.5

2

1.5

1

[ 0.005 001 0015 002 0025 003 0035 0.04
Axis Time

Fig.11 Secteur S
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couches cachées formé de 12 et 20 neurones
respectivement, une couche de sortie correspondant

aux signaux de sortie7” , T
cml’ “cm

,etT ..Lenombre
cm3

des neurones de la couche caché peut étre choisi en
réalisant plusieurs tests d’apprentissage, certains
auteurs utilisent des méthodes intelligentes tel que les
algorithmes génétiques pour déterminer ce nombre
[7],[8], pour notre cas, nous avons utilisés plusieurs
tests. L’apprentissage de ce réseau est réalisé avec
I’algorithme de  retro-propagation  Levenberg-
Marquardt en  utilisant 20000 exemples
d’apprentissage (off-line) obtenu par simulation. Cette
méthode est recommandée dans le cas ou la fonction
performance “Mean square error” est utilisée [8]. Les
neurones des couches cachés utilisent la fonction
Sigmoide alors que pour les neurones de la couche de
sortie la fonction linéaire. La Fig.9 donne le bloc
simulink du contréleur SVPWM_ANN.

netumd  tansigl iz}

netumz  purelin a7

b{3}

Fig.9 SVPWM_ANN

La Fig.10 présente le schéma bloc de la SVPWM
implémentée en utilisant les réseaux de neurones
artificiels.

;

:

¢

NIAH 06 MIA6H6
A AT
JRUAR WA A AN
RN RN
PR Y W A W
IS AR W) VAR
Sy
NSNS S NI G8.

o 0005 001 0015 002 0025 003 0035 0.04
Axis Time

Fig.12 Signaux de modulation 7 wm1® L,

ml’ cm2’Tcm3
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0002 004 0006 0008 or
w95 (s)

Fig.13 Signal de référence Vear

002
w95 (s)

Fig.14 Signal de commande S1

300

“

100

Il
O “

. W M
|

-300
0

Input Voltage Vs1 (V)

0.02 0.04 0.06 0.08 0.1
Axis Time

Fig.15 Tension de phase Van(V)

8 8
—_—
e
|

Tension de igne V)

____

004 005 006 007 008 009

Fig.16 Tension de ligne UaB(V)

Fig.11 et Fig.12, présentent respectivement
I’évolution du secteur S et les trois signaux de
modulation Temi, Tem2, Tem3. La Fig.13, montre le
signal triangulaire qui doit étre compar¢ avec les trois
modulantes afin d’obtenir les signaux de commande
pilotant le convertisseur, dont on représente S1 a la
Fig.14. La Fig.15 et la Fig.16, montrent les allures de
la tension de phase VAN(V) et de la tension de ligne
UAB(V) qui sont identiques a ceux qui peuvent étre
obtenu en utilisant la technique SVPWM classique.
Les résultats de simulation numérique obtenus
permettent en mettre en évidence la faisabilité et les
performances du systéeme de commande a base d’un
controleur ANNs-SVPWM.

Sixth International Conference on Electrical Engineering CEE 2010

VII. CONCLUSION

Un modé¢le de la technique de commande SVPWM
est élaboré en utilisant le Logiciel MATLAB-
Simulink. Nous 1’avons utilis¢ pour la commande
d’un convertisseur de tension a deux niveaux, les
résultats obtenus par simulation  coincident
parfaitement avec ceux obtenus avec la SVPWM
classique. Afin de simplifier ce modele et réduire les
opérations de calcul, nous avons cong¢u un controleur
SVPWM a base de réseaux de neurones capable
d’imiter et de reproduire fidélement les mémes
fonctions du systéme conventionnel. L’apprentissage
de ce réseau est réalis¢ avec 1’algorithme de retro-
propagation Levenberg-Marquardt en utilisant 20000
exemples d’apprentissage (off-line) obtenu par
simulation. Dans un travail futur ce controleur sera
utilisé pour la commande d’une machine asynchrone
et pour le contrdl du convertisseur composant un filtre
actif paralléle de puissance en vue d’évaluer ces
performances en régime transitoire et permanent.
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Abstract—This paper presents a three-phase three-wire generated a great deal of interest in certain egidins
shunt active filter using a fuzzy current controlle to [5], [6]. The advantages of these controllers are:
compensate harmonic currents perturbations under i¢al  ophystness, no need to accurate mathematical model,
voltages conditions. The control strategy used is bad on can work with imprecise inputs and can handle non-
the synchronous reference frame detection method. Eh linearity

advantage of fuzzy current controller proposed in his In thi f loai t troll iated
paper that it is based on linguistic description, des not n this paper, fuzzy logic current controlier asa

require an accurate mathematical model and can work With ANN dc voltage regulator are proposed to colrér
with imprecise inputs. Furthermore the fuzzy contrd rules  three-phase shunt active filter based on the sypmcius
can be modified automatically and instantaneouslywhich ~ reference frame detection method to compensate
can improve the dynamic performance of the systenThe harmonic currents.
dc voltage capacitor is controlled by ANN regulatorto  The performance of shunt active filter based orzyuz
mi?.lntaln it Consta..nt. The numerical simulation resll[s, current Controller and ANN dC Voltage regulator and
$sm|% MAfTLAB'S'm‘f"nk and PO"‘.’erl destem BIoIckSSt balanced voltages source for steady-state conditoe
oolbox, from complete structure including control and o 5 ;ated using Matlab-Simulink and power system
power circuits are presented and discussed. . .
BlockSet Toolbox, from complete structure including
Keywords—Shunt active filter, Fuzzy current controller, control and power circuits. Thg Obte_“ned resultsverd
ANN dc voltage regulator, Harmonic currents compgios, that, the proposed shunt active filter control scée
synchronous reference frame detection method. produced a sinusoidal supply current with acceptabl
low harmonic distortion and in the phase with time |
I.  INTRODUCTION voltage.

With the proliferation of nonlinear power electrosi Il. SHUNT ACTIVE FILTER
loads, the problem of harmonic is severity, which
influences the power quality of power grid. Passive I1.1 POWER CIRCUIT
power filter is a traditional harmonic restraint thned. The basic block diagram including non linear load
The passive filtering is a simple way to elimingte compensation principle of a shunt active poweefils
harmonic currents. However, it does not allow tghown in Fig.1. It is controlled to draw/supply a
completely eliminating all of them and has manygompensated current from/to the utility, such titat
drawbacks such as series or parallel resonancetkéth cancels harmonic currents of the non-linear load an
system impedance [1]. makes the source current in phase with the difteren

Active filter is used, these last years, to imprpesver waveforms. The current drawn from the power system
quality on the load side from the grid current, byt the coupling point of the shunt APF will result
injecting compensating currents [2]. The perforngant sinusoidal [7],[8].
an active filter mainly depends on the referenceecu

generation strategy, hysteresis or PWM control, i i L. EI

topology of the power converter, etc... @#ﬁb A 1 ‘P_K
Conventionally, passive LC filters were used to

eliminate line harmonics. However the passive rilte A APF

have the demerits of fixed compensation. The recen i Lg

advances in power semiconductor devices have egsult s B 1@ 1

Various topologies of active filters have been josgd, _TCdc

the voltage source inverter (VSI) structure is messtd. ' —
In recent years, fuzzy logic and ANN controllersda Figure.1 Shunt active filter
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I1.2 SHUNT ACTIVE FILTER MODEL

The voltages at the connection point of the shunt

active power filter leads to the following equasom
the "abc" frame [3],[4]:

: difa
Vsa=R; iy + Ly e *Via VN
t
t

_ : difc
Vsc =Ry g + Ly e +Vie +Vun

The neutral-to-phase active power filter voltages a

given by:

Vf 1 =Vfa +VMN

V., =Vqp +Vun (2)

f2
Vi3 =Vic *Vun

Summing the three equations in (2) the masse-to-

neutral voltage/,, is given by:

Vun :%(Vfa *Vip *Vic) (3)
By substituting (3) in (2), we can obtain:

Vil= %Vfa _%Vfb _évfc

Vi, = _%Vfa +§Vfb _évfc (4)

Vig= _%Vfa _%Vfb +§Vfc

The equations (4) can be written in a matrix form:

Vi1 2 -1 -1||Vsa
Viol|= 3 -1 2 -1{|Vfp (5)
Vi3 -1 -1 2|V

The voltagesvfa,v Vfctake the value 0 or

fb’
tvdcdepending on the switching functioﬁk of the

KIEme o tar leg(k =1,2,3), C, which is defined as,

Vi1 2 -1 -1][Cy
Viz|=5|-1 2 -1f[C 2V, (8)
Vi3 -1 -1 2||Cg

Using (8), the eight possible values of the volsage
Vi1V, .V gcan be deduced in table |, note that n is

the number of the switching states.

Furthermore, a switching state functiontkdcan be
defined as:

dn| ,[2 -1 -1[C
dn2 :§ -1 2 -1j/|C2 (9)
dn3 -1 -1 2||Cq

Dans ce cas, les tensions phase-neutre sont donnée
par la relation suivante:

Vi1 dn1
Via|=|dh2 |V, (10)
V¢ 3 dn3

By substituting (10) in (1) and taking into accotim
relation (1) the following equations hold:

difb .
L e Ry iy —dpMge tVgp (11)
difC

Ly =-Rs ifc _dnSVdc +Vge

On the dc side of the APF circuit the following
equation holds:

follows:
C,=11if Skis ON andg+3 Iis OF
(6)
C, =0 if Skis OFF and+3 is ON
Hence,
Vfa Cl
Vic Cs

By substituting (7) in (5) the neutral-to-phasetages

Nie = 1 04 —g i+t @ +2d )i, (12
o Coo P it 2 )iy (12)
n Cl CZ C3 Vf 1 Vf 2 Vf 3
1 0 0 0 0 0 0
2 0 0 1 2 1 1
3Vdc _§Vdc _§Vdc
3 0 1 0 1 2 1
- 3Vdc §Vdc _§Vdc
4 0 1 1 1 1 2
3Vdc évdc _§Vdc
5 1 0 0 1 1 2
_§Vdc _§Vdc §Vdc
6 1 0 1 1 2 1
§Vdc _§Vdc 3Vdc
7 1 1 0 2 1 1
_§Vdc §Vdc §Vdc
8 1 1 1 0 0 0

are expressed by:

Table (1)
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I1l. CONTROL STRATEGY

The control strategy to compensate harmonic cisret
used in this work is based on the synchronouserber
frame detection method. The principle of this tegha

is described below [9]. The three phase currieants

i,and i care transformed from three

b
(abc) reference frame to two phase(a'—ﬁ) stationary

phast

reference frame Current% andiﬁusing:
1 1 |
. 1 = — ILa
Ma/z A [ G )
ig] V3|, VB V3|
2 T2t

Using a PLL (Phase Locked Loop), we can genera’&e

ia-ref

ss sin(0) i
Vs PLL | cosid)
Vse

Figure.2 Basic Synchronous Reference Frame

a9/ ap

The PLL is used to detect the zero crossing pafts
the utility voltages in non ideal conditions. The
drawback with this technique is that these poimtshe
exactly detected if the signal contains high freopye
perturbation [10].

IV. DC VOLTAGE CONTROLLER

Pl VOLTAGE REGULATOR

cos@.s;) and sin(,) from the phase voltage source

Vsa‘v sb’v sc’

The currents expressiori jand i, in (d-q)

I

reference frame are given:by

id} {Sin(eest) - CosPest

L q cos@st)  Sinfest)

la

ig

(14)

The DC quantities and all other harmonics ar

transformed to non DC quantities using a low patesf

id|_ ig + i~d
e e
iq * i
The expression of the reference curreirclrt_ref and
| et @€ given by:
: 7 . -1r.
l:'a_ref :{S'n(gest) _Coseest)} ld (16)
ip-ref | |cos@st) SinBest) iq
ia—ref _ i sin(@est) Coseest)i| |_d + rd (17)
| B—ref | —cos@hst) SinBest) iq

The reference currents in thabc) frame is given by:

) 1 0
la-ref
i = g _1- E’ ia—ref
I.b_ref _\/; 2 2 [ilb)—ref (18)
Ic—ref 1 3
2 2]

Finally, the compensation currenu%a(, Iep and |CC) are

given by:
ica =i a—ref - La
Lo = bmrer 71 Lo (19)
icc =l c—ref - Lc

The regulation loop consists of the comparisonhef t
measured voltage with the reference voltage, antmitt
that the function of the system to be controllediien
by [11]:

v
Vdc-ref Cyc-S)
The closed loop transfer function using a Pl refgula

(20)

is given by:
© 2
Vdc — (K p’ K; /S).(Vs /(Vdc—ref .CdC-S)) 21)
Vit 1+(K p* Ki /S)-Vsz/(\/dc—ref Cyc-S)
The development of this equation gives:
« p.vs2 s+ Ki
Vdc - Vdc-ref Cgc Vdc- ref C e 22)
2 Ny 2
Vic-ref g2+ Kpvs _ Kivg
Vdc-ref Cdc Ve ref Cqc

A second order characteristic equation of the dose
loop system is deduced:

32+2g‘w}1s+a)n2=0 (23)
Where:
Kiyv 2 K
R Tl P (24)
dc-ref Cyc \/KI Vdc-ref Cqc
From (11) the proportional and integrator

coefficientk D K, of the controller can be deduced:

w2

)
n dc-ref 'Cdc

V2

S

_ 25K,

(25)

K ’
P w
n

The expression of the curremt .to compensate the
inverter losses and maintain the constant dc-livlkage
is given by:

I (26)

To obtain optimal dynamic performance for the syste
the value of the damping ratiginmust be equal a 0.707.

¢ =K AU 4 +K [AUgcdt
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B.ANN’sDC VOLTAGE REGULATOR

The dc voltage neutral network controller used i '
presented in Fig.3. Its role is to maintain conistar
voltage around a desired value Vdc-ref = 700V. Th
input pattern of the network is the error valuesdeV
between the measured dc voltageic-¥es and its
reference value d-ref and its output is the current to
compensate inverter losses. The architecture addpte
this network is three layer perceptron, the hidthger
contains one neuron with tansig activation functior . : : : : : : : : :

: - 08 06 04 02 00 02 04 0 08 4
whereas the output layer contains one neuron \widat . .
it varisble "de

activation function. _ _ _ Figure. 4 Membership function for the inputs valésb
The network was trained with back propagation

Levenberg-Marquardt algorithm using 20,000 examples
of learning (off-line) obtained by simulation-based The fuzzy controller for every phase is charactetifor
PI control loop. the following:

= Three fuzzy sets for each input,

) = Three fuzzy sets for each output,
EVdc e—p IZ Hf{ IS‘“ = Triangular y and trapezoidgl membership
functions,
= |mplication using the “min” operator,
= Mamdani fuzzy inference mechanism based on
fuzzy implication.
Defuzzification using the “centroid” method.

05t R

Figure.3 DC voltage ANN controller
V. FUZZY CURRENT CONTROLLER

The main component of an active filter is the cotre
controller. Generally the classical hysteresis dietr is
used to generate pulses to the PWM inverter; \ery
stable and generates a minimum noise.

Recently, fuzzy logic controllers (FLCs) have been
interest a good alternative in more applicatione Th
advantage of fuzzy systems are that they do nal age

accurate mathematical model, they can work with i . . .
imprecise inputs, can handle non-linearity, andy thee 3. If error is Positive and error rate is Negative

more robust than conventional nonlinear controllers Then outputis B!g Positive, . .
[12]. 4. |If error is Negative and error rate is Negative

Then output in Big Negative,
5. If error is Zero and error rate is Zero Then
output is Zero,
6. If error is Positive and error rate is Zero Then
output is Big Positive,
7. |If error is Negative and error rate is Positive
Big Then output is Big Negative,
If error is Zero and error rate is Positive Then
output is Negative,
9. If error is Positive and error rate is Positive
Then output is Big Positive.
N The generation process of switching signals is rgive

by Fig.5.
i

Fuzzy Logic
Contraller

The linguistic rules for the fuzzy current conteslbare
as follows:
1. If error is Negative and error rate is Negative
Then output is Big Negative,

If error is Zero and error rate is Negative Then
output is Positive,

N

Fuzzy logic control is the evaluation of a setiofige
linguistic rules to determine the control actiono T
develop the rules of the fuzzy logic, we need good
understand of the process to be controlled, bdbés
not require a complicated mathematical model. The
desired switching signals for the filter inverténcait are
determined according to the error in the filterreat. In
this case, the fuzzy logic current controller has t
inputs, named erroe and change of errade and one
output nameda. Here the erroe and change of errate
are the input variable for the system. To convemtd
linguistic variable, we use three fuzzy sets:
(Negative), ZE (Zero) and P (Positive). Fig. 4 shdhe
membership functions used in fuzzification.

©

0e Figure.5 Generation process of switching signals
Fig.6 show the Matlab-Simulink simulation block

diagram of the proposed fuzzy current controllesduh

on ANN dc voltage regulator for the three-phasenshu

' ' ' : : ' ' ' : active filter under ideal voltages conditions.
4 08 0B 04 L2 0 02 04 06 08 1

input variable "e"
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Figure.6 Matlab-Simulink simulation block diagrarintioe SAF
VI. SIMULATIONS
The purpose of the simulation is to show the T
effectiveness of the shunt active filter using azju g QR VO PO QR P
current controller to reducing the harmonic cursent ; ; ; ; ; ; ; ; ;
produced on the load side under ideal voltages S I T I I A I I M A
conditions using synchronous reference frame detect 8 ! ! ! ! ! ! ! ! !
method algorithm for references currents identifosa é ; ] ! ! ! ; ] ! !
The model parameters used for simulation are: § - IR N A
Voltage source ¥220V, Frequency $&£50Hz, Resistor ! ! ! ! ! ! ! ! !
Rs=0.1n1), Inductance &0.0002mH, Resistor dR aop = V6 = Wi =B - - A - G- A VR - - U
=48.62, Inductance th=40mH, DC Voltage dc ! ! ! ! ! ! ! ! !
=7OOV, Capacitance C&3OOQJ.F, Resistor =0.27m 55 0.02 .00 .06 0.08 Tirg.e;(s) 012 014 016 018 02
Q, Inductance t=0.8mH. .
Figure.8 Source current
Fig.7, Fig.8 and Fig.9 shows the voltage sourase li ’ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
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The simulation results show that the source current
becomes closely sinusoidal and the THD is reduced
from 28.16% to 5.34% after compensation. The dyoami
response of the proposed ANN DC voltage regulaor i
very good.

VII. CONCLUSION

CQurrent sourceisa (A)

In this paper, a fuzzy current controller assodiate
ANN'’s dc voltage regulator for shunt active filthas
been proposed to compensate harmonic currents under
ideal voltage conditions. The simulation resultever
the effectiveness of the designed active filtereldasn
FLC and ANN controllers. The source current becomes

e vt | closely sinusoidal and in phase with source. Th®T$1
v 0] reduced to 5.34% after compensation in conformiti w
7 ! ! ! ! ! ! ! ! ! the standard IEEE recommendations.
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Abstract — This paper presents a three-phase three-wire shunt active filter with two different control stegjies, the

shunt active filter based on intelligent controlles to
compensate harmonic currents. Shunt active filterd the best
solution to eliminate harmonics drawn from nonlinea load
especially for low power system, the most inverteused is the
two-level voltage sourceThe control strategies adopted are
the synchronous reference frame detection method rfahe
fuzzy logic controller and the synchronous currentdetection
method for the ANN controller. The advantages of thawo
controllers proposed in this paper that are basedmlinguistic
description, does not require an accurate mathematal model
and can work with imprecise inputs. The dc voltageapacitor
is controlled by conventional Pl regulator to maingin it
constant. The numerical simulation results, using MALAB-
Simulink and Power System BlockSet Toolbox, from copiete
structure including control and power circuits are presented
and discussed.

Keywords — Shunt active filter, Intelligent controllers,
ANNSs, FLC, Harmonic currents compensation.

I. INTRODUCTION

ith the proliferation of nonlinear power electraic
loads, the problem of harmonic is severity, which
influences the power quality of power grid. Passive

power filter is a traditional harmonic restrainttheed. The
passive filtering is a simple way to eliminate tr@monic

currents. However, it does not allow to completely
eliminating all of them and has many drawbacks sagh

series or parallel resonance with the system impaslfl].
Active filter is used, these last years, to impreaver
quality on the load side from the grid current,ibjgcting

compensating currents [2]. The performance of diveac

filter mainly depends on the reference current gpian
strategy, hysteresis or PWM control, topology & gower
converter, etc...

synchronous reference frame detection algorithm thed
synchronous current detection method.

The performances of shunt active filter based @seh
controllers are evaluated using Matlab-Simulink podrer
system Block Set Toolbox under balanced voltage
conditions. The obtained results showed that, the t
proposed shunt active filter control scheme produae
sinusoidal supply current with acceptable low harimo
distortion.

Il. SHUNT ACTIVE FILTER

The basic block diagram including non linear load
compensation principle of a shunt active poweefilis
shown in Fig.1. It is controlled to draw/supply a
compensated current from/to the utility, such thaancels
harmonic currents of the non-linear load and makes
source current in phase with the different wavefarirhe
current drawn from the power system at the coupbioigt
of the shunt APF will result sinusoidal [5],[6].

)

3-phase
AC supply

Non linear
Load

¥ y ¥

Fig.1 Shunt active filter

[ll. CONTROL STRATEGIES

In recent years, fuzzy logic and ANN controllersséna A. Synchronous reference frame detection method

generated a great deal of interest in certain aegidins

(31.[4].

work with imprecise inputs and can handle non-liftga
In this paper, fuzzy logic and artificial neuraltwerk
current controllers are proposed to control thedkphase

The first control strategy used in this work to gamsate

The advantages of these controllers aréiarmonic currents is based on the synchronouserafer
robustness, no need to accurate mathematical moae!,

frame detection method. The principle of this mdthe
described below [7]. The three phase curr'eanlsib and

i, are transformed from three phakabc) reference frame



to two phase’s(a—2)stationary reference frame current. Synchronous current detection method
The second control strategy is inspired of the kymtous

| andi susing: detection reference currents method [3]. It is Hase the
. S _% ; i measuring of the source voItagessa(,vsb ,vsc) given by
| . .
B 0 e iLe V(1) =V sinat)
Using a PLL (Phase Locked Loop), we can generate Vp (t) =V sint —%T) (8)
@, d sin@.q) f the ph It
cos@.s;) and sin(@.g) from the phase voltage source Vsa(t) —V,, s _%1)
V_V_.V_.
sa' sb’ " sc

The currents expression, and i , in (d-q) reference The maximum amplitude of the current supplied by th

frame are given by filtter I ___Is given by (9):

r.d } = {Sin(HeSt) _COSGeSt)} Pa} (2) I *s max | *sm + *smc ©)
Iq cos@st) Sinest) || 8 With - P

Pmoy

Ve (10)

The DC quantities and all other harmonics are I =2
transformed to non DC quantities using a low pates:f smp 3

_ _ 1 dis the component current which maintains the DC
ig| _|id * id 3 sm
iq - - ()voltage across the capacitofEC q [7]. The reference

T + i . . . .
'q 'a currents must be sinusoidal and in phase with tiage
The expression of the reference currein nd source. The desired current source AC can be eadémll

al
ref by multiplying the maximum amplitude of the current

iﬁ_ref are given by: source of sinusoidal signals unit. These unit diyeae
_ a 0 ar given by (11):
lg—ref | _|sin(@st) —cosbest) |'d i t)=v_N
Lﬁ_ref j| - |:0036est) Sineest)j| |:|C|:| (4) Ua( ) sa sm

iy ®) =V, N, (11)

. - i t)=v.N
{'a‘ref:l:{sm(eest) Coseest)} Tg + ig (5) e ®) =V V gy

I B—ref —cos@hst) SinPest) iq i Sa('[):I o Uz

The reference currents in thabc) frame is given by: i ®) =1 i (12)
- | 1 0 ] i sc(t):I sm'i uc
ia-
ia 21 V3 i (©) The difference between the current references &ed t
boref 17y3 2 2 i gref current drawn by the load can generate the three
I —_ f * * *
e 1 @ compensation current (__,i _eti _):
ca' cb cc
2 2 s k _
Finally, the compensation currents_,i , and i__) are lea™! sa™' La
given by: o . cb i sb_i Lb (13)
lea = aref 7! La ito=it o
i =i - (7) cc sc Lc
cb “b-ref " Lb Fig.3 shows the principle scheme of the synchronous

i current detection method.

ol 4

; X
iy <—qu \LL_L
!
sh Vb
ig-ref 's6 [ = i
iarel . e
dq/aB Jip.rer |@Blabe ibref Igs ><
icref I ﬂ Iy .
= s

Fig.3 principle scheme of the synchronous current
detection method

=

Vsa sin®)
- ‘“s(‘”
Vse

Fig.2 Principle scheme of the synchronous referémeee
detection method




IV. DC VOLTAGE CONTROLLER

The regulation loop consists of the comparisonhaf t
measured voltage with the reference voltage, aohgithat
the function of the system to be controlled is giby [8]:

V2
Vdc-ref Cyc-S)

The closed loop transfer function using a Pl refgules
given by:

(14)

2
Ve _ (K +Ki/9)Vs? Vae-ref Gyo ) a5
Vdc—ref 1+(K p* Ki /s)'wsz/(\/dc—ref Cyc s))
The development of this equation gives:
Kstz s+ Ki
Ve Vdc-ref Cqc Ve ref.Cye (16)
K 2 Kiv 2
Vdc—ref s?+ PVs ] iVs
Vdc-ref Cdc Ve ref Cyc

A second order characteristic equation of the cldsep
system is deduced:

52+2{a41s+wn2=0 17)
Where:
N TmaLL 2 el L 19
Vdc-ref Cyc 2\/Ki Vdc-ref Cyc

From (11) the proportional and integrator
coefficientk D K, of the controller can be deduced:

2
w "V
n dc—ref 'Cdc
vV 2

S

24K,

Kp=—"t K,
n

(19)

The expression of the currerit, .to compensate the

inverter losses and maintain the constant dc-livlkage is
given by:

I =K oAU 4+ K i/ AU gc dt (20)
To obtain optimal dynamic performance for the systthe

value of the damping ratiGhmust be equal a 0.707.

V. ARTIFICIAL INTELLIGENT CONTROLLERS

A. Fuzzy logic current controller

The main component of an active filter is the cuotre
controller. Generally the classical hysteresis iletr is
used to generate pulses to the PWM inverter; weis/
stable and generates a minimum noise.
Recently, fuzzy logic controllers (FLCs) have béarrest
a good alternative in more application. The adwgetaf

complicated mathematical model. The desired switghi
signals for the filter inverter circuit are detenmd
according to the error in the filter current. Instease, the
fuzzy logic current controller has two inputs, nahegrore
and change of errade and one output namesl Here the
errore and change of errateare the input variable for the
system. To convert it into linguistic variable, wse three
fuzzy sets: N (Negative), ZE (Zero) and P (Posjti¥eg. 4
shows the membership functions used in fuzzificatio

z P
Ll

0s

o
4 @08 w06 n0a4 w02 0 02 04 08 08 1
input variable "

B

0s

o
4 08 08

04 02z 0
input variable "cle”

Fig.4 Membership function for the inputs variables

02 04 05 08 1

The fuzzy controller for every phase is characestifor
the following:
= Three fuzzy sets for each input,
Three fuzzy sets for each output,
Triangular and trapezoidal membership functions,
Implication using the “min” operator,
Mamdani fuzzy inference mechanism based on
fuzzy implication.
Defuzzification using the “centroid” method.

The linguistic rules for the fuzzy current conteslare as
follows:
1. If error is Negative and error rate is Negative The
output is Big Negative,

2. If error is Zero and error rate is Negative Then
output is Positive,

3. If error is Positive and error rate is Negative he
output is Big Positive,

4. If error is Negative and error rate is Negative Mhe
output in Big Negative,

5. If error is Zero and error rate is Zero Then output

is Zero,

6. If error is Positive and error rate is Zero Then
output is Big Positive,

If error is Negative and error rate is Positive Big
Then output is Big Negative,

. If error is Zero and error rate is Positive Then
output is Negative,

If error is Positive and error rate is Positive iihe
output is Big Positive.

The generation process of switching signals is rgivg
Fig.5.

fuzzy systems are that they do not need an accurate

mathematical model, they can work with imprecigauis,
can handle non-linearity, and they are more rolign
conventional nonlinear controllers [9],[10].

Fuzzy logic control is the evaluation of a set mffde
linguistic rules to determine the control actiom develop
the rules of the fuzzy logic, we need good undedst# the
process to be controlled, but it does not require

M

Fuzzy Logic
Controller

a Fig.5 Generation process of switching signals



Fig.6 shows the Matlab-Simulink simulation block, & 1
diagram of the proposed fuzzy current controllar thee TLT_M: i
&

three-phase shunt active filter.

=<

Fig.7 Shunt active filter using ANN current conteol

VI. SIMULATIONS

Fig.6 Shunt active filter based on Fuzzy curremtcmler The purpose of the simulation is to show the effecess
of the shunt active filter using intelligent corteos (fuzzy
B. Artificial neural network current controller logic and ANN current controllers) to reducing the

Artificial Neural Networks have provided an altetime  harmonic currents produced on the load side undieal i
modeling approach for power system applicationse Thioltages conditions. The model parameters used for
MLPN is one of the most popular topologies in us#aly. simulation are:

This network consists of a set of input neurongpou Voltage source ¥220V, Frequency €£50Hz, Resistor
neurons and one or more hidden layers of intern®diaRs=0.1n12, Inductance k0.0002mH, Resistor dR
neurons. Data flows into the network through thpuin =48.a2, Inductance th=40mH, DC Voltage dc =700V,
layer, passes through the hidden layers and fiflllys Capacitance @=300QuF, Resistor B=0.27m Q,
out of the network through the output layer. Thémoek Inductance k=0.8mH.

thus has a simple interpretation as a form of kguiput

model, with network weights as free parameters. U$®  Fig.8 shows the voltage source, line current amsd it
and training of MLPNs is well understood [11]. spectrum before compensation

The objective of the training is to modify weighttrices

W and V such that the ANN function approximates the

plant function and the errerbetween the desired function

outputy and the ANN outputy is minimal. The training

cycle has two distinct paths:

= Forward propagation: It is the passing of inpbtetigh
the neural network structure to its output.

= Error back-propagation: It is the passing of thépat
error to the input in order to estimate the indial
contribution of each weight in the network to theaf
output error. The weights are then modified soaas t
reduce the output error.

\dtegesaurceV)
& B
8 8
S o S

The input pattern of the current controller netw@khe
error values(Ei,, Ei,,Ei.) between the measured filter

Qnert soucsisa
) ) )

currents (i .0 ppol ne) @nd the compensating reference

* x
ca"cb’
switching statesSa Sb Sfor every phase. The hidden
layer contains 20 neurons with a sigmoid activation
function, whereas the output layer contains threereons
with a linear activation function. The network wagined
using Levenberg-Marquardt back propagation algorith

*
currents(i [ CC) whereas the outputs values are the

about 10000 training examples obtained by simulatio g o

Fig.7 shows the Matlab-Simulink simulation bloclagliam (| B N BT N DU BT

of the proposed ANN controller for the three-phakant rarmente eraer

active filter. Fig.8 Voltage source, line current and its spectbaiore

compensation



The line current and its spectrum after compensat&ing
fuzzy logic controller are represented in Fig.9 &igl10.
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Fig10 Source current spectrum THD 2.28% (FLC)

Fig.11 shows that the current and voltage sourtes af
compensation are in phase.
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Fig.11 Current and source voltage (FLC)
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Figl3 Source current spectrum THD 1.49% (ANN)

The simulation results show that the source current
becomes closely sinusoidal for the two controllal®
THD is respectively reduced from 28.16% to 2.28%G)-
and 1.49% (ANN) after compensation.

VII. CONCLUSION

In this paper, a fuzzy and artificial neural netkwor

current controller for shunt active filter has bggnposed

to compensate harmonic currents under ideal voltage
conditions. The simulation results prove the eftertess

of the designed active filter based on these igtait
controllers. The source current becomes closelyssiidal

and in phase with source after compensation inazrarify

with the standard IEEE recommendations.
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Improved Power Energy Quality using a Shunt Active
Filter based on Fuzzy Control operating under Non
ldeal Voltage Conditions
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Abstract—This paper presents a three-phase three-wire shunt
active filter based on a fuzzy current controller b compensate
harmonic current perturbations under non ideal voltage

conditions. The control strategy which is adopted s

synchronous reference frame detection method; it igenerally

used if the source voltage is unbalanced or diste@t. Today,

fuzzy logic controllers are used in various power lectronics

applications; their advantages are simple design, o need of

mathematical model, based on linguistic descriptionand are

more robust than conventional controllers. To compesate the

inverter losses and maintain the dc voltage capacit constant a

proportional integral controller is used. The simuldion model is

developed and performed using MATLAB-Simulink and

SimPowerSystem Toolbox. The simulation results obtaéd show

the effectiveness of the proposed Shunt Active Félt (SAF)

system under non ideal voltage conditions.

Keywords- Shunt active power filter, Fuzzy current controller,
Synchronous reference detection method, Harmonic currents
compensation, Non ideal voltages conditions.

l. INTRODUCTION

A large part of total electrical energy, produced the
world, supplies different types of non-linear loadse loads
such as variable frequency drives and electroniadia draw
current, which does not resemble the grid sinusoidiage.
This load is said to be non-linear and typicallgd@nposed of
odd order currents, which are expressed as mudtipfethe
fundamental frequency. The harmonic current
contribute to active power and needs to be eliraohato
enhance the power quality [1]. Active Power Fil{&PF) is
the popular solution used to eliminate the unddsuerrent
components by injection of compensation -currents
opposition to them [2],[3].

The performance of any active filter mainly depeadghe
reference current generation strategy, control rtegkes,
converter topology, etc...

Several papers studied and compared the performaote
different reference current generation strategreteubalanced,

sinusoidal, unbalanced or distorted voltage coowlti[3],[4].
In all of them, the p-q strategy and SRF providmilsir

BENCHOUIA M.T and GOLEA Amar

L.G.E.B, Electrical Engineering Department
Biskra University
Algeria
benchouiat@yahoo.fr

performances. But when, the active filter work undistorted
and unbalanced AC voltages (real conditions) that besults
are obtained with the synchronous reference frarethoal.
However, the SRF theory requires a phase lockep (BhL)
which increases the complexity of the control syste

In recent years, fuzzy logic controllers have getest a great
deal of interest in different applications [5,6].héir
advantages are robustness, no need mathematicall mod
accept non-linearity. This paper is focused on
compensation current harmonic capability using etpkase
shunt active filter based on fuzzy logic currenntcoller
under non ideal voltages conditions.

The performances of the proposed shunt activer fidtee
evaluated through computer simulations for trartsiand
steady-state conditions using Matlab-Simulink anmiFwer
System Block-Set Toolbox. The obtained results shbes
effectiveness and the robustness of the propos&FS4stem
under different voltage conditions.

the

Il.  SHUNT ACTIVE POWER FILTER

The basic block diagram including non linear load
compensation principle of a shunt active poweeffils shown
in Fig. 1. It is controlled to compensate harmoaigrents
generated by the non-linear load and makes thesaurrent
in phase with the source voltage. After compengatioe
source current at the coupling point of the shumFAis

cannosinusoidal and without harmonics [7,8].

3-phase
AC supply

o| Non linear
Load

A4

Figure 1. Shunt active filter



Ill.  SYNCHROUNOUS REFERENCE FRAME STRATEGY |

Controller

Vdcref
s I

The control strategy to compensate harmonic cwsrased vac
in this work is based on the synchronous referdiname . iy
detection method. The principle of this technigsi@éscribed i EEI"MB g * ) iares vt
below [9]. The three phase currents ia, ib and ie a i | Wb Jipoer |abiabe o
transformed from three phase (abc) reference fraomavo v PLL | oy .
phase’s ¢-f) stationary reference frame currents dnd P
using: Figure 2. Synchronous reference frame detectiohodet
_ 1 -1 i IV. DCVOLTAGE CONTROLLER
l:fﬂ:lz\/i 2 2 iLb (1) The regulation loop consists of the comparison fué t
'B 3 0 ﬁ _ﬁ iLc measured voltage with the reference voltage, abhmitthat
2 2

the function of the system to be controlled is givey
Using a PLL (Phase Locked Loop), we can generatg10],[11]:

cospPest) and sirflest) from the phase voltage source vsa, vsb V.2
S

and vsc. T, )
PR . Vdc-ref Cyc -S)
The currents expression and P in (d-q) reference frame : i o
are given by: The closed loop transfer futr)lctlon using a PI reguls given
y:
ig sin(Gat ) —CcoSBgt || i 2
Sl= . 2 K +K:/s). _ s
l:lq:l |:COS(0est ) Sineest ) Iﬁ ( ) VdC — ( p + |/ ) (VS /(VdC ref 'CdC )) (9)
Vierd 14K +K; 5).05%/Vacoret Cog )
The DC quantities and all other harmonics are foansed
to non DC quantities using a low pass filter: The development of this equation gives:
. = N vasz s+ Kivsz
l:'_d :l _|Td * id (3) Ve _ Vdc-ref Cye Vdc-ref Cye (10)
1 ~
d i_q o q Vdc—ref 52 + Kp_\/sz S + i Vsz
Vgc- ~ Vge-
The expression of the reference currentef and p-ref are d-ref Cac de-ref Cac

given by: A second order characteristic equation of the clokmp
system is deduced:

s?+ 28w s+w, =0 (11)

ig-ref | |[sin(Gg) -cosBg )_1 ig (4)
i g-ref cosbs ) SinBe )| |ig

Where:

ig-ref | | sin@s) cosb )||T i :/ Kiyg? E= KpVs 12
l:iﬁ_ref}_{—cos@ﬂ) Sinee;t)} i;j t e “h Vdc-ref Cqc ¢ 2\/Kiydc—ref Cde 12)

The reference currents in the (abc) frame are diyen

From (11) the proportional and integrator coeffm:iKp,
i 1 0 K, of the controller can be deduced:
a-ref
. 2] 1 \/?'3 ia—ref 2
- = /== —= 6
Ip—res \g 5 o [i e ©6) 26K, % Vew g
omres I K, = K =k (13)
1 .43 Py v ?
L2 2] S

The expression of the curreh{. to compensate the inverter
Finally, the compensation currents ica, ich andaoe given  |osses and maintain the constant dc-link voltaggvien by:
by:
o lg =K 8U g +K, [ AU 4 dt (14)

=i 7
Lb % To obtain optimal dynamic performance for the syst¢he
lee Tlocre ~Hic value of the damping ratigimust be equal a 0.707.



V. FUzzY LOGIC CONTROLLER

Among the various current control techniques, hgsis
current control is the mosxtensively used technique. It is
easy to realize with high accuracy and fast respohs the
hysteresis control technique the error functionestered in a
preset hysteresisand. When the error exceeds the upper or
lower hysteresis limit the hystereticontroller makes an
appropriate switching decision to control the emgthin the
preset band. However, variable switching frequesweg high
ripple content are thmain disadvantages of hysteresis current
control. The proposed fuzzy logic curramntroller provides
fixed switching frequency and lowgpple content.

The advantages of fuzzy controllers are more rokhesh
conventional controllers, no need an accurate madlieal
model and essentially can accept non-linearity,[10].

Fuzzy logic control is the evaluation of a set ahge
linguistic rules to determine the control actiorheTdesired
inverter switching signals of the shunt active efiltare
determined according the error between the compensa
currents and reference currents. A fuzzy contraietesigned
to improve compensation capability of APF by adpgstthe
current error using a fuzzy rule. In this case, filzy logic
current controller has two inputs, named error @& @mange of
error de and one output named s. To convert it linguistic
variable, we use three fuzzy sets: N (Negative)(Z&ro) and
P (Positive). Fig. 3 shows the membership functiosed in

If error is Negative and error rate is Negative The
output is Big Negative,

If error is Zero and error rate is Negative Then
output is Positive,

If error is Positive and error rate is Negative iThe
output is Big Positive,

If error is Negative and error rate is Negative The
output in Big Negative,

If error is Zero and error rate is Zero Then outjsut
Zero,

If error is Positive and error rate is Zero Thempaoitl

is Big Positive,

If error is Negative and error rate is Positive Big
Then output is Big Negative,

If error is Zero and error rate is Positive Thempaoitl

is Negative,

If error is Positive and error rate is Positive he
output is Big Positive.

i

Fuzzy Logie:
Confroller

Figure 4. Fuzzy logic inverter switching signals

VI. SIMULATION MOEL

Fig. 5. shows the block diagram of the shunt adilter based

fuzzification [12].

rd
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input variskle et et
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Figure 3. Membership function for the inputs valeab

The fuzzy controller for every phase is chanapgel for the

following:
= Three fuzzy sets for each input,
= Five fuzzy sets for each output,

= Triangular and trapezoidal membership functions,

= Implication using the “min” operator,

= Mamdani fuzzy inference mechanism based on fuzz

implication,
= Defuzzification using the “centroid” method.

The linguistic rules for the fuzzy current contesllare as

follows:

on fuzzy current controller developed using Mat&ibulink
and SimPowerSystem Toolbox.

o

}

Fo e D DeE

R e O & A G

]
® &
1

Figure 5. Matlab-Simulink block diagram of the SB&sed on
Fuzzy controller

VIl.  SIMULATION RESULTS AND DISSCUSSION

The purpose of the simulation is to show the pemforces
of the shunt active filter operation using a fuzeyrrent
controller to reducing the harmonic currents pradlon the
load side under non ideal voltages conditions.

The model parameters used for simulation are:

Voltage source %220V, Frequency $£50Hz, Resistor
Rs=0.1n12, Inductance &0.0002mH, Resistor dR =48.62,
Inductance th=40mH, DC Voltage dc =700V, Capacitance
Cdc=300QuF, Resistor B=0.27mQ, Inductance t=0.8mH.



A. Ideal voltage conditions case

The three-phase voltages source are balanced amsbtdo
contain harmonic components, Fig. 6 (a), Fig. & Fig. 6
(c) shows the voltage source, line current andsjtsctrum
before compensation. The line current and its speciafter
compensation are presented in Fig. 6 (d) and F{g).6Fig. 6
(H show the current and voltage source, finally.Fé (g)
shows the dc voltage.
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Figure 6. Ideal voltages conditions

The simulation results show that the source current
becomes closely sinusoidal and in phase with tharcso
voltage. The THD is widely reduced from 28.16% t678%
after compensation.

B. Unbalanced voltage conditions case
The three phase voltages sources are unbalancedaan
not contain harmonic components; their expressaasgiven
by (15):
Vg, = 311sin@t )+ 31sindt

v, =311sinut —%”)+ 31singt +2—;T (15)

v__ =31sin@t +%’T y+ 31singt -

Fig. 7 (a), Fig. 7 (b) and Fig.7 (c) shows the uabeed
voltage source, line current and its spectrum Igefor
compensation. The line current and its spectrumer aft
compensation are presented in Fig. 7 (d) and F{@).7Fig. 7
(H show the current and voltage source, finally tit voltage
is presented in Fig. 7 (g).

2T .
3

a-Unbalanced voltage
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Figure 7. Unbalanced voltages conditions

In this case, the line current THD before compearais
27.50% which is reduced to 4.96% after compensafitme
ripples on DC voltage are more than the balancdthg®
case.

C. Balanced-distorted voltage conditions case

When the three phase voltages are balanced arutedst
mains voltages contain harmonic voltage componextept
fundamental component. The expression of the batinc
distorted voltages source used in this work costahe %'
harmonic component and also th& 3" 11" harmonic
component. For this case, the balanced distortexk thhase
mains voltages are expressed as below:

v, =31lsinGt }+ 3.7sin(@t ¥ 18.6sint@ +%”
. . Yy
+4.5sin(t H+ 3.1sin(ldt +? )
v =31lsin@t +%”)+ 3.7sin(@ ¥ 18.6sintd
. 4 .
+4.5sin( 7 +? W 3.1sin(ldt )
vy, =311singt + 2 )+ 37sin@t ¥ 18.65intd + o

+4.5sin(Tut +%” ¥ 3.1sin(ldt +2§ )

Fig. 8(a), Fig. 8(b) and Fig. 8(c) shows the batahdistorted
voltage source, line current and its spectrum Igefor
compensation. The line current and its spectrumer aft
compensation are presented in Fig. 8(d) and F&). &{g. 8(f)
show the current and the voltage source, finakkydh voltage

is presented in Fig. 8 (g).

\oltage saurce ()
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b-Current source before compensation
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Figure 8. Balanced and distorted voltages source

By inspecting Fig. 6(b), Fig. 7(b), Fig. 8(b) ofetlsource
current after compensation in all cases, we carobg®musly
the success in simulating of the harmonic current
compensation using fuzzy logic current controllére current
source is sinusoidal and in phase with voltage cxuthe
power factor is nearly equal to unity. The THD \edu
obtained in different cases with the proposed adietrrespect
the IEEE standard Norms. The DC voltage capacitor i
maintained constant and equal todckkt=700V using a

proportional integral controller. The dynamic resge is very
fast in case of step change in load curreig. 6(g), Fig. 7(g),
Fig. 8(g) shows that the ripples on DC voltage arere

important in unbalanced voltage case than the bathkn
distorted voltage case. The minimum of the rippke@btained
in the balanced voltage case.

VIIIL.

To improve the power quality and to reduce the emnirr
source harmonics, a shunt active power filter apnfition
using fuzzy logic current controller operating unden ideal
voltage conditions has been proposed in this paper.

The simulation is performed using MATLAB-Simulinkng
SimPowerSystem Toolbox. The simulations resultsastioe
efficiency of the proposed controller in differeaases of
source voltage. For all cases, the source currdtdr a
compensation is sinusoidal and in phase with liokage
source. The current harmonic spectrum respects
standard Norms.

CONCLUSION

IEEE
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Abstract—This paper presents a three-phase three-wire series
active power filter to compensate voltage harmonicperturbation
for specific and sensible loads at distorted supplpetwork. The
conventional configuration is based on two-level Wage source
inverter with hysteresis controller requiring a conplex and a
complicated mathematical model. To overcome this @dmwback
and improve the series APF capability, a new conttoscheme
using fuzzy control techniques is adopted in this ark. Today
fuzzy logic controllers are successfully employedni various
industrial applications; their advantages are robugness and easy
implementation. The proposed fuzzy voltage contradir is
designed to improve compensation capability of sexs active
power filter by adjusting the voltage error using afuzzy rule. The
control strategy use instantaneous reactive poweheory easy to
implement and gives an excellent performances. Thénsulation
is performed using MATLAB-Simulink and SimPowerSystem
BlockSet Toolbox. The simulation results from complet
structure including control and power circuits are presented and
discussed.

Keywords-Series active power filter, Fuzzy logic voltage
controller, Distorted supply network, Voltage harmonics, Sensible
loads.

l. INTRODUCTION

With the continuous proliferation of non linear disa
harmonic pollution is being considered as one ef timajor
problems that degrade the power quality. So faiva@ower

filters have been proposed as an interesting argh hi

performance solution to improve the power qualityy Shunt
active power filter is generally used to compensaierent
harmonics. Series active power filter are usedampensate
different types of voltage perturbations, such adtage
unbalances, sags,
perturbations have harmful effects on the ele@tgaipments
[2].

The usual configuration of series active filterb@sed on
PWM-VSI; it is inserted in series between the lgadl the
source voltage. Three single phase transformersused to
perform the series connection. The controller & rimin part
of any active power filter operation and has beeulgect of
many researches in recent years [3,4], to imprbeeSeries

harmonics and voltage swellsse the
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Biskra University
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APF performances there’s a great tendency to usdigrent
control techniques, particularly fuzzy logic cotigos. Fuzzy
logic control theory is a mathematical disciplinasbd on
vagueness and uncertainty. The fuzzy control doeseed an
accurate mathematical model of a plant. It allows to use
non-precise or ill-defined concepts. Fuzzy logiateol is also
nonlinear and adaptive in nature that gives it sbbu
performance under parameter variation and loadirdhiahces.
This control technique relies on the human capgbilo
understand the system’s behavior and is based alitative
control rules. Thus, control design is simple siitces only
based on if....then linguistic rules [5,6,7].

The investigation in this paper concentrates onftizzy
control
compensating especially voltage harmonics pertimbafl he
control strategy used is the instantaneous reagbioeer
theory [8].

The performance of series active filter based ozzyu
voltage controller under voltage harmonics perttiooa is

evaluated using Matlab-Simulink and SimPowerSystem
the

Block-Set Toolbox. The obtained results show

effectiveness of the proposed control scheme.

Il.  SERIES ACTIVE POWER FILTER

The circuit configuration of the series activedilis shown
in Fig. 1, the Series AF is inserted between theupeged
voltage source and a protected load. It is compadettiree
phase voltage source converterfCi filter to suppress
switching ripples and series transformers whichedhjthe
compensating voltage to the line [9].

Vs
\AANAS
‘_r{g‘ L
Non Linear

Power
System Load

Controller

[

Vs Series Active Filter
Controller

Figure 1. Series active power filter

approaches for the three-phase series ABF f



Ill..  HARMONIC VOLTAGE IDENTIFICATION

The proposed series active filter is adopted topmneate
particularly voltage harmonics. The control strateged for
extracting the reference voltages of series agtoxeer filter is
based on the p-q theory described in [10,11].

We assume that the three-phase voltage source igrith is
symmetric and distorted:
5 J2U, sinat +6y )
n=1

z_ Ja, sir{ (nwt—%”)+9n} (1)

Z Jau, su’{(nal +—)+9 }

Un andon are respecnvely the rms voltage and initial phas

angle, n is the harmonic order.
When n=1, it means three-phase fundamental volagece:

U, JU;sin@t+6;)
Up | = «/ﬁJlsir{(al—%n)%?l} @
Ue 9
«/fUlsir[(aH?ﬂHBl}
Equation (1) is traﬁsformed inta{) refer—ence frame:
! U, S U, sin(nat +6,)
{ a}:c Up |=v3| M7 ©)
Ug 32 P
U > FU, sin(nat +6,)
n=1
Where:
c _\F 1 -12 -1/2 @
327 V3|0 V3/2 -J3/2

Three-phase positive fundamental
constructed:

current template
sin(at )

]
i :\f sin(et -27)
. 3 3

|
© sin(at +%”)

()

Equation (5) is transformed ta-3) reference frame:

i c ?a | sin(at)
ig| 32 ib " | —cos(t

According to the instantaneous reactive power thdbd],
then:

(6)

(@)

Where DC and AC components are included:

{p}: p+p
q _ o~
q+q
P and q are passed through low pass filter (LPE) G
component are got:

(8)

p|_ z|Uicod8)
_ _\/é{ulsin(gl)} ©
q
According to (7), transformation is made:
B A
q ug —Ug||llp —lg g ||Up
As for DC components of p and q:
p :{uaf Ut “:?a:l:{i_ﬂ iﬁ“:ucrf:l (11)
g| LA T ] [ T1p Yo lYer
The fundamental voltages in{3) reference frame are:
. .- = . : —
u [ [ ig -i
il Y I B R Y D | 1 (12)
U gt “lg g _ g la || _
q q
The three-phase fundamental voltage is:
Uy y sin(at +6,)
Uy :czg{ at }@l sin@t +6-27) (13)
Ug o >
sin(ax+91+%”)
Where:
1 0
C23=|-1/2 % (14)
-1/2 ﬁ
2 ]

Finally, the block dia_gram of this algorithm is peated in
Fig.2.
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Figure 2. Block diagram of voltages reference iieation



IV. FUzzY LOGIC VOLTAGE CONTROLLER

Fuzzy logic controllers (FLCs) have been interegjoad
alternative in more power electronics applicatiofheir
advantages are robustness, not need a mathenmtidel and
accepting non-linearity [12,13]. To benefit of thedvantages
new simple fuzzy logic voltage controller for thiewel
inverter is designed. Fuzzy logic unlike Booleartiasp logic,
deal with problems that have vagueness, uncertaorty
imprecision and uses membership functions with eslu
varying between 0 and 1. Fig. 3 shows a schematickb
diagram of fuzzy inference system or fuzzy conénojlL4].

Data base control
Rule base

A Y

Fuzzification
Interface

Defuzzification
Interface

Decision making
logic

A 4

Controlling system
Process

Figure 3. Fuzzy inference system
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Figure 4. Membership function for the inputs antpativariables

The fuzzy rules are given by Table (1).

The fuzzy voltage controller proposed in this pajer

designed to improve compensation capability of ABy

adjusting the voltage error using fuzzy rules. Tdesired

inverter switching signals are determined accordhey error

between the compensate voltages and referencegesltdn

this case, the fuzzy logic voltage controller ha® tnputs,

error e and change of error de and one output £ofgert it

into linguistic variable, we use seven fuzzy shlis:(Negative

e NL | NM | NS ZE PS PM PL
de/dt

NL | NL | NL | NM | NM | NS NS EZ
NM | NL | NM | NM | NS NS EZ PS
NS | NM | NM | NS NS EZ PS PS
ZE | NM | NS NS EZ PS PS PM
PS NS NS EZ PS PS PM  PMW
PM | NS EZ PS PS PM PM PL
PL EZ PS PS PM  PM PL PL

Large), NM (Negative Medium), NS (Negative SmalE
(Zero), PS (Positive Small), PM (Positive MediunmdaPL
(Positive Large). The membership functions used
fuzzification and defuzzification are shown in Fig.
The fuzzy controller for every phase is characestifor the
following:

= Seven fuzzy sets for each input,
Seven fuzzy sets for output,

the inputs and output,
Implication using the “min” operator,

implication,
Defuzzification using the “centroid” method.

kL NM HS ZE 5] PM

0st

0s 0B

|nput varlable =

Triangular and trapezoidal membership function for

Mamdani fuzzy inference mechanism based on fuzzy

Table (1) Fuzzy rules

in

The generation process of switching signals is miby
Fig.5.

A

Fuzzy Logic
Controller

@

1
DD
4

Vref-a

Figure 5. Switching signals generation based omyfapntroller

The controller calculates the difference betweee th
injected voltage and the reference voltage thagrdehes the
reference voltage of the inverter. This fuzzy vo#tais
compared with carrying triangular waves and gemsrat
switching pulses.

V.  SIMULATION MODEL

The Matlab-Simulink simulation block diagram of the
proposed three-phase three-level series activer filased on
fuzzy logic voltage controller is shown in Fig. Bhe model



parameters used for simulation are: Voltage souisse220V,

Frequency Fs=50Hz, Resistor Rs=0{1m Inductance
Ls=0.0002mH, Resistor Rch =486 Inductance Lch=40mH,
Capacitance Cdc=3008, Resistor Rc=0.27€n Inductance
Lc=0.8mH.

Figure 6. Three-phase series active power filtsetlaon fuzzy voltage
controller

VI. SIMULATION RESUTLS DISCUSSION

The purpose of the simulation is to show the efffectess
of the proposed series active power filter usingzjulogic
controller to compensate a several voltage harmson
introduced voluntary in the power grid. In the ®arwe
suppose that the three phase voltages are balamzkbdon-
distorted.

The first voltage harmonic perturbation is introddc
voluntarily at t1=0.1s to t2=0.16s. Between t2=046nd
t3=0.2s, the system is again at normal working @mrd
Between t3=0.2s and t4=0.26s the second harmonics
perturbation is introduced. The first balanced atised three-
phase mains harmonic voltages perturbation is egprk as
below:

Ve, = 3llsint )+ 141sin(wt ¥ 35sin(ét § 14sin¢st

S
vy, :31lsin(wt+4T:T)+ 14lsin(ax+i;’ ¥ 355inm+i;’ ¥ 14sim5+i;’
v, :3115inw+2—3”)+ 14lsin(21t+2—: y 355in@4t+2—3” 9 14sinﬁ+—2;’

The second harmonic voltages perturbation is egpres
by:

\Y =
sa

311lsin(wt )+ 311/5sin(%t )
+311/7 sin(7wt )

. 2 . 2m
Vg = 311sinu —?)+ 311/5sin(&t +?

+311/7 sin(Tt - 2{ )
2r

_ . 2m . _
Ve = 311sinea +?)+ 311/5sin(&t 3
+311/7 sin(Tt +%”)

The series APF starts compensating voltage harmonic
instantly. Fig. 7 shows the load voltage beforeieser

i compensation, reference voltage, injected voltadweted by

%eries APF and the load voltage after compensafidre
harmonic spectrum of the load voltage before angraf
compensation is shown respectively in Fig.8 toHig.
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Figure 9. Load voltage harmonic spectrum withouteSeAF

(THD=46.93%)




Dwds a0 e |08 50 e
— Signal to analyz — Available signals
() Display selected signal () Display FFT window: Sl e
Selected signal: 17.5 cycles [vla o
&00 =
Input 2
[imput 1 ~
0 Signal number:
Ikl |
-500 2 i L L z L — FFT window-
o 0.05 0.1 016 02 025 03 035
Time {s) Start time (s 042
—FFT analy
Rumber of cycles: |1
Fundarnental (50Hz) = 305.6 , THD= 4.78% et frameney (1)
a0
S
E — FFT settings
£ Display style :
= : 2
= 1 Ear (relative to fundamental)
Z L
5
=
= Frequency sxis
= |Harmonic order ~|
Menc Frequency (Hz)
0
[] 10 20 an 40 50 =00
Harmaonic order ‘W‘ @

Figure 10. Load voltage harmonic spectrum with &eAF
(THD=4.78%)

<} Powergui : FET Tools Q@
W& kRN « 08 =50 -
— Signal to analyz — Available signals
(5 Display selected signal () Display FFT window Structure
Selected signal: 17.5 cycles via ~|
500
Input
input 1 |
0 Sigral number:
X 7
-500 5 L ; : - 4 — FFT wird
o 0.05 01 015 0z 0.25 03 035
Time {z) Start time (=) 022
— FFT analysi

Mumber of cysles: /1

Fundarmental (50Hz) = 305.6 , THD=4.51%

Fundamertal freguency (Hz)

50

in

— FFT settings
Display style

Bar (relative to fundamental) |

Fretuency axis

o
i

Mag (% of Fundamental)

Harmonic ardzr v

Maix Frequency (Hz):

il
i 10 0 a0 40 50 250

Harmonic order

The performance of the proposed Series AF system igl

tested under two distorted voltage supply. The HKtian
result shows that the load voltage before compemsds
highly distorted; its THD is equal to 24.67% foretHirst

(3]

harmonics type and 46.93% for the second one. After

compensation the THD is widely reduced to 4.78% 4Bd %
with fast dynamic responses. The simulation resuiit®ined
using MATLAB-Simulink and SimPowerSystem show the
effectiveness of the proposed series APF baseduany f
voltage controller to ensure a pure sinusoidal agst for
sensible or critical loads at distorted supply roatw

VII. CONCLUSION

(4]

(5]
(6]

: . 7
To improve the power quality and reduce the sourcé]

voltage harmonics delivered to sensible or criticatls, a new
series active power filter configuration based amzj logic
voltage controller has been proposed in this papees.control
strategy used to determine compensation voltageiseisPQ
theory. The proposed series active filter compessat
effectively the voltage harmonics with fast dynamgsponses,
the voltage delivered to critical or sensible loapractically
sinusoidal and without harmonics. The solution psgud in
this article can be very interesting to equip powensible
loads especially if the voltage source is highlstalited. The
MATLAB-Simulink results show that the load voltage
harmonics is significantly reduced from 24.67% 1888 and
from 46.93% to 4.51% in conformity with the IEEEstiard
Norms.
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Series Active Power Filter for Harmonic Voltage
Compensation using two Control Strategies

based on Fuzzy

Control Techniques

Chennai Salim, Benchouia M-T and Goléa A

Abstract--This paper presents a three-phase series active
power filter for harmonic voltage compensation using two control
strategies based on instantaneous reactive power theory. The
conventional scheme is based on two-level voltage source inverter
with on hysteresis controller. To simplify and improve the series
APF capability, a fuzzy control technique is adopted in thiswork.
Today fuzzy logic controllers are successfully employed in various
industrial applications; their advantages are robustness and easy
implementation. The proposed fuzzy voltage controller is
designed to improve compensation capability of series active
power filter by adjusting the voltage error using a fuzzy rule. The
simulation is performed using MATLAB-Smulink and
SimPower System BlockSet Toolbox. The simulation results to
validate harmonic voltage identification are presented and
discussed.

Index Terms-Series active power filter, Fuzzy logic voltage
controller, Harmonics voltage, instantaneous reactive power
theory.

I. INTRODUCTION

ITH the continuous proliferation of non linear lead

mathematical discipline based on vagueness andrtairgg.
The fuzzy control does not need an accurate matieaha
model of a plant. It allows one to use non-preoisil-defined
concepts. Fuzzy logic control is also nonlinear addptive in
nature that gives it robust performance under patam
variation and load disturbances. This control tégpa relies
on the human capability to understand the systdratgvior
and is based on qualitative control rules. Thustrob design
is simple since it is only based on if....then lirggic rules [6],
(71, [8].

The investigation in this paper concentrates on ftlzzy
control approaches for the three-phase series APF
compensate particularly harmonics voltage pertisbatising
two control strategies based on the instantaneeastive
power theory [9]. The performance of the proposedes
active power filter is evaluated using Matlab-Simkl and
SimPowerSystem Toolbox. The obtained results shogv
effectiveness of the proposed fuzzy control scheompared
to the hysteresis control.

Il. SERIES ACTIVE POWER FILTER

harmonic pollution is being considered as one @f th The circuit configuration of the series activeeiilis shown

major problems that degrade the power quality. vicpower

filters have been proposed as an interesting argh h

performance solution to improve the power quality Shunt
active power filter is generally used to compensaieent
harmonics. Series active power filter is one of twatrol
devices that feed modern industry with high quaptywer
supply [2], it is used to compensate all types oftage
perturbations, such as voltage unbalances, sagaphis and
voltage swells, these perturbations have harmfecef on the
electric equipments [3].

The series active power filter is inserted in seletween
the
transformers are used to perform the series coiomecthe
controller is the main part of any active powetefiloperation
and has been a subject of many researches in rgears [4],
[5], to improve the Series APF performances theee'great
tendency to use intelligent control techniques,tigalarly
fuzzy logic controllers. Fuzzy logic control theoig a

Chennai Salim is with Electrical Engineering Dep@ent of Nuclear
Research Center of Birine, Algeria (e-mail: chealaisov@yahoo.fr).

Benchouia M-T and Goléa A are with Electrical Erggiring Department
of Biskra University (e-mail:benchouiat@yahoo.fr).

load and the source voltage. Three single phe

in Fig. 1, the Series AF is inserted between theupeed
Ivoltage source and a protected load. It is compadettiree
phase voltage source converterfCiL filter to suppress
switching ripples and series transformers whicledhjthe

compensating voltage to the line [10].

[ch

= Cde

Fig. 1. Series active power filter



Ill. CONTROL STRATEGIES

A. Harmonic voltage identification based on instantaneous
reactive power theory PQ(I)

(8)
q+q

The proposed series active filter is adopted topmmeate P and q are passed through low pass filter (LPF) B@d

voltage harmonics.
extracting the reference voltages of series agtoweer filter is
based on the p-g theory described in [11], [12].

The first control strategy ustm component are got:

We assume that the three-phase voltage source igrith is p Ujcog8)
symmetric and distorted: =3 U, sin@y) 9)
S VU, si +6, A
2—1 n Sin(at+6,) According to (7), transformation is made:
Ua
Up = Z \/ZJ su‘{(nal——)+9 } (1) {p} |Ug Ug flig]| g ip||ug (10)
UC q U,B —Ugy |Ig _Iﬁ ia Ulg
Z Jau, su'{ hat +—)+9 } As for DC components of p and g
Un and6n are res_pectlvely the rms voltage and initial ghas _
angle, n is the harmonic order. p| [Uat Upt ||lig| |la 1p||Ug
When n=1, it means three-phase fundamental volagece: -~ Ugt  —Ugt ig - —ig g ||Upr (11)
U, VU sin( +6,) The fundamental voltages in-) reference frame are:
_ . _2n . - . . —
Us - Vs @ -2, (2 {um H a Iﬁ} 5 {Ia -.ﬁ} 5 )
c u —ig i _ i i _
\/_ZJlsir{(aI +%”)+el} 7~ £l g P,
Equation (1) is trans_formed into-{3) refereﬁce frame: The three-phase fundamental voltage is:
| U, S U, sin(at+6,) U . sm(a1+312)
. 7T
L ;} =Co|Up =8| 17 @ |V :C23L,ef } = st +475) -
; U
c Z FUsin(nat +6,) cf . 2m
o1 sin(ad +9_L+?)
Where: Where
c _\F 1 -12 -1/2 @
327\3|0 J3/2 -/3/2 10
Three-phase positive fundamental current templage i c23=|-1/2 V3 (14)
constructed: 2
. -1/2 ﬁ
iy sin(ad ) 2
ip |= |2 | sin-27) ) . . .
.b 3 3 The block diagram of the harmonic voltage idergificn
i i . g
c sin( +2?n) based on (p-q) theory is presented in Fig. 2.
Equation (5) is transformed ta-{3) reference frame: T(;Lr;fﬂte
iy 'a| [sin(t)
i C32 b|=|_ (6) usa mit u*ah
ig : cos(ut ———>
Ic ush s ;@ » u*bh
According to the instantaneous reactive power thdtf], L B v SR

then:

p us

(@)

HEM b

Uy

Where DC and AC components are included:

Fig. 2.

Block diagram of voltages reference idécdifion based on PQ(l)



B. Harmonic voltage identification based on instantaneous
reactive power theory PQ(II)

When the three-phase load instantaneous voltagesUlil,
Ulw and currents llu, llv, llw, are transformedartwo-phase

(o) coordinates, two phase voltagt%, LTE and currents

i, . 1, arerespectively given by:

[

1
I 1 = = ||Up Ulu
Uag 2 2 2
=.|= U =C U 15
U/J 3|, 3 B[ |TCejum ()
2 2 lw lw
. 1 . .
; 1 — —||lHu Hu
la 2 2 . .
== ily |=Casli 16
I'[j 3 \/§ \/§ -|V 32 .|V ( )
- - 5 |Uw Iw
2 2

On the ¢P) plane,ﬁcan be considered to be composed

u, anduﬂandr of i ,andi,:
u=u, +u,
o an
=i, +ig

Assume thalup is the projection ofl] in the direction ofi

and Uq the projection ofU in the vertical direction d?;

up and Ug can be represented by:
1 1
- -= == U
Up | _| sinat —cosu || [2 ! 2 2 UIU
|Ug | [-cosat -sinat || V3 0 V3 3 Ullv\\//
2 2 (18)
up| Ulu
- Ulw

WhereCpOI is the pg transformation matrix, which execute
the calculation to convert the two-phase voltaggsand

Ug into u, and Ug - Ulu, Ulv and Ulv are the three-phase

voltage source, the respective componengs and ugin
upand uq are corresponding to the positive sequen

fundamental active and reactive components in thhese
voltages.

The fundamental components ug)l Ulvi and Ul in load
voltages can be obtained by an inverse transfoomati (18):

1 1

Ujuf 1

U _ \/é 2 2 ||] sinat -cosut [|up
v 3|, V3 _V3||[-cosat -simt |lug| (19)
U lwf °© % T2

Ujuf
U vf
U |wf

=Cof g (20)

i3

WhereCpq 1 is the inverse matrix onq , which executes

the calculation to convert Up and Ug back into ¢8)

coordinates. Hence the voltage compensation caalbelated
out as:

Uluc Ulu Ujuf
Ulve |=|Ylv || Uivf (21)
Umwe ] [Yiw | [Ylwf
Usw PLL Sinot
Cosmt
! — ;
¥ v
Ulu LPF — | —_>§)—> Uluc
Ulv cs2cpg | PP Dp Cpq C23 > Ulve
Ulw LPF|— + Ulwy
Dq Dq

Fig. 3. Block diagram of voltages reference idéceifion based on PQ(ll)

IV. Fuzzy LOGIC CONTROL

Fuzzy logic controllers (FLCs) have been interegjoad
alternative in more power electronics applicatiofheir
advantages are robustness, easy implementationaecept
non-linearity [13], [14]. To benefit of these adtages a
simple fuzzy logic voltage controller is proposectbntrol the
Series APF. Fig. 4 shows a schematic block diagrhfuzzy
inference system or fuzzy controller [15].

Data base control
Rule base

Y v

Defuzzification
Interface

Fuzzification
Interface

Decision making
logic

A 4

A

Controlling system
Process

\ 4

Fig. 4. Fuzzy inference system

C®The fuzzy voltage controller proposed in this pajeer
designed to improve compensation capability of ABy
adjusting the voltage error using fuzzy rules. Tdesired
inverter switching signals are determined accordhe error
between the compensate voltages and referencegesltdn
this case, the fuzzy logic voltage controller has tinputs,
error e and change of error de and one output sonwert it
into linguistic variable, we use seven fuzzy sbiis:(Negative
Large), NM (Negative Medium), NS (Negative Smal)&

(Zero), PS (Positive Small), PM (Positive MediunmdaPL

(Positive Large). The membership functions used

fuzzification and defuzzification are shown in Fig.

The fuzzy controller for every phase is characestifor the
following:

in



= Seven fuzzy sets for each input, V. SMULATION MODELS

= Seven fuzzy sets for output, _ _ The bloc diagram schemes of the proposed seriégeact

* Triangular and trapezoidal membership functiortier . ver filter based on fuzzy logic voltage controbiee shown
inputs and output, in Figs. 7 and 8. The model parameters used faulaiion are:

* Implication using the “min” operator, Voltage source 220V, Frequency $&50Hz, Resistor

* Mamdani fuzzy inference mechanism based on fuzgy_511n Inductance k=0.0002mH. Resistor R =48.68
implication, , Inductance L=40mH, Capacitance d&=300(QF, Resistor

= Defuzzification using the “centroid” method. Re=0.27rm. Inductance £=0.8mH.
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Fig. 5. Membership function for the inputs and aiityariables

The fuzzy rules are given by Table (1).

e NL NM NS ZE PS PM PL
de/d

NL NL NL NM NM NS NS EZ Fig. 8.Three-phase series active power filter using fuzdtage controller

NM NL NM NM NS NS EZ PS based on instantaneous reactive power theory PQ(Il)

NS NM | NM NS NS EZ PS PS

ZE | NM | NS | NS | EZ| PS| PS| PM VI. SIMULATION RESULTS AND DISCUSSION

PS NS NS EZ PS Ps< PM PM

PM NS EZ p< pS PM PM PL The purpose of the simulation is to show the efffecess of

PL EZ PS PS PM PM PL PL the proposed series active power filter using futagic

Table (1) Fuzzy rules controller to compensate a several voltage harmsonic

introduced voluntary in the power grid. In the ®arwe
The generation process of switching signals isrglweFig.6.  suppose that the three phase voltages are balamokdon-
distorted.
The first voltage harmonic perturbation is introedc
/)/\X\ voluntarily at 1=0.1 sec to2=0.16 sec. Betweere=%0.16 sec
Fuzzy Logie
Contrallar

and 8=0.2 sec, the system is again at normal working
condition. Between 3t0.2sec and 4t0.26sec the second
harmonics perturbation is introduced. The first abakd
distorted three-phase mains harmonic voltages nbation is
expressed as below:

Vi, = 311lsin(wt )+ 311/5sin(%t )

Fig. 6. Switching signals generation based on fizmgroller +311/7 sin(7wt )
_ _ v, :311sinm—i3”)+ 311/5sin(Bt +i3”
The controller calculates the difference betweenitfected _ o
voltage and the reference voltage that determimeseference +311/7sin(et - —-)
voItage of_ the inverter. This fuzzy voltage_is p(arqﬂ with v_ =311sin@t + 27 )+ 311/5sin(at - 27
carrying triangular waves and generates switchulggs. s 8
+311/ 7 sin(Tut + %’T )



The second harmonic voltages perturbation is espreby:

Voo = 3llsin(wt )+ 141sin(2wt )+ 35sin(&t ¥ 14 sin(dt

vy, =31lsin@t+%”)+ 14lsin(a;t+i;’ ¥ 35sin(¢ot+i;7 3 14sin45+i;’

v :311sin(wt+%”)+ 14lsin(a1t+2—: ¥ 35sin(wt+2—;7 3 14sin(¢5+—2g

The series APF starts compensating voltage harmonic
instantly. Fig. 9, shows the load voltage beforeiese
compensation, reference voltage, injected voltadeeted by
series APF and the load voltage after compensafitre
harmonic spectrums of the load voltage before cosgtzon
are shown respectively in Fig. 10 and Fig. 11. fikemonic
spectrums of the load voltage after compensatienshown
respectively in Fig. 12 to Fig. 15.
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e I active filter compensates effectively the voltagernhonics
e 5 with fast dynamic responses, the voltage deliveéoedritical
0 i loads is practically sinusoidal and without harnesniThe
o IR - solution proposed in this article can be very iesting to

equip power sensible loads especially if the vatagurce is
highly distorted. The MATLAB-Simulink results shatat the
e load voltage harmonics is significantly reducedfr@4.67%

. to 4.78% and from 46.93% to 4.51% in the first sasad
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second cases.

Fundamental (S0Hz) = 309.0 , THD= 3.25%

s

.

=Ll I |IL1I
N Al 1

2
Harmanic order

i
N

Mag (% of Funcamertal

Fig. 14. Load voltage harmonic spectrum with SefEs VIIl. REFERENCES
using PQ(Il): THDv=3.25%

[1] Honghaozhong, Pingping Chen, Zhengyu Lu, ZhaomimnQ'Novel

[4] Guiying Liu; Shiping Su; Peng Peng, "Intelligent mdol and
Application of All-function Active Power Filter,1EEE, International
Conference on Intelligent Computation Technology and Automation,
pp. 1078-1081, 2008.

) ) ) ! [5] Kerrouche Soumia, Krim Fateh, "Three-phase actiweep filter based

Fig. 15. Load voltage harmonic spectrum with SehEs on fuzzy logic controller,"International Journal of Sciences and

using PQ(Il): THDv=8.65% techniques of automatic Control & Computer engineering, Volume 3,

N°1, pp. 942-955, 2009.

The performance of the proposed Series AF Syste‘ecba[ﬁ] Y.F.LI, C.C.Lau, "Development of fuzzy algorithmar fservo systems,"

; ; . IEEE Control System Magazine, Volume 9, pp.65-72, 1989.
on two control strategies is tested under two distbvoltage [7] JM. Correa and al, "A Fuzzy-Controlied Pulse Denilodulation

I oE® Control Scheme Based on Per-phase Reference C@adrilation for
= e RANPE/DE[S I E Hybrid Series Active Power Filter with Fundamen@irrent Bypass
e e Suctre Channel in Unbalanced Conditions/EEE, 35th Annual Power

= o] _ Elecrronics Specialists Conference, pp. 9991002, 2004.

0 [2] Bhim Singh, Vishal Verma, "A new control scheme $oseries active
- — = filter for varying rectifier load, The fifth International Conference on

L e 2 e = Power Electronics and Drive Systems, 2003, PEDS, 2003, Vol.1, pp.
oot | 554559, November 17-20, 2003.

_ B [38] Ambra Sannino, Jan Svenssson, Tomas Larsson, "Pelgetronic
£ e solutions to power quality problemsTectric Power Systems Research
é Es.(,Emsfg.mdsmmu ~ 66, pp. 7183, 2003.

o - N w s o

2500

supply. The Simu!atioln r?SUIt S.hOWS th"'j‘t the Io'aﬂtage Strategy for a Series Resonant Inverter with Widead Range,"
before compensation is highly distorted; its THDetpual to Proceeding of the Conference on Power Electronics Specialists,
24.67% for the first harmonics type and 46.93%tlier second PESC'03, Acapulco, Mexico 15-19 June, 2003.

one. After compensation the THD is reduced to 4.78%d [8] A. Sayeed et al, "Fuzzy controll_er for inve_rter fedtiuction machines
) convertey' |EEE Trans. on Industrial Electronics, vol. 30, N° 1, pp. 78-

4.51% for the first strategy and to 3.25% and 8.66%the 84 1994r' * PP

second strategy. The simulation results obtaineihgus[g] v.S. Kim , S. H. Ko, "Three-phase three-wire sedetive power filter,

MATLAB-Simulink and SimPowerSystem show the which compensates for harmonics and reactive pbwé&ft Proc.

effectiveness of the proposed series APF baseduany f Electri.Power Appli., vol.151, N°3, pp. 276-282, 2004.
trol techni t . idahwelfor load [10] Fatiha Mekri, Mohamed Machmoum, Nadia Ait Ahmed,nBaunes
control techniques to ensure a pure sinusol geltor loads Mazari, "A comparative studies of voltage contndll®f series active

at distorted supply network. power filter," Elseivier, Electric power systems research, Article in
The performances in terms of harmonics voltage press, pp.1-12, 2009.

elimination of the series APF based on the twotesiias are [11]A.Hamadi, S.Rahmani, K. Al-Haddad, "A novel hybsieries active filter
ized in Table | for power quality compensationEEE, pp. 1099-1104, 2007.
summarized in fable 1. [12] Reyes H. Herrera, Patricio Salemeron, Hoyosung Kinstantaneous

Reactive Power Theory Applied to Active Power Fil@mpensation:

TABLE | HARMONICS COMPENSATION PERFORMANCES Different Approaches, Assessment, and ExperimeRealults,"|EEE,
Trans. on Industrial Electronics, pp.184-196, 2008.
Control Harmonics (1) Harmonics (2) [13] Guiying Liu; Shiping Su; Peng Peng, Intelligent, of@rol and
Strategy THD%=24.67% THDY%=46.93% Application of All-function Active Power Filter,1EEE, International
PQ(I) THD%=4.78% THD%=4.51% Conference on Intelligent Computation Technology and Automation,
PO(Il) THD%=3.25% | THD%=8.65% pp. 1078-1081, 2008,

: . [14] Kerrouche Soumia, Krim Fateh, "Three-phase actwsep filter based
on fuzzy logic controller,"International Journal of Sciences and
techniques of automatic Control & Computer engineering, Volume

VIl. CONCLUSION 3,N°1, pp. 942-955, 2009.
. . [15] T Narasa Reddy, M V Subramanyam, "Fuzzy Logic Goleti Shunt
To improve the power quality and reduce the souatiage Active Power Filter for Mitigation of Harmonics it Different
harmonics delivered to critical loads, a seriesvacpower Membership”, IEEE, International Conference on Advances in
filter configuration based on fuzzy logic voltagentroller has Computing, Control, and Telecommunication, pp. 616-620, 2009.

been proposed in this paper. The two control girase



[

7™ International Conference on Electrical Engineering 8-10 October 2012

Ot

2
(%)

_/,7" ‘; \\{“a.
Lz

Perfor mances of Series Active Power Filter based on Hysteresis
and Fuzzy Controllersto compensate Harmonic Voltage
Perturbations using | nstantaneous Reactive Power Strategy

Chennai Salim*, Benchouia M-T** and Goléa A

*Department of Electrical Engineering, Nuclear Resé Center of Birine
Email: chenaisalimov@yahoo.fr
**Department of Electrical Engineering, Biskra Uaigity
Email: benchouiat@yahoo.fr

Abstract—This paper presents a three-phase three-wire
series active power filter for harmonic voltage
compensation based on instantaneous reactive power
strategy. The conventional scheme is based on two-level
voltage source inverter with hysteresis controller. To
simplify and improve the series APF capability, a fuzzy
control technique is adopted in this work. Today fuzzy
logic controllers are successfully employed in various
industrial applications; their advantages are robustness
and easy implementation. The proposed fuzzy voltage
controller is designed to improve compensation
capability of series active power filter by adjusting the
voltage error using a fuzzy rule. The simulation is
performed using MATLAB-Simulink and
SimPower System BlockSet Toolbox. The obtained
simulation results validate that the proposed Series AF

mathematical discipline based on vagueness and
uncertainty. The fuzzy control does not need an
accurate mathematical model of a plant. It allows o

to use non-precise or ill-defined concepts. Funnyd
control is also nonlinear and adaptive in natura th
gives it robust performance under parameter vanati
and load disturbances. This control technique selie
on the human capability to understand the system’s
behaviour and is based on qualitative control rules
Thus, control design is simple since it is only dzhs
on if....then linguistic rules [6],[7],[8].

The investigation in this paper concentrates on the
fuzzy control approaches for the three-phase series
APF to compensate particularly harmonics voltage
instantaneous

perturbation using reactive power
theory control strategy [9]. The performance of the
Keywords — Three-level (NPC) series active power filter, Proposed series active power filter is evaluatadgus
Fuzzy logic control, Harmonics voltage compensation Matlab-Simulink and SimPowerSystem Toolbox.
instantaneous reactive power theory

compensate perfectly the harmonic voltage.

Il. SERIES ACTIVE POWER FILTER
|. INTRODUCTION The circuit configuration of the series activedilt
_ _ . _ . is shown in Fig. 1, the Series AF is inserted betwe
With the continuous proliferation of non linear the perturbed voltage source and a protected loa.
loads, harmonic pollution is being considered as oncomposed of three phase voltage source converter,
of the major problems that degrade the power qualit LfCst filter to suppress switching ripples and series
Active power filters have been proposed as arransformers which inject the compensating voltige
interesting and high performance solution to imgrov the line [10].
- = La
;‘#T " pay g -

the power quality [1]. Shunt active power filter is
generally used to compensate current harmonic:
Series active power filter is one of the controlides TR,
that feed modern industry with high quality power !
supply [2], it is used to compensate all types of EL E
voltage perturbations, such as voltage unbalance
sags, harmonics and voltage swells, thes
perturbations have harmful effects on the electric
equipments [3].

The series active power filter is inserted in serie
between the load and the source voltage. Thredesing
phase transformers are used to perform the series
connection. The controller is the main part of any
active power filter operation and has been a stipec ~~ The proposed series active filter is adopted to
many researches in recent years [4,5], to imprbee t compensate voltage harmonics. The control strategy
Series APF performances there’s a great tendency #$€ed for extracting the reference voltages of serie
use intelligent control techniques, particularhzfy  active power filter is based on the p-q theory dbsd
logic controllers. Fuzzy logic control theory is ain [11],[12],[13],[18].

Charge
Non-linéaire

Fig. 1 Series active power filter

I1l. CONTROL STRATEGY

Seventh International Conference on Electrical Begring CEE'12
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the grid is symmetric and distorted:
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A
We assume that the three-phase voltage source in
. P|_ 3 Ujcog&y) )
© : _ U3sin(éy)
> VU, sinat+6,,) q

n=1

z NE Slr{ (nwt——)+9 } (1)

Z Jau, S|r[(nal+—)+9 }

p|_
Un andon are respectively the rms voltage and initial |- |~ Lﬁf

phase angle, n is the harmonic order.

According to (7), transformation is made:

H:{ua uﬁp"}:{i_" ﬂ_u”} (10)
q ug —Ug ||!p —lg g |Up

As for DC components of p and q:

ot Ut |[ig]_[ia ip|[Uar (11)
~Ugt ||ip] |-ip iq ||

q

When n=1, it means three-phase fundamental voltageThe fundamental voltages in-3) reference frame

source: )
U, VA sint+6;)
Up |=| V2 1sir{ @ —%”)wl} @)
Uc . 2
_\/ZJJ_SII'{ @ +?)+811

Equation (1) is transformed intoaB) reference
frame:

S U, sin(nat+6, )

U Ua
[ua}‘: o|Up =43 1 3)
£ Uc > FU,sin(nat+6,)
n=1
Where:
o _\F 1 -12 -1/2 @
32 V3|0 3/2 —/3/2

Three-phase positive fundamental current temphkate i L J

constructed:

'a f
Ip | =4—
. 3

Ic

sin(at )
sin(a —%” ) )
sin(at +%” )
Equation (5) is transformed to{B) reference frame:

iy 'a| T sin(at)
el < ] 0

are:

. - . . —

Ugt | _| ta 1p| |P|_|'a T B|P
U g _Iﬁ i g _ Iﬁ ig Il _
q q

The three-phase fundamental voltage is:

12)

Uy sin(at +6;)

a Ugf . 2
Ups :c:BLEf }:@1 sm(ax+el—§) (13)
Uet . 27T
sm(a1+9_L+?)

Where:

1 0

-1/2 ﬁ
2

N

-1/2 —
2

Cc23= (14)

The block diagram of the harmonic voltage
identification based on (p-q) theory is presented i
Fig.2.

Current
Template

Fig. 2 Block diagram of voltages reference idecdifion

According to the instantaneous reactive power theor

[11], then:
Q)

HEM

Where DC and AC components are included:

IR

a+q

lll. Fuzzy LOGIC CONTROL

Fuzzy logic controllers (FLCs) have been interest a

good alternative in more power electronics

application. Their advantages are robustness, easy

implementation and accept non-linearity [14],[15.

benefit of these advantages a simple fuzzy logic

voltage controller is proposed to control the Serie

®) APF.
The fuzzy voltage controller proposed in this paper

P and q are passed through low pass filter (LPH) anlS designed to improve compensation capability of

DC component are got:

Seventh International Conference on Electrical Begring CEE'12
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The desired inverter switching signals are deteeghin ~ The controller calculates the difference between
according the error between the compensate voltagéise injected voltage and the reference voltage that
and reference voltages. In this case, the fuzziclog determines the error voltage, this error voltagespa
voltage controller has two inputs, error e and giean through fuzzy controller. The fuzzy voltage errer i
of error de and one output s. To convert it intocompared with two carrying triangular identical
linguistic variable, we use seven fuzzy sets: NLwaves shifted one from other by a half period of
(Negative Large), NM (Negative Medium), NS chopping and generate switching pulses [16],[17].
(Negative Small), ZE (Zero), PS (Positive Smallyj] P

(Positive Medium) and PL (Positive Large). The IV. SIMULATION MODEL
membership functions used in fuzzification and
defuzzification are shown in Fig. 3. The Matlab-Simulink simulation block diagram of
The fuzzy controller for every phase is characestiz the proposed series active power filter based amyfu
for the following: logic voltage controller is shown in Figure (5).

= Seven fuzzy sets for each input, ;JmHﬂg:E*

= Seven fuzzy sets for output, -t

= Triangular and trapezoidal membershlp (
function for the inputs and output,

= |mplication using the “min” operator,

= Mamdani fuzzy inference mechanism basec
on fuzzy implication,

= Defuzzification using the “centroid” method.

I oacaC]
e
P

NPt warisble te

. Mia NS ZE PSP Fig. 5 Series active power filter based on instaebais
™, /\/W\/\ e reactive power strategy using fuzzy controller
B m\’gz\/\/\/nz = The model parameters used for simulation are:
o R it - . Voltage source ¥220V, Frequency $50Hz,
' \/\/\/\/\/\/ Resistor R=0.1n2, Inductance £0.0002mH,
ast 4 Resistor R =48.62, Inductance L=40mH,
| \/\/\/ Capacitance &=300QuF, Resistor R=0.27n%,

o= Coe Coa o= o o= o e 3=

mmmmmmmmmmmmmmmmmm " Inductance t=0.8mH.
Flg 3 Membership function (|nputs and output Viales)

) V. SIMULATION RESULTS AND DISCUSSION
The fuzzy rules are given by Table (1).

The purpose of the simulation is to show the
d:/dt NLO| NM NS 2B PS | PMP PLL effectiveness of the proposed series active poiter f
NL T NLC T NC TNV Tnv TNs T ns Bz | using fuzzy logic controller to compensate a sdvera
NM | NL | NM | NM | NS | NS | Ez | ps| Voltage harmonics introduced voluntary in the power
NS [ NM [ NM | NS | Ns| Ez| Ps|[ Ps| grid. In the starts, we suppose that the three gphas
ZE | NM | NS | NS| EZ| PS| PS| PM vyoltages are balanced and non-distorted.
PS | NS| NS| EZ] PS| PY§ PM PM The first voltage harmonic perturbation is rich®n
PM | NS | EZ| PS| Ps| PM PM PU : S
L T Ez T PsT psl PM PM Pl P and 7 _component harmonics, it is introduced
Table (1) Fuzzy rules voluntarily at t1=0.1 sec to t2=0.16 sec. Betwgen
t2=0.16 sec and t3=0.2 sec, the system is again at
The generation process of switching signals ig'ormal working condition. The second harmonic
given by Fig.4. voltages perturbation is rich on 2, 4 and 5 compbne
harmonics, it is introduced between t3=0.2sec and
t4=0.26sec.
/XX\ The series APF starts compensating voltage
Fuzzy Lagic
Controller

harmonics instantly. Fig. 6 shows the load voltage
before series compensation, reference voltagestage
voltage delivered by series APF and the load veltag
after compensation. The harmonic spectrum of the
load voltage before and after compensation is shown
respectively in Fig.6 to Fig.12.

Fig. 4 Fuzzy controller

Seventh International Conference on Electrical Eegring CEE'12
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The performance of the proposed Series AF system
is tested under two distorted voltage supply using

hysteresis and fuzzy controllers. The simulaticulte

shows that the load voltage before compensation is

highly distorted; its THDv is equal to 24.67% fhet

first harmonics type and 46.93% for the second one.
After compensation the THDv is widely reduced tog
5.16% and 6.15% for the hysteresis controller and t
4.78% and 4.51% for the fuzzy system with fast
dynamic responses. The simulation results obtained]

using MATLAB-Simulink and SimPowerSystem

show the effectiveness of the proposed series APF
based on fuzzy voltage controller to suppress
harmonic voltage. The performances of the tw

controllers are summarized in Table (1).

Controller PQ Control strategy
Harmonics (1) Harmonics (2)
THD%=24.67% THD%=46.93%

Hysteresis THD%=5.16% THD%=6.15%

Fuzzy THD%=4.78% THD%=4.51%

Table (1) Harmonics compensation performances

VI. CONCLUSION

6’5'2,%{/\’
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Ahmed, Benyounes Mazari, "A comparative studies of
voltage controllers of series active power filter",
Elsevier, Electric power systems research, Artide
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To improve the power quality and reduce thej11)a Hamadi, S.Rahmani, K. Al-Haddad, "A novel hybrid

source voltage harmonics delivered to sensiblespad

a new series active power filter configuration lohse

on fuzzy logic voltage controller has been propdsed [12]
this paper. The control strategy used to determine
compensation voltages is the PQ theory. The
proposed series active filter compensates effdgtive
the voltage harmonics with fast dynamic responses, o,

the voltage delivered to sensible loads is pralyica

sinusoidal and without harmonics. The solution
proposed in this article can be very interesting to
equip power sensible loads especially if the vatag

source is highly distorted. The MATLAB-Simulink

results show that the load voltage harmonics i$l4l
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Abstract — This paper presents a three-phase three-wire
shunt active power filter based on three-level (NP inverter
using two intelligent controllers to compensate cuent
harmonics generated by non-linear loads. Shunt acté filter
is the best solution to eliminate harmonics drawn rbm
nonlinear load especially for low power system. The
conventional scheme is based on the two level inver
controlled by hysteresis controller, this configurdion presents
some drawbacks such us high inverse voltage applieth
power components, degraded quality of the output \tage
inverter waveforms, etc. Today three-level (NPC) inerter
and intelligent controllers are widely used in diferent
industrial applications. To take advantages of thes@verter
topology and AIC performance a two new control schaes of
shunt active filter system are proposed in this wde The
control strategy adopted is the synchronous refera® current
detection method. The numerical simulation is devefied and
performed using MATLAB-Simulink and SimPowerSystems
Toolbox. The simulation results obtained from complet
structure including control and power circuits show the
effectiveness of the proposed shunt active powelttéir based
on intelligent controllers.

Keywords — Shunt active filter, Intelligent controllers,
ANNSs, FLC, Three-level (NPC) inverter, Harmonic currents
compensation.

|I. INTRODUCTION

ith the proliferation of nonlinear power electramic
loads, the problem of harmonic is severity, whichy,, utility

The controller is the main part of any active povilézr
operation and has been a subject of many reseamches
recent years. Among the various current control
techniques, hysteresis current control is the most
extensively used technique. It is easy to realiztd high
accuracy and fast response. In the hysteresis alontr
technique the error function is centered in a prese
hysteresis band. When the error exceeds the uppewer
hysteresis limit the hysteretic controller makes an
appropriate switching decision to control the enmngthin
the preset band. However, variable switching fregye
and high ripple content are the main disadvantagfes
hysteresis current control. To improve the control
performances there’'s a great tendency to use igeatl
control techniques, particularly fuzzy logic andifanial
neural network controllers [3],[4]. This paper e a
two novel control scheme for three-level (NPC) ghun
active filter based on fuzzy and ANN'’s controlleiithe
model and numerical simulation in transient anchdye
state conditions are developed and performed using
Matlab-Simulink and SimPowerSystem Toolbox.

Il. SHUNT ACTIVE FILTER

The basic block diagram including non linear load
compensation principle of a shunt active powererfdt
based on three-level (NPC) inverter is shown inIFi§ is
controlled to draw/supply a compensated currennfio
such that it cancels harmonic curreafsthe

influences the power quality of power grid. PassiVR,n, jinear load and makes the source current isedth

power filter is a traditional harmonic restrainttheed. The
passive filtering is a simple way to eliminate tr@monic

the different waveforms. The current drawn from the
power system at the coupling point of the shunt AwIF

currents. However, it does not allow to completelyog it sinusoidal [5],[6].

eliminating all of them and has many drawbacks sagh

series or parallel resonance with the system impaslfl].
Active filter is used, these last years, to impreaver
quality on the load side from the grid current,ibjgcting

compensating currents [2]. The performance of diveac

filter mainly depends on the reference current gpian
strategy, hysteresis or PWM control, topology & gower
converter, etc...
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Fig.1 Three-level (NPC) Shunt active filter




[ll. CONTROL STRATEGY
A. Synchronous current detection method

The control strategy is inspired of the synchrono

detection reference currents method [7]. It is Hame the
measuring of the source voltage/ssa(,v vSC) given by

D:

sb’

Vsa(t) =Vg-sin(at )
. 2
V(1) =Vgm.sina = ) 1)

. ar
Vsa(t) =Vg-sin(at ~3)

The maximum amplitude of the current supplied by th

filter | smaXis given by (2):
Smax = l smp+| smc (2)
With :
* 2 Pmo
=S @3)
smp~ 3 Vg

To compensate the inverter losses and maintaiddHimk
voltage UWic constant, a proportional integral controller is

Jdsed to obtain the compensation curresihd. The control

loop compares the measured voltageic Uvith the
reference voltage dd-ref and generates corresponding
current tsmd given by [9],[10]:

|Smd =K AU + K[ AUgcdt (7)

Where lp and k are the proportional and integral gains of
the PI controller and Edd = (Udc-re=Udc) is the DC bus
voltage error.

IV. INTELLIGENT CURRENT CONTROLLERS

A. Fuzzy logic current controller

The main component of an active filter is the cutre
controller. Generally the classical hysteresis lar is
used to generate pulses to the PWM inverter; iteis/
stable and generates a minimum noise.
Recently, fuzzy logic controllers (FLCs) have béaerest
a good alternative in more application. The adwgetaf
fuzzy systems are that they do not need an accurate

I ¢mg!S the component current which maintains the DGnathematical model, they can work with imprecisguts,

voltage across the capacito@C d [8]. The reference
currents must be sinusoidal and in phase with tiage

can handle non-linearity, and they are more roblah
conventional nonlinear controllers [11], [12].
Fuzzy logic control is the evaluation of a set mhyde

source. The desired current source AC can be eatrlil |inguistic rules to determine the control actiom develop
by multiplying the maximum amplitude of the currenthe ryles of the fuzzy logic, we need good understf the

source of sinusoidal signals unit. These unit dgjrae
given by (4):

e ) =V, NV,
o ©) =V Vg “)

iuc(t) :Vsc/Vsm
i sa(t) =1 sm'i Ue
i b t)=1 sm.i uk (5)

I sc(t)zI sm‘i uc

The difference between the current references &ed t
load can generate the three

current drawn by the

*

. * . Lx
compensation current (__,i  eti _):
ca’' cb cc

. * . * .

o= -
ca sa La

* L .

Peb = sb™ Lb 6)
* . * .

= -
cc sc Lc

Fig.2 shows the principle scheme of the synchronous

current detection method.

% Controller

Fig.2 Synchronous current detection method control
strategy principle

process to be controlled, but it does not require a
complicated mathematical model. The desired switghi
signals for the filter inverter circuit are detenmdl
according to the error in the filter current. Instibase, the
fuzzy logic current controller has two inputs, nanegrore

and change of errate and one output namesl Here the
errore and change of errate are the input variable for the
system. To convert it into linguistic variable, wse three
fuzzy sets: N (Negative), ZE (Zero) and P (Posjtifeg. 3
shows the membership functions used in fuzzificatio

os b

-1 os o8 04 0z o ]

Input variable "e_de

0.4 [E= [ER=3 1

=] M z P =1

-1 0.8 06 04 0z o2

o
output waris ble "Ucom”

Figure 3: Membership function for the
inputs and output variables

0.4 0.6 0.8 1

The fuzzy controller for every phase is characestifor
the following:
= Three fuzzy sets for each input,
= Three fuzzy sets for each output,
= Triangular and trapezoidal membership functions,
= Implication using the “min” operator,
= Mamdani fuzzy inference mechanism based on
fuzzy implication.
= Defuzzification using the “centroid” method.



The linguistic rules for the fuzzy current conteslare as thus has a simple interpretation as a form of kquiput

follows: model, with network weights as free parameters. i$e

1. If error is Negative and error rate is Negative Theand training of MLPNSs is well understood [13].
output is Big Negative, The objective of the training is to modify weighatrices

2. If error is Zero and error rate is Negative TheW and V such that the ANN function approximates the
output is Positive, plant function and the errerbetween the desired function

3. If error is Positive and error rate is Negative Theoutputy and the ANN outputy is minimal. The training
output is Big Positive, cycle has two distinct paths:

4. If error is Negative and error rate is Negative The= Forward propagation: It is the passing of inphtetigh
output in Big Negative, the neural network structure to its output.

5. If error is Zero and error rate is Zero Then output Error back-propagation: It is the passing of thépat
is Zero, error to the input in order to estimate the indidd

6. If error is Positive and error rate is Zero Thercontribution of each weight in the network to theaf
output is Big Positive, output error. The weights are then modified scoagtluce

7. If error is Negative and error rate is Positive Bighe output error.
Then output is Big Negative, To be able to produce the correct output datanéteork

8. If error is Zero and error rate is Positive Therwas trained with an improved algorithm, during the
output is Negative, learning process the error function was minimizeith \an

9. If error is Positive and error rate is Positive he increasing number of training epochs. The artifioieural
output is Big Positive. network current controller to use for the threeelev

inverter shunt active filter is shown in FigureThe input

The generation process of switching signals ismgivg pattern is the error valuesdd: Ecbh and Ec) between the
Fig.4. measured filter currents f4j ifo and i) and the
compensating reference currentga*(i ifo* and fc)
whereas the outputs values are the switching sfhies

/)()(\ M T12, T21, T22, T31 and 2. The hidden layer contains 12
neurons with a sigmoid activation function and theput
m “” layer contains six neurons with a linear activafiamction.
D“ PP W The network was trained with 10000 training exarsple
o using Levenberg-Marquardt back propagation algorith
: ———Mu | TR
et I
Logie control n * Ti3

Fig.4 Generation process of switching signals

Fig.5 shows the Matlab-Simulink simulation block
diagram of the proposed fuzzy current controllar thee
three-phase shunt active filter.

wwwww
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Fig.5 Shunt active filter based on Fuzzy curremtticgler

B. Artificial neural network current controller
Artificial Neural Networks have provided an altetina
modeling approach for power system applicationse Th
MLPN is one of the most popular topologies in usgaly. b: Simulink ANN controller model
This network consists of a set of input neuronstpoiu Fig. 6 Artificial Neural Network controller

neurons and one or more hidden layers of internedia o . ] ]

layer, passes through the hidden layers and firflllys Of the proposed ANN controller for the three-phabent
out of the network through the output layer. Thevoek ~ active filter.




Fig.7 Shunt active filter using ANN current conteol

V. SIMULATIONS

The purpose of the simulation is to show the eiffeciess
of the shunt active filter based on intelligentzify and
ANN) current controllers to reducing the currentrhanics
produced on the load side under ideal voltagesitond.
The model parameters used for simulation are: gelta
source =220V, Frequency $50Hz, Resistor
Rs=0.1n1), Inductance &=0.0002mH, Resistor &R
=48.42, Inductance th=40mH, DC Voltage ldc =800V,
Capacitance G-C2=300uF, Resistor &0.27m Q,
Inductance £=0.8mH.

A) Simulation results using ANN current controller

Figure 8 shows the line voltage and the line cuméthout
APF. Figure 9 shows the corresponding source curren
harmonic spectrum before compensation. The loackyr
the injected current and the DC voltage across aitipa
before and after shunt active filter operation sttewn in
Figure 10. Figure 11 shows the harmonic spectrurhef
source current after compensation. Finally, thers®u
current and the corresponding source voltage @&septed
simultaneously in Figure 12.
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Fig. 8 Source voltages and line current before
compensation

Magnitude compared to fundamental

Iniected currert (&)
o @

0.9

o
®

o
3

o
>

o
@

o
kS

o
@

o
~

o
[

The source current is highly distorted and rich on
harmonics. It is not in phase with the source gatahe
power factor is poor with high consummation of teec
power.
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. 9 Spectrum of source current without APF
(THD=27.74%)
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Fig. 10 Line current, injected current and DC vgéta
before and after compensation using ANN controller
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Fig. 11 Spectrum of source current with APF withMN

controller (THD=3.96%)
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Fig. 12 Current and voltage source before and after
compensation with ANN controller (vsa= Vsa/10)
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controller, we can conclude that the source curedtar
compensation is practically sinusoidal and in phagh

the corresponding source voltage. The SAF sthet
compensation process instantly when it is conneittetie
non-linear load. The system passes through transien
period of 0.04s necessary to attain the steadg stfathe
source current and to stabilize the dc voltage t#o i
reference ldc-re=800V. The source current THD is
significantly reduced from 27.74% to 3.96% in configy

with IEEE standard Norms.

B)Simulation results with Fuzzy current controller

The load current, the injected current and the Eage
across capacitor before and after shunt activeerfilt
operation are shown in Figure 13. Figure 14 shdwes t
harmonic spectrum of the source current after
compensation. Finally, the source current and the
corresponding source voltage are presented sinealtesty

in Figure 15.
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Using the proposed SAF system controlled ANNS g 13 ine current, injected current and DC vpdta

before and after compensation using Fuzzy current
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Fig. 14: Spectrum of source current after compémsat

with Fuzzy controller (THD=1.62%)
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Fig. 15 Current and voltage source before and after
compensation with fuzzy controller (vsa= Vsa/10)  [5]

By visualizing Figures 12 and 15, we can conclude t
successful  simulation of the harmonic current
compensation using the two proposed intelligentenir
controllers. The performances of the three-levelinsh [7]
active filter based on FLC controller in terms of
eliminating harmonics is better than ANN contraller the

two cases, the THD is widely reduced from 27.74% to
3.96% for ANN and to 1.62% for FLC controller. The
control strategy based on synchronous current tietec (°]
method permits a good extraction of reference otsre
compensation. The PI Controller ensures that the dc
voltage across capacitor is maintained constanteajgl
to reference vale (#4-re=800V). The steady state of the
source current is obtained after 0.03 sec in the dases.
Figures 12 and 15 shows that the source curreet aft
compensation is sinusoidal and in phase with the
corresponding source voltage for the two contrsllfihe
THD values obtained respect widely the IEEE stamslar
Norms (THD<5%).

6]

[13]

VI. CONCLUSION

A three-phase three-level shunt active filter wiksutral-
point diode clamped topology using intelligent eumtr
controllers is proposed to suppress current harcsoiiine
numerical simulation is performed using MATLAB-
Simulink and SimPowerSystem Toolbox. For the two
configurations synchronous current detection method
strategy is adopted to calculate reference sigritis
concise and requires less computational efforts thany
others method control. The current source before
compensation is widely distorted and rich on haricgan
After compensation, the harmonic spectrum showsttiea
THD is widely reduced for the two controllers in
conformity with IEEE Norms (THD<=5%) but the ANNs
is more efficiency than fuzzy systems. The DC \g#ta
controller ensures that the voltage across capaci®
maintained constant with fast dynamic responsease of
load current variation. The current source after
compensation is sinusoidal and in phase with the li
voltage source with reduced THD vale.

[10]

[11]

[12]
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Abstract —This paper presents a three-phase three-level
(NPC) series active power filter based on instantaneous
reactive power strategy to compensate harmonic voltage
disturbances for critical loads. The conventional
configuration is based on the two-level voltage source
inverter with classical controllers requiring a complex
and a complicated mathematical model. In order to
overcome these drawbacks and improve the series APF
performance there is a great tendency to use multilevel
converters and intelligent controllers. Today three-level
inverter topology and fuzzy logic controller are
successfully employed in various industrial applications;
in order to get benefits of their advantages a new control
scheme for series active power filter is proposed in this
paper. The fuzzy voltage controller is designed to
improve compensation capability of series active power
filter by adjusting the voltage error using a fuzzy rule.
The control strategy use instantaneous reactive power
theory. The simulation is performed using MATLAB-
Simulink and SimPowerSystem Block Set Toolbox. The
obtained results show that the proposed Series AF
compensate perfectly harmonics voltage disturbances.

Keywords -Three-level (NPC) series active power
filter, Fuzzy logic control, Harmonics voltage
compensation, instantaneous reactive power strategy

|. INTRODUCTION

With the continuous proliferation of non linear
loads, harmonic pollution is being considered as one
of the major problems that degrade the power quality.
Active power filters have been proposed as an
interesting and high performance solution to improve
the power quality [1]. Shunt active power filter is
generally used to compensate current harmonics.
Series active power filter is one of the control devices
that feed modern industry with high quality power
supply [2], it is used to compensate all types of
voltage perturbations, such as voltage unbalances,
sags, harmonics and voltage swells, these
perturbations have harmful effects on the electric
equipments [3],[16].

The series active power filter is inserted in series
between the load and the source voltage. Three single
phase transformers are used to perform the series
connection. The controller is the main part of any
active power filter operation and has been a subject of
many researches in recent years [4,5], to improve the
Series APF performances there’s a great tendency to

use intelligent control techniques, particularly fuzzy
logic controllers. Fuzzy logic control theory is a
mathematical discipline based on vagueness and
uncertainty. The fuzzy control does not need an
accurate mathematical model of a plant. It allows one
to use non-precise or ill-defined concepts. Fuzzy logic
control is also nonlinear and adaptive in nature that
gives it robust performance under parameter variation
and load disturbances. This control technique relies
on the human capability to understand the system’s
behaviour and is based on qualitative control rules.
Thus, control design is simple since it is only based
on if....then linguistic rules [6],[7],[8].

The investigation in this paper concentrates on the
fuzzy control approaches for the three-phase series

APF based on three-level (NPC) inverter to
compensate particularly harmonic voltage
disturbances using instantaneous reactive power

theory control strategy [9]. The performances of the
proposed series active power filter are evaluated using
Matlab-Simulink software and SimPowerSystem
Toolbox.

I1. SERIES ACTIVE POWER FILTER

The circuit configuration of the three-level (NPC)
series active power filter is shown in Fig. 1. The
Series AF is inserted between the perturbed voltage
source and a protected load, it is composed of three
phase voltage source converter, LsfCsf filter to
suppress switching ripples and series transformers
which inject the compensating voltage to the line [10].

= Ve Ly
®) [ LS
LT %
Sourcelimr g midn | Ra
o m | j
Ls Rg

Fig. 1 Three-level (NPC) Series active power filter
I1l. CONTROL STRATEGY

The proposed series active filter is adopted to
compensate voltage harmonics. The control strategy
used for extracting the reference voltages of series
active power filter is based on the p-q theory described
in [11],[12],[13].
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15" International Conference on Electrical Energy and Systems October 22-24th

We assume that the three-phase voltage source in the
grid is symmetric and distorted:

> J2U  sin(nat +6,)
U n=1
a
Uy |=| ¥ VU, sin{(nmt—zl)wn} (1)
UC n=1 3
% \/EUnSin|:(naI+2l)+9n:|
Ln=1 3

Un and 6n are respectively the rms voltage and initial
phase angle, n is the harmonic order.

When n=1, it means three-phase fundamental voltage
source:

Ua \/ZJlSin(aI'Hgl)
Up | = ﬁulsin[(a—%’)wl] @)
Uc

_\/Eulsin{(a)n%”ﬂell

Equation (1) is transformed into (a—f) reference
frame:

U Ua %Unsin(ncouen)
|: {Z}:C Ub :‘\/é n=1 (3)
Ug 32 o
Uc > U, sin(nat+6,)
n=1L
Where:
c _\/El -1/2  -1/2 (4)
32 \3|0 3/2 —3/2

Three-phase positive fundamental current template is
constructed:

iy sin(at)
i :\F sin(at—2%) (5)
i) ' zsﬁ

sin(a)t+?)

Equation (5) is transformed to (a—f) reference frame:

iy ?a sin(at)
{iﬂ:lzcsz Iib :{—cos(wt} (©)

According to the instantaneous reactive power theory

[11], then:
Pl Uy Uﬁ ia
M{“ﬂ —UaHiﬂ} @

Where DC and AC components are included:

pl_|p+p

{ } = ®)
a-+q

P and q are passed through low pass filter (LPF) and

DC component are got:

p|  z|Uicos(ar)
- ﬁ{u 1sin(91)} ©)

q
According to (7), transformation is made:

e T TR

As for DC components of p and q:

o s ] 1o ]
— uﬁf —U f |/; _Iﬁ Iy Uﬂf
q

The fundamental voltages in (a—p) reference frame

are:
U i, is] 5| Tie -igllp
Uﬂf _Iﬁ ly _ Iﬂ ly _
q a
The three-phase fundamental voltage is:
sin(at +
U of Uyt ( 612)
Upt |=Cog|, “ |=VU, |sin(at+6-"7)|  (13)
Uy U g 3
Ci
sin(a;t+61+2?”)
Where:
1 0
C23=|-1/2 ? (14)
B
L 2 ]
The block diagram of the harmonic voltage

identification based on (p-q) theory is presented in
Fig.2.

Current
Template

Laf;(g—,u*ah
u*bf N » u*bh
uef k

usa

ush

usc ;8»-; wch

Fig. 2 Block diagram of voltages reference identification
IV. Fuzzy LOGIC CONTROL

Fuzzy logic controllers (FLCs) have been interest a
good alternative in more power electronics
application. Their advantages are robustness, easy
implementation and accept non-linearity [05],[14]. To
benefit of these advantages a simple fuzzy logic
voltage controller is proposed to control the Series
APF.
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The fuzzy voltage controller proposed in this paper
is designed to improve compensation capability of
APF by adjusting the voltage error using fuzzy rules.
The desired inverter switching signals are determined
according the error between the compensate voltages
and reference voltages. In this case, the fuzzy logic
voltage controller has two inputs, error e and change
of error de and one output s. To convert it into
linguistic variable, we use seven fuzzy sets: NL
(Negative Large), NM (Negative Medium), NS
(Negative Small), ZE (Zero), PS (Positive Small), PM
(Positive Medium) and PL (Positive Large). The
membership functions used in fuzzification and
defuzzification are shown in Fig. 3.

The fuzzy controller for every phase is characterized
for the following:
= Seven fuzzy sets for each input,
= Seven fuzzy sets for output,
= Triangular and trapezoidal membership
function for the inputs and output,
= Implication using the “min” operator,
= Mamdani fuzzy inference mechanism based
on fuzzy implication,
=  Defuzzification using the “centroid” method.

PR NS ZE PS PR PL

TTTONUWWAST
SAMAL

-1 o= —os “o.a o= o 0= o.a o0& os a
input variakle tde"

-1 —o.s 2

o= [=] 0.z
output warisble "Ucom

Fig. 3 Inputs and output membership function

The fuzzy rules are given by Table (1).

N AVAVAV AN
SAAAS

e NL NM | NS ZE PS PM PL
de/dt

NL NL NL NM | NM | NS NS EZ

NM NL NM | NM | NS NS EZ PS

NS NM | NM | NS NS EZ PS PS

ZE NM | NS NS EZ PS PS PM

PS NS NS EZ PS PS PM PM

PM NS EZ PS PS PM PM PL

PL EZ PS PS PM PM PL PL

TaBLE| Fuzzy rules

The generation process of switching signals is given
by Fig.4.

Logit
Control [—#| u
@
Tdel2 +
LAl
il
bt
i
[

Fig. 4 Fuzzy controller

The controller calculates the difference between the
injected voltage and the reference voltage that
determines the error voltage, this error voltage pass
through fuzzy controller. The fuzzy voltage error is
compared with two carrying triangular identical
waves shifted one from other by a half period of
chopping and generate switching pulses [15].

V. MODEL AND SIMULATION RESULTS

The block diagram of the proposed three-level
(NPC) series active power filter based on fuzzy logic
voltage controller is shown in Figure (5).

Fuzzy

Controller

Fig. 5 Series active power filter based on three-level (NPC)
inverter using fuzzy controller

The purpose of the simulation is to show the
effectiveness of the proposed series active power filter
using fuzzy logic controller to compensate a several
voltage harmonics introduced voluntary in the power
grid. In the starts, we suppose that the three phase
voltages are balanced and non-distorted. The first
voltage harmonic disturbances is rich on 5 and 7
component harmonics, it is introduced voluntarily at
t1=0.1sec to t2=0.16sec. Between t2=0.16 sec and
t3=0.2sec, the system is again at normal working
condition. The second harmonic voltages disturbances
is rich on 2, 4 and 5 component harmonics, it is
introduced between t3=0.2sec and t4=0.26sec.

The series APF starts compensating voltage
harmonics instantly. Fig. 6 shows the load voltage
before series compensation, reference voltage, injected
voltage delivered by series APF and the load voltage
after compensation. The harmonic spectrum of the
load voltage before and after compensation is shown
respectively in Fig.7 to Fig.10.
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e <>

(d) Load voltage after compensation
Fig.6 Load voltage before compensation, reference voltages, injected voltages and load voltages after compensation
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Fig. 10 Load voltage harmonic spectrum with Series AF
using fuzzy controller (THDv=5.65%)
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The performance of the proposed Series AF system
is tested under two distorted voltage supply. The
simulation result shows that the load voltage before
compensation is highly distorted; its THDv is equal to
24.67% for the first harmonics type and 46.93% for
the second one. After compensation the THDv is
widely reduced to 4.89% and 5.65% with fast
dynamic responses. The simulation results obtained
using MATLAB-Simulink and SimPowerSystem
show the effectiveness of the proposed series APF
based on fuzzy voltage controller to ensure a pure
sinusoidal voltage for sensible or critical loads at
distorted supply network. However, the current source
is highly distorted and rich on harmonics. To
eliminate this drawback, the future research work will
be focused on current source compensation using
hybrid series active filter configuration or Unified
Power Quality Conditioner system.

VI. CONCLUSION

To improve the power quality and reduce the
source voltage harmonics delivered to sensible or
critical loads, a new series active power filter
configuration using fuzzy logic voltage controller
based on three-level (NPC) inverter has been
proposed in this paper. The control strategy used to
determine compensation voltages is the PQ theory. It
is proved that the proposed series active filter
compensates effectively the voltage harmonics with
fast dynamic responses, the voltage delivered to
critical or sensible loads is practically sinusoidal and
without harmonics. The solution proposed in this
article can be very interesting to equip power sensible
loads especially if the voltage source is highly
distorted. The MATLAB-Simulink results show that
the load voltage harmonics is significantly reduced
from 24.67% to 4.89% and from 46.93% to 5.65% in
conformity with the IEEE standard Norms.
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Abstract

This paper presents a three-phase shunt active filter based on fuzzy control techniques to
compensate current harmonics under non ideal voltage conditions. The control strategy
adopted use synchronous reference frame detection method; it is generally used if the source
voltage is unbalanced or distorted. Today, fuzzy logic controllers are used in various power
electronics applications; their advantages are simple design, no need mathematical model,
based on linguistic description and are more robust than conventional controllers. To
compensate the inverter losses and maintain the dc voltage capacitor constant a proportional
integral controller is used. The simulation model is developed and performed using
MATLAB-Simulink and SimPowerSystem Toolbox. The simulation results obtained show
the effectiveness of the proposed Shunt APF system under non ideal voltage conditions.

I. Introduction

A large part of total electrical energy, produced in the world, supplies different types of non-
linear loads. The loads such as variable frequency drives and electronic ballasts draw current,
which does not resemble the grid sinusoidal voltage. This load is said to be non-linear and
typically is composed of odd order currents, which are expressed as multiples of the
fundamental frequency. The harmonic current cannot contribute to active power and need to
be eliminated to enhance the power quality [1]. Active Power Filter (APF) is the popular
solution used to eliminate the undesired current components by injection of compensation
currents in opposition to them [2],[3]. The performance of any active filter mainly depends on
the reference current generation strategy, control techniques, converter topology, etc...

Several papers studied and compared the performances of different reference current
generation strategies under balanced, sinusoidal, unbalanced or distorted voltage conditions
[3],[4]. In all of them, the P-Q strategy and SRF provide similar performances. But when, the
active filter work under distorted and unbalanced AC voltages (real conditions) the best results
are obtained with the synchronous reference frame method. However, the SRF theory requires
a phase locked loop (PLL) which increases the complexity of the control system.
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In recent years, fuzzy logic controllers have generated a great deal of interest in different
applications [5],[6]. Their advantages are robustness, no need mathematical model and accept
non-linearity. This paper is focused on the compensation current harmonic capability using
three-phase shunt active filter based on fuzzy logic current controller under non ideal voltages
conditions. The performances of the proposed shunt active filter are evaluated through
computer simulations for transient and steady-state conditions using Matlab-Simulink and
SimPower System Block-Set Toolbox. The obtained results show the effectiveness and the
robustness of the proposed SAPF system under different voltage conditions.

II. Shunt active power filter

The basic block diagram including non linear load compensation principle of a shunt active
power filter is shown in Fig. 1. It is controlled to compensate harmonic currents generated by
the non-linear load and makes the source current in phase with the source voltage. After
compensation the source current at the coupling point of the shunt APF is sinusoidal and
without harmonics [7],[8].

()

3-phase
AC supply

Non linear
Load

yYv v

Fig. 1 Shunt active filter

III. Synchronous reference frame detection method

The control strategy to compensate harmonic currents used in this work is based on the synchronous
reference frame detection method. The principle of this technique is described below [9]. The three
phase currents ia, ib and ic are transformed from three phase (abc) reference frame to two phase’s (o-p)
stationary reference frame currents ia and ip using:

1 .

. 1 — = |liL

LAl R 1)

ig] N3, B B,
02 T2l

Using a PLL (Phase Locked Loop), we can generate cos( @) and sin( ) from the phase voltage source
vsa, Vsb and vsc. The currents expression ia and ig in (d-q) reference frame are given by:

ig | sin(g?) —cos(é) Ly 2
o ] g (2)
cos(6) sin(f)

These components can then be expressed as the sum of a DC component
and AC component

{id]: Td toid 3)
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Withiy,i, are the continuous components of id and iq, and ig, ;q are the alternative
components of id and iq. From equation (2), we can express the current components along the

axes (of) by:
Ig B Sin(Gg;)  —c0S(Grgt ) - iq 4
iﬁ - co8(Gbs )  SIn(Grgr ) iq @

i _{ Sin(6st ) cos(aes»] ia { Sin(6st ) cos(eesn] id )
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1 q q
{ia—ref ] :{ sin(B.5,)  cos(Gog )1 ;d Y ied ©)
iﬂ—ref —C0S(Ost ) sIn(Gyg; ) iq
The reference currents in the (abc) frame are given by:
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Fig. 2 Synchronous reference frame detection method

IV. DC voltage control

The regulation loop consists of the comparison of the measured voltage with the reference
voltage, admitting that the function of the system to be controlled is given by [10],[11]:
2
L ®)
Uac —ref Cyge S )
The closed loop transfer function using a PI regulator is given by:

Uy K, oKD Waeoy g5 o
ey 1H K, K V2 Wtemrer €45
The development of this equation gives:
Kpyy? S+ K
U _ Vderef Cge Vaeref Cy (10)

2 2
+ KPVS s+ . Vs
Vic-rer C de Vic-ref C dc
A second order characteristic equation of the closed loop system is deduced:

52+ 2em,s +,> =0 (11)
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Where:

K.p 2 K,y
0, = g g (12)
Uqe —ref C 4 2\/ K Udc —ref C g,

From (11) the proportional and integrator coefficientX ,, K; of the controller can be deduced:

£ w 2 U
2LK. ~ de-ref C
K, = Lo, K, =— 2 de (13)
p i 2
) V

n K

The expression of the current /_, to compensate the inverter losses and maintain the constant
dc-link voltage is given by:
Iy =K, AU, +K, [AU, dt (14)

To obtain optimal dynamic performance for the system, the value of the damping ration & must
be equal a 0.707.

V. Fuzzy logic control

Among the various current control techniques, hysteresis current control is the most extensively used
technique. It is easy to realize with high accuracy and fast response. In the hysteresis control technique
the error function is centered in a preset hysteresis band. When the error exceeds the upper or lower
hysteresis limit the hysteretic controller makes an appropriate switching decision to control the error
within the preset band. However, variable switching frequency and high ripple content are the main
disadvantages of hysteresis current control. The proposed fuzzy logic current controller provides fixed
switching frequency and lower ripple content. The advantages of fuzzy controllers are more robust
than conventional controllers, no need an accurate mathematical model and essentially accept non-
linearity [10],[11]. Fuzzy logic control is the evaluation of a set of simple linguistic rules to determine
the control action [12], [13]. The desired inverter switching signals of the shunt active filter are
determined according the error between the compensate currents and reference currents. A fuzzy
controller is designed to improve compensation capability of APF by adjusting the current error using
a fuzzy rule. In this case, the fuzzy logic current controller has two inputs, named error e and change
of error de and one output named s. To convert it into linguistic variable, we use three fuzzy sets: N
(Negative), ZE (Zero) and P (Positive). Fig. 3 shows the membership functions used in fuzzification.
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Fig. 3 Membership function for the inputs variables

The fuzzy controller for every phase is characterized for the following:
= Three fuzzy sets for each input,
= Five fuzzy sets for each output,
= Triangular and trapezoidal membership functions,
= Implication using the “min” operator,
=  Mamdani fuzzy inference mechanism based on fuzzy implication,
=  Defuzzification using the “centroid” method.
The linguistic rules for the fuzzy current controller are as follows:
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If error is Negative and error rate is Negative Then output is Big Negative,

If error is Zero and error rate is Negative Then output is Positive,

If error is Positive and error rate is Negative Then output is Big Positive,

If error is Negative and error rate is Negative Then output in Big Negative,

If error is Zero and error rate is Zero Then output is Zero,

If error is Positive and error rate is Zero Then output is Big Positive,

If error is Negative and error rate is Positive Big Then output is Big Negative,
If error is Zero and error rate is Positive Then output is Negative,

If error is Positive and error rate is Positive Then output is Big Positive.

M

Fuzzy Logic
Controller

Fig. 4 Fuzzy logic inverter switching signals

I.

Simulation results and discussion

Figure (5) shows the block diagram of the shunt active filter based on fuzzy current controller
developed using Matlab-Simulink and SimPowerSystem Toolbox.
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Fig. 5 Matlab-Simulink block diagram of the Shunt APF based on Fuzzy logic controller

The purpose of the simulation is to show the performances of the proposed shunt active power filter
operation using a fuzzy controller to reducing the harmonic currents produced on the load side under

non ideal voltages conditions. The model parameters used for simulation are: Voltage source
Vs=220V, Frequency Fs=50Hz, Resistor Rs=0.1mQ), Inductance Ls=0.0002mH, Resistor Rch =48.6€,
Inductance Lch=40mH, DC Voltage Udc =700V, Capacitance Cdc=3000uF, Resistor Rc=0.27m Q,

Inductance Lc=0

.8mH.



VI.1 Ideal voltage conditions case

The three-phase voltages source are balanced and do not contain harmonic components, Fig. 6 (a), Fig.
6(b) and Fig. 6 (c) shows the voltage source, line current and its spectrum before compensation. The
line current and its spectrum after compensation are presented in Fig. 6 (d) and Fig. 6 (e). Fig. 6 (f)
show the current and voltage source, finally Fig. 6 (g) shows the dc voltage.
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Fig. 6 Ideal voltages conditions

V1.2 Unbalanced voltage conditions case

The three phase voltages sources are unbalanced and do not contain harmonic components; their
expressions are given by (15):

v, =311sin(er)+31sin(er)
—311si 27 3si 27 15
v, =31lsin(or —7)+ sin( ot +7) (15)
v =3Isin(er +27”)+3lsin(at _27”)
Fig. 7 (a) and Fig.7 (b) shows the unbalanced voltage source and the line current source spectrum

before compensation. The line current and its spectrum after compensation are presented in Fig. 7 (¢c)
and Fig. 7 (d). Finally the dc voltage is presented in Fig. 7 (e).
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Fig. 7 Unbalanced voltages conditions

V1.3 Balanced-distorted voltage conditions case

When the three phase voltages are balanced and distorted, mains voltages contain harmonic voltage
components except fundamental component. The expression of the balanced-distorted voltages source
used in this work contains the 5th harmonic component and also the 3rd, 7th, 11th harmonic
component. For this case, the balanced distorted three phase mains voltages are expressed as below:

Vo= 311sin(awt)+3.7sin(3wt ) +18.6 sin(Sax + 47”)
. . 4r
+4.5sin(7awt ) + 3.1sin(1 lext + T)
v, =311sin(ax +4Tﬁ) +37sin(3ar) +18.6 sin(5er)
. 4z .
+4.5sin(7wt + T) +3.1sin(11ar)
. 2r . . 2
V.. = 311sin(at + T) +3.7sin(3ax ) +18.6 sin(Sat + T)

+4.5sin(7et + zTﬂ) +3.1sin(1 1t + 277[)

Fig. 8(a) and Fig. 8(b) shows the balanced-distorted voltage source and the line source current
spectrum before compensation. The line current and its spectrum after compensation are presented in



Fig. 8(c) and Fig. 8(d). Finally the dc voltage is presented in Fig. 8 (e).
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Fig. 8 Balanced and distorted voltages source

By inspecting Fig. 6(b), Fig. 7(b), Fig. 8(b) of the source current after compensation in all cases, we
can see obviously the success in simulating of the harmonic currents compensation using fuzzy logic



current controller. The current source is sinusoidal and in phase with voltage source, the power factor
is nearly equal to unity. The THDi values obtained in different cases with the proposed controller
respect the IEEE standard Norms. The DC voltage capacitor is maintained constant and equal to Udec-
ref=700V using a proportional integral controller. The dynamic response is very fast in case of step
change in load current. Fig.6(g), Fig.7(g), Fig.8(g) shows that the ripples on DC voltage are more
important in unbalanced voltage case than the balanced-distorted voltage case. The minimum of the
ripple are obtained in the balanced voltage case.

VII. Conclusion

To improve the power quality and to reduce the current source harmonics, a shunt active power filter
configuration using fuzzy logic current controller operating under non ideal voltage conditions has
been proposed in this paper. The simulation results show that the source current before compensation
is highly distorted and rich on harmonics. After compensation using proposed shunt APF the source
current becomes closely sinusoidal and in phase with correspondent source voltage. After
compensation, the THDi is widely reduced from 28.16% to 2.28% in ideal voltage case and to 4.96%
for distorted voltage case. The ripples on DC voltage in distorted or unbalanced cases are more than
the balanced voltage case. The simulation is performed using MATLAB-Simulink and
SimPowerSystem Toolbox. The simulations results show the efficiency of the proposed shunt APF in
all source voltage cases. The source current after compensation is sinusoidal and in phase with line
voltage source for all cases. The current harmonic spectrum respects IEEE-519 standard Norms.
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