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Abstract:Activepowerfilter(APF)iscommonlyusedtoeliminateharmoniccontaminationandimprovepowerfactor.Whenthesys-

temcontainsnonlinearloads, theharmoniccurrentcommandbecomedrasticallyvibratingandcontainsmanydiscontinuouspoints.Itis

importanttodesignhighperformancecurrenttackingcontrollerforactivepowerfilters.Forcurrentcontrollerbasedonlineardesign, its

performanceislimitednearoperatingpoint.Ontheotherhand, mostcontrollerdesignsrequirehighgainatthesediscontinuouspoints

toachievefasttracking.Butahighgaincontrolwillexcitehigh-frequencyunmodelleddynamicsandcauseunstable.Aniterativelearn-

ingcontrolledAPFisusedtoimprovethesedrawbacks.Theharmoniccurrentcommandsind-qframeareperiodicandaPD-typeitera-

tivelearningschemeisemployed.Aslearningcontrolschemeaddscontrolinputofpreviouslearningcycletocontrollawgeneratedfrom

trackingerrorsinpresentlearningcycle, thecontrollerwilleventuallyproducedesiredcontrolinputtoachieveaccurateandfastcurrent

trackingwhichleadstolowcurrenttotalharmonicdistortion(THD)andhighpowerfactor.Hence, thehighgaineffectincontrollaw

isprevented.Experimentalresultsona2 kVADSP-basedcontrolledevidencetheseattractivefeatures.
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Theharmonicsandreactivepowercomponentof
currentandunbalanceinthree-phasesystemreducethe
efficiencyofthepowersystem.Traditionally, thepas-
sivefilters, composedofresistors, inductorsandcapac-
itors, areusedtoeliminatetheharmonicsandimprove
powerfactor.Yet, thepassivefiltershavemanydisad-
vantages, suchas, thebigsizes, fixingfrequencyand
resonance.Withthedevelopmentofpowerelectronics,
activepowerfilter(APF)iscommonlyusedasasub-
stitutefortraditionalpassiveL-Cfilterinindustry.
Comparedwiththepassivefilters, theAPFcanbecon-
trolledmoreeasilywithbetterperformance.TheAPF
aretakenasacontrollablecurrentsourceconnectedin
parallelwiththemains.Theharmonicsandreactive
componentsoftheloadcurrentaredrawnbytheAPF.
Asaresult, thesupplycurrentissinusoidalwithunity
powerfactor

[ 1-2]
.Whenthesystemcontainsnonlinear

loads, theharmoniccurrentcommandsbecomedrasti-
callyvibratingandcontainsmanydiscontinuouspoints.
Hence, toachievegoodcompensatingperformance, it
isimportanttodesignhighperformancecurrenttacking
controllerforAPFs.Forcurrentcontrollerbasedonlin-

eardesign, itsperformanceislimitednearoperating
point

[ 3-4]
.Ontheotherhand, mostcontrollerdesigns

requirehighgainatthesediscontinuouspointstoa-
chievefasttracking.Althoughthisleadstoreducein
trackingerror, ahighgaincontrolwillexcitehigh-fre-
quencyunmodelleddynamicsand causeunstable.
Hence, nonlinearcontrolmethods, likefuzzycontrol
andfeedbacklinearization

[ 5-8]
, wereconsideredtoen-

hancethetrackingperformance.
AniterativelearningcontrolledAPFtoimprove

thesedrawbacksisusedinthispaper.Theharmonic
currentcommandsind-qframeareperiodicandaPD-
typeiterativelearningschemeisemployed

[ 9-10]
.As

learningcontrolschemeaddscontrolinputofprevious
learningcycletocontrollawgeneratedfromtrackinger-
rorsinpresentlearningcycle, thecontrollerwilleven-
tuallyproducedesiredcontrolinputtoachieveaccurate
tracking.Hence, thehighgaineffectincontrollawis
prevented.TheeffectivenessoftheproposedAPFwill
beverifiedviahardwareexperimentona2 kVAproto-
type, wheretheiterativelearningcontrolalgorithmis
realizedonaDSPboard.
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1　ModeloftheShuntActivePowerFilter

Fig.1 showsastandardsix-switchthree-phase
shuntactivepowerfilterinparallelwithnonlinearload.
Underabalancedthreephaseacsupply, neglectingthe
resistanceofthepowerswitchesthedynamicalmodelof
theshuntAPFunderconsideration.

Fig.1　Powercircuitoftheshuutactivepowerfilter

dia
dt

=pa
1

2L
vdc-

2vsa-vsb-vsc
3L

(1)

dib
dt

=pb
1
2L
vdc-

2vsb -vsb -vsc
3L

(2)

dic
dt

=pc
1

2L
vdc-

2vsc-vsb-vsb
3L

(3)

whereR, L:resistanceandinductanceoftheinduc-
tor, respectively.C:capacitanceoftheDC-linkca-

pacitorandpi=
1 Si on

-1, Si off
, 　i=a, b, c

Thecontrolinputs, pd andpq arethebipolar
switchingfunctionspa, pbandpcind-qframe.Itis
easytoverifiedthat

isa =iLa +ia (4)
Byperformingthea-b-ctod-qaxistransform
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onlinevoltagesandcurrents, inthestationaryframe
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Sinethedandqaxisharmoniccurrentcommandscor-
respondtothehigh-orderpartsofthenonlinearload

currents, two50 Hzband-passfiltersareemployedto

filteroutthefundamentalcurrentsandsubtractedfrom
loadcurrentasshowninFig.2.Ontheotherhand, to
compensatetheconverterswitchingandconductionlos-
ses, currentsatthefundamentalfrequencymustaddto
theaxisandaxiscurrentcommand.Thus, concluding
theabovederivation, thedandqaxiscurrentcom-
mandsmaybewrittenas

i
＊
d =i

＊
Ld +i

＊
0q (7)

i
＊
d =i

＊
Ld +i

＊
0q (8)

Fig.2　dandqaxiscurrentcommandgenerator

2　DesignofController

2.1　CurrentLoop:IterativeLearningControl
Inordertoachievefastcurrenttrackingandpre-

venthighcontrolgain, iterativecontrolschemeispro-
posed.Beforeapplyingthelearningalgorithm, apre-
liminaryfeedforwardcompensationmustbedonebyu-
tilizing

pd =
2L
vdc

-[
1

L
vsd +ud] (9)

pq =2L
vdc

-[ 1
L
vsq+uq] (10)

whereudanduqarelearningcontrollawstobedefined

next.APD-typeiterativelearningscheme
[ 9]
:
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where, ed=id -i

＊
d , eq =iq-i

＊
q , thesuperscriptk

denotesthenumberofiteration.Thisiterativelearning
controlalgorithmtheauthorhasdesignedanditscon-
vergencehasbeenprovedinreference[ 9] .
2.2　DCVoltageLoop:PIControl

TheregulationofDC-linkvoltageutilizesaPIcon-
trollerwhoseinputisthecapacitorvoltageerrorv

＊
dc -

vdc.TheoutputofthePIcontrollersservesasampli-

tudesofthecompensatingcurrents, i
＊
od andi

＊
oq, in

42



　第 4期 罗中良等:并联有源滤波器的迭代学习控制方法及其设计

eqs.(7)and(8), todrawlinecurrentwithfunda-
mentalfrequency.Theregulationisachievablesince
thelossesintheconvertercanbecompensatedbyad-
justingdandqaxiscurrent

[ 5-7]
, itispossibletocontrol

thepowerflowintheconverterandhencetheDC-link
voltage.ThecompletecontrolschemeoftheAPFsys-
temisshowninFig.3.

Fig.3　TheBlockdiagramofiterativelearning
controllerforAPE

3　ExperimentalResults

Intheexperiment, thegainsoftheproportional
andintegralcontrollersaresettobe5and15, respec-
tively, thatiskp=5 andkI=15.

Aprototypewasbuiltwiththespecificationlistin
Tab.1.Hardwareconfigurationintheexperimentis
showninFig.4.Thedynamicaltrackingperformanceof
theproposedcontrolschemeisverifiedthroughastep

changeinnonlinearloadfrom33 to16.7 attimet=
0.3 s.TheTHDoftheloadcurrentismeasuredas
28.5%.Theresultingdandqaxiscurrentsareshown
inFig.5.ThemeasuredTHDofthesupplycurrentis
5.28 %, whichisgreatlyimprovedfromthatofthe
loadcurrent.Hence, thepowerfactorisclosetounity.
TheharmonicspectrumofiL andisa aredepictedin
Fig.6.TheresponseswavesoftheDC-linkvoltage,
supplyvoltageandcurrents, andtheloadcurrentand
invertercurrentsareomitted.Fromthesewaveforms, it
canbeobservedthattheproposedschemeexhibitssat-
isfactoryresults.

4　Conclusions

Thispaperhasstudiedtheharmoniccompensation
problemwithshuntAPFtoimprovethepowerfactor
duetononlinearloadandswitchingdevices.Itisdis-
coveredthattheharmoniccurrentcommandsind-q
frameareperiodicanditerativelearningcontrollersare
devisedtocommandtheAPFdeliverdesiredcompensa-

tingcurrents.TheiterativelearningcontrolledAPFcan

Tab.1　Thespectificationofthethree-phasePWM

current-sourcerectifierintheexperimental

Powerrating 2kVA

Linevoltage 220 V/50 Hz

Vdc 500 V
L
s 0.5mH

L 5 mH

R 0.1Ψ

C 1410uF

PWMCarrier 5 V/10kHz

NonliuearLoad 6mh/33 Ψ-16.7 Ψ

Fig.4　Hardwareconfigurationinthelaboratoryexperiment

Fig.5　Experimentaltrackingresponsesofthedandq
axiscurrents, atsteadystate

improvethesedrawbacksofthecurrentcontroller
basedonlineardesign, suchaslimitedperformance,
highgainexcitinghigh-frequencyunmodelleddynamics
andcausingunstableThisapproachachievesfastcur-
renttrackingwhichleadstolowcurrenttotalharmonic
distortion, highpowerfactor, andExperimentalresults
evidencetheseattractivefeatures.
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Fig.6　Hamonicspectrumoftheloadcurrentila (Top)

andsupplycurrentisa (bottom)
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并联有源滤波器的迭代学习控制方法及其设计
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(1.佛山科学技术学院电气工程及自动化系 , 广东佛山 528000;
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摘　要:在系统存在非线性负载下 , 谐波电流呈现激烈波动并存在许多不连续点 , 对有源滤波器设计高性能的电流跟踪

控制器是非常重要的。基于传统设计的控制器 , 在不连续点处性能有限 , 同时要求控制器增益高 , 但高增益控制器易引起

系统的高频振荡甚至不稳定。由于在非线性负载下所需补偿的谐波电流为周期性 , 利用迭代学习控制的学习特性 , 设计三

相并联有源滤波器 , 可以有效的避免控制器的高增益现象 , 同时提高电流追踪性能 , 大大减小了谐波总畸变率 , 功率因素

也得以提高。实验制作的以 DSP为控制 CPU实现迭代学习控制器的系统中 , 运行结果表明本文方法效果良好 。

关键词:并联式有源滤波器;谐波电流;迭代学习控制;非线性负载
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