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TOSAPORN NARONGRIT : HARMONIC ELIMINATION USING
ACTIVE POWER FILTER FOR BALANCED THREE-PHASE POWER
SYSTEM. THESIS ADVISOR : ASST. PROF. KONGPOL AREERAK,

Ph.D., 199 PP.

HARMONIC ELIMINATION USING ACTIVE POWER FILTER FOR

BALANCED THREE-PHASE POWER SYSTEM

The thesis presents the harmonic elimination using active power filter (APF) for
balanced three-phase power systems. The instantaneous reactive power theory called
PQ method is used for harmonic detection. The compensating current injection
control uses a hysteresis method. The thesis also presents the active power filter
design using artificial intelligent techniques such as genetic algorithm (GA), adaptive
tabu search (ATS), and particle swarm optimization (PSO). The simulation results
show that harmonic quantity of the source currents are reduced after compensation.
Moreover, the %THD of these currents follows the IEEE std. 519-1992. The PI
controller is used for the dc bus voltage control of active power filter cooperated with
PQ harmonic detection method. In addition the comparison study of harmonic
detection methods such as the instantaneous reactive power theory (PQ), the d-q axis
(DQ), the synchronous detection (SD), and the d-q axis with Fourier (DQF) is shown
in this thesis. The performance of harmonic detections and the power factor value
after compensation are considered in the comparison. The simulation results show that
the DQF method provides the best performance of harmonic detection compared with
other methods. However, the PQ and SD methods can improve the system to achieve

the unity power factor after compensation. The eZdsp'™ F2812 board is used to



implement the harmonic detection set with PQ method. For testing, load currents are
measured from the real system, while the reference currents are calculated from
eZdsp™ F2812 board. Both currents are subtracted using an oscilloscope. The results
show that the source currents are nearly sinusoidal waveform after testing and %THD

of these currents also follows the IEEE std. 519-1992.
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)

(nonlinear control) 1a835n13AIUANNsZUALUIFUFY A
PWM) 35#ilo (PI controller) 351NN (deadbeat) 1Hludu arumsaruguaszuanunliidu
wuduldun 331aad1 (delta) I3 8a1003 T d (hysteresis) naz it n1adyy1lseang (Al
methods) 1iudy dans3imirsanssy$luasiad 2.5 niaasudsnd nansoagl

= Y a9 A ' ax) Yo =
uﬁaumamamammaumamﬁ"lﬂmmmw 2.6
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MINTN 2.5 HAaNUITINNGITOINUNIIAIVANNIZUTFAYBVDIIIVINTOIM AN

[an a 4 Y v o W Ao
Unanuw AUTHIVY M3z dIAYVINUINY
(A7)
1993 | Kazmierkowski, | W1 AUOHAN15§152995015AIUANNTZUA FAWI1UIU
Y an 9 1 ad A o a <3 ad A ad 4
and Narina 735 laun A5Havidagoy 354 lo Fweinsol
Dzieniakowski | (predictive) I5taad1 I3FaaoIda 5T evrelszan
e (neural network) A TN s HanIN (fuzzy logic)
o A, 1Y) a I . o
1994 | Holtz mmuaﬂﬁmmuﬂﬁmaﬁ’mﬁﬁﬂumagmu Fa01H8013
fSeufenszvidyaiunnnuaaianfounudyyiw
= . ! A v ' =
51AL084 (ramp carrier) 1AEAIAIUAAIAIAADUAINGT 71D
HAAINT LI NAINITZUADINDINUAINTEUTDIA
1994 | Dixon, Unduot/Touneulssansninveanisniuqunssud
g an Y 1 ag . . . A4 ag Y
Tepper, naruas3s 1dun 3% periodic sampling 30 ITLADA
asa A A an A o a <3 o =
and Morhn oMo IFA HazIsNAUTagon Tagiiniinagon 3 nadl
A = [ 4 = [
Ao natimuandyanunszuagl land nsdiaugudyyiw
NIsuazlAmMasy uasnIUAIUANTYYIUNTLUT ALY Y
4 a é 1 = 4
g15u0tn FawamsnadouwuNnsainIugunszuagl T
ax A o a 3 aa [ =1 A ~
AWNAUIaglaNANga daunsunIVguTTuaglmmasy
I'd a aa A A =
HazAIUANTUNTTUAYAITEEISHBUN ITOMABTHAANIIDN
Aana A
q09ITNHA0
1998 | Kazmierkowski | H1duenan15d157935015A20QNNszua Fals1uau
. & ax Y r1a’xzd o Aa <3 an A ax = A
and Malesani NInuA 6 35 laun Andauidiagoy 35 e Inmniin wio
as Jd ax 9 ada A A as A ]
ATNYINTA ITLAAA1 ITITLADITA LLASITLIAIOVUIY
sza ey
1998 | Malesani, W UAUONIAIVANNI LA FAIFNATNTBIMAWDNTHAY

Mattavelli, and

Buso

axy = = 13 a 9 =

TFianin Tagnaaovuaunsal Ivaa TudhuFadu Fawans

NAFDUNDINNITATBIMAEANHAINITIRANT LT FALYE
Y

Tamud YU INITZUAD1IDI NS UM T FAIFINIA AT A

Tviaanadou
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MINTN 2.5 HAaNUITINNGITRINUNIAIVANNILUTFAYIVDIIIVTNTOIMAWDNAN (91D)

YA A 4 Y o o W Ao
Unanumn AULHIVY A3z IAYV0IIUITY
(A7)
1998 | Buso, Malesani, | uauanaaauifIoumeuisnisniuqunssuayaisy 3 35
. Y 1 Ao A <3 ax a axa a =
and Mattavelli | 1aun fauidagon I5aniin uazissanesdd Fananis
1 aA S A =} L= Qdd' A
NATOUNUINIDIAAOIHAANIDNADIITNHAD
° Aan v ana A A Aa v
2003 | Kale and HUTUDITNITAIVANNTUTAIVITIAADI TAFIUT VA
. A and g and o axa A a o
Ozdemir FOIFT T UITANAUINIINITIA AT TAAY TagWaIU
A a o ' = = A Y A a Ja
uaumsUsuaavadees e lvia1nNaaIny
ANINAADANTTIIIY
. o Y as A S A
2005 | Mazari and UNAUONIAIUANNILUAFAITIAIGITNATIAADIFA 1AE
Y
. I A v a 1
Mekri nugaiuissmnesde ualsiasdasinauizaolu
o v = =) A Y A a L= U ~
msdsunavaamesaie lvmanudalIasinininaasa
NININY
. o Y am 4 =\
2007 | Rodriguez, HUAUDMINIVANATZUAAIBITHINTL HazifTouney

Pontt, and Silva

ad A o a

a A @ a <
ﬂigﬁﬂ‘ﬁﬂ”IWﬂ1§ﬂ’J‘]Jﬂ3Jﬂ‘].l%ﬂﬁﬂﬂ')?ﬁ ﬁf’] AITNAULIUaYIDY

aga S A o Aa
TGN ELIGRRE IﬂElﬂ1Luuﬂ1iﬂﬂﬁﬂﬂﬂ3ﬂﬂuﬂigllﬁ

q

a

P 1 ax d A a
;3:‘]]“1‘?]11! FINANITNATOUNUINITNOINTUNY52aNnTa N

= 1A A A A A a A 1 [
ﬂﬂ’Ni’]ﬂﬁi’N’J‘ﬁLEJ@‘Wi]”I'iil!'ﬁ/]ﬂil'.lmL‘B@Nﬁ@%ﬂﬂgﬂﬁmm”lm
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Nt luusazanu
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[

=

IBAIVAUNITLUAFAYIA1HTUINITNTBINAWDNN
aa an an an a an an
Aaau] 3 % % % % %
Ao A 3 ~ Y P aa =
navagoy e 1AQA JANAoITHA | LANUN Al
1' ﬂjuﬂugﬂﬁ}mm1m = =\ = =\ = =)
9 AN 9 A11n AN AN
ATLUAFALLSE
2. ANNEGYIN , 1w 1 , , ,
o 8 8 gaen | gaen
F1HOU nag naa
3. anusalums 1u
: <3 < <3 <3 9
157 157 157 157 i
AOUAUDI nag
4. ANUDAINY Aan Aan A9 fan fan
uiag
1 = = = =t ﬂ’]u
5. AU Taig Taigi T T U
A

L )
Aav A A k4

2.5 NHIENINE IV

A Ya v A Y Y ana A A o 2
L‘L!’fNi]”lﬂEji]ilEJLE]’f)ﬂ%fﬂ"liﬂ’.]'ﬂf’;lllﬂi%uﬁﬂfﬂﬁfﬂﬂ]ﬁn‘ﬁaﬁmaicﬁﬁ ANUUNITODNLLUU

o w = Y o ' [ Y R
’msﬂimmmuaﬂwwuaﬂmﬂﬂwmmmiaammummmuua”lﬂmq (Vi) sagnian

99N UM IPNIVUIIDINTBIMAE NN

= o Y o Y o ! =~ A A
AUYIU (Lf)GIJi’N’Nﬁ]iﬂi’ENLm’J GNADININTODNLHUUAULD VTN NDIN T (HB) VBINTTINIURA Y

[

= k4 & a
NTISUADNAIY BINTUIVY

Y axa A A A Ya o Y o Y v & 1A = Y Y v
FALFYAIYIDINLAD T H & G]”Ill‘ﬂ@’Ji]flllﬂmﬂ”ISﬂ‘L!ﬂ’J”I@NLW]@ﬂ@]ﬁ]uﬂﬂﬂﬁ]@‘Uu Llﬁﬂﬂllﬂﬂﬂ

M350 2.7 NI NAInanasaaylussumeurdnmsesnuuU9aTNIBIMIaen N

A A 9 Y o W ~ ~
T]Lﬂfl?sll?]QﬂUﬂ”li'09ﬂlﬂ_l‘].lj\?il3ﬂ5@ﬂﬂ]aﬂl!@ﬂﬂwﬂﬂ'}]ﬂﬂuﬂ§$Llﬁ

[ axy Yo ~
sllﬂﬂllﬁagf.l‘ﬁllﬂﬂﬂﬁ”ﬁ%?ﬂ 2.8
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M35199 2.7 HanIteNneteInuMIesnuuLNITNIBITaweniinIuguITHAYALTE

Y aaa A
A8IDINADI N
AAA A 4 YA o o w a v
Unanun | auzEIdY MIzAINYVOINUINY
(.71.)
1997 | Ingram and HUAUONITOONUVVININTOIM AN NNNAIVYNNTZILA
Y amA == [ a ! Y
Round FAUBIAIIITIANDI T 180 IFENITNITAIAINNNFUGIGA
YOIT YA IUNTLUAFALFY T IMTUNITODALUUAIA UK TN
?1}/ o 1 w ~ A F2 1 @ o
199505049 NAHU WA aniledn 1A tazassautia lase
o w AR Y A 1 9
Y9921995n509Mawen N Inanmsdenavesdoonuy
o 1 ~ A A = g’.l é
lifuamaevdames saonasaniia
2005 | Cupertino, HUaUoNITooNUULINITNTOIMAILoNAN Hagsz U
. . Aa o a . . x I
Marinelli, auan TaeldIs9uuAnoanasnu (genetic algorithm) iy
=y a 4 o 1
Zanchetta, and | 35m3AumImetyanlszang Tasgniwngielunmsdun
v a 14 o w
Sumner MATIUADTVDINTNTOIMAUEN NN
2007 | Zare and WA UeNITe9NLLDINITNIBIMaInRUNAIUgUTZILE
. 9 ama S A = Ya a a 4 as 9 [
Nami yaseRl03Tdanes sazelyIismaiamsaiag 2 35 laun
a 4 a a 4
35 1o Twans (bipolar modulation) !,Lam%guiwmi (unipolar
3’; @ 1 @ a 4 @
modulation) 1agNIa@IITAINA1I0IRENITNAIIEH I dyay s
1 ] = A an S v &
AsUAFAse IUTIIIAIMHIAIY FansaidT bu Inars Wad
dygruniugunIznalmgeganaziga Ao +v, 1ag -V,
o 1 Aad A Jd o o =
MUAIAY 1AnIAUITYH Inars Waadyyiunrugunssuall
Mgaganazmgn Ao +V, 1az 0 mudIa
. o o w ~ Ya Y
2009 | Narongrit T., | Huguemseonuuuasnsedsmaduenin laglddsnisaum
a @ @ . : I a
Arcerak K-L., | MUUA11Y 15915 UA (adaptive tabu search) F 411 U35 15
Y a I Aax &< o
and aumimadylscAygonisniia Taeniseaniuuazeids
1 a ARl { o [
Srikaew A. MIAUMIAINIT NS A 9 Minuzand1SI1995nT 04

o w a g A& 99 v 1A o Sad
maaonn LW@Glﬁ’N%ﬁﬂ\‘lﬂaTJNﬂ'ﬂJﬁiﬂlmﬂﬁ‘V]N']uﬂﬂ‘Vl@ﬂ
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A = [ o w = Y as o
MTNN 2.8 ﬂﬁllﬁﬁmm&ﬂﬁﬁﬂﬂﬁfJfJﬂLL‘U‘U’Nﬁ]iﬂﬁNﬂWQQL!E]ﬂ‘l/IV‘lﬂ’JEl’J‘ﬁGIN 9

ATMIPBNUVUIITNTDY
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maaenn

WanNNISveNUUY

Aax
1. 95N13UDY Ingram and

Round

9 o Ao Y
ponuuy Tagldaumanisdiuin Tasanaiuinlaazod

U

e

1 < 1 a 7 A
Tugduuvvesnigege ¥edeuaonainisiimesie

] [
TurgIgaaIna1dnATInile

2. 7B5N15994 Zare and Nami ’E'Jflﬂ!,!‘U‘UIﬂﬂﬁl‘%}ﬁuﬂ1iﬂ1ﬁﬁ1u3ﬂ! Lla$®1ﬁﬁlﬂ'ﬁla’6ﬂ

1 a Jd o
ﬂTW1inlmeﬁ@]’JLl“lJiéll@\iﬁﬂJﬂWiﬁﬂﬂf{jﬂﬂﬂl&ﬂﬂ

Aax
il

madanilszdvg

Y w v 1 A P A
’E]E]ﬂLL‘U‘UIﬂElal‘lfﬁﬁﬂﬂ1ﬁﬂuw1ﬂ1w1ﬁ1uWl’e)iﬂN an

MU ANEINTVINTNTBINAIB NN

U

a d'd' Y % Y Y o w =
2.6 J1U73 ﬂﬂ!ﬂﬂ?ﬂl@ﬁﬂﬂﬂ]‘iﬂ’)ﬂﬂw!iﬁﬂuﬂﬁulwﬂiﬂﬁllﬂﬂﬁﬁi]‘iﬂiﬂﬁﬂ]ﬁﬂ!!ﬂﬂﬂ‘l/\l

d‘ o a o v = 1 % %
Lu@i%1ﬂ1uﬁﬂ1’3$ﬂTﬁ“VIN1u'1JﬂS5]“U’éN’Nﬁ]§ﬂﬁ’éNfﬂﬁNLL@ﬂ‘l’]‘l’\'ﬂuli\iﬂuﬂﬁqv‘lﬁi\‘lﬂl@\i

199589081292 MIATIANAITIAUN 1A3MTonuUD 1Y FaazainanoausIauLNITaa

o w =) v & = o & Y = 1 Y Y 1 =~
ﬂi%&tﬁﬂl@i’]ﬂﬁ]iﬂiﬂﬂﬂWa\‘lllﬂﬂ“VI“V‘IIﬂEIGI'N muummlﬂu@lamm‘smmummmu%ummm

aapaAn151191u Tasauideiineadesnunisaruquusiautia llassvesaeasnseeiias

~ ?X’J ! = =2 o Y v A v !
onnn mmﬂuaﬂmumﬂwuu Llﬁﬂﬁllﬂﬂ\?@ni"lﬂ‘ﬂ 2.9 ﬁnﬂ@ni”lﬂﬂﬂﬂﬂ”lﬁ]ﬁ”llﬂiﬂﬁ?ﬂ

=1 Y AY A 1 a @ Y o A
L'LGEHJL‘V]EJ?JGIJ@WIJ@LETEJGIJ@QLlﬁﬂxwuﬂﬁﬁﬂﬂﬂﬂullﬂﬂﬂ@]”li”lxﬁ/l 2.10

v
Ay A A

9 o v W

A1519% 2.9 WATUIVINNYIVDINUNITAIUANLUIIAUL ll%l@]iﬂ“’l]@ﬂ

o v I
21INTOIMaenni

A A 4 Y o
Unanun | AuHIvy

M3 AYVDINIUITY

1998 Bruyant,
Machmoum,

and Chevrel

Wrauemsnuguussauia liassuessesnsesmaseniivl

A0AINIVAN 2 FiA Ao AanruANLLUT lo uazalInIuaL
P = A

wUUDUDAN (RST controller) JA8N R Suay T Ao dNNI13

v Y
wyuuneglulawy s N1599NUUUAIAIVANNITDIF A

[ 1

o @ { o o o @
ﬂ\iﬂa'l'la']ﬁﬂﬁuﬂ']iwa\1\1']Uﬁﬁjlﬂﬂﬂigﬂqﬁ']ﬁiﬂﬂ'liﬁ%}'lﬂ

<
VaanNAIUN
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9 @

dosnumsniuauusiautia liassues

o QI = 1
2993309 a NN (919)

Undanud | auzdive A3 AYVDINUITY
(A7)
Y o ~ o [ 1 [ @
1997 | Soares, ldaanruquuuuil lodmsumsaruguaseauia liasa
Verdelho, and | ¥942993n3094Maaaniy TagimsniuguaInan1sening
Marques AITIAUGIGANUAWTIAUAIGA (AVy, = Vo =V )
UNUMIAIUAN V,, TAsAs
1999 | Casadei, Wrauemsmuauuseauia liaseuesesnsesmaeniivl
. Y o =] 1 1% Ao g
Grandi, Tagldmmuguuuuiile Tasaruguamasnundunvilszy
Reggiani, and | 4NUMIAIVANAT V,, 1A8AI
Rossi
Y o ~ o [ 1 o ]
2001 | Choand Song | l¥dnuauuuuii lodmsumsaruquaiseauialiasa
Y992993n309Mawenivl tazinauensihidaniuquiile
Ay Y Yy v A 1 o a o
ldeonuuvuduin liyeuaenieludansinunisnsiadu
J a Y axd
g15u0UNAYIT PQ
2005 | Abaali, Widuemsnuauamssaula 1dassve91993n5091189
Lamchich, ueniiddredanruauuuuiile Taserdeaunisiias ladl
) [ 3 %
and Raoufi dmSumsadnudenniuau LagnIoenULAIAILANH 1o
2005 |Mazariand | du@uemInuauasIauia liasav0929950509189
. = Y (J a A o ~
Mekri ueniildrediniuau 2 wiia A Aanduauuuuiile uag
AU N ETa0n 1AsInN15AIUANAILIIAUEN
MAaed (V2) unumsniugua v, Iagnss
2007 | Zawawi, dnduensnuauassaula 1Massve91993n5091189

Youssef, and

Sebakhy

uenfimeainuguuuuile Tagesnuuuniuqual AV,

UNUMIAIVAUAT V. TAgAT
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A ~ Y Ay 1 A o 5w Y
AT NN 2.10 ﬂWillldiEJUmEﬂJEll@ﬂsllf]Lﬁﬂéllﬂ\1LW]ﬁg%uﬂﬂ’lﬂﬂﬂﬂﬂﬁ1ﬁiﬂﬁl“ﬁﬂ’lﬂﬂm

amsaauia Iiasaves199Insoesmaateniv

n FUAAIAIUAY
AN
q =) = = a
ilo pu0aN Weradn
1. anuendglumsosnuu Ny Al Aty
2. dszansamlumsniugu B B ann

27 asil

Q

]
av A % v

A o o Y o 4 A Ao A4 g
ﬂimﬁmiimﬂﬁmmnmn"lﬂmmuﬂuumm 2 WAl UNAAIUIVINNGIVOINUNIT

) % &

o w 4 a 9 o w = Y o w aw
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AN 9 11!6111\3@1! ﬂ@LﬂuWH:@Tu‘ﬂﬁTﬂﬂJﬂﬂTﬂEN@]@N’J"[]EJ AN ITUNTINNMIVYINYIUNUT LATNIT

U
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o a a o w 4 a [ A 2
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Y tg % d' U d a
ﬂ?]ﬂg!ﬂ@ﬁﬂu!ﬂﬂgﬂﬂa1§3~lﬂuﬂ

3.1 nann

A g _ @

H 4 v
Taiudymersvetninavuluszuy IihdmduiuGesiianuddguas

o

o & Y A o ' Y 9 A 9 A Y 4 a A 1 g
anummmmﬁ'"lﬂJﬂmummﬂmﬂﬁaﬂuaammwm”lﬂ mmgmmwmimuﬂamuﬂu
A Ao o A o o I A ~ A2 o A Y 9
’c’f\‘]‘ﬂﬁWﬂﬂJo’fJElNEl\i’G’f11”ii‘1Jﬂ1ﬁLLf91Al"’ll“lji‘gﬁ1EITJ'NE)’L!ﬂ 518%5@aﬂiuuwumuuauammrmmmg
&’ 9 d' (% 14 a é Y a o 1 4 a 1 dy 4 a
[WoIAUINEINUETNOUN F9U52NOUAIY HETUUIA1I1E15HOUN AMANUNEUTITUDUNTIY
14 a 1 o a 4 a 4 a o w 4 a
Usz1ANv0981500UN LHAINUUAVDITITUOUN HANTZNUVDIEITUBUN t’j%ﬂ”liﬂﬁ]ﬂa"liilﬂuﬂ
4 o s a A g v & = ) v
HAagHIAIIIUNEINUITITNDUN L‘W9&']J1!ﬂ’3111§‘1/\|1!;§11!11!ﬂ”|5ﬂﬂ‘]9Wﬂuﬂ’J”ILLazllﬂ]lGUﬂiyJﬁW

g3ueiinas 11

a d a
3.2 HYTNUDITTITNOIUN

4 a o ] { { g o 1
g15ueiln Ao oendszneuuseau Wi wSenszua lwihndanudidudumives
AWDYAg I (fundamental frequency) ¥ luszu lnihadsvesdszmalnennudyagiv Ao
[ g’/ ~ [ 4 a A 4 a 9| o o
50 Hz a91Au0v09u53aua1suoln vionszuaaisusinluszuuldilidideves
3
Uszma'lng Av 100 Hz 150 Hz 200 Hz 30 250 Hz 1udu
o @ a [ d‘ 3 [ a 9 =Y dd‘ ]
dwsumsesuiegldyanmla q Adudgygrusieanienldeynsuyseinoglu
d o Aan o a { 4 [
sUmasmvealsnduas Inaiaasesuie 1 luaumsn G.1) e £(1) Ao dynimsieaiy

42X 1o
Glﬂ ] NUYUDYNULINT ¢

U

f@) = a,+ ian cos(n@,t) + ib,, sin(na,t) (3.1
n=l1

n=1

1 o a 4 = Jd a [ {
mdulszdng a, a, waz b, voseynsuyswiosuieldaiaunsi 3.2) 13 (G.4)

a, = ¥j f@t) dt (3.2)



20

2
a,= = [ @) cos(naayt) dt (3.3)

2 .
b= [ £@) sin(may) dt (3.4)

) & o
NNAUMTUNAU T AD AUVIITYYINU (s)

A v

n Ao a1euveIaIT LN

fl
A = a
@ 1D ANUDYAFTIUIBIYY (rad/s)

v :: d

3.3 MANNNEUIITNOUNTIN
9 P P A P A

W1ATgIUAINa IEC uag IEEE 19anodisudnuiNous1sueiinian (Total

. . . I 1 a 4 A A a dy FY o w
Harmonic Distortion: %THD) 1unisusvendSuiaarsustinnmnavuluszuu IWiisigs

v & v @ 7 2 ¢ A .

Tago1vuavoniua oS uaAn N UINIUNTLUAS15UBUNIIN (Total Harmonic Current

' 7 @ - o s A
Distortion: %THD),) oA oS rUAANUNEUITIAUIITUDINT I (Total Harmonic Voltage

Distortion: %THD,) A4au137 (3.5) 1ag (3.6) MUaIAY Al

20
%THD, :1—2 X 100% (3.5)

1

v
%THD,, =% x 100%

1

(3.6)

o

Yy 9 A 1 o < N ~
MNTUNMTUNAU Vn A0 A1 RMS UDIUTIAUIITUOUNAIAUN n

1 14 a o v {
In ﬁi’] 11 RMS VOINILUAITHOUNA A DN n

)Y

V, fig A1 RMS v0au33aunnnudyagy

I, Ao A1 RMS vodnszuaianudyagy
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d a
34 ﬂﬁzm‘nmmmﬁmun

[ ]

@ 4 a A 14 A Aa X 9 3
usaruasuetinsenszudasvetinnavuluszuy IWihidsauwnsounsesniu
Y
521ANA19 9 (IEEE std. 519-1992, 1993) laaase 1)H
< Ay o 4 da 4
Harmonic ey aauilsgnovgdaaulemivesgladusieainle q alinnutiiu

INUIUNIAIAIVDIANVDYATIU

U9

= J A J A A A ]
Interharmonic viNeN @rusznougdaau lanivesgiaausiennla q ddanunly

3 o 1 o { o s
uJumuammmmmmmmﬁyagm NﬂW‘UiﬂﬂGluﬂﬁ%tlﬁﬂl@ﬂlﬂ?ﬁaﬂmmﬂﬂﬁﬂ (arc furnace)

< A H Y x o 1
Characteristic Harmonic e a15uetinignasavuTasniewtlasdu il dadl

[ a

a 1J31§3J@11ﬂlﬂul1ﬂﬁ1uﬁuﬂ1§ﬁ (3.7
n=kp+1 (3.7)

o w 4 a
NNAUMIVNAY 7 AD AAUVDIFS NN
A ) S Ax g’; ]
k A9 UANNT AR 1,2,3,...

p Ao wiadueunseauasdulih

J a { 2 4 @
Noncharacteristic Harmonic %1180 815weilngnadwiiulaonsoautlasiu i

1A v v ~ v 3 A o J a (] A
UABINUNUNIU Characteristic Harmonic HAINAT Ua'lﬁueuﬂululﬂullﬂﬂ']uﬁuﬂ'ﬁcﬂ 3.7

(%

J a { ) @ 1 4 a o {
Triplen Hamonic ‘Vilﬂﬁlﬁ\‘l g1sueinNia Ugﬂﬁﬁf’?l}’JEJ 3 Q4R 1BU g15uetNaIAUN

o J

3 6uag 9 1iudu Fevaeglunguarnugud (zero sequence) lunsdifidiuszuy Wi 3 wla 4

U

4 a J g v a
a1 a13uetinnguilag lvasgluaieliangea (George, 2001)

o o\ d a
3.5 amdammwaﬁmun

]
A

14 a a o w 1 @ o 1 a
31511@1!ﬂlﬂﬂﬁ]1ﬂ5$1|1]llw%/)\l”lﬂ"lax‘lﬁﬂl,‘ﬁﬁﬂ']_ljﬁaﬂﬂmfﬂﬁ/]1\‘]11!!!‘]J‘]J]13JL1J1!LGH\1!€T}H

(nonlinear load) %4 1vandanaiauIsoutiaeanuilssinnais  (EEE std. 519-1992, 1993)
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pin 19/P8 (GND) bcoM LSB Do 28 | pin 9/P8 (A0)
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Vour D226 [pin 11/P8 (A2)

15V Offset Adjust D3 Epin 12/P8 (A3)
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v, (new) = v, (old)+ p, (P ,.... —P.(old)) + p, (P,,.., — P, (old)) (6.17)

cognitive component social componenet
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A 1 d' 1 o a =Y
c, Ao AnianuEIvesesnlsznolFnlT U
A 1 A 1 o [
¢, D MAINANMITIVEIRIALTZRBUMITIAN
J a =Y { { 4
pensznoudulimunlsing luaunsi 6.17) 1dunulszaumsaidum
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AUNMIMUUNITIATDUNVOINGUOYNIAVLYNITENINT UUVUIRANIZN (local best) T11 5D
a J o [ o w a o [l .
WITIAes p, gnlddrmsumssinavinadumaduyeseyninoendIndnlInnIn
A = Y a o Y 9 a = o '
mngavanga (P, ) lasd p, AN I IAdUMIAUVI0IYMATNITNIALN I
. A v Ay o Y A A a 9 o
(oscillate) Tuv Iz No ppmmaaﬁ]wﬂﬁaLgmmﬂaaumamuiw (smooth) #1151
a I'4 Y o [ o w 9 a [ 9 a1 o Y
RERFGLER ) gnlddmsumshinadumaauveIngueyma Tagd p, Hannn i led
9 A ~ o ' v Ay o ] A A 1A
umaanveseyMAlmMIniaNnd wazm p, lades zyhlveymanasuiiedeioy
FUNY

4 r
v A

0 o ' J o ] ) Y '
YUN 5 1’1'lﬂ'I'H'ﬂi’lJﬂ'll'JﬂW]’fJﬁ@nllﬁu\‘]ﬂl@\‘]@HﬂWﬂﬁWWiUi@ﬂﬂ’liﬁ}uﬁ'lﬁ@VhJ
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p,(new) =p,(old) + v,(new) (6.18)
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#include "DSP281x_Device.h" // DSP281x Headerfile Include File
#include "DSP281x_Examples.h" // DSP281x Examples Include File
#include "stdio.h"

#include "math.h"

#define ADC_MODCLK 0x3 //HSPCLK = SYSCLKOUT/2*ADC_MODCLK?2 =
/1 150/(2%3) = 25MHz

10: #define ADC_CKPS O0x1 // ADC module clock = HSPCLK/2*ADC_CKPS =

11: /I SMHz/(1%2) = 12.5MHz

12: #define ADC_SHCLK Oxf // S/H width in ADC module periods = 16 ADC clocks

R AR A Tl Sl ey

15: interrupt void cpu_timerQ_isr(void);
16: void delay_loop(void);

17: void delay_loopTIME(void);

18: void Gpio_select(void);

19: void DACport(int16 kkk,int Chan);

22: int32 adc_0,adc_1,adc_2,adc_3,adc_4,adc_5,adc_6;

23: intl6 dac,dac_1,dac_2,dac_3,dac_4;

24: int32 va,vb,vc,ilLa,iLb,ilLc,v_al,v_Ba,iL_al,il._Ba;

25: int32 pL,qL,Pav,Pdc,ic_all,ic_Bal,ic_al,ic_Ba,div,ica,icb,icc;

26: int Chan;

27:

28: If: main program //
29: main()

30: {

31: // Step 1. Initialize System Control:

32: //[PLL, WatchDog, enable Peripheral Clocks

33: /I This example function is found in the DSP281x_SysCtrl.c file.
34 InitSysCtrl();

35:

36: /I Specific clock setting for this example:

37: EALLOW;

38: SysCtrlRegs.HISPCP.all = ADC_MODCLK; // HSPCLK =

39: /I CLKOUT/ADC_MODCLK
40: EDIS;

41:

42: // Step 2. Initialize GPIO:

43: // This example function is found in the DSP281x_Gpio.c file and
44: // illustrates how to set the GPIO to it's default state.

45: /I InitGpio(); // Skipped for this example

46: // For this example use the following configuration:

47: Gpio_select();
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48:
49:
50:
51:
52:
53:
54
55:
56:
57:
58:
59:
60:
61:
62:
63:
64:
65:
66:
67:
68:
69:
70:
71:
72:
73:
74
75:
76:
77
78:
79:
80:
81:
82:
83:
84:
85:
86:
87:
88:
89:
90:
91:
92:
93:
94
95:
96:
97:
98:

[ mmm e e e e //
// Step 3. Clear all interrupts and initialize PIE vector table:
/I Disable CPU interrupts
DINT;

// Initialize the PIE control registers to their default state.

/I The default state is all PIE interrupts disabled and flags

/[ are cleared.

// This function is found in the DSP281x_PieCtrl.c file.
InitPieCtrl();

/I Disable CPU interrupts and clear all CPU interrupt flags:
IER = 0x0000;
IFR = 0x0000;

/I Initialize the PIE vector table with pointers to the shell Interrupt

// Service Routines (ISR).

// This will populate the entire table, even if the interrupt

// is not used in this example. This is useful for debug purposes.

// The shell ISR routines are found in DSP281x_DefaultIsr.c.

// This function is found in DSP281x_PieVect.c.
InitPieVectTable();

/I Interrupts that are used in this example are re-mapped to

/I ISR functions found within this file.
EALLOW,; // This is needed to write to EALLOW protected registers
PieVectTable. TINTO = &cpu_timerQ_isr;
EDIS; // This is needed to disable write to EALLOW protected registers

[ mmmm e e e /!

// Step 4. Initialize all the Device Peripherals:

// This function is found in DSP281x_InitPeripherals.c

// InitPeripherals(); // Not required for this example
InitCpuTimers(); // For this example, only initialize the Cpu Timers
InitAdc(); // For this example, init the ADC

/I Specific ADC setup for this example:
AdcRegs.ADCTRL1.bit. ACQ_PS = ADC_SHCLK;
AdcRegs.ADCTRL3.bit. ADCCLKPS = ADC_CKPS;
AdcRegs.ADCTRL1.bit.CPS=1;

// 16 ch simultaneous or all ch

AdcRegs. ADCTRL3.bit. SMODE_SEL=0;

AdcRegs. ADCTRLI1.bit. CONT_RUN=0;
AdcRegs.ADCTRL1.bit.SEQ_CASC=1;
AdcRegs.ADCTRL2.bit.INT_MOD_SEQ1=0;
AdcRegs. ADCMAXCONV.bit. MAX_CONV1=0xf;

AdcRegs. ADCCHSELSEQ1.bit. CONVO00 = 0x0; //AO
AdcRegs. ADCCHSELSEQI1.bit. CONVO01 = 0x1; /IA1
AdcRegs. ADCCHSELSEQI1.bit. CONV02 = 0x2; /A2

AdcRegs. ADCCHSELSEQ1.bit. CONVO03 = 0x3; /A3
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99: /IAdcRegs. ADCCHSELSEQ?2.bit. CONV04 = 0x4; /A4
100: /IAdcRegs. ADCCHSELSEQ2.bit. CONVO05 = 0x5; /A5
101: /IAdcRegs. ADCCHSELSEQ2.bit. CONV06 = 0x6; /A6
102: /IAdcRegs. ADCCHSELSEQ?2.bit. CONVO07 = 0x7; N
103: AdcRegs. ADCCHSELSEQ3.bit. CONVO0S8 = 0x8; //BO

104: AdcRegs.ADCCHSELSEQ3.bit. CONV(09 = 0x9; //B1

105: AdcRegs. ADCCHSELSEQ3.bit. CONV10 = 0x0A; //B2

106: //{AdcRegs. ADCCHSELSEQ?3.bit. CONV11 = 0x0B; //B3
107: /IAdcRegs. ADCCHSELSEQ4.bit. CONV12 = 0x0C; //B4
108: /IAdcRegs. ADCCHSELSEQ4.bit. CONV13 = 0x0D; //B5
109: /IAdcRegs. ADCCHSELSEQ4.bit. CONV14 = 0x0E; //B6
110: /IAdcRegs. ADCCHSELSEQ4.bit. CONV15 = 0x0F; /BT
111: Jfmmmm e e e - //
112: // Step 5. User specific code:

113: Gpio_select();

114:

115: // Configure CPU-Timer 0 to interrupt every second:

116: // T00MHz CPU Freq, 1 second Period (in Seconds)

117: ConfigCpuTimer(&CpuTimer0, 150, 50);

118: StartCpuTimer0();

119:

120: // Enable CPU INT1 which is connected to CPU-Timer 0:

121: IER I= M_INTT,;

122:

123: // Enable TINTO in the PIE: Group 1 interrupt 7

124: PieCtrIRegs.PIEIER 1.bit.INTx7 = 1;

125:

126: // Enable global Interrupts and higher priority real-time debug events:
127: EINT; //Enable Global interrupt INTM

128: ERTM; // Enable Global real time interrupt DBGM

129:

130: // Step 6. IDLE loop. Just sit and loop forever (optional):

131: for(;;);

132: }

133:

134: interrupt void cpu_timerQ_isr(void)

135: {

136: GpioDataRegs. GPBDAT.bit. GPIOBY =1;

137:

138: HT++;

139: /I Acknowledge this interrupt to receive more interrupts from group 1
140: PieCtrlRegs.PIEACK.all = PIEACK_GROUPI;

141:

142: delay_loopTIME();

143: GpioDataRegs. GPBDAT.bit. GPIOB9 =0;

144:

145: /! for ADC //

146: AdcRegs. ADCST.bit.INT_SEQI_CLR = 1;

147: AdcRegs. ADCTRL2.bit.SOC_SEQ1=1;

148:

149: /Iwhile (AdcRegs.ADCST.bit.INT_SEQI1==0) {} // Wait for interrupt
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150:
151:
152:
153:
154:
155:
156:
157:
158:
159:
160:
161:
162:
163:
164:
165:
166:
167:
168:
169:
170:
171:
172:
173:
174
175:
176:
177:
178:
179:
180:
181:
182:
183:
184:
185:
186:
187:
188:
189:
190:
191:
192:
193:
194:
195:
196:
197:
198:
199:

/I Software wait = (HISPCP*2) * (ADCCLKPS*2) * (CPS+1) cycles
/I =(3%2)*(1*2) * (0+1) =12 cycles
/lasm(" RPT #11 || NOP");

I/ //
//[===== START PROGRAM PQ HARMONIC DETECTION =======/,
//=====recieve data v and i from ADC ======//

adc_0=(AdcRegs. ADCRESULTS8>>4); // recieve data vy, from ADCBO
va=((adc_0%62224)/4096)-31112;

adc_1=(AdcRegs. ADCRESULT9>>4); // recieve data v, from ADCBI
vb=((adc_1%62224)/4096)-31112;

adc_2=(AdcRegs.ADCRESULT10>>4); // recieve data vy from ADCB2
ve=((adc_2%62224)/4096)-31112;

adc_3=(AdcRegs. ADCRESULTO0>>4); // recieve data iy, from ADCAO
iLa=((adc_3%*3332)/546)-1666;

adc_4=(AdcRegs. ADCRESULT1>>4); // recieve data iyj, from ADCAI
iLb=((adc_4%3332)/546)-1666;

adc_5=(AdcRegs. ADCRESULT2>>4); // recieve data iy, from ADCA2
iLc=((adc_5%3332)/546)-1666;
/! //

[[========P( algorithm //
//----calculation convert v and i from 3-phase to alpha & beta axis-----//
v_al=((8165%*va)-(4082*vb)-(4082*vc))/100000;
v_Ba=((vb*7071)-(vc*7071))/100000;
iL_al=((8165*iLa)-(4082*1Lb)-(4082*iLc))/10000;
iL_Ba=((iLb*7071)-(iLc*7071))/10000;

e
//----calculation py, and ¢, in alpha & beta axis-----//
pL=((v_al*iL_al)+(v_Ba¥*iL_Ba));
qL=((v_al*iL_Ba)-(v_Ba*iL_al))/1000;

] m e e
//----sending p to low pass filter-----//
dac_1=(pL*30)/100000;
DACport(dac_1,1); //-> send data pL to DAC712 #1

et T LR P

//----loading py. (dc=fundamental) form low pass filter-----//

adc_6=(AdcRegs. ADCRESULT3>>4); //< load data py(dc) from ADCA3
Pdc=((adc_6%240000)/30);

] em e e
//----calculation py, (ac = harmonic) in alpha & beta axis-----//
Pav=pL-Pdc;
Pav=Pav/1000;
et
//----calculation ref compensation current (i) in alpha & beta axis----- //
ic_all=(v_al*Pav)-(v_Ba*qL);
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200:
201:
202:
203:
204:
205:
206:
207:
208:
209:
210:
211:
212:
213:
214:
215:
216:
217:
218:
219:
220:
211:
212:
213:
214:
215:
216:
217:
218:
219:
210:
211:
212:
213:
214:
215:
216:
217:
218:
219:
220:
221:
222:
223:
224
225:
226:
227:
228:
229:
230:

ic_Bal=(v_Ba*Pav)+(v_al*qL);
div=((v_al*v_al)+(v_Ba*v_Ba))/1000;

ic_al=ic_all/div;

ic_Ba=ic_Bal/div;

J[mmmmmm e e e

//----calculation convert i, from alpha & beta axis to 3-phase axis-----//
ica=(8165%*ic_al)/13000;

icb=((7071*ic_Ba)-(4082*ic_al))/13000;
icc=((-7071*ic_Ba)-(4082*ic_al))/13000;

[lemmmmm e
//----sending i, to DAC712-----//
dac_2=ica+1500;

DACport(dac_2,2); // send iz, to DAC712 #2
dac_3=icb+1500;
DACport(dac_3,3); // send i, to DAC712 #3
dac_4=icc+1500;
DACport(dac_4,4); // send i.. to DACT12 #3

/! function in use

//

void Gpio_select(void)

{ Uintl6 varl;

Uint16 var?2;

varl= 0x0000; /I sets GPIO Muxs as I/Os
var2= OxFFFF; /I sets GPIO DIR as outputs

EALLOW;

GpioMuxRegs. GPAMUX .all=var1;
GpioMuxRegs. GPBMUX.all=varl;
GpioMuxRegs.GPADIR .all=var2;
GpioMuxRegs.GPBDIR.all=var2;

EDIS;
}

S —

void delay_loopTIME(viod) //5 us(55)
{ shorti;

for i=0;1<55;i++) {}
}

A —

void DACport(intl16 dac,int Chan) // for IC DAC 712//
{
if (Chan==1)
{
GpioDataRegs. GPBDAT.all=0x07ff;  //initial
GpioDataRegs. GPADAT .all=dac; /Nload data
GpioDataRegs.GPBDAT.all=0x071f;

GpioDataRegs. GPBDAT.all=0x07fe;  // load input latch WR=1
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231:
232:
233:
234:
235:
236:
237:
238:
239:
240:
241:
242:
243:
244
245:
256:
257:
258:
259:
260:
261:
262:
263:
264:
265:
266:
267:
268:
269:
270:
271:
272:
273:
274
275:
276:
277:
278:
279:
280:
281:
282:
283:
284:
285:
286:
287:
288:
289:
290:

291

}

delay_loop();

GpioDataRegs. GPBDAT.all=0x05fe;

delay_loop();

GpioDataRegs. GPBDAT.all=0x07fe;

delay_loop();

GpioDataRegs. GPBDAT.all=0x071d;

delay_loop();

GpioDataRegs. GPBDAT.all=0x05fd;

delay_loop();

GpioDataRegs. GPBDAT.all=0x071d;

delay_loop();

if (Chan==2)

{

}

GpioDataRegs. GPBDAT.all=0x071f;
GpioDataRegs. GPADAT .all=dac;

GpioDataRegs. GPBDAT.all=0x071f;
GpioDataRegs. GPBDAT.all=0x071b;

delay_loop();

GpioDataRegs. GPBDAT.all=0x05fb;

delay_loop();

GpioDataRegs. GPBDAT.all=0x071b;

delay_loop();

GpioDataRegs. GPBDAT.all=0x07f7;

delay_loop();

GpioDataRegs. GPBDAT .all=0x05f7;

delay_loop();

GpioDataRegs. GPBDAT.all=0x07f7;

delay_loop();

if (Chan==3)

{

GpioDataRegs. GPBDAT.all=0x071f;
GpioDataRegs. GPADAT .all=dac;

GpioDataRegs. GPBDAT.all=0x071f;
GpioDataRegs. GPBDAT.all=0x07ef;

delay_loop();

GpioDataRegs. GPBDAT.all=0x05ef;

delay_loop();

GpioDataRegs. GPBDAT.all=0x07ef;

delay_loop();

GpioDataRegs. GPBDAT.all=0x07df;

delay_loop();

GpioDataRegs. GPBDAT.all=0x05df;

delay_loop();

GpioDataRegs. GPBDAT.all=0x07df;

delay_loop();

/I WR=0
/I WR=1
/Nload D/A latch WR=1
/I WR=0

/I WR=1

// initial
// load data

/' load input latch WR=1
/I WR=0
/I WR=1
// load D/A latch WR=1
/I WR=0

/I WR=1

// initial
// load data

/' load input latch WR=1
/I WR=0
/I WR=1
/l'load D/A latch WR=1
/I WR=0

/I WR=1
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292: if (Chan==4)

293: {

294: GpioDataRegs. GPBDAT.all=0x07ff;  // initial

295: GpioDataRegs. GPADAT .all=dac; // load data

296: GpioDataRegs. GPBDAT.all=0x071f;

297: GpioDataRegs. GPBDAT.all=0x07bf;  //load input latch WR=1
298: delay_loop();

299: GpioDataRegs. GPBDAT.all=0x05bf;  // WR=0

300: delay_loop();

301: GpioDataRegs. GPBDAT.all=0x07bf;  // WR=1

302: delay_loop();

303: GpioDataRegs. GPBDAT.all=0x077f;  //load D/A latch WR=1
304: delay_loop();

305: GpioDataRegs. GPBDAT.all=0x057f;  // WR=0

306: delay_loop();

307: GpioDataRegs. GPBDAT.all=0x077f;  // WR=1

308: delay_loop();

309: }

310:  }

311 mmmmmm e e e e e e
313:  void delay_loop(void);

314: { shorti;

315: for(1=0;i<1;i++) {}

316: }
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Design of an Active Power Filter using
Adaptive Tabu Search
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Abstract: - This paper deals with a design of active power filters using an artificial intelligence method called
the adaptive tabu search. The simulation results show that the proposed method can efficiently minimize
%THD of the currents at a PCC point. Moreover, this approach is convenient and flexible for electrical power
engineers to design an active power filter with good performances.

Key-Words: - adaptive tabu search, harmonic elimination, active power filter, hysteresis current control

1 Introduction

Presently, nonlinear loads are widely used in
industries. These loads generate harmonic into a
power system causing a lot of disadvantages such as
loss in transmission lines [1], protective device
failures [2], and short-life electronic equipments in
the system [3]. Therefore, harmonic eliminations are
very crucial for power system engineering. The one
of harmonic elimination methods is the active power
filter (APF) [4] as shown in Fig. 1. It can be seen
from Fig.1 that the RL load connected to the three-
phase diode rectifier behaves as a nonlinear load and
the instantaneous power theory [5] is used for
harmonic detections. The hysteresis method [6] is

adaptive tabu search (ATS) [7] is used for the design
of APF in this paper. The ATS is applied to search
the dc bus voltage (V) and inductor filters (Ly) for
the APF as depicted in Fig.l including hysteresis
band (HB) for the controller. All parameters (Vgc, Lg,
and HB) are optimally searched by using ATS under
specific conditions to achieve the minimum %THD.
The results from this approach are compared with
the one from Ingram and Round [8]. The basic
concept of hysteresis methods for the control of
compensating current are explained in section 2,
while ATS for searching the parameters of the
power system is illustrated in section 3. The
simulation results to verify the searching results and

used for control of compensating currents. conclusllon are shown in section 4 and 5,
The artificial intelligence approach called the respectively.
Load
i
337k
)
198H
three-phase
rectifier
i ira ILb| iLe
.
A e e
pulse ysteresis i Hariionic 'sb
Ve APF current control | .* detection Vig
-[-— e -«

Fig.1 The power system considered
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2 "Control of compensating current
using hysteresis method

on

AN

current through inductor = i,
ok
reference current = I,
upper hysteresis limit = i; +HB/2

. . . ok
lower hysteresis limit = 1. - HB/2

voltage across inductor = Vi

Fig.2 The hysteresis method to control the compensating current

+Vdc
Ve off
The well known approach for controlling

compensating currents of APF is hysteresis method.
The concept of this approach is depicted in Fig.2. In
Fig.2, the hysteresis band (HB) is the possible

boundary of compensating current, here is i,

oscillating between upper and lower hysteresis
limits. This current can be varied depending on the
pattern switch of IGBT in the APF circuit.
According to Fig.2, if IGBT turns on, the
compensating current will be increased. When the
current reaches to the upper limit, the IGBT will be
automatically turned off to decrease the
compensating current. If this current falls down to
lower limit, the IGBT will be automatically turned
on again to increase the compensating current.
Therefore, the compensating current is oscillated
within the hysteresis band in which this current can
be controlled following on the command current

(i; ). This reference current can be identified from
the harmonic detection method, here is PQ approach.

3 The active power filter design using

ATS
In section 2, the APF is controlled by using
hysteresis method. In this paper, the ATS algorithm
is applied to determine the parameters of active
power filter. The parameters for searching are dc bus
voltage (Vg4), the inductor filter (Lg), and the
hysteresis band (HB). The block diagram to explain

ISSN: 1790-5109
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how to search the parameters of APF using ATS
method is shown in Fig. 3. It can be seen in Fig.3
that ATS will search the APF parameters in which
%THD of the compensated current on supply side is
the cost value for ATS tuning. This value can be
determined from the objective function as shown in
Fig.3. The ATS will try to search the best APF
parameters to achieve the minimum %THD also
following on the IEEE std. 519-1992.

According to Fig.3, the steps of searching APF
parameters by using ATS are as follow

StepI:Determine the boundary of parameters. In
this paper, the upper and lower limits of Vy,, L, and
HB are set to 300-700 V, 0-10 H, and 0-0.02 A,
respectively.

Step2:Define the initial value for each
parameters by random within the search space of
parameters.

Step3:Define the radius value, the one of ATS
parameters.

Step4:Define the condition for ATS back
tracking.

Step5:Define the cost value, here is %THD
calculated from the objective function. Note that the
minimum %THD from ATS have to be following on
IEEE Std. 519-1992.

Step6:Define  the maximum of searching
iteration for ATS (count,,). This value is set as a
stop criterion for ATS algorithm. In this paper, it is
equal to 1000 rounds.

Note that the details of ATS algorithm can be
found in [9 ], [ 10]
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objective function

f(%THD)
searching parameters
Vgc, Lf, HB ATS
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- + Vo i inductor
lg (t) hysteresis control
-

Fig.3 The ATS method for APF designs

4 Simulation results and Discussion

The system as shown in Fig.1 operated with APF in
which the parameters are designed by using ATS is
simulated to compare the simulation results with
Ingram and Round method. The objective of ATS
approach is to minimize %THD of compensated
currents and this value has to follow on IEEE Std.
519-1992. The ATS algorithm can search the APF
parameters to achieve smaller %THD for each round
of searching as shown in Fig.4. In this paper,
COUNtye ,the number of maximum iteration for
searching, is set to 1000 in which it provides %THD
equal to 2.71%. It can be seen from Fig.4 that
%THD is equal to 2.77% for count = 10-530. This is
as the local solution for this problem. However,

31

%THD is still decreased by ATS searching
algorithm to until 2.71% because of back tracking
approach in ATS. The results show that ATS can
escape the local point to get the better solution. The
parameter values for APF from ATS search are
shown in Table 1. The simulation results by using
these parameters are depicted in Fig.5.

In Fig.5, it can be seen that the source current
after compensation (i) is nearly sinusoidal
waveform. %THD of this current is equal to 2.71%
that is satisfied under IEEE Std. 519-1992, while
%THD - of the current before compensation is
25.45%. For Ingram and Round, the APF parameters
are shown in Table 1. The simulation results for
these parameters are illustrated in Fig. 6.

3.05F

3t

2.95

2.9

2.85

2.81

escape local
solution

best objective value (%THD)

2.75F

2.7

0 100 200 300 400

600 700 800 900 1000

count

Fig.4 The convergence of %THD
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Fig.5 The simulation results for ATS method
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Fig.6 The simulation results for Ingram and Round method
From Fig.6, the source current after is 3.12% that is greater than the one from ATS

compensation is nearly sinusoidal waveform the method. However, this value is still under IEEE std.
same as the results in Fig.5. %THD for this method 519-1992. Moreover, the Ingram and Round method
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is more complicated than ATS method. Therefore,
ATS method is very useful and more convenient for
APF design with good results.

Table 1 The comparison between ATS method and
Ingram and Round method

APF design methods
APF
parameters ATS Ingram and Round
method method
Vi (V) 545 600
Le (H) 0.56 0.5
HB (A) 0.0097 0.0088
0,
%THD before 25.45%
compensation
)
ALEeaeE 2.71% 3.12%
compensation

5 Conclusion

This paper presents the application of ATS for the
design of APF controlled by using hysteresis
method. The results confirm that ATS algorithm can
provide the minimum %THD of the source current
after compensation. In addition, %THD is also
satisfied under IEEE Std. 519-1992. Moreover, the
mathematical model of APF is not necessary for
ATS approach. Therefore, the ATS method for APF
design is very convenient and flexible.
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Abstract: -This paper deals with the active power filter design controlled by using hysteresis technique. The
genetic algorithm is used to design the controllers to minimize the %THD of the source current. The results
are compared with that designed from Ingram and Round approach. The simulation results confirm that the
genetic algorithm can provide the minimum %THD of the source current compared with the Ingram and
Round method. The %THD also follows the IEEE std.519-1992.The design of the active power filter based on
the genetic algorithm is flexible and can improve the performance of the filter.

Keywords: - genetic algorithm, hysteresis control, harmonic elimination, active power filter

1 Introduction
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Fig.1 The power system considered
provides higher efficiency and more flexible

Power systems connected nonlinear loads can
generate the harmonics into the systems. Theses
harmonics cause a lot of disadvantages such as loss
in transmission lines and electric devices, protective
device failures, and short-life electronic equipments
in the system [1]. Therefore, it is very important to
reduce or eliminate the harmonics in the system. It is
well known that the harmonic elimination via an
active power filter (APF) [2] as shown in Fig.1
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compared with a passive power filter. In Fig.1, the
three-phase bridge rectifier feeding resistive and
inductive loads (R=3.37 kQ and L=19.8 H) behaves
as a nonlinear load into the power systems. An
instantaneous reactive power theory (PQ method) [3]
is used for a harmonic detection to calculate the
reference currents for the active power filter. The
APF is then controlled by a hysteresis method [4].
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There are many approaches for the APF design
using an artificial intelligence (AI) technique such as
adaptive tabu search (ATS) [5], particle swarm
optimization (PSO) [6], and genetic algorithm (GA)
[7]. In this paper, the GA is used to search the
appropriate parameters of the APF to minimize the
%THD of the source current (i;) after compensation.
According to Fig.l1, the APF parameters for GA
searching are the DC bus voltage (V), the filter
inductance (L), and the hysteresis band (#B). The
results of the APF design via GA are presented in
this paper and are also compared with that designed
from Ingram and Round approach [8].

The paper is structured as follows. The overview
of compensating current control using the hysteresis
method is addressed in section 2. The APF design
using the Ingram and Round method and GA is fully
presented in section 3 and section 4, respectively.
The simulation results of the harmonic elimination
including discussion are presented in section 5.
Finally, section 6 concludes the advantages of GA
approach to design the active power filter.

2 Control of compensating current
using hysteresis method

current through inductor = i,

-
reference current = 7,

\ upper hysteresis limit = §; + HB2
lower hysteresis limit = i, - HB22
5 Vd"_ on
voltage across inductor = Voy
-V

off

Fig2 The compensating current control using
hysteresis method

The compensating current control using the
hysteresis approach is shown in Fig.2. According to
Fig.2, the hysteresis band (HB) is the possible
boundary of compensating current (i.). This current
swings between upper and lower hysteresis limits.
The compensating current can be increased or
decreased depending on the pattern switch of IGBT
inside the APF. For example, when IGBT turns on,
i. will be increased. It is continually increased until
reaching the upper hysteresis limit. At this state,
IGBT will be automatically turned off to decrease
the compensating current. If the current falls down
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47

to the lower limit, IGBT will be automatically turned
on again to increase the compensating current.
Therefore, the compensating current swings inside
HB following the reference current i,". The reference
current can be identified by PQ harmonic detection
as shown in Fig.1. Note that the upper and lower
hysteresis limits are controlled by the hysteresis
band.

3 The APF design using Ingram and

Round method

In 1997, DM.E. Ingram and S.D. Round
presented the APF design controlled by hysteresis
method. The details are explained as follows:

Step 1: Calculate the maximum value of di, /dt by:

Ly (£) = Asin(2zft) m

@

where
Iymay (1) 15 the maximum current for each

harmonic component

A is the amplitude of the harmonic
current

f is the frequency of the harmonic
current

Step 2: Determine Ly by:

V=V,

L - dc :

'f (max) d ic
max(

dt

3

)

where ¥ is the maximum source voltage.

Note that the maximum value of di, /dt is from

Step 1 and V. should be always designed higher
than V.

Step 3: Determine HB by:

2V
HB=——4d

- 9L_/'f.vw (4)

where f;,. is the switching frequency.
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4 The APF design using GA approach

4.1 The review of GA

Initial population

Y

Selection

Parents

Y

Genetic operation
(crossover and mutation)

Offspring

Fig.3 The process of GA

In Fig.3, there are three main processes for GA
method. The first is ‘selection’. This process will
select the population in the searched system to be the
parent for the next generation. The second process is
‘genetic operation’ to search the better solutions for
each generation by using the crossover and mutation
techniques. The final process is ‘replacement’. The
offspring from the genetic operation process will
replace the previous population in which it may
replace the whole of population or some part of
population depending on the conditions in the
algorithm.

4.2 The APF design using GA

In section 2, the APF is controlled by using
hysteresis method. In this paper, the GA is applied to
determine the appropriate APF parameters. The
parameters for searching are DC bus voltage (Va),
the inductor filter (L), and the hysteresis band (HB).
The block diagram to explain how to search the
parameters of APF using GA method is depicted in
Fig. 4. It can be seen in Fig.4 that GA will search the
APF parameters in which %THD of the
compensated current on supply side is defined as the
cost value for GA tuning. This value can be
determined from the objective function as shown in
Fig. 4. The GA will try to search the best APF
parameters to achieve the minimum %THD also
following on the IEEE std. 519-1992.

According to Fig. 4, the steps of searching APF
parameters by using GA are as follows:

Step 1: Define the boundary of parameters. In this
paper, the upper and lower limits of V., L; and HB
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are set to 312-700 V, 0-10 H, and 0-0.02 A,
respectively.

Step 2: Define the population encoding scheme for
GA. In this paper, the chromosomes for the
population encoding scheme are set to be the real
value [11].

Step 3: Set the population size equals to 40
chromosomes.

Step 4: Define the initial population by random
within the search space of parameters.

Step 5: Define the maximum number of generation
for searching, here is set to 1000.

Step 6: Define the selection process, here set to
roulette. The uniform mutation (probability = 0.06),
the single-point crossover (probability = 0.7), and
the whole population replacement are selected.

Note that the more details of GA can be found in
[12].

objective function
%THD=f (V.. L, HB )

O

searching parameters
g p A GA 9, THD,

Vie. Ly, HB i
<:+ 174

S Ve ;
B S [Vou T e

i ‘ Les
+Vae| ™. Inductor filters
hysteresis control ™
.

Fig.4 The GA approach for APF design

The system in Fig.l is operated with APF
controlled by hysteresis method. The APF
parameters are designed by using GA. The objective
of GA method is to minimize %THD of
compensated currents and this value has to follow on
IEEE std. 519-1992. The GA can search the APF
parameters to achieve smaller %THD for each round
of searching as shown in Fig.5. In this paper, the
maximum number of generation is set to 1000 in
which GA can provide the %THD equal to 0.9885%.
In Fig.5, it can be seen that %THD is equal to
0.9940% during generation = 439-519. This is as the
local solution for this problem. However, GA can
escape the local solution to achieve the better %THD
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(0.9885%). The parameter values of APF from GA
search compared with Ingram and Round method are
given in Table 1. In addition, the results in Fig.5 also
show the convergence of GA for this problem.

18
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Fig.5 The convergence of %THD
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5 Simulation results and discussion

The simulation results of the system in Fig.1
with the APF parameters from GA searching are
depicted in Fig.6. It can be seen that the source
current after compensation (i5,) is nearly sinusoidal
waveform. %THD of this current is equal to
0.9885% that is satisfied under IEEE Std. 519-1992,
while %THD before compensation is 25.45%. The
simulation results for Ingram and Round method are
illustrated in Fig.7. From Fig.7, the source current
after compensation is nearly sinusoidal waveform
the same as the results in Fig.6. However, %THD
for this method is 1.5019% that is greater than the
one from GA method (0.9885%). Hence, GA
method can provide the smaller %THD compared
with Ingram and Round method. The results show
that GA approach is very useful and more
convenient for APF design.

Table 1 The compensation between GA method and

Ingram and Round method
APF design method
APF parameters GA Ingram and Round
V, V) 620 600
L; (H) 0.39 0.50
HB (A) 0.00043 0.0088
0,
%THD beff)re 2545 %
compensation
%THD after 0.9885 % 1.5019 %
compensation
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Fig.6 The simulation results for GA method
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Fig.7 The simulation results for Ingram and Round
method

6 Conclusion

This paper presents the application of GA for the
design of APF controlled by hysteresis method. The
results confirm that GA can provide the minimum
%THD of the source current after compensation. In
addition, %THD is also satisfied under IEEE Std.
519-1992. Moreover, the mathematical model of
APF is not necessary for GA approach. Hence, the
GA approach for APF design is very useful and
flexible.
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Abstract: -This paper deals with the active power filter design controlled by using hysteresis technique. The
genetic algorithm is used to design the controllers to minimize the %THD of the source current. The results
are compared with that designed from Ingram and Round approach. The simulation results confirm that the
genetic algorithm can provide the minimum %THD of the source current compared with the Ingram and
Round method. The %THD also follows the IEEE std.519-1992.The design of the active power filter based on
the genetic algorithm is flexible and can improve the performance of the filter.

Key-Words: - genetic algorithm, hysteresis control, harmonic elimination, active power filter

1 Introduction
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Fig.1 The power system considered

Power systems connected nonlinear loads can
generate the harmonics into the systems. Theses
harmonics cause a lot of disadvantages such as loss
in transmission lines and electric devices, protective
device failures, and short-life electronic equipments
in the system [1]. Therefore, it is very important to
reduce or eliminate the harmonics in the system. It is
well known that the harmonic elimination via an
active power filter (APF) [2] as shown in Fig.1
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provides higher efficiency and more flexible
compared with a passive power filter. In Fig.1, the
three-phase bridge rectifier feeding resistive and
inductive loads (R=3.37 kQ and L=19.8 H) behaves
as a nonlinear load into the power systems. An
instantaneous reactive power theory (PQ method)
[3] is used for a harmonic detection to calculate the
reference currents for the active power filter. The
APF is then controlled by a hysteresis method [4].
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There are many approaches for the APF design
using an artificial intelligence (AI) technique such as
adaptive tabu search (ATS) [5], particle swarm
optimization (PSO) [6], and genetic algorithm (GA)
[7]. In this paper, the GA is used to search the
appropriate parameters of the APF to minimize the
%THD of the source current (is) after compensation.
According to Fig.1, the APF parameters for GA
searching are the DC bus voltage (Vy), the filter
inductance (L;), and the hysteresis band (HB). The
results of the APF design via GA are presented in
this paper and are also compared with that designed
from Ingram and Round approach [8].

The paper is structured as follows. The overview
of compensating current control using the hysteresis
method is addressed in section 2. The APF design
using the Ingram and Round method and GA is fully
presented in section 3 and section 4, respectively.
The simulation results of the harmonic elimination
including discussion are presented in section 5.
Finally, section 6 concludes the advantages of GA
approach to design the active power filter.

2 Control of compensating current
using hysteresis method

current through inductor = i,

L«
reference current = I,

\ upper hysteresis limit = j; + HB2
lower hysteresis limit = 4, - 32
o, &
voltage across inductor = Voy
-1

off

Fig.2 The compensating current control using
hysteresis method

The compensating current control using the
hysteresis approach is shown in Fig.2. According to
Fig.2, the hysteresis band (HB) is the possible
boundary of compensating current (i;). This current
swings between upper and lower hysteresis limits.
The compensating current can be increased or
decreased depending on the pattern switch of IGBT
inside the APF. For example, when IGBT turns on,
i. will be increased. It is continually increased until
reaching the upper hysteresis limit. At this state,
IGBT will be automatically turned off to decrease
the compensating current. If the current falls down
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to the lower limit, IGBT will be automatically
turned on again to increase the compensating
current. Therefore, the compensating current swings
inside HB following the reference current i,". The
reference current can be identified by PQ harmonic
detection as shown in Fig.1. Note that the upper and
lower hysteresis limits are controlled by the
hysteresis band.

3 The APF design using Ingram and

Round method
In 1997, D.M.E. Ingram and S.D. Round presented
the APF design controlled by hysteresis method.
The details are explained as follows:

Step 1: Calculate the maximum value of di, /dt by:

Ipmax) (1) = Asin (2zft) (M

di, |
= )=A2nf )

where
inpay(t) is the maximum current for each
harmonic components
A is the amplitude of the harmonic
current
f is the frequency of the harmonic
current

Step 2: Determine L, by:

V=V,
Lf(max): = i 3)
max( le )
dt

where
V, = the maximum voltage value of the source

Note that the maximum value of di,/dt is from

Step 1 and V. should be always designed higher
than 7 [9,10].

Step 3: Determine /B by:

2V,

9L, f., ®

where
[ 18 the switching frequency.
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4 The APF design using GA approach

4.1 The review of GA

population

Process 1

Selection

Process 3

Replacement

)

Process 2
Genetic operation
(crossover and mutation)

Offspring

s

Fig.3 The process of GA

The concept of GA is depicted in Fig.3, there are
three main processes for GA operations. The first is
‘selection’. This process will select the population in
the searched system to be the parent for the next
generation. The second process 1is ‘genetic
operation’ to search the better solutions for each
generation by using the crossover and mutation
techniques. The final process is ‘replacement’. The
offspring from the genetic operation process will
replace the previous population in which it may
replace the whole of population or some part of
population depending on the conditions in the
algorithm. The more details of GA can be found in

[11].

4.2 The selection of GA parameters for APF
designs

The suitable GA parameters are necessary for
applying this method to optimization problems. This
is because the parameters in the GA algorithm are
very important to the GA searching performance.
Therefore, this section presents how to select the
GA parameters for the APF design to achieve the
best solution. The parameters needed to identify are
a number of chromosome (NC), a genetic operation
(GO), a crossover method (CM), a probability value
of crossover (PCM), a mutation method (MM), and
a probability value of mutation (PMM).The criterion
of selecting these parameters for APF design is to
minimize the fitness value, here is %THD.
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4.2.1 NC selection

To find out the suitable NC values, we will vary
these values from 10 to 60 with fixed other
parameters (GO stochastic uniform, CM
scattered crossover, PCM = 0.8, MM = Gaussian
mutation and PMM = no need PMM for Gaussian
mutation). The GA algorithm is then run in the
computer 5 times for each NC values and the
averaged %THD values (%THD,yerqpeq) can be
calculated by:

zN: %THD,

%THD, i=l

averaged ~

I &)

where
%THD, = the minimum %THD value from i
search (i=1, 2, ..., N)
N = the times for searching ( N is setto 5
in this paper)

The %THD ayeragea for each NC values is given in
Table 1. It can be seen that when the GA uses NC
equal to 40, it can provide the minimum
%THD yyeragea Value (0.9982%) compared with those
of other NC values. In addition, the computation
time for searching (the number of generation: NG) is
considered. If NG is large, it means the GA uses a
long time to achieve the answer. Otherwise, if NG is
small, it means the GA performance is very good
(very fast). As mentioned before, GA algorithm is
run in the computer 5 times for each NC values.

Therefore, the averaged NG value (NG,,,,,,..,) can
be also calculated by:

N
> NG,
i=1

N

NG

averaged —

6

where i and N are the same meaning as Eq.(5)

From the results in Table 1, the NC value equal
to 40 can provide the minimum %THDyerageq-
Fortunately, this NC value can also provide the

minimum NG equal to 38. It means that this

averaged
NC value obtains the best answer with a fast
computation time. Hence, the NC value equal to 40
is selected for APF design in this paper.

4.2.2 GO selection

Roulette, stochastic uniform, and tournament are
selected for the testing GO parameters in this paper.
In this section, we use the different GO approaches,
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Table 1 NC testing results

K.-L. Areerak, T. Narongrit

. testing o nd 3 4 i Averaged
NC values value
NC = 10 chromosomes
%THD 1.0060 0.9749 1.0040 1.0080 1.0080 1.0001
NG 1288 306 396 1292 302 716
NC = 20 chromosomes
%THD 0.9847 1.0100 1.0030 0.9984 1.0080 1.0008
NG 73 67 60 54 60 63
NC = 30 chromosomes
%THD 0.9847 1.0100 1.0030 | 0.9984 1.0080 1.0008
NG 73 67 60 54 60 63
NC = 40 chromosomes
%THD 0.9911 1.0030 1.0080 0.9928 0.9963 0.9982
NG 43 26 35 37 49 38
NC = 50 chromosomes
%THD 1.0070 | 0.9952 | 0.9870 1.0100 | 0.9984 0.9995
NG 67 45 31 25 37 41
NC = 60 chromosomes
%THD 0.9859 1.0060 1.0100 1.0050 0.9958 1.0054
NG 26 35 42 30 34 39
Table 2 GO testing results
teshng o i 3 £ st Averaged
GO methods value
GO using the roulette method
%THD 0.9910 | 0.9980 | 0.9580 | 0.9850 1.0050 0.9870
NG 148 262 118 310 77 183
GO using the stochastic uniform method
%THD 0.9650 1.0010 0.9880 0.9990 1.0050 0.9920
NG 200 102 423 447 1522 539
GO using the tournament method
%THD 0.9760 1.0010 | 0.9980 1.0050 | 0.9940 0.9950
NG 60 95 289 603 81 209

while other parameters are fixed as follows: NC =40,
CM = scattered crossover, PCM = 0.8, MM =
Gaussian mutation and PMM = no need PMM for
Gaussian mutation. NC value is given from Section
4.2.1. The testing results are given in Table 2. It
shows that the roulette method provides the
minimum %THDyerqgea (0.9870%). Moreover, this

method also obtains the minimum NG,,,,,.., equal

to 183. It means that when GA uses the roulette
method, the computation time is faster than
stochastic uniform and tournament methods.
Therefore, the roulette method is selected for APF
design in this paper. Note that %THD,yeraeeq and
NG for all testing can be calculated by using

averaged

Eq. (5) and (6), respectively.
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4.2.3 CM and PCM selections

There are three CMs of GA in this testing. These
are single-point crossover, double-point crossover,
and scattered crossover. The results by using these
three different methods with fixed other parameters
(NC = 40 from Section 4.2.1, GO = roulette method
from Section 4.2.2, PCM = 0.8, MM = Gaussian
mutation and PMM = no need PMM for Gaussian
mutation) are shown in Table 3. The results show
that the single-point crossover can provide the
minimum %THD ayeragea €qual to 0.9836% with the

minimum NG, equal to 57 generations.

averaged

For the PCM selection, we will vary this value
from 0.1 to 1 with fixed other parameters (NC = 40
from Section 4.2.1, GO = roulette method from
Section 4.2.2, CM = single-point crossover from
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Section 4.2.3, MM = Gaussian mutation and PMM = answer (%THD seraged = 0.9890% and NGamge .=
no need PMM for Gaussian mutation). The testing 77 generations). Hence, the single-point crossover
results are given in Table 4. It shows that the single- with PCM equ:cll ' 0’7 % saleatell Bir dis ADF
point crossover with PCM equal to 0.7 obtains the desiun '

Table 3 CM testing results
testing iz ord 3 4 5th Averaged
M value
CM using the single-point
%THD 0.9916 | 0.9727 | 0.9832 | 0.9698 1.0009 0.9836
NG 54 29 29 119 52 57
CM using the double-point
%THD 0.9670 | 0.9830 | 0.9760 | 0.9960 | 0.9950 0.9840
NG 81 222 89 60 275 145
CM using the scattered
%THD 0.9930 | 0.9800 | 0.9760 | 0.9960 | 0.9946 0.9879
NG 821 199 278 262 223 357
Table 4 PCM testing results
IEsLIng 7 o 3 P 5t Averaged
PCM values : value
PCM=0.1
%THD 0.9790 1.0090 | 0.9840 | 0.9945 1.0000 0.9933
NG 378 271 337 72 93 230
PCM=02
%THD 1.0060 | 0.9810 | 1.0030 | 1.0070 1.0090 1.0012
NG 237 116 137 618 188 259
PCM=0.3
%THD 0.9860 | 0.9925 | 0.9866 1.0060 | 0.9951 0.9972
NG 112 84 146 68 156 113
PCM=04
%THD 1.0040 1.0060 | 1.0030 | 1.0070 1.0070 1.0054
NG 45 109 96 364 177 158
PCM=0.5
%THD 0.9709 | 0.9935 1.0050 | 0.9954 | 1.0030 0.9935
NG 72 13 76 74 658 191
PCM=0.6
%THD 1.0050 | 1.0070 | 1.0040 1.0080 | 1.0090 1.0066
NG 43 56 56 81 165 96
PCM=0.7
%THD 0.9350 | 0.9900 | 1.0040 | 1.0070 1.0090 0.9890
NG 54 29 29 134 138 Ul
PCM=0.8
%THD 1.0030 | 1.0070 | 1.0080 | 1.0130 1.0050 1.0072
NG 41 63 59 1016 711 378
PCM=09
%THD 1.0080 | 0.9880 | 0.9868 | 0.9829 | 0.9897 0.9910
NG 76 68 65 665 106 196
PCM=1.0
%THD 1.0630 | 13270 | 1.0630 | 2.4260 1.115 1.3988
NG 500 500 505 507 504 503
ISSN: 1109-2777 331 Issue 4, Volume 9, April 2010
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Table 5 MM testing results
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testing o nd 3 y gt Averaged
MM value
MM using the uniform
%THD 0.9840 1.0090 0.9710 0.9920 1.0100 0.9930
NG 338 244 144 91 212 206
MM using the Gaussian
%THD 1.0020 0.9810 0.9989 1.0020 0.9948 0.9901
NG 765 171 86 163 315 391
Table 6 PMM testing results
testing o o 30 P 5 Averaged
PMM values value
PMM=0.01
%THD 0.9980 1.0090 0.9828 0.9824 1.0380 1.0020
NG 505 1151 133 383 2252 885
PMM=0.02
%THD 0.9980 0.9693 1.0000 1.0570 1.0500 1.0148
NG 85 140 270 842 979 463
PMM=10.03
%THD 1.0070 | 1.0030 | 0.9978 | 1.0060 | 0.9965 1.0020
NG 392 630 447 183 120 354
PMM=0.04
%THD 0.9986 0.9932 1.0090 1.0040 0.9499 0.9909
NG 69 98 282 91 436 195
PMM = 0.05
%THD 1.0010 | 1.0070 | 0.9900 | 0.9680 | 1.0090 0.9950
NG 94 220 274 468 571 325
PMM =0.06
%THD 0.9950 0.9850 1.0060 0.9711 0.9683 0.9850
NG 77 158 99 98 99 106
PMM=0.07
%THD 1.0080 | 1.0090 | 0.9864 | 1.0060 | 0.9929 1.0004
NG 157 82 335 510 108 238
PMM=0.08
%THD 0.9620 0.9930 1.0080 1.0180 1.0020 0.9966
NG 211 167 463 1219 76 427
PMM=0.09
%THD 0.9850 | 0.9730 | 0.9997 | 1.0090 | 0.9776 0.9886
NG 155 164 131 81 228 152
PMM=0.10
%THD 1.0070 | 0.9790 | 0.9884 | 1.0020 | 1.0010 0.9954
NG 301 103 116 277 61 172

4.2.4 MM and PMM selections

There are two MMs of GA in this testing;
uniform mutation and Gaussian mutation, with fixed
other parameters (NC = 40 from Section 4.2.1, GO =
roulette method from Section 4.2.2, CM = single-
point crossover with PCM = 0.7 from Section 4.2.3,
PMM = 0.01 for only uniform mutation). The results
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for this testing are shown in Table 5. It shows that
%THD gyeragea from two different MMs is nearly

the NG

averaged
significant than %THD uyerageq for this case. It can be
seen from the results that although the uniform
mutation provide the slightly greater %THDgyeraged
compared with Gaussian mutation, it can obtain

same. Therefore, becomes more

Issue 4, Volume 9, April 2010




195

WSEAS TRANSACTIONS on SYSTEMS

significantly the minimum NG

averaged *

From the previous testing, the uniform mutation
is selected. Therefore, the PMM selection needs to
be considered. We will vary the PMM value of the
uniform mutation from 0.01 to 0.1 with fixed other
parameters (NC = 40 from Section 4.2.1, GO =
roulette method from Section 4.2.2, CM = single-
point crossover with PCM = 0.7 from Section 4.2.3,
MM = uniform mutation from Section 4.2.4). The
testing results are given in Table 6. It shows that the
uniform mutation with PMM equal to 0.06 obtains
the best answer (%THDayeragea = 0.9850% and

NG 106 generations). As a result, the

averaged
uniform mutation with PMM equal to 0.06 is
selected for the APF design.

To conclude from all testing, the GA parameters
for APF design in the paper are summarized as
follows:

-NC equal to 40 chromosomes

-GO using the roulette method

-CM using the single-point crossover with PCM
equal to 0.7

-MM vusing the uniform mutation with PMM
equal to 0.06

The APF design using GA with the parameters
from this section is described in Section 4.3 and the
results is given in Section 5.

4.3 The APF design using GA
In section 2, the APF is controlled by using
hysteresis method. In this paper, the GA is applied
to determine the appropriate APF parameters. The
parameters for searching are DC bus voltage (Va),
the inductor filter (L), and the hysteresis band (HB).
The block diagram to explain how to search the
parameters of APF using GA method is depicted in
Fig. 4. It can be seen in Fig.4 that GA will search the
APF parameters in which %THD of the
compensated current on supply side is defined as the
cost value for GA tuning. This value can be
determined from the objective function as shown in
Fig. 4. The GA will try to search the best APF
parameters to achieve the minimum %THD also
following on the IEEE std. 519-1992.

According to Fig. 4, the steps of searching APF
parameters by using GA are as follows:
Step 1: Define the boundary of parameters. In this
paper, the upper and lower limits of V., L, and HB
are set to 312-700 V, 0-10 H, and 0-0.02 A,
respectively.

Step 2: Define the population encoding scheme for

GA. In this paper, the chromosomes for the
population encoding scheme are set to be the real
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value [12].

Step 3: Set the population size equals to 40
chromosomes.

Step 4: Define the initial population by random
within the search space of parameters.

Step 5: Define the maximum number of generation
for searching, here is set to 1000.

Step 6: Define the selection process, here set to
roulette. The uniform mutation (probability = 0.06),
the single-point crossover (probability = 0.7), and
the whole population replacement are selected.

Note that the more details of GA can be found in
[12].

objective function
%THD =f (Vu, L, HB)

@

GA

searching parameters
Vie, Ly, HB

N 2

<X THD,

o

Vi
48 .
AL

hysteresis control .

Vou 1

Lss
", Inductor filters
Ny

Y

A

Fig.4 The GA approach for APF design

The system in Fig.l is operated with APF
controlled by hysteresis method. The APF
parameters are designed by using GA. The objective
of GA method is to minimize %THD of
compensated currents and this value has to follow
on IEEE std. 519-1992. The GA can search the APF
parameters to achieve smaller %THD for each round
of searching as shown in Fig.5. In this paper, the
maximum number of generation is set to 1000 in
which GA can provide the %THD equal to
0.9885%. In Fig.5, it can be seen that %THD is
equal to 0.9940% during generation = 439-519. This
is as the local solution for this problem. However,
GA can escape the local solution to achieve the
better %THD (0.9885%). The parameter values of
APF from GA search compared with Ingram and
Round method are given in Table 7. In addition, the
results in Fig.5 also show the convergence of GA for
this problem.
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Fig.5 The convergence of %THD

5 Simulation results and discussion

The simulation results of the system in Fig.1 with
the APF parameters from GA searching are depicted
in Fig.6. The compensating current from APF (i.,)
injects into the system at t=0.04 s. It can be seen that
the source current after compensation (iy,) is nearly
sinusoidal waveform. %THD of this current is equal
to 0.9885% that is satisfied under IEEE Std. 519-
1992, while %THD before compensation is 25.45%.

K.-L. Areerak, T. Narongrit

The simulation results for Ingram and Round
method are illustrated in Fig.7. From Fig.7, the
source current after compensation is nearly
sinusoidal waveform the same as the results in Fig.6.
However, %THD for this method is 1.5019% that is
greater than the one from GA method (0.9885%).
Hence, GA method can provide the smaller %THD
compared with Ingram and Round method. The
results show that GA approach is very useful and
more convenient for APF design.

Table 7 The comparison between GA method and

Ingram and Round method
APF design method
APF parameters
GA Ingram and Round
Ve (V) 620 600
L, (H) 0.39 0.50
HB (A) 0.00043 0.0088
%THD before 25.45 %
compensation
%THD after |  ggg5 o 1.5019 %
compensation

500 T T T T T
L AVAVAVAVAVAY
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0 0.02 004 0.06 0.08 0.1 0.12
02 T T T T
02 1 1 1 1 1
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Fig.7 The simulation results for Ingram and Round method

There are many researches for the harmonic
mitigation approaches using artificial intelligent (AI)
such as genetic algorithm (GA) [13], adaptive linear
neural network (ADALINE) [14], and fuzzy logic
[15]. Therefore, for the future work, Al techniques
will be applied to obtain the better results for
harmonic elimination compared with the reported
method in this paper.

6 Conclusion

This paper presents the application of GA for the
design of APF controlled by hysteresis method. The
results confirm that GA can provide the minimum
%THD of the source current after compensation. In
addition, %THD is also satisfied under I[EEE Std.
519-1992. Moreover, the mathematical model of
APF is not necessary for GA approach. Hence, the
GA approach for APF design is very useful and
flexible.
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