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Application of DFT-based harmonic detection method under
synchronous reference frame in APF

JI Rui—feng, ZHOU Ming, SHEN Guang
(School of Electrical and Electronic Engineering, North China Electric Power University, Beijing 102206, China)

Abstract: Aiming at the realization of selective harmonic compensation for three—phase active power filter (APF) , harmonic detection
method based on discrete Fouries transform (DFT)was presented. Firstly, sampled load current signals were transformed from abc—frame
to dg—frame; then, the signals were transformed from time—domain into frequency—domain, decouple and transformed back to time domain
under dq—frame; the concerned parts were inverted into abc—frame. Finally, simulation experiment has been conducted under Matlab/
Simulink environment. Simulation results verify the proposed method’s fast response speed.

Key words: active power filter (APF) ; selective harmonic compensation; harmonic detection; discrete Fouries transform (DFT) ;

synchronous reference frame

I, XF AR AT LU SR T (H 2, HAMERCR A 2
I R L M

HAT BV MESRI RO A RIS AR RERS R o 1
IRTEHRIEL, [ R SR A, D288 T
ST STR[T-8 PRIZ dg S fGridise H it
A FERTHE T A2 SCHR19—12 [ I i e i il

0 5l H

I 156 Y A U5 98 I % (parallel active power filter,
PAPF) REASAT RUIH BRAE LM £ 80 A= AT L It S e
RIS AME " BT, A IR i s rh g O
PR CRLFRAE SR MG A ) S | i e A F0 L 4k

HMNFELGE T Z .

SCHR[3—4 145 Hh 2R 00 28000 FiL IR0 el A0 7 ik
S, SR 7 3 b A AR G, ol T A DA AR
TR, AT R GAEAMEE IR BT 3 )
HBUATEE R DL o 5838 2R FH Pl 190 f A 3k

Wi EE: 2012-02-06

BTSRRI DA M SERER S B2 T 3
AR RPAPR ARG A7 S SCHRIE e T — R
I 38 0 2o SR P e M i i 4 A6 0 R B e 4
il A BT T RE S BUAT IR T UE D AR R VIR D A M,
PN 3 fr A LF  DE ee R PERE AN SIS M . SR, BT

EERIY: ot (1981-), 53 WiiTmizk A, FENF TG B 5 1 (95T, E-mail :jiruifeng@yahoo.cn


http://www.a-pdf.com/?product-split-demo

12

e B B i AR P AR AR R X
BRI N T B — e . SCk[ 13 I%hE T
APF [FB I J7iA080 T 255 e

ARSI Ty 72 , 48— Fp LT[R 25 e
T MR bR R DFT IR 74, 91 5 abe 2245 T DFT I
PRI AT LA

1 M RY AR 2 B 330 I 1

L 1 R GUAFEAE K DA = AT $E R SCR 4%

TR S I it L B 11 R TR A 7 A R IR L O, LR

TR UBCRN R AE ", R ERL 7 368 I8t 20 JIr B 00 i %) = 2

h=(6k+1)f, k=123, (1)

1,=1/h (2)

Ao h—RE, h=k-1 HTUFE, h=k+1 N
EFPr i fi—3RR

AMHSE FT S ARSIy i = B R S LU

BT AT AR LIS 5 2o T B

i,(n) sin(w-n+¢,)
i(n) |=1-|sin(®-n-2m/3+¢) |+
i.(n) sin(w-n+2m/3+¢))
) sin(h-w-n+qo,,) (3)
2 I,- sin(h-(w-n—ZﬂT/3)+goh)
prkes sin(h-(a)-n+21'r/3)+goh)
2 FLF DET — AH 8 I 6
2.1 BEMTHRERM
XA — &AW MRS () IR

T, Bl D BE I A2 @ — o 8 HLI AR 1) 32
K
w(t)= S A, -sin(hot +,) =

. . (4)
EA,M - cos(hwt) + EA,U - sin(hot)
>N ':F‘ :
A, =A,-sing, = %foTx(t) . cos(ha)t) (5)
A, =A,cosp, = %jolx(t) - sin(hwt) (6)
IO B B IR A A

A,A,mwhz-ZMwmmP“ﬁ“ﬁ (7)
h

N
4. _2. 2w h-n
A, =A, cos @, =4 Zx(n) sin N (8)
n=0

AN -

Fem A LT R AL bR 2R R DFT SIS 5 A8 APF A . 1481 -
A, = A§X+A§} (9)
@, = arctan(A,m/A,O) (10)

s w(n) —55 n A0 w(0) SREE(E, N —3L0% 5 4
RFE R
22 ETFabc2tx TR DFT & K&

X 3 (3) R = AHIEIE IOAE B — A0, AT
P AR, TR (7) S (8) AT A URIE IR 4R IR,
IR BT (R, F 34, il 1R

o M s
() cos > T ZIW(")
+
sin ¢ >
T <
XM

B abe ARZR T T DET B b UGS INHE

23 ETdqH4RTH DFT &R A

B, AR LIRS 5 N abe AebR R AR F dg
AEBRFR WL -5 A8 Ry B A IR AR 5 A8 6 11
BRUGEIE, 0, abe AR FR T 5T T IRAE T 43
RS 6K, 5. W RFFEE IS K, 60\ itk
IR A dg Aebn R R SEATRERN SRS FRE AT iDFT )
A B I s 1]

B30 (3) 1 abe Aebn RAEHE] o ALFRA

' £.(n) in(w-n+
(e ()

I, sin(h-w-n+g,)

h=6k-1,k=1

z I, cos(h-w-n+¢,)

h=6k-1,k=1

Toan

o

Z I, sin(h-w-n+g,)
h=6k+1,k=1
z =I,-cos(h-w-n+g,)

h=6k-1,k=1

)
=

o (1 12 -12
“5‘3'[0 J3/2 —B/zj

Rl Top oA Clarke A8 505 [
PR (1) B o Ab bR R A3 dg AEpR AR

) e ),

2 I, - sin(h-a)-n+go,171)+],l+1 . sin(h-w -n+go,”1)
=6k.k=1

~

Z wiccos(h-w-n+e, V-1, cos(h-w-n+g,,,)
h=6kk=1

(12)



- 1482 - Hl H, T 2 29 %:
H: . i(n)
. — cosw - *n sinw *n R i(n
T(w-n) (—sina) ‘n cosw:- n) T g
B T(w - ) PARK A5 B, e e T
—>{ sin }——

ABFFER R (12) R A (7.8) 284, th T 2
FLL I VS O 6 HYREEUGE L , DFT BE 5 Ja 1 )
B T/6, 0

1,.(k)=1,_(k)- sin(go,H) +1,, (k)" sin(go,wl) =

L(k-1)+12. cos(% 2. k) (L (k)= L (k=N +1))

]dhy(k) = Ilz—l(k) : COS(QD/hl) + ]h+l(k) : COS(QD/,H) =
12 . (h 2
(k= 1)+12. sm(g .2m. k) (L (K) =L (k= N+ 1))

Iqha(k) =I/171(k) . cos(goh,l) _[/1+l(k) : Cos(ﬁohn) =

(k=1 +12. cos(% 2. k) (1 (k) =1, (k= N+ 1))

L,;U»(k) = —[,,_l(k) . sin(qo,,_l) + I,Hl(k) . sin(go,ﬁl) =

(k=1 + 12 sin(% 2. kj (1, (k) =1, (k=N +1))

Ll &R0, 28 DFT 2848 )5 h— 1 IE /7405 Al
h+ 17 f A A h U, an SR 75 PR B, ]
KT 2

L, (n)-1,,(n
I, \(n)- sin(goh_l):w (13)

L)+ 1u(n) ()

I],_l(n)-COS(QDh_I): 5
I, (n)-1
I/,H(n)-cos(gohﬂ):M (15>
1. I,
[hﬂ(n)-sin(qph”):M (16)

gl FAR i E 2 Bos iAE R
3 MBS A

3.1 REMIRREE
SR FH DFT ARG I, SR o B Rz A2 «

T=N-T (17)
o T 3L R, Ty —RAEJEE, N —3E9% S5 Y

PRI

214 H DR AR g A U st s T e R R A A
UE TS JA R A sS85 D B A7 A 2 At i i U
FUM B G (A I H PR A AR AR iR 221 R
HF SR FH 31 52 SRAE i DA PR ARSI 2
3.2 DSPEEXMEMIT

AT 5T R A A AT A R OR A T — B
WA, A4 AR B AP 2 (B RN B B AR P it T
] BV JE T T TMS F2812 5k F oo, 4 i

(a) Clarke fll PARK 2545
id(n)

’Xl—» @% o Jiutsing,),

> EE I T

+X|—> B i Jitokote

> T g

> >< & % » : by (M)SIN(;.,)
P

(b) dq s FHET DFT 2B e
1,.(n)sin(g,.)

Li(mcos(,.)

1,,,(n)cos(@,.,)

La(n)sin(g,..)

:
ol

(¢) Il o4

L,(msin(@,.,)
Li(n)cos(@,..)

Lu(meos(@,.)

i ()SI0(9,.,)

RO D
[oin |

(d) Bt A R

ig(n)

o ()]
w10 | T
i

[ sin |

(e) Clarke F1PARK Jz 2546t
Fl2  dgBhrZR T T DFTHY b+ 1 UGB IHE E
FI PR R 25 Az BT A CPU SR, mAG R 3 R
BRIE ER RN 1 TR
T1 WMLERER T DFT RN = L

abe AR FR dq AR FR
g H (30+6N) 20+N/3
HHRIEH 2 2
Teikiz 21 10
s 15 12
B E] /s 1.5 1.1




55124 Fem A LT R AL bR 2R R DFT SIS 5 A8 APF A . 1483 -

SR ABFSE R T SN 5 Kbz, 5 FHAE AL e
SIS RE TR 10 kHe, W% e & DTEESEM
FESUREN 1200, S dg Ak F T DFT MR KT R R IE B | A BFGCEF A 10 3 R
4 dg A TR AR BRI R 7 Matlab7. 1 /Simulink REL T L 23 T 0721
. PEE LT, dg KR T DFTUEAETFE O 013 B3 , 2L P o S e S

P, BEAS 5 S 22 R I S PR PR SR I TR AR IS 5, 6T T 5 E
Mean
| Hean
T | Tmag
Mean
x -DI (discrete) ["Rea] |
> e
o Imag
> sin » h+1_sin*s-h+1_cos*c

K3 ST dg AARZR DFT 5 U PRGN EUASE A

1 38 i, Vi DT R A3 A T 4 B 7 5 A8 B 3 e R 500
(100%—10% 7 48 ) B, AN [RVRS I 7 32 10 503 285 o 1 A5 2.
WA 5 K 6 o~ . Hodr, 3ETF abe AL bR &R DFT 8

e 107 8] A — AN B 0% 5 3T dg AR & DFT &
o) 17 B ) A 1/6 /2387 SR i |
2000 F .

/A
S

1000 |

500 ) . ) .
< o 01 012 014 016 018 02
t/s
ool FlS JET abe SERR DFT S KIBMRIEEDIY
600 . . . .
-2000 . . . !
002 004 0.06 0.08 0.1 400 |
t/s 200

(a) TUEHIBIE

Fundamental (50'Hz)-2 102 g 0 WWAWWWWWWNA
25 ~
= 20
g 400
= -600 . . . .
g 10 ' 01 012 014 016 018 02
§ 5 t/s
| | N K6 LT dg AEFZDFT S UGRIR I B4 I
0 | | ) 3§ 2
oo xR 0 ABFFEHE M T —Fh B T ) A5 e 4 A b 8 DFT SIS
(b) 2k HL A PRI 7, 64T T S0 M A BRI
B4 el £ 2 T WFIT L5 BB, LT dg Ak br 8 B8 i f L A 46
5 éi%iﬁ TSR FERGE HUAE abe AR 2R R IER T 5, Wi I 3 4
HAS AR T 643 , APt 5 B0 90% L 1, B R4

FEX = A TR DR AR P M S B, S, DT AR I T B T R IE R



1484 - HL )

2 29 %:

£ 2 3k (References ) :

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

TAKEDA M, IKEDA K, TOMINAGA Y. Harmonic current
compensation with active filter [C]// TEEE-IAS Annual
Meeting, 1987:808-815.

AKAGI H. New trends in active filters for power condition-
ing [J]. IEEE Transactions on Industry Applications,
1996,32(6):1312-1322.

AKAGI H, FUJITA H, WADA K. A shunt active filter
based on voltage detection for harmonic termination of a ra-
dial power distribution line[J]. IEEE Transactions on In-
dustry Applications, 1999,35(3):638-645.

AKAGI H. Control strategy and site selection of a shunt ac-
tive filter for damping of harmonic propagation in power dis-
tribution systems[J]. IEEE Transactions on Power Deliv-
ery,1997,12(1):354-363.

PRk EE , GRS /NG, 45 R i 70 A T P )
Peas BRI ] BT HOAR 4R ,2009,24(7) : 171-176.
MONTEIRO L F C,ENCARNA X E. A novel selective con-
trol algorithm for the shunt active filter [C]/IPEC 2010,
2010:2288-2293.

A B SR B AR RPRIRIER A R TR A
AOPIPA R AISE AL . M TR 412, 2006,21(9) : 51-56.
£ OWLsk B B A PTRPRE A TR AR
Az K FCPH R4 [0 ). 35 R Rl HARBL AR,
2004,44(1):130-133.

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

MATTAVELLIL P, TENTI P. High Performance Active Fil-
ters using Selective Harmonic Control[ C ]/ TEEE PES Sum-
mer Meeting 2000. Seattle: [s.n.],2000:977-982.
MATTAVELLI P, MARAFAO F P. Repetitive-based con-
trol for selective harmonic compensation in active power fil-
ters [J]. IEEE Transactions on Industrial Electronics,
2004,51(5):1018-1024.

BOJRUP M, KARLSSON P, ALAKULA M. A Multiple Ro-
tating Integrator Controller for Active Filters[ C]// EPE Con-
ference, 1999:1-9.

Honeywell Int. Inc.. Three—phase active filter utilizing rotat-
ing axis transformation: US,5526252[ P]. 1994-06-14.
ASIMINOAEI L, BLAABJERG F, HANSEN S. Detection is
key — Harmonic detection methods for active power filter
applications [ ] ]. Industry Applications Magazine, 2007,
13(4):22-33.

EIRZ A XA SF A R TC ) ) A kM
(M. BT AU Tll Rt , 2006.

RICE D E. A detailed analysis of six—pulse converter har-
monic currents[J]. IEEE Transactions on Industry Ap-
plications, 1994,30(2) : 294-304.

BE M AW BT FRT /Y R0k BRI BRI B ) ],
LB TR 241, 2002, 22(12) : 106-110.

Texas Instruments. Module user’s Guide C28x Foundation
Software C28x IQmath Library[M]. Texas Instruments,2009.

[ it -5k

(3% 1479 7))

S 3k (References) :

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

9]

AR, XE. TR R [T, A SR
45,2007,26(6):29-31.

WORE R TR E IS A S S R
7T (T, AR R4, 2008, 29(4) : 736-738.

25 M. BRESCE RGP TR A GRS 5 R
WFFELD ], B AL AEARIFIE A5 BRkAHAR 22 , 2010.
T W BT R A AR R R a8 R A BRI 5D ).
I AR PR E IR A S TR R ,2007.

ST N AR RN LR B RGN R G2 A [T ). HLE TR,
2008,25(8):108-110.

B B WGBS R R A I R B (D).
T AR R TR B, 2010.

B B WL E N TRl RS R 2 45 S
PR IM . dbse . BB Tl R, 2009.

B Bif, BEIRRING. 356 TR B A4 AR 1) TE 26 3l 8 11 15
] AR ST AR S, 2011,30(6) :82-83.

O, XIS, ZigBee TEAR S M . J6aT: AL as
FUR R4 fk L, 2007.

[10] dbat B /R PR AT BRZ2S F]. OVRS-WSN-TOT 45X [

BT RS A8 S A M. L5t Jb s BRI PR
AR L2011,

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

ik AT, R I, 5. LT ZigBee I UL BN 4
TR BT ] HLHE TR, 2008,25(8) - 18-21.
Trgtil, 2 i, — g ) S R A% R A A R
RORLHILT . Ll SRS, 2009,28(5) : 106-108.
BRAESE, B i, AR A S AR g LT ].
IURFA G LR, 2009(21) :96-101.
B K BT AMR RS B ARSI R SR ID]. R
J5 RSB TR A B 5 TR 2, 2011 : 13- 16.
HUI Hong-Zhong, BACKENS J,SONG Min. A High—Perfor-
mance Vehicle Detection Algorithm for Wireless Sensor
Parking Systems [C]// 2009 Fifth International Conference
on Mobile Ad-hoc and Sensor Networks. Fujian, China,
2009. Portugal : [s.n.],2009:327-333.
R 0] A R Y. R Tk [T, 2005, 10(3)
190-192.
YORK I, AL-KATIB M. Methods of traffic signal control
and signal timings at high speed sites[ C]// Tenth Interna-
tional conference on Road Transport Information and Con-
trol, London, 2000. Portugal : [s.n],2000:167-171.
B, BU K. ZigBee T MR HAR AT TSI LM, b
AU AU A TR A7 A, 2007.

[l 2% W]



