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Noise Suppression Method for Improvement of Power
Quality Using Wavelet Trand orms

Chen Wenjie, Yang Xu, Wang Zhao' an
(School of Electrica Engineering, Xi’' an Jiaotong University , Xi' an 710049, China)

Abgract: To reduce the high frequency switching noise generated by power electronics equip-
ment , a novel noise suppresson method using wavelet trangorms and auto-correlation functionis
proposed. The switching noiseis extracted by wavelet multiresoluson analys's, the enough fear
tures of sgnal infrequency and time domains are obtained by us ng arguments and magnitudes of
complex wavelet trandorm as well as main frequency eval uation of auto-correlationfunction, thus
the multi-level process and multi-level description method for disturbance identification is estab-
lished. The smulation results show that the proposed method can not only overcome the defect of
classcal noise cancellation method that may has the spectrum leakage and fence effect , but also
improve the precison of noise measurement , and the maximum absolute error is no more than
2 %, meanwhile, the average noise attenuation is larger than 20 dB. This new method provides
another concept for the active cancellation of high frequency switching noise.

Keywords: active filter ; wavelet trandorm; electromagnetic interference

[8,9] [1,7]
[1] / [9,10] .
(AEF). ,AEF AEF®M
[2-5] [1,57] ) , A EF

: 2005-09-29. : (1974 ),
(50237030) .

, . ( )



460

40

50 Hz
(EMI)
EMI ,
EMI AEF
1
EMI

9 kHz 30 MHz ,
50 kHz 1MHz ,

EMI ,
EMI IGBT MOSFET
EMI :
(1)
(2)
EMI :
() ,
: EMI
, AEF

EMI

2.1
, fFr
L*(R ] f () (

) Was () :jw[‘;ﬂ

+

Wi (1 () ;) :I_:f(tw;b(odt &)

1a b . a,
] bl
Wy to . AW, Y.
b+ at,, AW, (1)
f (v

t, = [b+ ato - AW, b+ a, + &dW] (2

), W,
(o= |2 Aad D, 2p ) (3)
a a a a

W,/ a w 0 -

€0 -

[b+ aty, - W b+ at, + ddAW]-

[%- -lAq\J%+-lA4\J] (4)
a a "a a

- Hei senberg ,

AYAP Wb @)

W, a W,
(5

2.2 AEF
EMI

, AEF 1
500 W 100 kHz
100 M Hz Tektronicx



4 461
3012 . Matlabs 5 (1) ,
i (2) ,
Ni(i=1,2, ,n,
[ wmmm awee | _
' y
| mEzrwwnssirEsnen | (3) ,
i .
N 53 17, 76 5 75 R 7
{1 08 3 L HRL A (4) ,
[}
| SR MR 7 10 3 5% i LA 5 3 |
]
N R 1S | :
| wEMGESENETRNE SRR AN | ' ’
%R
3
1 AEF
’ 1 M Hz
’ 2
' 3a , 3b 3c
x(n)
m 50 k Hz
r«(m = E{x (n)x(n+ m} (6) 20
N, r (M) 728['//*\//
0.05
1 " —0'8(5)L" "
t(m =73 5 xu () xy(n+m) (7) 8:83-[ ,
-0.05L T M s -
x(n) N ’ Z 005 ‘
m, N-1-|m < 0,08 @ ML MU I et Ss e a
0 N-1 x (1) = x (). L Bt rpepesspessbetepebrbos rporepeiegiberr
02¢ ‘
N-1-|m -0.2Lt
- 0.5
r(m) = —J—N oy rz Xy (M) xy (n+ m) (8) _8.2WH+M++HH+H+%+M+*H*HH++HHH+

70 1000 2000 3000 4000 5000 6000 7000 8000
RAF A



462

(a)
0.4
>
£0.0
<
-04 : : :
0.31 0.34 0.37 0.40
t/ms
(b)
AN R BUN D LK
Wi £ i Aw;‘-
4
N
jas)
&
t/ms
(©
3
4
5
2 %.
6 )
, , [1]
0. 11 ms , )
0. 11 ms ,
’ 1 [2]
20 dB
04r
>
£ 0.0 [3]
<
-0.4 . . . . . ,
0.0 0.1 0.2 0.3 0.5 0.6 0.7
t/ms
4
J © 1994-200 na Acade urnal Electronic Publish ouse.

5

04r
>
£ 0.0
~

-04 L L L L 1 L )

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
t/ms
6

(1)

AEF
(2

AEF

(3 AEF
(4 ,

La WhiteL , Schlecht M F. Design of active ripple fil-
tersfor power circuitsoperating in the 1-10 M Hz range
[J]. IEEE Transactions on Power Electronics, 1988,
3(4) : 310-317.

Chow A C, Perreault DJ. Active EMI filtersfor auto-
motive motor drives [A]. |EEE Power Electronicsin
Transportation, Detroit , USA , 2002.
Cantillon-Murphy P, Neugebauer T C, Brasca C ,et al.
An active ripple filtering technique for improving
commonmode inductor performance [J]. |EEE Power
Blectronics L etters, 2004, 2(2) : 4550.

( 467 )

1l rights reserved. http://www.cnki.ne



467

IPPSO

2.3r

(2]

[3]

, . Tabu
[J3]. , 2002 ,26(10) : 15-18.
Yoshida H, Kawata K ,Fukuyama Y, et al. A particle
swarm optimization for reactive power and voltage
control considering voltage security assessment [J].
IEEE Trans on Power System, 2000, 15(4) : 1232-
1239.

[7]

(8]

Farkas T, Schlecht M F. Viability of active EMI fil-
tersfor utility applications [J]. |EEE Transactions on
Power Hectronics, 1994, 9(3) : 328-337.

Zhu Mingjuan, Perreault D J, Caliskan V , et a. De

[4] , , , PSO
[J1. , 2004, 24
1'50 4I0 8‘0 12.0 16I0 20‘0 (7) - 81-84.
AR [5] KennedyJ, Eberhart R. Particle swarm optimization
3 |EEE30 [A]. The IEEE International Conference on Power
System, Perth, Australia, 1995.
5 [6] . [3]. (
) ,2004 ,43(5) : 923-925.
[7] Shi Y H, Eberhart R C. Fuzzy adaptive particle
’ swarm optimization [A]. The Congress on Evolution-
ary Computation, Seoul , Korea, 2001.
IEEE 6 IEEE 30 , (8] ' ’ .
: [J1. , 2003 ,31(3) : 20-25.
[9] Lee K Y, Park Y M, OrtisJ L. A united approach to
, , optimal real and reactive power dispatch [J]. IEEE
; Transon PAS, 1985,104(5) : 1147-1153.
[10] JLaLlL,
’ [J]. , 1995 ,15(5) :
347-353.
. . . . [11] ; : :
[1] Zhang Haibo, Zhang Lizi, Meng Fanling. Reactive
. . . [J]. ,2004,24.(9) :
power optimization based on genetic agorithm [J]. 124-126,
IEEE Trans on Power System, 1998 ,2 (18) : 1448-
1453. ( )
( 462 ) sign and evaluation of an active ripple filter with Ro-
[4] Ogasawara S, Ayano H, Akagi H. An active circuit gowski-coil current sensing [A]. 30th Annual IEEE
for cancellation of common-mode voltage generated by Power Hectronics Secialists Conference, Charleston,
a PWM inverter [J]. |IEEE Transactions on Power E USA, 1999.
lectronics, 1998, 13(5) : 835-841. [9] Chow A C, Perreault D J. Desgn and evaluation of a
[6] Poon N K, LiuJ CP, Tse C K, et a. Techniquesfor hybrid passive/ active ripplefilter with voltage injection
input ripple current cancellation: classfication and im- [J]. IEEE Transactions on Aerospace and Hectronic
plementation [J]. IEEE Transactions on Power Elec Systems, 2003, 39(2) : 471-480.
tronics, 2000, 15(6) : 1144-1152. [10] Hamill D C. An dficient active ripple filter for use in
[6] Takahashi I, Ogata A, Kanazawa H, € a. Active DCDC conversion [J]. |IEEE Transactions on Aero-
EM | filter for switching noise of high frequency invert- space and Hlectronic Systems, 1996, 32 (3) : 1077-
ers[A]. The Power Converson Conference, Nagao- 1084.
ka Japan, 1997. [11] Son Y C, Sul S K. A new active commorr mode EMI

filter for PWM inverter [J]. IEEE Transactions on
Power Hectronics, 2003, 18(6) : 1309-1314.

( )



