31 4 Vol.31 No.4
10 2003 4 15 RELAY Apr. 15, 2003
(ITSW)
12 1 1
(1 510640 ;2. , 510640)
Symmiet Daubechies Qoiflets Meyer
: TM3;017 DA :1003-4897 (2003) 04-0010-05
1
,  Meyer Daubechies
Fourier [7] B
, (8]
. Symmlet Daubechies , ,
Goiflets Meyer , , ,
2
, B , TSL(n=1)
[0,1) X (x):
’ 1, 0<x<1
Ti(x) = = 1
, 1(X) =X (0,9 (X 0. other (1)
’ [1] x=j-1,j Z",Ti(0) =x5-1p(x) n
3ms , 9ms
[2 5] X = X
Tn,i(x) = én—zl Tn-1,j(x) +
Matlab Xitn- X J/.{x»r - X]
in o2 L §gn o3
(utper ) [6] M Termlbd 2
, (2
| Xpen- X
Ta(%) :sn[ . ] Toa(X) (3
(3 Tn(x) n
™ n
(50077008)



: (ITSW) 11

TSI TS Harr , B
Z L ] n=2 ,w; Ws
1.8
1 751 0.5 . Ts2 Wy Wa W3 Wy Ws
0.5 d \ 0.0459 0.1149 0.1380 0. 1149 0.0459
(‘0 1 2 3 4 UU 1 2 3 ES _
n=3 ,w; Ws
1 1
Wi Wa W3 Wa Ws Weg w7 Wg
0.4 T$3 ¢35 T4 0.0096 0.0529 0.1580 0.1635 0.1635 0.1580 0.0529 0.0096
2N PN
- -, A -
0 /1 5 2 g u {l 5 - 1 n=4 JW1 Wi
1 TSI T A Wy W3 Wy Ws Wg Wy Wg Wy Wig Wi
i . X i 1 0.0018 0.0248 0.0747 0.1067 0.0899 0.1297 0.0899 0.1067 0.0747 0.0248 0.0018
Fg.1 Cadind trigoprometric Pline functions Tl T4
1 n Z",(6) (7) Wn(x)
[1%1 . B , n TSVn 2
, “ ” tl 1 4
=i/21;=1,i=0,1,2, ,t={t=i/2,i=1,2, , .
P ={ti=i,i=12, } s=t-T t=T | |2H’-f§’fs§f *\/./\C“/“‘
v (Hatr
s S t={t=1i/2,i=1,2, } Al L J .
S T={T;=i,i=12, } “ e Y e
i &g TSR
S CS S S u_ﬂj\/\/\gﬂi_ U_WLV
W ,S =5 OW S
te) § u e T
~ R 2 TSNV1L TSN4
Ti(x) = Ta(x- i) (4 . . o
Fg.2 Thefour kindsd trigonometric spline
St wavelets TOVL  TSW4
Ti(x) = T(yr2(x-i/2) (5
Tn(X) {0,1,2, ,n} 2 J LlJn(X) n
Temr2() (0,U2,1, .2 =13 ! . n=24
, Ta(x) (7)
3n-1 . _ ] ni l-IJn(X)
Wn(x) = 3 (- D wT (9 (6) Wa(x)
o 91
Fo(X) Ton () d ©) ° n
W = o X 2n- i\ X)AX
: IR " Wn(x) n Wa(x) =Wa(2n- x);
~ 1, 0<x<1 = - -1 -
n=1 L To(x) = Ti(x) = , " Wn(x) = - Wn(2n-1
0, others X) , ( n)
1, 0<x<1/2
Tr2(x) = , (7 w ( n)
0, others 21z
! 1
:J’ Ti(X) Twr2(x- 12)dx :J' ldx =3 ,w; = , , (2)
R 12
u2 1 (3
J.RTl(X) T(l)/z(X)dX _J-O 1dx = > , , L2[0,1]
TSW1 , ,
Wi(%) =wiTo(x) - WoTa(x) == Tya(x) - 0 .
2 3010l iz, [0,1]
1 1 V2, 0=sx<l2 , . { N
- = ). - .- (Dy2+n-1
2T(1)/2[X ZJ {_1/2] 1Y2<x<1 t'V =t n+1: =\ tk K=- n+1:

) ( ) TSN1 tj— n+1= tj- n+2= = tj =0(n 0);



12

t¥ =k2J k=1, ,2'-1; 8
4 i N, 2'>2n- 1,
wio-tl 2l-2n-2
Wi, k=0, ,2'-2n+1,spp¥; « S[0,1]
W jk(D) =W, (2t- k), (9
Wa(t) n
0 5
5 2'>2n-1 | z,
n-1 0 ,

n

1
Wi () = Z (T 1) TSR 00 (1) +
i= 1

2n- 2+2k
3 D T+ 1 200 TR (D)
(10)
[0,2n-1+K2 ], k=-n+1, ,-1
Wi oner-k(t) 1 =W (1- 1) 1
, 6
6 2'>2n- 1, 2!
wioH 1 (1)
Wi, k=0, ,2'-2n+1;(2 5 0
Wik, k=-n+1, ,-1
1 Wi, k=2"-2n+2, 2'-n
(ITSW)
3 t® =7{0,0,14,12,3/4,1,1}
2 Woo Wa
L|JZ,-1 lIJZ,Z

oo A\ d N
—0.5/ Vo -0. 5 \/ \/

0.25 0.5 0715 | 0.26 0.5 075 1
(a) (b)

i 1
/\ 05 A
0 =a y. 0 \},
o \/ o5 \

0.5

-1

0.75 1 0.26 0.5 078 1

0.28 3
(c) )

3 PYo,k=-1,0,1,2
Fg.3 2thorder T2y, «, k= - 1,0,1,2 0oninterva

3.1

(261 (1)
(2
Matlab
, ( ) ,
[8]
Zsfigs'n(wt +T/3)  (0<t<0.02)

f1(t) ={ 100sn(wt +Tt/4) +10 sn (2Awt) +
40 dn (3wt) +20 9n (5wt) +10 sn (7wt) +
100e” ' (0.02< t <0.04)

, Db4
Biord. 4 ,
25.6 kHz, 1024 4 6
4 6 )
, ,Db4
Biord. 4 ,

200 50
AN
B nw?\ s / 0 4}———'\1]
28181 - '\J’f A i‘/
" 0,02 o g T 04
(a) HREES ) REIPEEY
50 50
L OMM
* .02 o R T 504
t/s t/s
) RE ¢ pWARSK ) REES MERR

4 Db4
Fg.4 Faut sgnd and its WT codficients based on Db4



, (1ITSw) 13

200 100 3.3
= 0 ~ 0 Daubechies , Harr ,
g TN R VA 50 504 ( ),
(s) HEET () RE3 MERK
200 200+ ,
0 L———'P-ML"‘ 0 Li—w_-.] ,
R NS oue 0. 00 v 04
t's t's
(¢) REE 4 FM ) R 6 A RN N N
5 Bior4. 4 ' ’
Fig.5 Fault dgnd and its WT coefficients based on Bior4. 4 ’
200 :’\A f\\ mfrvl ,
| N \-\/,J oh-—— - 8
2005 T.0n 7o G W) 0. 04 1
o) MBS (b) RBE 3 MPRH , ,
1N 100
0 ’f\r "] ———'hl\/—— 2
1o 003 TR TN T 04 '
s t's o
e RELIBESE d) REES MEARN 0——‘{ e
6 51! 1000 2000
Fig.6 Faut sgnd and its WT codfidients (a) RIS
based on interval biorthogonal wavelet ;_«W’m b
3.2 > 1000 o0 %0 1000 7000
7(a) c , 5 (o) B HEELE N () HFHELFEE
100Q , 9.2A, ’ —‘mm\www of e
112V, 7 (b) 5 1000 e 0002000
t =500 7(c) . O MEH TR (o) NBTERE
7(a t=1 502 , ""WWWW ;
7 5 TO00 w0 1000 2000
@ ;70 . D FEFREGE @ FHRRE
, t =500 :)—-——WMWNMWW ; AN pror—ee
K 900 7000 4 360 =0
1|’U\JWVWLWWVWV\MA ! o O ARERFEENE ) mmEsERE
0 1] ST P 2
0 500 1000 0 500 To00 .
(a) BES . (b) RE 3 MRS % 000 000 -2 T =0
Oheetom e 0 " () AXHHENE ® KRS
) 500 T 560 1000 8
, @ RE4PHRE W) RESSRRR Fig.8 Theorigind faut sgnal and reconstructed charts
R AVAVAVATATATAYAVAVLY o A and error charts with ome kinds of methods.
K 300 52 0 500 )
Re ¥ ¥ FREY 1
5 5
() MABRE T () REESHS(e) MURR Tab.1 Maximum errorsof ome different methods
7

FHg.7 The Faut Sgnd and Detection d Suddery changeable Roint
with Generd Wavdet and Fnite Subset Brrorthogond wavel et

1.8918e 012 8.1690e-013 2.5846e-012 1.1317e012 2. 1432015




14

[4] Thullard M. Wavelesin Sft Computing[M]. World Scienr
tific publishing Go. Re. Ltd. Switzerland, 2001.
[5] AngisnL,et d. A Measurement Method Based on the
Wavelet Trandorm for Fower Quality Andyds. |EEE Trans.
on Rower Delivery, 1998, Vol. 13(4) : 990 998.
' [6] .
[J]. , 2001 Vol . 25

(5) :36 39,44
’ [7] : :
137 ,2000,Vol. 22 (4) :341
(1) 252,
: «c ) (8] : : :
(2 , [J1. , 2000 ,24(24) :30 33,
[9] Chu C K. An Introduction to Wavelets[M] Academic Press,
INC. 1992.
’ [10] , . ()Ml
( , : 1983
) [11] Schumaker L.L. Sline Functions:Basc Theory[M] , Wiley
Interscience , New York , 1981.
) [12] Madla S, Hwang W. Sngularity detection and processng

and process ng with wavelets [J]. |EEE Trans. on Irforma
tion Theory , 1992 ,38(2) :617 643.

2002-07-25; : 20021210

[1] Chaari O, Meunier M, Brouaye F. Wavdets: A new tool for

the resonat grounded power digribution sysems relaying[J]. (1965- ) ,

|EEE Transactions on Power Delivery , 1996, 11(3) :1301

1308. (1938-) ,
[2] : , : B-

[J]. ,1997. 21 (6) :

38 41.

[3] Brue A, Go H. Y. Applied Wavelet Andysis with SAus (1939-) ,

[M]. Soringer-Verlag New York, Inc. , New York , 1996.

Interval Trigonometric Spline Wavdets( ITSW) and its Applicationto
Boundary Problem of Fault Signals of Hectric Machine

HU Qo sheng'® ,REN Zhen' ,HUANG Wenrying' ,ZHU Fengfeng'
(1. Hectric Power Qollege, South China Universty of Techrology , Quangzhou 510640 , China;
2. Quangdong Ingtitute of Technicd Persond , Quangzhou 510640, Ching

Abgract :  In this paper , trigonrometric line waveletson the interva (ITSVs) are presented and gpplied to detect the fault Sgnasdf dectric
machine. The boundary problems have been lved perfectly usng ITSNs, which can not being solved usng some traditiondly fanous wave ets
- Smmies, Daubechies, Qoiflets, Meyer wavelets et d. and some usualy used methods - filling zero , symmetric extending, svoothing, pe

riodicdly extending methods. ITSNs are symmetric wavelets, the deconpresson and recongruction errors of fault sgnds o dectric machine
are less than filling zero , symmetric extending, svoothing, periodicaly extending methods.

Key words: trigorometric line wavelet on the intervd ;  wavelet trangorm; fault sgndsd dectric machine; boundary dfect



