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Second Generation Wavelet Trandorm and Its
Application to Mechanical Monitoring

Duan Chendong, He Zhengjia
(School of Mechanica Engineering, Xi'an Jiaotong Universty , Xi'an 710049 , China)

Abgtract: In order to fix the problem of salecting optimum wavelet bads,the second generation wavelet trans
form (SGWT) is employed to construct wavelet for extracting the fault information of mechanical equipment
from vibration dgnd. SGWT is different from the clasica wavelet trandorm:not relying on Fourier trandorm
(FT) ,doing al calculation on time-domain , and constructing specia property wavelet by designing predictor and
updater. A desgn method of predictor and updater is described for mechanica equipment monitoring and fault
diagnoss. Coefficients of predicting and updating are gained by slving linear equation sets, and then agorithm
based on interpolating subdivison method isfound by usng these coefficients. The fault information of shafting
misalingnment is efficiently extracted by applying the dgorithm in a refinery.

Keywords: second generation wavelet transform ( SGWT) ; predictor ; updater ; fault diagncsis

(21

2 , (P
1 ( U) ’ 2
, [1] , 2
2
: 2002-11-14. : (2966 ), : ( ),
(2001AA413330) ;
(2001BA2041305) .

© 1995-2004 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



696 37
1 2 2 P U
2 1995 Wim Sweldens (9 (10) , P U
[3]
Fourier , , P Neville
’ P
: U 2l
) P U , (7)
(10)
X={x.,k 2Z, xx R (1)
(5) , P
Xe = { xok . k 2} (2) d :
Xo = { Xok+s1, kK Z} (3) J P N-1 \
Xe Xo 1 |
Xo = P(Xe) (4) N=4 . 4 Xe
XO Xo XO' n=1 ’ (5)
d={dc. k 2}, d(1) = xo(1) - [p1xe(0) + p2xe(1) +
e 2 33 =
d= Xo- Xo = Xo- P(Xd (5) Paxe(2) + paxe(3)]
b [ Xe(0) %X0(0) Xe(1) Xo(1) xXe(2) Xo(2) xe(3)]
, X [_ pl!ov_ pZ,l,' p3101' p4]T:
e
[Xe(o) , X0(0) |, Xe(1) , X0(1) , Xe(2) , X0(2) , xe(3) 19
u, s={s,k Z}, (11)
s = X. + U(d) (6) Y| 'g:[_ plyoy_ p2111_ P3,
01' p4]T- N Xe Xo ,
g=1lg. .onl'
’ . ) - ) ) T
(5) (6) P U [_ pl’o’ ’0’ - p|’11 pl+1101 , pN_l,O, pN]
i = N/2 (12)
[4]
2
N Vg=20 (13)
(N,—2DD ) V=V[in,ml=n". 0°=1,n=- (N
N_(I?I_—Z’Q o ) . -1, ,(N-1);m=0, ,(N-1). (13) ,
B , ( p=1[p1, P2, :pN-lypN]T
y 12 vV 'p=1[1,0, ,0]" (14)
V' NXN (14) P
Sk = Sj+1,k (7) N=N )
dim = S+1.m (8) 12]
dj,m = dj,m' Z pj,k,msj,k (9) u:[pllzlpzlzv 1pN—l/2,pN/2]T: [ul!u2! ,Lﬂ]
A N<N (15)
S.k = §.k* Z Uik, mdj, m (10) Mg = N-1,No= N+ N-2
m= +1
‘S dim i WBu = [1,0, ,0]" (15)
y P kmy Uik, m j u=[u,uz, ,u,T]T.W B
i=0,1, ,2N-1:q(i) =0, q(N)=1

© 1995-2004 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



7 2 697
i=0,1, ,N:q(2i-1) =p(i) 1.0 1.0r
Lg q ; 0.5 0.5+
o o . . ™ o
i=0,1, ,N,j=2i-1,2i, ,2i-1+Lg(g - 1: %05 % o
B(j,i) =q(]
(JK i z(qrilj)- 1) +Lg(g;j=0,1 N -1 e T3
g(a);j A o (5] FEFY o (PR
k =- Ng, - Ng+1, ,- No+ K- 1:
W(j +1,k+ No+1) = K (a (b)
1 2
4, N=N=4 3
P PL Pa - 0.062 5,0.562 5,
0.562 5, - 0.062 5, u;  ug - 0.031 25, ’
0.281 25,0.281 25, - 0.031 25. '
{(x,i Z, .
: (15) (18) ,
Xo (i) = x(2i +1) (16)
xe(i) = x(2i) (17) y(t) = 9n(@m x10xt) +N(t), t =0 0.256s
d(i) = xo(i) - (pixe(i - 1) + paxe(i) + n () ( N (0,
paxe(i + 1) + paxali +2) (18) 0.2). 21.626 3 dB,
(16) (19 , 1 4
s(i) = xe(i) + (urd(i - 2) + u2d(i - 1) + 25.860 5 dB, 27.893 7
usd(i) + usd(i +1)) (19) dB,30. 442 3 dB. ,
(16) (19) s(i) d(i) ,
x (i) ,

d(i) = xo(i) -
[ Xe(i- 1) Xe(i) Xe(i +1) xe(i +2)]

7

T .
[ P1. P2, P3, Pa] = kzgkx(2| -2+ k-1

(20)

13

s(i) = kthx(Zi -6+ k-1 (21)

s hyg ; Ok

g=1[91, 92, 93, Ga, U5, Gs, O7] =

[- P, 0, - p2,1,- ps, 0, - p4]

h =1[hy,ha, hs, hs, hs, hg, h7, hg,

ho, hio, hi1, hiz, hiz]

thi= - prui; h2=0; hg3= - paus- pruz; hg
=U;;hs=- pruz- pauz- paus; hg= uz; hy=1-
P1Us- PaU3 - P3Uz - PpauUs; hg = usz; hg = - paus
- P3U3z- Pauz; hip= Us; h11 = - paus - psguz; he

=0;hi3="- paus. g h N=N=4

, 1

12 , 12 ;
5 10
, 5 745 r/ min, 2 kHz,
512, : 1
y 2. (16) (19)
) 12 3
2 ;
500 1000 Hz 250 500 Hz ( 3b) .
(500 1 000 Hz)
, t=0.256s 24.5 ,
10. 45 ms, 95. 70 Hz,
95.75 Hz. , )
1 :
. 250 500
Hz , 3 4
5 , , 4
0 250 Hz ,
2 : 3 2
1 (
2 ) ,

© 1995-2004 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



698 37
2
19
&
m 0
¥ 10
_20 L i 1 L 1
.00 0.05 0.10 0.15 0.20 0.25
t/s
2 1
' 4
2 Fourier ,
4 , ,
20 )
0 ’
g, : : 2
—20
g 2
=
0 L ’
- 20| . . \ , . '
0.00 0.05 0.10 0.15 0.20 0.25 ,
' t/s
@
2
[1] , : :
0 [M]. : ,2001.
\5@% 30 38.
ﬁ 0 [2] Swedens W ,Peter Schroder. Building your own waveets
at home [DB/OL]. http: cm. bel-labs. com/ who/ wim/
_0?00 0.05  0.10 0.'15 020 0.25 papers. html/ athome ,1998-01-05.
/s [3] Swedens W. The lifting scheme:a construction of second
generation waveets[J]. SIAM J Math And , 1996, 29
) (2) ;511 546.
3 5 [4] Caypoole RL ,JrBaraniuk R G. Hexible wavelet trans
forms usng lifting[ DB/ OL ]. http:  www. sg. org/
10 meetings past/ seg1998/ techprog/ 18/ pgpr1375. pdf
1998-09-18.
5'5 [5] daypoole R L, Baraniuk R G, Nowak R D. Adative
1 ] waveet trandorms via lifting [DB/OL ]. http:  www.

0 100 200 300 400 500 600 700 BOO
R

4 1 y

dg. rice. edu/ publications pub/ dayp- SPT Trans99. ps.
oz ,2002-09-23.

© 1995-2004 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



