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Parameter identification for concentrated modal based on modal quasi-wavelet

YE Qing-wei, ZHAO Ting-kai, ZHOU Yu, WANG Xiao-dong
(Information Science and Engineering College, Ningbo University, Ningho Zhejiang 315211, China)

Abstract: Modal parameters identification algorithm based on continuous wavelet transformation of the
Morlet wavelet is an important algorithm in fault diagnosis and multi-modal parameters identification area.
However, on the time-scale image of wavelet continuous transformation of the Morlet wavelet, there will
appear aliasing phenomenon between two modals while vibration modals are concentrated, and it is hard to
separate these concentrated modals. A new wavelet function called modal quasi-wavelet is proposed in this
paper. The continuous transformation of modal quasi-wavelet can split two concentrated modals effectively.
And the new algorithm of modal parameters identification is put forward. Numerous experiments of the new
algorithm indicate that the modal quasi-wavelet shows better performance than Morlet wavelet. The proposed
method provides a new approach for concentrated modal parameters identification.

Key words: modal quasi-wavelet; modal parameter identification; concentrated modals

I B WU B AR 2 25 SIS R U S5 48 2 A i rh A J BB R 22—, X R BUSE ) 22 A R 7 B B BAE AT, iz
TETRFE WA . Br 32 | B0IE 55 25 A 5 AT AR 5 35 U0 AH DG I R B B 45 5 sl S0 00 22 ks D v o A3 O3 il B 2 800 i1
SR AR ZOH S, TERSIN TR ARSI MEN, @l RE S MBS S BRI B RE 3
LB AR5 2 BOR 0 5 T BEARAS 45 M 19 2 & RSN IR Sh B R S bE A5 M A Y L IR, B — R
ELAG R I [ A AR RS L AR S IR B AR B S8 S5 M BLS S 4000T DL R Be 25 b iy g RIR 00, A SR 454 kAR
Wiy, San RSB SE AR, R IHE o PR 5 45 1 i 528 2 H0n] LUSROIN #1192 Wt 28 46 (0 45 A fd FREAR 0 . 3 UL
ARk, B S BRI HOR T 78 B AR R AE AR B T ROR I AR, L T A E IR B IR A R H 2
8 B TR s R T A B el A A b Sk R AT RO IS B A B R B AT RO RO TR o A R R
ZE TR

N SRR R — IR 5 BB BT O i, B 224 BER A BT R L T LR B RS LA R AR AR 5 R AR R AR
FIRE 11 NI AR il 5 A I8 AR BT LR RAL R s U A A B O, AR RS B T 1, R
TG A D AR AR ST 5 MO RRE o T /N8 4 B AS Z B0 U7 B2 M BT AR AS S BOR M H R BF R i iz —, [
A SRV K B P SCRR[13-14,20-221#8 48 T 3% T/ AR e LS S BGR AN ik, BUS T RAFMECR . H)E,
X TR T S BOR S, A S A R R DTk, A Morlet /N U5 AR 48 3k D 43 B9 8 RS, {45 DA B i)
Wi BEHEA: 2010-07-06; fEEIHHEA: 2010-10-12
E2TR: #TEEEI TSR H(Y200908502); [EFR HRFIFARAEYEBIHH (61071198)




196 s B 5E B FIRK 59 %

RO P R AR R B A B P A IR 22 ARG, ORS00 . B P RACERLE S B S ORI A = .

ARSCRR T — T TR o 0 N D R RS /N B R R, IR T — R R TR o 3 2R Ty
LA MBS S BOR A 2
1 H/NERRE R BESSHIRA

— JBOR PEBELJE 7 B R Pl 4 3h R eR B0 R

X(t):iake_jktcos(a)ktﬂbk) 1
k=1
M (D) SRS T WS R A, 4 M — ol 0 /N R B — S i, HERGR U
V/(t) —e"a ‘t‘eJ'Wbt (2)

A w MIEFEG w, /N TR
A1 30 B) AIERHIZ w () & —AFJ7 il B ek %, BRA A BRAYAE R

+00 2 Wa o
[ ofd= s < 3)
T /AN D PR RC G 8 R 3y
n _ +o —W, M Wpt —jot _ 2Wa
'//(a))—'f_w e “le’™e d'[——waz W — ) (4)
mﬁm%:¢@=Wﬂmﬁmoﬁ®ﬁwm%&ﬁ%$¢ﬁ,ﬁ%ﬁﬁ&$ﬁﬁﬁﬁ%#:
Y o)
O<CW:I—dea)<OO (5)
()

i w0, — 400, ARHRIF C, — oo, BICIZARE 25 /NI BRI (0) AN T8 /N D SR VPR AR

|

DAL S o /N i S AR e AN AR AR A He . HREFH T5 5 AORRIE SR B, WG T E S R AR . MR &7 D A Ak
B, AR S TR e/ N I 3% 2 B ok BEAT IR S5 5 MBS S RN, M ZBE S BOR B E L .

P AL 285 9 /N D 1 4 L AR 4 S B B *ﬁ?&‘/ﬁd\?&@ﬁ%ﬁmﬁﬁﬁﬁ&*%ﬁa=W%)5¢HM%, H ok
SIHTAE T x(t) B EA A . TERCR BRSO 155 x(t) AR 5% R BE TR B8 7N I8 R B8 f0 R M SR AR BL L e P A2
/NI AR H R A W, (2, b) BT B K 1R

AR PR JE S H R RGN E R AR Bl e

X(t) = Aje ™" cos (w4t + ) (6)
P ACHRIGIRIE s g WRIRHIG; o, W BMBEAIRS,; o, =0 1-¢° HHBEAIME; ¢ BB,
55 x() W55 R
2(t) = x(t) + JH[X(1)] = Ae e ) ()
X HIXO]AES x(t) B9 Hilbert 288, M R A= o, .

BBEE S x@) BT RIFE R 0~T , R T B itk , 4 . t, =kAt ,k=0,1,--.\N ,b=nAt, T=NAt , H At< 1, AT >1,

W A2 A5 5 z(t) b L 14 /NI B 4 ml DL R R h

t=b . t-b

_ _LgT : A T it et e T

W, (a.b) = (x().iy,, (1)) =3 [, 2Owa (bt o [ et e "ae  adt=
n -1 N —ab —Ab+jAwb —Ab+jAwb (8)
A —Aab+j(Apb+dy) UKAL | Aab+j(Zpb+dy) VKAt | _ A i(Apb+d) | € —¢ ©
—=At| e Z e +e z e =—=¢€ - + -
2\/5 k=0 k=n, 2x/5 A=A, —jAow A+, —jAw
. w, w, . .
A, ﬂaz?; %:;; U=-A+L+jAw; V=—A-L+jAw; Av=w,-1 -

MAEE K a~a,=w, /o BT R ESEZHRYR, WA Ao=0, -4, -0, IF Hiktw, <1, B2 4, <1, L, < 1,



PR HERIZE . ETEESENENZIMESSEIRA 197

_ A abritabe) AT JA@ N
Ww(a,b) 2\/56 A (a=ay, w, <1 9)

M Ao =mg — A = OB IO AR, Fir LA AT AR 55 ik 18] — ROBE P B ARS8 A B 28 500, e K AE a, = w, / oy
VN O

1 _ib iabe
Ww(ao,b)=%Ze ab o (b o) :>Arg|:W.,,(aoab):|=ﬂbb+¢0 =awyb+ ¢, (10)

ﬁEP:la:%;%: =y - N(10)FR W] ay AT LLAE /NP e ROE PR R AL @~ a i 368 17 9 AR 67 il 2k 2R AT B4l &

ZHLRIRE R o o Bl IR B BT 59 BB A AR AE
THEPERLE REBAR PN . e w, <1, i Z10) AT LSRR AT BHJE A3, DT 3R AT X N6 &, o AR 1R E

%:zﬁ»l, A A, fRARE®). Ha=a,. #

W, (2,b)] =2 [ e | B (4 A e o) (11)
T 0 Jag | A=A AtAy| C .
A Ao
=—2— WIMEREKXH:
Ja, (A2 -2%)
d
ln|Wu,(a0,b)|=—/1b+1n(ﬁaB):>—(—ln|Ww(a0,b)|)=ﬂ (12)

Iﬁtfaiﬂﬁfﬂg&aﬁﬂﬂ=a—>>1E1’Ja<{fF? a2 = / U B T YRS AR R

2 BERESHIANRE

BT /N AR LM BT, ER B AP BB AT R AT U R B Z A M E RS BIEZ A RER
GZTF—1THAMAEEMNA Fhﬁ%zyﬁﬂr]r“{m;.
x(t) = i Ae 5 cos (wyt + ) (13)

s ALG, oy, 04 B G 30 R | MRS R IR IR . BHJE % . JCREJE A7 A5% | BELJE [ A 450 % #1400 4 A
B, Hoi R oy =o1-¢7 -

zﬁﬁ*%f/ﬁdwﬁ’Zéﬁthﬁ(lz)xtr“éﬁsz%*ﬁ ﬁ‘/ﬁ/l\%}x”ﬁ%ﬁwéﬁ%iﬂd\%ﬁ%%&W,,(ak,b)(k=1,2,-~-,N SN Ky
ANUE Y R RO ), el /NI A 14 2 P AT

—Aakb
(]
W, (a,.b) = A ivubra) : n :
© ;2\/% A=A —iAo, A+l — iAo,

(14

e—iib+jA(ukb e—iib+jA(q<b j

ﬁqj: ﬂak:%; Abk:%;Awk:wdi_ﬂbko ﬁ/l\ftﬁ%ﬂglzkﬂ.Aa),:a)m_ﬂb,:Oﬁy &Eﬁ:%ai:%ﬁv |‘//(aiwdi)|i
k di

k

B KA, /PR BB AR MR, AN ay X N7 AR ARE 2t gl 2 | B A A /N A b BT B R, A AR
AW TTERAR /N, AT LA o DRI T A5 4 A 0 B RS (1 =1,2,--, MO) TR R 18 /N R B80H

by= A ik bm)(eﬂﬂib —e Abiab g AbriAab J bl ) ( )
W (a,b)= el - + - = e aitelti , (w, =1 (15)
o 2\/ i AR R R YRR NS I NCRY )

A Fa=t Yo =2y Ay =g — Ay o 2 Awy = g — Ay =0 BB L I LA T LR 43 i il R BE IR 6 B A KA1
aﬁﬁ%ﬁ?&%iﬁﬁ, #Hwaﬁ_ﬁdx, UL R B i, HB R . w5 TR B ERASHELR AL, w, i
N, BESHRRS . HILTES IS N T BB B AR /NG w, R 4 B RS LA SRS A A RS X N I R S 8UME
50 (10)28 0L, MG RBE B TR A | AR R A B KB ey, B AR AR g HF S BLE IR
W, (a;.b) = AL bt Arg[W, (a,.b) | = Z;b + 4 (16)

2Ja; 2




198 FES5HBFIE 559 %
FH, RET oMo, 25, BYa=aHw>1, fRAK1S), 15
A |e"“ﬂ“b—e"%’b g b | A | b b
b= — (4. Aibd _ 04 oAbl —
|\Ny/(a|a )| 2\/aT| ﬂﬁ —/Iai +/1i +/1ai| 2\/3,7'(/1; _/,112)|\ ai +ﬂi)e 2i€ | (17)
AaBie 0, (W, > 1,4, > A = e < e i)
_ A A g
B._— N rll D () j: :
Al B = WA R
In|W, (a;,b)| = ~4b+In (1,8, (18)
FEAN A I PR 25 FEAT B 2R P 75 300 A A% 30 B0 Sy o 7 A S ) O R B, AR R & = A AL R
X N7 1 B JE 2R B00MH -
3 SBERESERINFEXRE X
T B UE AR S TS /N I oK B 2 A S B0 O B A A 2
P, XA A R ERERE RGO B LK, RGN A R ek %L I
LU go e
X(t) = Ae " cos (@, t + ) + Ae 22 cos (gt + ) (19) N
RE SRR A=15,A=12, f, =20Hz , o, =2xf, =125.663 7 rad/s , S
f,, =15Hz , wy, = 2nf,, =93.8213 rad/s, £, =0.01,£,=0.015,4, =02, ¢4, =03,
W, =125.67 tad/s , o, =94.258 4rad/s , FHorp £, %R A9 ERIZS . £, % N

t/s
8k Vi A ol 3 ) ~ 3 A~ i A
BEAG R YRS . B A HE A 0 5~5 s, HIEE 1024 A5 R A i1 Time-domain cume of free response

0 N LD AT S I R P 1 i I £

X TSN R, w N AR RS, w, BB R A B AR O, IR T ) B AU
B, W EABKRKBRSPER, SR ERARN w5 735, w, B — T TR 1 I ) - ROEE B AL R i 7 #)
B85 53— 07 TR E B — A BB HA AL, — 8w, (EBOR, BN RA(E LA, A T e ns. i
LR /N pR U 2 RO w, = 0.001, w, =20 .

SCHR[13]R i 7 — P ek (9 52 Morlet /N ek &L, U T8 RS BEASCR , 2 UINT .

w(t)=eNeint (20)

AR S H R R S o /N T S A R AR AS Ay B MR BE S5 Rt Morlet /NI R /NI AR B 05 Bk HEAT X . Morlet /N
I 2 BSCHR[13], N =17, @, =5 5 BEAHE/INE pR BT 280 EASA w, =0.001, w, =20 o[RS A il x(t) k%% A
BT WES, KRS f, & 17.5 Hz, BTSRRI R 2.5 Hz, 28 H 2 #5165 5 xt) 47
/N AR, I AE JC MR A — i M S A IS 0T AT I L L T 2 4 B4 T e G R RN A{E R L SR 20 dB
MRS IS SR, B ME/N IR AR e 5 Morlet /NI AR B AR S 20 B RO X LE .

0.02
0.03

0.02
0.03
0.04 0.15

0.15

0.04

20.05 § 0.20 isfo.os go.zo

Q 2 2 @

20.06 025 0.06 025

o 030 07

! ' 035

X 0.09

0.09 0 1 2 3 4 5 0o 1 2 3 4 5 1 2 3 4 5

t/s t/s s

(d) time-scale image for modal wavelet
under Gaussian noise

(a) time-scale image for Morlet wavelet
under noiseless condition

(b) time-scale image for modal wavelet
under noiseless condition

(c) time-scale image for Morlet
wavelet under Gaussian noise
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