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ABSTRACT

The purpose of the work is to present successful appleations of a moedified wavelet shrinkage method for

the accurate and fast estimation of a transfer [unction. Although the experimental process of determining a

transfer himclion intreduces not only Gaussian but zlse non-Gaussian neises, mosl exstng esltimation

methords are based only on a Gaussian noise model,

To overcome thig hmilalion, we propose to employ 2

medified wavelet shnnkage method in which L'-based median filtenng and L% -based wavelet shrinkage

are applied repeatedly. The underlving theory behind this approach is briefly explaned and the supencr
performance of this modified wavelet shrinkage techimque 15 demonstrated by a numencal example.

1. M

I

[

$8 Asdd AQUSE 2AHE AL o

AE A mﬂow“’ sl 1:4

r

1

[=3
af o
l_.'_cll‘.
_1
2
2
oL
de o
=
£
__[
R
=
s
rﬁ
£
‘\J
]-N'
o r>“
il
ol
ol

TR )

= e HJ"?‘:}% 713}%% :-:?E} 1"; AggpTt
otz Aelth 2z AlAFe] B

(non-Gaussian) F&5 ZTEEE 49, o gL

ol & 0 dle rfr

TR, Mgty FAd T JA ST
oAg ety ek o)A A g )
Bk gLl ety Z) ek Aol A & st

=il B0 dolEde g FHshs a9 we
2H AT onlz] Hz), FA Bk ol de o4z
givH, T8 off Eof T2 shrl Lol s 95
B A5 At Danchosh Johnslones] s o
ol g2l &4 71 (wavelet shrinkage}?] ¢824 ZAE 4
A7 A ELE & A5 fgelial AS5E 2 585
© FE PR FEE AR F7E 7EEA ZE g
9 ATl 23 TEA REISUE ARG gt webA
7R g FEHAMstandard deviation) 2 H7HEle]
Fgel o -‘?-HOT%‘%‘I ALE AATeEH H 2NFS
AG 4 gohe Aotk JEy) o WL o] 1A
ot BXE mEre /]Zo shefl A A Glr] e, A
2 EaA 2dmE o4 (outlier) B 23H H2L
= A58 Aalels AgEkA gtk oA T Brkes
FEol Aod FmexlA EEST 92 ASY), 4wy
ol dlolgal F& 7193 Yils oo AAE Aud =
i %i"?}'.

AnAgESFEERA 104 AS5E, 200047769



as LY == " A%

e SINES TSt bR #Ee) 44 FdsE
= 4 AEE 4F glel AR R 2P

Qo $97h daA Hi ddweE B vk
2 eg TR ) R 1B Qelz] gytTe
25 % FAYA we £ 2RAde $49 slolgd
a4 1Ne AgYrY FAC A2 AEs] 1y
Adgrte] g HaAgel OF 24 dgel lated
FHE felEd & ¥ weETE urh FFE
FAY PO oy, FH e JF A% AN 2
A DEAE S el AN

3 2

Ay 2 A2l AlAE F3 Exdie Fig 1
2 22 Algg = qld Fg 1A, O3 2 #
& AT k() y(HE oot sk
()= wltY+m(i)
(1)
y(#Y= v+ a()=r{Dru(t)+a(t)
A71A m(4), w()E 4 AFEE N0, &9

N, G)E mEE s FEOT, (
AR dEEe o] W, & dgys

R(D2] 2] WEoR o) o] A,

H{w)= fﬁmh(f)eﬂ‘"'df (2)
He BEAE (1), y(IERE F AERSR
Hiw)E F4se Aoty #F JEgL ~dFed 2%
e 74 225 Fo]7) 9 Ay §rE 23l S
A AYdr Fle)Z 7454 fe=d. o] 248 3129
TE B Fad dEte] d32Eg
Hao)=Hlo)+Zo) (3]

A, ul(8), o(D (), n(t) TS W5E Auwol
AT ADAE Z(e)E A2ET A 0A 59 9
B 9a9800y T 5 2o Z(w)F EIL

=
Aderdt 3 Adwre 249

ol

|

p

Zﬁ
el 9 Vw7t 99

HEEE B olRE A

o -

o
=
g
i

re

F oy
ox
ol
rir
in

ol
iy
~,

~

T0/8 =488 ESEER/A 1W0A AsE, 2000

1

9k Tefut 220

()
u(t [W—%—w(t)

m(t) ——K%

xzt)

Fig.1 A noisy model used In system wdentification

-,

fir

e

deHee 7o) 7HEARL 8

Iy 1y

g 7

B2 M

o

5

i)

rLL‘

el

4 o
Jo £ j J\lg Jo g2

A
-‘i
o

3.1 floj=2t H24 71

dlelzdl Hae 45 mashe AaAd Wyees
LHR) 370 299 3 ¢ol odl paEe v
Te] oex B, FE FUe Aol Aoigd o
S gl Sel THFTLY AAYLY D5l Hol2y P4
T 2-2AY e s ohge) 3748 BT

$(27 N =VE D hb (2~ k)
(2 71 1) =v§2‘.gkqb(2’f— k)

kg2l 7 FHIER 9k (1ol F el i)

del&a
Johnstonesh 2e] AgteldEn, 48 Yol 4y
o2 gy feisd 4 dge
A AL =F shell A g 27 Zo g olLdn)

e Be molE AE i

wle ) =78 ) +a{t ),



714 flE)E 9 AR, 2 () E ATEE N
& wE2E A HEE 9vEth ol A
AERRE FE2 AAS] Y8 1)
FHAE Aelgdl AF FoM FHadl sigEs
HAY FEH( hleshoid)oﬂ gl AAEAY FaA17
A 7)zge}, o b2ak e A6 s ddEd

249 AE 1 Hl 122 g

@) TEH= A9

A=/ 2log N (7)

o
T

g
o
i
=k & o

m

(3} "ol £ A et o EYE4(soft thres-
holdmg) =&

x— A4, iy A
S(x)= 0. |x] <A (8)
x4, x{—4

(1) Fol B o Hal
g AMEEE FYEHY A=V 2logN & oF A4
X golH AHY F2 O]ff?;"] AAEE WSty o

 qith

32 +HH dolEs =4 7|y
2 49s RAp A8 434 AR 2
Alolzy 2AYE ol gaka A2
FA0% F3ked Ak o WYL YU
PET RARE] S, 2

=

Y

SR
- 2

g_,ﬁ
o
& 2
il
i L7
v
ol
e
al
el
J{N' kol L

F7Hee] WSS e WAIAN AEd & s
of HHe Llo] AzE g s v doga o
dol WE A4 B4 IR 2 doke 539 2
Fig. 25 712 $u2)32 HelgT)

of WS ST 2L IS T FURY B
ZPE ARESE Hw)o HELD ol U52 gz

@ o,

R— iz e

Fig. 2 Basic algonthm of the modifled wavelet
decomposition

Step - 28] 2y ;o] P&,
B=T,la,—al= T.R]

= TIP+Q] =Q,

- O
T v

Bl

1 =

- Ag gl wek o Feg
=

ouE e o ZER A8Y =11
HEGrE olgdA e AL P E AAS R
S92 BE QEV THURL 4T S Un
Step 21 o, % F o 2 d7ies 2ge) A7
A ALY A wE AT
w=a—F =~a,—§, (100

Step 31 ol felBal Ee] ol B ThE AV
AL A5G o0]2d
= el date] H2A700,

Step 1914 Z3F "HE o] Arje dubdel 7o) nix|
reld Rty 4EA Yown, Fege HE dols
HE ool FAHE HalA HHE Agg £ n. o

72 e QR

[+]
A% R F2 7}% 7«4? P, sz] o
_}A]

£
il
\sa

S A7
dyFo R oxd Mg e AL ARE Y

Asl $0¢ B4 < AU A3 248 5 2

=G IE 67—15 median (| (B, ¢y ). 0<E<N/2 (11)
4 (1D 2ol FA4dh AN ¢, =V2¢(21- k)olTh
E3 P AGREE OF FloER 05% 4ERE #
5% & 4 F 196 02 AYsGr 23 po sl
of Ao 77170 22 p, 7} A B, & He
2 FtETE Z2RE =W, éﬁ_ Step 2¢] ;= THE
et A0 aEE ALY AS7L F@d Sep 39 A0l
2 SaeAE e AMEE o 2bgN g BEE A
2 olgelEoh E3 &4 Hy e s f], 22 SureShrink 2+
T Bals #d HE &4 wgE HE59 0 SureShrink
a2 Bl wet OE 54 SErEHE AbEetE FJe
E. vhaa el zhge] vebd & 3lch

A ,
Aiz —1 f:1.2,3,... (12)

AEZ, 200089/771



HaE9E = H .o o
71 = AAYE ou|dith ES 4 TRl of & 4 ZeE Aok #F Yg/E9 d3d 44
Bz 28 Fps oldstnh g, dolEal H4 el SNR=712, SNR=3§%1 7}8-4~ &g #Aviate] e 2
X oUERE Fools Jd7A @ FaES 97] iAo & £y AG@EsHE FASRET Fe 4), bl #F 4
T 2y ge12a W3 {ranslation wovariant  wavelst gEd FES e A9dTE e E.
transform) & AFFAch €22, FEol AHAHS HEs) Fig. 4(b)8 AgPee] A FEF Hp FE9| et
¥zl Addsgd HE HIE oo £ AEwET o thak FeE HAE dolEHdl F4 ““Eﬂﬁ’ﬂ 2)Es A A
E s vk o, Ba A AW AH F AGPFS -Z]—’ﬁﬁpﬂ H
ok F7)7F 79l 7 "EA AMRERY, 449 HE8 &
g (w ﬁ "7 (w) (13)
U(|nput2
G714 Hlw)e el AAR 717 dAgdgeln, K2
i —\VWWA—
f‘}"(a)) 522‘]03 %l";ﬁ% Aggolth M M2
al]
4. 52 oA {__+ cz L_*

. - N X1 X2(output

Fig 34 2= 2DOF= ;%H B AR AU Fig.3 2-DOF  simulation  model( /; =10Hz, fg:g!ﬂglz.
TS (1M ZRAFTE A, L E A% 0B M, C, K, are adjusted lo vield the given
HeZAd F M, 34 €, A K= 53 A, L # eigenlrequencies)

x 10

- ST

o @Ma%{”t“%?

20 30
Frequency (Hz)

100

ag

{(a) True transfer function

~ &

Maggitude

—

10 20 30 40
Frequency (Hz)

10 30 40

2Q
Frequency {Hz)

15

10

Phase (Deqg)

!

{h) Nowsy transfer function

10 20 30
Frequency (Hz)

Fig. 4 True and noisy transfer functions

SHEe=gsR/A 109 AS5E. 20008

Tr2/et=2



-
o
i,
i;
i3
W,
A
Fr
X~
o,
o
2
op
e
2
o
ﬂz’,
&
e,
#
ol

8){105
150
?,
6 100
15} L a 50.
5 3
B 5 0
g 2
=31 T 50
2 -100
' -1580
ﬂ L
1] 10 20 30 40 Q 20
Frequency {Hz} Frequency (Hz)
{MNo. of averages=50)
Fig. 5 Estimated transfer function by the mean averaging
Ex105 .
156G
7r JI
5 100
< G
23 — ngu'?nat; g 5 ]
A : W
2 £
=3l M{ﬂ T .50 !
WP’
20 Xi ook
i -150¢ L
% 70 20 3t 40 0 10 20 0 20
Frequency {H2) Frequency (Hz)
(a} Single transfer funchion
8x105 .
) 16
gr 100
54 2 0
2 2
2y = .50
4 o)
T 150}
U L N . n r
0 10 20 30 40 a 1C 20 30 40
Frequency (Hz) Frequency (Hz}
{b) Ne. of averages=50
Fig. 6 Estimated transfer functions by the modified wavelet sihmnkage methed
SHE s A4 Role 22 AT Aol2d A4 944 ¥ UEe $%4 4%€ Fig 7914 RMS Ao @
oMl HER go 1—H—i””d dy g /\F%} .5 gzt Mo Agdes A wagch R 7ol Hols A
7| 83Tk Fig 5 6914 E wrHe 2s] geo] 93k AAE v e doAw Wl Ajste o9 GgE
A Zewrne) 4 AR oo wE 2 gxe uw FF A L3E e ¢ 4 9l

gilad
BRLFEEIEER/A 0 A5 E, 20009/773



o4}
\
035}
|
031 \\
L
2025¢ A\j —&— with Mean averaging
B —3—— with Proposed method
o2f 3
\
g &
015} N
\g\
0'1[:3\\ EM——_L
o%r EI\E\ZI—EE e 8§
P 1 1 1 ]
0 80

4D
No. of averages

IYig. 7 Comparizon of lhe relative RMS arrors

5.4 =
Bgel VgAY 428 Tess 208 gol2a
4 Peg ogd AGBE F3 PUE ANHG,
o) sl SAL thwel AASE Bk vea
FoL 37 BEHE AESE A DA Sgto] A7
Hrl, 7heA HEE ZEHY o2y 2 WS o
s3a AZAne W An. 22 FaAn A5
dEA B ERdA A&d wyE d2deE oe 2
FAT #T ohie FEAE AYS FZA @R £
AeT Y 5 U
S

(1) Julius, 5. B, and Allan, G. P., 1996, Random Dala
SAnalysis and Measurement Procedures. 2nd  ed,John

Wiley & Sons, Inc, New York,

T/ SWUSTEIAMA 108 As s, 20008

{(2) Newland, D. E. 1993 Random Vibraton,
Speclral and Wavelel Analysis, 3rd ed, John Wiey
& Sons, Inc. New Yorlk,

{3} Dangha, D.L. LM, 1955
“Adapting to Unknown Smoothness Via Wavelet

and Johnstone,

Shrinkage™ J  Amer. Statist. Assoc., Vol 90, pp.
1200~1244,

{1) Donoho. D. L and Jchnstene, I M. 1994, “Tdeal
Spatial  Adaptaton by Wavelet  Shrnkage”,

Biometrika, Vol, 81. pp. 425 ~455.
{(3) Bruce, A. G. Donche. D. L., Gao, H, Y. and
Marlin, R, D. 1§94, and  Robust
Non-lnear Analvsis™. SPIE
Conference 2741, pp. 325~ 336,

{6) Bodin. P. and Wahlberg, B.

"Denoising

Wave Froceedings

A Wavelet

Approach to Fiequency Response Estimation”, Prec.
SYSID ‘94, pp. 2411 ~ 24486,
(7) Badin. P. and Wahlberg, B. 1993, “A

Method Based on
Smecthing and Thresholding”, Int. J. Adapt. Coniral
Signal Processing, Vol 12, pp. 407~418.

(8) Cofmsn, R R,
“Translation  Invarant

frequency Response Estimation

D. L,
Tech.

1595,
Report,

and Donoho.
De-noising”,
Dept, of Statistics, Slanford University.

(9) Mallai. S. G.. 1998, A Wavelal Tour Of Signal
Processing, Academic Press. USA.

(10} Daubechies, 1., 1992, Ten Lecturss on Wavelels,
SIAM, Phiadelphia, PA.

(11) Cohen. A . Daubechies, [ and Feauveau, J-C,
1992,
Wavelets”, Comm. Pure Appl. Math., Vol 45, pp, &
4-~81

"Bierthogonal Bases of Compactly Supporied



