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* stationary and norstationary
- Low pass filter
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* Fourier spectrum

~ Fouriertransform

- Time-Frequency Representation
! Time-FrequencyTransform

0 Short time Fourietransform

! Gabor
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- Wavelet transform

- Okaya

* Wigner( Ville distribution
IS transform

9 Resulution
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- discrete

~ Miao

- Cheadle

" head wave

9Cao

1Chen

2 secondgeneration wavelet transform
3 Sid-Ali Ouadfeul

4 Aliouane

+ Yertical zereoffset

* '‘Donoho

» “Soft Thresholding

+ ‘Time-Frequency Peak Filtering
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" radial-trace timefrequency peak filtering
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- Go-dec

- Bilateral Random Projection
"'norm
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» Cross section
~ Reassignment Transform
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~ Modified movingwindow method
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/" Scalogram
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! Truncated singular value decomposition



¢ A $CA Oz wAta® E aweAi
- T #-.9$

k=4 ¥y
1

i=
) Edwyz 2. 3y + AKEN &A hwx) w-pév 1l
PLwEawi %el ¢0k AR®PE R aWE AE YBMBOWLE) %G V
CO- %uCa %owi Ao iAFAOW WMDY R 1 Wi A€o Wiz !
i C1 £l wieaind CE LB Ao - WwE &h ave Aib.3) - [0, o)
52 8t Yav W (.$CA O % Ask

. m #-.3

>Eh: a Ay

i=1
%8IX sawh O R %EBE vl , ECvEH WO GAT £ E L weé
67T E AZNZQCA &0 IR YBEMACD wEdw ! AE %Ew
A ¢ BEptvAlva 1AL Y ESiv Y TCEAW BAWEC BAL O jA zAHRBRVDE

Y CAv Ao /FEzvy atvi AC%EWI
¢AOg %E@iAACmW@ao&@,gﬁ..% A-% ACHLEWULHGLCT £ ¥

52 8° EOWZA A Cb z |40 j+ %81 ¢ Ava(§BA z

» shrinkage
* bi-orthogonally invariant



o m
L:;’On(x, 8 =]x- ><‘E :iilsiZ.

CPCAOAWCE U 1 ¢ 0w ¢B BILRVBELIBEAR &B3ND il ¥ v %z wp

8 € #1SCA Oz oAt

y¢l'k/z #H-.$

1 2 2
T/(y-b-l) “Loay ofp

my= T

Ap CAY { w{ &ty GlamdFarmidag.z AA{ £
UCU_LBEYADCAz T w{éyv 0-vApPHNWRE B evivA i G/t andy
Y @Az | RABDIA £ %@y Méi | wWivebEC-A{ £ 6w
(X £ AoedinQid YAEL VR ey E W ANCE\E & &owd BCYZAPACIzY. U € v
A& A% %ABARAMZRN wp 0 CA° Bis LAANARN ke FA] AE %E vV
ov VR & E w U B(AARIS0 v ERaE wpALAYEAY wi &2UeE o AE

e Ewiz

o #-.$
X:.élfm“ £
i=

g\ Cl EWHE %WANDE U Cwa ywevieva y WA Vi z Oy L

4 = 1/ &an
- Nadakuditi
- OPTSHRINK



Xt AS6wpoOCA A %

r #B-.9$
S= & gy
=1

0 WGEA Gz vebetv 2 Cp CIIQ B EANE GUE A gwdi ¢ v ACO¢é
P €

S = argmin | X #-.$
eym rank(9= rH #F

AaAi UCT £ Advizwave AAAPL A& LKH T 048° & ° A& %E
52 8° ICU 03 ¢%A O wehak %. $&#A O zIvas E
r. # 49
ym= 8 Gy
Uch e &y 1] BARAE BEWD UCT £ Gaavs vidaw Ac A
|
Yl @A 6 3w udvwHhaoAYAU A& Wit wie AL EBGERRCHe Az Y
YARC U (¢ ¥Fz aChiEl G Gowh 0 CA AC %E WA ARD HeEEDE (i C
2 B8CEVI v CawAlo yAvd AyE
Mo ¥ * %v 1?/4I3MW%W1A%A A€ & iz wipiz, & | %a

° Bl vl € ¥i6 BAGR YA & A YA O aneERUEC 1 A iC\ AV wBael  + %y

- EckartYoung-Mirsky



2 8 1R #SCA Oz v v

0Pt # 5.9

& gyt -awgt

i=1 i

= argmin

=r
o

F

6wp o CA Ace %eMANAYY 0BG a3 \ied b G A oW 2w P U
ofi A{ A@AYy Al YABEAEIA ~EC TVES ovzévt wWAelUv4eBRovb U WaA
a°cuj ¢Ar YAz %z yé Yo RpATAT WEIE v WANC 4 CU & G4E !
Ué ¢ AEw® 3A{A z2¢ AwAWEAWCAE) wEG YV U8B0 E %®E v
v Al-atl v 15A0S (MEMBEA Y 1\YYicy AABY ¢ & BEWVE 36
o wl AiAv UeavEewgEEPECNOWEY 1 Al GAE.- 0 C
o ¢A 6 KAN WAV 15-M8005¢ £ wu U C1AEy (Rathiam@w,o 6 0 ¥
) ¢AVE EME AMVBSSBLE wa G CT £ %
JEWaA e LEREY AL HLEWUL UCT £ JadCAES DAZA 6 & LA
Yot 1CE Yo AMACA 2 & tetAY A @i A { MW 3BEWEIEE v wzy %Uwp
UCeéw~ A{£¥% 06wpoECASHERIBVRY I € % ARy + & ¥
Ey Y ¢ Vavivii{ eAryvw oVAOKER (R Xy EOnHUNE M2 1YikeG Aw 1 ¥
L A«AT ¢Av Gev TwEpg Ao B DdarmilBaCT £ GUE{
A¢ %BEwWU 0CT BAAGAREWEEIW UA 20 G [LEVEF WE UA C %E W

U EEwa YUvC Buze U C2T KBo WAl yoewkenvd y ivaAVCAHED wp 6 CA L

* biased



y Col v owp ovdESEY ¢ WOy ¢ v %N YBwiE ADHEYA z ¢ Wb
6wpoCA Ac¢ %E WACKEHRH ARG (4! £ WAEANRSREIADAE vAEZ

2 8 i A BAivHLE J w{ CRHE Yeavale Y

ApCAz Tw{eéyv

~

Oy %E

Y wWAD ~ 6 idpSFolib i EXBLAVEEA § VAL BHE Wil Yoy

q N
a:FTLWHl)U| XxXwAES v%mvgwl AC ALE

..... g) RM-B M Bl [ WoREER-0 &
a° zi=l tev %é
) Ui X WHESH.& d wils ;S )WDEv$s i ECU{ £
ac° zZ2=i ByGLé
| Ad3 %l Az V %z
) a° P Emat—- KW wWaf, |26 Y%wi ¢

) Ui m?pbm (A (3

)

_‘)

)S =8

opt V\frEU.Y'_I)UAerACﬁ@/ZWIWGQ‘]& AE YE

I. QJ =)

1=
a3y wad MelMSELC{ AN OHISES V| wib@asuwCu Ewd- UCd
) IXiw A3QS$S#, W.$# Oz vy ¥

o

=

o

=
l




[A)(Z;X):iTI[Z(gI-X)H)_l].:;]'l[l’zgI-)kl )x} # -%

f)i(z;X)::iTt[z(gI-X)J")'l].rln'l[r 22(21 X x2 # -9
+(Z21 -xHx 1] %;Tr[z(zzl X »‘]].in[rz%(?l xk) 2

+Z2%1 -xxH)y-1].

~ r r # 4%
MSE = & « . - a(WPy?
r |:1D(5i;8f) e
r # 0%
& (4P
relMSE =1 - =1
P f 1
a =——
i:]_D(Si;Sf)

wz °bzr ywaalAvWEMEBLEDONE REKGAT WE ¥ A
OwaYv (QGBE (Be Owdy »%¥zst # ¢ YWyvodawazA w wa Aje ¥4
WiEe L el HWAQ@$ AACHZEY. | whz %0 UCOYWCRNEBA®O-

) OREC I N 34é £ YAB6ELVA §° BNz AKX~ Yo Az Gio@gsd £ A £
CEeAd Ry 9,aSAT0 BB Y2

VA oa ¢ &y VAW AV VIBAEAY vaC B XA OOV wz Ap(

y EEA 0¢é ¢ whALW @mRPIE %E AU (AW B& °d E¥%E v a
YU Q& B odHAP CAz wWzaud &PV wODL 0 ¥ By BAOA % A

Bebol y aldu e Aos e Al Q6 Ky ~ip WIBIE: A ObvE £U A0V



ARve ¢y EweAAzARpdEdd vE~ AC HLEWD § Owp 0O C
i «Au o6¢° Af ABLEadwt X&Akywe o BB FRARELSHWAD
a¢ bt Y goté BAO Mz ONE AsEceddie Ao BvelaM SEaP B0 & b

UEv * %1 60 YAzi AUKE Vi EawWass AdMVesdzy Ywavd Hbw

¢y Y%l ag &@AVWaYt cVvC eAha LA yandib CCA L wi £0

(@)

v 16 vIOSZE EABLYT OowuYv UOweé o Cp~ palt vit CO

o
[N

8BWT OptShrink CV Y% 2 & waovyw 3 1¢VACVE iR €Y WG v A MIE 6 W

) ¢ Av  aSSHETGADERSBACY Ive- x ¢ . CU WU 3¢ §aiwha y €.

& GC&Ciz AZIVCAADPT U AR Ve we W %1 E AT AYERWE |
A o wAARA AF w A a OWBONMIP 0 CAV ~ ¢B{ ¢ Ayit &I Yai C AELES
, o A o =)o, A
A R 0B LANE A $NRwoio gﬁtﬂ 31010 in +3%4 QA Ai
EPhoise 0 Do'lﬁ‘
o} F

o CAp TEIXK wéy» p& WO Ytiiév Az ) ¢Av oAz AdAy
pwCA°CHhdp B AABAGA Qv #EBEPVEHI VABETI €W & ¢
AEewel GaCiwAp MBSV ICVEBS v CBEB YV § 1 %L & W
ace ¢Ew A ¢ w zA &6ANROORCHE B)C %6y 1| BvA{«Y Ak AANDALYL I & \
Lyt C{ Awp Ul aC¥k A EAGY Wwivd 0 CHRAPOIRGEDE § Yt
VY% @GPIOEWT 0v ° 3  wwaE GzzviEiwerz AGGWARY! VEOYEWR Ya 3

Y Ewz AnoE



6wp o CA(

- -

Y A pal (03D £ &5 LBIE [y VIRWACBmMEYALA 0 0 v WAAW bW %ITARG

o»

V¥ 6y wiysCarysktel ¢ wde vi XK ARE guddAv a°cE 6
alvih 6@ WER: © KinA€y-wg 4 .9+ 1 060Aw el - AERLAE
y Gla BN AQAAE | ©° CaeAC CAmMIwES € &5 tad) 88 AAN& AP I
MR AY CH-wpootld AgtcaEr IWWEAY wiacAvARry o{whyw Cuhz
1 UIWAE LE&AU DEWaEEA st BAAC EEBMWY. ML vao E
A{ AwRWBE & %bBy wissSwoptShink CV B! Wied B AYaEAAIZY
Yov A& (B BT BLé  aCLyvee cCRaN VEAWDVRYE B Ay Ay 6 @fp o C

) ¢ Av OGARICAES-. 061 %L MAPAEE WL ¢V Y%z

' zerophase
~ dominant
- Bump



()

Amplituc
e

— |
—

0 0.2 0.4 a8

Amplide T

> i . .
@ 0 0.2 0:4 0:3
- JL '
a 0
5 —
1 0.2 0.4 0.8
Time (8)

) CYA#® jowmdh & BWT OptShrink Cy % wz CYAp TAIA Aypds &3 BE ¢ v
SSWT CyaA Wi 2P CAY CAARAgE 6wpoCA ¢ { Awhwet A& Ay
YOptShrink
Co pAOWABE TS v 1-( (.
+wivz QGYVEAPFICGAREY GWEY v %N VEDE-60v §G°EP z § 2
@O- tvoECyREaL it UMKV Bil w ALLYHCE VoA § #p v
whE %D € ¥ 91 KOREBA wid ! &g Y60 o -Awly@ O wiepe tp U
Carwl ELBa NE YWawdEA il 'CH4R $6 ICEAave ECHEel ¢ wa
Cy % ! %pANPWAG:z vaBE§AKA & Ay 6 wplp°CRxeAc {CAyYY
$SA fl-x ¢ . C 0 wWpl zn wd YA A dgal L oMl 6 & AB$WT OptShrink

' crossover linear events



acaROvwE.y 0 1'BA T Y0 QL Aymldy Cax N Bs§NTGoDec
Yaz v YEA L QY WY Oz Yz \0 Fam AEBEESMBEFACY) ¢Aw Ca
VA E£ BBWEZYz v Yuza L G ESK QW BaAA av° Ao SLUATA £ £ Z

, - WZ | VadAE Va2 A GRAE VATV p AGAEEY \Eigyw LzL IAdE ver Yol v

Cyuet Cé&wi Ywi LAEVYB®AEwa! Az HEC&HYVE WX w (g
Cywst + + +wz v %zy, €W PAR ol § PREWN |-GA VAY VAl b L L (

SSWTOptShrinkC § %44%8 o U UXHE ¢ Aw~ aWAp £#88WnseDeec 4 ! v !

) ¢ RV & B y+ Wik v Ases AAd E Adpalt IMIGEEW & B W Y.z

i ¥H o I
iéi%%% %? %**%gé }% %f% R

Cp pu § CO-UO& gpksEha Ay z 6 Wik Phayy P dEg 06 1 E

) # & a0&ye 0 UHxweé o 0



10

Trace No.

20 30 40

10

Trace No.

20 30 40

40

0 0
0.1 [y O
0.2} g 021

:E) 0.3 -T?)‘.‘p S w,‘é‘k? E 0.3}
0.4} )) 04T
o ITFH 05}

#x$
Trace No.
0 10 20 30 40

0 g 0

0.1 : o1

N 0.2} < o2

i"g’ 0.3 UK B} Eilt!i ;qig 4 E 0.3

0.4} !]l} c.4
0.5} o.5F

H‘%]

.

S

.

533,..1 25

#1 3

~a -

#0$

C y #6)SSWTOptShrinkG § ¥ K#-a oovi €Y ApTOaA XAGY Y6 WS-y 01 E
a° ESSA Wydw WA AWEYP & 98 K« % wd SSE@AEISWOBoDecs

.2

) ADEC~ 1A \C& CV



y CE %E GNP &LA%YL Cy& AdwMy cWwdiz aABAYy ! Az ¢
) ¢ Avatasyg

( BTEW U %! CyY% AWESU ARy Az 6wpoCA

Cy %
SSWF SSWT-GoDec SSA fox
Optshrink Decon.
14 . ( /I~ . . (0-, | -8, 2] Az 6w
# G A

Yiesomvlropisurink Cy ¥ Wi« YRR Ay Az: Rwphd EANGEWH &Y Y
Aa{6v ) ¢AvSSWBoptShiniC T ¥ %A SuotAw C A& FABCHIMA Wafidar
a gwoy C¥%oECz SBWEGoMer CH@x v Bi AAECAYE U1
Y ¢ Av atl %i ! OBAMCERAVEdoBe: COBAKEWL, Bl | L AE G
) ¢ Ava taLyE6 T BY %BwdA BAz Cazowid s & &éay WiNweef
EVCae Az @A XzeCii ¢ 0 f wdAMPWaPLE (I (OB Bola i

¢ {NEE AP Bvueh & ddo ECy el § EAA Ay BAEDOE
¢{ £y U¢viéaltAit wYyAPpM i C{CA WP v wWenei A& Ay

EREIG%EDP " p O LAY BIOERYIE) L Asv 1 CenC{tHahs & A1.C & W -



A& Ow{CH%Y %%iv AR A VLA 8AY V> WGAWE 16V XEd v y v
| * AE x w YW AGACO AW A ¥ AARORKBVE o Ay £AVAR /%48
Gev |1 %y um A2CAOR 3 3&8pE wER Wik & Al E W8 & Ay U o
- OTE°E v!i, ZRAERA-CODRUUEY %A i VEAQF J@% ¥i
Liw«AE@WY UAV Ai  CEWERODEYQY oA AZAAE G
EzwAz! ¥ VLAY %A UARKSIEEL WE A Wi ¢ BAPBIUO WP O
C 22 wEYz0mgz, 1eRAGECYewYz &2 BvNyeed edddapr aBMw{ € %8 £
U GNWTOptShrinkCy %) K ACPOE a° pzwf AMERGARBY v
6 WPAP AP AEC b O BQWAAE w AvEAvE A BEVERY Az Owp o CA
) ¢ A€z Az



#x$ #aovs

#1 % #0$
#&%0 QAYAE CUS £aBRHMPIERA(VvYyO T EwWE Al Bwvd RBREST E
) A EC~ BBACHEBSGWTGobkeE xthi 1 w A BLC ~
a° EYAuE BNARY 0OV °CADpa @G Y G AL&Kio yaedthpza C A

aCO AAPAEAVIOEWAEY ADPF 8%d K@Y BWAWZE Ha













































































































































