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Using Flow Visualization and Empirical Mode Decomposition

to Study Numerical Wind-Wave Turbulent Flow

Student: Guan-Hung Lu Advisor: Professor Wu-Ting Tsai

ABSTRACT

An interactive visualization tool and an image procession technique are developed to
explore the coherent structures within a turbulent boundary layer bounded by a wind-driven
gravity-capillary wave. The flow filed is adopted from direct numerical simulation conducted
by Tsai and Hung (2007). The interactive visualization tool is developed using OpenGL, and
is capable of visualizing time-evolving, three-dimensional flow field. The image procession
method is a combination of conditional phase averaging and the method of empirical mode
decomposition developed by Huang et al. (1998). With the help of the visualization tool,
coherent structures with various length scales and induced by different physical processes are
identified, including the gravity wave, the capillary wavelets and the Langmuir circulations.
The streamwise vortices of Langmuir circulations are found to induce elongated streaks on the
surface distributions of temperature, gas flux and streamwise velocity. The developed image
procession technique is then applied to decompose the surface signatures formed by the
various underlying flow processes, and to quantify their contributions. The decomposed
streaky signatures in the surface distribution of streamwise velocity are found to highly
correlate with those in gas flux distribution. This suggests a basis to quantify the gas flux,
which is difficult to be measured directly, using other measureable quantities. In addition, the
decomposed streaky signatures are found to dominate the distribution of gas flux, indicating

Langmuir circulations play a significant role in air-water interfacial transport.
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SR FEE KB F R R LA LR PR A ) R L R R R R

HThF PP &I mpd ke k@ by Br ke T aiidSiE Tz aom

2-1 = "indF R 7 ARC KM WaveVis

oG bR BRI VORI IR TA N 4 o et B R HE Y A @ 5
s Tecplot ~ 2 2 MR 7= % 7 7 ¢ « (NCAR) #7%# & 7 VAPOR (Visualization and
Analysis Platform for Ocean, Atmosphere, and Solar Researchers) » & % J&# g T3 >
e - FR a2 aFT P RE T a A2 F AP PFEFF T TpEEir, ¥ 2
PREEERAF T EZLFR Y FTF AR AN P T R R ERE - B2 g
FHRT AL 08 2 Fondoens SRR e m AR TR Y hT AL T BRH
H_#-5 48 B~ & Institute of Environmental Physics -2 Aeolotron # 3 % 74 B 2 i3 F L
AR ot WaveVis 175 hdp 2 i RS2 - £ EIR AT Y AR ol B =
AR TR gAY o

WaveVis $d= B3 p end 5 7 & R D FRBERITED A RG22 RETF
Lo % Bk FERF A E 4R 2.1 frr 0 B RE 5 VC++ 2010 express » 7 3

EE e PR S KRR E AR P XY e 3F 5 M Z g Rldp £ 7 OpenGL T &

G oA B s AR REER S ke TR HARET A gl



ERARER XY BRI E KA RS 7 B EBEF AE R e 232 AT

FLen R IR0 B RANPIEN AR Y ¢ F A RDBHARA o C R BN AR F R SR o

BN

2 @i A1* 7 WaveVis iT3 A48 - seig hafest? AR FEHFREDB N I Xy 22 B
S e drr g (slice) kR EIRG T hz BIERFTAL > Ao T A RY F 4G KPR

R & ekt B (TR B P BRI 4 o



WiSSCuZ007
24.3 = 23.8 + 2 = 0.21 combined CISG and ACFT with 312.5 Hz
Fun 1 234
rain rate + 57 mm'h

wind speed | & ms
zlick type 1§ none

23,4 = 23,8 - 2 = 0,21

llcm

Copyright {c) Aeoclotron Lak. IUP
Frame 0 Univer=sity of Heidelberg, Germany

EM&\ﬂ*&?ﬁWWWB%EKEéﬁﬁ#ﬂiﬁ%%’%ﬁﬁﬁ?ﬁémm
WIiSCCy-Experiments #7gLip| {F F|ehp d e PEF 2 RS mERL T BP 4 &

PIESFI S A FRRNE N A oka b EBRA ) TS dFrid S BEaL

7 f Pk B o
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2-1-1 WaveVis #2.3% 3¢ #

WaveVis e & J¢ 4 5 1% 47 & Fw e g 42 8  Tr0gis] (class) R 3R 3 A 12
TR Y TRSE iR TR 0 H N E B R Y A RACH PRSI TR  Rok e 2
TR s SR A E R LT o dofest Y owave 3N f B BARS TR H T
hE & Sdic s IR Hk4rH- B % DataSource # %] f Bk 3 FAL
RenderData #g %] f 7 B2 ko T el > ¢ 3270 F Pk T i F kT 26 F
Al % s colormap W A f F F RS RPF 2 BT 2 EArH BP0 @ AR E
FHZAFHPNE R 28 doX Yy 22wl ARSI BRISE o PIEY
TR - 2 F AR TR AR E 7 eope B AL (config file) > At AR NS T PE T € L 7 Bt e

BR 03 AR B A Sl e o

2-1-2 1% OpenGL thp 2 SN2 FE MHFF K E

OpenGL » % — B&* 425% 4 & (Application Programming Interface ) » # ¢ 3% & 1 3% %
mp\f‘m;\ix—‘x%’*—'ﬁ FRhL T @ MR Y AT BB E S g R 1T
YoBLRIBEA TR T RIRGR R S R BRI E 0 35 A% 7 OpenGL ¢ snhdi ¢ E R
%N o BUPIBEGTR TV AT E g ¢ AT TLBLPIARL & > 35 1 TR L R ELP|EEh Y
RIF RO ~ xS hF g k(T o @ LR B 3 & S AT hahfage =¥
Az P AT * ek R 5 R Sk (diffuse light)> H i@ (B ke 303 48 F chk BLPF >
Thfbtrchs e T (FNEL 2 e FREREERLIP R AV R ERAN kG A 4
B ) A RSB e 2 A A P gk @Ak AT > 4oB] 2.2 4T o 3 N indeh
R fFEkG E ke TavaErG 0 B UG KA g oo @b B ahz B 23

T &

=
i

g’?lvl v H B ¥4 B o7 en

“%

<k BT gl Sz £355 - BH KRR KR

FREGR O E Sk o2 e LB 2 HaBE ens ) KR A r D] F

N
2

ppd oom = AP hE BN E Nd NBERF IR B oA gk AU
OpenGL P edp 4 k= = o
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(a)

Surface

0,78 = 0,6509 + 2 = (,0648

Using folder

: fri
WaveVis

Surface

Frame 2

Frames per second 3
(b)

Surface

0,521 = 0.6E0% - 2

0,78 = 0,8509 + 2 % 0,0643

Using folder

3 fri8
Wavelis

Surface

Frams 2

Frames per second 3

7
v

Bl 22~ Rk B2 FEngiw o Blasi
A

2

#£3K

7

~

B bavke *

0,521 = 0,6503 - 2

Mool Ac R Rl a 7
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2-1-3 TR X, Y, Z > &

T -4 5 WaveVis Pz i AR R 5N T B Ixcy~z2 6 BT
Ghrd il 0 12 & A BRI AT S PR R AN R BT AR
dipe B AL 0~1 KA F B Ll% 7 d 2 3 TP FRAEHET IS
AT pd R BRI EFE o AF B AT - WaveVis { #rrj hii
HikBhigari-ALad » FINERX Yy R P SETER DR 2 RPRBL
I AR E T AL e dm Iz G BIRGAFR I M RA RIS e ant B R

—‘*%ﬁﬁ P-‘L_ﬁ;f-ﬁ'.l.#"w % (s Ejﬁi%ﬁ d &G ede R

b

¥ & ’éo:ﬁ.;é_ﬁ_#i‘ez@*ﬁﬂzﬁw?#'
PARB-Z gh b 2 R TG chFALEL ) 4o 2.3 97 o & B PR E R KT G
b2 o @ fyt B AL i Lagrangian Polynomial i > F5d ARiT 6 L K- gz 2 EE
Ce bz R R TG A - Bhenfe @ § 2 (E

(2) 2-2, 7-1, 2-2, 1-1, z-2, 71-1,

Z)= Ys + Y1+ Y, > (2-1)
13 =12, 13— 1, 2, =1, 2, — 13 L, =1y L, — 13

GSEC ATHETZ B~ 7, R IRy Y, y, 0 BT A

=
v
4
L
;‘\.ﬂ
EL]
N
3
%
|\
[l
(w
&

2-1-4 W33 ®* % 4 & : control panel

Control panel 5 WaveVis sl (% 4 & 3% i 4o 7§ dh % 0] 75 1 35 75 3 1+ WaveVis -
A2 2R E R L WaveVis b ehgds #ubddh (v IR F # Breni I B 24 T 5
control panel o H #+i¢ * B H B F 5 VC++ 2010 express » & ¢ 4% 7 H 7 ek 8 @
B kTS Ae o B2 WaveVis RIE A" 0 4k B FAEH R kE 2 A Bl

B eh gl ifo p oo
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B 23~ 27 B~z b7 6 2 = daom LB AR AR A B B e R TR
IHEFF OGS m AR R L g PR TG o d NG R ARIRG G E TR O

s 2

REF TS FV TSR TS E LR IC ST NS S SRS S E I ARE

T

Rd-T Mt & g2 g2 (@ o
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g ESRERTC)

Moving mode
@ Rotation
(7 Translation

[ Coutting plane

[ Auto contour values
[] Change mac'min of contous
surface

Yalume

(X Y2

[] Change fps

Pamze

Exit

b

®) 2.4~ Control panel > # 4] % 7 B3+ &% 58 &k iE 3|4 i WaveVis 2- B > Moving mode
N E-ERS G40 N e T Cutting plane B A GE Begc B OIR R fhifrr
» 2 H =% ; Auto contour values £ Change max/min of contour p| ¥ % - &k iTp & & £ &
g recolormap “T¥ ek < %2 B 2 BB E ; T3 A BERAL G L BT R
el 12 2 { :x fps (frames persecond ) 2 & ; @ Pause 4&4=p| v #fizd 4 TR - I

FAIE T g e ph ki PR g o
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2-2 {I* WaveVis ‘% & R = Bit-TH

TR B =37 WaveVis ixaﬁﬁﬁ o Yol L@ Arif o “f TR BKR RH

EE

s - BERE T2 RB AR RIS IR o b’%fnlﬁti%f‘l.i‘,f PR E B

@8 (gasflux) z b » 7 ¢ 3peid R BB 7 kifes 1 fRing i
BAUE 25 BBk G bR R R LR 23 R L s F I g

KO ERSEFRR DR o0 kg PR RAF T 5 P E IR ARP S 0 e

@ﬁ(fé)ﬁﬁéiﬁﬁﬁﬁ’mwﬁﬁwﬁﬁm B BE (d) ERAT

L Aot R BEEE S G LR G ARG Y o ¥ AT kG R R B (B

v

\w

REHEAELPE) ¢ EFAETLE > LIRS v R E R DA o dof] (@)

PRAREd RS R P A AR TR (0) o M FEERE VR
B2 SHtaper i (F (a)) w370 e o B () T8 (i) 7~ dm
TR P T AGEe Z @ RAF R BART D L R AF T F I
e i Rt % (G d ) PR A Fof L T AR 0 T it A §
PR B R 0 @ ol w R A I B RO 0 e R B SR 2 BB
fog R 2B R ESER o RN ApE o 4ol () IR (e) 2 AR 0 M

B e R 0 A Rt B R BB e R RO R R K

PRGN e B BRI EA RR RGP L R B F L e E R

FTORRILt=20To2z BRpe K& G BHE ~ RIS O JEd R PR g Ao A

Hokg B-kTaindas® o k7 fRERF2Z BHED L RF] - K 26 (a) 3 t=20To e
pd ke ZBARSE A B26(b) PIZF-FF ke disned R BY 7 FR Lo
R B R d NN e P UL BT B by e (d ) By
o (¢ ) g BARF aundid ke + 9 -k 4 g 3¢ (divergence) 2 g &

(convergence) %kt » ¥ R FEHHFB R ERFFELF RETTACE I EH @

MR g R e E R R VARG g RS ke R
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BT 2R REGE SRR TR G oA ckG b aGE RBIRIRCR Y & R B FlA A
FiERk 2 RS B d B 26 (C) 2ipine 2 RS ERE S TG Lk e ik

e e d AR 23 RS

\MF

RBHIR 2 H i E RS2 MR ERL

éé‘ﬁilﬂﬁ%ég\;m;"g‘g’sﬁ’* HQ&F”_ \?/H’?’1§f§m§’~_‘lg’lﬁ‘€ﬁjﬁ§&’]‘

g

Eom g m ] R RS ATERDFHERD  FRIEARL ﬁ‘aiﬁ'!*’*;&’ T_E_‘E‘E—}%I'J;‘ﬁ»
WERF KT LT ER O AT S R B E PR tm E B DS HER S
P T AP0 o

FERE-HBRBkG T AR RR 0 Bk e P OERTEIFE R LT 6
MHEE e W27 (a) BRI ZANSEOXET G ZBAATF o d BY T f I et
FETORRS S - DR RS ook R R B Ak p otk T ahik
BoEzZ kR oA AERE 27 (b) e 2 E BB FIR AR T AR B
FiT kG s g R A F o e 28 () Tor 0 FIt A2 T BlY BEE T 20
oo RERSEAAFATE TN B BB EIRBpRTBI RGP TRME
KB A ke F 2KT > 4@ 28 (b) #r7 - 4ot Ed AR B VRBA RN kG b
HT 3 o Plam R AT o @ Jb R m g iR TR S e e 2R T A
Langmuir circulations - ¥ ¢t d §] 2.7 (¢) 2 ipinw @ RH? P77 I H ke T 45 2
e 27 (a) drke TERSHEELEN 3 EHBEI ME o 8 MERHEL R 2

Bpom gt ond-® o d 3% Langmuir circulations #7i¢ = e & B ip i e i R 2 B ehdE et

BEFLFMEB2ZBH o Rk R L t=20Too d WP " F 0 p d R w
Pehf M B G hpin e FRARH B LS R AT EAPLE kG » iy il
Pt oA A S g SR SR RSB R R R AR T TS K iR 2
4 = R F&—- 3 > X 3] Langmuir circulations 2 50972 = chlg 4

Fd VAR Z R VM E SR o h SRR e iR B
BPep B -3l PR EFEERG e i MEBRS o A BERRF R

FO e SRR > G R A F 03 B 2 R R Ao e d
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BOE A i 2 BB E 4 R R AR KGR

Beifsd o f9 o0 0 AR ARSI BB 0 s EAE o L] S B A

PRFFMLENLR AR i H A FHLREP R RN RIE AT FE
AR TR L RER DBEAFARPEL TS KT - HRL 45T B

B¢ 7 R BHEA M 2 0 S HCH A f32 (empirical mode decomposition) »

EMD > fut kA3t £ 1 d 3 3B 9rig 5903 b ¢ R 2R HE -
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(a) L —1 (b)

© [, (<) N F— ——

(e) L — 1 ()

(O P — —

(i)

Frame 7

Bl25-pd a2 8RS (Bla-cre~g i) Br-FERFS e dERs (Bb-d-

feoh ) "gFpRadeifed 2 TABEt=19To% t=20To PRI 5 0.25T¢ °
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(a)

Using Folder : al6
. Surface : 0,724

Ag
Surface : 0,377

Frame 7

(b)

Using Folder : al6
. Surface : 0,06

z
. ¥
Surface : ——
%
Frame 7
Using Folder : al6
. Surface : 0,661
4
o
Surface : —0,082
%

Frame 7

126 ~t=20To2 /F R H-& R 5 - Fla

i

Pl RG ERSEER Bb e
BREFZRBCR G Finw 2RI el +X>w o
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(a)

Using Folder : al6
Surface : 0,724

Cutting plane : 0,724

Surface : 0,377
Cutting plamgy: 0,377

Frame 7

(b)

Using Folder : al6
Surface : 0,06

Cutting plane : 0,06

Surface @ —0,06
Cutting pffe @ -0,06

Frame 7

(c)

Using Folder : al6
Surface : 0,661

Cutting plane @ 0,661

Surface : —0,082
Cutting pffe 1 -0,0

Frame 7

Bl 27 ~t=20To > ko + ehg BB HE KT 2 xPhr e dunF TR - BlasBERSE S B

bigiie 2 BRE BCiipinw 2 RS
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(a) .
Using folder : alé
Surface @ 0,06

Cutting plane : 0,06

Surface ¢ —0,06
Cutting plane : -0,06 87

Frames 7

(b)

Using folder : alé
Surface ¢ 0,724

Cutting plane 3 0,724

Surface : 0,377
Cutting plane 3 0,377 87

Frames 7

Bl 2.8~ t=20Toehx s i 2 in kR Bla s Bimm 2@ B3 MY Fo gt i

o R A YR e o T o B RA—y S TES D S ERES -
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Surface : 30

Using folder i alb

Surface

Frame 7

W29 t=20Toef WL £ o vk F A1 &2 ka BIEf o7 F7I

Y RN
‘ I‘E)i A=l

23



CEE SRR S il BT 2

BT ORSLE- HCKG i > Agd 7 R s glerg A F A
i A4oG R4 g R B TR B AR A TR Y A4 A0t &Y 7 Huang
F (1998) =73 B hig sk ik ~ f#;2 (empirical mode decomposition > # i EMD) & &
BFAHLY b 0w d 3 EMD 5 44— MamuslivAST h o #fl* 7 Long(2005)

ﬁ _ g1 EMD /’J\’}L’l" t&‘a @\7 - "2‘\ . ]B;‘;‘J‘J‘li‘i' J\W—Lﬂ—*” —Elﬁ‘ig—:ﬂ.q— /r'/rl w7 @

%

g 4ol 31 (a) 7 0 B EMD T (2 A) &~ 25 FAaEE S (M)
B AR (M) o FBE B G A RS R RIS L Z Baung s 2T AR
FE S AN SSEIECE IS e ok AR LR N SGNNE - SUESES AL cE R E S SRR o
FEA Az P e JIE T - H m A R o
3-1 41* EMD $ FH iedfd e 3

EMD H S % & & engd i B3R ARSI < T hE B AL Sk
(intrinsic mode function » f§ £ IMF ) > @ o5 B IMF £ & (5 s 4p i (7 5 TR hdl

zgc) 4C‘j§r§$, ?’PP;,,\};';’—,;' ?‘}l .

Data = » C; + residue -° (3-1)

i=1

H RT3 284 (trend ) 704 % 2 4&E (local extrema) = #5742k (control
points) #7HE = et T & iF hcubic spline & &) A2 ¢ RARHTIDE 0 4oB] 3.1 (b) U7
oo bR E A %ﬁ\'ﬂ%&%‘tﬁﬁ%%{ ) a‘r"‘,% 7 F.*ﬁ—'t’ WE K S A T HTEUER ;ﬁ Pﬂuj%ﬁ:ﬂ
PO B R > XY MR E AT L B FASE 0 E D H ¢ 2 T0E G R
WA ES EM T PSRBT L E - B IMFe 2 (SR RFAREL ¥ - B IMF {2
AN S 2 R RER R TR B A DS S B IME Rt R I A < )
R IMF 2 el 3.2 970 0 @ g FlAR GRS G - B H 23 3 i (monotonic function) - 2 &
AN EBPIEER o RHZERSORABE - a AT A EMD #3405 h T

AP o, @R TR 2BE > AIHEIE LSS - B IMF TRE 1 BT
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B R AT 2 B BRI AL 2 ARE - ik &7 B AR IMF chdp e o JE 0 RTRL BL S 3R
B2 AR E A fE A Eindpde o oGNP N d RS B R g s B S B TR AR
AR RS e D - £ FE 4 D A G %A RS A
EMD 5 fe4 22 15 - R € @ TR HEF B At 1o P4 a4 o m s %
A kR e R4 L2 O 12 R0 QI W R g g AR (5 T R ARR 2 g
TREEA R

SRR EMD P 0 5 E @ r A B3N * EMD A fEchp d e d R g 1T B3 0 1Y
FEFR B @ @i fy @ ¥ EMD @32 /ens 3% o HRFL L § FAY o d
AR R g DIAE e iRl » &7 EMD % - ® noise-friendly 3 f a 47 = i >
AT AT TR T oy RIGFE NRA LB R R o BTG TR RS

2
B2 5B WEPFSRERPEA F AR B AP M RRIEEY S TL A

%

o AP FIBET G GRAREFHETHLIAER A g pFONER PR B

o

>

H

’

e R EIERCEARLG P

[rel
g
*«‘m}&

L g b Ae R s T8 > REEIFE

BEEFEE > I RSEPEERPER N EA R i e kA e BT R o &
REGAEAIE 2 AR BB FIRE A & NI F] L TR foA KRBT E A

2RI o A BB B g DR fERFEET i ERR SRS I A A R

n\—x,
J

FRERFEA[E Y AR E RER R LG L AL 0
MR R P R AR g 2 LR e e P AT R AR - A8 ok (end
effect)> &t #7@ * chfic@E 8P oxoy P ek TR S HE R & FTH 258 EMD

BIT s @R ena B IMF > R R b ch2 23 B 4 Ra § 2" EMD prir iy

4

PR 24 A gAaFHIMF 4eB 33 (a) (b)) EE (Fd ) 24% (&

1 )

F)ZRBEA L ERARRE - LR R o N RE ] EREFATH

40

4 %SI'J%;}LJ&;‘EL@ R B RIE 0 fe s RAREE R R TR ARE > 4 2 DR %
Bh Ak A4 7 3 BRI AMER SR - IMF Y 5 % Wu & Huang (2009) #f

3 end 2 F R a1 (intermitency ) #rER OO R & (mode mixing ) 2 R 3E -

4B 33 (b)~(c) #d (FH) 25N 5 7T FHFHH7e 37 097 P23
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REFAL Y G B IR Es 0 Rl JE R F 2 B b+ TR T] R AT o

3 EFFE LA B AR 33 (a) (b))
(c) Z2H]— ~Blz ~ 6

~ b= 2

A fEe m A2 (0T RIA B EDRY 0 TRIDE L AT
A2 TR S

CARN AR A Y e RS TR L SRR R
12 35 & Tl 484 o

—
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(@) g2s

1)
model
sum of other modes

0.2

-0.15

.
o
[N

I BN BT ST BTSN SRR |
1 2 3 4 5 6

-0.25

O\\Ill\ll

X

(B) .45

0.4

L
local maxima
L] local minima
- upper envelope
- lower envelope
mean of the two envelops

0.35

0.3
0.25
0.2
0.15

0 1 2 3 4 5 6

B 31-f1% EMD#ty feAjz - Bla® chZ MEE L A4 Ty ERLF* EMD
SEPIARRL L T h A GRS o LM AR Ll G e TE
BbR:é 2M2 TIHEHFH >N o TRLBaR® 2 g FJ Bicd 242 u i
Lt RSB BEE B FY B BAR L RHEA HE] £ 97E 2 ¢ cubic

P

spline w 2 » e A SRMP| LA iFe B2 oo
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Input
data

02t
01¢F

model I N R YW W N W

01

0.2

01 F
mode2

01

02t
01¢F

mode3 /\/
0

01

02t

e
0 F
-01

02t

01 F
mode5

01

02t

mode6  >'f

01

0 C T ————
residue .01 [

0.2
o 1z 3 & 5

B32- 1% EMD %y (v st A2 % - M 5 504 72 85~ TR S B2 561 ¥ - o

Pla sl B 1300 65 Bfo - RBIA 2 APE -
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(a)

0.3

n
maodel

sum of other modes

0.25

0.2

0.15

01

0.05

-0.05

-0.1

-0.15

NSNS ISR EPEErErES EVETETETE EYSCEEr TR |
'0'20

(b)

0.3

—_—

0.25 model

sum of other modes

0.2

0.15

01

0.05
b3

-0.05

-0.1

-0.15

-0.2

025

_0.3--|-I||I||I||I||I|--I

(c)

7
maodel
sum of other modes

-0.05

-0.1

-0.15

-0.2

B33-Fla-bc¥ iF %% EMD T2 A fEpFari e BE LS - Hla s A fz
EArAd 2 S IME T 2+ 5 B3 @R B b IR F G A w5k 7 PR R P
R & R R Cr R A G R e PR RREEd g B IIf R p o en

FREE > a ¢ FEMD 2 AN A ES R o
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3-2 AL E R 7 i R AT
BLE R RN VAT A BeF S - A E o T EMD 274
B w o ABE TR LEATREN SR RSB IR L SR T
P 4o a7 A d e B R g2 AMBIY CEFARATIRER T B
LRAER Y 7 - 2 F AT TR AW EMD 27§
B 3o 4ofl 3.4 (@) #1702 B RIBP Bl ikl 0 TR S HRIT L KK A
B o 4o 34 (D) 9T > JFM A RNRE IR S TR o W34 (b) ¢
FHR D RANF 33 (a) A A AP R g o T AR LS T
FARFER 2R LRI TR LB PR SR L B
peeh o BTy 2 EAS T Y S | T AL BRIE AT g DA fRB]F 0 R A PR R
AT EB PR ES e F BTG U2 22 0 d T ALY TP
ERA AT AFZ AP FR TANE R A A O AR RN L LA
Eiadon F AU KB AZpE o B FH S TR R X BT R gl %
A AR TFTRAFUAT I s S feao s e I TR 2
AERFRFUA 0 TS REY TR EMD I AR BB B2 Y T 5 RS
A B o AR A P R DR RG] B2 2 B TERE P BB RS

Toa EERREZFE R TR AR O o B AT} B R AT 0 PR R

"E\

qk\
;;;;
f&
m
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0.3

y_dup
(a) —————— model _dup
trend_dup

0.25
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et
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02

0.15

01

r0.05

-0.05

-01

-0.15

02 10 15 20 25 30

o
w

(b) 4,

Ul
model

! \ ——— sum of other modes

0.25

©
[N

o
-
wn
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o

-0.05

|
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-

-0.15

T BN BT RSN R R BRI ERE
1 2 3 4 5 6

X

.
©
o

>

W 34~Wa b ifl® THAUL > F#6l- 2 72 ABTEMD 2 A4 fF sy f
BrdFz A Bang®E e 218 £3 7 B HirE Y EMD &+
2o 2 (PP BFRPHFHR > 25 IR SR BRI % 2P gk o

-

Fleragp it 2 €4 p i gk o gt a iR aady o
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B2 D FoFETABBFRFL L AU FTRAOAFIFRLSRTHN DB AR
B o BEFRAC] BB L ede (R A P R et BL el T P AR F T
Bhrr il arde iR degt - RV ORI PR R REZ DY > T AT
FgE o 2 BRE BB FLAORT UEEED T 2862, 1% Wu & Huang(2009 )
B R S s AL 4 22 (ensemble empirical mode decomposition ¢ # - EEMD )

B E T ALY A4 o3, 1% Huangetal. (1999) #7i% & endpped 5 (curvature) <&

21N
<+

.a’\
et
N

o

G2 P B EMD 2 jE o T £A 1 M el ds 0w d FoRlend &
P F P FRA RO EE R F FORBEE S T T F R
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