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Abstract

The data reduction of existing borehole seismic methods are currently based
on travel-time analysis in which first-arrival times of the seismogram are
manually picked. However, manual picking is not efficient and depends heavily
on the data quality and analyst’s experience. “ Besides the difficulty of picking
first arrivals in the time .domain, no information Is obtained regarding the
effective frequency of the analysis. Several automatic picking methods were
proposed to increase the efficiency of data processing. But most of them are
based on time-domain analysis and waork well only on some specific conditions.
Data reduction methods based on the frequency domain and time-frequency
domain were proposed. in the study. The aim of the study was to observe the
behavior of the borehole seismic waves from different domains (i.e. frequency
and time-frequency domain) and propose a semi-automatic procedure for more
objective first-arrival time picking. Field data from PS-Log testing and
down-hole testing were used to evaluate the feasibility of the proposed
procedure, in particular for the shear wave velocity.

In the frequency domain, the phase velocity can be calculated from the
phase shift of two receiving stations in each frequency. To avoid the difficulty of
unwrapping phase angles in lack of low frequency components, the formation
around the borehole is assumed homogeneous and isotropic such that the phase
velocity can be calculated from the slope of the phase difference versus

frequency at certain frequency range. A better understanding of the seismic



signal can be achieved by time-frequency analysis, such as multi-filter analysis
or wavelet transform. In the time-frequency domain, a semi-automatic procedure
was proposed to determine the first arrival times from the envelope of the
time-frequency spectrum at specific frequency range.

Evaluation using field data shows that the spectral analysis method is
suitable for PS-Log testing with stable source and two simultaneous recording
channels. The method is easy to be automated and yields Vs and the
corresponding effective frequency. However, more study should be conducted to
overcome occasional failure in low S/N data. The semi-automatic
time-frequency spectrum analysis, either based on multi-filter analysis or Morlet
wavelet transformation, works well-both in /PS-Log testing and down-hole
testing. The picked first arrival times from the proposed method agree well with
the manually-picked results-in-high quality data. The procedure is stable and
yields reasonable.results in-data with low S/N. But it should be noted that the
method inherit the tradeoff between frequency and time resolution from the
time-domain analysis. The ‘parameters used in the time-frequency analysis
should be optimized for (different source:types. The parameters for PS-Log
testing and down-hole testing were suggested-respectively in the study and
verified by the field data.

Keywords : borehole seismic method, travel time analysis, first-arrival time,

automatic first-arrival picking, time-frequency analysis
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AL RRIZHE P RS T R R LT 4 R R o @
LB M S 2 P s BRI (refraction seismic) ~ & g B OBLE
(reflection seismic) ~ # & & 2P| /2
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g (first arrival time)
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ASTM Method for Crosshole Seismic Testing Suspension
D 4428 /D 4428 M- 84

e VSPISCPT __[Recaver
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Borehole

PISISINESSISISOSNR AT U SIS TS I STA VIS ST
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Borehole

AT AR I SRT RS L NN AL S G RN S
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Borehole (VSP) or Direct Push (SCPT)

LRAGESEELLE 4L LA SEELELLECILELEACILILRLEECRETRELALECIRRLLHLLL4

R S R AT A ey e P AR AR R RS R R AR AR RS

(@) B35 RpE (b) T 3b RplE (c) ®iF s Aiplz

B 2.13p Z2iRNZ 7 R Bl(Seismic Shear Wave Studies)

— Seismic Refraction L B2 — Surface Wave Methods
m
N Layer4
() 754 Ruirl 2 (b) & it pirliz (©) o ik RiRlZ

Bl 2.2 22 pldk i 4 BRI o & Bl(Seismic Shear Wave Studies)
2.1.1 T3 N R R
TINBRIETTZRAB IR BR TN X RE S BRR BRI PN RR
LT ERTIVEE d R AR S gl - R T

)24
B

FRRRES LA B RANE d LFRL A B RANET SRR
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SEISMIC
RECORDER

SHEAR BEAM— . : RI}SGE? @?%T
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Bl 2.3 it 38 RRLZ e B RI(D7400-08, 2008)

IR BEERE B ke b o d AT R R o AR EE
BrenBdh by €5 TA R T ATV RBE K Y A 47 2 (Kim
etal., 2004) ;

(1) ® &% (direct method)
MEFZFETAAEIP DR B A 3 B2 LM

BprF()e A BIEd(R) B Gk~ B ()2 2 7R (D)

(4o B 2.4 A7 )BTRSV 40T

t 2-1
tc - D E ( )
AD (2-2)

Vd = A_tc
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D:XARFRE: R: BREX L FIRY; ' ERGE2 L BEFR
t: 22 B RF V5 LIFATRRE TR
ﬁ%&ﬁ%@%@%ﬁiiﬁﬁﬁ@’@ﬂ%ﬂy@ﬁﬁﬁ@—w
MATH R B REA T2 FHe T LAY k2T 4 4r(2-2)
Ao
(2) B ez (interval method)
E A‘Eﬁu“ﬂﬂ5@%%%1%@&%%?%@%@%%
M F(AeB 25 977) o B RN AeT

R, — R, (2-3)
ly=11

R, - %/lﬁlﬁ’i XL EBAFEH 5 R, D BRE TR L B2 R
bt RADY R AR

d 3B KA BTl - RARAAZ R TR P RE B S

V =

ER R IR R R AEM GRS A R L B g R 2 2 B
fgzo

(3) #H F§E;> (pseudo-interval method)
M AN PR o feii s - Xk
P Bz FR S A BT ) UL T IR G2 T hEE
RO EEZ D R A IRFRNE AL FP g2 @1 K TS
i B 1E R E £ % o (Patel, 1981)

IR
A
A
/4
Py
N
I
ﬁ
[y
/4
ﬁ
N
&
L
W
N

(4) 2 B ez (modified-interval method)
TS E e BEEE > BRI SR TR REE » BER AL AR
€73 * el @i R (B 2.6) 0 B BT o

i-1 2-4
Ll] u 11 Uu Liz,u Li(i—l),u ( )

— + 4o —
7 v, Via

j=1

11



L 2-5
ZLij,l _Lil,l_I_LiZ,l o Ly (2-5)

T = = + -+
=R A2 v
Ti,l == DTl + Ti,u (2'6)
R; 2-7
Ll] 1= i X Z] ( )
il

v, = Lii; (2-8)

1 L”

Ti,l ] 1 V

PEBEARVEIEE S Y g A BRI A RS KRR BAFK

(5) 4wz (inversion method)
ﬁﬁ%{éii@ﬁ@ﬁ%ﬁ&ﬂj’%7%aﬁ¢%ﬁﬁlkuﬂ’
U4 6 )RR a Ak Rfes | andafieing 977 2 i (Snell’s
law) - &7 % AT A 2 375 (R 2.7)0 B Rt deT

sin@;;== sinf;, ~  sinf;;  sinfy (2-9)
Vi =V (0 Ve
Zl tan 8,:1 + .- +Z]tan 91] + .- +Zitan 9ii = S (2'10)
Z; (2-11)
Lij =
cos 6;;

BB R e BRSBTS P2 AT
AR AR REEFF Y ERF RS REL N
0.01% ©
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t (sec)

Source | 0 0.02 0.04
A _—
t; : corrected
travel time Vsi_s
t : travel time
D
R : Ray-path
\/
v |_'_|| _____________________
Receiver

Aty

Bl 2.4 4% (direct method)-+ & Bl(Kim et al., 2004)

Shear-wave velocity (m/s)
Source 0 200 400
R1
Upper / -------
Receiver U| R2 - R2 - RI
Lower D l, =1
Receiver | -----------------------------

B 2.5 & e;x (interval method)-+ & Bl(Kim et al., 2004)
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S Source

TR7K K
Ray paths
i Vi Z,
o Diu ; V, 1 Z,
7
lyLy{"“ Vol
Upper {or Lig1)) "’* &
Receiver' I Lis 2 i Z;
Lower ::
Receiver VN_,1k Zyna
Vi

B 2.6 2 i e (modified-interval method) - . Bl (Kim et al., 2004)

p— s —| < Source

| ==
)’MT
Li1u /| Ray pathsv Z
ell.u eil.l LH" ;
Li2,u L|2I v Z
Di'u exl.u elll ’ 2 ‘ 2
D;,
(’J’ 1%
1 ==
i( L V!
Upper _+~ -ouprgy,, i1 *_ Z4
Recelver' l/‘"" \/iL z,

o

Lower o

Receiver
V- Z -1
Vn

Bl 2.7 @342 (inversion method) (Kim et al., 2004)
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S-wave
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60 80 100 120 140
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2008)
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2.1.2 B53L N BpliE
it RRlE 2 B IR IR L BN IR Y 2 - 0 RIR R X
REERENBE AT o P30T RS BLE 0 LG > 2 BT
AEE BHY - BHECRERR - AFT A RIRE R L E - 1
ASTM D4428/D4428M-07 (2004) 2 %.dF > £ ik B2 BiRE Hedf T (70 70
B F LRI R FA (R 2.9 1w )0 ERE RIRATE PR A L rdE @
TARANE FRERGARES 4RI 2 BEEZ LB AP S g T K
2 Lo B R o X R e 05 & 1A% ek R T RIGET IR R B
SESER EI S EIE A
itz KT RFEEZ BRI LR Bje D 2 A E L S etk m 2T
Ak bl bR 2ot A e FATH IR Gd A Bk
ERGEEFRE 0 B R Mk 2 R
Roblee et al.(1994) % 4 di #5434 Z Ap S 8 RopIZ 0 T B4
a)Rﬂ%%#ﬁﬁ%%ﬁ%ﬁi’§W¢ﬁ§#%§§M’
(2) = gkt €3 pF 4R o AL b 2 a
(3) ¥ AEIRRIL A et A K X3 H
M)%ﬁﬁymﬁmgﬁﬁmm’
(5) ¥ MBI BT RIS A R > BB RBRE o
%&zﬂ’%ﬂﬁ%W%w~%%%{?u%ﬁﬁwﬁﬁgﬁaﬁﬁﬁﬁ

B B (A NETE 205 BB > L@ 210
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Receiver

Source Borehole
i"‘ Horeholes “i

i 3 meters N 3 meters [
I - |

{10 feet) {10 feet)

©

)

PLAN VIEW

Seismic Recorder

Trigger Input

? i

T o e 1
I
a W F S [

T T e

% [1(D4428/D4428M-07, 2004)

Bl 2.9 B3 N ERLAT
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213 BT S RRl2

TP RPCERAATERRAI P BRL L p 2 E L cm P A
OYO = & #7F7 enf i ;% ki £ p) & si(suspension PS logger) » #-2 ik &2 £
ABRRELZ - MW RREX A BTIERATH 2 FIFR b a e %

FF manid VT Eipl o FIRRE L BEEARAPIT 0 BiRa £ 7
éﬂﬁ%@*ﬁﬁﬁﬂﬁé,fl%ﬁ%%%ﬂ%g iR B R P s iR
FOBLFAT R b R R S e AR - (BREEAG, 2007)

ﬁfﬁ%ﬂﬁﬂﬁﬁiiﬁ#ﬁﬁwﬁzu%ﬁ’ R HIE LAY
(suspension PS logger) ~ & # (winch) 2 2 ‘& d 2t %i@ﬁi%léﬁ Feord s oY
BT A JEF 2 $FR]E (suspensionprobe) e fFiRl g H P TE L A S F
(head reducer) ~ /s 30 = (upper and lower receiver) ~ g 4 #  (filter tube) ~
= m(source) ~ Bk SRd: E(source driver) ~ % & & (weight) % & ~ o

PLERRE efa - W RIRTR S B A kY ERIP RIS
%ﬂ&’a%%ﬁﬁ%%%iﬁﬂ@oﬁ&ﬁ%%ﬁﬁﬁ%&%’ﬂ?k
PR R P fr SABERRE o X MR B R Behfpd B0 ook b
BRAPE > i o RPd AT G scBRISH o A RRAR* FFiEH A KA
A S U R F A F o R IEYCR] 2,12 01 B * K TR E 2 F
FE IV R A4 - R4 RIS EET R S 7 L Bk (g
I AR F TR BETE - BRE RE TR IUREER ATV R
Y LR SR L AER R BRI
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Winch Suspension
PS Logger

Controller and Preamplifier

Upper receiver phones

Suspension Lower receiver phones
Probe

Filter Tube

PS Source

Driver

Weight

Bl 211 R F 2Nk £ Rk sEAe B BI(OYO corporation)

;

Source body movement

:
{
i
1
1
1
1
]
]
Ll
Ll
'
I
[}
1}
]
I
|l
1
]
|
1
1
! produces an S-wave
1

1

1

1

1

) —

Structure of the source

Distortion of the source body
wall produces a P-wave

Components of
the generated wave

[
i
¥
]
¥
v
'
]
I
E
|
I
I
r
I
I
I
I
1
I
I
I
|
|
|
|
|
1

B 2.12 2k &R 27 & B(OYO suspension PS logger Manual)
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d 3 b/ TR A RERRIERET B 7 FRF RS DR E LI
S FRE L e B B @R AE Y o seseamuglgd
ALY HF /T RABREGRALFERRR > PP E N/ TRABTE
Tz 3R i B OEOR e

d R R BT p e R R F - BB RTAE R
& & B (hydrophone) 2 2 & B 7 3 ¥ &4 B(geophone)ie = » H 7 &7
FPERBATRERS L VS BETNE RRAZA N e 2P

AT A AT RPEE IR RPRERET A A E R 2 PN

W B % PR R 7 W g A e ] 218 S EA A o R R AR S PR (B
5 E 4 ms) o T Hez B(H2 ~ [H2)RE# R §AT o i b e P 0 i
Je B(HL ~ [HL) 3T 3 so e i fl 508 8 238 I Beedrz 4~ PR »
FPTRERREZAEFFITERASE L T RICERL K BRI

S ELE o

S-wave Travel Time (ms)

0.1 2 3 4 5 & 7 8 9 1001112 A3 14 15 16/ 17 18 19 20 21
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
ta
H1 -
I~
H1
12
H2 L
1H2 r—
w1 | |
tor
vz
toa
T T
0 1 2 3 4 5 6 7 8 9 10

P-wave Travel Time (ms)

Bl 213 BN B2 ML A (R R RAT T ¢ )
SR A ST ) PR fé%ﬂuﬁﬁﬁéﬁxﬁﬁw PERY £ 10 R B
ﬁ&ﬁ%y%@ﬁ BY - e B2l Aa g2F Rl o
|9~ Bfe B2 A PP RS B df o PB4 2 Rk 0 ¥ - g
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Fd R FOR e e A A o R g d s VAR Pk 2R
ERAERE o
2.2 A PEAAT BT
AR e BRI 2 R BT AR AT 2 r‘b’“réﬁ (e SR
F o FAREALZH T HAAFRADPF B BT ET A YRR A4
AR - AR B AR RS R BRI AR TR
&ﬂj’ﬁﬁfﬁﬁ$%ﬂ%#é%@%*ﬂ@$&£?%ﬁﬂﬁ%%o
SRR E cR AR LAY Sy SR N SR N RS AL RS B
TR RET A AN Z g4 > FHEIT S AR R
DIFED AL G EE R A R BIRET S AR RS
FEtd o (BEE4,2007)
Fpb oo A if ER | B B eyt B B eh AR o
Rk e TSR B
(1) DW= FATE-E FEREFP - XA B2 1w P4 2 F g4 dn
AT AR Fow B
(2) HuAFRAFEEE G ARE L ARSI R T4 L mzEo
(3) T b K sk 75 ¥ & Flp k(tube wave)® > 2 E R A ER T E 2w
S F BB A @A RE AT AR o T BB RGR
Fat AT E R E R A A R P R R A2
LHEHRHBAR
(4) /7R BT A RFTHEF AEHREIFFRR T XA B2 RN
R AR R /TR AR R A REATRARERGESFE
BRTE

RS T UEE

ETIS
o
T3
%

FAAEPN AL T AR AR ST UFLTR @

P RS BT
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(1) 4 4224 > B+ o
2 F- X AEB2
(3) A~ F AP FEF Fo

e AR R F T LT F e L

R S S E L T LS LA

S o s Kot it AT MEEORLE R DRI R AR S 5 AP
2T o PSRN M FRBAP IR 2R R
ﬁF %ﬁngC"f

Stokoe % & ﬁ (Hoar and Stokoe, 1981; Stokoe and Hoar, 1978; Stokoe and

Woods, 1972) 4] * §53% 3¢ Ripliz ZRIT 4 ik > B < BT A E PR 2 47

Nz B gﬁ 47 e ed A deB 214 o AR PR EET # * A e en
SE‘:%‘!:-’% ;\%—L_Ei_;'i /ﬁ ;izi—-/ Ji J’E_,]L7 LL%LL?%’&‘ET%%—Q ‘\mii
)I} ¢ 3 R el (% & 3%, 2009)
*
Normalized Interval Shear Nave Velocity, vsl YolA
Reference Paint on Waveforn
Interval First
Distance Tniclal Firs: Cross=-aver Firse
(fr.) Arrival Trough Point Peak
4
Vet
(1] (2) (32 (4) (5)
7.4 1.00 0.95 0.92 0.92
15.7 1.00 0.94 0.92 0.87
23.7 0.99 0.95 0.93 0.88
| 3.9 1.00 0.9 0.92 0.88
l AVERAGE = 1.00 0.95 0.92 0.89
‘"iLA = average of all lafclal-arrival interval shear wave velocitles

B 2.14 7 Fe<E 87 3% enp R0 L@ vt i (Stokoe and Hoar, 1978)
@ Sanchez-Salinero (1987)s%= 5 # & I » f- o3P » A d/A

<2 (d: BRI BIAAIERE: LA E ) RIZA ~ it 5 0.25 chif
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» SV
#@i P /ﬁ‘l;}émf"—’]

EH 0 ho @] 2150 4
ATl B 216 B 8

Ff'-lm *1'\

S S A

Eh P X DT
Eh SV £ 3 T

2.

uG/F
xl0~2
]

Tu.u 5.5 ..o N 2.0
e t/d
Bl 2.15P 4 ¥ SV i et #-»c ik (Sanchez-Salinero, 1987)

o
’
@

4.0

uG/F
x10 -2
0.0

D = 0%
©| d/»= 2.0

[ o] 1 i R

0.0 0.5 1.0 1.5 2.0
a't/d

Bl 216 SV ¢ P a7 (Sanchez-Salinero, 1987)
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M AFEEAE I LR Y R RE o REPL R - ",f g

2 A FRATREAFIFRA N R A BR® o P FALG
FEPTHREF T des o AR P TEA - FEE F 1 LA
BreafFe Ty - B RFRERN - Fp AP 2 TG

PORAEE SRR R B H R
2.3 B BPLS E B

de b Eerit o A A b RET N RRIA AT G FF RS
Frenp g P 20 o KES Baer B skt o STAILTA = % ~ {#
B RCA BRI AIC & E A F A e S R AR TP LR T

G JpH SR E AT e e e AR R L et B AR B o 1§48 S 3 B

Eyra > FWEHEFERB S % 0 A e B F B RAR I R T P o

STA/LTA = 25 w3 ZERE K A §% chPhb|9r= 22 — »d 304
A R BN EREEAIIE I e AR 0 R
7P EA IR~ AR RGN A ISR T d IR MO e ik
FA 0 fEd R STALTA i e ic(CF) » k4 7 “ik B e gigr 4 f
FeM e B R p B2k p o HP STAT L Neprf gL T356E » 7
g b BB % KT R R Bt RE A LTA L TEEFT s
iﬁerﬁ%w&%ﬁﬁﬂ’%ﬂﬁﬁmogﬁgﬂﬂéﬁ’ﬂNUAw

@g@%,gﬁ@aiﬁwﬁwmﬁﬁHm%’mmﬁéP%méoﬂﬂ’
P BE R R APl R > ER R R f 8

Ambuter and Solomon (1974) ~ Anderson (1978) - McEviIIy and Majer (1982)
FAH 2 Rk Seendr g $HE x| 1T 5 # #cddic ; Swindell and Snell (1977)

25



P4 * 3 b T > Ex? (7 5 £ S B Earle and Shearer (1994) 41

E(t) = yx(£)2 + x(£)2 1% 5 Ericsfo 8 ¢ x() ¥ B % & x(t)EH Hilbert
e @ Allen (1978) R £.41* E(t) = x(t)* + x'(£)? + C, 1% 5 e H
P E RS X (ORI S H - RS o dRd ok BARS BT LR
B 7 enfg 53t 8 STA 4o LTA » T 11330t cnd § 222 k3 B Hen aag g
B o

STA/LTA E #8 8 ;2 4o

i (2-12)
STA(D) = — z CF,
=1

i=nl (2-13)
LTA(D) = %Z CF,

j=i
STAQ) (2-14)

LTA(D)
P STAGD)FeLTAQ) A B & & AP 2] cnepF § UL T 3B fr & pF§ 3

STA/LTA(i) =

LT 30@ ; CF 5 i By e s 8P~ & s nsimle & S e g vk g
R F A bl 4ol 217 -

Energy Windows

test point
‘

LTA
STA

B 2.17 STA/LTA - ;% 7+ & Bl(Han et al., 2010)
PR IRBEEGE R D Y P R & TR T R L 3 - AR B
TR K F,zc” FRA A PRI TE A o bldr o Aok P A

E A BRI 2 B F prde sl Az cndR S o STA B 4 1SR

-~
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# g o Tt STALTA v ERAZ E P2 FHEE -~ RARET > Fla i 3%
] o ",f ez ks EREY R RARET R R R RAR]  STAILTA 23§ st &
AR OREPHETHR)EZ - L EF T EREAPHTERFT £ AARS
BT K E PHEE(THR)P | - & o Fpt 4ofm 3 B~ STA ~ LTA

THR 2@ 22l Ry ERPE -
232 AIC # 3

AIC (Akaike’s Information Criterion) & 7 & 7 3t 2 f| i - AR
SRR S B URE - d B A K S R4 5 = (Akaike, H) Bl 2 2
BE oA E T ERE 2 % (Entropy) s £ AA#H L > F TR T
g Fe R fe st WO3IHE & Eicdy hil e (Akaike, 1974)

m AIC AR AP SR * o mELRKE Y F e 2 e BN s A
BLenig A7 0 0 BEE AIC o SR EERA R O AIC W ek BT L R
1P D P EE > A Ble2.18

3 | T T
oL |
1| |ﬂ l ‘ _
0Ok P A\ Ao Nt TW%WWM#'UNW I I .
2oL Il _
-3 | | I
25 30 35 40 45 50 55 60
0 T T T T T T
™~ e —
-500 ~ \ ] /_/—--""_'__ -
-1000}- / ]
\_M’“m‘\ [
-1500} A ~ |' |
-20001- \| 1
/)'
-2500 1 1 1 1 ! !
25 30 35 40 45 50 55 60

Bl 2.18 AIC = = 2[3# & f&it 4p 2| P ¢ R Bl(Zhang et al., 2003)
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% hAIC 24 D AR-AIC = 2 ~ A0 SR AIC & 2 ~ 2 A

B P AIC 2 % o AIC - 4538 4o T
AIC =2k —2InL (2-15)

K Z 403 S e d > L £ 03] b < PR e o

AR-AIC = ;= (Leonard, 2000; Leonard and Kennett, 1999; Sleeman and van
Eck, 1999) 8 Lk 7 i ¥ Rl drA X3 BT HEER > AT BN A uE
R wFEHCA @S BARKAIER 2 R - BEE FHIRAA T
-BREFE RN . F AICEE | BpF » AR A Bh ifenfidic > o P&
AR A28 B o BT R 7| Ap 40 4 :T};g\;%a. g1 E B e B
A Bl W L AR DI PE BE 2 R SN e T
AIC(K) = —(k — 1)logV¥ — (n =k+ 1) log Vg + 2(mp + mg) (2-16)
VF & pe 5] en @ iie 5 Vg 5 su s i) cns B fic s my 5 F23 AR H07 i
% B> mp 2 AU AR 53] Rl oo o B RuE B R kY o F
BFEArd RAWGLAT E e a R E R T AR a0 e T MG e B 4
R RE L e B EL Pt i PR GE L s o M b S 28 eh AR B0
e dgcf e % 3232 (try.and error) 4 a0 AR R -

» Maeda (1985)# 4 7 % = AR-AIC & % > H w2 £.3 B Rk
B¢ 2+8 AICE »m # B~ AR fafico H2- 5 A %

AIC(k) = klog(Variance(x[1,k]))
+ (n — k + 1) log(Variance(x[k + 1,n])) (2-17)
FR¥kiEgE: > AICHR | Bk i PRAIIFEL - (&
e A g IR ARUEL, R AR it 2 0t AIC 2
£

2
2

Ris ik TP
L SR AL
EAr P R PE D E RO EREF R DT g B o

Zhang (2001)F 4k * Maeda (1985)crz+ 5 238 » w2 & 7 § A B Big

#¢ 4= e g5 (Multilayer Perceptron Neural Network) » = 5 MLP-AIC = 2 ~ 12 2
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& A #H Zhang et al. (2003) 7 W-AIC = ;2 k38 {7 4 4p 58 > }%‘1} it
X ERPEORI - R A58 3 ZME NS HPRARESTIRE B
v * 3T S RARFERE o
233 H FRE

Rd 3w AR RAT Y MR E]RE I RO D AGR A A
s R BALPFNL (T2 - oG I TRHREE RA IR E 5 A
He &R Znid ﬁv{b’ﬁﬁ STA/LTA & & 42 % (Allen, 1978; Baer and Kradolfer,
1987) » I 2.3.1 #7if o L IF 425 Jf!#g, BOROFFACGEH KK E L S EpE

TR R R FIM BT R 2R (WE e BR) AT

H2 b Biesp A ERZEF @5 Ra Z R R BA
AFFLEE > Fr g AL 5 (Zhao and Takano, 1999) o d > 5y Rt A3
S X g IR Tt B STALTAE S 2 R 2 5 1 - B i § &
P ps [ ROR 0 RIS R RO OTIE o Bl 0 B - By i R
FER o A S AR B A TR B Fr N P L - B & ena (F o

BV EF| PP PARR G S BTy A BORE T - A SRR
TR B B TR 2 AR 3 LU 42 5 (Zhao and Takano, 1999) - & B | 4742 B
e §_d 5] @y sE A e e (Backpropagation Neural Networks, BPNNSs )
TR AR AR TR S R i L B R TR E RTR
(Dai and MacBeth, 1995; Murat and Rudman, 1992; Wang and Teng, 1995) » I
TP AR e R BT G 0 RS e L i 5T o

M ie BARA AR - ‘f‘:.E'.ﬁ%])‘ GTHOFFXEE P - E-ZBERFLERZ
Fed ApDIPF2ETE > FF PP B Bl DR 2

B2 Epg i Bmer 37 A PE Bl o ¥ PRI Y ke SR8
fede R AR o LMl TS R - B I BRI R > Ak b it

BT R E G E R AT > 2 B D AT ER 0 LF 219 -
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Bl 2.20 0 2R 3%AT L 7 dp 0 SRR SRR AR A B S Bl 0
WEOEY ER FERASETROEE B P PP X ErRE 2 4p
B endodic @ gt Bcp 2 SBcenX TR F gD RN 0 X E - TR

o NI R ROEE RTHET P SRR

QOuiput
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>
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\:\«

5 7

B 220 & ¥ Nz pE 2 87 E 7 {8l (Zhao and Takano, 1999)

B (2001)4 TR LB F LB RE - RO SR FEHEE R
AL egEA S el Ap D PR ARR 0 ERSE R ARRR ERY TG D
BATS(Broadbadnd Array in Taiwan for Seismology) & #f # R 74 > &#EH A
k2w @* v (e g HERir? 080 Fptk T B3
(1) 24 G drre g o TR Rpap enp oo A1 B - pEE o

HF R €A AF LI DT, BHFRT UL P B BT R

g

SELEERE LS 1L 2R
(2) %A B AR DIPE2GE B L USIE AR § ALK R W0 @ TR e
B2 HEFEG AROTAREFHN SRREEY QRN FERY P

ZIEH R R EE B EELT ~ # b aE2 - o & AR

2 o
(3) #-x AR ¥ A SRRk Ap DI PF 2 B * 3T BATS 97k &3
AR BT FEIREL NEF o R FEH SRR AL ORI TR
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BAFRES R AU R RIE T F R T304 Sl H A
(% 5, 2001)
234 NV

m
w
&

P RESS A E R - BRI 0 B AR RS 0 i
TRt A IR B2 e B3 ATELE B F R AR
(R £ R A RIS o T PRI B 15 ehil B A 2
¥ =« L $ > & Coppens (1985)# ! 7 it £+ ;2 (Energy Ratio) » # % & 3

- BRHRHPP TR ELEERAFET ARt E o T

R(r) I OLL (2-18)
T) = T
Jyx*(O)dt
;¢ o R(1) 5 dv £ B S B x(8) & pedil il o LG AR R R o BT
xRS

Zt 2T, x2(t) (2-19)
EPZ0)
R ﬁwmﬁﬁva&a@ﬁ DI, G e R AREE > Ty L W -
PER B AL ST AR T, R (- PR KB kRO
Pt B b EE ARG AR e Bl E :
BRETERAIR EERE - FTEE DG
%ﬁ“ﬁmwéﬁﬁowwﬁﬂaﬁﬁﬁ%%’%
BOBPFE A B RST FR R R RS 0 R g
B E S el 221 -

A=

5

i

R2NE
P

T xod

=1

éﬂgg@

(L ET etal,2004) Fdpg 257 LRFATFE g I 1%
BRSPS R E A S m EUEEER B | e ] o o] 2.22

CH IR & f S SRS AR R A R A T SRR

T AX G K A BB OIRFIE o TREFREREEDE oFTEH
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s 4% 44 s &= L . T )
RigHGgE B E P 35 &=

B LA T D DRI S TR TR T L A

BB FIEER o Flpt 2 etal (2009)3% ) 7 B PEF T E R HE KR
REILE AR S A TR SRS R A N Lt
B % 5 2B A E R R GURBRER KD T iR - i
R T FRH B T PBHAE RETEARET Y £ 1 FE
SlAe e L %) 7 o

30000 =

;
|

-30000

1 l i ] ]

100 200 300 400 500
B BB

B 221 A=pw (? 2 & etal, 2008)

0.67 |_ _ ‘ il
0.3- i v
e ]
® O i \/
0.3- !
| =
0.6 . . . . . .
0 100 200 300

LaRi 3 3 S

Bl 2228 p % 7 LB (b4 etal, 2012)
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MEF A REER R EREREF TSRV - 2
& Wong et al. (2009) ] 4+ 4+ Coppens (1985) #74% 1 ezt & #aig i >
B0 ey £t @02 (Modified Energy Ratio) - #§ # MER » 2 ag £ ¢ (&
BaEA KW BRx A AR A =12 L NF BT TR
B S Lo R AR A Ea g p Pkl £ E 5
;+§ x;2 > (Energy Ratio) (2-20)

j:i—L x;j?

er =

2

/gk _E_‘ E -I—-I-.‘J‘—r’\)ﬂ.:‘w?‘kb I‘QmFl ’f—-)sb ;ai [n—,ge\Fl ’ 13_1—; 71 TF ,} J:é‘

mer; = [er x abs(x;)]®> - (Modified Energy Ratio ) (2-21)
MER = ;% 7 & 4cB 2.23¢

Energy Windows

test point
)

Trailing Sy i-L — ] i+ L
II

Preceding

-

B 22308 1 i Bt 52 (MER)S £ B
Han et al. (2010) 7= 1 # st 5252 2311 #44% 3 51 STAILTA = i w0 B 7 &
et M (SNR =3.5) 0 MER &t 23 I i oo S pFRY > @ g8t
ME(SNR=15) Bl i AL E £ 7 « & F 44 oins
FH TS TR R R P
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2.4 MEF LT 2
d - @A PET @ HF G g d i A 4732 T2 i * Aty

IR 4 R - BEH - R T R R e R ¢

(P4

L
F BT RO o Lt AL A LB G TRUELA $7 0 F > B -
W BRI ELF > o B EF ISk cim ik ~ I SO et o

AR AR g A 4T 7 2 REFI P B L L o R D p B P eh
VAM e T R R A S
241 FREBRALS T

#c(Window Function) ¥ Agz# &2 477 — B £ & 7304 « A E g2 ¥ »

S RFIE T W AR o

*“&K*ﬁf b6 & B B n(0pr Sl o blde | BB T

E‘EP\ :‘% ﬁ;’g{r‘ﬁ ’L+ \‘—'FE'IB’G 7—.;. 0 mg'q \ﬁlygtqr’ﬁj_—ﬂ—:' j'[? o E @ :l-lgt‘_fpf ?ﬁ \:llﬁ'{ﬁjf%

AT S TRk SRRk E T o T ’F' s Snfic- oo i
Bzl iy e 2 TR Ll R g = e A R A o
MEL T 0 & fef 1 B & =3 i 3¢ (Fourier Transform) > v 47 7 &

ECICCI - I O e LN S A T <

DD

P 38 oig S BenRf 5o SR@ o
AREPANFEFRE B Y > @ EBH 5 VOl P EET AT
ﬁiaj A E ARG 2 OB B AT Y HNELR T A
Bl = e o g B Y R BT YR B spﬁx)j‘f“’%%«“‘
(Time Window) s #-% e i 71 F & — B B 2ol 50 ¥ 38 (7 3% 8P 4t 4 agd® o
I m B E R P 5L RS J]*u'?" MEEEETE EEE M AT
FHEERIL o ed DR ET S SN H ARG > AT
B ez Bbia g 7 7 cnfiing 2 0 i@ = R (Leakage) > i o 4- B 2.24 7

T
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Actual Imput

NANNAANNNAN .
AR

Windowed Input 4 ""“|| { \
Non-Perlodie ﬂﬂ f | f '1 fll\ /\ |
) 1 LI time

Assumed Input

ﬂ ﬁ,ﬂ fﬂJﬂ AWAWAL ﬂ%ﬂ ﬂim
VY

||III III I'-,Iull'll '.\Jlllf ||IU‘|" IIIUJll Il'ifll IIIU H' '|I|IL ) 1I'||U

B 2.24 it 21k pen BB pF i ik 0F 9 i F](CRYSTAL instruments)

RBlP 7 gDt PR REHRET AR AT B F -
AL e g BT B A e A B P T v B AR A L
FIA BEREAUER P 20 0 IR RAL Sk £ 3R (Proakis and

Manolakis, 1992) -

x (t) W X (£)
: £, ' 1, b
 wit) WiE)
T g o ty 3
w{thwit] LARLUNE Y
1

t A SR

B 225 d A G SR 2R R(MRH A LI )
SRR T AR Y o B 2P E ek b - B 7 S#(Window

=
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Fuction) » € p¥ & e @b ¥ 12 4 T f 2 G B 1 o & ELBETDIEE L g0
WAL - BET W) doB] 2.25 0 BB foE 5B s B3
Fom R BAREEY AL AT R

TED Wi FINT ARFBERY 2 T Solio kB g o
BT RS R B A SRR WA T A YL BT
B AL o T ARV ARG Y - BB TSR R E T
RAIELY BR - B i B € R S Bk AR D k> A R
SR ANEBRE REF I RAFEE AT o Rd e g E YRR

TR AR ELEIRA SR 0 0 T B s R B A BT ik

g 7 ik
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242 B Ek A
- BB ANFRT AR 8T e
Efa 7 1@l h g 8004 B R IgE AP 5 Sidh 0 S 5 R phih
BER A EF L g EEAR T N RS T HRERGOT A
PR 0 DIRIGAEGE ) A T IRIGMDIE S R A o T AR ok ) A AR
AR SR i) o B E RE O EH T A T - BIELEd IR AR R

pATIEA 0 S T B PR SR 2 AR R

RO ST o VPR E 3 4 47 (Spectral Analysis) © & - & #-4F 52

SR ARE MR F S I aT U AT LS A RS
Hagafer ad- BAgued BRI T mEa (7 i L3Rt ~ # 5

éﬁﬁai)éﬁﬁ%%biﬁ%%ﬁ%o

AT U FE BIUEE (T AE T PR ¢ AL EL A B B 14
WEE B BE s c ) S lichdl & F o= B ke
FAEEA YT AR Y 535S At Sl & ol E 1 B o

~%&&%@iﬁﬁ&é%7&%m%ﬂﬁwﬁﬁ"\{%ﬁﬁﬁﬁ

Ao TR T F A E R R R a e B R R NE B R4

B TR F BT RIGE BT B B FT A T 0 = e B AT
AEBEET )R AR KA T o AMEBEAEILY ¥ F P RIREHT S

¥ ;I}u{ P A7 mfiﬁ,{ﬂ & 2% % & (power spectral density, PSD) -

TR AR FZ GO P 2 R (FFT) Rk A 2 43 e g
Pid @2 9T - AU RN i F kS T
IPEGRLI A ¥ Ja sk R

-~

m */ﬁ»ﬁ/ﬂm’é ’}ff_’ ‘\""’;{Lﬂ‘? K ;‘H”A”FT/Z‘ » AL W /}ip‘g/f
(Spectral Analysis of Surface Wave, SASW)» H »5p| = ;8 1 & d - 78 8 2R
5 % i %k B o1 e 2 (Nazarian et al., 1983; Stokoe et al., 1994) » Bk <X A B
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MELT L1 5 R B d B (0, t) cup(xp,t) ZEET 2 ERET F

TIv = Sl AR 52 en 3 iUy (g, 0) 7 Up (g, )74 3 EAF S ey 7 Xp faeth

g o FUdRAR A R gt B R
Von(0) = goes (2-22)

Ax
BV (w)A 473 FAEFPFang Jl @ i Ap(w) % 7 3 A F P fxy o x,
FetAp bk A B AxE Ty —xq 0
VRER A XA BEIHF 2 E AL (AP(0) = Pr(w) — ¢y (w))7 o
3 5 #g 3 (Cross Spectral Density, CSD)2. 4p > & JE {8 »

A (@) = Angle (C5D (s (v, 0 "5, 0)) (2-23)

YoBl 2.26 BT A FA B ARk E o - EEAE R A @ e o e
ORE A AT AT IR A A A RIS e B Bt At B (2-22)58 2w
&G R i A E Ad(w)FE R (unwrap) e 2 EF A AR B agp it & £ 0 Yo

2.26 F M i % o

fH2 A ¢ (rad)

0 $ETE (Hz) g

Bl 2.26 SASW 4738 A 45 (49 = 4 -4 & B))(+k & 2, 2005)
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h A HRE A G LT YR FARLMA L F L A i

e TG AT R o HER S A e s A A o KA B

BB BRARSRE (7R
FEF L FHwmnfi g o
2.4.3 P Eb R A T

AR L RN B e B - FE e AR AT kT fE
- R PR o2 g AR L G BAR R g R el
AT L AR AR AP S I e R A 4T o PRORR A T AR O IR B
A5 5 0 AR R BRI IR e g T “?1 R F R R
W25 A3 s BRRE Y Frlg NEUEL A - T F T i B R RIR o
HI By 2 8l e R 25 A el Y e s AR B
i B A L 80 RIS G FRBE A E > %ﬁfﬂﬁﬁi‘ﬁ@
AT R D] RAGETE AE RS R T S R b AE IR A ko

Aol & wRE R T A Rk BIPMEALIR R0 5 £ gt 2 (Multiple
Filter Technique) ~ 2 p =& 2 &% & | g 4% = ;2 (Wavelet Transform) » ,%g
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2431 5 LRz
% & ik = (Multiple Filter Technique, MFT) % Dziewonski et al. (1969)+#

Do R AR AT 0 AP D e b A AR SR AEATIUEL 0 Tt ¥R
e Y R EF Ry o gt 2 R AF & = F 3 (Fourier
Transform)gL & » &g 328 @ 1% — F 3 Jgit B(filter) B~ 18 247 5 7 a3 gL >

REAPFFEY Ls R T UH & RAE K IRIF TP
F T 2_%3g B (group velocity) » - 5 (B P BL2 HE K gr g chRE h o v
ST E AT AR o

= P 3 oA 33 f245 & 3 A B % (complement relation) *f | &) > &

A

Tk > E R B ik B (Gaussian Filter ) f4f S TR EE Y o

3 42N deT

(0, w < (1 —BAND)w,,
W — Wy\?
G,(w) =1 exp —a( = ) , (1 =BAND)w, < < (1+ BAND)w,
n
LQ @> (1+ BAND)w,
(2-24)

2%, it S Bce® SHE S ) BAND 5 ARSI B 405 ik S lica R
AR BAEE 2 A TR RO FeB A & Tl BARF > T uH
BAND - £ 8B % 7 °

B (2-25)
BAND?
145 Herrmann (1973) 7 s eI i B2 ® > BAND = 0.25 ~ a = 16m 2 5 %

a=

ETLE FEE o
LR ﬁ? w4 (¥ = %, 2011) ¢
(1) 1% & = Faks 2 g0 3 4 58 FF(w) -
(2) i 2P SH Fw,ts o BF(0)i® #rigit > T(2-24)5¢ > ® 3 Hy(w) -
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Hy(w) = F(w)Gp(w) = F(w)exp {—a (w _ w“>2} (2-26)

Wnp

(3) #ih den s 4 XL H, (w) 1 & > ¥ if # 3% (Inverse Fourier
Transform) » €A F 8w B > Fh,(t) -

(4) PFRFELh, (t)2. & 24 & d % F i # (Hilbert Transform) -
o hy (D) F f O A O e /nt (T8

(convolution) :

_ 1(®h, ]
Ao = EJ : _(TT) i (2-27)

A0 S, (0) A S AR BB O /20 HAF B A T 5
hen(8) =ha(t) = ihy(t) = A, (8) " n® (2-28)
Te 5 e R R IgA, () FoA B, (£) P detp e d TN RE

(2-29)

Au(D) = RO + (0
(5) # Rk ikt b A BlIAE B b VIR R ATy nar & T 37
i 2l B ey e

A (2-30)
Tn(max)
(6) 7 ¥T{ 3¢ o Fwy o EAFHF(2)~(B) 0 T EEF B R
T o2 AR FABLEE R > hoR] 2.27 -
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M/\N\/ Original data

- T=24s U= 3.167 km/s
/m T=32s U=3.463 km/s

T=45s

U= 3.656 km/s

W T=60.s U= 3.642 km/s
W T=80's U= 3.641 kmis

T=100s  U=3.661 km/s

| I |
800 1200 1600

Time (se€)
Bl 2.27 % &Rt i% % b o (4F 7248, 2009)
Bl 227 15 % R4S, T LA Y SR T AL H e g
RT 50 2RB ARG APF U GAPSRAE FCED)T ¥R B o
A R F 0 0 g 002 2 N R P RR R UL
BRI R S 2 A A B Ay AR 0 B P P Ap
W23+ pidmEi o
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2432 -] p @&

ﬁ*&'l‘ ik 4% 3% (Wavelet Transform) % B & 5 i3 asLadr ¥ g% & 2
i 3% (Fourier Transform) % B~ {8 2 5L el S {odr tg £ d5 00 2 47 5 & 2 E 4 47
0 T 4820 5 (stationary signal) - 7 € 3 iZ P anak Ko R T AAT 4R R 5L
(non-stationary signal) » £ & % & 2 @A S A > @ P TR X - B HITD
ﬁﬁ&p,ﬁﬁﬁiﬁ@ﬁ$£@;4o;&’&wﬁmﬂzﬁﬁﬁﬁ@’
THRDN-BRFEVROFFSEIT 0 R EF AR PN SR IAE S

w2 BRI F R B R g i o R g 2 F 4 3% (Short

Time Fourier Transform, STFT) ™ £ 4 B A & = E e @ 4 » H 2 F T S
BPPEAE A 4772 0 VO RR IS R D = B R L AR h D
B A iEd WHE RS F T s L ARG MY MUE 2 fR TR 7 R
T E WE R PR R TR M R R R R R L e e E R
#%?%&%%@&ﬂﬁﬁ% = g s JURp PR oA 5 38 R 4T R
[N B Y e
B 0 S PRAEPRID X s B oo S M S e g B h en
|k Sdied Haar (1910)4 91 > = Wavelet i& B 250 8 % 2.4 2 BE X

F_&

Grossmann and Morlet (1984) i (7 B A A TR 7 e Hp ik 7 UpFfF
= R RCATAEL S ez M 4T 0 fl ] ok 4R 3235 (Wavelet Transform
Theorem) > H v 8 < | cfiL L R MAF 2 AT ML - W * BF 2 8 F
SPEY A R RTR 0 A B R PE TR o Bl 228 ¢
R T g e F TR O SR R O T

\§
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f-axis

J-axis
F >
f-axis N r-axis
() & = ¥ i (b) Ep & = ¥ a3k
low high
fieq a
(C) Ik # 4%
N
high low a b-axis

Bl 2.28 & = F B~ EpEid = gk ok 4 247 & v #2(Chun-Lin,
2010)
Tod NMAGLaMp B HGFHE R S o HBAE N R
BIRRAPS ] - i3 {F R $ A R TIRE APt
MR Y o &d B 2287 @ B FHE M w2 Fi
APt s BRI B EEHEDOZ R H B RAEE AT AT R Y o
Grossmann and Morlet (1984) “fis» #% J1:@ 5] ik o0 HHoom st
WEAE AL F S 2 3 ored o Mallat (1989) R & 1 drsg |- 4 # 3% (discrete
wavelet transform, DWT) > & SLE-| L TR0 28 41 o s ik 4330 %fuﬁi%] ﬂzﬁi%] IN

— LM

S [ AT A RA LT 28 B heT 4
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Class Input Output

i 4§ ] 4 # 3 (Continuous Wavelet Transform) | Continuous | Continuous

AT Bl ) A 8 3 (Continuous Wavelet | Continuous | Discrete

Transform with Discrete Coefficients)

47| 4 1 4% (Discrete Wavelet Transform) Discrete Discrete

2021 ) ARz SR
AP o E g A CWT)ITL A1 & ’fj‘}‘uﬁxﬁ A Bl
H- BREFATx@EFRE ) A2 RE 8- k5d ) Lot s
FEFFE Y > kyx Morlet(1984) 2. & & » (F3KE .~ # /] i S die(mother
wavelet) y(t) » P43 95 s(dilatation) &2 =72 (translation) ¥ & H & 24 -k 5

o] kS, (8),

== (2-31)
lIJa'b(t)—\/a ( - ) a>0,b eR

H¢ ai ¢ & Fl= (scaling factor) o il & ficcdgc £ o 4ol 2.29 417
b 2T #% %-#(translating factor) =L 4% #dfd 3 5 A pr [ fhenat V2 > 4o B 2.30
STIn o TR AR AR PR L 0 7 AT sos SR S BOR- R A3 B
x(O) A 22 & @] gk W, (ayb) o fagts] g a8k Ex(t) ] g
B2 E AT B

1 r°® —b 2-32
WIGa0) = (O, ban) = = | xOW" () ae (2:32)

Va,beR a+0
IS ¥ RS E8 SERE AR NOREIEE SIGESS 2 F
F(2-31) ~ S (2-32)F K AR 0 0 F 2 AKX t=b e R a
Toeh- BRRE o eRA Pt RF]FadhiEgdp g v AW E RS
PR REFF A B MR A AR o d 302 B F
P Fp AR BRFG TEFEF P AERE 0 DM AR PR E
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2B S N s ] FHEES T ?U*Jc’ T A FaE L g A g
2 PEAE B AT R G o % R B B ST 245 A REL B A S A
EfrPFrE MR fETR S K20 FRARPY AR T AR
BN A o A B R RS SEF RS o ¥ BEMR IR
Fb#HEA AR 2 8 > YV AHE LY R T R
WREEET b T B o

ez oW MR HEETH Sk Sk 50 R R
MBS R T R EEWT, (b)) VAR G F - B EH TS Baz T s E R
o P F Bhberidn o o Fpt o o] AR K R R ASIEL A B R S fRT R 2
PR BT 4 e R RS (O e BRI P I 20 5 s i e i
T %P R 2.28 (C)2dhE T -

-

——-—#\ J\——— ) =y ; a=1
-::’ - e — s 1
_/\/\/\___ fey = w(2t) ; a = 3
. AN 1
N O Sy@n 5 oa= L

4 200 e 0 fed jole 1100 uiF 16M HGR e

Bl 2.20 /] S dicent B &1 (2 = 42, 2005)

A o
;T N |

Wavelet function Shifted wavelet function
Y(t) Y(t—b)

Bl 2.30 ] L Sdcen T A 8 1 (2 2 14, 2005)
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M oa ’?j\ﬁ?‘m't’%f% mﬁ\; » A /ﬁ»&ﬁi'uxﬁﬁii} /}i?k‘,L/?‘

kw BFHE FA SR SR 0 #u] E% F % KU 3F 05 2 (admissibility
condition) :

<h®=fﬂwmwégu<m (2-33)
0

FEEEY SCey R FF VRO V(iY@ &2 ik B FFiEe
3BT S e e o DR R B T Z BiER A

@) [T [w@®Pdt =1 TP e B(R) » &ra* hit £ L

N

=
lf
T
i

LI ¥
I W@ 2dt < oo v ptip 7 B F R
Q)f;Wﬂﬂ=0"i*ﬂwp%Wmﬁaﬁgk,g¢¥4%g¢

é¢%7ﬁf/if] ’]% .I;F’?]g;'iio

(3) Wap (@) =J 5 WapBle @ldts d ¥ srfw= 0/ » Wyp(w) =0
PR A RS S5 A R F AR L G sl

5y 4 o
“wavelet”sh & 37 (P RAT IR K E D To b3 A B 0 & e it
e gk en® o Flpt A o] S o F A 2 - > @ B g F R
hof 231 P FAE LRGP AR L0 REHLES AP R AR
DRAEBRFEOESA R K g IRFEY DR R R 0 PR

# 5 % % (narrow band) srpEdE § oS dici® 5 2 )k o
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wit)
T
P B A 1
wit)
%
wit)

IR T T T T S T |
5

IR S T R L ]

L 1 L 1 L
] 5 o 5
T

t
(d) (e)

B 231 & f#&* - 4 Sdkc; (a)Haar (b)Mexican hat  (c)Meyer

(d)Marlet.. (e)Dauvechies(db6)

AFT Oy BRI H pE o 45 ¥ s0% 9k L Lardies and

Gouttebroze (2002)%F #2= 14 Morlet -] jk & L &K 222 A0 > 7% T 4F i
Morlet -J- ;& (complex Morlet wavelet) > #H #& % 3530 5L enps prpsag 42 5 2
FoAsE s o 2R il IR I SBAR AR £ 2o R R 750 )
AR REEARY RIGORT 0 TV O TR A g B AP 0 LR
2.32 -
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1.0

a.5

0.0 ]
—os| .
N i i
—1.0 ~ ]
—4 -2 (B 2 2
1 T r 1
Fourier Transform of Morlet
05} —
D 1 1 L
0 05 1 15 z
fiHz
B 2.32 AF #cMorlet -] U ergl SR(F &)~ 35 (e )& 2 08 = @ Holp o
@ @ Y Morlet P& £ 8 272 & F H R4 52 Svlic 0 H i F A5 5

Yo (t) = e‘%“)z(eifcf — o201 (2-34)

Bt AR R FHNE R G
W, (f) = m(e—zw—fc) _ e-Zn(f2+fc2)) (2-35)
vH @ fF Morlet | jen? R3O H 2 5w (Hz) 7 12 247 F o (rad/sec)
I L Ty =20f,
#E b oo Morlet /] L7 7 38 B (2-33)NenE3FiEiE > RAa g R/ PR RB
wy =5 (rad/sec) » Morlet -] L i fc T b B A B 3FiEiE » pbpr o
e 2 Tk pvk o E T AT A

2
Uap(t) = e~ Zeiwot (2-30)
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EE FEHET FEOERE A T
~(awg=wo)® 2-37
Wp(@) =V2me 2 (2-37)
¥ awg = woPF(2-37)5% § &~ & > ¥ Morlet ] 2 £ 0 lwg 5 7 w0 B R

PR B HOE RN AR K 2 A TR A IR o R dkawg = wo 0 7 7 Morlet
Pk Z AR B R R R T G
w -
q = w_z (2-38)

— 4 * @ riMorlet ]k enid ) A FELY 2 G ARITHCR P
PIPFATE Y AL 2 % & D AP TR - i B 4 Lardies and
Gouttebroze (2002);35& A&l st Morlet « ) e S ic ks g2 ek > 2
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