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The development of the wavelet transform
considering seismic waveforms, and its application
to focus-determination for long period waves
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The development of the wavelet transform considering seismic waveforms, and its
application to focus-determination for long period waves

Abstruct

The volcanic earthquake is index of volcanic activity under the volcano. Therefore, the
detection of volcanic earthquakes is important to monitoring the volcanic activity. But, you
can not detect the volcanic earthquakes only by amplitude, because you can not divide
these events from earthquakes of far field by amplitude.

I think that you can detect volcanic earthquakes by the estimation of the focuses and
epicenters. But, you can not detect automatically and easily P wave and S wave of volcanic
earthquakes. I developed new automatic estimate method of epicenter and focus of
volcanic earthquake.

Now, you can use array analysis method, “semblance method”. It is useful and easy
method for estimating the direction of incidence of seismic wave and estimating the
epicenters or focuses. But there are 3 problems about semblance method.

+ The window length of semblance has not been defined.
If the seismic array surrounded the focus of non isotropic mechanism, you can not
use semblance method.
If you use more seismic wave data samples, the semblance values level is smaller.

T use wavelet transform in my new focus(epicenter)-determination method. The wavelet
transform can avoid these problems. But I also developed new wavelet transform method,
because current wavelet transform methods are not good for analyzing seismic wave.

Based on Fast Matching Pursuit (FMP), I have developed a new wavelet transform
method "Complex Meyer Matching Pursuit (CMMP)" for overcoming the defects of
current wavelet transform methods.

Recently, wavelet transform method was popularly applied to analysis of various time
series data. However, some wavelet transform methods could even result different
interprets during the analysis data. As an example, single wave signal was multi-used by
the continuous wavelet transform (CWT). Moreover, only because the different start point,
the different transform results were gotten from the discrete wavelet transform (DW'T).

The Matching Pursuit (Mallat, 1993) and its extension FMP overcame the above
mentioned defects. Their methods could get even results, respectively. However, the
Matching Pursuit algorithms consumed computing loads, and caused biased estimation
since it used the non-orthonormal wavelet function on the frequency domain. The wavelet
function which was used in FMP was generally different shape to signal in time series.
Therefore, single wave signal was transformed into many wavelets. Moreover there is
some possibility that such signals are not transformed.

I proposed a new definition of the complex Meyer wavelet with the phase component in
the frequency domain. Further, I used the algorithm to develop the CMMP. The wavelet is
orthonormal wavelet function. Therefore, it overcomes the problem of bias on the
frequency domain. Moreover it can be similar to shape of original signals, because it has
argument. Next, I designed a new algorithm of transform priority decision and a matching
method for overcoming the other defects of the Matching Pursuit, FMP, CWT and DWT.

The new method not only overcomes the defects but also expresses the signal shape as an
argument of the complex Meyer wavelet. Therefore, the method can provide the new
parameter “argument” of series data for interpretation in addition to the parameters of
position on series data, frequency, and amplitude. I expect that the new parameter helps
for interpretation of time series data.
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Next, I developed new focus(epicenter)-determination method.

I use CMMP to detect signal arrival time on wave data which recorded array
seismometers. CMMP can detect the time, automatically. And CMW function width is
defined by center frequency of the function. Therefore, the analysis window of seismic
array can be defined by using CMMP. CMMP can divide amplitude of signal and phase
angle of signal. Therefore, the wave shape influence to arrival time is decreased by
CMMP.

Then, I get relative arrival time which is subtracted the arrival time of reference
seismometer from. Finally, I calculate the index value of difference relative arrival time
from calculated relative arrival time. If the difference is small, the index value is big. The
peak position of the index will indicate the incident direction of flat wave or
focus(epicenter) of earthquake.

As application of new method, T used new method to the long period tremor of Aso
volcano.

First, 1 analyzed the long-period tremor that was recorded by the time series data of
broadband seismograph network (F-net) of the National Research Institute for Earth
science and Disaster prevention (NIED), for the applications of this new wavelet
transform. 1 was able to extract the waveform features of tremor by using the CMMP.
Finally, I found the differences between the data recorded terms in the waveform shape of
tremor which indicated that the tremors source was changed in these terms.

Next, I estimated epicenter of the tremor that was recorded by tiltmeter of High
sensitivity seismograph network (Hi-net). The epicenter was estimated on the volcanic
cone. It was 3km south west from the crater. The result is consistent with former studies
(For example, Kaneshima et al., 1996). From the estimation of epicenters, you can extract
the long period tremor. Then, you will be able to accumulate the amplitude of long period
tremors and count the tremors. These accumulation and count will be new indexes for
volcanic activity.

From the study, I think new wavelet transform method and new focus estimate method
are good for monitoring volcanic activity.
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7+, B2 0 3% B OHERHI GRS IR V) TH 2,

wliTt 7T o RMEEFET DT — & ORFRIE(Y A RUR)ZTRT,
SRS OEATL, EROFREICTASHIE &@ﬁﬁfﬂ%@ka@ﬂa&@@%ﬁﬁ
WD, T LA OFREHEOFERENEN Th 5581

NG =sin L(HARHREE/ 7.7 M F 1) (1-3)

ik osRkdbbns,

TS DEERERND, T LAICK L TCOEEERD FHE RT3 A—2 3564, IR
DOSARVIREIIND,

WIZT LA N B HIE R SR Tl T AR E 2 5, #72 LRDICT, KOAL
< ST B OB ) ER, 1272 L KO FORTHEND,

K(i)= 1-4)

AHDT—p L, T UAIAR LZEREEE O A 0 —3 2 &R T, X7 Mrxld, TLAIZ
NGB U EARTE LT=ERER DT LA Na S ATEREIR CRIR & RE LIZALE O 135 B OHE
HOMETH D, T, p- x| FTEREMOT LA NOHESGFB) & ORI 7))
SERRT, FUIREERITH D, WRITERERELTEY, 7 LA ORE SRFENSR
BRI R SERR & A DEFHIC R > CEAH STV A,
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SOITHHEE LT, pOxi & UTHEMEEZ M L7- A 0 — R AR E Xz CEAT
HZEHRRETH D,

T LA T—H DSBS FIETH DB T T AT, REBEET D, B 75
CAEDOFETIE, RREMEOEY FCRILT—Z ThESI-ENEHEN S, LI ->TH
UT—4 THEMNTHRERB LS L ORREMERH D, B 7T ZMEZRILT LA TOF—
ANOMERDa L — LS AR FAHEIE L 72 5,

SOtV ITS R

—RA72 T T U AYETIT VA D ETE) 1 OB T —Z DT T o AMEE R
HZET, T UAIZAST DB ORGSR IEOHTE 1T 5, KEALHER O
PHERAL TR T I AMEEREHET R L, BT T RMEOE IR CRERR B —
R, LTIeDio TRV T TV AMEDE—7 &AW HEEDRHENSIETZ & &7 D,

T Z TR, 1995, 38 KO Kawakatsu, et al.,2000 Tix, &2 77 o RVEIZIEFENSENT O
%%%mzfﬁﬁ%i%ﬁoto

HIRHIE OREHHEN 7 — % Citk SN - RAPMBER O BRI B2 HET 5720
_,7v4@%@m BRMEDRHD L, 7 VAN AST BRI & Rt 5
HMPHTHDEILEINE LT3N 7T A IEZXBARE LT,
ST T U RETUTOERY TH D,

“%j{{iw T i( of M-i<um,m>2}

S = 5 (1-5)

13 T2 TS5V REKE

1 2.
$1§“ ( ) {a) BHZ AZ=50° ( )

— A7 OFE B AR

BEEFETH DD

BRSNS N T HIED

fENTE CIRIAS AV B

Te¥s,

DO 1207 LA THK
HIFE A AEEERRI L
T, HEDHIEBLT T
LA DRIBENDLT  sone - g
LA JEBEDOBIRD - ®
REHEESCHIEE
DI3F A—Z(RD>

35.0°N

Tteeieq e K15 7 v%%ﬂzﬁl 2:-12/7 7 ¥ AL TOBIRHEELBIHEE DFl(Matsumoto
IR L BRI et al., 1998 —EBN14E)

155 .
- 1) 7 VA EEp,qxs (EOITH
©@ 1207 VATEE () walpdanme st
DNTHIEZITV,
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ANTHUEDNIE & 7 LA OALED SIRIRONBEHEESCHER D/XT A —2 %155
B ANREORERT LA THRIEST LA 8RN TONTHEZEN LT, IR

X 7RI CORIRDNLEHEE-CHER D/ T A —2 21585

BREONRNY)—a BhB5,
@ HIBEORRORBRBNH DA
DX A T OBIAFATZ 3 2720, RO
NEBEHEED LIS LW o o~ 7~
DE N EOREFEIEH DR R 2 HEET D,
.,  Matsumoto, et al. (1998) TiI LB rE
o HHEOBRIFESIC B W TR TV, &
ey TR 2R > T BREE 72 BRI OWIR D 5347

DIFEEHA LN LTZ, (X 1-5)

FRE /S HIERTEENAS 2\ MBI OEA13@
A e DA A TOBIAfRT AR TV, HIFED

[ Pt [} ; .
Px (sikmj Px {s/km} Px {sfm) Px (s/km)

T S e A R A A A A

pessasssa %ﬁ%@‘f‘”‘”‘“” OAAToA

o b Snd ot
A A
e

o
& d

4

b c d e FEEENR COWIB AR~ 7 <18 D Dt
16 /AT LA BHITCORMMBEDOE 7T 2 EER(TH, FEH(1990)1%, FERBIZ
AT OIEEIE 55,1990 —H5NE) T LA BREBEL 2 7 T CONTHIE L1
W7 VAE QBBBTEL £ 77V ARBEME 2800 L, S5 P RN
(a~e) FELLIal—iar b DRBICE VIR
) @ ©)
jary Bl 0 w0 s 2 z ; :; {} fw)f/\,;*\/
C O A
i ,R;,génq \J, L

P s;a.s'.am*e.ﬁ{‘\.\,_{ RN -0

e
» ”"

Jaakoy” tar

s 8 g
Q85 850 085

deptntiim)
2w a

o 182620

17 JEET LA TOANTHIE & BARHEOBRIBIGREF 5,1999 —EIN%E)
D7 LA & NTHUEEORE
Q7T v ATOREMHEENE
(W fEROBCEXI(X] 1-4 (2%
BT 4 ) e AET L— b EEOEREEBOFEENET AR EE, (X1-6)

TE R BRSSO R Aok co NTEIRZFIA LG 130D & A 7 O - FRATIZ T
JEV MBI COBELE OIRIREER DA OHEEIT O, EEFH(1999)Tid, BRI H
EBEHB LU ETERL, AXVORERT VA ZERLEZ, ZO7 LA TORARMES
7 LA SEEN TO N THIEEOERRIFE R b HELIE OWIR & 72 5 BEROZE MM #EE L,
FRETE, It HEHPESWTE SO AT Mj6.1 DEFRR L OV OFESRIER_ECOBRE 2 #
IURIES A DONT Uz, £, TEHERD S USRS B BELRIR AR H B 65>
WLz, (X 1-7)

N H D HRHBEOBELR OBIR~OBEAEHILMNT S, HEHERRE O O—ENIZ,
BT RAENER SN T BHEANRH D, KR N L —RADOEATRE &R0 5T
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DB, KEHE L —RARIEDab—L U iA4BEL LTV TSR EFANWAZ LT, #
HOEEIC TR D a e — L VN TX 5,

BRSO T —Z OFBEDOH TR,

BIHBIMENT DSR2 B ) ANz 3t
7T AR ER, AW LA OREFT OS]
& LT, fBR(1995)DBIA3 % 5 (X 1-8), FalfFk
KIS O LT 8 Ay DA EIER T
DT LA ThEkpEFE 238 Z 220, BHlIT
I R LT R EIENRS L OYE KIS TS
LHEEREHHER ORI EHEE % 3 it
TR AR T ol

14 Dx—T Ly FNEMFERICEET 240K
DR

AMFETT LA AT~ 1T > 127 —
AERETH DT =—7 Ly NEHIT, —i%
HOLZ VIR — B SR COIE B i 15
LFETH D, 1k, FEEEMTOEES
FAERTRDLFEL LT7— ) A
BIVTVER, ETOREIXEFKRE LT
9 EWVNDRIHEN 7 — U mEWAIIAFAET D,
DR DIEFZRBIZ L - T, THBIRE]
ERETHI LR, LR THARBRED
MBI 2%t U CRIFESMED D720,

"94 617 11:31¢40)
AWSHKBTAK v=15km/s window 30s 0.04-0.1Hz
MAX POINT 0.2km:W 0.4km:S dep.] 2km: 0.886

A | B

Hks
- -1
o2
ARs S -
=
. )
¢ 4 2 -4
G Z(km)
L1
._2§
-3
Y T ~4
-1 0 1 2
EW({km)
1-8 3 BT T L AIEDFMTHIRAAR, 1995 —
HINEE)

BAIERA LD TR T A T3 2 R HIHER
D 3G E T T AIERATRER

Al SRR LB RBLE, MERROIZRANH
EH— KA, ADBIRIAALE, B mEdtliE
C: 7k

Ux—7 by MEBT, AIRRDOETHD U =—7 Ly MR VTR B ORI R
MEEETDFHETH D, ZOIDARREDWEILT — & CHEIGT — 2 15t L TRV S
ND, EEBZNA LT — 2B ER IS,

14177 x—J L MEEK

0(x) V()
Vx—7 Ly MEBCHERTIEREDE THDI Y
=—7 by M D 5 HEZR B DIZONWTIRD, Ll 1 1
TOXSRYV=—T7Vy ’NEEERAWNT, Y=—T 1
v MEHEAT O, — -
/\—JL(Haar) ~1 -1

WA ETRRO Y =—T7 Ly M TS X 1-9 Haar B(x): 27—V v 7Bk

5(X 1-9), Haar |2 Y 1B SN 7-RE%CTdH 5, Haar
v x—7 L MEEEyrGIILL FoRIc TRtk &5,

WXV =—7 Ly MEEE) IR,
1995 —4BHINEE)
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\pH(x):l/\/E 0<x<0.5

\VH(X)Z—I/\/E 05<x<1

0<yy,(0)<1/42 (1-6)
~1/v2 <y, (0.5)<1/2

_l/ﬁSWH(l)SO

¥7- Haar 27— 7 BE0GY, ouITLL T ORUC TR S D,

o (x)=1/V2  0<x<l
0 s(q)z, (0)/s 1/2 -7
0<¢,(1)<1/42

#i7—)L(Gabor) v

SOy =—T7 Ly MBI, exp(iox) &4 T AR
exp(-x2/c2) T Gabor (2 X W fERR S 72V =—7 L MBS

HCihDb, LT T Gabor AHuE, H ARA R i X
e LTHA LY a— b A 27— BB THD
( 1-10)0

1 : :
v, (x)= oo exp(— Z—zj exp(—ix) 1-8)

olIH W ABMOIEEHET 2 EHETH D, olIFEAR
HZIEIEIC & 5730, B E S AVEREIC L 59, v
—EDE XD, Tr—T Ly MO O

1-10 Gabor BEEKGHER, 1995 —ERINZE)

BWKG THHT0, JAE—R A2 T T 5 1
ECHEE L2, BB THEELTV 52 &b A]
ﬁ%@&)éo 0/5

7277 LIEHEAR R 2 A1 2 E R TER2W 2, —ix
OB = —7 Ly MERIZIIER LW Z &R0,

X
Wi =7 Lo MG B, 4 \/ \f 4

COBKIEEY = — 7 Ly MEE R TE D720,
7= —7 Ly bOFEERCOLMER R Re(f, v, ) EREE 1-11 Mexican hat BH&GH#I5, 1995 —¥5F

HCOLHFER Im(f, v, ) 7>D, LA )
tan~ (Im{f, v}, ) Re(f, v, ) PSRRI TE 2o

A ¥ h vy M(Mexican hat)
B ABHED 2 B TERLNAEIET, U v h— v = —T Ly b & BIHIND EHEERT
DHEHZSNTHDBETH (X 1-10),
v, (x)= (1 —2x2)exp(—x2) (19
12DOE—2 & LEDY A Fu—7 CHRS B RTH L7280, V=—T by ML

B2 O, REEOEEBOEERFEICLEREN TS, $£7, EEERSBEMRINTH
AH1-8, Eifg2 80 2 WITET —Z B WD ENTE D,
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LIPLZDOU =—7 Ly BT TIRIE  w(x)
DANDNENREE B L TR Ch B2, BHFERTE
BT XD L, EIEHERRESATZ &
DTERVWCS, —MROBER T = —7 Ly NI
AL, 2biz, BfoME E, Mz bxE-y 0.5
= —7 Ly MEBEMERR TE 720,

2 L2F7vy b(French hat)

Haar &UTC, SR T SN =—7 Ly R TH
5(X1-12), EHERIRTH D7D, REROA ¥ H
Ny b RBRIS S PR A H Ol & L7z [ER(A) D 8 IRt
=—7 by MEEEART 25601305,
yelx)=1 -1<x<l1
yelx)=-05 -3<x<-1 and I<x<3
—0.5<y (-1)<1 -05<y,(1)<1 1-10)
~05<ys(-3)<0 -05<y;(3)<0
v (x)=0 " other

1-12 French hat BGWE, 1995 —&F
)

EJLL—(Morlet)

HAR=NEECHEH L QN ABEFTFE LI =—T Ly NETH DK 1-13), V=
—7 Ly NEBOE —DOREIOE—I HHERKE—T D 12 DRE S|IZRDH X HITH 7 A%
RIPEE LT, LIZBoTEET T v &b,

W nor (X) = /A [exp(— i£yx)— exp[g% D exp(— X%J -11)

[ER S e y(x) y(x)
i L7220 —
FROBER D =—

7\\1/‘7 }‘%@L: /\ 0
B, - /\ /\ A s | f A
vx—7 L v bk \Y vV ) -4\’/\/ Y4 g "
EHCCEIFEH 05 JV

T 5, ETeHAR— 1
%ﬁ%{ ; F_ﬁ%ﬁ: [ 1-13 Morlet BEEKGHWIE, 1995 —ERINZE)

Y= S 7 1-14 Daubechies BEET(HHIE, 1995 —%B
> MRS )
LN TE, BFE
THil UTHEHT A Z &R TES,

7' < —(Daubechies)

EREEREZZT LN TEMOTOERLY =—7 Ly NETH Y, RFENRY 2—T L
v NCH D, EREREEAEN TS ZENTE 2B THD (X 1-14),

14



7272, TRRDFEATIE TH Y, BN TOEREL
SATLIERIFE CTH D LEZXOND, LIchi> THE vk

7 r—7 Ly NEBUZIIEW BT H DS, e |
=—7 Uy FERIZIIADTRNEECTH D,
0.5
A4 Z(Meyer T AV EAGR
BERAREL R TIENTEAV—T by KT 0\ \/
Ho, N7 —BE B )OS cHh 5 (X

1-15), ENREGEE T3 3y R/RR 7 4 V2 DJERESS .

. . " . 1-15 M. IR, 1995 —¥4 YIIE:
R I, FEEEROB O T - 10 Meyer BRI, 1995 —HIIED
5, Vx—7 Ly MEym & A —V VB oM DERE, ULTOXHITRD,

1 . (7 (3 2r 4r
o expl(i w/Z)sm(E V(2—7[—|a)| - ID, 5 <|w| < 3
1 . 7 (3 4 87
v, (@)= Nors expli a)/2)cos[5v(a\a)| - ID, — <o <

3 3
05 Othe}"
(1-12)
1 2
- <7
m 4 |a)| - 3
b, (@)= J;_” expli a)/2)cos(%v(;;[a)| - ID, ZT” <|e| < 477[
0, other
72721, vIX
0o , x<0
Wﬂ_{l, x>1

L, FOR0=x=1 OXETIE LN DRDBHEFTH D,
ERREAM T —7 Ly NEECIIH D0, @V o—7 Ly NEBIZHEAVW LS
ZENRHY, WEHIER LY —T Ly NEETH D,

142 Hx—JLv b Tl

B RN L2y =—7 Uy MNEEZRAWT Y =—7 Ly NEBPERL ST D, IRIZ—
AHZ B VBTV AEHTEICOVWTIRARS, 22T, EIZ 1 IRITORERYIT —F D
¥ x—7 Ly MBI L COMAETIT Y,
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Eoz—J Ly hEH]

BRRIYIT—4 v —T Ly FESERE D
a iR a—va VEEE—EORRE Al
5 )i S BT B 116), 7 B
MNE, F—2H AR EORE & T
RO ST BT TER TE 5,
T2 7 — ) O RIS A Y
=—7 Ly RO R r—1Y, 7 ME
RIERICGRE L ERT 5, ZOE#S
ECHWS Y =—7 Ly MY, ERE

Msenansnsd

@w
S
al

a1

100
S0

i\f\,ﬁ!\anrm(m%M»mm{ mf\mﬁﬂm 3

DEELTIRVLSHIERISER TE 5, v AL LA LALCART LA L B
9— N A LT — ) TSR = — ’ " ®
Ly MEAD—FEE RDZ LB TE D, il
Ag—va, 7 hb TOEREY =—7 X116 8T =—7 L v hOF(Chui, 1997 —EFHNE)
Ly NEHROZERRER Wbl Fo & BEFIES(TORMNOBERY =71y Mk,
5 ISR TE B, DRI BB

_ Ifﬁ)vﬂgikjdt (1-13)

ZITC, fOIERERIIT— 4, yidv=—7 Ly MR LT,

ZDE DI BRRFEREN OEREICRED TEX AEBRFIETH S 720, HEROL L E
73 Y RAERIZEEN D ZE R DR S JOVE R
BART—W)OMEETHI L HTED, oot
—HT, 25 LTELNIEERL, 1 ¥
DOV TNDEROBHFER O 7 B a
(ZREE IR = X — % TE BT OB
L2 &bdD, LIchi> TEAIZZ
DEHIE, R TH D,

0.1

BEY T —J Ly M === T
EAMICIE, EXY=—T7ly haEn EF T 1* =
TITH V=—T by NEHT, o7 X ,M%MM%%W%W b
T VIERY =—7 Ly MBEEES . 0 w
ROZENTE B LHFRET A 1-17), i
R —)VIRT A—K q, A7—)v]1, 7 X117 By =—7 Ly FofI(Chui, 1997 —ERHNE)
~ERE Db TOBfE T =—7 Ly NEHADE EFEE BT O DB = — 7' L N,
HUER WL FO X 5 150k °F 5, ORI REEG

W, () = 70)- (bj 110

ZZTOITREE Nb ORERIIT—4, yidv=—7 Ly M E LT,

fHEO7-DIZ, Haar BEEFW-BE T =—T7 Ly NEHR L 0 T 5, EHED Haar B
#ix, CDITRLIZEBY THD, E-TC, FEEOREB(A 7 —1L ) TDO T x—7 Ly NEH
I,
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%
LGB, BRI,

W =(fs fi fi £ fi S ~NUNZ N2 00 0 0 -

W =(fy £ fo fs fi fo N0 0 —UNZ YNZ 0 0 ) @ae
Woa@=(fy £ fr S Su fi N0 0 0 0 <2 N2 )

Wo,z(”):](t)"/;{t_ZInj (1-15)

LiRb, £EHDHE

Wo,z = F'lP(;,z 117
WRIZAr—1 1 T,
2
W4 () =f(r)-w(’ ‘2"; ”J (1-18)

Wl,4(0)=(f0 fl fz f} f4 fs )(_1/‘/5 —1/«[2- 1/‘/5 l/\/i 000000 )[
W1,4(1)=(f0 fl fz f3 f4 fs )(0 000 _1/‘/5 _1/‘/5 l/‘/i l/‘/E 00 )’ (1-19)

LB, LIEDNST, A —)UIKG LIy 7 M TEBMTOND Z LIl D, Ar—/v
MRE L R BIHEST Y =—7 Ly NEBOBRESIAN Y, HAREREER &R D,

Sy K7L XL

A=K EL 2o Th U 2—7 by MO CH 20T, ZOHEZHH
LT, BRSIT— 2L TCH T Y T RT, FEEO T 2 —7 Ly REETRE
792 A — )L COEWAER 5155 FIETH D, i LR U< Haar B#EEHIZ L 5,
TOTNAY RATIEIAS—) VIV BEERT S, Ar—) B8, vea—T Ly b
B LB THY, X T TOBEEITHOBE THD, Flov=—T Ly MK
& & BICFERERS 2w B TH D,

2= TR T 2T Ly MO VAR 2—33 U,

5[%};17(%}:(1/«/5 ¥Z 0 0 0 0 )12 1Y¥2 0 0 0 0 -
VNN SN TN RN (1-20)

=0
-, Ar—) U UREEL, ve—T Ly FEEELEOa R Y a—va YRR,

5(%)-5(%)’=(1/«/5 YVZ 0 0 0 0 < )}{/N2 1NZ 0 0 0 0 -
=12 1Y/\2+1/V2-1/V2

-1
‘/7(%)"/7[2%)':(‘1/‘/5 N2 00 0 0 «}1YvZ 1/¥Z 0 0 0 0 -
YN A BTN RN

=1

(1-21)
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720, DEX Y IERERS 232 Lhdbhons,

I EOWEAE S D, R—1) B TT—2DE T A7) 7 %TH, 1TRE 18
RDAT—/L 0 TDY=—T Ly M EFRRICA r— ) VBT — 2 Da R a—
T alEITO,

N (=2

So,z(”)zf(t)'¢( 20”} (1-22)
EDT B, BAREIZIZ,

S =i /i i £ £ S ~NNZ N2 00 0 0 -

SoW=Us £ £ fi fi [ -.-)(0 0 1/v2 1/42 0 o ) (1-29)
S@=Uf fi S £ S £ N0 0 0 0 YV2 V2 -

TIUZ XY, BERRERE T — & I, 0 7 ST Soen) & 72 %, A £ =So2(n)
CEXMZ, BEEERYIT—Z L L THONY =—T Ly MEHARITH 2L T, Ar—And1
WLV =—T by NEBEREZEDL LN TE D,

W, () =i'(t)-v7[’;f”j (1-24)
< R IR R NLOBERALEXT4 L,

VVl,z(O):(fo' fl' fz' f3' f4' fs' )(_1/‘/5 l/\/E 0000 )[
WaO=(" A A A A S N0 0 =INZ YNZ 0 0 - (g

I/1/71,2(2)=(f0' VIR S P )(0 0 0 0 ~1/\/§ 1/\/5 )t

AT =IDEZ AT — ) RT A= N2 ThHDHD, T—FEN 12325, Zuldhit
Ty=z—7 by "EEOESH 12ICEL, V=—7 Ly MNEHEIE AT Z L2 D, 0
FIETHE Y R U OB R E CRREA B Z 729,

BT Iy R7NVITYXNE, Ar—nNZEDU=—7 by NESOFENEIKR T, 724
VYT TR T e—T by NEERERIIT—Z D a R 2— g UEITH Y
TNV S T2, HEEROERICR D,

IEREARREL -3 = —7 Ly NESAEER LBy =— 7 Ly MEHATIT, Z0F
HEERAONGILTND,

< v F % 1\— 12— ~(Matching pursuit)

Mallat(1993) D~ v F > /8~ a— MEIRERD 7 = —7 Ly NEBLCORRESE CThH
ofc BEFERIY, T—F&vz—T7 Ly MO R a—3 a3 LEEORE] 25 H
L2RWE 0T FiTe 72 FETH 5,

BHFEFRIL, T— 2 &b z(match) HR—L 7 =—7 L NESROIREIE T 5, FIAEIT,
HR—=N T =—T Ly N E T —% L OFBEZFE L, MENEVIEICT —Z 036 HR—
N x—7 Ly MEEEEE OV E, ZOEEEFERE LTHITT 5,

THRER L IRIET —Z DHIUTFEBATRET, LRIV =—7 Ly MEESEASE
JEZ RS 72 CHEHRRETH 5,

—J, BAF—NDY x—T Ly NI U CHEOBIREZEET /-0, HEEREVEL
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T5, FTORAHR LIZFEN, 77 A b~y TF 77— 2— ~MFast matching pursuit)
Thbd, BEREEZNKT Vo—7 by NEEEHEHAL, 27— ) 7B E 7 4 V5 2RI A
LCT—4 OgHIRE 35 Z & THEEROENZ 130> T2,

15 2x—J Ly bEBRODT—4

AR~ DE I

U x—7 Ly NEBROFIAIL, E
GARNT, EFRRAT-CRASERAT D 70 BF
OIS HED S B H A F)»
277,

(LI &(1990)1%, WEMENTICIEAS
Ux—7 Ly NEBREHER LB s o
ATIIHEAIOFITHY, ghE e e e O
BREQERANY MV, U= g 118 24— B FEIOBEH Y = —7 L M (ex
Ty NEHARER) DI DR A5, 1993 —ERHNE)

S TE gy & BRI E Ry (1) Meyer B L AR Y = —7 L NEHL
BELHEEL TV D, (2) Daubechies BT & HHEK Y = —7 L v NS

Far K5(1993) T, Rv—v
=7y ML AT 2 —T Ly b o Gabor w  Mexican hat
T, T —F OFGEEHE - SEEEEOR 5 .

HWZ DWW CEHMMZA TV, IRFfinEk - JEREGE
BB L COENENOEAIEIZ DN T, B
BN LTWA(X 1-18),

F2EAK 520000 ClE, BLa 7 U—h

DZER AR E e HHR—N T =—T Ly
NEHS B 2 LT, 2O - BYEE S & fRe D
Sy DOREER /7 — L TERITE S
AJREME AR L72(X 1-19),

B Aem |

HIBRVIERO 485 CI, Yomogida(1999)1 3 [ kb
By z—T Ly NERTHDIAN Y = — . B

7Ly N A EEETR R CRiER S LT
BRT—Z IR LT, BEEELRIRIE 2R
BFE DL DR & RoHOvF, BRSO EE DS
SRV NER Ay ORI K D IR & OHEE AT
> T A(X 1-20),

Pyrak-Nolte and Nolte(1995) Tl i )
e—F Uy NEMTH BT RN T =—TF 1-19 ( :f‘/oﬁ V—MTEDOT—T7 Ly NS
Ly MR AT, FRES ORI — Ry SO AL TS
IR CHBIY HAT, BRIk =R S MRS EROHIR D
BOREEZ1T->72(X 1-21),

Yamada and Yomogida(1997)Tid, @iV =—7 Ly NETHOIATR— N T =—T Ly
NEH LB = — T Ly NEHATH D AA Ty x—T Ly NE#HE BV SRR DOFiAHEL
D 24TV, BERE O EHIHEE 21T - 72 (X 1-22),
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gk

)

¢ 0 X
Amplitude
{Vais)

b
-5 9 10
Ampltude
{Volts}

1-20 MR L ZOM Y =—7 Ly ME
I & DHRFE 7 = — XD H(Yomogida,
1994 —HERNEE)

D PL—RIAEHEHFTLOD La
union CO R PR BT

L — RIS BB Y = —7
Ly MEHL, FL—Z2D 7 =—X
(RED (ZHS L CHERR Y = — 7'
v NEBDO Y — 7 (REDDR.Z 5,

@

2T
Ampiituda
{Waits)

1-21

20

Tiew (s}

Time {35}

408 15 19
Frequency (M)
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Is the norm of
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