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ABSTRACT

We present a imaging method of seismic sources by time reversal propagation of
seismic waves. Time-reversal wave propagation is actively used in medical imaging. non
destructive testing and waveform tomography. Time-reversal wave propagation is based
on the time-reversal invariance and the spatial reciprocity of the wave equation. A signal
1s recorded by an array of receivers, time-reversed and then back-propagated into the
medium. The time-reversed signal propagates back into the same medium and the energy
refocuses back at the source location.

The increasing power of computers and numerical methods makes it possible to
simulate more accurately the propagation of seismic waves in heterogenous media. In this
work, a staggered-grid finite—difference solution of the elastic wave equation is employed
for the wave propagation simulation. With numerical experiments, we show that the
time-reversal imaging will enable us to explore the spatio-temporal history of complex

earthquake.
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and Richards, 1980) th%3l X 7E g &} 7|9l A&5014 $rHRodi, 1976; Sasaki, 1989;
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1984; Mora, 1987; Fink, 1992; Borcea et al, 2002). XF7x Alghebde] &
ATe FE AT 2498 dore BAL dAgsied AFEol dded, oHd AT
Afe ostdoz AL E = CT (Computed Tomography) imagings B35ty vigy HAF 5
of Abgslojsity, ¢ g BPgite] M e o] v $EF2E Fotsted AHEEIE &
tHTarantola, 1986; Mora, 1987).

AZE b e WS o8 E tE dTE A4S GAsstied AMEE £ den, o 4
M e BEol daste wjdel SAe e ojv] g1 glojob gttt & ojw| &
< T3 H4YE ALY ¢ AFAIE YA}t Fde) AXo JFsHA Fol, sFol
Aat7] A2 AZbe AU 7E FEEE o] FdstEE Aol ol A E o]&3td,
SEM (Spectral Element Method)® ©} &% A AT7HA x2S & 20043 FoiEZ Az
o @5 934 A& A7 s Harmat et al.,, 2005; Montagner et al.,, 2005). A A7
Hl sARofo] Bag woigt d& Ausride ofAAAL AxsAEY @A St olg
olg| & I AE meisty 200% oA 2AFr] HEE AT deoF A AT R A4
A Azlo] MAYF AZto g mEH FriEg Azl @F H4d Tqué% Adstgleon 1 AFHst
e dF 2FSE F ATE BoFdn

B d7oAE 1AYAQ dne AR 2do 25t 2ad REE pAsgeH, of B

%

d25E &4 ATGE Atsgdd. olE e FAAM FARo) HEgd AZB A4 {F A
THE ARt Agd 4 AR AdE YA (Graves, 1996, ZeiAd-HF 4, 2000). o]
P A 3349 Edo HEsidg A wddd FHEAFREA A& &old AHo] U
(Sheen et al, 2006). Yoo A Yoz RE Asfslol I §A AxE AL WAAD F, o]
£ AY9ez AHEEto A 99 stF An Rog FYEGY olzd FAH L AWM WEH
AR AYA7L o= @30 X JFEA sol Hx FHRY Y AA o LANTE FF
& A

2. & &

2.1 Azivtd e B R FhA Y AurAE
T 4A g iAol A gAdste] by wAAe T go] Fojxdh
pu =(A+2u)VV -u —puV XV Xu N
o] oA p A pe Z7Z wAe Wx, €4 A (bulk modulus), WY TA A F(shear
modulus) ol®, u {r, t)%:« wololt), o] A& Falg Aoz Fgo Wi (fourier transform)g
FHgstd oA Ze F ddolA Bdste] % WAL 44 Eoh
- pw U:(A+2u)vv-U—uv><v><U (2)
| A Ulr,w)e T35 9909 wgoln, Azkgddor e Azt v Fapg oA
Ao A4 (complex conjugate) X@ 7bsstch watA A ()2 thEs #o] B¥dH.
—pwU* =(A+20)VV - U¥ - puv x VX U* (3
U*es U9 A Baiolt 4 (3) 8 4 ()3 ol % WA4e Je8 FA30, wa
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A AZE G8ol i & u(r,—t)7t EHEE BdE(Stolk and De Hoop, 2002). 4 (2)& &

o AdLed gt FFE YElWE Green &5, G(r, )2 B8 7Fssbd, AubA e (reciprocity

theorem)w A A #5H o HAE vhE = 9&& BoF(Aki & Richards, 1980).
Glr,r) =G, r) (4)

2.2 929 Ax 43 AEH
A (DE BEdE @499 g% HA4e olggt 2L 1z #HuE YANER Yegd £ gl
(Graves, 1996).

pv, =1, + F, Ty =k v )+ Ao+ G )
9 HolA v WY PR B9 £E rE Seln, Fob G 247 A4l 8 & Atk 2%
del 2dg no@E 4% 4 (9F ALY A% 4 FLYOR FY Ad 4¥ A¥Ho=
Aesty ohga Zo| o)aks & & glow(ay 1),

v, !;’:;ﬁjz v, Iv::)'+—11/z/2,;,'+ dtb (A1 + A7) L+1/2 E

v = b (A AL

Tl =, [+ dt (A +20) A, + A0 )] I 2 (6)

Tz |”T t= Tas ll” ;‘+ at [AA.’L'UJL + (/\ + 2/”‘)A:U~] ':’j‘l/?;
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788 "y (zero-stress formulation; Graves, 1996)& A3ttt &4 AAZW F 34d
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2.3 234 RdelAe FA R

et 239 X7z 2498 w57 98] Chang and Baag (2006)9] 129 Xz £=7%
2dg olgstdon, njdo] Tol wAYL NAEY S vo £EE 70 W L=
Berteussen (1977)%& W%E}(JE‘ 2), AP A5 15 kmol A A= 7}3'}91 o, o
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AY 1 AR A% Pye ALsA 71Fa7] dal 900 m AFo A
AN FH/5R 4R ANRE 71Z8QAG. oA 715E AAHE Aze
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