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Imaging of Seismic Sources
Using Time Reversal Wave Propagation
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3wst B o] Abg o] WAS st st BgEw ok

A7 BEzoA BED AWAFL ANQoRRY B2W UYAE J|S Aol o
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H A G Aug o gal AW AFH WAGRS AN 5 LS FA5Y

Abstract : An imaging method of seismic sources using time—reversal wave
propagation is presented. The method is based on the time-—reversal invariance
and the spatial reciprocity of the wave equation. Time—reversal wave
propagation has been used to image anomalous features of a midium in medical
imaging, non destructive testing and waveform tomography.

Seismogram is the record whose energy is propagated from the seismic source.
If time—reversed seismogram propagates back into the medium, seismic energy
is concentrated at the origin time of the event and at the source location.

In this work, a staggered—grid finite—difference method of the elastic wave
equation 1s parallelized for 3—D 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.

Keywords : seismic wave, wave equation, time—reversal invariance, reciprocity
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theorem, finite—difference method

1. A8

dEol  FZHARQL AHEEA (reciprocity) @F AlIZE HEA Sl B (time-reversal
invariance) < 9] &% =284 #/Jo|™ (Aki and Richards, 1980), 77} t}ksh
Ag-EE Al 71l HE5 oA $hth(Rodi, 1976; Tarantola, 1984; Fink, 1992;
Shin et al, 2001; Sheen and Baag, 2005). AJZFHEA Q] EWA L wd oA HEAL
g Z2d43E dovl= EAS FAseted &85, sty or AgEE CT
(Computed Tomography) #9, vl3t3] HAF Fol AREE L vt 3 &3 918
Abo] AgEo] mjHe] 225 Fotst=dl AFEE7|%E stk (Tarantola, 1986).

AIZE REA Sl EWAS o] &3 & & AT IdSs IStk AMEE ¢ glow,
ol fElME Fwol Aistes W] 54l #al oln] &ar glojof st & oln] &
g2 Ads ¢ e MAlSE Tt S A geo®E AuA7|Y, seozR
B EEHAE oyA7E Aol e REolA Ho, dhgo] LS| AlESE AIZEE] A
28 ARl AFsd oAyA7E GAstE = Aoty o]F ©]&3dte], SEM (Spectral
Element Method)& °©] &% A A F20 FXEE F3ll 2004 FrtE=} #3129
= 99 BA4S Qs = s th(Larmat et al., 2005; Montagner et al.,, 2005). %
]

ATARL FA R o] Aod Wk e A |ols obAMAE ArksH el AL
Uth. o5 olYd SAE Este] 200% oA ATV HFE A AEo=
A AT Bdle] AupalA Axlo] WSt AlZto® wEe] FutEe Al @ 9 i
Ao Adston 1 Aot e A7 daetx F dAFS BTt
2 AFA = 1AAAQ St X7 B ZAste] 3akd REls Ao,
of RHlwy T AIE AAFSIAT. oS fld FAAR FA R At s
d AR 3 AR e AREete] Aaret A Axs AlAtE a8t (Graves, 1996,
AP REE dupd A AIE AT REAAZ F

o]% AFNAOE Aol A7k A % sk wAE ST ol FIL AN
WA PEHAR AUATE ol £7k wRel AFHA Hol FAm ARY )
WYNLE F3T 5 ASS BT

=
pu =AN+2u)VV - u —puV XV Xu (1)
o] MM p, N\, pui= 242 wiA e W% &4 A< (bulk modulus), A& ¥4 A<= (shear
modulus) ©] u (r,t) Hololth, o] A& Fug gdor Fyd W3 (fourier

= )
) L —
transform) = F&shd ta3 22 Fakg oA 9o se UM s 4 d

=

—pw?U=AN+2u)VV - U—pV XV XU (2)
o] A Ulr,w)e T35 oA mfolt. Ak ede ] AlzE Wb Fubp
Jodo| = A=A (complex conjugate) @ X3 7hssich wEbd 2 (2)2 g3
2ol xdH

—pwiU*¥=AN+20)VV - U¥—pv XV X U* (3)
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A AP Ja5 o) 3 AW FGE

U*= U2 A Hagoln, 4 (3) T3 2 (23 o] sb5 HA2 JeHE F4 3t
o weba] AIZE G et & uw(r,—t)7F AT HF(Stolk and De Hoop,
2002). 2 (2)= @9 A 93 7S HEWE Green ¥, G(r,r)E XH 7}
sotH, AR Y (reciprocity theorem) &= A3} #S5H] A E v F o= B
o]+t (Aki & Richards, 1980).

G(r,r') = G(r'r) (4)
3. e AL | N2Y
2 (DR 2383 g4y vy Wy ofgel 22 1xF HAv|iE B2 52 vjepd 5
olt} (Graves, 1996)

pU’i:Tij,j_‘_F;ﬁ; +¢j:M(Ui,j+ vj.1)+ Aoyv s+ G (5)
A A v WY wE w4 5, 1 Yo, Fot G+ T 3
o ool A AR fot AP eR E7] fd 3 AEAeE At e &

o ojatsh & 4 glom,
+12 -1/
n+12 __

— 1/2
Ol e L et O (BaTee b Ayt A ) [1 1y e

1 12
U, |Zj,~k+1/2_ (% |Zj,k+1/?+ dt bz (Amszz + Ay'Tyz + Aszz) |Zj7k+1/27

Tow |7;Lk1: Tow |:L] At [N+ 20) Ay + A (A, + Aw,)] |77+1<1/2’

TZ/!/ |z"]+k1: vy |;L]k+ dt [()‘ + 2/‘[’)Ayvy =+ )\(A.’IJ,U.'I? =+ szz)] ‘;L;kl/zy (6)

=l A IO+ 20) Ao+ A (A0, + 2] [V

# lij.k i,

n+1 T

_ ' +1/2
Ty iy 100= Towlie o jpa Bt (D00 + 20 []

i+125+12K

n+1 _ n ' n+1/2

Tz |i+ 125 k+12 Taz |i+ 12,5, k+ 1/2+ fydt (szﬂf T A”UZ) |7:+ 12,5,k+1/2
n+1 _ n ' n+1/2

Tyz |z‘,j+ Vok+1/4 T |i,j+ 1/2,k+ 1/2+ Lyocit (A”U‘Z + AZU?’) |i,.j+ 1/2,k+1/2

9 HAe AlAAE, obdll HAE FAAES WERAT T8I bbb ppy g By

=
bzzl( Ly j byzl( — j,bzzi( o — )
2 Pi.j.k Pi+1,5.k 2 Pijk Pij+ 1,k 2 Pi. .k Pijk+1
- 11
Loy = %( Lt .t ,_1 j :
L Hi .k Hi+ 1,5,k i j4+1,k Hiv1,5+1,k )] (7)
1 1 1 1 1 1!
L /Lz,j,k ;uz+1,j,k lu’l,j,k‘+1 ;u7,+1,j,k+1 a
[1( 1 1 1 1 1!
By = 1 ( + + + j ’
| Hi .k Hij+1.k Hi g k+1 Hij+1.k+1 )
TN 8 AR AAE dEhlE 4,4,48 obdlsh o] BejEr
Al = 27 (v, |7:+1/2,j.,1<_”1’ |7:—1/2.]'.k>_(v1' |i+3/2jk_v”3 |7J—3/2,j,k)
TN Gk 24 dh
olul AW AR f3 ARYE AddolA e 27, FaPlelNE d3te] YHrs

e,
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19 1. 1-D velocity structure

’5] (6)E 299 s S fotet RdloA SlE Fetaar 3 o s Efordt A A
= A BHelAM ] AAxAl, T HAE fetd B
H’J 7}7%”}3]01]‘1 gk = Qle A9 AQ] HRALEEE A ASE] flst AAzolt A
BN AAZALS F-52 W (zero—stress formulation; Graves, 1996) 2 A}
O}Oﬂ‘jr T AAZXA F }‘/]r‘?l PMLH (Perfectly Matched Layer Method; Sheen
et al., 2006)a x%&o}oii 74]/\ g 7}7@;};}0}],\1 ul/\gzﬂ "/F 9l = O]HX—]O] H}/\}J}E
AASES skt
84 3t 7#]’1‘_}0 A3l AA A S A FHOE o] 747t ZEAAM | TdA
71+ 99 EEY (Domain decomposition) = AFE3FSE T ZF =
oAl 2 (B)ellA FolX & = 5955 AAs Me o Alrts
= ZREAMA S} TR Ao A ALY AiE FuwbsoEX gE dIE RS
= v (1d 2).

o=
rE

L
(a) (b)

2% 2. Domain decomposition: (a) Diagram for 3-D domain decomposition

and (b) interchanging information of ghost layer.

4. 3XtA 2EUHAMY X229

SREE 3x A 72 Bdls wE7] 98] Chang and Baag (2006) 2] 149 A7t &4
TTx RdS o] u (1 1), AXNYE A&k 15 kmell A3 Foz 7pgEsl e
o, @k gy Ad S ®2AFRsH] flE BRe dEe R sdd 279 mtEo] dwt
st FRYES ARESGla, 1 Hze AdT375 7HA & 7F-AIRE Aol &89 14 =
SHEE W ArskeER Algth A4 Bdol H7]= 300 km X 150 km X 50
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5. 28
B QoA AR HhA e BRAS ol gdl A7 G wE AuE Fuegit. gske
B A%E HE A% 54 2ol 9 Az A4 f@ AU ALgs) WhstE %
AAFEANA 329 35 BAAL EQT AL A HE A% 52 woE EaA 2
2 Azl 99 gAY AAFIL o] Rl e B shgon o .
BEgeln BEE AN Aue} Y AATEZ ALgate] AA AU F4HES
N o golth,

2AAtSl 2

AW S o83 33k Ak At we,
20009 FAst=d 3] =4, 81-88.
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