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Review of Seismic Interferometry

Kazuya SHIRAISHI*, Toshifumi MATSUOKA** and Taku KAWANAKA*

Abstract

We review seismic interferometry with an example of a numerical simulation. A cross-
correlation of two seismic records at different receivers yields a virtual source record that corre-
sponds to the seismic response observed at one receiver due to the source at another receiver lo-
cation. By changing the combination of cross-correlations, as many virtual source records as the
number of receivers used in an observation can be generated. Synthesized virtual source records
have useful information for subsurface imaging or characterization of the Earth. Using this
technique, we can use background seismic noise as a signal, and we can investigate the subsur-
face with controlled sources and an ingenious deployment of receivers adapted to the environ-
ment of a target field. By optimizing of data acquisition and processing method for the virtual
source record, seismic interferometry can be widely applied to interesting problems in the Earth

science.
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Fig.1 Conceptual diagram of seismic interferometry. A virtual source record R (x,, xp, ¢) is
calculated from a cross-correlation of seismic records at different receiver points, T (x,, x;, ¢)
and T (xg, X;, ). The reflected wave is generated at time ¢ = ¢, — ¢, by cross-correlating the
transmitted wave (¢ = ¢;) at receiver B and the wave at receiver A (¢ = ¢,) is propagated in

the ground after downward reflection at B.
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Fig.2 Numerical simulation of seismic interferometry in a homogeneous medium with a diffractor. (a) Two re-
ceivers, A (500 m, 100 m) and B (1,500 m, 100 m), and a diffractor C (1,200 m, 600 m) are in an infinite
homogeneous medium, Vp = 2,500 m/s. Source moves along a circle with an 800 m radius. (b) and (c) show
synthetic seismic records at receivers A and B respectively. A1 and B1 are direct waves from each source,
and A2 and B2 are scattered waves at C. (d) A cross-correlogram calculated from a cross-correlation of
each trace in (b) and (c). There are four combinations of the cross-correlations of seismic responses {Al,
A2} and {B1, B2}. Points O, @), 3, and @ are stationary points that are effective for simulating a pseudo-
seismic response. (e) The seismic response simulated by integrating cross-correlogram (d) in the horizon-
tal direction. (f) Comparison between simulated seismic response (solid line) and true seismic response
(dashed line) at A due to a source at B.

— 866 —



WBHWIZEPSTEHELD ). ZODRMSIIH L
TRELFGTLZOMMOEET 5 0%, 58
»i (stationary point) ¥ 721X {7 (stationary
phase) L I35 (Snieder et al., 2006). HBEI{=HE
AT EMNCIRZ 26, S O s %
BIRE %5 MEH) D) —HOZIRMNAT S P
W2 2 BIHOAMEICHIGT %0 -T2
EZL, WAERFEREAICH G T 28R & ik
HOMBEBERZNLZENTE, THEEOBY
2BV, B 2R ORLE DT F LA
BRSO N—=F L) 7O, Wiz, Tl
72 OHUT OXF RIS U725 Y) 2 I IR
HMORBREICENTH 5,

2) B THFEOF A

— At S N7z MR T LR, IR DAL
R, KICIIRE L2 \ve ZHOZIREEH
WIS OB 24T o 7o G, ik 35 MR
b L — A& MREE 2 THEAHBRLI Z 179 2 &12
LoT, TRTOZIREPMRBEN L BEIRNC RS S
ENSTE, BB L72ZWEOEIZT ORI
FPEFEOND, T, FAMIBUIL < SR Z B
BHTAIETEZRITMWEFHMHBWETD S,
WM T W TR Z T 5 720
120, BRI ERO M EAHBIC X A RIS
AR E, AR ENRECHT 27— 7 0O
TODATF =V o5, Bz, ENZ
PREAEIC X 2 B PRk L CHUB I Tk &
BH L7256, Ai S N PR Rl fk S e
B & 0 2R AL E CHRE 21T - 7o SR IRl &k
B LTWAE, Lzd-> T, AWGEEcx LT
Pek o g ERA CEM SN L 77— 7 Ul %
Mg LWL DI TFREEA A —T T 2TH 2
NTE& D, F72, Hrh (L) ITERE S 7B %
DZIIRIT L B IRBF RO, AR
FRIZE TN DRI 2R & T DA TE
%o

L ZAT, MEMBUHEIZX ) AR S b
REIRLERE, BENROSE (B, FWEED, =
AR ORLE BIARIC X I DFIRTT, R ED
WEERXLSZT S, LizdoT, ¥, IKHEE
Bl T A2, AIHTELTF—2 L%

)THRWT =7 2B LT, AHGLERD SN %
M L35I EDRHEHETH L. I, TEIEIN
REROFIHIC B W TUE, B S 2 B o
WHEZR BEIC O W THERNICHRE L TB L 2 &5k
YTh b Bl ZIE, HEITA (2008) 1XEE)HF
LHEHEPEICOWTHE T &, T2, BHED
AR A D 7201213, HAREE & AL
BRI L 2h2 b S FTRGMMIIRFHMIIh2) F
VAP OEEEICEENFIEL TWDL Z ENE
FLwv, L2oL, BlEOBIITIZAh 5 3R
SR DB T L2 BT HLENDH b, K
2, RERELRSOFAHICBVTIE, ARsnk
RLERIIOHS B EHMIEEE D EETH B HikliZ SN
OFHIIN A, BN R BRI IS
133 O AIATERN LR Z IR T O BIRe B R 4
BDLDIZETHBIRERET LI LD, otz
FENTHRE SRR IR Z T 5 72 DI K TH D, L7z
HoT, G, ARG U RERAHED
P, AT L 722 BB R0 LB AFAT H AT >
BRI EEN 5,

L. b ¥ I

WM T oERE, —RT 5L MmERICH
RBISFICENTERD D B IR ET X ILE5 &
WA EERLEDDTH D, ARETIE, HEN
TFEICOWTYIalb—Ya vl & IS
L7z HUEBIE TRk, AHPOEBE & IR [ BOfs 5
DI HD X, e B 23R p THIN S U ER
FEZOWTHEMBLEZ1T) 2 2T, HL%ZIR
U AR R R & 3 IR AT B
CENTED, MBHETWED D ORADFHD
e, MHEAMBZAT) HE ML — ADMAE
bEEEZLHIEICLY, BENCHE L2k
DYPZTFOMBMBRFLFREZ AKX TELILTH
%o FLTC, G SINpeEkE, ERoT—
& UEREE F 72138 L WALEREAR I X T4 O fif
M WREE % %0 5k, BHFGIZEATEQME
BT ORI BT 5 Rl b ER, %
SETOTIR%EES LR THEOA &R
AR S N5,

— 867 —



X ®

Abe, S., Kurashimo, E., Sato, H., Hirata, N., Iwasaki,
T. and Kawanaka, T. (2007): Interferometric seis-
mic imaging of crustal structure using scattered
teleseismic waves. Geophysical Research Letters,
34,1.19305, doi:10.1029/2007GL030633.

AHEEREAE - I 8% - PR — IR - RARHN - JBVEAS
36 - REESC (2008): 7 4 — )V FCTOBMET— 4
EHCEETHEO@EH &M T 25, W
HIPRAY, 61, 121-132.

Bakulin, A. and Calvert, R. (2004): Virtual source,
New method for imaging and 4D below complex
overburden. SEG Expanded Abstracts, 23, 2477—
2480.

Bakulin, A. and Calvert, R. (2006) : The virtual source
method: Theory and case study. Geophysics, 71,
S1139-SI150.

Campillo, M. and Paul, A. (2003): Long-range corre-
lation in the diffuse seismic coda. Science, 299,
547-549.

Claerbout, J.F. (1968): Synthesis of a layered medi-
um from its acoustic transmission response. Geo-
physics, 33, 264-269.

Curtis, A., Gerstoft, P., Sato, H., Snieder, R. and Wap-
enaar, K. (2006): Seismic interferometry: Turning
noise into signal. The Leading Edge, 25, 1082—
1092.

Daneshvar, M.R., Clay, C.S. and Savage, M.K. (1995):
Passive seismic imaging using microearthquakes.
Geophysics, 60, 1178-1186.

Derode, A., Larose, E., Tanter, M., de Rosny, J., Tourin,
A., Campillo, M. and Fink, M. (2003a): Recovering
the Green's function from field-field correlations in
an open scattering medium (L). Journal of the
Acoustical Society of America, 113, 2973-2976.

Derode, A., Larose, E., Campillo, M. and Fink, M.
(2003b): How to estimate the Green's function of a
heterogeneous medium between two passive sen-
sors? Application to acoustic waves. Applied Phys-
ics Letters, 83, 3054-3056.

Draganov, D., Wapenaar, K. and Thorbecke, J. (2004):
Passive seismic imaging in the presence of white
noise sources. The Leading Edge, 23, 889—892.

Draganov, D., Wapenaar, K. and Thorbecke, J. (2006):
Seismic interferometry: Reconstructing the earth's
reflection responses. Geophysics, 71, S161-SI170.

Draganov, D., Wapenaar, K., Mulder, W., Singer, J. and
Verdel, A. (2007): Retrieval of reflections from seis-
mic background-noise measurements. Geophysical
Research Letters, 34, 1.04305.

Hohl, D. and Mateeve, A. (2006): Passive seismic re-
flectivity imaging with ocean-bottom cable data.
SEG Expanded Abstracts, 25, 1560-1563.

Hornby, B.E. and Yu J.Y. (2007): Interferometric im-
aging of a salt flank using walkaway VSP data. The

Leading Edge, 26, 760-763.

Malcolm, A.E., Scales, J.A. and van Tiggelen, B.A.
(2004) : Extracting the Green's function from dif-
fused, equipartitioned waves. Physical Review E,
70,015601 (1-4).

TR RS - Hp BT - AW - REEAE - BTERE
KER (2007) : HuBed THEIC X BT oL H
xR, 29, 421-426.

Minato, S., Onishi, K., Matsuoka, T., Okajima, Y.,
Tsuchiyama, J., Nobuoka, D., Azuma, H. and Iwa-
moto, T. (2007): Cross-well seismic survey without
borehole source. SEG Expanded Abstracts, 26,
1357.

Poletto, F. and Petronio, L. (2006): Seismic interfer-
ometry with a TBM source of transmitted and re-
flected waves. Geophysics, 71, SI85-S193.

Rickett, J. and Claerbout, J.F. (1999): Acoustic day-
light imaging via spectral factorization: Helioseis-
mology and reservoir monitoring. The Leading
Edge, 18, 957-960.

Roux, P., Kuperman, W.A. and the NPAL Group
(2004): Extracting coherent wave fronts from
acoustic ambient noise in the ocean. Journal of the
Acoustical Society of America, 116, 1995-2003.

Roux, P., Sabra, K.G., Gerstoft, P. and Kuperman,
W.A. (2005): P-wave from cross-correlation of seis-
mic noise. Geophysical Reserch Letters, 32, 1.19303
(1-4).

Sabra, K.G., Gerstoft, P., Roux, P., Kuperman, W.A.
and Fehler, M.C. (2005): Extracting time-domain
Green's function estimates from ambient seismic
noise. Geophysical Research Letters, 32, 1.03310,
doi:10.1029/2004GL021862.

Schuster, G.T,, Yu, J., Sheng, J. and Rickett, J. (2004):
Interferometric/daylight seismic imaging. Geophys-
ical Journal International, 157, 837-852.

Shapiro, N.M., Campillo, M., Stehly, L. and Ritzwoller,
M.H. (2005): High-resolution surface-wave tomog-
raphy from ambient seismic noise. Science, 307,
1615-1618.

HAF - BPEASSE - PHRR—RE - I3 - AR
A A PRSC (2008a): UM T & 2 TR
A X =T Y 7EROFERIC T T 2 EBNATE. W
M4, 61, 101-110.

EIAFIW - BARARSC - BB ARSE - W _EIESE - g
(2008b): 3 VSP 7 — % (23 9 2 Mo it T ¥+ = 0 3l
. WEEA, 61, 111-120.

Snieder, R. (2004): Extracting the Green's function
from the correlation of coda waves: A derivation
based on stationaly phase. Physical Review E, 69,
046610 (1-8).

Snieder, R., Wapenaar, K. and Larner, K. (2006) : Spu-
rious multiples in seismic interferometry of prima-
ries. Geophysics, 71, S1111-S1124.

Tsutsui, T. (1992): Pseudoreflection profiling method:
An efficient complement to CDP method. Geophysi-
cal Prospecting, 40, 15-30.

— 868 —



van Tiggelen, B.A. (2003): Green function retrival
and time reversal in a disordered world. Physical
Review Letteres, 91, 243904 (1-4) .

Wapenaar, K. (2003): Synthesis of an inhomogeneous
medium from its acoustic transmission response.
Geophysics, 68, 1756-1759.

Wapenaar, K. (2004): Retrieving the elastodynamic
Green's function of an arbitrary inhomogeneous
medium by cross correlation. Physical Review Let-
ters, 93, 254301 (1-4).

Wapenaar, K. and Fokkema, J. (2006): Green's func-
tion representations for seismic interferometry.
Geophysics, 71, SI33—-SI46.

Wapenaar, K., Draganov, D., Thorbecke, J. and Fokke-
ma, J. (2002): Theory of acoustic daylight imaging
revisited. SEG Expanded Abstracts, 21, 2269-2272.

Wapenaar, K., Thorbecke, J. and Draganov, D. (2004):
Relationship between reflection and transmission
responses of three-dimensional inhomogeneous me-
dia. Geophysical Journal International, 156, 179-
194.

Wapenaar, K., Draganov, D. and Robertson J. (2006) :
Introduction to the supplement on seismic interfer-
ometry. Geophysics, 71, SI1-SI4.

Weaver, R. and Lobkis, O. (2002): On the emergence
of the Green's function in the correlations of a dif-
fuse field: Pulse-echo using thermal phonons. Ul-
trasonics, 40, 435-439.

Willis, M.E., Lu, R., Campman, X., Tokséz, M.N.,
Zhang, Y. and de Hoop, M.V. (2006) : A novel appli-
cation of time-reversed acoustics: Salt-dome flank
imaging using walkaway VSP survey. Geophysics,
71,A7-Al11.

T2 - Margaryan, S.  (2008) : b7 o T ¥ i 8
2O < SPAC O M. WA, 61, 87-
99.

Yu, J. and Schuster, G.T. (2006): Crosscorrelogram
migration of inverse vertical seismic profile data.
Geophysics, 71, S1-S11.

(2008 4= 7 H 28 H5A ), 2008 49 H 4 H=HH)

— 869 —



