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Detection of Arrivaltime Interval in Proximity AE Doublets using Cepstrum
Analysis

Koji Nagano™® and Daisuke EHARA®

Abstract .

Proximity AE doublets are introduced as a new category of AE doublets in this paper. Proximity AE doublets have a
similar waveform, and they occur in a succession with a short interval. Proximity AE doublets have the second event that arrives
before attenuation of the first event. Their interval is shorter than 1 s. On the other hand, interval between events of the
conventional AE doublets/multiplets ranges from some seconds to some days. Because of this short interval of the proximity AE
doublets, relative location between AE sources can be estimated more accurately in the proximity AE doublets analysis than in
the conventional AE doublets/multiplets analysis.

This paper also describes a signal processing technique to determine intervals of P-wave and S-wave between two
events of proximity AE doublets. It is difficult to estimate similarity between the two waveforms and their interval because the
two events overlap each other. Cepstrum analysis is applied to estimate both the interval and the similarity. Proximity AE
doublets have one or two peaks in their cepstrum, and quefrencies of the peaks are intervals of P-wave and S-wave between the
two events. Three-component AE signal is rotated in the directions of P-wave and S-wave, and data before the first S-wave
arrival is replaced with zeros so that the intervals can be determined from the peaks in the cepstrum analysis. Cepstrums of these
processed three-component AE signal can show intervals of P-wave and S-wave between the two events of proximity AE
doublets.

Keywords: doublets/multiplets, similar earthquakes, proximity AE doublets, cepstrum, fracture.
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Fig. I Typical waveform of proximity AE doublets.
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Fig. 2 AE events are observed almost simultaneously but their
waveforms are not similar to each other. These AE events
are not proximity AE doublets.
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Fig. 3 Two AE events are observed. The second event arrives
before attenuation of the first event. It is difficult to estimate
similarity of the waveforms and to detect the arrivaltime of
the second event.
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Fig. 4 Relative location r between sources of the proximity AE
doublets is determined when intervals of P-wave and
S-wave between the events are compared among stations.
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Fig. 5 There is a line in cepstrum of proximity AE doublets.
Quefrency of the line in the cepstrum indicates interval
between events.
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Fig. 6 When two AE events that are independent to each other are
observed, there is no line in the cepstrum. Therefore, we
can discriminate the proximity AE doublets from such
independent events.
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Fig. 7 There are two peaks in the cepstrum of proximity AE doublets when AE sources are separated to each other. These
peaks show the intervals of P-wave and S-wave between two events. Resolution of quefrency in this figure is more

fine than that in Fig. 5.
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Fig. 8 When interval of P-wave is close to that of S-wave in the proximity AE doublets, the cepstrum shows a broad peak.
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Fig. 9 The cepstrum shows a sharp peak. When difference between P-wave interval and S-wave interval is smaller than a sampling
period, there is a sharp peak in the cepstrum of the proximity AE doublets. We cannot estimate relative location from such sigle

peak in the cepstrum.
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Fig. 10 Computer simulation of cepstrum analysis for proximity AE doublets. Synthesized signal is used to examine properties of cepstrum.
The synthesized signal is made from Gaussian random variables and its envelope is an exponential decay function. Because P-wave
shown in (a) is smaller than S-wave shown in (b), a peak of P-wave at the quefrency of 0.4000 s is lower than that of S-wave at the
quefrency of 0.4004 s in (¢). Data before arrival of the first S-wave is replaced with zeros in (d). A cepstrum of the zero-replaced data
shown in (d) is represented in (f). The peak that indicates the interval of P-wave in (f) is lower than that in ().
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Fig. 11 Three-component AE signal is rotated to directions of P- and S-waves. P is the signal in the direction of P-wave
oscillation. The rotated signal that has the maximum variance on a S-wave plane is S1.
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Fig. 12 The signals rotated in P and S1 directions, which are shown
in (a) and (c), are analyzed in their cepstrums so that the
intervals in the proximity AE doublets can be detected. The
signals that have replaced with zeros before the first
S-wave arrival are also analyzed in (b) and (d).



2 ORI T AT ARBEDLNDEE, T AE ¥
Ly FOBRERFRZEORMEEL, 5000 Hz TV 7Y
YITLTAEED 3 KITHEE L, 06ms Tholr,
ZDXITIWHEST, MR AE ¥ 7Ly by
TRARNZLEFNTTHE, IR AE XY 7Ly hOPK
DERERFHIZ L SIROBENMEESRETE 5, ZOA
HEEREZEES T, XOBLUORG)ZESL LTS LIF
BRI AE ¥ 7 Ly b AE RO EE L HEE TX 5,
B AE ¥ T Ly O TR NT AL, RENTRL
7290z, PiE SIHDRAY MLHEMEHCEE LT
5, A@YDHDIHHHBIFEENDOE I ED L HIZSIK
DIRIBART B\ X (f)| 1 P OBIERRZEAT, OF
HEICHBERE LTS, £/, P HOEEBAZ b
| X, ()|, FILE 4 BCBNT S BOBERIEEAT
DEMEICER LTS, B AE ¥ 7 vy by
ZRFAICHE, T0LH B RENH D, Fig 12a)¢
®), &) 2T 5L, ZDLH 7y o REDOFE
WLBEEZLND T AT AOELERERTE S,
7= & 2iE, REG)EADT7 T A BT AIZBNT, B1O
S WORT%E 0 B E MBS, PHICHIST A E—2
DOESIMETT BT T, S BT se—s0
BEIHBELTWB AR, Ju REOEEBLEZ b3,

5. &

AEILTIE, HILWAE ¥ 7 Ly bOFBRETH HilTHE
BMAEZ 7 vy heiREL, ZLT, IR AE ¥
Ly MIHD 2 2D AE 55RO P ORERRZEL S
WDOANEHEZHEE T DEFUEEL R, Z0F
EREEERRHT A LTk, EBBIAE #7 Ly b
D 2 >0 AE BREOHXIEELSRETE D, TR AE
7 vy bO AE JROEE CIMeB I B (LA 2
B, WD AE X7 Ly MeAF Ty ML Y, T
B AE 77 Ly MEWTIL AE IROMERTEE % EREICR
ET& 5,

T AE 7' Ly hOBERIZEORET BT,
T TANT MMENDEDTHD, UL, TR AE ¥
Ty hDFTANT AT, PIEOBRERMEL Sk
OBRERZEICHINT B 2 YOI 7R b5 AREDR
BB H T,

AL TR AE 47 Ly hOBERRZEL
BHTESNEEIL, AE © 3 KTk FEEZRT 3
BAHEE ZFITHRIC LTV, 3 B ES L EER R
L, PEMRENT S P S & S EOSBAKEW SI
EHMOESE T TA NI LMEWTH, 615, 10
SEORINER% 0 ICBEXWMX-EBEZERL, THho
FTARNT LBETT D, ThbDEBORES LN

ENDTTA T AMMIHLNAE—T OFESEHERTS
L, P L SHITHIST A —7 BEETE, 20477
VU LEERRIERRETE D, IO TR T A
BRATIC L BRI AE 77 LV v b OBGEMBZEORE
B, Y7V I REEE 5000 Hz O AEE BBV T
0.6ms THoT-,

AT, Vv HDR EBR 7 ¢ —/L KT 1993 4E|
TN K ERRRER TER Uiz AE HBIZOWT, if
BRI AE ¥ 7 vy NEFRNE, T UT, EROIHER AE
FT Ly NOFITEITY, 77 A BT A& REE
FIZDORHERENIOWTIRET LT, 5%, Atk
TeFEIC LY, TR AE 47 Ly O AE [ROFEXE
BEFEETDITETHD, LT, 71—/ RTEH
LEPEED AE 7 vy MeF 7Ly hD AE B
KHEERE D437 LR AE 7 vy b OFNEHE: - fif
W5, ZOfTICEY, BT ERHOEEEER LWV
BB OREE RT3 TETH B,

B O

AMFFeIE, NEDO [EHEEFEIFZE MTC/MURPHY 7' ¥
=7 PRBILUSCHRIFARE RIS IR AE
F7 Ly MENTC L 2HT EHOBE OHtEE GREE
5 17560719) 1 i< & V) FEhe &7z, BHREALIZ B3,
¥72, 2 AOBAOEFTE IIIARRBIUZOWTHESR
BERWEEEELE, TZIREBLTRMOERRLE
T

5l B X #

Ito, A. (1985) High resolution relative hypocenters of similar
earthquakes by cross-spectral analysis method, J. Phys. Earth,
33,279-294.

Ito, A. (1990) Earthquake swarm activity revealed from
high-resolution hypocenters -
microearthquakes, Tectonophysics, 175, 47-66.

Jupe, A, Jones, R. H., Willis-Richards, ., Dyer B., Nicholls, J., and
Jacques, P. (1994) Report on HDR Phase 4 - Souliz
Experimental Programme 1993/1994, CSM Associates Ltd.,
IR02-12.

WMPE— (1985) 74 VE S ENIEAM, FE, 223p.

Montalbetti, JF. and Kanasewich, ER. (1970) Enhancement of
teleseismic body pahses with a polarization filter, Geophys. J. R
astr: Soc., 21, 119-129.

Moriya, H., Nakazato, K., Niitsuma, H., and Baria, R. (2002) Detailed
fracture system of the Soultz-sous-Foréts HDR field evaluated
using microseismic multiplet analysis, Pure Appl. Geophys.,
159, 517-541. ¢

Moriya, H., Niitsuma, H., and Baria, R. (2003) Multiplet-clustering

relative clustering of



analysis for estimation of fine detail structures in seismic cloud,
Bull. Seism. Soc. Am., 93, 1606-1620.

BiFEIL (1997) AE - SUNEEARITIC K D HIBETEE B v
Zou8YE—ar, BREFEH, 13, 301-307.

Poupinet, G, Elisworth, W. L., and Frechet, J. (1984) Monitoring
velocity variations in the crust using earthquake doublets: An
application to the Calaveras Fault, California, J. Geophys. Res.
89, 5719-5731.

Poupinet, G, Ratdomopurbo, A., and Coutant, O. (1996) On the use
of earthquake multiplets to study fractures and the temporal
evolution of an active volcano, Ann. Geofis., 39, 253-264.

Rubin, A, M., Gillard, D., and J. Got (1999) Streaks of

microearthquakes along creeping faults, Nature, 460, 635-641.

Rutledge, J. T, Phillips, W. S., and Mayerhofer, M. J. (2004) Faulting
induced by forced fluid injection and fluid flow forced by
faulting: An interpretation of hydraulic-fracture microseismicity,
Carthage Cotton Valley gas field, Texas, Bull. Seism. Soc. Am.,
94, 1817-1830.

FEMERQOONHIES F3 /R, IR, 376p.

Yamawaki, T., Nishimura, T, and Hamaguchi, H. (2004) Temporal
change of seismic structure around Iwate volcano inferred from
waveform correlation analysis of similar earthquakes, Geophys.
Res. Lett., 31,1.24616, doi:10.1029/2004GL021103.



