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Fig. 2 The types of ACROSS used for international experimental research in current
The fixed (CV-100) (a) and mobile (CV-40) (b)vertical ACROSS in Russia; the vertical (c¢) and horizontal (d)

ACROSS in Japan; the fixed (e) and mobile (f) horizontal ACROSS in America; the fixed (CASS40) (g)
and mobile (CASS-10) (h) vertical ACROSS in China
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Fig.4 The comparative analysis of crust-mantle structure used ACROSS

with the geological-geophysical section (Kovalevskiy, 2012)
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Fig. 5 The travel time variation before and after earthquake observed

by ACROSS monitoring system ( Ikuta et al. , 2004 )
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Fig. 6 The relative travel time variation before and after Mianzhu M 5. 6 earthquake observed

by ACROSS monitoring system



32 SIS T 38 &
J

4.3 HEBEXNREUHR

2 W B2 AR AL 5 2R AR PE A A I 3
XA Z & [ E A rY ACROSS (CV-100), JF
JR IR AR R is B8 R i i 22 S B oY, R A
T XA )RR R R D FGETE 1~ 10 Hz AR Tl
X 07 B9 LI R AL, 53 A A R e AR B Y 22 S
TIE AT B R I R 2R g PR R AR A

[, HASH 2 B A BR 2 s ACROSS )i
HIT CO, H AR A MRRGE o, % e CO,
TG A [ A 7 AE 4 B 10 B 1 7 Il
ARk, Kasahara 4 (2012) 7F Awaji Island #f[X
WEIF] CO, T AR 5 H 752 i 83 7r A7 26 3h J7 2t
A, AL B8 A Ak, HL Uk R AR
JEROR B2 5 SLRE AT AN 2 PR S JIHI 2 .
4.4 EHYEMERISHE

o Mo 00 T A ) A2 AR LA, UCLA 58N
Bk #5 ACROSS Jif A F At J7 w, Atk 7 &k il
ACROSS RY47) sl 24 L 1 i 00 4 B 45 0
M ( Whang et al. , 2004; Stewart et al. , 2005;
Skolnik et al. , 2007), XI55 ¥y it LA LSS 14 30
{55, W0 A [7) B ) % 75 o7 41 1 760 AR 52 119 22 16 R
W DA AL AR I O, H ET S S e e 2
RI, B 1R Bk 1 2 2 b7 Je 45 @ 3 ) IF e il 4
5%

5 B4k

Bl ACROSS R £ 45 1) OC 5 0] 0 v 143 2]
WU SE R, S N T RR N Uy T AR A T — ok
ML, HWH %A .

(1) Hb5TKE A A5 H 8 . K mifi7 1) ACROSS
HAYRK, WA, MO % T B R, —
AL 9 %) ACROSS [y /E FHTE T3k A A B
Y, HARGE B AT 28 % B A Hhoe, b 5eks 4
SERERINER L T — Z B iR I 2k

(2) HuFRFER X W24 s A5 I . ACROSS 1Y
SR EE M, AR ESE AN
DA AR SR, 77 52 i 6 X T Jie 1 T 245 ) #40
SN AR, T bR 22 Ak AR LR
DL i Sy FI WAL WA R A

(3) S WA, ACROSS KFFZIRAE ™4
S PWEREAH, 43 B 59 VTR s H T ) R DRIy SRy e Jo 114 G
R, ARICS P BRI [ AR AL R R, T S e

AR S SRk, b R ) PO R 2R
HE TR R BR AR

TEHA Y HI Ry T, % . H A HSE [E
FERRCE LI R TAE, % 0 F ] ACROSS
FEAL =5 2R AR P AP I i A DX R A, |
A ACROSS [ T CO, vEAMLZ Wi, 25
Kt ACROSS B I T CO, 2 A M JZ F1EE 504 £ B
W TS ISR

FIHEE N TR IR 1T A J5 38 5 45 44 Al
I [RIEALRFAE, & 4D MR A58 — AN BT 0 e
Jrmal, JUHIF R XER B M, XTI M %
SERG A L. TR A A R Al S i AR
N AR B 22 & AR AR R L R AT Kb 3l ) 2= 00F
FE RN b R AT B T AR HA F B S

BRI SRR E T, F2] T W@ HE
By, e WHE By e w A E LS AR A RS
SRPEMEFEARGRA L FRF, £1
FOR TS Bt

S22k

PREI, 535, B bk, 55 . 2007, @iy MR R ST G i [T ] . HhskEl
22 bR 22(5) 1441 —446.

AR, 2 H A . 2005, 5257 Hb R BATBFgT TR0 i de il [ )] skl
22k 20(5) 1485 —489.

FE M, FUMA . 2011 KEEARHIR IR & S5 5 8y ik irss [ ].
Hi = b R 5575 ,32(2) 147 - 52.

AR, R . 2011 b, BREURS %5 1 i 2R IR A5 5 1 [ 38 7 A DG i
JEW ()], M7=, 31(4) 1133 -139.

R S, BRIE 2% AR S Al . 1983, HUERY) B2 JERE M ], L5 AL 22 1
JAt:

PE TS IRICHE . 1996, 4% [EI LS - b VR M R ST 1R kR
(1], HhERYy PR R, 11 (1) 242 - 60.

BERGRE , N, R0 2R . 2003, G % 1 il H B 52 U5 &R 48 (ACROSS)
FIRIA R [T ], E AR, 19(1) 89 - 96.

A . 2004, RO B ] s A VR R S R DR R N FH [ M] L b B
22 A

XA B AR, E kAR, 45 . 2013, ] Wigner-Hough 7846k I 25 A
RS ()], HiRE ,33(3) 133 —42.

T35, TAE, SR, 4. 2011, N TR R A AR (e h 75 Wi
[J]. HuBRAl2E R ,26(3) 1249 - 256.

FHEA, AN B, 45 . 20090, K% 2R IE NI [ T]. Hh ek 3
2243 52(7) ;1808 — 1815

TR . 2009b. A 5 1 i A IR BS DR AT A P[], R, 29
(2):25 -31.

Wt RICTE . 2007, AR IRAE GRS T I R B R ()] K
Wt 53 BR3) Jy2¢,27(5) .72 - 81.

Pt B, F 5235, 5 . 2010, p RS R N AR IR I 2 0 24 A



51 1) W WA RS LR DR AE R A SR T M I v B RIS AR 33

5.6 ¢ Hh R AT 5 Yo B Ak [T]. M Bk 4 B4 dRR, 53
(5):1149 - 1157.

W, B, Bk, 45 . 2013, R R LR DRI B A5 -5 Ae
ik [I]. P EA R (B AREEM) ,37 (1) 250 - 55.
JEAN . 2002, #RFE BAR AT BT B9 F M 72 0 —Fh B R

[J]. HEPRHRE s, (8) :35 -37.

Alekseev A. ,Chichinin I. ,Korneev V.. 2005. Powerful low-frequency vi-
brators for active seismology[ J]. Bull. Seismol. Soc. Am. ,95(1) :1
-17.

Anatoly S. , Alekseev A. , Boris M. , et al..2004. Active Monitoring of
Medium with the Use of Seismic Vibrators: Exmerimental Systems
and the Results of Works[ C]//First International Workshop on Ac-
tive Monitoring in the Solid Earth Geophysics,S3 -01.

Chen H. C. ,Ge H. K. ,Niu F. L. . 2014. Semiannual velocity variations a-
round the 2008 M, 7.9 Wenchuan Earthquake fault zone revealed
by ambient noise and ACROSS active source data[ J]. Earthq Sci,
doi:10. 1007/s11589 - 014 - 0089 - 5.

TIkuta R. , Yamaoka K. ,and Miyakawa K. ,et al. . 2002. Continuous Moni-
toring of Propagation Velocity of Seismic Wave using ACROSS[ J .
Geophys. Res. Lett. ,29(13) :1627 ,doi;10. 1029/2001 GLO13974.

Ikuta R. , Yamaoka K. . 2004. Temporal Variation in the Shear Wave Ani-
sotropy Detected using the Accurately Controlled Routinely Operated
Signal System [ J ]. J. Geophys. Res. , 109 ( B09305 ), doi:
10. 1029/2003JB002901.

Kasahara J. ,Ito S. ,Fujiwara T. ,et al. . 2012. Results of the Time Lapse
Experiment on Air Injection using the Ultra-stable and Continuous
seismic ACROSS source [ C ]. Riyadh; Proc. KACST-JCCP Interna-
tional Workshop for the Earth’s Surface and Subsurface 4D Monito-
ring.

Kasahara J. ,Korneev V. ,Zhdanov M. . 2010. Active Geophysical Monito-
ring[ M ]//Handbook of Geophysical Exploration; Seismic Explora-
tion. Holland : Elsevier Science.

Kovalevskiy V..2012. The Experience of Using Powerful Seismic vibra-
tional Sources for Vibro-DSS and Seismic Monitoring[ C ]. Riyadh
Proc. KACST-JCCP International Workshop for the Earth’s Surface
and Subsurface 4D Monitoring.

Kunitomo T. , Kumazawa M. .2004a. Active Monitoring of the Earth s
structure by the Seismic ACROSS-Development of the Seismic
ACROSS and Continuous Transmission at Tono Mine ACROSS Sta-
tion[ C]. Japan: First International Workshop on Active Monitoring
in the Solid Earth Geophysics.

Kunitomo T. , Kumazawa M. .2004b. Active Monitoring of the Earth
Sstructure by the Seismic ACROSS-Transmitting and Receiving
Technologies of the Seismic ACROSS[ C]. Japan; First International
Workshop on Active Monitoring in the Solid Earth Geophysics.

LiZ. ,You Q. ,Ni S. ,et al..2012. Waveform Retrieval and Phase Identi-
fication for Seismic Data from the CASS Experiment[ J]. Pure and
Applied Geophysics, 170 (5) ;815 - 830, doi; 10. 1007/s00024 —
012 - 0585 -2.

Mooney W.. 1989. Seismic Methods of Determining Earthquake Source
Parameters and Lithospheric Structure[ J]. Geophysical Society of A-
merica Memoir,172 .11 - 34,

Niu F. L., Silver P. , Nigbor R..2010. Toward Using Eccentric Mass
Shakers for Active Seismic Monitoring[ C ]. Portland , Oregon, USA ;
Seismological Society of American Annual Meeting.

Saiga A. , Yamaoka K. ,and Kunitomo T. ,et al..2006. Continuous Ob-
servation of Seismic Wave Velocity and Apparent Velocity using a
Precise Seismic Array and ACROSS Seismic Source [ J |.
Earth. Planets. Space. ,58(5) :993 - 1005.

Silver P. ,Niu F. L. , Nigbor R..2009a. Assessing the Role of Fluids in
Episodic Tremor and Slip Events using Active Seismic Sources ; Re-
sults from a Prototype Experiment in Cascadia[ C]. San Francisco,
California, USA; AGU Fall meeting.

Silver P. ,Niu F. L. ,Wang B. S. , et al.. 2009b. The Feasibility of Using
an Eccentric Mass Shaker for Time-lapse Seismic Imaging [ C ].
Monterey , California , USA ; Seismological Society of American Annual
Meeting.

Skolnik D. ,Lukac M. ,Naik,et al. Developments on the CENS Structural
Health Monitoring Front. UC Los Angeles ; Center for Embedded Net-
work Sensing[ EB/0O]. (2007 =10 -10) [ 2014 - 09 - 10. ]. ht-
tp://www. escholarship. org/uc/item/8qx229h5.

Stewart J. , Whang D. , Wallace J. ,et al. . 2005. Field Testing Capabilities
of nees@ UCLA Equipment Site for Soil-Structure Interaction Appli-
cations| C ]. Proc. Geo-Frontiers 2005 , Austin Texas , ASCE Geotech-
nical Special Publication,130 — 142.

Whang D. ,Kang S. , Wallace J. , et al. . 2004b. Integration of NEESgrid
into the nees@ UCLA Field Testing Site[ C ]. Canada; 13th World
Conference on Earthquake Engineering, Vancouver,B. C. .

Whang D. , Wallace J. , Stewart J. ,et al. . 2004a. Forced Vibration Tes-
ting of a Reinforced Concrete Building Using the nees@ UCLA Field
Testing site[ C]. 17th ASCE Engineering Mechanics Conference , U-
niversity of Delaware, Newark , DE.

Yamaoka K. ,Kunitomo T. ,Miyakawa K. ,et al..2001. A Trial for Moni-
toring Temporal Variation of Seismic velocity using an ACROSS Sys-
tem[ J]. The Island Arc. ,10:336 —347.

Yang W. ,Ge H. K. ,Chen H. C. ,et al. . 2013. Seismic Velocity Temporal
Variation Obtained from ACROSS and Ambient Seismic Noise in the
Longmenshan Range-front Fault[ C]. USA; Seismological Society of
American.

Yang W. ,Ge H. K. ,Yuan S. Y. ,et al. . 2012. Seismic Velocity Temporal
Variation Across Fault Monitored by ACROSS[ C]. Proc. KACST -
JCCP International Workshop for the Earth’s Surface and Subsurface
4D Monitoring, Riyadh.

Yoshida Y. , Kunitomo T. , Katsumata A. ,et al..2012. Temporal Varia-
tion of Tensor Transfer Functions Obtained by ACROSS Signal
Transmitted from Morimachi [ C ]. Proc. KACST-JCCP International
Workshop for the Earth’s Surface and Subsurface 4D Monitoring, Ri-
yadh.



34 WoE W SR 38 %

Research Status of Application of Accurately Controlled Routinely Operated
Seismic Source on Monitoring Subsurface Medium Variation

YANG Wei', WANG Bao-shan', GE Hong-kui’, YUAN Song-yong', JIA Yu-hua', DUAN Jia-yang’
(1. Key Laboratory of Seismic Observation and Geophysical Imaging, Institute of Geophysics, CEA, Beijing 100081, China)
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Abstract
The working principle, developing history, operation mode and signal detection of Accurately Controlled
Routinely Operated Seismic Source ( ACROSS) is described, and the current status of experiment research with
ACROSS on international is introduced. Aiming at the risk zone with potential earthquake, we put forward to de-
tect the subsurface structure and its dynamic monitoring using ACROSS to improve the understanding on the seis-
mogenic mechanism and environment, and provide a potential technology for physical forecast of earthquake.

Key words: ACROSS; superpaver artificial seismic source; scanning signal; structure detection;

dynamic monitoring





