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Table 2 SNR of cross-correlation results after whitening

EE 1 2 3 5 6 7 8 9
one-bit 1 25.502 22.875 16.163 24.941 8.827 4.439 5.872 13.765 4.665
W sh 4 44 7% 30.723 28.434 18.740 26.238 9.266 4.501 6.907 15.059 5.015
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Fig.9 Influence of window length on cross-correlation results
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Fig.10 Cross-correlation records after Gauss filtering
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Fig.11 Dispersion curves of geophone pairs 1~ 14 at different m for the theoretical model
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Fig.12 Dispersion curve obtained by partial processing for the theoretical model
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VIS S ¥R KR
R Pimf a3 —1k 15.9982 0.7615
RGP d—1k 11.6416 0.8852
BRI — Ak | ik i 46 9.2487 0.9948

B, A5 e FUAR AR 055, WU 28 08 R 4 X {E
A m, HZR 6 1/ 1 5F 6 ‘SR I an s vt 47 B
FHOC SO R 26, 2 CAE SR ANTET 13 B
AR 54 i 11 b Jo SR A BT A D50 S R BT
FREANTR] m AEL A4 B Sl IO £k 5 S IOT k4R
AR 2 AT HU R, P th HAT R — SRRy
PSP ZR X LSRN 14 P | i 2 &
iz FIPTIE A 2 B s sh IR i 26, 7 L &

2000

1600 -

1200

I /(msT)

800

400 -

5 F2 IR T kB BT ) B B A i 2, K 2k
FON TSR RIS B R R i 2, FTRUR
24 m= =2 I WUl 2 5 T Sl IR B L
M n] ARG IG5 MU B — 8 F AR AR
R 2 HEAT 0 i, 8 I O m BB, K T
AN A5 e — &, T 2 — S 2k by
AT 25

13 EFSMSEMEER AR m {8 R 1R BT B A 5780 i 2k

Fig.13 Dispersion curves of field measured data with different m



6 11 AR 45 - Bl Ty B A 3B I 1 B IBOI A £ Ay B A o) U v - 1307 -
1800
4 —i— BRENURAR AL M 2%
gl EZabE 38T b
IR AR AL M 2%
1400 |
1200}
& 1000 |
i
B g0 4
600 |
400 |
200} i
0 1 1 1 1 1 1 1 1 ]
0 15 30 45
B 14 MLk 6 SR Hh £k
Fig.14 Dispersion curves of Line 6
coda[ J].Science,2003,299(5606) ;547 — 549.
4 QZF'I:i/E\A [4] Shapiro N M, Campillo M.Emergence of broadband Rayleigh waves

BRI 3 O (AL B P 4152 B
NS, 57 R A b bR K 5 A 2
B AR T 0 450 B 2 405 L 15 23
Oy v R B RO A TR AR — B, A
394 4 — 25 0 D Ao 2 R B 9 1
B B R A S SR R T e

1) SCrk g Hh T B 7 R0 b B R
st T B SRR D 2 4RI i, B T
I AT R O

2) KPHCHR HE A A T30 — P ST one-bir”™
P A HE T A ROCR T X BRI 5 B — 1t
B, 3 Bl R g BT

3) TS FERE BT K 9 B 0 7 0
BT 135 5 3 1 0T i 2 M 8 o
A, SRR AR AR R R A M K 5
Fy 5t/ R U 9 P (R 45

&) B HH R R FE 28 Sk Y m , 552
S A L, P 5
S i 2 AT — B0 0 3 R 4, T
S DR S5 A 0 K S 4R

£ 2% 3L 1k ( References) :

[1] Aki K.Space and tme spectra of stationary stochastic wave, with
special reference to microtremors [ J |. Bull. Earthq. Res. Inst,
1957,35:415 — 456.

[2] Claerbout J F.Synthesis of a layered medium from its acoustic
transmission response[ J].Geophysics,1968,33(2) :264 —269.

[3] Campillo M,Paul A.Long-range correlations in the diffuse seismic

[11]

from correlations of the ambient seismic noise[ J].Geophysical Re-
search Letters,2004,31(7) :L07614.

Bensen G D, Ritzwoller M H,Barmin M P et al.Processing seismic
ambient noise data to obtain reliable broad-band surface wave dis-
persion measurements| J ].Geophysical Journal of the Royal Astro-
nomical Society,2007,169(3) ;1239 — 1260.

Gouédard P, Stehly L, Brenguier F, et al.Cross-correlation of ran-
dom fields: mathematical approach and applications[ J ].2008,56
(3):375-393.

PEarte A SR R B 2 I 5 B A ARl DX 1
FILI] HbE%4R ,2009,31(5) : 544 — 554

Fang L H, Wu J P.Measurement of Rayleigh wave dispersion from
ambient seismic noise and its application in North China[ J].Acta
Seismologica Sinica,2009,31(5) :544 —554.
Ozalaybey , Serdar, Zor E, et al.Investigation of 3-D basin structures
in the Izmit Bay area (Turkey) by single-station microtremor and
gravimetric methods [ J]. Geophysical Journal International 2011,
186(2) :883 —894.

FRBL, U ARHE, J] M PR, 5. o [ KRl o 2 T ot DX T B 7
A BRI Z AT AR [ )] Bk Py B 22 41, 2012, 55 (6) 1 1919 —
1928.

Zheng X, Zhao C P, Zhou L Q, et al. Rayleigh wave tomography
from ambient noise in central and Eastern Chinese Mainland[ ] ].
Chinese Journal of Geophysics,2012,55(6) :1919 —1928.
RIS, 2 hge , v, S5 I SPAC I B 7E S Y JiE
ZER[ ] M BRI AR, 2013,56 (1) ;3846 — 3854,

Xu P F,Li S H,Ling S Q,et al. Application of SPAC method to es-
timate the crustal S-wave velocity structure[ J ].Chinese Journal of
Geophysics,2013,56(11) :3846 —3854.

[ SEEw AT RS S I S B € R U N U DA T S
R LK ISR = BT TG BE 254 [ 1] MR B~ 4k, 2016, 59
(10) :3662 —3673.

Zhang B L,Li Z W,Bao F, et al.Shallow shear-wave velocity struc-



- 1308 - w5 £ & 43 %

tures under the Weishan volcanic cone in Wudalianchi volcano underground silt exploration in Ningbo rail transit[ J ].Progress in
field by microtremor survey [ J ]. Chinese Journal of Geophysics, Geophysics,2017,32(4) ;1856 — 1861.
2016,59(10) :3662 —3673. [17] Gouédard,Pierre, Roux P et al.Small-scale seismic inversion using
[12] SRS, Zoil 4 v e 45 0 i sh i 28 5 v 4 I B o 7% surface waves extracted from noise cross correlation[ J |.The Journal
FELJ]. HuBRY E2E 4, 2009,52(7) 11923 — 1930. of the Acoustical Society of America,2008,123(3) :EL26 — EL31.
Xu P F,Li C J,Ling S Q, et al.Mapping collapsed columns in coal [18] Tsai V C,Moschetti M P.An explicit relationship between time-do-
mines utilizing Microtremor Survey Methods[ J].Chinese Journal of main noise correlation and spatial autocorrelation ( SPAC) results
Geophysics,2009,52(7) ;1923 - 1930. [ J].Geophysical Journal International ,2010,182( 1) ;454 —460 .
[13] FROSS 730, IR AE , 25, — 2 B sh il i 2400 < 907 < LAVRYI [19] Ekstrom G, Abers G A, Webb S C.Determination of surface-wave
gk 7 SB[ T] BRI AR ,2012,55(6) 12120 — 2128. phase velocities across USArray from noise and Aki’s spectral for-
Xu P F,Si W, Ling S Q, et al. Mapping spherically weathered mulation[ J]. Geophysical Research Letters, 2009,36 ( 18) ;64 —
“Boulders” using 2D microtremor profiling method; A case study 66.
along subway line 7 in Shenzhen[ J].Chinese Journal of Geophys- [20] ZERK. 3 -5 w5 sh IR HG A B A R T I [ D] PE 4
ics,2012,55(6) :2120 — 2128. KK 2017
[14] I3 ARIRIY , v I3 BE , 55 S8l IR J7 1 A b 3 A vl %) o2 FH Li X X.Study on the joint tomographic method for active and pas-
[J]. BifEE R0 ,2012,33(3) .71 - 75. sive source Rayleigh wave data[ D].Xi an; Chang an University,
Fu W,Xu P F,Ling S Q,et al.Application of the microtremor sur- 2017.
vey method to geothermal exploration [ J ].Shanghai Land & Re- [21] Nakata N,Chang J P, Lawrence J F,et al.Body wave extraction and
sources,2012,33(3) .71 —75. tomography at Long Beach, California, with ambient-noise interfer-
[15] =0 FHBIL, S A b 25 4 sh I I B A /K B TR h 80 ometry [ J]. Journal of Geophysical Research; Solid Earth, 2015,
W RLHIBETE 1] R AR, 2016,38(4) :493 —500. 120(2) ;1159 - 1173.
Wu X M, Wang C F,Gao C K, et al.Application of passive surface- [22] Zeng C,Xia J H,Miller R D, et al.Feasibility of waveform inversion
wave method for Quzika hydropower damsite exploration[ J].Com- of Rayleigh waves for shallow shear-wave velocity using a genetic
puting Techniques for Geophysical and Geochemical Exploration, algorithm|[ J].Journal of Applied Geophysics,2011,75(4) :648 —
2016,38(4) :493 - 500. 655.
[16] LB RIS, IR | 25, 7 I B0 52 18 W5 e B 2 W 45 7 i [23] Knopoff L. A.Matrix method for elastic wave problems[ J].Bulletin
WFE[T]. HLERYIFEZEIERE 2017,32(4) 1856 — 1861. of the Seismological Society of America,1964,54(1) .431 —438.

Zhai F 7Z,Xu P F,Pan L N, et al.Study on geophysical methods of

A study of quality control of extracting dispersion curves
by two-channel method of passive Rayleigh waves

SHAO Guang-Zhou', YUE Liang',LI Yuan-Lin', WU Hua®
(1.School of Geological Engineering and Geomatics, Chang “an University , Xi“an 710054, China ; 2. School of Science , Chang “an University , Xi“an
710064, China)

Abstract ; In recent years, the rapidly developed passive Rayleigh wave technology has the advantage of strong anti-interference capabil-
ity and less limited construction conditions by using environmental noise as the source, which is more suitable for exploration in urban
areas.However, the key factor affecting the imaging accuracy of the passive source method is the extracting quality of the dispersion
curves.The current passive source Rayleigh wave method mainly uses the Aki formula to calculate the Rayleigh wave dispersion curve
according to the relationship between spatial autocorrelation and time domain cross-correlation. This method has a good extraction effect
for long-period observation data (for several months or more ) .Nevertheless, for practical engineering applications, it is desirable that the
data observation period is as short as possible (such as one day or several hours) .Under this circumstance, it will lead the zero points of
the cross-correlation spectrum to increase or disappear,which will bring errors in the extraction of the dispersion curves when the Aki
method is used to pick up them.Aimed at solving this problem,the authors put forward a set of quality control processes,such as using
different normalization methods, selecting different window lengths for cross-correlation operations, setting Gaussian filters to filter cross-
correlation functions,and selecting spectral zeros,to improve the extracting quality of dispersion curves.The authors combined certain e-
valuation criteria to verify the reliability of the dispersion curves and achieved the purpose of controlling the quality of the dispersion
curves extraction.The passive source numerical simulation of theoretical model testing and the actual field noise data processing in
Fengxiang County of Shaanxi show that the quality control method in the dispersion curve extraction is feasible and effective.This study

has certain reference value and practical significance for the dispersion curve extraction of passive source Rayleigh wave method.

Key words: Rayleigh wave ;dispersion curve;passive source ;quality control

(AR SO - -l )



	µ�h

