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Abstract: Based on the different characteristics of the conventional vibroseis with accurately controlled routinely operated sig-
nal system( ACROSS), the ACROSS signal was processed by the cross-correlation, short-window correlation, cross-coher-
ence and deconvolution. The comparative analysis on the processing results was carried out from repeatability, travel time
profile, spectral characteristics, and signal-to-noise ratio (SNR). The results show that the cross-correlation method is char-
acterized by good stability of processing results and can highlight the high-energy frequency components, but it is not applica-
ble for analysis of the narrow frequency band signal with much difference in power spectral characteristics. There is an over-
lap in the spectrum of ACROSS signal and the ambient background noise. Short-window correlation can enlarge the role of the
noise, and the effect of the processing is less than cross-coherence and deconvolution. The SNR has a great impact on the
processing results of cross-coherence and deconvolution. The cross-coherence and deconvolution method are suitable for
ACROSS signal detection with a certain SNR.
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Fig.1 Vertical records and amplitude spectrum analysis of vibroseis and ACROSS

ME 1 (a) Fll () AT E H, FHiME 5 7E R R
FUTR I N A IR (L ARAR 5580 nT 2 R A H
(1) ,ACROSS ¥ A& W fig 1 75 £ 3 i 4 i IR R 1E
L, 1T 2 1 il 450 5 400 3 4 2 — ko BT (T L
(b)) o e/ E il AE A S 15 L T, ACROSS
FUA PRS2 (B 1(d) ) AR
S AERE IR B LA 5 Alekseev 28N FIIH 100 ¢ Y
ACROSS 7 350 km HY#RINFE B 4500 2] T A 2
HE R .

®1 EHAERERS ACROSS $HERT L
Table 1 Compararison of vibroseis and ACROSS

characteristics
LRI ECyEs/ ACROSS
sy E YR T ol KR 3

= T G 4 228 4] A E:h )
FHOTR SRR B f’g”[‘@ﬁ}:mg“ e

2 ~10 Hz, 240> 1 5 F 8/

BOREIR 6~250He g L 2%
W o i i
EIRIEE LIk - FSAE JLEK -~ FEAR




<52 T E G HKFFIR(ERAFR)

2013 %2 A

2 SWHIE

BT R IR 5 1Y FAH G R BT AL R
Klauder 3", #£ 508 4 B - 3 2R F H A 56K
E R N L NN T N RO R TR S S B a5 )
Wbk 5, {H5E, ACROSS 5 HL AT 2 7% Vg 7= 2
WHERE SRR 225, A SCh @ i E S A E S
G3 M A T 2% Forbi A R IR G AT AR
RS,

2.1 EEXZE

A b R T SR RS FHRE R Ry

x(t)=r(t) *s(t) . (1)
K, x(t) MICTIE  r(¢) BHZ LN = TR,
s(r) HEEGES

() @s(1)=r(t) * s(1)Ps(1). (2)
HrQ@FRME, MHEMES s(¢) A REL
PERIR Klauder F37, MR 45 (2) , M )Z 0w I pR&CT
PRI R

r(t) =x(t) ®s(t). (3)
2.2 EREXE

i A A S UR T R AR b R 0k R FH b R 7 5
Mg 7 Sfe BREEC PP A LN 5 3 =22 ) (A% b pR 51O g
AL (o) FHERIRAE S s (¢) 3 AR 1) 22
ML E B BB %, (n) ,0,(n) -, x,(n) Fl s,
(n),s,(n) s, (n) 5 20 BITHEAR X B A5 Be iy
M0 7 RS () e i=1,2, ) my

ri(n)=x,(n)®s,(n),i=1,2,--,m. (4)
A5 X453 B L M 52060 5 R 1 2 51
r(1)=8r (), (5)
2.3 #FE

R B AT I A AR HRIT T x (1) 15
VA5 5 (1) Z IR T AR AR H (o) 50
AT ST

Hw)w S@)X(0)

SCo) 11 X(a) | ©
25 TFFT 284 a] S5 B e+ R h (o)
2.4 RERE

R B 5 R X0 — P 6 R R U

L

x(t)=r(t) *s(t). (7)
XX (7)) #EA T IR AR 4 AT A

X(w)=R(w)S(w). (8)

YO i J2 0 7, PR RS AR L ] 27 Ay

Rlw)=X(w)/S(w) , (9)

FEIE AT IFFT AR 4 A 3575 B Sal it J2 00 1 pR AR r(2) o

WEE(2) AT HAH AL B AR R T A
AR B T NS SRR R R RIE
1R 1 R , 5 F 15 5 B ot 76 A0 3l L A 22
B, AR R BT TE A R (AR 58, S5 IR 7]
PR ANGT  RE 3R 1 O 55 23 58 i R et 3 40 1 A
REFAE . K (6) F(9) HaT %, A1 Fn s 48 AR vA 1
R TREEGR SN IE A &2 B aES
FRERSZm , B R TR RS % S8 2 )
PIRE AR (1538 ) sRELIANLAE B

TEH R A 5 A H AT v, MR A5 5 Hh %) v AT
S REAR R - 0 I AR 43 T DA B AR 10 7
A, ERRE ST LS AT REE I (551
EEECINN IR ISR T 0 B B €1 T3 Lyl s o 1| = o
AR A SE AR S R Ry ik, T IR SR X
LA BT RIS

3 ESMALE

KA W BB B AR AR A A A
ACROSS R4t %=l A 16 t, H/KFHlies: 5%
WA 10 v/s BE 3B 7 B A 12410 1, i
SRR OR H H E R R R AL E R B AR
L, HZ i GURALP4OT % J& 3 # = 3, R 5 )F
2000 V/(m - s7) B EE 0.5 ~ 100 Hz, %%
i % 4 #% 5 REFTEK-130B, 3% £ % 35 200 Hz,
ACROSS U I B RS R A g i b 35 2R H] GPS i)
T 42 ) R 2242 i, TR A IR B0 1 I SR [ 7]

2= P ROV AT A R VR B AR DA
TR SRR Z MR R IAT T, 25 R R, H
WA 5 AT 1E R 7 TG JE S IR AR e 5 28 1 e 2 Ll
it 2 REAIRR , LR TIE 0% 48 SR FE AE — AL Z N
S B R O 2 ~ 10 Hez, S5 E 1 30
min/ K, 1E 4 1855 26 min, B 5 15555 2 min , IR 0]
RESE INAIASI(E 5 (% 9 i e ) DA RS 5 A4 (5 5 e et
mE 1(b),

2009 4F 6 H ,7EDU)I & 4i AT k45 ACROSS #4
RARES . PR UE LI B o I S MR 5 5
PEAT T A% B AL R 2 R AU 45 35 20 A7 17 150 UL 1]
2, APRIE ACROSS W& A5 5 1 5 AR MR B A 8 2o
WIS AS B0 3 el e B i s ik, 2% &
VLR B R VR 8 m B, LIk K R 9.7
km , F/MREEEE N 1.5 km, HH st01-st04 & 3 22 [A]
(B EIFE R 290 1 km, ACROSS 52 5 F b 52 WL 15



%374 H1H MBS AR AR R IURE R A AR R AT 5 A +53.

F XA E AR SR M R B A BRI B R L R
i,

BERW st01 st02 st03 st04

ACROSS7Z ¥

st05 st06 st07 st08

0 1 km
| I—

2 BN EEESHREE
Fig.2 Location of ACROSS and layout

of seismic equipment

4 HEERST

O AE ACROSS 551 (05 2% £ v 1 3R ] i 5%
YENSHGS PR BRI I W B f i RE A S %
B PR RSB 1K 0 28 A 0N 45 3k A 8 1] 3 SR
oS S5 B ADE FSCE I AT A
FRUAL RIS  FEZRaT 2 ~ 12 Hz (94380 U8 I8 0 2 i kb 2
EAAT IS FIT L, FE X 4b BEARAS (1 9B I e FE A
P R T RS AE DL R A W L SR LA #
4.1 EE;’J?EE'I?E

BRI IE e I TR 0 B A5 5 (I T 7 11

PEREH A 1 WM AW EMICREIE NS EES, X
ACROSS A1 60 R A5 5 1Y T B4 i A7 H 2 Pk
RT3 HA R BI7E 0.985 LU L, HHA 1
WL A2 R BUNT 0.99, W] ACROSS 41K i
e iR E 5 A R A A Pk, AT s i 2
BT F AT B R B e S i 5 e be , I A E
it A5 L ORI v Fi 2 — 20 B AT R R AR Ak R 52

1. 005
Q . R U
& , R
N& 0.995 | .ot - . u
L : .

0.985 - : - !

0 20 40 60
ZitkEn
B3 ACROSS #% 60 =4 89Rzh
EEEENEESHST
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4.2 FERE|IHE4SAE
Kl 4 15 Ry PUFh kb B ACROSS BRI &
160 YR E N E I T

10 [;\wwj el ,“,‘;‘mﬁ;ﬁ\,\mwr’k’mﬁ\\ il sl B S e oy (e R T T A
3 mwwwfw»»w\f@‘,m filowiaipoaitly ey Jod AW WW Weree el Mj%‘m\g&mw\.ww M, wme (’m&,,m\m‘v A ’Jw\wwq
= Tevuipwienncotli Py 'L‘f"ﬂ\,‘vuuw\/\mvmh A /\/wmrff IVAMAR A A AR AN wmj({ﬂ,w\. W f p,/\w\ww‘lipm/wwﬁ,v\\w\
< 6 T N ;,\I\XJ%&,WM ‘WWMM - W M&‘Mh i {\J‘\/ (e L L R "‘M\‘\z};"{ *W‘ it M\\- TS NN /\,r\’MM\ W \ Aty
12)
&= e s ~evemortilions. |l AR A MV at AN sl AN A st e
E 4 - ﬁ"‘; th\” Mj'w YA AWAA A AN AA A %’fm B Nﬁ«‘“w% ANANARARA Ao A
”M !“»v AAAPAF Aot (T YO bttt
e WA
2 il i\} Wuw WA | m v w’\ywm i ‘W-v A A AANRAA S A M‘g’W}. A AN
0 ]
0 2 4 6 8 0 2 4 6 0 2 4 6 8 0 2 4 6 8
i) /s i) ¢/ W) ¢/ W) ¢/s
(a) HAHRALH (b) HEHF AL HE (c) MTEE4b2 (d) R
Bl 4 ACROSS 2Ri#& EREIH
Fig.4 Travel-time profile of ACROSS working once
10 et T e L B
> M A T . mw,»«f A P mARRAAAN AN A A u*{ A n m
85 "\,}J\\ - s AR Pk, o M
for WAAMAA AR e N At il W
g of Wl ’ T T R o ﬂ}wmvy\:‘,«ﬁ;\wmNMMW«W
1)
jiesy o ,‘?ﬂ%ﬁi,ﬁ{A;J\:m!w»-wwmmwwmﬂmm,w,m Wd\wﬂbﬂ)\,a'mwv,f\ AR ARt [l ey
R4 ik
Wi A A A A A A A el
& 9 A‘A‘hx’,!’g[iﬁilw - Lt AP A wﬁ%ﬁ o
rjn}w ‘f\,ﬁf"%ww P AAAAAAAAAA A A A ‘,’#ﬂ'f‘g‘gy%,‘w‘u‘kfvw"\ﬁ"»’w\ﬂm’\.’uw-mi‘\f‘;,v\/v\j\mf\,\»\v
0 ! .
0 2 4 6 8 0 2 4 6 0 2 4 6 8 0 2 4 6 8
i ¢/ i ¢/ ) 2/ ) 2/s
(a) HAHRAEH (b) FER AR ALEE (c) MTE:4ba (d) RFBH

5 ACROSS #%& 60 k& fnE &I HE
Fig.5 Stack travel-time profile of ACROSS working 60 times

WX AT, AT AE . Ol i 2 k&, id
i:%{*ﬂ%% LU BA A 2 kst BRIV 7 Azt 0 U 5 3k b
RERTINEA 255 ; WAk, 7EXT ACROSS WEkHAb
“')ﬂzu\%ﬂnﬁé_&%mﬂ%ﬁﬂ%ttmﬁ%iﬂﬁ @

HAHIRALBEARAT 9 Y T2 WA B B 55 el S
B2 e MR B HOE RSB 3 JBOE K RV 72 2
FAPEEN AF W AR LR 09 5102 6 3 (A%
2.4 km)ic sk b (& 6) , kU] 5E M 1T 2 AR



.54 .

T E G HKFFIR(ERAFR)

2013 %2 A

WU 47 30 RTINS AH G AR T RIS RE R AL B

e b, PO FEECN W, BOY SIS

HAHZK ) A
TERFARSE by AN W
*Eq:& [ 1 A A J,;qur\‘ ~
AR | NUTUVRURURUNUUN T
0 2 4 6 8
e 2/s

E6 st02 &AM RMELERITE S (HIREK)
Fig. 6 Comparative analysis of results by four

methods at st02 station

HABAE AT 58 b 43 HF 1A 800 Rk & 2R (0 =Ry
TS B IC S L E A5 W AN (], AH T R s 8 AR
DR IAY, 58 B A IR 2, (BB G F B AH G T
4.3 AKIERNEEN

X4 G uhic R 2 AL B (4 SR T A
ST, BT M8 A BIL T st02 (2. 4 km) 1 st03
5 (3.5 km) A PUFhLb IR 5 vk 0 B A M B 45 21, w]
VIE )  BAHSCTR Ab BREE S B MR IR AT, 52 e 52
M /0N XoF ELAT — 22 5 M E 1Y st02 15 254 Ak L 2%
ISP AH DG 1Y T 5 1 e 2% BB D A B I 1S K (fF
W LU AR RARR ) |, 52 8 AR 7 Ak B 85 SR 110 e P =7 M
FRRZIALR

I s i e T e e s P e
aas ST e Y e v o
W 0.9 *
3K * *
£ o8 . ) ) s
0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60
St kHn gtk Hin ERve 8 ERve 8
(a) KA (b) SRR Ab 2 (¢ MFEbE () REFALE

B7 st02 BT EAEERESESH
Fig.7 Repeatability analysis of results by four methods at st02 station

L. O prmesigsanpostotcnmsintypu s pisptnmi min %y

* * 5%

B i A P **»:e*"‘* o RV o .« *
& 0.9 T T ’{ B NG Y S e
NS * x * * * K xx *
K 0.8 L *a
E ’ *
0.7 l | M .
0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60
gt k¥n Gt k¥n Gtk Hn Gt kB
(a) HAHRALH (b) JEIHHXAL (c) HTu:sba (d) RFEBLE
E 8 st03 AFAENBERES N
Fig.8 Repeatability analysis of results by four methods at st03 station
it 10
4.4 45 w 10 - T
TERE PRIz e I A) UK /Y 10 Hz BE R o, R -~ SRR
HARSC JRLIAE O A T 0 SR8 ARAE U Oy vk Ab B g
AEERPEAT TS 0 Hr, 181 9 45 T 102 &5 DU Rl o
7Yk BORE 3HT B
AL Y A S Ak B R T 3200
JLAY (8 ~ 10 Ha) 80 %8 S i HTSG A R K8 -

FRAE B4 S5 RAE I A B or b FE AR OC AR B2 R Y
AT 98, JC R AR S o AT IR A A | fE
U3 A R A5 Tl Ak TR 7 VR ARAT: B4 5 R WL SO 5
LS 1 R 45 2R R P AR O R P AR U 70 P 38 4%
A, XA RE S HAAA G, i T AR5
i A AR MR I BB — i o Lk 2% B - 2 b2k, 5
VAR5 W B A H B, A8 B o0 BoR Ak B e
JBOR T W BT

B9 st02 & PFh7T ik Ab B LS RITE 5 4
Fig.9 Power spectral density analysis of results
by four methods at st02 station

4.5 (EWELL

TR U RE S WA D13 A5 1 L AN IR i 5 148 L
Fift, AR SCHR SR R R 7 18 L 1 5 SC, BIVE 3R 1 Bk
5 1 S MR I e ) 35 5 AR 22 BB R AR TR
KRB T S AR N IE 30 S EAT B OC



%374k H1H B F AR RSB IR B AR RAS AR O - 55

AHOG AH T3 USR8 AU B A1 S A 3 v, BTk
RIS TA5 5 AR IR o LB VE N —F G 5,
TEIHEA R T A 2R 0 PR AF W e 72 vhy | BT B
FIA 3557 DL 10, B 7 11 (15 s) BEFE R IR
PRI B

% |,
AR / i
T |-
R A
0 2 4 6 8
I ¢/s

B 10 st02 AT EFERIGERARESEDO (&N 60 W)
Fig. 10 Time window selecting for signal-to-noise
ratio at st02 station

R2HHT s01 £ ~st04 5 YR 60 K E N
A f5 M LA B0, AT LU O 2R 58 M 75 K F B0
(stO1 53) , T AH 5 Ak BB YA B9 15 Mg bE e v,
PP e 50 R P PR 5T, A 5 7 12 A ARG I 1 0 16 1 G
by HIE R 2B N AT AU R AU H i 5
MR E] T A Ds102 ~ st04 £ BRI R
FERC R, ARG AR T I BRE B A 45 1 LE 34
DL AR Sk A A B4
F2 WA EFEREXTLE
Table 2 Comparative analysis of signal-to-noise
ratio by four methods
Gy HAHX BEARSC AHT 1 SRR
R RV <3| B X7 Q)| S VU ) [ 5/ Q= 3|
st0l 6.86 31.12 3.81 12.42 4.16 26.93 3.59 21.73
st02 19.07 28.61 9.43 16.75 26.26 61.09 33.30 96.26

st03 7.71 48.33 4.90 19.15 7.99 42.23 7.10 50.80
st04 4.33 17.59 3.47 11.47 3.53 18.99 5.70 24.94

5 & i

(1) ACROSS ¥ & 455 BA G M br A
RAL SATERIAS AL 3R M B I S5 4 5, b 7e 454
PRI AT A FAR Ab i W BRI T — SR B i EAR
AN H R B 2 AR Ak A RAR R IR
WEI 4

(2) BTy v Ak PR 25 SR M A, RR AR 4T b
R B EIURE RS, T T T BARE SR
AE 1A 8 AR B (ERSE FH T 76 A0S 5 1F L =
FHZEB R WG 5 0r .

(3) ACROSS {55 5 IR 8815 e W s e b A

TR, A VR SR M A AR T TEZR & BTk
SRR TR0 SR R A 2 —

(4) 15 M8 LU AH TR0 SR8 AR AL B 25 R i F2 e
PR AT R AR S A T BA — e {5 M
FL ACROSS 5546 4347

g KZ20 BTHERZA AR IES &P
WERMHRMBETF LI T SRR AR, T
MR IR AL P 133 b B3 L B d s AR AT AL
A ENE AR PR ] W B R AT T B R R R
Fy TURAL BT Fo B E G B AL A XA 89 K
N A T R 0 B

SE Lk

[1] HASADA Yoko, KUMAGAI Hiroyuki, KUMAZAWA
Mineo. Autoregressive modeling of transfer function in
frequency domain to determine complex travel times
[J]. Earth Planets Space, 2001,53(1) :3-11.

[2] ALEKSEEV A S, CHICHININ I S, KORNEEV V A.
Powerful low-frequency vibrators for active seismology
[J]. Bull Seismol Soc Am, 2005,95:1-17.

(3] FubK, HadE, Bids, % R% ESREEN].

HER PB4, 2009,52(7) :1808-1815.

WANG Hong-ti, ZHUANG Can-tao, XUE Bing, et al.
Precisely and actively seismic monitoring [ J ]. Chinese
Journal of Geophysics (in Chinese) , 2009,52(7) :1808-
1815.

[4] IKUTA R, YAMAOKA K, MIYAKAWA K, et al. Con-
tinuous monitoring of Propagation velocity of seismic wave
using ACROSS[J]. Geophys Res Lett, 2002,29 (13):
1627.

[5] IKUTA R, YAMAOKA K. Temporal variation in the
shear wave anisotropy detected using the accurately con-
trolled routinely operated signal system[ J]. J Geophys
Res, 2004,109:B09305.

[6] SAIGA Atsushi, YAMAOKA Koshun, KUNITOMO Taka-
hiro, et al. Continuous observation of seismic wave veloc-
ity and apparent velocity using a precise seismic array and
ACROSS seismic source[ J]. Earth Planets Space, 2006,
58:993-1005.

(7] #bk, Wubit, T8, 55 R &R m TR IR
MBI LT 5. 6 LR HTE POk AR L[], HBpRYy B
2#4%, 2010,53(5) :1149-1157.

YANG Wei, GE Hong-kui, WANG Bao-shan, et al. Ve-
locity changes observed by the precisely controlled active
source for the Mianzhu MS 5.6 earthquake[ J]. Chinese
Journal of Geophysics (in Chinese), 2010,53(5) ; 1149-

1157. (T#% 69 W)



