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Simultaneous inversion combining multiple-phase travel times
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Abstract By exploring a newly developed multiple (reflected, transmitted and converted) arrival
tracking algorithm with modified irregular shortest-path method, and combining the conjugated
gradient method to solve the constrained, damped least square problem, we discuss and analyze a
simultaneous inversion algorithm combining different travel time datasets in 3D complex layered
media. In the inversion process we introduce different weighting factors according to the different
picking errors of different sets of arrival times. In order to balance the influence on the two
different model parameters in simultaneous inversion, we normalize two different model
parameters in Jacobi matrix in the inversion process. The numerical results show that it is a
practical and efficient way to improve the spatial resolution and reduce the artifact in
reconstructing velocity distribution and reflected subsurface interface.

Keywords Modified irregular shortest-path method, Multiple arrival tracking, Multi-phase

travel times, Joint inversion, Simultaneous inversion, Seismic tomography

E&TH EKAAPFAIESTH (40774020, 40534021) Fl [ Z B AR £ A 5 1U55 F 78 7% B (Sinoprobe-03-03-02) Ik 5 ¥¢ Bl
EEEN OB, IR LA R, H T 2 R A A R U A BF 5T . E-mail : baicy@chd. edu. en



14 IR 34 = 2k 5 A 2 R BT P 2 T A T I I S AR 183

1 5 &

B Aki il Lee ¥ B5 2% 2 87 B4R H T 7% 2% bF
FEURN R T 30 ZHEMK R, BT B £ 1) H
R R T SRR MR E T R R B AT
TF 2 H 3K P8 P 285 4 B 45 ) S PEAT 2 A S0 7 R
Z . H U R R w5 0 AR T N BLE A g . R
F A BRA I M RR AT IR A BT SR T 1 B 2k Y
AL RAR G Sy« A BUAR T BUAR 4 i R s T A%
HER B PR 5. BT TR 2 B IR = AR I LA
RAERBEKBG TAER M T K& 2 5E M E 5%
FH RS oy K SR T 2 R ARRERT, 1
2B 5T 3 0 DX AR AR AR 2 B — R A Y.

Wit & TS R R T R L DL B e M
i 25 44 I TR AT 5 5 X i R A 4 B R A T 4
o T i SR SR S A 4 I TR S AR e AR a8 TSk
Tz T 4 R A 4 i S s BCAR B  9 8 0 A
E B AL — R B R A B R 4y B
5500 5 1 114 ] B R0 L 5= 43 A A G B8 A BRI
AR FEA PR 2 Gl A 2R
FHIE B BERE. N & 2 52 0 Kas 47 A 1) il 29
N AN K AT AT Bt ) 22 R AR E o 90 i A5
.

2 52 AHE I A5 2 R TR ) — > 8] 2 A KNG
SR 55 [E Landers #b 52 4% 7% UE 47 B9 £ 52 A1 (S,
SmS.sSmS)E M S PR H P AU T AR 200 km
R T A I 5 3k R ] & A 1Y) 180 AR 25 R SR
HII A ] 22 7 AFE B 8 O 25 0] 43 B Wl 48 8 &8 5
BIBE Y 1/8~1/6 .4y 25~35 km'™,

K 22 7% AH JE B0 HE AT R SO A AL
S CBGAT 569 5 I D) A 290 R0 38 I 55 5L T 1) o7
b RE ST 4T A B %) 2R A s SR L bR RS B
AT (14 57 R 25 AE A S T8 AT A 60 1Y) 3K gl 25K I
T8 1 1 L S [R) R T R R 43 A R R S B I Y fE
J3 5 BV R4 3 0 BT Y [ I S 3 22 52 R TP Y
SRR AT IR B OB N R BT MR A T
SR IE B R S T AL AR S B, R
22 5% FHE B AR AT 8 RN S T A ) B B A Y
W& AT AT Y.

SR T T 85 T L TET P [ B 2 8 A — T L A TR U 1
A PR A ST N 7 A 2 5 S S S CERCAT 56 I
SR BEAR B AR Ak in - R BT Y R R S R
Z Al RES SRR T SR . BIAE — A 7 R 4 b R s I

T A 2 B i 2 1) R B 1 T o O 25 i DR — )
AL HET SR MR T2 B
A0 XA H SR 0 IE SR B T A R ik
R LT S AT R s A AR AR P ) i
FI Pavlis S50 2 1 2 8055 8905 3047 ) Bk 2 386
8. —J& Kennett Z1% ) Subspace 8.9 . GE [A]
A A A0kl B v 2 AR R 2 8% B S Williamson 32
subspace 57 R i 1 R BN RS L =R 0
JIE A0 G S G T IAUE — . A Zele S AT 0
Wb 2 B AT IR Ak 9 [v] iz 381 3 JEE R B I ) JL
(OEET R

AR SONG BT I TT K 1) 22 5% A b 7R S 2 38 R 1E T AR
B REAE RS R ER PR AR
AT (14— W AT e b 6 55 5 T[] 1) — I e S D 1Y)
A B GERHBE A AT [ B B v R 5 R — R A A
BAGAR LY » P R0 $ 2 AR 1 2 (8] 43 B8 S i v
Xof T A [R) A 30 S 80HE AT T I — b Ab 31, W] B 5] A
A [ 5 R I SR T AR B A3 e T RO
ST B4R B 2 A7 R 8 TR R A | DA M R A B
THT 114 (] B 52 Y (1] A

2 IEMEELRY

Rawlinson 1 Sambridge 2242 1} 7 X £ 43t
SRR IF R A B 2 O3 il A oA D7 R 1) PR o AT g 1
ST R ARA B 2 W A R AR
B /NS U SR O T e B AR SR A A X
ZHEH ARSI T 2D/3D B AR E R B £k
W38 BB B S SR R S ) ST
AN i e A B R I 2 U A 3 R A
RE] TR BT RRS L iE = CPU i [a] . gt A
o J I A B R A A T A R R AR A DR AT B
CRH TR B R0 RT3 350KG B2 R PR AT #E 3 19 CPU I
— R R R B A R AR BEE ) 5~6 ). BT A
W5 TEE NG R TR S B AR SRR S RO SR AR S T R
— B S M i ) 22 5 A B ] S S T AR B T TR
AR KT IX 2 A0 o i Y B R I AR B T B AR i B
AT,

L FFoR g — AR AR A A AR
ST ) = Y R AR R R B R B RSB R AR B
AT B 30 R FHAS B8 00 55T CIET Th) 17 JH Al DX 3 ) >R
R BT (B Lo, 3 BERAEAE 795 A0 B3k AT IR
A OB M S R R Y A ) I A 3 ) A7 1 o A
PS4y X 2B T AR (Y AR v, ARy



184 H Bk ¥ B % R (Chinese J. Geophys. ) 54 ¥

DXV 4 i IERE TR ) b =2 2 R A B B T A L A
D0 A5 280 3 RS X e 7 8 2 AR DX A 408 DX Ry sk
JIE BT AR e (IR ). 2287 B 02 48 1 IR B 28568
R S 2R ST L A 5P A B IXSOTT U 0 H AR ST
2L I B 2o ) DX 2 X R AT R A L ROk B
FE BT AE B SAOCTT 46 BEAT 34 5 IR — e i 2P K
PEAT PG . 25 21 T DX I8 AT RS BT AT R

zlkm

xkm
Pl 1 AR TR 32y A5R RE SALTHT A3AT Ca) o A5 TR rp AN 0 U] T A% B 56 (o) R0 RH D ) 4 2256 (o)
(b)Y Fl (o) A B A ER KRR T 40, A EBRFE R I M IR 8.

Fig. 1 Distribution of primary nodes and interfaces in 3D velocity model (a), and irregular cell (b) and regular cell (¢)
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