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Abstract Based on the array of the transient multi-channel analysis of surface waves (MASW), Rayleigh wave
dispersion imaging methods including vector wavenumber transformation method (VWTM), phase shift, and high-
resolution linear Radon transform are used to carry out comparative analysis. First, the dispersion imaging results
of synthetic data are compared to analyze the quality of the three methods. The VWTM is found superior to the
other two in terms of resolution, accuracy of higher modes, fitting degree with theoretical dispersion curves and
anti-noise property. In the actual Rayleigh wave detection, the VWTM can still has advantages in foundamental
mode imaging accuracy and higher order modes imaging quality. Then the genetic algorithm is employed to invert
the dispersion curves of fundamental mode and higher modes. The result is more accurate and stable when higher
modes are combined in the inversion, it also performs much better in reducing non-uniqueness of inversion. The
research shows that the VWTM can extract multi-mode characteristics of Rayleigh wave dispersion effectively and
with high quality in field prospecting, which provides a reliable data foundation for joint inversion of multi-mode
of Rayleigh wave dispersion curves. In conclusion, the VWTM combined with effective inversion method can

FKHE SR IR (2018YFC0603600)F1 [E K A SR Bl 2= 5 42 (41974047) % Bl
Weks H 499: 2019-05-12; & [8] H#: 2019-06-29

427



R MARPIEM) 56 & 5 31

2020 4F 5 A

remarkably improve the accuracy of near surface stratigraphic structure detection and has great potential in

enhancing Rayleigh wave exploration capability.

Key words Rayleigh wave; vector wavenumber transformation method (VWTM); multi-channel analysis of

surface waves (MASW); higher-mode dispersion curves; genetic algorithm
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Fig. 1 Seismic record of 84 channels
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Fig. 2 Dispersion energy diagrams of synthetic data without noise
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Fig. 3 Synthetic data with interference of random bad channel
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Fig. 4 Dispersion energy diagrams with interference of random bad channel
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432



IRBLAE TR I RO ik Y T Bl IR S R U 2 AR SR I U 1 A T 3 M T A R A 1 R AT A

- SERUBEOR o FEBYRIE T ATEBUR — ER REREY  — REREE  — RS
— FEY R I B h 2% 1 s ERgEE - HREE
700
600 T
1
= 500+
:’é ...... e
= 400
300_ . 7 T
L
2001 i IO
100 (a) S 25 0 (b) B EARBOEE R E
0 5 10 15 20 25 30 0 10 200 30 40 50 60 70 80
P& /Hz R /m
6 NAEMEXNRESER
Fig. 6 Inversion with only fundamental mode
- SERBEOR . RIS — ZHARERE —REEiRfEE — KRR
— SRR BT S 2 I #BoEEREE HREH
700 900
800 1
600 1
700 1 T
1
= 5007 o 600 1
£ Esoo| I
400 i T
% E 400 i
300 #3004 i :|' .
200
200+ i
| (1] T—— H
100 (a) U 2% 0 (b) BRI BOEE R E
0 5 10 15 20 25 30 0 10 200 30 40 50 60 70 80
B Hz HE/m

B7 sEAREER

Fig. 7 Multi-modes inversion

BRR, mE iR, IWERRTLIES, VWTM
FRAGT f BA SAE T HA  FP T vk, U R B
BUSARSH IR, S e, ARSI 1 B K o3 JE 2 0
ARAR, ARAT X 350 (<10 Hz) A4 301 538500 ™ 8, = B i
PEMARA AL 15 70 HE R LM R AR AR 4 i R AR
B4 BEA, (B IX B8R (<5 Hz) RO IR 22, 1251
&, FUMERL A R TRl 1 v I T 0

TEHLE 9(a) 1 VWTM 44 B 2 A58 =00 4t 2k Y
ShAL, MR YR AR B0 M ST PR ST — S 7 SE R IR
RUPEAT B o 38 2 B2 ROU R RE 2t 1 v ) 8 A L At

ARAFHBLRL, IR R AT 18 A5 30k 2 AR,
LEARANP 10 Fr 7 o B AT B 60 M HIC 2 55 S50 A
R HEAR B W), M JZ= 44 O T JRE 6 1 1E R DA
JZo AR S LRI GORAH AT o

5 #&ig

RSO — PRI A 22 38 11 B 7 ik —— R A
RO L (VW TM) 51 GERI RS 2 LA R 73 B R 2k
PO AR A 480 1 X TS R S B B AT UAZORT B
B, KB VWTM 1i s AEORS FE AR 5 18 T Tl #R A

433



R MARBIER) 568 B3 202045 A

we EORAYEH, JLHZ VWTM Y i WA =0 15 g
AT RE 1 W S A T A P R 7 ks 7 52 B 7 10
H R, REEBARRZHNE T, VWTM 56
PRAE R B AR B 73 B . DI, VWTM BE 5
P b= 2 2B 45 B B AL B O = RIS L
FEAT 2 Z2 B8 2B 2 i B A 1, AR SCR
A 14 S A 1 O TR 2 B e B B s S At
LT XL, R BT A e B A T A B

t/ms

08 VA0 VI 2 ] R W A
O } | j B TR . eI B R I L VWTM
1.04

RE RS AT 250t v o o 3t Bl M 2 A8 X o e 00 R A

H8  NRBRAHE R R ‘ A e o
DR R 5 g B T TR B i i 4 T A A e

Fig. 8 Transient Rayleigh wave data from Changzhou suburb
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Fig. 9 Dispersion energy diagrams of Rayleigh wave data from Changzhou suburb
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Fig. 10 Inversion of Rayleigh wave data from Changzhou suburb
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