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Plane-wave least-square reverse time migration with Seislet
fractional threshold algorithm constraint
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(1. School of Geosciences in China University of Petroleum( East China) , Qingdao 266580, China;
2. School of Electronic and Information Engineering in Xi'an Jiaotong University, Xi'an 710000, China)

Abstract: Least-square reverse time migration using plane-wave coding always has two problems: encoding data will intro-
duce crosstalk noiseand the excessive number of plane records will reduce the computational efficiency. In this paper, the
Seislet transform, which is suitable for seismic data, is combined with the fractional threshold function based on the Rie-
mann-Liouville fractional integration theory, which is then introduced into the least-square reverse time migration using plane-
wave coding. Numerical tests on the simple layered and complex model show that seismic data have good sparsity in the Seis-
let domain and the plane-wave reverse time migration based on Seislet fractional threshold algorithm can effectively suppress
the crosstalk noise caused by multi-source data. Compared with the traditional method, this proposed method uses less num-
ber of plane-wave gathers to obtain the same imaging effect, and can improve the computational efficiency.

Keywords : plane-wave least-square reverse time migration; Seislet transform; fractional threshold function; crosstalk noise;

computational efficiency

UTAFR I R I M 5t A Am R RS AL, % IR TR AR P — AR R, K SR fl 1) 0 72

Y75 HH#5.2019-08-24

ELWH . F2FEHEL LRI E (SF1503002001 ) ; 8 5 5 S 8F & 3 FR130 H (2019YFC0605503 ) 5 H A i K A% 30 H (ZD2019-183 -
003) ; K [ARBIARS I FHERSIH (41922028) ; HFK A ARl EIL 41 I H (41874149)

EE BT W (1982-) , 5, 8%, T A B9 Oy 1) Ry i 0 A% 4% 55 i 4% R . E-mail : jphuang@ upc. edu. cn,,

BEEE RA(1996-) , B AT A 9807 ) 9 R P AW S A% . E-mail 1642586376 @ qq. com,,



F44 K %3

FAT 5 AT Seislet W FAL I & 2 kool T @ ok b = i ab 4R A <27 -

BUGFEA R IRFAFA? | BT R AR A e/ —
Fe s (LSM ) Fil /N 330 B fi % ( LSRTM ) H 88 5
EER= )i RN FY N L RN (BN =N 2y N 2 O T L
TR DA A7 S B % 108 20 A | W 0 B | - T 36 i )
EP R — e R IR BT R M 2R S0
S| AR 2RO K BEA LI I A AR 0 AT
SIAZ M Gm b it — 20 T R PR . PLSRTM
T LA 3 2B AN () S5 28 2 5000~ T 0 A5 45 SR ok
FEA ER PR ) (E S A SRR 2 KT
B, Xue 257 7E HARBREUS NI T IEI{E 2
PRI, BE— PR B ok 3% 22 R RS B L5 B i, L
a4 LK 25 S 40T (SSA) 51 AF] PLSRTM HfE
SHIENAEZE BRI A1, MR b 5 0t 7 i Sl
B R 5., Herrmann 2510457 11 9% 25 6 FH 7 D B2
TR ARAS ok [ G 58k 4 il A8 e, Seislet
AR I3 FH T MR , Xue ') B 504 Seislet ZY3R
TP S T, Dutta" 7 4 Seislet 28 35| AR /N
IS T AR TR T, FERT A
FEROEAY | ZEE A A Riemann—Liouville 738 A1 47
PS5 20 B0 BIE PR AL, I Seislet ZE#AHSS
G153 Seislet AU H(EFL , FREEHAE SRR B 2 1
B, S Seislet S BIE B2 L0 T B/
I i AL

1 FHiEFEE

1.1 WK%

LI gt ) 5 3 B ML RS IR IR gR A
[T T 3y W st 51 1% & L AP e A =i ]
£ (CRP) PE47 V- T 8 i

D(x,,p,w) = Y, d(x,,x, o) (1)

b, d(x, v, ,0) HIARBCTESE , A TREARPR «,
RE YRR A PR R A AR T v, A AR I i T 4
WCHIC 5% 5 e AR R I ] B A B S 1, 0 Ry A 00
T FE R SEONE pr,,p HFLSEp=
sinf/v,0 N EM A o L ZEEE, FA (1) FE
R TS SR IESINE &, Bl —1F
[} SIEE:S

S TET I8 D B 11%) G R SR e S BN I 1 SR RS
LBH p,o I AR

pmaﬁzf Ar (2)
S WK Ax, MR , HT 2250
(IR Ap i A2

sinf, —sinf,
p=—— N - (3)

p

A, 6, gt/ MBS 50, KA 5 N, T GE
LB, RS p A, MG EE AR, B
1) X Sl A A7 7 2 S 388 n - T I8 3 4R ) B8 R 8 n
ST b T A2 A% DX R A R EL 22 10 - T
SISO R BRI RACE,
1.2 TEEFBRN_FRLEHEE

AV A 7 2 3 B4 A BR 22 43 IE T A Born 2%
PEIEGE . For Born Zeth IE I # 0] AFRIR

d=Lm. (4)
A, L 2N Born AR ET T d i WIWEE ;m
R

A% i AR AT L3RRy

m, =L"d. (5)

X, m A IRFE A A H e E LY w5
T IEAR SR A R A BT

AT n AT DU 56 2 SR A ]
LN

M=[m, m, m,, - m,]". (6)
K, m, R n A T8 5 BT X6 g 1Y) D B AR 45
R, FIHIESE D FTLARIR N

dl pl ml
d m

D=| ' |=PM-= P ()
d, p.llm,

A P, SHAETHEIE B Born IETE BT
ST /N 3 RS 119 1 2 PR RT DA L

H
S =3 5 lpym, i = 5 |PM - D™
(8)
e 22 pR B A FE fif R
vf(M)(i+1):PH(PM(i)_Dohs>‘ (9)
Hrp
ViM)=[Vf(m) Vf(m,) Vfim,)]"

A, ViGm,) R n A THBEE 5 BT X B AR
1.3 ZREFER &N SRR

BEAL M 5 A5
M(i+1):M(i> +a(i>z(i> (10)
z(i): _ Vf(M> (i) +B(i)z(i—l). (11)

A, i T R o R R K 2 A
B MBI BEAE IE 7, —> n dEsREUY A
T2 BT n A, KT n YCGEAUR S Be b B2 1911
FRH IR ke AR BB A SO TEE
ST 4 YILHRE I R — Uk R RS 1



-28 - T E G HKFFIR(ERAFR)

2020 56 A

Bl AL R

XY R B 5 4 5 (10) i 23S

M =S"TS(M +a'Vz"). (12)
1,8 B Seislet IEA5 4, S™' f Seislet AR, T H
BB PR, A S T o 0 B0 B pR A, R 5T
ST'TS 1 B ) FZAE T IH BRI B2 15 22 F R Gt b B
KRR B L B PR

TSR AN AR S o — AR T TR
2555 (12) 345 R T H 4P Bregman 4R 15
A IE AR H bR ek K ME

SR = 3PS H-D™ [ L 87 R (13)
A 5 IO E AL A R A IENAES G ST
Seislet WS T, AT REM 5 M (R WF

M=5"M. (14)

Seislet 23BN B {475 24 o () PLSRTM i F240
B 1, HA X dh A R MO WA

AN d(xes Xy )R JEF
A0 T e m i R B

ABPPEBR M
REEHS M= |PM-D>;

)

’ HHEBRBEV (WD D=PA PM©P-Do)

T4
Y

| z(i):_vf(M)(i)+ﬂ(i)z(Hl) |
'
| 35
1
[ AR T R

B R
MED=S1TS(MD+aP7 D)

1 Seislet 5 ¥ BI{EE £ 293k E PLSRTM it #2
Fig.1 Workflow of PLSRTM with Seislet fractional

threshold algorithm constraint

1.4 SHHEESE

A28 1 R bR 50 A e ) {1 bR SR 4 580 P
Bl (R AT B (B A A R, A
SEPHEE A, — BT LB R
E BRI pR K, HLAR B pR B BER A R K0S
5 2R B0 A 1ELE BRI 22 , D 22 70 B0 {EL B 25 T B E,

TO=—Y (M)

XA ERE T 5 5 5 Z ) P A AR i iR 22
A BRI S T ] R PR KRR 4R
BI{E PR ECTIN T —ARCRECS A A BGR BT AR
P AN [A] B B s P, B S B R B A T
AEAE—E IR 22 .
sgn(s) ([s|=A), [s|=2,
0, |s|<A.
s By Seislet Frii 2845 5 19 2804 S IS4,

VA 2, B s PR AN ] 2 i, 285 R0
{H PREAL PR 19 22805 I R A TE IR 22

4r P

T(s)= (15)

)

W&

g 27

\x

B oot

| -

Bl L —— BRI RS
i L - BEERR
E_“_/f’ L L 1 L L

-4 -3 —2l —ll 0 1 2 3 4‘-
RO AL

B2 ZEEZRHBE
Fig.2 Soft threshold function

ST BRI PR AN FH T 0 BN SRR 4 BRAE (Ri-
emann - Liouville 23 BB L2023 30) 40 FZ 20 B0y
R T PRI A7 R0 AL BN A3 5 | RE A5 34 58 PR
B 2Pk H AR B R pRBCRRE

ASCHHE I B B R T

o _ 1 fy)

T(s)=J%(s) = () (s - t)l_adt.
R T (s) FoRRF R (s) BEAT B R b 3
55y = san(s) (I = Al [s1= 1) i RAL

e

(16)

s N Seislet R, («) = fwya_]e_"dy A gamma PR
o BN, 280 X5 B8 B £ 2 il
1 AR B A B S B B 0.5 B, AR
BRI 3 (BB 2) PR

ar

=

= =

G =

50 —

ﬁ //’,

% 2t o —— AR R
g ’ ---BHERY

4|
S I T IO NN T B
BE BB B AT R RS
B3 SHEHBESSE
Fig.3 Fractional threshold function
1P 3 Al DL, o3 BB 1 D ok 51 2 K00 22 145
B 7RG ROFER] , S A B AR T —E R




FA4 k5 F3M

TP, F R T Seislet 22 B % 29 R 09 F @l b = R R AR

.20 .

2 Seislet Z5#aiiK

B LR AR e Fourier 2840 /N AR 4 | it
AR Seislet AR 55, HiH Seislet A8 & & [ T4
XoF b B ) — B 5 AR H, BN B 5 5 2] Seis-
let 3> {BAEGEAT Seislet 28 Al 75 5 5% FH - 1 P
FEAB) IS i ( PWD) Xt b 2 ER 0 26 A 7 Jm A0 A A 3
Seislet 254§ 7 2 Jry FS AR BCHE A R i A, P B
77 X ER AR AF Seislet B4, Fourier ZE 4t /)
AR A | o R e A5 38 DA SR A A5 AR e A BT T
Seislet 2546 M2 DL 2 18 A B4 HE 4728 3

PP — 52 L RIAE Seislet 78 4532 A1 /N
A A AR R R FE S 5120 m, GhIn]
KA 1500 m, EHCH 512, YRR S EChH 150,
[EIFEXN 10 m, B Se X 52 2B 73 il 4T Seislet
s SIS C E POV EY G Bli Pu k=S

ES

0 100 300 400

() AERHEN

BS
200

300

0 100

(&) SeisleBEHAIT%RHEH

T LR Seislet & BOF1/IN il F2 BOIEAT F 728 445 3]
HARE | BT AT

4 (a) 7R Ryt — 52 AR 0 L0 IS 2R
B JE 4T Seislet 7% 4, 15 3] Seislet 2 %0 ( K 4
(b)), HIE4(b) AT, Seislet RE T B R 7E R
/NT 50 IR E, BRI AR, BEIS 200
Seislet 7% 46 1 /] ipie 728 4 (14 Z B4 0 AR E) /N HE 7
J& , BT 1% B REAF RN HI J5 458 (K 4 (c) |
(d))  Hi& FEA T AL T B S R A FE R, H )
B HAG M SE5T S (1 4 (e) ), T 2 09 4 I S 5
REAR AL WA 15 24 2 F AL, (B RE F A T 3B 4%
SERi(EA4(d)) . Bl 4(e) () WS HPKE Seislet
AR RN AR He 1 R B2 T R BNHEIY S i
WUHT 7% W REGHATEME AR T E A SR
SRR FR BB, M T A i B R
AT LM

0 100

7 () Sislet%ﬁ 7

BS
200 300 400 500

200 300

(5 NEAHRAT% RYER

4  Seislet ZEHR MK

Fig.4 Seislet transform test



<30 - T E G HKFFIR(ERAFR)

2020 56 A

IRV BRI BR324 RO R rh
(BEARFRANEE) . B 5(a) ((b) 2409 Seislet 7545
FV N AR ) ZREGE AR B INHE T S 23T 1% 1
FBPE R REARRE S5 5, b R M ET 1% 19
FE., MWES (a) TrTLIE H RBCEZE A RN
T 15 hiE oo hsErd, K5 (b) hi R EE

FEEHUHT 7% A R B2 ORI R BRI (181 5(c ) |
(d)) , REOLIEART 7% W ZRE IS (c) PR
BB AR TP E R /NT 100 IOACE  FEREE/NT 256 1Y
TWHEEA—E i 5 (), TR AR B E 2R
WHINEA 7, AR L

B AR Seislet 2 # L /)N A% 6 BE A BT 4 3

TEREE/NT 50 HAPAGARXS B 5 (a) BOMAMEL, [FI3E, R4, 0 RE 2 /n MR Adi iR i 1
RE RE
0 100 200 300 400 500 0 100 200 300 400 500
20 ﬁ_ 20
a0f aoff:
=60 i goffl -
E s E ol
100 | 100}
120 1201
140 H4of
(a) SeisletZHAT1% R B (b) INERBRET1% R B
RE R
0 100 200 300 400 500 0 100 200 300 400 500
2 ) 20k
4 40§
g HE 60 B
&mr £ s0
100 § 100 § .
12 Co 120 v
140 140 § RGN

(¢) SeisletZ#eR17% R H >

(@ NEEBHTNEBA

B5 RHERKREERNSH

Fig.5 Distribution of coefficients in original scale matrices

3 HEMK

3.1 ERRBNIK

WERE—A~ 4 ZHRRB AT, I BR Y
RFR 1500 mx5 120 m, 43 ) RAE 2 5Ok 512, A1)
AL B 150, BEGA ] RAE SR 10 m, 33
120 49, MEIEI R A 40 m, K 05 512 A K i
B 10 m, B KORFERFE] R 8000 ms , FE IR F IR H B
LU, AR A 20 Hz, SCf IR 2 B, 2
6] 8 Al AT B 22 43 3890 S PMIL i1 3 4% 4 kA7 1 7
BB 2027 A B AR 0 SR, T S 1T 90 S A e R
W 2008 G R AN RS S B T m B 2R

Kl 6(a) 4 JZACFRIRL 55— 23 B 1600
m/s, 5 2R M E R 1900 m/s, 5 =23 E K 2300
m/s, 45 VR B R 2600 m/s, BRI 5120 m,
RIE R 1500 m, & 6(b) i H S, a0
(1) BT A1 I 54 S50 p 19 F1H B4R p

FIBUETE RN -0. 3 ~0.3 ms/m, H 2284k, 4t
1A E A

B 7(a)  (c) . (e) sl h o] o B RAR 2 28 3o 5
T e /N e B R RS 224 5 .10 25 RIS, W]
DB HE 7(a)  (c) | (e) #AT AR RREE B R 40 0 &
A/ HEREJNED HIE 7 () BN E B /N T & 7
(a) 7 (e) MEH/NTFET (¢), X JEH R
e RS A B B A 1R AR B B i e A — i
JEE b A R

F7(b) . (d).(f) 45k PLSRTM 18 5.10,
25 YRG5 FXF I I R AR A, AR PRI Ok B
TSR AR AR, FLZ 3 0 5 0 J2 IR ASE 7R A B (14 f
FE R 0, TR AEIRMEIE, HE7(b) (d) . (f)
AL BE A EARYECG N, Ja A6 Al 11 P e B e A
V18 0T €0 20 T A8 T X 07 i o 45 SR 1) i M 3%
W (B 7(a) ((c) (e))o PRI ZRAH (i # 45
R SR A A (2 e M S R A



BAE R3IM

FAT 5 AT Seislet W FAL I & 2 kool T @ ok b = i ab 4R A

<31 -

VR D/km

TR/
400 500 (km e s™)

(b) WBHEEY

BREREEFNRE EEF

Fig.6 Velocity field of layered model and migration velocity field

Q
il.\(-
(o) FEARHLE RS

H 6
|
Q|
=
IS

(a) AR5
E5
200

300

Tﬂ%lﬁp/km

/;EED/km

VR D km

500 ffMAME

Bl

(® Jiﬁsvtﬁﬁlwﬁﬁaﬁﬁvl'

500 MF{EL

g

(d) IEALOUR B it
B
200 300

500 19 f{E
1.0

100

-

400

0.5

(e) &AR251%
7

() AR5 AU AT

BEREE PLSRTM £5 R K H 5#3MG & it

Fig.7 The PLSRTM result of layered model and its local dip estimation

Kl 8 (a) ] BLZ AR 28 Seislet 4358 B [
PRETZ TR Y PLSRTM 348 10 WG U455, & 8 (b)
ShiTRT B 2R AR R 22 Seislet BB {H PR R 20 TR Y
PLSRTM #4810 IJG U458, K 8 (a) . (b) #B—E
FEEE bl T (HETE A R RSO TRy LA
LIRSy, B 8(c)  (d) a3l 8(a) ., (b) fr
Xof 7 8 R B A A Ak i, T 8 () AT 8 (d) AL, R

IFi] € %) B € AT L3 2, R 4 Sy Je 3 £ 1Ky
0 MY €5, ) B 243k Seislet 435 Wy 150 1/ oK B 20 TR
FIER R (L PR AL LT PLSRTM #BAE A% 1T 1] f 40 0 25
FRARIAED , (B 8 (d) 78 I ¥ i A7 7 1 1 (0 AT 3¢
K, i 8 () 7E BT B e A RS /N, L4 Seis-
let 435 By 5 1 o A0 249 B PLSRTM A4 85 SR 1 T 4
Seislet 4K 5 {H PR A2 PLSRTM



« 32 T E G K F PR RHFR) 2020 456 A

5 R
00 100 200 300 400 500 o° 100 200 300 400 500
'g i il g _a— - —
=
% e g —
1 1F
(2) 3 HHBMERBLFIER 10K (b) KBE R B LR E AR 10K
E5 E5
0 100 200 300 400 500 0 100 200 300 400 500 fHUf{E
0 T T T T 0 T T T T
. e »i|-
g g 0.5
Q Q
i :cd 0
5 IS
1 . 05
-1.0
(o) YEH BIE PR B FE AR 10K I J= 35U F (&) HKRERBAFER 10K H R EH

8 BRBETARE Seislet HEF XZIRE) PLSRTM K H 5 ED 5 A i+ 3 bt
Fig.8 Comparison of PLSRTM with different Seislet threshold function constraints and

comparison of dip estimation in layered model

3.2 SZERIK 20 Hz,
R — 2 B AR SO A AT A — R Sefi IR 2 By, a5 18] 8 M A BR 2240 Bk M

FRETIHEAT G, IZAER RSy 1500 mx5120  PML 3 B2 (R4 T I VL H0LAS 3] B 1 3%, P4 A
m B ERAEATBON 512, PR SBCR 150 B8N P il A g i B AN M0 s & B A A RIS
[ RAE SR 10 mo SRk 120 40, J0RIRR R 40 SBUWF NGBS ST S8 p S4B Ak, 1T )%
m KU AN 512 A KB B 10 m, SOARCREERS  TEAEON 114>, B 9(a) IR AR (1Y B0
[A198 000 ms, 5 IR H 78 o0 73, e i Ry BRI 9(b) M EEY;

JERSS E5 R/

K 100 200 300 400 500 o0 100 200 300 400 500 (km‘;")

& | g 25
Q Q
ficd -2
K K

1 1 2

15

(a) HAAELS (o) W EES
9 SHFEREEFFNEREET
Fig.9 Velocity Field of complex model and migration velocity field

Je o X S AR AT PLSRTM SA A 15 kA SR TEIEAT 15 YAy AR A5 2R B D 9 0 EL e 0 5
35 K, A B AR R (B 10 (a) L (b)), BB 10 B4, E10(e)  (d) 735 E A 220 Seislet X
(a) ((b),283d 15 YA 35 YOEARRF /N = BIE S5 29 AR Seislet 73 BB 19 F pR 40 29 1Y
Fe Wi mAL fT , s 45 R T A B R BOR B W PLSRTM 34015 URIIRURZ5 R . |18 10(c) . (d)
RN BONTEAE (AR B AT X% AT AE Seislet 2N P e/ N A (R RS ) )
o T 2R S — D ER PR M, B S90S AR B T —E B e, X 2 A
RIZ TR —E BRAERED . 2035 WA MR  BIRURRCRARIREF  (H Seislet 737 B PR B O 29 PR



FA4 k5 F3M

FEF KT Seislet 52 HBMA S A 2 R o9 F @k kD ZREMABH - 33 -

RORAR T Seislet 3K 5 (E bR A 29 SRBCR  HAK LAL
B, K 10(e)  (f) 530l & B AR 2835 Seislet 515
1B PR B 24 R FL Seislet 43 0B 15 {E pREX 29 3 1Y
PLSRTM %1% 35 YRR AR, K 10 (e) 7L

B
0 100 200

-

0 100 200 300 400 500

(&) HIRMERBLIRIEEAISK

300 400 500

SRR 23 FR PR, P 10 () B AR LI
FLT-HOR ], B2 AR A M EN A 31— E 1 TR
HARNIE DAL, Seislet 735 190 {EL bR KB4 24 SRK
RWLBAFT Seislet £ FU{E PREAI L HECR

BY

(b) R3S

RS
200 300 400 500

O

B 10 EREETARE Seislet 5 1E &R PLSRTM Xttt
Fig. 10 Comparison of PLSRTM with different Seislet threshold function constraints in complex model

S AR I TN ST- T I8 3 4R A 80 T D) — o AR M
PE = PLSRTM F RS 0 iE, J il H3 e e, {H 25 1
St R A S e 43 SIS R 30 A4S F T % IE 4R
i) PLSRTM 34t 15 F1 35 ¥, 15 2w £ 45 5 (&
11(a) (c))o B 11(b) ((d) R 11 A1
A H 23T Seislet 43 5By B {5 o 50 20 R 1Y
PLSRTM #%£AX 15 F135 R &5 5., HE 11(a) .
(b) . (e) . (d) AT A, FH 30 A~ 3% 3E 4R 1Y
PLSRTM Z5 5 (K 11 (a) . (¢)) b AR Z 3t 2y i i 1
11 4> 16 9 38 4E 59 PLSRTM 45 % (18 10 (a) .
(b)) Mg/ R BT R T BAE 1 AT
PB4 H R Seislet 43 %5 B 159 {8 2R 2L 29 3 19
PLSRTM (¥ 11(b) (d) ), H B 4R 3 Bl 1 il 75 3

R, B Rl s £ 7 1w GE RS R
PLSRTM AH[A] B B SCR . #RR T 11 ME R R
299 PLSRTM | 11 ™38 4 1945 58 07 %, LA & 30 4~
AR WAL G T L AT I8 SRR TR X L

Hr2 1 A1, St 2R ELAEFE 11 P s S
PLSRTM Hsf [i8] i 20 T I 11 A T 5% 18 4R 19 1% 42
PLSRTM, ¥ /b F ffi Fi 30 > - 1 9% 38 4 09 1% 4%
PLSRTM, HMiZ 7 ReaE— e e B b S 3508

*1 ZEEERTLE

Table 1 Calculation time comparison s

WA 1A EES 11 B 30 AN iEAERY

WH 3R PLSRTM LG WiRES TGk
15 1251. 81 1360. 07 3404. 16
35 2635.15 2871.26 7008. 55




« 34 . T E G K F PR RHFR) 2020 456 A

AEED/km

(a) 30MPHIPIEENISK (b) HIHFNAFHBEEERISK
e e
0 100 200 300 400 500 0 100 200 300 400 500

(e) 30MPRIEREISK (& ZFJE AT HBEEERISR
B11 ERAEFEHKESELE TH PLSRTM 5%93R PLSRTM X tt
Fig.11 Comparison between PLSRTM and constrained PLSRTM using different number of plane-wave gather
X 2 BTN AT A A AR, 23 il O SS (EA 2RI PLSRTM 3£ 4Q 20 Y5 4R i , A7 (5
150 3,350 18 A1 200 3 ff AR IR0 (B 12) 0 ZZRid PLSRTM 254X 20 WS AR IR, 25 (00 BL5E
TEE 12(a) ((b) H, Wi B 2R M Z2id Seislet 205X ) ST EEL ME 12(a) (b)) T LIE 49 Seislet

2
1
N
S0
=
!
-2
-3 1 1
0 500 1000 1500
WED/m
(a) #1508
2 —
L1
=
@ 0 oyl s 2\ e =
IS - - = Sseislet 3 F R E LR 1F11%48200%
-1 — ER201K
s 1 %‘gﬁ 1
2 500 1000 1500
WRED/m
(b) 5535038
5
S EE ¥ AR EM AP PSR
E sl —— BT LA P BB
- = G A 30N P i 4
----- RATRY
—10 1 1 1
0 500 1000 1500
WRED/m
(c) #2001

B 12 EHEZHBEIRIET L

Fig.12 Single-trace amplitude comparison of complex model



Fa4 k% FH3H

TP, F R T Seislet 22 B % 29 R 09 F @l b = R R AR - 35

B B SEE LI 20 YREEAY PLSRTM 45 5451
PRGBS T LS00 RS FR 80, AR R
HARIE S BN A AR LR ) PLSRTM Hi i
e SR, HE 12(c) X F 11 A EAERY Seislet 435
Wy {1 PR B2 TR B PLSRTM 11 AN B AE AL 55 07 v,
DL K 30 ANEAR B S8 ik AR 20 IREE RS
200 JEXTHE , 2t 205 ) PLSRTM 45 5 5 Jimise 8¢ T
S S F A, BA A ORI

R T i 20 AR ST X M 3 R
X A A S n B AL IR A AE MR L R 2 dB,
P A HE A7 57 180 0 G 65, 45 2] 11 A F 1k GE
£, (K13), ARG R AL EERES N
TR/ W (1 N

> ()
- m le} '=IM N . (17)
NE Xx - 2 (Xw)

T, M ORI ) SRAE 55 IV RSB, 8 B i R

~
<

~.
—_
n
—_
~
n
—_

FOPRIE . P4 5 HEAT Seislet 430 ¥ 99 18 440 v 20 o
() PLSRTM FME45 )5 ¥ PLSRTM , I3 Bl HUEE 15
UORNES 35 B EE SR AT b (B 14) . A 14
AT, A58 )74k PLSRTM 25 5L i e s ol i, T H:
TERTE R, T 280 Seislet 4350 B 19018 445 v 24 R 1Y)
PLSRTM J& , M 159 24 SUR ], BAY SR e 5 s Hb

BY

8L
13 SH&S88p H0HWESEEFHRE
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