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Abstract ; Boundary reflection is an important problem of numerical simulation. Absorbing boundary condition by perfectly
matched layer (PML) is one of methods of eliminating reflection. The absorbing layer was added on the boundary of the in-
teresting region, no reflection is produced when wave propagates from boundary of studied region to absorbing layer and wave
attenuates exponentially with propagation distance. The formulas of PML for two-dimensional acoustic wave equation were giv-
en. Several satisfactory numerical modeling results of surface seismic and crosswell seismic were shown. The results show
that PML boundary condition is ahsorbed clearly, and phase is corresponded with clarity. Superiority of PML boundary condi-
tion was validated.

Key words; crosswell seismic; perfectly matched layer( PML) ;absorbing boundary; forward simulation

WP BAA BB AR TN R AR AL
MRS MR PREEFEFEENERM. HET
BRI R T A A R AR
$3% Kirchhoff BUMEAA FRITH KD o LTy ik
BB N G AR, X R R B T 15
TR KR A R E R, A TR
B AMAE, SR 0 T 303 KT KR B 1k A 934
TP A B BT XA R 6 R B 2 IR
st R, FRERTE T R RS ERL Y
T — 58 FERE N R WIS U, 38 o W A R AR A

B8 F1 39 :2006 -03 - 13

EE TR L B 532 A BT 9 B BE 313 B (04370502000245)

BOMRERAN AR RS . BT, 8% HN—Fil
RAMRETHRE ST BSMITAEL™" %
WO R & e R EXRB T R HHA R %
(et X e A — R B A SR AR RS L
HABFHRBER . R, X FAEZAE AL
B, X S R R AP R AR AL, Be-
renger' " &1 XL R IR AE I AR 0L, I T — R Y
SE L ILHC 2 (perfectly matched layer, fa]# PML) FR Ui
R FFEFS MR F) B E B T % ke
DATE 2ROk B &N T AR TR

1EBE AT EARI(1951 - ), B (BUK) ILH AR B, NS R H0AE L5 BRI AR Yy BB VT B o7 & R R 7 T iy L RO B AR



<20 - FEEHRFFR(HAHAFR)

2007 %2 A

FEAATTA R R, FECRE R iF . BU7E PML B 5L
AR TSR A B S BB Y R
VAEE T ERE R AR EEA AR
2 PML BB0H 5 HY 7‘%7‘5% X s 1 7R AL TR AU
FIRI AR 3T -5 5 AL S5 RE L R 2%
P64 HLRE, BT PML IRGH R Ak R IR

1 —HEEAEPML RaRE&E
oL AfES

SERVCELR B0 BB R AT E BT K R
pufE i b s 2 VERCR , FR A AR AT

P ki e SRR EARR
o ZHEEIER

au . .
1
oA (D

Kb, u MR EEGo WA TR .
ST T PML RBGH R R4 89198, T2 (1)
AR E R
du_ 2f9A, 8A,\ A, qu 9A, ou
"’ (73;+—37); ot Tax o oz
KHL,A4, A, AFTIABPEZR,
FRQ)HAR T PML RIS BA TR AR
B3R B, N T RS, XA XL AR Eo
WA ER u BT u=u, +u,, I HMATER
FEWI, HEEZRX N

(2)

auz 2 _ Z%_
% +v qu, =v o
(3)
13i+u2 u, =0 94,
ot 9t =V 5
9A -4 d(u, +u,)
at  FTET ox ’
(4)
A, .y a(u, +u,)
ot = 0z

HeAput B W g, (j =%,2) 5 (h/H)" ESEH:WBG
F,XEM b 2 PML BIRE, H 52 PML BRI,
Hastings %' SCEH, X4 n =4 6, LA BIFAIRL
RftaE. Hit,

g = Qe (W/H). (5)
BB KT g B, B RBUR/MEZER R F
HERASF R REEREAR
’ _ 29,50 .
R—exp(—(n+1)v). (6)

7E PML AR LB I E AT ¢, 7E E.F PML A
HRH%,q, BE L PMLAR KT MAEMA R L q; %
THPHEF ¢ H.

" ETTEERS A IR PR S, PR O A
-RL A AR PML KR AR (3) HE

2 HEHEG

AT Rk PML R WGH 5 AR PR 30, R A Y
A B2 48 SR T A T R M
AT, [FIAY, A T U887 PML MRk 1 55 4% 4 A4 % i
AR, 5 PARTA N RO BT 9 55 358 ity 57 2% 4 it
I,
2.1 MEERBEMERY
2.1.1 AHN R AR e BALAEM

BT 54 B R Y B2 3 000 m/s, B BE
HHEIRBEBIKF5E SR RIS ELSERE 0 600 m , ok
[EIFEA dx = dz =6 m, REEM ] [E]FE de 24 1 ms, BT
£ FIEH 8], KA Ricker T, EH £, 30 Hzo
1 5T d BE A EA AL R 180 ms BRI

V i

b A
v N

A il

1 H5EES 180 ms REHHRE
KHTEBEMHE,H 1 ERpERET 90% 5
BRI R, FHUE AR &4 BREILE Bret
EARBFS AERA 90% MR EARR
SHEMWTT 0L, 1 F B I B B T, T PML %



F31E F1H EAR,F XL EREBDKDRFHHMR «21 -

Wi RERABUEMAF RS,
2.1.2 BRAMRAER G HAAEM

BT RARIT BAREY 3 B B BT F A2
-+ 2000,2400,2800 m/s, RAEEREN dx =dz =6 m, kK
HEed R EIRR de 9 1 ms, KB Ricker T3, EM £, N
30 Hz,

B 2 4353 R F 35 AL AR OL 57 2 A 38 T
PML RGh S EIE TR R 300 ms 2R AR R A
B, I BRI T B B R, AWK 2
(b)EH, B EETH AW RHRR
PR HRTE BT T L, B AT T o

¥ TR R
‘'m

B3 ERXNMREE

HE L/

a) o5l Al i i

¥ E S 2 RN

(b) PML W& i1 5

B2 ERMFEEE 300 ms K HHRT
2.1.3 BRI BLEH

B E MRS —NEE  — MU S ’
—AW2, i 3 iR

BB HRIRE(510 m,6 m) , SRAERIFRH dx
=dz=6 m,BEIFEH 1020 m, JREFR 1200 m, R ke
B[] 5 de R 1 ms, LGSRV 4, Hoh Btk
S AT T BRI R,

ME 4(a) BEH, 5 R GBI R R, A BB _
RS WP E—E, ™ E YW TR RS E P
A(b) WA BT 8 a8, R RIE A 2
LB,

4 SERBYHFER 400 ms FYEFHHRER



$22 . . FBEBXEFR(HAHFER)

2007 %2 A

2.1.4 ARKIFAEE G HABH .
T HE— UL PML Mol R 4% 44 38 FAbE,
B T — MR R R, R AV
FIHAE, T EH 60 m, F5EE 0 300 m, i A7 E—
AKFZ, EIFEEEN 2000 m/s, F 75 & K 3000
m/s, BHNSHRIFLE(300 m,12 m) , RAE[A] RN

2.2 FEtERRHMERD
2.2.1 #HHkBEHEA

Y5 BE R R R 3000 /s, FE IR AE
(0,200 m) , ZEH WK, B H 0, RAE (1 R R
dx =dz=2 m, A HE N 200 m, IRE K 400 m, Kk

2.2.2 EHRBR

AR FE LR R 7E Y S B B A AL i B A
EMTEAKERE, BEH LW T RKE 2000,
" 2400,2800 m/s,BH7E(0,100 m) , ZEh MK, A
P, HAB AR AERE 6, HBIZERLE T, kA

drx =dz=6 m MR H 900 m, KEEH 594 m, R
B RE de 1 ms, HRBIEERIE 5. MBI
DAEH RV FIRME A B B89, H A%
Bh R R, R L EIE R AL R R R
%, B8 PML R AGH R 4 A R RERE F FRR R R 1
HoLo

E5 EHkibFEER PML KR EIHHRE

BRI de 9 1 ms, BYJEHKBER 0. 60 s, BIfIZR
WE 6, Ed BRI T R E AR, TUES,
FHE I RBGH R ZG T AR R HBEEHEET
#t, 10 PML IR ICGH R 2544 T BB A0 R R, 3
HIBL% R——XT R o '

E6 BsEEipHamilR

7 A%, 2T 3 SR R AR RS A e R
R BRI , (BB T, A2 3
AFARLLL B 2 A I 9 R SR AL A 2, X
ATfiER T AR B AR BT LR Y
PML i 7 892 R R IL 4 52 R WA R A R



#31% F1H

EAA S A A IR AT C o3

Bt WA S B S ST B T T L, BRI S T R

SRR B K R AR

BH7 ERERABIIZR

2.2.3 L&KM

EEGHEME 3 iR, EES R RIEEQ,
240 m) , ZEHHBA , BRI, REERIFEY dr =
dz =2 m, FFEIEEN 400 m, TREEN 500 m, FAf B A
IS de 7 1 ms, BRI BESN 0. 8 s, FIIIEE R LA
8, HIFE 8 AILAE I, (3 5 MO h 5 R iR 30
FICFE, HBT A 3 MAMRES, 2R TL R

R E—R, MU XRARHE;PML AR
FHRIERIE R RAE N R RS, HE B A
W7 2 B9 S U AR ST T , IE SO BRI K R B o
BT RIS HEEY, BB M XS E 7

- PIRREA BT il (B R R TR AR T, A )
ZARN, E R A RN o

8 SHREUHBSER

3 & #

(1) RZAICESE (PML) R R A R 1
| BRMRR SRR 2 — o ZEBFIEX BRI
ANRMERIVCELR , AR/ TR, T B AR 57 4
SR

Q) TEWF TR B30 7 LA R YR, (30 7
A AR MR 5 I8 12 40 B o0 40 OB B0, R
FEAARAT R 5T, AT S BN MR AR St B B

(3) 522 VO AL Z 3 5 4% 14 V58 P T b T A

M R, HRERS TR WA A L AR, 3F
3P Tt SRR

SEHk:

1) #HW. ek, Rk WL -FRES YRS
BHREAIELT]. B RE %2R A RFHER,2003,27
(6) :25-29.
DONG Yuan, YANG Hui-zhu,DU Qi-zhen. Study on re-
verse-time migration of two-dimension wave equation with
finite element-finite difference method[J]. Journal of the
University of Petroleum, China ( Edition of Natural Sci-



.2 .

FPEEHXFFR(GRAFR)

2007 42 A

(2]

(3]

(4]

(6]

(7]

(8]

(9]

ence) ,2003,27(6) ;25-29.
FEX, FRE BEE, % —MHETHAEENR
MrEaEEEBFE(]]. AmREER. ARHE
B ,2002,26(5) :37-39.

WANG Yan-guang, LI Zhen-chun, MU Zhi-ping, et al. A
high-order finite-difference forward-modeling method fit
for strong lateral velocity’ variation[lJ] . Journal of the U-
niversity of Petroleum, China ( Edition of Natural Sci-
ence) , 2002,26(5) :37-39.

ALTERMEN Z S, LOEWENTHAL D. Seismic wave in a
quarter and three quarter plane [ J]. Geophysics J Roy
Astr Soc, 1970, 20 (1) ;101-126.
KER,EDA,ZPNE FEFUEEENSNE
FRICEERIRILT]. ok PR3k ,2002,17(3) :384-
389.

ZHANG Mei-gen, WANG Miao-yue, LI Xiao-fan, et al.
Finite element forward modeling of anisotropic elastic
waves[ J ]. Progress in Geophysics, 2002, 17 (3) ; 384-
389. .

TR, R B A B A T 3 (T). 4R, 2003,
42(2):143-148. -

ZHANG Yong-gang. On numerical simulations of seismic
wavefield [ J ]. Geophysical Prospecting for Petroleum,
2003,42(2) :143-148.

CERJAN C, KOSLOFF D, KOSLOFF R,et al. A nonre-
flecting boundary condition for discrete acoustic and elas-
tic wave equations[ J]. Geophysics, 1985, 50(4) ; 705-
708.

" KOSLOFF R, KOSLOFF D. Absorbing boundaries for

wave propagation problems [ J]. Journal Computation
Physics, 1986, 63:363-376.

CLAYTON R, ENGQUIST B. Absorbing boundary condi-
tions for acoustic and elastic wave equations[J]. Bull
Seismic Society America, 1977, 67(6) ; 1529-1540.
REYNOLDS. Boundary conditions for the numerical solu-
tion of wave propagation problems [ J]. Geophysics,
1978, 43(6) ; 1099-1110.

{10] STACEY R. Improved transparent boundary formulations

[11]

for the elastic-wave equation[J]. Bull Seismic Society
America, 1988, 78(6) : 2089-2097.

ZURHEAR X, F FRIEEP—-MHOLR
FH—WERBGARZMA(T]. AHPIE, 2004,

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

43(6) :528-531.
LI Wen-jie, WEI Xiu-cheng, LIU Yang, et al. A new
kind of absorbing boundary condition for acoustic wave
equation-dual absorbing boundary condition[J]. Geo-
physical Prospecting for Petroleum,2004,43 (6) ; 528-
531. .
BERENGER ] P. A perfectly matched layer for the ab-
sorption of electromagnetics waves[J]. Journal Compu-
tation Physics, 1994114 :185-200.
HASTINGS F D, SCHNEIDER ] B, BROSCHAT S L.
Application of the perfectly matched layer (PML) ab-
sorbing boundary condition to elastic wave propagation
[J]. Journal Acoustical Society of America, 1996, 100
(5): 3061-3069.
CHEW W C, WEEDON W H, SEZGINER A. A 3-D
perfectly matched medium by coordinate stretching and
its absorption of static fields[ C]//In 11th Annual Re-
view of Progress in Applied Computational Electromag-
netics, Monterey, CA, 1995, 1, 482-489.
HESTHAVEN J S. On the analysis and construction of
perfectly matched layers for the linearized Euler equa-
tions[ J]. Journal Computation Physics, 1998,142:129-
147.
KOSMANIS T I, YIOULTSIS T V, TSIBOUKIS T D.
Perfectly matched anisotropic layer for the numerical a-
nalysis of unbounded eddy-current problems[ J]. IEEE
Trans Magn, 1999,35:4452-4458.
ZENG Y Q, HE J Q, LIU Q H. The application of the
perfectly matched layer in numerical modeling of wave
propagation in poroelastic media [ J]. Geophysics,
2001,66(4) :1258-1266.
WANG Tsi-li, TANG Xiao-ming. Finite-difference mod-
eling of elastic wave propagation; A nonsplitting perfect-
ly matched layer approach[J]. Geophysics, 2003, 68
(5):1749-1755.
ETHR. HEIRELAZRBGERI]. Gt
R A B, 2003, 38(1); 31-34.
WANG Shou-dong. Absorbing boundary condition for a-
coustic wave equation by perfectly matched layer[J].
0il Geophysical Prospecting,2003,38(1) :31-34.
(BdE AR



