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Abstract Pre-stack reverse time migration (RTM) is a very useful tool for seismic imaging. But
it has not been widely used because of the highly intensive computation cost, imaging noise and
massy memory demand. In this paper, we illustrate the implementation process of RTM and
analyze the stability condition and dispersion relation of finite difference (FD) method. For the
problem of intensive computation cost, we use the Graphic Processing Unit (GPU) architecture
to realize RTM and get an order of magnitude higher speedup ratio compared to the traditional
CPU architecture. Compared to the one way wave equation migration methods, RTM does not
have the imaging dip limit and the imaging effect is significantly improved. The test on vertical
fault and BP models proves this conclusion. The problems of imaging noise removing and massy
memory demand will be discussed in other papers.
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Fig. 1 The stability condition coefficients when 2nd order in
time direction and high order in space direction is used
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(a) is the dispersion relation verses propagation angles when dx=dz and the number of grid points

in a wave length is constant; (b) is the dispersion relation verses the number of grid points

in a wave length when dr=dz and the propagation angle is constant.
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Fig.3 (a) is the result using the 2nd order finite difference to calculate the spatial derivative;

(b) is the result using the 12th order finite difference to calculate the spatial derivative

3 BRI RS LB R & GPU i

A0 S5l 5 I 3 P O S 104 S B AR AL = 2P BR
T O R T T ) D T 1) 1 1 3 d R %) 5K
() 45 S ARAF T K 5 9K 5 A6 I8¢ s 1Bl 37 B0 0 1) e
Tia) A% 4 2 RO 50 L B 200 1) 8 3 18 s e v L
TP IR SR K B A M ) e B8 45 2R R4S B e 4
T A% 45 AL 3 1% 4 R T b S A 28 1 B J] 35—
2241 A3 [ 35 i B 2% 43 #% 2. Sandip Chattopadhyay
GRS 30 B O B AR S R T HL AR AR G R A T I
A2 AR SO B AT 8 T B AR O LR S5 Dt IR 2 HLAH
KGR 25 5y 52 B A8 T 9047 A AFFE TR € T )
IR EHLAT DAL B2 0 2 )l A s RRMGE R

image(x,2)= ZS(x,z,t)R (x,2.1), (12)

O FF12) F W 3 37 1% 55 70 A 2% A i =3
(i) o A A PO e TS A S R ) o R ST )L I A
ATRUFRAT VRS IR TR AR N A R R — A
PO B LA RS SR, 5 CPU SRR &
BT AN, GPU JF R AZ O 2, % 31X Fl 40 8 B2 -
A7 0 1) 8058 A I . 920 o #R h i JH Y GPU B4 5
2 Tesla S10708" , 7l MOk Tesla 1060 F 4%,
FPR R 240 DAL M AGB # RAF A
CUDA RRA & 2. 3. 15 fE %t ke, CPU 1y A1 5 2
Pentium(R) Dual-Core CPU E5200 @ 2. 50 GHz,
fiif5 2GBDDR2 N 7.

K 4 J& CPU/GPU P[] 153 52 3 195 i) i 7% 1Y

TR LTI R I 1R 1 S US4 1 B GPU
FAT AL, b ) 25 B A Bl R AR AE A2 CPU A
FEEURE B 1. 75 2E4E 0 02 s A5 Rl B 22 00
FEREMNAES UL =4E 8 W 2250 4& XA 6], B 1t
SEL 1 O s ) e B T B ) A A R 25 A4 R A
MR EHE . N R BUUAYEE (read redundancy) 1R .
BTk — [ 0, FRATT R SCRR 25 ] e i 7 vk » i 4
W4y i) R4S B GPU LS 47 fif 5 (share memory)
BT 2 AR5 » AT DA KR B B AR A2 O U AR .

FHGPUSEILMI sl 1E A%

v

A IEA S RAFRERICPUAN I

v

FIGPUSBLE B il dA A [«

.

ELCPUAT R IE A5 3%

v

FGPUSEH 1% %A

A

Kl 4 1 GPU 523k b B Ui A ]
Fig.4 The flow chart of RTM using GPU

4 FRAE

FA VT Xk 38 1) A% 5k A J5 A9 ok v o 2 o LK B T B



1730 H Bk ¥ B % R (Chinese J. Geophys. ) 53 %

J2 70 BP AR 3 31 {5l T BRI s A% 308 ) O % 7 vk E
17 D Mg R an R
4.1 Bk Ry
Nolet G it 0 R 2R AR A 5 -
v = v, + Usina(x — x,) + v cosalz —
¢ 15 0 P 8 TR A TR R AT
{x— 2y +u/Vsina[ 1— ch(1)]}?
+ {z—z + v /7 cosa[ 1 —ch(v1) ] }?
= [v /v sh(v1)]?, 14
X, o R, o EMEERRRE T 105 = Oy Ik
i1 W ¢ BRI RN v /v sh(o't) SR
{ao—v,/v sina[1—ch (v )], 2
ch(o's) T}y [Al.
DG e v, FATT e P A 2 AU 3 1 1) A7 A 78
AT o 0, = 1800 m/s, o' =2 m/s/m,dx=

Distance/m

2, (13)

— /v cosal 1 —

500 1000 1500 2000

1600

dx=8 m, 5% I Jil 78 #b 2 B R A w0 7 B 1036 m
A, E50 8 20 Hz f9 Ricker T MR8, I3
FE 1=0. 45 s B Z0 B 5 7 T2 — 24828 924 m,
>R (1036 m, 390 m) BB, 4n &l 5 Y 2R TR,
53 9 R i o A R 22 43 0 B i B R 2B MRS
T 30 O % 7 0 T ik o) 87, G L 5 B L R R )
ANAE A T 3 545 MR 1545 20 04 Bk ol e 7 S B A
SR UETR Y R B AR V) A ARG AR T AR T
90° 19 9 3 Lk LA - N1l Sb 7R 31X S 1 G B R
T3 1% T A0 JRy B 5 398 B 0 % SR A 1 O 4 7 U O R L I
A AT AR (3 B, 28 T 90 A1 1 B i, 7T LA KT AE:
ARG N Sa iR,
4.2 EEWE

5 AN SIS AN R 6a TR Y I LT B R, AR
15 3 52 W72 (0 3 B0 4. FRATT68 25 T GPU/CPU

Distance/m
500 1000 1500 2000

P 5 30 O RS 5 5 Ca) B AT 23 248 MRS 0 1 45 2R (b)) T rp 1) 1 4 TR

Fig.5 (a) is the result of reverse time migration; (b) is the result of split step one way wave migration.

The white lines indicate the theoretic solution
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of the prismatic wave; (c) is the shot profile, the arrow pointed event is the prismatic wave.
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Fig.7 (a) is the result of reverse time migration; (b) is the result of Fourier integral one way wave method.

4.3 BP#HEER

BPP — 4 i 2 2004 4F 6 H B Frederic
Billette and Sverre Brandsberg-Dahl £ [ 22 %5 66
i EAGE 4F-4 B & AR . X AR oy = 38 7 41 A%
RS Ze 0 F g A U A0 R 5 o S UG AR 0
(Western Gulf of Mexico) F R T 5 = 8] 35 43 45 42
M2 & 7 A b & # (Eastern/Central Gulf of
Mexico) 5% 8 i (off-shore Angola) T ¥ 2 1) # i
Fa 3 5 A 00 8 53 A5 4UL 14 2 BL g (Caspian Sea) | b i
(North Sea) L K45 57 J& ik By (Trinidad) #4931 it 14
T (B8 2 v S A R Y AR A A X A
38 A5 s T S A Bl b T 3 ) B A D AR

Bl 9Ca,b) 43 Bl & 3% i i £ 3 F2 A1 Fourier £14
T BRI AL AR P S D I AR AR DR L (A

Distance/km
35

[l 8 DP rn gk fE A5
Fig. 8 The central part of BP velocity model

(b)

PO It i £% 3 7 P A A IE % B 7 PR B () & Fourier B3 125 LR I i £% 5 72
IR ARG P IR (b) @SR 88 T A A0 12 16 A2

Fig. 9 (a) is the snapshots of the shot wave-field in reverse time migration, the white arrow indicates the path

of the prismatic wave; (b) is the snapshots of the shot wave-field in Fourier integral migration.
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