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Tom tat

Dich chuyén théi gian ngugc (RTM) du'gc coi ld phuang phdp dich chuyén sdu truéc cong chinh xdc nhdt trong diéu kién dia chdt
phiic tap vi thu'c hién mé phéng trudng séng 2 chiéu (thudn va nguac). Phuang phdp nay duac itng dung nhiéu trong céng nghiép vi
phdn ciing mdy tinh phdt trién nhanh, ddp ing yéu cdu xir ly sé liéu Ion. Ddc biét, bé vi xit Iy do hoa (GPU) dugc dp dung vao xit Iy s
liéu dia chdn da néing cao toc d6 va hiéu qud tinh todn. Bai bdo gidi thiéu Iy thuyét RTM, déng thdi kiém chimg d6 chinh xdc cia thudt
todn bdng s6 liéu mé phéng va sé'liéu dia chdn thuc cia thém luc dia Viét Nam. Nhém tdc gid ciing phdt trién thudt todn cia RTM tinh
todn bdng bé vi xir Iy do hoa (GPU-RTM), duoc sir dung tai Trung tdm Nghién citu Tim kiém Thdm do va Khai thdc Dau khi (EPC) thuéc
Vién Ddu khi Viét Nam (VPI). Két qud cho thdy GPU-RTM sir dung card do hoa NVIDIA Quadro K5000 cho két qud nhanh hon hang chuc

ldn so véi sit dung bé vi xir Iy théng thudng (CPU-RTM).

Tirkhéa: Dich chuyén, dich chuyén thoi gian nqugc, lan truyén séng, dao ham riéng truong song, GPU-RTM.

1. Giéi thiéu

Dich chuyén (migration) trong x{ ly dia chan la budc
quan trong nhat nham dua céc tin hiéu dia chan vé ding
vi tri phdn xa d€ phuc vu cho cac qua trinh minh giai. Dich
chuyén dia chan dugc phan loai nhu sau: dich chuyén thdi
gian (time migration), dich chuyén sau (depth migration),
dich chuyén truéc khi cong (prestack migration) va dich
chuyén sau khi cdng (poststack migration). Tuy vao tiing
muc dich va d6 phuc tap cta diéu kién dia chat ma cac
thuat toan dich chuyén dugc ap dung, trong d6 dich
chuyén sau trudc cong (prestack depth migration) dugc
coi la phuong phap chinh xac nhat cho cac diéu kién méi
trudng dia chat phuc tap, van téc truyén séng thay déi
theo ca phuong doc va ngang. Dua vao cac cach tiém can
I6i gidi phuong trinh séng, thuat toan dich chuyén sau
trudc cong dugc chia lam 3 phuong phéap: phuong phap
dudng di cua tia song (ray tracing), phuong phap phuong
trinh séng 1 chiéu (one way wave equation) va phuaong
phap phuong trinh séng 2 chiéu (two way wave equation).
Trong cac thuat toan dich chuyén sau trudc cong, dich
chuyén thai gian ngudc (reverse time migration - RTM) la
phuaong phap chinh xac dé xay dung mat cat dia chan cho
cdu truc dia chat phuc tap va dé tuong phan van téc cta
cac don vi dia chat I6n nhu dum mudi (saltdome) [1 - 5].

Tuy nhién, khéi lugng tinh toan cling nhu x{ ly théng
tin vao ra ctia RTM I6n hon nhiéu so véi bo nhé clia may
tinh ca nhan théng thudng dan dén viéc thuc hién trong
cong nghiép cdia RTM khéng kha thi. Ngay nay, su ra doi

cUa cac hé théng may tinh song song (cluster) cho phép
sU dung thuat toan RTM trong cong nghiép. Ngoai ra, bo
vixtt ly d6 hoa (GPU) dugc st dung nhiéu trong cong nghé
tinh toan gitp thuc hién cac bai toan phuc tap trg nén dé
dang hon.

Bai bao gidi thiéu ly thuyét cla thuat toan RTM va
kiém tra tinh ding dan bang cac sé liéu mé phéng va tng
dung vao viéc xay dung mat cat sau cho mét tuyén dia
chéan thém luc dia Viét Nam. Thuat toan RTM nay dugc
phat trién cho cac iing dung ctia b vi xir ly dé hoa (GPU-
RTM) gitip gidm thai gian tinh toan rat nhiéu.

2. Dich chuyén thai gian ngugc

Phuong trinh séng trong trudng hop rdi rac hda cé
thé biéu dién nhu sau [6]:

MU(¢,p) + KU(t,p) = f(t) (1)

Trong do6:

M: Ma tran khéi luong;

K: D6 cing;

p:Tham s6 dia vat ly;

U: TruGng séng;

f: Ham nguon.

Shin va Chung [7] da chiing minh diéu kién anh cho
bai toan dich chuyén sau trudc cdng tuong duong vdi tich
vo hudng clia dao ham riéng bac nhat cta truong song
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theo mét tham s6 dia vat ly vai s6 liéu dia chan ghi dugc trén
bé mat. Diéu kién anh nay chinh la co s& cla thuat toan dich
chuyén thai gian ngugc cho méi trudng dang hudng va bat
déng nhat [7].

Trong khong gian Fourier, phuong trinh (1) dugc viét lai
nhu sau:

KU(w,p) — Mw?U(w,p) = F (2)

Dao ham 2 vé clia phuaong trinh (2) theo mot tham sé

dia vat ly nao do, p,, (van téc, ty trong...) thu dugc:

~(5o- w2 Uw,p) (

U(w,p) oU(wp) _

K om — M
Phuong trinh (2) va (3) c6 dang giéng nhau, su khac
nhau la ham nguén (force function). o] phuaong trinh (2),
ham nguén F dugc cho trudc trong moéi phuong trinh
song (thuong la xung spike, xung vai pha ban dau la 0,
hoac la xung Ricker), trong khi d6 & phuong trinh (3),

(aa: —w? aM)[U(w p)=f*, dugc goi la ham nguodn ao

(virtual source). Ham nguén do dugc tinh truc ti€p ti trudng
song U va dai lugng phu thudc va cac diéu kién tham s6
. A . ~ Y _ a_K _ 2
dia vat ly dau vao (0p1 w
(partial derivative) clia trudng song cé thé tinh toan dugc
bang cach giadi phuong trinh séng 2 lan. Sau khi dao ham
riéng clia trudng séng dugc tinh toan co thé thuc hién dugc
thuat toan dich chuyén dé xuat bai Shin va Chung [7].

oM n . n
a). Nhu vay, dao ham riéng

Theo Shin va Chung [7], diéu kién dnh dugc téng quat
hda qua phuaong trinh sau:

Nshot

Map(x,z =0,t) = Z aU(+0t)d( z=0,t)) 4

Trong d6 d,(x, =0, ) la s6 liéu dia chan thu dugc trén bé
mat hay con goi la diém né chung.

Thé dao ham riéng cla trudng song 9UGz=00) yqc

14
dinh tu phuong trinh (3) vao phuong trinh (4) thu dugc:
Map(x,2=0,0) =3\ (SO f+ di(xz=0,0) ()

Trong d6 S =K - w?M.

Do S déi xting cho nén phuong trinh diéu kién anh (5)
c6 thé viét lai nhu sau:
Map(x,2=0,0)=(c+a)' =275, 07,06 2=0,0),f4)

Phuaong trinh (6) la phuong trinh co ban cda thuat toan
dich chuyén sau thai gian nguagc, trong dé S(p, t)'d (x,z=0,
t) dugc goi la trudng séng truyén nguoc (back propagating

wavefield). Tu d6, thuat toan dich chuyén thgi gian
ngugc c6 thé biéu dién trén so d6 khai (Hinh 1).

St dung s6 liéu mo6 phong ti moé hinh SEG - Sigsbee
dé kiém tra tinh diing dan cda thuat toan RTM. Mé hinh
SEG-Sigsbee dugc xay dung bdi nhéom nghién ciu
Delphi, Pai hoc Téng hgp Deft Ha Lan (http://www.
delphi.tudelft.nl/SMAART/sigsbee2b.htm) nham muc
dich nghién ctu dung lai anh cda dum mudi véi su
tuang phan rat 1é6n clia van toc truyén séng clia dum
mudi (5km/gidy) va tram tich bao quanh (2 - 2,5km/
gidy). P6 tuong phan cda cac Iop tram tich trong mé
hinh nay khong I6n. M6 hinh Sigsbee bao gom cac hé
théng dut gay thuan nghich chia cac tram tich xung
quanh thanh cac khéi (Hinh 2). Hinh 3 trinh bay két qua
clla mo6 phéng phuong trinh soéng (1) bang phuong
phap sai phan hiu han (FDM). & day, tuyén dia chan
g6ém 69 diém né, mbi diém né c6 301 mach véi khoang
cach gira 2 mach la 7,62m (25ft) va khodng cach gitra 2
diém né 1a 76,2m (250ft). Hinh 4 thé hién két qua dich
chuyén thai gian ngugc tir mé hinh van téc Sigsbee. So
sanh mat cat nay v6i mo hinh van téc ban dau cho thay
hinh dang ctia than mudi (salt body) dugc thé hién rat rd
nét mac du khodng cach diém né tuong déi thua.

Ngoai ra, cac mat phan xa va hé théng dut gay cda
cac I6p tram tich bén canh va phia dudi dum muéi mo
hinh cling dé quan sat thay trén mat RTM. Tuy nhién,
do dac diém hap thu séng I6n cdia than mudi, cdc mat
phan xa phan dudi than muéi khéng dugc khéi phuc
toan dién. Dé tang d6 phan gidi ngang clia mat cat, s6

Lip qua cac diém né #1, #2, #3, ... #n
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Két qua dich chuyén thai gian ngugc

Hinh 1. S0 d6 khdi ctia thudt todn dich chuyén thoi gian nguoc
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Mé hinh van téc

Chiéu sau (km)

Khoang cach ngang (km)

Hinh 2. M6 hinh vdn téc dum mudi Sigsbee st dung lam ddu vao cho bai todn mé phdng

va dich chuyén thoi gian nquoc

S6 liéu mé phong

2 2

6 8
Khoang cach ngang (km)

Hinh 4. Mt cdt dich chuyén thoi gian nguoc tir s liéu mé phong 6 Hinh 3

va mo hinh vdn tac Sigsbee Hinh 2
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diém né dia chan co thé tang gap nhiéu lan bang
cach gidm khoang céch gilra 2 diém né lién tiép
giéng vdi cac tuyén thu nd dia chdn ngoai thuc
té. Tuy vay, so liéu dau vao qua Ién lam bd nhao
trong clia may tinh khéng du dé thuc hién tinh
toan. D€ thuc hién thuat toan dich chuyén thai
gian ngugc nay vdi s6 liéu mé phdng nhu trén,
néu st dung moét bo vi xtr ly (single Intel® Xeon®
CPU) t6c d6 3.0GHz clia may tinh tram gém 16
CPU, chiém hét bd nha trong 1a 2Gb va thai gian
tinh toan gan 3 ngay.

3. B6 xtr ly d6 hoa (GPU) cho dich chuyén thoi
gian ngudc (GPU-RTM)

Ngén ngd lap trinh CUDA (Computing
Unified Device Architecture) la ngén ngt lap
trinh hé trg cac chic nang tinh toan théng qua
ngén ngit 1ap trinh C do NVIDIA phat trién. CUDA
cho phép truy nhap vao tap cac chilénh do va bé
nha cla cac phan t tinh toan song song trong
don vi xt ly dé hoa clia CUDA (CUDA GPU). S
dung CUDA, cac GPU mdi nhat do NVIDIA san
xuat c6 thé dé dang thuc hién cac tinh toan nhu
cac CPU. Tuy nhién, khéng gidng nhu cac CPU,
cac GPU c6 thé thuc thi cham nhiéu luéng dii liéu
mot luc hon la thuc thi nhanh mot luéng dir liéu.
Nhu vay, kha nang tinh toan véi s6 liéu c6 cau
tric song song thi téc d6 tinh toan cta CUDA -
GPU réat cao. Biéu do6 dugc ap dung réng rai trong
cac bai todn dung dnh va bai todn ngugc trong
dia chan tham do. Mét trong nhiing gidi han cla
CUDA chinh la su trao di sé liéu gitta bd nhé clia
GPU va bd nhé chinh thudng lau hon nhiéu téc
do tinh toan. G day, thuat toan GPU-RTM dua trén
thuat toan RTM (Hinh 1), s&r dung diéu kién bién
hiéu qua va dugc luu vao tung 6 ludi so le thay vi
st dung truc tiép tinh toan trén GPU [9] dugc xay
dung va thuc hién tai EPC/VPI. Thuat toan GPU-
RTM da dugc thr nghiém thanh céng véi s6 liéu
mo phong ctia mo hinh SEG-Sigsbee. Két qua tinh
toan giong nhu két qua thir nghiém vai bo vi xt ly
CPU. St dung card d6 hoa NVIDIA Quadro K5000
vGi bo nhé 4.5Gb, thai gian tinh toan da giam rat
nhiéu. Hinh 5 thé hién thai gian thuc tinh toan
clia mé phong trudng séng bang bd xt ly dé hoa
(GPU) va bo xur ly trung tam (CPU) trong do truc
hoanh thé hién sé lugng diém tinh toan theo
chiéu ngang. S8 lugng diém tinh toan theo chiéu
doc dugc gilr1a hang s6 (200 diém). Qué trinh thi
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té trén thém luc dia Viét Nam (Badng 1 thé hién cac théng
8 hinh hoc ctia s6 liéu). Sé liéu thu né nay dugc tién xd ly
dé loai bd cac nhiéu ngau nhién, nhiéu hé théng va nhiéu
lap. Tiép theo, cac budc phan tich van téc nhiéu lan gitp
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%3 Hinh 6 trinh bay s6 liéu thu né thuc sau khi da xu ly.

Hinh 7 thé hién mé hinh van t6c du vao cho GPU-RTM.
Hinh 8 trinh bay két qua cila RTM-GPU. Cac mat phan xa
manh cla s6 liéu dugc dich chuyén tuong déi rd nét, dac
biét la mat mong. Cac cdu trac dia chat dac biét la ciu trac
Hinh 7. M6 hinh vdn toc ddu vao dé'thuc hién dich chuyén diapiar (vi tri tif km 22 dén km 28) thé hién r6 trén mit
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cét. Tuy nhién, con rat nhiéu nhiéu dich chuyén xuat hién
trén mat cat, cdc nhiéu anh guong vi qua trinh 18y mau
tucng déi thua tai cac vi tri diém thu do diéu kién én dinh
cla phuong trinh séng. S dung céng cu chuyén ddi gida
mién chiéu sau va thoi gian ctia tuyén dia chan nay, nhom
tac gid so sanh véi mat cat PSTM thuc hién bai thuat toan
Kirchoff trén Promax cla s6 liéu nay cung v&i moé hinh van
téc dau vao (Hinh 7). Hinh 9 va 10 so sénh gilta 2 mat cat
nay. G day mat c&t RTM dung lai cac d6i tuong dia chat ro
nét va chi tiét hon.

4. Két luan va kién nghi

Thuat todn RTM dugc kiém nghiém qua s6 liéu dia
chan m6 phong (SEG-Sigsbee) va thir nghiém vai sé liéu
thu né dia chan & thém luc dia Viét Nam. D& nang cao téc
do tinh toan va tinh Uing dung cula thuat toan trong céng
nghiép, RTM da dugc phat trién st dung bo vi xdr ly d6 hoa
dé tinh toan. Két qua cia GPU-RTM vdi s8 liéu mé phdng
cho thay thai gian tinh toan nhanh hon nhiéu so véi bo vi
xt ly théng thudng. GPU-RTM cling dugc st dung vaéi s6
liéu dia chdn thém luc dia Viét Nam. K&t qua dich chuyén
cho thay cac mat phan xa manh dugc khoi phuc lai tuong
déi tot. Tuy nhién, van con xuat hién nhiéu va artifact trong
mat cat. Diéu nay sé dugc nhém tac gid nghién clu va
nang cap trong cac phién ban tiép theo cdia chuang trinh.
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Reverse fime migrafion for offshore Viethnam datfaset

Summary

Doan Huy Hien, Ta Quang Minh, Mai Thi Lua
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Reverse time migration (RTM) has been considered as the most accurate seismic pre-stack depth migration technique for complex
geological conditions because it handles full wave field upward and downward propagation. It has widely been applied in the field data
set as the computing hardware has been fast developed to meet the need of mega data handling. Especially, the graphic processing unit
(GPU) applied to seismic data processing has improved the speed and the efficiency of the computation. This paper presents the theoreti-
cal equations of RTM and verifies the accuracy of the algorithm by applying both synthetic and real seismic data set offshore Vietnam. The
authors also develops the accelerated GPU implementation of RTM (GPU-RTM) for usage at the Exploration and Production Centre (EPC)
of the Vietnam Petroleum Institute (VPI). The implementation results have shown that the time computing of GPU-RTM using NVIDIA

Quadro K5000 is tens of times faster than the single CPU-RTM.

Key words: Migration, reverse time migration, wave propagation, partial derivative wavefield, GPU-RTM.
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