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Tom tat

M@ hinh van tdca thdng tin thiét yéu trong x( Iy tin hiéu dia chdn, dong vai trd quan trong trong qua trinh dich chuyén dia chdn ciing
nhu chuyén d6i giita mién thoi gian va mién dd sau. Trong s6 cac ky thudt dugc st dung dé xdy dung md hinh van tdc, nghich dao van téc
(tomography) |a ky thudt phd bién va hiéu qua. Tomography la phién ban nang cdp cla phan tich van tdc tha cong, dugc xdy dung dua
trén phuong phdp do tia (ray tracing) va phuong phép t6i uu héa gradient lién hgp (conjugate gradient). M6 hinh van toc xdy dung bdng
ky thuat tomography (md hinh van toc tomography) dugc stt dung nhu mé hinh ban dau chdt lugng cao cho cdc module dung dnh dia
chdn phtic tap hon nhu dich chuyén thi gian ngugc (reverse-time migration) hodc nghich dao toan dang song (full waveform inversion).
Nhom tdc gia phat trién module tomography theo thi gian truyén (travel-time reflection tomography - SeisT) dé nghién ciu d chinh
xdc cta ky thudt va nang cao nang lyc cong nghé trong x( Iy dia chan. Hiéu qua va dd chinh xac ca module trong qua trinh x( Iy va van

hanh duoc kiém tra dénh gid trén dt liéu m hinh va dif liéu thyc dia.

Tu khoa: Xt ly tin hiéu dia chan, phan xa dia chan, do tia, md hinh hda van tdc, dia chdn tomography, tomography.

1. Gi6i thiéu

M6 hinh van t6c la két qua quan trong dugc trich
xudt tu tai liéu dia chan phan xa, c6 thé dugc st dung
cho cac muc dich khac nhau nhu: dung anh trén mién do
sau, chuyén déi gitta mién do sau va mién thdi gian hay
xay dung mo hinh dia - co. B6 phan gidi cla mé hinh van
t6c¢ phu thudc nhiéu vao dd phuc tap ctia phuong phap
udéc tinh cling nhu d6 phan giai ciia mé hinh van téc ban
dau va du liéu dia chan. Vi du, phan tich van téc tha cong
(velocity analysis) la phuong phap don gian va nhanh
nhat dé xay dung mé hinh van téc. Tuy nhién, d6 phan
gidi clia phuang phap nay khong cao theo ca truc khong
gian va truc thai gian vi khodng céch giira 2 CDP (common
depth point) lién tiép dugc phan tich van toéc I6n hon
nhiéu so v&i khoang cach thuc té ctia 2 CDP canh nhau
trong ludi tai liéu. Tuong tu, trong phé phan tich van téc
tai méi CDP, khoang thai gian gitia 2 diém dugc bat van
t6c cao hon nhiéu so vai ty lé |dy mau trén mién thdi gian.
& chiéu ngugc lai, phuong phap nghich dao toan dang
s6ng cho phép tao ra mé hinh van toc c6 d6 phan giai cao
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va chinh xac. Tuy nhién, phuong phép nay lai yéu cau tai
nguyén va chi phi tinh todn cao nén khéng dugc st dung
rong rai trong x{ ly dia chdn phan xa. D€ can bang gitia
d0 chinh xac va chi phi tinh toan, tomography theo thoi
gian truyén (SeisT) dugc xem la phuong phap phu hgp
dé xay dung mé hinh van téc cho muc dich dich chuyén
hay dugc sir dung lam mé hinh ban dau cho cac bai toan
nghich dao toan dang séng.

Tomography la qua trinh nghich dao, cung cap céng
cu dé udc tinh van t8c tu di lieu phan xa dia chan da
kénh. Tomography c6 thé dugc thuc hién trong cac mién
trudc hodac sau khi dich chuyén. Trong mébi mién nay, c6
thé chia cac théng tin cda dit liéu thanh 2 dang: déng hoc
(thgi gian truyén) va dong luc hoc (bién do, pha) [1]. Do
do, ¢6 it nhat 4 cach giai quyét bai toan vé tomography.
Bang 1 tom tit cac phuang phap dugc st dung dé udc
tinh van téc.

Nghién cliu nay tap trung vao phuong phép
tomography theo thai gian truyén dua trén tia, ap dung
dé xay dung cac mé hinh van t6c nhan tao cling nhu
thuc dia. Quy trinh thuc hién dugc thé hién trong Hinh 1.
Nhém nghién ctiu lua chon phuong phéap nay dé udc tinh
van téc do cac nguyén nhan sau:
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Bdng 1. Cdc logi v cdc mién ctia phuong phdp tomography d€ utc tinh vdn toc

Mién trudc dich chuyén
Tomography theo thgi gian truyén

Dua trén tia .
(dong hod Tomography truyén qua giéng
T Tomography sdng khtic xa
Duatréndangséng  Nghich ddo toan dang séng (con dugc goi la tomography dang

(@dng luc hoc)

song, tomography phuong trinh séng hay tomography tan xa)

Mién sau dich chuyén

Tomography trudc cdng trén mién thdi gian
Tomography tru6c cong trén mién d9 sau

Phan tich van tdc dich chuyén theo phuong trinh séng (WEM-VA)
Tomography dudng séng

Tinh todn thai gian truyén

M hinh ban dau MétAPhé.lml xa
- Chuyén d6i tir mién Lya chon trén mién thgi gian
thdi gian sang d0 sau (sau cong)

« D0 chinh xdc thap

clia cdc mdt phan xa

St dung van toc phan tich tha cong
dé chuyén sang mién d sau

Bao gdm tinh todn lai d0 sau

Do tia PR
Bao g6m tﬁiuu héa ngnhzchl:ggo *—' Nghich dao van téc ]
gdcban
L Thoi gian So sanh va t6i uu héa Thai gian
Quy dao tia truyén (sai s6 < epsilon) truyén thucté

€

—— M4 hinh
[ Nghich do van téc nghich do t&i uu

Hinh 1. Quy trinh thuc hién nghich tomography theo thdi gian truyén dua trén tia.

Trong mién sau dich chuyén, di liéu da duoc dich
chuyén bang tai liéu van téc chua dugc t6i uu hoéa, do
dé, mién trudc dich chuyén c6 nhiéu théng tin vat ly hon
mién sau dich chuyén.

Mac du tomography dua trén dang séng c6 thé tao
ra mod hinh van téc rat chi tiét va chinh xac, phuong phap
nay yéu cau tai nguyén va chi phi tinh toan I6n. Trong khi
do, phuang phap tomography dua trén tia tao ra mo hinh
van téc ¢6 do phan gidi thap hon nhung van cé chat luong
dd t6t néu dudc thuc hién can than [2].

2.Co s& ly thuyét

Giéng nhu cac phuong phap nghich dao dia vat ly
khéc, tomography theo thgi gian truyén dua trén tia gém
2 budc co ban:

- Xac dinh cac duong phan xa va udc tinh thai gian
truyén Ung vdi cac cap thu né nam & vi tri khac nhau dua
trén nghiém ctia phuong trinh eikonal.

- T6i uu md hinh van téc bang cach cuc tiéu hoa sai
sO gitra thai gian truyén tinh toan dugc va thai gian truyén

thuc té cho méi cap thu né, véi méi dudng phan xa dugc
xac dinh. G budc nay, phuong phap gradient lién hop
dugc st dung.

2.1. Phuong trinh doé tia va nghiém sé

Phuong phap ray-tracing dugc thuc hién bang thuat
toan Runge-Kutta trong mién doé sau, do dé, cac tham sé
dau vao ctia phuong phap nay, bao gdbm moé hinh van téc
va cac dudng phan xa, phai dugc chuyén déi tir mién thoi
gian sang mién dé sau.

Phuong phap ray-tracing dugc st dung dé tinh toan
dudng di cua tia séng truyén trong méi trudng c6 van téc,
dac tinh hdp thu va phan xa cla cac bé mat thay déi. Bai
nhiing tinh chat ké trén ctia méi trudng, dudng di clia tia
6 thé bi uén cong, thay déi huéng hodc phan xa tai cac
mat phan cach.

Quy dao cua tia dugc tinh toan bang cach giai mét
phuong trinh vi phan ¢ nguén géc ti phuong trinh
song [3]:

2. _ 1 %% _
Y uZ(f)atZ_o (M
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Gia st phuong trinh (1) c6 mét nghiém & dang:
PY(E, t) = A(R)e?™ (t-T(R) )

Trong d6 A(X) va T(X) 1a cdc ham chua biét mo ta bién d6 va thoi
gian truyén thay déi theo vi tri.

Thay phuong trinh (2) vao phuong trinh (1), gid dinh truong van
téc thay d6i cham trong khéng gian (gradient van téc nhé), cling nhu
cac tan s6 cao khong phu thudc vao gradient van té¢, co cac két qua
sau:

§V2T+ VA - VT =0 3)

[P1]° - =0 @

x)?

Phuong trinh (3) dugc goi la phuong trinh truyén hinh hoc vi
nghiém mé ta dong nang lugng doc theo dudng truyén cda tia.

Phuong trinh (4) la phuong trinh dao ham riéng, phi tuyén cé tén
la phuong trinh eikonal. DGi vdi trudng hop tan sé cao hodc trudng
van téc thay déi cham nhu gia dinh, nghiém cdia phuang trinh eikonal
chi ra thagi gian truyén chinh xac qua cac méi trudng phuc tap [3].
Phuang trinh eikonal c6 thé dugc bién dgi thanh hé phuong trinh vi
phan thudng bac nhat (ordinary differential equations), cé thé giai
dugc bang cac phuong phap s6 chuén:

Ci_.f_ 22V
ik Co

g Vv(%)

(5)

e~ v(X)

Trong d6, P 1a vector slowness, thé hién hudng va do 16n van téc
cUa tia tai diém tham chiéu; dt la budc thai gian ma dudng di cla tia
dugc tinh toan.

Trong nghién cldu nay, hé phuong trinh vi phan trén dugc gidi
bang phuang phap Runge-Kutta [4].

Ngudn né May thu
e
\ | d'1ad0 dai cta tia tai moi 6 A
d \ |, clatruong van toc |
I

v\ d )[4
Vi \\ V2 ! V3

V4 V6

\7a J V9a
’\/

\7b V9b

Hinh 2. Do tia trong trutmg vdn tdc.
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Budc thai gian dt phai dugc chon phu hgp.
Néu dt qua I6n, cac tan s6 cao sé bi bo qua,
dan téi dudng di cda tia séng dugc tinh toan
khong chinh xac, dac biét tai nhiing khu vuc
¢6 dia chat phc tap. Néu dt qua nho, s6 budc
do tim dé mét tia tir diém nd tdi diém thu sé rat
I6n, dan dén thai gian tinh toan I6n.

Mé hinh van téc dugc rdi rac hda thanh cac
6 lugi dé thuan tién cho viéc tinh toan. Trong
lugi van t6c nay, quy dao ca tia dugc tinh toan
lai sau médi khoang thai gian ¢6 dinh dt (Hinh
2). Cudi mdi budc, vi tri hién tai clia tia dugc
cap nhat, cac tham sé trén ludi van téc gan
nhat vai vi tri nay dugc st dung dé xac dinh vi
tri ti€p theo cua tia. Ngoai ra, trong nghién ctiu
nay, nhém tac gia st dung phép noi suy tuyén
tinh dé dam béo dudng di clia tia song dugc
tinh toan tai tat ca cac diém thudc ludi van téc
ma tia di qua.

Trong qué trinh mé phéng thu nd dia
chan, séng bat dau tir mét diém né (nguén)
trén hodc gan bé mat, lan truyén trong cac I6p
dat da, trai qua cac qua trinh phan xa va khuc
xa, di dén bo thu, cling nam trén hoac gan bé
mat. Qua trinh phc tap nay cé thé dugc moé
ta trén mé hinh van td¢, nhu da dé cap & trén,
bang cach st dung phuong phap ray-tracing
Runge-Kutta. Hinh 2 mé ta don gidn qua trinh
thu né cdia 1 tia séng di tir ngudn nd, lan truyén
xuéng long dat, sau dé phan xa tai 1 dudng
phan xa va quay nguagc lai b6 thu.

Mot dac diém quan trong ctia tomography
la tia sé bi phan xa trén dudng phan xa da chon
trudc khi quay lai bo thu. Cach xac dinh vector
slowness cla tia phdn xa tai duong phan xa
dugc trinh bay trong Hinh 3, trong dé ﬁl va
232 lan lugt la vector slowness cua tia t&i va tia
phan xa. Trong hé toa dé Ogh, tai diém phan
xa, thanh phan tiép tuyén clia vector slowness
khéng thay ddi, trong khi thanh phan phap
tuyén thi thay déi vé dau. Do dé, vector
slowness cuia tia phan xa dugc tinh toan thong
qua vector slowness cUa tia téi nhu sau:

b9z = P91 ©)
phz = -ph;

Trong d6 pg, , va ph, , lan lugt la cac thanh
phan clia vector slowness clia tia tdi va tia
phan xa trong hé toa d6 Ogh.
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Ngoai ra, tia phan xa dugc thé hién trong
Hinh 2 c6 thé truyén di theo nhiéu cach khac
va thdm chi c6 thé bi bé cong trudc khi gap
duong phan xa nhu trong Hinh 8 (turning
ray). Diéu nay la do c6 su phan xa toan phan
tai cdc mat phan cach nong hon (gdéc téi I6n
hon goc téi han). Mac du céc tia dat goc t6i
han nay cling rat hiw ich cho viéc phan tich
tomography gan bé mat (nhu xay dung mé
hinh van téc dé khdo sat dia chan trén dat
lién), day khong phai la muc tiéu ctia nghién
clu nay.

Mot van dé quan trong trong viéc ray-
tracing la d6i véi cap thu né cu thé, phuong
phép xac dinh goc ban cla tia tir ngudn né dé
c6 thé dén dugc vi tri cla may thu du kién. Néu
ban tia theo mét goc tuy y, chac chéan sé khong
dén dugc may thu muc tiéu. DE tim géc ban
phu hap, phuong phéap don gian nhat dé tinh
goc ban la st dung phép tinh hinh hoc co ban
nhu trong Hinh 4. Cho vi tri cGia S va R (hguén
né va may thu), goc dip B ctia dudng phan xa
(gan CDP), khi d6 géc ban a c6 thé dugc tinh
bang céng thuc:

a=y—,8=tan‘1(%)—ﬁ )
Trong do:

d: Khoéang cach gilta nguén né va may thu
(offset);

h: D6 sau clia hinh chiéu ctia diém gilia lén
dudng phan xa.

Trong thuc té, trong méi trudng cé van
téc bién déi lién tuc, phuong phéap hinh hoc
nay di nhién khéng cho ra gia tri géc ban
chinh xac, tuy nhién, dugc st dung nhu gia tri
du doan ban diu dé thuc hién cac tinh toéan
t6i uu hoa goc ban. Mot sé thuat toan téi uu
dugcthirnghiém va sitdung trong nghién ciu
nay nhu: phuong phap chia doéi (bisection),
phuong phdp Gauss-Newton va phuong
phéap dudng déc nhat (steepest descent) [4].
Nhém nghién ctu nhan thay rang thuat toan
d6 déc nhat thuong dua ra cac udc tinh goc
t6t nhat vé6i sé 1an 1ap c6 thé chdp nhan duoc.
Trong trudng hgp phuong phap dé déc nhat
khéng hoat ddng do su xuat hién cta cac cuc
tiéu cuc bd (local minimum), phuong phéap

chia déi sé dugc st dung dé uéc tinh goc ban sao cho tia dén gan
may thu nhat.

Dai vdi cac may thu nam & xa nguén né, ¢ thé st dung phuong
phap héi quy binh phuong t6i thiéu (least squares regression) [4]
dé tinh toan goc bdn ban dau tir nhitng géc ban da dugc t6i uu cla
nhirng may thu gan nguén né. Khi d6, s6 lan lap trong phuong phéap
dd déc nhat sé giam di dang ké so vai viéc udc lugng goc ban dau
bang phucng phap hinh hoc. Bang 2 chi ra s6 lugng lan I3p dé tinh
toan dugc goc ban t6i uu khi st dung céac phucong phéap udc lugng
g6c ban dau khac nhau.

Trong qua trinh th( nghiém va tinh toan, dé cai thién téc d6 hoi
tu va d6 chinh xac ctia qua trinh t6i uu héa, 1 bo loc lam min sé can
duoc ap dung cho mé hinh van téc va tat ca cac dudng phan xa.

2.2, Bai todn nghich dao
Néu mé hinh van téc sai léch nhiéu so véi mé hinh thuc, sai s6

gilia thai gian truyén cda tia dugc tinh bang phuong phap do tia voi

Slowness cta tia tdi

PY; Slowness c(ia tia phan xa
phy phy

P2

Hinh 3. Tinh todn lai vector slowness tai diém phdn xa trén horizon.

Hinh 4. Phugng phdp hinh hoc ding dé xdc dinh géc bén.
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Bdng 2. S6'vong Idp @€ udc tinh géc bén vdi sai s6 + 3 m quanh vi tri cia mdy thu

Vi tri cia ngudn né (m) Phuang phap dé wdc tinh gia tri

0 1.000

125 4

137,5 2

150 0

162,5 0

Offset (m) 1:377?5 g
200 0
212,5 0
225 0
2375 1

_ e e e m O = W N

gia tri thuc sé Ién. Vi vay, can cuc tiéu hoa sai
s6 bang cach s dung cac phuang phap toi
uu héa. Bang cach nay, mé hinh van téc udc
lugng sé dan tién vé mo hinh thuc.

Xét m6 hinh van téc dugc mo ta trong
Hinh 2. M6 hinh nay dugc chia thanh 9 6 van
t6c vai gid tri van tc cla mobi 6 1a 1 hdng 6. Tia
phat ra tir nguén né A, phan xa trén horizon tai
B va dugc thu tai C. Thoi gian truyén T, theo
dudng ABC dugc xac dinh bang phuong trinh
(7) la:

& b d A d  ds s

Type = — (8)
ABC Ty Tvy U5 Vg Vo, Vg V3

Dua trén duong di cla cac tia khac nhau
trong moéi trudng, thu dugc hé cac phuong
trinh (v&i thdi gian truyén T da biét va an s6 la
phan tl v, cia trudng van toc). Viéc gidi hé cac
phuong trinh nay (dugc goi la tomography) sé
gilp xac dinh dugc gia tri van téc tai cac 6 doc
theo duong di cla tia.

Co6 nhiéu phép do thai gian truyén cho
cap thu né ddi vdi mot dudng phdn xa xac
dinh. Xét b 4 tia truyén trong moi trudng nhu
trong Hinh 5, thai gian truyén tuong ting dugc
thé hién trong Hinh 6. Thai gian truyén cua
4 tia nay co thé duoc biéu dién bai phuong
trinh:

t =Y, d—}f =M. dys; 9)
Hay biéu dién trong ma tran:
T=DS (10
Trong do6:

t: Thai gian truyén cua tia thir i;
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Hinh 5. M6 hinh vdn tdc don gidn gom 96 (j=1, 9)[1].

dij: Quang dudng di chuyén cua tia thir i trong 6 thi j;

v:Van téc ctia 6 thi j;

s;: Slowness trong 6 thirj, c6 N 6 trong mé hinh (trong trugng hop
nay, N =9).

Trong phuong trinh (10), T la vector ctia thai gian truyén 2 chiéu
doi véi séng am phat ra ti 1 nguén, truyén trong long dat, phan xa
trén mat phan cach, sau doé quay tra lai may thu. D la ma tran quang
dudng di chuyén cda tia trong mébi 6 cla mé hinh van téc (Hinh 2) [1].
Ma tran D dugc xac dinh trong budc 1 bang ky thuat do tia. S la vector
cia mo6 hinh van téc va dugc uéc tinh bang phuong phap sé.

Théng thudng, phuang phap binh phuong téi thiéu ducc ap
dung d@é tinh S trong phuong trinh (10). Tuy nhién, phuong phap
gradient lién hop (conjugate gradient - CG) cho thay dé hiéu qua cao
hon do kha ndng tinh todn nhanh han. CG la phuong phap lap phé
bién nhat dé giai cac hé phuang trinh tuyén tinh 16n nhu hé phuong
trinh (9) vi CG c6 dd phtic tap theo thai gian 1a O(mvk), trong khi
phucng phéap d6 déc nhat (steepest decent) c6 d6 phtc tap theo thoi
gian 1a O(mk); ca 2 thuat toan déu c6 doé phtc tap theo khéng gian la
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Do sdu (m)

D0 sau (m)
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&
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200
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Hinh 6. Tap hgp COP md phdng cho 1 mdt phdn xg.

M@ hinh van tdc nhén tao

|

.

1.200

200

400

600

800 |

1.000 [—

1.200

500 1.000 1.500 2.000 2.500 3.000 3.500 4.000 4.500 5.000
Khoang cach ngang (m)

Hinh 7. M6 hinh vdn téc nhdn tao vdi cdc mdit phan xa dugc chon sdn.

Két qua do tia (Ray tracing)

t

Tia phdn xa

500 1.000 1.500 2.000 2.500 3.000 3.500 4.000 4.500 5.000
Khoang céch ngang (m)

Hinh 8. Do tia dua trén thudt todn Runge-Kutta véi 1 mdt phdn xq.

Offset =

1.500

1.500

O(m) (k Ia s6 diéu kién phd ctia ma tran D va
m la s6 gia tri khac 0 trong ma tran) [5]. Sau
mot sé lan 1ap CG, mé hinh van toc thu duoc cé
gia tri gan vdéi gia tri thuc hon nhiéu so véi cac
phuang phap khac.

3. Ung dung trén mé hinh nhéan tao

M6 hinh van t6c nhan tao (Hinh 7) dugc s
dung dé xac minh tinh hiéu qua ctia phuong
phdp tomography theo thgi gian truyén. Mé
hinh dugc xay dung trong mién d6 sau, chia
10 mat phan xa vai 1 nép gép trong viing van
t6c cao, ngoai ra con cha cdu tric tuong tu
vét dut gay & tri tri sau hon.

Qua trinh t6i uu héa dugc ap dung trén
md hinh van téc thuc dé udc tinh géc bén
chinh xac va thgi gian truyén cda tia cho tiing
cap thu né, cac gia tri nay dugc st dung lam
tham s6 dau vao clia qua trinh 1ap (déng vai
trd nhu di liéu tham chiéu).

C&u hinh thu né 1a 1 hé chia 207 nguén
né (khoang cach gilia cac nguén né la 25 m)
va 10 may thu cho méi nguén (khoang cach
gilta cac may thu la 12,5 m); tat ca dugc dat
trén mat nudc. Thai gian truyén cua tat ca cac
cap thu né trén mé hinh thuyc dugc dung lam
d{ liéu tham chiéu trong qua trinh phan tich
tomography. Phuong phap gradient lién hop
dugc st dung dé giai hé cac phuong trinh phi
tuyén nhu da dé cap trong phan 2.2. M6 hinh
van t6c ban dau la mé hinh van téc da dugc
lam mugt (smooth) manh tir mé hinh van t6c
gbc. Két qua cltia qua trinh tomography trén
md hinh nhan tao theo s6 lan lap dugc thé
hién nhu trong Hinh 9.

Thuat toan bat dau tir 1 mé hinh dugc lam
min rat manh (Hinh 9b), khéng cé bat ky dac
diém dia chan ré rang nao. Sau 30 budc lap,
thu dugc mé hinh rat gan véi moé hinh thuc
(Hinh 9f). Khu vuc néng va phan van téc cao
dugc xay dung lai chi sau 5 lan lap CG. Tang
s6 lan 1ap CG, cac I6p sau hon ctia mé hinh
van t6c dugc nghich dao chinh xac hon. Trong
Hinh 9d, cdu truc tuong tu vét dut gay dugc
héi phuc chi sau 10 lan 1ap. D6 chinh xac cla
thuat toan c6 thé dugc udc tinh bang d6 léch
chuén (root-mean-square error - RMSE). RMSE
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Hinh 9. Két qud cda qud trinh tomography. a) M6 hinh vdn tc gdc; b) M6 hinh ban déu;, c) M hinh van tdc sau 5 budc Idp tomography; d) M6 hinh vdn tdc sau 10 butc Idp nghich ddo cdt
16p; €) M hinh vdn tdc sau 20 budc tomography; £) M6 hinh vin téc sau 30 butc Idp tomography.

Bdng 3. D4 léch chudn ctia cdc mé hinh van tdc uéc tinh

Model RMSE (m/s)
Mé hinh ban déu 370,6
M@ hinh sau 5 lan lap G 219,6
M@ hinh sau 10 lan ldp CG 176,4
Ma hinh sau 20 Ian 13p (G 156,1
Ma hinh sau 30 lan ldp (G 152,9
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Sai s6 tuong déi trung binh cia md hinh van tdc (%)
18,15
10,75
8,65
7,65
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Hinh 11. Tuyén dia chdn véi cdc mdt phdn xa va vi tri giéng dugc chon.
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Hinh 10. Cdc budc xi Iy co bdn.

cang nho, su chinh xac ctia mé hinh van t6c udc tinh so vai
mé hinh van téc thuc cang cao. Cac gia tri RMSE duogc thé
hién nhu trong Bang 3.

4. Ung dung trén dit liéu thuc dia

Thuat toan tomography dugc ung dung cho dir liéu
dia chan 2D ngoai khai Viét Nam. D liéu dugc xu ly va
minh giai bgi Vién Dau khi Viét Nam (VPI). Cac budc xu ly
cd ban duoc thé hién trong Hinh 10.

Piém khac biét 16n nhat cda tai lieu thuc dia (dit liéu
dia chan, van téc RMS va cac dusng phan xa dugc chon) so
v3i m6 hinh nhan tao la tai liéu thuc dia ndam trong mién
thai gian. Do d6, khi ting dung phuong phap tomography
theo thai gian truyén cho tai liéu thuc dia, can phai chuyén

1 15 2 2,5 3 3,5
Khoang céch ngang (m) 104

Hinh 12. Mé hinh vdn tdc tomography chdng lén di liéu dia chdn.

ddi tai liéu dau vao ti mién thai gian sang mién dé sau
ngay trong qua trinh lap, nghia la cac mat phan xa khéng
phai ndm & d6 sau thuc, ma la & do sau tuy thuéc vao mé
hinh van téc hién tai dang cap nhat. Bang cach cuc tiéu
héa sai s6 cta thai gian truyén, nhom nhién ctu hy vong
do sau sé hoi tu dén gia tri thuc té. Do do, bén canh cac
vong lap CG xay dung mé hinh van téc dé thuc hién do tia
V@i cac mat phan xa, sé c6 thém 1 vong lap bén ngoai dé
cap nhat do6 sau clia cdc mat phan xa sau méi lan mé hinh
van téc dugc cap nhat lai (Hinh 1). Qua trinh nghich dao
dién ra tuong tu nhu trudng hgp mé hinh nhan tao.

Hinh 11 cho thdy dir liéu dia chan sau coéng vdi cac
duong phan xa va vi tri giéng dugc chon. Tur qua trinh
thdr nghiém tomography trén mé hinh téng hgp, nhém
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(a)

(b)

(©)

(d)

Hinh 13, So sdnh cdc tdp hgp COP sau PSTM vdi (a, b) vin tdc dugc phdn tich thil cong va (c, d) vdn toc tomography.

nghién ctu nhan thdy néu chon cang nhiéu dudng phan
xa thi két qua thu dugc cang gan vdi gia tri thuc. Tuy nhién,
st dung nhiéu dudng phan xa hon cling d6ng nghia vai
thai gian tinh toan 16n hon, dac biét doi vai dii liéu thuc
dia c6 s6 luong cac cap thu né thudng rat I6n. Trong vi du
nay, 7 mat phan xa dugc chon, trong d6 5 mat di qua khu
vuc co dir liéu do dac tur giéng.

M6 hinh van t6c dugc tinh toan bang tomography
theo thdi gian truyén sé dugc biéu dién chong 1én mat
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cét dia chdn sau cong, bang cach d6, su thay déi van téc
cling nhu nhiing di thudng c6 thé lién quan dén su tich
tu hydrocarbon c6 thé dugc nhan biét nhu trong Hinh
12. Trong tuyén dia chan nay, mé hinh van toc dia chédn
da dugc nghich dao thanh cong béi thuat toan nghich
dao dugc phat trién, van téc xung quanh vi tri giéng, noi
khi dugc phat hién, cé xu huéng nhé hon so véi khu vuc
xung quanh.

Khac véi mé hinh nhan tao, d6i véi dii liéu thuc dia, do
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khéng c6 mé hinh van téc chinh xac tuyét déi dé so sanh
cac két qua tomography, nhom nhién ctu phai thi cac
cach khéc dé kiém tra tinh chinh xac cia thuat toan. C6 2
phuong phéap khac nhau dé kiém soat chat lugng trong
nghién ctu nay. Mot la s dung mé hinh van t6c udc tinh
lam dau vao cho module dich chuyén trén mién thdi gian
(PSTM); dau ra dugc ky vong sé chia cac su kién dia chan
dugc lam phang trong cac tap hgp CDP (CDP gathers)
(Hinh 13). Phuong phap con lai la so sanh mé hinh van
t6c dugc nghich dao véi dit liéu giéng nam gan khu vuc
nghién cuu.

Sai s6 trung binh clia mé hinh van téc uéc tinh dugc
st dung nhu phuang phap xac minh bé sung. Véi sai s6
dugc xac dinh la chénh léch gilta thdi gian truyén udc tinh
bang phuong phap do tia va thgi gian truyén thuc, sai s6
trung binh sau cac 1an 13p CG dugc tinh toan va thé hién
trong Bang 4.

Van tdc (m/s)
1.000 2.000 3.000
0 |
500
1.000
= e e Y e it L
S 1500 yanegevse
= (Giéng)
- = = Van tdc nghich dao | i
sau 11an 13p do ;
2.000 sdu mat phan xa Q ®
—— Van téc nghich ddo i
sau 2 lan lap do ]
sdumat phanxa p
| .= Van tdc nghich ddo
2500 sau 3 lan lap do
sdumdt phan xa
-=== Mt phdn xa
3.000
()

Tu Bang 4, c6 thé thay rang, khi tang s6 vong lap CG,
sai s6 trung binh clla mé hinh van toc udc tinh giam ngay
cang cham. Diéu nay c6 thé duoc giai thich la khi sai s6
trung binh cang gan khoang thdi gian 1dy mau, qua trinh
t6i uu héa sé cang kho cai thién két qua hon.

Vi tri clia cAc mat phan xa trong mién dé sau dugc tinh
toan bang mé hinh van téc ban dau (phan tich tha cong).
Diéu nay co nghia la néu mé hinh van téc dugc cap nhat
lai bang tomography, vi tri clia cac mat phan xa cling can
dugc tinh toan lai. Vi ly do d6, nhém nghién clu da thuc

Bdng 4. Sai s6'trung binh ctia mé hinh vdn toc

Mé hinh Sai s thei gian lan truyén

trung binh (m/s)
M@ hinh sau 10 lan l3p (G 3.664
M@ hinh sau 20 lan 13p (G 3.147
M@ hinh sau 30 lan ldp CG 3.093
M@ hinh sau 50 lan ldp CG 3.033
Van toc (m/s)
1.000 2.000 3.000
’ |
,,,,,,,,,, ey e S S Y e
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g L T s i v i s
21500  —— Vantbcusp
< (Giéng)
= Van tdc nghich ddo
sau 3 lanlap do
2.000 sau mat phan xa
Van téc nghich ddo
stt dung phan
mém thuong mai
2.500
===+ Mdtphdnxa
3.000

(b)

Hinh 14, So sdnh vdn tdc tomography vdi (a) vdn tc (VSP) tir dit liéu giéng va (b) phdn mém thuong mai.
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Hinh 15. So sdnh vin toc tomography st dung hiéu chinh giéng véi dik liéu giéng.

hién cac lan 1ap tinh toan lai dé sau cta cac mat
phan xa. Su cai thién ctia quy trinh 13p lai nay dugc
thé hién trong Hinh 14a.

C6 thé thuc hién kiém tra doc lap két qua
tomography bang cach so sanh vai van téc VSP
cla giéng khoan gan khu vuc nghién cttu (Hinh
14); vi tri gi€éng nhu trong Hinh 11. C6 thé thdy, van
t6c tomography cao hon mot chut so véi van toc
VSP clia giéng, vi vay két qua kha tin cay. Két qua
tomography bang phan mém thuong mai ciing
dugc thé hién trong Hinh 14b. M6 hinh tinh toan
bang phan mém thuang mai (dua trén thuat toan
grid-tomo) t6t hon vé tan sé - trong tuong lai sé
dugc cai thién. Tuy nhién, thuat toan clla nhém
nghién ctu cho van téc udc tinh gan vai gia tri van
t6¢ VSP hon trong ving téc dé cham - bat thudng
(1.500 - 2.500 m).

Ngoai ra nhém nghién cdu ciing danh gid
anh hudng clia phuong phap “hiéu chuan giéng”
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Khodng céch ngang (m) 10
()

M@t cat RTM st dung van tdc nghich ddo

Khodng céch ngang (m) 104

(b)
Hinh 16. Anh dung béing module RTM st dung (a) vdn toc phdn tich thil cong V3
va (b) vdn tic tomography.

(thudng dugc st dung trong cdng nghiép) dén két qua cua
qua trinh tomography. Cu th€, mé hinh van téc dugc st dung
dé chuyén déi cac mat phan xa ti mién thoi gian sang mién dé
sau dugc hiéu chinh dé dat gia tri gan véi van téc VSP clia giéng
(tai giéng, m6 hinh dugc khdp véi dir liéu giéng). Khi dé, két qua
van t6c tomography c6 su tuong déng t6t vai thanh phan tan sé
thap (xu hudng) ctia van t6c VSP (Hinh 15).

5. Ung dung ctia két qua tomography

Nhém nghién ctru da sir dung module dich chuyén thai gian
ngugc (reverse time migration - RTM) d€ thuc hién dich chuyén
trén mién d6 sau (vdi hy vong) cé thé chiing minh su cai thién
clia md hinh van téc tomography so vai mé hinh van téc dugc
phan tich tha céng. Cac su kién dia chan trong mat cat RTM sur
dung van téc tomography (Hinh 16b) chia it di thudng hon so
vGi trong mat cat RTM st dung mé hinh van t6c dugc phan tich
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thu cong (V3) (Hinh 16a). Két qua trong Hinh 16b kha
tuong déng vai két qua dich chuyén Kirchhoff (Hinh 11).

Viéc chon mat phan xa c6 vai trd quan trong
tomography theo thoi gian truyén dya trén tia vi cac mat
phan xa dugc st dung nhu gia tri tham chiéu cho qua
trinh nghich dao. Cac mat phan xa (sau khi dugc chuyén
sang mién d6 sau) cling dugc st dung cho qua trinh do
tia d€ udc tinh thai gian truyén déi véi méi cap thu né
trén mé hinh van téc dang dugc cap nhat. Sau do, thoi
gian udc tinh nay sé dugc so sanh vaéi thai gian tham
chiéu dé t8i uu héa mé hinh van téc. Do vay, chat lugng
clia tomography theo thagi gian truyén dua trén tia phu
thudc nhiéu vao chat lugng cua viéc chon mat phan xa
(hién dugc thuc hién thi cong). D€ cai thién chat lugng
ctia mat phan xa, c6 thé st dung phan mém thuong mai
nhu Kingdom, Landmark va Petrel... Phdn mém PaleoScan
Iua chon t6t hon, vi ¢6 thé chon déng thai nhiéu mét phan
xa theo thur tu thai gian [6]. Viéc st dung cac phan mém tu
dong khéng chi cai thién chat lugng ma con tang sé lugng
clia cdc mat phan xa chi trong thai gian ngan.

Trong trudng hgp khong thdy rd cadc mat phan xa
dia chan, chdng han nhu trong méng hodc cac cét mudi/
bun, tomography theo thai gian truyén c6 thé gap kho
khan. Khi d6, can phai xem xét cac cach ti€p can khac,
nhu tomography diém tap trung (common focus point
tomography)”[7] hoac tomography tén xa [8].

Trong qua trinh thuc hién thuat toan tomography, can
luu y rang, hé phuang trinh (9) chi c6 thé giai dugc (theo
binh phuong nhé nhat) néu sé phuong trinh I6n hon sé
an s6. S6 phuaong trinh bang s6 cap thu né nhan véi s6
mét phéan xa; s6 an s6 bang vai s6 6 trong ludi mé hinh
van téc. Néu hé phuang trinh khéong thdéa man diéu kién
trén (thuong xay ra truong hgp nay) thi can ap dung thém
cac rang budc dé giai hé phuong trinh. Rang budc phé
bién 13 st dung bo loc lam min dé tuong quan hoa cac
diém lan can. Cac ky thuat khac nhu rang budc bang “dip/
azimuth” hodc “shaping regularization” [9] cling c6 thé
dugc ap dung. Ngay ca khi c6 cac rang budc, diéu kién
nghiém khéng duy nhat (non-uniqueness) van c6 thé xay
ra va do chinh xac cia mé hinh van téc ban dau la yéu to
anh huéng I6n dén chat lugng ctia mé hinh t6i uu hoa
cudi cung. M6 hinh ban dau cang gan véi mé hinh van téc
thuc thi téc d6 tinh toan cang nhanh (th&i gian héi tu it
han). Bai véi dii liéu thuc dia, nhém nghién ciu st dung
mé hinh van téc phan tich thi céng da dugc lam muot
(V3) dé Iam mé hinh ban dau.

Nhin chung, céng nghé tomography theo thoi gian
truyén ctia nhém nghién cdru VPI da dat dugc két qua:

- D6i vai dit liéu mo hinh, tomography da khéi phuc
mét s6 dac diém dia chan nhu cac dac trung phan 16p va
dut gay;

- Trong dir liéu thuc dia, van t6¢ nghich dao tao ra
cac su kién phang hon trén cac tap hgp CDP so véi van téc
phan tich tht céng sau dich chuyén trudc cong;

- Két qua tomography ciing c6 thé dugc st dung
lam mé hinh van té¢ cho module RTM véi nhiing cai thién
vé di thudng so vai viéc st dung mé hinh van tdc dugc
phan tich tha céng.

Tuy nhién, van con nhing sai léch nho so véi dii liéu
giéng. Diéu nay c6 thé la hé qua clia qua trinh lam min qua
truong van toc, khéng di s6 lugng mat phan xa va/hoac
thi€u m6 phéng cac hién tugng vat ly khac (di hudng, hiéu
Ung Q...), diéu nay c6 thé dugc khac phuc bang phuong
phap hiéu chuan giéng.

6. Két luan

Trong nghién cdu nay, cdng nghé tomography theo
thoi gian truyén thuc hién tai VPl dugc thé hién théng
qua cac két qua ung dung trén mé hinh nhan tao va tai
lieu thuc dia. Cac van dé ma nhém nghién ctu gap phai
trong qua trinh nghién clu, phat trién phuong phéap
tomography theo thgi gian truyén dua trén tia da dugc
thao luan. Chat lugng ctia két qua tomography phu thudc
vao nhiéu yéu t6, dac biét la d6 chinh xac cia mé hinh
van t6c¢ ban dau va chat lugng cla viéc lua chon mat phan
xa. Phuong phép nay c6 thé t6i uu hon niia bang cach ap
dung cac ky thuat khac (lam min) va’/hoac mé hinh hoa
nhing hién tugng vat ly phtc tap hon (nhu mé hinh héa
hiéu tng Q va/hoac hiéu tng di huéng).

Tai thai diém nay, nhom nghién clu da phat trién
dugc phan mém tomography co ban va chu trinh tinh
toan kém theo. Viéc hoan thanh cac phan céng viéc trén
da cho thdy moét sé chi tiét quan trong vé qua trinh phat
trién chu trinh tomography, bao gém:

- Thuat toan, module phan mém va quy trinh lam
viéc can thiét dé lam cha cac ky thuat cét 16i (do tia, t6i uu
hda, nghich dao) dugc st dung trong tomography;

- Viéc thuc hién phuong phap tomography cho mé
hinh van téc dan hoi tét hon so véi phuong phap phan
tich van t6c thu cong.

Mé hinh co ban sé can phat trién thém gém cadc moé
hinh vat ly phuic tap hon, chdng han nhu mé hinh héa
Q, tomography di hudng. Cac phién ban nang cao hon
clia xay dung mo6 hinh van téc nhu tomography 3D hoac
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nghich ddo toan dang séng ciling nam trong s6 cac muc
tiéu trong tuong lai.

L&i cam on

Nhom nghién clu xin cam on Vién Dau khi Viét Nam
(VPI) da hé trg phat trién cong nghé tomography theo
thai gian truyén.
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SOME RESULTS OF SEISMIC TRAVEL-TIME REFLECTION

TOMOGRAPHY STUDY

Pham The Hoang Ha, Doan Huy Hien, Ta Quang Minh, Mai Thi Lua, Nguyen Hoang Anh
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Summary

Velocity model is essential for seismic data processing as it plays an important role in migration processes as well as time depth
conversion. There are several techniques to reach that goal, among which tomographic inversion is an efficient one. As an upgrade version
of handpicked velocity analysis, the tomography technique is based on the reflection ray tracing and conjugate gradient method to
estimate an optimum velocity model and can create an initial high quality model for other intensive imaging and modelling module
such as reverse-time migration (RTM) and full-waveform inversion (FWI). For the mentioned benefit, we develop a seismic travel-time
reflection tomography (SeisT) module to study the accuracy of the approach along with building the technical capability in seismic
processing. The accuracy of the module has been tested by both synthetic and real seismic field data; the efficiency and the accuracy of
the model have been proven in terms of development method as well as field data application.

Key words: Seismic signal processing, seismic reflection, ray tracing, velocity modelling, seismic tomography, tomographic inversion.
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