Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu' nhién 2022, 6(3):2212-2221

Open Access Full Text Article

Bai nghién ciiu

Xac dinh d6 sau bon tram tich 3D tu dir liéu trong luc st dung
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TOM TAT

Viéc xac dinh dé sau bon tram tich cé y nghia quan trong trong tham do dau khibang giai bai toan
ngugc tham do trong luc. Trong bai bao, d6 sau bén tram tich 3D dugc tinh tir di thusong trong luc
sir dung phuong phap giam déc nhét (SD - Steepest Descent). Phuong phap nay cho phép cuc
tiéu ham muc tiéu dua trén dao ham bac nhat va diéu chinh dé dai budc bang phuong phép lap,
vai bién la d6 sau cac khéi hinh hdp chir nhat dat lién ké theo phuong x, y ¢ hiéu mat do giam
theo do sau theo quy luat ham paraboén. Cac tham sé trong ham hiéu mat dé dugc xac dinh bang
phuong phap héi quy phi tuyén dua trén thong tin 16 khoan sau ctia viing Béng bang séng Cliu
Long. Ham hiéu méat do nay dugc st dung dé tinh dj thudng trong luc ly thuyét cho bén trém tich
va gidi bai todn nguac trong luc 3D trén md hinh va trén d liéu thuc. Ham muc tiéu s&r dung la
ham sai s6 binh phuong trung binh gitra di thuong trong luc do va di thudng tinh. Phuong phap
dé xuat dugc kiém tra trén ma hinh cho thay d6 sau bon tram tich tinh dugc hau nhu triing khép
véi d6 sdu mo hinh ban dau; sau do phuong phép dugc ap dung dé tinh do sau bén trém tich 3D
tUr di thudng trong luc dia phuong thudc dia phan tinh Bac Liéu. Két qua phan tich [a phu hop vdi
nhimng céng bé trudc day, tuy nhién thai gian tinh toan dugc rdt ngén dang ké, nén phuong phap
nay co6 thé dugc md réng phan tich dirliéu trén dién rong.

Tu khoa: do sau bon tram tich 3D, gidi bai todn ngugc, ham muc tiéu, ham parabén, phuong
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MG PAU

Nhiém vu gidi bai todn ngugc trong luc la xdc dinh
hinh dang, kich thuéc ctia nguén di thuong tu dii liéu
trong luc quan sit. Do tdm quan trong cta bai todn
nén da cé nhiéu phuong phap dugc dua ra, c6 thé chia
thanh 3 nhém: (i) Nhém phuong phép bién ddi di
liéu va thé hién két qua, ké ca phuong phap dung bién
d6i Fourier; (ii) Nhém phuong phép “thii-sai”; (iii)
Nhém phuong phép st dung thuét toan t6i uu héa.
Nhom phuong phap “thif -sai” dugc stt dung phé bién
trong giai bai todn ngugc trong luc, gébm ba budc tinh
la xay dung mo hinh va tinh di thudng géy ra béi mo
hinh; xét 6 chinh xdc cia mé hinh bang cach so sanh
gitia di thuong quan sit va di thuong ciia mo hinh;
diéu chinh mé hinh cho téi khi dat dugc mo hinh
t6t nhat. Phuong phdp nay dugc goi 14 phuong phéap
md hinh bai todn thuan (FW - Forward modeling)
- thudng dugc dung dé tinh d¢ sau bén trim tich!.
Trong d6, bon tram tich ¢ thé dugc mo hinh héa bai
cdc 6 hinh chii nhét?, cic t4m hinh chit nhét thing
diing dit lién ké c6 hiéu mat do khong d6i> hoic thay
d6i theo dd sau* cho bai toan 2D. D6i véi bai todn
3D thi bén trdm tich thudng dugc mé hinh héa bang
nhiing khéi hinh hop ch@ nhat thing dting dat lién ké

c6 hiéu mat 46 khong d6i° va thay déi theo d¢ sau -8,

Uu diém ctia nhém phuong phdp mé hinh bai toén
thuén 1a thoi gian tinh toan nhanh, céng thic lap kha
don gidn nén dé 1ap trinh trén may tinh; khuyét diém
la kha néng tinh chinh mé hinh qua céc vong lap con
han ché nén sai s6 phuong phap con kha 16n.

Nhom phuong phap t6i uu hoa toan cuc nhu thuit
toan di truyén dugc st dung trong nhiing thap nién
gin day nh¢ vao su phat trién manh ctia bo vi xu ly
nhanh va bo nhé 16n cia mdy tinh. Thuit toan nay
“bat chudc” su tién hoa cha sinh vat trong tu nhién.
Thuit toan bit ddu bang viéc phat sinh mot quan thé
gom nhiéu cd thé - thé hé dau tién, moi cd thé 1a mot
mo hinh dugc khdi tao ngdu nhién, nhiing ca thé nao
c6 d¢ thich nghi cao sé c6 nhiéu co hodi séng sét hon
nhiing cé thé c6 d6 thich nghi thip trong diéu kién
chonloc cia moi trudng. Thuat todn gdm ba giai doan
chinh 1a khéi tao quin thé, tinh gid tri thich nghi va
cai tao quén thé bing cach thuc hién cic phép tinh di
truyén nhu chonloc, lai ghép va dot bién. Ba giai doan
nay tuong tu nhu ba giai doan ctia phuong phap md
hinh tién vuia trinh bay nhung 16i giai ban dau dugc
khoi tao ngau nhién, da dugc nhiéu tic gid ap dung

9-11

dé gidi bai toan ngugc trong luc’~!!. Uu diém cta

thuét todn nay la tim cyc tiéu toan cyc cta bai todn -

Trich dan bai bdo nay: Toan L P, Tin D Q C. Xac dinh d6 sau bén tram tich 3D tir dif liéu trong luc sit
dung phuong phap gidm ddc nhat. Sci. Tech. Dev. J. - Nat. Sci.; 2022, 6(3):2212-2221.
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lya chon mot 16 gidi tét nhét trong nhiéu bo 16i giai;
khuyét diém la sau nhiéu thé hé tién hoéa (vong lap)
thuét todn hoi tu chAm nén thdi gian tinh todn lau. D€
tang t6c qud trinh hoi ty, c6 cic nghién ctiu 12,13 1ét
hgp thuét toan nay véi mot phuong phap t6i uu khac
hay cai tién toan tt chon loc, lai ghép dot bién,...va
goi tén 1a thuét todn di truyén lai nhdm gidm thoi gian
tinh cing nhu mé rong pham vi ép dung ctia phuong
phdp. Trong nhém thuit toan di truyén lai c6 thuét
toan memetic — sy két hop gitia thuét giai di truyén
va phuong phap tim kiém dia phuong dugc nhiéu tac
gia sti dung d¢€ t6i uu bai todn trong nhiing vic khac
nhau 4, trong d6 c6 &p dung d€ gidi bai toan ngugc
trong luc 15,16,

Trong bai nay, phuong phép tim kiém dia phuong
gidm ddc nhét (SD) dugc diing d€ giai bai toan ngugc
trong luc - tinh d¢ sau bon trdm tich 3D; trong dé,
boén trdm tich dugc mo hinh hoéa biang nhiing khoi
hinh chit nhat thing dting dit lién ké c6 hiéu mat do
gidm theo d¢ sau theo qui luat ham parabon. Phuong
phép dé xudt dugc kiém tra trén mo hinh, ¢é so sanh
két qua tinh v6i phuong phap mo hinh bai toan thuén;
sau d9, ap dung tinh d6 sau bon tram tich ti di thudng
trong luc dia phuong thudc dia phan tinh Bac Liéu.

DU LIEU VA PHUONG PHAP

M hinh bén tram tich 3D

M5 hinh bén tram tich 3D dugc biéu dién béi Nx. Ny
khéi chi nhat thing ding dit lién ké theo phuong x, y
(Hinh 1). M6i khéi 6 bé rong trén hai phuong bang
nhau, diém do ctia di thudng trong luc quan sat ndm
tai trung tm ctia méi khdi va tring v6i mét trén cua
nd. Biéu thiic di thudng trong luc ctia mot khéi chi
nhéat duge cho bai '

zdxdydz
3/2° ey

8prism =G [y AP ————=7
prism xJyJz (x2+y2+22)

N,
Khoi chit nhat co |
hiéu mat do thay ddi

Hinh 1: M6 hinh bén tram tich 3D
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> Ludi

B(0,0,0) P(x,0,0)

Hinh 2: Dj thudng trong luc ctia mét khéi hinh hop
chirnhat'4

trong d6, G 1a hang s6 hdp dan va Ap la hiéu mat do.

Apg

NAp=—""0
(Apo—A2)?

2

trong do6, Ap (z) (g/ cm?) 13 hiéu mat d6 & do siu z
(km), Apg (g/ cm?®) 13 hiéu mat do tai mit quan sat, A
12 hé s6 hiéu mat d¢ trén km, tim dugc bang phuong
phép ndi suy khi biét hiéu mét do cta cic 16p tram
tich theo d¢ sau trong cac 16 khoan (dugc trinh bay

trong cac muc tiép theo).

Thay Ap cho bdi phuong trinh (2) vao phuong trinh
(1):

8prism =

zdxdydz
GAPG [ )y z ©)

(Dpo—Az2)* (2 +y2 +22)%%
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Giai phuong trinh tich phén (3), tim dugc gia tri trong
luc, gprism ciia mot khoi nhu sau®:

8prism = 2GAP8

<1 AY (x4T) (20p3+A2 Y2+ (x4T)*])
Li(Y222+0p3 ) (Ap3+A2|x+T[7)

“In Ly(AraLi+L7—Apols)
Ly(AriLi+L3—2poLs)

AY (x=T) (2803 +A2|Y2+(x-T)*|)

Ly(Y2A2+000) (Lp3+A2[x=T[)
Ly(ArsLy+L3—ApoLs)
Ly(AraLy+13—ApolLs)

L«
ﬁ(Ap2+Y2/12)

—1 Yr,
[tan \x+T\ —ftan— \x+lT|}
+7P
A(Lp312A2)
—1 Ynrs —1 n
[tan Zz‘ij‘ —tan zl\xle]
Apo
i (opittTR)
tan ! —‘253 —tan~! ‘XZI;Z]
Apo
~A(Lp3IxrT 12)
[tan_1 —‘X;{“ —tan~! —‘le;‘]
2 Ap§+Y2)LZ)
In (T =ra) (x4 T|+r1)
(\erTHm \erT\ )
“2(A 2+Y27LZ)
In (=T |=r3)(|x=T|4+r2)
(=T[+r3)([x=T]=r2)
. x-T «1In (Y- rz)(Y+r2)]
2(Lp3+x-TP22) (Y+r3)(Y—r2)
+ x+T ln[< 4)(Y+Vl)]
2(Lp3+x+TPA2) (Y+rs)(Y—r1)
1 1 —1 |x+T\ —1 Y[x—T|
+7 Apo—Aza x | tan —tan 2273
1 1 —1 |x+T\ —1 Y[]x—T|
—7 | gy (tan™ " S —tan ™ = (4)
trong do,
1/2
L1:{[(x+T)2+Y2])LZ+Ap3} ;
1/2
LQ:{[(x—T)Z-i-YZ])LZ—O—Apg} : ®)
= Apy—Az13Ls = Apy — Az,
2 ) 2 1/2
r = [(erT) +Y +z1} ;
1/2
r = x—T2+Y2+Zﬂ R
(6)

la nhiing ban kinh vécto (Hinh 2) ciia mét khoi dén
mot diém quan sat; Y, T 14n lugt la mot ntia do day
ctia méi khdi theo phuong y va phuong x; B (0,0,0) 1a
goc toa do; P (x,0,0) 1 diém tinh luc hdp dan; z;, 2,
lan lugt 14 d6 shu mdt trén va mit day ctia méi khoi.
Di thuong trong luc ctia bon trdm tich tai mot nat bat
ky (4, j) la tong ctia di thudng trong luc ctia nhiing
khoi gay ra tai diém d6 va co biéu thic:
ZN} ! Z;VXZ ! 8prism (k7 l)

8basin (i,]) (7)

trong d6, Ny va N, lan lugt la s6 nut doc theo truc x
va truc y trén hé truc toa do vuong goc.

Ham muc tiéu

Giai bai todn ngudgc trong luc bang phuong phap SD
la diing phuong phap nay d€ cuc tiéu ham muc tiéu
v6i bién 1a do sau cac khéi hinh hop chit nhat - ham
sai s gitia di thuong tinh va di thuong quan sat dugc
cho bai:

— 8basin (iuj)}z (8)

ZZ[gobs l]

NxNy Pl
Ham (8) con goila ham sai s6 binh phuong trung binh
(MSE - Mean squared error), trong d6, g,ps V2 pasin
lan lugt la di thuong quan sat va di thudng tinh tii mo
hinh Z.

Tinh cac tham sé trong ham hiéu mat dé
parabon tai vung DBSCL

Dé phu hgp véi thuc té€ 1a mat do cta tram tich ting
theo d9 sau do qua trinh tich ty, 1dng dong nén xem
xét hiéu mét d9 gidm theo d9 sau nhu ham (2) ¢; trong
do, [1a hé s6 duogc xac dinh ti cdc hiéu mat d6 ctia cac
16p trdm tich cho boi cdc 16 khoan Ctiu Long 1 (CL
1) trong viing nghién ctiu'’. L khoan CL 1 c6 toa
d6 (106.32° ; 9.62° B) tai Ap Ca C6i, xi Long Vinh,
huyén Duyén Hai, Tinh Tra Vinh, c6 d¢ siu dat dén
mit méng 12 2100 mét 7. Cin cti trén cot dia ting clia
16 khoan va cac tai liéu lién quan dén bén triing Ctiu
Long, 16 khoan dugc chia thanh séu 16p, méi 16p c6
gid tri hiéu mét do:

Api = pi— 9)

trong d6, p; 1a mat do 16p tram tich thi i va pjey 12

Pmax

mat do cta 16p dudi cung thudng chon 14 méit mong.
Hiéu mat do ctia cc 16p trong 16 khoan dugc trinh
bay trong Bang 1, ¢6 gid trj tit - 0,55 g/cm> dén - 0,11
g/cm? Ging véi cic d6 sau tii 0,05 km dén 2,1 km.
Phuong trinh (2) la phuong trinh phi tuyén; trong d6
c6 hé s6 A cin dugc xéc dinh; tham s6 nay dugc xac
dinh bing phuong phép héi qui phi tuyén bang ham
nlinfit cua Matlab véi dii liéu cho boi Bang 1. Khi d6,
gid tri Atim dugcla -0,2828 (g/(cm3km)), ham hiéu
mat d6 can tim la:
—0.55°

NAp(R)=———22
P (0.55 +0.2828z)°

(10)

Phuong trinh (10) biéu dién x4p xi ham mat do co
dang parabon dugc vé trong Hinh 3 bing dudng chdm
va dit liéu thyc dugc biéu dién bang dudng lién. Ham
hiéu mat d6 nay dugc stt dung dé tinh di thudng trong
luc ly thuyét cho bon trdm tich dé gidi bai toan ngugc
trong luc 3D béng phuong phip FW va phuong phép
SD trén mo hinh va trén di liéu thuc.
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Bang 1: iéu s6 mat do va chiéu day I6p tram tich cta 16
khoanCL 1"

DPAC PIEM
Tram tich h;(km) Api(glem?)
L6p mit 0,04 - 0,55
Lép 1 0,34 - 0,40
L6p 2 0,48 -0,35
L6p 3 1,02 -0,27
L6p 4 1,26 -0,20
L6p 5 2,10 -0,15

Hiéu mat d6 (g/em?)
—81 015 02 025 03 03 04 045 05 055 06

D6 sdu (km)

-25

Hinh 3: Ham hiéu mat d6 ctia bén tram tich (MSE =
0,02)

Phuong phap SD

Phuong phdp SD dua trén phép tinh dao bac nhat va
diéu chinh d¢ dai budc, gébm 4 budc tinh sau 18,19,

- Budc 1: Cung cdp loi gidi ban dau Zj, xét ngudng
hoitu ||[Vo|| >€e>0

-Budc2: Tinhhudng gidmd;, = —V¢(Z;) (V1atoén
tti Gradien);

- Budc 3:  Tim d¢ dai budc A bang cach cuc tiéu
E(A) =9 (Zx+A'dy), khidé do dai budc ban déu
dugc xdc dinh bang cong thic:

(11)

V6i & (0) = 9(2): §(0) = Vo (Z1) dva & (1) =
0 (Zi +dy)

Trong cac vong ldp tiép theo do dai budc dugc diéu
chinh béng cong thiic sau:

—cy 44 /c% —3¢E(0)

- 3¢3

2215

Trong do, ¢y, c3 tim dugc bang cach gidi phuong trinh:

22 22\ e _ [ EG)-E0)-& 0
A2 A3 )\ E(A)—&E(0)—&'(0)A
V6i A va A 1a hai gid tri trude cta Ay.
- Budc 4: Thiét 14p cong thiic ldp:

Ziv1 = Zic+ Mdy (14)

sau d6 xem xét lai diéu kién va lap lai ti budc 1 dén
budc 4.

Luu do giai bai toan nguoc trong luc bang
phuong phap SD va phuong phap FW

Luu d6 gii bai todn ngugc trong luc bang phuong
phép SD nhu Hinh 4, gébm 3 budc:

- Budc 1: Tu di thuodng quan sat, g,ps udc lugng do
sdu ban ddu - 16i gidi ban dau ctia bon trdm tich bing
cong thiic '3

Zo = 8obs (1,J) | 2myLp (Z)) (15)

Trong do, gps(i,j) 1a di thudng quan sit, Ap(z)
(g/ cm?) 13 hiéu mat do & do sau z (km) dugc tinh bang
cong thiic (10), y1a hing sd.

- Buédic 2: St dung cac cong thiic (7) dé€ tinh dj thuong
mo hinh, cong thic (8) dé tinh gia tri ham muc tiéu.
Kiém tra diéu kién duing, néu gid tri hAam muc tiéu,
MSE nho hon sai s6, €1 = 0.01; hodc gid tri AMSE cta
21an lap lién tié€p nho hon &, = 0.001 thi xuét két qua;
ngugc lai chuyén sang budc 3.

- Budc 3: Diéu chinh d¢ sdu mo hinh bang cong thic
1ap (14) va quay lai budc 2.

Vong lap dugc thuc hién cho dén khi diéu kién diing
dat dugc. Luu do gidi bai toan ngugc trong luc dugc
thuc hién trén moé hinh va trén di liéu trong luc Bac
Liéu.

Luu d6 gidi bai todn ngugc trong luc bang phuong
phap FW tuong ty nhu luu do giai bai toan ngugc
béng phuong phép SD; trong dd, cong thiic lip cta
phuong phap SD dugc thay thé bing cong thic lip
ctia phuong phap FW dugc cho bai 1#:

(8obs (k) = gpasin (k)

Zi+1 — Zi
k t 2nGAp (2)

(16)

KET QUA VA THAO LUAN

Mb hinh hinh ly thuyét

Mo hinh bén tram tich 3D gom tip hgp 16 x 16 = 256
khoi chit nhat, méi khéi ¢6 chiéu rong theo phuong
x, y bing nhau 1a 1 km, d6 sau cyc dai 1a 2,09 km,
dugc biéu dién dang dudng déng tri nhu Hinh 5. Véi
moO hinh va tham s6 ctia ham hiéu mat do da tinh ti
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|
Tinh gia tr1 trong I
lyc 1y thuyét i=1+1
D1 thudng quan sétl 1
—

Tinh gia tri ham
muyc tiéu

1 Céng thire lap SD

Sai

MSE<z)
or
AMSE<e

Hinh 4: Luu d6 gidi bai todn ngugc trong luc bang
phuang phap SD

cong thiic (10), App = - 0,55 (g/cm3), A =-0,2828
(g/cm3/km), tinh di thudng trong luc ctia mé hinh
bang cong thiic (7), sau d6 cong nhiéu ngau nhién
20% (+ 0,2*randn(size(g))) nhu Hinh 6. Tt di thudng
nay st dung luu d6 nhu Hinh 4 dé tinh lai d¢ sau cua
mo hinh bing phuong phap SD va phuong phap FW.

/ﬂosﬁ‘ﬂﬁ
14 fo > it
bk g
06
3

y (km)

x (km)

Hinh 5: D6 sau mé hinh bén tram tich

Két qua phan tich bang phuong phap SD

V6i cac buéde tinh duge mo ta trong luu d6 Hinh 4,
thi sau 51 vong lap (Hinh 7) d6 sdu bon tram tich tinh
nhu Hinh 8 véi d6 sau cuc dai 13 2,09 km trung véi
d06 sau cyc dai cia mo6 hinh. Két qua hinh dang bon
trdm tich tinh phu hop véi hinh dang mé hinh ban
dau (Hinh 5). Su khéc biét vé chi tiét do sau cac khai
hinh hop chii nhét tinh so véi do sau cac khéi hinh
hop chii nhat tao nén mo hinh 1a do d6 sdu bon tram

» 10— |&>bjthuing cbng nhidu (mgal)
S0 £ "

Hinh 6: Di thuong mo6 hinh da céng nhiéu

tich tinh tu di thuodng da cong nhiéu. Hinh 9 1a di
thuong téng hop tinh, hdu nhu trung véi di thuong
quan sat (Hinh 6), sai s6 binh phuong trung binh MSE
=0,01.

w ~ o o

Function value

N

o
o

+

)
*
$40004940000000000000600004.

[} 10 20 30 40 50
Iteration

Hinh 7: Gia tri ham muc tiéu qua cac vong lap bang
phuang phap SD

Két qua phan tich bing phuong phap FW
V6i cac budc gidi bai toan ngugc trong luc bing
phuong phdp FW, ham muc tiéu dat gid tri cuc tiéu
tai vong ldp thd 16 (Hinh 10). Khi d6, d6 sdu bon
trdm tich tinh nhu Hinh 11, ¢ d6 sau cuc dai la 2,06
km sai khac so vdi do sau cuc dai cia mo6 hinh 1a 30
mét. Thoi gian tinh 13 5 gidy, di thudng tng hgp dugc
biéu dién trong Hinh 12 dat dugc sai s§ binh phuong
trung binh la 0,077.

So sanh két qua phan tich bang phuong
phap SD va phuong phap FW

T Bang 2 ¢6 thé rut ra mét s8 uu, khuyét diém caa
hai phuong phap SD va phuong phap FW trong gidi
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x (km)

Hinh 8: D6 sau tinh bon tram tich tinh bang phuong
phap SD

5 0 = | & Di thwgmg tinh (mgal)
S T

15

14 W T
/_/\_/45/\
2t 7 : »

E %
=2
>
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Hinh 9: Di thudng téng hgp tir d6 sau tinh
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Hinh 10: Gia tri ham muc tiéu qua cac vong ldp bang
phuong phap FW
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y(km)

x(km)

Hinh 11: D0 sau tinh bén tram tich tinh bang
phuaong phap FW
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Hinh 12: Di thudng téng hgp tir d6 sau tinh

bai todn ngugc trong luc 3D trén mo hinh. Phuong
phap FW c6 thoi gian tinh todn nhanh (5 s) do cong
thiic 1ap kha don gian nén dé l4p trinh trén mdy tinh,
trong khi mdi budc lip trong phuong phap SD cé
nhiéu phép tinh, nhiéu diéu kién rang budc nén phai
tao ra cac chuong trinh con theo cac buéc tinh nén
mat nhiéu thoi gian tinh (180 s). Sai s6 binh phuong
trung binh tinh béng phuong phap FW (0,077) 16n
hon sai s6 binh phuong trung binh tinh bang phuong
phép SD (0,01). D9 sau cuc tinh bang phuong phap
SD trung vé6i do sau cuc dai mo hinh; d¢ sau cuc tinh
béng phuong phap FW nho hon d6 sau cuc dai mo
hinh 13 30 mét.

Nhugc diém ctia phuong phap SD so v6i phuong phap
FW 1a mét nhiéu thoi gian tinh toan hon. Tuy nhién,
trong Dia vat Iy, thoi gian 3 phat d€ minh giai tai liéu
trong luc 3D la chdp nhén dugc. Do d6, trong phan
tiép theo sé trinh bay két qua tinh d6 sau bon tram
tich 3D tii dit liéu trong luc dia phuong thudc dia phan
tinh Bac Liéu bing phuong phép SD.
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Bang 2: So sanh két qua tinh biang phuong phap FW va phuong phap SD

Két qua tinh Do siu cuc dai (km) Sai s6 MSE Thoi gian tinh (gidy/s)
Phuong phép tinh

Phuong phap FW 2,06 km 0,077 5s

Phuong phéap SD 2,09 km 0,01 180's

Phan tich dit liéu trong luc vung DBSCL

Di thuong trong luc Bac Liéu (BL, dugc danh ddu o7
bang khung hinh chii nht mau tring trong Hinh 13)
dugc biéu dién trong Hinh 14, ¢6 tdm di thudng ndm
G toa do (105,45° b; 9,46° B), di thudng cé kich thude
46x 52 =2392km?, ¢6 gid tri di thuong cuctifula - 18
mgal. M6 hinh dugc chon tuong ting véi kich thude
ctia di thuong la tap hop 23 x 26 = 598 khdi hinh hop
(s6 bién); chiéu rong va chiéu ngang ctia méi khéi
hinh h¢p bing nhau va bing 2 km. St dung luu dé6
giai bai toan ngugc trong luc nhu Hinh 4, v6i 16i giai
ban dau dugc cho bdi cong thiic (15). Sau 42 vong lip
tuong ting véi thoi gian chay chuong trinh la 13 phat
thi hinh dang bén trdm tich tinh dugc nhu Hinh 15, Hinh 14: Di thutng trong Iuc Bac Lieu

véi do siu cyc tiéu va cuc dai 1an luct 13 z,,;, = 0,4

km va z,4, = 1,71 km. Hinh 16 biéu dién 42 gia tri

ham muc tiéu tuong tng véi 42 vong lap. Hinh 17 1a

di thudng téng hop tit mo hinh tinh véi sai s6 binh

phuong trung binh MSE = 0,006. 877 02
o - o2 ’\D
A-"/ - \\ i

Di thurérng quan sét (mgal)

1057

9,51 932

105,16 105,57 Km

Hinh 15: D6 sau bén tram tich Bac Liéu

1045 105 1055 106 106,5

Hinh 13: Ban d6 di thudng dia phuong DBSCL '’ 3 3 e
Bang 3: So sanh két qua giai bai toan nguoc trong luc

béng phuong phap SD va thuat toAn memetic

T Bang 3 cho thdy d¢ sau cuc tiéu bon tram tich Bac W - Dom ey P

) Memetic '¢ SD
Liéu tinh dugc bang hai phuong phép SD va thuét emetie
todn Memetic trung nhau; do siu cuc dai bon trdim Zyax (km) 1,80 1,71
tich Bac Liéu tinh bing phuong phap SD nong hon d¢ () 0.4 0.4
sau cuc dai tinh bang thuat todn Memetic la 90 mét (<
Thoi gian (gio) 5,41 0,15

10%); trong Dia vét ly, muic sai khac két qua tinh nay
la chdp nhan dugc.
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Hinh 16: Gia tri ham muc tiéu theo sé vong lap
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Hinh 17: Di thudng t6ng hgp ti d6 sau tinh

KET LUAN

Trong bai bao, cac budc va Iuu d6 giai bai toan ngugc
trong luc - tinh d¢ sdu bon tram tich 3D béng phuong
phap SD da dugc xay dung va ap dung thanh cong,
trong d6, ham hiéu mat d6 tram tich giam theo d¢ sau
theo quy lu4t ham parabon ciing dugc xac dinh tu dit
liéu dia chit va cét dia ting ctia 16 khoan Ctiu Long 1
trong viing DBSCL. Phuong phép nay da dugc kiém
tra trén mo6 hinh, sau d6 dugc dung dé tinh d¢ sdu bon
trdm tich 3D tui di thudng trong luc dia phuong thudc
dia phan tinh Bac Liéu. Két qua tinh tit phuong phép
dé xudt phu hgp v6i két qua tinh ctia cac phuong phap
da st dung trudc day nhu phuong phap FW va thuét
todn Memetic. D0 sau cuc tiéu bon tram tich Bac Liéu
tinh dugc bang hai phuong phdp SD va thuét toan
Memetic trung nhau; Do sau cuyc dai boén trdm tich
tinh bidng phuong phép SD ti di thudng trong luc 4m
dia phuong thu¢c dia phan tinh Bac Liéu 1a 1,71 km
(sai léch 5% so v6i phuong phap Memetic). Két qua
nghién cttu nay lam phong phu thém nguén tai liéu vé
cdu truc dia chat, cung cip thém nhiing thong tin b
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ich, gép phan danh gia tiém ndng khai thac khoang
san trong dia phan tinh Bac Liéu.

LOI CAM ON

Bai bdo nay la m¢t phan két qua ctia dé tai Khoa hoc
cdng nghé cip co s6 “Tinh d¢ sdu 3D bon trdm tich Bac
Liéu va An Giang bang phuong phdp gidm déc nhdt’.
Nhoém tac gid chan thanh cam on Trudng Pai hoc Xy
dung Mién Tay da hé trg thuyc hién dé tai.

DANH MUC TU VIET TAT

2D (Two dimentions): hai chiéu

3D (Three dimentions): ba chiéu

DBSCL: Dong bang sdong Ctiu Long

FW (Forward modeling): md hinh tién

SD (Steepest descent): gidm ddc nhét

MSE (Mean squared error): sai s6 binh phuong trung
binh

XUNG POT LOI iCH

Céc tac gia tuyén b rang ho khong c6 xung dot lgi
ich.

PONG GOP CUA TUNG TAC GIA

Luong Phudc Toan: Nghién ctu ly thuyét, dé xuét
phuong phép, xay dung quy trinh phan tich di liéu,
t8 chic thuc hién quy trinh, thao luin két qua.
Duong Quéc Chanh Tin: Thao luin két qua, viét ban
thdo va chiu trach nhiém vé bai béo.
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Determination for 3D sedimentary basin depths from gravity
anomaly data using steepest descent method

Luong Phuoc Toan', Duong Quoc Chanh Tin?"

ABSTRACT

In solving the gravity exploration inverse problems, determining the depth of the sedimentary
basin played an important role in the petroleum exploration. In this paper, the depth to the base-
Use your smartphone to scan this ment of 3D sedimentary basin was calculated from the gravity anomaly using the steepest descent
QR code and download this article method. This method allowed minimizing the objective function based on the first derivative and
adjusting the step length by the iterative method; using the variable is the depth of adjacent rectan-
gular prism in the x, y directions with parabolic function between density contrast and the depth.
The parameters in the parabolic function were determined by the nonlinear regression method
based on the information of deep borehole in the Mekong Delta. This parabolic function was used
to calculate the theoretical gravity anomaly for the sedimentary basin and solve the 3D inverse grav-
ity problem on the model and on the real data. The used objective function was the mean square
error function between the measured gravity anomaly and the calculated anomaly. The proposed
method was tested on the model, showing that the calculated sedimentary basin depth almost
coincides with the original model depth; then the method was applied to calculate the depth of
3D sedimentary basin from the local gravity anomaly in Bac Lieu province. The analysis results were
consistent with previous publications, but the calculation time was significantly shortened, so this
method can be extended to analyze data on a large area.

Key words: basement depth of 3D sedimentary basin, gravity inversion, objective function,
parabolic function, steepest descent method
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