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TOM TAT

Khi phan tich di liéu ti vung vi do rat thap nhu Tay Nam Bo (vi d6 < 11,079), khé khén 16n nhét
la phuong clia vecto cudng do ti hda va phuong clia trudng tu Trai dat noi do dac thudng nam
nghiéng lam cho cac di thudng tir c6 dang bat déi xiing va nam léch di so vai nguén. Trong bai
bao nay, phép bién ddi wavelet lién tuc hai chiéu (2-D) st dung ham wavelet Farshad-Sailhac sé
dugc nghién clu, 4p dung dé dua di thuding bat déi xiing vé dang déi xting va dich chuyén tam di
thudng vé tam nguédn, qua dé xac dinh dugc vi tri tam vat thé gay ra di thudng bang phuong phép
cuc dai do I6n bién déi wavelet (WTMM — Wavelet Transform Modulus Maxima). Tiép theo, dit liéu
di thudng tr dugc trich xuét theo hai phuong vuéng géc nhau di qua tam nguén dé thuc hién
phép bién déi wavelet lién tuc mét chiéu (1-D) nham udc lugng hinh dang, d6 sau va kich thudce
theo phuong ngang ctia nguédn. Sau do, st dung thuat toan Marquardt d€ gidi bai toan nguoc
bang phuong phép binh phuong t6i thi€u nham xac dinh thém céc théng sé dac trung khéc clia
nguodn nhu: kich thudce theo phuong thang ding va vecto tirhda du. Do tin cdy ctia phuong phép
dé xuét dugc kiém ching qua cac mé hinh ly thuyét trudc khi dp dung phan tich di liéu ter hang
khéng & vung Tay Nam Bo. Cac két qua minh giai cé sai s6 binh phuong trung binh (Rmse - Root
mean square error) nho, phu hop vai tai liéu 16 khoan sau, gop phan luan giai tét hon vé ban chat
dia chét clia cac nguén dj thuong ti trong khu vuc nghién ctu.
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toan Marquardt, vecto tir hda du, vi d6 thap

MG PAU

Trong nhiing nghién ctiu co ban cua bia Vat ly tham
do, viéc giai bai todn ngugc trudng dia tl gitt mot vai
trd quan trong, gép phdn minh gidi mot cach dinh
lugng cac thong s6 ddc trung clia ngudn trudng gay
ra di thuong khéo sat gém vi tri, d6 sau, hinh dang
tuong doi, kich thudc, va vecto tit hoa du. Day la bai
toan da tri nén da c6 nhiéu phuong phap dugc dé xuit
dé gidi quyét no, trong d6 c6 phép bién dsi wavelet.
Phép bién d6i wavelet dugc ting dung trong Dia Vit
ly 1an d4u tién vao nhiing ndm d4u thip nién 80 clia
thé ky thia 20 d€ phan tich cac tin hiéu dia chin 1 K&
tit d6, nhiing tién by dang ké trong todn hoc da gop
phén lam cho ly thuyét wavelet dugc ting dung trong
nhiéu linh vuc khic nhau®?
dii liéu truong thé (trong d6 c6 trudng di thudng ti),
phép bién d6i wavelet dugc st dung dé loc nhiéu, tach
truong dia phuong ra khoi truong khu vic quan st,
dinh vi cdc nguén dong nhit cung cac thudc tinh cua

. Trong viéc minh giai

ching®>.

Vé6i dit liéu ti vung vi d¢ thép, d€ dua di thudng tu
vé dang d6i xting véi vi tri cta di thudng nam trén
ngudn, ngudi ta thudng st dung phép chuyén trusng

vé€ cuic; vi 6 do, ca hai vecto cudng do tii héa va trudng
tli ctia Tréi d4t cé phuong thing diing. Tuy nhién,
& vung vi d6 thdp phd bién d¢ cta todn tu bién déi
trudng vé cuc bi khuéch dai & tin s6 cao (46 dai séng
ngan) c6 dang mot hinh quat hep, hé qua 1a tao ra
cac di thuong gia kéo dai theo phuong cta tu thién.
Do d6, da c6 nhiéu phuong phép bién d6i trudng &
vung vi d¢ thdp dugc dua ra d€ khic phuc khuyét diém
nay, tuy nhién hau hét cac phuong phap nay chua giai
quyét dugc mot cach triét d€ cac kho khin cta viéc
chuyén trudng vé cyc®.

Trong bai bao nay, phép bién ddi wavelet lién tuc dugc
stt dung két hgp véi thuat toan Marquardt” d€ giai bai
todn ngugc thim do ti nhim xdc dinh céc thong s6
déc trung ctia nguodn gy ra di thudng gom vi tri trén
binh d6, d6 sau, hinh dang, kich thudc ba chiéu, va
vecto tit hoa du.

VAT LIEU VA PHUONG PHAP

Phép bién ddi wavelet lién tuc

Phép bién d6i wavelet lién tuc mét chiéu (1-D CWT,
One-dimensional continuous wavelet transform) 1a
mot anh xa bién tin hiéu mot chiéu theo khong gian

Trich dan bai bao nay: Tin D Q C, Dau D H, Ngan P N, Hai N T, An D. Phéan tich dit liéu tir viing vi dé thap
st dung phép bién ddi wavelet va thuat toan marquardt. Sci. Tech. Dev. J. - Nat. Sci,; 5(2):1216-1230.
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f(x) € L*(R) thanh ham hai chiéu W (a,b) & dang
tich chép:

w (Ll,b) = jj;of(x) Yab (x) dx
= (f (%) [Wap (%))

Trong d6, Y, (x) 1a wavelet con cia wavelet me ¥ (x)

(1)

G ti1é a va dich chuyén b, véi:

Vs (x) = %w(’“;b) @

W (a,b): hé s6 bién d6i wavelet lién tuc ctia f (x); a €

R™: tham s6 ti 1¢ (nghich d3o cla tdn s8) dic trung

cho su dan (a>1) hodc nén (a<1) wavelet; b: tham s6
dich chuyén, cung cdp thong tin vé vi tri ctia ctia s6
wavelet dugc tinh tién; La: hé s6 chudn hoa.

Phép bién d6i wavelet lién tuc hai chiéu (2-D CWT)
duoc cho bdi biéu thic:

W (a,bx,by) = (3)
LI p oy w (5 ) dxdy

— —by \ 5
%7 yt—l‘) la wavelet con ctia wavelet me

O day, v <
hai chiéu y (x,y); by, by 1a tham s8 dich chuyén theo
phuong x va phuong y.
Néu: y(x,y) = y(x).y(y) thi biéu thic (3) c6 thé
bién d6i thanh:

w (a,bx,by) =

rrlrzren o () el <
wr )

Biéu thiic (4) sé dugc théa man khi ép dung bién d6i
wavelet lién tuc 1-D trén hai phuong x, y riéng biét®.

Phuong phap cuc dai do I6n bién déi
wavelet

Trong xt ly anh, xdc dinh bién 1a mot budc rit quan
trong. Theo ly thuyét xti Iy anh, bién ctia dnh 13 nhiing
viing ma tai d6 cudng do sang c6 su thay d6i dot ngot
hodc mau sic cé su tuong phan manh. V6i nhiing tin
hiéu bién d3i theo khong gian gidng nhu dit liéu trong
luc, hay dit liéu dia tii, hodc dii liéu séng dia chén,...
nhiing diém ma bién d¢ cta tin hiéu thay d8i nhanh
hodc dot ngot dugc xem 14 bién ctia tin hiéu. Phuong
phép xdc dinh bién st dung bién d6i wavelet dya trén
viéc tim vi tri trén ti 1& d6 ma tai d6 hé s6 bién d6i
wavelet dat cuc dai. Do d6 ky thuét xac dinh bién bing
phép bién d6i wavelet® con dugc goi la phuong phap
cuc dai do 16n bién d6i wavelet (WTMM). Ung dung
phuong phap nay, phén tich dii liéu ti gitp xdc dinh
vi tri, d§ sau va kich thudc ctia cdc ngudn di thuong.
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Ham wavelet phtic Farshad-Sailhac

Trong bai bao, ham wavelet phtic Farshad-Sailhac
dugc x4y dung '” dya trén nhan Farshad '':

1 1
0(x,z) = —

(e +22)"2 (2+E+1?) e

v6i phén thuc clia wavelet nay 1a dao ham cdp hai

theo phuong ngang ctia nhan Farshad va dugc tinh
bdi biéu thic:
226 (x,z
W(F> (x) = %‘z:l
X
4252 1—2x2 (6)

S W) @)

va phin 4o chinh 12 bién d6i Hilbert ctia phan thuc 2:
v (x) = Hilbert (!V(F) (x)) (7)

Vay, dang cu thé cta wavelet phtic Farshad-Sailhac
duogc cho bdi biéu thic sau:
4247 1-242 (8)

II/(FS) (x) = w0 " )™

(343 | —L 1
+1.(2x 5x){(ﬂ+4)5/2 (x2+|)5/2]

Wavelet phtic Farshad-Sailhac sé dugc st dung trong
phuong phép cuc dai d0 16n bién ddi wavelet nhim

x4c dinh vi tri, chi s6 cdu tric, do sau va kich thudc
theo phuong ngang ctia ngudn di thuong tir.

Thuat toan Marquardt
Muc dich cuéi cung ctia viéc minh giai dia chat cac tai
liéu Dia Vat Iy néi chung, véi tai liéu tli néi riéng la
cén phai tim ra nhiing tham s6 thuc ctia nguén gy ra
di thudng da quan sat dugc. Céc nha bia Vat ly vin
thuong goi la giai bai todn ngugc. Cé thé mo ta cach
giai bai todn ngugc bing biéu thiic sau:
2
F= (2T @y - T (x0.a)]?) @)
min

V6i x, y toa d0 di€m quan sat, a; 1a tham s6 clia mo
hinh.
Trong biéu thiic (9), diéu kién d€ ham F c6 cyc tiéu
la:

JdF > [qu (x7Y) - nt} aTll

da Bak

S (10)

=0
Phuong trinh (10) khong phai la tuyén tinh déi véi
Tj; nén viéc cyc tiéu hoa phiém ham F dugc thuc hién
béng qud trinh tinh lp trén co s& thay d6i céc tham s6
ctia mo hinh theo mot quy luét, trong do, gia tri tham
s6 & lan ldp sau I+1 dugc tinh duya vao gid trj 14n ldp
trudc d6 theo cong thic:

(11)

a1k =ajx—D grad [F (ay)]
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O day ala cac tham s8; a; 4 1 4 12 tham s6 a tailan tinh
ldp tha [+1; D la ma trdn d6i xting Hessian (MxM)
phén ta:

2

_ . 12
8ak8a1’ ( )

Dy k1=1,2,...M
Dé c6 thé dam bao chic chin rang cho ham F tién
vé cuc tiéu thi ma trdn D phai 12 ma trin xdc dinh
duong’. Pay ciing 13 noi dung quan trong nhét ctia
thuat toan Marquardt. Diéu kién rang budc nay dugc
thuc hién bang cach dua vao tham s6 A > 0 du 16n
sao cho:

(13)

Dy, =Dy (14+A) khil =k
Dy, =Dy khil #k

Thong thudng cac phan tii ctia Dy, c6 gia tri nho, viéc
dua A vao theo quy luét trén 1am cho ma trn nay luon
dam bao tinh xdc dinh duong. Sau mdi lan ldp cac
tham s6 ctia m6 hinh dugc thay d6i va tinh 7j, r6i so
sanh v6i trudng quan sat, néu ham F sau méi 14n lap
nho hon lan trude (F; < Fj_1) thi tham s6 a; mdi lai
dugc dua vao vong lap tiép. Qua trinh tinh tiép tuc
cho dén khi ham F dat gia tri di nho.

Quy trinh phan tich cac di thudng tir ving
vi d6 thap bang phép bién déi wavelet va
thuat toan Marquardt

Viéc xac dinh cac thong s6 ctia nguodn di thudng tii st
dung bién d6i wavelet va thuat todn Marquardt c6 thé
tom lugc trong quy trinh gom céc budc sau:

Budc 1: Xac dinh toa do tdm ngudn di thuong theo
kinh d6 va vi dé.

Thuc hién bién ddi wavelet Farshard-Sailhac 2-D trén
dii liéu di thuong ti. Vé ban do trudng ctia hé s6 bién
d6i wavelet 2-D & céc ti 1é khdc nhau theo kinh d6 va
vi d¢. Xdc dinh toa do tm ngudn tit cac diém cyc dai
dia phuong ctia hé s6 bién déi wavelet trén cdc ban do.
Budc 2: Phan tich chi tiét cdc ngudn viia dinh vi &
buée 1, nhim xdc dinh chi s§ cdu tric, hinh dang
tuong doi, kich thudc va do sau ctia chung.

Trich xuét dii liéu di thuong doc theo céc tuyén khac
nhau di qua tim ngudn d€ thyc hién bién d6i wavelet
Farshad-Sailhac da phén gidi. Vé ding tri va dng
pha hé s6 bién d6i wavelet Farshard-Sailhac trong mit
phing ti1é d6 (a, b).

Uéc lugng kich thudc cia nguédn di thuéng
theo cac tuyén dugc chon

Trén d6 thi ding pha, xdc dinh cic diém cuc dai ctia
hé s6 wavelet thanh phan pha & hai bién trai va phai
tuong tng la: bx(t) va bx(p) (néu phan tich di liéu
theo phuong x) hodc by(t) va by(p) (néu phan tich

dii liéu theo phuong y). Khi do, kich thudc ctia nguon
theo hai phuong x, y dugc xac dinh bi biéu thic sau:

Dy=[bx(p) —bx ()] x A (a)

Dy~ lby(p) by xa ) Y

Tinh chi s8 ciu tric va uéc luong hinh dang
tuong ddi cia cac ngudn

Véi méi ngudn, vé dudng biéu dién log (W /a?) theo
log(a+z), v6i W 1a hé s6 bién d6i wavelet tinh
tai cac diém lan can toa do nguodn di thuodng, tit do
xdc dinh hé s6 goc B (cang chinh 1a bac dong nhit
clia nguén trudng) ctia didng thdng cé phuong trinh
log (W /a*) = Blog(a+z)+c, sau d6 udc tinh chi s§
ciu tric'?: N = — — 3 (15), qua d6 uéc lugng hinh
dang tuong d6i ctia ngudn (Bang 1).

Xac dinh d6 sau cia cac nguédn trudng

Vi tling nguon, chi sé cdu triuc N da dugc xdc dinh,
tinh hé s6 k1°.

k=~ —0,1078.N2+0,7782.N —0,4711 (16)

T d6 thi dang tri x4c dinh diém cuc dai hé s6 bién d6i
wavelet a,,. Khi d6 d¢ sau ctia méi ngudn di thudng
sé dugc udce lugng nhu sau:

2=k (am-2\) 17)

Budc 3: St dung thuét todn Marquardt dé giai bai
todn ngugc nham xdc dinh thém cdc thong s6 dic
trung khac ctia nguén di thuong ti gom: kich thude
theo phuong z va vecto tit héa du. Viéc giai bai toan
ngugc bang thuat todn Marquardt dugc thuc thi bing
phan mém Potent v4.16.07, cung cdp bdi cong ty Gidi
phép phdn mém Dia Vat Iy ctia Uc (Geophysical Soft-
ware Solutions Pty. Ltd, Australia).

KET QUA VA THAO LUAN

M hinh ly thuyét

DéE kiém chiing do tin cay ctia phuong phap dugc dé
xudt, nhiéu mo hinh Iy thuyét khac nhau da dugc thu
nghiém gom: cac nguodn di thuong don cé hinh dang
khac nhau nhu: khéi cdu, khéi lang tru chi nhit, via
mong; nguodn di thudng tit gobm céc vét thé c6 hinh
dang khac nhau phén b6 khdéng qué gan nhau. Ngoai
ra, nham lam ting tinh thuyét phuc cta két qué khi
phén tich, nhiéu ngiu nhién ciing dugc dua vao di
liéu m6 hinh. Sai s6 binh phuong trung binh thu
dugc tit két qua phan tich cac di liéu mo hinh 4y la
nho chiing t6 phuong phap phén tich 1a dédng tin cay.
Trong khuon khd bai viét nay, két qua xu ly trén hai
mo hinh ly thuyét dién hinh sé dugc gi6i thiéu.
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Bang 1: Chi s6 cau truc N ctia nguén di thudng tir va hinh dang tuong iing '3

Hinh dang
Hinh ciu hodc khéi hop vuong
Hinh tru tron hoéc lang tru dai

Via mong

Chi s6 cdu tric N
3
2

1

Mb hinh 1: Nguén di thuéng tir don

Trong mo hinh nay, nguén trudng la mét khdi lang
tru hinh ch@ nhét déng nhit dugc biéu dién trong
hé toa do ba chiéu x, y, z (km). Trong d6: truc Ox
hudng theo cuc Bic dia ly, truc Oy huéng Pong, truc
Oz huéng thing diing xudng duéi.

Mang luéi quan sat: x = 0:2:100; y = 0:2:100; z = 0.
Khéi ling tru: x = 45-55; y = 45-55; z = 1,5-4,5.

Gia st vecto tu hoa cta khéi lang tru va cta trudng
dia tii c6 cling hudng véi do tit khuynh I = 4% géc
phuong vi A = 07; cudng d¢ tit hdéa J =2,6 A/m.
Nhiéu dugc tao béi ham random trong Matlab nhan
cho 2,0% d¢ 16n cuc tri ctia di thuong phan tich (cuc
dai ctia nhiéu tuong duong 7,0 nT).

Hinh la mo6 t& di thuong tu cta khoi ling tru dong
nhit giy ra trén mit phdng quan st. Sy phéan b6 cac
duong déng tri ctia di thudng nay thé hién tinh ludng
cuc, gdm mot di thudng 4m nam gitia hai di thudng
duong; cac di thudng c6 dang elip det va ndm léch véi
hai truc x, y so v6i tam nguén.

Ap dung bién d6i wavelet 2-D (cong thtic 4) trén
dii liéu di thuong ti (sii dung ham wavelet Farshad-
Sailhac trong cong thiic 8). Két qué vé déng tri hé s6
bién d6i wavelet 2-D & ti 1é a = 3 dugc thé hién trong
Hinh 1b cho thédy ton tai duy nhit mét diém cuc dai
hé s6 bién d6i wavelet - tuong tGing voi vi tri clia tAm
ngudn: (x =50,0; y =50,0) (km). Nhu vay, cuc dai clia
hé s6 bién d6i wavelet 2-D trén dii liéu di thudng tu,
si dung ham wavelet Farshad-Sailhac cho phép xdc
dinh chinh xédc vi tri tim ngudn trén mit phdng quan
sat trong di€u kién ti hoa nghiéng, ddc biét véi goc tit
khuynh nho.

bé xac dinh chi s6 cu truc, ude lugng do sau va kich
thudc ctia ngudn, di thuong ti doc theo cac tuyén
y (phuong Bac - Nam), x (phuong Déng - Tay) di
qua tim mdi ngudn sé dugc chon d€ phén tich, trong
d6 di thuong doc theo tuyén y sé dung dé€ tinh chi
s6 cdu trac, udc lugng do sau va kich thudc (theo
phuong kinh tuyén - kich thuéc doc) va di thuong
doc theo tuyén x chi dung d€ uéc lugng kich thude
theo phuong vi tuyén - kich thudc ngang. Tuy nhién,
vat thé gay tit dugc thiét ké trong mo hinh dang déng
thudc trén mat phdng quan sat (Oxy), nén chi phan
tich di thuong doc theo tuyén y.
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Hinh 2a thé hién di thudng tit doc theo tuyén y = 50,0
km di qua tdm nguon di thuong. Di thudng c6 phin
duong - am - duong, trong d6 cuc tri am & gan km
thii 50 ctia tuyén (gin tAm ngudn).

Hinh 2b 1a dudng biéu dién cta log(W/a®) theo
log(a+z). Dua vao phuong trinh dudng thdng Y =
-4,7.X + 12,4 ta udc lugng dugc bac dong nhit cta
nguodn la f = -4,7; tit d6 tim dugc chi s6 ciu truc: N =
1,7 (cong thiic 15); suy ra: k = 0,5403 (cong thtic 16).
Hinh 2¢ cho phép xac dinh dugc vi tri difm cuc dai
hé s6 bién do6i wavelet: a = 2,8 = a,,,; do d6 d6 sau dén
tdm nguon tinh dugc 1a: z = 3,0 km (cong thiic 17).
Ngoai ra, gia tri bién trai va bién phai dugc xac dinh
dé dang trén Hinh 2d cho phép uéc lugng kich thuéce
ctia ngudn theo cong thiic (14a): Dy = 10,0 km.

Vi ngudn gay ra di thudng trong moé hinh c6 dang
déng thudc trén mit phing quan sat nén Dy, = D, =
D.

Tiép theo st dung thuat todn Marquardt d€ xac dinh
kich thudc theo phuong z, ciing nhu vecto d¢ tit hoa
ctia ngudn (cac thong s6 vé vi tri, hinh dang, kich
thudc theo hai phuong x, y dugc giti ¢6 dinh).

Két qua tinh toan sau 50 vong ldp dugc trinh bay &
Hinh 3 va Bang 2.

Nham tang tinh thuyét phuc cta phuong phép dugc
dé xudt, nghién ctu sé tiép tuc thuc hién trén cic s6
liéu mo hinh dugc tao bdi nhiéu ngudn trudng dugc
bé tri theo cac phuong khac nhau.

Mé hinh 2: Nguén di thudng tir gém cac vt
thé ¢6 hinh dang khac nhau phan bé khéng
qua gan nhau

Trong mo hinh nay, nguén trudéng gém ba khoi vét
chét dong nhat khic nhau dugc biéu dién trong hé toa
do ba chiéu x, y, z (km) véi cac thong s6 dugc cho bsi
Bang 3.

Vectd tit hda chia cac vat thé co cung goc tit khuynh 1
= 47, nhung géc phuong vi A khdac nhau.

Mang lué6i quan sat: x = 0:2:100; y = 0:2:100; z = 0.
Nhiéu dugc tao béi ham random trong Matlab nhan
cho 3,0% d¢ 16n cuc tri cta di thudng phan tich (cuc
dai ctia nhiéu tuong duong 12,0 nT).

Hinh 4a th€ hién di thudng tii toan phan tinh dugc tu
mo hinh 2. Dj thudng nay van thé hién tinh luéng cuc
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Hinh 1: a) Di thudng tir do khdi lang tru dong nhat gay ra trén mat phdng quan sat; b) Dang tri hé s6 bién déi

wavelet 2-D trén dir liéu di thuong tu & tiléa = 3.

Bang 2: Tong hop két qua phan tich cac théng sé ctia mé hinh 1

Chi s6 Hinh Kich thudc (km) Do sdu  Vecto tii héa Sai sO
cdu tric  dang dén mat binh
N trén phuong
(km) trung
binh (nT)
Dy Dy D, J(A/m) A (%) I(°)
1,7 Lang 10,0 10,0 3,1 1,5 2,2 -0,2 4,2 2,094
tru
Bang 3: Cac théng sé ciia mé hinh 2
S6 hiéu Thong s6 Toa do (km) Goc phuong vi (%)
Vat thé X y z
N1 Lang tru 67-73 47-53 1,0-5,0 15
N2 Khéi cau 37-43 37-43 1,5-7,5 0
N3 Via ngang 45-55 55-65 2,0-3,0 -15

khé 16 rang. Dua vao sy phan b6 clia cdc dudng déng
tri ta xac dinh dugc thé ndm ctia cic vét thé, tuong
ung véi cac goc phuong vi trong Bang 3. Tuy nhién,
rét kho xdc dinh chinh xdc dugc tdm cling nhu hinh
dang va kich thudc cua cac vét thé.

Ap dung phép bién d6i wavelet 2-D trén tin hiéu di
thudng tli toan phan ctia moé hinh 2. Két qua vé déng
tri hé s6 bién ddi wavelet & ti 1¢ a = 3 dugc biéu dién
trong Hinh 4b cho thdy ton tai ba diém hoi ty, cho
phép xac dinh toa do tAm ctia ba nguon dugc thiét ké
trong mo6 hinh.

Dé xéc dinh chi 8 cdu truc, ude lugng hinh dang, do
sau va kich thudc clia nguon, di thudng tii doc theo
céc tuyén y (phuong Bic - Nam), x (phuong Dong -
Tay) di qua tAm mdi ngudn sé dugc chon dé phan tich,
trong d6 di thudng doc theo tuyén y sé dung dé€ tinh

chi s6 céu tric, udce lugng do sau va kich thudce (theo
phuong kinh tuyén - kich thudc doc) va di thuong
doc theo tuyén x chi dung dé€ uéc lugng kich thuéde
theo phuong vi tuyén - kich thuéc ngang. Tuy nhién,
cdc vat thé gy tit dugc thiét ké trong md hinh déu c6
dang dang thudc trén mit phing quan sat (Oxy), nén
chi phén tich di thuong doc theo tuyén y.

Hinh 5a thé hién di thudng tii doc theo tuyén y2 =
40,0 km di qua tAm ngudn di thuong N2. Dj thudng
c6 phan duong - 4m - duong, trong d6 cuc tri am &
gan km thi 40 ctia tuyén (gin tim ngudn).

Hinh 5b la duong bidu dién cta log(W/a?) theo
log(a+z). Dua vao phuong trinh dudng thing Y =
- 6,0.X + 14,2 ta udc lugng dugc bac dong nhit cta
ngudn 1a f = -6,0; tit d6 tim dugc chi s cdu tric: N =
3,0 (cong thic 15); suy ra: k = 0,8933 (cong thiic 16).
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Hinh 2: Cac d6 thj thé hién két qua x{ ly tuyén y =50,0 km. a) Dj thudng tir doc theo tuyén; b) Tuong quan gitta
log(W/a?) va log(z+a); ¢), d) Béng tri va déng pha hé s6 bién ddi wavelet trén tin hiéu di thuong cta tuyén.

Hinh 5c¢ cho phép xac dinh dugc vi tri diém cuc dai hé
s6 bién d6i wavelet: a2 = 2,6 = a2,,; do d6 do sau dén
tam nguon tinh dugc la: z = 4,6 km (cong thiic 17).
Ngoai ra, gia tri bién trdi va bién phai dugc xac dinh
dé dang trén Hinh 5d cho phép uéc lugng kich thudce
ctia ngudn theo cong thic (14a): Dy = 5,8 km.

Dé phén tich nguén N1, di liéu doc theo tuyén yI =
50,0 km di qua tdm nguén dugc chon dé€ thuyc hién
phép bién d6i wavelet 1-D.

Tuong tu, di liéu doc theo tuyén y3 = 60,0 km di qua
tdm ngudén N3 dugc chon d€ phan tich céc thong s6
ctia ngudn N3.
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Thuyc hién céc phép tinh tuong tu nhu khi phén tich
cdc thong s6 clia ngudn N2 d€ phan tich nguén N1
va N3 ta dugc cac thong s6 vé hinh dang, kich thudc
theo hai phuong ngang, doc va d) sdu dén tAm ngudn.
Cac thong s6 nay dugc stt dung khi ap dung thuat
todn Marquardt d€ xdc dinh kich thudc theo phuong
z, cling nhu vecto d6 ti hoa clia nguén. Viéc nay
giup han ché dang ké tinh da tri ctia viéc giai bai toan
ngugc, ciing nhu rut ngan thoi gian tinh toan.

Sau 50 vong ldp, két qua tinh todn dugc trinh bay &
Hinh 6 va Bang 4.

Cac két qua tinh todn chi ra trong Bang 4 khéng dinh
do tin cdy cao ctia phuong phép (sai s6 binh phuong
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Hinh 3: Minh hoa su trung khdp gitia di thudng tinh (dudng lién nét mau do) va di thudng quan sat (nét dit mau

xanh). a) Tuyén y = 50,0 km; b) Tuyén x = 50,0 km.
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Hinh 4: a) Di thudng tir ciia md hinh 2 cé tron nhiéu; b) Déng tri hé s6 bién d6i wavelet 2-D trén di liéu di thudng

tratilea=3.

trung binh gitia di thuong tinh va di thudng quan sat
thép).

Cong viéc tiép theo la ting dung phuong phap wavelet
va thuat toan Marquardt vao viéc minh giai dii liéu tu
& ving Ty Nam Bo nhdm khing dinh kha ning ting
dung thyc tién ctia phuong phép dugc dé xuit.

Phan tich dit liéu tir ving Tay Nam B

St dung ban d6 di thudng tii toan phan vung Tay
Nam B¢ véi ti 1é 1/200.000 ctia Téng cuc Dia chat va
khoang san Viét Nam, dugc do va hoan thanh nam
1992 (Hinh 7). Thiét bi do la tit ké proton ndm trén
may bay, do cao trung binh dén mit dét 1a 300 m '
Khu vyc dugc chon phén tich chi tiét (6 chi nhat
mau den trén Hinh 7) c6 toa d¢ trong khoang 9,56 -
10,04° vi Bac va 105,937 - 106,54 kinh Pong thudc
dia phan ba tinh: Séc Trang, Tra Vinh, Vinh Long
(Hinh 8). Trong khu vuc ton tai 3 di thuong don,

mbi di thudng c6 3 d6i duong - am - duong sip xép
theo phuong kinh tuyén, trong d6 d6i duong 6 gitiala
phén giao nhau ctia 3 di thuong c6 dang kéo dai theo
phuong vi tuyén. Déi dm cta 3 di thudng (gin tAm
vat thé gay tir) phan bd khong qua gan nhau.

Ap dung phép bién ddi wavelet Farshad-Sailhac 2-D
trén dii liéu di thuong tii & ving Tay Nam B¢ véi cac
ti 1¢ khac nhau. Hinh 9 1a ban d6 truong hé s6 bién
d6i wavelet 2-D ving Tay Nam B & cac ti 1é a = 3.
Bén d6 cho thdy sy hoi tu cac dudng ddng tri vé tim
ngudn.

Duya vao cac diém cyc dai dia phuong hé s6 bién d6i
wavelet trong khu vic nghién ctiu, toa d6 tdm 3 ngudn
di thuodng (theo kinh d¢ va vi d6) da dugc xac dinh.
Cu thé& M1 (106,03%; 9,62°), M, (106,46°; 9,71°), M3
(106,12°; 9,93°).

Dé udc lugng hinh dang, d6 sau va kich thudc ctia vét
thé gay ra di thudng ti M1, mot tuyén di liéu (K3a)
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Hinh 5: Cac d6 thi thé hién két qua xr ly tuyén y2 =40,0 km. a) Di thuéng ti doc theo tuyén; b) Tuang quan gilta
log(W/a?) va log(z+a); ¢), d) Dang tri va ddng pha hé sé bién ddi wavelet trén tin hiéu di thudng ctia tuyén.
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Hinh 6: Minh hoa su trung khdp gitia di thudng tinh (dudng lién nét mau do) va di thudng quan sat (nét dit mau
xanh). a) Tuyén x = 40,0 km; b) Tuyén x = 70,0 km.
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Bang 4: Téng hgp két qua phan tich cac thong sé cia mé hinh 2

S6 Chi s6 Hinh Kich thudc (km)
hiéu cdutruc  dang
N
D, D, D,
N1 1,7 Lang 6,0 6,0 4,1
tru
N2 3,0 Cau 5,8 5,8 6,0
N3 1,2 Via 10,0 10,0 1,0

D6 sdu dén  Vecto tit hoa Sai s6 binh
mat  trén phuong trung
(km) binh (nT)

J A (%) 1(%)

(A/m)
1,0 2,3 13,8 38 3517
1,5 2,3 -0,1 4,1
2,0 2,3 -17,6 3,9

doc theo kinh tuyén 106,03° va tuyén (V3a) doc theo
vi tuyén 9,62° (di qua tam ngudén M1) dugc trich xuét
tii ban d6 di thudng tit ving Tay Nam B¢. Khoang
céch gitta cac diém do trén mdi tuyén déu bang nhau
=2,0 km (vi ban dé ti 1 1/200.000).

Hinh 10a cho phép xdc dinh toa d6 diém cuc dai: al
=3,5=al,.

Bac dong nhit ctia nguén M1 dugc xdc dinh tu
Hinh 10b tuong tingla 8| = -4,7; suy ra chisd cdu truc
N = 1,7 (lang tru); tit d6 udc tinh dugc: k; = 0,5403.
Do sau dén tdm ngudn dugc udc lugng tii cong thiic
(17), sau d6 hiéu chinh d6 cao may bay 0,3 km.

Hinh 4.11a va 4.11b biéu dién két qua vé déng pha hé
s6 bién d6i wavelet trén di liéu di thudng doc theo
tuyén K3a va V3a, cho phép xdc dinh vi trf cac bién
trdi, phai tuong tng: bxI(t) = 15,3; bxl(p) = 19,9;
byl(t) = 15,3; byl(p) = 18,9. Tu do, kich thudc theo
phuong x (Bic - Nam) va phuong y (Pong - Tay) dugc
uéc lugng theo cong thiic (14a) va (14b):

Dy = (19,9—15,3) x 2,0 = 9,2 km
Dy = (18,915,3) x2,0=7,2 km

Tuong tu v6i ngudn di thudng M2, M3 dii liéu theo
tuyén (K3b); (V3b) va (K3c) va (V3c) dugc chon dé
phén tich dinh lugng bing phép bién ddi wavelet
Farshad-Sailhac 1-D.

Céc thong s6 clia ngudn xac dinh ti phép bién d6i
wavelet (toa do tam nguodn, hinh dang, kich thuéc
theo hai phuong ngang va doc) dugc st dung khi ap
dung thuét todn Marquardt d€ xdc dinh thém kich
thudc theo phuong thing dling, ciing nhu vecto d¢
tii héa du cua nguon.

Sau 50 vong ldp, két qua tinh toan dugc trinh bay &
Hinh 12 va Bang 5.

Trong khu vic nghién ctiu, ¢6 mét 16 khoan sau - Ctiu
Long 1 (106,32° b; 9,62° B). L6 khoan nay dat dén do
sau t6i mong da ctia khu vuc 1a 2,1 km. Theo thong
tin tif cot dia tAng ctia 16 khoan nay !> (Hinh 13), trong
khoang d6 sau 2,0 km 1a cdc d4 phun trao trung tinh

thudc hé tdng Long Binh tudi J3-K;_» bao gbm An-
desite, Ryolite, Andezito, Porphyrite. Nhu véy, d¢ sau
ctia ngudn cac ngudén M1, M2 va M3 dugc phén tich
trong bai bdo kha triing khép véi tai liéu 16 khoan sau

ctia vung nghién ctu.
KET LUAN

Trong bai bao, phép bién d6i wavelet lién tuc 2-D st
dung ham wavelet phtic Farshad-Sailhac da dugc ap
dung d€ phén tich di liéu tit viing vi d¢ thdp nhim
dua di thuong dang ludng cuc (g6m 3 déi duong - am
- duong) vé dang ddi xting, trong d6 tim nguén dugc
xé4c dinh tii diém cuc dai hé s6 bién d6i wavelet. Tu
do, dii liéu di thudng doc theo hai tuyén vudng goc di
qua tdm ngudn doc theo kinh tuyén va vi tuyén dugc
trich xuét d€ phén tich dinh lugng bing phép bién
d6i wavelet 1-D st dung ham wavelet phtic Farshad-
Sailhac nhdm xac dinh cic théng s6 co ban ctia nguén
gém: chi s6 cdu tric, hinh dang, kich thudc ngang
theo hai phuong vudng goc va do sdu. Cac thong s6
nay dugc st dung khi giai bai toan ngugc dp dung
thuét todn Marquardt (gép phan giam thiéu tinh da tri
va thoi gian tinh todn) nhim xdc dinh thém cdc thong
s6 khac ctia ngudén nhu: kich thudc theo phuong
thdng ding, vecto tit héa du. Sau khi kiém chiing d6
tin cdy qua cdc mo hinh ly thuyét, phuong phap dé
xudt da 4p dung thanh céng d€ minh giai di liéu do
ti hang khong ¢ vung Tay Nam Bd. Két qua minh
giai c6 muic 49 chi ti€t kha phong pht, véi sai s6 binh
phuong trung binh thép va phu hgp véi thong tin 16
khoan sau ctia ving.

LO1 CAM ON

Tac gid cam on cong ty Gidi phap phan mém bia Vit
ly ctia Uc (Geophysical Software Solutions Pty. Ltd,
Australia) da hd trg mot licence d€ van hanh phan
mém Potent v4.16.07, gop phdn nang cao hiéu qua

nghién cuiu.
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10.5+

104

Hinh 7: Ban d6 di thudng tlr ving Tay Nam B6 '# (céc dudng dang tri cach nhau 50 nT).

106 1065

Bang 5: Téng hop két qua phan tich cac théng sé nguén di thudng M1, M2 va M3

(nT)

Théng  Chiso Hinh

S5 cdu dang
truc N

S6

hiéu

M1 1,7 Lang

tru
M2 1,3 Via day
M3 1,4 Via day

Kich thudc (km)
D, D,
9,2 7,2
5,8 7,1
5,7 7,1

D,

3,9

0,5

0,6

Do sdu  Vecto tit hda
dén mit

trén (km)
J A (%)
(A/m)
1,7 1,8 8,3
2,0 1,6 -19,9
2,2 1,2 14,0

1(%)

3,5

Sai s6 binh
phuong
trung binh
(nT)

34,781
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105,939

(nT)

250
200
150

Hinh 8: Di thudng tif & S6c Trang — Tra Vinh - Vinh Long 4.

DANH MUC TU VIET TAT

1-D (One-dimensional): mot chiéu

2-D (Two-dimensional): hai chiéu

CWT (Continuous Wavelet Transform): phép bién
d6i wavelet lién tuc

WTMM (Wavelet Transform Modulus Maxima): cuc
dai d6 16n bién d6i wavelet

XUNG DOT LOIiCH TAC GIA

Cac téc gia tuyén bd ring ho khong cé xung dot loi
ich.

PONG GOP CUA TUNG TAC GIA

Duong Quéc Chanh Tin: Nghién ciu ly thuyét, dé
xudt phuong phép, x4y dung quy trinh phén tich di
liéu, t6 chtc thuc hién quy trinh, thao ludn két qua,
viét va chiu trach nhiém vé bai béo.

Duong Hiéu D4u: Théo luan két qua, gop ¥ sta chita
ban thao.

Pham Ngoc Ngan: Ap dung quy trinh phan tich dit
liéu qua cdc mo hinh ly thuyét va thuc nghiém st
dung két hop phép bién d6i wavelet va thuat todn Mar-
quardt.

Nguyén Thanh Hai: Ap dung quy trinh phan tich di
liéu qua cdc m6 hinh Iy thuyét va thuc nghiém st dung
phép bién d6i wavelet.

Danh An: Ap dung quy trinh phan tich di liéu qua
cdc mo hinh ly thuyét va thuc nghiém st dung thuét
toan Marquardt.
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Interpretation for magnetic data at low latitude areas using
continuous wavelet transform and marquardt algorithm
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ABSTRACT

As analyzing geomagnetic data at low latitude areas for instance the Mekong Delta (latitudes <
11,079), significant problem is that both of the magnetization and ambient field are not vertical to-
Use your smartphone to scan this tally, making magnetic anomalies antisymmetrical and often skewed to the location of the sources.
QR code and download this article In this paper, two-dimensional continuous wavelet transform (2-D CWT), using Farshad-Sailhac
complex wavelet function is studied and applied for reducing the magnetic anomaly to a sym-
metrical one - this located on the source of the anomaly, and then determining the position of the
center of the object causing anomalies by wavelet transform modulus maxima (WTMM) method.
Next, magnetic data is extracted in two perpendicular directions passing through the center of
the source to perform one-dimensional continuous wavelet transform (1-D CWT) to estimate the
shape, depth and size of the source. Then, using the Marquardt algorithm to solve the inverse prob-
lem by least-squares method to further identify other characteristic parameters of the source such
as: vertical size, remanent magnetization vector. The reliability of the proposed method is verified
through theoretical models before application for analyzing the geomagnetic data in the Mekong
Delta. The results are consistency with deep hole data, having small root mean square error, con-
tribute to a better interpretation of the geological nature of the magnetic anomaly sources in the
study area.

Key words: low latitude, Marquardt algorithm, remanent magnetization vector, vertical size, 2-D
CWT
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