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AP DUNG PHEP BIEN POI WAVELET 2-D
PE TACH TRUONG DI THUONG TU

Ping Van Liét, Dwong Hiéu Pau’ va Pé Pire Cuong'
ABSTRACT

A measurement magnetic field may be composed by regional anomalies - corresponding to low
frequencies - and by local anomalies - corresponding to high frequencies. The initial step of the
magnetic interpretation was the separation of local or regional anomalies from the measurement
magnetic field.

The Wavelet transform can be used to decompose a signal into approximation components -
corresponding to high scales or low frequencies - and detail components - corresponding to low
scales or high frequencies. In this manner, the Wavelet transform can be used to separate the
local and regional magnetic anomalies. In this paper we used the Wavelet transform to separate
the local - regional magnetic anomalies in one area's offshore of South Viet Nam. The results
were compared with the ones calculated by a traditional method.
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Title: Application of the wavelet transform 2-D to separate the magnetic anomalies.

TOM TAT

Trweong tir quan sdt la chong chdp cia cdc di thuong tir khu vuee - iing vdi cdc tan sé thdp - va cac
di thwong tir dia phiong - iing voi cdc tdn s6 cao. Viéc tach cac di thwong ndy ra khoi di thuong
tir quan sat la can thiét trong viéc giai dodn cdc tai liéu vé trieong néi chung, truong tir, ndi riéng.
Trong phép bién doz Wavelet, tin hiéu dwoc chia thanh hai thanh phan thanh phan xdp xi - ung
voi ti 1¢ cao (tan $0 thap) va thanh phan chi tiét - img véi ti 1é thap (tan so cao). Viy cé thé sir
dung truc tiép phéo bién doi Wavelet dé tach truong. Trong bai ndy chiing t6i sir dung phép bién
d6i Wavelet 2-D dé thiee hién viéc tach truong cho mot vung bzen & Nam Viét Nam. Két qua duwoc
dem so sanh véi cdc két qua c6 dwoc bang phwong phdp truyén thong.

Tir khéa: Phép bién doi Wavelet, phén tich da phan gidi, di thwong dia phwong, di thwong khu vuc.

1 MO PAU

Trudng tir quan sat duoc 14 tong ciia cac ngudn truong tur nam duo6i mat dat. Tuy theo
muc dich nghién ciru, nguoi ta chi trong tdi cac nguodn truong tir gan mit dat hay ngudn
truong tor ndm ¢ sdu. Do do, viéc tach hai nhom nguén truong tir nay 1a can thiét trong
viéc phan tich cac tai liéu vé trieong di thirong tir ciing nhu truong trong luc. Nghién ctu
chinh xac truong tir tai mot dia phuong s& cho ta danh gia duoc cau tric dia tang cta noi
d6 cling nhu 1ap ban d6 khoang san dia phuong.

Céc phuong phap truyén thong thong dung (J.M. Reynolds, 1997) dé loai bo thanh phan
ctia ngudn truong khong mong mudn 1a phuong phap trung binh hoa (Griffin,1949),
phuong phap binh phuong tdi thiéu (Abdelrahman et al., 1991), phuong phap bién d6i
Fourier nhanh (Bhattacharyya, 1976) va phuong phap loc truy h6i (Vaclac et al.,, 1992).
Hai trong cac phuong phap méi dugc dua ra trong muoi ndm gan day gom phuong phap
phan tir hitu han (K. Mallick and K.K. Sharma, 1999) va phuong phap dung phep bién dbi
Wavelet (Fedi and Quarta, 1998); trong d6, phuong phap ding phép bién d6i Wavelet
dang duogc phat trién manh.
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Trong bai nay chung 61 sir dung phuong phap phén tich da phan giai (MRA) dé tinh phép
bién d6i Wavelet-2D va tmg dung dé tach truong di thuong tir khu vuc ra khoi truong di
thudng tir quan sat (Ucan et al., 2000).

2 PHEP BIEN POI WAVELET VA PHAN TICH DA PHAN GIAI

Truong di thuong tir quan sat dugc la sy chong chap cua cac truong di thuwong tir Sinh ra
boi nhiéu nguén trudng nim bén dudi mat dat Muc dich cta cong tac tham do 1a tim
kiém cac dbi tuong co kich thudc nhé nim gan mit dat. Truong tir cta ching thuong bi
che 1ap boi truong di thuong khu vuc sinh ra do cac ngudn trudong 16n hon va ¢ sau hon.
Trwong di thiong tir khu vyc 13 dbi twong cua cong viée nghién clru ciu tric dia chat sau
ctia khu vyc. Viée giai doan va l1ap mé hinh sd hoa trong viéc phan tich cac dbi tuong
néng, sdu s¢ phu thudc vao viéc tach trwong di thuong tue dia phuong - ing voi céc tan sb
cao - Va truong di thirong tir khu vuc - ing voi cac tan sb thip - ra khoi truwong di thuong
tir quan sat.

Cac ham Wavelet phai thoa mot s6 diéu kién toan hoc nhét dinh va dugc dung trong viéc
biéu dién dir kién hay cac ham sé khic. Theo nghia ndy, phép bién doi Wavelet dugc
dung dé phan tich mot tin hiéu thanh cac thanh phan c6 tan s6 khac nhau: thanh phan xap
X1 - ing voi ti I¢ cao (tén sO thép) va thanh phan chi tiét - Gmg véi ti 18 thap (tin s6 cao);

moi thanh phan dugc biéu dién tmg véi vi tri clia nd trong khong gian (hodc thoi gian).

Vay phép bién d6i Wavelet 1a mot cong cu dé c6 thé xac dinh mdi quan hé giira tan sd va
vi tri cua cac thanh phan ctia mot tin hiéu. Vi tinh chit co ban nay, phép bién doi
Wavelet c6 thé sir dung dé tach truong di thuong tir khu vuc hay trudong di thuong tir dia
phuong ra khoi truong di thudng tir quan sat nhu vira dé cap ¢ doan trén.

2.1 Phép bién doi Wavelet

Wavelet dugc dé cap boi Haar tir nam 1909, nhung n6 chi thuc sy phét trién trong xir 1y
tin hiéu s tir khi Mallat (1989) dua ra thuat toan hinh thap va cac co s& Wavelet truc
chudn va nhat 1a tir khi Daubechies (1990) ding cong trinh ctia Mallat dé tao nén mot tap
hop cic ham co s truc chudn Wawelet.

Mot 16p cic ham sb co binh phwong kha tich c6 thé biéu dién bang phép bién doi
Wavelet, 16p nay dugc ky hiéu 1a L%(R):

f(x)el’(R) = J|f(x)|2 dx < 0 )

—00

Mot ham sb Wavelet W(x) € LA(R) c6 hai tham sé dic truong 1a tham s ti 18 (gidn) (s) va
tham sb dich chuyén (vi tri) (t), chung thay d6i lién tuc. Cac ham Wavelet dung trong
phan tich & day xuét phat tir mét ham Wavelet co ban goi 1a ham Wavelet me (morther
Wavelet) bang cach thay doi hai tham s ty 18 va dich chuyén. Mot tap hop cac ham co s&
Wavelet v . (X) cho boi:

X—7

S jvéis,TeR, s#0 2

Ws,t (X) = i| \V(

|s

Trong do, tham s6 ty 18 (s) twong tng véi viéc nen hodc gidn tin hiéu va no 1a nghich dao
clia tan sb; ty 18 1on ng vdi thanh phan c6 tan s6 thap nén cho blet thong tin toan thé, ty
1é nho tmg voi thanh phan tan s6 cao nén cho biét thong tin chi tiét cua tin hiéu. Tham sd
dich chuyén (1) cho biét vi tri cta tin hiéu trong khong gian hodc thoi gian.
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Phép bién d6i Wavelet lién tuc caa mot tin hiéu cho béi :
W, (F) = (f,wi.) = [FOOWL . ()dx @)

Trong d6,* 14 ki hiéu lién hop phirc; s va © 14 hai tham s ty 1& (scale) va dich chuyén
(translation). W, _(f) con goi 1a hé s Wavelet va ky higu < > 14 tich noi (tich chap).

Phép bién d6i Wavelet nguoc cho bai:

f(x)=§ﬁw[x j () B @

1/2

co .

Voi C = l: I T |)| } < oo va I'(w) 1a bién doi Fourier cta y
®

Do nhu ciu tinh toan va xu 1y cac dir kién thuc trén may tinh, Daubechies (1990) dua ra
mot mot ho Wavelet quan trong duoc ding dé tinh bién d6i Wavelet roi rac (DWT). Theo
cach tiép can nay, ing v&i ham Wavelet y(x), nguoi ta dua ra mot ham s6 ti 18 d(x) duoc
ding dé tinh v (x) nhu sau:

DO(x) = Z_:ck D (2x—k) 5)
k=0
w(x) =Y (<D e, d@x+k—N+1) (6)

Vi N 14 s6 chan. Liic nay, cac tham s6 ti 1& (s) va tham s6 dich chuyén (1) 14 cac gia tri
roirac: s =8}, T = ktys), véik,j € Zvaso>1va 1,>0. Him Wavelet viét dudi dang
ro1 rac la:

1 X—krosé
WS’T(X)_EW( S(j) J (7)

Trong d6 k va j 1a cac sd nguyén xac dinh bac cua ty 18 va vi tri. Trong thyuc té thuong
chon sp=2 va t,=1 va dugc goi 1a vi tri va ti 1€ nhi phan, n6 lam cho viéc phan tich dugc

chinh x4c va hiéu qua. Luc dé, truc tan sb (ti 18) dugc phan thanh diy 1a lity thira cta 2.
Khi d6 bién d61 Wavelet ro1 rac c6 dang:

DWT(f) = ].if(X)(Z“"Zw(Z_j x k) Jdx 6)

—00

V61 yik (x) dugce xac dinh nghia nhu sau:

Wik (x) = 2_j/2‘lf(2_j x —K) )
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2.2 Phan tich da phan giai (Multi-Resotution Analysis)

Phép bién doi Wavelet dugc sir dung rong rdi khi Mallat (1989) dua ra thuat giai phan
tich da phan giai (MRA) dé tinh DWT. Vi MRA, khong gian L? (R) gom cac khong gian
gan dung lién tiép Vj. Ham ti 18 w(X)eVo hién hitu nhu sau:

D; (X)= 2712® (27 7x—k) voij,keZ (10)
V6i ham y(x) Vo < Vi c6 mot diy {h, } sao cho:
®(x) = 2> h, ®(2x-k) (11)
k
Day la phuong trinh sai phan ti I¢ hai. Ngoai ra, goi Wj la khong gian bu ctua Vj trong Vj+1

sao cho Vj:1=V;® Wjva @ W, =L*(R). Ttr ham Wavelet yj(x) va cling 13 mot phan tir
j=—o©

ctia Vo c6 mdt day {gk } hién hiru nhu sau:
Y(x)=2> g, P2x-k) (12)
k

Diéu nay cho théy ham f(x) c6 thé biéu dién véi cac ti 1¢ khac nhau cua mién tan sb boi
mét ho ham so tryc giao P(x). Bay gio, ching ta xét to1 cach tinh ham s6 trong khong
gian Vj bang cach chiéu tin hiéu 1an luot 1én Vj va Wj :

P, f(x) = D (f.@,, (0) P, () (13)

P, f(x) = z<f, ¥, (x)> ¥, (X) (14)

k

Do Vj = V31® Wj.1, nén ham gbc f(x) € Vo c6 thé viét lai:
J-1
f(x) = D (£, ) ®, (x) + > > (£,¥, ()P, (x) (>]o) (15)
k i ok
véi €y =(F, @, (X)) va dj, =(f, ¥, (X)) xic dinh boi:

1k \/Ezhi—Zij,k (16)

va dj,k = \/Ezgj—zkcj,k (17)
j

Thuét todn RMA st dung k¥ thuat loc s6 FIR véi bo loc thong thép st dung ham ti 1€
d(x) va bo loc th@ng cao st dung ham Wavelet y(x), chung tao thanh mgt phép loc goi 1a
phép loc guong cau phuong.

Do phai str dung hai bd loc, dé khéi luong tinh toan khong gia ting ngudi ta thyc hién
phép 1y mau xudng 2 cho tin hiéu can tinh bién ddi va khi 14y phép bién d6i nguoc thi
nguoi ta thuc hién phép ldy mau 1én 2, &é khoi phuc dung tin hiéu. So dd thuat toan néu
trong Hinh 1.
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x[n] =0-~w
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Hinh 1: Thuit toan RMA

2.3 Phén tich da phéan giai 2-D

Nguoi ta sit dung phép bién doi Wavelet 1-D dé tinh phép bién d6i Wavelet 2-D. Trudc
hét, nguoi ta lay bién ddi Wavelet 1-D cho tat ca cac hang {m5i hang gdm hai phép loc
thong thap (H) va thong cao (G)}; tiép theo, lay phep bién d6i Wavelet cho timg cot. Két
qua sau cung duoc tong hop dé tré thanh bién d6i Wavelet-2D cua tin hiéu. Goi x1, X2 1a
hai truc toa 6, H 1a phép loc thong thip, G 1a phép loc thong cao; phép bién ddi Wavelet-
2D duogc tinh cu thé nhu sau:

OV (x1,X,) = d(x,)P(x,):  HH (18)
WP (x5, %,) = 0(xW(x,): HG (19)
WO (xy0x,) = wix, (x,): GH (20)
v (x1,X,) =y W(x,): GG (21)

3 UNG DUNG PHEP BIEN POI WAVELET-2D TiNH TRUONG TU KHU VUC

Dir kién 1a gia tri cuong do tir toan phan do bang tir ké Varian V-4937 ¢6 d6 chinh xéc 1a
1y. Vung khéo sat nam gitra kinh do: 106°15'E — 107%40'E, vi do: 6°15'N — 7°40'N, rong
khoang 27.000 Km? & ving cuc Nam ctia ving bién Nam Viét Nam. Céc gia tri & goc
Pong-Nam khong c6 (trén ban db 1a gia tri ndi suy). Céc gia tri do dac dugce dua vé mang
6 vudng 36x33 diém v&i khoang cach dx = dy = 5Km.Trong vung di c6 ban d6 di thuong
tir va di thuong Bouguer ti 16 1/2.000.000 ctia Cong hoa Nhan dan Trung Hoa, ban d6 nay
chi dung dé tham khao vi ti 1é nho. Theo Uy ban hop tac tham do tai nguyén khoang san &
ving bién A Chau (CCOP, 1971) d tir cam cua d4 andesit 1a 4070, thach anh diorit 12 92,
gabbro 12 50 va granit 1a 15.10-6¢gs, do day cia 16p tram tich bién thién tir 1-5Km (D.V.
Liét, 2002).

Dung phuong phip MRA 2-D v6i ham Wavelet Daubechies-2 (M. Misiti et al., 1996) va
dimg lai 6 muc (tang) 1, cac gid tri xap xi s& cho gia tri cuong do tir khu vuc (Hinh 2).
Két qua cho thiy dj thu’ang tur khu vyc tap trung ¢ trung tdm va c6 khuynh hudng kéo dai
theo phuong ngang & phia bic ving khao sat. So sanh véi ban d6 tir khu vuc tinh bang
phuong phap trung binh hoa theo ban kinh chon 14 15,5Km (Hinh 3) cho thiy c6 su phu
hop cta hai phuong phap. Tuy nhién triong di thirong tir khu vuc tinh bang phuong phap
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Wavelet cho phép khao sat duoc nhiéu chi tiét hon (so sanh hinh 2 va 3), né cho thiy
truong khu vuc tinh dugc ndong hon truong khu vuc tinh bang phuong phap trung binh
hoa. Bé c6 thé tinh trudng khu vuc 6n dinh hon, c6 thé ting thém sb mirc 14y bién dd
Wavelet; tuy nhién, do ving nghién ctru nho nén khéng thé tinh trudng khu vuc & qua
Sau.
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Hinh 2: Trwong di thwong tir khu vue tinh bang phwong phap MRA 2-D
Hinh 3: Truong di thwong tir khu vue tinh bang phwong phap trung binh héa

4 KET LUAN

Qua két qua tinh toan trén cho thay c6 thé sir dung phép bién doi wavewlet 2-D véi thuat
toan RMA d¢é tinh truong di thuong tir khu vuc. Uu diém cia phuong phap 1a viéc tinh
to4n nhanh, khong can xéc dinh kich thudc t6i wu ctia ban kinh trung binh hoa, ciing nhu
khong can tinh phép bién d6i nguoc nhu phuong phap ding phép bién doi Fourier. Véan
de can quan tam khi s dung phuong phap 1a viéc chon luc ham Wavelet va viéc gioi han
s6 tang khi tinh phep bién d6i. Pé giai quyét vin dé nay, can c6 kinh nghiém trong tinh
toan va hiéu biét vé dia chit cua ving nghién ctru.
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