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DUNG BIEN POI WAVELET ROI RAC PE PHAN TiCH
CAC DI THUONG TRONG LUC

Duwong Hiéu Pau* va Pdang Vin Liéf?
ABSTRACT

The separation of regional and residual anomalies of the gravity-field was carried out by
Wavelet transform. Using orthonormal bases of Daubechies Wavelets at the appropriate
level, we determine the local gravity sources. The results show that the performance of
the discrete Wavelet transform (DWT) approach is comparable with the results that were
achieved by the second vertical derivative method. The proposed method has been tested
by using some theoretical models and a profile of gravity data of the Mekong delta -
South Vietnam.
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Title: A apply of discrete Wavelet transform for gravitational anomaly separation
TOM TAT

Sw phan tich di thuong dia phwong va di thuong khu viec cua truong trong luc trén Trdi
Pat dwoc thwc hién bdang phép bién déi Wavelet. Sir dung hé ham Wavelet Daubechies
triec chudn & mét dé phan gidi thich hop ching toi da xac dinh dwoc vi tri cua cac nguon
tao ra di thwong trong lyc dia phwong. Céc két qua phén tich cho thdy viéc sir dung bién
doi Wavelet roi rac DWT cho ta nhitng hiéu qua twong tw nhw phwong phap dung dao
ham bdc hai cia gia toc trong truong thang dirng. Phwong phdp dwoc dé xuat da duoc
thir nghi¢m lén cac mo hinh ly thuyet trong liee va sau dé dwoc dp dung trén cdc sé liéu
do gia toc trong lic ciia viing dong bang Nam B, Nam Viét Nam.

Tir khéa: Bién doi Wavelet roi rac, di thwong trong lwc dia phwong va khu vuec,
phwong phap dung dao ham bdc hai.

1 GIOI THIEU

Phép bién doi Wavelet dd dugc ap dung rong rii trong lanh vuc Pia Vat 1y nhu
ding Wavelet dé phan tich dao dong El Nifio (Wang and Wang 1996); Dung
wevelet dé xét cac cau tric két hop trong cac dong chay nhiéu loan (Farge 1992)...

Sy mo ta chi tiét cac ing dung ctia phép bién d6i Wavelet trong Dia Vat Iy co thé
tim doc trong céc tai liéu ctia Foufoula-Georgiou va Kumar (1995); Phan co s&
giai tich téan hoc Wavelet dugc trinh bai diy du ¢ mudi bai giang ctia Daubechies
(1992). Phan nghién ctru sau, chung toi trinh bay mot cong dung ctia phép bién ddi
Wavelet cho trudong trong luc dé tach cac di truong thang du ra khoi di thuong khu
vuc. Sau khi thir nghiém véi nhiéu ham Wavelet khac nhau trén cac mé hinh gay
ra di thudng trong luc 1y thuyét, ching t6i nhan thay 1a hé ham co sé tryc chuan
Wavelet Daubechies khi phan tich ¢ mac d6 phan giai thir ba c6 thé duoc dung
1am phuong phap dé xac dinh sy dinh vi cta cac ngudn di thudong trong luc thang
du. Phuong phap nay dua trén phép bién d6i Wavelet roi rac DWT két hop véi
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viéc chon ti 1¢ phan giai thich hop va cac hé sé Wavelet thanh phan chi tiét. Tl co
50 do, ta van dung phuong phap trén dé phan tich tai liéu trong lyc do duoc & dong
bang Nam Bo, Mién Nam Viét Nam va c¢6 duoc cac két qua thoa man dang ké.

2 PHAN TICH WAVELET TRONG MIEN KHONG GIAN-TI LE

Céac ham Wavelets duoc dung dé biéu dién mot tin hiéu khong gian hodc thoi gian
F(x) gidng nhu biéu dién tin hiéu trong bién d6i Fourier. Diém khac biét chinh
trong phép bién d6i Wavelet 1a ti 1& giira cac s6 liéu do thi dong vai tro trong tim;
Phép bién d6i Wavelet phan tich s6 liéu do dwoc ¢ nhiéu ti 1& khac nhau, goi la
phép phan tich v6i nhiéu do phén giai khac nhau. Trong bién d6i Wavelet, ngudi ta
xay dung mot ham Wavelet ban dau goi 1a Wavelet me (e.g., Daubechies, 1992).
Goi w(x) la ham Wavelet me dinh nghia trong khong gian 2D voi hai s6 thuc
thuoc L%(R), cAu trac cua cac hé co sd truc giao Wavelet duoc thanh lap bﬁng su
tré pha va su tinh tién cta y (x) theo cach sau:

1 W(%) 5d6's 0, 7eR. (1)

Vs, (X) =
s

Tham sb ti 1& s cho biét sy lam tré hay su nén tin hiéu con tham s6 71a sy tinh
tién tin hiéu trong khong gian. Khi thay doi s ta c6 dugc phd. Tham sé tinh tién mo
ta su truot ciia w(x) qua moi mién khong gian ma tin hiéu F(x) di qua. Phép bién
d6i Wavelet lién tuc ctia mot chudi tin hiéu khong gian F(x) eL?(R) duoc dinh
nghia la:

fa,b) = (s 00, F () = | W, (OF (x)dx @)

Tin hiéu khong gian hodc thoi gian F(x) c6 thé hoan toan dugc tong hop lai tir biéu
thire (2) boi quan hé truy hdi c6 tén 13 resolution of the identity (Vetterli and
Kovacevic,1995). Qui luat nay cho rang bat ky mot chudi khong gian F(x) c6 thé
duogc biéu dién nhu td hop cua cac vi tri do Wavelet tinh tién va Wavelet co dan
tao ra.

Phép bién d6i Wavelet truc chuan biéu dién mot chudi dir licu lién tyc f (X) dudi
dang mot t6 hop cua céc thanh phan xap xi (approximation) va chi tiét (detail) nhu
sau:.

f(x)zZaj,k¢j,k(X)"‘Zdj,kq)j,k(X)+Zdj—l,k¢j—l,k(X)"'+Zdl,k¢l,k(x) (3)

& d6 aj,k va dj x1an luot biéu dién cho cac hé s khai trién Wavelet thanh phan xap
xi va thanh phan chi tiét, k 1a s nguyén xac dinh s6 hé s6 & mdi thanh phan, ¢va ¢
lén luot 1a ham ti 1¢ va ham Wavelet phan tich con J 1a d6 phan giai thap nhét trong
t6 hop trén. Cac h¢ co so Wavelet tryc chuén dugc dung rong réi trong phan tlch
da phan giai theo ciu trac hinh thap (D.V Liet, 2004), d6 13 mot giai thuat noi tiéng
c6 lién quan dén viéc str dung cac bd loc thong cao va thong thap két hop véi ky
thuat 14y mau giam xudng (downsampling) hodc ldy miu ting 1én (upsampling)
dua theo nguyén ly téan tir tdc dung (Mallat, 1989).
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3 BIEN POI WAVELET ROI RAC VA TRUC GIAO

Phuong trinh (3) dugc xem la phep phén tach da phan giai, no bleu dién tin hiéu
v6i cac d6 phan giai khac nhau. Tir d6, nhiing thong tin vé tin sb cao thi lién quan
dén nhiing gia tri cua ti 1€ nho trong khi nhiing gia tri j 16n lai dai dién cho nhém
thong tin tan s thap Phép bién ddi Wavelet c6 dic tinh xac dinh sy dinh vi cia
tan s6 tot hon nhiéu so véi Phép bién d6i Fourier. Pic tinh nay cho phep ta thiét
1ap cac mo hinh c6 sy phy thudc cia tinh chat dinh vi khong gian theo tan sb.

O day, sb liéu trong luc dugc phan tich & vung Wavelet bang phép bién ddi
Wavelet roi rac theo giai phap cua Press [Press, 1992] voi hé co s truc chuén
Daubechies Wavelets. Cac hé s6 Wavelet dugc tach ra thanh céc ti 1¢ khac nhau
ma & moi ti 1& s& trong tmg voi mot gia tri gan dung cua tin hi¢u so voi tin hi¢u
ban dau. Vay nhimg tan sb thip s& duoc bleu dién boi rat it cac hé sd khai trién
Wavelet va cac hé sé d6 s& dinh vi chil yéu ¢ cac mirc khai trién tho (level cao).
Nguoc lai, cac tan sd cao s& biéu dién boi nhicu hé sb khai trién & mirc khai trién
t6t nhét (level thap). Viy, chung ta co thé x4c dinh vi tri cic ngudn di thudng trong
lye nho tu nguyén ly chong chat truong trong luc bang cach chon lya mirc do phéan
giai va cac hé s6 Wavelet chi tiét thich hop. Cong viéc ching ta la tim cac hé so
Wavelet chi tiét co bién do 16n hon cac hé sd khac quanh nd; Su dinh vi cta cac hé¢
s6 Wavelet chi tiét cuc dai cho ta mdi tuong quan véi su dinh vi céac ngu@)n di
truong trong luc thang du.

4 PHAN TICH BANG PHEP BIEN DOI WAVELET

Phuong phap duoc dé xuat st dung phép bién d6i Wavelet dé xac dinh vi tri cac di
thuong trong luc thang du 1a mot qui trinh gom 3 budc:

(a) Pau tién ching ta dung bién d6i Wavelet roi rac, 1D thir nghiém 1én cic mo
hinh 1y thuyét dé tinh gia tdc trong truong nhu mot ham phan bd theo khong
gian.

(b) Chon lua cac hé ham co s& Wavelet truc chuan Daubechies thich hop ¢ mot
murc phan giai (level) thich hop sao cho cuc dai cua cac he s6 Wavelet chi
tiét ¢6 vi tri tring khop voi vi tri voi cac ngudn di thudng trong lyc tinh tir
cac md hinh 1y thuyét.

(c) Cubi clng, chiing ta dung phan tich Wavelet 1én trén céac s6 liéu do thyc té
cua vung khao sat véi cdc ham Wavelet Daubechies va cac murc phan giai
thich hgp dugc chon lya tir két qua thuc hién & budce b.

5 CAC MO HINH LY THUYET XAC PINH NGUON TRONG LUC

Trong bai viét nay, chung t6i xay dung mo hinh mot vat thé hai chiéu c6 tiét dién
hinh chir nhat dat trong mat phang thang dimg nhu moé ta & Hinh 1.
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Hinh 1: Xac dinh gia toc trong luc & mdt diém P tao ra do mot hinh chir nhat 2D c6 cac do
dai xdc dinh la b va z»-z; dat trong mat phang to glay Khoang cach tir canh trén
hinh chir nhat dén mat do la z,. Phia trén la do thi biéu dién phan b6 trong lyc toan
phin thang phan thing ding theo khoing cach x tinh tir trung tim l1a diém O

Duya theo Heiland (Heiland, C.A, 1940) gia toc trong luc theo phuong thang dimng
cua vat hinh chir nhat c6 thé tinh tir phuong trinh sau:

9, = 2Gp(2,0, — 2,6, + xIn 214 1 pin ey (4)
r2 r3 r2

& d6 plati 1€ khoi luong riéng ctia vat so voi méi truong bén ngoai.

Mo hinh thit hai 13 hai qua cau ran dugc mé ta nhu Hinh 2.
20.0p 1
18.0u 1
16.01 4
14.0u 4
12.0u 4
10.0u 4
8.0p—.
G.Ou—.
4.0u—-
2.0u—-
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Hinh 2: P thi gia téc trong trudng toan phin thanh phin thing ding tao ra do hai qua ciu
dwgc chon ¢ cac d) sdu z1va 2, so voi mat do vé theo toa dd x tinh tir diém P so vai
trung tam O trém mat do
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Qua cau 1on c6 ban kinh Ry, tao ra di thuong trong luc dang ké so véi qua cau nho
6 ban kinh 12 Ry, tao di thudng thang du c¢6 gia tri nho. Thanh phan thing ding
clia trong trudng toan phan g,co thé tinh duogc tinh duoc tir Iy thuyét chong chat
cac ngudn trong trudng. Phia trén ctia Hinh 2 v& dd thi thanh phan thang dtng cta
cudng do trong lyc toan phan theo khoang cach x tinh tir diém P trén mit dat dén
vi tri trung tam O.

Theo ly thuyét thé Dobrin (Milton B. Dobrin, 1976), tacod thé chirng minh rang gia
toc trong luc & mot diém P ben ngoai ctia mot qua cau ran dong nhat (mat do déu

nhau) s& twong duong gia tc trong lyc tai P tinh véi mot qua cau diém co khoi
3

4 < o on . A ar g g s 1A NN N
luong M =—=Lp dat & tam qua cau do (vdi Ry va p lan luot 1a ban kinh va mat

d6 khéi lugng ciia qua cau). Néu tim ctia qua cau M ¢ do sau 1a z1 phia dudi mat
do nhu mo ta ¢ hinh 2 thi gia toc trong truong cia qua cau M tao ra tai diém P ¢c0
toa do x s€ la:

()

G——M
R
§do r, =/x’+z,° va G 1a hang s hap dan.
Khi d6 thanh phan thang dimg g,,, dugc tinh 1a g,, =g, cosé s& dugc viét la:

M 47zR3p
Iz r13 ! 3(x12+212 )32 ! ©)

Tuong tu, thanh phan thang ding g,,do qua cau nho tao ra sé la:

3
gzzszszzzG 4ﬂR22 £ 77312 L2
r2 3[(L_X1) +Zz ]

(7)

v6i L 1a khoang cach giita hai tAm cua hai qua cau. z2 13 d6 sdu cia tim qua cau
nhé so v&i mat do. Trong truong thang dung toan phan dugc tinh bang
tong: g, = g,, +9,,

Céc md hinh ly thuyet cau trac ¢ dang mot chudi khong gian F(x) 1a cac gia tri
trong lyuc bién doi theo toa d6 X nhu mo ta trén, sd gia tri tinh toan 1a roi rac va
bang N=2'+1=129 diém tinh. Dung bo cong cu Wavelet, trong phan mém Matlap
6.5, ta co thé xac dinh duoc cac ngudn trong luc dia phuong bang sy dinh vi cia
cac cuc dai cta hé sd phan tich Wavelet chi tiét. Cac két qua tot nhat duoc mo ta &
hinh 3 va hinh 4 v6i cong cu l1a ham co s& Wavelet tryc giao Daubechies 3, phan
tich o ti 1€ (level) 3.

226



Tap chi Nghién ciru Khoa hoc 2005:4 222-229 Truong Pai hoc Can Tho

1)
25u4 €
1 2
2.0p 1 g ..‘“o.
J 'E [ ] [ ]
_= ® [ ]
1.5u4 2> e
>
18
1.0uq =2 2 km
| © -
500.0n & |
0.0 x I i | T

T T T T T T T T T 1
6.0k -4.0k -2.0k "Joo 20k 40k 6.0k

Distance (km) 15k |
B o5
2 km T

Hinh 3: Thanh phén thing ding ciia gia téc trong lwe va cac hé so khai trién Wavelet chi
tiét dwoc vé theo toa df x so trung tim O ciia mit do trong bai téan di thwong ciia
hinh chir nhat dung dirng. Ding phép bién d6i Wavelet véi ham waveelet truc giao
Daubechies 3 ¢ level 3 ta thiy sy dinh vi ctia hai cuc dai trong s cac hé s6 Wavelet
chi tiét c6 thé dung dé suy ra vi tri ciia hinh chir nhét ¢6 d¢ dai 2km
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Hinh 4: Gia tdc trong Iirc toan phén thing ding va cac hé s6 khai trién Wavelet chi tiét
dugc vé theo toa dd x so trung tim O ciia mit do trong bai téan di thuwdng trong luc
ciia hai hinh cau kich thwéc khic nhau tao ra. Dung phép bién déi Wavelet véi ham
waveelet truc giao Daubechies 3 & level 3 ta thiy toa dé x ciia tAm hinh cAu nhé c6
thé dwoc nhin ra dua vao vi tri ciia cwre dai thir hai ciia h¢ s6 Wavelet & vi tri x=2.5
km
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6 KET QUA DI THUONG BOUGUER CUA VUNG PONG BANG SONG
CUU LONG THEO PHAN TICH WAVELET ROI RAC

Két qua phan tich cho thfiy c6 su twong tu véi két qua dat duoc bang cach 1y dao
ham bac hai ctua thanh phan trong truong thang dimg trong d6 dic biét chu y dén
Vung cuc dal cua pho he sO Wavelet ch1 tiét.

- — R —

1.0- 7 °
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Hinh 5: D thi cac hé s6 Wavelet chi tiét ciia phép bién ddi Wavelet cho gia téc ding ham
Daubechies 3 ¢ mirc 1 (dwong dam) va dao ham bic 2 ciia di thwong Bouguer vé sb
liéu trong lwe (Pwong nhoé nét) & ving Tra Vinh dén Chau Péc, dong bang song
Ciru Long

7 KET LUAN

Mirc mot cua khai trién Wavelet r0i rac thanh phan chi tiét Ag cung cdp nhiéu
thong tin vé cac ngudn di thudong trong luc dia phuong. Trai lai, cac mirc cao hon
trong khai trién Wavelet roi rac cung cip rat it cac hé sb khai trlen chi tiét nhung
n6 lai cho ta cac thong tin tip trung vao vi tri xac dinh cic ngudn trong luc gitp ta
xéac dinh tAm va kich thuéc cua ngudn dj thudng dia phuong.

Str dung cac mé hinh, ta thay c6 thé tim duoc mot phuong phap tdt dua trén cac hé
s6 khai trién Wavelet chi tiét dé xac dinh vi tri cta cac di thuong dia phuong. Phan
tich d§ rong ph6 ctia cac hé sb Wavelet chi tiét, ta c6 thé tinh dugc kich thude cua
cac cac di thuong dia phuong. Trong viéc phan tich sb liéu trong luc, ham Wavelet
Daubechies 3 14 thich hop nhét cho khai trién Wavelet rdi rac. Mirc phan giai thi 3
1a mot chon lya thich hop dé tach cac di thuong thing du ra khéi di thuong khu
vuc. Két qua ctua phuong phép phan tich Wavelet roi rac khong thua kem phuong
phap str dung dao ham béc hai cua gia tdc trong luc thang dung. Phuong phép nay
mang lai nhiéu htra hen cho nhiéu nghién ciru Gmg dung sdu hon cho phén tich cac
di thuong tir va trong luc clia mién dong bang Nam B¢ noi riéng va cua Viét nam
noi chung.
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