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CAI THIEN PQ PHAN GIAI KHI XU LY TAI LIEU TU
BANG BIEN POI WAVELET

Duwong Hiéu Pau', Lwong Phuée Toan* va L& Minh Tung?
ABSTRACT

The wavelet transform for multiscale edge detection (MED) was used in the field of the
inversion problem of geomagnetism to determine the positions and the depths of sources.
In this paper, we used the line-weight function (LWF) to treat the observational data to
enhance the resolution of the results of MED method.

Firstly, the method was applied on the magnetic experimental model to prove the
reliability of method and secondly, the method was used to interpret the magnetic profile
in Mekong delta area. The results shown that this method can determine the positions and
the depths as well as the widths, the thickness and the dip of the sources. The
determination of these parameters of sources is the special achievement comparing with
other methods.
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TOM TAT

Phwong phdp xdc dinh bién da ti 1é sir dung phép bién doi wavelet dwoc dp dung trong
viéc giai bai toan nguoc tir va trong luc. Swr dung dir liéu la gid tri truong quan sat hodc
gradien ngang cua truong, phép xdac dinh bién da ti 1é da xdc dinh dwoc vi tri ngang va
dé sdu ciia nguon. Trong bdi ndy, ching t6i sir dung ham trong-lwong-tuyén (LWF, line-
weight function) dé xir 1y dit liéu dau vao nham ting cwong do phan gidi khi dp dung
phuwong phap xdc dinh bién trong viéc phan tich dir liéu tur 2-D.

Phuwong phap duoc dp dung trén mo hlnh thiee nghiém cia di thuong tiv véi cac tham sé
cua ham LWF khdc nhau dé tim tham sé thich hop. Sau dé phirong phap dwoc dp dung de
phan tich trén tuyén do tir ¢ Nam bg. Cdc két qud cho thdy, phwong phdp duoc dé xudt
khéng chi xdc dinh dwoc vi tri ngang va dé sau ma con xdc dinh dwoc bé réng, bé day va
do nghiéng cua nguén va day la diém ddc sdec ciia phwong phap.

Tir khéa: Phwong phdp bién da ti 18, bai todn ngwoc, ham trong lwong tuyén

1 PAT VAN PE

Hai phuong phap tiéu biéu trong phan tich dinh luong tai li¢u tir va trong luc dé
xac dinh vi tri va d0 sau cua nguén (di vat) st dung may tinh la phuong phéap tién
va phuong phap Parker-Oldenburg vé6i bién d6i Fourier [4]. Ttr nim 1988, bién doi
wavelet dugc tan dung trong phan tich tai li¢u tir va trong luc bdi vi phuong phép
nay la tiép ndi cua viéc sir dung bién d6i Fourier. Phuong phép sir dung k¥ thuat
xt 1y anh - dé phat hién cac diém co tinh chit khac thudng trén tin hiéu 1a mot
trong nhing ¥ tuéng méi tir d6 tim ra cac thong tin an chia bén trong tin hiéu -
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dac biét trong do la phuong phap xac dinh bién da ti 1&¢ (MED, Multiscale Edge
Detection), 4p dung bién d6i wavelet lién tuc (S. Mallat and W.L. Hwang (1992)
[7]). Tuy nhién, viéc st dung gia tri cta truong quan sat lam dir liéu dé xac dinh
bién da khong tranh khoi nhidu; dé loai nhiu, cac tac gia [1] [2] d& dung gi4 tri
gradien ngang 1am dir lidu. Tuy nhién, khi phén tich, cic dudong dang pha thuong
mat ddi xung, bi udn cong hodc chi hoi tu mot bén va diém hdi tu chi cho biét vj tri
va do sdu mit trén cta ngudn.

Trong bai ndy ching t0i 4p dung ham trong-lugng-tuyén (LWF) [5] dé loc dir ligu
quan sat nhim ting cuong kha nang phan giai cua phuong phap xac dinh bién da ti
1€ cho bai toan nguoc. Két qua phan tich cho biét ngoai vi tri va d6 séu dén mat
trén cta ngudn, chung ta con uwéc luong duge cac tham sé khac nhu d6 rong,
phuong nghiéng ....

2 TOM TAT PHUONG PHAP
2.1 Ham trong-luwong-tuyén

Phép loc Gauss (Gaussian filter) thuong dugc dung trong xac dinh bién cua hinh
anh, thuc chat day 1a cac phép loc thong thap nén loai bo n6 khong chi nhiéu ma
con loai bo cac thong tin an chira trong cac tan sd cao. A. Fiorentini va L.
Mazzatini, (1966) [5] di gidi thiéu ham trong-luong-tuyén nham loai nhidu va ting
cuong do twong phan & bién. Ham trong luong tuyén 1a mot ham két hop tuyén
tinh gitra ham Gauss va dao ham béac hai cua ham Gauss. .

A.L. Stewart va R. Pinkham, (1991) [11] dung tiép can toan hoc dé giai quyét mot
thi nghiém c6 dién vé vat Iy tim than; trong d6, xir Iy d6 nhay twong phan nhu viéc
gial mot bai toan tri ri€éng va ho da tim dugc tap hop cac ham riéng truc giao. Sau
day 1a tom tat cong thirc toan cta bai toan tri riéng.

Dinh nghia toéan tu:
d? 2
=———+X 1
p=- 2 1)
va moOt ham thur:
XZ
u=exp - — 2
p{ 5 } (2)
Ap dung toan tir p ctia (1) vao ham thir (2):
pu = Au (3)

N6i khac di, u 1a ham riéng cua toan tr p Gng véi tri riéng A. Két qua dan dén
phuong trinh vi phan:

u’+ x2u = AU (4)
Loi gidi cua phuong trinh (4) ¢6 dang:

2

u(x)=c.h_(x) = c.exp(— X?j H (x) (5)
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trong d6, ¢ 1 hang sd, Hn la da thitc Hermite bac n, hn 1a ham s6 Hermite. Dé dua
vao phan tich da ti 1€, tham s6 v6 huong o (dd I¢ch chuan ctia ham Gauss) duoc
dua vao ham Hermite:

1 d" 1 x?
hn(X/G)— m.d(xlc)n G\/Eexp(— FJ (6)

Vay, ho(x/c) la ham Gauss:

h,(x/oc) =

! exp| — X (7)
Vno? P 26°
va hy(x/c) la dao ham bac hai ciia ham Gauss :
1 x? x? x?
—exp| —— | + —-exp| - 8
\8no? [ Xp{ 202} ’ c’ Xp{ 262:|J ®

Ham trong-luong-tuyén (LWF) 14 t6 hop cta ho(x/c) va ha(x/c).
I(x/c) = Co ho(X/G) + C2 ha(X/0) 9)

h,(x/oc)=

Ham trong-lugng-tuyén chi gdm cac ham Hermite bac chan nén chung dbi xung
qua truc. L.M. Kennedy va M. Basu, (1997) [6]; M. Basu, (1994) [3] da ap dung
LWF dé xir ly hinh anh; sau do, xac dinh bién bang phuong phéap Sobel va cac két
qua dat duoc tot hon khi dit liéu chua xir ly.

2.2 Ham wavelet Poisson va ham wavelet Poisson Hardy

Khi 4p dung 1y thuyét xir Iy anh vao phan tich tai liéu tir, viéc xac dinh cac bién
tuong (mg viéc xac dinh cac ngudn cua di thudng. C6 hai nhom phuong phap xéac
dinh bién 1a phuwong phéap gradien — tinh dao ham béc nhat theo phuong ngang — va
phuong phap Laplaxien — tinh dao ham bac hai theo phuong ngang cua tin hiéu
hay tin hi¢u dugc lam tron.

Viéc ldy dao ham theo phuong ngang cua tin hiéu dugc lam tron (tiéu biéu cho
hinh anh) twong dwong véi viéc 1iy bién d6i wavelet cua tin hidu voi ham wavelet
la dao ham theo phuong ngang ctia ham lam tron [7]. Ham lam tron dugc chon
trong phan tich tai liéu tir va trong lyc 12 nhan cta phép chuyén truong 1én [8], c6
dang:

0,p (X, z)——( . j (10)

nl 2% +x°
trong do, z 1a do sau, x 1a toa do cua myén do theo phuong ngang.
F. Moreau, (1997) [8], P. Shailac, (2000) [10] da xay dyng ham wavelet Poisson
c6 dang tuong minh nhu sau:
2 X 1 x°-1

vo () =y (x) +iy* ()= T Ry (11)

trong do, \yl(x) va y%(x) lan luot 1a dao ham bac nhit theo phuong ngang va theo
phuong thang ding cuia ham lam tron (10) (phuong phap gradien).
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Pang Van Liét va Duong Hiéu Pau (2007) [1] d3 x4y dung ham wavelet Poisson —
Hardy c¢6 dang tuong minh nhu sau:
. 2 1-3x* .2 (-3x+x%)
PRX) =y’ (X) +iy’(X) = - = ———+i = ———~ 12
v (X) =y (X) +iyT(X) O T o LX) (12)
trong do, y?(x) 1a dao ham bac hai theo phuong ngang cua ham lam tron (10) va
W¥(x) 14 bién do6i Hilbert cia y4(x) (phuong phap Laplaxien).

V& cac duong ding pha cua bién ddi wavelet cia tin hiéu f(x) st dung ham
wavelet Poisson y”(x) hodc ham wavelet Poisson — Hardy y*"(x); chung la dudng
ndi cac cuc tri dia phuong hoic cac diém khong nén hoi tu vé ngudn. Trong bai
nay, ching t6i sir dung ham wavelet Poisson-Hardy dé phan tich tai liéu.

3 UNG DUNG
3.1 M6 hinh thye nghiém cia di thuwong tir

Mo hinh 13 di thudng tir cia mot thung phuy sat dit nam ngang dai 1,2m, duong
kinh 0,6m. Tuyén do tir 0 dén 21m, cac diém do cach nhau 0,5m. Phuy sat dat ndm
ngang dudi mat dAt, tAm mit trén c6 vi tri ngang x = 10,5m, d0 sau z1 = 3m, dJ sau
mat dudi z2 = 3,6m. Truong tir do bang tir ké Proton PM-2 (Viét Nam). Hinh 1 1a
cuong do di thudng tir toan phan cta md hinh c6 dang hinh chuéng. Hinh 2 la
gradien ngang cua di thudng tir ciia mé hinh c6 dang dbi ximg 1é qua vi tri 10,5 m.

DI THUONG TU CUA MO HINH GRADIEN DI THUONG CUA MO HINH
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Hinh 1: Cuong d§ di thudng tir toan phin  Hinh 2: Gradien ngang cia dj thuong tir
cia phuy sat dit nam ngang ciia phuy sét dit nim ngang

DANG PHA CUA BIEN DOl WAVELET POISSON HARDY

2.5 5 7.5 10 12.5 15 17.5 20
VI TRI (M)

Hinh 3: Pha ciia bién d6i wavele Poisson-Hardy

Vi tri nguén (x=10,5m va z=3 m)
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Tinh blen d6i wavelet Poisson - Hardy ctia gradien ngang cua di thuong tir cua
phuy sét dé x4c dinh vi tri ngang va do siu mit trén ctia ngudn. Két qua ghi trong
hinh 3, cho thiy vi tri mit trén ciia mé hinh x =10,5m va z = 3m; két qua phu hop
v6i1 vi tri médt trén cua mo hinh thyc nghiém.

DI THUONG TU MO HINH DA LOC LWF DANG PHA CUA BIEN DOI WAVELET POISSON HARDY SAU LOC WF
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Hinh 4: Di thwong tir quan sat qua phép Hinh 5: Bién d6i wavelet ciia di thwong tir
loc LWF da qua phép loc LWF

Hinh 4 1a di thuong tir cia mo hinh thuc nghiém duoc loc qua phép loc LWF. Hinh
5 1 bién ddi wavelet Poisson-Hardy cua di thuong duoc loc qua phép loc LWF.
Két qua cho théy bién trén & d6 sau 3m (ding véi mo hinh), bé rong xac dinh duoc
la Im (thuc té mo hinh dai 1,2m), d6 sau bién dudi 3,5m (cua mo hinh 1a 3,6m), vi
tri ngang xac dinh bang diém hoi tu bén duéi 1a 10,5 m (phu hop).

Két qua tinh toan trén mo hinh thyc nghiém cta di thuong tr kha chinh xéc; cac
két qua nay dugc doc trén hinh phong dai 500%.

3.2 Tuyén di thwdong tir Ca Mau —An Giang

Tuyen do tir Ca Mau dén An Giang, dai 177km, c6 phuong Tay Bic — Pong Nam;
vé phia Béc 1éch so véi kinh tuyén mot goc 30 cac gia tri gbc 13y trén ban do tur
hang khong & d cao 300m, khoang cach cac diém 1a 1km. Hinh 6 1 cudng do di
thuong tir toan phan cia tuyén. Hinh 7 13 gradien ngang cia di thuong tur toan
phan cta tuyén Ca Mau- An Giang. Céc gia tri gradien nay duoc chon dé tinh bién
d6i wavelet, nhim xac dinh vi tri va d6 sdu cta cac di thuong tir.
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Hinh 6: Di thuong tir toan phén ciia tuyén Ca Mau — An Giang
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Hinh 7: Gradien ngang ciia di thuong tir toan phan tuyén Ca Mau-An Giang

DANG PHA CUA BIEN DOI WAVELET POISSON HARDY
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Hinh 8: Két qua phan tich véi dir liéu 13 gradien ngang

Két qua phan tich bang phép bién ddi wavelet Poisson-Hardy trén dit liéu 1a
gradien ngang cho thay c6 ba di thuong tir ¢6 vi tri cia nguén lan luot 1a (x = 93
km,z=3,0-0,3=2,7km), (x =136 km,z=1,8-0,3=1,5 km), (x =165,z=2,0 -
0,3 =1,7km) (Hinh 8). Luu y gia tri 0,3km 1a do hi¢u chinh d§ cao may bay.

Do tuyén do khoéng c6 nhiéu nhiéu nén ching t6i thyc hién phép loc LWF véi co =
0,07 va c2 = - 0,1 trén dj thuong tir toan phan, dit liéu sau khi loc néu trong hinh 9.
Dit liéu nay duoc dung dé tinh bién d6i wavelet Poisson-Hardy.
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DI THUOMNG TU TUYEMN CA MMAL - AN GLAMNG DA LOC LWF
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Hinh 9: Loc LWF trén di thuong tir toan phan

Hinh 10 1a két qua phan tich, cho thay:

~ Di thudng tir thir nhat ¢ bién trén x tir 91km dén 97km (rong 6km), do sau z =
3,0 — 0,3 = 2,7km, bién dudi x = 95km va z = 3,3 — 0,3 = 3,0km. Dang nay c6
thé 14 mot via mong kéo dai theo phuong thang goc véi tuyén; tinh chi sé cau
triic cua di thuong nay cho N =1 1a dang via, phu hgp v6i nhan xét trén.

— Di thuong tir thir hai ¢6 bién trén x = 140 km, d6 sau z = 2,0 — 0,3 = 1,7 km,
bién giira va bién dudi bi 1éch so v6i bién trén, nén co thé két luan 1a mot via
cim nghiéng khoang 50° vé phia Pong Nam; tinh chi s6 ciu trac cta di thuong
nay cho N =1 1a dang via, phu hop v61 nhan xét trén.

DANG PHA CUA BIEN DOI WAVELET POISSON HARDY SAU LOC WF
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Hinh 10: Két qua phan tich véi dir liéu 12 di thuwdng tir toan phin di loc LWF

— Di thudng tir thtr ba ¢ bién trén x tir 164 km dén 167km (rong 3km), do sdu z
= 2,6 — 0,3 = 2,3 km, khong c6 bién dudi; day co thé 1a mot hinh tru cim sau
v6 han; tinh chi sé ciu tric cta di thuong nay cho N = 2 1a hinh try, phi hop
vO1 nhan xét trén.
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4 KET LUAN

Qua ap dung ham troqg-luc_rng-tuyén dé xu ly dir liu tur trude khi ap dung phuong
phap xac dinh bién bang phép bién d61 wavelet dé xac dinh mot s6 dac tinh ctua
nguon cho thay:

(a) Ham trong-luong-tuyén v6i tham sb co = 0,07 va c2 = - 0,1 1a thich hop
cho bai toan nguoc tir va trong luc c6 it nhiéu.

(b) Ap dung phuong phép xac dinh bién da ti 1& dung phép bién doi wavelet
v6i ham wavelet Poisson-Hardy trén cac dit liéu da duoc loc bang LWF cho thay
6 thé xac dinh duge ngoai vi tri ngang va dg sau cua mat trén, con co thé xac dinh
d6 rong, bé day va do nghiéng ctia ngudn trudong; day 1a mot két qua dic sic ma ky
thuat xac dinh bién bang phép bién d6i wavelet trudc day chua hé dat duge (chi
xac dinh duoc vi tri ngang va do sau). Tuy nhién viéc xac dinh bé day bi han ché
khi bién dudi cua di vat kha 16n so véi kich thude ngang cua di vat.
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