TAP CHI PHAT TRIEN KHOA HQC & CONG NGHE:
CHUYEN SAN KHOA HQC TU NHIEN, TAP 1, SO 6, 2017

Xac dinh cac nguon dj thuong tir lién ké
bang phuong phap cuc dai wavelet va su
chuan hoa tham s0 ti 1€

Dwong Quéc Chanh Tin

Truong Pai hoc Khoa hoc Ty nhién, PHQG-HCM

e Duong Hiéu Piu

e Nguyén Minh Tén
Truong Dai hoc Can Tho
Email: dqctin@ctu.edu.vn

(Bai nhdn ngay 03 thdng 05 nam 2017, nhdn ding ngay 23 thdng 05 nam 2017)

TOM TAT

Trong viéc gidgi bdi toan ngugc truong thé,
xdc dinh twong doi chinh xdc vi tri cdc nguon gay
ra di thuwong tir va trong luc cung cdc thudc tinh
ciia chiing déng mét vai tro rat quan trong. Voi
cdc nguon di thiuong tir lién ké, chiing luén chong
lén nhau khéng chi trong mién khéng gian ma con
cd trong mién tan sé, gy khé khan Ién trong viéc
dinh vi cdc nguén nay. Trong bai bdo nay, nhom
tac gia da sir dung mét ho wavelet méi dé phan
tich hiéu qud nhing thudc tinh cia cdc nguon
trieong thé lién ké. Bang nhitng mé hinh Iy thuyét,
sk dung phuwong phdp cuc dai dé 1én bién doi
wavelet, chung toi da xdy dung duoc ham tuong

quan giita tham sé ti ¢ trong phép bién doi
wavelet va d sau ciia nguon di thuong tir. Hon
thé nita, sw chudn héa tham sé ti 1 ciing dwoc ap
dung d@é cdi thién dg phan gidi, gitip tach biét cdc
ngu&n nay trong ti I¢ dé, tir @ xdc dinh dwoc dé
sdu ciia chiing. Sau khi kiém chimg dg tin cdy va
tinh kha thi ciia phirong phdp dwoc dé xudt trén
cde s6 liéu mé hinh, chiing t6i @ phan tich mét sé
tuyén do tir tiéu biéu & dong bang Séng Ciru Long.
Cdc két qua phén tich trong nghién curu nay la kha
phit hop véi cac phan tich dwoc cong bo trude day,
ngodi ra vé mirc dj chi tiét la kha tring khép véi
cdc s6 liéu dia chat khdc.

Tir khéa: bai toan nguoc truong thé, nguon di thuong tir lién ké, phirong phdp cwe dai do Io6m bién déi

wavelet, ham tiwong quan, chudn héa tham sé ti 1é
MO PAU

Bién ddi wavelet dugc ung dung vao dia vat ly
tlr dAu thap nién 1980 dé phén tich tin hiéu dia chin
[1]. Ké tir do, nhiing tién bo dang ké cua 1y thuyét
waveletdd mé ra nhiéu img dung trong cac linh virc
khac. Trong vét 1y dia ciu, wavelet dd va dang la
mot cong cu hitu ich trong phan tich cac tin hiéu co
su thay d6i dot bién v6i thoi gian [1-4]. Trong linh
vuc Ay, phan tich dit liéu truong thé di co nhidu
thanh tiu dang ké khi sir dung cong cu wavelet dé
loc nhiéu, tach truong, xac dinh vi tri, d6 siu va cac
dac tinh cta nguén truong déng nhit [5].

Gén day, bién ddi wavelet lién tuc v&i ham
wavelet phirc Morlet da dugc Yang va ccs [6] sir
dung d8 xac dinh su phan bd cua cac nguén truong
thé. Nhom nghién ciru nay da xay dung dugc quan
hé x4p xi tuyén tinh giita d6 su cua ngudn va sb
song gia (pseudo - wavenumber), dé ung dung
phén tich cac sb liu dia tir thuc dia. Tuy nhién, viéc
chuyén tir mién tham s ti 1é sang mién sé song gia
1a kha phirc tap va mét nhiéu thoi gian tinh toan,
phén tich. Trong bai bao nay, qua cic mo hinh ly
thuyét chung t6i da xac 1ap mdi tuong quan truc
tip giita d6 sau cua ngudn truong di thuong tir va
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tham sé ti 18 khi str dung phép bién dbi wavelet, dé
4p dung vao phan tich mét sé tuyén do tir & ving
Pdng Béng Séng Ciru Long.
VAT LIEU VA PHUONG PHAP
Phép bién dbi wavelet lién tuc va ham phirc
Farshad - Sailhac

Phép bién dbi wavelet lién tyc trén tin hiéu mot
chiéu f(x) cho boi:

i 1 _(b- 1.
W(a,b>=jf(x)‘/gw[ax)dwﬁ(f*w) €y

v6i, ae R*: tham s6 ti 16 va be R: tham sb vi
tri, 7 (x) : lién hi¢p phtrc ctia w(x) , 1a ham wavelet
dung trong bién déi, f *y : ky hiéu tich chap cua
ham f{x) va y(x) . Bién dbi wavelet co6 su da dang
khi sir dung nhiéu ham wavelet chon loc khac nhau
tuy theo dang thong tin ma ta phan tich.

Dé x4c dinh vi tri theo phurong ngang va do siu
ctia ngudn di thuong tir, chung toi da sir dung ham
wavelet phuc méi - Farshad — Sailhac [7] c6 dang

nhu sau:
V/(FS)(X):V/(F)(x)+i‘//(5)(x) (2)
2 2
trOIlg dé, V/(F)(x): 4-2x _ 1-2x (3)
5 5
(x2 +22)E (x2 +12)5
v (x) = Hilbert (™ (x)) “)

Phwong phap cuc dai d§ 16n bién ddi wavelet
(wavelet transform modulus maxima -
WTMM)

Phuong phap xac dinh bién theo d& xuét cua
Mallat va Hwang (1992) [8] lién quan dén viéc xdy
dung nhirng dudong déng tri cta cuc dai do 16n bién
dbi wavelet lién tuc trén tin hiéu dwoc phan tich.
Diéu kién ap dung 14 cac ham wavelet thyc thi phai
duoc xac dinh tir cac dao ham béc nhat hay dao
ham bac hai ctia mdt ham dac trung lién quan dén
phép chuyén truong trong bai toan truong thé. Ham
wavelet c6 tén 13 Farshad - Sailhac duoc kiém
chung 13 théa mén cac yéu cdu cua phuong phap
Mallat va Hwang, vi thé viéc tinh toan, phéan tich
va minh gidi vi tri theo phuong ngang cling nhu d6

sau cua cac khu vuc c6 di thuong tir manh déu dua
trén thanh phin d6 16n cua bién dbi wavelet nay.
K¥ thuat phan tich bién nay dya vao viéc xac dinh
vi tri trén ti 16 46 ma tai d6 c6 su hoi tu clia cac
duong déng tri cyc dai ctia d 16n hé sb bién ddi
wavelet nén dugc goi 1a phuong phap cuc dai do
16n bién dbi wavelet (wavelet transform modulus
maxima — WTMM).

Trong phuong phap khir nhiéu tin hiéu va ting
do tuwong phan cho cach tinh bién da ti 1€ sit dung
bién ddi wavelet thi Yansun Xu va ccs [9] c6 sit
dung cach tinh wavelet trén gradient cua dir li€u,
phuong phap nay lam phat hién rd hon vi tri cla
cac ngudn di thuong nhé vi dit liéu gradient lién
quan cac bién thién nhanh cua tin hiéu. Vi vay,
trong cac phan tiép theo ciia bai bao tac gia s& ap
dung dbi wavelet trén tin hiéu gradient di thuong
tir toan phan ma lai khong 4p dung trén sb licu di
thuong tir toan phin khi phan tich cic mé hinh ly
thuyét ciing nhu phan tich dit ligu thuc té.

Xic dinh chi s6 ciu tric

Gid st f(x,z=0) la truong tir do trén mat dat
tao bdi mot ngudn tirtredngddng nhét ndm & vi tri
x=0 vadosau z =z, dudi matdat. Khi thuc hi¢n
bién d6i wavelet cia f(x,z=0)v6i cic ham
wavelet dugc xay dung tir dao ham bac ) theo
phuong ngang cua ham nhan ti trong cong thuc
chuyén truong 18n, cac hé sb cia bién d6i wavelet
s€ tuan theo dinh luat ti 1¢ kép lién quan dén hai
tham sb mii y va B cho boi Sailhac va CCS [10]:

78 -B
Wi om0y (x.a) = (gvj [ 4%z ] Wi o0)(x'sa") )

a')\a+z,

Trong do6: x va a 14n luot 13 cac tham sd vi tri
vatile; B lién quan dén bac ddng nhét ciia ngudn
tur truong.

Theo Sailhac v6i cac vat thé o tir tinh thi mbi
lién hé giita bac dong nhit 3 , bac 7 cua dao ham
va chi s6 cdu truc N thé hién tuong quan la:
N=—p-y-1 (6)

Vi céc vi trf do dac x va x” khac nhau, mdi
quan h¢ gitra h¢ so a va a’ la:
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a'+z, a+z
— 0 =" 20 — const @)
x' X

Trong bai bao nay, chi sé ciu trac N cia ngudn

di thuong dugc xac dinl} bdi ham wavelet lién tuc

Farshard-Sailhac. Vi phan thyc cua wavelet nay la
F 2

V/( )(x) trong bicu thirc (3) dugc tao thanh tir dao

ham bac 2 theo phuong ngang ctia nhan Farshard

[11]:
0(x)= ! ;

1
(x2+12ﬁ (x2+22F

biéu thire (5) duge viét lai nhu sau:

nén ¥ =2 va do do

2 2
[%} W/Z(A)Z:m(x,a)(aJrzo)’ﬁ :[é] W/Z(A)z:m(x',a')(a'+za)’ﬂ = const (8)

bat: Wf(x,&zo) (x,a) =W,(x,a) va lay logarith

hai vé cua biéu thuc (8) s& duoc:
log(w] = Blogla+zg)+c (€))
a

Nhu vay, chi $6 cu trac N s& dugc xac dinh tir
hé so goc B cua duong thang:

Y=8X+c (10)

W2 (xn a)
2

a

o day, Y:log( j va X =log(a+zp)

Tir viée x4c dinh chi sb cu tric, c6 thé wdc
lwong dugc hinh dang twong dbi cia ngudn truong
(Bang 2).

Su chuén héa tham so ti 18

Trong thuc té, v6i cac ngudn truong thé lién
k&, su chong chap truong tir lién quan dén nhidu
yéu td khac nhau nhu: vi tri, dd sau va kich thudce
c4c ngudn thanh phéan. Trong trudng hop nay, cuc
dai d6 16n cua hé s bién ddi wavelet trong ti 16 dd
tao boi nguén di thuong 16n troi hon hén so véi cac
nguén di thuong nhd, 1am cho viéc xac dinh cac
ngudn nhod nay gip khong it kho khian. Pé giai
quyét vin @& nay, nhom tac gia da ap dung viéc
diéu chinh tham s6 ti 1& nham rat ngén khoang cach
v& d6 16n coa hé sb bién ddi wavelet trong ti 1€ dd
giita ngudn di thudng 16n va cac ngudn di thudng
nho. Tur d6, tao diu kién thuan loi cho viée dinh vi

cac ngudn lién k& dwoc d& dang hon, nhét 1a cac
ngudn bé.

Dé tach cac ngudn truong thé lién ké trong ti 18
dd, chung t6i da dwa vao phép bién d6i wavelet mot
chiéu trong biéu thirc (1) mot tham s hiéu chinh
a~" . Khi d6 phép bién dbi wavelet mot chidu trén
tin hiéu f(x) c6 thé viét lai nhu sau:

+00
W'(a,b)=a™" j f(x)iw(b;xjdx (11)
2 el a

O day » 1a mot hing sé dwong, va khi n = 0
thi tham sb ti 16 khéng dugc chuin hoa va phuong
trinh (11) trg vé phuong trinh (1). Trong qua trinh
phén tich mot s mé hinh di thuong tir don gian,
chiing t6i nhan thdy véi ham wavelet Farshad —
Sailhac thi n c6 thé thay d6i tir 0 dén 1,5. Khi n ting
thi cac hé sb bién dbi wavelet W'(a,b) trong bidu
thirc (11) giam va khoang cach vé& do 16n cua hé s6
bién d6i wavelet trong ti 1¢ do giira ngudn di
thuong 1n va cac ngudn di thuong nho ciing duoc
rit ngén hon, nén d6 phén giai hinh anh ciing dwoc
cai thién hon. Trong bai bao nay, nhém nghién ctru
chon n=15(d6 phan giai cao nhét) dé phén tich
cac nguf“m truong thé 1ién ké trong cac mo hinh ly
thuyét ciing nhu cac s6 liéu thuc té.
MObi quan hé giira hé s6 ti1é va d9 sau ciia ngudn
di thwong tir

Trong bién dbi wavelet, tham sb ti 16 ¢6 lién
quan dén d6 sau cua ngudn gay ra di thuong. Tuy
nhién, hé sb ti 1& khong phai 1a d6 sau va ciing
khong cho ta thong tin tryc tiép vé do sau. Bing
viéc phan tich ti 16 dd qua cac mé hinh 1y thuyét véi
ngudn truong duge tao ra tir cic vat ¢6 hinh dang
khac nhau, nhom tac gia da chi ra dugc twong quan
gin nhu tuyén tinh gita d6 sdu cia ngudn 7 va tich
s6 gifra ti 18 & voi bude do A quahé sb tilé k-

z=k(aA) (12)

Hésbk o day phu thudc vao chi $6 cAu trac cua
ngudn. Tiép theo, trong phan két qua nghién ctru va
thao ludn, hé sb k duoc xac dinh va ung dung dé
uée luong do siu cua cac ngudn di thuong trong
phén tich céac $6 liéu thuc té.

KET QUA VA THAO LUAN
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M3 hinh Iy thuyét
M6 hinh 1: Cdc nguén dj thwong don

Trong md hinh nay, ngudn tir truong 1a mot
qué ciu ddng nht, ban kinh R = 1,0 km. Ngudn bj
tir hoa theo phuong thing ding véi cuong do tir
hoéala M =6 A/m. Tam cla qua cAu ¢6 toa do theo
phuong ngang x = 50 km, va d¢ sau z = 3,0 km.
Tuyén do & mat dit 6 chidu dai 100 km di qua qua
cAu, khoang cach céac diém do 12 A = 0,2 km; nhu
vay toa do cac diém do 14n luot 13: 0; 0,2; 0,4;...100
km (Hinh 1a 12 d thi cta trudng tir toan phén, 1b
1a @6 thi ctia gradient truong tir toan phan).

Dya vao két qua v& déng tri (Hinh 1C) c6 thé
dé dang xac dinh toa do ctia diém cuc dai do 16n
bién ddi wavelet (diém mau tring nim gitra d thi):
b=250,0; a=13,5. Nhan gia tri cia b vdi budc do
A = 0,2 km s& dugc vi tri theo phuong ngang cta
tam ngudn dj thuong: x=250,0x0,2=50km. Gi4 tri
nay pht hop v6i toa d thiét ké x = 50 km ctia md
hinh. Do d6, cuc dai do 16n bién doi wavelet trén ti
1& 46 12 thong tin cho phép xac dinh chinh xac vi tri
theo phuong ngang ciia ngudn truong.

Giatri ctahé sd ti 1é a=13,5 ¢o lién quan dén
d6 sau ciia ngudn truong. BE tim quy ludt bién dbi
clia 46 sau ¢ theo o ching toi lan lugt thay doi -

qua cac gia tri tir 1,5 km dén 9,0 km (buéc nhay
0,5 km) va 1ap lai qua trinh khao sat nhu khi z=3,0
km. K&t qua khao sat chi ra trong bang 1 va dd thi
hinh 2. Dya vao d0 thi hinh 2 cta z theo «, xéc dinh
dugc ham tuong quan gan nhu tuyén tinh gitra do
sAu va tham s ti 16 1a:

z~1,1247x (a.A) (km) - khi khong chuan héa  (13)
z2~4,9918x(a'A) (km) - sau khi chuan hoa véi
n=1,5 (14)

Theo Yang va CCS (2010), khi ngudn truong
& xa mit phing do dac, chiing thuong dugc gia sir
nhu mot khdi cau déng nhit [6]. Sau do, d6 sau
twong dbi ciia ngudn c6 thé duge ude lugng truc
tiép tir cuc dai do 16n hé s6 bién ddi wavelet boi
phuong trinh (13) — khi khong chuin héa tham s6
ti 16 (n=0), hodc (14) — khi di chuan hoa tham sb
tile (n=15).

Trén thyc té cac ngudn tir truong c6 thé co cac
hinh dang don gian khac nhu: hinh try, via, dut gay
hay tiép xtic. Do d6, cin thiét cho nhom tac gia tiép
tuc thir nghiém phuong phap cua minh véi cac
ngudn tir tredng 6 hinh dang khac. Két qua tim hé
s6 k twong tmg véi cac ngudn co dang hinh hoc
khac nhau dugc mo ta & Bang 2.

)

i . I )
130 232 234 236 238 240 242 244 246 248 250 252 254 256 258 260 262 264 266 268 270
TUYEN DO (x 0.2km)

Hinh 1. Céc dang do thi cia md hinh 1. A) Dj thuong tir do mot qua cu dong nhét gay ra,
B) Gradient di thuong tir, C) Pang tri cua bién doi wavelet trén tin hiéu gradient
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Bang 1. Két qua phan tich voi ham Farshard - Sailhac

z (km) A (km) a(n=0) (a. A) a'(n=1,5) (a'A)
1,5 0,2 6,8 1,36 1.4 0,28
2,0 0,2 9,1 1,82 2,0 0,40
2,5 0,2 11,3 2,26 2,5 0,50
3,0 0,2 13,5 2,70 3,0 0,60
3,5 0,2 15,8 3,16 3,6 0,72
4,0 0,2 17,9 3,58 4,1 0,82
4,5 0,2 20,1 4,02 4,6 0,92
5,0 0,2 22,4 4,48 5,0 1,00
5,5 0,2 24,6 4,92 5,5 1,10
6,0 0,2 26,8 5,36 6,0 1,20
6,5 0,2 29,1 5,82 6,6 1,32
7,0 0,2 31,3 6,26 7,0 1,40
7,5 0,2 33,5 6,70 7,6 1,52
8,0 0,2 35,8 7,16 7,9 1,58
8,5 0,2 38,0 7,60 8,5 1,70
9,0 0,2 40,1 8,02 9,0 1,80

Chi sb cdu triic N 1a mot théng sb gitp xéac
dinh hinh dang trong d6i cua cac ngudn trudng (tir
hay trong luc trén cft 2 cta Bang 2) 1a cac )
nguyén va nd dugc giéi thiéu ldn diu boi
Thompson, D.T., 1982 [12] thong qua phuong
trinh thudn nhét c6 dang nhu sau:

ar
oy

G-t -0 S+ @z S =Ny -y (1)
x oz

trong d6, (Xo, Yo, o) 12 Vi tri cia ngudn di thuong,
T 14 cudng do tir toan phén do tai toa do (x, y, 2),
T 1a truong tir toan phan khu vuc, N 1a chi sb cau

trac ciia ngudn di thudng.

Hinh 2. Tuong quan gitta d¢ siu voi tich clia bude do va hé s6 1118 A) Khi chwa chun hoa tham s6 ti 18; B) Khi da
chuan hoa tham so ti 1€ vdin = 1,5.

Bang 2. Chi s6 ciu trac N va tham sé k tuong ing

Hinh dang Chi sb cu traic N k(n=0) k'(n=1,5)
Qua cau 3 1,1247 4,9918
Hinh try 2 1,0991 4,4214
Via mong 1 0,5981 3,6475
Dut giy hoic tiép xiic 0 0,2026 2,0474
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Mo hinh 2: Nguon dj thuong tir gom hai qua cdu
lien ké

Trong mé hinh nay, truong tir toan phan dugc
tao ra boi hai qua ciu cé kich thuéc khac nhau.
Ngudn bi tir hoa theo phurong thing dirg nhur nhau
v6i cuong d6 tir hoa 1a M = 6 A/m. Qua ciu thir
nhét c6 ban kinh 1,0 km va & toa do theo phuong
ngang x; = 43 km, va d6 sau z; = 3,0 km; qua ciu
thir hai ¢ toa do theo phuong ngang x,= 50 km, va
d6 séu z2 = 9,0 km c6 ban kinh 6,0 km.Tuyén do &
mit dat ¢6 chidu dai 100 km di qua hai qua ciu,
khoang cach cac diém do 1a A = 0,2 km; nhu vay
toa do cac diém do 1an luot 13: 0; 0,2; 0,4;...100
km.

Trong trudng hop hai qua cau lién k&, néu chi
ap dung phuong phap nhu trong mé hinh 1 thi rat
kho xac dinh duoc vi tri cia qua cAu thir nhét vi anh
huéng rét manh cta trudng tir tao boi qua cau thi
hai (Hinh 3A va 3B lan luot 1a dd thi trueong tir va
gradient tr toan phin ctia m6 hinh). That vay, quan
sat két qua v& déng tri trong Hinh 3C, chi thiy mot
diém cuc dai coa bién dbi wavelet trén ti 1& dd, vi
tri diém nay c6 toa do (b = 252,0; a = 41,0) tuong
g v6i vi tri ngudn 16n do qua ciu thir hai tao ra.

DANG TRI CUA BIEN DOI WAVELET TREN TIN HIEU GRADIENT

— " —r |
210 20 230 240 250 260 M0 280
TUYEN DO (x 0.2km)

Qud ciu thir nhét tao dj thuong tir toan phin kha
nho chi khoang 1/10 qua ciu thi hai, nén hé so
wavelet do n6 dong gop trong ti 18 dd ciing rit nho
s0 v&i hé sb bién ddi wavelet do qua cAu thtr hai tao
ra tai cing khong gian va do do, rat kho xac dinh
ngudn thir nhét trén ti 18 db.

Dé giai quyét van d& nay, nhom nghién ctru da
sir dung tham s6 chuén hoéa a” (véi n = 1,5)
trong phuong trinh (11) trén dit liéu gradient di
thuong tir toan phan tao boi hai qua cau. Két qua
vé déng tri dugc cho bdi hinh 3d cho théy tdn tai
hai diém cuc dai co toa do 1an luot 1a (b=218,0;
a'1=3,2) va (b:=249,0; a',=8,8). Nhan b, rdi by voi
budc do A = 0,2 km ta dugc toa d theo phuong
ngang cua tim hai nguén di thuong:
x,=2180%0,2=43,6 km va x,=2490%0,2=49,8 km.
Nhan a'; 16i @'2 véi buée do A = 0,2 km va hé s6 k
=4,9918 (Bang 2) ta duoc d¢ sau dén tdm cua hai
ngudn di thuong: z,=4,9918x(0,3x0,2)=3,2 km va
7,=4,9918%(8,8%0,2)=8,8 km. Cac giad tri nay co
léch mét it véi cac thong $6 cua mod hinh do su
tuong tac tir gitra hai qua cau da lam cho tim cia
chung c6 xu huéng xich lai gin nhau hon.

410 215 220 225 230 235 240 245 250 255 260 265 270

TUYEN DO (x 0.2km)

Hinh 3. C4c dang db thi ctia m6 hinh 2. A) Di thuong tir toan phin do hai qua ciu dong nhét gy ra, B) Gradient di
thudng tir toan phén, C) Ding tri cta bién dbi wavelet trén gradient tir toan phin, D) Déng trj ciia bién déi wavelet
trén gradient tir toan phan khi chuén hoa
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Nhim ting tinh thuyét phuc cia phuong phap
duoc dé xuat, nhom nghién ciru tiép tuc phan tich
trén cac sd liéu mo hinh duoc tao boi hai nguén
truong tir 1ién ké co dang hinh hoc khac nhau gdm
mot hinh try nim ngang va mot via mong nim
ngang.

Mo hinh 3: Nguén di thuong tur g5m mot hinh tru
nam ngang dat lién ké véi mét via mong nam ngang

Trong md hinh nay, trudng tir toan phan dugc
tao ra boi mot hinh tru ndm ngang dat lién ké vé6i
mdt via mong nim ngang. Ngudn cing bi tir hoa
theo phwong thing dimgvdi cudng do tir hoa la M
= 6 A/m. Hinh tru c¢6 ban kinh 6 km va & toa d6
theo phuong ngang x; = 44 km, va do sau z; = 8,0
km, trong khi via mong ¢ toa d¢ theo phuong
ngang x;= 50 km, va d6 sau z2 = 3,0 km; bé day 40
m.Tuyén do & mit dat, chiéu dai 100 km di qua hai
ngudn, budce do 1a A = 0,2 km (Hinh 4); nhu viy
toa do cac diém do 1an luot 1a: 0; 0,2; 0,4;...100
km.

Két qua v& dédng tri (Hinh 4c) cho thay chi mot
diém cyc dai cua hé s wavelet xuit hién trén ti 18
dd, ¢6 toa do (b = 222,0; a = 50,0) twong tng véi

205 210 215 220 225 230 235 240 245 250 255 260 265
TUYEN DO (x 0.2km)

toa d§ cda hinh try ngang trong moé hinh. Véi via
ngang, vi di thuong tir toan phan do no gy ra
khong dang ké so v6i hinh tru, nén hé sb wavelet
do no6 dong gop trong ti 1& d ciing rat nhod so voi
hé sd bién dbi wavelet do hinh tru ngang tao ra tai
cung khéng gian va do do, rit kho xac dinh via
ngang trén ti 16 do.

Str dung tham s6 chuén héa @™ (véin = 1,5)
trong phuong trinh (11) trén dir liéu gradient tur
toan phan tao boi hai nguon. Két qua vé ding tri
dugc cho bai hinh 4d cho théy tdn tai hai diém cuc
dai c6 toa d0 lan luot 1a (h=218,0; a'/=8.8) va
(b2=254,0; a'7=4.,4). Nhan b; rdi b, v6i bude do A =
0,2 km ta dugc toa d§ theo phuong ngang cta tdm
hai ngudn di thuong: x,=218,0x0,2=43,6 km va
X,=254,0x0,2=50,8 km. Nhan a'; rdi a'2 v6i bude
do A=0,2 km va hé sb k' = 4,4214 (twong tmg véi
hinh tru) hodc k' = 3,6475 (tuong Ung voi via
moéng) ta dwoc d6 sdu dén tdm cua hai ngudn di
thuong:  z;=4,4214%(8,8x0,2)=7,8 km va
7,=3,6475%(4,4%0,2)=3,2 km. Céc gia tri ndy co
léch chitt it v6i cac thong sb cia mé hinh do tuong
tac tir gitta hai ngudn di thudng.

E 8B 8 BE 2 8 2 3 8 8 B8

J5 210 215 20 225 230 235 210 205 250 265 260 265
TUYEN DO (x 0.2km)

Hinh 4. Cac dang dd thj ciia m6 hinh 3. A) Dj thuong tir toan phén do hinh try ngang va via méng ngang gy ra, B)
Gradient di thuong tir toan phan, C) Ding tri cta bién dbi wavelet trén gradient tir toan phan, D) Déng tri ciia bién
dbi wavelet trén gradient tir toan phan khi chudn hoa
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Tiép theo, nhom nghién ctru tiép tuc thir
nghiém phuong phép trén mé hinh ¢ nhiéu ngudn
di thuong tir hon, véi nhiéu hinh dang khac nhau
va ching duogc bd tri & cac toa dd cling rat gﬁn voi
dir liéu thyc té nhim ting thém tinh thuyét phuc
vé kha niang ing dung ciia phuwong phép.

M6 hinh 4: Nguon di thuong tir gom mot via mong
nam gan mot qud cau lén va mot qud cau nhé nam
gdn mot hinh tru lon.

Trong mé hinh nay, trudng tir toan phin duoc
tao ra bdi mot via mong nidm gén mot qua cAu 16n
va mot qua cAu nh6 nim gﬁn mot hinh try 16n.
Ngudn cting bj tir hoa theo phuwong thing dimgvéi
cuong d6 tir hda la M =6 A/m. Via mong ¢ toa do
theo phuong ngang x;= 25 km, va d6 sdu z; = 1,5
km; bé day 40 m; qua ciu 16n c6 ban kinh 3,0 km
va nam & toa do theo phuong ngang x» = 40 km,
va do siu z» = 4,5 km, trong khi qua cdu nhé6 co
bén kinh 1,5 km va nim & toa do theo phuong
ngang x3 = 80 km, va d6 sau z3 = 5,0 km; hinh tru
16n c6 ban kinh 5 km va ¢ toa d theo phuong
ngang x; = 90 km, va d6 siu z¢ = 6,0 km.Tuyén
do & mat dit, chiu dai 100 km di qua bén nguén,
bude do 1a A = 0,2 km (Hinh 5); nhu vay toa do
cac diém do lan lugt 1a: 0; 0,2; 0,4;...100 km.

Két qua v& déng tri (Hinh 5C) cho thiy chi
xuét hién hai diém cuc dai ctia hé sb wavelet trén
ti 18 6, c6 toa dd (b2 = 200,0; az = 19,6); (bs =
450,0; a4 =25,5) twong Gng voi toa do cua qua cu
16n ¢ km thtr 40 va hinh tru 16n ¢ km tht 90 trong

mo hinh. Véi via méng & km thir 25, va qua céu
nho & km thir 80, vi di thuong tir toan phin do n6
gay ra khong déng ké so véi hinh tru 16n va qua
cau 16n, nén hé s wavelet do n6 dong gop trong ti
1¢ d6 ciing rit nho so v6i hé sb bién dbi wavelet do
hinh tru 16n va qua cdu 16n tao ra tai cing khong
gian va do d6, rat kho xac dinh via mong va qua
cau nho trén ti 1¢ do.

St dung tham s6 chuan héa =" (voin =
1,5) trong phuong trinh (11) trén dir li¢u gradient
tir toan phan tao boi bon ngudn. Két qua vé ding
tri dugc cho bdi Hinh 5D cho théy tdn tai bon diém
cuc dai c6 toa do 1an luot 13 (b=125,0; a'1=2,0);
(b2=200,0; a'=4,7); (bs=405,0; a'5=54);
(h4=450,0; a'/=6,9). Nhan b;; bs; b31di by véi bude
do A =0,2 km dugc toa d9 theo phuong ngang cta
tam bbn ngudn di
x,=125,0x0,2=25,0 x,=200,0x0,2=50,0 km;
x3=405,0x0,2=81,0 km;va x, =450,0%0,2=90,0 km.
Nhan a'j; a's; a'sr6i a'svéi bude do A= 0,2 km va

thuong:

hé s6 k' = 3,6475 (twong tmg véi via mong) hodc
k' = 4,9918 (twong Ung v6i qua cdu) hay k' =
4,4214 (twong tng v6i hinh tru) ta duoc d6 sau dén
tam cua bbn ngudn di
7,=3,6475%(0,2%0,2)=1,5km;
2,=4,9918%(4,7x0,2)=4,7km;
z3=4,9918%(5,4%0,2)=5,4km
vaz,=4,4214%(6,9%0,2)=6,1 km. Cac gia tri nay co
léch chut it véi cac thong s6 ciia mé hinh do tuong

thuong:

tac tir gitra cac ngudn di thuong gan nhau.
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Hinh 5. Céc dang dd thi ciia mé hinh 4. A) Di thuong tir toan phin do via mong, hai qua cdu va hinh try giy ra, B)
Gradient di thuong tir toan phan C) Ding trj cia bién d6i wavelet trén gradient tir toan phén,d) Pang tri cia bién
dbi wavelet trén gradient tir toan phan khi chuén hoa

Tir céc két qua kha quan khi phan tich cac sb
liéu mo6 hinh, chung t61 da xay dung mot quy trinh
xac dinh toa d6 va d6 sau cua cac nguf‘)n di thuong
tir lién ké dé 4p dung phan tich cac tuyén do thuc
té.

Quy trinh x4c dinh toa dd va df siu cac ngudn
tir lien ke bang phép bien doi wavelet Farshard
— Sailhac

Viéc xé4c dinh toa do va do sdu cia ngudn tir

lién k& sir dung bién dbi wavelet Farshard —

Sailhac ¢6 thé tém lugc trong quy trinh gdm céc
budc sau:

Budc 1: Lay gradient ngang cta trudng tir
toan phan doc theo tuyén do.

Buéc 2: Thyc hién bién ddi wavelet trén
gradient ngang cua trudng tir bing ham wavelet
Farshard — Sailhac.

Sau bién d6i wavelet lién tuc phuec, thu duogc
bdn bd s lidu khac nhau gém: phﬁn thuec, phﬁn
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phirc, phin d6 16n, va phin pha. Di liéu ctia phan
d6 16n s& duogc sir dung trong cac bude ké tiép.

Budc 3: Thay d6i hé sb ti 1¢ a va lap lai bién
ddi wavelet Farshard — Sailhac da ti 1.

Budc 4: VE déng tri ctia hé sb bién ddi wavelet
Farshard — Sailhac trén gradient ngang trong ti 1€
dd (a, b).

Budce 5: Xac dinh toa d6 theo phuong ngang
ctia ngudn di thuong.

Trén d thi dé'ing tri, xac dinh cac diém cuc dai
cuia hé s6 wavelet. Toa d6 theo phrong ngang va
phwong thing dung 1an lwge 13 b; va a;, (i chi sb
thir tu ctia ngudn). Toa do theo phuong ngang ciia
cac ngudn gay ra di thuong tir duoc xac dinh boi
biéu thirc sau:

xX; =b;xA (16)
Budc 6: Xac dinh d0 sau cua nguén truong.
Tinh chi s6 cu tric ctia cic ngudn di xac dinh

trong bude 5, tir d6 woc lugng hinh dang twong dbi
cua nguf‘)n, roi xéc dinh hé sb k; hodc k' tuong Gng
tir bang 2. Khi do, do sau cua cac ngu(‘Sn tr dugc
xéc dinh béi biéu thire sau:

z; = k;(a;.A) (17)

z; =k';(a';.A) (18)

Phuong trinh (17) 4p dung khi khéng chuén
hoa tham sé ti 16 (n=0), va phwong trinh (18) 4p
dung khi da chuin hoa tham sé ti 16 (n=15).

Phén tich tuyén do tir & ving ddng bang Nam b

Ap dung quy trinh trén dé xac dinh toa do va
d6 sau cua ngudn tir voi ham wavelet Farshard —
Sailhac trén cac b liéu thyc té, chung t6i da phan
tich sau tuyén do tir trén ban d6 cuong do tir toan
phin & Pong bang Séng Ctru Long. Cac két qua
phan tich déu cho thiy d6 chinh xac kha tt, phi
hop véi cac cong bd ctia cac tai lidu dia chat trude
day. Tuy nhién, trong bai bao nay, nhém chi trinh
bay két qua phan tich tuyén Ca Mau — Séc Tring.

Chung t6i sir dung ban d6 cudng do tir toan
phan véi ti 18 1/500.000 duoc cung cp bsi Cuc

dia chat va khoang san Viét Nam. Chung t6i chon
tuyén do chay doc tir Ca Mau dén Soc Tring, do
dai 103 km, sau d6 dir liéu dugc noi suy voi
khoéng cach mdi diém do cach déunhau A= 1 km.
St dung trudng tir trung binh tham chiéu qubc té
cua Pai hoc Kyoto, nhom tac gia da tinh dugc
cuong d6 di thudng tir toan phén cua tuyén do. Két
qua dugc mo ta trén hinh 5a, qua dd thi phat hién
hai di thuong manh & gén vi tri km thr 42; 89 va
hai di thudng yéu hon & km thtr 27 va 80. Céc di
thudng ndy c6 ca phan di thuong dwong va di
thuong am k& nhau. Cuc dai di thuong c6 gia tri
khoang 150 nT & km thir 8 va cyc tiéu cua di
thuong c6 gia tri la -230 nT ¢ km thir 89.

Dua vao két qua v& déng tri trén hinh 6¢, co
thé x4c dinh duge doc theo tuyén do c6 hai nguén
gay ra di thuong manh tuong tmg voi hai diém cuc
dai do 16n bién d6i wavelet: b; =42, a; =4,0; by =
89, a»=5,5. Trong do, nguén di thuong thur hai co
quy md va cudng d6 16n hon hin ngudn di thuong
thr nhét.

LAy céc gia tri b;; bonhan véi bude do A= 1
km ta duogc toa do ctia cac ngudn gay ra di thudng
tir doc theo tuyén do twong tng tai cac km thir 42
va 89.

Dé xac dinh toa d6 hai ngudn di thuong nho &
km thir 27 (gan ngudn di thuong manh hon & km
thir 42) va km thir 80 (gin ngudn di thuong rat
manh ¢ km thr 89) nhém nghién ctru da st dung
tham s6 chudn héa =" (voin = 1,5) trong bién
ddi wavelet cho boi phuong trinh (11) trén dit liéu
gradient di thudng tir toan phin doc theo tuyén do.
Két qua v& ding tri (hinh 6d) cho thiy xuét hién
thém hai vi trf cuc dai dd 16n coa hé s6 wavelet:
b;=27,a'3=0,44; by= 80, a's+ = 0,86. Léiy cac gia
tri bs; bmhan véi bude do A= 1 km duogc toa do
ctia hai ngudn giy ra di thuong tir nhé doc theo
tuyén do twong tmg v6i cac km thir 27 va 80.

Tiép theo, dé xac dinh dd sau cta cac nguén
di thuong nay, ching t6i bit dau véi dudng biéu
dién logWw/a?) theo log(q, +z) nham tinh chi s6
chu truc.
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Nguon di thwong 1

b1=42; a1=4.,0

D) A I
Nouon di thuong 1
‘ b1=42; ¢11—0 90

Nguon di thwong 3
bz—27 a3=0,44

Ngudn di thuwong 4

Nguén di thwong 2
b>=89; az

-

7 I
Nguon di thwong 2
b>=89; a'>=1,36

I

ba=80; 4=0.86 | |

Hinh 6. Cac dang dd thj ciia tuyén do thuc té. A) Di thuong tir trén tuyén do, B) Gradient di thuong tir,
C) Péng tri ciia bién di wavelet trén gradient di thuong tir,
D) Ding tri ctia bién d6i wavelet trén gradient di thuong tir khi dd chuin hoa

Hinh 7D v& dudng biéu dién cla logw/a?)
theo log(a, +z) khi phan tich dit liéu ctia nguon di
thuong & km thir 89 trén tuyén do. Sir dung
phwong phap binh phwong t6i thiéu, phwong trinh
duong thing: Y =-51X +119 d3 dwoc xac dinh, sau
d6 ching t6i wdc lwong gia tri cia B~-5 (biéu
thirc 10), do d6 chi sé céu trac 1a N=5-2-1=2
(phwong trinh 6). Nhu vdy ngudn di thudng tir ndy

¢6 dang twong d6i 13 hinh tru, twong tng voi hé sb
ti 1€ k =1,0991 hodc k'=4,4214 (Bang 2). Nhan h¢
sO ti 18 k voi (a,.A) hodc k'véi (a',.A) ta duoc
d6 sau ctia ngudn trudng & km thtr 89 khoang 6,0
km. Phén tich twong tu cho cac di thuong con lai
trén tuyén do, thu dugc két qua téng hop trong
Bang 3.
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Hinh 7. Céc db thi biéu dién duong logW/a2) theo log(a; +z) . A) Ngudn di thuong & km thir 27,
B) Ngudn di thudng & km thir 42, C) Ngudn di thuong & km thi 80, D) Ngudn di thudng & km thi 89

Bang 3. Tong hop két qua phan tich cic ngudn di thudng tir trén tuyén do Ca Mau — Soc Tring

TT Vi tri ngang Bac dong nhit Chi s6 ciu truc Hinh dang Do sau
(km) Yij N tuong dbi (km)
1 42 6 3 Cau 4,5
2 89 5 2 Tru 6,0
3 27 4 1 Via 1,6
4 80 6 3 Céu 43

KET LUAN

Chung t6i da sir dung mot ho wavelet mdi co
tén 1a Farshard — Sailhac d& giai bai toan ngwoc
truong thé nhdm xéc dinh toa do, do sdu va chi sb
cAu tric ciia cac ngudn gay ra di thuong tir lién ké.
Qua viéc phan tich cac mé hinh Iy thuyét, sir dung
phuong phép cuc dai do 16n bién déi wavelet,
nhém tac gia da thiét 1ap duogc ham tuong quan
gin nhu tuyén tinh giita d6 sau vai hé s6 ti 18. Viée
chuén hoa tham s6 ti 1¢ cling duoc ap dung dé cai
thién do phén giai, giup tach biét cac ngudn di
thuong lién ké trong ti 1& dd, tir d6 x4c dinh dugc

d6 sau cua ching. Quy trinh xac dinh toa d va do
sau cua ngudn dj thuong tir bing ham wavelet
Farshard — Sailhac da dugc xay dung va ap dung.
Két qua phan tich tuyén do tir Ca Mau - Soc Tring
cho thdy c6 bén ngudn gy ra di thudng tir. Trong
d6, v& quy mé thi c6 hai ngudn I6n giy ra di
thuong manh va hai ngudn bé gay ra di thuong yéu
hon. Vé hinh dang thi c6 hai ngudn dang cau, mot
ngu6n dang tru, va mot nguén dang via voi toa d9,
d6 sau va chi sb cAu triic cta chung 1a kha tring
khép vé6i cac cong bd trede do [13].
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Identification of magnetic anomalies of
adjacent sourses using the wavelet
transform modulus maxima and scale

normalization

e Duong Quoc Chanh Tin
University of Science, VNU-HCM
e Duong Hieu Dau
e Nguyen Minh Tan
Can ThoUniversity

ABSTRACT

In the potential field inverse problems,
accurate determination of the location for the
anomaly sources and their properties played an
important role. For geomagnetic anomalies of
adjacent sources, they always superimpose upon
each other not only in the spatial domain but also
in the frequency domain, making the identification
of these sources significantly problematic. In this
paper, a new mother wavelet for effective analysis
the properties of the close potential field sources
was used. By theoretical modeling, using the
wavelet transform modulus maxima (WTMM)
method, we set up a correlative function between

the scale parameter and geomagnetic source
depth. Moreover, a scale normalization on the
wavelet coefficients was introduced to enhancethe
resolution for the separation of these sources in
the scalograms, thereby determining their depth.
After verifying the reliability of the proposed
method on the modeling data, we have analysed
the geomagnetic data in the Mekong delta. The
results of this interpretation were consistency with
previously published ones, furthermore, the level
of resolution for this technique was quite
coincidental with other methods using different

geological data.

Keywords: potential field inverse problems, geomagnetic anomalies of adjacent sources, the wavelet

transform modulus maxima (WTMM) method, correlative function, scale normalization
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