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TOM TAT

Ra da xuyén dat la phiwong phdp tham do
dién tir tan s6 cao (10 dén 3000 MHz) d4 va dang
phét trién rat nhanh trong nhitng thdp nién gan
ddy, la phwong tién hitu ich dé phdt hién cdc di
Vdt dudi mat dat véi nhiéu wu diém: khong phd
haty cau tric, téc do thu nhdn dir liéu nhanh, dé
phén gidi tin hiéu va d¢ tin cdy cao trong xir Iy.
Véi cdc wu diem dé, ra da xuyén dat dwoc siv
dung réng ri dé nghién ciu cdu tric tang néng
nhu: duw béo sat 16, sut lin, vé ban do cong trinh
ngam dé thi, giao théng, xdy dwng, khdo cé va
nhiéu linh viee Ky thudt khdc, ... Viéc xir Iy dir liéu
ra da xuyén dat da tré thanh mér yéu cau da
dang va cdp bdach. Hién nay, bién doi wavelet 1a
Mot trong nhitng coéng cu hién dai va hiéu qud

trong Viéc xir Iy tin hiéu, xir Iy anh, do hoa, nén
dir liéu [1], phdn tich tai liéu tham do tw, trong
Trong nghién ciu nay, ching toi
sir dung bién doi wavelet lién tuc (CWT -
Continuous Wavelet Transform) va ky thudt phdn
tich bién da ti 1é voi cac ham wavelet dwoc chon

luc, dién tu, ...

thich hgp véi hinh dang cua tin hiéu ra da xuyén
dat dé xdc dinh cac di vit trong dia chat tdng
néng. B¢ chinh xdc ciia phwong phdp dwoc kiém
nghiém trén cac md hinh ly thuyér truée khi dp
dung vao thuc té. Két qua phén tich cho thdy
phirong phdp dwoc dé xudt 1a kha thi va do chinh
xac dang tin cqy dé xac dinh kich thudc vavi tri
cac dj vat.

Tir khéa: tham do dién tir, Ra da xuyén dat, phép bién doéi wavelet 1ién tuc, xdc dinh vi tri va kich thudc

di vat
MG PAU

Qua trinh xur Iy va phan tich sé liéu ra da
xuyén dat (GPR — Ground Penetrating Radar) ton
rat nhiéu thoi gian vi trai qua nhiéu céng doan
nhu: dinh dang sb liéu, hiéu chinh dia hinh, loc
nhiéu, khuéch dai [2]... trong d6 vi tri, kich
thude va do sau cua di vat 1a cac théng sé can xac
dinh trong buéc phan tich hay giai doan cudi
cung. Viéc xac dinh kich thudc cua di vat theo
cac phuong phap minh giai sé liéu GPR truyén
thdng gap khong it khé khan vi nd phu thudc vao

van téc truyén song dién tir trong moi trudng vat
chat - 1a dai luong bién thién rat phtc tap theo
moi hudng [2].

Phép bién d6i wavelet roi rac thuong dugc ap
dung dé loc nhidu va tach truong nhim ting
cuong do twong phan cho viéc phan tich hinh
anh, hau nhu chua c6 tac gia nao sir dung wavelet
roi rac dé xac dinh kich thudc, vi tri, va d¢ sau
d6i twong nghién ciru. Trong khi d6, nhiéu cong
trinh sir dung wavelet lién tuc xir 1y dinh lwgng
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tai liéu dé xac dinh céc thong so vi tri, do sau va
kich thude ddi twong nghién ciru dat duoc nhiéu
két qua kha quan [3-6]. Qua nghién ctu ching toi
nhan thay dir liéu GPR va di liéu truong thé co
su twong ddng trong cu trdc di liéu: thé hién sy
thay d6i cuong do tin hiéu theo vi tri. Do do, viéc
ap dung phép bién doi wavelet lién tuc dé xu ly
dir lieu GPR la hoan toan hop ly. Sir dung cac
ham wavelet sin co trong Matlab nhu wavelet
Harr, wavelet Daubechies hay wavelet Mexican
Hat... két qua dat duoc khong dang ké. Thuc ra
viéc phan tich dir liéu bang bién d6i wavalet s&
dat két qua tét néu dix liéu dau vao cé dang tuong
ddng voi dang cua wavelet duoc chon dé phan
tich. Dir liéu GPR theo mét tuyén do thi phirc tap
va hau nhu khong gidng voi dang cua cac
wavelet sin c6 trong Matlab. Tuy nhién, néu qua
phép loc trong tuyén thi dang di liéu dau ra gan
gidng voi ham wavelet Poisson — Hardy nén dir
lidu sau phép loc trong tuyén dugc phan tich bang
wavelet Poisson — Hardy s& cho két qua tét.

Muc tiéu ctia nghién ciu nay la gigi thiéu
mét phuong phap xtr ly dit liéu GPR bang phép
bién ddi wavelet lién tyc trén tin hiéu ra da xuyén
dat da duoc loc nhidu bang ham trong tuyén
(LWF - Line Weight Function) sau d6 dung
phuong phap xac dinh bién da ti 16 (MED -
Multiscale — Edge - Detection) dé xac dinh vj tri
va kich thudc cua cac di vat ma khong xét dén
van téc truyén song dién tir trong moi trudng
khao sat.

VAT LIEU VA PHUONG PHAP

Ra da xuyén dit

Nim 1960, Cook JC lan dau tién dé xuat viéc
tham do cac d6i tuwong dudi bé mit ranh gidi
bang céch str dung séng dién tir phan xa [7]. Sau
d6, Cook va CCS da nghién ctru va phét trién céc
hé thdng thu phat song dién tir mai nham phét
hién nhimg ddi tuong di vat kha bé bi phan xa
du6i mit dat [8]. Ly thuyét co ban cia GPR duoc

mé ta chi tiét boi Benson AK [9]. N6i ngan gon,
GPR st dung mot anten phat song dién tu dudi
dang xung trong khoang tan sé tir 10 dén 3000
MHz, lan truyén trong vat chat bén dudi mat dat
Vv6i van téc phu thuoc vao ciu tric méi truong.
Khi séng dién tir lan truyén qua cac bat dong nhit
hoac cac mat ranh gidi gitta hai méi truong céd
tinh chat dién khac nhau, mot phan ning luong
s6ng s& phan xa hoic tan xa tré lai mat dat, trong
khi phan nang lwong con lai tiép tuc truyén qua
vat can xudng phia dudi. S6ng phan xa duoc ghi
nhan boi anten thu va luu trir trong bd nhé caa
thiét bi sir dung cho viéc phan tich va xir ly vé
sau. Céc kénh ghi séng phan xa trén mét tuyén do
dugc sip xép theo chiéu doc va dugc xem nhu
mat cit phan xa hai chiéu theo phuong thang
dung cua dia tang hoic cac dic tinh bén dudi bé
mat. Khi d6i twong di vat ¢ phia trudc hoic ¢
phia sau anten cia ra da xuyén dat, phai mat
nhiéu thoi gian cho cac séng dién tir phan xa tro
lai anten; trong khi anten quét ngang qua di Vvat,
thoi gian séng phan xa quay lai méy thu s& ngan
hon nhiéu. Hién twong nay tao ra hinh anh cua
song phan xa thu béi anten c6 dang mot
"hyperbol”. Hyperbol nay thuc chit Ia hinh anh
cua mot di vat nho (nhu mit cat caa dng try) nam
o tdm cua duong cong.

Tbéc do cua song dién tir Vi, trong moi
truong dugc cho bai (1) [10].
c
Vim = ()

1
(L“rj (1+ PZ)E +1
2

trong d6 P: hé s6 ton that phu thudc tan sb cua
song dién tir, n6 l1a ham theo d6 dan dién va do
dién thim moi truong, ¢ = 0,2998 m/ns: téc do
cua anh sang trong chan khong, & hang sé dién
moi twong d6i, W do tir tham twong ddi (U = 1
d6i voi vat liéu khong tir tinh).
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Do xuyén sdu D duoc xac dinh tir biéu thirc
lién hé gitra toc do truyén séng qua moéi trudng
va thoi gian truyén ciia cac tin hiéu GPR. Diéu
nay cho ta tinh D theo phuong trinh (2) [10]:

(t.Vm )2 - 52

D= 5 )

trong d6 S 1a khoang céch cb dinh gira anten
phét va thu cua hé théng GPR.

Bién d6i wavelet lién tuc va ham wavelet
Poisson — Hardy

Phép bién doi wavelet lién tuc trén tin hiéu
mét chiéu f(x) cho boi:

W(s,b):%j:f(x)q/[bg—xjdx:%(f*q,) 3)

véi, s € R*: tham sb ti 16 va be R: tham s6
vi tri, y(x): lién hiép phac cua y(x), la ham
wavelet ding trong bién ddi, f*\y : ky hiéu tich
chap cua ham f(x) va y(x) . Bién ddi wavelet c6
uu diém 13 c6 thé st dung nhiéu ham wavelet
khac nhau tuy theo dang théng tin sir dung trong
phén tich.

Pé xéac dinh cac bién di vat tir d6 xac dinh vi
tri va kich thudc, ching téi sir dung ham wavelet
phuc Poisson - Hardy [7] c6 dang nhu sau:

W(PH)(X):W(P)(X)+i\|I(H)(X) (4)

2
trong dé’ \U(P) (X) = —%i

(5)
(1+x2)3

w(H) (x) = Hitbert(w (P) (x)) :%L”z (6)
(1+ xzj

Xdc dinh bién da ti 1¢

Trong xu ly anh, viéc xac dinh bién Ia yéu
cau co ban. Theo ly thuyét xu ly anh, cac bién
cua hinh anh 1a nhiing ving c6 cuong do sang
thay ddi nhanh hay mau sic twong phan manh.
Déi véi dir lidu cd dang tin hiéu bién thién theo
khong gian (nhu GPR) thi nhiing diém ma bién
d6 cua tin hiéu c6 sy thay doi manh (hay thay doi

dot ngot) duoc xem la cac bién. Khi 4p dung ly
thuyét xir Iy anh vao viéc phan tich tin hiéu GPR,
xac dinh cac bién s& twong tng véi viée xac dinh
vi tri va kich thuéc twong ddi cua di vat. Bé xéac
dinh bién di vat, bién doi wavelet dugc thyc hién
& nhiéu ti 1¢ khac nhau nén bién can xac dinh l1a
mot ham s theo ti 1¢ va goi 1a bién da ti 1&. Vi
vy, phuong phap xac dinh bién sir dung phép
bién ddi wavelet con goi 1a phuong phap xac dinh
bién da ti I¢ [3].

Phuong phép xac dinh bién da ti I theo d&
Xuit ciia Grossmann va CCS [11] lién quan dén
viéc xay dung nhimg dudng ding tri cua thanh
phan d6 16n va thanh phan pha cua bién doi
wavelet lién tuc trén tin hiéu dugc phan tich.
Nhitng duong dang tri cua bién ddi wavelet phuc
v6i thanh phan d6 16n (hay goc pha) khong doi la
cac duong thang cit nhau tai cac giao diém-zero
tuwong tng Vi Vi tri cua cac diém ky di va cé lién
quan dén vi tri cua tam (hay cAc bién) nguon.
Diéu kién &p dung la cac ham wavelet thuc thi
phai dugc xac dinh tir cac dao ham bac nhat hay
dao ham bac hai cia mot ham dac trung cho phép
chuyén truong trong bai toan truong thé. Trong
bai bao nay, ham wavelet c6 tén la Poisson -
Hardy duoc kiém ching la théa mén cac yéu cau
cua phuong phap Grossmann, vi thé viéc tinh
toan, phan tich va minh giai vi tri cting nhu kich
thudc cua cac di vat déu dya trén thanh phan do
I6n va thanh phan pha cua bién d6i wavelet nay.
Phép loc siv dung ham trong tuyén (Line
Weight Function —LWF)

Nam 1966, Fiorentini va Mazzatini [12] d&
gi6i thiéu phép loc str dung ham trong tuyén dé
loai nhiéu va ting do twong phan & bién. Pay la
su két hop tuyén tinh giita ham Gauss va dao
ham bac hai theo khéng gian cia ham Gauss:

1%)=Coho(2)+Cahp(2) Y
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trong d6 ham Gauss ho(g) c6 dang:
1 _ x2 8
L exp[ 262} ®)

va hy (g) 1a dao ham bac hai cua ham Gauss:

1 B _ x2 x2 _ x2 (9)
87«52[ eXp{ ZGZ%GZEXF{ 202”

Ham loc trong tuyén theo cac phan tich trén
cac mo hinh ciia B.V. Liét va cs [13] c6 thé ding
loc hiéu qua cho cac dit liéu tir va trong luc.
Trong nghién ctu nay, ching t6i sir dung ham
trong tuyén dé loc dir liéu trude khi xir Iy bang
wavelet két hop véi ky thuat xac dinh bién da ti
I6. Voi cac phan tich thir nghiém trén s liéu mo
hinh, nhém nghién ciu nhan thay cac théng sé
loc duoc chon thich hgplaco=7 vac,=-1.

ho(%)=

ha(2)=

Quy trinh phan tich s6 li¢u GPR bing phép
bién doi wavelet

Budc 1: Chon Iop cat dix liéu GPR téi wu.
Sau khi xtr ly sé liéu tho, thu dugc mot mat cat
GPR tuong ddi rd rang va hoan chinh. Dit ligu
cua mat cit 1a mot ma tran [m, n] gdm m hang
(trong ng vai s6 mau trén mai trace séng) va n
cot (twong tng véi sb trace séng). S6 trace song n
tly thudc vao chiéu dai cua tuyén thu sé liéu va
budc mau dx. S6 mau trén mdi trace song ciing
thy thudc vao do sau khu vuc khéao st va budc
mau dt. Tr mat cat GPR, ngudi xu ly dir lidu
bang phwong phap wavelet phai chon ra mét 16p
cat dir liéu tdi wu twong ung véi mot hang trong
ma tran [m, n]. Viéc chon Iép cit dit liéu nay phu
thudc rat nhiéu vao kinh nghiém cua nguoi xir Iy,
phai thir voi nhiéu 16p khac nhau trén cac md
hinh Iy thuyét ciing nhu mé hinh thuc nghiém.
Viéc chon 16p cit dix liéu pha hop s& gidp cho
viéc phan tich wavelet dé xac dinh bién dwoc
chinh xac.

Budéc 2: Loc dir liéu bang ham trong tuyén
nham ting cudong do phan giai cho phép xac dinh

bién da ti 1& thuc hién vai bién dbi wavelet lién
tuc.

Budc 3: Xir ly sé lieu khéng mong mudn sau
phép loc. Bo sb lisu moi sau cac phép loc ¢
chua thém cac sé liéu noi suy gan cac bién,
ching la s lieu khéng mong muén vi thé can
phai loai bo dé d6 dai dir liéu giéng nhu ban dau
va han ché cac hiéu tng bién.

Budgc 4: Thuyc hién bién ddi wavelet véi ham
wavelet Poisson — Hardy trén sb liéu da qua loc.
C4c dir liéu sau bién d6i wavelet phic gdm 4 bo
dir liéu khac nhau gém céc thanh phan la thanh
phan thyc, thanh phan 4o, thanh phan do Ion va
thanh phan géc pha. Dir liéu cia thanh phan do
Ién va thanh phan gdc pha s& duoc tiép tuc xir 1y
& budac 6.

Budc 5: Thay dbi céc ti & s khac nhau va
thuc hién lai cac bién déi wavelet da ti 18.

Budc 6: Két hop V& dang tri va dang pha cua
cac hé sb bién d6i wavelet theo cac ti 1é s khac
nhau. Céc budc tir 1 dén 6 duoc thyc thi bang cac
chuong trinh con, chay trén phan mém Matlab.

Buéc 7: Xac dinh vi tri va kich thu6c di vat
tir két qua vé dang tri va ding pha & budc 6.

Vi tri x4c dinh tir két qua vé dang tri:

X = toa do tdm x budc do (10)

Kich thuéc xac dinh tir két qua vé dang pha:

D = (toa do bién phai — toa do bién trai) x
budce do (11)

KET QUA VA THAO LUAN
M& hinh ly thuyét
Mb hinh 1

St dung anten tan s6 700 MHz, méi truong
ddng nhat: cat khd day khoang 5 m c6 do dan
dién o = 0,01 mS/m; &= 5; w = 1; v = 0,13407
m/ns. Di vat bén dudi la tru bé tong: ¢ = 0,1
mS/m; & = 6; ur = 1; v’ = 0,12239 m/ns, bén
trong 13 khong khi; ¢ tdm dat tai vitrix=5m; z
= 0,8 m, duong kinh trong d = 0,240 m, duong
kinh ngoai D = 0,320 m.
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i i cat ngang op oot ren

u 2 a“ [0 52 54 56 54 6
Wti(m)

Hinh 2. Tin higu cta 16p nam dudi mit trén

Hinh 3. Ding tri cia biép dbi wavelet
trén tin hiéu da loc bang LWF

Dua vao két qua vé dang tri va dang pha trén
Hinh 3 va Hinh 4, toa do tam, bién trai va bién
phai cua di vat lan luot nam & vi tri 114,5; 111,5;
118,5. Tir do, co thé xac dinh dugc vi tri va kich
thude theo cong thac (10) va (11).

Két qua minh giai:

Vi tri: x = 114,5 x 0,04413 = 5,05289 m
Sai s6 so voi mo hinh: 1,1 %

Kich thuge: D = (118,5-111,5) x 0,04413 =
0,30891 m

Hinh 4. Ding pha ctia bién dbi wavelet
trén tin hiéu da loc bang LWF

Sai s6 so voi md hinh: 3,5 %
M©6 hinh 2

Str dung anten tan sb 700 MHz, méi truong
ddng nhat: cat kho day khoang 5 m c6 suit dan
dién 6 = 0,01 mS/m; &= 5; ur = 1; v = 0,13407
m/ns. Di vat bén dudi la tru bé tong: ¢ = 0,1
mS/m; &= 6; Wy = 1; v’ = 0,12239 m/ns, bén trong
la khong khi; ¢6 tim dattai vitrix=5m; z=1
m, dudng kinh trong d = 0,320 m, duong kinh
ngoai D = 0,400 m.
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do

3 O g 7 O g

Hinh 5. Mat cit GPR mé hinh 2

Hinh 7. Pang trj cta bié(l ddi wavelet
trén tin hiéu d& loc bang LWF

Két qua minh giai:

Vi tri: x = 114,5 x 0,04413 = 5,05289 m

Sai s6 so voi md hinh: 1,1%

Kich thuée: D = (119,5-110,5) x 0,04413 =

0,39717 m

Sai s6 so voi md hinh: 0,7 %
M©6 hinh 3

Str dyng anten tan sb 700 MHz, mdi truong
ddng nhat: cat kho day khoang 5 m c6 suit dan
dién 6 = 0,01 mS/m; & =5; w = 1; v = 0,13407
m/ns. Di vat bén dudi la try kim loai: o = 100000

2

3 4 g 7 O

5
Scan A )

Hinh 9. Mit cit GPR mé hinh 3

i cat ngang lop du mat trn

4 3 8 52 54 54 B

viti(m).

Hinh 6. Tin higu cta 16p nam dudi mit trén

Hinh 8. Ping pha ciia bién ddi wavelet
trén tin hiéu d& loc bang LWF

mS/m; & = 81; ur = 1; v’ = 0,03331 m/ns, bén
trong 13 khong khi; ¢ tdm dat tai vitrix=5m; z
= 0,8 m, duong kinh trong d = 0,200 m, dwong
kinh ngoai D = 0,220 m.
Két qua minh giai:

Vi tri: X =133 x 0,03813 =5,07129 m

Sai s6 so voi mo hinh: 1,4 %

Kich thuéce: D = (135,5-130,5) x 0,03813 =

0,19065 m

Sai s6 so voi mo hinh: 13,3 %

Hinh 10. Tin hiéu cta 16p nim dudi mit trén
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i

[TTECT
1

-

o i

Hinh 11. Péng tri cua bién dbi wavelet
trén tin hiéu da loc bang LWF

M®& hinh 4
Str dyng anten tan sb 700 MHz, méi truong
ddng nhét: cat kho day 5 m c6 suét dan dién o =

0,01 mS/m; &= 5; w = 1; v =0,13407 m/ns. Di
vat bén dudi la tru kim loai: ¢ = 100000 mS/m; &

o 1 B 3 O g g g g g o
Scan Aus ()

Hinh 13. Mt ct GPR md hinh 4

i~

0 I R

LI
1 X
\

Hinh 15. Béng tri cua bién dbi wavelet
trén tin hiéu da loc bang LWF

Két qua minh giai:

Vi tri:

Sai s6 so véi md hinh:
Kich thudc:

0,7%

\
N

N

/

Hinh 12. Péng pha ciia bién dbi wavelet
trén tin hiéu da loc bang LWF

= 81; w = 1; v’ = 0,03331 m/ns, bén trong la
khong khi; co tdm dat tai vi trix=5m; z=10,8
m, duong kinh trong d = 0,300 m, duong kinh
ngoai D = 0,324 m.

Wi

Hinh 16. Péng pha ciia bién dbi wavelet
trén tin hiéu da loc bang LWF

~ |

X =132x0,03813 =5,03316 m

D =(137,5-128,5) x 0,03813 = 0,34317 m
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Sai s6 so v6i mo hinh: 5,9 %
Mb hinh 5 o Lop 3: dét sét day 4,4 m; 6 = 200 mS/m;
St dun anten tﬁ\n s6 700 MHz, mdi truong &= 16; ur = 1; vs = 0,07495 m/ns.
khong dong nhat gom 3 16p: Di vat bén dudi la tru kim loai: ¢ = 100000
e Lop 1: nhya duong day 0,2 m; 6 = 0,001 mS/m; & = 81; ur = 1; v’ = 0,03331 m/ns, bén
mS/m; & =4; w = 1; v1 = 0,14990 m/ns. trong 1a khong khi; c6 tAm dit tai vi trix=5m; z
e Lop2:dddamday0,4m; o =1mS/m; e = 0,8 m, dudng kinh trong d = 0,200 m, duong
= 10; pr =1; v2 = 0,09481 m/ns. kinh ngoai D = 0,220 m.

Hinh 17. Mt cit GPR md hinh 5

P~ it
. e i
e~ L

Hinh 19. Péng trj cia bién ddi wavelet Hinh 20. Ding pha ctia bién d6i wavelet
trén tin hiéu da loc bang LWF trén tin hiéu da loc bang LWF
Két qua minh giai: Lép 2: da dim day 0,4 m; o = 1 mS/m; & =
Vi tri: X = 160,5 x 0,03171 = 5,08946 m 10; pr = 1; v2 = 0,09481 m/ns.
Sai s6 so voi mo hinh: 1,8 % Lop 3: dat sét day 4,4 m; 6 = 200 mS/m; & =
Kich thuéce: D = (164,5-157,5) x 0,03171 = 16; pwr = 1; vz = 0,07495 m/ns.
0,22197 m Di vt bén dusi 12 try kim loai: o = 100000
Sai 50 so voi md hinh: 0,9 % mS/m; & = 81; w = 1; v’ = 0,03331 m/ns, beén
M& hinh 6 trong 1a khong khi; ¢6 tAm dat tai vi trix=5m; z
Str dung anten tan sb 700 MHz, méi truong = 0,8 m, duong kinh trong d = 0,300 m, duong
khong dong nhat gom 3 16p: kinh ngoai D = 0,324 m.

Lép 1: nhya duong day 0,2 m; ¢ = 0,001
mS/m; & = 4; = 1; vi = 0,14990 m/ns.
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Hinh 21. Mt ct GPR md hinh 6

Hinh 23. Péng tri cua bién dbi wavelet
trén tin hiéu da loc bang LWF

Két qua minh giai:

Vi tri: X = 158,5 X
0,03171 = 5,02604 m

Sai s6 so v&i md hinh: 0,5%

Kich thuéec: D = (164,5-
153,5) x 0,03171 = 0,34881 m

Sai s6 so v&i md hinh: 7.7%

Dir liéu thuc té

Pé kiém chung do tin ciy cua phuong phap
trén s6 lieu mo hinh, chdng toi d4 &p dung phan

Hinh 25. Mt cit GPR dit liéu ng cip nudce

Hinh 24. Péng pha ciia bién dbi wavelet
trén tin hiéu da loc bang LWF

tich nhiéu dir lieu GPR thu thap trén dia ban
thanh phé H6 Chi Minh va c¢6 dwoc céc két qua
kha quan. Trong gi¢i han cua bai bao, ching toi
trinh bay két qua xu Iy hai tuyén do cit ngang vi
tri cong trinh ngam tiéu biéu va so sénh vai thong
tin dwoc cung cép.
Ong cdp nudc 009, Mac Dinh Chi, Qudn 1, Tp.
HCM

Theo tién nghiém tir nha thiét ké va lip dat
thi dng cip nudce c¢6 duong kinh @ = 0,25 m.

Hinh 26. Tin hiéu cta 16p nim du6i mit trén
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Hinh 27. Béng tri cua bién dbi wavelet
trén tin hiéu da loc bang LWF
Két qua minh giai:
Vi tri: 167,5 x 0,02784 = 4,66320 m
Sai s6: 1,0 %

Kich thudc: (171,5-163,5) x 0,02784 =
0,22272 m

Hinh 29. Mt cit GPR dit liéu ng cip nudce

I
// it

. i
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Hinh 28. Péng pha ciia bién dbi wavelet
trén tin hiéu da loc bang LWF
Sai s6: 10,9 %
Ong cap neoe, Lé Van Sy, Quédn Phit Nhudn, Tp.
HCM
Theo tién nghiém tir nha thiét ké va lip dat
thi dng cip nudce 6 duong kinh @ = 0,55 m.

Hinh 30. Tin hiéu cta 16p nim dudi mit trén
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Hinh 31. Péng tri cua bién dbi wavelet
trén tin hiéu da loc bang LWF

Két qua minh giai:
Vi tri: 83,5 x0,02784 = 2,32464 m
Sai s6: 3,3 %
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Hinh 32. Péng pha ciia bién dbi wavelet
trén tin hiéu da loc bang LWF

Kich thudc: (92,5-74,5) x 0,02784 = 0,50112
m

Sai s6: 8,9 %
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Bang 1. Téng hop cac két qua phan tich

Thong sb Két qua phén tich Sai sb
Mb hinh Vitwi | Kich Vi tri Kich | Viwi | Kich

thudc thudc thudc
1. Tru bé tong 5m | 0,320m | 505289 m | 0,30891m | 11% | 3,5%
2. Tru bé tong 5m | 0400m | 505289m | 0,39717m | 11% | 0,7 %
3. Tru kim loai 5m | 0220m | 507129m | 0,19065m | 1,4% | 13.3%
4. Tru kim loai 5m | 0324m | 503316m | 0,34317m | 0,7% | 59%
5. Tru kim loai 5m | 0220m | 508946 m | 0,22197 m | 1,8% | 0,9 %
6. Tru kim loai 5m | 0324m | 502604m | 0,34881 m | 05% | 7.7%

Dir liéu thue té

L. Ong cap nu6e 009, dudng | 65 1y | 0950 m | 4,66320m | 0,22272m | 1,0% | 10,9 %
Mac Dinh Chi
%/.é(znsgycap nude, duong L€ | 5 o5 | 0550 m | 2,32464m | 0,50112m | 8.9% | 3.3%

KET LUAN

Quy trinh minh giai sb liéu GPR bang phép
bién ddi wavelet lien tuc véi ham wavelet
Poisson — Hardy dé xac dinh vi tri va kich thuéc
cua dj vat dd duoc xay dung va &p dung. Ching
t6i thir nghiém phan tich 6 md hinh Iy thuyét va 2
dir liéu thuc té (Bang 1). Cac mé hinh ly thuyét
dugc xay dung & day rat gan voi cac dbi tuong
can nghién ciru trén thyuc té nham kiém ching do
tin cdy cta phuong phap trudc khi ap dung vao
céc s6 lieu thuc. Két qua chung cho cac mé hinh
ly thuyét trong viéc xac dinh vi tri va kich thudc
¢6 d6 sai s6 tuong dbi trong khoang tir 0,7 % (md

hinh 6) dén 13,3 % (md hinh 3). Vi hai md hinh
thuc té, do sai s6 twong ddi trong khoang tir 3,3
% (6ng cap nudc duong Lé Vian S§) dén 10,9 %
(6ng cap nuoc 009). Cac két qua nay cho thay
phuong phap dung bién doi wavelet lién tuc va
phén tich bién da ti I¢ cho dinh hudng phéan giai
s6 liéu ra da xuyén dat rat hiéu qua. Néu c6 thé
phdi hop tét phuong phap dwoc dé xuat va cac
phuong phap minh giai truyén thong cho ra da
xuyén dat thi viéc xac dinh di vat trong dia chat
tang ndng hiéu qua hon.
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The continuous wavelet transform in
processing data of high frequency
electromagnetic prospecting

e Duong Quoc Chanh Tin
e Duong Hieu Dau
Can Tho University
e Nguyen Thanh Van
e Nguyen Van Thuan
University of Science, VNU-HCM

ABSTRACT

Ground Penetrating Radar (GPR), a high
frequency electromagnetic prospecting method
(10 to 3000 MHz) has been rapidly developed in
recent decades. With many advantages such as
non-destructive, fast data collection, high
precision and resolution, this method is a useful
means to detect underground targets. It is
currently used in the research of studying the
shallow structure for examples: forecast
landslide, subsidence, mapping urban
underground  works, traffic, construction,
archaeology and other various fields of
engineering, GPR data processing is becoming
increasingly urgent. Wavelet transform is one of
the new signal analysis tools, plays a vital role in

numerous domains like image processing,
graphics, data compression, gravitational,
electromagnetic  and  geomagnetic  data
processing, GPR and some others. In this study,
we used the continuous wavelet transform (CWT)
and multiscale edge detection (MED) with the
wavelet functions which were appropriately
selected to determine underground targets. The
accuracy of this technique was tested on some
theoretical models before being applied on
experimental data. The obtained results showed
that this was a feasible method that could be used
to detect the size and position of the anomaly
objects.

Keywords: electromagnetic prospecting, GPR, CWT, detecting underground targets

TAI LIEU THAM KHAO

[1]. N.H. Hai, N.V Anh, P.M. Toan, H.T. Dtc,
Céng cu phéan tich wavelet va ung dung
trong matlab, NXB KH & KT, PHQG Ha
Noi (2005).

[2]. N.T. Véan, N.V. Giang, Ra da xuyén dat —
Phuong phap & ung dung, NXB DHQG
TPHCM (2013).

[3]. D.H. Pau, Phan tich tai liéu tir va trong luc
st dung bién ddi wavelet lién tuc, NXB
PHQG TPHCM (2013).

[4]. F. Moreau, D. Gibert, M. Holschneider, G.
Saracco, ldentification of sources of

potential fields of with the continuous
wavelet transform: Basic theory, Journal of
Geophysical Research, 104, B3, 5003-5013
(1999).

[5]. P. Sailhac, A. Galdeano, D. Gibert, F.
Moreau, C. Delor. Identification of sources
of potential fields with the continuous
wavelet transform: Complex wavelets and
applications to magnetic profiles in French
Guiana, J, Geophy, Res., 105, 19455-19475
(2000).

Trang 92



TAP CHI PHAT TRIEN KH&CN, TAP 19, SO T2- 2016

[6].

[7]1.

[8].

[9].

[10].

L.T. Thanh, X4c dinh cic thong sd cua
ngudn trudng bang bién dbi wavelet lién
tuc, Hoi nghi KHKT Pia Vat Iy VN — Lan
5, NXB KHKT, 148-158 (2007).

J.C. Cook, Proposed monocycle-pulse VHF

radar for airborne ice and snow
measurements, AIEE Trans Commun
Electron, 79, 2, 588-94 (1960).

D.L. Moffatt, R.J. Puskar, Subsurface

electromagnetic pulse radar, Geophysics,
41, 3, 506-18 (1976).

A.K. Benson, Applications of ground
penetrating radar in assessing some
geological hazards—examples of

groundwater contamination, faults, cavities,
J Appl Geophys, 33, 1-3, 177-93 (1995).

H.N. Sheng, H.H. Yan, F.L. Kuo, C.L. Da,
Buried pipe detection by ground penetrating

[12]. A.

rada using the discrete wavelet transform,
Elsevier, Computers and Geotechnics, 37,
440-448 (2010).

[11]. A. Grossmann, M. Holschneider, R.M.

Kronland, J. Morlet, Detection of abrupt
changes in sound signals with the help of
wavelet transforms In verse Problems, An
Interdisciplinary  Study (Adv. Electron.
Electron. Phys. 19), San Diego, CA:
Academic, 298-306 (1987).

Fiorentine, L.Mazzantini, Neuron
inhibition in the human fovea: A study of
interaction between two line stimuli, Atti
Fond G Ronchi, 21,738-747 (1966).

[13]. B.V. Liét, L.P. Toan, D.H. Pau, Str dung

ham trong lwong tuyén nham ting cuong do
phén giai trong viéc phan tich tai liéu tir va
trong luc bang phép bién déi Wavelet, Hgi
thdo todn Qudc cia Hoi Pia vit Iy Viét
Nam, Viing Tau (2009).

Trang 93



