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1. Mé dau

Radar xuyén dat (GPR) 1a phuwong phép dia vat
ly st dung song dién tr (thong thuong trong
khoang tan sb tir 10 dén 2000 MHz) [7, 8, 12] dé
nghién ctru cic ciu triic ting néng dudi mat dat
nhu dy béo sat 10, sut lan, v& ban do cong trinh
ngdm do thi, khio cd, giao thong, cac cong trinh
xay dung, quan sy,... Song GPR dugc phat dudi
dang cac xung song dién tor nho dng ten phat, lan
truyén trong moi truong va phan xa lai ang ten thu
tir cac mat ranh gioi hodc cac ddi twong ¢ thong
s6 thuan loi cho viéc phan xa song dién tir [4].
Thoéng s6 van tdc truyén song dién tir dic trung cho
mdi trudng nghién ctru 1a van dé quan tim hang
dau cta nguoi khiao sit cdu tric dia chat bang
phuong phap GPR. C6 nhiéu phuong phap da va
dang duoc sir dung dé xac dinh van tdc truyén song
dién tir nhim nang cao do chinh xac trong phép
minh giai cac di thuong GPR nim bén dudi mit
dat. Trong d6, kha pho bién va don gian 14 sir dung
van tbc theo bang chuén dai dién cho mot sb moi
truong dia chit chung lam gia tri twong d6i cho
khu vue dang nghlen ctru. Tuy nhién, sir dung cach
trén van phal chip nhan mot sai s6. Sai sd nay
trong mot s truo‘ng hop khong dang ké nhu’ng voi
mdi truong dia chat c6 do dan cao thi c6 thé dat t6i

10%, dac biét khi st dung tan s ang ten thu phat
thép [2, 3, 6]. Phuong phap do diém siu chung
(CMP) dé xé4c dinh van toc truyén song dién tir didc
trung cho moéi truong khao sat dugc cho 1a chinh
xac va phu hop véi timg dbi twong nghién ciu.

Tuy nhién, hau hét hé thong thiét bi GPR sir dung
trong khu vuc do6 thi c6 cac ang ten thu va phat
song dién tir déu dugc ghép cb dinh trong mét hop,
khong dé dang tach roi dé thuc hién cac phép do
CMP [9, 13]. Trong cong trinh nay, ching toi
nghién ctru st dung phép hiéu chinh dong (Normal
MoveOut: NMO) nham xéac dinh vén tbc truyén
song ddi voi sb lidu do theo kiéu khoang cach
chung (Common Offset: CO) trong phuong phap
GPR [13].

2. Co s6 toan ly ctiia phwong phap
2.1. Radar xuyén dit

Trong moéi truong dong nhit va ding hudng,
song GPR tuédn theo h¢ phuong trinh Macxoen va
c6 dang song phtc hay con goi 1a phuong trinh
Helmbholtz [1, 12]. T hé phwong trinh Macxoen
[7, 8] ta c6 phuong trinh s0 song sau day:

k2 =—a)2yg+ia),uo- (N

Trong d6, o la tan s goc, o 1a do din dién, &

1a 6 tham dién va p la d6 tir tham cua moéi trudng

dia chét. Ty sb gitra mat 46 dong dan J; = oE trén

mat d¢ dong dich J; = iweE trong mdt moi
truong la:

Sy

Jq

== @)

weE

Trong dai tan sé radar xuyén dét thi ty sb trén
day ludn c6 gia tri nho hon 1 cho da phan cac loai
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dat da thuong gap, vi thé moi truong dat da co thé
coi 1a moi tru(‘yng dién moi. Phu’ong trinh sé song
(1) ¢6 thé biéu dién qua thanh phan thuc va thanh
phan 4o theo biéu thirc sau:

k=a+iﬂ=i\/—a)2y€+ia)ya 3)

Phan a0 cua s6 song (B) thuong biéu thi hé sb
pha hodc hé sb truyén, con phéan thyc (o) biéu thi
hé sb suy giam. Do siu 16p da cua séng phing lién
quan dén a:

1
o=— 4
a
Budc song () va van téc truyén song (v) lién
quan dén fB :

2z va V:LzL 5)
B

Jeu  Je,u,

Trong do ¢ 12 4o dién thim twong doi; . 12 4o
tir tham twong dbi va co gia tri gan bang 1 cho
phin 16n cac loai dat d4; ¢ 1a van tbc truyen song
dién tir trong chan khong. Nhu viy, van toc truyen
song dién tur trong m01 truong vat chat co do dan
thap phu thudc cha yeu vao do dién thAm.

bSC (a)

Két qua nghién ctru ciia Davis va Annan (1989)
va cua cac tac gid khac [3, 4, 15] cho mdt méi
truong dia chat di chi ra ring d6 dan dién anh
hwong rat manh dén hé s suy giam cia song radar
con van tbe ctia S(')ng radar lai phu thudc nhiéu vao
d6 dién tham. Dong thoi he¢ so suy giam cua séng
radar phu thudc rit manh vao tan sd.

Viéc tinh toan van tdc truyén song bing
phuong trinh (5) cé thé dan dén sai sé 16n do moéi
trudmg dia chét la moi truong bat dong nhat khong
ding huong. Phép hiéu chinh dong (NMO) duoc st
dung dé xac dinh van toc truyén song GPR tir s&
liu thu dugc theo kiéu do khoang cach chung
nhim khéc phuc han ché nay.

2.2. Phép hi¢u chinh djng trong thim do dia chin

Phuong phap NMO dugc sir dung dé chuyén dir
liéu véi khoang cach thu - phat khac 0 thanh di
liéu voi may thu va may phat trung nhau. Tuc l1a,
phuong phap NMO dua biéu d6 thoi khoang diém
sau chung cta cac song phan xa vé dung dudng
thing t = t,, dam bao cho viéc cong don pha cac
dao dong c6 ich [5, 15, 9].

Xét phuong trinh truyén séng ddi véi dir liéu
dieém sau chung (hinh 1).

Hinh 1. So db bd tri tuyén do diém sau chung (a); Mé&t cét dia chan diém sau chung (b)

Khi bit dau xtr 1y s6 liéu, vi khong biét 1 thé
nam ciia mit phan xa ciing nhu khong biét chinh
xac van toc truyén song trong modi truong nén dé
hiéu chinh dong nguodi ta xem modi trudong mat
phén xa 1a nim ngang, con vén tdc truyén song thi
sir dung céc so liéu tién nghiém hodc thir sai. Ta co
phuong trinh:
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ve(ty)

trong d6, v(ty) 1a van tbc thu nghiém tai thoi gian
to; x 1 khoang cach giita nd va thu; h 1a d6 siu cia



ranh gioi phan xa; t, 1a thoi gian song truyén doc
theo tia phap tuyen khi may thu dat tring may phat
va trung tai diém gitra.

Tir cong thirc (6) c6 thé thdy rang, ung véi quy
luat v(ty) nhat dinh lugng hiéu chinh dong trén mdi
duong ghi dao dong (vi tri x) thay dbi theo t,.

Xét truong hop mat phan xa nim nghiéng goc
¢ (néu mit phéng ngang thi ¢ = 0) va van tbe
truyén song trong 16p phu 14 v,.

Phuong trinh thoi khoang ddi v6i mat phéng
nghiéng la:

2 2
~ 2 X COS @
tqs - t0 +72 (7)
Vi

t as 1a thoi gian quan sat duoc trén lat cit dia chn
cua song.

Trong truong hop nay, biéu db thoi khoang ciia
song sau hi€u chinh dong c6 dang:

=1, At (®)

o day t - thoi gian sau khi hiéu chinh.

Trén co s& cong thuce (6, 7 va 8), ta co:

2. 2 2
- |, x’cos’e , X 9
t_\/to+2_ \/to+ s, |©)
Vi vi(ty)

Thuyc hién phép khai trién chudi cac biéu thire chira

Nhu vay sau khi tién hanh hiéu chinh dong so
bd. Biéu dd thoi khoang ctia séng phan xa mot lan
dugc nén thanh parabol dang [11]:

t=t, +ax’ +bx*

1 ( 1 1 J
a=—|5—-— ;
2t Vpse  V(ty)

1 1 1
b=—or| 57—
8ty \ Vpse V' ()

Tir cac cong thire (11) va (12) ¢ thé thay rang,

(11
o day:

(12)

néu v(t)) > vpsc thi t> t,, duong t ndm trén
duong ty (theo chiéu ting cua truc thoi gian).
Trudng hop nay cac truc dong pha dugc nan chua
toi. Ngugc lai, khi v(ty)) < vpsc thi cac truc dong
pha dugc nan qua, hay 1a T <t,.

Truc dong pha cua song phan xa chi dugc nin
thang khi van toc v(ty) chon dung bang vpgc. Nghia

1a khi: v(tg) = vpsc thi t= t, (hinh 2).

Vi diéu kién (6) dam bao cdng bién do cac tin
hi€u c6 ich nén qua trinh tinh chinh hiéu chinh
dong vé thuc chat co thé xem la qua trinh tim kiém

can thire va ky hidu vpgc = Vi , ta dua v& dang: cac quy luat Y(tO) va tinh lai hi€u chinh dong theo
cosQ quy ludt van toc tim duogc.
ﬂqu L S N R
i i
V(to) < Vpsc V(to) > Vpsc V(to) = Vpsc
(a) (b) (c) (d)

Hinh 2. Lat cét dia chdn diém sau chung (a); Lat cat hiéu chinh nan qua, v(to) < vesc (b);
Lat cét hiéu chinh ndn chwa téi, v(to) > vesc (c); Lat cat ndn thdng, v(to) = vesc (d)

Trong truong hop khéo sat bang hé théng may
GPR ¢6 man chin thi sb liéu thu nhan dugc theo

kiéu khoang cich chung [12, 13]. Néu di thuong bén
dudi miat dat co dang diém (kich thudc rat nho) thi
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tin hi¢u thu dugc twong duong véi tin hi¢u theo kiéu
CMP; vi dbi v6i ang ten GPR c6 man chén, khoang
cach gitra dng ten phat va thu thuong rat nho, c¢& 10
cm (ang ten 500 MHz cua Hang Mala, Thuy Dién),
nén sai sd giita thoi gian phat va thu so voi thoi
gian khi khoang cach ang ten phat va thu bang 0 1a
s %

R

to 2

khong dang ké [13]). Khi do6, co s ly thuyét hiéu
chinh dong duoc 4p dung nhu nhau cho cé hai
truong hop diém sau chung va khoang cach chung.
Dé cu thé hon, xét phuong trinh thdi khoang cua
song GPR d6i véi cach bé tri do dac khoang cach
chung trong hinh 3.

M X

N

t

Hinh 3. B4 tri do dac khodng céach chung (trwérng hop trong hinh vé nay thi diém phat S va
didm thu R gan nhu triing nhau) va gian d6 GPR

Str dung dinh 1y Pythagor ta cé:

2
t
SG? =MG? +MS* & (vj =

2 2
t 4x
:(Vzo) wxi= =g

v

(13)

Vi, x: khoang cach gifra vi tri phat - thu va vi
tri di vat G trén tuyén do; v: van tde trung binh bén
trén mat phan xa; ty: thoi gian hai lan song truyén
doc theo MG.

Nhu véy, ca hai phuong trinh thoi khoang trong
kiéu do diém sau chung va khoang cach chung déu
phan anh cac hyperbol. Do d6, phuong phap hi¢u
chinh dong c6 thé ap dung ddi voi dit liéu khoang
cach chung trong phuong phap GPR.

3. Nghién ctru va ap dung
3.1. M6 hinh Iy thuyét
3.1.1. M6 hinh mot mat phdn xa

Trong phan nay s& trinh bay mo hinh sb liéu
cho truong hgp mdt mat phan xa ngang. Day la mo
hinh don gian nhit va thudong gip nhat trong
thuc té.

Ta s& st dung phuong trinh (6) dé thuc hién
hi¢u chinh trong truong hop nay. Dya vao gia tri
van tdc va gid tri t, ta dung chuong trinh Matlab dé
thuc hién tinh toan gia tri At, sau d6 tién hanh hiéu
chinh cho dén khi hyperbol tr& thanh dudng thing
thi gia tri van toc luc d6 chinh 14 vén tdc can tim
[S, 13].
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Hinh 4 1a mit cat diém sau chung tir mé hinh
mot mat phan xa ngang.

- Puong thing 1 biéu dién song khong khi.

- Pudng thang 2 biéu dién song dit.

- Buong hyperbol 3 biéu din song phan xa, cac
thong s6 md hil:lh la to = 100 ns, v = 0,1 m/ns va
khoang cach x toi da la 30 m.

Thue hién hiéu chinh véi cac van toc 1a 0,08;
0,1 va 0,12 m/ns ta dugc cac két qua nhu trén hinh
4b, ¢, d.

Theo két qua hiéu chinh ta thdy véan téc hiéu
chinh ding 1a v = 0,1 m/ns, két qua nay phu hop
v6i s0 li¢u mo hinh.

3.1.2. M6 hinh ba mat phan xa

Trong phan nay chung toi trinh bay mo hinh s6
lidu cho truong hop nhiéu mit phan xa ngang.

Hinh 5 trinh bay mé hinh s liéu cua trudng
hop nhiéu mit phan xa ngang:

- Puodng thing 1 biéu dién cho séng khong khi.

- Pudng thing 2 biéu dién cho song dat.

- Céc duong hyperbol 3, 4, 5 biéu dién cho ba
ranh gidi phan xa khac nhau lan luot c6 gia tri van
tdc v; = 0,12 m/ns; v, = 0,11 m/ns; v3 = 0,1 m/ns
va thoi gian ty; = 100 ns; tg; = 150 ns; to; =200 ns.

Thuyc hién hiéu chinh véi cac van tdc khac nhau
ta dugc cac két qua: hinh 4b bicu dién két qua hicu



chinh NMO véi van tdc v = 0,12 m/ns va thoi gian  qua hiéu chinh NMO cho hai hyperbol con lai lan
to = 100 ns, duong hyperbol 3 duoc nén thrflng, cac  lugt la v = 0,11 m/ns va 0,1 m/ns (hinh 4c, 4d).
hyperbol con lai khong duge nin theo quy luat hiéu  Nhu vay, két qua hiéu chinh NMO hoan toan phu
chinh NMO do khac thdi gian t; twong tu ta c6 két  hop v&i s6 liéu mé hinh.

Mo hinh mot mat phan <a ngang Mo hinh mot mat phan xa ngang

1w 15 20 F ] 0 3 20 25
KEhoang cich [m] Khoang cach [m]
Mo hinh mot mat phan xa ngang Mo hinh mot mat phan xa ngang

e 20 25 ] 15 20 25 30

Khoang cach [m] Khoang cach [m]
Hinh 4. (a) Mat cAt GPR cla md hinh mét mét phan xa va két qua hiéu chinh déng;
(b) v=0,08 m/ns; (c) v=0,1 m/ns; (d) v=0,12 m/ns

Mo hinh nhieu mat phang ngang Mo hinh nhieu mat phang ngang

o

o 5 10 15 20 25

Khoang cach [m] Ehoimg clich [m]

Mo hinh nhieu mat phang ngang Mo hinh nhieu mat phang ngang

——

gl El
_§| _§|
[N By
gi’w Em
= —
250 250

o 5 10 15

. . T
Hinh 5. (a) Mat cAt GPR cGa md hinh nhiéu mét phan xa ngang va két qua hiéu chinh dong;
(b) v=0,12 m/ns; (c) v=0,11 m/ns; (d) v = 0,1 m/ns
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3.2. S6 liéu thye té

3.2.1. Mat cat GPR diém siu chung (CMP) tai
Qudn 9, Tp. HCM

Ap dung tinh toan van tdc v6i sd liéu PSC
duoc do dac tai Quén 9, Tp. HCM.

Két qua sau khi thuc hién hiéu chinh NMO cho
thay van toc moi trudong bén trén mat phan xa la

Thed gian [ns]

Khwingcich ]

v =0,3 m/ns.

Pay 1a van tdc truyén séng trong modi truong
khong khi. Didu nay dwoc giai thich do dng ten s
dung khi thu thap sb liéu 1 ang ten tin s& 100
MHz khéng man chin. Do d6, song thu dugc voi
van téc 0,3 m/ns ¢ thé phan xa tir mot di vat nao
d6 nam trén mat dat ma moi trudng tir vt dén dng
ten thu 1a khong khi (hinh 6).

Thi gian [ns]

0 § 10 ]

Kk

Hinh 6. (a) Mat c&t GPR (CMP) va két qua hiéu chinh dong véi van téc: (b): v = 0,2 m/ns; (c): v = 0,3 m/ns

3.2.2. Mat cat GPR (CO) tai 192 - 194 Pinh Tién
Hoang, Qudn 1, Tp. HCM

Hinh 7 xut hién mot hyperbol tan xa tai vi tri t,
= 19 ns, Xg = 6,9 m. Thyc hién hi€u chinh trong
khoang tir 5,5 m dén 8 m. Thay ddi gia tri van tbc
cho dén khi hyperbol tan xa dwoc nén thing thi day
1a van tdc trung binh ctia mdi trudng bén trén vi tri
tan xa.

Két qua sau khi thyc hién hiéu chinh cho thiy
van tdc moi trudong bén trén vi tri tan xa la v=0,11
m/ns. Theo danh gia cua ching t6i (c6 két hop voi
thong tin thuc dia), day 1a tin hiéu thu duoc tu su
phan xa song dién tir ciia duong 6ng dan nudc ctru
hoa, sau 1 m, ® =0,15 m.

3.2.3. Mdt cdt GPR (CO) tai cong Nghia trang Liét
si, Tp. HCM

Hinh 8 xut hién mot hyperbol tan xa tai vi tri t,
= 60 ns, Xg = 17,5 m. Ta s€ thuc hién hiéu chinh
trong khoang tir 5 m dén 30 m.
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Két qua sau khi thyc hién hiéu chinh cho thﬁy
van tbc moi truong bén trén mit phan xa 1a v = 0,3
m/ns. C6 thé d& dang nhan thay day la van toc
truyén song trong moi trudng khong khi (van toc
truyén song dién tir cuc dai), nhung ching t6i van
tiép tuc hiéu chinh voi nhitng van tc 16n hon dé
kiém chig phuong phép xir Iy ciia minh va nhan
thdy v6i v > 0,3 m/ns (vO 1y) thi dudng cong cong
xudng. Néu theo két qua nay, méi truong tinh tir
miat dat dén di thuong 1a méi truong khong khi,
diéu nay 1a khong thé. Dya vao thong tin hién
truong khao sat (hinh 9), chung t6i da xac dinh day
1a tin hiéu phan xa tir cot dién bén trén mat dit do
ang ten khong man chin thu duge. Cot dién co
duong kinh rat nho (khoang 0,2 m) nén viéc ap
dung phép hic¢u chinh dong 1a dang tin cay.

Nhu vay, tir viéc xéc dinh van tde truyén song
cua tin hi¢u phan xa, ta co thé xéc dinh chinh xac
cac dbi twong khao st va khong gy ra nhimng sai
sot trong qua trinh minh giai.
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Thi gian [ns]

5 20

w0 15 20 %

Khodng cich I-:lll] Khoing cich [m]

Hinh 7. (a) Mat cat GPR khoang cach chung tuyén do 192 — 194 Binh Tién Hoang va két qua hiéu chinh dong;
(b) v=0,09 m/ns; (c) v=0,11 m/ns; (d) v= 0,13 m/ns
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Khodng cfich [m] Khodng cich [m]

Hinh 8. (a) Mat cat GPR khoang cach chung tai cdng Nghia Trang Liét sT, Tp. HCM va két qua hiéu chinh dong;
(b) v=0,28 m/ns; (c) v =0,3 m/ns; (d) v = 0,34 m/ns
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Thurére dily

Thei gian [ns]

Théi glan [ns]

o 1 2 3 4 s

Khodmg ciich [m]

vat 1 1a duong dng cap nudc ngdm, d = 0,64 m,
® = 0,25 m; di vat 2 1a duong ong cap dién ngam,
sau 0,83 m, ® = 0,45 m.

4. Két luan

- Phep hiéu chinh dong (NMO) la phuong phap
xu ly s6 li¢u dugc s dung nhiéu trong dia chin
tham do c6 thé 4 ap dung dé xac dinh vén toc rat hiéu
qua trong GPR. Khi quan sat sy thay ddi truong
song trong phép hiéu chinh dong s cho ta cai nhin
tong quat vé sy phan bd van tbe truyen song ta1
khu vyc nghién ciru, giup giai doan chinh xac vé
d6 sau va kich thudce cua cac di vat.

- Viéc 4p dung phép hiéu chinh dong nham xéc
dinh van toc truyén song dién tir trén cd mo hinh
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3.2.4. Mat cdt GPR (CO) tai ga Lé Thi Riéng -
Metro 2, Tp. HCM

Hinh 10 xuét hién hai hyperbol tan xa tai vi tri ty;
=18 ns, Xg; = 1 m va tp, = 20 ns, Xp, = 3,5 m. Lan
luot thuce hién hiéu chinh trong khoang tir 0,3 m dén
1,5 m va 3 m dén 4,3 m dé xac dinh van tdc truyén
song trong moi truong bén trén di vat 1 va 2.

Két qua sau khi thyc hién hiéu chinh cho thiy
vén tbe moi truong bén trén mat phan xa di vat 1 1a
v = 0,08 m/ns va di vat 2 1a v, = 0,075 m/ns. Sau
khi dich chuyén Kirchhoff v6i cac van téc nay ta
thiy bién do tin hiéu ciing dat gia tri cao nhat. Két
qua tinh toan (c6 két hop véi thong tin thuc dia): di

§ DV1

8

Thdi gian [ns]

w0

o)

o

Kl;ﬂhngddl o]

Hinh 10. (a) Mat c&t GPR khoang cach chung do tai ga
Lé Thj Riéng - Metro 2, Tp. HCM va két qua hiéu chinh
dong; (b) dbi vai di vat 1, van téc vq = 0,085 m/ns;
(c) dbi vé&i di vat 2, van téc v, = 0,1 m/ns

toan va dit lieu thuc té, duoc thuc hién b?lng
chuong trinh viét trén giao dién Matlab déu cho két
qua dang tin cdy.

- Phuong phap NMO c¢6 thé sir dung cho ca dir
ligu dlem sau chung (CMP) va khoang cach chung
(CO). Piéu nay cho phép xac dinh van tbc truyen
song ké ca khi didu kién khao sat hodc thiét bi
khong thuan lgi cho viéc do dac béng kiéu diém
sau chung (GPR c6 man chén).

- Giai quyét duoc mot sd han ché trong cac
phin mém kém theo thiét bj ciia cac nha san xuét.
La co s dé chiing t6i hoan thanh phan mém: “Xéc
dinh van tdc truyén song dién tir trong GPR”. Pay
la ph?ln mém c6 thé doc duoc tit ca dit lidu cua cac
méay GPR do cac hing khac nhau san xudt.



Loi cdm on: Nhom tac gia xin chan thanh cam
on Trudng DPai hoc Quéc Gia Tp. HCM da cip
kinh phi thyc hién dé tai Trong diém ciap PHQG
Tp. HCM 2012 - 2013: “Nghién ctru phuong phap
xac dinh van tde truyén song di¢n tu trong radar
xuyén dat d6i voi khu vue do thi”.
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SUMMARY

Estimating electromagnetic velocity in Ground Penetrating radar by Normal MoveOut (NMO)

Ground penetrating radar (GPR) is a high-resolution near-surface geophysical method which employs radio waves,
typically in the 10 to 2000 MHz frequency range to map structure and features buried in the ground (or in man-made
structures). Electromagnetic (EM) velocity is an essential parameter in GPR. There are many solutions to determine EM
velocity for geological medium. The characteristics of groundwave on CMP radagram for EM velocity are the best ways,
but most of modern GPR systems could not easily separate transmitter and receiver antennae.

Normal MoveOut (NMO) which is frequently used in seismic prospecting is a good resolution for estimating velocity.
Studying variations of wave field in the NMO method give us an overall view about the distribution of radar velocities,
which are useful for precise interpretation the depths and sizes of objects in survey areas. This study shows some
results that were done by a program from Matlab in calculating GPR velocities of some computational models and

practical data by the NMO method.
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