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TOM TAT

Radar xuyén dat (GPR) la phuong phép dia vat ly hién dai, dung dé nghién cliu cau trdc ting néng
bén dudi mat dat, dua vao nguyén ly phat va thu séng dién t&r & dai tan s6 cao 10 - 3000 MHz.
Tin hiéu thu dugc biéu dién dudi dang hinh &nh, tuong tu phuong phap siéu &m trong y hoc, dé
nghién ctu cdu tric dia chat ting nong bén dudi mat dat. BEé mat cdt GPR phan anh chinh xac
moi truong bén dudi mat dat, cong tac xtr ly sé liéu ludn déng vai tro rat quan trong, nham loai bod
cac loai nhiéu ndm ngang, nhiéu thudng truc. . ., thudng lam nhoe hodc che ma cac déi tugng can
quan tam. Nhiéu phuong phap xt ly tin hiéu da dugc nghién clu va ap dung, nhung viéc cai tién
cac phuong phép xt ly luén nhan dugc nhiéu su quan tam tir cac nha khoa hoc. Bai bdo trinh bay
€0 sa ly thuyét va cach thdc ap dung b loc Karhunen - Loeve vao mat cat GPR mé hinh va thuc
té, nham loai bd cac nhiéu thudng truc va nhiéu nam ngang. Két qua thi nghiém trén moé hinh ly
thuyét va thuc té cho thdy cac tin hiéu can quan tam dugc lam néi bat hon, mét s6 dang nhiéu bi
lam ma& di. Day la mot bo loc manh mé va cé tiém nang tng dung rong rai. Thanh cong budc dau
nay la tién dé dé phat trién hon bai toan xt ly va nhan dang tu déng trong phuong phép GPR cla
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Tu khoa: BO loc Karhunen - Loeve, kh&t nhiéu nam ngang, khir nhiéu tin hiéu 16n, GPR

MG PAU

Radar xuyén dit (GPR) la phuong phap ngudn cha
dong, c6 thiét bi gon nhe, dé thu thép s6 liéu, khong
pha hay, do chinh xdc va d6 phan giai cao. Chinh vi
thé, GPR dang dudc dp dung rong rai trong nhiéu linh
vic nhu tim ki€ém bom, min, khao ¢ hoc, nghién ctiu
cdu tric dia chit nong, khao sat moi trudng, ddnh gia
chit lugng cong trinh x4y dung, do vé ban d6 cong
trinh ngdm !.

Trong cac phuong phap dia vatly, bai toan xti 1y s6 liéu
lu6n 1a nhén dugc nhiéu sy quan tdm ti cdc nha khoa
hoc. Nho su phit trién cta cong nghé mdy tinh, hién
nay, cac nha khoa hoc da tht nghiém ting dung rét
nhiéu thuat todn nhim cai thién chdt lugng hinh anh
trudc minh gidi, trong d6 c6 bién d6i Karhunen - Lo-
eve (K - L). Phép bién d6i Karhunen - Loeve da dugc
quan tdm dé€ nang cao ti s6 tin hiéu trén nhiéu (SNR)
ctia dit liéu dia chdn tu rdt Jau. Nam 1978, Hemon
va Mace? da sti dung phép bién déi K - L zero-lag dé
nang cao cac tin hiéu nam ngang. Nam 1987, Jones
va Levy? di dua ra do tré trong tuong quan chéo khi
c6 céc tin hiéu gidm dan theo tuyén tinh. Ndm 1991,
Al-Yahya* di thuc hién ca quét nhiing va phan chia
cdc mat cét dia chdn thanh cac khéi d€ giam thai gian
tinh todn bang cach st dung bién d6i K - L mét phan
dé tang cudng ca tin hiéu ndm ngang va tin hiéu mit

nghiéng.

Do su tuong dong vé viéc thu phat tin hiéu, nén cac
nha khoa hoc thuong ap dung cac thuat toan da phat
trién trong xt Iy s6 liéu dia chdn cho GPR. Nam 2007,
Zang va cong sy da dé xudt st dung bién d6i Ridgelet
déloai bo nhiéu ndm ngang va song truc tiép. Trong
khi d6, d€ tang cudng tin hiéu trén nhiéu, Zhao va
cong su® da thii 4p dung bién déi K - L trén s6 lidu
mo hinh va thuc t€, mét cit sau xt Iy da duloai bo khd
t6t cac nhiéu nén. Yonghui Zhao va cong su’ da dé
sudt st dung cac bo loc Tién doan ngugc, F-KvaK-L
dé€loai bo cac tin hiéu khong mong muén nhung van
chua loai dugc cac tin hiéu ndm ngang. Nam 2021,
Yulianita va cac cOng su [8] da st dung két hop nhiéu
bo loc khac nhau trong xt ly tin hiéu GPR, trong d6
c6 K - L d€1am néi bat céc tin hiéu tit d6i thim nudc.

PHUONG PHAP NGHIEN CUU

Co s ly thuyét bo loc Karhunen - Loeve

Phép bién d6i Karhunen - Loeve (K - L) 1a mot
phuong phap bién d6i mot tip vector hodc dnh nhiéu
chiéu dya trén cdc thanh phin hay khong gian c6
chiéu nho hon. Phuong phép K - L st dung bién d6i
SVD (Singular Value Decomposition) d€ phéan tach
tap di liéu thanh nhiéu thanh phan dugc goi la cac

Trich dan bai bao nay: Thao P N, Trung D H, Bdo N L G. St dung bd loc Karhunen - Loeve trong xt ly
s6 liéu radar xuyén dat (GPR). Sci. Tech. Dev. J. - Nat. Sci.; 2023, 7(2):2635-2641.
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anh déc trung. Cac thanh phin dé dugc xac dinh theo
céc gia tri suy bién N va vector suy bién ctia dii liéu®.
SVD la m¢t dang phén tich ma tran. Pay la phuong
phép phén tich suy bién nhim tdch mét ma tran ban
dau thanh tich cta ba ma trdn thanh phan, bao gom
hai ma tran tryc giao va m¢t ma trdn duong chéo 9-11,
Phép bién d6i SVD bién d6i ma tran A (hay A,;)
thanh tich clia ba ma tran Y, U, O theo cong thiic sau:

A=YUOT

trong d6: Y la ma tran truc giao cdp m; O 1a ma trdn
tryc giao cdp n; U la ma trdn dudng chéo ctia A.

Nhu véy, Y 1a ma tran gém céc vecto suy bién trai ctia
A, O la ma tran gom cdc vectd suy bién phai ctia A.
U la ma tran dudng chéo v6i mdi phan ti trén dudng
chéo ctia U dugc goi 1a mot gia tri suy bién ' 12, Mbi
tap di liéu c6 mot gid tri N t6i uu khac nhau. Gia tri
N dugc x4c dinh dua trén kinh nghiém thuc nghiém.
Sau khi 4nh xa dii liéu, cac tin hiéu séng mit dat tro
nén giéng nhu mot tin hiéu ndm ngang. Nhu Jones va
Levy (1987)3 da mé ta, ma tran hiép phuong sai 0 do
tré K dugc xay dung bing cach stt dung di liéu trong
mién dugc anh xa, dugc biéu thi bing ma tran X:

K=xx"

v6ihé s6 x;; ctia ma trén dit liéu la méu thi j trén ddu
vét thi i.

B6i vi ma trdn K d6i xing véi kich thuéc n'n, véin
14 s6 lugng mach ghi trong tap dii liéu, nén K c6 thé
dugc biéu dién nhu sau:

K=FVFT

Trong dd, cac cOt cua F la gid tri riéng chia Kva V 1a
ma tran chéo clia cic gia trj riéng cua F. Cac gia tri
riéng dugc sdp xép theo thu ty tit 16n nhit dén nho
nhat doc theo dudng chéo chinh ctia V va cac ky hiéu
riéng tuong ting dugc dat trong cac cot ctia F theo thu
tu nhu nhau. Cac thanh phén chinh cta dii liéu la cac
hang ctia ma tran:

P=FTx

Néu ma trdn PA’” dugc tao ra bing cach chon m hang
trén cling cta P (ttic la, cdc thanh phén chinh cho m
gid tri riéng 16n nhdt) va dit cac s6 khong trongn - m
hang con lai, séng mit dat dugc gia dinh 1a dugc dai
dién trong mién dugc anh xa béi:

X' =FP

Song mit dit X* dugc trii khoi di liéu X va anh xa
nghich déo dugc thyc hién bang cich nén va dich
chuyén doc theo truc thoi gian cho méi mach ghi d€

b dp chinh xdc cho 4nh xa chuyén tiép >%13.
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Thir nghiém bé loc K - L trén mé hinh

Mé hinh 1

Mo hinh hai chiéu c6 d6 dai 8,0 m, d6 sau t6i da 2,3 m,
gom ba l6p: nhya duong bé day 0,2 m, da dam bé day
0,4 m va dt sét, cic mit ranh giGi déu cé dang phing.
M0 hinh nay c6 tdng cdng hai di thudng: 16 réng hinh
vuong chita khong khi, ndm trong 16p da dam va 6ng
nudc ¢ vo bing kim loai dudng kinh 0,3 m nam gitia
16p d4 dam va 16p dat sét (Hinh 1). Thiét bi GPR dugc
stt dung ¢6 tan s6 700 MHz, c6 man chédn.

15 Pit sét

D§ sau(meters)

o 1 2 73 747 T 6 T 8
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Hinh 1: M6 hinh 1

Thoi gian (ns)
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Hinh 2: M3t cdt GPR ctia mé hinh 1 chua locK - L
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Hinh 3: Mt cit GPR ctia mé hinh 1 sau khi loc K - L
vGi N = 5. a: Phan loc; b: Phan gitr lai.

Hinh 2 thé hién mit cdt GPR ctia md hinh 1. Tin hiéu
tai cdc mat ranh gidi dia chét rit rd nét va chong chép
lén tin hiéu ctia hai di thuong. Muc tiéu clia nghién
ctiu la loai bo hai ranh gi6i ngang va giti lai tin hiéu
hai di thudng quan tdm 14 16 réng va dudng 6ng dan
nuéc.
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Dé thuc hién diéu nay, nhém nghién ctiu tién hanh 4p
dung bd loc K- LvéiN = 5. Hinh 3 biéu dién cac mit
cdt ctia phén loc (3a) va phan giti lai (3b). Trén mit
cat gitt lai, tin hiéu mit ranh gi6i ngang da gin nhu
bi loai bo, ti 1¢ tin hiéu trén nhiéu dugc ting cudng
va tin hiéu phan xa ti hai di thudng dugc lam néi bat
hon trudc khi xt ly.

Mé hinh 2

86 séu (meters)

Khodng cach (meters)

Hinh 4: M6 hinh 2

Thari gian (ns)
2
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4 5 6 : 8 9
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Hinh 5: Mt cat GPR clia m6 hinh 2 chua loc K - L

M5 hinh hai chiéu c6 d¢ dai tuyén do 10 m, d¢ siu
toi da 10 m, gém hai I6p: nhua dudng bé day 0,2 m
bén trén va dét sét bén dudi, bé mit ranh gisi gita
hai 16p ¢6 dang phéng. Trong khu vuc khdo sit co
téng cong hai di thudng: 16 rong hinh vuong chia
khong khi ndm trong 16p dat sét va cip quang cé vo
béng kim loai, rudt cdp bing thuy tinh, dudng kinh
0,1 m (Hinh 4). Antene dugc st dung van c6 tin s§
700 MHz, c6 man chin.

Hinh 5 biéu dién mit cit GPR ctia mo hinh 2. Tin hiéu
tai méat ranh giGi dia chat rat ro nét va chong chép lén
tin hiéu c6 ich. Muc tiéu cta bai todn 1a loai bo tin

hiéu ndm ngang va giti lai tin hiéu hai di thudng quan
tdm 12 16 rong va cép quang bén dudi.

Dé€ loai bo tin hiéu cidc mat ranh gidi dia chit, bo loc
K- Lvé6iN =2 da duge ap dung. Hinh anh phan loc
va phén gitt lai sau khi 4p dung K - L dugc biéu dién
trong Hinh 6. Hinh 6b cho théy cdc tin hiéu méit ranh
gidi da dugc loai bo gan nhu hoan toan. Ti 1é tin hiéu
6 ich trén nhiéu ting, tin hiéu hai di thudng van dugc
giti nguyén va c6 phan rd nét hon trude (Hinh 6).
KET QUA VA THAO LUAN

Ap dung bé locK - L vao sé liéu thuc té
Phan nay trinh bay mot s6 két qua ap dungboloc K- L
vao s6 liéu thuyc té. Mit cit GPR trudce khi ap dung bo
locK - L da dugc xt ly bang mot s6 bd loc co ban nhu:
Dewow, move starttime, gain, bandpassbutterworth !,
Hai s6 liéu thuc t€ déu dugc thu thip bang thiét bi
Detector Duo véi tAn s6 700 MHz c6 man chin cta
hing IDS, Y.

Khao sat hé théng cdng trinh ngam tai nha
may Fujitsu

Tuyén do dugc thuc hién tai khu vuc xudng ma bén
trong cong ty Fujitsu, KCN Bién Hoa 2, tinh Déng
Nai. Muc dich khéo sat la xac dinh céc vi tri sut lan
trén san nha may.

Thoi gian (ns)

o 1 2 3 4 s 6 7 8 9

Khoang cach (meters)

Hinh 7: Mat cat tuyén do T8 Fujitsu chua dp dung
b6 loc Karhunen - Loeve

Mit cat GPR tuyén do T8 dugc biéu dién trén Hinh 7.
Céc tin hiéu hyperbol lién tuc tii vi tri khoang 3,2 m
dén cudi tuyén, do sdu 0 - 50 ns, la tit cdc cot thép bén
trong nén bé tong. Tu vitri 1,8 - 3,2 mla tin hiéu khi
di qua mét ndp ho ga. Co thé thdy, mat cit GPR van
ton tai nhiéu nhiéu ndm ngang (2) va (3). Ngoai ra,
di thuong (1) bén trong hé ga c6 thé 1a mot cap dién
theo thong tin tli ban quan ly nha mdy. Tin hiéu tu
cap dién bi che m¢ va duit doan do tac dong tii cac tin
hiéu phan xa nhiéu l4n bén trong ho ga.

2637
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Hinh 6: Mt cdt GPR clia M6 hinh 2 sau khiloc K- L v6i N = 2. a: Phan tai tao; b: Phan con lai.

3 s s 6
Khoang cach (meters)

Hinh 8: Mat cdt GPR tuyén T8 (Fujitsu) sau khi st
dung bo loc Karhunen - Loeve

Hinh 8 la mdt cit GPR phan giii lai sau khi 4p dung
bd loc K - Lv6i N = 8. Quan sat mat cit ndy nhan xét
théy: (i) Cac nhiéu thudng tryc va nhiéu ndm ngang
(3) da dugc giam cuodng do va cé vi tri da dugc loai
bo hoan toan, nhung cé nhiéu tin hiéu (2) da bi ddt
doan, mit cat GPR sau khi loc hoi nhoe hon so vdi
trudc; (ii) Di thudng s6 (1) da néi bat hon va khong
coOn bi dit doan nhu trudc khi loc.

Trong céc nghién ctiu vé phuong phap GPR, viéc loc
cdc tin hiéu phan xa manh trong cdc hd ga, 16 rong
dé nhén biét cac d6i tugng bén trong ludn 1a bai todn
kho, va chua c6 phuong phdp nao thuc sy dat yéu
ciu. Trong két qua bén trén, tin hiéu bén trong dugc
ndi bat hon nhung van khong thé téch roi khoi nhiéu.
Ngoai ra, trong mit cit sau loc, mét 6 tin hiéu da bi
dit doan. Tuy nhién, b loc K - L da gitp cai thién
dugc chit lugng hinh anh, ti 1¢ tin hiéu trén nhiéu

dugc ting cudng.
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Khao sat hé théng céng trinh ngam tai
thanh phé Phan Rang - Thap cham Tinh
Ninh Thuan

Tuyén do dugc thuc hién trén dudng Yén Ninh, thanh
ph6 Phan Rang - Thap Cham, Tinh Ninh Thuén. Muc
dich khao sat 1a xac dinh vi tri, d6 sau cta hé théng
cong trinh ngdm bén dudi tuyén dudng nay, nhim vé
ban d6 toan bd hé thong cong trinh ngdm ctia thanh
phé Phan Rang - Thap Cham, tinh Ninh Thuén.

Mit cit GPR (Hinh 9) tuy da qua tién xt Iy nhung
van con nhiéu nhiéu ndm ngang (2) cing nhu nhiéu
trudng truc (3). Cac tin hiéu (1) c6 thé 1a phan xa tu
cdc cong trinh ngdm cin tim kiém, chung bi che m¢
va méo mé do cac nhiéu ndm ngang (2).

Thoi gian (ns)

Khoang cach (meters)

Hinh 9: Mat c3t GPR tuyén T11 dudng Yén Ninh chua
dugc loc

Véi s6 liéu nay, st dung bd loc K - L v6i N = 22.
Mit cit GPR phan giit lai sau khi loc dugc thé hién &
Hinh 10. Quan sat két qué sau xt ly, c6 mdt s6 nhin
xét sau day: (i) Cac nhiéu ndm ngang (2) va nhiéu
thuong truc da dugc loai bé gan nhu hoan toan, tuy
nhién do tin hiéu c6 cudng d¢ khac nhau nén van con
vai duong thdng nim ngang dit trung, nhiéu thudng



Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu' nhién 2023, 7(2):2635-2641

Thoi gian (ns)

0 2 4 6 8 10 12 14
Khoang cach (meters)

Hinh 10: Mat cat GPR tuyén T11 dudng Yén Ninh sau
khi s&r dung bo loc Karhunen - Loeve

truc (3) da dugc loai bd mét phan nhung chung vin
con khd nhiéu trong mat cat GPR; (ii) Tin hiéu di
thudng (1) da 16 rd khong con méo mo, md nhat nhu
trude khi loc.

Nhu véy, bd loc K - L da lam ting ti 1é tin hiéu trén
mat cat GPR. Cac d6i tugng quan tAm trd nén rd nét
hon. bic biét, di thuong & do sdu 10 ns va vi tri 1.0 m
da dugc lam ndi bat hon 16 so véi trude khiloc K - L.
Day la két qua thé hién vu diém 16n cta phuong phép
nay.

KET LUAN

Céc két qua xti ly trén mo hinh ly thuyét va s6 liéu thuc
té€ cho thdy phuong phap K - L ¢6 kha ning loc cac
nhiéu c6 dang tuyén tinh tdt, c6 thé gitip nhan dién
rd cac mat ranh gidi dia chit. Déy 1a phuong phép
loc nhiéu dua trén cuong d¢ cta tin hiéu chd khong
dya trén tan s6, nén dé dang cho viéc loc cdc tin hiéu
c6 cudng do rat 16n hodc rat nho qua mdt lan loc va
khoang trung binh qua nhiéu lan loc hon. Cac dang
nhiéu khong tuyén tinh sé khé dugc loai bd hon so
véi nhiéu c6 dang tuyén tinh. Khi mdi trudng cang
bat dong nhdt, cic nhiéu tuyén tinh c6 cudng do thay
d6i manbh, thi khong thé loai bo hoan toan cac nhiéu
nay chi bing bo loc K - L. Hon niia, két qua sau khi
loc K - L d6i khi sé 1am méo mé tin hiéu quan tam
khi cdc tin hiéu nay bi che phti bdi nhiéu 6 cudng do
qud 16n. Viéc lya chon gid tri suy bién N téi uu cho
mot tp dii liéu cu thé déng vai trd quan trong trong
bai todn loc nhiéu bang phuong phép K - L. Qua thut
nghiém trén nhiéu s6 liéu md hinh va thuc t€ khac
nhau, nhém nghién ctu thdy rang cdn phai lya chon
gid tri N sao cho dit liéu phan du loai bo dugc tin hiéu
khéng mong muén va khéng cé su thay déi cac tin
hiéu con lai (hodc thay d6i cang it cang t6t), thi gid tri
N d6 dugc xem la t6i uu. Trong cac dii liéu bao gom
nhiéu nhiéu ndm ngang véi cudng do khac nhau, gid

tri N t6i wu thong thudng sé nam trong khodng tui 1
- 20. Céc dang nhiéu khong tuyén tinh hodc tin hiéu
quan tam bi che b& cac nhiéu ¢ cudng d6 16n hon thi
gid tri N t6i vu sé 16n hon 20. Con néu tin hiéu quan
tam c6 cudng do bé hon nhiéu so véi nhiéu, gia tri N
t6i uu thuong rét 16n

Trong mot mat cat GPR thuc t€ bao gdbm nhiéu nhiéu
thudng truc thé nhung trong mé hinh van chua moé
phong dugc dang nhiéu nay, vi thé can nghién ctu
thém d€ tim céch tao ra nhiéu ngiu nhién trong moé
hinh sau d6 tht loai bo loai nhiéu nay bang bo loc K
- L. Nén ap dung bo loc Karhunen - Loeve cuing véi
cac bo loc khéc va trudc khi thuc hién cic thuét toan
nhén dang di thudng tu dong trén mit cit GPR. Cic
két quéa dat dugc cho thdy bo loc K - L ¢6 thé dugc
ung dung t6t vao cong tac xti ly s6 liéu GPR. Dac biét,
trong cac ky thuit nhan dang tin hiéu tu dong hién
nay, viéc ting cudng ti 1¢ tin hiéu / nhiéu, ting cuong
d6 manh tin hiéu duong bién luén déng vai tro quan
trong. Khi dé, b loc K - L can dugc sti dung trudc
khi thuc hién dp dung cac thuit toan nhén dang tin
hiéu dé tang d6 chinh xéc.

XUNG POT LOI iCH

Cac tac gia dong y khong c6 bat ky xung dot 1gi ich
ndo lién quan dén cac két qua da cong bé.

PONG GOP CUA CAC TAC GIA

Pham Ngoc Thdo xt Iy trén mo hinh ly thuyét va cac
dit liéu thuc t€ bang bo loc Karhunen - Loeve va viét
ban thao.

bang Hoai Trung dinh hudéng nghién citu, thu thap
dii liéu thuc té, xt ly tho cac di liéu, gép phén thao
luan va hoan chinh ban théo.

Nguyén Luu Gia Bdo mé phong cic mat cat GPR va
g6p phén thao luin.
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Using Karhunen - Loeve filter in the processing of ground
penetrating radar data (GPR)

Thao Ngoc Pham'2, Trung Hoai Dang'"*, Bao Nguyen?

ABSTRACT
Ground - penetrating radar (GPR), a modern geophysical method, is used to study the shallow struc-
e ture below the ground, based on the principle of electromagnetic wave generation and reception
Use your smartphone to scan this in the high frequency range of 10 - 3000 MHz. The received signal could be presented in the form
QR code and download this article of images, similar to the ultrasound method in medicine, to study the shallow geological struc-
ture below the ground. In order for the GPR cross - section to accurately reflect the environment
below the ground, data processing always plays a very important role, in order to eliminate hor-
izontal noise, permanent noise, etc., which often blur or obscure objects of interest. Many signal
processing methods have been studied and applied, but the improvement of processing meth-
ods has always received much attention from scientists. This paper presented the theoretical basis
and how to apply the Karhunen - Loeve filter to the model and practical GPR cross - section, in
order to remove the standing and horizontal noises. Experimental results on the theoretical and
practical models showed that the interested signals were highlighted and some noise forms were
blurred. This initial success would be a promise to develop the problem of automatic processing
and identification in the GPR method of the research team.
Key words: Karhunen — Loeve filter, horizontal noise reduction, large signal noise reduction, GPR
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