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Abstract. Ground Penetrating Radar (GPR) technology is increasingly utilized in
underground structure surveys in Vietnam to enhance construction safety, optimize costs, and
minimize environmental impact, particularly in urban infrastructure, transportation, water
resource management, and archaeological studies. However, to maximize its potential,
advancements in data processing and analytical techniques are required to improve the
accuracy of subsurface investigations and geological assessments. This study investigates the
enhancement of GPR image classification performance through the integration of deep
learning techniques (DNN) and data augmentation utilizing white noise. The dataset used in
the research was collected from construction sites in South Korea and comprises three
primary categories: background noise, hyperbolic reflections from buried objects, and
reflections from manholes. To increase the diversity of the dataset and mitigate the effects of
environmental noise, a data augmentation method incorporating white noise with a
coefficient of variation (cov) is employed. A DNN model based on the VGG19 architecture
is implemented for feature extraction and classification of GPR images. Experimental results
demonstrate that the augmented data significantly enhance classification performance, reduce
overfitting, and improve the generalization capability of the model. This research highlights
the potential of using white noise-based data augmentation to enhance GPR image
classification performance.
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Tém tit. Cong nghé Ground Penetrating Radar (GPR) hién dang duoc ing dung trong khao
sat cong trinh ngam tai Viét Nam nhém giam rui ro thi cong, tiét kiém chi phi va bao vé moi
truong, dac biét trong linh vuc ha tang d6 thi, giao thong, thuy loi va khao ¢6. Tuy nhién, dé
phat huy t6i da hiéu qua, can cai thién kha ning xur 1y va phan tich dir liéu GPR nham ting
dd chinh xéc trong khao sat va danh gia hién trang dia chat. Bai bao nghién ctru viéc cai thién
hiéu suét phan loai anh radar xuyén mit dat (GPR) bang cach két hop phuong phép hoc sau
(DNN) voi tang cuong dir liu sir dung nhléu trang. Dir liéu nghién ciru duoc thu thap tur cac
cong truong xdy dung tai Han Qudc va bao gom ba nhom chinh: nhidu nén, phan xa hyperbol
tir vat thé chon vii, va phan xa tir hd ga. Pé tang tinh da dang cua dir liéu va giam thleu tac
dong cua nhidu moi truong, phuong phap ting cudng dit liéu bang cach thém nhiéu tring véi
hé s6 bién thién (cov) duoc ap dung. M6 hinh DNN dua trén cau traic VGG19 duoc trién khai
dé trich xuét dac trung va phén loai cac anh GPR. Két qua thuc nghiém cho thiy dir lidu ting
cuong giup cai thién dang ké hiéu suat phén loai, giam hién tuong overfitting va ting cudng
tinh tong quat cia mo hinh. Nghién ciru nay chirmg minh tiém ning cuia viéc ap dung nhidu
trang trong xtr Iy anh GPR két hop voi phuong phap hoc sau.

Tir khéa: Phan loai, nhiéu tréng, DNN, GPR, NDT
@ 2025 Truong Pai hoc Giao thong van tai
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1. GIOI THIEU

Yéu cau cip thiét vé phat trién do thi hién dai tai cac thanh phd 16n ¢ Viét Nam nhu Ha
Noi va Ho Chi Minh va ap lyc gia tang dan sO & cac d6 thi 1am gia tang nhu ciu phat trién nhiéu
cac cong trinh ngam, nhu hé thong cong thoat nuoc, khong gian ngam, hé théng tau dién ngdm
MRT. Mot trong nhimng van dé phd bién va 16n nhat trong xay dung ngam 1a sy hinh thanh cac
héc va 15 rdng trong nén dit, anh huong nghiém trong den cac cong trinh va c6 thé dan dén pha
hay. X61 mon do dong chay ngam hodc nut v& duong 6 dng cép thoat nude 1a nguyén nhan phd
bién nhit gay ra cac hc rong va hd sut & dudi nén duong va cong trinh [1, 2, 3], thé hién trong
Hinh 1. Bén canh d0, rung dong do van hanh dudng sit do thi hoic thi cong dong coc cling 1a
nhirmg nguyén nhan phd bién hinh thanh cac hdc rdng trong nén dét [4, 5]. Céc 16 rdng c6 thé
din dén sy phan b lai ap luc dét 1én cac cong trinh, syt lin, sut hé va giam kha nang chiu lyc,
c¢6 thé dan dén hu hong va pha huy cac cong trinh. Céac 15 rong c6 thé phat trién nhanh chong
nhung c6 thé khong dugc phat hién sém néu khong co kiém tra ki thuat. Do dé, 4p dung céc
phuong phap khao sat khong pha hity (non-destructive testing - NDT) 1 1 nhu ciu bat budc
truéc khi tién hanh cac cong trinh. Radar xuyén mat dat, ground radar penetrating radar, GPR,
la 1 trong cac phuong phap phé bién nhat dugc st dung dé khao sat cong trinh khong pha huy
[3, 6]. GPR hoat dong bang cach sir dung song dién tir dé khao sat cac vat thé, 16p dat hodc ciu
trac nam dudi bé mat dat [7, 8, 9, 10]. Cac tin hiéu song dién tir phan xa tir cac vat thé hoic 16p
dat s& dugc ghi lai dudi dang tin hiéu dién tir. Tin hiéu dién tir c6 thé dugc thé hién dudi dang
anh nhung khong phai 1 anh quang hoc ma can phén tich chuyén sau dé phat hién va xac dinh
vi tri di biét.

Mat dat H& dao

Véach hd dao
bentonite

. e
: : E Héc Fon_g Ha; I
m Iép dat yéulléngl—

Hinh 1. Co ché hinh thanh 15 rdng trong nén dat [3].
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Viée xtr Iy cac dir liéu tin hiéu tir GPR khong don gian va con chiu nhiéu anh huong chi
quan cua nguoi xur ly vi anh GPR khong phai 1a anh quang hoc thong thuong ma la céc tin hi¢u
s6 GPR dugc xir Iy dé thé hién dudi dang anh 2 chiéu. Viéce xir Iy anh khong phai anh quang
hoc ¢6 nhiéu diém phirc tap. Do d6, viéc ap dung cac phuong phap dua trén may hoc (machine
learning) va hoc sau (deep learning) dé phan tich va phan loai anh GPR da trd thanh mot xu
hudng nghién ciru quan trong nham ting cuong do chinh xac.

Muc tiéu chinh ciia nghién ciru ndy 13 danh gia hiéu sut cia mé hinh hoc siu trong viée
phan loai anh GPR, céi thién dJ chinh xac phén loai thong qua viéc thém nhiéu tr'fmg (white
noise) vao anh GPR va dé xuit thay d6i ham chi phi thong qua danh gia t6n that tai tao nham
cai thién hiéu qua cua viéc phan loai anh. Két qua tur nghien clru ndy sé& 13 nén tang cho viéc
phat trién cac mg dung su ly tin hiéu GPR trong thoi gian thyc trén cac cong trudng xay dung,
nham ting nang suat va do hidu qua ctia cong tac khao sat bang GPR.

2. DU LIEU & PHUONG PHAP
2.1. Anh GPR

Hinh anh quét GPR-B 13 hinh anh GPR den trang chuyén dbi tir tin hiéu dién tir sang dang
anh 2D va khong phai 1a anh quang hoc cua ddi tuong dugc khdo sat. Truc doc cua hinh anh
GPR thudng biéu thi thoi gian di chuyén cua song dién tir (hodc d6 siu) va truc ngang biéu thi
khoang cach ctia thiét bi GPR dang di chuyén. P9 phan giai ctia khao sat GPR bi gidi han &
mot nira budce soéng dién tir va tdc dd khao sat. Khao sat tan s cao tao ra dd phan giai cao nhung
din dén d6 sau diéu tra nong [11]. Nghién ctru nay str dung tan s trung tim 1a 400 MHz v&i
ang-ten duoc ghép ndi voi bo didu khién, cho két qua khao sat dén do siu trung binh 2m. Dit
liéu GPR dugc thu thap tir cac khao sat thuc té tai cac cong trudng xay dung & Han Qudc trong
giai doan tir nam 2018 dén 2020. Cac anh GPR dugc ghi lai v&i do phan gidi 400 x 400 pixel,
tuong mg vai kich thudc thyuc té ciia mdi pixel 1a 106 mm x 106 mm, xem Hinh 2. Trong qué
trinh khao sat, cac anh GPR thu duoc dugc phan loai vao ba nhém chinh dya trén loai phan xa
tir cac vat thé dudi long dat, bao gom:

~ Nhiéu nén (NN): Céc tin hiéu nhiéu ngau nhién khong mang thong tin vé céc vat the
duéi long dat, thuong xuat hién do cac yéu t6 moi trudng nhu thiét bi dién tir, phuong
tién giao thong hodc tram phét song vo tuyén.

- Lb rong (LR): Cac phan xa dién hinh cua cac vét thé chon vui, 16 réng c6 hinh dang
hyperbol, chang han nhu cac dudong 6ng hodc cap ngam.

- H6 ga (HG): phan xa manh cua séng dién tir & cac nip hd ga kim loai, do vat liéu kim
loai khong cho song dién tir di xuyén qua.

Cac anh GPR thu dugc da dugc phéan loai thu cong boi cac chuyén gia dé xac dinh cac

nhom trén va tao thanh b dir 1iéu dau vao cho qua trinh huan luyén mé hinh hoc sau.

(b) ()

N

(a)
Hinh 2. Anh dic trung ctia 3 nhém: (a) nhom 1 NN; (b) Nhom 2 LR; (¢) Nhém 3 HG.
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2.2. Tang cwong dir liéu véi nhiéu tring

Dé ting tinh bién thién ctia anh GPR, nhiéu tring dugc dua vao anh GPR thd bang cong
thirc (1). Nhiéu tréng, tire 1a nhiéu Gauss, dugc tao ra ngﬁu nhién véi hé sb bién thién (cov)
béng 0,1 va dugc thém vao anh GPR ban dau dé tao ra cac anh méi, tir d6 gitip mo hinh hoc
duoc nhitng dic trung manh mé hon va cai thién kha nang phan loai. Viéc sir dung nhidu tring
nham muc dich lam tang tinh da dang cua bo dir li¢u, gitip mo6 hinh hoc sau tré nén tuy dong hon
trude cac tac dong nhidu tir moi truong. Nhidu dugc han ché & muc thip bang hé sd bién thién
cov=0,1 dé khong lam anh huin luyén bién dang qua murc va van giit duoc cac dic trung co
ban [12]. Hé sb két hop A cia nhifu va anh thé duoc rit ra tir phan phdi beta B(a, o) voi o =
0,2 [13, 14]. Trong nghién ctru nay, dé loai bo viéc dan nhan sai va trung 1ap, A dugc gidi han
& A €(0,5 . 1,0) va do tin cdy cta nhin thyc t& van bang v6i nhin gbc:

{X =AX; + (1 - NX; O
Y=y,
Trong do, X va Y l1a vector hinh anh tong hop va nhin cua vector; X; va Y; 1a vector hinh
anh géc va nhan; X; = N(0,5; 0,052) 1a vector nhiéu tréng.

2.3. Mang hoc sdu DNN va cAu hinh mé hinh

bé phén loai cdc anh GPR, mdt mang no-ron tich chip (DNN) dugc str dung. Mang DNN
bao gdm mot bo trich xuat dic trung sau (deep feature extractor) va mot bd phan loai (classifier).
Céu hinh cua mang DNN trong nghién ctru nay duogc thiét ké dua trén mé hinh VGG19, mot
mang DNN noi tiéng véi khoang 138 triéu trong s6 phan bd trén 9 16p [15]. Mang VGG19 duge
su dung dé trich xuat cac dic trung tir cdc anh GPR, sau d6 cac déc trung nay s€ dugc dua vao
bd phan loai dé phan loai anh thanh cic nhom NN, LR va HG.

Nghién ctru nay dé xuat sy dung ham chi phi (loss) dugc tao ra boi mot mang ludi tai tao
dua trén mot mang si€u phan giai [16] tai tao cac hinh anh dau vao tir cac tinh nang dugc trich
xuét boi cac mang phan loai nhu thé hién  trong Hinh 3. Y tuong 1a mang ludi tai tao didu khién
céc tinh nang cua cac mang phan loai dé bao toan thong tin ciia cic hinh anh dau vao. Mang
ludi tai tao duoc huan luyén dong thoi véi cac mang phan loai. Trong qua trinh huan luyén, cac
hinh 4anh dau vao (XER(wxhxc)) dugc dua vao mang phan loai va cac dac trung sau
(FER(W'xh'xc")) tir 16p tich chap cubi cung duoc st dung dé huan luyen trinh tai tao cho cac
hinh anh duoc tai tao (XRCER(wxhxc)). Mang tai tao R bao gom B khéi HRB, 1a cac chong
lop tich chap Conv('), chuan hoa BN(*) va ham kich hoat tuyén tinh chinh Iuu PReLU(-), va b
khéi tai tao Hup, la mat chong 16p ConV() Xa0 tron diém anh PlerShufﬂe() va PReLU(").
Ham chi phi tong L 1a sy két hop tuyén tinh ciia ton that tai tao Lrc (XRC,X) gitta cac anh tai
tao XRC va anh dau vao X va ton that entropy chéo LCE (Y*,Y) giita cac nhan du doan Y’ va
nhan chinh xac, dugc thé hién 0 cong thie (2). DY chinh xac cua mo hinh sau qua trinh huan
luyén dugc danh gia bing hé s gitra s6 cac két qua du doan chinh xéc trén tong sé mau kiém
tra. Do d6, do chinh xac s& nam trong khoang tir 0,0 (khong c6 du doan chinh xac) dén 1,0 (tit
ca cac du doan déu chinh xac).

L=Lcg(Y',Y)+ Lpc(XRE, X) (2)
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Hinh 3. Mang DNN 4p dung md hinh VGG19.
2.4. Phwong phap huin luyén va phén loai

Qua trinh huén luyén mé hinh dugc thyc hién voi tong s6 3000 mau anh GPR thé vai ti 16
dong déu giira 3 nhom (1000 anh/ nhom), véi ty 18 dir liéu hudn luyén va klem tra 1a 6:4, st
dung ca anh GPR thé va anh GPR da dugc tang cuong bang nhleu trang. Néu sb luong dit lidu
dung cho qua trinh huan luyén giam di thi tinh tong quat ciia mau dit lidu s& bi giam, tir 46 mo
hinh DNN s& c6 tinh cuc bo va gip kho khin khi du doan cac dit lidu c6 sur khic biét véi mau
huan luyén. Nghién ctru cua tac gia trong [17] chi st dung 1000 anh GPR cho huan luyén va
384 anh dé kiém tra. Cac mé hinh dugc huan luyén trén loai dir lidu:

- Dit liéu GPR tho: Pay 1a dir liéu gdc thu thap tir cdc cong trudng xay dung, chua qua
xu ly.

- Dit liéu tong hop: Pay la dir lieu GPR da dugc tang cuong voi nhiéu tring theo phuong
phap tao nhiéu tring.

Qua trinh huin luyén duoc thuc hién trong nhiéu vong lap (epoch) va str dung ky thuat dimg
som (early stopping) dé tranh qua khop (overfitting). M6 hinh hoc séu s& dugc huan luyén cho
dén khi dat duge murc d6 chinh xéc toi wu trén dit lidu kiém tra.

Cuoi cung, cac két qua thu dugc tir mé hinh hoc sau s€ dugc phan tich va so sanh gitra cac
anh GPR tho va anh GPR da duogc tang cuong. Cac chi so hi¢u suat nhu d¢ chinh x4ac, loss trong
huan luyén va xac nhéan s€ dugc tinh todn va so sanh.
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3. KET QUA THi NGHIEM

Hiéu suit phan loai trén anh GPR da dwoc ting cwdng v6i nhiéu tring

Loss[]

Sau khi thir nghiém trén anh GPR thé, chung t6i tién hanh huan luyén mo hinh véi di liéu
da dugc tang cuong bang nhicu trang vdi h¢ so bién thién (cov) = 0,1. K&t qua huan luyén trén
di liéu tang cudong duoc trinh bay trong Hinh 4. Cac quan sat chinh bao gom:

Loss: Loss trong qua trinh hudn luyén trén dit liéu ting cudng giam nhanh chong trong

vai vong lap dau tién, tuong tu nhu véi dit liéu tho. Tuy nhién, khac véi anh GPR tho,
loss trong xac nhan dat dén murc thép nhét tai diém dung som va sau do co su tang nhe,
nhung khong dang ké. Piéu nay cho thiy dir lidu ting cuong v6i nhidu tring giup mo
hinh hoc tét hon va it bj overfitting hon.

D6 chinh xé4c (Accuracy): Do chinh x4c trong huan luyén dat gia tri toi da 1,0, ching t6

rang mo hinh hoc rat t6t trén bo dir liéu ting cudng. Tuy nhién, d6 chinh xac trong xéac
nhan & mirc 0,941 tai diém dirng som, thap hon mot chit so véi d6 chinh xac trong huan
luyén nhung van rat cao. Diéu nay cho thay rang anh GPR ting cudng véi nhiéu tring
da giup md hinh hoc duoc cac dac trung manh mé hon, cai thién kha nang phan loai.

Nhin chung, viéc tang cuong dir li¢u voi nhiéu trang da gitp cdi thién hi¢u suat phan loai,
the hién qua sy cai thién nhe nhung 16 rét trong do chinh xac cua moé hinh.

(a)

—— Huén luyén
—— Kiémtra

-

50

1
100

150
Vong kap []

200 250 300

Bo chinh xac] ]

(b)

i

06
0.4

0.2} ——  Huén luyén

——  Kiém tra

00 1 L 1
0 150 200 250
Vong lap []

50 100

Hinh 4. Két qua huin luyén trén hinh anh ting cudng: (a) Loss; (b) P9 chinh xac.

300

Mang phén loai VGG véi ham chi phi dugc dé xuat duoc str dung dé huan luyén va thir nghiém
trén dir liéu moi tao bang cach sir dung dir liéu gdc va dir lidu thém nhleu trang. Két qua thu
nghiém duoc tom tat va hién thi trong Bang 1. Bang 1 cho thay nhiéu nén cai thién dang ké do
chinh xac tir 87,9% 1én 94,1%.

Bang 1. Két qua thi nghiém.

Dir liéu Do chinh xac phan loai (%)
Dir liéu gdc 87,9
Dit liéu thém nhiéu (cov=0,1) 94,1
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4. PHAN TiCH & THAO LUAN

Hiéu qua ciia viéc ting cuong dir liu véi nhiéu tring

Tir két qua thi nghiém, bang nham 1an (confusion matrix) khi kiém tra trén mau thém nhiéu
duoc thé hién & Bang 2, va so sanh hi¢u qua khi kiém tra trén dir li€u tho va dir li¢u thém nhicu

duoc tong hop ¢ Bang 3.
Bang 2. Bang nham lan (confusion matrix) kiém tra trén dit liéu thém nhidu.
Du doan
Gia tri thue ) )
Nhém 1 Nhoém 2 Nhém 3
Nhom 1 363 17 20
Nhom 2 5 389 6
Nhoém 3 10 14 376

Béng 3. So sanh hi¢u qua (coi nhém 2 la duong tinh va nhém 1 va 3 1a am tinh).

Dit liéu goc Dir liéu thém nhiéu
Do chinh xac duong tinh 0,890 0,926
(precision)
Ti 1€ phat hién duong
tinh (recall) 0,779 0,903
D6 chinh xac F1 0,831 0,915

D¢ chinh x4c duong tinh xac dinh dua trén ti I¢ duong tinh that va téng duong tinh that va
duong tinh gia, d§ phat hi¢n duong tinh dugc tinh dya trén ti 1€ duong tinh that va téng duong
tinh that va am tinh gia. Tur d6 chinh xac duong tinh va ti 1¢ phat hién duong tinh, h¢ s6 chinh
xac F1 duoc xac dinh. F1 cang gan gia tri 1,0 thé hién viéc giam qua khop (overfitting). Két
qué tir cac thi nghiém cho thay rang viéc ting cuong dit liéu GPR véi nhiéu trang da mang lai
nhimng cai thién 13 rét trong viéc phan loai cac anh GPR. Nhém 2 1a nhém thé hién phan xa 18
rong, ddi twong quan trong can duoc khao sat nén dugc coi 1a nhém duong tinh, trong khi nhom
1 va 3 1a cac phan xa nhiéu nén va hd ga 1a cac phan xa khong phai 1a muc tiéu khao sat nén
duoc coi 1a nhém am tinh. BJ chinh xac duong tinh, ti 1€ phat hién duong tinh va dg chinh xac
F1 dugc tinh toan cho nhom duong tinh va thé hién & Bang 3 déu ting nhiéu sau khi thém nhiéu
vao dir liéu thd. So véi viée sir dung dir liéu GPR thd, mo hinh hoc sau huén luyén trén dir liéu
tang cudng cho thdy do chinh xac cao hon va it bi overfitting hon. Diéu nay c6 thé 1y giai boi
viéc nhiéu tréng da gitp lam tang su da dang trong bd dir licu huén luyén, giup mo hinh hoc
duoc cac ddc trung manh m& hon va trd nén linh hoat hon trong viéc nhan dién cac dbi tuong
trong anh.

bé théy duoc hi¢u qua phan loai sau khi thém nhiéu, 2 anh thudc nhom 2 bi phan loai nham
thanh nhom 1 truéc khi thém nhiéu, va dd dugc phan loai chinh x4c sau khi thém nhiéu duoc
thé hién ¢ Hinh 5. Quan sat cho thdy cc anh nay thé hién ddc trung nhom 2 rit mo nhat va co
thé bi nhdm 13n thanh nhém 1. Viéc anh phén loai nhadm duoc hiéu chinh cho thay nhidu nén da
gitip mang chi1 ¥ hon véo cac dic trung riéng ctia nhom, va khong bi nham 1an véi cac dic trung
khong lién quan.
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(a)

(b)

Hinh 5. Anh nhom 2 bi phén loai nham trudce khi thém nhidu va duge phén loai dung
sau khi thém nhiéu.
Bang 4. Bién doi Fourier va loc tan sb cao cho hinh anh LR tong hop.

\ N Bién doi Fourier Bo loc
Anh dau N
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@ >

£ 3
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a ‘ﬁ'
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= @
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St dung nhidu tring tao ra cic bién thé méi ctia anh GPR ban dau nhung van giit lai cac
déc trung chinh cua cac dbi twong cia cac nhom, xem Bang 4. Bang 4 thé hién bién d6i Fourier
cho nhiéu tring, anh gdc LR, va anh sau khi thém nhleu trang Thém nhidu tring khong lam
thay doi qua nhiéu thong tin & tan s thp, va chu yeu bién doi thong tin luu trir 6 tan sd cao
hon. Nho vdy anh méi dugce tao ra khac v6i anh ban dau nhung van giit nguyén cac dic trung
co ban cua ddi tuong von duge ma hoa & tin sb thép. Nho vay mo hinh khong chi hoc dugc cac
dic trung co ban tot hon va c6 kha nang phan loai t6t hon déi voi cac nhiéu moi truong thuce té,
nhu tin hiéu tir cc thiét bi dién tir, phuong tién giao thong, hay cac yéu tb khac co thé gay nhiéu
trong qua trinh thu thap dir liéu. Nhu vay, dir 1iéu tdng cudong bang nhidu tring khong chi giip
tang tinh chinh x4c cua phan loai ma con giup mo hinh tré nén 6n dinh hon khi dbi dién voi
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nhing yéu t6 khong thé kiém soat trong moi truong thuc.

Pé phan tich su thay doi mirc d6 cha y ciia mang vao ving khac biét ciia nhom 2 va 3, k¥
thuat tai tao nguogc tir dac trung co ban, Grad-cam, [18] dugc sir dung vao anh trudce va sau khi
thém nhiéu trang cia nhom 2 va 3, thé hién ¢ Hinh 6. Trudc khi thém nhiéu, mirc d6 cha ¥ bi
phan tan bdi cac chi tiét nhiu, khong thé hién dic trung cia nhom. Sau khi thém nhiéu, muc
dd cha y vao cac dac trung cua nhoém duge cai thién rat nhiéu va khong bi phan tan bédi cac chi
tiét khong dic trung.

(a) (b)

Max

n

Max

n

Hinh 6. Mtrc d6 cha y ciia mang vao anh nhém 2 tai tao bang Grad-cam [18]: (a) anh gbe nhom 2; (b)
Grad-cam nhom 2 trudc khi thém nhiém; (c) Grad-cam nhém 2 sau khi thém nhiéu; (d) anh goc 16p 3;
(e) Grad-cam nhom 3 trude khi thém nhiém; (f) Grad-cam nhém 3 sau khi thém nhiéu.

Ting cuwdng hiéu suit phan loai va giam qua khép (overfitting)

Mot trong nhing van dé pho bién trong hoc sau 1a overfitting, khi mé hinh hoc qua chi tiét
vao dit liéu huan luyén va khong thé tong quét t6t cho dir liéu méi. Trong nghién ctru ndy, mic
dd mé hinh dugc huin luyén trén mot bo dir liéu GPR c¢6 kich thude trung binh (3000 anh),
nhung viéc sir dung nhidu tring dé tang cuong dit liéu da giup giam thiéu hién tugng overfitting.

Trong qua trinh huin luyén, mé hinh sir dung dit liéu tho da dat dén diém ding sém tai
vong lap thir 157, va tir 46 do mat mat trong xac nhan bat dau ting 18n, chi ra raing mo hinh da
hoc qua nhiéu vé dit liéu huin luyén va khong thé ap dung tSt cho dit liéu xac nhan. Tuy nhién,
khi sir dung anh ting cudng voi nhidu trang, moé hinh khong gip phai van dé nay. Thay vi hién
tugng overfitting, d6 chinh xac trén dit liéu x4c nhan van giit dugc mirc cao, chi c6 sy chénh
1éch nho gitra d6 chinh xac huén luyén va xac nhan. Piéu nay cho thiy ring viée tang cuong
dir lidu v6i nhidu trdng gitp mo hinh tré nén tong quat hon, c¢6 kha ning xir Iy t6t hon céc tinh
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hudng nhidu thuc té va cai thién d6 6n dinh ctia mé hinh.
5. KET LUAN

Nghién ctru nay da chimg minh rang viéc str dung mang hoc sdu (DNN) dé phan loai anh
GPR 13 mot phuong phap hiéu qua trong viéc nhan dién va phan loai cac vat thé dudi 1ong dat,
dic biét khi két hop voi phuong phap ting cudng dit liéu bang nhiéu tring. Céac két qua thuc
nghi¢m cho théy réng md hinh hoc sau huin luyén trén anh GPR tho dat hiéu suét cao, nhung
khi sir dung anh ting cudng véi nhidu tring, mé hinh khong chi cai thién do chinh xac phén
loai ma con ting cudng kha ning xac dinh chinh xac vi tri cia cac vat thé trong anh.

Cu thé, dir liéu ting cuong voi nhiu tring giup mé hinh hoc sau hiéu ~qua hon vdi cac
nhiéu tr moi trudng, giam thleu hién tuong overfitting va cai thién kha nang tong quat khi phan
tich cac dit liéu GPR thuc té.

Nghién ctru nay giup gia tang hiu qua cho viéc xur ly anh GPR tmg dung rong rai trong
cac linh vyre nhu khao sat dia chat, xdy dung co s& ha tang, va bao tri cac cong trinh ngam Tuy
nhién, dé ning cao d6 chinh x4c va kha nang ing dung trong méi truong thyc té, can tiép tuc
nghién clru va cai thién cac phuong phap tang cudng dir ligu, dac biét la voi cac loai dir ligu co
nhiéu cao hodc méi trudng khong dong nhat.
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