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Flooding is one of the most destructive natural hazards, causing substantial
impacts on socio-economic systems and the environment. Rapid and
accurate delineation of flood extent plays a crucial role in disaster
monitoring and decision-making processes. This study presents a deep
learning framework based on Convolutional Neural Network (CNN) for
flood inundation mapping in Hue City, Vietnam, using multi-temporal dual-
polarization Sentinel-1 Synthetic Aperture Radar (SAR) imagery. The input
dataset was constructed from pre-flood and post-flood Sentinel-1
acquisitions, including the VV and VH polarization bands. In addition, two
change-detection bands (AVV and AVH) were generated to capture
temporal variations in surface backscatter intensity between the two
observation periods. These six bands were integrated and used as input
features for the CNN model. The proposed CNN architecture was designed to
exploit both spatial contextual information and radar backscatter
characteristics through 5x5 pixel image patches, enabling effective
discrimination between flooded and non-flooded areas. A total of 16,000
labeled samples representing flooded and non-flooded areas were used for
model training and evaluation. The experimental results demonstrate that
the CNN achieves a classification accuracy of 95.13% on the test dataset
with a loss value of 0.1918. Independent validation using 1000 random
reference points yielded an overall accuracy of 96,4% and a Kappa
coefficient of 0.928. The results confirm the effectiveness and applicability of
integrating multi-temporal Sentinel-1 SAR data with a CNN-based deep
learning framework for flood inundation mapping. The proposed approach
improves flood boundary delineation and provides an effective tool for rapid
flood mapping, disaster response, and flood risk management.
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U'ng dung md hinh Convolutional Neural Networks dé xac dinh
vung ngap lut tr anh da thoi gian va phan cwc doi Sentinel-1:
Khu vic thir nghiém tai thanh pho Hué, Viét Nam

Lé Minh Hang, Lé Vii Hong Hai*, Nguyén Tran Vinh Hién

Vién Ky thudt céng trinh ddc biét, Trudng Dai hoc Ky thudt Lé Quy Pén, Ha Noi, Viét Nam

THONG TIN BAI BAO TOM TAT

Qud trinh:

Nhan bai 01/4/2026 Ngap lut la mot trong nhu’ng logi hinh thién tai gdy thiét hai nghlem trong

s dén kinh té - xd hoi va méi truomg. Viéc xdc dinh nhanh va chinh xdc pham
Stra xong 27/6/2026 vi ngdp lut déng vai tro quan trong trong cong tdc gidm sdt thién taj, hé
Chap nhan ddng 17/7/2026 tror ra quyét dinh. Trong nghién ctru ndy, cdc tdc gid dé xudt s dung mé
T khéa: hinh hoc sdu Convolutional Neural Network (CNN) xdc dinh viing ngdp lut
Anh Sentinel-1 tai thanh pho Hué bang cdch két ho'p dir liéu dnh SAR Sentinel-1 phdn cuc

’ doi da thoi gian. Bg dir liéu ddu vao dworc xdy dwng tir cdc dnh Sentinel-1

I\B/[a th(?, glllar;;A CNN thu nhdn trwdc va sau sw kién lii voi hai kénh phdn cwe VV va VH. Bén canh
ang tch chiap LA, d, hai kénh twong tmg AVV va AVH thé hién sw thay do6i cwong do tdn xa
Xac dinh viing ngép.

ngwoc ctia bé mdt gitra hai thoi diém quan sat. Cdc lop dir liéu nay dwoc
tich hop va dwoc st dung lam ddu vao cho mé hinh CNN. Mé hinh CNN
duworc thiét ké thong qua cdc 6 civa sé di liéu kich thudc 5x5 pixel nham
khai thdc ddng thoi ddc trung tdn xa nguwoc va cdu triic khong gian ctia bé
mdt trén dnh Sentinel-1 da thoi gian. Qua trinh hudn Iuyen va ddnh gla mé
hinh st dung 16.000 mdu dir liéu bao gom ving ngdp va khong ngap Két
qud cho thay mé hinh CNN dat dj chinh xdc phan logi 95, 13% trén tdp kiém
tra voi gza tri ham mdt mdt 0,1918. Pj chinh xdc thuc té clia phu'o'ng phap
dwoc xdc dinh trén 1000 diém kiém tra ngau nhién cho do chinh xdc téng
thé'la 96,4% va hé s6 Kappa dat 0,928. Két qua nghién ctru khang dinh tinh
hiéu qud ctia viéc trng dung mé hinh CNN va di¥ liéu Sentinel-1 da thoi gian
trong thanh Iap bdn do ngap lut, g6p phan nang cao dg chinh xdc trong xdc
dinh ranh gi¢i viing ngdp va hé tre hiéu qud cho céng tdc gidm sdt va qudn
Iy thién tai.

© 2026 Truong Pai hoc Mo - Pia chit. T4t ca cac quyén dwoc bao dam.

*Tdc gid lién hé
E - mail: Thvh108@lqdtu.edu.vn
DOI: 10.46326/JMES.2026.67(5).05



Lé Minh Hdng va nnk./Tap chi Khoa hoc Ky thudt M6 - Pia chdt 67(5), 59 - 71 61

1. M¢é dau

Ngap lut 1a mét trong nhitng loai hinh thién
tai gy thiét hai nghiém trong dén kinh té - xa hoi
vamoi trueong, ddc biét tai cac khu vire do thi, viing
nong nghiép, dong bang ven séng va ven bién.
Trong nhitng nim gan day, vién tham da tré thanh
cdng cu quan trong trong giam sat va xac dinh
pham vi ngdp lut nh¢ kha nang quan sat dién rong
va ldp lai theo chu ky. Cac phwong phap xac dinh
vung ngap dwoc xay dung dwa trén dac tinh phan
xa hodc tan xa ctia séng dién tir & cac dai pho khac
nhau.

béivéi dirliéu quang hoc, cac chi s6 nwérc nhw
NDWI (Normalized Difference Water Index) va
MNDWI (Modified NDWI) dwgc st dung pho bién
dé phan tich nwéc va dit. Tuy nhién, phwong
phép nay bi han ché dang ké do &nh hwdng cla
may che phu va diéu kién thoi tiét bat loi trong
thoi gian xay ra ngap lut. Ngworc lai, div liéu radar
khiu do tong hop (SAR- Synthetic Aperture
Radar), nhw dnh Sentinel-1, cho phép quan sat bé
mat Trai dat trong moi diéu kién thoi tiét, ngay va
dém nho khd nang xuyén mday. Pac tinh nang
lwong tan xa ngwoc thip ciia bé mat nuwée trén anh
SAR 1a co s& khoa hoc cho nhiéu phwong phap xac
dinh viing ngap lut hiéu qua.

Trén thé gidi, nhiéu nghién ctru da phat trién
cac phwong phap xac dinh ving ngap lut dwa trén
dit liéu anh SAR. Nhom phwong phap phan
nguwdng don gian (vi du: Otsu, Kittler-1llingworth)
thuwong cho két qua tét doi véi cac viung ngap dién
rong cé do twong phan ro rét so véi khu vyre xung
quanh (Tiwari va nnk, 2020). Tuy nhién, do dac
trung nhiéu hat cia &nh SAR nén mot s6 nghién
ctru da dé xuit phwong phap ngudng thich nghi
theo khong gian nham nang cao tinh 6n dinh cta
ngudng phan loai (Cao va nnk., 2019). D& khai
thac dir liéu da thoi gian, phwong phap phat hién
thay doi dwa trén sy khac biét tan xa nguwoc trwdc
va sau I, hodc ty 1&€ kénh phan cuc, da dwoc ap
dung nham phan biét nwéc thwong xuyén va viing
ngdp mai (Alexandre va nnk.,,2020). Tuy nhién, d6
chinh xac cia phwong phap nay phu thuéc manh
vao diéu kién thu nhan anh va mirc do loc nhiéu.
Mot s6 nghién ctiru da dé xuit khai thac dac trung
chudi thoi gian dé gidam nham 1an gitta nwéc va cac
bé mit c6 tan xa thip (nhw cat kho, bé téng). Tac
gia Martinis va cong sy (Martinis va nnk., 2018) da
xay dung mot 16p loai trir cat (Sand Exclusion

Layer-SEL), la mat na loai trir dwa trén dit liéu
Sentinel-1 nham nhan dién cac bé mat cat c6 dic
tinh tan xa ngwoc thap xuit hién thwong xuyén va
z-score bat thwong tir chudi anh Sentinel-1. Két
qua cho thiy phwong phap SEL dat d6 chinh xac
tong thé 98,5% (UA 95,1%; PA 94,3%) trong moi
trwong khd han. Khi so sdnh v&i ban do
Copernicus EMS tai Hy Lap, ty 1& trung khép tong
thé dat 98,5% (Martinis va nnk., 2018). Trén nén
tang Google Earth Engine (GEE), phwong phap z-
score da thoi gian két hop xac suat vi tri nwéc
trong qua khit tir dit liéu Landsat dat d6 chinh xac
chuin hoéa theo dién tich la 89,8% (DeVries va
cong sy, 2020).

Trong nhitng ndm gan day, cac phwong phap
hoc sau da va dang dwoc nghién cru trong xac
dinh va 14p ban d6 ngip lut tir dir liéu anh SAR
Sentinel-1. Bang cach két hop thong tin trwdc va
sau ngap, cac mé hinh hoc sau c6 kha nang hoc
dwoc cac dic treng thay doi cla tin hiéu tin xa
ngwoc trén anh SAR, tir d6 gidm nham lan gitta
vung ngip va cac doi twong cé dac tinh tin xa
twong tw nhw dit 4m hodc nwéc thwong xuyén
(Zhao va cong sy, 2023).

Bén canh cac mé hoc sdu truyén théng nhw
Random Forest (RF), Support Vector Machine
(SVM) hay Convolutional Neural Network (CNN),
nhiéu nghién ctru trong ndm 2024 da phat trién
cac md hinh dua trén U-Net nham nang cao hiéu
qua phan doan anh ngap lut. Tac gia Ghosh va cong
sw (2024) da dé xuat mo hinh Unet++ két hop bo
ma héa EfficientNet-B7 cho dix liéu Sentinel-1 va
chirng minh viéc khai thac dong thoi thong tin da
ti 1 va ngit cAnh khéng gian sé gitp cai thién dang
ké d6 chinh xac phan doan ving ngip trén nhiéu
khu vyc dia ly khac nhau. Ngoai ra, cic mé hinh
hoc sau thé hé méi cling dwoc ng dung rong rai
trong xac dinh viing ngap trén anh Sentinel-1. Tac
gia Saleh va cong sw (2024) da phat trién mo hinh
DAM-Net nhiam khai thac hiéu qua cac dic trung
khoéng gian va thoi gian cia anh Sentinel-1 da thoi
gian. Két qua thuc nghiém cho thiy viéc st dung
co ché tw dong lwa chon théng tin quan trong trén
anh ciia m6 hinh DAM-Net gitp cai thién kha nang
nhin dang ving ngip trong cac khu vuc c6 ciu
tric bé mat phirc tap, dong thoi nng cao kha nang
chdng nhiéu ctia md hinh. Trong cidc m6 hinh hoc
sau thi bo dir liéu chuén phuc vu huin luyén déng
vai tro quan trong, quyét dinh dé chinh xac ciia mo
hinh. Nam 2024, tac gia Zhao va cong sw (Zhao va
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cong sw, 2024) di cong bd bo dir liéu
UrbanSARFloods chuyén biét cho bai toan xac
dinh ngap lut trong mdi trweong do thi tir div liéu
anh SAR Sentinel-1. Két qua nghién ctru cling chi
ra rang viéc 1ap ban do ngap lut cho khu virc do thi
van 1a thach thirc 16n do dnh huwéng cta hién
twong tan xa nhiéu lan tir cac cong trinh xiy dung
va sy khong dong nhit cia lop phi bé mat.

Tai Viét Nam, cac nghién ctru st dung
Sentinel-1 chd yéu st dung phwong phap phin
ngudng tw dong trén nén tang GEE. Tac gia Vo
Quéc Tudn va cong sw (Tuan va nnk, 2018) st
dung phén tich ngwdng trén 20 anh Sentinel-1 dé
xac dinh hién trang ngap li tai Pong bang song
Ctu Long tir thang 6 dén thang 12 tai cac nam
2015,2016 va 2017. Két qua cho thay so6 liéu thuy
van tai tram T4n Chau va Chau Déc co gia tri twong
quan cao v&i dién tich ngap. Tac gia Trinh va cong
s (Trinh va nnk., 2021) ap dung thuat toan SNIC
két hop Otsu dat d6 chinh xac trén 86%. Tac gia Lé
Ngoc Hanh va cong sy (Le Ngoc va nnk., 2024) xay
dung ban d6 ngap lut huyén Hoa Vang (Da Ning)
bang phwong phap Otsu trén GEE v&i do chinh xac
toan cuc 89% va hé s6 Kappa 0,79.

Nhin chung, cAc nghién ctru trong nuéc van
chti yéu dwa trén phwong phap phan ngudong va
chwa khai thac kha nang hoc hiéu qua vé khong
gian-ngtr canh va cac dic trung phi tuyén cua dir
liéu anh SAR trén cac moé hinh hoc sidu. Ngoai ra,

£

chwa cé nhiéu nghién ctru danh gia kha nang két
hop thong tin phan cuc va cac bién dong tin xa
ngwoc gitta thoi diém trwdc va sau ngdp nham
nang cao hiéu qua xac dinh viing ngip trong diéu
kién dia hinh phtc tap ctia khu viec mién Trung
Viét Nam, ddc biét la khu vuc thanh pho Hué. Do
do, bai bao dé xuit phwong phap xac dinh ving
ngap lut trén anh Sentinel-1 dwya trén moé hinh
mang no-ron tich chap (CNN). Dit liéu dau vao bao
gom dit liéu anh Sentinel-1 trwdc va sau khi ngép,
su thay doi cua gia tri tan xa ngwoc gitra hai thoi
diém. Phuwong phap nham khai thac dong thoi dic
trng tan xa ngwoc, bién dong theo thoi gian va
cu trac khong gian cua doi twgng, qua d6 niang
cao dd chinh xac phan doan va gidm nham lan véi
cac bé mit c6 tan xa thip twong tw nwéc, nhirng
vung nuwéc thwong xuyén.

2. Khu virc nghién ciru va dir liéu thir nghiém

2.1. Khu vrc nghién ciru

Khu virc nghién ctu 1a thanh phé Hué, trong
khodng tir 15059' dén 16°48' vi do Bic va 107000’
dén 108°12' kinh do Pong (Hinh 1b), thudéc khu
vwc duyén hai mién Trung Viét Nam. Ngay
01/01/2025, Quéchoi Viét Nam da ban hanh Nghi
quyét s& 175/2024/QH15 (Quéc hoi, 2024) vé
viéc thanh 14p thanh phé Hué trén co s& toan bo
dién tich va dan s6 cda tinh Thira Thién Hué.
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Hinh 1. Vi tri khu vwec nghién ctru. (a) Vi tri nghién cieu trén bdn do Viét Nam; (b) Bdn do don vi hanh
chinh Thanh phd Hué; (c) Anh Sentinel-1 (GRD) chup ndm 2025.
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Dia hinh thanh phé Hué phan héa ro rét theo
hwéng tiy-dong, bao gdom ba dang chinh: viing ndi
va trung du & phia tdy (chiém khoang 70% dién
tich), viilng ddng bang ven bién & trung tAm va hé
dam pha-con cat ven bién & phia déng (Phan va
nnk., 2021). Dai ven bién c6 hé thdng ddm pha
Tam Giang-Cau Hai dai khoang 68 km v&i dién tich
khoang 22.000 ha, 1a hé dAm pha nwéclg1én nhit
Pong Nam A (Disperati va Virdis, 2015).

Hé thong sdng ngoi twong déi day dac, cha
yéu bat ngudn tir viing nui phia tdy va chay theo
hwéng tiy bac - dong nam ra bién. Cac con séng
chinh gom song Hwong, song B6 va séng O Lau, c6
Iwu vire ngan, do déc 16m & thwong ngudn va dé ra
viing dong bang thap triing (Phan va nnk,, 2021).
Khi hiu thanh phé Hué thudc ki€u nhiét doi gio
mua, chiu tAic ddng manh ctia gié muia Pong Bac va
bdo tir Bién Dong. Nhiét do trung binh nam
khoang 24-250C; lwgng muwa trung binh nam dao
déng tir 2.500-3.500 mm, tip trung chd yéu tir
thang 9 dén thang 12 (Weather and Climate,
2026).

Vi ddc diém dia hinh thap, mang lwéi song
ngoi day dac va co ché ngip tong hop do mwa l6m,
1 song va triéu cwdong da tao ra cho thanh phd
Hué c6 su bién dong vé khong gian va thoi gian
phirc tap clia cac vung ngip. Ngoai ra, sy ton tai
cla cac bé mat c6 tin xa phan hoi twong tw nuéc
nhu dit 4m, rudng lia, mit bé tdng phang ciing 1a
nhitng yéu t6 gay nhiéu cho cic phuwong phép
phan tich trén anh SAR Sentinel-1.

2.2. Di¥ liéu thir nghiém
Dit liéu thr nghiém bao géom tw liéu anh
Sentinel-1 da thoi gian dwoc khai thac tir nguén

dir liéu trén GEE (GEE, 2026). Cac thong tin vé dir
liéu anh thir nghiém dwgc thé hién trong Bang 1.

Bdng 1. Théng s cta dir liéu thir nghiém.

Thongs§ | Dit liéu vé tinh
Sentinel-1
Trudc ngap 05/05/2025-18/05/2025
Sau ngip 20/10/2025-05/11/2025
Ché d6 chup IW/Kénh C
Mirc xt¥ ly GRD
Hwéng chup Descending
Phan cuc VVva VH
b6 phin giai 10 m

Dit liéu trwdéc ngdp dwoc chon vao thang
05/2025 dé dam bao thoi diém chup khéng vao
thoi tiét xau. Dir liéu sau ngdp dwoc chon vao cudi
thang 10/2025 la thoi diém khu vee nghién ctiru
ngip nang nhit. Di liéu Sentinel-1 & mic xi ly
GRD dwoc khai thac tir nguén GEE da dworc thuc
hién cac budc tién xtr Iy gobm khi nhiéu nhiét, hiéu
chuin do bitc xa, hiéu chinh dia hinh bang dit liéu
SRTM 30 hoic ASTER DEM. Di¥ liéu dwoc chuyén
veé gia tri dB (decibel) (GEE, 2026).

3. Phwong phap nghién ctru

3.1. Mang tich chdp CNN

Mang no-ron tich chap (Convolutional Neural
Network - CNN) la mét kién tric hoc sdu chuyén
biét dwoc thiét ké dé trich xuat dac trung tir dir
liéu c6 ciu truc lwdi nhw hinh anh Ky thuat so.
Khic véi mang no-ron két ndi day da (Fully
Connected Network), CNN st dung cac phép tich
chip cuc bd két hop co ché chia sé trong sb
(weight sharing), cho phép mo6 hinh hoc cac biéu
dién khong gian tir dic trung mic thdp dén cac
ddc treng ngit nghia phirc tap, dong thoi duy tri
tinh bat bién déi v&i cac dich chuyén nho. Trong
nghién ctru nay, mé hinh CNN thyc hién phan loai
nhi phén trén cac 6 clra sO dit liéu (patches) kich
thuéc 5x5 pixel nhdm xac dinh moi diém trung
tam thudc vung ngap hodc khéng ngap.

Dic tinh nay d3c biét phtt hop védi dit liéu vién
tham, nhit 1a anh SAR Sentinel-1. Nh¢ kha ning
khai thac ngit canh khéng gian va nhan dién cac
mAu tin xa dic trung, CNN gitp phan biét hiéu qua
cac vung ngap lut so véi cac phwong phap phan
ngudng truyén thdng von nhay cdm v&i nhiéu hat
(speckle noise) trén anh SAR va diéu kién bé mét
phtrc tap.

Thanh phén c6t 16i ctia CNN la 16p tich chap
(convolutional layer). V&i anh dau vao X €
RAXWXC trong d6 C=6 va mot bd loc (kernel)
K € R™™XC Khi d6 phép tich chap dwoc thuc
hién dé tao ra ban do dic trung Y theo cong thirc:

C m-1n-1

Y(@,j) = z Z Z K(u,v,c).X(i )

c=1 u=0 v=0

+u,j+v,c)

Trong d6: X - tensor anh dau vao kich thwéc
H X W X C v&i C=6 twong &ng vdi 6 kénh anh; K
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- tensor trong sé ctia bo loc tich chép; Y - ban do
dac trung (feature map) tao ra sau phép tich chap.

Mbi kernel hoat dong nhu mot bd phat hién
déc trung (feature detector) d€ nhan dién cac cdu
truc nhw canh, dwong thang, két ciu hoic hinh
thai khong gian phic tap. Mot 16p tich chap
thwong st dung nhiéu kernel dé tao ra nhiéu ban
d6 dic treng song song,

Sau phép tich chap, ditliéu dwoc dwa qua ham
kich hoat phi tuyén, pho bién nhit la ReLU
(Rectified Linear Unit):

f(x) = max(0,x) 2)

Ham ReLU gitp gidm hién twong triét tiéu
gradient va tang tdc do hoi tu khi huin luyén. Sau
mdi 16p tich chap, d4u ra dwoc chuin hdéa bang
Batch Normalization nham 6n dinh phan bé dic
trung trong qua trinh huin luyén, giam hién
twong Internal Covariate Shift va tang t6c hoi tu
ctia mo hinh (Ioffe va Szegedy, 2015).

ENCETA )

Trong dé: ug va o2 1an lwot 1a trung binh va
phwong sai ctia mdi 16p tich chip, € - hang s6 nho
nham tranh chia cho 0; y va f - cac tham s6 dugrc
hoc trong qua trinh huén luyén

Tiép theo, 16p gbp Max Pooling dwoc str dung
dé giam kich thwéc khéng gian ctia ban do dac
trung, phé bién nhat la:

y = max(xi;) (4)

Trong dé: R - clra s6 pooling. Co’ ché gitp giam
sO lwgng tham s6 can hoc, tang tinh bat bién véi
dich chuyén nho va gidm thiéu nguy co qua khép
(overfitting).

D€ giam hién twong qua khép, md hinh st
dung 16p Dropout, trong dé6 mét ty 1€ no-ron dwoc
loai bé ngiu nhién trong qua trinh huin luyén
(Srivastava va cong sw, 2014). Sau khéi tich chap
cudi cung, Global Average Pooling (Lin va cong su,
2013) duoc str dung thay cho 1ép Flatten truyén
théng nham gidm s6 lwong tham s& va cai thién
kha ning téng quat héa. Véi ban @6 dic trung thir
k, dau ra ctia Global Average Pooling dwoc tinh
theo cdng thirc sau:

1 H W
=) DR ©)
i=1

j=1

Gk:

Trong do: F, (i,j) - gia tri tai vi tri (i,j) cia
ban d6 dic trung thir k, con H va W lan luot la
chiéu cao va chiéu rong ctia ban d6 dic trung.

Trong qua trinh huin luyén, muc tiéu cda
CNN Ia t6i thiéu héa ham mat mét (loss function)
gitra nhan dy doan ¥ va nhan thuc t€ y. V6i bai
toan phan loai nhi phin, hAm mait mat Entropi
chéo (Binary Cross-Entropy - BCE) thuwong dworc str
dung:

N
1
Lpcg = —NZ[YL' log(¥) + (1 (6)
i=1

—y)log(1 =3)]

Trong d6: y; - nhén thuec té; 3, - xac suat dw
bao ctia md hinh va N 13 s6 lwgng mau.

Nh¢ ciu tric phan ting va kha nang hoc dac
trung tw dong, CNN mang lai nhiéu wu thé trong
xt Iy anh Sentinel-1. M6 hinh cé thé hoc truc tiép
cac dic trung tin xa bé mat tir dir liéu thé ma
khong can thiét 1ap ngwdng thi cong. Pong thoi,
viéc khai thac ngir canh khéng gian gitip nhan dién
chinh xac ciu trac hinh thai cia vung nuéc va
mang ludi song ngoi, tir d6 phan biét hiéu qua cac
vung ngap véi cac bé mat c6 dic tinh tan xa twong
tw.

3.2. Quy trinh nghién ctru

Quy trinh nghién ciru dé xut trong bai bao
dwoc thue hién dwa nén tang GEE va Google Colab.
Ditliéu anh Sentinel-1 da thoi gian dwgc khai thac
trén kho dir liéu GEE, sau d6 dugc 1dy mau dé thuc
hién huan luyén cho mé hinh CNN, tir d6 xac dinh
khu vue ngép lut. Quy trinh cia phwong phap dé
xudt bao gobm bon buwdc chinh:

Budérc 1 (Khdi tao viing nghién clru va tién xi
ly dir liéu): Xac dinh pham vi nghién ctru va truy
xuat anh Sentinel-1 GRD tai hai thoi diém trudc
ngap (Pre) va sau ngap (Post). Xac dinh 06 kénh
anh dac trung gom VWpre, VHpre, VVipost, VHpost, AVV,
AVH.

Budc 2 (Xay dung va chuin héa bo dir liéu
huén luyén): Xac dinh cAc mau “Ngap” va “Khong
ngap” trén dit liéu anh Sentinel-1 da thoi gian
trwdc va sau ngap. Qua trinh xy dung mau dwoc
thuwc hién trén GEE. Dit liéu sau d6 dwgc xuat sang
dinh dang TFRecord lwu trit trén Google Drive va
thwc hién chuin héa Z-score (Mean, Std) trong
moi trrong Google Colab.
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Budc 3 (Xay dung va hudn luyén mo hinh
CNN): Thiét k€ mé hinh CNN cii tién dwoc xay
dung tir cic khoi Conv2D-Batch Normalization-
ReLU-MaxPooling két hop véi Dropout nham ting
kha nang hoc dac trung khong gian va giam hién
twong qua khép. Pic trung cudi cung dwoc tong
hop bang ham Global Average Pooling va phan
loai bang 16p Dense st dung ham kich hoat
Sigmoid dé phan loai nhi phin viung ngip va
khong ngap.

Buwérc 4 (Xac dinh vung ngdp va danh gia do
chinh xac): Do qua trinh hoc may CNN chiém
nhiéu tai nguyén nén cac tac gia dé xuit chia khu
virc nghién ciru thanh cadc mang nhé (tiles). Ap
dung mo6 hinh CNN trén tirng tiles. Ban d6 ngip
dwoc ghép tir két qua phan tich cia cic mang va
chuyén vé hé toa @ UTM 48N. Sau d6, danh gia do
chinh xac két qua.

4. Két qua thir nghiém va thao luan

Vao cudi thadng 10/2025 va diu thang
11/2025, thanh pho Hué xuit hién mwa lén kéo
dai va gay lut 16i nghiém trong trén dién rong. Dua

Anh Sentinel-1

trén quy trinh tai Hinh 2 va dir liéu thir nghiém tai
Bang 1, cac tac gia thr nghiém xac dinh viing ngap
tai khu vure nghién ctru st dung mo hinh CNN. Di¥
liéu anh Sentinel-1 sé dwoc thuwc hién cac buédc
tién xtr ly anh va xac dinh 06 kénh dnh d4u vao bao
gom VVpre, VHpre (anh trwéc ngdp), VVpost,
VHpost (anh sau ngap), AVV, AVH (anh khac biét
gitta trrdre va sau ngdp). Qua trinh xay dung va
chuin héa bo dir liéu huin luyén dwoc thuc hién
trén nén tang GEE. BO dit liéu huan luyén dwgc xay
dung dwa trén cac dac tinh tan xa nguoc cia anh
trwdc va sau ngap. Pic diém ving mau cta doi
twong ngip va khong ngip dwoc thé hién trong
Bang 2. B6i twong ngép 1a nhirng doi twong trudec
ngap khong c6 nwéc va sau ngap bi bao phu béi
nuwédc (vung toi trén anh SAR). P6i twgng khong
ngép la nhitng doi twong con lai c6 dic diém tan
xa nguwoc khéng ddi trén ca anh truedrec va sau ngap.

S6 lwong diém mau bao gdbm 8000 diém ngap
va 8000 diém khong ngip, trong d6 s6 lwgng diém
tham gia hun luyén la 12799 diém (chiém 80%)
va s6 lwgng diém kiém tra la 3201 diém (chiém
20%). Viéc xay dwng tip mAu dwoc hoan tat trén
nén tang GEE.

Anh Sentinel-1

Truéc ngap Sau ngép
| Tién xtr Iy anh |
v v v v
VVpre, VHpre VVpost, ‘ AVV= Vvpost- VVpre | | AVH= VHpost- VHpre ‘
VHpost
\

A4

-

Xay dung va chuén héa bé dit liéu hu&n luyén |

v

| X4y dung va huin luyén mé hinh CNN |

Khong dat

PCX mo hinh > 80%

| Phan chia thanh cac mang nhé |

¥

| Dw do4n vung ngép bing CNN trén cic mang nhé |

v

| X4c dinh ban d6 ngip lut tai KVNC |

v

| Panh gi4 d6 chinh xdc |

Hinh 2. So d6 quy trinh phwong phdp nghién ctru.
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Bdng 2. Ddc diém mdu hudn luyén mé hinh CNN trén dnh té hop mau VV: VH: VV,

. Hinh anh trén anh s s
boi twong , - Pac diém cta doéi twong
Trudc ngap
Vung ngap Vi tri ngap
-Nwéce thudong xuyén (ho, dam, séng)
Vung khong ngap -Khu dan cw
-Rirng

Qua trinh xay dwng va huin luyén mo hinh
CNN dwoc thuce hién trén nén tang Google Colab.
M6 hinh CNN dwgc huin luyén trén 12799 mau
véi Batch size=32 va Epoch=10. Trong qua trinh
huan luyén, mo hinh s dung bo t6i wu Adam va
ham mat mat BCE. Thuit toan CNN sé tw dong
trich xut cac dac trung hinh hoc va ngit canh
khéng gian tir cac 6 ctra s6 dir liéu véi kich thwée
5x5 pixel. Kich thwéc 6 clra s6 dir liéu dwoc lwa
chon phu hop véi d6 phan giai cia anh Sentinel-1
la 10 m va dam bao nhan dién dwgc hinh thai viing
ngap ma van han ché dwoc viéc pha tron thong tin
gitra cac 16p pht bé mat khac nhau. Két qua do
chinh xac mo6 hinh 14 95,13% v&i ham mat mat dat
0,1918. Hinh 3 thé hién qua trinh hoc ctia mé hinh
CNN. Két qua huin luyén mé hinh CNN qua 10
Epoch cho thiy kha ning hoi tu nhanh va 6n dinh.
Do chinh xac trén tip huin luyén ting tir khoang
80,8% & epoch 1 1én khoang 94% & epoch 2 va dat
xap xi 95% & epoch 3. Sau d6, d6 chinh xac duy tri
On dinh dén hét qua trinh huin luyén. Déi véi tip
kiém tra, dd chinh xac dat khoang 95% ngay &
epoch dau tién va gan nhw khong thay doi & cac
epoch tiép theo. Khodng cach gitra huin luyén va
kiém tra rat nho, chirng t6 mé hinh c6 kha nang
tong quat hda tot trén dir liéu chwa dwoc st dung
trong qua trinh huan luyén. Biéu d6 mat mat phan
anh r6 hon qua trinh hoc cia mé hinh. Ham mat
mat trén tp huin luyén gidm lién tuc tir khoang
0,51 & epoch 1 xuéng khoang 0,10 & epoch 10.
Trong khi d6, ham mat mat trén tap kiém tra giam
tir khoang 0,34-0,18, mac du c6 dao dong tai cac
epoch 6, 8, 10 nhwng khéng c6 xu hwéng tang lién
tuc. Diéu nay cho thdy mé hinh duy tri kha nang
tong quat tot.

D€ danh gia hiéu qua cta phwong phap CNN
trong xac dinh ving ngdp trén anh Sentinel-1 da
thoi gian phan cyc déi, cic tac gia tién hanh so
sanh mo hinh CNN v&i moé hinh hoc may RF va

SVM v6i cling s6 lwong diém huan luyén va kiém
tra. PO chinh xac cia cdc m6 hinh thir nghiém
dwgc thé hién qua cdc tham s6 Accuracy,
Precision, Recall, F1-Score, IoU va Kappa (Hinh 4).
Phén tich két qua trén Hinh 4 thi cd ba m6 hinh
déu cho hiéu suat phan loai cao vé&i do chinh xac
tong thé (Accuracy) vwot 94%. Trong cic chi so
danh gia do chinh xac nhw Accuracy, Precision, F1-
Score, IoU va Kappa thi mé hinh CNN cho gia tri
cao hon mo hinh RF va SVM. Riéng chi s6 Recall thi
mo hinh CNN va SVM cho gia tri 1, chitng minh mé
hinh CNN va SVM nhin dang dworc tat ca cac viing
ngap.

Trén Bang 3 thé hién ma tran nham lan cta
két qua phan loai viing ngdp/khong ngip dwa trén
tong s6 3201 diém trong tap kiém tra ciia mo hinh.
Két qua cia ma tran nham lan ciing cho thdy mo
hinh CNN va SVM cho d0 chinh xac phan loai cao
hon m6 hinh RF. M6 hinh CNN va SVM cho gia tri
FN=0va TP=1591, chirng t6 hai m6 hinh khéng bd
s6t diém ngap nao trong tap kiém tra, trong khi dé
mo hinh RF b s6t 13 diém ngip. Tuy nhién, mé
hinh CNN c6 s6 FP thip hon SVM. Biéu d6 cho thay
mo hinh CNN kha nang phan biét gitta ving ngap
va khong ngip tét hon mot chit so véi mé hinh
SVM.

Bdng 3. Ma trdn nhdm lan ctia mé hinh CNN,

RFva SVM.
Mo Toéng
hinh ™ kP FN P diém
CNN 1454 156 0 1591 | 3201
RF 1455 155 13 1578 | 3201
SVM 1453 157 0 1591 | 3201

Ngoai ra, dé chirng minh két qua so sanh mo
hinh CNN va SVM c6 y nghia trong kiém dinh
thong ké, cac tac gia da thi nghiém 10 lan chay
huan luyén doc lap véi gia tri khdi tao khac nhau
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Hinh 3. Pwong cong qud trinh hoc ctia mé hinh CNN. (Bén trdi) Puong cong vé dé chinh xdc; (Bén phdi)
tia ham madt mat.

Duwong cong ¢

1.0000

100

0.9918

0.98

=2 =
] i
= o

Gia tri danh gia

=
o
[

0.90

0.88

Precision Recall

Accuracy

1.0000

E CHNN
== Random Forest
. SVM

Fl-Score Kappa

Céc chi s6 danh gia do chinh xac

Hinh 4. So sdnh d¢ chinh xdc ctia mé hinh CNN, RF va SVM trong xdc dinh viing ngdp trén dnh Sentinel-1.

nhung van gitt nguyén cing mot tap kiém tra doc
13p (Hinh 5). Két qua cho thiy ca mé hinh CNN va
SVM déu dat do chinh xac cao va 6n dinh. Tuy
nhién, CNN dat gia tri trung binh cao hon & tit ca
cac chi s ngoai trir Recall. Chi s6 Recall ctia ca hai
md hinh déu bing 1,000 v&i dd 1éch bang 0, chirng
t6 trong 10 l4n thir nghiém thi cad CNN va SVM déu
phat hién dwoc toan bd cac diém ngip trong tip
kiém tra.

Ngoai ra, cac thong sd kiém dinh thong ké cho
thay sw khac biét vé Accuracy, Precision, F1-Score,
IoU va Kappa ctia m6 hinh CNN va SVM déu c6 y
nghia théng ké (p<0,05). Kiém dinh Wilcoxon
cling cho két qua twong tw (p<0,05) d6i véi cac chi
s0, ngoai trir Recall. Pong thoi, két qua vi tri ctia
cac diém trung binh trén Hinh 5 ciing cho thiy mo
hinh CNN c¢6 kha ning tong quat hoa t6t va duy tri
hiéu ning 6n dinh khi thay d6i bo hudn luyén doc

14p, trong khi SVM gan nhw khong chiu anh hwdng
bé&i bd hudn luyén nhung van dat hiéu suit thip
hon mot chit so véi CNN.

Nhin chung, két qua nghién ciru di ching
minh mo hinh CNN 1a phwong phéap phén loai tot
vung ngap/khoéng ngap trén dir liéu Sentinel-1 da
thoi gian va phan cyc doi. M6 hinh CNN dat hiéu
suit twvong dwong SVM vé chi s6 Recall nhwng ¢
cac chi s6 khac cao hon mdt chit, déng thoi giam
sO lwong FP trong ma tran danh gia do chinh xac.
Ngoai ra, m6 hinh CNN c6 kha nang hoi tu nhanh,
tinh 6n dinh cao va hiéu qua tong quat héa tot. Dy
12 nhitng yéu t8 quan trong khing dinh tinh kha
thi cia CNN dd6i véi cac tng dung phan loai dnh
vién tham trong thuc té.

Két qua phin loai ving ngip trén anh
Sentinel-1 phan cuwc d6i da thoi gian tai thanh phé
Hué bang mo hinh CNN dwoc thé hién trén Hinh 6.
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Hinh 6. Viing ngdp khu vwc Thanh phd Hué thdng 10/2025 st¥ dung thudt todn CNN.

DE danh gia d6 chinh xac thuec té ctia két qua
phan loai, cac tac gia st dung 1000 diém kiém tra
ngau nhién vai vi tri phan bd nhw & Hinh 7. Cac
diém kiém tra do chinh xac thuc té€ dwoc xiy dung
doc 1ap, ngau nhién va khong str dung trong qua
trinh huin luyén mo hinh. Két qua kiém tra thuc
dia duwoc xay dung dwa trén thdéng tin ngap tai
thanh phé Hué nam 2025 va giai dodn trén anh

Sentinel-1 tai thoi diém ngip. Do chinh xac tong
thé dat 96,4% v&i hé s6 Kappa dat 0,928 (Bang 4).

Tém lai, két qua danh gia do chinh xac vé mé
hinh va d6 chinh xac thyc té da chirng minh mé
hinh CNN cho phép phén loai t6t cac doi twong
diém ngip trén anh vé tinh Sentinel-1 phin cuc
doi da thoi gian.
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Hinh 7. Vi tri diém kiém tra ngdu nhién trén khu vwc nghién ciru.
Bdng 4. Ma trdan nhdm ldn ctia ddnh gid thuec té
boi twong Khong ngip Ngip UA (%)
Khong ngdp 483 17 96,6
Ngap 19 481 96,2
PA (%) 96,2 96,6 1000
Do chinh x4c téng thé = 96,4%
Chi s6 Kappa =0,928

Viéc lya chon cac maiu hoc déng vai trd quan
trong trong qua trinh xay dung moé hinh va két qua
phén tich diém ngép. Cac vi tri ngip dwoc xac dinh
la nhitng viing ngdp mai, khéng trung véi cac viing
nuwéc thwong xuyén nhw hé, dam, séng va rudong
dang c6 nuwéc. Tuy nhién, cac vi tri gdy nham 1an
thudng tai cac khu vuc dit 4m, cho ven cac dam,
ho6 hodc ruéng c6 nuée do dac trung trwede va sau
ngap trén anh Sentinel-1 khong c6 nhiéu sy khac
biét.

5. Két luian

Nghién ctru da dé xuat phwong phap tw dong
xac dinh ving ngap lut tai thanh phé Hué bang

cach két hop dit liéu anh Sentinel-1 SAR da thoi
gian v&éi mo hinh hoc sdu CNN. Viéc st dung dit
liéu anh Sentinel-1 SAR cho phép khic phuc han
ché ctia anh vé tinh quang hoc trong diéu kién may
che phui va thoi tiét bat loi khi xay ra 1i, gép phan
nang cao kha nang giam sat ngap lut trong tinh
hudng thién tai thuc té.

Két qua thuc nghiém cho thdy mo6 hinh CNN
c6 kha nang khai thac hiéu qua cac dac trung tan
xa nguoc trén anh da thoi gian cta cac kénh anh
VV, VH va 16p bién dong AVV va AVH, dong thoi
tan dung dwoc dac trung khéng gian-ngit canh
thong qua cra s6 dir liéu 5x5 pixel. Do chinh xac
cia md hinh trén tip kiém tra 1a 95,13% va do
chinh x4c thuc té trén diém kiém tra ngau nhién
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dat 96,4% v&i hé s6 Kappa 1a 0,928. Biéu nay cho
thady mé hinh CNN c6 kha nang nhin dang t6t cac
khu virc ngdp méi va han ché nhiam 14n véi cac ddi
twong c6 ddc trung tan xa twong tw nhw dat am,
ruéng nuwdc hodac nwéc thwdong xuyén. Po chinh
xac ctiamo hinh CNN da dwoc so sanh véi mo hinh
RF va SVM. Két qua so sanh cho thdy mo hinh CNN
t6t hon mé hinh RF vé cac chi s6 danh gia va wu
thé trong viéc hoc dac trung khéng gian va cao
hon mot chit so véi SVM. Biéu dé cho thay cac
phwong phap hoc siu cé tiém ning (ng dung
trong linh virc vién tham radar phuc vu gidm sat
va quan ly thién tai.

Trong twong lai, nghién ctru c6 thé dwgc phat
trién theo huwéng mé rong bo dir liéu huin luyén,
tich hop thém cac nguon dir liéu phu tro nhw mé
hinh s6 d6 cao (DEM), d0 cao so v&i dong chay gian
nhat hoic chudi dir liéu dai han cé thé tiép tuc
nang cao do chinh xac va &rng dung trong céng tac
canh bdo sé'm va quan ly rui ro ngap lut.
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Nghién ctru khai thac dit liéu anh vé tinh
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