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Tém tat: Phdt hién cdc diém sat I dét dwa trén hinh énh tir phurong tién mdy bay khéng ngudi ldi (UAV)
dwoc st dung réng rdi cho viéc 1ap bén d6 du bdo va ddnh gid rii ro cho cdc khu vire dé xdy ra sat 16 dét. Cdc
nghién ciru gén ddy dé tép trung vao viéc st dung hinh dnh UAV ¢6 d6 phén gidi cao va cdc thudt todn hoc
sGu dé phdt hién cdc diém sat I& dét thay thé cho cdc phurong phdp thi céng truyén théng. Tuy nhién, trong
thue té, diéu kién dnh sdng thay déi khién chdt lwong hinh dnh UAV gidm sut, ldm gidm hiéu qud phdt hién vi
tri sat 16 ddt cla cdc thudt todn hoc sGu. Vi vay, nghién ciru ndy dé xuét mét phuong phdp tiép cdn mdi két
hop thuét todn phén doan hinh dnh vdi tri tué nhén tao (Al) tao sinh dé téng cwdrng dé chinh xdc phdt hién
sat I& dat dwa trén hinh dnh UAV trong diéu kién dnh sdng thay déi. Trong nghién ctru ndy, Al tao sinh duorc
dp dung dé ndng cao chét lugng hinh dnh déu vao, giup cdi thién khd ndng nhén dién sat I1& ddt. Thudt todn
phdn doan dnh dya trén mang no-ron Unet duwoc irng dung dé xdc dinh vi tri sat I& dét trén hinh énh tdi tao.
Két qué nghién ciru cho thdy Al tao sinh giup cdi thién ddng ké chét lwong hinh édnh trong diéu kién dnh sdng
kém. Phurong phdp dé xudt gitip dé chinh xdc phdt hién sat I& dét tdng ddng ké, vdi gid tri F1 dat 0,878-0,891
trén dnh tdi tao, so vdi chi 0,043-0,616 trén dnh gbc. Két qud ndy gdp phén vdo viéc phdt trién phwrong phdp

tw ddng phdt hién va dw bdo sat I& dét duwa trén div liéu UAV cho cdc khu vire ¢é nguy co' 1& dét cao.
Tir khéa: Phdt hién 16 dét, Al tao sinh, phdn doan dnh, UAV.

1. Mé& dau

Sat 1& dat ngay cang dién ra thuong xuyén va
nghiém trong hon do tac dong cla bién d6i khi
hau, gdy ra mdi de doa I&n d6i véi con ngudi va
co s& ha tang [1-3]. Viéc xdc dinh kip thoi cac
khu vurc sat |& dat gitp chinh quy@n cé thé trién
khai cac bién phap &rng phé khan cdp mét cach
nhanh chéng. Théng tin chi tiét vé vi tri cac diém
sat |& dat déng vai trd quan trong trong phan
tich bién dang dia hinh, danh gid mdc d6 rui ro,
l4p ban db6 sat |& va phat trién cac mo hinh dy
bdo sat |& dat trong tuong lai.

Hién nay, cong nghé phat hién sat |& dat dwa
trén di? liéu hinh dnh tir mdy bay khdng nguoi
l3i (Unmanned Aerial Vehicle - UAV) dugc Ung
dung rong rai. Hinh anh UAV, duoc chup tir géc
nhin trén cao, cung cap di¥ liéu cé dd phan giai
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cao, thuong dat mlrc vai centimet trén moi
pixel. D6 phan giadi cao nay cho phép phan tich
chinh xac cac dac diém dia hinh. Ngoai ra, hinh
anh UAV dong vai tro quan trong trong mé hinh
héa dia hinh 3D, cung cap théng tin chi tiét vé
cau tao dia hinh, ho trg nghién clru chuyén sau
vé 6n dinh mai doc [4-6].

V&i su phét trién nhanh chéng cla tri tué
nhan tao (Artificial Intelligence - Al) va cac thuat
todn thj gidc may tinh (Computer Vision), cac
phuwong phdp nhu phan loai dnh, phat hién déi
twong trong anh va phan doan anh d3 duoc &ng
dung hiéu qua trong viéc giam sat nguy co sat |&
dat (Landslide) va [T bun da (Debris Flow) [7-9].
Trong s dd, cac thuat todn phan doan hinh anh
thu hat sy chd y dang ké nho khd nang phan
loai tirng pixel trong anh, cho phép nhan dién
sat 1& dat mét cach chinh xac va tu dong. Ji va
cong sy (2020) [10] da ap dung mang no-ron
tich chap (Convolutional Neural Network - CNN)
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dé phat hién sat |& dat tir hinh anh vé tinh. Mé
hinh CNN dugc huan luyén va kiém thir trén bd
dit liéu gdbm 770 diém sat |& dat, dat do chinh
xac véi Fl-score |én dén 96,62%. Bragagnolo va
cong su [11] s&r dung Unet dé xac dinh vét sat |&
trong anh vé tinh, dat d6 chinh xac v&i Fl-score
1a 67%. Sandric va cong sw [12] k&t hgp UAV véi
cdc md hinh Unet va Deeplab dé khao sat cac
vét nit sat 1& trén dién réng tai khu vuce sat |&
Livadea, Romania, dat d6 chinh xac trén 93% da6i
v@i hinh anh UAV. Pham va Kim [13] d3 d& xuat
mot phuong phdp mai dya trén mang CNN sau
dé xac dinh dong chay bun d4 va do van téc cla
ching tir hinh anh k§ thuat s6 thu dwoc bang
camera c6 dinh, v&i d6 chinh xac trung binh dao
dong tir 87,1% dén 97,3%.

Mac du d3 cd nhiéu tién bd, cdc phuong
phap phat hién sat |& dat hién nay van gip han
ché do phu thudc vao hinh anh cé dé phan giai
cao. Nhiéu thuat todn gap khé khan trong viéc
x&r ly hinh anh bj suy giam chat luvgng do diéu
kién anh sidng thay d6i, lam anh huwéng dén
dd chinh xac cia mé hinh Al. Giai quyét nhirng
thach thirc nay |a diéu can thiét dé nang cao kha
nang ng dung cla cdc hé théng gidm sat sat 1&
dat dya trén Al trong diéu kién thyuc té. Do dé,
nghién ctru nay dé xuat mot phwong phip méi
tich hop cac thuat todn phan doan diém anh vai
Al tao sinh. Cu thé, Al tao sinh duoc sir dung
dé cai thién chat lvgng hinh anh dau vao trong
diéu kién thi€u sang, sau do thuat toan phan
doan diém anh dya trén mang no-ron Unet s&
xac dinh vj tri sat |& trén cac hinh dnh d3 duoc
cai thién. Cach tiép can nay giup tang do chinh
xac cla cac mé hinh Al trong viéc phat hién sat
|& dat khi thu thap dit liéu bang UAV trong diéu
kién anh sang kém. Bang cach két hop cong nghé
Al tién tién v&i hé théng UAV, ching ta cd thé cai
thién dang ké kha ndng danh gid rdi ro sat |& dat
va quan ly thién tai mét cach hiéu qua hon.

2. Phwong phap nghién ctiru

Hinh 1 trinh bay so d6 nghién clru vé phuong
phép xac dinh vi tri sat |& d4t tir anh UAV bang
Al tao sinh va céc thuat toan phan doan anh.
Quy trinh nghién clru gdm hai budc chinh: (1) Al
tao sinh duoc sir dung dé cai thién chat lvgng
hinh 3nh dau vao; (2) M6 hinh phan doan diém
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anh duoc ap dung dé phat hién vi tri sat |1& dat.
Chi tiét cdc budc dwgc mé ta trong cac phan
dudi day:
2.1. Cdi thién chét lwong hinh dnh déu véo
bang Al tao sinh

Viéc cai thién chat lvgng anh dau vao la mét
budc tién xr ly quan trong nham nang cao do
chinh xac clda cac mod hinh Al trong viéc nhan
dién vi tri sat 16, dac biét trong diéu kién énh
sang thay d6i. Hinh anh thiéu sang thudng xuat
hién khi UAV chup vao sdng s&m, chiéu tdi hoac
trong diéu kién trdi nhiéu may. Khi d6, tdm nhin
bi giam va nhiéu anh ting cao, gay khé khin cho
viéc phan doan chi tiét cdc déi twong trong anh
[14]. Hinh 2 minh hoa sy phan bé cudng do pixel
cla hinh anh thiéu sdng. Cac hinh dnh nay ¢6 gid
tri d6 sang tap trung trong moét pham vi hep, vadi
cuwong d6 diém anh dao déng tir 0 dén 50, trong
khi hinh dnh chup trong diéu kién da sang cé
cuwdng d6 diém anh phan bd déu tir 50 dén 200.

Mang ddi sinh (Generative Adversarial
Networks-GANs) dd trd thanh mét coéng cu
manh mé trong linh vyc x&r ly anh nho kha ndng
tao ra dau ra chat lvgng cao dya trén nguyén
ly khuéch tén pixel va phan phéi dit liéu [15].
Cac md hinh dwa trén GAN c6 thé cai thién dang
ké do rd nét, dd twong phan va muirc do chi tiét
cla hinh anh. Hinh 3 minh hoa cau truc cla
GANSs, bao gdm hai mang no-ron chinh: Mang
no-ron tao anh (Generator- G): Hoc cach tao ra
hinh anh chat lvgng cao tir hinh anh dau vao
chat lvgng thdp. Mang no-ron phan biét dnh
(Discriminator-D): Phan biét gitta anh thuc va
anh giad [16]. Hai mang nay duwoc hudn luyén
doéng thoi theo thuat todn minmax, dugc dinh
nghia theo Phuong trinh (1). Quda trinh huan
luyén GANs st dung cdc phuong phdp tdi wu
hda dua trén ham t6i wu gradient dé cap nhat
tham s6 cla cd mang no-ron tao dnh va mang
no-ron phan biét &nh nham phan loai dnh that
va anh gid. Hdm mat mat cda mé hinh tao dnh
LG va md hinh phan biét anh LD duoc xac dinh
trong Phuwong trinh (2) va (3).

minmaxV(G,D)=E,., ., [log D(x)]

(1)
+E,,. (2)[log(1-D(G(2)))]




Ly=—E,, [log D(x)] Trong do: E_, . [logD(x)] dai dién
(2) cho gid tri ky vong cua logarit xac suat ma
+Eq 0 [log(1-D(G(2))] mang phén biét dnh gan cho cac anh thuc;

E. , . [log—D(G(2)))] dai dién cho gia tri ky
L; =E, , ., [log(1-D(G(2)))] (3) vong cua logarit xac sudt ma mang phan biét
anh gan cho céc anh gia duogc tao ra bdi G.

Thu thap di¥ ligu E> Hinh &nh d3u vao
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Al tao sinh cai thién chét lwgng anh UAV

M6 hinh phan doan diém anh nhén dién vi tri sat 1& d&t
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Hinh 2. Sw phdn bé cwdong dé diém dnh cua hinh énh thiéu sdng va hinh énh binh thuwdng
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Cap nhat hudn luyén mé hinh Generator dé tao ra anh gidng that hon

Hinh 3. Kién triuc cda mang no-ron nhdn tao GAN
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2.2. Phat hién vij tri sat I& dét s dung thudt
todn phdn doan pixel

Trong nghién clru nay, cac mo hinh phan
doan pixel dnh dua trén mang no-ron Unet,
bao gdbm Res-Unet, VGG16-Unet, Mobile-Unet,
Inception-Unet va Dense-Unet duwoc lya chon
dé nhan dién sat |& dat tir hinh anh UAV. Nhitng
mo hinh nay st dung céc kién tric nén tang
(backbone) khac nhau nhu ResNet, VGG16,
MobileNet, Inception va DenseNet. ResNet [17]
cai thién qua trinh lan truyén gradient nho cac
k&t noi tat (skip connections), gitp nang cao hiéu
sudt thuat todn hoc sdu. Mang VGG6 [18] cb wu
diém 13 ki€n trac don gian, dé trién khai va phu
hop cho cac tac vu thj gidc may tinh. Ngoai ra, né
c6 kha nang trich xuat dac trung hiéu quad nho
cac |&p tich chap sau, giup cai thién dé chinh xac
trong nhan dang hinh anh. MobileNet [19] c6
ki€én tric gon nhe, cho phép x{t ly nhanh, phu
hop véi cac irng dung thai gian thuc. Inception
[20] c6 kha nang trich xudt dac trung & nhiéu
murc ty 1& khac nhau, giip cai thién tinh téng
quat cha md hinh. DenseNet [21] t8i wu hda
viéc tai str dung déc trung, gidm sé lwgng tham
s& nhung van ting do chinh xdc. Mang no-ron
Unet |a mdt phwong phap hoc siu tién tién, ban
dau duwoc phét trién cho phan doan anh y sinh
nhwng d3 chirng minh hiéu qud ngay ca khi dir

Mang no-ron Unet

liéu huan luyén bi gidi han. So v&i cdc mang CNN
truyén théng, Unet cung cap két qud phan doan
chinh xac hon [22].

Hinh 4 minh hoa chi tiét kién tric cha mang
Unet. Unet tuan theo kién tric bd ma héa
(encoder) - bd gidi m3 (decoder), trong dé bd
m3 héa trich xuat cdc ddc trung quan trong tir
anh d4u vao, con b gidi ma tditao anh daura da
dugc phan doan. Mé hinh nay cé ciu tric hinh
chi* U, gitp duy tri thong tin khong gian trong
khi hoc dan céc dac trwng phan cip. Cac két ndi
tat (skip connections) gitta bd ma héa va b giai
ma gilp bao toan chi tiét, [am cho Unet d3c biét
hiéu qua trong cac bai todn phan loai tirng pixel.
Nho thiét ké nay, Unet c6 thé hoat dong tét ngay
ca khi di¥ liéu huan luyén bj gi¢i han. Bang cach
tadn dung ca dac trung cuc bd va toan cuc, Unet
cai thién déng ké dd chinh xac cla phan doan,
khi€n né tré thanh mot md hinh phé bién trong
lfnh vire x& ly dnh y sinh va vién tham. Qua trinh
phan doan bao gébm viéc phan loai tirng pixel
thudc vé khu viee sat 1& (landslide) hodc nén dnh
(background). Mang nay nhan dau vao Ia mot
anh RGB (Red-Green-Blue) cé kich thuéc 3 x 256
x 256 pixel va trich xuat dac trwng thong qua
cdc kh6i ma héa - gidi ma. Pau ra [ mot anh nhj
phan cé kich thuwdc 1 x 256 x 256 pixel, trong dé
mdi pixel biéu thi xc suat thudc vé khu vic sat
|& hodc nén anh.

Biu vao (Input) 1 6464 128 64641 Bura (Output)
ol Mai hoa Giai ma -
% (Encoder) (Decoder) §
b ':‘:“."-' piz R bl
o x x =
bl bl
4 128 256 1281128 "
16-1- 128 e spron
(Segmentation)
= &
= > > x| R
= & :
bZS 236 256 312 236 T256
<K 3
q =
= 3z
E=
c l;jﬁ 512 512 b 1024 512 T 312 —* Conv 3#3 + Batch normalisation + RelLu
& ;
! * — + > —# Copy and concentrate
o o
e 312 102 fr024 } Max pooting 2% 2
; ™ - T Upsampling conv 2% 2

—*Comwv 1 =1+ Sofmax

Hinh 4. Céu tric mang no-ron nhdn tao Unet
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2.3. Cdc tiéu chi danh gid hiéu suét cia mé hinh
Al tgo sinh va mé hinh Unet

D& danh gid dd chinh xdc cha GANs trong
nhiém vu tao anh, chi sé tuwong déng cdu tric
(Structural Similarity Index- SSIM) duoc sl
dung. SSIM phan danh murc d6 tuwong dong giira
anh duwoc tao va anh thwe. Chi sé SSIM giira hai
anh x va y duogc dinh nghia trong Phwong trinh

(4).

(21,1, +C)(20,, +C,) (%)
2 2 y 2
(,ux + U, +CI)(O'X +o, +C2)

SSIM (x,y) =

Trong do: p, K, [an lwot 13 gia tri trung binh
cla cac diém anh trén toan bod anh x va y; 75
uy2 [an lwot 13 phuong sai cla anh x va y; 9, la
hiép phuong sai gitra x va y; C, va C, la céc hang
56 6n dinh dé tranh chia cho 0 (C, = 0,012 va C,
=0,032).

Dé danh gia hiéu qua ciia mé hinh Unet, d6
chinh xac (Precision [P]), d0 nhay (Recall [R])
va gida tri diéu hoa (F1-score) d3 duoc st dung.
Phuong trinh (5), (6) va (7) cung cap cong thirc
cho cac tiéu chi nay [23].

TP

pP= (5)
TP+ FP

R TP )
TP+FN

pp=2XPxR (7)
P+R

Cac diém anh trong anh d4u ra cda qua trinh
phan doan dugc phan loai nhu sau: Dwong tinh
that (True Positive [TP]): Cac diém anh duwoc
xac dinh chinh xdc la mét phan cta khu ve vure
sat |6. Dwong tinh gid (False Positive [FP]): Cac
diém anh bi xdc dinh nham |a mdt phan cda
khu vuc sat |& (trén thuc té€ 1a nén). Am tinh
that (True Negative [TN]): Cac diém anh dugc
xac dinh chinh xdc 1a nén. Am tinh gid (False
Negative [FN]): Cac diém anh bj xac dinh nham

13 nén (trén thuc t&€ 13 mot phan cda khu vyc
sat 3).
3. Di¥ liéu hinh dnh

Bang 1 va Bang 2 trinh bay tap dit liéu hinh
anh sat 1& dat dwoc st dung trong nghién ctru
nay dé huan luyén va thr nghiém ciac md hinh
phan doan anh Unet (Res-Unet, VGG16-Unet,
Mobile-Unet, Inception-Unet, Dense-Unet)
va mod hinh Al tao sinh (GAN). Tap dit liéu bao
gdm hinh anh sat |& dat do UAV chup tai huyén
Bac Ha, tinh Lao Cai, Viét Nam. Khu vuc nay d3
trai qua nhiéu vu sat 1& dat do mua |&n sau khi
siéu bao Yagi d6 bd vao mién Bic Viét Nam vao
thang 9 ndm 2024. Yagi la con b3o manh nhéat
anh huwdng dén Viét Nam trong 70 ndm qua, gay
ra IT lut nghiém trong va sat |& dat.

Hinh anh UAV duoc thu thap bang may bay
khéng nguoi 1ai DJI Phantom 4 RTK, duoc trang
bi camera RGB 20 MP. Téng cdng, 165 diém sat
|& dat d3 duoc ghi nhan trong khu vie nghién
clru. D8 chuan bj dit lidu cho mé hinh hoc sau,
cdc hinh dnh duoc tién x{r Iy va chia thanh cac
6 vudng co kich thudc 256 x 256 pixel. K&t qua
tao ra mét tap dit liéu gdm 3.538 hinh anh sat
|& dat c6 gadn nhan, mbi anh cé d6 phan giai 256
x 256 pixel.

DE xay dung tap dir liéu hudn luyén cho cac
m® hinh Al tao sinh, cac bién thé hinh anh chat
lvgng thap d3 duoc tao ra bang cach ap dung
thuat toan thay déi dd sang nham md phéng
diéu kién anh sang yéu. Két qua thu dugc 3.538
hinh anh thi€u sang véi mac d6 khac nhau. Hé
s& diéu chinh d6 sang dugc chon ngiu nhién
trong khoang tir 0,1 dén 0,4 dé tao ra cac hinh
anh thiéu sdng mot cach da dang [24]. Cac khu
vuc sat |& thuc t& dwoc gan nhan thi cdng bang
céng cu Labelme trén toan bd 3.538 hinh anh.
DE dam bdo sy can bang trong tap dit liéu khi
huan luyén md hinh phan doan dnh Unet va mé
hinh Al tao sinh, cic hinh anh duwoc chia ngiu
nhién thanh ba tap con: 80% (2.830 hinh anh)
dé huan luyén (training), 10% (354 hinh anh) dé
xac thuc (validation) va 10% (354 hinh anh) dé
kiém tra (testing).
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Bdng 1. Di¥ liéu dwoc st dung dé hudn luyén cdc mé hinh phdn doan énh (Res-Unet, VGG16-Unet,
Mobile-Unet, Inception-Unet, DenseNet-Unet)

Dir liéu S6 lwong anh S6 lwong nhan sat |&
Téng s6 hinh anh 3.538 3.538
Huan luyén (80%) 2.830 2.830
Xac thuc (10%) 354 354
Ther nghiém (10%) 354 354

Bdng 2. Di¥ liéu dwoc st dung dé hudn luyén mé hinh Al tao sinh (GAN)

Dir liéu S6 lwong dnh thiéu séng S6 lwgng anh trong diéu kién anh sang t6t
Téng s6 hinh anh 3.538 3.538
Huan luyén (80%) 2.830 2.830
Xac thuc (10%) 354 354
Thir nghiém (10%) 354 354

4. Két qua va thao luan
4.1. Hiéu qud cua mé hinh Al tao sinh

Cac m6 hinh hoc sdu dugc huan luyén trén hé
diéu hanh Windows 10, sir dung CPU Intel Core
i5-9600K va GPU NVIDIA GeForce RTX 4070, vdi
phién badn CUDA 11.1 va Python 3.9. Cac tham sé
hudn luyén cla mé hinh Al tao sinh (GAN) dugc
thiét 1ap nhu sau: T6¢c dd hoc (learning rate) 13
0.0001, kich thudc 16 dit liéu (batch size) 1a 5 va
s6 vong 1ap huan luyén (epoch) la 50.

Hinh 5 trinh bay hiéu qua clia phuong phap
Al tao sinh trong viéc nang cao chat lwvgng hinh
anh tir cac dnh c6 diéu kién anh sang yéu. Khi
th&r nghiém trén 354 anh thiéu sing, gia tri
SSIM dao dong trong khoang 0,734-0,941, cho
thdy mirc d6 twong dong cao gitta hinh anh
duwoc tdi tao va hinh anh thyc té. K&t qua nay
chirng minh rang viéc cai thién hinh dnh bang
Al tao sinh c6 thé nang cao d6 chinh xac cla cac
md hinh phat hién sat |1& dat. Bang cach giam
thiéu cac bién dang do diéu kién anh sang yéu,
phuong phap nay gitp cdc mé hinh trich xuat
tét hon cac ddc trueng quan trong lién quan dén
sat 1&. Phwong phap dé xuat dac biét hiru ich
trong cac (ng dung vién tham va giam sat tham
hoa, noi ma chat lugng hinh dnh déng vai trod
quan trong trong do chinh xac dy doan cla
mo hinh Al. Trong cac nghién ctru tuong lai, k§
thuat cai thién hinh dnh nay cé thé dugc tich
hop véi cdc md hinh hoc sdu dé t8i wu hoa kha
nang phat hién sat |1& dat trong céc diéu kién
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thuc té phirc tap.
4.2. Hiéu qud cda mé hinh Unet trong viéc nhén
dién vij tri sat 1& ddt

Hinh 6 thé hién hiéu suat cla cdc mé hinh
Unet khac nhau (Res-Unet, VGG16-Unet,
Mobile-Unet, Inception-Unet, Dense-Unet) trén
tap dir liéu dnh thi€u sdng va anh d3 duoc tai
tao. DO chinh xac (Precision) dao dong tir 0,31
dén 0,679 d6i vdi anh thi€u sdng va tir 0,842
dén 0,850 d6i vai anh tai tao (Hinh 6a). D6 nhay
(Recall) Ian luot dat 0,026-0,799 va 0,910-0,948
(Hinh 6b), trong khi gid tri F1 dao dong tlr 0,043-
0,616 va 0,878-0,891 (Hinh 6c). K&t qua cho
thdy do chinh xac trong viéc phat hién sat |& dat
duogc cai thién dang ké khi st dung anh tai tao
so vdi anh dau vao chat lvgng thap.

Trong s6 cdc m6 hinh, VGG16-Unet dat hiéu
suat cao nhat trén anh tao sinh véi diém F1 13
0,891. Cac mo6 hinh Mobile-Unet, Inception-
Unet, Res-Unet va Dense-Unet lan lwot dat F1
I3 0,887, 0,885, 0,878 va 0,878. Vé téc do x{r
ly, VGG16-Unet, Inception-Unet, Res-Unet va
Dense-Unet dat lan lvot 12,6, 12,5, 10,5, 11,4
va 9,6 hinh anh mai giay.

Hinh 7 minh hoa qua trinh nhan dién sat 1&
trén anh chat lwong thap va anh d3 duwoc cai
thién bang Al tao sinh. K&t qua cho thay do
chinh xac trong phét hién sat |& ting dang ké
trén anh tao sinh, chirng minh rang cac ky thuat
tdng cudong anh dya trén Al cé thé khac phuc
hiéu qua nhitng han ché cla dit liéu dau vao.




Gid tri F1 cao trén tit cd cac bién thé cla
Unet khang dinh d6 tin cdy clia cdc mé hinh khi
ap dung trén anh UAV d3 dugc cdi thién. Hon
nita, tdc dd x{r ly cao cta cdc mé hinh nay cho
thay titm nang &ng dung trong thoi gian thuec.
Nhitng phat hién nay nhdn manh tinh hiéu qua
cla viéc k&t hgp cac md hinh phan doan vdi cac
ky thuat tdng cwong hinh dnh nham nang cao
kha nang phét hién sat |& dat trong thyc té. Cac
nghién clru trong twong lai cé thé tap trung vao

viéc t8i wu hda hinh dnh do GAN tao ra dé dat
d6 chinh xac cao hon trong khi van duy tri hiéu
sudt tinh todn. Diéu nay cé thé bao gém viéc
tinh chinh kién tric GAN dé tao ra két ciu va chi
tiét thuc t& hon, dong thoi giam thiéu cac hién
tuong gia c6 thé anh huwdng dén hiéu suat mo
hinh. Ngoai ra, phuvong phap nay cé thé duoc
tich hop vao quy trinh x{r ly dit liéu UAV nham
hd tro cac ¢ng dung quan ly thdm hoa tai nhitng
khu vire cé nguy co sat |& d4t cao.
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Hinh 6. Hiéu qud cta cdc mé hinh Unet (Res-Unet, VGG16-Unet, Mobile-Unet, Inception-Unet, Dense-Unet) trén
tap dir liéu anh thiéu sdng va dnh duorc tdi tao
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K&t qua nhan dién vi tri sat 1& trén anh chat lvong thap

Anh duoc tai tao bing Al tao sinh

Hinh 7. Két qud vé nhan dién sat 16 trén dnh UAV thiéu sdng va dnh tao sinh bding mé hinh VGG16-Unet

5. K&t luan

Nghién clru nay dé xuit mét phuong phép
phat hién sat |& két hop gilta mang no-ron hoc
sau va thuat todn Al tao sinh nham nang cao do
chinh xac cta cdc mo hinh Al trong phat hién sat
|& d4t. Cac két qua chinh thu dwoc nhu sau:

Céch tiép can Al tao sinh giup cai thién chat
lwvong hinh anh trong diéu kién anh sang yéu,
tao ra anh cé do sic nét cao va mirc do tuwong
ddéng cau tric manh mé so vdi anh thyc té. Chi
s6 SSIM dao ddng tir 0,577 dén 0,921 trén tap
dit liéu thir nghiém.

S dung anh tao sinh bdng GAN gilp ting
dang k& d6 chinh xac trong phat hién sat 16 so
v3i dnh gdc chat lvong thap. Gid tri F1 déi vai
anh tai tao dao déng tir 0,878 dén 0,891, trong
khi anh g6c chi dat tir 0,043 dén 0,616.

Cac nghién clru trong twong lai cé thé tap
trung vao téi wu hoa hon nira hinh anh do GAN
tao ra nham cai thién d6 chinh xac trong viéc
nhan dién vi tri sat 1&. Ngoai ra, viéc tich hop Al
tao sinh vai quy trinh x{r ly di? liéu UAV cé thé
nang cao kha nang ng dung cla céc hé théng
gidm sat sat |& dat dua trén Al trong thuyec té.

Déng gop cua tirng tdc gid trong bai bdo: X4y dung y tuwdng: Lé Birc Quyén, Pham Minh Virong; Xt ly s6
lidu: Lé Birc Quyén, Pham Minh Vwong; Phuong phdp: Lé Birc Quyén, Pham Minh Vwrong; Viét bai: Lé Burc

Quyén; Stra bai: Pham Minh Virong.

Lé&ri cam doan: Tap thé tdc gid cam doan bai bdo nay la céng trinh nghién ctru clia minh, chwa tirng céng

bé trurdc d6, khéng sao chép, dao vin; khéng cé sw tranh chép loi ich trong nhém tdc gid.
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Abstract: Landslide detection based on images from unmanned aerial vehicles (UAVs) has been widely
used for landslide mapping and risk assessment. Recent studies have focused on utilizing high-resolution UAV
images and deep learning algorithms to detect landslides as an alternative to traditional manual methods.
However, in practice, varying lighting conditions degrade UAV image quality, reducing the performance of
deep learning-based landslide detection. Therefore, this study proposes a novel approach that integrates
image segmentation algorithm with generative artificial intelligence (Al) to enhance landslide detection
accuracy in UAV images under changing lighting conditions. In this research, generative Al was applied
to improve the quality of input images, enhancing landslide recognition capabilities. A Unet-based image
segmentation algorithms were employed to identify landslide locations on reconstructed images. The results
indicate that generative Al significantly improves image quality under low-light conditions. The proposed
method significantly enhances detection accuracy, achieving an F1-score between 0.878 and 0.891 on
reconstructed images, compared to only 0.043 to 0.616 on original images. These findings contribute to
the advancement of automated landslide detection and forecasting methods using UAV data for high-risk
landslide areas.

Keywords: Landslide detection, Generative Al, Image segmentation, UAV.
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