BAI BAO KHOA HOQC

MO HINH KET HQP SMOTE-MLP TRONG VIEC NANG CAO
PQ CHINH XAC DU'DOAN XAC SUAT KHONG GIAN SAT LO DAT
TU DU LIEU MAT CAN BANG TAI VUNG NUI TINH QUANG NAM

Nguyén Ba Quang Vinh'?

Tém tat: Si mat cin bang trong dir liéu sat 1o dat, khi s6 lwong diém sat 16 thuc té rit han ché so véi sé diém
khong sat lo, gay anh hwong lon dén hiéu quad cia cac mé hinh_hoc may trong dir bdo xdc sudt khong gian sat lo
dit. Nghién ciru nay dé xudt ap dung ky thudt tang cuong mau thiéu sé tong hop (SMOTE) dé néi suy va ltang
cuong so luong diém sat 16, két hop véi mé hinh mang perceptron nhiéu 16p (MLP) nham xdy dung ban do xdc
sudt khéng gian sat 16 dat tai viing niii tinh Qudng Nam. Tép di¥ liéu ban dau bao gom 500 diém sat 16, dwoc ting
cuong bang SMOTE véi cdc mike lan heot la 2,000; 5,000; 10,000; 20,000 va 50,000 diém néi suy. Két qua cho
thay AUC (Area Under the ROC Curve) trén tdp xdc thye tang tir 0.846 (v6i 500 diém goc) lén 0.887 khi sir dung
10,000 diém ngi suy, cho lhajz hiéu qua ré rét cua ky thudt SMOTE trong cai thién do chinh xdac mo hinh. Tuy
nhién, khi tang so lwong diém néi suy lén 20,000 va 50,000, AUC cé xu hucmg giam nhe xuong con 0.868 va
0.866, cho thay dau hiéu suy giam kha nang khai quat hoa. Do do, lwa chon so luong diém néi suy hop ly dong
vai tro quan trong nham cin bang giita cdi thién hiéu sudt va tranh overfmmg Nghién ciru nay khang dinh Zlem
nang ciia viéc két hop SMOTE va MLP trong xdy dung ban do xdc sudt khong gian sat 16 dat tir tap dir liéu mat

cdn bang.

Tir khéa: Sat 1o dat, mang perceptron nhidu 16p, mét can bang dir liéu, ting cudng mau thiéu sd tong hop.

1. GIOI THIEU

Danh gi4 xac suit khong gian sat 15 dat (Landslide
spatial probability-LSP) 1a mot phuong phap c6 gia tri
trong viéc xac dinh cac khu vuc c6 kha nang xay ra sat
16 dat (Van Westen, 2000). Trong nhitng thap ky gin
day, su phat trién ciia cong nghé da thic dy sy ra doi
cia nhiéu phuwong phap khac nhau dé du doan LSP,
trong do cac ky thudt hoc may (Machine learning-ML)
da dugc ng dung rong rai trong md hinh hoa xac suét
nhim du bao nguy co sat 1o dat, voi cac thuat toan dién
hinh nhu Naive Bayes (NB) (Nguyen et al. 2024
Nguyen and Kim, 2021; Nhu et al. 2020), cdy quyét
dinh (Decision trees-DT) (Hong et al. 2018; Pradhan,
2013), may vector hd trg (Support vector machines-
SVM) (Nguyen and Kim, 2021; Pradhan, 2013), va
mang no-ron nhdn tao (Artificial neural networks-
ANN) (Nguyen and Kim, 2021; Bragagnolo and
Grzybowski, 2020). Nhiéu nghién ciru gan day da
khing dinh tinh hiéu qua cta cic phuong phap hoc
may trong du doan xdc sudt khong gian sat 1o dat
(Nguyen et al. 2024; Nguyen and Kim, 2021; Ali et al.
2021). Tuy nhié€n, viéc lya chon m6 hinh hoc may phu
hop van 1a mot thach thirc quan trong nhim dam bao
d6 chinh xac cao trong du bao. Bén canh do, trong cac
nghién ctru dy doan LSP bang hoc may, mdt trong
nhitng thach thtrc 16n 1a sy mit can bang nghiém trong
trong phan bd dir lidu, khi s6 lwong diém xay ra sat 16
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thue té thu thap dugc thuong rat it so v&i sd diém
khong sat 16. Tinh trang ndy anh hudng truc tiép dén
hiu suét cta cac md hinh phan loai, dic biét lam giam
d6 nhay trong viéc nhdn di¢n cac viung nguy co cao.
Viét Nam ndm trong khu vuc nhiét d6i va chiu anh
huong ciia nhidu kiéu khi hdu nhu can nhiét d6i am,
xavan nhiét doi va gio mua nhiét doi. MObi nim, Viét
Nam hung chiu hon 10 con bao nhiét déi cung véi
nhiéu dot mua 16n, dac biét anh huong nghiém trong
dén cac tinh mién Trung. Pia hinh Viét Nam chu yéu 1a
ddi ndi, chiém khoang 3/4 dién tich ca nudc; trong do,
85% co6 dd cao dudi 1,000 m va chi khoang 1% vugt
qua 2,000 m. Sat 1& dat 1a hién tuwgng thién tai tai dién
thuong xuyén, giy thiét hai 16n vé ngudi véi trung
binh hon 100 ca tir vong mdi nim. Theo dé an “Piéu
tra, danh gia va phan vung canh bdo nguy co trugt 16
dat da cac vung nii Vi€t Nam” cia Vién Khoa hoc dia
chit va khodng san (B6 TN&MT), tir nim 2012 dén
2020 da ghi nhan 13,233 vi tri sat 16 trén dia ban 21
tinh, trong d6 Quang Nam, Quang Tri va Thira Thién
Hué dugc xac dinh 1a cac khu vue ¢co nguy co cao voi
mat do sat 16 day dac. Thuc trang dang lo ngai nay cho
thdy su can thiét cdp bach ciia cac nghién ctru chuyén
sau vé danh gia nguy co sat 16 dat va xdy dung chién
lugc giam thiéu rai ro hiéu qua, dic biét tai khu vuc
mién Trung Viét Nam. Nhiéu nghién ciru trong nudc
da sir dung cac mo hinh trong s dan chirng (WoE), chi
s6 thong ké (SI), phan tich thir bac (AHP) va cac
phuong phap phan ving nguy co dé xdy dung ban d6
sat 1& (Dd et al. 2022; Hoang and V&, 2021; Nguyen
and Dang, 2024). Tuy nhién, cac cach tiép can nay chu
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yeu dwa trén phan tich thong ké tuyen tinh va gan trong
s0 chuyén gia, nén con han ché _trong viéc xu ly moi
quan hé phi tuyén va dir liu mat can bang giita diém
sat 16 va khong sat 16.

Tt nhitng phén tich trén, nghién ctru nay dé xut mot
phuong phap nhim nang cao d chinh xac va do tin cay
trong danh gia LSP tai khu vuc ddi ndii tinh Quang Nam
théng qua viéc tich hop k¥ thuat can béng dit liéu va mo
hinh hoc may. Cu the mot quy trinh két hop giira k¥
thuat ting cuong mau thiéu sé tong hop (Synthetic
Minority Over-sampling Technique-SMOTE) va mo
hinh mang perceptron nhiéu 16p (Multllayer Perceptron-
MLP) duge d¢ xuit nham giai quyét van dé mat can
bang nghiém trong trong dir liéu sat 16 va cai thién hidu
suét du bao. Ban dd xac suit sat 1¢ thu dugc cho thﬁy do
chinh x4c phan loai dugc cai thi€n dang Kké, khéng dinh
hiéu qua cua viéc két hop SMOTE va MLP trong dy béo
xac suat khong gian sat 1o dat.

2. PHUONG PHAP NGHIEN CUU

Nghién ctru nay dé xuat mot quy trinh mé hinh hoa
tich hop, két hop ky thuat SMOTE va mé hinh MLP
nhdm ning cao d6 chinh xéc trong du doan LSP. Trong
do, SMOTE duogc str dung dé tao thém céac diém sat 1&
nhén tao tir s6 luong diém quan sat gdc han ché, qua d6
gitp can bang lai tap dit liéu huan luyén. M6 hinh MLP
sau d6 duoc huin luyén trén tap dir liéu da dugc tang
cuong, tan dung kha nang hoc phi tuyén ctia mang no-
ron de nam bét cac mdi quan hé phure tap lién quan dén
su xudt hién cua sat 1o dat. Phurong phap dé xuit bao
g0m bay budc chinh, dwgc minh hoa trong Hinh 1 va
mo ta chi tiét nhu sau:

(1) Xay dung tap dir li¢u sat 16, trong do cac diém
sat 16 thuc t& duoc thu thip dé tao 1ap tap huin luyén
va tap xac thyec.

(ii)Lya chon cac yéu t6 tac dong (conditioning
factors - CFs) dén hién tugng sat 16 dat, dva trén kién
thirc chuyén nganh va kha nang thu thap dir li¢u.

(iii) Phan tich da cong tuyén giita cac CFs nham
phat hién va loai bo nhitng yéu t6 du thira hodc twong
quan cao, ddm bao tinh ddc 1ap trong mo hinh hoa.

(iv) Ap dung k¥ thudit SMOTE dé tao thém céc
diém sat 16 nhan tao, qua d6 lam can bang lai tap dir
liéu vén bi 1éch nghiém trong do sb lugng diém khong
sat 16 chiém uu thé.

(v)Huan luyén mo hinh MLP bang cach st dung
tap dir liéu da dugc tang cuong, voi dau vao bao gém
cac CFs gbc. Mo hinh hoc dugc méi lién hé phi tuyén
gitra cac yéu tb dia moi truong va nguy co sat 16.

(vi) Tao ban do xac suat sat 1o dat béng dau ra cua
mo hinh MLP, phan anh xac suét xay ra sat 1o tai tung
vi tri khong gian trén toan khu vuc nghién ctu.

(vii) Pénh gia hiéu sudt mo hinh thong qua duong
cong ROC (Receiver Operating Characteristic) va chi
s6 AUC (Area Under the Curve), nhaim xac dinh muc
d6 chinh xac phan loai ctia m6 hinh theo tirng kich ban
dit lidu dau vao.
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Hinh 1. So do quy trinh xdy dung ban do xdc sudt
khéng gian sat 16 dat bang SMOTE-MLP

2.1. Ky thuit ting cwong miu thiéu sd tong
hep-SMOTE

SMOTE la mét ki thuat phd bién duge sir dung dé
xir 1y cac bai toan hoc may c6 tap dir liéu mat can béng
(Chawla et al., 2002). Phuong phap nay hoat dong bang
cach tong hop cac diém dir liéu moi thude 16p thleu sO
thong qua phép ndi suy tuyen tinh gitta mot diém gdc va
céc diém lan can gan nhat trong khong gian dic trung.
Trong nghién ctru niy, SMOTE dugc ap dung dé ndi
suy dir liéu sat 1 tir 500 diém gdc ban dau 1én cac mic
2,000, 5,000, 10,000, 20,000 va 50,000 diém, lam dau
vao huan luyén cho mé hinh MLP nhim xdy dung ban
d6 xac suat khong gian sat 1o dat.

2.2. Mang perceptron nhiéu 16p-MLP

MLP 14 mét trong nhitng kién triic co ban ctia hoc
sdu va dugc tng dung rong rii trong cac bai toan hdi
quy va phan loai, ddc biét hiéu qua khi c6 san tap dir
liéu huan luyén 16n (Thirugnanam, 2023). M6 hinh bao
gém mot 16p dau vao, mot hodc nhiu 16p an, va mot
16p_ dau ra. Céc 16p én dong vai tro la 101 tinh todn, gdom
nhiéu neuron két nbi v6i nhau, trong do so luong
neuron tai 16p dau vao tuong ng voi s6 yéu to diéu
kién sat 16 dugc chon. Lp dau ra c¢6 hai neuron, dai
dién cho hai 16p: sat 16 va khong sat 10. Céu hinh so
16p 4n, sb lugng neuron trong moi 16p, cling nhu s6
vong 1ap huan luyén duoc xdc dinh dya trén tap dir liéu
cu thé. Qua trinh ti wu hoa cac siéu tham sb nay duge
thyc hién theo phuong phap thir-sai nhim dat hiéu suat
t6t nhat ma van tranh hién tuong qua khop (Nguyen
and Kim, 2021).

3. DU LIEU NGHIEN CUU

Nghién ctru dugc thyc hién tai khu viyc mién nai
thudc tinh Quang Nam, mién Trung Viét Nam. Vé mit
dia 1y, Quang Nam nam trong khoang tir vi do 14°57'B
dén 16°02'B va kinh d¢ 107°13'D dén 108°44'D. Dia
hinh cta tinh chu yéu la doi nai, chiém khoang 72%
tong dién tich, voi dic diém dia hinh phuc tap gom nui
cao, trung binh va thip. DO cao phd bién dao dong tir
500 dén 1,000 mét. Khu vuc nay c6 khi hau nhiét doi
gi6 mua, phan hoéa rd rét thanh hai mua: mua kho va
muia mua voi lugng mua 16n va kéo dai. Theo dé an
“Piéu tra, danh gia va phan ving canh bao nguy co
truot 16 dat da cac vung ndi Viét Nam” do Vién Khoa
hoc dia chit va khoang san (B6 TN&MT) théng ké,
trong giai doan 20122020, toan tinh ghi nhén 1,286
vu sat 16 dat. Cac diém sat 16 thuong xudt hién doc
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theo cic tuyén giao thong chinh nhu dwong HO Chi
Minh, duong Truong Son Dong va Qudc 16 40B, gy
gian doan giao thong va de doa nghiém trong dén cong
df‘)ng dan cu lan can. Pac biét, cac huyén Bac Tra My,
Nam Tra My, Tién Phudc va Phudc Son duge xac dinh
la cac khu vyc c6 nguy co sat 16 cao do dia hinh dbc,
dia chat yéu va lugng mua 16n. Vi tan suit sat 16 cao
trong miia mua cung diéu kién dia hinh va khi hau dién
hinh, khu vuc mién ndi thudc tinh Quang Nam duoc
lya chon 1a khu vye nghién ciru trong dé tai nay.

16°02°R

108°44°D

Dir ligu sat lir it
* Dir ligu huan luyé
+ Dnr ligu xie thye
[ Tinh Quang Nam
[ZIKhu vre nghién ciru
14°57"B

107°13"D

Hinh 2. Dit liéu kiém ké sat lo dat ¢
tinh Quang Nam giai doan 1981-2015

bé xay dung tdp dir liéu sat 16 cho khu vuc mién
nui tinh Quang Nam, téng cong 500 vi tri sat 16 do mua
16n da duogc xac dinh (Hinh 2). Tép dit liéu nay duoc
thiét 1ap bang cach két hop giita anh vién tham va khao
sat thyc dia duoc xay dung va thu thap thong qua ludn
vian Tién sy cua tac gia Nguyén Thi Thu Hién, (2017).

(a) __

Dit liéu cac diém sat 1& thuc té phéan bd day dic doc
theo nhiing tuyén giao thong huyét mach nhu duong
HO Chi Minh, duong Truong Son Pong va Quéc 16
40B. Pay la cic tuyén dudng di qua khu vuc dia hinh
dbc, mua 16n kéo dai nén dé xay ra sat 10, gdy gian
doan nghiém trong cho giao thong va de doa an toan
ctia cac khu dan cu nim ven duong. Tap dir liéu sau
do, duoc chia ng?lu nhién thanh hai phﬁnz 70% s6 diém
phuc vu huan luyén mé hinh, va 30% con lai ding dé
danh gia doc 1ap hiéu suat mo hinh.

Trong nghién ciru ndy, 10 yéu té diéu kién (Hinh 3)
anh hudng dén su xuit hién sat 16 dat duoc lua chon
dya trén mc d9 lién quan da dugc chiing minh trong
cac nghién ciru trude. Cac yéu to bao gdm: cao do,
hudng phoi suon, dd cong, do dbc, chi sb nang lugng
dong chay (Stream power index-SPI), loai dat, hién
trang st dung dat, khoang cach dén duodng, khoang
cach dén soéng va lwong mwa. Mo hinh s6 do cao
(Digital elevation model-DEM) véi d6 phan giai 30m,
thu thap tir nén tang NextGIS.com, dugc st dung lam
nguodn dit liéu chinh dé trich xuat cac yéu té dia hinh
gf‘)m hudng phoi suon, dd cong, do dbc, SPIva khoang
cach dén song. Cac yéu t6 vé loai dit, sir dung dat,
khoang cach dén duong dugc thu thap tir Co quan tham
hiém  hang khong vii  tru Nhiat Ban
(https://www.eorc.jaxa.jp/). Trong khi, lugng mua
trung binh ndm trong giai doan 1981-2015 dugc thu
thap tir nghién ciru ciia Nguyén Thi Thu Hién, (2017).
Tét ca cac 16p dit liéu duoc xir 1y va chuan hoa vé cung
mot d¢ phan giai khong gian trudc khi dua vao mod
hinh phan tich.

(b) ©
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4. KET QUA VA THAO LUAN

Két qua phan tich da cong tuyén ddi véi cac yéu td
diéu kién gay sat 16 trong khu vuc nghién ctru dugc
trinh bay trong Bang 1. Dua trén cac gia tri hé s6
phong dai phuong sai (VIF) dao dong tir 1.006 dén
1.571 va gia tri tolerance (TOL) trong khoang 0.637
dén 0.994, khong phat h’ién’théy hi¢n tuong da cong

tuyén dang ké giita cac yéu to.

Bang 1. Két qua phan tich da cgng tuyén

Céc yéu td diéu kién VIF TOL
Cao d6 1.571 0.637
(a)

1.0
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= —— Piém sat 1o gde (AUC = 0.851)

g ol == Noi suy 2000 diém sat 1o (AUC = 0.855)
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Hinh 3. Cdc yéu to diéy kién: (a) cao do, (b) hudng phoi suon,
(c) do cong, (d) do doc, (e) SPI, (f) loai dat, (g) sur dung dat,
(h) khodng cach den duong, (i) khodng cach dén song, (j) lwong muwa

Céc yéu td diéu kién VIF TOL
Hudng phoi suon 1.007 0.993
Do cong 1.006 0.994
Do dbc 1.239 0.807
SPI 1.006 0.994
Loai dat 1.133 0.883
Str dung dét 1.156 0.865
Khoang cach dén duong 1.266 0.790
Khoang cach dén song 1.449 0.690
Luong mua 1.236 0.809
(b)
10 -
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s

0.0
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Nii suy 50000 diém sat 16 (AUC = 0.866)
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Hinh 4. Panh gid hiéu sudt mé hinh MLP qua chi s6 AUC theo ting kich ban dit liéu SMOTE
(a) AUC trén tap huan luyén; (b) AUC trén tdp xac thuc

Hinh 4a thé hién gia tri AUC thu duogc tir tip huin
luyén tuwong (rng vdi sau kich ban dit 1iéu dau vao: dir liéu

sat 1o géc, va cac tap dir liéu dugc ting cudng béng

SMOTE vdi sb luwong diém sat 16 tang dan: 2,000; 5,000

B
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10,000; 20,000 va 50,000. Két qua cho thiy AUC ¢6 xu
hudng ting 6n dinh tir 0.851 (dit liéu sat 16 goc) 1én dén
0.889 véi 10,000 diém noi suy, cho thdy viéc sir dung
SMOTE d4 cai thién dang ké kha nang hoc clia mo hinh
MLP. Tuy nhién, khi s6 lugng diém noi suy tiép tuc ting
1én 20,000 va 50,000, AUC dat gi4 tri lan luot a 0.884 va
0.883, cho thiy dau hiéu qua khép nhe khi mo hinh hoc
qué nhiéu tir dir liéu tong hop. Hinh 4b trinh bay két qua
AUC trén tap xac thuc doc 1ap, phan anh truc ﬁép nang
luc tong quat hoa cia md hinh. Két qua cho thdy AUC
tang tir 0.846 (dir liu gdc) lén dén 0.887 khi sir dung
10,000 diém SMOTE, ching minh hiéu qua cia viéc ting
cuong dir liéu ddi véi hiéu suat phin loai thuc té. Tuy
nhién, twong tu tap huén luyén, AUC trén tap xac thuc
giam nhe xudng con 0.868 (20,000 diém) va 0.866
(50,000 diém), cho théy ring viéc sinh qua nhidu diém
nhan tao ¢ thé 1am giam tinh khi quat cua mo hinh.
Tong the cho thiy 10,000 diém ngi suy 1a mic ting
cuong t6i u, giap md hinh dat duoc sy can bang gitra
kha nang hoc va tong quat hoa. Diéu nay nhin manh tim
quan trong cua viéc lya chon hop ly ) luong diém

(a)

Xite suitt sat Iir dit
(D ligu sipk 1 gibe)
High : 1

— K

- .
Low : 0 0 10 20

SMOTE dé dam bao hi¢u suit du béo tot nhit.

Hinh 5a trinh bay ban d6 LSP dugc xy dung tir tap
dir liéu géc véi 500 diém sat 16 quan sat thuc té. Mic
di m6 hinh MLP di nhan dién duge mot s6 khu vuce
nguy co cao, ban dd van thé hién su phan bd 101 rac
trong viéc khoanh vung cac vung c6 kha ning xay ra
sat 10. Didu nay phan anh han ché vé kha ning hoc ctia
mod hinh do thiéu dit liéu 16p thiéu sd, din dén két qua
dy bao con chua that sy On dinh va dd chinh xéac phan
loai thip. Nguoc lai, Hinh 5b thé hién ban d6 LSP
duoc tao ra tir mé hinh hudn luyén trén tap dir liu da
duogc ting cudng bang SMOTE 1én 10,000 diém sat 15.
Ban d6 cho thfiy su cai thién rd rét vé mat lién tuc
khong gian, véi cac ving nguy co cao dugce xac dinh rd
rang hon, dac biét tap trung tai cac khu vyuc dia hinh
dbc, gan song va duong giao thong, nhitng noi von co
diéu kién thudn loi dé xay ra sat 16. Sy cai thién nay
cho thiy viéc sir dung k¥ thuat SMOTE gitip mé hinh
hoc sau MLP khai thic tot hon cic mdi quan hé phi
myén gilra cac yéu td diéu kién va su xuit hién cua sat
16, tir d6 nang cao chét lwong ban dd du bao.

(b)

Xite suitt sat Iir dit
(NG suy 10,000 diém st li)
High : 1

— K

Low:0 o 1o 20

Hinh 5. Ban do xdc sudt khong gian sat lo dat (a) dua trén dir liéu sat lo gé'c,
(b) duwa trén 10,000 diém sat lo ndi suy

5. KET LUAN

Nghién ctru ndy cho thiy viéc két hop ky thuat
SMOTE va md hinh hoc sau MLP 1a mdt hudng tiép
can hiéu qua nhim cai thién d6 chinh xac trong danh
gia xac suat khong gian sat 16 dét, dac biét trong bdi
canh dir liéu mét cn bang nghiém trong. Cu thé, két
qua AUC trén tap huan luyén tang dan tir 0.851 (md
hinh gbc) va dat cao nhit 0.889 khi ndi suy 10,000
diém sat 10, twong img mirc ting 4.46% so v&i ban dau.
AUC trén tap xac nhan ciing ting dan tir 0.846 va dat
cao nhat 0.887, cai thién 4.85%. Diéu niay ching to

TAI LIEU THAM KHAO

viée tang cuong dir li€u bang SMOTE khong chi khic
phuc mat can bang ma con nang cao chit lugng phan
loai va dd tin cdy cua ban dd xac suit sat 1o dat. Cac
két qua cho thiy phuong phap dé xuit cé tiém ning
tmg dung thyc tién cao trong canh bao sém va quy
hoach giam nhe rui ro sat 1¢ tai cac khu vuc mién nai
nhu Quang Nam, Viét Nam.

Lm cam on: Ngh’ién gﬁu duoc tai tro boi Dai hoc
Quoc gia Thanh pho HO Chi Minh (PHQG-HCM)
trong khudn kho Dé tai ma s6 DS2025-28-01.
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Abstract:
A SMOTE-MLP INTEGRATED MODEL FOR ENHANCING THE ACCURACY OF LANDSLIDE
SPATIAL PROBABILITY PREDICTION FROM IMBALANCED DATA IN THE MOUNTAINOUS
REGION OF QUANG NAM PROVINCE

The imbalance in landslide inventory datasets, where the number of actual landslide points is significantly lower
than non-landslide points, greatly affects the performance of machine learning models in landslide spatial
probability (LSP) prediction. This study proposes the use of the Synthetic Minority Over-sampling Technique
(SMOTE) to interpolate and augment the number of landslide points, in combination with a Multilayer Perceptron
(MLP) model, to generate LSP maps for the mountainous region of Quang Nam Province, Vietnam. The original
dataset, consisting of 500 landslide points, was augmented using SMOTE at five levels: 2,000; 5,000, 10,000,
20,000, and 50,000 synthetic samples. The results show that the AUC (Area Under the ROC Curve) on the
validation set improved from 0.846 (with 500 original points) to 0.887 when 10,000 synthetic points were used,
demonstrating the effectiveness of SMOTE in enhancing model accuracy. However, when the number of synthetic
points increased to 20,000 and 50,000, the AUC slightly decreased to 0.868 and 0.866, respectively, indicating a
decline in generalization performance. Therefore, selecting an appropriate number of synthetic samples is crucial
to balancing performance improvement and avoiding overfitting. This study confirms the potential of integrating
SMOTE and MLP for constructing reliable landslide susceptibility maps from imbalanced datasets.

Keywords: Landslide, multilayer perceptron, data imbalance, synthetic minority oversampling technique.
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