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Abstract: Flooding is a major natural hazard in Vietnam, causing significant human and economic
losses, particularly in Binh Dinh (now the eastern part of Gia Lai Province), where complex terrain
and dense river networks increase vulnerability. This study integrates the Puma Optimization (PO)
meta-heuristic algorithm with Random Forest (RF), Extreme Gradient Boosting (XGB), and Support
Vector Machine (SVM) models to improve hyperparameter tuning, addressing limitations of
conventional methods such as Random Search (RS) and Particle Swarm Optimization (PSO). The
framework was implemented on Google Earth Engine using 16 conditioning factors and 1,978
flood/non-flood samples from the 06—10/2022 flood events. Results show that the PO—XGB model
achieved the highest performance (R? = 0.84), outperforming PSO-XGB (0.81) and RS-XGB
(0.55), with low errors (MAE = 0.07; RMSE = 0.11). The results demonstrate that the PO algorithm
achieves stable convergence and high accuracy in capturing the complex nonlinear relationships
inherent in flood processes. The integration of next-generation optimization algorithms shows strong
potential to significantly enhance the reliability of flood susceptibility maps under the 2022 wet-
season context, while effectively overcoming the limitations of standalone approaches. This study
not only contributes methodologically to the application of artificial intelligence in hydrology but
also provides a scientific basis and decision-support tools for sustainable spatial planning and
disaster risk reduction at the local scale.
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Tbi wu hda mo hinh hoc may trong thanh 1ap ban d6 nguy co
I lut theo su kién tai khu vuc Binh Dinh
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Tém tit: Lii lut 13 mot hiém hoa thién nhién 16n ¢ Viét Nam, gay thiét hai ddng ké vé nguoi va kinh
té, ddc biét 1a & Binh Dinh (nay 1 phan phia dong cua tinh Gia Lai), noi dia hinh phtrc tap va mang
ludi séng ngodi day dic lam tang tinh d& bi ton thwong. Nghién clru nay dé xudt tich hop thuat toan
tbi uu hoa Puma (PO), mét thudt toan meta-heuristic, v6i cac md hinh RF, XGB va SVM dé giai
quyét bai toan toi uu hoa siéu tham 50, khic phuc nhitng han ché cta cac phwong phap thong thuong
nhu Tim kiém ngiu nhién (RS) hay bay dan hat (PSO). Khung nghién ctru dugc trién khai trén
Google Earth Engine str dung 16 yéu t6 diéu kién va 1.978 mau 10/khong 10 tir cac sy kién 10 lut
ngay 06-10/2022. Két qua cho thdy mé hinh PO —-XGB dat hi¢u suét cao nhat (R = 0,84), vuot troi
hon PSO-XGB (0,81) va RS—XGB (0,55), véi sai s6 thap (MAE = 0,07; RMSE = 0,11). Két qua
nghlen ctru chung minh thuat toan PO c6 kha ndng hdi tu on dinh va dat do chinh xéc cao trong viéc
nam bat cac moi quan h¢ phi tuyén phc tap cuia qua trinh 10 lut. Viée tich hop céc thudt toan tbi uru
hoa thé hé méi cho thay tiém ning nang cao dang ké do tin cdy ctia ban dd nhay cam lii lut theo bdi
canh mua mua ndm 2022, dong thoi khac phuc hiéu qua nhitng han ché ciia cac phuong phap don
1¢. Nghién ctru khong chi dong gop vé phwong phép luan trong tng dyng tri tué nhén tao cho linh
vie thuy van, ma con cung cap co s¢ khoa hoc va cong cu hd trg ra quyét dinh, gop phan dinh huéng
quy hoach khong gian bén virng va giam thiéu rui ro thién tai & cip dia phuong.

Tur khéa: Mirc ¢ nhay cam Iii lut theo su kién; Tbi wu hda Puma; Hoc may; Vién Tham; Binh Dinh,

tinh Gia Lai.

1. Mé dau

La lut la mot trong nhing loai hinh thién tai
cuc doan phd bién va co stc tan pha nghiém
trong nhét trén quy mo toan ciu, gdy ton that 16n
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vé nguoi, tai san va lam gian doan céac hoat dong
kinh té —xa hoi [1-4]. Duéi tic dong ctia bién ddi
khi héu, qua trinh d6 thi héa nhanh va su suy
giam kha nang diéu tiét ty nhién cia luu vyc, tan
sudt ciing nhu cuong do cac tran 1 16n cb xu
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huéng gia ting 1 rét trong nhimg thap ky gan
day [5, 6]. Tai Viét Nam, quoc gia nam trong khu
vue nhiét doi gié mua voi hé thong song ngoi day
dic, 1d Iyt chiém ty trong 16n trong tong sd cac
loai hinh thién tai xay ra trong hon hai thap ky
qua va dugc xem la méi de doa thuong truc dbi
v6i phat trién bén vimg [3-6]. Trong do6, tinh
Binh Pinh (phia dong tinh Gia Lai méi) thuong
xuyén phai ddi mat voi cac dot mua 10 don dap
do ¢6 vi tri dia Iy dic thu chuyén tiép giita cao
nguyén bazan va duyén hai mién Trung. Pic
biét, sy turong phan dia hinh manh mé cung mang
ludi thiry van phirc tap cta cac hé thdng song Ba,
song Kon lam gia tang ap luc 1€n ha du, gay thiét
hai ning né vé ngudi va tai san, dién hinh nhu
dot thién tai thang 11/2025 da khién nhiéu nguoi
thuong vong va hang trim nghin ngdi nha bi
ngap nude [7]. Trudce xu thé gia ting cua cac hién
tuong thoi tiét cuc doan, viéc xay dung ban dd
murc 6 nhay cam lii lut ¢6 d6 chinh xac cao dugc
xem 14 yéu cau cp thiét nhdm hd tro hiéu qua
cho cOng tac quan 1y rui ro thién tai, quy hoach
khong gian va b tri dan cu bén viing.

Sy phat trién ctia cong nghé vién tham va hé
thong thong tin dia 1y (GIS) dd mé ra cac huéng
tiép can méi, cho phép giam sat va phan tich i
lut trén quy mé l6n voi chi phi va thoi gian hop
ly. Trong nhimg nam gan day, nhiéu nghién ctru
da chuyen dich tir cAc mo hinh thuy van — thay
luyc truyén théng (nhu MIKE 11, HEC-RAS) [2,
8-10]; vbn doi hoi dir liéu dau vao chi tiét va qua
trinh hi€u chinh phtc tap, sang viéc tng dung
cac thudt toan hoc may (ML) [1, 11-13]. Cac mo6
hinh phd bién nhu Random Forest (RF), Extreme
Gradient Boosting (XGB) va Support Vector
Machine (SVM) da chung minh hi¢u qua trong
viéc khai thac cac tap dir liéu dia khong gian da
nguon va mo hinh hoa cac quan hé phi tuyen gitta
cac yéu t dia hinh, luong mua va 16p phu bé mit
[14,[15]. Tuy nhién, mot thach thirc 16n phat sinh
1a hiéu suat clia cac mod hinh nay phu thudc rat
16n véo viée toi uu hoa siéu tham sé (HPO). Céc
siéu tham sd nay dong vai trd kiém soat hanh vi
ctia thudt toan va anh huong dén kha ning tong
quat hoa cua mo hinh trén dit li€u mai.

Trén thuc té, viée tinh chinh siéu tham s tha
cong hodc sir dung cic phuong phap tim kiém

truyén thong nhu Tim kiém ngdu nhién (RS)
thuong tiéu ton tai nguyén tinh toan va khong
dam bao tim dugc nghiém tbi wu toan cuc. Ngay
ca cac thuat toan toi vu hoa xap xi phd bién nhu
Téi wru bay dan hat (PSO) ciing c6 xu hudéng méc
ket tai cac cuc tri cuc bo khi xr 1y cac khong gian
tham s phirc tap. Theo Wolpert va cong su
(1997), khong c6 thudt toan ti wu nao hoan hao
cho moi bai toan, nén viéc tim kiém va ung dung
cac thuat toan thé hé mai 1a vo cung can thiét dé
dat dugc hiéu suit tbi da trong cac bai toan thuc
té phue tap [16].

Xuét phat tir nhiing van dé trén, nghién ctru
nay dé xuit tich hop thuét toan t01 uu hoéa Puma
(PO) nham giai quyét bai toan ti uu siéu tham
s6 cho cac mé hinh hoc may trong thanh 1ap ban
dd mirc d6 nhay cam lii lut (Flood Susceptibility
Mapping — FSM). PO 1a mdt thuat toan meta-
heuristic méi, s& hitu co ché chuyén pha thich
nghi gitp can bang hiéu qua giira qua trinh kham
pha va khai thac khong gian tham sb, tir d6 cai
thién kha nang héi tu va do on dinh ctia md hinh.
Nghién ctru tap trung vao cac muc ti€u chinh: 1)
Xay dung bd dir lidu dia khong gian da ngudn
ddng bd vai 16 16p thong tin; ii) Ung dung va so
sanh hiéu qua cua PO vé6i RS va PSO trén nén
tang cac mo hinh RF, XGB, SVM; vaiii) Thanh
1ap ban d6 mirc d6 nhay cam Iii lut chi tiét cho
khu vuc tinh Binh Dinh. Trong do, vi bién mua
dugc 1dy theo bdi canh nam 2022 va nhan ngap
duge d6i chiéu theo ctra s6 thoi gian su kién, két
qua dugc dién giai 1a ban dd nhay cam li lut co
diéu kién theo bdi canh nam 2022, khong phai
16p nhay cam nén dai han.

2. Khu vue nghién ciru va b dir li€u
2.1. Khu vuc nghién cuu

Khu vuc nghién ctu dugc lya chon Ia tinh
Binh Pinh cii, nay thudc tinh Gia Lai, voi téng
dién tich ty nhién khoang 6.000 km? (Hinh 1).
Trong nghién ciru nay cich goi ‘Binh Dinh’
duoc su dung theo don vi hanh chinh tai thoi
diém thu thap dir liéu (nam 2022) dé dam bao
nhit quan véi cac 16p dit liéu ngudn. Pay 1a mot
khu vuc c6 vi tri dia 1y ddc thu khi ndm trén ving
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chuyén tiép giita cao nguyén bazan Tdy Nguyén
va dai duyén hai Nam Trung Bo. Piém nbi bat &
day 1a su twong phan manh mé& vé dia hinh: phia
Tay chi yéu 13 cac cao nguyén rong 16n véi do
cao phé bién tir 600-800 m, duoc bao boc boi
cac day nui cao trén 1.500 m; trong khi phia
Pong la dai dong béng hep bi chia cit manh boi
cac suon nui déc. Su chuyén tiép dot ngot tir dia
hinh cao nguyén déc thoai sang cac thung liing
dbc dimg 1a yéu t6 then chdt 1am gia tang téc do
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dong chay, tao diéu kién hinh thanh cac tran 1d
quét va ngdp lut nghiém trong tai vung ha luu.

Hé thong thuy van cia khu vuce nghién ciu
dugc chi phéi boi luu vyc séng Ba véi vai tro 1a
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thuong ngudn cao nguyén d6 don nhanh xudng
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Hinh 1. Khu vuc nghién ctru Binh Pinh (thudc phia dong tinh Gia Lai méi).

Khu vuc nghién ctru chiu anh huong ro rét
cua khi hau nhiét déi gi6 mua, véi mua mua tép
trung cha yéu trong khoang tir thang 9 dén thang
12. Do dia hinh dén gi6 Pong Bic, lugng mua
tai Binh Dinh rat 16n va phan bd khong déu: ving
cao nguyén dat tr 2.200-2.500 mm, trong khi
ving dong bang phia Pong c6 thé vuot mirc
3.000 mm/nam [17]. Pang chii ¥, c6 dén 70-80%
tong lwong mua nim tap trung vao mua li, két
hop véi tinh trang bién doi 16p phu do hoat dong

kinh té (khai thac g0, xay dung thity dién) da lam
suy giam kha nang gilr nude tu nhién, khién rai
ro lii lut dieén bién cang phtc tap va kho luong.

2.2. B dir liéu

B dit liéu nghién ctru dugc xay dung tir da
ngudn véi tong cong 16 16p thong tin dia khong
gian dau vao, dam bao tinh dong bo vé khong
thoi gian nham phuc vy bai toan danh gia murc
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d6 nhay cam 10 lut (Bang 1). Dit liéu nhan cua
mo6 hinh bao gém 1978 diém ghi nhén sy kién
ngédp va khong ngap, duoc trich Xuét tir anh vé
tinh Landsat-9 thong qua phan tich chi sb nuéc
khac biét chuan héa hiéu chinh (MNDWI). Céc
bién doc 1ap dwoc phan thanh bdén nhom dic
trung chinh: i) Nhom dia hinh trich xuat tir
Copernicus DEM (bao gém dd6 cao, do ddc,
huéng doc, huéng dong chay, chi sé 4m u6t dia
hinh TWI va d6 cong); ii) Nhom chi s6 bé mit tir
Sentinel-2 va ESA (NDVI, NDBI, NDWI va 16p
phu LULC); iii) Nhom khi tugng ghi nhan dit
liéu lugng mua dot 10 lich sir nam 2022 tir Open-
Meteo; va iv) Nhém ha ting - thay vian tur
OpenStreetMap (khoang cach va mat do song
sudi, duong giao thong). Bién luong mua dugce
téng hop theo ca nam 2022, trong khi diém mau
ngap dugc thu nhan/ddi chiéu theo giai doan

mua i tir thang 6 dén thang 10 nham kiém
ching theo bbi canh chudi sy kién.

Trong d6, dit liéu mau ngap/khong ngap
dugc xdy dung tir nhiéu canh anh vé tinh trong
giai doan 06—10/2022 nham phén anh dot muwa—
1i kéo dai dén thang 10/2022. Ving ngap duoc
xéac dinh dua trén chi s6 MNDWI (va/hodc chénh
léch MNDWI trudc—sau sy kién) voi ngudng
phat hién 0,05 dé tao mat na ving ngdp phuc vu
14y mau. T4p huan luyén c6 1978 diém mau gém:
778 diém ngap va 1200 diém khong ngép. Trong
d6 diém khong ngap dugc lay trong ving an toan
ngoai vung ngap lut, dong thoi rang bude cach
ranh gi6i ngap toi thiéu 30 m dé giam nhidu nhan
tai viing bién. Ngoai ra, dé ting do ‘sach’ cua 16p
khong ngap, chiing t6i loai trir cac khu vuce c6 do
cao >250 m va do dbc >30° khoi khong gian liy
mau do it c6 kha ning tich nudc/ngap trong bdi
canh su kién.

Bang 1. B§ dit liéu va dic trung dia hinh—khi twong dugc st dung trong nghién ctru

TT Dir lidu Ngudn DPG’ thoi gian | PPG” khong gian
1 Diém lii Landsat 06-10/2022 30m
2 Do cao Copernicus
3 Do dée
4 TWI x (

5 Hudng dong chay Dan X uat tr ) 30m
R o Copernicus DEM

6 Do cong dia hinh

7 Huéng déc

8 NDVI

9 NDBI 2022 10 m

10 NDWI

11 Luong mua OpenMeteo 2022 9 km

12 LULC ESA 2022 10 m

13 Khoang cach téi song

14 Mit d6 song Open ) 30m

15 Khoang cach t&i duong StreetMap

16 Mat d6 duong

* DPG: d6 phan giai

Trudce khi trich xuat gia tri tai cac diém mau,
toan bo cac 16p raster duoc chuan hoa vé cing
hé quy chiéu va cing ludi khong gian. Trong
nghién ctu, ludi muc ti€u dugc chon la 30 m
(phu hop v6i DEM va nhan ngép tir Landsat), cac
16p 10 m (NDVI/NDBI/NDWI, LULC 10 m)
duogc resample vé 30 m; v6i bién lién tuc st dung
bilinear, trong khi bién phan loai (LULC) sir
dung nearest-neighbor dé tranh tao 16p gia. Bién

lugng mua c6 do phan giai thé (~9 km) dugc dua
vé cung ludi dé phuc vu trich xuat tai diém; gia
tri mua vi vay dugc hiéu 12 dai dién theo 6 khi
tuong trong nam 2022.

2.3. Dit liéu thuc dia

Nham kiém chimg kha nang tong quat hoa va
du doan cua mo hinh, nghién ctru da thiét 1ap mot
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b dit liéu kiém dinh thuc dia doc 1ap tai khu vuc
trong diém dam Thi Nai. Khac voi bo dit lidu
huin luyén thong thuong, ddy 1a bién phu thude
ddc 1ap phan anh d6 sau ngép thuc té trong tran
1 lich str nam 2020, hoan toan khong tham gia
vao qua trinh hoc cia mé hinh nhim dam bao
tinh khach quan trong danh gia. Quy trinh xay
dung b dir liéu nay dugc thyc hién nghiém ngat
thong qua viéc két hop khao sat thuc dia bang
thiét bi GPS/GNSS dé x4c dinh toa d va do sau
thyc do, dong thoi tién hanh diéu tra phong van
nhan chimng tai dia phuong va téng hop s liéu
quan tric tr cac tram thuy van. Bo dir li€u thuc
dia dugc dung dé kiém chimg/di chiéu tinh hop
ly khong gian cua ban dd nhay cam; cac chi s6
R?, RMSE va MAE trong nghién ctru dugc tinh
trén tap diém ngap lut/khong ngép lut (0/1) theo
dau ra diém sé lién tuc cia mo hinh. Viéc sir
dung bd dir liéu thuc dia tach biét nay khong chi
gitp xac dinh d6 chinh x4c ciia ban d6 nhay cam
I lut ma con khéng dinh d6 tin cay ctia mo hinh
khi trién khai tai cac khu vuc dia 1y moi.

3. Phwong phap nghién ctru

Quy trinh téng thé duoc cu tric thanh hai
giai doan xir 1y (Hinh 2), twong tng véi hai khbi
chirc ning chinh trong thiét ké hé thong: i) Giai
doan thu thap va xur ly dir 1iéu; va ii) Giai doan
huan luyén va t6i ru mo hinh hoc may.

3.1. Cac moé hinh hoc may

Céc md hinh hoc may duogc trién khai dua
trén nguyén 1y sir dung dir liéu quan sat dé tu
diéu chinh cac tham sb ciia mot hé théng thich
nghi, tr d6 hoc dugc cac quan hé tiém an dé dua
ra du bao cho dir liéu mai. Nghién curu tip trung
vao ba thudt toan hoc may co s¢ ¢ kha nang xu
1y quan hé phi tuyén phirc tap trong bai toan
thanh 1ap ban d6 mirc do nhay cam 1ii Iut.

Rimg ngiu nhién (RF) 1a mé hinh hoc t6 hop
két hop nhiéu ciy quyét dinh [18]. Vé phuong
phap, mdi cay duoc xiy dung trén mat tap con
dir liéu va tap con déc trung ngau nhién nham cai
thién d¢ chinh xac va giam thiéu hién twong qua
khop. Két qua cudi cung 1a sy tong hop thong

qua co ché b6 phiéu da s6 hodc liy gid tri trung
binh. RF n01 bat véi kha nang chong nhleu va danh
gia duoc tim quan trong cua cac yéu t6 dau vao.

Ting cudng do doc cuc dai (XGB) 1a mo
hinh x4y dung céc cdy quyét dinh theo cach tuan
tu dé sira 16i cho céc cay trude d6 [19]. XGB sir
dung k¥ thuét giam dan d6 déc dé t6i wu hoa ham
mat mat, két hop véi cac tham sb diéu chudn dé
ngan chin qua khép. XGB c6 uu thé vé toc do
tinh toan va kha nang xt ly dir liéu 16n, nhung
rat nhay cam v&i viéc tinh chinh siéu tham sd.

May Vector hd trg (SVM) 1a m6 hinh tép
trung vao viéc xac dinh mot siéu mat phang toi
vu dé phan tach cac 16p dit liéu voi bién 16n nhat
[20]. Di véi dir liéu 1a lut khong tuyén tinh,
SVM str dung cac ham nhan nhu RBF dé anh xa
dir liéu 1én khong gian cao chiéu hon nhim tim
ra ranh giéi phan tach. Hiéu sudt cia SVM phu
thudc cue ky manh vao cac siéu tham sb nhu C,
gamma va loai kernel.

3.2. Thudt todn 16i wu héa Puma

Puma Optimizer (PO) 1a mdt thuat toan
meta-heuristic thé hé mé&i (2024), md phong
chién lugc san mdi va hanh vi di cu cta loai bao
Puma trong tw nhién [21]. Trong nghién ctru nay,
PO dugc tng dyng dé giai quyét bai toan t6i wu
hoa si€u tham s6 bang cach tim kiém vecto siéu
tham s6 t8i wu nham t6i da hoa ham muc tiéu 1a
hé s6 xac dinh. PO véan hanh dua trén viéc
can bang hai giai doan: Pha khdam pha va Pha
khai thac.

Tai Pha kham pha, mé hinh tap trung di
chuyén ngau nhién dé tim kiém cac vung tiém
ning moi trong khong gian tham sd, gitip mo
hinh tranh bﬁy cuc tri cuc by. Cong thuc sinh
nghiém mdi trong pha nay dugc xac dinh boi
phuong trinh (1) va (2).

Néu rd, > 0,5:
Anew = Rpim * (Ub — Lb) + Lb
Néurd, <0,5:

Aew =Xg+G* (X, —X,)+ G

(0 = %) = e = X))

+ (e =X = (% = X))

G=2rd,—1 )

€y
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Tiép do6, pha khai thac st dung nghiém t6t
nhét hién tai lam diém dan duong dé tinh chinh
cac siéu tham sé xung quanh ving t6i wu. Mot
trong nhirng chién luoc khai thac chinh duoc
bleu dién qua cong thire (3), voi N la kich thude
quan thé, 1a cac s ngdu nhién trong khoang.

Aew = A*+ 2(rd;). exp(rdn,) . [round(1 3)
+ (N —1).rdyy)] — 4

Diém dic biét cia PO 1a co ché chuyén pha
thong minh. Trong 3 vong lip dau (giai doan
chua cé kinh nghiém), thuét toan thyc hién déng
thoi ca hai pha. Tt vong 1ap thr 4, PO danh gia
hiéu suét lich sir théng qua cac ham chi phi dé tu
dong lua chon pha t6i wu, giup t6i wu hoa thoi
gian tinh toan va d¢ chinh xac.

Vién tham va GIS

Hoc may va Téi wu hoa

Nhom dit liéu | Nhom dir liéu | Nhom de Nhom
dia hinh: ha tang, thiy | ljay bé dir ligu
-DEM vin: mat- khi
B dée “Khoang céch | 111.c tugng:
-Huéng doc dén séng, _NDVI - Luong
-Hudng dong dwong _NDWI mua Tién xir
chiy . -Mat d¢ séng, | _NDBI
-Chi so doam | duong
dia hinh
-D§ cong dia
hinh /"'—
'-—._‘_‘__-__./
B di lidu nhén 1978
diém

Vong lap t6i uu

[ xnsi tao bo siéu tham 56 ban g

1

70% Huén

A s . Thuit toén tinh
tuyén mb hinh Mth;‘léggCS?ﬁ' [+ chinh siéu tham sb:
; - RS, PSO, PO

0% DPanh gid
mo hinh

(

Chi 56 danh gid
mé hinh

DK hoi ty:50
vong khong
cai thién

M6 hinh t6i wu

B6 tham sd ti wu

1
KET Bin do phin Phin tichva théng
L ngudng mic dé P
QuA nhay cim ngip Iyt

Hinh 2. Khai quat quy trinh nghién ctru.

3.3. Quy trinh tich hop va danh gia

DPé danh gia thuat toan Puma, nghién ciru
tién hanh so sanh thuc nghiém voi hai phuong
phap t6i wu hoéa phd bién trong cac nghién ciru
thity van truge day bao gdm Toi uru hoa bay dan
hat va Tim kiém ngau nhién. Téi uu hoa bay dan
hat (PSO) la thuat toan tri tué bay dan mé phong
hanh vi dan chim, trong d6 cac "hat" di chuyén
dua trén kinh nghiém ca nhan va kinh nghiém cta
toan bay [22]. Mic du PSO c6 kha nang hoi tu tot,
nhung nghién ctru cho thay no d& mic ket tai cuc
tri cuc bg khi khong gian tham s phtrc tap.

Tim kiém ngau nhién (RS) la phuong phap
thr nghiém cac by tham sé duoc chon ngau
nhién trong khong gian cu hinh. RS ¢ vu diém
vé su don gian nhung hiéu suat thudng thap va
khong 6n dinh do thiéu co ché hoc tap tir cac
vong lap trudc.

Trong nghién ctru nay, mé hinh du doan mot
diém sé nhay cam lién tuc trong khoang 0—1 (soft
classification/probability-like score) tir nhan
ngap lut/khdng ngép lut (0/1). Vi vay cac chi sb
MAE, RMSE va R? duoc dung dé do mirc d¢ sai
léch/dd khép giita diém sb du bao va nhan 0/1
trén tap kiém tra. Trong qua trinh huan luyén, k¥
thuat xac thuc chéo k lan (k=5) cling duoc ap
dung nhim tang do on dinh va giam phu thude
vao mdt 1an chia dix liéu, cic chi sé duogc léy
trung binh trong cac 1an lap.

4. Két qua thyuc nghiém
4.1. So sanh hiéu sudt mé hinh

bé danh gia hanh vi hoi ty cua cac thuét toan
toi uu siéu tham so, chung t6i theo doi sy thay
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ddi ctia cdc chi s6 R?, MAE va RMSE theo 100
vong lap ddi v6i hai thuat toan PSO va PO. Két
qua duong hoi tu (Hinh 3) cho thiy PO cho hiéu
qua toi uu t6t hon PSO mot cach nhit quan trén
ca ba mo6 hinh (RF, SVM va XGB): PO dat R?
cao hon va MAE/RMSE thap hon, dong thoi cai
thi€n manh ¢ giai doan dau va sdm bdo hoa khi

tang sb vong lap. Trong khi d6, do RS lua chon
tham s6 ngau nhién ¢ mdi lan thir va khong co
co ché hoi tu theo vong lap, nghién ctru st dung
RS nhu baseline déi ching va khong trinh bay
duong hoi tu theo sd vong lap Trén co s6 két qua
t6i uu, cac gla tri chi sO cuoi cung cta tung mo
hinh duoc tong hop trong Bang 2.

RF - R? SVM - R? XGB - R?
0.851
08/ 0.600
0.575 0.801 /
0.7 0.550 0.751
X 06 0.525 0.701
0.500 0651
05
0.475 0.601 —— PSO ‘
041 0.450 0.551 PO
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
RF - MAE SVM - MAE XGB - MAE
0.35 1 0.2507
0.26
0.225 1
0.30
0.24 0.200 {
0.25 0.1751
< 0.22 0.150 1
= .20 .
0.20 0.125
015 0.1001
0.101 018 0.0751
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
RF - RMSE SVM - RMSE XGB - RMSE
0.36 0.35]
0.35 0.35
0.301
0.30 0.34
w 0.25{
0.33
%0251 0.20
0.32
0.20 | 0.15
0.31
0.15 0.10
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
S6 vong Lap S6 vong Lap S6 vong Lap

Hinh 3. Biéu d so sanh hoi tu cua thuat toan PO va PSO.

Béng 2. Hé s6 xac dinh ciia cac mé hinh twong tmg
véi tirng thudt toan

Mo hinh RS PSO PO
RF 0,73 0,77 0,81
XGB 0,55 0,81 0,84
SVM 0,45 0,59 0,6

Dua trén hé s6 R két qua tong hop tir 9 &
hop md hinh cho thay thuat todan PO ludon dat
hi€u suat cao nhat trén ca ba nén tdng hoc may.

Cu thé, md hinh PO-XGB dat R*=0,84, vuot troi
dang ké so v6i phién ban str dung PSO (R2 0,81)
va vuot xa phuong phap RS truyen thong
(R?=0,55). Mirc cai thién nay tuong dong vai cac
nghién ciru trude day cho thay viée tich hop cac
thuat toan t6i uru hoa siéu tham sd tién tién c6 thé
nang cao dang ké hiéu qua ctia cac mé hinh hoc
may trong cac bai todn thiy van va moi truong
phuec tap [23, 24].

Xu huéng cai thién hiéu suit twong ty cling
duoc ghi nhan ddi véi mé hinh RF, trong d6 PO
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gitip nang hé s6 R? 1én 0,81, so vdi 0,77 cia PSO
va 0,73 cia RS. Két qua nay phu hop v6i nhan
dinh cua cac nghién ctru gan day rang hiéu qua
cua RF phu thuéc manh vao qua trinh hiéu chinh
siéu tham s, va cac thuét toan tdi vu hoa thé hé
moi thuong cho két qua 6n dinh hon so véi cac
phuong phap tim kiém ngiu nhién hoic heuristic
truyén théng [24]. Pang chu y, ngay ca voi mo

hinh SVM — vén nhay cam v&i nhiéu va ciu trac
khong gian phtc tap cta dit liéu dau vao — thuat
toan PO van dat gia tri R =0,60. Mrc cai thién
rd rét ciia PO trong cac md hinh nhay cam véi
cAu trac dit liéu phirc tap nhu SVM cho thay kha
ning khai thac siéu tham s hiéu qua hon, gop
phan giam hién twong tdi uu cuc bo va ting kha
nang khai quat hoa ciia mé hinh [25].

PO cao 0,17
Luong mua 0,11
NDVI 0,11
)] Mat do séng 0,07
= Hudng déc 0,07
= TWI 0,07
,‘%, Khoang cach téi séng 0,07
© Mat do dusng 0,06
Y D6 déc (I 0.06
U Khoang céach téi duosng |l 0,06
P6 cong dia hinh il 0,06
LULC O 06
Hudng dong chady 0,03
0,0 0,1

Muc d6 quan trong

Hinh 4. Mtc d6 quan trong cta cac bién diu vao trong mé hinh PO-XGB.

Bén canh céc chi s6 xac dinh, cac chi sb sai
sb cling cho théy tinh 6n dinh vuot trdi ciia md
hinh PO-XGB, v6i MAE dat 0,07 va RMSE dat
0,11. Gié tri RMSE thap phan 4nh kha nang kiém
soat cac sai s6 16, cho thay mo6 hinh khong chi
tai hién tot xu thé tong thé ma con han ché hiéu
qua cac du bao cuc doan sai I¢ch. biéu nay dac
biét quan trong trong cac tng dung canh bao
thién tai, noi sai s 16n c6 thé dan dén bao dong
gid hodc danh gia sai mtrc d¢ rui ro.

Uu thé ctia PO so véi PSO va RS ¢6 thé giai
thich théng qua kha ning tim kiém nghiém ti wu
toan cuc. Trong khi RS thiéu co ché hoc tap va
PSO dé mic ket tai cac cuc tri cuc bd do hiéu
tmg hoi tu dam dong, co ché chuyén pha thong
minh cta PO gitp thuat toan niy can bang hi¢u
qua gitra viéc kham pha khong gian tham s6 méi
va khai thac cac ving nghiém tiém ning da biét.
Két qua nay khang dinh rang viéc dau tur vao cac
ky thuat toi wu héa tién tién nhu PO mang lai
nhitng cai tién hiéu suat hiru hinh va thiét thuc
cho cac bai toan thiy van thyc té.

Bén canh d6, dé tang tinh giai thich cia mo
hinh PO-XGB, chung t6i da phéan tich muc do
quan trong cuia cac bién dau vao. Hinh 4 cho thay
nhom bién dia hinh—khi tuong (d6 cao, lugng
mua) va tham phi (NDVI) chi phdi 13 rét, trong
khi cac bién lién quan mang ludi song va diéu
kién tich nudc (TWI, khoang cach/mat d¢ song,
huong déc...) dong vai tro b tro. Nhin chung,
két qua nay cho thay viéc két hop PO gitp tang
d6 on dinh t6i wu siéu tham sd va cai thién chat
lugng du doan cua XGB trong bdi canh sy kién
mua-lii ndm 2022.

4.2. Thanh Idp ban d6 nhay cam lii lut

Sau khi xac dinh dugc b siéu tham s6 ti uu,
nghién ciru da tién hanh trién khai mé hinh trén
quy mé ctia khu vire Binh Dinh dya trén nén tang
Google Earth Engine. Ban d6 két qua duoc thanh
1ap dudi dang xac suét thyc lién tuc tir 0 dén 1 va
dugc phan cap thanh 5 muc d6 nguy co (Rat
thip, Thap, Trung binh, Cao, Rat cao) bang
phuong phép Natural Breaks (Jenks) (Hinh 5).
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Két qua cho théy, ban dd nhay cam 1 lut
thanh 13p tir mé hinh PO-XGB thé hién sy phan
hoa 13 rét theo dic diém dia hinh va mang ludi
thuy van cua khu vuc. Vung phia Tay véi dia
hinh cao nguyén bazan chii yéu thuéc mtrc nhay
cam rat thap va thip, dong vai trd nhu ving dém
tur nhién nho kha nang tham nudce t6t va dia hinh
dbc thoai. Nguoc lai, cac ving nguy co cao va

rat cao tap trung day dic tai dai dong bang phia
bong va Bong Nam, dac biét 1a ha luu song Kon
va séng Ha Thanh. Su chuyén tiép dot ngot vé
d6 cao tir 600m xudng ving triing thap ven bién
lam gia ting tbc d6 dong chay, két hop véi lugng
mua cuc doan d4 tao ra cac diém néng rui ro doc
theo cac hanh lang song chinh.
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Hinh 5. Ban d6 muc do nhay cam lii lut dugc thanh 13p dua trén mo hinh PO-XGB.

bang chi y, mé hinh PO-XGB khoéng chi
phéan &nh céc yéu td tu nhién ma con nhén dién
chinh xé4c tdc ddng cua hoat ddng nhan sinh
thong qua chi s6 NDBI cao tai cac khu vuc do
thi. Cac khu vuc rii ro rat cao tap trung chu yéu
tai cac khu vuc ven séng va truc giao thong
chinh, noi bé mit bé tong hoa 1am giam kha ning
thoat nude tu nhién va ting dong chay bé mit.

4.3. Kiém chung voi dir liéu thuc dia

Pé danh gia khach quan kha ning va tinh
thuc tién cua mo hinh, nghién ctru thuc hién

thong ké phan bd 41 diém kiém chung doc 1ap
theo cac 16p nhay cam lii lut ciia ban d6 PO-XGB
(Bang 3). Két qua cho thiy 36.6% diém nim
trong 16p Rt cao (15/41), trong khi hai 16p Cao
va Trung binh 1an luot chiém 31,7% (13/41) va
31,7% (13/41). Dang cha y, khong co diém kiém
ching roi vao cac 16p Thap/Rat thap, cho thiy
cac ghi nhan ngap thuc dia cha yéu tring khép
v6i nhitng khu vuc ma mo hinh dy bdo cé mirc
nhay cam tir Trung binh dén Rt cao.

Vé phan b khong gian (Hinh 6), cac diém
kiém chung tap trung doc hanh lang sdng va
ving triing thap ven khu vic dam va ha luu song.
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Phén 16n cac diém lii quan sat déu tap trung trong
cac ving nguy co nay, thé hién su phu hop rd rét
gilra Kkét qua mo hinh va hién trang thuc dia. Pac
biét, tai cac khu vuc ha luu song Kon, song Ha
Thanh va ving ven dim Thi Nai, noi c6 dia hinh
triing thép va mat do hdi tu dong chay 16n, cac
diém thuc dia xuét hién voi mat do day dac va
trang khop rd rang voi cac diém nong rai ro duoc
xéc dinh trén ban d6. Nguoc lai, hau nhu khong
ghi nhan diém ngép thyc té nao thudc cac khu
vuc dugc phan loai & murc rat thép hoac thép.
Diéu nay cung cip bang ching thuyét phuc cho
théy mo hinh c6 d6 dac hiéu cao, qua d6 han ché
hi€u qua hién tuong canh bao sai va nang cao do
tin cdy cua két qua phan ving nguy co li lut.

Su tuong quan chét ché nay khong chi cing
c¢b do tin cay cua hé sb xac dinh R>=0,84 di dat
dugc trong qua trinh huin luyén ma con khing
dinh kha nang téng quat hoa vuot trdi ctia thuat

108°55' 109°10'

13°55' 14° 14°5'

13°50'

MUrc d6 nhay cam
B Rat thap

Thép

Trung binh
0 Cao
B Rt cao

13°45'

13°40'

toan t6i wu hoa Puma (PO) khi 4p dung vao dit
lidu thyuc té tai tinh Binh Dinh. Két qua kiém
ching thuc dia cho thdy ban d6 nhay cam i lut
dugc thanh 1ap khong chi ding lai ¢ cac con sb
théng ké ly thuyét ma thyc sy 1a cong cu hd trg
ra quyét dinh dang tin cdy, gitip cic co quan quan
ly thién tai khoanh vung chinh xac cac khu vuc
wu tién dé trién khai cac bién phap tmg phé va so
tan dan cu trude cac kich ban mua lii cuc doan.

Béng 3. Thong ké diém kiém chung thuc dia theo
muc nhay cam Il lut

Mtic d nhay cam Sé diém Ty 18
1t Iyt kiém ching i
Trung binh 13 31,7%
Cao 13 31,7%
Rit cao 15 36,6%

K 6Ps Map Camera
Tuy Phuéc District, Binh , Vietnam

H, P 133, Tuy Phis rict, Binh D

£ 6Ps Map Camera

9  Diém kiém ching thuc dia
108°55° 109° 109°5'

jetnam
8inh Dinh, Vietnam

Hinh 6. So sanh cac diém ngap lut thuc dia.



12 D.H. Buong et al. / VNU Journal of Science: Earth and Environmental Sciences

5. Két luan va dé xuat

Nghién ciru da tich hop thuat toan tdi wu hoa
Puma (PO) v&i ba mo hinh hoc méay phd bién
(RF, XGB, SVM) két hop dit liéu vién tham va
GIS da ngudn, nhim xay dung ban d6 muc do
nhay cam Iii lut cho khu vuc Binh Dinh theo su
kién mua mua nam 2022. Két qua thuc nghiém
khﬁng dinh wu thé vuot trdi cia md hinh PO-
XGB v6i hé s6 xac dinh R?=0,84, cao hon dang
ké so véi cac phuong phap PSO (R2 0,81) vaRS
(R*=0 ,55), dong thoi duy tri cac chi s6 sai s6 &
miurc thap nhét (MAE =0,07; RMSE =0,11). Vé
mat khong gian, ban d6 du bao phan anh chinh
xac quy luat dia 1y vdi cac vung nguy co cao tap
trung tai ha luu phia Pong (luu vuc song Kon,
song Ha Thanh) va hoan toan tuong thich véi cac
dir liéu diém 10 thuc t& d3 ghi nhan. Nhimg két
qua nay khing dinh vai trd cua thuat toan PO
trong viéc nang cao d6 chinh x4c va tinh 6n dinh
ctia cac mo6 hinh hoc may khi xir 1y cac quan hé
phi tuyén phtc tap trong bai toan lii lut.

Bén canh nhiing két qua dat duoc, nghién
ctru van ton tal mot $6 han ché. Viéc danh gia mo
hinh hién tai dya trén phép chia ngau nhién theo
diém c6 thé chua phan anh ddy du anh hudng cua
tu tuong quan khong gian trong dit liéu, dan dén
kha niang danh gia hiéu suit c6 xu hudng lac
quan. Do d6, cc nghién ctru tiép theo cin xem
xét ap dung cac chién luge xac thuc chéo theo
khong gian nham danh gia chit ché hon kha ning
tong quat hoa ciia mo hinh.

Ngoai ra, phuong phap d& xuét hién méi tap
trung vao viéc danh gia mic do nhay cam 1i Iyt
va chua cung cap thong tin dinh luong vé d6 sau
ngap, van toc dong chay, cting nhu con phu
thugc vao dir liéu vien tham quang hoc von chiu
anh hudng boi may mu trong diéu kién thoi tiét
cuc doan. Pé nang cao gia tri Gmg dung, cac
hudng nghién ciru trong tuong lai can tap trung
vao viée tich hop dir liéu radar (nhu Sentinel-1)
nham khic phuc han ché vé thoi tiét, phat trién
cac chién luge t6i uu hoa lai ghép, va tién téi xay
dung hé thdng canh bao som thoi gian thuc dua
trén sy két hop giita dir liéu khi twong dong va
cac kich ban bién d6i khi hau.

Loi cam on

Cong trinh hoan thanh véi sy hd trg dé tai ma
s6 PTPL.CN-93/21 ciia Bo Khoa hoc va Cong
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