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Abstract: Landslide spatial prediction map is a useful tool for effective
management of landslides of an area. In this study, we adopted
machine approach based on alternating decision tree (ADT) and
decision tree (DT) to predict landslides spatially at Muong district,
Dien Bien Province, Vietham. In this study, a total of 159 landslide
past landslides were identified and 12 conditioning factors including:
slope, aspect, curvature, elevation, distance to faults, NDVI, flow
accumulation, TWI, SPI, geological, distance to rivers, distance to
roads were used to build spatial database for landslide spatial
modeling. Validation and comparison of the models was done using
statistical indicators including ROC / AUC curves. The results show
that performance of both ADT and DT is good for spatial prediction of
landslides but ADT model (AUCtrain = 0.928, AUCtest = 0.887) is
better than DT model (AUCtrain = 0.915, AUCtest = 0.800). Map of
landslide spatial prediction at Muong Nhe District can be used in land
use planning for better landslide hazard management.

Keywords: Landslide, Alternating Decision Tree, Decision Tree, Dien
Bien, Viet Nam, Landslide susceptibility map.

JSTT 2022, 2 (1), 36-56

https://jstt.vn/index.php/vn



Tap chi dién t

Khoa hoc va Cong nghé Giao théng

Dai hoc Céng nghé Giao théng van tai

Théng tin bai viét

Dang bai viét:
Bai bao khoa hoc

*Tac gialién hé:
bia chi E-mail:
damnd@utt.edu.vn

Ngay nop bai:
30/11/2021

Ngay chap nhan:
03/01/2022

Ngay dang bai:
11/3/2022

Phat trién md hinh hoc may cay quyét dinh
va cay quyét dinh xen ké thanh lap ban do
dw bdo khéng gian sat |& dat tai huyén
Mwéng Nhé, tinh Dién Bién, Viét Nam

Nguy&n Birc BDam?, Lé Van Hiép?, Nguyén Thanh Tuén?, Tran V&n Phong?,
Pham Thai Binh!

ITrwong Pai hoc Cong nghé GTVT, Ha Ngi, Viét Nam

2Vién Dia chét, Vién Han 1am Khoa hoc va Cdng nghé Viét Nam, Ha Néi, Viét

Nam

Tém tat: Ban dé duw bao khong gian sat I& dat (Ban db nhay cam sat
|& dAt) 1& mot cong cu hivu ich d& quan ly hiéu qua sat & dat ctia mot
khu vwe. Trong nghién cteu nay, chiang tdi &p dung phwong phap tiép
can may hoc dya trén hai thuat toan cay quyét dinh xen k& (ADT) va
cay quyét dinh (DT) dé 1ap ban d6 dw bao khong gian sat 1& |& dét tai
huyén Mwdng Nhé, tinh Dién Bién. Trong nghién cru nay, 159 vi tri
sat |& da dwoc xac dinh va 12 yéu té anh hwéng bao gébm: goc mai
déc, hwéng mai dbc, hinh dang bé mat dia hinh, dé cao dia hinh,
khodng cach dut gay, bao pha thwe vat (NDVI), tich 10y dong chay,
dd &m dia hinh (TWI), strc manh dong chay (SPI), dia chét, khoang
cach dén sodng sudi, khoang cach dén dwdng giao thong da dwoc st
dung dé xay dwng co' s& dir liéu st dung cho cac md hinh sat I& dat.
Viéc danh gia va so sanh d6 chinh xac cta cac mé hinh dwoc thyc
hién st dung céc chi sé théng ké bao gébm dwéng cong ROC/AUC.
Két qua nghién ctru cho thay rang cac mé hinh cay quyét dinh ADT
va DT cé d6 chinh xac cao trong xay dwng ban d6 dw béo khéng gian
sat |& dat, trong d6 mé hinh ADT (AUCtrain = 0.928, AUCtest = 0.887)
c6 dd chinh xac cao hon so v&i mé hinh DT (AUCtrain = 0.915,
AUCtest = 0.800). Ban db dy bao khong gian sat I1& dat huyén Muwéng
Nhé dwoc xay dwng cé thé dwoc st dung trong quy hoach st dung
dat nham quan ly tot hon thién tai sat & dat tai khu viec nghién ctu.
Tw khéa: Sat I& dat, cay quyét dinh, Cay quyét dinh xem k&, Dién
Bién, Viét Nam, Ban dé dw b&o khong gian sat I1& dat.

1. Giéi thiéu

sat 1& dat dwoc dw doan sé tang trong cac nam

Sat I& G4t Ia mot trong nhitng tham hoa thien  tiép theo véi sy phat trién nhanh chong cta dé thi
nhién phd bién trén thé gioi, gay ra thiét hailon vé  o6a, nan phariing va bién doi khi hau [1]. Bac bt
con ngudi, kinh t& va maéi trwong [1]. Tac ddng cua khu viee chdu A dwoc danh gia la noi xay ra nhiéu
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vu sat I1& nhat chiém 65.2% va cé xu hwéng xay ra
cao hon vao mua mua [1]. O Viét Nam, khoang
22% sy cd |1& dat xay ra trong giai doan thang 7
dén thang 9 véi lwong mua Ién tir 300 - 700 mm
méi thang gay ra thiét hai l&n vé tai san. M6t trong
nhirng bién phap chinh dé giam gidm thiéu thiét
hai do sat |& dat la 1ap ban d6 dw bao khdng gian
sat I1& dat. Ban dd dy bao khong gian sat 1& dat la
mot cong cu hivu ich dé khoanh viing nguy co cao
xay ra méat 6n dinh mai déc, dw bao cac vu sat 1&
dat c6 thé xay ra trong twong lai dé tr d6 dwa ra
cac bién phap phong tranh ciing nhw gidm thiéu
t6i da hau quéa cha thién tai nay dé lai [2].

Nghién clru vé sat |& dat da dwoc thyc hién
& rat nhiéu khu vuce trén thé gi¢i st dung nhiéu
phwong phap khac nhau. Cac phuwong phap
truyén théng nhw: mé hinh héi quy Logistic [2], ty
sb tan suét (FR) [1], phwong phap phan tich th
bac (AHP) [1], chi sb théng ké [1], md hinh trong
sb dan chirng (WOE) [1]... cac md hinh nay duoc
danh gia 1a c6 két qua khong chéc chan va thiéu
do tin cay. Trong nhirng ndm gan day, tri tué nhan
tao trong d6 c6 hoc may da va dang dwoc ap dung
hiéu qua trong viéc dw bao, danh gia sat I& dat &
nhiéu khu vwc trén thé gidi va cho nhirng két qua
rat trién vong. Mot s mé hinh da dwoc ap dung
Logistic Model Tree, Random Forest, va
Classification and Regression Tree cho viéc dw
bao khong gian sat I& d4t tai khu ve Long County,
Trung Qubc [3]. Két qua cta nghién ctru nay chi
ra rang, cac md hinh dwoc ap dung cho cac két
qua dy bao chinh xac cao v&i do chinh xac trén
80% trong d6 mé hinh Rirng ngdu nhién c6 dé
chinh xac cao hon so v&i hai mé hinh con lai. Cac
thuat toan dién hinh da dwoc ap dung cho sat 1&
dat c6 thé ké dén nhu May véc to hé tro [4], Mang
than kinh nhan tao [5], Cay quyét dinh [6], Hé
thdng suy luan mé& thich &rng [7]... Cac nghién ciru
nay cho thdy cac mé hinh hoc may duwoc dung dé
dw bao sat I& dat cé dd chinh xac cao va dwoc
thwe hién & nhiéu khu vie trén thé gidi.

Trong nghién ctru nay, nhom tac gia da sw
dung md hinh hoc may phd bién hién nay: Cay
quyét dinh (DT) va cay quyét dinh xen k& (ADT)

Nguyén va nnk

trong viéc danh gia va phan vung nguy co sat 1&
d4t. M6 hinh cay quyét dinh vé co ban la thuat toan
hoc cé giam sat va dwoc ap dung cho ca 2 bai toan
phan loai (Classification) va héi quy (Regression),
tuy nhién bai toan phan loai dwoc st dung nhiéu
hon [1]. Khu vyc dwoc Iwa chon nghién ctru la
huyén Muwdng Nhé, tinh Bién Bién, Viét Nam khu
vic nay cé dia hinh ddi ndi hiém tré va thwong
xuyén hirng chju nhirng trédn mwa Ién gay hau qua
sat |& dat nghiém trong.

2. Khu vwc nghién coru

Mwong Nhé [a mét huyén mién nui tay bac
Viét Nam c6 toa dé dia ly kinh d6 102°8' Bong, vi
dd 22°44' (Hinh 1) Bac voi tbng dién tich vao
khodng 2507,9 km2. Phia Tay Bé&c giap tinh Van
Nam, Trung Quéc. Phia Tay va Tay Nam giap Lao.
Phia Nam giap huyén Mwong Cha tinh Bién Bién.
Phia Déng va Péng Béc giap huyén Mwong Té
tinh Lai Chau.

Vé dia hinh, do &nh hwéng clta cac hoat
dong kién tao nén dia hinh cia Mwong Nhé rat
phtrc tap, chd yéu 1a d6i nui dbc, hiém tré va chia
cat manh bi séng sudi. Pugc cau tao béi nhivng
day nai chay dai theo huwéng Tay Bac - Déng Nam
v&i dd cao bién dbi tr 291m dén hon 1.866m. Pia
hinh thap dan tlr Bac xuéng Nam va nghiéng dan
tw Tay sang Bong. Khu vyc nghién ctru thuwong
xuyén bi anh hudng b&i hé théng dirt gay kién tao
phét trién r4t manh mé bao gém hé théng dit gay
c6 phwong Tay Bac - Déng Nam [8] va ¢6 dia chat
dwoc phan thanh cac nhém khac nhau bao gém:
nhém Cretaceous,Paleogene, Permian, Triassic.

Mwéng Nhé ndm trong vang khi hau nhiét
ddi gio mua, mua déng lanh khd, mua hé nong am,
muwa nhiéu. Nhiét d6 trung binh ti 22°C - 23°C, c6
dd &m trung binh hang ndm khoang 81 - 84%.
Lwong mwa trung binh hang nam tr 1400 -
1500mm nhwng khéng déu theo théi gian, lwong
muwa tap trung vao thang 5 - 9 chiém 75 - 92%
lwgng mwa ca nam nén thwong xuyén xay ra sat
|& dAt va mwa I trén cac song subi gay &nh huéng
rat I6n dén kinh té, doi séng clia con ngudi.
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Hinh 1. Vi tri khu vwc nghién clru va hién trang sat & dat

3. Thu thap va phan tich két qua
3.1. Hién trang sat |& dat khu vwc nghién cteu

Hién trang sat I& dat la diéu kién can thiét dé
dw doan sat 1& dat trong twong lai [1]. Trong
nghién ctru nay, vi tri khdng gian ctia cac diém sat
|& dat da xay ra trong qué khir da dwoc lay tir tai

liéu Iwu tri lich s cia S& Tai nguyén va Moi
trwdng tinh Dién Bién va diéu tra thuc dia két hop
v&i gidi doan hinh anh vé tinh s dung Google
Earth (Hinh 2). Sau khi kiém chirng, cac diém sat
I& dwoc tdng hop lai dwa trén phan mém GIS va
cac khéi trvot dwoc coi la mét diém va hién thjtrén
ban d6 hién trang. Tdng cong c6 159 diém sat 1&
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dat da xay ra trong qua khi tai khu vc va dwoc
st dung dé nghién ctru ban dd dw bao khong gian
sat |& d4t. Trong do, chon ngau nhién 111 (70%)
diém sat I& dé phuc vu codng tac xay dwng ban dé

Ngudn:http://muongnhe.gov.vn/
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nguy co sat I& dat va 48 (30%) diém sat I1& dé phuc
vu cdng tac kiém tra va danh gia do chinh xac ban
dd da xay dwng [2].

Hinh 2. Hinh anh sat |& d4t tai huyén Mwéong Nhé

3.2. Cac yéu té anh hwéng dén sat |1& dat

Viéc lwa chon cac tham sé nguyén nhan gay
ra sat |& dat 1a mét trong nhirng bwéc quan trong
dé danh gia nguy co cla sat I& dat khu vuce [4].
Khao sat diéu tra qua trinh sat I1&@ dat xay ra trong
qua khir chi ra rang cac tham sé tac dong dén quéa
trinh sat 1& dat cé lién quan dén dia hinh dia mao,
dia chét thay van, qua trinh s dung dét, diéu kién
khi hau va cac nguyén nhan gay ra bé&i con nguwoi
nhw qua trinh c&t xé b dbc dé xay dung cac tuyén
dwong. Trong nghién cleu nay, cé tbng cong 12
tham s dwoc danh gia va lwa chon dé xay dwng
ban d6 phan vung sat I& dat tai Mweng Nhé bao
gdm: géc mai déc, hwédng méi déc, hinh dang bé
mat dia hinh, d0 cao dia hinh, khoang cach dut
gay, do bao pha thwc vat (NDVI), tich IGy dong
chay, d6 &m dia hinh (TWI), strc manh dong chay
(SPI), dia chat, khoadng cach dén séng subi,
khoang cach dén dwdng giao thong. Sb liéu dau
vao dé xay dwng ban dd dw bao bao gdm ban dé
dia chét, dit gay dworc thu thap tir viéc diéu tra va
ngudn dir liéu quéc gia
(http://www.idm.gov.vn/1IP1NPIT/vi-VN/Ban-Do-
Dia-Chat.aspx) vé&i ty I€ 1: 200.000. Ngoai ra, ban
dd goc mai déc, hwéng mai déc, hinh dang bé mat

dia hinh, d6 cao dia hinh s DEM v&i d6 phan giai
30m da thu thap dwoc dir liéu tr Earthexplorer
(https://earthexplorer.usgs.gov). Méi quan hé
khéng gian gira sat 1&@ dat va yéu td anh huéng
dén sat I& dwoc phan tich bang ty sb tan suét (FR)
theo Bang 1.

3.2.1. G6¢c mai déc

Goéc mai déc la mét trong nhivng yéu td quan
trong &nh hwéng tdi quéa trinh xay ra sat |& dat [9].
Sat & d4t thwong xay ra trén cac mai dbc co goc
déc tlr 15 -54° va thwdng it khi xay ra trén cac mai
dbc c6 d6 déc nhd 0 — 10°. Ban dd nay duoc xay
dwng véi cac lép khac nhau bao gdm 9 I6p: O -
8.332718, 8.332719 - 13.97747, 13.97747
18.81582, 18.81582 - 23.11658, 23.11658
27.14853, 27.14853 - 31.18049, 31.18049
35.75004, 35.75004 - 41.93238, 41.93238
68.54333 (Hinh 3.a). Phan tich ty sb tan suat (FR)
cho thdy rang sat 1& xay ra lén nhat & Iop 6
(27.14853 - 31.18049) v¢&i FR = 1.73.

3.2.2. Hwéng mai déc

Hwéng mai dbéc 1a yéu té quan trong tac
déng dén qua trinh xay ra sat & dat béi vi n6 anh
hwéng téi d6 &m cha vat liéu hinh thanh mai déc
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[8]. Trong nghién cru nay, ban dé hwdng mai déc
dworc trich xuét tr mé hinh dia hinh s6 DEM 30m
v&i céc 16p khac nhau bao gém: Méat bang, Bac,
Déng bac, boéng, Béng nam, Nam, Tay nam, Tay,
Tay bac (Hinh 3.b). Phan tich ty sé tan suét (FR)
cho thay rang sat I& xay ra Ién nhat & Iép Tay Nam
voi FR = 1.84.

3.2.3. Hinh dang bé mat dia hinh

Hinh dang bé mat dia hinh anh huédng dén
qua trinh xay ra sat I1& dat b&i vi dong nwéc va qua
trinh tich tu nwéc mat phu thudc dang ké vao hinh
dang bé mat cta dia hinh [2]. Sat I& dat thwong
xay ra & khu vuc c6 bé mét dia hinh 16m hon cac
khu vue dia hinh bdng phang va dia hinh 16i do
nwéc mat thwong tich tu & dia hinh 18m nhiéu hon.
Trong nghién ctvu nay, ban d6 hinh dang bé mat
dia hinh dwoc trich xuat tr mo hinh dd cao sb6
DEM 30m v&i 3 I&p nhw 16m (< -0.05), mat bang (-
0.05 — 0.05) va I8i (> 0.05) (Hinh 3.c). Phan tich ty
sb tan suat (FR) cho thay rang sat I1& xay ra lon
nhat & Iép 1 véi FR = 1.208.

3.2.4. b6 cao dia hinh

Do cao dia hinh anh hwédng téi qua trinh xay
ra sat |& dat do & cac do cao dia hinh khac nhau
murc d6 phong héa clia cac loai dat da trén mai
dbc 1a khac nhau [10]. Trong nghién ciru nay, ban
dd do cao dia hinh dwoc trich xuat tir md hinh do
cao sé DEM 30m va dwoc chia thanh 9 1&p: 291 -
570, 570 - 679, 679 - 786, 786 - 894, 894 - 1008,
1008 - 1139, 1139 - 1290, 1290 - 1464, 1290 -
1464 (Hinh 3.d). Két qua phan tich ty sé tan suét
(FR) cho thay rang sat 1& xay ra I&n nhéat & 16p 291
—570m voi FR = 4.785.

3.2.5. Bao phu thwc vat (NDVI)

Sat 1& d4t co lién quan chat ché véi bao phi
thwe vat. Cac khu vic c6 mat dd che pha thap sé
gay ra sat I& 1&n hon véi khu viee c6 d6 che phu
thwe vat cao [3]. Ban dé bao phu thwc vat (NDVI)
duoc Iéy tir hinh anh di liéu vé tinh v&i va dwoc
chia thanh 6 I&p: 0.00492 - 0.15494, 0.15494 -
0.20495, 0.20495 - 0.24603, 0.24603 - 0.28353,
0.28353 - 0.32283, 0.32283 - 0.46213 (Hinh 3.e).
Két qua phan tich ty sb tAn suét (FR) cho thay rang
sat I& xay ra |&n nhat & Iép 0.15494 - 0.20495 v&i
FR = 3.59.

Nguyén va nnk

Gia tri NDVI duwoec tinh toan bang phwong
trinh sau:
NDVI = (NIR - R)/(NIR + R) 1)
Trong d6, NIR la gia tri hdng ngoai va R 1a
phan mau dd twong &ng.

3.2.6. Dia chéat

Anh huéng cta diéu kién dia chat, kién tao
dwoc coi la mot nhan td co ban gay ra qua trinh
sat |& dat, dac biét thanh phan thach hoc l1a mot
trong nhirng nhan té quan trong nhat anh hwéng
dén sy 6n dinh cia swon. Cac da co do bén thap
dé c6 xu hwéng phong hoéa thanh céc vat liéu kém
bén virng [11]. Ban d6 dia chat dwoc thu thap tir
ngudn di liéu quéc gia vai ty 1& 1:200.000. Céac
|&p dia chat khu vire bao gém: Nhém Cretaceous,
Paleogene, Permian, Triassic (Hinh 3.f). Két qua
phan tich ty sb tan suét (FR) cho thay rang sat 1&
xay ra lén nhat & lop 2 (Paleogene) véi FR = 4.31.

3.2.7. Khoang cach dut gay

DPut gay 1a sdn phadm cda cac chuyén dong
kién tao gay sy mét lién tuc trong dat da trén mai
dbc, vi vay, &nh huwéng dén qua trinh xay ra sat 1&
dat [12]. Trong nghién ctru nay, khodng céch t&i
cac dit gay dwoc lwa chon 1a yéu td nguyén nhan
anh hwéng téi qué trinh sat |1& dat. Hé théng cac
dirt gay dwoc trich xuat tr ban dd dia chat voi ty
|& 1: 200.000. Ban db khoadng cach t&i cac dut gay
dwoc thanh lap voi 6 Iop: 0 - 100, 100 - 200, 200
- 300, 300 - 400, 400 - 500, > 500 (Hinh 3.g). Phan
tich ty sb tan suét (FR) cho thdy réng sat I& xay ra
|&n nhat & I&p 400 — 500m vé&i FR = 1.855.

3.2.8. Tich liiy dong chay

Tich Ity dong chay dwoc mét sb nha nghién
clru coi la mét yéu té diéu hoa quan trong dé lap
ban dd nhay cam sat I& dat. N6 dwoc st dung dé
xac dinh dong chay hoac dong chay tiém néng cuia
séng va subdi [1]. Ban db tich Ity dong chay dwoc
thanh lap bang phan mém Arcgis va dwoc chia
thanh 6 I&p: 0 -103, 103 - 400, 400 - 930, 930 -
1868, 1868 - 3675, 3675 - 8956 (Hinh 3.h). Phéan
tich ty sé tan suét (FR) cho thdy rang sat I& xay ra
I&n nhat & 16p 0 -103 véi FR = 1.02.

3.2.9. Strc manh dong chay (SPI)

Strc manh dong chay (SPI) [a mét sé liéu lién
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quan dén van téc ctia dong chay va gay ra x6i mon
cho viing séng, sudi. Strc manh dong chay cang
I&n thi tdc dd x6i mon va anh hwéng cang 16n [4].
Ban dd strc manh dong chay dwoc thanh lap bang
phan mém ArcGIS va dugc chia thanh 6 1&p: O -
502.9279, 502.9279 - 2514.6396, 2514.6396 -
5783.6711, 5783.6711 - 11064.4141, 11064.4141
- 21374.4365, 21374.4365 - 64274.7731 (Hinh
3.)). Phan tich ty s6 tan suat (FR) cho thay rang
sat |& xay ra Ién nhat & 16p 0 - 502.9279 véi FR =
1.01.

Gia tri SPI dwoc tinh toan bang phwong
trinh:

TWI = Aq.tang (2)

Trong do, As la dién tich khu vuc thu nuwérc,
B la do dbc dia hinh tinh bang do.

3.2.10. P6 am dia hinh (TWI)

D6 dm dia hinh (TWI) 1a mét sé liéu dwa
trén ty & hodc vung lwu vic dén goc dbc [13].
N6 cung cip mot thuwéc do dd Am cla dat c6 sw
lién quan tich cwc véi sw xuét hién sat |& dat.
Ban dd src manh dong chdy dwoc thanh lap
bang phdn mém ArcGIS va dwoc chia thanh 6
I&p: 2.5029 - 4.7776, 4.7776 - 5.7298, 5.7298 -
6.8407, 6.8407 - 8.2689, 8.2689 - 10.1733,
10.1733 - 16.0452 (Hinh 3.j). Phan tich ty sé tan
suét (FR) cho thay rang sat |& xay ra I&n nhat &
I&p 5.7298 - 6.8407 v&éi FR = 1.14.

Gia tri TWI c6 thé dwoc xay dwng nhu sau:

TWI = Ln(—=%) 3)

tanB

Trong do, As la dién tich khu vuc thu nwérc,

Nguyén va nnk

B 1a d6 déc dia hinh tinh bing do.
3.2.11. Khoang cach dén séng subi

Séng sudi &nh hwéng téi qué trinh xay ra sat
|& dat do cac mai déc gan séng sudi thwerng co dd
4m cao hon cac khu vuwec khac [8]. Ngoai ra, cac
dong nuéc & khu vire cé séng sudi cé tac dong co
hoc truc tiép téi dat da ctia mai déc. Trong nghién
ctu nay, khodng cach téi song sudi duoc lwa
chon dé phan tich méi quan hé véi qua trinh xay
ra sat I& dat. Hé théng song subi dwoc trich xuét
tw ban dd dia hinh ty & 1: 50000. Ban d6 khoang
cach téi séng sudi dwoc xay dwng thanh 6 16p: 0
- 100, 100 - 200, 200 - 300, 300 - 400, 400 - 500,
> 500 (Hinh 3.k). Két qua phan tich ty sb tan suét
(FR) cho thdy rang sat 1& xay ra I&n nhat & 1&p 100
—200m voi FR = 7.96.

3.2.12. Khoang cach dén dwéng giao thdng

Qua trinh ct mai doc dé xay dwng cac tuyén
dwdng giao thdng thwdng tac dong truc tiép toi
mai dbc, lam mét tinh lién tuc cta dat da cta mai
dbc, tao ra khu v tich tu nwéc lam gidm cwéong
do clia dat da trén mai déc anh hwéng téi qua trinh
xdy ra sat |& dat [8]. Trong nghién ctru nay,
khoang cach t¢i duwdng giao thong dwoc Iwa chon
dé danh gia sw anh hwdng ctia duéng giao théng
tdi qua trinh xay ra sat 1& dat. Hé théng dwdng
giao théng duoec trich xuét tr ban d6 dia hinh ty 1&
1:50000. Ban db khoang cach t&i sdng sudi duwoc
xay dwng thanh 6 I&p: 0 - 100, 100 - 200, 200 -
300, 300 - 400, 400 - 500, > 500 (Hinh 3.m). Két
qua phan tich ty sb tan suét (FR) cho thay rang sat
|& xay ra I&n nhat & Iép 300 — 400m vé&i FR = 3.66.

Bang 1. Ty sb tan suét cia cac yéu té anh hwéng

, < Sédiém  Sbdiém Phantram Phantram  Tysé
Cac SO , , > 5 > .2 > .2 > X
P ] Cac lop anh cua anhsat  diém anh diém anh tan
yéu to Iop L1z 2 g4 Lz 2 24 £
cac lép I& dat cac lép sat |& dat suat
1 0-8.332718 204130 3 7.35 2.7 0.37
2 8.332719 - 13.97747 330548 11 11.91 9.91 0.83
Géc 3 13.97747 - 18.8158 420493 19 15.15 17.12 1.13
mai déc 4 18.8158 - 23.11658 459772 18 16.56 16.22 0.98
©) 5 23.11658 - 27.14853 451661 20 16.27 18.02 1.11
6 27.14853 - 31.18049 391143 27 14.09 24.32 1.73
7 31.18049 - 35.75004 291349 7 10.5 6.31 0.60
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8  35.75004 - 41.93238 170631 5 6.15 45 0.73
9  41.93238 - 68.54333 56259 1 2.03 0.9 0.45
1  Matbang 172 0 0.01 0 0
2  Béc 407675 14 14.63 12.61 0.86
3 Pong bac 397730 8 14.27 7.21 0.50
4  Péng 352861 10 12.66 9.01 0.71
Hwéng —
mai déc 5 bbéng nam 336300 15 12.07 13.51 1.12
6  Nam 351381 20 12.61 18.02 1.43
7  Taynam 340648 25 12.22 22.52 1.84
8 Tay 296405 12 10.64 10.81 1.02
9  Taybac 303495 7 10.89 6.31 0.58
Hinh 1 Ldm (<-0.05) 1350685 65 48.47 58.56  1.208
dang 2 Matbéng (-0.05 - 0.05) 130906 6 4.7 541  1.151
bémat 3 |34 (>0.05) 1305076 40 46.83 36.04 0.77
1 291-570 257069 49 9.22 4414  4.785
2 570-679 511684 24 18.36 2162  1.178
3 679-786 484500 21 17.39 18.92  1.088
Po6 cao 4  786-894 438012 11 15.72 9.91  0.630
diahinh 5 894 -1008 370718 1 13.3 0.9 0.068
(m) 6 1008 -1139 289068 5 10.37 45 0434
7  1139-1290 209225 0 7.51 0 0
8 1290 - 1464 146986 0 5.27 0 0
9 1464 -1866 79405 0 2.85 0 0
1 0.00492 - 0.15494 162956 12 5.85 10.81  1.848
2 0.15494 - 0.20495 370883 53 13.31 4775  3.587
Npy| 3 0-20495-0.24603 583470 32 20.94 28.83  1.376
4 0.24603 - 0.28353 697029 9 25.01 811 0.324
5  0.28353-0.32283 622304 3 22.33 27 0121
6  0.32283-0.46213 350025 2 12.56 1.8  0.143
1 Hé dia téng Cretaceous 2266388 69 81.34 62.16 0.76
Dia 2  Hé djatang Paleogene 46644 8 1.67 7.21 4.31
chdt 3 He dia tng Permian 215775 25 7.74 2252 291
4 Hé dia téng Triassic 257420 9 9.24 8.11 0.88
1 0-100 136579 5 4.9 45  0.919
Khoang 2 100 -200 133670 9 4.8 8.11  1.690
céch 3 200-300 130962 8 4.7 721 1534
dtgady 4 300 - 400 126785 7 455 6.31  1.386
(m) 5 400 -500 121805 9 4.37 811  1.855
6 >500 2136866 73 76.68 65.77  0.858
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1 0-103 2688232 109 96.47 98.2  1.018
2 103-400 68217 2 2.45 1.8  0.736

T[Ch W3 400- 930 20363 0 0.73 0 0

dong

chay 4  930-1868 7455 0 0.27 0 0
5 1868 - 3675 1995 0 0.07 0 0
6  3675-8956 405 0 0.01 0 0
1 0 -502.9279 2649881 107 95.09 96.4 1.013
2 502.9279 - 2514.6396 108414 4 3.89 3.6 0.926

S 3  2514.6396 - 5783.6711 20376 0 0.73 0 0
4  5783.6711-11064.414 6145 0 0.22 0 0
5  11064.414 - 21374.436 1616 0 0.06 0 0
6  21374.436 - 64274.773 235 0 0.01 0 0
1 25029 - 4.7776 682857 24 24.5 21.62 0.88
2 4.7776 - 5.7298 985194 43 35.35 38.74 1.10

S 3 5.7298 - 6.8407 615762 28 22.1 25.23 1.14
4 6.8407 - 8.2689 289670 11 10.39 9.91 0.95
5 8.2689 - 10.1733 142533 4 511 3.6 0.70
6 10.1733 - 16.0452 70651 1 2.54 0.9 0.36
1 0-100 102483 29 3.68 26.13 7.10

Khoang ,  100- 200 94657 30 3.4 2703  7.96

cach

dén 3 200 - 300 92179 6 3.31 541 1.63

56[,‘9 4 300 - 400 92764 3 3.33 2.7 0.81

Suol

(m) 5 400 - 500 85294 2 3.06 1.8 0.59
6  >500 2319290 41 83.23 36.94 0.44
1 0-100 42287 6 1.52 541  3.562

Khoang

céch 2 100 - 200 41661 3 1.5 2.7 1.808

dén 3 200-300 41453 8 1.49 721 4.845

dwong

giao 4 300 -400 41125 6 1.48 541  3.663

Ehf’)”g 5 400 - 500 40650 4 1.46 36  2.470

m
6  >500 2579491 84 92.57 75.68  0.818
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4. Phwong phap nghién ciru
4.1. Cay quyét dinh (DT)

Cay quyét dinh con dwoc goi la cay phan loai
phan cap la mét thuat toan quan trong trong hoc
may. Mot sb thuat toan cta cay quyét dinh da
dwoc dé xuat nhw: ID3 ap dung cho bai toan phan
loai [14], CART ap dung cho ca bai toan phan loai
va héi quy [15]. Gan day, Quinlan [1] d4 gidi thiéu
thuat toan phan loai C4.5 la phién ban nang cao
clia thuat toan ID3. Ké tir do, C4.5 da dwoc coi la
mot mé hinh tiéu chudn trong phan loai c6 giam
sat. Mot mé ta chi tiét vé thuat toan C4.5 co thé
dwoc nhin thdy & Quinlan [1]. C6 hai buéc trong
viéc xay dung cay quyét dinh: Xay dwng cay va tia
cay [16]. Bwdc dau tién cla cay quy trinh & tim hé
sb dau vao voi tap di liéu dao tao, sau dé chon
nat goi la gbc nat. Tap div liéu dao tao dwoc phan
chia dwa trén cac gia tri ban dau va dwoc tao nat
phu va ty lé tang dwoc wéce tinh cho médi nat phu.
Caéc bién co ty |é tang cao nhat dwoc chon va phan
vung dé quy cta bd dir liéu dao tao dwoc tiép tuc
cho dén khi tAt ca cac trwong hop trong tap div liéu
dao tao dwoc gan dé mat cac nat hodc khong co
cac hién hoac di¥ liéu dao tao c6 thé dwoc chia
thém. Do d6, viéc cat tia dwoc thwe hién bang
céach loai bé cac nat khong can thiét nhwng véi do
chinh xac dwgc bao dam [6].

Céc tiéu chi wéc tinh dwoc st dung dé xac
dinh cac bién dau vao dwoc dya trén viéc giam
entropy va cdng thirc sau day da khac phuc théng
tin thu dwoc [1]:

n
Entropy(E) = — Z Plog,P @)

i=1

Trong d6 n la sb 16p trong mién cla tap div
liéu E; Pi la ty 1é cta sé lwong cac thanh phan lép
i vé téng sb di liéu dwoc dat E.

Théng tin thu dwoc dwoc s dung dé do
mirc giam dy kién & marc phan cép thap hon ngay
lap tire, trong d6 cac bo div liéu dwoc tinh ché bang
mét thudc tinh hé tro khac [17]. Thang tin thu dwoc
c6 thé dwoc viét nhw sau:
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Gain(E,A) =

E
Entropy(E) — Z ll—];ll Entropy(E,)? ()

veValues(A)

Trong d6, cac gia tri (A) cung cap tén mién
thudc tinh hé trg (A), Ev biéu thi tap hop con cla
E; gia tri twong tng (A) la v cho méi ban ghi, |Ev|
and |E| chira Ev va E, twong (rng.

4.2. Cay quyét dinh xen ké (ADT)

Cay quyét dinh xen ké la sw két hop gitra
cay quyét dinh va thuat toan thac day, va dwoc dé
xuét bdi [18]. Mé hinh ADT c6 dé chinh xac cao
hon cay mé hinh tiéu chuén trong cac bai toan
phan loai [19]. N6i chung, mé hinh ADT bao gém
hai loai nat: nat bé chia va ndt dw doan. Nut bd
tach phan chia dir liéu dwya trén cac gia tri thudc
tinh da chon va nat dw doan bao gébm diém sb
duwoc st dung dé dwa ra dy doan [13]. M6t thwéc
do co ban anh xa tr ca thé sang sé thwc bao gédm
mot dw doan c1, mot diéu kién co sé c2 va hai sé
thwe: a va b. Dw doan la a khi ¢1 N ¢2 hoac b khi
c1 N - c2. Gia tri cGia a va b dworc tinh bang céac
cbng thirc sau.

1 Wi(egne) 1 We(epN™cy)

) IIW_(cl ncy) ' 2 nW_(cl Nn-c,) (6)

Trong d6 ¢1 va c2 tét nhat dwoc chon bang
cach thu nhé Z t (c1, c2) va dwoc dinh nghia la:

Zi(cq,C3)

=2 (\/W+(c1 Ncy).W_(c; Ncy)
+ \/W+(c1 N~ cy).W_(c; N~ Cz))
+ W(-Cp)

(7)

Gia st M |a cac quy tac thiét 1ap co s&, sau
dé moét quy tdc méi co thé dwoc dinh nghia [a Mt
+ 1 = Mt + r.t(x) hién thi hai gia tri dw doan (a va b)
tai m&i thoi diém sau cla cay va x la mot tap cac
trwdng hop. Sy phan loai c6 thé dwoc coi la diu
hiéu tich lGy cac gia tri dw doan trong Mt +1.

T
class(x) = sign (Z rt(x)> (8)

=1
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4.3. Phwong phap xac nhan
4.3.1. BPwéng cong dac hiéu (ROC/AUC)

Mét trong nhirng chi sb théng ké danh gia
phd bién va ndi tiéng nhét 13 cac dac diém hoat
dong cla ngwdi nhan AUC. Cac két qua cu thé
ctia AUC c6 thé dwoc khai quat va dang tin cay.
Phuwong phap AUC la mét phwong thire dwa trén
xac suét co thé danh gia cac thuat toan & nhiéu
nguwéng [3]. Biéu dd AUC bao gdém hai truc x va y.
M@Gi truc dai dién cho cac dac diém cuda tinh dac
hiéu va dé nhay twong tng twong wng [2]. Dién
tich dwdi duwdng cong AUC thwdng duoc st dung
nhw mot tiéu chi dé do dd chinh xac dw doan cula
cac thuat toan. Gia tri AUC thay ddi gitra "0,5 - 1".
Gia tri 0,5 cho thay hiéu suét kém cuda cac thuat
toan trong viéc dw doan sy nhay cdm véi cac mdi
nguy hiém sat 1&. Gia trj tiém can 1 cho thay hiéu
suit manh mé cla cac thuat toan trong viéc dy
doan d6 nhay cdm v&i sat |& dat. N6i chung, gia tri
AUC cang gan 1 do chinh xac cla thuat toan cang
cao, trong khi gan 0,5 dé chinh xac cta thuat toan
cang thdp hon [20]. Phwong trinh cla phwong
phap danh gia bang phwong phap AUC nhu sau:

ALC (3 TP+>°TN)
(P+N

)

Trong d6, TP la sb lwong sat & dat dwoc
phan loai chinh xac, TN la s6 lwgng khong sat 1&
dat phan loai chinh xéac, P la téng sb lwong sat &
d4t va N |a tbng sb khéng sat 1& dat.

4.3.2. Chi sé théng ké

(9)

Céc chi sb théng ké dwoc sir dung dé danh
gi& hiéu suét cta cac mé hinh bao gém: gia tri dw
doan tich cwc (PPV), gia tri dw doan am (NPV), do
nhay (SST) , d0 dac hiéu (SPF), d0 chinh xéac
(ACC), Kappa Index (K), can cla sai s toan
phwong trung binh gbc (RMSE), sai s6 tuyét ddi
trung binh (MAE) [21]. Chi bdo K |a mét bién phap
thdng ké hiéu qua giup do lwong sw ddng thuan
ngdu nhién gitra cac yéu td phan loai. K thay ddi
gitra 1 va 0. Néu céc gia tri K gan gii véi 1, né cho
thdy d6 tin cay cao va dd tin cay cla thuat toan
trong viéc dw doan sy nhay cam sat I1& dat. Tiéu
chi ACC wdc tinh ty 1& hodc dw bao chinh xac dé
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dw bao toan bo sat 1& [8]. RMSE cho biét sy khac
biét gilra di¥ liéu dwoc quan sat va dir liéu wéc
tinh. MAE 1a mét pham vi sai sé gitra cac quan sat
nhi phan. Cac gia tri cao hon cua SPF, PPV, NPV,
ACC, SST, K va cac gia tri thdp hon clia RMSE va
MAE cho biét hiéu suat cao hon ctia md hinh trong
viéc dw doan sy nhay cdm sat |& dat. M6 ta chi tiét
va tinh toan céc chi sb dwoc trinh bay trong cac tai
liéu dwoc cong bb [49, 53].

SST = — 10
" TP + FN (10)
SPF = 11
TN + FP ()
PPV = 12
FP + TP (12
NPV = ™ (13)
"~ FN+ TN
ACC — TP + TN (14)
" TP+ TN + FP + FN
P,_P
K= _b~exp 15
1 — Peyp (13)
1 n
RMSE = HZ(Xpredicted - Xactual)2 (16)
i—-1
1
MAE = HZ|XDI‘edicted - Xactual| 17

Trong d6, TP la sb lwong sat 1& dat dwoc
phan loai chinh xac, TN la s lwong khéng sat 1&
dat phan loai chinh xac, FN la sé lwong sat |& dat
phan loai gid va FN la sé lwong khong sat & dat
phan loai gia, n tbng s lwong mau trong tap div
lieu, Xpredicted VA Xacal la cac gia tri dw doan va thyc
té trong bd di¥ liéu, P, Ia sé lwong sat I& quan sat
duoc va Pey 12 b lwong sat 16 wéc tinh.

5. Két qua va thao luan
5.1. Phan tich két qua md hinh

Trong nghién ctu, dwdng cong dac hiéu
AUC da duoc sir dung dé phan tich di liéu dao
tao cla trng mo hinh va hiéu suét. Hai md hinh
ADT va DT da dwoc dao tao véi bo liéu dao tao va
két qua dwoc hién thi trong (Hinh 4.a). Bang cach
so sanh gia tri AUC, md hinh ADT cho thay hiéu
suét tét nhat véi (AUC = 0.928) theo sau la mé
hinh DT (AUC = 0.915). Kiém chng hai mé hinh
(Hinh 4.b) cling cho thdy mé hinh ADT(AUC =
0.887) c6 két qua cao hon DT(AUC = 0.800).
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Hinh 4. Gia tri AUC cta cac mé hinh khac nhau: (a) B6 di¥ liéu dao tao, (b) Bd dir liéu kiém chirng

Két qua phan tich chi sé théng ké dwoc trinh
bay trong Bang 2. Phan tich két qua cho bo di liéu
dao tao cho thay mé hinh ADT ¢6 chi théng ké tét
hon mé hinh DT v&i gid tri: PPV = 82.88%, NPV =
80.18%, SST = 80.70%, SPF = 82.41%, ACC =
81.53% va K = 0.63. Két qua bo dir lieu kiém
chirng ciling cho gia tri cao hon v&i PPV = 87.50%
c6 gia tri cao nhét, tiép theo |a NPV = 70.83%, SST

= 75.00%, SPF = 85.00%, ACC = 79.17% va K =
0.58. Gia trj can clia sai sb toan phwong trung binh
gbc RMSE va sai s6 tuyét dbi trung binh MAE cda
m6 hinh ADT cho ca di liéu dao tao, kiém chirng
déu nhé hon md hinh DT ¢6 thé nhan thay trong
Bang 2 va Hinh 5. Phan tich két qua cho thdy mé
hinh ADT c6 hiéu suét dao tao va kiém chirng tét
hon mé hinh DT.

Bang 2. Hiéu suat ctia md hinh

D liéu dao tao

Dir liéu kiém chirng

STT Tham sbé
ADT DT ADT DT
1 TP 92 54 42 13
2 TN 89 111 34 45
3 FP 19 57 6 35
4 FN 22 0 14 3
5 PPV (%) 82.88 48.65 87.50 27.08
6 NPV (%) 80.18 100.00 70.83 93.75
7 SST (%) 80.70 100.00 75.00 81.25
8  SPF (%) 82.41 66.07 85.00 56.25
9  ACC (%) 81.53 74.32 79.17 60.42
10 K 0.63 0.49 0.58 0.208
11 MAE 0.30 0.39 0.33 0.429
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5.2. Danh gia dé tin cay cda ban dé phan ving
sat |& dat khu vwe nghién clru

Pé danh gia do tin cay cta ban dd dy bao
khéng gian sat I& dat khu viee nghién clru, 30% cac
vu sat I& d4t chwa dworc st dung trong viéc xay dwng

102"'20' 102"'40'5

22°20'N

E

3 u Cu, ;

; Ban db nhgy cbm sgt 1 df\t
(ADT) R

_,-r RAt thAp (0.054 - 0.262)

|4 & Thép (0.262 - 0.445)

22°0N

& Trung binh (0.445 - 0592)}?3 ' W
| #* Cao (0.592 - 0.767) 55
4 Rétcao (0.767-0978) %' i Aa'%
Y 1 (/7 (‘ \f.’ﬂ ) % % ‘l' - !
i - Diém sat 1o o 125

/) 0 Duleudsoteo | m—_—
;'5’, A Du' Ileu klém chu'ng ./ Kilometers k.|
h G

21°40'N

£ JNGEASINES, OSHNMA
WV VAR lGemfu Folsen Rijkswaterst 1\
T

i Y Thép (0.304 - 0.453)
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Hinh 7. Phan trm cac vu sat |1& dat va ty sb tan suat cia cac I&p nhay cam sat & dat

bao gébm: R4t thap, thap, trung binh, cao va rat cao.
Phwong phap "Natural break" trong phdn mém
ArcGIS 10.8 da dwoc st dung dé& phan chia cac lop
[54]. Két qua phan tich dwoc thé hién trén (Hinh 7)
cho thy, phan trdm cac vu sat & dat cia md hinh
ADT c6 gia tri lan lwot 14 77.08% va 12.5% nam trong
khu vurc cao va rét cao trong khi chi co 6.25%, 4.17%,
0% céac vy sat 1& dat dwoc xac dinh nam trong khu
vire nhay cam trung binh, thap va rat thap. Déi véi md
hinh DT chi c6 33.33%, 29.17% nam trong khu vic
cao va rat cao, cac gia 10.41%, 22.92%, 4.17% nam
trong khu vire nhay cdm trung binh, thap va rat thap.
Nhirng két qua phan tich trén cho thay réng, ban d6
nhay cam sat I1&@ dwoc xay dwng bang mé hinh ADT
c6 két qua tét hon so v&i mé hinh con lai va ban do
nhay cam c6 thé st dung t6t dé dw bao sat 1& d4t tai
khu vire nghién ctru.

6. Két luan

Trong nghién ctru hién tai, hai mé hinh da dwoc
ap dung dé la mé hinh ADT va DT dé 1ap ban dé dw
b&o khong gian sat I& d4t cho khu vurc huyén Muéng
Nhé, tinh Dién Bién. Két qua phan tich thdng ké dr liéu
md hinh ADT (AUCtrain = 0.928, AUCtest = 0.887) c0
hiéu suét dao tao, kim chirng cao hon so véi mé hinh
DT (AUCtrain = 0.915, AUCtest = 0.800). Ban d6 du

b&o khéng gian sat 1& dat cho thy rangmé hinh ADT
da phan dinh khoang 77.08% va 12.5% dién tich khu
vire nghién ctru vao cac khu vire co xac xuat xay ra sat
|&@ d4t cao va rat cao trong khi d6 mé hinh DT chi c6
két qua twong (rng 1a: 33.33%, 29.17%. Danh gia két
qua cho thy mé hinh ADT la c6ng cu ¢ dd chinh xac
cao trong viéc xay dwng ban dé du béo khdng gian sat
I&> d4t, mé hinh nay cling c6 thé dwoc ap dung cho cac
khu vure khéac.

Thong tin tai tree nghién cieu

Nghién ctru nay duorc tai tre bdi Quy Phat trién khoa
hoc va céng nghé Quéc gia (NAFOSTED) trong dé
tai ma s6 105.08-2019.03
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