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Abstract: Land subsidence is a geotechnical hazard that affects infrastructure
and construction works, particularly in the context of rapid urbanization.
Therefore, predicting and zoning areas susceptible to land subsidence has
become an important research direction. In this study, a Multilayer Perceptron
(MLP) model was employed to construct a land subsidence susceptibility map
for the Hanoi area. Land subsidence data were identified using the PS-InSAR
technique, combined with 14 conditioning factors selected as input variables,
including groundwater, rainfall, distance to rivers and streams, distance to
roads, distance to faults, land use/land cover (LULC), topographic wetness
index (TWI), normalized difference vegetation index (NDVI), stream power
index (SPI), geology, slope aspect, surface curvature, slope angle, and
elevation. The results indicate that the model achieved good predictive
performance, with AUC values of 0,957 for the training set and 0,944 for the
testing set. In addition, groundwater and geology were identified as the two
factors exerting the strongest influence on land subsidence susceptibility in the
study area.

Keywords: Land subsidence; Multilayer neural network (MLP); Subsidence
risk zoning map; GIS; Frequency ratio (FR).
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ng dung mé hinh mang no-ron da 1&p (MLP)
trong xay dwng ban dé phan ving nguy co’

sut Iun khu viwec Ha Néi, Viét Nam

Nguyé&n Thanh Tué&n'", Bui Thi Nhw', TrAn Thanh Hai2

Trwdng Pai hoc Céng nghé GTVT, 54 Triéu Khuc, Thanh Liét, Ha Noi, Viét
Nam

2Cuc Hang Khong Viét Nam, Ha N6i, Viét Nam

Toém tat: Sut Iun la mot tai bién dia k§ thuat c6 anh huéng dén co sé ha tang
va cac cong trinh xay dung, d&c biét trong bbi canh dd thi héa. Do do, viéc dw
bao va phan vung céac khu virc cd nguy co sut lin tré thanh mét hwédng nghién
ctu dwgc quan tam. Trong nghién ciru nay, md hinh Mang no-ron nhiéu Iép
(MLP) dworc st dung dé& xay dwng ban dd phan ving nguy co sut ltn cho khu
vire Ha Noi. D& liéu sut Iun dwoc xac dinh béng ky thuat PS-InSAR, két hop
v&i 14 yéu té anh huéng duoc lwa chon lam bién dau vao, gébm: nwéc ngam,
lwong mwa, khodng cach dén séng subi, khodng cach dén dwdng giao théng,
khoang céach dén dut gay, hién trang st dung dat (LULC), chi s6 d6 &m dia
hinh (TWI), chi s thuc vat chuan héa (NDVI), chi s& sirc manh dong chay
(SPI), dia chéat, hwéng bd dbc, hinh dang bé mat, géc bd déc va do cao dia
hinh. Két qua cho thdy mé hinh dat hiéu qua dy béo tbt, véi gia tri AUC dat
0,957 trén di liéu huén luyén va 0,944 trén di lieu kiém chirng. Ddng thoi,
nwéc ngadm va dia chat dwoc xac dinh 14 hai yéu tb anh huéng I&n dén nguy
co sut lun tai khu viee nghién ctru.

T khéa: Sut lun dat; Ha Noi; Mang no-ron nhiéu Iép (MLP); Ban db phan
viing nguy co sut lun; Hé théng thong tin dia ly (GIS); Ty s6 tan suét (FR).

1. M& dau

Sut ltn 13 hién twong ha thap cao dd mat dat
theo phwong thng dirng do tac déng clia cac yéu
td tw nhién va con ngwoi nhw sir nén chat cda cac
I&p dat trdm tich, khai thac nwéc ngdm, tai trong
cong trinh, khai thac tai nguyén hodc sup db cac
khoang réng karst, cung vé&i sw bién déi cia diéu
kién dia chat — dia chat thiy van theo thdi gian [1,
2]. Hién twong nay anh hwéng dén ha tang ky
thuat, cdng trinh xay dwng va qua trinh phat trién
do thi. Tai cac do thi lon, dac biét & khu vuwe déng
bang va ven bién, sut lun thwéng dién ra trong thoi
gian dai lam gia tang nguy co hw héng cong trinh

va chi phi duy tu, stra chira. Vi vay, viéc phan tich
quy luat phan bd, dién bién va cac yéu té lién quan
dén sut lun c6 y nghia dbi véi cdng tac canh béo,
quy hoach ha tng va quan ly tai nguyén nwoc
dudi dat.

DPé theo déi va danh gia sut lan, nhiéu
phwong phap da dwoc ap dung, tr cac ky thuat
truyén théng nhw thdly chuan, GPS/GNSS va quan
trdc mdc lun dén cac cong nghé vién tham radar
nhw DINSAR, PS-InSAR va SBAS. Cac phuong
phap do dac truyén théng thwérng cho dé chinh xac
tét nhwng chi yéu phan anh bién dang tai cac diém
r&i rac, chi phi trién khai Ién va kho bao quat trén
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dién réng [3, 4]. Trong khi d6, cdng nghé vién tham
radar khau dé tbng hop cho phép giam sat bién
dang bé mét trén pham vi roéng, trong nhiéu diéu
kién thoi tiét va véi dd phan giai khéng gian tuwong
dbi cao [5-7]. Trong cac phwong phap, phwong
phap giao thoa tan xa 6n dinh (PS-INSAR) dwoc st
dung nhiéu trong nghién ctru dd thi do khai thac
chudi anh SAR da thdi gian dé& xac dinh cac diém
tan xa bén virng va wéc tinh chuyén dich bé mat
sau khi giam &nh huéng cta khi quyén va sai s
quy dao. Nh& do, phuwong phap nay phu hgp cho
phan tich Itn lién quan dén khai thac nwéc ngam
va cac dang bién dang bé mat khac.

Cung v6i sy phat trién ctia cong nghé vién
tham, viéc tich hop di liéu bién dang bé mat véi
GIS va cac thuat toan hoc may, hoc sau da hinh
thanh mot huéng tiép can mai trong xay dwng ban
dd nguy co sut lun [8]. Thay vi dwa trén cac md
hinh vat ly doi héi tham sb dia co hoc chi tiét
thwong khé thu thap & quy md dd thi, cac thuat
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toan nhw hdi quy logistic, may vector hé tro [9] hay
mang no-ron nhan tao [10]... c6 kha nang hoc tryc
tiép mdi quan hé phi tuyén gitra sut lun va tap hop
cac yéu tb diéu kién bao gébm dia hinh, thach hoc,
ha thdp muwc nwéc ngam, st dung dat va chi sb
thdy van. Wu diém cla hwéng tiép can nay khong
chi ndm & do chinh xac dw bao khéng gian ma con
& kha nang dinh lwong &nh huéng cla cac yéu to.

Trén co s& do, nghién clru nay st dung ky
thuat PS-InSAR dé xay dwng di liéu hién trang
bién dang bé mat, déng thoi tich hop GIS véi mé
hinh mang no-ron nhiéu I6p (MLP) dé thanh lap
ban dd phan ving nguy co sut lun. Cach tiép can
nay nham nhan dién cac khu vuwec cé nguy co lin
va danh gia vai trd twong dbi clia cac yéu té diéu
kién, qua do hé tro phan tich khéng gian va cung
cép co s& tham khao cho quy hoach va quan ly ha
tang trong khu vuc nghién ciru.

2. Khu vuc nghién ctru

105°50'E 106°0'E

Khu Vuc thién clu

\»-#

VIET Nxxoang sa

e

Pha Quéc
Thé Chu  Cén Daor.

* Diém sut lun

0o 5 10
I e KCilOE

-

T
21°2

Do cao dia hinh
—_ ao :
e Thép : -51

21°10N

21°0N

¥
~

Hinh 1. Vi tri khu viec nghién ctru va hién trang sut lan.

Khu vire nghién ctru la thanh phé Ha Noi, tha
dd cha Viét Nam, nam & trung tam déng bang chau
thd sdng Hong, trong khodng twr 20°53' dén 21°23'

vi do B&c va tlr 105°44' dén 106°02' kinh do béng.
Ha Noi co dién tich tw nhién khoang 3.359 km? va
tiép giap v&i nhiéu tinh thudc vung trung du va
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ddng bang Bac Bo (Hinh 1). Vé&i vi tri dia ly nay, Ha
Noi gilr vai trd la trung tdm chinh tri, kinh té, van
hoa va giao théng quan trong cla ca nwéc. Dong
thoi, qua trinh dé thi héa nhanh, mé rong xay dwng
va gia tdng nhu cau khai thac tai nguyén trong
nhirng nd3m gan day ciing lam cho khu vyc nay tré
thanh dbi twong phu hop dé& nghién clru cac hién
twong bién dang bé mét dat. V& dia hinh, Ha Noi
c6 s phan hoa gitra khu ve déi ndi thap & phia
béc va tay béc, tiéu biéu 1a Ba Vi va Séc Son, voi
vung dong bang thap, twong dbi bang phang,
chiém phan I&n dién tich & trung tm, phia déng va
phia nam thanh phé.

Vé dia chat, Had No6i nam trong bén triing
Kainozoi séng Héng, v&i cac trdm tich Bé Tw cd
nguén gdc soéng, bién va dam lay, v&i thanh phan
chl yéu 13 sét, bot, cat va cudi soi [11]. Cac trAm
tich Holocene va Pleistocene phan bd rong rai
trong khu viec ddng bang, trong khi & cac khu vuwc
ria nhw Ba Vi va Séc Son xuét 16 cac thanh tao dia
chat c¢b hon. Vé thiy van, Ha Néi c6 mang ludi
séng ngdi phat trién, trong do séng Héng 1a truc
chinh, cung v¢&i cac séng bay, Nhué va E)uéng,
doéng vai trd quan trong trong qua trinh van chuyén
va bbi tu trAm tich. Sw két hop gitra dac diém dia
hinh, dia chat va thdy van da tao nén diéu kién tw
nhién dac trwng cla khu vire, ddng thoi 1a co sé
quan trong dé xem xét va phan tich hién twong sut
lun trong nghién cltru nay.

3. Thu thap va phan tich div liéu
3.1. Hién trang sut lin khu vwc nghién ciru

B6 di¥ liéu kiém ké sut lun dat trong nghién
ctru nay dwgc thanh Iap tir div liéu anh radar vé
tinh thdng qua quy trinh x& ly giao thoa radar da
thdi gian nham nhan dién céc vi tri cé dau hiéu lun
sut trong khu vwc nghién ctru. T két qua xcr ly,
cac diém lun sut dwoc trich xuét, tbng hop va
chuén hoéa dé xay dwng bd di liéu hién trang sut
lun dét, v&i tbng cong 4.698 diém dwoc xac dinh
[12]. B& di liéu nay khéng chi phan anh dac diém
phéan bb khoéng gian cla hién twong Iun sut ma con
doéng vai tro 1a co s& dau vao quan trong cho qua
trinh xdy dwng mé hinh phén vung nguy co. Théng

Nguyen & nnk

qua bo di¥ liéu hién trang, nghién ctru cé diéu kién
phan tich méi lién hé gitra sy xuét hién cha lun sut
v&i cac yéu t6 diéu kién, tir d6 phuc vu cho quéa
trinh hun luyén, kiém chirng va danh gia hiéu qua
dw bao ctia mo hinh.
3.2. Cac yéu té anh hwéng dén sut lun

Trong nghién ctru nay, 14 yéu tb anh hwéng
da duwoc thu thap va phan tich, bao gém huwéng b
déc, hinh dang bé mat, géc bd déc, dd cao dia
hinh, dia chat, khodng cach dén dut gay, nuwéc
ngam, 1&p phl/str dung dat (LULC), NDVI, lwong
muwa, khodng cach dén séng subi, khodng cach
dén duwong giao théng, SPI va TWI (Bang 1).
Hwéng bo déc anh huwdng dén sut lun théng qua
suw khac biét vé diéu kién blrc xa, dd 4m va phong
héa bé mat; phan tich FR cho thay I6p huwéng Bac
c6 gia tri cao nhat (FR = 1.137). Hinh dang bé mét
anh hwdng dén sut lun thong qua kha ndng hdi tu
hodc phan tan dong chay bé mat; phan tich FR cho
thay I&p 16i (>0.05) c6 gia tri cao nhat (FR = 1.035).
Goéc ber déc anh hudng dén sut lan théng qua trang
thai 6n dinh hinh hoc cta swén dbc; phan tich FR
cho thy I6p 28.835-74.272 c6 gia tri cao nhat (FR
=10.871). D6 cao dia hinh anh hwéng dén sut lin
thdng qua sw khac biét vé dia mao, diéu kién thoat
nwdc va phan bd vat lieu dia chat; phan tich FR
cho thay I&6p 679-786 m c6 gia tri cao nhéat (FR =
1.337). Dia chat &nh hwéng dén sut lun théng qua
d&c tinh co ly va kha nang bién dang cla nén dat
da; phan tich FR cho thay I&p tram tich séng, subi,
|G tich va hén hop c6 gia tri cao nhéat (FR = 16.405).
Khodng cach dén dut gay anh hwédng dén sut lun
théng qua mirc dé nirt né, tinh thAdm va sy suy yéu
cAu truc dat da; phan tich FR cho thay I6p 0-100
m ¢4 gia tri cao nhét (FR = 9.225). Nwdc ngadm anh
hwéng dén sut lun théng qua s thay dbi ap lwc 16
réng va qua trinh nén lun cta dat; phan tich FR cho
thly 16p -4.614 dén -0.735 co gia tri cao nhét (FR
= 4.669). Lop phti va st dung dat (LULC) anh
hwéng dén sut lun théng qua mirc do tac ddng cla
hoat dong bé& mét va diéu kién st dung khong gian;
phan tich FR cho thay dat xay dwng c6 gia tri cao
nhat (FR = 1.615). NDVI &nh hwéng dén sut Iin
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thdng qua murc dd che pha thwc vat va diéu kién
4m bé mat; phan tich FR cho thay I&p 0.154-0.204
c6 gia tri cao nhét (FR = 2.401). Lwgng mwa &nh
hwéng dén sut IGn théng qua s thay dbi do am dat
va trang thai bdo hoa clia vat liéu nén; phan tich
FR cho thay I&p 1726.590—1798.180 mm c6 gia tri
cao nhét (FR = 1.494). Khoang cach dén sodng subi
anh hwéng dén sut lin théng qua diéu kién thay
van, x6i mon va tich tu Am; phan tich FR cho thay
I&p 500-1000 m c6 gia tri cao nhéat (FR = 2.474).

Nguyen & nnk

Khoadng cach dén dwong giao théng anh hwéng
dén sut lun théng qua tai trong céng trinh va méc
do tap trung hoat déng nhan sinh; phan tich FR cho
thdy I&p 500-1000 m coé gia tri cao nhat (FR =
1.288). SPI anh hwéng dén sut Ian théng qua kha
nang tap trung dong chay bé mat; phan tich FR cho
thdy I6p 0-1687.627 c6 gia tri cao nhat (FR =
1.000). TWI &nh hwéng dén sut lun théng qua kha
nang tich tu Am cla dja hinh; phan tich FR cho thay
|&6p 7.785-9.655 c6 gia tri cao nhét (FR = 1.076).

Bang 1. Ty s6 tan suét cla cac yéu t6 anh huéng

< S6 diém S6 diém  Phan tram 3 .
A A So . . . . o tram tan
Cac yeu to i Cac lop anh cuia anh sut diém anh Tz . <
I&p L 3 L diem anh suat
cac lép lan cac léop B
sut lun (FR)
1 Mat bang 1092886 904 19.859 19.242 0.969
2 Bac 167904 163 3.051 3.470 1.137
3 Poéng Béc 621478 461 11.293 9.813 0.869
B . 4 bong 530196 425 9.634 9.046 0.939
Hwéng b& .
déc 5 bong Nam 616344 593 11.200 12.622 1.127
6 Nam 565453 509 10.275 10.834 1.054
7 Tay Nam 636568 564 11.567 12.005 1.038
8 Tay 529458 459 9.621 9.770 1.016
9 Tay Bac 742958 620 13.500 13.197 0.978
1 Lom (<-0.05) 1776734 1540 32.265 32.780 1.016
Hinh dang Mat bang (-0.05 -
r . 2 1935265 1574 35.144 33.504 0.953
bé mat 0.05)
3 L&i (>0.05) 1794703 1584 32.591 33.716 1.035
1 0-2.912 3314075 2958 60.220 62.963 1.046
2 2.912 -7.572 2038340 1618 37.039 34.440 0.930
Goc bor déc 3 7.572 - 16.310 142912 106 2.597 2.256 0.869
4 16.310 - 28.835 7487 12 0.136 0.255 1.877
5 28.835-74.272 431 4 0.008 0.085 10.871
1 291 - 570 1106759 617 20.098 13.133 0.653
. . 2 570 - 679 1936356 1825 35.164 38.846 1.105
Do cao dia
) hinh : 3 679 - 786 1627662 1856 29.558 39.506 1.337
4 786 - 894 772781 377 14.033 8.025 0.572
5 894 - 1008 63144 23 1.147 0.490 0.427
1 Hé tang Vinh Phuc 500 0 0.009 0.000 0.000
T A t, h A , .{.1
2 rem tich 8ng, sUot 37143 520 0675  11.069 16.405
[G tich va hon hop
Bia chét 3 Hé tang Na Khuéat 4218236 2121 76.623 45.147 0.589
) 4 Hé tang Vién Nam 49832 552 0.905 11.750 12.980
5 Hé tang Yén Duyét 1191620 1500 21.645 31.928 1.475
Hé tang Thach
6 7875 5 0.143 0.106 0.744

Khoan
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Bang 1. (tiép)

Nguyen & nnk

) Sédiém Sédiém Phantram | nan Tyso
. i So L . . . z . tram tan
Cac yeu to . Cac lép anh cua anh sut diém anh z . <
op cac lép lGn cac lop diém anh suat
sut lun (FR)
1 0-100 39006 307 0.708 6.535 9.225
Khoang 2 100 - 200 72644 411 1.319 8.748 6.632
cach dén 3 200 - 300 74907 519 1.360 11.047 8.121
dot gay 4 300 - 400 191042 1339 3.469 28.501 8.215
5 400 - 500 5129143 2122 93.143 45.168 0.485
1 -22.363 - -14.488 136384 4 2.477 0.085 0.034
2 -14.488 - -9.433 333760 817 6.063 17.390 2.868
3 -9.433 - -4.614 406080 753 7.376 16.028 2.173
Nwée 4 -4.614 - -0.735 700736 2792 12.729 59.430 4.669
ngﬁm 5 -0.735-1.380 966784 168 17.561 3.576 0.204
6 1.380 - 2.673 704768 41 12.802 0.873 0.068
7 2.673 - 4.553 1385472 77 25.167 1.639 0.065
8 4.553 - 6.317 773888 45 14.057 0.958 0.068
9 6.317 - 7.727 97344 1 1.768 0.021 0.012
1 DAt ndng nghiép 1544410 86 28.047 1.831 0.065
LULC 2 D4t xay dun‘g 3307575 4557 60.066 96.999 1.615
3 Séng, ao, ho 592927 50 10.768 1.064 0.099
4 Tham phu thuc vat 61627 5 1.119 0.106 0.095
1 0.004 - 0.154 425639 84 7.731 1.788 0.231
2 0.154 - 0.204 2012597 4124 36.556 87.782 2.401
NDVI 3 0.204 - 0.246 1632916 359 29.660 7.642 0.258
4 0.246 - 0.283 1115522 107 20.262 2.278 0.112
5 0.283 - 0.322 318855 24 5.792 0.511 0.088
Lwong 1 1726.590 - 1798.180 3612800 4611 65.683 98.148 1.494
ml.ya 2 1798.180 - 1873.639 1461376 74 26.569 1.575 0.059
3 1873.639 - 1974.252 426176 13 7.748 0.277 0.036
1 0-300 721014 450 13.093 9.579 0.732
Khoang 2 300 - 500 282899 420 5.137 8.940 1.740
cach dén 3 500 - 1000 666613 1407 12.105 29.949 2.474
sbng suoi 4 1000 - 3000 1877054 1609 34.086 34.249 1.005
5 >3000 1959162 812 35.578 17.284 0.486
Khoang 1 0-100 614632 621 11.161 13.218 1.184
cach dén 2 100 - 300 1055459 845 19.167 17.986 0.938
dwong 3 300 - 500 848696 835 15.412 17.774 1.153
giao théng 4 500 - 1000 1411826 1551 25.638 33.014 1.288
5 >1000 1576129 846 28.622 18.008 0.629
1 0-1687.627 5502809 4698 99.992 100.000 1.000
2 687.627 - 7875.596 386 0 0.007 0.000 0.000
SPI 3 7875.596 - 19688.991 40 0 0.001 0.000 0.000
4 19688.991 - 48378.663 4 0 0.000 0.000 0.000
5 48378.663 - 144010.906 6 0 0.000 0.000 0.000
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Bang 1. (tiép)

. . . Ph3 Ty s6
. Sé diém  S6 didm  Phan trim 1an y so
s So L . . . x . tram tan
Cac yeu to . Cac lép anh cua anh sut diém anh z . <
lop cac 16 lan caclop dlemanh  suat
P P sutlan  (FR)
1 1.385 - 5.987 1720113 1455 31.256 30.971 0.991
2 5.987 - 7.785 2150897 1926 39.084 40.996 1.049
TWI 3 7.785 - 9.655 984937 905 17.897 19.264 1.076
4 9.655 - 11.524 396055 351 7.197 7.471 1.038
5 11.524 - 19.722 251243 61 4.565 1.298 0.284

4. Phwong phap nghién citru
4.1. Mang no-ron nhiéu I&p (MLP)

Mang no-ron nhiéu I&p dwoc (rng dung réng
rai trong cac bai toan phan loai nhj phan, bao gébm
ba thanh phan chinh: I&p dau vao, 16p &n va I6p
dau ra, trong dé cac no-ron gitra cac 16p lién tiép
duoc két ndi day du thong qua cac trong sb co thé
hoc dwoc [13]. Trong nghién cru nay, 1&p dau vao
nhan véc-to dac trung t = (ty, t,, ..., tis) € R™ gdm
14 yéu t6 anh hwéng dén hién twong sut lin dét,
voi kién trac mot 16p an dwoc xac dinh qua qua
trinh tim kiém siéu tham sé. Tin hiéu dau vao dwoc
bién dbi qua I&p an véi ham kich hoat tanh (1)

h=tanh (W(1)t+b(1)) (1)

trong d6 W(1) € R1000x14 va b(1) € R1000

lan lwot 1& ma tran trong sb va véc-to do léch cla

I&p &n. Ham tanh dwoc wu tién do cé mién gia tri

ddi xrng trong khoang (-1, 1), gitp phan phéi

gradient ddng déu hon, tang tbc dd hoi tu va han

ché hién twong triét tiéu gradient (vanishing

gradient). Pau ra cua Iop &n sau d6 dwoc anh xa

sang xac suét phan loai qua ham sigmoid theo
cbng thure (2)

d=0 (W(Z)h+b(2)) = !

R B

trong d6 ¢ € (0, 1) la xac suat dw bao khu
vire ¢d nguy co sut Ian. Nhan phan loai cudi cuing
duwoc xac dinh theo nguwéng quyét dinh trong (3)

b= {1 n{au @ >0,5 (sutlun) 3)

0 néud<0,5 (khdng sutlan)

Qua trinh huén luyén duoc thye hién qua hai
giai doan: lan truyén xudi (forward propagation) dé
tao gia tri dw bao, va lan truyén nguoc

(backpropagation) d& cap nhat trong sé theo
hwéng cwe tiéu héa ham méat mat Binary Cross-
Entropy (BCE) theo céng thirc (4)

LOW)=-5 2N [¢og($)+(1-0,)log(1-3,)] (4)

Dé han ché overfitting, chinh quy héa L2 véi
hé sb a = 0.0001 dwoc tich hop vao ham mét mat
theo cong thue (5):

Lreg (W)=L(W)+all W12 (5)
4.2. Phwong phap ty sé tan suat (FR)

Ty & tAn suét 1a phwong phap dinh luvong
dwoc ing dung rong rai trong phan tich méi twong
quan khdéng gian gitra hién twong nghién cltru va
cac yéu t6 diéu kién lién quan [14]. Phwong phap
nay dwa trén nguyén ly so sanh xac suat xay ra va
khéng xay ra cta hién twong trong tirng I&p phan
loai ctia méi yéu t6, tr dé dinh lwong mrc dd anh
hwéng cla tirng 1&p dén khad nang xuét hién hién
twong nghién ciru.

Trong nghién ctru nay, FR dwoc ap dung dé
danh gia méi quan hé gitra phan bé khéng gian cuia
hién twong sut IGn dat va cac yéu td moéi trudong
lién quan. Gia tri FR cua tirng I&p dwoc xac dinh
theo cong thire (6):

_ Ngi/Nt
R= AalAr (6)

Trong d6 Ng; 1a sé diém anh sut lun trong 16p
phan loai thir I; N 1a téng sb diém anh sut lun toan
khu vuc; A, 1a sb diém anh cua I&p phan loai thir
l; va A; 1a téng s6 diém anh toan khu vwc nghién
clru.

4.3. Phwong phap xac nhan

DPé danh gia hiéu suat cta mé hinh, nghién

ctru str dung dién tich dwi dwdng cong (AUC) la
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chi s& nham dinh lwgng kha ndng phan biét ctia mo
hinh gitra hai I&p sut IUn va khéng sut lun [9]. Chi
s6 nay phan anh mrc d& ma md hinh c6 thé nhan
dang dung cac mau thuéc hai Iop trén toan bd
nguéng phan loai nhi phan. Gia tri AUC bién thién
trong khoang tir 0 dén 1, trong d6 gia tri cang cao
cho thay mé hinh cé hiéu suét phan loai cang tot
va kha nang nhan dang gitra hai I&p cang ro rang;
ngwoc lai, gia tri cang thap cho thay nang lwc phan
biét cia md hinh cang han ché [15].

Gia tri AUC duoc xac dinh theo céng thirc
(7):

AUC= f01 TPR(FPR) d(FPR) (7)

trong d6 TPR ty 1é dwong tinh thyc; FPR ty
|é dwong tinh gia.

Bén canh AUC, hiéu suat mé hinh dwoc danh
gia théng qua céac chi s6 théng k& gébm dd nhay
(SST) (8), d6 dac hiéu (SPF) (9), gia tri dy doan
dwong (PPV) (10), gia tri dw doan am (NPV) (11),
dd chinh xac (ACC) (12), hé sé Kappa (K) (13), sai
s6 binh phwong trung binh géc (RMSE) (14) va sai
s6 tuyét dbi trung binh (MAE) (15) [9]. Hé sb Kappa
danh gia mirc d6 doéng thuan gitra két qué phan
loai va nhan thuc té, trong khi RMSE va MAE do
lwdng mirc db sai léch trung binh gitra gia tri dw
bao va thuc té, véi gia tri cang nhé thi mé hinh
cang chinh xac.

SST= (8)

SPF= e ©)
PPV= TI;I-+PFP (10)
NPV= e ()
ACC= 0 (12)
K=F;f;:;e (13)
MAE=_ 3N, |6, (14)

RMSE= {3 (04’ (15)

trong d6 N la tong s6 mau, ¢, 1a nhan thuc té
va ¢, la gia tri dw doan cta mau th i; TP, TN, FP,
FN 1an lwot la sb diém anh dwong tinh that, am tinh
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that, dwong tinh gia va am tinh gia; P,va P, lan
lwot 13 ty 1& déng thuan thuwe té va ky vong ngau
nhién.

5. Két qua va thao luan

5.1. Hiéu suat mé hinh

D liéu trong nghién clru dwoc phan chia
theo ty 1& 70/30, trong d6 70% tdng s6 mau dwoc
st dung dé xay dwng va huan luyén mé hinh, con
30% s6 mau con lai dwoc st dung cho qua trinh
kiém chirng mé hinh nhdm danh gia kha nang dw
bao ctia md hinh trén tap di¥ liéu chwa tham gia
huén luyén [16]. Trén dir liéu huén luyén, qua trinh
tdi wu hoa siéu tham sb dwoc thwc hién bang
phwong phap tim kiém luéi két hop xac nhan chéo
10 1an (GridSearchCV, k = 10) [17]. Cach tiép can
nay cho phép khao sat cé hé théng nhiéu té hop
siéu tham sé khac nhau, tir d6 Iwa chon c4u hinh
phu hop nhét cho mé hinh MLP.

Két qua t6i wu cho thdy mé hinh dat hiéu qua
tdt nhat v&i ham kich hoat tanh, hé s chinh quy
héa alpha = 0.0001, kién tric mét I&p &n gdm 1000
no-ron, co ché cap nhat tbc dd hoc constant va
thuat toan t6i wu Adam. Két qua danh gia hiéu suét
mé hinh MLP qua 10 lan xac thuc chéo dwoc trinh
bay trong Hinh 2. Gia tri AUC dao ddng trong
khoang tir 0.931 dén 0.957 v&i gia tri trung binh dat
0.945 + 0.009, cho thAy md hinh dat hiéu suét én
dinh va nhéat quan qua tat ca cac lan xac thwe. Toan
bd 10 gia tri AUC déu vuot ngwdng 0,90 phén anh
kha nang phan biét gitra khu vire sut lun va khéng
sut Itn & mirc d6 rat cao. Do 1éch chuén thap (Std
= 0.009) cho thAy mé hinh khéng bi phu thudc vao
cach phan chia di¥ liéu, tir d6 khang dinh tinh 6n
dinh va kha nang téng quat héa tét cia mé hinh
trén tap dir liéu nghién cuu.

Két qua dworng cong ROC clia md hinh MLP
trén div liéu huén luyén va dir liéu kiém chirng
dwoc trinh bay trong Hinh 3. Trén div liéu huén
luyén, md hinh dat AUC = 0.957, trong khi trén dir
liéu kiém chirng dat AUC = 0.944, cho thay kha
nang phan biét gitra khu vyc sut lun va khéng sut
lun tbt trén ca hai tap di liéu. Sy chénh léch nhd
gitta AUC d@ lieu huan luyén va dir liéu kiém
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chirng (A = 0.013) cho thdy mé hinh khéng xay ra
hién twong overfitting, déng thoi khdng dinh kha

Nguyen & nnk

nang tdng quat héa tét khi ap dung trén di liéu
chwa dwoc huén luyén.

1.2 EEE Gia tri trung binh = Std = 0.945 + 0.009

1D+ 0.957 0936 0.957 (933 (.931 0.945 0.948 0.951 0.943 0.945

0.8
O
2
< 0.6 -

0.4 4

0.2 4

0.0

1 2 3 4 5 6 7 8 9 10
Xac thuc chéo (CV)
Hinh 2. Xac thyc chéo (CV=10)
1.0 - 2 1.0 + 7
/ 7/
7 /
// //
0.8 1 p 0.8 - 7
7/ /
/ 7/
7 /
> 0.6 - 1 > 0.6 1 1
£ 7 £ 7
<O- 7 <Q- /7
@ 0.4 - 7 @ 0.4 7
/ /
7/ /
/
/ /,
004V —— AUC = 0.957 004k —— AUC = 0.944
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1 - D6 dac hiéu

1 - Do dac hiéu

Hinh 3. Gia tri AUC cia mé hinh MLP: (a) d liéu huén luyén, (b) di liéu kiém chieng.

Vé kha nang phan loai, mé hinh dat dé chinh
xac téng thd (ACC) 1n Iwot 13 0.900 trén tap da
liéu huan luyén va 0.890 trén tap dir liéu kiém
chirng, phan anh hiéu suét dw bao cao va tuwong
déi 6n dinh gitra hai tap di¥ liéu (Bang 2). Déi véi
do dac hiéu, chi s SPF dat 0.881 va 0.866, cho
thdy phan 1&n céac vi tri khong sut IGn dwoc nhan
dién dung; trong khi d6, dé nhay (SST) dat 0.917

va 0.910, chirng td mo6 hinh c6 kha nang phat hién
tot cac vi tri sut lun. Gia tri dw doan dwong (PPV =
0.900 va 0.888) cung vai gia tri dw doan am (NPV
=0.900 va 0.892) déu & murc cao, phan anh dd tin
cay tot ctia két qua dy bao ddi véi ca hai nhom vi
tri sut lun va khoéng sut lun. Xét theo cac chi s6 dwa
trén sai s, hé sb Kappa dat 0.799 va 0.778 trén
hai tap di liéu, cho thdy m&rc d6 ddng thuan tét
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gitra két qua phan loai cia mé hinh va di liéu thuc
té.

DPoéng thoi, gia tri MAE = 0.100 va 0.110, cung
véi RMSE = 0.316 va 0.332, cho thdy mirc dd sai
léch dw bao twong dbi thap. Dac biét, dién tich
duéi dwdng cong ROC (AUC) dat 0.957 trén dir
liéu huan luyén va 0.944 trén dir liéu kiém chirng,

Nguyen & nnk

khang dinh kha nang phan biét rat tbt cia mé hinh
gitra cac vi tri syt lun va khéng sut lun. Sy chénh
léch nhé gitra cac chi sé trén di¥ liéu huan luyén va
di liéu kiém chirng cho thdy mé hinh khéng cé d4u
hiéu overfitting rd rét, ddng thoi khdng dinh kha
nang tébng quat hoa tét trén dir liéu chwa dwoc
huén luyén.

Bang 2. Hiéu suat ctia md hinh

STT Tham so6 Dir liéu huan luyén Div liéu kiém chirng
1 TP 3019 1281
2 TN 2461 1041
3 FP 334 161
4 FN 272 126
5 PPV 0.9 0.888
6 NPV 0.9 0.892
7 SST 0.917 0.91
8 SPF 0.881 0.866
9 ACC 0.9 0.89

10 Kappa 0.799 0.778
11 MAE 0.1 0.11

12 RMSE 0.316 0.332
13 AUC 0.957 0.944

Ngoai ra, phan tich dwong cong tich ldy
(learning curve) ctia mé hinh MLP nhdm danh gia
mbi quan hé gitra quy mé di¥ lieu huén luyén va
hiéu sudt mé hinh (Hinh 4).

Két qua cho thay khi sb lwong mau huén
luyén tang dan tlr 500 dén 5500, AUC trén di liéu
huén luyén cé xu huwéng gidm nhe tir 0.986 xudng

va 6n dinh quanh mwc 0.960, trong khi AUC trén
tép xac thyc chéo tang dan ttr 0.905 Ién 0.945 va
tiép tuc cé xu huéng hdi tu. Khoang cach gitra hai
dwong cong thu hep dan theo sé lwgng mau ting
lén, phan anh mé hinh dang dan khéc phuc hién
twong overfitting va cai thién kha nang tdng quat
hoa.

1.00 A

0.98 -

0.96 - —C ——-0—0——9
Q
20.94 A
<L

0.92 4

0.90 - —e— Qua trinh dao tao

Xac thuc chéo
0.88 - T T T T T
1000 2000 3000 4000 5000

S8 lugng mau huan luyén

Hinh 4. Budng cong tich Iy

Phan b sai sé tuyét ddi cia mé hinh trén div
liéu huén luyén va di liéu kiém chirng dwoc trinh
bay trong Hinh 5. O’ ca hai tap di¥ liéu, phan b sai

sb déu tap trung & vung sai sb thap (0.0-0.2), cho
thdy mé hinh dw bao ding hodc gan ding trén da
sb trwdng hop. Bang chu y, phan b gitra di liéu
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huén luyén (a) va di liéu kiém chirng (b) cé sw
twong déng cao, v&i ving sai s6 Ién cé6 mic tan
suét thap, cho thay cac trvdng hop dy bao sailéch
I&n chi chiém ty 1& nhd va md hinh duy tri hiéu suét
6n dinh trén ca hai tap d liéu.

Mirc d6 anh hwdng clia cac yéu té dau vao
duwoc xac dinh théng qua phwong phap importance
(Hinh 6). Phwong phap nay do lwong mic d6 suy
giam hiéu suat mé hinh, trong d6 yéu té nao lam
AUC gidm nhiéu hon thi dwoc xem la c6 tAm quan
trong cao hon déi véi két qua dw bao [18]. Nhin
chung, cac yéu té cé mirc d6 &nh hudng phan héa
rd rét, trong dé6 nwédc ngdm (0.114) va dia chéat
(0.077) 1a hai yéu tb cé tac ddng I&n nhét, cho thay
diéu kién thay dia chat dong vai trd chi phéi trong

(a)
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qua trinh hinh thanh sut lGn dat tai khu vwc nghién
ctvu. Tiép theo, NDVI (0.042) va khoang cach dén
dirt gay (0.034) thudéc nhém céd anh hwéng trung
binh, phan anh tac déng cta I&p pha thyc vat va
cAu trac dia chat kién tao dén sy 6n dinh clia nén
dat. Cac yéu td lwong mwa (0.020), khoang cach
dén soéng sudi (0.017), st dung dat (LULC =
0.014), d6 cao dia hinh (0.013) va khodng cach dén
dweérng giao théng (0.012) cé mirc anh hwéng thap
hon nhwng van déng gop nhét dinh vao kha nang
dw bao clia md hinh. Bang chi y, cac yéu td huéng
bé déc, TWI, hinh dang bé mat, SPI va géc be déc
c6 mirc dd anh hwdng gan bang 0, cho thay déng
gop cla cac yéu td nay vao két qua phan loai 1a
khéng dang ké trong bdi canh nghién ctru.

(b)

|
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5.2. Xay dwng ban d6 phan ving nguy co’ sut
Iin khu vwe nghién cru
5.2.1. Xay dwng ban dé phan ving nguy co sut
lun

Pé thanh 1ap ban dé phan viing nguy co sut
lan, gia tri xac suét dw bao tir md hinh tai tirng vi
tri khéng gian dwoc xuat ra dwdi dang bang di
liéu, trong d6 mdi ban ghi lwu trir toa d6 dia ly va
gia tri xac suét sut lun twong rng [19]. D liéu sau
doé dwoc tich hop vao phan mém ArcGIS 10.8 dui
dang |&p diém, phan anh phan b khéng gian cta
két qua dy bao trén toan khu vwc nghién ciru.
Thong qua cbng cu "Point to Raster", cac gia tri xac
suét roi rac tai trng diém dwoc chuyén déi thanh
lwdi raster, tao ra bé& méat khong gian thé hién sw
bién thién ctia nguy co sut lun theo khéng gian dia
ly, ddng thdi tao nén tang cho qua trinh phan cép
va trwc quan hoéa két qua [20].

105°35'E 105°40'E

105°45'E
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Qué trinh phan cép nguy co dwoc thwc hién
theo phuwong phap Natural Breaks (Jenks) moét
phwong phap phan loai théng ké xac dinh ranh giéi
gitra cac cap dwa trén sy phan hda tw nhién trong
phan bé di¥ liéu [21]. Nguyén ly ctia phwong phap
nay la tbi da hda sw khac biét gitra cac cép trong
khi giam thiéu sw bién dong ndi bo trong tirng cap,
tr d6 dam bao cac ranh gi¢i phan loai phan anh
trung thwc clu tric thdng ké cta di liéu thay vi
dwoc ap dat theo khoang déu hoac phan vi.

Két qua phan loai cho ra ndm cap d6 nguy
co gom rat thdp (0.000-0.089), thap (0.089-
0.261), trung binh (0.261-0.484), cao (0.484—
0.726) va rat cao (0.726-0.999), tao co s& khoa
hoc cho viéc phan tich va danh gia phan bé khéng
gian cla nguy co sut lun tai khu vyec nghién ctru
mot cach trwc quan va cé can cr thdng ké (Hinh
7).

105°50'E 105°55'E

{4 N

A

e Diém sut lun

# 0.000 - 0.089
&’ 0.089 - 0.261
a7 0.261-0.484
& 0.484-0.726
W 0.726 - 0.999

Kilomet

21°I0'N 21°5'N 21°10'N

20°55'N

Esri, Garmin, GEBCO, NOAA NGDC, and other contributors

Hinh 7. Ban dd phan viing nguy co sut lun khu vwc nghién ctru st¢ dung mé hinh MLP
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5.2.2. Panh gia do tin cay ban dé phan vung
nguy co sut lan

Pé& danh gia mirc dd phu hop gitra két qua
phan viing va phan bé thuc té cha hién twong sut
lan, két qua théng ké theo tirng cap nguy co dwoc
trinh bay trong Bang 3. Két qua cho thay sw phan
hoa rd rét gitra cac cap, trong d6 cap rat cao
(0.726-0.999) chiém 78.46% sb diém sut lun, voi
FR = 10.527 cao hon nhiéu 1an so v&i cac cap con
lai. D6i v&i phan clp cao (0.484-0.726) chiém
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12.65% v&i FR = 1.953, tiép tuc thé hién méi twong
quan gitra cdp phan vung va phan bé sut lun. Cép
trung binh (0.261-0.484) chiém 4.76% véi FR =
0.597, phan anh mtrc twong quan & ngwdng trung
gian va dong vai trd la ving chuyén tiép trong
khéng gian phan viing nguy co. Vé&i hai cip réat
thdp va thap mac du chiém lan lwot 62.51% va
15.58% dién tich nghién ctru nhwng méi cap chiém
2.06%, v&i FR lan lwot la 0.033 va 0.132, cho thay
Xac suat xay ra sut lun tai hai ving nay la rét thap.

Bang 3. Phan trdm céac vu sut lin va ty sb tan suét cla cac |&p nhay cdm sut lin

Ty so tan

Phan tram diém anh cac

Phan tram diém anh sut

Phan I&p suat 1&p (%) lan (%)
Réat thap (0.000 -

0.089) 0.033 62.51 2.06
Thép (0.089 - 0.261)  0.132 15.58 2.06
Trung binh (0.261 -

0.484) 0.597 7.98 4.76
Cao (0.484 - 0.726) 1.953 6.48 12.65
R4t cao (0.726 -

0.999) 10.527 7.45 78.46

Nhirng két qua trén cho thay phu hop v&i cac
nghién ctru trwde tai Ha Noi, cho thay hién twong
sut 1an khéng phan bd déng déu ma thuwong tap
trung ré hon & khu viyc phia nam, phia tay va moét
sb vung ven d6 dang chiu tdc ddng manh clia qua
trinh dd thi hoa va khai thac nwéc ngdm. Cac
nghién ctru INSAR trwéc day tai Ha Noi nhw Bang
Vi Khéc [12]...cling da ghi nhan xu hwéng nay, khi
nhiéu khu vwc nhw Ha Bong, Hoai Birc va cac ving
phat trién d6 thi mé rong thwong xuéat hién lun ré
rét hon so véi cac khu vuwc 6n dinh khac. Do d9,
viéc phan I&n cac diém sut lun trong nghién ctu
nay tap trung trong cac cip nguy co cao va rat cao,
d&c biét cap rat cao c6 FR = 10.527, cho thdy mé
hinh MLP phan anh tét quy luat phan b khéng gian
cua hién twong sut lun tai Ha Noi.

6. Két luan

Nghién ctru da xay dwng ban dd phan ving
nguy co sut lun dét tai khu vuc nghién ctru thdong
qua mé hinh mang no-ron nhiéu I6p (MLP) dua
trén 14 yéu té diéu kién dau vao va 4.698 diém hién

trang sut lun da dwoc thu thap. Két qua cho thay
mo hinh ¢ kha nang du béo tét, véi gia tri AUC dat
0.957 trén dir liéu huén luyén va 0.944 trén dir liéu
kiém chirng. Trong két qua phan vung, vang nguy
co rat cao chiém 78.46% sb diém sut lun, cho thay
ban d6 phan vung c6 mirc d6 phu hop twong déi
tét vai hién trang sut lun trong khu virc nghién clru.
DPdng thoi, két qua nghién ctru cling cho thay nuéc
ngam va dia chét la hai yéu t6 anh hwéng Ién dén
nguy co sut lin, qua d6 gép phan lam sang té co
ché tac déng cla cac diéu kién tw nhién ddi véi sy
hinh thanh va phan bé hién twong sut lun dat trong
khu vire nghién ctru.

Tuy nhién, nghién ctvu van con mét sb han
ché nhét dinh, do bd di¥ liéu diém sut lun st dung
trong nghién cru chwa phan anh day da toan bo
cac su kién sut lun da xay ra tai khu vwc nghién
ctru, déng thdi nghién clru méi chi tap trung danh
gia hiéu qua ctia md hinh MLP ma chwa tién hanh
so sanh v&i cac mo hinh hoc may khac. Vi vay,
trong cac nghién ctu tiép theo can tiép tuc hoan
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thién co s& di liéu hién trang sut 1an, bd sung cac

yéu t6 dau vao va mé rong déi sanh md hinh nham

nang cao dd chinh xac, tinh 6n dinh va gia tri (ng

dung cla két qua phan vung.

L&i cam on

Téac gia xin gvi 161 cdm on dén Trwong Dai

hoc Céng nghé Giao théng van tai da hé tro tai

chinh cho nghién ctru nay trong khuén khd dé tai

"Danh gia nguy co sut lin bé mat d4t st dung cong

nghé tri tué nhan tao két hop véi cac ky thuat dia

khéng gian", ma sb BTTD 2023-19.
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