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Land subsidence in the Ca Mau region has become increasingly complex,
posing a significant threat to the sustainable development of this coastal
delta area. In this context, the temporal monitoring and forecasting of
land subsidence are essential for early warning systems and for
supporting disaster response and spatial planning. This study proposes
the application of an advanced machine learning model-Prophet-
integrated with Bayesian Optimization (BO) to improve the accuracy of
temporal subsidence prediction. The dataset comprises time series of
ground deformation at 1817 points, extracted using Persistent Scatterer
Interferometric Synthetic Aperture Radar (PS-InSAR) technology. These
data were collected continuously from January 2015 to January 2019,
with a total of 178 temporal acquisitions. Experimental results
demonstrate that the Prophet model combined with BO achieves high
predictive performance, with an average Root Mean Square Error (RMSE)
of 3,4 mm and a Mean Absolute Error (MAE) of 2,6 mm. Notably, at the
reference date of January 31, 2019, the predicted values exhibited a strong
correlation with PS-InSAR observations (R* = 0,96). Given this level of
accuracy, the proposed model shows great potential for long-term
subsidence trend monitoring and risk mapping, particularly in areas with
slow and stable subsidence such as the Ca Mau coastal plain.
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Toi wu héa md hinh Prophet bang Bayesian Optimization trong
dw bao ldn dat tai mot s6 phwong, xa trung tam cta Ca Mau
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Hién turong Iiin ddt tai Ca Mau ngay cang phttc tap, de doa sw phat trién
bén vikng cua vung dong bdng ven bién nay Trong béi canh d6, viéc gidm
sdt va dw bdo lin ddt theo thoi gian la cdn thiét dé cdnh bdo sém va ho tror
quy hoach u’ng pho thién tai. Nghlen ctbu nay dé xudt ng dung mé hinh
hoc mdy tién tién Prophet két hop véi phwong phdp t6i wu héa Bayesian
[Bayeszan Optimization-BO) nham ndng cao dé chinh xdc trong dw bdo ltin
ddt theo thoi gian. D liéu str dung trong nghlen cttu bao goém chubi thoi
gian lin ddt tai 1817 diém, dwoc trich xudt tir cong nghé radar giao thoa
tdn xa c6 dinh (Persistent Scatterer InNSAR-PS-InSAR). Cdc dir liéu nay dwoc
thu thdp lién tuc tir thdng 01/2015 dén thdng 01/2019 véi tong cong 178
mdc thoi gian. Két qud thir nghiém cho thdy m6 hinh Prophet két hop BO
dat hiéu sudt dw bdo cao, véi sai sé trung binh RMSE la 3,4 mm va MAE la
2,6 mm. Bdc biét, tai thoi diém 31 /01 /2019, két qud dw bdo c6 d tirong
quan rdt cao véi dir liéu thuc do tir PS-InSAR (R? = 0, 96) Vi do chinh xdc
nay, mé hinh cé thé duwrorc itng dung hiéu qud trong gidm sdt xu huwdng liin
dat dai han va xay a'u'ng bdn do nguy co tai cdc khu viee c6 toc dé liin chdm
va 6n dinh nhw dong bdng ven bién Ca Mau.
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1. M¢é dau

Lun dit la hién twong bién dang lin xudng
ctia mat dit do cac yéu to tw nhién hodc nhan tao
nhw khai thac nwéc ngam, tai trong céng trinh
hodc thay dai dia chat. Hién twong ldn dat co6 thé
gay ra nhitng hé qua nghiém trong lién quan dén
dia chat, thiy van, méi trwedng va phat trién kinh
té. Mac du kho c6 thé tranh dwoc trong nganh céng
nghiép khai thac nhung lin dat van cé thé dwoc
kiém soat théng qua quy dinh phap luit, giam sat
khai thac va quy hoach hop Iy khi c6 nhirng ban d6
canh bao kha nang lin (Shi va nnk, 2008).

Trén thé gi6i cling nhw tai Viét Nam, da c6
nhiéu nghién ctru tip trung vao dw bao ltn dat, voi
cac phwong phap tir mé hinh truyén thong dén cac
mo6 hinh hién dai dwa trén tri tué nhan tao va hoc
may. Mot s6 mo hinh dwa trén co hoc dat nhw mo
hinh Terzaghi hoac Biot dwoc st dung rong rai dé
tinh toan lin do c6 két clia ting dat yéu dwdi tac
dong clia tai trong va thay d6i 4p suat nwéc 16 rong
(Chunlin, 2014). Ngoai ra, cic md hinh hoi quy
tuyén tinh hoidc ARIMA ciing dwoc 4p dung nham
thiét 1ap moi quan hé gitra d6 lin va cac yéu t6 dau
vao nhw myc nwdc ngam, loai dat, tai trong cong
trinh (Pinh va nnk., 2018). Tuy nhién, nhitng mo
hinh nay thwong gia dinh quan hé tuyén tinh, it
linh hoat trong cac diéu kién phic tap.

bE gidi quyét nhirng han ché d6, nhirng nam
gan day, cadc phwong phdp hoc may (Machine
Learning) da dwoc nghién ctru va rng dung manh
mé. Nhiéu nghién ctu trén thé gi¢i da ap dung
thanh cong cac thuit toan hoc may dé du bao lun
dat. Abbasi Sekkeravani danh gia cadc mo hinh hoi
quy Logistic (Logistic Regression - LR), rirng ngau
nhién (Random Forest - RF), cdy hoi quy ting
cuong (Boosted Regression Trees - BRT), may
vector ho trg (Support Vector Machine - SVM) cho
ban d6 nguy co lin dat va cho thiy RF c6 hiéu suit
tét nhit (AUC = 0,953) (Sekkeravani va nnk.,
2022). Wang va nnk. (2023) cho thiy mang no-
ron truyén ngwoc (Backpropagation Neural
Network - BPNN) hoat dong t6t hon mé hinh rirng
ngau nhién (RF) tai Son Dong, Trung Qudc, trong
khi Liu va nnk. (2023) két hop dir liéu Sentinel-1
va Landsat d€ du b4o lin dit tai dong bang song
Tay Giang v&i mo hinh hoi quy rirmng ngiu nhién
(Random Forest Regressor - RFR) cho R? = 0,631.
Eghrari va nnk. (2023) da chirng minh XGBoost
(R? = 0,932) hiéu qua hon rirng ngau nhién (RF)

(R? = 0,8355) tai dong bang Kashan. Nghién ctru
cta Ku va Liu (2023) st dung mang no-ron nhan
tao (ANN) dé du bao lin dit tai Yunlin (Pai Loan)
v&i két qua phu hop thuwe dia. Gin day, Liu va nnk.
(2024) da so sdnh mo hinh héi quy st dung thuit
toan XGBoost (XGBR) va mé hinh Long Short-
Term Memory (LSTM), két qua cho thiy XGBR dat
RMSE = 0,37, t6t hon LSTM. Tai Viét Nam, nghién
ctru hoc may trong dw bao 1dn dit con han ché. Cac
nghién ciru chid yéu tip trung vao dw bao nguy co
sat 16, 1i lut va 16p pht bé mat (Dodn va Tran,
2023; Pham va Vii, 2019; Van Anh va nnk, 2023).

D&i véi khu viee ddng bang sdng Clru Long ndi
chung va Ca Mau ndi riéng viéc rng dung cac thuat
toan hoc may dé du bao lan dat ciing da dugc lam
trong nhitng ndm gan day, tuy nhién da s6 nhirng
nghién ctru nay chi tip trung vao dw bao nhay cam
ho#c nguy co lin d4t bang mot s§ thuit toan khac
nhau nhw Random Forest, Classification and
Regression Trees (CAST) (Anh va nnk, 2023)
hoac Gradient Boosting (GB) va Support Vector
Regression (SVR) dwa vao dit liéu dwoc xit ly twr
anh Sentinel-1 va cac yéu té dia méi trwong (Anh
va nnk, 2024). Mot nghién ctru khac str dung
chudi thoi gian GNSS dé du b4o ltin d4t nhung s
lwong diém dir liéu rat han ché (Do va nnk., 2024).

Trong nghién ciru nay, mé6 hinh Prophet két
hop v6i phwong phép t6i wu Bayesian dwoc st
dung dé phan tich va du bao lun dit theo chudi
thoi gian trén co sé dir liéu PS-InSAR da thoi gian.
Prophet 1a mdt m6 hinh dw b4o chudi thoi gian do
Facebook phat trién, dwoc thiét ké dé xi ly dix liéu
¢6 xu hudéng ro rét va chu ky. Mo hinh hoat dong
theo cAu tric cong tuyén, dé str dung va cho phép
du bao linh hoat trong twong lai ngay ca khi di
liéu c6 thiéu hut hodc khéng déu. Prophet dic biét
pht hop véi cac bai todn nhw dw bao 1dn dat, noi
xu hwéng dai han dong vai tro quan trong (Taylor
va Letham, 2018). M6 hinh Prophet da dwoc trng
dung thanh cong trong duw bao lin dat & mét s6
khu vic trén thé gigi cho két qua cé do chinh xac
dang tin cdy (Hung va nnk., 2024; Dongwei va
nnk., 2024).

2. Khu virc nghién ciru

Khu vuc nghién ciru bao gom toan bo dién
tich cia 14 phwong va xa thudc trung tam tinh Ca
Mau, bao gom cic phwong: Ly Van Lam, Hoa
Thanh, TAn Thanh, An Xuyén va cac xa: H6 Thi Ky,
Khanh An, Khanh Binh, Tran Van Thoi, Lwong Thé
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Tran, Heng My, TAn Hwng, Tran Phan, Pam Doi,
Ta An Khwong (Hinh 1). Bia hinh khu vie chid yéu
12 viing dong bang thip c6 d6 cao trung binh tir
0+1,5 m so v&i muc nwédc bién (Dao va Nguyen,
2018).

Hién twong lun dit tai khu vuc Dong bang
song Ctru Long ndi chung va tinh Ca Mau néi riéng
dang tré thanh van dé dang bao dong. Theo nhiéu
nghién ctru, nguyén nhin chinh giy ra lin dit tai
khu vire nay la do khai thac nwéc ngdm qua mic
(Erban vannk, 2014; Karlsrud vannk.,, 2017). Bén
canh do, cac yéu t6 nhw tai trong cong trinh va dac
diém nén dit yéu ciing gop phan dang ké vao qua
trinh sut lun (Tran va nnk,, 2024).

3. Dir liéu va phwong phap nghién ciru

3.1. Dir liéu str dung

Ditliéu str dungla 1817 diém ltn véi 178 moc
thoi gian, dwoc 14y trong tap diém giam sat lan tai
bong bang song Ctru Long ctia ESA thu thap tw
01/2015 dén 01/2019. Cac diém lin nay dwoc xac
dinh bang ki thuat Radar giao thoa tan xa ¢ dinh
(Persistent Scatterer Interferometry - PSI) tir tap
hop anh radar Sentinel-1 thudc chwong trinh
Copernicus. Cac diém sut lun dit nay da dwoc
chirtng minh c6 dd chinh xac théa dang, cé thé st
dung sau khi kiém dinh véi cac diém do thuc dia
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Hinh 1. Khu vurc nghién ciru.
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(EMSN062, 2019) va duwgc kiém chirng bdi cac
nghién cttru khac (Minderhoud, 2021; Tran va
nnk., 2024). Vi tri cic diém quan trac lun dwoc thé
hién tai Hinh 2.

3.2. Mé hinh Prophet va phwong phdp t6i wu
héa Bayesian
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Hinh 2. Cdc diém lin PS-InSAR st dung
trong nghién ctru.

Prophet 1a mot céng cu du bao chubi thoi gian
ma ngudén m& dwoc Facebook phat trién va cong
b6 vao nam 2017 (Taylor va Letham, 2018). M6
hinh nay dwa trén khung hoi quy cong tinh
(additive regression framework):

Yo=9w+Sw+hy+ & 1)

Trong d6 tin hiéu dau ra dwoc biéu dién nhw
tong cua ba thanh phan chinh:

- Thanh phan xu thé (g¢): Thanh phan nay mé
ta sw bién dong dai han khdng mang tinh chu ky,
dwoc md hinh héa bang hoi quy tuyén tinh tirng
phan hodc hoi quy logistic, dac biét phu hop véi
cac chudi c6 xu hwdng ting tredng hodc bao hoa
(Chang va nnk,, 2025). Déi v&i xu hwéng logistic,
ham dwoc dinh nghia nhw sau:

_ Cw
IO = W enpl—tera@TO) e—tmra@Ty )

Trong do: C 1a kha ndang bao hoa (saturation
capacity); k(t) 1a t6c d6 tang trwdng (growth rate);
m(t) 1a thoi diém chuyén doi (offset parameter).

- Thanh phan thoi vu (s(t)): Thanh phan nay
phan &nh cac chu ky dinh ky nhw hang tun hoac
hang nam. Prophet str dung khai trién Fourier dé
mo hinh héa dac trung mua vu:

Sty = Z:Zl [ancos (@) + 3)
b,sin (@)] =X B

Trong d6: a,, b, ~ N(0, 6%) - cAc hé s6 Fourier;
o - tham s6 diéu chinh bién d6 anh hwdng cia mua
vu.

- Thanh phan anh hwéng cta sw kién dic biét
(h): Thanh phan nay cho phép mo hinh tinh dén
cac sw kién d3c biét nhw ngay 18, ky nghi, hodc cac
sw kién mang tinh chu ky khong déu.

- & - nhiéu tring (sai s6 ngau nhién khong hé
thong).

T6i wu hoa Bayesian la mot phwong phap
hiéu qua dé tim cwc tri toan cuc ctia cAc ham muc
tiéu phirc tap va ton kém khi danh gia (Snoek va
nnk., 2012). Phwong phap nay dac biét phu hop
cho viéc diéu chinh siéu tham s6 - nhitng tham s6
khong dwoc hoc truc tiép tir dir liéu ma phai dwoc
thiét 14p trudc qua trinh huin luyén (Bernd va
nnk., 2023).

T6i wu hdéa Bayesian (Bayesian Optimization
- BO) 1a phwong phap xay dwng mot mé hinh xac
suit, thwong la Gaussian Process (GP), dé mé
phdéng hanh vi clla ham muc tiéu dwa trén cac
danh gia da c4. GP khong chi dw doan gia tri trung
binh ma con thé hién do khong chic chan tai tirng
diém trong khéng gian tim kiém. Dya trén md
hinh nay, BO s* dung mdét ham thu nhan
(acquisition function) nhw Expected
Improvement hoac Upper Confidence Bound dé
chon diém tiép theo cin danh gi4, véi muc tiéu cAn
bing gilta khai thac cic ving cé gid tri tot
(exploitation) va khdm pha nhitng viing chwa biét
r0 (exploration). Bayesian Optimization dac biét
hiru ich trong cac bai todn t6i wu phirc tap, ham
muc tiéu khong ré rang va cé nhiéu diém cuc tri
khién viéc tim 1o giai toi wu tré nén kho khan.

BO-Prophet 1a sy két hgp gittra mé hinh
Prophet va thuat toan t6i wu hoa Bayesian nham
tw dong hda qua trinh diéu chinh siéu tham sé cho
Prophet. Quy trinh hoat déng bao gobm cac buéc
sau (Hinh 3).
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Bét ddu

Tao diém khai tao i Trang thai mo E Str dung diém t8i uu
ngau nhién hinh vong lap trube

Chon ham thunhdan «— Qua trinh Gaussian
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Két th
Hudn luyén m3 hinh ‘5 et thuc
Prophet |
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Panh gia céc diémlay - Datmuc fleu téi uft két qua
mau uu hda

Hinh 3. Sor do thudt todn mé hinh dw bdo Prophet
dwa trén téi wu héa Bayesian.

(1) L4y mAu ban dau: Mot s& t6 hop siéu tham
s6 dwoc chon ngiu nhién dé khéi tao qua trinh.

(2) Huén luyén va danh gia: Prophet dwoc
huén luyén véi tirng ciu hinh, va hiéu suat dwoc
do lwong bang cac chi s6 nhuw MAE, RMSE hodc
MAPE.

(3) Xay dung mo6 hinh Gaussian Process: Mot
Gaussian Process dwoc huin luyén dwa trén dir
liéu thu thip dwoc (siéu tham s6 va hiéu suit
twong (tng) nham mo hinh héa hAm muc tiéu.

(4) T6i wu ham thu nhin: Ham thu nhén (vi
du: Expected Improvement, Upper Confidence
Bound) dwgrc t6i wu d€ chon ra t6 hop siéu tham
sO ké ti€p c6 ky vong mang lai cai thién tot nhat.

(5) Lap lai qué trinh: Cac buéc trén dwgce lap
lai cho dén khi dat diéu kién dirng (s6 vong lap
nhat dinh hodc héi tu).

Khung BO-Prophet gitip cai thién dang ké
hiéu suit du bao cia Prophet, gidm sw phu thudc
vao chuyén mon tha cong trong viéc lwa chon siéu
tham sé va ting kha nang tong quat héa mé hinh
v&i cac chudi thoi gian khac nhau.

4. Két qua va thao luan

Nghién ctru da st dung 30 diém lin cé do
twong quan cao trén khu vyc nghién ctru dwoc
chon dé t8i wu ha mo hinh Prophet bang phwong
phép BO. M6i diém c6 chudi gia tri ltin & 178 mdc
thoigiantir01/2015 dén 01/2019 trong d6 gia tri
lin & 142 méc thoi gian dau tién dugc chon lam

tAp huén luyén va gia tri lin & 36 méc thoi gian
con lai dwgc chon lam tip kiém tra. Hiéu qua cda
mo hinh dwgc danh gia théng qua sai s6 tuyét doi
trung binh (MAE). Két qua cic tham sé t6i wu ctia
mo hinh dworc trinh bay trong Bang 1.

Bdng 1. Cdc tham s6 mé hinh dwoc chudn héa

bdng BO.
Tham s6 Gia tri
Hé so dle}l chlnll do l{nh hoat cta 0,00049
thanh phan mua vu
Chu ky theo nam Khong
Chu ky theo tuin Khong
Chu ky theo ngay Co
Ché do két h(()*p thfin}\l phan mua Cong thém
vu vao mo hinh
Hé s6 diéu chinh dé nhay ciia mo
hinh d8i v&i cac diém thay d6i xu 0,100393
hudng
Ty 1é phan dau clia chudi thoi gian
ma Prophet sé tim cac diém thay 0,716926
d6i xu hwéng

Sau khi hoan tat buérc t6i wu, mo hinh Prophet
dwoc huan luyén va dw bao do lan tai 1787 diém
dwoc xac dinh bang cong nghé PS-InSAR, v&i moi
diém c6 178 moc thoi gian. Trong qué trinh hudn
luyén, d6 Iin ctia 142 moc thoi gian dau tién dwoc
dung lam tip huln luyén (Bang 2) va mo hinh
dwochuin luyén dé du bao d6 Iin cho 36 mdc thoi
gian con lai.

Bdng 2. S6 lwong méc thoi gian trén hudn luyén va
tdp kiém tra.

Tag dir S0 Moéc thoi gian
liéu lwong
Tap 10/1/2015; 3/2/2015;
huin 142 15/2/2015; ...; 24/5/2018;
luyén 30/5/2018; 5/6/2018.
Tap 11/6/2018; 17/6/2018;
kiém 36 23/6/2018; ...;19/1/2019;
tra 25/1/2019;31/1/2019.

DE danh gia do chinh xac ctia cic mo hinh, hai
chi s6 dwoc str dung la sai s6 tuyét d6i trung binh
(MAE) va can bac hai cta sai s6 binh phwong trung
binh (RMSE).

Cac cong thirc tinh toan MAE va RMSE nhw
sau:
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n
1
MAE == Iy, - i )
i=1
1 n
RMSE = |2 (yi = 9,)? (5)
i=1

Trong d6: y; - gia tri quan sat thuc té; ¥ - gia
tri dw bo ttr mé hinh. Viéc 4p dung chuin héa doi
xtrng trong cac chi s6 MAE va RMSE nham han ché
tac dong cua cac gia tri ngoai lai dén qué trinh
danh gia sai s6.

Hinh 4 thé hién biéu do lun cta 4 diém P1, P2,
P3, P4 dw bdo bang mé hinh BO-Prophet so véi gia
tri lin x4c dinh bang PS-InSAR (P1, P2, P3, P4 la
cac diém lun dién hinh dwoc lwa chon trén khu vuece
khdo sat, vi tri 4 diém nay dworc thé hién & Hinh 2).

Biéu d6 twong quan giira gia tri RMSE va MAE
dwoc thé hién trong Hinh 5. Két qua cho thiy, gia
tri RMSE va MSE trung binh ctia c4c chudi c6 gia
tri tir 0+4 mm.

Bang 3 thé hién cac gia tri MAE va RMSE trén
tap huin luyén va tap kiém tra cia 10 chudi dau
tién va 10 chudi cudi cing.
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Bdng 3. Gid tri do chinh xdc ctia 10 chudi ddu tién
va 10 chudi cudi cung.

T T4p huln luyén (mm) | T4p kiém tra (mm)
MAE RMSE MAE RMSE
0 2,5 3,3 3,1 4,0
1 1,7 2,4 2,6 3,1
2 1,6 2,4 2,0 2,8
3 1,5 2,2 3,0 3,6
4 19 3,0 2,4 2,9
5 2,2 3,5 2,4 3,0
6 2,5 3,4 2,9 3,8
7 1,6 2,5 1,7 2,5
8 2,3 3,8 2,5 3,1
9 1,4 2,0 2,9 3,5
10 1,2 2,1 2,4 3,1
1777 1,5 2,3 2,6 3,1
1778 1,5 2,1 3,3 3,7
1779 1,4 2,3 2,3 3,2
1780 2,3 3,1 3,3 3,9
1781 1,9 2,7 1,9 2,4
1782 1,2 1,9 1,5 2,1
1783 1,1 1,9 2,4 3,0
1784 2,5 3,4 2,6 3,3
1785 1,5 2,8 2,4 2,9
1786 2,0 2,6 3,5 4,0
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Hinh 4. Biéu do Itin du bdo bdng BO-Prophet so véi ltin thuc té PS-InSAR tai 4 diém P1, P2, P3, P4.
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Hinh 5. Biéu do twong quan giira gid tri RMSE va
MAE trén tdp kiém tra ctia 1787 diém.

Xét trén toan tip dir liéu, d6i véi tip huin
luyén c6 gia tri RMSE trung binh 1a 3,2 mm va MAE
trung binh 1a 2,1 mm; trén tip kiém tra, RMSE
trung binh la 3,4 mm va MAE trung binh la 2,6
mm.

Sau khi huén luyén, mé hinh Prophet dwgc st
dung dé dv bao gia tri lun cho 1787 diém ldn tai
thoi diém cu6i cung (31/01/2019), cac gia tri dw
bado nay dworc so sadnh v&i cac gia tri lun xac dinh
biang PS-InSAR & cung thoi diém thong qua mo
hinh hoéi quy tuyén tinh dé phan tich twong quan,
cho hé s6 R2 = 0,96 (Hinh 6).

-=- y=Xx,R*=0.965
25

-25 4

-50 4

-75 4

Gia tri lGn du bao Prophet (mm)

-100

-125 4

-125 -100 -75 -50 -25 0 25
Gia tri IGn PS-InSAR (mm)

Hinh 6. Phdn tich d§ twong quan giira do ltin duw
bdo bang Prophet va do Iin xdc dinh bang PS-
InSAR ctia 1787 diém, tai thoi diém 31/01/2019.

D€ danh gia hiéu qua cia mo hinh Prophet,
nghién ctru da tién hanh so sanh v4i moé hinh

Support Vector Regression (SVR). SVR 1a mot bién
thé clia thuit todn may vector hd tro (Support
Vector Machine - SVM), dwoc thiét ké dé giai quyét
cac bai toan dy bao trong hoc may (Drucker va
nnk., 1997). Trong nghién cttru (Anh va nnk.,, 2024)
da chirng minh co s ly thuyét cling nhw hiéu qua
tng dung cta SVR trong dy bao lin véi bai toan
phan loai.

D€ du bao lun bang moé hinh SVR, dir liéu
dwoc str dung va chia twvong tw nhw khi huan luyén
mo hinh Prophet, trong d6 142 moc thoi gian dau
dwoc st dung d€ huin luyén, con 36 mdc thoi gian
con lai dung dé danh gia kha nang dw bao cia mé
hinh. Két qua danh gia mé hinh SVR trén tip kiém
tra cho thdy RMSE trung binh la 6,1 mm va MAE
trung binh la 4,8 mm. Sau khi huén luyén, mé hinh
SVR ciing duoc str dung dé dw bao gia tri lun tai
1787 diém & thoi diém cudi cung (31/01/2019)
va so sanh véi dir liéu Iin tir PS-InSAR, cho hé s6
twong quan R? = 0,78 (Hinh 7). So sanh c4c théng
sO nay voi két qua danh gid mé hinh Prophet cho
thay Prophet c6 do chinh xac cao hon.

-- y=x,R2=0.78
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Hinh 7. Phdn tich do twong quan gitra do lun dw
bdo bing SVR va dé lin xdc dinh bdang PS-InSAR
ctia 1787 diém, tai thoi diém 31/01/20109.

5.Kétluian

Nghién ctru da phan tich kha nang cia mo
hinh Prophet két hop v&i phwong phap téi wu héa
md hinh BO dé€ dy bao ltin theo chudi thoi gian tai
khu virc Ca Mau trén co sé dit liéu da thoi gian PS-
InSAR. Két qua kiém dinh mé hinh trén tap dir liéu
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kiém tra cho thdy mo hinh Prophet két hop véi BO
dat hiéu suit duw bao cao, véi sai s6 trung binh
(RMSE) la 3,4 mm va sai s6 tuyét déi trung binh
(MAE) 1a 2,6 mm. Két qua do lun ctia 1787 diém
dv doan bang md hinh Prophet tai thoi diém
31/01/2019 so sanh véi gia tri d6 ldn xac dinh
bang cong nghé PS-InSAR & cuing thoi diém cho do
twong quan cao (R2=0,96).

Véi do chinh x4c trén, mo hinh cé thé dwoc
trng dung hiéu qua trong cac bai toan giam sat xu
hwéng lun dit dai han va xay dung ban do nguy
co, ddc biét tai cac khu vuc c6 xu hwdng lin cham
va 6n dinh nhw dong bang ven bién Ca Mau. Tuy
nhién, mé hinh Prophet gia dinh ciu tric cé tinh
chu ky trong dit liéu, diéu nay c6 thé khéng phan
anh day du tinh chit phi tuyén hoac cac bién dong
dot ngot cuia qua trinh lan dat. Pong thoi, phwong
phép t6i wu héa BO ciing tiéu tén tai nguyén tinh
toan, nhit 1a vi tip dir liéu c6 s6 lwgng diém 16m.
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