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Nghién cau wng dung mo hinh LSTM (Long Short-Term Memory) trong dy
bao d6 man tir chuoi dir liéu da bien tai tram Dai Ngai, Soc Trang
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TOM TAT

Xam nhap man dang dit ra nhitng théch thirc dang ké ddi véi cac khu vuc ven bién trén toan thé gi¢i. Cac mo
hinh dy doan xdm nhap man cé thé cung cap thong tin quy gia trong chu dong 1én ké hoach phong chéng,
giam thiéu tac dong va anh huong caa xam nhap man. Nghién ciu nay wng dung mé hinh hoc sau mang b
nhé dai-ngdn LSTM (Long Short-Term Memory) - mét dang dic biét cua mang noron tai phat (RNN-
Recurrent Neural Network) - dé dy bao ¢6 min dua trén viéc phan tich chudi di liéu da bién, bao gom: dir
liu d6 man, muc nudce va lwong mua tai tram Dai Ngai tir nam 2011 dén nam 2022. D6 tin cay caa mo hinh
du bao d6 min duoc danh gia dya trén céc chi s6 R2, MAE va RMSE cho cac tép dit liéu kiém chuang va dix
liéu kiém tra. Két qua danh gia cho thady mé hinh dy bao do man c6 do tin cay cao, vai gia tri R2 > 95,8, gid tri
MAE dao d6ng tir 0,1 g/L dén 0,29 g/L va gia tri RMSE ciing rat nho, thay ddi trong pham vi tir 0,34 g/L dén
0,54 g/L. Két qua thuc nghiém nay cho thay viéc &p dung mé hinh hoc sau trén co s& sir dung chudi dit liéu da
bién trong du bao d6 min co y nghia rat 16n trong viéc canh b4o sém ciing nhu 1én ké hoach phong tranh,
thuc thi cac giai phap ngan man lau dai. Ngoai ra, két qua thuc nghiém nay ciing c6 thé 4p dung hiéu qua cho
cac tram quan tric do man khac trong khu vuc.

Tur khéa: Dy bao dd man, chudi dir liéu da bién, LSTM, tram Pai Ngai.

1. Pit vin dé

Xam nhap man 1a hién tugng xay ra khi nu6c bién xam nhap vao cac khu vuc nuéc ngot thong qua hé thong
song, subi (Ippen va cong sy, 1961) va thuong xay ra & cac khu vuc ven bién va dong bang noi c6 su giao thoa
gitra nudc bién va nudc ngot (Mahmuduzzaman va cong su, 2014). Pong bang séng Ctru Long (PBSCL) duoc
coi la mot trong nhitng ving bi anh huong nang né trén thé giodi trudce cac thién tai nhu han han, xAm nhap man
(Xiao va cong su, 2021). Hién nay, Vi Su gia tang cua Muc nudc bién dang do bién di khi hau (BDKH), viéc
trir nudce tai cac dap thuy dién dau nguon, su ha thap day song do khai thac cat, sy gia ting sir dung nudc noi
ving di va dang 1am cho tinh trang Xdm nhap man ngay cang tro 1én nghiém trong, nude bién 1an sau vao noi
ddng, gay anh huong 6n dén doi séng sinh hoat va san xuét tai khu veec PBSCL (Duong Tran Anh va cong su,
2018; Doan Van Binh va cong su, 2020; Nguyen Huu Thoi, 2001) Dé du b4o xam nhap min, mét sé nghién cau
thuong st dung bé mé hinh MIKE va thu duoc két qua tuong ddi tét ( Pang Hoang Lam va cac cong su, 2022
bang Van Diing va Céc cong su, 2018; Poan Quang Tri, 2016); tuy nhién, cac mo hinh nay thuong yeu cau sé
lwong dit liéu dau vao 16n va chi tiét, nhu dir liéu dia hinh, mat cét séng, cac cong trinh thay loi, hé sé nham, .
dé kiém dinh md hinh va can nhiéu thoi gian tinh toén.

Ngay nay, cac md hinh tri tué nhan tao da cung cip thém maot cach tiép can mai trong viéc xay dung cac mo
hinh du bao d6 man dua trén chudi sb liéu theo thoi gian va dat dwoc d6 chinh x4c ciing nhu do tin cay cao. Cac
md hinh tri tué da timg duoc &p dung nhiéu trong du bao d6 man va cho két qua tét, nhu mé hinh trung binh
Bayes (BMA) (Kairong Lin va c&c cong su, 2019; Nguyen, Thu Thi Minh va cac cong su, 2023)., ARIMA Tran
Thanh Thai va cac cong su, 2021), rirng ngau nhién (RF), may vector hd trg (SVM), mang noron Elman (ENN)
Pengyu Lu va cac cong su, 2021) hoic cac md hinh két hop Boruta - mang noron nhan tao (B-ANN), Boruta -
hoi quy vector hd trg (B-SVR) (Abbasi, Mahdi va cac cong su, 2022). Song song véi cac md hinh hoc may
truyén théng, mé hinh hoc sau (Deep Learning) ma dién hinh 1a mang noron hdi quy (RNN- Recurrent Neural
Network) vai phién ban mé rong 1a mang bo nhé dai ngan LSTM (Long Short-Term Memory) da duoc sir dung
trong cac bai toan vé du bao chudi thoi gian, nhu dy doan luu lugng x4 nude hang ngay trong luu vuc (Gauch,
M. va c4c cong sy, 2021), du bao do man (Nguyén Cong Thanh va Nguyén Tién Giang, 2022), danh gia sy dich
chuyén cua cau (Thai Ha Vu, Ngoc Quang Vu va Nguyen Van Thieu, 2024), hay du bao do cao song (Tran

" Téc gia lién hé
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Hong Thaéi va cac cong su, 2022). Hau hét cac nghién ciru nay déu khang dinh tinh higu qua caa mé hinh LSTM
trong du bao, cho két qua kha quan nho kha ning ghi nhé cac bude va khdng bi anh huong nhiéu khi s6 ligu dau
vao bi thiéu. Trong mot nghién ciru du bao d6 man méi day nhat cia Thanh va cong su (Nguyén Cong Thanh va
Nguyén Tién Giang, 2022) vao nam 2023, nghién ctru nay chi sir dung mét bién dir liéu dau vao duy nhat, d6 1a
dir liéu d6 man cao nhét trong ngay tai tram Pai Ngai trong 6 thang moa kho (tir thang 1 dén thang 6) nim 2002
dén nam 2021 dé du bao d6 man. Két qua cua nghién ctru ndy cho thdy mo hinh LSTM mic du cé thé xi Iy va
du bao chudi dir lidu theo chudi thoi gian kha tét, nhung mé hinh khong du doan duoc céc gia tri cuc tri trong
qua trinh huan luyén. Trong khi d6, wu diém ndi troi caa md hinh LSTM la xir ly dit liéu da bién theo chudi thoi
gian (S. Alhirmizy va B. Qader, 2019). Bi véi du bdo xam nhap man, md hinh LSTM c6 thé x ly tét dir liéu da
bién, noi ma nhiéu bién sé cd thé anh huong qua lai 13n nhau theo thoi gian. Bing cach nay, LSTM khong chi
phan tich tirng bién s6 riéng 1é ma con hoc duoc cac mbi quan hé phic tap giita chung, qua do, giap cai thién do
chinh xé&c caa mé hinh (Zhang, Xiaoying va cac cong su, 2023).

Chinh vi vay, nghién ciru nay dé xuat va trinh bay két qua ing dung mé hinh bg nhé dai-ngan LSTM trong duy
bao d6 man tai tram do min Dai Ngai, tinh Soc Trang dya trén chudi dir liéu da bién, da thoi gian trong quéa khtr,
bao gom d6 man, myc nudc, lugng mua. Trén co s& d6 danh gia hiéu qua, do tin cdy va kha nang ap dung rong
rdi md hinh nay cho céc tram quan tric d6 man khac trong khu vuc.

2. Co sé' ly thuyét va phwong phap nghién ctu
2.1. Khu vwe nghién ciru

Tram thuy van Dai Ngai (9°44'4,60"N, 106°4'27,03"E) la mot trong cac tram quan tric khi tuong cua tinh S6¢
Trang, nam & khu vuc cira Tran D€ cta nhanh Séng Hau, thugc thi tran Dai Ngai, huyén Long Phu, tinh Soc
Trang (Hinh 1). Hién nay, tai tram Dai Ngdi quan trac nhiéu thong tin thiy van nhu muc nude, @6 man, do mua

tu dong,... phuc vu cung cép thong tin khi tuwong thily vian cho khu vuc ciing nhu Uy ban hoi séng Mé Koéng vi
su phat trién bén virng cua khu vuc nay.
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2.2. 86 ligu sir dung

Trong nghién ctu nay, sé liéu dugc sir dung gém: Sé liéu quan tric man (g/L), sb lieu muc nude (cm) duoc
do lién tyc (2 h/lan) trong ngay tai tram Pai Ngii trong 12 nam (2011-2022) ¢ cac thang mua kho (tir thang 01
dén théng 6); s liéu luong mua thu thap tir dir liéu vé tinh va duogc Iy tir trang web cua dy an POWER (Duy
doan tai nguyén nang luong toan cau) caa NASA, https:/power.larc.nasa.gov/data-access-viewer/.

Toan bo dir ligu dugc chia thanh 4 phan: 70% cho tap huan luyén (training), 10% cho tép xac thuc
(validation), 10% cho tép kiém tra (testing) va 10% cho tép so sénh dy bao (prediction) duoc thé hién trong Hinh
2. Sb liéu tir 01/01/2011 téi 31/05/2019 ding dé huan luyén mé hinh, s liéu tir 01/11/2019 dén 30/6/2020 dung
dé kiém chimng, sé liéu tir 01/01/2021 dén 31/5/2021 ding dé kiém tra va phan con lai tir 01/01/2022 dén
31/5/2022 ding dé kiém tra két qua du bao trong twong lai.

2.3. Phwong phdp nghién ciru

a. Mang LSTM

M6 hinh mang LSTM duoc xay dung dya trén mang noron hdi quy RNN do Hochreiter va Schmidhuber dé
xuat nam 1997 (Hochreiter, S. va Schmidhuber, J., 1997) va ngay cang duoc cai tién (Yao, Kaisheng va cac cong
su, 2015) véi muc dich khéic phuc céac thiéu s6t caa RNN bao gdom sy phu thudc 1au dai trong RNN va hién
tuong gradient bién mat va bung nd. Vé ly thuyét, RNN c6 kha ning tu xu ly cac phu thudc theo thoi gian
(temporal dependenciens) bang viéc sir dung bo nhé ngin han va dua trén viéc xac dinh cac tham sé mot cach
hiéu qua. Tuy nhién, trong thuc t& RNN khong thé tu giai quyét cac phu thugc theo thai gian khi chudi sb lidu co
cac phu thugc xa (long-term dependencies) (Bengio, Samy va Bengio, Yoshua, 2000).

D( liéu dé man, lugng mua va muc nudc tai tram Dai Ngai (2011-2022)

Bd man
ON B OO CN

—— Huén luyén
Xac thuc

—— Kiémtra

—— 50 sanh dy bao
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Thoi gian
Hinh 2. Diz liéu thuiy van tai tram Pai Ngdi tur 2011-2022 (Nhém tac gid thu thdp)
LSTM ¢6 cau tric giéng nhu RNN, nhung céu triic bén trong thi lai phic tap hon nhdm khéc phuc céc van dé
cua RNN (Hinh 3). C6 ba cong trong LSTM vai cac chie nang khac nhau: cong dau vao (kiém soat moi quan hé

trang thai va dir liéu du vao), cong dau ra (kiém soat quan hé trang thai va dau ra) va cong quén (kiém soat
thang thai gian bo nha).
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Hinh 3. Cdu tric cia magng LSTM

Cong quén sir dung ham sigmoid p dung cho dir liéu dau vao hién tai va trang thai an true d6 dé quyét dinh
sw dong gop cua chung & cac trang thai tiép theo, duoc biéu dién qua cong thire (1). Py chinh 1a cong c6 vai tro
chia khoa dé giai quyet cac van dé ton tai caa md hinh RNN truyén thong Cong vao dugc tron gitra ham sigmoid
(xdc dinh cac gia tri can cap nhat) va ham tanh (tao ra cac gla tri méi) dé ap dung cho trang thai dau vao va trang
thal an dé tinh toéan trang théi hién tai cua cua 6 LSTM, biéu dién qua cong thire (2) va (3). Pau ra cua hai cong
cubi cing duoc sir dung cho tinh trang thai an tiép theo cua 6, biéu dién qua cong thuc (4) va (5).

ft = s(Wp. [he—q, X¢] + by) (1)

ip = s(Wi. [he_q, X ] + by) (2)

Ce = fi X g + iy X tanh(We. [he_q, X, ] + b.) (3)
0y = s(W,. [he—y, X¢] + b,) (4)

h: = o, X tanh (c;) (5)

b. Thiét lgp mé hinh

Dir liéu gébm d6 man, lugng mua va muc nude do 2 h/lan tai tram Dai Ngii, duoc sir dung lam dir liéu da bién
dau vao cho mo hinh LSTM. Trong nghién ciru nay, md hinh LSTM &p dung d6 dai chudi dau vao trong quéa khi
ki hiéu w = 84 (twong tng véi dit lidu 7 ngay), w = 168 (14 ngay) va w = 360 (30 ngay) dé danh gia cho 2 h tiép
theo, duoc ki hiéu 1a w84, w168 va w360. Ngoai ra, mo hinh LSTM con bi anh huéng cua céc tham sé dau vao,
vi vy, viéc lya chon cac tham sé nay rat quan trong. Do do, trong nghién ciru ndy d sir dung phuong phap tim
kiém ngau nhién (Random Search) dua trén tap dit liéu huan luyén va tép dir liéu kiém chimng dé téi wu hoa cac
tham s6 cho tirng loai kich thudc cira s6 trugt. Random search s& &p dung céc bo thdng sé khac nhau cua cac mo
hinh duoc thiét 1ap, qua d6 tim dugc bo thong sb t6i wu nhat théng qua bo dir liéu huan luyén va kiém ching.
Qua trinh thyc hién tim kiém ciing nhu chay mé hinh dugc thuc hién trén nén tang Google Colab bang ngén ngir
Python két hop cac thu vién cd sin scikit-learn. Céc siéu tham sb nay dugc trinh bay trong Bang 1 dudi day.

Bang 1. CAc siéu tham sé ciia md hinh LSTM

M6 hinh
Siéu tham s6 Pham vi W =84 w =168 w =360
(7ngay) | (14ngay) | (30ngay)
S6 don vi an LSTM | [16,32,64,128,256] 16 32 128
Dropout [0,1,0,2,0,3,0,5] 0,5 0,3 0,5
Batch size [16,32,64,128,256] 256 256 256
Epochs [10, 50, 100, 500] 50 50 50
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c. Cdc chi s6 danh gid dg tin cdy ciia mé hinh

Dé danh gia do tin cdy caa md hinh du bdo LSTM, nghién ciu nay sir dung mot sé chi sé sau, bao gém: hé sb
xac dinh R? (Di Bucchianico, Alessandro, 2008; Wright, Sewall, 1921), sai s6 trung phuong (RMSE) (Nevitt,
Jonathan va Hancock, Gregory R., 2000), d6 léch tuyét déi (MAE) ( Sammut, Claude va Webb, Geoffrey
1.,2010), gid tri phuong sai dugc giai thich Ex_VAR (explained variance) (Nevitt, Jonathan va Hancock, Gregory
R., 2000). CAc gia tri RMSE va MAE dat gia tri t6i wu khi bang 0; gia tri R? va gia tri Ex VAR dat t6i vu khi
bang 100%. C4c chi s6 nay duoc tinh theo cong thirc sau:

2
n . — .
R2 = (1- Zl=1(yff,l yiib,l)z ) x 100 (6)
Zln:l(ytt,i - ytt)
n
RMSE = 1* Vreei = Vap.i)? (7)
n tt,i ydb,l
i=1
1 n
MAE = EZb’db,i - ytt,i| (8)
i=1
Ex_VAR = 100 x (1 — 2teianiy )

var(Yee,i)

3. Két qua va thao luan

V6i 3 md hinh LSTM ¢6 cac khoang dit li¢u dau vao khac nhau (w84, w168 va w360) dugc huan luyén voi
bo tham so trong Bang 1, s€ tien hanh dénh gia cdc mo hinh nay dua trén bo dir liéu trong tép kiém chung va
kiém tra. Cac chi so danh gia mo hinh dugc thong ké trong Bang 2. ) ) i

Duya trén cac chi so trong Bang 2 cho thay, cac m6 hinh c6 do chinh xac rat cao véi hé so xac dinh R? déu lon
hon 95% ¢ ca tép kiém ching va tép kiém tra. Céc chi s6 nhu RMSE va MAE déu nho hon 1 g/L.

Bang 2. Cac chi sé ddnh gid mé hinh LSTM

s M0 hinh w84 M0 hinh w168 M0 hinh w360
Chiso Kiém chitng | Kiém tra | Kiém ching | Kiém tra | Kiém ching | Kiém tra
RMSE (g/l) 0,54 0,43 0,41 0,34 0,35 0,39
MAE (g/L) 0,29 0,19 0,17 0,12 0,12 0,10
R? (%) 96,58 95,82 98,02 97,29 98,48 97,77
Var_ex (%) 96,77 95,96 98,05 97,35 98,48 97,72

Hinh 4 trinh bay két qua cua cac tép kiém ching voi cac khoang dit liéu dau vao khac nhau dwgc du bao bang
md hinh LSTM. Mic du, chudi dir liéu d6 man c6 su bién dbi phuc tap, tuy nhién, cac két qua cho thay co su
tuong ddng rat cao gitra gié tri thuc do va gia tri du bao tir md hinh, ké ca tai cac vi tri dinh man cua chudi dit
liéu. C6 thé thay, mé hinh LSTM-w360 c6 gié tri dy béo tai cc vi tri dinh man sat vai gia tri thuc do nhat trong
3 md hinh (khu vyuc phong to Hinh 4).
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Hinh 4. Két qua cac md hinh véi céc khodng di lieu w84, w168 va w360 cua tép kiem ching
Tuong tu, Viéc so sanh glua két qua ciia md hinh va dir liéu thuc té d6i véi tép di lidu kiém tra thé hién trong

Hinh 5. Céc két qua cho thay c6 su tuong dong rat cao gira gia tri thuc do va gia tri du bao tir md hinh, ké ca tai
cac vi tri dinh man cua chudi dir liéu. C6 thé thiy, md hinh LSTM-w360 c6 gi4 tri du béo tai céc vi tri dinh man

sat vai gia tri thuc do
Hinh 5).
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Hinh 5. Két qua cac mé hinh véi cac khoang dir liéu w84, w168 va w360 cua tép kiém tra
Viéc cac m6 hinh LSTM c6 thé du béo dugc trong twong lai dya trén dir ligu lich s, trong nghién ciru da tién
hanh du bao dd man cho nam 2022 va so sanh vai so liéu thuc do cia nam 2022.

S0 sanh gid tri dy bao va thyuc do cla dirligu nam 2022 Big dé tuang quan gilra dé man thue do vh dd man du bao
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Thai gian
Hinh 6. Két qua giiza md hinh dir b4o va diz liéu thuee do nam 2022
Vi két qua m()’ hinh LSTM-w360 chq d% chinh xé4c cao nhét nén giuoc str dung lam md h‘lnh du bao do man
cho nam 2022. Két qua du bao dugc thé hién trong Hinh 6, cho thay d6 chinh x&c du b&o rat cao vai sai s6
RMSE = 0,34 g/L (Hinh 6a) va hé so6 twong quan r = 0,977 (Hinh 6b).

4. Két luan

Céc két qua dat dugc trong nghién ctu ndy cho thiy md hinh LSTM c6 thé xu Iy hiéu qua chudi sé liéu da
bién, da thoi gian (d6 man, muc nude va luong mua) trong du bao d6 man. Nghién ciru nay da sir dung mé hinh
LSTM véi kich thudc cac chudi dit liéu dau vao khéc nhau, bao gdm LSTM-w84, LSTM-w168, LSTM-w360 dé
du bao 6 man tai tram Pai Ngii, Séc Trang. Trong d6, md hinh LSTM-w360 c6 hiéu suat dy béo tét nhat so véi
cac mo hinh con lai (LSTM-w84 va LSTM-w168). Tuy nhién, c&c mé hinh nay can dwoc thur nghiém mé rong
hon trong thoi gian ti véi sy tham gia cia cac yéu té khac nhu gié, nhiét do, luu lugng dong chay,... ciing nhu
&p dung du bao d6 man tai céc tram quan trac khéc trong khu vuc dé dé kiém ching d6 chinh xac va tinh hiéu
qua caa md hinh LSTM nay.

Loi cAm on
Nghién ctru nay dwoc tai tro bai dé tai khoa hoc va cong nghé cip bo “Nghién ciru phuong phép danh gia rai
ro xam nhap man c6 xét t6i anh huong cua bién doi khi hdu” ma sé CT.2022.01.XDA.04.
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ABSTRACT
Research on the application of the LSTM (Long Short-Term Memory)
model in salinity forecasting from multivariate data series
at Dai Ngai station, Soc Trang province

Bui Duy Quynh®", Ha Thi Hang® Luu Thi Dieu Chinh?, Tran Xuan Truong3*
Faculty of Bridges and Roads, Hanoi University of Civil Engineering
2Faculty of Hydraulic Engineering, Hanoi University of Civil Engineering
SFaculty of Geodesy and Land Management, Hanoi University of Mining and Geology
“Geomatics in Earth Sciences Research Group, Hanoi University of Mining and Geology

Saltwater intrusion is posing significant challenges for coastal areas worldwide. Predictive models of saltwater
intrusion can provide valuable information for proactive planning, mitigating impacts, and reducing the effects
of saltwater intrusion. This study applies the Long Short-Term Memory (LSTM) deep learning model, a special
type of Recurrent Neural Network (RNN), to forecast salinity based on multivariate time series analysis,
including salinity data, water level, and rainfall at the Dai Ngai station from 2011 to 2022. The reliability of the
salinity prediction model is assessed based on the R?, MAE, and RMSE indicators for validation and test
datasets. The evaluation results show that the salinity prediction model is highly reliable, with an R? value
> 95.8, MAE values ranging from 0.1 g/L to 0.29 g/L, and RMSE values also being very small, varying from
0.34 g/L to 0.54 g/L. These experimental results indicate that applying deep learning models using time series
data in salinity prediction is highly significant for early warning, planning, and implementing long-term
saltwater intrusion prevention measures. These experimental results can also be effectively utilized at other
regional salinity monitoring stations.

Keywords: Salinity forecasting, multivariate data series, LSTM, Dai Ngai station.
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