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Tém tit: Hién nay, may hoc hay hoc may ML (Machine Learning) c6 1& da khong con
qua xa la va da duoc tmg dung vao rat nhiéu linh vyc trong doi song. Dy bao khi tuong
thity van ciing khong nam ngoai sy d6i méi véi viée xdy dung va tng dung cic mé hinh
may hoc nay. Bai bao trinh bay két qua ctia nghién ctru xay dyng mot mo hinh mang bd
nhd dai-ngan LSTM (Long Short-Term Memory), 1a mot dang dic biét ciia mang no—ron
hdi quy (RNN-Recurrent Neural Network) dé du bao d6 min tai tram do min Pai Ngai,
tinh Soc Trang. S6 lidu sir dung cho mo6 hinh 1a s6 liéu quan tric d0 man cao nhat trong
ngay tai tram tir nim 2002—2021. Két qua thiét 1ap md hinh cho cac chi sé danh gia RMSE
va NSE t6t (NSE > 0,9 voi hau hét cac truong hop), 1am tién dé cho viéc ing dung mo
hinh may hoc vao cong tac du bao xdm nhdp man tai cac tram trén khu vuc déng b?lng
Song Cuu Long.

Tur khéa: Du bao xam nhdp man; M6 hinh LSTM; Pai Ngii; Soc Trang; Machine
Learning.

1. Mé dau

Trong nhiing nam gin day, dudi tic dong cua viéc x@y dung cac dép thuy dién ¢
thuong nguodn song Mekong, ché do dong chay trong hé thong sbng suoi, kénh rach tai
Dong bang song Ciru Long (PBSCL) di 6 nhitng thay doi. Dong thoi, nude bién dang do
bién ddi khi hau (BDKH) tai cac cira song Cuu Long, su ha thap day song do khai thac cat,
sut giam bun cat dén do ho chira thuong nguon trir lai, gia tang str dung nudce ndi vung da
va dang lam xam nhap man ngay cang l4n sau vao trong ndi dong anh hudng 16n dén doi
song sinh hoat va san xuét ciia nguoi dan [1-3]. Cac nghién ctru du bao xam nhdp médn gan
day thuong st dung bo md hinh Mike [4-6] va da thu duoc két qua twong d6i tot. Tuy
nhién can yéu cau dit lieu dau vao nhiéu (dic biét 1a viéc cap nhat dir liéu dia hinh, mat cat,
cong trinh thuy loi), can kiém dinh hiéu chinh va nang luc tinh toan lon.

Véi su phat trién ciia C&c thuat toan may hoc  trong thoi gian gan day di cung cip thém
huong tlep can méi voi viée xtr 1y va du bao chudi thoi gian dat duoc dd chinh xac cao. Co
thé ké dén mé hinh may hoc truyén théng nhu ARIMA cho két qua tuong d6i tot véi viec
du bao d6 man [7]. Mot phuong phap tiép can méi hon nhim khic phuc nhitng nhuroc diém
ctia cac md hinh méy hoc truyén thdng 1 cac mang hoc sau (Deep Learning). Pién hinh 1a
mang no—ron hdi quy (RNN—Recurrent Neural Network) va phién ban mé rong cia né 1a
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mang bd nhé dai-ngin LSTM (Long Short-Term Memory) dugc sir dung nhiéu trong cac
bai toan dy bao chudi thoi gian [8] véi két qua kha quan nhd c6 kha ning ghi nhd cac bude
va khong bi anh huéng nhiéu khi sb liéu ddu vao bj thiéu.

Bai bao nay trinh bay két qua nghién ctru xay dung mang bd nhé dal—ngan LSTM de
du bao do min tai tram do man Pai Ngai, tinh Soc Trang dya trén chudi sb liéu quan tric
qua khr tai tram, tir d6 dénh gia kha ning Gmg dung mé hinh vao trong thuc té.

2. Phuong phap nghién ciru va s6 lidu sir dung

2.1. Khu vuc nghién ciru

Tinh Soc Tring nam & cira Nam song Hau, chiu anh huong cua khi héu nhiét doi gio
mua, c¢6 mia kho va mia mua 16 rét hang nam. Pia hinh tinh Soc trang thap triing véi hé
thong kénh rach chang chit, nhiéu ving dat nhiém man, phén. Pay la dja phuwong cubi
ngudn séng Hau ciing 1 ving cira song Mekong, do d6 tac dong cuia BPKH va nudc bién
dang c6 nguy co cao hon so véi cac tinh bén trong ndi dong. Néu muc nude bién dang cao
thém 1 m thi c6 khoang 43,7% dién tich tinh S6c Trang s€ bi ngdp man va tdc dong dén
hon 450.000 ngudi, twong duong 35% tong dan sb cua tinh Séc Trang. Trong cac nganh
kinh té, nong nghiép sé 14 ddi twong bi anh hudng nhiéu nhat, trong d6 dich bénh trén cay
trong do tac dong cta qua trinh xdm nhap mén thoi gian qua la biéu hi¢u rd nhat va nghiém
trong dén nganh san xuat néng nghiép tinh Séc Trang. Nganh san Xuat nong nghiép chiém
vi tri quan trong hang dau trong nén kinh té tinh Soc Trang. Hién nay ty 1¢ dan sO nong
nghiép va lao dong nong nghiép cua tinh kha 16n (chlem khoang 72% dén sé va 63% lao
dong) la ngudn thu nhap chinh cua trén 70% dan so6 cua tinh [9]. Tram do mén Dai Ngai
nam & cira Nam song Hau thudc thi tran Dai Ngii, huyén Long Ph, tinh Séc Trang (Hinh
1).
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Hinh 1. Ban d6 hanh chinh tinh Sé¢ Tring va vi tri nghién ctru.
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2.2. 86 liéu sir dung

Trong bai bao ndy, sb liéu duoc sir dung 13 sd lidu quan tric d min cao nhét (g/l)
trong ngay tai tram do DPai Ngai qua 20 nam (2002-2021) trong céc thang mua kiét. Cac gia
tri quan tric khong lién tuc nén da duoc tach miu theo mua (thang 1 — thang 6) hang nam.
S4 lidu duge loai bo cac gia tri NaN, sau d6 dugc chuin hoéa dang Logarit. Toan bd dir li¢u
dugc chia lam 3 phan: 70% cho tap huan luyén (training), 15% cho tap kiém ching
(validation) va 15% cho tap kiém tra (testing).

2.3. Mang LSTM

Mang LSTM dugc cai tién tir mang than kinh hdi quy (RNN-Recurrent Neural
Network) nhdm khic phuc nhitng nhuoc diém vé phu thudc xa (Long—term Dependency)
cia mang RNN truyén théng. LSTM duoc gidi thidu bai [10] va cang ngay cang duoc cai
tién [11].

Vé mit 1y thuyét, RNN c6 kha niang xur 1y cac phu thudc theo thdi gian (temporal
dependencies) bang viéc sir dung bd nhé ngin han va dua trén viéc xac dinh (luyén) cac
tham s0 mét cach hiéu qua [12]. Tuy nhién, dang tiéc trong thyc t& RNN khong thé giai
quyét cac phu thudc theo thoi gian khi chudi s6 lidu c6 cac phu thudc xa (Iong—term
dependencies). Van dé nay da duoc nghién ciru kha sau bai [13-14]. Trong cac cong bo cua
minh, ho da tim dugc nhiing ly do dé gidi thich tai sao RNN khong thé hoc dugc mot céc
hi¢u qua.

LSTM c6 ciu trac dang chudi cac nut mang nhu RNN, nhung cAu tric bén trong thi lai
phtre tap hon, bao gdm 4 tang tuong tac voi nhau (Hinh 2). Diém dic biét cia mang LSTM
nam ¢ trang thai 6 C (cell state), noi luu trit cc trong s6 dai han cua m6 hinh. Céc thong s6
trang thai 6 C, trang thai an h (hidden state), dau vao tai thoi diém t x; dugc dua vao nat
mang. Sau khi duoc xtr ly qua cadc ham kich hoat sigmoid o, tanh va cac phép toan véc—to,
két qua dau ra l1a trang thai 6 C va trang thai an h tai thoi diém t s& duoc su dung cho nut
mang t+1 tiép theo [15].
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Hinh 2. CAu tric mot nat mang trong mang LSTM.

2.4. Cdc chi sé danh gid chat lirong md hinh

bé danh gia hiéu qua du bdo d0 mén cia mo hinh tai tram Pai Ngai, nghién clru nay st
dung céc chi sé danh gia: NSE (Nash—Sutcliffe efficiency coefficient) [16] va 16i trung binh
binh phuong gdc (RMSE—Root Mean Squared Error) [17]. Chi s6 NSE biéu thi murc d¢ lién
két giita cac gia tri thuc do va mé phong, dao dong tur —o dén 1, gia tri cang gan 1 thi d6
chinh xac cua mo hinh cang cao [18]. Chi s6 RMSE thé hién su chenh léch gitra cac gia tri
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du doan va gia tri quan tric duoc, gia tri ndy cang thip thi moé hinh cang tt (dao dong tir 0
dén o).

_Zl 1(Fl 1)2
NSE =1 @007 1)
1
RMSE = [ 51, (Fi - 0, @

Trong d6 Fi la gia tri du bdo; O la gia tri quan trac; O 1a trung binh gia tri quan tric; n
1a s6 mau.

2.5. Thiét ldp mé hinh

Trong nghién ctru nay, mé hinh LSTM st dung tap dir liéu don bién 1a d0 min cao nhét
quan tric dugc trong ngdy tai tram Pai Ngai dugc chia thanh cac tap dau vao 4 ngay, 8
ngay va 15 ngay va danh gia cho 1 ngay tiép theo. Sau day s& goi 1a W4, W8 va W15.

Céc siéu tham sé dong mot vai trd quan trong anh huéng truc tiép dén hiéu qua ctia mod
hinh. Vi véy trong nghién ctru nay, cac siéu tham s6 duoc toi uu hoa bang phuong phap tim
kiém ngau nhién (Random Search). Vi cac mau dir liéu quan tric con han ché nén dé tranh
tinh trang overfitting (dit liéu du bao qua khép véi dit lidu quan tric), trong nghién ctru nay
da dua thém budc kiém dinh chéo k—fold (k—fold cross validation) [19] nhim chia tap
training thanh k phén, & mdi 1an train, md hinh s& chon 1 phﬁn lam dir li¢u dénh gia
(validation) va k—1 phan con lai 1am dit liéu huin luyén (training). Két qua cudi cing sé& 1a
trung binh cong két qua danh gia cua k lan train, giup cho viéc danh gid mé hinh khach
quan hon. Phuong phép ndy c6 san trong thu vién scikit—learn 1a RandomSearchCV. Céc
siéu tham s6 sau khi duoc tdi uu duoc trinh bay nhu Bang 1.

Bang 1. C4c siéu tham s i wu cho cac md hinh.

Siéu tham sb Pham vi M6 hinhW4 M6 hinhW8  Md hinh W15
S6donvian LSTM  [16, 32, 64, 128, 256] 32 256 64
Dropout [0.1,0.2,0.25, 0.5] 0,2 0,5 0,2
Learning_rate [0.01, 0.005, 0.001] 0,005 0,005 0,005
Batch_size [16, 32, 64, 128, 256] 16 128 16
Epochs [100, 200] 200 200 200

3. Két qua va thao luin

Céc md6 hinh LSTM véi céc budce thoi gian dau vao khac nhau duge huan luyén véi bo
siéu tham so6 da dugc lua chon, ta s€ tién hanh kiém dinh cdc mo6 hinh vdi chuoi s6 liéu
trong tap kiém dinh va kiém tra. Céc chi s6 danh gia mo hinh duogc liét ké nhu Bang 2.

Bang 2. Cac chi sé danh gia cac md hinh LSTM.

M6 hinh W4 M6 hinh W8 Mo hinh W15
Kiém dinh  Kiémtra Kiém dinh Kiém tra Kiém dinh  Kiém tra
NSE 95% 90,4% 93% 88,6% 94,5% 90%
RMSE 0,78g/1 0,749/l 0,90g/I 0,80g/I 0,85g/l 0,769/l

Tir cac chi s danh gida NSE va RMSE cho thay cic mo hinh cho két qua tuong dong
rat cao gitra gia tri quan trac va gia tri dy bao. Trong d6 véi bude thoi gian dau vao 1a 4
ngay cho két qua tot nhat (NSE lan luot 1 0,95 ddi véi tap s6 lidu kiém dinh va 0,90 doi
v6i tap kiém tra; sai sb binh phuwong RMSE cing nho nhat). Tuy nhién mé hinh da khong
du doan diang céc gia tri cyc tri (Hinh 5). Véi chudi s6 liéu ddu vao c6 su bién ddi phuec tap
nhu d6 min, viéc chuan hoa bang phuong phap logarit hoa c6 18 1a khong du va can thém
budc xir 1y hodc cac phuong phap chuan hoa khac.
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Hinh 5. M6 hinh khong bt duogc cac gid tri cuc tri trong qua trinh hun luyén.
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4. Két luan

Qua céc két qua thu duogc tir nghién ciru, bude dau cho thdy mé hinh LSTM c6 thé xir
ly va du béo chudi s lidu kha tét. Bén canh do, viéc dy bao cac gia tri cyuc tri ciia md hinh
con han ché va két qua khi thay d6i budc thoi gian dau vao cling c6 thay doi. Nhu vy, viéc
chuin hoa s liéu ban dau va lya chon bude thoi gian lam dau vao c6 thé cai thién hiéu suit
ctia md hinh. Bén canh d6, d6 man ciing bi anh hudng boi nhiéu yéu té khac nhu gid, nhiét
do, ché do triéu, dong chdy... nhung nghién ciru méi chi st dung mot bién dAu vao 1a do
min cao nhét theo ngdy. Trong tuong lai, nghién ctru nay can bd sung thém cac phuong
phap xtr 1y sb liéu ddu vao va thir nghiém mé hinh véi chudi s6 lidu da bién dé dat duoc
hiéu qua du béo tt hon.

bong gop cua tac gia: Xay dung y tuong nghién coru: N.T.G., N.C.T.; Xur ly s6 lidu:
N.C.T.; Thiét Iap mo hinh: N.C.T.; N.T.G.; Viét ban thao bai bao: N.C.T.; Chinh stra bai
bao: N.T.G.

L’(‘)’i cam on: Nghién ctru nay c6 su hd trg vé mat dix liéu va phuong phép luén tur dé tai ma
sO DTDL.CN:SO/ 18 do B Khoa hoc va Cong ngh¢ tai trg. Bai bao dugc sy gdp y, vi chinh
boi TS. Nguyén Hiru Duy.

Loi cam doan: Tap thé tac gia cam doan bai bao nay 1a cong trinh nghién ciru cia tap thé
tac gia, chua dugc cong bd & dau, khong dugc sao chép tir nhitng nghién ciu trude day;
khong c6 su tranh chap 1gi ich trong nhom tac gia.
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Building LSTM (Long Short-Term Memory) machine learning
model for water salinity forecasting in Dai Ngai
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Abstract: Today, machine learning (ML) has been applied to many fields and
hydrometeorological forecasting is one of them. This paper presents the results of building
a LSTM (Long Short—-Term Memory) model, which is a special form of recurrent neural
network (RNN-Recurrent Neural Network) to predict salinity concentration at Dai Ngai
gauging station, Soc Trang province. The input data series used is the observed highest
daily salinity from 2002—-2021. Results obtained during model validation and testing give
very good values of RMSE and NSE (NSE > 0.9 in almost all setups), which shows the
great potential of using LSTM models for water salinity forecasting in the Mekong Delta.

Keywords: Salinity forcasting; LSTM; Dai Ngai; Soc Trang; Machine Learning.



