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Tém tat

Dy bdo miic nudc la mét cong cu quan trong trong qudn ly tai nguyén nudc, ddc biét doi vdi cdc vimg chiu dnh
huéng manh cia lii lyt vao mita mua va khan hiém nuéc vao mita khé nhu khu vic dong bang séng Ciiu Long
(DBSCL). Tai day, dién bién muc nuéc cé tinh chu ky ro rét, chiu tdc dong dong thdi ti ché do triéu va dong
chdy thugng nguén nén doi héi cdc phuong phdp du bdo c6 kha ndng xit ly dit liéu chuébi thoi gian phi tuyén va
vugt troi hon so véi phuong phdp truyén thong. Nghién ciiu nay dp dung mo hinh hoc sau LSTM (Long Short -
Term Memory) dé du bdo muc nudc tai tram Khdnh An, tinh An Giang, noi cé vi tri quan trdc quan trong trong
hé théng thity vin song Hau. Hai kich ban dugc thiét 1ap, si dung chuéi dii liéu ddu vao 24 gid va 48 gio dé du
bdo miic nudc 6 gio tiép theo va qud trinh hudn luyén dugc thuc hién véi cdc gid tri epochs khdc nhau (50, 100,
200, 300). Két qua cho thdy mé hinh dat hiéu qua tét nhdt véi dit liéu ddu vao 48 gio va 300 epochs, khi sai so
binh phuong trung binh trén tdp kiém tra (RMSE) dat 6,894 va hé s6 R’ 1én dén 0,997. M6 hinh mé phéng tot
cdc thoi diém cuc tri va la cong cu hiéu qud dy bdo muc nudc theo mia tai tram Khdnh An. M6 hinh c6 tiém
ndng ting dung réng rdi trong canh bdo lit va qudn ly han hdn tai nhiing khu vic chiu dnh huéng béi bién doi
khi hdu va bién dong dong chdy nhu viing DBSCL néi chung, tinh An Giang néi riéng.
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Forecasting Water level at Khanh An station, An Giang province
using LSTM deep learning model

Abstract

Water level forecasting is a vital tool in water resource management, especially for regions affected by flooding
during the rainy season and water scarcity during the dry season, such as the Mekong Delta area. In this area,
water level fluctuations exhibit a seasonal cycle, influenced simultaneously by tidal regimes and upstream
flows. As such, forecasting methods must be capable of handling nonlinear time series data and outperform
traditional approaches. This study employs a deep learning model, specifically the Long Short-Term Memory
(LSTM) model, to forecast water levels at Khanh An station, situated in An Giang Province, a key monitoring
gauge in the Hau River hydrological system. Two forecasting scenarios were developed, using 24-hour and 48-
hour input sequences to predict the next 6 hours of water levels. The model was trained with number of epochs
(50, 100, 200, and 300). Results showed that the model performs best with 48-hour input data and 300 epochs,
achieving a Root Mean Square Error (RMSE) of 6.894 and a coefficient of determination (R?) of 0.997 on the
test set. The model accurately simulates extreme conditions and serves as an effective tool for seasonal water
level forecasting at Khanh An station. It holds strong potential for broader application in flood warning, and
drought management in regions significantly impacted by climate change and flow variability, such as the
Mekong Delta in general and An Giang Province in particular.
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1. GIOI THIEU

DBSCL la khu vuc dién ra hién tugng ngap lut tu
nhién thuong nién trén dién rong. Theo nghién ctiu,
nguyén nhén chinh cha yéu dan t6i hién trang nay 1a
do lugng mua cao, trung binh hang nam, tai PBSCL
lugng mua dao dong khoang tii 1.500 - 2.000 mm, két
hop v6i mot lugng tuyét tan dang ké tit Tay Tang, lugng

mua & thugng - ha Lao va Campuchia chay vé, tao nén
cac tran la lut. Bén canh do, khi c6 sy tap trung cac
yéu td, bao gobm nudc i ti thugng nguon, tri€u cudng
& bién Pong va mua lién tuc tai khu vuc thi PBSCL
sé xay ra ngép lut cuc 16n (Trang P. , 2016). Moi ndm
vao mua ld, tat ca cac hoat dong thuong ngay ctia con
ngudi, nén nong nghiép, cong nghiép, kinh té va ca co
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s& ha ting déu bi anh hudng nang né bai li. Nguoc lai,
dén mua kho, 1t rat lam cho muc nuéc xudng thap gay
ra tinh trang kho han va thiéu nuéc trdm trong.

Tinh An Giang, thuéc PBCSL c¢6 tinh hinh ngép lut
kha phtic tap va dién bién bat thudng do la tii thugng
nguon s6ong Mékong, mua to noi khu vic va triéu
cuong. L tai An Giang thu¢c khu vic Nam b thudng
dién ra tu thang 6 dén thang 11 theo Pai Khi tugng
thiy van An Giang, tring v6i thoi gian dién ra mua
muia tii dau thang 5 dén gitia thang 11, chiém khoang
90% lugng mua ca ndm (Ninh L., 2017). Vi vay, vao
khoang thoi gian nay tinh khong chi xay ra ngap lut,
ngdp ung cuc bd & vung tring thap, ving ven song,
kénh rach va khu vuc khong c6 hé thong dé bao ma
con c6 kha ning cao xudt hién tinh trang sat 16 bo song
gay thiét hai vé nguoi, tai san, ddc biét 1a anh hudng
nghiém trong dén hoat dong nong nghiép. DE chu
dong trong viéc ing pho vdi 1a, triéu cuong, kho han,
tinh da c6 nhiéu giai phap va dau tu chi phi cho cac h¢
thong quan ly, canh bao, theo doi tinh hinh muc nuéc
trén song. Dong thoi, ra soat, cap nhat chinh sach, ké
hoach trong phong, chéng, giam thiét hai bai 1a lut tai
dia phuong. Tuy nhién, cic giai phap van chua thuc
su hiéu qua trong viéc du bdo va kiém soat la trong
tuong lai, mot phan do sy han ché vé 4p dung cong
nghé hién dai.

Hién nay, nhiéu gidi phap mdi, tiém nang lién quan
dén cong nghé dugc nghién ctu ting dung dé ho trg
hiéu qua cdng tac du bao muc nudc trong kiém soét
la lut. Su phoi hop gitia cong nghé s6 hoa cung véi cac
md hinh hoc médy dang tré thanh nhiing céng cu dac
luc va rat manh mé trong viéc ho trg giai quyét hiéu
qua cac van dé phtc tap lién quan dén tinh toan va du
bao. Theo két qua nghién ctiu vé du bao muc nudc gan
day cho thay, cic mo6 hinh hoc may la cong cu tiém
nang rat 16n, béi vi moé hinh du bao cé thé dugc xay
dung nhanh chéng, dé dang va khong doi hoi phai cé
su hiéu biét sdu vé cac qua trinh vét ly &n déng sau. Bén
canh do, kha nédng tinh toan, hiéu chinh, ki€ém dinh
nhanh hon so v6i cac mo hinh vat Iy truyén théng va
cach st dung it phtic tap hon (Mekanik E, 2013).

Nhom nghién ctiu Thu T, 2019 da chiing minh
rang mo hinh LSTM t6i uu hon cic mang no-ron
truyén thong khac khi xu ly van dé lién quan dén du
doan chudi thdi gian véi bo di liéu quan tric muc
nudc dit tai 4 tram trén song Mékong giai doan 2012
- 2016. Atashi V., 2022 nghién ctiu st dung phuong
phép méy hoc sdu dé du doan la bao gdm cac mo hinh
Seasonal Autoregressive Integrated Moving Average
(SARIMA), Random Forest (RF) va Long Short - Term
Memory (LSTM). Két qua nhan dinh rdng, m6 hinh

LSTM vugt tréi hon hin cic md hinh con lai. Tai
Yeojubo, tinh Gyeonggi-do, Han Qudc da thuc hién
du bao muc nuéc nham phuc vu trong cong tac quan
ly la lut bang cach stt dung m6 hinh LSTM két hgp véi
gated recurrent unit (GRU). D liéu dau vao dugc st
dung trong mo hinh nay la di liéu khi tugng, gom cac
bo dit liéu vé muc nudc ngugc va xudi dong, nhiét do,
d6 dm, lugng mua (Minwoo C., 2022).

Hon nta, Yu L., 2021 da dy bao muc nudc song
bang cach ting dung moé hinh LSTM, két qua cho thiy,
mo6 hinh nay c6 thé du bdo moét cach hiéu qua trong
diéu kién khoang thoi gian luan phién 1a 30 phut va
giai doan du bdo trong 2 gi¢ tai 5 vi tri 14y s liéu.
Mot nghién ctiu ctia Hién L., 2018 ciing st dung mo
hinh LSTM véi di liéu mod phdng 1a muc nudc theo
gio tai cac tram thuy vdn, du bao ti 1 gio - 5 gis. Mo
hinh khong bao gom cac di liéu vé khi hau, dia hinh
va cho két qua dy bao c6 do chinh xac cao. Ngoai ra,
tai song Cam, Hai Phong da dugc thuc hién du bao
muc nudc bing mo hinh Long Short - Term Memory
Neural Network (LSTM), m¢t dang ctia Mang no-ron
hoéi quy (Recurrent Neural Network) véi di liéu dau
vao la muc nudc tai cac tram thy van. M6 hinh cho
ra két qua c6 do chinh xdc cao, du do tin cdy dé€ tng
dung vao du bdao muc nudc trong quan ly (Hung H.,
2021). Mot nghién ctiu khdc 4p dung ba m6 hinh gém
Support Vector Regression (SVR), LSTM va m6 hinh
két hgp gitia LSTM v6i SVR dé€ du bao muc nude véi
cac dii liéu c6 san nhu lugng mua, lugng mua tich lay,
dd cao muc nudc song. Nghién ctiu chi ra raing mo
hinh LSTM cho ra két qua dat ty 1¢ 16i thdp nhit, tuy
nhién khong thé ndm bét dugc nhiing thay d6i nhanh
chong trong bo dii liéu (Punyanuch B., 2022).

Gidi phap du bdo muc nudc bing mo hinh hoc
may dugc dé xudt § day khong doi hoi phai co su hiéu
biét sdu vé cac qud trinh vat ly phtic tap bén trong
nhu cac mo hinh truyén théng. Dya vao dit liéu thu
thap dugc tii cac tram quan trc trén song, cong tac
du bdo tré nén don gian hon, két qua c6 do chinh
xac cao, nhanh chong, hiéu qua, giup tiét kiém chi
phi va nhan biét sém dugc tinh hinh muc nuéc trong
thoi gian sap t6i d€ kip thoi cé nhiing giai phap tng
pho chu dong nhdm phat huy téi da hiéu qua kinh té€
dia phuong. Thém vao d¢6, tinh An Giang hién dang
c6 nguodn di liéu s6 dugc tao ra tli cac tram quan
trac ngay cang 16n, d¢ tin cay cao va trd thanh nguén
tai nguyén di liéu quy gia trong chuyén moén. Do do,
viéc thuc hién nghién ctiu “Du bao muc nudc tai tram
Khanh An, huyén An Phd, tinh An Giang bing mo
hinh hoc mdy” sé gép phéan tim ra nhiing giai phap
du bao muc nudc hiéu qua, tin cy vé mdt khoa hoc
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trong cong tac du bao thong qua cac chi
s6 vé do do 16i Root Mean Square Error
(RMSE) va coefficient of determination
(R?) ctia md6 hinh hoc sdu LSTM.

2. POITUQNG VA PHUONG PHAP
NGHIEN CUU

2.1. Déi tugng nghién ciiu

Nghién ctiu dugc thyc hién trén déi
tuong dii liéu muc nudc theo gio trong 8
nam (ti ndm 2016 - 2023), tai tram quan
trac Khanh An thu¢c huyén An Phu,
tinh An Giang. Vi tri cta tram Khanh
An nam & dau nguoén séng Hau chay
qua dia phan tinh An Giang. Thong tin
muc nudc tai tram nay gif vai tro quan
trong doi véi vung ha luu song Hau ciing
nhu cac vung khac trong tinh An Giang
(Hinh 1).

2.2. Phuong phdp nghién ciiu

a. M6 hinh may hoc

Hoc mady la mdt linh vuc cta tri tué
nhan tao, tip trung vao viéc phat trién
cdc thuat todn va mo hinh gitp mdy tinh
tu dong hoc hoi, cai thién hiéu suit tu
di liéu hodc kinh nghiém ma khong can
dugc 1ap trinh chi dan. Hoc may huéng
téi viéc gip may moc tré nén thong
minh hon trong viéc du doan, ra quyét
dinh hodac xt ly van dé phtc tap nho vao
bo di liéu dua 16n, da tin cdy ma khong
can con nguoi can thiép qua nhiéu vao
qua trinh xt ly.

Mang no-ron hoi quy (RNN) 1a mo
hinh hoc méy xt ly di liéu theo chudi
béng cach sti dung thong tin ti qua khd
dé€ du doan hién tai. RNN gom ba 16p:
bau vao, 4n va dau ra, trong do, 16p 4n
c6 kha nang ghi nhé tam thoi thong tin
trudc do. Tuy nhién, RNN gdp kho khan
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Hinh 1. Tram quan trdc tai Khdnh An, huyén An Phil, tinh An Giang

v6i cac phu thudc xa do giéi han bo nhé. Mang LSTM (Long Short
- Term Memory) la phién ban cai tién ctia RNN, dugc Hochreiter va
Schmidhuber dé xuit ndm 1997. LSTM khéc phuc han ché cia RNN
bang cach ty dong hoc va ghi nhé cac phu thudc xa. Nho co ché
chon loc thong tin can nhé hoac quén, LSTM hoat dong hiéu qua
voi dit liéu chubi thoi gian, c6 kha nang ghi nhé lau dai ma khong
can hudn luyén dac biét.

Trang thai t€ bao la yéu t6 cot 16i trong kién tric LSTM, hoat
dong nhu mot bang chuyén truyén tai thong tin xuyén sudt qua cac
budc thoi gian ma khong bi bién d6i. LSTM diéu chinh thong tin
trong trang thai t€ bao thong qua ba cdng chinh: C6ng quén (forget
gate), cong diu vao va cng dau ra. Cac céng nay sti dung ham
sigmoid dé quyét dinh muc d6 thong tin dugc giti lai hay loai bo, véi
dau ra nam trong khoang [0, 1]. Nho vay, LSTM kiém soat hiéu qua
viéc ghi nhé va loai bo thong tin qua tling thdi diém, ddm bao duy
tri nhiing dac trung quan trong trong qua trinh hoc. Mot mo-dun
trong mang gém 3 c6ng nhu vdy nhim muc dich kiém soat trang
théi t€ bao (Hinh 2).
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Hinh 2. Bang chuyén gitia cdc té bao trong mé hinh LSTM

CHUYEN BE 1112025 | TAP CHi MOI TRUONG | 7



MUC NUGC KHANH AN WA XU HUG NG

Myc Nugc (cm)
H

¢

P P T i L P P P P P S, 7 > T @ o o
LA 0 S AT I T S R R R R B AR i i e i e B
Thai gian (Quy)

<

Hinh 3. Dién bién muic nudc tai tram Khdnh An tii ndm 2016 - 2023

b. M6 phéng muic nuiée bang mé hinh mdy hoc

Thu thap dit liéu muc nudc:

Viéc lya chon dii liéu dau vao cho mo hinh LSTM
la rdt quan trong va quyét dinh tinh hiéu qua cua viéc
du bao. Dya trén nhiéu phén tich, két qua nghién ctiu
lién quan, nhém da st dung bo di liéu muc nude thu
dugc theo tting gio tai tram quan trac Khanh An, mot
bo di liéu don bién khoang hon 70.000 dong lam di
liéu dau vao cho mo hinh.

B0 dit liéu muc nudc tit ndm 2016 - 2023 dugc chia
thanh 2 tap di liéu véi ty 1¢ 80%, duing d€ huan luyén
cac mo hinh mdy hoc (ti ngay 1/1/2016 - 25/5/2022)
va phén con lai la tip kiém tra (testing set) 20%, dung
dé danh gia tinh hiéu qua ctia mé hinh.

Xay dvung mé hinh hoc mdy, hudn luyén va danh gid
két qud mo hinh:

Nhom nghién ctiu chon ngén ngi lap trinh Python
chay trén Google Colab d€ trién khai du dodn muc
nudc bang mo hinh LSTM boi déy 1a cong cuy, la nén
tang thuan lgi d€ st dung cac goi thu vién ma ngudn
m& nhu Keras va Sklearn.

Qua trinh hudn luyén mang sé thuc hién diéu chinh
cac trong s6 cua mo hinh nham tim ra bd trong s6 toi
uu sao cho gia tri ham mét mat dat gia tri nho nhét va
dé x4c dinh cic chi s6 vé do do 16i RMSE va R2. Thudéc
do quan trong dé€ danh gid mo hinh la sai s6 trung binh
phuong (RMSE) va hé s6 xac dinh (R?).

Hé s6 RMSE c6 gia tri cang nho thi moé hinh cang
tot, dugc tinh toan theo cong thiic sau:

RMSE= [P52,0i90

Trong do: yi: Gid tri thuc té;
¢,: Gid tri dy dodn; n: T6ng s6 diém dii liéu.

Hé s6 R? ¢6 gia tri nam & khoang tii 0 - 1. Néu gia
tri két qua cang gan 1 thi cang t6t, gid tri mdé phong
tuong dong véi gia tri do thuc va nguogc lai, gia tri cang
gan 0 cang kém, gia tri m6 phdong tuong dong véi gia
tri do thuc. Cong thtc tinh toan R* nhu sau (Dongfen
R., 2025): L
_ 2z 0= @)

LG9

Trong do: yi: Gia tri thuc té;

¥i: Gia tri dy doan;

¥i: Gia tri trung binh;

n: Tong s6 diém di liéu.

Hiéu chinh két qua mo hinh: Sau khi huén luyén
mo hinh, cac chi s6 RMSE va R? dugc xem xét dé tién
hanh diéu chinh cac thong s6 bén trong moé hinh dé
dat két qua t6t nhat trong du doan.

3. KET QUA VA THAO LUAN

3.1. Dién bién muc nudc tit nam 2016 - 2023
tai tram Khdnh An, tinh An Giang

Trong suét giai doan tti ndm 2016 - 2023 (Hinh 3),
muic nudc tai tram Khanh An thé hién rd mot chu ky
thuy vén ldp lai hang ndm va bi anh hudng truc ti€p tu
hé théng sdong Mékong ciing nhu ché d¢ triéu. Moi nam,
muc nudc bat dau ting tit khoang thang 6 va dat dinh
vao khoang thang 8 - 11, day la giai doan triéu cudng két
hgp v6i muia 1a, tao nén nhiing dinh muc nuéc cao nhat
trong ndm, thuong dat trén 300 - 500 cm, c6 thé giy ra
tinh trang ngap lut & cac khu vuc triing néu két hgp véi
mua 16n va h¢ thong thoat nuéc kém.

Ngugc lai, vao cac thang dau nam (thang 1 - 3) va
cudi nam (thang 9 -12), muc nudc thudng gidm xudng
muc thip nhat, chi dao dong tu khoang 60 - 120 cm.
bay la thai ky triéu kiét thuong roi vao mua kho, thé
hién tinh trang thiéu hut nguon nudc mat, dac biét anh

R2=
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- K&t qua dy dodn myc nudc tram Khanh An, 24 gid dodn 6 gid - epoch=50
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K&t qua dy dodn myc nudc tram Khanh An, 24 gi¢ doan 6 gid - epoch=100
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Hinh 4. Kich bdn dii liéu ddu vao 24 gid du dodn 6 gio tiép theo

hudng dén san xuat ndong nghiép va sinh hoat & viing
ven song, kénh rach (Hinh 3).

Vao nam 2019 va 2023, muc nudc tai tram Khanh
An ¢6 dinh triéu cuong rat cao, cho thdy anh hudng
tu 1a 16n hodc hién tugng thoi tiét cuc doan. Trong
khi dé, giai doan 2021 - 2022, dinh 1&, muc nudc triéu
cuong déu 6 muc thip, dan dén han han va dong chay
vé ha luu bi suy gidm, diéu nay c6 thé lién quan dén
hoat dong diéu tiét nude & thugng nguodn va bién doéi
khi hau. Nhin chung, chu ky muc nudc tai Khanh An
mang tinh mua vu ro rét, lap lai hang nam, nhung co6
su dao dong vé bién do gitia cdc nam. Viéc theo doi
muc nudc triéu cuong, triéu kiét qua nhiéu nam la co
s& quan trong d€ du bao la va x4y dung ké hoach ting
pho thién tai hiéu qua hon trong béi canh bién déi khi
héau dang ngay cang ro rét.

3.2. Dy bdo muc nudc bang mé hinh mdy hoc
LSTM tai tram Khdnh An, tinh An Giang

Trong nghién ctiu st dung mo6 hinh LSTM d¢€ du
bao muc nudc, do dai chubi dii liéu dau vao dong vai
tro quan trong, do dac tinh chu ky ngay dém va thay
triéu ctia muc nudce. Do d6, chudi 24 gig, 48 gis dugc
lya chon dé€ du bédo 6 gio tiép theo, phit hgp véi yéu cau
canh bdo sém va ngin han. Khung thoi gian nay gidap
can béang gitia d6 6n dinh vé thuy van, tranh qua khép
vé mit thudt toan. M6 hinh 24 gi¢ gitup ghi nhé bién

dong ngén han, trong khi 48 gi¢ hé trg nhan dién xu
huéng dai hon. Qua trinh huén luyén st dung cac gia
tri khdc nhau ctia s6 epoch (50, 100, 200, 300) d€ danh
gid hiéu suit theo do sau huén luyén, tuy nhiéu epoch
gitip mo hinh hoc t6t hon, nhung néu qua mitc c6 thé
giy qua khép va giam kha nang tong quat hoa.

Do d6, Nghién ctiu da tién hanh mé phong muc
nudc véi 2 kich ban: (1) Dung di liéu dau vao ctia 24 gio
dé du doan 6 gio tiép theo; (2) Dung dii liéu dau vao cua
48 gi6 dé du dodn 6 gio ti€p theo. Pong thai nghién ciu
thuc hién mo phdng muc nudc véi cac tham s6 epochs
& cac gia tri khac nhau (50, 100, 200, 300).

Két qua chay mo6 hinh LSTM trén b6 di liéu muc
nudc tai tram Khdnh An tif nim 2016 - 2023 cuy thé
v6i tap hudn luyén 80% tam tinh tii ngay 1/1/2016 -
25/5/2022. Phan dii liéu con lai cho dén ngay 31/12/2023
sti dung d€ kiém tra va danh gia két qua chay mo hinh.
Két qua dugc thé hién qua cac bi€u d6 biéu dién gia
tri dy dodn so véi cac gia tri thuc do ti thang 5/2022 -
12/2023 (Hinh 4 va Hinh 5).

3.2.1. Kich ban dit liéu ddu vao 24 gid dy dodn 6 gid
tiép theo

M6 hinh hoc mdy LSTM da dugc ap dung d€ du
bdo muc nudc tai tram Khanh An, tinh An Giang
v6i kich ban di liéu dau vao 24 gio dé du doan 6 gio
tiép theo. Két qua mo phong trén bd dii liéu tii thang
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i Két qua du doan muyc nudc tram Khanh An, 24 gi& doan 6 gid - epoch=50
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Hinh 5. Kich bdn dii liéu ddu vao 48 gid du dodn 6 gid tiép theo

5/2022 -12/2023 cho thdy kha nang cia mo6 hinh va su
anh hudng ctia s6 lugng epochs.

M0 hinh hoc sau LSTM cho thdy kha ning mé phong
muic nudc hiéu qua tai tram Khanh An trong diéu kién
thity vin theo mtia, nh¢ kha néng ghi nhé chudi thoi gian
dai han va xti ly di liéu phi tuyén. Két qua tti bon kich ban
kiém tra (Hinh 4a - 4d) cho théy hiéu sudt cia mo6 hinh
tang dan theo s6 lugng epochs. Dac biét, mo hinh dat do
chinh x4c cao nhét tai 300 epochs (Hinh 4d), thé hién qua
sy tuong quan gan nhu dong nhat gitia gid tri muc nudc
mo6 phong va gia tri muc nudc thuc té€. Day la giai doan
ma mo hinh hdi tu 6n dinh, giam thiéu dugc sai s6 du bao.
Mtic d6 khop gitia dit liéu du bao va dii liéu that dic biét ro
rét tai cac thoi diém triéu cudng, triéu kiét, thoi diém c6 do
dao dong 16n, nhay cam véi chat lugng di liéu mod phong.

Tu cac két qua trén (Hinh 4), c6 thé két ludn ring
mo hinh LSTM 1a co6ng cu du bao hiéu qua dai véi bai
toan moé phéng muc nudc trong diéu kién thiy van
theo mua tai tram Khanh An, tinh An Giang v6i bo di
liéu dau vao 24 gio. Viéc lua chon s6 lugng epochs phu
hgp (300 epochs) 1a cin thiét € dam bao hiéu sudt mo
hinh va d¢ tin cdy ctia qua trinh du béo.

3.2.2. Kich badn dit liéu dau vao 48 gio du dodn 6 gio
tiép theo

Nhin chung véi sy khac biét gitia dit liéu thuc té€ va
di liéu dy bdo muc nudc thi mo6 hinh LSTM thé hién

kha nang du bao muc nudc kha t6t 6 ca hai kich ban
(24 gid va 48 gio). Tuy nhién, d6 chénh léch ré6 rét hon
tai cac diém cuc tri nhu dinh va déy ctia muc nuéc.

Trong kich ban st dung dii liéu dau vao 48 gic dé
du bdo muc nudc 6 gio tiép theo tai tram Khanh An,
mo hinh hoc sau LSTM cho thdy hiéu sudt mé phong
tang dan theo s6 lugng epochs (Hinh 5a - 5d), v6i s6
epochs lan lugt 1a 50, 100, 200 va 300. Sai s6 du bao
giam ro rét; do tuong thich gitia gia tri mo6 phong va
gid tri muc nudc thuc té€ ngay cang cao. Khi s6 lan
ldp lai (epochs) 1a 50 (Hinh 5a), su tuong thich gitia
muc nudc thuc t€ va du bao la thap nhat trong khoang
thoi gian ti thang 9 - 11/2022 va nam 2023. Khi ting
epochs én 100 (Hinh 5b), d¢ tuong thich c6 cai thién
nhung van con thdp & cac khoang thoi gian tuong tu.

Riéng tai epochs = 300 (hinh 5d), dii liéu mé6 phong
va di liéu thuc t€ gan trung nhau, thé hién su khép
gitia 2 bo di liéu tot nhat trong 4 gia tri epochs, mo
phong chinh xac ca cac diém cuc tri nhu dinh triéu,
day triéu, thuong khoé du bao do tinh phi tuyén va dao
doéng manh cta chudi muc nude. Diéu nay cho thiy
mo hinh khong chi hoc tét xu huéng chinh ma con
tai hién dugc cdu tric dao dong chi tiét trong chudi
dit liéu.

Téng thé, kich ban dau vao 48 gi¢ gitp mo hinh
khai thac t6t hon cac dac trung thay van theo mua va

10 | TAP CHi MOI TRUONG | CHUYEN BE 11/2025



Bang 1. Cac gia tri RMSE, R? trong qua trinh huin luyén va kiém tra
mo hinh may hoc LSTM theo 2 kich ban khac nhau

Kichban | epochs (I,{rl:g:) 1({,?;[ SStI; (Tl:: 0 Hoi tu
50 8,433 8,879 0,995 37 epochs
.. 100 ........ 8’055 ........... 8, 709 .......... 0)995 ..... 70ep06hs ..
sdotne 1 a0 | 7as |77 ) 0997 | 7 epochs
300 7,470 7,264 0,997 94 epochs
L0 809 ... 0,996 |30 epochs
100 7,005 7,122 0,997 74 epochs
A8 d0AN 6 |-vovvereeei]erriinne
200 7,033 7,369 0,997 66 epochs
.. 30 0 ........ 6’ 623 ........... 6’ 394 .......... 0’997 ..... 6gepoch5 ..

Ghi chii: Train RMSE la d¢ sai léch trén tdp hudn luyén; Test RMSE la do sai léch
trén tap kiém tra

v6i thoi gian dai han trong di liéu muc nuée. Két qua mo phong &
epochs = 300 chting minh déay 1a c4u hinh hudn luyén t6i uu do dam bao
mo hinh hoi tu 6n dinh. Do d6, viéc st dung m6 hinh LSTM véi d4u vao
48 gio 1a hudng tiép cin hiéu qua cho cac ting dung du bao muc nuéc
ngan han, ho trg ra quyét dinh trong cong tic quan ly 1a, triéu cudng,
diéu tiét nguon nudc & khu vic DPBSCL ndi chung, song Hau (tinh An
Giang) ndi riéng.

3.3. Ddnh gid khd ndng dv bdo ciia mé hinh mdy hoc LSTM
Vi bo dit liéu mu'c nuéc

Nghién ctiu da chiing minh kha ning ting dung cia mo6 hinh LSTM
trong du bdo muc nudc tai tram Khanh An, tinh An Giang. Ca hai kich
ban déu vao 24 gio va 48 gio déu cho thdy gia tri mo6 phdong c6 xu hudéng
sat v6i muc nudc thuc té, ddc biét khi s6 lugng epochs dugc diéu chinh
phu hop. Dai véi kich ban di liéu dau vao 48 gid, 300 epochs dugc xac
dinh la ngudng hiéu qua cao cho mdé hinh. D€ c6 mot so sanh dinh
lugng va khach quan hon gitia hai kich ban, can c6 cac chi s6 danh gia
hiéu sudt cu thé nhu RMSE, R? cho ca hai kich ban trén cing mét tap
dit liéu kiém tra.

Duia trén cac chi s6 thong ké dugc trinh bay trong Bang 1 vé hiéu sudt
mo hinh hoc sau LSTM ting dung cho bai toan moé phong va du bao muc
nudc tai tram Khanh An cho thay, bo gia tri RMSE-test va RMSE-train
khé tuong dong va phu hgp. Day la tin hiéu rét tét, thé hién mo hinh
khong bi hién tugng qua khép (overfiting). Gia tri R* trong qua trinh
kiém tra mo hinh déu 16n hon 0,99 & tdt cd moi trudng hgp, mo hinh ¢
kha nang du doan cuc ky tét, gdn nhu hoan hao trén tép di liéu chua
tiing dugc st dung trong qua trinh huén luyén. Dong thai, két qua dua
ra danh gid chi ti€t vé hai kich ban huan luyén véi dau vao lan lugt la 24
gio va 48 gio, trong khi cung du bdo muc nudc cho 6 gid tiép theo.

O kich ban 1 (d4u vao 24 gid), m6 hinh cho thdy xu huéng cai thién
hiéu suét khi ting s6 epochs huédn luyén, véi RMSE trén tap kiém tra
giam ti 8,879 (50 epochs) xudng con 7,264 (300 epochs) va hé s6 xac
dinh R? tang tit 0,995 1én 0,997. Diéu nay phén anh khé ning hoc cta
LSTM khi dugc cung cdp thai gian hudn luyén du dai dé€ khai thac cac
ddc trung c6 chu ky trong dii liéu thty van. Tuy nhién, mdc du cai thién

NGHIEN CUU

dang ké, d¢ sai s6 RMSE van con cao
hon so véi kich ban thi hai.

O kich ban 2 (d4u vao 48 gi®), két
qua m6 phong muc nude thé hién do
chinh xac vugt tréi. Tai 300 epochs,
mo hinh dat RMSE chi con 6,894 va
R? tuong ty kich ban 1 (0,997), c6 thé
thdy mo hinh c6 kha nang mo phong
gan nhu toan bo bién dong cua muc
nudce thuyc té. Ngoai ra, RMSE va R?
trén ca tap hudn luyén, kiém tra déu
6n dinh, cho thdy m6 hinh khong bi
hién tugng qua khép (overfitting),
dong thoi khai thac hiéu qua moi
quan hé phu thuc thoi gian dai han
trong chuoi dii liéu.

Tu cac két qua nay c6 thé két luan
rang, viéc st dung chubi déu vao 48
gio giup tang cuong kha nang trich
xudt dac trung dong luc hoc ctia hé
thong thiy van, nhé d6 moé hinh
LSTM nang cao hiéu qua du bao. Do
dé, kich ban t6i uu trong bdi canh
nay la mo6 hinh LSTM véi di liéu
dau vao 48 gi¢ va huan luyén 300
epochs, pht hgp cho cac ting dung
du bdo muc nudc ngan han trong
cong tac quan ly 1a va van hanh hé
thong thuay lgi.

4. KET LUAN

M6 hinh méy hoc LSTM thé hién
kha nidng moé phong muc nudc rat
tot tai tram Khdnh An véi chudi di
liéu c6 tinh chu ky theo mua, dac
biét trong diéu kién bién dong manh
vao mua la va triéu cudng.

Trong ca hai kich ban dau vao
24 gio va 48 gid, hiéu sudt mo hinh
tang dan theo s6 lugng epochs,
trong do6 kich ban 48 gi¢ dau vao
vGi 300 epochs cho két qua t6t nhat
vGi RMSE thip (6,894) va R* cao
(0,997), phan anh kha ning du bao
chinh xac, 6n dinh. Cac gid tri sai s6
RMSE trén tap hudn luyén va kiém
tra tuong doi dong déu, cling véi hé
s6 R? ludn trén 0,99, cho thidy mo
hinh hoi tu tot, khong xay ra hién
tugng qua khép (overfitting).

Két qua du bao thé hién mo hinh
bam sat cac ddc trung thiy van phtic
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= ESa

Ddu nguon song Hau, doan chdy qua dia phan tinh An Giang

tap, mo6 phong chinh xac cac diém cuc tri (dinh triéu,
day triéu), cho thdy tiém nang tng dung cao trong
quan ly nguén nudc va canh bao sém thién tai.

Tuy nhién, nghién ctiu chua thuc hién t6i uu toan
dién vé cdu tric mo hinh (s6 16p, batch-size, learning-
rate...) va ham kich hoat, dan dén gi6i han trong viéc
giam sai s6 vé mtic thdp hon ntia.

Vi vay, nghién ctu tiép theo c6 thé tich hgp thém
cac hudng cai tién mo hinh nhu t6i uu siéu tham s6
(hyperparameter tuning), tht nghiém moé hinh két
hgp (LSTM-Attention hodc LSTM-CNN) va b6 sung
d liéu khi tugng (mua, dong chdy thugng nguén) cho
bién dau vao d€ cai thién chét lugng du bao va giam gia
tri sai s0, dac biét tai thoi diém muc nude bién dong
manh nhu mua 1a.
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