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Tom tat: Tinh todn du bdo lwu lwong nwdc trong séng cd vai tro quan trong trong cdc nghién ciru vé thiy
vdn, quy hoach va quén ly tai nguyén nwdc, hay cdc bai todn vé cdn bdng nwdc lwu vire. Trong mét vai thép
ky tré lai déy, tri tué nhén tao hay cu thé hon ld hoc séu dd va dang dwoc trng dung rét nhiéu trong cdc linh
vire, trong do cé nghién ciru dw bdo dong chdy nhdm néng cao chét lugng dw bdo. Nghién ctru nay tng dung
mé hinh hoc sGu LSTM két hop vdi bién ddi trung binh trurgt dé thir nghiém phdn tich chudi thoi gian va du
bdo lwu lwong 1 ngdy dén tram Bdng Trdng trén séng Cdi - Nha Trang. Két qud tinh todn nay duoc so sdnh
vdi mét mé hinh phén tich chudi thoi gian phé bién Ia mé hinh SARIMA. Tir d6 cho thdy viéc st dung mé
hinh hoc sGu LSTM két hop vdi bién déi trung binh truot dé lam nédng cao chét lwong dw bdo 1én rét nhiéu
50 v&i mé hinh SARIMA va so véi ban thdn mé hinh LSTM (khi khéng st dung két hop vdi bién d6i trung binh
trwot). Biéu nay duoc khdng dinh théng qua so sdnh ddnh gid cdc chi s6 nhw MSE, NSE, MAPE, KGE cua cdc

phuong dn du bdo.

Tir khoa: Hoc sdu, hoc mady, du bdo lwu lwong, LSTM, SARIMA.

1. Mé dau

Dy bao chinh xdc va déng tin cdy dong chay
ngay la rat can thiét trong quy hoach va quan ly
tai nguyén nudc, cling nhu trong cac irng dung
lién quan dén nuwdc nhu nang cao hiéu qua phat
dién cda nha may thay dién, quy hoach va quan
ly ndng nghiép, va kiém soat 1T [1], [2], [3]. Vi
vay, dy bdo luu lwgng ludn dwoc quan tam
nghién cru tir trwdc dén nay [4], [5], dac biét 13
trong b&i canh bién ddi khi hau, cac van dé lién
quan dén hién tuong thly tai dién bién ngay
cang phtrc tap, gay khé khan trong cac cong tac
quy hoach va quan ly [6].

Dy bdo dong chay van ludn la mét trong
nhirng Iinh vuc kho khan cda khoa hoc thay van,
dac biét 13 khi hé thdng nghién cliu duoc dac
trung bai mot qué trinh déng lwc hoc phi tuyén
tinh, chiu sy tdc ddng cda nhiéu diéu kién phirc
tap, mang tinh ngau nhién khac nhau. Hién
nay, ¢ rat nhiéu cac phuwong phap khac nhau
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dé dy bdo dong chay ngay. Cac phuong phap
nay cé thé phan thanh hai huéng tiép can la:
Céac phuong phap dua trén quad trinh (process-
driven methods) nhuw cac moé hinh quan niém,
téng hop, moé hinh thdy van, thay luc; va
cac phuwong phap dwa dir liéu (data-driven
methods) nhw cdc mé hinh ty héi quy, cdc mé
hinh mdy hoc, cdc mé hinh mang no ron than
kinh [7]. Cac phwong phap dwa dit liéu xac dinh
sy k&t ndi vé mat toan hoc gilra cdc dau vao va
dau ra. M6t trong nhitng phwong phép dwa dir
liéu phd bién la hudéng tiép can cac moé hinh
chudi thoi gian, day ciling 13 hudng ti€p can cla
nghién ctru nay.

Cac ky thuat thdng ké théng thudng dugc
sir dung cho md hinh héa chubi thoi gian trong
thdy van nhu Auto-Regressive (AR), Auto-
Regressive Moving Average (ARMA), Auto-
Regressive Integrated Moving Average (ARIMA)
hay Seasonal Autoregressive Integrated Moving
Average (SARIMA). M6 hinh ARIMA duoc xem la
phuong phdp phé bién nhat cho du bdo chudi
thoi gian [8]. M6 hinh SARIMA la mét sy mé&
réng cta mod hinh ARIMA, xem xét cac diéu
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chinh theo mua (S), dwgc chirng minh la cung
cdp du bao t6t hon so vdi mo hinh ARIMA trong
hau hét cac truong hop [9].

Nhirng nam gan day, cac phuong phap hoc
may va hoc sdu ngay cang phd bién, duwoc phat
trién manh m& vdi hang loat cai tién, cung cap
thém nhiéu hudng ti€p can trong viéc xtr ly dy
bédo cac dac trung cla nganh thiy vdn bao gém
Artificial Neural Network (ANN) [10], [11], Fuzzy
Inference Systems (FIS) [12], [13], Recurrent
Neural Network [14] hay Long Short Term
Memory (LSTM) [15], va m6t s8 nghién clru cé
thé ké dén nhuw [16], [17], [18] déu cho thay cac
phuong phap nay dem lai hiéu qud tét trong
viéc dy bdo dong chay ngay tai cac khu vuc
nghién c&ru cia minh. RNN thuéc mét 1&p cia
hé théng mang than kinh nhan tao, dugc cho
|a hiéu qua trong xt ly nhiéu van dé lién quan
dén du bdo trong nhiéu nghién ciru khac nhau
[19]. Mac du vay, diém yéu c6 hitu cha RNN 13
gap van dé trong viéc hoc cac diém phu thuédc
dai han, theo nghién ctru cta Bengio d3 chi ra
[20]. M6 hinh LSTM, mét dang dac biét cia RNN
dworc tao ra bdi Hochreiter va Schmidhuber vao
nam 1997 nham giai quyét van dé nay [21].

Bén canh d6, mot dac diém chung cla cac lwu
viee sdng mién Trung Viét Nam 13 séng thudng
ngan va doc khién cho dong chay trong mua I
¢ nhitng bién d6i dot ngot, 1 1én nhanh va
xudéng nhanh. Diéu nay cling gy khé khan cho
viéc ap dung cac mo hinh phan tich chudi thoi
gian nhu SARIMA, LSTM vao dy bdo dong chay.
Cac m6 hinh nay thudong khé du dodn duoc tét
trong cac thoi ky dong chay 1én (dinh 1G). M6t
trong nhitng phuong phap xt ly chudi thoi gian,
lam giam di nhirng bién d&i dot ngdt dé 1a st
dung phép bién d6i trung binh truot (MA) [22].

Nghién clru nay tap trung vao &rng dung mo
hinh hoc sdu LSTM két hop phép bién ddi trung
binh trwot trong dy bdo dong chdy ngay, thi
nghiém véi sé liéu cia mot tram & mién Trung
Viét Nam (tram Dong Trang trén séng Cai - Nha
Trang). Két qud thlr nghiém duwoc dénh gid va
so sanh véi mot mé hinh chubi thai gian truyén
théng 1a SARIMA dwa trén 5 chi s6 danh gid 13
Sai s& tuyét déi trung binh (MSE), Hiéu suat
Nash-Sutcliffe (NSE), Hé s6 xac dinh (R?), Sai s6
phan tram tuyét d6i trung binh (MAPE) va hiéu
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suat Kling Gupta (KGE).

2. Phuwong phap nghién ciru

2.1. Phép bién déi trung binh trwo't - MA(q)
Nghién clru nay s& dung trung binh truot

don gian, la mot céng thire tinh trung binh phd

bi€n cha cac diém dit liéu trudc dé trong di liéu

chudi thoi gian [22]. Mdi diém trong chudi thoi

gian di¥ liéu cé trong s& nhu nhau, va duoc thé

hién v&i cong thurc:

Py + Pig+ -+ Pi (g1
n

MA(q) = (1)

Trong d6, P, dai dién cho diém dit liéu tai thoi
gian th& i (ngay) va g dai dién cho sé diém dir
lidu dung trong tinh toan trung binh truot. O
nghién clru nay lya chon s dung chis6 g = 5
dua theo k&t qua tinh toan trén tap dir liéu da
duoc xt ly trung binh truot sao cho duwong qua
trinh khéng con nhirng diém bién ddi dot ngoét
ma van gitt dugc nhitng dao dong cla nhitng
ngay luu lwgng nho.

2.2. M6 hinh SARIMA

Chir viét tat SARIMA cé y nghia dai dién cho
yéu t6 mua vu (S), tuw hoi quy (AR) dua trén méi
guan hé gilra quan sat hién tai va cdc quan sat
trude do, tich hop (1), sy khac biét cha cac quan
sat thuc t&€ dé lam cho chudi thoi gian trd nén
dirng (stationary), va trung binh truot (MA), do
tré cla céc 16i dy bdo clia mé hinh trung binh
trugt [19]. Cac ki thuat mé hinh héa chudi thoi
gian ty hoi quy c6 dién nhu AR; ARMA; ARIMA;
SARIMA c¢6 thé duogc sir dung nhu cac phuong
phap thay thé cho md hinh hda dong chdy moét
bién [20]. SARIMA vuot trdi hon so véi cac
phuong phdp khac vi né cé thé xir ly dwoc ca
cac dac trung vé xu huwdng tiém nang va chu ky
trong chudi dong chay [23]. C4c hé s& cla mo
hinh bao gébm 3 hé s6 khéng mua vu (p, d, q) va
4 hé s6 mua vu (P, D, Q)s, trong do s |3 thoi gian
cla mua vu [24]. Cc théng s6 con lai s& duoc
giai thich trong Bang 1 dwa theo [25].

SARIMA hoat déng hiéu qua khi duwoc rng
dung cho cac bai toan cé di liéu chudi thoi gian
dd dai va 6n dinh [26]. Trong nghién clru nay,
mé hinh SARIMA duoc st dung nhuw mot mé
hinh co s& dé so sanh céc két qua, danh gia tinh




trng dung cla viéc dp dung md hinh LSTM két
hop vai bién déi trung binh truot trong viéc dy

bdo lwu lwgng ngay dén tram Dong Trang trén
séng Cai - Nha Trang, tinh Khanh Hoa.

Bdng 1. Cdc siéu tham sé ctiia mé hinh SARIMA

Siéu tham s6 Y nghia Khoang gia tri

p S6 bac cta phan ty hdi quy mua vu: S8 lugng gid tri trong qud khi [0-10]
cla chu ky mua vu duogc sir dung dé du dodan gia tri hién tai
S8 bac cla qud trinh sai phdn mua vu: S8 1an 14y sai phan theo chu

D N s Xt s A [0-10]
ky mua vu dé lam cho chudi thoi gian trd nén tinh

Q S6 bac cta phan di dong trung binh mua vu: S8 luvgng nhiéu trong (0-10]
quéd kh ctia chu ky mua vu dugc sir dung dé du dodn gid tri hién tai
S6 bac cta phan ty hdi quy: SO lugng céc gid tri trong qué khir cda

p X s - ) N e A . [1-7]
chuodi thaoi gian dugc sir dung dé dy doan gia tri hién tai

q S8 bac clia qué trinh sai phan: S6 1an 1y sai phan dé 1am cho chudi (1-7]
thoi gian trd nén tinh (stationary)

q S6 bac cla phan di dong trung binh: S6 luvgng nhiéu (error terms) (1.7]

trong qua kh* duoc st dung dé du dodn gia tri hién tai

2.3. M6 hinh LSTM

M&t mang no-ron truyén thong coi tat ca cac
dau vao va dau ra 13 doc lap véi nhau, déi vai
dy bao chudi thoi gian, viéc sl dung mot mang
nhu vay s& khdng hop ly. Mot gidi phap thay thé
la s&r dung phuong phép LSTM, dugc phét trién
b&i Hochreiter & Schmidhuber (1997), va duoc
chirng minh 13 hiéu qua trong du bao chudi thoi
gian, tir d6 né dugc ng dung dé du bao muc
nuwdc, lwu lwgng dong chay trong thay van [15],
[27].

Pong luc phat trién LSTM |a dé loai bd van
dé gradient bién mat xay ra véi RNN khi xtr ly
céc phu thudc dai han. RNN tiéu chudn bao gom
mdt chudi cdc module I3p lai cila mang no-ron,

trong d6 mdi module bao gdbm mét cau tric, va
duoc cho 13 khd don gidn [19]. LSTM duoc thiét
k& d3c biét dé tranh van dé phai phu thudc dai
han, gitp viéc ghi nhd nay tré thanh hanh vi ty
dong thay vi phai cd gang dé hoc. Cau tao cla
LSTM c6 dang chudi, tuy nhién mdi nit mang sé&
bao gbm 4 neurol twong tac dac biét véi nhau
thay vi chi 1 nhu cia RNN [28]. Diém c6t 18i cla
LSTM 13 6 trang thai (cell state), dudng thang cat
ngang qua phan trén cta so d6 hoat déng trong
Hinh 1. Cac thong so trang thai bao gbm trang
théi 4n h (hidden state), d4u vao tai thoi diém t,
sau khi xt ly qua cac ham kich hoat sigmoid (o),
tanh va cac phép toan sé cho ra két qua | trang
théi 6 C va trang thai an h tai thoi diém t, dugc
st dung cho cdc nit mang t+1 ti€p theo [29].
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Hinh 1. So d6 hoat déng ctiia mang LSTM
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Bdng 2. Cdc siéu tham sé ctia mé hinh LSTM

Siéu tham s6 Y nghia Khoang gia tri

batch_size S6 Iu'cj.nAg maAu rga mAang nAo'-ron sé )A(’u' ly dong thoi trudece khi [1-50]
thyc hién moét 1an cap nhat trong so.
X ’ . h ~ | , h e . s s 2 ~

look_back ac d!rj 59, u‘qng bu’o’c.t oi gian trudc d6 dugc sir dung dé [1-5]
dy doan gia tri tvong lai.
Mét vong 18p day dd qua toan bo tap dir liéu huln luyén,

epochs mdi epoch bao gdm viéc dua tat ca cdc mau dit liéu qua mo [10-50]

hinh mét an

Trén Bang 2 |a céc siéu tham s6 cia md hinh
LSTM va khoang gia tri thwong duoc dung cia
cdc siéu tham sé nay [30].

Trong rat nhiéu nghién ctru gan day [15], [17],
[25], [27] cho thay rang mé hinh LSTM hiéu qua
hon nhiéu mé hinh khac trong bai todn du bédo
dong chay, tuy nhién van con nhitng han ché
khi dy bdo phan dong chdy cao (dinh IT). Trong
nghién cru nay, cac k&t qua tinh todn bang md
hinh LSTM két hop v&i phép bién déi trung binh
truot cling dwgc danh gid so vdi viéc sir dung mo
hinh LSTM don |é dé cho thay dwoc hiéu qua cla
viéc k&t hop véi phép bién d6i trung binh truot
trong du bdo dong chdy ngay dén tram Dong
Trang trén séng Cai - Nha Trang, tinh Khanh Hoa,
déac biét 13 d6i v&i nhitng phan dong chay lén.

C4c siéu tham sd cha cdc mé hinh SARIMA va
LSTM (Bang 1 va Bang 2) déng mét vai trd quan
trong anh hudng tryc tiép dén hiéu qua cda mod
hinh [31]. D& cé thé Iya chon gid tri t6t nhat cho
céc siéu tham s6 nay, cé thé cé nhidu phuong
phap khac nhau nhu tim kiém theo ludi (Grid
search), tim kiém ngau nhién (Random search),
thuat todn tdi wu bayes (Bayesian optimization
algorithm). Nghién cru nay str dung thuat toan
Grid search, |a thuat toan don gian, dé& dang
thywc hién va nhanh chéng cé két qua nhat [32]
dé tim kiém cac bo siéu tham s6 t6t nhat cho
céc md hinh. Pdng thoi, dé€ han ché viéc md
hinh dy doan qua khép vai dit liéu (overfitting)
[33], phuong phap grid search dugc két hop
v&i thuat toan kiém tra chéo (Cross Validation)
[34] v&itham sé cv = 5 13 gid tri thudng dugce st
dung trong nhiéu nghién ctru [35], [36].

2.4. Chi s6 ddnh giGé mé hinh

Nghién cttu nay s dung 5 chi s6 nham xac

dinh hiéu suat ciia mé hinh gdbm NSE, R?, MAPE,
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MSE va KGE thudng duoc s&t dung trong nhiéu
nghién ctru khac nhw [17], [31], [37], [38]

NSE [31] tinh todn hiéu qua ca mét md hinh
bang cach so sanh t6ng binh phuwong chénh léch
gilra cdc gia tri quan sat duoc va dy dodn vai
téng binh phuong chénh léch gilta cac gia tri
quan sat dugc va gia tri trung binh cta ching.
Gia tri NSE cang gan 1, md hinh cang chinh xac.

X, (0= P)?

i, (0;—0)? @

NSE=1-

Hé s& R? biéu thi m&rc d6 ma su bién thién
quan sat dwoc giai thich bdi mé hinh, va nam
trong khoang [0, 1] [39] v&i diém R? cang gan 1
mo hinh s& cang t6t. Cong thirc cla R? dugce xac
dinh nhu sau:

RZ — (Z?=1(0i_—20)(Pi - P))i i 3)

?:1(01' - 0) Z?=1(Pi - P)

Mean absolute percentage error (MAPE), con
dugc goi la do léch phan tram tuyét déi trung
binh, 1a mot thudc do d6 chinh xac cia phuong
phap du bdo trong thong ké tirng duwoc st dung
trong nghién ctru cha [40]. MAPE cang gan O
cang t6t va dugc dinh nghia bdi cong thirc sau:

100

(4)

0; — Pi
0;

Mot trong nhitng chi s6 thuong duwoc st
dung nhat trong nhiém vu dy doan la MSE [41],
trung binh binh phwong sai khac giitra cac gid tri
thwc té va gia tri du bdo. Pham vi gid tri cila MSE
tlr 0 dén +oo, va mot két quad du doan tét nhat
la khi MSE = 0. MSE duoc tinh qua Céng thirc 5:




1
MSE = 7—12{;1(01- —P))? (5)

KGE c6 thé dugc sir dung dé danh gia do phu
hop gitta dau ra mé hinh nhw myc nuwde, dit liéu
dong chay véi dit liéu quan trac [41]. Gid tri KGE
dao dong trong khodng tlr -oo (khéng phu hop)
dén 1 (phu hop nhat). KGE duoc tinh theo Cong
thirc 6 sau:

- 2 P 2
KGE=1- j(cc—1)2+<—”—1> +<=-1>
Op 0

(6)

_ ?:1(0i = Op) * (P, — Pp)
\/21{;1(01' - Om) * \/Z?=1(Pi - Pm)

cc

Trong d6: P, O, la gid tri du bdo, quan trac
th& i; B O |a gia tri trung binh cla dy bao, quan
trac; va 0,0, |a do l1éch chuan cla gid tri du bao,
quan trac.

3. Khu vuc nghién ctru va dir liéu sir dung
3.1. Khu vwe nghién ciru
Nghién clru nay tap trung vao lwu vuc song

Cdi - Nha Trang, con duwoc goi la sdng Phu Loc
hodc séng Cu, thudc tinh Khanh Hoa, Viét Nam.
Sdng Cai - Nha Trang la con séng dai nhat & tinh
Khanh Hoa, v&i chiéu dai gdn 80 km, va déng vai
trd rat quan trong trong phat trién kinh té - xa
héi cda tinh [42] (xem Hinh 2). Dién tich toan
Iwu vuce 1 khodng 1.904 km?, trong d6 phan
dién tich tinh dén tram thdy van Pdng Trang la
khoang 1.400 km?.

Luu vuc nam trong khu vuc khi hau nhiét
ddi gio mua, nhung cé nhitng dac diém khi
hau dac biét: Khi hdu 6n hoa vdi tinh chat dai
duong, va dugc phan chia thanh hai mua ré
rét: Mua mua tir khodng thang 10 dén thang
12 va mua khoé trong cac thang con lai. Mac
du mua mua chi kéo dai ngdn ngli, nhung
né lai chiém hon 50% téng lwong mua hang
nam. Nhiét dé trung binh hang ndm khoang
26,7°C. Pac diém cua séng sudi trong luu vuc
nghién cru 1a kha d&c va ngan, phan b day
véi mat d6 khoang 0,6 dén 1 km/km?2. Séng Cai
chay qua nhiéu khu vic ndng nghiép va céng
nghiép cha tinh, cung cdp nuwdc cho cic hoat
doéng nong nghiép, cong nghiép va sinh hoat
cha tinh Khanh Hoa.
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3.2. Dir liéu sty dung

Dt liéu s&r dung trong nghién ctru nay la dir
liéu dong chay ngay tir ngay 01/01/1983 dén
ngay 31/12/2022 tai tram Dong Trang trén sdng
Cai Nha Trang. BO dit liéu kéo dai 39 nam nay
du dai dién cho nhitng dién bién thiy vin tai
[wu vire nghién clru va duoc phan tich, xem xét
xu hudng, tihh mua va tinh 6n dinh, kiém dinh
gia thiét thdng k&, sau d6 duoc chuan héa dang
Min - Max sao cho ching nam trong khoang
[0,1] trwdce khi dwoc dung lam dau vao cho cac
mo hinh tinh todn. Trong nghién cru nay, hai moé
hinh SARIMA va LSTM déu dugc dp dung cho bai
todn ty tuong quan, 18y chinh di¥ liéu lvu lwong
& cac budc thoi gian trudc lam bién dau vao dé
tinh todn dy dodn cho budc thoi gian sau.

Toan bé dit liéu dugce chia Iam 2 phan nhu
sau:

Phan th& nhat tr 01/01/1983 dén
31/12/2021 dung cho viéc huan luyén (training)
cac mo hinh.

Phan th¢ hai tlr ngay 01/01/2022 dén
31/12/2022 dugc sir dung dé thlr nghiém dy
bao lvu lwong 1 ngay tai tram Dong Tring bang
céc md hinh d3 dwoc huan luyén.

4. Két qua

Gia tri cac siéu tham s6 tdt nhat tim duoc
bang phuong phap Grid search clia cdc mé hinh
duwoc trinh bay nhu trong Bang 3.

Két qud st dung cdc md hinh SARIMA va
LSTM vd&i céc bo siéu tham sé da dwoc lwa chon
O trén th& nghiém du bao dong chay ngay tram
Dong Trang trén sdng Cai - Nha Trang cho ndm
2022 duoc thé hién nhu trén Hinh 3. Qua dé ta
¢ thé thay rang, cd mé hinh SARIMA va LSTM
déu cho két quad dy bao kha tét, trong d6 md
hinh LSTM ludn cho két qua dy bao dong chay
cao (dinh I) t8t hon md hinh SARIMA. Trong dé
phan mua kiét (nwdc thap) thi méd hinh SARIMA
du bdo tét hon, con vé phan mua I (nwdc cao)
thi mo hinh LSTM du bao tét hon.

Bdng 3. B6 siéu tham s6 mo hinh SARIMA va LSTM t6t nhét lya chon duwoc béng phurong phdp Grid search

M6 hinh SARIMA LSTM
Siéu p d q P Q batch_size look_back epochs
tham s&
Gia tri 2 0 2 0 0 10 1 20

Hinh 3. Két qué thir nghiém du bdo dong chay ngay (ndm 2022) tram Béng Trédng trén séng Cdi Nha Trang

Tuy nhién, ddi véi cac thoi ky dinh 1T 16n
(cudi thang 10 dén nlra dau thang 12) cha biéu
do, cé thé thay két qua cia mé hinh LSTM cd xu
huwdng thién thap. Do dic diém luu lwong dang
tlr thap ting 1én cao dét ngdt, gdy kho khan cho
viéc hoc clia m6 hinh LSTM. Dé khic phuc han
ché nay, phuong phap trung binh truot - MA(q)
(xem phan 2.1) dé bién d6i lam tron céac dinh,
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gidm nhitrng bién d&i d6i ngdt cla chudi thoi
gian trudc khi dua vao tinh toan bang mé hinh
LSTM. Nghién ctru da thyc hién phép bién doi
|8y trung binh truot véi nhiéu gia tri siéu tham
s6 g khac nhau va két qua véi g = 5 cho hiéu qua
tdt nhat. Hinh 4 a, b, ¢ [an lwot so sanh cho thay
sy twong quan gitta lwu lwong quan trac va du
bdo bang md hinh SARIMA, LSTM va LSTM xr




ly trung binh trwot (MA_LSTM) twong rng. Qua
Hinh 4a, 4b, c6 thé thay rang hau hét cac diém
dit liéu cho thay sai s6 phan tan khdng déu, mo
hinh kém &n dinh va xuat hién nhitng sai s6
I&n hon 35%. SARIMA mac du d3 cé budc xir
ly trung binh trugt, tuy nhién két qua van chua
du do tin cdy. Bén canh d6, mé hinh MA_LSTM
(xem Hinh 4c) c6 két qua du bdo chinh xac hon
md hinh SARIMA va LSTM rat nhiéu, khéng cé
két quad du bdo nao sai sd tuwong d6i Idn hon

20%, dac biét 13 cic két qua du bdo cho céc thoi
ky dinh 1T d3 chinh xac hon rat nhiéu vdi sai s6
twong doéi déu nhd hon 10%.

Qua d6, cé thé khang dinh rang mo hinh
LSTM két hop xir ly trung binh truot trén dir
liéu tap Test vuot tréi hon ca LSTM va SARIMA
vé tinh én dinh, chinh xac va dé tin cdy trong
viéc du dodn lwu lugng. Piéu nay cling duwoc thé
hién thdng qua viéc danh gia hiéu suat clda ba
mé hinh qua céc chi s6 & Bang 4.

a) SARIMA
I ER: > 35% 7
4004 4 ER:20%-35% ,/
o ER: 10% - 20% ,*
\’g 300 4 ER: < 10%
| ry v
S ,/ A
o ¢
‘S 200 = //‘
N
[G] A
100 -
100 200 300 400
Gia tri du bao
b) LSTM
i ER: > 35% 4
4004 4 ER:20%-35% ,/
o ER: 10% - 20% »*
\)g 300 4 ER: < 10%
= /'
< 7’
o // AA
‘S 200 8
© Loal, 4
(&) a AA
100 -
100 200 300 400
Gia tri du bao
c) MA_LSTM
1 ER: > 35% 5
4001 4 ER:20%-35% %7
. ER: 10% - 20% ,*
E 3004 ER: < 10%
c B’
< ’
(o J:/,
‘S 200 7 57
N
(&)
100 A
100 200 300 400

Gia tri du bao

Hinh 4. Biéu db sai sé turong déi (ER) du bdo bdng cdc mé hinh: a) SARIMA, b) LSTM, ¢c) MA_LSTM
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Bdng 4. So sdnh cdc chi s6 ddnh gid cda 3 mé hinh

M6 hinh SARIMA LSTM MA_LSTM
MSE 1123 1212 48
NSE 0,65 0,63 0,98

R2 0,65 0,66 0,99
MAPE 11,67 10,63 4,93
KGE 0,72 0,80 0,91

Qua Bang 4 c6 thé thay rdng mé hinh LSTM
két hop x& ly trung binh trwot cho thay hiéu
sudt tét nhat trén tat ca cac chi s6 va méc thoi
gian dy bdo, dac biét vuot tréi & cdc moc thoi
gian ngan ngay. M6 hinh SARIMA va LSTM kha
tuwong déng, khéng cé sw khdac biét rd rang trong
cac chi s& danh gid. Chi sé MSE cla 2 mé hinh
nay gap hon 20 lan so v&i MA_LSTM, cac chi
s6 NSE va R? chi & ngudng khoang 0,65, sai s
tuyét d6i trung binh I&n hon 10%. Phuwong an
két hop hoan toan cé thé dugc &ng dung vao
thyc té trong dy bao luu luvgng 1 ngay khi ma
chi s& NSE, R2, va KGE déu nam trén ngudng 0,9,
MAPE nhé hon 5%.

5. Két luan

Viéc du bao chinh xac dong chay ngay la vo
cung quan trong, nham danh gia ding tac dong
ma cdac tran Il hay han mang lai dé duwa ra céac
bién phap phu hop va kip thoi, dong thi hd tro
cac céng tac quan ly tai nguyén nudec, st dung
trong tudi tiéu va sinh hoat hang ngay. Déi vdi
céc luu vye vira va nho, cé dac diém dong chay
bién déng nhanh va 1&n nhu cac lwu vuc sdng
thuéc mién Trung Viét Nam thi van dé dy bao
dong chay cang tré nén khé khan. Gan day da cé

nhiéu nghién clru &rng dung md hinh hoc sau vao
trong nghién ctru gidi quyét bai todn nay. Nghién
cru nay dya trén két qua tinh todn thdr nghiém
v&i s6 liéu cha tram Dodng Trang trén séng Cai
Nha Trang cho thay rang:

- Theo huwéng ti€p can phan tich chudi thoi
gian truyén théng, sir dung mé hinh phé dung 13
SARIMA cho két qua danh gia khéng cao (MSE =
1123, NSE = 0,65, R? = 0,65, MAPE = 11,67, KGE
=0,72).

- Theo hudng ti€p can hoc sdu: néu st dung
thuat todn LSTM (dugc danh gia cao trong nhiéu
nghién ctru) cling khdng giip nang cao dang ké
céc két qua tinh todn dy bdo (MSE = 1212, NSE
=0.63, R>=0.66, MAPE = 10.63, KGE = 0,80). Tuy
nhién néu st dung két hop thuat toan LSTM va
phép bién ddi trung binh truot thi cé thé giup
nang cao két qua dy bdo 1én rat nhiéu (MSE =
48, NSE = 0,98, R? = 0,99, MAPE = 4,93, KGE =
0,91).

Nghién clru nay cling cé thé 1a co s& cho viéc
nghién ctru dp dung két hop cdc thuat todn may
hoc, hoc sau va cac phép bién déi hodc cdc mé
hinh khac nham nang cao chat lwgng du béo
dong chdy cho cac lvu vye séng.

Dong gop cla tirng tdc gid trong bai bdo: X4y dung y tudng nghién ciru: Nguyén Birc Hanh; Xi ly s6 liéu:
Lé Hiru Minh Quén; Thu thép tai liéu: Nguyén Birc Hanh, Lé Hiru Minh Quén; Viét bén thdo bai bdo: Lé Hitu
Minh Quén, Nguyén Vin Anh Hoang; Chinh sira bai bdo: Lé Hitu Minh Quén, Nguyén Dirc Hanh.

Loi cam doan: Tép thé tdc gid cam doan badi bdo nay 1a céng trinh nghién ctru cua tép thé tdc gid, chua
duoc céng b6 & déu, khéng dugc sao chép tir nhitng nghién ciru trude déy; khéng cd sw tranh chép loi ich

trong nhém tdc gia.
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APPLICATION OF DEEP LEARNING METHODS
FOR DAILY STREAMFLOW FORECASTING AT THE DONG TRANG STATION
ON THE CAI RIVER - NHA TRANG

Le Huu Minh Quan, Nguyen Duc Hanh, Nguyen Van Anh Hoang
Hanoi University of Science - Viet Nam National University
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Abstract: Forecasting river flow is crucial in hydrological studies, water resource planning and
management, and watershed water balance problems. In recent decades, artificial intelligence, specifically
deep learning, has been extensively applied across various fields, including streamflow forecasting, to
improve prediction quality. This study applies the LSTM deep learning model combined with moving average
transformation to experiment with time series analysis and daily flow forecasting at the Pong Trang
station on the Cai River - Nha Trang. The results are compared with a popular time series analysis model,
SARIMA. The findings indicate that using the LSTM deep learning model combined with moving average
transformation considerably enhances forecast quality compared to the SARIMA model and the LSTM model
alone (without moving average transformation). This is confirmed by comparing evaluation metrics such as
MSE, NSE, MAPE, and KGE of the forecasting approaches.

Keywords: Deep learning, machine learning, flow forecasting, LSTM, SARIMA.
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