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Tém tat: Nhén dang lii I6n trén cdc lwu vire séng déng vai tro quan trong trong céng tdc phong chéng
thién tai va ddm bdo sw phdt trién bén vitng cua lwu vire. Hién nay, vdi sw phdt trién vurot bac cua khoa hoc
mady tinh, cdc phuong phdp s6 nhu mé hinh todn va tri tué nhdn tao dang duoc tng dung réng réi trong
cdc nghién ctru du bdo va nhdn dang cdc ddc trung 10 16n trén lwu viee S6ng Héng. Tuy nhién, dé xdy dung
dwoc mé hinh hoc mdy cé thé nhén dang, dw bdo duwgc nhikng trdn I I6n vdi dé chinh xdc cao vén con gdp
nhiéu thdch thire vé ngudn dif liéu va cdc quan hé phi tuyén phire tap. Nghién ctru nay duwoc thuc hién vdi
muc dich xdy dwng duwoc thudt todn hoc mdy di manh, cé thé dw bdo, nhén dang duoc dong chédy dinh Iii
dén Ho Son La théng qua Tram thiy vén Tg Bu ndm & ha lwu hd trong nhifng trdn Iii I6n tir ngudn div liéu
ngdn (49 sé liéu) , khéng c6 sw lién tuc vé thdi gian. Mé hinh hoc mdy tién tién XGBoost va cdc kyj thudt xir ly
dit liéu déu vao duoc st dung cho két qud hudn luyén dat trén 97% trong tdt ¢ 1.000 Ién chay va két quéd
kiém tra dat khodng 70%. Dy bdo thir nghiém cho trén 1i ndm 2024 ciing cho két qué dw bdo dinh Ii chinh
vu khd tét, vdi sai s6 dudi 5%. Két qué nhan dang dinh It sém va It mudn chdp nhén duoc vdi sai s6 dinh I

trung binh ngay khodng 14%.

Tir khoa: Nhén dang I, dw bdo i, S6ng DBa, hoc mdy, XGBoost.

1. Gi¢i thiéu chung

Séng Da la soéng ldn nhat trong hé théng
S6ng Hong, chay qua dia phan cla ba qudc gia 1a
Trung Quéc, Lao va Viét Nam vdi téng dién tich
lwu vie 1a 52.900 km?, trong dé phan |3nh thé
phia Trung Quéc chiém khodng 47%, Lao chiém
khodng 2% con lai 13 Viét Nam khodng 51% [1].
Doan soéng & Viét Nam dai 527 km (c6 tai liéu
ghi 543 km [2]) ¢6 10 phu luu cap 1, trong d6 ¢
4 s6ng nhanh chinh vai dién tich lwu vy trén
2.000 km?: Nam P6, Nam Na, Nam Mdc, Nam
Mu; hai phu lvu nhé hon [a Nam Sap va Nam Bu
(Hinh 1).

Do dic diém vé dia hinh va hudng nui nén
lwvong mua trén lvu vie phan bé khong déu
theo khong gian va thoi gian. Lwvgng mua tap
trung chd yéu tir thang 5-10 chi€ém 85-88% téng
lwgng muwa ca nam, vay nén dong chay vao mua
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1T cling chiém khoang 80% tong dong chay ca
nam. Luong nudc nam trén Séng Da tai Tram
Hoa Binh dat trung binh 55,4 ty m3. Trén lwu vuc
S6ng Da cb 3 hd chira I&n: Lai Chau, Son La, Hoa
Binh d@u la cac hd chira loi dung téng hop. Dong
chdy qua H6 Hoa Binh ddéng gép dén 50% cho
dong chay ha luu va Séng Da déng gbép khoang
37% tong lvgng nudc Song Hong tai Son Tay. La
lru vire cé lwong mua kha Ién, dia hinh da dang,
nén Id I&n hinh thanh trén lvu vuc Séng Da la
khd thudng xuyén. Chinh vi vay, viéc nhan dang,
du bao Il I&n déng vai trd quan trong trong viéc
nang cao hiéu qua phong I cha hé théng cong
trinh trén lwu vuyc Séng Da.

Nhan dang 1T la cach thirec nhdn biét nhitng
dau hiéu vé kha ndng hinh thanh, nhan biét dac
tinh cda mot dot 10 hay mét trén [0 mét cach
dinh luvgng, gobm cac dic trung chinh: Dinh I,
téng lwong |0 va dang qué trinh 1T [3]. Nhan
dang |G d3 duoc thyce hién tai cac tram thay van
trén cac lvu vuc song chinh tai Viét Nam. Nhan




dang |0 tir xa dén gan theo quy mé khai quat va
chi tiét. Déi vdi nhan dang cang xa, cac théng tin
thuong & dang khai quat va cé dé tin cdy & muirc
tuwong d6i. Nhan dang |0 cang gan, cac thong tin
s chi tiét hon, cé do tin cay cao hon. Tiéu chi
nhan dang |0 |a nhan biét, du dodn khai quat
duwoc trudc cac giad tri dac trwng cda 10 (muc
nuwdc/ lvu lwong I&n nhat, nhd nhat, trung binh)
va nhan dang chi tiét dwoc qua trinh mue nwdc/
lwu lwgng IT. Nhan dang | dugc thyc hién theo
cac thoi han tir han ngdn (24-48 gi®) dén han
vira (5-10 ngay) va han dai (thang, mua). Cac
nghién ciru duwgc thyc hién trén co s sir dung
céc phuong phép tir thng ké truyén théng [4]
cho dén cédc md hinh toadn thdy van tlr md hinh
théng s6 tap trung [5] dén md hinh théng s6
phan bé [6]. V&i su tién bd cla cong nghé may
tinh, cac phuwong phép s8, si dung tri tué nhan
tao (hoc may, hoc sau) duoc st dung dé nhan
dang I trén cdc sdbng & Viét Nam [3], [7]. Tuy

nhién nhitng phuong phap nay vé co ban mai
huan luyén tét & tap dir liéu lién tuc vé thoi gian
va thuong st dung thuat toan tu hdi quy (nhw
NARX) v&i tap dit liéu dai (thuong 18n dén hang
trdm s6 liéu) dé dy bao cho twong lai.

Chinh vi vay, cdc mé hinh xay dwng duoc con
nhiéu han ché khi du bao thir nghiém cho chudi
di? liéu ngdn nhat 13 khi cac dit lieu khong cé sy
lién tuc vé thoi gian nhu lvu lwong dinh [T cda
cdc tran |0 1&n trong khoang 40-50 ndm gan day.
Nghién clru nay dugc thyc hién dé xay dung mé
hinh hoc méay tién tién v&i muc tiéu nhan dang,
du bdo duoc lvu lvong dinh 1T dén vj tri Tram
thay van Ta BU (nam & ha lwu thdy dién Son
La) trén SOong Da tir dit liéu khi twong, thay van
clia cdc tram lan cén, tir dé dv bdo duoc dinh
I dén HO thuay dién Son La. Phwong phdp hoc
may duoc s& dung trong nghién ctru 1a mé hinh
XGBoost (Extreme Gradient Boosting).
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Hinh 1. Ban d6 va mang lwdi tram khi trong thay vén lvu viee Séng Pa

2. Phuwong phap thuc hién

2.1. M6 hinh hoc mdy XGBoost

XGBoost (Extreme Gradient Boosting) la mot
trong nhirng thuat toan hoc may (hoc cé giam
sat) manh mé& va phd bién nhat hién nay, dac
biét hiéu qua trong cac bai toan phéan loai va
hoéi quy cé dit liéu 1dn va phirc tap. Thuat toan
nay duoc dé xuat bdi Chen va Guestrin [8], dya
trén khung Boosting truyén théng nhung dugc
cai ti€n dang k& vé mat hiéu suat tinh todn

va khad nang téng quat héa mé hinh. XGBoost
st dung mét phuong phdp téi wu hda do doc
(gradient) theo hinh thirc cong dén, két hop
nhiéu cay quyét dinh yéu dé xay dwng modt mé
hinh manh théng qua viéc giam thiéu ham tén
that bang cach thém tirng cdy mot cach tuan ty.
Diém néi bat ciia XGBoost 1a kha ndng x{r ly t6t
dit liéu thiéu, ty déng lua chon dac trwng quan
trong va kha nang song song hda trong qua
trinh hudn luyén, nho d6 cai thién dang ké téc

TAP CHi KHOA HOC BIEN P81 KHi HAU || =5
S6 34 - Thang 6/2025 ||



dd so vdi cac thuat todn Boosting truyén théng
nhu AdaBoost hay Gradient Boosting Machine
(GBM) [9].

Ngoai ra, XGBoost tich hop co ché chudn héa
(regularization) thédng qua cac hé s6 phat (L1 va
L2) vao ham muc tiéu, tr d6 gitip mo hinh tranh
duoc hién tuong “qua khdp” (overfitting) - moét
van dé phd bién trong hoc mdy. Nhiéu nghién
ctru d3 chirng minh hiéu qud vugt tréi cla

XGBoost trong cac cudc thi hoc may, chang han
nhu céc cudc thi trén nén tang Kaggle, nho kha
nang khai thac tot ca dit liéu dang bang 1an kha
nang ma& réng mo hinh [10].

XGBoost xdy dwng mo hinh theo cach lap,
trong d6 mdi cay quyét dinh méi dwoc hudn
luyén dé giam thiéu sai s6 (residual) cla té hop
cac cay trudc do theo ty 1é hoc n (learning rate)
(Hinh 2).

\ Poc dit liéu diu vao |

| Khoi tao du bao ban diu (f,) |

‘ Tinh sai s6 gitra tinh toan va thuc té (r,) ‘

Huén luyén Cay quyét dinh 1 dé giam sai sd r,

le—

‘ Cap nhat mé hinh dy béo hién tai (f=f,+1. Tree,) |

‘ Tinh sai s gitra tinh toan va thuc té (r,) I

‘ Huén luyén Cy quyét dinh 2 dé giam sai s6 r, I

‘ Cap nhat mo hinh du bao hién tai (f,=f,+1.Tree,) |

Didu kién dimng

Yes

‘ Két qua du bao ‘

Hinh 2. So' d8 khéi quy trinh huén luyén cia XGBoost

2.2. Di¥ liéu va xw ly div liéu

DE& tién hanh nhan dang I |én dén HB Son
La, nghién cru tién hanh xay dwng md hinh hoc
may nhan dang dong chdy IG dén Tram thdy
van Ta BU, nam ngay sau ho. Md hinh dy bao
tai tram Ta BU duwoc thiét 1ap thdng qua sb liéu
quan trac dong chay tw nhién dén tram va di
liéu muwa ngay trong cac dot mua, 1T I&n tlr ndm
1961 dén 2009, |3 thoi diém trudc khi HO thay
dién Son La di vao van hanh (Bang 1). Cac dit
liéu nay duoc tdng hop thanh 3 nhém dir liéu
bao gdm I s&m, 1T chinh vy, 1T mudn. Trong d6
dit liéu nhan dang It sém la cac trdn [T xay ra
trong khoang tir 15/6 dén 19/7, Il chinh vu tir
20/7 dén 21/8, It mudn tir 22/8 dén 15/9.
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C6 thé thay rang dit lieu cé duogc tlr ndm
1961 dén 2009 vé co ban la day du nhung dé
phuc vy xay dyng mo hinh hoc mdy thi 49 dir
liéu 13 qud it. Ngoai ra, tip dit liéu bao gbm céc
loai di¥ liéu khac nhau vai bién do thay déi khac
nhau. Vi dy, di¥ liéu lvu lwgng chan 1T sdm bién
thién tir 248-2070, dit liéu mua 1 ngay I&n nhat
cla Tuan Gido tir 27-189,... B&n canh d9, tap dir
liéu bao gbm cac “cum bién dau vao” 1a mua
1, 3, 5 ngay I&n nhéat cta cac tram do mua lan
cin nhau nén cd thé cé twong quan cao. Viéc sir
dung di liéu thd, chua qua xtr ly s& cé thé dan
dén that bai trong viéc hoc clia md hinh cling
nhu dua ra két qua nhan dang khdng chinh xac.
Chinh vi vdy, nghién ctru tién hanh xr ly di¥ liéu
dung dé hoc may theo cac buwéc sau.
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Budre 1: Sang loc cac bién cd tuong quan t6t
va déc lap vdi nhau dé nhan dang 1 Tram thiy
van Ta BU. Chi tiéu dé sang loc 1a hé s6 tuong
quan Pearson va duoc thuyc hién bang cong
cu Data Analysis trong Excel 2019. K&t qua thu
dugc cac bién quan trong déng gop vao nhan
dang dinh 1G dén Tram thdy vén Ta BU (Bang 1).

Buwdc 2: Chuan héa dit liéu sir dung cac ky

thudt xdy dwng bién tuong tac gitra cac tram
khi tugng, thém bién théng ké téng hop va
dung bién phi tuyén (logarithm hodc cdn bac 2)
dé lam muot gid tri I&n va sir dung thuat toan
chudn héa dé loai bd cac gia tri ngoai lai lam
nhiéu qua trinh hoc may. Tat ca cac ki thuat nay
duwoc dua vao bd m3 XGBoost 1ap trinh bang
ngon ngit Python.

Béng 1. Dt liéu khi tugng thdy vdn si dung trong nhén dang I dén tram Ta Bu

Loai di¥ liéu LG s&'m LG chinh vu LG mudn
Thay van Luu lwgng dinh 1T Ta BU Ta BU Ta BU
Luu luvgng chan 1 Ta Bu Ta Bu Ta Bu
Khi tvgng Mua 3 ngay Idn nhat Dién Bién Muong Te Dién Bién
Muong Te Tam Duong Muong Te
Sin Ho6
Mua 5 ngay I&n nhat Tuan Gido Pién Bién Tuan Gido
Lai Chau Lai Chau
Sin H6 Tam Dudng
Tam Duong Quynh Nhai
Quynh Nhai Than Uyén
Than Uyén MU Cang Chai
MU Cang Chai

2.3. Xdy dwng mé hinh hoc mdy XGBoost

M6 hinh hoc mdy XGBoost duwgc xay dung
trén ngdn nglt 1ap trinh Python. M6 hinh duoc
xay dung dé hoc véi tap dir liéu gdbm 49 sé liéu
v3i mot sb tinh nang nhu sau:

- S dung 80% dit liéu dé huan luyén va 20%
dit liéu dé kiém tra;

- Tao cac d3c trung md rong (feature
engineering) nhu bién théng ké téng hop
(max) va dung bién phi tuyén (logarithm hodc
can bac 2);

- Chudn héa dir lieu bang thuadt toan
RobustScaler;

- S&r dung thut todn Randomized Search
Cross-validation dé t6i wu hda bd thong sé md
hinh XGBoost;

- Chay XGBoost 1000 lan véi random split
nham giam thiéu tinh ngau nhién cla mo hinh
hoc may;

- Lya chon md hinh t6t nhat dua trén két qua
tinh toan hé s6 tuwong quan R? cla tap kiém tra
(test) v&i rang budc sai khac R? gitra tap huan
luyén (train) va kiém tra AR<0,3. Trong d6 R?

duoc tinh theo céng thirc sau:

pz_ 1 L(DB- TP)?2
Y.(TP — TB)?

Trong dé: T dung dé chi s6 liéu lvu luvgng
thyc do tai tram Ta BU (m3/s); TB la lvu luong
trung binh (m3/s); DB la lvu lvgng dy bdo tir mé
hinh XGBoost (m?/s).

3. K&t qua nhan dang Iii d&n H6 Sorn La

3.1. Két qua hudn luyén va kiém tra dong chdy
dén tram Ta Bu

M hinh hoc médy XGBoost cho két qua huén
luyén va kiém tra |t s&m vé&i chudi dit liéu ngan,
gdm 49 s6 liéu, kha t6t vdi cd nhan dang |0 sém,
1T chinh vu va [0 muén. K&t qua hoc sau 1.000
[an chay cho thay hé s6 twong quan R? cla tap
huan luyén thudng dat trén 97% (Hinh 3). Trong
dd, hudn luyén nhan dang |G mudn cho két qua
6n dinh va t6t nhat, trong khi huan luyén nhan
dang Il chinh vu cho két qua kém hon.

DE tranh xay ra tinh trang “qué khdp” trong
hoc may khi két qud huin luyén cho dd chinh
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xac rat cao nhung két qua kiém tra lai rat kém,
nghién clru s&r dung diéu kién rang budc AR*<0,3.
Két qua thiét 1dp mé hinh XGBoost duwoc thé
hién trong Bang 2 va Hinh 4, Hinh 5.

Nhu vay, cé thé thay rang véi md hinh
XGBoost duwoc hudn luyén rat t6t (R*>0,97) thi
k&t qua kiém tra cho hé s R? dat trén 70% vdi
sai s6 tuyét ddi trung binh nhd hon 15% gid tri

Iwvu luvgng dinh [T trung binh. D&i vai tap kiém
tra cha I mudn, két qua tinh todn tir mé hinh
cho k&t qua thién 1&n, tuy nhién, sai s& nay van
@ trong khoang cho phép (trung binh 13,5%).
Nhu vay, c6 thé thay rang mé hinh XGBoost d3
cho két qua huan luyén va kiém tra rat t6t vdi
chudi di¥ lieu ngan trong nhan dang It d&n tram
Ta Bu.

1.00

0.9 +
0.98
.

0.97

Hé s6 R?

0.96
0.95

0.94

Lii sém

==

L chinh vy

Phan bd hé sd R2 tap huén luyén

==

LG mudn

Hinh 3. Két qud hudn luyén XGBoost nhan dang Iii dén tram Ta Bu 1.000 lén

Bdng 2. Két qud thiét Iap mé hinh hoc mdy XGBoost tét nhdt

Két qua thiét lap Lii sém Lii chinh vu Ll mudn

Hiéu suat md hinh R? t4p train 0,99 0,98 0,99
R? tap test 0,79 0,71 0,77
MAE tap test (m3/s) 874,8 630,9 702,1
Théng s6 chinh mé colsample_bytree 0,644 0,800 0,644
hinh XGBoost gamma 2,222 None 4,444
learning_rate 0,254 0,05 0,117

max_depth 4 5 9
subsample 0,644 0,800 0,689

0. -
Li sém ¥ L mudn

st Msdel - TEST (ner 236 et

Li sém -

Hinh 5. Két quéd kiém tra mé hinh XGBoost nhdn dang 10 dén tram Ta Bu
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3.2. Két qua dw bdo thir nghiém dong chay dén
H6 Son La

Do H6 thay dién Son La d3 di vao hoat dong
nén dé kiém dinh lai mé hinh nhan dang It d3
xdy dung, nghién clru tién hanh dy bdo thlr
nghiém dong chay Ii dén H6 Son La trong mua
I ndm 2024. Do dién tich khéng ché dén Tram
thdy van Ta B (45.900 km?) va H6 thdy dién Son

La (43.760 km?) c6 sy chénh léch khong dang
ké (khodng 5%) nén dong chay It dén Hb6 Son
La (Qdb_SL) s& dugc tinh tir dong chay du bdo
dén Ta Bu (Qdb_TB) vdi ty |1& dién tich (k=0,95).
Trong dé Qdb_TB dwoc nhan dang tr mo hinh
XGBoost d3 xay dwng. Két qua nhan dang dinh I
céc thoi ky trong ndm 2024 tai H6 Son La duoc
thé hién trong Bang 3.

Bdng 3. Két qué dw bdo thi nghiém mua IG ndm 2024 dén HS Son La

Hiéu suat mod hinh Lii s&ém Lii chinh vu Li mudn
Luu lvgng dinh [T dén H6 Son La 3.652 8.712 6.256
Luu lwgng dinh 1T dy bdo 4.161 8.963 5.394
Sai s6 (%) 13,9 29 13,8

K&t qua nhan dang thdr nghiém cho thdy, mo
hinh XGBoost dy bdo dinh 1t d&n H6 Son La cho
céc thoi ky khac nhau kha tét. Trong d6 mé hinh
nhan dang t6t nhat & thoi ky 1T chinh vu vdi sai
s6 dudi 5%. Trong thoi ky 10 sém va 1T muén, sai
s6 dinh I trung binh ngay dudi 15%.

4. Két ludn

Nhu vay, bai bdo da nhan dang duoc dong
chay It dén H6 Son La théng qua xdy dung duoc
md hinh nhan dang dinh |G dén Tram thay van
Ta BU. M6 hinh hoc médy XGBoost thé hién dugc
hiéu sudt manh mé& trong viéc huan luyén, kiém
tra va kiém dinh trong cac thoi ky It sém, |G

chinh vu va 1t mudn vé&i chudi dit liéu ngan va
cac bién cé quan hé phi tuyén phirc tap. Két qua
huén luyén cho thay hiéu suat mé hinh luén dat
trén 97% vai 1.000 1an chay khac nhau. V&i tap
kiém tra, hiéu sudt mé hinh cling dat tdi trén
70%. K&t qua du bdo th&r nghiém cho H6 Son
La v&i mua |G ndm 2024 cling cho sai s6 dinh I
gitra dy bdo va thyc do dwdi 5% vai lT chinh vy
va duwdi 15% voi It sém va [t mudn.

Tl viéc nhan dang duoc dinh 1T cda cac ky 1T
khdc nhau dén H6 Son La 13 co s& nhan dang I
I&n tao su chd dong trong phong chéng thién tai
va tlr cé xay dung duoc ké hoach van hanh dam
bao hiéu qua st dung nudec.

Pong gop cla cdc tdc gid: Xy dung y twdng, phdn tich két qué va viét chinh bai bdo: Lrong Hiru Diing;
Xdy dung code python, phén tich két qué va tham gia viét bai bdo: Ngé Thi Thiy; Tham gia viét code, xdy
dung y twdng: Luong Tudn Trung; XGy duwng y tudng va chuén bj di¥ liéu déu vao: Trinh Thu Phuong.

L&i cdm on: Nghién ciru ndy la sén phdm cida Dé tai “Nghién ctru khd ndng chéng chiju cda hé théng céng
trinh phong chéng I, xdy dung cdng nghé nhén dang I I6n, t6 hop I bét loi trén lwu vwre S6ng Hong va dé

xudt gidi phdp trng phé” mé sé PTPL.CN-47/22.

Lo cam doan: Tép thé tdc gid cam doan bai bdo ndy ld céng trinh nghién ciru cla tép thé tdc gid, chua
duoc céng bb & déu, khéng duoc sao chép tir nhitng nghién ciru trrde déy; khéng cé sw tranh chép loi ich

trong nhém tdc gid.
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Abstract: Severe flood identification plays a critical role in disaster prevention and the sustainable
development of river basins. In recent years, with the rapid advancement of computer science, numerical
methods such as mathematical modeling and artificial intelligence have been widely applied in studies
related to flood forecasting and the identification of flood characteristics in the Red River basin. However,
developing a machine learning model capable of accurately identifying and forecasting major floods remains
challenging due to limitations in data availability and complex nonlinear relationships among variables. This
study aims to develop a robust machine learning algorithm capable of identifying and predicting flood peak
discharges to the Son La reservoir using the Ta Bu station during severe flood events, using a limited dataset
(49 records) with discontinuous time series. The advanced machine learning model XGBoost, along with
input data preprocessing techniques, was employed. The training results achieved over 97% accuracy across
all 1.000 runs, while the testing accuracy reached approximately 70%. Model-based forecasts for the 2024
flood season also showed promising performance in predicting the major flood peak, with an error margin
of less than 5%. The model's performance in identifying early and late flood peaks was accaptable, with an
average daily peak error of around 14%.
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