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UNG DUNG MO HINH HQC MAY XGBOOST VA LIGHTGBM TRONG
VIEC DU BAO MUC NUOC TRIEU TREN SONG SAI GON - PONG NAI
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Tém tat: Trong nhitng ndm gan day, tri tué nhan tao (Al) dd dwoc sir dung rong rdi, thay thé
dan cho cdc mé hinh thuy dong luc hoc trong viéc du bao muc nuoc, luu lwong trén cdc song
nham canh bdo sém nguy co i lut. Nghién ciru ndy dp dung mét s6 mé hinh hoc mdy dé dw bdo
muec nede tai vi tri cde tram quan trdc trén hé thong séng Sai Gon — Péng Nai. Két qua ciia
nghién ciru chi ra rang cé xu thé gia tang dang ké dir liéu muc nude tai Nha Bé, Phii An va Thii
Dau Mot trong khi d6 xu thé gia ting khong dang ké dwoc ghi nhdn tai tram Viing Tau. M6 hinh
XGBoost va LightGBM dwoc danh gid cé dd tin cdy cao dé dw bdo myc niede tai 4 tram do muc
nuoc. Ngoaz ra dé tai cung tich hop mé hinh XGBoost va LightGBM vdo trong nén tang website
cung cap théng tin vé muc nuée triéu dw bdo cia ca 2 mé hinh trong 10 ngay tiép theo tai cdc
tram. Két qua dw bdo muc nudc triéu cung cdp nhirng thong tin hitu ich trong viéc phong tranh
ngdp ting cho dé thi ven séng Sai Gon — Pong Nai ciing nhi la vin hanh céng trinh thity phuc vu
cho nong nghiép va giao thong thuy.

Twr khéa: LightGBM, Machine Learning, Myc nudce, Sai Gon — Béng Nai, Thuy triéu, XGBoost

Summary: In recent years, artificial intelligence has been widely used, replacing hydrodynamic
models in forecasting water levels, flows on rivers to warn of the risk of flooding. In this
research, several machine learning models are applied to forecast water levels at the locations
of monitoring stations on the Sai Gon-Dong Nai river. The results of the study show that there is
a significant increase in water level at Nha Be, Phu An and Thu Dau Mot while the insignificant
increase trend is recorded at Vung Tau station. The XGBoost and LightGBM models are
evaluated to have high reliability to forecast water levels at 4 water level measurement stations.
In addition, the research also integrates the XGBoost and LightGBM models into the website
platform providing information on the predicted tide level of both models in the next 10 days at
the stations. The results of the tide level forecast provide useful information in preventing
flooding for the urban areas along the Sai Gon-Dong Nai river as well as operating water
resources system for agriculture and water transport.

Keywords: LightGBM, Machine Learning, Sai Gon-Dong Nai river, Tidal level, Water level,
XGBoost

1. PAT VAN PE sau song Ciru Long. Ha luu cua luu vuc nay
Hé théng song Sai Gon — Ddng Nai 1a hé bao trim toan bo khu kinh té trong diém phia
théng séng 16n tht hai & Nam Bé, chi dl'mg Nam véi nhiéu do thl 16n va khu’ c6ng nghiép.
Maic du co sé ha tang va hé¢ thong ti€u thoat
. ) nudc da dugc nang cép, dau tu kha 16n, tuy
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DPong Nai, xu thé nay dugc danh gia gia ting
kha nhiéu trong nhitng nim gan dy. Cac nha
khoa hoc va céac to chie da nghién ctru thuc
trang ngdp ung & ha luu song Sai Gon — Pong
Nai va dwa ra mot sb nguyén nhan chinh d6 1a
su gia tang mua cuc doan, I tr cac hd chtra
thuong ngudn d6 vé, sut lin dat, thuy triéu
bién Pong cao cong huong véi qua trinh db thi
héa nhanh trén dién rong [1-4].

Khu vyc ha luu séng Sai Gon — Pong Nai ¢o
dia hinh tuong dbi thip, hé théng kénh rach
chr:ing chit va dé bi anh huéng béi muc nude
bién dang. Nghién ctru cua Viét [5] danh gia
su thay doi muc nude trén hé thdng séng Sai
Gon — Pdng Nai cho thdy rang bién d6 muc
nudc giita cAp tan suat 0,1% va 99,9% tai tram
Viing Tau tdng 7 cm trong giai doan 1980-
2014, cung véi muc bién dang thuy triéu 16n
nhat xay ra duoc ghi nhan tai cac tram Nha Bé
va Phi An. M4t nghién ctru khac cua Giang,
Quang [6] chi ra ring hau hét cac tram muc
nudc ha luu séng Sai Gon -Pong Nai ¢o su gia
tang tir 0.17 dén 1.8 cm/ ndm va cac yéu té anh
huong dén sy gia ting nay chi yéu dén tir qua
trinh d6 thi héa va van hanh cong trinh thuy
loi cia khu vyc nghién ctou. Trong khi do,
nghién ctru cia nhom tac gia Thuy va Tién [7]
vé nudc dang trong cac dot tridu cuong tai ven
bién Pong Nam B két luan rang hau hét cac
thang 1, 2, 10, 11 va 12 déu xuat hién muc
nude 16n nhit cao hon 4,0 m, trong d6 nudc
dang 16n trén 40 cm chu yéu xuét hién trong
thang 10 va 11.

Viéc tmg dung mo6 hinh thuy van, thuy luc
trong md phéng dong chay va dy bao muc
nudc song, myc nudc triéu, canh bao ngap lut
cho ving ha luu song Sai Gon — Pong Nai
cling da dugc thyc hién va phat trién béi céc
nha nghién ciru trong nude. Cac md hinh phd
bién duogc sir dung cho cong viéc nay co thé ké
dén nhu MIKE, SWMM, UTIDE [8-11]. Tuy

[__KHOA HOC
nhién, cdc md hinh nay doi hoi mét luong 16n
dit liéu dau vao nhu lugng mua, dia hinh, mat
cit ngang long song, cac cong trinh cau cong
trén hé thong séng. Bén canh d6, mé hinh cin
trdi qua cac budc hi¢u chinh va kiém dinh dya
trén céac tai liéu thuc do, diéu nay méat kha
nhiéu thoi gian va doi hoi kinh nghiém cua
nguoi thiét 1ap mo hinh. Chinh vi thé, vai nim

trd lai day, tri tu¢ nhan tao (Artificial
Intellihence — Al) da dugc stir dung rong rai,
thay thé dan cho cac mé hinh thuy dong luc
hoc trong viéc du bdo muc nudc, luu lugng
trén cac song nham canh bao sém nguy co li
lut [12, 13]. Dién hinh nhu nhom tac gia
Toan va Nhan [14] di 4p dung mo hinh hoc
may (Machine learning) vao mo phong dong
chay trén luu vuc song Sai Gon — Pong Nai.
Nhom tac gia Phan va Nguyen [15] da két
hop mé hinh théng ké va mo hinh hoc may
dé dy bao muc nudc tai cac tram quan tric
trén song Hong. Tuong tu, cac ung dung cia
mo hinh hoc may vao viéc dy bdo muc nudc
ciing dugc tim thiy trong cac nghién ciru tai
Ba Lan, Han Qudc, Campuchia [16-18]. Muc
dich cta bai bao nay la 4p dung md hinh hoc
may dé du bao muc nudc tai vi tri cac tram
quan tric trén hé théng song Sai Gon — Pong
Nai, bao gém tram Tha Dau Mot, Phi An,
Nha Be va Viing Tau.

2. SO LIEU VA PHUONG PHAP
NGHIEN CUU

2.1. S6 liéu thu thap

Trong nghién clru nay, sb liéu muc nudce tir
nam 1988 dén 2014 tai 4 tram do Thi Dau
Mot (Binh Duong), Phu An, Nha Be¢
(Thanh phé H6 Chi Minh) va Viing Tau
(Ba Ria - Viing Tau) s& dugc s dung dé
phan tich tinh toan.

2.2. Phwong phap nghién ciru
Kiém dinh Mann-Kendall
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Kiém dinh phi tham s Mann-Kendall [19,
20], thuong dugc st dung rong rii dé phan

tich cac xu hudng don diéu trong chudi dir
lidu. Két qua tir kiém dinh Mann-Kendall cho
biét gia tri cua Tau (Tau value), nd cho biét
chudi s6 liéu c6 xu hudéng ting hay giam. Véi
gia tri Tau > 0, chudi s6 liéu thé hién xu thé
tang, nguoc lai khi Tau < 0, chudi s6 liéu thé
hién xu thé giam.

M hinh XGBoost va LightGBM

M® hinh XGBoost [21] 1a mdt trong nhirng mo
hinh hoc may duoc sir dung phd bién trong
viéc du doan va phan loai. XGBoost 13 viét tat
cua Extreme Gradient Boosting Regressor,
duoc xdy dung dua trén ky thuat Gradient
Boosting. Gradient Boosting 1a mdt phuong
phéap hoc may tap trung vao viéc xay dung mat
loat cac mo hinh du doan don gian, mdi mo
hinh dugc tao ra bang cach tim kiém cac trong
s6 t0i uu ctia cac dic trung dau vao dé téi thiéu
hoa sai s6. LightGBM [22] 13 mét thuat toan
dugc phat trién boi Microsoft Research Asia
dwa trén phuong phép cdy quyét dinh ting

cuong (Gradient Boosting Decision Tree). Mo
hinh nay c6 mot s6 vu diém nhu toc do hudn
luyén va hi¢u qua tinh toan cao, co thé st dung
duoc v6i cac bai toan dy doan co sb luong dir
liéu 16n voi @0 chinh xac cao.

Trong nghién clru nay, ky thuat du bao muc
nudc tridu trén séng Sai Gon — Pong Nai duoc
mo ta qua 04 budc sau:

Bude 1: Chuén bi va xir Iy dix liéu

Céc dir liéu vé muc nude triéu thoi doan gio tu
nim 1988 dén 2014 duogc thu thap tir Dai Khi
tugng thuy van Nam bo. D liéu muc nudc
triéu tai Viing Tau trong 10 ngay duoc st dung
tr mo hinh du bao cua Glass [23]. Tién xtr 1y
dir liéu (trend, outlier, missing) dé tién hanh
trudc khi x4y dyng md hinh dy dodn muc
nude trén luu vuc séng Sai Gon — Pong Nai.

Budéc 2: Hudn luyén mé hinh hoc may

Sau khi ¢6 b dir liéu duge chuan hoéa, dit ligu
dugc chia thanh 2 tap huan luyén va kiém tra
vé6i ty 1& 80/20 mot cach ngiu nhién.

[ Chuén bj va xir Iy d@ liéu

Huén luyén mé hinh hoc may

Tinh to&n hiéu xudt mé hinh ]
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Hinh 1: So dé khéi mé ta ing dung md hinh XGBoost va Light GBM dé duw b4o Muec nudc triéu

Buée 3: Panh gia mo hinh

Viéc danh gia moé hinh dugc thyc dya trén céac
chi s6 sau: Root Mean Squared Error (RMSE)
— sai s6 binh phuong gbc 13 d6 1éch chuan cua
16i du doan, cho biét mirc d6 tap trung dir liéu
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xung quanh dong phu hop nhit. RMSE duoc
sir dung trong cic mé hinh hoc may dy bao dé
x4c minh két qua. RMSE cang nho, muc do
chinh xé4c cang tdt. Gia tri cia RMSE duoc
tinh theo cong thuc:
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1
RMSE = \/EZ?Ll(yi—true_yi—pred)z (1)

Mean Absolute Error (MAE) - sai Iéch gitra
gia tri du doan va gia tri thuc té trong cac bai
toan dy doan hoidc hdi quy MAE do luong sy
tuong tu trung binh gitta gia tri du doan va gia
tri thuc té dua trén gia tri tuyét ddi cua sai léch
gitta ching. MAE cang thip, mé hinh cang
chinh x4c trong du doan gié tri. Cong thuc tinh
MAE nhu sau:

N . — v
MAE = Zl=1|Yt—tr11tVe Yi—predl (2)

Nash—Sutcliffe (Coefficient of Efficiency
hoic NSE) 1a mot phuong phap thdng ké
duoc sir dung dé danh gia hiéu suat cia mo
hinh dy doan trong md phong thuy van va
cac linh vyc lién quan khac. NSE thuong cé
gia tri trong khoang [-c0, 1], va mo hinh tt
nhét ¢4 NSE gin bang 1. Cong thirc tinh chi
s6 NSE nhu sau:

I OVictrue= Yieprea)®
NSE =1- Z?Ll(Yi—true_yav;age)z (3)
Trong d6: ¥;_irye 12 gid tri thuc t€, y;_preq 12
gia tri dy doan, Ygperqge 1 gid tri trung binh,
N 1a téng s lugng mau.
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Buwéc 4: Trién khai mé hinh dy doan trén

nén ting Website

D¢ trién khai m6 hinh dy bédo muc nudc triéu,
dé tai sir dung cac k¥ thuat nhu sau: Phan ngdn
nglr lap trinh st dung Python, JavaScript.
Framework sir dung Reactjs va Google Maps
APL Co s¢ dit liéu sir dung MongoDB. Phan
giao dién duoc thiét ké dé c6 thé tuong tac va
st dung cac tinh ning cua website mot cach dé
dang va thuan tién va diac bi¢t website dam

bao hoat dong 6n dinh, bao mat.
3. KET QUA NGHIEN CUU

Dua vao két qua kiém dinh Mann-Kendall, c6
thé két luan r::ing cac tram Nha B¢, Phu An va
Thit Dau Mot déu c6 xu hudng gia tang rd rét
trong chudi dir litu muc nudc, trong khi do
tram Ving Tau khong c6 xu hudéng tang dang
ké. Gia tri p va Tau cua cac tram do muc nude

dugc thé hién ¢ Bang 1.

Bang 1: Két qua thé hién gia tri p va Tau tai cic tram muc nuwéc

STT Tram p.value Tau
1 Viing Tau 6.555168 x 1072 0.253261
2 Nha Bé 1.803432 x 1077 0.715100
3 Pht An 1.591409 x 10~° 0.826211
4 Thu Dau Mot 8.039722 x 10710 0.840456

Tram Viing Tau c6 gia tri p = 0.06555 va Tau
= 0.25356. Gi4 tri p 16n hon muc y nghia
thong ké 0.05, cho thay khéng c6 xu hudng
dang ké trong dir liéu tai tram nay. Trong khi
d6, cac tram Nha Be, Phii An va Tha Dau Mot

ghi nhan gia tri p rat nho. Gia tri p nho hon
murc ¥ nghia thong ké 0.05, cho thdy c6 xu
huéng gia ting dédng ké trong chudi dit liéu
muc nude tridu tai cac tram nay. Vi du, tai
tram Pha An c6 gia tri p x4p xi 1a 1.591409 x
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107° trong khi d6 tram Thu Dau Mot 1a  duoc st dung dé danh gia sai s6 ctia mo hinh
8.039722 x 10719, XGBoost va LightGBM dugc hién thi theo

Gié tri ciia cac chi sé MAE, RMSE va NSE  Bang 2.

Bang 2: Két qua danh gia sai s6 mé hinh

Mo hinh MAE RMSE NSE
Tram Nha Bé
XGBoost 0.05 0.06 0.97
LightGBM 0.05 0.07 0.95
Tram Phu An
XGBoost 0.03 0.05 0.96
LightGBM 0.04 0.06 0.97
Tram Thi Dau Mt
XGBoost 0.03 0.04 0.95
LightGBM 0.03 0.04 0.97

Két qua cho thidy rang ca hai moé hinh
XGBoost va LightGBM c6 do chinh xac kha
cao tai hau hét cac tram. Dac biét két qua tai
tram Thi Dau Mot cho théy réng dbi v6i mo
hinh XGBoost thi gid tri cta MAE la 0.03,

cho thdy mirc do chénh léch giita két qua du
bao va dir liéu quan trac thuc té kha nho. Hinh
2 thé hién biéu dd so sanh myc nudc tridu thuc
do va mo phéng cta 2 mo hinh hoc may tai
cac tram quan trac.

RMSE 1a 0.04 va NSE 1a 0.95. Céc gia tri nay

Muc nudc thuc do va mo phong tai khu vuc Phi An (XGBoost)

,| +  WLPhuAn (m)

------ Puong 45 do

Muc nudc moé phong (m)

-3 0 = 0 1 2
Muc nudc thuc do (m)
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Muc nudc thuc do va moé phdng tai khu vuc Phi An (LightGBM)

~ « WL PhuAn (m)
------ buong 45 do

(m)
N

ong
5

h

A

cmobp

Muc nué
b
t

-1 0 1 2
Muc nuéc thuc do (m)

Muc nudc thuc do va mo phdéng tai khu vuc Tha Dau Mot (XGBoost)

-« WL Thu Dau Mot (m)
------ buong 45 do

N
\
\
3,

Muc nudc moé phong (m)

-3 -2 -1 0 1 2
Muc nudc thuc do (m)

Muc nudc thuc do va mo phdng tai khu vuc Thi Dau Mét (LightGBM)

-

. WL Thu Dau Mot (m)

2 o

------ buong 45 dé

Muc nuéc mo phong (m)

-3 =2 -1 0 1 2
Muc nudc thuc do (m)
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-

WL Nha Be (m)
buong 45 do #

éng
[y

h

3¢ mo p

uo

Muc n

3

0 1 2

Muc nudc thuc do (m)

-« WL Nha Be (m)
Dudng 45 do

2

(m)

éng
—

h

A

cmbp

Muc nud
1

-3 i

-1
Muc nudc thuc do (m)

Muc nudc thuc do va mo phdng tai khu vuc Nha Beé (LightGBM)

-

0 1 2

Hinh 2: So sanh muc nueoc thue do va mé phong cua 2 mé hinh hoc may

Két qud duy bao muc nudc tridu cta 4 tram
trong 10 ngay tiép theo dwoc thé hién truc
tuyén dia chi
“http://[phuongnamdts.com:3137/”. Giao dién

tai website

website thiét ké gdbm cac tinh ning thé hién 4

120

vi tri cia tram do trén nén ban dd Google
Map. Tai mdi vi tri thé hién duong qua trinh
muc nudc du bao ca 2 m6 hinh XGBoost va
LightGBM. Két qua thé hién boi cac Hinh 3,
4 vab.
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Hinh 3: Dit liéu muc nuée trieu due béo tai tram Nha Bé

Phdrng om fody e Pl An

Hinh 4: Dir liéu myc nude triéu dw béo tai tram Phii An
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Hinh 5: Dit liéu muc nuée triéu dw bdo tai tram Thit Dau Mot

4. KET LUAN

Nghién ctru da thu thip va xtr ly dugce dir li¢u
muyc nudc triéu trén séng Sai Gon — Pong Nai
tai 4 tram do 1a Viing Tau, Nha B¢, Phu An va
Tha Dau Mot trong 26 nam. Kiém dinh Mann-
Kendall d3 duoc sir dung dé danh gia xu thé
gia ting chudi muc nudc tridu tai 4 tram
nghién ciru. Két qua chi ra rang dir liéu muyc
nudc tai Nha B¢, Phit An va Thi Dau Mot c6 xu
thé gia ting déng ké, trong khi d6 tai tram Viing
Tau ghi nhan xu thé gia ting khong dang ké.

M6 hinh XGBoost va LightGBM dugc xay
dung dé dy bdo muc nude tai 4 tram do muc
nude. Két qua danh gia sai s6 mo hinh chi ra
rang ca 2 mé hinh c¢6 do tin cdy cao trong viéc
du doan muc nuée triéu théng qua cac chi sb
RMSE, MAE va NSE. Két qua ciing cho thay

rang mo hinh XGBoost cho két qua du doan
t6t hon so voi mo hinh LightGBM.

Ngoai ra nghién clru cling tich hgp md hinh
XGBoost va LightGBM trén nén tang website
dé thé hién két qua dy bao myc nude tridu truc
tuyén. Website ndy cung cap thong tin v& muc
nude triéu du bao cia ca 2 mo hinh trong 10
ngay tiép theo tai cac tram.

Két qua cia nghién ctru bude dau cho thiy
tinh kha thi va tiém ning cta viéc st dung mo
hinh hoc may dé dy bao muc nudc tridu truc
tuyén. Két qua du bao muc nudc triéu s& cung
cAp nhirng thong tin hitu ich trong viéc d& xuit
cac giai phap chu dong phong tranh ngap tng
cho cac d6 thi ven song Sai Gon — Pong Nai
cling nhu 1a van hanh cong trinh thuy phuc vu
cho nong nghiép va giao thong thuy.
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