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UNG DUNG PHUONG PHAP HOC MAY TINH TOAN CHIEU DAI
NUGC NHAY TRONG KENH LANG TRU MAT CAT HINH CHU NHAT

Ho Viét Hung
Trueong Dai hoc Thuy loi

Tém tit: Chzéu dai nuwoc nhay la mgt dac trung quan trong can dwoc tinh todn chinh xdc vi no anh
huong truc tiép dén chiéu dai bé tiéu nang Vi vdy, muc dich cia nghién ciru nay la phat nlen va
danh gia sau mé hinh hoc may, gom cé: Cdy quyet dinh (Decision Tree — DT), Rirng cdy ngadu nhién
(Random Forest - RT), Tang cuong thich iung (Adaptive Boosting — Ada), Tang cuong do doc
(Gradient Boosting - GB), Cdy b6 sung (Extra Trees - ET) va Mdy Vector ho tro (Support Vector
Machine — SV M). Nghién cvu nay da si dung Dinh Iy n-Buckingham de tim nam tham so khéng thir
nguyén phuc vu cho cac mo hinh hoc may va ing dung cac mo hinh nay dé danh gia mic do anh
hu’ong cia cdc bién doc lap dén bién muc tiéu. Phu’ongphap hoc may cho théy hiéu quad vueot tréi so
VOl phuo’ng phap cong thirc kinh nghzem Cac mo hinh hoc may co xet dén anh huO’ng ca do nham
va chiéu réng long dan, tinh nhot cua chal long o sai s6 dw bdo nhé hon so véi cdc cong thirc kinh
nghiém. Mo hinh ET cho ket qua 16t nhat voi hé 90 Nash dat 0.99, sau do la Ada, RF, GB, DT, SVR,
theo thwr tw gzam dan. Két qua nghién citu cho thdy mé hinh ET ¢6 thé thay thé cac cong thirc kinh
nghiém trong viéc tinh todn chiéu dai nude nhay trong kénh lang tru ddy bang c6 madt cdt chu nhat.
Tiwr khoa: Nude nhay, Buckingham, hoc may, mé hinh, Froude.

Summary: The length of the hydraulic jump is an important characteristic that needs to be
calculated accurately because it directly affects the length of the energy dissipator. Therefore, the
purpose of this study is to develop and evaluate six machine learning models, including Decision
Tree (DT), Random Forest (RT), Adaptive Boosting (Ada), Gradient Boosting (GB), Extra Trees
(ET), and Support Vector Machine (SVM). This study used the Buckingham Theorem to identify five
dimensionless parameters for machine learning models, which were then utilized to assess the
influence of independent variables on the target variable. The machine learning method shows
superior performance compared to the empirical formula method. Machine learning models that
consider the effects of channel surface roughness, channel width, and fluid viscosity produce lower
prediction errors than empirical equations. The model ET performs best, with a Nash coefficient of
0.99, followed by Ada, RF, GB, DT, and SVR in descending order. According to the research
findings, instead of using empirical equations, the model ET can be used to calculate the hydraulic
jump length in a horizontal prismatic channel with a rectangular cross-section.

Keywords: Hydraulic jump, Buckingham, machine learning, model, Froude.

1. GIOI THIEU CHUNG

Nudc nhay thuong xay ra sau dap tran hodc
ctra cong 16 thién, khi dong chay chuyén tir
trang thai chay xiét sang chay ém. Van tdc
dong chay va s6 Froude giam dot ngot tir trude
nuéc nhay dén sau nude nhay. Mot dic trung
hinh hoc quan trong ciia nudc nhay 1a chiéu
dai nudc nhay, can dugc tinh toan chinh xéac vi
né anh hudng tryc tiép dén chiéu dai bé tiéu
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ning va kich thuéc cong trinh. Cho dén nay,
chiéu dai nudc nhay dugc tinh toan bang cac
cong thirc kinh nghiém, khong c¢6 phuong trinh
thuan tay ly thuyét cho viéc nay. Cac cong
thire kinh nghiém c6 uu diém 1a don gian, dé
su dung. Chi can biét do sdu va van toc trude
nudc nhdy hodc hai d§ sdu nudc nhdy 1a tinh
duoc chiéu dai cia nd. Cac nha khoa hoc nhu
Chertausov (1935), Pikalov (1954), Silvester
(1964), Hager (1992) da dé xuét cac cong thirc
tinh ty s6 chiéu dai v6i do sdu trudc nudc
nhay, goi 1a chiéu dai twong dbi cua nuédc
nhay, theo sé Froude trudc nudc nhay trong
kénh chit nhat nam ngang (Hager, 1992;
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Mammadov, 2017; Silvester R., 1964)
(Brakeni et al., 2021) [5; 12; 16; 3]. Céac cong
thirc nay khéng can do siu sau nudc nhay,
gitip cho viéc tinh toan don gidn ma van dam
bao do chinh xac, vi do sau sau nudc nhay cod
thé duoc tinh tir do sdu va sd Froude trude
nudc nhay. Tuy nhi€n, cac cong thic kinh
nghiém c6 han ché 1a: khong dong nhat nén
dan dén cac ket qua khac nhau; mot sd truong
hop ¢6 sai s6 16n véi sai s6 trung binh 1én dén

27% (xem Bang 5); khong xet dén anh huong
ctia chiéu rong va do nham long dan, tinh nhét
clia chét long. Vi vy, can co mot phuong phap
khac dé khac phuc nhirng han ché trén va tinh
toan chinh xac hon chiéu dai nuéc nhay trong
kénh chit nhat nam ngang. Hinh 1 minh hoa
cac dac trung hinh hoc cua nudc nhéy,‘trong
do: L 1a chiéu dai khu xody; L 1a chiéu dai
nudc nhdy; hi 1a d sau trude nude nhay; h, la
dd sau sau nude nhay.
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Hinh 1: Cdc dac trung hinh hoc cua nudc nhay

Hi¢én nay, cac thuat todn hoc may (Machine
Learning — ML) da va dang dugc tng dung
rong rdi trong nhiéu linh vyc khac nhau, bao
gdm tai nguyén nudc noéi chung va thiy luc
noi rieng (Ho et al., 2022; Truong et al., 2021)
[7; 17]. Cac md hinh ML thuoc nhém cac mod
hinh dya trén co s¢ dir liéu, da dugc ap dung
dé nghién ctru cac thong sd clia nudc nhay tir
nam 2012 (Abbaspour et al., 2013; Naseri &
Othman, 2012) [1; 13]. Nhung mo hmh nay su
dung mbi quan hé thong ké gitra dit liéu dau
vao va dau ra dé dua ra du bao. Viéc tmg dung
cac md hinh ML cho hiéu qua tdt trong nghién
clru cic van dé cua co hoc chit 1ong va thiay
I, hd tro cac mo hinh vat 1y dé giai quyét cac
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bai toan thyc € (Brunton et al., 2020) [4]. Céc
md hinh toan dya trén ML da cho két qua
tuong doi tot khi tinh toadn cac dac trung hinh
hoc cua nudc nhay (Baharvand et al., 2021;

Houichi et al., 2013; Khosravinia et al., 2018)
[2; 8; 10]. Cac thuat toan ML nhu ANFIS

(adaptive neuro-fuzzy inference system),
ANFIS-PSO (ANFIS-particle swarm
optimization), = LASSO  (least absolute

shrinkage and selection operator) da dugc su
dung dé tinh toan d6 sau lién hi¢p cia nudc
nhay (Baharvand et al., 2021) [2]. Bén canh
d6, cac md hinh: mang no-ron nhan tao
(ANN), GEP (gene expression programming),
MARS (multivariate adaptive regression
spline), DENFIS (dynamic evolving neural-
fuzzy inference system), SVM (support vector
machine) cling dugc tng dung de giai quyét
cac bai toan thuy luc va kinh té (Kisi et al.,
2019) [11]. Hon thé nita, cac mo hinh ML
dugc st dung nhiéu trong linh vuc quan ly
ngudn nuéc nham du bao myc nudc mait va
nude ngam, gdm co: RF (random forest — rimng
cdy ngau nhién), GB (gradient boosting - ting
cuong d6 dbc) va ET (extra trees - cdy bd
sung). Phan 16n cac thuat toan ML nay déu
phuc vu cho bai toan hoi quy, thuoc nhom hoc
may co giam sat (Kenda et al., 2020; Rezaee et
al., 2023) [9; 15].

Vi nhitng nguyén nhéan ké trén, muc dich cua
nghién ciru nay 1a phat trién va danh gid kha
ning du bao ciia 6 md hinh ML, gdm Cay
quyét dinh (Decision Tree — DT), Rimg cay
ngau nhién (Random Forest - RT), Ting
cuong thich ung (Adaptive Boosting — Ada),
Tang cudng do dbc (Gradient Boosting - GB),
Cay bd sung (Extra Trees - ET) va May Vector
hd trg (Support Vector Machine — SVM). Két
qua dy bao cia sdu mo hinh nay s& dugc so
sanh v6i bon cong thirc kinh nghiém nham tim
ra mo hinh hiéu qua nhét cho viéc tinh toan
chiéu dai nuéc nhay trong kénh ling tru day
b?mg c6 mit cit chit nhat.

2. CAC DU LIEU VA PHUONG PHAP
NGHIEN CUU

2.1. Cac dir liéu cho mo hinh toan
Nghién ctru nay da thu thap do liéu tur thi
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nghiém cua (Peterka, 1984) [14] duoc cong bd
trong cac bdo cao k¥ thuat cua Bo Noi vu Hoa
Ky, Cuc Khai hoang (U.S. Department of the
Interior, Bureau of Reclamation - USBR). Tét ca
cac thi nghiém da duogc thyuc hién trén sau mang
hinh chir nhat c6 kich thudc khac nhau, la cac
mang A, B, C, D, E va F, vé1 luu lugng dong
chay dao dong tir 1 dén 28 cfs. Cac mang A, B,
C, D, E tao ra nu6c nhay sau chan dc cua dap
tran. Trong khi d6, mang F tao nu6c nhay sau
ctra cong phang, day cong nam ngang. Cac kich
cd va céach sap x€p mang khac nhau giup xac
dinh anh hudng ciia chiéu rong méang (b) va goc
dong chdy di vao nude nhay. Cac thi nghiém co
nhiéu thong sé dugc liét ké trong Bang 1, cho
phép quan sat nudc nhay voi cac kich c¢d khac
nhau. Céc mang c¢6 tudong bén 1am bang kinh dé
tién theo ddi thi nghiém. Do d6 theo Hager, do

nham tuyét doi cua long dan mod hinh 14 e =
0.005 mm (Hager & Bremen, 1989) [6]. Cac thi
nghiém ¢ nhiét d6 khoang 18 °C, hé sb nhdt
dong hoc ciia nude 1a v = 1.1¥10° m?%s. Sb
Reynolds va s6 Froude tai mt cét (1) trwdc nude
nhdy dugc tinh theo cac cong thure (1) va (2).

Re; =4 1)

1= 2
Joh, @)

Trong d6: hy — d sau trudc nudc nhay (xem
Hinh 1); V1 — van tdc trung binh tai mat cat
trude nude nhay; v - hé sé nhét dong hoc; g —
gia tdc trong trudng.

Bang 1: Cic thong s6 ciia thi nghiém va cac mang kinh

Mang thi nghiém Tri s6 Q (cfs) Fri Rei* hi/b e/h;
A max 5.00 5.58 85920 0.0228 0.00023
b=4.92ft min 3.00 4.80 51552 0.0147 0.00015
B max 8.00 12.65 337838 0.1145 0.00028
b=20ft min 2.00 6.45 84459 0.0290 0.00007
C max 4.44 19.67 250000 0.0894 0.00050
b=15ft min 1.00 10.21 56306 0.0220 0.00012
D max 26.16 18.04 603555 0.0733 0.00043
b=3.97ft min 3.00 8.05 63823 0.0096 0.00006
E max 11.00 5.80 234019 0.0856 0.00017
b=3.97ft min 2.44 1.73 51910 0.0239 0.00005
F max 2.23 7.64 188345 0.2774 0.00021
b=10ft min 0.68 2.24 57432 0.0790 0.00006

Tong cong 120 miu két qua thi nghiém da
duoc st dung cho nghién ctru nay. B¢ dir liéu
nay duoc chia 1am hai phan dé phuc vu cac mo
hinh ML, phan thir nhat gém 96 mau (80% s6
liéu) nham muc dich huén luyén mo6 hinh
(training), phan thir hai gdm 24 mau (20% s
liéu) dé kiém dinh mo hinh (testing). Thuat
toan ML s& chon ngau nhién 24 s6 liéu kiém
dinh ding chung cho tit ca cac mé hinh nham
dam bdo tinh khach quan, khong phu thudc
vao ¥ mudn cta ngudi sir dung mé hinh.

2.2. Ap dung Pinh ly n-Buckingham

Chiéu dai nuéc ‘nhay Lj trong Hinh 1 phu
thudc vao cac yéu t6 sau: do sdu va van toc

trung binh tai mat cit trudc nudc nhay; chidu
rong va d6 nham long dan; kh01 luong riéng va
tinh nhét cua chét 1ong; gia tdc trong truong.
Mdi quan hé nay dugc thé hién trong phuong
trinh (3).

Ly = f(hV,.b,p, 1,6,9) 3)

Trong d6: b - chiéu rong kénh; p - khdi lugng
riéng cua nudc; pu — hé s6 nhét cua nude; e —
d6 nham bé mit kénh. Hé sd nhét dong hoc
dugc tinh theo cong thirc: v =p/ p.

D¢ biéu thi don vi do ctia tim dai lugng trong
phuong trinh (3) can du ba thit nguyén co ban
M, L, T. Theo Dinh 1y n-Buckingham s€ co
nim ham 7 thay thé cho tam dai luong trong
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phuong trinh (3). Pé tim nim ham = nay, ba
bién lap lai s& 1a h, Vi, p; ndm bién khong lap
lai s& 1a Lj, e, b, p, g. Két qua tinh toan, giai
mdt hé¢ nam phuong trinh thu dugc ndm ham =
nhu sau:

I = Ljhy; Il = Fry ; II;=Re1"; I = elhy ;
ITs = ha/b.

Nhu véy, ty sb chiéu dai v6i do sau trudc nudce
nhay, goi 1a chiéu dai nuéc nhay tuong dbi, dugc
biéu thi qua bdn ham 7 nhu phwong trinh (4).

CONG NGHE

2.3. Cac cong thirc kinh nghiém
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Chiéu dai nudc nhay Lj phu thudc vao nhiéu
yéu t& nhu da trinh bay trong phuong trinh (4),
do d6 c6 nhiu dang cong thirc kinh nghiém
khac nhau dé tinh toan n6. C6 thé tinh Lj theo
hai do sau cua nudc nhdy, hodc chi tinh gén
dang theo d sau sau nudc nhdy, hodc theo hai
d6 sau va sb Fri, hay theo do sau hi, sb Fry va
s6 Re:r”. Bai bao nay trinh bay cac cong thirc
tinh Lj theo d6 sau hy va sd Fr1. D6 1a cac cong
thirc cia Chertausov (1935), Pikalov (1954),

i —®| Fr.Re’ eh 4 Silvester (1964) va Hager (1992), dugc thé
1! 11 1 ( ) .
h, h b hién qua cac phuong trinh dudi day.
n , I—, 081
Cong thirc Chertausov (1935): E =10. 3( Fr, —1) (5)
L.
Cong thic Pikalov (1954):  —L = 4,1+ 2Fr? 6
g (1954) h, N (6)
n Car LJ 1.01
Cong thire Silvester (1964): E =9.75(Fr, 1) (7
Cong thuc Hager (1992): L — 220 tanh[ 1) (8)
hl 2

Céac cong thuc trén s€¢ dugc su dung dé tinh
toan chiéu dai nudc nhay twong d6i va so sanh
v6i két qua dy béo ctia sdu moé hinh ML.

2.4. Cac thuat toan ML

Muc nay trinh bay tong quat vé sau mo hinh
ML dugc sur dung dé tinh toan chiéu dai nuéc
nhay tuong di trong nghién ctru nay.

241 M funhs cdy guyés diinti (Decision Tree - D7)
Mb hinh cdy quyét dinh (DT) 1a mot mo hinh
dugc st dung kha phd bién va hiéu qua trong
bai toan du bao cua hoc may co6 giam sat. Khac
v6i nhitng thuat toan khac trong hoc c6 giam
sat, md hinh cdy quyét dinh khong ton tai
phuong trinh dy béo. Chiing ta can tim ra mot
cdy quyét dinh du bao t6t trén tap huan luyén
va str dung cdy quyét dinh nay du béo trén tip
kiém tra. Cac tiéu chi dé lya chon bién phu
hop 14 cac d¢ do nhu entropy, Gini do luong
mac do tinh khién (purity) va van duc
(impurity) ctia mot bién nao d6. Chi sb gini
dugc s dung trong thuat toan CART

(Classification And Regression Tree) cua
sklearn. Pay 1a thuét toan dugc st dung phd
bién nhét trong hoc may. Uu diém cua thuat
toan nay 1a co thé s dung cho ca bai toan
phan loai va hdi qui.

Ky hiéu x; 1a quan sat thi i cia tap S, bao gom
m chiéu twong tng véi sd luong bién dau vao;
k 1a s6 luong tap con cua tap S; S; 1a phuong
sai cta bién muc tiéu yi tai node S. Thuat toan
s€ tim céach lya chon x; va ngudng phan chia
sao cho d0 suy giam phuong sai 13 16n nhat.
Khi dé, cac quan sat duoc phan vé cing mot
node 14 s€ co gia tri du bao gﬁn nhau va mot
udc luong chung cho node 14 bang trung binh
cong cua bién muc tiéu. Nhu vay gia tri udc
luong cua mot quan sat (xi, yi) thude vé node
S; s& bang trung binh cong bién myc tiéu cta
node theo phuong trinh (9) dudi day:

A 1 4]
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o
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2.4.2. Mé hinh rirng cdy nghu nhién

(Random Forest - RT)

Du c6 do chinh xac khé cao nhung thuat toan
cdy quyét dinh (DT) ton tai nhitng han ché 16n.
Stc manh cia mét cdy quyét dinh 1a khong
cao thi hop strc ctia nhiéu cdy s& trd nén manh
mé hon. D6 chinh 14 moé hinh riung cdy ngau
nhién (RT). Vi ¢6 d6 chinh x4c cao, giam thiéu
hién tuong qué khop (overfitting) nén mé hinh
RT duogc sur dung rong rai trong ca hai bai toan
phan loai va du bao cua hoc c6 gidm sat. Mo
hinh RT duoc huin luyén dua trén su phéi hop
gitta qué trinh két hop (ensembling) va lay
mau tai lap (boostrapping). M6 hinh nay tao ra
nhiéu DT ma mdi DT duoc huin luyén dua
trén nhiéu mau con khac nhau va két qua du
bdo 1a gia tri trung binh thu dugc tir toan bd
nhting DT. Do d6, mdt két qua du bao duoc
tong hop tir nhiéu mo hinh s& khong bj sai 1éch
do cac DT déu st dung bo dir lidu huén luyén
chung. Ngoai ra, tdp hop két qua du bao tir
nhiéu mé hinh s& c6 phuong sai nho hon va it
bi 4nh hudéng boi nhiéu so véi chi tir mot mo
hinh. Trong m6 hinh RT, nhiing DT la hoan
toan doc 1ap vdi nhau.

Dit liéu huén luyén mo hinh 12 mét tap D bao
gom N quan sat. Thuat toan RF s& sir dung
phuong phap 14y mau tai 1ap dé tao thanh k tap
dit liéu con. M6 hinh du bao c6 két qua 1a gia
tri trung binh cta céc du bao tir nhitng moé hinh
con nhu phu’ong trinh (10).

z y(l)

Trong do: y j') la du bao cua quan sat thu j tr

(10)

mo hinh thtr i, ¥ = f,(x;); x; 1a gia trj véc to
dau vao; f; 1a ham dy bao ctia mo hinh th i; K
1a s6 lugng cac DT.

2.4.3. M6 hinh Ada (Adaptive Boosting)

Thuat toan Ada, viét tat ciia "Adaptive Boosting
- Tang cuong thich tmg", 1a mot phuong phap
téng hop lap di lip lai, chu yéu duoc st dung
dé tang hiéu suat cta cac md hinh phan loai yéu
(weak classifiers). Mot mo hinh phan loai yéu
¢6 ty 18 du bao sai 16n va gia dinh no chi tét
hon so véi phan loai ngau nhién mot chit.

Nguyén tic c6t 161 cia mo hinh Ada 1a can nhéc
timg mau trong tap dir liéu dau vao dua trén cac
16i cuia 1an 13p trude d6. M6 hinh Ada ap dung
lién tiép cac mé hinh phan loai yéu dé diéu
chinh lai trong s6 cho cac quan sat. Vi¢c diéu
chinh trong 50 cua mdi lan lap nhém dam bao
rang bo hoc yéu (weak learner) tiép theo tap
trung nhiéu hon vao cic mau bi phan loai sai
trude do. Viée didu chinh nay tiép tuc lap lai
cho dén khi sai s hoi tu vé mot gia tri nho nhat
hodc dat dugc mot s cay (DT) nhit dinh. Nhu
vay, Ada 1a mot mo hinh dy béo duge két hop
tir cac md hinh phén loai yéu trong chudi. Do
tinh cht thich ing ctia minh, mé hinh Ada c6
hiéu qua tét trong cac du bao ¢ ranh gidi phic
tap gitra cac 16p hodc cac bai toan hdi quy phi
tuyén. Tiém nang cua mo hinh Ada trong viéc
xdc dinh cac moi twong quan phi tuyén phuc
tap giita cac yéu t6 dau vao va diu ra co thé
dong vai tro then chét trong viée du bao chinh
xéac. Phuong trinh hdi quy ctia Ada c6 thé dugc
biéu dién dudi dang (11).

)= e £(0)

Trong d6: ai biéu thi trong sb cua cdy thu i,
dugc tinh dua trén sai sO cua cay do; x la gia
tri véc to dau vao; fi 1a ham du bao cuia cay thir
1; K 1a s6 lugng céac cay.

2.4.4.M6 hinh GB (Gradient Boosting)

Thuat toan GB 1a mot thuat toan hi¢n dai dugc
xdy dung dya trén Ada. Cung tuong tu nhu
Ada, n6 huan luyén lién tiép cac mo hinh yéu.
Thuét toan GB két hop cac DT nhung céc cdy
khong hoan toan doc 1ap ma chiung cé sy phu
thuoc theo chudi. Tic 1a mot DT dugc phat
trién tir viéc sir dung thong tin dugc du bao tu
nhitng DT duoc huan luyén trude d6. Mo hinh
GB khong str dung mAu tai lap dé tao dir liéu
huén luyén ma mé hinh dugc hudn luyén ngay
trén dir liéu gdc. Piém dic biét caa mé hinh
nay 1a thay vi cd ging khép gid tri bién muc
tiéu, nd sé tim cach khop gia tri sai s6 cia mo
hinh truéc d6. Sau d6 mé hinh huin luyén s&
duoc dua thém vao ham du bao dé cap nhat
dan phﬁn du. Thuat toan sé dung cap nhat khi
sb lugng DT dat ngudng tdi da K, hodc toan
bd cac quan sat trén tap huén luyén duogc du

(11)
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béo ding. Bang cach khop trén nhitng DT co
kich thudc rit nho trén nhimg phan du, ham
du béo sé tur tur dugc cai thién trong vung ma
n6 khong du bao tét. Gibng nhu phuong phap
két hop, két qua du béo tir chudi mo hinh s& 1a
két hop cia cac mé hinh con, theo phuong
trinh (12).

0= 46,06)

Trong do: y(x) la ham du bao tir thuat toan

(12)

GB; x 1a ma tran dau vao; fb(x) la ham dy
béo cia mé hinh thtr b trong chudi md hinh du
bao; A 1 h¢ s6 co (shrinkage parameter); K 1a
sO lugng cay.

2.4.5. M6 hinh ET (Extra Trees)

Thuat todn ET xay dung mdt tdp hop cac DT
hodc cdy hdi quy chua dugc cit tia theo quy
trinh tir trén xubng mot cach co dién. No co
hai diém khac biét chinh so véi cac phuong
phap tong hop khéc dua trén DT, d6 1 né phan
chia cac nut bang cach chon cac diém cit hoan
toan ngéu nhién va st dung toan bd mau huin
luyén (chtr khong phai ban sao mau tai lip) dé
tao cdy. PSi véi mo hinh ET, thu tuc tach
(splitting procedure) cac thudc tinh sé gom c6
hai tham sé: K - sb lugng thudc tinh duoc
chon ngau nhién tai moéi niit va nmin - ¢& mau
t6i thiéu dé tach mot nit. Thu tyc nay duogc sir
dung nhiéu 14n véi toan bd mau huin luyén
ban déu dé tao ra mot mo hinh tong hop (véi
M la sb cay cua tap hop nay) Cac du béo cua
cac DT dugc tong hop dé dua ra du bao cudi
clng, bang cach ldy theo da sb trong cac bai
toan phan loai hoac trung binh cong trong céac
bai toén h6i quy nhu phuong trinh (13).

Zy“’ (13)

Trong do: ¥ j') 1a két qua du bao cuia quan sat
thtr j tir md hinh thtri, ¥ = f,(x;); x; 1a gid tri
vée to dau vao; fi 1a ham du bao ciia mo hinh
thir 1; M 1a s6 luong cay.

Tir quan diém phuong sai, yéu t6 cin ban cia
phuong phap ET la sy ngau nhién rd rang cta
diém gidi han va thudc tinh két hop véi tinh
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trung binh téng thé co thé lam giam phuong
sai manh hon so véi cac so d6 ngau nhién yéu
hon dugc s dung trong cac phuong phap
khéc. Viéc st dung mau huan luyén ban dau
day du thay vi ban sao mau tai lip duoc thuc
day dé lam giam thiéu sai 1éch. Tuy nhién, do
tinh don gidn ctia quy trinh tach nat, hy vong
rang, hé s6 khong dbi s& nho hon nhiéu so véi
cac phuong phap tong hop khac nhim tbi uu
héa cuc bd cac diém gidi han.

Céc thong s6 K, nmin va M c6 tac dung khac
nhau: K quyét dinh cuong do cua qua trinh Iya
chon thudc tinh, nmn quyét dinh cudng do cua
nhiéu dau ra trung binh va M quyét dinh cuong
d6 giam phuong sai cua tdp hop mé hinh téng
hop. Cac tham s6 nay c6 thé duoc diéu chinh
cho phti hop vdi timg bai toan cy thé bang cach
tha cong hoac tu dong, vi du nhu béng cach xac
thuc chéo (cross-validation).

2.4.6. Mo linh SV M (Support Vector Mackine)
SVM la mot thuat toan kha hi¢u qua trong
viéc phan loai nhi phan va du bao cua hoc
may c6 giam sat. Thuat toan nay c6 wu diém
1a hoat dong t6t dbi v6i nhitng méiu dir lidu
c6 kich thuéc 16n va thuong mang lai két
qua vuot troi so véi céc thuat toan khac
trong hoc ¢o giam sat. N¢ tiéu ton it bo nho
vi chi str dung cac diém trong tap hd tro dé
du bédo trong ham quyét dinh duoc tao ra tur
nhiing ham kernel khac nhau. Viéc st dung
dung ham kernel c6 thé gitip cai thién dang
ké két qua du bao cua thuat toan. Nhiing
ham kernel phd bién da duoc tich hop bén
trong sklearn gom c6: Kernel RBF dya trén
ham Gaussian RBF bién d6i phi tuyén;
Kernel tuyén tinh (linear): day la tich vo
hudng gitra hai véc to; Kernel da thure (poly)
tao ra mot da thirc bac cao két hop gitra hai
véc to; Kernel Sigmoid dya trén kernel vé da
thirc, chuyén tiép qua ham tanh va cé thé
biéu dién theo ham sigmoid. Trong bai toan
du bao, thudt toan co tén la SVR (Support
Vector Regression), két qua du bao dugc thé
hién trong phuong trinh (14).

y(X)=w-#H x)+b (14)
Trong do: o la véc to trong s6, b 1a do sai léch;
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@(x) 1a phép bién ddi cia véc to dau vao x
thong qua ham kernel.
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2.5. Phwong phap danh gia sai so

Céc gia tri cua cac chi sé thong ké nhu: Hé sb
Nash (NSE), Sai sé tuyét ddi trung binh
(MAE), Sai s6 can quan phuong (RMSE), Sai
s6 tuong ddi trung binh (MAPE), duoc sir dung
dé danh gia sai s0 cua két qua du bao tir mo
hinh ML. Céc tri sb trén duoc tinh toan theo cac
cong thire tir (15) d&én (18). M6 hinh ML cho
két qua c6 do chinh xac cao khi gia tri ciia NSE
16n, gan bang 1 va cac sai s6 nho, gan bang 0.

3 (0,-RY

NSE=1-2——— (15)
i;(q -0))
1 n
MAE =E§(|Pi—0i|) (16)
RMSE = 1Zn:(Pi -0 (17)
MAPE = Z' il (18)

i=1 i

Trong d6: O;, Oi va Pi lan luot 13 tri sé thuc
do, tri s0 thuc do trung binh va tri s6 dy bao
tuong Ung thir i; n 1a s6 lan tinh.

3. LUA CHON THAM SO MO HINH VA
DANH GIA ANH HUONG CUA CAC BIEN
3.1. Lua chon céc siéu tham s6 ciia mé hinh ML
Trong nghién ctru nay, sdu mo hinh ML da duogc
lap trinh nho tng dung thu vién phin mém ma
ngudn mé Keras va Scikit-learn ciing nhu API
cap cao cta TensorFlow 2. Hon nita, ngdn ngit
lap trinh Python 3.7 va mot sb thu vién nham
minh hoa va quan ly dir liéu nhu Numpy, Pandas
va Matplotlib, da dugc sur dung.

Chién luge tim kiém bang luéi (grid search)
két hop voi phuong phap thir dan da duoc sir
dung trong nghién ctru nay dé diéu chinh cac
siéu tham sd, day 1a mot phuong phap duoc su
dung rong rdi nham cai thién do chinh xac va
do tin cay cua két qua du bao. Phuong phap
nay huan luyén va danh gia thuét toan ML voi
tung b si€u tham sb6 duoc xac dinh trong mot
ludi do nguoi sit dung mo hinh chi dinh trudce.
Sau mo hinh ML da dugc thir nghiém dé thu
dugc cac siéu tham sé phu hop va tir d6 tao ra
cidc md hinh tdt nhat. Két qua lga chon céc
tham sb chinh ciia tng mé hinh duoc thong ké
trong Bang 2.

Bang 2: Siéu tham s6 ciia cac mé hinh ML

No M6 hinh Tham sé chinh Khoéng gia tri Gia tri chon
max_depth 1,2, ...,7, None None
min_samples_split 2,3,4,...,14 2
1 DT max_features 1,2,3,4 None
criterion “squared_error”, “friedman_mse”, “squared_error”
“absolute error”, “poisson”
n_estimators 100, 500, 1000, 3000 1000
max_depth 1,2, ...,7, None None
2 RF max_samples 0.1,0.2,03..,1.0 1.0
max_features 1,2,3,4 4
criterion 'squared_error', 'friedman_mse' 'squared_error'
n_estimators 100, 300, 500, 1000 300
max_depth ., 7, None None
3 ET max_samples 0.1,0.2,0.3,...,1.0 0.9
max_features 1,2,3,4 4
min_samples_split 2,3,4,...,14 2
criterion 'squared_error', 'friedman_mse' 'squared_error'
n_estimators 500, 1000, 3000, 5000 1000
4 Ada learning_rate 0.1,0.2,0.3,...,2.0 0.1
loss 'linear’, 'square’, 'exponential’ 'linear’
5 GB n_estimators 100, 500, 1000, 3000, 5000 1000
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learning_rate 0.001,0.01,0.1,1.0,1.3 0.1
max_depth 1,2,3,...,10 3
subsample 0.1,02,0.3,...,1.0 1.0
6 SVR criterion Kernel: llne?.r, poly’, rb’f”, sigmoid’, linear
precomputed

3.2. Panh gia mirc d¢ quan trgng cia cac
bién ddc lap
Hién nay, c6 hai phuong phap dé xac dinh mirc
d6 anh huong hay diém quan trong cua céc bién
doc 1ap, bao gom phuong phap thong ké (don
gian nhat) va phuong phap tim quan trong.
Trong nghién ctru nay, phuong phép tim quan
trong cua dac trung (feature importance) dugc sur
dung dé tinh diém quan trong (xem Bang 3).
Piém quan trong ndy duoc tinh toan cho timg
thudc tinh trong tap dir liu dau vao, nho d6 cac
thudc tinh duoc Xép hang va so sanh vdi nhau.
Diém cua timg thudc tinh cho biét mic d6 hitu
ich hodc c6 gia tri ciia nd trong viéc xay dung
cay quyét dinh ciia mo hinh.
Nghién clru nay str dung nam thudt todn ML,
bao gom DT, RF, ET, Ada va GB, d¢ danh gia
muc d6 tac dong cia cac yéu td thuy luc dén
d6 dai twong dbi cia nudc nhay. Két qua tinh
toan trong Bang 3 cho thay, ca ndm thuat toan
déu danh gia sd Fr1 c6 anh hudng nhiéu nhat,
vuot trdi so voi cac yéu td khac. Bon thuat
toan cho rang s6 Re1 ¢6 anh huong thir hai sau
s6 Fri, nhung anh hudng nay khong 16n. Chiéu
rong va d6 nham twong ddi c6 anh hudng it
nhat. Két qua nay da giai thich vi sao cic cong
thitc thyc nghiém tinh chiéu dai nudc nhay
twong ddi chi phu thudc vao sé Fri. Pay 1a co
s& dé sap xép thtr tu cac bién dau vao mo hinh
ML, gitip cho két qua tinh toan chinh x4c hon.

Bang 3: Mirc d anh huwéng

ciia cac bién ddc lap

Bien | or | Rr | ET | Ada | GB
dau vao
Fr. 0.9914|0.9810]0.83001] 0.9693 |0.9878
Re.  |0.0043]0.0091(0.02640| 0.0143 [0.0058
h/b | 0.0027]0.0041[0.04937| 0.0038 [0.0017
e/h; |0.0016|0.0057]0.09422] 0.0126 |0.0048

4. KET QUANGHIEN CUU VA THAO LUAN
4.1. Két qua huin luyén mé hinh
Sau khi cdp nhat cac siéu tham s6 da chon, céac
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mé hinh ML duoc huan luyén bang tap dit liéu
huin luyén. Két qua danh gia giai doan nay
dua trén cac chi sé théng ké duoc trinh bay
trong Bang 4.
Bang 4: Két qua huin luyén
sau mo hinh ML

No | M6 hinh | MAE | RMSE | NSE | MAPE
1 DT 4.317 | 5.800 | 0.964 | 9.05%
2 RF 3.672 | 5.131 | 0.974 | 7.52 %
3 ET 3.211 | 4533 | 0.980 | 6.35%
4 Ada | 3.594 | 4.955 | 0.976 | 7.22%
5 GB 3.453 | 4.616 | 0.979 | 7.06 %
6 SVR 12.794| 3.929 | 0.985 |5.68 %

M6 hinh SVR c6 két qua huén luyén tdt nhat,
v6i hé sb Nash dat gan 0.99 va sai sd tuong
d6i trung binh MAPE dudi 6 %, sau d6 dén
mo hinh ET véi sai s0 trén 6 %. Mo hinh DT
c6 hé s6 Nash thap nhat va sai sé twong doi
MAPE cao nhét, trén 9 %. Piéu nay phan anh
ding tinh chat cua thuat toan DT. Cac thuét
toan khac, trir SVR, déu duoc cai tién dua trén
DT nén c6 két qua tot hon DT. Ba m6 hinh RF,
Ada, GB c6 két qua xap xi nhau, voi hé sd
Nash gan 0.98 va sai s6 twong d6i trén 7 %.
Céc sai s6 MAE, RMSE ciing ¢6 chung quy
ludt nhu sai sé twong d6i MAPE. Tat ci sau
mo hinh déu ¢ hé sé Nash trén 0.95, ching to
Kkét qué du bao c6 do chinh xac cao va rat dang
tin cay.
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Hinh 2: So sanh két qua hudn luyén
va kiem dinh mo hinh

Két thic giai doan huén luyén, cdc md hinh
ML duoc chuyén sang giai doan kiém dinh.
Hinh 2 so sanh két qua huan luyén va kiém
dinh mo hinh, cho thiy trong giai doan kiém
dinh, m6 hinh SVR c6 két qua dy bio kém
chinh xac nhat. Két qua kiém dinh mé hinh
nay c6 cac chi sé théng ké déu thua kém két
qua huan luyén. Nam mé hinh con lai cho két
qua dy bao trong giai doan kiém dinh chinh
xac hon khi huin luyén. Viéc nay cho thay
hiéu suit cao cia nam md hinh DT, RF, ET,
Ada va GB trong du bao chiéu dai nuéc nhay
tuong ddi.

4.2. Két qua kiém dinh mé hinh

Mic du c6 két qua huan luyén cao nhat, nhung
mo hinh SVR lai ¢6 két qua kiém dinh thap
nhit so voi ndim mo hinh ML khéc. Diéu nay
hoan toan trai ngugc véi cac nhan xét trude
day vé thuat toan SVR. Nhu vay, c6 thé thiy
rang két qua cia nghién ctru nay 13 rat can
thiét cho viéc lwa chon mé hinh ML dé du bao
chidu dai nudc nhay. Hinh 3 so sanh két qua
du bdo ciia sdu md hinh ML véi sb lidu thuc
do trong thi nghiém mé hinh vat ly. Cac diém
trén Hinh 3 déu bam sat duong phan giac cua
gdc 90°, cho thdy do chinh xac cua két qua du
bao va hiéu suit mo hinh rat cao.

Béang 5 thong ké két qua kiém dinh sau mé
hinh ML va bén cong thirc kinh nghiém. Diéu
dang mung 13 tit ca cac mo hinh toan va cong

thuc kinh nghiém déu c6 hé sd Nash tir 0.98
tr 1én, ching to két qua tinh c6 d6 chinh xéac
rit cao. Chinh xac nhat 1a két qua cia mo
hinh ET véi hé s6 Nash dat 0.99 va sai sb
twong d6i MAPE khoang 5 %. Tiép theo sau
ET la Ada, RF, GB, DT, SVR theo thu tu d¢
chinh xac giam dan. Mo hinh DT c6 sai s6
MAE va MAPE cao nhit trong s cic md
hinh ML. Tuy vdy, tat ca cic mé hinh ML déu
cho két qua kiém dinh chinh xac hon céac
cong thuc kinh nghi¢m. Cac mo6 hinh ML co6
tri s6 RMSE va MAPE thip hon, va hé sd
Nash cao hon so v6i cac cong thic kinh
nghiém. C& biét, cac cong thuc Pikalov va
Chertausov ¢6 sai s6 MAPE 1én trén 20%,
Silvester trén 10%. Cong thirc Hager c6 do
chinh x4c cao hon ba cong thirc ké trén. Két
qua kiém dinh duoc thé hién bang hinh anh
trong Hinh 4. R0 rang 1a cdc m6 hinh ML da
lam lu mo céc cong thue kinh nghiém boi do
chinh xac va tinh hiéu qua trong du bao.

o ’ " - = o
X i

Hinh 3: So sanh két qua kiém dinh mé hinh
ML voi 5o liéu thuce do
Biang 5: Két qua kiém dinh mé hinh ML
va cong thurc kinh nghiém

No| M6hinh | MAE | RMSE | NSE | MAPE
1 DT 3.433 | 4.331 10.984 | 7.39%
2 RF 3.002 | 4.213 10.985 | 6.23%
3 ET 2.399 | 3.459 ]0.990 | 5.05%
4 Ada 2.687 | 3.750 10.988 | 6.48 %
5 GB 3.013 | 4.380 | 0.984 | 6.66 %
6 SVR 3.197 | 4.710 | 0.981 | 6.18 %
7 Pikalov | 20.586 | 27.720 | 0.980 | 26.27%
8 | Chertausov | 17.759 | 21.129 | 0.981 | 22.70%
9 | Silvester | 7.345 | 9.860 |0.980 | 11.65%
10 Hager 3.219 | 4.786 [0.983| 7.57%
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Tir két qua kiém dinh m6 hinh c6 thé nhan
thdy cac wu diém ctia mo hinh ML 1a: ¢6 do
chinh xac va hiéu suét du bao cao, xét dén
nhiéu yéu t6 anh hudng, co thé de dang cép
nhat khi c6 thém dir liéu mai, dé tlep can, toc
d6 tinh toan nhanh. Trong cac wu diém trén thi
dd chinh xac cao va tinh dé cap nhat 1a uu
diém vuot troi cia md hinh ML so véi cac
cong thic kinh nghiém. RO rang, cac cong
thirc kinh nghiém khong thé cap nhat va pham
vi ing dung phu thudc vao diéu kién thi
nghiém trén mo hinh vat ly.

Tuy nhién, mé hinh ML ciing ¢6 han ché, d6
la su khong kién dinh trong cac lan dy béo,

(a) MAE, RMSE khi kiém dinh mé hinh

== RMSE —e—MAE

M8 hinh < N
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phu thudc vao nguoi st dung mo hinh. Nghia
1a mdi 1an chay c6 thé cho két qua khac
nhau, d6 chinh xac c6 thé ting nhung ciing
c6 thé giam trong lan chay sau. Khi du béo
muc d0 quan trong cua cac bién doc lap, céc
mo hinh c6 thé cho ra nhitng xu huéng khac
nhau trong két qua tinh. Nhitng han ché nay
¢ thé duoc khac phuc bang phuong phap
thtr dan, mdi mo hinh can chay nhiéu lan dé
tim ra két qua tot nhat. Trong sé sdu mo hinh
ML, SVR ¢6 su kién dinh cao nhét, két qua
dy bao cua né khong d6i sau cac lan chay.
Pé lam 13 hon vé van dé nay can tiép tuc
nghién ctru sau hon.

(b) NSE, MAPE khi kiém dinh mé hinh

o \

—
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Hinh 4: Két qua kiém dinh mé hinh va cong thirc

5. KET LUAN

Bai bao nay trinh bay mét phuong phap
nghién ctru méi dé tinh toan chiéu dai nuéc
nhay twong dbi trong kénh chir nhat day bang.
Trong nghién ctru nay, Pinh 1y n-Buckingham
da dugc su dung dé tim cac tham sb khong tha
nguyén lam dau vao va dau ra ctia mo hinh
toan. Khong chi sé Froude trudc nudc nhay,
d0 nham va chiéu rong kénh ciing nhu do nhot
ctia chat long da dugc xem xét khi tinh chiéu
dai nudc nhay. Nghién ciru ndy da thiét 1ap sau
md hinh ML dé danh gia tdm quan trong cua

TAI LIEU THAM KHAO

cac bién du vao, sau d6 sir dung cac mo hinh
nay dé dy bao chiéu dai nudc nhay tuong doi.
Ngoai ra, cac wu diém va han ché cia mé hinh
ML cling duogc chi ra trong bai bao nay.

Két qua kiém dinh mé hinh cho thay rang, mo
hinh ET c6 d6 chinh xdc cao nhat. Sau do 1a
Ada, RF, GB, DT, SVR theo tht ty d6 chinh
xac giam dan. T4t ca cac mo hinh ML déu cho
két qua tinh toan chinh xac hon cic cong thirc
kinh nghiém. Vi vdy, mo6 hinh ET c6 thé thay
thé cac cong thtrc kinh nghiém trong du bao
chiéu dai nudc nhay.
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