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UNG DUNG THUAT TOAN SVM DU BAO CHIEU DAI NUOC NHAY
TREN KENH HINH THANG CAN

Lé Vian Nghi

Phong Thi nghiém trong diém Quéc gia vé Pong luc hoc séng bién
Nguyén Minh Ngoc

Khoa Ky thudt ha tang va méi truong D6 thi, Trwong DH Kién triic Ha Ni

Tém tit: Nghién ciru chiéu dai ciia mede nhay trong kénh hinh thang cén la mét bai todn phite tap,
rat khé dé mé ta dwoc day dii cdc yéu t6 anh hiong dén chiéu dai mede nhdy trong cac cong thire cu
thé. Dé nghién ciru vé chiéu dai mede nhay, 1y thuyét Pi ciia Buckingham da dwoc dp dung dé phdn
tich va xdc dinh cdc yéu té co ban anh hwéng dén chiéu dai nude nhay, sau dé sir dung thudt todn
May véc to hé tro (SVM) dé dir bdo vé chiéu dai nude nhay. Nghién ciru cho mede nhay trong kénh
hinh thang cdn, ddy bang c6 mdi doc kénh m = 1 cho cdc két qua dy bdo so véi gid tri thuc do, di
cho thdy hé s6 twong quan rit cao (R? ~0,99), cdc chi s6 théng ké khdc rat gan diém Iy twong (MSE
=0,97; RMSE = 0,98; MAE = 0,88 va MAPE = 2,6%) va sai s6 lém nhat la 5,2%. Piéu nay cho thay
thudt toan SVM phu hop cho viéc nghién ciru va duw bao cdc dac trung thuy luc cua nuwdc nhay.

Tir khoa: Nude nhay; Hoc may; SVM; Chiéu dai nuwde nhay; Buckingham.

Summary: Study of a length of a hydraulic jump in an isosceles trapezoidal channel is a complex
problem. It is difficult to fully describe the factors affecting jump length in specific equations. In this
study, Buckingham's Pi theory was applied to analyze and determine the basic factors affecting the
jump length, then used the Support Vector Machine (SVM) algorithm to predict about the length.
Analyzing the jump in the horizontal trapezoidal channel with a side slope of 1:1, the predicted
results compared with the measured values have shown that a very strong correlation coefficient (R
~0.99) and other statistical indicators are very close to the ideal point (MSE = 0.97; RMSE = 0.98;
MAE = 0.88 and MAPE = 2.6%) and the maximum error is 5.2%. This shows that the Machine
Learning algorithm is suitable for studying and predicting the hydraulic characteristics of the
hydraulic jump.

Keywords: Hydraulic jump; Machine learning; SVM; Length; Buckingham.

1. TONG QUAN trén bé mat 1ong din va khu xoay trén bé mit
mai déc [[1]], trong d6 chiéu dai nudc nhay rat
kho dé xac dinh chinh x4c, mdi cong thirc chi
dung cho trudng hop nghién ctru riéng vé mai
dbc kénh, @6 dbc day hodc do nham cua long
dan. Cac cong thirc dé xut thuong 13 cong
thire thuc nghiém riéng cho ting nghién ctru.

Nudc nhay xuat hién khi dong chay chuyén tir
trang thai chay xiét sang chay ém, hién tugng nay
xdy ra & chan dép tran, kénh ndi tiép v.v. Hién
twong nudc nhdy lam cho nang lugng cia dong
chay sut giam va loai cau triic nay thuong dugc
g dung dé thiét ké cac cong trinh tiéu ning.

Nuc nhay @

Nudc nhdy trong kénh hinh thang can 1a mot
bai toan phurc tap, do cac yéu t6 ctia khu xody

Nl @/’\
Mét cét 1-1
Ngay nhén bai: 25/8/2023 . P ) L )
Ngay thong qua phan bién: 12/9/2023 Hlnh 1: Cau triic nuoc nhay trén kénh day
Ngay duyét dang: 02/11/2023 bang co mat cat ngang hinh thang can [[2]]
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Dbi voi mot trudng hop vé nude nhay, cac yéu
t6 thuy luc dugc quan tAm gom chiéu dai nudce
nhay (Ly), d sau trudc nudc nhay (y1), do sau
sau nude nhay (y2), s6 Froude trude nudc nhay
(Fry)... Cac yéu t6 nay déu dugc quan sat doc
lap cho mét truong hop thi nghiém [[3]], cac
yéu t6 nay c6 mdi quan hé voi nhau théng qua
phuong trinh bién thién dong luong ¢ khu vuc
nude nhay [[2]]. Tuy nhién, ¢ rat nhiéu cac
dic trung thuy luc anh huong dén chidu dai
nudc nhdy ma trong cac phuong trinh co ban
khong xem xét hét, chang han nhu dic trung
khu xo4y & long din chinh va dong xody trén
bé mit mai déc cua kénh hinh thang , ma st
day, su tach dong & day ...[[1]]. Nhitng yéu to
nay gy anh huong 16n dén ham sb nudc nhay.
Bén canh d6, cac yéu t6 anh huong nay lai rat
kho khdn cho md td cac dac trung bdi cac
phuong trinh toan hoc, hé s6 thuc nghiém hoic
diéu kién bién. Vi vay, rat kho dé xay dung
cong thirc tong quat xac dinh chiéu dai nudc
nhay trong kénh hinh thang can.

Trong khi do, Hoc may dang 1a mdt cong cu
¢6 nhiéu wu thé vé phan tich cac truong dir ligu
théng ké, dac biét trong nghién ctu vé du bao
cac yéu td c6 tinh hoi tu, thi thuat toan Hoc
may phat huy hiéu qua t6t va c6 do chinh xac
cao trong du bao [[2]]. Cac thuat toan Hoc
may cling da dugc nghién ctru ap dung du bao
ddc trung thuy luc ciia dong chay h¢ trong
kénh nhu thuat toan May véc to hd trg (SVM)
[[2]-[3]], thuat toan Mang than kinh (ANN)
[[5]-[6]], hay nhu viéc ap dung céc thuat toan
Cay quyét dinh (DT) va thuat toan Rimg ngau
nhién (RF) [[2],[7]]..., cac nghién ctru da cho
thdy sy chinh xac cao ciia két qua dy bao.

Hién nay, cac nghién ctru vé nudc nhdy trong
kénh hinh thang can chu yéu dwoc thuc hién
trong phong thi nghiém, cic quan sat dugc tién
hanh trén cdc mo hinh vét ly ¢ dinh, do vay
cac truong hop nghién ctru thuong khong qua
nhiéu, cac dir lidu chu yéu bao phil co ban vé
muc tiéu nghién ctru [[1]-[2]]. Do vay, céac
thuat toan hdi quy doi hoi dir liéu khong cao

nhu Ciy quyét dinh (DT), Rimg ngau nhién
(RF) hay May véc to hd trg (SVM) [[7]]
thudong c6 hiéu qua du béo tot.

Trong nghién ctu nay, tir cdc phan tich cua ly
thuyét Pi cta Buckingham, s& x4c dinh céc bién
dir liéu dau vao clia thuat toan SVM, tir d6 thiét
1ap cac mo hinh dao tao cua vé du bao chiéu dai
nudc nhdy trong kénh hinh thang can, sau do
danh gia hiéu sudt dyu bao theo thuat toan SVM
tt nhat va thiét 1ap co s¢ du bao dic trung chiéu
dai nudc nhdy trong kénh hinh thang can.

2. PHUONG PHAP NGHIEN CUU
2.1. Thiét lap cac truomg dir liéu trong Hoc may
Phan tich déc trung nudc nhdy trong kénh hinh

thang can, ddy bang c6 cac yéu to anh hudng
co ban dén nudce nhay nhu sau [[2]]:

f(LJ’yliyZ’QamipiH'g’b):O (1)

Theo 1y thuyét Pi cta Buckingham [[9]],
phuong trinh (2) s€ thanh:

L, (y, my, j
Sop) Y2 T 3
Ys [yl b " 3

Phuong trinh (3) ding dé phan tich va dénh gia
cac yéu to anh hudng dén dai lugng can nghién
ctru (Ly), dong thoi chi ra cac dit liéu can thu
thap trong nghién ctru thuc nghiém mo6 hinh vat
Iy bao gébm: Luu lwong (Q), do sdu trudc nude
nhay (y1), d6 sdu sau nudc nhay (y2), chiéu dai
nude nhay (Ly), chiéu rong day kénh (b) va mai
dbc kénh (m). Céc yéu té nhu khdi luong riéng
(p), gia toc trong truong (g) va hé sd nhét () la
cac hang sb trong nghién ctru.

Trong nghién ctru Hoc may, cac truong dir liu
duoc xac dinh nhu sau:

+ Bién muc tiéu: Ly/y1
+ Bién anh huong: y2/y1; m.ya/b va Fri.
2.2. Thuat toan SVM

May vécto ho trg (Support Vector Machines -
SVM) 14 loai mé hinh may hoc ¢6 hiéu qua dé
giai quyét cac vin dé phan 16p va hoi quy.

44  TAP CHI KHOA HOC VA CONG NGHE THUY LOI SO CHUYEN DE - 2023



Thuat toan SVM 1a giai phap tim mot bé mat
dé phan chia cac 16p dit liéu trong khong gian
n chiéu (goi 1a “siéu phang” tdi wu H), trong
do dir liéu duoc tach lam 2 16p dir li¢u co6 ky
hi¢u 1a (+1) hoac (-1) [[10]]. Nhu vay, co 2 16p
dir liéu va mot “siéu phing” tdi uu (H) dé phan
cach 2 16p (+1 va -1) dua trén “1&” (w) va gia
trj (b) dé thoa man phwong trinh diéu kién (4):
y=wx-b=0 4)

Dé x4c dinh dugc “siéu phang” t6i wvu H, mbi
16p dir li€u (+1 va -1) c6 mot vécto tua (goi la
“siéu phang” hd tro H1 va H2), khoang céach tir
(H1, H2) dén H duoc goi 1a “1&” (w) [[10]-[7]].

+ “Siéu phang” hd trg H1 cua 16p (+1) thoa

man: wXp-b>+1 voiy=+1
+ “Siéu phang” hd trg H2 cua 16p (-1) thoa
man: wxp-b>-1 voiy=-1
® i -1 ® nhom
i o ® ® A 5

o 8 V0%,
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Hinh 2: Minh hoa vé thudt toan SVM [[10]]

“Siéu phang” t6i wu H (ndm gitta 2 “siéu
phang” hd tro) can phai thoa 2 tiéu chi 1a “cuc
dai” hoa 1& (1& cang Ién, md hinh phan I16p
cang an toan) va “cuc tiéu” héa sai sd [[7]].
Mo hinh SVM thyc hién phan 16p phan tir X
dira vao biéu thire du bao (6):
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predict(x) = sign(w.x -b) (6)

Thuat toan hdi quy SVM c6 kha nang du bao
cac dac trung thuy luc dua theo cac ham hoi
quy v6i phuong trinh muc tiéu (3).

Nghién ctru da thiét 1ap mé hinh dao tao cua
cac thuat toan SVM trong Matlab R2022b,
gdm c6 thudt toan tuyén tinh (Linear), thuat
toan binh phuong (Quadratic), thuat toan bac 3
(Cubic) va 03 thuat toan vé ham Gaussian (cac
thuat toan khac nhau vé cac “siéu phang” H).
Céc két qua phan tich cua 06 thuat toan SVM
dugc danh gid bdi céc chi ti€u danh gia trong
thong ké [[2]], nhu hé sé tuong quan (R?), sai
s6 toan phuong trung binh (MSE), sai s6 quéin
phuong (RMSE), sai s6 tuyét ddi trung binh
(MAE) va sai s phan trim tuyét ddi trung
binh (MAPE), thuit toan nao c6 b chi tiéu
théng ké t6t nhét thi thuat toan d6 co do phu
hop nhéit trong du bao dic trung chiéu dai
nudc nhay.

3. DU LIEU NGHIEN CUU

3.1. Cac mo hinh vat ly

Nghién ctu da thu thip dir liéu tir cic md hinh
thi nghiém nudc nhay trong kénh hinh thang
can dugc, cic mo hinh thi nghiém tir céc
nghién cuou cua tic gia dugc thuc hién tai
Phong thi nghiém trong diém qudc gia vé dong
luyc hoc song bién — Vién Khoa hoc thuy loi
Viét Nam [[2]] va két qua cong bo tir nghién
ciru thé gidi cia Wanoscheck R. va cs [[1]].

Céc dac trung cua md hinh thi nghi¢ém duogc
mo ta tai cac Bang 1.

Bang 1: Thong s6 mé hinh thi nghiém

T4c aia Vit lisy Chiéu dai | Chiéu daimo | Paykénh | Mai
g aLlis kénh (m) | hinh (m) (cm) déc
N.M. Ngoc va cs [[2]] Kinh httu co 55 va
4 10 1:1
33,5
Wanoscheck R. va cs [[1]] | Kinh h&tu co - 8 20 1:1
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3.2. Thu thap dit lidu

Céc dir li¢u sau khi thu thap duogc, da tién hanh
xtr 1y loai bo cac dit liéu khong phu hop (didu

kién y1 > 3cm dé tranh anh hudng strc cing bé
mat [[2]]). Cac dac trung thuy luc cua nude
nhay dugc tong hop tai Bang 2:

Bang 2: Cac dir li€éu quan sat trén moé hinh vat ly

PR easy yi (m) Y2 (m) Lm | i
95 0,06 + 0,201 0,033 + 0,081 0,182 + 0,488 1,0+2,87 34
33,5 0,065 + 0,167 0,041 + 0,092 0,258 + 0,488 1,50 + 3,18 50
20 20,1 + 98 0,041 + 0,081 0,142 +0 ,441 0,55+ 3,0 39

Phan tich dir 1li€u nghién ctru theo cac dai
luong khong tht nguyén theo phuong

trinh (3) nhan dwgc gid tri thé hién tai
Bang 3:

Bang 3: Dir liéu vé ty 1¢ cac dic trung thuy lue ciia nwée nhay

bay kénh (cm) Li/yl yoly1 M1 Fr1
55 24,93+53,52 4,444+9,396 0,06+0,147 4,06+7,90
33,5 26,61+51,63 4,397+8,610 0,122-+0,275 4,01+7,98
20 9,09 + 73,71 2,347+10,565 0,203 + 0,406 2,12 + 11,83

Mdi quan hé giita cac dic trung thuy luc cia
nudc nhdy trong kénh hinh thang dugc thé
hién tai Hinh 3.

Hinh 3: Méi quan hé giita Ly, Fri, y2 Va y1
cua nuwoc nhay trong kénh hinh thang

Phan tich tai Hinh 3, thdy ring quan hé giita
Ly/y1 v6i Fri va yoly1 c6 su lién hé chit ché (R?
> 0,95), tuy vy cac diém thi nghiém van c6 su
phan tan xung quanh duong hodi quy. Cac dir
liéu nghién ctru tap trung trong pham vi nudc
nhay 6n dinh (Fr1 = 4,5 + 9) [[1].[2].[2]]. Piéu
nay cho thiy phuong trinh (3) c6 y nghia trong
phan tich cac truong dir liéu dé danh gia mbi
quan hé giita chiéu dai nudc nhay véi cac yéu
t6 anh huong khac nhau trong nudc nhay va
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nghién ctru co ¥ nghia sdu sic trong pham vi
nude nhay 6n dinh.

4.KET QUA DU BAO TU THUAT TOAN SVM
4.1. Co s6 dir liéu ctia thuat toan SVM

Tu co so dir ligu thu thap duogc (gém co 113
bd dir li€u), nghién clru da tach ra 2 by dir lidu
co ban, dir liéu dao tao (Bang 4) c6 99 bo dir
lidu va dir liéu kiém tra (Bang 5) c6 14 bo dix
lidu, cac dit liéu duoc thé hién nhu sau:

Bang 4: Dir li€u dao tao (99 bo dir li¢u)

Values | Li/yl | yoly: Fri M1
Max | 73.710 | 10.565 | 11.83 | 0.406
Min | 9.091 | 2.347 | 2.12 | 0.060
Bang 5: Dir li¢u kiém tra (14 bd dir liéu)
Giatri | Lyl Y2/Y Fry M;
Lan

nhdt |53.922 | 8995 | 9315 | 0.405
Nho

nhat | 16.687 | 3189 | 2751 | 0.095

Tir Bang 4 va 5 cho thdy, dir liéu dao tao va
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kiém tra trong tng tir nude nhay dao dong dén
nude nhay manh, trong d6 nudc nhay 6n dinh
(Fr1 = 45 = 9,0) chiém da s6 (70% dit liéu
nghién ctru).

4.2. Cac két qua dao tao theo thuit toan
SVM

Str dung dir li€u “dao tao” (Bang 4), phan tich
cac truong dir liéu cua bién anh hudng va bién

[_kHoAHOC IV
muyc tiéu theo thuat toan SVM trong phan mém
Matlab R2022b. Dir liéu dao tao (muc Data) va
dir liéu kiém tra (Test) dwoc thiét lap theo
dang cot (Hinh 4). Qua trinh thyc hién “dao
tao” duoc trién khai cho 6 thuit toan SVM
khac nhau (Hinh 5), phin mém tu dong dé
xut thuat toan SVM c6 hiéu qua du bao tot
nhit (Hinh 6).

Bang 6: Cic chi tiéu thong ké vé danh gia hi¢u qua du bao chiéu dai nwéc nhay
theo cac thuit toan SVM trong “dao tao”

Thuat toan R? MSE RMSE MAE
Tuyén tinh 0,966 3,332 1,825 1,299
Bac 2 0,973 2,708 1,646 1,085
Bac 3 0,978 2,169 1,473 1,030
Ham Fine Gaussian 0,834 16,443 4,055 1,761
Ham Medium Gaussian 0,929 6,995 2,645 1,417
Ham Coarse Gaussian 0,943 5,573 2,361 1,411

Két qua qua trinh ‘dao tao”, st dung mé hinh
c6 thuat toan SVM t6t nhat dé du bao cac gia
tri mai theo dit liéu kiém tra (Test), tir d6 sir
dung cac chi tiéu thong ké dé danh gia hiéu

& MATLAR B0
L o T —— o

Hinh 4: Thiét ldp diz liéu dao tqo va kiém tra

suat dy bao cia md hinh SVM ddi véi chiéu
dai nudc nhay trong kénh hinh thang cén, co
mai déc m = 1 (Hinh 6).

, l
.
f

Hinh 5: Két qud ddo tao theo thugt toan
Cubic SVM
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Hinh 6: Cac chi s¢ thang ké cho diz liéu
dao tao

Céc chi sb théng ké sau khi dao tao chi ra
réng, thuat toan bac 3 (Cubic SVM) cho hi¢u
qué du bao t6i wu nhat theo danh gia tir cc chi
s6 théng ké tai Bang 6 (v6i R? = 0,98, RMSE
= 1,47, MSE = 2,17 va MAE = 1,02).

Nghién ctru da ap dung mé hinh “dao tao” cua
thuat toan “Cubic SVM” dé du bao cho dit liéu
kiém tra (Bang 7) va két qua du bao chiéu dai
thé

Hinh 7: Két qua kiém tra diz liéu theo
thudt toan “Cubic SVM”

“ResultSVM23” (Hinh 7).

4.3. Panh gia cac gia tri du bao theo thuat
toan “Cubic SVM”

Str dung cac dir li¢u thyc nghi¢m vé chiéu dai
nuéc nhay (Bang 5) va két qua du bao theo
thudt toan “Cubic SVM” (Hinh 6), di tién
hanh phan tich cac chi tiéu thong ké giita cac
gi tri thi nghiém va gia tri du bao, két qua thé

nudc nhdy dugc hién & muc hién tai Bang 7.
Bang 7: Cac chi tiéu thong ké so sanh giira thuc do va du bao vé Lj/y:
N Céc chi tiéu thong ké
Thut toan R? MSE | RMSE | MAE | MAPE (%) | emex (%)
Cubic SVM 0,989 0,971 0,985 0,879 2,63 5,2

Tir Bang 7 chi ra rang, hé sd tuong quan R? ~
0,99 (twong quan rat manh), cac chi sé théng
ké khac cling gan diém 1y tuong (gia tri bang
0), sai sd trung binh tuyét d6i twong dbi nho
(MAPE = 2,6%), sai s6 16n nhat giita gia tri
thuc do va tinh toan 1a emax = 5,2%.

no

R=0.99

wdicted vadoes

Y

L'y, observed values

Hinh 8: So sanh giita gid tri thuc do va dw bdo

Tir Hinh 8, hiu hét cac diém dir liéu liéu dau
nam trong dudng bao sai sd +5%, chi c6 01
trong 14 gia tri kiém tra 14 c6 sai s6 5,2%. Khao
sat vé sai sd gitra gia tri thuc do va du bao, cho
thay v6i s6 Fri < 4,5 (Nudc nhay dao dong) thi
c6 sai s6 kha 10n, didu nay c6 thé thdy & pham
vi ndy, cac dit liéu thuc do chwa du 16n, con dbi
v6i truong hop nude nhay 6n dinh (4,5 < Fry <
9,0) c6 sai s6 6n dinh va rat nho (sai s 16n nhét
trong pham vi nay 1a 3,5%).

Vi thuat todn “cubic SVM” da du béo tot vé
chiéu dai nudc nhay, dam bao sai sb giira thuc
do va du bao rat nho, dic biét trong trudng
hop nudc nhay 6n dinh. Didu nay cho thay,
thuat toan “Cubic SVM” rat phu hop cho du
bao dac trung thuy luc.

5. KET LUAN

Nghién ctu ap dung thuat toan SVM cho du béo
déac trung thuy lyc nude nhdy trong kénh hinh
thang can, dy bang c6 mai dbc 1:1, cho thay:

+ Quy trinh du bdo cua thudt toan Hoc may
cho dic trung thuy gém cé viéc ap dung ly
thuyét Pi cia Buckingham dé xay dung
phuong trinh du bao (phuong trinh 4), sau do
thu thap dir liéu lién quan dé xay dung bo dir
liu dao tao va dir liéu kiém tra. Str dung thuat
toan Hoc méay dé thiét 1ap mé hinh du bao. Str
dung mé hinh du bao dé du bao cac két qua
cua tap dir licu kiém tra, danh gia két qua du
béo dé kiém ching hiéu qua dy bao cia mod
hinh Hoc may.

+ Vi thuat toan SVM, két qua du béo vé
chiéu dai nudc nhay trong kénh hinh thang
can, ¢6 mai dbc m = 1 da cho hiéu quét du bao
tbt, diéu nay duoc danh gia qua cac hé s R? =
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0,99, sai s6 16n nhét emax = 5,2% va sai sd
truyét ddi trung binh MAPE = 2,6%.

+ Nhu vay, phuong phap 4p dung mé hinh hoc
may SVM rat phu hop cho du bao dic trung
thiy Iyc vé chidu dai nuéc nhiy trong kénh
hinh thang can.

Nghién ctru ddy méi chi buéc dau ap dung

[__KHOA HOC
thudt toan Hoc may cho du béo chiéu dai nuéc
nhay, trong mot vai truong hop khac nhau, cac
thuat toan hoc may khac vai cac bd dir licu dao
tao thay ddi, s& co nhirng thuat toan du béo
phii hop hon. Diéu nay con can sy chia sé va
phéi hop nghién ctru giira cac nha khoa hoc
khac nhau.
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