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Xac dinh hé s6 thuc nghiém cho cong thiic

tinh toan cac loai séng tau thuyén trén séng Can Tho
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Nghién cttu nay dugc thuc hién nhim x4c dinh hé sb thuc nghiém cho c6ng thic tinh todn séng tau thuyén
trén séng Cin Tho bang bén mé hinh hdi quy phi tuyén trén nén MATLAB. Ban vé dia hinh ddy song dugc
thu thap tit hd so khao sat dia hinh tit dy 4n xiy dung ké song Cin Tho va thong sé tau dugce cung cip tit
Cang vu hang hai Cin Tho. S6 liéu séng tau duge do dac bing thiét bi ADCP Sentinel-V20. Két qua cho théy
chiéu cao séng tau cao nhét trén séng Can Tho phu thudc rit 16n vao d6 co hep dong, véi hé sb co hep (8)
bing 61,764. bdng thdi, céc tri s6 danh gia d6 tin ciy mo hinh ciing chi ra ring mé hinh hdi quy phi tuyén
v6i hai tham sb: hé sé niing lIwgng nén (o) va hé sb co hep (8) 6 d tin cdy twong dbi cao trong viéc tinh

toan chidu cao séng tau cao nhét (Hpa) trén song Cin Tho.

KEYWORDS ABSTRACT
MATLAB This study determines empirical coefficients for boat-generated waves on the Can Tho River using four
Vessel

Numerical model
Wave height

MATLAB-based nonlinear regression models. Bathymetry and vessel data were collected from local
authorities, while wave data were measured using an ADCP Sentinel-V20. Results indicate that maximum
wave height depends significantly on the blockage effect (8 = 61.764). Reliability metrics confirm that the
two-parameter model, incorporating background energy (a) and blockage (8), is highly effective for

predicting H,,.,.

nhén giy sat 16 bo song tai cic doan song khong cé cong trinh bao vé
b&. Tuy nhién & Viét Nam yéu t6 nay lai bi xem nhe trong danh gié va
thiét ké cong trinh bao vé bd va chua ¢6 mét nghién ctiu cu thé nao dé
xé4c dinh chiéu cao S6ng Tau & nhitng kénh vén ta c6 mat d6 lvu théng
tau bé (dic biét 1a Ghe tai) 16n nhu séng Can Tho. Do d6, viée xac dinh
cong thiic tinh toan chidu cao séng tau cao nhét trén séng Cin Tho 1a

rit quan trong.

2. Phuong phép nghién citu

Hinh 1. Khu vyc nghién ctu. S8 igu sorcép
(Sang tau)
N . 85 56 ligu Kﬁ";;’;g" Lya chon
Song Can Tho — mot nhénh quan trong ctia hé thong séng Hau - ddu vao hé s6 m hinh

déng vai tro chién luge trong phat trién kinh té - x3 héi, giao thong
thity va sinh ké cv dan viing d6 thi trung tdm ctia PBSCL. Vi vai trd 1a
tuyén giao thong thity huyét mach, dong thoi 1a khong gian canh quan
— sinh thai quan trong ctia d6 thi Can Tho. Séng Can Tho nim doc theo
hai quén Ninh Kiéu va quén Cai Ring c6 chidu dai khoang 30km, rong
300-600 m s6ng di qua khu vize Cho' ndi Cai Rang nén lwgng tau thuyén
neo déu, di chuyén qua lai lién tuc dé giao thuong hang héa 1a rit dong
dtic. Cac cong trinh nghién ciu trudc d6 dé6 nhuq cua Toan va ctv

(2025) [1] chi ra ring, anh huéng cta séng thu 1 mét trong cic nguyén
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Sé Ligu thir cap
(Kich thudc tau,
dia hinh long
sdng)

Hinh 2. So dd nghién ctu.

Céc buéce nghién citu duge tién hanh nhu trong so dd trén Hinh
2. PAu tién, cac s litu so cip va thi cip sé dugc thu thap. Sau khi
thu thap, cac sb liéu dia hinh day, théng s6 tau va chidu cao séng tau
thie do tuong tng dugc thdng ké va sip xép thanh mot bang sb liéu

ddng nhét. Dya trén cong thitc tinh todn chiéu cao séng tau cao nhit
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Cong binh Luc quin Hoa Ki (USACE) thiét 1ap cic mé hinh hdi quy phi
tuyén trén nén MATLAB.

2.1. Thu thdp s6 liéu thit cdp

Céc sb liéu tht cip vé myc nude, dia hinh long din dugc thu
thap tit Ban quan 1y du 4n diu tu xiy dyng st dung ngudn vén hé tro
phét trién chinh thi¢c thanh phé Cin Tho. S6 liéu v kich thudce, thong
s6 tau dwgc thu thap ti¥ Cang vu hang hai Cin Tho duge thé hién trong
Bang 1.

Bang 1. S6 liéu tht cip.

STT S6 lieu Ngudn Thoi gian
Ban quan ly du 4n dAu tu xay
1 bia hinh, dia | dung st dung ngudn vén hd 2020
chét trg phat trién chinh thic
Thanh phé Cin Tho
Kich thuée
2 cac phuong | Cang vu Hang hai Cin Tho 2025
tién thuy

2.2. Thu thdp s6 liéu so' cdp

S6 liéu séng tau duoc do dac truc tiép tai KVNC bing thiét bi
ADCP Sentinel-V20 (Acoustic Doppler Current Profile). Thiét bi nay
hoat dong dua trén hiéu ttng Doppler 4m thanh, cho phép do dac déng
thoi bién dang van téc dong chay theo d6 sau (profiling) va cic thong
sb song chi tiét véi 0 chinh x4c cao. V&i dai tAn s6 2MHz, Sentinel V20
st dung hé théng dAu do phét xung 4m thanh dé do van téc dong chay
théng qua sy dich chuyén tin s clia tin hiéu phan xa tit cdc hat I litng

trong nudec.

& 3 B
Hinh 3. Lip dit ADCP Sentinel-V20 vio hé khung.

2.3. Xdy dung mé hinh hdi quy phi tuyén MATLAB
2.3.1.  Phwong phdp hdi quy phi tuyén

HOi quy phi tuyén 13 phwong phap wéc lugng tham sb ma mé
hinh Y = f(X,0) khong nhét thiét phai 12 t& hop tuyén tinh ciia cic tham
s6 0. Khac v6i phuong phap tuyén tinh, hdi quy phi tuyén khéng yéu

cAu bién dbi dit liéu diu vio, ma lam viéc truc tiép trén cAu tric ham
s6 gbc.

Ban chit: Muc tiéu cta phwong phép 14 tim vector tham s 6 dé
ti thidu héa Tdng binh phuong sai sb (Sum of Squared Errors - SSE)

trong mién thue (mién gia tri gbc ctia Y):
SSE(0) =D (Ve = f(X7,0)° 5> min (1)
j=1

Do ham f(X, 0) c6 tinh chét phi tuyén, ham muc tiéu SSE(0)
thuwong khong 18i va ¢6 thé chia nhidu cye tri dia phiwong. Do d6,
khong ton tai cong thie nghiém giai tich duy nhit. Viéc giai bai toan
nay ddi hoi cac phuong phap giai tich s (Numerical Methods) va céc
thuét toan ldp (Iterative Algorithms).

2.3.2. Ung dung MATLAB

Kha niing Phan tich dit liéu va Hdi quy Trong khuén khé nghién
ctiu nay, MATLAB dugc lua chon nh® bd cong cu Curve Fitting Toolbox
va Statistics and Machine Learning Toolbox vuot troi. Phin mém c6 kha
nang nhap liéu trc tiép tit céc file dinh dang chuén (CSV, Excel) dugc
trich xuét tit thiét bi do dac. Dbi v6i bai toan x4c dinh hé s thuc nghiém
cho céng thifc séng tau, MATLAB hd trg thuc hién céc thuét toan hoi
quy phi tuyén da bién (Multivariate Nonlinear Regression) v&i d6 chinh
x4c cao. Ngudi ding c6 thé tiy bién cdc ham muc tiéu (objective
functions), thiét 1ap cac rang budc cho bién sb va st dung phurong phap
binh phuong ti thiéu (Least Squares) dé timra b6 tham sb tbi vu khép
nhét v&i dit liéu thye nghiém.

2.3.3. Cobng thitc tinh todn chiéu cao séng tau cao nhdt

Bang 2. Y nghia cac hé sb.

Hé s6 ¥ nghia
Hé sb ning ligng nén dai dién cho céc yéu tb chua duge
a xét dén trong cong thitc nhu hinh dang miii tau, d6 nham
VO tau,...
D6 nhay ctia ning lwvong séng dbi véi si thay dbi véan tbe
B di chuyén ctia tau.
Y Do nhay ctia séng d6i véi ty 1é ngap nude ctia than tau
Do nhay ctia séng ddi v&i mitic d6 chat hep ctia ludng lach

Theo nghién ciu cua Hartman va ctv (1997) [2], md hinh dugc
x4y dung dua trén cong thiic tinh toan chidu cao séng tau cao nhét ctia
Coéng binh Luc quan Hoa Ky (USACE) [3]. Cong thiic c6 dang nhu sau:

7 5
H, =aV’ by [ A @
L) \S -1

Trong dé:

H,.. 12 chiu cao séng tiu cao nhit

V 12 van téc tau

D 12 m&n nude hay phan chim trong nwée cia tau
Lv chiéu dai tau
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Sc: d6 co hep dong chay duoc tinh bing ti s6 giita dién tich miit
cit 1ong song va mit cit wt cla tau.

Céc hé sé thyc nghiém trong cong thiic c6 y nghia duoc thé
hién trong Bang 2.

Duya trén nghién cttu ctia Qian va ctv (2022) [4], dé xuét Iwa chon
bén mé hinh hdi quy phi tuyén xac dinh hé s6 thic nghiém trong céng
thitc tinh toan séng tau thuyén trén séng Can Tho nhu sau:

Mb hinh 1 tham sb SCT-1:

H =qa-V*°. 2 0’5. Sc : )
max L SC _1

v

M5 hinh 2 tham s6 SCT-2:

0,5 25
H —g.v’. 2 ) SL, @
max Lv Sc _1

M6 hinh 2 tham sb SCT-3:

. —a-VZ-BO,S- s Y 5)
max Lv S(—l

M6 hinh 3 tham s SCT-4:

H _a.VZ.BO,S. S, ' ©)
max Lv S(—l

Viéc chon ra bén mé hinh nhv trén muc dich dé kiém tra do nhay

cac hé sb thuc nghiém dbi véi didu kién 1ong din néng, hep va tau
thuyén c6 kich thuée twong dbi nhé so véi dién tich mit cit long din
nhu séng Cin Tho, tim ra sy phu thudc ctia chidu cao séng cao nhét véi

cac yéu tb trong cong thiic.
2.4. Phuong phdp ddnh gid d¢ tin cdy ctia mé hinh

Ba chi sb théng ké duge st dung dé dénh gia do chinh xéc cta
moé hinh g6m : Chi s6 hiéu qua NSE (Nash-Sutcliffe Efficiency), Sai sb
toan phrong trung binh RMSE (Root Mean Square Error) va Sai sb tuyét
déi trung binh MAE (Mean Absolute Error).

2.4.1. Sdi sé toan phitong trung binh RMSE

Sai s6 trung binh phiong gbc (RMSE) 1a thiéc do phd bién trong
théng ké va khoa hoc dit liéu ding dé danh gi4 do chinh xc cia mé
hinh dy béo, bing cich tinh cin béc hai ctia trung binh céc binh phiong
sai 1éch gitta gia tri du bao va gia tri thuc té. Cong thitc tinh RMSE nhu
sau [5]:

N
RMSE = J% Z (H.&'im.i - Hob.&:,i )2 (7)
i=1

Trong d6:
Hgim; 12 gid tri chidu cao séng du doén tai thoi diém i

Hops;i 12 gid tri chidu cao séng thue do tai thoi diém i

2.4.2. Chi s6 hiéu qud NSE

Chi sb hiéu qua NSE 14 thuée do théng ké phan anh mic do
bién thién ctia bién phu thugc duge giai thich bdi cac bién doc lap
trong m6 hinh hdi quy. NSE c6 gid tri tif -oo dén 1. NSE c6 gia tri tir -
o dén 1:

NSE = 1 : Dy doan hoan hao

NSE > 0,5 : Dy doan c6 do tin cdy t6t

NSE < 0 : Dy do4n kém hon trung binh quan tric

Cong thic téng quat dugc xdc dinh nhu sau [6]:

N
z (Hsim,i - Hobs,i )2
NSE =141 - ®)
Z (Habs,[ - Hobs )2
i=l

Trong do6 :

H obs 12 814 tri trung binh cta chiéu cao séng thitc do
2.4.3. Sai sb tuyét dbi trung binh MAE

MAE diing dé danh gi4 d6 16n trung binh ctia sai 1éch giita két
qua md phéng va sb liéu thue do ma khéng chiu anh hudong qué 16n
bdi cac gia tri di biét. MAE do lwong khoang céch trung binh gita gia
tri du bdo va gia tri thuc té theo ciing don vi do luwong cta bién sb.
Cong thiic tinh MAE [7] nhu sau:

1 N
WE = N ;|Hobs,i - Hsim,i (9)

Trong dé:
Hgim; 12 gié tri chiéu cao séng du doan tai thoi diém i

Hops; 10 gid tri chidu cao song thuc do tai thoi diém i

3.  Két qua va lya chon mé hinh hdi quy phi tuyén

3.1. Két qud cdc mé hinh

Bing céc thuit todn xdy dung mé hinh hdi quy phi tuyén trén
nén MATLAB, k qué xac dinh cac hé s6 thuc nghiém trén bén m6 hinh
duge thé hién trong Bang 3.

Bang 3 va va Hinh 4 cho thiy viéc dwa hé s6 co hep & vio lam
bién s6 t6i wwu da gitp mé hinh nim bit tdt hon quy luat bién dbi ctia
chiéu cao séng, khic phuc duge céc sai s6 ton tai trong cidc mo hinh cb
dinh hé s6 & trudc d6, ddng thoi chi sb hiéu qua NSE ctia mé hinh SCT-
3 dat mtc cao nhit trong cic mé hinh d4 thit nghiém (NSE = 0.69, so
v6i mitc <0.4 chia cac md hinh trwdc), ddng thoi sai sé RMSE giam
xuéng mitc thép nhét (RMSE = 0.027 m).

Piéu nay chi ra ring d6i v6i diéu kién ludng lach hep nhv séng Cin
Tho, yéu t6 co hep déng vai trd cuie ky quan trong va nhay cam trong qué
trinh hinh thanh séng, va gia tri thuc té ctia 8 ¢6 thé 16n hon nhiéu so véi
céc gia dinh 1y thuyét thong thudng. Pong thoi, do didu kién nghién citu
& séng Can Tho, Két qua xac dinh hé s6 co hep thitc nghiém cho théy gia
tri 8 ~ 61.8, cao virgt trdi so véi mite 1y thuyét (8 = 2.5). Nguyén nhan
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chinh xuft phat ti dic diém hinh hoc cta khu vize khao sat, noi ty sb
dién tich mit cit ngang (Sc) c6 gia tri kha 16n (trung binh Sc > 100).
Trong ving gié tri nay, cum bién sb co hep (Sc/Sc - 1) tiém can rt gin
vé 1 va ¢6 bién dé dao dong circ nho giita cac kich ban tau & déy 1a song
thwong Missisipi v&i cac loai tau thuy hang ning luu théng chi yéu.

Bang 3. Két qua hé s6 thuc nghiém bén mé hinh.

M5 hinh a a, B a,8 a, B,y
SCT-1 0,07 0,116 0,038 0,295
SCT-2 2 1,496 2,0 1,763
SCT-3 0,5 0,5 0,5 0,942
SCT-4 2,5 2,5 61,764 2,5

SO SANH CAC CHi SO BANH GIA MO HINH
0,045 T 0,800
0,040 — . 0,700
0035 — ] —3 0.600
% g:gjg al 384 0023 4160023 0500
% 0,020 . 0400 &
& 0,015 000
0010 0,200
0,005 0,100
0,000 0,000
a a,p a,b a,B.y
SCT-1 SCT-2 SCT-3 SCT-4

Mé hinh
HRMSE ®mMAE m NSE

Hinh 4. Biéu dd so sanh céc chi s6 danh gid mé hinh.

Bang 4. Bang két qua chi s§ d4nh gid m6 hinh.

Céc tham
Mb hinh s6 hiéu NSE RMSE MAE
chinh
SCT-1 a 0,352 0,039 0,028
SCT-2 a, B 0,384 0,038 0,029
SCT-3 a,8 0,687 0,027 0,023
SCT-4 a, B,y 0,416 0,037 0,023

3.2. Cong thitc tinh todn séng tau cho séng Cdn Tho

TW cac lap luén trén, nghién ctu quyét dinh lya chon SCT - 3 (2
tham s6 a, 8) 12 m6 hinh t6i wu dé xay dung céng thitc thite nghiém.
Pay 14 mé hinh dat duoc trang théi can bing t6t nhét: vita di don gian
dé 4p dung thuc té, vira du tinh t& dé ndm bét dwoc dic thi thiy luc
quan trong nhét (co hep) clia séng Cin Tho, dam bao dd tin cdy cao
trong cong tic dy bdo. biéu nay xac nhn gia thuyét ring hiéu ing co

hep 12 yéu t6 chi phdi manh mé nhit dén ning lvong séng tai khu vie

61,764
] (10)

nghién citu

4
S
H,, =0,037589-7". D2
L S —1

Trong do:
H: Chiéu cao séng 16n nhét (m)

V: Van tbe di chuyén cua tau (m/s)

D: Mén nudce cta tau (m)

L: Chiéu dai tau (m)

Sc: Do co hep (Channel section coefficient), dugce dinh nghia la
ty s6 gitta dién tich mit cit w6t cta long dan (Ac) va dién tich mit cit

ngang phan chim ctia tau (Am)
4. Kétluan

M6 hinh hoi quy phi tuyén MATLAB dugc st dung dé xac dinh
céc hé sb thuc nghiém trong c6ng thiic tinh toan chiéu cao séng tau cho
s6ng Cin Tho. $6 liéu mé phong tit mé hinh duge so sanh véi sb lidu
thite do. Két qua cho thy mé hinh SCT-3 két qua tir thuét toan tbi vu
héa phi tuyén, v6i b tham sb tim dugela a = 0.038 va § = 61.8. bay
12 md hinh cho két qua t6t nhit trong tit ca cac kich ban thi nghiém,
ddng thoi khing dinh yéu té co hep déng vai trd cuc ky quan trong va

nhay cam trong qué trinh hinh thanh séng.
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