KHOA HOC CONG NGHE

XAY DUNG BO CONG CU TiNH TOAN LAN TRUYEN
SONG BANG MANG NO RON NHAN TAO ANN

Vit Vian Ngoct ", Ta Puc Hai?

TOM TAT

Tinh toan lan truyén song tir ngoai khoi dén khu virc gan borla van dé quan trong khi xem xét cac
hién tueong thiy dong luc khu vuc gin bo, duoc quan tdm hang dau trong cac thiét ké cong trinh
chinh tri ctta song, ven bién. D€ tinh toan lan truyén song, c6 thé diung phuong phéap truyén
thong bang cong thic c6 xét cac hé s6 gidm song (hé sé song vo, khuc xa, nhiéu xa...). Theo
hudéng hién dai, hién nay dung mé hinh hoéa theo hudng vat ly va dugc thyc hién qua chuong
trinh thuong mai nhu MIKE ZERO (Pan Mach), DELFT3D (Ha Lan)...Bén canh do, mot so
nghién cttu c6 tinh méi thong qua mé hinh @6 1a, mo hinh héa theo huéng dix lieu dua trén cac
luat hoc, hoc sau...Nghién ctru nay tinh toan lan truyén séng sé duoc thuc hién thong qua mo
hinh Mike 21SW va mé hinh mang no ron nhén tao ANN, tir d6 so sanh, danh giad d6 chinh xac
ctia hai phuong phap, sau d6 xay dung b cong cu tinh toan lan truyén séng bang mo hinh mang
no ron nhan tao. Phuong phap ANN sit dung v6i mang no-ron nhan tao da l6p (Multi-layer

Perceptron - MLP) va giai thuat lan truyén nguoc (Backpropagation algorithm).
T khoéa: Mang no ron nhan tao, Mike 21SW, dir bdo song bién.

1. BAT VAN BE

Céc tham s6 song gan bo ¢ vai tro quan trong
doi voi nghién ctru thiy dong luc viing ven bién,
né cing la dau vao cho hau hét cac tinh toan két
cau cong trinh bao veé khu vuc cira song, ven bién.

bé tinh toan lan truyén song, theo huong
truyén thong, viéc tinh toan bat dau tir song khoi
diém & ngoai khoi c6 duoc qua phan tich s6 lieu
thong ké séng c6 sin & khu vuc nudc sau hoic
thong qua tinh toan song khoi diém tir toc do gio
va da gi6. Song tai khu vuc gan bo duoc tinh
truyén dan theo cac duong dang sau thong qua
cong thtre truyén song Hi= H K, Kg. Trong d6, Ki
la he s6 giam s6ng do nudc nong va he s6 giam
song do khuc xa.

Theo huéng hién dai, tinh toan lan truyén
song bang phuong phap mo hinh héa theo qua
trinh vat ly. Viec mo hinh héa qua trinh lan truyén
song vé ban chat duoc thé hién nhu so dé & hinh 1.
Bo cong cu phd bién dé tinh toan séng nhu
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MIKEZERO, DELFT3D, TELEMAC, SWAN... D@
lieu cung cép cho mo hinh gom séng ngoai khoi,
gi6 & do cao 10 m trén mat bién, muc nudc trén
toan mién tinh. Qué4 trinh mo phéng lan truyén
song tir ngoai khoi vao bo duoc xem xét kha day
dt cac qua trinh vat Iy nhu séng v, song khuc xa,
nhiéu xa, két qua dap tng tot theo thuc té, phuong
phap nay dang dan phd bién tai Viet Nam.

M6 hinh héa theo huong dir lieu bang mang
no ron nhan tao trong cac bai toan, tinh toan mo
phong ciing nhu du doan dang dan tré nén phé
bién. Mot s6 nghién ctru gan day cho thdy, su phat
trién manh mé ctia cac tmg dung ANN trong linh
vic nghién ctru song bién. Scott C. James va cs
(2018) [1] mo phong séng trén mién tinh 2D tai
khu vuc bién hé, vinh Monterey bang mé hinh
SWAN va mo6 hinh hoc may (ML), so sanh tuwong
quan két qua dat dwoc do chinh xac trén 90%.
Nghién ctru ctia Jadran Berbi¢ va cs (2017) [2] du
bao song trong vinh kin Adriatic tai cac diém co di
liéu quan trac dai han theo chubi thoi gian va két
qua cho d¢ chinh xac déu trén 90%. D. J. Peres va
cs (2015) [3] st dung ANN véi dir lieu dau vao la
toc do gio U, V tai phan tich caa NCEP/NCAR tng
dung cho vung bién RON ¢ Italia, két qua phan
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tich bang ANN duoc so sanh véi két qua tr mo
hinh tién tién nhu WaveWatch III/CFSR va chi ra
mo hinh hoat dong tot, cé tinh thuc tién cao. Bén
canh do, cac nghién cttu khac nhu du bao song
phan xa do cac cong trinh trong bé cang, du bao
do duc cua nuoc bién, du bao su lan truyén song
gan bo tir dir liéu song toan cau [4 - 6]. Tai Viét
Nam, mot s6 nghién cttu c6 st dung ANN trong

Gio

|

Song khai diém
(nudc sdu)
Hs, Tp, o

Séng

Song ven bo
Hs, Tp, o

linh vuc thiy van va hai van ciing da duoc cong bo
[7 - 9]. Nghién cttu ctia Tran Hong Thai va cs
(2022) [10] du bao do cao séng tai tram Con Co
(tinh Quang Tri) duoc thuc hién bang mo6 hinh
ANN hoi quy, theo cac han du bao 6, 12, 18 va 24
gio. Trong d6, stt dung mo6 hinh don bién va mo
hinh hai bién, két qua cho thay do tin cay cao cta
mo hinh hai bién, hé s6 tuong quan dat trén 58%.

Buding bd

Hinh 1. So @6 tinh toan lan truyén séng tir ngoai khoi dén khu vuc gan bor

Trong nghién cttu nay, mo6 hinh Mike 21SW
duoc dung dé tinh toan lan truyén séng nhim muc
dich so sanh danh gia voi mo hinh ANN va dong
thoi tao chudi dit lieu dau vao cho ANN.

2. TiNH TOAN SONG BANG MO HiNH MIKE 21SW
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(b) So sanh s6ng gitra tinh toan va khao sat

2.1. bia diém nghién cttu

Khu vuc thuc hién nghién ctru 1a bién ctra Dai,
nam truc dién ctra song Tra Khuc thuoc tinh
Quang Ngai.

2.2. Phuwong phap tinh toan
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(c) Truong song tai khu vire ctra Pai duoc
mo6 phong bing mo hinh Mike 21SW

Hinh 2. Két qua tinh to4n va so sanh chiéu cao séng gitta mé hinh Mike 21SW va s6 liéu thic do
tai ctra Pai, tinh Quang Ngai
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Tinh toan lan truyén song duoc thuc hién
bang phuong phap mo hinh hoéa theo huong qua
trinh vat ly thong qua bo cong cu Mike 21SW. So
lieu st dung dé tinh toan gom cac thong so song
ngoai khoi 1a Hs, Tp, a. S6 lieu song ngoai khoi
duoc trich xuat tir két qua mo phong soéng toan cau
duoc thuc hién boéi NOAA va mo phéng bang mo
hinh WaveWatch III. S6 lieu muc nudc duoc du
bao bang b hing s6 diéu hoa tich hop sin trong
bo mo6 hinh Mike Zero. S6 lieu song ven bo duoc
stt dung dé kiém chung két qua mo phong 1a so
lieu song duwoc khao sat tai ctra Pai te 30/6 -

2.50 14.00

12.00
10.00
8.00
6.00
4.00
2.00
0.00

W

Gan b&r_Mike Chigu cao
2.00

(m)

01/01/2016 07:00
19/06/2016 08:00

01/01/2016 07:00
25/01/2016 14:00
18/02/2016 21:00
14/03/2016 04:00
07/04/2016 11:00
01/05/2016 18:00
26/05/2016 01:00

25/01/2016 14:00
18/02/2016 21:00
14/03/2016 04:00
07/04/2016 11:00
01/05/2016 18:00
26/05/2016 01:00
19/06/2016 08:00
13/07/2016 15:00
06/08/2016 22:00
31/08/2016 05:00
24/09/2016 12:00
18/10/2016 19:00
12/11/2016 02:00
06/12/2016 09:00

Gan bor_Mike Chu ky

13/07/2016 15:00

7/7/2016. Mo hinh song Mike 21SW duoc thiét
lap cho khu vuc ctra Pai, tinh Quang Ngai dé mo
phong song trong thoi gian khao sat, qua dé kiém
chtmg su tuong quan gitta két qua tinh toan va so
lieu thuce té. Hinh 2 thé hién két qua kiém chimg
cho thiy, mo6 phong chiéu cao song twong doi tot,
muc tuong quan gitta mo6 phong va thuc do dat xap
xi 85%. M6 hinh duoc tiép tuc st dung moé phong
cho thoi gian dai hon dé c6 s6 liéu xay dung cong
cu ANN. Két qua mo phong cho 1 nam tir 1/1 -
30/12/2016 duoc thé hién ¢ hinh 3.
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Hinh 3. Két qua tinh toan s6ng gin bo bang Mike 21SW tir 1/1 - 30/12/2016

3. B0 CONG CU TiNH TOAN LAN TRUYEN SONG BANG NO
RON NHAN TAO

Trong nghién cttu nay, viéec du bao séong ven
bo tai khu vure bién ctra Pai, tinh Quang Ngai duoc
thuc hién bang mang no-ron nhan tao da lop
(Multi-layer Perceptron - MLP) va giai thuat lan
truyén nguoc (Backpropagation algorithm). Hinh
4 thé hién so do khoi cia mang no-ron lan truyén
nguoc. Hinh 5 thé hién cau truc mang no ron da

Muc tiéu

Mang no ron frong céic
két noi (trgng so dwgc

dit trwdc) gifka cac no
ron

Pau vao

Biéu chinh
trong so

Hinh 4. So @6 khéi mang no-ron nhan tao véi giai thuat

lan truyén nguoc

bé thuc hién mo phong song ven bo tir s6 liéu
song ngoai khoi bing mé hinh ANN c6 thé truc
tiép tmg dung cong cu nntool trong Matlab. Tuy

108

16p véi 3 dau vao va 1 dau ra, trong do chiéu cao
song ngoai khoi ky hién H, chiéu cao song ven bo
ky hiéu H,. D€ huin luyén mang no-ron nhéan tao
can chudn bi mot tap dir lieu mau (bao gom tap
dau vao va tap dir lieu muc tiéu). Qua trinh huin
luyén mang no-ron st dung giai thuat lan truyén
nguoc la qua trinh so sanh dau ra cia mang voi gia
tri muc tiéu va diéu chinh cac trong s6 dé dua sai
sO vé gia tri nho nhat.

Tp

Séng ngodi khot Lapén Song gan by

Hinh 5. C4u tric mang no ron da 16p,
3 dau vao, 1 daura

nhién, viéc thyc hién véi nntool doi hoi qua trinh
nghién ctru d€ ti€p can, khai thac, n6 ciing khong
co giao dién nén viéc thuc hién phai thong qua
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mot sO cau lénh trong Matlab. Trong nghién ctru
nay, giéi thiéu bo céong cu duoc lap trinh voi giao
dién ti€ng Viét, cac trinh don dugc thé hién ro
rang dé dé dang thao tac doi voi nguoi st dung. Bo
cong cu duoc xay dung trén nén tang Matlab c6 4
mo dun chinh gém: M6 dun nhap dit liéu, moé dun
hién thi di lieu, mo6 dun tinh todn, mé dun phan
tich két qua. Hinh 6 thé hién giao dién ctia by cong
cu da duoc xay dung. Trong d6, “Khoi 1”7 1a khu
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Hinh 6. Giao dién tinh toan ctia cong cu ANN

bé st dung bo cong cu ANN trong tinh toan
séng gan bo, can chuin bi tép dir lieu (Bang 1),
trong nghién ctu nay da chuin bi mot tép dir lieu
gom 8.760 hang va 7 cot. Ngudn s6 lieu nay gdm
cac thong so6 song ngoai khoi duoc trich xuat ti
mo hinh séng toan cau WaveWatch III ciia NOAA,
song ven bo duoc trich xuat tir két qua mo phong

lan truyén song trong nim 2016 bang moé hinh
Mike 21SW (Hinh 3), muc nuéc duoc du bao tir bo
hang s6 diéu hoa toan cau tich hop sidn trong
MikeZero. Tép dit lieu co6 8.760 hang tuong ung
voi 24 gio trong ngay, lan luot 365 ngay ctia nam
2016.

Béng 1. Tép dit lieu chuén bj @€ st dung b¢ cong cu ANN

T Thong s6 séng va muc nudc gan bo Thong s6 song ngoai khoi
Hs Ts Dir Hw Hs CD Ts CD Dir_CD
1 3,97 9,44 61,29 -0,5 3,08 7,95 70,54
2 3,9 9,37 60,92 0,84 2,99 8,12 70,81
8.760 3,64 9,23 61,87 0,06 2,85 7,93 71,2

Hinh 6 thé hién dix liéu song ngoai khoi, muc
nudc va soéng gan bo duoc nap vao chuong trinh
tinh va duoc hién thi & hai khu vuc phia bén trai va
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bén phai ctia giao dién tinh toan. Chon ti 1é huan
luyéen 1a 70%, ti 1é kiém dinh va du bao 1a 30%. Nhu
vay so luong dong dir liéu sé duoc du bao 1a 30% x
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8.760 = 2.628 dong két qua tinh toan so liéu song
ven b0, két qua sé duoc so sanh lai voi dir liéu nap
vao dé danh gia do chinh xac. bé thuc hién qua
trinh nay, nguoi ding nhap 70 vao phan “data rate”
thé xac lap ti l¢ hudn luyen. Dé khoi tao mang,
nguoi dung nhap s6 luong 16p 4n tuy y, trong

nghién cttu nay da thuc hién minh hoa véi 10 16p
an, khi d6 khu vuc gitta ctia giao dién sé hién thi
so' @6 mang goém 3 dau vao, 10 16p 4n, 3 dau ra. Sau
toan bo cac buoc trén, nguoi dung bam vao nut
“huan luyén”, tiép theo bam vao nut “du bao”
(Hinh 7).
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Hinh 7. Tuong quan két qua tinh toan bang bo cong cu no ron nhan tao
va gia tri mo6 phong bing Mike 21SW cho nam 2016

Hinh 7 thé hién két qua tinh toan sau khi mo
hinh ANN duoc hudn luyén, két qua thé hién
2.628 hang, két qua séng gan bo dugc tinh bang
bo cong cu da xay dung (biéu thi bang nét dut),
két qua c6 xu thé bam sat dir lieu thuc (biéu thi
bang nét lién), danh gid twong quan so voi két
qua ctia Mike 21SW dat 98,6% doi voi thong so
Hs, dat trén 99% doi voi thong s6 Tp va o. D6 thi
sai s0 gitra gia tri tinh toan va gia tri thuc duoc tu
dong hién thi cung va thé hién ¢ hinh 8, tuong

110 NONG NGHIEP

quan toan bo két qua cta qua trinh huan luyén va
tinh toan twong ung 8.760 hang di lieu (Hinh 9).
Qua cac tinh toan voi bo cong cu ké trén co thé
thdy rang, hiéu qua tinh toan cta bo cong cu véi
mo hinh mang no ron nhan tao kha tot, do chinh
x4ac cla tinh toan bang mo hinh ANN tuong
duong voi Mike 21SW, toc do tinh toan chi dién
ra trong vai gidy trong khi d6 véi mo phong séng
trong 1 nam bang mo6 hinh Mike 21SW dén vai
tram gio.

VA PHAT TRIEN NONG THON - THANG 9/2023
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Hinh 8. Sai s6 giira gi4 tri tinh toan va thuc té

4. KET LUAN

Nghién cttu da thuc hién tinh toan séng ven
bo khu vuc ctra Pai, tinh Quang Ngai trong thoi
gian 365 ngay, nim 2016 bang hai phuong phap
mo hinh héa Mike 21SW va mé hinh ANN. Viéc
thuc hién déu xuat phat tir song khoi diém ngoai
khoi cia NOAA mo6 phong bang WaveWatch I1I.
Qua trinh tinh todan bing moé hinh Mike 21SW va
mo6 hinh ANN d@éu cho két qua tot. Pang luu vy,
hiéu suat tinh toan bang mo hinh ANN tuong doi
tot, dat do chinh xac tuong duong voi Mike 21SW,
toc do tinh toan chi mat vai gidy cho mot nam. Qua
nghién cttu nay, da gioi thieu vé bo cong cu tinh
toan duoc xay dung voi giao dién tiéng Viet kha
truc quan va dé st dung, chi can thong qua mot so
thac tac don gidn bing cac nut bam c6 sin, nguoi
dung c6 thé thuan tién tinh toan va diéu chinh,
danh gia do chinh xac. Bo6 cong cu duoc xay dung
voi thit nghiém dit lieu huan luyén duoc tai tao tir
mo phong Mike 21SW (c6 kiém dinh moé hinh
truéc khi mo phong) mac du vay chua xem xét
duoc day du cac tinh huong song dién bién trén
thuc t€, két qua dat duoc chi gioi han ¢ tuong
duong két qua mo phong ctia Mike 21SW. Trong
diéu kién do, ANN tuong duong voi Mike 21SW va
do d6 sai s6 so voi so lieu thuc té ciing tuong
duwong va & muc khoang 15% nhu déi véi phan
kiém chung mo hinh (chi dat twong quan khoang
85%).
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Hinh 9. Tuong quan toan b qua trinh huin
luyén va tinh toan ctia 8.760 hang dit liéu

LOI CAM ON

Nghién cuu ndy duoc thuc hién trong khuon
kho dé tai khoa hoc cong nghé tiém nang cap Bo
“Nghién curu mang no ron nhan tao ANN du dodn
tham so song gan bo khu vire Cita Dai, tinh Quang
Ngar”.

TAI LIEU THAM KHAO

1. Scott C. James, Yushan Zhang, Fearghal
O’Donncha (2018). A machine learning framework
to forecast wave conditions, Coastal Engineering,
Volume 137, pages 1 - 10.

2. Jadran Berbi¢, Eva Ocvirk, Dalibor Carevi¢,
Goran Loncar (2017). Application of neural
networks and support vector machine for
significant wave height prediction, Oceanologia,
volume 59, issue 3, pages 331 - 349, ISSN 0078-
3234, https://doi.org/10.1016/j.oceano.2017.03.007.

3. D.J. Peres, C. Iuppa, L. Cavallaro, A.
Cancelliere, E. Foti (2015). Significant wave height
record extension by neural networks and
reanalysis wind data, Ocean Modelling, volume 94,
pages 128 - 140, ISSN 1463 - 5003,
https://doi.org/10.1016/j.0cemod.2015.08.002.

4. Hyun-Doug Yoon, Daniel T. Cox, Munki
Kim (2013). Prediction of time-dependent
sediment suspension in the surf zone using
artificial neural network, Coastal Engineering,
volume 71, pages 78 - 86, ISSN 0378 - 3839,
https://doi. org/10.1016/j.coastaleng.2012.08.005.

111



KHOA HOC CONG NGHE

5. Yunwei Wang, Jun Chen, Hui Cai, Qian Yu,
Zeng Zhou (2021). Predicting water turbidity in a
macro-tidal coastal bay using machine learning
approaches, Estuarine, Coastal and Shelf Science,
volume 252, 107276, ISSN 0272 - 7714, https://
doi.org/10.1016/j.ecss.2021.107276.

6. Sooyoul Kim, Tracey H.A. Tom, Masahide
Takeda, Hajime Mase (2021). A framework for
transformation to nearshore wave from global
wave data using machine learning techniques:
Validation at the Port of Hitachinaka, Japan, Ocean
Engineering, volume 221, 108516, ISSN 0029 - 8018,
https://doi.org/10.1016/j.oceaneng.2020.108516.

7. Lé Van Nghinh, Hoang Thanh Tung,
Nguyén Ngoc Hai (2006). Nghién ctru tmg dung
mang no ron than kinh vao du béo li cac song &

tinh Binh Dinh va Quang Tri. 7ap chi Khoa hoc Ky
thuat Thuy loi va Moi truong, 6. 14., tr 65 = 70.

8. Nguyén Pang Tinh (2008). Ung dung mang
no ron nhan tao dé du bao mua va dong chay lam
co sO cho cong tac phong tranh va giam nhe thién
tai han han trén mot s6 luu vuc song thudc ving
Tay nguyén Viét Nam. 7ap chi Khoa hoc Ky thuat
Thuy loi va Moi truong, s0. 22, tr 41 — 48.

9. Dang Van Té (2010). Phuc hoéi dit liéu song
bién bang mang no-ron nhan tao. 7ap chi Khoa
hoc va Cong nghé bién T10,s6 1, tr 17 - 25.

10. Tran Hong Thai, Mai Van Khiém, Nguyén
Ba Thay, Bui Manh Ha, Pham Khanh Ngoc
(2022). Xay dung mo6 hinh mang no ron hdi quy du
bao do cao song co6 nghia tai tram Con Co, Quang
Tri, Viet Nam. 7ap chi Khi tuong Thuy van, tap. 4,
0. 736(1), tr 73 - 84.

INTRODUCING THE ARTIFICIAL NEURAL NETWORK (ANN) WAVE PROPAGATION
CALCULATION TOOLKIT

Vu Van Ngoc?, Ta Duc Haj?

!Key Laboratory of River and Coastal Engineering - Vietnam Academy
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?Faculty of Aerospace Engineering, Military Technical Academy.

Summary

The calculation of wave propagation from offshore to nearshore is a wellknown and important
issue in studying nearshore hydrodynamic phenomena, especially in the design of river mouth
and coastal engineering projects. Traditional methods for wave propagation calculations involve
empirical formulas that consider wave attenuation coefficients (such as wave breaking coefficient,
reflection coefficient, diffraction coefficient, etc.). In modern approaches, physical process
modeling is used and implemented through commercial programs such as MIKE ZERO
(Denmark), DELFT3D (Netherlands), etc. Additionally, there are some innovative studies using
data-driven models based on machine learning, deep learning, and other learning algorithms. In
this paper, the wave propagation calculation will be conducted using the MIKE 21SW model and
an artificial neural network (ANN) model. The accuracy of the two methods will be compared and
evaluated, and subsequently, a wave propagation calculation toolkit will be developed using the

artificial neural network model.
Keywords: ANN, Mike 21SW, wave prediction.
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