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Tém tit

Du bdo ndng heong song bién la quan trong trong
hoat déng hang hdi, hoat dong ven bién va ngoai
khoi, hoat dong khai thdc dién nang tai cac cang
bién va khu vuc dao xa bo. Bén canh dé, cdc
phuwong phap dw bdo dva trén tri tué nhdn tao
gitip dir bdo chinh xdc nang lwong va cdp séng.
Bai bao nay trinh bay phwong phdap ung dung
mang no-ron tich chdp dw bao nang luong song
dira trén trang thdi ciia mdt bién va thong sé song
dé dwa ra cdc dit lidu can thiétphuc vu hoat dong
hang hdi va nha mdy dién séng bién. Dit liéu luyén
mang dua trén bo dir liéu thu thap tw camera két
hop phan mém mé phong hang hdi xdy dung trong
UNITY 3D véi cdc cdp séng theo bang thang sirc
gid Beaufort. Két qua nghién ciru ndy da dw bdo
dwge cdp song va nang heong séng tai cac thoi
diém va khu vuec bién & Viét Nam.

Tw kh(')‘a: Du bdo song, moé hinh CNN, dw dod‘n
song gan bo, nang lwong song, dw dodn chiéu
cao song.

Abstract

Wave energy forecasting is important in maritime
activities, coastal and offshore activities, and
electricity exploitation activities at seaports and
offshore islands. In addition, artificial intelligence-
based forecasting methods help accurately forecast
energy and wave levels. This paper presents a
method of applying convolutional neural networks
to forecast wave energy based on the state of the
sea surface and wave parameters to provide
necessary parameters for maritime activities and
wave power plants. The network training data is
based on a data set collected from cameras
combined with maritime simulation software built
in UNITY 3D with wave levels according to the
Beaufort wind scale. The results of this study have
forecasted wave levels and wave energy at times
and sea areas in Vietnam.

Keywords: Wave forecasting, CNN model,
nearshore wave prediction, wave energy, wave
height prediction.

1. Mé dau

Vian chuyén va cic hoat dong lién quan dén hang
hai khac phu thudc rat nhiéu vao diéu kién thoi tiét.
Mot loat cac cong nghé, phuong phap luan va dir ligu
lich str dwoc st dung dé du bao didu kién thoi tiét
trong twong lai [1]. Chiéu cao séng, chu ki séng 1a
thong s6 quan trong trong hoat dong hang hai trén bién.
S6ng bién cao gdy nguy hiém dén hoat dong cia tau
thuyén va hoat dong ctia cac cong trinh thiy. Duya trén
du bao nang luong song bién gitip thuyén vién c6 cac
phuong phap tim kiém tuyén duong t6i wu dé tiét kiém
nhién li€u [2]. Bén canh do, nang lugng tai tao ngay
duoc sir dung dé thay thé ning luong héa thach giup
giam khi phat thai. Vi vay, du bao nang lugng song sé&
tang kha nang phat dién cua cac nha may tng dung
cong nghé song bién [3].

Trén thé giGi, cac cong trinh nghién ciru ning
luong song bién dé dua ra cac thong sé nhur chidu cao
song, hudng song dé du bao cho cac bd diéu khién tau,
nha may dién. Trong cong trinh [4], Sooyoul Kim da
dwra ra phuong phép du bao song bién gan bo dua trén
phuong phap xur 1y dir licu nhom (GMDH) va mang
no-ron nhan tao (ANN). M6 hinh nay dao tao véi ba
tap dir liéu song toan cau ciia Co quan Khi twong Nhat
Ban. Két qua nghién ctru cho thiy cac mé hinh du bao
hiéu suét cao chu ki song tai khu vure nghién ctru. Mot
s6 nghién ctru dua trén du vao 1a téc do gio theo thoi
gian, chiéu cao song thong qua mo hinh ANN dé dy
bao dugc nang lugng song [5, 6]. Nghién ctru [7],
Christoph Jorges st dung mo hinh CNN va dit liéu
liéu hai chiéu tir cac bai cat dé du doan chiéu cao song.
Kién tric CNN dugc dé xuit vuot trdi hon cac md
hinh chuén khéc trén dir liéu thir nghiém. Mot phuong
phép tiép can méi dé du bao cong suit song ngan han
duoc dé xuat, dua trén kha nang hoc sau. Dir liéu song
dugc thir nghiém trong tat ca bon mua va két qua cong
trinh nay dé xudt sir dung thanh cong ConvNet dé du
bao cong suat song ngén han [8]. D& xuat mot md hinh
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du doan song khu vuc dya trén CNN (CNN-RWP)
thay vi st dung mo hinh M6 phong séng gan bo
(SWAN) do tiéu ton tai nguyén tinh toan. Sai s6 tuyét
dbi trung binh gitra két qua du doan nho hon 10%,
trong khi hi¢u qua tinh toan dugc cai thién khoang
1000 1an [9].

Trong nudc, cac cong trinh nghién clru tap trung
trong linh vuc thily van tng dung mo hinh Mike 21
SW dé tinh toan dic trung song bién va xac dinh
chuyén tai nang lugng séng bién tai khu vire bién Nam
Trung B6 [10, 11]. Cac nghién ctru lién quan dén mo
hinh ANN, CNN khong phé bién do dir liéu dau vao
dé huén luyén 16n va co cac hinh anh thyc té cia song
bién. Ung dung tri tué nhan tao trong linh vuc hang
hai ngay cang phat trién nén nghién ctru, xay dung mo
hinh du bao cip song dbi véi ving bién Viét Nam céan
phai dugc trién khai thir nghiém. Tir 1y do trén nhém
tac gia dé xuat xdy dung mé hinh phan tich du bao
nang lugng song bién dya trén bé mat song két mang
no-ron tich chap.

CAu triic cua bai bao ¢d bd cuc nhu sau: Phan 2 co
so 1y thuyét, xay dung ciu trac mé hinh. Thuat toan
phan tich nang lugng séng bién CNN dugce dé xuét
trong phan 3. Phan 4 1a két qua thir nghiém dbi voi
moi trudng do va cudi cung 1a két luan.

2. Co s6' 1y thuyét va xay dung mé hinh thir
nghiém
2.1. Co 56 Iy thuyét mé phéong séng bién

Phan tich mé hinh song 1a yéu t6 quan trong trong
qua trinh duy tri hoat dong cua hé théng 1ai tu dong
tau thity va mé hinh hé thong san xuit dién ning tir
song bién. Tir d6, c6 hai md hinh mé phong song bién
hién nay 1a mo hinh séng két hop nhiéu thanh phan va
mo hinh SWAN (Simulating WAves Nearshore) [12].

Mb hinh song két hop nhiéu thanh phan dugc mé
ta nhu sau:

nxn=Y Acostkx-wr+¢) (D)
i=1

Trong d6: 77(x,¢) 12 6 cao mit nudc tai vi tri x va
thoi gian t; 4 bién d6 song (m); k 1a sb song; o : Tan
s6 goc va ¢ pha ban dau.

Mb hinh SWAN sir dung phuong trinh can bang
nang luong song dé mo phong su phat trién va suy giam
song gan bo v6i mé hinh toan hoc nhu sau [12], [13]:

‘Z_fw.(cgE):sm, @)

S, dugc bao gdm céc thanh phan sau:
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Stnt = Sin + Sds + Snl (3)

Véic, la tbc d6 nhom (Group Velocity); E 1a mat
d6 nang luong song (Wave Energy Density).

Phuong trinh mo phong séng bién trén thi dau ra
1a cac thong sd nhu chidu cao song, chu ki song,
hudng song. Ngoai ra, nang lugng song dugc tinh toan
dwa trén cac tap hop cac tham sb trang thai bién tir d6
c6 thé suy ra biéu thirc ning luong séng nhu sau [8]:

2
T

J=~ 2~ 0491(H>T.) (4
1000 ( " ) @

Trong d6: H,,la chiéu cao song; T, la chu ky
nang lugng song; p 1a mat d6 nudc man; va g la gia
tdc do trong lyc. Khi chiéu cao song dugc dua ra theo
mét va chu ky song theo gidy, két qua 1a cong suit
song theo kilowatt (kW) trén mot mét chidu dai mat
song.

2.2. Céu triic truyén théng va mé phéng

Thuyc té dit liéu song dwoc ldy tir cac trung tdm
nghién ctru va theo khoang thoi gian dai. Tuy nhién, &
Viét Nam véi dir liéu anh song twong di véi s& giy
kho khan khi cong nghé thu thap dir li¢u thuc té con
han ché. B¢ don gian hoa mot mé hinh mo phong hang
hai vé6i chirc ning md phong dai dwong, bién doi cua
song véi cc cip theo thang ste gié Beaufort. Ciu triic
mé hinh duoc thé hién trong Hinh 1.
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MATLAB

Thuit todin CNN nhin dang
ning lugng séng

Truyén dit ligu
Camera E

Caleulation Software

Real model or Simulation
‘model

Technieal Sorfware

Hinh 1. Céu tritc hé théng mé phéng
C6 ba phuong phap 14y dit liéu tir méi truong thuc
hoic trong phan mém mé phong théng qua camera,
dit li¢u do luong tai cac phao tiéu thuc té.
- Khéi 1: Pay 1a méi trudng trich xudt hinh anh
ctia song bién 1a anh thuc té hodc trong hé théng mo
phéng.
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Hinh 2. Ciu triic mé hinh CNN

- Khéi 2: Dit liéu anh song dugc dua vao md hinh
CNN thong qua céng LAN hoic USB. Tai diy mot
md hinh mang no-ron tich chap dugc xay dung va
luyén mang.

- Khéi 3: Két qua qua trinh luyén mang va kiém
tra s€ dugc xay dung trong Simulink va dua dir li€u ra
céc hé thong bén ngoai qua OPC server/client. Dit lidu
trong qua trinh huan luyén dugc luu trir duéi dang file
trong database.

3. M6 hinh mang no-ron tich chap (CNN)

Phan nay trinh bay mot mé hinh CNN dé xuét du
song gan bo va niang luong song tir d6 dua ra dugc cac
thanh phan quan trong cta séng. M6 hinh mang no-
ron hoc sau co ban dugc str dung trong nghién ciru nay
dugc goi 1a mang no-ron tich chdp (CNN), thuong
dugc sir dung dé phan tich hinh anh tryc quan. Cac mé
hinh CNN lay cam htig tir cdc qué trinh sinh hoc &
chd mé hinh két ndi gitra cac no-ron gidng véi tb chirc
ctia vo ndo thi giac & dong vat. Cac cong cu phd bién
dé xay dung mé hinh nhu Python, Matlab, OpenCV
v6i nhiéu tinh nang ti vu va ma nguoén mé [8].

3.1. Dé xudt kién triic mé hinh CNN

M6 hinh CNN duoc dé xuét duoc phat trién dya
trén cong cu hoc siu c6 san xy dung trong Matlab
nhu Hinh 2. Kién trac mé hinh bao gdm 36 16p vai
mot dau vao (first layer), mot dau ra (output layer) va
6 16p tich chap sau lop tich chép (Conv2D) va hai 16p
day dac (Dense). Nam phép toan MaxPooling 2D da
dugc ap dung sau nam 16p tich chap dau tién [14].

Dit liéu da dugc lam phang tir nhiéu chiéu thanh
mot chiéu trude khi dua vao 16p day dic. S6 luong bo
loc cho cac 16p tich chap hoac ) Iugng don vi cho céac
16p day dac dugc t6 dam.

Mo hinh CNN duge dio tao thong qua ham mat
mat (loss function) dugc xac dinh nhu sau:

\ —

|

|
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Trong d6: d\’ 1a gi4 tri muc tiéu tht j, d"'1a gia
tri udc tinh thit j, 7 1 kich thudce dit lidu dau vao [8, 12].

Lé6p du vao (input) bao gdbm hinh anh séng, chu
ki song, van tdc gio duoc chuyén doi sang dang anh.

Lép tich chap (Convolution layer) bao gdm mot
mang no-ron truyén thang véi 6 16p sir dung thuat
toan tich chap dé xuét dir liéu. Lop tich chap duoc
tinh nhu sau:

6 6
ai,,/ :f[zzwm,nxi+m,j+n +wa (6)

m=0 n=0

Trong dox, ; biéu thi mot phan tir cu thé trong dnh
dau vao, @, ,bicu thi trong s0 ¢ hang thar m cot thir
n,@, biéu thi d6 léch cua bd loc, a,;la phén tir ciia ban
d6 dac diem. Ham ReLU dugc chon lam ham kich
hoat dau ra f.

Lép gop (Pooling Layers) dugc xay dung ngay sau
16p tich chap dé don gian hoa thong tin va tiét kiém
chi phi thoi gian mé hinh héa. C6 nhiéu phuong phap
gOp nhom nhu gdp nhom tdi da va gdp nhom trung
binh. Cong thure tinh toan nhu sau:

18
V== ™)
P k=0

Voi: p dugc xé4c dinh sy hd tro ciia 16p pooling.

L6p két ndi day du (Fully connected Layers) 13 16p
két ndi day di nim & 16p an cudi ciing cia CNN. Day
1a ham tuyén tinh va c6 thé tap trung tit ca cac biéu
dién & cdp do cao nhit.

Lép du doan (Prediction Layers) 1a 16p du doan
tyén tinh duoc sir dung dé du bao két qua cudi cing
dua trén véc to %,

v, =[L& W (8)
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Céc gia tri trong vector w s& duoc t6i wu hoa trong
qua trinh dao tao. Pau ra ctia mo hinh 1a do cao song,
chu ki song va nang lugng song.

3.2. Ddnh gid higu sudt mé hinh

Dé danh gia hidu suat md hinh s& c¢6 3 s6 liéu chinh
1a sai s6 binh phuong trung binh (RMSE), sai s6 tuyét
dbi trung binh (MAE) va hé s6 xac dinh (R2).

Sai s binh phwong trung binh (RMSE) cho biét 16i
trung binh ctia mo6 hinh CNN ¢6 cung don vi véi gia
tri dau ra. Gia tri RMSE cang thap thi mé hinh cang
chinh xac:

RMSE = ©)

Trong dé:

n: S6 lwong mau dir liéu.

y, - Gia tri lién quan dén gia tri thuc té .

»!: Gia tri lién quan dén gié trj du doan cua L.

Heé sb xéac dinh (R?) dic trung cho gié tri gitra mo
hinh s6ng du doan tét nhu ndo so v6i md hinh thyc té.

'\2
RZZI—z(yi __y;) (10)
=¥
4. Két qua va danh gia
4.1. Di ligu huén luyén
Dit ligu cép song duge thu thap tir cac thiét bi quan
sat song, dit liéu phao tiéu do soéng va dir liéu mo hinh
toan dong luc hoc dua trén ly thuyét. Tuy nhién, tiép
can dir liéu nay con han ché va thiéu cac thong s6 cén
thiét d6i v6i moi trudng song bién & Viét Nam. Trong
nghién ctru nay, mdt mdi trudng moé phong hang hai
3D c6 thé tao ra mdi trudng gia lap gidng véi moi
truong bién dé co thé tao ra cac cip song khac nhau.
Hinh 3a va 3b thé hién dir liéu dau vao thu thap tir
camera bén ngoai lay dir liéu hinh anh. Nhom tac gia

a. Cép song 2
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su dung bo dir liéu dugc chia lam ba loai: Tap huan
luyén, tap x4c thuc va tap kiém tra. Tong sb di lidu 1a
2500 mau lam bo dir lidu dao tao v6i nam cép song.
Tai day, dir liéu dugc chia ra thanh 1750 mau (70%),
375 lam bo dir liéu xac thuc (15%) va 375 mau lam
bo dir liéu thir nghiém (15%).
4.2. Cdc bwdc thir nghiém

Hinh 4 thé hién qua trinh thir nghiém truyén nhan
dir liéu tir méi treong mo phong. Nghién ctru hoc may
nay duogc thuc hién bang cach st dung mot hé dién
toan c6 cau hinh sau [15]:

* Tén mo hinh Intel(R) Core i7-10700 Processor
clocked at 2.90 GHz; RAM 1a 128GB;

« Téc @6 xung nhip ciia CPU 1a 2K MHz va kich
thudc bo nhd dém CPU la 39 424K B;

» Card GPU la NVIDIA GTX 3060TT Pascal cua
NVIDIA va c6 3584 161 NVIDIA CUDA. RAM GPU
la 16GB.

Hinh 4. M6 hinh thir nghiém

Céc budce thir nghiém dugc tién hanh nhu sau [9],
[16]:

Budc 1: Thiét lap cAu triic nhan dit liéu tir camera
thu thap anh song.

Budc 2: Trong phin mém Matlab xdy dung cac
chuong trinh nhéan di liu truc tiép hinh anh theo thoi
gian ldy mau tr Camera, hién thi qua khdi Video
viewer trong Simulink.

b. Cép séng 6

Hinh 3. Di# ligu diu vao huén luyén
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Hinh 5. Céu triic mé hinh CNN

Budce 3: Dir liéu duoc dua vao diu vao cia md
hinh CNN di duoc huan luyén va dua két qua du bao.

4.3. Két qua

Hinh 5 thé hién cAu tric md hinh du bao véi dit
liéu vao ra thuc té. Phan cing mo hinh thé hién hai hé
thdng hoat dong doc lap va khong tac dong trai nguoc
nhau. Khdi output s& dua ra cac gia tri vé bién do, cap
song, nang luong song.

Trude tién, toc do truyén nhan dir li€u tr camera
va mo hinh trén Matlab duoc thé hién trong Bang 1
v6i toe do tinh toan va tde do thuc té. Kich thude anh
16n 1am toc do truyén nhan bi gidi han. Do 4o, can
phai hi¢u chinh dir liéu anh dau vao ciia md hinh.

Bing 1. Théi gian va téc dj truyén die liéu dnh

Kich thudce Tbe do Tbc do b6
dnh truyén truyén wdc tré
thue té tinh MB/s ms

MB/s
1080x1920 8.5 12.8 454
1024x1024 13.4 15.6 24.5
512x512 20.7 25.0 15.2
256x256 50.4 55.6 6.5
128x128 102.8 120.0 4.5

Bing 2. Két qud du bio va tinh todn ning lwgng séng

Cép Cép Nang luong Sai 86
song song du song du doan (%)
thure té bao (kW)

Cép 1 1 12.6 0.05
Cép2 2 19.5 0.1
Cép3 3 21.8 0.08
Cép 5 5 45.8 0.04
Cép 6 6 55.3 0.06

Két qua nang luong song va du doan cép song dua
trén hinh anh dau vao dugc gan nhin dugc xur Iy va

SO 83 (08-2025)

dura ra dit liéu bén ngoai thé hién trong Bang 2. Thong
s6 p=33,8 kg/m’ & Vinh Bic B9, chu ki song T
trich xuat tir dit liéu Unity 3D véi khoang thoi gian tir
3 gidy dén 6 gidy. Dit liéu Bang 2 duoc thyuc hién trong
khoang thoi gian mot thang dé hudn luyén va thi
nghiém mé hinh. Két qua cho thiy sai s6 du doan cia
m6 hinh nho va c6 thé chép nhan dugc.

4.4. Danh gia mé hinh

Pé danh gia hiéu suit cia mo hinh CNN cho dy
bao cip song yéu ciu c6 cac thong sé RMSE, MSE, R?
dya theo cong thurc trong Muc 3.2.

Ngoai ra, hiéu suét con duge danh gia thong qua do
chinh x4c ctia mé hinh (Accuracy %) va sai s6 mé hinh
(Loss). Sau khi chay mé hinh véi 2000 14n lap két qua
d0 chinh xac ctia mé hinh thé hién trong Hinh 6.

Training Progress (28-Feb-2025 19:04:28)

100 200 300 400

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Iteration

Hinh 6. Danh gia d¢ chinh xdac mé hinh

100 200 300 400

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Iteration

Hinh 7. Danh gid sai s6 mo hinh
D thi cho két qua thdy d6 chinh x4c ting dan theo

s6 1an 1ap, véi dao dong nhe do qua trinh huén luyén.
Do chinh xéc ting déu tir khoang 20% lén hon 83%

147



KHOA HOC - CONG NGHE

TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

sau 2000 1an Idp. Biéu dd thé hién sy hoi tu dan dan
ctia mé hinh, khong ¢6 d4u hiéu ding sém. M6 hinh
¢6 xu hudng ting véi nhiéu dao dong nho. Do d6, md
hinh dugc danh gia hoat dong tot va cac thé du bao
duoc cép song.

Hinh 7 thé hién sai s6 mo6 hinh huén luyén véi
2000 lan l3p. Gia tri giam dan tir 1,6 xubng 0,5. Tir d6
cho thay xu huéng giam cho thiy mo hinh dang hoc
tbt va tbi wu duogc trong sd. Tuy nhién, véi hai thong
s trén can huan luyén mé hinh véi cac trong sd khac
nhau va ph?m tram dir liéu hoc va kiém tra.

Ngoai ra, théng qua viéc diéu chinh cac tham s6
ctia mo hinh s& 1am cho hiéu suat thay d6i. M6 hinh
trén 1a két qua cac tham sé phdi hop dua ra két qua
chap nhan dugc.

5. Két luan

Du béo ning luong song, cip song co ¥ nghia quan
trong trong cac hé théng lai ty dong, du bao cong suét
cua nha may dién song bién va cac tau mat nudc tu
hanh. Nghién ctru nay di dy bao cip song, nang luong
song dua trén dir liéu anh dau vao theo thoi gian lay
mau tmg dung m6 hinh CNN. Két qua mé hinh dugc
truyén dén cac bo diéu khién bén ngoai thong qua
mang truyén théng OPC server. Bén canh do, xdy
dung duoc bd dir liéu du bao cép song voi nhiéu cép
va cac trang thai khac nhau. Sai sé gira dau vao va dau
ra cia mo hinh chip nhdn dwoc va dugc hudn luyén
dé cai thién chat lwong mé hinh dy bao. Hudng nghién
clru trong tuong lai s& xem xét cac tham sb nhiéu va
anh huong cua cac loai song 1én mo hinh huin luyén
CNN. Ddng thoi, ning cao hiéu suit ciia mé hinh voi
céc bo siéu tham sb dua trén dau ra ciia mo hinh.
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