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Nghién ctru xiy dung mé hinh dw bao cip séng bién rng dung mang no-
ron tich chdp (CNN) cho hé thong lai trén tau thuy

Research on building an ocean wave level prediction model using
convolutional neural network (CNN) for a ship steering system
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TOM TAT

Hién nay, nganh hang hai déng vai trd quan trong trong qud trinh vin chuyén hang
héa thwong mai quéc t€ bing dwong thiy. Do do, cac cong nghé hién dai, tién tién va
théng minh dugc 13p dit trén tau, cdng nghé st dung mang no-ron dé du bao tuyén
dwong téi wu, tiét kiém nhién liéu da mang lai nhiéu hiéu qua. Bai bdo nay dé xuit va
x4y dung mo hinh dw bdo cip séng dwa trén mang no-ron tich chdp CNN. Két qua md
hinh c6 thé dw bao chinh xac t&i 95.6% cac cip séng hién nay. Bén canh d6, dwa trén
hé théng mo6 phong hang hai két hop hé théng 14i thuc té cho phép goi y téi nguwdi vin
hanh nhin dwoc cic khuyén nghi tdi wu trong cac diéu kién thoi tiét khac nhau va
dam bdao tinh an toan va han ché rui ro. Trong twong lai, véi sw phat trién cda tau tw
hanh théng minh, nghién ctru nay hira hen sé dwoc &ng dung rong rii trong thuc té
mang lai hiéu qua va chit lwgng gép phin hién dai héa nganh Hang hai.
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ABSTRACT

The maritime industry plays a vital role in transporting international commercial
goods by sea. To enhance efficiency and safety, modern ships are increasingly
equipped with advanced and intelligent technologies. Among these, neural network-
based systems offer significant benefits by optimizing routes and reducing fuel
consumption. This paper proposes a wave level forecasting model using a
Convolutional Neural Network (CNN). The model achieves a high accuracy rate of up
to 95.6% in predicting current wave levels. Additionally, it is integrated into a
maritime simulation system connected with a real steering system, enabling
operators to receive optimal recommendations under various weather conditions.
This combination enhances navigational safety and minimizes operational risks. By
simulating real scenarios, the system also provides valuable support in training and
decision-making. Looking ahead, as intelligent autonomous ships become more
prevalent, the proposed CNN-based forecasting model holds strong potential for
practical application. Its implementation can significantly improve maritime
operations, contributing to the industry's modernization and overall operational

quality.
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1. Gi¢i thiéu

Nganh van tai bién dang bung no véi toc do
tang trwdng nhanh, chiém khoang 90% khéi
lwong thwong mai toan ciu va dwoc coi la dong
mach ctia nén kinh té€ toan ciu. Tir nim 2016
dén 2022, thi tredng van tai bién da tang tir 4,6
ty do la 1én 8 ty do la, su tang trwedng nhanh
chong cia thi treong dién ra trong bdi canh cac
cong nghé mdi c6 thé hd tro gidm bét sirc
nguoi vao qua trinh van hanh trén tau [1].
Nhitng con tau déng méi véi tai trong lom va
cac thiét bi hang hai hién dai va théng minh ho
tro thuyén vién trong qua trinh khai thac hiéu
qua. Cac nghién ctru cho phép dp dung mo hinh
hoc may va ky thudt hoc sau trong viéc cai thién
do6 chinh xac du bao cip séng va dé cao séng
bién trong linh virc hang hai va nang lwong, mo
hinh CNN-LSTM (Long Short Term Memory)
du dodn dugc do cao song bién dé dw bao cap
song [2]. M6 hinh hoc may Random Forest da
cho thiy vuot trdi so v&i cdc md hinh hoéi quy
tuyén tinh trong dw bao cip séng [3], [4]. Trong
nganh hang hai, cong nghé nay gidap dw bao
tuyén dwong t6i wu, canh bdo dam va, diéu
huwéng thong minh va nhan dang hinh anh tau
muc tiéu théng qua hé théng camera[5], [6].
Trong nghién cttu [7], Madsen va cong su da
dua ra thiét k€ vé mé hinh Al hd tro xt ly
nhitng tinh huéng tranh va thdng qua cac tinh
huéng s&n c6 dé chu déng. Dic biét, ty thudc
vao thoi gian ma mé hinh c6 thé gia han thoi
gian va cho doi dong thai diéu déng cia tau va
do d6 cai thién hiéu qua hoat dong ma khong
gay nguy hiém cho sy an toan. M6 hinh mang
no-ron nhan tao (ANN) hoat dong dwa trén nao
nguwoi irng dung trong neo tau tw dong dwa trén
kha nang hoc va mo6 phdng lai cac giai doan neo
dau. Tuy nhién, dya trén hé toa do head-up bao
gom phwong vi twong d6i da cho phép diéu
khién tau vao bén cang khac nhau dat hiéu suit
t6t [8], [9]. Hé thong lai tw dong cla tau dong
vai tro quan trong trong viéc dam bdo an toan
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hang hai. 'ng dung mo hinh ANN dwoc nghién
ctru dé thiét ké hé thonglai tw dong cho tau mat
nuwéc. Dya trén két qua mé phong trong phan
mém Matlab cho thdy hé théng st dung hiéu
qua dé diéu khién hwéng di trong pham vi bién
thién tham s6 [10]. Cac hé thong diéu khién
khac cho phwong tién tu hanh dwéi nwéc nhw
mang thich nghi dwa trén co s& hé suy ludn mo
(ANFIS) c6 thé xi ly dong luc phirc tap va sw
khong chic chin dwa vao tin hiéu nhiéu tir moi
truwedng [11], [12]. Cac cong nghé CNN da duoc
trng dung dé phan tich hinh anh mat bién, nhin
dang tau va du bao cip song, véi ddu vao la di
liéu tir phao do song trong thoi gian dai. Két
qua cho thay do chinh xac cao [13], [14], [15].
Trong cong trinh [16], Kyamelia Roy da (rng
dung CNN xay dung mo6 hinh hoc sau phan loai
c6 tau hoac khong tau dwa trén cac hinh anh
goc cho két qua nhin dang tét. € diéu khién
hwdng di ctia tau, ngwdi ta xem xét cac twong
tac phirc tap nhw chuyén dong cia tau va cac
yéu t6 tac dong bén ngoai nhw séng bién, dong
chay va gi6. Cac yéu t6 nhiéu nay c6 thé 1am tau
chéch khéi huéng di mong muén va cac luc
thiy dong tac dong lén than tau va banh lai
cang lam phtrc tap thém thach thirc trong viéc
duy tri sw 6n dinh. Bén canh d6, viéc xac dinh
diéu kién thoi tiét giup lwa chon cac thong s6
cai dat phu hop cho hé théng lai tau.

T Iy do trén Nhom tac gia dé xuat hai
hwéng chinh cia nghién ctru la xay dung mo
hinh dw bao cip séng dwa trén hoc sdu CNN véi
két qua la cap séng va hé so thoi tiét. Dong thoi,
thir nghiém két qua ciia mo hinh véi hé thong
mo phdng lai tau trong d6 hé théng lai 1a thuc
té da lap dat trén tau. Ngoai ra, danh gi, so
sanh d6 tin ciy, tinh 6n dinh cta mé hinh va
kha ning 13p dit ngoai trén cac con tau thuec té.

B0 cuc bai bao dwoc chia nhw sau: Phian 2 cor
s¢ ly thuyét va dé xuit bo diéu khién hé thdng
1ai tau. Xy dung mo hinh CNN phén loai cip
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song trinh bay trong Phin 3. Phin 4 13 thk
nghiém va danh gia mo hinh. Cuéi ciing, phan 5
la két ludn va hwéng phat trién trong twong lai.
2. Co s& ly thuyét va dé xuat bo diéu
Khién hé thong lai tau
2.1. Céng nghé diéu khién thong minh trén
tau thuy

Hé théng diéu khién théng minh bao gbm
cac mo dun thé hién trén Hinh 1 nhw sau:

Modul quan sat moi trwong bén ngoai
gom cac thiét bi nhw radar, AIS, vé tinh.
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Modul quan sat m i trwdng bén ngoai

M hinh CNN dw doan cdp séng va
moi truong

Heé thong lai

i

M6 hinh tau thuc té hodc md
phong

Ngoai ra con c6 hé théng camera quan
sat trang thai bién;

Modul dv bao cip séng va moi treong
dwoc thu thap tir hé thong camera, trung
tdm duw bao dé dwa dwoc ra cip song;

Hé thong diéu khién lai c6 chirc nang
diéu khién hwdng di, gitt hwéng di theo
hwéng dat tredre cia con tau;

Moi trrong mod phong hodc thuc té co
chirc nang md phéng dong luc hoc cia
moi tredng bién va con tau;

Dit liéu backup va ddm may

S

(99

A

?

| Thiét bi ddu cudi truyén dir liéu

I Truyén dir liéu tir bor

)F_ !
HE — =27

| Trao ddi thong tin tau-byr |

T

| Trung tdm diéu khién tir xa |

Thuyén truéng

Hinh 1. C4u tric cong nghé hé thdng diéu khién thong minh.

e Thiétbi dau cudi truyén nhan dirliéu
va trao doi thong tin gitra cac tau va
hé théng thong tin trén bo;
Trung tAm diéu khién tir xa c6 chic
nang diéu dong, dwa cac 1énh diéu
khién doi voi tau.
2.2. bé xudt cdu triic by diéu khién hé thong
ldi

Nhom tac gia dé xuit mot bo diéu khién 1ai
tau nhw Hinh 2. Hé théng diéu khién bao gom

goc lai ban dau W, (Desired course angle)
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dwoc thao tac bdi hé thong diéu khién hoic
thuyén trwdng. Tin hiéu nay so sanh véi goc
thwc t€ phan hoi vé qua la ban y (Actual

course angle) [17].

Thong qua khoi khuéch dai kép dwa vao thoi
tiét co thé cai dat trwde khi dwa vao bo diéu
khién. B6 diéu khién c6 thé sir dung c6 phwong
phap diéu khién truyén thong nhw b diéu
khién c6 phan hoi PID, cAc m6 hinh dwa trén
ANN, ANFIS va mot thuit toan t6i wu hoa dé gitr
tau di ddng hwdng [11]. Thuc té, cac thong sb
thoi tiét nhu séng, gié dé cai dat cho bd diéu
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khién hé thong lai thwong do thuyén trudng
hodc si quan dwa trén kinh nghiém dé cai dat
v&i cac hai trinh khac nhau. Trong nghién ctru
nay, mot hé diéu khién cho hé thong lai thuc té

CNN model predict
wave

Desired course
angle

Wy t o/

Ko g
4’®—> A= »
aw

Q]

Controller

W

dwoc xay dung trén mo hinh PID. Pay ciing la
b6 diéu khién duoclap dit cho hé thénglai trén
mot sO tau & Viét Nam.

Disturbances wind,
waves and currents

Actual course
angle

Rudder

Compass

Hinh 2. C4u tric cong nghé hé thdng diéu khién thong minh.

2.3. B6 diéu khién PID Adaptive

Bo diéu khién lai clia tau gitp diéu khién
banh 14i d€ giam sai so gitra goc hwdng thuc té
va gbc hwéng tham chiéu. C6 ba ché do 1ai chinh
hién nay 1a ché do bang tay (Hand), ché do lai
can (NFU), ché d0 1ai tw dong (Autopilot). Thuc
té&, hé thdng 14i tw ddng chi c6 chirc ning ho tro
ngwdi van hanh diéu khién va cho phép co thé
theo d6i quy dao di cia con tau. Hién nay, cé rat
nhiéu bo diéu khién hién dai nhwng hau hét cic
bd diéu khién thwong dwoc thiét ké dwa trén
PID. Mot s6 wu diém nhw hiéu suit tot cla
chiing trong diéu kién van hanh, tinh don gian
v6i it tham s6 hon. Trong m6 hinh nay, mot bo
diéu khién PID dwoc mé ta nhw sau [11], [12],
[17]:

u(t) =K, xe(t) + K, xjeayﬂ4—K SO
K —KpXT (2)
K =K, x— (3)

u() =K X{eﬁ)+ je(Odt+T dzg)} (4)
U(s) _K +£+K
Es) °* s ¢

G(s) = 21 (5)

G(s)=Kp(1+i+Tde (6)
T.S

Trong d6: K, lahdngs6 ty 18, T, 1a thoi gian
tich phan, T,1a thoi gian dao ham, G(s)1a ham
truyén cda hé théng, sai léch e(t) la sy khac biét
gitra goc dat va goc thuec té.

Tiép theo, d6i v&i hé s6 khuéch dai kép trong

hé théng lai tw ddong dwoc tinh nhw sau:

L (7)

p2

K, =K
DG

Trong cong thirc (7) c6 h¢ s6 K, 1a h¢ s6
khuéch dai chinh cta b diéu khién anh hudng
dén d6 nhay ctia hé théng diéu khién khi thay

doi banh lai; K ,1a hé s6 khuéch dai phu dwoc

cai dat ban dau va diéu chinh dwa trén diéu
kién vin hanh nhw thoi tiét, cip séng. Hé so
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Ko 1a hé s6 anh hudng mén nuéce tiy thude
moi tau.

Dya trén hé s6 khuéch dai phu (K ,) la hé
hé so lién quan dén thoi tiét, diéu kién moi
trwong sé anh hwong dén tinh 6n dinh cda
hwéng di ctia con tau. Nhém tac gia tién hanh
xay dwng mot mo hinh dy bao cip séng dé dwa
ra dau ra clia mé hinh la hé s8 thoi tiét K ,
trong bd diéu khién hé thong lai tau.

3. Xay dwng mo hinh mang no-ron tich
chip (CNN) dw bao cap song

3.1. M6 hinh mang no-ron tich chdp CNN

Cac mo6 hinh nhan dang hién nay cho hang
hai nhw YOLO, cic mé hinh CNN dwoc dung dé
nhin biét phan loai tau va kha niang dam va
gilta cac tau v&i nhau trong treong hop nhan
dang tau tai cang [18]. CAc mo hinh phan loai
dw bao cip séng dwa trén hinh anh séng, dir
liéu do lwong thuc té dé c6 thé du bao dwoc
nang luwgng séng [19], [20]. M6 hinh CNN dwoc
dé xuit dwoc phat trién dua trén cong cu hoc
sau c6 san xay dung trong Matlab nhw Hinh 3.
Kién tric mé hinh bao gom 36 16p véi mot dau
vao (first layer), mot dau ra (output layer) va 6
16p tich chap sau lép tich chap (Conv2D) va hai
lop day dac (Dense). Nam phép toan
MaxPooling 2D da dwoc ap dung sau nam lép
tich chip dau tién.

Convolution
Layer 1

ReLu

C> Rectified linear

Units

Max Pooling
Layer

i

Input

Convolution
Layer 2

ReLu
Rectified linear
Units

Max Pooling
Layer

Convolution
Layer 5

RelLu

Units

Max Pooling
Layer

i

Convolution
Layer 6

ReLu
Rectified linear
Units

Max Pooling
Layer

Fully Connected
Layer

A

Mo,

\
\
|
|
|
|
|
|
|
|
Rectified linear EF:>
|
|
|
|
|
|
|
|
/
7

i

Output

—_

Hinh 3. M6 hinh mang no-ron tich chip dv bdo cip séng.

L&p dau vao input cia mo hinh 1a hinh anh
song, dir liéu cip song, chu ki séng duoc
chuyén doi sang dang anh nhw Hinh 3.

Lép tich chdp (Convolution layer) bao gom
mdt mang no-ron truyén thang véi 6 1op st
dung thuit todn tich chip dé xuit dir liéu. Lop
tich chap dworc tinh nhw sau:

6 6 (8)

al,j = f Zzwm,nxim,jm +wb
m=0 n=0

Trong d6 x, biéu thi mot phan tir cu thé trong

anh dau vao, @, , biéu thi trong s6 & hang thi

m cdt thit n, @, biéu thi d6 léch ctia bo loc, 4,
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l1a phan tr cia ban d6 dic diém. Ham ReLU
dworc chon lam ham kich hoat daura f.

Lop gop (Pooling Layers) dwoc xay dung
ngay sau lép tich chdp dé don gian héa thong
tin va tiét kiém chi phi thoi gian mé hinh hoa.

Lép duw doan (Prediction Layers) la 16p dw
doan tyén tinh dwgc sir dung dé du bao két qua
cudi cung. Tai day dir liéu vé cap song dwgc dw
doan dé dwa vao bo diéu khién hé théng lai tau.
3.2. Chi sé hiéu sudt mé hinh

DbEé danh gia hiéu suat mo hinh sé c6 ba s6
liéu chinh la sai s6 binh phwong trung binh
(RMSE), sai s6 tuyét déi trung binh (MAE), hé
sO xac dinh (R2) va sai s6 phan tram tuyét doi
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trung binh (MAPE), tit ca déu la cac chi so dw
bao pho quat.

1 . (9)
RMSE =, [~ (% = y.)’
i=1
)2 10
R2:1_Z(yl _y|2) ( )
vi-y)
1 . 11
MAE ==3"|y, -y (1)
[ ey
nly —y 12
MAPE = 1y |¥i= ¥ y" (12)
| Yi
Trong do:

n: S6 lwong mau dit liéu.

y, : Gia tri lién quan dén gia tri thuc té i.

y! : Gia tri lién quan dén gia tri dy doan cda i.
4. Két qua thir nghiém va danh gia
4.1. Cdc bwdrc thir nghiém

Thr nghiém bwéc diu két qua nghién ctru
trén hé thong l4i 1ap d3t va van hanh trén con
tau thuc té doi hoi yéu ciu cao va an toan va
han ché rui ro thap nhit c6 thé. Do d6, Nhom
tac gid str dung mo hinh hé thong lai thwc té da
dugc lap dit va van hanh trén tau thuy két hop
vGi hé thdng mo phong hang hai co thé gia lap
dwoc dai dwong va hoat dong cia con tau. Pay
12 hé théng dwoc xay dwng dé dao tao va huin
luyén s quan nén vin dé an toan va rdi ro duoc
kiém soat.

a)

b)

Hinh 4. Hé théng 14i tau. (a) Lap dit trén tau. (b) Thir
nghiém thwec té.

Hinh 4 12 hé thong lai thuc t€ dwoc lap dit
trén tau Tién Hung 1dang van hanh & Viét
Nam. Do d6, hé thdng dam bao dwoc cac yéu
ciu vé chat lwong va do tin ciy cao.

Tiép theo, mot so d6 thir nghiém trong moi
trwong mo phong két hop véi thiét bi thuc té
nhw Hinh 5. Hé thdng bao gom hai mé hinh doc
13p 14 mé hinh dw bio cip séng théng qua
camera va mang no-ron tich chap xay dwng
trén Matlab. Hé thong mé hong hang hai van
hanh theo cac kich ban tir may tinh gido vién.
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PC CNN- model

PC

Maritime simulator

Camera input Scenario PC

. | B

» -y
el

Hinh 5. M6 hinh hé thdng diéu khién dwa trén hé théng lai thwc va phan mém mé phong.

M6 hinh dw bo cip séng dwa trén CNN dworc
xdy dwng trén Matlab két hop véi camera.
Trong cac tinh huéng thuc té hé thong camera
c6 chirc ndng va do phan giai cao, chit lwong
hinh anh ré ngay dém gitip cho mé hinh hoc
cang chinh xac. Tuy nhién, trong nghién ctru str
dung mdt camera cé d6 phan giai full HD cho
phép 1ay dir liéu vé phin mém Matlab lam dau
vao dw doan cip song. May tinh PC CNN-model
sau khi nhin dang sé giri gia tri cho hé thong lai
véi théng s6 la Weather/Yaw nhu muc 2.3.
Mang truyén théng Modbus TCP/IP dwoc st
dung thong qua OPC Kepware server. Dwa vao
dau ra cia mo hinh dw bao cé thé diéu chinh
hop ly hwéng di cia con tau.

4.2. Dir liéu dao tao

Dit liéu dao tao cho mo hinh c6 thé thu thap
tr cAc nguén nhw hinh anh séng théng qua
camera lap dit trén tau chay trén bién hoic hé
théng camera dwoc lap trén cac phao tiéu véi
muc dich do lwong. Do qua trinh thu thap dir
liéu nay yéu cau thoi gian va trai qua cac cap
séng thuc t&€ dan dén qua trinh huan luyén kéo
dai. D€ don gidn hon va kiém nghiém mé hinh
nhém tac gia da thu thip dwa trén camera dé

lwu trir hinh anh. Hinh 6 thé hién cic cip séng
thu thap va lwu vao co sé dit liéu luyén mang.

Hinh 6. Hinh anh trang thai séng. (a) S6ng bién mic
2. (b) Séng bién mixc 3. (c) Séng bién mirc 5.
Nhém tac gid st dung bo dir liéu dwoc chia
lam ba loai: tip huén luyén, tip xac thwc va tip
kiém tra. Tong s6 dit liéu 1a 3000 mau 1am bd
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dit liéu dao tao véi nam clp song. Tai day, dir
liéu dwoc chia ra thanh 2400 mau (80%), 375
1am bo dit liéu xac thwe (10%) va 300 miu lam
bo dir liéu thir nghiém (10%).

4.3. Két quad thir nghiém

Nghién ctru ndy duwgc thyc hién bang cach st
dung may tinh c6 ciu hinh sau [15]:

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

e TO6cdd xung nhip ctia CPU la 2 KMHz va
kich thwéc bo nhé dém CPU la 39 424

e (Card GPUla NVIDIA GTX 3060TI Pascal
cia NVIDIA va c6 3584 16i NVIDIA
CUDA. RAM GPU la 16GB.

Két qua thir nghiém dwoc thé hién nhw Hinh 7
thé hién cap song du bio la séng bién cip 2 dwa
trén dir liéu tir hé thong camera véi mirc do
chinh xac khoang 96.7%.
dwoc gli sang hé thong lai thong qua OPC
Kepware server 1a hé s6 weather/yaw la 0.8.
Thuc té, véi hé s6 nay chip nhan dwoc khi so
sanh vi thuc té.

Dit liéu duv doan

Duw bao séng bién cdp 2

Két qua dw bao

Hinh 7. M6 hinh dw bdo cip s6ng dya trén hinh dnh séng (cip 2).

- Du bao séng bién cdp 5
-]
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Két qua dw béo

oo mmo [ ————

Hinh 8. M6 hinh duw bdo cip s6ng dwa trén hinh dnh séng (c4p 5).
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M6 hinh dw béo trong Hinh 8 thé hién cip
song dw bao la cap 5, day la diéu kién thoi tiét
séng16m, bién dong vira va lac ngang, lac doc va
mat 6n dinh hwéng tau. Do d6, cin phai diéu
chinh géc lai lién tuc dé gitr on dinh déi véi tau
trong tai trung binh va lén. M6 hinh nay dw bao
cip songla cap 5 va do chinh xac dw bao lén t&i

khodng 98.4%. Hé s6 weather/yaw dwoc duwa
ra la 3.0 S6 liéu nay sai léch v&i thuc té khong
dang ké.

Thuwc hién nhiéu kich ban th nghiém véi
nhiéu loai thoi tiét khac nhau nhom téc gia tong
hop két qua trong Bang 1.

Bang 1. Két qua dw bao cip séng bién.

~

Cép Thoéng s6 dw doan
song
S6 1an thir S6 1an dw S6 14an dw doan Ty 1&é mau Trung binh dé Ty 1é sai s0
nghiém doén chuin léch (%) chinh xac (%) (%)
1 900 884 16 16,67 98.2 1.78
2 900 887 13 16,67 94.5 1.44
3 900 892 8 16,67 99.1 0.89
4 900 894 6 16,67 99.3 0.67
5 900 886 14 16,67 98.4 1.56
6 900 883 17 16,67 98.1 1.89

Mo hinh dat hiéu suat du bao cao nhit & cap
song 3 dén cip séng 5 thé hién kha ning nhin
dién t6t cac diéu kién bién ro rang. Vi cip song
1. Véi sai so tir 0.67% dén 1.89% mo hinh da
thé hén hiéu suat rit 6n dinh. Vé&i song cip 6 ty
1€ sai s6 1én t&i 1.89% do tinh chat phirc tap va
bién dong nhanh cda séng [2], [3].

4.4. Ddnh gid mé hinh

DE& danh gia d6 chinh xac mé hinh dw béo cin
xac dinh dwoc cac thong s6 & phan 3.2. Cac
thong s6 RMSE, MSE, R? va MAPE giiup do
lwdng do chinh xac ctia mo hinh dw doan va div
litfu thwc té. Thong s6 RMSE=0.145
MAE =0.126 ,gi4 tri R* =0.892 va MAPE =8.57%
. Dwa trén mot s6 nghién ctru trudre day [2], [3],
[4], [9], [21] nhém tac gid so sanh dwoc cac
thong s6 cia md hinh nhw Bang 2.

)

Bang 2. K&t qua so sanh giita cic m6 hinh

Nghién ctru Thong s6
MAE RMSE MSE R2
MF-PredRNN 0.167 0.112 0.012 0.82
(Frontiers,
2023) [4]
EEMD-LSTM 0.21 0.3 0.090 0.88
(Frontiers,
2023)[22]
SAC- 0.12 0.141 0.020 0.89
ConvLSTM
(ResearchGate,
2024)[23]
CNN 0.126  0.145 0.021 0.89
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Trong Bang 2 thé hién cic théng s6 danh gia
mo hinh c6 thé thiy md hinh CNN véi hai thong
s6 MAE va MSE cho két qua hiéu suit t6t. M6
hinh SAC-ConvLSTM cho thiy mirc d6 va kha
nang hoc siu tét hon. Ngoai ra, hiéu suit mo
hinh dwgc danh gia théng qua sai s6 cia mo
hinh (Loss) va d6 chinh xac mé hinh (Accuracy
%) ttr qua trinh hun luyén v&i 2000 I4n 1dp tim
diém hoi tu.

100 Training Progress (29-April-2025 16:08:32)
T T T T T

Accuracy (%)

20 1

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

Hinh 9. Danh gid d6 chinh xdc m6 hinh huin luyén
(%).

Hinh 9 m6 ta két qua d6 chinh xac trong qua
trinh huin luyén. Tir két qua thay dwoc do
chinh xac tang tr 20% lén t&i 83.5% va cho
thdy mé hinh c6 xu hwéng ting véi nhiéu dao
déng nho. Do d6, mo hinh nay cé thé dw bao
dwoc cip song thuec té.

Loss

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

Hinh 10. Danh gia sai s6 mé hinh huin luyén.

Hinh 10 cho thiy gia tri sai s6 cia mé hinh
gidm tr 1.6 xuéng 0.52 tir d6 cho thiy xu
hwéng gidm ctia mo hinh dang hoc tot va téi wu.
D€ phat trién md hinh cin phai da dang dir liéu
dau vao luyén mang va thay déi cic trong so

hoc khac nhau gitra dir liéu hoc va dir liéu kiém
tra.

120

Huwéng dat
Hwéng that

110 -

100 [~
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40 -

30 -

20 L L L L L L ! L L I
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Thei gian (gidy)

Hinh 11. G6c dat va géc bé 1ai cia hé thong lai tw
dong.

Hinh 11 m6 ta hwéng dat va hwéng tau that
theo thoi gian khi tac dong anh hwdng ctia thoi
tiét murc 3. Tl hinh vé cho thiy cé d6 sai léch
ban ddu nhung hwéng tau that luén bam sat
theo hwéng dat.

20 T T T T T T T T T T

15 -
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-
=
T

«
T

I Lﬂ WNIIIH
_ ol Ll.l‘ il
0 200 400 600
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Thei gian (gidy)

Hinh 12. G6c bé 14i thuc té.

Hinh 12 thé hién géc bé 1ai thuc t€ khi thay
doi huwdng dat. Ban dau bd diéu khién sé bé 1ai
goc 1on dé bam sat hwdng dat, sau dé giam goc
bé 14i va duy tri 6n dinh véi dao dong khong
qua 1 do. C6 thé thiy thong s6 thoi tiét tir mo
hinh CNN lam cho géc bé 14i 6n dinh hon khi tau
hoat dong & thoi tiét xau.DE phat trién mo hinh
du bao trong twong lai nhom tac gia dé xuat cin
phai c6 cac hinh anh thuc té vé hinh anh séng
trén tau that dé c6 thé dao tao tét hon. Ngoaira,
véi md hinh huln luyén thir nghiém trén bo
can phai gan lién véi cac d6i twong mo phéng
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Tl két qua huan luyén va thir nghiém cho
thay két qua mé hinh dat 95% khi ap dung thuc
té.
5.Két luan

Dy bao cip séng, diéu kién thoi ti€t sém
gitip thuyén vién c6 thé dwa ra cdc phwong an
téi wu quang dwong va diéu khién con tau di
ding hwéng. Bén canh d6, ng dung nhiéu
cong nghé tri tué nhan tao sé gitp dw bao chinh
xacva giam strc lao dong ctia con nguoi. Bai bao
nay dé xuat, xdy dwng mét mé hinh dw bao cap
song trén bién dwa trén mang no-ron tich chap
(CNN) véi nhiéu cip song khac nhau. Két qua
nghién ciu budc dau da thir nghiém mo hinh
dw bao va gii dir liéu dén hé thong 1ai thuc té
13p dit trén tau. Ngoai ra, mo hinh du doan va
dwa ra hé s6 weather/yaw dwa trén dir liéu
tinh todn va dit liéu kinh nghiém cta thuyén
tredng. Hwédng méi cia nghién ctru da tao ra
dwoc mé hinh dw bao dwa trén hé théng mo
phong hang hai dé gidm rii ro. Péng thoi, cho
phép can thiép truc ti€p véi hé thong lai thye té
dé diéu khién goc bé 1ai cua tau hodc hd tro
thuyén vién. Trong twong lai md hinh nay két
hop nhiéu thuit toan t6i wu, hé thong mo
phong hang hai c6 gan chuyén dong (motion)
dé c6 thé thir nghiém nhiéu tinh ndng hon nita.

Pong gop cua cac tac gia trong bai bao

Pinh Anh Tuidn: Phuwong phap, quan ly
di liéu, phan tich chinh thic, diéu tra, xac
thuwc, trwc quan héa, viét - ban thao géc.
Nguyén Van Hung: Bién soan di liéu, phan
tich dir liéu, diéu tra, xac thwc, phan hoi y
kién phan bién, mé phdng, viét - ban thao
goc.

Tuyén b6 khong xung dot lgi ich va cam
két ban quyén

Cac tac gia tuyén b vé sw khong xuit hién
nhitng xung dot tiém an tr nghién cru nay,
va cam két bai bao chwa tirng dwoc cong bd
trudc day.

Chia sé dir liéu theo yéu cau

Dit liéu sé khong dwgc cung cap theo yéu
cau.
Loi cam on

Nghién ctru nay dwoc tai tro béi Trwong

Pai hoc Hang hai Viét Nam trong dé tai ma
s6: DT 24-25.65.

1stDinh Anh Tuldn. Khoa Dién - Dién ti, Truong Dai
hoc Hang hdi Viét Nam

2nd Nguyén Van Hung'. Khoa Dién - Dién tit, Truong
DPai hoc Hang hdi Viét Nam
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