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Tém tit

Nghién ciru nay trinh bay viéc xdy dung mat thudt
todn dé tim tuyén dwong toi thiéu héa nhién liéu
cho tau co6 rang bugc thoi gian hanh trinh dp dung
cho tau ché hang. Khéng giong nhw cdc nghién
ciu truée day, nguon dir liéu dwoe ding la nhitng
bé dit liu dwoc thu thdp tir cac bao cdo budi trua
ghi lai thong tin khi tau da hoat dong trong qua
khit, cdc dir liéu ndy cé thoi gian ldy mau Ién va
thwong khéng c6 dii cdc tham sé can thiét. Trong
nghién ciru nay, mot mé hinh mo phong s dung
phirong phdp mé phong phan cieng trong vong Iip
s€ dwoc xdy dung dé tao ra mét tdp dir lieu voi
nhiéu tinh huéng khdc nhau ma tau sé gdp khi
hoat dong thuc 1é trén bién. Ngoai ra, mot mo hinh
mang no-ron MLP két hop véi thudt todn A* sé
duoc sur dung aé xdy dung mot thudt toan tim
tuyén dwong nhién liéu t6i wu véi rang budc thoi
gian hanh trinh. Két qua thir nghiém cho thdy
thudt toan hoat dong tin cdy voi sai $6 thép.

T khéa: Tuyén dwong toi thiéu héa nhién liéu,
mang no-ron, thudt toan A*.

Abstract

This paper presents the construction of an
algorithm for finding optimal fuel routes for ships
with sailing time constraints applied to cargo
ships. Unlike previous studies, most of them used
data collected from noon reports recording past
operating data of ships, these data have a large
sampling time and often do not have enough
necessary parameters. This study proposes to
build a simulation model using the hardware-in-
the-loop simulation method to create a dataset
with a variety of situations that ships will
encounter when operating in reality at sea. In
addition, an MLP neural network model combined
with the A* algorithm will be used to build an

algorithm for finding optimal fuel routes with
sailing time constraints. Testing results show that
the algorithm operates reliably with low errors.

Keywords: Optimal fuel routes, neural network,
A* algorithm.

1. Mé dau

Viét Nam la quéc gia dat muyc ti€u phat trién manh
kinh té bién trong twong lai. Nhitng nim gan day, s6
luong doi tau lién tuc tang. Khi van hanh tau, tiy vao
chung loai tau, chi phi nhién liu c6 thé chiém téi 70%
tong chi phi khai thac. Ngoai ra, dé tuan tha Phu luc
VI/nghi quyét MEPC.328(76) nam 2021 vé “Quy dinh
vé phong ngira 6 nhiém khong khi tir tau bién”, cac
cong ty van tai bién hién nay di va dang tim céc
phuong phap dé giam thiéu muc tiéu thu nhién lidu
khi van hanh. Co6 hai nhom giai phap chinh gitip nang
cao hiéu qua st dung nhién liéu cho tau dén tir nhitng
phuong phap thuc hién trong qua trinh thiét ké tau va
trong qua trinh van hanh, khai thac tau [1].

Céc phuong phép sir dung dé t6i thiéu hoa nhién
lidu tiéu thu co thé ké dén nhu t6i wu héa hinh dang
than tau [2], tbi wu qua trinh hoat dong cua h¢ luc déy
(may chinh) [3], str dung cac hé thong lyc day hon hop
[4] va sir dung cac ngudn ning lugng tai tao [5]. Uu
diém quan trong nhét cua viéc sira ddi thiét ké tau 1a
khi da 4p dung thi s& khong yéu ciu giam sat va diéu
chinh lién tyc dé c6 hiéu suit t6i wu ma chi cin bao
dudng tau thuong xuyén. Didu nay mang lai hi¢u qua
t6i wu cho tau tir khau thiét ké dén khi sir dung sau nay.

Céc phuong phap cai thién hi¢u qua nang lugng
trong qua trinh van hanh tau thuong bao gdm céc gidi
phéap chinh sau: Van hanh tau & toc do thép [6], lua
chon gia tri goc chui tdi wu cho tau tiy thude vao timg
truong hop tai trong khac nhau [7], xay dung m6 hinh
tinh nhién liéu dé Gmg dung trong viéc 1én ké hoach
chuyén di [8], phat trién phin mém hd trg cho sy quan
lai tau [9] va cac phuong phap dya trén nhitng thong
tin du bao vé thoi tiét dé 1ap tuyén duong theo nhimng
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tiéu chi khac nhau [10]. Trong nhiing phwong phap
trén, phuong phép dinh tuyén hanh trinh sir dung
nhitng thong tin du bao thoi tiét mang lai rat nhidu loi
ich khi khong chi gitip tau tiét kiém nhién liéu ma con
gitip tau khai thac an toan hon. C6 nhiéu thuat toan
khac nhau duoc dé xuét trong phuong phap nay, tuy
nhién, hau hét cac nghién ctru trén déu sir dung cac tap
dir liéu hoat dong cua tau trong qua khu, thuong co
thoi gian 14y mau 16n va khong c6 du cac thanh phan
nhiéu dong chinh tac dong 1én con tau.

Bén canh d6, nhiing tiéu chi tdi uu trong nhiing
nghién ctru trén thuong chi xét dén mot cach don 1¢,
chua c6 duoc su két hop tot giita cac tiéu chi tdi wu
v6i nhau. Do d0, bai bio nay dé& xuat phat trién mot
thuat toan tim nhiing tuyén duong t6i thiéu hoa nhién
liéu gitp nang cao hi¢u qua khai thac cho tau thuy.

2. Phuong phap nghién ciru

2.1. Cdac buwdc nghién ciru

Buwéc 1: Xay dung mo hinh mé phong theo phwong phap HIL

Cac ngudn dir liéu

+ Cac thong s cua tau thuc.

+ Hé phwong trinh dong lwc hoc 6
bac tw do.

+ Phuong trinh toan ctia hé luc ddy.
+ M6 hinh nhidu tac dong vao tau
(séng, gi6 va dong chay)

Buéc 2: Xay dung mo hinh dy béo sir dung mang no-ron

M6 hinh mang no-ron

Tap dit liéu
v6i 3456 miu

»

M6 hinh mé phéng

Buérc 3: Thuét toan tim tuyén dwong t6i thiéu hoa nhién li¢u

eachongiseidubacs M6 hinh

thoi tiét. Tuyén

- C4c thong sd tau: mén mang SRR

nwéc, trong tai, tdc do, v.v. no-ron dugng foi
= 2 £ Thuat toan ﬂ“.e“ hfi"

- Piém bit dau, diém két de xuit » “'j;f“a"?“

thic, toa dd khu vuc c6 vat l:u @:tll:si

can (néu c6). N

- Thoi gian yéu ciu. gian

Hinh 1. Cic bwéc nghién citu dé xudt

Hinh 1 thé hién cac budc nghién ciru dé xuit.
Trudc tién, dya trén hé phuong trinh dong luc hoc 6-
DoF cua tau, hé chan vit va banh 1ai, cac nhidu méi
truong va hd so tau, mot md hinh mé phong s& dwoc
xay dung.

Tiép d6, da trén trinh mé phong da xay dung, mot
tap dir liéu voi 3456 mau dit liéu duoc tao ra véi nhiéu
tinh hudng khac nhau giéng nhu khi tau hoat dong.
Tap dit liéu nay dugc dung dé huan luyén mé hinh du
bao nhién licu tiéu thu va thoi gian hanh trinh.

Cubi cing, mot thuat toan dé tim tuyén duong tdi
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thiéu hoa nhién lidu c6 rang budc thoi gian duge dé
xuét dua trén thuét toan tim kiém A* va mé hinh dy
bao da xdy dung. Cac d4u vao cho thuat toan sé& 1a toa
d6 cua diém bét dau, diém dén, cac diém chudng ngai
vat (néu c6), cac thong so thoi tiét va nhitng thong sb
clia tau (mén nude, do nghiéng, trong tai tau, toc do
dat,...).

2.2. Xdy dung mé hinh

Mo hinh mé phong da dugc xay dung thé hién trén
Hinh 2 véi cac khdi cu thé nhu sau:

« Khéi 1: Khdi nay gdm mot may tinh véi vai tro
1a b diéu khién quy dao thuc.

« Khéi 2: Khéi nay gdm mot may tinh chay mo
hinh tau dé thay thé cho con tau thyc.

Khéi 1 va Khéi 2 duoc két ndi bang mot cap
Ethernet véi giao thuc truyén théng OPC
Client/Server. M6 hinh nay s€ dugc st dung dé tao
nén mot bo dir lidu va thir nghiém thuét toan dé xudt.

The 3D PC

The Control PC

Ethernet cable
OPC Client/Server

Hinh 2. M hinh mé phéng dé xudt
2.3. M6 hinh du bdo nhién liéu tiéu thu va thoi
gian hanh trinh

Véi m6 hinh da xay dung, dua trén viéc chay mo
hinh v6i nhiéu truong hop khac nhau (thay déi thong
s6 tau va thong s6 nhidu), mot tap dit liéu duoc thu
thap gdom 3456 mau. Tap dir liéu nay dugc dung dé
luyén cho mot mang no-ron loai truyén thang (MLP)
c6 céu tric thé hién nhu Hinh 3.

Céu trac mé hinh mang MLP dé xuét c6 ba 16p,
bao gém 05 no-ron & 16p vao, 30 no-ron & 16p an (mot
16p an) va 02 no-ron & 16p ra. M6 hinh nay dugc chon
trong s6 30 md hinh khac nhau co sai s6 MAPE (sai
s6 phan tram tuyét ddi trung binh) bé nhat khi thir véi
mot tap dir liéu doc 14p (30 md hinh c6 s6 16p 4n va sb
no-ron trong mdi 16p 4n d6 khac nhau). Nghién ctru
[11] clia tac gia da trinh bay chi tiét hon vé qua trinh
xay dung va danh gia mo hinh nay.

Hinh 3 ciing thé hién sé lugng du vao (05 dau
va0) va dau ra (02 dAu ra) caa mo hinh tmg v&i nhitng
dau vao/ra c6 duge cua tap dir liéu da xay dung.
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Feed forward

ME speed

Wind speed

(knots) Fuel consum,|

(tons)

Wind direction
(degrees)
Sailing time
(hours)
Current speed
(knots)

Current direction
(degrees)

Backpropagation

Hidden layer
(30 neurons)

Input layer
(5 neurons)

Output l.

Hinh 3. Ciu trisc mé hinh dy bdo ANN

2.4. Thudt todn dé xuit

2.4.1. Khdi qudt chung vé thudt todn tim kiém A*

Thuat toan A* 1a mot trong sb cac thuat toan dé
tim tuyén duong t6i uru trong d6 thi nho viée xép hang
tung nut theo gia tri wdc lugng ctia nit do6 toi nat dich,
dya trén cac gia tri wdc lugng, thuat toan A* s€ xét cac
nat trong dd thi theo mdt tht tu wu tién. Nguyén tac
hoat ddng cuia thuat toan A* dya vao viéc tdi thiéu hoa
ham chi phi duéi day:

Minimum: f (x) = h(x) +g(x) (1)

Trong d6: f(x) 1a chi phi nho nhat dé di chuyén tir nat
bt dau di qua nut x téi nat dich, g(x) 1a chi phi thuc dé di
tir NGt bat dau dén nit x, h(x) 1a chi phi wéc luong tir NGt
X toi nut dich.

Thuét toan A* s& dam bao rang nghiém (duong di)
1a t6i wu néu cac chi phi wéc luong théa man phuong
trinh sau:

h(x)<h"(x) Vx @)

voi h'(x) lachiphi thyc té dé di tir nat x toi nat dich.
2.4.2. Xdy dung @6 thi di chuyén

Khi tau di chuyén qua cac tuyén duong ngin, cac
tuyén duong nay co thé duge coi 1a cac duong thang.
Tuy nhién, do chinh xéc s& giam di nhiéu néu khoang
cach gitta cac diém chuyén huéng 16n vi dudng di
ngén nhit giita hai diém bat ky trén bé mit trai dt 1a
mdt duong cong thudc cung vong 16n.

Do d6, dé xay dung db thi di chuyén cho thuét toan
dé xuét, mot ludi cong s€ dugce xay dung gitra diém
bat dau WP0 va diém dén WPg, nhu thé hién trong
Hinh 4. Tly thudc vao timg trudng hop cu thé va cac
thong tin thoi tiét, ¢ phan giai cua ludi s& dugc lya
chon sao cho phtt hop. D¢ dai cung ngan nhét giira hai
diém bét ky WPx va WPj, sé dugc tinh dya trén cong
thirc Haversine theo phuong trinh dudi day [12].

KHOA HOC - CONG NGHE

D\NPx—WPj = RE'm (3)
v6i Re 1a béan kinh cua trai dat (Re ~ 6371 km), m 1a

hé s6 duoc tinh theo cac phuong trinh sau:

m = 2atan(\z,\/1-2)) (4)

z =sin*(Ae/2)+cosg,.cos&,.5in*(Ac [ 2)

Trong do: A& =&yp, — &y AT = Oyp, — Oy ;
(&wpx: Owey)  1a kinh d6 va vi d0 cua WPX Va (&pj s Ouey)

1a kinh d6 va vi d¢ cia WP,

Chi phi wéc lugng: WPg
h(WPx)

Tuyén dwong
ngin nhit

Chi phi thye:
2 9(WPi)
i=0

Hinh 4. D6 thi di chuyén cong dé xuit

Ngoai ra, dé giup thudt toan hoat dong chinh xac
va tin cdy voéi diéu kién & phuong trinh (2), nhién liéu
va thoi gian hanh trinh wéc luong gitra hai diém WPx
va WPg bt ky s& dugc tinh nhu sau:

h(VVPX) FC = QNPX7WPQ . FCunit (5)

hWPX)s; = QNPX—WPg STt (6)

Trong d6: A(WPx)rc va h(WPx)sr 1a nhién li¢u
tiéu thu va thoi gian di chuyén udc luong tir WPx dén
WPg; Dypxwpy 12 d0 dai cung ngin nhit gitra WPx
va WPg; FCyyi 12 nhién li¢u ti€u thu trén mot hai ly
v6i truong hop mit bién tinh va ST, 1a thoi gian di
chuyén trén mot hai 1y voi truong hop thoi tiét xéu
nhét.

Néu ta biét toa do cua WP0O va WPg, mot @6 thi
di chuyén s& dugc xay dung nhu Hinh 4. Duong do
ndi giita WP0 dén WPg la duong di ngan nhat giira
chung. T bat ky mot diém WPx, tau c6 thé di chuyén
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dén WPj, WPk hoac WPI. Trong khi d6, cac diém
nam trén canh 1 va canh 4 nhu WPm thi chi ¢ thé di
chuyén theo mot hudng tir WPm dén WPn.

Bén canh db thi di chuyén, hai ma tran chi phi gém
ma tran chi phi thuc (ma tran G) va ma tran chi phi
uée lugng (ma tran H) s& can dugc tao ra lam nhimg
tap dir liéu dau vao cho thuat toan dé xuét, cu thé:

e Ma tran G: Puogc tinh dya trén do dai cung ndi
giita nhitng diém ké nhau trén d6 thi di chuyén va diéu
kién thoi tiét gitra cac diém do.

e Ma tran H: Pugc tinh theo phuong trinh (5) va
phuong trinh (6).

2.4.3. Xay dung ham muc tiéu

Dudi day la ham muc tiéu dugc d& xuét dua trén

co s6 1y thuyét ciia thuat toan tim kiém A*:

P, 2o WPDe
f (WPn) = Fe 410 a
average FCaverage
X %
> gWPi)
+ hé\-ll\—IPX)ST + i:OST (1—6!)

average average

Trong d6: h(WPx)rc, h(WPx)sr 1a nhién li¢u tiéu
thu va thoi gian hanh trinh wéc luong tir WPx dén
WPg; g(WPi)rc, g(WPi)sr 1a nhién li¢u tiéu thu va
thoi gian hanh trinh thuc té dé dén diém WPi tir diém
WP(i-1); FCaverages STaverage 12 nhién liéu ti€u thu va
thoi gian hanh trinh trung binh Iy trong bo dit liéu
va o 1a mot hé sb wu tién.

Hé s6 vu tién o s& thé hién muc do wu tién gitra
nhién liéu tiéu thu va thoi gian hanh trinh. Néu
o=1 thi thuét toan chi vu tién tim hanh trinh t6i
thiéu nhién liéu. Nguoc lai, néu =0 thi thuat toan
chi tim hanh trinh nao c6 thoi gian di chuyén nho
nhat. Trong khi d6, néu 0<a<I thi hanh trinh s& toi
thiéu héa theo ca hai tiéu chi tiy thuc vao gia tri
cla a.

2.4.4. Thudt todn dé xudt

Thuat toan dé xudt s& tdi thiéu hoa ham muc tiéu
nhu phuong trinh (7) dugc thé hién bang mi gia nhu
trong Bang 1. Khi thuc hién, thuat toan sé€ tao ra hai
danh sach: Open va Closed. Open duoc sir dung dé
ghi lai tat ca cac diém chuyén huéng ma ta can xem
xét dé tim ra tuyén duong t6i wu. Trong khi d6, Closed
1a danh sach luu trir cac diém chuyén huéng khong
can xem xét nita.
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Bing 1. Thudt todn dé xudt

Input: A moving-graph with the start waypoint
(WPO0) and the goal waypoint (WPg)

—

Output: The optimal-fuel route (time constraints)

Initial:

Open=(WPO0);

Closed=();

g(WP0)=0;

h(WPO0)=heuristic_cost(WP0,WPg);

f(WPO)=h(WPO0)+g(WPO);

O ([0 [([ ||| |W|[N

o = 1; nme=70 rpm;

—
[e]

While Open = &

Ju—
—_

Find the WP with the least f(WPn) in the Open;

—
\S)

if (WPx == WPg)

13 | if (zlg:og(vvpl)Fc Stmax)

14 | return "The optimal fuel route";

15 | else
16 | 0=0-0.01 and goto line 10
17 | end
18 | else

19 | remove WPx from Open;

20 | add WPx to Closed;

21 | for WPy € neighbors(WPx) do %y=j, k, or [

22 | current_cost= g(WPx)+cost(WPx,WPy);

23 | if (WPy € Open & g(WPy) > current _cost)

24 | remove WPy from Open;

25 | endif;

26 | if (WPyeClosed & g(WPy) > current _cost)

27 | remove WPy from Closed;

28 | endif;

29 | if (WPy ¢ Open & WPy ¢ Closed)

30 | add WPy to Open;

31 | g(WPy) = current_cost;

32 | h(WPy) =heuristic_cost(WPy,WPg);

33 | f(WPy) = g(WPy) + h(WPy);

34 | endif;
35 | endfor
36 | endwhile;

37 | return "Route can not be found";

Ban diu, o dugc gan bang 1 (chi téi thiéu hoa
nhién liéu), diém WPO s& duoc thém vao Open va
Closed s& tréng. Sau do, thuit toan s& tim cac diém lan
can cia WP0 dé tau c6 thé di chuyén dén diém dén
WPg dé théa man ham muc tiéu theo phuong trinh (7).
Khi tuyén duong tdi thiéu nhién liéu duoc tim ra, néu
tong thoi gian hanh trinh trén tuyén duong d6 thoa
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man diéu kién rang budc (dong 13) thi tuyén dudng
d6 s& két qua tra vé cua thuat toan. Trong trudng hop
nguoc lai, khi diéu kién rang budc khong thoa man,
hé s6 o s& dugc giam xudng 0,01 sau mdi bude lap
(dong 16, bit dau xét dén tdi thicu ca vé thoi gian hanh
trinh) cho dén khi nao tuyén duong méi tim duoc thoa
mian duge didu kién rang budc thi s€ dung thudt toan
va tra vé tuyén duong goi ¥.

3. Két qua thir nghiém

3.1. Kich bdn thir nghiém

LAT: 20°35'09.0"N
LON: 106°56'56.3"E

LAT: 20°26'36.7"N
WPO ILON: 106°49'01.5"E

Hinh 5. Toa dp ciia khéi diu va diém dén

Pé kiém chimg thuat todn dé xuét, tac gia xdy
dung cac kich ban thir nghiém gitra hai diém WP0 va
WPg, hai diém nay 1a hai vi tri trén Bién Dong, Viét
Nam c6 toa do nhu thé hién trong Hinh 5. Khoang
cach ngan nhat gitra chung 12 mot cung tron trén cung
vong 16n 14 20,953km. Vi khoang cach trén 1a rat nho
50 v6i ban kinh trai dat, boi vay do thi di chuyén cong
dugc xay dung thé hién trén Hinh 6 nhin s& gan nhu
mot ludi phing.

Note: Wind direction  Current direction
- — -= WPg
73 74 75 76 7 8|1 79 80 81
]
| | | | |
N et
6] Y65 66 67 68 69 : 70 7 72
]
| | | | 1l 8
T T T T
5] 456 w7 ¥8 ¥69 60 : 61 62 63
~ =
m c 6
| | | |
5 42! ] : : I
E 4 3va w8 LA Wl 52 53 54
> Wingty waves 5
< i | 4
2 I v Al ol
=t | T T T )
S a7 y38|, va |, vio|, va w2 g 43 44 45 4
= P O B VARV
Py
L 1
2 amam 133 o 35 36
28] | 29
> v v v v v
\------f--f---{----’/ -
19 20 21 2 23 2 2 2 27
1
10 u 12 13* w15 16 17 18
) —| 57 05
wpo 2 3 4 5 6 7 8 9
X Axes (NM) (LONGTITUDE)

Hinh 6. Cic diéu kign thoi tiét trong khu viee thiv nghiém

Hinh 6 thé hién nhiing gia dinh vé diéu kién thoi
tiét trong khu vuc thir nghiém. Cac mili tén do-nét dirt
va xanh-nét lién thé hién hudng cia gié va dong chay.
Mau séc trong khu vuc thtr nghiém thé hién do cao
song theo thang Beaufort cuia to chiic khi twong qudc
té (v6i thang do chuan 12 cip).

Khu vuc hinh chir nhat (nét ditt-mau xanh) thé
hién khu vuc gia dinh c6 anh huéng cua nhiéu dong
chay voi téc do dong chay duogc gia dinh 1a 2 knots
trong toan bd khu vuc nay.

3.2. Két qud va thdo lugn

‘ Note: Wind direction Current direction
- — -= WPg
73 74 75 76 77 781 79 80 1
|
| | | | |
e e e e S P
6] Y5 66 67 0 172
| | | 8
T T T T 3
EIES 69 % ! 61 63
= |z R 0.58 |
a S 00s | 6
=) = G o 57
Edfzvar w48 9 fY, %0 vl s 53] 54
=
< ¥ | wing, waves 5
= | Ad |‘/ i (U ’
o T T T
Sar] vaa|, ve |, v he w2 ,} 43 “ 15 4
z .
< A A A Y
% t t
| | | |
Sl 1w % S
I = e gl RS =
19 20 21 22 23
10 11 12 <-13 1l 15
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Hinh 7. Ba tuyén dwong dwoc goi y

Pé kiém tra thuat toan dé xuét, co 03 gia tri thoi
gian yéu cau khac nhau dé tau dén diém dich WPg, cu
thé nhu sau:

« Truong hop 1: Thoi gian yéu cau 1a 4000s. Gia
tri nay dugc lya chon dya trén thoi gian hoat dong
thudng ngay trong bao cdo budi trua cua tau thuc &
ché do kinh té.

« Truong hop 2: Thoi gian yéu cau 1a 3900s.
Trudng ndy s& yéu ciu tau phai dén dich nhanh hon
truong hop 1.

« Trudng hop 3: Vi thoi gian yéu cau chi 1a 3700s,
day 1a truong hop c6 thoi gian di chuyén nho nhat
trong ca ba truong hop.

Khi chay thuét toan véi ba truong hop trén, thuat
toan dé xuét ba tuyén duong dugc hién thi trong Hinh
7, cu thé:

« D6i voi truong hop 1, thuat toan dé xuat Route 1
qua cac diém 1-2-3-13-14-24-34-44-54-63-72-81.

« D6i voi truong hop 2, thuat toan d& xuit Route 2
qua cac diém 1-2-3-13-23-33-43-52-62-71-81;

« Trong khi d6, trong trudng hop 3, thuat toan dé
xuét Route 3 di qua 1-11-21-31-41-51-61-71-81.
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Bing 2. So sanh két qud giita mé hinh ANN dé xudt va div liéu thu thdp dwoc tiv viéc chay trinh mé phéng HIL

Nhién li¢u tiéu thu (kg) Sai s6 Théi gian hanh trinh (s) Sai s6
Route M@ hinh M6 hinh (%) M6 hinh M6 hinh (%) | Alpha
ANN HIL ANN HIL
Route 1 813.70 809.68 0.50% 3913.68 3891.11 0.58% 1
Route 2 826.32 832.11 0.70% 3831.39 3823.39 0.21% | 0.58
Route 3 855.48 865.99 1.21% 3664.79 3689.93 0.68% | 0.55
Vi ba tuyén duong duoc dé xudt, mo hinh m6 4, Két luan

phong HIL s& duoc sir dung dé diéu khién tau qua timg
tuyén duong cho timg truong hop dé kiém chimg két
qua. Bang 2 va Hinh 8 thé hién két qua chay mé hinh
mo phong HIL qua céc tuyén duong duoc dé xuit.
Ddng thoi, cac két qua nay ciing dugc so sanh voi két
qua du béo boi mo hinh da dé xuat trong muc 2.3.

Tir Bang 2, chung ta c6 thé thiy rang, khi thoi gian
yéu cau 16n (4000s), thuat toan goi ¥ tuyén dudng
Route 1 cho hiéu qua tiét kiém nhién liéu 16n nhét
trong ca ba kich ban. Sai s6 giira m6 hinh dy bao ANN
va dit liu thu thap duoc khi chay mé hinh mé phong
HIL 1a kh4 nho. Trong trudng hop nay, hé s6 alpha 1a
1 (thuat toan trong Bang 1 chi chay mot 1an dé cho ra
két qua thoi gian hanh trinh 14 3913,68s, thoi gian nay
thoa man diéu kién rang budc). Trong khi do, trong
kich ban 2 va 3, khi thoi gian yéu cdu giam xudng,
thudt toan dé xudt cac tuyén dudng c6 mirc tiéu thu
cao hon dé d6i lay viéc rat ngan thoi gian hanh trinh
cho tau. Hé s6 alpha trong hai truong hop nay 1an luot
la 0,58 va 0,55.
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94,00%

92,00%

90,00%
Fuel Sailing time

consumption

Route 1 Route 2 Route 3

Hinh 8. Mirc tiéu thy nhién li¢u va thoi gian di

chuyén tinh theo phén tram gid tri toi da

Nhur véy, ta thiy rang thoi gian yéu cau cang ngan thi
nhién liéu tiéu thu cang nhiéu va nguoc lai. Do d6, hoat
ddng ctia tau s& phai can dbi gitra tiét kiém nhién liéu va
thoi gian hanh trinh dé tau c6 thé dén dich dung gio.

Bai bao nay trinh bay viéc xay dung thuat toan
dinh tuyén hanh trinh t4i thiéu hoa nhién liéu cho tau
¢6 rang budc vé thoi gian hanh trinh. Két qua thir
nghiém véi ba truong hop déu cho thay hiéu qua cua
thudt toan trong viéc dé xuat cac tuyén dudng dam bao
tiéu chi tiét kiém nhién liéu va thoa man diéu kién rang
budc v6i sai s6 16n nhét chi 14 1,21%.

Hudng nghién ctru tiép theo cua bai béo 1a tao ra
mot tap dir liéu véi cac bién dau vao da dang hon, dic
biét 1a cac thong sb cia tau nhu cac gia tri mén nude
va tbc 46 may chinh khac nhau. Ngoai ra, nghién ctru
nay s& tiép tuc duoc phat trién dé co thé dé xuat duoc
ca toc o dat cho may chinh gitp tau c6 thé dén duoc
diém dich theo dting thoi gian yéu cau thay vi chi sir
dung mot tbc do ddt cho may chinh 14 téc d6 mic dinh
70rpm nhu bai bao nay.

Bén canh d6, nghién ciru s& phat trién mot cong cu
dua trén giao dién lap trinh ing dung (API) dé dua dir
lidu tir cac trang web du bao thoi tiét vao phin mém
Matlab dé phat trién thanh mot hé thong dinh tuyén
hanh trinh ¢6 thé hoat dong online.
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