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Tém tit

Bai bdo dé xudt mot mé hinh t6i wu héa I trinh
tau bién nham dong thoi giam tiéu thy nhién liéu
va bdo ddam an toan hang hai. Cdch tiép cdn dwoc
xay dung dwa trén viéc tich hop dir liéu Hé théng
nhdn dang tw dong (AIS) va thong tin hai van - khi
twong (metocean) dé mé phong diéu kién hoat
dong thuc té. Mirc tiéu hao nhién liéu dwoc wéc
leong tiv quan hé giita toc do, luc can thiy dong
va diéu kién méi trwong, trong khi riii ro hang hdi
dwoc danh gia dwa trén mdt do giao thong va khu
viee nguy hiém. Bai todn t8i wu da muc tiéu dwoc
gidi bang thudt todn di truyén khong troi NSGA-
11, cho phép tim ra tdp nghiém Pareto thé hién sy
ddnh doi giita thoi gian hanh trinh, tiéu thy nhién
liéu va muc do rui ro. Nghién cuu duoc kiém
chung trén kich ban mo phong tau hanh hadi qua
Iuéng Hdi Phong, cho thdy mé hinh cé thé dé xudt
cde 19 trinh thay thé véi chi phi nhién liéu giam
ddng ké ma van duy tri mirc an toan cao. Két qua
g6p phan cung cdp cong cu hé tro ra quyét dinh
cho sy quan diéu khién tau bién va quan Iy giao
théng bién.

Tir khéa: 76i uu 16 trinh, NSGA-1L, tiéu thu nhién
liéu, an todrf hang hai, dir liéu AIS, dir liéu
metocean, luong Hai Phong.

Abstract

This paper proposes a ship route optimization
model that simultaneously —minimizes fuel
consumption and ensures maritime safety. The
approach integrates Automatic Identification
System (ALS) data with metocean information to
simulate realistic operating conditions. Fuel

consumption is estimated from the relationship

between vessel speed, hydrodynamic resistance,
and environmental conditions, while maritime
risk is assessed based on traffic density and
hazardous zones. The multi-objective optimization
problem is solved using the Non-dominated
Sorting Genetic Algorithm II (NSGA-II), yielding
a Pareto set that represents trade-offs between
voyage time, fuel consumption, and risk level. The
proposed method is validated through a simulated
scenario of a cargo vessel navigating the Hai
Phong channel, demonstrating its capability to
suggest alternative routes that significantly
reduce fuel costs while maintaining high safety
standards. The results provide a valuable
decision-support tool for bridge officers and
operational managers.

Keywords: Route optimization, NSGA-II, fuel

consumption, maritime safety, ALS data, metocean
data, Hai Phong channels.

1. Pat vin dé

Sy gia tang luu lwong tau thuyén tai cac ludng
hang hai quan trong, dac biét & khu vyc cura bién va
cang bién, dit ra thach thirc 16n ddi vai cong tac bao
dam an toan hang hai. Ludng Hai Phong 1a mot trong
nhiing tuyén vén tai bién quan trong nhit & mién Béc
Viét Nam, v6i mat do tau day dic va diéu kién thiy
van, khi tugng phuc tap. Trong moéi truong hoat dong
nay, nguy co va cham tau luén tiém 4n, dic biét khi
tam nhin han ché, dong chay manh hodc khi tau vén
hanh & téc do cao trong khong gian han ché.

Hé théng nhan dang ty dong (AIS) da tré thanh
cong cu tidu chudn toan cau trong giam sat giao thong
hang hai, cung cap dit liéu lién tuc vé vi tri, toc do va
huéng di ctia tau. Tuy nhién, dit liéu AIS thudn tay
chwa phan anh day du cac yéu to moi truong nhu song,
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gi6 va dong chay, vn anh huong dang ké dén quy dao
di chuyén va kha nang diéu dong cua tau. Dit liéu hai
van - khi tugng (metocean) ¢ thé bd sung thong tin
nay, giip nang cao d¢ chinh xac trong mo6 phong va
du bao nguy co va cham. Viéc tich hop dir licu AIS va
metocean cho phép tinh todn khoang cach tiép can gan
nhéit (CPA) va thoi gian tGi CPA (TCPA) mot cach sat

thuc té hon, tir 6 phat hién sém tinh hudng nguy hiém.

Tinh dén thoi diém hién tai, trén thé gidi, mot sd
nghién ciru hudng t6i muc tiéu téi wu thoi gian hanh
trinh hay giam thiéu tiéu hao nhién liéu [4], [5], c6 sit
dung thuét toan tién hoéa NSGA-II cho muc tiéu do
trén viing bién rong 16n [3], tich hop vao ECDIS [2],
hay tan dung dit liéu AIS cho tinh toan tbi uu tuyén
duong [6], tinh t6i ca cac diéu kién khi tuong thiy vin
[1], [7]. Tuy nhién, chua c6 nghién ctru cong bd nao
ké ca tai Viét Nam hay trén thé gidi két hop tdi wu hoa
da muc tiéu vira giam ti€u hao nhién li¢u vira nang cao
an toan hang hai va duoc trién khai trong pham vi nho
nhu khu vuc 1u6ng Hai Phong, dac biét st dung div
lidu AIS két hop metocean va giai bang thuat toan tién
hoa NSGA-II.

1 Thu thap di liéw AILS va hai van
khu vuye luong Hai Phong
A\ J
s : : A
2 Tién xir Iv: Dong bo thév gian,
L nol suy gia tri metocean tai vi tri tau
=
3 Xev dimg md hinh tinh nhién liéu
tir toc do va diéu kién méi tnromg
4 Xéiy dwng mé hinh riii vo
tir mét do giao thing va CPA/TCPA
- -
5 Téi wen héa bang NSGA-IT

tim tip nghiém Pareto

=
6 Phdn tich danh dai gitta nhién liéu va an toan
dé chon tyeén ton

Hinh 1. Ly thuyét thue hién nghién civu
(giai doan 2015-2024)

2. Co s 1y thuyét va phwong phap nghién ciru
2.1. Quy trinh thwc hi¢n nghién ciru

Ly thuyét quy trinh thuc hién nghién ctru dwoc thé
hién trong Hinh 1.

Cu thé, nghién ciru duoc thyc hién theo 6 budc
chinh: Pau tién, thu thdp dit li€u AIS va hai van
(metocean) khu vyuc khao sat. Sau dé, thuc hién tién
xtr Iy gdm 2 thao tac chinh 1a dong bo thoi gian cac
tau tai khu vuc dé co duge ban dd mat do 2D déng
nhit va ndi suy gia tri metocean tuong Ung tai vi tri
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mdi tau. Budce thir ba, XAy dung mo hinh tinh nhién
lidu tir tbe d6 va diéu kién méi trudong tuong tmg, mod
hinh xtr 1y nay s& cho ra két qua tiéu hao nhién ligu tir
cong thirc (3). Pong thoi, budc thir tu 1a xay dung mo
hinh i ro tor mat d¢ giao thong va CPA/TCPA chu
yéu da duoc mo ta theo cong thirc (4). Sau khi da co
gia tri tiéu hao nhién li€u va rui ro twong ng, budc
tiép theo 1a ti wu hoa bang NSGA-II dé tim tap
nghiém Pareto thé hién cac két qua phu hop trude khi
dua ra két qua t6i uu nhat. Cudi ciing 1a phén tich danh
d6i gitra nhién lidu va an toan dé chon tuyén ti wu.
2.2. M6 hinh tiéu hao nhién li¢u

Mtrc tiéu thy nhién li€u cua tau thuong duoc udc
lwong thong qua mdi quan hé giita tdc d6 hanh trinh,
luc can va cong sudt may chinh. Tong luc can Rypeq
clia tau trong didu kién méi trudng dugc tinh theo
cong thire (1) sau:

Reotar = Rearm + Rwina + Rwave + Reurrene (1)

Trong do:

Reqim: Luc can trong diéu kién nuéc ling, ham
theo tdc do tau V.

Ryinas Rwave> Reurrene: Cac thanh phan lyc can
bd sung do gi6, song va dong chay, tinh tir dir liéu
metocean.

Cong suét yéu cu Preq dé duy tri tc @6 V duoc
xac dinh bdi cong thie (2):

Reotal*V
Prgq = otat @

V6i 14 hiéu suét truyén dong.
Luong nhién li¢u tiéu thu trong quang duong d
dugc tinh theo cong thuc (3):

Preq*t*SFOC

1000 (3)

Trong d6 SFOC (Specific Fuel Oil Consumption)
la murc tiéu hao nhién li€u riéng (g/kWh).
2.3. M6 hinh rui ro hang hdi

Rui ro hang hai trong nghién clru nay duoc dinh

Fuel =

luong dya trén méat d¢ giao thong va nguy co va cham,
trong do:

- Mat d6 giao thong (Traffic Density): Tinh tir dir
liéu AIS bang cach chia ving nghién ctru thanh luéi
(grid) va dém s6 1an tau xuét hién trong mdi 6.

- Nguy co va cham (Collision Risk): X4c dinh tur
chi s6 CPA/TCPA giira cac tau; rui ro ting khi CPA
nho hon ngudng an toan va TCPA nhd hon thoéi gian
phan tmg tdi thiéu.

Chi s rui ro téng hop:
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Risk Index = Wy * fuensity + Wo * f cra (4)
TCPA

Vi wy, ws 14 trong s6 phan anh tim quan trong cta
ting yéu t6.
2.4. Bai todn t6i wu da muc tiéu
Bai toan dugc mo hinh héa véi hai ham muc tiéu
chinh:
min F; = Fuel(Route) (5)
min F, = Risk(Route) (6)
Céc diéu kién rang budc dé dam bao viéc tinh todn
la dam bdo khong vuot qua cac gidi han an toan:
Route € Tép cac tuyén kha thi @)
Vmin sV< Vmax (8)
CPA = Ds4pe 9
2.5. Thudt toan NSGA-I1
Mot ca thé x duoc bidu didn boi toa do cac
waypoint trung gian:
X = (X1, Y1, X2, Y2, X3, Y3, wees Xy V)
tao thanh tuyén duong P(x) tir diém xuét phat dén
diém dich [8].
Hai ham muc tiéu:
1) Tiéu hao nhién li¢u (F1)
Cong suét thuy dong dugc udce lugng theo quan hé:
P VS, (10)
Trong d6 V&, 1a vén tc tau so voi nudce, a thuong
nim trong khoang 2.5 dén 3.5.
Nhién liéu tiéu thu doc myén:

— L;
Fi(x) =Z§Z11Pi-? (11)

Véi L; 1a d6 dai doan, V,; =V, +u;.€; 1a toc
d6 thuc dia (SOG), u; la vector dong chay, e; la
vector don vi theo hudng doan.

2) Rui ro hang hdi (F2)

Dung KDE véi hat nhan Gaussian:

2
p(P) = Xk exp (—M> (12)

202
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Trong d6 p; latoadd diém mat do cao, o 1a tham
s tron.
Rui ro tich ldy:
Fy(x) = X1 i Ly
Véi p, 1a mat d6 trung binh trén doan .

(13)

Phan loai khong tri (Non-dominated sorting)
Mot nghiém x“ khong bi trdi boi x” néu:
{VJ'J'}(X“) < F(x") )
3k: F,(x%) < F(x?)

Tap nghiém khong troi cip 1 (Pareto front) gom
céc ca thé khong bi troi boi bat ky ca thé nao khéac
trong quan thé. Thuat toan lap lai viéc phan tang (front
1, front 2,...) cho dén khi xép hang toan bo ca thé [8].

Cubi cung 1a chon loc va bao toan (elitism), cé thé
dugc chon dua trén tht hang front va khoang cach
dam dong (crowding distance) dé duy tri da dang [8].
Két qua sau khi tinh todn véi thuat toan NSGA-II
dugc mo ta vi du trong Hinh 2.

Minh hoa Pareto Front trong téi uu da muc tiéu (NSGA-I1)

1.0} X x %  (Ca thé trong quén thé
% —e— Pareto Front (Non-dominated)
o x x
E x
x
£ 09F X %
2 x X x x x
5 x x X X
3
= X x
v 0.8 X
E x
2 ox .
a
2 R
r;v 0.7
x x
= x x x
2 x X
2
506 *
= x
&
x X ®
x X
0.5
0.5 0.6 0.7 0.8 0.9 10

F1: Nhién liéu (Fuel Consumption, chuédn héa)

Hinh 2. Vi du minh hoa két qud ciia Pareto Front
trong toi wu da muc tiéu

3. Dir liéu va kich béan tinh toan mé phéng
3.1. Pham vi nghién ciru mé phong

Khu vuc ludng hang hai Hai Phong dugc chon 1am
ving thir nghiém dwoc mé ta nhu Hinh 3. Cu thé:

Bdng 1. Thong tin dé ligu AIS theo ddi va thu thdp ciia méi tau

MMSI Timestamp Latitude | Longitude SOG COG Heading NavStatus
100000001 | 8/12/20250:00 | 20.76951 106.8116 | 9.385548 | 53.51521 | 53.51521 Under way
100000001 | 8/12/20250:01 | 20.77106 106.8139 | 9.605253 | 54.1219 54.1219 Under way
100000001 | 8/12/20250:02 | 20.77263 106.8162 | 9.730097 | 51.24541 | 51.24541 Under way
100000001 | 8/12/20250:03 | 20.77432 106.8185 10.01204 | 53.24007 | 53.24007 Under way
100000001 | 8/12/20250:04 | 20.77598 106.8208 | 9.839446 | 51.33101 | 51.33101 Under way
100000001 | 8/12/20250:05 | 20.77769 106.8231 | 9.649489 | 50.15647 | 50.15647 Under way
100000001 | 8/12/20250:06 | 20.77941 106.8253 | 9.664343 | 49.74814 | 49.74814 Under way
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Hinh 3. Khu vaec béi canh lugng Hdi Phong
ap dung mo phéng

Gi61 han toa d0:

- Vi do: 20,68 do Bic dén 20,88 d6 Bic;

- Kinh d: 106,75 Dong dén 107,05 d6 Dong.

Pic diém cua khu vuc: Cira vao luéng chinh, mat
dd tau cao, nhicu khuc cua, tic dong manh cua thuy
triéu va dong chay:.

3.2. Dir liéu AIS

Dir liéu AIS cung cap thong tin thoi gian thyuc vé
vi tri, toc 0, hudng va trang thai diéu hudng cia tau.

Trong nghién ctru, dir li€u AIS dugc thu thap tu
ngudn dit lidu cong khai va sir dung nhur ngudn dit liu
mo phong tai tao hanh vi tau trong khu vuc ludng Hai
Phong.

Thong tin AIS thu thap va st dung dugc mo ta
trong Bang 1, gdm cac thong tin dinh luong:

MMSI - M3 nhan dang tau; Thoi gian (UTC);

Toa do tau (Latitude, Longitude);

Téc d6 dbi véi mat dit - SOG (Speed Over
Ground);

Huéng di chuyén - COG (Course Over Ground);

Hudng mii tau - Heading;

Trang thai tau - Navigation Status.

Dir liéu nay dugc dung dé xac dinh mat do giao
thong, tinh CPA/TCPA va phuc vu mo6 hinh tinh toan
rui ro xay ra va cham.

3.3. Dir liéu metocean

Dit li¢u metocean dugc st dung dé mo ta dicu kién

moi trudng tac dong dén luc can va tidu hao nhién liéu.

Céc thong sb chinh gom:
1) Gié: Téc do, hudng.

2) S6ng: Chiéu cao song, chu ky song, huéng song.

3) Dong chay bé mit: Téc do, hudng.
Ngudn dit liéu c6 thé tir nhidu ngudn nhu: M6 hinh
hai duong toan cau (HYCOM, Copernicus Marine
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Service); tram quan tric hodc radar bién ven bo; hay
dir liéu mo6 phong cho thir nghiém.

Trong nghién ciru nay, tac gia st dung dit liu
metocean linh hoat tir nhitng ngudn khac nhau dé ap
dung cho nhiéu diéu kién mé phong khac nhau. Gid trj
cua metocean dugc ndi suy vé vi tri va thoi diém cua
ting ban ghi AIS dé tinh lyc can bo sung va diéu chinh
tdc d6 hiéu dung cua tau.

3.4. Thiét lgp kich bin mé phong

Muc tiéu ciia mo phong la danh gia hiéu qua cua
mo hinh ti vu hoa da muc tiéu trén cac diéu kién hoat
dong thuc té. Cac thong s6 kich ban gém:

i) Théng s6 tau chi: Tau container trong tai
14.000DWT (twong duong 1.020 TEU) dai 148m,
mon nude 6,2m, cong suat may chinh 4750kW, toc do
tai thoi diém bét dau tinh toan mo phong 1a 9,3knots.

i) S6 lwong tau: 2-6 tau di chuyén dong thoi.

iii) Thoi gian hanh trinh mé phong: 2-6 gio, du dé
phan 4nh bién dong méi truong.

iv) Luedi khéng gian: Ludng duoc chia thanh cac 6
ludi (grid) 0,01° x 0,01° dé tinh mat d6 tau va chi phi
nhién li¢u trén tirng doan.

v) Ma tran chi phi:

- Thanh phan 1: Chi phi nhién liéu (g/kWh) dua
trén luc can va tée do hiéu dung. Thong sb duoc truc
quan bang luong tiéu thy trong toan bd tuyén dudng
xéc dinh (don vi 1 Tan).

- Thanh ph?ln 2: Chi sb rai ro (0-1) dya trén mat do
AIS va CPA/TCPA.

v) Diéu kién rang bugc:

- Gi6i han téc d¢: 6-15 knots.

- Tranh ving nguy hiém (da ngam, khu neo dau,
khu vye cim).

vi) Pau ra mé phong:

05 Pareto Front: Nhién liéu vs Rui ro

« x  Giai phap Pareto
0451 T6i vu an toan
* Téi wu nhién ligu
04 % Tuyén cén bing
x
035
x
f=)
= x
5 03
- x
@
= 0251 x
o x
x
02 X ox
x
015 Xx =
x
0.1 * x
x X x o X x
0.05 . . L . . x
100 110 120 130 140 150 160

Tiéu thy nhién liéu (tan)

Hinh 4. Pareto Front dic trung khu vyc
civa luong Hdi Phong
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- Tap nghiém Pareto giita nhién li¢u va rui ro;

- Lo trinh 61 wu dé xut;

- Biéu dd danh dbi giira hai muc tiéu.

vii) Céng cu tinh todn mé phéng: Phin mém tinh
toan mo6 phong Matlab véi cac ham thuat toan tuong
g tich hop va dir liéu xay dung bo sung.

4. Két qua tinh toan va thao luin
4.1. Két qud téi wu héa da muc tiéu

M6 hinh NSGA-II dugc &p dung cho kich ban 2-6
tau di chuyén lién tuc trong ludng Hai Phong, v6i dit
lidu AIS va metocean mo phong trong 4 gid. Két qua
cho théy thuat toan hoi tu sau khoang 120 thé hé, thu
duogc tap nghiém Pareto biéu dién mdi quan h¢ danh
doi gitra tiéu thu nhién li€u va rii ro hang hai. Mot
truong hop cu thé dugc thé hién trong Hinh 4.

Tir két qua mé ta trong Hinh 4 cho thiy: Cac
nghiém & phia trai cta Pareto front uu tién tiét kiém
nhién liéu nhung chip nhén rui ro cao hon. Céc
nghiém ¢ phia phai uu tién an toan véi chi phi nhién
li¢u tang do tranh ving mat d tau cao hodc dong chay
b4t lgi. Va mot sé nghiém can bang (balanced
solutions) dat giam nhién li¢u khoang 12% so véi
tuyén ngan nhat, dong thoi giam rui ro tdi gan 25% so
véi tuyén tiét kiém nhién liéu tuyét doi.

Tuyén|dwong t6i wu tinh toan (trang)

216

214

21.2

21

20.8

20.6

20.4

20.2

20
106.2 1064 1066 106.8 |107

107.2| 1074 |107.6

Hinh 5. Tuyén dwong t6i wu ma mé hinh dé xudt

Biéu d6 Pareto ciing cho thiy quan hé phi tuyén
gitra hai muc tiéu: Gidm 5% nhién liéu thuong chi lam
tang rai ro tir 3 dén 4%. Tuy nhién, giam thém 10%
nhién liéu so v&i muc nay c6 thé 1am rai ro ting hon
15%, cho thiy ngudng danh d6i khong hiéu qua.
Nguoc lai, giam rui ro tir 25% xudng 10% so v&i mic
cao nhét doi hoi ting tiéu thy nhién liéu hon 20%.

4.2. Tinh todn 1§ trinh toi wu

Trong pham vi bai bao khong thé hién hét dwoc
toan bo thoi gian va két qua tinh toan nén tac gia lua

Ky thuat va Cong nghé Hang hai

L4 trinh téi wu - theo doan

20.8

2075}

Vidé (°N

207

- = = = Tuyén co s& (ngén nhit)
20.65 Ving mat d§ tau cao

Téi wu nhién ligu

Téi vu an toan
Tuyén can bing

20.6

106.75 106.8 106.85 106.9 106.95 107 107.05
Kinh d6 (°E)

Hinh 6. L$ trinh téi wu chi tiét theo doan

chon mot thdi diém ngiu nhién va diém dau (mau
xanh 14 cay) diém cudi (mau do) bat ky, véi cac diém
nhiéu mau sic dai dién cho dit liéu vi tri tau & cung
thoi diém va trang thai rii ro ciing nhu bi anh hudng
hai van cia mdi tau. M6 hinh tinh toan va xir Iy dua
ra tuyén dudng t6i vu nhu Hinh 5.

Két qua 16 trinh ti uu chi tiét theo timg doan bt
ky trong khu vuc bién it cit qua khu vuc giao thong
déng diic (ving mat do tau cao) dugc thé hién trong
Hinh 6 va gia tri thiét hai twong ung véi mdi tiéu chi
cling dugc thé hién trong Hinh 7. Theo do, véi viée
Iwa chon t6i wru riti ro (Ruii ro=0), xuat hién hai phuwong
4n tuong mg voi cac tiéu hao vé nhién liéu va thoi
gian theo tiéu chi an toan nhat (chim phai) va can
bang nhét (chdm phai).

Hinh 8 thé hién két qua thuc dia tuyén duong t6i
uu gilra 2 diém lua chon bat ky tai khu vuc 16i vao
ludng Hai Phong dugc mé hinh tinh toan va dé xuét.
Trong do6 khu vuc c6 ranh gidi mau do 1a khu vuc cod
mat d§ giao thong dong duc, phire tap.

Két qua tir nhitng ban db 16 trinh cho thay: Tuyén
t6i wu nhién lidu thudng di theo hudng thang hon, tan
dung dong chay xudi nhung cit qua khu vic c6 mat
d6 giao thong cao. Tuyén t6i wu an toan udn theo cac

Gia tri thiét hai véi méi tiéu chi
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Hinh 7. Gid tri thiét hai tinh todn twong irng voi

moi tiéu chi

SO 85 (01-2026)



Ky thuat va Cong nghé Hang hai

TAP CHi ISSN: 1859-316X, e-1SSN: 3093-3161

_ KHOA HOC CONG NGHE HANG HAI

9. % TRUNG BAN T6i vu nhién liéu
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Hinh 8. Két qua tinh todn thuc dia cdc tuyén dwong
twong wng

doan lu6ng rong, tranh khu neo ddu va ving méat do AIS
cao, nhung ting chiéu dai quing duong va thoi gian
hanh trinh. Tuyén can bang chon 16i di vira dii dé giam
rtii ro ma van giit chi phi nhién liéu & mirc hop ly.

4.3. Thdo lugn

Viéc tich hop dir liéu AIS va metocean gitip mo hinh
phan anh dung diéu kién hoat dong, dac biét 1a tic dong
ctia dong chay va gi6 toi ca nhién li¢u va rui ro.

Két qua chimg minh rang t6i wu hoa da muc tiéu
bang NSGA-II ¢6 thé tim ra cac 19 trinh kha thi ma
céc phuong phap don muc tiéu (quing duong ngan
nhét) thuong bé qua.

M6 hinh nay c6 thé tich hop truc tiép vao hé thong
hd trg ra quyét dinh cho sy quan diéu khién tau bién
hodc nhan vién VTS, cho phép lya chon phuong an
pht hop theo uu tién van hanh (an toan, kinh té, hay
nhanh chong,...).

Tuy nhién, nghién ctru méi thir nghiém véi dir li€u
mo phong va dir liéu AIS thuc té co thé chira sai sd vi
tri, khoang thoi gian cép nhat khong déu nén van con
ton tai sai s trong tinh toan va nhidu khi 4p dung.

5. Két luan

Bai bao da dé xuat xay dung mot mo hinh ti wu
hoa 10 trinh tau da muc tiéu dya trén di liéu AIS va
metocean, véi hai ti€u chi chinh: Giam tiéu thu nhién
liéu va nang cao an toan hang hai. M6 hinh tinh toan
nhién liéu dua trén luc can tong hop (gid, song, dong
chay) va mo6 hinh rui ro dya trén mat d giao thong
cung chi s6 CPA/TCPA. Thuit toan NSGA-II duoc sir
dung dé tim tap nghiém Pareto, cho phép phéan tich
danh d6i giita hai muc tiéu. Két qua mo phong tai
luéng Hai Phong cho théy:

- M6 hinh ¢ kha ning d& xuat cac 19 trinh can bang,
vira tiét kiém nhién lidu vira giam dang ké rui ro;

- So véi tuyén ngin nhét, 19 trinh t6i wu can bang
gitip giam khoang 12% nhién li¢u va giam gan 25%
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chi sb rui ro;

- Phuong phap phu hop dé tich hop vao cac hé
thdng hd trg quyét dinh hang hai, ddc biét & cac khu
vuc ludng hep va mat d¢ giao thong cao.
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