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Tém tit

Pdm bdo an todan hang hdi trong viing ven bién
va vimg nuwée han ché doi héi phdi cé phiong
phap danh gia nguy co dam va hiéu qua giira tau
va cdc bdo hiéu hang hai c6 dinh. Nghién citu
nay dp dung két hop cdc phwong phdp trieong thé
tiém nang va trwong thé tiém nang nhan tao dé
danh gia rui ro dam va giita tau va phao. M6
hinh nghién curu xem tau nhw mot thuc thé dong
chiu tac déng béi luc hdp dan hiedng vé tuyén
hanh trinh va lue ddy hii tir cdc phao, dong thoi
diéu chinh 16 trinh theo thoi gian thuc dé tranh
va cham. Cdc tham sé quan trong nhu téc dé tau,
khodng cach dén phao dwoc tich hop vio mé
hinh nham ndng cao do chinh xdc. Két qua mé
phong cho thdy phwong phép dé xudt c6 hiéu qua
trong viéc dw dodn nguy co dam va va dé xudt
tuyén dwong an toan. Nghién civu nay gép phan
vdo sw phat trién ciia hé thong hang hdi théng
minh va tau khéng nguwoi ldi, givp giam thiéu
nguy co dam va giita tau va phao trong cdc tuyén
hang hai dong duic.

Tiwr khoa: ]Yguy co ddam va, Trieong thé tiem nang,
Truong thé tiém nang nhadn tao, danh gid rui ro,
an toan hang hdi.

Abstract

Ensuring maritime safety in coastal and restricted
waters requires effective collision risk assessment
between vessels and fixed navigational aids such
as buoys. This study applies the combined
Potential Field Method and Artificial Potential
Field approach to evaluate the risk of ship-buoy
collisions. The research models vessels as
dynamic agents influenced by attractive forces
toward the intended route and repulsive forces
from buoys, applying real-time adjustments to
avoid collisions. Key parameters such as ship
speed, distance to buoys is incorporated into the

model to enhance accuracy. Simulation results
demonstrate the effectiveness of the proposed
method in predicting potential collisions and
suggesting safe maneuvering strategies. This
research contributes to the development of
intelligent navigation systems and autonomous
ship, reducing the risk of ship-buoy collisions in
congested waterways.

Keywords: Collision risk, Potential Field

Method,  Artificial Potential  Field, risk
assessment, maritime safety.

1. Mé dau

Viéc nghién ctru irng dung cho tau ty hanh khong
nguoi i da tré nén phd bién trong nhitng nim gan
day. So v6i cac hé thdng c6 ngudi l4i truyén thdng, tau
tu hanh mang lai nhiéu loi thé dang ké trong hoat dong
ctru ho hang hai va tham hiém dai duong. Tuy nhién,
can nhan thirc rang cac chudng ngai vat 1a khong thé
tranh khoi trén tuyén duong di chuyén cua tau. Khi
nhi€ém vu cia tau khong nguoi 1ai ngay cang trd nén
phtrc tap, nhu cau vé kha nang tranh chudéng ngai vét
hiéu qua ngay cang gia ting. Do d6, nghién ciru vé
diéu khién tranh chudng ngai vat cho tau ty hanh la
rat can thiét nham dam bao kha ning chuyén huéng
an toan cua chung.

Trong nhing nim gan day, vin dé nay da thu hat
su quan tim cua nhiéu nha nghién ctru [1-6]. Cac
phuong tién mat nudc khong nguoi lai dong vai tro
quan trong trong cac tmg dung hang hai, doi hdi cac
chién lugc dan duong va didu khién tién tién dé dam
bao kha ning di chuyén hiéu qua va an toan. Nhim
giai quyét thach thirc ciia viée theo ddi myc tiéu trong
diéu kién c6 chudng ngai vat, luat dan hudng ti 18 c6
d6 chéch két hop véi rang bude goc nhin, gitp tau duy
tri dinh hudng chinh xac vé phia muc tiéu vao thoi
diém cudi cung [7]. Mot hé thdng didu khién phan cép
duoc gidi thiéu nhdm nang cao kha ning co dong va
tranh va cham cua tau [8]. Tai Viét Nam, cac nghién
ctru hién nay tap trung chi yéu vé phuong phap diéu
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khién theo doi quy dao va kiém soat hudéng di chuyén
cua tau ty hanh trén mat nudce [9, 10].

Phuong phap truong thé tiém ning (Potential Field
Method - PFM) 1a mdt trong nhiing k§ thuat phd bién
duogc su dung dé didu dong va tranh va cham trong
mdi hang hai [11, 12]. Trong khi d6, phuong phéap
truong thé nhén tao (Artificial Potential Field - APF)
sir dung cac ham thé phi tuyén dé mé ta truong luc
quanh chudng ngai vat, gitip cai thién kha nang tranh
va va chuyén huéng an toan hon [13, 14]. Ca PFM va
APF déu duoc sir dung trong nhiéu tng dung hang hai
hién dai, dac biét la:

- Piéu dong tau ty hanh tranh va cham trong moéi
trudong c6 mat dd chudng ngai vat cao;

- Ung dung trong viéc diéu dong trén bién.

Nhin chung, PFM va APF déu déng vai tro quan
trong, gitip nang cao hiéu suat va dam bao an toan cho
tau trong moi truong hang hai phure tap.

Trong nghién ctru nay, thudt toan cho tau tranh va
tu dong véi chudng ngai vét tinh bao gém nhiéu
phuong 4n dugc dé xuat. Trudc tién, phuong phap
APF duoc ap dung dé xay dung truong xac suat rii ro
quang chudng ngai vat tai Muc 2. Sau d6 két hop
truong lyc nhan tao dé tinh toan quy dao tranh chudng
ngai vat trong thoi gian thue, giup khic phuc hidu qua
cac thach thue do chudng ngai vat gay ra tai Muc 3.
Muc 4 cung cép mdt md phdng dugc thuc hién dé
chimg minh tinh hiéu qua ciia phuong phap dé xuat.
Cubi cung Muc 5 duara két luan cua bai bao.

2. Xay dung truwdng xac suit rii ro quanh
chwdéng ngai vat tinh trén bién

Trong mot tap hop diém thudc khong gian 2D, mdi
diém s& c6 mot tac dong téi cac diém lan can xung
quanh. Mérc d6 anh huéng nay c6 thé dugc md ta
thong qua mot ham toan hoc. Ham nay s€ xac dinh
murc d6 anh hudng cua diém d6 dbi véi cac diém khac
trong khong gian.

Tuong ty trong moi treong hang hai, cac chudng
ngai vat tinh nhu phao bdo hi¢u dong vai trd quan
trong trong viéc dinh huéng va ddm bao an toan hang
hai. Khi mot tau di chuyén trong ving nudc ¢ cic
chuéng ngai vét nay, nguy co va cham s& ting 1én néu
khong c6 bién phap diéu dong thich hop. Dé mé ta tac
dong cua cac chudng ngai vat tinh dbi véi tau, co thé
sir dung phuong phap trudng thé nhan tao (Artificial
Potential Field - APF). Mdi chudng ngai vt tinh dugc
xem nhu mot ngudn tao ra trudng thé ddy, co cudng
d6 giam dan theo khoang cach. Khi tau tién lai gan
chudng ngai vat, gia tri truong thé ting 1én, phan anh
mitrc do rui ro gia tang. Tau cd xu hudng tranh nhiing
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viing ¢6 trudng thé cao dé dam bao an toan. Ham thé
déy thuong dugc biéu didn dudi dang ham mii hodc
ham nghich dao cua khoang cach, giip mé ta muc do
tac dong cua chudng ngai vat 1én quy dao di chuyén
clia tau. Bang cach st dung APF dé mé hinh hoa tac
dong ciia chudng ngai vat, co thé thiét 1ap cac thuét
toan diéu dong giup tau tranh va cham mot cach tu
dong, t6i wu hoa hanh trinh trong moi trudng bién
phirc tap.

Truong thé nang nhan tao cua chudng ngai vat tinh
trén tau duoc mo ta bang cong thirc sau:

Fops = € Pobsl0=%obs)*+(y=vops)?] (1)

Trong do:

fons: Gid tri truong thé nang ciia chudng ngai vat;

(x,y): Vi tri hién tai cta tau;

(Xobs, Vobs): V1 tri chudng ngai vat;

Bovs: Hé sb diéu chinh téc d6 suy giam cua truong
thé ctia chudng ngai vat;

Gia tri B,»s cang 16n thi £, s& bién mat cang nhanh.
Khi vi tri tau trung véi vi tri cia chudng ngai vét, thé
nang s€ dat gia tri cuc dai la 1. Khoang cach giira tau
va chuéng ngai vat diém cang 16n thi tic dong cia
chudng ngai vét cang nho. Tac dong nay tién t6i 0 &
nhiing noi xa chudng ngai vat.

Artificial Potential Field Contour for a Buoy
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Hinh 1. Truwong thé ning ciia phao

Hinh 1 mé ta trudng thé ning ciia mot phao c6 kich
thudc 3m. Khi tau ¢ xa phao (>50m), gid tri truong
thé nang rat nho, gan bang 0. Tau c6 thé di chuyén ma
khong gap nguy co va cham véi phao, gia tri rii ro
thap. Khi tau tiép can phao (30m - 50m), truong thé
ning bat dau tang nhe (<0,2), nhung rui ro va cham
van rat thap. Tau c6 thé tiép tuc hanh trinh ma khong
can thay ddi 16 trinh, trir khi c6 yéu t6 tac dong khac
(gi6, dong chay, tau khac). Giai doan nay thich hop dé
dua ra canh bao nhe vé khoang cach an toan. Khi tau
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dén gan phao (10m - 30m), trudng thé ting dang ké
(0,2 - 0,5), phan anh mirc d6 nguy hiém gia ting. Tau
c6 thé gdp khoé khin trong viéce tranh phao néu khong
¢6 su diéu chinh kip thoi, can diéu dong dé tranh di
thang vao chudng ngai vat. Khi tau dén rat gin phao
(3m - 10m), truong thé nang dat muc cao (0,5 - 0,9),
canh bao nguy co va cham déng ké. Néu tau tiép tuc
di theo huéng nay ma khong diéu chinh, kha ning va
cham 1a rat lon. Hé théng canh bao nén phat tin hiéu
manh dé budc tau phai diéu chinh huéng ngay 1ap tuc.
Khi khoang cach tir tau dén chuéng ngai vat nhé hon
3m, truong thé dat mutrc cuc dai, phan anh rdi ro va
cham chéc chin.

Nhu vay, khi tau cang tién gan phao, gia tri fos
cang cao, rai ro va cham cang 16n. Viéc danh gia rui
ro dya trén gia tri fop 6 thé gitip sy quan hang hai
hodc hé théng tranh va ty dong dua ra quyét dinh sém
dé dam bao an toan hang hai.

3. Xay dung phwong phap tw dong tranh
chwdng ngai vit tinh cho tau

Khi tau can di chuyén tir vi tri ban dau dén mot
diém batky, né c6 thé s& phai tranh va véi cac chudng
ngai vat tinh (vi du: Bao hiéu hang hai,...). Trong
nghién ciru nay, phuong phap truong thé tiém ning
(PEM - Potential Field Method) dugc str dung dé diéu
khién tau mot cach ty dong bang cach gia dinh rang:

- Muyc tiéu (Goal) dong vai trd nhu mot diém hut
tao ra lyc hap dan kéo tau vé phia no.

- Chudng ngai vat (Obstacle) tao ra mot lyc day,
khién tau tranh xa khoi né.

Bing cach két hop hai lyc nay, co thé lap hanh
trinh cho tau tranh dugc chudng ngai vat ma van tién
vé phia muc tiéu.

3.1. Xay dung phwong phdp tw dong tranh
chwong ngai vit cho tau bang PFM

Hé théng hoat dong dua trén sy can b.'?mg gitra luc
hép dan va lyc ddy. Luc hép dan duogc tao ra tir muc
tiéu mong muén, tue 1a diém dén hodc 10 trinh cua tau.
Luc nay c6 tac dung kéo tau vé hudng muyc ti€u. Lyc
dédy xudt phat tir cac chudéng ngai vat nhu phao, bd
bién hoic tau khac. Luc nay c6 tac dung day tau ra xa
khoi viing nguy hiém.

Téng hop 2 loai lyc nay s€ gitp tau tim dugc mot
16 trinh t6i wu dé tién t6i dich ma khong va cham véi
chudng ngai vat.

(a) Luec hap dan huéng vé muc tiéu

Luc hép dan (F.,) giup tau tién vé dich dwoc xéac
dinh theo cong thirc:
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q —-q
Fate = Kaee "qzzz_q” )
Trong do:

kan: Hé s0 luc hap dan, kiém soat mirc do manh
yeu cua luc nay;

g: Vi tri hién tai cia tau;
Ggoar: V1 tri muc tiéu;
/lqzoai-q //- Khoang céch tir tau dén muyc tiéu.

Lyc nay ludn huéng vé myc tiéu, dam bao tau
khong bi 1éch khéi quy dao can thiét.

(b) Luec day tranh chuwéng ngai vit

Khi tau & gan chudng ngai vat (phao), mot luc dy
(Fep) & xuét hién dé day tau ra xa khoi nguy co va
cham. Lyc nay c6 cong thirc:
1

1 q—qp
D —F—> )
dbuoy dbuoy

1
F;“ep - krep (dbuoy - do

Trong do:

krep: HE s6 lyc ddy, quy dinh mtc d6 anh hudéng
cua chudng ngai vat;

dpuoy: Khoang céch tir tau dén phao;

do: Khoang céach an tc\>ém t6i thiéu. Néu tau cach
phao xa hon do, lyc day bang 0;

Qbuoy: V1 tri cua phao;

(G-Qbuoy)/Apuoy: Véc to don vi chi hudng tir phao dén tau.

Luc déy 6 dic diém:

Khi tau ¢ xa phao, luc ddy khong cé tac dung.

Khi tau dén gan phao, luc ddy ting nhanh dé day
tau tranh xa.

(¢) Tong hop luc va cdp nhdt vi tri

Luc téng hop tac dong 1én tau:

Fiotal = Fate + Frep 4

Dua trén lyc tong hop nay, tau di chuyén mot bude
nho theo hudng cla Fioar:

nXFtotal

Qnew = q+ (@)

IFtotaill

n: Budc tién cua tau trong mdi 1an cép nhét.

JIF oatl/: Chudn hoa dé dam bao tau ludn di chuyén
v6i mot van tée dn dinh.

Tau tiép tuc cap nhat vi tri theo cong thirc trén cho
dén khi dén gan muc tiéu (khoang cach nho hon 10m)
hodc khi dat gidi han budce tinh toan.

Trong phuong phap nay, khoang cach an toan dy
va cac hé s katt, k., 1a cac yéu t6 quan trong quyét
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dinh hi€u qua tranh va. Vi vay, lua chon khoang cach
an toan hop 1y dé dam bao hiéu suat di chuyén ciing
nhu diéu chinh hé s6 dé tau khong bi méc ket phu
thudc vao diéu kién thuc té (kich thudc tau, toe do,
khoang cach dén muc tiéu).

- Khi khoang cach nho thi quing dudng di s& ngén
nhat, it tbn nhién liéu, tuy nhién lyc hap dan cé thé
khong di manh dé kéo tau ra khoéi vang anh hudng
cuia lyc ddy, dan dén tau d& bi méc ket.

- Khi khoang cach an toan trung binh s€ dam bao
tranh chudéng ngai vat ma khong lam tdng quang
dudng qua mire. Bé 1am duogc viée ndy can tinh chinh
hé s6 lyc dé dam bao khong bi 1éch hudng qua xa.

- Khi khoang cach an toan 16n, viéc tranh va véi
chuéng ngai vat duge dam béo an toan cao nhét. Diéu
nay s& dan dén ton nhién liéu va thoi gian hon do phai
di chuyén quang dudng dai hon.

3.2. Mo phong danh gia PFM cho tau tw dong
tranh chwdng ngai vit

Mot con tau dai 100m di chuyén tir vi tri ban du
dén muc tiéu, nhung trén duong di, n6 phai tranh mot
phao ndm trén tuyén duong thing gitra hai diém. Muc
tiéu 1a dam bao tau c6 thé di qua phao véi mot khoang
céch an toan tdi thiéu (10m, 30m, 50m), sau do tiép
tuc di chuyén dén muc tiéu cudi cung.

Céc thong sb thir nghiém:

Tau xuét phat tir: (0,0);

Muc ti€u ¢ vi tri: (800,0);

Phao chuéng ngai vat dat tai: (300,0).

Diém bt ddu tranh va khac nhau cho ting khoang
céch an toan. Phuong phap PFM duoc ap dung dé quy
dao dam bao tau di qua phao v6i khoang cach an toan
va tiép tuc hanh trinh sau khi vuot qua phao dam bao
quay lai quy dao huéng dén muc tiéu. Két qua mo
phong cho tau tranh phao theo cac khoang cach an
toan khac nhau dugc mo ta & Hinh 2.

‘Ship Navigation Using PFM
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Hinh 2. Tau tranh phao theo cdc khodng cach an
toan khdc nhau
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Tau bét dau chuyén hudng tai cac vi tri khac nhau,
tuy thudc vao khodng cich an toan da chon. Trudong
hop tranh va 10m ¢6 quy dao hep nhat, tau bé 1ai gip
gan phao rdi nhanh chong quay lai huéng muc tiéu.
Quy dao tranh va 10m nay cé rui ro cao hon do tau
phai diéu chinh hudng gip khi tiép can phao, dé gay
mét 6n dinh. Truong hop tranh va 30m c6 quy dao
rong hon, tau bat dau chuyén hudéng sém hon va c6
duong cong muot hon khi di qua phao. Quy dao tranh
va 30m c6 su can bang t6t nhét, giup tau chuyén
huéng ém 4i ma van giit duoc khoang cach an toan
hop 1y. Truong hop tranh va 50m c6 quy dao rong nht,
tau chuyén hudng tir xa, tao mot vong tranh rat 1on
trude khi quay lai huong muc ti€u. Quy dao tranh va
50m tiéu ton nhiéu quing duong hon, 1am ting tong
hanh trinh nhung dam béo tranh xa ving nguy hiém.

Tong quing duong di chuyén ting dan theo
khoang cach tranh va, véi 50m c6 quang duong dai
nhit va 10m ngén nhit. Sau khi vuot qua phao, tau
quay lai huéng di vé muc tiéu theo mot dudng cong
hop 1y, khong bi 1éch qua xa.
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Hinh 3. Cac lyc trong qud trinh tau hanh trinh theo
cdc khodng cach an toan khdc nhau

Hinh 3 so sanh cac luc trong qué trinh tau hanh
trinh theo cac phuong an tranh phao dua trén khoang
cach an toan. Két qua cho théy, luc hut (F..) trong ca
3 truong hop déu twong tw nhau, giit tau huéng vé muc
tiéu, nhung giam dan khi tau dén gan dich. Luc day
(Frp) xuét hién khi tau tién vao ving tranh va, véi
cuong do cao nhét khi tau & gan phao. Trong trudng
hop tranh va 10m c6 lyc day 16n nhat do tau can diéu
chinh huéng manh hon dé duy tri khoang cach t6i
thiéu, truong hop tranh va 30m c6 lyc diy thap hon vi
tau co thé bé l4i tir xa ma khong can didu chinh gp va
truong hop tranh va 50m co luc ddy nho nhét, vi tau
da thay d6i hudng tir rat sém, giam nguy co tiép can
phao qua gan. Thoi gian xuat hién lyc day khac nhau,
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v6i khoang tranh va xa hon thi lyc day xuat hién som
hon va bién mat cham hon. Téng luc tac dong (Fiotar)
trong truong hop tranh va 10m c6 bién d6 dao dong
16n hon do luc déy manh. Lyuc hiat va luc déy can bf?mg
nhau trong suét hanh trinh, dam bao tau khong bi day
qué xa khoi tuyén duong du kién. Hiéu qua tranh va
tdt nhét dat duge khi ¢6 su diéu chinh hop 1y gitta
khoang céach tranh va va mtrc dg luc dé‘iy. Toéom lai,
phuong an tranh va 30m c6 sy can bang tot nhat giira
luc hut va luc ddy, gitp tau diéu dong chuyén huéng
muot ma nhét.

4. Mé phong danh gia

Viée két hop 2 phuong phap PFM va APF sé&
gitip t6i ru hoa qué trinh diéu dong tau dé tranh phao
mot cach an toan va hi¢u qua. Trong md hinh nay, APF
duoc sir dung dé xay dung mot truong thé ning xung
quanh phao, m6 phong tac dong céan tré cua chudng
ngai vét tinh. Truong thé nay giam dan tir tim phao ra
bén ngoai, tao thanh cac duong contour thé hién murc
d6 anh hudng khac nhau. Cac duong contour c6 gia
tri cao gén phao hon, biéu thi khu vuc ¢6 rui ro va
cham cao, trong khi gia tri thip hon & xa, cho thiy
mirc d6 anh hudng giam dan.

Khi tau di chuyén vé phia muc tiéu, PFM duogc su
dung dé tinh toan luc téng hop tac dong 1én tau, gdbm
luc hép din huéng vé& muc tiéu va lyc diy tir phao dwa
trén APE. Thay vi tranh phao theo mot khoang cach ¢
dinh, tau s& chuyén hudng theo cac duong contour xac
dinh trude cua APF (vidu: 0,9, 0,5 hoac 0,2) (nhu Hinh
4). Khi tau tiép can ving c6 anh hudng cia phao, luc
ddy tir APF s& dan ting 1én, budc tau phai thay dbi
huéng di chuyén dé giit nguyén trén duong contour
mong mudn, tir d6 duy tri khoang cach an toan pht hop.
100, Ship Navigation Using PFM with AFM-based Contour Avoidance
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Hinh 4. Tau tranh phao theo cdac dwong contour co

gid tri khdac nhau
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Su két hop nay gitp tao ra mot 16 trinh tranh phao
chii dong hon, han ché cac thay dbi goc 1ai dot ngot
va tranh nhitng qu¥ dao khong t6i uu. Néu chi st dung
PFM vé6i mét lyc ddy don gian, tau c6 thé gip tinh
trang thay d6i huéng manh khi vao gan phao, giy mat
6n dinh. Nho sy két hop ciia ca 2 phuong phap, tau c6
thé tu dong diéu chinh quy dao hgp ly, vira dam bao
tranh chudng ngai vat, vira toi uu hoa thoi gian hanh
trinh va nhién liéu tiéu thu.

Hinh 5 so sanh céc luc trong qué trinh tau hanh
trinh theo cac phuong an tranh phao dua trén céac
duong contour. Két qua thu duoc tir 3 biéu d6 cho thy
lyc hit (dwong mau xanh) ludn huéng vé muyc tidu va
¢6 cuong do twong ddi on dinh, trong khi lyc day
(dudng mau do) bién thién manh khi tau dén gan phao.
Ving mau d6 t6 dam trén biéu d6 nhin manh khoang
thoi gian luc déy chi phdi, cho thdy anh hudng cua
phao 1én hudng di cua tau.

Force Comparison for Contour Level 0.9
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Hinh 5. Cac lyc trong qud trinh tau hanh trinh theo

cdc dwong contour co gid tri khdc nhau

Trong 3 phuong an tranh phao theo cac duong
contour 0,9, 0,5 va 0,2, lyc tac dong 1én tau co sy
khac biét rd rét, anh huong dén quy dao di chuyén,
muc d6 an toan va hiéu suit van hanh. Khi tau di
chuyén theo contour 0,9, luc déy tur phao 1a 16n nhat,
khién tau tranh phao tir rat xa. Diéu nay dam bao mirc
d6 an toan cao nhét, gan nhu loai bé hoan toan nguy
co va cham. Tuy nhién, do hanh trinh bi kéo dai dang
ké, lyc hap din huéng dén muc tiéu giam di, dan dén
tiéu hao nhién liéu 16n hon va thoi gian di chuyén l1au
hon.

O mirc contour 0,5, luc day tir phao van di manh
dé tau tranh mot khoang cach an toan, nhung khong
qua xa nhu contour 0,9. Luc hip din va luc day tur
phao dat trang thai can bang hop 1y, gitp tau duy tri
mot quy dao di chuyén t6i wu gitra an toan va hiéu
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suét. Hanh trinh cta tau nge“in hon so véi contour 0,9,
tiét kiém nhién liéu hon, nhung van ton tai ri ro va
cham nho néu tau chiu tac dong tir song gid hoac co
sai léch trong diéu khién.

Cudi cung, khi tau tranh theo contour 0,2, luc déy
tir phao 1a nho nhét, khién tau di chuyén rat gn véi
phao. Khi do, luc hép dan vé muc tiéu chiém wu thé,
gitip rat ngén hanh trinh déng ké, tiét kiém nhién liéu
tdi da. Tuy nhién, do khoang cach giita tau va phao
rat ngén, nguy co va cham tang cao, déc biét khi tau
chiu anh hudng cia dong chay, song gid hodc cb sai
léch nho trong chuyén huéng. Phuong 4n nay phu
hop trong diéu kién bién lang va khi can t6i uvu hoa
thoi gian hanh trinh, nhung khong dam bao an toan
tuyét doi.

Toém lai, viéc lya chon contour tranh phao phu
hop can can nhic gitta mirc d6 an toan va hiéu suét
hanh trinh. Néu uu tién an toan, contour 0,9 1a lya
chon t6i uu nhung t6n thoi gian va nhién lidu. Néu
can can béng gifra an toan va hiéu suét, contour 0,5
1a phwong an hop ly. Trong trudng hop mudn tdi wu
héa nhién liéu va thoi gian, contour 0,2 ¢ thé duoc
st dung nhung di kém véi rii ro cao hon.

5. Két luan

Trong nghién ctu nay, nhom tac gia da nghién
cuu xdy dung phuong phdp danh gid rui ro gitra tau
va phao, tir ¢6 xay dung thuat toan dé tau c6 nhiéu
phuong an tranh phao mdt cach tgy dong. Phuong
phap PFM va APF duoc két hop da cho thay tinh hiéu
qua trong danh gia rui ro khi tau hanh trinh trong khu
vuc ¢6 cac chudng ngai vat. PFM suir dung luc hép
dan hudng dén muc tiéu va luc ddy tir chuéng ngai
vat dé dinh hudng tau, trong khi APF cho phép diéu
chinh Iyc theo huéng mong mudn dé tranh va cham
mugt ma hon. Tuy vao loai tau (tau hang, tau ca, tau
cho khach,...), cac hé s6 nhu cuong do luc déy va
pham vi tic dong c6 thé dugc diéu chinh dé phu hop
v6i kha nang didu dong cua tau. Tau nho co thé tranh
va theo dudng contour hep hon, trong khi tau 16n can
khoang tranh xa hon dé dam bao an toan va giam rai
ro mat kiém soat khi d6i hudng. Két qua ciia nghién
ctru ¢ thé sir dung dé hd tro ra quyét dinh cho sy
quan hang hai hoic trong cac hé théng tranh va cho
tau khong nguoi lai.

Lo&i cdm on

Nghién ctru nay duogc tai trg bdi Truong Pai hoc
Hang hai Viét Nam trong dé tai mi s6: DT24-25.05.
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