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Tom tat

Ngay nay, mdc dU dwoc sw ho tro cua cac hé
thong cong nghé hién dai, tai nan dam va tau bién
van tiép tuc xay ra. Vi vdy, viéc han ché nguy co
ddm va 1a rat cap thiét. Hé sé nguy co dam va giir
vai tro quan trong trong viéc danh gia nguy co
ddm va cua tau bién va né cing la mgt trong
nhiing chi d@é nghién ciru tranh va phé bién. T
gia tri cua hé sé nguy co dim va thu dwoc tir
thong sé cua tau va tinh huéng cu thé, si quan
hang hai c6 thé ra quyét dinh diéu dong tranh va
chinh xé&c. Trong bai béo nay, hé sé nguy co dim
va mdéi, goi la Hé sé nguy co tiém dn, dya trén
phirong trinh dnh hiong dwoc xay ding. Chiéu
dai tau, van toc tau ciing dwoc xem xét dén. Hé sé
méi nay c6 kha ndng biéu thi mire dg nguy hiém
cua tinh hudng, dinh gid dwoc nguy co dim va
theo thoi gian thuc. Do dé, hé s6 nay rat co trién
vong trong viéc dam bado an toan hang hai.

Tur khoa: Hé s nguy co tiem an, tranh va, hé sé
nguy cajddm va, phuwong trinh anh huwong, mic do
nguy hiém.

Abstract

Nowadays, despite all advantageous
technological support systems in marine traffic,
ship collision accidents continue to occur. Thus, it
is essential to minimize collision risk. Collision
risk index plays an important role in assessing
ship collision risk and is one of the attractive
issues in the research field of ship collision
avoidance. With accurate collision risk index
obtained through ship characteristics, movement
parameters and encounter situation, the navigator
can make correct decisions of avoidance action.
In this article, a new approach of collision risk
index model, named Potential Risk Index, based
on influence function is proposed. The length and
speed of the ship have been fully considered. This
index can express the degree of risk level of

situation and show the ability to evaluate collision
risk in real time. Therefore, the index proposed in
this paper has promising application in the field
of safe marine navigation.

Keywords: Potential Risk Index, collision

avoidance, collision risk index, influence function,
risk level.

1. Mé dau

Trong nhitng nghién ciru vé& dam bao an toan
hang hai, sém xac dinh su ton tai nguy co ddm va dé
c6 hanh dong tranh va hop ly 13 mot van dé quan
trong can giai quyét. Bidéu 7 Cong udc vé cac qui
dinh quéc té vé phong ngira dam va trén bién
(COLREGS) quy dinh riang, mdi tau thuyén phai ap
dung tat ca céc bién phap hiéu qua sin c6 thich hop
v6i hoan canh va diéu kién thyc té dé phan doan c6
ton tai nguy co dam va hay khong [1].

MGt trong nhiing chi s co ban dé danh gia nguy
co ddm va nay 1a hé sé nguy co dam va (Collision
Risk Index - CRI). Trén thyuc té, hé s6 nay bi anh
huéng boi nhidu yéu t6, chiang han nhu diém tiép can
gan nhat (CPA), phuong vi t6i tau muc tiéu, van toc
twong ddi gitta hai tau ciing nhu tam nhin xa. Do do,
céch tinh hé sb nguy co dam va theo chuyén dong cua
tau va vi tri twong quan gitra cac tau la mot nhiém vu
day thir thach.

Hé s6 nguy co dam va la mot gia tri phan anh
nguy co dam va cua tau chi véi tau muc tiéu. Thdng
thuong, khi gid tri ndy cang l6n, nguy co xay ra tai
nan dam va cang cao.

Hé s nguy co dam va da dwgc nghién cuu dya
theo COLREGs tir nim 1972, bao gdbm mot s6
phuong phap chu yéu nhu sau: danh gia dua trén
khoang cach tiép can gan nhat (DCPA) va thoi gian
tiép can gan nhat (TCPA) caa muc tiéu; danh gia dua
trén cac thuat todn Logic Mo (Fuzzy Logic); danh
gid dung Mang Noron nhén tao (Artificial Neural
Network- ANN).

Dua trén tinh todn DCPA va TCPA két hop véi
c4c tham s, Kearon da gidi thiéu mot phuong phap
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tinh hé s6 nguy co dam va theo kinh nghiém thuc té
vé tranh va trén bién [2]. Ciing dua trén DCPA va
TCPA, Kim di tinh toan thém mot sé yéu té nhu
khoang cach t&i tau muc tiéu, vi tri, van tc tuong
dbi dé xay dung thuat toan tinh hé s6 nguy co dam
va bang Logic Mo. Tuy nhién, cac yéu té nhu thong
s6 tau, khu vuc hang hai van chua dugc dé cap dén
[3]. Bang dit liéu Radar tir tram VTS, Bukhari thé
hién mtc do nguy hiém giita hai tau trong khoang
gid trj tir -1,0 dén 1,0 [4]. Simsir dung ANN d¢ cho
ra két qua nguy co dam va c6 ton tai hay khong [5].
Mot phuong phap khac nghién ciru vé hé sé nguy co
dam va do 1a bang khao st vai cac sy quan hang hai,
chuyén gia. Dya vao kinh nghiém thuc té caa ho trén
nhitng truong hop cu thé, hé sé nguy co dam va da
dugc xay dung [6]. Cac phuong phép trén d c6 thé
danh gia dugc tinh hudng. Tuy nhién, cac hé thdng
d6 chwa t6i vu vé mat hiéu qua trong thoi gian thuc
cling nhu chua tinh dén kich thudc cua tau. Trong
nghién ciru ndy hai van dé duogc giai quyét:

- Hé s6 nguy co dam va moéi, dugc goi 1a Hé s6
nguy co tiém an, duoc xay dung bang phwong trinh
anh huong dya trén chiéu dai va van téc cua tau;

- Hé sb nguy co tiém an dua ra danh gia canh bao
trong thoi gian thuc. Khi hai tau diéu dong tranh va,
hé s6 nguy hiém thay doi theo tinh trang twong tng.

Hé s6 nguy co dam va c6 thé danh gia nguy hiém
trén thoi gian thuc bang gia tri thuc tir 0 d&én 1. Gia
tri cia hé sb nay duoc chia ra cac khoang dé thé hién
muac do nguy hiém cua tinh hudng, qua dé wu viét
hon so v&i cac phuong phap hién tai, gilp sy quan
hang hai c6 thé dua ra quyét dinh nhanh chéng va
chinh xac hon khi diéu dong tranh va.

2. Phwong trinh anh hwéng

Trong mét tap hop diém, bat ky mot diém nao do
s& chiu anh huong bai cac diém khac bao quanh né.
Sy anh huéng nay cé thé duoc tinh toan dua trén mot
ham toan hoc, dugc goi la phuong trinh anh huéng
[7]. Phuong trinh anh hudng mo ta tac dong cua mot
diém Ién khu vuc xung quanh né va tit ca cac diém
khéc trong viing nay déu s& bi anh huong.

Gia sir c6 2 diém x va y thuoc khong gian F. Su
anh huong cua diém x 1én diém y dugc thé hién theo
biéu thirc:

fg(x) = fB(l’, y) 1)

Tuy theo khoang cdch ma sy anh hudng gitra cac
diém nay ciing khac nhau. Goi khoang cach tir diém
x1 dén y 13 d(x1, y) va khoang cach tir diém x, dén'y
12 d(x2, y). Néu d(x1, y) < d(x2, y) thi:

fi (@) = f3(x,) @
Phuong trinh anh huéng Gauss duoc tinh nhu sau:

_d(zy)’

fGauss (‘T; y) =e 252 (3)

Hinh 1 md ta sy anh huéng giira cac diém voi
nhau dya trén phuong trinh anh huéng Gauss. Gid tri
ctia sy anh huong bién thién trong khoang [0,1]. Cac
diém cang gan nhau thi sy tac dong qua lai giia
ching cang 16n. Tinh chat nay phu hop véi yéu cau
xay dung hé sd nguy co dam va giira cac tau (cang
gan nhau thi mic d6 nguy hiém cang lén).

Hinh 1. Vi du vé &p dung phwong trinh dnh hwéng
Gauss lén tdp hgp diém
3. Xay dwng hé sé nguy co tiém an (PRI)

Khi tau hanh trinh, né s& tac dong lén tat ca cac
diém xung quanh. Coi mdi diém lan can quanh tau
chu nay 1a mot tau ao tinh. Tau 4o s& chiu anh hudng
do tau chu tac dong Ién nd. Su anh hudng nay cang
I6n khi tau 40 ndy cang gan tau cha va nho dan khi xa
tau chi. Moi tau 40 s& nhan gid tri anh hudng tir tau
chii khéc nhau, dugc goi 1a hé sb nguy co tiém an.

Gia sir vi tri cta tau chu 1a S(xs, ys), tau 4o la P(xp,
Yp). Tau chu c6 chiéu dai L, van téc v va hudng di ¢.
Khoang cach tir tau cha dén tau ao P 1a D,. Tur diém P
ké duong vudng goc véi hudng di cua tau tai diém A.
Khi tau chu di dén diém A, AP chinh 1a khoang cach
gan nhit giira tau chu va tau 4o P (Hinh 2).

Dé c6 thé &p dung phuong trinh anh huéng Gauss
vao viéc xay dung hé sb nguy co tiém an, trudce tién
phai c6 dugc ham khoang cach R. Goi khoang cach
dén diém tiép can gan nhat gitra tu chii va tau ao P
Ia DCP va thoi gian dé tau chii hanh trinh dén diém
tiép can gan nhat 1a TCP. Ta c6 dai lugng khong thi
nguyén ctia DCP va TCP dugc tinh nhu sau:

DCP = (D, xsing )/ L
= (J(@, — 2" + (9, —y,)* xsing) / L

(4)
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Hinh 2. Vi tri twong quan giira tau chi va tau do

Ham khoang cach R giira tau chu va tau ao co
thé duoc tinh toan bing DCP va TCP duwa trén
phwong phap cua Kearon theo cdng thic (7). C6 thé
thiy rang, DCP la dai lugng khong c6 thir nguyén,
tuy nhién TCP van con thi nguyén. Vi vay, trong sé
A duoc thém vao trude TCP dé khir tha nguyén, phu
hgp cho viéc tinh toan.

R = NATCP? + DCP* )

Ap dung ham nguy co vao phuong trinh anh
huong Gauss, ta c6 hé sé nguy co tiém an (PRI) giita
tau chu va tau 4o P bét ky.

B

PRI =¢ 2® (8)

Gié tri cua PRI dugc ding dé thé hién nguy co
dam va tiém 4n giira tau chu va tau 4o, ¢6 gia tri tir 0
dén 1. Trén Hinh 3, gia tri cua PRI dwoc biéu hién
bing nhimng duong ddng muc tir 0,1 (ngoai cung)
dén 0,9 (trong cung). Tau 4o trén cing mot dudng
dong muc sé nhan gia tri PRI tir tau chii nhu nhau.
Khi tau a0 cang gan vai tau chu, gi tri PRI ting dan.

Hé s6 PRI dugc tinh toan dua trén TCP va DCP
trong thoi gian thuc, nghia 1a PRI s€ dugc tinh toén
lién tuc voi khoang thoi gian gidn cach rat nho.

Gia str tau 40 1a tau muc tiéu P di chuyén, tai 1
thoi diém nhit dinh rat nhanh, c6 thé coi tau muc
tiéu nay chinh 12 mot diém. Khi tau muc tiéu di
chuyén thi vi tri s& thay d6i, khi d6 PRI tir tu chu S
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dén tu muc tiéu P s& lai tiép tuc tinh toan dua trén
su thay d6i nay. Nhu vay c6 thé coi su thay doi vj tri
nay bao ham ca su dich chuyén cua tau myc tiéu P.

Mt khéc, khi d6 ciing c¢6 thé coi tau muc tiéu P
la 1 tau cha véi van toc, chiéu dai va huong di da
biét, quan sét toi tau muc tiéu (1a tau chi S), hé sé
PRI tir tau P dén tau S ciing s& duoc tinh toan
tlIO’Ilg tl}'.

Hé s nguy co tiém an PRI phu thugc vao chiéu
dai va van tc cua tau. Vi cing mot gia tri cua PRI,
Gia st hai tau c6 chiéu dai va van téc cua tau khac
nhau, khoang céch tir tau dén duong dong muc cia
cling mot gia tri PRI ciing khac nhau, cu thé chiéu
dai hodc van téc cang 16n, tim anh huong cua tau ra
mdi trudng xung quanh cling cang rong nén khoang
cach nay cling cang 16n (Hinh 4).

Hinh 3. Gia trj PRI xung quanh tau chax

Hinh 4. Cling gia tri PRI véi 2 tau c6 van toc khac nhau
Khi thay tau 4o bang tau muc tiéu that, PRI thé
hién muc d6 cua nguy co dam va, PRI cang 16n, kha
nang xay ra ddm va cang cao. PRI dat gié tri lon nhat
bang 1 khi vi tri tau muc tiéu tring véi vi tri cta tau
chii (tai nan dam va xay ra) va tién dan dén 0 khi
cang ra xa tau cha (an toan).
4. M6 phéng va danh gia két qua
Dé xac thuc hiéu qua cua hé s nguy co tiém an
méi trong diéu dong tranh va, mot md phong sb cua
mot tai nan ddm va tai ving bién Han Quéc duoc
thuc hién trén phan mém MATLAB. Vi tri cua tai
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Bdng 1. Thong sé ciia hai tau trong tai ngn diam va

ts) Khoang cach ,
(nm) Van toc (kn)

0 0,76 12,8
60 0,66 12,7
120 0,56 12,9
180 0,44 12,8
240 0,34 12,8
300 0,23 12,7
360 0,19 12,5
420 0,16 12,3
480 0,19 12,2
540 0,18 12,6
600 0,17 12,2
660 0,11 11,6
720 0,06 115
780 0 10,3

i
O .
34367°N [ Wasdlo
, SI\EPA
: —Sl;ip B

34.334°N

126.050°E 126.101°E

Hinh 5. Tai ngn dém va tai ving bién Han Quéc
nan 34,35°N, 126,09°E, dugc danh dau bang chdm
do6 trén Hinh 5. Vét di chuyén cua 2 tau ciing duoc
thé hién lai dya trén di liéu AIS thu dugc tir 2 tau.
Day 1a khu vuc c¢6 mat do tau thuyén qua lai cao
va rat nhiéu dao nho, khoang céch giita cac tau ciing
nho hon so v&i ngoai dai duong. Vi vay, phuong phap
dd giai tranh va truyén thng ARPA dura trén DCPA va
TCPA khong hiéu qua. Cac théng so vé van toc va
hudéng di cia 2 tau, khoang cach giira 2 tau tai moi
thoi diém trong tai nan dam va dwoc néu ra trong
Bang 1. Chon méc thoi gian bit dau quan sat 13 0. PRI
quan sat duoc tir 2 tau dwoc thé hién trén Hinh 6, véi
duong mau xanh 1a PRI cua tau A quan sat dugc tir tau
B, duong mau do la PRI cua tau B quan sat duoc tur
tau A.
Trong khoang thoi gian tir 0 dén 240, chi s6 PRI
cta 2 tau van chura thay doi. Khi khoang céch giira hai
tau tir thoi diém 240s dén thoi diém 420s, chi s6 PRI
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Tau A

Tau B
Huéngdi  Van téc (kn) Hudng di
105,6 12,5 88,6
104,2 12,3 87,7
102,7 12,6 89,5
101,5 12,6 89,7
98,1 12,4 90,4
93,1 125 92,6
95,2 12,7 94,6
92,3 125 97,5
89,2 12,2 95,0
86,1 121 85,1
88,4 12,0 75.4
94,3 11,9 758
91,5 11,8 75,7
85,1 11,7 74,7

|| . " N . " N " "
0 60 120 180 240 300 360 420 480 540 600 660 720 780
t(s)

Hinh 6. PRI cza hai tau trong hanh trinh

clia 2 tau ting nhanh, thé hién nguy co dam va ting
1én (PRI cta tau A tang tir 0 1én 0,35 con tau B tang tir
0 1én 0,45). C6 su chénh léch nay la do chi s6 PRI phu
thudc vao kich thudc va van téc cua ting tau nén PRI
ctia mdi tau khi quan sét tir tau kia ciing khac nhau.

Trong truong hop nay, tau B la tau dugc nhuong
duong. Theo Piéu 17 COLREGs 72, vi mét ly do
nao do6, khi tau thuyén c6 trach nhiém giir nguyén
huéng di va toc do nhan thdy dang o rat gan tau
thuyén kia va khong thé tranh khoi nguy co dam va
néu chi dwa vao sy didu dong cua tau thuyén kia, thi
tau thuyén dwoc nhuong dwong ciing phai c¢6 bién
phép tét nhat dé diéu dong tau minh tranh sy dam va.
Nhan thay tau A khong c6 hanh dong tranh va hop 1y,
tau B da chuyén huéng sang phai, khoang cach giira
2 tau tang lén. Cung voi do, chi s6 PRI cua hai tau
cling giam xudng 0,2, nguy co dam va ciing giam.
Tuy nhién, nhu di dé cap & trén, tai khu vuc nay cé
mot s6 dao nho nén tau B khong thé tiép tuc duy tri
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hudng di nay va doi huéng sang trai. Tir thoi diém
480s dén 600s, PRI cua hai tau tang 1én 0,3, nguy co
xay ra tai nan dam va ciing tang 1én. Tir thoi diém
600s, khi khoang cach cua hai tau giam r6 rét tr 0,17
dén 0,06nm, hai tau ciing khong c6 hanh dong tranh
va thich hop thi PRI cua hai tau ting 1én mot cach
dang ké tir 0,3 d&én 0,9. Liic nay, nguy co dam va da
rat ro rét. Khi PRI cua hai tau 1én dén 1, tai nan dam
va da xay ra.

Qua md phong trén, ta co thé thiy sy hiéu qua
cua chi s6 PRI trong viéc thé hién muc do nguy hiém
hay nguy co ddm va tiém an trong hang hai. Chi s6
nay tinh toan duya trén ca chiéu dai va van tc tau,
huéng di. Do d6 nd c6 thé thay do6i theo thoi gian
thuc, tir d6 dwa ra dugc hanh déng tranh va nhanh
chéng. Piéu dong tranh va 1a hanh dong nén duoc
thuc hién boi ca hai tau dé hai tau khong tién dén
cling mét vi tri [8]. Tir chi s6 PRI, sy quan hang hai
ciing c6 thé biét dwoc tau minh c6 gay ra nguy hiém
cho tau muc tiéu hay khong va nguoc lai. Qua d6 cé
thé c6 phdi hop hanh dong hop Iy giita hai tau.

5. Két luan

Bai bao da tim hiéu anh huong cua tau dén khu
vuc xung quanh tau khi hanh trinh, tir @6 ap dung
chiéu dai va van téc cia tau vao phuong trinh anh
huong dé xay dung hé s nguy hiém mai, c6 kha
nang danh gia nguy hiém giira hai tau. Hé s6 nguy co
tiém 4an duoc phat trién dé canh bao nguy hiém gitra
c4c tau trong thoi gian thuc dya trén chiéu dai va van
tdc clia cac tau va dua ra danh gia canh béo, thé hién
s anh huong cua tau chia dén céc tau trong khu vuc
lan can. D6 giai tranh va ARPA dya trén DCPA va
TCPA 1a phuong phép truyén théng va phé bién dé
xac dinh nguy co ¢am va. Tuy nhién tai mot s6 ving
nu6e hep hoic ludng hang hai c6 mat dé tau thuyén
qua lai cao, phuong phap nay co thé khéng &p dung
dugc. Hé sd nguy co dam va co thé danh gid nguy
hiém trén thoi gian thuc bang gié tri thuc tir 0 dén 1,
qua d6 wu viét hon so vé&i cac phuong phap hién tai,
gilp sy quan hang hai cé thé dua ra quyét dinh nhanh
chéng. Tinh kha dung cua hé sé nay dugc kiém
ching bang tinh hudng cu thé mé phong bang
MATLAB. Trong tuong lai, cac md phong trén cac
loai tau c6 chiéu dai khac nhau bang MATLAB ciing
nhu trén phong thuc hanh dé chitng minh hé sé nguy
co tiém an c6 thé &p dung cho céc loai tau phé bién
hién nay. Sau khi duoc kiém ching, phan mém hé sé
nguy hiém c6 thé duoc xay dung, két ndi véi hé
thong AIS, lay dir liéu giita cac tau, dua ra két qua
danh gia trong thoi gian thuc.
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Xs, Ys Vi tri tau chu
Xp, Yo Vitri diém P (tau 40)
L Chiéu dai tau chi
v Van téc tau chu
(0] Huéng di tau cha
op GAc man gitra tau chu va tau ao
R Ham khoang céach
Khoang cich dén diém tiép can gan
DCP PN A,
nhat gitra tau chu va tau ao P
TP Thoi gian dé gau chi hanh trinh dén
diém tiép can gan nhat
PRI Hé sé nguy co tiém an
A Trong sé khir thir nguyén TCP
Loi cam on
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