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TOm tit:

Viéc mo hinh héa va nhan thirc rii ro va cham tau thuyén & cac ving nudc phtc tap dong duc dong vai tro
quan trong trong viéc cai thién giam st va quan ly, ning cao an toan vén tai dudng bién. Bai bao dé xuit
mot phuong phap mé hinh hoa rai ro va cham tau thuyén trong mot khu vuc dua trén logic md ¢6 xem xét
anh huong cua goc tiép can giita hai tau. Phuong phap st dung hé thong md phan cap gdm hai hé mo véi
hé mo 1 dung dé tinh toan rui ro va cham tam thoi, hé mo 2 dung két qua cia h¢ mo 1 Kkét hop véi dau vao
1a goc tiép can giira hai tau dé tinh toan rui ro va cham chinh thirc. Bai bao tap trung dé xuat phuong phap,
riéng mo phong s& thuc hién trong nghién ctru tiép theo. M6 hinh nay c6 thé cung cip co s& quan trong cho
cong tac giam sat va danh gia rai ro va cham hang hai cia tau thuyén cho cac co quan quan Iy hang hai.

Twr kKho&: Va cham hang hai; Logic mo; Rui ro va cham; Dir ligu AIS.
Abstract:

Modeling and assessing the collision risk of ships in complex and crowded water areas plays an important
role in improving marine traffic monitoring and management to enhance the safety of maritime transport.
To model the collision risk assessment of ships in an area, this paper proposes a method to model ship
collision risk based on fuzzy logic considering the influence of the approach angle between two ships. The
method uses a hierarchical fuzzy system consisting of two fuzzy systems, fuzzy system 1 is used to calculate
temporary collision risk, and fuzzy system 2 will use the output of fuzzy system 1 combined with input
which is the approach angle between two ships to calculate the final collision risk. The fuzzy systems
constructed in this paper are all modeled from expert knowledge allowing any officer to reference the
calculation results of experts in approach situations. The paper only proposes the method, result verification
can be done by simulation which will be done in further study. This model can provide an important basis
for monitoring and assessing maritime collision risk and maritime risk assessment of ships for maritime
administrations.

Keywords: Maritime collision risk; Fuzzy logic; Regional collision risk; AIS data.

1. Giai thiéu phuc tap 16n caa giao thong hang hai, va cham
tau thuyén 1a mot trong nhitng tai nan phé bién
nhat trén thé gi¢i, din dén thiét hai nghiém
trong vé& nhan mang va tai san ciing nhu 6 nhiém
mdi trudng bién. Dé nang cao an toan van tai

Khoang 80% khéi lugng van tai hang hoa quéc
té trén thé gioi duoc thyuc hién bang con duong
van tai duong bién [1], véi s6 lwong va mic do
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hang hai cia ving nudc ven bo va cang, nhiéu
qudc gia da thiét 1ap hé thdng dich vu giao
thdng hang hai (Vessel traffic system - VTS) dé
gidm sét tinh trang hoat dong cua tau thuyén
trong vung nudc thuoc pham vi tai phan. Sy
giam sat cua VTS 1a mét co sé hd tro quan trong
dé giam thiéu tai nan giao thong hang hai. Hé
théng duoc trang bi thiét bj cam bién, truyén
thong va may tinh tién tién dé thu thap dir liéu
giao théng hang hai va tién hanh danh gia tinh
hubng, cung cap hudng dan cho hoa tiéu. Trong
d6, danh gia rai ro va cham tau thuyén khu vuc
trong vung nudc phic tap la mot chic nang
quan trong ctia VTS, dong thoi la cdng nghé
then chdt cua giam sat trén bo, co v nghia rat
l6n dé dam bao an toan giao thdng hang hai va
phét trién théng minh cta nganh Van tai bién.
Tuy nhién, cac tram VTS chi hoat dong ven b,
d6i vai cac tau hoat dong trén bién xa ciing ton
tai rat nhiéu rui ro, va viéc danh gia nguy co
dam va & cac khu vyc ving bién dong dic chua
thuc sy dugc quan tam.

Bai bao nay dé xuit mot phuwong phap mod
hinh héa rai ro va cham tau thuyén duwa trén
logic md xem xét anh huong goc tiép can cua
tau. Phuong phap nay co thé dugc s dung cho
Viéc danh gia dinh lugng rai ro hang hai cua tau
thuyén va hd trg nhanh chéng, dong thoi, dong
vai trd nang cao tinh than canh giac cho si quan
truc ca.

2. Cac nghién ciru lién quan

Pé giam thiéu xay ra cac tai nan va cham tau
thuyén, cac nha khoa hoc trén thé gisi da tién
hanh rat nhiéu nghién ctu vé rai ro va cham tau
thuyén tir nhidu goc do khac nhau, va di dat duoc
két qua nghién ciu rat an tuong. Theo ndi dung
va phuong phap nghién ctru duoc ap dung, nhom
tac gia chia cac nghién cau hién c6 thanh ba
hudéng tiép can.

2.1. Xac dinh rii ro va cham tau thuyén dya
trén dir ligu tai nan lich sir

Nghién cau vé rai ro va cham tau thuyén dua
trén dit liéu tai nan lich sir chu yéu sir dung dix
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liéu tai nan hang hai lich sir va céac yéu té va
cham cua tau thuyén dé phan tich, thu duoc xac
suit rai ro. Fujii va cong sy [2] thu duoc xac
suit va cham tau thuyén bang cach théng ké di
liéu tai nan lich stir. Wan [3] str dung dix liéu thu
thap trong hai thang, cac thong tin vé tiép can
tau thuyén, téc do gi6 va tam nhin lam bién
kiém soat va sir dung mo hinh Probit dé vé
phuong trinh trang thai cua rui ro va cham tau
thuyén. Wan thiét Iap mé hinh Probit c6 sap xép
ther hang cua mac do nghiém trong va cham
gitra hai tau bang cach st dung dir liéu tai nan
va cham trong mot thap ky trude do, va két luan
rang 18i canh gigi ludn dong vai trd quyét dinh
trong viéc lam tang rui ro va cham. Mandal va
cong su [4] su dung dit liéu AIS duogc thu thap
trong ba thang dé tinh toan rui ro tau thuyén
bang phuong phap dinh lwong st dung mé hinh
hdi quy Probit. Yu va cong su [5] sir dung mot
luong 16n dir liéu lich str dé dénh gia rai ro va
cham dudi cac diéu kién méi trudng st dung
mang Bayesian.

Hudng nghién ciru nay doi hoi chat lugng dir
liéu cao va dir liéu tai nan va cham day da dé hd
trg @6 chinh xac cua két qua nghién cau. Pong
thoi, cac phuong phép nghién ctu rui ro va
cham tau thuyén khéng thé giam sat rui ro theo
thoi gian thuc, va chi danh gia trong khu vuc
viing bién co dit liéu lich st.

2.2. Xac dinh rai ro dwa vao ving nguy hiém
Xung quanh tau

Phuong phap chu yéu 1a xac dinh cac tau thuyén
khac co de doa dén tau myc tiéu bang cach lay
tau lam trung tdm va c6 mot vung canh bao
xung quanh (ving nguy hiém xung quanh tau -
ship domain). Davis va cong su [6] dé xuat khai
niém ving nguy hiém xung quanh tau nhu mot
pham vi canh b&o rui ro, khi s dung ship
domain 1am gidi han canh béo tau thuyén tiép
can vao khu vuc domain tac 1a nguy hiém da
hién dién. Dinh va cong su [7] dua ra mot
phuong phap méi xac dinh ship domain nho
nhat, khi tau muc tiéu tiép can domain nay tirc
la kha nang va tram rat 16n.
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Hudéng nghién cau dé cap chu yéu xem xét
rai ro va cham tau thuyén tir goc do tau tiép can
don Ié.

2.3. Phuong phap dua trén cac théng sb
tranh va cham

Phuong phap cac théng s tranh va cham chu
yéu 1a tinh toan va cham tau thuyén bang toan
hoc. So véi phéan tich di liéu lich st, hudng
nghién ctu nay dé dang thu thap dir liéu va phat
hién rai ro va cham theo thoi gian thyc.
Lisowski va cong su [8], Szlapczynski [9] st
dung chuan Euler dé tinh toan rui ro va cham.
Zhen va cong su [10] lan dau tién phan cum dir
licu AIS dé thu dwoc cum tiép can tau, va sir
dung ham toan hoc dé biéu thi mdi quan hé giira
DCPA, TCPA va rui ro va cham. Gang va cong
su [11] str dung phuong phap danh gia toan dién
mo dé tinh toan chi sb rai ro va cham, trong do,
cac tham sé la DCPA, TCPA, khoang céch,
hudng twong ddi va ty 1¢ toc do. Do cac yéu to
khong chic chan khac nhau cua tau khi di bién,
mot s6 nha nghién cau sir dung phuong phap
x&c suat dé mo hinh héa rui ro va cham tau
thuyén. Xin va cong su [12] st dung dit liéu
AIS @ dinh luong su khdng chic chan cua quy
dao tau, xac dinh ham mat d6 cua phan b quy
dao tau, va sau d6 du doan rui ro va cham tau.
Cac phuong phap mo hinh héa khac nhu logic
mo [13], quy trinh phén tich thi bac [14],
phuong phép yéu t6 vat can toc do [15] st dung
gian tiép DCPA hozc TCPA md hinh héa. Zhao
va cong su [16] cai thién do chinh xac cua viéc
xac dinh rai ro va cham bang cach sir dung
phuong phap yéu té vat can, téc do va téi uu
hda céc yéu té van téc tir nghién ctu cua cac
nha khoa hoc truéc.

Hudéng tiép can nay xem xét thong tin dong
cuia tau va c6 thé phan anh rui ro va cham cua
tau theo thoi gian thuc, day ciing la phuong
phép nghién ctiru rai ro phd bién gan day. Tuy
nhién, nhuge diém cua cac nghién cau nay la
khong xem xét anh hudng cia moéi trueong tu
nhién dén rai ro va cham tau thuyén va hau qua
ctia va cham tau thuyén, mot sé nghién ctu chi
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xem Xét rai ro va cham don tau khong xem xét
rai ro nhiéu tau. Khi méi trudng xung quanh
d6ng duc va phuc tap, su tiép can 1an nhau cua
nhiéu tau c6 thé mat kiém soét, dan dén tang rui
ro va cham mgt cach nhanh chong, nhung cac
md hinh hién c6 khéng thé giai quyét cac tinh
hudng nhu vay hoic chi mot phan.

Logic mo ¢ kha ning bit chudc sy phan
doan va 1ap luan khéng chic chan caa bo ndo
con nguoi. NO st dung kinh nghiém cua con
nguoi dé thu duoc két qua va duoc tng dung
rong rai trong danh gia rui ro giao thong van tai
hang hai. Do d6, bai bao nay trinh bay mot
phuong phap rui ro va cham tau thuyén khu vuc
dua trén logic mo.

Logic mo sur dung khai niém ham thanh vién
dé xur ly cac quan hé dau vao va md phong bo
ndo con nguoi nhiam thuc hién cac 1ap luan
(néu...thi...) dva trén quy tic. Do cAc rui ro cua
tau cha yéu do yéu té con ngudi gay ra, va kinh
nghiém diéu khién tau phong phu, viéc phan
doan va xir ly cac rui ro tau phai d6i mat dé dang
hon. Do do, logic mo md phong bd ndo con
ngudi dé thyc hién 1ap luan theo quy tic duoc
mé hinh hoa dé canh béo rui ro va cham tau
thuyén mét cach tu dong va lién tuc.

Nghién ctu ap dung phuong phéap logic mo
c6 loi thé trong viéc dinh lugng rai ro va cham
cua tau thuyén véi nhiéu diéu kién hoat dong
khac nhau.

3. Pé xuit md hinh hoa dinh gia rii ro va
cham tau thuyén sir dung logic mo

Bai bao dé xuat phuong phap mé hinh hoa dénh
gia rai ro va cham tau thuyén dua vao viéc xay
dung hé théng mo phan cap (Hierarchical
Fuzzy System) (Hinh 1). Xay dung hé¢ mo 1 véi
dau vao 1a thoi gian toi can diém (Time to
Closest Point of Approach — TCPA) va khoang
cach toi can diém (Distance to Closest Point of
Approach — DCPA), dau ra la rui ro tam thoi
(Temporary Collision Risk — TCR). Str dung
két qua Temporary Collision Risk lam dau vao
cling véi goc tiép can cho hé md 2. Hé mo 2 cho
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ra két qua 1a rui ro va cham cudi cung (Collision
Risk - CR).

Uu diém cua phuong phap nay 1a giam sé
luat logic can xay dung cho mdi hé riéng 1¢, d&
dang hon trong viéc tinh chinh tirng hé mo con,
két hop duoc nhiéu thong tin dau vao lién quan
dé dua ra dy bao chinh xac hon. Nhin chung,
day 1a cach tiép can kha thi va hiéu qua dé xay
dung hé théng logic mo du bao rui ro va cham.

TCPA

DCPA

Hé mir 1

Ll

TCR

Goc tiép ciin

HE miv 2

e

Hinh 1. H¢ théng mo phan cap tinh todn CR.

3.1. Tinh toan thai gian téi can diém (TCPA) va khoang cach téi can diém (DCPA)

Hinh 2. DCPA va TCPA trong tinh hudng tiép cén giita 2 tau.

Trong phan nay, viéc tinh toan hai théng sé dau
vao cho bo Fuzzy la TCPA va DCPA duoc thuc
hién lién tuc theo thoi gian thuc. Cach xac dinh
DCPA va TCPA c6 thé dugc md ta bang Hinh
2, trong do, Vo 1a van téc cua tau chu, Vi 1a van
téc cua tau muc tiéu, D 1a khoang céch tir tau
chu dén tau myc tiéu, « 1a goc twong ddi cua tau
muc tiéu so véi tau chu va g 1a géc tuong doi
cua tau chua so vaéi tau muc tiéu. Trong nghién
ctru cua Dinh va cong sy [13] da chirng minh va
str dung cbng thic sau dé tinh toén:

D(V, sina -V, sin )

DCPA= (1)
\/VOZ +V,2 +2V.V, cos(a + f)
TCPA - 2D(\/ozcosoz—vt Ccos f3) )
Vo +V,"+2V )V, cos(a + f)

Két qua tinh toan DCPA va TCPA dugc lam
dau vao dé tinh toan rui ro tam thoi (Temporary
Collision Risk - TCR)
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3.2. Xay dung hé mé' 1 danh gia nguy co dam
va tam thoi (TCR)

Hé mo duogc stir dung ¢ day theo nghién ctru cua
Dinh va cong su [13] dugc thé hién tai Hinh 3.

SAN MEN DAN MEP SAP

-0.8 -0.55 0.0

DCPA

SANMEN DAN
1

DAP MEP SAP VSP

6 -3 0 3 20 345 50 60

TCPA
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SAN MEN DAN VDP DAP MEP SAP VSP
1
0
0.5 -03 -0.1 -0.0 0.2 0.4 0.6 0.8 1.0
TCR
MEN DAN VDP DAP MEP SAP VSP
SAN SAN SAP SAP VSP VSP VSP
MEN  SAN MEN DAN DAP MEP SAP VSP VSP
DAN  SAN MEN DAN VDP DAP MEP SAP VSP
MEP  SAN MEN DAN DAP MEP SAP  VSP  VSP
SAP SAN SAN SAN SAP SAP VSP  VSP VSP
Hinh 3. HE mo 1 tinh todn TCR.
Trong do:
SA: An toan;

ME: Trung binh;

DA: Nguy hiém;

VD: Rét nguy hiém;

Céc chit cai N, P phia sau biéu thi gia tri am
(Negative) va duong (Positive). Trong cac hé
théng mo dua trén luat, mdi quan hé gitra cac
bién duoc biéu dién bang céc luat mo ¢ dang:

eNéu DCPA ¢ mirc SAN va TCPA & muc
SAN thi CR & muc SAN;

eNéu DCPA & muc SAP va TCPA & muc
V'SP thi CR & muc VSP.

Két hop bién ngén ngir bang cong thie (3):

H0%Y) =102 (X), 5 (V) = Min(ez, (%), 155 (V) - (3)

Trong do:
{ ot 5 Ham tu cach thanh vién cua bién
ngdn ngit A, B khi c6 dau vao x, y;

X, y: Gié tri du vao.
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Giai md biang phuong trinh trong tam (4)
nhu sau:

F
2 He(erer,
CR=cog(C)=F———

Zﬂc (er)

(4)

Véi:

e : Ham tu cach thanh vién cta cac bién
ngbn ngir noi chung;

cr: Toa do trong tam cua bién ngbn ngir thir
J.

Nhu vay, phuong phap giai mo Center of
Gravity (COG) dugc sir dung dé tinh toan TCR
théng qua hé mo.

3.3. Xay dwng hé mo 2 danh gia nguy co dam
va (CR)

Cac goc tiép can cua tau muc tiéu (Target ship
—TS) so véi tau cha (Own ship — OS) dugc mé
ta nhu Hinh 4.

-6°

+180°
Hinh 4. Goc tiép can ciia tau muc tiéu.

Cac goc giao cat tau khac nhau trong va cham
giita hai tu ¢ nhiing tac dong khac nhau dén
tau. Gia st rang, goc giao cit tau lién quan dén
vi tri va cham cua tau. Lei va cong su thong qua
mo6 phong phan tir hitu han va danh gia rii ro
két luan rang phan nghiém trong nhat cia hau
qua va cham 1a cabin dudi tau, tiép theo la
khoang hang tau, va it gay hai nhat 1a mai tau
[17]. Trong nghién ctu nay, dua trén ban db
tinh hudng tiép can tau dién hinh (Hinh 4) do
Feng va cong su dé xuat [18], 1am ranh giéi khu
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vuc va cham. Gia sur cac goc va cham 112,5° ~
180° va -112,5° ~ -180° 1a phan dudi tau bi va
cham, gitra +67,5° ~ +112,5° va gitra +6° ~
+67,5° |a phan giira tau bi va cham, va giita -6°
~ 6° la phan mii tau bi va cham. Cac gi4 tri
ngbn nglr mo cua goc va cham dugce dinh nghia
nhu sau: S =(-37,6,6,37), M = (0, £37, £67,5),
B = (37, £90, +112,5), VB = (90, £112,5,
+180, +180). Ham thanh vién duoc thé hién
trong Hinh 5.

Nhu vay, voi cac ham ngén ngir dau vao da
dugc xay dyng cho géc tiép can va sir dung 1am
bién dau vao tht nhat cho hé mo 2. Bién dau
vao thtr hai chinh 1a bién dau ra & hé mo 1, TCR
duoc sir dung 1am bién dau vao cho hé mo 2.
Ngoai ra, ham ngdn ngxr rui ro va cham
(Collision Risk - CR) chinh thirc cling twong ty

nhu ham ngdn ngit TCR ¢ dau ra. Luat suy dién
dugce dé& xuit dwa vao céc nghién ctu y kién
chuyén gia trong linh vuc diéu khién tau bién
duoc thé hién nhu trong Bang 1. Phuong phap
giai mo duoc st dung cdng thuc (3) va phuong
trinh (4) nhu d6i voi hé mo 1.

VDN

DAN MEN SA MEP DAP VDP

1.0

0.8

0.6

0.4

0.2

0.0

-150 -100 -50 0 50 100 150

Hinh 5. Ham ngdn ngir goc tiép can.

Bang 1. Luat suy dién mo cho hé mo 2.

GRA TCR SAN MEN DAN VDP MEP SAP VSP
VDN MEN DAN DAN VDP VDP MEP MEP
DAN MEN DAN DAN VDP VDP MEP MEP
MEN SAN MEN DAN VDP MEP SAP VSP

SA SAN SAN MEN VDP MEP SAP VSP
MEP SAN MEN DAN VDP MEP SAP VSP
DAP MEN DAN DAN VDP VDP MEP MEP
VDP MEN DAN DAN VDP VDP MEP MEP

4. Két luan

Bai bao da dé xuat mot phuong phap méi dé mo
hinh hoa va danh gia rui ro va cham cua tau
thuyén trong mot khu vuc cu thé dya trén Iy
thuyét logic mo. Phuong phap sir dung hé théng
logic md phan cap gdm hai hé con, trong do, hé
con thr nhat tinh toan rai ro va cham tam thoi
tir céc thong sé TCPA va DCPA, hé con thir hai
két hop két qua véi goc tiép can gitra hai tau dé
dura ra nhan dinh rai ro va cham cudi ciing. Uu
diém cua phuong phap nay 1a c6 thé md hinh
hoa duoc cac luat danh gia rui ro dya trén kién
thire va kinh nghiém cua cac chuyén gia hang
hai, dong thoi két hop yéu té anh huong goc tiép
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can dé nang cao do chinh xac. Két qua nghién
ctu ¢6 thé cung cép co so khoa hoc cho cong
tdc gidm sat an toan hang hai va quan ly giao
thong tau thuyén tai cac khu vuc ving bién
déng duc. Trong cac nghién ctu tiép theo, md
hinh dé xuét duoc kiém dinh veéi dit liu thuc té
va mo phong dé hoan thién hon.
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