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Tém tit

Hién nay, dé giip cho cdc sy quan truc ca va sy
quan quan Iy giao théng co cai nhin nhanh chong
vé tinh hinh giao théng hang hdi, ban dé phdn bo
nhitng noi co kha nang xdy ra dam va cao la mét
hieong tiép cdn méi, nhieu trién vong. Trong
nghién ciru nay, nhom tac gia sé ung dung mo
hinh vung an toan cua tau dé xdc dinh céc khu vuc
c6 nguy co dam va cao, tir d6 xdy dung ban do
diém néng giao théng. Ban do diém néng dwoc
xdy dung gom 3 bude: Thu thdp va xi Iy dir liéu
AIS thu dwoc trén cdac vung bién ciia Viét Nam;
umg dung phirong phdp phdn cum DBSCAN dé
nhém cdc tau & gan nhau thanh cdc cum cé it nhat
tir 2 tau tro lén; ving an toan cua tau sé dwoc ap
dung cho cdc tau trong cung mot cum dé xac dinh
noi ¢é kha nang xay ra dam va. Piém nong giao
thong dwoc ghi lai la nhiing khu vic c6 vung an
toan cua cdc tau giao thoa voi nhau, tao nén maot
ban @6 nhiét trén vung bién Viét Nam. Tinh hiéu
qua cua mo hinh dwoc thuc nghiém tai khu vuc
Hai Phong, cho két qua truc quan, cdc diém nong
duwoc thé hién dudi dang mau sdc két hop voi gia
tri cu thé, c6 thé nhdn biét, danh gid mot cach
nhanh chong.

Tfl: khéa: Ving an toan, giao thong hang hdi,‘
diém nong giao thong, nguy co dam va, ban do
diém nong.

Abstract

Recently, in order to help officers on watch and
vessel traffic service officers have a quick view of
the maritime traffic situation, a map of the
distribution of places with a high likelihood of
collisions is a new and promising approach. In this

study, the authors will apply a ship domain model
to identify areas with high collision risk, thereby
building a traffic hot spot map. The hot spot map is
built in 3 steps: Collecting and processing AIS data
in Vietnam's seas; Apply the DBSCAN clustering
method to group ships that are close together into
clusters with at least 2 ships or more; Ship domains
will be applied to ships in the same cluster to
determine where collisions are likely to occur.
Recorded traffic hotspots are areas where ship
domain overlaps with each other, creating a heat
map in Vietnam waters. The effectiveness of the
model was tested in the Hai Phong area, giving
intuitive results, hot spots are shown as colors
combined with specific values, which can be
quickly identified and evaluated.

Keywords: Ship domain, maritime traffic, traffic
hot spot, collision risk, hot spot map.

1. M& dau

Panh gia nguy co dam va thuong chia lam 3
phuong phap: Panh gia nguy co dam va & cap do vi
mo, chi yéu danh gia nguy co giita 2 tau, cac thong sb
dugc st dung 1a DCPA va TCPA [1,2,3]. Panh gia
nguy co dam va ¢ cip d6 vi mo, phuong phap nay
thuong dé phan tich cac vu tai nan trong qua khir va
lam tai li¢u tham khao cho cong tac quan ly giao thong
hang hai [4, 5, 6]. Panh gia nguy co ddm va theo vung,
phuong phap nay sé tang dd truc quan cling nhu kha
ning nhan thirc nhanh vé nguy co dam va giita nhidu
tau. Nguy co dam va theo khu vuc dugc hinh thanh tir
su két hop nguy co ddm va giira cac tau ¢ cap do vi
mo tich hop thém mot sé yéu tb cu thé dé chi ra nguy
co dam va theo thoi gian thyc ddi vé6i cac ving nude
xac dinh [7, 8, 9]. Cac nghién ctru trude ddy c6 thé xac
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Hinh 2. Ba loai diém va cum

dinh dy du nguy co dam va & mot mirc d nao do, tuy
nhién cac phuong phap van tdn tai mot s han ché, tac
ddng cua cac tau khac t6i tau chii khong dugc tinh dén
khi tinh todn nguy co dam va.

Ngay nay, mat do tau thuyén ting cao ca vé sb
luong va kich ¢&, didu kién ngoai canh ngay cang
phirc tap. Viéc nhéan thirc nhanh vé nguy co ddm va,
danh gia mot cach truc quan, c6 hanh dong hoac thong
bao sém dé dam bao an toan hang hai ngay cang cap
thiét. Nghién ctru ndy tng dung thudt toan xac dinh
nguy co dam va tau thuyén dua trén ving an toan tau
dé xay dyng ban d6 diém nong giao théng, mo phong
tai khu vuc 1u6ng Hai Phong, ap dung véi nhiéu loai
tau theo thoi gian thyc, dua ra Kkét qua nhanh, chinh
xac va truc quan, tr d6 dua ra canh bao sé6m véi nguoi
diéu khién phuong tién phuc vu quan 1y an toan giao
thong hang hai.

2. Tong quan xdy dung ban d6 diém néng giao
thong hang hai sitr dung ving an toan cia tau

Béan db diém nong giao thong sir dung ving an
toan m&i cua tau HSD [10], gdbm 3 bude chinh: (1) -
X 1y dit liéu AIS; (2) - Phan cum tau bing DBSCAN,
(3) - V& ban dd diém néng (Hinh 1).

3. Xdy dung bin dd diém néng giao thong
bang viing an toan méi ciia tau (HSD)
3.1. Xuwr ly dit liéu AIS

Dir liéu thu duge tir AIS dugc luu trit dudi dang toa d6
Descartes nén khi tinh toan nguy co ¢am va tiu can phai
chuyén dbi thanh toa do Mercator. Goi (p, 1) lavido va
kinh d6 ctia mot diém dugc danh dau thoi gian trén quy
dao cua tau. Toa d6 Descartes twong tmg (x, y) c¢6 thé thu
duoc thong qua phép chiéu Mercator [12, 13] nhu sau:

T = =5 C0SQy €]
J1i-e?sin? @,
_ TP e 1—esing
q= Intan (4 + 2) + 2 In (1+esin¢) (2)
xX=A1xr, 3)
Yy=qx1y “)

Trong do:

- @ La vi do tiéu chuén;

- a: La ban 16n cua Trai Dét;

- e: La d6 léch tam cua Trai Dét;

- 7y: La ban kinh cong cung vi tuyén @,;
- g: La vi do tién.
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Céc dac diém dong hoc cua tau dugc trich xuét tir dit
liéu AIS dé thé hién chuyén dong cua tau, tuy nhién, dir
liéu AIS c6 thé c6 11 trong qué trinh thu va phét. Hon nita,
dit lidu AIS c6 thé khong duoc truyén cling lac, duoc g
ngau nhién vao cac thoi diém khac nhau dan dén ludng dir
liéu AIS khong dong bo. Vi véy, can phai loc dé loai bo
cac nhiéu c6 thé xay ra va ndi suy dir liéu AIS. Nhiém vu
chinh cua budc nay la lam cho dit liu AIS tr6 nén déng
tin cdy dé phan tich giao thong hang hai.

3.2. Phuwong phdp phén cum dwa trén mdt do

Thudt toan phan cym dir li€u - Density - Based
Spatial Clustering of Applications with Noise
(DBSCAN) la thuat toan do Martin Ester va cac
cong sy dé xuit vao nim 1996 [11], 1a mot thuat
toan co s& dé phan nhom dya trén mat dg, no cod thé
phat hién ra cac cum cé hinh dang va kich thudc
khac nhau tir mot lwong 16n dit liéu chira nhidu. Co
thé nhom céac d6i tuong khong gian c6 mat do phan
bé cao thanh cac cum khéac nhau va loai bo cac dbi
twong nhiéu & xa.

A o P Cluster 2
Cluster 1 ﬁ a % \
\ |

\‘\&"/Clus(er 3

Noisy 1

Hinh 3. Ap dung DBSCAN vao phén cum tau

Noisy 2
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Thuét toan DBSCAN sir dung hai tham sb chinh
d6 1a: Epsilon (¢) 12 mot gia tri khoang cach dé xac
dinh ving 1an can ¢ cua bat ky diém dir liéu nao va
minPts - 14 mot ngudng sé diém dir lidu tdi thiéu
duoc nhom lai voi nhau nham xac dinh mot ving 1an
can ¢ c6 mat do cao, sd lugng minPts khong bao g6m
diém ¢ tam. Hai tham sd nay dugc s dung dé xac
dinh ving lan can ¢ va kha nang tiép can giita céac
diém dir liéu 1dn nhau, tir ¢6 giup két ndi chudi dir
liéu vao chung mdt cum. Thuat toan lga chon mot
diém dir liéu bat ki, sau d6 xac dinh cac diém 15i va
diém bién thong qua ving 14n can & bang cach lan
truyén theo lién két chudi cac diém thude cung mot
cum. Cym hoan toan dugc xac dinh khi khong thé
mo rong dwoc thém, khi do 1dp lai toan bd qua trinh
v6i diém khoi tao trong sb cac diém dit liéu con lai
dé xac dinh mot cum méi. Thuat toan gitp xac dinh
ba loai diém: Piém 15i - core point (mau xanh), diém
bién - border point (mau den) va diém nhidu - noise
point (mau tim) (Hinh 2).

110675 1106.80 0
2080 1106.80 106.85 106.90

Hinh 4. Cdc cum tau va nhiéu sau khi dp dung
thudt toan DBSCAN

Hinh 5. Hinh ding va kich thwéc ciia viing an todn tiu (HSD) xudt hién khi bit dau phin cum
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3.3. Phin cum tau bang DBSCAN

Diéu kién tién quyét dé phat sinh nguy co dam va
giita cac tau 1a khoang cach du gan. Phuwong phap
DBSCAN dugc ap dung dé tu dong phat hién tinh
hudng c6 nguy co ddm va giita nhiéu tiu & trong mot
viing bién, d4p Gmg yéu cau phat hién cac tau c6 nguy
co dam va va loc ra céc tau an toan hon. Nhiéu tao ra
sau qua trinh xtr Iy DBSCAN la céc tau ¢ xa cac cum
tau khac (Hinh 3). Phuong phap DBSCAN s& nhom
cac tau ¢ gﬁn nhau lai thanh cac cum, mdi cum c6 it
nhit tir 2 tau trd 1én. Céc tau duge danh gia 1a nhiéu
s& duoc loc ra va co thé coi 1a an toan tai thoi diém
phan cum. Tuy nhién, cac tau niy van tiép tuc duogc
theo ddi. Trudng hop cac tau nhidu tién gin mot tau
nhiéu khac hodc dén gﬁn mot cum tau, nd ¢6 thé duoc
nhom lai véi nhau. Trong mot cum, néu mot tau co xu
hudng di xa cac tau khac trong cum, no s€ tro thanh
nhidu trong trudng hop khoang cach tir tau d6 dén cac
tau con lai 16n hon .

Trude khi 4p dung DBSCAN, hai tham sé can
duoc chi dinh 1a ¢ va MinPts, vdi ¢ 1a ban kinh phan
cac tau thanh mot cum.

Trong do:

- minPts: La sb lugng tau tdi thiéu co thé duge
nhém thanh mot cum. Cac tinh hudng co nguy co
d4m va phai hinh thanh tir it nhat 2 tau, vi vay minPts
= /. Sau khi ap dung quy trinh phan cum cho céc tau
trong ving bién xac dinh co thé trich xuét cac cum
tau c6 it nhat mot tau xung quanh (véi ban kinh duoc
xac dinh). Cac tau don 1€ s€ bi bo qua vi chung khong
¢b cac tau khac ¢ xung quanh va chua ton tai nguy
co dam va.

- &2 La mot tham sb ban dau quan trong vi né két
ndi cac tau thanh mot cum; gia tri cua ¢ 1a khoang
cach nhat dinh xé4c dinh céc tau c6 gap nhau khong
trong pham vi hang hai. Khoang cach cu thé ma céc
tau gap nhau thay d6i tuy theo tinh hinh gitra céac
tau, kha nang diéu dong cua tau, tinh trang vung
bién, diéu kién khi tugng,... Trong thuc té, & phai
dugc xac dinh theo quy tic: Ving nudc han ché ¢
phai c6 gia tri nhé hon, nguoc lai, € tai vung nudc
ngoai dai duong co gia tri 1é6n hon. Nghién clru nay,
& dugc xac dinh dya trén y kién cua cac chuyén gia
hang hai.

3.4. Xdy dung bin do diém néng giao théng
trén khu viee luong Hii Phong

Ban d0 diém nong giao thong tai khu vuc Hai
Phong s& dugc xdy dung dé kiém chung tinh hiéu qua
cua thudt toan xac dinh nguy co dam va. Hai Phong la
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khu vuc bién nhon nhip nhét & mién bic Viét Nam, ¢
mat do tau thuyén ra vao lon, vi vay cac tinh huéng co
nguy co dam va giita cac tau xdy ra nhidu hon, dan
dén cac diém nong giao thong s& c6 diéu kién dugc
hinh thanh 13 rét hon.

Dir liéu AIS ghi ngay 26/8/2022 (vi tri, tbe do,
huéng di, kich thudc tau, thoi gian,...) s€ dugc giai
mi va xir Iy. Dé ngan chan sy roi rac theo thoi gian,
dit liéu AIS thu dugc s& duogce xir Iy bang phép ndi suy
dé c6 thong tin chinh x4c vao cing thoi diém.

Phuong phap DBSCAN duoc 4p dung dé phan
cum cac tau c¢6 khoang cach nhé hon ¢ (voi ¢ = I hai
ly), m&i cum c6 it nhét tir 2 tau tré 1én, nhitng tau
khong nam trong cum dugc coi 14 an toan (Hinh 4).

Ban dAu, md hinh dé xut dugc st dung dé thiét lap
ban d6 diém nong giao thong dong dua trén cac thoi
diém khac nhau bang cach ap dung HSD cho céc tau
trong cac cum. Cac tau khi dugc nhom thanh tirng cum
s€ dugc tinh toan xac dinh vung an toan xung quanh tau
HSD cho riéng minh (Hinh 5) [10], tir d6 tinh toan sy
chdng lan dé xéac dinh cac diém néng giao thong.

Nhirng tau nhiu khong nim trong cum s& khong
duoc tinh toan HSD, tuy nhién van phai theo ddi lién
tuc cho dén khi tau nay vao mot cum moi. Piém néng
giao thong dugc ghi lai 1a nhitng khu vuc c¢6 HSD
cua cac tau giao thoa v&i nhau, tao nén mot ban dd
nhiét. Mo phong tinh toan thoi diém 1a 10h00 (Hinh
6) va 16h00 (Hinh 7) ngay 26/8/2022. Trén cac ban
dd diém nong giao thong, mau cang d6 thi nguy co
dam va cang 1én. Quan sat thiy ving nuéc cé nguy
co dam va tuong di cao (cao hon 1) phan b tai cac
khu vyc ra vao ludng, ngi ba. Tuy nhién, khi nhan
thay khu vuc giao thoa cua cac HSD c6 gia tri tir 1,2-
1,5, cac tau da co6 cac hanh dong can thiét dé khong
dé xay ra dam va.

Dé danh gia tinh hiéu qua ciia ban dd d& xuat, ban
dd cung khu vuc dugc tao ra bdi mo hinh khac 1a mé
hinh ap luc méi truong (Environmental Stress Model
- ES) s& duogc st dung dé so sanh. M6 hinh ES do
Kinzo Inoue va cong sy (2002) dé xuit bing cac tinh
toan nhitng kho khan trong viéc diéu dong tau bi tac
dong boi moi truong xung quanh nhu diéu kién dia
hinh, diéu kién hang hai, yéu t6 ngoai canh [11]. Qua
d6 tdng hop, danh gia va tinh toan gia tri 4p luc ma
nguoi diéu khién phai chiu dung khi dan tau di qua
viing nude d6 dé chi ra han ché vé dia hinh, tinh huéng
giao thong, va dua ra giai phap giam thiéu ap luyc dén
muc do chép nhan duogc, bao dam an toan.
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Hinh 6. Bin do diém néng giao thong khu vwe luong Hdii Phong (10h00 ngay 26/8/2022)
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Hinh 7. Bin do diém néng giao thong khu vwe luong Hdii Phong (10h00 ngay 26/8/2022)

Gi4 tri ES duoc biéu thi béng téng cua Panh gia
chu quan (Subjective Judgenment - SJ) d6i vé6i hoat
dong diéu dong cua tau va tinh hinh giao théng. Gia
tri ES c6 thé dugce biéu thi tir 0 dén 1000 va dwoc phén
thanh hai loai:

ESS: Pai lugng dac trung cho ap luc/sy cang
thing gay nén boi mat do, tinh chét giao thong cua tau
thuyén khéc trong khu vyuc hanh hai.

ESL: Pai lugng dac trung cho ap luc/suy cang
thing gy nén bai yéu té ludng hang hai, dia hinh khu
vuc hanh hai.

Trong nghién ctru nay, ving bién khao sat dugc
danh gia bang ESS. Gi4 tri ESS duoc tinh nhu sau:

Sls = a(R /L) + B (5)
a =0.0019 X L, (6)

B =—065-In(L,)
—2.07 (cat hwdng tir man phai)

— 2.35 (cit hwdng tir man trai) )
— 2.07 (d8i hwong)
— 0.85 (vuot)
Trong do:

o : La hé so dugc xac dinh baéi kich thudce tau chu;
£ : La hé so dugc xac dinh boi phuong vi cua tau
muc ti€u so voi tau chu;
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R : La khoang cach gilta tau chu va tau muc tiéu;

L, : La chiéu dai tau trung binh cia tau chi va tau
muc tiéu.

Hinh 8 hién thi mtrc d6 ap luc gdy nén boi mat do,
tinh chit giao thong cuia tau thuyén khéac trong khu
vuc Hai Phong trong 24h tir 09h ngay 26/8/2022 dén
09h ngay 27/8/2022 dya trén mau sic. Cé thé thay
rang, ap luc cho sy quan hang hai tai cac khu vuyc cira
ludng, ngd ba c6 gia tri cao hon, nguy co xay ra tai
nan cling cao hon. Cac khu vyc nay cé vi tri tuong
duong voi cac diém néng dwoc thé hién bang ban dd
diém néng giao thong duge dé xuat. Khi quan sat gia
tri DCR tai khu vuc ludng Hai Phong trong thdi gian
tir ngay 26/8/2022 dén ngay 31/8/2022, nhiing khu
vuc thudng xuyén c6 gia tri DCR cao chii yéu van 1a
nhitng noi ngd ba dau luéng, noi ¢6 mat do tau cao
(Hinh 9).
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4. Két luan

Bai bdo nay, nhom tac gid da nghién ctou xay
dung ban dd diém nong giao thong dya trén thuat
toan xac dinh nguy co ddm va tau thuyén duwa theo
thoi gian thyc. Dir liéu tir AIS tai khu vuc Hai Phong
da duogc thu thap va xir 1y dua vé ciing mot thoi diém.
Phuong phap DBSCAN duoc 4p dung dé phan cum
céc tau, HSD s& dugc ap dung cho cac tau nam trong
cum. Ttr d6, cac khu vuc giao thoa gitta HSD cua cac
tau chinh 1a nhimng diém néng giao thong dugc thé
hién bang chi s nguy co ddm va. Chi s nguy co
dam va cua cac cum tau dugc thé hién trén toan khu
vue dudi dang ban d6 nhiét. Pay chinh 1a ban d6
diém nong giao thong dong voi cac diém nong la
nhitng khu vyc ¢6 nguy co dam va cao. M6 hinh ban
dd diém nong giao thong dong dya trén HSD cua tau
da dugc trién khai va dat dugce két qua kha quan
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Hinh 9. Cic diém néng giao théng trong khu viec luong Hii Phong
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trong khu vyc ludng Hai Phong, ap dung phuong
phap nay tai cic ving bién khac s& xac dinh dugc
ban d diém nong tuong ung. Thuat toan ap dung
theo thoi gian thuc, 4p dung véi nhiéu loai tau, dua
ra két qua nhanh chéng va chinh xac ca vé mat dinh
lugng dua trén chi s6 DCR cling nhu vé mit truc
quan, tir d6 gitp dua ra canh bao sém ddi vai tau
thuyén hodc giup quan 1y giao thong hang hai an toan.
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