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Tém tit

Nghién curu nay tdp trung phan tich sw dich
chuyén khéng gian va thoi gian cia cdc tai nan
hang hdi trén pham vi toan cau trong giai doan
2005-2025 bang cdch két hop hai phwong phdp:
woc lwong mdt do hat nhan (KDE) va phan cum
khong gian - thoi gian (ST-Clustering). Phuwong
phdp KDE dwoc sir dung dé xdc dinh va triec quan
héa cac khu vue co6 mdt do tai nan cao theo thoi
gian, trong khi ky thudt ST-Clustering cho phép
nhdn dién cac cum tai ngn co tinh tuwong d‘é‘ng vé
Vi tri va thoi diém xay ra. Két qua cho thdy sw hinh
thanh va dich chuyén cia cdc ving tai nan trong
diém c6 lién quan chdt ché dén cdc tuyén hang hdi
chinh, sw thay déi leu leong van tai bién, ciing
nhw cac yéu 16 dia chinh tri va khi hdu. Nghién
cliu cung cdp bang chimg thue tién hé tro cong
tac quan Iy rui ro va hoach dinh chinh sach an
toan hang hai hiéu qud hon trong béi canh giao
théng bién ngay cang thay doi phirc tap.

Tw k}léa: Tai ngn hang hai, phan tich dir liéu,
chuyén dich dir liéu, woc lwong mdt do hat nhan,
phan cum khong gian - thoi gian.

Abstract

This study investigates the spatiotemporal
dynamics of maritime accidents worldwide during
the period 2005-2025 by integrating two
analytical methods: Kernel Density Estimation
(KDE) and Spatio-Temporal Clustering (ST-
Clustering). KDE is employed to identify and
visualize high-density accident areas over time,
while ST-Clustering techniques detect clusters of
accidents  sharing  spatial —and  temporal
similarities. The results reveal the emergence and
shift of accident hotspots closely associated with
major shipping routes, variations in maritime
traffic flow, as well as geopolitical and climatic

factors. This study provides empirical evidence to
support more effective risk management and
maritime safety policy planning amid the growing
complexity of global maritime traffic.

Keywords: Maritime accidents, data analysis,
spatiotemporal  analysis,  Kernel  Density

Estimation (KDE), Spatio-Temporal Clustering
(ST-Clustering).

1. Pit van dé

Trong nhitng nim gan day, nhiéu nghién ctru da tap
trung vao vi¢c phan tich tai nan hang hai thong qua cac
phuong phap khai thac dir liéu khong gian - thoi gian
nham nhan dién cc ving rii ro va xu hudng tai nan.
Phuong phap udc lvgng mat d6 hat nhan KDE (Kernel
Density Estimation) dugc xem 1a cong cu phd bién
trong viéc phat hién cac diém nong tai nan nho kha
ning truc quan héa phan bd khong gian [1, 2]. Két hop
KDE véi cac nén tang GIS (Geographic Information
System) gitip tang cuong do chinh xac trong viéc xac
dinh khu vyc c¢6 mat d6 tai nan cao [3, 4].

Bén canh d6, cac nghién ctru gan ddy di chuyén
hudng sang tich hgp phan cum khong gian - thoi gian
(ST-Clustering) dé phat hién cac cum tai nan c6 tinh
turong dong vé vi tri va thoi diém xay ra [5]. Phuong
phap nay cho phép phén tich sy dich chuyén cua cac
cum tai nan theo thoi gian, phan anh tac dong cua cac
yéu t6 nhu thay ddi luu luong tau, diéu kién thoi tiét
va dia chinh tri [5].

Mt s6 cong trinh d dé xuét tich hop KDE nhu budc
tién xir 1y trude khi ap dung cdc m hinh phéan cum, gitp
1am ndi bét su bét déng mat dg tai nan gilta cac vung bién
[6]. Ngoai ra, cac k¥ thudt phan cum nhu phan cum lap
ISODATA (Iterative Self-Organizing Data Analysis
Technique Algorithm) hodc phan cum dya trén méat 4o
diém dir lieu DBSCAN (Density-Based Spatial
Clustering of Applications with Noise) da chung minh
tinh hiéu qua trong viée xir Iy dit liéu c6 phan b khong
déu, vén 1a dic trung cua dit lidu tai nan hang hai [7].
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Tai Viét Nam, céc nghién ciru vé phan tich rui ro
va tai nan hang hai trong hon mot thap ky qua mai chu
yéu tap trung vao mo hinh du bao va cham va ban dd
rui ro tinh, chua c6 cong trinh nao tng dung mo hinh
két hop KDE va ST-Clustering cho danh gia dich
chuyén khong gian - thoi gian cua tai nan hang hai.
Mot s6 hudng nghién ctru gan giii nhat dén nay nhu
ban d6 du bao nguy co dam va duya trén dir liéu AIS
[8, 9], st dung thuat toan phan cym (K-means,
DBSCAN) [8] va md hinh mién tau [9] dé x4c dinh
khu vyc ¢ xac sut va cham cao trong ludng tau ra
vao cang, song pham vi chi giéi han ¢ khu vuc duyén
hai Viét Nam va chua moé rong sang khia canh dong
hoc thoi gian.

Nhin chung, cac nghién cuu hién tai da dat nén
tang quan trong cho viéc phét trién mo hinh phan tich
tai nan hang hai theo hudng tich hgp gitta phan tich
mat do va phan cum khong gian - thoi gian. Tuy nhién,
con thiéu cac nghién ctru ¢6 pham vi toan ciu va dai
han nhdm nim bt déy du su dich chuyén cua cac khu
vire rui ro trong bdi canh luu lugng van tai bién ngay
cang gia ting va bién d6i khi hau dién bién phirc tap.

Trong nghién ciru nay, tac gia st dung phuong
phép phan tich dir li€u tai nan hang hai giai doan 2005-
2025 bang phuong phap KDE két hop ST-Clustering
trén cong cu phan mém Matlab. Céc thao tac cu thé
dugc trinh bay trong cac phan tiép theo.

2. Co sé dir liéu tai nan hang giai doan 2005-
2025 va phwong phap nghién ctiru
2.1. 86 li¢u thong ké

D@ liéu tai nan hang hai duogc st dung trong
nghién ctru nay la tap hop cac su kién tai nan xay ra
trén pham vi toan cau trong giai doan tir nim 2005 dén
nam 2025, dugc thu thap tir cac ngu(“)n dir liéu mo va
¢6 d0 tin cay cao nhu Co s¢ dir liéu cua T chirc Hang
hai Quéc té IMO [10], co s& dir liéu tai nan tau bién
toan cau ctia IHS Markit, cic bao céo thuong nién cua
MAIB (UK Marine Accident Investigation Branch),
céc hé thong giam sat AIS [11]. Trong do, nhiéu nhat
1a dir lidu thu thap va thong ké tir hé thong GISIS
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(Global Integrated Shipping Information System) ctia
IMO [10].

Sau qua trinh xtr 1y, chuan hoa va loai bo cac ban
ghi khong day di vé thoi gian hodc vi tri dia 1y, tap dir
lidu cudi cing bao gdm hon 35.000 sy ¢b c6 dinh danh
day du vé toa d6 khong gian (kinh dg, vi d6), mdc thoi
gian (thang, ngiy, nim), loai tai nan (va cham, mic
can, chay nd, hu hong may moc, tran dﬁu,...), kich
thudce va loai tau, nguyén nhan cling nhu muc d6 thiét
hai vé ngudi va tai san dugc mé ta nhu Bang 1.

Dit liéu chi tiét s vy tai nan hang hai toan cau theo
tung nam va theo giai doan phuc vu cho muc tiéu
nghién ctru ciia bai bao duoc thong ké trong Hinh 1 va
Hinh 2.
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Hinh 2. Thong ké sé vu tai nan hang hdii

theo 4 giai dogn

Bing 1. Bing mdu tong hop div ligu chinh tai nan hang héi thu thip

Lat Long Date ShipType | AccidentType Cause Damage(USD) | Period
5.9095 |[-50.0878 [4/1/2005 |Tanker Sinking Mechanical Failure 3470017.85 |2005-2010
59.7745 10.6383 |5/17/2005 | Tanker Collision Human Error 1444311.57 |2005-2010
35.8481 [24.1944 |6/9/2005 |Passenger Grounding Mechanical Failure 8834359.71 |2005-2010
-6.1566 [71.9245 |6/14/2005 | Tanker Grounding Human Error 1565043.06 | 2005-2010
2.8872 |-4.6496 |6/19/2005 |Bulk Carrier |Sinking Human Error 1739720.64 | 2005-2010
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Hinh 3. Dit liéu tai nan hang hdi theo vi tri cdac giai doan tir 2005-2025 ciia IMO

Dir ligu vi tri cac vu tai nan trong mdi giai doan
dugc thé hién trong Hinh 3.
2.2. Phwong phdp phdn tich mét dj khong gian
KDE

KDE la mét k¥ thuat phi tham sb duoc sir dung dé
uée luong phan bd xac sudt khong gian cia mot tap
hop diém. Trong nghién ctru nay, KDE gitp xéac dinh
cac vung c6 mat do tai nan hang hai cao - hay con goi
1a cac diém néng (hotspots).

KDE dugc tinh theo cong thirc:

R 1 v —x,
o= (52

=1

Trong d6:

- x 1a vi tri can u6e lugng mat do;

- x71a vi trf cta diém dit lidu thér i;

- h 1a tham sb ban kinh anh huong;

- K 1a ham kernel (thuong dung Gaussian);

- n1a sb diém dix liéu.

Tham s6 4 déng vai tro then chét, anh huéong dén
dd min ctuia ban d6 mat d9. Trong nghién cttu, nhiéu
gia tri 4 dugc thtr nghiém (30km, 50km, 100km) dé
chon ra gia tri t6i wu phu hop véi dac diem phan bo
dir lieu.
2.3. Ky thudt phan cum khong - thoi gian ST-
Clustering

Phan cum khong gian va thoi gian gitup phat hién
cac cum tai nan khong chi tap trung vé mat khong gian
ma con xuat hi€n gan nhau trong khoang thoi gian xac
dinh. Nghién ctru nay st dung bien thé md rong cua
thuat toan DBSCAN, goi la ST-DBSCAN (Space

Time - DBSCAN), phu hop véi dit liéu diém c6 gan
yeu to thoi gian.

ST-DBSCAN mé rdng khai niém lan can béng
cach tich hop thém mot ngudng thoi gian bén canh
khoang cach khong gian €, va dinh nghia lai mat do
theo ca hai chicu.

Tham s6 chinh bao gdm:

& Ban kinh khong gian (dé xuét: 50-100km);

€: Cira s6 thoi gian (dé xudt: 30-90 ngay);

minPts: S6 luong diém tbi thiéu trong mot cum
(thuong chon tir 4-10).

Két qua cho phép nhén dién cac cum tai nan co
tinh dong hoc, tr d6 danh gia xu thé dich chuyén ca
ve vi tri dia 1y lan thoi gian xay ra.

2.4. Trién khai nghién civu thwc hién tinh todn

Quy trinh nghién ctu dugc chia thanh 5 budc
chinh nhu mo ta trong Hinh 4.

« Thu thap, théng ké dit lidu, tién xr 1y dit liéu
Budc 1

« Cong cu xur ly, tinh toan dir liéu
Buoc 2

J

» Xay dung Iénh tinh toan, phan tich KDE,

Buwée 3|  phan cum ST-Clustering trén cong cu tinh toan

AN

« Tinh toan - So sanh - tich hop két qua
Budc

AN

« Dién giai va danh gia
Budc 5

Hinh 4. Ly thuyét trién khai thwe hién nghién cieu

Cu thé, Budc 1 1a thu thap, théng ké va xur ly dir
liéu - chuan hoa dinh dang, loai bo dit liéu thiéu, xac
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dinh bién dau vao. Budc 2 1a cong cu xir 1y, tinh toan
dir lidu - trong nghién ctru nay, tac gia sir dung phan
mém Matlab dé tryc quan héa két qua tinh toan két
hop xdy dung bd cong cu bd sung cho tinh toan dir
liéu véi KDE hay DBSCAN phu hgp véi cach thtc
tinh toan clia cong cu Matlab. Bude 3 va Budc 4 trién
khai tinh toan két qua riéng 1¢ véi KDE, ST-Clustering
va tong hop ca hai trén cling mot ban 6 mét d6. Bude

cubi cung, dién giai va phan tich két qua thu thap duoc.

Dé tranh giap kho khan va khong can thiét trong
viéc tinh toan qua nhiéu dir liéu riéng 1é theo timg nim
dé phuc vu cho muyc tiéu dinh huéng hay danh gia
phan tich, tac gia chia dir li¢u thanh 4 giai doan nhu
da thé hién trong Hinh 2, két qua mat do cho céc giai
doan 5 nam dé xac dinh cac khu vuc c¢6 mirc do rui ro
cao va phat hién cac cum tai nan dong c6 yéu t6 khong
gian - thoi gian 10 rét.

3. Phén tich mat d9 khong gian tai nan bing
KDE trong khéng gian hai chiéu
3.1. Phwong phdp thuc hién

Trong MATLAB, phuong phép nay dugc thuc
hién bang cach sir dung ham Ksdensity két hop véi
luéi toa do (grid) do nguoi dung dinh nghia.

Cong thirc tong quat ciia KDE da dugc trinh bay ¢
muc 2.2, véi m6 hinh tinh toan trong MATLAB dugc
trién khai nhu sau:

Thiét 1ap lwéi phan tich va tham s6 KDE

1) Ludi khong gian: Toan bd bé mit trai dat duoc
gidi han trong pham vi:

Kinh d6 (Long): tir -180° dén +180°.

Vi d6 (Lat): tir -90° dén +90°.

Ludi dugc chia voi do phan giai 0.5 do (~55km tai
xich dao), tao thanh ma tran X,Y.

2) Ham kernel: Str dung kernel Gaussian méc dinh
trong ksdensity.

3) Tham sb bandwidth: Pugc chon thir nghiém
trong cac muc 50km, 100km, va 150km; két qua cho
thdy 100km 1a pht hop nhat voi dit lidu thuc té va dic
diém phan bd.

3.2. Trién khai KDE trén Matlab

V& co ban, trong giéi han cua bai bao, tac gia
khong thé thé hién toan b ma tinh toan cho ting giai
doan. Mdi giai doan dugc xir Iy va tinh toan theo cac
budc tuong tu sau:

% DUt liéu toa d6 vu tai nan (lon, lat) giai
doan 2005-2009

load('accidents_2005 2009.mat'); % bién
data [lon lat]
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% Tao ludi khong gian

[xq, yq] = meshgrid(-186:0.5:180, -
90:0.5:90);

gridPoints = [xq(:), yq(:)1;

% Tinh KDE vé&i bandwidth 100 km (tuong wtng
~0.9 do)

bandwidth = 0.9;

[f, xi] = ksdensity(data, gridPoints,
'Bandwidth', bandwidth);

% Chuyé&n vé ma tran 2D
fGrid = reshape(f, size(xq));

% V& ban do mat do
figure;
worldmap(‘'World");
geoshow(xq, yq, fGrid, 'DisplayType’,
'surface');

colorbar;

title('KDE:2005-2010");

Quy trinh trén dugc lap lai cho cic giai doan tiép
theo, cho phép so sanh tryc quan mat d¢ khong gian
gitra cac thoi ky.

3.3. Két qua tinh todn KDE véi bin do nhiét

(heatmap) truc quan

Két qua mat d6 KDE tai nan hang hai theo 4 giai

doan 5 nam gdém 2005-2010, 2010-2015, 2015-2020,
2020-2025 duogc thé hién trong Hinh 5.

Mat d¢ KDE tai nan hang hai theo giai doan (2005-2025)
KDE: 2005-2010 KDE: 2010-2015

KDE: 2015-2020 KDE: 2020-2025

)= a
Longitude Longtude

Hinh 5. Bin d6 nhiét mt dp KDE tai nan hing hi

theo tirng giai dogn 5 ndm

Va két qua mat d6 KDE tdng hop tai nan hang hai

tor ndm 2005-2025 cling dugc mo ta trong Hinh 6.

3.4. Danh gia so by
Phén tich KDE qua bén giai doan cho thiy:
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Biéu dé mat do KDE cac tai nan hang hai (2005-2025)
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Hinh 6. Biéu dé nhiét mét dp KDE tai nan hiang hdi
toan cdu giai doan 2005-2025

Mot sb vung la diém néng tai nan co sy 6n dinh 1au
dai vé s6 lugng nhu: Eo bién Malacca, Pia Trung Hai,
Bién Dong. Pay hau nhu 13 nhitng tuyén hang hai tip
nap va quan trong trén thé gisi.

Xu huéng dich chuyén dan vé phia Tay Phi va Nam
A, dic biét trong giai doan sau 2015.

Vung bién lanh (Bic Cuc) bit ddu xuat hién mat do
tai nan thap nhung dang ting dan do bién d6i khi hau
va mot s6 tuyén vén tai méi hoat dong.

4. Phan tich cum khéng gian - thoi gian bing ST-
Clustering

Phan cum khong - thoi gian ST-Clustering 1a budc
tiép theo sau phéan tich KDE nham phat hién cac cum tai
nan c6 tinh dong thoi vé khong gian va thoi gian. Trong
nghién ctru nay, phuong phap ST-DBSCAN dugc st
dung, vi kha ning xtr ly tt dit liéu diém c6 gin thoi gian
va khong yéu cau xéac dinh trude sd cum.

4.1. Thiét lgp tham sé

Nhu d3 trinh bay trong phan 1y thuyét tai muc 2.3,
cong viée can thyc hién ¢ day chinh 1a Thiét 1ap tham sb
mé hinh. Dua trén tinh chat dit liéu va thu nghiém ban
déu, cac gia tri duogc st dung nhu sau:

1) &= 100km (tuong tmg = 0,9 do)
2) & =30ngay
3) minPts =5
4.2. Trién khai ST-Clustering bang MATLAB

MATLAB khong cung cap sin ST-DBSCAN, do d6
thuat toan dugc cai dat lai dya trén phién ban md rong
tor DBSCAN chuén, c6 bo sung diéu kién thoi gian.

Dit liéu mdi diém duoc té chirc thanh ma tran:

data=[longitude,latitude,datetime]

Ngay duoc chuyén ddi sang s6 ngay tinh tir mbc (vi
du: 01/01/2005) deé tién so sanh khoang cach thoi gian.
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Doan mi bd sung ST-DBSCAN trong Matlab dugc

xdy dung nhu sau:

function labels = st_dbscan(X, epsSpatial,
epsTemporal, minPts)

n = size(X, 1);

labels = zeros(n, 1);

clusterld = 0;

visited = false(n, 1);

for i = 1:n
if visited(i)
continue
end
visited(i) = true;
neighbors = regionQuery(X, i,
epsSpatial, epsTemporal);
if numel(neighbors) < minPts
labels(i) = -1; % noise
else
clusterId = clusterId + 1;
labels = expandCluster(X, labels,
i, neighbors, clusterId, epsSpatial,
epsTemporal, minPts, visited);
end
end
end

function labels = expandCluster(X, labels,
idx, neighbors, clusterId, epsS, epsT,
minPts, visited)
labels(idx) = clusterId;
i=1;
while i <= numel(neighbors)
pointIdx = neighbors(i);
if ~visited(pointIdx)
visited(pointIdx) = true;
newNeighbors = regionQuery (X,
pointIdx, epsS, epsT);
if numel(newNeighbors) >= minPts
neighbors = [neighbors;
newNeighbors]; %#ok<AGROW>
end
end
if labels(pointIdx) ==
labels(pointIdx) = clusterld;
end
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function neighbors = regionQuery(X, idx,
epsS, epsT)

% Return indices of neighbors of X(idx, :)
within epsS and epsT

pt = X(idx, :);

dSpatial = sqrt(sum((X(:,1:2) -
pt(1:2)).72, 2));

dTemporal = abs(X(:,3) - pt(3));

neighbors = find(dSpatial <= epsS &
dTemporal

<= epsT);
end
Két qua diu ra, ham s& tra vé mot vector labels,
trong do:
S6 cum khéc nhau duogc danh nhan tix 1, 2, ...
Céc diém nhiéu (noise) duoc gan nhan -1.
4.3. Két qud tinh todn ST-Clustering va két hop
Két qua tinh toan phan bd khong gian cua tai nan

theo ting giai doan dugc miéu ta trong Hinh 7.

Spatial Distribution of Maritime Accidents by Period

Accidents: 2005-2010 Accidents: 2010-2015
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Hinh 7. Phiin bé khong gian ciia tai nan hing héi
theo tirng giai doan

Két qua phan cum khong gian - thoi gian ST-
Clustering dugc mo ta trong Hinh 8.

_ ST-Clustering of Maritime Accidents (DBSCAN)
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Hinh 8. Két qua phin cum khéng gian - thoi gian
ST-Clustering
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Két qua truc quan phan cum ST-Clustering trén ban
d6 thé gidi dugc biéu thi trong Hinh 9.

ST-Clustering Results on World Map
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Hinh 9. Trwc quan két qui phan cum ST-Clustering
trén bdn do the gioi

Két qua két hop KDE va ST-Clustering trén ban db
nhiét dugc thé hién trong Hinh 10. Cac cum c6 mat do
tir 1 tré 1én dugc thé hién trén ban d6 nhiét bang déu x.
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Hinh 10. Két hop KDE va ST-Clustering

KDE + ST-DBSCAN Clusters (2005-2025)
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4.4. Danh gia

- P6i voi két qua phan cum ST-Clustering doc lap,

Xuét hién mot sb cum ndi bt (c6 mau sic tuong
déng hodc mat d¢ day dac) gém: Eo bién Malacca,
kénh dao Suez, Pia Trung Hai, Hoang Hai.

Trong d0, tai nan tai eo bién Malacca c6 tinh chu ky
vao mua gié mua Pong Béc mic du c6 dau hidu suy
giam nhe trong thoi gian gan day. Nhimg vu tai nan tai
kénh dao Suez lai xuit hién tang dot bién quanh thoi
diém tau Ever Given mic ket va sb lwgng cum tuy it
nhung lai day dac hon theo thoi gian. Tuong tw véi s6
vu ting dan theo thoi gian, mat do tai nan hang hai tai
bién Pia Trung Hai va bién Hoang Hai luén la diém
noéng ndi bat trong van dé nay du danh gia vé nguyén
nhén c6 phan khac nhau. Mot s6 khu vuc dang hinh
thanh dan va co thé tro thanh diém néng ciia tai nan
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hang hai trong thoi gian gin déy 1a Tay Phi va Bic M.
- DPbi véi két qua két hop KDE va ST-Clustering,
Phan 16n cac cum ST déu nam trong ving mat do

cao KDE cho théy tinh hop 1y ciia mé hinh. Tuy nhién,

KDE khong phat hién dugc cic cum ngén han nhung

nguy hiém vi du nhu cum doc kénh dao Suez va ST-

Clustering c6 thé phat hién dong hoc theo thoi gian

nhu: chudi sy kién lién tuc, thay vi chi diém nong tinh.

Tom lai, két qua ST-Clustering cho thay:

Mot sb diém nong dang dich chuyén theo thoi gian,
chang han nhu tir Trung Dong sang Tay Phi.

Mot s6 cum c6 tinh mua vu hodc gén voi su kién
dc biét (dich bénh, tic nghén, chién su).

Cac cum nho xuét hién nhiéu hon sau nam 2020,
cho thiy hé théng vén tai hang hai toan cu d& bj ton
thuong hon trong bbi canh bién dong khi ma trude d6
s6 cum giam manh do anh hudng cua dich Covid-19.

Phan tich cum khong-thdi gian cung cép goc nhin
dong hoc quan trong trong danh gia rai ro va dé xuat
chinh sach diéu phdi ludng hang hai toan cau.

4.5. Khuyén nghj
Tir két qua ST-Clustering va KDE cho thay su dich

chuyén 6 rét ctia cac diém nong tai nan hang hai toan

cdu, c6 thé rit ra mot s6 khuyén cédo dbi véi nganh
hang hai nhu sau:

Diéu phdi ludng hang hai: Tang cudng giam sat va
phéan 1u6ng dong tai cac khu vyc mat d cao nhu eo
bién Malacca va kénh dao Suez; 4p dung hé thdng
canh bao som két hop dir liéu AIS-khi tuong dé giam
rtii ro va cham trong muiia gié mua hodc khi tic nghén.

Quan ly vung rii ro méi: Xay dung mang ludi quan
trc va trung tam phdi hop tim kiém ctru nan tai Ty
Phi va Bic My, noi cac cum tai nan méi dang hinh
thanh; dong thoi cap nhat tuyén tranh rai ro cho Pia
Trung Hai va Hoang Hai c6 yéu t6 chién sy hodc luu
luong 16n.

Huin luyén thuyén vién: Cap nhat mo phong va
khoa huén luyén dya trén mo hinh ST-Clustering thuc
té; nhan manh k¥ nang xt 1y tinh huéng theo mua va
su kién dic biét (dich bénh, tic nghén, chién su).

Ung dung cong nghé va dir liéu: Tich hop két qua
ST-Clustering vao hé théng canh bao qubc gia; st
dung Al dé du bao hinh thanh cum tai nan méi va hd
trg quyét dinh diéu phdi ludong hang hai.

Chinh sach va quy hoach: Dé xuit IMO, IALA xem
xét bd sung chi s6 rai ro khong-thoi gian trong danh
gi4 tuyén hang hai va phan bd tram ctru nan, hudng
t6i diéu hanh an toan, linh hoat va thich ung bién dong
toan cau.
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5. Két luan

Nghién ctru tién hanh phéan tich sy dich chuyén
khong gian - thoi gian cla cac vu tai nan hang hai toan
cau giai doan 2005-2025, str dung két hop hai phuong
phép mat do KDE (Kernel Density Estimation) va
phan cum khoéng gian - thoi gian ST-Clustering
(Space-Time DBSCAN) trén nén tang Matlab. Mot s6
két qua ndi bat gdm:

Vé xu hieong khéong gian

Céc diém nong tai nan hang hai tap trung chu yéu
tai cac tuyén hang hai chién lugc: Eo bién Malacca -
Singapore, Kénh dao Suez, khu vyc bién Pong Béc
Trung Quéc - khu vuc Hoang Hai, vinh Guinea va cac
khu vuc cira ngd cang chau Au.

Mot sé diém néng da giam dan cuong do theo thoi
gian (vi du: Ving Bién Béc, Bic Mi), trong khi mot
s6 khac lai gia tang (vi du: Vinh Guinea, Pong Dia
Trung Hai).

Vé xu hudng thoi gian

Tai nan c6 su bién dong manh trong cac giai doan
khing hoang (2010-2012, 2020-2022).

Nhiéu cum tai nan mang tinh ngan han nhung tap
trung cao d9, thuong gén lién véi cac sy kién dac thu
nhu tic nghén kénh dao, thoi tiét cuc doan hoic xung
dot chién tranh trong khu vuec.

Vé sir dich chuyén khéng gian - thoi gian

Mot sé cum tai nan c¢6 xu hudng dich chuyén Vi tri
qua cac nam: tir khu vyc Pong Nam A sang An Do
Duong, tir Tdy An D6 Duong sang Tay Phi.

Phat hién tinh mua vu ciia mot s cum, dic biét tai
khu vuc gié mua va bang bién tan ¢ cuc.

Loi cdm on

Nghién ctru nay duogc tai trg boi Truong Dai hoc
Hang hai Viét Nam trong dé tai ma s6: DT25-26.13.
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