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Analysis of factors affecting ship collisions
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Abstract:In order to analyze the interactive relationship be-
tween the influencing factors of ship collision accidents more
scientifically and reveal the evolution mechanism of ship colli-
sion accidents, a ship collision accident database was estab-
lished based on the global ship collision accident report,
which included five types of influencing factors; human fac-
tors, ship factors, management factors, environmental fac-
tors, and accident time. The Apriori association rule mining
algorithm was used to determine frequent patterns, associa-
tions, co-occurrences, and causal relationships among these
influential factors. Visual representations of these results were
obtained by using complex network theory. The topological a-
nalysis methods, important node sorting algorithm based on
mutual information theory and edge sorting algorithm based on
the centrality of edge mediations were used to identify critical
influential factors and edges within the network, and evaluate
their robustness. The results indicate that the influencing fac-
tors of most ship collision accidents are relatively active and
the interaction network of influencing factors is closely con-
nected, and factors such as ship tonnage, age, and navigation
water area are more important in interactive information trans-
mission.
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Tab.3 Topological characteristics of effect

factor interaction networks
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Tab. 4 Nodes importance ranking based on mutual information theory

Hp WA EEE | F 8 BREE | HF 0 WA RGER
1 34 56.92 13 35 17.47 25 56 -23.43
2 5 49.99 14 18 16.71 26 8 -24.49
3 36 45.08 15 24 12.52 27 2 -30.33
4 37 40.99 16 51 5.24 28 61 -33.16
5 3 3778 17 17 4.46 29 55 -33.24
6 38 3591 18 40 3.53 30 57 -33.58
7 6 31.62 19 44 -4.36 31 13 -46.70
8 21 29.00 20 54 -4.86 32 45 -46.94
9 33 25.76 21 52 -8.94 33 1 -52.18
10 41 25.73 22 53 -12.00 34 43 -95.30
11 22 22.10 23 7 -15.54
12 26 20.00 24 19 -15.76
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e bul P GV Eil5g bul Pl i GREVERY 3
1 (54,43 0.0296 6 (57,51 0.0151
2 (1,5 0.0241 7 (3,2) 0.0149
3 (45,41 0.0241 8 (22,17 0.0148
4 (21, 13) 0.0209 9 (8,22 0.0140
5 (34,54 0.0189 10 (61,22 0.0140
3.3 BHRMESN 331 &k
PO 2 ) 5 PR M i 4 19 248 L1 i i R Ak R S e R AR AP B AL s RN 5

I, W28 DR RS E Y RE T . WO b 5008 Rl
M A 3R PR 58 T P 245 AR ) 4% 1 A 5 Pl A —
G ST v Qi O L N 1 D R e
L, I W M 28 G PRI AL, B 1N AR AR Rl
RO R AR BRI

HEFF (5 Tk P Rl SR, 20 ) 6 I 46 4 a5 2R AT
Bahigfic sk M4 &2 (18 6) . &l 6 1]
AN IR R i 2 TG, B R AT A
B sgn, M2 S PEZ IR, X LA A, B
Tk MBEHLIC o 0 265 e IR B AN [, 38 T Bl
X 9 245 A DA ) 3k 8 02 AL Al BEEBR 35 A 0



42 REBFRXFFR % 49 %
e 3 5 S 0 ) 20 97 L 0 A o I — T
FHATRL, HIHHET WLR Al PageRank 12 53 TR
i, FETF LA B A 75 Rt R 0 o A 9 2 .

W
SEAIE, BB TR T A e R R Bool N ke s |8
JEHERF 7536k B3 FH T A9 00 Al 42 52 i) P 3R ) s §
“% B s T
Mo - smpwa |7 &
1.0 O2 1~ BHLECrIn F Ee ©
0.045 - - - BRI R R -
y —— R R T R
08 & M:B’ ’ ’
S 0.000 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
AX‘\‘ 19 20 21 2 23 RELH

ﬁ ¢ k E7 WENREHEZEETL

‘g Fig. 7 Robust variation of network edges failure

|§\ 0.4 B .

30 2 W e AR R H TR R S R S A

o | 4w 3 N B T 415 2 ] 0 B T 2 o
& Pk B 05 1] 5 T 5 AR — 5 2 5 S

+§fﬂiﬁ§ﬂi@%$§:lﬁlm . L s o .

wo o iesspesesssates A 4 103 5 Rt R 2 BB 2457

SR A A2 A5, ELRE S 000 265 rh 2% 5 M A1 28 52 1 T PR

El6o MEHRAMPEHEETR
Fig. 6 Robust variation of network nodes failure

332 #Hk

R IS RIS UL AL Xl e 30
JF 14 88 T ol A Rl SR, ) 0T I 245 #3004 T 2K
dif e M G (B 7) . &7 Al
HRBLBORF) 150 B, BEALIL o 121 74 I 45 45 1
PR FE 10.18% , & B X0y i 19 M 4 & B 1L T [
44.67% , WL, Bt BIL I ol I S5C B 140 2% 8% iy A 3R 4
i, A B4 R e i, 28 S el A 2>
R JRE T o 5 R OR 8 T A i E DRoE ER ) 28% 5
P AR FUA dodi Bl A g 4 RE AT I 45 8 et
T, X A SCHY M 2% B 2 DA 2% R ik
VENFEAR , 26 b OB e, IR PRk T

HiPE 7 b m LA BR, 78 T8 0k 100 ) ) 2% 5
Pt SRR T R B2 RN I B — € T
I 28 BRI AN 2 R A k2 s RO ARG B
AR IR ], 2 R A S kS T, DRSS
TE R 28 8 MR PR R A AU I I 2% 25 K A A2 AL, AR
SCHE T 8 BTG I o 2081 2 e S AR I B 10 72
PEAEOL (18 7 5228 ) o 1B 7 AT UK IR, R 45714
IR AR KB AR A0 5 P 28 B s AR AL R 2 5 (H
&, MG R VELERE AR | 0 45 2 R A
KIETFHRIIN, X I RO A SR e 04 b &
B RN e 3 64T 8 T, T A BOR A

PRI, 30 8t P 1 a5 b i it 25 e 2 51 e
AL S B FH , DT AR A AR 4o R AR
140, 44 (BE WL <0.5 n mile) —7 (BUERAR) B
— AR R A s HAE T, B 28 H AR
39.43% ,HI 4 A8 UL FE <0.5 n mile B BB AE AL &
AT S RO RE ER A 39.43% . TSRS AE X
44(FENLIE <0.5 n mile) 5 7 CHUET M) SR EUS Tt
B ATERE L E <0.5 n mile 251F FRALATET, B)
W 2 R34 1l 44 (FEILIE <0.5 n mile) 5 7 (HL
UM ) Z ) 22 AR R AR A8 S 44 (RE DL <
0.5 n mile) —26( & SIHLYI % >3000 kW) —7 (#
B L DL, P [ 5 ZE P A RE = R sg B T
B, o7 AP 95 = A R R AIR 2 29.79%

4 # @

AR SO SR A A B A o5 2 A AR Rl 42 2
IR PR ZR 5 U, R P SR KA U2 1 B AR AZ 4
SN PR 2 TR AP IR 5 SRV, R SR 14 5
Fil L Py S AT $58 = IO W) DR 3R 52 L R 4 O o
A o 245 B A MR R 2 i S s i, R
W25 AT SRR T, BETEEAE AT
(1) AR 428 2 2% 52 TR A 3R 22 RLA7 A 293
ZRRAT IR SCIBRRLIN , FE b A R HE A T 10 1Y
SRR R SR A K
(2) 90 438 S5 52 iy TR 2K S LI 2 v, 4%



%38

BRAR SR T AN A5 A B A W 4R b 0 A AR A 3 F v B A AT 43

SR R 2K ]S 2 TR 1,49 A e 4 1 3 At
SN (R 2R 2 /INT [ S RASE P B RTL DR 286 5 Do 28 SR 4R
R 5 T 1A A U B BEBL I 45, I8 Bk &R+
TR Ty KA RN S BRI [
AR ARG 2 5 e A R R IR

(3) s A6l 2 = e ) PR 38 A8 B I 4% 8
Z s R ZZ A K e, B A 5520 4%
FEK, Fln, R B = 2 M R R
B O RO A 0~ 10 AR IR
10~20 4E” “ZAE MG A E" A Az
LA CERZH BN R R g H
TN S VR K380 A 52 e R 28 5 At 5 e 1R
RZIAER R B R K% KU, 5 B a8 X i 28 P
R, B 1k Az 3 8080, BEL T APl 43 =
R,

(4) Fis A6 Al 2 = 052 ey TR 28 28 B I 4% v
o3 R 2R A B A A AL, S 2
Ban, WA s E 255" M R ARV R B
fi7<500 t7 “ B 500 ~ 3000 t7 |« 4E 445 HH
PERTERE U AR 6 ~T7 Pk R E R &R
IR Mg L AR T AR B L, i,
o BTN X2 R 28 1 B 47, BRI A5 5 e [ 2% 28
AT BAG SRR By L M ARG R A

(5) s A6 Al 2 = O ) PR 38 A8 B 4% A
FRP AR R 2 o P B oy F B 6
I, WA 2l R S A R 2 EIR
FIHERA L B S5 R R M AR I3 S S A AR i
O] FEYIBLAL S W A8 T 15 2 Ak 3R
AR R A, I R AL a3k, ksl
A TR

(6) 38 28 i 22 S 0P Y 7 45 fe il , R A% A AL
e O APl 43 = 0 i PR 3R 58 B I 4%, T i
FEARA AN Sl R A

(7) R 52 i PR 25 1) 28 B B AR iE AT B 4
ELEN A AA R SR e R 2R 52 B 2% OCEE RS
Ml PRI 2R R AT 7 45, B 6% DRk LA A5 iR I ) 2% 45
1 o AR X T RN e B n s e R 2 1)
AR AR RS SO A 0 52 S I
PRAR AT B 45 A BE A AR A = 0 38 1k 1) I 4% 45
4 ELDBIT A A9 Al 8 e ) e A=

2 3Lk ( References) :

(1] AR AR, sRIEMR, BR3P0, LT Bk BN 4 82 540 A

MR T[] P e RkAsE 4, 2019, 29
(10): 31-37.
SID S, ZHANG Y J, LANG K. Causation analysis of
container ship collision accidents based on improved BN
[J]. China Safety Science Journal, 2019, 29(10) . 31-
37. (in Chinese)

[2]EWgRE, Ph/NMEL B2 T MORT M9 S5 $i i i =i 2

BT[], A2 5B, 2020, 20(5) : 1624-
1630.
WANG HY, ZHONG X M. Causative analysis of oil spill
accident of “Sanchi” oil carrier based on the management
oversight and the risk tree[ J]. Journal of Safety and En-
vironment, 2020, 20(5) : 1624-1630. (in Chinese)

[3]HWANG T, YOUN I H. Latent-cause extraction model in
maritime collision accidents using text analytics on Kore-
an Maritime Accident Verdicts [ J]. Applied Sciences,
2022, 12(2) :914.

[4]HASAN U, ISMAIL C. Analysis and assessment of ship
collision accidents using fault tree and multiple corre-
spondence analysis[ J]. Ocean Engineering, 2022, 245,
110514.

CSIATama, skbt, Mok, 4. 2R FEMAS T RICHK

SRS 5 PR B A BT (], o1 R A 2 2 R
2023, 33(3): 60-67.
FUSS, ZHANG Y, XI Y T, et al. Causal chain of mari-
time accidents in Yangtze River Estuary considering cou-
pling effects of multi-risks factors[ J]. China Safety Sci-
ence Journal, 2023, 33(3): 60-67. (in Chinese)

(61, 540, FF DM 2S log-logistic 1575 f)
FEAAREAE AR [ T]. AL, 2023, 46(1) : 24-29.
LIAO S G, WENG J X. Ship collision frequency predic-
tion with Bayesian spatiotemporal log-logistic model [ J].
Navigation of China, 2023, 46 (1): 24-29. (in Chi-
nese )

[7]LI G R, WENG J X, HOU Z Q. Impact analysis of exter-
nal factors on human errors using the ARBN method
based on small sample ship collision records[ J]. Ocean
Engineering, 2021, 236. 109533.

[8]WENG J X, LIAO S G, WU B, et al. Exploring effects
of ship traffic characteristics and environmental conditions
on ship collision frequency[ J]. Maritime Policy & Man-
agement, 2020, 47(4) . 523-543.

(9], KBl FTHIFMTTIE LNG M fE b 2
VAL ] KRR A2, 2014, 40(3) ; 45-48.



44 KiEHFRFFIR

% 49 %

ZHAO 7 L., ZHANG C. Risk assessment for LNG carrier
collision accidents based on event tree [ J|. Journal of
Dalian Maritime University, 2014, 40(3) . 45-48. (in
Chinese)

L101 ks, EAAE, #ish, 558 FE T ORI py 1% Uk

B R W 2 BRI ST [ 0], % A 5 3R B 2 4
2023, 23(4) . 1161-1168.
CHEN W, WANG L Y, YANG J, et al. Research on
the network model of tower crane accidents based on as-
sociation rules[ J]. Journal of Safety and Environment,
2023, 23(4): 1161-1168. (in Chinese)

[N, 28R, B e, BT R I Z8 S YK I

SRR A AT [ 1], KiE W K2R, 2023,
49(2) : 80-90.
SUNJ Q, LIM H, XIU X Y. Research on causation of
water traffic accidents based on complex network theory
[J]. Journal of Dalian Maritime University, 2023, 49
(2): 80-90. (in Chinese)

[12]DENG Y, ZHANG Y, YUAN Z, et al. Analyzing sub-
way operation accidents causations: Apriori algorithm
and network approaches| J]. International Journal of En-
vironmental Research and Public Health, 2023, 20
(4) . 3386.

[13]CAO Y H, WANG X J, WANG Y H, et al. An analysis
of factors affecting the severity of marine accidents using
a data-driven Bayesian network [ J]. Ocean Engineer-
ing, 2022, 269. 113563

[14]WANG H X, LIU Z J, WANG X J, et al. An analysis

of factors affecting the severity of marine accidents[ J].
Reliability Engineering & System Safety, 2021, 210.
107513.

[15]FAN S Q, YANG Z L,BLANCOI-DAVIS E, et al. A-
nalysis of maritime transport accidents using Bayesian
networks[ J |. Proceedings of the Institution of Mechani-
cal Engineers, Part O: Journal of Risk and Reliability,
2020, 234 (3) . 439-454.

[16]CORADDU A, ONETO L, NAVAS M B, et al. Deter-
mining the most influential human factors in maritime
accidents; a data-driven approach[ J]. Ocean Engineer-
ing, 2020, 211.107588.

[17]FENG Y W, WANG Z F, DONG Q B. How to analyze
the urban rail transit network in the combination view of
complex network and clustering; take Shenzhen as an
example[ C]// 2021 2nd International Seminar on Arti-
ficial Intelligence, Networking and Information Technol-
ogy (AINIT). Shanghai. IEEE, 2021.

[18]GIRVAN M, NEWMAN M E. Community structure in
social and biological networks [ J]. Proceedings of the
National Academy of Science, 2002, 99 (12). 7821-
7826.

[19 T3REARIR. 52 A0 28 1 i 0 o Sk 3 i DA R 2 R A
BAARREHTFE[ D] KV ERRHERY:, 2018.
JIANG L C. Research on identifying node and edge im-
portance and influence maximization in complex net-
works [ D ]. Changsha; National University of Defense
Technology, 2018. (in Chinese)



