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Research on the dynamic ship domain based on the ship navigator's state

LIU Dongqin, ZHENG Zhongyi, QIAO Sen
( Navigation College, Dalian Maritime University, Dalian 116026, China)

Abstract: To address the issues of the analytical-based I, (Fuzzy Quaternion Ship Domain) model, such as the difficulty
in defining its boundary, insufficient consideration of influencing factors, and challenges in practical application, this paper
incorporates the human factor of ship navigator and establishes a D, ( Dynamic Quaternion Ship Domain) based on the
ship navigator’s state to enhance the analytical-based fuzzy quaternion ship domain. The shape parameter K value of the
fuzzy quaternion ship domain is calculated according to the ship navigator’s state, and the dynamic ship domain model
under different ship navigator states is obtained through computer simulation. The results show that the shape and area of
the ship domain dynamically change under different driving states. When the ship navigator’'s state is excellent, the ship
domain shape is an irregular thombus, and the domain area is the smallest. When the ship navigator's state is poor, the
ship domain shape is approximately rectangular, and the domain area is the largest. Compared with the traditional analysis-
based ship domain, the proposed model determines the fuzzy boundary of the ship domain according to the ship navigator's
state, making the dynamic ship domain more flexible and adaptable.

Key words: fuzzy quaternion ship domain; the reliability of ship navigator’s state; ship navigator’s state; dynamic

quaternion ship domain

AP R P ot o e N UM DG RS 1 g SR | /s DU B e 103 VIR G2 BT T RV B RSB )
it BACH TRE) b B AR E0E SO R 2805 KRl 8.0 I, B4 ol 3. 2 f5 i, GOOD-
AR A28 B 573l S R A — A SO B A 4T WINT ko K SR ¥ S LT R 1 T
B O MRS A SCIR L2 D AT B AT, A BRI BRI LSRR U ) o A AR T
S WL , U2 A AR S LTI AR R BON I A2, S T el K Sy R s 2 2 3 4 T AR

W7 B 83 :2023-10-06

EB T XAREE(1997—) , Lo, W1, WF5E 07 Wl i B A0l 22 A B R W 4R, E-mail ; 2020249594 @ qq. com

BIEIEE AP L (1964—) , 55, Hod, 1, W58y 1) o it b 5008 %2 A PSS W HHOR o E-mail : dlzzyi@ dlmu. edu. en

SRR XUARER AP S AR ST e Bl SRS M S S AN ST AT FE [T . v IR , 2025 ,48 (1) :43 - 49.
LIU D Q,ZHENG Z Y,QIAO S. Research on the dynamic ship domain based on the ship navigator's state[ J]. Navigation of China,2025,
48 (1) :43 —=49. (in Chinese)



44 S E B

55 48 55 1 1)

TR/ R ERIE A K. DAVIS %6 GOODWIN
BEA ) 3 A B B AR AR NI E A 1 A4 1 R 55 1 [ AR
BRI I U AR R B B BT A N L 3 AR
AETR B T T AT B R /INEL B o RS A A 00 SR A
FEI T2 B2 5 1% 2 28 38 LI AN 5B 48 3], SZLAPC-
ZYNSKI 4257 41 53 ol 4535k U1 44 g 228 560 780 454 A3 001 450
W, WA G EHARN LR, A Sh Ul R4 (Au-
tomatic Identification System, AIS) A #4555 A
R BCE R 3 Bl 22 56 5 AT TE 4k 22 4l
ZHANG 25" Xt it J BBl K Rtk A7 A% % 43, SR s ¥l
FH ATS Bl t5a 45 B 200 00 A 285 B, B e AN ) 28
RIS AN SR AR A N SCHR (7 133t X AIS
BAE Gt oA, i T A0 4 T RO —
[, Hop 4243 5154 0.90 n mile F10.45 n mile,

T 25 55 i A0 45 S RIE 9 1Y) R ik L, 43 B AL A A
GUS ISR E T KR, 32 B A A S ORI A A 45
. n: ZHAO ) %} FUJIL, GOODWIN FI GOLD-
WELL ) fifs A 450 55 80 A 7 4k M 43 A, 951 AR
BRI, 5175 WA P SUSBAR ], AR 450l ] A [m] 1) 2
G Z A5 4k s WANG™ Hy 2t 58 4 1 56 T 43 7 1
{14 A A6 00 R ABE AR, B HB TR DU ST Y AR 45T 85 ( Fuzzy
Quaternion Ship Domain, F ) , B8 K/l 4 42
B CHTJa AR i, TR 75— AR5 1=
O, F oo U0 RUAE THREBS RN R L —
IR o IR AT B R s, A2
KIS AR R AR I R o (EADRY Y ST A0 45k
BEARYEe Z X2 50 51 2R 7% 1, AR B A2 —
A WA S

P02 HE 2 B I, 2 sk DR 2 SR BUGRE AL R AR IR
UEAS A (8 ST B AN B At 1R A0 , 50728 sk 3 %o A A
TSI AR AN R 200, 725 3 53 i RN 3R A7 B
250 GUIRAS 2 RG0S ) T IR I B AR
ARIY (B AR T 20 A R AR U B e et R v, AR D
BB RO B PIRAS o ASOBE RS DU ST
FATUSEA T RO, 25 R 72 3 5 )RS K A A 538U
ARG, ARAG AR 25 RS A AR U TR AR
BMAE Fosp BT, S 25 VU IC AR S5 35 ( Dy-
namic Quaternion Ship Domain, D, ) HE B 2 1
FH W08, RlE 2 56 A 2830 4 4 T o
1 2T A7 AL By A T 0 A A AT
1.1 8 T AR AR s AR B

F s 5 B2 A JELAEUIE F A 458K 119 A /0N F e e

E , BUBHARATE A2 A A LR AR5 4 R 1R,
FERARR/NE IE AN BRI A0 BT 3 R G o 5

T VU DT AR F sy BT A -

(XJ)‘ A X,Y5 glaQ:
FQSD,K — { fk( Y Q) } (1)
%Rfom 7Raft ’Rstar ’Rpon} 9K = 1
filx,y,Q) =
( 2x )1‘ +
(1 + sgn x)Rfore - (1 — sgn x)Raﬂ
2y K
2
(G -Gk, @
=
sgn” = ...{1’ * =0 (3)
-1, %= <0

(1) ~303) W Ry, o B AR SRRl ) 2425 R
DA AR AR T A A 5 R O A AR BT 2 A2
R I BEANSUS ARG AR s + Oy x AL RESU y AR
K A RSO AR R 5

Ry R R AR T HAES L A [ R
WL AD B3 25 R Ak, MBERIRIE DT B3 35 R AL
kB , AN

Ry = (1 +1.34/k3, + (kp/2)*)L

Ry = (1 +0.67 ki + (hyy/2)" )L (4)
R = (0.2 + k)L
R, = (0.2 +0.75k,,)L
38 8 ARSI ey A0 e T RRATE FE O P JEE R T
iz g 2 AT S, A =

[ ﬂ = (%359 Mg Voun+0.095 2
AD L -
(5)
[ & = 10" 3 Ve Vo =0.079'5
br L -

K=1FK=2 TR WP 1, & 1
o AE KR ECELAS [ B, P 45 28] ) S/ R R
WA, 2 K =2 i, 13 8] (8RR AL S PY 0
ARSI, 2 K =1 I, 133 F s B9 FR/N S, B
I 149 A AR SRR R e/ A A T T 3
WIAEAR ST 7, H A SR, B AT
TR 2232 B2 B CUIRZS B R o AR SO i X A AR
20 B BRI R 2555 BRI K 13 5MH,
B E B AT AR U 1) Bh 25 5, S A5 2 B A5 AR
G
1.2 HEHPY T AR AR SUsi ) & BR 4

F g Ja — Tl 35 7 43 A TR 41 A 0T 490 SRS 00
GEETAGE MBS 5 ALS Bl ok AT (1 i
P BT IRSEIR AN [, ASEAS I AT AR IR 2R AN S 3
TESEPRAA T IR I A% A M DR AE T 4 2R,
PRI /I 5 EAT AR 1 B AUA T I J3E A — i 1 s
ARERIN, B = SIS N R R R 255 58,



RUZREE 45 T2 B BRSS9 2l S AN S 52 45

-—=K=1
—Kk=2

Bl K=1F0K=2FHnausmp
Fig. 1  Ship domain model under K =1 and K =2

[ , AL g ST 6 e 2 R 28, S HRITIT 5 X Fhat
I LU % A A AR R, A B R & — >
RS A 0B, b RO AN T X DL T S B
iAo
1.3 ZhaSARARaE

HI T AR AA U I N AR 52 3 2 Fh R R 1 5%
M) , A o BRSO TG AR A ST A T ek, AR IS T &2
S o el 1 BSL AT 9, AR DU o s 96 40 08 ) LAt |
HEST. D oo BERL, W K B VR R 572 Bk GRS AR DG Y o5
BOK(D)  Horp T2 i 38 GORS e iy 2 &,
PR A TR 2 A R KR K () 7 i 7 3 285 A A 25
WA WA 5 gk SR LR ARG 45 R, BT DL K
() EEZ2 50 GURPIRES R RE O BR B A=
FRZJTT) A5 o WECAS SO A 37 08 20 2 A AR A )
BTG

Dosp xiry = {(x,y) ‘f,((m(xJ’;Q) <1,0Q =

{annﬁ ’Raft’Rstar’Rport€ ’K(F) 2 1} (6)
fK(r)(%%Q) =
2x K
+
(s o (1 —sn Ry
2y K(I) (
7)
((1 +sgny)R,, — (1 —sgn y)RW)

R SCORE A X AR 25 B BR AR S R R R R 23 A
B E SIS AN SR A AR s B K() , AT A 21 A
Rl 26 F T I B A5 AR U 32 5 o

2 ETER GRS R IORI A TR

2.1 BRRRENTEEITE
K(I) 22200 GRS, 250 GORE
EENT=16,,8,,8, 1, H,8,.8, Fl 8 433N %
B 53 AR RE OB R BRI A BER AR 5,0 <
8, <1o 2B GRS WA Ny
T = {y,7,7:1,0 <y <1 (8)
0 GURAS TSR BT R S AN AT S ALY

TR, AR R — R T X 20 R
e N BTSRRI PEAG T 3%, B AR U TR I N R
RSN KRR Ok A RS RGBT R
fla P A TR FE " o Hpr s

R@):mr<o:ffumr 9)

(D) HE(r) AR RIRA, A DU H R R g 0

R . FEARSCH BUE (1) S B B0 A A e 8

PR, SRR A R T AT S R A A T TR

AIREVEBCT b A A, 7R RO R A

o fe i ek oy

E(1) = t=0

t <0

(10) oA >0 SRR — AL, B HRR Sy 3
255 20(9) A=K (10) 15 Hh v 5 B2 RS i) gt Ar <

{)\exp(—/\t), (10)
0

t=0

O (et

(11)

s t <0
275 NI ] 5 BE AR A BIFE J5 1% , AR S 2
B T AL AN SRR A AR P R (R4 ) &
FATRI Y, FEAR R TS BE PR B AF G D0 B, AN 25 3k 53 257
AR BB BOIRAS o TERCARAT T iR A RS
B ORAS R AT AR BE S 2 Bl SUR S Z 1A AR AR OG R o
WA SO S8 e BRI B RESZ = po p B

p(I) =TxTI" (12)
PRI T 25 3 5% %) W] e B SRk W] Ry
R(I') =1 -exp(-Ap(I)) (13)
2.2 SEhI
2.2.1 BRRKREISH

P25 B LR RIS BE R RUZ A T RS RO
W RE PRAHRE Y, Bk P A A TR A AR A
PR, B R ) 6, .6, A8 HPR
oA, RIS Bk R ZSAL T A5 K 1 22, 2 3 51
QR A 0A1 DL 112 o A SC Il ST A9 5 5 g 225 Bk 5 R

0.5¢
0.4}

< 03}

oy

= 0.2}

0.1

0 02 04 06 08 10
B RERAE

B2 Z5hh s s RS A

Fig.2 Distribution of ship navigator’s driving states



46 S

55 48 55 1 1)

O] R A o RS A AR L, PTSERE
200 LIRS S AR Eo A R S I GRS
A, AT R R, 28 0 RS 1 AT S I IR
BRAWKE 3,

0.9r

0.8}
M 0.7+
*&L 0.6}
% 05
K 04
X 03}

0.2}
g
ol

0 02 04 06 08 10
B REREE

K3 2 RS AT SRR 5 2 Bk SUIRZSC R
Fig.3  Ship navigators Relationship between reliability and status
2.2.2 mAMAKRAETE
XFT 45 R 0 SE [ O A RE AR K X = («y,
Xyttt ’xn) 9/\ E/‘J{u%@ﬁj‘j
L(A) =[] xexp( - Ax;) =/\"exp(—/\ x[) =
i=1 i=1

Aexp( — Anx) (14)
A (14) 7 1 = -5 a BRI

X5 A BIBUR BB HBOR T, HRak =l
d d _ n _
aln L(A) = a(nln()\) - Anx) = T
(15)
BZARISEL N B KSR THE
A=k (16)
2.3 BEREHEK(I)
AR 2 Ok CURE R AR A A5 R, Rt , Bh A
PR ARSI AR T 252 B Bk GURAS 5 . 25 38
GURPIRASBRLT , S5UI8f BT A0 455 1) 70 LA/ , 25 Bk 5 1Y
ARZABZE , SUA0 F5 1070 Bl o B R — 8k, JL T2 g
GRS B RIFERE ,K() Ny

K(I) =

o
exp(1 —exp(—ap()) 17

X (17) o MO MR H 25 Bk IR S 1) foe i AT 52 JEE R,
1 FQSD A Rl AR EL K., H5E o o BYFRIA N
K,

a :Rmm (]8)

2.4 BREAKSNERNHE

SATRIE RSB, F 0B 3 RS (6,.6, M
8 ) R AT AE , 2 Bl GOIRZS A AL ER 7] i A= (8)
Fizn o BT NBOPEAS R U2 OB E 1Y, A 072
SR HIRELRE 038 2R 5 A AR B ER X IR e £ )
FCEZAINERE 1. PR, A 022 [ Brifg 45 20 21
( International Maritime Organization, IMO) %f A &

R SORIRSE, SIS 2 3 BUIRZS CRIRELRE O
HZE R AR R ) A R MR, 454 FAN
MBI 2012 4R 1 H—2017 4E 12 7 16
oL [E U & E A J) ( Marine Accident Investigation
Branch, MAIB) il 32 i % 4> 2= 51 4= ( Traffic Safety
Board, TSB) % Afi ()3 161 2 #5 J 208 fif fii firl (1)
WO A5 2 A 32 Aol A 5% XU PR 28 A0S R A3 4
GETTHER e N IR R A,
GEIT A B Bk G AR RE L0 B R iR AR 3
B3I JRURS: PRI 3R T 3 o ) S O, IH — A S HOS
FAE RS TEPR AL W 1, 235, B0k i
RERIBE K
T = {0.636,0.219,0. 145} (19)

F1 ERBEFEHNERARENEER
Tab.1 The ship navigator’s state risk factors that

cause maritime accidents A%
%ﬁf R % WE RE
TR AH JC AN TR 2 (I
B N SR AR R 20,19
SRR I TR R
%ﬂf LML) 63,6
B gamgormere 80,29
R WEEE AR 30.77
WLEERE ST FIWTRE AN 2 42.30
B2 4 45 ] 24.52
Ak 4.81
;{; 5 S R A 24.04  21.9
DNANTHALEFE RS 21.63
1 455 HRE S AIG 1.92
ARG R 25.96
e TAEMEDES 17.31 s
AP 2 R 6.73
B AR R 0.96

3 BAGR

3.1 REHRRE

oAy 6 P 82 ) S0 2 IR SRS TR P A A
AICHEFE Container fHAAMEST ) B, LB M AN S BUM=
SR 2 AT K MR e A/ AR LD B BBt
HPEMTAT o RIS AN SO0 225 B B3 A AT 2o 7 A A
PR HEAT 7028 AT IR 73 I IR 2 38 1 A



RUARER A ST 2B GRS B S AR ST 7S 47

®2 HEEMSHER 1 22 NO0F5 1T A RS
Tab.2 Experimental ship parameter information 3.2 AEZBHRAENTEENE
WEARZE Y Container T Ay LA 3172 g DOIR S 5572 e B3 n] R AR AL
K L/m 175.0 EIRLIE 4, B 4 230 SRS SR AR AS 2 B 5
ﬂg_ljj‘z B/m 254 Eg 81 \62 ﬂ:‘n 83 #:ﬁﬁﬁ%’ggiﬁ%%ﬁﬁﬁ’ﬁﬂﬁ
" JE B, Y RS AL T I, AT T 1,
77K d/m 8.5

B o/ P RR TR AT AR 2 505 25 B GURES AT Z, 2R L&
PR -9 5. P S st S B RAS LI K () B, 54
FRARZS TR B 0 BB 22 BRI R 22 50) 140 6 B2 0k 5% FRPR 2B , A AR T P T AR L3
PO o AR SCHI O L0 3 AR A 435 28 s 5 e A 7 o A o

F3 MITRESE

Tab.3 Navigation status classification

2 GRS 7% B thag B RA4F 75
5, (0,0.1] (0.1,0.3] (0.3,0.5] (0.5,0.7] (0.7,0.9] (0.9,1.0]
5, (0,0.1] (0.1,0.3] (0.3,0.5] (0.5,0.7] (0.7,0.9] (0.9,1.0]
8, (0,0.1] (0.1,0.3] (0.3,0.5] (0.5,0.7] (0.7,0.9] (0.9,1.0]
g: SO, ST T AR/, 3 R RIIR B RE T Y
S o7 20 FORA SR REOT B 6. XT3 FhIIA
£ o HOREHF T BB & K (1) R 253 50
% o 22 FCRI A 90 56 R 1) 004 A T O/, 336 22 25 B2
§ g; S B 2R JO R A TR T gy, T 4 A9 A 0 T R
# 021-,-" No R R R REAE 22 A LT Z W) AR 4k
0 02 04 06 08 10 Bf, K() AR 2 1o 28 1, iX R R RV TR
SMANIRER AT 5L T 125 35 % X AR A STBRIES AR 19 5 4
RIS IR RS o I AL B R R R L, R
Fig.4 Simulation results of navigator’s status and b N ” S
YR Z B AL 2R 5RO B R AR A R 12,
driver reliabili .
o Al Rt /D, 2525 3 5% ) L Rl A 2
L K(I) ZRACAT IR R N, 336 5 M AE AT R E) 2 W0 2 S5 A
at 20} W4
S
£ 15t
I
§ 1o}
¥
R 0.5
0 02 04 06 08 10

B RS, (D)
(IR R 2 3 SR T B AR I A S
Fig.5 Simulation the relation of ship domain between shape

parameters and ship navigator’s status in the ship domain

3.3 RBEFYERIE

ARIGEA AN EARE] K() 5250 500
THRCRE O IR A AE R T OC R, ARSI 25
P S5 A Y ) A R

1) 58K B, T AR sk E508 /I, M0 45035 1) 21 2) 3 ML HEE BTN A 3k GUIRAS 5 IR AR e By

Bl 6 3 FPRIRECRE T 1925 3 GRS SRR ek K01 1

Fig. 6 Simulation of ship navigator’s state and shape

parameter under three knowledge skills



48 o

it 55 48 55 1 1)

FLOLIEN 7 250 B RITRE REBLAIL , A B R oy
TEAR PRESRE /N o 24 24 BER A v AR R 22 Z TR, T
AR PR/ I, AR B B S LR fE TR
SREATEOT 2, 15 6 B AT Ol 25 38 5110
BRI 22 R AE T I RS B AL e
i BEAN TR, o HHER T 22, 2 A 1 W S8 K, 72 f
JE R A G B A T 5

DERR
HE

1.0 0
K73 Fhl R BTN B3k GURA 5T AR s 8l B
Fig.7 Simulation of navigator's state and shape

parameter under three psychological qualities

3) 3 PR FR BT S 3 GUR S 5 AR R By
FLOLIE 8, TR R B b5 25 Bk 5300 PR T AN AL
AE AN AT el /) o 725 Bk B3 A A B R 0 0l
2 PEE LTI AR R B AR AR AN ], A B R
JoR 22 , A5 FR)FEC DR AR T AR A ) i R OK S
MR, S8 AT B H AU T

2.4 BRI

AR AhsE
NE

K8 3 FE R BT S5k GURS SR R 5 1
Fig.8 Simulation of ship navigator’s r state and shape

parameter under three physical qualities

LRAEBEOIN 8, .8, Fl 6, S IASUEIE R ek £k
(075 LA 2R B o WA AR B ARk 5 B WA T 1 0
FAWIA , UE I I T H A AR5 (Y R A 5P AT I
3.4 EHSMAMMTIEREGE

1) AS[a] 25 5 53 (R IR 2 AR U AR 19 22 £
DLTET 9 o AT ST Fr) FE PR AR 5 iy A i 2 725 Bk B3R

SRS, 25 B GRS AL 22 2 T U
T ARAN I 1] S8 5, 38R 1) i B A 2 A
Ko B YR GURZEAF I, SR IR/ o

1500

-1000-
KO A5 5 AR MR ST AR 1922 £ (FAAL e m)
Fig.9 Changes in the shape of the ship domain under

different ship navigator’s states ( Unit; m)

2) 5 P FORAS T AATARSTEOR AR ILIA 10,
P 10 mh B3 B AR LT AR D0 T, A 40
S AT AN U ZETE | R F A AR 01 e
ZIN s B BOIRAS S T AE LA B A SR AR R 5
2R URZS o 22 IR SO AR TR,
TR 5 A AR TS Y

1500

200 400 6007
ey

-1000%
10 5 M3 GURZS N A ATARSUEIR AR (B2 m)
Fig. 10  Shape of ship domain under five ship navigator's

states( Unit; m)



RUZREE 45 T2 B BRSS9 2l S AN S 52 49

PR BT PR T AR Bt 25 0 D3 AR A2 2
HAF B RAF R TS sh A8, 2 Bl B AR S
T IR AR ST A TEE AR AN T i) P HSC 4 300 Sk
S U T B A EOR ) 2 B B AR A
PR BT R DR SR i) S5, 5 T BB AR

4 HRE

AR SCAERSEA) DU TC A AN U ) Al el 57 3 25
PRI M43 25 Bk BRCER 25 S U SR,
TESUER R 1A R I, B 243 2 SR ARBE R 2
B LR AL A SN SR . DFFEAs R
M« 225 B % R 2B, A A9 0 ) T R 1 A i
2, USR]y 2 B IR ZS fe U, AT A 2
U/ N HL S AN Z2 T 11 A AR 5, 17725 Bk B3 AR 2
I, Al E AR R AT AT 1A S

ARSCRIFFE AR DR 1 RSEAY A P 55 S X LA E
IR, 5 25 Bk 5% %o ) SUUABR P 5 0 , 7 S PR B AL A T
Ao A R A Bl B sl R SR R (AR AR () A
FIE AR ST A J5 SR B A

2 % X W

(1] SJRME, ARZE. g Fagil TR M]. R : RiE#lEF KR
2 H AL, 2004 :117.

WU Z L, ZHU J. Marine traffic engineering [ M ].
Dalian: Journal of Dalian Maritime University, 2004 ;
117. (in Chinese)

[2] FUJIY. Traffic capacity [ J].
1971, 24(4) .543-552.

[3] GOODWIN E M. A statistical study of ship domains
[J]. Journal of Navigation,1975,28(3) :328-344.

[4] DAVISPV, DOVE M J, STOCKEL C T. A computer
simulation of marine traffic using domains and arenas
[J]. Journal of Navigation,1980,33(2) ;215-222.

[5] SZLAPCZYNSKI R, SZLAPCZYNSKA J. Review of
ship safety domains: models and applications [ J ].
Ocean Engineering,2017,145:277-289.

[6] ZHANG F, PENG X, HUANG L, et al. A

Journal of Navigation,

spatiotemporal statistical method of ship domain in the

inland waters driven by trajectory data[J]. Journal of

[7]

[10]

[11]

[12]

[13]

[14]

[15]

Marine Science and Engineering,2021,9(4) :410.
AXEL H, RINGSBERG J W, MARTIN S, et al. A
revisit of the definition of the ship domain based on AIS
analysis [ J ]. Journal of Navigation, 2019, 72 (3).
777-794.

ZHAO J S, WU Z L, WANG F C. Comments on ship
domains [ J]. Journal of Navigation, 1993, 46 (3):
422-436.

WANG N. An intelligent spatial collision risk based on
the quaternion ship domain[ J]. Journal of Navigation,
2010,63(4) :733-749.

PIETRZYKOWSKI Z, WIELGOSZ M. Effective ship
domain-Tmpact of ship size and speed [ J ]. Ocean
Engineering,2021,219:108423.

WHSE A PIERS A B, 55 A BT R Bk R R
BT BALRACHETE [T ] v [ 2 % o 4, 2014, 27
(11) :101-108.

HU L W, SUN Y N, QI S M, et al

calculation methods and simplification of driving error

Study on
rate on highway [ J ]. China Journal of Highway and
Transport, 2014, 27(11) ; 101-108. (in Chinese).
CHATURVEDI A, SUDEEP R B, NEERAJ J. Multi-
stage procedures for the minimum risk and bounded risk
point estimation of the location of negative exponential
distribution under the modified LINEX loss function[ J].
Sequential Analysis,2019,38(2) :135-162.

International ~ Maritime  Organization. The human
element; a guide to human behaviour in the shipping
industry{ M ]. 2nd ed. London: International Maritime
Organization Publishing,2019.

FAN S Q, EDUARDO B, YANG Z L, et al
Incorporation of human factors into maritime accident
analysis using a data-driven Bayesian network [ J ].
Reliability and System Safety, 2020,
203:107070.

FAN S Q, YANG Z L, EDUARDO B, et al. Analysis of

maritime transport accidents using Bayesian networks

Engineering

[J]. Proceedings of the Institution of Mechanical
Engineers, Part O: Journal of Risk and Reliability,
2020,234(3) :439-454.



