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/' SZ:Safety Zone
CZ: Cautious Zone
i DZ: Dangerous Zone
| VDZ: Very Dangerous Zone

CZ

K4 ZEAANOUSERR

18 201 AR AL I, A i T 472 R B v b sl il A DU
(Convention on the International Regulations for Pre-
venting Collisions at Sea, COLREGs ) {9 # %€ % HUAH
N 15 it o Zhou FF"™ITE A iy JH] 61 1] % Warning Do-
main (5, ) A1 Forbidden Domain (£ 1135k ) , 1 /4]
4(b) 7R o EFIS I AR AR AL, A AT R IR
T 04 0 SRE L 5 AR 1R B i R A0, B
IR B 1l e O LT AN A S YRR, AR
AN SUES DN IR NIEE P S E ik s
1.2 MRARGURERTTIE

AR VP 22435 R 1O I A S ) A5 7
AT TR AR ZR R IR A TE AT B 5T
AR A b AT A JE , I X0 O BBt ORI T Hb 7T
1.21 ETZBAAARTUE

LT 2B RO AR ST A5 18 i s A E 5
P R G BN LI A5 07 1 R ) B AR B
IRAEHIE , R N\ 2 5 USRI AR 2 1 i 2
A8 3 T A B A ) o i B 4 28 56 R AU T S )
3 20 T3 70 A, AR R Fujii 459 H AR Y
TR A B SR SRR A A5 2 1Y 2 22 T B B ik IR B
IR WL, 336 A 7715 S5 it e e 5 oAy 5 fe (L 8 2y
A BER R FEFAR LAY . B AIS Tt i1
Ko, NATTAT LAAR B ek 1) i A A7 8508 % AR AT
BB TSR AT AL T s, PR RE A B A
SEMERRMUAT T AT o R

P %5 28 #4119  Hansen S5 F) HT FF 22 7K
(Great Belt bridge . Fehmarn Belt 1 Drogden) ) AIS

= =" Cautious boundary
— Dangerous boundary
gz = Very Dangerous boundary Navigation

Safety Domain

el

B AT AR I i 2 S T I A 453 R Sy
Yhin) 8 FE S ] 3.2 A X — &5 5 Fujii 15
4598 A T Bl . Zhang 2N H) B — JE 22 Y 10
12.5786 J7 4% AIS HtHiE , X 3 Jn 3 v ke v 161 Ay 1) 3 4
T BEEA T AN 2 A i v 2 55 AN ST AR AT, O
FEQEIERE LR T XU K A S . b — 2 ol
H R 5 Fujii #75 H Goodwin B 4T T 5 B
b, 3R T AR . FTLUE TR RTE
A0 S0 SR TR 3 A LA S M R R R T
T v K 22 R — A K R A R AR A 5 5 , T
e 2K Sl R 1 S T I AR
1.22 ETHEEERS AT

FE TR B BT LA T 22 4 S 1 7 vk
S R R B o ORI AR B 1) U A Rz sl A
X ARG AT A S A S AR R S
23 SRS A ARAS B AR U N AR
G

FE T H 0 LA AT ) AR 0 S AT DA )
#I] 1993 4F: Zhao & XT Ay AR 400 1R (9 AF 5E . L)
Wang™'$2 i T & 44 i) Quaternion Ship Domain , i
TEARAR PERE I I AR S R A S HOR TS AN
SRR . AR EERT b, Zhou Z5PE— A % JE T
258 25 B A0 AT R BE A S E ST Tl TG
N () AT 28 4 SRR - L S5 FH A5 0
P P T DR s K S A T 8 A U A T AR, O
TR T A I R SR . Rawson ST
P TRLRI AL A A R, ST T A8 B G - InT f AR 2



—t

82 www.kjdb.org

REF4R 2023,41(5)

WAL, Z )5, Rawson A5 SCHE T AR S5l AR 1)
D7 ¥k ST T 35 B R 10 A TR Rl AR DAL i
W28 7 VR AR SR U0 LU 5 2 L, 30 A X R K
{HERABTT RIS FRAE AT 4 B
1.2.3  E-F A9 AEAR SR

T X R AT AT AR M L S8 4 0 v A A
PR, A 248 5 N T SO AR A A2
30 28 7] S ) A R ) 7 S A9 R A AR ) ST
TR A RUA T 28 A AT A A T Tk BB R AR &
&L PSRRI & KRS0, ik & M e
WA SE BRTSCEkteR R E 27 A
RO 2 5 vk MRS PG R RIRIRNSY, XKy
PRV I H AL T N R 20, 15 5 TR e
B XPEAE BRI, HR R TR RNAR
FUATHR R 0, A 2 T VRS B S5 R i
WPE T2 e — 15 9 e

Wit B R s Ak~ o) SRR 0 R e,
T RHL T P8 s A0 2 4 AT SE 7 3 AT A B )
HHEERMY, HAEME— BT EZ AR,
AR AR S IBAH M HN R R0 % -,
AR TR B A R R ) R,
BT 5 ph 2 AR S, & | 3 1 BRI 2545 2 A5
R ISR T B2 pR AR, T ASCHaEE A PR i R AT
TE T W [R5 . Namgung S5 DL 5 AR 40 4, 85 5
A Rl B B ) F BTG , & T 19 365 17 A 8 SR
e 2R G0 F T 52 BTSN 0 SRE Rl DL B2 A0 A T XU T
il ZRGHELLINE S TR o FR G0 P A i A
2 BOMIAL)Z ORI L2 B2 AE R . s
I BORILL , (4 AR R 4 RE e i A &, &8
Tt U] S22 01 DU 2 R 6T L 8 3 R )5 2 1

Rule layer Defuzzification
Normalization layer  layer

Input Fuzzification Output

layer layer

o=

—.
~

U5 BT F 22 2 O RO 2 R ¢

K, Zoad B S , 79 2 55 200y th 45 2R
Fiskin S5 3 1 AH L A SR JEE ok BORIER SR 4
St T RO AR SRR, R 2R R AR Ak
FRES TR R A2 ] o

T 22 I 2 1) AR 40U A Bl R SE A R4
(1 5 JE AT, (R T AR A S SR A 1] o S PR 2
—/ A B E R GU T 2 B YIRS 5
Wl X LE AR S i CIE KR AR o (HA AT AR IA
(s , BB IR A R SR AEHE Sl Iz b i 225 5
AT 2 2K P T

3k 3R T kA AT RN R DR A 5
P )RR £ BRI R 1 I 14 A R A 3
HEAN , NATTXS T i HASE R B 56 Tk AN P BR T ] SR
TR HLDTEC, T A 1) 308 5k 52 P 2 1 4 2
A K3 PRI S it K S5 XA R ) 1 A T A
5, AR T AR AR AR A . R 1R
F0 J HELTRY AT AR T T ) £ S, R AR D5 i 4
SRR TR 5

F1 RS E B

e 3 A, 518, 453, WA AT R B
BRI \ - X '
J7ik 2N EXN RS R, R, R, R,
Fujii and Tanaka!™ EZY A 1 [ Al (173 3.0 L 30 L 0.8 L 0.8 L
Coldwell(Head—on)"" EZY A i A (173 6.11L 0L 325 L 175 L
Coldwell(Overtaking)"” 251 R A A 60L 6.0 L 175 L 175 L
Goodwin'"® EZY A g A s 085nm 045nm  0.85nm  0.70 nm
Kijima(Blocking area)™ Bk 1 [ A s 56 L 33 L 34 1L 26 L




—t

REF4R 2023,41(5)

www .kjdb.org 83

R MLRYHAASUSAR A E B (25)

e fayt LI ik KU A ST R EE
o ik R kK R R R, R R
. . b R ; e oo
Pietrzykowski™ SRR AR ESH B EIWiAT 2K R R
14
MWL FEIR B
Wang™ o T 7 N IR SR SHA K
{ B2y 2
Hansen, Jenson, Lehn— .
SchigLer™ 251 IR A T A 45 L 35L 1.58 L 1.58 LL
chi¢Ler
Wang and Chin®** gk ZWE AR A EIES 4.06 L 282 L 1.48 L 1.44 L
Bl Wile
Dinh and A s S KR A0 A 7 VR AT
Zr v iy
Wielgosz(min model)*® Forgigs RRIR A s 331 L 331 L 1.69 L 1.69 L
Im Namkyun and Luong®  %iis:  Hh[H APy A I EN 28 L 1.34 L 134 L 134 L
[18] 44 op S HE
Zhang and Meng ,Jﬁz\/f AN HL i o o 146 L 20 L 195 L
(Forbidden boundary) Bk R
Zhou, Wang, Zhang Bk . ISR
. MR ESit s NI S RO K
(DNSD)"” TR
Fiskin, Nasiboglu, . N - SRR
MWL 208 A s ORISR K

Yardimei™

1.3 ARARGUSIREIM AN Aih=

AL 7K B S R 5 52 i A AT 650 S A AR 17 R /)
IR A S AT A 7K Sk 3 T, B0 FH 3 55t )
JEEXSARAR ST TERIR o 4 BRIV 75 B 4
3 R 52 BR K Sl S AR R R K s A 7 S
32 BR 7K S8l 48 W AR A T 9 K B 7 B B2 AR i (H
KRR S5 A AR A R A RE T 32 31— 2 IR Y
MK, T IR A B R ROR, AR TE
2 BR 7K 3k AT A T 0 il 8 i e RS, S v T O R K
s, Pietrzykowski™ 731 T A AA AU ) 2 ORI 52
T A TR T g D 2 B AT A AR AR,
AT 52 BRAK B b A A T XURS PEAL o Wang 25514
H L2 56 AR B 1Y free—form ship domain , 1% #5% 7Y
FE 6% [t 5 3 ) J64 I T S 2™ JR , 07 3 v e A
AR FHAUR B Lin Z528 T —Fh 5k
KB AZ 38 BE S VAN B S AS AR U Y 2 i T
W UE AT B ZEATIE T I I 1] s A A R 5
AT T o T SE A TS 5 AR
UK 22 TC 1 ARAT AR A BT 28— sORH A 1Y 1&
W FRIE , 456 e W A% R BCREERIE T LT 45 1 T “poten-

tial risk ship domain”, 735l 45 H T 76 FF [ K 38 A1 57
PR K el v U RS Y THA 0746 o Bakdi 557 ] 3l
B AISTE BIFESS AR AR MERE 420 T A&
PR AR 22 4 U, AU RE A XA AA RN 52 FR IX S8 1Y
Tl 47 e XU AT S5 IR

XoF T 7K, HE K R AT S R 3 AN A2 PR
il MR AR BT B A B . TR A RESE
3 W A I 50 PN 22 2 B e T e K s,
Pietrzykowski 557 FLHE H ORI I A €0 55 1 FH
TERE K, TN R 2B AT AR S VAR T R O
FARE . Wielgosz™F2E i T —Fl “ Anti—collision” 5
B AL/ o R3S TR R H ) A2
PR 7K 3, 11 T 8 7K 3%, 3 ] ECDIS (electronic chart
display and information system ) & 4t )5 B H W FH %%
o R TWFEHEAA A Shikml i #E P COLREGSs #il
U Z BRI AF S5 00, He S55 2 HH T —Fbd
T IFRE KB E oM R S8, ARG huhs
B AR W B A AR RE A T Sl e SRS
e, Horb g BOH R et A T 25 18 AR 25 A A AA
LA AR R GE I . A —LERF TR



—t

84 www .kjdb.org

REF4R 2023,41(5)

TF R AR A R BRI B0 , AR T ] 7K 3 e A A
HEATIE S e A 1 23 T 52 FROK SR A1
A1 Wang 2 4 19 PH T AR A ST AL

B T EISAF TSN M S0 B i i 1 S
PRE) TREE T o A0 TMO ¥ 1% 42 2% B A5 7 P i
1) Y 38 1 433 38 7 (Traffic Separation Scheme,
TSS) A /2 LA A S0 1 S Bl B8 2 A, A
0 el s P T R B e B A e R
30 J5) VTS 48 B rh 2R B2 SUP0E P B AR 2E s
IS5 AT AR AN A T 6 B A B B X — i 5
P LAl 2 A AR U R 2 ) JORE R RN

2 MASS M & RELIR RTFERIBER
B2 6 M0 A 0 T 0 A

IR 45 R 3 — A 5 5 ) A SR BT R AL B RN R J T ]
ARSI B I 7E [ AR AR R BT AREPE
RE A B T U T N i Ji ot i rh A7 A 1 ) f 2
R R e 15 15 B ZL 90 R &I 1Y DG . 7RI Z
I, 2150 20 HT 24 AT MASS 14 % JB BOR LA K A J &
JE T T e PPk 1%
2.1 2IKMASS kK EHEE

MASS [ EAURTE 2 T AR Z —,
T — T AL G izl AN AN iz i R Gei
K. A T AEXF AL T 51 Atz AR
i BRAR Y Oy ) kR [ Brat 20T R T B KRR
Z % A5 58 MASS eI (13 b 22 4> IR R4
(F2)o BE L A X TC M A R B A K [H
AN BEAHE IR N PSR — Al B D SR — e AR
MBI A FsE—To A B E7 R 0=

2 MASS 3 T %14

EEX4

o 5 [E LR A

PR DNV fis gkt

B E BV gt HhE CCS g At

ALO: 26T 3, o 1 E I RE , M oL 4%
WA A 173 o

M: FZh et DifE

0: NTH#RAE, N T2 By

EISV NS
YRS AT IR &

ALY i RS 423N B AE AT

2 ighoe R
Pl R R R G B B e p—— L AT SR, KRGt AR
AL2: i sl R B SR S BRI R T e AT IR
3 BRSO A R WAT8h. BALP S S XL
Al
DSE: A &1 &5
\ ABJ&WW&%L%&%Mﬁ@jwr?ﬁm;%m% 2 N THERL, RGN
T He R IU _
BN T T A TR
TEFEHI R BT A E6T S (e T i N T BT
s AL4:)\?£W%§,5&AF%1TEJJIEE}\E(J fljﬁﬁﬁﬁljﬁﬁ%)\ﬂ@ﬁfﬁ 3T RS -
W HFE TR s . _ . .
- — - ~ — TR AED AT e 5 34
ALS: B2 HER DR, &G4 SC: HEINRE, A& R A R g
T o Dl= = IR Z N 5
6 SEMHERIRIUTTEI AT U SR K TSR L
FE R TR AR AT sl o B SR BT HRAE , (B4 6 A Sp— T R B

DB

ST AT BOZ A

45881 E, R IE

A A EIIRE, RGEA

AL6: 5E4x [ 3, RGUHIE 19 TR R

R BRI TR s e A R B e

7 R AT
SR TT 30 T s PR RN St e E A T A
WEW AT, L
N rj‘\ o

H 2006 4F [6 br i 35 20 U4 H) e-Navigation 19
e S B REM A R REATIZ RO SR IR = . TR
e—Navigation (% B FUHESL T AT R (5 B I LS

R, SEBUS A S RE Z TEA(E B A E o e
v R S BERE T BORIERR ., LANKSE | H A # B
Sk E R 51 G0N KRR, Feh kel oF =



—t

REF4R 2023,41(5)

www .kjdb.org 85

T A2 25 6 B 22 7 T A B R FH J7 T 58
o FFE 2012 48 KRR 3 T MUNIN (Maritime
Unmanned Navigation through Intelligence Net-
works )L, WEEAR (225 P 3R T R TEA
PR BT AT VE AT, JF 1 RS 1 AL e 5
SEG LA R A TE N B, 2017 4 R Yara 23
F) Fll Kongsberg /A Al 5 A A5 /F 1 23K w4 fL 5
B FEREFEAEYara Birkeland” 5 DL SZEE — & Ak ik
FTHE IAMTE T 2020 4F R JF 525 2018 4F,
Wiirtsilid 23 7] 78 Folgefonn 5 5& [ 58 B T 5 21| &
WK, e 2T T WO T  7E7 2 F 5 3
AN Z S T SE AR WY 3 AT o

HE 3 FEAEBESE E 2017 4R S5k TP
e, AR T E A E TR R R A
it CCSARZLAL AN LR MR« R " S BB A
SEAHE AR RE RS A F AL2 (19 5 FE/KF, 2019
5 P EE TS A AT AR
5ot i, B A R AR A R
T RE , FEABE A 15 5 AL3—AL4 1Y H EKTF,
20224, [ H EWT AR EE A EAUET 300 RAEAE
PR R RSB E . AR RENE ST ER
SR BRI ik A LR | A AR AR
REMLTTIIRE

2018 4RI, Tl A AL A2 3 & A FE By
BT Jmy R BN & CRY RE AR A A J AT 3l iRl (2019
—2021 4F) ), $& Hh 2 ST RE AR ML VAR T IR 2R
Hh T AL 230 T 2018 4 1 2020 48 A 1 (B
JK TR A G 5545 7 ) AT CRY BE MR AR (2020 R ), %o
TN/ ARG 56 ST RERCE BRAF A 1 T
HMLE
2.2 MASS %R HFHEH E =R
221 MRITRIRFNEEAL

NI 25 £ BT, Al A P T ] — I 220 H B
TRl —H i o AR 52 B i B DCPA (Dis-
tance to the Closest Point of Approach) A1 TCPA
(Time to the Closest Point of Approach)2 > $E
Bro X5 T RIS , 2 50 5% AT DU i 51 ) 8
FLERAE” , R HIBT DCPA/TCPA I 1 — R 5B AR A T
N, (A P ) L 2 O — 1 AR 23 ) XA Al

NS R A PRI A ATl A T R s 1
TP RERR AP AR TR T PR A ] BB AT >R
B BT sh AR R REREA T 20 o % T — 4> B A S
AR 0 51, A K AT RE B2 07 I IR B AN 23 | g
% T L 7 A b 50 BT T R SR R R AT Bl (EX
T H A4 K 2500 T M, XA L S 4 A &
S, BRI TR RER N AN E 2 A F
flate ok T A5 B, SR H AT AU T REE R 40
AT, o] FHF LRI ) JE A £ st A
RN R R . B — 0 = RIS R AT
BT 22 10 47 B[R], 303 2 7 N ELAT o 0 g
MEAET o it A T eI 2k Hh 58 45 19 T A ik
ARG B A AR, Ak AT PSR A
A0 AR P 2 Ml ) A A T | 8 3 R O
R ER XN T X — i B EE

222 MASS5COLREGsHIE&

TC M A2 5 T2 AR AN — A 3 < [ B ifg
TG UL D), B TN 7 2RI £ T B G R 477
SRIE— N IEFEHE 12 HE M R T8 AR
(R R /IN 5 46 RIS JBE AT RE 23 5 M COLREGs X H ()
TR . AT AT e 2E Ak, A 2 TE A Y
7 A B B B R 3 AR, A B Y sk
BRI o E DRI U3 1 ) SRR PR T 2 T
COLREGs 55 = 2% 1) “ ] 3717 A nl 4 K iz i
TH2AN6 45, JC A SELEAT 0 13 2l p &R 1 %
1A NS A — BB SF I, B JE N AN 5
COLREGs X} J& Ay (438 FH A4, DS B oz FH 19
R FETANERA AEIAE GO, 75 2
FEAALZ [ s AL 2% 22 1) (ke Rl 52 37 o X S 20kt
Tll B R AN P AR EE B B, R AR N (5 5 5 )
FLER (TC M) Z 1818 28 37 e,

il R IX — [ 0 AR AR 3 AR i AN TR 1 iR 2
Vi) 5 22— PR 1 5 ORI, kv - BT A 1 06 e
THRFESY . B AR¥ COLREGs #i A 2o A 2
RBHL IR 2R 40 P 2 LUl e — 58 1 U RN 2 AL 5
U BRAE T A S AR 2, BARAROR ] RETE
ZAE W COLREGs [ 43 N 45 LA 3 I 6 iy 1) &
IR ENEEP S W VASE S i3 15U Sl )
HidE, 51 T 534N —AN A . COLREGs H1 i R



—t

86 www .kjdb.org

REF4R 2023,41(5)

SETETE 2 A—M 58z 19 AUE PERY J7 N3R5k, TR
AR5 T TR A AR R R, L= AE
R W OL T AT LU S AT . e b — &
SR RV 25 0 N 2 i AR figp e ) TR A

3 HEMBAMMABEBRHAR
0

T 10 4F 2k, i 9 450sl 2 18 300 Ok 1 e 1Y i )
1, eI R R R UCR R 16 S S S ST [
BT AR R . B A AR R A
AR BT R 1 R fife DR AR 6 52 B R A phe S HG S
B W2 TR T YT MASS & i R rh i i
— LG R) R, T L IR AE B ER 23 RDRE, TN 4
SRBIE BWTFEA SRR B DR
3.1 EFARARGUS R BIALR R 5 iE

P AR U, H AT S B AE LU 2 R0 BT D7 5 —
S DAy il ) SR TR R W BN B UL
DA REMLAT 2R G4 5 At K 2x il i ] LR
PR RE (3 Ao B B 3 AR S il A8 AU A 11 5

s T L SRS B AR AR Ak FH A 4 XU ) B A
TEARIE . XA RENE X Rl KU A TR AR 40T, A
77 S5 AR 2 3l 1 IXURS: 45 5 3, Bk, 3k
T PO S P A A B T T R P e G ) I Y
H AT AR AL AS i 400858300 LIS SR R SR . Y B A
WA s R B B, AT SR R A R XU IS 95 £l DCPA/
TCPA 4 3R 2% HARERES IR

FETC AR Y, 13k 5 R 7 R
BIGELE , H N FH 0 ) S A0 S e 7 T
TR NIRRT B AR | T R 2 117 A s AR e S
LPNEZ7 SIS A I N W A 0D
Yise, X, © @A &0 w 4 I T A oF
M, HLAME MASS 7 filf 5 COLREGs X & 1Y
[ R, 35 T M 00 08 ) TR 3 1 PT A A AL e e g JEL
B o 3 I 3 R AR 40 ek A AR A A8 R 2 2% COL-
REGs & &0 AT LA H, M AR Sl s 40 52 Ik 9 42 4>
22025 B8 T RERERL I A B2 . e 2 E AR 2
AT BT 22 44510 i il e S B0 A3t
)25 ] 2 /2 1% T A RESF COLREGs 253K BUREf
TR

F£3 EARSURET X COLREGs (95 %

Rule 7 “HlEfE KRS 2 il A YL
HE A 40 42k ki B2 Rule 13— Rule 16 Rule 17
g Rule 15 “SEEAR AT “HATRATS”
Coldwell"” — — — v —
Kijima %50 — — N N —
Piertzykowski™ — — — J —
Tm Zg0) N — N N J
Bakdi Z£7 — _ o J J
Zhou 25647 — J N J J
Zhou Z5® — — J J J

VNIRRT IR T RIRE IR s “— AR RN IR B L

3.2 ETFEEKRHZLEMAMIE

Il 42 5 b A9 A A el ) A 2
TERMATHURA BRI H . S
T U, S KRN T IANZ 7K R0 25 il e
W, AT PR UEE T A R S I — N B AR K
% (under—keel clearance, UKC) . 45ZHf K IR KT
R AAIZ KRN & A /K ER Z AN, 16 10 A 2 Se e i An

e S 11 L (1 o e S GZ1 i e S
PRURTE bk 34 v, KBRS I 20 28 1k 1, 5
W TR IR ol TR T R S
AR AR K LR — D BN AME . W ARKGEE T N
—DRRE, ST IR K7 R 22 SE A A
E PSS

A A T B o T D0 A A O RE Rl ) A FH SRS I



—t

REF4R 2023,41(5)

www.kjdb.org 87

T 5 2 75 1T LKA AT B0 phy — 46 i 4
JE ) 27 AT HE 4 D 1R A R BT X
B AT B 42 A R TP TR AE 7 11
A o R B P24 i AR 8
TR B A A DL S O TR T S BRI . A
e T B AR AT BR AL | —= 24 B AT A T
TR F N ST RN AT
) 44 B Rk A A B A K 5 UKC 2 A
L ARH A I B ASIE ARR, T S = AR AR R
O HE . FE5E AN A 7 B S AT
SEIOK R B8, R LSS Bk . Ak TE B S
1R A SR A 0 P R B S BB 52 K IR

Vel 6 PR % T 2 AR R 1 7% R
JUBE R, 5K 5 % WER T L B A5 1
Z IR,

‘GNSS Antenna

Ellipsoid

Ko =AML b H 5 %2 A i OC &

LIE-%v)
R,., = Dynamic draught + UKC =
T = [ = hw | + UKC
A, T JE A GNSS R L5 A iy i s 6 8 s [i]
FRIBEES 3 by N GNSS KR 55 27 M 1k T () 1 R 125 5
Py, 2R B2 T T2 225 R T ) A R B
20 o ERR AR I AS 550 by, , LR 32
T WS T T e e — DI ZVZ A S 8. A
i B A BRI RO UK B AW L B
ZRRENS LU s ARG BB S 2 p il s, T
I R S A P ) 2 T A SR R T OR R R A
SIS G R BT A JC AR , B L i $ AT 1 A
i i B ) S5 A EE B . T B A KR = 4E AN

(1)

AR BT BB L) — b 8l 25 1) J7 2 D00 TS A
Ayt o r ) S 25 55 T LK ORI [R5 B
il 0BT LA Y H Y
3.3 E-TARARGUS B LM T AARIPAL

i 2 b 3RS, AR A T RIRE 2R A9 B
AR, VPP T V8 S 9P SR Al 9 4] e 45 T T ) B
FERRIR AT LA AR T o (B AR T B 1Y i
SETURFRT I, BE RS AN 2 A el b 2 427 i)
SE SCNTCRIEAE  TCHAR D™ R BN L 4 S B 5 47
P AR U AL A PR R T e — R e AR 2 T
B —FhEAE . LRI AN Z RS , 1 S
g R RE 2 KRG AN, XL, R L% P8 JE A
1IN RS W A1) b TN = W i
R B2 AR 8 1) sl il i 5B 5 e 78 A i 5 2
B R, 2 B ATE AAS A U S IR A K 2 B
Babi T8l IR PALMEEZAR TGk S P AL i)
£55 , BRI Z i 5 BSR4 207
TET FR) B A S A {ELJ2 A AR gl A B A XL
5 W ) R eI BURSE TR . e b IR
S A DAy AR A APOTAR R 2 1 B 2 AR D A [
SURTIF TWFFE . BN, 5& B 22 34T 19— A HE
2 BN BT AR S s R, 13 T AN AE S 5 B [ 4
AUVESUE S5 o JC NREREAEU RIS A BT HLEL L A
JEE R KT R AR FNZLAME BRI H AR, LA
DRI 10k PTSENR H7 (2
PRAPARTT M U5 A il . S BT A 4 A0 o
LTI R T 50 2 JCME KR AT AR A
%Ki B A ERGER B AL T RE ), JF B 48
e I o AR T 1 s A A 2 R g AL Bl N 1Y)
2R AR MR T LSS AL T R T T o

A TE N 2 A RIS A A R
ATT BB X —F8AR o AR A 3T R A o S
ANT B HE O AT BE H bR, 58 B sl e
kgl ERTE L o SPO R e ¢t 4 L /e oA DN S R AR
S BNt A AT, AN ST TE 1 3 A AR
3~ BECAIN = B PR I P 7 S ke AR S 0 2
VRS HIT HEPOFL R l E AOF PAT XLR: ) 5 45 22 ol

Yo



—t

88 www .kjdb.org

REF4R 2023,41(5)

4 Z5ip

B TR ST LAk i A AR L, S
BT R A I AR R 1 ] 25 A A 1)
A, BT AR AT IE T S5, AR U A IR B 1A
[ 9 5 SCT7 2 AT i | DXL A DB s o A 17 37
S, (RS iR AR R D T i A AR TR S
T RIS TAR P IR o sl i & B, TN
i A JRE ik 1) = 2E PR AR AL G B VRN Ty
TET , AP A BT RS 7 DR 1 B8 i 1 [ IR e 7 12 32
BAK B EMHUR R BT R . T ROR Y A
EaH BT A JE A AR AU AT RE A K T
I] o K& T AR SO ) sl ke SRS AT B T A v
R A TT = 2 AR ST R R TR 40
S SE A B8 TP D7 125 B i 1 U B0 TR
TENFGHY 22

% % 37k (References)

[1] EMSA. Annual overview of marine casualties and inci-
dents 2018|R]. Lisbon: European Maritime Safety Agency,
2018.

[2] EMSA. Preliminary annual overview of marine casualties
and incidents 2014—2020[R]. Lisbon: European Maritime
Safety Agency, 2021.

[3] 2 iz i i . 2018 4F 52 i 3z il & e G~ Al [R]. b
ait: AE s R, 2019.

[4] Fan S, Blanco—Davis E, Yang Z, et al. Incorporation of
human factors into maritime accident analysis using a da-
ta driven Bayesian network[J]. Reliability Engineering and
System Safety, 2020, 203: 107070.

[5] Fan S, Zhang J, Blanco—Davis E, et al. Effects of seafar-
ers’ emotion on human performance using bridge simula-
tion[J]. Ocean Engineering, 2018, 170: 111-119.

[6] IMO. Regulatory scoping exercise for the use of maritime
autonomous surface ships (MASS)[R]. London: Maritime
Safety Committee, 2018.

[7] Bakdi A, Glad I K, Vanem E, et al. AIS-Based multiple
vessel collision and grounding risk identification based on
adaptive safety domain[J]. Journal of Marine Science and
Engineering, 2019, 8(1): 5.

[8] Montewka J, Gil M, Wrobel K. Discussion on the article
by Zhang & Meng entitled "Probabilistic ship domain

with applications to ship collision risk assessment"[]].
Ocean Engineering, 2020, 209: 107527.

[9] Zhou J, Wang C, Zhang A. A COLREGs—based dynamic
navigation safety domain for unmanned surface vehicles:
A case study of Dolphin—I[J]. Journal of Marine Science
and Engineering, 2020, 8: 264.

[10] Szlapczynski R, Sztapczynska J. An analysis of domain—
based ship collision risk parameters|[]J]. Ocean Engineer-
ing, 2016, 126: 47-56.

[11] Szlapezynski R, Niksa—Rynkiewicz T. A framework of a
ship domain-based near-miss detection method using
mamdani neuro—fuzzy classification[J]. Polish Maritime
Research, 2018, 25: 14-21.

[12] Baran A, Fiskin R, Kisi H. A research on concept of
ship safety domain[J]. TRANSNAV the International
Journal on Marine Navigation and Safety of Sea Trans-
portation, 2018, 12(1): 43-47.

[13] JE35° . 1] [ AR G B 7 B 7 25 (D). Kk Kk
R, 2020

[14] Zhou J, Ding F, Yang J X, et al. Navigation safety do-
main and collision risk index for decision support of col-
lision avoidance of USVs|J]. International Journal of Na-
val Architecture and Ocean Engineering, 2021, 13: 340-
350.

[15] Fujii Y, Tanaka K. Traffic capacity[J]. Journal of Naviga-
tion, 1971, 24(4): 543-552.

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

[17] Coldwell T G. Marine traffic behavior in restricted waters
[J]. Journal of Navigation, 1983, 36(3): 430-444.

[18] Zhang L Y, Meng Q. Probabilistic ship domain with ap-
plications to ship collision risk assessment[J]. Ocean En-
gineering, 2019, 186: 106130.

[19] Im N, Luong T N. Potential risk ship domain as a dan-
ger criterion for real-time ship collision risk evaluation
[J]. Ocean Engineering, 2019, 194: 106610.

[20] Cheng Z X, Xu X Z, Zeng X M, et al. A dynamic three—
dimensional ship domain model for vessels in ports wa-
ters|C]//2nd International Conference on Energy, Power
and Electrical Engineering(EPEE  2017). Shanghai:
DESTech, 2017: 257-265.

[21] Szlapczynski R, Sztapczynska J. Review of ship safety
domains: Models and applications[J]. Ocean Engineer-
ing, 2017, 145: 277-289.

[22] Fiskin R, Nasiboglu E, Yardimci M O. A knowledge—

based framework for two—dimensional(2D) asymmetrical



—t

REF4R 2023,41(5)

www .kjdb.org 89

polygonal ship domain[J]. Ocean Engineering, 2020,
202: 107187.

[23] Hansen M G, Jenson T K, Lehn—=Schigler T, et al. Empir-
ical ship domain based on AIS data|J]. Journal of Navi-
gation, 2013, 66(6): 931-940.

[24] Zhao J S, Wu Z L, Wang F C. Comments on ship do-
mains[J]. Journal of Navigation, 1993, 46(3): 422-436.

[25] Wang N. A novel analytical framework for dynamic qua-
ternion ship domains|J]. Journal of Navigation, 2013, 66
(2): 265-281.

[26] Liu J X, Zhou F, Li Z Z, et al. Dynamic ship domain
models for capacity analysis of restricted water channels
[J]. Journal of Navigation, 2016, 69(3): 481-503.

[27] Rawson A, Rogers E, Foster D, et al. Practical applica-
tion of domain analysis: Port of London case studylJ].
Journal of Navigation, 2014, 67(2): 193-209.

[28] Rawson A, Brito M. A critique of the use of domain anal-
ysis for spatial collision risk assessment|J]. Ocean Engi-
neering, 2021, 219: 108259.

[29] Sztapczynski R, Niksa—Rynkiewicz T. A framework of a
ship domain—based near—-miss detection method using
mamdani neuro—fuzzy classification[J]. Polish Maritime
Research, 2018, 25(Suppl 1): 14-21.

[30] Namgung H, Kim J S. Collision risk inference system for
maritime autonomous surface ships using COLREGs
rules compliant collision avoidance[]J]. 1EEE Access,
2021, 9: 7823-7835.

[31] Fiskin R, Atik O, Kisi H, et al. Fuzzy domain and meta—
heuristic algorithm—based collision avoidance control for
ships: Experimental validation in virtual and real envi-
ronment|J]. Ocean Engineering, 2021, 220: 108502.

[32] Kijima K, Furukawa Y. Automatic collision avoidance
system using the concept of blocking area|C]//Interna-
tional Federation of Automatic Control(IFAC) Confer-
ence on Manoeuvring and Control of Marine Craft 2003.
Schlossplatz: IFAC, 2003: 223-228.

[33] Pietrzykowski Z. Ship’s fuzzy domain—A criterion for
navigational safety in narrow fairways[J]. Journal of Navi-
gation, 2008, 61(3): 499-514.

[34] Wang Y Y, Chin H C. An empirically—calibrated ship
domain as a safety criterion for navigation in confined
waters[J]. Journal of Navigation, 2016, 69(2): 257-276.

[35] Dinh G H, Im N K. The combination of analytical and
statistical method to define polygonal ship domain and
reflect human experiences in estimating dangerous area

[J]. International Journal of e—Navigation and Maritime

Economy, 2016, 4: 97-108.

[36] Wielgosz M. Ship domain in open sea areas and restrict-
ed waters: An analysis of influence of the available ma-
neuvering area|J|. TRANSNAYV the International Journal
on Marine Navigation and Safety of Sea Transportation,
2017, 11: 99-104.

[37] Pietrzykowski Z, Uriasz J. The ship domain—A criterion
of navigational safety assessment in an open sea areal]].
Journal of Navigation, 2009, 62(1): 93-108.

[38] He Y X, Jin Y, Huang L. W, et al. Quantitative analysis
of COLREG rules and seamanship for autonomous colli-
sion avoidance at open sea|J]. Ocean Engineering, 2017,
140: 281-291.

[39] Jensen T K, Hansen M G, Lehn-Schigler T, et al. Free
flow—efficiency of a one—way traffic lane between two py-
lons[J]. Journal of Navigation, 2013, 66(6): 941-951.

[40] ZE7KAS, 5K E, BLASE, 55 . AR A AT MR B E
FEBLR S (). T EALAERTSE, 2021, 16(1): 32-44.

[41] Burmeister H C, Bruhn W, Rodseth O J, et al. Autono-
mous unmanned merchant vessel and its contribution to-
wards the e—Navigation implementation: The MUNIN
Perspective[]]. International Journal of e—Navigation and
Maritime Economy, 2014, 1: 1-13.

[42] AT, RICBE, TR, 5. A BN E XA E
KV FE ()], S s i TR E AL, 2019, 19(6): 149-
162.

[43] Porathe T. Maritime autonomous surface ships (MASS)
and the COLREGs: Do we need quantified rules or is
"the ordinary practice of seamen" specific enough? [J].
TRANSNAYV the International Journal on Maritime Navi-
gation and Safety of Sea Transportation, 2019, 13(3):
511-517.

[44] Felski A, Zwolak K. The ocean—going autonomous ship—
challenges and threats[J]. Journal of Marine Science and
Engineering, 2020, 8(1): 41.

(A1 25 . T AN LT, I 22
2019(4): 149-190.

[46] Chang Y C, Zhang G, Wang N N. The international legal
status of the unmanned maritime vehicles[J]. Marine Pol-
icy, 2020, 113: 103830.

[47] Zhou D, Zheng Z Y. Dynamic fuzzy ship domain consid-
ering the factors of own ship and other ships|J]. Journal
of Navigation, 2019, 72(2): 467-482.

[48] TR A4, AR, TR . PR K S AR S5 el = A Y
AIBE T[], BB TR 2 2 4 (Sl B 27 5 T AR ),
2004, 28(3): 380-383.



—t

90 www.kjdb.org NS 2023,41(5)

[49] Aykut N O, Akpinar B. Determining the dynamic draught tum—based dynamic bathymetric model: Construction
for precise hydrographic surveying[J]. Ocean Engineer- and application|]J]. Journal of Coastal Research, 2020,
ing, 2013, 62: 38-44. 111(Suppl 1): 156-161.

[50] Ding F, Zhou J, Zhang J L, et al. Continuous depth da-

Ship domain theory: An overview of current development and
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Abstract  For the past decade the study of the ship domain theory has made great progress and been widely used in the
research of ship collision avoidance, navigation decision-making and marine traffic engineering. With the rising of the concept of
MASS (maritime autonomous surface ship) and relevant laws/regulations, the process of ship intelligence and autonomy will be
accelerated, and the ship domain theory will develop in a new direction under this trend. The main motivation of this paper is to
explore the role of ship domain in the development of autonomous vessels. Firstly, the development status of the ship domain is
summarized including existing definitions and modeling methods, and the practical application scenarios of the ship domain
models are discussed. Subsequently, the development of MASS and the challenges it may face in the future innovation process
are discussed. Finally, according to the needs of the MASS era, the future development direction and application of the ship
domain theory are put forward.
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