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Real-scale research on deceleration performance of a
pair of spoiler fins designed for large ships

HAO Shuai, LI Zuozhong, ZHANG Zedong, NAN Fangfang, PAN Ji, ZHAO Chongyu
( Maritime College , Tianjin University of Technology, Tianjin 300384 , China)

Abstract; The manoeuvrability of large ships is generally undesirable at their design speed, resulting in continuous risks to
ship navigation safety. Meanwhile, the development of intelligent and unmanned ship design and construction brings stricter
technical requirements for the safe realisation of autonomous ship navigation due to the inherent weakness in the
manoeuvrability of large ships. To improve the braking performance of existing ships, the study proposes the installation of
a pair of spoiler fins, the braking performance of which is investigated using real-scale CFD flow resistance analyses.
Furthermore, the braking effects are simulated. The study shows that equipping large ships with properly designed spoiler

fins can significantly improve their deceleration and steering performance, thereby promoting higher ship manoeuvrability

and navigation safety.
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Fig. 1  Collision accident
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Fig.2  Spoilers on airliners
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Fig.3 Automatic front and rear wings on sport cars
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Fig.5 Outlines and dimensions of the spoiler fins
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Fig.9 Numerical calculation
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Tab.3 Model resistances under different speeds
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0.282  4.501  1.360 x107 2.846x10° 2.379
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2 BRI ARG AT

ARICR SRR ¥, AL — R80T
SEWCEPERETH 19 % W SEU 2 MR Y, DLREIE )i
ST LI AN GG B SR . BEE A R Y
TR T, o 5 SERT T M- 20 & PR O 1P 5 A o
HEISa] AR A T 0 B
2.1 FEMETHENHE

VU AE A ek s 66 X R e T 30° B KA Sk 48]
TIFFEAN [ AT T T ok 328 68 ok 3k 255 2% 1) i, o 3] o F

T2m/s(3.89 kn) 4 m/s(7.78 kn) .6 m/s(11. 66
kn) .8 m/s(15.55 kn) .10 m/s(19. 44 kn) FLFpfi R
TR R, Hm i g R an g 12 ~ & 14 fros,
ANE T = B B0 s i 2 A7 IE L

SR/ (m/s)

136

120

10.4

5.8
S
5.6

4.0

24

848

Bl 12 H S B i = B (2 ~ 10 m/s,30°)

Fig. 12 Speed contours under steady flows
(2~10 /s, 30°)

&% /kPa 5/ KPa
380 38.0
26.0
14 0

26.0

140

20
-100 100 " ==
-220 /-\—x/ -220
-34.0 -34.0
-46.0 -46.0
-58.0
-70.0

—-58.0
=70.0

JE58/kPa JE58/kPa
38.0 38.0
26.0 26.0
14.0 14.0
2,0 2.0
-100_ o = -10.0 =
-22.0 -22.0 Q
-34.0 -34.0
-46.0 —46.0
-58.0 -58.0
=70.0 =70.0
JE58/kPa
38.0
26.0
140 “
20 =5 n
-10. e
—223 ‘:fz

=340
—46.0
-58.0
=70.0

K13 EHSEH i = K (2 ~ 10 m/s,30°)

Fig. 13 Pressure contours under steady flows

(2 ~10 m/s, 30°)

JE3E/kPa
38.0
26.0

14.0
2.0

-10.0
=220

-46.0
—58.0
=70.0

Bl 14 JRaR oAz R4 (2 ~ 10 m/s,30°)

Fig. 14 Zoomed pressure contours under steady flows

(2~10 m/s, 30°)

P 12 S fii-f6 2H 5 A J] [T PRy 7K I JEE 3 A
W AR 2 ~ 10 m/s 3 S5 AR GOR 2 R OCHE I
(fFeJa—WEoA 10 m/s oL RaB 4 i ) o wl W e
T U 8 A, AT S AR R M BRARGE X, T
B8 AL AN AN = A AR A e X FERE T
T AL R AR R H B 1B A AR X, LA L X 3
P HA A Ik o XU LA S e DX, di



A, A Tl R TR A T G )

VSR EERR o DNREFE A B S0 AT , i3 666 o 93 2
R A HH B 1A i L 9L A, DT T FE
AT 2t A I B RE .

Jy—Jr i, s I HEAT o3 e, 6 13 AiAL 14
W KGR IR 8 I, A 8 A AR R T2 ) T
Y A 14 o s 3 TS558 A 000 38 T i A A A 000 )
B TR X o AMI g s 55 A DR P S E [ £ 1 B
FM A ), {66 52 BB A ) i EL 1) o9 B 1Y
YERI Do AN RIALEE S R 1) % b & B, b ok jae
J3E R s 5 A7 0, 32 Bt AL PO 6 o0 i A A P
2.2 AERFAHETHENITE

B 30° fie KA BE AN, A SGEIT R T 2 A3 L I8k
BEXFRIETT 10240 20° AR (E, FHIC & B 5K 10
HBEWGEL T (0°) I, 2 — B TS [R] —fitid T
S8 (8 AN TR FRR T B HApl B R 52 o el Tt
R REZ, X HEAUER 10 m/s fips R jsid i 0° |
10°.20° ke 30° i B i RN 25 20, &l 15 ~ & 17
B e AR mEZE FRFEDEAT T ENAL, 3% A
JEE Py b /N B AR U HE P o AR i 12 % s 5 0 A 4

SHE/(m/s) HBE/(m/s)
| REXY P36
12.0 1120
10.4 1104
8.8 188
| |
5.6 5.6
4.0 140
24 | 2.4
I I
THE/(m/s) HHE/(m/s)
13.6 13.6
112.0 12.0
104 10.4
188 " 8.8 d
I 1
-E 5.6 H 5.6 —
|40 40

' 24 l 24
0.8
) 8.8

BI1S WS 7 2 B (10 m/s,0° ~ 30°)
Fig. 15 Speed contours under steady flows
(10 m/s, 0° ~ 30°)

E3%/kPa 5%/ kPa

38.0 38.0

26.0 26.0

14.0 14.0

2.0 2.0

-10.0, o S -10.Qpge— " =
2 — o —
‘ -34.0 H—34.o

-46.0 | —46.0
i—ss.o i—sx.o

-70.0 -70.0
FE38/kPa FE##/kPa

38.0 380

26.0 26.0

14.0 14.0

2.0 2.0

-10.0__~ - =100, - s T
i 2 — el 200 —
- -34.0 ’ -34.0

—46.0 —46.0

-58.0 -58.0

-70.0 -70.0

K16 W oe i = K (10 m/s,0° ~ 30°)
Fig. 16  Pressure contours under steady flows
(10 m/s, 0° ~ 30°)

AT 4| U ed
S RUEE Il 1 BEBIF 5T 105
JE58/kPa JE38/kPa
38.0 38.0
I 26.0 I 26.0
14.0 14.0
2.0 2.0
-10.0 -10.0
-22.0 -22.0 —
| 5e0 — -34.0 -
-46.0 -46.0
-58.0 -58.0
-70.0 -70.0
AL JE3/kPa
e 38.0
249! 26.0
14.0 14.0
20 2.0
-100 -10.0
[=34.0 L =SAToT -
—46.0 -46.0
-58.0 ~58.0
=70.0 =70.0

K17 s oA = B R4 i (10 m/s,0° ~ 30°)

Fig. 17  Zoomed pressure contours under steady flows

(10 m/s, 0° ~ 30°)

SR A5 2 BH 7 B85 T £ 2 1R A2 AR BRIVl e 5
TF 1 BE RSO, 7 858 B e DX SIS 8 ) JR ¥ 0 3 7 A
ﬁﬁﬁ%ﬁo

3 WHERM KT

T o X} B R - ek 0 2 A AR T R
PR B RFAE LB e 8ok 6 A7 B R BB, T, 49
B2l B BH 7 - it £ (BH 3-SR I A £ iR
BRI E RS . o TR T [ A AR, A
REL 3 Vel 3 2 i Sy i 0 S5 1) T sk 6] i, DA A 9 G
Fisf 725 ik i T R

BT SR T A R il 4k, an & 18 FiE
19 s . MR 226 F A B8 A AN W) 00 T A RE
FIAT X, AN 20 Firos o BT ORI AR s i
BN S AAFE D v A B 2 A T 2 AR s B
RZS T T o) T o 0 25 23 Wi 7 0k, ik 5
FH A0 B e g 220 7 52 D IR SRR — FR G Wi AN [F]
SICE A A A0 M E R BRI BEL T (R, I B i
TP - OC 2Rl 2 IR A T I () AR A T AR A5 A A0
JeAor B AR ] R 4R, an &l 21 FnfE 22,

4500, menpk

400 —a— PR + R B GER
350L —= PRME + 107U

—o— RFE + 20 H b
3001 PRARAA + 30°URiH i

< 250
= 200
150
100
501

0 2 4 6 8 10 1213
MU/ (m - s71)
P18 ARl A ff EE T 9 BEL ) i £
Fig. 18 Resistance curves under different speeds and

the same angle



106 FoOoE M W

55 48 55 2 )

450 —=—2 m/s A
400 g mE '

—v—8m/s
350F - Tom/s
300 — 1235 m/s (24 kn)

£ 250
= 200
150
100
50
1 . s L o
0 5 10 15 20 25 30
B T RER/ ()

B19 ARIRIfLIE AR FR BT B 2k
Fig. 19 Resistance curves under the same speed and

different angles

450

FitE50°
400 JEfg0°
350 0 Atk
300
< 250
= 200
150 14833
100 - 106.12
L 70
2 4 6 8 10 1235

FiiE/(m/s)

(a) J3EEE 0°
450

HifE20°
400 e t20°
350 0 Atk
300} ‘@
< 2501
§ 200 \% é
150 158.66
100 | 113.45
74.53
50 0 4222
0 — | 19.76
2 4 6 8 10 1235
HUE/(m/s)

(c) JaHfig 20°

PR A v O BEL T (BB, LB s A3 BELT)
i 2R e THBR R , X 455 BEL ) D Wi 1 J7 56 2R i Ak
AR L 30° yd B R ], 2 m/s ML R B
JIE R 13.53 t,4 m/s [ 55.38 t,6 m/s [Ny
122.53 t,8 m/s | K 213.77 t,10 m/s | & 318.20
t,12.35 m/s(24 kn) i3 T N 439. 95 t, IHITEH
T, DBH A TS 1 B BEL 7 2 B SRR A BEL D (1Y
3.47 %,

58 P JE T B2 18K, DI REL 7 A, ELRELT g8
SEER I A AR AR R G R, 5 2 R AR
AN, Ph 10 m/s fii 38 A ], B3 AR BE 77 16

450
400+ FE1810°
3s0f EH
300+
<250+
= 200+
150 -
100 -
50

HLE/(m/s)
(b) W kg 10°
450

HiE30° @
400 E#E30°
350 0 Atk
300 % %
< 2501
R
= 2001 N Z
150 S 1643
50 [ 76.93
o —_— % 1423
2 4 6 8 10 1235
FHE/(m/s)

(d) g 30°

20 A TOU DA DB 7 A G BT IS4 B

Fig.20 Resistance component contrast of the hull and fins under different conditions

1 21 3 — ﬁﬂﬂ'w

E s BRI
0 o PR 10°JR

Ko 200k

FRATAA-+30°00H 8

0 30 60 90 120 150
Fif [] /min
P21 - 2 5 AT ot 1) 38 JBE - [ £
Fig.21 Speed time history curves of the ship-fin body in

its stop stroke

92.46 t,0° Yy &g T & 108.55 t,10°F A 160. 33 t,

20°F M 222,19 t,30°H KM T Ky 318.20 t, 3T
BEAPAELRAE AR A5G 2 AT A, 7 B P Dol i A8 5 A
AR 2 i SRR fe K AE 50% 1 I8sd A7, W
JETFR T 50% 17 R (v ek 6 £ 1B, HLaZz DL AE s i
R BAT

W AT v, 7 A G Dl i A A 1) LT 7
By o A AR , =3 Z Bl R0 I . SR, Bl
& TV F BESE N, B8R A o b U PR B e o R
I B BH ) 5 L AR 0° B8R JLF OB &, 10° R O
16. 08% ,20° | iy 24.58% ,30° | 4 31.56% ., 1T+
ZERRERRNE , Ze A7 SE R BUEAN S o o5 —TJr i, R
S BEIG O AR TR B BRI Y B B B (e L



A D, A5 ol R TR PO T A ) 5 R DR BE BT T 107

= BRARA

o AR AR R
16 o BRMEAA+100UH 5
o BRARAZA+20° Y5 fE
141 o BAA+30° R E i

fr#8/km

0 30 60 90 120 150
i ] /min
(a) ETEH

300 e A

- PR BB S
2.5 o BARA+10°W R R

0: 3I0 6IO 9I0 lé() 1;0
i 1] /min
(b) JRaR
P22 - 2H 5 AR i R 57 s - ] T £
Fig.22  Position time history curves of the ship-fin body

in its stop stroke

AN Ul I 1) RO AR B 5 R A B BB Z TR
MG KRB o P, RS, X RR AT A
LA IR i PR A TR S T AR A 4% 1 B AR Al
AL AT A B 0O N T -8 25 Rk S
it

AT FERE AR D AL R AN [] IR 20 F) o 4%
VAT 5 DR 32 B [ D R AR 4G, A ME RS A5 0
RS R A O SE B A S A ] o e . i AR
SCHE 0 ST 1 8 P9 ol SR, WSO BCSEA A  e a
R AN (2 IR BE S AE T AN T ) | I H A
FEEAUA o I UR AT BOE BRI, BTN G — Ak
TR (24 kn) F A EAURES , HIA 98
BB REIH T 25 € A o A 1 ik -
IR AT s 18] AR 23 100 A 1D A AR 1 32 - [ty
2 PRI R, 006 IR 1] 5 PAY ) e i AR AR, 3 ol
ST A ) it T AR LD R B sl s, A
SR IZ AT, EL 7t 28 3 D /], A D5 3 4 R
18, IR T — A TR g, X AR
b2k, BHL 7 B OR Fy i i T 0 il 2 sk 1 O, 1t
) 223 A 1) Dl s ) i, L B8 R G A A
A AU AT % AR 85 T 0 456 ik, A 7] S 107 e Ak st
A1/ (40 10 min) | ST AFRARATR L 5 m/s, T

DB ST AR IR AR EAN 200 2 m/so Al
FEAF TR A A, B 1 M T R R B A R

St ELHR AR me? B RE LB 1

R 2 R B wlR 5K, BT LA IR 50 &/l 338 1717 45 R 1) 22
VR TR

R AR 32 - 1 1, 0l A 7 s ] B0 BV A 4
FEXS AL RS- TR 2R o I ZH Ml R 2 - LA
BIUG AL AL S, S BT E 4 E A )b 1) S5 i iy 2
PRES . E T UG U A D R R ), S
I # Hh 22 ke T /Ko BH B i T80, Hofir
R M 2B T 5, 100 WA [] BRF 8] P AR 0 4% 221 3
AR B o MRy AR 4 7 R AT DL, el 1 min J5, 3
TRE AT B 0 AR R T s e 6 1) /D Hi i 70 m;2
min J5/> 240 m;3 min J5/0 430 m;4 min J5 N AH 22
630 m, X {7 HE TG IRH 1 ROR , A i A e
RORBEAE, TEMAT R, B RS M I 280 AH [
R I S B g D) o o A 32 AT, Ry
A U B M 00 4 A 2 (), L 2R AT RE A AR AR
IS B8 A5

5 T AR RS, AR ARTEALA T h R
B DORERIAE HEN, , BP0 R AT B 2 U T AN B
f8, 3 58 5 1 P AR B e RATERE , RIS AR S0 4
F ) BRI BN RE T o 25 RS B I8 A e EAT AR RS
PR IETTREME I SN AR BRF Jon 26 A8 13 A 155 O, AR S8
X il A ) Al B MM REEA T 1 TR A0

I FH D8RR 5 0T R R T 1 A I R A R, R
i BN 328 S8 AR B0 A LR Z il T, T 4
il LA AN T) 80T RO RN i g b £, T 23
BT o FERE A b, 33 P B I 4] 46 %% i 0 % RE
FAFE PP B TR A0 A S A 0 O e o P, A
A B THE AN k. AT LA 3% 1 R A
TR PRSI T 4 DR A ) 35 v 6 ) e O
1 BE A5G o 3X By A DU R 76 6 O 0F o B i s

B000T oy ph- ko bl

7000 —o HARH+I0°/E IR S
R 6000 —=— BAAE+20°7 JRIE b
B sooof o S0 RORS
= 4000
- 3000f .
:; 2000 =
S 1000f o -
= 0
#-1000F
2 -2000+
=
_3 00() 1 1 1 1 1L 1 1
0 2 4 6 8 10 1213
WiE/(m - s7)

P 23 ol B0 R IR BG4 R e i 10 7
Fig.23  Additional moment of turning ship under the fin on a

single side developed



108 B M R

55 48 55 2 )

T, YA HE JEIT 3000}, ZE6E n] 4RA5449 7 000 t - m 1Y
T BRI, M EE RS T, AN
PRI O T ST 2P A S i R, AE g
30°TM A7 % 0°, K I [FJE A2 9 400 t - m (Y 5%
Hio FIFHIZMEIC & e & M BTH S50 A6 B L A
) 3 AT 7E 200 ¢ RO AL A 7 029 20 000
teom G T IR BRINES fiE T e e ik
50% , ek 668 14) i BA S A 4 FH AL A 24 T WL

4 i

ARG A LEMT AP RZ K Z LR X RR AT B —Fh
R 082 A A R TR 4 el S B R RE o M
FR S, T 9 Ry g , S S A A K R Y
FULA T BEL D Al Bh AR 0 31 5 AR 10 i, T Herp
— R IBCH A8 R FETA PAS L 52 B 1 A -V T
B o 2 SERUE CFD @l S ik B E T3
534, A SCH) E BRI FEEE PRGN LR LA

1) SRS T F, 25 68 JE2 0T, S8 AR SO i
BRUARG I g LR IXC, 17 2 3 B A 7= A g AR X, —
A I OEGEEE PR Ty o AR BN B A A A
R DX, AT RE G AE BT AR RS 2 SRt olid i
G DR AR R T A JRE A, bR Y 3 00 A 1 0
o BRI B8 5 R AT ARA 5 SO IR BE 7 A 24 A
JNEETT

2) AR, AR T el 5 £ JBE T 1) AR B
R s FBEBCR  FRIRIATES B AR (AR ok, HARE.
RPN ARLNESC R o T viae 8 14T D, AR
I [ JE R AR PR DBl , TG o et A i
TG A 3 RE BT I M A, 38 K5 1) S5 ik 6
9 ST F0 BEAT 5K , DB 68 4 T B A M R RE L IR o

3) ok g B ) SRR A B B Z 18] A
R AN, R R R LA sl ik i AR AT
WFFEINHAT A4 A BT A2 (AL AT L

B BUAT A AITIC 5 vl Sty — R B2
P AR A A, (EUZ RE R AR TR B AA Y
BT I G FAPERE , DA T DA i B A AR R A S A A
Gt M T ECHIE S 2R IR T IR,
B A O RE REAS R s LS PERE . RIS T3t
ST , D B R A e s 1T R B K S A T A
] DX 3sk AT A A A R , FE DR T 22 4= I R4 T, 4%
TAEAAATI PN A | F mde AT A RO K 3R T
AR o TR, LA A4 A R A A W e
TCN L AU T Tt AR T AR, o R SEBIE A
TN IREIE 4L S et IE R IS RSP U o N R

2 % X M
[1] WeRek, fRudmt, WOk, 5. —Fhas ol o it il sl

[3]

[10]

[11]

' :CN106985994A [P]. 2017-07-28.

YAO Z Q, XU Z R, YAO X, et al. A braking device of
the aerodynamical boat; CN106985994A[ P]. 2017-07-
28. (iin Chinese)

LIH, Lo R H A S A R
CN108146607A[ P]. 2018-06-12.

JIANG B H, JIANG Y L. A ship equipped a wingspan
developing and retrieving device; CN108146607A[P].
2018-06-12. (in Chinese)

T, Bhig, WL, S — bR A S
CN205469750U[ P]. 2016-08-17.

WANG X M, HONG C, HU J, et al. A device for
brake on the high speed
CN205469750U[ P]. 2016-08-17. (in Chinese)
B—H, . ZIREANAN{E A : CN105292426A
[P]. 2016-02-03.

LU Y N, GAO X H. A multifunctional speed controlling
fin on ships: CN105292426A [ P]. 2016-02-03. (in
Chinese)

AR L AT A5 R AR BEL D e %
CN116034074A[ P]. 2023-04-28.

PIAO C J. A ship resistance braking device utilizing air
flow: CN116034074A[ P]. 2023-04-28. (in Chinese)

MR, TR, AR 3T I I A A A
B CFD B fE B[ )], E A OEsE, 2019, 14
(2): 8-14.

SUN C G, WANG J H, WANG D C. CFD simulations

of stopping maneuver using dynamic overset grid

emergency boat ;

technology [ J ]. Chinese Journal of Ship Research,
2019, 14(2) : 8-14. (in Chinese)

ISLAM H, GUEDES SOARES C. Effect of trim on
container ship resistance at different ship speeds and
drafts[ J]. Ocean Engineering, 2019, 183, 106-115.
FENG Y X, OULD E M, SCHELLIN T E. Parametric
hull form optimization of containership for minimum
resistance in calm water and in waves [ J]. Journal of
Marine Science and Application, 2022 1-24.

OBWOGI E O, SHEN H L, SU Y M. Study on the
design procedure of rudder attached thrust fin for
merchant ship based on computational fluid dynamics
[J]. Ocean Engineering, 2021, 234 . 109263.
RAZIR, Bk, FEAR. MRAITAR )2 (58 0
(M]. bifg: FIEEsCm Ry i, 2022.

ZHU R Q, YANG S L, WANG Z D. Marine
hydrodynamics (2nd edition) [ M]. Shanghai: Shanghai
Jiao Tong University Press, 2022. (in Chinese)

BB AR SR DR A (M. R K&
R AL, 2023.

ZHAO Y. Hydrodynamics of naval architecture and
Dalian Maritime

ocean engineering [ M ]. Dalian;

University Press, 2023. (in Chinese)



A TR AR R

{8 145 RUBE VLR RE DT 5

109

(12]

[13]

[14]

ANSYS Inc.. Fluent theory guide (2023R2 edition )
[M]. Canonsburg:; ANSYS Inc. , 2023.
EPRIB. RAREELC EE S5 2 hR) [M]. B
SCIE R AAL, 2017.

SHENG Z B. Principles of Ships ( Volume 1, 2nd
Edition) [M]. Shanghai; Shanghai Jiao Tong University
Press, 2017. (in Chinese)

R, 8. MANRAIE S ErE [M]. Ri%. K%
MR AL, 2019.

LIANG X, LI W. Ship maneuverability and seakeeping
performance [ M ].

. LI

Dalian: Dalian Maritime University

[15]

[16]

Press, 2019. (in Chinese)

XKLL, SN AR (S 2 B [M]. B i
SR A R, 2020.

LIU H, ZHENG J. Principles of naval architecture (2nd
Edition) [M]. Shanghai: Shanghai Jiao Tong University
Press, 2020. (in Chinese)

BEHRIR. MEAAREL M 45 2 ) (M.
SR R, 2019.

SHENG Z B. Principles of ships ( Volume 2, 2nd
Edition) [ M]. Shanghai: Shanghai Jiao Tong University
Press, 2019. (in Chinese)

i b

0

<

(L#E 97 ;)
[4] WOERNER K, BENJAMIN M R, NOVITZKY M, et al.

[10]

Quantifying protocol evaluation for autonomous collision
toward establishing COLREGS compliance
metrics[ J]. Autonomous Robots, 2019, 43 967-991.
AR T R K SRR PR sl A 2 1 3 R I 357
LD K% Rk, 2022.

ZHAO X. A compliance testing method for intelligent

avoidance :

collision avoidance algorithms for ships in open water
[D]. Dalian; Dalian Maritime University, 2022. (in
Chinese)

LOVOLL E. Evaluating collision avoidance algorithms in
urban and semi-restricted waters using fuzzy logic[ D ].
Taibei: National Taiwan Normal University, 2022.
FIAEZE, XIUIR. MEAREYE SakaE [ M. 2 2
BT R AL, 2016.

WENG J J, LIU M J. Ship watching and collision
[ M ]. Wuhan: Wuhan
Technology Press, 2016. (in Chinese)
YR AR A SR DS e B A B R
MIBRELT]. KGRI E0, 2002,28(3) :23-26.

LI L N. Determination of factors such as safe encounter

avoidance University of

distance in automatic vessel traffic avoidance studies
[J]. Journal of Dalian Maritime University, 2002, 28
(3):23-26. (in Chinese)

YR, BREAL, ZEEE, S5 —RiOCHEE AT Y
00 G FRE A Br T2 A B B PE M Jr k. CN109887339A
[P]. 2020-9-15.

LIL N, CHEN G Q, LI G D, A method for
evaluating ship collision risk and hazard degree by

CN109887339A [ P].

et al.

associating avoidance behaviors:
2020-9-15. (in Chinese)
e, PREAL, Bk, 55, AR RE AL
REEWR K L], s E i, 2022,45(1) .
1-7.

LI L N, CHEN G Q, LI G D,

application of personifying intelligent decision-making

et al. Test and

algorithm for vessel collision avoidance[ J]. Navigation

<

(11]

(12]

[13]

[14]

[15]

[16]

of China, 2022,45(1) :1-7. (in Chinese)

ZEMHE, %A, BREAL —FhEET PIDVCA T &
FCEsHE] A 5 . 2202010305212, 6[ P]. 2022-7-26.
LI L N, WANG X H, CHEN G Q. A method for
predicting PIDVCA ;
71202010305212. 6[ P]. 2022-7-26. (in Chinese)

resumption time based on

DR, TAUR, EOW, . B AR 7
Tt PR PP P R BF S ERAR (D). B

B4, 2023,3(3) :2-9.
MACY, YU S Z, WANG S J,
exploration of evaluation system of intelligent connected
[J]. Modern
Transportation and Metallurgical Materials, 2023,3(3) .
2-9. (in Chinese)

ok, SREME, ERR, . SGRIEN IR R

BTN S e (], BHUME B, 2017,38 (3% 1)
1):209-215.

PENG Z L,ZHANG A P,WANG S F, et al. Designing

principles  and

et al. Research and

vehicles in smart city applications.

constructing  processes  of  the

comprehensive evaluation indicator system[ J]. Science
Research Management, 2017, 38 ( Suppl. 1) :209-215.
(in Chinese)

UG, BREAL, Bk, 5. WAL AE AL o
SRLM . AUt B AL, 2023.

LI L N, CHEN G Q, MA J L, et al. Ship
anthropomorphic intelligent collision avoidance decision-
making[ M ]. Beijing:Ocean Press, 2023. (in Chinese)
B, BOMI BRI M ). Rt RERFEER
HipfkE, 1985,

HE Z X, Fuzzy mathematics and applications [ M ].
Tianjin: Tianjin Science and Technology Press, 1985.
(in Chinese)

XIBKHE, SBTAFE. 2 2RI b 46 br A 3 E 7
HATARLT]. ARG ISR, 2017,2(6) :500-510.

LIU Y Q, WU X N. Review of methods for determining
indicator in multi-factor evaluation [ J ].
Knowledge Management Forum, 2017,2(6) :500-510.

(in Chinese)

weights



