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Abstract: In order to study the influence of ship speed ratios on making course changing decisions for col-
lision avoidance by deck officers, the relative motion geometry of ships is applied to establish the relational
model of the speed ratio with rudder point and alteration range, and analyse the effect of speed ratio( K=1) on
the rudder point and alteration range under different target encounter characteristics. The simulation results
show that if the ship speed ratio is large (K=1.5) and the ship changes course to avoid collision according to
the existing «International Regulations for Preventing Collision at sea» (short for COLREGS), the avoidance
effect is not significant, and there may be a safety hazard to ships coming from the left beam.
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AT AR AR A, (R S LG o L A A B G R R AR L A T 5 Sk
[2] $RHIET AR RIE A S AR SR BE Rl 3% A2 B M AR R B D ST vk s SCRR [3 -6 4R H
BT IRBE SR AL T BIMAARERE J7 3k SCHK [7 -8 42 H ARG F AR AR 75 (57 RS AR 2 0 1 1 2 1) ik
i TSl SCHR (9] EESZ TR T I BE RS A AR, MR S K B3 | S A ) T
G, SCHR [2-9] JrikIE T A TR GEEARMTTE, A5 IERERE ) AT A 4ih 52 D9 3R M flf 2 K
LM, BARELE AT, (HSCHPEAR . SCER [10 - 15 ] REERESTUSCNBUE Rk, #EtEr LR
RERIE 22 B0 TR E B A BCA R AT A R, R AARAIS 12 S RE, S — R A A Ee
B, A ShASRERL R, AR A EHERLEI 51 R, SRIPURERE R TT 5 . AEMTIAUN T RERE Al D 5K
( personifying intelligent decision — making for vessel collision avoidance, PIDVCA) FykMF5Y 01 2
KHFET (L) ek B L A RO Z M LU B, 2 A G Bl R, L, A3
XA L SHEAE AR . SO IR RSO R AT, T L (K = 1) 2 BIXEAT AL B iR A 52
o A SR BRI SR IS

1 MREILEEM@IEE, HitRrXRER
1.1 BRSPS E

HERAESHHE (target encounter characteristic, TEC) J&48 7EMRYE HARMTAXT T LA [ B 1l A9 7]
—Fh BRI, CYAREE v, R B AR EE V, FOCER AR, DU BARMEENLR C, BUEARRIE, A
M5 HAR S AE AR R s SRR R Sl IR 22 V, - V, Al 2 C, - €, , FFARYEMS
REARX Iz S C, AU B E A A 2508 T J& R [R) 38 R AE, ANk 1 fivzs, BN, A Rt 7 X
WAE 2, 2 HAMEIIARRTIZ St ¢, BB 180° < €, < 270° i, A5 HARM A R se 24

fif, B TEC =2, 4, 20 M40,
*1 BHRTLBERESR

Tab.1 The table of target Encounter Characteristic value

AN » N
Sl TEC ¢ - €/ €, /(%) LA
Encounter Situation Velocity relation
TEC =1 0~90 90 ~ 180 vV, <V,
LAY ES S TEC =3 0~90 90 ~ 180 VoSV
Crossing Situation in
; . . TEC =10 90 ~ 180 90 ~ 180 V, <V,
ront of stroke-side
TEC =30 90 ~ 180 90 ~ 180 V, >V,
TEC =2 270 ~360 180 ~270 V, <V,
BLAIVESES TEC = 4 270 ~ 360 180 ~270 Vo>V,
Crossing Situation in front
f starboar TEC =20 180 ~270 180 ~ 270 V, sV,
of starboard
TEC =40 180 ~270 180 ~270 V. >V,
X 38 JRI T Head-on Situation TEC =5 180 180 V,=V,
IEB 8 Overtaking TEC =50 0 180 V, >V,
IEBIE#E Overtaken TEC =6 0 0 vV, <V,
%ﬁ/ﬂ ﬂEHE Anchored Vessels TEC =60 C,, 180 V, =0
TEC =7 0~90 0~90 V, <V,
AR B S X 22 IR T TEC =8 270 ~ 360 270 ~ 360 Vo<V,
Overtaken or high-angle
rossing situati TEC =70 0~90 90 V, <V,
crossing situation
TEC =80 270 ~360 270 V., <V,

F1w, ¥TEC=1, 2, 7, 8, 10, 20, 70, 80 MIAHYH /N T HixfE, BV, <V, Hih:

TEC =1, 2, 10, 20 HEIHF XX l)RiH; TEC =7, 8, 70, 80 kil Mia KA EAs X4l 5w, A
SRNTA] HFRAS 2 AE T M b 5 AR mg B L it i o ) 56 SRR M [R], (H A s R AR A ]
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B L TEC =10 B3, BRI, ARG SEBr B AR AT 2318 37 5 22 Al Jr 28 SR il ELBOh 52 2%
TE 53T A LS g ) sl L RCRFE Iy, AL ARG T 28 s ], TEC =1, 2, 10, 20 #475047,
1.2 AELESAMBEIEE., EiERXRER

TEC =10 B A AAAR X 2 S ULAT N 1 Fs., ch
b, v, #0V, FORAAN FARTROATE; V, AV, e
ARSI AR RIS B0 AC //u,ﬁﬁ\
AR S, AR RS B BT AR X 32 | N

%?ﬂiﬁ%ﬂﬁﬁm (relative motion line) %ﬂWMﬁ \ By

(new relative motion line) 75, NRML'ZNRML \ \\\
HEATL, SLeSBIEE D, (safe distance ap- — \‘“
proach) ARARMYEIARY), 5k inl dif 09 AH XT iz 3 X
IL{E‘[%E%%RML*H&:‘F N( Xb , Yh) /"j—i s y‘:’ﬂ%ﬂﬂ E/‘J N \\ . A
) s, AR AR Y R A B AR X 32 Bl LA o A NRML/‘Q\\,\D({l}u,'
AR AR e RS L ( X,, Y, ), VIR 0 Yoo’
D AERMLAYTELR ,  HLafe B B O fic i 2 18 1 TEC=10 M8 343 50 JL A E

# D,,, (distance to closest point of approach) Fig-1  Relative motion geometric figure

HESRPE | R LT , S oA of the shipin TEC=10
2 59 3¢ AR 5 T OAE S0 R T 4091 R FINRNLY P 26 (2 B 000
{yRML =x-+cotC, +D,/sinC,,

»
NRML

Yapuy = % ccot €, + sign(D_) - D_/sinC, (0
Hep: ¢ 5 ¢, s nIERA BB FTE HARISARR AN 5 sign(D,,) 4 D, BIFFS pREL, LBl
L F sign(D,) =-1,
AR AR L BT ROAEXIZ S v, FfE C, AT AN
V., = JVi+ V=2V, Vecos(C, - AC - C,) (2)
C., =180° + AC - arcsin[ Vsin(C,_ C, - AC)/ V], (3)

LI AT A5 o 5,
{xb =[(-D,/sinC,) - (D,,/sinC,)]/(cot C, = cotC,), @)
y, =x,cotC, +(-D,)/sinC,
LERME EIUS a, i ab BORESET D, D, K74 i ) 35— ff BE I SROATGH GRS L A o A B0 2
L(X,,Y,) MEHR (5) 153155,
x, =x, —D_sinC,,

(5)
ya = yb - DSSCOS CrO

A FRE S L s 09 BE B B A AR R AE SRR D, , D, = /22 + ).

[FE, XS AER A IR EE AC = €, - asin(sin(C, - C, - C,) x V,/ V) - 180, Hf, C = C +
asin(D,/ D,) + asin(D,,/D,)

[, ATAS AN [ 28 2 R AE T A L 0 00 55 0 ) IR BE . it A st ) O R Y
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AHRLENE, ARINA LR X5, B, 24 TEC =2 5 20 B, A< #% 58E LF i HL Sk B i — 8 £ 16 1
e N B IE R, 4 TEC =1 3% 10 H B VLR, AR50 EUME, A 6 ki L0 AL A 74 i 18 3 31 B
LB (EARM) AT S RE R SR RE R, ROV EAERTAL; 24 TEC =1 7 10 HAE WL EE AR R AT,
#ELEATHLS TEC =2 F120 —2, AEFXT Ui, IR TEC =1, 10 HEEWEARF TEC =2, 20 &
DA kL L B — B S L

BE AR . BRPPESBORAE, HARNEAXT TAE A 6 A S, BT E 2SI D, H
[, &EN2 nmile, ZEEEAA, %EHN14 nmile (nm), FTSHEEE D, A0 n mile, ASHLHE
FEE 15 kn, ACICARAE K TEC =1, 2, 10 F1 20 W, 257 W i) A 45 0 B ol ) 30°, K {HHR 1.0,
L1, 1.2, <, 2.0 B, S-MrAE RGeS e D, 784k, 24 TEC =10 120 B, A w4 ek m)
30°, KXI D, BsZman ™55 2 Fw,

%2 TEC=10 #120 REAREL S D, KX FR
Tab.2 The relationship of Different speed ratio and D, in TEC =10 and 20

TEC =10 TEC =20

K V., C -C, C., D, 7% C, -C, C., D,

/kn /(°) /(°) /n mile /kn /(°) /(°) /n mile
1.0 21.2132 120.0 165.0 7.727 28.9778 240.0 225.0 7.727
1.1 22.8659 123.0 163.9 8.329 30. 6294 237.0 224.2 8.168
1.2 24. 4865 125.4 163.0 8.920 32.2473 234.6 223.5 8.599
1.3 26.0844 127.4 162.2 9.502 33.8415 232.6 222.8 9.024
1.4 27.6653 129.1 161.5 10.078 35.4182 230.9 222.2 9.445
1.5 29.2334 130.5 160. 8 10. 649 36.9817 229.5 221.7 9.862
1.6  30.7915 131.8 160.3 11.217 38.5349 228.2 221.2 10.276
1.7 32.3416 132.9 159.8 11.781 40.0801 227.1 220.8 10. 688
1.8 33.8852 133.9 159.3 12.344 41.6188 226.1 220.4 11.098
1.9 35.4235 134.7 158.9 12.904 43.1522 225.3 220.0 11.507
2.0 36.9575 135.5 158.5 13.463 44.6813 224.5 219.7 11.915

EARRSERE B R B DA HAEE K =1.0 I AC =30°F89 D, , 24 K 43 BIBUE 1.0,1.1,1.2,--+,2.0 i,
3T AC AR AREE N, 24 TEC =10 F120 I}, D, = 7.727 n mile ,K Xt AC BUSEIARIZSALATT 2% 3 s,

£3 TEC=10 #120 REAGELL S ACHIX R
Tab.3 The relationship of Different speed ratio and AC in TEC =10 and 20

TEC = 10 TEC =20
K V. c -c, c, AC v, C -C, c, AC
/kn /(%) /(%) /(%) /kn /(%) /(%) /(%)

1.0 21.1929 120.0 165. 1 30.1 26.9293 240.0 240.0 30. 1
1.1 22.3774 123.0 165.1 32.6 28.6322 237.0 237.0 31.9
1.2 23.4927 125.4 165. 1 35.1 30.2952 234.6 234.6 33.5
1.3 24.5425 127.4 165.1 37.7 31.9294 232.6 232.6 35.2
1.4 25.5254 129.1 165. 1 40.4 33.5419 230.9 230.9 36.8
1.5 26.4347 130.5 165.1 43.3 35.1379 229.5 229.5 38.4
1.6 27.2581 131.8 165.1 46.4 36.7207 228.2 228.2 40.0
1.7 27.9729 132.9 165. 1 49.9 38.2929 227.1 227.1 41.6
1.8 28.5371 133.9 165. 1 53.8 39.8566 226. 1 226. 1 43.2
1.9 28.8572 134.7 165. 1 58.6 41.4131 225.3 225.3 44.7
2.0 28.6189 135.5 165. 1 65.4 42.9636 224.5 224.5 46.2
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HEEW, PR R TEC =1, 2, 10 F120 F50L R, A He K 20 5% A s i fie 5 AR S D
B IR FE AC BysZm ek @S, i 2 flE 3 s,

16\ =D, (TEC=10) —=D, (TEC=20) —+—AC (TEC=10) —#—AC (TEC=20)
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B2 TEC=1.2.10 %120 K3t D, &% M i & E 3 TEC=10 #1 20 KX AC H93M ih &
Fig.2 The influence curve of Kon Fig.3 The influence curve of Kon
rudder point in TEC=1,2,10 and 20 ACiIn TEC=1,2,10and 20
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PIERESAE , K =2 MEmREE R K =1 B9 2 £, [F3, TEC = 20 HE WLE, AR, 4
MR, KB, FEAERI PR AR AR B B, K EEOR, e e R R, B EE
PRHYZTEC =1 FITEC =2, Y TEC =1 HAEUWLE A RET, A AR S, biE K R, e
SURIETHERE MRS, X SANE I B AR B SO R A G, ARE A XTHE Sl U AR fL R A R n] A5
Wy M TEC =2 HE WK, AARMAEIER M, FE K EARK, elom i 2 TR

3 RIMITELRIBRREBLLRR AL

NIAE ERAHTEE , TN AR 0 OB £ X PIDVCA SE3KEAT T IO EUBERL S
Ko, DFESHEY], MBI (K = 1.5) #8000 (I ZoBurT 2 R S
RELEROR, npE 4 R

a) Z B FL T The parameters b) L3 Ship track

4 ERT TEC=20 ik {f B L9 4 R AT ITHITE (K=1.8, D.=1.99 n mile)
Fig.4 Simulation experiment results of avoidance collision in crossing right situation and in visibility (K=1.8, D,=1.99 n mile)
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TEC =20 BUASIEAFAE, FIRRAS 1 B ARS, FELWAE T, % RNy @b TRl s, A&
AR LE RS, EAAR 2 A BN, AR G miAy som ke, D E AR R I R T A, A
A RELE AL T, I 4 05 FLE5 SR T LA, AR RE RO I A 2 Rk b A AT 3z 3t 4
B, HEERTEBORT K, HAEA, #armse,

PELLRE UL BN AR F T 22 IERER I (247, 5° < HARMEARXS 7007 <292.5°) KM H TEC =1 A,
WE A e i LU 3T (R Bl bR B A B G, IR AR, WK Sa) FR,
FEREILEE N RASOLT, HARHE 1 AT H AR 2 B R E 55, HARNE | RSB/, R Rm AL
W A TR ER eI, BARMY 2 ZEHGEE LR ALRIR T, DR LRI 5 B 1 2 1T e AN SR E ke
AT, DAEC A DA T2 s B AR/ N I (R, AR, DRRPEE AT AR TN T, A
FFE N ARERL LA 2 | Bl Tk

a) JLALHT b) “H LG B AR R RS ¢) “H UL L B TR ST R AL S
Decision-making optimization before Optimized decision-making of “the Optimized decision—-making of “the
low—speed stand—on vessel in visibility” high—speed give—way vessel in visibility”

5 BRERARINKRALZEHEMISBAMMELLETNEIRER

Fig.5 Simulation experiment results of before and after optimization of decision-making
for the left near the beam encounter situation and in restricted visibility
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