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ABSTRACT : Author presented some study with a title of "automatic control for ship collision avoidance system” in previous papers.
The paper reported the tread of the study, un-sloved issues and outcome of the study. In this paper, some additional results will be
reported. The first is the algorithm of avoidance of group ship that is one of the un-sloved issues. The algorithm is useful when a ship
takes an avoiding action toward group fish boats and approaching group merchant vessel. The second is unified model for calculating ship
collision risk. The collision risk changes with various meet type of ships. Therefor newly-developed model is suggested to take into account
of these situations. Finally simulation is carried out to verify suggested algorithm and model in various ship encounter situations..
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33 Ao o]@elA xFHL AFHUoY, 244 2 2dE
Al AlgEold Fol HEd AT a8 Yol FHol &
FE Yt vl & AFdAE o] ol g 7]&e]
AT W8-S 3] sk, & AFAM ASA AN &
aEFol Wig 49 28 olg nigos AlEHoiE
& Ang A F 9AzE AdEANe] S 29
AAlolet, dute] B¢ fAd, AFH, FEH, AFEH F
Fodutate) ¢ el me, AL =rle AdxE aex
FEY AF F9 =59 Aol7} Yo}, ol2F AFE FE
33%5d =l wgslr] A, 3T FH) AH8d=
A9= AR 9T W, 2932l w2t HE3| EE F
T 298 AN 53] F44, HF AN B¢ 7€
AFolA AXNE AFE ALTEE o] 8 FF F Addte] UF
2R g0l Bk, T A9 o] AYE o8 FE
3ol HAIEHZE AL, 2003), °f B F A
ol ¥F 2R3t 9833 0] ¥Psk= AL AT + A
& A0S T3 AFIx skt a3y o] BF &
Aste Y=} F Aute 33 AL F F 7K o134 1
8271 B Tl AP Edo] AL Zo] &t
71= 3}tk w2y B AT e o2 EAE sAs)
sk, 34 AFAA9] 35 F Al AE o835t A
F=A ol F&shs 22E AA 30 § ZE =939
2 AT AN AE=E AHat] 32T T3 A"
A 2L A, HE FHo A8 F e ddstd
FE AE=A BHE AXEA. PHRge g oA A
AE 22 o] $3t T Fol w2t AlgeoldE T
A5, O dadE ARHglch

2. My sed

NEg#olHol A8 Aute] AYL Table 194 Jeht U
o FAANS A% SRR At HEAAE A
KT 29(K. Nomoto,1956,1957)& &34t o] 2d
v Aol gk Aute] UL F43] FHsE dHE ¥
< Ago] gtk gy £ A9 4L AN HR A 9
oA AubEE3)y] Fato] Ui Ruled A8 H1 o] F
831 VA BPAES Polre EFoT Y5 AT
ol7] W&o}, KT 29 Al8-02 Q& Alg#old ol LAY
3l Fe At g2 9] tia Aol HE Rule 43
B3 1 Rule®] B}1FAAE B9 skl Qloxle 28 & 9
g FX gty faEd. MddsEE, A& g 5§
4] (1)~(3)% olg3ty EAsU) HBAE Fig.loAA
# AT 14 AFA Og—x9y0 & olFshe A FYol
AHE F O—xy AF 1A HAFAE A3

Tr+r=K6 )
TV +V =V, @)

order

T,6+6=6 @

order

A7H, V: A%, Vi, d9e2, ndszgEs, §E,
Oorder: BAEE, KT: 2FQAS5ASE, Tepzet RS,
Ty:Az NASTE 47 gud. 2349 A5 KT 49,
BRd, zejzol osf wsksiel,  AA AlBeoldeldE
T'= (V)T 2 K'=(L/V)K 2 Zt7} Fag3}so] AHEE
th ASRES T'= 6.0, K'=3.395, Tg=25%, Ty=500
28 47 A3t

Table 1 Particulars of the ship

Type Tanker
Lpp (m) 325
B (m) 53
d (m) 21.8

Cb 0.8306

3. Fouuo) it 5S35 2 F

SR PA2E A BY AL FEAEET MY E
< 53 Mduto) diste] $E3]9 F3E @} o) A FE
7FsAol & ERMo] o3 F EAYSHH 1F & At o
T 3L 3y 54L Y5 sof, AF dE M FE
A=t 37t sk A9t 2% 2T AF EW Fe
ojdo] Fgoz FEsm YT Afol sFdEct ol &
AE AAs] A3t Fas) o|2o] U

o] olgg AHut FE3y QuEFd LT dATs
(Kazuhiko Hasegawa,1996)o] #op2 < <9It} Fig. 29
(a)9} 22 ALE AZEal 71 AE 9 gx2Fol
oJ3hd, ol AAML FEAFEI 7MY & A 1o dig}
Xtk 223y 2L 3oz A Hu, $d ¥ A
Zala, = oA e 29ke] YEET o FolAA Ho 2
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AP=rt el 180 FolxA HHE ZoA] el 29} &
AL AAERe 279 A% 532 s go) A% e 1
o] FE3l9 F3o] 23]8 e 29+ FE AYAIE 7]
$= 298 A HE EFY "ol s 28 one
ol olglgd AL WR|El] Yo, 27 FEIN F3
el Hi el 13 AR Ak 2 o 2] Aol o
sl 2538 AP stxn, o aFsiel] e M Add
73 ol HFg FFE = PEE AASE A7
(Kazuhiko Hasegawa,1996)7} 171%= &iich TA3A 3
o3l e FES Y 28 sof & My ol & W, 1
3 Fig. 2(b)9F Zo] 2 e LS "Yuxd 4 AUe 7t
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Fig. 2 Old model concept for multi~ship avoidance
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Fig.3 New model concept for multi~ship avoidance

3. 55 7lddx gUst o4

FEAUTE o]gst Augle FEIY Fao| FYHE
duEEFiE FEHET Altel FEHYE B9 FgF
9 YAE AR|Fel wEpA] BHo] §AA, AP, F4X
e 549402 get A FEHETIT Ak
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st APsh= kol wal HA3) $2F shzteted, Tkt
A4S nstele ¥ St £ d79) 35ty AH
(Nam—Kyun Im, 2003)c] 2E3 QFNME o]d HASH
187t 9§ 2l 3EHokn 2REE st 2y
A He] AFelr] LR3IGR], F4 ¢ HFd A 7E
o] AMg-3H= TCPA/DCPAYHE ol43 JPx=E AHEd 7
S 5 Aulo] YR AIZee EAHo] wANHTh wEkA
AT AZE ol&3te, W o] EUdhe A2E 2aL
A 2gA goz F AMubo] YF AT FA
& Az Qe B AFoAME o)E ¢S dHAA,
39 2 9399 AN F Muto] UF HIe AL
A&, T3 7)o ARREId X F£AE adE FHE
o F Qe ukkE sk dveld, 29 2 9549
3 71€0)] QTN AAZ N2 2dS H4Td H A
2] 239 EAE dAshe s, FE39 FFe 1)
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73Y) 5o g 24 uddol sh= WALl WA
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SRtk AEE o)AL o] § 3l FEI|Y F3] A3}
A AR F JdE 19 2d AAE AxEA @ Rojrh
Z g3 2% geElol BAQle] BYEA Ak AE 99
TRk ZAzxEE FEIY FFR AT £ JdE AFEA
2 2dg ks

41 3A3E S5 A 29 T4AE

2(4-6)2 FAA, AJA, 394, IFEH 5 4F 2$
Aol wiel Hd3] dsE 48 X 8 248 Uz
gith, A= 7IE&el YIFE(CR) A, FAHAY A
9] ZA2AF(E AN APEE vehllz Q) & a4
F& olgstd AP A S A A= At
o] 7¥ssl Ak A(5)v FYM9 ZAAFGDE ol&T
AZF AY=EE Jgn o, olF o)4sty, H5da AS
7} #4949 3¢ B dF 713 2AE AAEES 229
AE7t AxE 714 R L. = A(6)] I TR
943 9544 3% 13 JPEE e} 49 2
¥ F9M] A, 7|80 AHEEE A=Y g, F Ad
9] 23 AYE o183 AF=E A Adsln ez &
AR wel Q2 AFxot AL oA A
CR ... = A(5)AE A 39X} FFgxoes FHEo]
Z4zke] AAAF(11)S BE3td 1 APt AL o9
Zo] 71&e] AT @, BE Aute] ¢ Ao} wie} x}
S39E AEE Aol JhsEl e, AFE FE 3y F39
¥ 71 A= sz Y3t Hol A=A

CR=CR'(1+1) W

CR=CR,,..(1+¢) 5)

d —-d
CRyye =CR g + (1-CR e X ld

)

1

=CR' (3

t FAM, g4 A W HPE A AF

tl: $49, HF9HY w9 Ax I AF

CR ., 74, 939 19 13} 35 9¥=

CR. AR} AR AR

CR"Tcpa,dcpag )83 AL 712 $d=

a5 A9zre) A

dl: 4, 359 oA 3 ANz AAE Ae

CR: HZ Alitd 35 9=

©, € d79 AlEHelddE t=0.1, t1=0.1, CR.=0.7,
d1=0.571Q2 A3t F=RPsqAT)

4. AMlE28o|M dx

oA ALY LnFE o838, B 7HA el diste]
FA AgHoldE FYtn, 1 8L AFstd Bkt
A FAANSEIYY duES A8 2} Fig. 40|
ot IR HE upeh o), AL Gt disto g
At FE39 F2& 9485FE X9Fa Qo A o
ato] ATshe Aoy 330 diste], g o) SEIYF
e 7] AT AFde 2Rs @ el FEIIsn
UsE T HAFa ot T 719 FEIY dudEFE
AHESITH, et 3 F3F Adubo) diaty ¢ FE3
¥ $22 a1, 2 A5ZdE /AL AY LEFUY
Aol diste] 23 S5 FEo] o]FiA e FEirt H
A& Aot
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OE 22 97 o] dojuA g A Fol XAz, =7
FEIY A4S fAsE FAR) A Addt] diste] kA
3t FF3 gleS B RoF 3 Qo

I

1 miles

Own Ship

Target Ships

/

Fig. 4 Ship trajectories in multi—ship encounter
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Fig. 5 Time history for ship data
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Fig. 6 Ship trajectories in overtaking situation
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Fig. 7 Time history for overtaking situations
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