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Automatic Ship Collision Avoidance System for Small Ship

by
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Abstract

This paper presents an automatic ship collision avoidance system installed on the small experimental ship “Shinpo” managed
by the National Maritime Research Institute (NMRI), as well as the results of experiments conducted around the Innoshima
Island area using the ship. The system on the experimental ship can be connected to various devices using a programmable
logic controller (PLC) as a hub. The automatic ship collision avoidance system works on a Windows tablet PC and displays
information on the screen, including the other ships and obstacle zone by target (OZT), which expresses areas where ships will
collide with each other in the future, as well as a planned route and a recommended route to be taken to avoid a collision. An
automatic ship collision avoidance experiment was conducted by directly operating the rudder of the experimental ship by
connecting the automatic ship collision avoidance system. Automatic navigation of Shinpo around the Innoshima Island
demonstrated that target ships on the planned route could be avoided on the basis of the safe passing distance set in the automatic

ship collision avoidance system.
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2. MFMICLIMITHEV —VERAV-ERERC AT LA

2.1 BFRICLBMITHE Y —>

FHTANC X DHUATHIE Y — 2 (OZT: Obstacle Zone by Target, LA, [0ZT] L7ed) &L, TOHO/RTEY,
BMOZEEHIE LT, MFMICHF SN 2ERE, TR0 TEER LICHEEE LORLZbOTHD. AFiT
1%, SEINCE VBB ESNTBOTERD OZT FRICOW TR, X112 0ZT o477, £9, B0 I
O CORE LT LMl OMICHFM T 2MET 2550 BARD 2 SOHEKC,, CEKkDDH. ZOHER
ZEISHERS & MDY, BARDS Z OMERR OFEPHNIC & 55551213 2 M OB RN 22 A R EEBE O RN & 72 5.
EzetERize.DRic L vk ons.
_ - (]
Co = Az £ sin"!(r/d) — sin {ﬁsm(Az ta-— CT)} (2.1

ZIT, riXAeNmEEE, diXBM ST E ORRE AzIZ TR OMEK AL, |VO)| L |7;| 1L NZE I E
T EFRFANET), Cri3fHTFMOMER, al3fHFM T 226 Bfa .l & LIzl O ~F WO A ETH 5.
OFZ, ENENOEFEER A L 12(2.2) R ThchZIr e (TCPA : Time to Closest Point of Approach) % FH 3 %.
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dcos(Cr — Az + 1)
TCPA = — (2.2)
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ZIT, Cpld BANESEER 2 AT L7 0 B L AR T & OMXIER, |Ve[Idtishs i chs. K1 o
Ty, MT0E, T PENE T ZiAE LT, BEOERC, L2 2 ENTCPA R L UTCPA, DFFEMTA L
TEEET D, F72850,, H0,0%, BMPBOIHINE O AL LT, f2aEic,, C, ExFnENTCPA B I
TCPA, WA L CRET 2 A2V -bDTHY, ZoL XinIBMoLeuaioM LT o L &
725, OZT 1380, & MO, ZFESEBRC LV EHRT L ENTED. 20 OZT ITALRWE S ITHENT 2 Z &0
TEAUL, T L OREEEA R UL EICROZ E N TE S,

v
3

1 70T A4 A=2

2.2 BFMICE IMITHE YV — > AL EMEETE 7 )LT ) XA

FhlgCffi F L7287 L 3 U A A, OZT % b L ITHHNIS 2 T2 b D TH D S, BIHIT IR O
LDy FU—7 IR0 KO, FOHTHEMD OZT & ER LRV D IR 2B+ 2 2 & T, FHFH
CERERENT D ENTEAMBENERTE S, K2 I EAERT H72DICHANE Xy NT—T DA A—T%
AT B S AEE O merval DA T, & Sdiptervat P Y NI —7 HZNE N0 AT v THERT . ok
Y, TyUNREOOL EftE ) — REMRES. KBS, IROEEHEAT, 8IS O M EAE G 2 B 5
KT 5. ZD%, FTy I LTaR haME L, 2 X MR/ RDBREEEIRT 5. 22 hotERITL
Toi@Ey ThHD.

Cost; = d; + Penalty;; + Penalty;, (2.3)

Penalty, = B X P (2.4)
0zT
_ (0 (turnright)
Penalty, = { v (turn left) (2.5)

ZIT, CostilE, iBEOZyOaAN, diFiBFHOT Yy POES, dogpld= v IV 0ZT & DR
B, B, yIIINENO 5 2%, Penalty, DHIL OZT L DRI L 5T N7 4 —Th 5. BRREITIUTKREWVZX
L, OZT ORI G BT < R DR Ch 5. OZT & OFFEREA RO DB, B Ry U —
I DENEND /) — R EIWD FW TR RTO OZT % 5. Penalty, 133 - 1&22 7515 (COLREGSs: Convention
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on the International Regulations for Preventing Collisions at Sea) % &k L7ZHH T, y DA E\NE EAHET 2 BEHTATIS
BELNRT <D, W LEZE PIIE CIIHTFME LTI R OME TG, ZORFERFHRE L, M
TREFROER 2051 T b7, BT RTER b0, —RIZEROBENDN < 725 L O ITHFMO% A%
T 57280, AITHEEUIDEIREIT O 2 LRE0.
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ARG Z DU T, Purepursuit 5% V2 9. [X] 3 12 Pure pursuit 50D A A — VX% 7~7". Purepursuit 1%, &
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2.4 BHURM S R T L

BETLERN S 27 2%, HAMONERE R TH S GNSS (Global Navigation Satellite System) F#H=<>, M H Bhaks!]
4LiE (AIS : Automatic Identification System) THUS L7 TG, L —& — CHite L7 TG (TT: Target
Tracking) X LAN (Local Area Network) #%HC UDP (User Datagram Protocol) {1280 Bf57 2. MM
AT WIS STtz b LSRR OB 2 &, MBS 2 X 5 IhtAaferE T 5.
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L— & —[ii[fi & [F4£ 7 PPI (Plan Position Indicator) #/~(2 K 5B 514, BH%E F002 Head Up THITHR & OZT
RS, OZT 1L, FHTHL L OcBzUriEffE (DCPA : Distance of Closest Point of Approach (Z)is U C %431} C5&
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3. EHHIEMSRER

3.1 INEUSEERAR [l )

X 5 (Y FTMRA T /NI RIEOAMBL AZ R L, X 6 IS E R 2 g, i Xl —RE o/ NIYHA (R
FEK) 17 by, BE 149 A—R) THDH. K 6 [RTEITAOT L Dy« 7T o TR0 EfE
(CHAORERELZHT, Thbozarva—27nr7 MIE>THIEITE 2. PLC (Programmable Logic
Controller) 1Rl CREIIRAL S AT I PC D AJ1%A+ D ON/OFF % FEICRIFEICUI D Bz b b T-, M ETidn-o
THANC L DO 2 D 2 LN TE D, BN AT A PC ~D AJIE, LAN T PLC #&H O EHH,
FNEH, AIS TE#H%E, L—& — MRy 27 20513 NEN TTIEH, 7 A 712X DMfinaiER L 72 -
TW5. BN S AT 2 PC 225 PLC ~DOHNIES U 7Vil(E ChEftE R &2+ 5
3.2 EMIC & HEHREER

X 7 ICHEBRT Y 7 & PEMEEZ T, 2022453 H 13 B 10 BREICH S~ U —F 2 HFE L, IMEREZ R
DB L CRE~ U —FICR > 72, Y BIIMERBERIIZIZS 0 NS BFEL TV e, L—F—D T v
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[ 8 MU & B T A s BRI T EMBR SIS » THAT L TV, IO ERID S8R TH - 7= 55T
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RS X O LA R CH S, X9 ITHBIBRAARE AL C OB S AT A DX v 7' F X EifG O8] H L
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