This paper proposes an automatic collision avoidance algorithm for ships. In order to assess the risk of collision, we used a
method based on Obstacle Zone by Target (OZT), which predicts areas where ships will collide with each other. First, a network
is created which includes the next way point as a candidate avoidance route. Next, each edge is set with a distance and penalty
as a cost. Finally, an avoidance path is obtained by using Dijkstra’s algorithms to determine the path with the lowest cost to
reach the next way point. We have also developed a ship avoidance system that displays the avoidance route and the OZT.
Experiments were conducted using a ship handling simulator and actual ships to validate the effectiveness of the system. In the
simulator experiment, the trajectories obtained by maneuvering with the ship avoidance algorithm were compared with the
trajectories obtained by maneuvering with the crew. The results indicated that the ship avoidance algorithm was feasible for

maneuvering from the crew’s point of view. In the actual ships experiment, the ships were able to avoid the target ship at almost
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the same distance as the safe passing distance set in the ship avoidance algorithm.
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VAR, FRCPAMTHREER T E O AT RENRE L 22> TS, — 5T, Fiie 2 —~r =
T—IZERT LD L %L, FlziE, BARENTOM@EE S EMICBIT 2EEHEHIE 2,177 AL TR Y, Z0D
BRI DL BRIE Y RE54520, B AHBYSEDL o —< T — Lo TNA. ZH D OMBEERET 5 7- DI
HENEMANOBREN D b TR Y, FOEHEEI D 1 5L LTHIBHENAET b D, AT, HEFRN
\Z L AMUTHEE Y — 2 (OZT: Obstacle Zone by Target, LAF, TOZT) LFE7) DOFRIRIC K ZBEHAIESEHE 7 /L2
AhE, Z2OTNTY X LEREE UTZRES S AT JCOWTHIET 5.
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ek, BRFATOIDDEE L LT, L—¥—bH5EMa b &ic, BEMICWIEEZ 7 ry T 47 LTH
FE D AR EHE) ) 2 fifAT 3 5 B B E2E TRiPEBh2EE (ARPA : Automatic Radar Plotting Aids) =<2, MRl (&
oM, MU TIREEZR & 022 B S A HEIIC VHF  (Very High Frequency) 7EIGHY CRE2(5 21T 2 fivAinE
HEI2EE (ALS @ Automatic Identification System) 2VEA ST E TWD. mtiER L —& — L CIEliEE ) b5
BT A A IV Tt (CPA : The Closest Point of Approach) fi#HT23Tiod, Tz b S IERERE L
TWo. L LEHREZT, BIMOEREZZE L5, 2 TOMBMARE O CPA NELT 572, EiEfEE T
DLENTRFIRANZAT 5 T DIITRR A A 5. ZOREICH L, CPA T bIF b D Fctiirififfe (DCPA :
Distance of Closest Point of Approach), FHZUTIRFfE] (TCPA : Time to Closest Point of Approach) <>Z24 ik 2
WCHBIERR 2 AT L7258 ORE DGR Z 1 O 2 HIER, Mik~—2 (To& 2L, fERE B3 EERRE H
HINLHT —HN—=2{L L TEL 2 L) THEEDMERATHELFRT 260, BHMEEEZFHETL2LD0REND
D73, EROMERZ ERANS & ORREMERL O ZHET 5 Z L I3#EL V. Bartosz? 513, L—4& —Hifi LIZ4
I ERTREEZRELTVDEDR, b ETHLBELREREREZ ST OLTHLHT2D, HIRL TNOEET S
7D 2 BB, 3 BB E COBEmABET A LT L. 2T, FHE O IIME LSRRI EZE T
DEERARIT 5 2 L O TE DMFMICL D OZT & HWT-BEIAIEGHE 7 L T X AERET 5. OZT %#fEH
TLHET, MM EOERAEED ERENE I NEfr ETEETDHI LN TELHDT, 2 BRI, 3BIEET
BIE LIRS 20RO 2 Z LN TE D, B L & HIC OZT DIFREFTFZTDIERER VAT L HHFEL
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2.1 EFMICELAMITHE Y —>

FITFMIC XL D OZT &1F, ZO4ORTHEY, BMOESHIN LT, MEMCiEIN KL, MTHOTE
MR EIZfE E L ORLTZH DO TH D, AREI T, AHNC L0 R SN2 TERD OZT F/RIZOW Tl 5.

B 1\ ZEZEER OFHR LA RS, B S 1E, B O B L OMHTM T IZERE LT 2 SOOI 3T 5
BAEDOAMD 2 >OEROZ L THY, AIOHERN Z 0 2 SOMEROEFANIZ & 5 5E121T 2 MR oM e EE
D, HONUORE LI MuEiaiE (PD : safe Passing Distance) D#EIFAN & 72 5. LIZEMMEZEAE L
TEAERTEERESRIC Ko TR S, x B3 A A ml, y $3pdb Mz . £, B SEZEH L HFmRO SR %
WE2ZNEIRROM TRLTEY, b 2 SOMNET S L&, WO REEIZ SN0 PD L7025, =
2T, RAMUBEEEEPD (X2 SO OREINIZMICBIT 2 RO L > TEEIND.

T Z R AR D B FIAIXLL T O@Y Th D,

B O 2R PD O &< .

FIFMONLE T 736 Z OGP, T, P,T 4 H#i<.

AR T 22D TFAOES) (SHE) N7 MV, LR UE S DY MATB, # HFMOMEN~Z F LD

T2 D X DI2B & FHHFMONE T 87 "IVOIER, SBp MR L 72D X 92T M Z1ERL

L), MBpaiET 5. (bbb, V| =|TBp|t 75 L5 7maBp KD 5. )

4. EBpa il LTRSS EME |V | oM &S, ZoME, SPT, P,TEOREEENENQ,, Q,
ET5.

5. BEMDBQ,DUER (C,) THETer, ZOREOMERIIQP, L7200, FFMTAH EP I EET 2 K
TCPA Q. T D)) TP, DIEEE A AT 2RI & 725, FHEICTCPA, bR %D, ZD L E=DC,, €,
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X1 ERERAE

Z OERERZ RO D01, UTOFIETHEZBZ RS, £, THS3IWEEROMEL, FHFMOIE
i D e R W

@ =sin""— 2.1)

BpQy, BpQ, DI E LMl C,, FHFMDOINE Az, EREZC,, HNHZV T DL, HN=AFICBITS
ESERIDN D, IROBHRARRNLT 5.

sin(Azta —Cp) sin(Az+ a —Cr) 22
7 = 7 (2.2)
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EZEHERE Co 1T, (2. 3) DAL MK(2. 4) DM AR T DB ENTDOAFEL, Gl CRK A DOMPFHET S
F D, B LIFMN 2 AFHET D7 —AT, €, CIT%4T 5.

V.
Co=Az+a—sin"t {V—Tsin(Az +a-— CT)} (2.3)
o

v,
#&mmzia—q)51 (2.4)
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B 2 1ZZAVEILDIDTCPA,, TCPA, DRI LT RICEET 252~ L TCnD. 22 TRy, ML,
FAFDHIHINLE T ZiEm & LT, BHOERKC L2 ZNENTCPA X L UOTCPA, DL L CRIET HA0E
CEAZEBOMZNZ DO TH D, £77, 150y, H0,0E, BIIAE O kML LT, 2K, ¢,k
ZEAVENTCPA, ¥ L OTCPA, DRsfiffiE L CEIET DALEIC HAZEMOM 2 #iWcb D ThH 5. OZT 1150, &
RO, ERESEAZ LV RBLTHZ LN TE 5.

ozT

2 #4501 BH

2.2 BFMRICLBDMITHE YV — RV MR EE 7 )L ) XA

AMFFECTRFE LB 7 L =) X AL, OZT & S SEERHE 23284 5. OZT IZRR D@ Y, FHFin L #2e
DEREN S D82 RO DO TH Y, AMOTENEE OZT L Hie bR L ) 72biitm 2 /Elid 5 2 & T,
FETAN E 222 WE T 5 2 E N TE DMBENAERTE D, K 3 I ZERT272DICHNWDE Ry hT—7 DA
A= %Y. BROME HANZEINIE OB Z £ v T —27RIZIED KSE D720, BN OAEE0mera
AT, FSdperpaPF Y NI =7 2ZNZEN n AT v 7 BT 5. ety Y, o URFEOO L EET
T — REMES. BfhIZ, IROEEHEA~FT CTERTT v DEMIET A, IROZLEHR EIZ OZT BNE 5551
FRETLHBENNH D10, T—/L DM E U TS S 0O Wi G5 SOl 2 8 ER T 5.

Xy NT—V R LT-%, BROMI~ZET 5720 ORI ZROHT-DIZHT Yy VIZa R heftEL, #4147
A RNFEEHANT, a X MRE/NE RO EIRT 5. 2 X FOFRAILLTOEY TH 5.

Cost; = Distance; + Penalty;; + Penalty;, (2.5)

1

Penalty, = a X Distoyr (2.6)
_ (0 (turnright)
Penalty, = { B (turn left) 2.7
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ZIT, Costild, i FHO=v YO AN, Distance; i i FHDOxT v PO, Distyzpid™ v IT—8FIT
OZT & OFAEIEE, a, BIIANEN S S22 5. Penalty, DIEIL OZT & DIFEEZ L D57 4 —ThDH. adK
STIUTRE VN E, OZT D SEENTERE G LN < b, OZT & oy VNS DA ITAEA + ol ZRE
S, £OT vy EEELIMEITEEBRATREL 725, Penalty, |3 22151k (COLREGs: Convention on the
International Regulations for Preventing Collisions at Sea) % &tk L72IH T, B OEAEWNIEHIET L2 LI2E D&
DIVHBHUIIE DG 0T < 72D, W EEZE TEHETIIMH T EZ A FIC A EZEM, O 2 REHh &
ML, FHEMIIREHROMER Z 57 IR 63, BT 20 b2, —RICEROBEND 2L 72D L HIZ
FFMOEZ A Z R T 5720, Hlfezglo TR ATV, KRS Z L IXIFE A 700, F£72, Bt OZT
OBIRITRERIAHET LD L7280, Xy NT—27 D) — RIZAMB WL L EDOZT #FHELE L, =22 bt
BEITH. KA/ — RO OZT Okk {277, HOO_EINEMOMNEEZRLTEY, £rb0AT v,
1| A7 7, 2 A7 v 7HOMEIZEMABENRE LTz L & D OZT D2 LT 5.
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2.3 BRSO R T L

SATHERTERN S AT DEFMEREE 2 7. BARONEEH TH 25 GPS (Global Positioning System) E#H=<°,
FHFARD AIS E#HIX LAN (Local Area Network) #%HC UDP (User Datagram Protocol) 1#{31Z & W Etf57°%. filufiy
Y, AIS2 b7 —2 L, L—X—Chlite L7t FME#H (TT: Target Tracking) % X5l L CTRRT 5. MG
BRI BAROMAED D OB T OZT ZHiRT 2R R HE T, BB MOER 2.0 & L %, fithix
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B O OFEEfZ R L TnD. L—F —FRIE— KD L—& —@f & [[AEED PPL (Plan Position Indicator) Z7<IZ
K BEBITIET, BiZ YN Head Up THITN E OZT 44 %. OZT 1%, MHFM L D DCPA (2)i U T %
T TCEFIR LT, BARRIIZIE, DCPA 23 0.5NM LA R 72 HaRfa, DCPA 73 0.5~1.0NM 72 534, DCPA 73 1.0 NM
Bl LebHEE L. e, b= —FRTHRBRICHIE L7-. IMEEAFRR, L—&—FR & HIginy
YARNET ) T FTFEED OZT 27 V) v 75 2 LT, BER L7 AR EEIE A W I C o b &4
(2, ST DA, OZT B8 X OB TEMBI 2 A T4 85X 512 LTz, OZT 1IEROMGEMRNGFAET HiE
WaETRTHLOTHY, FlxiE, K5 OMERAFROBHED 2NM OREEED 150 25 160 F£IZ OZT A3 <
TN DT8, KD Z OFIRITHER 2 [T 72355\ ZE R OERNR D &N D T e hnD . B A7 A
1L Windows % 7 L N TEWWEL, & v FEAETFRICTHEROER I T OERY D B2 OEfA IR TH D, £,
HEIEAR S AT A 61, LAN fRH CREFIAIIIENET 2 & O ITEAIE R A 25D 2 & TU R T A0 D EEERM
THZLENTED.
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BEUER S AT DOBFMEERRGET D721, SFra O Y 27 3 2 L—# 2 W TR E FR 41T -
7o Y, EBERBROH D 20 W) ORFFEAITE L TV OHERE N Y X 2 L—X Offilfiitas (L—&—
728 BLEICTEICEMEIT). SR U YT UAEZANT, BN 27 AN EE H B E2IT), #
BREC L D HEI LR S AT B X DN SIS DT E OES AT S . BRI AT A LB Y R
72 b—4F UDP @5 TERIL TRV, VAT AREEOBZENZHW T 572N LD AM - T
MOBNEHZEET 215X, UDP BFIC X » CTHAF CTX, B 2667 5 £ 9 12 UDP @[5 CTHEMEF 52155
Z L TCHEMWR AT o 7. BEEN S AT A K 2 BEMERTIE, #EERE ST » U DEIRORR T Z R LT
HHV, ERETRICA X E2—21TH 2 LKD), BEiE S A7 MM XD BEiEn A R CEBIICR 7
a7V L K6, RTIZARIRAWEZ Y A& T. 1< AOEHEHT 1km T, F0LO 1 FOMINE
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