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Development of a Support System for Collision Avoidance Manoeuvre

By

SATO Keiji and FUKUTO Junji

Abstract

This report describes a support system for collision avoidance manoeuvre. Many marine accidents are caused by human error.
To cope with these problems, the authors have led a project that developed the decision support system. To support crew
members on the navigational watch, we have developed a device that indicates high collision risk areas on a perspective
projection image to support appropriate decision making for collision avoidance manoeuvre to encountered ships. A series of
experiments were conducted using a bridge simulator for evaluating the effectiveness of the device. The results show decision
making for collision avoidance was made at the proper time and the support system was effective.
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7ICERTb0LZ L, FlAE, BARENTOMBE 5 FRICRIT 2@ HiT 2,339 fFRAEL TR Y, €0
JRK DL BRI R0, B A#EDL 2 —~v =T —2RoTnW5. ZZTARTIE, b OiE
DFFRDT=, FHFMIZ L AMATEE Y — 2 (OZT: Obstacle Zone by Target) DFRIZ K D METHEA SR > AT A
DBAFE & Z DBRERRIC OV THET 5.

2. MFMICEBMITHE YV — AV EHURMIE S X T A

ek, ZRMUTOOOE L LT, BENEZE T HEILEE (ARPA: Automatic Radar Plotting Aid) <2, i B
HhEI2EE  (AIS: Automatic Identification System) 23EAZNTEY, @ERER L —& — L CIXmEENOEHF LN
7o BN A IV T CPA (FcB2UT A7 : The Closest Point of Approach) AT/ TAoA, T 4% FRIEH 2 58 H 4
HIENTES. L LERICEY, AMMOEREZEE LIGE, 2 TOMBMN & D CPA BELT 5720,
BRI CORZ R/ EROHMNITRR A 5. ZoMEICH L, EHRERSEOFiEE 20T AT Y X AT
SOMRERINTEY, CPA (LR 51554105 DCPA(SKFEUTIEREE : Distance to the Closest Point of
Approach), TCPA(HcHZITIFE : Time to the Closest Point of Approach) <22 &MiEEREE A F\ N CHIMERS 2 M1 T L 7=
B OWEOFEWRE N D 5L, AR—2 (zb 2, R E AT EERNE H L DT —F X—2 (L
LTk L) CEHEDOMRAZTHE LETRT L b0, MK EZFHAET LD ENRH D0, HEEO G A B
ANZ EDORRESERRIR DN AR D 2 L 13#E L. Bartos2?? 513, L—4& — LI e/a Flii et FEEREL T
WAN, L ETHHIELERMERE RTOHRT, FIRL THLAET 572 80D 2 BFESE, 3 BREEE Tokf
FHEZBET 52 LT L. 2 2T T, ARB OERISHRIZE & LT, PRI K OHITE Y —

(OZT: Obstacle Zone by Target) % FV /=R R24E %2 BH%E L7-.
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5) OROFE T D, BULEMOLEZ SR & LI 72 AR C, x B3 BPE A7), y $lAsm b2 7m LT
W5, £7z, BMOHHEZER ERFAMRO A EMICZEHUREREA IR 7222 %, EAEIUROM TRLTE
D, ZO2O0MPHETLHEE, WILZEHREREZ RS> THITT 52 L Ld. 22 T2 DDOBHROFRED
fn% PD (safe Passing Distance) & E#9 5.
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FAFAS T 2> S FMOIER L7 R U727 MATB ZHFEMONM BN ML ORI/ 5 L5
2B &, MBpEIRET H.

Bp& il & L COERNEAMBE I OM %X, ZOENME, $5#iP,T, P,T & DZEEQ,, Q& T 5.
BARASBRQ, DERS (C,) THETe L, ZOREOAARERITQ P, & 720, MTFMTHAP I B 2 Hef
TCPAZQ,T DS CTP, DIRBEAMIET 20 & 72 5. [REEICTCPA, bRD 5. Z DL EDC,, €03
JEHERR L0 5.
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Clon
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1 ERERHE

ZOEEHERE RO BT, UTOFIETEHELZB 29, £, THLWEROMET, FHFMOR
Bz D L9 5L,
L PD

= sin"" - 2.1)

BpQy, BpQ DIl E ZMHIRMERKC,y, HHFMO T E Az, R ZCr, MO EV, LT DL, HO=ARIZBIT S
IESRIERIN G, IROBRDIFALT 5.

sin(Az+ a —Cp) _sin(Az+ a —Cr)

2.2
v A (2.2)

1%
Cp=Az+a—sin{—Lsin(Az + a — C;) 2.3
V
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v,
V—Tsin(Az +ta—-Cp|<1 (2.4)
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2 IXENENDHRITCPA,, TCPA,DFFMNIE LI-%ICBIET AR L TS, ZZCTy, TLi¥, Tk
5 T AROBERE EAZTCPALF JUTCPALZHRST 2 REfIfiA L CEET HA0EIC T My S A 2R OM 2T s,
E72, O ZOMMESHERC, FATCPANISHIG BRI L CREET DB Z R LTV 5. OZT 10, & 0, %1
SRCRBTHZ LN TES.

T HOFREAE AV THEYY OZT Z 3R, TEMISHR DT D OZT FKonkii & s Liz.
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2 50T BH

2.2 AFMRICKBDMITHE YV — V2RV =EREMIIE VAT A

312 OZT £ndEfE 7 m N2 A 7 OlEEZ 7~ . HROMEFHR TH D GPS HHS, HFMO AIS 1HHIL
LAN #2HCUDP @FIC L VEUGT 5. F72, A TOEBIIIP 7 A ZI2XK D LANBRHTRGL, #Himd 5.

OZT BB A A DOMAED © DI T OZT Z il 2 F E T, Bl X B AR ORERE &2 hl & L= i %,
HERT BN D DEFBEAFK LTS, L—F — i3 — D L— & —[lf & [AkED PPI (Plan Position Indicator)
FRIZE HRBHFIET, BMZH0IC Head Up THFM E OZT 28725, OZT 1%, FFMOFEXHERIZIG U
TEaZmT CRR L. BRIZIE, Ao AICHATT 2, A220AEICHATT 2/, BB, T2V 4
RO L, £z, L—F—EG CTHLRBRCHE L2, 351, MTMoRF 2@y 25451, Z20
72O BB & - THATT A MLENH 5725, OZT OHF LR BAEFAROMERIZIR - T, FHANIRE LT
AT ERRE S O A HEE L, FTM ORI 18 D 235O 2 S Lz

BB, V—F—lig s BT R E s ) v, RSO 0ZT 227 ) v 752 LT, FRL
ToARAA OFERIE WA B C 3R 2 &R, ST 240, OZT I8 K USREMO TEMBIZ N1 74 M5 &
I Lz, OZT IXEREOEMRNFIET 22 R~ T O TH Y, Hl21E, K3 OFEXO B S Inm O HEH
D 10 FEG 45 FEIZ OZT B S TWDH 728, AR T OFEBICHERS & AT 7o 5 A Bl Z2 O fElR ) 8 5 &
DT ENGDD. ZD OZT \Z LV EEDFERMPIFIET H IR OTFRNEL 72 H T2, FHIOMHAAZ #ET 5t
FEDSAREIZ DD D, & HITE ITFFET D OZT Z i 5 Z & T, PEROE R DML A2 8 L 7o i T8 2
EDZENTE D, 2 B, 3 B CORMGHR ONIRE HETH 2 LN TE 5.

OZT HEEEZHIRY A7 VX a L—XNICRE LT Z2 X 4 1R, OZT RaaZEEIE Windows ¥ 7' L v
NCEMEL, # v FHEAECTFRICIEROBENE X OFERY) 0 B2 OEH A AHEIZ /2> T 5.
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NASA-TLXY(% The NASA Task Load Index Ol T, E@HeA L Z NV T —7 a— ROFHTETHY, 7
r— NTEZ D Z & THRIEIIIT 0~100 DIETA L Z LT —r m— REFITE 5. X 6 124545 D NASA-
TLX DA 27 OVHMEEZRT. TENKED OZT FHrdE@E 2R L, BN 02T HrEEH Y O — A% /R LT
W5, FILE & BRE 2 T 5 b, HILE OB ORBHAR A RIBIIK T L TWD Z E8300d. 7271210, #
B 4 B L QREEAEENRH DN T, BHTOEARROLN. F7-, BRI L T, AHENE- 726t
BRE & Z TR L IZ TR Y, ZOEBHILEITHAD Lotz BRI &b & OZT Fordk
E72 L COERIZENTEY, YILEIZEDEREL RhoTcDZ B2 N5, ERBZEOBHE ~DA ¥
B —"ClE, OZT FoREE TH LD 1 & ARPA T LI 2BIMMOERZTHO 1 CT—FH S5 O H TR
WhholobDar s MiRboTz, 727210, FERE TRICIX OZT FordkE & ARPA OEEIHN S 2 FEEERENT
SINTET, BHRAMNE-T-EDary b oTz.

Novice Expert
100 100
without OZT
90 1 90 1 = with OZT
80 A 80 1
70 1 70 1
2
3 601 60 -
5 50+ 50 1
3 4
. 0 1 40 1
4
301 30 1
20 A 20 A
10 1 10 1
0 0
1 2 3 4 5 6 7 8
Subject ID Subject ID

6 NASA-TLX X337
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- FEREU S
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