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Summary

In Japan, the development of large high speed vessel has been carried out. That large high speed
vessel is expected to run even in congested water area. If the vessel starts her service in congested water
area the collision risks will be higher than now. So it is urgent problem to develop navigation system
which ensure the safety of navigation of the large high speed vessel, to develop useful evaluation
method of such navigation system and to evaluate and confirm the effectiveness of the system.

In this paper an evaluation method of navigation system of large high speed vessel with simulator '
experiments is discussed and an index which is used for evaluation of the effectiveness of navigation
system by measuring safety of navigation and was obtained by simulator experiments is shown.
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Table 2 Item list of the examined navigation system
of large high speed vessel
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Fig.1 Relation between decision process and naviga-
tion aids
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Fig.2 Evaluation procedure of navigation system of
large high speed vessel
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12 TR —ROEHMOEE b FCERTETH D,
SEFTON SRR % BEMIT T 2 558 O Bul 20 EMikH] 2 3K
H2lDELBbhD,

(2) FATFHEORVIOBRKETRD 2 FHMLHER L L
T, BMBHIGIRAERE 2 SR L, 7 OE2 —BABBOM
ERBRECLZ VI av— Y FEBREEBTAILICLIYR
DIz,

oif

#t i3
AWGET, #BIAE L2 > TOlRu e KEMO M RRE
#H, iz, BNE RIGE L Tola 2 () BiE R,

Table3 Desirable distance to start collision avoidance
and limit destance to start collision avoidance

BHNBIIAHBIEIERE | Wiom) |IEEmEm)

p— ?uﬁ 2633.3 457.8
&5 | 1786.8 | 885.0

—_— ,Eiijﬁ 3436.3 | 360.6
%A | 2101.8 | 443.0
() BHATBAIA HATS PE

SHABAIAIRSREEEE | Wiom) | IEEEEm)

B ,BUB 1014.0 | 2247
®5 | 5877 286.4
CIYa) .

sxmgp |- 14731 180.4
%7 8471 258.0

(b) AN BRI PR EE Bt
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Fig. 4 Desirable points to start collision avoidance and
limit points to start collision avoidance
obtained by simulator experiments

aow, FBAERFAEBERRYMEZEBESDERAD
FHR, BIZRBRETH D EFKEO/NMEREER, REA
Z20EM WG DZRERTH 5 M EMKFEORERIRI
BERZBEREAVIREE LI, ThoDHRIZELED
DEHOEERL X7,

B # X M

Fo & ZATERIL ;AR — B R BT o0 BEAM EE D BUIK,
ARITH, #£5%, F65 (1969), pp. 363-365.

() AAE MRS RR 744 &8 BahoE
[t o B9 B HTSE, AFZEEE No. 200 R (1993).
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FRIMSE, 858 (1991), pp. 9-16.

4) EEERREROEEMITOREM BT 2 FHk
SRS (fh) BERREMRS (1991), p. 79-80.

5) BIFEH : MIAVITIC B 2B AENER O, A
AW ERITIE, 5855 (1991), pp. 25-31.

6) HOME—: AM—-EER— AL 2B OHE—
HITHIAR (1970.5), p. 39-41.

7 HEAED : BT A T ADEETHAY 2 2L
~y—1 —VT VT4 Db 5REER—, HEM

FEEEmOCEE, %588 & (1993), pp. 129-136.

8) HEBMANMITIAEMIZES | Yk 3 R ERUAIG
TRAERE =, HAEFEMAE (1992), p. 16, 19, 22,
78.

9) REUAMNERE LB EEHEREE, s
WriERE (BR) (1991), p. 9, 11, 75, 295, 375.

10)  Byly: ¥ EasEEEE R B3 5 W gE, MEEETIT
JerrEft No. 536 (1985), p. 43, 164, 170, 171

F8& A KEESEMIZOWT

REEHEMEMEN 120m TS50 /v P THIfTT 22 &
ERRELLODTH S, FAEORSEN1ITm TH B,
ZOBREe TN E LT, FERE T IVIGER AR 1R
BNLOREETVERL, BOETLVH LIRENLDET L
L, 0ErOREAMA G5E) $TORML UBELS
& D WD e IR 2 % e,

el AR Rk 2 /R (50 v MEE) ThH B,
ZOER, B —BoARE L AR b D k-

T3,
F8&B > IalL—FicHonw?

I ZCHER U AR AT SRR D Y S a v —F D —§

v X7 R Fig. 5 W08 ¥, BEIEGRRY AT A, F

arEa—F & LAN 2B T#ERsnTEY, Fav
Ea—hs 0.2 WEBICHRE L G0 E, SHESD
BRER, thoDF—FZEIENEEITYL, Bios
BT 30 B/, WHIOSET 20 K/BDORTHE 22/ L
TEY, FECWES P LEHENERL T3, ik, HHE
bERBIGEWCEEF R EE L, TEhTHEEA» S O
JGUTRZWELS SEFET AL TEEEBRERBLT
Wb,

Fre, U—VEEE, BHEGEEEESZOML DX
BHEBLEMRCEI 2 —% L LAN 2EH L CiEEs
h, BEIEGRRY AT A LRI LEGHAMTCEa
2= NBET - BRIBET 2,

T8 C FEFRBEOMITREIZOWT

HREE IR Z O EEI & - THITEESR 22, &
REVRFIRE LT, BEAES X OCHEEBHEIDERMAED
BB HITEECODVWTEL S, ZOBTTRE:
UTmdAETEkD I,

HBEINL7— T4 > % —F8M (T(hour)) 2 8
THMMEE N, fEESNIy— b4 v 2 —FEWER(T)
IR T 3 MO SHE % V(km/hour), HEES IS
— b4 > DIE FRIEDEITH L EE) £ B(km) 73
L, IHEENY — b T4 VIEBEOMIMITERE o #UT
DR THEMT 2,

N

=YX TXE (#/km?)

=1.852%x

C.1 WHEH e
ZZTHERLL T —513,1991 9 A 3H12: 00~9 B
4R12:00Hh ) COBEABEETD 5,
(1) BAMITHEE
XERBIWZ &Y, 4R 5 B S 6 BRI T TG E —
72#L, Tabled 3 U Table 5 & b B L) %
R T AR 27 4 B LRD B LT, HEHEEKE
BB MMM EOFEEEIL 10.74 KT, SEEME O
fB1X 700 m TH 2 Hh
0=27.4/(10.74 X 1.852 % 0.7)
=197 (#/km?)
=675 (#/nm?
F iz, CHRT) ZHICVERR L7z Tabled & 9, ZOMITEE
% LURE) BE U 7 TEE oo 13, (L BB A% (Table 6)
Bk 9k B)
o1 =(46x0.194 X0.5+6%0.631+9x0.938
X2+9x4)/(10.74 X 1.852 X 0.7)

Vxrxg ()

Table4 Number of ships which passed through Uraga
channel since am 5: 00 to 6: 00 Sep. 4 1991

o | 20 | 500 [3.000
, < § § §
B ||| %{/ﬁ 500 | 3,000 {20,000
LAl by | RY | P2
6| |16 | |6 | e || 2 | @

20,000
kY
BE

5:00
§ 82|70|12|46110( 6 (191190010

6:00

ERAIEES:19915F9 54 E15:00~6;

Rl S R VYR EHE(%S BEATIELDS81° ,3350m) & REBITBEBALR

Table 5 Number and ratio of north going ships which
passed through gate 4 since 12: 00 Sep. 3 to
12: 00 Sep. 4 1991
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o I N0

20

NaKpNome 5 | 6 thet
(4)9/6 i (.)% ) M) ,

w

41 [122]194] 19 | 24 | 211
111]3209]631| 20 | 1 | 176
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11 |33]100| o | 0| 11
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Fig.5 Hardware composition of the simulator
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R B A KEEEMOEHEHIFHI FEIC DV T 885
=439 (#/km? oo X,
=15.06 (&/nm?) o.=p%(0.513%X0.5+0.261+0.195
(2) SETERE % 2+0.03 x4 +0.01X6)

EET) X 0, 24 BRI QLA BEGRE (L) % aEiE
T BN EE 337 &, 1D - OFHIR, 4.4 ETH
D, EHEE I 10.74 KT, SEEVBROEE 700 m ThH % »»
5,

0=14.04/(10.74 X 1.852 % 0.7)
=1.01 (#/km?
=346 (#/nm?
7, SCRRT) #EICERR L 7- Table5 & 0, ZOBITERE
2 L#E LI MTEE o 13,
or=p%x(0.122%0.5+1.0x0.329+0.356
X 24+0.16X4+0.033X6)
=196 (#/km?)
=6.72 (%/nm?
C.2 FEFUEHEERLEY

ZZCHEBLEF— 2%, 1990 410 A 2 H 10 & 00~10
A4H10:00 T TOBHAKRTH S,

(1) BARWATEE

SRR 9) X 0, ARET 11 B & 12 B 1T CHEAKESATITAR
WE— 7L, PKEEEAT 2 M0, EiEb
HC83ETHY, FHHERR 10.2kT, FEHAROIEIXIZL
AESkm THED5

0=83/(10.2x1.852x3.0)
=146 (#/km?)
=501 (%/nm?)

7, XHEKS) mEERK L7z Table7 & 0, bmﬂftﬁﬁlﬁ
% L (/) B8 L LMITEE oo i3,

o1=p%(0.641X0.5+0.192+0.167x2)
=124 (%/km?)
=4.25 (#/nm?

(2) FEOWATHRE

K 9) & D, 48 WEIC TEAKES R @@ I B A bt FE
Wi&bhbeT 1625 %, 1D 0P 33.8 %, FHHE
12 10.2 KT, FKBEOEIZIELAY 3km THE0H

0=33.8/(10.2x1.852%3.0)
=0.60 (%#/km®)
=2.06 (#/nm?
¥ 7=, AR Z OMITEEY L (R #E U HTEE

Table6 L conversion coefficients

0 | 100 | 500 | 3,000 |20,000
KEE S $ S S >
100 | 500 |3,000{20,000

0
2 BN AR I A
5

|\
LIRERIE | 0. 1 2 4 6

=0.61 (%/km?)
=2.09 (#/nm?
(S B 1 3 ATEE W DWW T)

RS HEMERGT B O T, IS AiAD HEiH
Hhb 2, LIsioT, MfTL T2 ML TR, &
B ERT I LEND D,

SCRHR 9) 12 & B &, NGO SAMC 31 3 SR OB E
EEH 5 E/km A ETHY, ZITOMITEER
0.5~1.0 % /km? (F) TH B 1o, %I TOREMZH
B p=55~6.0 £/km? Ll L (18.9~20.6 %/nm” A
b)) exn3z,

482D EMAHIL I 2L —9ERIZE T 2 ARER
RizDoWT

BT, &2 oMK ThsHEFABICB T 2HTH
EOMEER X Y, EAdloy 2 2 v — Y RERTERAL
- NFERERR 2R D 5,

YIialv—SERIIBWTEELZ L BNESETDH
D, FRREEELE525DRBMOKESTHD, Lizdio
T, BMEOEBEVWEROKRZSDEVICEEEEZI S LT
3, ENEHEHES S 2 v—FERTEHBEERRL T3
BHEoOKz 20 EFERT AL, £hTh, N
G (1R 50 m O—EWAR), HEM (IR 100m O—
), REM BE209m OV 7 ¥ v )Y —) TH
%,

AN, R 75 m £ TOMAE, FEBIE, iR 75m

Table7 Number and ratio of ships which passed
through the gate line of the west route near
the crossing road of Tokyo-Bay since am 10:
00 Oct. 2 to am 10: 00 Oct. 4 1990 and since
am 11: 00 to 12: 00 Oct. 3 1990

5%l || 2810:00~4810:00| 3811:00~12:00
rEs NGO [ NOKO%| N [NOKO%
0~100 W 777 | 51.3 | 50 | 64.1
100~500 I 396 | 26.1 | 15 | 19.2
500~3000 | 296 | 195 | 13 | 167
3,000~20,000[ 45 30 0 0
20,000 ) 1 0.1 0 0
mtke | 1515 | 100 | 78 | 100
84 110 — 5 —
ast 1625 | — 83 —
LRI : 19 eofﬁmﬁzem 00~1054H10:00 (48!1§F5)
F—F351Y RuAEN SRS TIEX

NIBATEIEXIEZNZENOEH QJﬁﬁ’éﬁ%‘/ur”X‘&
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~150 m & TOMMEE, KEMIFHE 150 m BLEOMRIA%E
REFTZHDET B, LdioT, ZhEhD7 7 ADMK
DR E RO BNEND S,
Fig. 6 BX U Fig.7 & v, RIS UE b > BOE R
HBETENTED,
(1) ME»oHEELY
Fig. 6 %80 % KB L 72 b O CRB AT 1T - 1ok
Bk 10) B D, Table8(a) X2 DFEEETRT .
ERRNEUATIRR T,
logy (WiE)=a+b-logx (EEL )
L7zho 7T,
J,:_.:10.0(Iogy~a)lb
y=75m DFHEI
x=10,00085-0650/0362— 9361 (EHE I >)
y=150 m DFE
=10,Q008 15009400297 =1 3751 (EH | )
(2) EELVDPOHBLMY
Fig. 7 % 0 & S8 U 72 b O TR 21T - 124G
Easriik 10)%H D, Table8(b)iZZDFEBERT,
ERAOBE (1) OREFLTH S,

(1)YXxD,
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Fig.6 Relation between D.W. and length of cargo
ships
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Fig.7 Relation between D. W. and G. T. of cargo ships

logy 8 h>)=a+b-logx (EEL>)
Lo T,
y=10l0(a+b-log x)
r=2361 EE b DBEIX
y=10.0(0300+1.015x108 2360 — 1 1 49 (4R | )
x=13751 & b Y DHEIZ
y =10,0¢~0061+0.966xI08 13751 — 8649 (¥ b 3)
(3) fafEfgRkLt
LHEoEREEBEERTRZ LI ZBHBRICET S
Table9 & 9
/NEUE (68864 +596+313)/(2274 +313)
=0.714
ch AU © (4164207 X (8500 —3000) /(10000
—3000))/(2274+313)=0.224
KA+ (207 x (10000 —8500)/(10000— 3000)
+69+54)/(2274 4+ 313)=0.065
b, Tk, SDORVERETZD, lLED
LIZLT, UTD &3 iRk 5 kit
ANEUA CT0%
ch A 20%
KBS 10%

Table 8 Coefficient of regression

%ﬁ%ﬁ 500<D.W.<5,000 |5,000=D.W.<60,000
d 0.654 0.947
b 0.362 0.297
(@ D.W. vs. L
(lg]\}{,%i%%% 500<D.W.<5,000 |5,000=D.W.<60,000|
a -0.366 -0.061
b 1.015 0.966
(b)D.W. vs. G.T.
Table 9 Number of ships which passed through the

gate line of Uraga channel since 14 : 00 Aug. 8
to 14: 00 Aug. 11 1978

RES — 8% R AR -
(@n ";E w00 | so00 [1.000 | 3.000 |10.000i20,000] ) m: w | 59 |

P4 § $ $ § $ > P § b4
elc) % 500 {1,000 | 3.000 | 10,000] 20,000, Lj;( it § 500 lf‘é &t
¥k A 28 | 400 | 280 | 220 | 120 | 43 | 32 {n123| 138 | 3 2 143
[ a0 | 464 | 316 | 196 | a7 | 26 | 22 |1151) 165 | 4 1 | 170
8 it 68 | 864 | 596 | 416 | 207 | 69 | 54 [2274} 303 | 7 3 | a3
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