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Summary

Several navigation systems of large high speed vessel were evaluated by the evaluation method
introduced in the former paper titled “An Evaluation Method of Navigation System of Large High
Speed Vessel in Congested Water Area”. The main components of these navigation systems are radar,
ARPA, information aid of a navigation assistant.

In this paper, first the limit density of running ships was obtained by simulator experiments. The
value is 6 ships/nm?® Next by the simulator experiments on the scenarios with traffic condition of 6
ships/nm? and several navigation systems to be examined the effectiveness of the navigation systems
was evaluated.

By the evaluation the effectiveness of ARPA and information aid for collision avoidance decision
from a navigation assistant can be pointed out. And when the index is only the limit distance to start
collision avoidance, the examined large high speed craft may be able to run in the area density of which
is smaller than 6 ships/nm? at 50 knots, and the most effective navigation system would be composed
of RADAR the period of which is 3 second, ARPA, information aid for collision avoidance decision
from a navigation assistant.
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Fig.1 Layout of the simulated bridge in simulator
experiments
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Fig.2 Points of starting collision avoidance action
obtained by simulator experiments which were
carried out to get the limit density of running

ships
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Table1l Result of questionnaires to the operator at the
simulator experiments which were carried out
to get the limit density of running ships

— BRI & S BT | K | JOWE

S T o U | e | 5oxa | mEc | 5ar (g [dwo je] 0 AR e e 2 00
% =14 FE | Tho | BEO | L1 | Bz | B8 | @R |Es | o L HEMICR G o) (25D RR | ECFT | NIED | PO | HIZAR
& S/ne’ | HINE | L L. | BAK (B 93?517) SHIEO | i @ | HTE | SRR | RS | ERAAT
£ oz EME | m A | 3| TS iTE-ARAR B o | et S IR | ST | 1TEIkED
HFEY | hay [FEEE (LU [1EF ké ey ERIC K SIREENE (2) | SEACHIEAETRR (1) 3 BY DN -2 R (1)
D | AEEE 4 AEC | B | LLbC | 5a 2 |8 | Sk [BEL | 3@ | L5 IC L SIREH () Erﬁ%#zao)mfgmn wWee | s o] e | R
50/ b mho | T | Y BmE Tk ! DREBSL SRR () [T #Y ¢¢  |e9| €7
= 3] [k H
hE HEEA | ERLL |24 ha HIREA
@ AmEE | 2 |[dor | S| TICE|SAL] __ | dok | LB 0@ Wy MR R ORI ]
50/ b LTH | BT | bk LT 247 €7 fx €3 | ey
otz [WWTB Mot

K& @A |HRE | pGY |BM (K& | HEY
DlxmmEn| 2 |por|EMELTC 5L [T Mo Bk |18
50/ b LT 2Ly =38 Lin
Dl 10 TE TEAE Mol

T O L]

TRU wmE SRR (1)
: am| um | owm || mm
wy| e | wy |ev| er

hE | bhay [ Hg | psY [HF M DY

BT & HURSKEERE (4) | BATHIRTOERNME ()
@ | xmmman | 7.5 | por [ BBRU | LUEC | 522 (MBS [hofc ML | SE |19 [T SRMER )

U RN SRR ()

| BN F 2 (1) | EEROMmsE ) K| K (o] w | WM

50/ b T [ sy BE T | REBTIRARA G (1) Tt SO A L R 4
] Btz E@mmx&ﬂ%sm :
BEY [BEA | AL EEA BEY [12EA H
D ALmEN | 2 (K& |EBE|TICE|EBR | | K& | LB 0B : : wel | R ) W WR
50/ F v | LT T BICT | Gk nho | LTE ¢y v¥ SRR S
[ Mol VWTB | 1= Mok
HEY [ BEA | FTHE |13EA hE JIEEA
D xumEm | 4 |AREC|ERFE|RLICIESR ] ___ [ bl [ LBk 0R e | HE B | ER | 3
50/ 3k Gho | LTH | BL [ ko LTk ¢y | ¢ ¢y ¢y | €7
I ot |iBM K hots

K& | haY | BRE | EEA |UBE | k& | HFEY
L | KREER | 6 of L |BLLIC | EBR [RAME | o/ (@ | 2@

~

TEYDBRN ARE Q) | E5 | BFMN | MPADER | TE | RIMIE

50/ b T MsY | G | TER LT
i ol

[ EHEROMNEO() |5 | OBRE 1= | Tk
: B P BEL
A Y | SR

£ /nm? 12 B V> TEABIIGIR R RE %2 85F T & 4 - 16l
BEELELWI ERbrb, LALT.5E/m*IcsnT
1, EEBRIABRRIERE S W CHEIBAME L 2 BISEE T
22k, £, 7VT—bERED, TS OMITHE
DBECHARTEMENR U 2RSS BL R IKREVI L
#=ry, BRWITEEL 4%/om? & 7.5 %/om? 0P
BICHID DWWETH 2 6 E/nm? & Uiz, &7z, EifAH
SHMEER DS T L TH S EML 72 6 /nm?® DEER (Fig. 1
(d)) T, BWEIITDH 208, BHBHARAEREHE
FXNTED, H2O0EMZL 7.5 E/m* DBSIELONW
X ERUTROAWT Easbhrs iz, RAVITEEZ
6&/mm* E LI ERFUTH I Bbid, |

2.4 WEBEOMITRE & DB

Sk 1) Tt & 5, AR TSR A RRB &
LB, 22 TESWRAMITEE 6 £/0m” 13 3X#1)
b 2 HEEEOMITEE LT 2 &, BHHTERCS
U AGE O S EERS (L) ORKIAITEE (6.75 8/
nm?) & DA UIEL, &7, RETERENEMRETE AR ORAM
175 (5.01 %/nm®) LD LEV, ik, LEEL K
ECHBRT 5, ZOEBRTHALMNTD 5/
MESIMm CEPMEET VLTS D, DD
ZERL DB VUL 366 F > ks O CHBEREIRER
i 10 Thy, REBOMTEEIHEMMRTEELRL
Wi B ERERT DL, WEAED LIEEOFEHMITE
B (6.72 % /nm?) X A UKL, B EHEHTERE O Fh K
DEAWATEE (4.25%/nm?) LY rED@n I Lhbd
%,

by, ZZTHEHLLBAMTEE (6 %/nm®) 4,
BRI HAS ERLEBEL TV 2RO REL Y

B, RLEEL W AEBORKEICLES LT

DIEWBEFTZ LD,
Lizhio T, EMARHISHEER 2 TV B 2 FHi 3
B LICBERSHLI LD, 3BUTTERLEIT )

3. EMAHIEHERER

3.1 >FuF

2T, B e LG, v —F (3R, 1 AR,
ARPA (H, ), BMABEBIE I X 5308 (IFHRER, ¥l
FEE) OHAELRICEZHDEEZDE, ZhoDHAEE
be 15580 TE 328, EEICEMNASH & U CERAREN
DHdbD%, EREBOHRELERL, Thollksd
FTEPEL VD EZD Table2 WH 2 5 EIEEIRES
L7z, -
L—4%, ARPA, IEMEIHE I L 2 EOMOSIRTE
LT, BEBEHRORTE (L —FEELIC BRI 3R
5 BETHRFE), 12, BERONITV— Y 2R 714 2R
BEHRPICREL, SSETHRE2EELTZEASDT
AOE v — Y EBELIZREZREL2ATRRLE
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Table3 Common items among the navigation systems
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Fig.3 An example of traffic condition
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Fig. 4 Points of starting collision avoidance action
obtained by simulator experiments which were
carried out to examine the effectiveness of the
navigation systems
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the limit distance)
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Table5 Result of questionnaires to the operator at the
simulator experiments which were carried out
to examine the effectiveness of the navigation

systems
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Table 6 Result of analysis of variance(ANOVA)—
factor is navigation system, levels are naviga-
tion system A, B, C, D, E—
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Table 7 Result of analysis of variance(ANOVA)—
factor is RADAR rotating cycle time, levels
are 3 seconds and 1 second (navigation system
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Table9 Result of analysis of variance(ANOVA)—
factor is aid by assistant, levels are informa-
tion only for data acquisition and information
for aid of collision avoiding decision (naviga-

B, C)— tion system D, E)—
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Table8 Result of analysis of variance(ANOVA)—
factor is ARPA, levels are with ARPA and
without ARPA (navigation system B, D)—

Table 10 Mean and standard deviation of the starting
collision avoidance limit ratio and failure
ratio of start of collision avoidance
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Fig.6 Result of analysis of the questionnaires by
quantification theory III
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Table12 Table used in analysis of variance (ANOVA)
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