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Route Analysis Algorithm using Fuzzy Reasoning in Route Planning
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Abstract

Recently, the Track Control System which was separated from the Course Control System so-called
Auto-Pilot has been developed for track-keeping in coastal area. From this year, the NAV
Sub-committee in IMO commenced to consider the Performance Standard for the Track Control System
vigorously.

This system will be integrated with ECDIS and IBS so that captain/officers should analysis ship’s
motion characteristics accurately in the route planning using the electronic nautical charts.

In this paper, a new Route Analysis Algorithm using fuzzy reasoning in route planning was proposed
for 2,700 TEU container ship. In order to verify the track-keeping, the author established a ship
mathematical model and executed the simulation of the Route Analysis Algorithm at on-line condition
with Pentium PC. The results of ship trajectories of the Route Analysis Algorithm were found to be
effective to get track control automatically.
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Fig. 3.2 Membership Function in Route Analysis
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Table 3.1 Fuzzy Rules in Route Analysis
Algorithm
FRule
No. X X2 X3 Xy y
1 PB PB - Far Z0O
2 PB PB - Near PS
3 PB PM - - PM
4 PB Z0 - - PM
5 PB SM - - PB
6 PM PB - Far SM
7 PM PB | - Near PS
8 PM PM - Far Z0O
9 PM PM - Near PM
10 PM Z0 - - PM
11 PM SM - - PB
12 Z0 PM PB - SB
13 Z0 PM 70 - SM
L 14 Z0O PM SB - PM
C 15 Z0 Z0 PB - SM
16 70 Z0 70 - Z0
17 Z0 Z0 SB - PM
18 Z0 SM PB - SM
19 Z0O SM | Z0 - PM
20 Z0 SM SB - PB
21 SM PM - - SB
22 SM Z0 - - SM
23 SM SM - Near SM
24 SM SM - Far Z0
25 SM SB - Near SS
26 SM SB - Far PM
27 SB PM - - SB
28 SB 70 - - | sm
29 SB SM - - SM
30 [ SB SB - Near | SS
31 SB SB - Far Z0




4. AlEejojdol 25t H4H

[+

Table 4.1 & A

<

A€ 7HlE 241m(2,700
TEUS) 7“Eﬂ°l‘—1’ﬂ—% 71Eez AAE AVe &
2E¥AY dx2EE AEHIAE B3l AA ]
Ak AALF Eél—ﬁ- FAFHYA olAS F
ﬂ ﬂl°151—2- SR 108 ZeoviAlel 3 FAp4ds}
H+E °1%3}9\i—fﬁ, o] AAMeFrde A
33‘5'?—4 T8 oA olvl FAstAch FE &
AgH3A vlAS doleE2 Table 429 Zrh

Table 4.1 Ship’s Principal Particulars

Item Symbol j Value Unit
Ship length L 2305 m
Length overall Loa 241.1 m
Ship breadth B 322 m
Mean draught dp 10.1 m
Block coefficient Cy [ 0.561 -
Propeller diameter D 8.0

Propeller pitch P 95

Rudder area Ag 526 m’

Table 4.2 Hydrodynamic Derivatives & Coeffi-

cients
( X-Force Y-Force
Derivative Value Derivative Value
X -4.2255E-4 Y. ~1.1600E-02
X' -3.1100E-03 Y, 2.4180E-03
Yo ~1.0900E-01
Y ! 2.1400E-02
Y, ~4.0500E-02
Y o 1.7700E-03

g AP HA i d3eFE

5
N-Moment Hull
Derivative Value Derivatives Value
N, -3.8370E-03 m 7.9200E-03
N, -2.2200E-03 m, 2.3800E-04
N i 8.9000E-04 "y 7.0490E-03
N -4.2400E-02 I, 45600E-04
N 1.5600E-03
N | 2290503 J: 4.1900E-04
Propeller Rudder
Coefficient Value Coefficient Value
C 4.8500E-01 ag 2.3700E-01
G 3.3600E-01 Xy -4.8000E-01
G -3.3500E-01 xR -5.0000E-01 .
C, 5.1000E-01 Crx 7.1000E-01
G 1.9000E-01 k 6.3100E-01
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Table 4.3 Initial Values for Route Analysis

Simulation

ftem Initial Value

00 — (800, 0) >
(2,300, -500) — (4,000, 0) —
(5,250, 500) = (7,000, 200)

Way-Points

(metre)

Initial Course

0900
{degree)
Initial Speed

120
(knot)

Wheel Over Point Default
(metre) [Default = ABS(altering angles)*50 - Reachl

0000 3
(m) 3

e
000 -y, L
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40000 3 \—/
............ Ship’s Track
-800.00 4
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Fig. 4.2 Track Contro] Results by Route Analy-
sis Simulation
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Fig. 4.3 Input/Output Variables by Route Analy-
sts Simulation
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