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According to Korea Maritime Safety Tribunal, there have been 14,100 maritime accidents from 2017 to 2021, Among those

accidents, ship collision accidents have been up to 1,275 cases, But in the accidents relating to small ships like a fishing vessel,

analyzing the causes of the accidents would depend on statements of the persons related because there is often no navigational

data, But those statements can be incorrect and give rise to disagreements between them so that it causes conflicts with each

other during the trial, So a replay system of ship collision accident (RESCA) has been developed in order to reproduce the ship
collision accident by using AIS, V-PASS or radar data, But the reproduced trajectory of ship collision accident is needed to be
verified because it can be unreasonable physically, So a method to verily the reproduced trajectory and collect the physical

data on ship collision accident is newly designed by using free running test, In the RESCA, the accident is reproduced using the

navigational data from the trajectory for a ship and measured from free running model test for the other ship at the same time,

Through free running test, the behavior of the model ship is transformed from model scale into real scale, In order to check into

the accuracy of the new method, free running model tests by using RESCA are carried out on the actual ship collision accidents,
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Fig. 1 The procedure of playback of ship collision
accident based on the free running test

Table 1 Froude scale conversion

ltem Conversion
Scale A=L,/L,
Time t, = \/Xtm
Length L, =)L,
Position Ty =ACpyy Ys = AU
Angle Oy =@, 0,=0,,, v, =1,,, 6, =9,
Speed U, = VAU,
Angular rate ¢ = Q?,,L/ \/>\_ 9" - e.m/ \//\_
=0/ VAL 5 =6,V

* The subscript ‘s’ refers to a real ship, ‘m’ does a model ship

** where A\ is scale, t is time, L is length, ¢ is roll
angle, 0 is pitch angle, 1 is yaw angle, § is rudder
angle and upper dot refers to time derivative
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Fig. 2 Transformation and display of trajectory from the location of free running model test to actual location of ship
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Fig. 3 Concept diagram of RESCA based on free running test(Red arrow: the data flow of full scale, purple dotted

arrow: the data flow of model scale)
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Fig. 4 View of RESCA (Above: 3D, below: 2D(ENC;
Electronic Navigational Chart))
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W, W

Fig. 5 Path following algorithm(WP: Way Point, black
line: path)
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Fig. 6 The path of actual ship collision accident for case 1
(Regional Maritime Safety Tribunal(Busan), 2005)
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Fig. 7 The path for case 2(Regional Maritime Safety
Tribunal (Incheon), 2016)
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Table 2 Main particulars of the model ships for each case

o [ume| el | Cee?
(Ship A) (Ship C)
Length m 31.5 23.3
Breadth m 11.3 6.9
Displacement” | ton 262.9 95.4
Speed™” knots 10.0 6.2

* Displacements were assumed
** Speed refers to the speed which ships collided at
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Table 3 Main particulars of the model ships for each case

ltem Unit Case 1 Case 2
(Ship A) (Ship C)
Scale - 11.8 8.7
Loa® m 2.67
Lep™ m 2.32
Breadth m 0.96 0.79
Draft m 0.16 0.14
Displacement ton 0.16 0.14
Speed knots 2.9 2.1

* LOA was used for non—dimensionalization in all results of
the tests excluding the results of maneuvering test.

*x* | BP was estimated based on the model ship and only
used for non—dimensionalization in results of maneuvering test.

(c) Rear view

(b) Front view
Fig. 8 Model ship for the ship A

Communication
Modem & Antenna

" On-board PC

GPS &
Antenna(at cover)

Thruster &

Thruster /
controller Power supply

Fig. 9 Equipments for the free running model test
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Model ship
Thruster

Thruster
Controller

RS232 Ethernet
On-board

PC

Wireless
communication

Remote control center

RESCA

Fig. 10 Diagram of equipments of the free running model
test
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Fig. 12 Main direction of the free running model test
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Table 4 Maneuverability of the ships for each case

Test [tem Unit Case 1 | Case 2

(Ship A) | (Ship C)
Advance Lge| 4.0 3.8
Turning
Tactical diameter Lgp| 4.6 4.4
1%t Overshoot angle | ° 4.5 4.9

10°/10°

Zigzag 2" Qvershoot angle| ° | 5.5 5.5

1 115 | 109

20°/20°| 1% Overshoot angle

Table 5 The path information used for checking the
performance of path following algorithm

Section Length(Los)| Course changing angle(®)
WP—WP; 10 =

WP—WP, 10 -30

WP-WP; 10 60

WPs—-\WP, 10 -90

WP,~\WP5 10 90

WPs—\WPg 10 —-45

WPs—\WP; 10 -45

WP~\WPg 10 -90

WPs—\WPg 60 -55
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—Trajectory

o Start

< End

—Waypoint and Path

Y(Lop)

X(LOA)

Fig. 13 The path(red line) and trajectory(blue line) of the
test to check the performance of the path
following algorithm
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Fig. 14 Path(red line) and trajectory(blue line) for the ship
A(case 1)(Left: full scale, right: model scale)
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scale ship for the ship A(case 1)
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Fig. 18 SOG(Speed Over Ground)(upper), heading angle
(mid) and yaw rate(lower) between model and full
scale ship for the ship C(case 2)
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(starboard)(below) between model and full scale
ship for the ship C(case 2)
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Fig. 20 3D(upper)/2D(mid) view of the RESCA and the
CCTV view(lower) of free running model test at the
time of 1 min before the collision during replay of
collision accident(Case 2)
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Fig. 21 3D(upper)/2D(mid) view of the RESCA and the
CCTV view(lower) of free running model test at
the collision time of replay of ships colliding
accident(Case 2)
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