Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2023.24.10.407

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 24, No. 10 pp. 407-414, 2023

A& Akl At AlEH ol AHeEE BA AA S B4

OIxHE

Sojtista FMsUT At

=

Generation of Bounding Volumes for Berthing Simulation of
Autonomous Ships

Jaeyong Lee
Department of Naval Architecture and Ocean Engineering, Dong-eui University

2 % A& Aue] HkZ Algdoldsty] s Addtat o Atelo] A& AA|stke Zo] Aot AA
A2 AdHre daElE A5e AT AEdeldS tiiE 23Hd FHOIA o]FojAAL Uk B =EolA= 33
Algdloldol A ZiA 2ol HE o FE ofyEt HE A7 &350 't BA AH B 7
B AAE 4712 BEetal, V-HACD BHE 2E AAo «A4808 3

FGFol HisiAs V-HACD €259 Az Qs A2t 2dS Ee= Pt o
283to] ASeH F2A0] tiste] bte] HE3} Bt AAe AP, Algd o]

N
N
Y

B
ojo
P
e
Im
j__o“

M
[o
ot
£ g
S
off
Sii]
i
2
i"‘
=
4 9
E*)

77} o9 ABS AREES el AR EUSHE o] BAHow ojRolXk AL Slstelnt. Het AEHo]
oA A7) 2Hel W X7t 1me] AUEE 4FAow AL AT WES Aure] Hek Ao] Lz

oX

1l

A
=
5g ABHs ABACIM 7ML NESEHE U A8E & L Aol

Abstract In order to simulate the berthing of an autonomous vessel, it is essential to detect the contact
between the vessel and the quay walls. Currently, simulations to verify algorithms for autonomous ships
are mostly performed on a two-dimensional plane. This paper presents a process to generate bounding
volumes to extract not only contact between objects in a 3D simulation, but also the point of contact.
A complex hull shape is divided into four parts, and the V-HACD method is sequentially applied to the
divided hull. For the middle section of the hull, which is mostly flat, subdivision is performed separately.
Next, the software for collision detection proceeds with settings related to contact with the quay for a
hierarchical structure. The simulation confirmed that the process of integrating the decomposition work
performed on each quartered hull portion into one hull was successful. In the berthing simulation, the
contact position of the hull side was successfully detected with a precision of 1 m. The proposed method
could be used to improve simulation techniques to verify the performance of a ship's berthing control

algorithm.
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Fig. 1. Types of bounding volumes for a ship
(a) Sphere (b) AABB/OBB (c) k-DOP (d) Convex hull
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Table 1. Objects’ settings and corresponding events
that can be generated for objects
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Fig. 2. Types of responses depending on the settings

as two objects approach each other
(a) Block-Block (b) Overlap (c) Hit response
(d) Overlap response
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Fig. 3. 3D mesh model for the simulation (drilling
vessel without derrick and associated equipment)
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Table 2. Parameter names and their usage in V-HACD 4.0

parameter name usage values
n Maximum number of output convex hulls 1,000,000
voxelresolution Total number of voxels to use 10,000,000
volumeErrorPercent Volume error allowed as a percentage 0.001
maxRecursionDepth Maximum recursion depth 64
maxHullVertCount Maximum number of vertices in the output convex hull 64
minEdgeLength Minimum size of a voxel edge variable
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Fig. 4. Results of V-HACD algorithm for the target vessel
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(b)
Fig. 5. Formation of a hierarchical structure for the
hull
(a) The hull is divided into 4 parts: bow, stern,
super structure and mid section (b) The corners of
the mid section are decomposed into smaller
bounding volumes
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Fig. 7. Generation of hit event representing the

collision between the ship and the fender
(a) General configuration for the simulation (b) The
color of the bounding volumes that collided with the
fender is sequentially changing.

F ofold & 7= E/l9 A AHo] "t AlEd 0]
A2 Unreal 4.27 HAC=E 484519tk

Fig. 72 AHto] Qe fJa QrH o2 HLotHAl Al
2314 A RSl AdHoR Qb e} HE
Sto] hit eventE WAAI7|= AlETolA Aot} 1
g (= AA™A +28 Ui ok Aol ASH
T2E o2 AAJoF BASHL QEole BE Aut
o] Z1H A1 HES Hotal L4522 sl T1olA
of Zo] BrAA7F Ao it} ®@Aet Auo] 24zt
A AdoleE At hit eventZt WAL 4=
Q=2 ATt AFA F=xof o Adhg FASET QL
£ A AREE 25 QrEy O B&E At Aol
ooz},

Aato] ehdoll HolHA FFo] Dot FA AHo|
hit eventZ} WS, S A A2 Q] MAfo] Hol=
A& I8 (b)ollA &I 4= Sick. oA Adto] vt
ARE AEH0E HESIHA AUZtEE £3H0 R of
Z A AR Migo] Hok= AL & 4 vk Al
A AMu] Bgko g MA| Rt WEAet A%Al HE
st o), A AA] 3t hit eventZt A& 02 AFPE
= A4S U Qi V-HACD €172

2 BHO
T T



A& e A A oldel AMgHE BA AHY A4

.-

o~ topside

side

»
bow overlap

event
quay

(a)

vessel moving direction

topside
overla{levent

side

b
Fig. 8. Generation of hit event representing the
collision between the ship and the fender
(a) General configuration for the simulation (b) The
color of the bounding volumes that collided with
the fender is sequentially changing.
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