CHgtxMSts| =2 %! Research Paper
Journal of the Society of Naval Architects of Korea

elSSN:2287-7355, Vol. 59, No. 4, pp. 235242, August 2022
https://doi,org/10.3744/SNAK.2022.59.4.235

Km Check for updates

1o
SYE -0/ 37|81 FaHy
(ANBI2AZ CIXIZ2tolH0| M

Application of Point Cloud Based Hull Structure Deformation Detection
Algorithm

Sang—ho Song-Gap—heon LeeKi—min Han-Hwa—sup Jang'
Digitalization Team, Korean Register

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License(http://creativecommons, org/licenses/by—nc/3.0)
which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

As ship condition inspection technology has been developed, research on collecting, analyzing, and diagnosing condition information
has become active, In ships, related research has been conducted, such as analyzing, detecting, and classifying major hull failures
such as cracks and corrosion using 2D and 3D data information, However, for geometric deformation such as indents and bulges,
2D data has limitations in detection, so 3D data is needed to utilize spatial feature information, In this study, we aim to detect hull
structural deformation positions, It builds a specimen based on actual hull structure deformation and acquires a point cloud from a
model scanned with a 3D scanner. In the obtained point cloud, deformation(outliers) is found with a combination of RANSAC algorithms
that find the best matching model in the Octree data structure and dataset.
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Table 1 Types of residual deformations

Types Description

local plate permanent deflection in some

Indention .
areas between stiffeners

permanent deflections of several adjacent

Corrugation areas between stiffeners

local permanent deflection of a panel,
Dent which includes the plate and supporting
stiffeners

permanent deflection of the stiffener’s

AR MulollM 2hysh 50t FARSE AEFME HEStA}
ok MEde MEn 37, = gan Hy 371, 20| S8
Mz 2 MYsIion], MEES AEA MR = 22X et H|
b 0|ME2 1245101 ofdEh zinc sheet 20x20 cm, 0.3T&
MASIRCE 7= A2 MA 32 EMS Dedsl H, plate’,
T g, angle’, ‘T 82, channel’ gEl 37IX1E 7|2 SEl2
Holsict.

MY NRURXE &8, TIPSR oix SFIct #HY
F7|= 2|4 BEXIE 5 mm 0|4, Zlol= MZAL| FHet glo| &
x| olollM FAfR|Z HEo| =71 glo| MZZICE ofF M2t
H| X5 A2t 3 MZES Eaeh| 2l MM Uy 25 &l
opR|ct

e Txo| HEY o SR} HE =ME Yoz xFe1o]
Plate & P1~P4 M8 4Z, Angle & A1~A2 MEH 2Z,

Channel & C1 A& 15, & 752| MEAE MZARICE A
AR2k2 Table 20 M2|5tD Fig. 3ol MZH A1t LIERICE

Fig. 2 Zinc plates

Table 2 Artificial deformation structure specification

Material Zinc

Plate size 20 x 20cm

Thickness 0.3T

coutng | Cemen con s
Plate : P1, P2, P3, P4

Specimen Angle : A1, A2

Channel : C1
Indention / Bulge

Deform types

Bulge web plate or the stiffener’s attached plate Number of deform Single / Multiple
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Fig. 4 3D scanning by artec ‘led’

Table 3 3D scanner technical specification

Model Artec Leo
Multi—-core processing NVIDIA Jetson TX2
Volume capture zone 160,000 cm®
Texture resolution 2.3 mp
3D light source VCSEL
3D reconstruction rate, up to 80 FPS
3D resolution, up to 0.2 mm
3D point accuracy, up to 0.1 mm
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Fig. 5 Overview of 3D data processing
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Fig. 6 Sharp fusion mesh(left) and isotropic mesh(right) at
P1 model’'s specific deform area

Fig. 7 Post-Processing P1 model: raw scan(left), erase,

global registration, sharp fusion(middle), |sotrop|c
remeshing, texturing(right)

42.80 (minor)
(-0.8)

58.09 (major)
(-0.09)

199.09
(-0.91)

point to point distance
(difference value from actual)

Fig. 8 Example of key distance measurements in the P1 model
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Table 4 3D scanning model property
Pre—Processing Deform information
Model Before After Indention Bulge
Shape Image Deform
names Scan | Size Polvaons Size | ount | Radius (approx.) | Depth (approx.) Eyist
frame | (mb) ¥o (mb) (mm) (mm)
P1 . 72 471 484,982 | 173.63 3 8.17~29 1.28~3.97
P2 58 | 394 | 497,073 |222.37| 2 46.5 (major) 5.23
26 (minor)
Plate
P3 61 | 409 | 486,533 [173.72| 1 33.7 (major) 7.23
28.5 (minor)
False
P4 - 67 446 | 487,695 | 173.79 2 10.49~38.76 2.36~7.37
34.78 (major)
Al ’ 55 316 | 472,828 | 172.88 1 2458 (minor) 5.34
Angle
A2 ’ 79 476 | 466,301 | 172.49 2 11.5~25.9 1.97~6.28
32 (major)
Channel C1 99 600 | 456,212 |171.87 2% 3.9 True
16.7 (minor)
indoor, office lighting; HD mode 4x (Data acquisition speed up to 3.5 min point/s)
* Indention+Bulge
= = = of7fEaol |0 7t X|Mst 5| M mOIE
4. B3 EEX| &P |S Octree= OH7HE=2l =[f Zo| gt2 X|IFet ._Kﬂ_;‘t.__
Z22IREE 2olste 20 3ZHYEFHA) 37|18 ALkt 5
g S7H2 8 S&5101 Zt HI0|EE L S7iol A7l Cks
b =. Ol ir Hal
4.1 Mgk gmels: et S4F 2OIE e 2t Z7l0lM 2k Zolol TZIX| Slolckt oAl 319l ehel
Ofakx| =58 Tz 242 SESIC 0| MK o) ol TEke
mi7Ex| ghEsict wbM Fig. 92 Zo| ofx|2t Leaf Nodeo|
Holshe s 3Rk 27k2 g7l Aploz Lise T o5l gsbllel 27tz FME £ c}
2 Eg|, Octree?} O|AX|E ZEtsH H|0[E] RlTlollM Zoiz & 2Ho] EX Leaf Nodeoll &5 M Zlglol= MHa xH M
x=e el 22e FYsk= gEAel 2| E2l RANdom < 71% H|o|E{2} Indentionz} Bulge 818 EMg 7%l H|o|E]
SAmple Consensus (RANSAC)S =glslo 2&5lct. 7t 20| SaliUch ® TghollM By EM2 A 2 SN}
X E2|, Octreezld 22|= AleZs EQUE Z22IRE = CI2 B9l o|AkR|, OutlierZ & == U0, 0|5 F&E5=
of Z+2 3XHY HHE HSH 7x= 3UE gukoz 2 ko= RANSACS 0|23t}
st = It EZ|& Node, Edge, Root Node, Leaf Node,
Internal NodeZ EF =0 Zt @40 MWH2 Taple 52 2l
Table 5 Octree elements description
Element Description
Node Each element that makes up the tree
Edge Lines connecting nodes to nodes
Root node Top node containing all data

Internal node

Node with other nodes connected to
child, except Leaf Node

Leaf node

The most end node to which no other is

connected

Fig. 9 Apply octree depth level 7 to P1 model(16,067 leaf
node)
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Fig. 10 Overview of deformation detection algorithm in
point cloud
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Fig. 12 Deformat|on detection of plate model

Fig. 13 Deformation detection of angle model
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