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Precise support installation is critical for ship structural safety, However, conventional inspection methods are inefficient due to
the time—consuming nature of point—by—point measurement and limitations caused by line—of—sight obstructions in confined
block environments, To address these issues, this study proposes an automated inspection methodology utilizing 3D point cloud
data and spatial data post—processing. The proposed approach consists of robustly detecting support regions from 3D scans
and applying DBSCAN and RANSAC—based shape fitting to extract precise coordinates, These as—built measurements are then
registered with design CAD data to guantitatively calculate installation errors, Validation in an actual shipyard demonstrated that
the system accurately distinguishes between normal and defective installations with millimeter—level precision, effectively
removing noise from field data to ensure reliability, By digitizing manual quality control through 3D spatial technology, this study
offers a practical foundation for smart shipyard automation and high—precision digital twin construction,

Keywords : Smart shipyard(AOIE Z=MA) 3D point cloud(BXFE ZEOIE Z2t2E), Object detection(ZHX| EFX|), Spatial data
post—processing(Z27F HI0|E X{2]), Ship block support(AEt E2 X|X|CH)
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Fig. 1 Example of supports installed beneath a ship block
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Fig. 2 Flowchart of the proposed support installation
accuracy inspection method
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Fig. 3 Overall procedure for constructing the shipyard
point cloud dataset

2lE5i9ion] AE ZH|2E =1L 3K LDAR AK4el
Leica RTC3602 ArZoiQiCt Mt 25 sHF= T2 XX|THet
__er o| I:lelglo.l °|O-| |:|-OI 7([7(4 74|§ | 7H;'(.|| AlS ?_F9_| 7|.%I
Salol| o|$h H|o|e] AAo| AlZtsH| & S=stu
ARIXICH gl DY H0[EE &SP -°rI6H 2 AFollM= M
ot =5 oFe £ X|Eg E?:.%PO# 1671 X[F-oflM CFEE A
Hde Esto] sidel 3xHY "ot MEE $Heiqict

Fig. 3(b)2| Hlolel &X{2|(data post—processing) THA|
olM= =52 | H0|HE k5 7hset gelel 1EE ool
2 Hsksp| flsh MAM =Mzl 182 SsIIct A, d
Hregistration) 2FES E5101 1674 X[FollM 7HEE SR 25
=l AZH HIOEE Sile| S5 ZEAZ AXIAF 2K HEfo
Mut 28 =X FHol ZOIE Z2IREE ES5sIct =M, o
Olef Z&3t 3! 0|= MAHE sl en] HetE HolHe
ZOIEZ FM=[0f oMt 80| WolX|22 =4 J7(=
(oxel grid sampling)E XEs10] FZEIE FasINCt
il X|X|CHe| siAl siAr EA2 H=SI0AM O[S &
HE3IC) 5t oAkx| M7H(outlier removal) EHEIS
FHIA AR QISH O AR HIA

2M Clolele| ERS SHAIZICE
=x2lE MA ZIE Z219E Hlo|e= 0is| Wit =

()

A
Sh

||I

r_

_,_

o
=
o

=

uov

E

0l'|-|

0.

mk 12 mo © oz IR
|O 0|=(|'J T < N

ol

fehy

Of

y

Hr

40

HT

a5

5}

—

F

()

MES BT 2o HafY ol B v SEsiolE 32
P} LS W2 SRS 71X ek ufbM Fig. 3(0)2l M

3(c

olMe= MA AHE sk 7tstt FV|2 Liks %ﬁ =3Hspace
parsing) TS $35IACE Ol s cHEMOl XK ZQIE
S22}t Hix|o|3 dlolefAlel S3DIS(Stanford Large—Scale 3D
Indoor Spaces)2| £il 3'EIEH 2t A|E ”_’o}01 TR =M
T F7k2 =y 24m 14me| co|Z 25t F’:'EF i
EOH I:IE.1I_| EE“OI X

ME FMz|sol 27t =

ofx|gt Fig. 3(d)e

labeling) EHAlIME S5 €It ME HlolEf(ground truth) S
NMBE| o5l Al 2xo| Haksls ojo|2M ZpjA= Ao
=] EP%%% —’Fs”a?dﬁ} 55| =M #HEAR XXt FAL
Ato| HIALL Alcl2| S0l EX=of 2len ol
O NMelgt de QEXVE Y JsHo| i =
Ch m2i 2 AFoM= A 2ke| HAE Heks| shaAlF|
1370e] MIE Zxz 72
5101 2R S FAHsIF o] HolEl 13712 ZHAE Fig. 4ol
LIERARACE
= 7ol sial =Ml X|X|C] Mx| Hote HALE 2I6l 1374
ZallA £ Label 0 (Ground), Label 6 (Support_1), Label 10
(Ship block)2| 37X| a4l Zix|2ts o|0|EXM Zot CHae= M
Moo =% 7.:W ZZMIA0l £85It olME Had 22
|_-_OI:8I_|-AH x=|°|'0:| 7Hx.||7|.7|_7tl 2 gigoEHX-l |:|.ol:

30 ﬂJ|0
IO _|o|.

sl ey SiAlet el BES
2 steAlZiosM Eaid 20| 2xE o HIOIE& SOIME
25 giol XXt Ao £E

LF

{
\ ’/\/
~ A

Label 0 : Ground Label 3 : Ladder 1

N~

Label 6 : Support_1 Label 7 : Support_2

Label 9: Scaffold Label 10 : Ship block  Label 11 : Shop

Label 12 : Rack

Fig. 4 Visualization of the 13 semantic classes defined for
the shipyard dataset

194

thetxMetsl=2%! X633 X3= 2026 62



1A el o157

3.2 7"1-” EI-X' -Ile- =]

o/ T

1z

= dFoME 3Rt ZRIE Z2IRE 7|8k Hald Z=Eel
PointVectorg &&35101 5519120 A5 Hlo[efAlof tiet of
= ZE YEPHeR FMsIIct. sk 1iEollAl 222 Epoch
258 Algol 71 et kel M52 7ISsI%en ojmel E
o loUs 78. 58%E %33%\‘:}. Fig. 52 Fig. 62 282t 137 2
220l CHEH loU At Z

11|>

AlZt5F ZAojolch & odTte| SHAl HAL
chalel F2 ARiEe| M58 SHHCZ EAlsk clgdl 2
A, =0l EHe| J|F0| == XH 2z 1IE 97.43%2| i =
2 loUE 7IS3I3ct o= X[Ho| {2 HAS ARK|5l et
7|5kt S3o| F35t0] Held 2Ho| ol i Zzisk| =
SIS oolsi =5 ST MR| 0| L& Al dl=lg 5
= 7|EHeR & JISSich M, XXt ESi siEE
Rlgste Mut 22 w5t 83.68%2| YT QAIES BIICt M
2t 222 clofst 382 TR HIMY 3ug Taeks 2xo
T 27511 i Ad =M MA Al gd SHol ez
Tnspection Objects
] Backgreund Objects
1o Ty
90 (I aiai 8893 -
£ oo M- b i e
R 594 honsad
:5 60 | . 3841
Eol
£ 40 |
° Lahol @ Labol]l Labol2 Lahol3 Label4 Labol5 Labol6 Labol7 Label§ Label 9 Labol 16 Labol 11 Labol 12

Semantic Classes

Fig. 5 Per—class loU performance for inspection objects
and background objects

(b) Inference result by the deep learning model
Fig. 6 Visualization of object detection performance in a
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