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

elSSN:2287-7355, Vol, 59, No. 4, pp. 192—199, August 2022
https://doi.org/10,3744/SNAK . 2022,59.4,192

Km Check for updates

Field Applicability Study of Hull Crack Detection Based on Artificial
Intelligence

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,

With the advent of autonomous ships, it is emerging as one of the very important issues not only to operate with a minimum crew
or unmanned ships, but also to secure the safety of ships to prevent marine accidents, On—site inspection of the hull is mainly performed
by the inspector's visual inspection, and video information is recorded using a small camera if necessary. However, due to the shortage
of inspection personnel, time and space constraints, and the pandemic situation, the necessity of introducing an automated inspection
system using artificial intelligence and remote inspection is becoming more important, Furthermore, research on hardware and software
that enables the automated inspection system to operate normally even under the harsh environmental conditions of a ship is absolutely
necessary, For automated inspection systems; it is important to review artificial intelligence technologies and equipment that can perform
a variety of hull failure detection and classification, To address this, it is important to classify the hull failure, Based on various guidelines
and expert opinions, we divided them into 6 types(Crack, Corrosion, Pitting, Deformation, Indent, Others). It was decided to apply object
detection technology to cracks of hull failure, After that, YOLOvVS was decided as an artificial intelligence model suitable for survey
and a common hull crack dataset was trained, Based on the performance results, it aims to present the possibility of applying artificial
intelligence in the field by determining and testing the equipment required for survey.

Keywords : Hull failure(AX| &4), Crack(Z), Artificial intelligence(Ql1EX|s), Object detection(ZHX| EX])
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Table 1 Hull failure data(21.12.)

Class Description Count
Crack infringement of integrity of a hgll 663
structure element due to such as fatigue
gradual destruction of materials
Corrosion (usually a metal) by chemical or 677

electrochemical reaction with their
environment

L small holes or dents on a surface
Pitting . 83
caused by corrosion

such as corrugation, dents, bulge,

: ‘ Deformation buckiing 72
‘ : 3 ‘ Indent local permanent defleclt|on in some 93
. e . areas between stiffeners
Fig. 1 Hgll failure images; crapk(top left), corrosmn(top Others etc.. other failures 7
middle), pitting(top right), deformation(bottom
left), indent(bottom middle), others(bottom right) Total 1,595
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Fig. 3 Example of overlap cut from high-res crack image

Table 2 Common hull crack dataset specification

Dataset name Common hull crack dataset

Crack images taken from various

Brief description hull structures

Pre—processing | Object bounding boxes and labeling

Total count 1,360
Instances 2,259
Format Image(jpg, jpeg, png)
Size(square) 640px
Image Nearest neighbor interpolation(some),

Pre—processing Overlap—cut

Default Task Object Detection

Creator Korean Register
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Table 3 Experimental hardware specification

Value
Processor Intel(R) XeOSH_(OFE)) gﬁldeGSQBR CPU @
Memory 512 GB
GPU Nvidia Quadro RTX 8000 48 GB * 4
Table 4 Learning condition
Value
YOLOv5
Version Params(M)
x(xlarge) 86.7
Model I(large) 46.5
m(medium) 21.2
s(small) 7.2
n(nano) 1.9
Dataset split Hold Out 8:2(train: 1088, valid: 272)
Batch size 64(each GPU has 16)
Workers 48(CPU for data load)
Single class True
Optimizer SGD(Stochastic Gradient Descent)
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Table 5 Model performance comparison

Speed Speed Speed
model Precision | Recall | MArval mAPval CPU bf RTX 8000 b1 | RTX 8000 b32
@.5 @.5:.95
(ms) (ms) (ms)
@® YOLOvbx 76.8 60.6 62.6 37.8 342.3 25.2 16.5
v YOLOV5I 79.7 62.5 66.4 401 193.6 14.6 9.4
+ YOLOv5m 77.0 60.6 64.5 38.7 113.0 13.3 5.4
Bl YOLOvbs 71.4 63.5 61.7 34.0 55.4 9.9 2.4
&4 YOLOv5N 64.9 53.9 55.9 28.6 31.3 8.8 1.3
crack 0.4 -
4. {E MM HE
4.1 FH| MY L HAE AL
of ATolME Y MBY HE(SF 8 D)ol AR
’ ZAL |2 Mt Lol BiX|, &7|, B8 24 SOl #HS
7Y e wexel Bu| F FLiADE FxAo| H2|st B|
oIF2 27x| WS MysIgion, Rol vy Fuls SAlT}
ZA 7o 5 M gidel Felo| 2 oFE HelRc) S
A7 APl B8 £ YTS HFT ASAD| Weks SN
O == J1eqgict 2t At| AlKS Table 70l LHEREACL
M HME GoProe AIBollA HwA HA e 5 U= &
Ao ZH|2 AR SHY BRoM =2 EEE dofd =
crack 0.9
crack 08 Ch AL ALz BMHS ADLEE ofZ2|A0lMat el
2YShs SO Z A AA Al MAZE SME SEEHAL Akgt
2 7155t TEEe ool S5E SAs ZHO| JEER|
£ Mg, FEo10{ ZAE ™SIt HAE FME Fig. 9ol Lt
ERACE
= Mg
o, AX| ZAL Al CiFsE AElS 23S §7|& 0l Hoto| Z2He Table 7 Remote survey equipment
Shol| w2 MAEsH 01BX s 2Y ZZMA Mgo| =ese o Model GoPro Realwear 5G Router
= Uk, Spec HERO10 HMT-121 BKE-500
oY NS Eylol| ARRE BY} X|EE Table 62} 2tk Image T - -7
. ) o Type Action Cam Wearable | Mobile Hotspot
Table 6 Detection metrics description ,
Photo/Video Availabl Availabl N
Metric Description shooting vaiiabie vaiiable one
Precision measures how accurate predictions . . Available Available
Live Streaming (on Aop) (on App) None
Recall measures how good to find all the on App on App
eca positives Connectivity | WIF+BT, GPS | WiFi+BT, GPS | WIFi+5G/LTE
oU intersection over union, box Weight 163 ¢ 430 ¢ 185 ¢
overlap/union P66
AP average precision Waterproof to |nt|'inSiC8||y
— . Rugged 10-meter Safe None
AP mean average precision. i.e. average built tough | MIL=STD-810G
of AP 2-meter drop
mAPval@.5 MAP with 10U=0.5 Cois ntarface | HaNAeld | MSA Hard Hats|  Handheld
mAPval@.5:.95 mAP with loU=0.5 to 0.95 auip Various Mount |  Work Band Pocket
Speed inference speed from each device Battery 1-2 hours 8-10 hours 24 hours
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