494 W

ofy

583 =8 #3148 A33, 20263 52 (JBE Vol.31, No.3, May 2026)

’i) Check for updates

Uit (Regular Paper)

W2 83| =84 A319 A3E, 20269 59 (JBE Vol.31, No.3, May 2026)
https.//d01.org/10.5909/JBE.2026.31.3.494

ISSN 2287-9137 (Onling) ISSN 1226-7953 (Print)

Dent ¥4 2bg3slE $st AA &% 293} doly £7; 74k 837
Dent 4 A5 &4

G ob 8, 4 W 59, B v A, P A 8

Performance Analysis of Object Detection Models and Data
Augmentation for Automated Aircraft Dent Detection

Areum Han) Minsu Klm) Misun Moon and Sunok Kim®*

B27] 93] WA ATAADennS 27 £ AR HAAA JFS WAL £ L4, AR5y LA BAT}
L7 Tt 7129 93] &4 AAKE K9 AN SFHEE B A o] 298t ¥ ERANE Dent §4 AEHE
981 AR BA 23} dolg F7 /gl BE A% BAT 1E 2 dolHae /Mo 49 A3 YOLOMS Edol
Dent A4 14 $4% A5S RPOH Copy-Paste 37 718 A& A 28 A4 B4 Aol PYAAL. EF U FAZ <)
& ) dolgel Pas bl Ao B9 FAZ A7) A5t AL Dent 4G HolBAS THAYOH, AG HolEAlel
N9 F7h 4¥S B3l YOLO-MS 99| 45 $54S 49402 45 ¥ 24sqc,

Abstract

Aircraft surface dents are damage factors that directly affect flight safety and therefore require accurate and efficient detection.
However, conventional surface damage inspections rely heavily on manual visual inspection, resulting in significant time and labor
costs. In this paper, we analyze the performance of object detection models and data augmentation techniques for automating dent
detection. Experimental results on publicly available datasets show that the YOLO-MS model achieves superior performance in dent
detection, and that the application of Copy-Paste augmentation improves small object detection performance. Furthermore, to
address the limitations of existing public datasets caused by security constraints and label quality inconsistency, we construct a new
dent dataset. Additional experiments conducted on the new dent dataset experimentally verify and analyze the superior performance
of the YOLO-MS model.

Keyword : Aircraft Surface Dent Detection, Aircraft Inspection, Defect Detection, Small Object Augmentation
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Precision, Recall, mAP2] X]:i AFEE e =3 Ehg ) A
3 A3 F 1ol gAF 4 A%l YOLO-MS T4 9]
Precision®] 0.882% 713 —?‘—/Ff& AsE B o=
YOLO-MS =49 ¢ MS-Block(Multi-Scale Block)3} HKS
(Heterogeneous Kernel Size Selection) ProtocolS 3l th
&t 2AYS] EAS THAOE FFT AW Wi
o7 FAH

F 1. Innovation Hangar CIO[E{Al 7|8 24X EHX| 2EH Ms H|w
Table 1. Performance comparison of object detection models on
the Innovation Hangar dataset

Model Precision Recall mAP
YOLOv8 0.621 0.586 0.574
YOLOv12 0.666 0.559 0.564
MASFNet 0.721 0.394 0.462
YOLO-MS 0.882 0.536 0.795
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kS wlolE 7 71 o] Dent B4 A5l H]x]“ Y
<= AT 3] 9 K18 A717F AL Y
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A 71 Bl dntst e el 8% 9¥3s &
T Stk & AFexE ool Al 7] sk dEe Hlaet
Atk (1) 4= 288k ¥ 9 HolH g5, 2) A%

&9l &7} 7% (Random Rotate, Flip. Scale jittering, Color

jittering) 2 &3] Hlole & 39 S A, (3) A
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E 2. Innovation Hangar GIOJE{Al 7]Et GO|Ef Z=Z J]Hof w2
YOLO-MS 2 A5 H|m

Table 2. Performance of the YOLO-MS model with data augmenta-
tion on the Innovation Hangar dataset

Model Precision | Recall | mAP,
YOLO-MS (No Aug) 0.775 0.422 0.384
YOLO-MS (Offline x3 Aug) 0.952 0.413 0.703

YOLO-MS (Offline x3 Aug,

Copy-Paste) 0.958 0.477 0.720

K ™YY TS F .
(a) (b) (c)

J2! 1. Innovation Hangar GIO[E{AI 7|8k EfX| ZI} A|ZHA H|w: (a)
Ground Truth (b) YOLO-MS (c) YOLO-MS(Copy-Paste)

Fig. 1. Visual comparison of detection results on the Innovation Hangar
dataset: (a) Ground Truth (b) YOLO-MS (c) YOLO-MS(Copy-Paste)
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F 3. Dent CIO[EHA 7501 AFRZE 2EZ 44 G|O|EAIT XH|Otet Dent HO[EAAS| MF T4
Table 3. Details of Open-source Datasets Used for Dent Dataset Construction and the Proposed Dent Dataset

Dataset Classes Total images Total Instances | Dent Instances

ICCR!™ scratch, crack, mlssmg rivet, paint-off, dent, 5.925 0,894 841
corrosion, IR

aircraftsurface 11 corrosion, crack, der?t, missing-head, paint-off, 11,091 30,246 4,667
repair, scratch

Dataset 2 Computer Vision!'® crack, defect, dent scratch or paint falling, 1,100 1,695 869
missing bolt

damage-detection-test"®! crack, dent, scratch 1,011 7,944 1,856

Proposed Dent Dataset dent 761 1,400 1,400

Ao+t Dent H ¢ {42 Roboflowol| A A &-8l= &3-7]
93 &g LE22 dolEAR’l ICCRY,
face1'¥, Dataset 2 Computer Vision“s] damage-detection-
test!'” BlOJEHAES 7Hko. 2 T535 Tk & 32 Dent H|
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+§4_ HIOIE{Al (b) HM|CFst Dent CH|O[E{A

Fig. 2. Visualization of labeling in the original dataset and the proposed
Dent dataset: (a) Original Open-Source dataset (b) Proposed Dent da-
taset

ZgsIe] glol, A4 337] 93] FA AE3E A% Dent

BA B9 shol B37190E @A7E A,
CIEIE BAE A el £ AN Al
HAS EFE 5 Dent AA7t LHH IAEL Uy

o Hole] AU B AERE FAs, A, A
8 29 82719 93 &4 9A A5 BY ol
4gaAE 202 HolHE Auson, Wz
4 3 = AlslakiT L the
O, 71E 9E22 HolHAlel £37 27 o|AE 2
Edte] $AT Q4 o[nAZRE AHE T AEL A

Z7°] 489 olvA7t £YH E d

N

=

Askgich thra g 7=
°1E1*i‘£ 2 AEE ZS dHolH £¥ 9% % 54
Zo) ) B8 ZA7F B 4 Qo YR &

A8 9 ol
o ol F, /|Z g 3

RE oA § 310

ThE Adate] HlolE FES H4stelod
tarske], Dento] 9125 483 7,
o= AepaEsit epadd 7E
=d, 7, 4, 2 AR 22 &3 A9
371 99 sEHol| e E FE A 1X ¥Y
DentZ % 2|3} t}. Bounding Box: Dent] A4 49
Hh gk Aot Edsts, wi7do] At £EA &
TE AT n o g ghige] d@Ad S SH e
7] 918 Aehds A3E wiEA o s HESHY HAITh
AR A718F Jele] Dent Al A= olmA] 7H
Bounding Box®] =71} 1] Hapr WA elA] GeE *
AR o, 7:17:]]7]— 2353 Afol= AlZHF o E A W
ol IRIHE ZAAE 7T E RS Tt o
£ 3 5142;-1o§ Dent AAWto 2 FAHE = 761732
g dHolHAlE #5383

3

o ﬂllo ogt lO

o



V. mM Q5= Dent HIO[E{Al Z|gt A&
1. x| EX| 2d MS H|o

AEA AIQEE Dent HolHAS 7|9k 2 9k A 9o
A AR A g2 Bd 2 ARS FAsiAl A5ty
A5 AF7FeAT ShF, A5, HIAE HolHAlS =
& HOlEAE 8:1:1 HI &R B&3to] ALS3IATh & 4=
M EE HolEAlo A o] B A5 Bl A4S vhepdith
A A3 AFAE volHAE AR A BE 2l
A Aol HFeR A5Ed o, YOLO-MS Edlo
Precision®] 0.8772 7} ¢33 A5S Btk
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Table 4. Performance comparison of object detection models on
the Proposed Dent dataset

Model Precision Recall mAP
YOLOv8 0.835 0.506 0.680
YOLOv12 0.793 0.483 0.656
MASFNet 0.744 0.100 0.240
YOLO-MS 0.877 0.469 0.670

2. Ho|e 32 7|4
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it

5. RItst Dent HO[EA 7[t HO[E Z2 7|¢of 112 YOLO-MS 2
ds

Table 5. Performance of the YOLO-MS model with data augmentation
on the Proposed Dent dataset

Model Precision | Recall mAP,
YOLO-MS (No Aug) 0.877 0.469 0.249
YOLO-MS (Offline x3 Aug) 0.916 0.459 0.332

YOLO-MS (Offline x3 Aug,

Copy-Paste) 0.935 0.451 0.348
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(b) YOLO-MS (c) YOLO-MS(Copy-Paste)

Fig. 3. Visual comparison of detection results on the Proposed Dent
dataset: (a) Ground Truth (b) YOLO-MS (c) YOLO-MS(Copy-Paste)
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