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Aircraft Ground Handling Surveillance: An Integrated YOLO-Based

Framework for Dataset Construction and Object Detection

Hojun Lee’, Jachun Jung”, Soonhong An™

ABSTRACT

Ground handling complexity and reliance on manual visual control lead to persistent
collision risks and reduced airport efficiency. To overcome these limitations, we proposes an
integrated YOLO-based framework, which merges auto-labeling(pseudo-labeling) and object
detection into a single pipeline. This framework dramatically cuts manual data costs, enabling
a gradual dataset expansion from vo(3,003 pairs) to the final v4(87,410 pairs). We confirmed this
expansion strategy effectively improved object detection performance, achieving mAP@0.5:0.95
of 0.94. The final v4 dataset secured both quantitative efficiency and qualitative balance(Gini
coefficient converged to the initial level). This integrated framework is anticipated to establish
a self-learning system for smart airport surveillance, maximizing long-term safety and

operational efficiency.
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TEWETH= AFY Avto] tigt A58 A 1=
S 4 IAZ Fojglor, ADESY 7]uke] Abd
e Fd AA 52 AR AEEEE AASIAH
SEELZH, 2025). o|ggt S8 9 A=A T
2 CCTVE 7I8te & 33719t A=Y 2= 719 4
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al., 2019).
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of’lld 78t BES F715TE 1 A, 93.5%2] mAP
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Fig. 1. Comparison of YOLO model performance
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Fig. 2. Framework
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I} AGVS Hlo|5Al(Zhang et al. 2022)7} Al-Hub9]
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Fow, Al-Hub®: 9F 974GBo] H#2& o]u]z]|-g}H
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olF Wk ¥ = olAE AT F, HRHHRA
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Table 1. Ground handling objects

Index (label) Object
0 Chock
1 Refueling car
2 Bridge
3 Safety cone
4 Car
5 Worker
6 ULD loader
7 Belt loader
8 ULD
9 Catering truck
10 Tug car
11 Towing car
12 Palette dolly
13 Aircraft
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Fig. 3. Ground handling image data

7), Fhazd, Faelel, £ 5 A= 2
of sfgo] TheA| Uehtow, ol Ba) 2% Feil
e SusTkFie. 3).

& 5= YOLO11 &9 A &4 -2 3
A7, glolEAle] AR =5 EEsr] Qo thdgt ot
e E 2AFTKTable 2).

$A, 578 3719 28(n, s, m, |, x& E8FoH,
A ou|x|9] = 320, 640, 1,280 px2E AF
3ot 7154 AHlolEE #13F JEHolA = AEAd
SGDRH ¥ &7} wE Adam, ¥uts} 4ol 7l
A" AdamWE H&3ct. 3L SkgE(learning

rateyS ZEsH= FARI AAZE(cos_Ir) oJBE A=

Table 2. YOLO training parameters

Parameter Detail

Model type n, s, m I, x
Epoch 100, 200, 300

Image size 320, 640, 1,280

Bach size -1, 2, 4, 8, 16, 32, 64

Early stopping patience 10, 20, 30

Optimizer SGD, Adam, AdamW

Cos_Ir True, False

Table 3. Pseudo labeling process

Training dataset Process Output
Vo vo_M training vo_AL
vi(vot+vo AL) vi_M training vi_AL
vo(vi+vi_AL) v2_M training vo_ AL
va(vztva_AL) v3_M training v3 AL

- - vi(vstvs_AL)

sto] XA 9] = H2E AP S5 S14(epoch)
<= 10014 300714 AAstal, 7FsAE FHClES)
£ HiX] Z7](batch size)E As HHSK-1)sHAY 2
oA 64714 thgRlsiTt. E35], mEo] A4 7i4dol A
Ad o shgES Fdole 27| FTR(early stopping)
£ Lok, ti7]AlZKpatience)= 10914 30714
AAste] BA}E WAelL B A& =Qth
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o =2 Z0E, o|d Holgrt BF :ItE ] ok
QI7to] ZhEt vy HlolEAlC R vy REE X|HS}e}
0, At oulR|e] QA EhllE(vo AL vol} BRS}
o v; HlolEAlE &3 v HolEAlE v 2E
(vi_M) A3} 8o, v BEE AJFTH At
2 (v_ADS 7|E HlolE} Bgsto] v, HlolEAl
< =Y ol#gt IEE vHESHY] vi BEll(vs M)t
v4 HolEAlS 53T

2.4 Zat 2M

£ oA Aok Wise] e Az A
7R Bow AnE 2AFH AL 2E WHelA
precision, mAP 59| 7} AEE 53 24 €A A
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52 Bafsjo] olEie] Askist faxe Bk

241 4 X 4

YOLO H@9| 8ls5 AIH= Table 49+ &t gk
Az}, glojejAle] g wet el Ad5o] ok
A% Bk 48, 749 119, 159 mdo 77t
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Al F1 Aol ZEEQILE ol dHolgAle] M
o] AA| A& s ol TS 1A= RS Al

oIr
My

1t



164 olZFE, BAE, I Vol. 34, No. 3, Sep. 2026
Table 4. YOLO training result
Training parameter Evaluation metric
No. | Davaset Model | Epoch h;l;zlge Bigceh Patience | Optimizer | Precision | Recall @OH;Aé) 95
1 Vo m 300 640 32 10 AdamW 0.95 0.89 0.79
2 Vo m 200 640 32 10 AdamW 0.95 0.89 0.79
3 Vo m 200 1,280 32 10 AdamW 0.96 0.95 0.86
4 Vo 1 200 1,280 16 10 AdamW 0.97 0.96 0.88
5 Vi s 200 1,280 8 20 AdamW 0.94 0.89 0.83
6 Vi 1 200 640 8 20 AdamW 0.95 0.91 0.88
7 Vi 1 200 1,280 16 10 AdamW 0.95 0.96 0.93
8 V2 s 200 640 32 10 AdamW 0.92 0.84 0.82
9 V2 1 200 1,280 8 20 AdamW 0.93 0.86 0.84
10 V2 1 200 640 16 20 AdamW 0.90 0.93 0.79
11 V2 1 200 1,280 16 30 AdamW 0.91 0.90 0.85
12 V3 m 200 1,280 -1 10 AdamW 0.94 0.92 0.92
13 V3 s 300 640 -1 30 AdamW 0.93 0.91 0.88
14 V3 m 300 640 -1 10 AdamW 0.84 0.85 0.76
15 V3 s 200 1,280 -1 20 AdamW 0.95 0.95 0.94
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e W2H, 3%), mAP7E oF 10% p 53t
ASPYIE ofufA7E A2 A F349 uigolA 57
F200 FElet 2 ouiett. = WA=, gojgAle
A 2ol el = mE 45 AelE At
2I7F Qe AR YERITE vo~-voollAlE A
Z YOLO11l 29| 4d50] A ===, &
2719 W e WA= SAR. 1, HlolE
Ao 2ol w2t sig Axfs Eolee FIE EA
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o} 53], v; HolgAle AFF 2dl YOLO11s7h
mAP 0.945 7|235tH, 21 5 =EUHI5H).

AR B3], dolgAl HAS lEe
AL 4 79, 119, 159 2l AL 3
ok 4% s 79 Wl olell wHe

voll viO2 t21, BHo] F5 Y W, batch
BUSE 2702, mAP7t 0.889014 0.930=2
< ERIF = 9t ol E3) S5 dlolH
o] 371t At o g AH AR 4] dlolEzt
57 Zlo] A ol =20l e AR 8T 4=
At ESE, teFet gy mEtn|E 9] &30 vsollA
F|1 4F590 0.947F =EH A2 dlofelle] oFF 2
o] ¥7] A5 Az BE 5 oSS ARt
Z7}&, Table 49] 157) 2dS thitog HeKirue
positive)Ql HREFEIAS] & izo] HAS Y& ofn
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HD(1,920 x 1,080)F°l4 4K(3,840x2,160)0F =
o[t} Table 5+ F|4 HRHFHAS] Z(w), £o|(h), |
H(area)S A 9|2 AEgt dxjo|ck. B4 Al
A 27171 64090 EEe 11~13 px9 &, 9~12
px9] 0], 210~270 px* WO, 2 w9l vLe-
JurAT} 7R 2R RS SR A 37171 1,280
o]l AL, 5~10 px9 &, 8~10 px9 =°], WAL 66
~192 px* B2 YeRdal, 49 29| vhegubast

SO
B



i e T AGEY WAE A4 YOLO 714t HolgAl 5 9 A Q4 53 el 165

Table 5. Minimum bounding-box sizes 71 2L AL SRIFTHEG.10 pxd). E5], iEE v}
Sgukao] Z ], WAL 1,2800] 22 Z0F Hot
N Image Min_w Min_h Min_area
o size (px) (px) (pxd) AY = S7EE o 2 g 1o A7t
1 640 12.59 10.37 266.74 A FAZE 7R Al ARkt ey 28 2
ZA HEOUHEAL 2 O] 710]E. 3
2 | 6d0 | 1244 | 926 | 21063 A ke o 210.65 px- 718 =T
1,280 6.25 8.84 96.55 @ el eiite 2.336x1,080 pxsz, A o]
S | b ' ' ' A 2719 oF 1/12,000 4ok, wabA], o] 640
4 1,280 4.69 8.88 66.10 olgty shEels AMAQ] B LS sudf 4= 9t
5 1,280 6.82 8.34 102.53 L AL slolg}
6 640 13.33 8.63 210.94
7 1,280 6.67 831 101.08 2.4.2 & HIO|HA 24 At
8 640 1231 10.32 219.90 B 7L xA}zo] EslE 27 014 ndul g
9 1,280 9.31 10.23 174.86 olAE F=517] Hsf 5TA < X:.Ui 1 =S
10 | 640 1120 | 12.06 251.90 Asict. o] oA Hst &= 4749] YOLO
3.0 5-Q 3] W] O AN
1 1,280 1034 9.08 178.97 Tdg h8sto] oA} ePillES PFrHTable 3). vo
2 280 o2 078 10215 FE v Q75 B9 53 dol"Ae] AR 4
' ' ' ' 2 Table 63 7“‘% i 1 ARI vo 111101151”” QIZr
14 640 12.58 10.18 228.28 it 32’5447]1_4 7_1'411] } 3 5401 Qlt}. o)z, 75]71(_7_(:1‘
15 1,280 8.20 7.75 178.46 S 53] 87,410%9] olu|x]-2Raz} 849,183719]

Table 6. Dataset statistics and object distributions across versions vo to va

Dataset version Vo vi v Vs v
Image-Label pairs 3,003 6,525 18,134 57,383 87,410
Total 32,544 89.334 150,458 547,819 849,183
Chock 3321 9,183 10,136 38,032 64,195
Refueling car 742 1,053 3,291 12,695 29,529
Bridge 1,360 6,222 13,483 44,643 74,149
Safety cone 8,755 38,379 60,647 175,360 278,982
Car 2,050 3,089 3,810 24,092 24,240
Worker 6,620 12,737 22,405 99,442 129,804
Annotations ULD loader 1,469 1,991 2,788 25,562 37,853
Belt conveyor 1,459 1,512 1,754 15,738 33,897
ULD 937 2,420 5,998 16,745 18,235
Catering truck 710 736 934 12,774 22,814
Tug car 659 2,172 5,603 14,007 18,263
Towing car 1,310 2,448 3,994 17,248 30,474
Palette dolly 785 4,163 7,276 16,042 23,447
Aircraft 2,367 3,229 8,339 35,439 63,301
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