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Abstract This study aims to design and implement an object detection—based unmanned payment system
to alleviate the high infrastructure costs and user reliability issues associated with conventional
automated checkout technologies. The proposed system employs a YOLO-based object detection model
to recognize products placed in a shopping cart in real time and applies a frame-accumulation-based
tracking algorithm to compensate for transient recognition errors, thereby enabling robust identification
of payable items. In addition, BLE(Bluetooth Low Energy) beacons are utilized to automatically detect
customer entry and exit, while a mobile application provides real-time visualization of a virtual
shopping cart and electronic receipts. Experimental results demonstrate that the proposed approach
achieves stable recognition performance across various real-world retail environments and effectively
reduces payment errors caused by momentary detection failures. The proposed system presents a
lightweight unmanned payment architecture that can be implemented without expensive sensor
infrastructure, and is expected to contribute to the practical adoption of unmanned services in small-

and medium-sized retail stores.
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[Fig. 1] Detection results produced by the
YOLO-based model
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[Fig. 2] Overall architecture of the proposed
unmanned payment system

3.1 ZHH| EX| HaY 24
3.1.1 HIO|EAl M Tl X2
B ARoA= AR A A A 9 &8 TsAS

JEste] Al 7 A EHEQ1 Al-HubollA Al5dh=
37N HlolBAlE E-&-5t3ith. S5 HlolEl= T}, W,
olorelE, 29, 2% 5 AmiFolA wIHsHA whuf
He AlEFoE Astee, 7 SHAERE XA 114
7 olde] oW|AE FHSIGE B3 LEH(RADE &
o]7] sl AA dlolg 9] ek 10%el sidot= w7 olu]
AE =ik

Hlolg A= 2de] grRtst 52 Esto] Agt
HoZ S3¥otrt. Albumentations Zfo|EFIE &
835 95 A= 71} YOLO <5 =AY ae] h
57 71HE ¥ F8siglon, 29 #3L HE )
AR o 2 Bt S8 B

welo] ZA4e TR SH2ichs)

_1

UE o_>,“_.0

3.1.2 510|HOf2I0lE M LU Dol Sk

YOLO112 ¥ & v 729 /W& &3 54 &
& 5282 P 71*7 7 A 25 FHHslst] ot
2 & Y] w2 e AlSddh ol 5492 <
A Apgdo] Aot %1 Hutol s ggoll A AAZE 5

£0| 7kt o, AR HA AE|A FE
71043}
£ AolA= YOLO11 &k ZHgollA] AA €A 4
Oﬂ FFE A= F8 stolHguEE A5t
] 30 TSRS 2140}04 e SElGint A
] ShEoe QX Ay BE HJon AR 24 of
FHog IHT= E]% £A Fz271 A4t
YOLO1191A4 ARHEE 8 &4 452 o3t 2o
- box lossi= 9I&H v-2Q HAQ} AA| AA| vhA
7r9] 92 9 A7) Folg FH 47| sfl IoU 7|
gt & FE ARSSte] 31 Q1A HEEE g
&3t
- cls loss®= =9 AAQ SA EF AL E
7Fb7] gt £4 dRoz tE SHA ER A
£ o7 W ERT 7|9to R Shgditt
- dfl loss= HH2Q A HEE S £ FHE 9
Sl E fste] FA A9 AUEE A7
7] I3k &4 gEolrt
- kobj loss= 2t A& 2o AA7L EAt=AE
wdsly] 93t AR wijAFL ARE aaHoR
TEIIES 52 FERTh
(Table 1) & A4 ARESE 5
grE A4S UERETH10].

=

olr

m&
lj

Jolt

qr ot 1

il
o




140 A=QIEN8=E=EX| M12¥ X235, 2026

(Table 1) Hyperparameter settings used for training
the YOLO model

Hyperparameter Value
epoch 50
patience 20
batch size 8

box 7.5

cls 25

dif 15

kobj 1.0
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[Fig. 3] Frame-by-frame object tracking based on IoU
matching between consecutive frames
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[Fig. 4] Decision process based on accumulated
frame-level object tracking results

7t 7vd @4, 21 Wsk Ahe S5 5o QS A
A FHo] AH R FTE 4= Yot olT FHZ
821 15, £ dAolA= A& ZEdoA A
A7y AEEHA G BE 93 IR S8dl=
miss thresholdg E=YsI3ltt. olE &3l F40] dA|
Aog FEEe Y AF e =8 FHE 1A
Sk 4= glom, Aty o= b Lol=of RIS A4 T
@ 248 78T 5 ok

33 5Y HZ

£ A2 29 WEe A8Re] vk 9 o 5
3 el BEE WAoR ApEstel £3 Aol Ag
3} 22 wok] 9 HE Ao} Suos FgH
ol2 B8 A2ge AgAe] BHAHQl Yo glolw &
0 ARG AFoR BT 5 Uk

29 H1Ee BLE Yo FAse, WA 9270
HAE BE GA DG QR4S TP B3 WAL
Fr\H08 $EUt wuid BLS HF AEE 41

N
)
I
M
o
Y
I
)

R
7
o
nick
oo
o
i
X%
p
oy, -
)
fo
ro,
=
=3
i
o
24
of,
ol
o

2380

BLEE= AME EA 11t 35 Fx= Qs /A
vl-go] sto} anf 23 2 A& 28 AlAFo] gt
it ol2gt E40& <l8] BLE 7|5 &Y HlE2 2l
ZA| A2"olA AR AdH Qlale 93 el B
* pooz &89 & 3,141

4
£ ZoflA = Ajtol= AA gA] 7|9 711 2A

ol A&
ol s Aue] 8y SR ek At
AT A A, FHE, AF 14 FH, Bk ofs

PAo1EL AATE FF Aol BERA, £7 A4
BT F2, AR AR A @ 24 24 SB2 F

Hoz pejaitt AgA 915, FHE T, A% A4
354 5 F8 Aol AL NG FHOE S,

of et Aol Holeulolzo] A, e W
A AR AN B4 AES B SeeldlEst 5
shelct. oleigh Tt thro] AR8Aet 7T} B0
28 BN AxT Aele] FIHES AAIH]
Sfat Fute Agaet

—_

3.4.1 HAIZE 841 X L WebSocket M

71E 94 7|5k AA”OA = AWt SRto|dE 1 b
olg] &7|3= 98 HTTP Polling = Long Polling
whalo] 2 ARgE o] Yot It ol a2 St
o|IEQ] HHEAQl Q7] &St 12 H EHLE <l
o 2283 YIEQA Edfjgo] WAsta, AH Wkt
SA] HrgER] Zoke A 2AI7F ARt 9] AR
A £7F F7VHAY Y AReL Zo] 7341 RIETH
E2 dojEE Ajshe &N AH Foket 54l
LU=t FTFeH AL A

oo £ A|AH2 o[HIE 7|¥Hevent-driven) B4l
A Ysk= WebSocketZ A-85to], A7t Seto]AES]
84 Qlolz A W JRE SA] AL & U=F 4
AlStATt. WebSocket2 &1 AlHE FAITOZH]
E4a% 838 AAsHL, AAZdo] 8+EE £
A &) At B4 25 AFEr)

o|2fgt +X & B3l SfolAEL FHEARI 87 |
T AHERE WA ARRS SA] £41T 4= 9loH, o=
A AR AXZIT B4l B84 BAlo A7

aIE 715

o
9,

3.4.2 HIOEHIO|A FX I AMEX-FIE AE] 22
[Fig. 5] & A|AHOA AREE= Hlo|gHo]A ot
ool 1} 9] YRS Yepdct. AREAHuser) HolET} 7+
E(cart) HolEL2 Q#@7|(user_id)E &3 H d4F
), o]& B9l AHle 5 AREAL @A o8 FU Ft



142 AESQIEHHUSES=2X| H123 H?25, 2026

it
S

\

e
ol

5 Atk ARSAE il et FtEE
Aol ¥ g 7FES] user_idE 784
P2 7tE S E49(s_active) 22 AR o2}
Alof| AFEAS] dA o] tiA HEI} BAEY, FHE
71&02 3t WebSocket B4l Fdo] AAH
£ 53 28179 71E 3 dis gxd @004
AgARL A FHog 1:1 uWig TAZS FASHA

ol 1
o
rr

ok

ol
k=l

il

. O

=

A

e m Qe of
oL

v

olF &1 FAoA] W= AjHjis Aulpuo] 7t
AE AHE cartitem H OO & AA5t, 7341=
Aoty FEE A2E ARA AR AAIZE At
o}, ol2fet X E Bl A= AREARE &% dEE Al
407 S 4 itk

[Fig. 5] Database schema of the proposed unmanned
payment system
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