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Automation of Online to Offline Stores: Extremely Small
Depth-Yolov8 and Feature-Based Product Recognition
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Abstract The rapid advancement of digital technology and the COVID-19 pandemic have
significantly accelerated the growth of online commerce, highlighting the need for support
mechanisms that enable small business owners to effectively respond to these market changes. In
response, this paper presents a foundational technology leveraging the Online to Offline (020)
strategy to automatically capture products displayed on retail shelves and utilize these images to
create virtual stores. The essence of this research lies in precisely identifying and recognizing
the location and names of displayed products, for which a single-class-targeted, lightweight
model based on YOLOV8, named ESD-YOLOvVS, is proposed. The detected products are identified
by their names through feature-point-based technology, equipped with the capability to swiftly
update the system by simply adding photos of new products. Through experiments, product
name recognition demonstrated an accuracy of 74.0%, and position detection achieved a
performance with an F2-Score of 92.8% using only 0.3M parameters. These results confirm that
the proposed method possesses high performance and optimized efficiency.
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Table 2. Number of data for train and test

Images Instances
Train 418 10,017
Test 30 645
Sum 448 10,662
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) AP
Size layers params FLOPs F2-Score @05 @595

YOLOV8N[5] 640 168 3.0M 8.1G 0.906 0.977 0.668
YOLOV8s[5] 640 168 11.1M 28.4G 0.910 0.969 0.695
YOLOv8m(5] 640 218 25.8M 78.7G 0.892 0.970 0.700
YOLOV8I[5] 640 268 43.6M 164.8G 0.873 0.958 0.682
YOLOV8x[5] 640 268 68.1M 257.4G 0.910 0.970 0.700
ESD-YOLOV8 (Ours) 640 158 0.3M 1.3G 0.928 0.964 0.665




Online to Offline AIEO| X1=3} : 48 20[2] Yolov8l} EXH 7|uto] Az oAl 127

39| oA 2 Aot e & < A mAPE E 50 war, 54 fdE71eh WA7]e] o944 7]
A7 4E ZdolA Bol AREE AROAT F=2 Zool digh s e low, Wiy e
Precision®] $8& 7, A53 &2 BN 2 et A= 7 298 AEEe] £ e EAh
g7t shol7] mize] APoﬂ st mekA, 29 ol AR A& Aol AR AJF diste] A 1
&7 A7) Wiz s A ;2] Ayt Weal g7t Ad Aol ZHEA bkt g Quieit.
ot Ak el ek 43 sl S~ 4 A3, SURFQ} BFMatcher 230 74%2] 4%

UL VAT 1, YPHOR tha R APIE BT R 4 S4T A BYOH, ol TR BE &

I F Ao)7t gl7] w2l AQtete REo] o] o] 9l F F 1Y Ass Yuigth ST 2AA,
oy & 5 9t} FLANNMatcher®} SURF & ESt -2 HILE

Are W2 Precision¥t Recall ?"ﬂ/“] Recall Hojqlot. o]ggt A3k SURFZF &4 AE7]124]
o] Jjdog F8sith o= 4 A& =do| AA Hold = velin, miA7]19] $577F SURFS] 4
9] AAE Wty HEH FI9& BN Bl & ol & FZ "AA g2 AR SIFT E3h
Fol7] wizol AgstA FAE AESte Aol A BFMatcher®} FLANNMatchero]l tisll EYsHA
9 dRGE Y FI9Z HESHe Ao] deel IF 57.6%9 AL=E HolF9l=H, o= SURFEH &
= "|A)7] wjZolrh, dREE FA= A ot & A% ORBO H|8] =2 Agkolct. ol SIFI7t
AAL B8 EF S IAPT & YoHE Recall SURFe} HII S T= tha W2 o= Hllthe A
o] uj$- FQ3s}t}t =, False Negative(FN)Q] H[-0] S Yepditt, ORBY 7%, BFMatcher2}e] Z3HollA|
o & Ago]7] fiEo Recalldl 7F5S Folof it 19.3%% W2 AZgrE 2o FLANNMatcher
WA, 3 4+ ESD-YOLOvSO] thgh 4&o] obd g o] oAM= 7 W2 el 17.3%= YERRE
< 25 o R sh= 25 PES AAFTE False t}. oli= ORB7} AlRbel= AF 9 2HoA= & F+
Positive(FP)9] H-&o] tha =X|9F FN9] 7F5-& 1L E4 HE7]9) Blef dides W2 45 7=
Hoflof ok AGollA HH =2 A= Hlde & oJugtct. ESH KnnMatch 3rollA] o3 289] A=)
= Stk o] TF FPES B9 BHURE AnyE Hl&Z o83t BE P2 afdos AxE AE &
Precision®] 91.2%, Recalle] 93.2%%& HLIct. o|11 A3t A AME =&k o E 9T k=

Ae AT 5= Stk

E 4. ESC-YOLOVBS| AHE ZZof Ofst 25 ™

Table 4. Confusion Matrix for Product Detection using E 5 EX =&7|9 of&ly| xgte] Ms dH|m
ESCYOLOv8 Table 5. Performance Comparison of Combination
Act. with Feature Descriptor and Matcher
Product Background
Product TP: 601 FP: 53 SIFT[14] | SURF[15] | ORB[16]
Pred: Maackground FN: 44
= - BFMatcher 0.576 0.740 0.193
FLANNMatcher 0.576 0.740 0.173
E4 AE71e 715 Aste] AE8S ERol
L Aol A, Zkzke] ALY ARdo] ek AL F5 A} OY 4= Aok uel HE Ame ARkl:
S Ao APt B HE7IN= ESD-YOLOv8 &g ARgato] A9 AR5 Q14
SIFT[14], SURF[15], ORB[16}E, €4 wjA7|oll= ok, QIAE ZF AR WA ARiZ AjdEoz
BFMatcher® FLANNMatcherS ARg3t] BE X Foto] Yepd Zlojct. ool Zkzke] Xgdiol ot

TS B 45 BRI BE Y ¥R 18 A doledl 9k AF J4ST vne Agsy

0.72 1A% KnnMatch 55 ARESIt 7 w2 FAEE Hole ARES] o]E2 TASH A

il



I'-II]
Rl
=
3
I
>
@
foh

128  s=2yemnssy|asts)s

I8 4. ESD-YOLOv8zt 5’&!7&12 0| 8et ZIYPL &Eo| A& Z1 ofA

Fig. 4. Example of Product Detection on Shelves Using ESD-YOLOv8 and Feature Points

A 9ol 2BA0 2 H|% Zolch. o] Fal, AAY
S1217t 3t ¥ QUAJE]E, S7149 ok 1Y gloliE 4

F BT doleol RS AYRoRA, ARe
dolel7t /b8 wwich BRAOR HEWS ERT

& 9lee ot

5. 2 A g= I

£ =7oAs 020 AHY AFs3HE stof d2ld
T AR Tes SR AA"EE Ajkselth o]
WS Aol AEol St E F7HAQ S
o] I8 gitk= Ao] & Aot AF A3}, 020 A&
Aol #Zsl= ASt =Ho] Yolov8s tiH] 10%2] I
HUEOEE w2 452 HUS IS
ok e XS el odet 232 BUIet 2
HE7]1E SURFE ARE o 7MY =& AS=E UE
wom A7t 22 45 Aot a2 A
.

FT AFolM= AEQ ot Axet 2y 24
olFE AXsHA QAT 4= Sl= FarelEe] o
QECE ESE AARE Hlofe A 5EI s
=2 tloHHo|AR TEsto] AIARIS] e A
| HYE HWole Aol 835kt olgd EAEES

l..
r

-

sfAgichs, At Ho] AfgIEe] 2elat 9
ZR19] FAE e HIZYAE A= H o
9 A ESS Z 25 9g Ao Jrsit.

REFERENCES

[11 https://www.sisaweek.com/news/articleView.
html?idxno=155389

[2] https://www.segye.com/newsView/202212125
16736

[31 D. Kim, J. Si, S. Lee, and S. Kim,
"Calculation of Product Location Based on

Object Detection and Product name
recognition  through Image  Similarity
Measurement', Proceedings  of  KIIT

Conference, pp.494-495, 2023.

[4] D. Kim, J. Si, and S. Kim, 'Feature Point
Matching for Product Name Recognition in
020  Stores',  Proceedings of  KSCI
Conference, pp.79-80, 2024.

[5] YOLOvS, https://github.com/ultralytics/ultra
lytics

[6] J. Redmon, S. Divvala, and R. Girshick,
"You Only Look Once: Unified, Real-Time
Object Detection”,
IEEE conference on computer vision and

In Proceedings of the

pattern recognition, pp. 779-788, 2016.



Online to Offline AX9| Xt=3} :

[71 W. Liu, A. C. Berg, er al, "SSD: Single Shot
MultiBox Detector", European Conference
on Computer Vision, pp. 21-37, 2016.

[8] T. Y. Lin, P. Dollar et al, "Focal loss
for dense object detection’, In Proceedings
of the IEEE international conference on
computer vision, pp. 2980-2988, 2017.

[9] R. Girshick, J. Donahue, T. Darrell, and ].
Malik, "Region-Based
Networks for Accurate Object Detection

Convolutional

and Segmentation”, IEEE transactions on
pattern analysis and machine intelligence,
Vol 38, No. 1, pp. 142-158, 2015.

[10] R. GIRSHICK, "Fast r-cnn', Proceedings of
the IEEE international conference on
computer vision, pp.1440-1448, 2015.

[11]1 S. Ren, K. He, R. Girshick, and J. Sun,
"Faster R-CNN: Towards Real-Time Object
Detection with Region Proposal Networks",
Vol. 39, No. 6, pp.1137-1149, 2015.

[12] J. Si, G. Kim, J. Kim, and S. Kim,
"Enhanced

Management in  Mobile

Location-based Facility

Environments
using Object Recognition and Augmented
Reality", The Journal of Korean Institute
of Information Technology, Vol. 21, No.
11, pp. 183-192, 2023.

[13] J. Si, M. Kim, and S. Kim, "Converting
Close-Looped Electronic Circuit Image
with Single 1I/O Symbol into Netlist", The
Journal of Korean Institute of Information
Technology, Vol. 19, No. 8, pp. 1-10,
2021.

[14] G. Lowe, 'Distinctive Image Features from
Scale-Invariant Keypoints', International
Journal of Computer Vision, Vol. 60, No.
2, pp. 91-110, 2004.

[15] H. Bay, T. Tuytelaars, and L. Van Gool,
'SURF: Speeded Up Robust Features',
Computer Vision and Image
Understanding, Vol. 110, No. 3, pp.
346-359, 2008.

[16] E. Rublee, V. Rabaud, K. Konolige and G.
Bradski, "ORB: An efficient alternative to
SIFT or SURF', International Conference
on Computer Vision, pp. 2564-2571, 2011.

[17] M. Calonder, V. Lepetit, C. Strecha, and P.

£ 20019] Yolov8Zt SR 7igte] A= o4 129

Fua. 'Brief: Binary robust independent
elementary features', European Conference
on Computer Vision, pp. 778-792, 2010.

AR

Al £ & (Jongwook Si)

° 2020¢ 8¢ : IHEFTIHE
I AFETIHETSAD

e 20224 2¥ : IEFTIHE

- B AR
- e 20224 39~8A : ZHEZoF}

gty AFE-ASS 8k o
S R)
* 20234 9E~AA : FHFT}
sty QAFAsTstT FA
(FAECR : AFEER, JFAE, oA, A Al
EER

Z 9 ¥l (Daemin Kim)
° 20209 3€~EA . IEFo-F}
SJekm ARErEe Aot

@AEop « EEmHo], A, AAEE, YIS

7 4 9 (Sungyoung Kim)
e 19949 2¥ : FAHfEty AXRH

F3lIHZAD

* 1996 2¢ : FBAsty AFH
F3IHZ AL

* 20034 8¢ : FAfstw AFH
S SIIHZSPAL

) e 20049~EA : FPF Tl
| o ARETeE 34
(AP 1 JA, AFEEA, 71AsKs, Hed, HE

HA




