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Abstract Recently, the retail industry has been increasingly demanding information technology
convergence and utilization to respond to various external environmental threats such as COVID—19
and to be competitive using AI technologies, but there is a very lack of research and application
services. This study is a CCTV video data—driven AI application case study, using CCTV image data
collection in retail space, object detection and tracking AI model, time series database to store
real—time tracked objects and tracking data, heatmap to analyze congestion and interest in retail space,
social access zone.We present the orientation and verify its usability in the direction designed through

practical implementation.
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Fig. 1. Retail application system structure

Table 1. Description of retail application programs

Layer description

Scenario video collection using multiple

Data Source
cameras

Machine—Learning Object (People) detection and tracking ML

Model model
Database RDBMS & influxDB
Application Application service design and

implementation
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Table 2. List of applications using retail video

Layer description

Real—time dashboard |Real—time visitor status analysis dashboard

Object tracking and integrated application

Multi—Camera—Tracking .
using two cameras

Tracking Heat—map visitors' movements and interests

Analysis of distance between objects in the

Social distancing image

Access Restricted Zone Monitor access to restricted areas for

Security permission of users

3.2 A5~ dloly ¥ waled d

3.2.1 2lEld CCTV AlvteE] e 4k dlojE] 43
Fig. 29} o] 2]E|el F1belAe] CCTV HEl7}vle}
 dlelel g F3skr] AsiA el sk wEak 2l
A% 5 el Aol el thea A Gake
a7 $l%k Alb‘rﬂ Q5 At & 79 ezt
A ool we A Fae sl 2u)e] i)
gE E8sfo] 82 LS Sk 2EY ShE
CCTV 97 "ol E st

—W = of

B
4

: —— Vending .

Movement Direction

Camera #2 54

Fig. 2. Collect Retail CCTV Video data
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»
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Multi-camera detection & tracking
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system model design

Flow heatmap design in retail space
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Fig. 6. Al Application Model Using CCTV Video Data in
Retail Space
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Table 5. Social distancing analysis process

Fig. 8. Design Flow heat—map design in retail space
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3 Konva Layer connects lines based on from, to x,y coordinates
between contacts

4 Analyze the contact person and print it out on arrow and bar
graphs.

5 update chart graph&object information
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Fig. 10. Design security in restricted areas

Table 6. Security area accessor monitoring process

Step description

1 Accessor identification

9 Check the coordinates of restricted access areas and
accessor's coordinates

3 Calculate distance between coordinates in real time

Alarm when a person with low security level approaches a
restricted area
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Table. 7. Application Implementation Environment

Resource Environment

App Service VM: 4vCPU, 4GvRAM, 100G HDD

— Time Series DB: influxDB

database — RDBMS: PostgreSQLt
GPu 20 TF(V100)

Linux OS
Software Node Server

Vue.js Framework
Node.js Framework
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Fig. 11. Dashboard applications using MCT&DB




e spIY sk SIF CCTV 94 dlofE] 7lwke] AL g4 46 A2 88 =u A7 203
Fig 113} o] WEl7ble} 217 744 9 34 A3% e -

ol Al Au idsk ole] g vl w= nAe] 4
u, A919) Au, 0ok Bit, 44 A Sl doleuo]
2 ARE BE LS SET2IRE AN
2Jelel B3k QoA ohnel o) e Fal 1
o] A9E stk & Qs A3 A gele) el B
B2 Ao el Y e AT
B8 Qort ¥ Al Y e et
AR A4 idsh 7 id wlolEplol <ol sl

413 e 2] 244 B g Anlzs 7

AR e FHesho] Fig 123} o] bl Aol
A zefe] Fplet o] A B4 R EdRE nolFa
sael Y B0 AN APt £YoR R
F o) F90] FPE0el Aol gk Y o=
A7ke $ xRS AT,

CCTV 4 doleel o) Q1845 7143t AAY o)
eI BTl WA LA, WAL olF A2 A
H sl 5 Tk oAl el el 281 e

< A

Fig. 12. MCT application implementation model

414 WA S} 2
sER 4
Fig. 139} o] Wel7hole A7) 4] % =
2798 B8] 23T A 3A FAT P
§ uold s ERb dmge TG, o
EEEEE % 7
A3kl FAl B0

EE HoFE E2%

n\(

mlo
o
=3
e
ol
A
+
2
ot
!
2
<}
flo
2
ro

ah= ol vhekek el vhARol 2lHY B3be] A
WA Sold BT 5 Ack

Fig. 13. visitor flow heat—map

4.1.5 AF31A A"l F7] 4 74

AEA Al F7] &8 $EZ2 L Fig 149 7
o] Aeigk Alzkee] A 7he] AelE Aklste] 54 A
g oule] HEAel| s HFAS 1T E F83l]
AZrelet =g skt

A AT B g
COVID—199} 22 vheksh o) gH7e] gjgo =
AR7|%e] SukE &87 o WUeks AT

Violation of social distancing

peflion:s
- pefsn:6
peafon:

peffion:18

2 I

Violation of social distancing

AEEAISI| RIS

25
20
‘Alm
10 -
i _‘J-;r"! Q,ép'-""z puc-ﬂ"": w:-:u"':' W--ﬁ""" w‘-;v“"‘ﬁ o™ G e

0™
pef o

Fig. 14. Social distancing application



Tracking

Siren on/off @ TEST

An unauthorized employee (YH, Kim)
approached the secure area.

Fig. 15. Social distancing application

4.2 CCTV ¥4 &8 & AH|~= 37}
ZH Y 2FelA ] Jrr)s &-8-2 ERP, SCM 52

EFT Fof 952 whdxlo] o, BldolE, ¥

2%, IoTeh 22 Jr7)es i3l 35S A3l

7] gt ohekst Aol ggo] AlFhE A 9l

W2 71ge] dlolE] #4E& B3 BEES

oo = &S 257 9
3 Tt wlolEE FRskar ARE, A ol2fgk o]
B 28 Alelrh BA ghom, g} 125l Aele] &
A= 13 o]2fgt dlolEEoe] -85A| RakaL gt} o]
ol 1EAs 58 HolE 75 AFFelAE +5
4 5% HolHE &83 48 SEx IS FT8t

EfHjo] 2 &8, A7 AAID dlolEE &89 vl 7F
]

2kl A 9] EUEE-S ¢3¢ Multi—Camera—Tracking

o Zg Aol geHd 7t 4%} TS A5

7] 913+ S| EWY ol Aol HElYd F7H AL A
(e}

%]—El’]Eiao] Oﬂga?ﬂ ]‘__, H]Z_l,]_{: L]_/\]_O]E% “:Ht:ﬂ'm
AR o Ao 4, COVID-19
2HRE O HERF A3} 48

O |—A
kS
e
rlo
>
>,

ofj 227014
Zg A1
o xe] CCTV A4

A, Melie] uek Fele] Ao mUEE of
& At o1 A4 THse AH B
ol 289 o ZelAold A7)
2 o WP Ao, AA FAE B4 A
8 N B8 Heae AZeAT

pus [} [¢)

5. A&

2R tdeR A7) o)Al SRi]l EH
AL ¥EJo]e], 10T 5] 43} k4] 71%:] §-BEe w2
Al BhakEan ek FRU-19 5] o 7] L
A4 e ﬂEﬂ l"i—o];oﬂ 2 A 2o

il

rg
L
B

T T}

o rr

K
2
__)‘J_r‘(
o
)
~ o
offt
:(I)L
Ac)
o
e
o
=)
)
ot
2,
R
fo,
&oo Y
to 1o
==
1o ol ol g ¥o
N,

o
Sl
)
o,
i
[N
k'S
-4
=y
ot

Aoz st
T U YAlEE
ARE A2 24

)

Lo

L olo
o
!
i

H

<

_\|’L_l,
o
0,
o
£
oE, ot

A7 T7) B4, Zd"é
Z2} §3 wjo) 59| o|ak A B ofZe|Ael A
Adtar, A Fae E;H 2lE| oA o] g&2< Eﬂo]

>{E off
>
>,
oty
>~ 2
o o o> o o

M
=
. T
2
Y
ofo
O
HU
Ql_‘
>,
r_HL
P
=
o
i
12
T
Lok
=
fr

-z
)
24

R
o% 1o,

A Azl ke AV Ao, 2
3] H?ﬂ o ek 2
7] Slapis o) s
ol¥l7} 2 a3},
olejdt Hlo|EE A BAlel A AR TEHeIE 2
H g3} AJ715e] Ajglo] Washms AN WA FHhow
FA5HsE FloE7}E THE 3L glont, Bk vlolE]

=)
= é
Wi,
[
=
oY
[oul
e
Nl
=
e o
ol
ol

nl_4
;9
e
)
i)
o
)
i
ek
=

g QT oA BANEAR o] o 43
3 el A Relo|9ly] mjizel] B AL e ke 9
3 delele] W9k Z7heka olg 28 et e
Q) ool H=31 AL wele] S |chsh, 2 e
U P B AT Bele] YR 37 $EATE
fols] $-§ %213 ol2 B 7190 A Lol



2lH Y vAY eSS 913 CCTV G4 dlolE 7|wke] Al §3 58 Au|= &8 2 A+

REFERENCES

[1] S.L.Han & J. H. Moon. (2020). Impact of Environmental
Changes on Offline Distribution Channel Sales. Journal
of Channel and Retailing, 25(4), 31—51.
DOI: 10.17657/j¢r.2020.10.31.2

[2] J. H. Kim, K. H. Kim & J. M. Lee. (2015). A Study of
Characteristics of Multi—cultural Space Composition
in Fashion Retail Shop. Journal of Basic Design & Art,
16(3), 145—160.

UCI: 1410—ECN—-0102—2015-600—001793454

[3] A.J. Newman, K. C. Daniel & D. P. Oulton. (2002).
New insights into retail space and format planning
from customer—tracking data. Journal of Retailing and
Consumer Services, 9(5), 253—258.

DOI: 10.1016/S0969-6989(02)00010—3

[4] A.J. Park. (2003). A Study on the Tendency of Space
Experience  appear on  Retail — Shop.  Master
dissertation. Konkuk University, Seoul.

[5] J. H. Yoo & Y. J. Lee. (2008). A Study on the
Correlation trough Quantitative Analysis of Spatial
Configuration and Customer's Behavior in Retail
Shop. Journal of Korea Intitute of Spatial Design, 3(1),
59—67.

DOI: 10.35216/kisd.2008.3.1.59

[6] Go Eon Bae, Hyun Soo Lee. (2008). Study on the
relation between the sales and the analysis of the
spatial structure and consumer passageway in store.
Design convergence study, 7(2), 89—103.

[7] V. Shankar, J. J. Inman, M. Mantrala, E. Kelley & R.
Rizley. (2011). Innovations in shopper marketing:
current insights and future research issues. Journal of
Retailing, 87, 29—42.

DOI: 10.1016/;.jretai.2011.04.007

[8] J. H. Kim. (2014). The Shopping Experience Values at
Department Stores and Their Effects on the Brand
Asset and the Store Loyalty. Journal of Digital
Convergence, 12(2), 151-162.

DOI @ 10.14400/JDC.2014.12.2.151

[9] M. Blazquez. (2014). Fashion shopping in multichannel
retail: The role of technology in enhancing the
customer  experience.  International  Journal — of
Electronic Commerce, 18(4), 97—116.

DOI: 10.2753/JEC1086—4415180404

[10] J. H. Kim & J. H. Song. (2019). Exploring Key Factors
Affecting the Success of High—Tech Retailers:13 Retail
Cases Adopting AR or VR or Al or Automated Store.
The Academy of Customer Satisfaction Management,
21(3), 91-122.

DOI: 10.34183/KCSMA.21.3.5

[11] K. Willems, A. Smolders, M. Brengman, K. Luyten & J.
Schoning. (2017). The path—to—purchase is paved with
digital opportunities: An inventory of
shopper—oriented retail technologies. Technological
Forecasting and Social Change, 124, 228—242.

DOI: 10.1016/j.techfore.2016.10.066

[12] Y. A. Kwak & Y. S. CHO. (2019). Unmanned Store,
Retailtech and Digital Divide in South Korea. The
Journal of Distribution Science, 17(9), 47—56.

DOI: 10.15722/jds.17.09.201909.47

[13] Z. Wang, L. Zheng, Y. Liu & S. Wang. (2019). Towards
real—time multi—object tracking. arXiv  preprint
arXiv:1909.12605, 2(3), 4.

DOI: 10.1007/978—-3—030—58621—8_7

[14] Q. Zhao, T. Sheng, Y. Wang, Z. Tang, Y. Chen, L. Cai
& H. Ling. (2019). M2det: A single—shot object detector
based on multi—level feature pyramid network. In
Proceedings of the AAAI conference on artificial
intelligence, 33(1), 9259—9266. arXiv:1811.04533

[15] M. Sandler, A. Howard, M. Zhu, A. Zhmoginov & L. C.
Chen. (2018). Mobilenetv2: Inverted residuals and

linear bottlenecks. [n Proceedings of the IEEE
conference  on  computer  vision —and  pattern
recognition, 4510—4520.
DOI: 10.1109/CVPR.2018.00474.

A & &(Kim, Jong Yul) Feell

20169 29 : WYEEAIUIsh o2
st} (o] 3} AA})

-2020d 29 : oSt ~uESE
AFE AF (T3]

<1997 119 ~ 20154 49 :
oJEFM B 2 (F) IDCAFYY- &%

20154 59 ~ 2019 129 : BEY

Al

Qe 74
- 20200 9€ ~ @A 1 @RI EAIRE ZEd A Add T
- 20206 39 ~ A g Sldishal A guier ojealy
- #AEok & Cloud Computing, VR, ML, EduTech
- E—Mail : yule@hansung.ac.kr
7 8 F(Kim, Hyuk Jung) Pkl

20019 29 FEiEtn JREAF
g (T MA)

20063 39 ~ 2010 59 :
22 (F% FAD)

-2010d 6¥€ ~ 20143 39 @ QJEA~
Ho]~ HK Ltd, N4

&) Lot

201549 9¢9 ~ 2018\ 84 :

£FAYY, ArtAYY 2

CEE

<2018 99 ~ @A U EA 2R VAT AT
- A EoF : AloT, Edge Device, Embedded System
- E—Mail : hyokjoong.kim@gmail.com



