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[Abstract]

Product recommendation services that have been researched recently are only recommended through the
customer's product purchase history. In this paper, we propose the digital signage service through customers’
behavior pattern analysis that is recommending through not only purchase history, but also behavior pattern
that customers take when choosing products. This service analyzes customer behavior patterns and extracts
interests about products that are of practical interest. The service is learning extracted interest rate and customers’
purchase history through the Wide & Deep model. Based on this learning method, the sparse vector of other
products is predicted through the MF(Matrix Factorization). After derive the ranking of predicted product
interest rate, this service uses the indoor signage that can interact with customers to expose the suitable
advertisements. Through this proposed service, not only online, but also in an offline environment, it would

be possible to grasp customers’ interest information. Also, it will create a satisfactory purchasing environment

by providing suitable advertisements to customers, not advertisements that advertisers randomly expose.

» Key words: Intelligent digital signage, Behavior pattern analysis, Skeleton modeling, Behavior big data,

Sensor data analysis
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I. Introduction

AZeo|e} YA 7]wo] YWEoIHA,
AV s B UED 24T X&SHA gy
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Ui 1.2]. X]E Ato]YX|(Digital signage)= 774 Ul
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II. Related works

2.1 Recommendation system based on
behavior pattern

2R A28 MY mE(Information Filtering) 7]
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2.2 Digital signage service

HRIE AfelyAls s58au a8 sl A
P & HUS AEE HAZ 0] st HojRes Ay]
2o, ¥ Ex FBZ ZAo2 AN Cixd
AOIUIA] S| 0]F 2P 4 S AFEE &
mEQo], sl=go] 5 RE AlARlol2tT & 4 oIk T
ARt EYIE Eof EHlAS YH0R MAstL, A
a3l AlZbol w2t 3 BEAgo] TV, Mg 5 cjofs

Uzl 5] kB

O

-

Simple exposure type
Indoor digital signage

Simple exposure type
Outdoor digital signage

N ,,
Situational awareness
Indoor digital signage

b

Participatory
Indoor digital signage

Fig. 1. Types of digital signage
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III. The Proposed Scheme
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3.1 DSCB service design
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3.2 Service structure and process

List of Items for sale Customer Purchase History

Final Result

Rating1 | Rating2 Item1 | Item2  Item3
Userl| 8 2 6
n x m (Before) User2 6 | 6 | 1

Item1 Item2 Item3 User3| 7 7 3

Wide input data Usert 5 2 t

Item name, Category User2) 6 | ?

Behavior
Pattern
Analysis

Weight
Factor
Extraction

Server

Deep input data
Customer
Purchase History

Change

Detection
Category and

Item Matching

Skeleton
Modeling

1 [ [ !
1 1 I 1
1 [ (] 1
Collected | [(D)0®) ' 8 -2 S——

1 (] [ !

Pata @O ! i * i
! ! Load ! Customers
: Category i Sensing i : Gesture i
i i i :

User3| 7 4

Weight1| Weight2| Weight3
1
0
0

n x m (After)
Item1 Item2 Weight1 Weight2
User! 2 0
User2 0 1
User3 0 2

Deep & Wide
Model

Training

Whether to Buy

Digital Signage

Fig. 2. Overall structure of DSCB service

Fig. 2& DSCB AH]AQ] A Fxo]c}t. DSCB: o
A sod) 27 NS 58] 54 Flelnele] 5N AR
of Cigt AMgAI] JHEAIE TRTh AM8Al] WSS
BRNN (Bidirectional Recurrent Neural Networks) 7]
il 2R 22 8l Aok o9 edelo
97 AME S5 ALGAI] O AHES RQHeA] molgt
o olFft W% Bl A} g o 4
Pieleels 2blol F1EHE ol

52 shzxlel HHel ﬁlOIEWﬂOl*Oﬂ AR 7
o) of2, o) HJolElS £H el Yol oz e,
0 9e Bal oY 20l as ol £39 5
MBS 2o, 24 207t W 2L 02 O]

g AoJYA|of =&

D-II:I
>|E

3.3 Recommended model

DSCB AMH]|A9] =52 Wide & Deep ZES E5} &
5 A dPdolH = sto] AHHolH9 5]4 HEIS
FE57) Y3 MF 2R ARSI

-

nx k
Rating1| Rating2
User1 3 2
nx m (Before) User2 1 5
Item1 | Item2 | Item3 User3 3 4
User1 5 ? 3
User2 6 ? 1 mx k X
User3 ? 4 3 Rating1 | Rating2
Item1 1 1
tem2 0 1
Item3 1 0
nx m (After)
Item1 | Item2 | ltem3
User1 5 2 3
User2 6 5 1
User3 7 4 3

Fig. 3. Sparse vector extraction using MF model

=R AAEOJME %7] AWsL BEsto] dRsh=
cold start A7} 34 tiEEloy, 52 vloto 2 s}
oJHPIE JIHe AR § e AL olRolnd

o]S Erff= DSCB AH]A0|A] Fig. 39] I-AY Wide
& Deep 2235 &9l U2 A3fs MF 225 ARgst
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o] User 331} ltem 3JZB g Bsfisto] 2t Y=of s}
= %T} W2 oldsto] Falle + 22 H3tof oA st
HEo] o5t A

Lo} 2 ghSo] 7]E0] slojold
ohagoz Bl S

Load sensor weight
Weight1| Weight2 | Weight3

User1 1 0 1
MF Result User2 0 0 0
ltem1 | ltem2 | ltem3 User3 0 1 1
User1 5 2 3
User2 s 5 1 + Behavior pattern weight
User3 7 4 3 Weight1| Weight2 | Weight3
User1 2 0 2
User2 0 1 0
User3 0 2 2
Final Result
ltem1 | ltem2 | Item3
User1 8 2 6
User2 6 6 1
User3 7 7 5

Fig. 4. The final result of combining the weight and the
result of MF model

slol 23 Anes =540 g sgos w9 A

IV. Experiment

4.1 Scenario

DSCB AJslA0] Ale 87 4 o] AHE A2 LE
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4.2 Experiment environment

AE ghzde &35t o] A

o}g] Table 1.2

DSCB Ajd]2.9]

HEE9] 97 wis}

doitfo] 97je) 2 A1 AlMe 2E

2 THea2 T M

NESO 5 walet 34 ool

£ molshr] ¢fef &

Al S22 FAst B2 2857 500 A™AT
9] 35 =AM A3t FA HolHE A 4 JA=E ¥
78S wjx|gHY, T2

B 24! 9 glojg A2]2 9J3t Ubuntu 18.04.4 LTS &
AAAS ZF5H= Jetson Nano H.E9QF AR}of|A] A
st A=l £9E5 mefstr] 9ol ++2 Colaboratory
= o] &sto] /st

oY g -l A

89 9F 9 m23 S0t

Table 1. System Environment

Environment

Description

Server

NVIDIA JETSON NANO
Developer Kit

0S

Ubuntu 18.04.4 LTS

Webcam for image
recognition

Logitech C922 Pro HD
Stream Webcam

Load cell for load
measurement

Load Sensor (Load Cell)
0~50Kg

Load cell amplification
module for load

NER-16059 HX711 Load

Cell Amplifier
measurement
Programmlng language Python 3.6.9
version
Cloud-based

development environment

Google Colaboratory
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Table

2. Customer dataset

Cate-
gory
code

Load
sensor
weight

Behavior
pattern
weight

Category
product
number

Ra-
ting

Product
name

Kinds

C5

Tape

€501 bucket

L1 2 1

C5

Reading

desk L2

C5_02

C5

C5_03 | Qil pen L3

C5

C5_04 |Clear file| L4

C5

Tape

C5_05
measure

L5

C5

Labe

C5_06
paper

L4

C5

Book-

shelf L2

C5_07

C5

C5_08 Tape L1

C5

C5_09 Note L3

Table 2= 11
of oigt A

Take:
ol&(&

70| C5(AF-8-8) 7HE|ate] YlolA] A&
Lo 2 si= mf§l(Stay: 0, Grab: 1,
)% shetelol 715AE 540 45} 9 A
01 ia]x] 01—0

2% 3 TS doje Alojch. §3¢ 0~104 A}
ol AZsl Fla, 178 flojg Ale] 552 ©]85to]
4 do] A8ttt s migly £ AA Z1sA] o
CisiA= MF @elo] AZgto] cjstol mzto] AME oy
of gloiA o e AE =5 4 ok
Table 3. Customer purchase history dataset
Category
ey product Bl Kinds Rating
number name
number
P_21 C5_01 Tape bucket L1 7
P_05 C5_02 Reading L2 5
desk
P_09 C5_03 Oil pen L3 3
P_15 Ch_04 Clear file L4 6
P_31 C5_05 Tape L5 5
measure
P_18 C5_06 Label paper L4 4
P_35 C5_07 Bookshelf L2 5
P_17 C5_08 Tape L1 2
P_01 C5_09 Note L3 6
Table 32 71| 12] C50f sllgsk= 178 Siojf o] g

o|E] Alolc}, W7HE0] C5 7 e alo) slesls AbEo]
oiui-g-ofl tist JE-S0] X7J= Hj|olEfo]ct. of Hjo]ef Al

o] JEZ olgslo 74 wdo] A8 4~ Qs Tt
Table 4. Ranking derivation dataset
Category Product . Behavior .
product Kinds pattern Ranking
name .
number weight
cs.02 | Reading |0 gy 4799712 1
desk
C5_03 Oil pen L2 10.7137735 2
C5_09 Note L3 9.99050872 3
C5_01 Tape L4 | 7.98893500 4
bucket
C5_08 Tape L5 6.99600545 5
C5_05 Tape L4 | 496101590 6
measure
C5_04 Clear file L2 4.00503637
C5_07 Bookshelf L1 3.02180480
C5_06 |Label paper| L3 2.81464324
Table 4= MF 2z &% Ao 3J5 mjid, 77

R 7H5A1S otol UL 2us S 7t 7l ae) AE
S} upstel 297k M &S BEYo] st B

oW o
OUIAIS = EY T ARG 4 =S She tlojE] Alojct,
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4.3 Service structure and process

Fig. 5. Mock store view(left), Office supplies on the load sensor(middle), Jetson Nano board and webcam as server(right)

Fig. 59] % T2 A2 flsh /gt 2o 479
A7golct. Fig. 5 £ 132 29] AoA &5 BiA]
¢ Autolct. At flofl= AR ZHE L2l B AEe
oA £ AAQl 2 Al A S uix|5HAc} o] AlA] ¢
of AF-E-&0ll sHiFsh= 2t &2 vixlstaL AAAT of
TR 22 Aol tish mersh 4 Al sl
Fig.59] Q8% 13l 10| AJ7doflA] S&0 vlx]d Alvt
ojct. AFAPt AEe 127] sl AUsAY ol &
S Hole 5o tigt G4 HlolElE 2451 gt <4
Bk 2 A AN B4 I GA HolEE 24 3 AlY
&S ke Jetson Nano HE 2 uix|stct.

Stay $e AdsH 4EE 18 1 OPlsALt B

o Q7 71—0 o) }\1-7%1 }\16‘ shAS Skl Re; |
Rk l]}q I 2l e =0 ‘;2‘2 ::T:}:i 0l5l= Alglolc}, AFES 2% b7 AFEES Ahmy U
AR mo] APAo] x19l81S o E E
flg 08 STl =5 GBI TERE W UEES qore me oo el 298 7o) el o] 9
8 Aldrte] Rag EASlo] AMIE RAYS B A
sPA Uetui ek,

Brto] 2ol Uehd olct, .
Fig. 72 Aa@rto] A ate} Y50 ohe 2o A
of gt WS UeRd J3iolct,

Stay Grab Take

sScooo
— vweiaht

o000

Weight

oo

|
|
U R — |
|
o |

(=1
o =o > so =so

Fig. 7. Changes of the experimenter’s behavior and the value of the load sensor according to the behavior
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4.4 Experiment result

before
4.005248931121219 6.808698807876664 4.719908132869502
7.393286173718783 6.800284429184624 6.997701792284601
4.108584214477492 6.998145201436712 4.510633430458249

Fig. 8. Results using Wide & Deep model and MF model
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after
4.005248931121219 7.808698807876664 4.719908132869502
10.393286173718783 9.800284429184625 9.997701792284602
4.108584214477492 6.998145201436712 7.510833430458249

Fig. 9. Result of sum of behavior pattern and load
sensor weight
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—————————————— Derivation of ranking
['C5_04", 'Clear file', 'L4', 10.393286173718783, 1]
['C5_06', 'Label paper', 'L4', 9.997701792284602, 2]
['C5_05', 'Tape measure', 'L5', 9.800284429184625, 3]
['C5_02", 'Reading desk', 'L2', 7.808698807876664, 4]
['C5_09', 'Note', 'L3', 7.510633430458249, 5]
['C5_08', 'Tape', 'L1', 6.098145201436712, 6]
['C5_03", '0Oil pen', 'L3', 4.719908132869502, 7]
['C5_07', 'Bookshelf', 'L2', 4.108584214477492, 8]
['C5_01", 'Tape bucket', 'L1', 4.005248931121219, 9]

Fig. 10. The result of deriving the recommended ranking
for each product using the final result value
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Ad output

Fig. 11. The most suitable product advertisement output
among the recommended ranking result
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V. Conclusions
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