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endedAt Status”} 2 3+ A| 7

endedAt millis  |Status”} A 3 A1 7H2] WA AE G

ap_idx HEY v APY ¢ Sl AP dHW S
shop_idx TEY wjFe] APY A9l v S
. k7] FE o] F A 7hA] AHE-g Euked dlo|E
mobile usage A
. 7] F-' o] A A 7HA] AFE-E gfo] o] H]o]E
wifi_usage -
T=1o
loc_lat Status "ZAYA] 5] ¥ user®] 91 %=
loc_Ing Status ' Al 3 user®] =
version g =7k 8 w e s A

<¥ 3> AP & 1H|0|E] o A]

=71 H|°]E| (Mongo DB)

_id : 5a71d91049c9880a5b7b5100", ssid : ollehWiFi, loc lat: 358166915, bssid: 06:1d:93:c7:37:1d,
wifi_usage : 6580202599, mobile usage : 39801704, shop idx:0, loc Ing:128.5321192, ap id:O0,
endedAt : 2018-01-31T02:26:26.960+0000, location : [ 35.8166915, 128.5321192], status:1, rssi:-43,
security : OPEN, version: 69, endedAt millis : 1517365586960, user id : 599d47d903a3¢c52298080598,
etc ap id: f35749125261c94db341462329¢aa5a3, ap idx:0, objectld : 5a71d9f049c9880a5b7b5100,
_className : ap logs 2018 02, createdAt:2018-01-31T15:00:00.002+0000, updatedAt:2018-01-
31T15:00:00.002-+0000
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1.3 "33 1 d o] E (Shop Data)

xato] AMu]A 29 Al vl AFek 55866 M FEY wjAE
AREA W 7| 2GRe AR, TR, Wy, FE 5 oe v
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areas 1 idx  |Areas] YHWZ Shop2_addr geHet T4
areas 2 idx  |Areas2 AHH S Shop_longitude | Wl 7 &=

Shop latitude  |"H 9%
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448 vIE Hl°|H (Mart Data)
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[71 2] A, B
[ AT ] A (normalized %4 1, normalized %43 2, normalized %4 3), B(normalized %4 1, normalized %4 2, normalized 44 3)
similarity = cos(0) = 4-B = i1 4; X B
TANTBT ~ JS. AP 3. (B
A— Anin

Anormaiization = A — A
max min

= =°l, A, B 7ol 1~3 E7bA] 2442 ok 53 28 v A gebd A
= (1,2,3), B = (10,20,30)%! + W 2] FARI AF g2 1 = 43 S 7Hxd
A 2 ke = Qlvh 7 9] 7 W E o] o E 4 9 ks Y Ao E A RAIZE
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A
ol 83k Aol AFHE v vl F bl v I Ak A F

Zrolt= 14 w4 ol § @7 Aol 7k & Aolth. o] F AFE] 8l %A =o)w
A g uhE BolE0id Mg BEAA G ARAHE Ao, 459, 183
AR TEE stglon], Azhd BEA S 2 159 delE o
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A Name 1| A Name 2 7| C Name 1 7| C Name 2 | Visit Time (g - | Visit Time (AlZ}) - | Visit Time (2) -| Stay Time (£4h ~| Stay Time (FF2E) - | Stay Time (@) -
MEAl Z=7 A shal 2018 0 2 1092.97631544106 5 17.5322566666667
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s sim(A, B):
eturn dot(A, B)}/(norm({A)*norm(B))

normalization(x):
min_value = min(x)
alue = max(x)

return list{map( x: (x-min_value)/(max value-min value),

input_old = result['stay time', "count’]

s €
input_new_count = normalization{result[’
input_new_mean = normalization(result
input_new std = normalization(result[’
input_new = input_new_count + input_n

print{cos sim(input old A, input old B))
print{cos_sim{input_new_A, input_new B))
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Abstract

A study on regional similarity according to usage patterns of
customers visiting offline stores through Wi-Fi AP access log

data analysis

Son, Sang Han
Seoul School of Integrated Sciences and Technologies

Advisor: Kim, Bo Young

With the popularization of smartphones, the development of 5G network technology,
and the development of big data-related technologies that can process large amounts of data
in various forms, it has become possible to collect real-time customers’ location and
analyze these data by using such techniques. A huge amount of data is collected on the
entire purchase decision process from customer entry to final payment in the online
shopping mall environment and customer usage patterns are analyzed.

According to data from the National Statistical Office in 2021, the total retail
distribution market worth 518 trillion Korean won, otherwise online sales amounted to 187
trillion Korean won. Sales from offline stores still account for a large portion. However, it
is harder to collect vast and various types of customer data in an offline store, than in an
online store. It is difficult to analyze various customer behaviors based on data as in online

stores, and because of this, customer analysis in offline stores is relatively inferior to
44



customer behavior analysis in online stores.

To solve these problems, studies have been conducted to solve these problems through
customer terminal information collected from Wi-Fi APs (Access Points) installed in
offline stores. Nowadays, most offline stores have installed and served Wi-Fi to provide
various Internet service environments. By collecting Wi-Fi AP access log data, a study was
also conducted on the factors that affect the customer's movement in the store for purchase.

However, most studies have controlled data from each single store, and it is difficult to
merge data from each store except franchise companies or large distributors. And the form
of collected Wi-Fi AP data is different for each manufacturer, so data integration is difficult
too. Because of these issues, it is difficult to conduct integrated customer research on
multiple stores. Therefore, past studies have been conducted focusing on customer behavior
analysis within a single store, and it has been difficult to analyze customer behavior in more
macro-regional or commercial district-centered units.

In this paper, rather than customer terminal information collected from in-store Wi-Fi
APs in previous studies, Wi-Fi MAC address access log data of visited stores were
collected from customers' smartphones and combined with store location and industry data.
Differences in customer visit characteristics by time zone, region, and industrial type were
analyzed. About 600 million Wi-Fi access data was collected for 18 months, and a total of
1.86 million visit data was refined through a data pre-processing process, and the difference
in store usage patterns of customers by time zone, region, and industrial type was analyzed
not at each store unit but by region macroscopically. The regional similarity and
differentiated customer behavior characteristics of visiting offline stores are shown through
the attributes of 'number of customer visitors by time slot(a hour)' and 'store stay time by

time slot(each hour)'".
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In Seoul, the analysis was conducted by 'gu' unit of each administrative district, and
many customer visits occurred in the industrial types for the purpose of ‘dining’ at 12:00
and 18:00 mainly and it was analyzed that Spring (March-May) and Fall (September-
November) showed higher store visit usage patterns than other seasons. In addition, store
visit patterns appeared for breakfast (8 o'clock) in some regions and strong store visit
patterns were found mainly during dinner hours in the outskirts of Seoul. By utilizing the
cosine similarity analysis, which has been widely used in previous studies, this study
increased the resolution of the similarity analysis on the usage patterns of customer store
visits with the average and variance of the store stay time per time slot in addition to the
number of visitors by time slot. If this improved similarity analysis result applied to the
region-based recommendation algorithm, it is expected to have a positive effect on

improving recommendation performance.

Key words: Wi-Fi, Log Data, Offline store, visit pattern, Time slot, Staying time,
Regional Similarity, Seoul

Student Number: 2015406005
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