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Discovery of Travel Patterns in Seoul Metropolitan Subway
Using Big Data of Smart Card Transaction Systems
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ABSTRACT

Discovering zones which alre sets of geographically adjacent regions are essential in
sophisticated urban developments and people’s movement improvements. While there are
some studies that separately focus on movements between particular regions and zone
discovery, they show limitations to understand people’s movements from a wider viewpoint.
Therefore, in this research, we propose a clustering based analysis method that aims at
discovering movement patterns, which involves zones and their relations, based on a big
data of smart card transaction systems. Moreover, the effectiveness of discovered movement
patterns is quantitatively evaluated by using the proposed metrics. By using a real-world
dataset obtained in Seoul metropolitan subway networks, we investigate and visualize hidden
movement patterns in Seoul.
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(Table 1) Previous Studies on Movement Analysis Based on Smart Card

Transactions

Research Topic Analysis Considered Feature Reference(s)
Movement Movement pattern discovery Transfer points and
o ) [6, 12]
pattern between areas individual behaviors
. Identificati f Ec ical and social
Zone discovery en .1 ication 'o onomical and socia 4, 8 10]
functional region factors
Movement Prediction of Amount of 1]
prediction origin and destination movements between areas
Transit Estimation of transportation Usage statistics for routes [13]
performance between regions and stations
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(Table 2) Considered Attributes of Origin-Destination Dataset

Attribute Name

Description

Origin station

Identifier of origin station (from which)

Destination station

Identifier of destination station (to which)

Time Time to ride at origin station (when)

Lines Subway lines on which origin and destination stations exist
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Data acquisition and filtering

Examples of OD records

Origin Destination Time Lines Obtal_HEd by
2521 2521 4:05:13 55 calculatmg the -
) shortest path between
: 2611 2720 9:21:44 6-7 )
Electronic payment stations
system (EPS) T ————— ;
14:00:08 85 T - Distance table
/’ 51 5
81 |0 3
Data
filtering
S | 7 0
OD database \ Filtering according tered
"l to times and Filters Fa Used for
movement OD datasets adjacent MZP
Smart card Card reader distances identification
Pattern discovery and measuring
; Evaluation 4——— Discovered Discove:
Evaluation of MZPs ’ MZPs Y
in terms of coverage -
and accuracy Pl
MZP 1: {s1,82} > {s5,56,87}
MZP2: {s5}>{s152;33,84} ‘ Initialization Merge MZPs ‘
MZP 3 : {s1.52,831>{s4.55) )
Analysis of top |, _ ¥
MZPs according to . Analysis and Exarnples of MZPs ‘ Check additional ¢ |Update joint average
time slots visualization LR frequency marix

(Figure 1) Overall Research Framework for Data Acquisition and Filtering(upper

MZP discovery algorithm

side) and Pattern Discovery and Measuring(Lower Side)
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(Table 3) Summary of Notations

Notation

Description

O, The i—th origin zone.

D. The j-th destination zone.

o j—th destination zone.

The u-th movement that explains movements from the i-th origin zone to the

P The joint average movement frequency for the u-th and v-th movement patterns.

fij The number of movements from the i-th origin zone to the j-th destination zone.

M The total number of observed movements in a given dataset.

Initialize
Set each station as a zone itself.

Repeat
Merge p, and p,, u, v = 1,

Until
The highest value of pfj‘:z,, u, v =1,
Return the remaining (7-k) MZPs.

A A i

_.
<

Build T MZPs for the distinct observed movements.
Calculate the joint average frequency matrix " based on Pf,l,z, for u, v=1, -, T

o Tk, u=wv, if p*) is the largest value in ),

Update the joint average frequency matrix lell)

., T-k, is less than a threshold.

(Figure 2) Movement Pattern Discovery Algorithm
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(Figure 3) Distributions of the Collected Smart Cart Transaction Dataset
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(Table 4) Discovered Top b Movement Patterns for All Time Slots

Measures
Rank Origin Zone Destination Zone —veluE
(%) a-value | c-value
1| Cheolsan - Onsu iirfﬁixf Gasan Digital 1552 | 5659 | 0296
2 g;siie‘ﬁgg?;‘igicgmplex Cheolsan - Onsu 1.280 6122 0.280
3 Balsan - Kkachisan Bangwha - Songjeong 0.794 7193 0.239
4 Bangwah - Songjeong Bansan - Kkachisan 0.782 7.261 0.238
5 Amsa - Mongchontoseong | Jamsil - Garak Market 0.580 7.934 0.215
Ak el ol EHE S A9 1.55%00 AT 2 olFHRE S MeArl ARE o]&dto] A7
e olEs A, sAld wl¢ =2 e 3katar gk <Figure 4>9] (a)ol e & Al
T35 BTk AAE 9 549 o]s e Aol A A(AFA )M FAHAS
of M=o & 4988%=A], deojof F 9 (A eze o] FeS & 5 vt
7re] Hat el 0.002%YS 7eret o g <Figure 4>°] (b)3= 1849 Hol= 9]
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ofye} o] eF SHORE wl¢ F83 olF E AHdieh AR ZoneEoll A ko] Wi
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(Table 5) Discovered Top 5 Movement Patterns at 08~09 Hours

Measures
Rank Origin Zone Destination Zone v-value
a-value c-value
(%)
Cheolsan - . Smdaebapgsamgeon - 3759 4098 0.3%0
Gwangmyeongsageori Gasan Digital Complex
Cheonwang - Onsu Namguro - Cheolsan 1.874 4702 0.297
. e Omokgyo -

Hwagok - Sinjeong Yeongdeungpo-gu Office 1.755 4141 0.270
Junghwa - Sagajeong Cheongdam - Nonhyeon 3.757 1.546 0.241
Hwagok - Sinjeong Yeouido - Mapo 1.365 2.404 0.181

(Table 6) Discovered

Top b Movement Patterns at 18~19 Hours

Measures
Rank Origin Zone Destination Zone v-value
a-value c-value
(%)

Daerim - Gasan Digital Cheolsan - ' 2110 9591 0231
Complex Gwangmyeongsageori
Gimpo Int1 Airport - Ujangsan - Kkachisan 1746 | 2381 | 0212
Songjeong
Balsan - Hwagok Mok-dong - Omokgyo 1.766 2.043 0.190
Moran Sujin 0.194 16.223 0.177
Cheolsan . Cheonwang - Onsu 0.732 4.076 0.173
Gwanmyeongsageori

(a) Movement Patterns at 08~09 hours

(b) Movement Patterns at 18~19 hours

(Figure 4) Visualization of Top b Movement Patterns in Seoul According to Time
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