SO H S B3
FSELND 24 W= A

| SISITSSR | =2 X| J. Korea Inst. Intell. Transp. Syst.

-t

w2 e

St dFus
b 2 952 3o

r

Evaluation of Transit Transfer Pattern for the Mobility Handicapped Using Traffic Card

Big Data: Focus on Transfer between Bus and Metro

Aol g P E R R M

*

ZA2 . AeA Pt wEF 8 wAA
TAAR . ALy nETE T} T’L—T—
wee AL AEAPNS L w5 FET} LA

*

*

Min young Kwon® - Young chan Kim** - Ji sun Ku***
* Dept. of Transportation Eng., Univ. of Seoul

** Dept. of Transportation Eng., Univ. of Seoul

**% Dept. of Transportation Eng., Univ. of Seoul

+ Corresponding author : Young chan Kim, yckimm@uos.ac.kr

Vol.20 No.2(2021)
April, 2021
pp.58~71

pISSN 1738-0774

eISSN 2384-1729
https://doi.org/10.12815/kits.
2021.20.2.58

Received 10 January 2021
Revised 25 January 2021
Accepted 8 April 2021

(© 2021. The Korea Institute of
Intelligent Transport Systems. All
rights reserved.

o OF
<L 7|

A AAR o 1HATI} FE5T olo] B o)Fo] BH e SopAel 4E 27}
a1 9tk olel @ Ao mak Hol e ol BRI AA A ) 5 mEekAe] tha U
o) B aE A2 AEL 98l Tere AL As Folth /1= tFnE olFue| AL A
AE odne] WA, F4 A4 HERe 5o Aol 2We J)FoR $44 o) ANH T
SITh, S o /1% HOE A4 0|84 7|26 HH B Aele] ol FAANAL S
£ o] wEekAL o FHe] ZWo| O &RHAY Aow ARAT. B ATAE o84 7]
wrel WESLE BjujolE BAL Ba) wEoke] BN E wEetun ok ket
= A tolEE 7tEstel BEEPUOIEE TEET o441 ASFYHH B4
B5EYA Aol7h Z ARE J120 T BEHEAYL TR B4 A Ak o] gAR
o wEokAe] B5ATto] o) AelE ACE UEpdth Qwwt nEokAe] B5FANT A
olo} A Asete] AuTAE Floke Ao epkit @3 24 A9 BSR4
o= AR T AFuThe AT BEARAZ o ol UL RAR As) TAFHE
Aoz et #F REFAE 918 olFuel A S A A-A oA J)i HloE
He BY BLABAYL 1202 S04 A4 Fr A REFA o FHe)} nY) o &
48 Aoz ARdT.

o] : AntETIEE O, WAL, FEHAAN, o] FHYAA, vldo]E

ABSTRACT

The number of elderly people worldwide is rapidly increasing and the mobility handicapped
suffering from inconvenient public transportation service is also increasing. In Korea and abroad,
various policies are being implemented to provide high-quality transportation services for the mobility
handicapped, and budget support and investment related to mobility facilities are being expanded.
The mobility handicapped spends more time for transit transfer than normal users and their
satisfaction with transit service is also lower. There exist transfer inconvenience points of the mobility
handicapped due to various factors such as long transfer distances, absence of transportation facilities
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like elevators, escalators, etc. The purpose of this study is to find transfer inconvenience points for
convenient transit transfer of the mobility handicapped using Smart card Big data. This study process
traffic card transaction data and construct transfer travel data by user groups using smart card big
data and analysis of the transfer characteristics for each user group ; normal, children, elderly, etc.
Finally, find transfer inconveniences points by comparing transfer patterns between normal users and
the mobility handicapped. This study is significant in that it can find transfer inconvenience points
for convenient transit transfer of the mobility handicapped using Smart card Big data. In addition,
it can be applicated of Smart card Big data for developing public transportation polices in the future.
It is expected that the result of this study be used to improve the accessibility of transit transportation
for mobility handicapped.

Key words : Smart card data, Mobility handicapped, Transfer inconvenience point, Transportation
facilities, Big data
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LRk o] g2k wETHE AHUNY H OB <Table 1> o] ‘ARGATEAE7} 10|t 7tEH T 9 ‘E
A

AYAD 7} FY3tH & o] 849 FsHolHE AT | dAdA s g 0|80 3 HA FHo=
20173 10¥ 15¥Y 10A] 8% 729 ‘FH15FUAE . gE4 a2 FAA $215F] 10A] 198 3%9] &

o B 2 FAbol A o}x};ﬂit} 101 F A FSHOE 104 208 40%0) 434 R A 5Alst
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<Table 1> Traffic Card Data Specification(Normal)

Gl |t e || 0° U | it | Doy | eming | Bomitig |Seitng o @ity |Soitg eiTag oF
number of | classificati . X . . . . . .
number D mode code station ID|  time station |metro line|station ID | off time | station |metro line
transfers | on code
Suyu 1dong
X+ $3 105 0 ! 10890 | 20171015 | community 10890 [20171015| Suyu
YRDVC 0203 100807 service 0178 101903 | station
center.police
X+ 20171015 20171015
Ve 53 201 1 1 414 102040 Suyu 4 411 103321 Nowon 4

wE7E AR EolE ] Ttem o ‘EFHADE o]§dte] E5 TF HOJHE TS <Table
2>°] FeEjot 2ok &5 T vlojHd e FtEWS, AGATEIRE T AR R LT,

D, FTYA, FLDY B FLAYN, SRS, RRD, RRYA, SAD B mAAHR
SEUAZRE BLEAA7 AW ALE el BSAT AR} TPE:

62 OrFTSYR|=EN| 203, M2:2(2021H 48)



WUSIIEHO|EE 233 USAA U SSSUIE =4

<Table 2> Transfer Data Specification(Normal)

Card I.Jser. Transfer | Departure | Departure | Departure | Departure | Arrival . Arrival | Arrival Tr@sfer
classification . . Arrival ID . . time
number mode!) | mode? ID time station mode3) time station
code [sec]®
20171015 |  Suyu 20171015
X+YRD VI
+ C 1 1.0 1 108900178 101903 station 0 414 102040 Suyu 97

A5k FAA Y 28 —% = AR, Aol o] gAke] Afols 1AH 02 URlt o] §Ake} o] FlEW S
o} ERAYMIDI} FY3Hd : E H gsHeolEE 4
B3] 98] 22 7lElEE Ve R U UEnE 5 FEA U 7lEA dolErt AAHA 3§

Yol oz 33t HolEE TET

Apofol o] &9 L%ﬂt AN vlolBE ARRATE AT 7} 791 <Table 3>7 2t} alg tlo|E oA
= o] go] A WA o E WMAE o] g3te] 104] 458 57x00 FH HAFFANA past & F W
| sioE 104 478 38xoﬂ 454 R0 A Al B
<Table 3> Traffic Card Data Specification(Mobility Handicapped)
, Transit The User . . . . . . . .
Card  [Transaction| . Boarding | Boarding | Boarding | Boarding Getting offiGetting off|Getting off|Getting off]
mode [number oficlassificat| . . . . . . . .
number D . station ID| time station |metro linefstation ID| time station |metro line
code | transfers |ion code
20171015| HAnbit 10890017[20171015  Suyu
7GorCuP| 93 105 0 7 |108900131 103743 blind g 104557 | station
school
20171015 20171015
7GorCuP| 107 201 0 7 414 104738 Suyu 4 411 105717 Nowon 4

dsPeol= B7eta doly Ao ERYAID7L s

T Atk ofgh o] A= g AolQl o] 849 B JH T

el B FEAE W ElolE7F AAIFE shte] fs o2 ko] Ho|HE /4 3IAl <Table

4>9‘r o & FEARNS 7102 10%9] LA E Fol sAdAe} shatd Al e A7t 741~21419] 30

£ W S5 338, 214~7419] 1A W) &2 663 olstolH stte] &5 HolE 2 A =3 Hol
249 teolHrt X3 g2 AAs= HEe FHA

r—{m

<Table 4> Transfer Data Specification(Mobility Handicapped)

Card I.Jser' Transfer | Departure | Departure | Departure | Departure | Arrival . Arrival Arrival Tra}nsfer
classification . . Arrival ID . . time
number mode mode D time station mode time station
code [sec]
201710151  Suyu 201710151
7GorCuP 7 1.0 0 108900178 04557 station 1 414 04738 Suyu 101
D gsad 35578 7S el 00 AEH, 10 WA (1.0, Ma-A8k E)
2) Tt B A% SWRY TR 0 A, 1 w2
D) EAFT  F5S AT mALY PR 0 A3, 1w
4) B S AT FEARTE B9 AR (B9 1 %)
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<Table 5> Transfer Time Data by Route Specification

User Transfer Departure Info. Transfer Arrival Info.

: Numbet
TransferCIaSSﬂT el : Total |Average
route fication| mode | D€P- [Dep. | Dep. | Dep. | Dep. | Dep. | Dep. | Dep. | Arr. | Arr. | Arr. | Arr. | Arr. | Ar. | Arr. |Arr. tra(;sittransiu transit

D |code ID |mode|station|dong| gu | ES | EV | LF | ID |modeftationdong| gu | ES | EV | LF ;" time?) me9
2)
: {ATcenter,
4309_ Yangjee|, . e
121000 1 | 1.0 [4309] 1 |Citizen's |YangjaeiSeochol 16 4 0 12100 0 angjacYangjagSeocho 0 0 o | 74 212,40 203
2-dong| gu 0222 flower 2dong| gu 3
0222 Forest market
4308_ eSeoch Yangja )
12290 1 1.0 14308| 1 YangjaeYang]aeSeoc § 2 4 0 12290 0 e. Dogok Gangn 0 0 0 45 26,311 585
0034 I-dong| gu 0034 station| |dong | amgu
exit 4
3) H|m 2 2y
A3k} w2 2k A Sol tie Aol oAolA] B 93] A ARAAA olF % 842

25 7ItEls drAte R LHOVJE}.(Choi et al, 2011) 3l &
Ab AA o] AR whE Fgoll RF ol FAIN T )l F
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AT & YE W2 AN TS ZEAZ F BSALS A BHANTHoE H At
AellA Mol ol wolA M) fee wa t7ARK Tl T3] itk By Ak
Bloeo) WA} 8 LA Fo| YU THHEL olgAe 5T ALET BHALE a0l ol
o}, olo] wet B Aol EAe] Hg BAS A vt ATVl WA HolEE F&3t
o B4l Weto] Pasit

0

j=
2) o] §ATE 1 o] BAE TEIAER ERFY (Yuk1, ofdel2, Fadi4, FR:6, Fof7)
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T]" : transfer time at station A
T3'¢’° : moving time between station A and stop A’

T4 : waiting time at stop A’

2UEFLE B2 7)E 5% 85S <Fig. 2>9F 2o] A it S5(OAHE J-m 2, QWA
&Hd), ¢ W f&%(@ﬂ%iwﬂ 2(FLAFA), D> 2B /7)) vl 7 fries 788 + A
th. QASHE dom 2, @22l A7) B55H 0 A9 ol FAZH T )T AN T
ko] oA zte] EAEY QWA A(E YRR BFSEAL AT BsAte] A
o Al %ﬁé T AA BSARE Wl ti7]ARre] E3FE T @A ek S Ea Y] A9 ALE 71
[ZPolB 2 BA BAd e fyolgty & & vk wEtA £ dFAE g #3
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oft
3
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>

Metro
Alighting
tag
Bus‘ Bus . Bus Stop B

Bo?_;dgmg Station —

e e N
P | R

Waiting time Moving time | @ : Station B Bus stop @ : Bus stop A > Bus stop A

| Transfor time @ : Bus stop P> Station @ : Bus stop A » Bus stop B

<Fig. 1> Conceptual Diagram Transfer time of Public <Fig. 2> Classifying Transfer Types of Public

Transport Transport

=
ShiA
1%
i
X

1. &5 S8 HOIE Ao I MEE

WEIIE AU Y dlolElE 7FE3te] #3538 B 58 dlolEd gk dlole g4 g MEY AHE 73
gom A= v 2ok WA F4d AHE wE57E AU dlolE F 1719 wEIIEIDE 110
o3t AA| o] 87 = 5123967 0]tk EA ol AHEH T HlolH FE 12,405,958FF oM ol FHEHS
ougity wEIEEE EFAL FE 59 ST YL 9,783,6425F 02 UEIGTE o= &FF 1909 ¢F
2.53]9] FHEEdo| o|FAX T 1/ BAFYS 3l o 1339 FEHEHE 3t IS v

2E7IE AU tlolHE 7hEste] AES B 53 tlolH Ak AR F 2,647,43379] 5 5AHF
o] AT AT Yelytth o] §AE HAFFA3TE Uit o] A= 2,366,73471(94.7%) 22 M AT

Lo 2 AZI} 79,122710(3.2%), AAH 0|7} 23,31471(0.9%), AL 0] 16,414(0.7%), llo] 15,12271(0.6%)<
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=0

UERRTE =3 3559 tlolE oA FYE 5&% LA =27 HolHE st Sk HEE HFst
s 2 SSALH o HE T3 Ay & 113,8297 9] $%5 53 A= DA% Ao el 3

+ <Table 6> #Zo] Yyl o] 8249 ﬁiﬂ 106,06871(62.1%) 2 7} Egkom 2 4d(26,73970
(15.7%)),73 2(21,20971(12.45%)),1 4 ©1(9,33471(5.5%)), oNA(7,34471(4.3%)) L2 WL & AFNAE
o] B}gg R E Qld 7 &5 5 A=W o] x5t 304 o3kl AR At o]of wet
3 ARE B ALH SSEPEL 21181317, S5 B AEE 94087 0]t

<Table 6> The Number of Transfer Route by User

User classification code User The numberof transfer routes Ratio
02 Child 9,334 5.5%
04 Youth 26,739 15.7%
05 Normal 106,068 62.1%
06 Senior 21,209 12.4%
07 Handicapped 7,344 43%
- etc 37 0.0%
Total 170,731 -
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S5 volHE 45t ol §AEE S Y S ek o] &AE T4 A3 Uk, A=, B
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2o 69220108 W o] §4450] 7HE Wol itk Wt AN 27 192X, 9622 AT T
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<Table 7> Top 6 Most Transferred routes for Normal Users

. . Average Transfer| The number of

Rank Departure(Bus stop) Arrival(station) E/S | E/V | LIF fime(sec) e

1 Guro Digital Complex Station Guro Digital Complex| 4 3 0 192 7,931

2 |Guro Digital Complex Area Transit Center|Guro Digital Complex| 4 3 0 96 6,922

3 Seoul Nat’l Univ. Station Seoul Nat’l Univ. 8 2 0 163 5,386

4 Sindorim Station Sindorim Station 9 4 2 263 5,233

5 Jamsil Station Exit 3 Jamsil 6 4 1 170 5218

6 Ssangmun Station.Ssangmun Station Alley Ssangmun ) 3 0 103 4833

Market

66 UITSYUL=EN 207, M22(2021H 4)



WSIIEHOEE 2E&F UEUN HEUE HSSHHE =4

AR olgAre] HThBEA Y <Table 834 LTk A7 /4 Wol B AW AP, B, T2
UAGEAY A goldlth R8T Y Bol B4T R AYMMET-AY R F 3023e)
AR 0§47t BEAON FF BHALE 26852 LERITh Ak o] g4 Atk B 9] 67 A=
PSP A2 TFROALUAG VLA FROALEAE A2 o[ §A7L Al WAZ Bo| B A
Mo ehhth o F /120 BT BHANL MauY Ayto] §aE 963, P2 o)A 28EE 7
2 ol gAt Bk o WE 28 12Z, oF 23 o 92 Y AOR vehdch o] deE R 4EY
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<Table 8> Top 6 Most Transferred routes for Senior Users

Rank Departure(Bus stop) Arrival(station) E/S | E/V | L/F Avert?rif; (:Z'zilsfer traT:sefeim;nasbseerngo:m
1 Sillim Station Exit 3 sillim 3 3 0 268 332
) Ssangmun Stationl.\izaiinun Station Alley Ssangmun ) 3 0 243 288
3 |Guro Digital Complex Area Transit Center| Guro Digital Complex | 4 3 0 228 263
4 Sindaebang Station Sindaebang 8 3 0 248 254
5 |Yangjae Station Exit 7. Plaza Pharmacy Yangjae 2 4 0 269 144
6 Hongje Station Exit 3 Hongje 0 3 0 208 144

ool ol gxhe] Aot B k9] 67) A <Table 959 2}, AolR) o 847 714 Bol o] 47 AL
Quts} SUA FRUALRAY Ao eyt FRUALUAGBSNE- T2 DUAE 7]
2 gollol gAhe] H5AIzke] Ak, Aol ula) 7bg 28 BT o)t WA xAo) A BH A
o EAeIA 71918 AR AZHT B0 Uit o)l ol gxke] A SeAHe A, A

o
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<Table 9> Top 6 Most Transferred routes for Handicapped Users

. X Average Transfer | The number of
Rank Departure(Bus stop) Arrival(station) E/S | E/V | L/F fime(sec) O S——
1 |Guro Digital Complex Area Transit Center| Guro Digital Complex | 4 3 0 258 64
2 Sillim Station Exit 4 sillim 3 3 0 251 47
3 Sindaebang Station Sindaebang 8 3 0 252 46
Ssangmun Station.Ssangmun Station Alley
4 2 21
Market Ssangmun 3 0 7 38
5 Guro Digital Complex Station Guro Digital Complex | 4 3 0 290 34
6 Lotte Department Store Mia Intersection 2 216 32
ol g SRl S FHMEH L, FEI}F 7P ol S5 AFo] FEHoE FERUAEHAHL
E Usteth 42 AdE90lA 7} Wol ShsS AT FEIF Al MAR 7P Bol 53 AHE 7=
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<Table 10> Comparison of Transfer Time Differences between Normal and Mobility Handicapped

. Average J
Mobil A
Cor(l)\:neie Tran:zs‘:cmeTransfer time]Difference of
Rank Departure(Bus stop) Arrival(station) E/S | E/V | LJF nce | of Normal of Mobility [Transfer time
Facility (sec) Handicapped)  (sec)
(sec)
k- fi
p [Suyu (Gangbuk-gu Office) Suyu 4 30| 7 201 413 212
Station
2 Gangbuk-gu Office Suyu 4 3 0 7 253 435 -182
3 | Kkachisan Station Exit 2 Kkachisan Station 12 1 3 16 154 327 -173
4 Yeonseo Market Yeonsinnae 4 1 0 5 233 405 -172
5 |Soongsil University StationSoongsil University Entrance{ 10 3 0 13 301 460 -159
Cheongnyangni Station .
6 Transfer Center Cheongnyangni 4 2 1 7 173 327 -154

T HEelets 4 M2 FET AR SRt 2ol BEA Yehd ¢ Slh ofd] mel £
5 dAE BAgon <Table 11>3 2tk $HY0E 35S 93] 7P B& Az Zolr B HF
& FRAETE 222, FETH 1022, FFA. BETH 1BE, FAEdT 1122 F9 wolth 1
T o= AETH 7&%%}8 A&td dAareke]l A7 200m o4 WolAdglo] BEAzEe] Hake w
Qo2 HRlt spAT FREETH) Y, sk 742 7187t 70m olstz g = &5t
gk o] gatete] g5A7t xkom 2 Ao Yehytth
utah wE ofAte] St Aolok AR E be A £41E A 24 A3 S5 Ahol gt
zZgolEl oo FAAAE FBAT 014602 o FA AFAAES B om AW o]E)(0.053)9F A
2 ZE0.006) %= FHBATE A9 gle AR Ueyth AdE 9] FadAE 013302 =3
WA} vty ojol we} S5 AT A vehd B F 4FE e E RS s3I
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<Table 11> Comparison of Transfer Time Differences at Suyu Station

Average Transfer ﬁ;;eeragfe ;Laéﬁfer Difference of
Rank | Departure(Bus stop) Arival(station) time of Normal OO | fer time
Handicapped
(sec) (sec)
(sec)
p | Suyu (Gangbuk-gu Office) Suyu 201 413 212
Station
2 Gangbuk-gu Office Suyu 253 435 -182
Suyo station.Gangbuk-gu
3 Office Suyu 154 327 -173
4 Suyu-dong Pharmacy Suyu 233 405 -172
5 Suyu Station Suyu 301 460 -159
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<Fig. 3> Transfer Routes at Suyu Station <Fig. 4> Transfer Routes at Cheongnyangni Station
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