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ABSTRACT

The purpose of this study is to evaluate vertical moving facilities at subway stations for the
elderly users and to analyze their improvement measures. To evaluate vertical moving facilities of
the top 31 subway stations with the most trips in Seoul, a data envelopment analysis (DEA) is
employed. The input variables for the DEA include the number and percentage of eldetly users,
which are calculated using smart card data. the output variables consist of the number of elevators
and escalators per 100 steps. The results show that the average score of 31 subway stations is 0.62
and four stations, i.e., Jamsil, Gasan Complex, Konkuk University, and Dongmyo, have the highest
score. These four subway stations are set as benchmarking groups for the other stations with the
lower score. Based on the comparison with the benchmarking groups, the improvement measures
for vertical moving facilities of each station are suggested and discussed.

Key words : Elderly User, Subway Station, Vertical Moving Facility, Improvement Measure,
Data Envelopment Analysis (DEA)
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(Table 1) Structure of Smart Card Data
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No.  Data Information No. Data Information No. Data Information No. Data Information
1 Card ID 11  Mode Code 21  Transaction ID 31 Vehicle ID
2 Line Name 12 Company Code 22 Company Name 32 Boarding Time
3 Vehicle Number 13 Starting Time 23 Ending Time 33 Alight Stop ID
4 Boarding Stop ID 14  Boarding Location 24 Alight Time 34 User Group
5 Alighting Location 15 Number of Transfer 25  User Division 35  Boarding Violation
6 User Count 16  Boarding Fare 26  Alighting Fare 36 Zone Code
7 Violation Alighting 17  Distance 27  Total Riding Time 37  Other User Code
8 General User Code 18  Student User Code 28  Child User Code 38  Boarding time
9 Time 19  Date 29  Boarding Date
10 Alighting Date 20  Alighting Time 30 Line ID
(Table 2) Dataset for the Analysis
DMU Output : : Input :
E/V 100 stairs per E/S Elderly trips Elderly ratio
Gangnam 4 1.57 13,125 5.54
Jamsil 7 2.66 14,451 8.63
Silim 3 1 15,645 10.66
Guro Complex 3 1.8 9,930 7.32
Hongik Univ. 2 2.18 8,795 6.56
Sindorim 3 1.14 12,780 9.3
Seolleung 2 0.37 14,784 9.6
Yeoksam 4 2.46 10,649 9.36
Seoul 5 1.09 22,842 11.5
Samsung 4 0.59 9,188 6.49
Seoul Nat’l Univ. 2 1.25 14,103 12.56
Euljiro 1(il)-ga 4 0.89 8,315 7.65
Sinchon 3 1.34 10,460 9.84
Suyu 3 1.37 16,469 17.39
Yangjae 4 1.26 12,922 10.5
Gasan Complex 4 2.14 7,047 53
Sadang 4 245 16,367 9.97
Jonggak 3 1.93 9,810 11.12
Express Terminal 4 3.06 17,117 12.02
Univ. of Education 4 0.28 15,474 12.56
Gangbyeon 2 0 8,689 9.57
Konkuk University 1 2.99 9,525 7.86
Myeong-dong 0 0.71 4,905 6.66
Yeonsinnae 2 1.47 7,684 10.82
Hyehwa 4 1.75 8,568 9.77
Chungmuro 3 0.8 9,126 11.34
Gwanghwamun 1 0.83 5,560 7.37
Apgujeong 3 1.33 10,015 1221
Dongmyo 7 2.01 10,768 29.67
Nambu Terminal 3 041 7,685 10.82
Nowon 4 1.69 13,388 14.44
=TSR =EN M167, M52(2017H 108)
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(Table 3) Estimated Scores and Statistics

Score E/V 100 stairs per E/S Elderly Trips Elderly Ratio (%)
Minimum 0.26 0.00 0.00 4,905 5.30
Maximum 1.00 7.00 3.06 22,842 29.67
Mean 0.62 329 1.45 11,506 10.48
Standard Deviation 0.22 1.49 0.79 3,942 443

FAAT olatd 3179 B4 9AF T FAY, HITAREA S, AT, TR T 4719 A

o 1
7F A3 1.08 7HAY, UmA] 27709 YA JfAe] Bad Ao E BAFHT HE A4 06250 B
L Aate F 172 e 3170 GALe] B AdE <Table 4>9F 2o, £9x8E AA7) A4k 1.0

e e oJu,

(Table 4) Score Results of Vertical Moving Facilities for Elderly User

DMU Score DMU Score DMU Score
Gangnam 0.90 Euljiro 1(il)-ga 0.84 Myeong-dong 0.46
Jamsil 1.00 Sinchon 0.50 Yeonsinnae 0.62
Silim 0.36 Suyu 031 Hyehwa 0.80
Guro Complex 0.61 Yangjae 0.54 Chungmuro 0.56
Hongik Univ. 0.82 Gasan Complex 1.00 Gwanghwamun 0.48
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DMU Score DMU Score DMU Score
Sindorim 0.41 Sadang 0.61 Apgujeong 0.51
Seolleung 0.26 Jonggak 0.64 Dongmyo 1.00
Yeoksam 0.76 Express Terminal 0.63 Nambu Terminal 0.66
Seoul 0.54 Univ. of Education 0.45 Nowon 0.50
Samsung 0.80 Gangbyeon 0.40
Seoul Nat’l Univ. 0.29 Konkuk University 1.00
T84 A7 1022 71 't 7R 9] Ak AAE S UmA] QAREY] FEHT ol 2 = . =
A2 saoleAAd e MdgetS AANE < 7] wiZol DEA 23X 837 ofrE Zheth F4ols
Aol -3t Aoz HrhE Ashd HAbES e e FxdeE Ve s WiArnia Ald 2 282
& 9T #2AT) AALe W) 1EA0 el BTGECE AME Y, Brghe 47 oA} 1
22 @2 s A EFES vehdoh el i 3170 JAPE Sk <Table 5>9F 2t

(Table 5) Results of Lamda()) Value of Benchmarking Groups

DMU Score Jamsil Gasan Complex Konkuk University Dongmyo
Gangnam 0.90 0.59 0.09 0.00 0.00
Jamsil 1.00 1.00 0.00 0.00 0.00
Silim 0.36 0.49 1.21 0.00 0.00
Guro Complex 0.61 0.00 1.38 0.00 0.00
Hongik Univ. 0.82 0.00 1.24 0.00 0.00
Sindorim 0.41 0.00 1.80 0.00 0.01
Seolleung 0.26 0.68 0.71 0.00 0.00
Yeoksam 0.76 0.00 1.28 0.17 0.00
Seoul 0.54 1.33 0.00 0.00 0.00
Samsung 0.80 0.19 0.92 0.00 0.00
Seoul Nat’l Univ. 0.29 0.00 1.66 0.25 0.00
Euljiro 1(il)-ga 0.84 0.00 1.08 0.00 0.06
Sinchon 0.50 0.00 1.34 0.00 0.09
Suyu 0.31 0.00 1.98 0.00 0.23
Yangjae 0.54 0.00 1.78 0.00 0.04
Gasan Complex 1.00 0.00 1.00 0.00 0.00
Sadang 0.61 0.00 1.88 0.00 0.00
Jonggak 0.64 0.00 1.11 0.21 0.00
Express Terminal 0.63 0.00 227 0.00 0.00
Univ. of Education 0.45 0.00 2.13 0.00 0.04
Gangbyeon 0.40 0.00 1.02 0.00 0.14
Konkuk University 1.00 0.00 0.00 1.00 0.00
Myeong-dong 0.46 0.00 0.00 0.51 0.00
Yeonsinnae 0.62 0.00 0.74 0.26 0.00
Hyehwa 0.80 0.00 0.98 0.00 0.15
Chungmuro 0.56 0.00 0.98 0.00 0.21
Gwanghwamun 0.48 0.00 0.45 0.25 0.00
Apgujeong 0.51 0.00 1.09 0.00 0.22
Dongmyo 1.00 0.00 0.00 0.00 1.00
Nambu Terminal 0.66 0.00 0.73 0.00 0.23
Nowon 0.50 0.00 1.69 0.00 0.19
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(Table 6) Benchmarking Groups for DMUs

DMU Benchmarking DMU Benchmarking DMU Benchmarking
Group Group Group
Jamsil, Gasan . . Gasan Complex, .
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Jamsil Jamsil Sinchon Gasan Complex, Yeonsinnae Gasan COITlple)f,
Dongmyo Konkuk University
Sillim Jamsil, Gasan Suyu Gasan Complex, Hyehwa Gasan Complex,
Complex Dongmyo Dongmyo
. Gasan Complex, Gasan Complex,
Guro Complex Gasan Complex Yangjae Chungmuro
Dongmyo Dongmyo
. . Gasan Complex,
Hongik Univ. Gasan Complex Gasan Complex Gasan Complex Gwanghwamun Ko University.
L Gasan Complex, . Gasan Complex,
1 A
Sindorim Dongmyo Sadang Gasan Complex pgujeong Dongmyo
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)it k D D
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Seoul Jamsil Univ. of Education Gasan Comple, Nowon Gasan Complex,
Dongmyo Dongmyo
Jamsil, Gasan Gasan Complex,
Samsung Gangbyeon
Complex Dongmyo
, . Gasan Complex, . L
Seoul Nat’l Univ. Konkuk University Konkuk University Konkuk University

)

rli‘ L mlm m[o
T &
N =

btorlr
e e

>
lo
ol o

/\210]5,\]/\4

9o
BgoR AES FHSIY S5

oX

oL &
i)

4

o

ox

£ 2 fo
1)
v
it
jinss
bR

SL

e

> o 2o
(98]
)

g ro

12 o
[0
o

R

50| A31E o3 Bast 9

gl ek S

EER I

G ol g&ol 1 & Aol

% Qe w

AR L,

o

ERECEES LR

FHYe] 1A FYFE Folst

A%n &

+

&
N
e

3} HEWE ol
B 5ol BT JNAY ARE AFHE

Ut @ %91 WA AL A4l TeA%
B QA5 We

o o ™

<

o
o o

e}

o
9
offt
>

>~
mlo

>~

7]

t
ol

}04

12
>
it

:\_l,
1o oy

ot

18
_,>L
ﬂﬁ°>i£
2 Y
igHﬁHl
wo&:.u

-IN

227 Akt B £ EE A

510
??.E‘T'

24 A%} 04 ol5el AAE
4P #9357 W2, A
B AT, FY 2 WS
0% <128 B4 442 T
oHOkon nM]

Vol.16 No.5(2017. 10)

The Journal of The Korea Institute of Intelligent Transport Systems

67




T dewlole] AA di7t THE e 9AE il 7 8] dZel el 7 2 9%E mAE
o2 EAFAY JRIAESA G FA e 1y o vl S thH] A X it §Y] del
T Aoz EAET YT o] A olls dejulolElzt 1o) vhell AX= A B, AT 10070
2 dAUF7E 7P B, FYRFEY] FAVE AL Al Y E ARE Btk &, AdYT
o] Azt Agole B}t A 1007] F dlz=ZolH 7 o 2 JFL nxE Aow sjAHnh Fx
A3 Ak O #4982 <Table 8>3} 2tk

i
v
B
o
x
N

(Table 7> Slacks value of Variables

DMU Output Input
E/V 100 stairs per E/S Elderly Trips Elderly Ratio (%)
Gangnam 0 0 4,013 0
Jamsil 0 0 0 0
Silim 0 -1 0 0
Guro Complex -1 0 197 0
Hongik Univ. 3 0 73 0
Sindorim 0 -1 0 0
Seolleung 0 2 0 0
Yeoksam 0 0 0 1
Seoul 0 2 3,585 0
Samsung 0 -2 0 0
Seoul Nat’l Univ. 0 0 0 2
Euljiro 1(il)-ga 0 -1 0 0
Sinchon 0 0 0 0
Suyu 0 0 0 0
Yangjae 0 -2 0 0
Gasan Complex 0 0 0 0
Sadang -1 0 3,111 0
Jonggak 0 0 0 4
Express Terminal -3 0 1,135 0
Univ. of Education 0 -4 0 0
Gangbyeon 0 -2 0 0
Konkuk University 0 0 0 0
Myeong-dong -1 0 0 3
Yeonsinnae 0 0 0 5
Hyehwa 0 -1 0 0
Chungmuro 0 -1 0 0
Gwanghwamun 0 0 0 3
Apgujeong 0 0 0 0
Dongmyo 0 0 0 0
Nambu Terminal 0 -1 0 0
Nowon 0 -1 0 0
(Table 8) Slacks value of Variables
Output Input ]
No. DMU Score E/V 100 stairs per E/S  Elderly trips Elderly ratio Benchmarking
Raw  Slacks Raw _ Slacks Raw _ Slacks  Raw _Slacks Group
1 Dongmyo 1.00 7 0 2.01 0 10,768 0 29.67 0 1
2 Gasan Complex 1.00 4 0 2.14 0 7,047 0 53 0 2
3 Jamsil 1.00 7 0 2.66 0 14,451 0 8.63 0 3
4 Konkuk University 1.00 1 0 2.99 0 9,525 0 7.86 0 4
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