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Rationality of Passengers’ Route Choice Considering Smart Card Tag Constraints
: Focused on Seoul Metropolitan Subway Network
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ABSTRACT

This research proposes a methodology to evaluate the rationality of passengers’ route choice who

make trips within Seoul metropolitan subway based on smart card data. The rationality of user route

Received 17 November 2020 choice is divided into the degree of determinacy and similarity concepts as basic principle.
Revised 2 December 2020 Determinacy is the degree to which the route selected by the passenger is identical to the system
Accepted 6 December 2020 optimal path. Similarity indicates the degree to which the route is similar to the system optimal path.
© 2020. The Korea Insfitute of The K-path search method is used for path enumeration, which allows for measurement of
Intelligent Transport Systems. Al determinacy. To assess determinacy within similarity, transfer tag data of private operators is used.
rights reserved. Consequently, the concept of similarity applied to the model is such that the passenger’s path choice
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is identical to the path taken using the tag reader. Results show that the determinacy of appearance
of the shortest path (K=1) is 90.4%, while the similarity of appearance as K=(2-10) is 7.9%,
summing to 98.3%. This indicates that trips on the metropolitan subway network are being rationally
explained. 1.7% of irrational trips are attributed to the unexplainable error term that occurs due to
the diversity of passengers.

Key words : Rational Route Choice, Degree of Determinacy, Degree of Similarity, Smart Card,
Transfer Tag Constraint
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<Fig. 1> Station Pass Sequence between (DGwacheon and @Seong Su
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<Fig. 2> Three Optimal Route Alternatives between (DGwacheon and @Seong Su
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<Fig. 3> Four Railway Lines and Terminal IDs of Seoul Station (Lee, 2018)
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<Fig. 4> Passenger Trip in Subway Station Network (Lee, 2018)
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<Table 1> Subway Trip Types Considering Private Lines(Lee, 2018)

Types Subway Trip Types with Private Line (Pi:]ﬁte[lljh;;il:zc:)
1 @ (s) 0o
2 (1 @ (s) m [ [
3 (1 ) Cmm
4 O @@ (5 COmmC
5 @ o—@: COmmC
6 | e D) [ [ [
7 ® @ (s) [ [ [
8 0O, Cmm
9 © s [ ] ]
10 Tt s [ 1]

@-====: Private Operated Card Terminal ID and Private Line
O : Public Operaated Card Terminal ID and Public Line
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<Fig. 5> Network with Station and Line Transfer Penalties and Link Costs
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<Table 2> User Types

User Code User Type User Code User Type
01 Adult 06 Senior(citizen)
02 Children 07 Disabled Person
03 Middle & High School Student 08 Men of national merit
04 Youth/Teenager 09 Public charge
05 University Student 10 Welfare card
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A A 2e K=Y FS oA BAE H A b A o
ANAREA, SARYolE, AALHEES IYrs SHAA A2RF HHAZE ot mebA A
Are] RIA A Aol o3 HRFAo] &F7|Re] LFshe kAl THA AAR I = AsHd vES A0
A FEEE dA40l 52F $A49 FRYHE A wigsta Jdu= 2EE F5T < o

2 A7 gL FEFTHNA k(119 HAAFETY S 2d A AHEAEo] HHAFER AY
e HIE R AR £EH AP VESAAEE <Table 3-5>9F 20| =218, JAAE, FsAERA
R b

<Table 3> Node Input Data

Terminal ID Station Name Subway Line
0152 Jonggak Line 1
1846 Suwon Bundang Line

<Table 4> Link Input Data

Departure Station Arrival Station Travel Time (min.) Subway Line
Noryangjin Daebang 25 Kyungbu Line
City Hall Euljiro 1 ga 20 Line 2

<Table 5> Transfer Input Data

From Station Transfer Station To Station Transfer Time (min.) From Line To Line
Yangjae Gangnam Yeoksam 35 Sinbundang Line Line 2
Songpa Garak Market Suseo 1.8 Line 8 Line 3

HA Az g t3 2y LS gotslr] st AA TP B FHAILE
097288 =4 #5HUth<Fig. 7>
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<Fig. 7> Comparison of Trip Time between Algorithm and Observed Data
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20173 102 18¥ ¥ WEII=EAFANA FE2H A5HE 8,369,401 (OD E3)ol| thsle] FAAZRE F
Atk FA RS HANSH 29 AEH| L] A7t AA] ¢ ARE 9|t A& &9 H4AHEH
29| 3089 10%E5 FAEZEA 30.0(3)-33.0(2)7HA FAE 2o 23ET metA] FAE R st &
Aste A-E HANEA R} 2R AR FAATL Ao|7t A HAFS on| g

<Table 6>2] F=H AatHo|A DLAEI} Yehe FIATE 4,485,731 22 AAFTHE 53.6(%),
B2 E 3,883,670(7) 46.4(%)E AA S 22 UERdTh

<Table 6> Result of Similar Route Search

Route Type No. of Trip Ratio(%)

Single Route 4,485,731 53.6(%)

Multiple Route 3,883,670 46.4(%)
Total 8,369,401 100.0(%)

B0 27 el s A3lA] A4 0] A WA (k=1) A2E APsid AxHd JHEYT
YA g}, o] & 93] VATagB It S48 203,821(7) 2] T3l tiste] KA ZRA-S A3ttt o714
K=100] th3} A|@FAF= <Table 7> 2ow, HHAAHZ A 28Z HAHAZ7} 5T A= 79.39(%)2)
161,820() 2. & e HHAAEL} FASH A4S 7HsAol v S 17.05(%)9] 34,746() 0.2 =
Z50o| B2V} Tag2A& WEshe &Eld J77t 75 AR 96.44(%)<) 196,566(1) 0.2 =2 AT

<Table 7> Similar Route Search with Private Tag Constraint

K=10
K Route Search
Number of Trip Ratio (%) Ratio (%)

k=[1] 161,820 79.39
96.44

k=[2-10] 34,746 17.05
No Detection 7,255 3.56 3.56
Total 203,321 100.00 100.00
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<Fig. 8> Optimally Matched Reasonable Route Choice Examples (K=1)
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<Fig. 9> Similarly Matched Reasonable Route Choice Example (K=6)

<Table 6>} <Table 7>& £33l 548 A8ty AZAH FPA L 904(%)Y A~dA HAA=Z
79 AEAdEe] dAshs AR FAAH 19(%)9] HAF R W JAABEEA)C] et -
et F Azl delge Aol 83(R)E eI, K=109 RN E AR8EA g g8
1.7(%)2 4+ Et}.<Table 8>

<Table 8> Route Choice Rationality

Rationality Optimality No. of Trip Ratio(%) Ratio(%)
Reasonable K=1 7,568,977 90.4 083
(Tag Matched) K>1 662,166 79 '
Unreasonable
(Tag Not Matched) ) 138,258 L7 L7
Total 8,369,401 100.00 100.0
V.2 &
25 AL 20199 A 7217 A4 103719 FEd, 107] £457)Bo T L9HT gon gy oF
8507H(F-3y)o] At Qo AA Tl < 50%7} Fgstal Qe 2o E gotEa 9loy S0 AAR

52 &Ltk ol ALYV A dedLTE 95
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Vol.19 No.6 (2020. 12) The Journal of The Korea Institute of Intelligent Transport Systems 23



Ml g Es
2 i A3, 2) Ewrest
2k K=1 077}11 WA}ﬁEi AREe 82 dAYY F 7R TR A RAA SA] F
£ dofslr] $iste] QA7) ey ITagd BE KA RG] Akzdo R HYshe 71HE Al
o # A7 dde £28 AsEAA K=12 Yehte S48 904(%), K=2-1022 et
79(%) 24 el 983(%)°1M HIFH] A FHL 1.7(%) o= e
T FE wEEARE VWMo R ARk FeAdde] tidk el S AdEts WE 4

JEM T 7HA SRA FIHERL =ep Basi 1) $A AT deEd e S Ak
Fotslou o 2A] Ed7t BEsirs Zlolnt A2Ad e el 72| dFA
3 SHEAS] 7R TR Jo i # A7 RS videdel diAE e des vt
E} 7122 Aol A Uehol Hige] el rﬂﬁ& ok A Hele drsta glof ol i
=rh sttt 2) =3 o] Ay dubA o)) Kok #FJJ Xl 3Hd AR AL Al A H ATk
ljr. Aol 2Fell met A=gF HAHAPRA TS vAE 290 u)f oIk 58] A,

H, AT, 1588 59 9FadE BF adslde f‘&ﬁl%ﬁ&f—_ Z-g-eie) mehA bR 7}
gatllM A2 S sk ALY AR Rohs Aadd HAHHRE A vas ta Fevh gnkal 3
e

-‘Q

oL
)
BC
ol
o

Y 44 5 ¥
ST T CTRS [

bo 2 of S i
0

M

REFERENCES

Azevedo J. A., Costa M. E. O. S., Madeira J. J. E. R. S. and Martins E. Q. V.(1993), “An Algorithm
from the Ranking of Shortest Paths,” European Journal of Operational Research, vol. 69,
pp.97-106.

Beckmann M. J., McGuire C. B. and Winstern C. B.(1956), Studies int the Economics of
Transportation, Yale University Press, New Haven, Conn.

Dafermos S.(1980), “Traffic Equilibrium and Variational Inequalities,” Transportation Science, vol.
14, no. 1, pp.42-54.

Dafermos S.(1982), “Relaxation Algorithm for the General Asymmetric Traffic Equilibrium Problem,”
Transportation Science, vol. 16, no. 2, pp.231-240.

Dial R. B.(1971), “A Probabilistic Multipath Traffic Assignment Algorithm which Obviates Path
Enumeration,” Transportation Research, vol. 5, pp.83-111.

Fisk C. S. and Nguyen S.(1982), “Solution Algorithm for network Equilibrium Models with
Asymmetric User Costs,” Transportation Science, vol. 16, no. 3, pp.361-381.

Florian M. and Spicess H.(1982), “The Convergence of Diagonalization Algorithm for Asymmetric
Network Equilibrium Problems,” Transportation Research Part B: Methodological, vol. 16, no. 6,
pp.477-483.

Kirby R. F. and Potts R. B.(1969), “The Minimum Route Problem for Networks with Turn Penalties
and Prohibitions,” Transportation Research, vol. 3, no. 3, pp.397-408.

LeBlanc L. J., Morlock E. K. and Pierskalla W.(1975), “An Efficient Approach to Solving the Road
Network Equilibrium Traffic Assignment Problem,” Transportation Research, vol. 9, no. 5,

24 OrFTSYR|=EN| 193, THI62(2020H 122)



s

WSIIE Tag HMots HrHsh SWAL Z2Mejof i3t ealy got A7

pp.309-318.

Lee M.(2004), Transportation Network Models and Algorithms Considering Directional Delay and
Prohibitions for Intersection Movement, Ph.D. Thesis, University of Wisconsin at Madison.
Lee M.(2017), “Transportation Card Based Optimal M-Similar Paths Searching for Estimating
Passengers’ Route Choice in Seoul Metropolitan Railway Network,” The Journal of the Korea

Institute of Intelligent Transport Systems, vol. 16, no. 2, pp.1-12.

Lee M.(2018), “Optimal Path Finding Considering Smart Card Terminal ID Chain OD-Focused on
Seoul Metropolitan Railway Network-,” The Journal of the Korea Institute of Intelligent
Transport Systems, vol. 17, no. 6, pp.40-53.

Sheffi Y. and Daganzo C. F.(1980), “Computation of Equilibrium over Transportation Networks: The
Case of Disaggregate Demand Models,” Transportation Science, vol. 14, no. 2, pp.155-173.
Sheffi Y. and Powell W. B.(1982), “An Algorithm for the Equilibrium Assignment Problem with

Random Link Times,” Networks, vol. 12, no. 2, pp.191-207.

Sheffi Y.(1985), Urban Transportation Networks, MIT Express.

Shin S.(2004), “Finding the First K Loopless Paths in A Transportation Network,” Journal of Korean
Society of Transportation, vol. 22, no. 6, pp.121-131.

Wardrop J. G.(1952), “Some Theoretical Aspects of Road Traffic Research,” Proceedings of the
Institute of Civil Engineers Part II, vol. 1, pp.325-378.

Vol.19 No.6 (2020. 12) The Journal of The Korea Institute of Intelligent Transport Systems 25



