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Evaluation of Metro Services based on Transit Smart Card Data
(A Case Study of Incheon Line 1)
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Jin Ki Eom - Myoung Hun Choi - Dae Sung Kim - Jun Lee - Ji Young Song

Abstract This study analyzed the quality of a commuter rail service of Incheon line 1 with respect to two service mea-
sures such as occupancy (crowdedness) and punctuality based on transit smart card data collected in 2009. In order to ana-
lyze the metro services by individual fleet, we aggregated the personal level card data into the fleet operated in each planned
schedule. The results show a low level of service for both crowdedness and punctuality during peak hours at the line seg-
ment from ‘Gyeyang’ to ‘International business district’. Further, a close relationship between vehicle occupancy and punc-
tuality is found, which illustrates high passenger demand causes successive metro delay.

Keywords : Smart Card Data, Metro Service
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Table 1 Transit smart card data

Column_name Description | Column name | Description

PCARD NUM | card number | RIDE DTIME ride time

RUN_DEPART _ . . .
DTIME departure time| RIDE STA ID | ride station
TRANS ID transaction id | ALIGHT DTIME| alight time
TRANSP . .
METHOD CD mode code |ALIGHT STA IDjalright station
TRAF FREQ transfer PASGR NUM number of
- frequency - passenger

BUS _ROUTE ID | route id RIDE_AMT ride cost
TRANSP BIZR ID| company id | ALIGHT AMT | alight cost
VEHC ID vehicle id USE DIST distance

PCARD USER
CLASS_CD

user type STAND DT |standard time

Table 2 Number of valid data after filtering

Valid
data

Number of [211,822] 1,679 | 922 | 758 | 21 208442
data (%) | (100%) |(0.79%)|(0.44%) | (0.36%)| (0.01%)|(98.40%)

Data |1% filter |2" filter|3™ filter |4™ filter
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Fig. 1 Tagging process of metro passenger
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Table 3 Walking time for access or egress

Out of vehicle time(sec) Average waiting time (sec) Averaget?;c;ezze(c(;r cgress)
Min Max Avg
Southbound 31 1,353 562 221 170
Northbound 39 1,368 562 219 172
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Table 4 Example of logical decisions on punctuality
Schedule Data of tag
vehicle ID 204 206 208 passenger 1 2 3 4
A i A) stati
(A) station 14:10 1420 | 1430 (A) station 14:18 14:08 14:22 14:22
departure time boarding tag time
B i B i
(B) station 14:15 1425 | 1435 (B station 14:27 14:29 14:29 14:26
arrival time alighting tag time
Vehicle available 206 204, 206 206 X
Not available - 204 - 4th filter
Vehicle use 206 206 206 delayed X
o] HA Rl AR AR 5622 AN O, 7P A Table 5 LOS of metro crowdedness
A 2L8¥ ZJAIZFE ok 30-40% FEolH HA ALQ A7 (unit : fleet)
2 13683 (¢F 23)= A EH U o)F Ht 7| ARl Passenger(p/car) | Occupancy(p/seat) | Crowdedness (%)
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Table 6 Metro schedule of morning peak (am.7~9) (northbound)
1028 | 1030 | 1032 | 1034 | 1036 | 1038 | 1040 | 1042 | 1044 | 1046 | 1048 | 1050 | 1052 | 1054
Departure GY 7:04 | 7:10 | 7:16 | 7:21 7:25 | 730 | 7:34 | 7:39 | 7:43 | 7:48 | 7:52 | 7:57 | 8:01 8:06
Arrival NC 7:58 | 8:04 | 810 | 8:15 | 819 | 824 | 8:28 | 833 | 837 | 836 | 8:46 | 845 | 855 | 8:54
F 1 w9AEE HEBOY FE
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Table 7 LOS of occupancy (northbound)

Fleet ID 1041 | 1043 | 1045 | 1047 | 1049 | 1051 | 1053 | 1055 | 1057 | 1059 | 1061 | 1063 | 1065 | 1067
GY GH A A A A A A A A A A A A A A
GH BC A A A A A A A A A A A A A A
BC H A A A A A A A A A A A A A A
H GS A A A A A A A A A A A A A A
GS Gl A A A A A A A A A A A A A A
GI 1 A A A A B A B A B A B A A A
A GS B B B B C B B B C B C B B B
GS BG B B C C C B C C C B C B B B
BG BS C B C C C C C C C C C B B B
BS BP C C C C C C C C C C C C C B
BP DS B B B B B B C B C B B B B A
DS BI B B B B B B C B C B B B B A
BI GI B B B B B B C B C B B B B A
GI IS B B B C C B C B C C C B B B
IS YS B C C C C B C B C C C B B B
YS IT B C B C C B C B C B B B B A
IT MH B B B C C B C B C B B B B A
MH SH B B B C C B C B C B B B B A
SH SY B B B C C B C B C B B B B A
SY WI B B B B B B B A B B B A A A
WI DC A B B B B A B A B B B A A A
DC DM A A A A A A A A A A A A A A
DM CT A A A A A A A A A A A A A A
CT CP A A A A A A A A A A A A A A
CP KN A A A A A A A A A A A A A A
KN U A A A A A A A A A A A A A A
U CP A A A A A A A A A A A A A A
CP NC A A A A A A A A A A A A A A
Table 8 Metro schedule of morning peak (am.7~9) (southbound)
Fleet ID 1028 | 1030 | 1032 | 1034 | 1036 | 1038 | 1040 | 1042 | 1044 | 1046 | 1048 | 1050 | 1052 | 1054
Departure NC 7:04 | 7:10 | 7:16 | 7:21 | 7225 | 7:30 | 7:34 | 7:39 | 743 | 748 | 7:52 | 7:57 | 8:01 | 8:06
Arrival GY 7:58 | 8:04 | 810 | 815 | 819 | 8:24 | 8:28 | 8:33 | 8:37 | 836 | 846 | 845 | 855 | 854
T A BEBO)A =3
ERRE Table 0 ARERS BAE ARRA ST 42 FA BN
= ] O F o~
;i;gi:i;;fﬁﬂiﬁ%;ﬁ%ﬁig%;jﬁ Table 10& A}2pe] A wan AL A3 Ao
e i e aoh Al Sagel me mos w T EAE Y AR B sen Yrol 94 EAes
45gIT A0 R ANERS] A AR} ok my @ o e e SOl HE A Au A Hlas
ojol Ba(BPY Q1 Sgle] A o] AEE L 2o = 08 ZAEIH 53] o] el AR tg o
d(BP) QI TRkA we] HATE = AR o o
setmigon] Al wiz SR O Aag olgae 4 A T HSIIE EVEE nul He w1945
AAAZ(AS)G = A FE Aol A EHH 07 vy

Q7 3o Ao BALT}.

¢

= oz BAdY



ADIEFIE CIOEE B8E

|,

=0

Table 9 LOS of occupancy (southbound)
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Fleet ID 1028 | 1030 | 1032 | 1034 | 1036 | 1038 | 1040 | 1042 | 1044 | 1046 | 1048 | 1050 | 1052 | 1054
GY GH A A A A A A A A A A A A A A
GH BC A A A A A A A A A A A A A A
BC IH A A A A A A A A A A A A A A
H GS A A A A A A A A A A A A A A
GS GI A A A A A A A A A A A A A A
GI A A A A A A A A A A A A A A A
A GS A A A A A A A A A A A A A A
GS BG B B A B A B B B A A B B B A
BG BS B B B B A B B B A A B B B A
BS BP B B B B A B B B A A B B B B
BP DS B B B B B B B B B A B A B A
DS BI B B B B B B B A B A A A B A
BI GI B B B B B B B A B A A A B A
GI IS B B B B A B B A A A A A A A
IS YS B B A A A A B A A A A A A A
YS IT B B A A A A B A A A A A A A
IT MH A B A A A A A A A A A A A A
MH SH A B A A A A A A A A A A A A
SH SY A A A A A A A A A A A A A A
SY WI A A A A A A A A A A A A A A
WI DC A A A A A A A A A A A A A A
DC DM A A A A A A A A A A A A A A
DM CT A A A A A A A A A A A A A A
CT CP A A A A A A A A A A A A A A
CP KN A A A A A A A A A A A A A A
KN 110) A A A A A A A A A A A A A A
U CP A A A A A A A A A A A A A A
CP NC A A A A A A A A A A A A A A

Table 10 Result of punctuality (northbound)
1041 1043 1045 1047 1049 1051 1053 1055 1057 1059 1061 1063 1065 1067

GY |on-time - on-time - delayed - on-time - on-time - on-time - delayed -
GH | on-time - on-time - on-time - on-time - on-time - on-time - on-time -
BC on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time
H on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time
GS on-time | on-time | on-time | on-time | delayed | on-time | delayed | on-time | on-time | on-time | on-time | delayed | on-time | on-time
GI on-time | on-time | on-time | on-time | delayed | on-time | delayed | on-time | on-time | on-time | delayed | on-time | delayed | on-time
A delayed | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time
GS | on-time | on-time | on-time | on-time | on-time | on-time | delayed | on-time | on-time | on-time | on-time | on-time | delayed | on-time
BG | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time
BS delayed | on-time | delayed | on-time | delayed | on-time | delayed | on-time | delayed | on-time | delayed | on-time | delayed | on-time
BP | on-time | on-time | delayed | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time
DS delayed | on-time | on-time | on-time | on-time | on-time | on-time | on-time | delayed | on-time | on-time | on-time | on-time | on-time
BI delayed | on-time | on-time | delayed | on-time | on-time | delayed | on-time | delayed | on-time | on-time | on-time | on-time | on-time
GI on-time | delayed | delayed | on-time | on-time | on-time | on-time | on-time | on-time | delayed | on-time | on-time | delayed | on-time




Table 10 Continued

1041 1043 1045 1047 1049 1051 1053 1055 1057 1059 1061 1063 1065 1067
IS delayed | on-time | delayed | delayed | delayed | on-time | on-time | on-time | delayed | delayed | delayed | on-time | on-time | on-time
YS on-time | delayed | on-time | delayed | delayed | on-time | delayed | on-time | delayed | delayed | on-time | delayed | delayed | on-time
IT delayed | on-time | delayed | on-time | delayed | on-time | delayed | on-time | on-time | on-time | on-time | on-time | on-time | on-time
MH | delayed | delayed | delayed | delayed | on-time | on-time | delayed | on-time | delayed | delayed | delayed | delayed | delayed | on-time
SH | delayed | delayed | delayed | delayed | delayed | delayed | delayed | on-time | delayed | delayed | delayed | delayed | on-time | on-time
SY |delayed | delayed | delayed | delayed | delayed | delayed | delayed | on-time | delayed | delayed | delayed | on-time | delayed | on-time
WI delayed | delayed | delayed | delayed | delayed | delayed | delayed | on-time | delayed | delayed | delayed | delayed | delayed | on-time
DC |delayed | delayed | delayed | delayed | delayed | delayed | delayed | on-time | delayed | delayed | delayed | delayed | delayed | on-time
DM | delayed | delayed | delayed | on-time | delayed | on-time | delayed | on-time | delayed | delayed | delayed | delayed | on-time | on-time
CT |delayed | delayed | delayed | delayed | delayed | delayed | delayed | on-time | delayed | delayed | delayed | delayed | delayed | on-time
CP on-time | delayed | delayed | delayed | delayed | on-time | delayed | on-time | delayed | delayed | delayed | on-time | delayed | on-time
KN | delayed | delayed | delayed | delayed | delayed | delayed | delayed | on-time | delayed | delayed | delayed | delayed | delayed | delayed
U on-time | delayed | delayed | delayed | delayed | delayed | delayed | delayed | delayed | delayed | delayed | delayed | delayed | on-time
CP delayed | delayed | delayed | delayed | on-time | on-time | delayed | on-time | on-time | on-time | delayed | delayed | on-time | on-time

Delayed
rate 54% 50% 57% 50% 57% 27% 64% 4% 54% 50% 50% 42% 50% 4%
Table 11 Result of punctuality (southbound)

1028 1030 | 1032 1034 | 1036 | 1038 1040 | 1042 1044 | 1046 | 1048 | 1050 | 1052 1054
GH | delayed | on-time | delayed | delayed | on-time | delayed | delayed | delayed | delayed | on-time | delayed | on-time | delayed | on-time
BC on-time | delayed | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time
IH delayed | delayed | delayed | on-time | on-time | on-time | on-time | delayed | on-time | on-time | on-time | delayed | on-time | on-time
GS | on-time | on-time | on-time | on-time | on-time | on-time | delayed | on-time | on-time | on-time | delayed | delayed | delayed | on-time
GI delayed | delayed | on-time | delayed | on-time | on-time | delayed | delayed | delayed | on-time | delayed | delayed | delayed | delayed
1 on-time | delayed | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | delayed | on-time | delayed | delayed
GS on-time | on-time | on-time | on-time | on-time | on-time | on-time | delayed | on-time | on-time | on-time | on-time | on-time | delayed
BG | on-time | on-time | on-time | delayed | delayed | on-time | on-time | delayed | on-time | on-time | on-time | on-time | on-time | delayed
BS on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time
BP on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | delayed | on-time
DS delayed | delayed | delayed | delayed | delayed | delayed | delayed | delayed | delayed | delayed | delayed | delayed | delayed | delayed
BI on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time
Gl on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time
IS on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time
YS on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | delayed | on-time | on-time | delayed
IT on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | delayed
MH | on-time | on-time | delayed | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | delayed | on-time
SH on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time
SY on-time | on-time | on-time | on-time | on-time | on-time | delayed | on-time | on-time | on-time | on-time | on-time | on-time | on-time
WI | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | delayed | on-time | on-time | on-time | on-time
DC |delayed | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | delayed
DM | delayed | on-time | on-time | on-time | on-time | on-time | delayed | on-time | on-time | delayed | on-time | on-time | on-time | on-time
CT delayed | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | delayed | on-time
Cp on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time
KN on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time
U on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time
CP on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time | on-time
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