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Train Crowdedness Analysis Model for the Seoul Metropolitan Subway
: Considering Train Scheduling
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ABSTRACT

Accurate analysis of the causes of metro rail traffic congestion provides a means of addressing
issues arising from metro rail traffic congestion in metropolitan areas. Currently, congestion analysis
based on counting, weight detection, CCTVs, and mobile Wi-Fi is limited by poor accuracies or
because studies have been restricted to single routes and trains. In this study, a train congestion
analysis model was used that includes the transfer and multi-path behavior of metro passengers and
train operation plans for metropolitan urban railroads. Analysis accuracy was improved by considering
traffic patterns in which passengers must wait for next trains due to overcrowding. The model updates
train crowding levels every 10 minutes, provides information to potential passengers, and thus, is
(© 2022. The Korea Institute of ~ expected to increase the social benefits provided by the Seoul metropolitan subway
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<Fig. 1> Crowdedness of the Seoul Metro lines(Source: Seoul open data portal)
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<Table 1> Classification of In-vehicle crowdedness level

. In-vehicle In-vehicle Status
Level of Service =
L0S) Crowdednessrate | passenger @ standing passenger Crowdedness level
volume (@) seated passenger
TiT= <STTPTTTY
D very few passengers are standing i '
A 50% 80 . s
@ all seats are occupied but good visibility ' '
Aiies sh000000
@ bl d with 1lisi T s
B 100% 160 passengers are able to stand without collision 0y
@ poor visibility AT
e
C @ tand without collisi m:l EERINE
passengers cannot s without collision '
(Seoul Institute) 125% 2001 5) bad visibility Lt L
Abted spanebil
D D colliding against their shoulder to shoulder e ’” OO
150% 240 e ) , ) ! QLR
(MOLIT) @ colliding against standing passengers | [} I P
@ feeli haoti i3 AL
E 175% 280 passengers are feeling very c aot’lc “' ( ’“.:
(@ seated against standing passenger’s knees ' ,n T
OO OOG0000
F 200% 320 (D passengers are feeh.ng extremely chaotic
2 unacceptable crowding
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<Table 2> Number of train vehicles in Seoul metropolitan urban railway

Line Number of vehicles Line Number of vehicles

1 10 Gyeongui-Joungang 8
2 10 GyeongChun 8

Branch line Shinjung(2) 6 Joungang 6~8
Branch line Sungsu(2) 4 West Sea 4
3 10 Suin 6
4 10 Bundang 6
5 8 Shinbundang 6
6 8 Wooe-Sinseul Lt 2
7 8 Uijeongbu Lt 2
8 6 Everline 1
9 6 Incheon 1 2
Gyeonggang 4 Incheon 1 8

EAAEE 20109 59 100 £EA 57 19 AEHEARE o] §HGt BEAEARE FEA BhF
% 5709 57150 AgEol dtk AR FHE s ol g5, $33 R D, BBA 3 FYAT
5 ThRtt ARE Ao} Qltk 0B JIMOR AP, A, FEE ALE $70] 5 o542}
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<Fig. 3> Travel time validation

3. AlElEA Zn

A AAE mH Bl 93 BHEES Agekn AT A4 AEES S8 AdEAL Fasii
AR HE ASMETA SAT 18540 Ao, 19 BHFS AAt] 108 B
WA EHEE BASRT FUH WIS 145H 02 HAT olfs AR Lol} mATAIE A2
o] 108 o4l Tzko] Beo] EAGT. BATSI7} 1030 B MAA o] 108 o]l T FHEES 44
g % gith 2elE RS AT 108 BR AR ol i S0l HUHOR FAARE AXY
S 9T BF theol thd AEAE Folv] 9 HA Azkoly] WEo|T. et B MAE EHARE
ABE A3 $20] BFT et ol BAAR AZo] AAF A2 B2l 08¢ AFA DR B
108 $9 Aol F5T S5 AT DA hFE WWra, AR 1FF 54 5 16092 THE 10092 17

_/I:
shol LOSE B7bshinh. olul, 93t EAwE 108 99 ol GAHLWh+8 Lol R EHEE bl
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<Table 3> Maximum crowdedness during morning peak between adjacent stations

Line Origin Destination Direction ;]au;g:g;efsf (ijm ;r;;tjle(:;; LOS Time
1 Seoul Station City Hall Up 6,106 2 191% E |08:30~08:40
2 Sports Complex Samseong Inner 7,211 3 150% D | 08:30~08:40
2 Samseong Seolleung Inner 6,010 2 188% E | 08:40~08:50
2 Sindorim Mullae Inner 7,249 3 151% D | 08:30~08:40
2 Dangsan Hapjeong Inner 5,311 2 166% D |08:10~08:20
2 Ewha Womans Univ. Ahyeon Inner 5,996 2 187% E |08:20~08:30
2 Ahyeon Chungjeongno Inner 7,235 3 151% D | 08:20~08:30
2 Chungjeongno City Hall Inner 5,354 2 167% D | 08:30~08:40
2 Seolleung Samseong Outer 9,729 4 152% D | 08:20~08:30
2 Gangnam Yeoksam Outer 11,993 3 250% F |09:00~09:10
g | Seoul Narl Univ. of Gangnam Outer | 11,963 3 249% | F | 09:00~09:10

Education
2 Seacho Seoul Natl Univ. of | o0 | 11961 3 249% | F | 09:00~09:10
Education
2 Bangbae Seocho Outer 13,220 4 207% F | 09:00~09:10
2 Sadang Bangbae Outer 11,952 3 249% F | 08:50~09:00
2 Nakseongdae Sadang Outer 11,928 3 248% F | 08:50~09:00
2 Seoul Nat‘l Univ. Nakseongdae Outer 11,093 3 231% F | 08:50~09:00
2 Bongcheon Seoul Nat‘l Univ. Outer 8,894 3 185% E | 08:50~09:00
2 Sillim Bongcheon Outer 7,871 3 164% D | 08:50~09:00
2 Daerim Guro Digital Complex | Outer 7,581 3 158% D |08:30~08:40
2 Dorimcheon Sindorim Outer 1,631 1 170% D |08:10~08:20
2 Yangcheon-gu Office Dorimcheon Outer 1,766 1 184% E |08:10~08:20
3 Dongnimmun Gyeongbokgung Down 5,288 2 165% D | 08:20~08:30
3 Nokbeon Hongje Down 4,938 2 154% D |08:10~08:20
4 Namtaeryeong Sadang Up 2,953 1 185% E |08:40~08:50
4 Dongdaemun DDP Down 9,216 3 192% E | 08:30~08:40
4 Hyehwa Dongdaemun Down 9,437 3 197% E |08:20~08:30
4 Hansung Univ. Hyehwa Down 9,954 3 207% F | 08:30~08:40
4 | Sungshin Women’s Univ. Hansung Univ. Down 10,093 3 210% F | 08:20~08:30
4 Gireum Sungshin Women’s | o | 7,206 2 225% | F |08:10-08:20
Univ.
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Line Origin Destination Direction 1:22:;;;’; (ij“ﬁz; S?;’:i:le‘:;"’) LOS |  Time

4 Miasageori Gireum Down 6,250 2 195% E ]09:00~09:10
4 Mia Miasageori Down 9,886 3 206% F | 08:10~08:20
4 Suyu Mia Down 9,202 3 192% E |08:10~08:20
4 Ssangmun Suyu Down 5,951 2 186% E |08:00~08:10
6 Mangwon Hapjeong Down 4,486 2 175% E |08:20~08:30
7 Cheolsan Gasan Digital Complex Up 4,058 2 158% D |08:40~08:50
7 Children’s Grand Park Konkuk Univ. Down 5,798 3 151% D | 08:40~08:50
7 Gunja Children’s Grand Park | Down 6,730 3 175% E | 08:30~08:40
7 Junggok Gunja Down 7,034 3 183% E |08:30~08:40
7 Sagajeong Yongmasan Down 5,800 3 151% D |08:30~08:40
7 Myeonmok Sagajeong Down 5,785 3 151% D | 08:20~08:30

8 Bokjeong Jangji Up 1,928 1 201% F | 08:30~08:40

8 Jangji Munjeong Up 3,979 2 207% F |08:20~08:30

8 Munjeong Garak Market Up 3,749 2 195% E |08:20~08:30
8 Garak Market Songpa Up 3,669 2 191% E |08:20~08:30

8 Songpa Seokchon Up 3,912 2 204% F | 08:30~08:40

8 Seokchon Jamsil Up 3,060 2 159% D |08:30~08:40

<Table 4> Maximum crowdedness during evening peak between adjacent stations
Line Origin Destination Direction I:au;sn;?;efsf (I;Ifugla?z SCSri;V:;:le((i;e) LOS Time

1 City Hall Seoul Station Down 5,215 2 163% D |18:20~18:30

2 Yeoksam Gangnam Inner 10,343 4 162% D |18:30~18:40

2 Gangnam Seo“lEﬁitC’;ﬁS?v' 1 e | 5558 2 174% | D |18:10~18:220
p | Scoul Natll Univ. of Seocho Inner 6,113 2 191% | E |18:10~18:20

Education

2 Seocho Bangbae Inner 7,488 3 156% D |18:30~18:40

2 Bangbae Sadang Inner 8,258 3 172% D |18:40~18:50
2 Sadang Nakseongdae Inner 8,692 3 181% E |19:40~19:50

2 Nakseongdae Seoul Nat‘l Univ. Inner 7,866 3 164% D |19:10~19:20
2 Guro Digital Complex Daerim Inner 6,727 2 210% F | 18:30~18:40

2 Seolleung Samseong Outer 9,750 4 152% D |18:20~18:30

2 Yeoksam Seolleung Outer 5,063 2 158% D |19:10~19:20

p | Seoul Narl Univ. of Gangnam Outer | 8012 2 250% | F |18:50~19:00

Education
2 Seocho Seoul Natl Univ.-of | r | 6873 2 215% | F |18:50~19:00
Education

2 Bangbae Seocho Outer 5,469 171% D |18:50~19:00
Nakseongdae Sadang Outer 5,300 166% D |18:40~18:50
10 PI2TSYR =8N 217, M32(2022H 69)




BR2HAE S YES o TAEE EiF EFE EM2E AT
Line Origin Destination Direction I;;:slel:;e;f Zugla];z SCSr;;v:,f;e((i;e) LOS Time
2 Mullae Sindorim Outer 7214 3 150% 18:40~18:50
2 Yeongdeungpo-gu Office Mullae Outer 5,812 2 182% E | 18:40~18:50
2 Dangsan Yeongg;’;zegp 81 Outer 7,408 3 154% | D |18:40-18:50
3 | Nambu Bus Termina | Se0W Natl Univof 5442 2 170% | D |18:30~18:40
Education
3 Seoul Nat'l U niv. of Express Bus Terminal Up 8,569 3 179% E | 18:30~18:40
Education
3 Express Bus Terminal Jamwon Up 5,768 2 180% E |18:30~18:40
3 Jamwon Sinsa Up 4,879 2 152% D |18:40~18:50
3 Sinsa Apgujeong Up 5,188 2 162% D |18:30~18:40
3 Apgujeong Oksu Up 5,945 2 186% E | 18:40~18:50
3 Geumho Yaksu Up 4,947 2 155% D |18:40~18:50
3 | Express Bus Terminal | 5! ENditC;tE;“V | bown | 575 2 179% | E | 18:40~18:50
4 Namtaeryeong Sadang Up 2,564 1 160% D |19:00~19:10
4 Chungmuro DDP Up 5,762 2 180% E |19:00~19:10
4 DDP Dongdaemun Up 8,373 3 174% D |18:50~19:00
4 Dongdaemun Hyehwa Up 7,545 2 236% F | 18:50~19:00
4 Hyehwa Hansung Univ. Up 7,080 2 221% F |19:10~19:20
4 Hansung Univ. S“ngs}'i[’;nj\:"’men’s‘ Up 7982 3 166% | D |18:40~18:50
4 | Sungshin Women’s Univ. Gireum Up 6,973 2 218% F ]19:00~19:10
4 Gireum Miasageori Up 9,001 3 189% E |19:00~19:10
4 Miasageori Mia Up 7,397 3 154% D |18:50~19:00
4 Mia Suyu Up 5,396 2 169% D | 18:50~19:00
5 Singil Yeongdeungpo Market Up 2,158 1 169% D |18:00~18:10
5 Yangpyeong Omokgyo Up 2,562 1 200% F | 18:00~18:10
5 Janghanpyeong Gunja Down 3,850 2 150% D |18:40~18:50
6 Hapjeong Mangwon Up 2,666 1 208% F ]19:00~19:10
6 Digital Media City Jeungsan Up 2,130 1 166% D |18:30~18:40
7 Children’s Grand Park Gunja Up 4,274 2 167% D |19:00~19:10
7 Gasan Digital Complex Cheolsan Down 4,150 2 162% D |18:20~18:30
8 Munjeong Garak Market Up 1,565 1 163% D |18:30~18:40
8 Garak Market Songpa Up 1,778 1 185% E |18:30~18:40
8 Songpa Seokchon Up 1,820 1 190% E | 18:50~19:00
8 Seokchon Jamsil Up 1,593 1 166% D |19:10~19:20
8 Jamsil Mongchontoseong Up 1,731 1 180% E | 18:30~18:40
8 Garak Market Munjeong Down 1,480 1 154% D |19:00~19:10
8 Seokchon Songpa Down 2,199 1 229% F | 19:40~19:50
8 Jamsil Seokchon Down 1,568 1 163% D |19:00~19:10
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