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The Train Conflict Resolution Model Using Time-space Network

Young-Hoon, Kim - Suk-Chul, Rim

Abstract The train conflict resolution problem refers to an adjustment of the train operation schedule in order to mini-
mize the delay propagation when a train conflict is predicted or when a train conflict occurs. Previous train studies of train
conflict resolutions are limited in terms of the size of the problems to be solved due to exponential increases in the vari-
ables. In this paper, we propose a train conflict resolution model using a time-space network to solve the train conflict sit-
uation in the operational phase. The proposed model adjusts the size of the problem by giving only the dwell tolerance in
the time-space network only for stops at the station after a train conflict. In addition, the proposed model can solve large
problems using a path flow variable. The study presents a train delay propagation analysis and experimental results of train
conflict resolution assessments as well using the proposed model.

Keywords : Delay propagation, Conflict detection resolution, Scheduling, Optimization
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Fig. 1. The network of the stations and track segments.
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soout 200 8 9 10:00 . 1300 3200 ... 1300 1400
Table 1. Train information for the conflict resolution test. MY
Train O/D Train types(Train No.) e
Yongsan-Dacjeon M(1,4,15), S(10) " cheonan
Seoul-Busan M(2), S(12) ’:‘:’:"’"
intanjin
Yongsan-Cheonan M(3) Okeheon
Seoul-Cheonan M(5)
Gimcheon
Seoul-Gupo M(6) Gumi
Seoul-Yeongdeungpo K(7,9,11) Doned
Seoul-Dongdaegu M(8) Cheongd
Miryang
Yongsan-Yeongdeungpo K(13) i
Seoul-Miryang M(14) BusonL. B I E— ; .
----- KTX =— =—Saemaul Mugungwha

K: KTX, S: Saemaul, M: Mugungwha L .
Fig. 7. Train diagram of the experimental example.

AL AR Aol A EAe il whet KTX, Avks, 533t GAE & 1584, Al&ollA FAER] 407] o, 97e] &
A28 feos P AZRE A doR siglen dakgd Gais HJHEE Table 10 A2stsit. 2t Fxjol thgh 23
el LAIZS slol & 4 QS Fig 70 QXA A (train diagram)= EAISHCE.

GAEFoll T2 Aela AY W2 & Y Aol Aol ARt AS 7Hskl o A e 22 A5 Aol &
A A, A7 B EAE A =2 GAeE Ao WA At AT =2 EAF AT B EAt
Table 2. Train conflict schedule consisting of 15 trains.

Conflict schedule
Station name 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
M M M ™M MM E MK EK O KM M
Seoul d 7:20 7:40 | 7:48 | 8:00 | 8:10 | 8:22 8:40 | 8:44 8:53
a 7:25 7:45 | 7:53 | 8:04 | 8:15 | 8:27 8:44 | 8:50 8:58
Yongsan
d 715 | 725 | 7:35 | 7:40 | 7:45 | 7:53 | 8:04 | 8:15 | 8:27 | 835 | 8:44 | 8:50 | 8:53 | 8:58 | 9:05
a 7:20 | 7:30 | 7:40 | 7:45 | 7:50 | 7:58 | 8:09 | 8:20 | 8:33 | 8:40 | 8:49 | 8:54 | 858 | 9:03 | 9:14
Yeongdeungpo
d 7:31 | 7:31 | 7:41 | 7:46 | 7:51 | 7:59 8:21 8:41 9:05 9:04 | 9:15
S a 7:52 | 7:52 | 8:02 | 8:07 | 8:12 | 8:20 8:42 8:59 9:23 9:21 | 9:36
uwon
d 7:53 | 7:53 | 8:03 | 8:08 | 8:13 | 8:21 8:43 9:00 9:24 9:22 | 9:37
o a 8:02 | 8:02 | 8:12 | 8:18 | 8:22 | 8:30 8:52 9:08 9:32 9:30 | 9:46
san
d 8:03 | 8:03 | 8:13 | 8:17 | 8:22 | 8:31 8:53 9:08 9:32 9:30 | 9:46
a 8:13 | 8:13 | 8:23 | 8:28 | 8:33 | 8:41 9:03 9:18 9:42 9:40 | 9:56
Pyeongtaek
d 8:14 | 8:14 | 824 | 8:29 | 8:34 | 8:42 9:04 9:18 9:42 9:40 | 9:57
a 8:30 | 8:30 | 8:40 | 8:45 | 8:50 | 8:58 9:20 9:33 9:57 9:55 | 10:10
Cheonan
d 8:31 | 8:31 8:46 8:59 9:31 9:34 9:58 9:56 | 10:11
. a 8:49 | 8:49 9:04 9:17 9:49 9:48 10:12 10:10 | 10:34
Jochiwon
d 8:50 | 8:50 9:05 9:18 9:50 9:49 10:13 10:12 | 10:35
. a 9:16 | 9:16 9:31 9:44 10:16 10:21 10:37 10:34 | 11:01
Daejoen
d 9:18 9:46 10:18 10:39 10:36
a 9:32 10:01 10:33 10:52 10:48
Iwon
d 9:32 10:02 10:34 10:53 10:48
a 11:03 11:31 11:54 12:03 12:13
Dongdaegu
d 11:05 12:03
Busan a 12:27 13:16

a: Arrival, d: Departure, K:KTX, S: Saemaul, M: Mugungwha
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Table 3. Train conflict resolution schedule.
Resolution schedule
Station name 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
M M M MMM KPS|
Seoul d 7:20 7:40 | 7:48 | 8:00 | 8:10 | 8:22 8:40 | 8:44 8:53
a 7:25 7:45 | 7:53 | 8:04 | 8:15 | 8:27 8:44 | 8:50 8:58
Yongsan
d 7:15 | 725 | 7:35 | 7440 | 7:45 | 7:53 | 8:04 | 8:15 | 8:27 | 8:35 | 844 | 850 | 853 | 858 | 9:05
a 7:20 | 7:30 | 7:40 | 7:45 | 7:50 | 7:58 | 8:09 | 8:20 | 8:33 | 8:40 | 8:49 | 8:54 | 8:58 | 9:03 | 9:14
Yeongdeungpo
d 7:34 | 731 | 7:41 | 746 | 7:51 | 7:59 8:21 8:41 9:05 9:09 | 9:15
a 7:55 | 7:52 | 8:02 | 8:07 | 8:12 | 8:20 8:42 8:59 9:23 9:26 | 9:36
S
uwon d 7:56 | 7:53 | 8:03 | 8:08 | 8:13 | 8:21 8:43 9:00 9:24 9:27 | 9:37
a 8:05 | 8:02 | 8:12 | 8:18 | 8:22 | 8:30 8:52 9:08 9:32 9:35 | 9:46
(0]
san d 8:06 | 8:03 | 8:13 | 8:17 | 8:22 | 8:31 8:53 9:08 9:32 9:35 | 9:46
a 8:16 | 8:13 | 8:23 | 8:28 | 8:33 | 8:41 9:03 9:18 9:42 9:45 | 9:56
Pyeongtaek
d 8:17 | 8:14 | 8:24 | 8:29 | 8:34 | 8:42 9:04 9:18 9:42 9:45 | 9:57
a 8:33 | 8:30 | 8:40 | 8:45 | 850 | 8:58 9:20 9:33 9:57 10:00 | 10:10
Cheonan
d 8:34 | 8:31 8:46 8:59 9:37 9:34 9:58 10:01 | 10:11
a 8:52 | 8:49 9:04 9:17 9:55 9:48 10:12 10:15 | 10:34
Jochiwon
d 8:53 | 8:50 9:05 9:18 9:56 9:49 10:13 10:18 | 10:35
) a 9:19 | 9:16 9:31 9:44 10:22 10:21 10:37 10:40 | 11:01
Daejoen
d 9:18 9:46 10:23 10:39 10:44
a 9:32 10:01 10:39 10:52 10:56
Iwon
d 9:32 10:02 10:40 10:53 10:56
a 11:03 11:31 12:00 12:03 12:21
Dongdaegu
d 11:05 12:03
Busan a 12:27 13:16
delay time +3 +6 +8

a: Arrival, d: Departure, K: KTX, S: Saemaul, M: Mugungwha
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Table 4. Comparative experimental conflict: numbers of stations and trains.

Computing time
No. No. No. Av travel time
of stations of trains of conflicts Network generation time Optimi.zation running (% increase)
(sec) time (sec)

3 4.24 2.48 1.010

10 5 433 2.62 1.011

5 5.35 2.64 1.007

20 10 5.50 2.80 1.015

10 12 5.44 2.82 1.066
5 7.78 3.40 1.022

25 15 7.04 3.00 1.054

18 7.04 3.07 1.062

3 13.59 3.18 1.013

10 6 13.55 3.21 1.017

5 19.57 3.63 1.023

20 10 31.31 3.73 1.038

20 14 19.78 4.10 1.074
5 27.43 4.18 1.008

25 15 27.49 4.40 1.014

17 27.52 4.46 1.026

3 22.31 3.44 1.012

10 6 22.07 3.44 1.025

5 56.74 6.47 1.066

20 10 73.32 6.47 1.043

30 15 46.71 6.61 1.046
5 72.03 6.31 1.007

30 15 71.88 6.49 1.072

20 72.07 6.60 1.075

3 36.35 3.69 1.016

10 6 36.49 3.72 1.011

5 82.07 6.67 1.022

20 10 65.13 6.55 1.043

0 15 67.07 6.69 1.151
5 131.96 9.66 1.042

30 15 131.99 9.72 1.097

20 136.09 10.61 1.116
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Cheongnyangni Jeongdongjin

Table 5. Train O/D types and the Youngju station schedule.

el non | Ve
13 Jeongdongjin — Bujeon 17:01 — 17: 02
4 Jeongdongjin — Gimcheon 17:25-17 26
22 Cheongnyangni — Youngju 17:54 — 18 : 01
29 Andong — Cheongnyangni 17: 58 = 17: 59

. Bujeon
Gimcheon

Fig. 8. Train network with the Youngju station at the center.
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Table 6. Conflict resolution schedule for the 4th train. Table 7. Conflict resolution schedule for the 22nd train.
. Original Revised Delay Original Revised Delay
Stat a/d i
ation name schedule schedule time Station Name vd schedule schedule time
Jeongdongjin d 14:05 14:08 +3 Cheognyangni d 15:10 15:10
a 14:34 14:37
Donghae a 15:47 15:47
d 14:35 14:39 +1 Yongmun
) TRE 517 d 15:48 15:49
Dogye i i
& d 15:14 15:20 +2 a 15:58 15:58
Yangdong
a 16:46 16:52 d 15:59 16:01
Chunyang
d 16:47 16:54 +1 . a 17:54 17:54
a 17:25 17:32 Youngju
Youngju d 18:01 18:04 +3
d 17:26 17:33
Gimeheon a 19:34 19:41 Andong a 18:26 18:29
Total delay minutes +7 Total delay minutes +3
a: Arrival, d: Departure a: Arrival, d: Departure
Table 8. Conflict resolution schedule for the 23rd train. Table 9. Conflict resolution schedule for the 30th train.
. Original Revised Delay Original Revised Dela
Stat a/d : g Y
atiof fiame schedule schedule time Station name a/d schedule schedule time
Cheognyangni d 17:07 17:07 -
Youngju d 18:30 18:30
Sukbul a 19:52 19:52
ukbu
d 19:53 19:55 +2 , a 20:07 20:07
Wonju
. a 22:08 22:10 d 20:08 20:10 +2
Youngju
d 22:09 22:11 -
Cheognyangni a 21:11 21:13
Andong a 22:39 22:41
Total delay minutes ) Total delay minutes +2
a: Arrival, d: Departure a: Arrival, d: Departure
54 &
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