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Abstract Additional train scheduling is often required to increase the capacity of transporting passengers or freight. In
most previous studies on scheduling additional trains, operation time of the added train is designated first; and then the train
operation feasibility is examined. However, it is often difficult to apply this approach to domestic trains because the density
of the railroad network in Korea is high and various types of trains are in use. Moreover, for freight trains, it is even more
challenging because the delay is accumulated due to lower priority whenever a freight train and a passenger train contend
for a common segment of rail. In this paper, we address the additional train scheduling problem which entails finding a fea-
sible schedule for an additional train having a fixed departure time or departure time windows. The problem is modeled as
a mixed integer programming and a column generation technique is used to solve it.

Keywords : Additional train scheduling, Mixed interger programming, Column generation
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Table 1 Previous research related to train timetable problem

Classification Author Main content(solution method)
Szpigel Determining of overtaking and crossing station on a single line(MIP, B&B)
Jovanovic & Harker | The decision-support model for the tactical scheduling of freight rail traffic(MIP, B&B)
Higgins et al. They proposed mathematical programming model of trains conflict-detection(MIP, B&B)
They proposed a set packing integer programming formulation approach for timetable problem of
NTTP Brénnlund e al. Y prop packing wmfeger prog e " PP ! P

railway company(MIP, Lagrangian relaxation)

Non-cyclic train
( . Y 1, Caprara et al.
timetabling

They proposed train scheduling model using a graph theoretic formulation (IIP, Lagrangian relaxation)

problem) Cacchiani et al.

Extra freight train scheduling using time-space network(MIP, Lagrangian relaxation)

Butdett et al.

Train additional scheduling problem using time window at station(Simulated annealing)

They suggested an optimization model for railway slot allocation mechanism reflecting the opera-

Park et al.
aketa tional policies(MIP, Column generation)
Kim & Rim Extra freight train scheduling using time-space network(MIP, Column generation)
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Table 2 Information of existing timetable

Tran
No. OD types # Stations ey Schedules
types
S 4
1 Uiwang-Choenan 6
M 13
2 Uiwang-Hoedeok 11 M 1
3 Uiwang-Daejeon 12 M 1
4 Ui Dongd 25 5 2
iwang-Dongdaegu
g gdacg M 1
. S 3
5 Uiwang-Busan 35
M 10
6 | Dongdaegu-Miryang 6 M 3
7 Gimchoen-Busan 16 M 2
S : Saemaul, M : Mugungwha
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Table 3 Experimental results of additional train scheduling method by designated schedule

Instance Train type # Trains Ideal profit Real profit # At:;il:ted Ac(lsre: ﬁttr?; i:;ii;ﬂe

1 Saemaul 5 17,500 13,998 4 1(3500), 2(3500), 4(3500), 5(3498)
1(3500), 2(3500), 4(3500), 5(3498

2 Saemaul 10 35,000 31,498 9 ( ) (6~10)(35(00), ) 3( )

3 Mugungwha 5 14,000 8,393 3 1(2800), 2(2793), 4(2800)

4 Mugungwha 10 28,000 11,187 4 1(2800), 2(2793), 4(2800), 7(2797)

5 Freight train 5 8,750 3,488 2 3(1744), 4(1744)

6 Freight train 10 17,500 3,488 2 3(1744), 5(1747)
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Fig. 4 Experimental results of train conflict and resolution
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Table 4 Experimental results of additional scheduling method
by time boundary

Train Possible | Accepted < loAt:Cvil;ttljgut A(:l:ztp;ted

type slots slots(%) delay with delay
Saemaul 154 126(82%) 117 9
Mugungwha 154 62(40%) 42 20
Freight train 138 11(8%) 5 6
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