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Abstract

The purpose of this research is to optimize the line planning of the intercity passenger railway. In this study,
the line planning problem has been formulated into a mixed integer programming by minimizing both user costs
(passenger’s total travel time) and operator costs (operation, maintenance and vehicle costs) with multiple train
types. As a solution algorithm, the branch-and-bound method is used to solve this problem. The change of travel
demand, train speed and the number of schedules have been tested through sensitivity analysis. The optimal
stop-schedules and frequency as well as system split with respect to each train type have been found in the case
study of Kyoung-bu railway line in Korea. The model and results of this research are useful to make a decision
for railway operation strategy, to analyze the efficiency of new railway systems and to evaluate the social costs of

users and operators.
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Table 1. Literature review and contribution of this study

Line Planning Optimization Model for Intercity Railway

Authors Year Objective function Decision variable Proble*m Train Solution methods
type class
Bussieck et al. | 1996 Number of direct rides Freq. MIP Multi Branch and Bound
. Freq., INLP, . i
Claessens et al.| 1998 Operating costs Route choice ILP Multi Branch and Bound
- n - -
Chang et al. | 2000 Operating cos.ts Halting loss Freq., MOLP | Single Fuzzy mather'natlcal
time Stop-schedule programming
i +
Kim et al. | 2002 | Operating costs+User costs Freq. MINLP | Multi Heuristic
Oprational revenue
Goossens et al. | 2004 Operating costs Frea., . MIP Single Branch and Cut
Route choice
n -
Park et al. 2005 User costs +Oprational Frea., MIP Single Branch and Bound
revenue Stop—schedule
Schabel et al. | 2005 User costs(including transfer Freq..Route choice| INLP Single LP-relaxation, Cutting
cost) plane
Goossens et al. | 2006 Operating costs Freq. P Single | Self-developed program
Borndérfer et al.| 2007 | Operating costs+User costs Frea., . Linear Single LP—relaxatlon:
Route choice Problem Column-generation
Park et al. 2009 | Operating costs+User costs Freq. P Single Heuristic
This study Operating costs+User costs Freq. MIP Multi Branch and Bound

Stop-schedule

note*: MIP: Mixed Interger Problem, INLP: Integer Non-Linear Problem, ILP: Integer Linear Problem,
MOLP: Multi-Objective Linear Problem, MINLP: Mixed Integer Non-Linear Problem, IP: Integer Problem
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Table 2. Travel time and demand for example
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Figure 1. Example network

©

Table 3. Parameters for example

Train type B
23,000won/unit-km

Train type A
oA 44,000won/unit-km

Section

~.13,000,000won/unit-day|2,000,000won/unit-day

900persons/unit 1100persons/unit

Travel time of train type A(min.) Travel time of train type B(min.) Travel demand(trip/day)
D D D
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
- 45 90 130 1 - 90 190 300 1 - 10,000| 9,000 {11,000
2 - - 45 85 - - 100 210 2 - - 4,000 | 5,000
- - - 40 - - - 110 3 - - - 3,000

1) CPLEX MIP solver, ver.12, IBM ILOGiit
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Table 4. Results of example

Article

Case @ Case @
Section Type A Type B Type A Type B
stop-schedule | Freq. | stop-schedule | Freq. | stop-schedule | Freq. stop-schedule | Freq.

schedule 1 1-4 12 1-2 5 1-3 9 1-2 5
schedule 2 2-4 5 1-3 7 1-4 12 1-3-4 1
schedule 3 1-3-4 1 3-4 1 2-4 5
schedule 4 1-2-3-4 2 1-2-3 3 1-2-3 2
schedule 5 - - - - 1-2-3-4 3
num.of train 6 6 9 2
persons-km 7,425,000 4,275,000 10,395,000 1,305,000

trips 21,200trips/day 20,800trips/day 34,600trips/day 7,400trips/day

Obj. Func. Value 88,595,000(won) 88,730,000(won)
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—B—ratio of total passenger
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Figure 2. Operating index according to demand variation
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Figure 4. Number of calculated schedule according to
maximum number of schedule
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Figure 5. Total cost according to maximum number of

o LS omjEit} EE, o]
HES A g4 (network topology)llTt
W Fo, B, BE gy 5
HAId] BHE Ao g R oA
Azol] 571 2 € L=
AP axAEse] W A
AR AET, 983 BA fﬂ EHET‘E igure
4-59} 2t}

3. Al BN

2 47 ngel 94 4848 dokry] 9is) AA) A
dlo] Agelsirt. Al B feldelel AR A
g o dn AFE KIX, AP, ¥28% )
AES tgoR sl B3E A3t o7, KIX
o A% m A2E o) g3 PAsAZe] EA
%, £ 50 9 GAE 9T 2 ), e Ehe
Aol AR AT AL FLD Ao el
4 saadr.

ODARE FRAEFAIA AT 20104 A5

thetwSets x| M31H M2, 20134 42

Article

Table 5. Model parameters for case study

Section Unit kry | Saemaul | Mugung-
-ho hwa-ho
unit opera- | - won/ 87 | 515 | 313
ting cost person-km
cr persons 935 1,120 720
/unit
~, won/km-unit | 48,556 26,044 22,345
tram. unit 100mil. 330 956 102.4
price won/25yrs
oA won/unit-day | 4,198,685 | 3,257,161 | 1,302,865
o wor/ 6.206
hourperson
wr min. 5
D" min. 50
H min./day 1200
num. of stop ~
schedule 10

Data: Oh, D. K.(2012), pp.86-87
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Table 6. Current operation and optimization result

Line Planning Optimization Model for Intercity Railway

Current operation

Optimization result

Section KTX Saemaul-ho | Mugunghwa-ho KTX Saemaul-ho | Mugunghwa-ho
num of veh. (units) 19 6 19 13 8 7
passengers(persons) 14,600,820 993,752 4,191,280 13,385,930 5,049,097 1,349,174
average travel 50,201 6.699 41,908 45,645 37,820 15,335
length(km/person)
transport record 291 148 100 293 134 88
(passengers-km)

total user cost %912,320,000

878,110,000

total operating cost w1,578,760,000

¥1,027,910,000

total cost ¥2,491,080,000 w1,906,020,000
<5 FEdA o] I8l e ol &E> A aga, S F8 R F2 28EE A
Aasigledl, ol KTXe A (o8& ditol o] e, HA GAAE F sE AT F U B
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&2 Ao F e oA v onE SN ¢ Q) 7ol thet 24 & TFe 24o] 7hesit. it
AL, w9 FHDANA TIEe R e e & ofUet AAl Eap £ GAlA 19 FY=AE Al
A5 Aot fels € 5 v 23] 288 4 9l ODE AR 99= 723 451
d Ha FYPIFE NEBe HA LP2AES AT
V. 28 ¥ 507 S lrh(dl, 2/12K9] ODE FEsle] B 245
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