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Abstract

The train platforming problem consists in the allocation of passenger trains to platforms in a railway station.
One of the important problems a dispatcher has to solve, especially in a large railway station, is to decide, at
which platform track an approaching train should arrive. There is a tool helping him in his job called the track
occupancy plan. The plan specifies for each arriving or departing train the platform track along with the time
slot during which the track will be occupied by the train. This paper deals with a method for computer-aided
design of the track occupancy plan. The problem is formulated as a bi-criterion mixed integer programming
problem. The first objective is to minimise the deviations of the arrival and departure times proposed by the
model from the times specified by the timetable. The second criterion maximises the desirability of the
platform tracks to be assigned to the trains. The model is solved using a lexicographic approach and the
local branching algorithm. The model was verified by using the real data of Prague main station. Results of
the experiments are included.

Keywords: train platforming, scheduling, mixed integer mathematical programming; multiple-
objective programming

1. INTRODUCTION

The train platforming problem is a subproblem of the generation of a timetable for a railway company. The
generation of a timetable is a hierarchical process. At the first stage, a preliminary timetable for the whole
network is proposed. In this phase, a macroscopic viewpoint at the railway network is applied. Stations are
considered as black boxes. Capacity limits of particular stations and the movement of trains inside the
stations are not taken into account. Then, at the second stage, a microscopic viewpoint related to stations is
applied. At every station, the network timetable is checked whether it is feasible with respect to capacity,
safety and train operators’ preferences. This process results in a track occupancy plan which specifies for
each arriving or departing train the platform track along with the time slot during which the track will be
occupied by the train. Cargo trains do not affect the plan since they travel mostly in night, when there are
fewer passenger trains, they use different tracks in the station, and in case of conflicting movements they can
wait at the entry signal.

In the Czech and Slovak Republic, planning train movements through the station is done by hand, using
planner’s experience and a set of rules determined by a railway company. The main goal of this research is
to design a more sophisticated approach which would serve as a planner’s decision supporting tool and
result in a better track occupancy plan. Improvement in the plan quality results in:

1. better management of train operation in the station, namely:
a) shorter times of routes occupation by arriving and departing trains,

b) uniform workload of the infrastructure elements, such as tracks, switches, and platforms, which leads
to a more robust plan resistant to random disturbances;

2. higher service quality perceived by passengers, namely:

a) shorter distances needed for changing trains,
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b) more appropriate platforms (platforms near to ticket sales points and to the station entrance,
platforms equipped by station shops or catering etc.),

c) less probability of changing the planned platform when the train delays.
3. meeting train operators’ requirements on arrival and departure times and platforms assigned to trains.

Routing and scheduling trains at a station has been studied by researchers in countries, where large, busy
stations with capacity constraints can be found. Billionet (2003) addresses only the routing problem. The
problem is modelled using a graph theory and the integer programming formulation of the resulting graph
colouring problem is solved. However, the k colouring problem is not indeed an optimisation problem, it
means any feasible solution is acceptable and the problem formulation does not reflect the solution quality,
such as route lengths or platform preferences for individual trains. Zwaneveld (1997) and Zwaneveld, Kroon,
and van Hoesel (2001) formulate the problem of train routing as a weighted node packing problem, using
bivalent programming, while the solution algorithm applies the branch-and-cut method. A disadvantage of the
above presented models is that the calculations connected with them are computationally too complex and
time consuming. Another, practically oriented approach has given up on applying the integer programming
methods, and replaced them by the heuristics, solving the scheduling and routing problems at a time (Carey
and Carville, 2003). The algorithm incorporates, or considers, the operational rules, costs, preferences and
trade-offs, which are applied by experts creating plans manually. The shortcoming of this approach is
obvious: since it is a heuristics, the optimality of the resulting plan is not guaranteed.

Other way of research, e.g. (Bazant and Kavicka, 2009, Chakroborty and Vikram, 2008), has been directed
at operational train management. In real time it is necessary to reflect the requirements of the operation
burdened with irregularities, i.e. to re-schedule the arrivals and departures times, and/or re-route trains.

In this paper we propose a mixed integer programming (MIP), bi-criteria model of the train platforming
problem. The problem can be solved by a lexicographic approach, where particular criteria are ranked
according to their importance.

2. PROBLEM FORMULATION
The train platforming problem consists of the following partial issues. For each train,

e a platform track must be specified at which the train should arrive; the platform track assignment deter-
mines the route, on which the train approaches,

e arrival time at the platform and departure time from the platform need to be determined.

The solution should minimise deviations from the planned arrival and departure times and maximise the total
preferences for platforms and routes.

The inputs to the mathematical programming model are as follow:

1. track layout of the station, which is necessary for determining feasible platform tracks for a train and con-
flicting routes,

2. list of trains, where the data required for each train include:
a) planned time of its arrival at the platform,
b) planned time of its departure from the platform,
¢) line on which the train arrives (in-line) and departs (out-line),
d) list of feasible platform tracks with their desirability for the train,
e) category of the train.

All time data are given in minutes.

Further on we present the formulation of the MIP model. First we need to explain the symbols used:
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Subscripts which in the mathematical model represent objects
i, i5 ] train
k, k" platform track

Input parameters (constants)

tiPa planned arrival time of train i at the platform

tipd planned departure time of train i

£ standard amount of time passengers take to change trains (depends on particular railway station)

l; arrival line track (in-line) for train i

O departure line track (out-line) for train i

Ci category of train i; ¢c; = 1 for regional stopping trains and increases with the speed and distance trav-
elled by the train. We have to divide train into categories, because international fast express trains
have obviously higher importance than the regional ones. Delays of international trains can commit
more traffic problems and extra costs than delays of regional trains.

¢ minimum dwell time of a train at the platform

" maximum time interval, in which two train movements are tested for a conflict

Pi preference coefficient; it reflects the desirability of the assignment of platform track k to train i

Sik number of switches on the route of train i from the arrival line track to platform track k and from plat-
form track k to the departure line track

simi" number of switches on the shortest train route in the station

s™  number of switches on the longest train route in the station

a(l,k,l',k" coefficient, which has value true, if the route connecting line | to platform track k conflicts with

the route connecting line I' to platform track k’; if there exists any route connecting line | to track k and any
route connecting line I’ to track k' such that these two routes do not conflict, then a(l,k,I',k’) = false. If both
trains use the same station or line tracks (i.e. k = k' or | = I), then a(l,k,I',k") = true. The existence of route
conflicts can be identified in advance from a detailed map of the track layout.

We adopted the concept of conflicting routes and conflict solving from Carey and Carville (2003). If two trains
are on conflicting routes we must ensure that there is at least a required minimum headway (time interval)
between them, for safety and signalling reasons. For example, let h(i,k,i",k")** be the minimum headway re-
quired between train i departing from track k and the next train i’ arriving at track k’. The superscripts d and a
denote departure and arrival, and the order of the superscripts indicates the order of the trains, i.e., train i is
followed by i'. Similarly we have h(i,k,i’,k")*, h(i,k,i’,k’)ad and h(i,k,i’,k’)dd for combinations arrival — arrival,
arrival — departure, departure — departure. We need not introduce subscripts to denote the in-lines or out-
lines used by trains since for an arriving train i the in-line is already specified by I;, and for a departing train i
the out-line is specified by O..

The preference coefficient py may reflect:
e operator’s preferences of platforms,
e the distance of the track k to the connecting trains,

e the length of the route used by train i arriving to or departing from platform track k. The smoother and
shorter the route is, the less the possibility of a conflict with other trains is, hence the probability of delay
propagation decreases.
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In our model, coefficient p; is set according to the following formula:
1 iftrack kistheplanne@r desired)}rack fortraini

Py =409 if track k islocatedat the sameplatformas theplannedtrack

08(‘9’_‘?”‘} otherwise
min

Sets of objects

K set of all platform tracks

K(i) set of feasible platform tracks for train i

] set of all arriving, departing, and transit trains

W() set of all connecting trains, which has to wait for train j

\VAsE= {(i, Dii,jeU,i< j,‘tiF>a —tjF>a <t™ } set of ordered pairs of those trains that may arrive concurrently

vad = {(i, j):i,jeUji< j,‘tf’a —tjPd ‘ < tmax} set of ordered pairs of those trains that arriving train i and depart-

ing train j may travel concurrently

(VAL {(i, i, jeU,i< j,"[iPd —t}? stmax} set of ordered pairs of those trains that departing train i and arriv-

ing train j may travel concurrently

vad = {(i, i jeU,i< j,‘tiPd —tfe ‘ < t”ﬂx} set of ordered pairs of those trains that may depart concurrently

Decision and auxiliary variables of the model

1 iftrack kisassignedto train:

forieU,k e K(i): xy :{0 otherwise

Ui difference between the planned and real arrival time of train i at a platform, i € U
Vi difference between the planned and real departure time of train i from a platform, i e U

The following auxiliary variables y are introduced for the couple of those trains i and j that may travel concur-
rently. They enable to express safety headways between conflicting trains.

1 iftraini arrivesbeforetrainj arrives

forhjethi<J: y;” B {0 otherwise

if traini arrivesbeforetrain j departs
otherwise
if traini departsbeforetrain j arrives

1
for(i,j) e yad :y;d = {0
1
0 otherwise
1
0

for(i,j) e yda . yga

if traini departsbeforetrain j departs

for(i,j eydd. pdd _
(0.7) i otherwise

After these preliminaries, the mathematical model can be written as follows:
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minimise ciZ:(ui +V;) (1)
ieU
maximise Z Z Pi Xi 2)
ieU keK(i)
subject to
v+t U 4t ™ vieU A3)
Vi 170 zup R+t VjeU;ieW(j) (4)

Up 82 >+t 0G0,k i k)™ = M- 3 ) M(L- x5 — M= Xige)

v(i,i") eV k e K(i) k' e K(i"):a(l;,k, 1;,k') (5)
U+t > up +t72 (KK = My 22 =M (1- Xy )~ M (1= X))

v(i,i")eVa® k e K(i)k e K(i"):a(l;,k, 1;,k') (6)

Constraints (7) — (12) are specified for the other combinations of arrival — departure and have similar mean-
ing as (6).

U+t > vy + 5 +h(i’ ki, k)™ = My22 —M (1 - %, )— ML= Xy,
Vi, jeU,i< jkeK(i)nK(i’) (13)

U +t72 2 v + 17 h(L kI K™ - M- Y3 ) - M- x5 )~ M(L— X))

Vi, jeU,i<jkeK(i)nK(’) (14)
yit=1 Vi, jeU,i=jI; =1t <t® (15)
D Xy =1 VieU (16)
keK (i)
u, vi=0 VieU a7
X, €01} VieU vk eK(i) (18)
yi ol Vi, jeU,i<j (19)
yid e {01} (i, j)ev (20)
yit e {01 v(i, j)ev® (21)
yi¢ e {01} v(i, j)ev (22)

Model description

Objective function (1) minimises the weighted deviations of the arrival and departure times proposed by the
model from the times specified by the timetable. The weights cause that long-distance/high- speed trains will
respect planned times and regional trains will be postponed if necessary. The second criterion maximises the
desirability of the platform tracks to be assigned to the trains.

Constraint (3) ensures that a minimum dwell time needed for boarding and alighting must be kept.
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Constraint (4) states that connecting train i with real departure v;, +tiPd has to wait in station to time at
least u; thf’a +t°".

Constraints (5) — (12) ensure that a minimum headway will be kept between conflicting trains. More precisely,
constraint (5) states that if trains i and i’ have planned arrival times within t™* and train i arrives at platform
track k before train i’ arrives at track k', i.e.

Xik =L Xpne =1 yi" =1, (23)

and trains are on conflicting routes (i.e. a(l,k,li,k’) is true), then train i’ is allowed to arrive at least h(i,k,i’, k")*

minutes later than train i. If at least one of the conditions (23) is not met (e.g. train i is not assigned to track
k), then constraint (5) becomes irrelevant as the right-hand side is negative (M is a suitably picked high posi-
tive number). If train i" is followed by train i (y3? =0), then i is allowed to arrive at least h(i’,k’,i,k)** minutes

later than i', which is ensured by constraint (6). Constraints (7) — (12) have a similar meaning for the other
combinations of arrival — departure.

Constraints (13) — (14) ensure that a train will not be dispatched to an occupied track. If train i’ is followed by

train i (y5;?=0) and both trains arrive at the same track k, then i is allowed to arrive at least h(i’,k,i,k)“Ia

minutes after train i’ leaves track k, which is expressed by constraint (13). Constraint (14) holds for the re-
verse order of trains i, i'.

Constraint (15) states that y;’]—‘a is 1 if train i is followed by train j at the arrival and both trains travel on the

same in-line.
Constraint (16) ensures that each train is always dispatched to exactly one platform track.
The remaining obligatory constraints (17) — (22) specify the definition domains of the variables.

This multiple-criteria optimisation problem was solved using the lexicographic approach, where the objective
functions are ranked according to their importance. In the problem at hand, the first objective function (i.e. to
meet the timetable) is more important that the second one (i.e. to respect track preferences). This ordering
reflects how decisions are currently made in practice. The solution technique consists of two steps. In the

first step the problem (1), (3) — (22) is solved giving the best value of the weighted sum of deviations flbe“.

Then the constraint

CiZ(ui V)< B (24)

ieU
is added and the model (2) — (22), (24) is solved. Because both MIP problems are hard and the optimal
solutions cannot be found within a reasonable time limit, we decided to implement the local branching
heuristic (Fischetti, Lodi, and Salvagnin, 2009) using the general optimisation software Xpress.

3. CASE STUDY

The model was verified by using the real data of Prague main station and the timetable valid for the years
2004/2005. Prague main station is a large station that at the given time had 7 platforms, 17 platform tracks
and 8 arrival or departure line tracks. According to the timetable 2004/2005, the station dealt with 288 regular
passenger trains per a weekday. We could use any timetable for validation, however we used the timetable
valid for 2004/2005 because we knew that it was done with some mistakes. We wanted to demonstrate that
our model is valid, can detect every possible conflict in the timetable and suggest its solution.

Since the model with 288 trains contains 41279 variables and 595323 constraints, it is not possible to solve it
to optimality in a reasonable time. That is why the decomposition of the problem must be done. The planning
period (a day) was divided into shorter time periods. They were chosen in such a way so that the morning
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and evening peak hours were taken as a whole and the rest of the day was divided into shorter periods with
approximately the same number of trains. The resulting time intervals can be seen in Table 1.

For every time interval, the mathematical programming model was solved using the lexicographic approach
described in the previous section. In case that the exact algorithm (branch and bound method) did not finish
in a predetermined computational time (30 minutes) then the local branching heuristic was applied.

The computational experiments were performed for a shorten change train time which is 4 minutes in Prague
main stations, as well as for the normal change time (8 minutes). The results for the shortened time are

reported in Table 1 and for the normal change time in Table 2.

Table 1. Results of experiments for the decomposed planning period and shortened change time

No. of Value of |Value of No. of trains
Time No. of |No. of ) 1st 2nd Delay on |Delay on |allocated to
. ; . cons- L C ; .
interval trains |variables . objective |objective |arrival depart. different
traints . !
function [function platform
[-] [] [-] [] [-] [-] [min] [min] []
0:00 - 5:00 20 393 6 960 0 20.0 0 0 0
5:00 - 8:00 56 2280 41 965 12 54.6 2 2 5
8:00-10:00 | 45 1576 32870 13 41.8 0 5 8
10:00 - 12:00| 37 1091 21692 6 35.2 0 2 5
12:00 - 15:00| 52 1943 35 804 11 47.9 1 2 9
15:00 - 18:00| 54 1993 35028 6 54.0 0 2 0
18:00 - 24:00| 77 3682 57 842 14 75.7 2 4 4

Table 2. Results of experiments for the decomposed planning period and normal change time

No. of Value of |Value of No. of trains
Time No. of |No. of : 1st 2nd Delay on |Delay on |allocated to
. ; : cons- L o ; .
interval trains |variables . objective |objective |arrival depart. different
traints . :
function [function platform
[-] [] [-] [-] [-] [] [min] [min] [-]
0:00 - 5:00 20 393 6 960 10 20.0 0 8 0
5:00 - 8:00 56 2280 41 965 12 54.6 2 2 5
8:00 - 10:00 | 45 1576 32870 13 41.8 0 5 8
10:00 - 12:00| 37 1091 21692 12 35.2 0 4 5
12:00 - 15:00| 52 1943 35 804 11 47.9 1 2 10
15:00 - 18:00| 54 1993 35028 6 54.0 0 2
18:00 - 24:00| 77 3682 57 842 14 75.7 2 4 4

The results of computational experiments show that the timetable was not correct with regard to safety
requirements. There were some trains travelling on conflicting routes concurrently. That is why their desired
arriving or departing times could not be kept. Moreover, in some cases the original timetable did not respect
desired time passengers need to change trains. However the model respects such connections. The best
solution proposed by the model with the shortened change time delays 3 trains at arrival by 5 minutes and
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12 trains at departure by 17 minutes in total, and dispatches 31 (11 %) trains to platform tracks different from
the planned ones. Departures of 7 trains are postponed by 1 minute and 5 trains by 2 minutes. For the
normal change time, 3 trains are delayed at arrival by 5 minutes and 16 trains are delayed at departure by 27
minutes in total (8 trains by 1 minute, 6 trains by 2 minutes, 1 train by 3 minutes and 1 train by 4 minutes). 32
trains are dispatched to platform tracks different from the planned ones.

Other experiments were performed to investigate:

e how decomposition of planning period influence the computational time and the quality of obtained
solution within 30 minutes limit for computing,

e how train delays influence the track occupancy plan,

o efficiency of the branch and bound and local branching methods.

4. CONCLUSIONS

In the paper, a mixed integer programming model for the train platforming problem at a passenger railway
station is described. The model proposes a track occupancy plan that respects safety constraints for train
movements and relations between connecting trains, minimises deviations of the arrival and departure times
from the timetable and maximises the desirability of the platform tracks to be assigned to the trains. The
model could serve as a planner’s decision supporting tool.
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