Line planning in Potsdam

Ralf Borndorfer and Marika Karbstein

A reorganization of the line plan in Potsdam be-
came necessary when the public transport com-
pany of Potsdam, ViP Verkehrsbetriebe Potsdam
GmbH, took over six additional bus lines that
were formerly operated by Havelbus Verkehrsge-
sellschaft mbH. The new line plan should minimize
the travel time at a same cost level, and ViP em-
phasized the importance of a minimal number of
transfers.

Line planning can be interpreted as a mathe-
matical optimization problem by considering the
public transport network as a graph and all possi-
ble lines as paths in this graph. The task is then
to find a subset of lines with frequencies of op-
eration such that a given travel demand can be
routed. There are usually a set of practical re-
quirements that has to be considered as well, e. g.,
a minimum cycle time for certain transportation
modes or a minimum frequency requirements for
each station. The main objectives are the mini-
mization of operating costs and the minimization
of travel and transfer times. Both aims are usu-
ally in conflict with each other which can be han-
dled by a weighing parameter. Great challenges in
line optimization are the integration of line plan-
ning and passenger routing and the treatment of
transfers. Existing models in the literature that in-

tegrate a passenger routing in line planning either
treat transfers in a rudimentary way and, hence,
neglect an important aspect for the choice of the
passenger routes, or they treat transfers in a too
comprehensive way and cannot be solved for large
scale real world problems. We developed a novel
direct connection approach that allows an inte-
grated optimization of line planning and passen-
ger routing including accurate estimates of the
number of direct travelers. The attractiveness of
transfer free connections is increased by introduc-
ing a transfer penalty for each non-direct connec-
tion. In this way, a passenger routing is computed
that favors direct connections. Further details can
be found in [2].

Our mathematically optimized solution for the
Potsdam line plan 2010 minimizes the total num-
ber of transfers by around 5% in comparison to
a “hand made” plan on the basis of experience,
compare with Table 1, see also [1]. It further re-
duces the cost by around 4 % and the perceived
travel time by around 6 %. The bottom of Figure 1
shows that the optimized solution yields more dis-
tricts with a higher number of direct travelers than
the “hand made” plan. ViP finally established a
slightly modified version of our optimized solution,
see top of Figure 1.

Table 1. Statistics (generated with Visum) for the optimized line plan and the “hand-made” plan

Optimized solution ViP-solution
average total travel time 36min 3s 36min 39s
average time in vehicle 13min 8s 14min 36s
average transfer waiting time 1min 30s 1min 29s
average start waiting time 13min 23s 12min 32s
average walking time 1min 38s 1min 37s
average perceived travel time 26min 27min 37s
total number of transfers 10595 11141
passengers with 0 transfer 37338 36851
passengers with 1 transfer 10088 10503
passengers with 2 transfers 243 306
passengers with more than 2 transfers 7 9
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Further reading

[1] R. Borndorfer, I. Friedow, and M. Karbstein. Op-
timierung des Linienplans 2010 in Potsdam. Der
Nahverkehr, 30(4):34-39, 2012.

[2] R. Borndérfer and M. Karbstein. A direct con-
nection approach to integrated line planning and
passenger routing. In D. Delling and L. Liberti, ed-
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Figure 1. Top: Line plan of the inner city of Potsdam. Bottom: Potsdam and its districts. A green (red) district
symbolizes more direct travelers in the optimized line plan (*hand made” plan).
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