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Urban Rail Scheduling to Minimize Traveler's Waiting Time with
Lagrangian Relaxation Algorithm

ABSTRACT

Urban Railways is a safe and trustworthy rail transport system in urban areas, which optimizes the
operation of train movements. It plays an essential role in reducing passenger costs. Increasing
passenger waiting time reduces the level of service and thus reduces the utility of the use of the rail
transport system. In this research, the scheduling problem of urban rail trains in double-track routes is
addressed. The research objective is to minimize total waiting time of passengers at stations in
conditions of demand dynamicity under capacity constraints. To this end, a new mixed-integer linear
programming model based on the space-time network is presented. The present research contributes
by proposing an innovative heuristic method based on Lagrangian relaxation algorithm, taking into
account the time-dependent passenger arrival times and under the capacity constraints, fleet size, and
rail infrastructure. Validation of the model was carried out using numerical tests based on operational
data from underground Tehran city railways. The advantages of the proposed approach are discussed
through the establishment of computational experiments on real data provided by the rail company
compared to the existing solutions. Experimental results show that even in large-scale instances, the
solution approach has a satisfactory quality and computational time, which indicates its effectiveness
in the planning of urban railway trains. The computational results show that by maintaining the total
number of services constant, and only by changing the train headways, a timetable can produce a
better match with the travel demand pattern, thus reducing the waiting time for travelers.
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Rail transport, passenger waiting time, underground railway, train capacity, Lagrangian relaxation



