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1. Introduction 

While the social benefits of increased demand for rail services are undeniable, demand increases 

pose several challenges to rail traffic operations. Such challenges arise because more trains are 

required to run in order to absorb the rising demand, leading to bottlenecks in the railway 

infrastructure. This can lead to negative effects for the reliability and stability of the system. Such 

instability is also intensified by high occupancy rates of trains and crowded stations, which can 

lead to increased delays in the dwelling times with spill-over effects to the entire network. In 

Switzerland, which has one of the most intensively used railway networks in the world, the interplay 

of demand and railway traffic management are therefore of central importance. Historically though, 

the fields of railway traffic management, emerging from the field of operations research and the 

field of demand management, emerging from an economic perspective have mostly remained 

separated. 

The current project aims to bridge this gap by establishing a common ground where data, input 

and output of transport models and detailed railway simulators can be interconnected, and further 

improved by including optimization approaches managing the railway traffic.  

Rail traffic management research has been experiencing large attention in the last years, due the 

potential of highly automated approaches to control network traffic (Autonomous Train Operations; 

Traffic Management Systems TMS, such as Rail Control System ï RCS at Swiss Federal 

Railways). This research focuses on producing optimization strategies which minimize overall train 

delay; with few exceptions, these usually do not consider the demand on trains, that is, the number 

of passengers on trains and how they are experiencing delays. Those approaches seek the 

optimal control solution by pure traffic control measures, e.g., changing departure and arrival times 

(re-timing), changing train orders, changing global routes (re-routing), changing local routes (e.g. 

a different platform at a station), adaptation of stop pattern and partial/complete cancellation in 

case of the largest delays. Most of these approaches only focus on minimizing the deviation from 

the planned schedules (i.e., delays), with microscopic infrastructure details.  

Only very few approaches calculate and minimize passenger delays. This is often simply done by 

considering the number of passengers on board fixed or allowing ideal passenger rerouting based 

on the shortest (generalized) travel time (e.g., Sels et al., 2016). Schöbel (2007) starts a stream 

of studies on delay management, which consists of deciding if connecting trains should wait in a 

station for the passengers of a delayed feeder trains or if they should depart on time. Cadarso et 

al. (2015) consider passenger flows as dynamic, also including the relevant case of passengers 

updating their route in a railway network in reaction to a disruption. Corman et al. (2017) introduce 

an iterative model composed of train scheduling and passenger routing problems and apply one 

heuristic solution approach to generate the disposition timetable in which train retiming, reordering, 

rerouting and train connections are considered.  

For passengers on trains, the minimization of delay minutes and or effective travel time is the most 

noticeable effect of the rail traffic management and has impacts on their mode and route choice 

decisions. A more comprehensive view on passenger reactions to delays and network bottlenecks, 

considering impact of control decisions and information about schedule changes is rarely utilized 

for planning or offline capacity analyses (neglecting delays; and neglecting control actions), and 

to date has been only exceptionally used in the traffic control process. 

Combining simulator and optimization approaches for pure railway traffic management has been 

tackled for instance in the recent ONTIME project (Quaglietta et al, 2016) and allows detailed 
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analysis of many operational details (see Corman et al, 2017). Combining simulators of both 

railway operations and demand is also in the initial stage of research. For instance, Franke et al. 

(2018) combine the tools Ontime and Visum, which are well-established and used by several 

railways, to evaluate operational quality and service quality. Through a combination of microscopic 

rail simulations (e.g. Medeossi, et al., 2011) and agent-based modelling, a joint detailed simulation 

of both railway operations and demand is possible nowadays though. Through this combination, 

it is possible to develop demand-oriented rail traffic management strategies, within existing tools, 

which have showed already value in research as well as in practice. Borndörfer, et al. (2014) 

propose a micro-macro aggregation-disaggregation approach for timetable optimization of a very 

dense railway corridor, with detailed microscopic representation in railway simulation and a less 

detailed macroscopic representation in optimization methods. Högdahl, et al. (2019) propose an 

approach combining microscopic simulation and macroscopic timetable optimization to minimize 

the weighted sum of scheduled travel time and expected delay. At the same time, it is also possible 

to include demand information to simulate delays arising from larger demand in intensively used 

sections of the network (e.g. Leng et al., 2020). Conversely, the effects of demand management 

strategies on railway traffic can also be studied. The long term value of such an interconnected 

framework includes a better description of reliability of operations in transport models; and actions 

reactively performed when delays occur. This enables detailed modelling of synchronization of 

complex transport chains, evaluating actual reliability, reactive operations of public transport 

systems, evaluating of interrelation between demand and supply in case of non-performance.  

One major limitation of those approaches is the generic usability, i.e. availability of data in suitable 

format and of software tools; interconnectivity between different programs; extendibility of the tools 

with regards to specific aspects; and finally, their complex interaction when put in control loops 

with optimizers. 

2. Goals & approach  

In order to examine innovative measures to improve the use of rail infrastructure considering 

passenger flows (demand, passenger assignment), it is first necessary to develop tools that can 

link demand and railway operations. We define the requirements for a suitable tool to achieve this 

goal, as follows:  

(1) Simulate real-world railway operations including microscopic constraints from the 

infrastructure (geometry, layout, signalling, speeds), rolling-stock and operational rules 

(dispatching rules and traffic management).  

(2) Include disaggregate demand information, that is, time-dependent passenger numbers and 

flows on trains and stations, computed by means of an assignment procedure.  

(3) Being able to influence suitable control variables to steer the system to a desired better 

level of service. 

Item (1) is a typical microscopic modelling of railway operations, compatible with blocking time 

theory and practical rules of the signalling and safety system, which allow for safe and realistic 

movements of trains in their kinematic aspect (speed, distance) as well as usage of infrastructure 

(block occupation and release). 

With the information from (2), it is possible to estimate how many passengers are boarding each 

train at each station and therefore estimate how many passengers are on a particular train and 

where these passengers are heading to. This estimate can be made dynamically dependent on 
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delays or schedule changes. This passenger flow information per vehicle can then be used to 

develop and test traffic management strategies to find a solution, which minimize passenger delay 

instead of train delays. This allows using railway resources (vehicles, but also infrastructure) in the 

most effective way. The ultimate goal is to increase passenger satisfaction and minimize 

operational costs. 

Finally, simulation is only a first step to be able to prescriptively change operation to reach a 

maximum transport performance. When passengers plan a journey, their perception of quantifiable 

attributes (e.g., traveling time, waiting time, and transfers), non-quantifiable attributes (e.g., 

comfort, seat availability, and aversion towards being delayed), and whether they are frequent or 

occasional travellers have a significant impact on their behaviour. In the presence of disruptions, 

passengers receive operation information about expected delays and might reconsider their 

choices. Moreover, they could experience different delays than actually communicated ones, and 

in a longer term reconsider their habitual choices. The chances to implicitly include such 

complexity in pure optimization models is very small, therefore much of past research investigated 

simulation-optimization techniques to include the most relevant interactions of the passenger flow 

and train operations (for instance, dwell time extensions at platform; passenger delay; transfers 

and route choice). In the specific case, we want to have a simulator for both railway operations 

and passenger dynamics; coupled by an overarching optimization framework (3) into a generic 

framework or toolkit. 

 

Figure 1 Framework and use case 

The method we propose is to combine rail simulation, large-scale passenger simulation, and traffic 

management strategies, see the framework illustrated in Figure 1. The three aspects correspond 

to OpenTrack, MATSim, and an optimizer respectively. We present our framework in three parts: 

(1) The description of the development of a comprehensive framework interconnecting the 

various simulators and the optimization, namely, combining the simulation of railway 

operations (i.e., OpenTrack) and disaggregated demand (i.e., MATSim), here reported in 

Section 3.  

(2) The discussion of strategies for the explicitly integration of optimization, and possible 

evaluation of different strategies for passenger-oriented rail traffic and demand 

management, reported here in Section 4.  

(3) The testing of the developed strategies on a representative section of a realistic network 

to evaluate the benefits of the whole sets of method, reported here in Section 5. The use 

case of the proposed framework is highlighted by the red dashed lines in Figure 1 and 

detailed in Figure 3. The other possibilities are discussed in Section 6, for the future studies.  
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3. Integrated framework of Opentrack-MATSim-Optimizer  

The toolkit which we develop is based on an integration of two existing transport simulation tools, 

already available and used in academic and industrial settings, such as OpenTrack for railway 

operations and MATSim for transport demand / passenger assignment. 

MATSim is an open source, activity-based, multi-agent simulator of travel demand implemented 

in Java, co-developed at ETH Zürich and TU-Berlin (Horni et al., 2016). It is modular and designed 

to handle large-scale scenarios. In MATSim, each agent has a daily activity chain (a plan). In an 

iterative process, based on a co-evolutionary algorithm, each agent tries to maximize its daily 

planôs score by changing routes, modes, end times, and locations of leisure and shopping activities 

(e.g. Rieser, et al., 2018).  

OpenTrack is a microscopic rail simulation software and a benchmark for the simulation of railway 

operations (Nash and Huerlimann, 2004). In a simulation, predefined trains run according to a 

timetable on a railway network. During the simulation, OpenTrack calculates train movements 

under the constraints of the infrastructure, signalling system and timetable. OpenTrack can be 

extended by other tools and toolkits, see e.g. Stephan, (2008). The tool also allows for the 

simulation of randomly seeded delays and dispatching strategies to solve conflicts, therefore 

incorporating the dynamics and stochastics of rail operations. 

The combination of both models into a toolkit will thus allow to: 

Å Add information on demand levels for trains and stations and use this information to 

simulate delays and therefore system instability issues related to high demand as well as 

to use demand information to test and evaluate demand-oriented dispatching strategies. 

Å Use delay information representing real-world dispatching rules from OpenTrack which 

affect the mode choice for rail to simulate the adaptive behaviour of agents in MATSim to 

such strategies into equilibrium or non-equilibrium solution.  

From the point in which this tool is working, time-dependent and course specific train dispatching 

and passenger demand management strategies can be simulated, and their outcomes evaluated.  

The architecture of the toolkit is schematically described in the Figure 2. Grey boxes are general 

inputs, green boxes are processed inputs, orange boxes are produced outputs from the simulation, 

yellow diamonds define the boundary of the TMS (traffic management system) and finally. The 

blue diamonds are the newly developed processing algorithms for combining each part, which are 

described more in detail, individually, in the remainder of this Section. 

The general inputs (grey boxes) mainly consist of two parts: 

(1) ñStatic OT Simulation Inputsò are the standard OpenTrack files for the network section on 

which the developed algorithms will be tested on. It consists of network infrastructure, train 

courses including their itineraries as well as the rolling stock for each course.  

(2) ñMATSim Inputò are standard MATSim files about passenger demand. It consists of 

passengersô daily plans, passengersô attributes, physical network, facilities about 

passengersô activities, transit schedules about train timetable, as well as transit vehicles 

about detailed features of train types. After the MATSim runs till equilibrium, Events file 

from a simulation can show passenger demand. This also determined a pre-processed 
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input file, ñMATSim Realized demandò. The ñtimetableò is a further possible input, as it can 

be included into a MATSim input file and thus influence all the downstream calculations.  

For outputs of this architecture, there is a list of deliverables, including: 

Å A matching table of OpenTrack and MATSim (green box named ñCorrespondence tableò): 

with matched train IDs and station IDs. 

Å Evaluating aggregated passenger numbers on trains, stations, or route sections (green 

box named ñDemand datasetò): boarding per train or per station, alighting per train or per 

station, the load of each train at each route section, cross-sectional load on trains, and so 

on. 

Å Evaluating train delays in railway network (orange box named ñTrain delaysò): delay of 

each train, system-level train delays, etc. 

Å Evaluating passengersô delays due to corresponding train delays (orange box named 

ñPassenger weighted delaysò): cross-sectional delays, arrival passenger delays, etc.  

Å Evaluating optimized passengersô delays (orange box named ñExpected optimized 

weighted delaysò): the decreased passengersô delays thanks to the optimized dispatching 

strategies. 

The present report considers a specific use case to examine the value of the developed 

framework. Besides the above, the toolkit has great potential; the possibilities that could be done 

with the toolkit in the future studies are discussed in Section 6.  
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Figure 2 Toolkit scheme 
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In a nutshell, Figure 3 shows a toolchain connecting various models, which are already functional 

for different test cases. This feasible loop is capable to link passenger demand simulation and 

railway operation simulation together by a so-called OT-MATSim Matcher. This matcher translates 

the updates of railway timetable from OpenTrack to MATSim, including time or route changes. 

With an updated timetable, MATSim simulates the passenger behaviors in a multi-modal network 

(a more realistic multimodal transport network instead of a pure railway network) to understand 

the demand in real world. Combining both the demand from MATSim and timetable (incl. 

Infrastructure) from OpenTrack, the optimizer optimizes the total passenger delay (or train delay). 

Furthermore, the optimized timetable is capable to re-write back to OpenTrack to check the 

operating feasibility in an ultra-microscopic level of railway infrastructure. Theoretically, this 

toolchain can be used for multiple iterations to improve the solutions in a given train delay test 

case, taking advantages from all the three main models. 

 

Figure 3 A toolchain to connect various models 

Next, we will introduce more details about processing algorithms (blue and yellow diamonds in 

Figure 2). Sections 0-3.4 correspond to the 4 blue/yellow diamonds with the name same to the 

section title. Sections 3.5-3.6 present the ñData Aggregationò, namely the processing of the 

OpenTrack data and the MATSim data respectively. In Section 3.7, we describe how to apply the 

optimized timetable in OpenTrack, i.e., the yellow diamond of ñUpdate schedulesò. 

3.1. MATSim-OpenTrack timetable matcher 

This algorithm has two goals:  

(1) Produce a correspondence table matching each train vehicleID in MATSim to each 

OpenTrack train course ID as well as a correspondence table matching the station IDôs 

from MATSim, which are included in the events file with the OpenTrack stations.  

(2) Update the MATSim timetable based on the optimized TMS-timetable.  

Goal (1) is in essence a translator between the infrastructure and services in MATSim and 

OpenTrack. Based on this translation, the ñPassenger delay calculatorò is able to match the train 

delay to MATSim demand, within the level of precision and time resolution allowed by the various 

platforms. 
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Technically, the current timetables used in MATSim and OpenTrack show inconsistencies 

although covering the same time period. Both are created by different sources and there is no 

assurance of coherence between both. Specifically, the timetable in MATSim is converted from 

PTV Visum (a commercial software for transport planning) while that in OpenTrack is from HAFAS 

(a software for the timetable information of the company HaCon, Hannover Consulting). In other 

terms, there is no one direct attribute or key (e.g. trainID or other) to match easily the timetables 

in MATSim and OpenTrack.  

To solve this issue of data inconsistency, we match the trains in MATSim and OpenTrack to be 

performed in two steps. The first step is to match courses at a train line level, matching courses 

with the same stop sequences. The second step is to match at course level, finding a unique 

course in both MATSim and OpenTrack with the same departure time. The great majority of 

courses could be found in this way. Some unique courses might not always be found depending 

on various reasons. Extra-courses included in the OpenTrack timetable for testing capacity levels 

will not be included in MATSim. 

Goal (2) is needed to ensure consistency between the matched timetables and the optimized 

timetable from the TMS. The resulting TMS-timetable is a product of different traffic management 

strategies, such as retiming, reordering, rerouting, newly added or deleted trains. To enable the 

use of the MATSim-OpenTrack timetable matcher, we standardize the TMS-timetable to the same 

xml-File format used for OpenTrack timetables. The MATSim timetable (called transitSchedule in 

MATSim) is updated with the new departure times at each station. Rerouted trains are 

implemented by deleting the corresponding course in MATSim and implementing a new one with 

updated stops. 

3.1.1. Discussion about data consistency 

In this subsection, we discuss about data consistency of two simulation tools (MATSim and 

OpenTrack). 

From a network level, Figure 4 shows the data scope collected from SBB. The data includes 487 

stations (195 with stops) and 528 courses in total. The train schedule mainly covers the time range 

from 5:00 to 18:00, plus few midnight train from 23:00 to 2:00.  
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Figure 4 Data scope about OpenTrack 

A comparable MATSim data collected from SBB covers either a ñsmall areaò, which is more 

centralized around Winterthur (see yellow colour in Figure 5), or a ñfull areaò from Winterthur region 

to east border of Switzerland (see orange colour in Figure 6). Each of the case has either a 10% 

(one agent presents 10 passengers in reality) or 100% (one agent presents one passenger in 

reality) in the given simulation.  

 

Figure 5 ñSmall areaò data about MATSim 
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Figure 6 ñFull areaò data about OpenTrack 

We compare the details of MATSim data of these 4 cases in Table 1, checking the differences 

about the number of agents, facilities, nodes, links, stops, transit lines and transit vehicles. 

Considering the running time of MATSim, the matches with OpenTrack in a small area that 

Optimizer capable to solve, we focus on  

Table 1 Data scope about MATSim 

 area pct Number 

of agents 

Number 

of 

facilities 

network transitSchedule transitvehicles 

1 small 10% 17,378 28,978 Node:  

745,881 

Link: 

1,600,611 

 

Stops: 25,873 

transitLine: 

2,011 

 

191,893 

 2 small 100% 173,784 127,184 

3 full 10% 40,883 64,235 

4 full 100% 408,834 235, 950 

The data consistency of the two simulation tools is compared spatially and temporally.  

Spatially, OpenTrack presents an ultra-microscopic network of railway infrastructure, which 

includes much more details about railway system than a macroscopic representation in MATSim. 

However, MATSIM is spatially larger than OpenTrack in the aspects that MATSim includes other 

transport modes, e.g. bus/ tram/ bike/ walk.  

Temporally, MATSim runs a transitSchedule for 32 hours of one iteration, which is due to its own 

features to allow all the agents return home at the end of day. In contrast, OpenTrack mainly 

includes the schedules during the daytime (from the data we collected). Moreover, a typical 

optimizer is capable to run around 2 hours of train schedules based on literature review. 



13 

 

To solve this data inconsistency between MATSim and OpenTrack, we proposed the following five 

different approach:   

1) Cut: MATSim works only for the time horizon of OpenTrack. Instance files; and especially 

day-to-day re-planning need to be heavily adjusted. 

2) Ignore: MATSim works for the entire 32 hours period, but the 3 hours of OpenTrack are 

what we use in our analysis. What happens outside is only useful for the generation of 

agents.  

3) Expand: OpenTrack instances are delivered , which cover the entire 32 hours (or 24 hours) 

period 

4) Extend: the OpenTrack instances currently available are artificially extended to cover the 

remaining hours, by assuming services keep running at the same frequency and times 

5) Merge/replace: MATSim looks at 32 hours; OpenTrack focuses on a subset of 3-8 hours 

of those. The data from OpenTrack overwrites what MATSim originally thought. At the end 

of the OpenTrack focus, there might be some discrepancy 

We apply the fifth approach ñMerge/replaceò in this present project. The benefits of this approach 

is to keep MATSim running as its designed structure without extra troubles, as well as the two 

simulations could match for the targeted train schedules in a defined test case.   

Checking closer to the detailed data of the two simulation tools, we surprisingly discover that the 

differences of the two coding systems are significant. More specifically, the trainIDs are coded in 

different ways, for instance, ñ061_007031ò in MATSim is the same train as ñ11526ò in OpenTrack. 

In addition, the periodic train schedules are grouped in MATSim transitScheudle file, while 

OpenTrack represents each train in a separated way.  

3.1.2. Design of OT-MATSim matcher 

Here we use two examples to show the timetable data structure of the two simulation tools. 

 

Data 1 Example of OpenTrack timetable file 
































































