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SUMMARY 
The European Commission funded ON-TIME project which ran from 2011 to 2014 focussed on researching and 
developing methods for the improvement of railway customer satisfaction through the realisation of increased 
capacity and decreased delays for passenger and freight trains.  The project developed novel methods and 
processes to help maximise the available capacity on the European railway network and to help ensure that the 
European railway system can continue to provide a dependable, resilient and green alternative to other modes of 
transport.  

The project placed specific emphasis on researching and developing approaches for alleviating congestion at 
bottlenecks, reducing delays and improving traffic fluidity. 

1 INTRODUCTION 

ON-TIME, a EU funded project led by Network Rail developed new methods and processes to increase customer 
satisfaction by increasing the available capacity on the European railway network and decreasing overall delays.  
In the project, case studies were considered that included passenger and freight services along European 
corridors and on long distance main-line networks and urban commuter railways. 

A key emphasis throughout the project was that the innovations developed should be implementable to solve 
real-life problems.  This paper presents the innovations of the project, which were developed and demonstrated 
by a multi-disciplinary team of 19 partners consisting of railway Infrastructure Managers (IMs), industry and 
supply chain companies, SMEs and academia working together for three years. 

2 BACKGROUND 

2.1 Objectives, Innovations and Case Studies 

The key outputs of the project are six innovations in the area of railway planning and operations management.  
These are: 

 Innovation 1: The development of standardised definitions and methods. 

 Innovation 2: The development of improved methods for timetable construction.  

 Innovation 3: The development of algorithms to either automatically provide control or provide decision 
support to controllers. 

 Innovation 4: The development of methods, processes and algorithms that provide decision support 
when events occur that require changes to the disposition of assets and resources, potentially across 
multiple networks, undertakings, operators and/or countries. 

 Innovation 5: The development of standardised, interoperable approaches for the communication and 
presentation of information to drivers and controllers.   

 Innovation 6: The development of an information architecture to support the communication of 
standardised and contextualised train control data. 

It is anticipated that the take up of the ON-TIME innovations would result in a step-change in railway capacity by 
reducing delays and improving traffic fluidity. These improvements will be delivered through innovations in 
principles, processes and tools in the following areas: 
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 Integrated Traffic Management, Optimised Timetables with Decision Support Tools and Automation: 
The ON-TIME project has developed improved methods of timetable construction that can be used for 
long term planning, for real time operating, and for replanning during disruptions (Innovations 2, 3 &4). 
This is done using the same processes and algorithms but applying different constraints (e.g. cost 
functions, operational constraints). 

  Centrally Guided Train Operation (CGTO), Advanced DAS: CGTO uses closed-loop control to 
communicate control centre decisions, which consider the operational situation, to the train and is the 
next step in driver advisory systems. 

  Extended RailML standards, CAD based signalling plans electronically imported into railway operations 
simulator and Open source data architecture: The extended RailML standards developed by the ON-
TIME project have been proposed to the UIC. The event-based architecture has been designed with 
open interfaces for use with the HERMES railway operations simulator and the traffic control systems 
from Ansaldo STS. 

The ON-TIME innovations have been evaluated and demonstrated using a variety of complex problems present 
across the European rail network: 

 Sweden: Iron Ore Line 

 United Kingdom: East Coast Main Line 

  The Netherlands: corridors through s’Hertogenbosch 

  Italy: Bologna Node 

3 INNOVATIONS 

3.1 Innovation 1: Standardised definitions and methods to create interoperable processes 

Before the start of the ON-TIME project, there was a lack of knowledge and documentation about underlying 
railway operations management processes for strategic planning, tactical planning, operational traffic control and 
train driving.  There was also a lack of methods to connect the timetable planning and operational traffic control 
processes.  The main objective of Innovation 1 was to provide a framework for timetable planning and operations 
that allowed the demonstration of how innovations could be implemented and integrated in practice and how the 
benefits of the individual innovations, and their integration, could be quantified. 

The key outputs of Innovation 1 have been: 

1. A review of the state of the art and present technology readiness level (TRL) for traffic planning and 
timetabling, traffic control under minor perturbations, operational management in the event of large 
disruptions, and driving advisor systems; 

2. Functional process descriptions for timetable planning in the United Kingdom, Sweden, Germany, Italy, 
Netherlands and France; 

3. Capability requirements for innovations in the areas of: (i) Standardised definitions and methods to 
create interoperable processes; (ii) Improved methods for timetable construction; (iii) Decision support 
for traffic controllers to handle minor perturbations; (iv) Development of methods and algorithms to 
handle major perturbations; (v) Standardised communication between traffic controllers and train 
drivers; and (vi) IT architecture and standards for train control data; 

4. High level functional architectures for ON-TIME innovation integration and interaction, for example the 
automation of traffic control subsystems to manage minor perturbations, as shown in Figure 1; 

5. Specification of locations and scenarios for ON-TIME simulator system and demonstrator system, which 
were agreed to be: 

a. Sweden – Norway, Iron Ore Line Kiruna – Narvik, single track line and border crossing; 
b. United Kingdom, East Coast Main Line, do uble and multiple track line; 
c. Italy, Bologna station, node with many merging lines; 
d. Netherlands, Corridors through s’ Hertengenboersch, network, complex node. 
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6. The Graffica simulator, HERMES was used to develop simulation.  Models were either constructed in 
RailML or imported using existing file formats, e.g. the Swedish Iron ore line from an existing RailSys 
model; 

7. Simulations have been performed, and the developed systems for solving perturbations and disruptions 
in the different scenarios have been evaluated.  Using the demonstrator system, the different scenarios 
have been further studied and the results visualized using graphical interfaces. 

The ON-TIME project has shown how timetable planning and decision support for the operational process can be 
integrated. 

 

Figure 1 - High level functional architecture for automatic management of minor perturbations 

3.2 Innovation 2: Improved methods for timetable construction 

The key objectives of the ON-TIME project in the area of improved methods for timetable construction were to 
develop methods to reduce overall delays through the use of improved planning techniques.  The research has 
specifically focused on the development of robust and resilient timetables, i.e. timetables that are able to cope 
with variations that occur every day and are designed to be easily recoverable in the event of incidents or 
disturbances. 

The research literature on railway timetabling mainly considers macroscopic optimisation models without concern 
for how to get accurate input parameters to set up the macroscopic model.  On the other hand, the railway 
operations literature considers microscopic methods for calculating running times and blocking times given any 
infrastructure and signalling configuration, as well as microscopic methods for conflict detection and computing 
capacity consumption using timetable compression.  The timetabling practice shows a similar separation, with 
either macroscopic models to compute network timetables using normative input, or microscopic blocking-time 
based tools for detailed planning on corridors and at stations, but without support for network optimisation.  
Timetable evaluation on feasibility, stability or robustness is typically applied – if at all – after the timetable 
construction using simulation tools with unclear procedures as to how the results are used to improve the 
timetable design. 

The key outputs relating to Innovation 2 have been: 

1. The development of common railway timetabling and capacity estimation methods appropriate for use 
by all EU member states that reflect customer satisfaction and enable interoperability, more efficient use 
of capacity, higher punctuality and less energy consumption; 

2. The development of methods for robust cross-border timetables and integration of timetables between 
different regional and national networks improving interoperability and efficient corridor management 
including standardised approaches for exchanging timetable information between stakeholders; 
improved timetable quality, stability, robustness, reliability and effectiveness; validated development 
methods, through benchmarking, using a number of standard and real-world case studies; 
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3. The development of a classification of Timetabling Design Levels depending on the explicit 
incorporation of performance measures in the timetable design process with increasing performance 
with respect to dealing with delays and disturbances.  The Timetabling Design Levels (TDL) are defined 
as follows: 

o TDL 0 (Low quality) - No conflict detection nor stability analysis is incorporated in the design 
process leading to poor performing timetables unless traffic is very light; 

o TDL 1 (Stable) - Stability analysis is an integrated part in the timetabling process so that the 
time allowances are proven to have good delay absorption behaviour for minor perturbations; 

o TDL 2 (Feasible) - Both conflict detection and stability analysis are incorporated in the design 
process resulting in proven conflict free and stable timetables so that trains will run undisturbed 
in normal traffic; 

o TDL 3 (Robust) - Robustness analysis is incorporated in the design process on top of conflict 
detection and stability analysis, resulting in proved robust timetables that can cope with normal 
statistical variations in operations; 

o TDL 4 (Resilient) - Rescheduling measures are taken into account in the timetabling design 
process resulting in flexible timetables that enable efficient rescheduling in a late (ad-hoc) 
stage of the timetabling process or in real-time traffic management to deal with larger 
perturbations. 

4. An innovative three-level timetabling design approach has been developed as a prototype path to the 
highest Timetabling Design Levels 3 or 4, as shown in Figure 2.  This performance-based timetabling 
process approach takes timetabling KPIs explicitly into account, including feasibility, infrastructure 
occupation, stability, robustness, resilience, travel times and energy efficiency. The approach contains 
three levels: 

o Microscopic for highly detailed local computations; 
o  Macroscopic for aggregated network optimisation; 
o  Fine-tuning for corridors. 

 

Figure 2: Three-level approach to timetable design 

In order to achieve improve timetables, feasibility and stability are assessed using microscopic blocking time 
models, which feed a macroscopic model that optimises the timetable at the network level incorporating a Monte 
Carlo stochastic simulation model for robustness evaluation. These two levels iteratively compute a robust 
conflict-free and stable timetable. The fine tuning level computes energy-efficient speed profiles and optimises 
the timetable of the local trains on the corridors between main stations using stochastic optimisation with respect 
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to dwell time distributions and energy consumption.  This provides a sustainability dimension on top of the 
performance with respect to delays and disruptions. 

This timetabling framework can be used to find optimal cyclic and non-cyclic timetables. Resilience is taken into 
account with respect to scheduling ad-hoc freight paths.  The timetabling algorithms allow the insertion of 
additional (freight) train paths whilst sufficient residual capacity must be reserved to guarantee that a stable 
conflict-free timetable can be found.  The freight paths are specified in a multilayer freight path catalogue with 
various maximum speed paths (e.g. 80/100/120 km/h) on specified corridors. Depending on the maximum speed 
of a requested freight path, the passenger timetable might have to be adjusted slightly to maintain a conflict-free 
timetable. This procedure allows a multilayer timetable with a basic passenger timetable and additional freight 
paths of different speeds to be selected from a catalogue on a first-come-first served basis. 

The key academic work that has been undertaken is: 

 Development of micro-macro network transformations; 

 Microscopic conflict detection and capacity consumption; 

 Macroscopic network timetable optimization including stochastic robustness evaluation; 

 Computation of energy-efficient speed profiles; 

 Stochastic optimization of optimal energy-efficient timetables on corridors between main nodes. 

Moreover, the various timetabling processes have been implemented and integrated into an overall architecture, 
including microscopic running time calculations and conflict detection, macroscopic timetable optimisation, 
energy-efficient speed profile computations and timetable performance evaluation. The algorithms work with 
standard RailML input and deliver a RailML timetable at microscopic level, including energy-efficient speed 
profiles. 

The methods have been applied to a high-capacity mixed-traffic network around the railway node at 
Hertogenbosch in the Netherlands, including the synchronized corridors Utrecht – Eindhoven and Tilburg – 
Nijmegen (Figure 3). 

 

Figure 3: Rail corridors through s’ Hertogenbosch 
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The network includes intercity and local trains (Sprinters) and freight trains.  The high infrastructure occupation 
on the Utrecht – Eindhoven corridor is particularly challenging for designing conflict-free and robust timetables.  
Moreover, the frequencies will be increased even more in the ‘Programme High-Frequency Rail’.  It will be a 
challenge to maintain stability at these high frequencies for mixed-traffic (requiring good timetables and real-time 
traffic management) and deal with large disturbances.  This network has been used in order to demonstrate the 
ability of innovative timetabling processes to construct conflict-free robust and energy efficient timetables.  The 
Dutch demonstration also integrates real-time traffic management systems to deal with delays and operations 
management of big disruptions, integrating rescheduling of train paths, rolling stock and crews. The ON-TIME 
timetabling approach was applied to the Dutch case study and the resulting timetable was tested and evaluated 
using the HERMES simulation tool, showing improvements on all performance indicators. 

3.3 Innovation 3: Real-time traffic control algorithms 

For many years, algorithms for real-time conflict detection and resolution have been described in the scientific 
literature.  Only recently have these algorithms been able to solve problems of practical relevance in real-time; 
they are, however, still not applied in daily operation in large railway networks for two main reasons: 

1. The benefit of the algorithms is difficult to predict; 
2. Operational traffic control systems (TCSs) currently in operation by nationally-acting railway 

infrastructure managers are not easy to extend. 

In order to change this, the project defined and tested a flexible system design for railway traffic management 
based on extensible interfaces.  This will lead to a situation where hardware equipment installed on the track-side 
remains usable for long periods of time, but software optimisation components and hardware used for non-
safety-critical calculations, such as traffic management, can easily be exchanged and extended depending on 
the current and future state of the art. 

The objective of this part of the project was therefore to develop a framework for a modular traffic management 
system (Perturbation Management Module), where independent modules are able to collaborate.  To achieve 
this objective methods and tools for real-time traffic state monitoring and prediction, conflict detection and conflict 
resolution, including train speed optimisation, had to be developed or expanded to fulfil the requirements of this 
modular architecture, as shown in Figure 4. 

The Perturbation Management Module (PMM) is divided in four main sub-modules that allow traffic to be 
effectively managed in real-time when perturbations are observed in the network (Figure 5): 

1. The first sub-module is the so-called Traffic State Monitoring (TSM) module, which is responsible for 
monitoring current traffic conditions by collecting, via track-side and train-side sensors, all the 
information relating to both the traffic and the infrastructure; 

 

Figure 4: Interaction of real-time perturbation management with surrounding modules 
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Figure 5: Interaction of PMM with HMI and DAS (Centrally Guided Train Operations CGTO) 

 
2. The second sub-module is called the Conflict Detection and Resolution (CDR) module and represents 

the most important part of the PMM.  It is triggered cyclically in normal operating conditions and firstly 
involves a call to the Traffic State Prediction function, which forecasts the state evolution of traffic 
(positions, speeds of trains) within a certain time period ahead called the “prediction horizon”.  If 
conflicts exist, the Track Conflict Resolution function is executed, which computes a new Real-Time 
Traffic Plan (RTTP).  This RTTP is used to derive route setting commands (Automatic Execution of the 
Real-Time Traffic Plan); 

3. The third sub-module is the Train Path Envelope Computation (TPEC) that aims to identify the time 
allowances available in real operation that can be exploited by a train to adopt an energy-saving driving 
strategy without running late with respect to the timetable; 

4. The fourth sub-module is the Human-Machine Interface (HMI), which is focused on giving real-time 
information to the operators (dispatchers, traffic controllers) by a screen visualisation of the current 
traffic state, e.g. through a schematic infrastructure view, as well as the predicted traffic state from the 
RTTP, e.g. through the so-called train graph (time-distance diagram). 

The separation of tasks into different modules has proven to be feasible.  The obtained solution has been 
designed to work on general cases, however it turned out during experiments that the update processes, in 
particular of the real-time traffic plan as a core object of real-time traffic management, need to be defined more 
specifically in order to become more robust.  To allow better predictions of traffic and more information about 
train behaviour, interlocking and ATP rules need to be available; this would require further extensions in the data 
modelling.  For continuing development, simulation engines need to be developed with an open architecture 
similar to the one proposed in the project, in order to enable testing of smaller modules. The most critical success 
factor of the algorithms is the accurate and timely supply of static and dynamic data. 

For a real-world implementation, comprehensive processes for data management first need to be established by 
the railway infrastructure managers (e.g. concerning data changes, construction work, timetable changes).  
These update processes must then be considered for real-time traffic management. 

The East Coast Main Line (ECML) in the UK is a complex and busy corridor linking London with the North East . 
There is mixed traffic, consisting of commuter routes, two long distance intercity routes and key freight paths. 
The ECML has been the test location for GB Rail investigations into the application of Traffic Management (TM) 
and ERTMS. This route has been used as one of four test cases for the management of small perturbations. 
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One algorithm applied for real time traffic management on the ECML is the Differential Evolution Junction 
Rescheduling Model (DEJRM) developed by The University of Birmingham.  It optimally reschedules train timings 
at junctions in the event of minor perturbations.  The capability of the DEJRM is demonstrated by its application 
to a ECML delay scenario, described below. 

Time period: From 7am to 10am on a weekday 

Description: Signal SIG2764 fails at 7:16:00 until 7:23:00, causing a passenger train (light blue in Figure 
6) to be delayed, which results in a conflict with a freight train (yellow in Figure 6) at approximately 
7:25:00am at the junction to the ECML. A number of trains are also affected at Finsbury Park station. 

 

Figure 6: In minor perturbations, real-time rescheduling can prevent delays from building up over time 

 

3.4 Innovation 4: Improved decision support – Handling major perturbations 

Recovering from a disrupted situation to a feasible state in the network requires railway operators to perform 
changes in the timetable such as cancelling, rerouting or re-timing trains, changing the order of departure at 
stations, maintaining or dropping connections between trains, and also to perform reallocation of rolling stock and 
changes in crew schedules, as show in Figure 7. 

 

Figure 7: Workflow of the recovery process specified by SysML activity diagrams 

Various forms of objective functions are considered, which focus mainly on minimizing customer dissatisfaction 
by minimizing deviations from the intended timetable or minimizing expected delays. 
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Further objectives include minimising deviations from the original rolling stock allocation plan, as well as costs 
related to the rescheduling and cancellation of crew tasks.  This recovery problem is very complex and needs to 
be solved in real-time; it is therefore often heuristically solved manually by the railway operators or by using fast 
combinatorial optimization algorithms.  Furthermore, the problem is usually split up into three main phases that 
may be defined as timetable rescheduling, rolling stock rescheduling and crew rescheduling. 

The timetable rescheduling problem is solved with a list of emergency scenarios.  However, there is no 
emergency scenario available when several disruptions occur at the same time. A combination of contingency 
plans has to be used in such cases.  This is often done in a non-automatic way, by using the experience of the 
practitioners, especially when large disruptions occur, such as the unpredictable unavailability of some tracks or 
train failure or line fault leading to a complete closure of the line. 

Most current solutions deal with a single rescheduling phase.  There are just a few approaches that integrate two 
phases, namely either timetable and rolling stock rescheduling, or timetable and crew rescheduling.  One 
research goal of ON-TIME was to work on further integration of the three main rescheduling phases (timetable, 
rolling stock and crew rescheduling). 

The main objective of Innovation 4 was to focus on traffic changes and resource management strategies to deal 
with large scale disruptions (see Figure 8). These objectives were:  

1. To design and validate effective intelligent decision support strategies and tools for the optimal human 
supervisory control of the recovery processes in case of a large disruption; 

2. To evaluate the state-of-the-art in optimisation algorithms strategies and stakeholder processes and 
information flow for managing large scale disruptions; 

3. To specify the integration of the real-time traffic and asset management procedures, optimisation 
models and tools; 

4. To develop algorithms for resource management in the case of a large disruption; 
5. To design and validate effective intelligent decision support strategies and tools for the optimal human 

supervisory control of the recovery processes in case of a large disruption. 

The key outputs related to Innovation 4 have been: 

1. State-of-the-art of recovery algorithms for real-time railway optimisation; 
2. Questionnaire on best practices for modes of human-automation co-operation and monitoring state of 

resources put in use in case of railway disruptions, from the point of view of the infrastructure managers 
involved in ON-TIME; 

 

Figure 8: Traffic changes and resource management strategies to deal with large scale disruptions 

3. A human factors study with structured interview method to determine a set of representative incidents 
and to analyze the processes associated with the incidents, and the decisions and strategies required to 
mitigate their impact. 

4. Elicitation of a generic workflow of the recovery process with SysML activity diagrams (Figure 7). 
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5. Design of a tool with a framework that consists of a closed loop in which each rescheduling phase (i.e. 
timetable, rolling stock and crew rescheduling) is solved by an efficient algorithm to find a good feasible 
solution and gets feedback from the other phases in order to obtain a good feasible solution for the 
whole system (Figure 9). 

6. Benchmarking of the tool developed within a distributed architecture in the case of a disruption scenario 
in the Dutch network. 

 

Figure 9: Framework of closed loop for integration of the rescheduling phases 

 

The case study area is an important part of the Dutch railway network, as shown in Figure 3.  The network is 
bounded by Utrecht Centraal in the northwest, Tilburg in the southwest, Eindhoven in the southeast and Arnhem 
in the east. On this network, about 90% of the trains are domestic passenger trains operated by Nederlandse 
Spoorwegen (NS). The case study only considered the timetable, rolling stock and crew schedule of these trains. 

Disruption scenarios considered were: 

1. An accident with a person near Rosmalen in the morning peak.  As a consequence no train traffic is 
possible for 3 hours between Den Bosch and Oss. Passengers from s’Hertogenbosch to Nijmegen can 
use the bus or travel via Utrecht and Arnhem. 

2. Signalling problems near Culemborg. As a consequence no train traffic is possible for 2 hours between 
Utrecht and Geldermalsen. Passengers and/or trains moving from north to south (Utrecht–
s'Hertogenbosch–Eindhoven) can travel through Arnhem. 

Since these disruptions have an impact on the whole Dutch railway network, the algorithms for timetabling (at a 
macro level), rolling stock and crew rescheduling also need data for the rest of the schedule of domestic trains. 
The main assumption is that in the remainder of the country, all trains run on time.  The experimental results 
show that the disruption management module computes feasible resource schedules in a couple of minutes. 
Such solution times are acceptable in practice. This shows that the iterative algorithm can be applied in a 
practical setting for the disruption management process. 

3.5 Innovation 5: Centrally Guided Train Operation (CGTO) 

Prior to the start of the ON-TIME project some Infrastructure Managers and Train Operators had already 
performed significant research activities and tests on communication of control centre decisions to train drivers. 
However, only one control-centre-connected system in an operationally specific area had been applied to real 
operations. 

The high interest of Infrastructure Managers, Train Operators and the Railway Industry in developing driving 
advisory systems with control centre connection went together with the need to agree on common standards of 
communication to ensure interoperability and prevent different developments leading to a wide range of 
incompatible systems within the European railway network. 
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The main objective is to prove the concept of communicating driving advice in a DAS based on control centre 
decisions, leading to smoother traffic flow in order to:  

 decrease track occupancy in bottlenecks;  

 increase energy efficiency. 

To allow the interoperable use of DAS throughout Europe the second objective is to propose a standardised data 
format for communication of operational decisions (e.g. speed advice) between control centres and trains. 

The key outputs related to Innovation 5 have been: 

1. State of the art analysis of 22 DAS (most of them not operational), of which only 8 are control-centre-
connected, leading to the identification of key functions.  Based on existing experiences, three design 
alternatives distributing these functions differently between control centre and on-board components 
have been analysed and described as system architectures: 

a. DAS-C: mainly central intelligence; 
b. DAS-I: distributed intelligence; 
c. DAS-O: mainly on-board intelligence  

2. Specification and implementation of an XML-interface data format supporting all three system 
architectures mentioned above and enabling bidirectional communication between central and on-board 
components; 

3. Enhancement of existing algorithms for optimising train speed profiles (trajectory computation) to match 
the time constraints set by control centre decisions; 

4. Evaluation of different methods to present advice to drivers (e.g. speed vs. time targets) based on 
simulator studies and expert interviews, examination of useful contextual advice (e.g. icons displaying 
the reason for advice) and experimental implementation of the proposed HMI design; 

5. Implementation of a demonstrator for all components, calculating and displaying driving advice based 
on control centre decisions. 

3.6 Innovation 6 Standardised ICT architecture supporting interoperability of operational 
data between industry stakeholders 

The ON-TIME data dictionary was developed to help the project team identify the types and content of messages 
that may be required in the context of railway operations.  It contains over 300 concepts relevant to the domain, 
along with definitions and mappings to the railML data model as appropriate.  In order to facilitate easy multi-site 
access to the resource the dictionary was implemented as a wiki, this had the added benefit of enabling cross-
references between entries to be embedded as hyperlinks, helping users to easily navigate between related 
entries. 

The ON-TIME architecture consists of a collection of loosely coupled data providers and data processing 
modules that communicate via the passing of event messages.  The architecture utilises a publish-subscribe 
communication pattern, allowing modules to join or leave the system at any time without interfering with the 
communications to other elements of the framework.  The well-known open source RabbitMQ messaging 
platform has been used to provide this functionality. RabbitMQ runs on all major operation systems and clients 
can be written using a wide range of programming languages, including Java, .NET, Ruby, Python, Erlang, PHP 
and C/C++.  This flexibility is vital to the wide-scale adoption of the ON-TIME architecture. 

Real-time data is passed as events in near-real-time from the live rail network / rail network simulator to the traffic 
management modules; when disruptions occur re-planning takes place and new events informing stakeholders of 
updated traffic management plans / crew rostas etc. are raised within the system. 

Non-real-time data used by ON-TIME (for example infrastructure data and the current timetable) are cached by 
the platform and provided via an on-demand, read-only public interface allowing it to be accessed as required by 
any system.  By providing a single-source-of-truth for these key, largely static data resources, the ON-TIME 
architecture reduces the risk of inconsistencies arising between stakeholder systems. 

ON-TIME module integration specification allows generic processing modules to be added to the ON-TIME 
framework through the implementation of a standard set of interfaces.  In particular the specification covers 
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subscription to event queues, the production/consumption of event messages, and access to static data 
resources. 

For the representation of messages to be exchanged within the system, the ON-TIME team needed to make use 
of an open, extensible set of data models that aligned well with the terminology set identified in the data 
dictionary. A mapping was created between the dictionary terms and the railML format that is rapidly gaining 
traction within the industry, and the degree of overlap between the two established.  The coverage of the ON-
TIME data dictionary by the railML model was good, with only a few gaps found. These included information on 
interlockings, ETCS-type train control concepts, disruption information, crew duty assignments and resource 
conflicts.  Where gaps existed project-specific data model extensions were created, and this work has included 
contributions back to the railML community in the form of the candidate railML interlocking model. 

4 NEXT STEPS AND CONCLUSIONS 

The ON-TIME project has connected timetable planning and decision support for the operational process. To 
take forward the developments of ON-TIME: 

 Infrastructure managers and system suppliers need to develop methods to export and import data with 
de facto standards as railML. 

 There is a need for continuing algorithm development and integration to provide decision support tools 
for Railway Operations. 

 There is a need for further development of interactive solutions, i.e. systems where human traffic 
controllers can interact with the decision support tools developed in ON-TIME. 

 There is a need of further research in timetable planning, methods for handling minor perturbations, 
major disruptions and train driver advisory systems. Further research will be done in EU projects i.e. 
Capacity4Rail 201310 – 201709. 

 


