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Preface 

This Thematic Research Summary (TRS) has been produced as a part of the activities of 

the Transport Research and Innovation Portal (TRIP). TRIP collects, structures, analyses 

and disseminates the results of EU-supported transport research and research financed 

nationally in the European Research Area (ERA), and selected global research 

programmes. The main dissemination tool used by TRIP is the public web portal 

www.transport-research.info. 

The Thematic Research Summaries provide a structured guide to the results of research 

projects carried out mainly at EU level, either as part of a framework programme or as a 

study commissioned by the European Commission (EC). These summaries are intended 

for policy makers at European, national and local levels, stakeholders and researchers. 

The Thematic Research Summary on Rail Transport is one of 24 themes, which provides: 

• an overview of research activities in a specific aspect of transport focusing on EU-

funded projects; 

• analysis and compilation of research findings and recommendations. 

An overview of the Thematic Research Summaries is presented in Table 1. 
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Table 1: Transport themes used in TRIP 

Domains TRIP Themes 

Sector Passenger transport 

Freight transport 

Mode Air transport 

Rail transport 

Road transport 

Urban transport 

Water transport (sea and inland) 

Multimodal transport 

Policy Financing, pricing and taxation 

Regulation, competition and public services 

Infrastructure and TEN-T 

Land use and transport planning 

Climate policy and energy efficiency 

Security and safety  

International cooperation and EU Neighbourhood Policy 

Awareness, information and user rights 

Technology Intelligent transport systems 

Innovative technologies 

Transport management 

Evaluation Long-term perspectives 

Assessment and decision support methodologies 

Environmental impacts 

Economic and regional impacts 

Accessibility, social and equity impacts 
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1. Introduction 

Rail transport plays a significant role in the European economy. In 2010 in EU-27, more 

than 860 railway undertakings realised an estimated turnover of EUR 75 billion and 

provided employment to almost 680 000 people in Europe; transport activities amounted to 

420 billion tonne-kilometres and 407 billion passenger-kilometres in 2011 (EC, 2013a). 

As well as being particularly safe, rail transport has less impact on the environment than 

other transport modes — a significant advantage when road congestion is increasing in 

Europe and public concern is growing about environmental issues. Moreover, in some market 

segments, rail is a cheaper form of transport than road and outperforms both road and air 

transport. Furthermore, rail transport is likely to be in demand, for instance, for commuters 

and for long-distance bulk transport due to globalisation of trade and commerce. 

European transport policy has focused on customer service and cost reduction but has 

also identified weaknesses that need to be overcome (EC, 2009a), especially a certain 

lack of dynamism, reliability, flexibility and customer orientation by railway undertakings, 

insufficient interoperability between national rail systems, and insufficient investment. 

In order to capitalise on the strengths and opportunities, and to address the weaknesses 

and threats, the European rail sector needs to become more efficient, integrated, modern 

and responsive to customer demand. Building a modern, competitive railway network is a 

top priority in EU transport policy (EC, 2011) for the smooth operation of the EU internal 

market and for the development of a sustainable transport system. 

EU transport policy focuses on opening rail markets to greater competition, promoting 

technical standardisation between rail systems, and modernising Europe’s rail 

infrastructure — including through the use of new technology — while working to ensure 

safety and promoting passenger rights (EC, 2008b; EC, 2009b). All this is essential if the 

railways are to increase their share of freight and passenger transport relative to other 

transport modes. 
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New technology, such as signalling and communication and other IT tools, can do much 

to help modernise Europe’s railways. The European Rail Traffic Management System 

(ERTMS) is a prime example, based on four main new technologies: the European Train 

Control System (ETCS), a standard for in-cab train control, the GSM mobile 

communications standard for railway operations, GSM-R, and the transnational traffic 

management system (Train Information System, formerly EUROPTIRAILS) (EC, 2008a; 

Atos, 2011). 

There are more than 20 different national signalling and speed control systems in the 

European railway system today each one incompatible to the other. This creates an 

obstacle to the free flow of rail traffic in Europe (EC, 2013b). The ongoing deployment of 

a single common system, such as the ERTMS, aims to remove this technical barrier to 

cross-border passenger and freight movement (EC, 2013c). The ERTMS also creates 

savings in maintenance costs, improves safety and increases traffic capacity.  

To realise these advantages, the EU has initiated the creation of six legally binding 

ERTMS corridors, and is now considering an EU-wide deployment plan (EC, 2008a; DG 

MOVE, 2011). A European ERTMS Coordinator has also been appointed to facilitate the 

successful deployment of the system. 

Research has supported EU transport policy by developing interoperable, greener, more 

efficient and cost-effective technologies. In addition, new management tools have been 

developed, for instance to reduce system costs. 

This Thematic Research Summary (TRS) on Rail Transport covers research under FP6 and 

FP7 and research projects carried out in the Member States under national programmes. 

The research projects are presented in three sub-themes: 

• Improving interoperability and safety of national networks; 

• Developing rail markets and improving rail management;  

• Developing innovative rail technologies. 
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2. Sub-Theme: Improving the 

interoperability and safety of 

national networks 

Over the years, national rail networks have developed different technical 

specifications for infrastructure. Different gauge widths, electrification 

standards, and safety and signalling systems all make it more difficult and more 

costly to run a train from one country to another. EU transport policy promotes 

interoperability to overcome such differences while preserving safety levels. 

The creation of an integrated European railway area calls for improved interoperability — 

technical compatibility — of infrastructure, rolling stock, signalling and other subsystems of 

the rail system, as well as more harmonised and less complex procedures for the 

authorisation of use of rolling stock across the EU rail network. Projects in this sub-theme 

cover research to overcome different technical specifications and to improve the safety of the 

rail system to facilitate and reduce the costs to run a train from one country to another. 

The research projects are presented in three clusters as follows: 

• Acceleration and simplification of certification processes includes concepts for 

cross-acceptance of track tests, standardised test conditions and computer 

simulations to achieve virtual certification and new technical specifications for 

interoperability to reduce costs and certification time; 

• Interoperable technologies for international transport focuses on developing 

technical systems for international use, analysing technical specifications for 

interoperability and making recommendations to close ‘open points'; 

• Improvement in safety and security includes safety and warning systems, and 

security measures. 
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Accelerate and simplify certification processes 

ACOUTRAIN (Virtual Certification of Acoustic Performance for Freight and 

Passenger Trains, FP7, 2011–2014) is improving characterisation of rolling noise, 

establishing methodologies to measure other noise sources, and validating global tools 

for pass-by noise and standstill noise predictions. Procedures are to be established for 

virtual certification of acoustic performance of freight and passenger trains. Activities are 

being carried out in close cooperation with Notified Bodies and Authorities. 

EUREMCO (European Railway Electromagnetic Compatibility, FP7, 2011–2014) is 

specifying conditions for Europe-wide power supply certification based on methodologies 

for the transfer of results from test tracks in different countries. 

TREND (Test of Rolling Stock Electromagnetic Compatibility for Cross-Domain 

Interoperability, FP7, 2011–2014) designed a test setup and procedure to harmonise 

freight and passenger rolling stock approval tests for electromagnetic compatibility, 

focusing on interference with broadcasting services and railway signalling systems. Cross 

acceptance test sites on electrified and non-electrified lines were identified and designed 

to represent worst case conditions for steady state and transient behaviour.  

DYNOTRAIN (Railway Vehicle Dynamics and Track Interactions Total Regulatory 

Acceptance for the Interoperable Network, FP7, 2009–2013) introduced virtual 

testing for railway dynamics and track interaction to enable more controlled testing 

conditions thus increasing safety, and more realistic conditions to be investigated. The 

prediction capacity of dynamic behaviour of rail vehicles simulations has been improved 

and standardised boundary conditions for infrastructure have been established that 

reflect the existing variation in EU Member States. 

AEROTRAIN (Aerodynamics Total Regulatory Acceptance for the Interoperable 

Network, FP7, 2009–2012) harmonised EU and national standards on aerodynamics 

by introducing virtual testing for head pressure pulse loads and crosswind aerodynamic 

loads, and derivation of limit values and new certification procedures. 

PANTOTRAIN (Pantograph and Catenary Interaction: Total Regulatory 

Acceptance for the Interoperable Network, FP7, 2009–2012) introduced new 

procedures to the current certification process for the pantograph/catenary  

system by means of numerical simulations and Hardware-in-the-Loop testing. 
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In addition, use of innovative and mechatronic pantographs was improved through better 

understanding of the certification process for these systems and by revising the limits 

provided by TSIs. 

 

Interoperable technologies for international transport 

EATS (ETCS Advanced Testing and Smart Train Positioning System, FP7, 2012–

2016) is investigating variations in interpretation of system behaviour specifications and 

laboratory certification procedures that do not address all system needs and require long 

and expensive field testing. Migration from ETCS level 2 to level 3, which maximises the 

railway efficiency, is being investigated with regard to technical constraints that cannot 

be overcome with current Global Navigation Satellite System solutions.  

ECUC (Eddy Current Brake Compatibility, FP7, 2012–2015) is increasing 

understanding of the interaction between Eddy Current Brake (ECB), and the track and 

trackside equipment in order to demonstrate that ECB is effective and applicable for 

increasing the braking capacity of new high-speed trains. A new generation linear eddy 

current brake will be designed, and electromagnetic and thermo-mechanical 

incompatibilities investigated. 

MAXBE (Interoperable Monitoring, Diagnosis and Maintenance Strategies for 

Axle Bearings, FP7, 2012–2015) is developing novel concepts, strategies and 

guidelines for interoperable axle bearing monitoring and diagnosis. 

INESS (Integrated European Signalling System, FP7, 2008–2012) defined and 

developed specifications for a new generation of interlocking systems. The project 

contributed to standardisation and supported the development of a new generation of 

interlocking systems with interfaces to adjacent systems, such as ETCS. 

RAILCOM (Electromagnetic Compatibility between Rolling Stock and Rail 

Infrastructure Encouraging European Interoperability, FP6, 2005–2009) 

provided reference characteristics, and testing methods to demonstrate electromagnetic 

compatibility between vehicles and track circuits for future interoperable lines. Based on 

these results, proposals were made to the CENELEC standardisation process. 
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INTERGAUGE (Interoperability, Security and Safety of Goods Movement with 

1435 and 1520 (1524) mm Track Gauge Railways: New Technology in Freight 

Transport including Hazardous Products, FP6, 2006–2008) designed a rail vehicle 

with a bogie equipped with automatic gauge adjustable wheel sets and a track gauge 

switching station for the automation of the operation and monitoring of the switching 

process. All components of the new technology were verified in tests carried out on 

Dorohusk station on the border between Ukraine and Poland. 

SAFEDMI (Safe Driver Machine Interface (DMI) for ERTMS Automatic Train 

Control, FP6, 2006–2008) designed and developed a DMI system to comply with 

safety integrity level 2 according to CENELEC specifications. The DMI integrates safe 

wireless communication interfaces for configuration, software and firmware downloading 

and diagnostic purposes. 

EUROPAC (European Optimised Pantograph Catenary Interface, FP6, 2005–2007) 

developed numerical software to model the dynamic behaviour of the pantograph-catenary 

system, and formulated new technical specifications for interoperability. Prototypes of 

trackside monitoring stations and an on board monitoring system have been developed to 

detect, identify and assess, in real-time, defects in a pantograph and in a catenary. 

 

Improving safety and security  

D-RAIL (Development of the Future Rail Freight System to Reduce the 

Occurrences and Impact of Derailment, FP7, 2011–2014) is developing integrated 

alarm limits, monitoring systems, vehicles and procedures to apply speed limits on faulty 

vehicles, or to take them out of service for cross-border movements; additionally, 

requirements for future monitoring systems will be specified. 

RESTRAIL (Reduction of Suicides and Trespasses on Railway property, FP7, 

2011–2014) is identifying measures to prevent railway suicides and trespassing 

accidents. A methodology was developed to assess these measures taking into account 

regional and national differences, and location based characteristics such as those linked 

with level crossings. 
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SECURESTATION (Passenger Station and Terminal Design for Safety, Security 

and Resilience to Terrorist Attack, FP7, 2011–2014) is improving the resilience of 

passenger stations and terminals to terrorist attacks and safety incidents using 

technologies and methodologies to support design of solutions aimed at reducing the 

impact of blast, fire and dispersion of toxic substances.  

ALARP (A railway automatic track warning system based on distributed 

personal mobile terminals, FP7, 2010–2012) designed an innovative more efficient 

Automatic Track Warning System to improve the safety of railway trackside workers. 

The system uses a set of distributed, low-cost, wearable, context-aware, robust, 

trustable and highly reliable, wireless Mobile Terminals to inform the workers about 

possible approaching trains and/or other events that could put their safety at risk. 

TRANSFEU (Transport Fire Safety Engineering in the European Union, FP7, 

2009–2012) carried out large scale tests for a database on fire safety engineering and a 

toxicity classification of fire effluents that has now been included in the EU standard 

EN 45545-2. Various numerical simulation tools have been developed, for instance, for 

evacuation of people and analysis of toxic effects. 

SAFEINTERIORS (Train Interior Passive Safety for Europe, FP6, 2006–2010) 

developed a tool kit to assess potential occupant injury levels in foreseeable rail 

applications, including injury criteria with limits, test devices, and test methods.  

2TRAIN (Training of Train Drivers in Safety Relevant Issues with Validated and 

Integrated Computer-Based Technology, FP7, 2006–2009) delivered a best 

practices guideline for efficient, safety enhancing, and cost-effective use of modern 

technologies for training train drivers. Add-on tools for simulators, e.g. a rule based 

expert system, a virtual instructor, and an assessment database, were developed and 

presented at demonstration sites in the Czech Republic, Germany, Spain and France.  

SELCAT (Safer European Level Crossing Appraisal and Technology, FP6, 2006–

2008) established a level-crossing web portal to provide an overview of existing and 

planned research and improvement activities in Europe and in Japan. A resolution for the 

development of a cross-sector strategy for the level-crossing risk in Europe was prepared.  
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3. Sub-Theme: Developing rail markets 

and improving rail management 

A key target in EU transport policy is to make greater use of more energy 

efficient transport modes. To meet this target, the rail sector has to become 

more attractive in terms of the service it provides and more efficient at 

operational level. 

One of the goals of the White Paper is that 30% of road freight transport over 300 km 

should shift to other modes, such as rail or waterborne transport, by 2030 and by more 

than 50% by 2050 (EC, 2011). Thus, this sub-theme focuses on research to develop new 

products and management systems to revitalise the railways and boost competition.  

The research projects are grouped in three clusters as follows: 

• New business models and markets to revitalise the railway sector identifies 

market segments for railways, especially freight rail, and develops business models 

to build-up these markets; 

• Innovative production systems to increase competitiveness focuses on 

innovative and improved production systems to enhance the efficiency, cost-

effectiveness and competitiveness of rail freight; 

• Improving network management to increase efficiency focuses on management 

information and decision tools for rail infrastructure managers to improve 

maintenance and operation, and to reduce infrastructure costs. 
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New business models and markets to revitalise the 

railway sector 

SPECTRUM (Solutions and Processes to Enhance the Competitiveness of 

Transport by Rail in Unexploited Markets, FP7, 2011–2015) is exploring market 

opportunities for the transport of low density, high value goods, utilising new and 

innovative rail concepts. Promising concepts are to be identified, such as a train designed 

to incorporate ISO containers and swap bodies to transport palleted cargo. The train 

would have a 17 t axle load and travel at a top speed of between 140 and 160 km/h. 

SPIDER PLUS (Sustainable Plan for Integrated Development through the 

European Rail Network Projecting Logistics & Mobility for Urban Spatial Design 

Evolution, FP7, 2012–2015) is integrating infrastructural nodes in spatial and urban 

planning, to achieve more sustainable mobility and city logistics. Mobility VISION for 

2050 will be presented in a Strategic Design & Plan and a Road Map. 

MODAIR (Co-modal Airport, FP7, 2012–2014) is addressing the interconnectivity of 

airports in the EU, in particular by linking them with high-speed train stations. A forum is 

being set up for representatives of air, rail and urban transport and other stakeholders to 

develop and improve co-modality and inter-modality travel to and from airports. 

NECL II (North East Cargo Link II — Midnordic Green Transport Corridor, FP7, 

2010–2013) developed and promoted the east-west Mid-Nordic Green Transport Corridor, 

connecting Norway, Finland and Russia by improved road, railway and intermodal 

solutions, and by developing an ICT system to optimise freight transport in the corridor. 

RETRACK (Reorganisation of Transport Networks by Advanced Rail Freight 

Concepts, FP6, 2007–2012) analysed the potential for competitive intermodal rail 

services in several corridors. A new concept, “group of wagons train” (transport volumes 

of various customers are combined on the main run into a train set), was developed and 

a commercial trans-European rail freight service between Rotterdam (Netherlands) and 

Constanza (Romania) on the Black Sea, Cologne – Györ has been implemented. 

TREND (Towards New Rail Freight Quality and Concepts in the European 

Network in Respect to Market Demand, FP6 2005–2006) stimulated international 

cooperation by reducing and removing barriers to international rail freight transport. The 

market potential and impediments for rail freight corridors were analysed. 
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Innovative production systems to increase 

competitiveness 

SUSTRAIL (The Sustainable Freight Railway: Designing the Freight Vehicle 

Track System for Higher Delivered Tonnage with Improved Availability at 

Reduced Cost, FP7, 2011–2015) is investigating innovations in rolling stock and 

freight vehicles to increase speed and axle load. Innovations include novel wheel profiles 

and defect tolerant wheel sets. Improvements are to be made to suspension design for 

mixed traffic railway and to the brake system for high speed, low impact freight operations. 

To the bogie design using lightweight materials, and novel suspension systems and 

lightweight body shells for high performance freight cars. Condition-based predictive 

maintenance tools for freight rail vehicles and railway tracks and a business case for freight 

vehicle-track integrated systems are being developed. 

ViWaS (Viable Wagonload Production Schemes, FP7, 2012–2015) is addressing 

potential improvements to single wagonload transport. The project brings together rail 

freight operators, infrastructure operators, technology companies and service providers, 

research institutions and consultants to streamline last-mile operations, to improve 

flexibility and efficiency of equipment usage, and to raise quality and reliability in order 

to capture new markets for single wagonload transport. 

MARATHON (Make Rail the Hope for Protecting Nature, FP7, 2011–2014) aims at 

efficiency improvements by operating faster, longer and heavier trains. A market 

business model has been developed, a systems architecture specified and technology 

issues tackled, notably in safe operations of master and slave locomotives. Pilot tests and 

simulations have confirmed the technological feasibility of operating longer trains. 

TIGER (Transit via Innovative Gateway Concepts Solving European Intermodal 

Rail Needs, FP7, 2009–2012) addressed road congestion in and around Europe's 

biggest ports by building intermodal freight logistics chains. A business model for transit 

via dry ports, hubs and mega hubs was developed, which includes close cooperation 

between terminals, a timetable/high frequency shuttle train services to and from sea 

ports, new train loading, dispatching and operating technologies, and E-customs, E-seals 

and E-freight procedures. 

The follow-up project TIGER DEMO (Trans-Rail Integrated Goods European-Express 

Routes Demonstrators, FP7, 2011–2013) realised three industrial scale demonstrations. 
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VEL-WAGON (Versatile, Efficient and Longer Wagon for European 

Transportation, FP7, 2010–2012) focused on larger and lighter container wagons for 

intermodal transport and developed an 80 ft wagon with 4 axles. A simulation with the 

new wagon on the Rotterdam – Milan track showed lower costs per transported unit load, 

better loading factor for trains and lower energy consumption as a result of decreased 

rolling resistance, better aerodynamics and less deadweight. 

FastRCargo (Fast Transhipment Equipment and Novel Methods for Rail Cargo in 

Europe, FP6, 2006–2009) developed a new transhipment system for fast loading and 

unloading of standardised intermodal transport units between rail and road vehicles, and 

terminal or support vehicle structures. The new system consists of horizontal 

transhipment equipment, modular design for very fast and automatic parallel and/or 

serial transhipment operations and a transhipment control system. It supports safe 

operation and performance scalability, and components for integration of transhipment 

and rail operation in logistics processes. 

ISTU (Integrated Standard Transport Unit for Self-guided Freight Container 

Transportation Systems on Rail, FP6, 2003–2006) designed an automated guided 

vehicle as an alternative to conventional locomotive-pulled freight on rail, for drayage 

between cargo distribution centres and in port container yards. A full vehicle was 

designed, including proper diesel-electric power supply unit and integration of all 

components in the vehicle structure. 

 

Improving network management to increase efficiency 

OPTIRAIL (Development of a Smart Framework based on Knowledge to Support 

Infrastructure Maintenance Decisions in Railway Corridors, FP7, 2012–2015) is 

developing a new tool, based on Fuzzy and Computational Intelligence techniques, to 

improve decision making for cross-border coordination of railway infrastructure 

maintenance. The tool was validated in two case studies. 
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AUTOMAIN (Augmented Usage of Track by Optimisation of Maintenance, 

Allocation and Inspection of Railway Networks, FP7, 2011–2014) is developing a 

new approach for track inspection on freight routes. The scope ranges from in-train 

measuring and self-inspecting switch, to key technologies to drive development of modular 

infrastructure design. In addition, an innovative scheduling and planning tool has been 

developed for long-term planning, maintenance resource routing, and task division into 

track possessions, scheduling of track possessions, and train path rescheduling. 

ON-TIME (Optimal Networks for Train Integration Management across Europe, 

FP 7, 2011–2014) is developing new methods and processes for timetable planning and 

real-time traffic management to maximise capacity on the railway network and to reduce 

delays. Case studies are being used in reviewing and benchmarking these innovative 

approaches against current practice. 

SMART RAIL (Smart Maintenance and Analysis of Transport Infrastructure, FP7, 

2011–2014) is developing environmentally sound maintenance solutions for aging 

infrastructure, aimed at reducing replacement costs and delays. 

CATIEMON (Catenary Interface Monitoring, FP6, 2005–2009) developed a system 

to minimise damage to the overhead contact line and the current collector to improve the 

train-infrastructure interface. This system is based on advanced sensor architecture 

integrated in the overhead contact line and current collector, which has been modelled 

and tested, notably for long-range and cross-talk phenomena. 
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4. Sub-Theme: Innovative rail technologies 

Innovative rail technologies are key to achieving targets in EU transport policy 

for safer, greener and smarter transport systems that benefit citizens, respect 

the environment, and increase the competitiveness of European industries in 

the global market. 

If more passengers and freight are to be moved on Europe's railways, better services 

need to be provided and a more attractive choice offered to more customers. For that to 

happen, rail needs to innovate. This sub-theme focuses on research projects to develop 

innovative rolling stock and infrastructure to improve performance and to reduce 

environmental impact. 

The research projects are presented in three clusters as follows: 

• Improving rolling stock focuses on optimising rolling stock, for instance 

developing innovative propulsion technology and brake systems; 

• Innovative infrastructure technologies include innovative tracks, and 

inspection and maintenance technologies for the railway infrastructure; 

• Reducing environmental impacts focuses on advanced planning tools and 

green technologies to reduce emissions, noise and vibrations, and to increase 

energy efficiency. 

 

Improving rolling stock 

EURAXLES (Minimizing the Risk of Fatigue Failure of Railway Axles, FP7, 2010–

2013) developed a design approach for innovative, safer, more reliable railway wheel sets 

that are also more cost effective. New developments included improved axle protection 

against corrosion, improved adhesion of coatings with a study of the roughness influence 

(adhesion and fatigue behaviour), and new, innovative coating solutions. 
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2020 INTERFACE (Tailoring of Tribological Interfaces for Clean and Energy Efficient 

Diesel and Gasoline Power Trains, FP7, 2009–2012) brought together a consortium of 

universities, research institutes and multinational companies to deliver innovative nano-

science solutions for commercial lubrication applications in diesel and gasoline powertrains. 

The project extended knowledge on optimised carbon coatings for powertrain application, 

optimum lubricant formulation and tribochemistry. 

SAFERAIL (Development of Novel Inspection Systems for Railway Wheelsets, 

FP7, 2008–2011) developed a new on-line system for inspection of wheels and axles of 

moving trains, and a combined ultrasonic-electromagnetic system for faster and more 

reliable inspection of new and old wheel sets during production and maintenance. 

EUDDPLUS (European Driver's Desk Advanced Concept Implementation, FP6, 

2006–2010) proved the conformity of the European Driver's Desk developed under FP5 

to meet TSI requirements. The project results have been used in the standardisation 

process at EU level, especially with regard to technical recommendations for the Driver 

Machine Interface. 

HI-CEPS (Highly Integrated Combustion Electric Propulsion System, FP6, 2006–

2010) developed innovative hybrid thermal-electric powertrains using low-cost and 

standardised electric devices (e-motors, power electronics and batteries), vehicle 

auxiliaries and existing gasoline, diesel and natural gas engines with specific exhaust 

after-treatment systems.  

HYRAIL (Hydrogen Railway Applications International Lighthouse, FP6, 2007–

2008) assessed state-of-the-art on hydrogen and fuel cells, drawing scenarios for its 

utilisation as power supply for railways. A vision and position paper were prepared for 

implementation in European Railways in the medium to long term. 

MODBRAKE (Innovative Modular Brake Concepts for the Integrated European 

High-speed Railway System, FP6, 2006–2008) defined specifications for the main 

modules of a modular brake system and its interfaces. The design principles and 

interface definitions were demonstrated and validated in functional prototypes for brake 

control and bogie equipment. 
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Innovative infrastructure technologies 

MAINLINE (Maintenance, RenewaL and Improvement of Rail Transport 

Infrastructure to Reduce Economic and Environmental Impacts, FP7, 2011–

2014) focuses on maintenance and renewal of railway lines containing old infrastructure. 

Degradation and structural models are being improved in order to develop more realistic 

life cycle cost and safety models. New construction methods are being investigated for 

replacing obsolete infrastructure, and new monitoring techniques are being developed. In 

addition, management tools to assess life cycle environmental and economic impacts are 

being developed. 

ACEM RAIL (Automated and Cost Effective Maintenance for Railway Infrastructure 

Maintenance, FP7, 2010–2013) developed and tested technologies for inspection and 

automated monitoring of infrastructure subsystems, and for evaluation of infrastructure 

condition, based on optical, acoustic, ultrasonic, eddy current and thermographic systems. 

All technologies were demonstrated on railway infrastructure in Italy, Israel and Germany. 

Decision-making tools to optimise planning of infrastructure maintenance operations and a 

comprehensive railway infrastructure asset management system with integrated data 

collection and decision support tools were also designed and implemented. 

INTERAIL (Development of a Novel Integrated Inspection System for the 

Accurate Evaluation of the Structural Integrity of Rail Tracks, FP7, 2009–2012) 

developed a new high-speed inspection system combining three modules based on 

different non-destructive evaluation technologies: Alternated Current Field Measurement; 

Ultrasonics; and Automated Vision. The project has demonstrated that the system 

provides fast and reliable inspection of rail tracks at speeds up to 320 km/h. These 

integrated inspection strategies linked to innovations in inspection technology will 

significantly improve operational cost efficiency and reliability. 

INNOTRACK (Innovative Track Systems, FP6, 2006–2010) was a joint response by 

infrastructure managers, railway suppliers and research bodies to find innovative solutions 

to reduce infrastructure investment and maintenance costs. Innovative solutions were 

developed for track sub-grade monitoring and switch design, together with maintenance 

criteria and methodologies. 

 

 



Thematic Research Summary: Rail transport | Page 21 of 37 

 

INFRACLEAR (Rail Infrastructure Clearance Management, FP6, 2004–2008) used 

operational monitoring technology to optimise the way trains are cleared for passage 

through tunnels. The clearance system comprises sensors and processing computers that 

can be mounted on any classical freight wagon and is compatible across the European 

network. The new, integrated inspection system can be used on tracks at up to 140 km/h, 

detecting obstacles and measuring for clearance — essential safety aspects. 

SAFE-RAIL (Development of an Innovative Ground-Penetrating Radar System 

for Fast and Efficient Monitoring of Rail-Track Substructure Conditions, FP6, 

2004–2008) presented a new concept in railway substructure monitoring. The system 

consists of a fast substructure radar based on innovative antennas, a high-performance 

radar control unit, an innovative rail-track positioning unit, an on-board processor, and 

networked data interpretation and processing software. The technology was tested using 

a prototype and has now been implemented in a test train. The system provides quick 

and accurate referenced detection and classification of rail-track condition deterioration in 

the rail-track ballast, sub-ballast and sub-grade. 

 

Reducing environmental impacts 

LIVINGRAIL (Living in a Sustainable World Focused on Electrified Rail, FP7, 

2012–2015) is detailing prospective and normative scenarios that could lead to a 

reduction in the environmental impacts of rail transport. Dialogue is being facilitated 

between politicians, the rail sector, spatial planning and civil society to develop 

technology pathways and organisational options to implement a normative scenario, 

“Vision 2050”. 

CARGOVIBES (Attenuation of Ground-borne Vibration Affecting Residents Near 

Freight Railway Lines, FP7, 2011–2014) is developing and assessing measures to 

ensure acceptable vibration levels in residential areas in the vicinity of freight railway 

lines in order to facilitate the extension of rail freight traffic. 

CLEANER-D (Clean European Rail — Diesel, FP7, 2009–2013) developed 

integrated emission reduction technologies for diesel locomotives and rail vehicles. 

Two methods for reducing Mono-Nitrogen Oxides (NOx) emissions were considered.  
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One was reduction inside the engine by means of Exhaust Gas Recirculation, which is 

especially appropriate for smaller railcar engines. The other was the use of Selective 

Catalytic Reduction exhaust after-treatment, an option for larger locomotive engines. 

RIVAS (Railway Induced Vibration Abatement Solutions, FP7, 2011–2013) 

investigated ground vibrations caused by rail services, an environmental concern for 

people living near rail infrastructure. Mitigation measures were developed and evaluated 

for reducing vibration at the vehicle-track interface. The measures include improved 

maintenance, ballasted and slab tracks, subgrade improvement and ground barriers in 

the railway infrastructure. Each measure was validated in field tests on the major rail 

networks in Europe. 

QUIESST (Quietening the Environment for a Sustainable Surface Transport, FP7, 

2009–2012) established the first comprehensive EU database of test results on noise 

reducing devices. These devices were assessed and a comprehensive guidebook was 

produced including reference to related databases, simulation techniques, measurement 

methodologies and recommendations.  

INFRAGUIDER (Infrastructure Guidelines for Environmental Railway 

Performance, FP7, 2009–2010) developed a combined view of railway infrastructure 

material flows, management and material procurement to improve environmental 

performance, on a global, regional and local scale. This included minimising waste and 

reducing emission of toxic substances. 

RAILENERGY (Innovative Integrated Energy Efficiency Solutions for Railway 

Rolling Stock, Rail Infrastructure and Train Operation, FP6, 2006–2010) 

developed a holistic framework, new concepts and integrated technology solutions to 

improve rail energy efficiency. Key innovations are the Railenergy Decision Support Tool, 

contributions to the European standardisation processes such as Specification and 

verification of energy consumption for railway rolling stock (TecRec 100_001), and the 

web-based portal for the project results. 

GREEN (Green Heavy Duty Engine, FP6, 2005–2008) developed innovative heavy-

duty engines (heavy-duty gas and diesel engines with low emissions). Subsystem 

components have been developed and tested, and their performance and potential 

assessed, and recommendations for improvement made. 
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5. Future Challenges for Research 

Policy 

Europe is facing major challenges in terms of increasing congestion and traffic demand, 

and the need to build sustainable transport to fuel economic growth. 

Yet, despite developments in some markets, rail transport has been stagnating or 

declining in many EU Member States. The modal share of passenger rail in intra-EU 

transport has remained more or less constant since 2000, at around 6%, whereas the 

modal share of rail freight has decreased from 11.5 to 10.2%. 

The EU transport targets are to shift 30% of road freight over 300 km to rail and 

waterborne transport by 2030, and more than 50% by 2050. Thus, attention needs to be 

given to further improve the efficiency of rail infrastructure and rail service providers, to 

organise markets more efficient and to improve and enhance the rail infrastructure.  

A far-reaching consensus has been achieved on the focus of a European research agenda 

that is well-suited to support the aim of revitalising the rail sector. The most important 

research areas are: 

• Better and more differentiated and value-added services; 

• Interoperability of the rail system throughout Europe and facilitation of 

rolling stock certification; 

• Cost reduction, through more efficient use of existing infrastructure and life cycle 

oriented maintenance strategies for both infrastructure and rolling stock; 

• Technological operational and behavioural solutions to improve energy efficiency and 

reduce environmental impacts. 

These research areas are, e.g., emphasised by the European Rail Research Advisory 

Council’s strategy “Rail route 2050” (ERRAC, 2013), Future Railway’s vision “Rail 

Technical Strategy” for the next 30 years (Future Railway, 2012) and in European Union’s 

research programmes FP6 and FP7. A comparison of long-term visions of experts and 

EC’s current research agenda shows that rail research should evolve along the lines 

defined by the current European Framework Programme for Research. 
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Nevertheless, major challenges for research and policy exist: Firstly, despite the 

achievements documented in this TRS there is still a long way to go, e.g. to realise 

interoperability or to reduce emissions, noise/vibrations and energy consumption. To 

optimise energy consumption, for example, research for new, more efficient engines, 

lighter traction components, regenerative braking technologies, improved use of 

regenerated kinetic energy in the grid is seen as necessary (ERRAC, 2013). 

Secondly, a further strengthening of a whole-system approach is required. It is necessary 

to see the system as an integrated whole while achieving the optimisation of the 

individual sub-systems. Generating draft European standards, with emphasis given to 

those consolidating the TSIs, is therefore a major challenge for future projects. This will 

also be a challenge for the European research policy, since projects that follow the 

whole-system approach are usually more complex and need more management, time 

and resources than projects that optimise sub-systems. 

Thirdly, more involvement of market actors, such as infrastructure managers, rail enterprises 

and equipment manufacturers, is required to ensure that research and innovation is directed 

to developing marketable solutions that can be expected to be widely adopted. Alliances 

with players from other sectors could bring new business, operational and technological 

practices to the rail sector. 

In this respect, the European initiative SHIFT²RAIL has been set up as a major cornerstone 

for future research (EC, 2013d). This public-private partnership will invest some EUR 1 billion 

in research and innovation to get more passengers and freight onto Europe's railways. 

Up to March 2014, 25 major rail stakeholders have undersigned the SHIFT²RAIL 

Memorandum of Understanding, committing themselves to a long-term investment; more 

than 40 additional companies — industrial partners, railway undertakings, infrastructure 

managers — and more than 30 Universities and Research centres have also joined the 

initiative (SHIFT²RAIL, 2014). 

SHIFT²RAIL will manage a seven-year programme of targeted research and innovation to 

support improvement of rail services in Europe. Research and innovation will focus on 

five key areas: 

• Quality of services with  a new generation of high capacity trains that are 

cost-efficient and reliable; 

• Intelligent traffic management and control systems; 
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• Reliable, high quality, infrastructure, including reducing track noise, cutting costs 

and developing intelligent maintenance; 

• IT solutions and services for integrated ticketing and journey planners; 

• Logistics and inter-modal freight solutions to improve competitiveness.  

The European Commission adopted SHIFT²RAIL on 16 December 2013 (EC, 2013d). The 

Commission is contributing EUR 450 million in the period 2014–2020 to rail research and 

innovation and the rail industry EUR 470 million. It is expected that SHIFT²RAIL could 

launch its R&D activities as soon as 2015.  
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Glossary 

CENELEC European Committee for Electrotechnical Standardization 

DG MOVE Directorate-General for Mobility and Transport  

DMI Driver Machine Interface 

EC European Commission 

ECB Eddy Current Brake 

ERA European Research Area 

ERTMS European Rail Traffic Management System 

ERRAC European Rail Research Advisory Council 

ETCS European Train Control System 

EU European Union 

FP5 Fifth Framework Programme 

FP6 Sixth Framework Programme 

FP7 Seventh Framework Programme 

GSM Global System for Mobile Communications 

GSM-R Global System for Mobile Communications — Rail(way) 

ICT Information and Communication Technology 

ISO International Organisation for Standardization 

R&D Research & Development 

TRIP Transport Research and Innovation Portal 

TRS Thematic Research Summary 

TSI Technical Specifications for Interoperability 
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ANNEX: Projects by Sub-Theme 

Sub-Theme : Improving the interoperability and safety of national networks 

Acronym Title Funding 
Programme 

Project Website Duration 

ACOUTRAIN Virtual certification of acoustic performance 
for freight and passenger trains 

FP7 http://www.acoutrain.eu/ 2011–
2014 

EUREMCO European Railway Electromagnetic 
Compatibility 

FP7 http://www.euremco.eu/ 2011–
2014 

TREND Test of Rolling Stock Electromagnetic 
Compatibility for cross-Domain 
interoperability 

FP7 http://www.trend-eu.org/ 2011–
2014 

DYNOTRAIN Railway Vehicle Dynamics and Track 
Interactions Total Regulatory Acceptance for 
the Interoperable Network 

 

FP7 http://www.triotrain.eu/ 
DYNO_highlevel.htm 

2009–
2013 

AEROTRAIN AEROdynamics Total Regulatory Acceptance 
for the Interoperable Network 

FP7 http://www.triotrain.eu/ 
AERO_highlevel.htm 

2009–
2012 

PANTOTRAIN PANTOgraph and catenary interaction: Total 
Regulatory Acceptance for the Interoperable 
Network 

 

FP7 http://www.triotrain.eu/ 
PANTO_highlevel.htm 

2009–
2012 

EATS ETCS Advanced Testing and Smart Train 
Positioning System  

FP7 http://www.eats-eu.org/ 2012–
2016 
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ECUC Eddy CUrrent Brake Compatibility FP7 http://cordis.europa.eu/projects/index.
cfm?fuseaction=app.details&REF=1042
66 

2012–
2015 

MAXBE Interoperable Monitoring, Diagnosis and 
Maintenance Strategies for Axle Bearings  

FP7 http://cordis.europa.eu/projects/index.
cfm?fuseaction=app.details&REF=1058
66 

2012–
2015 

INESS INtegrated European Signalling System FP7 http://www.iness.eu/spip.php?article2 2008–
2012 

RAILCOM Electromagnetic Compatibility between 
Rolling Stock and Rail-infrastructure 
Encouraging European Interoperability 

FP6 http://www.uic.org/spip.php?article702 2005–
2009 

INTERGAUGE Interoperability, Security and Safety of 
Goods Movement with 1435 and 1520 
(1524) mm Track Gauge Railways: New 
Technology in Freight Transport including 
Hazardous Products  

FP6 http://www.transport-research.info/ 
web/projects/project_details.cfm?id=3
6248&page=contact 

2006–
2008 

SAFEDMI Safe Driver Machine Interface (DMI) for 
ERTMS Automatic Train Control 

FP6 http://www.transport-
research.info/web/ 
projects/project_details.cfm?id=36216 

2006–
2008 

EUROPAC European Optimised Pantograph Catenary 
Interface 

FP6 http://www.uic.org/europac/spip.php?
article1 

2005–
2007 

D-RAIL Development of the Future Rail Freight 
System to Reduce the Occurrences and 
Impact of Derailment 

FP7 http://www.d-rail-project.eu/ 2011–
2014 

RESTRAIL Reduction of Suicides and Trespasses on 
RAILway property 

FP7 http://restrail.eu/ 2011–
2014 
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SECURESTATION Passenger station and terminal design for 
safety, security and resilience to terrorist 
attack 

FP7 http://securestation.group.shef.ac.uk/ 
index.html 

2011–
2014 

ALARP A railway automatic track warning system 
based on distributed personal mobile 
terminals 

FP7 http://alarp.eu/ 2010–
2012 

TRANSFEU Transport Fire Safety Engineering in the 
European Union 

FP7 http://www.transfeu.eu/ 2009–
2012 

SAFEINTERIORS Train Interior Passive Safety for Europe FP6 http://cordis.europa.eu/projects/index.
cfm?fuseaction=app.details&REF=8468
4 

2006–
2010 

2TRAIN Training of Train Drivers in Safety Relevant 
Issues with Validated and Integrated 
Computer-Based Technology 

FP7 http://www.2train.uni-wuerzburg.de/ 2006–
2009 

SELCAT Safer European Level Crossing Appraisal and 
Technology 

FP6 http://cordis.europa.eu/projects/index.
cfm?fuseaction=app.details&REF=8152
1 

2006–
2008 
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Sub-Theme: Developing rail markets and improving rail management 

Acronym Title Funding 
Programme 

Project Website Duration 

SPECTRUM Solutions and Processes to Enhance the 
Competitiveness of Transport by Rail in 
Unexploited Markets 

FP7 http://www.spectrumrail.info/ 2011–
2015 

SPIDER PLUS Sustainable Plan for Integrated Development 
through the European Rail Network 
Projecting Logistics & Mobility for Urban 
Spatial Design Evolution 

 

FP7 http://www.transport-
research.info/web/projects/project_det
ails.cfm?id=45922 

2012–
2015 

MODAIR Co-modal Airport FP7 http://www.transport-research.info/ 
web/projects/project_details.cfm?id=4
5170 

2012–
2014 

NECL II  North East Cargo Link II — Midnordic Green 
Transport Corridor 

FP7 http://www.midnordictc.net/2.2740b87
112e6501bbee80005015.html 

2010–
2013 

RETRACK Reorganisation of Transport Networks by 
Advanced Rail Freight Concepts 

FP6 http://www.retrack.eu/ 2007–
2012 

TREND Towards new Rail freight quality and 
concepts in the European Network in respect 
to market Demand 

FP6 http://www.trend-project.com/ 2005–
2006 

SUSTRAIL The sustainable freight railway: Designing 
the freight vehicle track system for higher 
delivered tonnage with improved availability 
at reduced cost 

 

FP7 http://www.sustrail.eu/ 2011–
2015 
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ViWaS Viable Wagonload production Schemes FP7 http://www.transport-
research.info/web/projects/project_det
ails.cfm?id=45119 

2012–
2015 

MARATHON Make Rail The Hope for protecting Nature  FP7 http://www.marathon-project.eu/ 2011–
2014 

TIGER Transit via Innovative Gateway concepts 
solving European Intermodal Rail needs 

FP7 http://www.tigerproject.eu/ 2009–
2012 

TIGER DEMO Trans-Rail Integrated Goods European-
Express Routes Demonstrators 

FP7 http://www.tigerdemo-project.eu/ 2011–
2013 

VEL-WAGON Versatile, Efficient and Longer Wagon for 
European Transportation 

FP7 http://www.vel-wagon.eu/ 2010–
2012 

FastRCargo Fast Transhipment Equipment and Novel 
Methods for Rail Cargo in Europe 

FP6 http://www.fastrcargo.eu/ 2006–
2009 

ISTU Integrated Standard Transport Unit for Self-
guided Freight Container Transportation 
Systems on Rail 

FP6 http://www.transport-
research.info/web/projects/project_det
ails.cfm?id=35158 

2003–
2006 

OPTIRAIL Development of a Smart Framework based 
on Knowledge to Support Infrastructure 
Maintenance Decisions in Railway Corridors 

FP7 http://www.transport-
research.info/web/projects/project_det
ails.cfm?ID=45036 

2012–
2015 

AUTOMAIN Augmented Usage of Track by Optimisation 
of Maintenance, Allocation and Inspection of 
railway Networks 

 

FP7 http://www.automain.eu/ 2011–
2014 

ON-TIME Optimal Networks for Train Integration 
Management across Europe 

FP7 http://www.ontime-
project.eu/home.aspx 

2011–
2014 

 

http://www.transport-research.info/web/projects/project_details.cfm?ID=45036
http://www.transport-research.info/web/projects/project_details.cfm?ID=45036
http://www.transport-research.info/web/projects/project_details.cfm?ID=45036
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SMART RAIL Smart Maintenance and Analysis of 
Transport Infrastructure 

FP7 http://cordis.europa.eu/projects/index.
cfm?fuseaction=app.details&REF=1005
84 

2011–
2014 

CATIEMON Catenary Interface Monitoring FP6 http://www.transport-
research.info/web/projects/project_det
ails.cfm?id=36299 

2005–
2009 
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Sub-Theme: Innovative rail technologies 

Acronym Title Funding 
Programme 

Project Website Duration 

EURAXLES Minimizing the risk of fatigue failure of 
railway axles 

FP7 http://www.euraxles.eu/ 2010–
2013 

2020 INTERFACE Tailoring of Tribological Interfaces for Clean 
and Energy-Efficient Diesel and Gasoline 
Power Trains 

FP7 http://2020interface.eu/2.html 2009–
2012 

SAFERAIL Development of Novel Inspection Systems 
for Railway Wheelsets 

FP7 http://www.saferail.net/ 2008–
2011 

EUDDPLUS European Driver's Desk Advanced Concept 
Implementation 

FP6 http://www.euddplus.eu/ 2006–
2010 

HI-CEPS Highly Integrated Combustion Electric 
Propulsion System 

FP6 http://www.hi-ceps.eu/Fe/ 
Site/t02/Home/1# 

2006–
2010 

HYRAIL Hydrogen Railway Applications International 
Lighthouse 

FP6 http://www.hyrail.eu/pages/introductio
n.html 

2007–
2008 

MODBRAKE Innovative Modular Brake Concepts for the 
Integrated European High-speed Railway 
System 

FP6 http://www.modbrake.com/ 2006–
2008 

MAINLINE MAINtenance, renewaL and Improvement of 
rail transport iNfrastructure to reduce 
Economic and environmental impacts 
 

FP7 http://mainline-project.eu/ 2011–
2014 

ACEM RAIL Automated and cost effective maintenance 
for railway Project  

FP7 http://www.acem-rail.eu/ 2010–
2013 
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INTERAIL Development of a Novel Integrated 
Inspection System for the Accurate 
Evaluation of the Structural Integrity of Rail 
Tracks  

FP7 http://www.interailproject.eu/default.a
sp 

2009–
2012 

INNOTRACK Innovative Track Systems FP6 http://www.innotrack.eu/ 2006–
2010 

INFRACLEAR Rail Infrastructure Clearance Management FP6 http://www.transport-
research.info/web/projects/project_det
ails.cfm?id=36211 

2004–
2008 

SAFE-RAIL Development of an Innovative Ground-
Penetrating Radar System for Fast and 
Efficient Monitoring of Rail-Track 
Substructure Conditions  

FP6 http://www.transport-
research.info/web/projects/project_det
ails.cfm?id=36267 

2004–
2008 

LIVINGRAIL Living in a sustainable world focused on 
electrified rail  

FP7 http://www.livingrail.eu/ 2012–
2015 

CARGOVIBES Attenuation of ground-borne vibration 
affecting residents near freight railway lines 

FP7 http://cargovibes.eu/home 2011–
2014 

CLEANER-D Clean European rail-diesel  FP7 http://www.cleaner-d.eu/ 2009–
2013 

RIVAS Railway Induced Vibration Abatement 
Solutions 

FP7 http://www.rivas-
project.eu/index.php?id=2 

2011–
2013 

QUIESST Quietening the environment for a 
sustainable surface transport 

FP7 http://www.quiesst.eu/ 2009–
2012 

INFRAGUIDER Infrastructure Guidelines for Environmental 
Railway Performance  

FP7 http://www.transport-
research.info/web/projects/project_det
ails.cfm?ID=37243 

2009–
2010 
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RAILENERGY Innovative Integrated Energy Efficiency 
Solutions for Railway Rolling Stock, Rail 
Infrastructure and Train Operation  

FP6 http://www.railenergy.eu/ 2006–
2010 

GREEN Green Heavy Duty Engine  FP6 http://green.uic.asso.fr/ 2005–
2008 
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