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With reference to the Technical Annex of Contract No. H2020 – 730813 the aim of Deliverable 1.1 is 
to find out potential benefits and cost that moving up to autonomous freight trains bring about, as well as legal barriers on that journey. The goal is thus not to make a thorough cost-benefit analyses (CBA), but more to find the possible ingredients to that analysis. 
to understand the freight-specific operational requirement specification with primary focus on Grade of Automation 2 as starting point for further development.
Key benefits of Automated Train Operation for freight trains are 
Optimal energy use
The European Railway Agency (ERA) sees a potential benefit of ATO that is linked to a substantial (10 – 30 percent) decrease in energy consumption for mainline rails with a potential additional increase in capacity.
Flexible freight
A wider variety of freight will be shipped by rail using improved scheduling, routing and tracking capabilities to ensure that the railway can integrate fully with intermodal freight
Traffic safety
The risk for collisions will probably go down with ATO, since it is often the human factor that causes collisions.
All critical components will need to meet high manufacturing, installation, repair, testing and maintenance standards, like aircraft components, and so will probably be relatively expensive. When factoring in operational costs, automated lines come clearly ahead of conventional lines when metro lines as studied; some studies indicate a halving in operational costs.
At present, there are a number of legal obstacles. To obtain a technical approval for the operation of new vehicles, one is required to comply with applicable EU rules and TSI (Technical Specifications for Interoperability). A new TSI must be developed that regulates how such an autonomous vehicle should look like to be approved. Railway companies must have a safety certificate and infrastructure manager a security permit to conduct business.
Automated driving is currently a reality in many metros across Europe. Therefore the requirements specification did take a typical “green filed” approach. As basis for the specification of freight-specific requirements the applied metro standard “Railway applications – Urban guided transport management and command/control systems – Part 2: Functional requirements specification (EN 62290-2:2014)” has been chosen.
From a quantitative point of view, passenger and freight requirements are largely congruent: Roughly 80% of the requirements listed are relevant for both passenger and freight. Only about 20% of the functions listed after the analysis are specific to the passenger sector, looking at the current state of the analysis for GoA2.
The observation here is that between the first ARCC demonstrator and a consecutive demonstrator planned for GoA4, most of the added complexity will be caused by functions needed for cases of incidents and emergencies, where fall-back solutions and degraded modes need to come into play. This leads to the conclusion that the design of GoA 2 should be compatible with a future GoA4.
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	AoE
	ATO over ETCS

	ATO
	Automated Train Operation

	ATSM
	Automatic Train Stopping Management

	cDAS
	connected DAS

	DAS
	Driver Advisory System

	GoA1
	Grade of Automation 1 – non automated train operation

	GoA2
	Grade of Automation 2 – semi automated train operation 

	GoA2+
	Grade of Automation 2 – semi automated train operation with obstacle detection 

	GoA3
	Grade of Automation 3 – driverless train operation

	GoA4
	Grade of Automation 4 – unattended train operation

	JP
	Journey Profile

	OSP
	Optimum Speed Profile algorithm

	SP
	Segment Profile

	SPC
	Speed Profile Check

	SSEM
	Supervised Speed Envelope Management

	StP
	Stopping Point

	TMS
	Traffic Management System

	TP
	Timing Point
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	Timetable Speed Management

	VTP
	Virtual Timing Point
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Globalization and urbanization are leading to an immensely growing demand for the delivery of goods and materials across Europe. The resulting increase of freight transport must happen in a safe, efficient, reliable and environmentally friendly way. In the competitive race for a robust, low cost and highly flexible service offering, rail freights need to automate in order to survive. For the esteemed “shift to rail” the automation of rail freight becomes more and more important in our European society. 
The use of rail specific information and communication technologies allows for automated operation of closed loop railway systems already, e.g. in airport transport and metro systems. In Germany, e.g. the metro system in Nuremberg has proven that autonomous transport can be performed in a safe, efficient and technically reliable manner. A fully automated rail freight operation on European corridor is likewise thought to be technically feasible and will certainly be realized in the long run. When discussion automation in the context of rail applications, we need to remind ourselves, that freight transport is usually a driver for automation.
However, the complexities of automated freight operation in the open rail network have to be considered. This is exactly where rail freight transport is much different from the fully automated urban metro systems. The European rail system consists of mixed traffic in one network. High-speed trains, regional and freight trains share the same train routes, and operate on European rail freight corridors. Adding to this challenge, the priority of passenger traffic over rail freight leads to a political, or rather socio-economical challenge besides the technological one. Also, legal issues surrounding the role of the locomotive driver and the important future prerequisites for automated rail freight operation will have to be considered.
IP5 Vision for Rail Freight Automation
The Automated Rail Cargo Consortium (ARCC) addresses multiple of the strategic aspects of the Shift2Rail IP5 vision for digital rail freight. It anticipates the realization of an asset control tower where the operator can supervise the fleet and relies on elements of condition monitoring which are also in the IP scope for the purpose of predictive maintenance. The core dimension of the vision concerning ARCC however is “Automated train composition and operation”. The aim of the ARCC consortium is to drive freight automation research activities at European level in order to boost levels of quality, efficiency and cost effectiveness in rail freight operations of the European railway sector. 


Vision IP5 – Automated train composition and operation as cornerstone
[image: ]
The members of the ARCC as representative of IP5 are convinced of the importance of this mission: 
Without automation, European rail freight does not have an economic future. Without taking advantage of the opportunities of automation, only heavy freight e.g. transports of military, iron ore and oversized cargo, will continue to rely on rail freight on a larger scale. In that scenario, the growth of fast moving consumer goods and containerized freight would be absorbed primarily by truck haulage, resulting in rising road congestion and emissions. 
By taking advantage of the opportunities of automation however, rail freight has the chance to get ahead in the competitive race with the truck. Automation has a huge potential to make rail freight more efficient, robust and flexible. If it is thought to and implemented to the end, then automation may be the turnaround innovation for the European rail freight sector. 
This first deliverable within ARCC WP1 will lay the foundation for start-up activities towards freight automation. It will include three key elements, which need to be considered in the future work and collaboration towards the realization of the planned Shift2Rail demonstrators:
Socio-economic impact analysis ATO over ETCS
Legal analysis ATO over ETCS
Operational requirements ATO over ETCS.
The socio-economic impact will consider what societal preparation is necessary. Legal analysis will reveal what changes and understanding on the legal side are required. Finally the operational requirements will provide the first checklist of functionalities required in rail freight, looking into the technological adaptation from with automated metro systems.
Jointly these three inputs shall serve to provide a proper starting point for the development, which the industry carries out at the component level largely inside IP2, with the successive performance of a mainline freight ATO demonstrator planned jointly with IP5. The deliverable shall guide the railway industry, further railway undertakings, infrastructure managers, required authorities and political decision-makers towards the much needed realization of freight ATO. Inside Shift2Rail, the joint agenda is clear: to design the ideal framework conditions, contribute equally from all side and work in a target-oriented approach towards the demonstration of Automated Train Operation on European corridors. 
As dedicated members of Shift2Rail and authors of this deliverable we believe that the focus of the Joint Undertaking on ATO will help to prepare the automation of rail freight in three areas:
Future transport operations 
Command and master the complexity required by automated rail freight trains and operations, looking beyond the operational requirements of closed loop systems
Infrastructure & technology
Roll out ETCS, and adapt current ETCS to enable automated rail freight operation by existing and future fleets on entire corridors, in conjunction with rail yards
Legal & socio-economic perspective
Discuss and adapt homologation requirements, standing rules for rail freight and national and internal legal issues and consider the relevant socio-economic dividend

With reference to the Technical Annex of Contract No. H2020 – 730813 the aim of Deliverable 1.1 is 
to find out potential benefits and cost that moving up to autonomous freight trains bring about, as well as legal barriers on that journey. The goal is thus not to make a thorough cost-benefit analyses (CBA), but more to find the possible ingredients to that analysis. 
to understand the freight-specific operational requirement specification with primary focus on Grade of Automation 2 as starting point for further development.
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Autonomous technology is becoming more and more prevalent in all areas of transport, including railways. To be precise, this development began years ago. The driverless future became a reality for metro lines as early as 2008 when one of the world’s first computer-controlled metros in Nuremberg started operation. Today driverless metros are carrying passengers in Barcelona, Paris, Budapest and other cities. But so far, no trains operate automatically on the mainland. This part of the overall project is looking at the socio-economic impact greater levels of autonomy have on mainline services. The focus is on freight trains, but much of the impact affects both passenger and freight trains. 
An overview of the automation process for other traffic modes gives that the transferability of automation solutions to rail may not be as great as hoping for. It is greater in applications such as loading, unloading and terminal handling. Regarding the actual train operation, both the possibility - but also the need - of transmission due to specific in the rail system, such as pre-dedicated capacity for each vehicle movement are more limited. However, some solutions - for example, distance measurement between moving vehicles may be relevant in special cases, such as virtual linking of freight trains. 
On the way to driverless trains (or ATO, for Automated Train Operation), new Control, Command and Communication (CCC) are a key strategic technological capability for the next 30 years (according to the Technical Strategy Leader Group in Great Britain). New technologies are challenging the existing principles of how train movements are controlled, for example, control of the proximity of trains could allow train convoying. The application of these technologies has the potential to deliver improved capacity, decrease traction energy consumption and carbon emissions and reduce operational costs. The systems will also offer opportunities for benefits in areas such as driver route knowledge and reduced wear and tear on track and trains. Which, in turn, reduces energy and maintenance demand. 
Highly reliable and resilient CCC systems offer network-wide traffic management capabilities for intelligent, predictive and adaptive operational control of train movements. The systems track the precise location and status of every train on the network. Data for speed, acceleration, braking and load is available at all control centres for improved operational decision-making. Train movements could be optimised to meet a variety of goals and perturbations may be resolved rapidly so that there would be minimum impact on customers. 
In-cab signalling could be, and has already started to be, used instead of lineside signals and the only traditional features of lineside signalling would then be point operating equipment and level crossings. Signalling system designs could be standardised and the design, testing and commissioning procedures are automated. Benefits from the introduction of ERTMS across the network for in-cab signalling include:
•	Lower capital costs for signalling systems
•	Less need for, and maintenance of, expensive track-based infrastructure
•	Optimised network capacity that is more flexible than conventional lineside signalling systems
•	Easier deployment of other technologies including intelligent traffic management systems and ATO.
For example, the European Railway Agency (ERA) estimate that there is potential of 10 – 25 percent decrease in overall signalling budget if ETCS L3 is installed, ETCS (an integral part of ERTMS) is a signalling, control and train protection system designed to replace the many incompatible safety systems currently used by European railways.
Benefits from automation of routine tasks associated with traffic management and train driving include:
•	Greater capacity from consistently predictable train movements
•	Higher reliability for passengers and freight
•	Lower costs through less need for manual intervention
•	Quicker and more efficient response to perturbations
•	More efficient use of energy, infrastructure and rolling stock.
Intelligent traffic management systems have the potential to more flexible and capable of optimising railway operations at network, route and individual train levels. Objectives for a variety of traffic can be met at different times of the day. Capacity, speed, timekeeping, energy savings, operating costs and asset management can be prioritised in real-time according to requirements. The systems developed so far are highly reliable and resilient to support the delivery of normal or near-normal services during all but the most exceptional circumstances.
On the way to ATO one can Introduce Driver Advisory Systems (DAS) to make a more significant contribution to railway operations, this could offer benefits including:
•	Traction energy and fuel saving
•	Reduced risk of signals passed at danger
•	Minimisation of acceleration and braking demands, which reduces the related wear and tear on track and trains
•	Optimised use of traction energy power supplies at peak times without risking overload
•	Enhanced route knowledge through provision of route knowledge in the cab
Freight challenges of steering freight trains automatically by using ATO
Topography 
Freight trains with heavy load use a lot of energy. Knowledge of the line topography can be used to save energy e.g. eco driving. Targeting meeting points in the right time also reduce energy consumption by avoiding unnecessary stops. 
Unique composition of freight trains
Every freight train is different in its composition e.g. number and type of wagons, total train weight, loaded/unloaded wagons etc. That means that the ATO calculator must deal with this accurately based on reliable information. This information will be provided automatically by intelligent wagons that can communicate with the locomotive. 
Climate conditions, leaf slip
The ATO system must be able to adapt to the weather conditions affecting track adhesion.
Cyber Security
Information about high value goods must be handled with caution. The risk of the train being “hijacked” by terrorists must also be considered. 
Freight Applications for ATO
ATO applications have been tested by the mining company Rio Tinto in Australia and are now rolled out in full scale. The first driverless freight train moved between mines and port in 2014. In the year after, the first locomotives entered the railway to test onboard systems, signaling and security systems and communication with the Operations Centre in Perth. Rio Tinto will start operating completely autonomous freight trains by the end of 2018. 
https://www.railtech.com/all/2017/09/27/rio-tinto-to-operate-complete-autonomous-freight-trains-in-2018/
It is not surprising that the mining industry is pioneering ATO technologies both under and above ground given the high volumes and the closed loop character. The next businesses to follow suit are likely to be steel shuttles, timber, chemical and intermodal trains.
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For a mainline railway operator, according to Bienfait, Barnard, & Zoetardt (2012), the benefits of ATO functions lie in different areas to the urban case, for example:
•	To manage the delivery of varied service patterns on a mixed-traffic network, according to the real-time schedule defined by the Traffic Management System, to improve the punctuality of trains (with consequent benefits for freight owners and passengers) and to minimise the impact of disruptions (train delays, localised equipment failures, etc.). Benefits gained in this way may be used to increase the resilience of the network to disturbances and/or to increase network capacity (as for urban applications).
•	To optimise speed curves in real time, to save energy (e.g. by not running faster than is necessary to arrive at a junction at the correct time, and by avoiding conflicts with other train movements)
•	To reduce the mechanical wear on both trains and track, by travelling only as fast as is necessary, thereby reducing maintenance costs.
Below, these and other benefits will be discussed. Many concepts are intervened with each other, causing the text to repeat itself every now and then. Another aspect when reading below text is that, even though it seems that there is a lot of benefits from going to ATO, there is not at all sure the benefits will be greater than the costs. It should be emphasized that the nature and extent of utility depends very much on the concrete application and the nature of the actual traffic congestion; In some situations, the benefits may be non-existent or even negative. 
The cost-benefit picture may also look different depending on whether a solution is under implementation - with mixed operations of automated and non-automated resources - or is fully implemented. These transitional periods may be relatively long, up to several years. A proper CBA or the like will have to be carried out to judge, here only possible benefits are enlisted. 
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ATO is the automation module which partially or entirely takes over the tasks of the train driver. These range from controlling the train’s speed by braking and accelerating to driving up to a precisely defined stopping point. ATO thus allows regular operation to be automated so that all trains run with the same, optimal speed profiles – and therefore optimized headway times. 
ATO shortens headways through time-optimized driving, plus it enables precise stopping at defined positions, definition of exact stopping times for the driver, and precise travel along ETCS braking curves. Aided by ATO, the train uses line data, schedule data and real-time information from the infrastructure to constantly drive at an optimized speed profile, thus making additional energy savings.
In this way, it is possible to attain conventional train headways comparable to those of metro systems – enabling an entirely new kind of integration of urban mass transit and regional transport.
Intelligent traffic management and control systems can dynamically optimise network capacity and facilitate highly efficient movement of passengers and freight. New technologies will challenging the existing principles of how train movements are controlled, for example, control of the proximity of trains could allow train convoying. The application of these technologies has the potential to deliver improved capacity, decrease traction energy consumption and carbon emissions and reduce operational costs. By optimising traffic flows in real-time, such systems can also reduce conflicts between services, minimising delays and improving energy efficiency. Extending the concept to automatic control of train acceleration and speed could deliver additional energy and reliability benefits. 
Intelligent trains. Increases in computational power and advances in communications, automation and sensing provide the railway with the opportunity to develop and deploy intelligent rolling stock. Intelligent trains will reduce the reliance on complex and expensive rail infrastructure and control systems and through automation transition the role of railway staff from direct control and operation to supervision. A network of fully intelligent trains will be self-regulating, negotiating vehicle to vehicle to resolve movement authorities and potential conflicts at junctions in the network. Intelligent trains will be able to operate in a fully autonomous mode under remote supervision. 
In the near term, train signalling can be transferred from the infrastructure to the rolling stock using mature technologies e.g. ETCS level 2. However, given the pace of development in information and communications technology a completely new operational concept and train control and regulation capability can be developed over the short to medium term.
The intelligent trains will be aware of themselves and their surroundings, knowing where they need to be and when, and able to automatically adjust journeys to meet demand. A new generation of freight rolling stock could be designed to optimise the gauge and allows more freight trains to operate compatibly with intensive passenger train operation.
Intelligent infrastructure. Intelligent asset management may enhance operational benefits at minimal cost through automation, the knowledge to predict intervention needs and the use of intelligent maintenance techniques are two possible benefits. The monitoring and management of railway infrastructure includes; tracks, signalling systems, bridges, tunnels, level crossing and stations. 
In the deployment of an intelligent rail infrastructure, challenges occur and listed below are a few points:
•	Configuration and management of data
•	Enhanced point monitoring
•	Digital rail
•	Potential vulnerabilities of modern interconnected systems
•	Practical Implementation
•	Earth leakage
•	Condition monitoring
•	Increasing track capacity
 Minimal disruption to train services. From intelligent trains, asset health could be monitored in real-time through an array of smart built-in sensors, which are connected in an Internet of Things. Real-time asset intelligence uses machine learning and big data analytics to translate condition data into preventative maintenance plans. To ensure maximum availability of the railway system, the maintenance plans are scheduled automatically, and any identified repair work is carried out before the asset fails.
Modular, line replaceable units simplify maintenance and repair, and the greater use of robotics and automation increases maintenance output as well as minimises hazards to railway staff. One priority for the railway is to establish the information architecture and integrate existing asset management systems to create comprehensive whole system asset management solutions. To share data effectively, asset owners need to establish data sharing principles and build a common architecture for sensor communication.
Running trains closer together will increase the capacity in the network, without compromising current safe separation principles. The existing and future railway needs to accommodate higher payload and increasing freight customer (mobility) demands. For this, more paths and the capability to run trains closer together are required to expand the overall capacity and connectivity of the system. Ultimately, the concept of a train as a set number of physically coupled vehicles could fundamentally be changed, as trains join and split dynamically during transit. This capability enables train services to meet the projected growth in rail freight in an affordable way whilst simultaneously helping to meet growing freight customer expectations.
As one of the key capabilities identified within Great Britain’s Rail Technical Strategy, closer running is expected to play an important role in shaping the railway of tomorrow and forms part of a natural progression beyond ERTMS Level 3 moving block. Closer Running should open up the opportunity to deliver the rail equivalent of smart motorways.
The British Rail Technical Strategy has carried out an exercise, in where they quantifie an annual benefit of achieving full closer running for both passenger and freight train at £250m annually. Further work is needed, including selection and modelling of a target set of routes, to show the economic and financial benefits of the various closer running steps, and the non-ERTMS solution. The modelling work must be linked closely to the development of operational concepts, and the results consolidated into the business case process, to demonstrate that the various stages of funding remain economically justifiable.
Optimal energy use will lower the energy consumption by for example precise control of traction energy and fuel usage. Energy saving is achieved mainly in two ways:
By avoiding conflicts and unnecessary train stopping
By defining an optimal speed profile compliant with timetable data
Both are performed by ATO-OB but led by information coming from TMS (for further information see “D1.2 - Requirements for speed profile energy saving algorithm in freight ATO”).
The European Railway Agency (ERA) sees a potential benefit of ATO that is linked to a substantial (10 – 30 percent) decrease in energy consumption for mainline rails with a potential additional increase in capacity.
Flexible freight. A wider variety of freight will be shipped by rail using improved scheduling, routing and tracking capabilities to ensure that the railway can integrate fully with intermodal freight and services new markets for light packet high value goods. Freight wagons will be designed to be flexible, as far as is reasonably practicable, to increase the variety of loads that can be hauled and maximise wagon utilisation. Modal interchanges could be automated allowing freight to be transferred quickly and efficiently for onward transit. Freight solutions which work in tandem with passenger services could open new freight markets for the railway providing a reliable, high speed and energy efficient alternative to road freight. 
Accelerated research, development and technology deployment. Enabling technologies to be more readily and rapidly integrated into the railway system by creating the environment for increased R&D investment, technology demonstration and removing barriers to the adoption of new technology would ensure that society benefits from innovations in a timely manner. Such rapid deployment requires a systematic building of innovation and integration capability at industry level to ensure barriers to the adoption of new technology are removed. 
Presently the routine consideration of technology, as a necessary part of any project, is limited. This stifles demand for R&D and increases the risk for suppliers developing new products and services for the railway. Incentivising private sector investment in railway technology would need a consistent approach to the consideration of new technology in industry planning for major projects and enhancements. 
Traffic safety. Both individual trains and personnel safety will be enhanced. The risk for collisions will probably go down with ATO, this since it is not seldom the human factor that causes collisions. Also, there will be improved on-track personnel safety for at least two reasons. First, there will be less infrastructure assets on track and second, the intelligent trains will have sensors which register personnel on the tracks. As well, the sensors will register unauthorised people and obstacles on track and thereby minimizing collisions. 
Lower generalized transportation cost for self-driving vehicles leads to cost savings for existing trips by train, transfer of transportation from other modes of transport and newly generated transports.
Capital costs savings. Due to increased utilization of the vehicle (especially when the driver does not need to rest), not only will operational costs go down but also there could be potential to scale down the fleet and enhance the traffic.
Drivers costs goes down in the long term since the drivers are not needed anymore, even though the drivers will be on-board in the short term during the migration process. 
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Below the costs are identified and one thing is quite clear, it requires massive spending on new technology. But, it drives the R&D and could pay off later. For new lines in the metro case, automation costs have a relatively low comparative weight within the overall budget. But, for the mainline case, there will probably not be as much new lines, at least not in Europe. Main cost factors in the metro case are mainly connected to the rolling stock, the signalling and control systems and platform and track protection systems. For freight trains, platform protection is not an issue. 
Line conversion poses a more complicated business case. It is necessary to factor in extra costs due to the technical difficulties connected to the modification of the existing signalling and control systems and the need to replace or retrofit existing rolling stock. To minimise its impact, conversion projects could be timed to the end of the life cycle of the existing equipment.
All above bullets, such as ATO, intelligent traffic management, intelligent trains, intelligent infrastructure etcetera comes with a massive cost. But since it possible could save lives, enhance capacity and shorten trip-lengths, it could be justified; closer calculations must be done on each innovation. 
There is no looking back also, there is a race between self-driving trucks versus self-driving trains; road versus rail. Massive worker retrenchments will result if rail systems fail to compete with swiftly advancing autonomous road freight delivery systems. In order to compete with road transport, the railway sector needs to improve its competitiveness, to develop business cases for investment, and to build up its position in driverless transport.
The costs can be divided into:
Fix costs: Technology (vehicles, infrastructure), Infrastructure Investments. At least the car requires a variety of special sensors, computers and controls, which currently cost tens of thousands of Euros but are likely to become cheaper with mass production. However, because system failures could be fatal to oncoming vehicles, all critical components will need to meet high manufacturing, installation, repair, testing and maintenance standards, like aircraft components, and so will probably be relatively expensive.
Operational costs. The introduction of ATO requires some significant changes to the qualifications of staff. Routine driving work disappears and staff is no longer locked inside a cabin, but deployed along the line and in contact with customers. When factoring in operational costs, automated lines come clearly ahead of conventional lines when metro lines as studied; some studies indicate a halving in operational costs. Staff costs are greatly reduced thanks to the abolition of the drivers’ function, even in cases of line conversion, when staff is likely to be retrained and deployed to other functions. 
The economic profit for sparing the driver may not be that high though if you have a train with 1 000-ton cargo and one driver. There is not like the market for autonomous cars, where moving to driverless cars would free billions of man-hours a year for other purposes, while train engineers are few enough in number that you wouldn’t see similar economic gains. The benefits from freeing the drivers has to be compared to the cost of implementing ATO.
There could also be possible bargaining agreements with unions since ATO will result in layoffs. The manning issue has proven to be the most contentious issue at the bargaining table and in government regulation. However, there will be a demand for people to install and maintain the technology for the operation of autonomous trains. 
Traffic volume depending costs: Possible externalities and possible sense of insecurity of bystanders with driverless trains. There may be so that people are quite scared of driverless trains, at least in the beginning. 
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Social Cost Benefit calculations must be done according to the context. For freight transport some items are normally present. The list below is not exhaustive.

	Item 
	Impact
	Cost/Benefit

	Energy
	ERA estimates that the energy consumption can be reduced by 10-30%. 
	+++

	Safety
	Safety in traffic will  increase by reducing the human factor
	+

	Security
	The security factor has to be studied further. Digitization can result in better security but also brings with it new threats
	+

	Punctuality
	Optimized speed profiles that supports fluidity and capacity benefits punctuality
	++

	Capacity
	The ATO enables closer running between trains thus increasing line capacity
	+++

	Investment costs
	The capital intensity increases 
	---

	Wear&Tear track and train
	A more fluid driving is gentler on track and rolling stock
	+

	Staff
	Automation of the process in terminals and hubs has a greater effect on personnel 
	+

	Environment
	Energy saving is good for the environment. The ATO concept makes rail more attractive thus shifting goods from road to rail and contributes to mitigate the climate problems 
	+++

	Lead times
	Reduced lead times due to more effective handling of the door to door transport
	+
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There are several types of barriers that come into play into the migration process to ATO. Troche, Lundberg, & Bark (2017) count:
•	Organisational
•	Economical	
•	Legal
•	Societal acceptance
•	Technical and safety
•	Logistical
An important barrier is the organizational structure of the rail sector, where different parts of the system are owned and operated by a variety of players. This especially means a high number of different business models and markets segments, or production systems. There is also generally increasing competitive pressure on the rail freight market, which makes it hard to implement ATO because of the cost pressure it brings. Rail freight services must be business-economically viable - no public service (and public funding) like most of passenger traffic.
The economy is another significant entry barrier, partly because the profitability of rail freight transport is generally low and the profit margins are small (partly even negative). This reduces the investment capacity of the sector and forces focus on measures with relatively fast positive effects (quick-wins). Another thing is that costs often easily attributable to specific market actors but benefits widely spread among many actors. That makes the investment decision problematic. Also, large-scale migration often requiring high investment concentrated in time whereas benefits often are spread out over longer time-periods and first after relatively high deployment rate.
A very significant entry barrier is the regulatory conditions. Laws and regulations at both national and EU level are influenced and influence, as well as internal rules of various players in the rail sector. More, adaptation of European and national law lagging: At present, there are a number of legal obstacles, although they should not be as difficult as for self-propelled road vehicles. To obtain a technical approval for the operation of new vehicles, one are required to comply with applicable TSI (Technical Specifications for Interoperability). It is a matter of EU rules. A new TSI must be developed that regulates how such an autonomous vehicle should look like to be approved. It is railway undertakings and infrastructure managers who bear responsibility for the safety of the rail system (for their respective parts). Railway companies must have a safety certificate and infrastructure manager a security permit to conduct business. In order to obtain these licenses, it is first and foremost required that companies have a functioning security management system; Demonstrating that you have a secure system of management, organization, personnel, equipment, etc. The substantive rules underlying these assessments (mainly at regulatory level) must be adapted to what is applicable to autonomous vehicles and how the liability conditions should look between railway companies (traffic operators) and infrastructure managers (capacity allocation and traffic management). Furthermore, a driver with a license for the provision of railway vehicles is currently required under European law for eligibility for drivers. These rules also need to be adapted to the ability to use autonomous vehicles.
There is also risk of limited public understanding and safety concerns – that is psychological barriers. There could also be possible resistance from social partners (organisations), such as unions, ERA, etcetera. Unions may not look kindly upon innovations that eliminates jobs. 
Other entry barriers are technical - some automation solutions are not sufficiently developed and tested under real operating conditions - and security aspects. For some automation measures, the migration process itself is one of the largest entry barriers. This applies, for example, to automatic coupler. Safety is also paramount for the users inside the vehicles and those outside, including other vehicles, pedestrians and cyclists. The autonomous trains thus need to recognize potential obstacles on or near tracks analogous to autonomous cars. Automation is likely to lead to increased safety in the target system, but risk of temporary safety challenges during migration and if system fails. Therefore, there is need to develop and implement mitigating measures during migration. Another security issue is software security: the systems must not be susceptible to software hacking and other abuse. Along these lines there are also privacy concerns that the problem with data sharing opens.  
The last paragraph makes it important to find out who has the right to use the data for railway transports. This is an issue of privacy and the possibility to use the data to optimize transports in various respects. Depending on the outcome of such an analysis/discussion can railway transports be operated by both companies and government agencies? Authorities may be of interest to only allow certain shipments at certain times/places.
Last, there will be some logistical issues. For example, not all market actors (within and between modes) will advance at the same time. That will of course pose a challenge for migration of logistics systems.

[bookmark: _Toc522025335]Freight-specific operational requirement specification 
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Clearly, the future of rail freight in Europe depends largely on the successful implementation of automation technologies and the corresponding paradigm change in operations, to win the competitive race between different modes of transport. The developments of the 1970s, when rail has been an early implementer of automated mainline running need to be taken up and sensitive questions will need to be answered. Ultimately, automated driving will just be one part of the automation of freight in all dimensions. The following illustration shows that automation is a holistic approach to make use of the opportunities of the digital age in terms of connecting system, streamlining processes and automating them based on advanced decision-making systems.
 
Source: Deutsche Bahn AG 2017
For rail freight automation to have a maximum impact it therefore requires more than just one technology or one module to be retrofitted to mainline fleets. Behind the automated operation of freight trains, there lies a multifaceted layer of digitization of assets which will steadily monitor their status in order to allow their ideal deployment in operations and maintenance. Behind the layer of asset digitization, a change of nearly all operations is required at process level. Just as the ATO-module requires on-board diagnostics and different human behaviour of the driver, also other technologies will require intelligent and connected systems and new streamlined roles along the process chain.
Before zooming in on the freight-specific operational requirement specification ATO over ETCS (AoE), the bigger picture for Automation must be clear. The functional target architecture which comprises automated driving requires a system view of the rail system where infrastructure and assets will be connected. At least the core functions of the three domains “Planning & disposition”, “Train driving and train composition” and “Situation Management” should be considered to understand the systemic change that automation will mean for the rail freight sector. The below diagram illustrates that in the long term, planning & disposition will be fully integrated and all functions within the three domains will be automated.


Source: Deutsche Bahn AG 2017

Looking at generic character of the above diagram, following points need to be added why a demonstrator of automated driving is required in rail freight, as planned by the ARCC members:
Why should Automatic Train Operation be piloted in rail freight?
Rail freight transport is the most planning-intensive and complex mode of transport: high necessity of automation
Competitive pressure is coming from the road, with  automation first taking on trucking, in „platooning“ mode
Processes in freight transport are ideal for initial testing on the public network (e.g. few stops, low speeds, remote areas)
Passenger-related aspects of transport can partially be disregarded (e.g. door control, passenger safety)
Rail freight thinks in European dimensions: Cost-effective rail freight transport requires ATO along European corridors



[bookmark: _Toc522025337]Scope of Freight-Specific operational requirements specification
To understand the scope of the freight-specific operational requirement specification, the context of Shift2Rail should be understood, where the project is embedded, as answer to the specific call “Start-up activities for rail freight automation”. Within Shift2Rail the ARCC partners have planned to advance the topic of freight ATO by fast prototyping, showing a technology demonstrator in Grade of Automation 2 on real track. With the contribution of ATO prototype modules from the IP2 consortium X2Rail-1, this demonstrator is planned for realization despite tight budget constraints of the Automated Rail Cargo Consortium and IP5 overall. 
The following In- Out scope shows the basic set-up for the demonstrator in the current ARCC project. The demonstrator is planned according to the logic of fast prototyping, taking what is given as the best starting point. This means that based on the existing ETCS-equipped locomotive class 185, as the core fleet of DB Cargo, the ATO technology shall be tested with minimum investment or resources in order to provide a first operational prove of concept and a first operational prove of the savings potential in terms of energy-efficiency, on a track section of corridor A.

Source: Deutsche Bahn AG 2017
This in-/ Out frame makes it clear that primarily one technological set-up will be tested on one infrastructure set-up, ETCS Level 2, and in Grade of Automation 2 (see diagram below). This is important for the freight-specific operational requirement specification which has been developed with primary focus on Grade of Automation 2, and it is important to understand this specification as starting point for further development.


Grades of Automation

Source: International Association of Public Transport (UITP)
According to this definition, there are five Grades of Automation (GoA) of trains:
GoA 0 is on-sight train operation, similar to a tram running in street traffic.
GoA 1 is manual train operation where a train driver controls starting and stopping, operation of doors and handling of emergencies or sudden diversions.
GoA 2 is semi-automatic train operation where starting and stopping is automated, but a driver drives the train if needed and handles emergencies. 
GoA 3 is driverless train operation where starting and stopping are automated but a train attendant operates the doors and drives the train in case of emergencies. This grade is mostly relevant for passenger trains.
GoA 4 is unattended train operation where starting and stopping, operation of doors and handling of emergencies are fully automated without any on-train staff. This grade is the ultimate target of automating freight.
Over the Shift2Rail lifetime, the feasibility of rail freight automation shall be demonstrated jointly by IP2 and IP5 members in two stages, which are derived from the different Grades of Automation. Until 2019 the first GoA2 demonstrator will show the functionalities of mainline running on ETCS track with an ATO module installed and a driver in cap. This will enable to show the near future scenario where the driver, just as an airplane pilot, will supervise the auto-pilot. 
The freight-specific operational requirements developed in ARCC for GoA2, will then be used as basis for the next phase of ATO demonstration. Within the Annual Work Plan 2019 the continuation of the project planned, between the IP2 and IP5 partners, aiming at the realization of ultimately the testing of GoA4. If this will be achieved on real track or in simulation only, depends on a number of factors the most important of which are the specific budget provided by Shift2Rail, the success of the GoA 2 demonstrator, the collaboration with the respective authorities and infrastructure managers.
The following picture illustrates that for the topic of ATO the Shift2Rail community foresees two freight demonstrators. Whereas the focus of the ARCC is Grade of Automation 2 which is operationally quite close to the current driving under AFB, Grade of Automation 4 is the target vision and therefore needs to be tested in a consecutive project.
Scope of the Shift2Rail IP5 ATO Demonstrator 

Source: Deutsche Bahn AG, 2017

[bookmark: _Toc522025338]Methodology Chosen
Automated driving is currently a reality in many metros across Europe. Therefore the requirements specification did take a typical “green filed” approach. As basis for the specification of freight-specific requirements the applied metro standard “Railway applications – Urban guided transport management and command/control systems – Part 2: Functional requirements specification (EN 62290-2:2014)” has been chosen. 
By taking an existing standard, it has been ensured that the result of the freight-specific specification is exhaustive, comprehensive and well structured. Also an applied standard describing how to assess systems has relevance for future homologation, as opposed to the various position papers currently available on the subject matter. The EN 62290-2 standard has been the primary source of all currently ongoing requirements specification in the passenger sector and is therefore also used as primary source in the freight sector.
Taking the IEC 62290-2 as starting point, the output of the requirements specification has been defined as an Excel table, where the user can easily filter, and search and sort criteria, as opposed to other documents formats. The goal of the Excel table is to analyse and show at one glance which of the known metro functions are equally applicable for ATO over ETCS in freight, and which functions have to be considered additionally to the metro functions.
With reference to the previous diagram, the analysis was launched to identify especially which are the requirements relevant for the planned demonstrator, on the verge between passenger and freight requirements in GoA2.
[image: ]
The structure of the requirements file is described below, and for the better understanding of the methodology, the structure is shown in the snippet.
In the Excel, the headings (column A) and requirement IDs (column B) of standard EN 62290-2 provide the structure for analysis.
The requirements text (column C) from the standard has not been changed but kept in the original wording for the sake of back-tracking to the original metro requirements.
Columns D –G describe which Grade of Automation the specific function relates to, from GoA 1 to GoA 4. The assignment of GoA’s to the function is a first assessment.
Column H classifies each function according to P (Passenger), F (Freight), PF (applicable to Passenger & Freight), and not applicable, where the differentiation cannot be made.
In column I the severity of the functionalities is classified from (A) safety relevant, over (B) operationally relevant to C otherwise relevant, again with n/a as not applicable, where the differentiation cannot be made.
In column J it is classified which of the functions will most likely apply to the demonstrator, meaning the freight ATO demonstrator planned in ARCC.
Column K includes general comments, where the classification needs to be justified
Column L informs about which functions had been marked as optional in the original standard EN 62290-2.
The Excel table has been discussed with the operational experts in IP5, in order to reach consensus on the functions applicable to rail freight. The further use will be recommended in the end of the paper.
Link to the Excel table (due to copyrights on the underlying norm not publically available):
https://www.cooperationtool.eu/projects/documents_catalogue.aspx?id=328d3443-54cb-47e7-bbb8-1c8d9fcdd3cc





[bookmark: _Toc522025339]Key Results of Freight-Specific operational requirements Specification
The link to the freight-specific requirements Excel in the current version for submission of the deliverable is provided below. The version linked to this document will remain unchanged on the Shift2Rail Cooperation Tool:
FREIGHT-SPECIFIC OPERATIONAL REQUIREMENTS SPECIFICATION
Six key results of the analysis are summarized in the following bullet points:
The first observation is that using a metro standard in order to describe the requirements relevant for rail freight is surprisingly fitting for the case of mainline transportation. From a quantitative point of view, passenger and freight requirements are largely congruent: Roughly 80% of the requirements listed are relevant for both passenger and freight. Only about 20% of the functions listed after the analysis are specific to the passenger sector, looking at the current state of the analysis for GoA2. The pie charts below illustrate the distribution according to the classification used. Most functions, which are specific to only either passenger or freight, concern situations outside the typical mainline train running, e.g. the handling of doors for passengers, or loading/ unloading situations for rail freight.
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	Requirements cluster Passenger vs Freight
	Applicability of freight requirements to ARCC demonstrator
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	Severity of freight requirements
	Severity of freight requirements relevant for the ARCC demonstrator



The requirements have been developed with a focus on demonstrator planned in GoA2. The observation here is that between the first ARCC demonstrator and a consecutive demonstrator planned for GoA4, most of the added complexity will be caused by functions needed for cases of incidents and emergencies, where fall-back solutions and degraded modes need to come into play. This leads to the conclusion that the design of GoA 2 should be compatible with a future GoA4. In other words GoA2 should technically and functionally lie fully on the development roadmap towards GoA 4. By testing of GoA 2 it should be possible to generate valuable lessons learnt in order to design the future fall-back scenarios and situation management required for unattended operation under GoA4. Also the ATO target architecture (not the one of the ARCC demonstrator) will have to be designed for GoA4, but downwards compatible to GoA1 and GoA2.
One of the key underlying challenges for freight automation plays an important role for multiple functions across the requirements table: The handling of the air brakes in rail freight. To master the challenge of breaking a freight train with typical air-pressure wagon brakes, the ATO module needs to learn about the actual behaviour of the train while moving the particular, known train consist. A pre-requisite for the ideal handling of the air brakes by the ATO is the anticipation of the journey segment ahead and the according simulation and optimization in real-time. To optimize energy efficiency to the full capacity, it will be required that the ATO constantly simulates the current driving situation to calculate the energy-optimal speed profile Veco given all available data on signal positions, other rail traffic users in the network and potential conflicts. This simulation requires adequate interfaces and processing power on-board of the locomotive. Besides the analytic capability the locomotive control (throttle and brakes) needs the sensitivity to fulfil this speed profile.
In the face of highly heterogeneous infrastructure in Europe, even on freight corridor A which is in focus for the ARCC demonstrator, the migration of the legacy E-locomotive fleet to ATO is critical. To facilitate a step-wise migration towards ATO and enable operation outside full supervision by ETCS, the implementation of ATO on intelligent class B systems (e.g. LZB) should be possible, while supporting a later migration towards ETCS Level 2. Likewise, ATO will have to be able to run with or without dynamic input from the Traffic Management System, in order to not delay the implementation. The later addition of advanced ATO on-board equipment such as a vital obstacle detection and diagnostics system for continuous track and train condition monitoring must be ensured. In the consequence such a stepwise increase of the grade of automation and the performance in terms of speed profile optimization will require interoperable FFFIS interfaces between the ATO modules and the individual modules of the overall system.  
The analysis of the freight-specific requirements versus the metro requirements towards ATO obscures the fact that the business cases for implementation are quite different. Whereas metro transports aim at achieving a high rate of stop and go procedures to shuttle passengers within a metro system at a high rate, in rail freight the same operational requirements aim at the minimization of stop and go procedures to ensure a free float, avoiding conflicts, unforeseen stops and realizing the optimal energy-efficient speed profile. From a product perspective the conclusion is that the ATO module used in metro and in rail freight transport may not be very different, regarding the application layer with the listed GoA2 functionalities. The decision-making intelligence and algorithms however need to look quite different. 
To ensure benchmarking of energy-efficiency reached in ATO mainline driving based on the functions marked applicable to the demonstrator, ATO equipment from various manufacturers must all be interchangeable. In the target architecture, any ETCS on-board solution from one supplier needs to be capable of upgrading towards ATO through plug and play modules from any other supplier. Therefore the further use of the requirement specification is also to make the fulfillment of the functions measurable and comparable. The Requirements table can then serve as a checklist to mark which ATO-setup fulfills the defined functions best.

[bookmark: _Toc522025340]Future use of operational requirements
Up to date, the operational requirements have been analyzed exclusively within the ARCC consortium work package 1 under the lead of DB Cargo AG. This will change. The submission of the deliverable in mid-2017 has been scheduled in order to offer sufficient time until the planned demonstrator, for the industry suppliers of the ATO modules in X2Rail-1. ARCC plans to provide the deliverables in the Excel to the industry suppliers of the X2Rail-1 consortium in order to achieve a clear picture of what will and what will not be needed for the demonstrator. The industry suppliers who have clearly expressed their interest in the delivery of the ATO modules, namely Siemens, Alstom and AZD, will be invited to comment which functionalities they can currently fulfill and which one have not yet been realized.
Besides addressing the industry suppliers, the requirements will also be used in the dialogue with further operators, which are represented in the ERTMS users group. The ARCC WP1 representatives Trafikverket, Ansaldo STS and DB Cargo have already joined the ERTMS Users group in order to present IP5 input to the requirements of the users group. Likewise the ARCC members would appreciate to get comments back from the ERTMS users group on this deliverable and also from further operators from inside and outside of Shift2Rail on the drafted operational requirements. With the users group, ARCC intends to define in which mode freight interests will be represented in the future of Shift2RAil in the Users Group. Should the users group see an added value in the collaboration with freight rail, then the ARCC community will be happy to host a joint workshop to reflect which elements of the analysis can be continued inside the User’s Group.
Finally, the requirements will also be used in the discussion with SBB Infra as the Infrastructure Manager responsible for the foreseen test track section and with  the relevant authorities, the European Union Agency for Railways (ERA) and the Swiss Federal Office of Transport (BAV). It is certainly still a long way towards the first commercial use of ATO on the European freight corridors. However, the dialogue with the authorities will be started as soon as the planning of the technology set-up, the timeline and functional operational script of the demonstrator has reached a mature level.
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